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1.1 Background 

CHAPTER I 

INTRODUCTION 

Food powders are widely used materials and are amongst the most difficult 

materials to characterize. Because of the complexity of the powders and the 

increased production by the industries, there is a need for information about their 

processing and handling characteristics. Moreover, food powders can be classified 

into different categories according to their handling properties where the properties 

of food powders are a function of physical and chemical properties of the material, 

as well as size and surface characteristics of the individual particles. Apart from that, 

powders are the least predictable of all materials in relation to the flowability 

of powder because of the large number of factors that can change their flow 

behaviors (Fitzpatrick, 2004; Iqbal & Fitzpatrick, 2006; Saifullah, Yusof, Chin, & 

Aziz, 2016). 

Powder flow is defined as the relative movement of the bulk of particles 

among neighboring particles or along the container wall surface (Peleg, 1977). If a 

material has to be stored, removed from storage or transferred to some other places, 

no serious difficulties will be met if the material is a fluid. However, when the 

1 

@
 C

OPYRIG
HT U

PM

 
UPM 



material is a particulate solid, especially if it is made up of very small particles, 

cohesiveness, friction, and interlocking between particles are factors that could 

complicate the handling of these solids thus can lead to flow problems. Food 

powder compressibility is also useful in order to evaluate the extent of the 

intentional or unintentional compression that a powder suffers during transportation 

or production. The practical objective of powder flowability investigations is to 

provide both qualitative and quantitative knowledge of powder behavior, which can 

be used in equipment design and in equipment performance prediction (Sutton, 

1976). 

Besides, caking and cohesion, whereby free-flowing particles aggregates to 

form lumps, of food powders is a common problem which can contribute to reduced 

product quality and shortened shelf life since it is related to particle size, 

cohesiveness and moisture content of the food powder itself. It can occur during 

processing, handling or storage and could, therefore, be a problem both in the 

production lines and for the consumers. According to Larsson (2016), employees 

working in the spice factory describe difficulties when handling caked raw 

materials and additional process steps, in which the powder is de-lumped, is often 

needed before the raw material can be added into the silos or hoppers, thereby 

resulting in high cost of production as more energy was needed. In other words, the 

smaller the particle size, the higher the degree of contact area, the more compact the 

particles are and the stronger the intermolecular forces resulting to poor flowability 

(Landillon, Cassan, Morel and Cuq, 2008). Therefore, powder flow knowledge can 

help us to design the optimum industrial equipment for quality requirements. 
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CHAPTER2 

LITERATURE REVIEW 

In this chapter, the established experimental flow characterization methods on 

powders as well as the existing literature on research into powder compressibility, 

powder flowability, physical and flow characteristics of powders, and evaluations 

on hopper design using shear cell techniques are reviewed. 

2.1 Spices 

Spices were among the most valuable items of trade in ancient and medieval 

times. Since a spice mainly comes from a seed, fruit, root, bark, or other plant 

substance, spices are present in almost every food preparations, processed and 

cooked food, including ready-to-eat products where they are often used by the 

consumers to provide aroma, color, flavor, taste, or texture to food without further 

processing (Pilizota, 2014). Some examples of spices are chili, turmeric, coriander, 

star anise, cloves, fennel, cumin, ginger, and black pepper. In general, spices have a 

more pungent flavor than herbs. It is possible for one plant to provide an herb and a 

spice. For example, for the plant Coriandrum sativum, the leaves are used as the 

herb cilantro while the seed is used as the spice coriander. According to Collin 
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3.2.3 Tapped Density, Pt

The powder sample was weighed approximately 2 g and inserted into the 

sample chamber of 25 .4 mm in diameter, then attached to the Envelop and Tap 

Density Analyzer equipment (Micromeritics GeoPyc 1360, USA) as shown in 

Appendix A (Figure A.2). The parameters set for tapped density were 3 cycles as 

the number of consolidations per analysis, and 51 N as the consolidation force to be 

applied according to the size of the sample chamber, before pressing the Run Key. 

Then, during the test, the sample chamber was rotated and agitated while the 

specified force was applied to the sample. The GeoPyc averaged the measurements 

from each consolidation and automatically calculated volume and density, and 

reported the results in cm3 and g/cm3
. Therefore, the average tapped density was 

obtained directly from the equipment for each spice. 

3.2.4 True Density, Ps

True density is a measurement of weight per unit volume of material 

excluding voids and inherent in the material tested. The powder sample was 

inserted into the medium size chamber (3 .5 cm3) gas pycnometer and the weight 

was recorded. The true density was obtained by using the Gas Pycnometer 

equipment (AccuPyc II 340; Pycnometer Micromeritics, USA) as shown in 

Appendix A (Figure A.3). 

3.2.5 Hausner Ratio 

The bulk and tapped density obtained previously were used to calculate the 

value of Hausner Ratio using the equation below (Hausner, 1967) in order to 

determine the cohesiveness, compressibility, and flowability of the powders. 
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volume as well as the lower the Hausner ratio and Carr Index values. In other words, 

these values will lead to difficult flow of the powder where flowability is directly 

related to cohesiveness, in which the flowability of powder will increase when the. 

cohesiveness decrease (Teunou et al., 1999). But since turmeric powder has low fat 

content, therefore the flowability of turmeric powder was better than chili powder. 

Therefore, the compressibility is used to evaluate and predict the behavior of 

powder materials whether they are free-flowing or cohesive. This evaluation is done 

by the measurement of bulk property that determines the volume change of a 

conditioned powder when it is slowly compressed into a tablet form (Jan et al., 

2018). Besides, previous research done by Yusof et al (2009) has stated that the 

main characteristics to be investigated by uniaxial die compaction are presented in 

the form of applied pressure-volume relationship. 
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Figure 4.1 Applied pressure-volume relationship of powders 
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Figure 4.7 Detennination of critical stress (acnt) of coriander powder 

As stated by Mohd Salleh et al (2014), more difficult-flowing powders 

would require a greater opening diameter of the design hopper, while powders with 

easier flow properties require a smaller opening diameter. This has been proven by 

the smallest minimum outlet diameter obtained from turmeric powder where it has 

better flow properties when referring to the flow function in Figure 4.6. However, 

chili powder which was the difficult-flowing powder has the second smallest of 

minimum outlet diameter since the critical stress and bulk density from the shear 

cell test was higher than turmeric powder. As for coriander and cumin, even though 

both flow function line for these powders were kind of similar, cumin powder has 

smaller minimum outlet diameter compared to coriander powder because the bulk 

density and critical stress of both powders are vice versa to each other, thus 

resulting in difference minimum outlet diameter as obtained in Table 4.2. 
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