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Research Title: Design and Testing of a Control Atmosphere Chamber for Vegetables and
Fruits
Researcher: Asst. Prof. Dr. Ravipat Lapcharoensuk

Faculty: Faculty of Engineering Department: Agricultural Engineéring
ABSTRACT

This study aims to design and develop low-cost controlled atmosphere cabinet for
golden banana storage. Simultaneous effect of controlled atmosphere and cold storage
method on physical, mechanical, chemical and sensory properties of golden banana at
different storage periods were studied. Oxygen and carbon dioxide sensors were used to detect
level of both gas in the cabinet. Both sensors were calibrated using headspace gas analyzer.
Gas filling were controlled using microcontroller which commanded to the solenoid valve. Gas
diffusion were measured on 27 positions around the cabinet using headspace gas analyzer.
Golden banana was taken from Bangmod, Bangkok which harvesting tirme is 60-70 days after
blooming. Golden banana samples Were soaked in water at 5 °C for 30 minutes before storage.
The controlled atmosphere storage condition was set on 12-16 °C of temperature; 70-90% of
relative humidity 2-5% of concentration of oxygen and 2-5% concentration of carbon dioxide
with forced air circulator system. For the cold storage, sample were stored in the cabinet at
12-16 °C with forced air circulator system under the 70-90% of relative humidity and
uncontrolled atmosphere. Samples were measured for the physical, chemical and mechanical
properties at 0, 7, 14, 21, 28, 35 and 42 days during storage. Physical properties included weight,
size and color. Mechanical properties consisted of initial firmness, average firmness, rupture
force, rupture distance, toughness, average penetrating force and penetrating energy. The
chemical properties were total soluble solids, malic acidity and ratio of total soluble solids to
malic acidity. Sensory evaluation was evaluated using the sample stored in the controlled
atmosphere cabinet for 42 days and continually kept at room temperature (25 °C and 85-90%

of relative humidity) for 7 days. Sensory properties of golden banana samples, stored on the



v

controlled atmosphere storage condition, were compared with the golden banana from
supermarket. Sensory properties were reported on appearances, aroma, tasted, texture and
overall satisfaction. The calibration equation showed R%= 0.9996 for oxygen sensor and R%=
0.994 was for carbon dioxide sensor. Diffusion of the oxygen and carbon dioxide gas
demonstrated mean and standard deviation on 3.535+0.051% and 3.54+0.06% respectively.
This result indicated that gas consistently diffuse around the cabinet. Color, mechanical
properties of peel, malic acidity and ratio of total soluble solids to malic acidity increased
according to storage days. Average penetrating force of banana flesh decreased with storage
days. All properties of golden banana stored in controlled atmosphere storage changed less
than golden bariana stored in cold storage, except weight and size of golden banana did not
differ on bot‘h storage methods. Size of golden banana did not change according to storage
times, but weight deceased with storage days. Sensory evaluation showed that aroma and
taste of golden banana from controlled atmosphere did not differ from golden banana from
supermarket. The score of texture and overall satisfaction were more than 5. All results
indicated that the storage of golden banana in controlled atmosphere cabinet could extend

storage time and maintain quality of golden banana.

Keyword : Microwave; Maize; Weevil.
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EEUETE Y auvAnia Han1IMAaDs fidieu @deu)
fiay waY
uzifio T 09 by CA (O, 5kPa and CO, 15 kPa) 1 \iiou weight loss (%) na 6.0 Bahar et.al., 2018

TSS (968Brix) 15.7 16.2

TA (%) 0.21 0.17

L* 418 424

T0° by CA (O, 5kPa and CO, 10 kPa) weight loss (%) na 6.5
TSS (%Brix) 157 16.5

TA (%) 0.21 0.18

L* 41.8 421

T 0°C by CA(O, 5 kPa and CO, 5 kPa) weight Loss (%) na a4
TSS (%Brix) 157 18.3

TA (%) 0.21 0.23

L* 41.8 37.7

T0°%C by NA weight loss (%) na 14.4
TSS (%Brix) 15.7 18.3

TA (%) 0.21 0.23

L* 418 37.7
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amaziifiuinm sTETAT auvania KANISNARDY {dsu @tdow)

_ fiou nag
Ui T 0% by CA (O, 5 kPa and CO, 15 1 oy wazfuil T 20 °C emenisn 2 Ju weight loss (%) na 8.3 Bahar et.al., 2018

kPa) TSS (%Brix) 15.7 17.0
TA (%) 0.21 0.22
L* 41.8 435
T0C% by CA (O, 5 kPa and CO, 10 weight loss (%) na 7.0
kPa) TSS (%Brix) 15.7 18.3
TA (%) 0.21 0.19
L* 418 43.0
To% by CA (O, 5 kPa and CO; 5 kPa) weight {oss (%) na 5.5
TSS (%Brix) 15.7 19.3
TA (%) 0.21 0.23
L* 418 44.6
T 0% by NA weight loss (%) na 15.7
TSS (%Brix) 157 210
TA (%) 0.21 0.21
L* 418 431
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wad v

TEHEIN Autanin HANMMRABI fidou @dou)

nay WAl

uzayne Wug Golden 7723 °C by CA (O, 17% and CO, 10%) 14 b* 230 34.0 Barbosa et.al, 2018
’ a* -6.0 20.0
T 23 °C by CA (0, 17% and CO, 5%) b* 235 33.0
a* 7.0 23.0
T 23°C by CA (0, 17% and CO, 0.6%) b* 225 325
a* 6.5 215
T 23°C by CA (0, 6% and CO, 10%) b* 235 34.0
a* 75 17,5
T 23 °C by CA (0, 6% and CO, 5%) b* 233 33.0
a* -8.0 225
T 23 °C by CA (0, 6% and CO, 0.6%) b* 230 32.0
a* 7.8 25.0
T 23 °C by CA (0, 3% and CO, 10%) b* 215 33.0
a* -7.0 15.0
T 23 °C by CA (0, 3% and CO, 5%) b* 227 333
a* 5.0 21.0
T 23 °C by CA (0, 3% and CO, 0.6%) b* 22,5 33.0
a* 6.0 230
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A5 2.1 (da) IAdeRAnwinisussgnaldnismupuannusismafusalduiiaiieg

HAAHALAYAS anmsfiuine JEozIIE AudiiIn HANISNAABY didou @ido)
fisu A
uaua Wug Fuji T-0.8 °C by CA (0, 2% and CO, 1%) 6 o uazsiuil T 22 °C omeundsn 7 5y Weight (g) 204 183 Sheng et.al,, 2018
Diameter (in) 30 2.9
firmness (Ibs) 15.0 13.8
TSS (%Brix) 12.7 12,5
TA (%malic) 0.307 0.232
T-0.8°C by NA Weight (g) 204 188
Diameter (in) 3.0 3.0
firmness (Ibs) 15.0 10.0
TSS (%Brix) 12.7 124
TA (9%malic) 0.307 0.173
woUila Wuj Galaxy T 2°C by CA(O, 1.2 kPaand CO, 2kPa) 9 tAiou uauduil T 20 °C swmaundsn firmness (N) na 601  Both etal, 2018
73 TA (%) na 4.2
T15° by CA(O; 1.2 kPa and CO; 2 kPa) firmness (N) na 60.2
TA (%) na 4.0
T1% by CA(O, 1.2 kPa and CO, 2 kPa) firmness (N) na 60.4
! TA (%) na 4.1
il Wug Hayward T09% by NA 26 &avt firmness (N) 80 8 Li etal,, 2017
T 09 by CA (O, 2% and CO, 2 %) 16 &Uai wasfiuil T 0 °C enneundsn 14 Sanyt 80 11
T 09 by CA(0; 2% and CO, 5 %) 80 13
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wa o o

HAANAINYAS ﬂmq:ﬁtﬁu%’ntﬂ‘ Wyt SUUANIA HanITmAasy étitj‘u
_ fiay nas @Adeu)
gnuns T 0°C by CA (O, 18 kPa and CO, 2 kPa) 17 &Uam firmness (N) 57 52 Lum et.al., 2017
) Peel colour 1.1 37
T 0 %C by CA (O, 2.5 kPa and CO, 2 kPa) firmness (N) 57 52
Peel colour 1.1 32
T0° by NA firmness (N) 57 50
Peel colour 11 39
gnund WugRocha  7-05 °C by CA (O, 3 kPa) 136 Ju TSS (%Brix) 130 - 135  Saquet etal, 2017
firmness (N) 50 20
T-0.5 °C by CA (0, 0.5 kPa) TSS (%Brix) 13.0 125
firmness (N) 40 15
T-05 °C by NA TSS (9%68rix) 10.5 12,0
' firmness (N) 20 10
gnuniWugRocha  T-05% by CA(O, 3kPaand CO, 0.6 kPa) 257 S uasifiudl T 20 °C svmaun@dn 75y TSS (g/ke) 115 138 Saquet etal, 2017
firmness (N) 52 36
skin color (h%) 105 95
TA (%) 2 0.8
T-0.5 °C by CA (O, 0.5 kPa and CO; 0.6 kPa) TSS (g/kg) 115 122
firmness (N) 52 48
skin color (h%) 105 103
TA (%) 2 0.7
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A15NA 2.1 (Ae) nAdendnnnisussgndldnmsaivavaniwusseimaiunaliviasiigg

HARNALNYAT

«f P
anmnziiuinm

auiARIa

sTyzMm NANTTUARDY oy @fdsw)
fiau i
ansaLue’ T 5% by CA (O, 5 kPa and CO, 15 kPa) 2 TuCA + 9 Tu ovminund firmness (N) 0.99 158  Alamar etal, 2017
T 59 by CA(0,.5 kPa and CO, 15 kPa) 2.5 Jupnrun@ + 2 YuCA + 7.5%ueneUnd 099 17
T5°% by NA 113 099 0.89
alapnld T 20°C by CA (0, 5 kPa and CO, 10 kPa) 29 CA+ 7 Yu onennd 220 10
T 20 °C by €A (0, 5 kPa and CO, 10 kPa) 1.5 Juaimaund + 2 JuCA + 5.5YuanAuni 220 16
T 20 °C by CA (0, 5 kPa and CO, 10 kPa) 3 Juomaund + 2 TuCA + efuonauni 220 25
T20°C by NA 91y 220 35
T 20 °C by CA (0, 5 kPa and CO, 10 kPa) 5 3uCA + 25 JupmaUn@ 215 12
T 20 °C by CA (O, 5 kPa and CO, 10 kPa) 5 JupanAun@ + 5 YuCA + 20 Tuanimind 215 10
720 °C by CA (0, 5 kPa and CO, 10 kPa) 10 JusniAund + 5 JuCA + 15 Juanauni 215 25
T20°C by NA 30 3u 215 5
upuila Wug T0.5°C by CA (O, 2 kPa and CO, 1 kPa) 5 g TSS (36Brix) na 1410  Cliff etal, 2017
Ambrosia TA (%) na 17.75
T.0.5°C by CA (0, 1.2 kPa and CO, 1 kPa) TSS (%6Brix) na 14.10
TA (%) na 18.79
T0.5° by NA TSS (%Brix) na 14.20
TA (%) na 17.60
T0.5°C by CA (0, 2 kPa and CO, 1 kPa) 8 Wou TSS (96Brix) na 13.80
TA (%) na 16.18
T0.5°C by CA (O, 1.2 kPa and CO, 1 kPa) TSS (%Brix) na 13.90
TA (%) na 17.23
T 0.5 °C by NA, TSS (%Brix) na 1390
TA (%) na 16.33
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A58 2.1 () MATenfnwnsusegnaldmsauauanimussenaiunaldeiinsiieg

NAANBINYAT anasimiuinm Ty andann dilou @iidou)
fiou %a4
woulla Wug T0%% by NA 30 dUmn TSS (9%Brix) 10.52-12.16 12.26-12.40 Mditshwa et.al.,, 2017
GNAnny Smith TA (mg/100ml) 1.25-1.54 0.75-0.93
qama 2013-2014 firmness (N) 79.14-81.99 44.70-51.54
T 0 °C by O, 0.3-0.5% and CO, 1% TSS (%Brix) 10.52-12.16 11.87-12.96
TA (mg/100ml) 1.25-1.54 0.98-1.16
firmness (N) 79.14-81.99 70.45-71.02
Yufin PG100-1 T 7% RH 95% by CA (O, 2 kPa and CO, 5kPa) 5 \ftau TSS (%Brix) 15.2 13.5 Matityahu et.al., 2016
TA (%) 1.30 1.20
T 7 °C RH 95% by NA TSS (%Brix) 15.2 14.0
TA (%) 1.30 0.90
Viufin EVE T 7 % RH 95% by CA (O, 2 kPa and CO, 5 kPa) TSS (%Brix) 14.0 135
TA (%) 0.65 0.80
T 7 °C RH 95% by NA TSS (%Brix) 14.0 13.8
TA (%) 0.65 0.76
Viuliu PG116-17 T 7 °C RH 95% by CA (O, 2 kPa and CO, 5 kPa) TSS (%Brix) 16.2 14.2
TA (%) 1.20 1.03
T 7 % RH 95% by NA TSS (%Brix) 16.2 14.6
TA (%) 1.20 0.85
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01N LﬁUinU"I TLgsian

wa o v
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HAANAINYAT auUAnin HaNINAREY didou @idow)
fiou s
Wi T 122°C by CA (O, 5 kPa) 14 firmness (N) 125 117 Teixeira et.al., 2016
T 122 °C by CA (O, 5 kPa and CO, 1 kPa) 125 121
T 122 °C by CA (O, 5 kPa and CO, 5 kPa) 125 119
T 122 °C by CA (O, 5 kPa and CO, 10 kPa) 125 124
T 122 °C by CA (O, 5 kPa and CO, 15 kPa) 125 124
T 122 °C by CA (0, 5 kPa and CO;, 20 kPa) 125 12
T 122 %C by CA (0, 5 kPa) 28 7u 125 123
T 122 °C by CA (O, 5 kPa and CO, 1 kPa) 125 121
T 122 %C by CA (0, 5 kPa and CO, 5 kPa) 125 97
T 122 %C by CA (0, 5 kPa and CO, 10 kPa) 125 82
T 122 °C by CA (0, 5 kPa and CO, 15 kPa) 125 59
T 122 °C by CA (0, 5 kPa and CO, 20 kPa) 125 28
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A1510 2.1 () snAdendnyinisussndldnsmuauanmusseanieafunalivineiieg
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anasainusnen
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HARNAINLAS sTusom aAuvARIN HANTINNAGDY filou Do
flou Wil
anuwd Wug T 1°C RH 95% by CA (0, 2 kPa and €O, 0.7 kPa) 20 &Up firmness (N) 34 17 Vanoli et.l, 2016
Abate Fetel skin color (h%) 100 89
T 1 9C RH 95% by NA firmness (N) 32 16
skin color (h°) 89 84
T-0.5 °C RH 95% by CA (O, 2 kPa and CO, 0.7 kPa) firmness (N) 46 16
skin color (h°) 106 92
T-05 °C RH 95% by NA firmness (N) 38 20
skin cotor (h?) 95 88
T 1°C RH 95% by CA (O, 2 kPa and CO, 0.7 kPa) 28 dami firmness (N) 25 20
skin color (h% 95 89
T1 bC RH 95% by NA firmness (N) a9 35
skin color (h%) 97 90
T-0.5%C RH 95% by CA (O, 2 kPa and CO, 0.7 kPa) firmness (N) 38 20
skin cotor (h%) 101 92
T-05 °C RH 95% by NA firmness (N) a9 35
skin color (h%) 85 81
usuida T3°C by CA(O, 17 kPa and CO, 4 kPa) 6 dunt firmness (N) 65.7-69.8 702-72.0 DeEll et.al, 2016
TA (malic acid) (mg) 844-903 759-840
ueuilla T39C by CA (0, 2.5 kPa and CO, 2.5-4.5 kPa) 75u firmness (N) 41.6-57.8 36.5-00.5 Defll etal, 2016
TA (malic acid) (mg) 469-581 425603
T3% byca (O, 2.5 kPa and CO, 2 kPa) firmness (N) 64.5-712 56.5-60.5
TA (malic acid) (mg) 503-548 447603
To% by CA (O, 2.5 kPa and CO, 2.5 kPa) firmness (N) 787 76.5
TA (malic acid) (mg) 776 732
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A19199 2.1 (fid) MAdenAnwnsUssendldnisavananiwusssnaiuraliisiasigg

P v
anasiiiuine szEsIan

R

HAANALNBAS duiRAnIn HANSNAADY oy @RTou)
fiou $aq
uetitia Wug Gala T 0 °C RH 90% by CA (0, 1:5% and CO, 2.5%) 120 1u firmness (N) 61-78 53-69 Tessmer et.al,, 2016
TA (%) 0.27-0.46 0.21-0.38
colour index 35-44 31-36
T 0 °C RH 90% by NA firmness (N) 61-78 54-61
TA (%) 0.27-0.46 0.15-0.29
colour index 35-44 22-39
wouila Wug Galaxy T 0 % RH 90% by CA (O, 1.5% and CO, 2.5%) firmness (N) 67-83 56-70
TA (%) 0.44-0.50 0.37-0.40
colour index 50-63 60-68
T 0 °%C RH 90% by NA firmness (N) 67-83 53-60
TA (%) 0.44-0.50 0.28-0.31
colour index 50-63 63-70
nég T 20 °C by CA (0, 21% and CO, 30%) 64 h° 118 110 Mu-bo etal,, 2015
T 20 °C by CA (0, 21% and CO, 20%) 118 105
T 20 °C by CA (0, 21% and CO, 10%) 118 96
T20° by NA 118 93
Plantain T 20 °C by CA{O; 21% and CO, 30%) 118 101
T 20 °C by CA (0, 21% and CO, 20%) 118 92
T 20 °C by CA (0, 21% and CO, 10%) 118 91
T20°C by NA 118 90
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PONUUULATATNEMUANANINUTIIINIA Wivadouglasnsasuiisuimuigesuasnisnssanem
vaafenislug udfuhndreveunsafuinumlugmuquanmusseinmaiunsifivinudieg
mudu udnhmstaauinneg ausseznalunmsifuing Sdeyaildazgniuniesning

meatAieasUnauazilousIey

o co A w
auUn 1 o NUMIUITIUNTTUURESIIUIWWVILNGITDY
a o o

* VIAABUAAIUANANINUTITENA

- vaapufiuinwifundaevemeslugaiuny
anmusseamatunsiivinenmeaiudu

a <
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Ui 10 '::ﬂsﬂ v ajuna ua
Wyuseau

A :I’ ° Il UV
A 3.1 Tussulunisanfiuauide

3.1 2DNLUULATESY

3.1.1 NNT3BALUVEAIVANANTNUIIEINIA

szuumvuanUsenaulume 5 du fe lulasaeulvsaiaes 3iad Tefuosnings wuiges
MAZEIMIUANAINUABANY 1995MITHUTBIFRIUANANNUTIEINIA Falkunwlunng 3.2
waziswazdsamsvauielud

WwuLgasiniigeandiau (Grive, ME2-02-P20, Chine) wasarsuaulasanlad(Winson,
MH-Z16, Chine) 8rumusunuiigluduasdsdygruundilulasaoulnsaaas(Arduino, Mega,
Italy) vhnthiiusssnanauasdinisirefemudiunaiisesnislugdeiusssindg (Yong Chuang,
YCWS1, Chine) telifneluariuaindadngd amuiinenls TasuSinafwsendiau 2-5% Ui
fRrenrsuaulavenled 2-5% Fulidunsunsineuveslusunsy duanslunmd 3.3 uasiite
doafuaudunisluggeaueraiiadunseieiinsiadendimunuadasad (SS,S10L,

Taiwan) ¥imirfssureinelugesn Tneszuudndugniadadiiugiduuuy Forced air



. . 5 I A o ] o 4’ U L < 1 v/ v/
circulation Iﬂﬂﬂﬂﬂﬂﬂﬂﬂ’l%ﬂquQﬂJLﬂﬂﬂU 13-16 °C ANMUTURUNNSIVIIAY 70-90% Aaununinly
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A Ld -] U/ v/ v
NN 3.4 LLﬁﬂQﬂﬂ’JUﬂNﬁﬂ’]WU‘iiU’]ﬂﬂﬂﬁ'Wii‘ULﬁ‘Uiﬂ‘UWﬂa’JUMSN'ﬂEN

AMAN 3.2 VENNMIVINUTDIEAMIUANANIMUTIEINA

7 reaSImBumesondiou uae
wuweHsBuiafenriveulacenies

usainneedisBuiufwoenticu

uar wneeiminufemsuniiasonied

5

)
‘ﬁ'

109 N, wazvinns

Ta N, uneviaay

\Us O, vazimau

Un Oy Luexina

CO, < 2%
o e

\Ua CO, uarninas Un CO, usxiinan

= o o
A 3.3 unudamainaugedldsunsulugalilasmoulvsaiaes
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Al 3.4 druauanimusseimadmiuiiusnundleveumes

3.1.2 nsdaufisuiruLgas

. -~ v 4 o a o a o < ¢
nisasusulgulgesidiasasinUsuinuftgeendiaunasiigarsvaulaeanled

. = P
(headspace gas analyzer (Bridge, 900141, USA)) 1Juin3eailauns

Muandlunmi 3.5 feeendiauuasfieansuenlasenladgnifoudrddioud 1 81 6% uazfine

v 1 Us ] L 2 o 5 o A v
ansvaulneenledgniouiingdaud 2.5 § 6% laefaulunafevsaesiiaiinng 0.25% ud

-l
1ulunisasuifieu

3

LY

o2 - o d d o o P v oo 1 avy v P '3
UUﬂﬂﬂiuqmﬂW‘ﬁWLﬂiaQ'JﬂﬂUL‘UUL‘ﬁaia']uvLﬂ uqﬂqﬂlﬂuqai"lﬂﬂﬂﬂqiﬂaULﬂUUL‘ﬁUL‘ﬁai

o ‘ R a ) o a ” ¢ ¢
ATNN 3.5 lﬂiaﬁﬁﬂﬂiuqmﬂqsﬁaaﬂ‘ﬁmuuagﬂ']‘ﬁﬂ'ﬁUau1ﬂaaﬂ1‘Uﬂ

3.1.3 ﬂ’]i‘VIﬂﬁﬂ‘Uﬂ']'Sﬂ'SSﬁﬂﬂﬁ?%ﬂ@ﬁﬂ%nﬂﬂiﬂé

nsnAdaunITnsEIEivesiivntsluglasfivuaUluiuiigeondiaunasineg
A v 4 U = |14 = o
Asueulaeenledn 3.5% linTesinliunafigoandnunasieaiueulaeenled (headspace

v

gas analyzer (Bridge, 900141, USA)) auSunafiwnielugvianun 27 sunds wiadu 3 Fu
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8% 9 MUK IﬂULLﬁﬂb’i}.WJﬂQWU')u 3 g1 MnduinAIalaane 27 AUIMNIALR[LUAS AT

< 9 . <
LUBNLUUNASEIU fananslunini 3.6

{ @ MIANTINITEIITRIAY ]

i
]
§
5
|
y i ’//
SE G 9
- y i .

