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Abstract 

The effect of spray drier functional parameters (inlet air temperature namely, 190, 

220 and 250C and atomization speeds, namely, 18000, 22000 and 26000 rpm on the 

physical, chemical properties of some milk-juice blends (milk-banana, milk-strawberry 

and milk-pear) and whole milk only (control) were investigated. Structural properties 

were also studied using scan electron microscopy (SEM).  The most important results 

showed that the bulk density of the powder decreased with increasing both drying 

temperature and atomization speed, it ranged from 0.378-0.400 g/cm3 for the milk-juice 

mixtures, while it was from 0.298-0.314 g/cm3 for the whole milk powder. Viscosity 

values ranged from 2.3-2.88 CP for the milk-juice mixtures, while it ranged from 1.65-

1.72 CP for the whole milk only. 

 Regarding to the chemical properties of the dried milk-juice mixtures and whole 

milk only, it was found that the moisture content ranged from 2.00-3.80 and 1.8-2.57% 

for the mixtures and whole milk, respectively.  Protein of the mixture powder ranged 

from 11.65-21.98 and 27.2-27.9% for the mixtures and whole milk, respectively.  Fat 

percentage ranged from 15.19-21.70 and 28.50-29.75% for the mixtures and whole milk, 

respectively.  Concerning the ash content, it was found to be a range from 4.00-7.30 and 

5.65-6.16% for the mixtures and whole milk, respectively.  Mixture carbohydrate ranged 

from 55.17-64.14 and 33.8-35.63% for the mixtures and whole milk, respectively.  

Acidity of the mixtures was higher than that of the whole milk, where it was from 0.110-

0.175 and 0.08-0.09% for the mixtures and whole milk, respectively.  Scanning Electron 

microscopy (SEM) of the produced powders showed the correlation between atomization 

speed and the particle size, where, it increased with decreasing the atomization speed. 

Particle size ranged from 1-60 micron for all the studied treatments depending on 

atomization speeds variations.  

Keywords: spray drier – milk- juice blends- temperature – atomization – powder. 
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Introduction 

The objective of spray drying is to remove moisture from a liquid product to form a powder of 

solid material.  The purposes of drying are to remove moisture, reduce cost of transportation, improve 

the storage and provide a product which can be utilized for many food manufacture operations.  

Because of spray driers consider to be the most important methods in drying of liquids they are widely 

used in the chemical, pharmaceutical and dairy industries.  The system incorporating various 

components of equipment, is complicated, even though the principle of operation is simple. 

Spray drying operation includes: moving, cleaning, and heating the air, atomizing the liquid, 

mixing the liquid with the hot air, separating the solid material from the air, cooling, pulverizing and 

sizing the product.  However, sticking of the dried and semi-dried material to the surface of the drier is 

a problem if the heat source fails and the product continues to enter the drier (Hall and Hedrick, 

1971). The purpose of atomization is to obtain many small particles with a large surface area, 

preferably uniform in size, generally ranging from 50-150 microns in diameter.  The type and 

efficiency of atomization affects the desired design (size, air temperature, exposure time, evaporation 

rate and efficiency), it is also, affects the product properties such as air content, bulk density, particle 

size, reconstitute ability (Hanrahan and Konston, 1965). 

Blends with different levels of mango juice and buttermilk were spray dried 

viz., 5:95, 10:90, 15:85 and 20:80 at feed temperature of 40-55 °C and compressed air 

pressure of 68-170 kPa. It was observed that the various processing parameters such 

as outlet air temperature, total solids and blend proportions had a profound effect on 

the characteristics of the resultant powder. The viscosity of blends increased with an 

increase in the mango juice proportion in the blend. High acid content of the blends 

had no negative effect on thermal stability of the blends before and after spray drying. 

This is probably due to the fact that a relatively low feed temperature (45°C) was used 

and the exposure of the blends to high temperatures was only momentary during 

drying process. It was found that increments in the inclusion of mango solids had a 

positive effect on the resultant yield of powder. An increase in solid content of the 

blends up to 35% resulted in a steep increase in yield, which was adjudged as the 

optimal total solids for drying. Further increase in total solids of the blends resulted in 

reduced yields. The outlet air temperatures of the spray drier were optimized at a 

range of 85-90 °C for all the blends. Sensory evaluation studies by an in-house panel 

affirmed that the blend with 20:80 ratio of mango juice: buttermilk, respectively, 

possessed the desired sensory characteristics (Rao and Kumer, 2005). 

