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Abstract

This research is the design of experiments of a low-cost heating oven for roasting
ducks by fractional factorial design of experiments using temperature and roasting time
factors. To be a model for small food entrepreneurs who want to use it for cooking
roasted duck. From testing the performance of the oven, we found that the oven can
set the temperature and roasting time. Tests with temperature settings of 110, 150, 210,
and 250 °C for time settings of 15, 20, 25, and 30 min, respectively, showed a greater
temperature swing from the setpoint than the +7 °C maximum setting and less than the
minimum setpoint of -5 °C, and the sensory quality of roasted duck was tested on the
quality of roasted duck products by 7 food experts using a 9-point-Hedonic scale
method. The highest sensory quality of roasted duck was 8.11. The first roasting
temperature was set to a low level of 110 °C, while the first roasting time was set to a
high level of 60 minutes. The second roasting temperature was set to a low level of 210

°C and the second roasting time was set at a low level of 45 minutes.

Keywords: Design of Experiments; Heating Oven; Sensory Quality; Fractional Factorial

Design
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Figure 1 (a) Work design (b) Prototype of a low-cost heating oven based on the
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Table 1 Approximate price list of oven materials and equipment

Number List Price (Baht)

1 200 liter tank 400
2 Furnace structural steel 500
3 Gas stove head 850
a Temperature gauge 250
5 Temperature sensor 200
6 Control unit 2500

Total Price 4,700

Tsunsun1siasidayanieana
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viladeiivnzanvonneunnuousunumdmiuniseudna S1uau 4 Uade wazusazdade
Usznaudie 2 sefu (sedumuassedugy) laun



30
MNFATUMININIAE1VAL FeLda: Inerdansuazmalulad
Journal of Roi Et Rajabhat University: Science and Technology

A = gaumgfloutsdl 1 (Temperaturel) °C
B = ABUYA 1 (Time1) min.
C= qmiﬁﬂuﬁ%‘d’mﬁ 2 (Temperature2) °C
D = ¥ANaUTT 2 (Time2) min.
Taefl Response = AadsAunwIMIUszamdiiaveadnouluyniuvesidong 7 au

Nan133vBuazafUTIENa
1nmsmsmdadefimnzanvesneuanudeusuyuiidviunsoudalaeis
usaduuoauNanaduailey nuvssiiuiiinauladieluil
namsdadeiianzanvaunauanuisuduyuidmiuniseuidn
an1sMAgeUgaMATamAarsza ATt musldduiunsvadeun s uYeaY
punsaimuAunsYNY Fednuuzresnsdafivdeyarrutsendu msdaiiudeyade
gaumnilifie 110, 150, 210 wag 250 °C AUAIFU 6?@nmﬁwmuimwiawmammﬁ 15, 20, 25
way 30 WY AUAIAY ammumamuaaamﬂ:uLmaumaamﬁammwmwmhﬂaum
punsalmuAmazymMIgnnLia uargumgigean dogumgdineuged unitgamgdi
mmml’sﬂausqmqfdﬂimmuamwmmimmwammLmLmamﬂ,‘u Table 2

Table 2 Results of the control equipment by setting the specified time and temperature

Specified Nominal Lowest Highest
period temperature temperature temperature
(min) (°C) (°C) (°C)
15 110 105 113
20 150 145 154
25 210 205 216
30 250 245 257

NaN1TUSHIUAMATNVDINAAA NN UU ST MMTURE
Nami‘disLﬁuqm;ﬂW%NUi%ﬁ’Mﬁuﬁﬁ‘U@ﬂLf]ﬂa‘UVfﬂ 5 duldun ndu & savd
doduia uazmalagrouTy munsmeengamginasaouvesiiienna 7 au feiazuun
ANNYBULRABMN Table 3 evimsAnudnuazmnmenmvsadanievdsinniseusie
euANuFounUi Mslvgamaiuarszeznafuandaiuluniseuidademavinliiinng
uansey Sesansvaaeuamnmynastamdudaveadneuldnadauandy Table 3 Fald
N157LAS189 Fractional Factorial Design 2P Tl Resolution IV Design ﬁmimaaafg’w
F1uau 2 Ads finsneaeugeRsnans (center point) $1uu 2 Yauaziinsguardiunisvnaes
il pannanszNUIINA9TUNIU(Noise) Iinsrzviniadeiifinasionisoutdn 91n Table 4 ldna
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nsiasziruklsUIuttefidmansenuse aunnnsUszamdudaveudnou e 14

a

Wsunsudiiunu vestu 17 nudwnadeiidvdnanenunmmaszamdudaveulnaueatig

d

fitfudnfrufiszsiu 0.05 (P-Value < 0.05)

o

Table 3 Results of the sensory quality test of roasted duck

StdOrder Run Center Temperaturel Timel  Temperature2 Time2 Response
Order Pt (°C) (min) (°C) (min)
16 1 1 150 60.0 250 60.0 5.14286
13 2 1 110 45.0 250 60.0 557143
7 3 1 110 60.0 250 45.0 6.88571
11 4 1 110 60.0 210 45.0 8.11429
4 5 1 150 60.0 210 45.0 7.37143
6 1 150 60.0 250 60.0 5.02857

