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ABSTRACT

DEVELOPMENT OF FUNCTIONAL CAKES TO BE BAKED IN
MICROWAVE -INFRARED COMBINATION OVEN

¥zkahr aman, Bet ¢ | Canan

M.S., Department of Food Engineering

Supervisor Prof . Dr. G¢l ém kumnu
Co-Supervisor: Pr of . Dr. Serpil kahin
December 2014160 pages

The main objective of this study wde develop functional cakrmulations to

be baked in the microwavefrared(MW-IR) combination oven by using legume
flours. It was also aimed to compamguality of legume cakes baked MW-IR
oven with conventionalbven For this reason, oven typgonventionaland
microwaveinfrared combination oven), baking time (4, 4.5 and 5 minutes),
legume flour type (lentil, chickpea and pea) églime flourconcentration (10%,
20%, and 30%) were selectedimadependenvariables As a control, wheat cakes
were usedWeight loss, specific volume, porosity, texture, color, gelatinization

degree, macro and micstructureof cakeswveredetermined

MW:-IR baked ekeshad higher specific volumgorosity, weight loss and crust
color change and lower hardnesduesthan conventionally baked cakeSakes

baked in MWIR oven gelatinized less than those baked in conventional oven.

\



Pore area fractions ®iW-IR baked clkes werehigher than conventionally baked
cakes.Larger pores of microwaviefrared baked cakes wewrdso observedin

Scanning Electron Microscope (SEM) images.

Cakes with high quality can be obtained by replacing 10% of wheat flour with
legume flour.Legume flour type did not affect the weight loss, crust and color
change of cakes bakedMiV-IR for 4 min.Pea flour giving thénardest structure,
lowest specific volumeporosity and gelatinization degreesdetermined to be
the least acceptable legurih@ur. On the other handentil and chickpea cakes had
the softeststructure, highstspecific volume and porosishowing thatentil and

chickpea flourcan be usetb producdunctional cakes

Keywords: Functional cakes, microwawdraredcombinationbaking, lentil flour,

pea flour, chickpea flour.
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MKKRODALKIAZI L ¥TESK FI RI NDA PKkKkKRKLMEK
FONKSKYONEL KEKLERKN GELKKTKRKLMESK

¥zkahr aman, Bet ¢ | Canan
Y¢ ksek Geidsaanvsg,hendi sl i J i BO1l ¢ mg¢
Tez Y°neticPsof. Dr . G¢el ¢m kumnu
OrtakT ez Y©° nerof.iDcSeripi | kahin

Ar al e Kl602a9fa 4 ,

Bu -al ékmanén -a@maele i &isioidldréagl® ngaerpe kKb a
unl arénéf lhokbagwpanak ke k]| Mikrodaigakgéezléeilk t% tra d im

féerénda pi Kiomiviaemrs i Wekleé r if arénélaa kptiékriérlim ae
ama-|l anméxkter . Bu nedenl e, f&kreagmrel ti°pies
féerén), pi Kb verbedakikay, baklagil un (tigi (merdimek, nohut ve

bezelye unu) ve baklagil unu konsasyonu (%10, %20 ve %30 aj] € ms € z
deji kkemseol akaktrr ol ol ar ak bujday unuyl
kul | an&dklevaeatjeérr.l ek kaybe, °©zgg¢l haci m, g

jelatinizasyon derecesna k r o v e imm ckeloe nymipkét i r

Mikrodalgak €l z°ét e si f & r e ndd konvansiyonelkeklere oranla dakd e r
yé¢ksek haci m, g°zeneklilikyeagfiahbhégumayh

teksg2el eml e Mikrodalgak € z €1 °t e s i ferenda pi
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konvansy o n e | pEKkENdRenN kekl ere g°re. daha az
Mikrodalgak €é z e | °t es i féeréndal ampi kKkbg2agaredna kkekl er
fraksiyonlnund a ha yg¢ kdsbglimmx t uar. anfal € el ektron miKkr
(TEM)kul | anél arakeda| mitlesbealeg@hbdar pnkdaha b

g°zeneklere sahip olduju g°zlemlenmickktir.

Bujday wununun %1006u bakl agil unuyl a vyer d
kekl er el dM&krodaldgak Ié mié k thiteenslile pfd& nde | ldeeum kek | er

tipinin aj érdejki kkianyib é¢ zveer irneen ket ki si nin bul u
Eh sert tekstg¢or, en d¢keéek haci m, en d¢kKeék

derecess a fl E f € bekelye unuen az kabul edilebilir un e Ko ldmu kKt ur .

Mercimekv ey a nohut uinenyimuekraekn tkeekksl tegr |, en y¢ks
en y¢ksek gezeneklili k ve en oydaasek bjuel at i
unl arén fonksiyonel kek ¢retiminde kull anél

Anahtar Kelimeler: Fonksiyonel kek, Mikrodalgaé z € | °©t e s i p ikkoinrbmen,a sy o n

mercimek unu, bezelye unu, nohut unu.
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CHAPTER 1

INTRODUCTION

1.1 Functional Foods

The termfunctional foodwas first used in Japan in the early 1980s as a result of

the longterm studieson enhancing benefits of foodRoberfroid, 2000).There

are many dfierent definitions of the termi f un c t i o.nnatitute 6fdcodd s 0
Technol ogists (I FT) dsetliei foodsswhiéh fenhanceasi o n a |
health and reduces the diseases (URI4panese Ministry of Health, Labor, and

Welfare (FOSHU) makes the ntodetailed definition as followsfi Enctional

foods are expected to have a specific health effect due to relevant constituents or
foods that allergens have been removed. They are also likely to exert a health or
physiol ogical ef fect when c dRobedfrois d as
2000).

Although there are many terms like vitafoods, nutraceuticals, pharmafoods,
medifoods functional foodhasbroader meaning covering al them(Roberfroid,
2000). Moreover, according tdrRoberfroid (2000), functional foods must be
perceived as not opla single product buélso a concept.The properties of

functional foods are:

i being traditional food,
i being part of ordinary diet,

i having natural ingredients,



1 having further positiveeffect other than nutritional value (Roberfroid,
2000).

The main reason of why functional foods
awareness about what they eat and dr8tentific development in technology

and nutrition, progress in relation between diet and diseases, exchange in people's
expectations andigher health care paymerdase the other reasons (Roberfroid,

2000).

Probiotic milk products, lowat and skim milk, fattyfish, probiotic fruit drinks,
fermented drinksenergy drinks, vitamiror mineratenriched foods, fruits and
vegetables, weightoss productssoy products, breakfast cereals ditmr-rich
bread are thexamples ofcommonly consumed functional foods (Ozen et al.,
2012).

1.2Legume Flours

Legumes, in other words pulseare the member of plant family named
LeguminosaeTheyareusedasmeal by peopléor decades Most commortypes

that are used in the meaee beans, chickpeas, soybeans, lentils, peas and lupins.

Legumes are one of the most nutritious foods in the wdrey havehigh
amountof amino acids, carbohydrates, distfiber, somemineralsand vitamins
(Igbal et al., 2006 The most common amino acids that legumes contain are
lysine, leucine, asparticcal, glutamic acid and arginin@Minarro et al., 2012).
According to Gomez et al. (208egume flours are valuable source of nutrition
for bakery productslue to theithigh protein contentLegumes also contain high
amount of dietary fiber. Dietary fibgsrovides prevention of hypertension and
regulates blood pressure (Lee et al., 2008tary fibers are mainly classified as
soluble fiber and insoluble fiber, according to solubility in water (Dodevska et al.,
2013).Insoluble fibers are mainly responsible for high water binding capacty

be



structuresoftening(Triniad et al., 2010)Table 1.1 indicates the fiber content of

common legumes.

Table 1.1Dietary fiber composition of legumes adapted from Mallillin et al.
(2008)

Legumes Dietary fiber Soluble fiber Insoluble fiber
(g/100g sample) (g/100g sample) (g/100g sample)

Mungbean 31.7 4.8 26.9
Soybean 46.9 8.0 38.9
Peanut 24.1 4.2 20.0
Pole sitao 35.0 55 29.5
Cowpea 34.0 4.0 29.8
Chickpea 26.2 1.3 24.9
Green pea 29.7 2.1 27.6
Lima bean 20.9 3.7 17.7
Kidney bean 29.8 0.4 29.4
Pigeon pea 21.8 2.4 194

Besides, World Healt®rganization recommendgeater consumption of legumes
for a balanced die(URL2). Therefore,use of composite flours, consisting of
wheat flour and legume flours the bakery productsan be considered good
alternativein terms ofbalanced dietTable 12 indicates themineral amouts of
some legumes and Table ElBows how legumes meibie requirediaily essential

amino acid.



Table 12 Mineral composition of somelegumes (Igbal et al., 20D6

Minerals (mg/100 g) Chickpea Lentil Green pe:
Sodium 101b N 3.51 111a N
Potassium 1155b N 5.00

Phosphorus 25b N 6. 11

Calcium 197a N 3.61 110c N
Iron 3.0a N 0.20

Copper 11.6a N 0.20

zZinc 6.8a N 0.26 3.2a N
Manganese 1.9a N o0.10

Magnesium 4. 6ab N 0.04

Table 1.3 Essentiabmino acidscores of legumeg@dapted fronigbal et al.,

(2006)

Amino acids Reference pattern Chickpea Lentii  Greet
Histidine 19 158 116 1
Lysine 5.8 124 121 1
Leucine 6.6 132 118 1
Isoleucine 2.8 171 146 161
Methionine + cystine 25 68 68 1
Phenylalanine + tyrosine 6.3 132 130 1
Threonine 3.4 91 88 1
Tryptophan 11 28 64 55
Valine 3.5 131 143 1




Legumesare also classified as low gbmic index food Rizkalla et al., 2002).
The glycemicindex of different foods ishown in Figurel.l. Glycemic index
represents how fosdaffect the blood glucose.elgumesalsohaveseveralhealth

benefitsdue to having low glycemic indgRizkalla et al., 2002).
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Figure 1.1 Glycemic indexe®sf different foods (Bornett al., 1997)



1.3 Studies on Legum@&akery Products

There are a few studies the literatureon legumecontaining bakeryroducts.
Fenn et al(2010 studiedthe quality o bakery productsvhich was made bthe
addition of legume floursConcentratiorof legume flours (@ybean, yellow pea
and chickpea flour) wagaried betveen 2%8%. It was found that addition of 2%
soybean flouto bakery productprovided the highegguality andincreased the

protan content by 28%

Hera et al. (2012) analyzed efteof partial or total replacement of lentil flour on
the quality of cakes. Two different cake types, layer and sponge ocakes,
studied It was concluded thataddition of lentil flour decreased cake volume,

symmetry index, cohesiveness and springinessisreased hardness.

Zucco et al. (2011) studied effects of addition of legume flours on the quality of
cookies. Navy bean, pinto bean, gréentil and yellow pea flours wengsedin

the study The concaetration of legume flours variedetween 25%100%
Althoughaddition of theflours increased hardnesuitritional valueof cakes were

improved

Ancther studyon glutenfree legume breadswas conducte by Minarro et al.
(2012). It wa aimedto replace soy flour witlthickpea andpeaflour. Breads
prepared with chickpea flour wefeund to havebettercharacteristicshan pea
flour (higher volume and softecrumb). It was concludethat chickpea flour

could bealternative to soflour in glutenfree breads.