120

cm

50 cm
d o 1 § L. Qs -4 v
NAN 3.6 LLﬁﬂWI’]LL‘VIUQVI"Jﬂﬂ’ﬁﬂ?SQ’]HG'I’J‘UENﬂW‘UﬂWEJ'LU@

3.1.4 MIAUINAUYUYARIVANGATWUTTEINA

v v IRy & ea w o a

grIvAuanImusseIMARunumnlifauni gunsaiiddyiigafe yariuauanm
UsseInid guasalyaiianusmiludaduaryssgndldiugiduwuy Forced air circulation s
alngfiuld duludwwessnudunulunsiaungaauauaniwussennia Tnesunuvianunds

a
wanalussnan 3.1

ATINH 3.1 AUNUYRATUANENTNUTIENA

18015 51A1 (Un)
Wwuwesinfiweandiau 3,000
wuwasinieaiisvaulnoanlen 3,000
yrlulaspoulvsaiaes 2,000
Toduseng 500
viofing aulw 500
Mefigesndiay, Maarsueulneanies wasiglulasiou 2,000
Buq 2,000

saududuauity 13,000
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3.2 matyuiiisunisinuinwindeveunssiisnisaruquaniwussganiatunsiiu
Shwrdasadtaduiissenaafneg
3.2.1 nswaseuRleguazani1aclunisiiuinm
L o L4 /s d
naigveunetRvInnalulauNLn Smiansaunnaviunas agengnistiuiien 60-70
1Y v oo o g ° - o < v ° o [ -
Tunasdaudidudiuiu 4 a3 dwwanslunind 3.7 ndreazgmiuidaudaun’
9 < v oo ° [ g 4 a
aeuanslunnit 3.8 nareveuneaidaiuniazgnitluudludrigungdl 5 °C fuinan
30 wiiisluanslunmit 3.9 (5uns ws Il uarsiins anaiyge. 2560) Tnemuauaumgiivl
v o . o |
A1ULATDY Water Bath (Polyscience, PN 9502A12E, USA) sauanatuniny 3.10
widundneenilugn dregnandiesiuau 10 nagniwnesaaevantinisnieniw il uae
a 44 2 v ' 2 o Y Y ] v °
LBINALRBLTNYRYANDUNITIAUTNYI (0 TU) 93INTUMBEIING18MDUNDITIUIU 130 Na
' i J - 3 v | o/ & ° & 1
gnudseaniiu 2 nguiiveifiuinwilugaivguanimusserniaigniauru s1uam 70 Fees
(fetednu 10 fedregnlilumsveaeulsvamdnda) uasiiudhuideanudusiua 60
Ha

a

& @ v o s g [~ P> '
msmusnm’iuamuauamwussmmﬂwgﬂwmuwuamw’lumsmusnmmqmuﬂu 12-16

u

a

°C AruTuduiing 70-90% ArvANUSITaf1900ndLaudl 2-5% wazusuia
frearfueulasenledd 2-5% Fuduannsfimunsanlunisifiuinuindloneunes (A3
Aswnille. 2549) lasilWnanmyuiisuenielug (Forced air circulation) dwfumsiiusnude
AnududegrgniivinuilugiuilWaauvyuiisueinialug (Sanden Intercool, PPU-
0353D11A, Thailand) igaungdl 12-16 °C uagauuduing 70-90% Tagliipruauanin
v (nsuiunaumiveulasenlasusyunn 0.04% wavesndiauussana 21% 9 nAfisy
IFaniadesiioln (Bridge, 900141, USA) fawansluniwd 3.1 Tnslunisnnassasiingisvew

Qs U 1 / :.’l z A U g o
NoBDNUNINAIMNNE NN 79U YNVUR 6 AN W 7, 14, 21, 28, 35 uay 42 Fundanisiiushwn

-

AN 3.7 NANYWDUNBIAUNNIINEIU
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mwﬁ 3.10 Lﬂéaﬂ Water Bath (Pol;/science, PN 9502A12E, USA)
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Ll

] 7 o Y
ami 3.11 Mm3daFsandieveunsudng
3.2.2 MIINENTANINIENIN 1T9na waziall
3.2.2.1 dwin
nmsumhwinveindievieunsldiniosdsdidninsiing (Mettler-Toledo, ARC120, USA, #

A A 3100 g, Awaziden 0.01 ¢) Mauandlunmi 3.12

AN 3.12 NITTIUIUNNRWDUNDY
3.2.2.2 wun

v & Y v o v Y |
YUIRYDINAWYVDUNDY 51891ULdUAINUEN (’mmn‘uwa'l,ﬂmnuwa) ﬂ\iLLﬂﬂ\ﬂu.ﬂWWﬂ 3.13

way Aund1e (andurhuaudnats) Tnadumidunsin Ae 3 dumish, naw wasynerandae
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veunasiauanslunmil 3.14 Tagldinesiflesanduesitnea (Mitutoyo, ABS digimatic caliper,

No. 938882, Japan) udavnenads

o v v v
AN 3.14 AM5IRVUIRAINUNIENAIUNDUNDY

3.22.3 #
'Y [y | . . o et (%
nsindldia3es Color Spectrophotometer (Miniscan EZ, 4500L, USA) Sufinendlagld
WMsgIUsEUL CIE Lab unasiniiauas D65 yu 10° (L* venauainwesd, a* venanudud
o ) @ d g a § v
Wenteanduavivdunaiieanduuin, b* venanuduituisieanduautuiwdsadiuuin
sunudlunsin Ao 3 duvdei, nan wasvneranaluveuye? luLAasi usaLny 3 ASaudn

' o, Yy o 1 & [3 i 4 o [ 1 s o
WIARRULAIUIAI 3 9’]’]LL'WU\?@J’]W]W]LﬂaULUU‘UBQMQNaﬂQLLﬁﬂQ‘IUﬂWWW 3.15

AN 3.15 NMTINANENAIENDNNDY
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3.2.2.4 auUALlgena

nMs¥aantifidenaldinios texture analyzer (stable micro system model TA.HD. Plus,
London, UK) naaaulag? Puncture test /nansanssuonmiinganssuuin 2 mm oo
Tun1sia Ao 3 sdumioR, nan uagvnenandsweunowuazmAlady saanslunni 3.16 @i
T Toun euuiuiiosudureaudon (nitial Firmness), Auuiuiiieladevesuden (Average
Firmness), uselun1suningguaaiufien (Rupture Force), sruzntlunisunavgguaaden
(Rupture Distance), Anumiigiveauion (Toughness), usanaedefiile (Average Penetrating
‘Force) LLaswé’amu’LumsLLwawquﬁa (Penetrating Energy) nsiWANuduwussEnItansauay

sveenslunisnauanslunIng 3.17

[ -
(IS I HY
e F ™ v ; b 4
Asi

AWA 3.17 nsmilannnsTrautBdanavesndeneuyag

=] ° 1 1 e a L -1
IMNANN 3.17 ANUTDUINUIRIAR N VDIAUUALTING Tanadl

' ¥ & v & & e . Y ' '
AMULULLDISNFUAWEDN (nitial Firmness) = SM18IUSEWIN9528EBC/S888AC (N/mm)
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& d d A . ) s )
ANULUNILBLIRAYNIUGDN (Average Firmness) = dRT1@1UIENIN95888DF /5288 AF (N/mm)

wsslun1sunemeguesien (Rupture Force) =9 D (N)
seggnlunsumanggueuden (Rupture Distance) = szes AF (mm)
ANMumileIveaUien (Toughness) = WU ADF (N mm)

ussneadeiile (Average Penetrating Force) = Aadsvatusslutin EfaG (N)
wé’mu’lun'ﬁummqlﬁa (Penetrating Energy) = il EFGH (N mm)

3.2.25 Ulunmvaudeilazansld

myinUTinameudeiazansls (968rix) Hlmaﬁmﬁané'fawawadﬁdqn Wsnindu 3 wh
vohmiinifendeveunas inthilfasiBenfuandunmd 3.18 nspaianizdruvasisnm
Vimnaasufsiiazaneldde rdes Refractometer (Atago, PAL-1, Japan) fauandlunnd 3.19

§ 1 o v < v ° v v ] ¢ ° Y ) o
% ﬂqﬂaqu‘lﬂﬂqﬂLﬂiaQﬂaﬂuqﬂﬂﬂmﬂaUﬂﬁﬂﬂqLLwﬂLﬂaiﬂqiazaqﬂ'ﬂq 3 ATIAIIATLREY

4 = .u%’ .
AN 3.18 nistumeagiaiuiindu

=} v ;a v = v
2R 3.19 nsiauSunuveudaiiazanele
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3.2.2.6 Ysumunsaundn

. a - . o v o a - 2 o

Msmusuansaunin (%Malic) lngitindrefmdsainnismuiuiuvesudsiiazany
Tounlamuuunse Tngtindreasgnihunnmsadoansazats NaOH anadudiu 0.1 N ¢ae
) . . o < i vy
Auto Titrator (Mettler Toledo, Titrator T50, Switzerland) flauwansluniwd 3.20 deldanaunis

o ° Y 1 o ] Aluu ° v v 1 '3
7 3.1 M 3 ASSLAIRIATLREE AN ﬂﬂ@ﬂu’]ﬁqﬂmﬂﬂUﬂQUﬂqLLWﬂW]aiﬂqiﬂgﬂqU

N.base*ml. base *meq.wt. Y8InIANNEN*100

USinaunsannan= — (3.1)
mMLYDIRIDYNUDUNAT

AMN 3.20 N15IAUSLINNNTANIEN

o A 1 -~
3.2.2.7 dadrulBunuvandanazatelasousuiunsauiian
w1 - - [ = a . . [
mMsmadadiuUSnaveudinasanslarousununsaunan (%Brix%Malic) lea1naunis
foa
" 3.2

, _ < o v oa - Usnowewdilavansle
dnduvsunavewdinaranslaneusununsaundin= - (3.2)
Uiuunsaingn

3.2.3 MSNAdaUNIUsSaNauNs

mswmaaumaﬂssmwé’uﬁaLﬁatﬂumsﬁqaﬁdﬁné”;swaummﬁLﬁU%ﬂUﬂTuﬁﬂauquanﬁw
ussBINA danszuaumsanuuuin Tasausdgruidesdufioauifimausedudansiuansing
fundevesmesinnaneegluduazainde

nsmadeunaUssandudalusmidfeiifunmasousureuniemseenfu (Affective
test or acceptance test) tieUsuifiunuidnvosnadeuiiidendrovenveduudnuveuvie
msvendy freasuluitiduvaasuilaildsunsinduiudeduiinaduies (foaty vism.
2536) msnaapunUszamdudaveldfiiedrandreneunasfignifivinunlugaiuauann
usseInAmduian 42 Ju S1uu 10 feen LLé’aﬁﬁmLﬁulﬂuﬁaaﬁgnﬂquﬁuqquﬁ 25 °C
ABuELS 85-90% (Tutan 7 Fuiteselign msvaassaniiiegndreunieudiouty

ndeveumesinnsegluiuazmnfaifieisuiisuamureuveffusing lasvihnismasaey
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aﬂwmzﬂﬁngmawa sanansluning 3.21 NAY, 38U, LUDAUNE warAINTOULAYSIN AALERS

'3

‘.LUJ‘I']W'VI 3.22 NIEAUALLUUAINNYGOU 9 SxﬂUﬂUHUSIﬂﬂWQLWﬂW]EJLLaS'VmJU\‘lQWU'JU 30 AY ALLENY
P

Tunmft 3.23 Megruvvasuanulduanslunianuin @ wasndreveunadiiuinwdisa iy

Ligmhumaaeunassamduda mswindreveuveaianisiinde

o o 1 e v o, - &
AMNWN 3.22 C‘I’Ji’)EJ'Nm‘ﬂUﬂﬂ‘SﬂﬂﬁaUWN‘UixﬁﬂﬂﬁﬁJNﬂ (nau, TR, LUDAUNG LarAINUYDU

Tne573)

AN 3.23 N1sNedaunIeUsEa Maung
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3.3 M3AATIE

TMNUKNUNITNAABILUY Factorial analysis in CRD laefitadelunisnaase 2 Jade leun

& w & W 4 e @ R -
anmzlumafuinvinazssesianlunisiivinm Samzalunsifiuinwiiviedu 2 annae fe
1) iuinwderuauanmussemea 2) iusnwideanuby dmiusveznanlunisifivine
fimun 7 szezianlaun 0, 7, 14, 21, 28, 35 way 42 Yu sauviedu 14 nqunismaaes Tagusiaz
nEuMSMAABNINIVIARBIIMIA 10 91 918y 1 wa AedsgniuSsuliivuainuulsusauiuy 2
M4 (2 way ANOVA) aae/35 Duncan’s new multiple range test (DMRT) fisesuansdosiu 95%

o L4 /e . a Led = ! A a b
dmivanvinszamduda svldnisnaaevauyfgiuvesnquindudaszanndu

' v’ < o v
(Independent-samples t-test) ssmwmmwauwmmﬁusﬂm'lu@muquamwussmmm Uy
o/ v o wal o v <) [y o v < [ 14

a1 42 Ju udigmhesninlingungivies iuia 7 Ju Aundreveunesinaneegluiu

Y 4 Y 4 o
d¥AINTo NIsTAUAMUTDITY 95%



uni 4

Han1nnaey

4.1 MssouiBUIBUIYaT
L v oA e ' e o ¢ ¢al v 1. & v
luesmuialvniseudasinaiereugusivssiinugnsisasududiazsidudas
1Y) 4 d a4 o ot v Y ) Y

Uuidisusueia 2 Taifesdledmnmsgu Saumsildannsasuifisuiiozgnilounduludh
Wsunsumuagunsiuasssuudneingviseandiaunasansusulasenled lnanavesnisnis
adnaumsdwmiumsasuiigunansfeteyaniuaiai

4.1.1 \wuiweinfingaanTiau

o w € a al < i 9w '

dwmiuureiineendiau aunisaouiisuuansluaunisy 4.1 gelvinad R2 = 0.999

o 9 e
ﬂiWWﬂqiﬂszzﬂqﬂm?ﬂaﬂ’UagaLLaﬂQ‘LUﬂWWﬂ 4.1

Y = 1.3376X + 0.2409 (4.1)

L < & oYY & d A o
IﬂEWl X ﬂaﬂquL‘UUL‘ﬁaT)ﬂ‘lﬂ Y ﬂaﬂqﬂqﬂLﬂsa\jﬁJa?ﬂﬂJ']ﬂs‘ﬁﬂu

~ 8 y = 1.338x + 0.241

S

= 6 R = 0.999

-

e

g q

o

vg 2

tod

@

e

- 0

0 1 2 3 il 5

WUlwesInNYaanTau (%)

< o w € ' | fu_ o a ' vo 1« o4 o4 @
amn 4.1 ﬂi']WLLaﬁNﬂ'JqﬂJaﬂJWU'ﬁ?xVi'J'Nﬂ'W]L‘UUL‘UE)TJWﬂ'l‘di)i)ﬂ‘ljL'ﬂua']uvlﬂﬂUﬂ'WlLﬂiaﬂJa'Jﬂ

wwsgueula
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4.1.2 wwwaiinfingarsvaulasanlen

< v O v ' ] ¢ o v - <o r Y]

WeuiumianugnaeslumseuAweuees Snlusssasuiivurugeiiuniosioln
sy dmiusuesinansusulasenled aunisaeufisuuansluaunisi 4.2 Fslvinasn R? =

0.994 nswln'rinszmué‘mmiagaLtam'lumwﬁ 4.2
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YU 3.47+0.02 3.62+0.05 3.46+0.02 3.49+0.03 3.57+0.03 3.52+0.02 3.50+0.03 3.51+0.03 3.52+0.03
naNg 3.55+0.03 3.47+0.03 3.46+0.04 3.54+0.04 3.56+0.03 3.49+0.04 3.53+0.04 3.51+0.04 3.50+0.03
an 3.55+0.02 3.55+0.04 3.49+0.02 3.60+£0.02 3.63+0.02 3.64+0.03 3.59+0.04 3.58+0.05 3.56+0.02
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& AUULS
U
1 2 3 4 5 6 7 8 9
vu 3.609+0.029 3.531+0.002 3.539+0.005 3.617+0.029 3.518+0.025 3.555+0.025 3.607+0.024 3.583+0.000 3.558+0.029
nang 3.438+0.029 3.546+0.005 3.550+0.001 3.498+0.000 3.446+0.001 3.532+0.024 3.504+0.010 3.500+0.002 3.512+0.025

an 3.530+0.022 3.515£0.009 3.549+0.002 3.462+0.000 3.449+0.002- 3.558+0.018 3.606+0.005 3.582+0.012 3.562+0.006
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Nﬁﬂ’]iﬂﬂﬁﬂ\?kﬁﬂl]WlEJ‘Uﬂﬁ’)EJ‘VIBJJ‘VIEN‘VILﬂ‘UiﬂH’m’Jﬂﬂﬂ’)UF}JJﬁﬂ’]WUiiEJ’]ﬂ’]ﬁ
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d ’OI L% ) .23
A19999 Al UIUN (g) waanmwauwaqmmwznmuazam'zz'lumstﬁusnm

nsinuUsn faag1edi
sTevlaan  @nnae 1 2 3 4 5 6 7 8 9 10

0 CA 156.85 159.56 202.56 197.28 133.50 142,76 153.82 163.94 153.66 184.19
NA 156.85 159.56 202.56 197.28 133.50 142.76 153.82 163.94 153.66 184.19

7 CA 196.66 197.38 135.13 179.62 195.40 192.87 166.19 201.39 121.74 196.36
NA 175.31 144,52 120.47 163.60 173.71 146.10 172.11 154.40 195.72 176.63

14 CA 180.77 166.03 185.39 142.20 148.49 163.01 137.66 159.33 167.73 143.59
. NA 165.45 165.30 177.58 191.10 148.06 141.07 140.12 166.42 182.51 126.10

21 CA 115.37 129.73 164.94 126.04 168.01 119.74 178.77 117.25 190.87 179.27
NA 159.70 174.35 153.46 137.83 171.55 138.93 166.44 130.8 141.72 133,97

28 CA 156.52 148.64 153.34 176.06 116.48 167.30 112.68 14717 122.76 139.13
NA 130.84 148.25 128.18 121.66 148.67 174.74 166.96 186.77 133.81 141..35

35 CA 136.16 135.36 103.81 147.69 133.46 143.89 113.54 154.40 121.40 122.60
NA 124.05 125.23 125.82 161.49 118.76 152.94 146.34 141.67 135.33 161.01

42 CA 111.57 125.50 159.37 123.16 103.47 102.42 125.48 124.24 116.41 107.59
NA 133.24 128.96 136.71 152.82 158.13 129.11 126.32 155.61 124.46 147.79

wnewmn CA fis maiuinwimegaluauanimussene

NA Aa nsiiusnuwnieanuiu

gl



o v o
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nMsiiuinm f9819¥
FTETLIAN #n1y 1 2 3 4 5 6 T 8 9 10
0 CA 158.21 152.60 191:49 190.16 142.05 148.37 144.07 161.08 158.61 179.88
NA 158.21 152.60 191.49 190.16 142.05 148.37 144.07 161.08 158.61 179.88
7 CA 176.93 194.20 149.35 158.93 195.68 177.33 186.97 191.22 151.15 199.58
NA 167.91 162.10 138.99 161.41 186.26 - 175.79 175.11 158.13 189.92 168.91
14 CA 173.65 160.43 119.95 153,95 157.88 166.78 178.30 170.76 170.60 156.60
NA 178.51 146.27 180.55 169.95 180.30 144.4 142.41 180.02 158.17 139.57
21 CA 145.92 169.00 189.17 135.19 166.23 140.34 190.19 146.64 190.81 172.30
NA 151.25 192,75 155.35 165.78 171.02 151.96 158.77 146.35 150.98 148.24
28 CA 170.74 157.60 167.16 195.14 155.86 168.33 124.91 152.52 154.02 152.81
NA 155.2 163.14 172.82 146.64 165.02 169.61 | 141.04 200.32 154.28 144.74
35 CA 148.9 173.36 137.06 160.81 144.45 160.5 144.87 180.46 152.18 143.41
NA 142.22 161.45 147.17 188.44 133.15 164.75 178.05 171.93 165.64 186.82
42 CA 146.56 158.90 171.76 154.67 133.98 136.17 158.38 147.41 142.97 157.45
NA 177.18 163.79 161.32 156.58 171.29 150.65 167.58 165.88 152.66 159.59
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AT9199 A3 AIUNIE (MM) YBINAENDUNDIANNTE 3L’)a'1LLazaﬂWin‘tUﬂqiLﬁUSﬂUq

nsinusnen fradei
sEPLLIAN GHULH 1 2 3 4 5 6 7 8 9 10
0 CA 38.23 38.7 | 40.61 38.07 36.57 37.6 38.44 38.83 38.71 39.64
NA 38.23 38.7 40.61 38.07 36.57 37.6. 38.44 38.83 38.71 39.64
7 CA 42.84 39.52 35.52 39.13 39.35 40.12 37.92 40.47 35.80 39.02
NA 40.70 36.14 36.37 38.46 37.17 35.29 38.39 37.04 40.16 39.51
14 CA 38.33 38.16 40.30 35.65 36.46 37.24 33.65 35.72 39.65 36.16
NA 37.57 38.31 39.20 44.66 35.69 36.80 36.01 38.02 39.17 34.85
21 CA 33.31 35.81 36.14 35.63 38.57 34.59 36.79 34.13 36.77 38.97
NA 37.89 37.86 38.14 35.52 39.10 34.33 39.72 35.88 34.24 37.81
28 CA 37.21 36.66 36.33 38.77 33.95 37.70 32.81 37.78 35.29 36.36
NA 35.65 36.79 34.61 34.54 36.36 41.19 40.21 39.21 34.37 36.00
35 CA 35.82 33.99 31.61 35.74 34.35 36.28 33.25 36.06 34.75 33.37
NA 33.26 32.81 34.70 36.69 35.28 37.28 34.17 33.56 34.79 36.24
42 CA 33.59 33.57 37.68 33.53 31.94 31.21 3352 34.45 33.73 30.32
NA 32.95 35.49 34.93 37.47 36.64 34.22 32.86 36.19 34.70 36.33
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R399 A4 L* °ua\1né”nwauwmmmwsL'JmLLazanﬂz’Lun'mﬁusnm

nsusnw Hrotinad
1M 15| #n17Y 1 2 3 q 5 6 T 8 9 10

0 CA 57.46 54.26 53.68 55.55 51.94 54.76 52.44 50.50 53.17 57.01
NA 57.46 54,26 53.68 55.55 51.94 54.76 52.44 50.50 5317 57.01

7 CA 55.31 57.56 53.54 49.69 57.60 49.47 54.36 53.56 55.44 54.03
NA 53.28 53.33 53.33 53.92 50.97 50.24 46.99 53.04 50.52 52.74

14 CA. 54.11 58.03 55.16 50.18 54.14 57.19 54.14 48.60 51.05 51.48
NA 57.65 58.06 57.22 54.36 53.48 53.78 52.72 56.70 53.48 52.95

21 CA 50.01 50.02 55.46 51.41 52.13 57.02 51.90 © 5275 51.35 56.72
NA 54.85 59.24 52.58 54.32 51.71 51.81 49.25 50.37 52.89 51.74

28 CA 55.82 59.38 58.40 56.24 57.43 53.72 53.32 57.31 53.73 49.82
NA 60.32 61.49 59.52 59.93 63.11 60.40 68.76 67.13 64.47 53.86

35 CA 57.54 58.33 52.72 57.83 56.92 56.44 51.93 54.08 56.00 54.07
NA 63.39 65.85 62.27 65.46 63.16 64.94 64.46 61.85 63.68 66.10

q2 CA 51.81 51.62 60.20 50.91 50.46 49.50 q47.62 54.18 49.75 49.85
NA 62.80 58.87 60.70 62.15 ) 66.54 62.11 62.08 61.72 57.56 59.88
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n1sIAUINW f8197
sTevian 80Ny 1 2 3 4 5 6 7 8 9 10
0 CA -10.18 -10.37 -9.8 -9.69 -10.49 -10.14 ‘-10.59 -10.69 -10.04 -9.97
NA -10.18 -10.37 -9.8 -9.69 -10.49 -10.14 -10.59 -10.69 -10.04 -9.97
7 CA -10.83 -10.01 -10.20 -10.32 -10.22 -10.74 -10.84 -10.57 -10.42 -10.44
NA -9.05 -9.28 -8.58 -9.35 -9.72 -9.59 8.17 -9.38 -10.04 -9.17
14 CA -9.66 -9.22 -9.67 -9.48 -10.15 -10.07 -9.62 -10.10 -9.98 -9.42
NA -8.48 -9.13 -8.60 -9.37 -9.39 -71.37 -71.66 -8.03 -7.88 -8.55
21 CA -8.74 -8.96 -10.46 -8.92 -8.34 -9.70 -10.23 -10.00 -9.06 -9.09
NA -8.82 -4.33 -7.64 -8.31 -8.19 -9.98 -9.23 -8.60 -9.05 -8.78
28 CA -8.55 -6.94 -7.93 -8.42 -8.93 -9.09 -8.39 -6.41 -8.54 -7.81
NA 9.99 6.34 -0.40 1.58 8.31 -2.36 7.62 6.95 3.05 -5.68
35 CA -5.87 -7.38 -8.47 -6.81 -5.49 -6.87 -6.78 -9.38 -7.63 -6.79
NA 11.01 8.28 3.19 8.71 8.96 8.34 8.54 10.27 10.20 6.86
42 CA -7.71 -8.49 -3.20 -8.27 -6.97 -7.18 -7.54 -7.40 -6.71 -71.35
NA 9.81 11.07 10.64 9.45 9.70 10.17 9.94 11.48 10.09 11.10
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A1519%1 A6 b* TaandigviauvaIsusraznatazanzlunisiiushwm

