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Abstract

This study proposes using a factorial experimental design method to determine optimal parameters
for controlling water removal from fresh-cut vegetables. The objective was to achieve maximum
efficiency of water removal and increase the shelf life. The tests were conducted on samples of
three leafy vegetables, including lettuce, green cos and green oak, with the samples weighing
1, 2, and 3 kilogram; the speeds of water removal were 85, 130, and 180 rpm; and time was 5,
10, and 15 minutes. The output parameters were the amount of vegetable water removed
and the shelf life which made for 64 tests in total. The amount of water removed from vegetables
was compared with the initial weight. The results showed that removal of water from lettuce
weighing 3 kilograms, at 180 rpm, for 15 minutes was up to 98 %; 96.50 % for 1 kilogram of
green cos at 180 rpm for 10 minutes can remove water from vegetables up to and 96.50 % for
1 kilogram of green oak at 180 rpm for 15 minutes. The shelf life of vegetables after drying
was compared when stored in the fridge in a perforated plastic bag at 8 - 10 °C. The results
showed that lettuce had a 15-day shelf life, green cos had a 12-day shelf life, and green oak
had a 13-day shelf life. The shelf life was increased by 80, 66.67 and 20.08 %, respectively,
compared with the conventional method. Therefore, it can be concluded that the proposed
method was able to obtain optimal parameters for effective spin-drying of each type of vegetable.

Keywords: Spin Drying Machine; Fresh-Cut Vegetables; Leafy Vegetables; Design of Experiment (DOE)
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Parameters Specification
Size of Structure (Outside) 90 x 90 x 100 cm.
Radian of Structure (Inside) 78 cm.
High of Structure (Inside) 70 cm.
Volume 10 kg.
AC Motor 220V, 1/2 hp, 50 Hz. , Speed 1500 rpm.
Operation Control Automatic
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Microcontroller Output
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Define all parameters
Key, Type A, Type B, Time, Weight,

initaial

le

Show data of
Vegetable on LCD

Input from keypad
Type A or Type B

Key == Type A

Display

/

Analog from Load cell Weight

Show data of
Vegetable on LCD
Display

Y, = 88.2-3.98X,+19.8X,+2.0X,

Show data of Time
Operting
v

Motor : ON

No

Y, <=95%

Yes

Motor : OFF

Yes

Analog from Load cell Weight

Show data of
Vegetable on LCD
Display

Y, =75.1-12.8X,+14.0X,+1.40X,

i)

Motor : ON

Motor : OFF
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Display
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. Define
aim of research

[ Choose output l "I Second-order design |
v v
l Choose input l l Experiments in random order ‘
v L]
|The calculation of all experiments‘ I Fit to second-order model l
l First-order factorial design l No
l Experiments in random order l Yes
] Try changes in variables and/or response
: fit to different model
| Fit to first-order model l

Is there
lack of fit?

No

Give results with optimum
variable conditions

§1J17i 5 uwunwmslnaresds Full-Factorial Experimental Design Method

MIWN 2 MssviazesnIuldunadnsumstamihnnanAnLAsuiaEn Ly

Coded and Uncoded Levels

Variables Unit Symbol 1 0 +1
Weight kg. X, 1 2 3

Speed rpm X, 85 130 180
Time min X, 5 10 15

uazivarsneann (Y) A Ysuanhnganaenainin desusamiuinlanangunisn (1)

initial

w....—W.
%W =[#j x 100 1)

Tned
%W Ae  wesiusmsssmiesnainda (%)
Wi A8 ihwindnneumssantesnaIARn kg)
Wia 0B TwindanaImMIsaMoana AN kg)
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souguaafinIaosandnInaduaansoild  doudazsrauanudadinaiaiudana
50 soUMEWIN 9INNIBBNLUUAIBITNMTOBNLUUMINARBILDLWANBSBaANgUuLY  9:lAd1mou
manARoavanNA 27 manages (3° Full Factorial Experiment) UaAIUAUNITNANDY 3° unnnalsen
FAara107 3

MIN 3 uwuMInaaed 3° unanaBeafnsumsmMammM AW STImINTENsInTUMIAILANMNITTNNUY
2DILATDINANUIRNFAAALAITIAND LU

Factors Factors Factors
Run Run Run

X, X, X, X X, X4 X X, X4
1 1 1 1 10 0 1 1 19 -1 1 1
2 1 1 0 11 0 1 0 20 -1 1 0
3 1 1 -1 12 0 1 -1 21 -1 1 -1
4 1 0 1 13 0 0 1 22 -1 0 1
5 1 0 0 14 0 0 0 23 -1 0 0
6 1 0 -1 15 0 0 -1 24 -1 0 -1
7 1 -1 1 16 0 -1 1 25 -1 -1 1
8 1 -1 0 17 0 -1 0 26 -1 -1 0
9 1 -1 -1 18 0 -1 -1 27 -1 -1 -1

