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ABSTRACT
	[bookmark: _GoBack]Pearl millet (Pennisetum glaucum) is hypothesized to have originated in Central Africa. It predominantly thrives in tropical semi-arid regions of Africa and Asia and typically attains a height ranging from 0.5 to 4.0 meters. The grains of pearl millet are nutritionally rich, containing substantial amounts of protein, vitamins, minerals, and energy, comparable to or surpassing the nutrient profiles of other major cereals. The fat content in pearl millet grains ranges between 4.36% and 7.11%, exceeding the lipid levels observed in many other cereal grains. However, flour derived from pearl millet is susceptible to degradation, particularly under conditions of moderate moisture and oxygen exposure, resulting in reduced shelf life. Microwave heat treatment has emerged as a cost-effective and efficient method for enhancing the storage stability of pearl millet flour due to its precise control over heating parameters compared to conventional techniques. Among eight microwave-treated samples, treatment T7, involving 100 seconds of microwave exposure for 600 grams of pearl millet grains, was identified as the most suitable approach for improving the storage stability of the flour. Experimental data indicated increases in lipase activity, fat acidity, and peroxide value during storage. These changes were statistically insignificant within the first 15 days but became significant after 15 days, signaling enzymatic and oxidative lipid degradation. This degradation contributes to quality deterioration and potential rancidity. Overall, microwave treatment of pearl millet grains for 100 seconds is recommended as an effective method to enhance the storage stability of the resulting flour for up to 15 days.
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1. INTRODUCTION 

Pennisetum glaucum L., commonly known as Pearl millet, has a variety of regional names in Europe, including Silver millet, Candle millet, or Black millet; Typha and Amaranthus in the United States; Rush millet or dukhn in Africa; Bajra, Combo, or Sajje in India. The species probably originated from Central Africa. P. glaucum grows primarily in tropical semi-desert regions of Africa and Asia. Pearl millet belongs to the Poaceae family and is a cross pollinating species due to its protogynous blooming pattern of flowers. It has 7 sets (2n = 2x = 14) of diploid chromosomes with a genome size of 1.79 GB (Khatri et al., 2023). Pearl millet plants vary in height, usually between 0.5 and 4.0 meters. (Verma, 2018). In India, pearl millet is grown primarily in Rajasthan, Maharashtra, Gujarat, Uttar Pradesh (UP) and Haryana. These states together account for about 92% of the total area under pearl millet cultivation. In Gujarat, major pearl millet growing districts are Banaskantha, Mehsana, Patan and Kachchh. It is well adapted to production systems characterized by drought, low soil fertility and high temperature. Summer cultivation of pearl millet, particularly in the irrigated areas of North Gujarat has attracted the farmers because of the assurance of targeted crop yield (Patel et al., 2016). 
Solanki et al. (2017) reported the yield, quality traits have also important role for increasing value addition because pearl millet grain is richer source of starch (56.05-73.37%), fat (1.5-9.9%), protein (6.40-24.25%), iron (30.1–75.7 mg/kg) and zinc (24.5– 64.8 mg/kg) phosphorous (185.0-363.0 mg/100g) and total carotenoids (84-445 mg/100g).Although pearl millet does not contain significant antinutrients, it contains relatively small amounts of phenolic compounds (Singh et al., 2015).
Pearl millet grains are rich in protein, vitamins, minerals, and energy, and their nutritional content can match or exceed that of other major cereals. The protein content of pearl millet ranges from 9.4 to 11.8 grams per 100 grams, and the amino acid composition mainly consists of essential amino acids such as leucine, isoleucine, valine, and phenylalanine. However, lysine and methionine are relatively low (Hasan et al., 2021). In addition, pearl millet grains contain a large amount of phenolic compounds, which contribute to its antioxidant properties. This makes pearl millet an important dietary source of antioxidants, especially for people who consume the grain in the form of porridge or beverages (Anitha et al., 2020).
Pearl millet grains contain fat in the range of 4.36% to 7.11%, which is higher than that found in many other cereals. However, flour made from pearl millet is less durable, especially when exposed to moderate moisture and oxygen. This deterioration is mainly due to hydrolysis of triglycerides by lipolysis and subsequent oxidation of the produced deesterified unsaturated fatty acids. Lipases concentrated in the pericarp, aleurone layer and germ of the grain are responsible for the hydrolysis of triglycerides, resulting in unpleasant odor and off-flavor in flour and its derivatives. The breakdown of fat triglycerides can be mitigated by subjecting the flour to dry or wet heat treatment. Yadav et al. (2012) showed that the shelf life of pearl millet flour could be extended up to 50 days under ambient conditions by hydrothermal treatment of the grain.
Microwave heating works by converting alternating electromagnetic field energy into heat, primarily by affecting polar molecules in the material. This thermal treatment method is widely used to inactivate enzymes such as lipase and lipoxygenase in various agricultural products, including soybeans, peanuts, rapeseed oil, olive oil, and oats. The effectiveness of microwave treatment in inhibiting lipase activity and preventing oxidation of deesterified unsaturated fatty acids is affected by a variety of factors, including the duration of microwave irradiation, the initial moisture content of the grain, and the final temperature reached during the treatment. These parameters together determine the extent of enzyme inactivation and attenuation of oxidative degradation in the grain (Singh et al., 2017).
Microwave treatment is regarded as a more efficient and cost-effective method of heat treatment, offering precise control over heating parameters when compared to other conventional techniques. This process operates continuously, enabling large quantities of product to be processed within a relatively short time frame, while ensuring the absence of chemical residues in the food, thereby posing no adverse health risks to consumers. The primary aim of this study is to evaluate the efficacy of microwave treatment in inactivating lipase activity in pearl millet grains, thereby enhancing the storage stability of the resulting flour under ambient conditions. The current investigation was designed to enhance the storage stability of pearl millet flour and to optimize the treatment conditions necessary for the inactivation of lipase activity in pearl millet grains using microwave technology (Vidhya et al., 2024).