Besides, Gomez et al. (2008yestigatedhe effects of addition of chickpea flour
on the quality of cake In the study, total or partiaubstitutionof chickpea flour
was studied. Although addition of chickpea flour decreasethe volume and
increasedthe hardnessas compared to wheat cakehickpea cakeswere still
acceptablen terms ofquality.



When the effects adddition of pea floupn quality ofcakes weretudied it was
foundthat cakes obtained by substitution58@6 pea flour were similar to wheat

cakesin terms of qualityGomez etl., 2012).

1.4 Microwave-Infrared Combination Baking

When compared with conventiondlaking there are several advantages of
microwaveinfrared(MW-IR) combinationbaking MW-IR bakingcombines time
saving advantages of microwave and crisping advantagés (@ifrared) heating
(Sumnu et al., 2005). The baking time of breads is reduced 75%Vi#yIR
combination oven (Keskin et al., 2004). Moreover, Demirekler et al. (2004) stated
that qudity of MW-IR baked breads is similar with the ones baked in
conventional ovenMW-IR combination oven also provides acceptable color and
crust formation with the help of halogen lamp. Besides, the color and firmness
values of cakes baked MW-IR combinaion oven werecomparable with the

conventiondly baked ones (Sumnu et al., 2005).

MW:-IR combination oven combinagaicrowave and infrared technologligure
1.2). In order to understand the heating mechanisi\&f-IR combination oven
microwave and infraad technology should be investigated separately.
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Figure 1.2MicrowaveInfrared Combination Ove(Bumnu & Sahin2005)

1.4.1 Microwave Heating Mechanism

Microwave heatings usedmore than 60yearsfor several purpose It is used

both infood industry and in houses. Moreover, the number of microwave oven in
the kitchens is increasing day by day. Cooking, tempering, drying, pasteurization,
blanching, baking and extraction are some of the microwave applicéDoset &
Raghavan, 2005)

Microwaves are electromagnetic wavasthe frequency range of 300 MHz and
30 GHz (Giese, 1992) (Figufe?). To avoid thenterferences2450 MHz or 915

MHz frequencieshave been approved binternational Telecommunications
Union for industrial, scientific and medical (ISN) be used for food processing

in industry ancathome, respectively (Giese, 1992).
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Figure 1.3 The electromagnetic spectrum (Sahin and Sumnu, 2006)

In the microwave oens electric fieldis provided by magnetronMicrowaves
interactwith foods by twomechanismsionic conduction and dipolar rotation
(Sahin & Sumnu, 2006Figure 1.3). In the ionic conduction charged patrticles in
the food sample such as salt particleare accelerated and move in different
directions as a result of exposurealternating electric fieldTurabi E. , 201Q)
Kinetic energy is generatday agitationand transferred to other nealulesas a
result of collision(Sahin & Sumnu, 2006 Becausenater is polar molecule, it is
mainly responsible for dipolar rotatioRolar molecules are forced to rotate and
collide when subjected to alternating electiield. The direction of rotation is
reversed when the alternating electric field chan@adhin & Sumnu, 2006Heat

is generated rapidly in the microwave ovens due to these two mechanisms.



P.ltemat:ing Electnic Field

A
VARV ERVY/

Hydrogen
Chygen

+
|
1
//
Sn_d;lum Chlonne Rotation
1011 100 . |
" |
| \‘\
|

TWater & !
Malecule

Figure 1.4 lonic conduction and dipolaotation(Sahin & Sumnu, 2006)

Heat transfer equation amfood material duringnicrowave heatings expressed

as

°L w1 & (1.1)
1Cp

Ot

wher e, tempdratard A€)At 0(s)i sAiUO mes t h@fshHal di ffusi
i} o i &kg.ndensiAtCp o i s specific@kghallC capacity
and AQ0 is the heat gener @médsd). per unit vol

The equation of ratef heat generation;
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Q= ZCbCJf E2 (1.2)

wheme® fis the dielectric WEREmMaNnt Aibd F 5e
frequencyHz)and AEO i s t (Vi) (8ahie& Sumnuc2@ob) f i el d

Diel ectric constant (U") and dielectric |

dielectric properties of foods. Di el ectr
storage ability of food materials and th
food material todissipate microwavenergy into heatTemperaturefrequency,

protein, carbohydrate, saknoistureand fat content mainly affect the dielectric

properties of foodgéTang, 2005)

Penetration depth (Equation 13jon Hippel, 1954)shows the depth where the
microwave power decreased 1/e of its initial vallies responsible for uniform

heating of foods.

dp= > (1.3)

o 0'2'
2 U1+'ﬁ' -1

whered pis penetration deptficm), 6 Ui s the diebé&ctmsictheor
dielectric loss factorand E ©A O A1 AflmOvave in free spadem).

In the conventional oversurface of food sample is heated by convection via hot
air and therheat is transferredy conduction from surfac® the interior parts of
sample In addition, heat is transferred from the surface of the oven to food
surface by radiatiorThat is, convetion, conduction and radiation provide heating

of the sample.However, in the microwavevens food samples are heated
volumetrically. In other worddjeat is generated within the sample. Then, heat is
transferred from the inner side of the sample to the outer surface by conduction

since the surrounding air is not heated.

11



Microwave ovens &ve a lot oladvantagesThese advantages amne and energy
savings, high nutritional value, less stapt time, space saving, better process
control and less cosfDatta, 2001; Decareau, 1992).

1.4.2 Infrared Heating Mechanism

Infrared Radiation (IRpelongs to the electromagnetic spectrum of the sun and
provides heating effect (Ranjan et al., 2002). There are three different types of
infrared radiation; neanfrared radiation (NIR), midnfrared radiation (MIR) and
far-infrared (FIR) radiation (Ranjeet al., 2002).

Infrared heating source provides high temperature betwee8 %00 0 AC and heat
is mainly transferred by convecticand radiation Effect of infrared source is

concentrated at the surface of the sample because of low penetration depth of

infrared heating.Then heat is transferred by conduction through the sample
(Sepulveda & Barbos@anovas, 2003)

Halogen lamp used in the microwaviefrared combination oven provides the
near infrared radiation (NIR) and has the wavelength range bet@ee O m
(Sumnu et al., 2005). Furthermore, ndafrared radiation (NIR) provides lower
penetration depth with respect to other infrared radiation types.rdingoto
Datta & Ni (2002),penetrationdepthof the infrared is so important that it has
very significant effect on the surfatemperaturef food sample

1.4.3Problems in Microwave Baking

Although microwaveprocessing haseveral advantages, there are also some
disadvantages, especially in miasr@ve bakingQuality problems can be listed as
unacceptable texture, lower volume, lack of browning and crust formation, high

moisture loss and rapid stalif§umnu, 2001)The main reason isshortbaking

12



time in microwave ovens. Furthermorspecific interaction of microwavevith

each component of food sample is another reason (Goebel et al., 1984)

One of the defects imicrowave cakes isack of browning. Color and flavor
produced byMaillard reactiols cannot be developed in microwave baked cakes
(Yaylayan & Roberts, 2001)Low air andlow surface temperature prevents
Maillard and caramelizatiomeactions so aromaand browning formationn the

microwave baked products.

Rapid staling of microwave baked products is aeofiroblem According to

Higo et al. (1983), during microwave processing higher amount of amylose is
leached out starch granuleteached amylose was observed to be more
disoriented and conta#d less bound water. During cooling, leached amylose
molecules were observed to align amdulted infirmer crumb texture. It was
found that addition of emulsifiers, gums and fat to microwave datakes

affected the retrogradatiaf microwavecakes $eyhun et al., 2003).

Harder structure of samples thatere baked in microwave overould be
attributed to higher moisture loss and interaction between gluten and microwave
power. Adverse effect of microwave power on gluten protein was explained by

high amount of amylose leaching during baking (Seyhun et al., 2003).

The other main problem is dh moisture loss of microwave cakes and breads.
High interior heating in MWR combination overcauses evaporation of water

and creates high internal pressure. Pressure gradient causes greater amount of
water to flow outside of the food. Thus, MIR combiration baking results in
higher moisture lossSeveral studies have showmat cakes and breads baked in
microwave oven have lost higher amount of mois{@&emnu et al., 1999; Sahin

et al., 2002)

13



Because the electric field provides heating,-oarform b&ing may occur due to
nontuniform electric field(Thostenson & Chou, 1999)he properties of the
electric field, chemical composition of the food sample, structural changes during
processing, size and shape of the food sample affect the uniformity of baking
(Thostenson & Chou, 1999)

There are manystudies conducted to overcome the quality problems of
microwave baked products (Sumnu et al., 2000; Datta & Ni, 2002; Walker et al.,
1993; Lu et al., 1998MW-IR combination oven isne of the promising method

to solve theproblems of microwave baked phacts. Besides, combination of
microwave energy antR heatingprovides the advantages of both microwave

oven and conventional oven together (Figure 1.4)

1.4.4Studies onMicrowave-Infrared Combination Baking

Sumnu et al. (2005) compared the quality ofesathat baked in conventional,
microwave, infrared antMW-IR combination oven. It was stated that hardness
and color values ofMW-IR combination cakes were similar with the

conventionally baked cakes

Gelatinization degrees of cakes that baked in cdioead, microwave andAW -

IR combination oven was studied by Sakiyan et al. (2011). It was observed that
gelatinization degrees of cakleaked inmicrowaveovenwere not sufficient while
gelatinization degreeof cakesbaked inMW-IR combinationwere comparable

with conventionally baked cakes

Physical poperties of different formulations afakes that baked in microwave
and MWIR combination oven was studied (Sakiyan et al., 2007). It was stated
that formulation affected the color and firmness galwf cakes. Maltodextrin,

Lecigran™ and PurawaVé fat replacers were found to have acceptable results.
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Quality results of MWMR baked cakes were comparable with the conventional

cakes.

Effect of different gums on macro and migwucture of glutetiree rice cakes
baked in MWIR combination oven was investigated (Turabi et al., 2010). It was
observed in the study that MR baked cakes had higher porosity than
conventionally baked cake#ccording to micrestructure results, it was found
that conventinally baked cakes showed more gelatinized structure tharlRIW

baked cakes.

Optimization of baking conditions afce cakes was also studied by Turabal.
(2008). Specific volume, crust color, hardness and weight loss of rice cakes baked
in MW-IR combination oven were investigated. It was concludedribatcakes
baked in60% halogen lamp power afat 7 min hadthe highest quality results.

Design of gluterfree breads containing chestnut and rice flour to be baked in
MW:-IR combination oven was studied by Demirkesen et al. (2011). Specific
volume, weight loss, firmness and color change of breads were investigated in the
study. The optimum bakng conditionswere determined a$0% infraredpower,

30% microwave power and 9 min. It was concluded that quality values ciRIW

baked breads were similar with the conventibnbakedbreads.

1.50bjectives of the Study

Legumes are good source$ praein and minerals.They are widely used in
Turkish culturein various ways Legumes contairalmost all essentiahmino
acids Therefore, addition of legume flours into the bakery producgmsod way

to increaseheir nutritional value.
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Although thereare some studies on legume products in the literature, there is no
study on legume cakes baked in the MRV combination oven. Comhimg
microwave andR reduces processing time significantlfherefore, in this study
wheat flourwas replaced with legumeldurs partially and cakes prepared with
thesdegume floursverebaked in MWIR combination oven.