TUMINANEUAMANUINRNTRSRNMIAULUY  Tngasnmsnsamaulsamsmsanaule
(Coefficient of Determination, R @gm R G911 Mungds sumsimanummnsaumn douans
FUuVUMIIIMIAANAIANNLYIUTIL (ANOVA) Fonaoil 4 ifle N ApduIudeys p Ao
SunanmndsdaslugumsmlanzimanuulsUsuueny 3 & Ae ANNLUSUTINTIN
(Sum Square Total: SST) iflupnuulsUsiusinvasioys dwmdiesueldfeaunisanaes
(Sum Squares Regression; SSR) uazsmiesuglilfmesumsanaes (Sum Squares Error; SSE)
Aosumsii (2)-6) [15] - [17]

SST = SSR + SSE )
I 2

ssr=3(r/-7) 3)
i=1
I 2

ssE=>(r,-7) 4

i=1

4 N —_ 2 = T o ar J d'
($N]3)] Z(Yl —Y) AD WAUINTDINAAIINIRIEDIDDT ¥ 91NAIRNE
i=1

IR VDIDATIFEINTZWI SSR AU SSE milaan

e Mean Square Regression  SSR /(p - 1)

: = (5)
Mean Square Residual — SSE/ (N - p)
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- 2 T e a v a . . . 2 ¥
Aonu MaNYszansmsanaula (Coefficient of Determination, R”) wilaain

2> _ SSR

6
SST ©

MIwn 4 MInATRAmANULUSUIIL (ANOVA) [16]

Source of Variation Degree of Freedom Sum of Squares Mean Square

(DF) (SS) (MS)
Regression p-1 SSR SSR/(p-1)
Residual (Error) N-p SSE SSE/(N-p)
Total N-1 SST

WA

1. WEMSBOALUUAMNMINTABSIINENMEIENMso0NULUMINAREY
mAsaimsnaseusiegudnly 3 win ldua Anmanen nsuAes uazaIulon nagou
Jadenonun 3 998 urnziladenasou 3 336U wwskamsnaasseamidy 3 diu liud kamsosnuuy
mmniwesiwanzaudeds Full-Factorial Experimental wesinmaven n3unes ua:n3uldn
TAENANI300NULUDNIINARDILDULNANBLTRANFULUD defifuls 3 Buna ua: 2 Lo1ANA
IS ILIUMINARDITINNA 27 MINARBY FILTATHANITNARBIAIAIIIN 5 - 7

MIWN 5 HANTOONLULATWITIHNDTNMINzaNAI835 Full-Factorial Experimental Annnvan

Factors Factors Factors
Run X, X, X, Y, Run X, X, X, Y, Run X, X, X, .
1 1 1 1 98.0 10 0 1 1 975 19 -1 1 I 965
2 1 1 0 975 11 0 1 0 970 20 -1 1 0 96.5
3 1 1 -1 96.0 12 0 1 -1 970 21 -1 1 -1 96.0
4 1 0 I 96.0 13 0 0 1 905 22 -1 0 1 94.0
5 1 0 0 975 14 0 0 0 865 23 -1 0 0 94.0
6 1 0 -1 950 15 0 0 -1 850 24 -1 0 -1 927
7 1 -1 1 51.0 16 0 -1 1 630 25 -1 -1 1 875
8 1 -1 0 495 17 0 -1 0 615 26 -1 -1 0 835
9 1 -1 -1 470 18 0 -1 -1 715 27 -1 -1 -1 80.0

MIN 6 WANTRRALLUAMNITNADTIANIzEUMEI5 Full-Factorial Experimental Annsupos

Run Factors % Run Factors % Run Factors
Xi X Xy ’ Xy X Xy ’ X, X, X5 7
1 1 1 1 83.5 10 0 1 1 900 19 -1 1 1 945
2 1 1 0 825 11 0 1 0 915 20 -1 1 0 96.5
3 1 1 -1 78.5 12 0 I -1 850 21 -1 1 -1 935
4 1 0 1 75.0 13 0 0 1 915 22 -1 0 1 924
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MINN 6 HAMITBINUUUAWITEARINWNZENMEIS Full-Factorial Experimental Ann3uaos (Ao)

Run Factors v Run Factors v Run Factors
Xi X Xy ’ Xi X X4 ? Xi X X ?