Type of atomization (centrifugal wheel and spray nozzle) and processing 

temperatures two different sets of inlet and exit temperatures) of spray drying were 

investigated for their influence on the physical properties and oxidative stability of 

encapsulated orange oil in a modified starch matrix. The former determined particle 

size and surface oil, whereas the latter affected on the density (both absolute and bulk) 

and moisture content. Total oil retention did not depend on their parameters. 

Processing temperatures had an effect on shelf life as they influenced parameters that 
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determine oxygen porosity of the matrix (Hayashi and Takeda, 1976 and Finney et 

al., 2002). 

Interest has developed recently in using radiant heating to heat the air and the 

product by placing gas or electric infrared heating units opposite, but facing the 

atomization units. As a high temperature as is consistent with obtaining a desirable 

product is used.   

Due to the lack of knowledge about the optimum conditions of spray drying 

operation, many defects were observed in resultant powder such as tallow flavor, 

rancidity, fishiness, stale flavors, less solubility and lumpiness…etc.  In addition to 

spray drier problems such as product stickiness and nozzle clogging. To decrease 

these defects, the main aim of this work was to optimize the functional parameters by 

studying the effect of atomization speed and drying temperature as the most important 

factors affecting the physical, chemical and structural properties of the resultant 

powder. 

Experimental procedures 

Raw materials: 

1- Cow’s milk was obtained from local farms and contains 11% total solids. 

2- Banana and pear juices were brought from the HH Company, Malta. 

3- Strawberry juice made by the El-Behera Lanchor company, UAE. 

 The chemical compositions of these materials are listed in the Table (1) 

Table (1) Some chemical compositions of juices used in the study after screening. 

juices 

Carbohydrates Fat Protein Ash C vitamin 

g/100g mg/100g 

Banana 16.40 0.00 0.30 - 13.00 

Strawberry 13.30 >0.01 0.10 3.60 3.00 

Pear 15.00 0.15 0.25 - 12.40 

Spray drier: 

A laboratory spray drier size 1 as shown in Fig 1 (Anhydro A/S, Ostmarken 8, DK-

2860 Soborg, Copenhagen, Denmark) was used in this study and has the 

specifications as shown in Table (2). 
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Figure 1 : Photograph of Anhydro laboratory spray drier used in the 

experiment. 

Table (2) The laboratory spray drier specifications: 

No. Parameters Specifications 

1 Max. Inlet /outlet temperatures 300/90 
o
C 

2 Max. atomizer speed 50000 rpm 

3 Installed motor power 0.74 kW 

4 Max. air heater power 9 kW 

5 Max. air consumption 120 l/min 

6 Max. air pressure 4 kg/cm
2
 

7 Drying chamber diameter 1.0 m 

8 Drier dimensions:  

 - height 2.6 m 

- wide 1.2 m 

- length 1.3 m 

9 Net weight 250 kg 

10 Packed volume approx. 6 m
3
 

11 Gross weight 500 kg 
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Sample preparation: 

Milk was screened and heated up to 70
o
C for 15 min and then mixed with the 

juices at a rate of 1 : 2 (milk: juice). The blends were homogenized and screened 

again using cheese cloth and then total solids concentrations were measured using the 

refractometer (Model ATAGO N1, Brix 0~32%, Japan) before drying. 

Drying operation: 

The dryer must be cleaned and locked. Turning on the drier to reach the 

desired drying temperatures (190, 220 and 250
o
C) and setting up the atomization 

speeds (18000, 22000, and 26000 rpm), then filling the feeding cup with distilled 

water and evaporating at first.  After evaporating the water, blends are to be fed to the 

drier with monitoring the outlet temperature, which, should not exceed 85°C , in the 

case of increasing the outlet temperature, feeding rate should be controlled to decrease 

the outlet temperature to the desired degree.  By the end of drying process, the drier is 

left for a few minutes to cool down, opened, and powder is collected. Time of drying 

and the resultant powder weight was recorded.  The drier will be cleaned again for 

next operation.  All trails were carried out in three replicates. 