2. material and methods

The present investigation was conducted at the Pesticide Residue Laboratory, Bio Science Research Centre, Sardarkrushinagar Dantiwada Agricultural University (SDAU) and Department of Biochemistry, College of Basic Science and Humanities, SDAU. A variety GHB-558 was collected from the Centre for Crop Improvement, SDAU. The biochemical analysis were statistically analysed by CRD with three replications.

2.1 Microwave Treatment
The pearl millet grains were cleaned treated in microwave (LG Electronics India Pvt Ltd, Delhi, India, Model MC2881SUS, 900W, 2450MHz) in total 8 treatments. In each treatment 600 grams of pearl millet grains were kept in 1000ml borosil beaker for different time interval (0-100 second). T1: Grain without microwave treatment; T2: Grain treated in microwave at 10 seconds; T3: Grain treated in microwave at 20 seconds; T4: Grain treated in microwave at 40 seconds; T5: Grain treated in microwave at 60 seconds; T6: Grain treated in microwave at 80 seconds; T7: Grain treated in microwave at 100 seconds; T8: Grain dipped in hot water for 5 minutes, then shade dried.

2.2 Biochemical Analysis
All treated samples were milled by Aata maker (Navkar Aata Maker; Six Grind Technology, Six Grind Blades, Nano Watt Technology, Divice, ABC Micro Filter, SS Sieve Set), sealed in polyethylene bag, and stored at ambient condition. Biochemical analysis like moisture, odour, peroxide value, fat acidity, lipase activity, phytic acid and tannins were analysed from the stored flour as per following respected methods.

