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ABSTRACT

THE DEVELOPMENT OF NEW TECHNIQUES TO INCREASE THE
PERFORMANCE OF GERMINATION AND NEW PRODUCTS FROM
GERMINATED WHEAT AND RED-LENTIL

YIGIT, Emre
M.Sc. in Food Engineering
Supervisor: Prof. Dr. Mustafa BAYRAM
January 2017
116 pages

In this study, microwave and ultrasound aided germination operation was investigated
as a new technique to produce germinated bulgur (as a new developed product) and
red-lentil.

During the study, microwave (1, 3 and 5 W/kg of power levels for 1, 3 and 5 mins)
and ultrasound (at 40 kHz, 10, 30 and 50 W/kg of power levels for 10, 20 and 30 mins)
were carried out during the germination operation (20 hrs at 25 °C, 95 % RH, non-
illuminated condition) by applying at each 6-hours intervals to improve the nutritional
value and to increase the germination performance of wheat (Triticum durum to
produce bulgur) and red-lentil (Lens culinaris).

After the germination operation, bulguration (combined cooking and drying operation)
was made then milling and sieving were performed to produce bulgur from the
germinated wheat. Red-lentil was directly germinated and analyzed. For both final
products, yield (%), 1000-kernels weight (g, d.b.), hectolitre-weight (kg/100 L, d.b.),
moisture (%, d.b.), ash (%, d.b.), protein (%, d.b.), fat (%, d.b.) and starch (%, d.b.)
contents, color values (CIE L*, CIE a*, CIE b* and CIE Y1) and water absorption
capacities (%, d.b.) were determined. Only for bulgur samples the amount of water-
soluble substance (%, g/g) was also determined. For both products, sensory analysis
was made.

Ultrasound and microwave operations decreased the fat contents of bulgur (P<0.05)
and red-lentil (P<0.01). Germination increased CIE L* value of bulgur (P<0.05);
however, it decreased the fat and starch contents of wheat and red-lentil significantly.

Key Words: Germination, microwave, ultrasound, lentil, wheat, bulgur



OZET

CiMLENDIRILMiS BUGDAY VE KIRMIZI MERCIMEKTEN YENi
URUNLERIN VE CIMLENDIRME PERFORMANSININ ARTTIRILMASI
ICIN YENI TEKNIKLERIN GELISTIiRILMESI

YIGIT, Emre
Yiiksek Lisans Tezi, Gida Miihendisligi Boliimii
Tez Yoneticisi: Prof. Dr. Mustafa BAYRAM
Ocak 2017
116 sayfa

Bu calismada, ¢imlendirilmis bulgur (yeni gelistirilmis bir iirlin olarak) ve kirmizi-
mercimek iiretmek igin yeni bir teknik olarak mikrodalga ve ultrason destekli
¢imlendirme islemi arastirildi.

Calisma sirasinda, bugdayin (bulgur tiretmek igin Triticum durum) ve kirmizi-
mercimegin (Lens culinaris) besin degerini gelistirmek ve ¢imlenme performansini
artirmak i¢in ¢imlendirme islemi (20 saat, 25 °C, % 95 BN ve 1s1ks1z ortam) esnasinda
6 saat araliklarla mikrodalga (1, 3, ve 5 dakika i¢in 1, 3 ve 5 W/Kg gii¢ seviyeleri) ve
ultrason (40 kHz’te 10, 20 ve 30 dakika i¢in 10, 30 ve 50 W/kg gii¢c seviyeleri)
uygulanmugtir.

Cimlendirme islemini takiben, ¢imlendirilmis bugdaydan bulgur iiretmek igin
bulgurasyon (pisirme ve kurutma) yapilmis olup, daha sonra 6gilitme ve eleme
uygulanmistir. Kirmizi-mercimek dogrudan ¢imlendirilmis ve analiz edilmistir. Her
iki son {iiriinde de, randuman (%), 1000-dane agirhigi (g, k.m.), hectolitre-agirlig
(kg/100 L, k.m.), nem (%, k.m.), kiil (%, k.m.), protein (%, k.m.), yag (%, k.m.) ve
nisasta (%, k.m.) miktarlari, renk degerleri (CIE L*, CIE a*, CIE b* ve CIE YI) ve su
emme kapasiteleri belirlenmistir. Ayrica, sadece bulgur numunelerinde suya gegen
madde miktar1 (%, g/g) belirlenmistir. Her iki {iriin i¢in duyusal analiz yapilmaistir.

Ultrason ve mikrodalga islemi bulgur (P<0.05) ve kirmizi-mercimegin (P<0.01) yag
miktarlarimi diistirmiistiir. Cimlendirme ise bulgurun (P<0.05) CIE L* degerini
arttirirken, bugday ve kirmizi-mercimegin yag ve nisasta miktarlarini 6nemli olarak
diislirmiistiir.

Anahtar Kelimeler: Cimlenme, mikrodalga, ultrason, mercimek, bugday, bulgur.



To my precious fami[y and beloved ﬁancé



ACKNOWLEDGEMENTS

I wish to express my deepest gratitude to my supervisor Prof. Dr. Mustafa Bayram
for his guidance, advice, criticism, encouragements and insight throughout the
research.

The present M.Sc. thesis was carried out at the Gaziantep University, Department of
Food Engineering, Gaziantep, Turkey. My warm thanks go to all my colleagues who
have provided me with advice in their particular area of expertise. Not forgetting those
who helped me with minor or major practical questions, | would particularly like to
acknowledge the following.

In my department, | thank most sincerely Prof. Mustafa Bayram for a thorough reading
of the thesis manuscript. His attitude and support have had a fundamental importance
in completing this thesis. | also would like to thank Prof. Dr. Mustafa Bayram for
introducing me to the field of food technology and bulgur production technology and
for advice during my first steps as an M.Sc. student. | am grateful to Asst. Prof. Dr.
Fatih Balc1 for contribution in writing the papers and his motivational talks. My warm
thanks go to my close friends Research Asst. Eda Adal, Research Asst. Derya Dursun,
Seving Erleblebici, Tuba Oztekin and M. Cagr1 Demir for their support and sharing
good moments in and out of the lab.

Also, | would like to express my special thanks to my close friends Alper Ekinci, Onur
Kaynakoglu, Niyazi Alkan Ay, and Yunus Anil Ay for their supports.

This study (Project no: 1130260) was supported by 1002 - Short Term R&D Funding
Program, The Scientific, and Technological Research Council of Turkey (TUBITAK),
Turkey.

Also, | thank to Tiryaki Agro Food Inc. for the supply of wheat and red-lentil.

Finally, my father Osman, mother Emine, sister Ebru, her husband Ismail, newborn
niece sweet Asya Nil, and my fiancé Umit are my driving force and | thank them for
their love, support, and understanding.

viii



TABLE OF CONTENTS

Page
ABSTRACT .ottt ettt et e te st ettt te e reereene et s v
(074235 WO Vi
ACKNOWLEDGEMENTS ...ttt e viii
TABLE OF CONTENTS ...ttt iX
LIST OF TABLES ...ttt sttt Xii
LIST OF FIGURES .....oooiiiiiiie ettt Xiv
CHAPTER 1. LITERATURE REVIEW.... (o 1
L. BUIGUE ottt bttt 1
L2, LeNtil oo e 3
1.3, GEIMINALION ... ..cuiiitiiie ettt e e sre e sre e re e beaneenreas 5
1.3.1. Wheat and Germinated Wheat............ccccoceiveiiiiieiecie e 7
1.3.2. Lentil and Germinated Lentil...........ccocvieiiiiiiiiceece e 9
1.3.3. Other LEQUIMES........ooiiiiieiie ettt 10
1.4, Ultrasound PrOCESSING ........ccveuiiiieiieeie e st see e ste et e e sra e sre e sreenne e 12
1.5. MiICrowave OPEratiON..........cccccviiieiieiieiie s see sttt ere e 13
1.6. The AIm Of ThiS STUAY .....cc.oiiiiiiiieeee e 15
CHAPTER 2. MICROWAVE AND ULTRASOUND AIDED
GERMINATION TO PRODUCE GERMINATED BULGUR AS A NEW
PRODUCGT ..ttt bbb s et e et st nteeneeneeneenee s 16
P00 R [ 0T [V T 4 o] [PPSO PSPPI 17
2.2. Materials and Methods ............ooviieiieiicic e 18
2.2.1. SaMPple Preparation .........cccoiveeiieiiiciie s 18
2.2.2. CREMICAIS ..ot 23
2.2.3. ANAIYSES ... s 23
2.2.4, STatiStiCal ANAIYSES ........coiiiiiiieee e 24



2.3. ReSUIS aNd DISCUSSION ......ccvieiiieiiieiiie et 24
2.3.1. The Changes in Protein, Fat and Starch Contents of Wheat Samples

............................................................................................................................ 24
2.3.2. The Changes in Color Values of Wheat Samples..........ccccccooeviviicinennnnn, 27
2.3.3. The Changes in Ash and Moisture Contents, Water Absorption
Capacity, Hectoliter-Weight, and 1000-Kernels Weight of Wheat Samples
............................................................................................................................ 29
2.3.4. Relationship Between Parameters of Wheat Samples..........ccccccccevveennee. 32
2.3.5. BUIGUE YIEIA ..ot 33
2.3.6. Water-Soluble Substances Amount .............ccooeeieneneieneneeee, 35
2.3.7. The Changes in Protein, Fat, and Starch Content of Bulgur Samples
............................................................................................................................ 35
2.3.8. The Changes in Color Values of Bulgur Samples..........ccccocvvvviinnnnnn, 37
2.3.9. The Changes in Ash and Moisture Contents, Water Absorption
Capacity, Hectoliter-Weight, and 1000-Kernels Weight Bulgur Samples......... 40
2.3.10. Relationship Between Parameters of Bulgur Samples ...........c.cccccveeneee. 42
2.3.11. Sensory Analysis of Bulgur Pilaf Samples...........cccooiiniiiiiiiicneen, 43
CHAPTER 3. MICROWAVE AND ULTRASOUND AIDED
GERMINATION OF RED-LENTIL ...oovoiiiiiiieicecee e 45
3L INEFOTUCTION et 46
3.2. Materials and MethodsS ..........c.cooveiviiiiiee e 48
3.2.1. SamMPIe Preparation .........c.cooeiieieieiene ettt 48
3.2.2. CREMICAIS ...t 52
3.2.3. ANAIYSES ... 52
3.2.3.1. Physical and Chemical ANalySeS.........ccceveeieiieie i 52
3.2.3.2. SeNSOIY ANAIYSIS ...ttt 52
3.2.3.3. StatistiCal ANAIYSIS.........ccoiiiiiiiiiee e 53
3.3. RESUILS @Nd QISCUSSION .....ccuviiieiieiieiie ittt 53
3.3.1. The Changes in Protein, Fat, and Starch Content of Red-Lentil
SAIMPIES ...t 53
3.3.2. The Changes in Color Values of Red-Lentil Samples...........ccccoovvvvnnnnnn. 55
3.3.3. The Changes in Ash and Moisture Contents, Hectoliter-Weight, and
1000-Kernels Weight of Red-Lentil Samples..........ccccovviiiiiiieiieiic e, 58



3.3.4. Relationship Between Parameters of Red-Lentil Samples....................... 61

3.3.5. Red-Lentil YIeld .......ccooiiiiiieee e 62
3.3.6. SENSOIY ANAIYSIS ...cveeiiciiecieee et nneas 63
CHAPTER 4. CONCLUSIONS . ... i 65
REFERENGES...... ..ottt bbb 67
APPENDIX .. 84

Xi



LIST OF TABLES

Table 2.1. The properties of wheat used in the eXperiments..........c.cccccveveviveresivennnn. 19

Table 2.2. Description of the SAMPIES.........c.ccoveiiiiiiicii e 20

Table 2.3. The protein, fat and starch contents of the samples after the germination
AN TrEALMENTS ...t 26

Table 2.4. Color values of the SAMPIES .........coveiiiiiiicce e 28

Table 2.5. The ash and moisture contents, water absorption capacity, hectoliter-

weight, and 1000-kernels weight of the samples.........ccccccovveviiiciciccc e, 30
Table 2.6. Bulgur yield data...........ccoooiiiiiiiiiie e 34
Table 2.7. The percentage of water-soluble substances of the samples..................... 35
Table 2.8. The changes in protein, fat, and starch content of bulgur samples........... 36
Table 2.9. The changes in color values of bulgur samples ..., 38

Table 2.10. The changes in ash and moisture contents, water absorption capacity,

hectoliter-weight, and 1000-kernels weight of bulgur samples.......................... 41
Table 2.11. The average of sensory analysis results of bulgur pilaf samples............ 44
Table 3.1. The properties of red-lentil used in the experiments............cccceevevviiiennn. 49
Table 3.2. Description of SAMPIES........ccooviiiiiiie e 50

Table 3.3. The changes in protein, fat and starch contents of red-lentil samples ...... 54

Table 3.4. Color values of the SampIes ..........ccccoeiiiiiiicic e, 56

Xii



Table 3.5. The ash and moisture contents, hectoliter-weight, and 1000-kernels weight

OF the SAMPIES ... 60
Table 3.6. Red-Lentil yield data...........c.cccveveiieiiiie e 63
Table 3.7. The average of sensory analysis results of red-lentil soup samples.......... 64
Table A.1. Whole data obtained for Wheat ..............cccooviiiiiiiiineeeeeee, 84
Table A.2. Whole data obtained for bulgur...........cccooveiiiiiiecc e, 86
Table A.3. Whole data obtained for red-lentil ..............ccoooviiiiinniee, 88
Table A.4. Pearson correlation coefficients for wheat.............c.ccoceoviiiiciiiicienn 90
Table A.5. Pearson correlation coefficients for bulgur ..., 91
Table A.6. Pearson correlation coefficients for red-lentil..............cccoccooveiiiienn 92
Table A.7. ANOVA results for all parameters of wheat..............cccoceviiviiicinienen, 93
Table A.8. ANOVA results for all parameters of bulgur............ccooiiiiiiiicnn 101
Table A.9. ANOVA results for all parameters of red-lentil.................c.ccoeinnennn, 109

Xiii



LIST OF FIGURES

Figure 2.1. Germination system (left) and germinated wheat (right) ...........c.cccce...... 20
Figure 2.2. Experimental design of germination process of wheat samples.............. 21
Figure 2.3. Experimental design of bulgur production ...........c.ccceecveveviievicic i, 22
Figure 3.1. Germination system (left) and germinated red-lentil (right) ................... 49
Figure 3.2. Experimental design of germination process of red-lentil samples......... 51
Figure A.1. Form of Sensory analysis ..........ccceveeieeiienieiiie i 116

Xiv



CHAPTER 1.
LITERATURE REVIEW

1.1. Bulgur

Bulgur is a whole grain product, which is generally produced from Triticum durum
using a cleaning, cooking, drying, tempering, peeling, milling, polishing (optional) and
classification operations. It is a semi-ready-to-eat food product. However, in some
regions, it is also used as a ready-to-eat food product especially in tabbouleh salad
(USA, EU and Arabic countries) and kisir (Turkey). It has long shelf-life and high
nutritional value. Its price is also lower than bread and pasta. It is easily prepared and
resistant to insect, mites, and microorganisms (Bayram, 2000, 2005; Bayram et al.,
2004a; Bayram & Oner, 2005; Bayram & Oner, 2007; Yildirim et al., 2008).

There is a long history about bulgur. It is an ancient wheat product and its history goes
back to 4000 BC. Archaeological studies have been made by Valamoti, (2002). Today,
there are two basic processing methods to produce bulgur i.e. Antep and Karaman
(Mut) methods (Bayram & Oner, 2005). Milling techniques (stone, disc, roll etc.) used
in each method affect the significant properties of bulgur i.e. color, shape, size etc.
Therefore, studies are generally related to the milling of bulgur (Bayram & Oner, 2005;
Bayram & Oner, 2007; Yildirim et al., 2008).

Bulgur is main ingredient pleasantly used in more than 250 delicious meals. It is also
important as a dietary fiber source, having 18.3 g dietary fiber per 100 g. Its dietary
fibre content is 3.5, 6.8, 1.1, 1.8, 7.0, 15.3, 9.2, 2.3, 1.3 and 4.3 times higher than rice,
wheat flour, barley, oatmeal, spinach, tomato, turnip, whole wheat bread, soybean and

pasta, respectively (Dreher, 2001; Yildirim et al., 2008).

Bulgur is an excellent food source due to its low cost, storability (long shelf-life), ease
of preparation, and high nutritional value, which resists mold contamination and attack

by insects and mites (Bayram, 2000). Another important property is that all starch is



gelatinized and the kernel is almost cooked. It is more stable than wheat under hot and
humid environmental conditions. Biological differences between wheat and bulgur are
that wheat has a respiration activity and enzymes are active in the kernel in contrast to
bulgur (Bayram et al., 2004b).

Bulgur is also stored for military and human nutritional purposes in some countries
because of its resistance to absorbance of radiation (today, bulgur is one of the
important wheat products in the U.S., and it is included in the special list of food rations
in nuclear fallout shelters), prevent intestinal cancer risk and consumable alone due to
its fiber content (formation of fibrous structure, lack of phytic acid due to the
processing properties) and good nutritional composition. Additionally, bulgur is a
critical food material for Turkish, Arabic, Mediterranean, North-African and East
European peoples because of its economical and nutritional values, especially, in
Turkey (Bayram et al., 2004b).

The most important factor in the production of high-quality bulgur is the wheat type.
Generally, Triticum durum (pasta type) is used for its preparation. Hard wheat has a
light yellow color and it has more proteins than other wheat types (Bayram, 2000;
Bayram et al., 2004c). It has a high resistance to absorption of radiation, and it can be
consumed alone as diet (Bayram et al., 2004c; Kadakal et al., 2007).

Cooking and drying are important steps in bulgur processing because of the effects on
the color, yield, chemical composition and nutritive quality of the end product (Certel,
1990; Koca & Anil, 1996; Koksel et al., 1999). Different cooking (atmospheric,
pressure, microwave and infrared) and drying (fluidized bed, tray, conduction, infrared
and microwave) methods were studied for wheat, triticale, and soy bulgur production
by some researchers (Bayram, 2003; Certel, 1990; Singh & Dodda, 1979). Bayram,
(2003) found that the optimum cooking operation was pressure cooking because of
maximum gelatinization and minimum cooking time, wheat kernel damage,
carbohydrate loss and moisture content. Certel, (1990) reported that pressure- and

infrared cooking processes increased wheat bulgur yield (Bilgigli, 2009).

Bulgur processing has been shown to not alter protein content (Ozboy & Koksel, 1998)
and to decrease levels of thiamin and riboflavin (Adolph et al., 1955; Pence et al.,
1964; Sabry & Tannous, 1961), ash (Ozboy & Koksel, 1998), and mineral (Ozkaya et



al., 1996). Nutritional recommendations (Jenkins et al., 1986) increased cereal based
product consumption and required developing a wide range of products with excellent
sensory properties. Bulgur has been considered as a useful contribution to diet because
of its nutritional value (rich in phosphorus, zinc, magnesium, and selenium) and
versatility (Hayta et al., 2003; Nouri, 1988; Ranum, 1996).

1.2. Lentil

The Leguminosae (Fabaceae) is one of the largest families of flowering plants (over
15000 species), ranging from tiny wild plants to large trees. Members of the family
can easily be recognized by (a) the flower with its petals comprising a large upper
standard, two lateral wings, and a boat-shaped keel, and (b) the fruit, known as the

legume or pod, containing the seeds or beans (Vaughan & Judd, 2006).

Lentil (Lens culinaris Medik.) is predominantly grown in South East Asia. The Indian
subcontinent is the largest producer but it is also grown in most subtropical and warm
temperate countries. On sale as pulses, the seeds are biconvex or lens-shaped (3-9 mm
in length) and green, yellow, orange, red, or brown in color. It is commonly consumed
as thick soup made from whole grain or split pulse commonly referred to as ‘dhal’.
Seeds can be fried and seasoned for consumption; flour is used to make soups, stews
purees, and mixed with cereals to make bread and cakes, and as a food for infants
(Williams et al., 1988; Zia-Ul-Haq et al., 2011). It is used in culinary dishes in the
Indo-Pakistan sub-continent and in the Middle East and incorporated into soups in
Europe and North America. In Western countries, lentils may be used in casseroles
and as meat substitutes in vegetarian diets. Lentil although called as a ‘poor man's
meat’, is equally liked by all socioeconomic groups in South East Asia (Bhatty, 1988;
Zia-Ul-Hag et al., 2011).

Lentil is one of the most important crops with 4.4 % protein, 1.8 % oil, 41-50.8 %
carbohydrates, 21.4 % fibrous, a high percentage of other mineral nutrients and
unsaturated linoleic and oleic acid for human consumption (Karadavut & Geng, 2010).
The nutritional importance lentil is that it is a protein/calorie crop packed with
nutrients, fiber, complex carbohydrate, folic acid and an important source of iron
(Sulieman et al., 2007).



Lentils are an excellent source of protein and also rich in important vitamins, minerals,
soluble and insoluble dietary fiber. The unsaponifiable lipid fraction of lentil is a
potential source of bioactive components such as phytosterols, squalene, and
tocopherols (Ryan et al., 2007). Lentils contain saponins (triterpene glycosides), which
have been implicated in hypercholesterolemia in animals (Savage, 1991) and phenolic
compounds with high antioxidant activity (Amarowicz et al., 2009; Amarowicz et al.,
2010; Amarowicz & Pegg, 2008; Zia-Ul-Hag et al., 2011).

The nutritional value of lentils is gaining considerable interest since its nutritional
value/100 g dry weight is as follows; energy, 353 kcal; carbohydrates, 60 g; sugars, 2
g; dietary fibers, 31 g; fat, | g; protein, 26 g; thiamine (B1), 0.87 mg; folate (B9), 479
ug and iron, 7.5 mg (Callaway, 2004). In common with other legumes, lentils contain
a number of components called anti-nutritional factors which limit the wider use of
crop (Sheshetawy & Faid, 2010).

Turkey is basically an agricultural country and its economy depends on the agricultural
sector. Legumes crops take place in agriculture of Turkey. Legumes are cultivated on
large areas of Turkey. There are protein-calorie malnutrition problems in Turkey as all
over the World. Legumes may be helpful in solving this problem. Legumes crops have
richly essential amino acids, particularly lysine. It has been demonstrated that legume
protein is the natural protein suitable to complement that present in cereals grains and
legumes grains comprise an important part of the human diet (Ribeiro & Melo, 1990).
Igbal et al., (2006) explained that legumes are helpful in enhancing the protein content
(Karadavut & Geng, 2010).

Lentil is generally grown in non-irrigation conditions. Different Lens varieties showed
some genetic variation for plant height, the number of branches, the number of pod per
plant, the number of seed per plant, harvest index and biological yield. The chemical
composition of Lens crops can vary with cultivars, soil and climatic conditions of the
area. Karadavut and Palta, (2010) explained that chemical composition varied in
different locations (Karadavut & Geng, 2010).



1.3. Germination

Cereal grains and legume seeds are usually submitted to technological processes, such
as fermentation and controlled germination, in order to improve the nutritive value of
the final products (Bartolomé et al., 1997; Sadowska et al., 1999; Trugo et al., 2000;
Yang, 2001). Germination is an economical and simple method for improving the
nutritive value, and several studies have reported higher levels of nutrients and lower
levels of antinutrients in sprouts compared to the ungerminated seeds (Abdel-Rahman,
1984; Honke et al., 1998; King & Puwastien, 1987; Zielinski et al., 2006).

Germination is a natural biological process of all superior plants by which the seed
comes out of its latency stage, once the minimal environmental conditions needed for
its growth and development, such as humidity, temperature, nutrients, etc., are given.
For the seed to germinate, there are also external factors such as a humid substrate,
availability of oxygen for aerobic respiration and an adequate temperature for the
different metabolic processes and for the development of the plantlet. The process of
germination has been developed in some countries as an alternative to defeat some of
the disadvantages associated with untreated grains, such as undesirable tastes and
smells, as well as the presence of trypsin inhibitors (Sangronis & Machado, 2007;
Suberbie et al., 1981).

