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Mutagenesis Induced Variations in Trypsin Inhibitor Levels and their Impact on Enhancing the Nutritive Value of Moth Bean (Vigna aconitifolia (Jacq.) Marechal)
Abstract
Mutagenesis-induced variation in trypsin inhibitor levels has been demonstrated as a critical mechanism for enhancing the nutritive value of moth bean (Vigna aconitifolia (Jacq.) Marechal). Induced mutation techniques, primarily using agents like EMS (ethyl methane sulphonate) and SA (sodium azide), have resulted in considerable variability in trypsin inhibitor profiles among both viable mutants and micromutants of moth bean. Trypsin inhibitors are antinutritional factors commonly present in legume seeds, which can limit protein digestibility and overall nutritional quality. Treated seeds, especially with optimal concentrations of EMS and SA, show significant changes in both seedling vigor and protein-related traits. Trypsin inhibitor assays were carried out to find out the trypsin inhibitor activity among seven viable mutants and 78 micromutants of moth bean which were developed by induced mutation breeding. Present study has shown that mutagenesis can induce a reduction in trypsin inhibitor content by approximately 25% to 45% in certain lines. The pertinent studies of seven viable mutants and 78 micromutants of moth bean have indicated considerable variation regarding TI level. The lowest TI (180.00 TIU/min/gm meal) could be recorded in 6/IV-mutant, while the 7/IV-mutant revealed the highest TI content (326.16 TIU/min/gm meal). The electrophoretic profiles of trypsin inhibitors on X-rays film revealed 3 to 7 isoinhibitors in different viable mutants and micromutants of moth bean. The mutants showing reduced trypsin inhibitor bands were quantitatively estimated. The lowest TI activity (187.98 TIU) was observed in B6 mutant, which was evolved by the 0.15% EMS treatment. To nullify trypsin inhibitor activity in moth bean seeds, so as to use it in diet, the heat treatment and germination studies have been tried in some of its mutant lines. The processing method involving heat treatment almost eliminated trypsin inhibitor activity while soaking and germination partly removed the activity. Lowered trypsin inhibitor levels lead to enhanced protein digestibility and improved nutritional value of the bean, making it more suitable for direct human consumption and as animal feed. 
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 Introduction:
A large number of legume species hitherto unexploited possess great potential for contributing to not only protein rich food for humans but also excellent quality forages for animals. Among such novel legumes the moth bean (Vigna aconitifolia (Jacq.) Marechal) is quite notable. Moth bean belonging to family Fabaceae is also known as Dew gram, Aconite bean or kidney gram. Besides India and Sri Lanka, sporadic cultivation of moth bean is reported from the drier tracts of Myanmar, Malaysia, Southern China and Western USA. In India moth bean is grown in the arid and semi-arid regions, particularly in North Western states. Major moth bean growing states are Rajasthan, Maharashtra, Gujarat, Jammu and Kashmir, Punjab, Haryana and Uttar Pradesh. 
Moth bean comprises a good source of amino acids particularly lysine and leucine in addition to some vitamins and β carotene. Besides this the moth bean has a relatively higher content of proteins, fats, carbohydrates and minerals like calcium, iron, zinc, phosphorus and manganese as compared with other legume plants. It is the most desired crop on account of its high average protein content and fast cooking characteristic in many regions (Khokhar and Chauhan, 1986). Beside these nutritional factors, the moth bean plant also contains the antinutritional factors such as trypsin inhibitors, phytohaemagglutinins, saponins and phytic acid. The presence of trypsin inhibitors adversely affects digestibility of the dietary proteins by inhibition of proteolytic enzymes in intestinal tract. 
Trypsin inhibitors are widely distributed in plant proteins localized in seeds, tubers, leaves, flowers, stems, roots and pods. Trypsin inhibitors can be generally removed or their content can be reduced by soaking/cooking of sprouted seeds or through pressure cooking of the presoaked seeds. However some trypsin inhibitors have been reported resistant to heat.
As moth bean offers a wide variety of edible products (Sharma, 1997) such as mature & immature green pods as vegetables, leaves, pod shells and branches as fodder for animals, dried seeds (whole), decorticated seeds (Magar) and the flour of seed for papad and nuggets (Mongori) and in snacks (bhujia). The seeds are an important source of proteins for the poor people and the preparations derived from the same like papad and snacks comprise a delicacy for the medium and rich people. Therefore information on the present study on trypsin inhibitors in moth bean (Vigna aconitifolia (Jacq.) Marechal) during heat treatment and germination would be useful in improvement of nutritional value of this important source of protein.