Measurements: 

Solubility, wetting time and bulk density were determined according to Hall 

and Hedrick, 1971.  Viscosity was determined using Rotovisco RV12-Haake 

viscometer. 

 Microstructure properties were examined by the Scanning Electron 

Microscopy (SEM, model LEO 1430 VP, beam current, 100µA, EHT,10kV, Mag., 

700 times, spot size 304) according to the methods of Reynolds, 1963. 

Moisture content was determined using a Sartorius Moisture Analyzer model 

MA45, Germany.  Fat, acidity, ash and protein contents were determined according to 

the methods of AOAC, 1990.    

 

Results and discussions 

Physical properties: 

The most important physical properties of the produced powders include: bulk density, 

wetability, solubility and viscosity.   

 

Bulk Density:          

Table (3) shows the effect of atomization speed (18000, 22000, and 26000 rpm) and 

temperature (190, 220 and 250
o
C) of spray drying on the bulk density of some milk-juice blends and 
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the whole milk (control).  It could be seen that the powder bulk density decreased slightly with 

increasing both atomization speed and drying temperature for all blends under study.  The bulk density 

decreased from 0.400-0.378, 0.392-0.376, and 0.400-0.389 g/cm
3
 for the milk-banana, milk-strawberry, 

milk-pear blends, respectively, when the atomization speed increased from 18000-26000 rpm and 

drying temperature increased from 190 - 250
o
C.  However, the bulk density of dried whole milk ranged 

from 0.298 - 0.314 g/cm
3
 under the same operation conditions.  The results indicate that the bulk 

density values of the blends were higher than that of the whole milk, this may be due to the blends 

contain more total solids compared to the whole milk only, as Deis (1997) mentioned that bulk density 

increases by increasing the total solid content. Decreasing the bulk density with increasing the 

atomization speed and drying temperature may be attributed to the higher atomization speed and the 

higher air volume inside the powder to the total solids. Drying temperature has a slight effect on the 

bulk density of the powder and the outlet temperature has no direct effect on the bulk density. Also, the 

size and shape of particles has a great effect on the powder bulk density (Hall and Hedrick, 1971). 

Multiple regression analysis was carried out to obtain a relationship between drying 

temperature (T 
o
C), atomization speed (AS, rpm) and powder bulk density (PBD, kg/m

3
) of the blends.  

The following form was the best fit for the data: 

 

PBD = 0.47 - 0.0003 (T) – 0.6 X 10
-6

 (AS)   (milk-banana blends)  R
2
 =0.93   

PBD = 0.44 - 0.0002 (T) – 0.5 X 10
-6

 (AS)   (milk-strawberry blends) R
2
=0.94  

PBD = 0.43 - 0.0001 (T) – 0.5 X 10
-6

 (AS)   (milk-pear blends)  R
2
=0.97 

 PBD = 0.36 - 0.0002 (T) – 0.5 X 10
-6

 (AS)   (whole milk)   R
2
=0.94 

  

 

Table (3) effect of atomization speed and temperature of spray drying on the bulk density of 

some dried milk-juice blends 

250 220 190 Temperature (
o
C) 

Treatments Bulk density of powder (g/cm3) 

0.380 0.388 0.400 18000 

A
to

m
iz

a
ti

o
n

 s
p

ee
d

 (
rp

m
) 

Milk- Banana  0.378 0.383 0.398 22000 

0.378 0.381 0.394 26000 

0.381 0.387 0.392 18000 

Milk -Strawberry  0.380 0.385 0.390 22000 

0.376 0.385 0.386 26000 

0.392 0.396 0.400 18000 

Milk -Pear  0.391 0.393 0.398 22000 

0.389 0.391 0.395 26000 

0.304 0.312 0.314 18000 

Whole milk 0.302 0.309 0.313 22000 

0.298 0.307 0.312 26000 

Wettability:          

 

Table (4) shows the effect of atomization speed (18000, 22000, and 26000 rpm) and temperature (190, 