MUY fra8147
JsaIan #0178 1 "2 3 4 5 6 7 8 9 10
0 CA 33.62 34.97 32.87 34.33 33 34.28 33.98 32.58 32.06 35.02
NA 33.62 34.97 32.87 34.33 33 34.28 33.98 32.58 32.06 35.02
7 CA 3574 34.70 32.46 31.57 33.65 32.13 3361 33.74 33.66 34.39
NA 34.18 31.48 32.59 31.89 30.63 30.27 28.82 32.10 31.59 32.50
14 CA 3212 32.25 32.63 29.45 32.46 32.34 32.31 30.17 30.04 29.93
NA 32.66 33.23 33.68 32.19 31.58 29.94 29.68 32.63 31.88 29.11
21 CA 32.58 31.75 33.43 30.66 31.78 34.68 32.99 32.09 31.76 33.02
NA 34.02 40.58 33.17 32.97 31.71 33.04 31.09 30.33 3291 31.29
28 CA 34.79 36.27 3553 36.70 35.13 35.97 32.20 36.72 34.61 32.69
NA 40.13 46.62 42.33 41.07 45.17 38.03 43.87 41.29 44.07 31.32
35 CA 38.10 35.62 33.13 37.74 38.81 36.35 34.23 33.74 35.98 35.91
NA 45.44 a41.77 40.06 39.34 38.96 45.56 45.40 44,59 44.58 45.60
42 CA 31.80 33.88 38.57 31.95 32.16 32.17 30.84 34.25 32.63 32.47
NA 45.26 43,01 41.19 39.46 43,53 39.76 42.07 42.05 39.36

39.83
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ﬂl 1 4‘1 -QI @ b 1.4 < ar
AN A7 ANULLLILBISNANYBRURDNNAIINBUNDY (N/mm) Amsssaziaasanielunsiiusnw

nsiiusnm #0819
sToTIAn EANY 1 2 3 4 5 6 7 8 9 10

0 CA 6.610 9.204 10.105 4.718 11.084 8.490 9.534 7.608 9.145 11.688
NA 6.610 9.204 10.105 4,718 11.084 8.490. 9.534 7.608 9.145 11.688

7 CA 5.630 5.307 5.701 4.768 6.638 4.613 5.341 5919 5.672 6.717
NA 5.453 9.440 6.952 7.683 6.082 8.425 8.756 8.583 7.595 7.474

14 CA 3.199 4.129 3.733 4.676 4.052 4.221 4.618 4.944 4.074 4.680
NA 7.660 8.284 6.894 6.903 11.097 8.688 7.038 8.008 7.894 8.189

21 CA 4.006 3.827 3.295 4.469 4.139 3.877 4.637 5.273 2779 3.342
NA 6.288 3.037 5.920 1.227 6.662 4.810 5.643 5.896 6.049 6.267

28 CA 3.676 3.810 3.996 4.789 2.968 2.396 4.015 3.914 2.757 3.760
NA 2.497 2.7129 4.040 3.836 2.973 5.899 3.930 3.759 2.725 6.513

35 CA 4.118 4.368 4.267 3.935 3.430 3.936 3.610 2.790 3.872 4.023
NA 2.011 1.566 4.390 2.409 1.865 2.342 1.510 1.847 1.580 2.641

42 CA 4.194 4,515 3.093 '4.602 4.542 3.559 3.280 4.003 3.906 3.598
NA 1.792 1.903 1.753 2.122 1.867 1.776 1.235 1.447 0.994 1.471

mnewn CA As maiiuinwdmedmuntanmusseine

NA fia nMsiiushesasa Uiy

6.



) ] & P 4 19 & a
TN A8 ANLUUIUBIREYBRUFINNAIIVIUNDI (N/mm) musxammLLazan'ns'lun'an'snm

nsiiuine #egrafl ,
AW EA1E 1 2 3 4 5 6 7 8 9 10

0 CA 7.403 9.319 10.575 7.478 9.299 9.560 9.983 7.768 9.387 10.428
NA 7.403 9.319 10.575 7.478 9.299 9.560 9.983 7.768 9.387 10.428

7 CA 7.189 6.345 7.838 6.583 7.533 5474 6.532 6.984 6.949 7.790
NA 6.328 8.355 7.437 7.115 6.934 8.471 8.017 8.315 7.766 7.889

14 CA 4.891 6.502 5.422 7.038 6.362 6.348 6.498 6.938 5.600 6.641
NA 8.955 8.980 7.627 7.718 9.912 9.443 8.218 8.535 9.021 8.767

21 CA 6.484 6.180 5.401 6.676 6.397 6.210 6.770 7.762 ‘ 4.673 5.667
NA 7.596 3.640 7.342 7.743 7.686 7.013 7.362 7.925 7.663 7.929

28 CA 5.610 5.822 6.161 6.442 5.015 3.580 6.232 4.549 4.734 3.904
NA 2.198 2.737 3.107 3.317 2.889 4.948 3.420 3.511 2.482 7.865

35 CA 4.919 6.216 4.082 5.152 4.879 6.020 5.656 4.628 6.030 4.754
NA 1.681 1.605 4.234 1.930 2.069 2075 1.822 1.742 1.549 2.38?

42 CA 4.037 5.706 3.295 5.746 6.694 5.297 4.955 6.070 5.205 5.040
NA 1.627 1.555 1.524 1.865 1.648 1.816 1.169 1.381 1.165 1.498

wneweg CA Ale msifivinyidmedamunuanimusseinia

NA fia msiRusShwdsa ey
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=l a v 4 o
R399 A9 LLi\ﬂuﬂ']sLLVNV\gQanﬁﬂﬂa')UW'f)ﬂJﬂaq (N) Fl'u.lib’ﬂﬁl'JfﬂLlaﬁaﬂ']')ﬁ‘LUﬂ'ﬁLﬂUiﬂ‘tﬂ

asiusne fotnad
sEaa AN 1 2 3 4 5 6 7 8 9 10
0 CA 15.015 17.291 16.786 17.571 17.582 17.236 16.058 16.255 16.483 16.522
NA 15.015 17.291 16.786 17.571 17.582 17.236 16.058 16.255 16.483 16.522
7 CA 21.815 16.286 17.758 17.999 18.161 16.087 17.654 19.185 21.370 20.059
NA 15.319 14.992 17.973 14.668 15.720 16.440 15.181 17.971 16.502 15.682
14 CA 18.456 22773 19.790 23.918 22.792 24.605 23.237 25.072 19.411 24.308
NA . 20.767 18.572 18.320 17.019 19.081 19.964 19.521 18.769 19.749 19.648
21 CA 25.590 23.215 22.249 24.110 24.351 22.156 24.823 24.861 17.191 20.960
NA 20.117 16.870 20.037 20.774 19.242 21.024 20.291 21.785 21.146 22572
28 CA 24.287 24.770 24.959 23.175 21.302 16.880 25.450 23.643 19.276 21.876
NA 6.758 12.781 15.465 ~ 15572 12,172 17.583 14.206 12.682 11.448 19.523
35 CA 25.265 25.096 21.839 22.662 21.722 23.869 24.785 21.309 26.154 23.540
NA 6.842 7.120 18.165 5.837 10.084 8.498 5.149 6.937 5.853 11.619
42 CA 21.975 23.432 22.184 26.129 29.241 27.508 24.333 29.011 22.695 25.168
NA 7.302 6.342 4.854 7.249 5.330 8.476 3.555 5.226 3.272 5.619

mnemg CA fie Maifiuinwismegdamunuaninussene

NA fia nstiusheseauiu
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= v U
A13°99 A10 szazmslumsunanequidenndievieuies (mm) muszuzauazannglunisifivinm

nsifiudnun Aaenadl
sLEzaN dnnay 1 2 3 4 5 6 7 8 9 10
0 CA 2.081 1.848 1.584 2.383 1.893 1.808 1.606 2.109 1.746 1.587
NA 2.081 1.848 1.584 2.383 1.893 1.808 1.606 2.109 1.746 1.587
7 CA 3.025 2.629 2.264 2.742 2.409 3.058 2.816 2773 3.063 2.565
NA 2.410 1.828 2.410 2.083 2.371 1.961 1.884 2.157 2.125 1.986
14 CA 3.754 3.497 3.654 3.392 3.572 3.864 3.577 3.608 3.465 3.654
NA 2.336 2.075 2.412 2.204 1.919 2.112 2.375 2.209 2.192 2.265
21 CA 3.950 3.804 4.161 3.609 3.803 3.568 3.671 3.198 3.684 3.694
NA 2.653 4.689 2.725 2.675 2.506 3.034 2.751 2.745 2.758 2.845
28 CA 4.341 4,251 4.047 3.569 4.260 4.783 4.076 5.281 4.076 5.796
NA 3.043 4.680 4.949 4.682 4.206 3.546 4.171 3.629 4.613 2.479
35 CA 5.283 4.091 5.421 4.392 4.431 3.954 4.392 4.671 4.346 4.941
NA 4.075 4.306 4.283 2.995 4.845 4.077 2.840 3.955 3.769 4.875
42 CA 5451 4.146 6.796 4.565 4,360 5.204 4.927 a4.772 4.385 4.995
NA 4.468 4.057 3.170 3.864 3.213 4.639 3.017 3.747 2,785 3.729

wanewmg CA As msifiuinwasgaiuauanmussene

’

NA fa nsiiusnunseadnsndu

c8



] ] =l 2 < a
M5 ALl AUwlEIvawlFaNNaEELNDY (N mm) muszaznmuazannﬂumsmusnm

n1susnen fraeedi |
sTesian d@ne 1 2 3 4 5 6 7 8 9 10

0 CA 15.790 16.143 13.387 17.776 17.976 157329 12.997 18.322 14,743 14,208
NA 15.790 16.143 13.387 17.776 17.976 15.329 12.997 18.322 14,743 14.208

7 CA 30.688 20.199 18.709 22.309 21.209 22.656 21.647 25.281 30.856 24.786
NA 18.351 14.627 22.287 16.260 16.413 16.064 15.376 19.852 18.320 15.579

14 CA 30.697 33.858 31.292 35.287 35,221 41.325 36.991 40.330 30.245 39.794
NA 23.257 19.079 21.855 18.542 19.302 20.863 22.409 20.582 21.199 21.651

21 CA 43.002 36.895 37.557 37.730 39.602 32.858 39.908 35.305 26.852 31.305
NA 25.160 38.193 25.881 27.284 23.163 27.006 25.617 '27.718 26.997 30.031

28 CA 45.013 45.664 43,235 38.141 37.794 34,698 44.132 61.924 31.898 67.742
NA 11.523 31.730 42.606- 38.315 27.777 34.208 32.730 24.759 28.271 23.089

35 CA 66.554 46.053 61.860 47.586 44.102 40.581 45.883 40.058 48.637 57.893
NA 16.143 16.858 40.169 9.854 24,713 19.112 7.224 14.936 12.020 29.832

42 CA 62.699 45.325 75.568 57.999 56.054 65.232 54.902 60.040 46.540 57.101
NA 16.975 14.213 8.600 15.562 9.608 20.566 5.835 10.403 4.562 11.157

wnemeg CA Ao malfiuinmdegmunuaninusseine

NA fia Mafusnemeanudy
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- d d v )
ATNN A12 LSINALRaEINa8sunad (N) ﬁnll'ixﬂxL'Jﬁ']LLazaﬂ']')zTUﬂ'ﬁlﬂUsﬂl‘ﬂ

nsIAUINE fatef
IsaLa #n1e 1 2 3 4 5 6 7 8 9 10
0 CA 6.358 6.489 6.957 7.278 7.314 7.119 7.184 7.183 6.501 6.727
NA 6.358 6.489 6.957 7.278 7.314 7.119 7.184 7.183 6.501 6.727
7 CA 5.466 6.772 6.944 7.813 6.035 6.834 6.544 6.391 6.098 6.231
NA 7.033 8.096 6.256 7.116 6.932 7.243 6.576 6.462 6.386 6.862
14 CA 6.197 5422 6.202 5.765 5.442 5.211 6.580 6.044 5.641 5.541
NA 7.288 7.084 6.190 6.577 7.509 6.579 6.201 7.232 6.449 7.283
21 CA 5.529 6.250 5.890 5.317 4.825 4.945 5.121 6.491 6.324 5.582
_ NA 5.826 2.238 5.737 6.580 6.534 6.434 6.498 6.287 6.584 6.025
28 CA 3.707 3.278 3.987 3.913 5.612 5231 4.935 1.647 4.689 2.267
NA 0.635 0.696 1.094 2.184 1.178 1.393 1.329 1.396 1.842 5.982
35 CA 2.231 4.458 1,682 1.612 2.502 4.081 5.252 5.899 3.455 1.879
NA 0.684 0.521 1.484 0.527 1.043 0.686 0.986 0.517 0.691 0.820
a2 CA 0.990 3.765 1.171 2.637 . 3.846 . 2.681 2.981 3.307 3.144 1.790
NA 0.508 0.585 0.419 0.506 0.537 0.650 0.339 0.345 0.399 0.478

e CA fis MaiusnyidegauauanInussene

NA fia mstiushwmenudu

b8



= o ¥ v o
a15199 A13 ndalumsuanequlendieveuvas (N mm) mussoznamazannglunsiiuin

nauinw At
JvEsIan G Fplgle 1 2 3 q 5 6 7 8 9 10

0 CA 145,958 128.032 139.432 139.479 141.479 154.552 143.691 145.271 140.688 143.995
NA 145.958 128.032 139.432 139.479 141.479 154.552 143.691 145.é71 - 140.688 143.995
7 CA 116.264 133.498 142.591 159.297 137.003 135.114 119.928 127.895 119.311 124.492
NA 144.293 189.601 120.398 137422 145,397 182.787 142,743 140.046 131.352 134.915

14 CA 123.103 100.604 108.231 125.671 103.245 92.848 122.079 120.890 102.459 94.505
NA 137.162 133.571 123.766 125.965 158.433 127.425 113.594 134.445 123.598 146.161
21 CA 105.032 106.414 96.586 106.356 84.882 103.062 90.262 147.180 110.487 101.272
NA 120.017 40.330 120.928 130.811 125.327 137.661 124.479 141.824 120.912 116.836

28 CA 67.508 61.823 73.783 66.319 105.783 88.349 90.380 29.115 89.641 37.434
NA 12.230 12.396 20.401 37.856 20.842 24.141 22.440 24.898 33.835 118.147

35 CA 38.621 74.678 28.203 27.459 44.334 69.026 97.461 99,989 63.328 34.010
NA 12.029 9.471 25.231 10.224 19.371 14.014 19.479 10.348 11.858 15.093

42 CA 15.989 65.288 17.796 42.308 67.560 42.765 53.493 53.253 52.184 29.975

NA 8.345 10.211 7.993 8.772 10.176 10.525 5.965 6.125 8.003 8.454

wemg CA fle maiuinwidedaunuanmusseine

NA fio ﬂ']SLfdlU%’ﬂU']ﬁ'lﬂﬂ’)'ngu
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19799 Al4 U'imm%am%wasawalmmnawmuwad (%Brix) Gl']ll'i%fJSL']a']LLﬂSﬁﬂ']']ﬂ‘Uﬂ']'iLﬁU'iﬂU']

~ mafiuiw fra847
stEvIAn @Al 1 2 3 4 5 6 7 8 9 10
0 » CA 1.2 1.2 1.2 1.2 1.6 1.2 1.2 2.0 1.2 1.2
NA 1.2 1.2 1.2 1.2 1.6 1.2 1.2 2.0 1.2 1.2
7 CA 2.0 1.6 24 2.4 2.0 2.0 19 2.0 1.6 1.6
NA 1.6 2.0 1.6 2.0 1.6 2.0 2.0 1.6 1.6 1.6
14 CA 2.4 2.0 2.4 2.8 2.0 1.6 3.2 2.4 2.0 2.8
NA 2.0 2.4 2.4 2.0 3.2 2.0 2.0 24 24 2.8
21 CA 4.0 3.6 24 24 24 2.4 2.4 3.2 2.8 2.8
NA 2.4 124 24 36 ‘ 2.8 3.2 3.6 3.2 3.6 3.2
28 CA 4.0 4.0 3.6 4.0 3.2 4.0 2.8 4.8 3.2 6.0
NA 19.6 14.8 16.3 14.4 15.6 8.8 11.9 12.1 16.4 3.2
35 CA 5.6 5.6 8.4 5.2 4.8 4.4 5.6 3.6 4.0 4.8
NA 18.8 20.4 7.6 20.0 16.8 19.2 18.4 20.0 20.0 19.2
42 CA 12.0 8.0 8.1 8.1 59 6.4 8.9 6.0 9.1 6.5
NA 21.5 20.8 21.6 19.6 18.8 18.5 20.8 19.5 20.0 18.8

wewme CA fie msiiushwismegaiuauaninussenie

NA fia MsLfiusnemsAnudiy
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A3 AL5 USinaunsmndnueandagneuvies (%Malic) muszaznatwaranizlunsifiuinwm

nstiuine fadnei
sTeTiian amay 1 2 3 4 5 6 7 8 9 10

0 CA 0.032 0.041 0.037 0.041 0.052 0.036 0.039 0.052 0.037 0.040
NA 0.032 0.041 0.037 0.041 0.052 0.036 0.039 0.052 0.037 0.040

7 CA 0.060 0.036 . 0.060 0.055 0.043 0.040 0.039 0.035 0.037 0.043
NA 0.043 0.063 0.041 0.045 0.043 0.060 0.044 0.044 0.048 0.039

14 CA 0.063 0.060 0.045 0.052 0.047 0.043 0.065 0.051 0.040 0.060
NA 0.063 0.068 0.080 0.072 0.091 0.051 0.048 0.063 0.061 0.097

©21 CA 0.080 0.076 0.053 0.044 0.051 0.060 0.064 0.080 0.055 0.068
NA 0.085 0.205 0.083 0.109 0.092 0.084 0.073 0.111 0.101 0.092

28 CA 0.097 0.105 0.087 0.092 0.072 0.103 0.056 0.117 0.080 0.107
NA 0.248 0.249 0.261 0.256 0.145 0.185 0.267 0.264 0.268 0.101

35 CA 0.100 0.085 0.140 0.097 0.099 0.091 0.093 0.093 0.084 0.088
NA 0.227 0.220 0.157 0.255 0.232 0.248 0.241 0.241 0.227 0.261

42 CA 0.153 0.140 0.115 0.128 0.116 0.105 0.144 0.104 0.137 0.092
NA 0.204 0.200 0.211 0.236 0.205 0.220 ’0.167 0.177 0.184 0.172

g CA fis Maivinvismegaiuauaninussene

NA A9 msiiushwmeaudu
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d L 1 =y 4 v = v . . .7
ANV Al6 ammu'dsmm’umwﬁqwasma‘lmmaﬂ‘%mmnsmmanwmnmwauwaa (%Brix/%Malic) W]ll'igtle‘ﬁL'lﬁ']LLﬂe‘ﬁ?iﬂ']’J%I‘Llﬂ']iLﬁ‘Uiﬂ‘l‘ﬂ

A1sAuSNEN Fr08147
YA #0138 1 2 3 q 5 6 7 8 9 10
0 CA 37.5 29.0 321 29.0 30.8 333 31.0 38.5 32.1 30.0
NA 37.5 29.0 321 29.0 30.8 33.3 31.0 38.5 32.1 30.0
7 CA 33.3 a4.4 40.0 43.9 46.9 50.0 48.3 51.7 42.9 37.5
NA 37.5 31.9 38.7 44.1 37.5 333 455 36.4 33.3 41.4
14 CA 38.3 333 52.9 53.8 42.9 375 49.0 47.4 56.0 46.7
NA 31.9 35.3 30.0 278 353 39.5 41.7 38.3 39.1 28.8
21 CA 50.0 ar.4 45.0 54.5 474 40.0 37.5 40.0 51.2 41.2
NA 28.1 60.4 29.0 329 304 38.1 49.1 28.9 35.5 34.8
28 CA 41.1 38.0 41.5 43.5 44.4 39.0 50.0 40.9 40.0 56.3
NA 79.0 594 62.2 56.3 107.3 47.5 44.5 46.0 61.2 31.6
35 CA 56.0 65.6 60.0 53.4 48.6 48.5 60.0 38.6 47.6 54,5
NA 82.9 92.7 48.3 78.5 72.4 77.4 76.2 82.9 88.2 73.5
42 CA 78.3 571 70.9 63.5 50.6 60.8 62.0 57.7 66.0 71.0
NA 105.2 104.0 102.5 83.1 91.6 84.2 124.8 109.8 108.7 109.3

= g o v v
niuwmng CA Ao NSLNUINWYINIEAAIUANENTINUITEINA

NA Aa nsiiusnusenlnsidu
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A3 91 HamsvnaeuUsEamduiaresndievenveaiiivinwilugaunuanin
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AMANUIN .

N15IATITNANTIINNGDY

A151990 91 HAN1IVIAEBU Two-way ANOVA 1892 11ENINAIENBNNDIMSITNAISHAUTNE

o '
wamwuasszssnmma‘]
Tests of Between-Subjects Effects

rmnmammmmunu
Type il Sum

Source of Squares df Mean Square F Sia
Carrected Modsl " 5060.172° 13 389.244 1.417 160
Intercept 3666641.342 1 | 3886641.342 | 1.342E4 .000
cantition 53.704 1 53.704 196 .659
time 3295.940 6 549.323 2.000 .070
contition * time 1710.527 6 285.088 1.038 404
Errar 34606.370 126 274,654
Total 3726307.984 140
Corrected Total 39666.542 139

a. R Squared = .128 {Adjusted R Squared = .038)

A9 2 HaN1TNAFDU Two-way ANOVA waqumuﬂnaawauwamaqmnmiLﬁUiﬂmw

dnniviay ssznmm’wq

Tests of Between-Subjects Effects

ht

Type Ill Sum
Source of Squares df Mean Sguare E Sig
Corracted Madel 30988.951" 13 2384.535 5.571 .000
Intercapt 3188160.881 1 | 3188180.881 7.449E3 .000
contition 215.066 1 215.066 502 480
time 27419.923 6 4568.987 10,677 .0oo
contition * time 3363.862 6 560.660 1.310 .257
Error 53831.159 128 428.025
Total 3273090.991 140
Corrected Total 84930.110 139

a. R Squared = .365 (Adjusted R Squared = .299)

i a . 1 .o’ a A 1
#19790 93 wamsaLﬂsﬂsﬁmmuﬂsﬂsﬂmﬁam ATUUANANTDIUMUNNTI8VOUNDIN UYL

- v ad
syeza1lunIsiusnw A3875 Duncan

weight

_Duncan
Subset

| 1981 N 1 2 3 4 5
4270 20 {1.2962E2
3571 20 [1.3525E2 [1.3525E2
2871 20 1.4607E2 |[1.4607E2
217% 20 1.5044E2 [1.5044E2
1474 20 1.5980E2 |[1.5980E2
1$uan 20 1.6481E2
77 20 1.7027E2
Sig. .391 101 505 151 437

Means far groups in homogeneous subsets are displayed.
Based on observed means.
The error tarm is Mean Square(Error) = 428.025.
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A v v L
195199 94 HanN1IVIAdaU Two-way ANOVA ‘uaammmﬁaﬂaawauwawaamnmﬂﬁu

Snuian1iziiarszesianfngeg

Tests of Between-Subjects Effects

Type ill Sum
Saurce of Squares df Mean Sauare E Sia
Corrected Model 376.655° 13 28.973 8.236 .000
Intercept 18B8248.159 1 188248159 | 5.351E4 .0o0
contition 9.314 1 9314 2.648 106
time 343.287 6 57.215 16.264 .0og
contition *time 24.054 B 4.008 1.140 343
Error 443.254 126 3.518
Total 189068.068 140
Corrected Total §19.908 138

a. R Squared = .459 (Adjusted R Squared = .404)

o a o ' Y Y |
ANTIN 95 HaNISI Lﬂﬁzﬁﬂ’nmtﬂﬁﬂiﬁ‘uLWEJW]F\’J']:JLLG)HG\’N‘UEN AMMUNINNAIENDUNDIN

] g w 3/ el
uma:ﬁsasnaﬂumsmmnm M3875 Duncan

Homogeneous
width

Subset
Wl el N 1 2 3
427 20 [3.4265E1
351 20 {3.4700E1
211 20 3.6560E1
2871 20 3.6590E1
1471 20 3.7580E1 |3.7580E1
790 20 3.8446E1
tEuau 20 3.8540E1
Sig. 465 107 129

Msans for groups in homogenéous subsets are displayed.
Based on observed means,
The error term is Mean Square{Erron) = 3.518.
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d . ) e/ o
1979 26 WamTadau - Two-way ANOVA 1841 L* ne’hwauﬂamaemnmﬂﬁusnm .