The process of germination is an ancient and popular practice in many parts of the
world, particularly in Asia. Germinated legumes are often added to diets to increase
their acceptability and nutrient contents. Germination involves the breakdown of seed
reserves owing to increased enzyme activity. Upon germination, the content of
vitamins also increases considerably (Tharanathan & Mahadevamma, 2003;

Vijayaraghavan, 1981).

Germination starts with the uptake of water (imbibition) by the quiescent dry seed and
terminates with the emergence of the embryonic axis, usually the radicle. It is a time
of intense metabolic activity, involving subcellular structural changes, respiration,
macromolecular syntheses and, finally, cell elongation. Establishment of the seedling
occurs the following germination and its growth is initially supported by metabolites
produced by the hydrolysis and conversion of the major stored reserves proteins,
carbohydrates, and lipids (Zielinski et al., 2006).



Germination is simple, inexpensive and improves the palatability, digestibility, and
availability of certain nutrients. During germination several enzymes become active;
vitamins are increased, whereas there is a reduction in phytates and tannins (Mehta &
Bedi, 1993). However, the effect of germination depends on the type of legume and
on the conditions and duration of the germination process (Savelkoul et al., 1992).
Sprouting or controlled germination of legumes increases protein and carbohydrate
digestibility, enhance some of their vitamin contents, reduces the anti-nutritional
factors and improves their overall nutritional quality (Malleshi & Klopfenstein, 1996).
As sprouting proceeds, the ratio of essential to non-essential amino acids changes,
providing more of essential amino acids. Sprouted seeds have more of maltose,
therefore, improve the digestibility of carbohydrates (Uppal & Bains, 2012).

Germination is generally preceded by soaking seeds in water. Some of the reserve
materials of the seeds are degraded and used partly for respiration and partly for the
synthesis of new cell constituents of the developing embryo during germination,
therefore, this process causes important changes in the biochemical, nutritional and
sensory characteristics of legumes. Fats and carbohydrates, which often are at surplus
levels in the western diets are broken down and starch digestibility increases (Jyothi
& Reddy, 1981; Vidal-Valverde & Frias, 1992). Vitamins and secondary compounds,
many of which are considered beneficial as antioxidants, often change dramatically
during germination (Kylen & McCready, 1975; Nandi & Banerjee, 1950; Sierra &
Vidal-Valverde, 1999). Germinated grains are good sources of ascorbic acid,
riboflavin, choline, thiamine, tocopherols and pantothenic acid (Sangronis &
Machado, 2007). Phytic acid and dietary fiber both affect the uptake of micronutrients
in the digestive tract and these compounds change differently during the germination
process (Pawar et al., 1986; Vidal-Valverde & Frias, 1992). a-Galactosides content,
oligosaccharides that produce flatulence, and trypsin and chymotrypsin inhibitors,
which affect the digestion of proteins, can be reduced during germination (Frias et al.,
1995; Urbano et al., 1995; Vidal-Valverde & Frias, 1992; Vidal-Valverde et al., 1994).
The in vitro digestibility of proteins increases during germination (Ghorpade &
Kadam, 1989) and the emulsifying capacity of legume protein increase (Hsu et al.,
1982).



During the germination, there are certain changes that could occur as far as the quantity
and type of nutrients within the seed. Those changes can vary depending on the type
of vegetable, the variety of the seed and the conditions of germination (Bau et al.,
1999; Dhaliwal & Aggarwal, 1999; Vidal-Valverde et al., 2002). In the natural
environment, seed sprouts survive during germination by enhancing their defensive
responses through phenolics biosynthesis (Randhir et al., 2004). Germination may
cause changes in the nutrients, including functional substances, through aerobic

respiration and biochemical metabolism (Lin & Lai, 2006).

Germinated grain was used in China not only for food but for medicine 5000 years
ago. It was observed that grain sprouts increase bio-disposal of food products i.e.
human body can promptly assimilate substances (Lintschinger et al., 1997; Lorenz &
Valvano, 1981). Wheat grain sprouts may also scavenge free radicals in a human body,
reduce the level of cholesterol and improve immune system (Seibold, 1990). Thus, at
present germination is more and more widely used not only for improvement of
nutritional grain quality but also as a raw material for healthy food production
(Kraujutiene et al., 2010; Lintschinger et al., 1997; Lorenz & D'Appolonia, 1980;
Price, 1988; Yang, 2001).

1.3.1. Wheat and Germinated Wheat

Wheat is a basic human food staple supplying significant amounts of dietary
carbohydrate and protein and is also a useful source of antioxidant compounds
(Andlauer & Furst, 1998; Baublis et al., 2000; Miller et al., 2000). In bread wheat,
however, the concentration of carotenoids is low (from 0.1 to 2.4 mg/g dm) but they
are more abundant in durum wheat (1.5 to 4.0 mg/g dm) (Panfili et al., 2004;
Zandomeneghi et al., 2000) where the yellow colour of the semolina, and the derived
pasta, is perceived as an important quality trait. Tocols, in contrast, are abundant both
in bread wheat (74.3 mg/g dm) and durum wheat (60.6 mg/g dm) (Hidalgo et al., 2006;
Panfili et al., 2003).

The nutritional value of wheat is extremely important as it takes an important place
among the few crop species being extensively grown as staple food sources. The
importance of wheat is mainly due to the fact that its seed can be ground into flour,
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semolina, etc., which form the basic ingredients of bread and other bakery products,
as well as pasta, and thus it presents the main source of nutrients to the most of the

world population (Sramkova et al., 2009).

Epidemiological studies have associated the consumption of whole grain and whole-
grain products with reduced incidence of chronic diseases such as cardiovascular
disease (Jacobs et al., 1998; Thompson, 1994), diabetes (Meyer et al., 2000), and
cancer (Jacobs Jr et al., 1995; Kasum et al., 2002; Nicodemus et al., 2001; Smigel,
1992; Thompson, 1994). These health benefits have been attributed in part to the
unique phytochemical content of grains. Morris et al., (1977) presented evidence
demonstrating the protective role of cereal grains in the human diet. They observed, in
a cohort study of 337 men, a reduced incidence of coronary heart disease (CHD) in
those with diets high in cereal fiber. Results from the Health Professional Followup
Study suggested that the consumption of high dietary fiber obtained from cereal and
grains can substantially reduce the risk of CHD (Adom et al., 2003; Rimm et al., 1996).

Current interest in the health benefits provided by grain consumption has led to an
increased focus on the phytochemical content of different grains and grain varieties.
For example, there has been some renewed interest in ancient grains by health-
conscious groups, as well as the health-food market, which wants to exploit the unique
nutraceutical values offered by these ancient grains. Buckwheat, for example, contains
rutin and other flavonoids that serve as functional compounds for treating vascular
disorders (Adom et al., 2003; Marconi & Carcea, 2001).

In cereal grains, covalently bound phenolic acids are concentrated in the cell walls of
the various grain tissues especially the aleurone and the pericarp-seed coat where they
are esterified to the arabinose side groups of arabinoxylans (Antoine et al., 2003;
Maillard & Berset, 1995; Parker et al., 2005). On the other hand, Goupy et al., (1999)
have reported that free and other soluble phenolics, such as phenolic acid esters, are
mainly found in the aleurone layer and starchy endosperm of barley. Sosulski et al.,
(1982) reported the presence of trans-ferulic, syringic and vanillic acids in wheat while
Hatcher and Kruger, (1997) reported six phenolic acids, namely sinapic, ferulic,
vanillic, syringic, caffeic and p-coumaric acids in wheat (Liyana-Pathirana & Shahidi,
2007).



The European Prospective Investigation into Cancer and Nutrition (EPIC) (Bingham
et al., 2003) recommended that people eating low fiber diets could significantly reduce
the risk of colorectal cancer, by 40%, by eating more fibre-rich foods. Similarly, the
World Cancer Research Fund’s report on cancer and diet, physical activity, and weight
suggested that foods containing fiber decrease risk of colorectal cancer (Stevenson et
al., 2012; WCRF/AICR, 2007).

The amount of dry matters and starch in germinated grain reduces. However, the
amounts of amino acids compositions, polyunsaturated fatty acids, B group vitamins,
sugar increases and the content of anti-nutritional substances reduces (Chavan et al.,
1989; Finney & Friedman, 1978). Germinated grain contains huger quantum of
essential amino acids (lysine, methionine etc.), which take part in protein production
in a human body (Harmuth-Hoene, 1988; Jahn-Deesbach & Schipper, 1991; Tkachuk,
1979). Besides, dietary fiber in grain bran is not lost (Seibold, 1990). It was established
that the longer is the period of germination, the vaster is the content of vitamin C, beta
carotene, and other antioxidants (Augustin et al., 1983; Harmuth-Hoene et al., 1987;
Heinonen et al., 1989; Yang, 2001). Antioxidant biosynthesis at the time of grain
germination depends on temperature, lighting, air and humidity (Kraujutiene et al.,
2010; Price, 1988; Sattar et al., 1989; Seibold, 1990).

1.3.2. Lentil and Germinated Lentil

Germination process can be considered as a natural and safe process of enzymatic
modification to develop functional, as well as nutritional properties of lentil seeds
(Bamdad et al., 2009). Germination of legume seeds has been documented to be an
effective treatment to reduce anti-nutritional factors and improve the nutritional
quality by increasing the level of some amino acids, vitamins and minerals (Urbano et
al., 2005b; Vidal-Valverde et al., 2002). Germination causes important changes in the
biochemical, nutritional and sensory characteristics of legume seeds, due mainly to
enzyme activity in moist seeds, which is engaged in protein and starch hydrolysis
(Sadowska et al., 1999). Increased enzymatic activities in the germinating seeds are
usually accompanied by interconversion and production of new compounds (Ahmed
et al., 2003; Bamdad et al., 2009; Wanasundara et al., 1999). During germination, the



reserved nutrients (carbohydrates, proteins, and lipids) stored in the cotyledon are
degraded by enzymes and used for the respiration and development of the embryo
(Bryant, 1985; Joshi et al., 2010).

According to the current state of knowledge, germinated seeds are characterized by
higher contents of nutrients, notably amino acids, peptides, vitamins, and minerals,
(Frias et al., 2002; Kuo et al., 2004) and lower levels of non-nutrients like trypsin
inhibitors, galactosides, tannins, and lectins (Bau et al., 1999; Chang & Harrold, 1988;
Frias et al., 1995; Ibrahim et al., 2002; Savelkoul et al., 1992) compared to their
ungerminated analogues. Changes in the content of polyphenolic antioxidants for
different legumes as a result of germination have also been reported (Bartolomé et al.,
1997; Lopez-Amoros et al., 2006; Oomah et al., 2011; Troszynska et al., 2011; Urbano
et al., 2005a).

1.3.3. Other Legumes

Several studies on the effect of germination on legumes found that germination can
increase protein content and dietary fiber, reduce tannin and phytic acid content and
increase mineral bioavailability (Ghanem & Hussein, 1999; Ghavidel & Prakash,
2007b; Rao & Prabhavathi, 1982). Germination also was reported to be associated with
an increase of vitamin concentrations and bioavailability of trace elements and
minerals (EI-Adawy et al., 2003). Kaushik et al., (2010) found that germination
improves calcium, copper, manganese, zinc, riboflavin, niacin and ascorbic acid
content. In cereal grains, germination increase oligosaccharides and amino acids
concentration as observed in barley (Rimsten et al., 2002), wheat (Yang, 2001), oat
(Mikola et al., 2001) and rice (Naing & Pe, 1995). Decomposition of high molecular
weight polymers causes generation of bio-functional substances and improvement of
organoleptic qualities due to softening of texture and increase of flavor in grains (Beal
& Mottram, 1993). In Japan, germination was used to enhance flavor and nutrients in
brown rice apart from softened the texture (Megat Rusydi et al., 2011; Ohtsubo et al.,
2005).

The effect of germination on the chemical and biochemical constituents of seeds vary

greatly with plant species, seed varieties and the germination conditions such as
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temperature, light, moisture and the time of germination (Bau et al., 1999; Kuo et al.,
2004; Megat Rusydi et al., 2011; Sattar et al., 1989).

Germination also affects the anti-nutritional factors of the legume, although there is
some disagreement as to the ultimate consequences because the effect depends on the
type of legume and on the conditions and duration of the germinating process
(Savelkoul et al., 1992). Thus, various authors (lbrahim et al., 2002; Mbithi et al.,
2001) have found significant reductions in trypsin inhibitor activity (TIA) content,
while others (Chang & Harrold, 1988; Frias et al., 1995) found no substantial
variations in TIA levels in beans and lentils after germination periods of up to 6 days
(Urbano et al., 2005a).

With regard to the functionality of the nutrients, Nnanna et al., (1990), Bau et al.,
(2000), and Uwaegbute et al., (2000) reported that long germination periods have a
negative effect on the organoleptic properties of legume seeds. Mbithi-Mwikya et al.,
(2000) reported that germination for periods exceeding 48 h produces considerable

losses of dry matter through respiration (Urbano et al., 2005a)

Heat processing in general, improves the nutritive value of legume proteins, by
inactivating trypsin and growth inhibitors and hemagglutinin (Swaminathan, 1974;
Tharanathan & Mahadevamma, 2003).

Germination has an important effect on the water-soluble vitamin composition of
legumes, and sprouted legumes usually contain different levels of some vitamins
(ascorbic acid, thiamine, riboflavin, niacin, vitamin B6, total folacin and total
pantothenic acid) compared to levels in the corresponding dry seeds (Augustin &
Klein, 1989; Kavas & El, 1992; Nnanna & Phillips, 1989; Sattar et al., 1989). Despite
the fact that there are some reports about the effect of germination on the vitamin
content in legumes, most of the studies cited here were performed with soybeans or
chickpeas, using a single set of germination conditions, and the results in terms of
vitamin content are sometimes contradictory, and dependent on the variety of the

legume (Finney et al., 1983; Prodanov et al., 1997).
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1.4. Ultrasound Processing

Ultrasound, in its most basic definition, refers to pressure waves with a frequency of
20 kHz or more (Butz & Tauscher, 2002). Generally, ultrasound equipment uses
frequencies from 20 kHz to 10 MHz. Higher-power ultrasound at lower frequencies
(20 to 100 kHz), which is referred to as ‘‘power ultrasound’’, has the ability to cause
cavitation, which has uses in food processing to inactivate microbes. Types of
transducers that can accomplish the generation of ultrasonic waves, equipment, and

their functions are given in details by Povey and Mason, (1998).

Ultrasound has been successfully used by the food industry for: the measurement of
thickness of pipes, chocolate layers, fat, lean tissues in meat, canned liquids and shell
eggs; detection of contaminants such as pieces of metal, glass or wood in foods;
measurement of flow rates through pipes; determination of food composition; and
measurement of particle size distribution in dispersed systems. However, further
research is required before ultrasound becomes an alternative method of food

preservation (Piyasena et al., 2003).

Ultrasound has been used physically or chemically in many aspects of food processing
and preservation, for example pasteurization, sterilization, generation of emulsions,
disruption of cells, promotion of chemical reactions, inhibition of enzymes,
tenderizing meat and modification of crystallization (Chemat & Hoarau, 2004; Mason
etal., 1996; Yildirim et al., 2013).

Ultrasound has been used to enhance mass transfer in solid/liquid food systems
(Gallego-Juarez & Fuente, 2004; Riera et al., 2004). Ultrasound applications were
reported to promote the leaching of oligosaccharides in legumes (Han & Baik, 2006)

and to reduce cooking time of rice (Wambura et al., 2008; Yildirim et al., 2011).

In recent years, ultrasound (US) in the food industry has been the subject of research
and development. There is a great interest in ultrasound due to the fact that industries
can be provided with practical and reliable ultrasound equipment. Nowadays, its
emergence as green novel technology has also attracted the attention to its role in the
environment sustainability. Ultrasound applications are based on three different
methods; direct application to the product, coupling with the device, and submergence
in an ultrasonic bath (Chemat et al., 2011).
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Ultrasound treatment to stimulate germination has been investigated in many seed
types including carrot, radish, maize, barley, rice and sunflower (Aladjadjiyan, 2002;
Carbonell et al., 2000; Florez et al., 2007; Hebling & da Silva, 1995; Miyoshi & Mii,
1988; Shimomura, 1998; Yaldagard et al., 2008a, 2008c). Results of these
investigations indicated that the effects of ultrasound on seed germination depend on
frequency and exposure time and appear to vary widely between the different species

and cultivars (Goussous et al., 2010).

The application of ultrasonic stimulation for rising seed germination and early stages
plant development has been investigated for different cultures: chickpea, wheat,
pepper, and watermelon (Goussous et al., 2010), corn (Hebling & da Silva, 1995), rice
cells (Oryza sativa Nipponbare) (Liu et al., 2003), pepper, tomatoes and cucumbers
(Markov et al., 1987), fodder beans, radish (Shimomura, 1990), carrot (Aladjadjiyan,
2002), ornamental trees (Aladjadjiyan, 2003). Ultrasonic treatment of seeds was used
also for industrial purposes like oil extraction and malts preparation (Kobus, 2008;
Yaldagard et al., 2008a; Yaldagard et al., 2008b; Yaldagard et al., 2008c) since cell
destruction under the shock of the ultrasonic wave with high intensity facilitates

extraction (Aladjadjiyan, 2011).

1.5. Microwave Operation

Microwaves are electromagnetic waves whose frequency varies within 300 MHz to
300 GHz. Domestic microwave appliances operate generally at a frequency of 2.45
GHz, while industrial microwave systems operate at frequencies of 915 MHz and 2.45
GHz (Chandrasekaran et al., 2013; Datta, 2001). Microwaves (300 MHz to 300 GHz)
produces changes in the cell membrane’s permeability and cell growth rate as well as
interference with ions and organic molecules, like proteins (Ragha et al., 2011,

Ungureanu et al., 2009).

Banik et al., (2003) reviewed the bioeffects of the microwave, mostly on animal and
human health. In their paper, the most popular opinion has been outlined, that the effect
of the microwave is attributed mainly to the heating. Nevertheless, it has been
mentioned that there are also non-thermal microwave effects in terms of energy

required to produce molecular transformations (Aladjadjiyan, 2010).
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It has been accepted, (Buffler, 1993), that the thermal effect of the microwave is related
to the interaction with charged particles and polar molecules. Microwave fields are a
form of electromagnetic energy and its interaction with charged particles and polar
molecules lead to their agitation which is defined as heat. Biological material placed
in such radiation absorbs an amount of energy which depends on the dielectric
characteristics of the material (Aladjadjiyan, 2010).

Reddy et al., (1995) and Reddy et al., (1998) used successfully the treatment with
electromagnetic radiation from the radio- (10-40 MHz) and microwave diapason (2.45
GHz) on seeds of mustard, wheat, soybean, peas and rice seeking to eliminate the
microorganisms (Fusarium graminearum) before seed storage (Aladjadjiyan, 2010).

Some authors have investigated the influence of microwave treatment on different
properties of seeds. Yoshida et al., (2000) treated soybean seeds with microwave
radiation (2.45 GHz) for 6 to 12 min with the aim to improve the distribution of
triglycerides in the seed coat. Oprica, (2008) has studied microwave treatment with
power density under 1 m\W/cm?® on rapeseeds (Brassica napus) and concluded that the
microwaves determined variations of catalase and peroxidase activities depending on
the age of the plants, time of exposure and state of seeds (germinated and non-
germinated) exposed to microwave (Aladjadjiyan, 2010).

Low-intensity microwave radiation on the germination of cereals (winter and spring
wheat, spring barley, and oats) causes an increasing of germination for all the treated
seeds (Aladjadjiyan, 2010).

Cooking of chickpea by microwave shown that it reduces anti-nutritive agents in
soybean (Rajko et al., 1997) and have positive effects on protein digestibility (Khatoon
& Prakash, 2004) in eight whole legumes (Alajaji & EI-Adawy, 2006).

The microwave drying helps remove the moisture content from the food products
without the problem of case hardening (Schiffmann, 1986). The microwaves have the
distinct advantage in drying and thawing of foods as the heat is generated within the
food material by reorientation of the dipoles which in turn cause molecular friction
and generate heat (Datta, 1990; Decareau, 1985). Doty and Baker, (1976) studied
microwave conditioning of durum and HRS wheat by taking 200 g samples with
moisture contents of 15, 15.5 and 16 % at 22-100 °C. The microwave energy
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significantly affected all the physical and biochemical properties of wheat. Campana
etal., (1986) and Campana et al., (1993) reported that the total protein content was not
affected even by heating to 91 °C in microwave dryer, but germination and wet gluten
content were progressively affected by temperatures above 60 and 66 °C respectively.
The functionality of gluten altered gradually with increase in time of exposure of
microwave drying. The grain temperature is more critical than that of drying air, and
it should not be above 60 °C (Okazaki & Ishihara, 1980; Walde et al., 2002).

1.6. The Aim of This Study

The aim of this thesis is to investigate the germination operation; to develop a new
germinated product (germinated bulgur and germinated lentil product), to develop new
techniques such as microwave and ultrasound aided germination methods to enhance

germination yield.
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CHAPTER 2.

MICROWAVE AND ULTRASOUND AIDED GERMINATION TO
PRODUCE GERMINATED BULGUR AS A NEW PRODUCT

In this chapter, microwave and ultrasound were used to improve the nutritional values
and increase the germination performance of durum wheat (Triticum durum).
Microwave and ultrasound applications were carried out at each 6 hours intervals
during 20 hours (25 °C, 95 % RH, and non-illuminated condition). At microwave
practice, at each 6-hour time intervals, the samples were subjected to microwave for
1, 3 and 5 minutes. Three different power levels were used at 1, 3 and 5 W/kg during

the applications.

At ultrasound (40 kHz) practice, again at each 6-hour time intervals, the samples were
subjected to ultrasound for 10, 20 and 30 minutes. Power levels were 10, 30 and 50
Wi/kg.

After germination process, bulguration (combined cooking and drying operation) of
germinated wheat were done, and then bulgur was produced by milling and sieving.
At final products; yield (%), 1000-kernels weight (g, d.b.), hectoliter-weight (kg/100
L), moisture (%, d.b.), ash (%, d.b.), protein (%, d.b.), fat (%, d.b.) and starch contents
(%, d.b.), color (CIE L*, a*, b, Y1), water absorption capacity (%, d.b.), water-soluble

substance (%, g/g), and sensory analyses were done for wheat and bulgur.

Ultrasound and microwave operations decreased the protein content of wheat and fat
content of bulgur significantly (P<0.05). Also, germination decreased the fat and starch
contents of wheat (P<0.05). However, increase in exposure power of treatments
increased the protein content of bulgur (P<0.05). In addition, germination, ultrasound
and microwave operations increased CIE L* of wheat and bulgur, also CIE b* of wheat

increased significantly.

Key Words: Germination, microwave, ultrasound, wheat, bulgur
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2.1. Introduction

As a whole grain food, bulgur is popular in the health food sector, and its pleasant
flavor lends itself to inclusion in vegetarian meals (Bayram, 2000; Bayram et al.,
2004a; Bayram & Oner, 1996, 2002; Bayram et al., 1996; Bayram & Oner, 2005;
Bayram et al., 2004c; Bayram et al., 2004d).

It is more stable than wheat due to the restriction of respiration, enzymatic and
microbial activities during the cooking operation in hot and humid environmental
conditions (Bayram, 2006; Bayram & Oner, 1996; Bayram et al., 1996).

In poor countries, intake of protein is expensive due to the high price of meat. Cereals,
legumes, and their products play an important role in the protein supply in these
countries. To solve some nutritional problems in poor countries, protein rich foods are
needed. In spite of the fact that bulgur has a high nutritional value, like everything else
bulgur is needed to be upgraded in the globalized world. In recent years, with the aim
of improving the nutritive value of cereals and legumes, preparation techniques such

as germination and fermentation have been developed.

