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Abstract

This research has the objective to develop interlocking block with waste stone dusts and para
rubber wood fly ash. This research used the solder material ratio: gross which equals to 1:7 by the weight.
The cement displacement ratio with waste stone dusts and para rubber wood fly ash was at the
percentage of 0, 25, 50 and 75 by the weight. The water to material ratio was equal to 12% by the weight.
The qualities of interlocking blocks were investigated after curing for 7, 14 and 28 days by comparing with
the standard of community products of interlocking block (TCPS 602/2547) non-load-bearing type. The
results showed that the compressive strength and the density of interlocking block tended to decrease
with increasing the waste stone dusts and para rubber wood fly ash. The water absorption value of
interlocking block tended to increase with increasing quantity of replacement materials. The best ratio of
interlocking block replacing the cement waste stone dust was at 25% by the time that the density, water
absorption, and compressive resistance were 1825 kgs per cubic meters, 250 kgs per cubic meters, and
3.47 megapascal, respectively. The best ratio of interlocking bricks replacing the cement with waste stone
dusts and para rubber wood fly ash was at 25% considered at the age of 28 days by the time that the
density, water absorption, and compressive resistance were 1,836 kgs per cubic meters, 256 kgs per cubic

meters, and 3.28 megapascal, respectively.

Keywords : Interlocking Block; Waste Stone Dust; Para Rubber Wood Fly Ash
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Effect of Microwave Drying and then Hot-Air Drying on Quality

of Longan Flesh
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Abstract

The effect of microwave power at 300 and 450 W for 3, 6 and 9 min followed by hot air drying
with temperature of 65 °C for 6 and 8 h on the physical and chemical properties as well as consumer
acceptability of flesh longan was investigated. It was found that the moisture content in the dried
longan flesh using microwave drying followed by hot air convective drying was faster than the hot air
drying alone at 65 °C for 10 h. Longan flesh with hot air at 65 °C for 10 hours and longan flesh with
microwave at 450 W for 6 or 9 min followed by hot air at 65 °C for 8 h were obtained the dried
longan standard criteria, while other drying conditions of dried longan flesh products were in the
range of intermediate moisture food (IMF). The hardness of longan flesh at 450 W was higher than
that of dried longan flesh at 300 W. The loss of lightness (L* parameter) or the increase of redness
(a* parameter) and browning index in dried longan flesh at 450 W could be associated with the
increase of enzymatic and non-enzymatic browning reactions after drying process. Panelists were
most satisfied with sensory qualities of the dried longan flesh using microwave power 450 W for 9
min followed by hot air drying for 6 h. It was indicated that drying at 450 W (for 9 min) and hot air
drying for 6 h was acceptable for the production of dried longan flesh. Moreover, compared to the

65 °C hot air drying, microwave followed by hot air-drying process reduced drying time by 40%.

Keywords : Longan; Microwave; Hot air drying; Sensory acceptability
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3U (Deformation) ﬁ’UﬁWLLiQQQﬁﬂ (Peak Force) 7
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2.3.5 NINAHIUAMEN BN INUSEANTURF
Useiliuaunimnisussamdudanieisiv
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2.4 MFAATIZARNANISEDA

TWUHUNITNADDILUY Completely
Randomized Design (CRD) AMSUNITIATIER
ANSNYUENINATNIEATN Imaimiwﬁqmmw
@Tmm'w] Y8IFI0E1IMUA 3 B dIUNSNAFRY
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31AT1EUAIAINNUTUTIUAIETS ANOVA #iszey
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ouunsdleferapanszozinanluniseuuvas
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ouuntlugydednunzidvondedily
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Lﬂmsz/immgma"ﬂaamﬁq [14] na1adoUTunw
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[16] S189MUITHARNA UNHA LU DUWNIN T US U0
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0.6-0.8 e NTUNEASUNDINITA I 9
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Control 10 15.43+0.38" 0.589+0.003°
3 6 39.64+0.65° 0.870+0.014°
300 6 6 38.47+0.50° 0.867+0.018°
9 6 32.28+0.55° 0.858+0.005°
3 8 20.57+0.44%F 0.785+0.021¢
300 6 8 21.36+0.79% 0.796+0.014°
9 8 17.52+0.69%" 0.692+0.020°
3 6 27.25+0.82" 0.843+0.004°
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9 6 18.16+0.42°¢f 0.722+0.008¢
3 8 16.73+0.78% 0.634+0.006
450 6 8 15.58+0.56° 0.595+0.009°
9 8 15.22+0.87" 0.581+0.016°
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3.2 HavaIn1saunisnlglulasiannufqe
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AULANAN U lEd Ay N9adAn p<0.05

deiSsuiisuiusiesununy pduiing
LﬁﬂﬁfwmamaaLﬁaéﬂ,asimmsauuﬁaﬁmagjimﬁw
10.12+1.18 &1 22.40+1.22 iodnleoumelslasim
fisdslaivi 450 Sam 3 6 WAz 9 U AUAIBBULNS
AEauseuuy 8 alue flendaiinisiindiianaly

o w

uanANAueENeltBdAY (0>0.05) Waisuiuiile

alpounmemeauseuuy 10 $alus iofiansan
svernalumssuwmeausoy wunmslonaily
AMseULMInleaNsautiuauy (8 4218 uas
freg1enunu) ad o dgenmislaiailums
auwImEANTaUTaUN (6 Falua) Fauandluansng

7 2 wanauandundiloanuniseusrailnuugd



RMUTP Research Journal Sciences and Technology, Vol. 18, No. 1 (2024) 19

Wi Nty el eraidunsgalunssuaums
EJULLﬁnﬂywam;auLﬁunmmuawLﬁmﬂﬁﬁ‘%mﬁ
vhanadiiisavestuieuls (Enzymatic Browning
Reaction) LLaSﬁ'VLZJIISI;’LEJUVL“Uﬁ (Maillard Reaction)
wazUfN381n15iNAA1SILUE (Caramelization
Reaction) Suvilvivesrandamania (8], [171120]
wonanil rwaweaiiodlenunmseuunadian
anasdainnuavesufasenisiieduiina lu
vaiiorfurglminnnududuncardivies
Wity mauansTianasdiusiuadainsiing
dhmafiiutudafevestunsruiumsiadiinia

Anenvaskaylunevesiueuley [21], [22]

Fvrnnadiiind uvoud odnlelusymang
nszuruMsauLn i lvlad ednle i8mdemes
Audnwairinaniiuiiteuvesuilaalulsewme
Inelaeiald [5], [19], [23] Jasefidemansznune
mafnufiisefismestuioule Tawn arsdeny
(Substrate) A ed15UsenauN uoa (Phenolic
Compounds) toulesilunauilueiaa (Phenolase)
15U polyphenol oxidase (PPO) uaraandiau Jade
fdemansznuaonisiiauiasedianadiluly
wulwal laun gangd 65 sseneaidod 139013
\AAUARTEN pH (589273 6-10) 20W9DTUBNAIR (a,,
0.3-0.7) uAEdnTIEIAMULTUTDINsALeiuAe
ena [21], [22] Uonand nsifiuimnasfag
wnnUSnansauefilurgluAndtimalusyuy
omslaundu wafu §eilmd eanloniunis
puLalERaaT LazLAnAUAWNNTY [24] uBnaInt
menududmaes o* funnveadedilonunis
suwmssantunislalalasivusveniadednledd
aunmiidosmenudnuniiddiviemes (257 lu
msAnwdazdiulananududvdes b* funnn
wuluan1zveseuunsd ba Sud ol SaLdu

NARAUNDINTNINAS (IMF)

3.3 NavaIN1saULInelulAsIINANUA 2
nseuLsdsausausenndnunsiie
Suiavaiiaanle
dotdaveadodlesuundunsneassiil
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Abstract

