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A B S T R A C T

Grass pea (Lathyrus sativus L.), a protein-rich pulse crop, is often overlooked due to its association 
with neurolathyrism and its neurotoxin, β-ODAP. The study aims to compare the β-ODAP content, 
chemical, and functional properties of four BARI varieties and two local varieties of grass pea seed 
flour. The findings presented that the β-ODAP content of BARI varieties grass pea flour was 
significantly (p < 0.05) lower than local varieties, and the least amount of β-ODAP was found in 
BARI-3 varieties (0.086 %), which is below the safe level (0.15 %) for consumption. The safe level 
of neurotoxin was also found in the BARI-1 variety (0.13 %), but local varieties grass pea flour of 
Pabna and Tangail showed a significantly higher (p < 0.05) value of 0.39 and 0.49 % β-ODAP 
content, respectively. There were no significant differences in protein content among BARI and 
local varieties, with the highest value of 26.58 % protein content found in the BARI-2 variety. In 
terms of functional properties, the BARI-5 variety had the highest water absorption capacity 
(2.92 ml/g) and oil absorption capacity (1.48 ml/g). The grass pea BARI variety, with its high oil 
absorption capacity and low β-ODAP content, can be utilized in food formulations for bakery 
products, sausages, and functional ingredients.

1. Introduction

A prospective crop, grass peas (Lathyrus sativus L.), is now farmed on an estimated 1.50 million hectares globally, yielding 1.20 
million tons of product annually [1,2]. It’s a healthy way to get protein, which may compensate for the increasing demand for protein 
among populations worldwide. Additionally, it is a great crop that requires little input, doesn’t need fertilizer or irrigation, and is less 
vulnerable to insect pests than the majority of other legumes [3]. Grass pea, an ancient cultivated crop, was once a special food for 
kings and is now a survival food for the poor. Its tasty foods are popular in Europe, Africa, and South Asia. Local farmers sell their 
products outside commercial systems, and grass pea is used for animal feed, cereal supplementation, and human consumption [1,2]. In 
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the food industry, it has great value for adding protein to human food as well as in the animal food chain.
Grass peas are a popular legume in arid and semiarid regions due to their adaptability to low water conditions and poor-quality 

soils. They have narrow leaves, winged stems, and a deep root system, which help them thrive in various soil types [1,2,4]. Grass 
peas have a global impact in terms of good nitrogen fixers, high yield potential at low fertilization levels, and hardy root systems [5,6]. 
They are commonly used as an intercrop with wheat and rice, and their high yield potential at low fertilization levels makes them a 
cost-effective crop [2,6]. Grass peas are popular across Europe, Africa, and South Asia for various dishes, including cooking, boiling, 
roasting, making into drinks or sauces, and eating uncooked seeds [2,6,7]. In addition to being fed by humans and animals, legumes are 
used in medications, resins, coatings, soap, paints, and cosmetics, making them an important economic component of world trade [8,
9]. Grass peas are high in lysine and have a protein level of up to 29.9 % w/w [10].