Materials and methods:

1. Standardization of trypsin assay by using BAPNA: 


Trypsin stock solution was prepared by dissolving 10mg of trypsin in 1ml (0.1mM Tris-HCl pH 7.8) buffer A. This stock solution was diluted to prepare 1mg/ml working solution of trypsin in the protease buffer.10 to 50(l trypsin was taken and the volume was made up to 0.5ml with protease buffer. 1mM BAPNA solution was prepared by dissolving 10g of BAPNA in 0.45ml DMSO (Dimethyl Sulphoxide) and then mixed in 22.5ml of protease buffer. 1ml of BAPNA solution was incubated with 150(l of trypsin in Eppendorf tubes at 370C for 10 minutes. The reaction was stopped with 0.2ml of 30% acetic acid after 10 minutes. The absorbance was read at 410nm. A graph was plotted with absorbance versus concentration of trypsin and according to it, the optimum trypsin concentration to be used for the assay was determined.

2. Trypsin inhibitor assay:


Trypsin activity was measured by using the synthetic chromogenic substrate BAPNA, as described by Erlanger et al. (1961). For trypsin inhibitor assay, 20(g of trypsin was found to be optimum from the earlier standardization. Trypsin inhibitor activity was determined by mixing suitable quantity of protein extract containing inhibitor with 20(g of trypsin in a volume of 30(l of buffer A so that trypsin activity could get inhibited up to 40% to 60%. 1ml of 1mM BAPNA was added to the reaction mixture, the incubation was conducted at room temperature and later the reaction was stopped after 10 minutes by adding 200(l of 30% acetic acid. The residual trypsin activity was measured at 410nm. One inhibitor unit was defined as the amount of inhibitor that inhibited 1 unit of trypsin activity.  

3.   Analysis of M3 mutants for trypsin inhibitors:

The seven macro-mutants and 78 putative mutant lines were analyzed for the trypsin inhibitor study. The seeds were powdered and defatted with hexane. The defatted seed powder was kept for extraction in 1:6 proportion of distilled water with 1% (PVP) for overnight and centrifuged at 12000 rpm at 40C for 20 minutes to collect the supernatant. This seed extract was used for the analysis of trypsin inhibitors by electrophoretic detection and TI assay as described above.
4.  Neutralization of trypsin inhibitors:


  To nullify the trypsin inhibitor activity in moth bean seeds, so as to use it in diet, heat treatment and germination studies have been tried in some mutant lines of moth bean.

I.        Effect of heat on trypsin inhibitor:


The seed extract of moth bean obtained earlier, was kept in boiling water bath for 15, 30, 45 and 60 minutes, respectively. The minimized volume of seed extract (which was reduced during heating) was adjusted by adding distilled water. These extracts were used for trypsin inhibitor assay and for trypsin inhibitor profile. The seed powder obtained from the above heat treatment was kept for extraction as described earlier.

II. Study of trypsin inhibitor during germination:

Seven viable mutants and 78 macro mutant lines were selected for this experiment. To study the inhibitor profile during germination, the seeds were kept on filter paper folds. The germinating seeds were kept at 280C to 300C. Water was sprayed on the seeds regularly whenever required. The germinating seeds were examined critically and the contaminated seedlings were discarded. Cotyledons of seedlings were harvested at different stages of germination from 2-10 days and immediately acetone powdered. The dry powder was extracted in 15 volumes of distilled water with 1% PVP, kept overnight at 100C. The suspension was centrifuged at 12000 rpm at 40C for 20 minutes and the supernatant was used for electrophoresis and trypsin assay.

Results:

Trypsin inhibitors in Moth bean: 
As trypsin was to be used regularly for inhibitor assay, it was necessary to standardize the amount of this protease. It was observed that for 10 minutes incubation assay using 1mM BAPNA as the substrate at room temperature, 12μg of bovine trypsin was appropriate as the reaction was linear up to concentration of trypsin.

Standardization of trypsin inhibitor assay:
Although the amount of proteinase inhibitor increased linearly with increasing amount of the inhibitor, the inhibitor concentration was always adjusted so as to get only 40-60% inhibition of the proteinase. 125 μl of moth bean seed extract was optimum for inhibition of 40-60% trypsin activity.  
Estimation of trypsin inhibitor content in Moth bean: (Tables 1, 2 and 3)

The pertinent studies of putative macro-mutant lines of moth bean have indicated considerable variation regarding the TI level. The micromutants like, 12/VII (191.76 TIU/min/gm meal) and 10/IV (184.78 TIU/min/gm meal) demonstrated the lower levels of TI content. The lowest TI (180.00 TIU/min/gm meal) could be recorded in 6/IV-mutant, while the 7/IV-mutant revealed the highest TI content (326.16 TIU/min/gm meal).

