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ABSTRACT

	This study evaluated physical properties of goat and cow milk powders. Cow milk powder showed lower L* and higher b* values (P<0.05) than GMP1 & GMP2, while both goat milk powder had lower browning and yellowness indices. An average a* value was varied from -3.25 to -3.90 in all powder samples. Cow milk powder had the highest insolubility index, surface free fat, loose bulk density, and better flowability. Bulk density ranged from 0.39–0.49 g/ml, and wettability of all powders exceeded 30 min.
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1. INTRODUCTION
Goats produce about 2% milk of the world’s total annual milk production. Goat milk have different nutritional properties than cow milk as high amount of calories, protein, and lipids. In goat milk minerals like magnesium, potassium, calcium, phosphorus, and vitamin A are also found abundant (Saikia, 2022). Goat milk and milk products of it powder, cheese and yoghurt have significant role in human nutrition. These goat milk products can be used for malnourished people, treating people afflicted with cow milk allergies and gastro-intestinal disorders (Haenlein, 2004). 
Physical properties of milk powder are important for the final steps of the drying process as well as for further use of it. The chemical composition and their physical properties are the basic quality indicators of milk powders. The variation in the milk powders properties comes from the raw material, drying methods and the numerous chemical reactions that could happen during storage because of the temperature, relative humidity and time (Pugliese et al., 2017). 
Colour of milk powders have very important impact on acceptability by consumer as well as for products formulation. The colour of powdered milk products may be influenced by the technological parameters used during production in turn responsible for the formation of Maillard reactions compounds, which commonly occurs in thermally processed milk between proteins and reducing sugars. The L* value denotes sample luminance, which ranges from black to white. The negative a* value indicates green colour and positive value indicates red colour. The positive b* value represents yellow colour and negative values to blue colour. The b* value is measured as a valuable indicator of Maillard reaction as the typical colour change due to Maillard reaction. The colour changes in milk powder also affected by the free radicals produced by lactose crystallization which can start lipid oxidation. The browning index also rises as drying times and evaporation rates increase. Chroma refers to the strength or saturation of a colour that describes the colour intensity (Thomsen et al., 2005; Le et al., 2011; Pugliese et al., 2017; Oliveira et al., 2020). 
Water is the critical component influencing the degree of food deterioration due to chemical and microbial factors. Water activity (aw) is the phenomenon used in food preservation, food supply and intermediate moisture foods. The solubility of the powder decreases due to the hydrophobic nature of fats when it is present on the surface matrix of the powder. The milk fat which is not generally fully protected by a membrane which appears in the surface of milk powder define as surface free fat. It was anticipated that the fat at the surface of milk powders made from aerated feed concentrates would be smaller compared to powders made from unaerated feed concentrates (Davis et al., 2017; Nascimento et al., 2019; Sulieman et al., 2014).
Properties such as tapped bulk density, loose bulk density and their ratios such as Hausner Ratio and Carr’s index have been used as qualitative descriptors of the milk powders flowability. Bulk density is a very important property for the economy, functionality and market requirements point of view. The loose bulk density measurement is necessary for the air included in the particles and the interstitial air between particles in the milk powder. The Hausner ratio, that is an indicator of the cohesion of the milk powder particles, inversely related with the size of the particles. The Carr’s index also known as compressibility index is measures the cohesiveness of milk powder as well as the ability to reduce the volume of a powder by tapping. The surface fat composition influences the flowability of whole milk powder (Kim et al., 2005; Walstra et al., 2005; Ilari and Mekkaoui 2005; European Pharmacopoeia, 2011). 
The phenomenon of wetting and absorbing water at a particular temperature is called wettability. The larger particle size with porous favour fast wetting. It is the capillary action into the powder when the water gets penetrated it. The wettability of goat milk powder is affected by the amount of free fat. The presence of some insoluble material in milk powders in reconstituted milk is known as insolubility index. The insolubility index is expressed as the volume of sediment in ml (GEA, 2006; Reddy et al., 2014).
The occluded air also called as entrapped air, is one of the most important factors for controlling bulk density which present inside milk powder particle as bubbles. Its volume is usually expressed in ml/100 g powder. The difference between the volume of a particular mass of particles and the volume of a similar quantity of air-free solids is known as occluded air. Some factors which affect the occluded air are an incorporation of air into the feed, atomizers and properties of the feed (GEA, 2006; Fournaise et al., 2020). 
Table 1.	Specification for carr’s index and Hausner ratio (European Pharmacopoeia, 7.1th ed., Council of Europe, Strasbourg, 2011)
	Flowability
	Carr’s index (%)
	Hausner ratio (HR)

