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Abstract: With technological energy development, differepesyof economic and ecological ovens, which repihee
wood and electric ballast as energy sources, armdeeleased to the market. The food industry aforsthe
development of better quality products (ovens)wel as the establishment of more efficient andebetontrolled
processes (cooking). The understanding of the imphthese technologies in the cooking processfand quality
isdirectly associated with their sensory propertigsthis context, the main objective of this stiglyo evaluate the
impact of different configurations of an oven ie tjuality of pizza, by setting up the best condgifor their cooking
and by characterizing the predominant mechanismbeatt transfer. For this study, an oven prototypas vbuilt,
consisting of a rectangular chamber (50cmx50cmx35amere internal plates were independently tempeea
controlled. A fan was coupled to the top regiothaf oven. The impact of different oven configuration the pizza’s
quality was studied on the basis of four factotse fpresence or absence of heat transferred by tiadiafrom
thsurfaces of the oven, presence or absence oftrewtferred by radiation from upper surface, pmse or absence
of forced convection and two materials, used indhen bases: aluminum and stone. The quality staisdevaluated
for the pizza were: the edge texture, color, factbsafety in the food heating process and wates.ldhe temperature
of the oven's surfaces was set on 523K (250°C)tlamdime of cooking at 10 min. The electrical feegfiency, when
on, was set at 35Hz. It was observed that the tbommvection contributed heavily to the improvenadrall quality
parameters evaluated. The color, measured by aesballt specifically for this purpose, increased 3% when
compared to pizzas baked without forced convectimnedge texture increased by 37%, the waterdg€8% and the
safety factorby 934%. Statistically, the radiatiprovided by the upper and side surfaces presettedame influence
over the edge texture, water loss and safety featdrthe material of the baking tin presented iefice only the safety
factor, increasing it by 8%. Based on these resulie configuration set as the best one was: raatiafrom all
surfaces, forced convection and use of stone orbdse. With this configuration, three levels of #iectrical fan
frequency (5, 20 and 35Hz); three levels of temjoeea(150,250 and 350°C) and three different cogkimes (3,5
and 10 minutes) were studied. The pizzas bake#3 £250°C) for 5 minutes with the fan at 20Hz #melones baked
at 523K (250°C) for 10 minutes with the fan at Sptesented the best results for all quality paramsetdhe
mechanisms of heat transfer were evaluated by #¢a¢ thansfer coefficients, determined by the lumpsghcitance
method. The heat transfer mechanism predominanpipbra’s baking was radiation, followed by convectand
conduction.

Keywords: baking oven; heat processing of food; mechanisrhgat transfer; lumped capacitance method.
1. INTRODUCTION

The pizza is a product that has increased its sipacensumer's preference. According to the Brazik\ssociation
of Food, Hospitality and Tourism, S&o Paulo issheond largest consumer of pizzas in the worldndpsnly to New
York. Currently, there are in S&o Paulo almostdusiand pizzerias, providing around 43 million pizaamonth to the
city. Some of the reasons for the growth of thekaand consequent increase in industrial prodocie relatively
low cost of the product and ease of preparationcfmisumption. However, the popularization of pizfa, other
products in the oven, is relatively recent and dhelity of its mass remains an area little resestcfWANG et al,
2005).

The technology associated with the pizza's balémpt well known. However, some phenomena can pkised
by analogy to the bread baking, once the basicedignts of the dough of these two products are stitie same.
Factors that may influence the quality of the pidmaing cooking are based on empirical knowledgiarstudies with
similar products. Although many studies involvingemative formulations for the pizza's dough, irfigjls and
packaging, among others, have been conducted, dherfew objective indicators of quality availabiehe literature or
legislation for this kind of product specificallINHO et al, 2001).

The pizza is a heterogeneous food, which ideal ngpldonditions depends on factors related to bothd fo
(composition, physical properties, size, shapell aven (type of oven, temperature). The dough ef glzza is a
significant fraction of the product and its appear flavor and texture are important factors Fairtidentification and
acceptance by consumers.

