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Effects of Hot Water Blanching and Puffing Temperature

Level on Qualities of Namwa- and Homtong-Banana Chips

Surapit Tabtiang*

College of Industrial Technology, King Mongkut’s University of Technology North Bangkok
1518 Pracharat 1 Road, Wong Sawang Subdistrict, Bangsue, Bangkok 10800

Received 23 July 2021; Revised 5 May 2022; Accepted 28 June 2022

Abstract

Puffing technique can reduce the degree of volume shrinkage and increase the textural
crispness of banana chips. However, banana chips tend to be more browning and some scorching on
their surface. The hot water blanching pretreatment could improve the color of dried products.
Therefore, the objective of this work was to study the effects of hot water blanching pretreatment
and puffing temperature on the banana microstructure and the qualities of crisp Namwa- and
Homtong-bananas. The non-blanched banana slices and hot water blanched banana slices were dried
by hot air at temperature of 90 °C, and then, it were puffed by hot air at temperature of 150 - 190 °C
for 2 min. Finally, it were dried again by hot air at temperature of 90°C until its moisture content
reached 4% dry basis (d.b.). The experimental results showed that hot water blanching pretreatment
could limit the brown colour of both crisp banana products compared to non-blanched samples. In
addition, the blanching pretreatment remarkably increased the volume ratio of the crisp Namwa-
bananas in ranged of 12.3 - 15.4% compared to non-blanched sample. However, the 24.0 — 28.7%
of volume ratio decreasing was noticeably observed on the crisp blanched Homtong-bananas. The
hot water blanching pretreatment coupled with a higher puffing temperature significantly decreased
the hardness of both crisp products. Nevertheless, the color of crisp bananas had more browning as
higher puffing temperature. The hot water blanching pretreatment is more suitable for Namwa-banana
processing than Homtong-banana processing. To preserve the color quality of banana chips, the

puffing temperature for processing should not exceed 170 °C.

Keywords : Hot water Blanching; Banana Variety; Puffing; Colour; Texture
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Note: Different superscripts in the same column indicate that the values were significantly different at a 95% confidence level
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Abstract

The objectives of this research were to study the effects of drying kaffir lime leaves using heat
pump, heater and heat pump in combination with heater at temperatures of 45,55 and 65°C on
physical and chemical properties of kaffir lime leaves and specific energy consumption. The results
showed that the drying rate increased with an increase of drying temperature. When considering
among three drying systems at the same drying temperature, it was also observed that an average
drying rate of heat pump-heater drying exhibited the highest value resulting in shorter drying time
than heat pump and heater system. For the result of color of kaffir lime leaves after drying, it was
found that dried kaffir lime leaves with heater and heat pump in combination with heater system at
45 and 55°C provided the best color value. Moreover, the results of the antioxidant content and
activity showed that dried kaffir lime leaves with heater and heat pump in combination with heater
system at 55°C contained the highest content of beta-carotene and phenolic compounds and
antioxidant activity. However, the result of energy usage revealed that heater had the highest specific
energy consumption. Therefore, overall results indicated that drying with heat pump in combination
with heater system at 55°C for 330 min led to dried kaffir lime leaves with the best of physical and

chemical properties and the lowest energy consumption.

Keywords : Antioxidants; Combination; Energy Consumption; Heater; Heat Pump
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Abstract

Koranda (Carissa carandas L.), which is a kind of Thai local fruit that received more attention
due to its health benefits. This research was aimed to develop the new product of ready to drink
Koranda juice mixed with Nata de coco. The active ingredients of the Koranda were investigated. It
was done in three different stages of Koranda: raw stage, semi-ripening stage and ripening stage. The
result was shown that the maturation stage affected the amount of active ingredients. The ripening
stage of Koranda had the highest total soluble solid, total anthocyanin content and total phenolic
content which were 9.13 °Brix, 133.59 mg cyanidin/100 g, and 540 mg GAE/100 g, respectively. The
raw and semi-ripening stages of Koranda had the highest acidity and vitamin C content which were
3.99% and 45.67 mg/100 ml, respectively. The sensory evaluation of Koranda Juice was also
investigated to select the optimal amount of sugar and Nata de Coco. It was found that the optimal
amount of sugar and Nata de Coco in Koranda juice were 12% and 10%, respectively. Koranda Juice
mixed with Nata de Coco had fiber content 0.02%, citric acid 5.37 %, total phenolic content 40.14
me/100 g, and anthocyanin 27.60 mg/100 ¢. Furthermore, the microbiology qualities of the product
were within the Community Product Standards (Ma-maow Juice TCPS 486/2556).

Keywords: Koranda (Carissa carandas Linn.); Nata de Coco; Anthocyanin
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i1 3 sregluvhmsliaseinunm THud
1) ANd §1e1A3 09 AAE (Color QuestXE,

HunterLab, USA) @1 L* L@Ad@ 1A31U&7 149
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a1

(Lightness) arndunaulufiedan diu a* fa1duns
Ui dau b flendmaesauiedintu e

2) Usinawesudsiavuaiiazanetils (Total
Soluble Solid: TSS) 1ae e Hand Refractmeter
(Atago, Japan) fvheiduesrnuing (°Brix)

3) Yaen pH fewA3e pH meter

4) ﬁfmﬂ?mmﬂmﬁgwmiugﬂsuaaﬂiﬂ%m%ﬂ
1ne3Slawsn au3snsves AOAC [6]

5) AnUsunaueulnlenduianun (Total
Anthocyanin Content) 1LAS1E%A 1875 N Lo%-AN
WaLsuLldea (pH-differential Method) au35n013
U939 S. Fakngoen and S. Meerod [7]

6) AU uMEsUSTNOUR U N anu e
(Total Phenolic Content) #2878 Folin-Ciocalteu
IngLUTuiguniuanTaEaneuInIgIUYeINTALNG
an (Gallic Acid) [8]

7) AdSunadandudteus Tneannslae
sniuiuansazangleladu mudSnsues AOAC [6]
Tngnsiawmsnivaisazaelelefuwduaisavans
wnsguiinaniuiiudean Sufinduiuneaud

Prlumuadsunainniug

2.3 MsREUIWBAS TNz Nz
wieununaNuLzn31
2.3.1 MsseutuzineIuzL LY
mawearingiudmsunanamingahmn
wzulvindoudy [9] Inethravosusieuzung
Tiszoznafsgnaunuazsagnashaduludnndiu
20:80 11&19¥ANEZDIR HLouEaeen fafluth
ianlushsdrunauzshmnuzuIvsetazen
1:3 Tnevhwedn Yanduidien 20 unil ileadnd nau
5a9R InHUNTeIRIUIIUsldLE 2997

WUl dmsuiunenialunisveassaseilldiu

ﬁwuzw%wﬂuﬁ’wLsﬁ"awwqmm As1Aalonaun
wiealnonisiunsEeuL e naz i AL o
nduthlduludiienuiu 15 uni dnwnly
nszreuiionnlfasiain anduthuntuazien

measastue1ms wWisldvinnsnantutunaudaly

2.3.2 M3ANEEATIEIUNISHANLNLZEI299I7
uzundaufufiviunza
vhwgadhamausun vl sdusnduly
WWenlAunsagnsnsesay 0.06 Auliazany LAy
thmansievnfisasidiuunnaneiy 3 seauldun
Seway 12, 14 way 16 muaiau aulidniy 1l
Tnuidouiiguvnd 80 sseniwailea umu 15 wil
Uss9aIauidluraizsou Yanwan dlulviany
FourensruIuN1INIAReslsdguugll 65 oA
waldod uy 30 und vinsna aLdugeviai
gaungfivies [10] udnfiusnuigumngd 4-6 aam
WAl mmfuﬁ'ﬂﬂﬂﬁzLﬁuﬂmﬂwwwwqﬂigaww
Sudaiiofnidonsnsidudivnzanlunisuanii
uzshemauzunlndeniu Insidongnsilasy
ﬂzLLuumwmaUImamumaﬁqmiﬂmémﬁmzm’aa

wangunlvineununanjuneninlutuneusialy

2.33 nsfAnwdasdaunisndnuiuziamia
uzunalvindoumunanfunzwiafivuzsy
thihugahamuzunlvildfuniseeusy
Tnosamuniigaande 232 luAufuugniind
wiseuliludaadruunnsneiu 3 seau loun Seeay
10, 15 wag 20 sua1nu aulmgniu drlulvaanu
Youflgumgil 80 osrnwaToa w1 15 Uil U599
asvnkidluraziou Yanvin diluliauieu
AIUNTEUIUNITNIALRBT bsdgaumng il 65 991
walfoa uru 30 uad nisvaeld udaeuni
gaungfivies [10] udnfusnwigumngd 4-6 aam

waded 3ntudnludseidununImmiauseam
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v oA v oA Y

FunaioAndeandnsdruiiuunzanlunisnan

HARA NN 19MINTUIIIN T DUA UK AN

LN

2.4 A15AATITHAUAINNINIEAIN AT UaL
Yauvsdvawandie

g augunlindond unaniu
ugwiniildsunssenuinniigaunviinisiesgi
Arusunalee1msueu [6] TauSunuveuda
an%umﬁazmﬂﬁ;ﬂﬁ 1agld Hand Refractmeter
(Atago, Japan) lnediweidussrusnd (°Brix) In
UnansanamualugUvenindninlagislamm
[6] TnAnd so1aTeainAnd §ve Hunter Lab fu
Ultra Scan VIS Tagan L* ¥u188s A1AINEI18 A1
a* (1 Juvan) wnneds aududuns a* (Juav)
nueds Anadudiden wagan b* (1duuan)
weils Anududivaes b* (Uuav) vaneia A
Juddudu T pH #281A3 89 pH Meter Tad
Usunameulnlgeniuianun (Total Anthocyanin
Content) AAT1¥¥MIBIENOY-ANLNOLTWTA (pH-
differential method) m1u35n15v04 S. Fakngoen
and S. Meerod [7] TaU3urua1sUsznaui uedn
Wanua (Total Phenolic Content) #2833 Folin-
Ciocalteu lngLUSguLiisuiuansazaleuInIgILves
nsnwnaan (Gallic Acid) [8] uaAiasziusunuan
Lae 51 Staphylococcus aureus ¢ Escherichia

colinusvas USFDA. [11]

2.5 NMINAFBUAMNINNIUSEEMEUEF
innsussiduaua mmsUssamduda
§1ud nau savd Lioduia wavauveulnesy
fagluunagaunIsussamadula laeasnnslv
AZWUUAIIUYOU 9 526U (9-Points Hedonic Scale)
Fafleazuuudd 1 = ldwounniian 2 = lalvey

170 3 = ldvauuiunane 4 = llveuldnies 5 =

18 9 6 = Yeulantey 7 = YaUUIUNANN 8 =¥BU
N uay 9 = vouuniign MiEnaaeuitliniuns

HARlud1wu 30 A

2.6 NISAATIANIEDR

ﬂ’]iﬁﬂ@’]@mﬂﬂww’]ﬂﬂ’]ﬂﬂ’]wLLa%‘WNLﬂﬁ‘U@ﬂ

HaUzd1MINEUI KagNISANYIAMAINNIN

v
a o

N8N 1ATl kAL AUNSEVRINENUIUINENIM)
muniﬁw%’auﬁmauiumw%’n N139UHUNT
nAaeId uuuUaNysal (Complete Randomized
Design, CRD) ¥1n13maans 3 €1 daun1suseiiiy
nsseviunesyamdudavesiuzshonausum
Tindouduuasiuzirommmuzunlvindoufuwes
Funznd1ITN19919URUNITNABOIGURUUUA DN
amqim' ( Randomized Complete Block Design,
RCBD) wnszvidayanivaiflagsienuluguves
ALad vxd1ud sauunInsgu wasuTsuiiiey
AULANANRENHTsdEAYNNEna Tnedasisi
ANUKUTUTIU (Analysis of Variance, ANOVA) wag

WisuisuAadslaeis Duncan’s New Multiple

Range Test szAuAmLToiuSoay 95

3, Nﬂﬂ"l'ﬁﬁﬂ‘l‘.‘i’] LLazaﬁ‘inNa
3.1 MmsAnwazIATIziasEAyluNaNz
IUZUNIA

1 ] <) A
nangdaInzuNlvesnidu 3 szeg Ae

'
a

sreeil 1 NaAUAYNNY1I SEE 2 Nangndualy
wazszeyil 3 Naandulndy
o ] ] I~

1INA5UINANLLMEINEUII RN TU 3
SEL UMNITHATIERANE ANANUDUNTA-ANT AN
USuavasndaiiazatsvnle arusununsanlalae
A5beLmsn AUSuaansUsEnauiuedniaviun A
Usunanswaulnleefu wasuSunadondud ¢

WaATlUAISI 2 WU
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1) AAINATUE wandlum1s1afi 1 wud
S2HZNITANYBIHANEU 19NN WA T AL
waneanadfeg9ilvsd1Any (p<0.05) AIMITY
4379 L* manzahamissesd 1, 2 uag 3 fdana
a8 198 dBdAYn19adf (p<0.05) lnunanuaziie
AUETNY L¥ mnﬁqmvﬁffu 46.66+1.28 T99U1AD
NaAEnLAYNAGN AUEITU LanalTugnAA2TL
aisaziFuanas Anududuesiden a* wafsen

fidanniigawinfu 13.52+0.27 waduiiloiFuing
wafsana a* ednnltufivtusandonansanids
gragnan a* aziuwilduanas Adinies b* Hadu
fienunnitan iy 0.86+0.47 sosasnAonaisgn
WAZHAAN HAYDINTU 1NN WA T Ng

Wi guuwlaswessindng i iaddudunussey

AMULNBBU A1 L* WAy AN b* TA1aAaIAINAIIULA

YBINa KaFUIUTNAEe L* 11nian nafuan a* &

'
a

AfiuT unagvnEsdunLaziAanat ANadNag
fedien Sefvemainannmsduasizilarnsazay
ypsansueulnlaedu [12], [13]

2) Usunawwesudsiiazanoiild (TSS) uans
Tups19fl 2 wuddienfistunussesnnsanagnad
Hoddamneaif (p<0.05) Insnagniauiniign
WINAU 9.13£0.21 891U NG iaqmmﬁawaﬁ&qﬂ
LAZNAAU AINAINU AINTIBUIIBUDS T. Kayyen
[14] naiUsunamewdsiaunfiavanetnldves
Ywzahemuzunlii 4 szey Ao nanu vy un

wazan dA1AuvUegluYie 7-10 Brix

Al

JUT 1 Snuagvasrauesian eIl 3 seey n) szeedl 1 9) speei 2 Uay @) Szeehl 3

M1397 1 Kan1FIAT AN MANEve NN

WIUEUNILA
3583NTEN Frhwzsinamauzuna v
L* a* b*
nanu 46.66+1.28°  252+0.31°  0.96+0.47°
Hafedn 37.1540.74°  13.52+0.27°  0.65+0.44°
nagn 32.59+0.49°  3.03x0.09°  -0.78+0.31°

UGN AITNYINWITINGUNR A UAULUIAT e

o w

AafslauLanAsiuoslitedAynieada (p<0.05)

3) Arudunsa-ane nudndiduiadunny
sruzn1sanagelivudAyniealia (p<0.05) Hady
fienarndunsn-rstioniian uasdiafiudulusa
r‘f'qqml,azwaaqﬂ AIUEIA U LAY 2.68+0.01,
2.71+0.01 tag 3.03+0.01 MIUGIAU @0AARBINY
$1897UN1TANYIVON T. Kayyen [14] WUI1AIA14
\Junsa-snawoniueshwmusunlvi 4 szoe 1
AngluT29 2.65-2.98 Uhugairemanrun il

INWAANEAT pH 2.85
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4) AN aTanuadilawmsnle wudn
U%mmamﬁgﬂwmﬁlmmeléfamanmmxwmiqn
a1l ded1AYN19adf (p<0.05) lnanafuazll
U%mmﬂmmnﬁ'qm iaqmﬁamaﬁqqmmzmaqﬂ dan
WwinusSasay 3.99, 2.20 kay 1.09 A1uaau Usuna
nanstamunanand psa1nnsnazgnild1didy
asusznevvesnsmele warilulassadennsueu
vaansduasierasvialuiluseninenisgn
A0AAABINUTIBIIUNITANEIVDY T. Kayyen [14]
Wui1 USunaunsanaruadilamsnldvesiouyaig
wuzunliva 4 szoy Ao waRu vy wnwazen 3
Ananad lnelanviniuseuay 3.84, 3.46, 3.07 way
2.43 AUAINY

5) woulnlgeruduseninglunguiaila
wepsivlnAnauns fveaweulnloedudunaun
Mnlaswadweeulylsediudesuiuianaue
Tuugnanslsafinvannludeid ofe [15], [16] a3
woulnleeduilanvmdulayundy 1duarsiu
ouyadasy visvzasnnudenvonead vian
Sasdssweanisifalsaidlauaziduidengaduly
189 YranALLE YDA Tredudaunsd

relsa lussuumaAuemns duduanngueslen
7199329uaz0 s Juiy [20] Han15ATIER WU
AnUsInaanswaulnlesun munaziiutuoged
WodAyn19adidl (p<0.05) muszezn1san lngHa
anvziuiinaansueulyleendusniign sosasn
Ao maﬁaqmmwaﬁumuﬁﬁu LAY 133.59,
92.40 Lag 6.68 mg cyanidin/100g A1UA1A U
AOARABINUIIBUNTANYIVBY W. Pewlong et al
[17] wu31 USunauwaulnlaenfudianuduiusiu
izazmiqﬂsuaﬂNammwnmmﬂﬁﬁﬁmmqﬂ
1N naanazdUsuaweulnlgeiuuinning
AU LazdRnAARINUIIBIUNISAN®IVDS S. Simla