	Excellent
	0-10
	1.00-1.11

	Good
	11-15
	1.12-1.18

	Fair
	16-20
	1.19-1.25

	Passable
	21-25
	1.26-1.34

	Poor
	26-31
	1.35-1.45

	Very poor
	32-37
	1.46-1.59

	Very, very poor
	>38
	>1.60


2. material and methods
2.1 Materials
The fresh spray dried goat milk powders and a spray dried cow milk powder (A2 type) used for this study were purchased from the market. The most commonly available two different brands of goat milk powders (GMP1 and GMP2) were selected for the study. A cow milk powder (COM) was also purchased from the market. The samples of goat and cow milk powders were analyzed for chemical composition, physical properties.
2.2 Methods
[bookmark: _Hlk136611655]The moisture content of goat and cow milk powders was determined using method as described by ISO 5537/IDF 026:2004 and GEA Niro (2006). The total fat was determined by Gerber method IS (1224 Part II):1977 and (GEA Niro, 2005). The total protein of milk powder sample was determined by Kjeldahl method (AOAC, 2006). Ash content of milk powders were determined as described by GEA Niro (2006). Lactose content in camel milk powder and cow milk powder was estimated by difference.
Surface free fat of goat and cow milk powders was determined by using GEA Niro analytical method No. A 10 a (GEA Niro, 2005). 10 g of milk powder sample was weighed into a 250 ml Erlenmeyer flask. Stop watch was started and exact 50 ml petroleum ether was added to the flask. The sample was agitated in to the shaking device and filtered into 100 ml Erlenmeyer flask after exact 15 minutes. 25 ml of filtrate added to the pre-weighed aluminium dish. After evaporating most of petroleum ether under fume hood dish was dried in to the oven at 105±1˚C for one hour. The samples were cooled into the desiccator and weighed. Surface free fat of goat and cow milk powders determined by using following formula:
 …(1)
Where, ml = ml of filtrate taken out with pipette, a = evaporation residue in g, b = g of powder used, 0.94 = estimated value of density of free fat
Bulk density of the powder was determined using GEA Niro analytical method No. A 2 b method (GEA Niro, 2006). 25 g of goat and cow milk powders was taken in to 50 ml measuring cylinder. The measuring cylinder tapped for 50 times and final volume were measured.  Bulk density, Hausner ratio (HR) and Carr’s index of goat and cow milk powders measured using following formula (Saw et al., 2015; Shipar et al., 2013):  
 …(2)
 …(3)
C …(4)   
 BV = bulk volume of 100 g powder in ml/100 g, 100= weight of powder sample in g
Occluded air of goat and cow milk powders was determined for the fresh sample by using GEA Niro analytical method No. A 11 a (GEA, 2006). 25 g of sample was taken in to a 100 ml measuring cylinder. Then 60 ml petroleum ether was added in it. Read out the total volume with suspended particles. Occluded air in goat and cow milk powders was measured using the following calculation:
              …(5)
Insolubility index of powder was determined using method described by GEA Niro analytical method A 3 a (GEA Niro, 2006). The 13 g goat and cow milk powders were added in 100 ml of distilled water in the mixing jar, the mixing was accomplished by placing jar in the mixer and stirred for 90 s. The foam separated was removed by a spoon. The 50 ml of reconstituted milk was transferred to 50 ml graduated centrifuge tubes. The tubes were then centrifuged at 1080 rpm for 5 minutes. Subsequently, about 25 ml distilled water with about 40°C temperature was added in the tube and the tube was shaken to disperse the sediment. The tube was then filled up to the 50 ml marks with distilled water. The content in the tube was mixed thoroughly and re-centrifuge for 5 min. Finally, the volume of the sediment at the bottom of the tube was noted. 
Wettability of goat and cow milk powders was measured using GEA Niro analytical method No. A 5 b (GEA Niro, 2009). In 600 ml glass beaker, 250 ml (25±0.5˚C) deionized water was taken. 13 g of goat and cow milk powders was weighed accurately. The glass plate was placed on top of the beaker, with one edge of the plate close to the rim of the beaker then placed the metal tube on top of the plate. Sample was transferred to the metal tube and spread the sample evenly over the glass plate and removed the glass plate with one hand holding the tube. Total time was recorded until all particles have become wetted.
The Water activity (aw) of goat and cow milk powders was determined using method described in Public Health England (2017). The Rotronics HygroLab was used in the analysis water activity meter. 
The colour of the goat and cow milk powders were measured by chromameter (Konica Minolta Chroma Meter CR-400, Japan) described in Public Health England (2017). For the analysis of sample, the appropriate amount of powder was taken in glass petri dish and colour measurement was performed according to the three-colour coordinates (L*, a*, b*) with chromameter. The chroma, yellowness index, whiteness index and browning index were calculated from these three measured colour coordinates (L*, a*, b*) using equations, (6) (7) (8) (9) respectively Milovanovic et al. (2020).
  …(6)
 …(7)
2221/2 …(8)
 …(9)
 …(10)
The Statistical analysis was done by using the completely randomized design (CRD). Data are expressed as the mean ± standard deviation.
3. results and discussion
The most commonly available two brands GMP1 and GMP2 were compared with COM for different physical properties which was colour, surface free fat, insolubility index, bulk density, water activity, wettability etc. The chemical composition of all the powder samples was shown in Table 2. 
Table 2.	Chemical composition of goat and cow milk powders
	[bookmark: _Hlk138778731]Parameters/
Sample
	Moisture (%)
	Fat (%)
	Protein (%)
	Ash (%)
	Lactose (%)