18 7 0 130 525 230 525 6.68571
3 8 1 110 60.0 210 60.0 8.02857
15 9 1 110 60.0 250 45.0 6.97143
9 10 1 110 45.0 210 45.0 7.14286
14 11 1 150 45.0 250 45.0 6.65714
10 12 1 150 45.0 210 60.0 7.45714
12 13 1 150 60.0 210 45.0 7.42857
2 14 1 150 45.0 210 60.0 7.51429
17 15 0 130 525 230 525 6.71429
1 16 1 110 45.0 210 45.0 7.20000
6 17 1 150 45.0 250 45.0 6.51429
5 18 1 110 45.0 250 60.0 551429

91 Figure 2 iflofiansaniladovdniidmansenusonunmmsUssamdudavouds
ou fiilgrumfioutsdl 1 nuinamiidnuvasiuaadniien Ssmneanaidiukengumgd
Ul 150 °C auunmmslsramdudaveadaeuaiandnios ﬁaﬁuqmﬁgﬁaumqﬁ 1 Fsding
AeamnNIUsTaduavesdnaudniiey

naeutasd 1 wuhnsmiEsnvusduiudntesriatovasfudunss Fomneanu
T dusudarnaeut 60 wil @mmwmﬂizmwé’uﬁaﬁumlﬂﬂaquﬁwﬁﬂﬁaa Fefuran
outil 1 Feflnadenunmmsszamdudavondneuidntos

oaumgiioutasd 2 nuinsmddnvazduasin s?fwmsjmmdwﬁm%ué?qmqmmﬁ
Ul 250 °C A MNIUszamduiaveadnouazamin ﬁﬂﬁuqmmﬁaumqﬁ 2 Jailwavin
TR nmalszamdudavendnautiosategadfudey
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Table 4 Results of data variance analysis

Source DF Adj SS Adj MS F-Value P-Value
Model 8 14.3410 1.79263 520.10 0.000
Linear 4 10.3169 2.57923 748.32 0.000
Temperaturel 1 0.3347 0.33474 97.12 0.000
Timel 1 0.1225 0.12250 35.54 0.000
Temperature2 1 8.9572 8.95719 2598.76 0.000
Time2 1 0.9025 0.90250 261.84 0.000
2-Way Interactions 3 4.0116 1.33719 387.96 0.000
Temperaturel*Timel 1 3.7470 3.74699 1087.12 0.000
Temperaturel*Temperature2 1 0.0490 0.04903 14.23 0.004
Temperaturel*Time2 1 0.2156 0.21556 62.54 0.000
Curvature 1 0.0125 0.01252 3.63 0.089
Error 9 0.0310 0.00345
Total 17 14.3721
S R-sq R-sq(adj) R-sq(pred)

0.0587087 99.78% 99.59% 99.14%

VaeUTeT 2 wulnsilidnvarduasdniiey Funeaud dusudeateud
60 w7l paunnnUszamduiavendnevaziosaadntios Aaunaoutied 2 Fefinavihli
Aaunmmslszamduiavesdneutosandniley

Main Effects Plot for Response
Fitted Means

Temperaturet Times Temperature2 Time2 Point Type

—eo— Corner
—®&— Center
7.2
o8 \ .//. \
6.4

110 130 150 45.0 60.0

Mean of Response

Figure 2 Main Effects Plot Main factors influencing the organoleptic quality of

roasted duck
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Tu Figure 3 3nA1sRAIsUINIIBNEWATIN 2 Jade wundadesiuseninaiateu
97l 1 uazgmgiieutisd 1 Insiaeutasd 1 fian 45 unit figumgiiouteil 1 fd1 110 °C
wiinavhliguninmssvamdudavesdneviiai widefiurgungioudied 1 gedy
u 150 °C aedinahlinuammsUszamduiavesdneuiirngatuegneditfoddy uagim
Uil 1 TA1 60 W17l figaumgiioutasd 1 fle 110 °C szdnavinlinaunmmsuszamduia
EUENLﬂmuﬁquLLﬁLﬁaLﬁuﬁwqquﬁaUmaﬁ 1 Iﬁqnﬁuﬁ]u 150 °C agilnavilvinanInmg
Uszamdudaveudaouiamiategniveddy lnsauisamaunisanuduiusvesdade
fdsnasenunwmeUssamdudaveadnou lafseunsil 1
Response = -14.06 + 0.2346 Temperaturel + 0.4311 Timel (1)
- 0.01942 Temperature2 + 0.0689 Time2
- 0.003226 Temperaturel*Timel
- 0.000138 Temperaturel*Temperature2
- 0.000774 Temperature1*Time2 - 0.0839 Ct Pt

Interaction Plot for Response
Fitted Means

Temperature1 * Time1 Time1 Point Type
—e— 4500 Comer
* —m— 52,50 Center
74 \\ -4 - 60.00 Comer

76

72

70

6.8

Mean of Response

6.6

64

6.2
110.0 1300 150.0

Temperaturel

Figure 3 The combined influence of 2 factors affecting the sensory quality of

roasted duck



34
MNFATUMININIAE1VAL FeLda: Inerdansuazmalulad
Journal of Roi Et Rajabhat University: Science and Technology

Optimal Temperat Time1 Temperat Time2
D: 1.000 High 150.0 60.0 250.0 60.0
Cur 1100 60.0 210.0 45.0
Predict  Low 1100 450 210.0 45.0
7 N - — — — — — > — — — — — — -
L 3
Response
Maximum
y = 83143 L4
d = 1.0000 P
.
* L * .

Figure 4 Optimal values of factors influencing the organoleptic quality of roasted duck
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aonndesiunansiteiFosnisesnuuunsmaasaiiomeinginzalunsyuunseulss
819191 (Witinantakit et al., 2020)
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