< 1
NANMITUALITTYLLIAINNE

Tests of Between-Subjects Effects

~DecendentVariabled,
. Type [l Sum

Souyrce of Squares df Mean Sguare F glg, |
Corrected Model 2035.630° 13 156.587 21.535 .000
Intercept 432789.955 1 432789.955 | 5.952E4 .00o
contition 417.478 1 417.478 57.415 .000
time 844,744 B 157.457 21.655 .00
contition *time 673.408 6 112.235 15.436 .000
Error 816.168 126 7.271
Total 435741.754 140
Corrected Total 2951,798 139

a. R Squared = .630 (Adjusted R Squared = .656)
GI']S‘N‘ﬁ 7 wamswmaaummuﬂiﬂiawaaﬂ"] L* né”:awawamé’qmnmﬂﬁué’nm

NANTILUALILHTIANNNE

Levene's Test of Equality of Error Variances?

Denendent Variable:l
F dft ar2 Sig.
.805 13 126 654

Tests the null hypothesis that the etror variance of the dependent variable is equal
across groups.

a. Design: Intercept + cantition + time + contition * time
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o 1 o . ] o/ o
N1519N 28 Naﬂﬁ’iLﬂ%EJ'ULﬁEJ‘UﬂWLQﬁEJ main effect ¥a49An L* ﬂél')EJ‘Viﬂll'Vl’eN dwsullade

annzlunsiiudnm

Pairwise Comparisons

_Dependent Varighle:l
95% Confidence Interval for
Difference®
O S | omerence
1287 ¥ z J) Std. Error Siga Lower Bound | Upper Bound
tSuem CA  NA -5.328E-15 1.206 1,000 -2.386 2.386
NA CA 5.320E-15 1.206 1.000 -2.386 2.386
77 CA NA 2.219 1.206 .068 -.167 4.606
NA CA -2.219 1.206 .068 -4.608 A67
1474 CA NA -1.631 1.206 179 -4.018 755
NA CA 1.631 1.206 179 -.755 4.018
219k CA NA .002 1.206 998 -2.385 2.388
NA CA -.002 1.208 .099 -2.388 2.385
287k CA NA -6.382' 1.206 .000 -8.768 -3.995
NA CA 6.382" 1.206 .000 3.995 8.768
357k CA NA -8.531" 1.208 .000 -10.918 -6.145
NA CA 8.531 1.208 " .000 §.145 10.918
427k CA NA -9.853 1.206 .000 -12.240 -7.467
NA CA 9.853" 1.206 .000 7.467 12.240

Based on estimated marginal means

a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no
adjustments).

* The mean difference is significant at the .05 level.
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o ' o . ] o )
#1519 29 wansiUSeuisuARA main effect U996 L* ndluveunas dwmsutlady

srazalunsAUsN

Pairwise Comparisons
D Yarahiad,
85% Confidence Interval for
Differancs®
Megn
:n'n f-'fm ﬂ’m Dm'er:)nceo- Stdt. Error Sig» Lower Bound | Upper Bound
CA  1sueu  7m 023 1208 865 -2.364 2409
14th 568 1.208 580 A8 3,085
217k 1.200 1.206 an 1168 2506
2874 -1.440 1.208 235 -3.026 47
£l 1507 1.208 24 -2.884 879
72 2489° 1.206 D41 403 4878
7 duen -023 1.206 985 -2.408 2364
14tk 848 1.208 54 -1.740 3033
n 1417 1.208 391 -1.208 3564
287k -1.462 1.208 .220 -3.840 824
£ -1.530 1.206 207 -3.916 857
[F2)) 2467 1.208 043 080 4.853
1496 duan -669 1.206 580 -3.055 1.718
T -546 1.208 583 2,09 1.740
Fik 531 1.208 .BE0 -1.856 2818
287 -2.108 1.208 083 4,485 e
3574 «2176 1.208 074 -4.562 am
4 1820 1.208 134 -568 4207
2 e -1.200 1.208 an -2.588 1198
el Aan 1.208 39 -3.564 1.208
143 -531 1.208 880 -2018 1.855
287 -2640° 1.206 030 -5.028 -253
35w 2107 1.208 Erid 5,004 -3
4z 1.268 1.208 287 -1.087 3878
20%  fuan 1440 1.208 .25 947 3826
i 1482 1.208 228 -824 3849
149 2108 1.206 003 -278 €485
2% 2840° 1.208 030 253 5026
5T -.088 1.206 855 2454 2318
2 1929 1.208 001 1.542 8315
3/ 1dudu 1507 1.208 21 -870 2804
s 1530 1.208 207 -857 3818
V4w 2176 1.208 an -211 4562
ik} 2707 1,208 027 an 5.004
261u 068 1,208 955 2318 2454
4% 3998 1.208 001 1.510 6383
421k e -2488" 1.208 041 4876 -103
T -2487 1.208 043 -4.853 -.080
149k 1820 1,208 REL] 4207 568
217k -1.289 1.208 287 -3678 1.007
284 -3920° 1,208 001 8.315 1502
EL2)) -3.896' 1,208 2001 -8.383 1810
NA - e T 2242 1.206 085 148 4628
147k -802 1.208 420 -3.348 1424
N 1202 1.208 an 1185 2508
287k 1821 1.208 .000 -10.208 5435
®h -10.038" 1.208 000 12428 7852
427k -7.38¢ 1.208 .000- -9.750 -4978
e e 2242 1.208 885 4628 A48
14k -3.204° 1.208 .009 -5.501 -818
27 1,040 1.208 390 3428 1346
2874 -10.083° 1.208 000 12450 7877
Kl -12.280" 1.208 000 -14.667 -8.894
[Fe) ) -9 806" 1.206 000 -11.892 27218
[T 862 1.208 A28 1424 3349
[ 3.204 1208 | .ooe 818 4501
244 2184 1.208 o5 -272 4551
264k -6.058" 1.208 000 -8.245 -4473
35 -0.076 1.206 000 -11.462 -8.690
i -6.402° 1.206 000 -8.768 4015
o
219 s -1.202 1.208 3 -3588 1185
Tk 1.040 1.208 330 1346 2416
) 2164 1.208 075 4551 .22
2% -8.023 1.208 000 “11.410 -0.037
35Th -11.240° 1.206 000 13677 -8.854
a2tk -0.566" 1.208 000 10852 -6.179
FLE LT 702" 1.206 000 5435 10.200
ML 10.083° 1.208 000 1877 12.450
14% 6.858" 1.206 000 4413 9245
17k 9.023" 1.208 000 0.837 11.410
351w 2217 1.208 068 -4803 168
42 AS7 1.208 705 -1.929 2044
T 10.038" 1.208 000 7652 12425
. a1 12.280' 1.208 000 2604 14,887
147% 9.076" 1.208 000 6.690 11.482
nik 11.240° 1.206 000 0.654 13627
R 267 a7 1.208 068 -189 4.803
$21% 2574 1206 028 208 5081
T 7364 1.206 000 4979 8750
w 9.608" 1.208 000 7219 11.902
14w 6.402 1.208 000 4015 0.788
24k 6.566" 1.208 000 6179 10.852
267k -.A57 1206 705 <2844 1920
3%h -2874’ 1.208 028 -5.081 -.288
Based on astimated marginal means
a for multtple LBast Difference tono
. adjustments).

*, The mean differance Is significant atthe .05 level.
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o] ' v 'Y o
A9 910 wan1snadeu Two-way ANOVA ¥849A1 a* ﬂa'lUW@NV]@\?VTﬂQQWﬂﬂqiLﬁUiﬂUq

ol :
NANMIBUALITHUTLIAINNY

Tests of Between-Subjects Effects

—Dependent Variable:a
Type Hl Sum
Source of Squares df (- E Slg. |
Carrected Model 6708.299 | 13 516.023 | 179.727 .000
Intercept 41186.567 1 4116.567 | 1.434E3 .000
contition 1661.282 1 1661.282 | 578.614 .000
time 3276.521 6 546.087 | 190.198 .000
contition *time 1770.485 6 295.083 | 102.775 .000
Error 361.764 126 2.871
Total 11186.629 140
Corrected Total 7070.063 138

a. R Squared = .948 (Adjusted R Squared = .944)

A J 1 4 o o
A15199 211 NaNISNAABUANMULUTUTIUYDIAN a* ﬂa'lEJME)JJV]ENVI&\?'\J']ﬂﬂ']'iLﬁU'iﬂU']

o '
NANTIBUATITULIAINE

Levene's Test of Equality of Error Variances”

Jlannnngnpm.me 2
E df1 df2 Sig.

11.870 13 126 .000

Tests the null hypothesis that the error variance of the dependent variable is equal
across groups.

a. Design: Intercept + contition + time + contition * time

o = al ' o J 1 4 ° s L% '
715139 912 wanmsiUSeuieuARdsveean a* ndeveuned dwmsutladessasiianlunis

< w 2| s
(NUINE N 0 U

ANOVA
Sum of
(c} df Mean () F Slg. |
Between Groups .oo0 1 .000 .000 1.000
Within Groups 2.020 18 12
Total 2.020 19

] a ' o ' v o & o
M99 213 Naﬂ']'i.LUgUULVIEJUﬂ']LQaU'U@\’ﬂ'] a* NAYVUNDY a’MSUfJ’-J’-JEJ‘i::EJ::L'Jﬂﬂun'ﬁ

< o o [
WNUINYN 7 U

ANOVA
-]
Sum of
Squares gf [ Mean Square F —Slg.__|
Between Groups 7.508 1 7.508 40.140 .000
Within Groups 3.367 18 187
Total 10.875 19
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ﬂ. U A 1 1 4 o v o/
A5 914 nansiTeuliisuAaiieusn a* ndevieunas dmdutadussesiialuns

Viusnwnd 14 Ty

ANOVA
a2
Sum of
Squares df M (-} F Sig, |
Between Groups 8.345 1 8.345 27.548 .000
Within Groups 6.453 18 .303
Tota! 13.798 19

A15199 915 nansiUSsufisuaaiuredn a* ndeveunas dwsutlidussezailunis

L A L
WHushwn 21 Yu

ANOVA
a
Sum of
Souares dr Mean Sguare F Slg. _|
Between Groups 5.593 1 6.593 3.947 .062
Within Groups 25.504 18 1.417
Total 31.087 19

o - - 1 o 1 v o Y
ATN 16 HANTISIUIBULNEUAREEVDIAN a* NAILRUNDY Z‘?-’Miuﬂimﬂizam’laﬂumi

as of @
ushwd 28 Yu

ANOVA
Sum of
Squares df Mean Square E Sig,___|
Between Groups 677.529 1 677.529 49,494 .000
Within Groups 246.402 18 13,689
Total $23.931 19

o = <l ' P t v o u [y
A5 917 anTUTgUNgUAIRAETDIAT a* nalevieunae dmsuladusseriiantunis

iushwil 35 Ju

ANOVA
a
Sum of
Sayares daf Mean Square F Slg. |
Between Groups 1214196 1 1214186 | 394.953 .000
Within Groups 55,337 18 3.074
Total 1269.533 19

x| - al ' o ' v 0w Y
A1599 918 NaNSIWUTHUNEUANRALUDIAT a* NAIEVDUNY ﬁquU{]ﬁ]QUixﬂﬁnaq’LUﬂqi

v 4 L4
Lf‘]‘Uﬁﬂ‘l:}'W'l 42

- ANOVA
-]
Sum of
Sqyares dr M : F St
‘Betwsen Groups 1618.606 1 1518.606 | 1.154E3 .000
Within Groups 23.681 18 1.316
Total 1542.288 19
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o P 1 o 1 v ° o o
MN19999 19 Nan'ﬁlﬂ%‘UULV]UUﬂ']LQﬂUﬂJ@Qﬂ'] a* NAYVDUYIDY a']ﬁiU'ﬂﬂﬂUaﬂ']')g.LUﬂqi

o o v
udnwfidaauguanimussene

a
~uncan
Subset for alpha = 0.05
e N 1 2 3 4
7T 10 |-1.045E1
TN 10 | -1.019E1
147) 10 | -9.73700 |-8.73700
2170 10 -8.35030
287 10 -8.10070
3571 10 -7.14640
4270 10 -7.08170
Sig. 075 .310 1.000 865

Means for groups in homogeneous subsets are displayed.
A15 199 220 Nan1sUSuisuARAsYeIRl a* Ndreanaunad dmsutlideanitizlunig

viuShweeaaudu

a
puncan
Suhset for alpha = 0.05
o N 1 2 3
LSNGIH 10 |-1.019E1
7Tk 10 |-8.23330
1474 10 | -8.44510
217% 10 | -8.28270
287 10 3.54000
3570 10 £8.43690
4270 10 1.0345E1
Sig. 087 1.000 .062

Means for groups in homogeneous subsets are displayed.

A15199 221 wan1svaaeU Two-way ANOVA 989A1 b* nd1emaunaananinnisiiusnea

fanmzilagszvinaIngg

Tests of Between-Subjects Effects

~DependentVariableh
Type Il Sum

Source of Sguares df Mean Square E Sig. |
Corrected Model 2042.445% 13 157.111 34.715 .000
Intercept 172827.308 1 172827.308 | 3.819E4 .000
contition 313.318 1 313.318 69.230 .000
time - 1203.953 6 200.659 44,337 .000
contition *time 525.172 6 87.529 19.340 .000
Error 570.247 126 4526
Total 175440.000 140
Corrected Total 2612.691 139

a. R Squared = .782 (Adjusted R Squared = .758)
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= ' v [ £ o
AN 922 NANTNAADUAMULUTUTIUYDIAT b* NAI8VaUYBINAIRINATSIAUSNW

NANITUALIZYEIAWN

Levene’s Test of Equality of Error Variances®

{ Variableh
E il df2 Si

2.081 13 126 .020

Tests the null ypothesis that the error variance of the dependent variable is equal
across groups.

a. Design: Intercept + contition + time + contition * time

] ' - 1 v Q [y 'y
A1519% 923 wanisil3euiisuAiaisuesan b* ndreveunes dwsutadussesiianlunis
€ & P [y
iushwan 0 Ju

ANOVA
Sum of
Squares df ! meanSquare E sig. |
Between Groups .000 1 .000 .000 1.000
Within Groups 42,673 18 2.371
Total 42,673 19

4 1 4 1 Y Q a a
A137199 924 nansSeuiisuARdeveean b* ndreveunes dwsuthidussuznailunis
ViuShwi 7 Yu

ANOVA
]
Sum of
S df Mean Square E Sla
Between Groups 19.184 1 19.184 10.392 005
Within Groups 33.230 18 1.846
Total 52,415 19

=l = = ' < 1 v ° </ [y
A9 925 HaNSIUSHUMIBUAIRAEYDIAN b* NAI8UBUNDY ﬂ"lWiUﬂ’ﬂ"\)EJiSEJSL'Jﬁ’ﬂUﬂ'ﬁ
€ o o [
NUINWIM 14 U

ANOVA
Sum of
Squares gf | Mean Sauare E slg. |
Between Groups 410 1 410 199 .661
Within Groups 37.074 18 2.060
Total 37.485 19
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o ' o ' v o o
N3N 926 NaﬂqiLU%'UULﬁUUﬂ']LQaEJﬂaQﬂ'] b* nalunesune ﬁ’IMiU{]’\WUSSUSL’Ja’fWﬂ’ﬁ

) o v
Hiushwid 21 Su

ANOVA
b
Sum of
Squares of | MeanSquara | F glo.
Between Groups 2.031 1 2.031 430 520
Within Groups 85.031 18 4.724
Total 87.062 19

715799 927 nansiFeuiisuanndevesan b* ndreveuvad dmsutlessezinanlums

Wushwil 28 Su

ANOVA
b
Sum of
Sguargs gt Mean Squarg E Sig, |
Between Groups 200.319 1 200.319 18.752 .000
Within Oroups 192.288 18 10.683
Total 392.608 19

o < o 1 o ] v o o Y
A1919% 928 NanNSIUTBUNEUAILRALUDIAT b* NAeaUNd a']VﬁU'UﬂﬂUisEJﬁL’]a'ﬂUﬂ'ﬁ

ViusnwIA 35 Yu

ANOVA
b
Sum of
Squares df Mean Square E _Slg, |
Between Oroups 256.994 1 256.994 | 45.411 .000
Within Oroups 101.867 18 5.659
Total 358.862 19

o l ] 1 o ) ‘v ° 1Y Y
f157199 929 wan1sUSEUTBUARRRUDIAT b* naluveunat dmsuladessesianlunis

L7 A s
Viusnwai 42 Su

ANOVA
b
Sum of
Squares df Mean Square £ Sig, ]
Between Groups 359.662 1 359552 | 82.885 000
Within Groups 78.083 18 4338 |.
Total 437835 18
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A 1 A 1 [ L. s
M19797 230 wan1siSouiisuaAaisreel b* ndranaunas awmsudaduanielunis

O =
\fiuSnwiigenuguanInusseInTea

b
_Duncan

Subset for alpha = 0.05
L 19R N 1 2 3 4
1470 10 |3.1370E1
2174 10 |3.2473E1 [3.2473E1
4274 10 3.3072E1
770 10 3.3565E1
13udu 10 3.3970E1 [3.3970E1
2871 10 3,5061E1 [3.5061E1
357 10 3.5860E1
Sig. 124 056 129 .209

Means for groups in homogeneous subsets are displayed.

A 0 A 1 v Q b4 s
A9 931 Nﬁ,ﬂ’ﬁtﬂ%ﬁmLﬁEJUﬂ'WLQﬁEJ‘Ui’Nﬂ”I b* naraveunes dwmsuiadsanislums

iusnweuaudu

b
~Luncan
Subset for alpha = 0,05
| 19 N 1 2
7 10 | 31.60620
1470 10 | 31.65740
2170 10 | 3311100
anan 10 | 33.97070
2871 .10 41.38080
4271 10 41.55230
357 10 43.12970
Sig. 062 A57

Means for groups in homogeneous subsets are displaysd.

i I S v
ﬂ'\i'\\?ﬁ 932 wan1Iadau Two-way ANOVA ?Ja\iﬂ'l']ul’l’uutualﬁuﬁu%ENﬂa'JEJVi@NV]EN

L4 s A 1
NN nmnﬁusnmwam'w HAZITUTIATNNNEG

Tests of Between-Subjects Effects

—Dependent Varable amaiim Eamdudy
Type Il Sum

Source of Squares df Mean Sguare F Sia. |
Corrected Model 726.556" 13 55,889 43.498 .000
Intercept 3709.923 1 3708.923 | 2.887E3 .0oo
contition 11.609 1 11.609 9.035 .003
tima 576,554 6 96.092 74.790 .00o
contition * time 138.393 6 23.066 17.952 .0oo
Error 161.889 126 1.285
Total 4598.368 140
Corrected Total 888.445 139

a. R Squared = .818 (Adjusted R Squared = ,799)
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i , A d v v o
C‘ni‘Nﬁ 233 Naﬂ’]iV]ﬂaaUﬂ’J’lﬁJLLUiUi’Ju‘lJmﬂ’J’lﬁJLLuuLuaLiuﬂ‘u‘umna’wﬁauﬂaﬂﬂa\iﬂﬂn

nsiiusnefidn1zuassEEsIAIRN

Levene's Test of Equakity of Error Variances®

F L dft df2 Sig
3.293 13 126 ,000

Tests the null hypothesis that the error varlance of the dependent variable is equal
across groups.

a. Design: Intercept + contition +time + contition *time

= ' : ' Y & w % ° @ ™
A15199 234 wan1silSouliisuanasresrnuntuilisiSuAuYsnaeneuned dmsutade

. 3 o H [y
ssavauNsnusnem 0 Ju

ANOVA
i fodus
Sum of
Squares df Mean Sauare F Sig, |
Between Groups .000 1 .000 .000 1.000
Within Groups 78.106 18 4.339
Tota! 768.106 19

A 1 A 1 J ﬂ' b V¥ ] .7 b
A1519% 235 nanisisauifisuandsvesanuutuiislSusuvesnaeveunes dwmsutlady

- < (Y
svgzalunsiiushen 7 Ju

ANOVAR
DM U PIRDISHA
Sum of
Squares df Mean Square E Slg, |
Between Groups 20.277 1 20.277 20.319 .000
Within Oroups 17.963 18 .998
Totat 38.240 19

A =l ] I A ) J A. b V¥ ] ol L3
AN 236 HANTIUTHULNEUALRASUDIAIUNLUULLBITNAUYBINAIENBUNDY dmiutady

Y < @
8T ﬁ'ﬂUﬂ'ﬁLﬂUiﬂU'Wl 149U

ANOVA
~NHIBIMUBISHA
Sum of
Souares gt | Mean Souare £ gig, |
Between Groups 73.453 1 73.453 82.357 .000
Within Groups 16.054 18 892
Total 89.507 19
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d J A ] A’ A‘ 2/ -] L LY
A15197 937 wan1sivSsuiisuaedsrssmuduiisisuiuresndeviounsy dmsuledy

& o al' [y
szpgiantumsiusnw 21 Su

ANOVA
C .
Sum of
Squares df Mean Sguare E Sig. |
Between Groups 16.474 1 16.474 17.782 .001
Within Groups 16.676 18 .926
Total 33.150. 19

o < -l ' ) . Y v o e o
A15199 938 HANTSIUTHUTEUAIRAEYDIAMULLULLBISUAUTBINAIEVBUNIEY d1MSUUIY

o/ A a
SEJE;’L'BaW‘I.UﬂTiLﬁ‘U'iﬂU'W] 28 U

ANOVA
il -
Sum of
Sauares df Mean Square E Slg. |
Betwaen Groups 397 1. 397 34 .566
Within Groups 20,924 18 1.162
Total 21.321 19

= < al ' P & A v v o o
AT 1N 239 HANISLUTHULNEUANRREVDIAMULUULLDISUANYBINAI8MBUNIDY dmsulae

& e = [y
sygzalunmsiiusnwn 35 Tu

ANOVA
o aw
Sum of .
Squares df | Mean Square F gig. |
Between Groups 13.105 1 13.105 27.754 .000
Within Groups 8.499 18 472
Total 21.604 19

o = ‘o ' = ) & &2 v 1% o o/ [y
M15199 940 HANSIUSHUNEUANRASUDIAULLUITBISHANYDINAIEUBUNSY d1msuTadY

/s A U/
seazlialu ﬂ']'iLﬁ‘U'iﬂ‘lﬂ']ﬂ 42 )

ANOVA
- M
Sum of
Sguares df Mean Sauare E Sig, |
Between Groups 26,295 1 26.295 | 129.062 .000
Within Groups 3.667 18 204
Total 29.983 19
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= - P 1 P & &y v o Y
M1519% 941 NaNISLUIYUNEUARALTDIAULLULLDLSUAUYDINAILUOUN DY ﬁ'WﬁU{]W\]EJ

L A L g
anmrlunsifuinunfgmuauaninusseina

anMAnuuIRaISnan

Duncan
Subset for alpha = 0.05

| 1987 N 1 2 3
2870 10 |3.6081E0
3570 10 |3.8349E0
429 10. |3.9292E0
21191 10 |3.9644E0
1470 10 |4.2326E0
7 10 5.6305E0
LA 10 8.8186E0
Sig. 208 1.000 1.000

Means’for groups in homogeneous subsets are displayed.

o = = I o ' &’ P v ] [ (%
AN 942 Han1siuTeuRguAIRfeTeIRNLULLILDISNAUTDINAILRRNYIDY dnsulady

anmglunisiiuinuimeniiudu

e kaldnen

Duncan
Subset for alpha = 0.05

1287 N 1 2 3 4
4294 10 [1.6359€E0
3574 10 {2.2159€E0
2870 10 3.8899E0
2170 10 5.7796E0
77 10 7.6443E0
1470 10 8.0655E0
tduan 10 8.8186E0
Sig. 313 1.000 1.000 055

Means for groups in homogeneous subsets are displayed.