The germination of seeds is a method that has been in existence for centuries, having
been particularly developed using traditional procedures in the countries of the Far
East and India (Deshpande & Deshpande, 1991). During germination, the seeds are
transformed from the dormant state into a metabolically active state. This process
involves intensive mobilization of the stored reserves, which results in a rapid increase
in respiration, the synthesis of proteins and nucleic acids, and the elongation and
division of cells (Gorecki et al., 2000; Kadlec et al., 2008).

A number of studies have performed to investigate the influence of germination on
wheat (Hung et al., 2012; ljarotimi, 2012; Kraujutiene et al., 2010; Morad &
Rubenthaler, 1983). It has been reported that protein (ljarotimi, 2012; Kraujutiene et
al., 2010), ash (Hung et al., 2012), moisture (ljarotimi, 2012; Morad & Rubenthaler,
1983), and hectoliter-weight increased; however, fat and starch content (ljarotimi,

2012) decreased during germination of wheat grain.

In addition to these, germination has also benefits in terms of health. Wheat grain

sprouts may also scavenge free radicals in a human body, reduce the level of
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cholesterol and improve immune system (Seibold, 1990). Thus, at present germination
is more and more widely used not only for improvement of nutritional grain quality
but also as a raw material for healthy food production (Kraujutiene et al., 2010;
Lintschinger et al., 1997; Lorenz & D'Appolonia, 1980; Price, 1988; Yang, 2001).

However, no research has focused on the application of ultrasound and microwave
during germination. Also, there is no study about bulgur which is made from
germinated wheat in spite of nutritional improvement and health benefit effects of
germination. The aim of this study was to investigate a) the effect of germination on
Triticum durum wheat, b) the effect of germinated wheat used for bulgur production,
c) the production of new bulgur named as germinated bulgur, d) the effect of the
application of ultrasound and microwave techniques during germination instead of

before germination, and e) the acceptability of germinated bulgur by consumers.

2.2. Materials and Methods
2.2.1. Sample Preparation

Wheat (Triticum durum) harvested in 2013 were obtained from a local bulgur factory
in Gaziantep. The properties of wheat used in this study were shown in Table 2.1.
Wheat was cleaned by using 2.5 mm sieve and germinated for 20 hours between two
coarse filter papers in a climate cabinet (25 °C, 95 % RH, and non-illuminated
condition) (Niive ID 501, Ankara, Turkey) with adding water continuously to prevent
the dehydration of the samples. Germination system and germinated wheat were
shown in Figure 2.1. Microwave and ultrasound applications were made for 6-hours
intervals for 20 hours of germination operation. At the microwave operation, which
was made in a microwave oven (Bosch HMT84G421, Stuttgart, Germany); at each 6-
hours intervals, the samples were subjected to the microwave for 1, 3 and 5 minutes at
1, 3 and 5 W/kg. At the ultrasound (40 kHz) application, which was made in an
ultrasonic water bath (100 W/cm?®, 4 L, Modified Minisonik, Min 18, Intersonik,
Istanbul, Turkey); again at each 6-hours intervals, the samples were subjected to the
ultrasound application for 10, 20 and 30 minutes. The power levels used during the
applications were 10, 30 and 50 W/kg. The volume of water in the ultrasonic water
bath needed to obtain desired power level was calculated according to the density of
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each sample and also power (100 W/cm3) and wash volume (4 L) of the ultrasonic
water bath. After 20 hours germination process, the germinated wheat grains were
dried in a packed bed dryer (MK II, Sherwood Scientific, Cambridge, UK) at 90 °C.
After that, bulguration (combined cooking and drying operation) (Bayram, 2007) of
germinated wheat were made and bulgur was produced by a hammer mill (Armfield
Co., England). Then, the sieving was made to separate flour. After sieving, the product
between 1.6 — 2.8 mm sieves were taken as bulgur sample. Wheat samples after drying
and bulgur samples after the bulguration process were stored at + 4 °C for the further
analysis. The sample nomenclature was given in Table 2.2. Also, experimental set-up

of germination process and bulgur process were illustrated in Figures 2.2. and 2.3.

Table 2.1. The properties of wheat used in the experiments

Properties Wheat
Protein content (%, d.b.) 9.91 (£0.03)

Fat content (%, d.b.) 1.89 (£0.01)
Starch content (%, d.b.) 70.38 (£0.49)
Moisture content (%, d.b.) 8.03 (£0.47)

Ash content (%, d.b.) 1.46 (£0.09)
Water Absorption Capacity (%, d.b.) 31.90 (+0.17)
Hectoliter-Weight (kg/100 L) 85.14 (£0.00)
1000-kernels weight (g, d.b.) 43.56 (+0.00)

CIE L* 51.00 (+0.11)

. ClEa 9.50 (+0.19)
S8 ciEb 25.62 (£0.33)
CIEYI 76.56 (+0.41)

+ means the standard deviation of measurements.
CIE L*: Lightness, CIE a*: Redness, CIE b*: Yellowness, CIE YI: Yellowness Index.
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Figure 2.1. Germination system (left) and germinated wheat (right)

Table 2.2. Description of the samples

Germination Applied Duration Bulgur
Wheat Samples Process
(yes/no) Power (W/kg) (min) Samples
WO (control) No No 0 0 BO (control)
WGO (control) Yes No 0 0 BGO (control)
WM11 Yes Microwave 1 1 BM11
WM13 Yes Microwave 1 3 BM13
WM15 Yes Microwave 1 5 BM15
WM31 Yes Microwave 3 1 BM31
WM33 Yes Microwave 3 3 BM33
WM35 Yes Microwave 3 5 BM35
WM51 Yes Microwave 5 1 BM51
WM53 Yes Microwave 5 3 BM53
WM55 Yes Microwave 5 5 BM55
WuU1010 Yes Ultrasound 10 10 BU1010
Wu1020 Yes Ultrasound 10 20 BU1020
WuU1030 Yes Ultrasound 10 30 BU1030
WU3010 Yes Ultrasound 30 10 BU3010
WU3020 Yes Ultrasound 30 20 BU3020
WU3030 Yes Ultrasound 30 30 BU3030
WuU5010 Yes Ultrasound 50 10 BU5010
WuU5020 Yes Ultrasound 50 20 BU5020
WU5030 Yes Ultrasound 50 30 BU5030

W: Wheat, B: Bulgur, G: Germinated, O: Control, M: Microwave, U: Ultrasound.
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2.2.2. Chemicals

The chemicals used in protein, fat and starch contents analyses were obtained from

Merck (Darmstadt, Germany).

2.2.3. Analyses
2.2.3.1. Physical and Chemical Analyses

Moisture (%, d.b.), ash (%, d.b.), protein (%, d.b.) and fat (%, d.b.) contents were
measured by using the standard of AOAC methods (AOAC, 1990). For bulgur yield
(%), the weight of unprocessed wheat and weight of final product bulgur was
considered. 1000-kernels weight (g, d.b.) was calculated according to the method of
Turkish Standards (TS 1136; TSE, 2007). Hectoliter-weight (kg/100 L) was
determined according to the method of Turkish Standards (TS EN ISO 7971-1; TSE,
2012). The color was measured as CIE L*, a*, b*, and Y| with HunterLab colorimeter
(Colorflex 45/0, HunterLAB, USA). Before each of the color measurement, black and
white standard tiles were used to calibrate colorimeter (L=93.01, a=-1.11, b=1.30).
The color measurements were performed at room temperature (25 + 2 °C). Analysis
of starch content (%, d.b.) was carried out according to 1ISO 10520 (ISO, 1998).
Analysis of water-soluble substances (%, g/g) for the bulgur samples was calculated
according to the percentage change during the cooking of wheat. Analysis of water
absorption capacity (%, d.b.) was carried out according to weight difference after and

before immersion at 20 °C for 60 minutes (Joshi et al., 2010).

2.2.3.2. Sensory Analysis

Bulgur pilaf was made from 3 bulgur samples which were control sample (1) and the
best bulgur from the ultrasound (2) and microwave (3) applications according to
nutritional values. The best bulgur samples were chosen according to the highest
protein, lowest fat and starch contents. Sensory analysis was done with a scoring test

by 15 panelists in Sensory Analysis Laboratory, Gaziantep University.
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The panelists were scored according to flavor, odor, texture, appearance and overall
effect of the pilaf samples.

2.2.4. Statistical Analyses

The analysis was carried out in 2 replicates for all determinations. The mean and
standard deviation of means were calculated. The data were analyzed by one-way
analysis of variance (ANOVA) (P<0.05). Duncan test were applied to determine
difference between the measurements. A multiple comparison procedure of the
treatment means was performed by Pearson correlation test. Statistical Analyses were
carried out by using IBM SPSS Statistics (v22.0.0, 2014, IBM Corporation, New York,
USA).

In the text of the results and discussion section, the numbers in the parentheses are the

Pearson correlation coefficients.

2.3. Results and Discussion
2.3.1. The Changes in Protein, Fat and Starch Contents of Wheat Samples

The protein, fat and starch contents of wheat samples after germination and treatments
(microwave and ultrasound) were presented in Table 2.3. Also, Pearson test results of

wheat samples were given in Table A.4. (Appendix).

According to the result, the germination process caused decrease in protein content
(WGO).

In general, the protein content of the samples decreased by using ultrasound and
microwave treatments (P<0.05) (-0.345). The treatments e.g. microwave, ultrasound,
increase in exposure power and exposure time of microwave and ultrasound treatment
have resulted in a decrement in protein content. However, it has been reported that the
protein content increased during the germination of wheat grain (ljarotimi, 2012;
Kraujutiene et al., 2010). The highest value of protein content (10.78 %) was obtained

for WM51 which wheat was germinated and exposed to the microwave for 1 min at 5
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W/kg. Also, there was an increase in protein content, from 9.91 to 10.66 % was
obtained from WM11 which was microwave treated germinated wheat for 1 min and
1 W/kg. In some treatments, microwave treatment is the major factor for increasing
protein content. Because microwave treatment was increased the protein content of
WM51 from 9.91 to 10.78 %, WM11 from 9.91 to 10.66 %, WM15 from 9.91 to 10.46
% and WM33 from 9.91 to 10.24 %.

The fat content of wheat samples was decreased during germination (P<0.01) (-0.421),
which the treatments, increasing exposure time and power for ultrasound and
microwave. The results in this study are corresponding to the results in the literature,
which the fat content decreased during germination of wheat grain (ljarotimi, 2012).
The lowest value obtained was 1.18 % for WU5030 sample, which was ultrasound
treated germinated wheat for 30 min and 50 W/kg, and WU3010 sample, which was
ultrasound treated germinated wheat for 10 min and 30 W/kg (the initial value of 1.89
%). Also, there was a decrease in fat content, from 1.89 to 1.24 % was obtained from
WM35, which was microwave treated germinated wheat for 5 min and 3 W/kg.
Germination and increasing exposure time and power of treatments decrease the fat
content of wheat. The major decrement of fat content was provided by germination
from 1.89 to 1.36 %. In this study, if it is desired, fat content can be decreased by using

these treatments.

Starch content was decreased during germination (P<0.05) (-0.395). Also, it decreased
due to the treatment of ultrasound and microwave and increasing the exposure time of
the treatments during the germination operation. Starch content decreased during the
germination of wheat grain (ljarotimi, 2012). The initial value of the wheat samples
was 70.38 %. The lowest value was obtained as 61.95 % for WU3020, which was
ultrasound treated during germination at 30 W/kg for 20 min. Also, there was a
decrease in starch content, from 70.38 to 61.97 %, was obtained from WGO which
was germinated wheat. In this research, it was founded that germination, treatments

and increasing the exposure time decreased the starch content of wheat samples.
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Table 2.3. The protein, fat and starch contents of the samples after the germination
and treatments

Sample PCd : FC SC
91c% 1.89 70.38°
WO (control) (912)0&32 (f 302311e f) (Z;E:Oz%)
WGO (control) (+ 0.13]) (* O?b(c)d) = 0,21)
WM11 (iof% (1£208.09) (3:3;;4)
WM13 (i%god;) (i' %602) (izi o )
WM15 (1f 5‘33; (ili)?.(z)il) (1931.31 ;)
wiva1 10133 & o0 30
WM33 %2(2)438:; (i'ﬁif;) ?f 25?2];
Whzs st ot o
Wit o) e S
WM53 ?fg C;;fj (1:01.?)0;9) ZZ fllag)
h e aw e
WU1010 (i' %SQZC) (i'?).?(f)g;) ?f 33?1b ;
WU1020 (1702;1:; (ilbg.gjs ) ?f 3936?)];
WU1030 (9 :|;405.a1b;d) (il '(%:)) (i&zl.g;b)
W10 2o iy & 21
WU3020 (i'%(_)za; (i'gfg) (ild?gsa)
WU3030 (i' %?la b;) (i 3(5::2&; ?f '04.;?;
WU5010 (2[708?;; (ilb?}j()) ?I ija;;
WU5020 3;402,?; (130?2:; ?f 48.?; ;
efgh a abe
WU5030 %2'(3).061) (il bl_?)z) ZZ '12.31)
n 3 3 3

min 8.85 1.18 61.95

max 10.78 1.99 70.38

Av. 9.80 1.45 65.34

n means the number of a run for each data.

+ means the standard deviation of “n” number of measurements.

PC: Protein Content (%, d.b.), FC: Fat Content (%, d.b.), SC: Starch Content (%, d.b.).
a, b, ¢ etc. show Duncan Test homogeneous groups (P<0.05).
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2.3.2. The Changes in Color Values of Wheat Samples

Bulgur should have a light yellow, homogeneous color (Bayram et al., 2003). The main
purpose of polishing operation during production is to increase CIE L* and CIE b*
values while to decrease CIE a* and CIE Y1 values according to Bayram, (2005).
Therefore, durum wheat will be used for bulgur production should meet these
properties. Color values of wheat samples after germination and the treatments were
presented in Table 2.4. Also, Pearson test results of wheat samples were given in Table
A.4. (Appendix).

The CIE L* value shows the darkness (0) and lightness (+100). CIE L* value increased
with the germination operation (0.656) and the microwave and ultrasound treatments
(0.563) (P<0.01). The increase in exposure power and exposure time of microwave
and ultrasound treatments resulted in an increase in CIE L* value. The highest value
of CIE L* (55.99) was obtained for WU3020 which wheat was germinated and
exposed to the ultrasound (40kHz) for 20 min at 30 W/kg. Also, there was an increase
in CIE L* value, from 51.00 to 55.80, was obtained for WU3030, which was
ultrasound treated germinated wheat for 30 min and 30 W/kg. The germination is the
major factor for increasing CIE L* value. Because the germination increased the CIE
L* value of wheat from 51.00 to 54.62. Considering a higher increment in CIE L*
value is desired, wheat should be germinated and treated with ultrasound at higher

power and time.

The CIE a* value shows the redness (+) and greenness (-). The CIE a* value decreased
during the germination (P<0.01) (-0.530), and increasing exposure time and power for
ultrasound and microwave. The lowest value obtained was 8.36 for WGO sample with
the germination operation (the initial value of 9.50). Also, there was a decrease in CIE
a* value, from 9.50 to 8.55, was obtained for WU3020, which was ultrasound treated
germinated wheat for 20 min and 30 W/kg. Germination and increasing exposure time
and power of the treatments decrease the redness of wheat. The major decrement of

CIE a* value was provided by the germination.
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Table 2.4. Color values of the samples

Sample CIE L* CIE a* CIE b* CIEYI
51.00° 9.50° 25 62 76.56°
WO (control) *0.11) (£0.19) (+ 0.33) (£ 0.41)
54,620defon 8.36° 28,63 76.92%
WGO (control) (- 0.59) (- 0.08) (- 0.61) (- 0.41)
55,0790 8.69%¢ 28 887 77.41%
WMIL (0.15) (+0.02) (+ 0.04) (+0.24)
55,0260efon 8.63% 29, 27¢! 78.020cde
WM13 (+0.93) (*0.36) (+0.04) ( 1.34)
54, 44bcdelch 8.76%cd 29.23¢ck! 78.60%
WM15
+0.33 +0.17 +0.59 +0.92
5(4.osbcd)ef (8.86b°de) §9.22°de)f (79.06de)
WMl (+ 0.45) (+0.20) (+0.19) (+ 0.99)
53.00° 8.93bccke 28.73¢ 79.26%
WM33
+0.39 +0.16 +0.41 +1.23
W35 é3.85b°d)e (8.82bcde) gg.oscde)f (78.97"9)
+1.59 +0.22 +1.33 +0.47
R, 5(3.99b°d)ef (9.10°de) §9.46°de)f (79.606)
+0.07 +0.13 +0.34 +1.00
5z(1.39bcd929h (8.69ab°) §9.36°de)f (78.73°dz
WMS3 (0.24) (+0.13) (+0.81) (+ 1.25)
53.430° 8.94bcce 28.99¢ 79.35%
WMS5
+0.39 +0.24 031 £ 1.18
wutol 5(4.24b°de)fg (9.14def) §9.49°de)f (79.759)
+0.38 +0.16 +0.76 £ 111
WUL0H (53.76b°3 (9.229f) (30.39f) (81.71f)
(+0.51) (+0.24) ( 0.00) (+0.79)
54,730f0n 8.742bcd 29 5t 78 850
WU1030 (0.16) (+0.17) (+0.03) (+0.32)
55.03¢efon 8,770 29.07°ef 77.720cde
WU3010 (+ 0.84) (+ 0.06) (+0.77) (+0.26)
55.99" 8.55% 27390 74.042
WU3020
+0.78 +0.15 +0.29 +132
(55 sogh) (9 07cde) (30 01ef) (79 13de)
WU3030 (* 0.43) (* 0.06) (£ 0.59) (* 0.48)
55, 44¢foh 8.8gbece 29 810t 78 840
WU5010 ( 0.80) (+0.14) (+0.39) (+0.26)
fgh abcd bc b
WU5020 Erf 'f.gm (8;0?02) (18'02.27) (166.1415)
54.pAccelch 8.90bcde 29, 44¢61 79.00%
WU5030 (+ 0.63) (+0.11) (+0.34) (+0.14)
n 4 4 4 4
min 51.00 8.36 25,62 74.04
max 55.99 9.50 30.39 81.71
Av. 54.40 8.86 28.99 78.38

n means the number of a run for each data.

+ means the standard deviation of “n” number of measurements.

CIE L*: Lightness, CIE a*: Redness, CIE b*: Yellowness, CIE YI: Yellowness Index.
a, b, c etc. show Duncan Test homogeneous groups (P<0.05).

The CIE b* value shows the yellowness (+) and blueness (-). The CIE b* value
increased with the germination (0.727), and the microwave and ultrasound treatments

(0.446) (P<0.01). Also, it increased with the increasing exposure time of the treatments
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during the germination operation (0.376) (P<0.05) and with increasing exposure power
of the treatments during the germination operation. The initial value of the wheat
sample was 25.62. The highest value was obtained as 30.39 with WU1020, which was
ultrasound treated during germination at 10 W/kg for 20 min. Also, there was an
increase in CIE b* value, from 25.62 to 30.01, was obtained for WU3030, which was
ultrasound treated germinated wheat for 30 min and 30 W/kg. It is desired that CIE b*
value of wheat should be higher for bulgur production. The germination operation and

the treatments increase the yellowness of wheat.

Yellowness Index (CIE Y1) is a measure of the color on the yellow scale that describes
the change in color of a sample from clear or white toward yellow (Balci, 2015). The
CIE Y| value increased not significantly (P>0.05) with germination and all treatments.
The initial value of the wheat sample was 76.56. The lowest value was obtained as
74.04 for WU3020, which was ultrasound treated during germination at 30 W/kg for
20 min. Also, there was a decrease in CIE Y| value, from 76.56 to 76.11, was obtained

for WU5020, which was ultrasound treated germinated wheat for 20 min and 50 W/kg.

2.3.3. The Changes in Ash and Moisture Contents, Water Absorption Capacity,
Hectoliter-Weight, and 1000-Kernels Weight of Wheat Samples

The changes in ash and moisture content, water absorption capacity, hectoliter-weight,
and 1000-kernels weight of wheat samples after germination and treatments were
presented in Table 2.5. Also, Pearson test results of wheat samples were given in Table
A.4. (Appendix).

Ash content of the wheat samples decreased with germination (-0.350) (P<0.05).
However, according to the results in the study of Hung et al., (2012) the ash content
of wheat grain increased during germination. The initial ash content of control sample
(WO sample) of wheat was 1.46 %. The highest ash content after the treatments was
obtained as 1.43 % for WU5020, which was ultrasound treated germinated wheat for
20 min and 50 W/kg. Also, another high ash content after the operations was obtained
as 1.39 % for WU1020, which was ultrasound treated germinated wheat for 20 min

and 10 W/kg. Germination decreased the ash content of the wheat samples from 1.46
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to 1.24 %. Considering a higher increment in the ash content is desired, wheat should

be treated with ultrasound.

Table 2.5. The ash and moisture contents, water absorption capacity, hectoliter-
weight, and 1000-kernels weight of the samples

Sample AC MC WAC HW TKW
WO (control) 1.469 8.03° 31.90% 85.14 43.56
(+0.09) (+ 0.47) (+0.17) (+ 0.00) (+ 0.00)
1.24bcd 15.98' 32.43¢ 68.22 42.06
WGO (control) (£ 0.02) *0.22) (£0.12) ( 0.00) (& 0.00)
WML 1.3 becef 12.130 30,51 70.92 41.00
(£0.07) (+0.73) (£2.11) (£0.00) (£0.00)
W13 1.2gbece 11,8490 31,18 76.94 42.08
(+0.01) (+0.51) (+ 1.88) (+ 0.00) (+ 0.00)
WML 1.27bece 15.36' 26.33° 69.30 40.55
(+ 0.06) (£ 0.04) (+ 1.39) (+ 0.00) (+ 0.00)
Wi 1.06° 12.42ik 26.91% 73.98 42.87
(+0.01) (+0.07) ( 1.79) (0.00) (+ 0.00)
—— 1.21° 11.27% 30.03bcce 69.64 40.62
(£0.03) (£0.14) (£2.05) (£0.00) (= 0.00)
Wit 1.3 becef 11,470 26.85% 68.02 44.58
(£0.05) (+0.61) (£0.80) (£0.00) (£0.00)
WML 1.27bcce 12,53k 32.62¢ 71.16 41.09
(£0.06) (£0.23) (£0.38) (£0.00) (£0.00)
W53 1.37%fs 12,725 31.54¢ 69.82 43.54
(+0.02) (+0.37) (+0.94) ( 0.00) (+ 0.00)
w 1.330cdeg 12.92* 30,250 69.58 42.68
(+0.01) (+0.12) (+ 0.80) (+ 0.00) (+ 0.00)
1.330cdefo 9.48% 32.48° 69.90 39.50
WU1010 (+0.07) (+ 0.66) (+ 0.96) (+ 0.00) ( 0.00)
1.39¢1 7.700 31.90¢% 75.24 39.72
WU1020 (+0.01) (+0.21) (+ 1.48) (+ 0.00) ( 0.00)
1.26bcce 10.81f 29, 75bede 70.80 39.24
WU1030 (+0.03) (£ 0.04) (+1.93) (+ 0.00) ( 0.00)
1,200 11.37% 30.96% 74.10 41.52
WU3010 (+0.07) (£ 0.04) (+2.04) (+ 0.00) ( 0.00)
1.3500efs 10.75" 28,967 76.06 42.74
WU3020 (+0.07) (+ 0.26) (+ 1.85) (+ 0.00) (+ 0.00)
1.37%1 6.537 28 80%cd 7450 42.19
WU3030 (+0.09) (+0.11) (+0.36) (+ 0.00) ( 0.00)
1.36%1 10.03¢ 28.77%cd 71.82 41.08
WU5010 (+0.03) (+0.08) (+ 1.63) (+ 0.00) ( 0.00)
1.430 7.20% 28.16%¢ 74.66 42.89
WU5020 (+ 0.04) (+0.05) (+0.43) (+ 0.00) ( 0.00)
1.38°10 8.87¢ 32.70¢ 73.98 40.15
WU5030 (+0.10) (+0.03) (+0.32) (+ 0.00) (+ 0.00)
n 3 3 3 1 1
min 1.06 6.53 26.33 68.02 39.24
max 1.46 15.98 32.70 85.14 44.58
Av. 131 10.97 30.15 72.69 41.68

n means the number of a run for each data.