The objective of this research was to quantify carotenoids content, anthocyanin content,
flavonoid compounds content, phenolic compound content and antioxidant activity by 2, 2-diphenyl-
1-picrylhydrazyl scavenging capacity (DPPH) and 1, 10-Phenantroline (Phen) in 5 types of winter fruit
wine, namely; plum (Prunus domestica L.), plum (Prunus mume), amber peach (Prunus persica var.
persica), golden peach (Prunus persic), cherry (Prunus cerasifera) and mixed fruit (peach, plum). It
was found that the total carotenoid contents of the winter fruit wine samples were equal to
0.70+0.01, 0.61+0.03, 0.63+0.00, 0.67+0.01, 0.63+0.00 and 0.64+0.03 mg/|, respectively (p<0.05), the
anthocyanin content measured by the pH-differential method were 3.81+0.00, 0.97+0.06, 1.22+0.12,
0.05+0.01, 0.02+0.01 and 0.57+0.03 mg/\, respectively (p<0.05). The amount of flavonoid compounds
were 0.33+0.01, 0.39+0.00, 0.04+0.01, 0.15+0.01, 0.21+0.010 and 0.15+0.01 me/l, respectively
(p<0.05). The total phenolic compounds were 16.19+0.01, 17.31+0.05, 11.37+0.03, 9.42+0.04,
9.47+40.06 and 15.31+0.02mg/\, respectively (p<0.05). The DPPH antioxidant capacity were 47.65+0.06,
55.54+0.01, 9.75+0.02, 3.90+0.03, 0.58+0.01 and 23.86+0.00, respectively (p<0.05). The antioxidant
activity of Phen were 151.43+0.03, 143.21+0.03, 5.01+0.35, 5.89+0.01, 7.15+0.05 and 41.92+0.02
mg/\, respectively (p<0.05). It can be seen that all 5types of winter fruit wines contain carotenoids,
anthocyanin content, phenolic compounds content and antioxidants was different. This may be used
as the basis for establishing the identity of the fruit wine product in the OTOP business and

differentiating the product by inserting antioxidant information to add value to the product.

Keywords: Fruit Wines; Plum (Prunus domestica L.); Plum (Prunus mume); Amber Peach (Prunus

persica var. persica); Golden Peach (Prunus persic)
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Fregafiauaannauiuiuniedans unen
a1 Lnlna 0 seds fegnsiianuainsuosas
sududean @t a* fduuan wanedaesn
Wuduas unan a* Aduau wanendaeenadud
Wen wazluan b* Miduuinuansindresradud

WiAa wan1A b* iuaukanaidsenadudinby

2.3 AnwrAamunInnIaAll
Tnenhsheenshunalisnaruaanuiy
nsa-a1s (pH) Tnely pH Meter (pH700,EUTECH,
Singapore) Usinaaudafiazanelalutinion
A1 (° Brix) 1 ¢19 Hand Refractometer
(ATAGO, Japan) wazU3u1a Alcohol (%) Tngle

Vinometer (AUA, France)

2.4 nwdsunaualsiivesn
wSoudesneiad Jweliudioynsas 5
fiaaanslalunasannasusionly daudesneiiiy
waluan Iudssegnsay 5 ndu thunuslvazisen
laludninesvuin 50 fadansuaratniegienig
0x@lau 25 f98aS WEILAINTDIFIBEIS 2NTY
thansazaneaulafiatinlalalunasannass thans
fatalaluiafinuenadu 470 nm 645 nm uay
663 nm aeLa3sanlnsinladmes (ibra s22,
bichrome, UK) uartufinaniifalaiduaiganiu

AAULEAS 19ADY 3 91 wazAIURAa [18]

12.7(A663)— 2.69(A645)]x V

Chlorophyll a = [ (1)

(1000xW)
_ [22.9(4645)-4.68(A663)] x V
Chlorophyll b = Lo0oxw) 2)
Carotenoid
_ [1000(A470) + 3.27{(chlorophyll a)- (chlorophyll b)}] x V
B (W x 229)

(3)

Wefwualv 4 = ANspANauAGuLAY (Abs)
4

w

USunesueeardlau (ml)

UntNveIiILee (g)

2.5 AneUsunaaulnlegniulneSnio -

AnivaLsutiea (pH-differential)
Tagwmssuansazats KCLpH, laeds
Tnuvadouaaslsa 1.86 n3u Tadnnesvunn 1,000
fladans (yunawawdnniu) WWuuindy 950
flaaansusulsunsmensalslnseassn auninay
1a pH iU 1 uaru$utsunsmennaulnasy
1,000 Jaddans 91nv uinSouansazane
CH,COONa.3H,0 pHe s taad slatfeuesdiam
54.43 n$a ladninesauin 1,000 fadans Ayuns
wwEnMIY) sy 940 fadans USuusuas
aensalalasnanin auninazla pH waiu 4.5
U$uUsumsaetinavluasy 1,000 faddns 1ile
W3HLANSALANEISEUTPENAT SATIEIIYSIN
woulnlegdulaeisiies-Avineisutdea (pH-
differential) Taedwashesnslhunaluiiemun 5
silauazualysiy (e U1e) fosrsay 1 Tadans
U$uU3anmns KCL pH1 Tvasu 10 fadans uaaily
5’@ﬂ"]msqmﬂﬁuuaaﬁmmmmﬁ'u 510 nm Wag
700 nm meLadesaninsinla-dnes (lbra s22
bichrome, UK) lngnnaag 3 ez?w mmfuﬂt,ﬂmﬁasm
Tunalidiewunn 5 slauaznalisay @y Uae)
ay19ay 1 fadans USuusuns lewiouosdiam
PHq s Tnasu 10 fadans LLgaﬁﬂiﬂi'mﬁ’mﬁ@mﬂﬁu
WesiALE1IAAL 510 nm uay 700 Nm AIELASeN
auninsinladimes (libra s22 bichrome, UK) lag

v

nAaes 3 91 uazihunAwindaglugnsasil [19]

Ax MW x DF x 1000
exl

Anthocyanin (mg/L) = (4)
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dlermuslv
A = (A520 - A700 )pH ;4 - (A 520 — A700)pH4 s
MW = 499.2 gmol-1 (cyanidin-3-glucoside),306.7
gmol-1 (pelargonidin-3-glucoside)
DF = dilution factor
€ = molar extinction coefficient;26,900
L.mol-1.cm-1, cyanidin-3-glucoside,31,100
L.mol-1.cm-1, pelargonidin -3-glucoside

L = ANUMNVDIAIIN (cm)

2.6 Anw1Usunuarsusenaunanliuaen

(Total Flavonoid content)
ips1znUsnaasUssnounalaussn
1933 Aluminium Chloride Colorimetric vinlalag
NEUA1SAYANBAR AR LYY 1 HadnTune
findans Usu1ms 0.5 fadans fu ueanesoa 95%
USuns 1.5 9a8ans waatfiy 10% Aluminium
Chloride U311m5 0.1 fiadans ravlwinfunasiiy
1 Tuans Potassium Acetate USu15 0.1 Jadans
mnﬁuﬂ%’uﬂ%mmsﬁ”wﬁ’]ﬂébuslﬁlis?ﬂ%u’miqmﬁw 5
iadans fﬁ?ﬁﬁﬂgﬁqmmﬁﬁamﬁunm 30 wnit uan
ilu¥aainisganduuasi 415 unluins lngly
\A384 Spectrophotometer ¥1 3 Frilnesanudu
a19nsgIu thansganduuasiilaluduiom
USinaansuszneunaluesnlunuisvesiiadndy

auyaveuARITAURDNINASENR [20], [21]

2.7 AnwrUSunuansusenauiuaannIviun

(Total phenolic content)
vsegnshunaludiemunn 5 slauas
ualusan (@i 1ae) (@ luguiludusisuaz
awlaudasen) Inedivasesshianiensas
0.30 §iadans Wvansavans Folin-Ciocalteu 1Ly
10% (IneUSu1nsnausunns) s1uiu 1.50 dadans

PMnUUANEsaranelelAguAITUBLUALNTIY 7.5%

(nevmiinaedsunsluiingu) s1uaw 3 dadans
TntuUsusnnsmeinndudy 10 fiadans wen
Tnansavanenausy wavdaliluiisa 1Wunan 30
uit (nransazatsyuiludund sauasiiie
asazanglainiingien) ielinUffseransazans
ssdsuandmdeadudindu wanhlusanms
@mﬂﬁmmﬁmmmmﬁu 765 uluwng MeLAIos
aninslnlnfiwes (ibra s22, bichrome, UK) lng
vaaed 3 91 uazdluunmusunaisussnou
ﬂuaéﬂﬁwmmﬂﬂiﬁﬂ/\lmmgmmamsmﬂaﬁﬂﬁ
syfuAINTUINTY 0, 40, 80, 120, 160, 200
waz240 lulasnsy Taedensaunadn 0.02 ndu
avansuarUuUsInsmouLeanagoa 95% luasu

