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Abstract
This study focused on isolating fatty acid esterase from finger millet flour and examining its physicochemical and kinetic characteristics. The enzyme was partially purified from fresh flour of the GPU 28 finger millet variety using ammonium sulfate precipitation and dialysis, followed by Size Exclusion chromatography. Gel filtration on Sephadex G-75 separated the enzyme into two isoforms, named Fatty acid esterase I and II. These isoforms were purified 4.33- and 9.83-fold, with recoveries of 18.35% and 14.48% of the initial enzyme activity, respectively. Both isoforms exhibited optimal activity at pH 8.0 and 45 °C. Their molecular weights, as determined by gel filtration, were 112.2 kDa for isoform I and 19.95 kDa for isoform II. Fatty acid esterase I showed greater thermal stability compared to isoform II. The catalytic efficiency (Vmax/Km) values were 13.74 units ml⁻¹ µM⁻¹ for isoform I and 12.11 units ml⁻¹ µM⁻¹ for isoform II. Both isoforms were inhibited by ascorbic acid. The enzyme displayed a preference for substrates with short-chain fatty acids, especially p-nitrophenyl butyrate. The low Km values for p-nitrophenyl butyrate indicate a strong substrate affinity, which may contribute to the rapid lipid hydrolysis observed in stored pearl millet flour. These properties suggest the enzyme’s potential in producing low molecular weight esters, enhancing flour shelf life in the food industry, and use in chemical applications. These isoforms represent novel members of cereal lipase and esterase families, notable for their high activity and stability at alkaline pH. Thus, the Development of fat acidity and specific fat acidity in stored flour strongly correlated with lipid content. Increase in fat content was directly proportional to an increase in Specific fat acidity and fat acidity in finger millet flour. Use of the in vitro inhibitory response of fatty acid esterase by ascorbic acid may be explored in arresting in situ hydrolysis of lipids in flour for increasing the shelf life of millet flour. 
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Introduction

Finger Millet [Eleusine coracana (L.)] is a tiny-grained cereal crop cultivated widely across the world for use as food, animal feed, and fodder. It is commonly called Ragi/Mandu. It is classified under a number of plant taxonomic groupings. Finger Millet (FM) is classified as a C4 cereal. The ability of finger millet to adapt to various agro-climates in terms of soil, rainfall, and meteorological conditions is one of its most notable characteristics. It is primarily cultivated in dry and semi-dry regions globally, particularly in Asia and Africa, where it can thrive with rainfall as low as 20 cm, significantly less than the 120–140 cm typically required for rice. In the country, finger millet ranks third in both cultivation area and production among millets, following sorghum and pearl millet. The nutritional profile of FM is not only superior to other cereals but is also unique in terms of proximate composition as well as specific chemical and biochemical features. Total carbohydrates (66.82 %) as well as starch (63.13%) contents of finger millet are higher than those of pearl millet (NIN, 2017). Finger millet is recognized for its remarkably high calcium (Ca) concentration, containing around 0.34% in whole grains, whereas most other cereals typically provide only 0.01-0.06% (Saleh et al. 2013; Gupta et al. 2017). In terms of total dietary fiber (11 %), pearl millet and finger millets are at par. It also possesses excellent antioxidative potential (Chandrasekara & Shahidi, 2011). The health-enhancing properties of finger millet, including its hypoglycemic, cholesterol-lowering, and anti-ulcer activities, have been extensively reported in the literature (Chethan & Malleshi, 2007; Shobana et al., 2007; Shobana et al., 2009; Saleh et al., 2013; Kumar et al., 2018). Although millets are nutritionally dense and possess health-promoting qualities, their utilization in the food industry remains limited due to the short shelf life of millet flour, primarily caused by rapid rancidity. The relatively high lipid content is a major contributor to this issue (Goyal et al. 2017). To extend the shelf life, various processing methods have been explored, which generally focus on lowering lipid levels or deactivating lipolytic enzymes through techniques such as grain decortication, either mechanically or manually (Tiwari et al. 2014), refrigeration (Varsha & Narayanan 2017), steaming (Bookwalter et al.1987), blanching (Chavan & Kachare 1994), dry heat treatment (Kachare & Chavan 1992), toasting (Nantanga et al. 2008), boiling (Nantanga et al. 2008) and microwave treatment (Yadav et al. 2012). However, such processes lack wider applicability at the commercial level. Besides processing technologies, a sustainable approach to improve shelf life is to increase the inherent capacity of the crop through conventional breeding or modern biotechnological approaches to produce low-rancid flour. Development of hydrolytic rancidity has been strongly correlated with high activities of lipolytic enzyme esterase in rice (Goffman & Bergman, 2003) and lipase in rice (Rose and Pike, 2006). In stored flour of pearl millet B- and R-lines, lipid hydrolysis (measured by fat acidity) has been found to correlate with the activities of fatty acid esterase and lipase, whereas such a relationship is not observed in F1 seeds or F2 hybrid grains (Bajaj et al. 2016b, 2016c). Goyal et al. 2014 observed that pearl millet contains 4.1 to 7.5% lipid. Among the small millets, the lipid content of finger millet is very low (1.85 - 2.10%) (Mahadevappa & Raina, 1978). The comparatively lower lipid content of finger millet may play a role in its superior storage stability relative to other millets (Shobhna et al. 2013). Additionally, there are no documented studies on the shelf life of finger millet flour in the existing literature. 