The main objectivef the study igo developfunctional cakescontaininglegume
floursto be bakedn theMW-IR combination ovenlt was also aimedo compae

the quality oflegume cakebaked inMW-IR combination ovemwith those baked

in conventional ovenAnother objective was to determine the effects of legume
flour type (lentil, chickpea and pealegume flour concentration and baking time

on quality, microstructure and gelatinization degree of legume cakes.
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CHAPTER 2

MATERIALS AND METHODS

2.1 Materials

For cakebatterc ake f |l our was obtained from Bakal
Turkey). Egy white powder was provided from ETI Food Industry Co. Inc.

(Eskisehir, Turkey). Other ingredients like sugar, -fioa t dry mi | k ( B
Baharat, Ankara, Turkey), salt, fat (Bec
powder (Dr. Oetker, Istanbul, Turkeyere boughfrom local markets in Ankara.

Lentil flour with 22.2% protein, 1.7% fat, 8.9% moisture, 3% ash, chickpea flour

with 20.9% protein, 2.8% fat, 7.9% moisture, 3.1% ash, and pea flour with 21.07

% protein, 1.3% fat, 10.8% moisture, 2.7% ash waggbtfrom Smart Clemical

Trading Co. Inc. via internétURL3).

2.2 Methods

2.2.1 Procedure of Cake BattePreparation

Basic cake battewas preparedusing 100g cake flour,100% sugar, 12% neiat
dry milk, 9% egg white powde25% fat, 5% baking powder, 3% sald90%
water (in flour basis) Wheat cakes containing riegume flourswere used as
control Wheatflour was partially replacedby legumeflour at concentration of
10%, 20% and 30%.
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While preparing cakbatterfirst the sugar and egg white powdeasmixed with
mixer (Kitchen Aid, 5K45SS, USA) for 1 min at low speed (85 rpm). Then, all
other dry ingredients (nefat dry milk, salt, baking powder, flour) were added.
Melted fat and water were also added. All ingrediewgt@in were mixed for 1 min

at low speed (85 rpm) then 1 matmedium speed (140 rpm) and 2 min at low
speed85 rpm)

Prepared cake batteampleq100geach) werepoured into glass calaips in8.7

cm diameter and 4.8 cm height
2.2.2 Baking of Cakes

Two different types of oven weresed which wereonventional oven andlW-IR

combination overor baking
2.2.2.1Baking in Conventional Oven

Electicoven ( Ar -el i k A. k. , fdfesonhventidnal bakingTur key) w
Oven was preheated 1 7 5  U30minf Four cakesamples werdaked at the
same timeTheywereplacedin oven and baked for 2dinutesatt 75 UC.

2.2.2.2 Bakingin Microwave-Infrared Combination Oven

MW-IR combination oven (Advantium ovEh General Electric Company,
Louisville, KY, USA) was used foMW-IR baking (Figure 1.2). There are two
halogen lamp at the top andne at the bottomeachproviding 1500 Win the
oven Powerlevel of halogen lamps was fixed (60%). Microwave power was also
kept constanat 50%during baking The microwave power of oven was found as
700W according tolMPI1 2 liter test(Buffler, 1993)In order to provideequired
humidity in the oventwo beakers having 400 ml water plaggdhe coners of the
oven. One cake sample was plae¢dhecenter of the rotary table. Cake samples

were baked fo4, 4.5 and 5 minutes.
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2.2.3 Quality Analysis of Cakes

After baking weight loss, specific volume, porosity, texture, color, gelatinization

degreemacro and micretructure of cakes were determined.
2.2.3.1Determination of Weight Loss

Percent weight loss of cake samples were calculated by hekguation (2.1)
WL ( %)W‘T\f’vf 100 2.1)
where,W represents initial weigh{g), W representéinal weight after bakingp).

2.2.3.2 Determination of Specific Volume

After baked cakesverecooled to room temperatyrtheir specific volums were
measured by rape seed displacement method (AACC, 199)ific volumes of

cakeswere determined by usirigguations (2.2 2.5).

We W We Weuop (2.2)
Ve WeTh, (2.3)
Ve Veup Ve (2.4)
SV V. IW, (2.5)
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Where Ws denotes weight of seeds (§); is total weight (g),Weyp is cup weight
(9), W, is weight of cake d), Vs is volume of seedgcm?), V. is cake volume
(cm®), Veyp is cup volume €md), | s is density of seedgg/cm®), S\. is specific

volume of cakedm®(g).
2.2.3.3Determination of Porosity

While measuring porosity of cakesympressiommethod was performeGumnu
et al., 2007) Volume of samples was measured before and afierpression.
Compressiorwas performed witl24 kg load for 2 minuteforosity of cakesvas

calculated according tequation (2.6).

Poros{Vvyw X (2.6)

where,V; indicates initial volume of the sampten®) andV; is compacted volume

(cm®) determined ampe seed displacement method
2.2.3.4Color Measurements

Color of cake crumb and crust was measured by color reader (Minolta, CR10,
Osaka,Japan). Values of L*, a* and b* were recorded (CIE coordinates). L*
denotes lightness and darkness, a* denotes redness and greenness and b* denotes
bl ueness and* rgpetehtntherncaels shangegakd can be calculated

as shown in the equatid8.7).

.. . . 112
(@ a) (b b) (2.7)

*

qEs  (Lp L

0, ¢§ anddS values are the reference values obtained from barium sulphate

which were 86.52.3 and 7, respectively
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2.2.3.5 Texture Analysis

Cake samplesvere cooled to room temperature for 1 hour. Cubic cake samples
were cutfrom center of the cake (2.5 cmx2.5 x2&rb cm). Texture analyzer
(Lloyd Ins., England,UK) was used to measu@umb hardnessvalue of the
cakes. Samples were compressed 25% i initial height. Speed of the probe
was 55 mm/min, diametevas10 mm and the load was 50(NACC, 2000)

2.2.3.6 Determination of Gelatinization Degree

The batter sampleandbaked cakesampleswere frozen immediatelgt-1 8 . UC
The samples were freedeied at-52 U @or 48 hours(Christ, Alpha 12 LD plus,
Osterode, GermanyJhe samplesweregrouadn d si eved via 200 Om

The gelatinization degree of both cakes aatterwas measured by differential

scanning calorimetry (DSQPerkin Elmer DSC @00, Ohio, USA). The samples

were preparedased on 1:2 ratio (dry sample: water). The pans were sealed
hermetically and refrigerated for a night eéquilibrate. Empty pan was used as

reference and indium and zinc were used for calibrattamples were heated

from 30AC attabeatitg2roteédfCLOAC/ mi n. Pyris soft we
11.0.0.0449) ws used to calculate onset, peak amad temperatures and
gelatinization enthalpyGelatinization degrees of baked cake samples were
calculated bytte following equation (Ndife et al., 1998):

Gelatinization degree (%) 1- ﬁ; p T TT (2.8)

wh e r e depotes enthalpy of baked cake sampl#g) a n d , deHotes
enthalpy of cake battéyg).
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2.2.3.7 Determination ofMacro-structure

Bakedcake samples were divided vertically in half. Electrical knife was used to
cut samples (Arzum AR 156 Colte, Ankara, Turkey). Then the samydes
scannedy scannewith 300 dpi resolution.

Image Jsoftware URL 4) was used to calculate thatal pore nmbers, pore size
distribution and pore area fractiorlmmages were converted to 8 bit scale (gray
scale)andcropped into the possible largest rectanglélcm x 4.02cm). Pixel

was converted to centimeter.

To determine thgore numberspore aredraction and poresize distribution in
cake crumbsthe method(Binarise SEM and Compute Statsf) Impoco et al.
(2007) was used. Auto thresholding in Binarise SEM {nugvas used to
determine pores and structu@ompute Stats plugn was used to calcuia the

numberand distributiorof pores
2.2.3.8 Determination of Microstructure

Freeze driecaind groundcake samplewere sputter coated with gelgalladium.
Scanning electron microscod@SM-6400, JEOL, Tokyo, Japan) was used to
determine the microstotures of cake samplenages obtained witl3 0 T and

5001 ma g werd anatysetl i o n
2.2.4 Statistical Analysis

Analysis of variance (ANOVA) was used in order to identgignificant
differences between flour type, flour concentration and baking byusing9.1

SAS softwargSAS Institute Inc., NC, USAJf significant difference was found,
Duncands Mul ti pl e usdtongpmpare sakensanipkls ¢ wa's
0.05).
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CHAPTER 3

RESULTS AND DISCUSSION

3.1 Effects of Legume Flour Concentration and B&ing Time on Quality

Parameters

The effects of legume flour concentration (10%, 20% and 30%) and the baking
times (4, 4.5and 5 minutes) on quality parameters of cakes baked in different
ovens were determinedVeight loss, specific volume, porosity, texture, color

changean crust and crumbf cakeswere investigated.

3.1.1Weight Loss

Weight loss was mainly due tmoisture loss from cake surface during baking.
The weight loss of legume cakes baked in convaatiovenwasshown in Figure
3.1. Variation of legume flour concentration affecteeeight losssignificantly. It
was found that ashe concenmation of legume flour increasgedveight loss
decreasefbor all flour types. This mightbe due tohigher watebinding capacities
of legume flous as compared to wheat flokccording to study conducted by
Fenn et al. (2010), composite flotsgumewheat flour blend) hadigher water
holding capacity than control flour (wheat flourJhe high protein andfiber
contens of legume flours wereesponsible for high watdiinding capacity.That

is why, weight loss decreased as the concentratidagume flourdancreasedIt
was also reportethat addition ofsoy flour to cakes enhanced the water holding

capacity andlecreased the moisture loss of sakes Sak éyan, 2014)
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Figure 3.1 Effect of legume flour type and concentration on weight loss of cakes

baked in conventional oveor 24 min (V): 1 ent i | flour, (1) :

pea flour

Baking time wasfound to beeffective on weight loss for attoncentrationf
lentil cakes baked in MWR combination oven(Figure 32). High internal
pressureresulted inhigh moisture lossduring bakingin MW-IR combination
oven As exposure to microwavand IRpower increasedurther heating occurred
and weight lossincreased Increasing weight lossvith baking time was also
observed irother studies (Sevimli, 2004; Sumnu et al., 199@hilar resultsvere
foundwhen wheat flour partially replaced bfiickpeaor peaflour in cakes baked

in MW-IR combination oven (Figure 3.3 and Figuré)3
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Figure 3.2 Effect of baking time andentil flour concentration on weight loss of
cakes baked in MWR combinationoven;y() : 1 0%, (1 0% 20%, (Yy) : 3
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Figure 3.3 Effect of baking time andhickpea flourconcentration on weight loss
of cakes baked in MWR combinationoven() : 1 0%, (1) :20%, (Yy): 3
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Figure 3.4 Effect of baking time angbea flourconcentrabn on weight loss of
cakes baked in MWR combinationoven;() : 1 0%, (1) :20%, (Yy):30%