2.2.1 Moisture
The weighted sample of powder was dried at 105°C in a hot air oven for five hours to evaluate the moisture content of the powder; the weight loss was then expressed as the moisture content (AOAC, 2000). Each sample was weighed on pre-weighed petri dishes and the moisture content was determined using the following formula.
Moisture (%) = (Fresh weight-Dry weight) x 100 /(Fresh weight)

2.2.2 Odour Evaluation
Odor generation and evaluation was done as per the method described by Reddy et al. (1986) with some modifications. Freshly milled or treated grits were placed in flat glass trays and combined with a 30% (w/v) aqueous solution. The resultant mixture was then air-dried at ambient temperature for duration of 12 to 15 hours, facilitated by a laboratory hood or a table fan. Following the drying process, the treated samples were sealed in mason jars and allowed to equilibrate for a minimum of 1 hour prior to evaluation for odor emission. Organoleptic evaluation of odor production was conducted by a trained panel. A panel of 7 members evaluated the flour samples in terms of bad odour generated at 5-5 days interval. The 0-9 scale is used for scoring to bad odour.

2.2.3 Lipase Activity 
Lipase activity was assessed using the methodology outlined by Sadasivam and Manickam (2007). One gm of powder from each treatment was homogenized in a mortar and pestle with 2.0 ml of ice-cold acetone. The resulting powder was filtered and sequentially washed with acetone, a mixture of acetone and ether, and pure ether. The residue obtained was allowed to air dry. Subsequently, 1.0 g of the dried powder was combined with 20.0 ml of 50 mM phosphate buffer (pH 7.0). After 15-minute incubation, the mixture was centrifuged at 15,000 rpm for 10 minutes to separate the supernatant, which served as the enzyme source. For the substrate preparation, 20.0 ml of a mixture containing 2.0 ml of oil in 25 ml of water with 100 mg of sodium taurocholate was prepared, to which 5.0 ml of phosphate buffer was added. This mixture was continuously stirred on a magnetic stirrer with a hot plate set at 35°C, ensuring that the pH remained stable at 7.0. The enzyme solution (0.5 ml) was then added to the beaker, and the initial pH was recorded immediately. Thereafter, pH measurements were taken at regular intervals, and 0.1 N NaOH was added to maintain the pH at 7.0 over the course of 1 hour. The amount of NaOH required for pH neutralization was documented, and lipase activity was calculated using the following equation.
Lipase Activity (µmol/g/h) = (ml of NaOH used x Normality of NaOH) / (Weight of sample x Time in hour)

2.2.4 Fat Acidity
The acid value is defined as the amount of potassium hydroxide (KOH), measured in milligrams that is necessary to neutralize the free fatty acids present in 1 gram of fat. In this study, the acid value was determined following the methodology established by Sadasivam and Manickam (2007). Specifically, 1 gram of powder from each treatment was diluted with 10.0 mL of benzene. The resulting supernatant was filtered and subsequently transferred to a conical flask. A few drops of 1% phenolphthalein were added to the filtrate, and the solution was titrated with 0.1N KOH. The endpoint of the titration was recorded, and the fat acidity was calculated using the following equation. Benzene was employed as the blank in this procedure.
Fat Acidity (mg KOH/100gm) = (Titre value (ml) x Normality of KOH x 56.1) / (Weight of sample) x100

2.2.5 Peroxide Value
The method described by Sadasivam and Manickam (2007) was used for the estimation of peroxide value. Powder (5.0 gm) from each treatment was mixed with 30 ml of acetic acid and chloroform mixture. Saturated potassium iodide solution (0.5 ml) was added, mixed and allowed for 1 min. Further a volume of 430 ml of water and 3-4 drops of starch indicator (1%) was added. At the end titration was done against 0.01 N sodium thiosulphate and noted the value of ml of sodium thiosulphate when blue colour disappeared. Blank was used in absence of oil.
Peroxide value (meq peroxide/kg) = (A x N x 1000) / (Weight of sample)
A = ml of Na2S2O3 (Test-blank) and; N = Normality of Na2S2O3

3. results and discussion

Whole pearl millet grains (GHB-558) were procured from Centre for Crop Improvement, SDAU and initial moisture was measured 4.73%. After treatment all the biochemical analysis was carried out from different treated flour of pearl millet.