=l & o v
"ATIN 43 NANITVAADU Two-way ANOVA YIANMULLLLLDIRAETDINAIB VO UNDY

UAIIINNISIAUS NN MILUAETEBEIAIRN

Tests of Between-Subjects Effects
_Dependent Varlable enain Enafntuion)
Type Il Sum

Source o Sguares df g uare £ Sig, |

Carrected Model 745.351° 13 57.335 61.682 .000

Intercept 6052.336 1 5§052.336 | 5.435E3 .000
*| contition 12.355 1 12.355 13.292 .000

time §78.203 B 96.367 103.674 .000

cantition * time 154,783 ] 25.799 27.755 .000

Error 117.419 126 .830

Total 5914.807 140

Corrected Total 862.470 138

a. R Squared = .864 (Adjusted R Squared = 850)
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o 1 dlu P L 4 LY
A5V 944 NANITVAFOUAMNUUTUTIUUDIANNLUULUBIRAEYDINAIENDUNDINAIIN

g 4 1
ﬂ'ﬁl.ﬁ‘USﬂUﬂﬂﬂﬂW')%LLﬁS'ﬁb’ﬂSL’]ﬁﬂﬂN‘]

Levene's Test of Equality of Error Variances”

rﬂamnanuaﬂanm.mmmf‘au 3
F gft dr2 Si
1.463 13 126 141

Tests the null hypothesis thatthe error variance of the dependent variable is equal
across groups.

a. Design: Intercept + contition + time + contition * fime

< = - 3 P . & P
A1319% 945 wansiUsauIBuAaae main effect YasnuLUULBIRREYDY

naruveunasdmTuladuaniislunisiiusne

Pairwise Comparisons
_Dependent variable:amayu Eaiafaquian
95% Confidence Interval for
Difference®
(|) (J) Mean
i ®An Difference (-
_u%lm z z J) Std. Error Sig.® Lower Bound Upper Bound
1suen CA NA -1.776E-15 431 1.000 -.853 853
NA CA 1.776E-15 431 1.000 -.853 853
7ils CA NA - 741 431 .088 -1.594 A12
NA CA 41 431 .088 -112 1.594
147 CA NA -2.484' 431 .000 -3.347 -1.540
NA CA 2.48¢4° AN .000 1.640 3.347
27k CA NA -.968" 431 027 -1.821 -115
NA CA .968’ 431 027 415 1.821
287 CA NA 1.557" 431 .000 704 2.411
NA CA -1.557" 431 .000 -2.411 -.704
357 CA NA 3124 431 .000 2271 3.978
. NA CA -3.124' 431 .000 -3.978 -2.271
427k CA NA . 3.680° .431 000 2.826 4533
NA CA -3.680° 431 000 -4.533 -2.826

Based on estimated marginal means

a. Adjustment for multiple comparisons: Least Significant Difference (equivalentto no
adjustments).

* The mean difference Is significant at the .05 level.
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o ' ] . 1 o
M99 46 Naﬂ']iLU?EJULﬁEJ‘Uﬂ']LaﬁEJ main effect VRNANULUULUDLRRUUDY

naneveunasdmsuadusyezinanlunisiiusne

Patrwise Comparisons

D ol do afonyfon
95% Confldence interval for
Difference®
Mean
g O & | O™ | ewemor | sige | LowerBouns | UpperBouns |
CA fumn 790 2.188" 431 .000 1.345 3.052
1474 2.808" 431 .000 2.043 3.749
2174 2.898" 431 .000 2.045 3.751
2874 3015 431 .000 3.082 4.789
3574 3.888" 431 .000 3.033 4140
274 3.816° 431 .000 3.082 4.788
T daan -2.188" 431 .000 -3.062 -1.345
1474 698 AN 108 -158 1.551
217U .700 431 107 -154 1.653
207k 1717 A3 .000 884 2.570
5w 1.888° 431 .000 835 2.541
a2 1.717° 431 .000 864 2.570
RS L ST T -2.896° 431 .000 -3.748 -2.043
7% -888 A .108 -1.561 158
217% .002 431 996 -.851 855
287k 1.01¢° 431 .020 188 1.673
35Tk 890 431 .023 337 1.644
4z7h 1.020° 431 .020 166 1.873
217u duan -2.806° 431 .000 -3.751 -2.045
774 -700 A 107 -1.653 164
144 -.002 431 .088 -.855 51
287% 1.017° 431 .020 184 1.871
s 888 431 .024 38 1.842
a2 1.018° A31 .020 184 1.871
287%  1fuek -3.015 431 .000 -4.768 -3.082
7% - 431 .000 -2.670 -.884
147k -1.01¢" 431 820 -1.873 -188
217% -1.017 431 .020 -1.871 -184
3w -.029 431 047 -.802 824
427 .000 431 .a98 -.863 854
T 1fusu -3.886° 431, .000 -a.740 -3.033
7% -1.688" 431 000 -2.641 -.835
1474 -.990° 431 023 -1.844 -137
2174 -.988" 431 024 -1.842 -135
2874 .029 AN 847 -924 .ee2
4270 .029 431 .936 -824 .883
427 [LET0Y -3.918° 431 .000 -4.769 -3.062
7% T 431 .000 -2.570 -884
1474 -1.020' 431 .020 -1.872 -.188
217% -1.018° 431 020 -1.871 -84
207% .000 AN .299 -.854 .853
I5TH -.028 431 946 -.883 828
NA a7 1.457° 431 001 604 2.311
1474 .402 431 352 -.451 1.256
2110 1.930° 431 .000 1.077 2.783
287h 5.479 431 .000 4618 8.326
35 7011 431 .000 B.157 7.084
427n 1.595' 431 000 6.742 8.449
7% Huon -1.457" 431 .001 -2.311 -.604
1474 -1.055 A3 018 -1.808 -.202
2174 473 431 ars -.381 1.326
287% 4.015' 431 .00 3182 4.860
35T 5553 431 .000 4.700 6.406
4291 6.138" 431 .000 5285 6.991
147% (duan -.402 431 352 -1.258 451
7iu 1.055° 431 .018 .202 1.e08
2174 1.528' 431 001 B7¢ 2.381
287% 5.070° 431 .000 7 5.923
35Th 6.600" 431 000 5.755 7.451
427h 7183 431 .000 8.340 6.046
217 LTI -1.930° A3 .000 -2.783 -1.077
7 -473 A3 278 -1.326 .31
141 -1.528' 431 .001 -2.301 674
28k 3.542' 431 .000 2.880 4388
L 5.080 A3t .000 4327 5.834
4271 5.865" 431 000 4812 8.518
2194 Ruew -1.830 431 .000 -2.783 -1.077
7% . 4T3 431 276 -1.326 381
1470 -1.528° 431 .001 -2.381 574
2874 3.542 431 .000 2.669 4.398
kLN 5.080" A3 000 4,227 5.834
ra’s 5.685" 431 .000 4812 6.518
2670 fuan -5.473" ED .000 -6.326 -4.619
7% 431 .000 -4.666 -2.182
149% 431 .000 -5.923 -4.217
2174 431 000 -4.398 -2.869
35Tk 431 001 885 2331
A27h 431 .000 1.269 .2.978
35T uan 431 Q00 -7.864 -B.167
79u 431 .000 -6.408 -4.700
149u A31 .000 -7.481 -5.758
2191 431 000 -5.934 -4.227
2070 431 001 -2.391 -1685
4270 431 78 -.280 1.438
4274 Suan A3t .000 -0.449 -6.742
7% 431 .000 -8.901 -6.285
1474 .43t .000 -8.048 -8.340
21w 431 .000 -8.518 -4.812
2874 AN .000 -2.978 -1.289
3570 -.565 .431 178 -1.438 .289
Based on estimated marginal means
*.The mean diYerance Is significant et the .05 level.
for muitiple Least 1 D 1o no

a.
adjustments),
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o o v
N9 947 NanN1TVIagay TWO'Way ANOVA °U'€]\1LL?QIHH'T?LWNVWETUQQLUaanna']&lﬂall'ﬂaﬂ

L4 U A 1
‘V]a\‘ﬁ]']ﬂﬂ’ﬁLﬁUiﬂ'l:}’W]aﬂ’l’Jh’ LATITHTLIRINNE

Tests of Between-Subjects Effects

¥ a0
Type 1l Sum

Source ofSquares df Mean Sguare E Sig,___|
Corrected Model 4190.784° 13 322.368 64,233 .000
Intercept 45525.989 1 455259889 | 9.071E3 .000
contition 1805.791 1 19805.791 379.736 .000
time 670.207 6 111.701 22.257 .000
contition *timse 1614.786 6 268.131 53.625 .000
Error 632.359 126 5.019
Total . 50349132 140
Corracted Total 4823143 139

a. R Squared = .B69 (Adjusted R Squared = .855)

o o Y
19790 948 Han1TnadauAINd LLUSUS'JH‘UENLLSQT.HnﬁiLLﬂﬂﬂzzj‘lladLUaﬂﬂna'J gaUNDY

wdnmsifusnuianneuaysyusinafingg

Levene's Test of Equality of Error Variances®

_Dependent Variable:l ST RATSUNING
E dft d2 Sia
3.073 13 126 .001

Tests the null hypothesis that the error variance of the dependent variable is equal
across groups.

a. Design: Intercept + contition + time + contition * time

= q P ' o a v ! o w
A19190 949 Naﬂ'lﬁLUiUUW]EJUﬂ']LQaUTJQQLLSQIUﬂ']iLWNVWQ‘U@QLUaﬂﬂna')UVfauﬂaﬂ GRIERY)

(v I3 [ d as
Uavwszezianlunisiiusnen 0 Yu

ANOVA
UsItumsunan=adufan)
Sum of
Squares dr Mean Square E Sig. |
Between Groups .000 1 .00 .000 1.000
Within Groups 11.413 18 634
Total 11.413 19

o P ' o a v o w
M990 350 NaﬂqitﬁUULV}UUﬂqLQﬂﬂﬂaqLLsﬂIUﬂqiLLﬂQﬂzaﬂlaﬂLUaaﬂﬂa')ﬂVfﬂuﬂﬂﬂ GRIGFRY

o e o o [
Yadusveziaanlunisiivinei 7 Tu

ANOVA
URlRmTINnzsufon
Sum of
Squares gt Mean Square E Slo, |
Between Groups 33.606 1 33606 | 12,982 002
Within Groups 46.596 18 2,589
Total 80.201 19
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o = - 1 < & Y o w
M1519N 951 NaﬂWSLUSUULWUUﬂqLQaU‘U@QLLiQIuﬂ'ﬁLLVNVW?}‘U@QLua@ﬂﬂa'lﬂﬂauwa\i ammsu

L. L% A L
ﬂ‘ﬂ‘ﬂ&l'ﬁﬂﬂ:ﬁL’Ja'l‘[uﬂ'l'il.ﬁl]‘iﬂw'wl 14 2

ANOVA
~UNTUATSUNNER(IEDN)
Sum of
Sauares gt Mean Sguarg E Sig,
Between Groups 54,286 1 54.286 16.286 .001
within Groups 59,962 18 3.331
Total 114.248 19

Py et - ' P - v 0w
AT N 952 Naﬂ']'iLU5EJ'UL‘V]EJUﬂ']LQE‘]EJ‘U'ENLL'i\ﬂUﬂ'ﬁLWNV]Sq‘U'ENLua@ﬂﬂaﬁﬂﬂauwaﬁ GRS

Jadussovnanlunisiiusnwad 21 Yu

ANOVA
AR TUNEROUSAN)
Sum of
gt Mean Square £ Sla, |
Betwseen Groups 32,888 1 32888 7.638 013
within Groups 77.501 18 4.308
Total 110.389 19

o - - 1 o - 1Y o w
A9 53 Nﬁﬂ'ﬁLUiUUL‘V]UUﬂ']LQﬁEJ‘U'ENLLS\ﬂUﬂ'ﬁLLVN‘V]Sﬁ‘U@QLUﬁ@ﬂﬂﬁ')UM@NW@Q GRIFRY

A a A s
U'\]i]SJ'iSEJzL’)a'l‘I.Uﬂ”ISLﬁU'iﬂU'W] 28 U

ANOVA
_um.ummmmmruﬁam
Sum of
Squares | of | MeanSquare | F slg. |
Between Groups 382.172 1 382172 | 37.832 .000
Within Groups 161.831 18 10.102
Total 564.004 18

P - - 1 - - v o  w
AN 954 Nam'iLU'iEJUL‘VlEJ‘lJmLQaEJ‘ZJENLL'N‘[uﬂ’l’iLLVNVWEj‘UmLUaE)ﬂﬂa’JEJMa:JVlEN GRYFY

Jeduseuznanlunisiiusnwad 35 Yu

ANOVA
~ARIumsun=atuian
Sum of
Souares af Mean Square E Sig,
Between Groups 1127.042 1 1127.042 | 123.821 .000
Within Groups 163.707 18 9.085
Total 1280.750 19
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< < P ' = - v o w
A7 955 Naﬂ'ﬁL'UiEJUL‘VlEJ‘Uﬂ']LﬂaEJ'UBQLLiQIUﬂ']iLWNVlSETUBQLﬂaaﬂﬂaﬁﬂﬂauwaq GREPY

g g A L.
ﬁ’-ﬂ'ﬂﬂ'i%ﬂﬂ']ﬁ'ﬂﬂﬂ']‘iLfd]‘U'iﬂ‘U’WI 42 W

19681.932

ANOVA
AU SUNNzauian)
Sum of
Squares of Mean Sguare E Slg,_|
Between Groups 1890.563 1 1890.583 | 372.532 000
Within Groups 91.349 18 5075
Total 19

o - o ' d P v o w
A3 V56 Naﬂ']ilﬂSEJ‘ULMEJUﬂ']LQaEJ“U'C]QLLSQIUﬂ']iLWNWS@“U@Qu.laaﬂﬂa']ﬂwallwaﬂ d1M5U

Tadvanslumsiiuinvingauauanmussenne

Homogeneous

USITRATITHRINR{LBEDN)

Duncan
Subget for alpha=0.05 -

1 N 1 2 3
15061 10 |1.6673E1
770 10 |1.8637E1
1470 10 2.2436E1
287h 10 2.2561E1
217 10 2.2950E1
3570 10 2.3624E1 (2.3624E1
4270 10 2.5167E1
8ig. 052 .280 123

Means for groups in homogeneous suhsets are displayed.

o - = ' o - v o a
A9 57 Naﬂ'ﬁLUiEJ‘ULVIEJUﬂ']LQaU'U'CNLLS\ﬂUﬂ'ﬁLLWQVI%Q'U@QLﬂaaﬂﬂaflEJW@IJVIEN dIMIU

Yaseanislunisiiusnuwiseninudu

Homogeneous

u-n‘lun'l-nmqu:q(ulﬁ'an)

_Duncan
Subget for alpha = 0.05

198, N 1 2 3 4 5
4271 10 |5.7224E0

357 10 8.6104E0

287 10 1.3818E1

7 10 1.6044E1

1duau 10 1.6679E1

1470 10 1.8141E1
2170 10 2.0385E1
sig. 1.000 1.000 1.000 534 225

Means for groups in homogeneous subsets are displayed.
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=
19199 358 Han1Ivngau Two-way ANOVA °Uaqszasma’lummmmq%aLﬂ?i'an

1 4 e 5.3 A 1
naawau‘wamaamnmmﬁusnmwamwLmsssammmq‘]

Tests of Between-Subjects Effects

Mot3iE3 H 20)

Type lll Sum
Source of Squares df Mean Square E Sig._]

.| Corrected Model 142.568° 13 10.967 43.924 .000

Intercept 1559,223 1 1669.223 | 6.245E3 .000
contition 18.672 1 18.672 74,784 .000
time 116.880 6 18.480 78.021 .000
contition * time 7.018 6 1.169 4684 .000
Error 31.459 126 .250
Total 1733.250 140
Corrected Total 174.027 138

a. R Squared = .819 (Adjusted R Squared = .801)
= v
A15199 259 Kan1snAdeUANMNLUTUTINTBTEEEYluNSUNINERURIAannG L MeNvDs

e g A 1
Mad'ﬂ’mﬂ’ﬁtﬁUimﬁ’Wlﬁﬂ’TwLLHSSSEJ%;’L’JGW]N‘]

Levene's Test of Equality of Error Variances®

_Dependent Varigble: gz zA(USpN)
F dr1 dn sig
3.478 13 126 000

Tests the null hypothesis that the etror variance of the dependent variable [s equal
across groups.

a. Design: Intercept + contition + ime + contition * time

o ' al v
AN 960 NansLUTBULiBUATLRE EJ‘U9\1338371’1\1114ﬂ’13LLV]~11’|3@?J@~1I.‘Uaaﬂﬂa? gD

dusutladdssezinanlunisifiusnwi 0 Ju

ANOVA
D NNIRUINNEANSan)
8um of
Souares i Mean Square £ Sig.__|
Between Groups 000 1 .000 .000 1.000
Within Groups 1.232 18 .068
Total 1.232 19

d el = I A < 2/
A15199 261 KaNSIUSBULBUALRA EJ‘U@QiZEJSVIWQ'LUHWSLLVNVl%E}‘UEN Wasnnanemaunad

° [y LY €8 w o [y
dwsullavgszezanlunmsinuinwn 7 u

ANOVA
RN TSRS RO)
Sum of
Sguareg df Mean Square i Sig, |
Between Groups 1.878 1 1.879 31.010 .000
Within Groups 1.080 18 .061
Total 2.968 19
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a al P 1 & o )
NI 962 Naﬂ'ﬁLUiﬂUW]EJUﬂ'ILQaEJ‘Ua\ﬁSEJSVI'NTUﬂ'liLWNVISfj“Ua\TLUaaﬂﬂa'Jﬂ‘ViauVIa\‘l

3 v [y < W P [
ﬂ']'VﬁU{j"D"DEJiZEJSL'JaﬂUﬂ'ﬁLﬂUiﬂ‘UWVI 14 3

ANOVA
IR SUNNERUAD)
Sum of
Sayares df Mean Square 3 Slg. |
Between Groups 9.715 1 9715 | 468.569 000
Within Groups 373 19 021
Total 10.088 19

P = ‘o 1 o o %)
A15199 963 HanSLUTIULNEUATLRG EJ‘U@\T?SUxVI'NIUﬂWSLWNVISQ"Ua\TLﬂaaﬂﬂaﬁlﬂﬂaﬂwaﬂ

dnsuaduszesiianlumsiiusnen 21 Ju

ANOVA
=BT SUINEROUEDn)
Sum of
Squares daf Mean Square F Sla
Betwsen Groups 3.011 1 3.011 | 13.079 .002
within Groups 4144 18 .230
Total 7.155 19

=l < a ) o o v
M990 964 HANTLUTHULNBUAILRREY aﬂixﬂ%ﬂq\ﬂUﬂ'ﬁLWNVlsaﬂlaﬂLﬂaaﬂﬂaﬁﬂwauﬂa\‘l

dwmsutliesyasiantunisifiusneii 28 Tu

ANOVA
i nza0uan
Sumof
Souares df Mean Square E Sla,__
Betwsen Groups 1.005 1 1.005 1.851 190
Within Groups 9.768 18 543
Total 10.773 19

=l § = a 1 P - v
A9 265 Han1sLdIgu LV]UUﬂ']LQﬂU‘U@QS%EJ%W'NIu ﬂqstLV]\jﬂgq%a\uUaaﬂﬂaﬁ UDUND

o [y [y “ w | (Y
dwmiuthdeszezianlunisiiuined 35U

ANOVA
_SzysmtumMaIngnROUSa )
Sum of
Squares df Mean Square £ Slg,__|
Betwaen Groups 1743 1 1.743 5.069 037
Within Groups 6.181 18 344
Total 7.934 19

=l - P ] o a v
MN1519N 66 KA mSLUS guLnguAlaa EJ‘UﬂﬂigﬂgwqﬂluﬂqiLLW\iwza“Ua\i Lﬂaaﬂﬂa') gUoauviol

o Lo L L A U
ﬂ']VﬁU‘U‘Di]USSEJ%L’Jﬁ']‘lUﬂ'ﬁLﬁ‘Uiﬂ“d’W] 42
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ANOVA
i) n=p0ufan
Sum of
Sauares gf Mean Square F Sig.
Between Groups 8.336 1 8.335 17.326 .001
Within Groups 8.660 18 .491
. Total 16,986 19

ﬂ. = 1 4 P b g
@159 67 wan1siIsuiivuaag EJ‘UBQiSUSﬂWQ'LUH'ﬁLLVN'ﬂb’@'U@Q wWasnnaienaunas

U v o ‘J 2/
dwivtadsannzlunmafuinnigaunuanimusseinia

Homogeneous

STHENNINATSHIANR(1VED )

_Dupgan
Subset for alpha = 0.05

o N 1 2 3 4 5
15001 10 (1.8644E0
7T 10 2.7344E0
1470 10 3.6037E0
21k 10 3.7141E0
2871 10 4.4480E0
3571 10 4.5023E0 |(4.5823E0
429 10 . 4.9601E0
Sig. 1.000 1.000 503 485 078

Means for groups in homogeneous subsets are displayed.

o = P ' P P v
A15190 968 NanT1siUsuUBUALRAYY aﬂﬁﬁﬂb’ﬂqq.LUﬂ'ﬁuﬂﬂﬂxa"anL'Llaaﬂﬂa')ﬂwau’ﬂa\’

dvsudadvannzlumsifushwdeainudu

Homogeneous

SzEXNNTRAISLINRER(1VRDA)

yuncan

Subset for alpha = 0.05
1287 N 1 2 3
TN 10 [1.8644E0
7Th 10 |2.1214E0
147h 10 |2.2098E0
2174 10 2.9381E0
424 10 3.6689E0
287 10 3.9898E0
3570 10 4.0018E0
Sig. 180 [ 1.000 196

Means for groups in homogeneous subsets are displayed.
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of - v
ATTNN 969 HaNISAFDU Two-way ANOVA ?lfNﬂ’J'uJL‘Vlua')ﬂa\uﬂaaﬂﬂaflﬁﬁawﬂaﬁ

L2 L. A 1
Wﬁ\ﬁﬂﬂﬂ’]'iLﬁU'Sﬂ“d’Wlaﬂ'TwLLaS'SSEJvL’J?IWYN |

Tests of Between-Subjects Effects

—Dependent Varlable:amumilinu§pn)

Type il Sum
Squrce of Squares df Mean Sguare F Sig. |
Corrected Model 26193.670° 13 2014.898 48.694 .000
Intercept 117793.006 1 117793.006 | 2.847E3 .000
contition 10684.404 1 10684.404 258.212 .000
time 7835635 6 1305.939 31.561 .000
cohtition * time 7673.632 6 1278.939 30.908 .000
Error 5213.685 126 41.378
Total 149200.362 140
Corrected Total 31407.356 139

a. R Squared = .834 (Adjusted R Squared=.817)