50 Niadans [21]

2.8 Anwraduaiusalunisaiudgisen
20nTATUlAIS DPPH (1,1-Diphenyl-2-
pycrylhydrazy)

a

3L¢mzﬁmmmmsalumiﬁ”mﬂgﬁ%m
sendinduvesdiesmalianuazliunaliiles
W 5 wiauaznalusan (i Uie) Fwzerdenis
Annuauansatunsvinateeyyadase DPPH
Fadusyyadaszilnarsazareifulsuay
anuisagandunasi 517 unluiuns lagas
L“U%'&J‘uLﬁauﬁ'uaﬁﬁy’mﬂﬁﬁ%maﬂ%m‘*ﬁummgm
foindud (@ sazarsuilas) Insiaunalan
(Propylgallate; PG) way wazdiasoniatinian
lansendueilea (Butylated hydroxyanisole; BHA)
(%ﬂaﬁmmgmﬁq 2 Fraranglutsuisazans
weanezoalam Ingladimiug Insiaunaian was
BHA 881982 0.1 n3u

Jwalunaliidlonmunn 5 via wazualyl
5911 (i 1ag) S1uaw 0.1 adans lalunasamaass

upaznaen MNUURNAITazaIn9 9 aslufdfe
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v

d13a%a18 DPPH 1uuaw 0.188 % (Inguviing
Usunmsluneanesoa 95%) s1uau 0.72 fadans,
d1savanuuoanagea 40 % $1udU 5.18 JaaanS
wanllnfunie vortex mixer wseuduULIaTLT
ilonsu 30 Wit umanwansazanatluAIn Yly
’a’mmmi@ﬂﬂﬁuumﬁmmﬂwaﬂﬁu 517 wlULUAS
meidesaninslulafivnes (libra s22) Tagvinns
AGed 3 61 dwmiuufnsenaruas(control) awly
Yndu, ueanesea 40%, LoANegea 95% DENNAL
0.1 uny aﬁﬁy’mﬂﬁﬁ%maaﬂ%m%’ummgm wag
vaeaidu Blank szwdeumilouufizsmunuue
IuLRuLeanagea 95% s1uau 0.72 fadansunu
a15ava18 DPPH laumazni1snnasazyin 3 o
[21] LLasﬁﬂmmmqmémigma%aﬁasz il

quddusyyadass (Jowag) = (AIN13RANELLAY
983 DPPH iludifiesns - ﬂ'ﬂmiamﬂﬁmmwan
DPPH 7{if108819) x 100/ AMNNTAANFUUAIVBY

DPPH #ilasigheens (5)

2.9 Anwimsinesiquinisfiueyya
da58A2895 1,10-Phenanthroline (Phen)
vsegnshiunalidiemun 5 adauas
ualisan (v 0ae) (@ lniguiludumisauaz
awlaudasen) Inedivasesnshianesnsas
0.60 fiadanslalunasanaasiunazvasn Jin
ansavaneesinaaslsnuuty 0.2% (nguians
Y3u199) 919U 1.00 Jaddng Wwuaisane 1,10-
Phenanthroline Waay 0.5% (Ingulanau3uns)
$1uu 0.5 Jadans USuusunsmemmiuealu
AsU 10 dadanswenazfiullufidadunan 30
U u,éyaimﬁmﬂ"]mi@mﬂﬁuumﬁmmmm?{u
510 wiluns mendesaninsinlndines (libra
s22) Tnemeaes 3 91 antulufmuIamgmsnig

AUBYYAdATTIINATINUINTZIUHRITad e

[20], [21] Inglaos fadann 0.1 nduazaiely
Ws1uea 95 % wazusuauuay W 10, 20,
30, 40uaz50 lulasnsu/Aaddns eonuuUNIg
wmaanimhﬁymmwLmumsmaauwudméw
ail‘LuJiﬂj (Completely Randomized Design, CRD)
waglinsznnansadnlaslelsunsudusagy

SPSS Version 22

3. Han1sAnwLazanusI1gNa
3.1 NaﬂﬁiﬁﬂﬂﬂﬂmﬂﬂW%ﬂﬂﬂ’]EJﬂ']WLLﬁ%

A wnsaiivashidnaliiiamund
nansnaesvinluraliiomun 5 wdn
wavwalysay (e Uae) lown lvuden Uae Ay
g1y Mydnesuazived uavnalasiy (e Ule)
mﬂﬁguﬁmﬁmmmwmqmamwu,asqmmwmq

il Habasaandlunsen 1-3

A15199 1 A8 (L* a* b*) veandndunhiunaly

WoanuNl 6 vl

¥inveas And

Tadnalsi L* a* b*
T 34.01£0.01¢  9.26+0.03°  1.25+0.04°
o3 47.32£0.02°  3.09+0.02°  0.20+0.05°
Poggu 46840058  1.90£0.02¢  0.430.03°
eydnes 4390+0.06° 1.69+0.06°  1.45+0.06°
Ut 44.09+0.06° 599+0.06*  0.15+0.06"
e 46855006 163:0067  0.11+0.06°

wewmeg : 20 < vnells ddnusianeiuluwwasisding

PRy} o

uanaNAuesiledAYNIEia (p< 0.05)

9ne3d 1 nslesenalown a1 Lr
a* b* wurthralufiandunnaisesedided ey
V@i (p<0.05) Tavluufiniaanuadng (L) o
fign unflaranadudune (@9 guiesanluild
wsunnEaludy duliwedduianaiy
213 (L) qeigqe wazfiananuiiudindes (o)

winiige einiveiudidivieswnnnimaly
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silnau q Faasiiiulanandvenanduelunaly

unagadiafiauaonnaesnudnuuz e inghu
tsesdhiunarfiesnwnianinisia

Ardunsa-n1g (pH) A1 ©Brix wavUs U

LOANDTDR NANITNAABY AINITNT 2 Lhaz3

A13199 2 A1 pH Brix way USuauueanageaved

Tundaannudn 1 &Uan

UDELEN yisin 1 duavi

Tad pH * Brix * Alc (%)*
T 295+001¢  7.00£0.01°  9.00+0.01°
e 3.08+0.022  6.00£0.01¢  8.00+0.02°
gy 2.83+0.01¢  7.20+0.01®°  10.00+0.01°
QUGIEY 3.06+0.01%  800+£0.01°  10.00+£0.01°
giet] 299+001®  6.00+0.01°  9.00+0.01°
sw (v ve) 2994001 7.00¢0.01°  9.00+0.000

newe : 200 < e Mdnvsinnsiuluiuindaiig

unnAAupeditedAyeEdd (p < 0.05)

A1919% 3 A1 pH Brix laz USuaLeaneseaves

Tunginisenide
YUAVDY wdannseindle

T pH * °Brix *  Alc (%)*
T 3301001  7.00+0.01°  9.00+0.01°
o3 321£002°  6.00£0.01°  9.00+0.01°
gy 293+001°  7.20£0.00° 10.00+0.01?
Hiwdnes 3.09+0.01>  800+0.01*  10.00+0.01
Yer 3.02+¢005°  8.00+0.01*  9.00+0.01°
mmvie  302:001°  8.00£0.01°  10.00:0.01°

£y

nugne : 200 nunedls @gnwsiaeiuluwuad

AMULANANAURY T AYEDR (p < 0.05)

N7 2 uae 3 wudwqmmwmnmﬁ
adlan launamanandunsa-ne (oH) Arveadsd
azanglaviomeluth C Brix) wazUSinaueanages
vosdnstamlnmalin 6 wiafiaruumnatusiily
S PR R AT A RERAIE (p<0.05) wazay