3.1.2Specific Volume

According to ANOVA resultsdgumeflour concentratiordid not affect specific
volumes of conventiondy baked cakessignificantly (p>0.05) (Figure 3.5 and
Table A.5. On the other hand, flour type had significant effect on specific
volumes of ekes baked in conventional ovéssing lentil flour in cakes provided
higherspecific volumeas compared to the cakes containing pea fidimarro et
al. (2012) explainedhat specific volume differences of legume cak@ght be
due todifferent foaming properties of legume flouFhaming expansion is one of
the functional properties of legume flours providihggh quality. Moreover,
according to Boyeet al. (2010), chickpea flour haldigherfoam expansion than
pea flour. Lower density of lentil batter might banotherreason for higher
specific volumeof cakes Gularte et al. (20])2stated that lentil cakes had lower

batter density and higher specifiolume than chickpea and pea cakdswas
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also indicated in theamestudy tha low batter densityneans moreir bulbles

entrappednto the battewhich resultedn higher specific volume.
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Figure 3.5 Effect of legume flour type and concentration on specific volume of
cakes baked in conventional oviem24 min(y) : |l enti | fl our

(y): pea flour

As can be seen iRigure 36, baking time did not affect the specific volumes of
lentil cakes baked in MWR combination oveignificantly. In theexperiments it
was observed that crumb and crust formation was completeakes baked for 4
min. Thereforethere waso significantdifferencebetweenthe specific volume

of cakes bakedt different timeqp>0.05, Table A.6)However, variation ofentil
flour concentration féected the specific volumes afakes significantly. The

lowest specific volume was observed at the 30% concentration Tehezle are
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many factors influencing the specifvolume of the cake®©ne of themcan be

that addition of protein source increases the viscosity of cake batter (Gomez et al.,
2012).Minarro et al. (2012) and Gomez et al. (2012) reported that addition of
legume flour increased the viscosity of batter and decreased the vdliente the

fact thatthicker structure allows lower amount of air to enter insid@other
reason might belielectric popertiesof legumeprotein Study conducted by Guo

et al. (2010) indicated that dielectric properties (dielectric constant and loss factor)
of legume flours increased with increasing temperature. This aselerates
heating rateTherefore, apid heatig might have casedearlier crust érmation

and crust formation mightave limited theexpansion Lower speific volume at
higher lentil flour concentrationwere in accordanceith many studiesn the
literature (Gomez et al., 2008; Moiraghi et al., 20&Bmez et al., 2012; Minarro

et al., 2012Gularte et al., 2012 Similar results were obtained for chickpea and
peas cakes baked in MVR combination ovelfFigure 3.7 and Figure.3).
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Figure 3.6 Effect of baking time and lentil flour concentration on specific volume

of cakes baked in MWR combination oven; )/ : 1 0 %, (T): 20 %, (Yy)
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3.1.3Porosity

Pores are formed during expansion of cake battecaripondioxide liberation
from baking powderTherefore, number and size of pores directly related to
volume of cake Effect of legume flows and their concentratioon porosity of
conventional cakewas shown in thé=igure 39. There wassignificant difference
betweenlegumeflours. Lentil cakes were found to be more porous than other
cakes at all concentration&s previously discussedenti cakes were also found

to have thenighestspecific volumeFigure 35). This shows thaspecific volume
resultswere supported by porositgsults In other wordsthe same discussion can
be valid for volume and porosity result€akes containing lower legume
concentration (10% and 20%) were less porous takescontaining higher

concentration (30%).
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Figure 3.9 Effect of legume flour type and concentration on porosity of cakes

baked in conventional oveor 24 min (V) l ent il flour, (r):
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Legume fbur concentration was fourtd havea significanteffect on rosity. As
the concentration of legume flour increased porosity of M\takesdecreased
(Figure3.10). That is, cakes with 30%gume flourconcentration were observed
to bethe least porous.The specific volumes of cakes having30% legume flour
werealsofound to be thdowest Similar results wes obtained for chickpea and

peacakes Figure 3.11 and Figure ).

4.0 4.5 5.0
Baking Time (min)
Figure 3.10 Effect of baking time and lentil flour concentration on porosity of
cakes baked in MWR combination oven; y() : 1 0 %, (T): 20 %, ()
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Figure 3.11 Effect of baking time and chickpea flour concentration on porosity of
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Figure 3.12 Effect of baking time and pea flour concentration on porosity of
cakes baked in MWR combinationoven)() : 1 0%, (1) :20%, (Yy):30%
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3.1.4Texture Analysis

Hardness vales were investigated as textupabperties of akes.Legume flour
type andconcentratiorhad sgnificant effect onthe hardness otonventiondly
bakedcakes(Figure 313). Addition of legumeflours increased the hardness of
cakes.As shown inthe figure, lentil cakes were found to hatee softestcrumb
while pea cake$adthe hardestone The hardnessesultswere consistent with
specific volume valuesGenerally harderstructure was observed at thaver
specific volume.Hard structure andow specific volume araindesirable Pea
cakes hadthe lowest specific volume probably due to its lower foaming
properties The resultsverein agreementvith those obtained biinarro et al.
(2012) and Gularte et al. (2011) who fouridat pea flour gve the hardest
structure to breads and calkaes compared tother legume floufchickpea, lentil
and bean)respectivelyOn the other handis the concentration of legume flour
increasegd hardnessof cakes also increase@hese resultsvere also correlated
with the specific volume result€ssomez et al. (2008also reported thatthe

percentage ofhickpeaflour increased the firmness of cakes.
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As shown in theFigure 3.14-3.16, harder legume cakes were obtained at the

higher concentration levelHardness results of chickpea and pea cakes were not

affected by baking timeAs mentioned above, as the concentration of legume

flour increased, specific volumes decreased. erasake volume reswddin lower

porosity awl harde texture.
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Figure 3.14 Effect of baking time and lentil flour concentration on hardness of
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Figure 3.15 Effect of baking time and chickpea flour concentration on hardness
of cakes baked in MAR combinationoven;() : 1 0%, (1) :20%, (Yy) : 3
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Figure 3.16 Effect of baking time and pea flour concentration on hardness of
cakes baked in MWR combirmation oven;y{) : 1 0 %, ( I30% 20 %, (VY)

3.1.5Crust Color Change

Color is one of the most important quality parameters for bakery prodimits.
of foods directly affects the appearance, and thus acceptability of pr@iust.
color formation is providedoy Maillard reactions(nonenzymatic browning)
between amino acids aneéducingsugars andyy the carameliation of sugar
(Purlis, 2010)

The effects of legume flour type and concentration cakes baked in
conventional overwere represented irFigure 317. When the legume flour
concentration increased, differences between cagbrs were observed.
Increasingp B value with increasing concentration can be atitdd to higher
protein content, and so higher browning degweecording to ANOVA results
(Table A.17) there wasno significant difference between flour typgs>0.05)

Similar results were obtained from different legume flolmsreasing darkness of
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cakes with increasing chickpea and lentil flour concentration pvasiously
reported by Gomez et al. (2008) and Hera et al. (2012), respectively.
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Figure 3.17 Effect of legume flour type and concentration on crust dolog Eof
cakes baked in conventional oiem24 min(y) : |l ent i | fl our
( Y peaflour

| ncr e a s evaluesnof legnil, chickpea and peas cakes baked in-IRW
combination oven with increasing time can be explainedohger exposuré¢o

heat Figure 3.18, Figure .39 and Figure8.20). Higher temperaturachieved in
longer baking time resulted in accelerated Maillard reacticate Therefore,
further browning at théonger baking time was observedhere are number of
studiesin which similar results were obtained (Sakiyan et al., 2007; Sumnu et al.,
2005; Demirekler et al., 2004)emirkesen et al.,, 2011 Color change also

increased with the increasing concentrabbiregume flours
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Figure 3.19 Effect of baking time and chickpea flour concentration on crust color
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Figure 3.20 Effect of baking time and pea flour concentration on coasbr
( gFfEof cakes baked in MAR combinationoven;() : 1 0%, (1) : 20%, (VY
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3.1.6Crumb Color Change

The effects of flour type and concentration on crumb coldegume cake baked
in conventional oven wereshown in Figure 321. There were significant
differencebetweerflour types and concetratiors. Sincetheinside of the cakeid
not reachhigh temperaturesMaillard and caramelizatiomeactionsdid not take
place. Thus, crumb browningddnot occur. For this reason, the color difference
between flourtypeswere mainly due tooriginal color of legume sourcdn this
study, color results wefcakesi However,twhilgat ed |
cal cul &tvaluesy ClEpE*, a* and b* values were usédlable C.2.
Differences betweendlr types and concentrat®were caused by different L*,
a* and b* values of legume flourbla et & (2011) studied functional pperties
of lentil, pea and chickpea flours and reported tbatil flour hadthe highest a*

value (due to redness) whileickpea hadhe highest lightness (L* value)t is

39



not surprising to seesathe concentration of legume flour increasgx * v al ue

increased.

10 20 30
Concentration (%)

Figure 321Ef f ect of | egume flour type*)and conce
of cakes baked in conventionaven for 24 min () : l ent il flour, (1) :
flour, (Y): pea flour

Concentration hads i gni f i c a n*tvaluedof leganie cakes baed in the
MW:-IR combination ovetoo (Figure3.22 3.24). As in the conventional ovethe

color changewasobserved due to color ¢dgume floursIn general, baking time
did not af fect 1)significantly. Asrthe cadmaemirgtien of E
legume flour increased L*, a* and b* values of cakes changed and their total color
c h a n g*¢incteaseqTable C2).
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Figure 3.24 Effect of baking time and pea flour concentration on crumb color
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3.2Comparison of Quality of Different Legume Cakes and Baking Typs

Quality parameters were discussed above in order to determine the optimum
concentration of legume flours anthe optimum baking timefor MW-IR
combination ovenlin general, it was observed that porosity, specifatume,
hardness, ¢y uand cot ormbdifd qoithangeigifopently

with the increasing baking timé&n the contrary, as the baking time increased
weight loss increased for all legume flour typ€kerefore,in order to save time

and enggy, minimum time (4min) was determined as optimum time. On the
other hand, specific volume and porosity decreased but hardness of cakes
increased with increasing legume flour concentration. Best quality results were
obtainedwhen wheat flour replaced Wwitl0% legume flour. In brief4 min of

baking and 10%legume flour concentration were determinedtlas optimum
conditions.
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To compare the baking type and legume flour types weight loss, specific volume,
porosity, hardness, crust and crumb color charfg€0% legume concentration
cakes thatwere baked for4 min in the MWAIR combination oven were
investigated.

