



Textural Analysis of spray dried kinnow juice powder
Abstract

The experiments to produce kinnow powder from kinnow juice  were carried out at three different blends (35:65,37.5:62.5,40:60) of kinnow juice with malto-dextrin and with (40:10:50) malto-dextrin and sucrose with juice at three feed temperatures such as 230,260,290C and at three inlet air temperatures such as 1430, 146.50and 1500C using spray drying technique. The important parameters evaluated were packed bulk density, particle size and texture (compaction force in gms.). The best results of particle size in microns (14.59-21.77) were found for 35:65 blend. The packed bulk density in gm/ml (0.86-0.96) and texture (compaction force in grams) (5390.40-6450.40) were best for 40:60 blend. For another blend of (40:10:50) malto-dextrin and sucrose with juice  texture (compaction force in gms) ( 6329.90-6688.90) was  maximum.
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1. Introduction 
A vast range of fruits may be produced in India due to its climate (Kumar and Sagar, 2014). India is the world's second-largest fruit grower, producing 93.7 MT from 6.45 Mha. With an estimated yield of 12.053 million tonnes, citrus is grown over 1.037 million hectares in India (NHB, 2016). With a global production of 115.651 million tonnes, including 6.3 million tonnes from India, citrus is one of the most significant subtropical fruits (FAO, 2007). The main citrus fruits cultivated in India are mandarin, sweet oranges, acid lime, and lemon lime. One of the most significant fruit juices is citrus. Customers enjoy this juice because of its taste, nutritional benefits, and affordability. Vitamin C, B1, folic acid, dietary fiber, and other bioactive ingredients including carotenoids and flavonoids can all be found in fresh citrus juices (Nagy et al., 1993; Brown, 2007 and Tripoli et al., 2007).
One of Punjab's and India's main citrus fruit crops is kinnow. Kinnow is a hybrid of "willow leaf" (Citrus deliciosa) and "King" (Citrus nobilis). The high-yielding mandarin hybrid known as kinnow is widely grown in Pakistan and India's Punjab area. Kinnow is grown on 49,356 hectares and produces 11,40,312 metric tons (Anonymous, 2016).  Fresh kinnow juice is only available locally and seasonally. Therefore, it must be processed right away into a suitable form for both preservation and quick reconstitution for consumption in order to maximize its use and increase its availability during the off-season and in other areas (Juyal et al., 2015).

According to Sawhney et al. (2010)  Heat and mass transfer assessments in processing unit operations, product transportation/flow, storage, and reconstitution all require engineering property data on powders. Packaging costs are significantly impacted by the bulk density of powders. For ease of handling, dried milk must have free-flowing qualities that are free of stickiness and caking. Powders are dynamic systems that respond to very small changes in external storage conditions with significantly different behaviors. All dehydrated products absorb moisture at moderate and high water activities, which causes protein insolubility and hastened flavor deterioration.  Particle characteristics including chemical composition, shape, size, porosity, and surface roughness interact to influence a powder's physical characteristics, particularly density, flowability, and reconstituability (Upadhyay, 2000). Particle size and instant characteristics are linked to quality and consumer acceptance, while bulk density, compressibility, and flowability are crucial for product handling, processing, and transportation (Alvarado and Aguilera, 2001).
Researchers have focused on powder compression stress in the field of powder technology (Peleg, 1977). The food, ceramic, metallurgical, pharmaceutical, and civil engineering sectors have all employed compression testing (Alvarado and Aguilera, 2001).The attrition tendency (Bemrose and Bridgwater, 1987), flowability (Peleg, 1977), resistance to tension measurement (Schubert, 1975), and determination of the agglomeration resistance (Adams, Mullier, and Seville, 1994) have all been explained by the study of granulated powder behavior related to compaction.

It is well recognized that one of the most crucial aspects of powders is their particle size. In addition to their distribution, measuring the size of particles or granules is a technique used in industry to describe powders (Meloy and Clark, 1987). These analyses can be connected to the other physical characteristics previously discussed and are helpful in ensuring the final product's quality (Barbosa-canovas, Malvae-Lopez, and Peleg, 1987).