3.1 Moisture
Moisture content of all treated samples was measured in reported in table 1. The data indicates a variation in the treatment outcomes across the different treatments (T1 to T8). Treatment T1 showed the highest moisture (%) of 4.73, followed by T2 (4.47%) and T3 (4.33%). Treatments T4, T5, T6, and T7 exhibited lower averages, with T4 at 4.30%, T5 and T6 both at 3.97%, and T7 at 3.90%, indicating a decline in moisture (%). Treatment T8, however, showed significantly highest moisture (%) of 18.43%, which appears to be an outlier compared to the other treatments. Statistical analysis reveals that the difference between treatments is significant, with a standard error of the mean (S.Em.) of 0.07 and a critical difference (C.D.) at 5% of 0.19. The coefficient of variation (C.V.) is 1.86%, indicating a low level of variation relative to the mean. These results suggest that certain treatments (particularly T7) provide optimal performance as lowest moisture (%) was observed in the T7 (3.90%). Moisture content is a key factor in determining the shelf life and quality of pearl millet. The ideal moisture content should be less than 10% for long-term storage, minimizing the risks of microbial growth, insect infestation, nutrient degradation, and texture deterioration. Careful monitoring and proper storage conditions are essential to ensure the millet remains safe and high-quality during storage.

Table 1:	Moisture content (%) of pearl millet grains after treatment.
	Treatment
	R1
	R2
	R3
	Average

	T1
	4.8
	4.8
	4.6
	4.73

	T2
	4.4
	4.5
	4.5
	4.47

	T3
	4.4
	4.4
	4.2
	4.33

	T4
	4.2
	4.3
	4.4
	4.30

	T5
	3.9
	4.0
	4.0
	3.97

	T6
	4.0
	4.1
	3.8
	3.97

	T7
	3.9
	3.8
	4.0
	3.90

	T8
	18.2
	18.5
	18.6
	18.43

	S.Em.
	0.07

	C.D. @5%
	0.19

	C.V.%
	1.86



3.2 Odour Evaluation
Despite its rich nutritional profile, the full potential of pearl millet flour remains constrained to specific regions globally, primarily due to its limited shelf life and the development of off-odours during storage. This deterioration is largely attributed to the presence of highly active lipases, which, in conjunction with the high levels of unsaturated fatty acids in the flour, facilitate the hydrolysis of fats into free fatty acids. This process accelerates the degradation of the flour during storage (Sravani et al., 2023). For the odour evaluation a panel of 7 members evaluated the flour samples in terms of bad odour generated at 5-5 days interval. The 0-9 scale is used for scoring to bad odour and average data is reported in table 2.
Based on the results, the treatment exhibiting the lowest values at each time point is considered the most effective. Treatment T7 consistently demonstrated the lowest values throughout the storage period, with the exception of the 5th day, indicating superior performance and minimal deterioration. It showed a gradual improvement, increasing from 1.857 on the 5th day to 3.000 on the 30th day. Treatments T7 and T6 also displayed low values, although not as consistently favorable as T7. In contrast, treatments such as T1 and T2 exhibited higher values over time, suggesting poorer performance in comparison. Therefore, the findings indicate that treatments T8, T7, and T6 were the most effective, with T7 being the most optimal treatment, as it consistently exhibited the lowest odour score across all time points throughout the storage period. Kumar et al. (2021) also reported that oxidative rancidity leads to the formation of hydroperoxides, which subsequently produce off-odors through the generation of secondary metabolites. These secondary metabolites, including ketones and aldehydes, are responsible for the unpleasant bitter and mousy odors associated with rancid products.

Table 2:	Odour score of stored pearl millet flour at different time interval.
	Treatment
	5th Day
	10th Day
	15th Day
	20th Day
	25th Day
	30th Day

	T1
	3.714
	3.714
	4.286
	4.143
	5.000
	5.857

	T2
	3.571
	3.714
	3.857
	3.429
	3.857
	4.143

	T3
	3.143
	3.714
	3.714
	3.857
	4.286
	4.571

	T4
	3.143
	3.143
	3.429
	3.429
	3.857
	4.429

	T5
	2.714
	2.571
	3.143
	2.857
	3.286
	4.000

	T6
	2.571
	2.143
	3.000
	2.714
	3.143
	3.429

	T7
	1.857
	1.429
	2.000
	2.571
	3.000
	3.000

	T8
	1.714
	1.714
	2.286
	2.857
	3.429
	3.857


(scale 0-9; 0-no odour; 9-strong odour)