Materials and Methods 

Grain Sample and Preparation of Flour: Mature grains of the finger millet variety GPU 28 were used for the study. Flour of 0.8 mm particles was prepared in a Cyclotec machine (Foss Analytical AB, Sweden). Flour was kept in a desiccator to bring it to room temperature before preparing of crude extract. 

Purification of Fatty Acid Esterases: Throughout extraction and purification, all operations were carried out at a temperature between 0 and 4°C, maintained in a cold lab (LKB, Sweden). 

Crude Extract: 6.5 grams of flour was hand homogenized in a pre-chilled pestle and mortar in 65 ml of 0.1M phosphate buffer (pH 8.0). The homogenate filtered through four layers of cheesecloth was centrifuged at 10000 rpm for 20 min in a refrigerated centrifuge at 4°C.

(NH4)2 SO4 Fractionation and Dialysis: The supernatant was fractionated using ammonium sulphate (NH4)2SO4 up to 30% saturation. For further enzyme purification, the supernatant was again fractionated with (NH4)2 SO4, raising the saturation to 60% which resulted in precipitation of esterase. The precipitates were dissolved in 1 ml of 0.1M sodium phosphate buffer (pH 8.0). The resulting solution was dialyzed using a properly washed dialysis membrane (Flat width 25 mm, molecular weight cut-off limit 14000, Sigma Aldrich, USA) against the same buffer for 24 hr. Every eight hrs, the used dialysis buffer was replaced with fresh buffer. Two ml of (NH4)2 SO4 fraction recovered after dialysis was concentrated against solid sucrose to 1.5 ml, which was further used for gel filtration chromatography.

Gel Filtration Chromatography: Gel filtration column was prepared as follows: Sephadex G-75 (8. 50 g) (particle size 40- 120μ, Bed volume 12-15 ml, Pharmacia Fine Chemicals, Upasala) was suspended in 250 ml of 0.1M phosphate buffer (pH 8.0) in a beaker and allowed to swell at room temperature for 8 hrs with intermittent shaking. Excessive buffer was decanted from the gel suspension. The suspension was poured carefully into an LKB glass column (length 100 cm x diameter 1.7 cm) and allowed to settle by gravity. After complete sedimentation of Sephadex in the column, the effective length of the column was 67 cm. The void volume was calculated by passing 1.5 ml of blue dextran solution (2 mg ml) through the column as per instructions given in the Technical Bulletin of the manufacturer (Sigma-Aldrich, USA). The concentrated (NH4)2 SO4 fraction was carefully layered over the top of the Sephadex G-75 bed pre-equilibrated with 0.1M phosphate buffer (pH 8.0). The column was subsequently eluted with the same buffer. The fractions (2.5 ml) were collected at a flow rate of 12 ml hr. These fractions were analyzed for protein and FAEs activity.
Protein Estimation: Protein in various fractions during elution of the column was monitored by measuring the absorbance at 280 nm on a spectrophotometer (Thermo Scientific, USA, Model Evolution 201). Protein in enzyme extract was quantitatively determined by the method of Lowry et al. (1951), (NH4)2 SO4 fraction, and gel filtered fractions, and all measurements were made in duplicates.

Fatty Acid Esterases Assay: Fatty acid esterase activity in crude extract and in the preparations during the purification process was assayed by the method of Winkler and Stuckman (1979). The assay mixture (1 ml) contained 900 μl of a 1:20 dilution of the substrate solution A (0.3 % p-NPB prepared in isopropanol) in solution B (0.1% Gum acacia solution prepared in double-distilled water), 50 μl of 0.1 M sodium phosphate buffer (pH 8.0), and 50 μl of enzyme preparation. The reaction was started by adding the enzyme. Released p-nitrophenol (p-NP) was immediately determined by measuring the absorbance at 410 nm at room temperature at an interval of 30 sec for two and a half min. The linear portion of the change in absorbance was taken into account for calculating enzyme activity. One unit of esterase activity was defined as equal to 0.1 change in O.D./min. All assays were performed in duplicates.