In the process of dough baking, changes in the veay is distributed inside the baking chamber oterfere with
the quality and, consequently, the acceptabilityhef product. In the cooking of breads, for examjples known that
the forced convection inside the baking chamberusial in the quality of the product. This is tt@nvection that will
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distributed better the water vapor injected inte thamber, responsible for the formation of crust appropriate
growth of the breads. In the case of biscuits, éocboking at low temperatures, mainly involving iagidn and
conduction, and prolonged, ensuring sufficient tiiorethe partial gelatinization of starch of theut and drying of the
biscuits. The barbecue is roasted primarily byatin, from the embers of coal.

To design a cooking chamber with greater efficientjs necessary to have knowledge of physical etmeimical
processes involved in the cooking of food, settipghe ideal time and temperature to obtain a finatiuct quality.

After the pizza, the oven is the main element ipizzeria. Many pizzerias use, even today, a wocehpwethers
replaced by the ballast electric oven. Howeverhwitergy development, are emerging on the markereint types of
ovens. In general, the purpose of these ovenssaue energy and increase productivity, keepingiehver, the quality
of the product. The quality of bakery products énerally assessed by color, texture and flavor raimlobiological
security. Overall, the cooking of a food is the wension of raw product to cooked, which is achiewéth the use of
heat. During cooking, the dough goes through séwhi@nges in order to obtain a product of desingality, and it is
this quality which limits the application of newctenologies.

A clear example is the cooking of bakery produntsnicrowave oven. Although the heating by microwawergy
and be an economically efficient, the products havacceptable texture, with a firm crust and theeirpart too hard,
small volume, excessive loss of water, poor devalm of crust and its color, main responsible fag taste of the
product (SUMNUet al, 2004).

The jet impingement oven, whose technology is e af jets of hot air directed on the areas of pechas been
used successfully in the cooking of food, especipitza, tortilla bread and various types of flatdd. However, in
large-size products using this technology did mespnt good results. Technological innovationshagsthe use of jet
impingement oven or hybrid oven, combining techggl@and impingement by microwave heating have bessdu
effectively in the food sector (WAHLBYt al, 2000; PATELet al, 2005).

The application of these technologies assist thd fadustry in the development of better qualitgdarcts, as well
in the establishment of more efficient processed laetter control of existing processes. Howevee, shiccessful
application of new technologies for the cookingbakery products is directly linked to understandiihg process of
conventional cooking and changes in dough duringkitg, in addition to knowledge of the mechanisnfisheat
transfer in furnaces.

Numerous studies have investigated the developmoknibe structure of bakery products. However, feaweh
investigated the effect of different processesaafking, that is, different profiles of temperatuneechanisms and rates
of heat transfer to the product by linking it tcaalges in the quality and acceptance of the product.

The cycles of cooking are typically establishedhwiit prior understanding of the process, requitinge for the
necessary adjustments and a considerable amopnoddicts with defects. Fahloet al (1995) cites the importance of
measuring the flow of heat that reaches the foodnierstanding the process of cooking. The temperas usually
used to check if the cooking is appropriate, howethés measure is a direct relationship with osyne attributes of
the desired quality product. Many studies have b#eme to understand the individual contributionsddferent
mechanisms of heat transfer in breads, biscuitcakes in electric ovens, forced convection or gas.

Thus, understanding the impact of different coondii of cooking on changes in the product and theviotual
contributions of different mechanisms of heat tfansassociated with its sensory properties (textoolor, taste) and
its microbiological security becomes an indispefesédol for the development of new technologiethis sector.

The determination of the thermal conditions of thieza baking process was, then, motivated by isteie
developing a modern alternative to replace theeturpizza ovens, wood-fuel and electric. The dleatenergy, the
major source of energy used in ovens for bakinggsz is becoming scarce and expensive. The woode wh
inexpensive, has great environmental impact fra@reittting and burning, which has motivated the gowveent to the
development and adoption of environmentally corpagicies. In order to become more competitive, panies seek,
also, for more efficient processes and increasdymtivity, considering, where possible, to lowesttenergy sources.
The Laboratory of Heat Pipes, LABTUCAL/UFSC, hasidocted numerous studies aimed at optimizatiomefmbal
equipment used for baking food. In this sense,use of thermosiphon presents as a thermal solitighis sector,
allowing the physical separation, but not heat, @muking chamber of combustion.