220 and 250oC) of spray drying on the wetting time of the powder of some milk-juice blends and the 



 7 

whole milk only, where, this time decreased from 16.43-15.30, 14.26-12.54, 12.99-12.90 and 18.02-

15.49 min for the  milk-banana, milk-strawberry, milk-pear blends and the dried whole milk, 

respectively, when the atomization speed increased from 18000 to 26000 rpm and drying temperature 

increased from 190-250oC. The results indicate that the wetting time of milk-juice blends were lower 

than that of the whole milk only, this due to higher fat content in the milk, which inhibits the wetting 

process which in turn increasing the wetting time, on the other hand the presence of sugars in the 

blends enhances the wetting process which decreases the wetting time (Coulter et al., 1951). 

According to Hall and Hedrick (1971), the addition of up to 25% sugars to the liquid milk before 

drying or by dry blending the sugars into the granulated form improves the wetting and dispersion of 

the powders. Deis, 1997, reported that the presence of fat particles forms what so called "fish eye), 

where, the wet fine particles clogged around a dry particle forming a crust that resist any further 

wetting, which increases the wetting time.  

Multiple regression analysis was carried out to obtain a relationship between drying 

temperature (T, 
o
C), atomization speed (AS, rpm) and wetting time (WT, min) of the blends.  The 

following form was the best fit for the data: 

(milk-banana blends)  R2 =0.76  WT = 15.54 - 0.0158 (T) – 0.18 X 10-4 (AS)  

(milk-strawberry blends) R2 =0.82  WT = 19.48 - 0.016 (T) – 0.00011 (AS)  

(milk-pear blends)  R2 =0.79  WT = 13.19 - 0.0006 (T) – 0.56 X 10-5 (AS)  

(whole milk)        R2 =0.90  WT = 24.91 - 0.021 (T) – 0.00016 (AS)   

 

Table (4) Effect of atomization speed and temperature of spray drying on the wetting time of 

some dried milk-juice blends and whole milk (control) 

250 220 190 Temperature Treatments 

 Wetting time (min)  

15.37 15.38 16.43 18000 

A
to

m
iz

a
ti

o
n

 s
p

ee
d

 (
rp

m
) 

Milk- Banana  15.34 15.35 16.30 22000 

15.30 15.32 16.13 26000 

13.95 14.00 14.26 18000 

Milk -Strawberry  12.63 13.30 13.97 22000 

12.54 13.24 13.78 26000 

12.72 12.94 12.99 18000 

Milk -Pear  12.91 12.91 12.94 22000 

12.90 12.90 12.91 26000 

16.45 17.00 18.02 18000 

Whole milk 16.30 16.49 17.57 22000 

15.49 15.54 16.50 26000 

 

Solubility index: 

Table (5) shows the effect of atomization speed (18000, 22000, and 26000 rpm) and temperature (190, 

220 and 250
o
C) of spray drying on the solubility of the powder of some milk-juice blends and the 

whole milk only, where, the sedimentation level was taken as indicator for the powder solubility where, 

highest level of sedimentation (1.2 ml) was recorded for banana-milk blends at automation speed  

22000 rpm with 190 and 220
o
C drying temperatures, while the lowest level of sedimentation (0.8 ml) 
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was obtained at 18000 rpm atomization speed at 190, 220 and 250
o
C.  For the strawberry-milk blends, 

it ranged from 0.2-0.4 ml depending on the different atomization speeds and drying temperatures.  The 

sedimentation of the pear-milk blends ranged from 0.8-1.4 ml which was higher than both banana and 

strawberry-milk blends.  Regarding the solubility of dried whole milk only was much lower than all 

blends under study, where, the reading was under the device sensitivity (less 0.1 ml) under the 

functional properties of atomization speeds and drying temperatures. At 190°C, the banana-milk 

blends recorded 1.20 ml for solubility index at 22000 rpm, while the pear-milk blends recorded 1.40 ml 

at the 18000 rpm. At 220°C drying temperature, the banana and pear-milk blends recorded 1.2 and 1.4 

ml at the 22000 rpm.  At 250°C, also, banana and pear-milk blends recorded 1.1 and 1.4 ml at 18000 

and 22000 rpm, respectively. The solubility index of strawberry-milk blends and whole milk (control) 

were in agreement with the results obtained by Nelson and Trout (1965). 