Extraction and Estimation of Free Lipid Content: To extract free lipids from flour method of AOAC (1990) was employed. Weighed accurately four g dry flour into a cellulose thimble and fixed onto (holding the thimble) pre-weighed beaker. After adding approximately 100 ml of petroleum ether into a pre-weighed beaker holding the thimble was fitted in a Soxhlet apparatus, and the hot plate of the equipment was maintained at 180°C. The process was carried out for at least one hour for complete extraction of fat, and extra solvent was removed from the top of the apparatus by a funnel, and the level was maintained in the beaker. Extraction was completed by restricting the flow of liquid from the collecting condenser to the extraction beaker by controlling the valve. Then, the extraction beaker was transferred into an oven maintained at 50 OC for removing traces of the solvent. Thimbles were allowed to dry in a fume hood overnight and later weighed, and the percent fat extraction was calculated. The amount of lipids was calculated by taking the difference between the weight of the beaker before and after extraction. Results were expressed as per percentage of dry flour.

Estimation of Fat Acidity: The fat acidity was determined by the method of AACC (1999) with a minor modification. Two and a half grams of dry flour were taken in a 50 ml conical flask, and 15 ml toluene, and the contents were allowed to settle for a few minutes. The extract flask was shaken for 1 hour, and the supernatant liquid was filtered using filter paper. The final volume of the sample aliquot was made to 12 ml with toluene, and an equal volume of phenolphthalein solution was added. It was then titrated the resultant mixture with potassium hydroxide solution to a white pink color, which sustained for at least 30 sec. Blank titration was carried out by adding an equal volume of phenolphthalein solution to toluene. FA was calculated as mg KOH per 100 g flour.

Characterization of Partially Purified Fatty Acid Esterases

Estimation of Molecular Weight (MW): The molecular weight of the partially purified enzyme was determined by creating a calibration curve of log molecular weight against the elution volume of the enzyme peak obtained after size exclusion chromatography using Sephadex G-75. The column was standardized with protein markers (2 mg ml⁻¹ each), namely cytochrome C (12.4 kDa), carbonic anhydrase (29.0 kDa), bovine serum albumin (66.0 kDa), alcohol dehydrogenase (150.0 kDa), and beta-amylase (200 kDa). The molecular weight of the enzyme was then estimated from this calibration plot.

Estimation of Optimum pH: The optimal pH for esterases was identified by measuring enzyme activity in 0.1 M phosphate assay buffers with pH levels varying from 7.4 to 8.5. The enzyme assay was conducted using the specified buffer conditions as previously described.

Estimation of Optimal Temperature and Assessment of Thermal Stability: The enzyme’s optimal temperature was established by assessing its activity across a temperature range of 30 to 80 °C. Thermal stability was evaluated by incubating the enzyme preparation at the designated temperature for 20 minutes, followed by measuring the remaining enzyme activity.

Determination and Calculation of Vmax and Km: The activity of the purified enzyme was assessed using p-NPB as the substrate, with concentrations ranging from 0.215 to 852 μM. Vmax and Km values were calculated with replicated data of reaction velocity v/s substrate concentration with the software GraphPad Prism version 8.0.

Impact of Ascorbic Acid on Inhibition: The effect of ascorbic acid at concentrations varying from 2 to 10 mM was estimated by assaying the enzyme activity in the presence of ascorbic acid, keeping the final volume of the assay to 1 ml. Per cent inhibition was calculated by taking the activity of the control assay (without ascorbic acid) as 100 %.

Statistical Analysis: All parameters were measured in a minimum of three replicates. Standard deviations were calculated using Microsoft Excel 2010, and data analysis was further supported by GraphPad Prism version 8.0.

Results

Purification of Esterases: Fatty acid esterases extracted from finger millet flour were partially purified using ammonium sulfate ((NH4)2SO4) precipitation between 30-60% saturation, followed by a two-step purification process. The crude extract, with a volume of 65.5 ml, showed 310.62 units of activity and contained 103 mg of protein, yielding a specific activity of 3.01 units per mg of protein (Table 1). After ammonium sulfate fractionation, the specific activity increased to 4.45 units per mg of protein, with a recovery rate of 43%. The enzyme’s elution profile from Sephadex G-75 chromatography is shown in Figure 1. Maximum activity, about 7.6 and 6 units ml-1, was present in fractions 6 and 17, respectively. Fractions 5 to 7 and 16 to 18 were pooled, and 57 and 45 units of activity of fatty acid esterase and II in a volume of 7.5 ml each were recovered, respectively (Table 1). The pooled fractions 5 to 7 (fatty acid esterase-I) and 16 to 18 (fatty acid esterase-II), containing 4.37 and 1.52 mg proteins, had specific activity of 13.04 and 29.60 units mg-1 proteins. Finally, fatty acid esterase-I and fatty acid esterase-II were purified by 4.33 and 9.83 folds, recovering 18.35 and 14.48 % of the activity present in the crude preparation. Thus, 4.33 and 9.83-fold purification of I and II was achieved.
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Table 1: Summary of partial purification of fatty acid esterase from finger millet variety GPU 28
	Purification
step
	Volume
(ml)
	Total
Activity of the enzyme
(units)
	Activity of  enzyme (units/ml)

