Extraction of medicinal compounds from ker and sangri was performed using two methods viz., solvent or conventional extraction and microwave assisted extraction.Solvent extraction takes longer time in comparison to microwave assisted extraction. Microwave assisted extraction (MAE) has been introduced recently. This is an efficient and modern tool with multiple benefits as compared to the traditional methods of extraction. The benefits are in terms of reduction in cost, time of extraction, amount of solvent used, energy consumptions and low CO2 emission. Therefore present study was planned wherein microwave extraction of medicinal compounds of ker and sangri was conducted.
Solvent/conventional extraction of medicinal compounds from ker and sangri
· Ker fruits were washed and dried at 55-60○C followed by pulverizing it into powder. Similarly sangri pods were sorted, washed and prepared for drying followed by tray drying as mentioned and was converted into powder for further use. The powders were packed in plastic pouches and were stored (Fig. 1).
· The ker and sangri powders were used for extraction of medicinal compounds including antioxidants and polyphenolics; at five different temperatures viz., 50, 60, 70, 80 and 90○C and four time duration i.e. 2, 4, 6 and 8 hours via solvent extraction using 80% ethanol. Maximum extraction was observed at 80○C for 6 hours (Table 1 & 2).
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Fig. 1 Flowchart for preparation of ker/sangri powder
Table 1 Solvent/conventional extraction of medicinal compounds from ker using ethanol at different temperatures and time duration 
	Temperature
(◦C)
	Time 
(h)
	TPC 
(mg/g GAE)
	DPPH  
(% Inhibition)

	50
	2
	21.3
	24.7

	50
	4
	23.2
	26.2

	50
	6
	24.4
	27.6

	50
	8
	22.3
	27.9

	60
	2
	24.3
	28.5

	60
	4
	25
	28.9

	60
	6
	23.4
	29.1

	60
	8
	23.8
	28.3

	70
	2
	25.6
	31.4

	70
	4
	26.3
	33.4

	70
	6
	27.2
	35.1

	70
	8
	26.1
	33.2

	80
	2
	27.4
	33.8

	80
	4
	28.7
	35.7

	80
	6
	30.81
	37.2

	80
	8
	29.1
	36.2

	90
	2
	27.2
	34.3

	90
	4
	26.4
	33.1

	90
	6
	26.1
	32.6

	90
	8
	25.7
	31.5
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Table 2Solvent/conventional extraction of medicinal compounds from sangri using ethanol at different temperatures and time duration 
	Temperature
(◦C)
	Time
(h)
	TPC
(mg/g GAE)
	DPPH
(% Inhibition)

	50
	2
	17.4
	34.3

	50
	4
	17.9
	33.4

	50
	6
	18.5
	36.7

	50
	8
	19.3
	38.4

	60
	2
	20.3
	36.7

	60
	4
	20.5
	39.2

	60
	6
	21.5
	40.4

	60
	8
	20.1
	40.1

	70
	2
	23.4
	44.5

	70
	4
	24.1
	47.4

	70
	6
	25.1
	49.4

	70
	8
	24.8
	48.2

	80
	2
	25.4
	51.3

	80
	4
	26.1
	54.2

	80
	6
	27.9
	56.7

	80
	8
	26.2
	53.8

	90
	2
	22.1
	49.4

	90
	4
	21.6
	48.4

	90
	6
	21.3
	43.7

	90
	8
	21.1
	41.6


· Different solvents including water, methanol, acetone and ethanol were used at optimized temperature of 80○C (as observed from Table 1 & 2) and the samples were run for 6 hours with sample to solvent ratio of 1:40. Followed by extraction, the samples were oven dried at around 50-55○C for 3-4 hours followed by estimation of antioxidants and polyphenolics. For sangri, the highest extraction was observed in 80% ethanol solvent whereas for ker the highest extraction was observed in 80% acetone solvent.
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Microwave assisted extraction of medicinal compounds from ker and sangri
· The ker and sangri powders were used for extraction of medicinal compounds including antioxidants and polyphenolics; at four different temperatures viz., 25, 50, 75, 100○C and four time duration 20, 40, 60 and 80 minutes via microwave assisted extraction using 80% ethanol. Here, sample to solvent ratio of 1:40 was kept constant. Maximum extraction was observed at 50○C for 60 minutes at microwave power of 900 W (Table 3 & 4).
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Fig. 2 Set up for microwave assisted extraction 
Table 3 Microwave assisted extraction of medicinal compounds from ker using ethanol at different temperatures and time duration 
	Temperature
(○C)
	Time 
(h)
	TPC 
(mg/g GAE)
	DPPH 
(% Inhibition)

	25
	20
	22.3
	45.3

	25
	40
	23.5
	46.5

	25
	60
	24.9
	48.9

	25
	80
	25.6
	52.7

	50
	20
	28.7
	57.8

	50
	40
	30.5
	63.7

	50
	60
	33.7
	67.3

	50
	80
	31.4
	62.7

	75
	20
	28.5
	55.3

	75
	40
	28.1
	54.9

	75
	60
	27.4
	53.7

	75
	80
	26.7
	51.7

	100
	20
	19.4
	45.8

	100
	40
	19.1
	43.8

	100
	60
	18.7
	42.9

	100
	80
	18.4
	41.6


Table 4Microwave assisted extraction of medicinal compounds from sangri using ethanol at different temperatures and time duration 
	Temperature
(○C)
	Time 
(h)
	TPC 
(mg/g GAE)
	DPPH 
(% Inhibition)

	25
	20
	21.6
	51.5

	25
	40
	22.5
	54.5

	25
	60
	23.7
	56.9

	25
	80
	23.8
	58.5

	50
	20
	24.7
	60.3

	50
	40
	26.9
	63.8

	50
	60
	27.1
	65.6

	50
	80
	27.0
	64.3

	75
	20
	23.6
	53.8

	75
	40
	24.7
	55.7

	75
	60
	25.1
	53.9

	75
	80
	24.3
	51.8

	100
	20
	22.1
	49.6

	100
	40
	21.7
	48.6

	100
	60
	21.4
	46.9

	100
	80
	21.1
	45.4



Optimized extraction of medicinal compounds from ker and sangri
Optimized time and temperature combination (conventional extraction: at 80○C/6 hours) and (microwave assisted extraction: at 50○C/60 min) was selected for further extraction using four solvents viz., ethanol, acetone, methanol and water. Maximum extraction of total phenolic content in conventional extraction for ker was observed in acetone with 5.837mg/g GAE and for sangri in ethanol with 4.725 mg/g GAE whereas per cent inhibition as estimated via DPPH assay was 57.546% inhibition for ker and 55.266% inhibition for sangri. Maximum extraction of total phenolic content in microwave assisted extraction for ker was observed in acetone with 5.712mg/g GAE and for sangri in ethanol with 5.025mg/g GAE whereas per cent inhibition as estimated via DPPH assay was 68.512% inhibition for ker and 64.386% inhibition for sangri (Table 5).
Table 5 Extraction of medicinal compounds by conventional and microwave assisted extraction using four different solvents at optimized time and temperature
	Samples
	Extraction (sample: solvent)
(1:40)
	Total Phenolics content
(mgGAE/g)
	DPPH
(% Inhibition)

	Conventional Extraction (@ 80○C/6 hours)

	Ker
	Ethanol
	5.168
	36.916

	
	Acetone
	5.837
	57.546

	
	Methanol
	5.120
	45.819

	
	Water
	2.706
	23.887

	
	
	
	

	Sangri
	Ethanol
	4.725
	55.266

	
	Acetone
	3.612
	42.779

	
	Methanol
	3.212
	42.345

	
	Water
	3.081
	32.899

	Microwave Extraction (@ 50○C/60 min)

	Ker
	Ethanol
	4.437 
	65.255 

	
	Acetone
	5.712
	68.512

	
	Methanol
	5.175
	54.614

	
	Water
	3.331
	35.396

	
	
	
	

	Sangri
	Ethanol
	5.025
	64.386 

	
	Acetone
	4.381 
	46.254

	
	Methanol
	4.262
	51.574

	
	Water
	2.787
	41.910


  *Sample: solvent- 1:40

I. Physical properties of ker and sangri 
 (
Peel wt (%) = 65.58
Seed wt (%) = 30.69
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 (
Peel wt (%) = 62.23
Seed wt (%) = 29.59
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Segregation of sangri into seeds and peel for calculation of physical properties

Physical Properties of Dried/Boiled and Roasted Sangri Seeds 
[image: ]
It was found that roasted sangri seeds can be developed by employing combination of soaking and dry-heat treatments as desired volumetric expansion can be achieved after employing these treatments
Frictional Properties of Dried/Boiled and Roasted Sangri Seeds 
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Instrument for measurement of frictional properties of sangri seeds