 

 

Table (5) Effect of atomization speed and temperature of spray drying on the solubility index 

of some dried milk-juice blends 

250 220 190 Temperature 

Treatments Solubility index (ml)  

0.80 1.00 0.80 18000 

A
to

m
iz

a
ti

o
n

 s
p

ee
d

 (
rp

m
) 

Milk- Banana  1.10 1.20 1.20 22000 

1.10 0.86 1.00 26000 

0.20 0.40 0.20 18000 

Milk -Strawberry  0.20 0.40 0.40 22000 

0.30 0.40 0.20 26000 

1.40 1.00 1.40 18000 

Milk -Pear  1.00 1.40 0.8 22000 

0.8 0.8 0.8 26000 

Less than 0.1 ml 

18000 

Whole milk 22000 

26000 

 

Viscosity 

The effect of atomization speed (18000, 22000, and 26000 rpm) and temperature (190, 220 

and 250
o
C) of spray drying on the viscosity of the powder of some milk-juice blends beside the whole 

milk (control) is shown in Table (6).  It can be seen that the viscosity values decreased slightly with 

increasing both atomization speed and drying temperature for all the treatments under study.  The 

banana-milk blends had the highest viscosity value (2.88 cpoise) when drying temperature was 190
o
C 

and the atomization speed 18000 rpm, while, the lowest value (2.44 cpoise) was by the strawberry and 

pear-milk blends at the highest treatments of atomization speed (26000 rpm) with drying temperature 

(250
o
C).  The viscosity values of the whole milk only ranged from 1.65-1.72 cpoise with different 

atomization speeds and drying temperatures, which is considered relatively lower than those obtained 

by the juice-milk blend, this attributed to the higher total solids content of the juice-milk blends which 

was the main factor affecting the powder viscosity (Hall and Hedrick, 1971).  
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Table (6) Effect of atomization speed and temperature of spray drying on the viscosity of some 

dried milk-juice blends 

250 220 190 Temperature 

Treatments Viscosity (cpoise)  

2.57 2.75 2.88 18000 

A
to

m
iz

a
ti

o
n

 s
p

ee
d

 (
rp

m
) 

Milk- Banana  2.44 2.69 2.69 22000 

2.44 2.57 2.69 26000 

2.34 2.48 2.50 18000 

Milk -Strawberry  2.31 2.35 2.38 22000 

2.30 2.32 2.33 26000 

2.70 2.80 2.83 18000 

Milk -Pear  2.65 2.67 2.77 22000 

2.56 2.60 2.63 26000 

1.66 1.70 1.72 18000 

Whole milk 1.65 1.68 1.68 22000 

1.65 1.65 1.68 26000 

 

 

Also, Roa and Gupta (2002) reported that the viscosity increased by adding the citric acid to the 

blends.  Also, this may be due to the citric acid content in the juice whereas, strawberry contains 0.95-

1.18%, pear has 0.34%, of citric acid and banana contain 3:1 citric acid : maleic acid (Sadler, 1994).   

The viscosity and acidity of blends increased with an increase in the orange juice 

proportion in the blend. High acid content of the blends had no negative effect on 

thermal stability of the blends before and after spray drying, due to the low feed 

temperature (45°C) used in this study.  It was found that increments in the inclusion 

of orange solids had a negative effect on the resultant yield of powder. An increase in 

solid content of the blends up to 30% resulted in a steep increase in yield, which was 

adjudged as the optimal total solids for drying. Further increase in total solids of the 

blends resulted in reduced yields. The outlet air temperatures of the spray drier were 

optimized at a range of 80-85°C for all the blends. Sensory evaluation studies 

affirmed that the blend with 15:85 ratio of orange juice: skimmed milk, respectively, 

possessed the desired sensory characteristics. 