3.3 Lipase activity
The influence of process variables on the lipase activity of pearl millet flour is illustrated in Table 3. This table shows the lipase activity in the flour decreased with an increase in duration of microwave exposure (0-100 seconds). The grain treated for 100 seconds had least lipase activity (52.88 µmolg-1h-1) and untreated grain had the highest lipase activity (114.94 µmolg-1h-1) at 5th day. As long as we stored the flour, the lipase activity is increased in all samples, but it increased by 2.18 fold in untreated sample as compare to and 1.25 fold in 100 seconds treated sample. The result indicates that an increase in microwave power results in a slower increase in lipase activity. Notably, as moisture content decline in longer exposure, the lipase activity is not increase as much as increase in control condition. This indicates that extended exposure to higher power levels correlates with the greatest reduction in lipase activity.

Table 3:	Lipase activity (µmol/g/h) of stored pearl millet flour at different time interval.
	Treatment
	5th Day
	10th Day
	15th Day
	20th Day
	25th Day
	30th Day

	T1
	114.94
	140.34
	167.91
	189.73
	222.84
	251.02

	T2
	100.05
	119.72
	143.77
	161.41
	183.56
	207.99

	T3
	88.46
	101.09
	111.79
	129.95
	135.66
	150.91

	T4
	75.20
	82.12
	90.51
	98.72
	110.39
	114.08

	T5
	65.66
	70.33
	74.69
	76.05
	87.94
	90.38

	T6
	59.34
	62.04
	63.67
	64.95
	75.10
	77.42

	T7
	53.38
	56.80
	56.99
	62.40
	66.47
	63.74

	T8
	52.88
	58.68
	59.77
	63.37
	64.58
	67.14

	S.Em.
	1.47
	1.15
	1.81
	2.28
	2.34
	2.27

	C.D. @ 5%
	4.41
	3.46
	5.44
	6.82
	7.02
	6.79

	C.V.%
	3.34
	2.31
	3.27
	3.72
	3.43
	3.07


Yadav et al. (2012) noted a similar decline in lipase activity with extended exposure times at all moisture levels when compared to raw pearl millet. Correspondingly, Xu et al. (2013) documented comparable trends in lipase activity in microwave-treated wheat germ, where activity decreased with increasing microwave exposure duration. Additionally, Mohajerkhorasani et al. (2019) reported that lipase inactivation rises with prolonged microwave exposure and higher moisture levels. This reduction in lipase activity in the flour can be attributed to the elevated temperatures achieved as microwave energy is converted into thermal energy.

3.4 Fat Acidity
Fat acidity is one of the important parameter which indicates the deterioration of the flour. This parameter was evaluated for both untreated and treated pearl millet flour, as summarized in Table 4. In the present study, It was observed that an increase in storage period caused the increase in fat acidity of untreated and treated pearl millet flour. During the 30 days of storage, the fat acidity increased from 18.10 to 27.99 mg KOH/100 gm in untreated sample whereas it increased 17.84 to 19.49 mg KOH/100 gm in sample treated for 100 seconds in microwave (Table 4). This table also shows that at every time interval the fat acidity is decreased with an increased time to exposure of samples to microwave. Over an 30 day storage period, fat acidity levels increased 54.64% in untreated as compared 6.71% to 41.73% in various treatments. The least increase in the fat acidity was found in the treatment T7 (6.71%). Heat-treated flour demonstrated the lowest levels of FFA due to the heat-induced inactivation of lipase.

