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ABSTRACT 

 

 

EFFECT OF MICROFLUIDIZED ONION SKIN ADDITION ON THE 

QUALITY OF EXTRUDATES 

 

 
                                                         Bilgin, Elçin 

  M. S., Department of Food Engineering 

                                Supervisor   : Assoc. Prof. Dr. İlkay Şensoy 

   Co-supervisor  : Prof. Dr. Behiç Mert 

 
 

February 2016, 79 pages 

 

The objective of the study was to investigate the effect of microfluidized onion skin 
addition on the features of expansion characteristics, water absorption index, water 
solubility index, color, texture and sensory of extruded products. In addition, addition 
of microfluidized and non – microfluidized onion skins to extruded products were 
compared. 

Increasing microfluidized onion skin content in the samples caused a reduction in 
sectional expansion index (SEI), volumetric expansion index (VEI) and porosity of 
extruded samples while causing an increase in bulk density of extruded samples. 
Increasing microfluidized onion skin content in the extrudates did not cause any 
significant change in water absorption index (WAI) and water solubility index (WSI) 
values. Addition of microfluidized onion skin to feed decreased lightness while 
increased redness and yellowness of extrudates. Addition of microfludizied onion skin 
increased maximum stress, hardness, and brittleness.  After 2% microfluidized onion 
skin addition, lower scores were observed in sensory data of extrudates.     

SEI, VEI, porosity, bulk density, WAI, WSI, lightness values, maximum stress, 
hardness, fracturability and sensory data of extrudates with, microfluidized and non- 
microfluidized onion skin added samples at 6% indicated no significant difference. 
However, there was significant difference between microfluidized and non-
microfluidized onion skins added samples in redness and yellowness values. 
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The results indicate that microfluidized onion skins at low concentration can be added 
to feed samples to increase the fiber content of the extrudates.  

Keywords: Extrusion, microfluidization, onion skin 
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ÖZ 

 

 

MİKRO AKIŞKANLAŞTIRILMIŞ SOĞAN KABUĞU EKLEMENİN 

EKSTRUDE ÜRÜNLERİN KALİTESİNE ETKİLERİ 

 

 
Bilgin, Elçin                                                                                                                 

Yüksek Lisans, Gıda Mühendisliği Bölümü                                                              

Tez Yöneticisi        : Doç. Dr. İlkay Şensoy                                                                     

Ortak Tez Yöneticisi : Prof. Dr. Behiç Mert 

 
 

Şubat 2016, 79 sayfa 

 
 

 
Bu çalışmanın amacı mikro akışkanlaştırılmış soğan kabuğu eklemenin ekstrüde 
ürünlerin genleşme karakterleri, su emme indeksi, suda çözünülebilirlik indeksi, renk, 
tekstür ve duyusal özelliklerine etkisinin araştırılmasıydı. Buna ek olarak, mikro 
akışkanlaştırılmış ve mikro akışkanlaştırılmamış soğan kabuğunun ekstrüde ürünlere 
eklenmesi karşılaştırılmıştır. 

Numunelerdeki mikro akışkanlaştırılmış soğan kabuğu içeriğinin artması ekstrüde 
ürünlerin enine genleşme indeksi, hacim genleşme indeksi, gözenekliliğinde azalma 
trendine sebep olmuştur oysaki bu durum ekstrüde ürünlerin yığın yoğunluğunda 
artmaya sebep olmuştur. Mikro akışkanlaştırılmış soğan kabuğu içeriğinin artması 
ekstrüdelerin su emme indeksi ve suda çözünebilirlik indeksi değişimlerinde 
anlamlandırılacak bir fark yaratmamıştır. Beslemeye mikro akışkanlaştırılmış soğan 
kabuğu eklemek ürün renginde parlaklık değerini azaltmış, kırmızılık ve sarılık 
değerini artırmıştır. Mikro akışkanlaştırılmış soğan kabuğunun ekstrüdeye eklenmesi 
maksimum gerilim, sertlik ve kırılganlık değerlerini artırmıştır. %2 oranından fazla 
eklenen mikro akışkanlaştırılmış soğan kabuğunun, ekstrüdelerin tadım değerlerinde 
bir düşme trendi yaptığı gözlemlenmiştir. 

6% oranında mikro akışkanlaştırılmış ve mikro akışkanlaştırılmamış soğan kabuğu 
eklenen numunelerde, enine genleşme indeksi, hacim genleşme indeksi, gözeneklilik, 
yığın yoğunluğu, su emme indeksi, suda çözünebilirlik indeksi, parlaklık değerleri, en 
yüksek gerilme, sertlik, kırılganlık ve duyusal değerlerinde anlamlı bir fark olmadığı 
belirtilmiştir. Fakat mikro akışkanlaştırılmış ve mikro akışkanlaştırılmamış soğan 
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kabuğu eklenen numunelerin kırmızılık ve sarılık renk değerleri arasında anlamlı bir 
fark vardır. 

Sonuçlar, ekstrüde ürünün lif oranını arttırmak için düşük konsantrasyonda mikro 
akışkanlaştırılmış soğan kabuğunun ürüne eklenebileceğini göstermektedir. 

Anahtar kelimeler: Ekstrüzyon, mikro akışkandırıcı, soğan kabuğu 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

 

During production, preparation and consumption of foods, the food industry creates 

huge volume of solid and liquid wastes. In today’s world, recovery, recycling, 

upgrading of wastes are important issues due to environmental problems, 

decreasing availability of raw materials, and rising costs. For food industry, wastes, 

effluents, residues and by products can be recovered and upgraded to higher value. 

In the past, wastes were thought as garbage, fertilizers, and animal feed which were 

used without treatment. Over time, awareness has increased to prevent environment 

pollution, to increase conservation of energy and to provide better economic 

situations. Thus, policies for waste management and also treatments to recovery, 

bio conservation and usage of valuable parts of food processing wastes have arisen. 

Food processing wastes might be used as raw materials by recycling or additional 

ingredients as higher value by-product by conversion. Additionally, they can be 

used as raw materials for different industries and also as food or feed after biological 

improvements (Laufenberg et al., 2003). 

By upgrading vegetable wastes and beverage wastes, by-products and residues 

become more valuable products. Several innovative products could be determined. 

For instance, crude fibre of vegetable pomace is used as bread improver due to high 

fibre content. The main part of residual materials is insoluble fiber. Functionality 

of insoluble fiber could be improved by several methods like alkaline H2O2 

treatment, extrusion, encapsulation with soluble fibre or modified to enhance 

sensory features (Laufenberg et al., 2003).   
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1.1 Onion Waste  

In European Union, amount of onion waste are yearly of above 500,000 tons 

(Waldron, 2001). One of the usage of onion waste is organic fertilizers but onion 

wastes could have phytopathogens (Schieber et al., 2001). 

Benitez et al. (2011) studied effect of thermal sterilization on onion by-products as 

stabilization treatment. Fibre fractions and composition, physicochemical 

properties of onions were investigated after sterilization which was done at 115oC 

for 17- 31 minute. Because of the ratio of soluble dietary fiber to insoluble dietary 

fiber as 1:3, one of the usages of onion by-products might be as a source of soluble 

dietary fiber in foods due to decrease the feeling of hunger, reduction the time of 

absorption of foods. After sterilization process, reduction of insoluble dietary fiber 

(IDF) content in paste and bagasse parts of onions was observed at 13- 31 %. 

Decreasing the ratio of IDF might be attributed to effect of heat treatment on 

cellulose and hemicelluloses due partial degradation (Rehman et al., 2003).  

In the study of Jaime et al. (2002), onion tissues were investigated for their fiber 

contents. This study showed that ratio of soluble dietary fiber to insoluble dietary 

fiber was decreasing going from inner to outer part of the onion tissue. Moreover, 

brown skin of onion tissues had the highest dietary fiber content as 65.8% on dry 

matter basis. Furthermore, main insoluble dietary fiber (IDF) content from outer 

two leaves and inner part were different.  