	GMP1
	2.81
	28.18
	27.00
	6.43
	35.14

	GMP2
	2.14
	28.29
	29.79
	6.45
	33.80

	COM
	1.84
	30.32
	24.77
	5.73
	37.49


[bookmark: _Hlk134190236]3.1 Colour values of goat and cow milk powders
[bookmark: _Hlk134263724]L* value is the measure of lightness which varies between 0 and 100. The L* value was observed 95.74, 94.54 and 91.19 in GMP1, GMP2 and COM respectively. The L* value was determined between 94.22 to 96.81 in GMP1 and 92.88 to 95.64 in GMP2. The L* value in COM was observed 90.85 to 91.66. L* value of COM was found significantly (P<0.05) lower than the GMP1 and GMP2. The non-significant (P>0.05) difference was observed between the GMP1 and GMP2. The variation in L* value might be due to the modification of the particle size, different time and temperature combinations for heat treatment processes as well as variations in the types of technological equipment used by different plants (Lee et al., 1998; Grigioni et al., 2007). The L* value of milk powders is influenced by different parameters such as composition of raw milk, carotenoid content, riboflavin content, preheating, temperature of the inlet as well as outlet air, increased feed rates and time of contact between air powder particles. Pugliese et al., 2017 reported the L* value of whole milk powder from 93.00 to 96.49. L* value of goat milk powder was reported in various literature from 83.07 to 91.41 (Fonseca et al., 2011; Reddy, 2014; Oliveira et al., 2020). Chudy et al. (2015) and Magan et al. (2019) was found L* values from 93 to 93.5 for cow milk powder. 
The average a* value in GMP1, GMP2 and COM was observed -3.25, -3.30 and -3.90 respectively. The COM was found significantly (P<0.05) higher in a* value with compared to GMP1 and GMP2. The non-significant (P>0.05) difference was observed in a* value of GMP1 and GMP2. The a* values of GMP1 varied from -3.10 to -3.42, -2.81 to -3.68 in GMP2 and in COM -3.49 to -4.26. The variation in a* value of goat milk powder and cow milk powder might be due to different heat treatments given to each powder. The a* value of milk powders is influenced by different compositions, species to species, carotenoid content, riboflavin content, the composition of raw milk, preheating, temperature of the inlet as well as outlet air, feeding rates and time of contact between air powder particles (Bosset et al., 1994; Lee et al., 1998; Popov et al., 2008). Pugliese et al. (2017) reported a* values from -1.43 to -2.15 in whole milk powder. The a* value was found -1.33 by Fonseca et al. (2011) in goat milk powder whereas Reddy (2013) and Oliveira et al. (2020) observed a* value between -1.88 to -3.46 in goat milk powder. Magan et al. (2019) reported a* value of -5.44 to -4.65 in cow milk powder. 
The b* value of cow milk powder was observed significantly (P<0.05) higher than the goat milk powder. The average b* value was observed 19.94, 11.43 and 13.01 in COM, GMP1 and GMP2 respectively. The b* value in COM was observed from 19.01 to 20.74 and in GMP1 from 10.05 to 13.23. b* value in GMP2 varied from 12.45 to 13.74. The colour variation might be due to the interactions of many variables, the formation of brown pigments by Maillard reactions during the heat treatment, the concentration of the particles and pigments, concentrations of β-carotene, due to the moisture removal during evaporation and drying (Bosset et al., 1994; 1998; Walstra et al., 2005; Popov et al., 2008). Fonseca et al. (2011) and Oliveira et al. (2020) revealed the b* value of 8.74 to 13.91 in goat milk powder. Reddy (2013) also reported b* value from 9.46 to 10.57 for Osmanabadi goat milk powder. Pugliese et al. (2017) and Li et al. (2019) reported the b* value from 13.70 to 15.03 b* value in whole milk powder. Magan et al. (2019) reported the b* value of 15.00 to 18.50 in cow milk powder. 