2. MATERIALS AND METHODS
2.1. Oven prototype

The construction of a prototype of a baking oveneaal to explore the process of pizza's baking andetermine
the mechanisms of heat transfer prevailing durirgliaking. By baking the pizzas in this prototyjpés possible to
verify the best conditions to obtain a quality prod The prototype built in LABTUCAL/UFSC consistf a
rectangular chamber with 50 cm in length, 50 cnwidth and 25 cm in height, with electrical resistarlocated
between two plates of brass and set in the sidacs, the upper surface (roof) and bottom (basded.capacity of this
prototype is a pizza about 30 cm in diameter. Tiketeécal resistances works independently of edblero allowing a
better adjustment of each surface temperature. llysti@ cooking is done in the ballast pizza ovesigpported on
refractory stones or in conventional electric oyenrs forms of aluminum. For this study, two typdsfam will be
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tested: aluminum and stone. The fan, for forcedseotion inside the prototype, is positioned attthe surface and its
frequency is variable. The prototype was covereth i layer of approximately 10 cm of glass wooblasing it
thermally. When it was necessary the blocking afiation from the upper or side surfaces of the ovewas used
aluminum foil which emissivity was considered eqaatero.

2.2. Pizza

All pizzas analyzed had the same flavor (mozzarelfal were obtained from the same production lbeyTwere
properly frozen for storage and, before use, weaéd until 283K (10°C).

2.3. Determination of thermal conditions of pizza’'daking process

The determination of thermal condition of pizzaaking process was divided into three steps: a stfdihe
influence of oven configuration on pizza’'s qualitgcluding the choice of the best configuration kaking (step 1),
determination of oven operating conditions (stepaitd determination of predominant mechanisms at t@nsfer
during the baking process (step lll). The differenen configurationsre given by different combinations of heat
exchange by radiation between the oven side swgfand the pizza, the heat exchange by radiatiomeaet the upper
oven surface and the pizza, the presence or abséfmeed convection and the type of base surfaaterial surface in
contact with the pizza. In turn, the differemten operating conditionare given by the combination the following
factors: temperature, time of baking and frequesicthe fan. The implementation of those steps wadegl through
the experimental planning and the quality was eateldl by the sensory and security quality requirésien

2.3.1. Study on the influence of the oven configutian on pizza’s quality

The objective of this step was to obtain informatan the influence of the configuration of the owmnthe pizza
and select the configuration that delivers a pamzd within the limits of acceptance of quality. dchieve this step, the
time of cooking and temperature were sef28K (250°C)and 10 minutes respectively. The factors studiete W@\
contribution of radiation by the upper surface leé bven, (B) contribution of radiation by the wadlsthe oven, (C)
forced convection, and (D) material below the szefan direct contact with the pizza. The levelstadse factors are
presented in Tab. 1. The combination of differeetels of each of these factors, by an experimedésign,
characterized different configurations of the furmaln the total it will be 16 tests. The main effeand interaction
between these factors were evaluated with respetttet quality of pizza (response) in terms of sensmd security
quality. The Fig. 1 shows a sketch of this step.

Table 1. Factors studied in the 1st step andvisde

Levels of factors

Factors (k)

(-1) (+1)

A: Radiation by upper surface No Yes

B: Radiation by side surfaces No Yes

C: Forced Convection No Yes

D: Material of base Aluminum  Stone

Factors
AB C D
Raw pizza — l 1’ l l . Cooked pizza Resnonse
=——=— " | canmm® Y pizza
. attributes of
| 523K 10min | quality

Figure 1. Scheme of the study on the influencéefaven configuration on pizza’s quality.
2.3.2. Determination of oven operating conditions

The objective of this step is to determine the apieg conditions of the oven with the oven confagion
determined in the previous step. These conditiomsewdetermined with the following factors: oven'srface
temperature (T), cooking time (t) and fan frequeflgy. This last factor was studied only if the forcemhvection,
studied in step I, has had significant influencetlmn quality of pizza. For each of these threediactvere studied three
levels presented in Tab. 2. The tests were indiatgh the combination of lower levels of factofihe quality of the
pizza was also evaluated according to sensory @atisy quality for each test. The Fig. 2 show&etsh of such step.
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Table 2. Factors studied in the 2nd Stage anévedd.
Levels of factors