In case of seven viable mutants the lowest trypsin inhibitor content could be seen in early maturing (210.92 TIU/min/gm meal) mutant. Other mutants displayed a good amount of variability as regards TI content. The highest TI content was seen in small pod/bold seeded (318.60 TIU/min/gm meal) mutant (Table-3). 

Electrophoretic Detection of TI in Moth bean:- (Fig. 1. A and Fig. 2. B)

           The electrophoretic profiles of the trypsin inhibitors on X-rays film (Fig 1.A) revealed 3 to 7 isoinhibitors in different micromutants of moth bean. A detailed perusal of Fig-2.B indicated presence of 7 isoinhibitors in lanes 3, 4 and 5, 6 isoinhibitors in 7, 10 and 11, 5 isoinhibitors  in lanes 2 and 3 isoinhibitors in lanes 6 and 9. We have provided TI profiles of 11 micromutants only because remaining all micromutants have shown nearly similar types of TI profiles. The TI profiles of viable mutants showed little variation in isoinhibitor bands.

[image: image4.png]Figls




Electrophoretic Detection of TI bands:
                 
Fig, 1.A





Fig, 1.B
Fig 1 - Quantification of Low TI content mutants: (Fig 1.A and B)



Fig, 2.A





Fig, 2.B
Fig 2-Electrophoretic Detection of TI content in macromutants of Moth bean.
The mutants showing reduced trypsin inhibitor bands were quantitatively estimated. The TI values showed about 20-30% increase in TI of micromutants in moth bean (Table-4). The lowest TI activity (187.98 TIU) was observed in the B6 mutant, which was evolved by 0.15% EMS treatment. In this category some other mutants like B4, B7, A3, A4, A6 and A8 also revealed reduced number of TI bands.

Table 1 : Trypsin inhibitor content in different M3 mutant lines of Moth bean

	Sr. No.
	Name of M3 Mutant Line
	Protein Mg/Gm of Defatted Seed Powder
	Tiu/Min/Gm of Defatted Seed Powder
	Sr. No.
	Name of M3 Mutant Line
	Protein Mg/Gm of Defatted Seed Powder
	Tiu/Min/Gm of Defatted Seed Powder

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.
	Control

1/II

1/III

1/VI

1/VII

2/I

2/III

2/IV

2/V

2/VI

3/I

3/II

3/III

3/V

3VII

4/II

4/III

4/II
	 6.29±0.26

62.06±0.12

55.52±0.25

54.12±0.29

61.34±0.19

60.94±0.31

58.05±0.27

56.84±0.36

64.40±0.16

59.65±0.28

55.69±0.98

57.85±0.46

59.64±0.74

57.05±0.41

62.35±0.38

64.08±0.54

58.46±0.24

55.36±0.12
	257.54±0.58

289.64±0.34

198.24±0.41

208.63±0.16

243.35±0.12

316.04±0.31

278.16±0.45

269.98±0.75

197.36±0.62

215.43±0.23

241.32±0.14

287.65±0.24

268.04±0.63

254.06±0.21

281.46±.0.29

251.89±0.31

274.42±0.12

269.84±0.34
	19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
	4/V

4/VI

5/I

5/II

5/IV

5/V

5/VII

6/II

6/III

6/IV

6/VI

6/VII

7/II

7/III

7/IV

7/V

7/VI

7/VII
	59.65±0.46

60.00±0.67

64.12±0.26

63.09±0.29

59.98±0.54

57.65±0.36

54.68±0.84

51.02±0.50

59.14±0.67

65.24±0.84

56.12±0.38

67.01±0.29

49.54±0.64

50.23±0.91

54.09±0.74

63.48±0.27

55.64±0.32

66.54±0.21
	276.45±0.17

298.14±0.41

264.36±0.27

249.12±0.13

259.74±0.16

317.98±0.23

209.47±0.28

214.58±0.35

198.95±0.16

180.00±0.12

195.21±0.32

325.29±0.48

280.65±0.61

324.34±0.43

326.16±0.47

309.13±0.12

189.14±0.16

257.64±0.41

	Sr. No.
	Name of M2 Mutant Line
	Protein Mg/Gm of Defatted Seed Powder
	TIU/Min/Gm of Defatted Seed Powder
	Sr. No.
	Name of M2 Mutant Line
	Protein Mg/Gm of Defatted Seed Powder
	TIU/Min/Gm of Defatted Seed Powder

	37.