Despite being considered a promising crop with a high protein content, its uses have been limited due to the presence of β-N-oxalyl- 
L-α, also known as β-oxalyl amino alanine (BOAA), β-diaminopropionic acid (ODAP), or β-oxalyl amino acid. β-ODAP, a neurotoxin 
found in Lathyrus sativus seeds, is linked to neurolathyrism, an upper motor neuron degenerative disease characterized by spastic 
paraplegia of the lower limbs [11,12]. Excessive consumption of these seeds in Asia and Africa has been linked to neurolathyrism, a 
non-protein neurotoxic amino acid that can cross the blood-brain barrier, accumulate in the central nervous system, and produce 
severe convulsions. Lathyrism, characterized by spastic paraparesis, can lead to permanent disability. Historically, it has affected 
populations relying on Lathyrus sativus, a primary food source. Economically, communities may face decreased productivity and social 
stigma [13,14]. According to reports, consuming too many grass pea seeds over an extended period of time may result in neuro
lathyrism [15,16]. It is unfortunate that the grass pea has been disregarded up until now despite having very strong agronomic and 
nutritional features because of unfavorable press regarding its harmful effects. However, scientists and researchers are working to 
restore this crop’s global dispersal [17]. Bangladesh also has a higher prevalence of protein energy malnutrition (PEM) [18]. As grass 
peas contain a higher amount of protein (20–30 %), by effectively extracting this protein from grass pea seeds, we can use this as an 
alternative source for protein enrichment in various bakery food products [19,20]. Bangladesh Agricultural Research Institute (BARI) 
has released high-yielding and low-level of ODAP BARI (1, 2, 3, 4, and 5) varieties of grass pea, which is lower than the detrimental 
level. Until now, quantitative analysis of β-ODAP neurotoxin among different varieties of grass pea flour has received very little 
attention for research. Although grass pea flour has several nutritional advantages, the presence of β-ODAP in it poses serious health 
hazards, particularly in regions where it is a main meal. There have been reports of variations in the amount of β-ODAP in various grass 
pea varieties, but there aren’t many thorough comparison studies. The goal of the current study was to ascertain the approximate 
composition of the BARI-Kheshari-1,2,3,5 grass pea varieties as well as the local Pabna and Tangail variety. It also aimed to evaluate 
the functional characteristics of various varieties of Lathyrus sativus L. flour, assess the flour’s antioxidant capacity, and compute the 
amount of neurotoxin present. The findings of the study were expected to enable both public and private policymakers to make wise 
decisions regarding the high amount of protein that will benefit local communities by encouraging them to consume protein from plant 
sources instead of animal sources. The study will raise awareness and enhance initiatives to consume grass pea as a protein source by 
reducing the neurotoxin content with processing, highlighting the role of nutrients in grass pea. It was anticipated that grass pea flour 
would find use in the creation of food items high in protein based on its functional characteristics.

2. Materials and methods

The research was carried out at the Bangladesh Council of Scientific and Industrial Research (BCSIR), Dhaka, and the General and 
Research Laboratory of the Food Technology and Nutritional Science Department, Mawlana Bhashani Science and Technology Uni
versity (MBSTU), Tangail.

2.1. Collection of samples

A grass pea variety (BARI 1, 2, 3, and 5) sample was collected from the Bangladesh Pulse Research Institute, Ishwardi, Pabna, 
Bangladesh. Due to its unavailability, the BARI-4 variety of grass pea could not be collected. Local varieties were collected from the 
local markets in Pabna and Tangail, Bangladesh. In Tangail, Bangladesh, the local market provided the rest of the components for 
assessment. Merck (Merck KGaA, Darmstadt, Germany) and Sigma-Aldrich (Sigma-Aldrich Tokyo, Japan) provided all analytical 
reagents and standards.

2.2. Sample preparation

The collected grass pea samples were pulverized into fine flour using a blender (UD-013, India). In the flour, other materials such as 
husk, clay, and wood could be found. As a result, the flour was sieved through a mesh screen with a 100 μm sieve size, eliminating 
sawdust, husk, clay, and wood. This method produced samples that were pure. Afterwards, the grass pea flour samples were stored in a 
regular temperature storage unit for future research.

2.3. Chemical analysis of grass pea flour

The [21] technique was used to assess the moisture, ash, and crude fiber content of the researched kinds of grass pea flour. The 
Kjeldahl technique outlined in the [21] method was used to evaluate the crude protein concentration. The crude carbohydrate (CHO) 
content was determined, according to Ref. [22] description.
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2.4. Determination of antioxidant activity

Antioxidant activity is determined by the methods of [23]. At first, a 3-g flour sample was positioned in a 50-ml beaker, and 30 ml of 
methanol was added to the sample and mixed well. Extract the solution in a beaker using cotton in the funnel. Then re-filter it until a 
clear supernatant is obtained. After that, the prepared DPPH solution (1 g of DPPH) and 50 ml of methanol were mixed well in a beaker. 
A micropipette was washed correctly, and 1 ml of sample extract and 3 ml of DPPH solution were taken with the micropipette to 
measure the absorbance in the spectrometer. Finally, the absorbance was assessed at 515 nm against the corresponding blank solution, 
which is ready by taking 1 ml of methanol and 3 ml of DPPH solution. The assay was performed in triplicates. The following Eq. (1) was 
used to determine the antioxidant activity of grass pea flour. 