0 0 725 14 0 O 855 23 -1 0 0 905

0 -1 705 15 0 -1 830 24 -1 0 -1 885

69.0 16 83.5 25 -1 -1 1 865

-1 0 655 17 -1 0 775 26 -1 -1 0 920

-1 -1 47.0 18 -1 -1 745 27 -1 -1 -1 85.0

O 0 3 &N
— e
1
—_—

[S—
oS O O O O
1
—_

—_

MIWN 7 WANTOONLULATWITIHNBININzaNAI835 Full-Factorial Experimental Annsulan

Factors Factors Factors
Run X, X, X, Y, Run X X, X, Y, Run X, X, X Y,
1 1 1 1 845 10 0 1 895 19 -1 1 I 965
2 1 1 0 84.0 11 0 1 0 91.0 20 -1 1 0 94.0
3 1 I -1 79.0 12 0 I -1 865 21 -1 1 -1 94.0
4 1 0 I 68.0 13 0 0 1 83.0 22 -1 0 I 910
5 1 0 0 655 14 0 0 0 865 23 -1 0 0 90.0
6 1 0 -1 615 15 0 0 -1 735 24 -1 0 -1 88.0
7 1 -1 1 425 16 0O -1 1 605 25 -1 -1 1 84.0
8 1 -1 0 44.0 17 0 -1 0 585 26 -1 -1 0 80.0
9 I -1 -1 390 18 0o -1 -1 575 27 -1 -1 -1 80.5

WA lUAITI97 5 - 7 1IATZARRETUENNTARLUD ASENNIST (7) - (9)

Y, =88.2-3.98X, +19.8X, +2.02.X, )
Y, =82.4-9.74X, + 639X, +3.36 X, ®)
Y,=75.1-12.8X, +14.0.X, +1.40.X, )

(e
Y, fe weiwusamssanimesinmanes
Y, fe weiwusamssamimesinniuneos
Y, fe weswusamssamiwesinniulen
X, fAe wiinvesdn
X, fD  ANNSITOUIDINDADS
X, fe nailisan

2. mTIATIERANULYTUSIU (Analysis of Variance)
WM IDONUVUANITAWOSAI8I5  Full-Factorial Experimental 1{81u13tA51:9
TOYANWINIA IAUMITNASDUAIAMNIANZRNTOIENMIAULLY AIBA1 R? wudl aumsauuuy Y,
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fim R® Wi 769 % uazdim1 P-Value wiu 0.001 Y, fim R® iy 84.20 % ua:difA1 P-Value
WAy 0.001 ua:z Y, fiA1 R® wniy 89.30% waziiAm P-Value iy 0.001 uanowamsdnszi
e ANOVA shwsumsaamiesinmanen nunes uazn3uldn fomsieh 8 :nmsansenss
JrmsuazInedinusitieddos o mMseenuuumsnaResifnIsimaulssansmainaule
R®> 70 % uazm P- Value (prminandn) < 0.05 (a) wsnshuvusiaesinanuiigsnelumsin
Foyauazdoiniudoyaiia sunsnihlusiuanmsimeiommmasuiianign [17]

MIWN 8 MITIAIIZHAIANNLYTUTIN

Variables Source DF SS MS F P

Regression 3 7419.5 2473.2 25.59 0.001
Y, Residual Error 23 2222.9 96.6

Total 26 9642 .4

Regression 3 2646.57 882.19 40.80 0.001
Y, Residual Error 23 497.27 21.62

Total 26 3143.85

Regression 3 6562.8 2187.6 63.90 0.001
Y, Residual Error 23 787.4 34.2

Total 26 7350.2

3. HAMTAATEAMUAMMNTBIRNEARALANTALUVEINMSIRALIDaNINAN

mafusnmnaaRaganpisismsiivsansnmlumsilinsuaumsme 9 manw
haouazBinmgmaivinmesinuaznalll Wosnnamnsaansrnmaasauiulavesdeqaunials 18]
Fornandaursziialudeiluussemunssuds Ae Us390epia Oriented Polypropylene (OPP)
WgEIAgEN Wusmfigamail 8 - 12 °C [19] Mmnsaianiinn:inmmneingn Tnsfalsan
SLUZIRMIALSIMIUAANNTNYTAl9a0RAN g 3 TR uamAseuiinmSITou 85 130 ua:
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NNHAMINATEUT LS AMANUARzTiAnAMITARthoan AU Fnmavies
frumsadmieananininmss 180 seudewd a1 15 wiii @ansadivinwldnuiign Ae
14 Ju fnnsunesiiumssanineananininnmusl 180 seudewi a1 15 Wil @unsninusam
lhuudign Ae 11 Ju dAnnsuldaimumsadmieenandaiianugl 85 seudewi v 15 wii
sansafusimliuign fe 12 u wammaeesfnsmenAfasiuI ey [19] Johmanareu
\uNAAAARRIM AR IeBReeM AU Tneussgluge OPP figamgil 7 - 15 °C &unsaiiu
S waanalann 10 u