Factors (k)

1) (2) 3)
T: Oven’s surface temperature (K) 423 523 623
t: cooking time (min.) 3 5 10
F¢: Frequency of the fan (Hz) 5 20 35
Factors
T t Fe
Raw pizza 101714' Cooked pizza Response
S— ven e — Y = pizza
@ — 4 ABCD " — attributes of
—* quality

Figure 2. Schematic of the study for the deterndmabf oven operating conditions.
2.3.3. Determination of predominant mechanisms ofdat transfer during the baking process

The quantification of heat transfer mechanisms lwvea during the cooking of the pizza was made leyrtfethod of
the global capacitance, using the technique oflsloas it will be described. The technique of b®iskvery simple and
is based on the method of the global capacitahégall a block, initially at a uniform temperagufolocki, placed inside
a heated cavity , a>Tolocki. For this study will be used a block of aluminu@9.6% purity), with 0.31 £ 0.005 m in
diameter and 0.013 + 0.005 m in height, approxiiyatee size of pizza. For this study will be assdmbe ideal
hypothesis that all cavity is fully insulated extalty, and all heat dissipated by the electricalstance is transferred to
inside the cavity, warming their internal surfac&€bus, all heat exchanges occur between the irmidaces of the
cavity, the block and the air. The heating of tivecanvection is through the areas. Thus, it widsame that the air
temperatures are functions of the temperaturefi béated surfaces of the cavity. For t>0, the bladl then be heated
by the action of thermal radiationdg) by exchanging heat with all surfaces of the gdyvlly convection (gnv, with the
hot air that surrounds the block) and by heat cotidn (¢tond, through the heated bottom of the cavity in conteith
the block) until its temperature reaches the valugai, as it is shown on Fig. 3.

ﬁ ﬁ ﬁ Air \ Heat transfered by radiation

Tair > Teioen

m Heat transfered by convection

\ / M >0 ﬁ Heat transfered by conduction

BLOCK Trioen= Toien (t) ) ]
T | F ]  Thermal insulation

Figure 3 - Mechanisms of heat transfer involvetheblock heating.

The essence of the method of global capacitan¢keisassumption that the temperature in the solispatially
uniform at any instant of the transient processOQIROPERA; DEWITT, 1998). By this hypothesis it's sadered that
the gradients of temperature are negligible withmsolid. To check this hypothesis the Biot nungferuld be smaller
than 0.1. If this really happens, the transientatem of temperature will be determined by thebglobalance of energy
on the block. Taking the block of Fig. 3 as theuwné control, if all surfaces are kept at the saemeperatureTs, a
balance of energy shows that the accumulation tefrial energy in the transient regime can be vriis follows,
based on rates of heat exchange:

dT (Toan = Thiock )
Obiock = me% = Ajoct blocg(Ti_T4bI00k)+ A blocb con(/T ar T blocl)'l' A bIoEkpa;;—oc (1)
ontact

wherem is the mass of the block (equal to 2.675 lg)is the aluminum specific heat at constant presgemeal to
894.84 J/kgK) Auock is the upper surface area of the block (0.0%59,0c0 iS the emissivity of the blocken is the
convection heat transfer coefficientis the time andlyc, Tpan @nd Ty are the block, the inferior surface material in
contact with the block and the air surrounding tthack temperature, respectivelR” .onact IS the contact resistance
between the pan and block. It should be noted ttatpan is already inside the oven and is initidhg same
temperature as the air.
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The first term of the Eq.(1) right side is the rateheat transferred by radiation, the second terrthe heat
transferred by convection and the third one isttbat transferred by conduction. As the intentibthis study is to
estimate the contribution of different mechanisrhbeat exchange during the baking of pizza andrtpin mind that
the air temperature is a function of temperatufesdlsurfaces (including the temperature of tha)pé’s convenient to
define the rate of heat transfer by radiation amadaction in a manner similar to convection. Thehange of heat by
radiation and conduction will then be rewritterfumction of the temperature difference betweeraih@nd block.