Funalaanluszrnanisrinluwasndanisaid e

Tuunaveinazdaaudunsa-ane wazan Brix
upnaaiudnues @uUdinas alcohol Tuumnamaiy
wnitn Tnelusemnaniswsin Taesfivsunanimans
anauariiUSinaueaneseaiiniu vabiesannn
\§ o8 an 921U suhmnalviduweanesea lng
Wasuwasenssunielumiiaduansanee wu
nau Losausanagoa (ethyl alcohol) nsABUNSE
(organic acid) msueulasenien nisvinausain
lmyvigaiuamwﬁ'ﬁmmﬁ (aerobic fermentation)
w3sluilennaa (anaerobic fermentation) n1svsin

vpsdanluliu nanasslanfensnasdfnuwaznsn

'
=

msuedan sailnlanilen pH unse asmalnla
unazrieilsarfuarnauveniuananeiuly (4], [5]
uenanidslaansnguiiuea 1y woulvlvenduuas
Wnutiy GTiﬂﬁﬁar;thazLﬁu antioxidant [6], [7] way
osnUsznounnay aglunamiluvessdndamlo
Ao USunaweanasealuiiy 15 fng luseminenis
wifnlaumnlufiaauguuiuna alcohol avinludl
Usunay alcohol iady ins1e8an éTamvmmaq‘ G
aesdiufinsvhauvesdaniaginisanite dilua
y83n581d elaensleausoustailninssive
sonlUFsdmaliliudanumnuisudnussnas

bnAnnsgeydenausavesliunalunie

3.2 Han1sAnEIN1IsuIUSUIuwAlsiuaya
waulnlweiiu d15Usznaunanliusen
d15U52naUuNUBANLAZAINEINITALUNS

duayyadaszvadlninaldiiomunn
TaeiiAsivnmia1Usuianalsiuoss
USunaeunleeniiu Usinauansuszneuilueanuay
mmmmsalumieﬁy’maugaﬁassmyqeﬁ% DPPH,
Phenanthrolinewa Flavonoid 38sbaunala e
wum 5 wilauazralusi iy 1ae) namsnaaosiila

fanandlumsed 4
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A15199 4 USunaunalsiiusen woulnloefiu arsuseneunanliusen Usuiaaisusenauiiusdniianun

Aasatun1smuUfiseneendinduveshiunaliiemun 5 slauazualusiy (v vie)

AETalUNNTAUU AT

Y3unauuau Usuned - .
- Usuad R U3ua 29NTLATU
¥iia L. lweiiy asusznau —
. walsiuaen . Flavonoid | _ & . uAdETY
va4lay A @adndy/  _ _ Auadnninum auuABaTE
(Naansu/ans) - @adndw/ans) _ _ . . Y Phen
GI)) (Ua@nsw/ans) DPPH (Sewaz)  _ _
(Ragniw/ansg)
v 0.70+0.01° 3.81+0.00° 0.33+0.01° 16.19+0.01° 47.65+0.06° 151.43+0.03%
LSUEJ%I 0.61+0.03° 0.97+0.06¢ 0.39+0.00? 17.31+0.05° 55.54+0.012 143.21+0.03°
e 0.63+0.00° 1.22+0.12° 0.04+0.01¢ 11.37+0.03¢ 9.75+0.02¢ 5.01+0.35
GIEN 0.67+0.01%® 0.05+0.01¢ 0.15+0.01¢ 9.42+0.04¢ 3.90+0.03¢ 5.89+0.01¢
G’JEJ 0.63+0.00° 0.02+0.01¢ 0.21+0.01¢ 9.47+0.06¢ 0.58+0.01f 7.18+0.05¢
39 (WY 0.64+0.03° 0.57+0.03¢ 0.15+0.01¢ 15.13+0.02¢ 23.86+0.00¢ 41.92+0.02¢
UI8)

newg : a,b,c d e vnelis dmdnusiansiuluiufslianuuanansiuesndidedAyn1eeadia (p < 0.05)

915199 4 nuahnlvunarluiess
Usunawalsfiuoss Usinaweulnleendy Ui
miﬂizﬂauwgﬂhuaaé@ wagilnUEINTaluANg
ﬁwuauyjaﬁaszqqLﬁal,ﬁauﬁ’ubﬂﬂuﬁmﬁuﬂ (p<0.05)
Tnsanzesadweulnlveniiu @anthocyanins) ¥
woulnlweniiy) Snoglunquansuszneuiluedn
(phenolic compounds) Tagnoulnlagsniu 1Ju
ansdfinulavalulunenly walaunewdn lundesn
AuveIfiru v iaRiias sundunsdwiGuy Tned
yoseulnloeniuaziudsuuladlumuaniizaiy
unsa-nsluanndiiunsedianfives (pH) sna
3 (1Funsnge) azvirlnwoulnleerduifuns lu
anmiineuvadunans wiedmewussunn 7-8
woulnlwenfuasiidung wazdloanmduivanded
Ailoranna 11 (Wuwage) weulnlserduas
Wasududiibu fafnnnnisilauuusvesszy
vanvedlessurarlideuvluWiesdnane
ﬂmauﬁamaaLLaquiﬁawﬁuvﬁyaa [22]

msmUsunaasUszneunalusenlag

WigUAUNIIMUIAIFINVBAADITAU AILIUlA9IN

N9WAIATTIUVDUABTBAY (Y=0.0125x+0.0007;
2=0.999) azluifurlouives Tusum
miﬂsmawlmhuaaéqaﬁqm LagflALuANANg
a819isd Ay 9adA (p<0.05) WlelIsuiiiey
Tuviadug Fwlanlussmduasuunuelanta
nAsgfluiivasisainnnesdlud T29unau
(aromatic amino acids) 19 wn phenylalanine,
tyrosine wa malonate Tngvimuniduanslnad

o w

Aanluivrielunisnsessid@dansnllaanuwaznis

o

a5 alulasiau nalussanulalunn naly

o A

Syt fivnsznada Feana ayulns sy Aany
PN uaziuEn uduedosu1da wu 11 1nln
o3 wagh Wueu (201, 211
Tun1stanrnuanunsolunisnuausa
daszhnlnuuaglhniwed fanuanansolunisniy
ouyadaszguileisuiulinvidndu q (p<0.05)
wazaziiulanluiifinnuansalunisauoyya
SasrgeariivinuasUsznaufiuedngsmeiudu
Faansusznouftuedntuasvhmuniiaduansin

gidnnsounsarfuaisiulelasiaunarnida
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oondiaufiegluguioniivl sihlvansusznavdlusdn
ﬁﬂmamﬂﬁﬂumi;’]ua%aéaiz [20], [21]
m3'3’mmmmmsalumsmywﬂﬁﬁ%m
ponfiadilaeds DPPH (uABfanansousnuezda
Sudvouyadaseiidauligdla wazuenaini
Tasvasnemiaiaiives DPPH ﬁﬂﬁmsawaﬁﬁqwé
wsaupdvmeluguisansluaansaluhugazen
m%’muaﬂaﬁaLﬁﬂﬂﬁﬁ%aﬂ%ﬂmdﬂmwmﬂm%q i o
flansnueyyadassiuigniAalunsvdneyya
Weseend uaransimeansaviilud DPPH 91349
In8nane (201, [21]
MseTEnANLENIalunIRUeYYa
5521835 Phenantroline awnsa’talanaenis
ofenTesuifisuanuasalunisiiglany
lalnwordnissialesinlessy (Fe*) nluidu
wes¥alenou (Fe?) LLayQVfﬂﬂﬁﬁ§ﬂﬁﬁ’U 1-10-
phenanthroline Lﬁmﬂuam%asgauﬁLLmqsﬁaqmﬁu
mwiyma%aﬁaﬁsﬂgu%LLﬂiﬁumwmémﬁQmﬂﬁu
wasiianunsauansfanindudiifievionisau
a%aaaizﬁaﬁmm [20], [21]
Aduilladenlads DPPH uay Phen Tu
nsnadouANAIITaluAIIAIue Yy A ATY
osnnifansisiduisine lugaenn lanailunis
Ainmevdu uarlvansuameslunisiesends
35 DPPH wu 1JuAsTdeuessunsvanelnedl Tne
AnuannsalunIAueyyadaszasasatagy
wananreenudunn I, d2u35 PHEN 1y
Arwannsolunsmueyyadasiurusiumy
AMsganduuasiianssauansdisnsidudiae
viensmuoyyadaseiidtiues uaslunimmeassil
Fanun bwalidleveaeuauanunsalunisniu
ouadaszniu35 DPPH wazds Phen Tvnanis

naaedluiANILAgINY

4. a3y

anznsvsinlaud gungfl 20 saen-
waldoa u1u 7 Yy aruisaninlaule Usunm
Loaneseagiansesay 10 lngUiums deoylu
wnamiluvewmandumlao fe Usinuueansgea
TiAu 15 #n3 Launalidieamun 5 viauasnal
523 (% U2e) fUsuaveualsiiuonuauin-
lggiiy a15Uszneu Warlauses a@1susznau
fluedniamuauanaeiu Seinludanuausoly
19 ueLLASaT¥A2875 DPPH war35 Phen
wann19fun 18 Taeliuives wavlauluud
ATUANIN IRl SAURLLABATYEY SoasunATla
walusn wazganeidanalnaidesiu Ao T
ity Thufivdnes waglniing wenaniavdunala
lulunazsiadoUSinaualsiivesn Ui
LLaquvLszI&nﬁuU%mmawﬂwnauﬂmhuam‘qq
wwitlulndivuasUsznoufluedniimungely
wazTlautRnunisiineennduanntume feuds
woagulaalulunalaidesuniaisaiueysa
Saizﬁmaéqwaﬁsﬂaqmmwmaa@ﬁu sy
o1afivszlovunoguanmaisUszns winsauly
Usinatunniivluonadmanssyulumsauls st
msauluUsnafivnzeay Tneflusinanisinuzi
Ao r;jmami?{ﬂmﬁui’uas 2 un viseUszanm 250-
300 dadans LLawjﬁ@ﬂmiﬁﬂmﬁui’uax 1 unn