DPPH scavenged (%)= (A − B)/Ax100 (1) 

Where, A = the absorbance of the DPPH solution.
B = absorbance of the extract of sample taken after 15 min of reaction with DPPH.

2.5. Functional properties analysis of grass pea flour

2.5.1. Water absorption capacity (WAC) and oil absorption capacity (OAC)
The technique outlined by Ref. [24] was used to calculate the WAC and OAC. A 1 g of the sample was combined with 10 ml of 

distilled water, allowed to sit at room temperature for 30 min, and then centrifuged at 2000 rpm for 10 min. After centrifugation, the 
supernatant was separated and measured. Except for substituting 10 mL of commercially refined soybean oil for the distilled water in 
the OAC procedure, the methodology used was identical to that of WHC. Per gram of the sample, WAC and OAC were represented as 
percentages of water-bound content. The following Eqs. 2 and 3. were used to analyze the WHC and OAC. 

Water absorption capacity (ml / g)= (W1 − W2) / S × 100 (2) 

Where, W1 = ml of water added to the sample, W2 = ml of supernatant water, and S = weight of the sample 

Oil absorption capacity (ml / g)= (W1 − W2) / S × 100 (3) 

Where, W1 = ml of oil added to the sample, W2 = ml of supernatant oil, and S = weight of the sample.

2.5.2. Bulk density
The bulk density was determined utilizing the technique described by Ref. [25]. Initially, a 100-ml graduated cylinder containing 

50 g of the material was tapped 20–30 times. Subsequently, the sample’s volume was assessed. Using Eq. (4), the bulk density was 
computed as the weight of the sample per unit volume. 

Bulk density (g /ml)=weight of sample/volume occupied by the sample (4) 

2.5.3. Swelling capacity
The swelling capacity was assessed using the technique described by Ref. [25], with slight modifications. First, water was poured to 

a 100 ml graduated cylinder filled with the sample up to the 10 ml mark, bringing the total amount down to 50 ml. By inverting the 
cylinder, the graded cylinder’s top was snugly covered and blended. After 2 min, the suspension was reversed once more, and it was left 
to stand for an additional 30 min. After 30 min, the sample’s volume was measured and reported as the final volume. Swelling capacity 
was calculated as a percentage of the volume increase due to swelling using the following Eq. (5). 

Swelling capacity=(M2 − M1) /M1 × 100 (5) 

Where, M1 = the initial volume of the sample and M2 = the final volume of the sample.

2.5.4. Emulsion capacity (EC)
Following the dispersion of the flour/blend (2-g) in 10 mL of distilled water, the height of the solution in the cylinder was 

measured. After homogenizing the solution with 5 mL of refined canola oil, the resultant emulsion was centrifuged for 5 min at 
1100×g. The emulsifying activity was determined by measuring the height of the emulsified layer and using Eq. (6) to compute the 
percent increase in the height of the solution, following [26]. 

EC (%)=H2/H1 × 100 (6) 

Where, H1 = initial height of the solution before emulsification and H2 = height of the emulsified layer.

2.5.5. Emulsion stability
The approach of [27] was utilized to ascertain the emulsion stability. The centrifuged sample was heated to 80 ◦C for 30 min, and 

then it was cooled to room temperature to determine the emulsion stability (ES). The material was then centrifuged for 10 min at 4000 
rpm. The emulsification stability was determined by applying Eq. (7) to the height of the emulsion layer, which was recorded. 
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Emulsion stability=V2/V1 × 100 (7) 

Where, V2 = volume of the emulsion layer after heating (ml), and V1 = volume of the whole layer (ml).