Spray-drying is one method used to create immediate powders or enhance instant properties. According to Lannes and Medeiros (2003) and Hegenbart (1991), spray-dried mixes are generally quicker to dissolve, more homogenous and appealing before reconstitution, and retain greater flowability. According to Masters (1985) Fruit pulp or juice can be spray-dried as pure fruit or with certain additions. Tomatoes, bananas, citrus, apricots, peaches, pumpkin, mango, and boysenberry are among the fruits that have undergone spray drying.

Fruits, vegetables, and milk powders are all produced commercially by spray drying (Kim et al., 2009; Kha et al., 2010). Rapid drying, high throughput, and continuous operation are some of this method's benefits (Duffie and Marshall, 1953). The feed solution is sprayed as droplets in a hot air stream throughout the drying process (Saravacos and Kostaropoulos, 2002). The extremely effective heat and mass transfers cause the liquid droplets to dry in a matter of seconds (Toledo, 2007). The final product may be produced as agglomerates, granules, or powder (Nindo and Tang, 2007). It is possible to regulate spray drying procedures to create uniformly spherical, somewhat free-flowing particles with a specific particle size distribution (Barbosa-Canovas et al., 2005; Duffie and Marshall, 1953). However, several quality and sensory qualities, including vitamin C, b-carotene, tastes, and scent, may be lost as a result of the relatively high temperatures involved in spray-drying techniques (Dziezak, 1988). Additionally, because sugar-rich materials like mangos attach to the dryer's walls, it is challenging to directly spray dry them (Bhandari et al., 1997a,b; Masters, 1985). In order to raise the glass transition temperature of the dried product and so solve the stickiness issue during spray drying, drying aids like maltodextrin are frequently added to the feed.

The objective of the present study was, therefore, to analyse kinnow fruit juice powder samples

for compaction force, bulk density and particle size properties and to test the back extrusion probe as an instrument to analyse compaction force.
2. Materials and Methods
2.1 Materials 

2.1.1. Powders
The powders analyzed were thirty six kinnow powders  produced by spray drying process at three Inlet and Feed Temperatures. The product ingredients were Maltodextrin and kinnow juice blended in three different Propor
tions and another blend was Maltodextrin , sucrose and kinnow juice. 
2.2 Methods

2.2.1  Measurement of texture 

 A texture analyzer –TA-XT2 (Stable Micro Systems) was used with a back extrusion A/BE assembly(cylindrical acrylic cup 60 x75 mm and a 45 mm dia. disk). The test was carried out as below: 
                           Powder preparation and cup drawing 

· Cup filling 

· Powder compaction

The analysis parameters were: 


Speed

: 
2mm/s


Time

: 
5 seconds 


Distance 
: 
10 mm 

(Eduardo and Lannes, 2007)

 The readings were noted as force in (gms.) required to compact the powder
.
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Fig. 1: Texture analyzer –TA-XT2 (Stable Micro Systems)
2.2.2  Bulk density in (gm/ml) 
Estimation of packed bulk density: The tare weight of the 100-ml cylinder was determined. The powders were consolidated by tapping on a rubber mat until the volume was reduced and reasonably constant. The volume of the powder was read in ml and bulk density recorded as gm/ml.
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Fig. 2 : A view of 100 ml cylinder placed on a rubber mat
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                            Fig. 3 : Weighing consolidated powder in 100 ml cylinder

The tare weight of the 100 ml cylinder was determined. The powders were consolidated by tapping on a rubber mat until the volume was reduced and reasonably constant. The volume of the powder was read in ml and bulk density recorded as gm/ml (Rao and Kumar, 2005).
2.2.3. Particle size in microns: The average particle size in (microns) was determined by using a compound microscope with 40 X Eyepiece (Model BX51TF, Olympus Corporation, Japan) . That was connected to a computer having software DP2-BSW with data acquisition and analysis system (Chegini and Ghobadian, 2007). It was available in Veterinary Clinical Services Complex, GADVASU, Ludhiana.
[image: image4.jpg]



Fig. 4 : Compound microscope connected to computer system

2.2.4. Statistical analysis

Analysis of variance, with a one-way anova  was applied to the different sets of compaction force data, packed bulk density and particle size at four blend proportions. ( α = 0.05). The analysis was performed using MS EXCEL-2007. 
3. Results and discussion
3.1 Compaction force of powders 