According to Choi et al. (2015) glucose and uronic acid were main carbohydrates 

of onion skin waste. Moreover, klason lignin, ash, xylose, mannose, rhamnose, 

arabinose, galactose existed in these onion skin waste samples. However, chemical 

composition ratio of onion tissue could be changed due to type of cultivar, stage of 

maturation, environmental conditions, storage time, bulb section and agronomic 

conditions (Ng et al., 2000). 



3 

 

1.2 Microfluidization Process 

One of the enhancement methods of texture, stability, color and taste of foods is 

microfluidization method. Microfluidization process relies on performing high 

pressure homogenization technique to the samples (Lagoueyte & Paquin, 1998). 

Reduction of particle size causes changes on rheological and sensory features of the 

samples (Ciron et al., 2011).  

In Figure 1, the fluid passes through two micro channels in microfluidization 

process. Then, the fluid comes into collision in the reaction chamber at very high 

speeds (Cook et al., 1987; Lagoueyte & Paquin, 1998). Fine particles are formed 

by applying high shear rate and extreme impact forces to micro channel (McCrae, 

1994; Mert, 2012). Due to high shear rate, macro particles are transformed to nano 

and micro particles. As a result of microfluidization process, microfluidized 

samples produce smaller particles than samples which pass through conventional 

valve homogenizer (Tunick et al., 2011).  

 

 

 

Figure 1. Symbolic configuration of the microfluidization process (Lagoueyte & 

Paquin, 1998). 
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There have been numerous studies about the effect of microfluidization process on 

the food samples such as milk (Dalgleish et al., 1996; Hardham et al., 2000), cream 

liqueurs (Paquin & Giasson, 1989), ice cream (Olson et al., 2003), mozzerella 

cheese (Tunick et al., 2000), yoghurt (Ciron et al., 2010), wheat bran (Wang et al., 

2012), high methoxyl pectin (Chen et al., 2012), lentinan (Huang et al., 2012), 

ketchup  (Mert, 2012), hazelnut skin addition (Çıkrıkcı, 2013; Yıldız, 2014) and 

zein (Öztürk, 2014). Microfluidization process affects enzymes (Liu et al., 2009), 

proteins (Zhang et al., 2009) and dietary fibers (Wan et al, 2009).  

When compared with other homogenization techniques, microfluidization process 

is faster. Moreover, microfluidization process provides more uniform structure and 

provides smaller particle size. In addition, for small batch processes, achievement 

of continuous production occurs in the microfluidization process (Garad et al., 

2010). Even though the advantages stated above, microfluidization process is not 

considered as a practical application due to high equipment cost (Tadros et al., 

2004). 

According to Wang et al. (2012), microfluidization process caused reduction of 

particle size and increased surface area in wheat bran samples. Wang et al. (2013) 

found similar results for reduction of particle size and increasing gradually specific 

surface area for corn bran after passing through microfluidization process.  

Water holding capacity (WHC), swelling capacity (SC), and bulk density of 

samples may be altered after microfluidization process. According to Wang et al. 

(2012), particle size distribution might affect the hydration features of samples. 

Increasing water holding capacity of wheat bran was occurred by reduction of 

particle size and increasing particle size after passing through microfluidization 

process. Thus, microfluidized wheat bran had higher water holding capacity than 

raw wheat bran. However some incoherence results were showed that particle size 

distribution was not the only reason to change of water holding capacity. In the 

study of Zhang & Moore (1997), there was a reverse relation for wheat bran.  Effect 
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of methods to samples on water holding capacity, porosity and bulk density is not 

the same for all methods. In the study of Huang et al. (2010), ball milled fibers 

showed increased porosity and lower bulk density.  

In the study of Wang et al. (2012), swelling capacity of wheat bran was affected 

microfluidization process. The biggest increase of swelling capacity of wheat bran 

was occurred at the first microfluidization pass which was done by passing through 

at interaction chambers with a diameter of 200 µm. As particle size decreased, 

increasing trend of swelling capacity continued in the increasing passing number of 

microfluidization.   

According to Wang et al. (2012), after microfluidization process, reduction particle 

size of samples can occur. On the other hand, expansion of samples in the liquid 

solution can occur too. The reason of this expansion of samples could be explained 

by rapid release of pressure. Pore formation, cavities and loosed microstructure of 

particles occurred after microfluidization (Chau et al., 2006). Due to modified 

microstructure and reduced particle size of samples, bigger surface area and 

increasing water binding (such as polar or uronic acid groups capacity) to 

surrounding water (Chau et al., 2006) could been.  

 

1.3. Extrusion  

1.3.1 Extrusion Technology 

Extrusion process has some features which are mixing, kneading, shaping in a 

barrel, and samples are passed through a die to produce wide variety products 

(Akdogan, 1999). Extrusion technology is a low cost process compared to other 

types of cooking and shaping processes. Moreover, extended range of products such 

as food and pet foods exist. Extrusion process is a short time and high temperatures 

process (Guy, 2001; Riaz, 2001).   
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Extrusion means that liquid to semi liquid mixture passes through until the die part 

of the equipment to exit in the desired form. Temperature of barrels in the extrusion 

process can reach to 180 – 190oC. However, residence time is short and could be 

about 20- 40 seconds (Riaz, 2001). 

 

1.3.2 Extruder Types 

1.3.2.1 Single – Screw Extruders 

The aim of the screw part of extrusion is to convey, compress, melt and plasticize 

the samples and also pass samples through to die holes under certain pressure 

conditions. Materials which has high friction coefficient are proper to be used in 

the single–screw extruder process. Poor mixing of the samples is the basic 

disadvantage of single- screw extruders. Mixing should be done properly before 

feeding in multi-component mixtures. Efficiency of single screw extrusion cooking 

is limited when different ingredients were added to samples (Moscicki & 

Zuilichem, 2011).  

Figure 2 shows a monoblock screw- barrel assembly of the single screw extruder. 

In compressing section, compressive effect of screw to samples occurs. Moreover, 

melting occurs in this section due to heating energy of interparticular friction and 

conductive heat transfer (Bouvier & Campanella, 2014).  
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Figure 2  Monobloc Screw- barrel assembly of the single screw extruder (Bouvier 

& Campanella, 2014).  

 

1.3.2.2 Twin – Screw Extruders 

Twin- screw extruders are extruders which have two screws of equal length placed 

inside the same barrel (Guy, 2001). Figure 3 shows a screw- barrel assembly of the 

twin- screw extruder. There are only two disadvantages of this process which are 

being more complicated and cost of acquisition (Moscicki & Zuilichem, 2011).  
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Figure 3 Screw- barrel assembly of the twin- screw extruder (Bouvier & 

Campanella,   2014). 

Usage areas of twin screw extruders are wide and includes breakfast cereals, pet 

foods and dutched (alkali) cocoa (Kazemzadeh, 2012). Twin screw extruders have 

some important features such as high versatility (could also be used for viscous and 

not easy to break samples), lower energy consumption (Moscicki & Zuilichem, 

2011), less residence time than single screw type extruders (Kazemzadeh, 2012), 

need short time to clean process, ability to manipulate outlet and operation 

conditions easily (Riaz, 2001). In Table 1, differences of process parameters for 

single screw extruders and twin screw extruders in the wet extrusion are shown. 