	Amount of protein
(mg)
	Specific
Enzyme Activity
(units/mg
protein)
	Purification Folds

	Per cent Recovery


	Extract (Crude, Fresh)
	65.5
	410.46
	6.26
	
	
	
	

	Extract (Crude, 24 hrs old)
	65.5
	310.62
	4.73
	103
	3.01
	-
	100

	30-60% (NH4)2SO4 Fractionation
	1.4
	132.52
	94.64
	29.74
	4.45
	1.47
	43

	 Gel filtration
Fatty acid esterase I
	7.5
	57
	7.6

	4.37
	13.04
	4.33
	18.35

	Gel filtration
Fatty acid esterase II
	7.5
	45
	6
	1.52
	29.60
	9.83
	14.48



Physical, Chemical, and Kinetic Characteristics:
The purified enzyme was analyzed to determine its physicochemical and kinetic properties.

Molecular weight: The molecular weights of the partially purified fatty acid esterase from finger millet flour, as estimated by size exclusion chromatography, were approximately 112.2 kDa and 19.95 kDa, respectively (Figure 2).

pH optimum: Figure 3 illustrates how pH influences the activity of fatty acid esterase. Optimum pH for both fatty acid esterase-I as well as II of grains of the finger millet variety GPU 28 was 8.0. Enzyme activity increased gradually from pH 7 to 8.0 and declined with further increase in pH till 8.5. 

Temperature Optimum and Thermo-stability: A profile of changes in activity in response to varying assay temperature is presented in Figure 4. The activity of fatty acid esterase I and II of the finger millet variety GPU 28 determined at 30 °C was 6.8 and 4.5 units ml-1 (Figure 4). Activity of fatty acid esterase-I as well as fatty acid esterase-II did not increase beyond 45 OC rather declined to levels of 6.93 and 5.1units ml-1 at 50 OC, respectively. Thus, the optimum temperature for fatty acid esterase-I and II of grains of the finger millet variety GPU 28 was 45 °C. Thermo-stability behavior of fatty acid esterases of finger millet variety GPU 28 is depicted in Figure 5. Fatty acid esterase-I lost only about 17.88 % of its activity at 50 OC. The enzyme further lost almost a similar magnitude of activity at temperatures between 60 and 80 OC. Thermo-stability behavior of fatty acid esterase-II was similar to that of fatty acid esterase-I, except that at respective temperatures, activity of the former was less than that of the latter. For example, at 70 OC, fatty acid esterase-II retained 45.94 % whereas fatty acid esterase-I retained 73.33 % of its activity. 

Vmax and Km Values: During the present investigation, only one substrate, i.e., p-NPB, was used. Best fit Vmax and Km values were determined using replicated data of reaction velocity v/s substrate concentration with the software GraphPad Prism version 8.0. Finger millet FAE I and II followed typical Michaelis–Menten kinetics with Km values of 0.563 and 1.148 μM for p-nitrophenyl butyrate (Figure 6; 7). Vmax and Km values of 7.74 units ml-1 and 0.563 µM p-NPB, respectively, were obtained, corresponding to a Vmax/Km ratio of 7.74/0.504 = 13.74 12.11units ml/1/uM. Km values in the μM range for p-NPB for pearl millet Km FAE point towards high affinity for substrate, which might be partly responsible for the rapid hydrolysis of lipids in stored pearl millet flour.