Table 4:	Fat acidity (mg KOH/100g) of stored pearl millet flour at different time interval.
	Treatment
	5th Day
	10th Day
	15th Day
	20th Day
	25th Day
	30th Day

	T1
	18.10
	18.95
	22.08
	23.79
	25.02
	27.99

	T2
	18.02
	19.18
	20.66
	22.10
	23.52
	25.54

	T3
	17.98
	18.47
	20.57
	21.06
	22.14
	23.90

	T4
	18.14
	18.76
	20.27
	21.03
	21.71
	22.80

	T5
	17.90
	17.93
	19.86
	20.14
	20.69
	21.70

	T6
	17.84
	17.77
	18.38
	18.91
	19.38
	19.86

	T7
	17.58
	17.59
	17.48
	17.89
	18.36
	18.76

	T8
	17.84
	17.55
	17.87
	18.21
	18.75
	19.49

	S.Em.
	0.44
	0.32
	0.29
	0.41
	0.38
	0.40

	C.D. @ 5%
	NS
	0.96
	0.88
	1.22
	1.14
	1.19

	C.V.%
	4.21
	3.02
	2.60
	3.46
	3.11
	3.06



These findings align with the observations made by Kaced et al. (1984), who reported a consistent increase in fat acidity in pearl millet over a 10-day storage period from 20 to 60 mg/100 g KOH, indicating both hydrolytic decomposition and oxidative degradation. Furthermore, Lai and Marston (1980) highlighted that in pearl millet flour, any changes in odor correlated with fat acidity levels exceeding 30 mg KOH/100 g. Odour evaluation corroborated these findings, revealing changes in aroma consistent with lower sensory ratings.

3.5 Peroxide Value
The peroxide value is a good predictor of the shelf life of pearl millet flour. A low peroxide value typically correlates with a longer shelf life, indicating that the flour has been stored properly and is less likely to develop rancid flavors or lose nutritional quality quickly. From the data presented on the peroxide value (PV) for different treatments over the 30-day storage period, it is evident that Treatment 7 (T7) consistently exhibited the lowest peroxide values at all time points. This indicates that T7 maintained the best quality with the least lipid oxidation over time, making it the most stable treatment in terms of freshness and preservation. The peroxide values for Treatment 7 started at 12.01 on the 5th day and showed only a gradual increase, reaching 19.22 by the 30th day. In contrast, other treatments, particularly Treatment 1 (T1), exhibited much higher peroxide values, indicating faster oxidation and deterioration in quality over time. Statistical analysis shows that T7 significantly outperformed all other treatments in terms of maintaining lower peroxide values, supported by the least standard errors and coefficients of variation. Therefore, Treatment 7 is considered the best in preserving the quality of pearl millet flour during storage, as it effectively minimizes oxidation and the associated rancidity risks. Butt et al. (1960) reported that the peroxide value in breakfast cereals packed in HDPE (high-density polyethylene) packaging increased to 18.292 meq/kg. Additionally, a positive correlation was observed between the peroxide value and the free fatty acid (FFA) content of six different pearl millet samples, with correlation coefficients (r) ranging from 0.48 to 0.69. This suggests that as the free fatty acid content increases, the peroxide value also increases, indicating a concurrent deterioration in the quality of the pearl millet flour.

Table 5:	Peroxide value (meq peroxide/kg) of stored pearl millet flour at different time interval.
	Treatment
	5th Day
	10th Day
	15th Day
	20th Day
	25th Day
	30th Day