Twin screw extruders are designed as counter or co rotating types. 
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Table 1 Typical process parameters for single screw extruders and twin screw 

extruders in the wet extrusion (Riaz, 2001)   

 Single-screw 

extruder 

Twin-screw extruder 

Range of Temperature 

(oC) 
80- 140 60-160 

Maximum pressure 

(bar) 
15- 30 15- 40 

Moisture content (%) 
15- 35 10 – 45 

Starch Gelatinization 

(%) 
80 – 100 80 -100 

 

1.3.2.2.1 Counter–Rotating Twin-Screw Extruders 

Counter- rotating types of twin extruders are suitable for high viscous samples 

(Moscicki & Zuilichem, 2011). Usage areas of counter- rotating types of twin 
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extruders are generally confectionery, chewing- gum and samples which have fiber 

and high concentration of cellulose ingredients (Moscicki & Zuilichem, 2011).  

Due to specific working conditions, counter- rotating types of twin extruders are 

special-purpose machinery. Rotation speed of counter - rotating types of twin 

extruders are low however the samples can be mixed efficiently in the extruders 

(Moscicki & Zuilichem, 2011). By positive displacement, the samples in the 

extruders can move forward and also developing back flow of the samples are very 

rare due to too small gaps between the screws and the barrels (Moscicki & 

Zuilichem, 2011).  

 

1.3.2.2.2 Co- Rotating Twin -Screw Extruders 

Usage areas of co-rotation twin screw are too wide due to some properties of these 

extruder types such as high yield ratio, fine mixing and high screw speed (Moscicki 

& Zuilichem, 2011). Due to features of flights of the screws as being self-wiping 

and intermeshing, melt is not stucked into the barrel and screws. As a result of this 

situation, co rotating twin screw extruders can be thought as a self-cleaning 

equipments (Moscicki & Zuilichem, 2011).  

 

1.3.3 Screw Elements and Kneading Disks  

Changing screw elements and kneading disks on the screw shaft in the twin- screw 

food extruders could be done (Moscicki & Zuilichem; Bouvier & Campanella, 

2014). Alterations of these elements and disks could provide to better mixing, 

compressing and melting in the extruders (Moscicki & Zuilichem, 2011). 
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1.3.4 Extrusion Processes  

1.3.4.1 Parameters Affecting the Final Product  

According to Riaz (2000), major and minor elements affect extruded products in 

terms of their chemical and physicochemical properties (Table 2). These parameters 

affect applied shear to the samples, residence time, and viscosity of the samples 

during passage through the barrel of the extruder (Riaz, 2000). 
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Table 2 Major and minor important elements for extruded samples (Riaz, 2000) 

Major Elements Minor Elements 

Extruder model and temperature of 

barrels  

Mass temperature 

Configuration, speed of screw and 

die geometry 

Pressure of the die  

Features of feeds 

(structure, moisture content,     

particle size, rate of feed) 

Specific Mechanical Energy (SME) 

 

 

 

 

1.3.4.2 Extruded Products  

Consumer and regulatory requirements are two fundamental requirements for food 

production. Consumer requirements depend on sensory features of products, bulk 

density and microbiological quality. The regulatory requirements relies on 

packaged products, composition and nutritional values of products (Chessari & 

Sellahewa, 2001).  
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Extrusion process can be accepted as high temperature short time process (Riaz, 

2001) and residence time of this process is quitely smaller than residence time of 

other conventional thermal heating process. Formation of colors and flavours 

depend on maillard reaction during process (Chessari & Sellahewa, 2001). Due to 

vaporized water and volatile contents (Chessari & Sellahewa, 2001, Riaz, 2001) 

and short residence time (Guy, 2001), strong flavours of products cannot be 

produced (Chessari & Sellahewa, 2001). As a result of being less palatable 

products, most extruded products are dried and addition of flavours to products is 

done by oil emulsion spraying method (Chessari & Sellahewa, 2001).  

Texture is one of the quality parameters of extruded products. In extrusion process, 

reduction of pressure occurs after passing through in the die to exit of the extruder. 

In that part, water content of materials turns into vapor from liquid. Stretching of 

products occurs by formation of bubbles due to water vapour and also matrix setting 

occurs as a result of evaporative cooling. Puffed structure of products is developed 

by air bubbles in the matrix (Chessari & Sellahewa, 2001).  

Cell size distribution and cell wall thickness have effect on texture of extrudates 

(Chessari & Sellahewa, 2001). In the study of Barrett & Peleg (1992), results of 

increasing bulk density with constant cell size are due to formation of thicker cell 

walls in the extrudates. This indicates a requirement of bigger forces to compress 

the extrudates (Barrett & Peleg, 1992). Rheology features of melt influences 

expansion ratios of extruded products and texture (Chessari & Sellahewa, 2001; 

Riaz, 2000).  

Bulk density is another important feature of extruded products for industry due to 

filling weight in the extrudates. As a result of this, in the industry, companies do 

regular analysis of bulk densities of extrudates to have proper product. It can be 

said that bulk density is an important quality assurance issue. Bulk density is 

affected by moisture content and the die design (Chessari & Sellahewa, 2001).    
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Shape and size of extrudates are the other important features of products for 

industry. The variations of shape and size of extrudates can be altered by changing 

the design of the die, rotating knife and rotation speed of the knife (Chessari & 

Sellahewa, 2001).    

Microbiological aspect of extruded products is one of the most vital quality 

parameters for consumers. Generally, extruded products are considered as safe 

products due to exposed heat treatments and low water activity. In commercial 

extruded product, moisture content was reduced to less than 5% moisture content 

(Chessari & Sellahewa, 2001).  

 

1.3.5 Effect of Dietary Fiber Addition on Extruded Products 

According to The American Association of Cereal Chemist (1999), dietary fibers 

consist of polysaccharides, oligosaccharides, lignin and some plant matters. 

Definition of dietary fibers is edible carbohydrates with at least ten monomeric units 

and endogenous enzymes cannot hydrolyze them in the small intestine of human 

body (Codex, 2009). Recommended consumption ratios of dietary fibers correlate 

with age, gender and energy intake of people. Adequate intake of dietary fiber is 14 

g/1000 kcal (USDA, 2005). 

Dietary fibers can reduce risk of coronary heart disease, stroke, hypertension, 

diabetes, obesity and some gastrointestinal diseases. Moreover, high intakes of 

dietary fiber enhance the reduction of serum cholesterol levels and blood pressure 

and they also help to regulate glycemia and insulin sensitivity of human. 

Furthermore, higher intakes of dietary fiber increase weight loss (Anderson et al., 

2009). 
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Classification of dietary fibers is soluble and insoluble dietary fibers. Soluble 

dietary fibers are viscous and have the ability to ferment in the colon (such as 

inulin). Insoluble ones have bulking action and also have limited ability to ferment 

in the colon (such as wheat bran) (Anderson et al., 2009).  

Yanniotis et al. (2007), Chang et al. (1998) and Wang et al. (1993) observed a 

decrease in expansion with incorporation of wheat fiber as insoluble dietary fiber 

into corn starch. This result could be due to premature rupture of gas cells so overall 

expansion reduced and also porosity decreased. There was significant difference in 

radial expansion and porosity between extrudates with addition of 10% wheat fiber 

to corn meal and control samples (100% corn melt). Moreover, Brennan et al. 

(2008) studied that effect of inclusion of soluble and insoluble fibre to wheat flour 

melt to determine physical and nutritional properties of extrudates. For addition of 

fibre, wheat bran, fine guar gum, inulin, hi maize and swede fibre were used at 5%- 

10%- 15% fibre ingredients to wheat flour. Increasing addition of bran and swede 

ingredients resulted in decreasing expansion ratio. In contrast, addition of inulin 

and hi maize caused significantly bigger expansion ratio of extrudates comparing 

to control samples. Guar gum ingredient had similar increasing effect except 15% 

ratio (Decreasing of expansion ratio occurred at 15% addition of guar gum). For 

bulk density, addition of bran and inulin content caused to have bigger bulk density 

than wheat flour melt (control sample) whereas addition of hi- maize caused to 

smaller bulk density then control sample. By contrast, gum and swede fiber had 

similar bulk density value comparing with bulk density of control sample.  