A15°190 970 NANSNAADUAULUTUTIUTIANMUIMT B T00URoNNA8MONNEINSIRINNNS

Nusnfianizuassesvnafingg

Levene's Test of Equality of Error Variances*

~DependentVarigble:a? L f20)
F dff df2 Sig.
3.752 13 128 .000

Tests the null h§pothesis that the error variance of the dependent variable Is equal
across groups.

a. Design: Intercept + contition + time + contition *time

> <t o ' o P - 3 ) o
M50 971 NanN1SIUTIUVIBUANRRETEIANUMTEIYDIUGINNA? U‘Wauwa\?ﬁqﬁiUﬁﬁmU

& W o [
swmm’lumsmusnmw 07U

ANOVA
AN (R
Surn of
. Squareg df Mean Square E Sla. |
Between Groups 000 1 .000 000 | 1.000
Within Groups 64.993 18 3611
Totat 64.993 19

a < at 1 al P P v o w o
A51N 72 Nan1sidseu LWUUﬂ']Lﬂaﬁmaﬁﬂ?qNLﬁUU')ﬂaﬁLUaaﬂﬂa')ﬂﬁauﬂaﬁaqﬁs‘Uﬁ"\]ﬂU

3 [ A [
ssggralumMsiiusnwa 7 Ju

ANOVA
—enaunilnaufan
Sum of
Sguares gr Mean Sguarg F Siq,___|
Betwesn Groups 212.620 1 212.620 18.679 .o6oe
Within Groups 204.892 i8 11.383
Total 417.512 19
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P - = ' P = 41 v 0w o
A1919N 73 Naﬂ'ﬁLUSEJUW]EJ‘Uﬂ']LQﬁEJ’U@\?ﬂ'J']NLVIUEJ'J‘U@QLﬂaaﬂﬂa')ﬂﬁauwaﬁa"lﬁiU{jﬂﬂﬂ
53&]3L')aqﬂlUﬂq3LﬁU%’ﬂﬂqﬁ 14 Ju

ANOVA
—amamnin(WEan

Sum of

Sauares gf Mean Square 3 Slg, |
Between Groups 1070.212 1 1070.212 | 113.279 000
Within Groups 170.056 18 9.448
Total 1240.268 19

o nt P~ ] a P & v o Y

A13°99 974 NamiL'lJisJULVIEJ‘UFHLQﬁEJ‘UENﬂ’J']:JLMUEJ’J‘UENL‘lJaE]ﬂﬂaﬁﬂwanwmﬁwwﬂf\]%
8 o o [y '
33’;83’/L')a'1‘LUﬂ']3LﬂU5ﬂU']VI 219U

ANOVA
—ananiiniuiag
Sum of
Sqguares daf Mean Square I3 Sig, |
Between Groups 352,475 1 352,475 18.084 .000
Within Groups 350.847 18 19.491
Total 703.322 19

P ] ' P P & v Y] o

AN A75 Naﬂ']'iLU%‘U‘UL‘VIEJUﬂ']Lﬂaﬂ'ﬂﬂ\ﬂﬂ')qlﬂﬁu&l')%ﬂﬁLUaﬂﬂﬂa')UﬁaNﬂaﬁﬁqﬁiU{]ﬂﬂU
e @ P @/
5383L?ﬁ'ﬂUﬂTﬂﬂUiﬂﬁqﬂ 28 WU

ANOVA
~anaiinauion

Sum of

Sauares df Mean Square E Sig,__|
Bétween Groups 1204.855 1 1204.855 11.641 .003
Within Groups 1862.990 18 103.499
Totat 3067.845 18

o o o 1 o d o Y o w )
A1719N V76 Naﬂ'ﬁLUSEJUW]UUF’]']lﬂaﬂﬂﬂﬁﬂ')qulwua')ﬂaﬂﬂaaﬂﬂa']ﬂﬁauwa\?aqﬁiUﬂﬂﬂﬂ
& e P [y
3333’/L')a'],LUﬂ']5LﬂU'iﬂ'lﬂ']w 3574

ANOVA
i fa)
Sum of
Squares df Mean Sguare F Sig.__|
Between Groups 4753.937 1 4753.837 52.247 .000
Within Groups 1637.820 18 90.990
Total 6391.757 19




ol -l -l ] o P - v o w o
M15199 77 HANSLUTBULNEUALREEUDY ﬂ'J'HJWIUEJ'NJaQLUaE)ﬂﬂﬁ'J EJWQ@J'V]EN?I']VI?U‘UQQEJ
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o A .Y
i%&lb’L'}ﬁ'ﬂUﬂ'ﬁLﬁUiﬂU’]ﬂ 42 1

ANOVA
_mu.mguuﬁnn
Sum of
Squares gf Mean Sauare F Sig.___|
Between Groups 10763.937 1 10763.937 | 210.122 .000
Within Groups 922.088 18 51.227
Total 11686.025 19

al < al ' o <l A 1 4 ] o [
M99 78 NaNSLUSBUNEUARASTEIRINNIMTEITRIYGI NN NNaIdmSUTdY

annglumsinusnuigaiuauaniwusseinmea

AMAMRE(1ITDN)
~Luncan
Subsetfor alpha=0.05
N 1 2 3 4 5
L9HOW 10 |1.5667E1
7T 10 2.3833E1
1470 10 3.5504E1
217 10 3.6101E1
2870 10 4.5024E1
3570 10 4.9820E1
4270 10 5.814BE1
Sig. 1.000 1.000 851 127 1.000

Means for groups in homogeneous subsets are displayed.

‘ al - al | o P o v o w Y
A15199 979 Nan1sLIguLhguALRaEUDY ANNmleIvaLUdanNnAIsnaUNDId mSUUvY

anmelunmsifusnuimgaudy

a1MMMRB(LIADN)
~uncan
Subset for alpha = 0.05
| 19m N 1 2 3
4271 10 |1.1747E1
15 uau 10 |1.5667E1 |1.56B7E1
7w 10 1.7312E1
357h 10 1.3086E1
1470 10 2.0873E1
2170 10 2.7705E1
2870 10 2.9500E1
Sig. 130 .066 .485

Means for groups in homogeneous subsets are displayed.




116

o d 44 v
M197199 280 Nan1InAdau Two-way ANOVA UL TINARASVLUBNEIENDUN DY

L2 o A 13
'Via\ﬁ]'mﬂ']’ilﬁUiﬂUW‘V]ﬁﬂ MZUATITTYTLIRIRNE

Tests of Between-Subjects Effects

“ l N A A ( » )
Type Nl Sum

Source of Squares daf Mean Sguars E Sig
Corrected Mods! 7422777 13 57.098 72.472 .000
Intercept 2951.752 1 2951.752 | 3.747E3 .000
contition 18.963 1 18.963 24.069 .000
time 657.995 6 109.666 | 139.195 .000
contition * time 65.314 B 10.8668 13.817 .000
Error 99.270 126 .768
Total 3793.294 140
Corrected Total 841.542 139

a. R Sguared = .882 (Adjusted R Squared = .870)

ol 4 & v v
A1519% 981 NANIINAFDUANNLUTUTIUVBILTINALRAL L UBN I VDIUNDIVAIRINATG

IAuSnwfiannzuassezinandngg

Levene's Test of Equality of Error Variances*

_DegendentVarlable:wsuinaiatua fa)
F df1 mz Sig
3.762 13 126 .000

Tests the null hypothesis that the emror variance of the dependent varlable is equal
across groups.

a. Deslgn: Intercept + contltfon + time + contition * time

o = = 1 P d d& v 0w Y
A5 282 Nan1sUTyusUARRgvLSINALREaENINENA e aNasd s uladY

=3 @ aJ [
seyganlunsiiuinui 0 Ju

ANOVA
A a : » }
Sum of
. Squares dt Mean Sgyare E Slg,__|
Between Groups .000 1 .000 .000 1.000
Within Groups 2.353 18 Rk
Total 2.353 19

o - P 1 & o & & v o ) s
19791 983 Naﬂ']iLUiUULWUUﬂWLQaU‘UaQLWQﬂWLQaUWLuaﬂa?UMauwaﬂaWViﬁUﬂq]ﬁ]ﬂ

< W > o
5383L’lﬂ'ﬂﬂﬂ'ﬁLﬂUiﬂU'm 7

ANOVA
sfineagetia
Sum of
i Souares df Mean Souare E Slg. |
Between Groups 735 1 735 2123 162
Within Groups 6.230 18 346
Total 6,965 19
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o < <l ! o d 4 4” v 9 @ (%
M15199 284 wan1siUSuuiisuAndsDILTINAlRieNilanasueunasd miulade

& W - @
SEJSL’Ja'ﬂUﬂ']iLﬂUSﬂE'm 14 9y

ANOVA
_usyfinatafnafs
Sum of
Squares dr Mean Sauare E Si
Between Groups 5.354 1 5.354 24,861 .000
Within Groups 3.876 18 215
Total 9.230 18

P> < P ' P d 48 v o w w
M99 285 Naﬂ']'SLUSEJUW]EJUﬂ']LQaEJ?laQLlﬁ\’ﬂﬂLQaﬂWLuaﬂa'}]ﬂ“auwa\jﬂqﬂﬁu“jﬁlﬂﬂ

< @ - [y
gozhanlunsiiusheid 21 Tu

ANOVA
usifinaaduador
’ Sum of
Sguares df Mean Sguare £ Sla, |
Betwaen Groups .305 1 .305 .293 585
Within Groups 18.736 18 1.041
Total . 19.041 19

o = o] ! - a A ‘&l 1 9 ] s @
A5 986 Han1sIUSEUWIBUANRREYBAILTINARATITBNATNEUNDId IS UU Y

segznantunsiiusnuif 28 Su

ANOVA
_usyAnaadslo)
Sum of
Sauareg af Mean Square 3 Slg.__ |
Between Groups 23131 1 23191 11.530 .003 | -
Within Groups 36.205 18 2.011
Total 59,396 19

= < - 1 < d Jd& o o a Y
A195199 987 HansWssusuAuRdeveILInaasAllanarveunasdmsullady

& w < @
i%ﬂb’L’)ﬁ'ﬂUﬂ'ﬁLﬂUiﬂE’Wl 359U

ANOVA
_wfinauaduiia)
Sum of
Souares df__| MeanSouare | F Sig,_|
Between Groups 31.483 1 ) 31.483 25.035 .000
Within Groups 22,636 18 1.258
Total 54.120 19




o - P i P d 44 v o w )
M13199 288 HANSIUSHUNEUARALYDAULSINARAENILONA18MDUNDIE MSUTY

v A LY
szamm‘lum'ﬂﬁusnmw 42 U

118

Sig,

ANOVA
usaAnenafnn o)
Sum of
Sguares o1 Mean Square E
Between Groups 23.210 1 23.210 45.244
Within Groups 9.234 18 513
Total 32.443 18

.000

A15199 389 NansIUSuRBUALadsvaLsINAIAsTidondeveunasdmsutade

anmrlumsiiuinunagamuauaniwusseina

NNANALKEB(IRE)
Duncan
Subsetfor alpha=0.05

o N 1 2 3 4 5
42714 10 |2.6311E0

357 10 [3.3051E0 (3.3051E0
+| 287 10 3.9266E0

2170 10 5.6273E0

1470 10 5.8043E0 |5.8043E0

77 10 6.5127E0 |6.5127E0
15uau 10 6.9110E0
Sig. 112 143 574 .095 345

Means for groups in homogeneous subsets are displayed.

o - P ' o d od4 & Y o w Y}
MA19799 990 Naﬂ']SLUSEJULV]HUﬂqLQaﬂﬂaQLLsﬁﬂﬂLﬂaﬂ'ﬂluaﬂa?ﬂﬂauwa\ﬁa'WﬁUﬂimU

anzlunisitusnwiseanudu

nsainaadniie)

Duncan
Subset for alpha = 0.05

191 N 1 2 3 4
4270 10 | .476600
3570, 10 795840
2871 10 1.7729E0
217 10 5.8742E0
1471 10 6.8390E0
79 10 6.8961E0
G 10 6.3110E0
Sig. .397 1.000 1.000 .858

Means for groups in homogeneous subsets are displayed.
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d . -4 2/
A17199 291 HAaN1INAADY Two-way ANOVA ﬂJEJQWﬂN'WUIUﬂ”I'SLWNVIb’ZjLﬁaﬂa')EJM@ﬁJVIFN

VAIINNSIAUSAYIANIUALSEUEIIATANEY

A L2 dy v s
A19194N 292 wam‘mﬂaa‘ummLuJ'sU'S'JmJaawmmu’lumsumwsqLuanmwawamaamn

a A )
ﬂﬁ?LﬁU?ﬂHWWﬂﬂT}SLLﬂS?S geLIAImNNe

Tests of Between-Subjects Effects

~DependantVariablawsianu o)
Typs lIl Sum
Qurce of Sauares df _Mean Square E Sig, |

Corrected Model | 302840.935° 13 23303.149 | 40.564 .000
Intercept 1081815.699 1 | 1081815.699 | 1.883E3 .000
contition 3086.411 1 3086.411 5.373 022
time 275376.349 6 45896.058 | 79.892 .000
contition * time 24478175 6 4079.696 7.102 .000
Error 72384.293 126 574.479
Total 1457140927 140
Corrected Tota! 375325.228 139

a. R Squared = .807 (Adjusted R Squared = .787)

Levene's Test of Equality of Error Variances?

_Devendent Varlable wsinu(i o)
F dfy df Sig,
1.586 13 128 098

Tests the null hypothesis that the error variance of the dependent variable Is equal

across groups.

a. Deslgn: Intercept + contition + time + contition * time

o ™ o 1 o . ) &
A15199 993 wNanNSIUTHUBUALREY main effect 'UENWﬂQQWUIUﬂ']'iLWNVWQLU@

nangvieunesdmsutladuanislunisifiusnw

Pairwise Comparisons
_Dependent Variablewsiaua o
" 95% Confidence Interval for
N Difference®
0] ) Mean
gnm BAn Difference (-
o I 1 z J9) Std. Error Sig* Lower Bound | Upper Bound
Suem  CA NA 7.105E-15 10.718 1.000 -21.212 21.212
NA CA -7.105E-15 10.719 1.000 -21.212 21.212
7 CA NA -15.356 10.719 154 -36.569 5.856
NA CA 15.356 10.719 154 -5.856 36.569
1471 CA NA -23.048° 10.719 .033 -44.261 -1.836
NA CA 23.049° 10.719 .033 1.836 44.261
2194 CA NA -12.759 10.718 .236 -33.972 8.453
NA CA 12,759 10.719 .236 -8.453 33.972
28 CA NA 38.295° 10.719 .001 17.082 59.507
’ NA CA -38.295° 10.718 | _ .001 -59.507 -17.082
357 CA NA 42.999' 10.719 .000 21.787 64.212
NA CA -42.999° 10.718 .000 -64.212 -21.787
4291 CA NA 35.604° 10.719 .001 14.392 56.817
NA CA -35.604 10.719 .001 -56.817 -14.392

Based on estimated marginal means

a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no
adjustments).

*. The mean difference Is significant at the .05 level.




120

o - - ) P . ) &
M15199 294 HaNTSLUSIULNEUAILREY main effect waqwa\ﬁ\ﬂuluﬂ']SLWNVWQLua

nanevaunasdmsuladussezinanlumsifiusnw

Pairwise Comparisans
DeoandentVarable (tf2)
85% Confidence Inlerva for
Differance®
Mgan
?m |(2r| f—f’n Dm"jjm'o' Std. Error LowerBound | Upper Bound
CA  tluan Tk 2180 | 10718 -23.393 18.032
14k 19.986 | 10719 1217 41.208
pikis 24208 | 10718 2.993 45418
2874 56.348° | 10710 743 70.558
I e | 10m9 50436 92.661
4 85299 | 10718 84,086 108.511
LD 2180 | 10718 ~18.032 23383
149u 22478 | 1018 041 853 43.388
9% 8388 | 10710 ms 5173 47698
2% 60526 | 10.719 000 38313 81,738
kLo 72828° | 10718 000 52616 95.041
Ak o476’ | 10718 000 68.266 108,691
[T 10998 | 10719 054 -41.208° 117
T 22176 [ 10m8 o0 -43.260 -963
i 4210 | 10719, 895 -17.002 25422
200 38350 | 10718 .noo 172497 59.682
I 51653 | 10.719 .000 30440 72,085
ra 85302 | 10.Mg 000 44,080 06.516
21 1Saew -24.206" [ 10719 026 -45.418 2993
s -28.386° | 10719 015 -47.508 5473
14k 4210 | 10718 595 -25.422 17.002
28k 140 | 10718 002 12,027 §5.352
ELON a4 | 1ng 000 28.220 68.855
aniu 61.097 | 19719 .0g 39.880 82.305
2#%  15mem 58346 | 10718 000 -79.558 37433
™ 20626 | 10718 000 -81.738 -30.313
1494 -38.350° 10.719 .000 -59.582 -17137
219 -34040° | 10718 002 65,352 12927
Ead 12303 | 10718 an -7.810 34515
4T 8952 | 10718 03 5740 8165
35k duan <1648 | 10718 00 92861 -50.436
7T -r3e2¢° | 10719 000 -95.041 -52618
ik 51863 | 10710 .000 -72.865 -30.440
214 47443 | 10719 000 -60.655 -28.230
6 413.303 | 10719 217 U515 7910
azfu 13850 [ 10719 .205 -7.583 34862
2w duen -85.288" 10719 000 -106.511 -64.088
74 87478 | 10719 000 -108.691 86266
149u -85.307 10.719 oo -86.515 -44.080
nw -81.087 | 10718 000 -92.305 -30.860
267k 28952 [ 10719 03 -48.185 5740
ik -13650 | 10.718 205 -34.862 7.563
NA T fudn 7 1753 | 10718 104 -38.749 3878
147 <305 | 10718 776 -24.285 18.160
2% 11447 | 10719 288 -9.788 32850
2% 9884 | 10718 000 75428 117.853
ki) 114847 | 10719 000 93.438 135.860
(7)) 120807 | 10719 000 99.690 142118
RSO 17538 | 10718 04 3676 38.749
144k 14483 | 10710 an £.729 35898
214k 29983 | 10718 008 nm 50.185
ki 14317 | 10710 .000 02.964 135389
st 132184 | 10749 000 110971 152.398
4z 138.430° | 10719 009 117.228 159,851
160 1duan 083 | 10719 78 -18.160 24.265
i 14483 | 10718 an -35.666 6723
17 14500 | 10719 AT 8713 8712
. 28U 99.693" 10719 000 78.481 120.808
I 1700 | 10718 .00 98.480 138.913
arfe 123955 { 10718 .000 102.743 145188
27 duan 1447 1 10719 288 32650 8768
ik 20803 [ 10719 008 -50.185 -
1434 14500 | 10718 79 BL¥iH 87113
287 85194 | 10718 008 63901 108.408
357N 103.201° | 10.719 000 81.988 124,413
4274 108.458° 10.7118 000 68.243 130.888
2% fuan ST | 10718 288 -32.059 8.768
L -28983' | 10789 .008 -50.185 -1
1444 14500 | 10719 AT8 -35.712 8713
207 85188 | 10718 000 63.881 106.406
3% 103201 [ 10719 .00 91.008 124413
anih 108:456° | _10.719 000 80.243 130,668
2o ki -96641° | 10719 000 117,053 -15.420
a3 A 10.718 .000 135300 92954
14 90603’ | 10719 000 ~120.906 78481
nm 85104’ [ 10718 000 -108.408 -63.981
35 18007+ 10718 093 -3.208 38218
(723 24262 | 10.118 026 3040 45474
357 [T ITy ~114.647 10.71¢ 000 -135.860 -93.43%
73 32184 | 10710 .000 -152.208 10074
144k -nrroe’ | o1one 000 -138.913 -88.488
bz -103201' | 10718 000 124413 -91.880
207 -10.007 | 10719 095 -39.210 3.208
Ak 6255 | 10719 561 -14.858 20487
i adn -120802' | 10.M18 000 42115 -96.680
[0y 139439 | 10718 000 -150.651 “117.228
1490 423855 10.718 000 -145.168 -102743
1 -109458° | 10719 000 -130,668 88243
EED 24267 | 10719 025 5474 -3.048
I +8.255 10.719 581 -2T.487 14959
Based on astimated marginal means
3 for muttiple L Difference no
adjustmens).

= The mean diffarence is significant at the .05 level.
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A = A v v
197199 995 Han1Inadgau Two-way ANOVA ‘UENUS&IWEN‘UENLL‘ﬁxWIﬁSﬁ'lEJlﬂ‘UE)\?ﬂﬁ’]EJV!E)?J’V]EN

Y s o ‘1
‘Via\'i"mﬂﬂ'TSLﬁU?ﬂU'TV]aﬂTJ?ILLaﬂiEﬂﬂL’Ja']C‘l'N‘]

Tests of Between-Subjects Effects

mmmmmmme
Type il Sum
yree of Squares df _Mean Square E Sig,

Corrected Model 5205.666" 13 400.436 | 105.566 .000
Intercept 5325.575 1 5325.575 | 1.404E3 .000
contition 889.106 1 889.106 | 234.383 .000
time 3207.378 6 534.563 140.926 .000
contition * time 1109.181 6 184.864 48.735 .000
Ermor 477.947 126 3.793
Total 11009.188 140
Corrected Total 5683.613 139

a. R Sgquared = .916 (Adjusted R Squared = .907)

o a < o v v
A9 296 Naﬂ'ﬁwﬂaa‘uﬂ’JW:JLLUSUS’Ju‘UENUSJﬂEMJENLL‘UWIaa‘:a’lEJlﬂ‘UENﬂﬁ’J&MEJiJVIEN

o a 4 !
wamnmsnﬁusnw’mannzLLassszsna'm'mq

Levene's Test of Equality of Error Variances*

Degendent Variable Bt
F dft df2 Sig.
5.116 13 126 .000

Tests the null hypothesis that the error variance of the dependent variable is equal
across groups.

a. Design: Intercept + contition + time + contition *time

ol < < 1 < a < o Y Y o w
A9 97 Naﬂ'ﬁLUSH‘UWlEJUﬂ']LQaEJ‘UBQUSN']m‘U@QLlﬂﬂwaﬂaqﬂlﬂ‘ﬂaﬁﬂa')ﬂ“@uﬂ@ﬂﬁqvﬁU

LY L A ar
ﬂ"]i]tlisEJ%;’L’Jﬁ'ﬂUﬂ']SLﬁUSﬂE’Wl 0

ANOVA
Brix
Sum of
_Squares df Mean Sguare E Slg, |
Between Groups .000 1 .000 .000 1.000
Within Groups 1.312 18 073
Total 1312 19

P> ~ ' a a < o Y Y 0w
19199 998 NamiuﬁﬂuWIEJUﬂ']LQaEJ‘UmUSmEM‘UmLtﬂqwaxaﬁﬂlﬂ‘uadna’JEJMEJiJVIEN?I’M‘iU

(Y & e = [
Uadesreznailunsiiuine 7 Tu

ANOVA
Brix
Sum of
Squares ¢ | MeanSouare | F gig. |
Between Groups A5 1 475 2.683 118
Within Groups 1173 18 .065
Total 1,348 19
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o P ' o o v )
1979 299 Naﬂ'ﬁLUgﬂUW]EJUﬂ']LQa y99US YN LL‘ZE‘N'V]a 33']&]‘19‘{?]@\1 nan ﬂﬁ@uﬂa\iﬁqﬁsu

Yagesreznanlunisiiusnwii 14 Yu

ANOVA
Brix
Sum of
Squares af Mean Square F Sigq, |
Between Groups .000 1 .000 .000 1.000
Within Groups 3.488 18 184
Total 3.488 18.