Multiple regression analysis was carried out to obtain a relationship between drying 

temperature (T, °C), atomization speed (AS, rpm) and the powder viscosity (PV, cPoise) of the 

blends.  The following form was the best fit for the data: 

PV = 4.08 - 0.0045 (T) – 0.0002 (AS) (milk-banana blends)  R
2
 =0.93  

 PV = 3.64 - 0.0027 (T) – 0.0003 (AS) (milk-strawberry blends) R
2
 =0.93  

 PV = 3.58 - 0.0018 (T) – 0.0002 (AS)  (milk-pear blends)  R
2
 =0.93 

 PV = 1.91 - 0.0007 (T) – 0.00004 (AS) (whole milk)   R
2
 =0.93  

 

Chemical composition: 
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Table (7) shows the effect of different atomization speeds (18000, 22000, and 26000 rpm) 

and temperatures (190, 220 and 250°C) of spray drying on the chemical compositions (moisture 

content, protein, fat, ash, carbohydrates and acidity) of the powder of some milk-juice blends and  

whole milk (control).   

  

Moisture content: 

The results reveal that the moisture content of the resultant powder decreases with increasing 

the atomization speed and drying temperature. Moisture content of the dried banana-milk blends 

ranged from 2.10-3.60% where, the minimum value recorded during drying at 250°C and atomization 

speed 26000 rpm, this may be due to the effect of the higher speed of atomization results in a fine 

particles in addition to forcing more air inside the atomized fluid which increases the evaporation rate 

especially with high drying temperature.  The strawberry-milk blends recorded the highest moisture 

content (3.99%) at the lower atomization speed (18000 rpm) and drying temperature (190°C), 

whereas, it recorded the lowest moisture content (2.72%) at the higher atomization speed (26000 rpm) 

and drying temperature (250°C). Moisture content ranged from 2.0-3.80% for the pear-milk blends 

following the same pervious trend.  Regarding the whole milk, moisture content ranged from 1.8-

2.57% depending on the different atomization speeds and drying temperatures, these results agree with 

the Standards of moisture content of the dried whole milk (Egyptian Legal Standards No 154, 1976).  

It can be seen that the moisture content values at the 18000 and 22000 rpm and 190 and 220°C were 

higher than 3% for the all juice-milk blends. Also, strawberry-milk blends recorded the highest 

moisture content values compared to all other blends which is may be due to the nature of strawberry in 

holding the moisture.   

 

Protein 

Cow’s milk protein includes casein, albumin, and globulin, casein represents the biggest part. 

Also, these proteins contain sulpher, hydrogen, oxygen and nitrogen, sometimes phosphor (Abd El-

Twab, 1977). The milk-juice blends contain 2.7-3.0% protein before drying while, the whole milk has 

3.3%. The results in table (8) show that the protein increases after drying because of removing 

the moisture, where, the protein content of the milk only was higher than that of the blends, 

this maybe due to that the milk has higher percentage of protein before drying. There was 

significant effect of the functional parameters of the spray drier (atomization speed and drying 

temperature) on the change of protein after drying. The main factor affecting this component 

was the content of the original materials from that protein.  The protein ranged from 13.9-

20.98, 12.2-17.6, 11.65-17.69, and 27.2-27.9% for the banana-milk, strawberry-milk, pear-

milk blends, and whole milk (control), respectively.   

 

Fat: 

Fat consider to be the most important component of the milk either economically or 

technically, where it affects the dairy products flavors, and most its properties.  The milk-

juice blends contain 2.0-2.5% fat before drying while, the whole milk has 3.86%.  The results 

show that the fat increases after drying where, it ranged from 15.19-18.20, 15.27-21.70, and 

15.68-20.80, for the banana-milk, strawberry-milk, and pear-milk blends, respectively.  It 

ranged from 28.50-29.75%, for the whole milk only.  The increasing percent of the fat content 
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of the whole milk compared to the juice-milk blends before drying was 41.5% while it was 

38.9% after drying.  

 

Ash content: 

The results show that the ash content ranged from 4.0-7.30, 4.27-6.24, and 4.30-5.86%, for the 

banana-milk, strawberry-milk, and pear-milk blends, respectively, while it was from 5.65-6.16% for 

the whole milk only.  There were not any significant differences between the ash values as affected by 

the functional parameters of the spray drier.  It could be seen that the overall average of the ash ranged 

from 5.05-5.38% which was lower than the recommended value (6.0%) for the whole milk as 

mentioned by Arsdel et al., 1973, this may be attributed to losing some of fine particles with the higher 

atomization speeds and drying temperatures. 