[bookmark: _Hlk134100415][bookmark: _Hlk134001247]The browning index of GMP1 and GMP2 was 9.81 and 11.70 whereas 20.54 of COM. The browning index of cow milk powder was found significantly (P<0.05) higher compared to goat milk powder samples. Browning index in GMP1 varied from 8.22 to 11.96, in GMP2 10.62 to 13.20, whereas in COM 18.91 to 21.85. The browning index of the sample is also influenced by the feed flow rate, droplet size, drying duration, evaporation rate, number of positive charge amino acid present in milk, carotenoid, riboflavin, contact time of hot air with powder particles, sugar content and various chemical reactions. Oliveira et al. (2020) found the browning index in goat milk powder from 9.02 to 12.63. Al-Hilphy et al. (2022) observed a browning index of 18.79 to 20.77 in unconcentrated milk and 8.22 to 28.11 in concentrated milk. 
The average value of the yellowness index in GMP1, GMP2 and COM was found 17.02, 19.75 and 31.23. The yellowness index in COM was found significantly (P<0.05) higher than the goat milk powder. A non-significant (P>0.05) difference was found between the goat milk powder samples. Yellowness index in GMP1 varied from 14.84 to 20.06 and in GMP2 18.62 to 21.44. Yellowness index varied from 29.63 to 32.61 in COM. Variation in yellowness index between goat and cow milk powders indicates the variation in colour compounds responsible for yellow colour such as carotenoid as well as riboflavin. The water-soluble pigment lactoflavin, which imparts a yellow colour with green fluorescence to the milk generally known as riboflavin or vitamin B2 affects the yellowness of milk powder (Lee et al., 1998; Popov et al., 2008). According to Griffiths (2010) goat milk in contrast, contains no β-carotene only retinol and xanthophylls. Al-Hilphy et al. (2022) reported yellowness index in concentrated and unconcentrated milk 15.61 to 20.09 and 32.95 to 33.29 respectively. 
The cow milk powder was found significantly (P<0.05) lower in the whiteness index than goat milk powders. The mean value of the whiteness index for samples COM, GMP1 and GMP2 were 77.85, 87.35 and 85.49 respectively. Variations in the whiteness index of goat and cow milk powders might be due to different time and temperature combinations for heat treatment processes. The whiteness index of milk powders is influenced by different parameters such as chemical reactions between the components, temperature of the inlet as well as outlet air, time of contact between air powder particles. Al-Hilphy et al. (2022) observed a whiteness index of 62.27 to 63.30 for unconcentrated milk and 66.41 to 74.26 for concentrated milk. 
The significant (P<0.05) difference was observed in the C* value of all the powder samples. Cow milk powder was found significantly (P<0.05) higher than both goat milk powders. The C* value was observed in GMP1 10.96, in GMP2 13.09 and 21.10. Moreover, this could be due to higher yellowness and less lightness of cow milk powder. Al-Hilphy et al. (2022) observed C* values of 15.19 to 16.15 in unconcentrated milk whereas 7.20 to 20.12 in concentrated milk. 
Table 3.	Colour values of goat and cow milk powders
	[bookmark: _Hlk138778694]Parameters/
Sample
	L* value
	a* value
	b* value
	C* value
	Browning index
	Yellowness index
	Whiteness index

	GMP1
	95.74±1.22b
	-3.25±0.12b
	11.43±1.47a
	10.96±0.35a
	9.81±1.76a
	17.07±2.43a
	87.35±1.77b