2.5.6. Foaming capacity
The foaming capacity is determined using the method published by Ref. [28] (Eq. (8)). A 2 g sample was blended for 1 min in 100 

mL of distilled water. The liquid was then swiftly poured into a 250 mL measuring cylinder, and the volume of foam was recorded. 

Foaming capacity=(V2 − V1)/V1 × 100 (8) 

Where, V1 = initial volume of foam and V2 = final volume of foam.

2.5.7. Foaming stability
Foaming stability was measured by investigation the fall in volume of foam after every 10 min for 1 h by means of the subsequent 

Eq. (9). 

Foaming stability= volume of foam after a set period of time/initial foam volume × 100 (9) 

2.6. Determination of amino acids of grass pea flour

A method for evaluation of free amino acids in the flour of Lathyrus sativus using RP-HPLC with UV detection at 280 nm was carried 
out.

2.7. Quantitative estimation of β-ODAP (β-N-oxalyl-L-α, β-diaminopropionic acid) by OPT method

The process of figuring out a solution’s precise concentration is called standardization. Among the analytical techniques frequently 
employed in standardization is titration. A titration involves reacting a precise volume of one chemical with a known volume of 
another. The process of standardizing 2,3-diaminopropionicacid (DAP) standard solution is carried out in compliance with Table S1.

The standard graph was constructed using a range of concentrations of the standard, ranging from 10 μl to 100 μl of standard. 
Fig. S1 shows the optical density vs. concentration curve. The β-ODAP content was estimated by the OPT (ophthaldehyde) method. 
This explains the normal ODAP concentration range of 0.176–1.760. Two portions of the seed sample, 20 and 40 μl, were collected for 
estimation. 200 μl of 3N KOH was added to each test tube, and they were all incubated for 20 min in a boiling water bath. After the 
incubation and chilling phases, distilled water was added to each test tube until the final volume reached 1 mL. The addition of 2 ml of 
OPT reagent came next. For the purpose of developing color, the components were incubated for 20 min at room temperature. The T60 
UV–VIS spectrophotometer was used to measure the color generated at 420 nm.

2.8. Statistical analysis

SPSS (version 20) was used to conduct statistical analysis. One-way analysis of variance (ANOVA) was used to identify differences 
in proximate composition and functional qualities. The study employed a significance threshold of p < 0.05. Using Microsoft Excel 
2016, all of the tests were replicated and their means and standard deviations were calculated.

3. Results and discussion

3.1. Proximate composition and energy value of grass pea flour

Table 1 summarizes the proximate composition of BARI-1, BARI-2, BARI-3, BARI-5, the Local Pabna, and the Local Tangail variety 
of grass pea flour (Lathyrus sativus L.). Among the varieties, the highest amount of moisture percent was found in the BARI-2 variety, 
which is 13.07 percent and significantly (p < 0.05) different from other varieties. The lowest amount of moisture is 10.36 percent 

Table 1 
Proximate composition and energy value of different varieties of grass pea flour.

Parameters BARI-1 BARI-2 BARI-3 BARI-5 Local Pabna (LP) Local Tangail (LT)

Moisture (%) 11.98 ± 1.04abc 13.07 ± 1.72c 11.50 ± 0.61abc 10.91 ± 0.34ab 10.36 ± 0.66a 12.80 ± 1.44bc

Ash (%) 2.72 ± 0.72a 3.24 ± 0.74a 3.09 ± 0.16a 2.58 ± 0.50a 2.98 ± 0.06a 2.79 ± 1.19a

Crude fat (%) 1.59 ± 0.52a 1.91 ± 0.33ab 1.60 ± 0.10a 1.53 ± 0.39a 2.82 ± 0.56c 1.36 ± 0.12a

Crude protein (%) 26.09 ± 2.71a 26.58 ± 1.24a 25.40 ± 0.52a 26.05 ± 0.19a 26.09 ± 0.80a 26.06 ± 1.26a