Effect of Ascorbic Acid on the Activity of Fatty Acid Esterase: The impact of ascorbic acid on the activity of partially purified fatty acid esterases is shown in the figures. 8. Ascorbic acid inhibited fatty acid esterases of finger millet in a concentration-dependent manner. At 2, 5, and 10 mM concentrations, it inhibited the activity of fatty acid esterase-I of finger millet by 23, 42, and 93 %, respectively. Fatty acid esterase II of finger millet was inhibited by 43, 78, and 100 % by 2, 5, and 10 mM ascorbic acid, respectively (Fig.8). Thus, the deleterious effect of ascorbic acid on the activity of fatty acid esterases increased with its increasing concentration. Fatty acid esterase-II was comparatively more sensitive than fatty acid esterase-I to the presence of ascorbic acid. Use of the in vitro inhibitory response of fatty acid esterase by ascorbic acid may be explored in arresting in situ hydrolysis of lipids in flour for increasing the shelf life of millet flour. Most likely, lipids hydrolysis in finger millet is restricted because of the limited supply of the substrate, i.e, free lipids, which are present in low concentration in the flour of finger millet.
Free Lipid Content of Finger Millet Flour: Lipid content of fresh flour of the finger millet variety GPU 28 was 1.83±0.07 % 
Development of Fat Acidity in Fresh and Stored Flour of Finger Millet: One set of flour of finger millet was stored at low temperature (20ºC) and another at high temperature (45ºC). Fat acidity of fresh and stored flour on 5th and 10th day was determined. Results on these parameters are presented in Table 2. After 5 days of storage at 20 ºC, total fat acidity in flour of the finger millet variety GPU 28 was 25 mg KOH/ 100g. Similarly, after 10 days of storage, total fat acidity in flour of finger millet variety GPU 28 was 42 mg KOH / 100g. Invariably fat acidity of flour finger millet variety GPU 28 stored at 45 OC was higher by more than two-fold higher than that of the flour of the respective genotypes stored at 20 OC. Fat acidity values 60 mg KOH 100g-1 observed in flour of grains of finger millet stored for 5 days at 45 OC and 25 mg KOH 100g-1 observed in flour of respective genotypes stored for an identical period but at 20 OC clearly reflect this. Data in the table revealed that between 0 and 5 days of storage at 20ºC, FA in flour of finger millet grains was 15 mg KOH / 100g. whereas during the later period, between 5 and 10 days of storage, FA equivalent to only 17 KOH /100g increased in the same flour. At 45 OC. Fat acidity in the flour of grains of the finger millet variety GPU 28 increased by 12 mg KOH/100g during the period between 5 and 10 days. Thus, Overall, Fat acidity of stored finger millet flour increased from 0 days to 10 days at low and high temperature storage, whereas at 45 °C, fat acidity development was higher compared to room temperature (20 °C).

Table 2:  Fat acidity of fresh and stored flour of pearl millet and finger millet
	Source of flour
	Fat acidity (mg of KOH/100 g flour)

	
	Storage day(s) 
	Increase during day(s)

	
	0d
	5d
	10d
	0d& 5d
	5d&10d
	0d& 10d

	Storage Temperature (20 OC)

	Grains of finger millet variety GPU 28
	10±0
	25±0.2
	42±2
	15
	17
	32

	Storage Temperature (45 OC)

	Grains of finger millet variety GPU 28
	10±0
	60±10
	72±3
	50
	12
	62



Changes in Fat Acidity on a per g free lipids basis, termed as SFA (Specific Fat Acidity), were calculated, and the results have been presented in Table 3. After 5 days of storage at 20 ºC, SFA in flour of the finger millet variety GPU 28 was 13.66 mg KOH/g lipids. Similarly, after 10 days of storage, SFA in flour of the finger millet variety GPU 28 was 22.95 mg KOH/g lipids. Invariably, SFA of flour of finger millet genotypes stored at 45 OC was higher by more than 2-fold than that of the flour of the respective genotypes stored at 20 OC. SFA values of 5.46, 32.78, and 39.34 mg KOH/g lipids observed in flour of finger millet stored for 0,5,10 days, respectively, at 45 OC. Data presented in Table 3 revealed that between 0 and 5 days, and 5 and 10 days of storage at 20ºC, SFA in flour of grains of finger millet variety GPU 28 were 8.2 and 9.29 mg KOH / g lipids, respectively. At 45 OC, SFA in flour of grains of finger millet variety GPU 28 increased by 6.56 mg KOH/ g lipids during the period between 5 and 10 days. The rate of increase in SFA during the entire period of storage, i.e, between 0 and 10 days, the rate of buildup of specific acidity was 33.88 in flour of grains of finger millet variety GPU 28. Thus, Overall, Specific fat acidity of stored finger millet flour increased from 0 days to 10 days at low and high temperature storage, whereas at 45 °C, fat acidity development was manyfold higher compared to room temperature (20 °C). Thus, the Development of fat acidity and specific fat acidity in stored flour strongly correlated with lipid content. Increase in fat content was directly proportional to an increase in Specific fat acidity and fat acidity in finger millet flour. Development of fat acidity was higher in high-temperature storage flour as compared to low-temperature stored flour. So, Low temperature improved the shelf life of pearl millet flour.