 

1.4 Objectives of the Study  

The aim of the study was to investigate the effect of microfluidized onion skin 

addition on the quality of extrudates. In addition, quality of extrudates with 

microfluidized and non- microfluidized onion skin were compared. 
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CHAPTER 2 

 

 MATERIAL AND METHOD 
 

 

 

2.1 Material 

The wheat flour was purchased from a producer (Söke Değirmencilik Sanayi ve 

Ticaret A.Ş., Aydın, Turkey). Onion skins were collected from local market 

(Ankara, Turkey). After collecting onion skins, they were washed with water. 

Drying processing of onion skins was done at room temperature for 3 days. Onion 

skins were grinded by a grinder (Pulverisette 16, Fritsch GmbH Milling and Sizing, 

Germany) which had a sieve 120 µm. 

 

2.1.1 Production of Microfluidized Onion Skins 

Grinded onion skins were microfluidized with a microfluidizer equipment (M-

110Y, Microfluidics, USA). Hot water was added to onion skins at 1/10 ratio to 

soften the onion skins. Sodium hydroxide (Riedel–de Haen, Germany) was added 

to the slurry at the ratio of 5/1000. The slurry was kept at room temperature for a 

day. Excess water removed by using a strainer, remaining slurry was passed through 

colloid mill (IKA Magic Lab, IKA–Werke GmbH & Co. KG, Germany). Then, the 

mixture was passed through microfluidizer which had two chambers which were 

200 µm and 100 µm size at 15000 Psi. Samples were put into zip lock bags and 

then frozen at –80oC (CL Hetofrig, Heto, Scandinavia). Microfluidized samples 
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were dried in a freeze dryer (Christ, Alpha 2-4 LD plus, Germany) for 48 hours at 

a pressure below 0.5mbar at- 70 -80oC. Dried microfluidized onion skins were 

grinded by a grinder machine (Pulverisette 16, Fritsch GmbH Milling and Sizing, 

Germany) which had a sieve 120 µm.  

 

2.2. Methods 

2.2.1. Extrusion  

Wheat flour was mixed with predetermined amount of grinded onion skins (6 % 

dry basis) or microfluidized onion skins (0%, 2%, 6%, 10% dry basis). Distilled 

water was added to have a final moisture content of 20% and mixed in a mixer 

(Kitchen Aid, Ariston, USA). Halogen moisture analyzer at 160ºC (MX-50, AND, 

Japan) was used to measure moisture content of the samples. Samples were put into 

plastic bags and stored at the cold room at 4oC overnight. Prepared feed samples 

equilibrated at room temperature for 3 hours before the extrusion process.  

Co-rotating twin screw extruder (Feza Gıda Müh. Makine Nakliyat ve Demir Tic. 

Ltd. Şti., İstanbul, Turkey) was used for experiments. The die diameter was 3mm 

and the barrel length to diameter ratio was (L:D) 25:1.The extruder had four heating 

zones controlled by electrical heating and water cooling. Computerized data 

acquisition system was used to control the barrel zone temperatures and screw 

speed. The feed was fed to the extruder with a twin screw volumetric feeder which 

was built into the extruder system. 

Flow rate of all samples was 50 g/min and screw speed was 250 rpm. Barrel 

temperature zones were set at 70 ºC, 80 ºC, 130 ºC and 150 ºC for all samples and 

die temperature was kept at 130 ºC. Samples were taken only when temperature 

variations was ± 2.5oC. 
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After the extrusion all samples were cut into 5 cm pieces and dried at 50 ºC for 15 

hours in the oven (Binder, Germany) to reduce the moisture content below 4%. The 

dried samples were stored at room temperature until the analysis in the nylon bags. 

 

2.2.2 Bulk Density  

Bulk densities of samples were analyzed by using the liquid displacement method 

derived from Archimedes’ principle. Extruded samples were weighted. Then, 

samples were sunk into melted paraffin (Merck KGaA, Germany) by tweezers, and 

left at room temperature to dry. After drying, extrudates covered with paraffin was 

weighted and submerged into graduated cylinder filled with distilled water. Bulk 

densities of the samples calculated with the following equations. Six measurements 

were taken and averaged.  

𝑚(𝑝𝑎𝑟𝑎𝑓𝑓𝑖𝑛) = 𝑚(𝑝𝑎𝑟𝑎𝑓𝑓𝑖𝑛+𝑠𝑎𝑚𝑝𝑙𝑒) − 𝑚(𝑠𝑎𝑚𝑝𝑙𝑒)                                          (1) 

𝑉(𝑝𝑎𝑟𝑎𝑓𝑓𝑖𝑛) =
𝑚(𝑝𝑎𝑟𝑎𝑓𝑓𝑖𝑛)

𝜌(𝑝𝑎𝑟𝑎𝑓𝑓𝑖𝑛)
                                                                                (2) 

V(𝑠𝑎𝑚𝑝𝑙𝑒) =  𝛥V(𝑔𝑙𝑎𝑠𝑠 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟) −  V(𝑚𝑎𝑟𝑏𝑙𝑒) − V(𝑝𝑎𝑟𝑎𝑓𝑓𝑖𝑛)                           (3) 

𝜌(𝑏𝑢𝑙𝑘 ) =
𝑚(𝑠𝑎𝑚𝑝𝑙𝑒)

V(𝑠𝑎𝑚𝑝𝑙𝑒)
                                         (4) 

 Where,  m(paraffin) : Weight of paraffin (g) 

 m(paraffin + sample)      : Weight of paraffin covered extruded sample (g) 

m(sample)                         :  Weight of extrudates without paraffin (g) 

V(paraffin)                : Volume of paraffin (cm3) 
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ρ(paraffin)                         : Density of paraffin (0.9 g /cm3) 

V(sample)                 :Volume of extruded sample (cm3) 

V(marble)                 :Volume of marble (cm3) 

ΔV(glass cylinder)       : Difference of volume of after and before addition of the sample 

(cm3)  

ρ(bulk)                    : Bulk density of extruded sample (g /cm3). 

 

2.2.3 True Density (Particle Density) 

A helium pycnometer (Quantachrome Ultrapycnometer 1000, Florida, USA) was 

used at Middle East Technical University Central Laboratory for true density 

analysis. True density of the samples were calculated according to equation below. 

Three measurements of extruded samples were taken and averaged.  

V(𝑡𝑟𝑢𝑒) =  V(𝑐ℎ𝑎𝑚𝑏𝑒𝑟 2) −  V(𝑐ℎ𝑎𝑚𝑏𝑒𝑟 1) (
 P1− P2

 P2
)                                          (5) 

 Ρ(𝑡𝑟𝑢𝑒) =
m(𝑠𝑎𝑚𝑝𝑙𝑒)

V(𝑡𝑟𝑢𝑒)
                                                                                       (6) 

 

Where, V(true)    : True volume of extruded sample (cm3) 

V(chamber 1)          : Volume of chamber 1 (cm3) 

V(chamber 2)          : Volume of chamber 2 (cm3) 
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P1                     : Pressure of chamber 1 before opening valve between chamber 1 

and 2 

P2                     : Pressure of chamber 2 after opening valve and reaching equilibrium 

pressure 

ρ(true)                 : True density of extruded sample (g/cm3) 

m(sample)            : Weight of extruded sample (g). 

 

2.2.4 Sectional Expansion Index (SEI) 

Diameter of the extruded samples was measured with a digital caliper (SR- 44, 

Insize, Turkey). Sectional expansion index was calculated according to the equation 

below (Alvarez-Martinez et al., 1988). 

𝑆𝐸𝐼 = (
𝐷𝑒

𝐷𝑑
)

2

                                                                                               (7) 

Where, De           : Diameter of the extrudates (mm)  

Dd                     : Diameter of the die insert (mm).  