= | =~ i ' P~ . < o v v ° Y
19799 9100 NamsLU‘SEJUWIEJUML%EJ‘UENUSJJ'WQJ‘UENLL‘tNVlasmEJ‘].WUENﬂa’JEJ‘ViEJiJVIENmMiU

Yasesreznanlunisiiusnuii 21 3u

ANOVA
Brix
Sum of
Squares i Mean Souare E Slg,___|
Between Groups 7.200 1 7.200 1.570 226
Wwithin Groups B2.528 18 4.585
Total 99,728 19

A e=) = ! 4‘ = o 4' 2 2/ o ar
M1914% 3101 NﬂﬂﬁitﬂiEJUmEJ‘UﬂﬁLQﬂEJﬂJ’EJ\]Uil]']fU’U'&NLLTN‘V]ﬂzﬁ'WEJlﬂ‘U’eNﬂa’JEJWEJ?J‘V]'&N?HWTU

ar L g d A
U9 Ui%ﬂ%L’Jaﬁ‘luﬂﬂiLﬁUiﬂﬁﬁﬂ 282U

ANOVA
Brix
Sum of
Squares f Mean Sauare F Sig.__|
Between Groups 436.832 1 436.832 39.305 .000
Within Groups 200.048 18 11114
Total 536,880 19

P el ' < . 3 < o 1 % 2 (Y}
7115191 3102 NaﬂﬁiLU‘%‘EJUL‘VIEJUﬂWLQaEJ‘UEJ\?U?JJ']QJ‘U@\!lL‘U\WlazaﬁEJ‘lﬂ‘UENﬂa’JEJ'WeJlWI’EJ\'iE‘T']‘VﬁU

Yadeszuznanlunsiiusnwin 35 Yu

ANOVA
Brix
Surn of
Sayares df uare E Sig. |
Between Groups 824.328 1 824328 | 101.142 .00D
Within Groups 146.704 18 a.150
Total 971.032 19
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o - o 1 < a < o v v 0w
N1919N 2103 NaﬂqSLUSHULﬂUUﬂqLQﬁU“U@QUSqu?JaQLLﬂQﬂaSaqﬂlﬂ‘anﬂaQUwaUﬂaQaTﬂ'ﬁU

Yadusvezralunisiivshw 42 Yu

ANOVA
Brix
Sum of
Squares gf | Mean Sauare E Stg, |
Between Groups 729.753 1 729.753 | 307.867 000
within Groups 42.694 18 2372
Total 772447 18

o < =l ' < =y 2 o v v ° o
7115190 9104 N’ﬁﬂ']'iLU'iEJUWIEJ‘Uﬂ']LQaEJ“UGQUiﬁJ'mJ‘UGQLL‘UQVIaSﬂ']EJIWUENﬂﬂ')EJ‘VIG:J‘V]@QﬂT‘VI'iU

Uadannrlunmsifiuinuniigauauanimusseinie

Brix
~Duncan
Subset for alpha = 0.05
N 1 2 3 4 5

-%TFI“ 10 1.3200

77 10 1.9470 1.9470

147 10 2.3600

| 219R 10 28400

2871 10 3.9600

357h 10 5.2000

4270 10 7.9080

Sig. 159 .058 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

x| < o ' < a < o %) v °  w
A9 9105 Naﬂ'ﬁlﬂiﬂUWIEJ'UY’T]LQaEJ'U@Q'L]?:J']GJ'U@QLlﬂﬂﬂaaaqﬂlﬂﬂaﬁﬂaqFJVIE]@J‘VIE]\’ﬂ']VITU

Pageanmslunsifiusnwmeainuuy

Brix

Duncan
Subset for alpha = 0.05
o N 1 2 3 'l

[ET 10 1.3200
77k 10 1.7600 | 1.7600
147 10 23600 | 2.3600
2171 10 4.0400
2874 10 133070
3541 10 18.0400
4291 10 19.9870
Sig. 400 065 1.000 .095

Means for groups In homogeneous subsets are displayed.
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119199 9106 Nan1IAgayu Two-way ANOVA 29UTUUNIAUIRNVDINAIWVDUND

L .23 A !
Maamnmstﬁusnmwamamazswznmma‘]

Tests of Between-Subjects Effects

—Dependent Varlable:Acid

) Type Il Sum
Source of Squares df Mean Square E Sig
Corrected Model 6022 13 .046 80.796 .000
Intercept 1.454 1 1.454 | 2.537E3 .000
contition 115 1 115 | 198.884 .0oo
time 387 6 065 | 112.524 .000
cantition *time 100 ] 017 29.220 .000
Error 072 126 .001
Total 2129 140
Corrected Total .674 138

a. R Squared = .893 {(Adjusted R Squared = .882)

A15199 9107 KAMSVAABUAMULUSUTINBOIUSUIMNNSANNENTBINED ygriaunod

L4 o 4 1
WEN?]WﬂﬂﬂiLﬁUiﬂU’mﬁﬂ’]'JSLLaziﬁﬂzL'Ja’W]’N‘]

Levene's Test of Equality of Error Variances®

Dependent Variable-Acid
F aft df2 Sig.
6.079 13 126 000

Tests the null hypothesis thatthe error variance of the dependent variable is equal
across groups.

a. Design: Intercept + contition + time + contition *time

o ~ -~ ' a a’ a Y 9
A1519N 2108 NaNSIUTBUMEUANRALYDIUITUIUNTANIENVDINAILVIDUNDIETUSU

@ < o o] [
f]a]aassaznaﬂumsmusnmw 09U

ANOVA
Acid
Sum of
" Squargs gar Mean Square E Stg, |
Between Groups .000 1 .000 .000 1.000
Within Groups K1} 18 .000
Total .001 19

P~ = - ' o a a Y o w
A157197 9109 NANSIUIBUINEUANRRSUDIUTUIUNTANIANVDINAIBNDUVBIE NS U

Yagussevanlunsiiusnma 7 Ju

ANOVA
~Acld
Sum of
Squares df Mean (-} E Sta, |
Between Oroups .000 1 .000 319 579
Within Groups .001 18 .000
Total .001 19
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> | - P ' d - a v )
A19719 9110 Naﬂ'TiLlJiEJ‘UL‘V]EJ‘Uﬂ'TLﬂaﬂﬂlaﬂﬂiuqmﬂiﬂu']aﬂ‘lla\?ﬂa'lﬂﬂauma\'iﬁ']'ﬂ?u

o o A o
{]‘0QU?SH%L’JG']IUH']?LﬁU?ﬂH’W] 14

ANOVA
Acid
Sum of ’
Squafes af Mean Squarg 3 Sig. |
Between Groups 001 1 001 8.362 010
Within Groups .003 18 .000
Total .004 18

o < o ' o a a v )
A197190 9111 Naﬂ'ﬁLUSEJ‘UL‘V]EJ‘UW]LQE’IH‘U@Qﬂiuqmﬂiﬂlﬂaﬂ‘UENﬂa'JEJM@lW]@Qﬁ'WﬁU

a as A o
Yaduszeziianlumsiiusnwnd 21.5u

ANOVA
~ALld
Sum of
Squares dr Mean E Sig__ |
Between Groups .008 1 .008 10.383 .005
Within Groups 014 18 .001
Total 022 19

o - P ' d - a 9 o
A9 2112 NﬁﬂqiLUSUULVlU‘Uﬂ']LQaﬂ‘U@\?UﬁJqﬂJﬂiﬂuqaﬂ‘l]@ﬂﬂa']ﬂ“@uwa\??hvﬁ‘u

Uaduszoznanlunisifiusneadl 28 Yu

ANOVA
rAr_lﬂ
Sum of
Sguares df Mean Sgyare E Qg
Between Groups .0es 1 .088 45.723 .000
within Groups 035 18 .002
Total 123 19

| - o ' < a a v o w
A19191 9113 NafﬂiLUiﬂULV'U'Uﬂ']LQaﬂmaqusuqmﬂiﬂuqﬁﬂﬂ@\iﬂaqUMSNWSQ?”MSU

ar a A ar
Yadussoznarlunisifiudnwiii 35 Yu

ANOVA
Acid
Sum of
Souares. ot | MeanSquare | F gig, |
Between Groups .090 1 .090 | 163.143 .000
Within Groups .010 18 .001
Total .099 19
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o = P ] o < a 1Y o w
M990 9114 Naﬂ']iLUiEJ'UW]EJ'Uﬂ']LQaEJ‘U@\?UilmﬂJﬂiﬂll']aﬂ‘UﬁNﬂﬁ'JEJV‘E];J'V]EN&']V]?U

LY L. 4 L
Paduszznanlunisiiushen 42 Su

ANOVA
Acid
Sum of
Squares df Mean re E Sig. |
Between Groups 027 1 .027 61.152 .000
Within Groups 008 18 .000
Total 036 19

P2 =4 - ' o . a 'Y 0 Y
A9 9115 Naﬂ']iLUiEJ'UL"V]EJUﬂ']LQﬂEJ‘UE]\?UilI']mﬂiﬂiﬂaﬂ‘u@\‘mﬁ?EJV‘E]ZJ'V]@\‘]ﬂ'TWiU

Uadvannzlumsifuinuniidaunuaninussoinme

Acid
—Dunean
Subset for alpha = 0.05
L1 1 2 3 4
[ET 10 | .040790
77 10 | .044680
1470 10 | .052540 | .052540
210 10 .063070
2870 10 .091600
3571 10 .097060
4290 10 123460
Sig. 081 .098 .388 1.000

Means for aroups in homogeneous subsets are displaved.

PA] =4 ~ ) o o a Y ° )
A919N 9116 Naﬂ'ﬁLUiEJUW]EJ‘Uﬂ']Lﬂaﬂ‘ll@\‘lﬂilmmﬂiﬂinaﬂ‘U?Nﬂa'JEJV‘@ZJ'V]E]\T?I'TW?U

Uadvannelunisifusherdeainuiuy

Acld
~uncan
Subsetfor alpha = 0.05
_%Bj N 1 2 3 4
1auau 10 | .040790
77k 10 | .046840
1470 10 | .069340
21194 10 103590
429u 10 187600
287 10 224520 | 224520
3571 10 .230830
Slg. .053 1.000 055 643

Means for groups in homogeneous subsets are displayed.
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A15199 9117 Han1Ivadau Two-way ANOVA vesdndiuuSinuvesdsiiazaneldse
12 a |9 o/ o/ = .
Usmmnsﬂmanmaana’:wamawaamnnmﬁusnmwamasLLasssasnm

AN

Tests of Between-Subjects Effects

‘BrixAcid

Type lIl Sum
Source of Squares df _ean Square E Sig.
Corrected Model 50630.038* 13 3894.618 44,926 .000
Intercept 3580873.076 1 358973.076 | 4.141E3 .000
contition 2001.810 1 2001.810 23.092 .000
time 37908.426 6 6318.071 72.881 .0oo
contition *time 10719.802 6 1786.634 20.609 .000
Error 10822963 126 86.690
Total 420526.077 140
Corrected Total £1553.001 139

a. R Squared = .823 (Adjusted R Squared = .804)

d s 1 ) A ¥ )
19199 9118 Naﬂ']ﬁVlﬂﬂ’eJ‘Uﬂ’J']llLL‘U?‘Ui']u‘U’eJ\‘lﬂﬂﬂ’Ju‘Uﬁﬂm‘U’eNLL%QVlﬁ%ﬂ']EJIﬂG]’eJ‘UﬁﬂﬂJ

a ¥ o o A 1
ATANIANYDINAIYVBUNDINAIN nmsnﬁusnmwamasuazsz gEIAINNNe

Levene's Test of Equality of Error Variances*

iable-BrixAcid
E dft df2 Sig,

2.703 13 126 .002

Tests the null hypothesis that the error variance of the dependent varlable is equal
across groups.

a. Design: Intercgpt + contition + time + contition * time

d. < ) i dl @ 1 (=Y I dl } ) <
15199 9119 Nan1siuSeusua i vesdndl USRIt RazatlaraUS U

a ¥ o a L2 a d a
ATAUIANUDINAIYNBUN ’eN?I'Wﬁ‘U‘UQQU?SH%L’]ﬁﬂUﬂ'ﬁLﬁUiﬂUﬂW 0

ANOVA
~BrixAcid
Sum of
Squares of | MeanSquare | F Slg. |
Between Groups .000 1 .000 .000 1.000
Within Groups 193.383 18 10.744
Total 193.383 19

2| < = ' o R a < o vy <
15191 9120 Naﬂ'ﬁL‘UiUUL'VIEJ'Uﬂ']LQaEJ‘U'ENﬂﬂﬂ'Ju‘Usll']m%aQLLﬂﬂmﬁzaqﬂlﬂmaﬂﬁqu

= ¥ ° a L2 L3 A s
AsAUIANYaINAEVaUNDId NS UTY Hizﬂ&’kﬁﬁﬁlﬂﬂ?iLﬁUiﬂH’]'ﬂ 7

ANOVA
~BUXACId
Sum of
Squares |  df Mean Square F Sig. _ |
Between Groups 213.036 1 213.036 6.288 .022
Within Groups 608.853 18 33.881
Total 822.863 19
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P~ | d o ' o o - o v .
M99 9121 NaﬂqsLﬂiﬂULVlU'UﬂqLQﬁU‘UENﬁﬂﬂ'JUUilnmﬂ@QLL%Qwa3aqﬂ1ﬂﬁaﬂiﬁqm

- ¥ o L. LY .Y A v
ﬂiﬂlﬂaﬂ‘ZJENﬂa'JEJ‘WEJlI‘V]ENE‘HWiUﬂﬁ]‘UU'ﬁSUSL')ﬂW‘LUﬂWSLﬁUSﬂ‘lﬂ'm 149

ANOVA
id
Sum of
Sgquares gt Mean Squarg £ Slg__ |
Between Groups 542,608 1 542,608 15.035 .001
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Total 1192.228 19
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ANOVA
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Sum of
Sguares df Mean Sauare E _Sig. |
Between Groups 377.225 1 377.225 5.418 .032
Within Groups 1253.272 18 69.626
Total 1630.487 19
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ANOVA
Sum of
Souares dt Mean Sguare E Sl
Between Groups 1204.604 1 1284.604 5,366 033
Within Groups 4308.882 18 239.382
Total 5593,486 19

A ' A o ) { E =y
A1919N 9124 Nﬁﬂ’]'iL‘LEEJ‘ULﬁEJ‘Uﬂ"ILQaH‘U’eN'dﬂ'd')UU%JJ’]m‘UGGLl‘?Nﬁﬂ%ﬁ?Ulﬂﬁl@U'ﬁJ']m

nsaundnvesndleveunasdmiuladessesarlunsifiushwng 35 Ju

ANOVA
_Brivacid
Sum of
Sguares df Mean Souare F Slg, |
Between Groups 2884.752 1 2884752 28121 .000
Within Groups 1846.509 18 102.584
Total 4731.260 19
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ANOVA
rﬁﬂ&Acld
Sum of
Squares df Mean Square E Sig
Between Groups 7419.387 1 7419.387 64.784 .ooo
Within Groups 2061.444 8 114.525
Total 9480.831 19
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Duncan
‘Subset for alpha = 0.05
1 N 1 2 3 4

eI, 10 |3.2344E1

| 2810 10 4.34B5E1
771 10 4.4488E1
1470 10 4.5179E1
217u 10 45417E1
3574 10 | 5.3296E1
427u 10 6.3797E1
Sig. 1.000 547 1,000 1,000

Means for groups in homogeneous subsets are displayed.
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Subsetfor alpha=0.05
_%Bj' N 1 2 3 4
1uan 10 |3.2344E1
1473 10 |3.4761E1
2173 10 {3.6731E1
770 10 |3.7980E1
2871 10 5.9493E1
357k 10 7.7316€1
4291 10 1.0231E2
Sig. .326 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
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Ttipondont Samples Test
Levene's Tast for Equality of
VYarfances st for Equally of Means

95% Confidence Interval of the

Diffarence

Mean Std, Error
v E : o | oo Qtaled | Ditore r Lower Y
FsusInnEaA  Equalvarlances 9.390 003 | -10.716 5 000 4293 385 -5.02¢ -3443
Equal vartances not 10718 | 50372 000 -4293 305 -5.027 2440
-

nau Equal vartances 0218 004 | 122 58 2 800 481 1583 363
Equalvartances nat 221 | 47200 22 - -500 481 -1.588 308
wné Equal vartances 14,361 001 | -2080 68 o -1.400 53 2470 -030
Equal vartances not 2058 | 47.250 045 .10 534 2475 025
adusl Equal vartances 10271 002 | -3508 58 001 1733 494 213 144
Equal vartances nat -3508 | 49234 004 1733 454 2727 -740
FramARTA Equalvariances 13483 001 | 2701 58 00 1.267 A8 -2208 -328
R 2701 | 48070 010 -1.267 468 -2.210 -39
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Part 1 (Limlted te one A4 page)
Project title: Desien and Development of Low-cost Controlled Atmosphere Cabinet for
ParvSrithong Guava Storage

Project duration: 2 years

Total budget: 600,000 THE

Principal investigator / Department 7 Faculty ¥ Institute:

Assist. Prof. Dr. Ravipat Lapcharcensuk, Department of Agricultural Engineerihg, Faculty of
Engineering, King Monglaut’s Institute of Techndlogy Lackrabang.

Abstract

Guava is popular fruit in Thaland due to eocd taste, high nutrition and nexpensive. Guava
i a climacteric fruit exhibiting respiratory and ethiylensg peaks during ripening, Therefore, a
technology that low-cost, easy and extend the storage life for storing guava is highly
sought after within hotel and restaurant business. This research aims to design and
develop low-cost controlled atmasphere cabinet for elava stofige. In addition, this
research interest to study effect of oxygen and carbon disdde concentration level on
physicochemnical, fexture and senisory properties of guava during controlled atmosphere
storage and compare of these properties of guava stored in cool storage and controlled
atmosphere storage. The development of tow-cost controlled atmasphere cabinets can
disseminate this techrology to SMEs, hotel and restaurant business, famers.

Keywords (3-5 words):

Storage; Controlled atmosphere; internét of thing Guave; Quality.

Research area / Sub area of this project:

Agricultural.engineering/Post-harvest engineering
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Part 2 Proposal

1.

Project title; Design anc Development of Law-rost Contblled Atrodsphere Cabinet for
Pan-Srithong Guava Storage

Principal-investigator

2.1 Name: Ravipat Lapchafoensuke/ 1D card Aumiber: 1100700041581 7 Aget 34

2.2 Position: Lerturer / Agademic positidn:Alsistint Professor / Salary: 48,840 THB

23 Egucation

~ DFw, (Agrcultual Ergineering) King Mt;ngkut's Institite of Technology Ladieabang,

Thitand, 2015

= MEng (Agrcultuel Enginegfing] King Rorigkut's Institule of Techrology Ladkrabar,

Thalland, 2009,

- 8Eng: [agrcultural Engineerdng} King Monglut's Institute of Technology Ladkrabang,

Thailand, 2847,

24. Depaftrent / Facully 7 Instifuté/ Adkréss

Depariment of Agricuttural Engneering, Faculty of Enginzering, King Mongkut’s Instityte of
Technolony Ladkrabarg, 1 Chalongkrung 1 Rel. Lackeabang, Sanghok 10520,

25 Teteghone: 02-329-5000 exp.5008 / Mobile phone: 083-433-1156 4 Emalt address:
ravipat lagimitlacth

26 Weekly hours ifterded o spend on this projett1 7.5 howrsiveek

Mentor

3.1 Name: Panmarias Skisomboon

12 Academic ‘posttion; Associste Professor

2.3 Institute / Address:.

Kirg Mongkut's Instituterof  Techriology Ladkrabaryg, 1 Chalengkeung 1 Rel Ladkrabang,
Barigkok 10526;

34 Academic fisld of ‘spedialiy:

Frysicat and éhgingering piopdngiof agricultursl material and food

Tedture property of agricultural material and food

Evalpation of agicutiural material and food using Near ifrared Spectroscopy
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8. Posorm, 4, Sirlsdmboar, . 2017, Evaluation of tower haatingvalue arid elemental
domposition of bambad uging. near infrared spectroseory, Enerey 121, pp. 147-158.
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9 Lirm, CH, Sirisombagn, P. 2017, Bvaluation of pfevuicarisate relaxed modulud of

prevuleaniged natural niisher \atey using Fouder transforn ngar infrared spectroscopy,

Jouerat of Near Infrared Spactiostory, 256), pp. 407-415,
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22872258,
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Spectroscopy, 240), oo 1914198,

15, Posom, J, Silsembocn, P, 2015, Evaluation of the moishure content of Jatropha

curcas kemels and the heating. value of the oil-extracted residue using neardrfrared

spectrostopy. - Blosystéms Endineering, 130, prf 52.59.

16, Phetpan, K, Siiscmboon, P, 2015, Evaluation of tie moisture cortart ¢f tipioca

starch using near-infrared spectrescopy. Joumat of Jnnovative Cptical Heasith Sclences,

B2, 1850015,

1. Lapchat@orSuk, B, Siisémboon, P.2015, Sensory cuality evaluation of dde uking

vishole add thortwate near-infrared spiactrostoly. temational Joumal of Fool Propertiag,
18(5), p. 11281138,
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18, Onsawdl, B, Stisombsdon, P. 2015, Determiration of dry matter and soluble solidis
of gurian pulp wsing diffuse. reflectance nedr infraned spectroscopy. Joumal of Neat
Infrared Spactroscopy, 233} pp. 187179,

19.  Keewsom, K, Sitsomboon, ¥, 201, Study on evaluation of gamna oryzenal of
germinated brown rice by negar ihfrared shectiostoly. Joumal of intcvative Optical Health
Stiences 7(8) 14500023,

20,  Posomn, ), Sidsomboon, P. 2014, Evalualion of the thermal properties of Jatropha
cueas L. kermels using near-infrared spectroscopy. Biosystems Engineering, 125, pp. 45
53,

21 ilepchetdensuk, B, SiBombbod, P 2014, fathe duality of Hooked Tice
detarmination wsing Fourler transform near infrared spectroscdny. Joumal of nnovative

tical Health Sclerices 7(653 1450003, '

22, Femiscwn, ¥, Sisombodn, P. 2014, Determingtion of the gamma-afninobutynd
adkd content of geiminated bicivn rice by ndar inflared spectroscopy. Jourral of Neéar
Infrared Spdctroscopy, 22(1), Bb. 45-54,

23. Skiwm'mgm Py Pornchaioempmg, 5"3 ‘Ramsiri, P., Pbs":gj&uanz &, Sdkormbarm, S.
2015, Bvaluation of the salt content of canned sardines In tomalo ketchup by diffuse
reffection nedr ifrared $ecticSodpy. Joumat, of Rey Infrived Spectraséoy, 2453 mo
B29-336,

24, sidsomboon; P., Deeprommit, M., Suchaboonsid, W, Lertsr, W, 2013, Shonwave
near itfrared spectroscopy Tor' detemmination’ of diy mibber content and total sotids
content of Para rubber (Hevea brasiliendls) lat, Joumalof Near Infrarsd Spectioscopy,
UL, . 269-279.