+ means the standard deviation of “n” number of measurements.

AC: Ash Content (%, d.b.), MC: Moisture Content (%, d.b.), WAC: Water Absorption
Capacity (%, d.b.), HW: Hectoliter-Weight (kg/100 L), TKW: 1000-Kernels Weight (g, d.b.).
a, b, c etc. show Duncan Test homogeneous groups (P<0.05).
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The moisture contents of wheat samples were decreased with ultrasound and
microwave treatments (-0.563) (P<0.01), increasing exposure time and power for
ultrasound and microwave treatments. The lowest value obtained was 6.53 % for
WU3030, sample which was ultrasound treated germinated wheat for 30 min and 30
W/kg (the control value of 8.03 %). Also, there was a decrease in moisture content
from 8.03 to 7.20 % was obtained for WUS5020, which was ultrasound treated
germinated wheat for 20 min and 50 W/kg. Ultrasound and microwave treatments,
increasing exposure time and increasing exposure power of treatments decrease the
moisture content of wheat. Major decrease in the moisture content was provided by
the ultrasound treatments.

The water absorption capacity of wheat samples decreased with increasing exposure
time of treatments during germination (P<0.05) (-0.362), ultrasound and microwave
treatments, and increasing exposure power of treatments during germination of wheat
samples. The water absorption capacity of control wheat sample was 31.90 %. The
lowest value was obtained as 26.33 % for WM15, which was microwave treated wheat
during germination at 1 W/kg for 5 min. Also, there was a decrease in water absorption
capacity, from 31.90 to 26.85 %, was obtained for WM35, which was microwave
treated germinated wheat for 5 min and 3 W/kg. The results show that major decrement

provided by increasing the exposure time of the microwave and ultrasound treatments.

The hectoliter-weights of the wheat samples decreased during the germination
operation (P<0.01) (-0.736). Also, it decreased with microwave and ultrasound
treatments, increasing exposure time and the power of the treatments during the
germination operation. However, it decreased during the germination of wheat grain
according to the study of ljarotimi, (2012). Initial value for the wheat sample was 85.14
kg/100 L. The lowest value was obtained as 68.02 kg/100 L with WM35, which was
microwave treated during germination at 3 W/kg for 5 min. Also, there was a
decrement in hectoliter-weight, from 85.14 to 68.22 kg/100 L, was obtained from

LGO, which was germinated wheat.

The 1000-kernels weight decreased significantly with germination, the ultrasound and
microwave treatments (P<0.01) (-0.445), and increasing the exposure time of
treatments during the germination of the samples. The 1000-kernels weight of control

value of wheat sample was 43.56 g. The lowest value was obtained as 39.24 g for
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WU 1030, which was ultrasound treated wheat during germination at 10 W/kg for 30
min. Also, there was a decrease in 1000-kernels weight, from 43.56 to 39.50 g was
obtained for WU1010, which was ultrasound treated germinated wheat for 10 mins
and 10 W/kg. The results show that significant decrement provided by the microwave

and ultrasound treatments.

2.3.4. Relationship Between Parameters of Wheat Samples
Pearson test results of wheat samples were given in Table A.4. (Appendix).

There are positive significant correlations between fat content of the samples and the
starch (0.336) and ash contents (0.382) of the samples at level P<0.05. Also, a positive
significant correlation has been observed between fat content and CIE a* value of the
samples at level P<0.01 (0.434). However, there is a negative significant correlation
between fat content and hectoliter-weight (-0.325) of the samples at level P<0.05.
Therefore, the results showed that whenever the fat content of wheat samples

decreased; the starch and ash contents, and CIE a* value of the samples decreased.

While there is a negative significant correlation between CIE L* and CIE a* values of
the samples at level P<0.01 (-0.628); a positive significant correlation has been
observed between CIE L* and CIE b* values of the samples at level P<0.01 (0.484).

As CIE L* value of the samples increased; CIE a* and b* values decreased.

There are positive correlations between CIE a* and CIE Y1 values (0.484) and the
hectoliter-weight (0.427) of the samples at level P<0.01. Also, there is a positive
correlation between CIE a* value and the ash content at level P<0.05 (0.330).
However, it has been observed that there is a negative correlation between CIE a*
value and the moisture content of the samples at level P<0.01 (-0.551). As the CIE a*
value of the samples increases, a decrement observed in terms of CIE Y1 value,
hectoliter-weight and ash content. However, the increment in the CIE a* value of the

samples has resulted in an increment in terms of the moisture content.

Additionally, there is a positive significant correlation between CIE b* value and CIE
Y1 value at level P<0.01 (0.722). Negative significant correlation has been observed
between CIE b* value and hectoliter-weight (-0.540) and 1000-kernels weight (-0.447)
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of the samples at level P<0.01. It has been observed that the CIE b* value increases as
CIE YI value increases and hectoliter-weight and 1000-kernels weight of wheat

samples decreases.

There is a positive significant correlation between the hectoliter-weight and the ash
content of the samples at level P<0.05 (0.356). But a negative significant correlation
has been observed between hectoliter-weight and moisture content of wheat samples
at level P<0.01 (-0.570). As the hectoliter-weight of wheat samples increases, an
increment in terms of ash content and a decrement in terms of the moisture content

was observed.

Besides, it observed that there was a negative significant correlation between the ash
and moisture contents of the samples at level P<0.01 (-0.556). Therefore, the moisture

content decreases as the ash content increases.

2.3.5. Bulgur Yield

Bulgur was produced from microwave and ultrasound aided germinated wheat in order

to determine the yield.

Whole processes were initiated with 250 g of wheat. Therefore, it was investigated that
how many grams of bulgur (between 1.6 — 2.8 mm sieve) were produced from 250 g
treated with microwave and ultrasound, and germinated wheat. The yield during

bulgur process was given in Table 2.6.

According to Table 2.6., the highest bulgur yield was obtained for WU5010; however,
the lowest bulgur yield was obtained from WM53.

During the bulgur production, cooking of the wheat samples were controlled according
to the cutting method (Bayram, 2006). This method was applied to examine for the
opague white centers of the endosperms of the cooked kernels, which were cut with a
razor blade. Uniform gelatinization of starch throughout the kernel endosperm was
required. It was obtained the differences between the cooking times. It is probably due
to the application of microwave and ultrasound with different time and power was

caused by changes in the structure and starch content of wheat.
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Table 2.6. Bulgur yield data

Start for

sample  Wheat ~ Cleaned ~ Germinat dGae;g‘g‘f}tez Bulgur Cg?f‘;'g‘g Cooked Dried Dehulled <050 05-1.6 1.6-2.8 2.8-355 > 355

(@ (25mm)(g) ed(9) @ Procig;:tlon miny @ ©) (@9 mm(g) mm(g mm(g) mm(g) mm(g)
WO 250 231.79 NO NO 231.88 55 390 24125 23217 440 164 9395 9131  17.52
WGO 250 229.75 345  237.86 18270 49 282 18105 17125 400 1815 97.64 4295 495
WM11 250 232.71 358 24310  185.18 60 311 18477 17577 600 175 8635 5172  8.20
WM13 250 236.34 361 24660  187.90 63 320 18600 177.32 596 226  90.77 4575 5.6
WM15 250 236.61 345 24537 18728 53 305 186.00 177.36 378 1811 8752 5516  7.09
WM31 250 238.37 365 24968 19053 48 299 18500 179.38 400  19.34 101.65 4128 453
WM33 250 234,19 362 24017  184.32 54 303 183.00 17548 418 1633 9040  49.84  7.17
WM35 250 236.85 365 24443  189.00 66 310 187.00 179.71 317 1609 8515 57.63  13.69
WM51 250 237.06 358 24575  189.00 53 302 188.00 18048 298 1237 7835 6696  13.97
WM53 250 233.03 345 24449  185.82 54 300 183.00 17715 265 1057 7335 6916  16.75
WMS55 250 228.20 340 23716 18080 55 200 179.00 17273 193 1044 7373 6600  14.30
WU1010 250 237.75 357 23913 18379 57 303 18200 17545 258 2613 10435 2892  7.17
WU1020 250 236.55 359 23178 17620 47 289 17500 16556 1520 402 9210 896  1.00
WU1030 250 234.59 360 22810 17272 51 290 169.00 16050 1150 4652  89.04 677 050
WU3010 250 237.13 358 23428  178.90 63 306 177.00 170.30 10.49 3588 9895 1711 159
WU3020 250 237.05 356 23351  177.10 65 302 17600 16921 938 2988 10233 1840 2.8
WU3030 250 236.01 357 22807 17266 46 277 17200 15532 2947 514 6429 272 056
WU5010 250 238.75 363 23283  177.37 53 239 17200 16825 416 828 11011 3162  3.79
WU5020 250 234.24 357 22946 17380 42 301 17200 16356 1872 5128 7755 647  0.60
WU5030 250 231.60 348 22804 17220 35 297 17100 17355 897 3154 9720 2233  5.40

The mesh sizes for the cleaning and classification are according to Turkish Standards (TS 2284:2009).




2.3.6. Water-Soluble Substances Amount

The determination of water-soluble substances for the bulgur samples was calculated
according to the percent change during the cooking of wheat while bulguration was
carried out. The percentage of water-soluble substances was given in Table 2.7. Table
2.7. showed that WU1030 and WGO samples lost most in water-soluble substances.

However, WM53 sample was the best sample according to less loss.

Table 2.7. The percentage of water-soluble substances of the samples

Sample Percentage of water-soluble substances (%, g/g)
WO 2.96
WGO 4.40
WM11 3.72
WM13 1.14
WM15 2.34
WM31 2.70
WM33 1.55
WM35 1.47
WM51 3.63
WM53 0.32
WM55 2.53
Wu1010 3.32
Wu1020 1.78
WU1030 4.42
Wu3010 2.25
WuU3020 3.07
WU3030 3.83
WU5010 2.70
WU5020 1.40
WU5030 1.78

2.3.7. The Changes in Protein, Fat, and Starch Content of Bulgur Samples

The protein, fat and starch contents of bulgur samples after the germination and
treatments were presented in Table 2.8. Also, Pearson test results of bulgur samples

were given in Table A.5. (Appendix).
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Table 2.8. The changes in protein, fat, and starch content of bulgur samples

Sample PC FC SC
BO (control) (io(').l;g) (3(7).?;:;) ((1763.,(?:1)
BGO (control) ( f '(?,22;) (ilz)?(jfg) (illl(fgb)
BM11 (io(;? A ) (il '02_%:)) ?fi?ssa T)d
BM13 (iod.l()?;) (2;.1(:;) ?j gij;
BM15 é%%é;b) (f S%hs') (igd?sd)
st oo e Coon
BM33 (iod(_)g) (i' E?Sff ) 621264;;
BM35 (106,112 6a) (i' Z)(,ng) (iozlilza)
BM>1 (iodé(?:) (i' E(;)L.l(f)gsh) E(31357&20)d
gMS3 (1069;18) (iobg.gis ) ((ffg;d)
BMS5 (iob‘qu:; (2 '3,53;) G(SSG;ZC;
BU1010 (io(;_ll? 2) (gg 2ob;) ?f N 1122
BU1020 (io(;fo’ol; (2 g%a;) ?238220;
BU1030 (106?;;) (E 87(:;) (229620;
BU3010 (106,227;) (2 gooc;) (Té?id)
BU3020 (ioéﬁl; (2 35(?;) (ilbl.g?)b)
BU3030 ( N '(%al) (:S ;f’_f,az) ?il?ﬁgc;
BU5010 (il(')_l% (ilbggjzt) (Té%g:)
L3y o0 089
a ghi cd
BU5030 (106?()29) (i'?foz) (16'2?39)
n 3 3 3

min 9.89 0.52 60.81

max 11.15 1.22 68.60

Av. 10.27 0.80 64.77

n means the number of a run for each data.

+ means the standard deviation of “n” number of measurements.

PC: Protein Content (%, d.b.), FC: Fat Content (%, d.b.), SC: Starch Content (%, d.b.).
a, b, c etc. show Duncan Test homogeneous groups (P<0.05).

The protein content of bulgur samples increased with increase in exposure power
(P<0.05) (0.321). Additionally, germination and ultrasound and microwave treatments

of wheat used for bulgur production have resulted in an increment in protein content
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of bulgur samples. The highest value of protein content (11.15 %) was obtained for
BU5010, which bulgur was produced from germinated wheat and exposed to the
ultrasound (40kHz) for 10 min at 50 W/kg. Also, there was an increase in protein
content, from 10.14 to 10.60 % was obtained for BM51, which was microwave treated
germinated wheat for 1 min and 5 W/kg. Ultrasound treatment is the major factor for
increasing protein content. Because ultrasound treatment increased the protein content
of BU5010 from 10.14 to 11.15 %, BU3020 from 10.14 to 10.43 %, BU5020 from
10.14 t0 10.39 % and BU5030 from 10.14 to 10.32 %. Considering a higher increment
in the protein content is desired, bulgur should be produced from germinated and
treated with ultrasound at higher power.

The fat content of bulgur samples decreased with ultrasound and microwave
treatments (P<0.05) (-0.319) and increasing exposure time for ultrasound and
microwave. The lowest value obtained was 0.52 % for BU3030 sample, which bulgur
was produced from ultrasound treated germinated wheat for 30 min and 30 W/kg
(control value of 0.73 %). Also, there was a decrease in fat content, from 0.73 to 0.57
%, was obtained from BU5020, which bulgur was produced from ultrasound treated
germinated wheat for 20 min and 50 W/kg and BU1030, which bulgur was produced
from ultrasound treated germinated wheat for 30 min and 10 W/kg. Ultrasound and

microwave treatments and increasing exposure time decrease the fat content of bulgur.

Starch content decreased with germination and increasing the exposure time of
treatments during germination. The starch content of control bulgur sample was 67.36
%. The lowest value was obtained as 60.81 % with BM35 which bulgur was produced
from microwave treated wheat during germination at 3 W/kg for 5 min. Also, there
was a decrement in starch content, from 67.36 to 61.08 %, was obtained from BGO,
which bulgur produced from germinated wheat. The major decrement of starch content
was provided by germination from 67.36 to 61.08 %. Germination and increasing the

exposure time decrease the starch content of bulgur samples.

2.3.8. The Changes in Color Values of Bulgur Samples

Color values of bulgur samples were presented in Table 2.9. Pearson test results of
bulgur samples were given in Table A.5. (Appendix).
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Table 2.9. The changes in color values of bulgur samples

Sample CIE L* CIE a* CIE b* CIE YI
BO (contral) 56.57° 8.1k 30,007 77.35"
(% 0.04b) (€3 0.(:?) (€3 0.3bsg (= 0.6?)
a ij C g
BGO (control) (i762.§3) (18.516_)_ (zf 'gjts) (1562.278)
ML 57.63% 7 .47¢1ohi 29.44bcd 74.69°9
(& 0.47) (£0.05) (+0.07) (+0.33)
BML3 58, 23000t 7,500 30.23¢ 75.509
(+ 0.44) (0.19) (+0.21) (+ 0.89)
BM1S 57.830cd 7.67i 29.79¢ 75.3410
(* 0.47) (+0.16) (+0.30) (0.11)
BM3L 58.95¢f 7.27bccefoh 29.84% 74,030
(£0.14) (+0.20) (£0.08) (£0.24)
BM33 57.37% 7,550 29.74% 75.4519
( 0.05) (0.12) (+0.16) (+ 0.47)
- 58,100t 7.408efoni 29.14%¢ 73.73%
(+0.10) (£0.09) (+0.16) (+ 0.45)
= 58,0200 7.540i 29.91% 75.20'0
(+0.12) (£0.08) (+0.24) (+0.37)
. 58,2000t 7.60i 29.92¢ 75.18'0
( 0.06) (0.04) (+0.42) (+ 0.65)
by 58 420def 7.50ohi 29.64bcd 7443719
(£ 0.18) (= 0.08) (-0.18) (+ 0.26)
60.109 7.01%¢ 29.13%¢ 71,740
BU1010 ( 0.48) (= 0.09) 017 (- 0.74)
60.409 7.07%¢ 29.73° 72.547¢
BU1020 ( 0.10) (+0.09) (-0.27) ( 0.60)
60.399 6.93° 29.20%¢ 71572
BU1030 (- 0.56) (0.1 (- 0.08) (- 0.66)
58.97¢ 7.15%c 29.49b¢ 73 34bcce
BU3010 (- 0.20) (= 0.01) (- 0.84) (- 1.22)
58.77% 7.1gebede 29.15%¢ 72.99%¢
BU3020 (+ 0.34) (+ 0.06) (0.1 (0.15)
60.679 6.972 29,530 71.94°
BU3030 (- 0.80) (=0.12) (- 1.00) (- 0.8)
58.92¢ 7,31 cdeon 28.59° 72.18°
BUS010 (= 0.46) (- 0.00) (-0.10) (-0.22)
59.13 7.00ebcde 29.39%¢ 73.00%¢
BUS020 (= 0.66) (£ 0.30) (+ 0.45) (= 0.04)
57.46%¢ 7.03abcdefy 2836 72.77%%¢
BUS030 (+0.29) (+ 0.06) (+0.76) (+ 1.09)
n 4 4 4 4
min 56.57 6.93 28.36 71.57
max 60.67 8.19 30.23 77.35
Av. 58.57 7.36 29.49 73.91

n means the number of a run for each data.

+ means the standard deviation of “n” number of measurements.

CIE L*: Lightness, CIE a*: Redness, CIE b*: Yellowness, CIE YI: Yellowness Index.
a, b, c etc. show Duncan Test homogeneous groups (P<0.05).

CIE L* value of bulgur was increased with germination (P<0.05) (0.398) and the
treatments (P<0.01) (0.728). The increase in the exposure power and the exposure time

of microwave and ultrasound treatments caused an increase in CIE L* value. The
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highest value of CIE L* (60.67) was obtained for BU3030, which bulgur produced by
using wheat germinated and exposed to the ultrasound (40kHz) for 30 min at 30 W/kg.
Also, there was an increase in CIE L* value, from 56.57 to 60.40 was obtained for
BU1020, which bulgur produced by using ultrasound treated germinated wheat for 20
min and 10 W/kg. Germination is the major factor for increasing CIE L* value.
Because germination increased the CIE L* value of bulgur from 56.57 to 57.29.
Considering a higher increment in CIE L* value is desired, bulgur should be produced

from germinated and treated wheat with ultrasound at higher power and higher time.

The CIE a* value of bulgur decreased with germination (-0.628) and the treatments (-
0.819) (P<0.01) by increasing exposure power (P<0.05) (-0.354) and time for the
ultrasound and microwave operations. The lowest value obtained was 6.93 for BU1030
sample which bulgur produced from germinated and ultrasound treated wheat for 30
min at 10 W/kg (control value of 8.19). Also, there was a decrease in CIE a* value,
from 8.19 to 6.97 for BU3030, which bulgur produced from ultrasound treated
germinated wheat for 30 min and 30 W/kg. Germination, the treatments by increasing
exposure time and power decreased the redness of wheat. The major decrement of CIE
a* value was provided by the ultrasound operation. As a note, it is desired that CIE a*
value for bulgur should be closer to 0.00 value.

The CIE b* value of bulgur decreased during the microwave and ultrasound treatments
(P<0.01) (-0.488). Also, it decreased with germination and increasing exposure time
and power of treatments. Control value for bulgur samples was obtained as 30.00. The
highest value was obtained as 30.23 for BM13 which was microwave treated during
germination at 1 W/kg for 3 min. As a note, it is desired that CIE b* value for bulgur
should be higher.

It is desired that CIE Y value for bulgur should be closer to 0.00 value. The CIE Y
value decreased with germination (-0.496) and the treatments (-0.861) (P<0.01) by
increasing exposure time (P<0.05) (-0.353) and power for the ultrasound and
microwave operations. It was found that the control value for the bulgur samples was
77.35. The lowest value was obtained as 71.57 for BU1030, which bulgur sample
produced from ultrasound treated during germination at 10 W/kg for 30 min. Also,
there was a decrease in CIE Y| value, from 77.35 to 71.74, that obtained for BU1010,
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which bulgur sample produced from the ultrasound treated germinated wheat for 10
min and 10 W/kg.

2.3.9. The Changes in Ash and Moisture Contents, Water Absorption Capacity,
Hectoliter-Weight, and 1000-Kernels Weight Bulgur Samples

The changes in ash and moisture contents, water absorption capacity, hectoliter-
weight, and 1000-kernels weight of bulgur samples after the germination and the
treatments were presented in Table 2.10. Also, Pearson test results of bulgur samples

were given in Table A.5. (Appendix).

The ash content of bulgur samples increased during the germination operation. The
highest value of ash content (1.23 %) was obtained for BM11, which bulgur produced
from the microwave treated germinated wheat for 1 min and 1 W/kg. Also, another
higher ash content after the operations was obtained as 1.18 % for BU5020, which
bulgur produced from ultrasound treated germinated wheat for 20 min and 50 W/kg.

Germination was increased the ash content of bulgur sample from 0.96 to 1.09 %.

The moisture content of bulgur samples decreased with the ultrasound and microwave
treatments (P<0.01) (-0.511) and increasing exposure time for the ultrasound and
microwave treatments during the germination operation (P<0.05) (-0.344). The lowest
value was 10.49 % for BU1030 sample, which bulgur produced from the ultrasound
treated germinated wheat for 30 min and 10 W/Kkg (the control value of 14.35 %). Also,
there was a decrease in the moisture content from 14.35 to 10.72 % obtained from
BUS5020, which bulgur produced from the ultrasound treated germinated wheat for 20
min and 50 W/kg. The ultrasound and microwave treatments, germination and
increasing exposure time of the treatments decrease the moisture content of bulgur
samples. The major decrements of the moisture content were provided by the

ultrasound treatments.
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Table 2.10. The changes in ash and moisture contents, water absorption capacity,
hectoliter-weight, and 1000-kernels weight of bulgur samples

Sample AC MC WAC HW TKW

BO (control) 0.96% 14.35¢ 122.26%¢ 62.68 5.64
(+0.02) (+0.50) (£5.43) (= 0.00) (£ 0.00)

BGO (control) 1.09¢%f9 15.109%" 117.58%¢ 62.98 6.58
(= 0.00) (= 0.00) (+3.17) (= 0.00) (£ 0.00)

BM11 1.23" 15.40" 116.32%¢ 63.94 5.37
(£0.01) (£0.18) (£5.28) (£0.00) (£0.00)

BM13 1.09¢fo 14.35¢ 110.98% 56.98 4.87
(£0.01) (£0.21) (£5.09) (£0.00) (£0.00)

BM15 1.15f" 14.861 119.142%¢ 60.42 5.34
(+0.04) (+0.00) (£5.84) (= 0.00) (£ 0.00)

BM31 1.12¢f% 13.98¢% 113.0420c 55.64 7.13
(+0.08) (+0.29) (+0.81) (= 0.00) (+0.00)

BM33 1.003cd 13.804 112.99%¢ 63.36 6.19
(+0.07) (+0.07) (= 1.39) (+0.00) (+0.00)

BM35 1.032bed 14.42¢ 111.07® 65.24 4.65
(£0.01) (+0.11) (£5.13) (£ 0.00) (= 0.00)

BM51 1.05bcce 15.69' 124.07%¢ 55.62 5.40
(£0.05) (£0.20) (£6.41) (£0.00) (£0.00)

BM53 1.00z2bcd 14.96% 110.06? 58.82 5.61
(£0.03) (+0.03) (£6.28) (£0.00) (£0.00)

BM55 0.96% 15.62' 121.983b¢ 63.08 5.58
(+0.06) (+0.02) (+8.35) (+0.00) (+0.00)

BU1010 1.05bcdef 13.58¢ 116.943¢ 58.68 4.52
(+0.05) (+0.09) (+7.83) (= 0.00) (+0.00)

BU1020 1.0600ef 11.90° 124.69¢ 62.12 3.53
(+0.02) (+0.12) (+5.49) (= 0.00) (+0.00)

BU1030 1.07132bcd 10.49? 114.88%¢ 56.60 3.35
(* 0.0bl) (£0.29) (£7.65) (£0.00) (£0.00)

0.98%¢ 12.59¢ 125.73¢ 59.36 4.67
BU3010 (+0.02) (+0.02) ( 1.61) ( 0.00) ( 0.00)

BU3020 1.05bcdef 12.18%¢ 115.043b¢ 65.50 5.44
(£0.02) (£0.11) (£2.05) (£0.00) (£0.00)

BU3030 1.0732bed 10.742 115.432c¢ 60.86 4.86
(+0.03) (*0.07) (£7.64) (+0.00) (+0.00)

0.942 17.70/ 109.282 59.00 6.03
BUS010 (= 0.01) ( 0.09) (7.3 ( 0.00) ( 0.00)

g a abc

BU5020 1.18 10.72 113.58 61.00 4.56
(+0.07) (+0.04) (+0.80) (+0.00) (+0.00)

BU5030 0.98%¢ 13.96% 121.523bc 59.84 4.62
(£0.05) (£0.65) (£5.72) (£ 0.00) (£0.00)

n 3 3 3 1 1

min 0.94 10.49 109.28 55.62 3.35

max 1.23 17.70 125.73 65.50 7.13

Av. 1.05 13.82 116.83 60.59 5.20

n means the number of a run for each data.