	GMP2
	94.54±1.28b
	-3.30±0.40b
	13.01±0.58b
	13.09±0.24b
	11.70±1.18a
	19.75±1.26a
	85.49±0.89b

	COM
	91.19±0.34a
	-3.90±0.30a
	19.94±0.65c
	21.10±0.56c
	20.54±1.16b
	31.23±1.13b
	77.85±0.67a

	SEm
	0.52
	0.15
	0.49
	0.20
	0.70
	0.85
	0.60

	CD
	1.60
	0.46
	1.52
	0.63
	2.15
	2.63
	1.86

	CV%
	1.24
	9.53
	7.45
	3.02
	11.12
	8.42
	1.62


*a-c: values with different letters between a row are significantly different at 5 % (i.e., P<0.05).
3.2 Bulk density (tapped), Loose bulk density and Flowability of goat and cow milk powders 
[bookmark: _Hlk134093946][bookmark: _Hlk134108395]Bulk density is defined as the weight of milk powder per unit volume. The bulk density of cow milk powder was observed significantly higher (P<0.05) than goat milk powders. The bulk density of both goat milk powder samples was found 0.39 g/ml whereas 0.49 g/ml was found in cow milk powder. The bulk density of GMP1 observed was from 0.31 to 0.46 g/ml whereas 0.30 to 0.45 g/ml was found in GMP2. The bulk density of COM ranged from 0.48 to 0.50 g/ml. The bulk density of milk powder is affected by particle size, occluded air and interstitial air of powder, denaturation of milk, feeding concentration, hot air temperature and packaging material used, etc. Reddy (2013) and Oliveira et al. (2020) reported bulk density of goat milk powder as 0.41 to 0.66 g/ml. Sulieman et al. (2014) reported bulk density of cow milk powder of 0.43 to 0.51 g/ml. Pugliese et al. (2017) observed bulk density between 0.553 to 0.662 mg/ml. 
The range of loose bulk density in GMP1 was 0.25 to 0.30 g/ml with a mean value of 0.28 g/ml and 0.26 to 0.30 g/ml with a mean value of 0.28 g/ml in GMP2.  Loose bulk density was observed between 0.36 and 0.49 g/ml with a mean value of 0.44 g/ml in COM. The loose bulk density of both goat milk powders was observed non-significantly (P>0.05) different. The loose bulk density of cow milk powder was found significantly (P<0.05) higher than goat milk powders. The variation between powders might be due to different processing parameters such as concentration of milk sample and different automizer used by a different manufacturer, particle size, occluded air content etc. Oliveira et al. (2020) and Reddy (2013) reported a loose bulk density of goat milk powder from 0.31 to 0.45 g/ml. Sulieman et al. (2014) reported a loose bulk density of 0.18 to 0.29 of cow milk powder. Loose bulk density in whole milk powder was reported between 0.396 to 0.480 g/ml by Pugliese et al. (2017). 
[bookmark: _Hlk134134133]The Hausner ratio of cow milk powder was observed significantly (P<0.05) higher than both goat milk powder samples. The Hausner ratio of GMP1 and GMP2 was found 1.45 and 1.46 respectively, whereas 1.05 of COM. The Hausner ratio of GMP1 was found from 1.40 to 1.49 with a mean value of 1.45 whereas 1.42 to 1.50 with a mean value of 1.46 of GMP2. The Hausner ratio of COM was observed between 1.03 to 1.07 with a mean value of 1.05. The variation between powders might be due to high surface fat composition, particle size and various processing treatments such as per cent concentration of milk sample (Kim et al., 2005). Powders that have larger particles size as well as less fines particles stand with good flowability because the large size particles have lower cohesiveness due to poor Van der Walls forces and less friction (Ilari and Mekkaoui 2005). The specification of Hausner ratio is given by European Pharmacopoeia, Council of Europe (2011). Reddy (2013) observed a Hausner ratio of 1.17 to 1.32 for goat milk powder. Sulieman et al. (2014) reported Hausner ratio for cow milk powder from 1.46 to 1.48. Pugliese et al. (2017) observed Hausner ratio of 1.38 to 1.41 for whole milk powders. The Hausner ratio of goat milk powder is 1.45 and 1.46 which indicates that our powders flowability is comparably poor whereas the flowability of cow milk powder is excellent.
The average value of Carr’s index of GMP1, GMP2 and COM was found 31.05, 31.43 and 4.64 % respectively. Carr’s index of GMP1 was observed from 28.64 to 32.70, 29.46 to 32.07 of GMP2 and 3.44 to 6.25 per cent of COM. Carr’s index of sample COM was found significantly (P<0.05) lowest compared to both goat milk powders. Carr’s index of goat and cow milk powders is affected by the size of particles, packaging material, etc (Kim et al., 2005; Reddy, 2013). The specification of Carr’s index is given by European Pharmacopoeia, Council of Europe (2011). Reddy (2013) reported Carr’s index 14.19 to 24.09 % for goat milk powder. Pugliese et al. (2017) reported Carr’s index for whole milk powders between 26.71 to 29.00 per cent. So, cow milk powder can be categorized as excellent flowable powder and both goat milk powder is having poor flowability.
Table 4.	 Bulk density, Loose bulk density and Flowability of goat and cow milk powders
	[bookmark: _Hlk138778641]Parameters/
Sample
	Bulk density (g/ml)
	Loose bulk density (g/ml)
	Hausner ratio
	Carr’s index (%)