 

2.2.5 Volume Expansion Index (VEI) 

Volumetric expansion index was calculated as in eqn. 8 (Pai et al., 2009). 

𝑉𝐸𝐼 = (
𝜌𝑡𝑟𝑢𝑒

𝜌𝑏𝑢𝑙𝑘
)                                                                                              (8) 
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Where VEI       : Volume expansion index of extruded samples 

ρ (bulk)             : Bulk density of the extruded sample (g/cm3)  

ρ(true)                      :  True density of the extruded sample (g/cm3).  

 

2.2.6 Porosity 

Porosity was calculated by using bulk and true density of sample (Lin et al., 1967), 

as shown in eqn 9.  

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 = 1 − (
ρ(𝑏𝑢𝑙𝑘)

ρ(𝑡𝑟𝑢𝑒)
)                                                                              (9) 

Where, ρ (bulk)      : Bulk density of the extruded sample (g/cm3)  

 ρ (true)                   : True density of the extruded sample (g/cm3).        

                                      

2.2.7 Scanning Electron Microscopy (SEM) 

Scanning electron microscope (400F Field Emission, QUANTA, Holland) located 

at the Middle East Technical University Central Laboratory was used for the 

analysis. Extruded samples were covered with 3 nm Au-Pd by using sputter coater 

(Polaron, Range, UK). Images were scanned by the scanning electron microscope 

(400F Field Emission, QUANTA, Holland).  

2.2.8  Water Absorption Index (WAI) and Water Solubility Index (WSI) 

Method from Anderson et al. (1969) was used with some modifications to 

determine water absorption index and solubility index. The extruded samples were 
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grinded (SCM- 2914, Sinbo, PRC) and then sieved through 212 micron mesh (200 

M.M B.S, Endecotts Ltd, London). 1 gram of the ground extruded sample was 

dispersed in 6 mL of distilled water and this mixture was stirred at 300 rpm by using 

a magnetic stirrer (Wisd WiseStir SMHS-3, Daihan Scintific Co. Ltd., Korea) for 

30 min at 30ºC temperature. Samples were put into centrifuge tubes which were 

preweighted (TP-214, Denver Instrument, Germany) before addition of samples. 

Tubes were centrifuged (2-16 KL, Sigma Laborzentrifugen, Germany) at 24ºC at 

4000 g for 20 min. The supernatant that were poured into weighted petri dishes was 

weighted and put into an oven (Binder, Germany) at 110ºC for overnight. Water 

absorption index and water solubility index were calculated according to equations 

below. 

𝑊𝐴𝐼 = (
𝑚𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡

𝑚𝑑𝑟𝑦
)                                                                                      (10) 

𝑊𝑆𝐼 = (
𝑚𝑑𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑑

𝑚𝑑𝑟𝑦
) ∗ 100                                                                           (11) 

Where m(dry)       :  Dry weight of  extruded samples (g) 

m(sediment)             :Weight of  residue after pouring supernatant in the centrifuge 

tubes (g) 

 m (dissolved)            : Weight of supernatant in the petri dishes after drying process 

(g). 

2.2.9 Color  

The extruded samples were grinded (SCM- 2914, Sinbo, PRC) and then passed 

through a sieve (212 micron, 200 M.M B.S, Endecotts Ltd, London). The product 

was put into a glass holder and surface of product was smoothed. Color values were 

measured with a colorimeter (CR-10, Konica minolta, Japan) in terms of  L*, a* 

and b* values which are lightness (brightness), redness and yellowness, 
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respectively.  The colorimeter was calibrated against a white paper (L*= 93.8, a*= 

0.0, b*= 5.2).  

 

2.2.10 Texture   

Hardness, maximum stress and fracturability of samples were measured by a texture 

analyzer (TA.XTPlus, Stable Micro Analyser, England). A force- time curve was 

used for all analyzes. Two different probes were used to determine hardness, 

maximum stress and fracturability. 

Hardness was determined by measuring the peak force of the first breaking of 

samples. Maximum three and average of the maximum three hardness values were 

used for puncture probe tests. Fracturability was determined as the distance at 

break. Maximum stress was calculated by using eqn. 12 (Sahin & Sumnu., 2006)  

𝜎 =
𝐹∗𝐿

𝜋𝑟3                                                                                                   (12) 

Where   σ          : Maximum stress (Mpa)                                                                                   

F                       : Force (N)                                                                                                                                                  

r                        : Radius of extruded samples (m)                                                                                    

L                      : Distance of two adjustable supports (m) 

Height and force calibration of the texture analyzer (TA.XTPlus, Stable Micro 

Analyser, England) were done before texture analysis. The first probe was sharp 

blade probe which was 0.12cm thick and 8 cm wide. Cut tests were done by sharp 

blade probe. Extrudates of samples was cut 4 cm long and put on two adjustable 

supports. Distance of two adjustable supports was 2 cm. For three point bending 

test, the test speed, distance, trigger force were adjusted as 10.00 mm.s-1, 10mm, 

5.0 g respectively. Maximum stress and fracturability values were determined with 



25 

 

sharp blade probe. The second probe was puncture probe which was 2mm diameter. 

Extrudates were cut 2 cm long and put on the surface of the texture analyzer 

(TA.XTPlus, Stable Micro Analyser, England). The distance for puncture was 

adjusted as 2 mm. The test speed and trigger force were adjusted as 2 mm.s-1 and 

5.0 g, respectively. Hardness values of extruded samples were measured with 

puncture probe. 

 

2.2.11 Sensory 

2.2.11.1 Acceptance Test 

Panelists from food engineering department at Middle East Technical University 

evaluated the extruded samples by using 9 point hedonic scale for their flavor, 

appearance, color, texture and overall acceptance. Three- digit random numbers 

were given to extruded samples and samples were served with equal amount in the 

plates. Panelists rinsed their mouths with water before and between tasting the 

samples. 

2.2.11.2 Paired Comparison Test 

Extrudates with microfluidized and non microfluidized onion skin were compared 

with the paired comparison test for their flavor, appearance, color, texture and 

overall acceptance. Before evaluation, these parameters were explained to 10 

panelists from Food Engineering master students at Middle East Technical 

University and then panelists evaluated the extruded samples by using 9 point 

hedonic scale. Three- digit random numbers were given to two extruded samples 

and samples were served with equal amount in the plates. Panelists rinsed their 

mouths with water before and between tasting the samples. Paired comparison test 

(Kemp et al., 2009) was used for the analyses of data. 
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2.2.12 Statistical Analysis 

The results were analyzed by one-way analysis of variance (ANOVA) to identify 

whether there was any significant difference between samples at p ≤ 0.05. Tukey 

method was used when significant different was determined at p ≤ 0.05 by using 

Minitab 16.1.1 Software.   
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CHAPTER 3 

 

 RESULTS AND DISCUSSION 
 

 

 

3.1 Expansion Characteristics 

Expansion and texture formation are related to viscoelastic characteristics of melt, 

plasticizing characteristics of water in transition, glassy state and also mechanism 

of bubble nucleation and growth (Altan & Maskan, 2012). Higher ratio of melt 

expansion is significantly attributed to higher starch content. For good expansion 

of melt, more than 60% starch content of dry basis formulation is necessary. In the 

study of Bouvier & Campanella, (2014), addition of particles of fibrous materials 

in continuous melt resulted in lower cell size, breaking cell walls of extrudates and 

causing a reduction of volumetric expansion. 

Effects of using different ratio of microfluidized onion skins in extruded samples 

on physical properties were presented in Table 3. According to the results, addition 

of microfluidized onion skins to feed samples caused changes in sectional 

expansion index (SEI), volumetric expansion index (VEI), bulk density and 

porosity values (p<0.05). Where SEI, VEI and porosity values showed a decreasing 

trend while bulk density indicated an increasing trend with addition of 

microfluidized onion skins. 
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Table 3 Effect of microfluidized onion skins addition on physical properties of the 

extruded samples. 