[1] s189uIUSuaskaulnleetu lusyezdu

ix&lxﬁqqﬂ wazsrezan TUTuaviniu 13.2, 205.0
waz 427.4 mg cyaniding/100g AmNa1AY

6) asUsznauiiuedniinuauUidulauy
\ndviiisiegunm AeflawtRiduansiuoyyadasy
(Antioxidant) [21] #aA153LASIEH U3 USUI0
mi‘dizﬂauﬁuaaﬂﬁgﬂwmLﬁ'uﬁuaé'}qﬁﬁaﬁﬁ@ma
adifl (p<0.05) M1uszeEn13an lngnagniiusuim
a1sUsznoufiuedniiavanunniian iy 540 mg
GAE/100g 5838931 AanaR sqnuaznafy U3una
a15Usznouiluednanuaiiud uil osniinis
avauvesansusenouiueanlusenineszeslIaIng
an $789UN5ANYIVe4 S. Simla [1] wuinuTuu
ansUszneuiiuedniauslussesnaiiu szosnan
an LLaziszzmaqnﬁﬁﬂ?mmﬁﬁnvﬁﬁu 27.4,71.2
way 111.6 mg GAE/100g anua1aU Fafldniiniu
WULREIA U @9AAADIAUITIBUNITANEIUDS N.
Peamaroon et al [18] na1371luszsENag NNy
USinaansusyneufliuedniavununnnitlussesaa
93

7 Aandud (unid dluarsermsddnd
Sramefiaudesnsegian Weswnddugasly
nsiasuas iy dedueyyadasy Yaely
NTLUIUMTATIADAANIU LAz g U1 TIRINT T
Tunnsfisnerininniudaziinanuiaunfives

nsznn LeunariInden e daseniilsa

U q

1

anUnanlea w39 Scurvy 16 [22] NaAISILATIEN

= ot

wud Usnadnniugesfiutulusvosnanuludais
anuazdzanadlussuznagnived1dynieada
(p<0.05) UFsnadmudldunndraiuluiueg i
nNs¥eYnNISan qamﬂﬁmﬁm A5 uLUamia
Wugnssu mMsdansudinsiiuien wazanznns
HUSnwn dennassiusienunsAn®ves S. Simla
[1] wuarUsuadandudlungiisiniuzuilvine

srevAUTTEYNaan wavsrezan dawviniu 541.7,
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1,081.2 uag 1,022.9 mg/100 ml mud1su nsiAu
Lﬁlmwaﬁlix&lxmsqmm (ripening stage) az11A"

USunuasddguazanuainsalunisiiueyya

fassfiunnanany szozuagniiuszesi i

'
=

a13dAUINTIgn sesasufe Hansanuarnafulv

q

o v v

YSuuansdrAyesiian naannilddasignsly

a '

NSANUBYYABATEEINTINAAY (HAFYNN) UAzHAN

an Wadune) wazduSuruarsusenauiluedn

< =

waauarUTiaueulnleenduimualuagngs
niwaRuLazHaisan [1], [19] uzaimniazunnlu
svenaaniUiinaasiludniomn Ysinawouln
genfuiuanazgn nsduoyyadasedeis
DPPH g 4.67+0.41mg GAE/g, 50.806.07mg/L
way 2.42+0.41mg AAE/ auddu ielseuiiiau
fusvrnafy (Hafldiden) waznanan (afldun

Yuruy) uazilInndiug 180.40mg/100g [17]

A519% 2 NANITIATITAAUNN AT VD INANE IR ILE UL

q

TSS TA TAC TPC Vitamin C
5282M158N pH
(%Brix) (%) (mg cyanidin/100g) (Mg GAE/100g)  (mg/100mU)
Hafu 5.90+0.10° 2.68+0.01¢ 3.99+0.10° 6.68+1.67¢ 117.00+1.73¢ 44.43+0.00°
Naﬁﬂ?!ﬂ 8.77+0.252 2.71+0.01° 2.20+0.10° 92.40+1.03° 280.00+1.15° 45.67+0.102
Wagn 9.13+0.21° 3.03+0.01° 1.09+0.15¢ 133.59+3.342 540.00+1.15°2 13.46+0.10°¢

NUBMN: AITNWINIIBINGEARNAUALLWIAG vanedls AnafelanuuananiuegiitudAgyniata

(p<0.05), Total soluble solid (TSS), Total acid (TA), Total anthocyanin content (TAC), phenolic content

(TPO)

v
I3

3.2 ANSNAININTSUIUNISHANNANN UINUINLHA
nauzulvinTaufuraN Juseniig
v = s '3 90’ 1] 1
3.2.1 AMTNAIUINARN UNUINZHIIINZUH
Y a

W5ouAY

NANISAALABND NTIEIUN LUUIZANVD I
NARNUNUINEL 1NN UNIYINS NN TnenIsLiy
J1anuSuIuLANe19NUY 4 SEeu lawnsaeay 10,
12, 14 4az 16 (1157199 3) wud Tuliazuuuy
AUYDUAIUE NAU AR LU oFUNA AIUYBU
Tagsauiauuanm 19 ueg 19l dad Ay neais
(p<0.05) WngshwmMugunvigasanuimaiey
az 12 lasunzuuunnuveulnesiuunigaluseau
AZUUUAILTOUNIN TBIANIADEATALANUINIG
Sppay 14,10 waz 16 AUAIRU NALLULTUYBUNIN

YoUUIUNANLAZTOUUIUNENE ANNEINU dNBY

Usnguestnugiamniusunlviilifidnuaela 4
NAUAINTITUNIAVBINANLLIMNIARENA UV
nsedey [16] Asuddldgasnisidninmnanusuu

Seuay 12 luneaauludussly

3.22 N1SAALABNENIIE IUN LNNITANVDIUY
v
UzWI
UiuzdwmInzuliilasuniseeusy
‘:4' a v Yy  ao | i o
winfigaluiiniunenindnsdiuuwandaiu 3
syauNSeeay 10, 15 way 20 ANUARU (115199 4)
Wud USinaduteniiiaduinlvinduvesuesiag
NUEUIMaAAT LATBIRIARANUYURALTUTY
R ET PRF E TT E M A Ve KT R FYEATR IR
HaudunznsnanaudaUTualutgns N LTy

pg 19T oAy n19ad f (p<0.05) ) TuAzLuY
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ANUVBUAUE NAU Larsavd buTnnuwAnsa1eTy
Tuneadiil (p>0.05) inzuuusgluseAuaNgoy
U1unant veuintosuazrouliunans mudau ¢

LY

ulinzuuuAUTRUs o Ny AU DA UR AV
nandnsianaloUsuiadunsni AT el
Wed1Agyn19afif (p<0.05) og19lsfniue Fulv

AzluuANUYeUlneTINanTiLjuteniforaz 10

EN ﬂﬁﬁ;ﬂ TusgAuAzUUAMNTDUUIUNAN TO989H7

2

a

AegaTiAnuNEnINTeLazls Lay 20 muady
Juannndoafumeaunisinuaes S. Simla et al
[9] wui Samduvesiuuzniniesas 10 1y
Sandwildzunseeusuinniigalususanuas
arweulassiulunssdanandusiiiamioud

HALTUNENIIUTTRVIALM

AN 3 NaNITUILIUNNUITAMAUNAVDUATDIRNUINZUNNINZUNILATAUTNTUAN

Y3unaima Geeaz)

AmsuszamMaunE
10 14 16
& 8.00 + 0.87° 8.30 + 0.75° 8.11 + 0.79% 7.93 + 0.98P
nau 7.61 + 1120 793 + 1.2 7.96 + 1.12° 7.63 + 1.21P
SR 7.77 + 1.14° 8.28 + 0.95° 8.25 + 0.82° 7.56 + 1.29°
iledua 8.00 + 0.87° 8.30 + 0.75° 8.11 + 0.79% 7.93 + 0.98°
AuTUlA T 7.75 + 1.04° 8.30 + 0.86° 8.20 + 0.86° 7.70 + 1.3a°

MUBA: FITNYINTBINGuIdIiumuLLINeY nunedis Anafelinnuuandisiueg1aitedfyneada (p<0.05)

M19199 4 nan1sUsslumsramduiaveunIeanuuINeaINE U IMNEN JunEN ST

AMNUsEEMNEURE Snnduvasiuthueniluiusiawnuzunily Gasaz)
10 15 20

ans 7.25 + 1.37 7.08 + 1.26 7.00 +1.23

naw" 6.70 + 1.63 6.48 + 1.58 6.81 + 1.39

FAYIA" 7.40 + 1.38 7.23 + 1.37 711+ 1.19

sl 720 £ 1.19° 725+ 1.31° 6.38 + 1.60°

Auveulngs 7.63 + 1.09° 7.36 + 1.19% 7.23 + 1.1

MUGLNA: FI8NHINTNuiAiuaILLLINeY Muneds Aldeiauuand1eiuegaited

= a ' Cw [ KA Y aa
NUYO mLaaEﬂ,:uLmﬂmmuamqmuamwm&aam (p>0.05)

3.2.3 AINAFIUANANTANINIEAIN LSl uay

qauvddvawansmsiiuzsinamauzunlindou

AunanfuNzwdn
MnMsAeTgiauaneanfusiiuziag

MIEUTIVINTBUALNAN TUENS1IUTTRVIALTI LA

YUIR 180 AAAANT AILAAILUATTINA 5 WUl 1N

o

WN9ERR (p<0.05), ns

uzahavuzulinfeumuNan fungni iU
voautefl azasldvianun 12+0.00 aseuing
wan et vazAunady nauvey Talinnnzneu
U?mmﬂiﬂﬁffﬂmmiugﬂﬁuaaﬂiﬂ%ﬁﬂ(%’aaaz)
5.37+0.05 asﬂmﬁ"mﬁLi‘]ummgmmmﬁww%mﬁm

nsiindunsniieasuleomsliiuiiugig
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M1IUgUNI HANITTATIEINART uTInUUTUI
leamsTosay 0.02+0.00 @0AAABITUNITANY
484 S. Simla et al [9] wuaMsiAnjutgniaiy
huaimesfuriliusinalsomnsveswdn s
slmfeudunaniungndnivTnalomadiiuiy
dotsuiuiumoudndliiuiuuznin

AN unsa-Ang (pH) Wity 3.22+0.01nUUsHw

a15UsznauNuednyinAy 40.14+1.16 mg/100 g
wavansuwoulnlwerduwindu 27.60+0.91 mg/100 ¢
Tuaugdunignuusuudaduazsiiasnin 100
Taladlnofegne 1 fladans asraudslinuide
Staphylococcus aureus a8 ¢ Escherichia coli
Bulmuaasgiundadusiyurure g

(486/2556) [23]

M1919% 5 AaunmvesugsmnIngulindeusuNaL Juls N3

AMNTNYDNNLUIIIULUNIH

y_ A v ¥
WIDUANNTUIUUZNIN

NAN15AATIZA WINTFIUBASUAYNTY (RUUN

486/2556) (394 thuziin

loowns Govay)
Vnamewdsilavaneldiiun (@susnd)
ﬂ%mmﬂmﬁu’wmgﬂmﬂ%ﬁﬂ (Sowaz)
Ad

- L*

- a*

- b*
ANudunsa-Aa (pH)
Phenol (Gallic mg/100 g (wet basis))
anthocyanin (mg/100 g)
Jaduazsn (CFU/mL)
Staphylococcus aureus

Escherichia coli

0.02+0.00 -
12.00+0.00 -

5.37+0.05 -

30.35+0.02 -
1.01+0.11 -
-2.41+0.02 -

3.22+0.01 -

40.14+1.16 -

27.60+0.91 -
<1 <100 lelafisodngne 1 Nadans
laiwu <10 lnlafisofodrs 1 Jadans

Tainu lainulusiegne 100 Naddns

4. a3l
nsAneaIsdAgylunauzimINzuIi
wuisinamsueulvlesniuimun wasUiun
a1sUsznaviiuedniianun fasniianlunaan wa
fudd1uinansauiniaa waisqnnuuIuna
Aiudanniign dinzshamamsumlindeniuna
Sungwinilddaunauvenihnianmeuniesas
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Abstract

Thailand's fuel transportation business relies mainly on the road because it is a convenient
form of transportation. It can deliver all places better than other modes of transport and can meet
the needs of customers thoroughly. However, if there are methods that help in planning the fuel
delivery management, fast accurate cost calculation and effective as a result, such organizations can
reduce the costs incurred from planning the delivery, reduce errors in costing for delivery planning,
and the operation time of employees. The research examines the solutions to three types of fuel
delivery problems with multi-compartment of trucks. The objective is to propose a network flow
model of transportation model for delivering fuel by multi-compartment of trucks, providing the
lowest delivery costs. A 30-day sample of the company's data (30 samples) was taken and processed
to find an answer to compare it with the current method and the proposed model. The results
showed that the proposed model can help to calculate the average cost of 3.411 million baht per
day. The average processing time for the solution of 433.20 seconds. While the current method costs
an average of 3.493 million baht per day and an average processing time of 4,907.29 seconds. The
proposed model provided better results than the current method regarding delivery costs and short

processing times.

Keywords : Network Flow Model; Fuel Delivery; Multi Compartment Transportation
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Abstract

Free and forced vibration analyses performed by polygonal edge-based strain smoothed finite
element method is presented. Problem domain is discretized into small n-sided arbitrary polygonal
elements. Those elements will be further subdivided into small triangular shape according to
polygonal shape edges called smoothing domains. Benchmark problem is a castellated cantilever
beam. Fixed support boundary condition is imposed to left edge while downward shear traction is
applied on another free ended for forced vibration analysis. Transient vibration analysis also
performed using triangular linear time variation. A close-to-exact solutions obtained from finite
element employed very fine mesh due to unavailable exact solutions of the example problem will
be used for comparison purpose. The first six natural frequencies along with their corresponding
mode shapes are investigated and found in good agreement with references. The vertical response

in time of selected node for transient analysis also showed in good agreement with reference.

Keywords: Free and Forced Vibration; Edge-based Strain Smoothed Finite Element; Polygonal

Element; Natural Frequency; Mode Shape

* Corresponding Author. Tel.: +668 7380 8222, E-mail Address: suthee.p@en.rmutt.ac.th


http://journal.rmutp.ac.th/
mailto:suthee.p@en.rmutt.ac.th

RMUTP Research Journal, Vol. 17, No. 2, July-December 2023 55

1. unmin
Bslesendslavininglagniauein
faustefndstagtuiioudtlymmaamnssuiitu iy
szianududeusnntu Suan elludaniredy
(Finite Different Method, FOM) 3§ 1ulusi1eagu
(Finite Volume Method, FVM) A8 tollusitediuus
(Finite Element Method, FEM) 35 Lo@ Luusi 99U
(Boundary Element Method, BEM) 35aLuaniaLe
ALud (Spectral Element Method, SEM) 3511a8
a5% (Meshless Methods) 15 L@ LuUs LAl o
(Virtual Element Method, VEM) 4ag35aLnaunini
Slluviiodiuud (Scaled Boundary Finite Element
Method, SBFEM) t1Judu Tuussanisnisimsien
Badaavnanil alwludiediuud [1-3] o3y
fuguiiddylumsanduiauisnadeiall
q snraasvludieduudlnensadisnuaien
oLl eedu@ue (Smoothed Finite Elerent
Method, SFEM) Aaaunu ?{qﬁwﬁ’mﬂizmwﬁ'qﬁ
wileufure i msinseidsiaauvent Aenns
WasugUvesannsBaeyRusaiusing o dmu
Yaymiiddaaula %aaqﬁlugﬂﬁﬁﬁﬂ’h Strong Form

Tinaneiduguegniedamnsavinisdufivnsala

A a

M3 8n71 Weak Form %39 Integral Form 1 1Lo9
faugi3135 I ludediuudasdun denldiusgig

wisvanglulusunsumslinsginazeenuuuiisleg
wnnglutlagiu Adsnsdidesesiidndudoslisy
n1susulssluvane 9 A Sesvastyman
wadidArunifiunimgAnssuaievedlaseaiing
(Over Stiff YaymAeafuauusiugTissmIaves
AmNALEIUTUNSANlTUTE AN O LA LIUAT
wingaufudgmndiaula (Stress Accuracy) 59l
Falgnin1s0ad erveslasenivne (Mesh
Distortion) tloeganelfan1nzvesnsideguegi