+ means the standard deviation of “n” number of measurements.

AC: Ash Content (%, d.b.), MC: Moisture Content (%, d.b.),

WAC: Water Absorption Capacity (%, d.b.), HW: Hectoliter-Weight (kg/100 L), TKW: 1000-
Kernels Weight (g, d.b.).

a, b, ¢ etc. show Duncan Test homogeneous groups (P<0.05).

The water absorption capacity of bulgur samples decreased for all operations. Control
value for bulgur samples was obtained as 122.26 %. The lowest value was obtained as
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109.28 % for BU5010, which bulgur produced from the ultrasound treated wheat
during germination at 50 W/kg for 10 min. Also, there was a decrease in water
absorption capacity, from 122.26 to 110.06 %, which was obtained for BM53 which
bulgur produced from the microwave treated germinated wheat for 3 min and 5 W/kg.

The results show that the major decrement provided by the germination.

The hectoliter-weight of bulgur samples decreased during the germination,
microwave, and ultrasound treatments, by increasing exposure power of treatments
during the germination operation. The initial value of bulgur samples was 62.68 kg/100
L. The lowest value was obtained as 55.62 kg/100 L for BM51 which bulgur produced
from the microwave treated during germination at 5 W/kg for 1 min. Also, there was
a decrement in hectoliter-weight, from 62.68 to 55.64 kg/100 L, was obtained for
BM31, which bulgur produced from the microwave treated during germination at 3

W/kg for 1 min. The major decrease was obtained by using the microwave treatments.

The 1000-kernels weight decreased significantly (P<0.01) for the ultrasound and
microwave treatments (-0.597) and increasing the exposure time of treatments during
germination (-0.475) (P<0.01). The control value of the bulgur samples was 5.64 g.
The lowest value was obtained as 3.35 g for BU1030, which bulgur produced from the
ultrasound treated wheat during the germination operation at 10 W/kg for 30 min.
Also, there was a decrease in 1000-kernels weight from 5.64 to 3.53 g for BU1020,
which bulgur produced from the ultrasound treated wheat during the germination
operation at 10 W/kg for 20 min. The results show that major decrement provided by

the ultrasound treatments.

2.3.10. Relationship Between Parameters of Bulgur Samples
Pearson test results of bulgur samples were given in Table A.5. (Appendix).

There is a negative significant correlation between fat content and CIE L* value of
bulgur samples at level P<0.01 (-0.448). However, there are positive significant
correlations between fat content and CIE a* value (P<0.05) (0.325), 1000-kernels
weight (0.668), and moisture content (0.673) (P<0.01). It has been observed that CIE

a* value, 1000-kernels weight and moisture content of bulgur samples increases as the
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fat content increases. While fat content increases, CIE L* value of bulgur samples
decreases.

Also, there are negative significant correlations between CIE L* value of bulgur
samples and CIE a* (-0.848), CIE YI (-0.774), 1000-kernels weight (-0.536), and
moisture content (-0.587) (P<0.01). So, an increment in CIE L* value of bulgur
samples, results decrements in CIE a*, CIE YI, 1000-kernels weight and moisture

content.

It has been observed that there are positive correlations between CIE a* and CIE b*
values (P<0.05) (0.349), and CIE Y1 (0.897), 1000-kernels weight (0.493), and
moisture content (0.555) (P<0.01). As CIE a* value of bulgur samples decreases, CIE

b*, CIE Y1, 1000-kernels weight and moisture content decreases.

Besides, between CIE b* and CIE YI values of bulgur samples, there is a positive
significant correlation at level P<0.01 (0.659). As CIE b* value increases, CIE YI

value of bulgur samples increases.

There are positive significant correlations between CIE Y1 and 1000-kernels weight
(0.513) and moisture content (0.448) (P<0.01). So, as CIE YI of bulgur samples

increases, the increments in 1000-kernels weight and moisture content were observed.

Also, there is a positive significant correlation between 1000-kernels weight and
moisture content of bulgur samples at level P<0.01 (0.593). It has been observed that

1000-kernels weight increases as the moisture content of bulgur samples increases.

2.3.11. Sensory Analysis of Bulgur Pilaf Samples

Results are given in Table 2.11 as the average of points which are given according to
the quality criterions by the panelists.

Bulgur-1 sample was BO, which was produced from the ungerminated and untreated

wheat (control).

Bulgur-2 sample was BM13, which was produced from the microwave treated wheat
during the germination operation in every 6 hours for 3 min and 1 W/kg.
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Bulgur-3 sample was BU5020, which was produced from the ultrasound treated wheat
during the germination operation in every 6 hours for 20 min and 50 W/kg at 40 kHz.

Table 2.11. The average of sensory analysis results of bulgur pilaf samples

. L Sample Codes — Score Out of 5
Quality Criterions

Bulgur-1 Bulgur-2 Bulgur-3

Flavor 3.27 2.27° 3.13P
(= 0.70) (£ 1.03) (£1.25)

Odor 3.73° 2,732 3.73°
(+ 0.46) (= 1.03) (+ 0.46)

Texture 2.278 2.87% 3.27°
(+ 1.16) (+0.64) (= 1.03)

/\ppearance 3.732 3.132 3.272
(+0.70) (£0.35) (= 1.49)

Overall Effect 3.60° 2,132 3.00°
(+0.74) (= 1.12) (= 1.31)

Average 3.32 2.62 3.28
(£0.55) (+0.37) (+0.36)

+ means the standard deviation measurements
a, b, ¢ etc. show Duncan Test homogeneous groups (P<0.05).

As the flavor, the best bulgur pilaf was BO sample which was dominated according to

the others.

According to odor, BO, and BU5020 bulgur pilaf samples were same and the best

ones.

The texture of the pilaf samples as compared, BU5020 bulgur pilaf was better than the
other bulgur pilaf samples.

In terms of appearance, BO bulgur pilaf sample was scored better than the other

samples.

According to the answer to overall effect asked the panelists, BO pilaf sample was
better than the others.

Finally, according to all criteria, BO pilaf sample was the highest score. Likewise,
BU5020 was not bad according to the panelists. A score of BO pilaf and BU5020 pilaf

samples are close to each other.
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CHAPTER 3.

MICROWAVE AND ULTRASOUND AIDED GERMINATION OF RED-
LENTIL

In this part of the study, the microwave and ultrasound were used during germination
to determine their effects on nutritional values and increasing the germination
performance of red-lentil (Lens culinaris). The microwave and ultrasound applications

were performed at each 6-hours intervals.

During the microwave operation, three different microwave power levels were used
such as 1, 3 and 5 W/kg. The samples were applied for 1, 3 and 5 minutes at each 6-

hours intervals.

During the ultrasound (40 kHz) operation, the samples were subjected to ultrasound
operation for 10, 20 and 30 minutes at each 6-hours intervals. Power levels used during

the ultrasound applications were 10, 30 and 50 W/kg.

During both applications, the samples were placed in the germination chamber for 20
hours (25 °C, 95 % RH, and non-illuminated condition). After the germination process,
yield (%), 1000-kernels weight (g, d.b.), hectoliter-weight (kg/100 L), moisture (%,
d.b.), ash (%, d.b.), protein (%, d.b.), fat (%, d.b.) and starch contents (%, d.b.), color

(CIE L*, a*, b, Y1), and sensory analysis were made for red-lentil.

The fat content of the samples was decreased with treatments of ultrasound,
microwave and by increasing exposure time (P<0.05). Also, germination decreased
the starch content of the samples (P<0.01). Ultrasound and microwave operations
decreased CIE YI value (P<0.01). In addition; germination, ultrasound and microwave
operations decreased hectoliter-weight and 1000-kernels weight of the samples;

however, these operations increased CIE L* value of the samples (P<0.01).

Key Words: Germination, microwave, ultrasound, lentil
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3.1. Introduction

Lentil (Lens culinaris Medik.) is predominantly grown in South East Asia. The Indian
subcontinent is the largest producer but it is also grown in most subtropical and warm
temperate countries. On sale as pulses, the seeds are biconvex or lens-shaped (3-9mm
in length) and green, yellow, orange, red, or brown in color. It is commonly consumed
as thick soup made from whole grain or split pulse commonly referred to as ‘dhal’.
Seeds can be fried and seasoned for consumption; flour is used to make soups, stews
purees, and mixed with cereals to make bread and cakes, and as a food for infants
(Williams et al., 1988; Zia-Ul-Haq et al., 2011). It is used in culinary dishes in the
Indo-Pakistan sub-continent and in the Middle East and incorporated into soups in
Europe and North America. In Western countries, lentils may be used in casseroles
and as meat substitutes in vegetarian diets. Lentil although called as a ‘poor man's
meat’, is equally liked by all socioeconomic groups in South East Asia (Bhatty, 1988;
Zia-Ul-Hag et al., 2011).

The nutritional value of lentils is gaining considerable interest since its nutritional
value/100 g dry weight is as follows; energy, 353 kcal; carbohydrates, 60 g; sugars, 2
g; dietary fibers, 31 g; fat, | g; protein, 26 g; thiamine (B1), 0.87 mg; folate (B9), 479
ug and iron, 7.5 mg (Callaway, 2004). In common with other legumes, lentils contain
a number of components called anti-nutritional factors which limit the wider use of
crop (Sheshetawy & Faid, 2010).

In poor countries, intake of protein is expensive due to the high price of meat. Cereals,
legumes, and their products play an important role in the protein supply in these
countries. To solve some nutritional problems in poor countries, protein rich foods are
needed. In spite of the fact that lentil has a high nutritional value, like everything else
lentil is needed to be upgraded in the globalized world. In recent years, with the aim
of improving the nutritive value of cereals and legumes, preparation techniques such

as germination and fermentation have been developed.

Germination appears to be an inexpensive and effective method of achieving desirable
changes in nutritious crops and germinated seeds have become a widely accepted food
item. Germination causes important changes in the biochemical, nutritional and

sensory characteristics of legume seeds (Kuo et al., 2004). It can be considered as a

46



procedure for improving legume digestibility and reducing flatulence properties
(Vidal-Valverde & Frias, 1992), which are some of the factors that limit consumption.
In other words, germination improved the quality of legumes by enhancing the
bioavailability and digestibility of nutrients and reducing the antinutrients (Ghavidel
& Prakash, 2007a), It induces the release of hydrolytic enzymes, which produce
changes in the physical properties and functionality of seed components. Vidal-
Valverde and Frias, (1992) demonstrated that the nutritive value of lentils may increase

with germination processes (Sheshetawy & Faid, 2010).

A number of studies have performed to investigate the influence of germination on
lentil (El-Adawy et al., 2003; Ghavidel & Prakash, 2007a; Morad et al., 1980;
Sulieman et al., 2007). It has been reported that protein (Ghavidel & Prakash, 2007a;
Morad et al., 1980; Sulieman et al., 2007), and ash (EI-Adawy et al., 2003; Morad et
al., 1980) increased; however, starch (Morad et al., 1980), fat (EI-Adawy et al., 2003;
Ghavidel & Prakash, 2007a), moisture (EI-Adawy et al., 2003; Ghavidel & Prakash,
2007a; Morad et al., 1980; Sulieman et al., 2007), and ash (Ghavidel & Prakash, 2007a;

Sulieman et al., 2007) decreased.

In recent years, a combination of processes such as ultrasound, microwave cooking,
soaking or germination is being applied on cereals and legumes to improve nutritional

quality.

Ultrasound is a novel physical method that involves the application of sound
frequencies in the inaudible range (20 - 100 kHz) to interact with the materials
(Goussous et al., 2010). Ultrasound treatment to stimulate germination (before the
germination operation) has been investigated in many seed types including carrot,
radish, maize, barley, rice and sunflower (Aladjadjiyan, 2002; Carbonell et al., 2000;
Florez etal., 2007; Hebling & da Silva, 1995; Miyoshi & Mii, 1988; Shimomura, 1998;
Yaldagard et al., 2008a, 2008c). Results of these investigations indicated that the
effects of ultrasound on seed germination depend on frequency and exposure time and
appear to vary widely between the different species and cultivars (Goussous et al.,
2010).

Microwaves are electromagnetic waves whose frequency varies within 300 MHz to

300 GHz. Domestic microwave appliances operate generally at a frequency of 2.45
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GHz, while industrial microwave systems operate at frequencies of 915 MHz and 2.45
GHz (Chandrasekaran et al., 2013; Datta, 2001). There is some evidence that
microwaves produces changes in the cell membrane’s permeability and cell growth
rate as well as interference with ions and organic molecules, like proteins (Ragha et
al., 2011; Ungureanu et al., 2009)

However, no research has focused on the application of ultrasound and microwave
during germination. The aim of this study was to investigate a) the effect of
germination on red lentil (Lens culinaris), b) the effect of the application of ultrasound
and microwave techniques during germination instead of before germination, and c)

the acceptability of germinated red lentil as soup by consumers.

3.2. Materials and Methods
3.2.1. Sample Preparation

Red-lentils (Lens culinaris) harvested in 2013 were obtained from a local legume
factory in Gaziantep. The properties of red-lentil used in this study were shown in
Table 3.1. Lentils were cleaned with 3.0 mm sieve and germinated for 20 hours
between two coarse filter papers in climate cabinet (25 °C, 95 % RH, and non-
illuminated condition) (Nive ID 501, Ankara, Turkey) with adding water
continuously. Germination system and germinated red-lentil were shown in Figure 3.1.
The microwave and ultrasound applications were made at each 6-hours intervals for
20 hours of the germination operation. At the microwave application, which was made
in a microwave oven (Bosch HMT84G421, Stuttgart, Germany); at each 6-hours
intervals, the samples were subjected to microwave for 1, 3 and 5 minutes at 1, 3 and
5 W/kg. At the ultrasound (40 kHz) application, which was made in an ultrasonic water
bath (100 W/cm?3, 4 L, Minisonik, Min 18, Intersonik, Istanbul, Turkey); again at each
6-hours intervals, the samples were subjected to ultrasound application for 10, 20 and
30 minutes. The power levels were 10, 30 and 50 W/kg. The volume of water in the
ultrasonic water bath needed to obtain desired power level was calculated according
to the density of each sample and also power (100 W/cm3) and wash volume (4 L) of
the ultrasonic water bath. After 20 hours microwave/ultrasound aided germination
process, the germinated lentil seed was dried in a packed bed dryer (MK 11, Sherwood
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Scientific, Cambridge, UK) at 90 °C and stored at + 4 °C for the further analysis. The
sample nomenclature was given in Table 3.2. Also, the experimental set-up was

illustrated in Figure 3.2.

Figure 3.1. Germination system (left) and germinated red-lentil (right)

Table 3.1. The properties of red-lentil used in the experiments

Properties Red-Lentil
Protein content (%, d.b.) 18.55 (+£0.29)

Fat content (%, d.b.) 1.28 (+0.05)
Starch content (%, d.b.) 50.95 (+0.70)
Moisture content (%, d.b.) 11.67 (£0.27)

Ash content (%, d.b.) 5.35(£0.32)
Hectoliter-weight (kg/100 L) 81.90 (+0.00)
1000-kernels weight (g, d.b.) 34.44 (+0.00)

CIE L* 44.02 (£0.37)

. ClEa* 11.20 (+0.94)
S CIEDb* 18.42 (£0.53)
CIE YI 71.47 (£2.59)

+ means the standard deviation of measurements.
CIE L*: Lightness, CIE a*: Redness, CIE b*: Yellowness, CIE YI: Yellowness Index.
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Table 3.2. Description of samples

Germination Applied Duration
Samples Process
(yes/no) Power (W/kg) (min)
LO (control) No No 0 0
LGO (control) Yes No 0 0
LM11 Yes Microwave 1 1
LM13 Yes Microwave 1 3
LM15 Yes Microwave 1 5
LM31 Yes Microwave 3 1
LM33 Yes Microwave 3 3
LM35 Yes Microwave 3 5
LM51 Yes Microwave 5 1
LM53 Yes Microwave 5 3
LM55 Yes Microwave 5 5
LU1010 Yes Ultrasound 10 10
LU1020 Yes Ultrasound 10 20
LU1030 Yes Ultrasound 10 30
LU3010 Yes Ultrasound 30 10
LU3020 Yes Ultrasound 30 20
LU3030 Yes Ultrasound 30 30
LU5010 Yes Ultrasound 50 10
LU5020 Yes Ultrasound 50 20
LU5030 Yes Ultrasound 50 30

L: Red-Lentil, G: Germinated, O: Control, M: Microwave, U: Ultrasound.
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Figure 3.2. Experimental design of germination process of red-lentil samples




3.2.2. Chemicals

The chemicals used in protein, fat and starch contents analyses were obtained from

Merck (Darmstadt, Germany).

3.2.3. Analyses
3.2.3.1. Physical and Chemical Analyses

Moisture (%, d.b.), ash (%, d.b.), protein (%, d.b.) and fat (%, d.b.) contents were
measured by using the standard of AOAC methods (AOAC, 1990). For yield (%), the
weight of unprocessed lentil and weight of the final product was considered. 1000-
kernels weight (g, d.b.) was calculated according to the method of Turkish Standards
(TS 1136; TSE, 2007). Hectoliter-weight (kg/100 L) was determined according to the
method of Turkish Standards (TS EN ISO 7971-1; TSE, 2012). The color was
measured as CIE L*, a*, b*, and Y1 with HunterLab colorimeter (Colorflex 45/0,
HunterLAB, USA). Before each of the color measurement, black and white standard
tiles were used to calibrate colorimeter (L=93.01, a=-1.11, b=1.30). The color
measurements were performed at room temperature (25 + 2 °C). Analysis of starch
content (%, d.b.) was carried out according to ISO 10520 (ISO, 1998).

3.2.3.2. Sensory Analysis

The soup was made from 3 lentil samples which were control sample (1) and best lentil
from the ultrasound (2) and microwave (3) applications according to nutritional values.
The best lentil samples were chosen according to the highest protein, lowest fat and
starch contents. Sensory analysis was done with a scoring test by 15 panelists in
Sensory Analysis Laboratory, Gaziantep University. The panelists were scored
according to flavor, odor, texture, appearance and overall effect of the soup samples.
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3.2.3.3. Statistical Analysis

The analysis was carried out in 2 replicates for all determinations. The mean and
standard deviation of means were calculated. The data were analyzed by one-way
analysis of variance (ANOVA) (P<0.05). Duncan test were applied to determine
difference between the measurements. A multiple comparison procedure of the
treatment means was performed by Pearson correlation test. Statistical Analyses were
carried out by using IBM SPSS Statistics (v22.0.0, 2014, IBM Corporation, New York,
USA).

In the text of the results and discussion section, the numbers in parentheses are the

Pearson correlation coefficients.

3.3. Results and discussion
3.3.1. The Changes in Protein, Fat, and Starch Content of Red-Lentil Samples

The changes in protein, fat and starch contents of red-lentil samples after the
germination operation and the treatments e.g. microwave and ultrasound, were
presented in Table 3.3. Also, Pearson test results of red-lentil samples were given in
Table A.6. (Appendix).

The protein content of red-lentil increased during germination and by the increasing
exposure powers of the microwave and ultrasound treatments. Also, it has been
reported that the protein content of lentil seeds increased during the germination
according to the literature (Ghavidel & Prakash, 2007a; Morad et al., 1980; Sulieman
et al., 2007). The highest value of protein content (20.16 %) was obtained for LM31,
which red-lentil germinated and exposed to the microwave for 1 min at 3 W/kg. Also,
there was an increase in protein content from 18.55 to 20.07 %, which obtained for
LM15 (microwave treated germinated red-lentil for 5 min and 1 W/kg). Germination
is the major factor for increasing protein content. Because germination increased the
protein content of red-lentil samples as LGO from 18.55 to 19.95 %. In this study, it
is desired to increase the protein content with the operations. Considering a higher
increment in protein content is desired, red-lentil should be germinated and treated

with ultrasound at high power.
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Table 3.3. The changes in protein, fat and starch contents of red-lentil samples

Sample PC FC SC
LO (control) (18053:) (il '02_?:5) (206?75((;)
LGO (control) (ig(')?f(:) (f '04_?)?)) (Af f 1la6b;
LM11 (196??20) (f '3_%2) ?f fiasb;
LM13 (ffég; (2570?) ?f giasb;
LM15 (iod(.)l? | ) (i) o .80f i) ?ig 19(;;’;
st 218 s Py
LM33 (1f Siﬁ) (ilbz.gjl) (186(.);;
L3s @000 ooh o
LM51 (196?9420) (f g .‘585) (fd?zsg)
g oo o
LMS5 (lf 53?; (E'g .Lg(c)) (19624(:)
LU1010 (1f 8‘?32) (3: 204(231) ?f (?3;;
a7y it oo
LU1030 (isdflé;) (2 (Z)%d(e)) ?f g’egsb;
LU3010 (18(',?81:) (2(2) 0 j) ?j ogiag;
LU3020 (lf (())iasb; (f 02%);) (1861.(3);;
LU3030 (1f06211b; (f '02,?;;) (183.’5:
LUS010 (1f 59;;’; (il'o?g;) ?f gia;;
LUS020 (18(;?90:) (i' 2ol.l(t;cld) (195??33
LUS030 (lf 6%7[)) (f 0130) ?j olézb)
n 3 3 3
min 18.44 0.15 47.93
max 20.16 1.28 50.95
Av. 19.45 0.48 48.78

n means the number of a run for each data.

+ means the standard deviation of “n” number of measurements.

PC: Protein Content (%, d.b.), FC: Fat Content (%, d.b.), SC: Starch Content (%, d.b.).
a, b, c etc. show Duncan Test homogeneous groups (P<0.05).

The fat content of red-lentil decreased during germination (-0.492) with ultrasound
and microwave treatments (-0.454) (P<0.01) by increasing exposure time for

ultrasound and microwave treatments (P<0.05) (-0.344). As the same, the literature
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results showed that the fat content of lentil seeds decreased during the germination (EI-
Adawy et al., 2003; Ghavidel & Prakash, 2007a). The lowest value was 0.15 % for
LU5030, which was ultrasound treated germinated red-lentil for 30 min and 50 W/kg
and LU1020, which was ultrasound treated germinated red-lentil for 20 min and 10
WI/kg (the control value of 1.28 %). Also, there was a decrease in fat content, from
1.28 to 0.20 %, was obtained for LU3030, which was ultrasound treated germinated
red-lentil for 30 min and 30 W/kg. Germination, ultrasound and microwave treatments,
by increasing exposure time and power of the treatments, decreased the fat content of
red-lentil. The major decrement of the fat content was provided by germination from
1.28 to 0.40 %. In this study, it is desired that fat content can be decreased by using

these operations/treatments.