Ucond = Ablockﬁcond(Tair_ Tblock: (2
qrad AJ|OCk rad( air Tblock ) (3)
Where, by comparison of Eq. (2) and Eq. (3) with @9,

(Tpan ~ Thiock )
Rcontact(Talr Tblock )

hcond (4)

and

h’f y = gblocka(T: _Télock) (5)
a 0
I%ontact(-rair ~ Toiock )

whereh,, and h, are themodifiedcoefficients of heat transfer by conduction andatiah, respectively. Note that in

the cases where coexist the transfer of heat biatrad, conduction and convection, the coefficieftheat transfer
heony, hcondandhrad are additive.

For the measurement of modes of heat transferdigitian, convection and conduction, it will be merhed a series
of experiments. The configuration and operatiotheffurnace conditions will be adjusted accordmghe findings for
Steps | and Il. Under these conditions the tempegaas a function of time for a black blogk~ 1), for a polished
block € = 0) and for the polished block supported on a laykeinsulating material will be acquired. It willeb
considered that the black block heating will beegioy heat transferred by radiation, conduction @mtvection. For
the polished block, the heat will be transferrectbgvection and conduction. And, for the polishé&xtk supported on
a layer of insulating material, it will be trangfed by convection only. So, using Eq.(4) and Eq{% Eq.(1) for the
three blocks can be rewritten as follow:

black _ dT, black — lack :
Oblock = mC '%Iock }tlobal air~ Tblack . (6)
polished _ =mc dTpollshed pollshed T (7)
qblock P - Ablock hglobal a|r polished
4 4 dT_
polished- insul._ polished _ _ .
qblock - mcp dt - Ablock I%onv(-rair TpolishedA (8)
where
black * *
hglobal hconv+ hcond+ hrac (9)
and
polished _
hglobal hconv+ hconc (10)

The coefficients of heat transfer can be estimhbtethtegration of Eq.6, 7 or 8, since the conditie@ andT(0)=T,
to the final condition. Thus we have:

T _Tair —exp - h"Block t (11)
To — T mg,
Theh can then be determined by plotting the cuhvE(T ir /('I[J - T, )] as a function of time, where:

- _ hAbIock
me, (12)

is the curve slope obtained. Isolatimgn Eq. (12), it has an average value for the haaisfer coefficient.
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2.4. Sensory quality determination
The sensory quality was determined based on thieleudes: color of pizzas, texture of edge and lokwater.
2.4.1. Color determination

The pizza’s color was evaluated by comparing thages of pizza baked under certain baking conditams a
standard color scale (from 2 to 16), developedifipalty for this purpose in previous studies. (SAQS, 2009). Based
on the planning of the tests of steps | and I, dglzzas were baked in duplicate. The images werpeply taken and
encoded, and then were submitted to 10 trainedegidgor the acceptance of pizza's color the aveshgesponses
should be between 6 and 10.

2.4.2. Texture edge

Based on the planning of the tests of steps | §nithé pizzas were baked in duplicate, then theeeafghe pizza
was cut and divided into samples of approximatetyrt. The samples were submitted to judges in smatitigl@aups
sealed with aluminum foil and these, properly emcbd

The texture of the edge was evaluated in termssdfardness. For this study, the hardness wasedkeéia the force
needed to compress the sample between the motaritetine first bite, causing a deformation. Thettee of the edge
of each pizza was evaluated by 25 judges in sersualysis, using st right scalewith five categories: 1-well below
the ideal (very soft), 2-less than ideal (softjd8al, 4-above the ideal (hard), 5-well above tteal (very hard). For the
acceptance the index of texture should have at &% of ideal responses.

2.4.3. Loss of water

The loss of water during cooking was evaluatedheydifference in mass between the raw pizza andeuhtely
after cooking, using an analytical balance. Itasisidered that the difference in weight betweenréive and cooked
pizza is due only to loss of water, being the atheratile components disregarded.