 

SEI VEI 

Bulk 

Density 

(g/cm3) 

Porosity 

0%mf onion 

skin 
16.58 ± 3.55a 11.60 ± 2.97a 0.15 ±  0.02b 0.91 ± 0.02a 

2%mf onion 

skin 
11.67 ± 1.74b 9.07 ± 2.27ab 0.18 ±  0.05ab 0.88 ± 0.03ab 

6%mf onion 

skin 
8.10 ± 1.14c 6.91 ± 1.90b 0.23 ±  0.05a 0.84 ±  0.05bc 

10%mf onion 

skin 
6.78 ± 0.69d 5.87 ± 1.07b 0.26 ±  0.07a 0.82 ± 0.04c 

SEI results are means ± SD (n= 100); VEI results are means ± SD (n= 6); Porosity 
results are means ± SD (n= 6); Bulk Density results are means ± SD (n= 6); values 
of the same column, followed by the same letter (a) are not statistically different (p 
≤0.05). 
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The reason for the decrease in SEI, VEI, and porosity could be due to the increase 

in fiber content in the wheat flour melt. In addition, increasing bulk density values 

of extrudates were also due to addition of dietary fiber content.  

There have been numerous studies about the effects of different fiber content 

addition to extrudates (Hsieh et al., 1989; Wang et al., 1993; Chang et al., 1998; 

Yanniotis et al., 2007; Altan et al., 2008a; Brennan et al., 2008). Hsieh et al. (1989) 

studied wheat fiber and oat fiber-containing corn meal extrudates. The increase in 

bulk density was obtained by increasing fiber content in both wheat fiber and oat 

fiber- containing corn meal extrudates. Moreover, Altan et al. (2008a) studied with 

barley- grape pomace blends. It was stated that increasing bulk density with 

increase in ratio of grape pomace may attribute to fiber content of feed. 

Furthermore, Chang et al. (1998) added jatobá flour into cassava starch and 

decreasing expansion of the products occurred due to increasing fiber content from 

jatobá flour.  

Microfluidization process affects particle size of materials (Oberdörster et al., 2005; 

Sanguansri & Augustin, 2006). According to Wang et al. (2012), after 

microfluidization process, reduction of particle size could affect the hydration 

features of wheat brans. Increasing water holding capacity of wheat bran was 

occurred by changing particle size after passing through microfluidization process. 

Comparison of addition of microfluidized and non-microfluidized onion skin to 

melt was presented in Table 4. According to Table 4, there was no significant 

difference between 6% microfluidized and non-microfluidized onion skins added 

samples in sectional expansion index (SEI), volumetric expansion index (VEI), 

bulk density and porosity values (p<0.05). Results indicate that microfluidized 

onion skin addition did not show significant difference from the non- 

microfluidized onion skin addition during extrusion process at this concentration.   
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Table 4 Comparison of microfluidized and non- microfluidized  onion skin addition 

on physical properties of the extruded samples.  

 

SEI VEI 
Bulk Density 

(g/cm3) 
Porosity 

6%mf onion 

skin 
8.10 ± 1.14a 6.91 ± 1.90a 0.23 ±  0.05a 0.84 ±  0.05a 

6% not mf 

onion skin 
8.32 ± 1.32a  8.12 ± 1.70a 0.21 ±  0.07a 0.87  ± 0.03a 

SEI results are means ± SD (n= 100); VEI results are means ± SD (n= 6); Porosity 
results are means ± SD (n= 6); Bulk Density results are means ± SD (n= 6); values 
of the same column, followed by the same letter (a) are not statistically different (p 
≤0.05). 
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3.2 Scanning Electron Microscopy 

In Figure 4, decreasing porosity of extrudates by increasing microfluidized onion 

skin content in the extrudates was observed. Due to fiber addition, a decrease in 

porosity of extrudates was clearly seen by scanning electron microscopy (SEM) 

(Figure 4). 

One of the main reasons for different porosity of extruded samples may be due to 

increasing addition of dietary fiber to wheat flour. Jin et al. (1995) studied 

increasing fiber content to corn meal melt which caused to less expanded extrudates 

with small air size and thicker cell walls.  

Figure 5 illustrates the comparison of 6% microfluidized and non-microfluidized 

onion skin added samples. Similar images were obtained for the samples which 

correlates with the porosity values (Table 4). 
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Figure 4 Scanning electron microscopy images of extrudates with 40X 

magnification A) Control sample B) 2% microfluidized onion skin added sample 

C) 6% microfluidized onion skin added sample D) 10% microfluidized onion skin 

added sample.  

a b 

c d 
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Figure 5 Scanning electron microscopy images of extrudates with 40X 

magnification A) 6% microfluidized onion skin added sample B) 6% non 

microfluidized onion skin added sample. 

3.3 Water Absorption Index and Water Solubility Index 

Water absorption index (WAI) values show volume occupied by granule or starch 

polymer after swelling in excess water (Sriburi & Hill, 2000). Moreover, WAI 

could be considered as measurement of amount of intact and fully gelatinized starch 

granules (Zhu et al., 2010). Water solubility index (WSI) values show amount of 

free polysaccharide or polysaccharide released from granule after addition of excess 

water (Sriburi & Hill, 2000). Furthermore, WSI could be considered as degree of 

starch degradation (Zhu et al., 2010).  

Effects of different ratio of microfluidized onion skins in extruded samples on WAI 

and WSI were presented in Table 5. According to the results, addition of 

microfluidized onion skins to feed samples caused no significant changes in WAI 

and WSI (p<0.05).  

a b 
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Numerous studies were investigated to understand the effect of fiber addition to 

extrudates on WAI and WSI values (Artz et al., 1990; Jin et al., 1995; Chang et al., 

1998; Altan et al., 2008b; Stojceska et al., 2008). According to Jin et al. (1995), 

decrease in WAI and increase in WSI of extrudates were observed when fiber 

content increased from 0% to 20% in corn meal. However, by more fiber content 

to melt, these trends were reversed for extrudates. Moreover, similar results have 

been reported by Altan et al. (2008b) in the study with tomato pomace into barley 

flour. They concluded that decreasing in starch content and competition of 

absorption of water between tomato pomace and available starch caused that result. 

According to Stojceska et al. (2008), addition of cauliflower, which had high 

protein and fibre content, to melt, WAI of extrudates had positively correlated with 

fibre content, on the other hand, WSI of extrudates was not significantly affected. 

Artz et al. (1990) found increasing fiber content to melt resulted in reverse 

relationship for water holding capacity in other words, increasing fiber 

concentration caused a decrease in WAI of extrudates. The reason might be greater 

water holding capacity of gelatinized corn starch when compared with 

hemicellulose or cellulose, main component of corn fiber. The study of Chang et al. 

(1998) showed increased values of WAI while increasing the concentration of 

jatobá flour into cassava starch at high moisture. In the study, protein denaturation, 

starch gelatinization and swelling of fiber were attributed to increase in WAI of 

extrudates. 
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Table 5 Effect of microfluidized onion skins addition on water absorption index 

(WAI) and water solubility index (WSI) values of extruded samples.  

 WAI (g.g-1) WSI (%) 

0%mf onion skin 3.02 ± 0.10a 34.49 ± 3.16a 

2%mf onion skin 3.14 ± 0.22a 33.26 ± 2.36a 

6%mf onion skin 3.12 ± 0.22a 30.19 ± 3.5a 

10%mf onion skin 3.05 ± 0.16a 31.37 ± 1.69a 

WAI and WSI results are means ± SD (n= 8); values of the same column, followed 
by the same letter (a) are not statistically different (p ≤0.05). 