4. wamsuAREUMIEAADBNINANMIETISUNSNAUANMSINILEATLITR

HANTNANOUNITAAALI00na1NANAI8TUSLASHAILANAI T IULLUEATUITA
Taeldanmsi ) - ) swsuiusumamuaumannu Hsmetoingiin A fe lundn uainuiin B
fin fnmupse hmin 1 Alansu nageuth 5 A3 uasisanA N TSN UzDg U TuATN
muboulefimnun  waAINaMINARBUAIMIIIN 9 NARAMINATEUANIWILETRsTITUATIAIUAN
mavhouuudaluiinud deiingdiia A fe dnlundn dwmidn 1 Alansu Tsunsusnnsavou
Ifeenogniesuiugig 5 ass mudeulafimmun fe wWesdurmsasnheennninlitiooni 95 %
uwazillothinaiin B fin Anmupse min 1 Alansu Tosunsuansainulfegogadaousdusiiing
5 3o mudeulafidmun Ae wWeiidudmssdniheonaninlitesnd 95 % wduiu

MIWN 9 WANMINATEUANNLIUNE PRI Y IUNTNAIVANM INUULLDR LUNRA

YNAND wWesdurmssaaeananin wasidun
ﬁwﬂﬂa‘u ﬂ%z\ﬁ; 1 ﬂ%z\ﬁ; 2 ﬂ%zﬂ*f/'; 3 ﬂ%v'ﬂ‘f/'i 4 ﬂ%zﬂ*f/'; 5 ANHLLIUEN
A 96.0 96.0 95.0 95.0 96.0 95.6
B 95.0 95.0 97.0 97.0 97.0 96.0
dyUuazenlsuna

mAdeiliisuemammmafimesimnzaudmsumuanmstaneannRnaARALAsiaRT LU
medsmsssnuuumanasesuuuwinnesualnefiingUsadiiemus:ansamgoanuesmsadni
ganInANLAzANEIgMSIAUSAm smsnaseuieteanly 3 #in Hud AnmAnen n3unos ua:
n3uldn naseumimeionun 3 Wndimes winsmndimesnagey 3 szAu lAun min
nagaumiAf 12 uaz 3 Alansu AMSITOU 85 130 uaz180 ToUABUIT URZIZBZIAT 5 10 Ua:
15 wit Teodnn A USinashiisaneanandnuazegmafiusnm Geuiumnaaesiomin
WAL 64 ManaRey wtswamsnasaseanilu 2 dau Wud duil 1 WisuifisuuSmanhiisdnoen
NARAAUMTNGNAY man1InARBINLIY Anmaneutivin 3 Alansu adARIsASITeU
180 soUABWIT Sruza1 15 WAl snsaadatoenanAnlAmIg 98 % n3unomimin 1 Alansu
ganMmeuANNEIToL 180 seusewd s:uziam) 10 Wifl ssnsaaaAenINANANGA 96.50 %
uwazn3uldaimin 1 Alansu adamoaANuEIsey 180 saudewd szazaa1 15 Wil Sansaaani
aonaMANlANINGA 96.50 % DoWaMIITBAINAINEAARIAUNUITETNILIBOIATBIRAR
Lmumﬁiﬂawﬂquﬁ A9 ANuSIToVLRzs o lflumssaniinanomsasauss (31, [7], [20]
Aam 3107 10
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- wiin ANulunsaan F2HZLINT mIsaAh
YUANN )
(kg) (rpm) (min) (%)
NNNIATION 3 180 15 98.00
NSUADH 1 180 10 96.50
nsulon 1 180 15 96.50

fun 2 WiueUeIgMINUINTOIRNTRINIEAR U39 QINAISANDIZJURADSNH

Tustugmumngi 8 - 12 °C wamsnARINUTRNMANENIRIEMINUII 15 T NIuADNTeIyMINUINE
12 Ju wazn3uldafiorgmadusam 13 Ju Teefiegmaiosasuinduamdu 80 66.67 uaz
2008 % sy WewSeudsuiuAnfilimumsmouszadmh do JssunsaagUlEismamisue
snsamAmiveinmmzansmiumssantheonnnnuAazeiinlfetedilssansnm

AnAnNIsuUszNA
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