170 (Large Deformation) 1Uugiu

Asiasgrbnluiediuudflenisasie
AIULAS BALUUANLALD (Smoothed Finite
Element Methods, SFEM) Idgnitaunassusnlng
GR. Liu uazaae titeudtaymiiludiures Statics
waz Dynamics [4] WaladAguesnisiasizila
Tuiieduudmensasiseueionuuuaiased
wanm 1991t luvi e Luud A enisas19auny
AuLAS EAs oLl padi’aue (Smoothed Strain
Field) Tngmssannisiudsusunsiiauyiliud
lnga1dy Smoothed Galerkin Weak Form Tunsill
Faunanuadsaluvaess 35 lluwiodiuudly
aunuAuAIeailiSondnaunanunseaiiaty
16laensa (Compatible Strain Field) Tnedidsmsdl
AaaNUATesANUEAT TLarNITFIMIHAIRA LI
psaniloufuswluriedwnsd dnsuduneudy 1
Y9In5iAs iy Snadutuneuieafufuily
Tulwluviedwudtues ﬁﬁLLamﬂugﬂﬁ 1

dmfulymenudilussuuansdidl aym
Inlwledud Seanunsauvslanmuanuuraeenis
aslaudosadnanenelulamundnesndu 3
LuunamAe mnnisaddawudesasinate finty
mylutedudnan 138n71 Cell-based SFEM (CS-
FEM) ®1nvinn1sasnalaiuugaeniulnunvsaed
LU AN L3817 Node-based SFEM (NS-FEM)
waxi38n31 Edge-based SFEM (ES-FEM) wiavinis
asalaudeaiaenuIduToURS aRUTD I3
wusvdn gUuuunsasielawug e el o
aiaesanan uandldasuil 2

aynliluiiedwudligninlldlinsea
Uggmsng 9 %magmwmﬁaLLamﬁqmmmusﬁ
vasy Lui et al. [6] lauanafiuinnsuusediaus
gﬂmﬂﬁ%ﬁﬂ (Bilinear Quadrilateral Element, Q4)
sonluedwuddeifiesatiianetos 4 annsal

o

saa 1o A A a !
Wa Wﬁ‘Vlllﬂ’ﬂllLL@J‘UEJ']Q\?LL@%@JLaaﬁﬁﬂqWWEﬂﬂﬂaqlw



56 2155153YINISUALTIY umg.wszuas TN 17 avuil 2 nsngIAN-5UI1AL 2566

Luviieduud Dai et al. [7] 1 od s 3 Unaney
W& By (n-Sided Polygonal Element) dwsunns
Tiasziilgmvenisduasifiounuudase (Free
Vibration) LLaSLL‘U‘UﬁLLiﬂﬂixﬁ’l‘fi;’J‘Umz(Transient
Vibration) A21318 5551918 (Natural Frequency)
LLaxgiJé'memﬁaama”aq (Mode Shape) 1890113
Anszaiiielndidesrildlunsends uenanil
ganud1 luUsingand Spurious Zero Energy
Modes flagsiliTuungustsvaslassasafiiniu

lansetuaanuiduas e Jiang et al. [8] WA

Jpseidymnamansvesinadmsuveudsitu
onlailes Jaymwesnissuiu (Impact Problem) [9]
Taglduninedurauvusiuna (Lumped Mass
Matrix) sadwsdilel fanuiissnsegenivisiniluite
Guuud wieTguiv A sartudanadians
(Biomechanics) [10] Ugyunveenisaneiniiaias
Anuseumeayninluwiefiuudiuuasnuefiuud
gossawiowmuiunvoediuusingn (NSFEM) [11]

WHudu

!
!
e —
!
e | —
!
_1
B
!
eEEEmE

JUN 1 ANUUANAINYBINTATNAUINAAULASEATISABILUY [5]

(a) CS-FEM

v

(b) ES-FEM

{c) NS-FEM

5UTt 2 nMsadslawugosasinaue (a) CS-FEM, (b) ES-FEM wa (c) NS-FEM [5]



RMUTP Research Journal, Vol. 17, No. 2, July-December 2023 57

udseadd vhnsAnvwasinnisldies-
Luuﬁwé’ﬂgﬂwawm?iauﬁﬁ{hmuﬁ’]ﬂm 9 (n-Sided
Polygonal Element) L7198 UGS B
(Triangular Element, T3) w%amﬁmuﬁgﬂﬁlmﬁlau
L%QLﬁu@j (Bilinear Quadrilateral Element, Q4) 9

s

Heuldiuluayvivluiieduudvielnluiediuud
7l Tagvinmstinsesidgmeganumagans
§uvane (Castellated Cantilever Beam) ﬁﬁgl,mz
aeluidugvranausisuuvadinoaiansuaz
Waf1an3 (Static and Dynamics Analyses) o
A1N19LAA DUTlvBIUaLAIY A AT ANVUA 917
A1ALA 55T ALALUT 1 InuRve s ud1 sy
Jinsgsinisduazifiousuudase (Free Vibration
Analysis) Ymﬁgamimauauaamunmsuaafqmﬁau‘[,a
vupudInTuNTImzRnsduaziiousuuiius
nszvid 19w (Transient Vibration Analysis)
W esenldannsamananasudunse (Exact
Solution) ¥89ATIUAIDE1ILALABATY ATUAIDE
fanan Fegniinsresisaeisinluiedumditliied
wudnsdmiusunndieliiulaifneudild
Hueniilndifesnaiaasuiiunse (Close-to-Exact
Solution) wazaggnlddmsuiUSeuieuiuaan
myleswismgaynivluieduuddeld
nsdnddusULUUTRIUNANLIE NGBS
nanfsiiuguresiBayvinluviodundludiud 2
Feusznouludie nsuudlawuveatlymdieed
wududnateden nsuuslaugesasiiaue
mud U UYe e LU JURANEWALL N3
afsaunsayvlnluiediuud wrnsnduiaiuusiy
Na (Lumped Mass Matrix) bagtNALd AYBINIS
JUNLNIALT IR AR 11L387 (Numerical Time
Integration Technique) Auddu d@wfi 3 naniia
18ardnvesUy A1 9@ 1T UNIILATIEH
suwadnsTlganmsiesedt ludwit 4 anlu

unaguveInsanyluasail

2. aynllusitediudsunatemia oy
LUULALLUEDETBUANUYD LD ALUUANAN

2.1 mswdslawuvasdyinaaniduofiuud

wéngunanewdeyle 1
FUMDULSNVDINTIATIER TR T 9218w
wuUsie 9 fauediendaiuie Wudunounis
wuslamuvesdgmiididadnu Iiusenaulde
ALIUALAN 9 (Finite Element) $1uuvang ¢ Lo
wus d@usutdgmeanuauluszuiu 2 8@ (Two-
dimensional Plane Stress Problems) 5‘14 LOALUUA
Adrumlfsednuddaduguuunsanaoudnii
(Quadrilateral Element) #slasumnuileslunisld
mumnmfﬂLaaL@Jusﬁ%aLé’ugﬂammﬁ&m(TrianguLar
Element) 1l 0991l #nadnivonisiasizwiidl
AL UGN dmsunisineiluaded Ta
voatdgmazgnuuseeniduediuudndnian q U
wanewAeuiifisiuaugule 4 (n-Sided Polygonal
Element) mia%f’mLaamuﬁgﬂmmam?{auﬁ #3150
lavane s FaRlddmsunsanelunded Buan
msaaeAudsUaumasuseTusunsulluie
AuudvialU 19U ABAQUS, ANSYS, SOLIDWORKS
n3alUsunsuanzdnsunsas1elasInn gLy
DistMesh [12] \ugiu wdrdshnisanndunsaion
swdwgm@uﬁﬂmwamﬁmuﬁammé“aumd’]ﬁu
Wameiu Wevnsavedwudaumdsuineen
T flagldlodundsunanewdenluiian duneu
msa%’wLaﬁmu@i‘gﬂwmama’“lammmaa“muﬁ
auwidasuiana Ieuandlilusui 3
[N AN S A
17 w20\ [ owe N/ %5 N 1 ¢

2 Vs

e G i ’ 1 |

1 \
"7 o WL
r x2\, /oWy = \

’

1 - 1 N / I - 1 ~ /
Q9 *9) X8 ‘gurowp Baewseds0 §0 *9 1 *8 ez ee Bis xsed 50
(n) (v)

UM 3 Msaiaeduudnangunaneivdey



58 2155153V INIUASTIY ums.wszuas Ui 17 aUuil 2 nangyInu-suI1AL 2566

2.2 M38519lALUERETDUATUYDIDAUUA
vansuvanemagy
delaumvesiymiiaulalignuisesniiu
Tawugessmensainsgunaeimasumuildedung
Tludiudisiiunuds todmudndnguvansmass
waiu azgnuuseonidulamudosnoid o
aviuave (Smoothing Domain or Cell) S0UATULA
BTAUVDIDALNUANEN (Edge-based Smoothing
Domain) sioly msuudlawugesseliesaiiane
souftuvaoBmuivani awisnvildlasnis
andudeudeszrinlnuaiivansfisaosiuvone
SuudndngUnatemd sud mdsaula ludaga
Aanansoneduindnguvanemisutu 1 agldie
SludgessaiilssaiianegUuaiuma sugiuiu
wihdusuveseAmudndnues 1esanduus
arA UYL ALIUANANJUNANIME BuLsazLed
st Wudunisveediudvdngunansimaey
aoalodiuusiiiogiiniu (Adjacent Element) ety
funi ey aziilawugesseldesaliauegy
awwasufitivadesduiy 2 Tawudesiuies 3s
NIFlUNISAUIUMAIAUAUNTEAINLAT A
fiAnduniglueduudldnely dmsudiuiidu
goulmlawuvestawfiauls (Boundary edges)
ity efllawudesraflosanaveguaumasni
Aeatoadion 1 Ty fuandusuil a

Boundary edge m (AB)
B / A

‘“ ..{//n (ABI] //
N

KL
I, (AB, BI, IAJ ~x"
’C Df e Edgu‘i{""'

o B (CD)
/le CKD(J) c
. il
ta

~"O‘ rk(FKK.D DO, oo

U 4 Leiluddeysaunuediuusvan [4]

2.3 aunsaaminluiiefiuud

Tudaud azndnisiugiuiiddyuoenis
afvaunsaiviuavesaynlnluviiefiuud nan
Tnevhluuds anuusnsnafiddyseninalnluvied
wuduazaynlilusiledwudey finsadrsauy
AI1ULASBA (Strain Field) drud unoud u o 7
venwileanild Téud Funeumssiilusziuie
SLuud (Element Level) vt olsildiung ndve
1IALADT LUTZAULATIAT 19 (Global Level) N5
fuaieuluey (Boundary Conditions) wagn1s
wAsEUUANNS 3 Ld Ui anAINTSIUA BUR UM
voalnun (Nodal Displacements) 1 la/ff A7y
unAsfusEheaodisRenany mzardu §ilou
§99zvenaniianizd unauvesniadEun
AnuAsendmiuIsayninluiiefiuudiiesedng
Lk

WeliiAnauaenadetuaydtenenisv
At ladmiuderuiduasislnluiediuudan
Aau ARILUTINS AN oLaALAaTaNe 4 T 9t
namdrieluil alddnsnvaliduietusudildlu
Fivluiieduus Tneflanuuansaie wismng
un$fiog druvureaiaulseng q waidu Mo
wanadn Wumsnanisiuusmaniuluisayl
Tuiodunsdiues

nsadsanuAAIease e vaLawe
ifu ansavldnateis 35Adsuarvazaandian
L§8n7 1 Strain/gradient Smoothing Technique
dmsuluiBayvinluiedunsidy fauyfgiuiii
AUILAINLATEA (Strain Field) a1 suuula 9
melulaugessoiesadnavedu Iduneinns
N¥AUAUINAIULAT UALUVADAAG DIAU
(Compatible Strain Field) 7il4lu3g Il uviieduud
Thinauaiausluivlawudosdy 9 wazds
Qﬂauyaﬁﬂdﬂau’mmmm%‘amﬁﬁﬁhwhﬁ’uﬂwﬁlu

Iuges 9 Ngnas1avumeantiy



RMUTP Research Journal, Vol. 17, No. 2, July-December 2023 59

aunuANUASEAAILELD (Smoothed Strain
Field) Ainanaunil anmnsandeulugUaunisladn

E(x,)=f E(x)W(x{—x)d.Q (1)

0

ool W(x,—x) Aoilsrdudminve s fds
avlanelulaauges Tnedfiflesduiming sxdos
Huluaudouladidmualy [4] v onnnuazaan
dmsunistluld daddudiming azgnimunli
o¢luzuUuea Heaviside Step Function #a1deuidu

AUN5lAAD

%,x ol
W(xi —x) = Alf ' 2

0,x EQ;‘

dle AS Aouiivaslawudoesewiesasiaus lu
nsdifimnunSeawuudonadetuliaunsamle
ag199184 197 N unsdilurestgyninig
Inenenansuariennssutund asdsuanmsly
AUNLAMULASEALUUADAAR BT UL T UaUIUAS
wrdoud (Displacement field) §amlddnaninun
La23981A8NNSBUNIINSATIazdaU (Integration by
Parts) %3 981319 Green-Gauss Theory 93918
wAdmenaaldiduednad szazdy auy
anaLASeaneLdasainauaring s aunsadeuls

agludnguuuunilslafie

_ I [ & i

gx\=— | L (ulx)dr

()= % . 3)
= = A caa a < 5
e L (x) Aeumsndifiaundnilunamesniain
wilathefilfiarioenamniurenadiuud I 1Jgu

Tondu

n 0n "
L”(x)=[* } (4)

0 n n
y 2

LW BYIN1SWNUAIUSEUIUYDINTTLAR BUN B
YareyasiovenedmudluiSayvlnluviediuud
i(x)=2'_ Ni(x) adluaunisi 3 uawihnsdngy

aunisidelviazlein

A8 B ABLUNSNTAINULAS 8A-N1TLUA 8URTLAU
wuvanaualuszuulaees Auanan (Global
Smoothed Strain-displacement Matrix, B Matrix)

aA1N50uanglARBANNTS

b 0
- 1 n
B0)=— f L (ON(ar=| 0 b, (6)
i . b}
Lfll@
b = - ( ')N,(X)dr
i A} ! (7)

aumsi 7 Wuaunisdudinsdulu 1 3fen
YouLIRYedea s og nelulauasiane
Tues WwuierfusudsWluieduus awnsald
NN UNLNIAYBILN1d (Gauss Quadrature
Rules) tungels mndladdugusisnisuszann
m8lu (Shape Functions) filduuusasduvesied
wud Ui nsulsiusuu adunda dundawes
diissuanilegn o dumdsianansdiuty A
Weanediazldr1n1sUszanavesileid uiaiu
waiugn fadu 1a3eamuneduiiinsaluaunisi 7
annsadsundeulieglusuiniommnenaso
Ty

n. (x)Nl(xf;)Lj,i =X,y (8)



60 2155153V INIUASTIY ums.wszuas Ui 17 aUuil 2 nangyInu-suI1AL 2566

o n: Aedruiudiuveslawudensieidosiieg
aelulauadiaue 50 AorWIUIva9qALNE
(Gauss Point) & flenatsvesaudy 9 n, R
nAmesR vl ininefidfidesnainduves
JERLEIGE L Aennuemduveslamudesiy
q auddu SYefadunaiiddydendaiude Tu
aynlluiiedmudd wnindanuiaion-ns
WA suMuUe (Strain-Displacement Matrix) &+

o o °

Juamdndiidfgdmdunisdnnasmaiviuaam
Sndeioluiu lddesendonsruanuiiomeysitus
vosuuregnela dealrlifosmnanladeuansnd
(Jacobian Matrix, J) Smiaumsndsunesavesiiu
MlnnsIuvesnsmwIaEnsaviaulaising
lhlluieduudlaeanizes1abs Jymiidedd
ﬂqﬁsﬁugﬂiwiué”]ﬁuqa 9 1%1U 8-nodes %38 9-

nodes Quadrilateral Element tJusu

2.4 WN3NFUIAUUUTIUNE (Lumped Mass
Matrix)

ATUIANUNI NTUIBFINSUAITIATIELTS
Faaafideufisnesu 2 35 dwsuisusn Wunis
Suinsailsddugusrenisuszananiely (Shape
Functions) ¥eL08L14us 159n35%91 Consistent
Mass Matrix 337ides Tdudnnisudswasiuaiaves
oAUALUSlUARS 9 W1 9 U 13831 Lumped
Mass Matrix n1sAnwinsatl asl933usndmiums

PIANVBLUNSNTUIALUUFDAAADT ANNSULDALUUG

= (Y%

gogsiailiavainaneguanvasuiogfniunuves

kY

iludrangunatemd sy Yu wn3ngaangnd

aunsawanabasiy

201010]
020101

CAI[102010
=0 1020 ©)
101020
010102

2.5 N152UMNNTALTIAAVAINLIAT (Numerical

Integration in Time)
aunsayninluvieduudiiouiUeymienuy

naransanusasuduaunishe
Kd+Cd+Md=F (10)

dlo ¥, Ao wn3nduna (Mass Matrix) waslumn-
3NN UL IFuazITiow (Damping Matrix)
MNAIPU Lﬂ%‘lawmaﬁgmﬁ’muuﬁ’;LL‘me&Jﬁqé’wé’u
yesoyiudifisuiiuna msduiinsanaaidey
TdFunni gadmiunisitaeiidadaiasly
TUsunsulnluiedwudinlusuioawnainaig
azaanlunisldausiudsssdns amiidvesiu
1o 3507u15A (Newmark Method) [13]

L4

aauyAlviiian s Jagduvesnisinsed

Wi 7 waENTIUAILU TR o nataglu
Hudr mndesnismansanUstamuamaniy o
nawesmsinsziaaly luittiuualddusaus
t,=1,+0A 198 0.55051.0 anunsadoudun1sa 10

elnadlondu

[M+ pan ZK]( d,, ) =BADY(F,, ) +M(d)

_. _ (11)
+(4n) Md + (A1) M(0.5- p) (d,.)