2.5. Security quality determination

The safety of food from the microbiological poirft\dew can be assessed by theegral lethality of the process
calledFpocesivalue. TheFqocesvalue can be understood as the time in minutesyaigut to the thermal processing led
to a constant temperature of reference. The refertavel of thermal destruction, thes value, is defined as the time
that the food must be processed at a certain texfer of reference for a specific reduction in thember of
microorganisms. The microorganism of higher thermealstance, nameBacillus cereusis used for this study and a
value Frs Of 14.8 minutes is obtained, in pervious study (SA&N, 2009), for the reference temperature of 363K
(9C°C). The integral lethality of the process for eaohfiguration and condition of the oven operaticasvobtained by
Equation (13). For the acceptance of the cookinggss thé.c.svalue must be equal or greater thanFhervalue.

T(t)-T,
t ()refdt

Fprocess: Ilo am (13)
0

whereT(t) is the temperature of pizza dough as function eftitme,t, andZ is a thermo bacteriology parameter of the
microorganism. For thBacillus cereughe value of Z is 10,5C.

3. RESULTS AND DISCUSSIONS
3.1. Study on the influence of the oven configurain on pizza’'s quality

With the responses of step I, it was made a statisinalysis by analysis of variance. In practteains, the analysis
of variance is now performed to check whether draignificant effect of the factors involved in shstudy and their
interactions on the quality attributes studied. #ar analysis of experimental data obtained it used MINITAB, a
statistical program (MINITAB INC., 2007). A rapidqredure to determine the effect of factors and thagnitude on
a specific response is through the graph of noprabability for the standardized effects. In thigggh, no significant
effects tend to be on the line passing througtotigin of the standardized effect, while the sigraht ones to be apart.
A significant factor influencing a parameter meé#wrat, when this factor varies from its lowest ®lighest level, will
cause a significant change in the value of thisupmater. This influence can be positive or negatilien, respectively,
increase or decrease the value of the parametgoditive, is located to the right of the continsograph of the
probability for the normal effects, if negative, ttee left. The Fig.4 shows these graphs for cadge texture, loss of

water and values Ofpfocess
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From the results for the 1st step it can be fourat,tamong the factors studied, the forced conmeatias the
greatest factor of influence on all the quality graeters evaluated for the pizza. The forced comrectrongly
contributed to the increase of all the quality paeters evaluated.

Normal probability for the standardized effects Normal probability for the standardized effects
(Colot, 4 =10,05) (Edye Texure, 4 =0,09)
95 99
Type of Effectt Type of Effectt
® Mo sigrificant # Mo significant
95 mC | | m Significant 95 mc | | m significant
90 Effentt 904 Effectt
& Radiation by upper suface A Radistion by upper suriace
a0 B Radiation by side surfaces 804 B Radistion by side surfaces
o 70 < Forced Convection 2 o] < Forced Convection
- D Materiai of base 2 D Miaterial of base
g w0 T aq
§ 30 8 soq
8
g 3 40
& a0 30
20 20
10 10
S S
1 1
0 S0 100 150 200 250 300 350 -10 10 20 a0
Standardized effects Standardized effects
Normal probability for the standardized effects Normal probability for the standardized effects
(Loss of Water, © = 0,05) (Ferocess, @ =0,05)
Q99 33
Type of Effectt Type of Effectt
# Mo significant ® No sigrificant
954 L m_Significant 95 mc m_ Significart
90 - Effectt B .
A Radiation by upper suface A Radiation by upper suface
80 e B Radiation by side surfaces 80 Lo & Radiation by side surfaces
s 704 e < Forced Convection s 7 . ¢ Forced Convertion
=3 © Material of base & D Material of base
£ &0 £
§ 50 T =
§ 404 £ w
5
2 a0+ 2 a0
20 B
10 0
54 s
1 T T T r T T 1 T —— T T —— T r r
0 20 40 &0 a0 100 120 0 10 20 30 40 S0 &0 70 &0 90
Standardized effects Standardized effects

Figure 4. Normal probability for the standardizéigéets graphs.