The dfects of the flour and baking type on the weigbts$ wereshown in the
Figure 325. Relatively higher weight loss was observed in MR\Vcombination
oven cakes. High interior heating in MR combination oven creates high
internal pressure. Pressure gradient causes greater amononaistfireto flow
inside tooutside of the foodThis resulted inhigher moisture loss inakes baked
in MW-IR combination ovenSimilar results were found previously by several
researchers (Sahin et al., 2002; Sumnal ,e1999; Sumnu et al., 2003)egume
cakes lost less moisture than wheat cakes in baghsahich could be explained

by higher water holding capacitf legume flours.
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Figure 3.25 Effect of legume flour and baking type on weight loss of cakss; (
wheat flour, (1) : | e g)tpedflour | our , (y) :
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According to specifc volume resultsthere wassignificant difference between
oven typesKigure 326). MW-IR baked cakes resulted in higher specific volume
than conventionally baked ones. High internal pressure during baking might have
caused higher volumetue to puffing #ect. There waso significant difference
between wheat, lentil and chickpea cakgs0.05, Table A.26) However,
addition of pea flour resulted in significantly lower volumes probably due to its
lower foaming propertiesor lower gelatinization degree According to study
conducted by Martinez et al. (2014¥dition of pea fibeto glutenfree bread

resultedin significant decrease in the volume of bredwe to its insoluble
characteristics
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Porosity of cakes baked in MR combination overwas significantly higher
than conventional oven (Figui@27). MW-IR combination oven ais showed
larger volunes.Volumetric heating in the MWR combination oven causes high
internal pressure Puffing effect due to high pressure gradiesgultedin high
volume and porous structure. Similar results were obtganedouslyin studies

on cake and brea@Ozkoc et al., 2009; Turabi et al., 2010; Demirkesen et al.,

2012).
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Figure 3.27 Effect of legume flour and baking type @orosity of cakes; ():
wheat fl our, (1) : | egltpedflour | our , (y) : chi
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Figure 328 showsthe effect of bakingtypes and legume floursn hardness of
cakes Control cakes whichvere baked in conventional oven were found to be
harderthan MWIR baked cakes. Conventiohalbaked cakes had also lower
volumes than MWR cakes. Because of pressure gradient and puffing effect
MW-IR cakes had higher volunaad lager porosity. Thereforéhesecakes were
softer than conventionally baked ondsverse elation between volume and
hardress of cakes was reped previously by Hera et al2012), Gomez et al.
(2010) and Gularte et al. (2012n the other hand, hardness valuepescakes
were higher than wheat cakes due to tleeuer volume (Figure 3.26).
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Figure 3.28 Effect of legume flour and baking type on hardness of cakeks; (
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Higher crust color change was observed in the MR/ combination oven than
conventional ovenHigure 329). Difference between baking type was probably
due to halogen lamp which is known as generating lower penetration depth and
higher surface temperature. Higher temperatures at the surface of the cakes were
resulted in further browning and color chan@milar results were reported

previously by Demirkesen et al. (2011) who studied baking conditions of

chestnutrice breads.

On the other hand, legume cakes where observed to have significantly higher
crust color change than wheat cakes. High protein cuntd legume flours
provi ded*Jalueg tue to Maplgrd reaction. Fenn et al. (2010) indicated
that addition of soy, yellow pea and chickpea protein to breads resulted in further
browning.

(e}

o
I
(@]

Crust Color (gE*)
N w S a1
o o o o

=
o
1

o

Conventional MW-IR
Baking Type

Figure 3.29 Effect of legume flour and baking type @nr u st Cdf or ( pE
cakes;{) : wheat fl our, (1) : VYeeatflout f 1l our , (Y

a7



Crumb color change of cakes baked in MR/ oven was observed to be
significantly lower than conventionally baked cakes (FigB&0). The reason
might be dfference between heating mechanisms of the ovens. Halogen lamp in
the MW-IR combination overprovides short penetration depth and high surface

temperature. Therefore, color change might be concentrated at the surface of the
cake.
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3.3 Effects of Different Legume Flour Types onGelatinization Degrees of
Cakes Baked in Different Ovens

As shown in theTable 31, oven type afécted the gelatinization degre¢ all

cakes. Conventional oven had higher gelatinization degrees. The reason can be
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higher moisture losswhich limits available water for starch gelatinizatiand
shortbakingtime of MW-IR combinaton oven. Study conducted by Sakiyan et al.
(2011) showed that gelatinization degree of cakes increased with increasing
baking time of microwaveMW-IR combination and conventional oveshort

baking timefailed to provide enough starch gelatinization iicnowave cakes.

On the other hand, addition of legume flaecreasedelatinization degrees of
cakes baked in both ovens. The reason can be highn biating capacities of
legume floursdue totheir high protein and fiber contentin other wordsprotein

and fiberpresenin the legume flours lited the available water amouyandthus
starch swellingand gelatinizationWang & Kim (1998) reportegreviouslythat

the presence oproteinand starch togetheesulted in lower gelatinization degree
of corn flour. Another reason can bleeincrease in gelatinization temperature due
to addition of proteinlt was found that addition of protein to starch suspension
shifted the onsegelatinizationtemperaturgo higher temperaturgSummu et al.,
1999).Therefore, cakes with legume flours geleted lessthan wheat cakes due
to the increase in gelatinization temperaturBpecific volume results also
supportedhe results ofjelatinization degree of legumekes in which pea cals
having thelowestspecifc volumehadthe highest gelatinization temperatuaned

the lowest gelatinization degrgdable B.1). Kraus et al. (2014) studied the
relation between gelatinization degree and volume expansion of extrudates and

concluded that volume increased linearlyhwihcreasing gelatinization degree.
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Table 3.1 Gelatinization degreg$s) of cakes baked in conventional and M®/
oven

Flour Type Oven Type
Conventional MW-IR
Wheat 95.06 76.81
Lentil 79.12 71.22
Chickpea 64.53 61.50
Pea 59.68 51.08

3.4 Effects of Different Legume Flour Types orMacro and Micro-structures

of CakesBaked in Different Ovens

3.4.1 Macrostructure

Scanned image of lentil cakeKes in MWAIR combination oven washown in

the Figure3.31a. Binarisedversion ofthe same image was obtained by using
ImageJ softwareFHigure 3.31b). Binarised images of legume cakes that baked in
both conventional and MVIR combination oven were used to calculatal pore

numberspore size distribution and pore areacfion.
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(a) (b)

Figure 3.31 (a) Scanned image of lentil cake baked in NIRVcombination oven
(b) Binarised image of same cake

Table 32 shows the effect degumeflour and baking type on thwotal pore
numbers,pore size distribution and the pore area fracti@aking type had an
effect on pore area distribution. It was observed that pore numbers of wheat and
pea cakes increased in the M®/ combination ove. Although pore numbers of
lentil and chickpea cakes decreased in NRVoven, thai pore area fractions
increasedsincethe number of larger pores increased in NRVoven for all flour

types. Thepresence ofarger porescould be explained bpuffing effect of the
MW:-IR oven due to high pressure gradientdesthe cakesBecause of larger
pores, pore area fraction and specific volumes of cakes bakedhe MW-IR

oven werealsohigher than conventionigl bakedcakes Demirkesen et al. (2012)
previouslystated thapore area fractions and pore numbers of ghiitea breads
increased in MWR combination ovenAccording to Tble 3.2, addition of
legume flour decreased the number of pores; however, increased the number of
large pores. Similar results were found for lentil extrudéit@zou & Krokida,

2010) Among all legume flours,ga cakes hathe smalles$ pore area fraction for

both baking typesThe resultswere in agreenent with specific volume and
porosity results in which pea cakes hihdsmallest porosity and specific volume

valuesprobably due to lower gelatinization deg(@able 31).
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Table 32 Poresizedistributionand pore area fractioof legume cakes baked in
different ovens

Number of pores

Range of
pore area (mA) Oven Type Flour Type

W L C P
0-0.5 242 238 160 162
0.51 92 123 90 74
1-5 Conventional 227 200 192 208
5-10 38 46 60 43
1015 6 5 7 8
> 15 - 1 3 3
Total number of pores 605 502 512 498
Pore Area Fraction 0.35 0.33 0.36 0.32
0-0.5 245 139 148 155
0.51 138 52 70 118
1-5 MW-IR 193 150 155 181
5-10 35 37 41 51
1015 4 17 9 10
> 15 1 10 12 1
Total number of pores 616 405 435 516
Pore Area Fraction 0.36 0.38 0.38 0.34

W: Wheat L:Lentil C: Chickpea P:Pea

3.4.2 Micro-structure

The Scanning Electron Microscopy (SEM) imag#slegume cakes baked in
conventional and MW R combi nati on oV ereveawere 301
shown in the Figurd.32 It can be easily seen that pores of cakes whiere
baked in MWIR combination ovemwerelargerthanthose inconventional oven.

Channel likestructure due to coalescence of fmes weremainly caused by
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puffing effect of MWIR combination oven. Specific volumemd pore area
fractions of MW-IR bakedcakes were also higher than conventigndlaked
cakes (Figure8.32). Similar results were obtained ©zkoc et al. (2009who
studied microstructures oMW-IR baked cake previously.On the other hand,
images of pea cakes baked in both ovens ¥enedto be less porous than other

cakes.They were also found teavethe lowest volumgFigure 3.26).

SEM images of legume cakes baked in conventional andIRI\Wombination
oven at 5001 magni f i c &igure3d3. It wayabservede r e
that deformed starch structure was the majority in the wheat cakegetieditaked

in conventional oven (black arrows). However, deformed and granular starch
structue can be seen together in the wheat cakes baked iARM#@mbination

oven (white and black arrows). Incomplete deformation of starch granules was
mainly due to lower gelatinization degrees of cakes thated in MWIR
combination over(Table 31). As can b seen in the figure, starch granules of
conventional cakes were more deformed. Therefore, they lost their granular
structure and created more uniform structlifeese findings were in agreement
with Turabi et al. (2010) who studiedicro-structure of glunfree rice cakes

previously.

On the other hand, although gelatinization degrees of legume cakes were lower
than the wheat cakes, more uniform sheet of deformed starch was observed in the
images of legume cakdgigure 3.33c, Figure.33e,Figure 333g). The reason

might be that protein in the legume flours covered the surface of starch structure
and formed veilike structure on the starch granules. When legume cakes were
compared, it was observed that lentil cakes had more uniform starch staraure

it was in a good agreement with gelatinization degrees of legume (CEddele

3.1). Vell like structure was also reded by other researches (Ozkoc et al., 2009;
Barcenas & Rosell, 2005).
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CHAPTER 4

CONCLUSION AND RECOMMENDATIONS

In this study, it was aimed to determine the effectsasfcentratiorand types of

legume flourandoventypes on quality parameters of cakes.

For all legume flour types, @ight lossa nd cr u st of qakes thatvere u e s

baked in MWIR combination oven irreased with increasing baking time.

Baking time had ncignificant effect onspecific volume,hardnessand crumb

color of MW-IR baked caked-or all legume foursthe increase inegumeflour
concentration increased har dutdesreased pE* Vv a
specific volume and porosity of cakes baked in both conventional andlRMW
combination ovenThe optimum baking timeof MW-IR combination overand

legume flour concentrain were determined as 4 mand 10%, respectively.

Weight loss of MWIR baked cakes was found to be higher thanventionally
baked cakes Specific volumes and porosity of MR baked cakes were
significantly higherbut their hardness values were lowban conventionally
baked cakesThe gelatinization egree of MW-IR baked cakesvas less than
conventionally baked cakes. Moreover, pore area fractions oflRI¥Baked cakes
were higher than conventionally baked cakes. Although total number of pores
decreased in the MMR combination oven, number of large psrincreased.
Channel like pores were observiedthe MW-IR cakes and MWAIR cakes were
found to be more porouaccording to SEM imagesOn the other handyoth
deformed and granular starelereobservedn the MWAIR cakes while deformed

starch was the majity of conventionally baked cakes.
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Wheat cakes had the highest weight loss in both ovens while chickpea and pea
had the lowest. Pea cakes were observed to have the lowest specific volume and
porosity among other flour types. There was no significanemiffce between
wheat, lentil and chickpea cakes in terms of specific volume, porosity and
hardness. On the other hamdr u s t of wheat cakes had
legume cakes in both ovens. Usage of legume flour retarded starch gelatinization

in cakes.