Crude fiber (%) 5.37 ± 0.58ab 4.49 ± 0.88a 4.56 ± 0.41ab 4.99 ± 0.23ab 6.6 ± 0.45c 5.62 ± 0.61bc

Carbohydrate (%) 57.62 ± 1.89bc 55.18 ± 0.50a 58.39 ± 0.70c 58.91 ± 0.44c 57.75 ± 0.96bc 55.98 ± 1.78ab

Nitrogen free extract (%) 52.26 ± 1.77ab 50.7 ± 1.38a 53.83 ± 0.93b 53.92 ± 0.56b 51.15 ± 1.27ab 50.35 ± 2.16a

Energy value (Kcal/100g) 349.1 ± 6.7ab 344.28 ± 6.9a 351.49 ± 4.5ab 353.64 ± 3.3ab 360.77 ± 2.53b 349.43 ± 9.5ab

Values are Mean ± SD of three replicates. Different superscript in the same row indicates significant differences at p < 0.05.
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found in the local Pabna variety, but 10.91 percent in the BARI-5 variety, which is the lowest among BARI varieties. About 13 percent 
moisture content was reported by Ref. [29]. The flour’s relatively low moisture level improves storage stability by inhibiting mold 
formation and minimizing biochemical processes [9]. The ash content of the local Pabna and Tangail varieties was found to be 2.98 and 
2.79 percent, respectively, which is comparable to BARI-1 (2.72).

The highest ash content in the studied grass pea variety flour was 3.24 percent, which was found in BARI-2. The previous study [30] 
reported about 3.30 percent ash in grass pea flour. Ash content helps determine the amount and type of minerals in grass pea flour. The 
protein content of grass pea flour was not significantly different. Among them, only the BARI-3 variety possessed a slightly lower 
protein content, which was 25.4 percent. It is [30] reported 25.60 percent protein in grass peas. Recently, grass pea flour used as rich 
source of protein in bakery formulation and also making infant food preparation for its high emulsifying ability [31]. The highest 
amount of crude fat (2.82 percent) and crude fiber (6.6 percent) content is found in the local Pabna variety, which is significantly (p <
0.05) greater than other varieties. It is [32] reported 2.08 percent fat content in grass pea flour. The previous study [33] displayed the 
fiber content of grass pea flour was 5.31 percent, which is similar to the BARI-1 variety. Fiber can serve to improve the overall 
nutritional profile of grass peas as well as add a number of functional advantages. BARI-5 showed significantly (p < 0.05) greater 
amounts of carbohydrate (58.91 percent) and nitrogen-free extract (53.92 percent) than local varieties. It is [34] reported an amount of 
55.8 percent carbohydrate in grass pea flour, which was similar to the BARI-2 variety. The energy value of the local Pabna variety was 
360.77 Kcal/100 g of flour, which was higher than other studied varieties and considerably different (p < 0.05) from all other varieties. 
It is due to the highest fat value and lowest water content (10.36 %) of the local Pabna variety. The previous study [35] reported an 
energy value of 361 Kcal/100g in grass pea flour.

3.2. Antioxidant capacity of grass pea flour

The antioxidant capacity of grass pea flour is presented in Fig. 1. Among the BARI varieties, the maximum value for antioxidant 
activity was found in the BARI-2 variety, which is 11.05 percent. It is [36] reported an antioxidant activity of 7.98 percent in grass pea, 
which was close to the local Pabna variety but significantly different from the local Tangail variety of grass pea.