25, Silsomboon D, C, Putthang, R, Sidsomixsan, P. 2013, Application of near infrared
spectroscopy to détect shitaxigenic fungal confamination 'nrica. Foed Control, 23010, po.
207-213,

26.  SirzombooR,. P, Ksewkdptong, A, Willams, P. 2013, Feastility study on the
evaluation of the gy wiber content of field and poncertiated tatex of Para pulsher by



138

diffuse feflectance near infrared spectioscopy. Jourat of Mar Infrared Spectiostdpys
212}, 0. 149-156,
27, lmegaki, T, Sirisomboon, P, Ly, C, Tharopase, W, Tsuchikaws, S 2013, High
accuracy rapid prediction and feashility of on-site nondestructive estimation of Pam
subber quality by spectrioscopic methods. Joumat of Wood Science, S92), pi, 119-126.
28.  Sirisomboon, P., Posom, 3. 2012. Themnal fioperties of Jatrofha cureas L. kémels,
Blosystemns Engingering, 11%4), pp.  402-409.
29, Sirsomboon, P, Lapchareonsuk, R 2012, Evaluation of the physicocherrdeal “anct
textuial properties.of pomelofuit fotloinng stotage, Frults, 67(6), pp. 399-41%
20, Siristmbodh, P, Tanaks, M, Fojing, T, Willlems, P 20120 Nordéstryctive
estifiation of matwity ard textural properties on tomate “Morhotaro’ by near infrared
spectroscony: Joumal of Food Engineering; 112(3)po. 218-226:
31 Shisomboor P, Taraks, M, Kojima, Te 2012 Bveliation of wmato testutsl
iriecheical froperties. Joumzl of Febd Engineering 1118}, pp-618624.
32, Porichaloempong, P, Sisomboon, P, ‘Nunak, N 2012, Masswolume-ared
properties of frazen Stipjack-tuna. Intemational Joural of Food Properties; 15(3), pp.605-
612
3. SiFsomBody, P.Chdibarivang R, Willlms, P, 2012 Evalualicn of spriddiy
viscosity of parg’ rubber latex by diffuse reflection near-infrared spectroscapy: Applied
Spectrosoopy, $6(5), pr-595-599. .
3. Sidsomboon, B, Thesrmpratesp, €. 2012, Physicochiemical and textura! properties
of pomele {[Citrus maxima Merr v, Kso Nam Pueng) frult at preharvest; pdsthasvest and
duting thetcammercial harvest perod, Philispln Agdouttursl Stientist, 9501, pp, 43-52.
a4 Introduction to the research problem and its significance
Guava (Psidlum gudfaver L) I ari important frult crop of the subtropizal and tropical
segitins in the world. Gudva T pogiuldr frit 1 Thailand duéto eood, tite, high nistritiors and
inevperishve. Guava s consumed ¢h fresh stale or in processed produtts such ds Julte, Jim and
Jelly. For hotet and restaurant bysiness guava usually ust guava to refreshmert, Guava is a
- climactarc fiuit exiitsiting resplatory. and ethylene peaks.during ripening {Singh and Pal, 2008). In
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Sddition, several works showed chilling Bjury free Qorade of susva below 10 °C. Thersfore, a
terhnoldyy that tow-cost, eaty and exterd the starage e for storing guava is highlly sought after
within hotel and restaurant business.

Cortrolled alrmospheses {CA storage can exterd the stoage Ufe of many tropical and
subtroficat fruit such as fig (BaharA etal, 2018), Golden papaya (BabosalN etal, 2018), apple
(Sheng, L etel 2018; Bothy étal 2018 Mdishwa A etal. 2017; Degll) et.él..Zﬁrﬁ; Tessomignh
etal. 2016) argd ‘Ha;mar;;j" wifrult TLEH etal. 2017 Nowadays, CA technology S used In targe
seale agicultural Industries becatse of 5 high cost. Small entreprencurs BSMES, farmers and
consumers cannot access this technology. The develdpment of towscost conticlled atrhosphere
tabingts af isserninate this technofosy to SVEs, Kiohal and restadrant bosiness, fanmiers.

This. research aims to design and develop low-oost controlled atmosphiere cabinet for
guava storage. In adoition, this research Interest ta study effect of axygen and carbon ‘dicxide
conteritration tevel -on physichchemical, texture and sensory properies of guava curing
controlied atrmbsphére Storaferant compre of these properties of quate storedin Gook storage
and coniroileg atmdsphere storage.
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5. Literature review

From 2016-2018, many researchers. stydied applications of contralled atmoiphere {CA)
technicue 1o store agriouttural product (Tabite {). These researches reported that CA can extend
the. storage e of many tropical.and subtropital frutt. Singh and pat (2008) studied applied
centrolled atmosphere storage of guava (Fsidium gualava L) frutt, The effects of controlled
atmospheres (CA) on resplration, etfylerie production, firmnéss, welght loss, quatiy, chilling
Infyry, angl decay Inddence of three commerdially important culthars of guava fit were studied
during storage in stmospheres containing 25, 5, §, and 10 kPa O, with 2.5, 5; and 16 KPa €0,
{batance N,) at 8 °C, a temperature nomally Inducing chilling injury, They Ssummarized that €A
storage seems td be promising far shipping of qudva frult thradgh marine transpart to dlistart
markets which may take 2 or 3 weeks.
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Table 1 Research on applicaticn of controlled atmosphere storage for fruft,

Frut Storage condltion Storage tme Imevetted property Resutt Reforence
Before After
storaye Itorage
[ ] Y0 X by CAL; 5 o el OO, 16 kP0) 1 tnant weight lows (961 na 62 tehar A sl
TR (P 1y 142 n1a
RO 021 0.47
5 as 424
¥0 T by CA DOy § #p el OO, 10 %) watight Los (%) ™ 65
TS5 Selrd 5.7 105
A (%3 .51 (31
v a3 23
10 % by CA L0 50 and 00, 5'1Pa} waeigh loms (% I TS
TSS (Subrsd 57 183
Ta e o 023
e s 4
+0 by NA weight s (9} na 144
TS Sl Wy 143
TAGE 021 [F:]
L C¥] 311

Annotatlon CA Is controlled! atmosphere $torage; NA I8 normal atrnoisphere storage.
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Table 1 {Continue) Researth on apglication of controlled atmasphere storage for frult,

Frult Storage cendition Storage tme interested Realt Reference
property Befcre. Alter
storage storage
Fy N TORX by CAD, Sxfa ard 000 15 1 mondiend stored @t empenilie « 20 gl ioms 190 I 23 Buhar A st
K % with 2 duys TS (6ph) 157 173 2013
TAS6 023 022
L~ ag a5
70 % by (A 90; 5 ¥ and €O 10 weighit tes 590) o [
) TR (8550 157 183
TA ) ¥} 019
" a8 ©@n
Ok (AL 500 d 10,5 gt toas £ ™ 5
W) 7SS (e 157 103
AW} 021 023
L 1.8 a6
30% by tia g s (96 a 57
1885388:0) 157 no
TADH) o 82
[ 41p £31

Annotation CA ls tontrolled atmosphere stormge; NA 1§ normat atrmasphere stovage.

10
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Frult Storage condition Storage time Interested Reference
property Before After
storage storaye
Guldes papaya T35 oyCa O, 178 ard T3, 10 %) 14 days B ne 340 Barhesa M eLat. 2018
a* <0 200
T2 %oy CalOr1? % ard 0y 5% e 25 339
a R ng
T 23 £y CA 04, 17 %6 and £0, 06%) [ 1] 23
> <5 w5
T2 by CA O 6 Sand O3, 30 W) b 5 #0
B b2 15
T2 U b or 25 % and €025 %) e 23 o
- 8¢ 225
T 239 oy CA (G 6 56 and 2D, 06 % & 20 320
& 18 50
1,25 O iy 6A (0 3 % and 8, 52 %) B ns e
Ll -6 LY
T 23 9 2y CA (0n 3 % and €0, 5 %) w 23 33
a* ~5Rr ziQ
T.23 % oy Ca (0 3 5 and 0506 9 b 08 250
- PY) ey

Anngtation CA s controlles atmosghere storage; NA is normal atmosphere storage.
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Table 1 (Continue) Research on apglication of controlled atrnasphere storage for frult,

Frult Storage condition Storage timé interested Result Reference
mepenr Before After
storage  storage
i apple TO8 ey CALD, 2% 4,1 W) Broontisand stored ol Tempuatis w 22 Vidignt i) ) 183 Sheny, Letal 2018
B win T s Ghnater (b} 3, 29
Senriass {ing) 150 138
Ts$ (30rs0) 127 125
TABemalis 0307 o712
T8 % by rk Weight 20 186
Diareter () 30 n
fvivdssthay 350 100
158 (%) 77 124
TAmmald 0307 am
Glaxy aple T2 % by CNO, 12 XPa snd €0, 2 9 morkns ord stoved & Teroperatine = 28 Brmrew () ra 601 BothVetsl 2015
Kook O with 7 days Ta i ra 42 .
T 1.5 %0ty NG, 12 193w 0, 2 Senedtsy IN) m &0z
Kal A e ra L]
® 71 % by CAIG; 12 8Bp and €0, 2 St () w 04
APa} TA ) ne 41
“Hapward' To% by A 25 wédes frheats (N} B 8 L sUk, 2017
- Kt T 0% by CA L0, 2 % and 00, 28) I weews s stared ot Temrperatume = 092 80 it
TOX by Al 2% ond Cp 59)  whth Shwesks & 43

Annotationt CA'ls controlled atmosphiere slorage; NA is.normat atrmosphere storage,

12
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Table 1 (Continue) Researth on application of controlled atrmasphere storage for frult.

Result

Fruit Storage candltion Storage time fmerened Reference
property Safore Alter
storaye  stonage
pear frall 9 OC oy A 10y 16:KPe ard 10, 2 K8} 17 wewks Ferperreras () 57 52 LG etal 21y
Peet oot 1 37
76 %ty CA L0225 kPa and €03 2 ke frrvmere (09 § 52
Feel coloir 191 82
Toyna Frrnsiess () 57 L)
Peel coloir 11 38
fockn pear 705 oy AL, 3 1P} 136 davs 755 (kBrix} 15 195 SequetiA etal 2037
fittemess (8 0 x
705 % by CAT), 05 K28} TS (el 3o 25
Hrremess (4 40 15
<05 % hy NA T3S (@b) 05 120
fivmess 0D X 120
octa prae T % oy CALD, 3 ke and 0, U8 257 chays avd stoved ot Tempaatare = TSS fg7kg) 118 1™ SagustA mial. 017
wva 20 %ot T dap Brrsstivess 0N) 52 34
skn exler (1Y 0 93
i 2 o2
7105 Cby CA (D, 05 ©@aand [0, 048 T (k9 115 22
L] fitrsess (R) 52 4K
#h colx 049 W05 103
TA () H ar

Annotation CA Is controlles atmasghere storage; NA Is narmat atmosphere storage.
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Tabte 1 (Continue) Resedrch on application of controlled atrnasphere storage for fruit,

Frult Storage condiian Storage time Imteretted Resutt Reference
property Before ARer
storage storaye
Ssiery T5% by €4 {0, $ WPn et OOy 1400} 28 0 (A + P caysin NA firmress (N) [+ 1] 138 Aaraarhs etag 2017
T2 1ty CALDL S n mre Q0,15 W) 25355 1 Haa 2drysin CA S TA Gy D NA 089 17
Ti% 1 cyys 059 (Y-
hoeds | T20% by SATD; § i an €030 223y CA+ T duyy ' NA w 1
T 70% by CA 10, 3 kPp ant CO; 10 ) 1.5 WA~ 2 Gays 1 CA + 55 caim In NA wm %
T 209 by €A I, § 1P wres €O 10 572 3o KA 2EysInCA o 4 days I NA 0 »
7207 by A 9 o 220 35
¥ 20 °C by CA LD 5 iPu urdt €O 10 WP} Sy CA 2. 05 claye Bn HA 215 2
126 by CATD, 5 n ana €, 10 W S KA+ 5 day3 nCA X cayyin KA ns 10
T #4900y CA 10, 5 1 A (O 16 kP75 10 chyrn HA+ S dny M CA - 15 cays n NA 213 25
120 % by NA 0 ne, H
Ambrotis T 05 % oy CA D, 2 4Pm ame €Oy 1 P2D 5 months S e ra WD oM etel AT
sl AW o 1775
V08 %ty OV 1y 1.2 0 ard €O 3 KP4 T3S P30 a nie
™ %) ) 1879
Te5 % oria TES W8 s 1220
180 A 175
08 Qg CA L% 2 &8 et €0 1 PR} & months 56 Msd ™ 1350
™Y ) 1618
T05% oy G {t 1.2 o apdTOy | VS8 (90800 T 1330
TALS L5 23
Tos%oyra TS e = 139
TA ™ 1833

Annotation CA s controlled atmosphere storage; NA Is normal atmosghere storage.
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Table 1 (Continue) Research on application of controlled atrnosphere storage for it

Fruk Srorge concfition Storuge thme interested Result Reference
property Before storage Before storaye
Geareyy Sréthy Yo by a M) weeks 158 Goitree} HLERLLE 1226-12.80 Metshwa & sl
apples YA Loyt 0ot 325154 075093 2011
frrmrmss & 56A159 40.76-51.54
T0 %Ry 0i02-05 % and Oz 1% TES {0 10531216 1157129
TA {ng100ms 1255 09815
Fovress (N} 19.30.8L59 10851102
G100 T 700 RH 95% by (AR, FRPa ard CCas 5 mootns TSS (288753 152 135 Matttyshutatal,
parresanale Pal TA ) 4, 1.20 2018
T 7°°C #H 9% by A TS5 O88rind 52 140
T 1 290
EVE gavegramate T 7 CRH 955 by CA ID, 2KkPaand TG 5 T35 (elra 68 135
iPa) TA 045 080
T 1P AP by 1A TS5 (afiid $03 132
Tt 048 76
PGII8T TT 9 BH P35 by CA {0y 2K o £OL5 TSS (4grxt 82 112
puregunale ) Al 126 10
T T %G RH 9% by NA TSS (b} 162 s
TASR : (5

Annotation CAIs controlled atmosphere storage; NA is normat atmosphere storage.
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Table 1 (Continue) Research on application of controtled atmasphere storage for frult.

Fruit Starepe condition Storage me Interested property Resutt Reference
Before Before
storege stomye

Pedro Sale guava T 122 Wiy CA (04 5 a) itdays frmrmes () 125 87 TeixtraG elal 2014

T322 Chy CA 10, 5 wawnd 00, 1 b
T 322 % by A 10y 57 A0 G0, 5 04
222 % by A {04 5 ia and €03 20 s
T122% by CA(0, 5 ¥ and COy 15 )
T 322 % by CA (G 5 Pawd £0, 20 P
T12% by AT 500 18 dmn
222 % by CALD, 5%a md €04 1 WP
1372 by €A %0, 8 Gaand 0. 5 P}
T 522 %C by CA ifh 5 169 ) €03 10 @
T322 % by CA 002 5 P2 0 €0, 15 )
T522 % by CA (0 5 P2 end €O, 20 B

Annotation-CA Is controllec atmosphiere storage; NA Is narmat atmosphere storage.
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Table 1 (Continue) Research on agplication of controlled 2tmosphere storage for frult.

P $1omepa condiition Storage e ierested propenty Ressdt Raference
Before Before
storage storegé
Abata ftal 13 % R $50b by CA (13 2 K wnd 20, 07 kPa) 20 weers frmness (N 8 v VerbH el 2016
powr i ot (2% 1 »
T19CRps% by HA fomnass (M = 1%
#r e (% o [}
T-029 He 8% by CA R § P8 270 €O, 07 Wi Sfrmnees B % i
wr cower 89 1 ”
705 % P 053 by WA Tornmeds (N » »
str oo 19 13 3
T 5% R 2596 b'CA 605 2.8 ancs €0, 0.7 ) 8 weos frnness (N ] ¥}
sits, ot 09 L] »
119 i 00 by KA farrmets 00 £ »
siem astor 2% 97 L]
T 25 % R 0% by CA 13; 2 I8 and (T, 27 1200 famness (N » ol
W coler 0 m 9
T03 % e 95% oy NA frmnas © »
sin coier (h0) £ L]
eopie T3 by CA (D, 17 470 and CO, 4 02 & weew fempers i 687498 02720 DeElL) etal 216
TA (i ded) {omg) Ba4503 755600
sape L T3% by CA D, 2540 andl €O, 2545 Y Ten fommesa i ALASTS 5408 Dbl etal 2018
TAtmalls sl iog} 289481 azh s
T2% by CAO, 28 rend €O, 2 k%) Mmnene{s) 1312 565808
1R yralic sedlme He3-5a8 arem
TC X vy CALD, 28 Wow and £, 25 W90 farrmess (D L 13
Th imallc 2l mgs 78 ™

Annotation™CA i§ controlled atmospifere storage; NA is nomal atmosghere storage.
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Table 1 (Continue) Research on apptication of controlled atmasphere storage for fruit.

Frult Storsge condition Storage tme Interested property Resukt Reference
Belore Before
storage storage
Gals suple TOYCRHOD M oy CAL, 15K and OD; 25 320 days fienress (N) 8118 106 Tesarer M elal
* ALY 02708 021038 20
cotour nidex 3444 3136
T0 % A4 99 % by NA st () 617 £
TA(w) 027046 015029
o ndex 3544 2299
Calary wipla T % 190 % by SAD, 15% md €0, 25 fimness (N) T8 5470
» TA (%) 0.£4-050 037040
rerinder 043 6043
T0 % AHP0 % by NA frronews (N 6743 3560
TG0 044050 02303
conz et 5043 65-70
Barama .20 9C by CA O; 21 % and £y 309069 6 duys P pEL] 10 Marbe S wal, 2015
T20 % oy CA (0 21 % 0D GO, 20%) 18 108
720 % by CA €0, 21 % and €O, 20 %) 28 9%
T Ty A 118 [
Fantah T20 T by CA UL 21 %o and T W) 18 101
720 % by CA Oy 21 % ond T, 20 %) 118 02
* 20 % oy CA (D, 21 % and C0; 10 %) 118 7
T20% by sa 18 %0

Annotation CA'ls controlled atmosphere storage; NA is nermat atmasphere storage,?
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6. Objectives
1. To design and develop low-cost controlled atmosphere cabinet for guave storage.

2. To study effect of oxygen and carbon dicxide concentration level on physicochemical,
texture and sensory properties of guava during controlled atmiosphere storage.

3. To comparison of physicochermical, texture and sensory properties of guava stored in
cool storage and controlled atmasphere storage.

7. tMethodology
1. Literature and concemed researches about controtled atmosphere storage will be

reviewed,

2. Gontrolled atmosphere (CA) cabinet will be designed and developed,

3. The 630 guave samples will be harvested at 150 days after blo&nhg from commercial
orchard In Nakhenpathom province, Thailand. The samples will be suddenly delivered to
laboratory after harvesting, The samples will be soaked in cool water at 5 e with 30 minutes.
The samples will be stored at 3 conditions base or level of cxyeen and carbon dickide
cdncentration which number of sample for each cordition are 210 samples. The 20D samples of
guava will be gvalusted physicochemical, texture and sensory properties every week (7 days)
until 49 days of storage.

4. The 420 guava samples will be harvested at 150 days after blooming from commercial
orchard in Nakhonpathom province, Thalland. The samples will be suddenly delivered to
laboratory after harvesting The samples will be soaked in cool water at 5 ¢ with 30 minutes.

21
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The samples will be stdred at 2 conditiors which are cool storage and controliled atmosphite
stovage. The 210 samples of quava will be used Tor each condition, Abaut 30 samplesof gusva
will be evalusted physicchemical, texture and sehsory’ properties every week (7 days) until 49
days of storage:

5. effect of oxdden and cabory dickide concentration levet on physicochemical, texture:
it gensory poperties of, guava during controlléed Atrnosphiete stdriize dnd comparkan of these
properges. of guava stred o coot stormge ang contelled atmasphere storage wi be spudhed,

&. surnmaiize-and repprt.

8. Scope of research

1. The {18 f2%f copmircial force aif refridarator will'é riodified 4o be CA dalingt, The
oxygen andd carbory diodde sensors will biecused for detecting amotint of oxygen and carbon
diidde In the chamber. Microtontrsilerwill be-programed to control solenoid valves-for feecing
the bath gas into the chamber atconting requlred congentiaficet'of gas. Temperature and relative
hunicily sénsor will be installed and tonnected to ficrocontioslier for'checkPgiand fecordirie alr
condition durlrgstorage,

2. Irtermal of thing (!oD: system will be applied with mobile application which will be
developed to contral and monitor gas concentration, tmmperature, relathie Rlimiclty .and' alr
specti i e CA-cabinét. in aakdition, gas‘cogeniration Wvels'will bie saved Fito ¢l st which will
be used databasefor.caloulating guava respiratory 1ate-during stofage.

3 Fan-Srithong variety will be selected to study

4. The p)micécherhica& properties consisted of size, welght, color, total soluble solig
contert, acidity,and ratio-of tatal sSoluble solid confent to scdity. Tedture property will be
analyzed ysitlg puncture tast with olinder probs, Sehsaly tett will berevaluated by satisfaction
of panelist on appearance of frult, texturg, aroma, Yaste ard tikeness:

5. The dhata will be reported-as mean and shandand deviation (5D) of tiplicate aralyses for
each caidition”utiess othirvise stated. Statistical sigrificaice of mean will be performed using

Rancai’s mulliple range tests at 95% confidénde iritenval [P < 0.05).
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9. Equipment needed for the project

—

. Spectrometer for color measurementt
2. Auto titrator for acidity analysis
3. Texture anatyzer for textuie analysis

4. refractometer for total soluble solid content analysis

5. Gas anatyzer for pxygen and carbon dioxide sensor calibration

10. Project duration: 2 years.
11.  Schedule for the entire project and expected outputs

Description

Literature review

Design and development of CA cabinet

Development of mobile application for controlling and
monttaring CA cabinet

CA cabinet Testing

CA cabinet improving and fixing

Description

Monmthv2020

Strly of effect of omygen and carbon dioside
concentration tevel on physicochemical, texdure and
sensary  propedies of  quava durihg  controlled
atmosphere storage.

Comparison of physkochemical, texture and sensory
properties of guava stored in cool storsge and
controlled atmosphere storage,

12345[5189

10

11

12

Research summary, Writing the
publication and report
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12.  Budget details
Total budget cannot exceed 600,000 Baht for 2 years.

Expense Price (THB)
1. Honorarlum 312000
(Researcher 1 person x 24 months x 13,000 THB/month}
2. Materials
2.1 Offce materisls 5000
2.2 Computer materials 100060
23, Guzva sample (900 fruits x 10 THRArut) 9,000
24 Moterdls for daveloping of controlled atmosphere cabinet {such as sensor, 200,000
microcontioller, refrigerator ete.)
2.5 Bxperiment materials (such as nitrogen, carbon dicxdde, oxygen, chemical reagent, bag, 64000
tissue paper etc)
Total 600,000

13,  Expected benefits ard research utilization

Output of this research is low-cost controlled atmosphere cabinet which extend the
storage life of guava. 1t .could help reduce food cost for business hotel and restaurant in

Thalland. In addition, This CA cabinet can develop the controlled program on microcontrolier for

storing other agricultural product.
14.  Connections with other experts within and outside Thalland

- Department of agricultural engineering and technology, Facully of agricultuse and natural

resources, Rajarmangala University of Technology Tawan-ck.

- Faculty of Agro industry King Mongkut's Institute of Technology Ladkrabang.

15.  Will this proposal or related proposal be submitted within the next six months or

has it been submitted to other fundihg agency/source?
No

8 vYes, please give the rame of the funding agency, reme of the project and status of

subrnission,
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The projects that the principal investigator i currently carrylhg out
Project title: Detaction Aduiterant b Powddered Pepper Using Fourier Transform-Near
Infrared Spectrostopy with Multivariate Analysts

Project durstion 2 years from __August 2017 s} ugest 2019
Research funding institute____ King Mongkut's Institute of Technology Ladkabang__
Budget 340,000°THB

Rote of principal investigator in this project B principal nvestigator
[] other (please speciy)
Weekly hours spent on this project 12 hours/wesk
Praject title:
Picject chyationy ____ years from to
Research Tunding insfitute
Budget
Role of principal nvastigator in this project [ principal investigator
. O other {pleass specify)

Weekly hours sgent on this praject hoursAvesk

| hetely cartffy that @i the information above s true and | accept that TRF's' decigion s

Signature {Principal Investigator)
(Asst. Prof. Tr. Ravipat Lapcharoensuk)

Date

Signature {Mentof]
{Assoc. Prof. Or. Parmanas Sinsomisoor)
Date
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Design and Development of Low-cost Controlled Atmosphere Cabinet for Agriculturat
Product Storage
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Abstract

This research aims to design and development of low-cost controlled dtmosphere cabinet
which applied from commerdal force air refrigerator. The oxygen and carbon dioxide sensars were
installed for monitoring both gas in the cabinet. Gas Teeding were controfled by microcontroller which
commanded to the solenold valve. Both sensors were calibrated using the headspace gas anatyzer
and gas diffusion were measured on 27 positions around the cabinet. The calibration equations
showed R = 0.999 of oxygen sensor and B = 6.994 of carbon dipxide ‘sensor, Mean and standard
deutation of diffusion of axygen and carbon dioxide wera 3.53520.051% and 3.54+0.06% respectively.
The low-cost controlled atmosphere cabinet could be used for agricultural product storage.
Keywords: Controlled Atmasphere Cabinet; Low-cost; Storage; Agricultural product.
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