Table 3:  Specific Fat acidity of fresh and stored flour of pearl millet and finger millet
	Source of flour
	Specific acidity (mg KOH/ g lipids)

	
	Storage day(s)
	Increase during day(s)

	
	0d
	5d
	10d
	0d& 5d
	5d&10d
	0d& 10d

	Storage Temperature (20 OC)

	Grains of finger millet GPU 28
	5.46
	13.66
	22.95
	8.2
	9.29
	17.49

	Storage Temperature (45 °C)

	Grains of finger millet GPU 28
	5.46
	32.78
	39.34
	27.32
	6.56
	33.88


	

Fig. 1 Pattern of elution of fatty acid esterase I and II isolated from grains of finger millet through Sephadex G-75




Fig. 2: Molecular weight of fatty acid esterases purified from grains of the finger millet variety GPU 28
	

	Fig. 3: Effect of pH of assay buffer on the activity of partially purified fatty acid esterase-I and II from finger millet variety GPU 28


	




Fig. 4: Effect of assay temperature on the activity of purified fatty acid esterase I and II from grains of finger millet


Fig. 5 Effect of thermo-stability on purified fatty acid esterase-I and II of finger millet
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Fig. 6: Km value of fatty acid esterase I partially purified from finger millet variety GPU 28.
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Figure 7: Km value of fatty acid esterase II partially purified from finger millet variety GPU 28.






Fig. 8: Effect of ascorbic acid on the activity of fatty acid esterase I and II of finger millet