· Dried seeds: In case of frictional properties stainless steel required minimum angle at which seeds start falling. 
· Boiled seeds: The wooden surface required maximum angle to start sliding the sangri seeds
· Roasted seeds: steel required minimum angle at which seeds start falling. 
Moisture content of fresh ker fruits = 68.67%
	Number of Seed /fruit
	Seed Weight/ fruit (g)
	Pulp Weight/ fruit (g)
	Total Weight/ fruit (g)
	% Seed weight
	%  Pulp weight

	10.27, say 10
	0.33
	0.44
	0.94
	35.55
	46.38



[image: ]
Segregation of ker into seeds and pulp for calculation of physical properties

II. Development of mineral rich ker powder
Raw materials and its preparation
Ker, broccoli and Lemon grass were used as raw material for product development. They were purchased from the local market of Abohar. Ker and lemon grass were washed and tray dried (M/s Micro Scientific Works (P) Ltd., Delhi) at 60 ºC for 15-20 hours depending upon the initial moisture content. After drying the material was pulverized(SujataDynamix,Delhi) to make fine powder and then sieved through various sieves out of which 180 micron was used for product development. Different powders obtained were then vacuum packed (Sevana,24SG034, 240 AC, 1900 W, India) in in multilayerpolythene pouches with 355×185×160 mmdimension.
Sieve analysis
[image: ]
Fig. 1 Different sizes of sieves used for sieve analysis (a) 425 micron (b) 250 micron (c) 180 micron  (d) 75 micron  (e) 45 micron
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Fig. 2 Different grades of Ker powder

Statistical Analysis
Proportion of three different powders was decided using mixture design. Mixture deign was run in MINITAB 17.0 lower limits for Ker, lemon grass and broccoli powders wage 0.5, 0 & 0 respectively whereas upper limits for these powders were 1,0.5 & 0.5 respectively. Simplex lattice design was used to determine the different proportion of three powders under investigation

[image: ]
Fig. 3 Prepared powder mixture samples with ker, lemon grass and broccoli powder
Phytochemical content of ker, lemon grass and broccoli powder
Table 1 depicted that determination of total phenolic content in S1, S2 and S3 were 55.9, 257 and 18.875 mg/100g. It showed that S1, S2 and S3 consisted of phenolic compounds. The highest total phenolic content among the three samples was of S3 (lemon grass powder) which means that the total phenolic content in ethanol extract of lemon grass  powder was very high as compared to Ker and broccoli powder.Table 1 depicted that the antioxidant potential of the Ker powder (S1), broccoli powder (S3) has been reported from the experiments conducted. DPPH is stable free radical and sensitive to determine the antioxidant activity of S1, S3. DPPH scavenging activities of compound that act as antioxidant in the extract was shown by changing of DPPH solution color. The percentage of DPPH scavenging activities of S1 and S3were 98.8% and 96.22 % (Zhifeng Li et al., 2018).This result suggested that sample S1 has highest antioxidant activity and was able to scavenge the free radicals of DPPH.

Table 1 Phytochemical content of Ker, lemon grass and broccoli powder
	S. No.
	Samples 
	MC
(%)
	TPC
(mg/100g)
	DPPH
(% Inhibition)

	1.
	Ker powder (S1)
	7.75
	55.90
	98.80

	2.
	Lemon grass (S2)
	8.66
	257.0
	73.50

	3.
	Broccoli powder (S3)
	3.95
	18.87
	96.22


*MC: moisture content, TPC: Total phenolic content, DPPH: 2, 2- Diphenyl-1-picrylhydrazyl
Phytochemical content of different mineral rich powder mixtures containing ker, lemon grass and broccoli in different proportions as obtained from design mixture software
Table 2 depicted that total phenolic content in sample A, B, C, D, E, F and G showed sample D has highest total phenolic content of 540mg/100g which means that the total phenolic content in ethanol extract of sample D (58% Ker powder, 33% lemon grass and 9% broccoli powder) was highest as compared to other samples. Table 2 depicted that the antioxidant potential of sample C, sample B has been reported from the experiments conducted. DPPH is stable free radical and sensitive to determine the antioxidant activity of sample C, sample B. DPPH scavenging activities of compound that act as antioxidant in the extract was shown by changing of DPPH solution color. The percentage of DPPH scavenging activities of sample CandBwere 78.9% and 72.60%. This result suggested that sample C has highest antioxidant activity and was able to scavenge the free radicals of DPPH.Table 2 depicted that moisture content of sample 3 was highest (8.66%) where as other samples have lower moisture content. Sample B has 0.26 % moisture content which is the lowest moisture content among the other sample.
Table 2 Antioxidant activity of different powder (MRKP) mixtures 

	      Sample
	MC
(%)
	TPC
(mg/100g)
	DPPH
(µmolTE/g)

	Sample 1
	0.36
	432
	45.30

	Sample 2
	0.26
	414
	72.60

	Sample 3
	0.41
	454
	78.90

	Sample 4
	0.35
	540
	67.75

	Sample 5
	0.38
	433
	58.70

	Sample 6
	0.34
	164
	70.50

	Sample 7
	0.31
	134
	42.20


*MC: Moisture content, TPC: Total phenolic content, DPPH: 2,2- Diphenyl-1-picrylhydrazyl; MRKP-mineral rich ker powder

Sensory evaluation of different powder mixtures made using ker, lemongrass and broccoli powder
The mean sensory scores on the organoleptic preferences for different samples are shown in Figure 4. The mean sensory scores for different levels of lemon grass, broccoli and ker powder incorporated antioxidant rich powder; powder C sensory attributes evaluated were more than the other samples score. The  result  revealed  that  there  were  no significant differences in sample E and F sensory  attributes evaluate  except  aroma  of  the  samples and powder C scored highest among the other powder sample in terms of mean sensory scores. Table 3 suggests that samples B, C, D maintained a high level of acceptability by the panelists. Among the powder samples B, C, D powder C sample mean sensory scores where highest which conclude that antioxidant rich  powder could be produced with Ker powder, lemon grass powder and broccoli powder having proportions (0.66667, 0.166667, 0.166667g).

Table 3 Sensory evaluation of mineral rich ker powder mixtures
	Sample

	Sensory quality attributes

	
	Aroma
	Taste
	Color
	Flavor
	Overall acceptability

	Sample 1
	3
	2
	4
	4
	3

	Sample 2
	4
	3
	3
	4
	       4 

	Sample 3
	4
	5
	5
	5
	5

	Sample 4
	4
	4
	3
	3
	       4

	Sample 5
	2
	3
	2
	3
	4

	Sample 6
	3
	3
	2
	3
	3

	Sample 7
	4
	2
	4
	4
	5


  *Scores 5 - Like very Much, 4 – Like moderately, 3 – Neither Like nor Dislike,2 – Moderately Dislike, 1 – Dislike very Much
Fig. 4Descriptive analysis sensory map of different powder mixtures

Macro and micro mineral content in different samples of MRKP

	Sample
	K
	Ca
	Mg
	Fe
	Mn
	Zn
	Cu
	P

	ppm

	Sample 1
	6393
	1065
	1865
	129.1
	17.97
	35.20
	17.28
	2205

	Sample 2
	6076
	1904
	2781
	237.7
	33.97
	28.13
	15.25
	1762

	Sample 3
	7568
	1741
	2325
	163.6
	25.99
	36.21
	15.03
	2759

	Sample 4
	7390
	1858
	2686
	221.7
	31.25
	34.31
	14.42
	2458

	Sample 5
	9373
	2207
	2126
	138.9
	25.74
	45.48
	10.10
	4257

	Sample 6
	7494
	1646
	1937
	117.6
	22.02
	37.80
	12.28
	3133

	Sample 7
	5844
	1147
	1873
	136.7
	19.31
	31.71
	12.82
	2245


*MRKP: mineral rich ker powder, Where: K: Potassium; Ca: calcium; Mg: Magnesium; Fe: Iron; Mn: Manganese; Zn: Zinc; Cu: Copper; P: Phosphorous

Optimized Composition of Mineral Rich Ker Powder (MRKP)
Sample 3: Ker, lemon grass and broccoli powder (66%, 17% and 17%).Ker in combination with broccoli and lemon grass was selected for preparation of mineral rich powder. Ker, broccoli and lemon grass were purchased from local market of Abohar, Punjab. Subsequently they were washed and tray dried at 60 ºC for different time intervals till the moisture content was below 5±0.5% (db). After drying the material was ground to make fine powder followed by sieving. Different powders at 180 micron size were used for making different combinations of mineral rich ker powder. Proportions of three different powders were decided using mixture design carried out with the help of MINITAB software. Simplex lattice design was used to determine different proportions of powders and total seven combinations were prepared. A combination of ker, lemon grass and broccoli powders having proportions as 66.667, 16.66, and 16.66 %, respectively was considered optimized based on its high antioxidant activity and organoleptic scores. The optimized powder showed DPPH activity (% inhibition) as 78%.