Microfluidization affects water holding capacity of materials and also structure of 

materials (Chau et al., 2006; Chau et al., 2007; Wang et al., 2012). According to 

Wang et al (2012), water holding capacity was increased, this situation might be 
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attributed to reduction of particle size after microfluidization process. As a result of 

increasing surface area and improving solubilization of protein and cell wall pectin 

substances might cause the increasing solubility of carrot insoluble fibre rich 

fraction. Moreover, as reduction particle size by milling procedure, starch in the 

sample may alter (Sriburi & Hill, 2000). Increasing starch conversion may 

attributed to increase WAI and maximum values of WAI could be seen at particular 

quantity of starch conversion (Sriburi & Hill, 2000). 

 Gelatinization could be affected by addition of non-starch polysaccharide 

ingredients. Yanniotis et al. (2007) explained water acts like a plasticizer of 

amorphous regions of starch granules and also improve rupture of hydrogen bonds 

so new hydrogen bonds occurred between itself and starch chains were associated. 

On the other hand, pectin had capacity to hydrate so availability of water for 

gelatinization process was restricted.  

Comparison of addition of microfluidized and non-microfluidized onion skin to 

melt was presented in Table 6. According to the results, there was no significant 

difference between 6% microfluidized and 6% non-microfluidized onion skin 

added samples in water absorption index (WAI), water solubility index (WSI). 

Having no significant difference in WAI and WSI of the samples with addition of 

microfluidized onion skin could be that concentration of onion skins were not 

enough to show the difference. 
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Table 6 Comparison of microfluidized onion skin addition and onion skin addition 

on water absorption index (WAI) and water solubility index (WSI) values of the 

extruded samples  

         WAI (g.g-1)          WSI (%) 

6%mf onion skin 
3.12 ± 0.22a 30.19 ± 3.5a 

6% not mf onion skin 
3.09  ± 0.25a 34.29 ± 4.84a 

WAI and WSI results are means ± SD (n= 8); values of the same column, followed 
by the same letter (a) are not statistically different (p ≤0.05) 

3.4 Color  

One of the important characteristics of extruded samples is color change which 

could inform about the extent of browning reactions, degree of extrusion cooking 

and degradation of pigment of melt occurring during extrusion cooking (Altan et 

al., 2008a). According to Chessari & Sellahewa, (2001) formation of colors and 

flavours in the extrusion process rely on maillard reaction.   
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Addition of microfluidized onion skin caused reduction of lightness values (L*), 

increase in redness values (a*) and yellowness values (b*) of extruded samples due 

to distinct color of onion skin (Table 7).  

L* value shows lightness (brightness), a* value shows redness and b* value shows 

yellowness. Results indicated the a*, b* values of samples were affected by addition 

of microfluidized onion skin (Table 8). 
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Table 7.  Effect of microfluidized onion skins addition on color properties of 

extruded samples  

 L* a* b* 

0%mf onion skin 77.97 ±   4.77a 3.69 ±  1.76d 17.77 ±  0.77c 

2%mf onion skin 
66.11 ±  3.53b 10.76 ±  0.73c 20.15 ±  0.81b 

6%mf onion skin 
54.7 ±   2.46c 14.76 ±  1.88b 21.93 ±  1.85a 

10%mf onion skin 
46.76 ±  2.13d 17.08 ±  2.30a 20.99 ±  1.98ab 

L*,a*,b* results are means ± SD (n= 20); values of the same column, followed by 
the same letter (a) are not statistically different (p ≤0.05). 

Table 8 shows the comparison of microfluidized and non - microfluidized onion 

skin added samples. In terms of lightness, there was no significant differences while 

redness and yellowness values indicates slight differences (p ≤0.05). This could be 

related to color of microfluidized onion skin which had more redness and 

yellowness due to microfluidization process. 
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Numerous studies show that particle size reduction affects the color of the samples 

(Prasopsunwattana et al., 2009; Mert, 2012; Öztürk, 2014). According to 

Prasopsunwattana et al. (2009), particle size reduction might be attributed to the 

visibility of the tannins present in the whole barley flour which have different 

particle size in 131 µm (intermediate) and 68 µm (micro ground). Furthermore, 

according to Öztürk (2014), caratenoids in zein are lutein and zeaxanthin, these 

caratenoids have effect of yellow color of samples. After microfludization process, 

due to revailing of the caratenoids, more yellowish sample obtained. Moreover, 

after microfluidization process, total color change of ketchup was affected (Mert, 

2012). 
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Table 8. Comparison of microfluidized and non - microfluidized onion skin 

addition on color properties of the extruded samples  

 L* a* b* 

6% mf onion skin 54.7 ±   2.46a 14.76 ±  1.88b 21.93 ±  1.85b 

6% not mf onion skin 54.43 ±  1.58a 15.94 ±  0.53a 23,28 ±  1.23a 

L*,a*,b* results are means ± SD (n= 20); values of the same column, followed by 
the same letter (a) are not statistically different (p ≤0.05). 

3.5 Texture 

Low values of fracturability and hardness are desirable for snacks (Altan, 2008b). 

More force required to break down sample was associated with higher value of 

maximum peak in other words higher value of hardness value of sample (Sawant et 

al. 2013).  
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Cut tests and puncture tests were used to determine the hardness and the 

fracturability values of the extruded products. 

 

3.5.1 Cut Tests 

Figure 6 and 7 shows the maximum stress and fracturability values that were 

obtained by the sharp blade probe. Data indicates that addition of microfluidized 

onion skin increased maximum stress and decreased fracturability. 

 

 

Figure 6 Effect of microfluidized onion skin addition on maximum stress of 

extruded samples (measured with the sharp blade probe). Results are means ± SD 

(n= 10). 
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Figure 7 Effect of microfluidized onion skin addition on fracturability of extruded 

samples (measured with the sharp blade probe). Results are means ± SD (n= 10). 

Comparison of maximum stress and fracturability values of microfludizied and 

non- microfluidized onion skin added samples indicates no significant difference 

when measured with the sharp blade probe (Figure 8 and Figure 9). 
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Figure 8 Comparison of microfluidized onion skin and non - microfluidized onion 

skin addition on maximum stress of the extruded samples (measured with the sharp 

blade probe). Results are meants ± SD (n=10). 

a

a

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

6%mf 6% not mf

M
ax

im
um

 st
re

ss
 (M

Pa
)

Extruded Samples



45 

 

 

Figure 9 Comparison of microfluidized onion skin and non - microfluidized onion 

skin addition on fracturability of the extruded samples (measured with the sharp 

blade probe) . Results are meants ± SD (n=10). 

3.5.2 Puncture Tests 

Hardness values of the samples were measured by using the height of the first peak, 

defined as peak force (Ding et al., 2006). There are many effects on changing 

hardness values of samples such as average cell size, cell size distribution, cell wall 

thickness and mechanical features of the cell wall of samples (Gibson & Ashby, 

1988). 
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Maximum three hardness values were measured. Figure 10, 11 and 12 show the 

three maximum hardness values for the samples. Figure 13 shows the average of 

those three values. Hardness values increased with increasing microfludizied onion 

skin content. 

 

 

Figure 10 Effect of microfluidized onion skins addition on the first highest 

hardness values of extruded samples (measured with the puncture probe). Results 

are means ± SD (n= 20).  
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Figure 11 Effect of microfluidized onion skins addition on the second highest 

hardness values of extruded samples (measured with the puncture probe). Results 

are means ± SD (n= 20). 
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Figure 12 Effect of microfluidized onion skins addition on the third highest 

hardness values of extruded samples (measured with the puncture probe). Results 

are means ± SD (n= 20). 
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Figure 13 Effect of microfluidized onion skins addition based on the average of 

maximum three hardness values of extruded samples (measured with the puncture 

probe). Results are means ± SD (n= 20). 

Due to higher bulk density, less expansion and smaller cell size, increased hardness 

was expected with increased concentration of microfludizied onion skin addition. 