Y5aUsEaNa) 125- 150 Nadans

5. NARANSSNUSZNA

YBYBUAMANVITVINITWAUINE AN UN
21915 AAIEnatulagnisenmisiazlavuinig
AzwAlUlagANNSIUAIEAT, d01UUITLLASTAIL

umIngrdemalulagsivuananunn N1ue

av o & '

ANATAINAUNUITEUGUTIaa90785

q
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Abstract

In this paper, we study a method for calculating the determinant of a matrix divided
into four submatrices using the formula of Schur. The purpose of this study is to analyze
and provide the formula for the number of flops for matrix determinants consisting of
submatrices of different sizes. The results are analyzed based on matrices with a
submatrix on the first main diagonal of sizelx1. It shows that using the formula of Schur
to calculate the determinant gives the number of flops close to calculating the determinant
directly using the Gaussian elimination method. We also prove the relationship between
the number of flops of determinant calculations by using the formula of Schur and direct
determinant calculations using the Gaussian elimination method. Numerical experiments
are presented, and the conclusions of the theoretical analysis are well supported.
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1. Introduction

The determinant of a matrix is one
of the main contents in matrix theory or
linear algebra. It is very useful in several
areas of sciences and engineering; for
example, solving a system of linear
equations, finding the area and volume of
an object, and finding integrals of a
multivariable function. For a small size of
a matrix, the determinant can be
calculated by the Leibniz formula and
Laplace expansion. However, there is
some complexity to use the mentioned
methods to calculate the large size of a
matrix. In [1], the authors have listed
methods that can be used to find the
determinant of a matrix, for instance, the
LU  decomposition  method, QR
decomposition method and Cholesky
decomposition method. Moreover, they
also proposed a new method for
determinant calculation that is faster than
the existing method. However, it may
occur to us how we might compare the
performance of the procedure for
computing the determinant. One way to
evaluate the performance is counting a
floating- point operations per second
(flops).

Some studies have proposed a novel
way for computing the determinant of a
matrix with the idea of reducing the size
of a matrix; for example, Chio method [2],
Dodgson condensation [ 3] and Reduce
order method [4]. A block matrix is a
matrix that has been partitioned into
submatrices called blocks. Partitioning
will reduce the size of the original matrix
to small submatrices. We may consider

matrix partitions to be the idea of reducing
the size of a matrix. There are many
methods for finding a determinant of
block matrices. The formula of Schur, [5],
[ 6], is one of the popular methods to
evaluate the determinant of a block
matrix. It is an essential technique in
numerical analysis, statistics, and matrix
analysis. The general idea of this method
is to first partition a matrix into four
blocks where the first main diagonal is a
square and nonsingular matrix. Then, the
determinant of the original matrix is the
product of the determinants of
submatrices described in the formula of
Schur.  So, this method allows us to
calculate the determinant of small
matrices instead of computing a large size
of the original matrix. The formula of
Schur and the original method should give
the same results for calculating the
determinant. However, we may want to
know that which method has better
performance.

In this paper, we present the exact
formula of the number of flops to compute
the determinant based on the formula of
Schur. In determinant computation, we
also examine the size of the diagonal
submatrices in relation to the number of
flops. Moreover, we compare and analyze
the  performance of  determinant
calculations resulting in the formula of
Schur to the Gaussian elimination method.

The rest of the paper is organized as
follows: we first discuss related
definitions and theorems that we will use
throughout the paper in Section 2. In the
results section, we demonstrate the main
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theorems showing the formula of flops for
computing the determinant of a block
matrix by the formula of Schur, including
the comparison efficiency of the methods.
The summary of this work will be
discussed in the discussion and conclusion
sections.

2. Research Methodology

In this section, we focus on an mxm
block matrix, M , partitioned into four
submatrix blocks as follows

m=( B 1
\c D) @b

where A,B,C and D are block matrices

having  sizes nxn, nx(m-n),
(m=—n)xn,(m—n)x(m-n),

respectively.

Theorem 1 (Schur complement) [5], [6],
[7] If the matrix A is invertible, then
Schur complement of a block matrix (1) is
defined by

M/A=D-CA'B. 2)

In  particular, one of the
applications of the Schur complement is to
compute the determinant of block
matrices and allow us to derive useful
formulae for the factorization of a block
matrix [8], [9]. The Schur complement
was presented by Schur in 1918 [5].

Theorem 2 (Formula of Schur) [5], [7] If
the matrix A is invertible, the

determinant of a block matrix (1) is given
by

det(M) = det(A) det(D—CA™B). (3)

In the case of reading acquisition,
several properties and its applications of
the Schur complement are available in the
literature [5], [6], [7], [9] and references
therein.

Definition 3 ( Floating- point operations
per second (flops)) A flops is a norm to
measure the performance of a computer
operating calculation in a mathematical
floating point.

In other words, flops tells us the
number of operations to reach the
command in the program. The fewer
flops, the better computer performance.

The principle for counting flops
for an operator in mathematics;
summation, subtraction, multiplication
and division, is counting one operator to
be one flops. For example, 2+ 3 requires
1 flops, 4x(5+2)requires 2 flops. In a
matrix algebra, each operation requires
more flops than a single number because
one matrix has more than one entry to
operate. Table 1 shows examples of flops
involving vector and matrix operations.
More examples can be found in [10].

Define k isareal number, C isa
matrix of size nxn, Ais a matrix of size
mxn, B is a matrix of size nx p, uand
v are column vectors of size nand W is
a row vector of size m .
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Table 1 The number of flops for

computing some vector and matrix
operations
Product  Summation Flops

kv n - n

KA nm - nm

vu n n-1 2n-1

W nm - nm

Au nm m(n-1) 2nm-—m

AB  mnp mnp(n—1) 2mnp—mp

Theorem 4 (Flops of Matrix Inversion)
[11] If an invertible square matrix is of
sizemxm, then the required number of
operations to find its inverse by adapted
Gaussian elimination method is

3m® —m when m>1.

Theorem 5 (Flops of Determinant by
Gaussian  Elimination Method) [12]
Suppose that a square matrix M of size
mxm, defined in (1), whenm>1. The
required number of operations to find its
determinant by Gaussian elimination
method is

%(—6+5m—3m2 +4m3).

3. Results
In this section, we focus on an

mxm block matrix, M , defined in (1),
where m>1. We first analyze the
relationship between the partition of block
matrices and the number of flops in the
determinant calculation. Here we partition
the matrix M into four submatrix blocks
as given in (1). Without loss of generality,
we may assume that the submatrix block
Ais a square matrix whose size is nxn
wherel<n<m-1. Moreover, a flops of

calculating the determinants will be
counted based on the Gaussian
elimination method while we use the
conventional approach in Theorem 4 to
calculate the number of flops of the matrix
inversion. In this paper, the number of
flops will be studied in calculating the
determinant using and not using the
formula of Schur. In other words, we
apply the Gaussian elimination method to
calculate the determinant of the original
matrix, M , comparing to the determinant
of such matrix by using the formula of
Schur. Our results are shown as below:

In the following, we present a
computer algorithm of determinants
calculation by the formula of Schur.