As a result it can be concluded that functional cakes can be developed by
replacing wheat flour by lentil or chickpea flour at concentration of 10%-IRW

combination can be recommended to be used in production of legume cakes.

For future studiesgcakes containing other legume flours like lupin, bean, green
lentil and soybeapan be studiedn order to enhance quality properties of cakes
addition of emulsifier to legume cakes can also be studiedddition, staling
characteristics of legume cakedbat are baked in MWIR oven can be

investigated
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APPENDIX A

STATISTICAL ANALYSES

Table A.1 Two way ANOVA and Duncan's Multiple Range Test for weight loss

of cakes baked in conventional oven

X1 Concentration (10%, 20% and 30%)

X2 Flour Type (lentil, chickpea and pea)

Class LevelInformation

Class Levels Values

X1 3 123

X2 3 123

Number of Observations Read 32
Number of Observations Used 32

Dependent Variable: Y

Source B Sum of Squares Mean Square FValue Pr>F
Model 4 33.70979877 8.42744969 13.03 <.0001
Error 27 17.46602811 0.64688993

Corrected Total 31 51.17582688
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R-Square Coeff Var Root MSE Y Mean

0.658706  10.59633  0.804295 7.590313

Source DF Type | SS Mean Square F Value Pr>F
X1 2 18.95649538 9.47824769 14.65 <.0001
X2 2 1475330338 7.37665169 11.40 0.0003
Source DF Type Il SS Mean Square F Value Pr>F
X1 2 19.21865699  9.60932850 14.85 <.0001
X2 2 14.75330338  7.37665169 11.40 0.0003

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | companeadse error ra, not the
experimentwise erraate.

Alpha 0.05
Error Degrees of Freedom 27
Error Mean Square 0.64689

Harmonic Mean of Cell Sizes 10.21622

Number of Means 2 3

Critical Range 7302  .7671

Means with the same letter are not significantly different.
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Duncan Grouping Mean N X1

A 8.6986 9 1
B 7.4729 12
C 6.6648 9 3

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise error rate.

Alpha 0.05
Error Degrees ofreedom 27
Error Mean Square 0.64689

Harmonic Mean of Cell Sizes 10.51327

Number of Means 2 3

Critical Range 7198  .7562

Means with the same letter are not significantly different.

Duncan Grouping Mean N X2

A 8.4485 12 1
B 7.2218 9 2
B 6.9556 11 3
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Table A.2 Two way ANOVA and Duncan's Multiple Rangest for weight loss

of lentil cakes baked in MWR combination oven

X1 Time (4, 4.5 and 5 minutes)

X2 Concentration (10%, 20% and 30%)

Class Level Information

Class Levels Values

X1 3 123

X2 3 123

Number of Observations Read 33
Number of Observations Used 33

Dependent Variable: Y

Source DF Sum of Squares Mean Square F Value Pr>F
Model 4 131.8369411 32.9592353 8.53 0.0001
Error 28 108.2084079 3.8645860

Corrected Total 32 240.0453490

R-Square  Coeff Var Root MSE Y Mean

0.549217  14.55575  1.965855 13.50570

Source DF Type | SS Mean Square F Value Pr>F
X1 2 130.1398794 65.0699397 16.84 <.0001
X2 2 1.6970617 0.8485309 0.22 0.8042
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Source DF Type lll SS Mean Square F Value Pr>F

X1 2 130.4802729  65.24913616.88 <.0001

X2 2 1.6970617 0.8485309 0.22 0.8042

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise erroe, ratot the
experimentwise erraate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 3.864586

Harmonic Mean of Cell Sizes 10.8

Number of Means 2 3

Critical Range 1.733 1.821

Means with thesame letter are not significantly different.

Duncan Grouping Mean N X1
A 159623 12 3
B 13.1203 9 2
C 11.3381 12 1

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise error rate.
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Alpha 0.05

Error Degrees of Freedom 28
Error Mean Square 3.864586
Harmonic Mean of Cell Sizes 10.93923

NOTE: Cell sizes are not equal.

Number of Means 2 3

Critical Range 1.722  1.809

Means with the same letter are not significantly different.

Duncan Grouping Mean N X2
A 13.6885 11 1

A 13.5890 12 3
A 13.2047 10 2
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Table A.3Two way ANOVA and Duncan's Multiple Range Test for weight loss
of chickpea cakes baked in MR combination oven.

X1 Time (4, 4.5 and 5 minutes)

X2 Concentration (10%, 20% and 30%)

Class Level Information

Class Levels Values

X1 3 123

X2 3 123

Number of Observations Read 35
Number of Observations Used 35

Dependent Variable: Y

Source DF Sum of Squares Mean Square F Value Pr>F
Model 4 98.6775956 24.6693989 9.14 <.0001
Error 30 80.9924566 2.6997486

Corrected Total 34 179.6700522

R-Square  Coeff Var Root MSE Y Mean

0.50216 12.37768  1.643091 13.27463

Source DF Type | SS Mean Square F Value Pr>F
X1 2 95.03442604 47.51721302 17.60 <.0001
X2 2 3.64316953 1.82158476 0.67 0.5169
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Source DF Type lll SS Mean Square F Value Pr>F

X1 2 95.21308163  47.60654082 17.63001<.
X2 2 3.64316953 1.82158476 0.67 0.5169
Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise erraate.

Alpha 0.05
Error Degrees of Freedom 30
Error Mean Square 2.699749

Harmonic Mean of Cell Sizes 11.64706

Number of Means 2 3

Critical Range 1.391 1461

Means with the same letter are s@nificantly different.

Duncan Grouping Mean N X1
A 15.1748 12 3
B 13.4582 11 2
C 11.2063 12 1

Duncan's Multipl e Range Test for Y

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise errorate.

Alpha 0.05
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Error Degrees of Freedom 30
Error Mean Square 2.699749

Harmonic Mean of Celbizes 11.64706

Number of Means 2 3

Critical Range 1.391 1461

Means with the same letter are not significantly different.

Duncan Grouping Mean N X2
A 13.7331 11 3
A 13.1267 12 2
A 13.0023 12 1
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Table A.4Two way ANOVA and Duncan's Multiple Range Test weight loss of

pea cakes baked in MAR combination oven.

X1 Time (4, 4.5 ad 5 minutes)

X2 Concentration (10%, 20% and 30%)

Class Level Information

Class Levels Values
X1 3 123
X2 3 123

Number of Observations Read 35
Number of Observations Used 35

Dependent Variable: Y

Source DF Sum of Squares  Mean Square  F Value
Model 4 81.7238373 20.4309593 6.76
0.0005

Error 30 90.6666411 3.0222214

Corrected Total 34 172.3904784

R-Square  Coeff Var Root MSE Y Mean

0.474062  13.20753  1.738454 13.16260

Source DF Type | SS Mean Square F Value Pr>F
X1 2 81.20590591 40.60295295 13.43 <.0001
X2 2 0.51793138  0.25896569 0.09181
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Source DF Type lll SS Mean Square F Value Pr>F

X1 2 80.25149490  40.12574745 13.28 <.0001
X2 2 0.51793138 0.258965 0.09 0.9181
Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise erre, rait the
experimentwise erraate.

Alpha 0.05
Error Degrees of Freedom 30
Error MeanSquare 3.022221

Harmonic Mean of Cell Sizes 11.64706

Number of Means 2 3

Critical Range 1.471 1.546

Means with the same letter are not significantly different.

Duncan Grouping Mean N X1
A 15.2991 11 3

B 12.7601 12 2
B 11.6067 12 1

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwisergate, not the
experimentwise erraate.

Alpha 0.05
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Error Degrees of Freedom 30
Error Mean Square 3.022221

Harmonic Mean of Cell Sizes 11.64706

Number of Means 2 3

Critical Range 1.471  1.546

Means with the same letter are not significantly different.

Duncan Grouping Mean N X2
A 13.3546 12 1
A 13.2409 12 2
A 128677 11 3
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Table A.5Two way ANOVA and Duncan's Multiple Range Test specific volume
of cakes baked in conventional oven.

X1 Concentration (10%, 20% and 30%)

X2 Flour Type (lentil, chickpea and pea)

ClassLevel Information

Class Levels Values

X1 3 123

X2 3 123

Number of Observations Read 27
Number of Observations Used 27

Dependent Variable: Y

Source DF Sum of Squares Mean Square F Value Pr>F
Model 4 0.12407815 0.03101954 2.77 0.0528
Error 22 0.24642793 0.01120127

Corrected Total 26 0.37050607

R-Square Coeff Var Root MSE Y Mean

0.334888 5.169833  0.105836 2.047185

Source DF Type | SS Mean Square F Value Pr>F
X1 2 0.04667252 0.02333626 2.08 0.1484
X2 2 0.07740563 0.03870281 3.46 0.0496
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Source DF TypelllSS Mean Square F Value Pr>F

X1 2 0.04667252  0.02333626 2.08 0.1484

X2 2 0.07740563  0.03870281 3.46 0.0496

Duncan's Multiple Range Test for Y

NOTE: This test controls the Typedmparisonwise error rate, not the
experimentwise error

rate.

Alpha 0.05

Error Degrees of Freedom 22

Error Mean Square 0.011201

Number of Means 2 3

Critical Range 1035  .1086

Meanswith the same letter are not significantly different.

Duncan Grouping Mean N X1
A 210522 9 1
A 2.02633 9 3
A 2.010009 2

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise erta; reot the
experimentwise erraate.

Alpha 0.05

Error Degrees of Freedom 22
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Error Mean Square 0.011201

Number of Means 2 3

Critical Range 1035  .1086

Means with the same letter are not significantly different.

Duncan Grouping Mean N X2
A 2.11578 9 1
B A 2.04067 9 2

B 1.98511 9 3
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Table A.6 Two way ANOVA and Duncan's Multiple Range Test for specific
volume of lentil cakes baked in MR combination oven.

X1 Time (4, 4.5 and 5 minutes)

X2 Concentration (10%, 20% and 30%)

Class Level Information

5.46 0.0057

Class Levels Values

X1 3 123

X2 3 123

Number of Observations Read 21

Number of Observations Used 21

Dependent Variable: Y

Source DF Sum of Squares Mean Square F Valud= Pr
Model 4 0.12969616 0.03242404
Error 16 0.09494679 0.00593417
Corrected Total 20 0.22464295

R-Square  Coeff Var Root MSE Y Mean

0.577344  2.740805 0.077034 2.810619

Source DF Type | SS Mean Square F Value Pr>F
X1 2 0.01208006 0.00604003 1.023836
X2 2 0.11761610 0.05880805 9.91 0.0016
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Source DF Type lll SS Mean Square F Value Pr>F

X1 2 0.01208006  0.0068400 1.02 0.3836
X2 2 0.11761610  0.05880805 9.91 0.0016
Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise erre, rait the
experimentwise erraate.