(:li+l)=(:li)+(/‘t)|:(] _]’);i+}l;i+l:| (12)

(4.)=() +(At)(}‘,+(AI)2[(0.S -pa+pa, | (13)

08 3 way » AeAAsn tnendludeuiinualydan
WINAU 0.25 kag 0.5 AuafuLiialin153AsIeu
WJesavianesnn [14]

AMTUNISANwINISFUAL T uwuUdasE U

v
o

Asell auyAlildAnusinuniuvesnduasiiiou
WiBAMUALAINIUNITAIUIN AU @UNIST 10 F9

angUasuazannsadeuladsaunsn 14

Kd +Md=F (14)



RMUTP Research Journal, Vol. 17, No. 2, July-December 2023 61

\fiofmualiiaamesveausasiuyailu
aunnsil 14 dAwiriugud desaliaunisdsndn
Wasugiduanniseywusuvutenwus
(Homogeneous Differential Equation) 816 U@ 94
Feenunsavmaasilllfetning mnthnaoas
sialudunuanduasluluauniseyiusdfuans
fanann azvhliaunsidsusuludy

[k —w™M]d =0 (15)

A5 ¥ndulagsialuindugvaunis Eigenvalue
Problems 11 uteq 1l ans1uA1999 @ fa1u1sn
AUINAIYDIANE 535U NATTUT 19T nuRd
aonnaadlanuddusely

3. Uyidinegedmiunnsiaensi

Hamsedrsdmiumsaneluadei e
Levaaufh%?fuﬂma (Castellated Cantilever beam)
sﬁaﬁgmmmamﬁ’mu 5 34978 AUAIINY1IVBN
AU VBUA UG 18vB9A Y Avualidan1mdu
g1usesiunvuBauiy diudarsdassiiegiunse
Frufuty fuualddunsadeulunuaia (Vertical
Traction) Ssuusunuilaiduvesaduandlusy
7 5 (b) Falddmsunmsinszinsduaziiiounuy
fus9ns¥yun 1,000 wuae Wi sauazaanly
ATATUIN VUIAAS 9) maamusmﬁgﬁmmamsa
\@oudinseyin gammualilldnyae dnlugda
gangu (Elastic Modulus) wagdnsrdiulives
(Poisson’s Ratio) gnrinvualiiAndu 3E+07 uaz
0.28 ANEU AULwaganTd uUaedmIunns
Ansesidanan Tiuansliluguil 5 @)

Lﬁ"aqmﬂiﬁmmsamﬁwaLaaaquwﬁ
vopuiiegniild Fesfudeddafilnddona
1RaLUUATY (Close-to-Exact Solution) wnu A1
Fananai annsamldsenisldlusunsulnluvied

WIUA ABAQUS Tldanuasidenvadlasan1angwluy

ysadnth (Q4) FsliArvessadnsiislmnuusiugigs
ﬂ’i’]LaﬁLuuﬁLLuua’mm?{ﬂm (Triangular element)
dmsulymanuaulussuivvesvosuds [13]
Suunnwenazazliidud1sndinasnnsinw
Tuaseil U7 6 uansdenudaogredmiunis
Ainsgiililasnndisuuunssdnii dmiuldly
n1381984 () waglasamanegunanemasudsldan
a3t Tusunsui i Beud unties (n-house

software) @1nsun15ILATIEARwayninluied

wus (b) mua1ny

d = 0.7 wias i
1000 e
(@
1.0 - T - T x T
2 osh
E‘ 0.0k
=
0.5}
o 1, | ES L] EUS. S I S T, KN _—
0.00 0.02 0.04 0.06 0.
Time (s)
(b)

JUN 5 Ygymdneg (a) muwagastulane uaz

(b) N3 UIHUTDILIAN

JUT 6 Insanane (a) jUvanawmde

(b) sUnssAnTh




62 2155153V INIUASTIY ums.wszuas Ui 17 aUuil 2 nangyInu-suI1AL 2566

3.1 HAN15ILATIZRNEDRBAEnS (Static
Analysis)
Supeuusnifunsinzinainemans
Y03ATUAI08 1 DLUT B UL BUAINT A IR VR4
Uangauitldainnsiiassidgaylnlusiied
wuAfinuazBealasantiene 4 Adanans 1
wandlSlumnsnedl 1 sauvedednildlunnseneddlu
LAY ABNATFILANLUANFNBINNSIUA DY
#LUU (Displacement Error Norm) 581219015
Aaszinazaneds lawanililupedunianyieves
AT WU ANRNEND LABABIMINTIIUIUTDNLDE
sigUnaewAsL it urudefumsiinsed
Feiavdieizsu o Awaeasdilndidsmaiaay
W UATIVRINTINAAIVRIUAIEAI & 3A A A0
Wiy -0.002725 wiheluvaisfidnainnsinsen
fianwiiu -0.002690 TisruauediuuAviatemisL
WINAU 3,927 N3 01euLlyinAy 8,628 1uua A1
UIATFIUAINARINLAT DUVDINTLUA B UL
nlATINNUI8KEIU (Coarse Mesh) 41ATIA1UE
azi8en (Fine Mesh) df1ag5nd19 19.5 9 1.30
WesidudfinuaziBongean
nsgiimwaleaniilndiAsssaloasusiunse
vaensasuiuniandeil anunsauandliiogly
3UNI MUY Log-Log aina lagddruiuvadivun

L‘T]ml,ﬂusLuLLmuauLLasmmgmmmﬂa’mmé‘ DU

ypansasuiiurislusrf aduwnulunulsa ¢
wanslugun 7 31nnsInudn AefieveInggIu
AMUAAIALAR UL ULUIAIFIUSTUNITIATIEN AU

v
[ [

fogsbuasadl Javiniu 0.5

= Y '
A15197 1 N19lNeAT o 0 A HAZATIHNINIZTIUAIIN

ﬂmmm?{au
Polygon Nodes Deflection Error norm

334 866 -0.002192 0.19542
542 1347 -0.002474 0.09211
829 1991 -0.002519 0.07562
1525 3518 -0.002569 0.05710
3927 8628 -0.002690 0.01303
Ref 9628 -0.002725 -

1ent error norm (e,)

10°
Number of nodes

UM 7 Mg naaagilndifgwalaausiun g

YDIATUAIDYN

A3 2 ANUASTINTIR 6 AIAULINALATINVILVUINA 9|

AUASITNUNR (SauraIU)

AL Mode
1 2 q 5 6
334 163.1 632.4 942.2 1282.1 1821.5 2203.4
542 154.9 612.1 935.8 1245.0 1770.4 2142.1
829 154.0 608.5 934.1 1238.2 1760.2 21314
1525 152.6 605.4 932.7 1233.0 1751.9 2120.7
3927 150.4 602.3 931.8 1227.4 1744.5 2111.8
Ref 149.3 597.8 931.1 1221.3 1732.8 2095.8




RMUTP Research Journal, Vol. 17, No. 2, July-December 2023 63

Mode shape 1
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Effects of Dyeing Conditions on the Color Value and
Colorfastness of Cotton Yarn Dyed with the Mud from Khon

Kaen Province
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Abstract

This research aimed to study effects of dyeing conditions on the color and colorfastness of cotton
yarn dyed with the mud from Ban Don Makha, Chonnabot Sub-district, Chonnabot District, Khon Kaen
Province. Dyeing experiments were conducted using mud content of 100 200 and 300 g per liter of water.
Two methods of mud solution preparation used were 1) Mix mud and water then left for 1 hour before
dyeing and 2) Mix mud and water then immediately used for dying. After dyeing the color values were
measured and the tests for colorfastness to washing, colorfastness to light and colorfastness to abrasion
were performed. The results of the study found that after dyeing cotton yarn with the mud, the colors
obtained were L* 65.16-69.94, a* 6.09-6.65, b* 12.24-16.73, C* 17.14.-17.93, and h* 68.22-69.77. All dyeing
methods yielded the L* a* b* C* and h* values with no significant difference at .05. The colorfastness grades
to washing, considered by dE* of color change, were at 2 (poor) to 3 (fair). The colorfastness grades to
washing, considered by dE* of color staining, were at 4-5 (good — excellent) for all methods. The colorfastness
grades to light were at 4-5 (good — excellent) to 5 (excellent). The colorfastness grades to dry abrasion,
considered by dE* of color change, were at 4-5 (good - excellent) to 5 (excellent). And the colorfastness
grades considered by dE* of color staining, were at 3 (fair) to 3-4 (fair-good). The colorfastness grades to wet
abrasion, considered by dE* of color change, were at 4-5 (good-excellent) to 5 (excellent). And the
colorfastness grades, considered by dE* of color staining, were at 3 (fair) to 4 (cood). All methods yielded dE*
values of colorfastness to washing, to light and to abrasion, with no significant difference at .05. The results
of the study pointed out that the optimum condition for dyeing cotton yarn with the mud from Khon Kaen

province was using 100 grams of mud per liter of water by Mix mud and water then immediately.

Keywords: Cotton; Mud Dyeing; Mud quantity; Mud Solution Preparation
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Abstract

The objective of this research was to evaluate performance of a solar-electrical combined
energy dryer by drying Nam Dok Mai mango. The dryer consists of 3 sets of 2x1 m?” solar collector, 2
sets of 1500 watts of the finned heater, and a drying chamber size of 0.6x0.6x0.6 m>. Nam Dok Mai
mango weight of 4 kg with initial moisture content of 84.44% (wet basis) was dried with drying air
temperature of 60, 70, and 80°C and drying air flow rate of 0.034 kg/s until the final moisture content
was less than 18% (wet basis). The performance of drying was evaluated by efficiency of solar
collector, Specific electrical energy consumption (SEEC) and drying rate. The quality was evaluated
by moisture content, color difference, and texture profile consists of hardness, cohesiveness,
springiness, and chewiness. The result shown that, drying with temperature of 60°C has the best
qualities of dried product with the lowest color difference, optimum texture, with moisture and water
activity are up to the industry standard of dried fruit. The solar collector set has highest efficiency of
46.36%, the lowest of the specific electrical energy consumption of 12.57 MJ/kg, which can be save

electrical energy of 27.15%
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Baveuiiuuliivanas o ngamniifigeduil
\Aan1sid sundadlassadieiAvesugaiaedingg
wiamnmstusvenihmaludonzahwihlide
nsvadalatieras wagaeaiAeld (Chewiness)
uamdsnuldlunisuaemsifianiusvosuda
ldlumsiansandsnnuidnludesiinvesiuilaa
31NN153AsIZEnuI LNl ANLAns i ueE9d
Waaiey (p>0.05) Tneugu 190 Uwi vl 61
Chewiness ffosfigauiniu 1.24 dadu Aewzsiag

BuULIMaNTougUMll 60 BrTaLTYd

A1519% 3 Wledudauzininenldounisiilainauwisnammgiisng

qmwgﬁamﬁa Hardness (N) Cohesiveness Springiness Chewiness (N)
60 °C 14.81+4.28° 0.11+0.03° 0.11+0.05° 1.24+0.86°
70 °C 12.93+4.28%° 0.13+0.03° 0.10+0.03° 1.44+0.73°
80 °C 9.48+3.83° 0.12+0.05° 0.07+0.05° 1.73+1.15°

nene onvsmdeunulumedulifeamunieds uanedueeluiiled 1Ay (p>0.05)

91NN157LAT13Y LT oA U A0 INT L2
Wnenldlouwis wudnseulisiLaNaugungd
60 parLwALTEE de1 Springiness UNTIAA LazA

Chewiness tlogiign 59u9Ad L* way Ad b* u1n

a

fan dnValiAAnuauldaamdsnulnitseng

Jaduanmzfifgalunseuwiszinsiinenlyd 39

WialSeuisununisauwialzsaunenlinag

(5

AT SIE D UNINSAlNaTINAUANS DU IINS
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nagaulae W. Sriariyakul [18] wu11@10u15080
wdauildlunissemetneenainuzisinenls
1§ uagniseuwsissnoanieufigamgil 60 s
LezjaLS?J'&Jaﬁymmmﬂizqﬂﬁ%ﬁumwuLLﬁqszN
vilndunaznaliidulfidenngaumgiiligaiuld
Tnstawzaaliifithiniagatu dilo ful udu

W OISR TUNFIITUNUT INE 97U
wasoingidnen1nlunisihunduwrasanuiou
wsulifunmseuwiseauseuiioannisldndsnu
wdnanliimiod omawialad wwenndosiv
NuUiTuvesansLazane [22] inuiieniaseu
NN IuLEe1indsauiuieamn g oinds
wiadanlvarelunisevuianesiiaesidindeud
2.41 vnseilanfutisse vaedildeiniadou
Mnrearlniidomdwiaed1aindiaildnely

NUINENAS 7.90 unselaniuulseive

5. a3

31n15NAaeaR aUsTid uaNsIaUENIS
suwfazihainenldfeantouanndsaului
TAIAUNAIIULEIBITIAE WUITINITOULRIALY
mmﬂauuﬁ&@mmﬁ 60 aerwaLTed Lﬂuam’gzﬁ
mmsaumnﬁqﬂ \osmnAauEuddomdany
Inflhdumzdeniigadie 12.56 wnzgasedlansy
A"d L* uaz b* 11ndign A1 Springiness 3n7ian
A1 Cohesiveness LagA1 Chewiness ﬁaaﬁqm AN
UszanSamdufiuiedaseniindladegianiesas

46.36 Yeanttnasnuliiadlasesay 27.15
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100 dw) Anwrantsng o 1w anumingd naineusisianilud naisrsamlud 300% uenda A
FuvuussRs warauBngean o 9nue wafildnuinsnaisinasanuniiayuiiitesndninguud
Bntlen winmnousnsTamluduasnanfienstanludannndt msldnseadeinuasihiundnduiuluens
ABUNTIA SINAlIAIANENGIER Bl IAVIA fiAnfindu usir 300% uenda uazANURUILLSRRNS TR
aludiuuiluanas srmeuniusfinaususuUEIUSIe 3 phr WaudagumsTanlud wazaudd

WNaRNgeaatl 11a1A95U 8.1520.3 WM WASANAIUAMUNIULTIAY 24.92+0.4
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Abstract

This research studied the carbon black filled natural rubber (NR) incorporated with palm oil
contained free fatty acid (oleic acid added of 15% by palm oil weight) or stearic acid as activators
were developed and characterized. The effects of the palm oil and stearic acid content (1-7 phr (part
per hundred of rubber)) on the advanced natural rubber compounds’ properties were determined
by measuring the Mooney viscosities, the scorch time, the curing time, 300% modulus, tensile
strength, as well as elongation at break. It was found that the Mooney viscosities of the rubber
compound with steric acid were lower than the compound with palm oil while the scorch time and
the curing time were longer. As the stearic acid and palm oil in compound increased, elongation at
break increased but 300% modulus and tensile strength of vulcanizes trended to decrease. The
compound with 3 phr of palm oil displayed good cure and mechanical properties such as 8.15+0.3

minutes of cure time and 24.92+0.4 of tensile strength.