III. Development of mineral rich ker incorporated baked biscuits

Simplex Lattice Design of baked mathri

Components:         2  Design points:   5
Process variables:  0  Lattice degree:  1

Mixture total: 1.00000

Number of Boundaries for Each Dimension

Point Type   1  0
Dimension   0  1
Number        2  1

Number of Design Points for Each Type

Point Type      1  2  0  -1
Distinct           2  0  1   2
Replicates       1  0  1   1
Total number  2  0  1   2

Bounds of Mixture Components

                   Amount          Proportion      Pseudo component
Comp    Lower    Upper    Lower    Upper    Lower    Upper
A     0.85000  1.00000  0.85000  1.00000  0.00000  1.00000
B     0.00000  0.15000  0.00000  0.15000  0.00000  1.00000

StdOrder   Run Order  PtType  Blocks  Flour		Powder
5	1	  -1	   1	0.8875		0.1125
2	2	   1	   1	1.0000		0.0000
1	3	   1	   1	0.8500		0.1500
3	4	   0	   1	0.9250		0.0750
4	5	  -1	   1	0.9625		0.0375
Hedonic Scale
         Sensory analysis of mixture of Ker,lemon grass and broccoli powder was done according to 5 point hedonic scale and sensory analysis of biscuits was done according to 7 point hedonic scale. The 5 point hedonic scale as 5 - Like very much, 4 – Like moderately, 3 – Neither Like nor Dislike,2 – Moderately Dislike, 1 – Dislike very Much. The 7 point hedonic scale  described as 7 – liked very much , 6 – liked a lot , 5 – liked ,    4 – neither liked nor disliked , 3 – disliked, 2 – much disliked , 1 – very much disliked. Sensory evaluation of the samples were conducted as per procedures explained by Juyunet  al. (2011) for organoleptic attributes such as; color, aroma, taste, flavor and general acceptability using 15 students and staff of the Horticultural Crop Processing Division, ICAR-Central Institute of Post-Harvest Engineering and Technology, Abohar, Punjab. The samples were served in a labelled petri dishes and potable water was provided for mouth rinsing between the evaluations to avoid transfer of sensory attribute from one sample to the other.
Ingredients required for preparing mineral rich biscuits
	S. No.
	Ingredients
	Quantity required (g)

	
	
	A
	B
	C
	D
	E

	1
	Wheat flour
	88.75
	100
	85.00
	92.50
	96.25

	2
	MRKP
	11.25
	0
	15.00
	07.50
	3.750

	3
	Red chilli powder
	0.278
	0.278
	0.278
	0.278
	0.278

	4
	Salt
	0.820
	0.820
	0.820
	0.820
	0.820

	5
	Carom seeds
	0.964
	0.964
	0.964
	0.964
	0.964


*MRKP: Mineral rich powder
Procedure for preparation of baked biscuits
1. All the ingredients were taken in the measured quantity
2.  Dough was prepared followed by dividing them into small balls
4. Each ball was then rolled into sheets with the help of a rolling pin and shaped into small rounds. 
5. Biscuitswere then oil brushed and kept in Singer macro cook oven (OTG) for 12 min at 2000C  
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Fig. 5Mineral rich ker powder fortified baked biscuits
Phytochemical content of different samples of baked biscuits made using mineral rich
ker powder

Table 4 depicted that total phenolic content in sample 1, 2, 3, 4 and 5 were 204,127,167,172,170 mg/100g respectively. The highest total phenolic content was found to be in sample 1 which means that the total phenolic content in ethanol extract of sample 1 was highest as compared to other samples.Table 4 depicted that the antioxidant potential of sample 1, sample 3 has been reported from the experiments conducted. DPPH is stable free radical and sensitive to determine the antioxidant activity of sample 1, sample 3. DPPH scavenging activities of compound that act as antioxidant in the extract was shown by changing of DPPH solution color. The percentage of DPPH scavenging activities of sample CandBwere 48.0% and 19.6%. This result suggested that sample 1 has highest antioxidant activity and was able to scavenge the free radicals of DPPH.Table 4 depicted that moisture content of sample 3 was highest (8.66%) where as other samples have lower moisture content. Sample B has 0.26 % moisture content which is the lowest moisture content among the other samples.

Table 4 Antioxidant content of MRKP fortified baked biscuits
	S. No.
	Sample
	Moisture content
(%)
	TPC
(mgGAE/100g)
	DPPH
(µmol TE/100g)

	1.
	Sample 1
	5.60
	204.24
	48.01

	2.
	Sample 2
	6.90
	127.65
	16.05

	3.
	Sample 3
	7.10
	167.32
	69.65

	4.
	Sample 4
	6.40
	172.11
	24.84

	5.
	Sample 5
	3.80
	170.15
	20.43


*TPC-total phenolic content, DPPH- antioxidant assay

Table 5 Mineral content in different MRKP fortified baked biscuits
	Sample
	K
	Ca
	Mg
	Fe
	Mn
	Zn
	Cu
	P

	ppm

	Sample 1
	1825
	481.7
	783.8
	79.56
	13.74
	16.77
	3.99
	1469

	Sample 2
	1980
	2287
	1180
	88.35
	17.85
	26.46
	49.28
	1443

	Sample 3
	2697
	1877
	1317
	97.93
	19.28
	28.69
	31.85
	1634

	Sample 4
	2308
	1624
	1258
	119.40
	22.57
	28.93
	29.18
	1675

	Sample 5
	2100
	836.2
	1011
	87.79
	18.87
	19.87
	11.89
	1759


*K-potassium, Ca-calicium, Mg-magnesiumm Fe-iron, Mn-manganesem Zn-zinc, Cu-copper, p-phosphorous
Table 6 Color attributes of ARKP fortified mathri’s
	Samples
	L*
	a*
	b*
	z

	Sample 1
	47.41
	11.01
	21.43
	8.59

	Sample 2
	58.40
	13.28
	27.00
	13.09

	Sample 3
	42.12
	10.15
	18.50
	6.86

	Sample 4
	45.45
	12.94
	29.09
	5.77

	Sample 5
	52.12
	13.49
	32.04
	7.93


                                         *L: Lightness, a: Redness, b: yellowness

Sensory evaluation of different samples of MRKP fortified baked biscuits
The mean sensory scores on the organoleptic preference for different samples are shown in Figure 6. The mean sensory scores for different levels of flour and antioxidant rich powder; sample 4 sensory attributes evaluated were more than the other samples score.  Table 7 suggests that samples 1, 3, 4 maintained a high level of acceptability by the panellists. Among the samples 1, 3, 4 sample 4 mean sensory scores where highest which conclude that mineral rich powder could be produced with flour and antioxidant powder having proportion (92.5, 7.50) in grams.

Table 7 Sensory scoresforMRKP fortified baked biscuits
	Sample
	Appearance
	Flavor
	Aroma
	Taste
	Texture
	Overall acceptability

	Sample 1
	5.4
	5.6
	5.4
	4.6
	4.8
	5.4

	Sample 2
	4.2
	5.0
	4.6
	5.4
	5.2
	5.4

	Sample 3
	4.6
	4.8
	4.6
	4.4
	4.8
	4.2

	Sample 4
	7.0
	6.2
	6.6
	6.4
	6.6
	7.0

	Sample 5
	6.2
	5.8
	6.4
	6.4
	6.2
	6.4


*MRKP: Antioxidant Rich Ker Powder; Scores 7 – liked extremely, 6 – liked very much, 5 – liked, 4 – neither liked nor disliked, 3 – disliked, 2 –disliked much, 1 –disliked very much

Fig. 6 Descriptive analysis sensory map of baked mathri’s
Textural Study of MRKP Fortified Baked Biscuits
Three point bending test was performed for MRKP fortified baked biscuitsfor six parameters. Three point bending test with initial testing parameters as pre test speed: 1 mm/s,test speed : 2 mm/s, post test speed: 10 mm/s, distance: 5 mm, trigger type: auto, data acquisition rate: 200 pps
Peak force for the samples ranged from 45.30 to 60.57 N followed by hardness which varied from 14.67 to 23.31 kg/s, similarly Fracturability ranged between 11.35 to 15.70 kg/s. The values for mean distance to break were observed as 0.87 to 1.84 whereas breaking stress was 4.62 to 6.18 kg/mm2. The values for stiffness in mathris samples was observed as 8.52 to 18.51

	Baked Mathri
	Peak Force (N)
	Hardness
(kg-s)
	Fracturability
(kg-s)
	Mean distance
to break (mm)
	Breaking stress
(kg/mm2)
	Stiffness

	Sample 1
	59.84
	17.92
	11.35
	1.84
	6.10
	8.52

	Sample 2
	45.30
	14.67
	12.75
	0.87
	4.62
	11.42

	Sample 3
	55.84
	16.13
	12.14
	1.54
	5.69
	9.31

	Sample 4
	60.04
	20.12
	12.65
	1.34
	6.12
	10.90

	Sample 5
	60.57
	23.31
	15.70
	0.74
	6.18
	18.51






[image: ]
Texture analysis of baked mathris



Wheat based baked mathris were developed using optimized mineral rich ker powder. Proportions of flour and powders were decided using mixture design (in MINITAB software) and total five combinations were prepared. Biscuits with flour to powder ratio as 92.50 and 7.5% was considered optimized based on high organoleptic scores. The scores for appearance, flavor, aroma, taste, texture and overall acceptability of optimized formulation of baked biscuits were 7.0, 6.2, 6.6, 6.4, 6.6 and 7.0, respectively.