The color data in which forced convection was pneshowed an average value of 15.3 for the colerane,
placing them in the rejection of the scale. Testa/lich forced convection was not induced showedaverage value
of 8 for the color, such samples are within theezohacceptance of the scale. It shows an increa82% for the color
when forced convection is used. The Fig.5 showsdifference between the color of baked pizzas unkersame
conditions of time and oven temperature with antheut the induction of forced convection. As thectr convection
didn’t have interaction with other factor, the aage for the edge texture using forced convectios #v&8 against 3.1
with no forced convection, showing an increase®f3For the loss of water an average of 14.6 witbefd convection
and 7.4 without, an increase of 98%. And finallye taverage of docessvalues with convection was 84.4 min. and
without convection it was 8.2 min., an increas@®i%. The increased speed of the air inside tha pvemotes an
increase in heat and mass transfer by convectis, the surface of the pizza reaches temperatueaseg than those
achieved in non-convective ovens. As the intensitthe Maillard reaction, the main reaction of browning of bakery
products during the cooking, strongly depends entémperature and moisture content of the productjng the fan
on cause an intensification of tN&illard reaction.

Pizzas baked at 523K for 10 minutes

- :
With forced convection

Figure 5. Pizzas obtained from step | with and authforced convection.

S
With no forced convection

Neither the main effects of radiation by the upped side surfaces and the effect of the pan, roreffects of
interaction of these factors were significant fog pizza's color, being indifferent to the chosevel each.

To the edge texture and loss of water during capkinaddition to convection, radiation by the reofd the walls
had a positive effect. However, it was observed tha settings using only the superior radiatioronly radiation by
side surfaces caused no significant differencesivalues, for both levels of forced convectiont,Bbe loss of water
was higher when it was used radiation from botliases. For the values ofrcessall factors had positive effect. The
use of the form of stone has increased by 8% imtimber of decimal reductions when compared tafieeof the form
of aluminum. For the pizzas baked without forcedvaztion, for all combinations of other factorst mchieved the
Fprocesvalue of 14.8 min., minimum required this study.

Thus, given the comments above, the configuratioth® oven that will be used for thedatep will be: forced
convection, radiation by roof and walls and useftinm of stone.
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3.2. Determination of oven operating conditions

The Tab. 3 presents the data obtained on stefhd.Signs frocess C, ET and WL meansplcessvalue (min.), color,
edge texture (percentage of ideal responses, %o)vatet loss (%), respectively.

Table 3. Data obtained fopkeesvalue, color (C), edge texture (ET) and water (088).

Baking time F
Temperature 3 min. 5 min. 10 min. freqjgncy
Fprocess C ET WL Fprocess C ET WL Fprocess C ET WL
423 K 0,0 21 00 10 0,0 2,2 0 15 0,0 39 24 28 5Hz
(150°C) 0,0 38 16 20 0,0 40 48 31 0,0 62 68 43 20 Hz
0,0 43 28 29 0,0 45 56 473 0,5 76 76 59 35Hz
523 K 0,0 40 24 3.2 0,1 6,2 68 3,6 6,1 77 60 6,6 5Hz
(250°C) 0,0 6,3 84 40 49 82 84 61 12,0 136 12 10,3 H20
0,0 76 64 6,9 4,4 125 32 95 21,8 143 0 123 H35
623 K 0,0 124 0 7,6 0,4 135 0 9,9 171 160 0 128 5 Hz
0,4 144 8 9,6 6,7 160 0 13,2 - - - - 20 Hz
(BSWC) - - - - - - - - - - - - 35 HZ

By Tab.3 it is noted that only two of operating diions settings are in agreement with the requinais of
acceptance: color average between 6 and 10, tegshaeld have at least 50% of ideal responsesFanekss>14.8.
Those two conditions are those in oven at 523 Kiviain operating at a frequency of 5Hz for 10 misuted those
baked in oven at 523K with the fan 20Hz for 5 mé@sutFor convenience and economy, will be used gezabion
condition with less time for cooking to characterithe thermal conditions of the process of cookhm pizza, i.e.
temperature of the surfaces of 523K, 20Hz fan feegy and 5 minutes for time baking. Some testscateld by “-*,
were not made because the tests preceding theatglobtained too dark color.

3.3. Determination of predominant mechanisms of heédransfer during the baking process

The Fig. 6 shows the three blocks used for this: gtelished, polished supported by the insulataygt and black
block.

Figure 6. Blocks used for the determination of prathant mechanisms of heat transfer.

By heating each one of those blocks on the setatipgrconditions of oven found on the step Il (522Q Hz), it
was obtained three curves of temperature, showelighn7. Those tests were made in duplicate, b ftewill be
shown only one of the results to exemplify.