3.3. Functional properties analysis of grass pea flour

The various kinds of grass pea flour’s water and oil absorption capacities are shown in Fig. 2(a). The quantity of water that a food 
product retains following filtration and the application of a light centrifugal pressure is known as its "water absorption capacity" [34]. 
The findings showed that the BARI-5 variety’s oil and water absorption capacities were 1.48 and 2.92 ml/g, respectively, and that these 
values differed considerably (p < 0.05) from those of the native Pabna and Tangail kinds. The ability to absorb water is impacted by the 
high protein content. The lowest value for water absorption capacity was observed in the local Pabna variety, which is 1.07 ml/g, and 
the lowest value for oil absorption capacity was 0.78 ml/g in the BARI-2 variety. The another study [37] reported a water absorption 
capacity of 2.70 ml/g in grass pea flour, which is near the BARI-5 variety. BARI-2 and the local Tangail variety possessed a near-similar 
value of oil absorption capacity, and their amounts were 0.78 and 0.89 ml/g, respectively.

According to Ref. [38], flour’s relatively high oil absorption capacity suggests that it may be helpful in food compositions that 
require oil retention capacity, including sausage and bread goods. These qualities suggest that the protein may also find application as 
a functional element in dishes like angel and sponge cakes, whipped toppings, and chiffon desserts [39]. Fig. 2(b) shows the bulk 
densities of many types of grass pea flour. The food business uses bulk density, a measurement of flour’s weight, to determine how to 
handle materials, package products, and apply them [34]. Bulk density did not differ significantly between BARI and local grass pea 
flour varieties. The previous study [40] reported 0.48 g/mL bulk density in grass pea flour, which is similar to the observed values of 
BARI-1 and BARI-3 varieties.

Fig. 2(c) displays the swelling and foaming capacities of many types of grass pea flour. According to Ref. [35], the swelling capacity 
provides an indication of the sample’s starch’s ability to absorb water under particular circumstances, such as temperature and water 
availability. A value of 120.6 percent was observed in the BARI-2 variety, which had the highest swelling capacity among BARI as well 
as the total studied varieties. It is the high moisture content of the BARI-2 variety that causes high swelling capacity. Relatively high 

Fig. 1. Antioxidant capacity of Grass pea flour (Lathyrus sativus L.). Different superscript in the different bar indicates significant differences at p 
< 0.05.
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swelling capacity considered as more appropriate for bakery product formulation for shaping good texture and structure [41]. In 
BARI-1 and the local Pabna variety, foaming capacity was observed at a near-similar value of 64.36 and 65.09 percent, respectively. 
The highest amount of 71.83 percent foaming capacity was observed in BARI-2, which was significantly (p < 0.05) different.

The higher the protein level of the flour, the higher the foaming capability, which is why BARI-2 has a larger protein content. It is 
[35] reported a foaming capacity of 56.32 percent in grass pea flour. The higher foaming capacity positively impacts the appearance, 
consistency and volume of the baked goods (sponge cake, cookies etc.) by causing the flour protein to cohesively surround the air 
bubble [42]. The emulsion capacity and emulsion stability of different varieties of grass pea seed powder are presented in Fig. 2(d). The 
emulsion capacity of local varieties was significantly higher than that of BARI varieties. The local Pabna and local Tangail varieties 
showed 44.68 and 44.78 percent emulsion capacity, respectively, whereas BARI-2 showed 41.14 percent, which was the highest 
among BARI varieties. A larger protein content might be the cause of a better emulsion capacity [43]. Grass pea flour has an emulsion 
capability of 41.04 percent, according to Ref. [40]. Grass pea flour’s increased emulsion capacity indicated that it was more digestible, 
making it a potential addition for baby food recipes. In terms of the stability of the emulsion, BARI-5 variety grass pea flour showed the 
highest value, which was 36.50 percent, and BARI-3 showed 32.86 percent stability. The lowest emulsion stability was observed in the 
local Pabna variety, which was 27.70 percent, and this value is considerably different (p < 0.05) from the BARI-5 variety. The reason 
for the maximum emulsion stability is the examined grass pea flour’s high protein and low-fat content. It is [37] stated the lowest value 
of 29.75 percent emulsion stability in grass pea flour and the highest value of 81.74 percent reported by Ref. [27].