IV. Development of steeping based preservation method for longer shelf-life of sangri pods 

Sangri - proteins, vitamin C, calcium and other minerals - important underutilized vegetable – short duration crop. Perish during glut season due to poor post-harvest management, inadequate processing facilities and unawareness in other parts of the country. Therefore, a suitable steeping based preservation technology may be helpful in harnessing the useful characteristics of vegetables during lean season.Sangri is a rich source of proteins, vitamin C, calcium and other minerals and also a very important underutilized vegetable having maximum availability in regions adjoining Rajasthan, Haryana and Punjab from April to May. Although having good functional qualities, the large quantities of sangri beans perish during glut season due to poor post-harvest management, inadequate processing facilities and unawareness in other parts of India. The suitable steeping preservation methods may be helpful in harnessing the useful characteristics of vegetables during lean season. 
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The green sangri pods of 3–4 cm long were steeped in sodium chloride (NaCl, 3 %), acetic acid (0.8 %), ascorbic acid (200 and 400 ppm) and zinc chloride (200 and 400 ppm).Steeped pods were filled in glass jars and 2000 ppm KMSwas added in all the treatments followed by long term storage at room temperature. The sangri samples steeped in 3 % NaCl, 0.8 % acetic acid, 200 ppm zinc chloride and 2000 ppm KMS were rated best with maximum mean overall acceptability (OA) score (7.90) after 180 days of storage. There has been sharp decrease in pH values after 20 days of storage in all the treatments of preserved sangri samples. The decrease in browning, ascorbic acid and total phenolic content in sangri samples was reported in all the treatments during 180 days of storage at room temperature. The optimum concentration for maximum desirability in the preservation of sangri consisted of 3.0 % sodium chloride, 0.8 % acetic acid and 200 ppm zinc chloride. Similarly, fresh ker fruits after washing were subjected to steeping preservation method. 


Development of Steeping based Preservation Method for Longer Shelf-Life of Ker 
Ker is an excellent source of phytochemicals and minerals - short duration - seasonal crop. It perishes during glut season due to poor post-harvest management, inadequate processing facilities and unawareness in other parts of the country. Therefore, a suitable steeping based preservation technology may be helpful in harnessing the useful characteristics of vegetables during lean season. Steeping was done with green ker, steeped in sodium chloride (NaCl, 3%), acetic acid (0.8%), ascorbic acid (200 and 400 ppm) and zinc chloride (200 and 400 ppm), KMS (0.2%). The ker samples steeped in 3% NaCl, 0.8% acetic acid, 200 ppm zinc chloride and KMS (0.2%) were rated best with maximum mean overall acceptability (OAA) score (7.23) after 180 days of storage. The optimum concentration for maximum desirability in the preservation of ker consisted of 3.0% sodium chloride, 0.8% acetic acid and 200 ppm zinc chloride.
Applications and advantages of steeped ker and sangri
· A suitable steeping preservation method is a low cost technology that may be helpful in harnessing the useful characteristics of ker during lean season. 
· Ready to cook ker with no rehydration required therefore saves time
· Direct use in curry preparations, pickle preparation and snack preparations along with the steeping solution 
· Good shelf life: six to twelve months at room and low temperature
· Good sensory quality 
Textural attributes of fresh ker and sangri pods
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Table Color attributes of steeped ker and sangri 
	S.No
	Samples
	L
	a
	b
	h
	C

	I
	Steeped Sangri

	1.
	Control
	58.07
	2.23
	35.32
	35.39
	86.39

	2.
	ZnCl2 (200 ppm)
	57.26
	2.20
	39.55
	39.62
	86.82

	3.
	ZnCl2 (400 ppm)
	48.79
	2.69
	40.88
	40.97
	86.24

	4.
	Ascorbic acid (200 ppm)
	56.15
	2.43
	38.69
	38.76
	86.40

	5.
	Ascorbic acid (400 ppm)
	56.32
	1.92
	5.94
	6.24
	72.07

	II
	Steeped Ker

	1.
	Control
	33.04
	4.45
	26.69
	27.06
	80.53

	2.
	ZnCl2 (200 ppm)
	15.12
	3.65
	16.16
	16.57
	77.27

	3.
	ZnCl2 (400 ppm)
	22.54
	4.35
	23.61
	24.01
	79.56

	4.
	Ascorbic acid (200 ppm)
	23.29
	5.25
	22.80
	23.40
	77.04

	5.
	Ascorbic acid (400 ppm)
	29.95
	6.31
	29.89
	30.55
	78.09



Dehydration of Sangri Pods
Effect of different drying methods on color attributes rehydration ratio and percent recovery of sangri pods
	S. No
	Drying Method
	Treatments
	L
	a
	b
	C
	H
	RR
	Per cent Recovery

	1
	Sun drying

	I
	32.68
	2.93
	4.26
	58.64
	7.77
	2.355
	27.925

	
	
	II
	34.42
	9.45
	14.65
	66.24
	30.84
	2.116
	29.359

	
	
	III
	45.39
	7.19
	15.58
	71.89
	29.76
	1.912
	25.450

	2
	Tray Drying (@ 40◦C)
	I
	24.78
	6.90
	10.84
	66.81
	25.69
	2.181
	27.725

	
	
	II
	22.16
	4.97
	8.92
	70.17
	23.57
	2.217
	26.027

	
	
	III
	39.81
	4.75
	17.39
	79.29
	32.89
	2.989
	27.831

	3
	Tray Drying (@ 50◦C)
	I
	26.45
	7.57
	8.57
	58.21
	21.64
	2.196
	27.401

	
	
	II
	29.62
	7.19
	13.48
	70.50
	29.95
	2.348
	26.230

	
	
	III
	28.91
	4.63
	10.35
	72.88
	23.61
	2.483
	27.725

	4
	Shade drying
	I
	25.06
	4.55
	9.23
	62.56
	22.35
	2.256
	27.831

	
	
	II
	25.01
	4.56
	8.59
	59.86
	23.51
	2.345
	27.921

	
	
	III
	26.25
	5.23
	8.61
	68.41
	20.12
	2.455
	27.925

	5
	Fresh pods
	Without treatment
	52.95
	-4.81
	34.89
	35.22
	97.85
	-
	-


*I-Blanching, II-Blanching + NaCl (2%), III-Blanching + NaCl (2%) +0.1% KMS; L: Lightness; a: Redness; b: Yellowness; C: Chroma; H: Hue; RR: Rehydration ratio
Time taken in dehydration of sangri pods under various treatments (% moisture content is in parenthesis)
	Pre-Treatments
	Drying time

	
	Sun Drying
	Tray Drying 40◦C
	Tray Drying 50◦C
	Shade Drying

	Blanching
	18 h (13.11)
	14 h
(14.09)
	12.5 h
(12.64)
	7 days
(13.64)

	Blanching + NaCl
	20 h (13.91)
	15 h
(13.81)
	12.5 h
(12.99)
	7 days
(13.09)

	Blanching + NaCl + KMS
	21 h (13.45)
	14.5 h
(12.91)
	13 h
(13.01)
	8 days
(12.87)



Visual assessment and hedonic rating of dehydrated and rehydrated tender pods under various treatments and drying methods
	Drying methods 
	Pre-treatments
	Color of Pods
	Scores
	Scores
	 
OA

	
	
	Dehydrated
	Rehydrated
	Dehydrated
	Rehydrated
	

	
	
	
	