	GMP1
	0.39±0.07a
	0.28±0.02a
	1.45±0.03b
	31.05±1.39b

	GMP2
	0.39±0.06a
	0.28±0.02a
	1.46±0.03b
	31.43±1.20b

	COM
	0.49±0.01b
	0.44±0.06b
	1.05±0.01a
	4.64±0.96a

	SEm
	0.03
	0.02
	0.01
	0.60

	CD
	0.08
	0.06
	0.04
	1.85

	CV%
	14.33
	12.34
	1.94
	5.99


*a-c: values with different letters between a row are significantly different at 5 % (i.e., P<0.05).
3.3 Water activity (aw) of goat and cow milk powders
The average water activity was observed 0.26 in GMP1, 0.23 in GMP2 and 0.18 in COM. The water activity varied from 0.21 to 0.32 in GMP1 from 0.22 to 0.24 in GMP2 samples. The water activity found from 0.17 to 0.21 in COM. The water activity of cow milk powder was found lowest compared to goat milk powder. The variation in the water activity between goat and cow milk powders might be due to heat treatment during processing and technology used by different manufacturers. The water activity of goat milk and cow milk powder is affected by relative humidity and temperature during storage, the interaction of milk components, hot air temperature, design of drying chamber, storage conditions, contact time of hot air with the milk particles and packaging material etc (Zainil et al., 2019; Verruck et al., 2019). The water activity of 0.12 to 0.14 (Fonseca et al., 2011), 0.16 to 0.23 (Reddy, 2013), 0.251 to 0.268 (Davis et al., 2017) and 0.2 to 0.32 (Nascimento et al., 2019) were observed in goat milk powder by various workers. Sulieman et al. (2014) observed the water activity of spray dried cow milk powder from 0.229 to 0.255. Pugliese et al. (2017) reported 0.249 to 0.329 in whole milk powder. 
3.4 Insolubility index of goat and cow milk powders
The average value of the insolubility index in samples GMP1, GMP2 and COM varied from 0.11 to 0.68 ml. Cow milk powder showed significantly (P<0.05) highest insolubility index compared to goat milk powders. The insolubility index of GMP1 varied from 0.00 to 0.20 ml whereas 0.35 to 0.50 ml in GMP2. The insolubility index of COM varied from 0.30 to 1.00 ml. The insolubility index of milk powder is affected by the heat stability of raw milk, pre-treatment, environmental factors, denaturation of protein, hot air temperature, design of drying chamber, storage conditions, etc (Le et al., 2011; Zainil et al., 2019). According to some authors, the degree of insolubility is directly related to the fact that protein was carried into the fat layer and fat into the sediment layer in quantities. According to Straatsma et al. (1999) stated that the particle temperature is the major factor to influence insolubility index when their moisture content is between 10 and 30 per cent during spray drying and increase in the air temperature and the particle diameter responsible for the increase in insolubility index. Ta-ye et al. (2012) reported an insolubility index of less than 1 ml. Sulieman et al. (2014) studied spray-dried camel’s milk and cow’s milk powder and reported an insolubility index from 0.5 to 0.8 in cow milk powder. Pugliese et al. (2017) worked on physical characterization of whole dried milk powders and reported in insolubility index of 0.1 to 0.8 ml for whole milk powder. Chudy et al. (2015) reported insolubility index of 0.1 ml for cow milk powder. In our present study the insolubility index of milk powder varied from 0.11 to 0.68 ml which is between the reported values.
3.5 Surface free fat of goat and cow milk powders
[bookmark: _Hlk136793163]Surface free fat of cow milk powder was observed non-significant (P>0.05) with GMP2.  GMP1 was found significantly (P<0.05) lower than the GMP2 as well as COM. The range of surface free fat in GMP1 was 17.21 to 18.88 % and in GMP2 28.76 to 30.21 %. The surface free fat of COM ranged between 28.38 and 32.10 %. The variation observed in powder samples might be due to differences in particle size of each sample, an initial fat content of powders and the processing operations such as spray drying conditions. The surface free fat of COM was found 30.26 per cent. Surface free fat of goat and cow milk powders is influenced by particle size of the powder, hot air temperature, design of drying chamber, contact time of hot air with the milk particles and storage conditions, etc (Kim et al., 2005). According to the Fournaise et al. (2020) lipid content at the surface of powders made from aerated feed concentrates would be smaller than that of powders made from unaerated feed concentrates, as if lipids were encapsulated. Vignolles et al. (2010) and Li et al. (2013) were reported that the surface free fat value of commercial milk powder from 0.21 to 1.67 g/100 g. Ta-ye et al. (2012) was found surface free fat between 6.60 to 8.53 per cent. Fournaise et al. (2020) reported the surface fat 55 per cent on milk powder with 13.8 % fat content.
3.6 Occluded air of goat and cow milk powders
The cow milk powder was observed significantly (P<0.05) higher in occluded air content than goat milk powders. The occluded air content in COM varied from 42.65 to 45.89 ml/100 g with an average value of 44.14 ml/ 100 g of powder. Occluded air content observed in GMP1 was from 11.73 to 15.02 ml/100 g and in GMP2 from 16.34 to 21.57 ml/ 100 g with an average value of 13.47 ml/100 g and 18.96 ml/100 g of powder respectively. The particle size as well as particle size distribution, whey protein composition, concentration of milk before drying, aeration during spray drying and different types of rotating wheels of atomizer might be the reason of variations in occluded air content. The amount of occluded air in the powder is influenced by the degree of whey protein denaturation (Gosta, 2015). The occluded air in milk powder was reported between 10 and 30 ml per 100 g of powder by Gosta (2015). Deshwal et al. (2009) reported occluded air in camel whole milk powder 94.75 ml/100 g powder. 
Table 5.	 Water activity, Insolubility index, Surface free fat, Occluded air content of goat and cow milk powder
	[bookmark: _Hlk138778658]Parameters/
Sample
	Water activity
	Insolubility index (ml)
	Surface free fat (%)
	Occluded air content (ml)