Alpha 0.05
Error Degrees of Freedom 16
Error Mean Square 0.005934

Harmonic Mean of Cell Sizes 6.75

Number of Means 2 3

Critical Range .08889  .09321

Means with the sanletter are not significantly different.

Duncan Grouping Mean N X1
A 283322 9 3
A 281200 6 2
A 2.77533 4l

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise error rate.

Alpha 0.05
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Error Degrees of Freedom 16

Error Mean Square 0.005934

Number ofMeans 2 3

Critical Range .08729  .09153

Means with the same letter are not significantly different.

Duncan Grouping Mean N X2
A 289571 7 1
A 2.82257 7 2

B 271357 7 3
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Table A.7 Two way ANOVA and Duncan's Multiple Range Test specific volume
of chickpea cakes baked in MYR combination oven.

X1 Time (4, 4.5 and &inutes)

X2 Concentration (10%, 20% and 30%)

Class Level Information

Class Levels Values

X1 3 123

X2 3 123

Number of Observations Read 27

Number of Observations Used 27

Dependent Variable: Y

Source DF Sum of Squares Mean Square F Value Pr>F
Model 4 0.48404067 0.12101017 5.84 0.0023
Error 22  0.45621600 0.02073709

Corrected Total 26 0.94025667

R-Square  Coeff Var Root MSE Y Mean

0.514796  5.445521  0.144004 2.644444

Source DF Type | SS Meam$B® F Value Pr>F
X1 2 0.01041867 0.00520933 0.25 0.7801
X2 2 0.47362200 0.23681100 11.42 0.0004
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Source DF TypédS Mean Square F Value Pr>F

X1 2 0.01041867  0.00520933 0.25 0.7801
X2 2 0.47362200  0.23681100 11.42 0.0004
Duncan's Multiple RangeTest for Y

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise error

rate.

Alpha 0.05

Error Degrees of Freedom 22

Error Mean Square 0.020737

Number of Means 2 3

Critical Range 1408  .1478

Means with the same letter are not significantly different.

Duncan Grouping Mean N X1
A 267222 9 3
A 2.63089 A

A 263022 9 2

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise errey, rait the
experimentwise erraate.

Alpha 0.05

Error Degrees of Freedom 22
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Error Mean Square 0.020737

Number of Means 2 3

Critical Range 1408  .1478

Means with the same letter are not significantly different.

Duncan Grouping Mean N X2
A 283078 9 1

B 256778 9 3
B 2.53478 9 2
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Table A.8 Two way ANOVA and Duncan's Multiple Range Test for specific
volume of pea cakes baked in MR combination oven.

X1 Time (4, 4.5 and 5 minutes)

X2 Concentration (10%, 20% and 30%)

Class Level Information

1.71 0.1842

Class Levels Values

X1 3 123

X2 3 123

Number of Observations Read 27

Number of Observations Used 27

Dependent Variable: Y

Source DF Sum of Squares Mean Square F Value Pr>F
Model 4 0.19637259 0.04909315
Error 22 0.63243015 0.02874682
Corrected Total 26 0.82880274

R-Square  Coeff Var ROMSE Y Mean

0.236935 6.606277  0.169549 2.566481

Source DF Type | SS Mean Square F Value Pr>F
X1 2 0.00344363 0.00172181 0.06 0.9420
X2 2 0.19292896 0.09646448 3.36 0.0535
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Source DF Type lll SS Mean Square F Value Pr>F

X1 2 0.00344363  0.00172180.06 0.9420
X2 2 0.19292896  0.09646448 3.36 0.0535
Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise erre, rait the
experimentwise erraate.

Alpha 0.05
Error Degrees of Freedom 22

Error Mean Square 0.028747

Number of Means 2 3

Critical Range 1658  .1740

Means with the same letter are not significantly different.

Duncan Grouping Mean N X1

A 257956 9 3
A 256789 9 2
A 255200 9 1

Duncan's Multiple Range Test for Y

NOTE: This test controlthe Type | comparisonwise erroreanot the
experimentwise erraate.

Alpha 0.05

Error Degrees of Freedom 22

Error Mean Square 0.028747
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Number of Means 2 3

Critical Range 1658  .1740

Means with the same letter are not significantly different.

Duncan Grouping Mean N X2
A 267756 9 1
B A 254922 9 2
B 2267 9 3
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Table A.9 Two way ANOVA and Duncan's Multiple Range Test for porosity of

cakes baked in conventional oven

X1 Concentration (10%, 20% and 30%)

X2 Flour Type (lentil, chickpea and pea)

Class Level Information

Class Levels Values

X1 3 123

X2 3 123

Number of Observations Read 18

Number of Observations Used 18

Dependent Variable: Y

Source DF Sum of Squares Mean Square F Value Pr>F
Model 4 0.00833556 0.00208380294 0.0262

Error 13 0.04928822 0.00379140

Corrected Total 17 0.05762378

R-Square Coeff Var Root MSE Y Mean

0.144655  15.31277 0.061574 0.402111

Source DF Type | SS aN&quare FValue Pr>F
X1 2 0.00627211 0.00313606 7.07 0.0084
X2 2 0.00206344 0.00103172 0.27 0.7660
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Source DF Type llISS Mean Square F Value Pr>F

X1 2 0.00627211  0.00313606 0.83 0.4590

X2 2 0.00206344  0.00103172 0.27 0.7660

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise errey, rait the
experimentwise erraate.

Alpha 0.05
Error Degrees of Freedom 13

Error Mean Square 0.003791

Number of Means 2 3

Critical Range .07680 .08044

Means with the same letter are not significantly different.

Duncan Grouping Mean N X1
A 0.42617 6 2
A 0.399506 1

B 0.38067 6 3

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise erraiate.

Alpha 0.05

Error Degrees dfreedom 13
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Error Mean Square 0.003791

Number of Means 2 3

Critical Range .07680 .08044

Means with the same letter are not significantly different.

Duncan Grouping Mean N X2
A 0.41050 &

B 0.40883 6 2

B 0.38700 63
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Table A.10Two way ANOVA and Duncan's Multiple Range Test for porosity of
lentil cakes baked in MWR combination oven.

X1 Concentration (10%, 20% and 30%)

X2 Time (4, 4.5 and 5 minutes)

Class Level Information

Class Levels Values

X1 3 123

X2 3 123

Number of Observations Read 18
Number of Observations Used 18

Dependent Variable: Y

Source DF Sum of Squares Mean Square F Value Pr>F
Model 4 0.01583233 0.00395808 3.94 0.0262
Error 13 0.01307217 0.00100555

Corrected Total 17 0.02890450

R-Square  Coeff Var Root MSE Y Mean

0.547746  6.627049  0.031710 0.478500

Source DF Type | SS Mean Square F Value Pr>F
X1 2 0.01422033 0.00711017 7.07 0.0084
X2 2 0.00161200 0.00080600 0.80 0.4696
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Source DF Type lll SS Mean Square F Value Pr>F

X1 2 0.01422033  0.00711017 7.0700840
X2 2 0.00161200  0.00080600 0.80 0.4696
Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise erre, rait the
experimentwise erraate.

Alpha 0.05
Error Degrees of Freedom 13

Error Mean Square 0.001006

Number of Means 2 3

Critical Range 03955  .04142

Means with the same letter are not significantly different.

Duncan Grouping Mean N X1

A 0.51600 6 1
B 047117 6 3
B 044833 6 2

Duncan's Multiple Range Test for Y

NOTE: This test controls thBype | comparisonwise error ggtnot the
experimentwise erraate.

Alpha 0.05

Error Degrees of Freedom 13

Error Mean Square 0.001006
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Number of Means 2 3

Critical Range .03955  .04142

Means with the same letter are not significantly different.

Duncan Grouping Mean N _ X2
A 0.49183 ©6 2
A 047283 6 1
A 047083 6 3
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Table A.11Two way ANOVA and Duncan's Multiple Range Test for porosity of
chickpea cakes baked in M¥R combination oven.

X1 Time (4, 4.5 and 5 minutes)

X2 Concentration (10%, 20% and 30%)

Class Level Information

Class Levels Values

X1 3 123

X2 3 123

Number of Observations Read 18

Number of Observations Used 18

Dependent Variable: Y

Source DF SumShfuares Mean Square F Value Pr>F
Model 4 0.01534322 0.00383581 255  0.0896
Error 13 0.01957172 0.00150552

Corrected Total 17 08491494

R-Square  Coeff Var Root MSE Y Mean

0.439446  9.193338 0.038801 0.422056

Source DF Type I SS Mean Square F Value Pr>F
X1 2 0.00089911 0.00044956  0.30 0.7468

X2 2 0.01444411  0.00722206 4.80 0.0275
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Source DF Type lll SS Mean Square F Value Pr>F

X1 2 0.00089911  0.00044956 0.30 0.7468
X2 2 0.01444411  0.00722206 4.80 0.0275
Duncan's Multiple Range Test for Y

NOTE_: This test controls the Type | comparisonwise ertay, reot the
experimentwise erramate.

Alpha 0.05

Error Degrees of Freedom 13

Error Mean Square 0.001506

Number of Means 2 3

Critical Range .04840  .05069

Means with the same lettare not significantly different.

Duncan Grouping Mean N X1
A 043150 6 1
A 0.42017 6 2
A 0.41450 6 3

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise errey, rait the
experimentwise erraate.

Alpha 0.05

Error Degrees of Freedom 13

Error Mean Square 0.001506
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Number of Means 2 3

Critical Range .04840  .05069

Means with the same letter are not significantly different.

Duncan Grouping Mean N X2
A 045950 6 1

B A 0.41567 6 2

B 0.39100 6 3
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Table A.12Two way ANOVA and Duncan's Multiple Range Test for porosity of
pea cakes baked in MAR combination oven.

X1 Time (4, 4.5 and 5 minutes)

X2 Concentration (10%, 20% and 30%)

The GLM Procedure

Class Level Information

Class Levels Values

X1 3 123

X2 3 123

Number of Observations Read 18

Number of Observations Used 18

Dependent Variable: Y

Source DFE Sum of Squares Mean Square F Value Pr>F
Model 4 0.01028222 0.00257056 1.00  0.4439
Error 13 0.03352672 0.00257898

Corrected Total 17  0.04380894

R-Square  Coeff Var Root MSE Y Mean

0.234706  11.41348 0.050784 0.444944
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Source DF Type | SS Mean Square  F Value Pr>F

X1 2 0.00614678 0.00307339 1.19 0.3348
X2 2 0.00413544 0.00206772 0.80 0.4695
Source DE Type lll SS Mean Square F Value Pr>F

X1 2 0.00614678 0.00307339 1.19 0.3348
X2 2 0.00413544 0.00206772 0.80 0.4695

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise error ratehaot
experimentwise erraate.

Alpha 0.05
Error Degrees of Freedom 13

Error Mean Square 0.002579

Number of Means 2 3

Critical Range .06334 .06634

Means with the same letter are not significantly different.