	Color
	Appearance
	Color
	Appearance
	

	Sun drying
	I
	Dark brown
	Brownish green
	5.2
	5.7
	5.5
	5.9
	5.7

	
	II
	Light brown
	Reddish brown
	5.3
	5.5
	5.5
	5.8
	5.7

	
	III
	Brownish yellow
	Reddish brown
	5.2
	5.5
	5.5
	5.7
	5.6

	Shade drying
	I
	Light brown
	Greenish yellow
	7.0
	7.0
	7.1
	7.1
	7.0

	
	II
	Light brown
	Greenish yellow
	6.8
	7.0
	7.5
	7.4
	6.9

	
	III
	Light green
	Greenish yellow
	7.2
	7.4
	7.6
	7.6
	7.2

	Tray drying @ 40◦C
	I
	Dark brown
	Brownish green
	6.4
	6.5
	7.1
	7.0
	7.0

	
	II
	Light brown
	Brownish yellow
	6.8
	6.4
	6.8
	6.8
	6.9

	
	III
	Light brown
	Brownish yellow
	6.9
	6.5
	6.7
	6.7
	6.7

	Tray drying @ 50◦C
	I
	Light brown
	Brownish yellow
	6.8
	6.9
	7.2
	7.0
	7.1

	
	II
	Light brown
	Brownish yellow
	6.9
	7.0
	6.8
	7.2
	7.1

	
	III
	Light brown
	Brownish yellow
	7.0
	7.2
	6.9
	6.8
	7.0

	Control
	-
	Black
	Dark Brown
	5.0
	5.0
	5.1
	5.1
	5.0


**I-Blanching, II-Blanching + NaCl (2%), III-Blanching + NaCl (2%) +0.1% KMS;OA: Overall acceptability



Use of anti-browning agents during Sun Drying of Sangri
	S. No.
	Pre-treatments
	L
	a
	b
	Browning Index
	RR
	% recovery

	1
	AA(100 ppm)
	32.67
	10.69
	15.94
	89.02
	3.011
	26.124

	2
	AA(300 ppm)
	29.39
	6.47
	10.71
	60.73
	3.211
	26.142

	3
	AA(500 ppm)
	16.59
	2.67
	3.22
	32.93
	3.094
	27.112

	4
	ZnCl2 (100ppm)
	21.41
	5.67
	6.55
	55.24
	2.770
	26.156

	5
	ZnCl2 (300 pm)
	24.55
	6.31
	5.32
	42.55
	3.180
	27.323

	6
	ZnCl2 (500 pm)
	28.75
	6.51
	10.43
	60.94
	3.478
	27.127

	7
	Control 
(no blanching)
	19.74
	4.83
	6.24
	55.28
	2.992
	27.236

	8
	Control (blanching)
	35.62
	8.15
	14.37
	67.50
	3.184
	27.420


*OA: Overall acceptability, L: Lightness; a: Redness; b: Yellowness; C: Chroma; H:Hue; RR: Rehydration ratio
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Sun Drying of Sangri with different anti-browning pre-treatments

Visual assessment and hedonic rating of sun dried and rehydrated sangri
	Pre-treatments
	Color
	Scores
	Scores
	
OA

	
	Dehydrated
	Rehydrated
	Dehydrated
	Rehydrated
	

	
	
	
	Color
	Appearance
	Color
	Appearance
	

	AA(100 ppm)
	Light
Brown
	Brownish
Yellow
	5.5
	5.6
	5.7
	5.8
	5.8

	AA(300 ppm)
	Light
Brown
	Reddish
brown
	5.5
	5.7
	5.6
	5.8
	5.8

	AA(500 ppm)
	Brownish
Yellow
	Reddish
brown
	5.6
	5.8
	5.7
	5.8
	5.7

	ZnCl2 (100 ppm)
	Light
Brown
	Brownish
Yellow
	5.5
	5.5
	5.6
	5.7
	5.7

	ZnCl2 (300 ppm)
	Light
Brown
	Brownish
Yellow
	5.6
	5.6
	5.7
	5.7
	5.8

	ZnCl2 (500 ppm)
	Brownish 
	Brownish
Yellow
	5.5
	5.6
	5.6
	5.7
	5.7

	Control
(No blanching)
	Dark
Brown
	Light
Brown
	5.2
	5.3
	5.3
	5.3
	5.3

	Control
(blanching)
	Light
Brown
	Brownish
Yellow
	5.3
	5.4
	5.5
	5.5
	5.5


*OA: Overall acceptability
Dehydration of Ker
	S. No
	Tray 
Drying
	Treatments
	L
	a
	b
	RR
	Browning
 index
	Per cent 
Recovery

	1
	40◦C
	I
	20.43
	2.71
	3.31
	2.158
	27.01
	 32.23

	
	
	II
	15.88
	1.01
	2.68
	2.022
	22.79
	 33.44

	
	
	III
	14.17
	1.35
	2.49
	2.254
	25.95
	 33.56

	2
	50◦C
	I
	17.56
	2.51
	3.79
	2.122
	34.37
	 32.23

	
	
	II
	16.49
	1.21
	1.89
	2.064
	17.26
	 32.60

	
	
	III
	18.51
	2.71
	2.63
	2.348
	25.64
	 33.20

	3
	60◦C
	I
	14.99
	2.51
	3.91
	1.866
	42.03
	 33.67

	
	
	II
	10.09
	1.032
	2.16
	2.118
	31.19
	 31.70

	
	
	III
	11.62
	1.27
	1.41
	1.824
	20.61
	 32.45

	4
	70◦C
	I
	25.06
	4.55
	9.23
	2.650
	58.51
	 33.67

	
	
	II
	25.01
	4.56
	8.59
	2.556
	54.81
	 32.45

	
	
	III
	26.25
	5.23
	8.61
	1.913
	53.75
	 32.66

	5
	Fresh
	-
	24.89
	4.63
	10.42
	-
	
	 -


*I-Blanching, II-Blanching + NaCl (2%), III-Blanching + NaCl (2%) +0.1% KMS; RR-Rehydration ratio
L: Lightness; a: Redness; b: Yellowness; C: Chroma; H: Hue

Time taken (hours) in dehydration of ker under various treatments (% moisture content is in parenthesis)
	Pre-Treatments
	Drying time (h)

	
	Tray Drying 40◦C
	Tray Drying 50◦C
	Tray Drying 
60◦C
	Tray Drying 70◦C

	Blanching 
(5 min)
	17 h
(14.11)
	12 h
(14.09)
	8 h
(12.34)
	6 h
(15.05)

	Blanching 
(5 min) + NaCl (2%)
	17 h
(14.91)
	12 h
(15.81)
	9 h
(13.99)
	6 h
(14.79)

	Blanching 
(5 min) + NaCl (2%) + 0.1% KMS dip (15 min)
	18 h
(15.45)
	12.5 h
(14.91)
	8 h
(14.01)
	7 h
(13.87)



Visual assessment and hedonic rating of tray dried and rehydrated ker under various treatments
	Tray Drying.
	Pre-treatments
	Color
	Scores
	Scores
	 
OA

	
	
	Dehydrated
	Rehydrated
	Dehydrated
	Rehydrated
	

	
	
	
	
	Color
	Appearance
	Color
	Appearance
	

	40◦C
	I
	Black
	Dark Brown
	5.2
	5.1
	5.6
	5.7
	5.7

	
	II
	Black
	Dark Brown
	5.1
	5.1
	5.7
	5.5
	5.8

	
	III
	Black
	Dark Brown
	5.2
	5.2
	5.6
	5.6
	5.7

	50◦C
	I
	Black
	Dark Brown
	5.1
	5.1
	5.6
	5.5
	5.6

	
	II
	Black
	Dark Brown
	5.1
	5.1
	5.7
	5.6
	5.7

	
	III
	Black
	Dark Brown
	5.2
	5.2
	5.6
	5.5
	5.6

	60◦C
	I
	Black
	Dark Brown
	5.1
	5.2
	5.7
	5.1
	5.7

	
	II
	Black
	Dark Brown
	5.1
	5.1
	5.7
	5.6
	5.7

	
	III
	Black
	Dark Brown
	5.2
	5.1
	5.6
	5.4
	5.7

	70◦C
	I
	Black
	Dark Brown
	5.0
	5.2
	5.7
	5.5
	5.7

	
	II
	Black
	Dark Brown
	5.1
	5.2
	5.6
	5.5
	5.8

	
	III
	Black
	Dark Brown
	5.2
	5.1
	5.5
	5.2
	5.7

	Control
	No Treatment (Sun dried)
	Black
	Dark Brown
	5.1
	5.2
	5.5
	5.5
	5.7


*I-Blanching, II-Blanching + NaCl (2%), III-Blanching + NaCl (2%) +0.1% KMS; RR-Rehydration ratio; OA: Overall acceptability
Use of anti-browning agents during Sun Drying of ker
	S. No.
	Pre-treatments
	L
	a
	b
	Browning index
	RR

	1
	AA(100 ppm)
	36.06
	10.91
	16.36
	81.21
	1.966

	2
	AA(300 ppm)
	22.57
	8.71
	9.45
	81.06
	2.056

	3
	AA(500 ppm)
	18.49
	5.93
	7.37
	73.27
	2.186

	4
	ZnCl2
(100 ppm)
	21.02
	6.37
	8.55
	73.35
	2.128

	5
	ZnCl2 
(300 ppm)
	17.56
	5.81
	6.67
	70.98
	2.074

	6
	ZnCl2 
(500 ppm)
	22.96
	7.69
	8.49
	69.68
	1.942

	7
	Control 
(no blanching)
	26.67
	7.29
	10.42
	68.66
	2.126

	8
	Control (blanching)
	18.47
	5.73
	7.94
	77.69
	1.986


*L: Lightness; a: Redness; b: Yellowness; C: Chroma; H: Hue; RR: Rehydration ratio
Visual assessment and hedonic rating of sun dried and rehydrated ker
	Pre-treatments
	Color 
	Scores
	Scores
	 