Starch content was decreased during germination (P<0.01) (-0.608). In addition,
literature results showed that germination decreased the starch content of lentil seeds,
too (Morad et al., 1980), fat (EI-Adawy et al., 2003; Ghavidel & Prakash, 2007a).
Also, it decreased due to the treatment of ultrasound and microwave, increasing
exposure time and power of the treatments during the germination operation. The
initial value of the red-lentil samples was 50.95 %. The lowest value was obtained as
47.93 % for LM51, which was microwave treated during germination at 5 W/kg for 1
min. Also, there was a decrease in the starch content, from 50.95 to 48.07 %, was
obtained from LM33, which was microwave treated during germination at 3 W/kg for
3 min. It was found that germination and treatments decrease the starch content of red-
lentil samples. Also, the major decrement was obtained by the germination operation
from 50.95 to 48.61 %.

3.3.2. The Changes in Color Values of Red-Lentil Samples

The changes in color values during the operations were given in Table 3.4. Also,

Pearson test results of red-lentil samples were given in Table A.6. (Appendix).
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Table 3.4. Color values of the samples

Sample CIE L* CIE a* CIE b* CIE YI
L0 (control) 44.02° 11.20% 18.42° 71470

(£0.37) (£0.94) (£0.57) (£2.59)

48,760t 10.56% 19.20 67.74°

LGO (control) (£ 0.08) (£ 0.97) (£ 0.81) @ 3.17)
LML 50.49%f 11.86% 20.44° 70.70°

( 0.59) (+1.29) (+ 1.13) (+ 3.74)

L M13 49, 770ccef 12.35% 20.79° 72.88°

( 0.36) ( 0.06) ( 0.05) & 0.33)

L M15 49,3gbecet 12.40% 20.73° 73.218

(+ 1.31) (+ 0.47) (+ 0.47) (+ 0.42)

L Ma1 48 430cce 11.41% 20.33 71.69°

(£0.76) (£0.10) (£0.98) (£2.85)

L M3 47.87° 11.79% 19.89° 71.93

(+ 0.43) (+ 0.41) ( 1.36) (& 3.89)

. 49 4Qbccet 11.81% 19,61 70.10°

(+ 0.87) (+0.21) (+0.23) (& 1.08)

L 49 92bcckef 11.06% 19.75° 68.63°

(+ 0.95) (+0.23) (+ 0.45) (+ 0.44)

b 15 48,000 11.35% 18.80° 68.88°

(2.08) (+0.33) (+0.61) @ 1.15)

L 48310 12.71° 19.822 72.828

(+ 0.98) ( 1.98) (+ 1.54) (& 5.46)

50,230cce! 10.73% 19.67° 67.64°

LU1010 (+ 1.42) (+ 1.34) (+1.21) (+3.32)
50.80¢' 10.17% 19.240 65.41°

LU1020 (+0.62) (+0.65) (+ 0.66) ( 1.89)
49 5gbecet 11.37% 19.340 68.40°

1.U1030 * 1.71) (+ 1.61) (+2.41) (& 5.98)
49, 77bcckef 10.71% 20.01° 68.80°

LU3010 (+0.84) (+ 0.86) (+0.54) (+3.22)
50.84f 10.28% 19.47° 66.04°

LU3020 (+0.88) (+0.29) (+ 0.30) (+ 0.60)
49 560cet 9.972 19.15° 65.94°

LU3030 (+0.95) (+0.21) (+1.07) (+3.37)
49,93bccet 1092 19.80° 68.43°

LU5010 (+0.32) (+ 1.59) (+1.39) (+5.04)
50.44%f 11.36% 20.65° 70.43°

LU5020 (+0.42) (+2.28) (+2.13) (+8.18)
50.30%Cef 10.49% 19.09° 65.95°

1-US030 (+ 1.02) +1.77) (+ 1.35) (+ 4.64)

n 4 4 4 4

min 44.02 9.97 18.42 65.41
max 50.84 12.71 20.79 73.21
Av. 49.29 11.22 19.71 69.35

n means the number of a run for each data.

+ means the standard deviation of “n” number of measurements.

CIE L*: Lightness, CIE a*: Redness, CIE b*: Yellowness, CIE YI: Yellowness Index.
a, b, c etc. show Duncan Test homogeneous groups (P<0.05).

The CIE L* value shows the darkness (0) and lightness (+100). CIE L* value increased
with the germination operation (0.738) and the microwave and ultrasound treatments

(0.637) (P<0.01). The increase in exposure power and exposure time of microwave
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and ultrasound treatment resulted in an increase in CIE L* value. The highest value of
CIE L* (50.84) was obtained for LU3020, which red-lentil was germinated and
exposed to the ultrasound (40kHz) operation for 20 min at 30 W/kg. Also, there was
an increase in CIE L* value, from 44.02 to 50.80, was obtained for LU1020, which
was ultrasound treated germinated red-lentil for 20 min and 10 W/kg. The germination
Is the major factor for increasing CIE L* value. Because the germination increased the
CIE L* value of red-lentil from 44.02 to 48.76. Considering a higher increment in CIE
L* value is desired, red-lentil should be germinated and treated with ultrasound at

higher power and higher time.

The CIE a* value shows the redness (+) and greenness (-). The CIE a* value did not
affect significantly (P<0.05) with all operations. Nevertheless, the germination
operation and increasing exposure time and power for the ultrasound and microwave
operations increased the CIE a* value. However, the ultrasound and microwave
treatments decreased the CIE a* value of red-lentil. The highest value obtained was
12.71 for LM55, which was germinated and microwave treated red-lentil for 5 min at
5 W/kg (the initial value of 11.20). Also, there was an increase in CIE a* value, from
11.20 to 12.40 obtained for LM15, which was ultrasound treated germinated red-lentil
for 5 min at 1 W/kg. The germination operation and increasing exposure time and
power of the ultrasound and microwave treatments increased the redness of red-lentil.

The major increment of CIE a* value was provided by the microwave treatment.

The CIE b* value shows the yellowness (+) and blueness (-). The CIE b* value
increased with the germination operation, the microwave and ultrasound treatments
and by increasing exposure time and power of the treatments during the germination
operation. The initial value of the red-lentil sample was 18.42. The highest value was
obtained as 20.79 with LM13, which was microwave treated during germination at 1
W/kg for 3 min. Also, there was an increase in CIE b* value, from 18.42 to 20.73 was
obtained for LM15, which was microwave treated germinated red-lentil for 5 min. at
1 W/kg. The germination operation and the treatments increase the yellowness of red-

lentil.

Yellowness Index (CIE Y1) is a measure of the color on the yellow scale that describes
the change in color of a sample from clear or white toward yellow (Balci, 2015). The

CIE YI value decreased significantly with the ultrasound and microwave treatments
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(P<0.05) (-0.379). The germination operation and by increasing exposure time and
power of the ultrasound and microwave treatments during the germination operation
decreased the CIE Y1 value of red-lentil. The initial value of the red-lentil sample was
71.47. The lowest value was obtained as 65.41 for LU1020, which was ultrasound
treated during germination at 10 W/kg for 20 min. Also, there was a decrease in CIE
Y1 value, from 71.47 to 65.94 was obtained for LU3030, which was ultrasound treated
germinated red-lentil for 30 min and 30 W/kg. Results show that major decrement
provided by the germination operation because the germination operation decreased
the CIE Y1 value of red-lentil from 71.47 to 67.74 only on its own.

3.3.3. The Changes in Ash and Moisture Contents, Hectoliter-Weight, and
1000-Kernels Weight of Red-Lentil Samples

The changes in ash and moisture content, hectoliter-weight, and 1000-kernels weight
of red-lentil samples after germination and treatments were presented in Table 3.5.

Also, Pearson test results of red-lentil samples were given in Table A.6. (Appendix).

Ash content of the red-lentil samples increased with the ultrasound and microwave
treatments, by increasing exposure power and time of the microwave and ultrasound
treatments. The highest ash content (6.05 %) was obtained for LM31, which red-lentil
was germinated and exposed to the microwave for 1 min at 3 W/kg. Also, there was
an increase in the ash content, from 5.35 to 6.01 % was obtained for LM33, which was
microwave treated germinated red-lentil for 3 min and 3 W/kg. Germination decreased
the ash content of the red-lentil samples from 5.35 to 1.74 %. In addition, some studies
show that the germination was increased the ash content of lentil seed (Ghavidel &
Prakash, 2007a; Sulieman et al., 2007); however, some investigations showed that the
ash content increased during germination (EI-Adawy et al., 2003; Morad et al., 1980).
ash decreased Considering a higher increment in the ash content is desired, red-lentil

should be treated with microwave.

The moisture contents of red-lentil samples were decreased with ultrasound and
microwave treatments (P<0.01) (-0.768), increasing exposure time and power for the
ultrasound and microwave treatments. Also, the previous studies showed that the

moisture content of the lentil seeds decreased during the germination (EI-Adawy et al.,
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2003; Ghavidel & Prakash, 2007a; Morad et al., 1980; Sulieman et al., 2007). The
lowest value obtained was 8.44 % for LU5010, which was ultrasound treated
germinated red-lentil for 10 min and 50 W/kg (the control value of 11.67 %). Also,
there was a decrease in moisture content from 11.67 to 8.62 % was obtained for
LU3010, which was ultrasound treated germinated red-lentil for 10 min and 30 W/kg.
Ultrasound and microwave treatments, increasing exposure time and increasing
exposure power of treatments decrease the moisture content of red-lentil. Major

decrease in the moisture content was provided by the ultrasound treatments.

The hectoliter-weight of the red-lentil samples decreased during the germination
operation (-0.965) and the microwave and ultrasound treatments (-0.537) (P<0.01).
Also, it decreased by increasing exposure time (-0.359) and power (-0.390) of the
ultrasound and microwave treatments during the germination operation (P<0.05). The
initial value of red-lentil was 81.90 kg/100 L. The lowest value was obtained as 44.02
kg/100 L for LU3010, which was ultrasound treated during germination at 30 W/kg
for 10 min. Also, there was a decrease in the hectoliter-weight, from 81.90 to 45.16
kg/100 L, was obtained for LU1020, which was ultrasound treated during germination
at 10 W/kg for 20 min.

The 1000-kernels weight decreased significantly (P<0.01) with the germination
operation (-0.641), the microwave and ultrasound treatments (-0.431), by increasing
the exposure time of the treatments during the germination operation (-0.570). The
control value of red-lentil sample was 34.44 g. The lowest value was obtained as 29.77
g for LU1020 which was ultrasound treated during germination at 10 W/kg for 20 min.
Also, there was a decrease in 1000-kernels weight, from 34.44 to 30.25 g was obtained
for LM35, which was microwave treated germinated red-lentil for 5 min and 3 W/kg.
Results show that major decrement provided by the germination operation because the
germination operation decreased the 1000-kernels weight of red-lentil from 34.44 to

31.58 g only on its own.
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Table 3.5. The ash and moisture contents, hectoliter-weight, and 1000-kernels weight

of the samples

Sample AC MC HW TKW
5.35 1167 81.90 34.44
LO (control) (+0.32) (+0.27) (£ 0.00) (+ 0.00)
1.742 14.619" 49.54 31.58
LGO (control) *0.11) (+0.16) (£ 0.00) (+ 0.00)
LML 5.43 13.93f 47.82 30.40
(£0.14) (£0.57) (£0.00) (£0.00)
LM13 4.67° 15,361 49.98 32.11
(+ 0.20) 0.11) ( 0.00) ( 0.00)
M5 1.91° 15.16" 51.40 31.15
(+0.10) (+0.04) ( 0.00) ( 0.00)
L MaL 6.05° 16.10 52.06 33.13
(+0.24) (+0.18) (+ 0.00) ( 0.00)
M3 6.01° 15.92¢ 46.96 30.81
(*0.27) (+0.10) (+0.00) ( 0.00)
M35 5.15bcd 14.4916 49.44 30.25
(+ 0.24) (£ 0.03) (+ 0.00) ( 0.00)
-, 5.01t 13.88f 47.58 32.23
( 0.04) (£ 0.08) (£ 0.00) ( 0.00)
- 4.69 15.71K 50.78 31.86
(+0.01) (+0.14) ( 0.00) ( 0.00)
e 5,160 15.06%" 48.04 31.32
*0.17) (+0.63) ( 0.00) ( 0.00)
5.000° 9.54¢ 46.52 31.75
LU1010 (+0.21) (+0.47) (+ 0.00) ( 0.00)
4.69° 9.25bc 45.16 20.77
LU1020 (+0.13) (+0.48) (+ 0.00) ( 0.00)
5.21cd 9.50¢ 50.20 30.32
LU1030 (+0.01) (+0.06) (+ 0.00) ( 0.00)
5.140cd 8.62 44.02 32.02
LU3010 (+0.33) (+0.09) (+ 0.00) ( 0.00)
5,520 8,697 47.80 32.00
LU3020 (+0.35) (+0.07) (+0.00) ( 0.00)
5.47¢ 9.72¢ 48.44 31.70
LU3030 ( 0.20) (+0.42) (+ 0.00) ( 0.00)
1.90° 8.442 50.44 31.66
LU5010 ( 0.08) (+0.04) (+ 0.00) ( 0.00)
5.42¢ 9.22bcd 48.80 30.52
LU5020 (+0.31) (+0.23) (+ 0.00) ( 0.00)
5.56¢ 9.30% 49.70 30.75
LUS030 (+0.28) (+0.03) (+ 0.00) (+ 0.00)
n 3 3 1 1
min 1.74 8.44 44.02 29.77
max 6.05 16.10 81.90 34.44
Av. 4.75 12.21 50.33 31.49

n means the number of a run for each data.
+ means the standard deviation of “n” number of measurements.

AC: Ash Content (%, d.b.), MC: Moisture
HW: Hectoliter-Weight (kg/100 L), TKW

Content (%, d.b.),

: 1000-Kernels Weight (g, d.b.).

a, b, ¢ etc. show Duncan Test homogeneous groups (P<0.05).
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3.3.4. Relationship Between Parameters of Red-Lentil Samples
Pearson test results of red-lentil samples were given in Table A.6. (Appendix).

There is a positive significant correlation between the protein and moisture contents
of the samples at level P<0.01 (0.510). However, a negative significant correlation has
been observed between the protein and starch contents of the samples at level P<0.05
(-0.385). Therefore, the results showed that whenever the protein content of the
samples increased; the moisture content increased and the starch content of the samples

decreased.

While there is a negative significant correlation between fat content and CIE L* value
of the samples at level P<0.01 (-0.646). However, positive significant correlations
have been observed between the fat content and hectoliter-weight of the samples at
level P<0.01 (0.539) and between the fat content and 1000-kernels weight (0.399) and
moisture content (0.316) of the samples at level P<0.05. As the fat content of the
samples increased; CIE L* value decreased, but the moisture content, hectoliter-

weight and 1000-kernels weight of the samples increased.

There are positive correlations between the starch content and hectoliter-weight of the
samples at level P<0.01 (0.585) and 1000-kernels weight at level P<0.05 (0.384).
However, it has been observed that there is a negative correlation between the starch
content and CIE L* value of the samples at level P<0.01 (-0.491). As the starch content
of the samples decreases, an increment observed in term of CIE L* value. However,
the starch content decreases, decrements observed in terms of hectoliter-weight and
1000-kernels weight.

Additionally, there is a positive significant correlation between CIE L* value and CIE
b* value of red-lentil samples at level P<0.05 (0.378). Negative significant correlations
have been observed between CIE L* value and hectoliter-weight (-0.760) and 1000-
kernels weight (-0.590) of the samples at level P<0.01 and the moisture content at level
P<0.05 (-0.347). It has been observed that the CIE L* value increases as CIE b* value
increases and the hectoliter-weight, 1000-kernels weight and moisture content of the

samples decreases.
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There are positive significant correlations between CIE a* value and the moisture
content (0.493), CIE b* (0.745) and CIE YI (0.932) values of the samples at level
P<0.01. As CIE a* value of the samples increases, increments in terms of the moisture

content, CIE b* and CIE Y1 values have been observed.

Besides, it has been observed that there is a positive significant correlation between
CIE b* and CIE Y| values of the samples at level P<0.01 (0.788). Therefore, CIE Y I*

value increases as CIE b* value of the samples increases.

As the moisture content of the samples increases, an increment has been observed in
CIE YI value. Therefore, there is a positive significant correlation between the
moisture content and CIE Y| value of the samples at level P<0.01 (0.487).

Likewise, a positive significant correlation at level P<0.01 (0.662) has been observed
between the hectoliter-weight and 1000-kernels weight of the samples. As hectoliter-

weight of the samples increases, 1000-kernels weight increases, too.

3.3.5. Red-Lentil Yield

Whole processes were initiated with 110 g of red-lentil. Therefore, it was investigated
that how many grams of dried red-lentil were produced from 110 g of treated and

germinated red-lentil. The yield during germination process was given in Table 3.6.

According to Table 3.6, the highest red-lentil yield was obtained for LM31; however,
the lowest red-lentil yield was obtained from LU5030 sample.
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Table 3.6. Red-Lentil yield data.

Red-Lentil Cleaned . Dried
Sample @ (3.0 mm) (q) Germinated (g) )
LO 110 107.15 NO NO
LGO 110 106.06 189 108.49
LM11 110 106.15 196 105.63
LM13 110 106.87 193 108.49
LM15 110 107.02 189 108.68
LM31 110 107.03 187 109.46
LM33 110 106.87 190 108.32
LM35 110 106.62 200 107.95
LM51 110 107.58 198 108.88
LM53 110 106.09 187 107.80
LM55 110 106.90 190 108.12
LU1010 110 106.12 210 100.00
LU1020 110 107.01 214 100.30
LU1030 110 106.68 212 100.80
LU3010 110 106.94 213 101.00
LU3020 110 106.95 215 101.00
LU3030 110 105.86 207 100.00
LU5010 110 106.45 214 100.00
LU5020 110 105.90 211 101.00
LU5030 110 104.14 204 98.00

The mesh size for the cleaning is according to Turkish Standards (TS 143:2008).

3.3.6. Sensory Analysis

Results are given in Table 3.7. as the average of points which are given according to

the quality criterions by the panelists.

Red-Lentil-1 sample was LO, which was ungerminated and untreated red-lentil

(control).

Red-Lentil-2 sample was LM13, which was microwave treated red-lentil during the

germination operation in every 6 hours for 3 min and 1 W/kg.

Red-Lentil-3 sample was LU1020, which was ultrasound treated red-lentil during the

germination operation in every 6 hours for 20 min and 10 W/kg at 40 kHz.
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Table 3.7. The average of sensory analysis results of red-lentil soup samples.

. L Sample Codes — Score Out of 5
Quality Criterions

Red-Lentil-1 Red-Lentil-2 Red-Lentil-3

Flavor 2,73 2,73 2.872
(+1.03) (+0.88) (+1.25)

Odor 3.60° 2.60° 2.60°
(x0.51) (x0.91) (= 1.06)

Texture 3.13¢2 2.60° 3.272
(£ 0.83) (+0.91) (£ 0.88)

Appearance 3.40° 173 2.60°
(+0.74) (+ 0.46) (+0.74)

Overall Effect 3.13 2.60? 3.27°
(+ 1.03) (+ 1.18) (+ 1.03)

Average 3.20 2.45 2.92
(+ 0.29) (+ 0.36) (+ 0.30)

+ means the standard deviation measurements.
a, b, ¢ etc. show Duncan Test homogeneous groups (P<0.05).

As the flavor, the best red-lentil soup was LU1020, sample which was dominated
according to the others.

According to odor, LO red-lentil soup was chosen the best by panelists.

The texture of the soup samples as compared, LU1020 red-lentil soup was better than

the other red-lentil soup samples.

In terms of appearance, LO red-lentil soup sample was scored better than the other

samples.

According to the answer to overall effect asked the panelists, LU1020 red-lentil soup

sample was better than the others.

Finally, according to all criteria, LO red-lentil soup was the highest score. Likewise,
LU1020 was not bad according to the panelists. A score of LO and LU1020 soup

samples are close to each other.
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CHAPTER 4.

CONCLUSIONS

The present study was aimed to fill the gap in the literature about the production of
bulgur from germinated wheat, the effect of microwave and ultrasound treatments
during germination of wheat and red-lentil. Also, it was aimed to meet the consumer

demands by improving the color of wheat, bulgur, and red-lentil.
This study reveals that;
e In terms of protein content;

o Microwave treatment during germination of wheat increased the

protein content of wheat.

o Considering a higher increment in the protein content, bulgur should be
produced from germinated and treated wheat with ultrasound at higher
power. Also, the protein content of bulgur samples increased with

increase in exposure power (P<0.05)

o Germination and germination with high power ultrasound increased the

protein content of red-lentil.
e Interms of fat content;

o The fat content of wheat samples decreased by germination and with

increasing exposure time and power of treatments.

o Ultrasound, microwave treatments and increasing exposure time

decrease the fat content of bulgur.

o Germination, ultrasound and microwave treatments, by increasing

exposure time and power of the treatments, decreased the fat content of
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O

red-lentil. The major decrement of the fat content was provided by the

germination operation.

In terms of starch content;

It was founded that germination decreases the starch content of wheat,

bulgur and lentil samples.

Increasing exposure time of the ultrasound and microwave treatments

decreases the starch content of wheat and bulgur samples.

Also, ultrasound and microwave applications decrease the starch

content.

In terms of color values,

The germination is the major factor for increasing CIE L* value of

wheat and bulgur.

The germination operation and the treatments increase the yellowness

of wheat.

The CIE b* value of bulgur decreased during microwave and

ultrasound treatments.

