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Abstract

The purpose of this article is to design and develop a nutmeg stirring machine by applying the Quality Function
Deployment Technique in the House of Quality together with the Participatory Action Research (PAR) to inquire about the
need for nutmeg stirring machines from community enterprises and to find the optimum conditions for nutmeg stirring
by considering the properties of the preserved nutmeg. The results of testing by applying the Quality Function Deployment
Technique were showed in the house of quality section. The factors required in the design of the machine were: the
characteristics of use, safety, the stirred products from the machine with hygiene and shape. After that, the engineering
principles were applied to design and build the nutmeg stirring machine and find the suitable speed of rotation. The five-
levels of rotation speed were 50, 55, 60, 65, 70 rpm, respectively as a result of one-way ANOVA at a significance level of
0.05 and a multiple comparison of the Tukey Method. The New Multiple Range Test found that the optimum rotation
speed was 65 rpm, resulting in a stirring time of 296 minutes (4.93 hours). The stirring time was reduced by 38.33%, and
when the preserved nutmeg was tested their properties, it was found that the pressure, texture, viscosity, free water
content and moisture test were 129.11 N, 43,200 in cP, 0.476, 18.04%, respectively. The properties of the preserved
nutmeg satisfied the community product standards. Moreover, according to the real appliance, the satisfaction level was
at 96.36%. The nutmeg stirring machine was designed and built through the cooperative work of the Nutmeg Fruit

Processing Community Enterprise Group, so the machine is suitable and meets the needs of the community truly.

Keywords
preserved nutmeg; nutmeg stirring machine; participatory action research; quality function deployment; house of
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4.3 anneiunnzaungalunisniudunidne

1NN159DNLUUBALASIIATDINIUIUNUNA LiNDUN
waseenanandbuldlunseuiun1snIudunding n1a

2

AziTedvinisnisinundadefidmaszozianlums
mudunimatiuife anudiseulunsmudunime d
ANIEIseUTIinIsveaaull 5 s¥éu Tdua 50, 55, 60,
65, 70 58URDUNT (Revolutions per minute; rpm) 1ag
¥INSNAFBU 3 91 LARIHADINANSNARBUNINISIR 1
LAEYIINITIATITANANISADALAUNITNAADUAITLINLAS
vostoyailesfunuindeyainisuanuasuuuund
w&191nTus 9in15NsTIATIERALLUSUSIuNaRen
(One-way ANOVA) uwanen1519fl 2 wagvyniswSeuidieu
WAl (Multiple comparison) Fauanamanan1sad 3 &

auuAgIusanIAssial Ul

Hy o sy = tss = Moy = Hes = Hyg
H .

a dl ] ¥ U 1 1 U
L AARAYRYIIURY 1 f iy

lng

115, 8 AnadsszezaTlunsnIuTuimed 50 rpm
11, B AnadsszezaaTlunsnudumined 55 rpm
11, B ANRABTEEZIATUNNINILTWIINET 60 rpm
11, B AnadsszezaTunsnIuSumined 65 rpm

1, AD ARAEITEzLIAlUNINIUTUNIYMAN 70 rom

A19799 1 588%L'Ja'lLQ%EJIUﬂ’]iﬂ']ULLGiﬁBﬂT]ML%’]i@‘u

szggaaaslun1snIY (U1i)

AL5ITDU T E a3
Asell  ASell Asell Aade
(rpm)
1 2 3

50 370 410 391  390.33
55 357 338 372 355.67
60 345 362 315 340.67
65 290 311 287  296.00
70 275 283 248  268.67

M54 2 NTIATIERANULUTUTIUNIALREN

Source DF SS MS F P-Value

rpm 4 27990 6,998
353 1983 0.00

Error 10 3,529

Total 14 31,519

PNANTIT 2 WUIHEIINATIATIE ALY SUTIY
mMadieafiefnmanuduiusszniternuiiseuudas
sEAUNUIEEEIalUNITNILIUNILNA WUIAT P-value &
AU 0.00 wanenanusseulumsmuduntne s
azsydvamaliszozialunsmudunimaunnseiud
seutfoddad 0.05 IsvimseasulUSsulfisunsg

AOLNANAFDUAITULANAIIUDIAIIULSITOULAAL A

Y

LEAAIHARINITIN 3

M1919% 3 wamsIeuLigUnNYA

ﬂ')’]llL%;’Jiﬂ‘U i%ﬂ%L?aﬂLQ§ﬂ°IUﬂﬂiﬂ1u
(rpm) (w1h)
50 390.33+20.01°
55 355.67+17.04°
60 340.67+23.80*°
65 296.00+13.08°¢
70 268.67+18.34°