OA

	
	Dehydrated
	Rehydrated
	Dehydrated
	Rehydrated
	

	
	
	
	Color
	Appearance
	Color
	Appearance
	

	AA
(100 ppm)
	Golden brown
	Light brown
	6.9
	6.9
	7.0
	7.0
	7.0

	AA
(300 ppm)
	Golden brown
	Light brown
	6.9
	6.9
	7.0
	6.9
	6.9

	AA
(500 ppm)
	Golden brown
	Light brown
	6.9
	7.0
	6.9
	7.0
	7.0

	ZnCl2
(100ppm)
	Golden brown
	Light brown
	6.9
	6.9
	6.9
	7.0
	7.0

	ZnCl2 
(300 ppm)
	Golden brown
	Light brown
	6.8
	7.0
	7.0
	6.9
	6.9

	ZnCl2 
(500 ppm)
	Golden brown
	Light brown
	7.0
	6.9
	6.9
	6.9
	6.9

	Control 
(no blanching)
	Golden brown
	Light brown
	6.9
	7.0
	6.9
	6.9
	6.9

	Control (blanching)
	Golden brown
	Light brown
	6.9
	6.9
	6.9
	6.9
	6.9


*OA: Overall acceptability
Roasted Sangri Seeds
Seeds of mature sangri pods are used for fodder purpose and are not used for human consumption. They are rich in different macro and micronutrients. Hence, a process was developed where these seeds were converted into a healthy alternative snack item compared to the existing potato munches in the market. Roasting experiment was conducted to prepare the roasted sangri seeds. Keeping this in view, the roasting experiment was performed in which dried sangri seeds were soaked in water at seven different temperatures of 70, 75, 80, 85, 90, 95 and 100°C. Gain in weight of the seeds at specific interval was observed at each soaking temperature. Results indicated that water absorption rate was temperature dependent and increase in temperature caused rise in water absorption rate. Results indicated that there was slow rise in the moisture content till 18-20% at all the soaking temperatures followed by till 60% moisture content. 

Soaking behavior of sangri seeds prior to their roasting
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Moisture diffusivity during soaking of sangri seeds
	Water temperature
(°C)
	Moisture diffusion coefficient,
D (m2/s)
	Average D (m2/s)

	70
	2.71 × 10-10
	1.84 × 10-9

	75
	3.25 × 10-10
	

	80
	3.97 × 10-10
	

	85
	4.78 × 10-10
	

	90
	2.07 × 10-9
	

	95
	3.43 × 10-9
	

	100
	5.85 × 10-9
	



Further, dried sangri seeds were soaked at 80°C till moisture is increased up to approximately 10, 20, 30, 40 and 50 (% wb). Soaked seeds having different moisture contents (10-50%) were roasted in three different ways viz., microwave roasting, salt roasting and dry roasting in pressure cooker. Soaked seeds were roasted in domestic microwave at 950 W for 5-10 min. Temperatures of the seeds and roasting medium were determined during roasting with the help of thermal image analyzer. Bulk density of sand roasted seeds varied from 235 to 353 kg/m3 whereas true density varied from 487 to 579 kg/m3. Volume of single roasted seed from each treatment was determined. Volume of unroasted seed was found as 54.03 mm3 whereas volume of roasted seeds varied from 91.32 to 178.97 mm3 indicating considerable volumetric expansion after microwave roasting. On the basis of organoleptic evaluation, it was observed that increase in moisture levels of the seeds do not improve the quality. It was also noticed that a moisture content of 10% is sufficient to achieve quick roasting and to produce better palatable product. Also, among the three roasting methods used, salt roasting produced the roasted seeds having good sensory quality.
Increase in seed volume due to moisture absorption
	Soaking temperature
	Soaking time (min)
	Moisture content after soaking (%)
	Initial seed volume (mm3)
	Final seed volume (mm3)
	% increase in seed volume

	80°C
 
 
 
	90
	33.17
	29.93
	43.17
	44.25

	
	150
	30.93
	30.84
	42.85
	38.96

	
	200
	54.19
	33.95
	65.7
	93.49

	
	225
	56.73
	35.79
	70.87
	98.03

	
	255
	66.83
	34.79
	97.35
	179.78



Moisture contents of roasted seeds (roasting at different MC and by different methods)
	Soaking time (min) at 80°C
	Initial MC before roasting (%)
	MC after microwave roasting (%)
	MC after salt roasting (%)
	MC after dry roasting (%)

	0
	10.71
	9.5
	5.3
	6.5

	90
	33.17
	12.2
	8.7
	7.9

	150
	30.93
	9.2
	8.7
	9.1

	200
	54.19
	10.3
	7.1
	8.6

	225
	56.73
	12
	14.9
	13.5

	250
	66.83
	8.4
	13.7
	11.8
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Heat transfer during roasting by salt and dry roasting
	Initial Moisture content  of seeds (% wb)
	Specific heat,
Cp  (kJ/kg)
	ΔT (°C)
	Heat transfer, Q (kW)
	Thermal conductivity (W/m-°C)

	
	
	SR
	DR
	SR
	DR
	

	10.71
	1.20
	147.71
	195.93
	8.83
	11.71
	0.0052
	Average value 0.0098

	33.17
	1.95
	
	
	14.39
	19.08
	0.0085
	

	30.93
	1.87
	
	
	13.83
	18.35
	0.0082
	

	54.19
	2.65
	
	
	19.59
	25.98
	0.0116
	

	56.73
	2.74
	
	
	20.21
	26.81
	0.0120
	

	66.83
	3.08
	
	
	22.71
	30.13
	0.0134
	


*SR: salt roasting; DR: Dry roasting 
Volume of roasted seeds (roasting at different MC and by different methods)
	
Soaking time 
at 80°C
	Initial MC (%)
	Volume  (mm3) after roasting

	
	
	MWR
	SR
	DR

	0
	10.71
	36.14
	65.56
	45.05

	90
	33.17
	38.55
	83.34
	63.39

	150
	30.93
	47.79
	100.53
	76.64

	200
	54.19
	80.54
	115.65
	89.37

	225
	56.73
	83.62
	102.52
	110.08

	250
	66.83
	93.66
	118.43
	122.24




Bulk density and true density of roasted sangri seeds by different methods
	Method of roasting
	Soaking time (min) 
at 80°C
	Bulk density 
(kg/m3)
	True density 
(kg/m3)

	Raw seeds
	-
	908.97
	1176.47

	Microwave roasting
(soaking at 80°C)
	0
	637.93
	1000.00

	
	90
	724.46
	1000.00

	
	150
	558.54
	952.38

	
	200
	479.16
	909.09

	
	225
	305.37
	714.29

	
	255
	293.93
	625.00

	Salt roasting
(soaking at 80°C)
	0
	67.23
	833.33

	
	90
	332.55
	714.29

	
	150
	354.01
	666.67

	
	200
	292.50
	571.43

	
	225
	281.77
	571.43

	
	255
	235.29
	526.32

	Dry roasting
(soaking at 80°C)
	0
	597.16
	952.38

	
	90
	529.22
	869.57

	
	150
	352.58
	714.29

	
	200
	248.16
	487.80

	
	225
	231.00
	588.24

	
	255
	231.71
	588.24



Applications and advantages of roasted sangri seeds
· Ready to eat low calorie snack item
· Good shelf life
· Zero added fat
· High in minerals and other phytochemicals

Determination of seed temperatures during roasting using Thermal Images
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Temperature profile of roasting experiment
	
Roasting method
	
Heating medium
	Temperatures (°C)

	
	
	Heating medium
	Initial temperature of seed
	Seed temp during roasting
	Seed temperature after roasting