38.

39.

40.

41.

42.

44.

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.
	8/I

8/II

8/III

8/V

8/VII

9/I

9/II

9/IV

9/VI

9/VII

10/I

10/II

10/IV

10/V

10/VI

10/VII

11/I

11/II

11/III

11/IV
	51.08±0.39

61.54±0.13

58.04±0.31

64.50±0.23

49.01±0.94

60.06±0.42

53.33±0.63

56.35±0.34

59.64±0.15

61.25±0.23

60.99±0.54

55.62±0.16

58.09±0.45

64.02±0.19

52.36±0.24

54.07±0.36

61.24±0.53

63.14±0.65

52.84±0.57

59.02±0.42
	284.08±0.64

297.21±0.33

275.56±0.26

287.36±0.46

279.82±0.71

212.91±0.77

286.51±0.24

194.02±0.64

301.46±0.38

198.07±0.68

264.19±0.27

287.09±0.14

184.78±0.18

314.03±0.26

261.70±0.53

289.59±0.49

268.47±0.24

276.12±0.12

316.08±0.31

302.31±0.64
	59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.
	11/VI

12/I

12/III

12/IV

12/VI

12/VII

13/I

13/II

13/III

13/IV

13/VI

14/II

14/IV

14/V

14/VI

15/II

15/III

15/IV

15/V

15/VII
	60.45±0.34

65.01±0.26

57.06±0.16

55.12±0.42

64.16±0.31

56.65±0.43

52.75±0.26

65.46±0.14

61.58±0.49

58.74±0.36

54.87±0.51

58.39±0.28

61.06±0.12

64.23±0.24

48.64±0.28

66.04±0.19

60.41±0.51

63.34±0.27

60.90±0.15

55.03±0.36
	185.96±0.52

199.09±0.12

292.32±0.34

317.09±0.20

286.61±0.43

191.76±0.36

182.52±0.14

254.16±0.28

269.05±0.31

271.02±0.61

263.14±0.23

245.65±0.30

239.03±0.12

316.38±0.42

284.65±0.64

267.02±0.26

195.32±0.21

181.63±0.49

298.56±0.20

276.48±0.25


Table: 2. Trypsin inhibitor content in electrophoretically detected low TI   mutants of Moth bean.

	Sr, No.
	Name of mutant
	TIU min/gm of defatted seed powder

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.
	Control

A1

A2

A3

A4

A5

A6

A7

A8

A9

B1

B2

B3

B4

B5

B6

B7

B8
	257.54±0.58

269.08±0.16

248.26±0.27

221.86±0.19

208.02±0.33

250.74±0.14

234.03±0.25

267.36±0.38

246.52±0.74

270.95±0.21

259.05±0.14

246.66±0.39

262.08±0.26

231.44±0.18

246.02±0.56

187.98±0.25

209.26±0.36

229.84±0.16


Table 3: Trypsin inhibitor content in macromutants of Moth bean
	Sr. No.
	Name of mutant
	TIU mg/gm of defatted

seed powder

	1.

2.

3.

4.

5.

6.

7.

8.
	Control

 Branched

Tall

Dwarf with Erect Habit

Early maturing

High yielding

Late maturing

Short Pod/ Bold seeded
	257.54±0.58

256.88±0.48

248.85±0.56

259.24±0.22

210.92±0.28

298.06±0.32

255.26±0.16

318.60±0.25


 Table 4: Trypsin inhibitor content during seed germination of Moth bean

	Sr. No.
	Seed germination stage
	TIU min/gm of defatted seed powder

	1.

2.

3.

4.

5.

6.
	O Stage

Ist Stage

IInd stage

IIIrd stage

IVth stage

Vth stage
	271.06±0.72

318.54±0.25

286.46±0.17

268.24±0.32

250.50±0.21

209.10±0.12


            Each stage was recorded after two days. Each value is the mean of three determinations. TIU-Trypsin inhibitor unit.

Table 5: Trypsin inhibitor content during heat treatment of Moth bean.

	Sr. No.
	Heat treatment
	TIU min/gm of defatted seed powder

	1.

2.

3.

4.

5.

6.

7.
	0 min.