91NAN5197 3 WaanmsiUSsuIisuRTgal (Multiple
comparison) PERE Tukey Method 1nald a, b, c
Frdnusntedanguiinidnfuandneiy ilowansan
uwanenafusadfiaderessresiattunmsmuluusiay
AaEifisedutddy 0.05 nuirszeznailunisniu
Funidlimaiidesiign Aoananiaseud 65 uag 70 soUse

(% '3

Y9 FaisaeannuiiiseulisresiianlunisnIusunve

Ya o = o

liunnsnatuftseduedndnil 0.05 Fafumeiseda
A211L8250UNIADIAIIN1%IN15 RIS TIu Y
aszurumslunIsnudundng nuianudiseudi 70
dlovnisniudunimaadaudasiidlosunimeiiios

s v va q' 2 o i
Laﬂuaalwmﬂizm 1ummzwmmmsauw 65 39UND
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undt Liihidesundimenaulndfanseny dednase
svpvnarlumsiauazendiuaensenysiely daiy
wuhanufiseuTimngauiiaalunisniu fe 65 sousie
wit Tneldszazinailunisniwade 296.00 uad (4.93
F2l09) wannasInnIsnIuTundmaAiiausaseu

AANEIRIgUN 6

= Y ¢ a I3 ' a
E‘Lh’l 6 AUNUNANIUNAINULIITOU 65 TaUABDUN

4.4 Wan19IATSRRENTAYRUNIMANIY

TunisneasuauanlRveIdunmanIutY tnenns

q

'
wvad o o

finnsanamuantaniddny Téun nsaouusanaoduda
auniln Uinanidase uazanutu Inslunismaaey
IFihnsinaeidneiaiesdefuinsg i lnsnsmeaou
Heodudauuunismadaunsng (Compression Test)
NAdBURIELASES Texture Analyzer 8% e Lloyd
Instruments §u LR 5K #a3u#l 7 adnumilanaaeusie
\A309 Rheometer 8@ Thermo scientific U HAKKE
MARGO wanin1snaaausaguil 8 dauuSumindasy
(Water activity; Aw) NAADURILLATOY Water Activity
890 Aqua Lab Ju Aw CX3 uagauliuneaoudieiaias
Hot air oven & Binder §u WTC Sauanafanisrsii 4
Naa1nN s dunmANIUANIUANTNIUTBLAT DS
nufiadrstulunaaeunudn nsaevusenaLieduda
Aramiln Uinuihdasy uazanutu ety 129.11
N, 43,200 in cP, 0.476, 18.04 % Mudey enauauta
vosfundinaniuiiiiunisniudaeiadoaduluaiy

AaUTRAUIA T IURERSueIYUY

M990 4 wanFIATsvRuaNTRvesTunlinaniy

a o
szgzaaaslunisnIu (W)

AOUENUR asi  esell aseli Aede
1 2 3
NN1INATDULLIY
nailodulis 12073 12257 14402 129.11
(N)
AURUA

. 43,130 44,770 41,700 43,200
(in cP)

Usunanndase 0486 0469 0473 0476

AMNTY (%) 1803 1813 1798  18.04

- LLOYD)|

LR 5K - 1

JUN 7 msveaeulloduauuuusang

SUN 8 NsadauUANUnLA
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4.5 wavNN1saaIusan N15UlUTY wagaunanala

NuUITsdun1IsWaIUINTZUIUNITIUNITNIU

¢ 4'

P Wintelun1sansyarIanlun1sNIU 3991398

De

e

VA

TUumMITedUfuRn suuuTdmsmseninenne 39
wagdamnaguruwlssuTumina lnguansninusiuile
W7 wazAUUAATOU AIUAISIIN 5 Fauans
S18ATLBEARILG N158DNLUULATESI9LATET N1SVAADS
Wemannefumnzaulunisniu nmsdnadedluld waz
ASAARILKE Lazyin1TaauauAuRanelaaInaINnIg
Yuadesmudumimeluld Tnanisfiansanann 1.8nvae
yen1enn e 13esdanuasnuLazneinge iAo
TANUAIIY NMTDBNUUULANUIANTANRDNISITU NS
ponuuULazadduduiinuuduse 2 8nvarnsly
1 boun danuazainlunisldau Ussudanalunis
¥y fanuvasadenisldeu indesaunsasessu
nandn waz 3.113013950w0 Teun wdesdngsients
139509 Lﬁa%udausz?wmamﬁasziamLL%W%LUS&MI&T
$18 @ansavhenuazealiing Fauianeioanui

6

nolaannslHaseavindy 96.36 Wasidus

o

M990 5 NsildusiuveanguiamiagusuuazaneIdY

M50 5 MsildmusnengiiaviamuasanzE Iy (se)