	Salt roasting
	Sand
	186.78
	39.07
	189.33
	165.88

	Dry roasting
	Pan
	235
	40.41
	207.12
	178.17

	Microwave roasting
	-
	-
	39.31
	164.48 
(after 5 min)
	123.45



Reduction in astringency of ker fruits
The present study was conducted for developing a method to reduce the tannins content of Capparis decidua fruits commonly known as ker, delle or teent in different languages. The fruits are astringent in taste due to presence of tannins. Tannins are polyphenolic compounds having many biological activities, such as anticancer, antioxidant, anti-inflammatory, anti-asthmatic, and antimicrobial activities, however, its large amount is associated with unpleasant acrid taste and an astringent feel. Therefore, different treatments were explored to reduce the astringency of ker fruits. In this experiment ker fruits were treated with different chemical compounds at various concentrations. Treatments were namely; alum (1, 3, 5%), sodium chloride (3, 5, 7%), sodium bicarbonate (1, 3, 5%), hot water at 50◦C and butter milk. To ensure the efficient reduction of tannins from ker fruits the conditions such as concentration and time were optimized. The experiment was continued for seven days at room temperature and analyzed for tannin content after every 24 hours of interval. It was observed that with time, tannin content reduced in all the samples irrespective of the concentration of the chemical compound applied. Highest reduction in tannin content was observed in sodium chloride (83.60 to 98.72%) followed by sodium bicarbonate (range from 60.45 to 90.21%) and alum (40.07 to 71.99%) Whereas, least reduction in tannin content was observed in butter milk (27.06%) and hot water (59.32%) 
[image: ]
Experimental set up for astringency removal of ker fruits
Day wise reduction in tannin content of ker for different chemical treatments 
	Tannin Content (mg/g)

	Treatment
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5
	Day 6
	Day 7

	Alum 1%
	1.539
	0.708
	0.519
	0.447
	0.431
	0.358
	0.208

	Alum 3%
	0.917
	0.528
	0.456
	0.414
	0.325
	0.283
	0.197

	Alum 5%
	0.589
	0.439
	0.428
	0.383
	0.353
	0.275
	0.017

	NaCl 3%
	2.308
	0.403
	0.392
	0.378
	0.322
	0.267
	0.056

	NaCl 5%
	1.031
	0.589
	0.531
	0.283
	0.169
	0.292
	0.003

	NaCl 7%
	0.467
	0.392
	0.511
	0.272
	0.006
	0.236
	0.008

	Na2HCO3 1%
	2.747
	0.508
	0.306
	0.353
	0.269
	sp
	sp

	Na2HCO3 3%
	0.617
	0.486
	0.439
	0.339
	0.244
	sp
	sp

	Na2HCO3 5%
	1.489
	0.319
	0.317
	0.342
	0.242
	sp
	sp

	Water at 50◦C
	0.622
	0.519
	0.381
	0.369
	0.253
	0.225
	0.156

	Butter milk
	0.606
	0.594
	0.539
	0.531
	0.442
	0.325
	0.319


*sp: spoiled
Peak force for ker with different chemical pretreatments
	Treatments
	Peak Force (N)

	Alum 1%
	18.19

	Alum 3%
	16.33

	Alum 5%
	13.28

	NaCl 1%
	15.96

	NaCl 3%
	15.84

	NaCl 5%
	12.82

	Buttermilk
	11.53

	Water (50◦C)
	11.94
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Color difference of ker fruits during de-astringency
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Freezing and deep freezing treatments for de-astringency
	Treatments
	Hours (h)

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Tannin Content (mg/g)

	Freezing at
(0◦C)
	0.656
	0.572
	0.561
	0.511
	0.480
	0.425
	0.428
	0.417
	0.453
	0.430

	Deep Freezing
(-50◦C)
	0.569
	0.533
	0.433
	0.375
	0.368
	0.360
	0.352
	0.340
	0.345
	0.035



Color attributes of frozen ker fruits
Frozen at -8°C
	Freezing time
(h)
	L
	a
	b
	ΔE

	1
	7.15
	0.99
	1.85
	19.79

	2
	18.56
	1.89
	6.67
	7.88

	3
	13.67
	1.63
	2.72
	13.75

	4
	27.79
	4.21
	2.51
	9.30

	5
	16.3
	2.71
	5.11
	10.71

	6
	15.73
	4.91
	6.59
	11.63

	7
	10.98
	4.96
	4.4
	16.34

	8
	9.35
	1.28
	2.31
	17.65

	9
	7.53
	1.61
	2.47
	19.28

	10
	13.39
	1.65
	3.62
	13.56


*L: Lightness; a: Redness; b: Yellowness; RR: Rehydration ratio

Frozen at -50*C
	Freezing time 
(h) 
	L
	a
	b
	ΔE

	1
	19.67
	3.87
	5.06
	8.76

	2
	18.49
	2.77
	3.48
	9.93

	3
	19.32
	2.81
	5.27
	8.33

	4
	17.43
	3.22
	3.75
	10.69

	5
	23.71
	8.48
	8.5
	9.76

	6
	18.91
	4.43
	8.6
	8.44

	7
	13.78
	1.24
	2.84
	13.52

	8
	18.4
	2.3
	4.48
	9.22

	9
	17.02
	3.22
	5.45
	10.17

	10
	17.84
	3.62
	6.73
	9.23


*L: Lightness; a: Redness; b: Yellowness; RR: Rehydration ratio

Textural attributes for ker fruits after freezing and deep freezing treatments 
	
Time 
(h)
	Peak Force (N)

	
	Freezing
	Thawing after freezing
	Deep freeze
	Thawing after deep freezing

	1
	9.05
	7.70
	9.27
	8.64

	2
	10.65
	8.23
	8.11
	7.58

	3
	11.81
	9.89
	9.23
	7.17

	4
	9.18
	8.74
	10.89
	6.03

	5
	8.90
	8.65
	8.74
	4.84

	6
	10.66
	8.71
	9.46
	5.48

	7
	7.29
	5.69
	10.33
	8.43

	8
	9.55
	6.07
	11.49
	6.16

	9
	9.33
	6.61
	7.93
	6.05

	10
	7.90
	5.16
	5.51
	4.72
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1) Texture of frozen ker; 2) Osmotically dehydrated ker candy
[image: ]
Process flowchart for development of osmotically dehydrated ker candy
Nutritional Composition of Osmotically Dehydrated Ker Candy
	Particulars
	content

	Moisture (%)
	18-20

	Total phenolic content
(mgGAE/100g)
	75-95 

	Ascorbic acid
(mg/100g)
	65-90 

	DPPH (% Inhibition)
	60-75 



Organoleptic scores for ker candy prepared after different pre-treatments
	Sample
	Color
	Taste
	Oral Texture
	Bitterness
	OA

	Alum 1%
	6.5
	6.3
	6.3
	6.0
	6.1

	Alum 3%
	6.6
	6.2
	6.0
	6.1
	6.1

	Alum 5%
	6.5
	6.0
	6.0
	6.0
	6.0

	NaCl 3%
	6.8
	6.9
	6.8
	6.9
	6.9

	NaCl 5%
	6.7
	6.8
	6.8
	6.9
	6.9

	NaCl 7%
	6.8
	6.8
	6.8
	6.9
	6.9

	Water at 50◦C
	6.5
	5.7
	5.5
	5.5
	5.5

	Butter milk
	6.5
	5.5
	5.2
	5.2
	5.3

	Freezing at
(0◦C)

	1h
	6.8
	6.5
	6.5
	6.2
	6.0

	
	2h
	6.8
	6.6
	6.6
	6.3
	6.0

	
	3h
	6.8
	6.5
	6.5
	6.4
	6.1

	
	4h
	6.8
	6.7
	6.7
	6.4
	6.1

	
	5h
	6.7
	6.8
	6.8
	6.7
	6.8

	
	6h
	6.8
	6.8
	6.8
	6.6
	6.7

	
	7h
	6.7
	6.5
	6.5
	6.6
	6.6

	
	8h
	6.8
	6.5
	6.5
	6.5
	6.7

	
	9h
	6.8
	6.4
	6.3
	6.3
	6.7

	
	10h
	6.7
	6.4
	6.3
	6.3
	6.8

	Deep Freezing 
(-50◦C)

	1h
	6.8
	6.5
	6.5
	6.3
	6.2

	
	2h
	6.8
	6.5
	6.5
	6.2
	6.3

	
	3h
	6.7
	6.6
	6.6
	6.3
	6.7

	
	4h
	6.8
	6.5
	6.5
	6.7
	6.8

	
	5h
	6.8
	6.7
	6.7
	6.6
	6.7

	
	6h
	6.7
	6.7
	6.7
	6.7
	6.7

	
	7h
	6.8
	6.5
	6.5
	6.7
	6.6

	
	8h
	6.8
	6.6
	6.6
	6.6
	6.7

	
	9h
	6.7
	6.6
	6.6
	6.3
	6.8

	
	10h
	6.8
	6.5
	6.5
	6.3
	6.9




Aroma 	sample 1	sample 2	sample 3	sample 4	sample 5 	sample 6	sample 7	3	4	4	4	2	3	4	Taste 	sample 1	sample 2	sample 3	sample 4	sample 5 	sample 6	sample 7	2	3	5	4	3	3	2	Colour 	sample 1	sample 2	sample 3	sample 4	sample 5 	sample 6	sample 7	4	3	5	3	2	2	4	Flavour	sample 1	sample 2	sample 3	sample 4	sample 5 	sample 6	sample 7	4	4	5	3	3	3	4	Overall acceptibility	sample 1	sample 2	sample 3	sample 4	sample 5 	sample 6	sample 7	3	4	5	4	4	3	5	sample 1	sample 2	sample 3	sample 4	sample 5 	sample 6	sample 7	