The ease of flow and the shift in the relative positions of the individual particles that make up the powder bed are the intuitive definitions of powder's fluidity. Physical characteristics like cohesive force and frictional force are closely linked to powder's fluidity. Interparticle forces and packing structure appear to be the primary determinants of powder's dynamic behavior (Yokoyama, 1984). Two forms of deformation can occur when a material is subjected to a force: plastic deformation, which is permanent, and elastic deformation, which recovers when the force is removed. Among other things, the condition of stress in a representative element of material determines its plastic deformation. According to, the three-dimensional state of stress can be divided into two parts: deviatory stress, which is the residual stresses in each direction, and hydrostatic pressure, which is a compressive stress that is equal in all directions. Due to sample heterogeneity and machine sensitivity, a high standard deviation is acceptable for this type of test (Zahlan et al , 2001). Granules with favorable physical characteristics are created by the agglomeration process. Compaction of the agglomerated powders is challenging due to the greater force required to shatter the granules. These samples won't have compaction issues, which will improve their flowability and immediate qualities and increase consumer approval (Eduardo and Lannes, 2007).

3.2. Bulk density

When a powder is compressed, its bulk density might change on a huge scale in a storage vessel or even in a small container. The solids pressure distribution in a container for cohesive powder is also determined under gravity alone, tapping, and aeration in relation to the blockage criterion and a particle discharge rate. Its density can be significantly increased by tapping, a phenomenon that happens during handling and transit, as well as by mechanical compression or static pressure (Alvarado & Aguilera, 2001; Shinohara, 1984). The product's density and volume change will be greater if it is more compact.

3.3. Particle size Analysis 
The results show the variations in the samples' particle size distribution, which can be attributed to the type of chemicals used in the formulation, the characteristics of the particles, and most likely the method of processing. Agglomeration is known to produce granules with a greater diameter. In contrast to samples that contain sweeteners, the equivalent is sucrose grains. Conversely, samples with a higher proportion of tiny particles were more compactable (had a lower compaction force). (Eduardo and Lannes, 2007)

3.4 Effect of blend proportions applied on kinnow juice powder 
The blend proportions to be applied were optimized on basis of best quality of powder produced. The blend proportions were 35:65, 37.5:62.5, 40:60 (maltodextrin: juice) and another blend of 40:10:50 (Maltodextrin: sucrose: juice). These  blend proportions applied had significant effect on Texture (Force in gms) and packed bulk density in (gm/ml) and non significant effect on Particle Size in (Microns).
Table 1:  Effect of blend proportions on analysed Responses 

	Sr. No. 
	Blends (M.D.: juice)
	Texture (Force in gms)
	Packed bulk Density (gm/ml)
	Particle Size in (Microns)

	1.
	35:65
	3144.81
	0.80
	18.09

	2. 
	37.5:62.5
	4585.50
	0.90
	18.18

	3.
	40:60
	5775.64
	0.92
	20.58

	4.
	40:10:50(M.D.: sucrose : juice)
	6528.11
	0.86
	19.02

	
	CD at 5%
	391.57
	0.076
	NS


Values indicated are mean values of 9 replications, n= 4, NS = Not Significant, 

CD = Critical Difference 
3.5 Effect of Inlet air and feed temperature on the packed bulk density, particle size and texture for different blends
3.5.1 Packed bulk density 

As referred to Fig. 5  at 143°C inlet temperature, no clear trend was observed as the value of packed bulk density lies in the range of 0.78-0.96 (gm/ml) for all the three blends of M.D.: juice of 35: 65, 37.5: 62.5 and 40: 60 with mean 0.86 and S.D. .06
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Fig. 5  : Packed bulk density at inlet temperature 143°C

As referred to Fig. 6 at 146.5°C inlet temperature, no clear trend was observed as the value for packed bulk density lies in the range of 0.75-0.96  (gm/ml) for all the three blends of M.D.: juice of 35: 65, 37.5: 62.5 and 40: 60 with mean 0.89 and S.D. .06
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Fig. 6 : Packed bulk density at inlet temperature 146.5°C

As referred to Fig. 7 at 150°C inlet temperature no clear trend was observed as the value for packed bulk density lies in the range of 0.74-0.94  (gm/ml) for all the three blends of M.D.: juice of 35: 65, 37.5: 62.5 and 40: 60 with mean 0.86 and S.D. .06.
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Fig. 7 : Packed bulk density at inlet temperature 150°C