Discussion
Fatty acid esterases from finger millet flour were partially purified by (NH4)2 SO4 fractionation (30-60 % saturation) and using a two-step purification procedure through size exclusion chromatography. The pooled fractions 5 to 7 (fatty acid esterase-I) and 16 to 18 (fatty acid esterase-II), containing 4.37 and 1.52 mg proteins, had specific activity of 13.04 and 29.60 units mg-1 proteins. Finally, fatty acid esterase-I and fatty acid esterase-II were purified by 4.33 and 9.83 folds, recovering 18.35 and 14.48 % of the activity present in the crude preparation. Thus, 4.33 and 9.83-fold purification of I and II was achieved. The purification of FAE from pearl millet, both in terms of fold increase and specific activity, was lower than that reported for carboxyl esterase (Upadhya et al., 1985), ferulic acid esterase (Latha et al., 2007), and acetic acid esterase (Latha and Muralikrishna, 2007) isolated from germinated finger millet. This difference is likely due to the absence of ion exchange chromatography in the current study, which was employed in the previous investigations. The molecular weight of the partially purified fatty acid esterase (FAE) from finger millet, as determined by gel filtration, was approximately 112.2 and 19.95 kDa. This enzyme size observed in the current study is larger than the FAE I and FAE II fractions (50-64 kDa) isolated from yam (Dioscorea batatas) (Hou et al., 1999), the 70 kDa carboxyl esterase from finger millet reported by Upadhya et al. (1985), and the 60 kDa carboxyl esterase found in Tribolium castaneum (Haubruge et al., 2002). Additionally, Humbertson and Briggs (2002) found that esterase purified from barley exhibited molecular weights ranging from 22 to 158 kDa, suggesting the existence of multiple isoforms. Optimum pH for both fatty acid esterase-I as well as II of grains of finger millet variety GPU 28 was 8.0. Enzyme activity increased gradually from 7 pH to 8.0 pH and declined with further increase in pH till 8.5. Staubmann et al. (1999) found pH optima for butyrate-dependent FAEs isolated from Jatropha curcas seeds to be 8.0 and 7.5 for isoforms JEA and JEB. Both isoforms of Fatty acid esterase of yam tubers, however, showed a pH optimum of 5.0 (Hou et al. 1999). pH of water extract of fresh and stored pearl millet flour varies from 6.67 to 6.25 (Goyal et al. 2015). Many plant esterases exhibit optimal activity within a pH range of 7 to 8 (Chandrashekharaiah et al., 2011; Bhavith et al., 2014; Kantharaju and Murthy, 2014). Therefore, fatty acid esterase is expected to have considerably lower activity in stored flour. These findings align with previous work by Bajaj et al. (2016), who reported that the in-situ activity of FAE in pearl millet flour is approximately ten times lower than its activity measured in vitro. However, slight variations in the flour's pH are unlikely to have a significant impact on the in-situ lipid hydrolysis. The activity of fatty acid esterase-I and II of the finger millet variety GPU 28 determined at 30 °C was 6.8 and 4.5 units ml-1. Activity of fatty acid esterase-I as well as fatty acid esterase-II did not increase beyond 45 OC rather declined to levels of 6.93 and 5.1units ml-1 at 50 OC, respectively. Thus, the optimum temperature for fatty acid esterase-I and II of grains of finger millet variety GPU 28 was 45 °C This value exceeds that reported for yam tuber esterase (Hou et al., 1999). The optimal temperature for pearl millet fatty acid esterase was lower than the 50°C optimum observed for the JEA isoform and similar to that of the JEB isoform of FAE from Jatropha curcas L. (Staubmann et al., 1999). Esterases from finger millet (Latha et al., 2007; Latha and Muralikrishna, 2007), Caesalpinia mimosoides (Bhavith et al., 2014), Tamarindus indica (Kantharaju and Murthy, 2014), and soybean (Barros and Macedo, 2015) also show peak activity around 45 °C. While most enzymes typically have optimal temperatures between 25 and 37°C, higher optimum temperatures suggest that flour stored under high summer temperatures may deteriorate more rapidly. Indeed, the relatively quicker increase in fat acidity in pearl millet flour at elevated storage temperatures indicates enhanced in situ activity of lipolytic enzymes with rising temperatures (Lai and Varriano-Marston, 1980b; Kadlag et al., 1995). The thermal stability of fatty acid esterases from the finger millet variety GPU 28 is illustrated in Fig. 5, showing that FAE-I retained about 82.12% of its activity at 50 °C and experienced a similar level of activity loss between 60 and 80 °C. Thermo-stability behaviour of fatty acid esterase-II was similar to that of fatty acid esterase-I, except that at respective temperatures, activity of the former was less than that of the latter. For example, at 70 OC, fatty acid esterase-II retained 45.94 % whereas fatty acid esterase-I retained 73.33 % of its activity. Hou et al. (1999) reported that fatty acid esterase (FAE) from yam (Dioscorea batatas) tubers is thermally stable at temperatures below 50°C. Latha and Muralikrishna (2007) observed that acetic acid esterase activity decreased by about 60% at 60°C. Esterases from Tamarindus indica seeds were found to be unstable even at temperatures under 40°C (Kantharaju and Murthy, 2014). The rapid reduction of in vitro activities of enzymes such as peroxidase, lipoxygenase, and polyphenol oxidase in pearl millet flour stored at 37°C (Goyal et al., 2015) indicates their in situ instability. In contrast, Bajaj et al. (2016) reported similar levels of both in vitro and in situ activities of FAE and consistent in situ lipase activity in control and 10-day stored flour at the same temperature, suggesting these enzymes remain stable and continue releasing fatty acids, which leads to rancidity. The stability of purified pearl millet FAE up to 60°C may be attributed to its structural properties, which warrant further study. sterases represent a varied group of hydrolase enzymes, many of which are active on a broad spectrum of substrates including phenyl acetate, naphthyl acetate, naphthyl propionate, p-nitrophenyl butyrate (p-NPB), nitrophenyl ferulate, and naphthyl myristate, among others (Latha and Muralikrishna, 2007; Xin and Hui-Ying, 2013; Jensen et al., 2016). In this study, however, only p-NPB was utilized as the substrate. Best fit Vmax and Km values were determined using replicated data of reaction velocity v/s substrate concentration with the software GraphPad Prism version 8.0. Finger millet FAE I and II followed typical Michaelis–Menten kinetics with Km values of 0.563 and 1.148 μM for p-nitrophenyl butyrate. Vmax and Km values of 7.74 units ml-1 and 0.563 µM p-NPB, respectively, were obtained, corresponding to a Vmax/Km ratio of 7.74/0.504 = 13.74 12.11units ml/1/uM. Staubmann et al. (1999) reported Km values of 0.02 mM and 0.07 mM for two isoforms of the enzyme from Jatropha curcas L. seeds using the same substrate. For Caesalpinia mimosoides esterase, a Km of 0.11 mM was observed with 1-naphthyl acetate as the substrate. Jensen et al. (2016) found a Km value of 1.07 mM for p-NPB with carboxyl esterase from Pseudoalteromonas arctica. In finger millet, ferulic acid esterase and acetic acid esterase exhibited Km values of 0.053 μM and 0.40 μM for their respective substrates (Latha and Muralikrishna, 2007; Latha et al., 2007). A higher Km of 3.62 mM for p-nitrophenyl ferulate was reported for feruloyl esterase from Aspergillus usamii by Yin et al. (2015). The broad range of Km values among esterases is attributed to differences in enzyme sources, purity levels, assay methods, and substrate types. The micromolar range Km values for p-NPB with pearl millet FAE indicate a strong substrate affinity, which may contribute to the rapid lipid hydrolysis observed in stored pearl millet flour. Fat acidity values 60 mg KOH 100g-1 observed in flour of grains of finger millet stored for 5 days at 45 OC and 25 mg KOH 100g-1 observed in flour of respective genotypes stored for an identical period but at 20 OC clearly reflect this. Invariably, the fat acidity of flour finger millet variety GPU 28 stored at 45 OC was higher by more than two-fold than that of the flour of the respective genotypes stored at 20 OC. Thus, Overall, Fat acidity of stored finger millet flour increased from 0 days to 10 days at low and high temperature storage, whereas at 45 °C, fat acidity development was higher compared to room temperature (20 °C) Changes in FA on a per g free lipids basis, termed as Specific Fat Acidity, SFA values of 5.46, 32.78, and 39.34 mg KOH/g lipids were observed in flour of finger millet stored for 0,5,10 days, respectively, at 45 OC. Invariably, SFA of flour of finger millet genotypes stored at 45 OC was higher by more than 2-fold than that of the flour of the respective genotypes stored at 20 OC. Thus, Overall, Specific fat acidity of stored finger millet flour increased from 0 days to 10 days at low and high temperature storage, whereas at 45 °C, fat acidity development was many fold higher compared to room temperature (20 °C). Thus, the Development of fat acidity and specific fat acidity in stored flour strongly correlated with lipid content. Development of fat acidity was higher in high-temperature storage flour as compared to low-temperature stored flour. So, Low temperature improved the shelf life of pearl millet flour. Several researchers have observed that the free acidity of pearl millet flour tends to rise during storage over varying time durations (Lai and Varriano-Marston 1980b; Chavan and Kachare 1994; Kadlag et al. 1995; Yadav 2003; Nantanga et al. 2008; Yadav et al. 2012; Čepková et al. 2014; Tiwari et al. 2014; Goyal, et al. 2015). Goyal and Chugh (2017) observed that the crude fat content in freshly milled flour from different genotypes ranged between 3.8% and 7.2%, while fat acidity varied from 11 to 75 mg KOH/100 g dry matter. In stored samples, fat acidity levels increased significantly, ranging from 180 to 330 mg KOH/100 g dry matter. The rise in fat acidity showed a positive correlation with crude fat content (r = 0.440*), indicating that lipolytic enzymes played a major role in this process. According to Sharma et al., flour stored at 40°C deteriorated more rapidly than that kept at 10°C, and samples stored for 30 days exhibited greater rancidity than those stored for only 8 days at both temperatures. Ascorbic acid inhibited fatty acid esterases of finger millet in a concentration-dependent manner. At 2, 5, and 10 mM concentrations, it inhibited the activity of fatty acid esterase-I of finger millet by 23, 42, and 93 %, respectively. Fatty acid esterase II of finger millet was inhibited by 43, 78, and 100 % by 2, 5, and 10 mM ascorbic acid, respectively. Thus, the deleterious effect of ascorbic acid on the activity of fatty acid esterases increased with its increasing concentration. Fatty acid esterase-II was comparatively more sensitive than the respective fatty acid esterase-I to the presence of ascorbic acid. These results are in accordance with those documented earlier (Bajaj et al. 2016a; Sheenu et al. 2018). The mechanism of inhibition of fatty acid esterase by ascorbic acid is not reported in the literature. Ascorbic acid seems to inhibit the enzyme by reducing the pH of the reaction mixture. After adding 5 and 10 mM ascorbic acid, the final pH values were 5.32 ± 0.09 and 4.09 ± 0.06, respectively. The notably decreased enzyme activity observed at pH levels below the optimum supports this explanation. Use of the in vitro inhibitory response of fatty acid esterase by ascorbic acid may be explored in arresting in situ hydrolysis of lipids in flour for increasing the shelf life of millet flour. Most likely, lipids hydrolysis in finger millet is restricted because of the limited supply of the substrate, i.e, free lipids, which are present in low concentration in the flour of finger millet. 