Considering a higher increment in CIE L* value is desired, red-lentil
should be germinated and treated with ultrasound at higher power and

higher time.
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APPENDIX

Al. Whole Data Obtained for Wheat

Table A.1. Whole data obtained for wheat

Protein Fat Starch Hectoliter- Klé)r?gis Ash Moisture Ab\é\é?tetrion
Sample Content Content Content CIEL* CIE a* CIE b* CIEYI Weight Weidht Content  Content Ca aFc):it
P (,db) (% db) (% db) (n=4)  (n=4)  (n=4)  (n=4) (kg/100 L) 9N (06, d.b) (%, db) APACY
_ _ _ _ (9, d.b.) _ _ (%, d.b.)
(n=3) (n=3) (n=3) (n=1) (n=1) (n=3) (n=3) (n=3)
/6! 9.93 1.89 70.73 50.92 9.37 25.85 76.85 85.14 43.56 1.52 8.36 31.78
WO 9.89 1.90 70.03 51.08 9.64 25.38 76.28 85.14 43.56 1.39 7.70 32.02
WGO 9.74 1.36 61.81 54.20 8.42 28.20 76.63 68.22 42.06 1.23 16.13 32.51
WGO 9.47 1.37 62.14 55.03 8.30 29.06 77.21 68.22 42.06 1.25 15.82 32.34

WM11 10.54 1.22 61.99 55.18 8.68 28.85 77.24 70.92 41.00 1.26 12.65 32.01
WM11 10.78 1.34 65.16 54.97 8.71 28.91 77.58 70.92 41.00 1.36 11.62 29.02
WM13 9.91 1.22 63.00 55.68 8.38 29.24 77.08 76.94 42.08 1.30 12.20 29.85
WM13 9.86 1.30 61.57 54.37 8.89 29.30 78.97 76.94 42.08 1.29 11.48 3251
WM15 10.60 1.72 66.74 54.68 8.88 29.65 79.26 69.30 40.55 131 15.33 25.35
WM15 10.31 1.73 71.48 54.21 8.64 28.82 77.95 69.30 40.55 1.23 15.40 27.31
WM31 10.30 1.27 67.19 54.40 8.72 29.09 78.37 73.98 42.87 1.05 12.37 25.64

WM31 9.97 1.31 62.84 53.76 9.00 29.36 79.76 73.98 42.87 1.07 12.47 28.17
WM33 10.50 1.29 63.08 52.73 9.04 29.02 80.14 69.64 40.62 1.19 11.38 31.48
WM33 9.97 1.20 66.09 53.28 8.82 28.45 78.39 69.64 40.62 1.23 11.17 28.58

WM35 9.81 1.23 62.38 54.98 8.67 30.02 79.30 68.02 44.58 1.28 1191 26.29
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WM35
WM51
WM51
WM53
WMS53
WM55
WMS55
Wu1010
Wu1010
Wu1020
Wu1020
Wu1030
Wu1030
Wu3010
Wu3010
Wu3020
Wu3020
WUu3030
WUu3030
WU5010
WUu5010
WUu5020
Wu5020
WU5030
WUu5030

10.01
10.76
10.80
10.41
9.52
9.11
8.59
9.58
9.13
9.59
9.86
9.36
9.54
8.50
9.34
9.14
9.46
9.42
9.15
9.85
9.71
9.22
9.63
9.87
10.73

1.26
1.40
1.43
1.25
1.37
1.50
1.50
1.42
1.51
2.02
1.97
1.52
1.52
1.23
1.14
1.49
1.48
1.35
1.38
1.84
1.98
1.42
1.35
1.20
1.17

62.95
63.86
65.70
64.27
70.16
68.53
65.01
64.05
68.59
62.38
67.47
61.74
64.60
65.18
69.02
61.89
62.01
64.83
66.10
64.21
70.47
61.77
67.87
68.15
66.44

52.72
53.94
54.04
54.56
54.22
53.71
53.16
5451
53.97
54.12
53.40
54.62
54.85
54.44
55.63
56.55
55.44
55.50
56.11
54.87
56.01
54.74
56.43
54.19
55.08

8.98
9.01
9.19
8.78
8.60
8.77
9.11
9.26
9.03
9.05
9.39
8.86
8.62
8.81
8.73
8.45
8.66
9.11
9.03
8.98
8.78
8.74
8.76
8.98
8.82

28.14
29.22
29.70
29.94
28.79
28.77
29.22
30.02
28.95
30.39
30.40
29.52
29.56
28.53
29.62
27.19
27.60
29.60
30.43
29.53
30.08
27.67
28.90
29.21
29.68

78.63
78.89
80.31
79.61
77.85
78.52
80.19
80.53
78.97
81.15
82.27
79.08
78.63
77.54
77.91
73.10
74.97
78.79
79.47
79.02
78.65
75.80
76.43
79.10
78.90

68.02
71.16
71.16
69.82
69.82
69.58
69.58
69.90
69.90
75.24
75.24
70.80
70.80
74.10
74.10
76.06
76.06
74.50
74.50
71.82
71.82
74.66
74.66
73.98
73.98

44.58
41.09
41.09
43.54
43.54
42.68
42.68
39.50
39.50
39.72
39.72
39.24
39.24
41.52
41.52
42.74
42.74
42.19
42.19
41.08
41.08
42.89
42.89
40.15
40.15

1.35
1.23
131
1.35
1.38
1.33
1.33
1.38
1.29
1.38
1.39
1.29
1.24
1.27
1.18
1.30
1.40
1.43
1.30
1.34
1.38
1.41
1.46
1.45
1.31

11.04
12.70
12.37
12.46
12.98
12.83
13.00
9.02
9.95
7.85
7.55
10.84
10.78
11.34
11.39
10.94
10.57
6.46
6.61
10.09
9.98
7.17
7.24
8.85
8.89

27.42
32.89
32.35
32.21
30.88
29.68
30.81
33.16
31.80
32.95
30.86
28.38
31.11
3241
29.52
27.65
30.26
29.05
28.54
27.62
29.92
28.46
27.85
32.92
32.47

d.b. means the dry basis

n means the number of a run for each data
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A2. Whole Data Obtained for Bulgur

Table A.2. Whole data obtained for bulgur

Protein Fat Starch Hectqliter- Klgr?\zis Ash Moisture Ab\é\(/)?:i:on

Sample (Olontent Content  Content CIE_ L* CIIE a* CIIE b* CIE_YI Weight Weight Content  Content Capacity
(A),_d.b.) (%,_d.b.) (%,El.b.) (n=4) (n=4) (n=4) (n=4) (kg/l_OO L) (g, d.b.) (%,El.b.) (%,_d.b.) (%. d.b.)
(n=3) (n=3) (n=3) (n=1) (n=1) (n=3) (n=3) (n=3)

BO 9.74 0.70 67.38 56.60 8.16 29.75 76.90 62.68 5.64 0.94 14.70 118.42
BO 10.54 0.76 67.33 56.55 8.22 30.25 77.81 62.68 5.64 0.98 13.99 126.10
BGO 10.13 0.82 60.03 56.70 7.66 29.33 75.47 62.98 6.58 1.09 15.10 115.34
BGO 9.65 0.75 62.13 57.87 7.44 29.94 75.08 62.98 6.58 1.09 15.09 119.83
BM11 10.69 1.21 64.84 57.97 7.44 29.49 74.46 63.94 5.37 1.22 15.53 120.05
BM11 9.83 1.22 62.71 57.30 7.51 29.40 74.92 63.94 5.37 1.24 15.27 112.59
BM13 10.19 0.73 61.71 58.54 7.37 30.08 74.87 56.98 4.87 1.08 14.49 114.58
BM13 10.16 0.68 62.34 57.92 7.64 30.38 76.14 56.98 4.87 1.10 14.20 107.38
BM15 10.49 0.93 69.12 57.50 7.78 29.58 75.41 60.42 5.34 1.12 14.86 123.27
BM15 10.39 0.86 68.07 58.16 7.55 30.00 75.26 60.42 5.34 1.18 14.86 115.01
BM31 10.17 1.28 65.01 58.85 7.41 29.78 74.20 55.64 7.13 1.07 14.18 113.61
BM31 9.90 1.16 64.07 59.06 7.13 29.90 73.87 55.64 7.13 1.18 13.77 112.47
BM33 9.55 0.77 62.81 57.34 7.64 29.85 75.78 63.36 6.19 1.05 13.75 112.01
BM33 10.45 0.79 66.31 57.40 7.47 29.62 75.12 63.36 6.19 0.95 13.85 113.97
BM35 10.01 0.79 59.31 58.03 7.46 29.25 74.05 65.24 4.65 1.03 14.35 114.70
BM35 10.23 0.73 62.31 58.17 7.33 29.03 73.41 65.24 4.65 1.02 14.50 107.44
BM51 10.63 0.87 62.73 57.94 7.49 29.74 74.94 55.62 5.40 1.08 15.55 119.54
BM51 10.57 0.81 66.57 58.11 7.60 30.08 75.47 55.62 5.40 1.01 15.83 128.60

BM53 10.39 0.92 64.51 58.24 7.63 30.22 75.64 58.82 5.61 0.98 14.94 114.50
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BM53

BMS55

BM55
BU1010
BU1010
BU1020
BU1020
BU1030
BU1030
BU3010
BU3010
BU3020
BU3020
BU3030
BU3030
BUS5010
BU5010
BUS5020
BU5020
BUS5030
BUS5030

9.69
10.18
10.58
10.05
10.28
10.35
10.28
10.50

9.97
10.10
10.43
10.35
10.50

9.98

9.96
10.64
11.66
10.55
10.23
10.39
10.25

0.95
0.86
0.84
0.64
0.60
0.59
0.62
0.56
0.58
0.73
0.66
0.86
0.84
0.51
0.54
1.07
1.01
0.56
0.57
0.87
0.85

68.69
63.51
68.80
68.63
64.20
62.30
65.47
65.26
61.51
64.74
69.30
60.75
61.45
65.70
63.59
64.81
69.85
64.07
65.05
68.42
65.33

58.16
58.55
58.29
59.77
60.44
60.47
60.33
60.79
60.00
59.11
58.83
59.01
58.53
61.23
60.10
58.60
59.24
59.60
58.66
57.26
57.67

7.57
7.55
7.44
7.08
6.95
7.01
7.13
6.86
7.01
7.16
7.14
7.15
7.23
6.89
7.06
7.31
7.31
6.99
7.42
7.19
1.27

29.63
29.77
29.52
28.58
29.67
29.54
29.92
29.14
29.26
30.09
28.90
29.22
29.07
30.24
28.83
28.53
28.66
29.71
29.07
27.82
28.89

74.72
74.61
74.25
71.21
72.26
7211
72.97
71.10
72.04
74.20
72.48
72.89
73.10
72.52
71.36
72.34
72.02
72.97
73.03
72.00
73.54

58.82
63.08
63.08
58.68
58.68
62.12
62.12
56.60
56.60
59.36
59.36
65.50
65.50
60.86
60.86
59.00
59.00
61.00
61.00
59.84
59.84

5.61
5.58
5.58
4.52
4.52
3.53
3.53
3.35
3.35
4.67
4.67
5.44
5.44
4.86
4.86
6.03
6.03
4.56
4.56
4.62
4.62

1.02
0.92
1.00
1.02
1.09
1.05
1.07
1.02
1.00
1.00
0.97
1.04
1.07
0.99
1.03
0.95
0.93
1.23
1.13
1.01
0.94

14.99
15.64
15.61
13.64
13.52
11.99
11.81
10.29
10.70
12.60
12.57
12.26
12.10
10.69
10.78
17.64
17.76
10.75
10.70
14.43
13.50

105.62
116.07
127.88
111.40
122.47
120.81
128.58
120.29
109.47
124.60
126.87
116.49
113.59
120.84
110.03
104.11
114.46
113.02
114.15
117.48
125.56

d.b. means the dry basis

n means the number of a run for each data
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A3. Whole Data Obtained for Red-Lentil

Table A.3. Whole data obtained for red-lentil

1000-

Protein Fat Starch Hectoliter- Kernels Ash Moisture

Sample Content  Content Content CIEL* CIE a* CIE b* CIEYI Weight Weidht Content  Content

P (%,d.b.) (%,d.b.) (%, db.) (n=4) (n=4) (n=4) (n=4) (kg/100 L) @ dgb) (%, d.b.) (%, db.)
(n=3) (n=3) (n=3) (n=1) (n=1) (n=3) (n=3)
LO 18.34 1.24 51.44 44.28 11.86 18.83 73.30 81.90 34.44 5.58 11.86
LO 18.76 1.31 50.45 43.76 10.53 18.02 69.64 81.90 34.44 5.13 11.48

LGO 20.23 0.40 49.43 48.70 9.87 18.65 65.50 49.54 31.58 1.67 14.72
LGO 19.66 0.40 47.80 48.81 11.25 19.80 69.99 49.54 31.58 1.82 14.50
LM11 19.82 0.36 48.40 50.07 10.95 19.64 68.06 47.82 30.40 5.53 14.33
LM11 19.98 0.40 48.04 50.91 12.77 21.24 73.35 47.82 30.40 5.33 13.52
LM13 20.62 0.26 48.75 50.02 12.39 20.76 72.65 49.98 32.11 4.53 15.44
LM13 19.21 0.28 47.73 49.51 12.31 20.83 73.11 49.98 32.11 4.82 15.28
LM15 20.15 0.38 49.80 48.47 12.07 20.40 72.91 51.40 31.15 1.98 15.14
LM15 19.99 0.38 48.00 50.32 12.73 21.06 73.51 51.40 31.15 1.84 15.19
LM31 20.40 0.52 49.03 47.89 11.48 21.03 73.71 52.06 33.13 6.22 16.22
LM31 19.92 0.57 48.37 48.97 11.34 19.64 69.68 52.06 33.13 5.88 15.97
LM33 20.08 1.21 47.88 48.18 11.50 18.93 69.19 46.96 30.81 6.20 15.99
LM33 19.56 1.20 48.26 47.57 12.08 20.85 74.68 46.96 30.81 5.82 15.85
LM35 19.63 0.51 47.83 50.01 11.96 19.45 69.33 49.44 30.25 4.98 14.51
LM35 19.72 0.53 48.73 48.79 11.66 19.77 70.86 49.44 30.25 531 14.47
LM51 20.59 0.33 48.12 50.59 11.23 20.07 68.95 47.58 32.23 5.04 13.82
LM51 19.29 0.34 47.75 49.25 10.90 19.43 68.32 47.58 32.23 4.98 13.93
LM53 19.66 1.21 49.25 49.47 11.12 19.24 68.07 50.78 31.86 4.68 15.62
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LM53

LMS55

LM55
LU1010
LU1010
LU1020
LU1020
LU1030
LU1030
LU3010
LU3010
LU3020
LU3020
LU3030
LU3030
LU5010
LU5010
LU5020
LU5020
LU5030
LU5030

19.84
19.81
18.78
19.16
18.94
20.30
19.16
17.96
18.92
19.10
17.91
19.33
18.70
19.52
19.72
19.44
20.14
19.16
17.84
19.01
19.81

1.22
0.24
0.23
0.24
0.24
0.15
0.14
0.29
0.29
0.28
0.29
0.21
0.21
0.20
0.20
1.11
1.01
0.25
0.24
0.15
0.15

48.66
49.78
49.50
48.57
49.60
48.67
48.34
49.16
47.95
49.34
49.42
48.08
48.19
47.91
48.25
49.11
48.58
49.39
49.58
49.69
48.53

46.53
47.61
49.00
49.23
51.23
50.36
51.24
48.39
50.80
50.37
49.18
50.21
51.46
48.88
50.23
50.16
49.71
50.14
50.73
51.03
49.58

11.59
11.31
14.12
9.78
11.68
9.71
10.63
10.23
12.51
10.10
11.32
10.49
10.08
10.12
9.82
12.04
9.79
12.97
9.75
11.75
9.24

18.37
18.73
20.91
18.82
20.53
18.77
19.70
17.64
21.05
19.63
20.40
19.26
19.68
19.90
18.39
20.78
18.82
22.16
19.15
20.05
18.14

69.69
68.96
76.68
65.29
69.99
64.07
66.74
64.17
72.63
66.52
71.08
66.47
65.62
68.33
63.56
72.00
64.87
76.22
64.65
69.23
62.68

50.78
48.04
48.04
46.52
46.52
45.16
45.16
50.20
50.20
44.02
44.02
47.80
47.80
48.44
48.44
50.44
50.44
48.80
48.80
49.70
49.70

31.86
31.32
31.32
31.75
31.75
29.77
29.77
30.32
30.32
32.02
32.02
32.00
32.00
31.70
31.70
31.66
31.66
30.52
30.52
30.75
30.75

4.70
5.28
5.04
5.15
4.86
4.78
4.59
5.20
5.22
491
5.37
5.27
5.76
5.33
5.61
1.84
1.96
5.20
5.64
5.37
5.76

15.81
14.62
15.51
9.21
9.87
8.91
9.58
9.54
9.46
8.69
8.56
8.63
8.74
10.02
9.42
8.47
8.42
9.38
9.06
9.28
9.32

d.b. means the dry basis

n means the number of a run for each data
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A4. Pearson Correlation Coefficients for Wheat

Table A.4. Pearson correlation coefficients for wheat

Parameters Germ. Treat. Power Time PC FC SC CIEL* CIEa* CIEb* CIEYI HW TKW AC MC

Germ.

Treat. 0.474**

Power  0.421** 0.421**

Time 0.421** 0.421** 0.375*

PC -0.046 -0.345*  -0.025 -0.110

FC -0.421** 0.024 -0.265 -0.152 -0.067

SC -0.395*  -0.035 0.095 -0.053 0.026 0.336*

CIEL* 0.656** 0.563** 0.283 0.233 -0.147 -0.287 -0.252

CIEa* -0.530** 0.028 -0.037 -0.088 -0.073 0.434** 0.308 -0.628**

CIEb* 0.727** 0.446** 0.289 0.376*  0.095 -0.124 0.142 0.484** -0.107

CIEYIl 0.248 0.136 0.117 0.246 0.192 0.141 0.066 -0.237 0.484**  0.722**

HW -0.736** -0.022 -0.237 -0.285 -0.086 -0.325*  0.228 -0.251 0.427** -0.540** -0.319*

TKW -0.299 -0.445** 0.171 -0.077 -0.123 -0.202 -0.034 -0.124 -0.105 -0.447** -0.413** 0.206

AC -0.350* 0.185 0.073 0.119 -0.167 0.382*  0.218 -0.074 0.330* -0.228 -0.110 0.356* 0.096

MC 0.275 -0.563** -0.149 -0.127 0.229 -0.226 -0.134 -0.008 -0.551** 0.046 -0.076 -0.570**  0.068 -0.556**
WAC -0.182 -0.101 -0.143 -0.362*  -0.005 0.003 -0.046 -0.268 0.231 -0.031 0.170 0.151 -0.292 0.221 -0.080

**: Correlation is significant at the 0.01 level (2-tailed).

*: Correlation is significant at the 0.05 level (2-tailed).

Germ.: Germination, Treat.: Treatment, Power: Exposure Power, Time: Exposure Time

PC: Protein Content (%, d.b.), FC: Fat Content (%, d.b.), SC: Starch Content (%, d.b.), CIE L*: Lightness, CIE a*: Redness, CIE b*: Yellowness, CIE YI: Yellowness Index, HW: Hectoliter-Weight (kg/100L),
TKW: 1000-Kernels Weight (g, d.b.), AC: Ash Content (%, d.b.), MC: Moisture Content (%, d.b.), WAC: Water Absorption Capacity (%, d.b.).
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Ab5. Pearson Correlation Coefficients for Bulgur

Table A.5. Pearson correlation coefficients for bulgur

Parameters Germ. Treat. Power Time PC FC SC CIEL* CIEa* CIEb* CIEYI HW TKW AC MC
Germ.

Treat. 0.474**

Power  0.421** 0.421**

Time 0.421** 0.421** 0.375*

PC 0.079 0.282 0.321*  -0.001

FC 0.086 -0.319* 0.175 -0.263 0.162

SC -0.217 0.095 0.192 -0.020 0.347*  0.083

CIEL* 0.398* 0.728** 0.095 0.303 0.089 -0.448** -0.041

CIEa* -0.628** -0.819** -0.220 -0.354*  -0.076 0.325*  0.144 -0.848**

CIEb* -0.211 -0.488** -0.277 -0.189 -0.254 -0.044 -0.161 -0.048 0.349*

CIEYIl -0.496** -0.861** -0.263 -0.353* -0.204 0.300 -0.028 -0.774** 0.897** 0.659**

HW -0.163 -0.177 -0.180 0.084 -0.114 -0.032 -0.249 -0.285 0.197 -0.119 0.137

TKW -0.113 -0.597** 0.066 -0.475** -0.050 0.668** 0.041 -0.536** 0.493** 0.192 0.513** 0.048

AC 0.247 -0.104 -0.256 -0.101 -0.135 0.219 -0.256 -0.010 -0.077 0.214 0.094 0.033 0.050

MC -0.065 -0.511** 0.124 -0.344* 0.278*  0.673** 0.209 -0.587** 0.555** -0.012 0.448** -0.015 0.593** -0.123

WAC -0.197 -0.007 -0.120 -0.111 0.236 -0.175 0.309 0.035 0.033 0.225 0.113 0.024 -0.201 -0.122 -0.090

**: Correlation is significant at the 0.01 level (2-tailed).

*: Correlation is significant at the 0.05 level (2-tailed).

Germ.: Germination, Treat.: Treatment, Power: Exposure Power, Time: Exposure Time

PC: Protein Content (%, d.b.), FC: Fat Content (%, d.b.), SC: Starch Content (%, d.b.), CIE L*: Lightness, CIE a*
TKW: 1000-Kernels Weight (g, d.b.), AC: Ash Content (%, d.b.), MC: Moisture Content (%, d.b.).

: Redness, CIE b*: Yellowness, CIE YI: Yellowness Index, HW: Hectoliter-Weight (kg/100L),
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AB6. Pearson Correlation Coefficients for Red-Lentil

Table A.6. Pearson correlation coefficients for red-lentil

Parameters Germ. Treat. Power Time PC FC SC CIEL* CIEa* CIEb* CIEYI HW TKW AC
Germ.

Treat. 0.474**

Power  0.421** 0.421**

Time 0.421** 0.421** 0.375*

PC 0.301 -0.290 0.030 -0.001

FC -0.492** -0.454** 0.014 -0.344*  0.081

SC -0.608** -0.175 -0.095 -0.224 -0.385*  0.240

CIEL* 0.738** 0.637** 0.256 0.292 0.081 -0.646** -0.491**

CIEa* 0.007 -0.305 0.020 0.163 0.052 0.129 0.043 -0.036

CIEb* 0.289 0.059 0.063 0.064 0.098 -0.192 -0.162 0.378*  0.745**

CIEYI -0.136 -0.379*  -0.058 -0.007 0.047 0.221 0.133 -0.213 0.932**  0.788**

HW -0.965** -0.537** -0.390* -0.359* -0.213 0.539** 0.585** -0.760** 0.058 -0.262 0.190

TKW -0.641** -0.431** -0.157 -0.570** -0.067 0.399*  0.384* -0.590** -0.036 -0.134 0.152 0.662**

AC -0.108 0.211 0.225 0.189 -0.281 -0.096 -0.006 -0.071 -0.058 -0.086 -0.046 0.023 0.045

MC 0.042 -0.768** -0.084 -0.017 0.510** 0.316* -0.144 -0.347*  0.493** 0.176 0.487** 0.067 0.138 -0.058

**: Correlation is significant at the 0.01 level (2-tailed).
*: Correlation is significant at the 0.05 level (2-tailed).

Germ.: Germination, Treat.: Treatment, Power: Exposure Power, Time: Exposure Time
PC: Protein Content (%, d.b.), FC: Fat Content (%, d.b.), SC: Starch Content (%, d.b.), CIE L*: Lightness, CIE a*: Redness, CIE b*: Yellowness, CIE YI: Yellowness Index,
HW: Hectoliter-Weight (kg/100L), TKW: 1000-Kernels Weight (g, d.b.), AC: Ash Content (%, d.b.), MC: Moisture Content (%, d.b.).
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A7. ANOVA Results for All Parameters of Wheat

Table A.7. ANOVA results for all parameters of wheat

Source Dependent Variable Type 1l SS df Mean Square F Sig.
Corrected Model Protein Content 10.8722 19 0.572 5.978 0.000
Fat Content 2.291° 19 0.121 52.378 0.000
Starch Content 211.261° 19 11.119 1.683 0.128
CIEL* 47.827¢ 19 2.517 5.665 0.000
CIEa* 2.473¢° 19 0.130 4.496 0.001
CIE b* 39.303f 19 2.069 6.581 0.000
CIEYI 98.966¢ 19 5.209 7.449 0.000
Hectoliter-Weight 602.956" 19 31.735
1000-Kernels Weight 82.914h 19 4.364 ) .
Ash Content 0.297 19 0.016 5.323 0.000
Moisture Content 238.247) 19 12.539 112.106 0.000
Water Absorption Capacity 156.889% 19 8.257 4.444 0.001
Intercept Protein Content 2777.087 1 2777.087 29014.123 0.000
Fat Content 65.732 1 65.732 28548.087 0.000
Starch Content 125401.093 1 125401.093 18976.459 0.000
CIEL* 84100.805 1 84100.805 189262.770 0.000
CIE a* 2304.913 1 2304.913 79603.289 0.000
CIE b* 23496.809 1 23496.809 74757.987 0.000
CIE YI 176105.819 1 176105.819 251831.573 0.000
Hectoliter-Weight 159070.153 1 159070.153
1000-Kernels Weight 50869.473 1 50869.473 . :
Ash Content 50.926 1 50.926 17351.109 0.000
Moisture Content 3367.226 1 3367.226 30104.167 0.000
Water Absorption Capacity 26869.273 1 26869.273 14459.742 0.000
Germination Protein Content 0.093 1 0.093 0.972 0.336
Fat Content 0.281 1 0.281 121.998 0.000
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Treatment