The foaming stability of different varieties of grass pea flour is presented in Fig. 2(e). Foaming stability of the local Tangail variety 
was always found to be high compared to other studied local and BARI varieties.

High foaming stability is due to the high protein content. The values for foaming stability of the local Tangail variety were 71.5 
percent for 10 min, 69.5 percent for 20 min, 67 percent for 30 min, and finally 64 percent for 40 min. It is [27] reported a foaming 
stability of 90 percent at 10 min, 89 percent at 20 min, 84.5 percent at 30 min, and 82 percent at 40 min.

Fig. 2. Functional properties of different varieties Grass pea flour (Lathyrus sativus L.). (a) Water absorption capacity and oil absorption capacity, (b) 
Bulk density, (c) Swelling capacity and Foaming capacity, (d) Emulsion capacity and emulsion stability, (e) Foaming stability. Different superscript 
in the different bar and line indicates significant differences at p < 0.05.
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3.4. Amino acid of grass pea flour

The amino acid content of different varieties of grass pea flour is presented in Table 2 and chromatogram of amino acid of different 
varieties is presented in Fig. 3. The amino acid composition in food denotes the nutritional quality of food proteins [44]. Glutamic acid 
is found to be the most abundant in the local Tangail variety, followed by aspartic acid, arginine, leucine, lysine, and serine. It is [45] 
reported 4 percent glutamic acid in grass pea flour. No cysteine was found in the BARI variety, whereas 0.02 and 0.03 percent were 
noted in the local Pabna and local Tangail varieties. It is [7] reported a significant level of cysteine content, which was 1.79 percent.

3.5. Determination of β-ODAP content of grass pea flour

The β-ODAP content of different varieties of grass pea flour is presented in Fig. 4 β-ODAP content of local varieties was significantly 
(p < 0.05) higher than that of BARI varieties. It is due to the breeding and research strategy for the high-yielding and low β-ODAP- 
content variety developed by BARI. When the samples from the Rajshahi Division and the coastal districts in Bangladesh were assessed 
at BARI in 1993–1994, the β-ODAP content of the seed varied from 0.04 to 0.75 % with a mean of 0.32 % [46]. Locality, growth 
circumstances, and environment all affect β-ODAP levels [16]. For local Pabna and local Tangail varieties, the observed values for 
neurotoxin β-ODAP were 0.39 and 0.49 percent, respectively. It was 0.086 percent for BARI-3, which was similar to the value of 0.08 
percent described by Ref. [47]. Among BARI varieties, the highest β-ODAP content of 0.22 percent was observed in the BARI-5 variety, 
which was similar to Ref. [48]. In the cases of BARI-1 and BARI-2, the observed values were 0.139 and 0.195 percent, respectively. It is 
[46] reported β-ODAP content of 0.06 percent in the BARI-1 variety and 0.0137 percent in the BARI-2 variety. β-ODAP content in 
Lathyrus sativus L. is 0.02–2.59 percent, as reported by Refs. [45,49]. It is [50] reported a β-ODAP content of 0.16–0.34 percent in grass 
pea flour. It is [51] reported that β-ODAP content of <1.5 mg/g (0.15 %) in L. sativus seeds is safe for human consumption. So, the result 
revealed that the amount of β-ODAP content in BARI-1 and BARI-3 varieties is below the safe level of consumption. High β-ODAP 
content responsible for lathyrism, a degenerative motor neuron syndrome [50]. People should avoid high β-ODAP contained varities.

To reduce β-ODAP concentration to a safe level for human consumption, many efforts have been made including effective agro
nomic practices (breeding Low-ODAP genotype), and food processing techniques such as soaking in water, cold water treatment, and 
hot water treatment [52]. Low β-ODAP varieties from BARI will have a positive impact on farmers, local communities, the food in
dustry and all group of people in the world by providing safe and nutritious food.

In Bangladesh, people have a strong reliance on BARI (Bangladesh Agricultural Research Institute) and their new varieties for 
cultivation. Therefore, it is essential to conduct comprehensive tests and comparisons among all BARI varieties. The exclusion of the 
BARI-4 variety of grass pea from the current study was a notable limitation.