Keywords : Natural Rubber Compound; Palm Qil; Activator; Free Fatty Acid; Carbon Black
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1. unun

Tuszvumstamludenenlenugduias

v

Fudunatevila Wy @a15859 @15058H U wae

q

o w

iugdu dauiiduansnseduilansiadiiidfey 2

7

3

¥iln 7ildusuiu fe Tanzoanled (Fadeenles)
wagnsnlusiu (Fatty acid) @ansalesufifeuldly
Uagdudunse awfiesn (Stearic acid) A. Y. Coran
[1] Anwvmavesrnududuvesnsaaiiednildidu
a13nses uluenesssud nuignsinisianilud
anasdraududuveansaaies niudu B. C.
Barton et al. [2] louansdswavesnisldnsnasinn
sedulunisid enleslutanagns (Crosslink 1ne
A9131NNOARE 200% WUIINISALUTIIUNS
nae3n 1-7 phr vilfuendavosenafiuuiliiugady
wiiileldUsunansaas3nuinndt 8 phr nuinAwe
aftazasdl H. Ismail et al. [3] Anwinavasnsale
8n (Oleic acid) Aeanv@ianlud wazauUmideng
YosensTinaLasHLALuAaE BNA UBLLA WU
Laaﬁmﬂﬁufamlu% (Scorch time, ts1) wagtian
g197amlug (Cure time, tc90) Lﬁu%umwuﬂ%uwm
vosnsaleddn luvariidusidngeanuazAusedn
Glloﬁaﬁ-(Maximum torque (MH), Minimum torque

= =

(ML) Lﬂ'mﬁumﬁ;wuqLLéJ’Jamaqmuﬂ%mwummm
loddn auvALdena 1¥u A1 Tensile modulus,
Hardness, Tensile strength Lag Tear strength il
wwiltueany fuewsslngedn (Maximum torque,
MH) mLLi\‘i‘ﬁﬂﬁ'Wq&l (Minimum Torque, ML)
wenanszuUnsTanlududaiinisldingiu
\uansfidielunisudsguens waradloiewes) lu
nsdiifinsTaanssudnsieluysinamnnnd 20
ohr 1t vl st i1y §alu
Haqtiudinsldhifufswmatuildantlandes
\esanihutinsdeuilansiouzise Y. Singh et

al. [4] wpnanT Fernandez et al. [5] WU

nudnvesiuloyiuaiuisaldlugnsenay
NIIUAVDI955TUYIRRANAUNSIAULA TnauSuie
fivanzay Ao 2-4 phr lvaudAidnauazauss
N19ANT D UVEIBIIRT U C. Siriwong et al. [6]
wuinhdudundessaudasaunsataelinisuls
U199 189 unazauTAiFenalndiAsatuunaiy
lnsideou S. Boonrasri et al. [7] wuininusesa
wazuTylutnesvinldganinsyanedaluens
555uv1A LA R denaliersdaudfidanana A
Saetung et al. [8] l@nwnigrfvaudfidenaves
nslddnfuiinduansnanadleweslugrsneunn
Jus (STR 5L waz SBR 1502) leud dhsfunyndin
iurdy ttumd asramnslsuisuiy
Yrafuerlsundin fUSunas s 0-10 phr WU
ﬁwﬂ’uﬁ%mdﬂfﬁ’mﬂiaiﬁLﬂuwawaaieuL%a§1uqmﬁ
YABUNTIUALS
ssiiuldinisufiavarsvinaunsaldidu
ansnanadleaslusnly uiursndamsnantnm
fse3snsfiuanssdurliiiansalasiudasy
(Free fatty acid, FFA) Tudhsfufieunnaneiu thh
Urduluviosnaindrulugiuiuim FFA daynin
1% dUSununsalutiudaseiiu 1% ldaiwisaldvi
Duthifudnuussemsld TuduneudBudnsu
Undufvazdiusuna FFA Ussuna 10-15% Tunns
nanuinTuisdusuuslnaasiinnsataensaluty
daszeonlUlivdetiounin 0.6% B. Saad et al. [9]
hsuaymAudl FFA Usgann 1% I M. Atadashi
et al. [10], A. K. Tiwari et al. [11] FuNUNTEUILANS
nEn §9nsalusiunani enaasyiudai i uans
nsgfuununInafieinls  Tudagdusainseaiie
Sneg#l 80-105 vw/Alanty druthduundusian
Usvanas 40-62 vn/Alandu wndnisuuduun
Toluansnszdulavzdmasiedunuensnouniud

drudunsalvdiuanasuseuna 50% n1svnaodil
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ﬁf\;mJﬁzaqﬁLﬁaﬁﬂmmﬂ%ﬁﬁumﬁuﬁ'lﬁmm
losudaseluszuuianludvesenaununsaaifiesn
Juansnszdusdudedeenled Tasiinis@nw
NaﬂizwwmﬂmlmﬁuﬁaixﬁLaua@wfﬁﬁuméu
sogulRAuUn nsTarmluduasautidanaves

ABUNIIUAYIITITUYIANELLVLIAN

2. 53108U3599Y
2.1 guazansadl

1455358 ¥18 STR XL (Standard Thai
Rubber, STR) {ug195550 1 RsRLALNTA XL A8
anlad (ZnO) wila White seal ¥aniiii L uans
nsea U (Activator) luugAsenisianludens
55UV1A NIRELAYSA (Stearic acid , C;;H;sCOOH)
fdnvazidundadvrvimindiduaisnszdu
(Activator) s2uiugsReantenlul]izeinisiaa
ludgnesssnv@rugdu (Sulphur, S) ddnwuzidu
naziSendndecna i duansTanludens

a

FITUVIR @150

P

UUea (N-tert-butyl-benzothiazyl
sulphenamide, TBBS) fid nwauziduidadv1agu
I~ LY} 1 aaa U 4 a
Wuarsaasslulfiseonistaniludenssssuvi

WA (Carbon black) @nwauzidunazidanly

'
=]

seeuunluns a0 1 Junse HAF (N330) vi1viin

e

& v oa

Wuasanfuasuusalugne grwazansiaiivand

Fasmnelasusdndnding $1i SmTauuny3
YsTuUndu (Palm oil) Aflusunainselusiudasylal
1A 0.3% (nsalatadn waznsnurau@n) nanlay
U3t Todu St Sminaymsanns thifuthdud
Snvaduvosvardmdeda lunismaassiiinas
dunsalewadnasly 15% Tnetweinvesinsudaduy
nsaleatadn (Oleic acid) dnwaugtiuveanalild
widedla Indmurglaginsiudiuiniauesnnes

YA Jaindeslunyd

2.2 ﬂ'TiW]%ElSJEI'NﬂE]ﬁJW'I’JUﬁ

1) thisfuldumansaadiunselowadn
aslu 15% Tnevhwnuesisudnda

2) wWiuemana Tasinugnsluned 1
oS euiisunavenisldnsaaiiosniudisiu
Urduildudsunansaletadn 15% lagtminues
vfutdy Tnsudsusunansaaiesnuas gty
Udandu 1, 3, 5 uay 7 phr

3) 38 n1suanauuluniud fuualy
UMY 1SO 1658-1973(E) 130 ASTM D 3184-89
Rubber-Evaluation of NR l¥gaungiilunisuanay
1971 70°C TH7a1lun1suaes (mastication) 2
unit Aevldansiaidu 4 nngas ueeHauasiad]

14 24 $3lu9 newthlunegeuand@nienin

=~ a a A a
A3 1 d@nsenndssualardsuiunIaangsn

wazthsiuUdy
nfcjs.l‘ﬁ 1, phr nfcjs.l‘ﬁ 2, phr
dunau nIAELAESN fhsfuundu (Palm
(Stearic acid, SA) oil, PO)

STR XL 100.0 100.0

ZnO 5.0 5.0

S 2.25 2.25

SA wls 1,3, 5 uay 7 -

PO - wds 1,3, 5 uay 7
N330 35.0 35.0

TBBS 0.7 0.7

23 ANYIAMUNL AVBI819 (Mooney
viscosity)

N RIS L O TIT- IR R RISBROTEY
arswniiliegedon 24 Falus thenamreuniiudun
VAFBUAIINNTEAR8LA3 89 Mooney viscometer

890 Tech Pro 3u Visc-TECH++ flgaumail 100°C

JuiinA1auniiafiiian 4 wiil n1ssgaunaegly
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3U X ML (1+4) 100°C G218 u Mooney unit
(MU) Tnevegeumuunsgiu ASTM 1646-87

2.4 @nwaudanisiannlusg (Cure

Characteristics)

audAnisiamlug (Cure characteristics)
a1ursafinulagldindes Moving die rheometer
(MDR) wadi leidudunsinaarlud (Cure curve)
é’qgﬂﬁ 1 Fauvald 3 929 1) ¥ra3udiu (Induction)
2) ¥333anlud (Curing) 3) ¥ramaen1sianlud
(Over cure) X. Sun et al. [12] nane1s5usanlud
(Scorch time, ts1) fie na1fievansalnaldnou
n13a33U ae1eianlug (Cure time, tc90) Ao
nanilflunisifinufasenanlusduiiguugfid
Anun agldnanduufvesausadn 90% vas
usslngegn %qmmmLﬂﬁeuLLUanlmms?TuasJﬁU
YUAVDIYNIHFULAYANUNUIVBINA AN U NS
vnaesildnan 90% vesnisTanludivun w3e
tc90 G duanfildannIsmageu Arsnsn1sTa
Alud (Cure rate index, CRI,min™) fia §n511571u
nsiindgisendanluieduvessnainainnis
WasuwUasautivesianilud (Vulcanization) fe
wilaagnan Awsadngegn (Maximum torque,
MH, bf-in) ﬂ"lLLNﬁﬂmb’]ﬂqfﬂ (Minimum Torque,
ML, lbf-in) AUTUILUUNT5LE oule g (Crosslink
density) mlea1n MH - ML ns1lusiae Overcure
vanefasiiogndsndussdngsgaidusiuly ms
\AnTiaedu (Reversion) Uningmsaifiaussdanie
wendavesensiidanaaiesnainanisznsasgy
WnndansTivizan nsiinsnetuiiessin
Tuanavselasssraunilideussninsluanaifians
#aes UnNAlue19eITIUTIR (NR)

nsfnyInavesgumgiifidnasoauRunTa

A1lud laguusgumngiiain 150-190°C Liie@nw

gaunninmunzanlunisTaaludersnounagiies
lunaaeuand@ideng innsmaaedagtiienway

Aua1seinunns1en 1 egldusunansuliay 7

phr
Induction Cross-linking
Period _ | (Curing) Overcure
- |t |t L
MH
Q9
=
g
=

Vulcanization time

a

JUN 1 fee1eg Cure curve NldaNniATes

Moving die rheometer (MDR)

nsAnwInaveInstdintudduuans
nsgAuunuUnIAaLAesndoantAnisianludi
gamgd 150°C 1uraan 20 Wit 1l e nwrantd
Cure characteristics L% U ts1, tc90, ML, MH wag
CRI @nsanaaaulngldin3as MDR %o Tech Pro
JU rheoTECH MD+ 1agnaaaun1111nIgIu 1SO
6502

2.5 nMsnagdauauUALgeng
NINARBUANURA1ULTIAY (Tensile test)
Tagthesiinauannafudrludmdrdugensdae
\A3838ALn (Compression machine) e OOMN
SEM -AUTOMATIC MOULDING PRESS iqlu HPS-
100(D) figaungdl 150 C wsedu 3000 psi a1esTa
anludldnand tco0 ndsantuthendisatuga

£y

wdndususuiua Die type C antiuihlunageu

U

LSIATTAAIAMNATUNIULSTIAS (Tensile strength,

TS) ﬂ'ﬂmmﬁ'mqqqm 4 9mv710 (Elongation at
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break, EB) A1y a e 300% (300% Modulus)
NAABUALNIATEIU ASTM D412-98 1d1aT B
nAaeyu Universal tester 8 %o Instron Universal

Ju 5569 Aslun1sis 500 dadwns/wnd

3. NAN1SANEIRAZaAUS18NE

3.1 Na%a\‘immwﬁmaamﬂﬂamwnuﬁ

HANSANENEIIABUNIUATINANNSELFE3N
(SA) uazthsiutada (PO) Tasudsusunaansidu 1,
3,5uag 7 eiammmwﬁmﬂuﬁ' (Mooney viscosity)
uamagagui 2

913U 2 nudn WevSinmnsaadenuay
vhsuUdufindy Aranuniiavesensnouniug
ﬁ]mﬁ'wﬁuwﬁwmqnqmﬁaﬂ%‘mmﬂwlﬁuﬁuizé’u
wilwdniduazSuanas msiauniadiuguly
§29u5n019LARINNTAALR BT nLasUTUUE T
dawaliivsineninisnsyanedaldfidu H. smail et
al. [3] wag S. Boonrasri et al. [7] Lagtindunsnae

YUINIYMAUANTAWAN Vi lriesdanuniauinay

v '
| =

U Fudlaiuusununsed

FozslauTRdenan
Wesnuavifuldusnniudnuasyinlianumin
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Abstract

The development of imitation milk products from Water Caltrop was aimed to study the
recipes and production processes of imitation milk products from Water Caltrop, to study the
changing quality during storage, and to study the nutritional value of this product. The study found
that the more significant amount of water used to blend with the Water Caltrop reduced the product's
protein content and viscousness. The appropriate amount of Water Caltrop per water was 1: 2.5
(weight: weight). The product has a protein content of 3.03%. The imitation milk from Water Caltrop
with a higher amount of xanthan gum results in increased viscousness. The suitable amount of
xanthan gum was 0.1 % of the total ingredient. As a result, the product is homogeneous, not separate
in layers. Imitation milk product from Water Caltrop was pasteurized at a temperature of 64 ° C for
30 min. As a result, the product can be stored for 9 days at 5+1°C, and the total viable count of
microorganisms also passes according to the standard of pasteurized milk. Safe to consume. The
developed imitation milk product from Water Caltrop provides 29.22 kcal/100g and the protein, fat,
and carbohydrate content were 3.37%, 0.22%, and 3.42%, respectively.

Keywords: Water Caltrop; Imitation Milk; Xanthan Gum
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Study on Antioxidant and Antibacterial Activity of Mulberry

Leaf Tea Extract Soap and Mulberry Leaf Tea Extract Mixed

with Turmeric Soap
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321 Naraimaharat Road, Muang District, Lopburi, 15000, Thailand
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Abstract

The objective of this research was to develop glycerin soap products, mulberry leaf tea extract
and mulberry leaf tea extract mixed with turmeric soaps, containing herbs of Lopburi province. The
physical and other chemical properties of soaps, antioxidant activity tested using DPPH method, and
antibacterial activity were studied. Six soap formulations, each of which contained 25 ¢ glycerin soap
base, were compared. Three soaps contained varied amount of 10 ¢/100 mL mulberry tea extract
while the others were turmeric powder soap, mulberry tea extract and turmeric powder soap, and
the non-herbal soap (control). From the results of the experiment, it was found that the soap had
no foreign matter. The color values expressed as L*, a* and b* of the soaps containing mulberry
extract were 14.07 + 1.44 to 19.47 + 0.14, -0.05 + 0.14 t0 0.80 + 0.12, and 2.13 + 0.08 to 3.25 + 0.40,
respectively, while those values of the soap containing turmeric powder were 20.06 + 1.01, 4.98 +
0.29, and 6.52 + 0.26, respectively. The properties of all soaps; pH (9.36 — 9.83), bubble volume
(66.33 to 76.67 mL), durability of the bubble (62.33 - 70.67 mL), and erosion percentage (23.09 + 2.15
to 25.08 =+ 1.23 %), were evaluated. The antioxidant activity values of the soaps were in the range
of 18.38 + 0.93 to 53.36 + 0.39 %, and also expressed as 1.25 + 0.01 to 3.45 + 0.11 ascorbic acid
equivalents (AAE)/g soap. The herbal-containing soaps had higher antioxidant activity than the non-
herbal soap. The soap could inhibit gram-positive bacteria; Bacillus cereus and Staphylococcus
aureus.

Keywords : Soap; Mulberry Leaf Tea; Turmeric; Antioxidant Activity; Antibacterial Activity
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lngayufazgnsvinnImeass 3 91

23 malanevianEuURMaAliuaMen YR
2.3.1 msdeneiduandasy
msaasuAwUanUasmsihlngn1sasIaide
Taglunuddeilasdaunndnuuzvosaydsaren,
[12], [13] wardessiendaindesaineslolulasalay
(Stereo microscope) (MDX503, Nikon, Japan)

AMaave1y 10 Win

2.3.2 M3Aseiadvasey
Taa1dvesayanaudeias osinand

(HunterLab, ColorFlex EZ, an5gai3nn)

2.3.3 mMsaaseianaudunsa-ane (pH)
ijl’qag' 1 ¥ Suiindminiiuduey s
Usimannlesuadlufnines 100 fiadans ldayiids
adludnines auayliazate uaainan pH A
\AS peTaAn pH (pH meter) (OHAUS, ST3100-F,

anigowsni) [12], [13]

2.3.4 M3ATINUTUINTHBILAZAUAINUVDS
Was
Faay 1 ndu Tudindwminiuiueu dui

Usmannteesudiuing 20 addns avatvay
nvumadlunszuenaiswuin 100 Jadans In
UInnsruennaaemsiauug 1 uas 40 ade
Gudinwaiiuit 7913 5 und Tudinua [12], [13] Toe
AINUTIIATR Ay LATANAINUYBIN DAY

AIANN1SN (1) wag (2) anudsu

VWaaay‘ = VWaamJ e ~ Vih (1)
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a aa

ANUAUNBIEY (a8EAT) = Vg 5 iy - Vi (2)

Tae9 V = USums @adans)

2.3.5 Mslanzinsinnsau

Feay) 10 n3u Suiindwiinfluviuou wday
avlutgamgfl 40 ssreaidoa u 1 w1f ud
thayumuuinauuihile 40 seu viniugis
woafiafaeiazern 1 ase vgn 3 ase 2n
Fupouutayluhouiansdraesay udadaimiin
ayndsnsld [12], [13] Asesasn1sdnnsouvesay

AuIlagaunIsy 3 fadl

ASANNTOU (%) = [(Wiigy - Wapsd/Wiign] X 100 (3)

Tne?t W = Wwitdnay (n3u)

2.4 maaTeiquiduayyadaszvasayfae
ASANNLDY

Feay 5 n¥u valiiaziBen uduAuenuea
(Lab Scan, Uszineloduaus) 10 fadans aenld
24 314 [14] ndsantunsesansazaredaeisy
\onsesiifivuingnyu 0.45 lulasiums (Cellulose
acetate membrane, Satorious stedim biotech,
avitudansnsniionsiiu) udnhasavaneiinsadls
Fagns A uouyadaszd1935Af W10y (DPPH
method) N15LA38UE5a¥aNY DPPH AsLUNTY 1
fiadluasiodns vilneds DPPH (2,2-Diphenyl-1-
picrylhydrazyl) (Sigma-Aldrich, anigeasni) 1.96
Jadnsu avanouarUsuusuinsaieluniuea (Lab
Scan, Useinelasiaun) auasu 50 Jaaans lunns
NAasd WNasaza1e DPPH Usunns 200 lulasdns
WAZLANANTUIATEIUNT OATALAUAY daaniiy
UsuuSunsidu 3 addns aruluniuea LAY
arsazagiludiailuigt 30 wii udhluinen
mi@mﬂﬁuuawmmsﬁwLﬂ'%lmal,ﬂﬂimivﬂmﬁma%
(Thermo Scientific, Evolution 201 UV-Visible