Duncan Grouping Mean N X1
A 0.47100 6 2
A 043367 6 1

A 0.43017 6 3

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise errgate.
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Alpha 0.05
Error Degrees of Freedom 13

Error Mean Square 0.002579

Number of Means 2 3

Critical Range .06334 .06634

Means with the same letter are not significantly different.

Duncan Grouping Mean N X2
A 045783 6 1
B A 0.45333 6 2
B 0.42367 6 3
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Table A.13Two way ANOVA and Duncan's Multiple Range Test for hardness of
cakes baked in conventional oven.

X1 Concentration (10%, 20% and 30%)

X2 Flour Type (lentil, chickpea and pea)

Class Levels Values

X1 3 123

X2 3 123

Number of Observations Read 54
Number of Observations Used 54

Dependent Variable: Y

Source DF Sum of Squares Mean Square F \RaloeF
Model 4 2.19126541 0.54781635 3.87 0.0082
Error 49 6.93372980 0.14150469

Corrected Total 53 9.12499520

R-Square  Coeff Var Root MSE Y Mean

0.240139 16.31572 0.376171  2.305574

Source DF Type | SS Mean Square F Value Pr>F
X1 2 0.77871026 0.38935513 2.75 0.0737
X2 2 1.41255515 0.70627757 4.99 0.0106
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Source DF TypelllSS Mean Square F Value Pr>F

X1 2 0.77871026  0.38935513 DB/37

X2 2 141255515 0.70627757 4,99 0.0106

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise errey, rait the
experimentwise erraate.

Alpha 0.05
Error Degrees of Freedom 49

Error Mean Square 0.141505

Number of Means 2 3

Critical Range 2520  .2650

Means with the same letter are not significantly different.

Duncan Grouping Mean N X1

A 2.4307 18 3
B A 2.3425 18 2
B 2.1436 18 1

Duncan's Multiple Range Test for Y

NOTE: This test contils the Type | comparisonwise errorgamnot the
experimentwise erraate.

Alpha 0.05
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Error Degrees of Freedom 49

Error Mean Square 0.141505

Number of Means 2 3

Critical Range .2520 .2650

Means with the same letter are not significantly different.

Duncan Grouping Mean N X2
A 24554 18 3
A 2.3803 18 2
B 20810 18 1
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Table A.14Two way ANOVA and Duncan's Multiple Range Test for hardness of
lentil cakes baked in MWR combination oven.

X1 Time (4, 4.5 and 5 minutes)

X2 Concentration (10%, 20% and 30%)

Class Level Information

Class Levels Values

X1 3 123

X2 3 123

Number of Observations Read 65
Number of Observations Used 65

Dependent Variable: Y

Source DF SumSgfuares Mean Square  FValue Pr>F
Model 4 12.38949064 3.09737266 11.35 <.0001
Error 60 16.37811530 0.27296859

Corrected Total 64 28.70604

R-Square  Coeff Var Root MSE Y Mean

0.430675  28.51207 0.522464 1.832431

Source DFE Type | SS Mean Square F Value Pr>F
X1 2 5.855026002.92751300 10.72 0.0001
X2 2 6.53446464 3.26723232 11.97 <.0001
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Source DF TypelllSS Mean Square F Value Pr>F

X1 2 6.21525092  3.10762546 11.38 <.0001
X2 2 6.53446464  3.26723232 11.97 <.0001
Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise erre, rait the
experimentwise erraate.

Alpha 0.05
Error Degrees of Freedom 60
Error Mean Square 0.272969

Harmonic Mean of Cell Sizes 21.27507

Number of Means 2 3

Critical Range A4 3371

Means with the same letter are not significantly different.

Duncan Grouping Mean N X1
A 2.0227 25 3
A 2.0130 22 2
B 1.3475 18 1

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise erre; rait the
experimentwise erraate.

Alpha 0.05
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Error Degrees of Freedom 60
Error Mean Square 0.272969

Harmonic Mean of Cell Sizes 21.62687

Number of Means 2 3

Critical Range 3178  .3343

Means with the same letter are not significantly different.

Duncan Grouping Mean N X2
A 21975 21 3
A 18835 21 2
B 14525 23 1
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Table A.15Two way ANOVA and Duncan's Multiple Range Test for hardness of
chickpea cakes baked in M¥R combination oven.

X1 Time (4, 4.5 and 5 minutes)

X2 Concentration (10%, 20% and 30%)

Class Level Information

Class Levels Values

X1 3 123

X2 3 123

Number of Observations Read 54
Number of Observations Used 54

Dependent Variable: Y

Source DF Sum of Squares Mean Square F Value Pr>F
Model 4 4.45340719 1.11335180 13.40 <.0001
Error 49 4.07112565 0.08308420

Corrected Total 53 8.52453283

R-Square  Coeff Var ROMSE Y Mean

0.522422  13.93864  0.288243 2.067944

Source DF Type | SS Mean Square F Value Pr>F
X1 2 0.00807650 0.00403825 0.05 0.9526
X2 2 4.44533069 2.22266534 26.75 <.0001

109



Source DF Type lll SS Mean Square F Value Pr>F

X1 2 0.06764988  0.03382494.41 0 0.6678
X2 2 4.44533069  2.22266534 26.75 <.0001
Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 49
Error Mean Square 0.083084

Harmonic Mean of Cell Sizes 17.54953

Number of Means 2 3

Critical Range 1955  .2057

Means with the same letter are s@nificantly different.

Duncan Grouping Mean N X1
A 2.07823 22 3
A 2.07300 15 2
A 2.05018 17 1

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise error rate.

Alpha 0.05
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Error Degrees of Freedom 49
Error Mean Square 0.083084

Harmonic Mean of Celbizes 17.85124

Number of Means 2 3

Critical Range 1939  .2039

Means with the same letter are not significantly different.

Duncan Grouping Mean N X2
A 2.38450 18

B 218289 18 2
C 1.71125 20 1
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Table A.16 Two way ANOVA and Duncan's Multiple Range Test for hardness of

pea cakes baked in MARR combination oven.

X1 Time (4,4.5 and 5 minutes)

X2 Concentration (10%, 20% and 30%)

Class Level Information

Class Levels Values

X1 3 123

X2 3 123

Number of Observations Read 61
Number of Observationdsed 61

Dependent Variable: Y

Source DF Sum of Squares Mean Square F Value Pr>F
Model 4 1.64400957 0.41100239 1.86 0.1307
Error 56 12.38860968 0.22122517

Corrected Total 60 14.03261925

R-Square  Coeff Var Root MSE Y Mean

0.117156  21.43302 0.470346 2.194492

Source DF Type | SSMean Square  F Value Pr>F
X1 2 0.32985458 0.16492729 0.75 0.4791
X2 2 1.31415499 0.65707749 2.97 0.0594
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Source DFEF TypelllSS Mean Square FValue Pr>F

X1 2 0.38633431  0.19316715 0.87 0.4232
X2 2 1.31415499  0.65707749 2.97 0.0594
Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise erraate.

Alpha 0.05
Error Degrees of Freedom 56
Error Mean Square 0.221225

Harmonic Mean of Cell i8es 20.18447

Number of Means 2 3

Critical Range 2966  .3120

Means with the same letter are not significantly different.

Duncan Grouping Mean N X1
A 22846 18 1
A 22089 22 3
A 21021 21 2

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise erraate.
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Alpha 0.05
Error Degrees of Freedom 56
Error Mean Square 0.221225

Harmonic Mean of Cell Sizes 20.32258

Number of Means 2 3

Critical Range 2956  .3109

Means with the same lettare not significantly different.

Duncan Grouping Mean N X2
A 2.3423 20 3
B A 22412 21 2
B 19977 20 1
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Table A.17 Two way ANOVA and Duncan's Multiple Range Test crust color
( gFEof cakes baked in conventional oven.

X1 Concentration (10%, 20% and 30%)

X2 Flour Type (lentil, chickpea and pea)

Class Levels Values
X1 3 123
X2 3 123
Number of Observations Read 30
Number of Observations Used 30

Dependent Variable: Y

Source DF Sum of Squares Mean Squbt¥alue Pr>F
Model 4 42.3211681 10.5802920 1.79 0.1617
Error 25 147.4708611 5.8988344

Corrected Total 29 189.7920292

R-Square Coeff Var Root MSE Y Mean

0.222987 6.425167 2.428752 37.80060

Source DFE Type | SS Mean Square F Value Pr>F
X1 2 35.55972539 17.86298 3.01 0.0672

X2 2 6.76144270 3.38072135 0.57 0.5710
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Source DE Type lll SS Mean Square FValue Pr>F

X1 2 35.11337067 17.55668534 2.98 0.0693

X2 2 6.76144270 3.38072135 0.57 0.5710

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise gats, not the

experimentwise erraate.

Alpha 0.05
Error Degrees of Freedom 25
Error Mean Square 5.898834

Harmonic Mean of Cell Sizes 9.818182

Number of Means 2 3

Critical Range 2.258 2.371

Means with the same letter are not significantly different.

Duncan Grouping Mean N X1
A 38.707 12 3
B A 38228 9 2
B 36.165 9 1
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Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise errey, rait the
experimentwise erraate.

Alpha 0.05
Error Degrees of Freedom 25
Error Mean Square 5.898834

Harmonic Mean of Cell Sizes 9.818182

Number of Means 2 3

Critical Range 2.258 2.371

Means with the same letter are not significantly different.

Duncan Grouping Mean NX2

A 38314 9 2
A 37950 12 1
A 37.088 9 3
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Table A.18 Two way ANOVA and Duncan's Multiple Range Test crostor
( gFof lentil cakedaked in MWIR combination oven

X1 Time (4, 4.5 and 5 minutes)

X2 Concentration (10%, 20% and 30%)

Class Level Information

Class Levels Values

X1 3 23

X2 3 123

Number of Observations Read 27
Number of Observations Used 27

Dependent Variable: Y

Source DF Sum of Squares Mean Square F Value Pr>F
Model 4 352.4869768 88.1217442 8.65 0.0002
Error 22 224.2015641 10.1909802

Corrected Total 26 576.6885410

R-Square  Coeff Var Root MSE Y dhe

0.611226  5.922799  3.192331 53.89904

Source DF Type | SS Mean Square  F Value Pr>F
X1 2 302.4360343 151.2180171 14.84 <.0001
X2 2 50.0509425 25.0254713 2.46 0.1090
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Source DF Type lll SS Mean Square  F Value Pr>F

X1 2 302.4360343  151.2180171 14.84 <.0001
X2 2 50.0509425 25.0254713 2.46 0.1090
Duncan's Multiple Range Test for Y

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise errorate.

Alpha 0.05

Error Degrees of Freedom 22

Error Mean Square 10.19098

Number of Means 2 3

Critical Range 3.121  3.277

Means with the same letter are not significantly different.

Duncan Grouping Mean N X1

A 57931 9 3
B 54.030 9 2
C 49736 9 1

Duncan's Multiple Range Test for Y

NOTE: This test controls the Type&edmparisonwise error @&tnot the
experimentwise erraate.

Alpha 0.05

Error Degrees of Freedom 22

Error Mean Square 10.19098
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Number of Means 2 3

Critical Range 3.121  3.277

Meanswith the same letter are not significantly different.

Duncan Grouping Mean N X2
A 55452 9 3
B A 54.108 9 2
B 52.1379 1
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