4. Conclusion

This study analyzed the neurotoxin content of nutrient-rich grass pea (Lathyrus sativus L.) and compared it to BARI and two local 
varieties. The results showed that all BARI and local varieties were high in protein, but two local varieties had high crude fiber content. 
The functional properties of local varieties were significantly different than BARI varieties, suggesting they could be used in food like 
whipped toppings and sponge cakes. The emulsion capacity of local varieties was significantly higher than BARI varieties, making 
them suitable for infant food formulations. The low neurotoxin content of BARI varieties makes them more suitable for consumption 
and prepared for producing various food formulations and making the food nutrient dense which can be techno-economically feasible 
and can be exploited commercially. Thus, it is expected in the current study that farmers and local people will have to more attention in 
low neurotoxin content of BARI varieties (BARI-1 and BARI-3) for safe agricultural practices. For future research direction, genetic 

Table 2 
Amino acid content of different varieties of grass pea flour.

Amino acid BARI-1(%) Local Pabna (LP) (%) Local Tangail (LT) (%)

Asp 2.88 2.64 2.93
Thr 0.89 0.85 0.94
Ser 1.49 1.26 1.43
Glu 5.18 4.78 5.27
Pro 1.10 0.95 1.10
Gly 1.16 1.02 1.14
Ala 1.23 1.04 1.18
Cys 0.00 0.02 0.03
Val 1.21 1.13 1.24
Met 0.00 0.00 0.00
Ile 1.08 1.03 1.10
Leu 1.91 1.77 1.93
Tyr 0.92 0.83 0.88
Phe 1.24 1.13 1.25
His 0.70 0.55 0.61
Lys 1.81 1.67 1.84
Arg 2.48 2.24 2.42
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diversity, molecular genetics, gene editing, identify low-ODAP genotypes, breeding Low-ODAP genotype and also precision agriculture 
technique that could be helpful for improving cultivation practices of grass pea. Explore other anti-nutritional and toxic substances 
such as phytates, tannins. Explore the potential incorporation of grass pea flour as protein ingredient in bakery formulation in broad 
range such as bread, tortilla, and cookies etc. Bio-fortification and biotechnological approach might be increased nutritional content of 
grass peas.

Ethical statement

This manuscript does not contain any studies with human participants or animals performed by any of the authors. Ethics approval 
or patient consent was not required for this study.

Fig. 3. Chromatogram of amino acid of different varieties of grass pea flour. (a) BARI variety, (b) Local Tangail variety, (c) Local Pabna variety.
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[36] A. Starzyńska-Janiszewska, B. Stodolak, B. Mickowska, The effect of germination on antioxidant and nutritional parameters of protein isolates from grass pea 

(lathyrus sativus) seeds, Food Sci. Technol. Int. 16 (1) (2010) 73–77, https://doi.org/10.1177/1082013209353355.
[37] S. Feyzi, E. Milani, Q.A. Golimovahhed, Grass pea (Lathyrus sativus L.) protein isolate: study of extraction optimization, protein characterizations, structure and 

functional properties, Food Hydrocoll 74 (2018) 187–196, https://doi.org/10.1016/j.foodhyd.2017.07.031.
[38] A.M. Ahmed, J. Lydia, J.L. Campbell, Evaluation of baking properties and sensory quality of wheat-cowpea flour, World Acad Sci Eng Technol. 70 (2012) 2012.
[39] S.C. Suresh Chandra, S. Samsher, Assessment of Functional Properties of Different Flours, 2013, https://doi.org/10.5897/AJAR2013.6905.
[40] O. Aletor, C.E. Onyemem, V.A. Aletor, Nutrient constituents, functional attributes and in vitro protein digestibility of the seeds of the Lathyrus plant, WIT Trans 

Ecol Env. 152 (2011) 145–155, https://doi.org/10.2495/FENV11051.
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