§AuSuiavau

TunU AN

YUYY

ARZEIYY

4. 99NLUUNITNAADY LA
NAFOULATDINIUTUNULNA v

AsuAsastuly wazinnuna

5. guasaaniululdlunis
nauTuUNYIne n¥euna
EUBLULWLUINIlUAIS v
UFuse

6. RamuraInn1sLdiAses

nauTuUNYIne n¥euna
U%’Uﬂ'qqm%aamu%’uwﬁl,m v
ANUDIAUBIUE

7. N133UAUILAUAIIUAR
TuN1990NLUULATY v v

8. N1SIUAUNAADILAY
AINFOUNAIINNITNIY v v

9. MITmAULNTY A9
MAnTuluN5IITY v v

§AuSuiavau
VU Wwie anzdAde
YUY

N159ONKULLALAS1ASDY
1. ARUAANNABINITUAL
ARIAN AL YDUATES v v
2. 99nUUULAzasI9LATes
mulinsaiuaufeens v

VOIAANIYUYY

A1sNAaBLNaaN T wNNzaNTun1SNIY

3. fSIFDUANYULNIG
AYANUDITUNINANIY v

5. @3UNan133e

qwu%%’aﬁﬁwﬂﬁﬂ%’wqqﬂizmumﬂudauﬁuaamiaﬂ
szezanlunsniudunting Tnesuanmsuszgndld
wmadianisnszareminiidaguainludiuvesdiuns
AanMImAUNMTATedaujiAnsuuuiidutan iile
Anwiaudesnislunisesnuuuuazaiianioaniu
Fumiiina wdannduldndnnismdimnssaluseniuy
wagadanioanuiuniva iielinsmudnwagnnsly
s mnudasade iniesgnanamdnounsie sunse sy

v

N39NUUIAITIIAIULEITOUNMLNZEY 5 52U Taun

aa v

50, 55, 60, 65, 70 S0URBUNT UALIATIZVRAVINSATIAG Y
A21ULUTUSIUNIILAEY (One-way ANOVA) N5 61U
Wod1AyN 0.05 uagyvitn1siuSeuliieunvauei83s

Tukey Method wualgsgaziiarlun1sniunIuLAIeg
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WU 296 W (4.93 Falug) Tnernudiseuiiuunzay
fgnitdsnalsiszoznalunmsmudiosiigawiiiu 65 sou
foundl anunsatasansyezatlunsnIuas 38.33 % wle
thdumimaniudieiaieslunaaounuautd nuinis
NAdOULSINALE odudd Aanuviln Usuanindass was
AT SiAwinfu 129.11 N, 43,200 in cP, 0.476, 18.04
% pud1iy FanuiauauTivesduntinaniugangtn
Julumunaaudfiniuunsgrundadugiguyy wagan
msasuguanuianelaainnisinasiniudunimely
19 Tnensiansanan 1.anvasreamenin laun 1edes
flarualvaunazneinie tadesilnauaamny n1s
2ONLUULAULNNZANADNITITIIU N1T0BNLUULAY
a%193uduiinnuudeuse 2. 8nvarnisldou 1dud 1
ANNAzAINIUNTITIU Ussudananlunsvingu dannu
Uaoadean1sldau indesaunsosessunanan uay 3.113
1393091 LeuA 1a3esinedenistngednw dloFudu
FrgpaunsageunsundeiUdsuldine aunsasiay
azonlaine Fanuinaedsauiianelaainnisldiades
WU 96.36 WesiFud Faduluauninudesnisves

FMNIYUYUBE NI

6. aAUs18NaNI15IVY

ﬂejﬁamﬁwmuwsgumaé’fumﬂmﬂLﬁmﬁ'ﬁumﬂmi
suwmiiuvesaulugusy Inenseuiunislunisuandens
o1ty wiosdiu slunszutumnuduniinadas
odoussuaulunsmudundn dafuluniseenuuy
wazasnaeInuTuming enouaueInugonis
vosyuvulagldinadanisnszaneninilidenunlugiu
YIUIULANAINTINAUNTTAIUTINVDIYUBUEIN0D
5o WBONKUULAZASI9LAS0INILTUNTIINA kAo de
wdnn1sn1sadfiienaniisfiwmuizanlunisniu
Sunmimalasfiansanainanudiseuiimnzanlunis
nmudsdenaseszaziatlunisnmudiiadunuimisdunis
i luldsoly Bnisdelfanudidyfuauandives
Sunimendsannsunsniudieesesdinnumnzause

& a o cw ¢ P
LLazLﬂuiﬂmummgmﬁuamammmumum%mu LB

I a a

FIUUNTEAUAUANTIANGuTaMAIYUYURUTIUNA

q Ll U

Junmimeanald

AnAnssuUszna

YBURUNTTANNGNTAMAYUYURU TFURATUNUNA
FIMTAUATAITITUIIY SINDINMINYIa AL ULadsy
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