Algorithm : Method of the formula of Schur
Stepl Insert order of matrix M and order
of the submatrix A defined in (1)

Create a loop for calculating Al by
Theorem 4

Create a loop for calculating A™'B
Create a loop for calculating
CA'B

Create a loop for calculating
D-CA'B

Create a loop for calculating
det(D —CA'B) and det(A) by
Theorem 5

Calculate the determinant det(M)

from the result in Step 6 by
Theorem 2

Step 2

Step 3
Step 4

Step 5

Step 6

Step 7

Theorem 6 Suppose a square matrix M
of sizemxm, is partitioned as a block
matrix (1). If the matrix A of size nxn is
invertible, then the number of flops of the
matrix M using the formula of Schur is
given by the function flop as
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EB for n=1
6
flop(n) =

—(-6+a+B)for2<n<m
6

where oo =18n° —6n and
B =5m—3m?*+4m°.

Proof: As A is an nxn invertible
matrix, the number of flops to calculate
the inverse of A

1 for n=1

©)

3n°—n for2<n<m
Next, to calculate the number of
flops for a matrix D—CA™B, it consists
of the following 3 steps: First, calculate
flops of A™B. Second, calculate flops of
C(A™B). Third, calculate flops of
D—-CA'B. Therefore, the number of
flops used to find the matrix D —CA™'B is

equal to

n(m-n)(2m-1). 4
Moreover, the flops count for computing
the determinant of the matrix D—-CA™'B

requires
%(—6+5(m—n)—3(m—n)2 +4(m—-n)?)
flops. (5)
Finally, the number of flops for the
multiplication  between det(A) and
det(D —CA™B) requires
1 flops (6)

Adding (3) - (6), a total of flops for
computing the determinant when the size
of the matrix A islxl

1(5m—3m2 +4m°),
6
otherwise it requires total of flops

%(—G—Gn +18n° +5m—3m? +4m3).

Proposition 7 Given M is a square
matrix whose submatrix block A has a
size of1x1, defined in equation (1). The
difference of the number of flops in
calculating the determinant of the matrix
M by using the Gaussian elimination
method and the formula of Schur is 1.

Proof: Let M be a square matrix of size
1x1, whose submatrix block A has a size
of 1x1. Without loss of generality, we
may assume thatm>1. By Theorem 5,
the number of flops for computing the
determinant of the matrix M by Gaussian

elimination method is %(—6+B). By

Theorem 6, the number of flops for
computing the determinant by formula of

p

Schur isg . Consider the difference of the

number of flops of both methods is 1, as
desired.

Theorem 6 gives the formula of
flops measurements for calculating the
determinant of a block matrix in the
formula of Schur. Because determinant
calculations involve basic algebraic
operations, the size of the matrix affects
the number of algebraic operations. The
following experiments will demonstrate
the number of flops and the partitioning of
a matrix using the formula of Schur.
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Table 2 The number of flops for
computing the determinant of a 7x7
matrix versus with several sizes of the
block matrix A

Sizes of the submatrix
The number of flops

block A
1 210
2 231
3 287
4 397
5 579
6 851

Table 2 shows the relationship
between the number of flops for
computing the determinant of a 7x7
matrix M and the partition of the matrix
M having four submatrix blocks. We
perform our experiment using the
submatrix block A of size from 1x1to
6x 6 and count the number of flops via the
formula in Theorem 6. This shows that
the operation counts increase dramatically
as the size of the submatrix block A
increases. In contrast to the number of
flops to calculate the determinant of the
matrix M directly based on the Gaussian
elimination method requires only 209
flops. Figure 1 also shows a semilogy plot
of the relationship between the size of the
submatrix and the number of flops for
calculating the determinant of matrices. In
this experiment, we fix the original matrix
M of several sizes 7x7 and 20x20
matrices.  The obtained results are
consistent with what we discussed earlier.
That is, the size of the submatrix block is
directly related to the number of flops in
the determinant calculation.

Moreover, we see that the number of
flops when the submatrix block A of size
1x1 is close to the number of flops when
calculating the determinant directly using
the Gaussian elimination method.

10°

The number of FLOPS
The number of FLOPS

10°
1 2 3 4 5 6 0 5 10 15 20

The size of submatrix block A The size of submatrix block A

Figure 1 The number of flops for
computing the determinant of matrices
versus with several sizes of the block
matrix A: Left, M isa 7 x7 matrix,
Right, M isa 20x 20 matrix.

That raises the question of the number of
flops will be when the matrix M is larger
and the submatrix block A has a size of
1x1. Further details are described in
Table 3.

Table 3 The number of flops for
computing the determinant of matrices
with different dimensions where the size
of the block matrix Ais 1x1

The number of flops

Sizes of i i
. Wlt.h _Gau§5|an With Formula
matrix M elimination
of Schur
method
2% 2 4 5
3x3 15 16
4x4 37 38
5x5 74 75
6x6 130 131
Tx7 203 210
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The number of flops

Sizes of i i
. Wlt.h Qau§5|an With Formula
matrix M elimination
of Schur
method

8x8 315 316
9x9 452 453
10x10 624 625

Table 3 shows the number of flops
for computing the determinant of the
matrix M of several sizes by using the
formula of Schur and by using the
Gaussian elimination method computing
the determinant directly. In the
experiment, we consider the matrix M
partitioned into four submatrix blocks
given in equation (1) of size from 1x1
where its submatrix block A has a size of
1x1. Figure 2 demonstrates a semilogy
plot of the comparison the number of flops
for calculating the determinant of matrices
between using and not using the formula
of Schur where the submatrix block A is
of sizelx1. In this experiment, we use the
original matrix M of several sizes from
2x21020x20.

From Table 3 and Figure 2, we see
that the number of flops of both methods
are similar to each other and have the same
effect in the same direction. In other
words, the number of flops between using
and not using the formula of Schur is
increasing when the size of the matrix M
is increasing, and the difference in the
number of flops for both methods is 1
regardless of the size of the matrix M ,
which confirms our result in Proposition
7. Moreover, if the size of the matrix
increases, then the basic manipulations
can be applied to the determinant of the

matrix. This results in an increase in the
number of flops in both methods, which is
shown in Table 3.

104

103,

102

The number of FLOPS

—o—Gaussian Elimination
—&—Formula of Schur

100 L L L L
5 10 15 20
The size of matrix M

Figure 2 The number of flops for
computing the determinant of matrices
with different dimensions where the size
of the block matrix A is 1x1 for both
methods.

4. Discussion

The Schur complement is a
method to find the determinant of a matrix
by using submatrix blocks. This method
should give a smaller number of flops than
the Gaussian elimination method of
calculating the determinant directly
without dividing the matrix into
submatrices. In the formula of Schur,
although calculating the determinant of
submatrices gives smaller numbers of
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flops than the original matrix, calculating
the inverse of the submatrices and the
multiplication ~ operations of  the
submatrices in the formula will produce
more flops. The result is that the
increasing number of flops compensates
for the decrease in the number of flops
from  computing  determinants  of
submatrices. That is why the number of
flops for both methods is not significantly
different.

In addition, any square matrices can
be broken into four submatrix blocks. In
this work, we consider submatrices in a
partitioned matrix having the main
diagonal blocks square matrices. These
submatrices identified in (1) can be of
various sizes depending on a partition of
the original matrix. We found that
calculating the determinant of matrices
using the formula of Schur gives the best
efficiency in terms of the number of flops
when the submatrix block A is of size 1.

To develop strategies to lessen the
amount of flops than the existing
approach, one can find an inversion matrix
that produces less flops than the technique
employed in this study. Another strategy
that we are researching is the pattern of
splitting the matrix into more than 4
blocks.

Remark. Moreover, there is another way
to compare the performance of the
methods by using the time execution.
However, we focus on the operation count
or flops for calculating the determinant of
a matrix. Since the time execution
depends on coding techniques, we may
omit this approach to compare the
performance of the calculation.