10 min.

20 min.

30 min.

40 min.

50 min.

60 min.
	271.06±0.72

253.16±0.12

234.04±0.16

187.05±0.16

             123.23±0.25

             68.17±0.31

              ND


Trypsin inhibitor during seed germination (Table-3 and Fig-2.A):

As regards  germination studies, it has been found that the TI activity could get retained up to 10 days after germination and after this the activity got reduced in moth bean (Fig-2 A).This finding received support from electrophoretic profiles and the assay values (Table-3) demonstrated by moth bean during present study.

Effect of Heat on Trypsin Inhibitor: (Table-4 and Fig-2. B)

In the present studies, during heat treatment, the TI activity revealed a gradual decreasing feature as the heat treatment duration increased in moth bean. After one hour of heating of seed extract in boiling water bath, the TI activity became totally undetectable (Table-4 and Fig-2. B).
Discussion:
Electrophoretic detection of trypsin inhibitor:

Trypsin isoinhibitors have been reported in seeds of leguminous plants (Belitz and Weder, 1990). Few micromutants demonstrated one to two TI isoinhibitor bands missing from their profiles. The isoinhibitors from group I and III were found to be more variable. The A6 mutant revealed only four TI isoinhibitors in its TI profiles. The same profile indicated absence of isoinhibitor ‘A’ band as well. This suggested that natural variability pertaining to trypsin inhibitor is substantially available in case of moth bean.


The information available as regards the use of induced mutations in connection with trypsin inhibitors is next to negligible. Kothekar et al. (1996) and Gayacharan, (2023) reported altered trypsin/chymotrypsin isoinhibitor profiles in winged bean through the approach of induced mutagenesis.


In the present study, a similar approach has succeeded in creating the modified trypsin isoinhibitor profile in the micromutants of moth bean. The B2 showed five trypsin isoinhibitor bands as compared with control. Out of five isoinhibitors in this mutant, nearly three isoinhibitor bands were feeble, indicating thereby the altered trypsin inhibitory activity. Similarly, the early maturing mutant exhibited the absence of ‘A’ and ‘B’ bands.

Trypsin inhibitor in moth bean mutants:


Protease inhibitors are widely distributed among many species in several plant families, particularly legumes (Liener and Kakade 1980). These inhibitors have been proposed to function as storage proteins, regulators of endogenous protease and as factors that protect plants from insects and pathogen attack (Ryan, 1981).

Very few reports are available in regard to mutation and trypsin, chymotrypsin inhibitor genes in plants. Lazaro et al. (1985) reported adverse action of high lysine mutation on TI genes in barley. The same mutation however revealed increased trypsin inhibitor activity by 20 fold (Williamson et al.1987). An opaque 2 mutation in maize has been found with enhanced trypsin inhibitor level (Halim et al.1973). Lowered levels of trypsin inhibitor have been reported in barley mutants induced by pesticide treatments (Harsulkar, 1994). An extensive study of mutation and trypsin inhibitor genes has been carried out by Kothekar et al. (1996) in winged bean mutants and moth bean mutants by Kothekar, et. al .(1996). Recurrent mutagenesis has been found to be highly useful in reducing the trypsin inhibitor content in winged bean by Khandelwal (1996). In winged bean low trypsin and chymotrypsin inhibitor mutants have been identified and isolated from M5 generation. 3-5 T1 and CTI isoinhibitors were absent in different mutants as compared with 9 isoinhibitors in control, indicating mutations in respective gene loci (Kothekar et al.1996).


It was further demonstrated that no correlation could be established between lower/ higher levels of TI, CTI and morphology of mutants. The mutability of T1 and CTI genes has been found to be different in the same study. In case of winged bean the chymotrypsin locus has been found to be more prone to mutations. Some of the double headed trypsin-chymotrypsin inhibitors demonstrated loss of CTI activity and retention of TI activity (Kothekar et al.1996). Bale (1999) reported lowered levels of trypsin inhibitor mutants induced by EMS and NMU.

The recovery of low TI plant type in moth bean through mutational approach has comprised a feature of major accomplishment of the present work. Such moth bean mutants carrying lowered levels of trypsin inhibitor are likely to assume significant importance and immense economic value in regard to nutritional status. The detailed understanding of the genetics of inhibitors and other antinutritional components present in moth bean would be immensely helpful to the breeders in planning their breeding programmes directed towards qualitative improvement (Sahoo, et al., 2024). 