	GMP1
	0.26±0.06b
	0.11±0.07a
	18.25±0.56a
	13.47±1.06a

	GMP2
	0.23±0.01ab
	0.40±0.05b
	29.60±0.55b
	18.96±1.91b

	COM
	0.18±0.01a
	0.68±0.28c
	30.26±1.41b
	44.14±1.31c

	SEm
	0.02
	0.08
	0.47
	0.73

	CD
	0.05
	0.26
	1.44
	2.26

	CV%
	16.62
	47.44
	4.00
	6.44


*a-c: values with different letters between a row are significantly different at 5 % (i.e., P<0.05).
3.7 Wettability of goat and cow milk powders
The wettability of all the powder samples was observed for more than 30 min. The higher surface free fat in all the powder and fine particle size of goat milk powders might be the reason of this poor wettability. The wettability of milk powder is affected by the amount of free fat content, particle size, agglomeration etc (Reddy et al., 2014). Fonseca et al. (2011) reported the wettability of 6 min of whole goat milk powder. They also concluded the addition of lecithin decreased the wetting time of powdered milk. Reddy (2013) studied spray dried Osmanabadi goat milk powder and reported the wettability from 8 to 10 min. Fournaise et al. (2020) reported the wettability of more than 90 min for whole spray dried milk and concluded it as a poor wettable powder.  
4. Conclusion
Thus, from the study of goat as well as cow milk powder it was found that goat milk powder has brighter in colour whereas cow milk powder has more yellowish. The surface free fat and insolubility index in cow milk powder was also found higher than goat milk powder. The flowability of cow milk powder has also excellent compared goat milk powder. Physical properties of milk powders have significant impact on products formulation. The physical properties of milk powder influenced by the various technological parameters used during production. Hence it is important to analyse the physical properties for various use and marketing.
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