In Hsieh et al. (1989), increasing breaking force for extrudates was attributed to 

increase in bulk density, decrease radial expansion while adding fiber content in 

corn meal. Furthermore, study of Jin et al. (1995) showed increasing breaking 

strength of extrudates that is attributed to increasing fiber content and sugar content 
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to corn meal. Increasing grape pomace content in barley flour increased brittleness 

in the extrudates (Altan et al., 2008b). 

Effects of soluble and insoluble dietary fiber addition to melt could indicate 

different results for extruded products (Yanniotis et al., 2007; Stojceska et al., 2008; 

Brennan et al., 2008a). According to Yanniotis et al. (2007), with increasing wheat 

fiber content as insoluble dietary fiber content, hardness increased and porosity 

decreased. With addition of pectin as soluble dietary fiber to corn melt, hardness 

decreased and porosity increased. This result might be attributed to effect of these 

contents on cell wall thickness because fibers which had less porous matrix caused 

to thicker cell wall and also harder extrudates. Stojceska et al. (2008) reported that 

the total cell area decreased whereas the wall thickness of cells increased while 

increasing level of cauliflower by products into wheat based extrudates. A study of 

Brennan et al. (2008) showed significantly higher hardness value of extrudates 

comparing with control sample with addition of bran to wheat melt. On the other 

hand, addition of inulin to wheat melts caused significantly smaller hardness value 

of extrudates comparing with control sample. On the other hand, addition of Hi-

maize, guar gum and swede fiber to wheat melt did not significantly affect hardness 

value comparing with hardness value of control sample. 

Comparison of microfludizied and non- microfludizied onion skin addition for 

hardness values with the puncture probe were shown in Figure 14 through Figure 

17. Data indicates that there is no significant difference for hardness values for 

microfludizied and non-microfludizied onion skin added samples. 
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Figure 14 Comparison of microfluidized onion skin and non - microfluidized onion 

skin addition on the first highest hardness values of the extruded samples (measured 

with the puncture probe). Results are means ± SD (n=20). 
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Figure 15 Comparison of microfluidized onion skin and non - microfluidized onion 

skin addition on the second highest hardness values of the extruded samples 

(measured with the puncture probe). Results are means ± SD (n=20). 
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Figure 16 Comparison of microfluidized onion skin and non - microfluidized onion 

skin addition on the third highest hardness values of the extruded samples 

(measured with the puncture probe). Results are means ± SD (n=20). 
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Figure 17 Comparison of microfluidized onion skin and non - microfluidized onion 

skin addition based on the average of maximum three hardness values of the 

extruded samples (measured with the puncture probe). Results are means ± SD 

(n=20). 
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3.6 Sensory Analysis 

3.6.1 Acceptance Test  

For sensory analysis 8 panelists scored the samples by hedonic scale. Table 10 

illustrates increasing microfluidization onion skin content resulted in significantly 

decreasing values for appearance, texture, color, flavor, overall acceptance (p 

≤0.05). From the results, it could be concluded that microfludizied onion skin 

addition, was detectable after 2% microfluidized onion skin addition.  

 

3.6.2. Paired Comparison Test 

For a paired comparison test 10 panelists analyzed the extrudates with the 6% 

microfluidized onion skin and with 6% non - microfluidized onion skin. From the 

table of critical values table for paired comparison and paired difference test (two 

tailed), for 10 panelists, the minimum number to determine difference between 

preferences of extruded sample is 9 at p=0.05 (Kemp et al., 2009). 

The results of appearance of extruded samples of preferences showed that 2 out of 

10 panelists selected 6 % microfluidized onion skin to 6 % non - microfluidized 

onion skin added samples. Depending on table of critical values table for paired 

comparison and paired difference test (two tailed) (Kemp et al., 2009), there was 

no significant difference in appearance between the samples (p=0.05). Those 

numbers were 5, 5, 4 and 4 to 10 for texture, color, flavor and overall acceptance 

preferences, respectively. Depending on table of critical values table for paired 

comparison and paired difference test (two tailed)(Kemp et al., 2009), there were 

no significant differences in terms of appearance, texture, color, flavor and overall 

acceptance preferences between the microfluidized and non microfludized onion 

skin added samples (p=0.05). 



56 

 

Table 9 Effect of microfluidized onion skins addition on sensory analysis of 

extruded samples 

 

Appearance Texture Color Flavor 
Overall 

Acceptance 

0%mf 

onion 

skin 

8.19±0.96a 7.81±0.94a 7.88±1.27a 7.56±1.37a 7.81±1.10a 

2%mf 

onion 

skin 

7.19±1.00a 7.44±0.94ab 7.63±1.43ab 7.00 ±1.20ab 7.00±1.46ab 

6%mf 

onion 

skin 

5.56±1.61b 5.75±1.1b 5.63±1.53bc 5.81 ±1.60ab 5.31±1.33b 

10%mf 

onion 

skin 

4.56±0.78b 5.56±1.66b 5.13±1.75c 5.44 ± 1.59b 5.25±1.60b 

Results are means ± SD (n= 8); values of the same column, followed by the same 
letter (a) are not statistically different (p ≤0.05).    
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CHAPTER 4 

 

CONCLUSION AND RECOMMENDATIONS 

 

 

Addition of microfluidized onion skin caused a decrease in SEI, VEI and porosity 

while causing an increase in bulk density. Color values (L*, a*, b*) were also 

affected with microfluidized onion skin addition. WAI and WSI data indicated no 

significant difference by addition of microfluidized onion skin. Hardness measured 

with the puncture probe and maximum stress measured with the sharp blade probe 

increased with addition of microfluidized onion skin while fracturability measured 

with the sharp blade probe indicated a decreasing trend with increasing the 

concentration of microfluidized onion skin. Sensory data indicated that 

microfluidized onion skin addition was detectable after 2% addition. 

Comparison of microfluidized to non-microfluidized onion skin addition at 6% 

showed no significant difference for all the measured properties (SEI, VEI, 

porosity, bulk density, hardness, maximum stress, fracturability and sensory data) 

except in redness and yellowness values.  

Results indicate that microfluidized or non microfluidized onion skin could be 

added to sample at low concentrations to increase the fiber content slightly. 

For future study, the effect of two pass microfluidization process on the quality 

parameters of extrudates can be investigated.  
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APPENDIX  A 

 

 

IMAGES OF THE PROBES 
 

 

 

 

Figure 18 Image of the sharp blade probe used  
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Figure 19 Image of the puncture probe  

 

 

Figure 20 Images of puncture probe with the extruded products which have 

different diameters.  
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APPENDIX B 

 

 

IMAGES OF EXTRUDATES 

 

 

 

 

Figure 21 Pictures of half of the extruded products A) Control sample B) 2% 

microfluidized onion skin added sample C) 6% microfluidized onion skin added 

sample D) 10% microfluidized onion skin added sample E) 6% non-microfluidized 

onion skin added sample 
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Figure 22 Pictures of the whole extruded products top view A) Control sample B) 

2% microfluidized onion skin added sample C) 6% microfluidized onion skin added 

sample D) 10% microfluidized onion skin added sample E) 6% non-microfluidized 

onion skin added sample 
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Figure 23 Pictures of the whole extruded products side view A) Control sample B) 

2% microfluidized onion skin added sample C) 6% microfluidized onion skin added 

sample D) 10% microfluidized onion skin added sample E) 6% non-microfluidized 

onion skin added sample. 
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APPENDIX C 

 

 

IMAGES OF PUNCTURE TESTS 
 

 

 

Figure 24 Sample force time curve of a control sample 
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Figure 25 Sample force time curve of 2% microfluidized onion skin added sample  
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Figure 26  Sample force time curve of 6%mf onion skin added sample 
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Figure 27 Sample force time curve of 10 % mf onion skin added sample  
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Figure 28 Sample force time  curve of 6%not mf onion skin added sample 

 

 

 