5. Conclusion

In this paper, the authors study a
method for determining the determinant
by the formula of Schur of a matrix
written as a 2x2 block matrix. We
provide the exact formula for the number
of operations (flops) for calculating the
determinant of a matrix by the formula of
Schur. This formula is used to determine
the efficiency of determinant calculations
on each partition of a block matrix. The
results show that the partitioning of matrix
blocks directly affects the number of flops
in the determinant calculation by using the
formula of Schur. In addition, the matrix
M with a submatrix on the first main-
diagonal blocks of size 1x1 vyields the
smallest number of flops relative to the
different sizes. The authors further
investigate the efficiency of the
determinant calculation of block matrices
with such properties when the initial
matrix size is larger. In this case, we
calculate the determinant of the matrix by
Gaussian elimination method and the
formula of Schur and compare the number
of flops for each method. The study found
that the number of flops obtained by the
formula of Schur whose the first sub-
matrix on the main diagonal is of sizelx1
is as good as the Gaussian elimination
method. All experiment results illustrated
confirm our theoretical results.
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Abstract

Development of fiber-fortified ice cream product from pomelo puree with a stabilizer in 4
recipes of 5, 7, 10 and 15 % was demonstrated. The results showed that the overrun and viscosity
value of ice cream increased whereas the melting rate significantly decreased depended on pomelo
content. Ice cream without pomelo puree remained the highest in sensory acceptance, and with the
addition of pomelo puree, overall acceptance decreased. The ice cream formula with 7% pomelo
puree was the highest overall acceptance (6.28+1.88), with no statistically significant difference from
the standard formula without pomelo puree added. Overrun was 41.15+0.59%, the viscosity was
698.02+5.56 cps, and melting rate at 30 minutes was 22.23+0.24%. In addition, chemical analysis of
7% pomelo puree ice cream found that total soluble solids was 25.28+1.88 °Brix, pH was 3.35+0.30,
and moisture and fiber content were 71.72 and 7.73 percent respectively when compared to a
controlled ice cream using a commercial substance (CREMODAN® SE 709-M; Danisco Thailand Co.,
Ltd.) as a stabilizer, it was found that pomelo puree -infused ice cream had significantly higher fiber
content (p < 0.05). Also, the storage of pomelo ice cream at -20 °c for 12 days showed a lower total
number of microorganisms and coliform bacteria than a standard criterion of the Ministry of Public

Health.
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Abstract

This research aimed to select of pineapple chips recipe and study the ratio of Phulea
pineapple to Nanglea pineapple in pineapple crisps. The selected pineapple crisps consisted of a
percentage of cassava starch, all-purpose flour, Pattavia pineapple, water, and sugar for 52.46, 11.31,
16.39, 16.39 and 1.64 respectively. A study of the ratio of Phulea pineapple to Nanglea pineapple in
pineapple crisps of 100:0, 72:25, 50:50, 25:75, and 0:100. The result showed that: the ratio of 50:50 is
an appropriate ratio for making pineapple crisps, with sensory evaluation being the highest in all
aspects. The colour quality are (L*) 87.70, (a*) 12.33 and (b*) 53.80. and research also showed the
ratio of Phulea pineapple to Nanglea pineapple in pineapple crisps in different ratios did not affect

the crispness and a,, Value.

Keywords : Sensory Qualities; Crisps; Phulea Pineapple; Nanglea Pineapple
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Abstract

This research aimed to study the effect of infrared radiation assisted vacuum drying on the change
of moisture content of okra and to determine the electrical energy and specific energy consumption used
for drying. The physical property in terms of the color of dried okra powder was examined. Okra sheets
with a size of 30x30 (width x length) cm and a thickness of 5 mm were dried under an absolute pressure
of the drying chamber of 7 kPa and the drying temperatures of 70, 80, and 90°C until the moisture content
of the okra was lower than 10% wet basis. The experimental results showed that dried okra at high
temperatures could reduce moisture faster than that at low temperatures. Drying okra at the temperature
of 70°C had a significantly higher the electrical energy and specific energy consumption than that of 80
and 90°C (P<0.05). The electrical energy and specific energy consumption used for drying okra at 80 and
90°C were not significantly different (P>005). In addition, okra powder dried at high temperatures had
significantly lower lightness (L* value) and greenness (-a* value) than that at low temperatures (P<0.05).
Okra powder dried at the temperature of 70°C had significantly lower yellowness (b* value) than that of
90°C (P<0.05). However, the yellowness (b* value) of okra powder dried at the temperature of 80°C and
okra powder dried at the temperatures of 70 and 90°C were not significantly different (P>0.05). Therefore,
okra powder dried at an absolute pressure of the drying chamber of 7 kPa and the drying temperature of

70°C had the best color quality compared to that of 80 and 90°C.

Keywords : Drying; Far-infrared Radiation; Okra; Vacuum Dryer
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Abstract

According to folk medicine beliefs, elixir was a body tonic with properties that help people
stay healthy and live longer. The purposes of this research were to compare the antioxidant activities,
and to compare the total phenolic contents from bolus elixir extracts. The drug was extracted by
boiling with distilled water and maceration with 95%, 70%, and 50% ethanol, respectively. The results
showed that extracts with 50% ethanol had the best antioxidant activities, and found the highest
total phenolic contents as follows: 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay gave
ICso of 87.23+1.53 pg/mL, Ferric reducing antioxidant power (FRAP) assay showed the value was
40.96+0.91 mgFe”*/g, and Trolox equivalent antioxidant capacity (TEAC) value was 20.33+0.85
mgTrolox/g, and total phenolic contents was equal to 25.53+1.54 mg GAE/g. The extracts with 709%,

95% ethanol, and distilled water showed less effective than the extracts with 50%, respectively.

Keywords : Antioxidant Activity; Elixir; Bolus; Total phenolic contents
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Abstract

This research aimed to develop a low-calorie ready-to-drink soybean milk pudding
supplemented with black sesame for the elderly. The chemical, physical properties, and sensory
evaluations of pudding products supplemented with 5 10 15, and 20% soybean milk weight were
determined. Results showed that an increasing amount of black sesame caused a decrease in
lightness (L*), but redness (a*) and hardness increased (p<0.05). However, it did not affect yellowness
(b*), springiness, and total soluble solids. Sensory evaluation showed that the product with 15% black
sesame showed a like very much score (7.71+0.78). Therefore, this product was selected for studying
the types and amounts of sweeteners. Results revealed that the different types and quantities of
sweeteners resulted in different brightness (L*) and hardness values. The substitution of 25% sugar
with sorbitol in soybean milk pudding received the highest score of sensory evaluation in like
moderate score. The product's nutritional composition was 81.03% moisture, 2.0% protein, 3.6% fat,

13% carbohydrate, 0.37% ash, and 92 Kcal/100s.

Keywords : Ready-to-drink soybean milk pudding; Low-Calorie; Black sesame; Artificial sweeteners;

Elderly food
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wEINEIUNMIUAREIIUN Wy e slugUuuy
Wwedvieya wana tusu (6] nensdnduvesmeiio
il sl suanufealudagu fesndnuae
meuenTemaRTanvzaae AL aznEuln

YY)

g Snededaduemsidanudugs munzan

ﬁm%ucgﬁ“‘ﬂiym‘luﬁmmn ﬁaﬂmmmnﬁym 19
nAu uagduiuanua [7) Jamngdmiuggeeny @9
auUsznaundnd dnduemans e uuan ua
opslsfimuguslnaviedanugsesar 80 ndu
wateuleludnna (Lactose intolerance) 780
thmaudnlnaluus 8] muluggeenguisseitlala
fuunduuszdh amalmineinisuianes @eanes
Luunes warnende il efuusemuuntivie
wanfumanuuts (4] shlviimsidouasimumnig
finfyfivedadu q vauwnundndunannuui

ﬂﬂﬁhﬂﬁﬁﬂﬁﬂdﬂ?iﬂﬁﬂﬂg@iﬂﬂﬁﬂuﬂﬁﬂﬁm@uﬂum?ﬂ

v
v o o

thuslng [8] nanaindwiuggeeny [9] wadum
lstiesidmiuggeeny [10] wiewmoreusilng
wesnndailng [11] uau unosnslsfinudalud
nsaamdsnulundndosnine lasanzndanly
suthmadiduamguedsaeiuuadisaumnily