It is clear from Fig. 8  at 23°C feed temperature no clear trend was observed as the value for packed bulk density lies in the range of 0.74 – 0.96 (gm/ml) for all the three blends of M.D.: juice of 35: 65, 37.5: 62.5 and 40: 60.with mean 0.86 and S.D. .08.
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Fig. 8 : Packed bulk density at feed temperature 23°C

As referred to Fig. 9  at 26°C feed temperature no clear trend was observed as the value for packed bulk density lies in the range of 0.80-0.96 (gm/ml) for all the three blends of M.D.: juice of 35: 65, 37.5: 62.5 and 40: 60 with mean 0.88 and S.D..05.
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Fig. 9 : Packed bulk density at feed temperature 26°C

As referred to Fig. 10  at 29°C feed temperature, no clear trend was observed as the value for packed bulk density lies in the range of 0.80-0.95  (gm/ml) for all the three blends of M.D.: juice of 35: 65, 37.5: 62.5 and 40: 60 with mean 0.88 and S.D. .05.
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Fig. 10 : Packed bulk density at feed temperature 29°C

The powder produced at (M.D. : sucrose : juice) blend of (40: 10: 50), recorded the maximum packed bulk density of 0.94 (gm/ml) at 26°C feed temperature and 143°C inlet temperature whereas minimum of 0.79 (gm/ml) at 150°C inlet temperature and 23°C feed temperature.

The values for packed bulk density increase with increase in malto-dextrin concentration due to increase in solids in feed and increase with increasing feed temperature as it contributes to improved atomization by forming spherical droplets instead of thread –like streams due to reduction in feed viscosity. 
3.5.2 Particle size in (microns)
As referred to Fig. 11 at 143°C inlet temperature, no clear trend was observed as the value for particle size lies in the range of 15 – 26 microns for all the three blends of M.D.: juice blend of 35: 65, 37.5: 62.5 and 40: 60 with mean 19.66 and S.D. 2.93.
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Fig. 11 : Particle size at inlet temperature 143°C

As referred to Fig. 12 at 146.5°C inlet temperature, no clear trend was observed as the value for particle size lies in the range of 14 –24 microns for all the three blends of M.D.: juice of 35: 65, 37.5: 62.5 and 40: 60 with mean 19.16 and S.D. 3.1.
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                       Fig. 12  : Particle size at inlet temperature 146.5°C
As referred to Fig. 13 at 150°C inlet temperature, no clear trend was observed as the value for particle size lies in the range of 14 – 21 microns for all the three blends of M.D.: juice of 35: 65, 37.5: 62.5 and 40: 60 with mean 18.04 and S.D. 1.80. 
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Fig. 13  : Particle size at inlet temperature 150°C

It is clear from Fig. 14 at 23°C feed temperature, no clear trend was observed as the value for particle size lies in the range of 14 – 26 microns for all the three blends of M.D.: juice of 35: 65, 37.5: 62.5 and 40: 60 with mean 18.79 and S.D. 3.64.
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Fig. 14 : Particle size at feed temperature 23°C
As referred to Fig. 15 at 26°C feed temperature, no clear trend was observed as the value for particle size lies in the range of 14 – 24 microns for all the three blends of M.D.: juice of 35: 65, 37.5: 62.5 and 40: 60 with mean 19 and S.D. 2.83.
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Fig. 15  : Particle size at feed temperature 26°C

As referred to Fig. 16 at 29°C feed temperature the value for particle size lies in the range of 18 – 21 microns for all the three blends of M.D.: juice of 35: 65, 37.5: 62.5 and 40: 60 with mean 19.1 and S.D. 1.23.
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Fig. 16 : Particle size at feed temperature 29°C

The powder produced at (M.D. : sucrose : juice) (40: 10: 50) blend, recorded the maximum particle size value as 23.80 microns at 23°C feed temperature and 143°C inlet temperature whereas minimum was 15.05 microns at 150°C inlet temperature and 23°C feed temperature.

The values for particle size increase with increase in malto-dextrin concentration due to increase in solids in feed and increase with increasing feed temperature as it contributes to improved atomization by forming spherical droplets instead of thread –like streams due to reduction in feed viscosity. 