 

Carbohydrates (CHO): 

Carbohydrate in a total represents 4.7 – 5% of the whole milk components, most of that is 

lactose. The juice-milk blends have a range of 8.5-8.9% of carbohydrates before drying, while it was 

4.5% in the whole milk used in this study.  After drying, carbohydrate ranged from 56.86-61.21, 57.07-

62.44 and 58.01-64.14%, for the banana-milk, strawberry-milk, and pear-milk blends, respectively, 

while it was from 33.80-36.02% for the whole milk only depending on the atomization speed and 

drying temperature. The recommended carbohydrate percent of the dried whole milk is 40.6% 

according to Litman and Ashworth, 1957.  

 

Acidity: 

Table (7) shows the effect of atomization speed (18000, 22000, and 26000 rpm) and 

temperature (190, 220 and 250°C) of spray drying on the acidity of the powder of some milk-

juice blends and the whole milk (control). The acidity of the juice-milk blends ranged from 

0.12-0.13% before drying. After drying, acidity ranged from 0.135-0.175, 0.135-0.157, 0.10-

0.150%, for the banana-milk, strawberry-milk, and pear-milk blends, respectively, while it 

was from 0.08-0.09% for the whole milk only depending on the atomization speed and drying 

temperature. 

 

Microstructure of the produced powders:  

Fig 2 shows the microstructure of the powder particles size of some milk-juice blends as affected by 

spray drier atomization speed (18000, 22000, and 26000 rpm). The milk-juice blends were milk-

strawberry, milk-banana and milk-pear compared with whole milk (control). The photographs show 

there are two kinds of electron-dense components, First is the background which represents the protein 

which is characterized by small, dark, smooth and dense globules particles, it is also associated with fat 

globules.  Second, is the particles that have uniform shapes and larger size and most of them represent 

the fat globules. It could be seen that the particle size of these decreased with increasing the 

atomization speed with all blends treatments.  For the strawberry-milk powder, the particle size ranged 

from 15-60 and 10-35 µm at 18000 and 22000 rpm atomization speeds, respectively. For the milk-

banana powder, the particle size ranged from 5-50, 3-40 and 1-30 µm at automation speed of 18000, 

22000 and 2600 rpm, respectively, while it was from 8-48, 5-38 and 1-24 µm at the same atomization 

speeds for the milk-pear powder.  For the whole milk, it ranged from 40-50, 10-32 and 5-27 µm at the  
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Fig (2) shows SEM photomicrographs of different spray dried milk juice mixtures {A: 

whole milk (control) , B: milk-banana, C: Milk-pear and D: milk-strawberry}  at 

different atomization speeds (26000, 22000 and 18000 rpm). 
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same atomization speeds.  It also shown that there were many particles that have irregular 

shapes which may be represent the fiber and sugars which existed in the juice content. These irregular 

shaped particles increased with increasing the atomization speed. 

 

Conclusion  
 

A useful knowledge were the results of this work about the effect of the spray drier functional 

parameters such as drying temperature and atomization speed as the most important factors affecting 

the quality and properties of the resultant powder of some milk-juice mixtures with the whole milk as a 

control.  It is concluded that the powder bulk density, wetting time and viscosity decreased slightly 

with increasing both the drying temperature and atomization speed, however, those two parameters had 

no clear effect on the solubility index of the produced powders. The viscosity of the whole milk 

powder was lower than that of the milk-juice mixtures powder which is owed to the different 

compositions of both treatments. Using high rates of drying temperatures and atomization speeds gave 

the optimum moisture content for the dried powder for the whole milk while it was higher than the 

standards for the milk-juice powder at the lower drying temperature and atomization speed. Also, the 

drying temperature and atomization speed treatments had no effect on chemical composition of the 

resultant powder for the mixtures and whole milk.  These variations were due the chemical 

composition. Scanning Electron microscopy (SEM) of the powder  samples showed a correlation 

between atomization speed and the particle size, whereas it increased with decreasing the atomization 

speed.  Particle size depended on variations in atomization speeds.  
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