Biplot (axes D1 and D2: 93.69 %)
after Varimax rotation
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6
Sample 7
-0.92470562714367976	-0.94838672283834879	7.8242831128615464E-2	-9.303254479162025E-2	2.1022522183162504	0.52061403903715853	-0.73498419370837731	-1.2236447511624846	1.5751473409727035	0.17881830323754291	1.1864117349913943	3.0784912588626107E-2	-0.7091393631391667	-1.0383781774886107	K
Ca
Mg
Fe
Mn
Zn
Cu
P
1.5699166468207395	1.1110974771079221	-0.21578501088178983	-0.52843572059238753	7.0856550931497134E-2	1.5033519609529302	-1.3271823534082783	1.6000000000000021	0.17913041788105671	1.2982215504728474	1.7842286057831458	1.6904096764531089	1.801740843875016	-0.51104300167984162	0.1144232770546596	-0.3190910690687378	0	1.5699166468207395	0	0.17913041788105671	0	1.1110974771079221	0	1.2982215504728474	0	-0.21578501088178983	0	1.7842286057831458	0	-0.52843572059238753	0	1.6904096764531089	0	7.0856550931497134E-2	0	1.801740843875016	0	1.5033519609529302	0	-0.51104300167984162	0	-1.3271823534082783	0	0.1144232770546596	0	1.6000000000000021	0	-0.3190910690687378	D1 (50.12 %)

D2 (43.57 %)


Sample 1	Appearance	Flavour	Aroma	Taste	Oral texture	Overall acceptability	5.4	5.6	5.4	4.5999999999999996	4.8	5.4	Sample 2	Appearance	Flavour	Aroma	Taste	Oral texture	Overall acceptability	4.2	5	4.5999999999999996	5.4	5.2	5.4	Sample 3	Appearance	Flavour	Aroma	Taste	Oral texture	Overall acceptability	4.5999999999999996	4.8	4.5999999999999996	4.4000000000000004	4.8	4.2	Sample 4	Appearance	Flavour	Aroma	Taste	Oral texture	Overall acceptability	7	6.2	6.6	6.4	6.6	7	Sample 5	Appearance	Flavour	Aroma	Taste	Oral texture	Overall acceptability	6.2	5.8	6.4	6.4	6.2	6.4	


Biplot (axes D1 and D2: 89.94 %)
after Varimax rotation
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
-1.21018149958973	1.3144859836380089	0.65565043960959302	0.35790602996153908	-1.1178609536194084	-1.1766332986403658	-1.212392572838332	0.60396144347512515	1.1988338615575271	0.58623056644604632	K
Ca
Mg
Fe
Mn
Zn
Cu
P

0.45089267747607625	1.0515887869104066	0.86633376111142857	0.44460530680157939	0.48300388852853154	0.92377937125775511	1.0409103722133999	-0.30859447592980022	1.2700628693204019	0.12326849255286811	1.0019010191267337	1.3764326264999251	1.4956120217885047	0.85404897742940356	-7.265161960758787E-2	1.6040530395754073	0	0.45089267747607625	0	1.2700628693204019	0	1.0515887869104066	0	0.12326849255286811	0	0.86633376111142857	0	1.0019010191267337	0	0.44460530680157939	0	1.3764326264999251	0	0.48300388852853154	0	1.4956120217885047	0	0.92377937125775511	0	0.85404897742940356	0	1.0409103722133999	0	-7.265161960758787E-2	0	-0.30859447592980022	0	1.6040530395754073	D1 (50.09 %)

D2 (39.84 %)


100°C	0	1	2	3	4	5	6	7	8	9	10	11	10	16.97416974169743	27.536231884057973	46.714031971580816	56.584659913169304	59.767545820295062	62.609056917324473	65.18375241779448	66.789667896678978	68.825770696223984	68.804159445407578	68.77168632893823	95°C	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	10	14.122137404580158	18.330308529945547	25.558312655086826	34.640522875816991	44.272445820433433	50.522264980758656	55.621301775147927	59.677419354838712	62.121212121212125	64.898595943837762	65.831435079726589	66.814159292035427	67.379485320768097	67.902995720399431	68.197879858657188	90°C	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	10	12.366114897760498	14.448669201520907	16.589434661723725	20.774647887323816	25.742574257425673	30.340557275541727	39.148073022312346	46.14003590664273	55.773955773955954	59.441189725101395	62.779156327543433	65.048543689320738	65.883244882486395	67.236985802693525	68.443197755960725	68.83656509695291	68.944099378881987	85°C	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	10	13.875598086124427	15.809167446211408	16.044776119402993	17.355371900826455	20.14196983141083	24.559932942162586	28.172386272944866	31.610942249240125	35.251798561151084	39.516129032258071	44.71744471744455	51.007076755579753	56.709956709956813	59.767545820295062	62.248322147651137	63.840899959823084	65.102753005040711	66.254218222722173	67.248908296943213	67.971530249110558	68.421052631578945	80°C	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	310	320	330	340	350	360	370	380	390	400	10	12.195121951219511	12.536443148688052	12.536443148688052	12.621359223300971	13.127413127413098	13.378248315688166	13.957934990439776	14.448669201520909	15.014164305949009	15.254237288135585	16.044776119402993	16.434540389972089	17.279411764705888	18.181818181818247	20.14196983141083	21.739130434782609	23.728813559321964	25.864909390444815	28.45786963434022	31.818181818181813	35.298346513299812	38.983050847457626	42.7844882390336	46.777054997043145	47.275922671353257	52.380952380952372	54.887218045112775	57.142857142857139	58.582604693971476	60.954446854663537	63.114754098360542	64.114832535884958	65.224111282843893	66.480446927374302	67.213114754098427	67.811158798283273	68.365553602811943	68.608301360306655	69.093406593406385	69.293756397134089	75°C	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	310	320	330	340	350	360	370	380	390	400	410	420	430	440	450	460	470	480	490	500	510	520	530	540	550	560	10	11.678115799803718	12.366114897760498	12.70611057225995	13.62763915547025	14.122137404580158	14.691943127962068	15.254237288135585	15.809167446211408	16.123019571295426	16.356877323420139	16.589434661723725	16.743755781683632	17.355371900826455	17.506874427131091	18.107370336669703	20.14196983141083	21.052631578947263	21.874999999999996	22.61392949269133	23.076923076923009	24.369747899159606	25.496688741721776	26.948051948051926	28.741092636579513	31.454683929931456	33.872152828802363	36.395759717314476	38.983050847457626	40.672379696770065	42.711648631444945	44.920440636475007	47.058823529411754	48.688711516533637	50.027762354247542	51.351351351351227	52.83018867924514	53.917050691244036	55.246146195922428	56.183057448880234	57.203994293865911	59.1836734693876	60.767218831735072	61.190168175937913	63.310232368528332	64.980544747081709	65.688143347312234	66.292134831460658	66.666666666666671	66.996699669967583	67.272727272726883	67.391304347826079	67.741935483871217	68.062455642299483	68.242766407904028	68.376669009135625	68.564442892071042	70°	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	310	320	340	350	360	370	380	390	400	410	420	430	440	450	460	470	480	490	500	510	520	530	540	550	560	570	580	590	600	610	620	630	640	650	660	670	680	690	10	11.41732283464567	11.678115799803718	12.280701754385962	12.451361867704275	12.70611057225995	12.875121006776379	13.127413127413098	13.378248315688166	13.875598086124427	14.204003813155389	14.933837429111531	15.254237288135585	15.572232645403405	15.88785046728972	16.044776119402993	16.201117318435756	17.279411764705888	18.181818181818247	18.699186991869922	19.064748201438789	19.786096256684488	20.844327176780986	22.346850733390855	23.66412213740459	24.812030075187909	26.229508196721241	27.884615384615387	28.90995260663507	30.609097918272941	32.685115931189458	34.114202049780374	35.576234788833204	37.586685159500554	39.024390243902438	40.711462450592748	42.344650864830136	43.67959949937422	44.71744471744455	46.396664681357819	50.193691200885453	50.873362445414848	52	52.879581151832227	53.416149068322945	54.568399798081948	55.134596211365903	55.686853766617283	56.076134699853576	56.289460903351141	56.999522216913519	57.746478873239425	58.352614530309999	59.202175883953011	59.857270294379994	60.64713598600801	61.038961038961062	61.489088575096041	62.10526315789474	62.453066332916144	62.978198272316	63.429500203169461	63.956748097717089	64.328180737217579	65.12979465323518	65.921999242711095	66.542750929368026	67.579250720461019	68.901174844505874	Soaking time (min)

MC (% wb)
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