3.5.3 Texture (compaction force in gms)

As referred to Fig. 17 at 1430C inlet temperature ,no clear trend was observed as the value for force in grams lies in the range of 3119.85-5478.65 for all the three blends of M.D.:juice of 35:65, 37.5:62.5 and 40:60 with mean 4421.65 and S.D. 983.
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Fig. 17  : Texture (compaction force in grams) at inlet temperature 143°C
As referred to Fig. 18  at 146.50C inlet temperature, no clear trend was observed as the value for force in grams lies in the range of 2934.30-5723.55 for all the three blends of M.D.:juice of 35:65, 37.5:62.5 and 40:60 with mean 4436.87 and S.D. 1061.30.
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Fig. 18 : Texture (compaction force in grams) at inlet temperature 146.5°C

As referred to Fig. 19 at 1500C inlet temperature, no clear trend was observed as the value for force in grams lies in the range of 2906.40-6450.40 for all the three blends of M.D.:juice of 35:65, 37.5:62.5 and 40:60 with mean 4647 and S.D. 1408. 
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Fig. 19 : Texture (compaction force in grams) at inlet temperature 150°C

It is clear from Fig. 20 at 230C feed temperature, no clear trend was observed as the value for force in grams lies in the range of 2981.45-6207.05 for all the three blends of M.D.:juice of 35:65, 37.5:62.5 and 40:60 with mean 4493 and S.D. 1175.
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Fig. 20 : Texture (compaction force in grams) at feed temperature 23°C


As referred to Fig. 21 at 260C feed temperature, no clear trend was observed as the value for force in grams lies in the range of 2906.40-6187.35 for all the three blends of M.D.:juice of 35:65, 37.5:62.5 and 40:60 with mean 4478 and S.D. 1135.
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Fig. 21  : Texture (compaction force in grams) at feed temperature 26°C
As referred to Fig. 22 at 290C feed temperature, no clear trend was observed as the value for force in grams lies in the range of 2934.30- 6450.40 for all the three blends of M.D.:juice of 35:65, 37.5:62.5 and 40:60 with mean 4534 and S.D. 1200.
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Fig. 22 : Texture (compaction force in grams) at feed temperature 29°C

 The powder produced at (M.D. : sucrose : juice) (40:10:50)  blend recorded the maximum value of force in grams as 6688.90 at 230C feed temperature and 146.50C inlet temperature whereas minimum was 6329.90 at 1500C inlet temperature and 230C feed temperature. 


 The samples for 40:60 blends had the larger compaction force and were less compactable because of larger particle size or granules which inhibited an easy compaction as compared for 35:65, 37.5:62.5 which had smaller compaction force and were more compactable due to small particle size and larger contact surface. 

4. Conclusion 

The freshly prepared spray dried kinnow juice powder has packed bulk density in the range of 0.74 to 0.96 gm/ml and texture (force in grams) in the range of 2906.4 to 6450.4 gms, and particle size in the range of 14 to 26 microns. 
36 powders were successfully measured for compaction force using a TA-XT2. 
Although it was possible to distinguish between the 36 powders, there was a considerable degree of variability during the testing of a particular powder.
      With increase in particle size, the packed bulk density increases.
      Because the 40:60 blend of powder has the highest compaction force of the three, it is less

      likely to experience flow issues or changes in volume or density and will be more well-liked

      by consumers.

      Particle size and compaction force were somewhat correlated, with bigger particle sizes
      leading to higher compaction forces. The powder is less compactable and less likely to have   

      volume/density changes, flow issues, instantization issues, and consumer acceptance when  

      a higher compaction force is needed. (Lannes and Eduardo, 2007)
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�The introduction about spay dry is too far, it is better if the introduction is more focused on the important parameters of kinnow juice powder


�Improve writing


�Make it in paragraph form


�It's not important to show, just mention it.


�Same as picture 2


�Same as pictures 2 and 3


�Relate the research results to the Compaction force of powders


�Relate research results to bulk density


�The results of particle size analysis need to be displayed


�The data in figures 8, 9 and 10 are duplicates of the data in figures 5, 6 and 7. One of them is sufficient.


�The data in figures 14, 15 and 16 are duplicates of the data in figures 11, 12 and 13. It is sufficient to present one of them.


�Image data 20, 21 and 22 are duplicates of images 17, 18 and 19. Just one set is enough.


�Conclude from the results and discussion


�References need to be updated
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