Spectrophotometer, &n3§e1i3n1) NAINE1IATY

517 uluns AuAITeeazNISAueYLAdaTY

(% Radical scavenging) Tneldaunsdi (@)
Radical scavenging (%) = [(Ag- AJ/A) x 100 (4)
Tnefl A, = Ansgandunasasy

A

AINITAANAULEIVEININANATHI0E9

wntuussuiisudi Taldtuns
UINTFIUNITAUOUL AT ATTUDINTALRAADS TN
(Chem-Supply, 1A3a3500aLn5Lae) InewnsEuAIY
WNTUYDINTALBAADIUN 1 - 6 AABNTURDANT
iwmuwaqwéﬁma%aaaizLﬂuﬂ'w ascorbic acid

equivalents (AAE) Gﬂ'aﬁmﬁﬂay: 1 nu [15], [16]

2.5 MRS EUToLUATISY
TuriAfeivinsinungrisiudewuniise
vo3dy 5¥1n #2835 Agar diffusion wuaiu
WUATILS BLNSUUIN 2 ¥Hm bewA Bacillus cereus,
Staphylococcus aureus LaglWUATILIBUNTUAY 3
s8a La wn Escherichia coli, Salmonella
Typhimurium W@ g Pseudomonas aeruginosa
nMsinIouasazatsayinienlaedsay 0.4 niu
avareluuindu 9.6 708805 n19NAdOY
Auansalunsdudinisiesyvendowundiie
PganTaraeay naaeulnensdedonuniicons
avvilaimnzidoaduig 18-24 $alus avanely
arsavaneiinde 085 % Usuaugulildiviaty
0.5 McFarland Standard a1nsulglifuddvase
Founzluasazaouuailisoudrdodoasuna
9M3ABUTE Trypticase soy agar (TSA) La2L1%
omnadsadefeiinizyniion (Cork borer) 1un
urugugnas 8 dadwns Jiumindu (gn
AIuAY) uazansazansaynienliadluvau viau

az 20 lulasdns ndmntuhluumnzsgeluduy

'
a

Noaumnd 35 asrwasdoa 1WuLan 24 F2139 wan

q U

Tavuatdur1ugugnanuad svesddla (Mean
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diameter of clear zone) [17] #18L785 L gA1EY

Weslagdadurnugudnans 3 sums

2.6 AARATITIUNTIATIZN
Tuuideiiinssinanisnaaoamsadi
A28NN1TIATILRAIULUTUTIU (ANOVA analysis)
BaUTeuifiudmeasiwuniiseduanui esfu
T988y 95 LATILATIENAIIULANA 19A 187D
Duncan’s test Iaglglusunsu SPSS Statistics 25

(IBM, avigaiuisnn)

M19199 1 dunavesayLaranvMlzYoIaY

3. Nﬂﬂ'ﬁﬁﬂ‘i&i’lLLﬁSBﬁUi']ﬂNa

3.1 Han1sdasgiaaaudAnIAuas

NEATNVBIEY

3.3.1 ansinTeRaUandasy
Fnuagvesayits 6 gns (T1 - T6) uandly

A9 1 91nnsdanadienIsasInRiaeaen

uiatnegUsendeiiais (Samsung, Galaxy A30s,

wnnd) warguannnd esawmeilelulasalay

fdeweny 10 Wi @1unsaliusigazidenvesnau

ayNINTL wudaymie 6 gas lfidwdanyUasy

o A ansanavilu P . . . .
gns  nawesy , S anwazayIINndes anwazayIINndes
&y (n3w) o (n¥w) ilafia awaslalulasalay

(Uaaans)
T1 25 - -
T2 25 1 -
T3 25 2 -
T4 25 3 -
T5 25 - 0.05
T6 25 2 0.05

ALl duusznovvesay 4 aduluaiuinue
WINTFIUNEAAUTT YUY Ay oUNFI0TU UHY
665/2553 [18] wagandunnslendesainesle
Lulasalaunuvleadn q Usuandnideaunsnunsga

niay ienduseunIsaratvayniweiunay

n1sAundwesunvayulnslidiiu danisiianes
anldlagni1sagatvayalgligau 9 uagauiu 9
agnalshmuneasiunsnlulSunatesildladinane

Usz@niamueseay
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3.3.2 nan1slAzviAdvasay

Snrrdvesayseiniesind1d (Colorimeten)
Juitnan L*, a*, b* (n = 3) fauanslunisiei 2
wuhayiiivavansataslumeuiis 3 gns (12 -
T4) grsdlen L* agsening 14.07 = 1.44 D3 19.47
+0.14 A1 a* 88781719 -0.05 + 0.14 §9 0.80 =
0.12 uazA1 b* 8g5¥NI19 2.13 £ 0.08 919 3.25 +
0.0 wanahaysinnuainaiesnidualauasiia
oonialnuAuns 1o wasindes luvmsitayfifinng
Wunsviiuegraien (15) agldayoonlnudung
WaDd (L* = 20.06 + 1.01, a* = 4.98 + 0.29, b* =
6.52 + 0.26) wawaygns T6 Ainsiiumseiiu 0.05
Y uwagansadavilundeu 2 Taddns lalnuday
LAandesfianas (L* = 14.74 £ 0.74, a* = 0.82 +
0.04, b* = 2.01 + O.31)1ummsﬁa§m§ma§uﬁﬂu
gamuaudaduaylaiian L = 37.34 + 1.05, a* =
-0.88 + 0.14 b* = -1.31 + 0.56

M990 2 HAMTIATIZViANEYRsAY

312k)
v

, L* £ SD a* + SD b* + SD
dy

b

T1 3734 +1.05 -0.88+0.14 -131+056
T2 1947 +0.14 080+ 0.12 3.25+0.40
T3 1407 +1.44 049 +0.20 262 +0.43
T4 1497 + 139 -005+0.14 213+0.08
T5 2006 +1.01 498 +0.29 6.52 +0.26

T6 1474 £+ 0.74  0.82+0.04 201 +0.31

3.3.3 wan15iAsziAInuunsn-ang (pH)
[ 1 [ 1 =

91NNFIAAIANILTUNTA-AN9 130 pH 1ae
ldnTosindn pH danudne1 pH vemdnsiiayll
A1 9.36 -9.83 (M151971 3) ¥ oy luyranud
WNsPIUTeAnduiayialsiia pH agsening
8.00 - 10.00 ¥ UIATFIUNANS WA YUYY UK.
94/2552 [12], [13] hazfidennaniduauidedu 9

WU F389 VRN karAME [12] nAdaUAT pH Y89

ayNidiunanveInTes Auguuiln waghiugian

ol fifn pH 9.29 - 9.53 Wwsnsal §AAAIN Laz
AN [17] Mawwdnduaaynidiunauresansadin
nenHauzudey ayien pH 8.00 - 8.70 uay

a v

d0nAAITUNUITEVRIANYR devilasaus [14]

Vunandauiaynild1unanvedinunnaselvag

v v ,

WranuIayiian pH 9.23

A543 WANITIATIZIAT pH USHInsHes Aw

AmUTRIaY warA1SeEazNTANNIOUYRAY

oH USH1Ms  AIUAINY NISEn

q05 FGN YWD n39uU

ay * (fiaddny)  (@eddns)  (Gowaz)
SD + SD + SD + SD

Tl 9.36 + 76.67+ 70.67 + 25.08 +
0.02 1.53 1.15 1.23

T2 9.63 + 70.67 + 63.33 + 23.09 +
0.05 6.11 1.53 2.15

T3 9.83 + 71.67 + 63.00 + 24.90 +
0.07 4.16 1.00 2.38

T4 9.83 + 66.33 + 62.33 + 2317 +
0.12 1.15 2.08 1.53

T5 9.75+ 73.33 + 68.00 + 24.09 +
0.08 1.53 2.65 2.33

T6 9.67 + 70.33 + 63.67 + 2319 +
0.04 0.58 1.53 1.34

3.3.4 HAN1TIATITHNUTUIN TN ILAZAIINAINY
XCMIGN
HANINAADUUTUINTNBILALAIIUAINUYDY
wosvasaynuinUTunsrlasayii 6 gns fio 6633
- 76.67 UAdAAT WATANUAINUYBINGY AD 62.33 -
70.67 fladdns (5197 3) JeaynAlweIuyaniuay
AlailAnayulnsiaruiuaslosuazanuaamy
voaesgeiian uavayndlweIuiiiinsfuasada

lunsieu 3 adans da1USuInsNeakarAIy
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mwumawlawf’lﬁqm pgalsAmudsunsreauas
m’mmwumaqmwaqayjﬂgﬂ 6 anstiodnoghunmu
if seandesfuauidedu 4 wu fuses mex
wazgANe s1891UAUTUIRTHDIYRIAY U
nratuEniNTwAUILAIaLA sanazg1une oy
T¥NIN 68.33 - 80.67 HadANT LAYAIAITUAINY
U9INBY 64.67 - 75.00 Jadans [13] Lazs1891U

o o 4

Wevosiysinsal §Aedimn wazamg [17] wuin

ayraunsaianauzvitenduiunnsvesasayi
Nauansaintwenaesdmainiy 60 1adans uay
aynnanarsanadudimiueaduiuimsvesnes

WinAU 75 dadans

3.3.5 nan1sATIiNIsENNIaU
Anfenarnisdnnsouvesaya 6 gns fan
IndiAgeiuney 5eni19Togay 23.09 - 24.90
Faandlunsnedl 3 Ar¥esaznisdnnieuvesay
TndiAsaiuauddodu 4 1wy ayfiddiunauves
A1Tee Augnl wagfiuguall dAfevazns
dnnseou 11.25 - 15.09 [12] ayarunzaiugnsng
FaufuIumald sauazguneliafesarnis

dnnsau 40.65 - 47.01 [13]

3.2 HaNIANBIRNTAUDYLADATEVRIEY

A8ITANNLDY

INATNAADUONT A UYL D AT VDAY

adaaa £

AIEITANNLEY LazINNITWTeUBUTD8avVd
Frusysadaszveaya 6 gns lagld ANOVA
analysis WU’jWﬁyj‘ﬁd 6 ans dAuunnA1anIeaa
(p<0.05) LAZ21N Duncan’s test WUIIAIUITATA

ANNUANEAVRIAYLATIUA 6 NaX (Fnws af) ay

a £

A sRuayulnsasadnlunieulazviuiigns

Doy

AusyadaTrgendayynniuay lngayndgns

a P

AusyLadaTEIINgaAeansayliiuasanayily

ylou 2 fiaddns wagneviiu 0.05 n3u (T6) wagan
wansaaeslumsedl ¢ wuideiduansatneily
mlouluUTamnntu ayasionidueyyadass
2Nd Y (T2 - T0) wazayiidnmafunseiivadluay
Y2uL ugns F1ueuyad aszvesay (T6) 1o
Wisuiisudvayiidnisiduewnizaisadawly
mloulutSinadivindu (T3) qifueyyadass
Y8YAMIUAN (T1) 91NIMNAIUHANVDLUAAYNA
\wesud slldnUssnevddnionaiwoTuuariiniy
Mniwiislansiueyyadase annsolilsmeuun

auyadasy DPPH' 1¢l [1]

M990 4 QVISFUBULABATTYRIAY

gnsay % Radical AAE/#Y 1 N3
scavenging + SD + SD
Tl 18.38 + 0.93f 1.25 +0.01
T2 23.29 + 0.40¢ 1.63 + 0.05
T3 26.13 + 0.234 1.69 = 0.10
T4 32.28 + 0.82° 2.11 £ 0.07
T5 30.39 + 0.96° 210 £ 0.16
T6 53.36 + 0.39° 3.45 + 0.11

JoyauaniAade = drudeauunnggiu (n = 3)
af anspnuuanAseslitud 1Ay nseaia (p<0.05) vo4

AadglunedutReIfu

a ¢ A’ 12 g a A

3.3 WNEN1IIAIICWENTATULYBLLUANLIY

INHANITNAGDINUINAYNTLDTUNG 6 GRS
(T1-T6) @rm1sadud sn151a3 LA ulnaeaide

N a = o a

WUATILSY B. cereus Way S. aureus BuTuwuaiiise
WASUUINLA bANNT0SUSNTBUUATIS BWNTUAUN
390 lnedunnainnisiialaulaseunqy
asazangayusiavyila dasavargayvialailoy
lain¥ u wanadnay¥dad uaiunsagdug anng
wigAvlnveudsuunailisefivaaeula auansluy

JUT 1 JaHan1Innaetdenad 8aiuIIuITeves
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Wys1nsal §Aedian uagans [17] A@nwigns
FrudsuuaiiSevesay i fdrunauvesansanin
peruansauzr e wuliayaunsadiuio
wuATE e unsuUaN (S aureus) LA A N3 1LTe
wuAiFounsuau (€ coli) ilosanuuafi3ounsy
aufiiifeiforuduueniiannsatumsduiumesans
197 vnuzfuueiiFounsuinlufidedovutuuen

Fafigniduniuans nas q lddesniiuuadiise

WATNAU [19]

¢

3UN 1 grisdudenuaiisevesay n) B. Cereus )

S. aureus @) E. coli 9) S. Typhimurium
q) P. geruginosa tneil C fovndu was T1 - T6

Aaasazangay

Mndeyalumsiei 5 uansyuindunity
guénannadlalumsiudouuafidounsuuinves
ayusiargns MnnsSeuiisuauansalunis
Fud suuafiFevesayis 6 gns Tagld ANOVA
analysis kaz3LAT1ERAUAI9A Duncan’s test
wuhayifdunanvesasataulumisuiiqridu
FouvafiFounsuvangendn  ayndiweiuladlyl
Anasulng Ineayges T4 Jafnansadavilumiou
snfianilquisudowunide 8. Cereus uaw S.

aureus 1NN

M990 5 QrsFULTeLUATSBLNTUUINYDIEY

vunadusiuguinalsaisvesasla

ansay (Hadung £ SD)
B. cereus S. aureus
T1 17.31 + 0.50¢ 19.30 + 1.80¢
T2 21.47 + 3.09° 24.56 + 2.09°
T3 25.19 + 0.98° 23.04 + 2.04
T4 27.27 + 2.31° 28.90 + 1.002

22.07 + 1.72b
20.88 + 1.22<

T5 19.38 + 0.27¢4
T6 19.10 + 0.58%

JoyauaniAade = drudeauunnggiu (n = 3)

Ry o

=4 | FnsuLaNAseE Tt AgN9ada (p<0.05) 189

' B v e a o
Anadgluneautifeaiy

4. a3

" a S aAa [l I
ayndiweIunilarunanvesayulns laun ay
Hanasaiav luniou aynauHIviy wazayna
arsanaylunieunazraviiu Wuayifignsdu

a i rav i a N
auyadasrganaylidnisivayulng Invaynd

S o a

vdsusyyadaszaniianfegasayivansarin
yiluvsiou 2 Hadans uaznsiudu 0.05 n3u (T6)
frSegazn1sinueyyadaszviniu 53.36 + 0.39
wazifleifisuivaisunsgiunsaueanosdnden
Winfiu 3.45 £ 0.11 AAE sieay 13U uazaynngns

Hgniauauuaiisounsuuan laun B. cereus
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ua S. aureus asfiaygnaidnasadavilumion
3 iaddns (Td) ﬁqwéé’mﬁaumﬁﬁamnﬁqﬂ ay
waniAlifdwdanvaeu feUsunswes A
Amuaad LavTouaznisannsou waven pH ag
Tuinaslunsgiusesay ey uonaind nsids
ayulnsluaylusnsduisnsiugaldiliilaiand
vsay inarnnats 1 unisii uddunazainy
wannuangliunfuilaa deduayayulnsfifingi
arsatmylumiounasnsiudaduingiuiimld
inoluviesdu Suduaymadenidnunimiinis
daasulidnisudnldluaiisounasdeauisasie

gonvindvieluauanle

5. ARRNSSUUSZNA

VBYOUAMNUATUAYWITEAIN UMINede
suAgumans @euuszana 2565) AlVun we.as.
Yoassaw Wud uavveveuAuANEINgIMans LAy
walulad uminerdesvdgmnansiigeiile

dnuuaziAseeiiolunisyinige
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mAfeidifunseenuuuuasneaevanssausvenatoniideukasiduiuwuy Tneyjatiunsly
Ustleiondudou (reuweuees) wazdudu Grmeianes) lunsvifeunasinusessuudale 4
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Abstract

This paper aimed to design and test the efficiency of a hot and chill water machine using a
condenser and evaporator to make hot and chill water by vapor compression system of which type
of refrigerant is R-22. The weight and maneuverability of the machine have been taken into
consideration with a total weight of not more than 100 kilograms for ease of movement. The machine
is designed to heat no less than 20 liters of hot and chilly water; hot water at a maximum temperature
of not less than 50 degrees Celsius, and cold water at a minimum temperature of at least 7 degrees
Celsius. The result of the test revealed that the machine can make twenty liters of hot water and 40
liters of cold water as required with a total weight of approximately 85 kilograms. For the performance
testing of the prototype to evaluate the utilization patterns of hot and cold water by testing in hot
water to cold water ratio of 10 liters/10 liters, 20 /20, 20 /30, and 20 /40 respectively, it was found
that the total coefficient of performance (COP) of the average equipment utilization was up to 3.85
at a ratio of 20:20 liters of hot water to cold water. Hot and cold water is obtained at the specified
temperature. The prototype has a maximum water heating rate of 0.99 /min. and a water chilling rate

of up to 0.73 /min. The minimum energy cost is 0.028 baht/liter.