Exposure Power

Exposure Time

Starch Content

CIE L*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

70.644
13.068
1.311
9.090
0.126
286.286
2.250
0.046
63.123
0.276
3.162
0.167
0.632
6.996
0.039
0.159
1.660
52.321
11.067
0.051
99.467
4.326
0.551
0.348
23.969
0.041
0.011
1.801
6.374
4.716
27.921
0.063
2.429
25.496
0.354
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70.644
13.068
1.311
9.090
0.126
286.286
2.250
0.046
63.123
0.276
3.162
0.167
0.632
6.996
0.039
0.159
1.660
52.321
11.067
0.051
99.467
4.326
0.276
0.174
11.984
0.020
0.006
0.901
3.187
2.358
13.960
0.032
1.214
12.748
0.177

10.690
29.409
45.278
28.922

0.180

15.750
564.342
0.148
33.040
72.415
0.096
15.744
1.359
0.505
2.374

17.249
889.273
2.328
2.878
75.488
1.814
0.046
0.194
2.865
4.558

10.768
10.858
6.860
1.848

0.004
0.000
0.000
0.000
0.676

0.001
0.000
0.704
0.000
0.000
0.760
0.001
0.258
0.486
0.139

0.000
0.000
0.143
0.080
0.000
0.189
0.955
0.825
0.081
0.023

0.001
0.001
0.005
0.183



G6

Germination * Treatment

Germination * Power Exposure

Fat Content

Starch Content
CIEL*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity

0.004
16.161
0.184
0.078
1.614
6.554
44,901
3.421
0.042
7.337
12.036
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

OO OO OO0 O0ODO0ODO0ODO0ODO0OO0OO0OOO0OOOOCOOOCOOMNMNNMNMNNNMNNNDNNDDNDN

0.002
8.080
0.092
0.039
0.807
3.277
22.451
1.711
0.021
3.669
6.018

0.913
1.223
0.207
1.347
2.568
4.686

7.133
32.799
3.239

0.417
0.316
0.815
0.283
0.102
0.021

0.005
0.000
0.060
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Germination * Time Exposure

Treatment * Power Exposure

Treatment * Time Exposure

Protein Content

Fat Content

Starch Content
CIEL*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.441
0.047
1.317
10.627
0.334
1.351
29.790
37.352
2.110
0.010
6.065
23.831
1.870
0.364
21.755
0.624
0.003
1.566
4.128
29.251
4.861
0.009
8.987

NN NPNNPNPODPNPNPNNPDNDNNPNPDNPDNNNPDNNNPNPDNNNNDNNNNNNNOOO OO OOOOOOOoO

0.720
0.024
0.658
5.314
0.167
0.676
14.895
18.676
1.055
0.005
3.033
11.915
0.935
0.182
10.878
0.312
0.001
0.783
2.064
14.625
2431
0.004
4.494

7.526
10.211
0.100
11.958
5.760
2.150
21.300

1.723
27.113
6.412
9.766
79.111
1.646
0.702
0.050
2.491
2.952

1451
40.175

0.004
0.001
0.906
0.000
0.011
0.143
0.000

0.204
0.000
0.007
0.001
0.000
0.218
0.507
0.951
0.108
0.075

0.258
0.000
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Power Exposure * Time Exposure

Germination * Treatment * Power
Exposure

Germination * Treatment * Time
Exposure

Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content
CIEL*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content

22.219
0.994
0.467

15.864
2.138
0.246
5.284

18.108

63.638

15.289
0.066

36.916

31.326
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

[cNeoNoleololNoNeNeloNelolololNo ool Mol e R R o RN S S S S S A L N\

11.110
0.248
0.117
3.966
0.534
0.062
1.321
4.527

15.909
3.822
0.017
9.229
7.831

5.979
2.596
50.736
0.600
1.203
2.125
4.203
6.474

5.627
82.511
4.214

0.009
0.067
0.000
0.667
0.340
0.115
0.012
0.002

0.003
0.000
0.012
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Germination * Power Exposure *
Time Exposure

Treatment * Power Exposure * Time
Exposure

Germination * Treatment * Power
Exposure * Time Exposure

Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
2.401
0471
57.780
2.779
0.432
2.829
20.264
13.699
10.350
0.004
9.204
19.393
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

OO0 ocoococoococoh~hrhrhrrbbprbdbrrPAArdPPPPOOOOCODODOOOOOOOOO

0.600
0.118
14.445
0.695
0.108
0.707
5.066
3.425
2.588
0.001
2.301
4.848

6.271
51.174
2.186
1.564
3.727
2.250
7.244

0.368
20.573
2.609

0.002
0.000
0.108
0.223
0.020
0.100
0.001

0.829
0.000
0.066
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Error

Total

Corrected Total

Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content
CIEL*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight

0.000

0.000

0.000

1.914
0.046
132.165
8.887
0.579

6.286
13.986
0.000

.000

0.059

2.237
37.164
3851.643
86.583
171100.369
118461.580
3147.645
33677.470
245868.740
211950.585
69581.814
69.104
5056.095
36556.763
12.787
2.337
343.426
56.714
3.052
45.589
112.952
602.956

20
20
20
20
20
20
20
20
20
20
20
20
40
40
40
40
40
40
40
40
40
40
40
40
39
39
39
39
39
39
39
39

0.096
0.002
6.608
0.444
0.029
0.314
0.699
0.000
0.000
0.003
0.112
1.858
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1000-Kernels Weight

Ash Content

Moisture Content

Water Absorption Capacity

82.914
0.356
240.484
194.054

39
39
39
39

o o

D OO

. R Squared = 0.850 (Adjusted R Squared = 0.708)
. R Squared = 0.980 (Adjusted R Squared = 0.962)
. R Squared = 0.615 (Adjusted R Squared = 0.250)
. R Squared = 0.843 (Adjusted R Squared = 0.694)
. R Squared = 0.810 (Adjusted R Squared = 0.630)
R Squared = 0.862 (Adjusted R Squared = 0.731)

0. R Squared = 0.876 (Adjusted R Squared = 0.759)
h. R Squared = 1.000 (Adjusted R Squared = 1.000)
i. R Squared = 0.835 (Adjusted R Squared = 0.678)
j. R Squared = 0.991 (Adjusted R Squared = 0.982)
k. R Squared = 0.808 (Adjusted R Squared = 0.627)
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A8. ANOVA Results for All Parameters of Bulgur

Table A.8. ANOVA results for all parameters of bulgur

Source Dependent Variable Type 1l SS df Mean Square F Sig.
Corrected Model Protein Content 2.8862 19 0.152 1.256 0.308
Fat Content 1.450° 19 0.076 58.139 0.000
Starch Content 198.995° 19 10.473 2.114 0.052
CIEL* 49.432¢ 19 2.602 14.974 0.000
CIEa* 3.315° 19 0.174 11.337 0.000
CIE b* 8.221f 19 0.433 2.195 0.044
CIEYI 94.282¢ 19 4.962 13.605 0.000
Hectoliter-Weight 346.114" 19 18.217
1000-Kernels Weight 32.356" 19 1.703 . .
Ash Content 0.230 19 0.012 7.400 0.000
Moisture Content 134.795) 19 7.094 137.118 0.000
Water Absorption Capacity 992.913k 19 52.259 1.717 0.119
Intercept Protein Content 3024.913 1 3024.913 25005.999 0.000
Fat Content 18.105 1 18.105 13794.242 0.000
Starch Content 121920.054 1 121920.054 24609.607 0.000
CIEL* 98011.440 1 98011.440 564086.500 0.000
CIE a* 1620.023 1 1620.023 105281.755 0.000
CIE b* 25264.721 1 25264.721 128190.379 0.000
CIE YI 160150.868 1 160150.868 439082.271 0.000
Hectoliter-Weight 107456.872 1 107456.872
1000-Kernels Weight 817.938 1 817.938 . :
Ash Content 31.086 1 31.086 18984.044 0.000
Moisture Content 5622.666 1 5622.666 108671.551 0.000
Water Absorption Capacity 399685.702 1 399685.702 13134.383 0.000
Germination Protein Content 0.063 1 0.063 0.517 0.481
Fat Content 0.003 1 0.003 2.305 0.145
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Treatment

Exposure Power

Exposure Time

Starch Content

CIE L*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

39.376
0.504
0.410
0.133
4.326
0.090
0.884
0.017
0.563

21.856
0.156
0.389
1.365

16.147
1.303
2.879

51.313
0.002
8.142
0.014

41.045

33.892
0.725
0.038

30.753
3.324
0.140
0.492
0.397

31.839
6.673
0.046

21.565

16.731
0.257
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39.376
0.504
0.410
0.133
4.326
0.090
0.884
0.017
0.563

21.856
0.156
0.389
1.365

16.147
1.303
2.879

51.313
0.002
8.142
0.014

41.045

33.892
0.363
0.019

15.377
1.662
0.070
0.246
0.198

15.920
3.336
0.023

10.782
8.366
0.128

7.948
2.901
26.619
0.676
11.862

10.321
10.872
0.718
1.290
296.034
276
92.931
84.705
14.606
140.685

8.551
793.301
1.114
2.998
14.662
3.104
9.564
4.541
1.249
0.544

13.946
208.396
0.275
1.062

0.011
0.104
0.000
0.421
0.003

0.004
0.004
0.407
0.270
0.000
0.605
0.000
0.000
0.001
0.000

0.008
0.000
0.304
0.073
0.000
0.067
0.001
0.024
0.308
0.589

0.000
0.000
0.762
0.365
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Germination * Treatment

Germination * Power Exposure

Fat Content

Starch Content
CIEL*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity

0.309
21.277
0.103
0.035
1.089
4.233
48.329
3.783
0.014
22.667
67.224
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

OO OO OO0 O0ODO0ODO0ODO0ODO0OO0OO0OOO0OOOOCOOOCOOMNMNNMNMNNNMNNNDNNDDNDN

0.155
10.638
0.052
0.018
0.544
2.116
24.164
1.891
0.007
11.334
33.612

117.901
2.147
0.298
1.153
2.762
5.802

4.327
219.051
1.105

0.000
0.143
0.746
0.336
0.087
0.010

0.027
0.000
0.351
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Germination * Time Exposure

Treatment * Power Exposure

Treatment * Time Exposure

Protein Content

Fat Content

Starch Content
CIEL*

CIE a*

CIE b*

CIE YI

Hectoliter Weight
1000-Kernels-Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIEYI

Hectoliter Weight
1000-Kernels-Weight
Ash Content
Moisture Content

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.173
0.125
2.137
6.689
0.117
1.168
3.797
7.697
1.317
0.032
3.788
167.388
0.337
0.048
23.475
0.221
0.061
0.043
0.144
74.581
0.042
0.065
13.886

NN NPNNPNPODPNPNPNNPDNDNNPNPDNPDNNNPDNNNPNPDNNNNDNNNNNNNOOO OO OOOOOOOoO

0.086
0.063
1.068
3.345
0.058
0.584
1.899
3.848
0.659
0.016
1.894
83.694
0.168
0.024
11.737
0.111
0.031
0.022
0.072
37.291
0.021
0.033
6.943

0.714
47.805
0.216
19.250
3.796
2.963
5.205

9.681
36.602
2.750
1.392
18.193
2.369
0.637
1.996
0.110
0.197

19.951
134.191

0.502
0.000
0.808
0.000
0.040
0.075
0.015

0.001
0.000
0.088
0.272
0.000
0.119
0.539
0.162
0.896
0.823

0.000
0.000
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Power Exposure * Time Exposure

Germination * Treatment * Power
Exposure

Germination * Treatment * Time
Exposure

Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content
CIEL*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content

90.909
0.807
0.108

23.977
5.008
0.063
1.036
1.612

110.519
1.755
0.034

15.106

222.323
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

[cNeoNoleololNoNeNeloNelolololNo ool Mol e R R o RN S S S S S A L N\

45.454
0.202
0.027
5.994
1.252
0.016
0.259
0.403

27.630
0.439
0.008
3.777

55.581

1.494
1.667
20.485
1.210
7.205
1.018
1.314
1.105

5.142
72.992
1.826

0.249
0.197
0.000
0.338
0.001
0.422
0.299
0.382

0.005
0.000
0.163
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Germination * Power Exposure *
Time Exposure

Treatment * Power Exposure * Time
Exposure

Germination * Treatment * Power
Exposure * Time Exposure

Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.090
0.421
55.289
5.449
0.058
0.913
2.817
50.676
6.057
0.007
12.571
330.086
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

OO0 ocoococoococoh~hrhrhrrbbprbdbrrPAArdPPPPOOOOCODODOOOOOOOOO

0.022
0.105
13.822
1.362
0.014
0.228
0.704
12.669
1.514
0.002
3.143
82.522

0.185
80.116
2.790
7.840
0.935
1.159
1.931

1.004
60.739
2.712

0.943
0.000
0.054
0.001
0.464
0.358
0.145

0.429
0.000
0.059
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Error

Total

Corrected Total

Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Water Absorption Capacity
Protein Content

Fat Content

Starch Content
CIEL*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight

0.000

0.000

0.000

2.419
0.026
99.083
3.475
0.308

3.942
7.295
0.000

0.000

0.033

1.035
608.610
4220.731
27.220
168093.831
137281.246
2174.088
34806.235
218626.839
147172.650
1112.708
44,132
7774.973
547571.479
5.306

1.476
298.078
52.907
3.622
12.163
101.576
346.114

20
20
20
20
20
20
20
20
20
20
20
20
40
40
40
40
40
40
40
40
40
40
40
40
39
39
39
39
39
39
39
39

0.121
0.001
4.954
0.174
0.015
0.197
0.365
0.000
0.000
0.002
0.052
30.430
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1000-Kernels Weight

Ash Content

Moisture Content

Water Absorption Capacity

32.356
0.263
135.830
1601.523

39
39
39
39

o o

D OO

. R Squared = 0.544 (Adjusted R Squared = 0.111)
. R Squared = 0.982 (Adjusted R Squared = 0.965)
. R Squared = 0.668 (Adjusted R Squared = 0.352)
. R Squared = 0.934 (Adjusted R Squared = 0.872)
. R Squared = 0.915 (Adjusted R Squared = 0.834)

R Squared = 0.676 (Adjusted R Squared = 0.368)

g. R Squared = 0.928 (Adjusted R Squared = 0.860)
h. R Squared = 1.000 (Adjusted R Squared = 1.000)
i. R Squared = 0.875 (Adjusted R Squared = 0.757)
j. R Squared = 0.992 (Adjusted R Squared = 0.985)
k. R Squared = 0.620 (Adjusted R Squared = 0.259)
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A9. ANOVA Results for All Parameters of Red-Lentil

Table A.9. ANOVA results for all parameters of red-lentil.

Source Dependent Variable Type 1l SS df Mean Square F Sig.
Corrected Model Protein Content 12.5862 19 0.662 2.066 0.058
Fat Content 5.502° 19 0.290 565.035 0.000
Starch Content 19.348¢ 19 1.018 2.823 0.013
CIEL* 88.455¢ 19 4.656 4.887 0.000
CIE a* 22.402¢ 19 1.179 0.958 0.536
CIE b* 16.024f 19 0.843 0.653 0.821
CIEYI 235.050¢ 19 12.371 0.906 0.583
Hectoliter-Weight 2253.617" 19 118.611
1000-Kernels Weight 44.598" 19 2.347 . .
Ash Content 64.749i 19 3.408 75.311 0.000
Moisture Content 342474 19 18.025 226.202 0.000
Intercept Protein Content 10821.675 1 10821.675 33744.445 0.000
Fat Content 9.884 1 9.884 19286.222 0.000
Starch Content 69585.482 1 69585.482 192877.784 0.000
CIE L* 68091.991 1 68091.991 71477.149 0.000
CIE a* 3619.130 1 3619.130 2940.476 0.000
CIE b* 11003.613 1 11003.613 8524.118 0.000
CIEYI 139869.869 1 139869.869 10244.685 0.000
Hectoliter-Weight 86224.105 1 86224.105
1000-Kernels Weight 29400.384 1 29400.384 . .
Ash Content 638.501 1 638.501 14110.526 0.000
Moisture Content 4331.428 1 4331.428 54356.884 0.000
Germination Protein Content 1.946 1 1.946 6.068 0.023
Fat Content 0.766 1 0.766 1493.902 0.000
Starch Content 5.429 1 5.429 15.048 0.001
CIE L* 22.420 1 22.420 23.535 0.000



0TT

Treatment

Exposure Power

Exposure Time

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Protein Content
Fat Content
Starch Content
CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Protein Content
Fat Content
Starch Content
CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Protein Content
Fat Content
Starch Content
CIE L*

CIE a*

CIE b*

0.403
0.640
13.876
1047.170
8.180
13.032
8.644
4.644
0.568
0.558
10.857
12.840
1.554
126.900
18.720
0.853
0.003
316.010
0.032
0.447
1.986
3.540
1.457
0.960
2.642
7.505
3.331
8.115
0.617
0.125
0.404
0.238
0.826
0.752
0.859

NN NNNNNMNNNNNRRRRPRPRPRPRPRPRPRPRERRERRERRERR

0.403
0.640
13.876
1047.170
8.180
13.032
8.644
4.644
0.568
0.558
10.857
12.840
1.554
126.900
18.720
0.853
0.003
316.010
0.016
0.223
0.993
1.770
0.729
0.480
1.321
3.752
1.665
4.057
0.308
0.062
0.202
0.119
0.413
0.376
0.430

0.328
0.496
1.016

288.002
108.472
14.481
1107.339
1.545
11.397
10.432
1.204
9.295

0.071
3965.739
0.049
435.713
2.752
1.858
0.592
0.372
0.097

89.666
3.870
0.195

394.379
0.330
0.433
0.306
0.333

0.573
0.489
0.325

0.000
0.000
0.001
0.000
0.228
0.003
0.004
0.286
0.006

0.793
0.000
0.952
0.000
0.088
0.182
0.563
0.694
0.908

0.000
0.038
0.825
0.000
0.723
0.654
0.740
0.721
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Germination * Treatment

Germination * Power Exposure

Germination * Time Exposure

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Protein Content
Fat Content
Starch Content
CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Protein Content
Fat Content
Starch Content
CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Protein Content
Fat Content
Starch Content
CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight

0.121
15.342
5.773
1.387
2.394
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

[ecNeololeolololoNololololeoleololoNolNeolololNoelelololololollolollolNall SRR G RN

0.060
7.671
2.887
0.694
1.197

0.004

15.327
15.024

0.996

0.000
0.000
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Treatment * Power Exposure

Treatment * Time Exposure

Power Exposure * Time Exposure

1000-Kernels Weight
Ash Content
Moisture Content
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Protein Content

Fat Content

Starch Content

CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Protein Content

Fat Content

Starch Content
CIEL*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content

0.000
0.000
0.000
0.382
0.338
0.023
2.691
0.757
3.978
17.532
23.705
3.082
4.460
1.830
0.200
1.005
2.083
5.177
1.617
1.019
15.717
7.214
1.251
12.016
2.335
1.892
.638
4.452
2.499
1.068
0.677
19.844
23.223
1.842
13.148

A AR, DLEPARARREDRERDBEPNRNPPPNPPNPNNPDNNDPNPPNDNPDNDNNDPNPDNDNNDNNDPNDNNDNDNDNDNO OO

0.191
0.169
0.011
1.346
0.378
1.989
8.766
11.852
1.541
2.230
0.915
0.100
0.503
1.042
2.588
0.808
0.509
7.859
3.607
0.626
6.008
1.168
0.473
0.160
1.113
0.625
0.267
0.169
4.961
5.806
0.461
3.287

0.596
329.436
0.032
1.413
0.307
1.541
0.642

49.284
11.481
0.312
980.883
2.887
2.717
0.657
0.395
0.576

132.778
14.653
1.475
311.241
3.085
0.656
0.217
0.131
0.363

72.642

0.561
0.000
0.969
0.267
0.739
0.239
0.537

0.000
0.000
0.736
0.000
0.079
0.090
0.529
0.679
0.571

0.000
0.000
0.247
0.000
0.039
0.630
0.926
0.969
0.832

0.000
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Germination * Treatment * Power
Exposure

Germination * Treatment * Time
Exposure

Germination * Power Exposure *
Time Exposure

Moisture Content
Protein Content
Fat Content
Starch Content
CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Protein Content
Fat Content
Starch Content
CIE L*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Protein Content
Fat Content
Starch Content
CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Protein Content

2.445
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
3.176

N eoloNeolololeoNololololeoNeolololNoNolloNeololoeloloelelolNollolNolNo ool ool

0.611

0.794

7.671

2.476

0.001

0.077



Y11

Treatment * Power Exposure * Time
Exposure

Germination * Treatment * Power
Exposure * Time Exposure

Error

Total

Fat Content
Starch Content
CIE L*

CIE a*

CIE b*

CIEYI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Protein Content
Fat Content
Starch Content
CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Protein Content
Fat Content
Starch Content
CIE L*

CIE a*

CIE b*

CIE YI
Hectoliter-Weight
1000-Kernels Weight
Ash Content
Moisture Content
Protein Content
Fat Content
Starch Content

0.767
0.170
2.978
2.968
2.832
38.138
57.926
9.997
6.139
4.343
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
6.414
0.010
7.215
19.053
24.616
25.818
273.058
0.000
0.000
0.905
1.594
6.414
0.010
15157.324
14.700
95221.710

OO0 oo ocoocohr~rhrbprrbhrbdprbdbrpd

0.192
0.043
0.745
0.742
0.708
9.535
14.482
2.499
1.535
1.086

0.321
0.001
0.361
0.953
1.231
1.291
13.653
0.000
0.000
0.045
0.080
0.321
0.001

373.908
0.118
0.782
0.603
0.548
0.698

33.915
13.626

0.000
0.975
0.550
0.665
0.702
0.602

0.000
0.000
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CIEL* 97291.615 40

CIE a* 5087.717 40
CIE b* 15585.936 40
CIEYI 192921.072 40
Hectoliter-Weight 103573.946 40
1000-Kernels Weight 39705.623 40
Ash Content 969.865 40
Moisture Content 6305.966 40
Corrected Total Protein Content 19.000 39
Fat Content 5.512 39
Starch Content 26.563 39
CIEL* 107.508 39
CIE a* 47.018 39
CIE b* 41.841 39
CIEYI 508.109 39
Hectoliter-Weight 2253.617 39
1000-Kernels Weight 44.598 39
Ash Content 65.654 39
Moisture Content 344.068 39

a. R Squared = 0.662 (Adjusted R Squared = 0.342) _ . _
b. R Squared = 0.998 (Adjusted R Squared = 0.996) I. R Squared = 0.383 (Adjusted R Squared = 0.203)

c. R Squared = 0.728 (Adjusted R Squared = 0.470) ﬁ 2 gquareg f (1)388 (ﬁgjusieg S gquareg f (1)83(8))
d. R Squared = 0.823 (Adjusted R Squared = 0.654) - R Squared = 1.000 (Adjuste quared =1.000)

: i. R Squared = 0.986 (Adjusted R Squared = 0.973
e. R Squared = 0.476 (Adjusted R Squared = 0.021) J' R Sgldared 0995 EAd}Ested R Sgﬁared _ 0.991;




A10. Form of Sensory Analysis

SCORING TEST

PANELIST NAME-SURNAME: DATE:
PRODUCT: TIME:
STATEMENT: In terms of the quality criteria given below, give scores out of 5
to the Sample 1, 2 and 3.
SAMPLE CODES
el SAMPLE 1 SAMPLE 2 SAMPLE 3
TASTE
SMELL
TEXTURE
APPEARANCE
1 = VERY 5 = VERY
POINTS VALUES BAD 2=BAD |3=MEDIUM| 4=GOOD GOOD

OVERALL EFFECT:
e FOR SAMPLE 1;

Very Bad Medium Good Very Good

¢ FOR SAMPLE 2;

Very Bad Medium Good Very Good

e FOR SAMPLE 3;

Very Bad Medium Good Very Good

Figure A.1. Form of sensory analysis
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