The detailed investigations of the presently obtained low TI moth bean mutants in regard to other antinutritional components like lectins and polyphenols would indicate further the all round qualitative improvement of the pertinent mutants.

Effect of heat treatment on trypsin inhibitor of moth bean:


Since early 1940’s, the plant inhibitors have been extensively studied as antinutritional factors due to the potential adverse effects they produce on human and animal intestinal tract (Jha, et al. 2017). The legumes have provided large amount of proteinase in human diet, however, their use as sole source of proteins has been subdued due to the presence of antinutritional factors, in particular, the proteinase inhibitors. Nevertheless, there has been a remarkable improvement in the nutritional quality of legume food due to various treatment methods (Zhou, et al., 2023).


Devaraj and Manjunath (1995) noted that the nature of cooking medium and duration of cooking had profound effect on the protease inhibitor activity in Dolichos lablab bean. They further noticed that the dry fried seeds lost their PIA (Protease inhibitor activity) very rapidly. Seeds cooked in slightly alkaline medium lost their PIA quickly compared to those cooked in acidic and neutral pH. Some of the legumes are consumed as food after processing that includes some traditional practices such as soaking, sprouting, fermentation, boiling, roasting, parching and steaming. These practices reduced the level of antinutritional factors. (Devraj, 1995).


The thermolabile nature of legume protease inhibitors has been known by  Rehman and Shah, 2005. Trypsin inhibitor activity of chickpea was inactivated by moist heat at 1210 C for 30 minutes but not by dry heat (Pokharel, et al. 2024). Roy, (2010) demonstrated that the heat treatment partially destroyed typsin inhibitors in pigeonpea. An increase in protein efficiency ratio was attributed to the destruction of trypsin inhibitors as a result of germination in some legumes (Jaya et al.1975). Considering the effect of heat treatment a remarkable reduction in protease inhibitor activity can be achieved by heating. But excessive heating reduced the nutritive value of legume proteins. Methionine, the most limiting essential amino acid of legumes, has been reported to undergo nutritional damage when heated. Therefore it is important to establish the optimum heat conditions to realize the maximum nutritional advantages of cooking pulses in respect of their protease inhibitors.


The heat stability of trypsin and chymotrypsin inhibitors was investigated in soybean, mungbean, rye and triticale by Saini (1989). It was found that both trypsin and chymotrypsin inhibitors were resistant to dry heat but got destroyed by autoclaving at 1210 C for 5 minutes. 

In the present investigation, the TI activity revealed a gradual-decreasing feature as the heat treatment duration increased in moth bean. In the present case, however, after one hour of heating of the seed extract in boiling water bath, the TI activity became totally indetectable.
Trypsin inhibitors during seed germination:


Majority of the studies have emphasized dry mature seeds of pulses and the multiplicity of products derived from them. However, development of food products from germinated moth bean may be another way to further increase the versatility and utility of moth bean. Legume sprout constitutes a good portion of total consumption of food legumes. Germinated moth beans are receiving attention because of their high nutritional qualities.

Number of researchers investigated the effect of germination on different legume systems. Such workers comprise Khokhar and Chauhan (1986), (2010), Gayacharan et al. (2023) in Vicia species and Kharkwal, (2012) in chickpea. 
In the present study, it has been found that the TI activity could get retained up to 10th day after germination and after this the activity got reduced in moth bean. This finding received support from the electrophoretic profiles and the assay values demonstrated by moth bean during the present studies. Kharkwal, (2012) noticed retention of trypsin inhibitor activity during seed germination up to 6 days, followed by its subsequent reduction. Similar types of results were also recorded by Gaikwad (2002) in lentil. The TI activity has been reported to be reduced during seed germination in different legumes and cereals e.g., Bale (1999) in soybean and Gaikwad (2002) in lentil.

Conclusion:
Heat treatment alone is ineffective at reducing trypsin inhibitors; however, soaking followed by cooking and germination significantly lower trypsin inhibitor activity in legumes, including related bean species. Moth bean mutants show variation in trypsin inhibitor levels, which can influence their nutritional and health-related properties. Combining mutation breeding with post-harvest processing methods such as soaking, cooking, or germination can optimize trypsin inhibitor reduction.

The germinated moth bean could be developed as an effective source of protein in the diets against the protein malnutrition prevailing in developing countries. Development of food products from germinated moth bean may be a promising way to increase the versatility and utility of food legumes. These insights provide a foundation for breeding and processing strategies targeting antinutritional factors in moth bean to enhance its dietary value.
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