Keywords : Vaper Compression System; Hot and Chill Water; Refrigerant; COP
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Abstract

The aim of this research is to study the effect of different tea process of Doi saket purple rice leaf tea
on antioxidant capacity and the consumer acceptance. Doi saket purple rice leaf tea were processed in 4
different tea processes which were green tea process, English tea process, Chinese tea process and Oolong tea
process. After that, the physical (moisture content and colour (L* a* and b*) in CIE system, chemical properties
(antioxidant capacity) and sensory test of the products were analyzed. The results showed that the moisture
content of Doi saket purple rice leaf tea samples from 4 different processes were not over than the standard
value (the standard value of moisture content of tea was indicated as 8% by Thai industrial standards institute
(TS1), their moisture content were between 6.46 and 7.59%. It also was found that the different tea processes
had a significant effect on the color of both of purple rice leaf tea and tea in term of L* a* and b6* colour at
the confidence level of 95% (p<0.05). However, the different tea processes had no significant effect on
antioxidant capacity. Purple rice Oolong tea leaf had the highest antioxidant capacity (82.27+1.90%) following
by purple rice Green tea leaf, purple rice English tea leaf and purple rice Chinese tea leaf (81.99+0.00%,
81.78+0.76% and 80.79+0.61%, respectively). The customer acceptance was evaluated by sensory test in 4
attributes which were colour, flavour, taste and overall. The sensory analysis result showed that the score of
all sample from difference 4 tea processes were slightly to moderately like in all attributes. However, the highest
score was found in Oolong tea process which had the score of 7.08+1.21, 6.76+1.53, 6.56+1.76 and 6.78+1.54
in color, odor, taste and overall, respectively.

Keywords : Purple rice leaf tea; Physical property; Antioxidant capacity; Customer acceptance
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Abstract

This research evaluated the inhibitory efficiency of gac fruit (Momordica
cochinchinensis Spreng.) extracts on tyrosinase and antioxidant activity. The results
showed that ethanolic extract of aril had the highest tyrosinase inhibitory efficiency
(80.57+£0.50%), followed by peel extract and seed extract (p<0.05), respectively. The
ethanolic extract of aril possessed the strongest tyrosinase inhibition of 1.28 fold
compared with that of a standard inhibitor, kojic acid. Water extract of aril revealed the
highest content of total phenolic compounds (1.291+0.011 mg GAE/g) and ethanolic
extract of seed coat showed the strongest DPPH radical scavenging activity
(63.18+0.34%). The inhibitory efficiency on tyrosinase associated with total phenolic
content and antioxidant activity of the extract, especially in the ethanolic fraction. Our
results can support the development of gac fruit extract for natural whitening products
with further clinical study to confirm the efficiency and safety of the extract. It also
enhances the economic value and reduces wastes of gac fruit, particularly peel and seed
which were underutilized parts of fruit.

Keywords : Antioxidant Activity; Gac fruit (Momordica cochinchinensis Spreng.);
Tyrosinase.
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1. Introduction

Nowadays, natural extracts are
increasingly being used instead of
synthetic substances in various industries,
especially those related to health and
cosmetic product development. Natural
extracts are full of phenolic compounds
which have many properties, such as
antioxidant activity, anti-aging, anti-
wrinkles, anti-inflammatory and anti-
chronic diseases [1]-[3]. It is interesting
that  phenolic compounds exhibit
tyrosinase enzyme inhibitory properties
because of aromatic rings in their
molecules. This structure is similar to
tyrosine, the substrate that hydroxylated to
L-DOPA (3,4-dihydroxyphenylalanine),
dopaquinone and melanin, respectively
[4]. This process 1is catalyzed by
tyrosinase enzyme. Tyrosinase inhibitor
can bind to copper at active site causes the
competitive inhibition, leads the reduction
of melanin synthesis in melanocyte [5]-
[7].

Gac fruit or Fak-Khao (in Thai)
(Momordica cochinchinensis Spreng.) is
in the Cucurbitaceae family, commonly
found in Southeast Asia such as Thailand,
Vietnam and Malaysia. Immature fruit is
yellowish-green, and turns to reddish-
orange with yellow pulp and red aril
during ripening. Gac fruit enriches with
carotenoids, polyunsaturated fatty acids,
a-tocopherol (Vitamin E), phenolic and
flavonoid compounds, mainly in aril part
[8]. Phenolic acids and flavonoids found
in gac are gallic acid, p-hydroxy benzoic
acid, ferulic acid, synapic acid, myricetin,
epigenin, quercetin, rutin, luteolin and
hesperidin [9]-[10]. These compounds

play an important role in the ultraviolet
protection and tyrosinase inhibition
properties [11], [12].

Therefore, this research was focused
on tyrosinase inhibitory efficiency and
antioxidant properties of gac fruit extracts
for the skin lightening product
development. It also reduces wastes of gac
fruit, especially peel and seed, and
enhances the fruit economic value.

2. Research Methodology
2.1 Materials and Methods
2.1.1 Chemicals

Chemicals used in this research
were analytical reagent grade: DPPH
(2,2-diphenyl-1-picryllhydrazyl), gallic
acid, kojic acid, L-DOPA (3,4-dihydroxy-
L-phenylalanine) and tyrosinase from
mushroom (2,150 units/ml) were obtained
from Sigma-Aldrich (USA). Ethanol was
product of BDH (Germany). Ascorbic
acid was product of Fisher-Scientific
(UK). Disodium hydrogen phosphate and
Folin-Ciocalteu phenol reagent
purchased from Loba chemie (India).
Sodium dihydrogen phosphate and
sodium carbonate were purchased from
Univar Ajax Finechem (Australia).

WEre

2.1.2 Sample Extraction

Gac fruit samples in ripening period
(orange-red peel and yellow pulp) were
obtained from Khao  Kitchakut,
Chanthaburi, Thailand during harvest
season in August. Samples were identified
by the Department of Plant Science and
Landscape, Faculty of Agro-Industrial
Technology, Rajamangala University of
Technology  Tawan-Ok  Chanthaburi
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Campus, Chanthaburi, Thailand. Ripe
samples were cleaned, separated into five
parts (Fig. 1.): peel, pulp, aril, seed coat
and seed, and cut into small pieces. Each
part was macerated overnight at room
temperature using two solvents: water and
70% v/v ethanol (10 g of sample
macerated with 20 ml of the solvent)
according to A. Abdulqader et al. [10].
The mixture was filtered and centrifuged
at 5,000 rpm for 30 min. Supernatant was
collected and evaporated using rotary
evaporator. Crude extracts were kept in 4
°C before analysis.

Vg
oo
peel  pulp aril seedcoat seed

Fig. 1 Gac fruit (Momordica
cochinchinensis Spreng.) samples
(peel, pulp, aril, seed coat and seed)

2.1.3 Tyrosinase Inhibitory Efficiency
The tyrosinase inhibitory
efficiency was analyzed by DOPAchrome
method modified from A. Manosroi et al.
[13]. Briefly, the 0.1 ml of the extract
(0.01 mg/ml) or standard kojic acid (0.01
mg/ml) was mixed with 1.8 ml of 20 mM
phosphate buffer pH 6.8 (PBS) and 0.1 ml
of tyrosinase (100 units/ml). After
standing at room temperature for 10 min,
the 1 ml of 0.25 mM of L-DOPA was

added and left for 20 min. The absorbance
at 492 nm was measured and the
percentage of tyrosinase inhibition was
calculated from the equation (1) compared
with standard kojic acid.

(A-B)—(C-D) x 100 (1 )

% Tyrosinase Inhibition = 7

When

A = The absorbance of the solution with
the enzyme but without the extract or
standard kojic acid

B = The absorbance of the solution
without the enzyme, extract or standard
kojic acid

C = The absorbance of the solution with
the enzyme, extract and standard kojic
acid

D = The absorbance of the extract and
standard kojic acid without the enzyme

2.1.4 Total Phenolic Content and DPPH
Radical Scavenging Activity

Total  phenolic
performed using Folin-Ciocalteu phenol
reagent as described by M. P. Kdhkonen
et al. [14] and A. Chanwitheesuk et al.
[15]. Briefly, the 1.0 ml of the extract or
standard gallic acid was mixed with 5.0 ml
of 10%v/v Folin-Ciocalteu phenol reagent
and left for 5 min in the dark. Then, 2.0 ml
of Na,CO3 was added and maintained for
30 min in the dark. The absorbance at 765
nm was determined and total phenolic

content was

content was expressed as mg gallic acid
equivalent per g of the extract (mg GAE/g
extract).

DPPH radical scavenging activity
was performed using the method adapted
from C. Sanchez-Moreno et al. [16]. The
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0.5 ml of the extract or standard trolox
(0.005, 0.01,0.015, 0.02 and 0.025
mg/ml) was mixed with 3.0 ml of 0.05
mM DPPH solution. The mixture was
shaken and left in the dark for 30 min. The
absorbance was measured at 517 nm and
the percentage of DPPH radical inhibition
was calculated using the equation (2).

Actrl—Astd/ext x 100 (2)

% DPPH Inhibition = Actrl

When

Actrl = The absorbance of control
Astd/ext = The absorbance of standard
ascorbic acid/the absorbance of the extract

2.2 Statistical Analysis
The tyrosinase inhibition activity,
total phenolic content and DPPH radical

scavenging activity were expressed as
mean + standard deviation of triplicate.
The difference among data was analyzed
via Duncan's multiple range test at 0.05 of
significance ( p<0 .0 5) . Relationship
between total phenolic and tyrosinase
inhibitory, as well as DPPH radical
scavenging activity and
inhibitory efficiency, were determined
using r? value of the linear regression
method.

tyrosinase

3. Results and Discussion
The tyrosinase inhibitory efficiency,

total phenolic content and DPPH radical
scavenging activity of the extracts are
demonstrated in Table 1.

Table 1 Percentage of tyrosinase inhibition, total phenolic content and DPPH inhibition

of gac fruit extract (n = 3)

Gac fruit part % Total phenolic content % DPPH
Tyrosinase (mg GAE/g) inhibition
inhibition
peel (water extract) PW 52.20+0.88 0.379+0.012? 37.42+0.682
peel (ethanol extract) PE 73.66+0.99® 0.386+0.0142 58.2420.68°
pulp (water extract) PUW 55.18+0.64¢ 0.269+0.009® 18.04+1.12¢
pulp (ethanol extract) PUE 69.85+0.324 0.270+0.004° 50.10+2.154
aril (water extract) AW 41.44+1 .46 1.291+0.011¢ 10.64+1.17¢
aril (ethanol extract) AE 80.57+0.50f 1.103+0.012¢ 29.24+0.86f
seed coat (water extract) SCW 39.14+0.55¢ 0.338+0.009¢ 47.11+1.058
seed coat (ethanol extract) SCE 69.87+1.314 0.458+0.008f 63.18+0.34"
seed (water extract) SW 51.52+0.18* 0.259+0.013% 36.58+0.54*
seed (ethanol extract) SE 70.89+1.024 0.271+0.010° 54.81£0.15
standard kojic acid (0.01 mg/ml) - 62.88+1.62f - -
The superscript letters (* ™) in each column showed the significant difference (p<0.05)
From the results, the ethanolic tyrosinase inhibition  (80.57+0.50%),

extract of aril (AE) showed the strongest

followed by ethanolic extract of peel (PE)
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and seed (SE), respectively. Ethanolic
extract of seed coat (SCE) exhibited the
highest DPPH radical scavenging activity
(63.18+0.34%), followed by peel (PE) and
seed extract (SE), respectively. In the
contrary, water extract of aril (AW) gave
the highest content of total phenolic
compounds (1.291 +0.011 mg GAE/g
extract), followed by ethanolic extract of
aril (AE) and seed (SCE),
respectively (p<0.05).

The tyrosinase inhibitory efficiency
of different part of gac fruit extract (peel,
pulp, aril, seed coat and seed) was
conducted using two solvents; ethanol and
water. Interestingly, enzyme inhibition,
total phenolic content and DPPH radical

coat

scavenging activity of ethanolic extract
were significantly larger than those of
water extract (p<0.05). B. B. Liet al. [17]
noted that the combination of water with
polar solvent such as ethanol or methanol
gave to powerful extraction of
phytochemical species. Our result is in
agreement with . Bakhouche et al. [18],
who mentioned that tyrosinase inhibition
in methanolic extract of Limonium
delicatulum root was stronger than that of
water extract and also gave high
phenolics, flavonoids and tannins content,
significantly (p<0.05).

The relationships among tyrosinase
inhibition, total phenolic content and
DPPH radical scavenging activity of the
extracts are demonstrated in Fig. 2. For
the ethanolic extracts, quite good
relationship  between %  tyrosinase
inhibition and total phenolic content (r* =
0.8574), and between % tyrosinase
inhibition and % DPPH inhibition (r* =
0.7315) were found. On the other hand,

% tyrosinase inhibition
W
S

% tyrosinase inhibition
wn
S

% tyrosinase inhibition

% tyrosinase inhibition
—_ b W B O\~ 0\
ccococococsSoco

153

were no relationship between %

(@)

AE
SCE

y = 12.05x + 66.972
R2=10.8574

0.10203040506070809 1 1.11.2
total phenolic content (mg GAE/g)

(b)

y =-0.2948x + 88.035
R?=0.7315

0 10 20 30 40 50 60 70 80 90 100

% DPPH inhibition

(c)

PUW
& PW
SW AW
+ SCW

y = -8.6982x + 52.308
R2=0.2898

00.102030405060.70809 1 1.11.21.3

total phenolic content (mg GAE/g)

(d)

SW
S PUW  pw

¢ AW * SCW
y=-0.0618x + 49.747
R2=10.0171

0 10 20 30 40 50 60 70 80 90 100

% DPPH inhibition

Fig. 2 Relationship between the percentage of
tyrosinase inhibition and (a) total phenolic
content, (b) percentage of DPPH inhibition in
ethanolic extract. The percentage of tyrosinase
inhibition and (c) total phenolic content, (d)
percentage of DPPH inhibition in water

extract.
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tyrosinase inhibition and total phenolic
content, and between % tyrosinase
inhibition and % DPPH inhibition in water
extracts (X = 02898 and 0.0171,
respectively). It was concluded that the
extract with high content of phenolic
compounds and strong antioxidant
activity would be high
inhibitory efficiency. This result is in
conformity with A. M. Muddathir et al.
[19] who found the anti-tyrosinase of
some Sudanese medicinal plants extracts
had a significant correlation with total
phenolic content and antioxidant activity.

The aril, seed and peel of gac fruit
showed strong inhibitory
efficiency. The ethanolic extract of aril
possessed the strongest tyrosinase
inhibition of 1.28 fold compared with that
of a standard inhibitor, kojic acid (%
tyrosinase inhibition = 62.88%). While
the ethanolic extract of other parts were
between 1.11-1.17 fold compared with
standard kojic acid. These findings were
correlated with the reports of J. Kubola
and S. Siriamornpun [9] and A.
Abdulgader et al. [10]. Their researches
were noted that in the aril part of gac fruit
was a rich source of flavonoids (rutin,
myricetin and luteolin), carotenoids

tyrosinase

tyrosinase

(Iycopene and B-carotene) and phenolic
acids (gallic acid and p-hydroxy benzoic
acid). These compounds possessed the
antioxidant and ultraviolet protection
activities [11], [12].

J. Kim et al. [20] reported that pulp
and aril extracts of gac fruit, which
contained high concentration of phenolic
and flavonoid compounds, had anti-

melanogenesis activity in vitro. The
extracts demonstrated the inhibition of
melanin synthesis in melan-A cells by
inhibiting  tyrosinase  activity and
suppressing p-PKC expression. The
authors suggested that pulp and aril
extracts of gac fruit could be used in
whitening products. According to the
researches of H. Baek et al. [21] and Y.
Kim et al. [22], many hydroxyl groups in
phenolic compounds made their structure
similar to tyrosine, which is the substrate
in melanin synthesis. Instead of tyrosine,
phenolic compounds could bind with
tyrosinase active site, resulting in the
decrease of enzyme activity and melanin
synthesis.

4. Conclusion

The extracts of gac fruit show the
strong tyrosinase inhibitory efficiency,
especially in the aril, seed and peel, with
reference to standard kojic acid. It may be
one of the potentially constituent in
natural whitening products with further
clinical study to confirm the efficiency
and safety of the extract.
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Abstract

The objective of this research was to develop a recipe for plum sauce from pomelo juice
and pomelo pulp. By studying the basic recipe for plum sauce. To study the appropriate amount of
pomelo juice in place of water in 4 formulas of plum sauce, namely 0 percent (a controlled formula)
25 50 75 of the total weight of the water ingredients. Then, the appropriate amount of added pomelo
pulp in 4 formulas of plum sauce was studied, namely 0, 10, 15, and 20 percent of the total ingredient
weight. Then it was evaluated for sensory quality. It was found that the best amount of pomelo juice
to replace water in plum sauce was 50% and the best amount of pomelo peel to supplement plum
sauce was 15 %. The chemical analysis shows that the developed plum sauce recipe using pomelo
juice and pomelo pulp has a moisture content of 28.55%, protein content of 0.27%, fat content of
0.71%, ash content of 1.57%, carbohydrate content of 68.90%, and dietary fiber content of 95% and
the pH value is 3.11. As for the physical quality analysis results, it was found that the brightness value
(L®), red value (a%), and yellow value (b*) were equal to 31.43, 7.60, 19.47, respectively. The viscosity

value Viscosity is equal to 11.0 cP.