Conclusion
The esterase from finger millet exhibited notable features, including stability and increased activity in moderately alkaline conditions, as well as stability and peak activity near 45 °C. It also demonstrated a strong affinity for short-chain fatty acids. The Km values for p-NPB in pearl millet fatty acid esterase, measured in the micromolar range, indicate a high substrate affinity, which could contribute to the rapid lipid hydrolysis observed in stored pearl millet flour. Thus, the Development of fat acidity and specific fat acidity in stored flour strongly correlated with lipid content. Increase in fat content was directly proportional to an increase in Specific fat acidity and fat acidity in finger millet flour. Development of fat acidity was higher in high-temperature storage flour as compared to low-temperature stored flour. So, Low temperature improved the shelf life of pearl millet flour. Use of the in vitro inhibitory response of fatty acid esterase by ascorbic acid may be explored in arresting in situ hydrolysis of lipids in flour for increasing the shelf life of millet flour. Most likely, lipids hydrolysis in finger millet is restricted because of the limited supply of the substrate, i.e, free lipids, which are present in low concentration in the flour of finger millet. This lower lipid content could be one of the factors contributing to the better storage properties of finger millet flour as compared to other millets. This study contributes to enhancing the shelf life of finger millet flour and other millets. Additionally, alkaline enzymes such as esterases from finger millet flour, which are easy to extract, hold significant promise for various industrial applications, including chiral molecule synthesis, flour rancidity reduction, wood pulping, detergents, food processing, and the production of low molecular weight esters.
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