Block temperature
— Black block — Polished block — Polished block + insulating
250
o _/""'-P—’,—’
3
150
3
Z
L
2 o5
o
i} 25 50 75 100 125 150 175
Time {min.}

Figure 7. Temperature against time for the threeks.

As it was expected the curve for the black blockspnted the greater slope and the polished bloek the
insulating layer curve presented the lower slopdéthWhe data from each one of the blocks it wasttetb the
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logarithmic curves of dimensionless temperaturswugtime, showed on Fig. 8 (a).

The angular coefficients of the curves were usedalzulate the heat transfer coefficients by Edl).(TThe
dimensionless temperatures were presented to thaid@tes (600s) for heating the block. It was adstimated the
values ofh during the process of block heating by using thairieo equation for transient convective heating,

q= mqj(jj—-[ = A DT — Tk - @nd the definition of derivative involving limityhere, for small intervals of time,

At 0:
A mg, i Thblock( t+A 1) mg, N

= im =
Ablock (Tair - Tblock) At-0 At Ablock( Tair_ Tblock) At

(14)

With the data obtained for the three blocks usheyEq. (11) Eq. (14) fott =15 s were calculated the values of
heat transfer coefficients for the polished blodkhvthe insulating lcon), for the polished block®2M*?) and for the

black block (ng,'gggl). With some algebraic manipulations for Eq. (9) &y. (10) the values of ki, and h,,, are

obtained. The values fdhcony, h.,., and h,, during heating of the block are shown on Fig.8 (b)
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Figure 8. (a) Logarithmic curves of dimensionlessperature versus time for the polished, blackpoiidhed over the
insulating layer blocks, (b) Coefficients of he@risfer to the block during the heating.
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Note that the Eq. (11) gives the average valuestHercoefficients of heat transfer. Those averagjees are
indicated by the red line on Fig.8 (b). For conigrtit was obtainech.,,, =26.2 + 0.5 W/rfK. For conduction,

Meong =12.6 + 1.5 W/IfK and, for radiation,, = 48.6 + 3.6W/IfK. Calculating the average of data obtained from Eq

(14) it is obtainediyn,=26.3 + 2.3 W/iK, h.,,=13.0 +5.29 W/fK and h, = 50.6 + 4.1 W/IfK. Also for radiation

the modified coefficient of heat transfer was chdted by Eq (5), using the average temperatureebten’s surfaces.
The value obtained was 25.8+ 4.1 \f#m

By the results can be concluded that the predomimachanism of heat transfer in the pizza's bakiracess was
radiation, followed by convection and conductioheTconduction mechanism was of less influence dutie baking
of pizza. This is due, probably, to the low conthetween the pan and block, featuring a high theresstance of
contact between them. It can be noted too thahteeage values for the coefficient of thermal excjeaby radiation
calculated with the average temperature of the 'sveurfaces are approximately 50% lower than trezdeulated by
the technique of blocks (Eq. 11 and Eq.14). Theaigechnique of blocks to calculate the portiorheat transferred
by radiation to the block appears to be betters Hifference on the values can be explained beocahse the use of
average temperature of the surfaces does notiigdk@dcount the contribution of the hotter regitmghe radiation, the
block black absorbs all the energy that reachesvén considering the heat delivered to a greatérsser intensity in
such regions.

4. CONCLUSIONS

The objectives of this study were achieved sucollgsfBy the first step, Study on the influence tbe oven
configuration on pizza’'s quality, it was seen ttie forced convection was the factor with greatduéence on all the
attributes of sensorial and security quality foe fhizza. Both, the sensorial and security quatityst be evaluated
together for the food cooking processes. By thersgstep, determination of oven operating condétimas chosen the
better conditions of temperature, time and fandesgry for the pizza’s baking process. The comlmnatiat respect
the quality requirements were that one using 523B0{C), for 5 minutes and with 20Hz of fan frequgnEinally,
under those conditions the predominant mechanigrheat transfer between the oven and the pizza determinate
by the technique of blocks. This technique provedoé effective to estimate the contribution frone thifferent
mechanisms of heat transfer.
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