Keywords: Plum Sauce; Pomelo Juice; Pomelo Pulp
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Abstract

This research aimed to study the properties of interlocking block mixed with stone
dust in the ratio of 0, 10, 20 and 30 by weight of cement. The ratio of cement to lateritic
soil was 1: 6 by weight. The optimum moisture content (OMC) was obtained from the
Standard Proctor Test. Square interlocking block formwork of round-flowered type with
holes, size 12.5 x 10 x 25 centimeters, was formed by a manual compression molding
machine. Conduct tests for the compressive strength, density, and water absorption of
interlocking block mixed with stone dust in compliance with the Thai community product
standard of interlocking block (TCPS 602-2004). The results of the study found that the use
of stone dust of cement in the production of interlocking block resulting in increased the
water absorption and density, but the compressive strength were decreased. All mixing
ratios of interlocking block have the measured properties in accordance with the TCPS 602-
2004 for non-load bearing type. The percentage of displacement of stone dust suitable for
the production of interlocking block this time is 30% with compressive strength of 4.36
MPa, density of 1,707 kilograms per cubic meter and absorption of water 253 kilograms
per cubic meter, respectively, at a curing life of 28 days.

Keywords : Interlocking Block; Lateritic Soil; Stone Dust
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1. Introduction

Interlocking block is a brick that has
been developed to be strong, convenient
and quick to use in construction. It also
has a beautiful form. Moreover, the form
with holes, grooves and tenons make it
can be cemented both horizontal and
vertical without mortar blocks one by one.
It can be stacked and then, a mortar can be
filled into the groove, with compaction.
That is an easy way to lay brick, resulting
in a quick construction and a strong
stability of the building [1]. Interlocking
block have many advantages: such as
reductions in cost and construction time,
attractive form and ingredients that can be
found locally. It also reduces the use of
high technology and imported materials.
Buildings constructed with interlocking
block are classified as non-permanent
buildings, which cannot be built more than
2 floors according to the Building
Regulations, = Bangkok  Metropolitan
Administration [2].

Interlocking block require Portland
cement as the main mixture. The
excessive utilization and rising cost of
limestone, the essential component in
cement production, could result in the
likelihood of future shortages and elevated
cement prices. The Portland cement
production process requires up to
1,400°C, and to produce 1 ton of Portland
cement, 0.96 tons of carbon dioxide (COz)
is generated into the atmosphere [3]. The
cement industry also emits sulfur oxides
(SO3) and nitrogen oxides (NOx), which
are part of the greenhouse effect and acid
rain [4]. If you look at global production,
it accounts for 8% of total greenhouse gas
emissions per year [5]. In Thailand, the
average cement production is 30.57
million tons per year (2017-2020) [6].
Therefore, it is necessary to explore
substituting or reducing the quantity of
Portland cement with other materials. It

can help reduce the amount of CO;
production, which contributes to the
greenhouse effect.

In the past research, there are other
materials that have been used to replace
cement in the production of interlocking
block such as bagasse ash, chaff and
diatomaceous earth [7], biomass ash [8]
and crushed oyster shells [9]. In addition,
the result of [10] shows that the chemical
composition of stone dust as shown in
Table 1 contained the amount of SiO;,
Al>03 and Fe203 at 36.07, 19.86 and 13.67
respectively. Sum of SiO», Al,O; and
Fe>O3 was 70% which had LOI less than
a 10% including SO; less than a 4%.
Considering the chemical composition of
decomposed stone dust, the chemical
composition of stone dust can be
classified as pozzolanic material Class N,
according to the standard of ASTM C 618
[11]. According to the study of Imrose et
al. [12]. It was found that replacing
cement with 3% stone dust resulted in an
increase in compressive strength of
22.76% and an increase in tensile strength
of 13.47%.

Table 1 The chemical composition of
Portland cement type 1 and stone dust [10]

Chemical oprPC Stone dust
Composition
(%)
SiO, 20.62 36.07
AlO3 5.22 19.86
Fe,0s 3.10 13.67
SO3 2.70 3.29
MgO 0.91 2.47
Na,O 0.07 1.31
KO 0.50 2.12
CaO 64.99 16.78
P,0s - 0.21
LOI 1.13 5.80

From the data on the amount of
stone wells in Nakhon Si Thammarat and
Surat Thani provinces, there are many
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sources [13]. Consequently, the study of
the possible use of stone dust to
replacement of Portland cement type 1
would reduce the amount of cement in an
appropriate proportion to produce of
interlocking block in order to use natural
waste materials as mixture to make
benefits and increase the value.

2. Research Methodology
2.1 Research Materials

This research uses
Portland Cement (OPC)

Ordinary
qualified

according to TIS 15-2004 [14], with the
specific gravity of equal to 3.13 and stone

(a) Stone dust before crushing (b) Stone dust crushed

dust (SD) from a stone well in Khanom
District, Nakhon Si Thammarat Province,
as shown in Figure 1(a). The stone dust is
crushed thoroughly, baked at 105 + 5 °C
for 24 hours and sieved through ASTM
sieve No. 200 (aperture 75 um) to obtain
stone dust as shown in Figure 1(b), with
the value of specific gravity of 3.16.
Laterite soil (LS) was obtained from Ban
Nam Phut laterite ponds, Khuan Thong
Sub-District, Khanom District, Nakhon Si
Thammarat Province. The laterite soil
samples were reddish colour as shown in
Figure 1(c). It was passed through ASTM
sieve No. 4 (aperture 4.75 mm). The
specific gravity is 2.73.

(c) Laterite soil

Fig. 1 Raw materials

2.2 Mixture design and sample

preparation

Design of interlocking block
mixture proportion by using cement per
lateral soil is 1:6 by weight [15]-[17]. The
stone dust replacement with the
percentage of the proportion of 10, 20 and

30 to the weight of Ordinary Portland
Cement were utilized in this study by
using water according to the optimum
moisture content (OMC) from compaction
test by standard proctor test method in
accordance with ASTM D698 [18] of each
mixing ratio. The mixing proportion is
described in Table 2.

Table 2 Mix proportion of interlocking block of 6 sample bricks

Mixes Cement Stone Dust Laterite soil Water Total OMC
kg kg kg Kg %

OPC 4.285 0 25.715 6.801 36.801 20.27

SDI10 3.875 0.428 25.715 6.999 36.999 23.33

SD20 3.428 0.857 25.715 7.701 37.701 25.67

SD30 3.000 1.285 25.715 8.601 38.601 28.67
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In the production of interlocking
block specimen, mixed with stone dust
replacement of the cement, the total
weight of the mixture between the cement
and the stone dust will be used. Each time,
the quantity of laterite soil is consistently
30 kilograms. The weight of the mixture
to put into the compactor is 5.8 kilograms
per batch of production. The sample block
formwork is a straight interlocking block.
It has holes and spikes as hollow rounded
flowers. It measures 12.5 centimeters
wide, 10 centimeters high, and 25
centimeters long. The specimen was
formed with a manual compression
molding machine (Cinva-Ram), as shown
in Fig. 2. It was then compressed by a
hand operated toggle level and piston
system, which exerted a minimum
compacting pressure of about 2 MN/m?.

Fig. 2 Cinva-Ram machine

In addition, the mixture should be
compacted within 30 minutes after mixing
with water to prevent the cement mixture
from hardening before extrusion. Once
extruded, the specimen is removed and
stored in the shade for at least 1 day.
Mortar is then filled into the specimen’s
holes with cement to sand ratio of 1: 2 and
watered with a shower or aerosol spray.
The specimen is cured by plastic cladding,
as shown in Fig. 3, to prevent water from
evaporating. Testing is conducted after
curing until the desired age is reached.

Fig. 3 Curing interlocking block with
plastic bags

2.3 Test Method
2.3.1 Testing the basic engineering
properties of laterite soils

This is an initial property test
conducted on laterite soil with the
objective of using the acquired data for
soil classification. The test details are
outlined below:

- Specific gravity according to
standard ASTM D 854 [19]

- Gradation according to standard
ASTM D 2487 [20] and standard ASTM
D 422 [21]

- Atterberg’s Limit such as Liquid
Limit (LL), Plastic Limit (PL) and
Plasticity Index (PI) according to standard
ASTM D 4318 [22]

2.3.2 The amount of water

Calculate the required water
quantity for sample formation, adhering to
the Standard Proctor Test (Optimum
Moisture Content, OMC) in accordance
with ASTM D698 [18].

2.3.3 Testing properties of interlocking
block

This test assesses the physical and
mechanical characteristics of interlocking
block made with a stone dust mixture in
comparison to interlocking blocks control
and TCPS 602- 2004 standard [23]. The
test details are outlined below:
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- Water absorption and density
according to standard TIS 57-2017 [24] at
the incubation period of 28 days.

- Compressive strength according to
standard ASTM C67 [25]. The blocks are
tested at the curing ages of 7, 14 and 28
days. The specimen under test is shown in
Fig. 4.

Fig. 4 Compressive strength test of
interlocking block

3. Results and discussion
3.1 Basic engineering properties of
laterite soil

Table 3 shows physical properties
of laterite soil. It was found that this type
of laterite soil had a specific gravity of
2.73. In general, laterite soil has a specific
gravity between 2.55 and 3.0 [26] while
laterite soil had a liquid limit of 39.28%,
a plastic limit of 35.27% and a plastic
Index of 5.01%. According to the tested
results, the laterite soil had a relatively
high ability to transform into a liquid. In
other words, this type of laterite soil was
in the state of too much water content and
cannot be molded. According to the test
results, the laterite soil used in this study
was classified as quality class A-4 clay or
silt according to the AASHTO system
[27]. In contrast, according to the Unified
Soil Classification System (USCS) [19],
the value showed that the mixed size of
laterite soil passing sieve No. 200 was
84.97%, liquid limit was 39.28% and

plastic rating was 5.0 1 % . It was
considered that laterite soils classified as
ML-OL were inorganic sand sediments
and very fine sand, rock dust, fine sand,
sand or clay sediment with a slightly
sticky or inorganic sand sediment and clay
soil mixed with organic sand sediment
low toughness.

Table 3 physical properties of laterite soil

Physical Property Results
Specific gravity 2.73
Moisture (%) 3.37
Percentage passing sieve No.4 94.70
Percentage passing sieve 84.97
No.200
Liquid Limit; LL (%) 39.28
Plastic Limit; PL (%) 34.27
Plasticity Index; PI (%) 5.01

Laterite soil moisture content is
3.37%, which was acceptable in
accordance with soil grade classification
by ASTM 3282 standard [28]. Limited the
moisture content of laterite soil it was less
than 4%.

3.2 The results of the test for the
optimum amount of water and
dry density

Fig. 5 shows that the optimum
water content tended to increase when the
amount of stone dust increased. This
scenario may occur due to the heightened
water requirements associated with the
use of stone dust. This is evident when
the stone dust content exceeds that of
cement, leading to an increased need for
water to achieve surface glazing.

As the displacement ratio of stone
dust increases, the demand of water also
increases. When dry densities were
considered, the stone dust 10% had the
dry density higher than OPC. In contrast,
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the proportion of stone dust at 20% and
30% resulted in the lower dry densities.

[dry density —G— optimum moisture content
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Fig. 5 The relationship between dry
density and optimum moisture content

3.3 The results of interlocking block
properties
3.3.1 General characteristics

The results of the general
examination of the interlocking block
mixed with stone dust revealed that all
interlocking block, regardless of the
proportion, displayed the reddish-brown
color characteristic of laterite soil. The
sample cube sizes or dimensions in
accordance with the requirement [23]
without  blistering, expanding or
contracting as shown in Fig. 6.

Fig. 6 Sample of interlocking block

For the mix SD30, the upper edge of
the interlocking block was chipped. The
result appeared consistent with the
findings of [29], who found that it was

easy to chip off the edges of interlocking
block due to an insufficient amount of
cement to bind the aggregate, which led to
the less adhesive area around the edges of
the blocks. Moreover, the flow of the
ingredients into the mold was not smooth.

3.3.2 Water absorption and density

Fig.7 shows the results of the water
absorption and density of the interlocking
block. It can be seen that the water
absorption decreased with the increasing
in the amount of stone dust. As for the
density of interlocking bricks, it revealed
that interlocking block mixed with stone
dust at 10% were higher than OPC, while
an increase in stone dust at 20% and 30%
generated  the  decreasing,  which
corresponds to the density of the designed
mixture ratios. Relation between density
and water absorption of interlocking block
showed that the higher density caused the
lower water absorption. It represented the
low block’s porosity, which had a low
void ratio. In the meanwhile, the lower
density of the interlocking block led to the
higher void (Void Ratio). That induced the
higher water absorption, which conformed
to the findings of [30]. Their argument was
that a reduced gap ratio resulted in a lower
water absorption rate.

[ Density —0— Water absorption
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Fig. 7 The relationship between the
density and water absorption of
interlocking block
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However, the water absorption in
this study is lower than that specified in
TCPS 602-2004 [23], which specifies that
the water absorption must be less of 25%.

3.3.3 Compressive strength

As shown in Fig. 8, the compressive
strength increased with increasing of the
curing age due to the hydration reaction
occurring continuously over the curing
period [31], which were in line with the
results of [32]. They showed that the rate
of hydration in the interlocking block
affected the brick strength and stability.

OiTciys O 14 dzys B 28 days

OFC sD10 5020 so30
Mix

Fig. 8 Compressive strength test results
of interlocking block

The compressive strength tended to
decrease with an increase in the amount of
stone dust. The increase in stone dust by
10% decreased the compressive strength
around 8%, which is consistent with the
research results of [10]. The analysis of the
substitution of stone dust for cement
displayed that the chemical compounds
which strengthen the concrete were
reduced. The compressive strength of
interlocking block was compared to the
TCPS 602-2004 [23], which describes that
the average load-bearing interlocking
block must not be less than 7.0 MPa and
the average non-load bearing type must
not be less than 2.5 MPa at the test ages of
7, 14 and 28 days. The comparison showed
that the interlocking block in all mix ratios
and all curing ages meet the above
standard.

4. Conclusions

In this study, the investigation of
interlocking block mixed with stone dust
focused on a mixture ratio of 1 part
Portland cement type 1 to 6 parts laterite
soil by weight. The stone dust content in
the interlocking block varied at 0, 10, 20,
and 30 percent by weight of the cement.
The results of the research can be
summarized as follows.

1. The amount of stone dust affects the
water demand of the interlocking block;
increasing the amount of stone dust
increases the water demand of the
interlocking block.

2. The amount of stone dust in place of
cement at less than 10% caused the
density of interlocking block to be greater
than that of OPC. In contrast, if the
amount of stone dust is increased to 20%
and 30%, the density of interlocking block
is reduced and lower than that of OPC.

3. The higher the amount of stone dust
is, the lower the compressive strength of
the interlocking block and the higher the
water absorption value are.

4. From the results of this research, the
optimum ratio of stone dust contents is
30%, which had the required properties as
specified in TCPS 602-2004 [23], non-
load bearing type. It has lower density
properties than OPC and will benefit its
application in construction. It is
convenient to move by workers and
reduces the weight the exerted on the
structure. Finally, the further studies
should be done on the heat transfer
properties, corrosion and shrinkage of
interlocking block.
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Abstract

The objective of this research was to study the production process of teriyaki sauce fortified
with cassava, Rayong 90 variety, to study the physicochemical properties. Study consumer testing
and transfer of technology in the development of teri sauce products Yaki fortified with cassava
Results of a study of the production process of teriyaki sauce fortified with cassava. At the 0, 20, 30,
and 40 percent levels of all ingredients, it was found that the testers accepted the 20 percent level,
which is the highest level of liking. Regarding the nutritional value of the product, it was found that
teriyaki sauce was fortified with wet tapioca. At the 20 percent level, it was found to have an aw
value of 0.97+0.00, a brightness value (L*) of 31.72+0.58, a green value (a*) of 2.17+0.18 and a yellow
value (b*) of 3.28+097 and a humidity value. 78.66 percent, 1.08 percent fat, 1.36 percent fiber, 2.29
percent ash, and 3.34 percent protein. From a consumer test of 100 people, it was found that the
liking for the product Teriyaki Sauce with Tapioca was added. At the moderate level of liking By rating
their preferences for product characteristics. Appearance, color, smell, smell and taste At the
moderate level of liking and the results of the technology transfer operation to the 480 cassava
farmer community enterprise groups in Khon Buri District and Nong Bun Mak District. Nakhon
Ratchasima Province The 45 participants in the training were found to have put their knowledge to
good use. and there is satisfaction of service recipients Calculated as 100 percent.

Keywords : Development; Cassava; Teriyaki Sauce
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