	T1
	20.04
	24.43
	30.29
	36.42
	39.53
	41.37

	T2
	19.05
	24.29
	29.17
	33.93
	36.41
	38.84

	T3
	19.05
	21.02
	27.37
	30.20
	35.58
	36.83

	T4
	17.27
	20.73
	25.11
	29.68
	33.02
	35.71

	T5
	17.14
	17.79
	21.27
	24.95
	29.51
	30.62

	T6
	13.60
	14.39
	16.98
	20.40
	22.21
	24.53

	T7
	12.01
	11.95
	13.62
	16.81
	18.88
	19.22

	T8
	13.04
	13.11
	14.92
	16.75
	17.56
	20.72

	S.Em.
	0.44
	0.34
	0.42
	0.81
	0.66
	0.93

	C.D. @ 5%
	1.31
	1.01
	1.26
	2.41
	1.98
	2.79

	C.V.%
	4.61
	3.17
	3.26
	5.33
	3.93
	5.21



3.6 Storage Stability Analysis
As per overall result the treatment T7 found to be more superior to any other treatment. Further analysis was performed to check the storage stability over the period of time for treatment T7. The results from the analysis of lipase activity, fat acidity, and peroxide value over a 30-day storage period provide valuable insights into the quality deterioration of pearl millet flour (Table 6). Activity of lipase, fat acidity and peroxide value are showing non significant result upto 15 days. So from the result we can conclude that the value of lipase activity, fat acidity and peroxide value significantly not increased in T7 treatment so we can store flour up to 15 days after treated in microwave for 100 seconds.
Lipase activity increased significantly during the 30-day storage period, with values rising from 53.38 on the 5th day to 67.14 on the 30th day. This steady increase in lipase activity reflects the gradual enzymatic hydrolysis of fats in the flour, which is a common indicator of lipid degradation. The highest lipase activity was observed at 66.47 and 67.14 on the 25th and 30th days, respectively. Statistically, the p-value suggests that the increase in lipase activity is highly non significant upto 15 days.  
Fat acidity, another crucial indicator of fat breakdown, also increased over the 30 days, from 17.58 on day 5 to 18.76 on day 30. This rise suggests an accumulation of free fatty acids, which is consistent with the increasing lipase activity. The highest fat acidity value of 18.76 was recorded on the 30th day, indicating the extent of fat hydrolysis and the potential for rancidity formation. The p-value indicates statistical non-significance in the change in fat acidity in between 5 days and 15 days.

Table 6.	Effect of T7 (100 seconds) on Lipase activity (µmol/g/h), Fat acidity (mg KOH/100g) and Peroxide value (meq peroxide/kg) of stored pearl millet flour at different time interval.
	Treatment Name
	Lipase activity
	Fat acidity
	Peroxide value

	5 days
	53.38b
	17.58bc
	12.01c

	10 days
	56.80b
	17.59bc
	11.95c

	15 days
	56.99b
	17.48c
	13.62c

	20 days
	62.40a
	17.89bc
	16.81b

	25 days
	66.47a
	18.36ab
	18.88a

	30 days
	67.14a
	18.76a
	19.22a

	p-Value
	60.53
	17.95
	15.41

	CV(%)
	4.49
	2.63
	6.09

	SE(d)
	2.219
	0.386
	0.766

	LSD at 5%
	4.8354
	0.8401
	1.67



Peroxide value, which is an important marker of lipid oxidation, also showed a clear upward trend over the 30-day storage period. The peroxide value increased from 12.01 on day 5 to 19.22 on day 30 while 13.62 on 15th day which indicate non-significant value. This increase is indicative of the oxidative deterioration of lipids, which correlates with the rise in lipase activity and fat acidity. Statistically, the p-value of 15.41 and a CV of 6.09% confirm the significance of the increase in peroxide values, with the data showing a higher level of variability compared to lipase activity and fat acidity.
The analysis of variance (ANOVA) for lipase activity, fat acidity, and peroxide value all showed significant differences across the storage period 5 to 30 days and non significant over storage period 5 to 15 days. The least significant differences (LSD) at the 5% level were 4.8354 for lipase activity, 0.8401 for fat acidity, and 1.67 for peroxide value. These values further confirm the non significant changes over time in each of these parameters, underscoring the deteriorative processes occurring during storage upto 15 days.

4. Conclusion

Among different eight microwaves treated samples, T7 (treated for 100 seconds in microwave) was found to be best suitable and easy method for improvement of storage stability of pearl millet flour. The data reveals clear increases in lipase activity, fat acidity, and peroxide value but the values are non significant upto 15 days. After 15 days, during storage time the values were further significantly increased which highlight the enzymatic and oxidative degradation of lipids, leading to quality degradation and potential rancidity. So overall it is concluded that, treating 600gm pearl millet grains in the microwave for 100 seconds will increase storage stability of pearl millet flour up to 15 days.
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