Weleg
Yy 9

Fafuit ordunisun dgymuazneulane
wémﬁm%tﬁa@gamqﬁnjummﬂﬂ;l,maa%ﬁ undl
AuAYlATLINISE MTgeaesTsduunAniiay
Wﬁummémﬁm%wm?iquﬂﬁmmﬁamﬁaumuuui”g i
lunouAeleistuvielavaengauny wansumila
widnuazeninazoauyunwan i lily
Fnsensulsennu MNNISAnIRRILINNUIT Wl
fvdeduiithmausnivauazronameses ansy
uee iUsiulnaiResfuuweilutulesnanua s
Uszues 2 01 [12] wenaniiuudawdessisan
sefuAalaainasoaludon [13] iduuvasves
Lma@wﬁéwﬁaqr‘ﬁ’uma:ﬂis@ﬂws;u [14] §lansanu
aqgaﬁaizﬁ'ﬁwammwLﬁlmﬁummﬂﬁviwm
\waauzise [15] uasilolmdunanfumiidunaoie
Tnsawgndanulugdihmanisvasesiizaiingly
ansleavmunannuiea Weandglsaem

waglsaluvuninulugaseny aaenauiinisiasy
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Pefiiuuvasweaden %qawﬁwﬁﬂﬁuiaﬁ@mq
Auiatlundninmbsaannazansoaiulainniy
Yen N FanulneansaannaLAI enly
r:;qqawaﬁ”mﬂmiﬁmwu (Lignans) [16] i olu
WA NS UNNAR SUND UNT DINT OUA WAT I
W@umﬁummmﬂummiﬁmmsﬁuﬁm%’wj@qmq
19 naenaudundnsumdmiunquydnauninladn
Wilemne
2. 52108U7579%
2.1 Inghiu

Fundesdn (asilsiing, Ussndlng) ve
(a5lsiing, Ussmalnenisndalunsenzmasuly
gauwy 10 nilnazduavideaiielalunsmnass

o

warAukazgaTlag (USYm giileuwigu 91ia

Uszindlny) B (nsunsdendiden wauau

o o

e Wandudunesinga, Usewelne) ueadivea

@

NaLazgesUNoand (USEN LvAa wildm 9119,

a

Uszwalng) waziinnansneuny @mnansieusans

q

A518Y, Usznalne)

2.2 3answdsainundaviaes

thdwdes 150 n¥u wnansmetnazen 2
pdsfidlmunauan iludlunssnsimaeuiigumgl
115 semwaldea vy 10 wiiliiieannay nium
Tawn3owmdninuudamdos o JIUCIYANG Ju HES-
08 sl 750 San) WieanAuAAIAARELIINNTS
Tuatialusavludumdasmisuseuitlumndy mi
U3uws 1 anslaasluaios Wewndoasuinauades
ﬂsé?mgauﬁqmmﬁ 90 - 100 peFLTATYA wAzAY
meluiiosesnelieaun 27 wiflauaiomgn
¥ thimEesilaunsesmennaueiiu 2 4u

unund i esdilalulelunsudanad wnely

2.3 Amawsunanaiuui e
nsuBnnARsiLLS A s AN
§aa31 [17] Buandehminihusdundes sevas
37.43 1)1 98y 52.4 Y1nans1e so8az 9.73 19
anfiu s08a% 0.29 LLa:wﬁu s088% 0.15 F3n130AN
Buanuauth wazaiuidhlrwesiauszan 10
wilumeny Weasunarlannuhduddlnlmien
Funa 7 wit Tathma uudvdeseundundes
waniilannmananes sumeTumUNALTgAmNT
74 90 asrnealToa uardalrlonasaine sl
gaumnTanasauia 60 ssrmeaiBea wilaussatami
witel sinlaflgamnivesaugunglivemnisanag
f4 2841 psmnealdoa wozdn g ugungd

Usvann 8+3 aernwaldeaaunseiadng

= a o o

2.4 p1sAnerUTuramunizanly
a o '3 & Y = ¥ o

HAANUNNANIUUN WA DINITDUAU

unfmaeInlanasu 4 seivfe
JSuuenaisesay 5, 10, 15 way 20 va9d N
WUNIIEDY AU (Ausesay 25 Kansunmn
Aeazdisany) SnT1AIUAAndlUA1T1N 1 11a1eun
avgns wndadunenahutdivdomwaun lay
hnmmusindunauivustamdedylunisveass
¥9 2.2 Jurauu1u 20 Juil AWDIUIMAZLENNIN
sonladuthuniuvdemanndd ilundanafalae
WnswEeuwuseiunanmuudurdeduve 2.3 a
HARSUNTINNA 4 gnT uazdmeRInlauTiiasen
AuAMNIINIEAN TneTnad Talloduda o
el TnUsunaveadafiavangladieuduans

Lo a4 dewl oz

A (@asnansuufivtoluland) wagtng 4
gnsuszdlunanvnsUszamduia el

- Yamdluszuy CE alela3 aeinand

(Hunter Lab §u MiniScan EZ LAV) $nA1A2736274
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(L) A uduns (@9 wazarmnududivdes
(%) TagInAmsINaNRIT LB IDENINARSTIIAG
ue Sndneenay 3 9

- Youiloduila aneiadosiiasivranilo
durla (Texture Analyzer) iq'u TAXT plus Ty wana
Cylinder probe (P/36R) fwundnsusaneuin (Pre-
test speed) 2.0 mm/s 8n51U5WaE TR (Test speed)
10 mm/s 895115 1ma 9in (Post-test speed) 10
mm/s swzmﬂumsamaﬂmﬂuwmé& (Distance)sot
av 50 sneunaiiuneuwds (Hardness) Tumie
T (N) A sBiavigu (Springiness) luuneliadu
A3 u1T (N.s) nadeu 10 %1 wazyiuai ba
Aunasmaedsvesmauniazaimiudaguy
YosHAn AR

- SaBnamesudsfiavangla Tnethseens

wan e Iuadun 10 nfu dulagenaradnly

o

nszanedazinluinmeas ainUS el
avaele (Brix Refractometer) f15¢61U 0 - 32% 49
08198y 3 9N

- AN NNUTE AN UAFVDINAR U

q
v

woRsthuuduvdomsosfumaiundiie 4 gns lay
MaukUNIIAaesuuUd uluudenany sl
(Randomized Complete Block Design; RCBD) Iﬁgr};
Ao U L s 1un ST nluTIuIL 30 AUTi LAY
Futssmunehsun Tneviauesegawsouifusis 4
ansluniedvnun 30 ml uazvaaeuTumensly
naennn Lﬁaﬂﬁmﬁuﬂmé’ﬂwmsﬁmﬁ ndu sanA
wazauaulaesIl A2835 9 - point hedonic
scale TnAziuuauTay 1 81 9 (1=lureumnniian
uay 9=tauiniian) thazuuuiilaudinsenany
UL uaziSsuiisuaauanae Lilefaiden

fegnitinzwuunnuvauggnUlsludunsly

M19197 1 gns1auUsanaLielEsulunafuNIImEes 4 gas

: FNIAINAY IEHLINgToR
GRNAGH] . - - > -
(NFw) PRERHES T98ay 10 3988y 15 I988% 20

wufvEes 250 35.5 33.7 31.8 29.9
1 350 52.4 52.4 52.4 52.4
¥hana 65 9.7 9.7 9.7 9.7
KA 1 0.2 0.2 0.2 0.2
LAANAY 2 0.3 0.3 0.3 0.3
Nl - 1.9 3.7 5.6 75

wuewe: Usinasiilydadusesazvesiminuudimdeasunu (250 n$w)

2.5 ﬂ’]ﬁﬁﬂ‘lﬂ']‘ll‘aﬂuazé’ﬂi'lﬁi?uﬁLVISJ']SﬁﬁJ
vosanslarsmanulundndusinafiu
damdandoumuesun
Fengnananhainuudumdesaouiaiasy
nefiunsiadonanted 2.5 indnwvdauas

DNTNEIUTNUNTEUYDIANT AU INUIUKAR TN

wans Ingyhnsdnseiaanslueumiumauny
dhanalunpishundudenaiund 2 vie Ae
wo30ven uazweaiinea dudunquussanslneny
vmuiiinauamslarns (nutritive sweeteners)
wuanslanumuilvana (bulk sweeteners) Tng

$A15ANWIUSUIUENTIAAIUNINY 2 SEAU AB
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NALNULINANTIBT08AY 25 LAZTaBAY 50 D9
Usinahemaiflaluges landesumiamn 4 gs
dosmnansmaunuanuuia 2 siadssduaany
yufiuesnglasa (vasdneavudu 0.6 uas
woafinoavudu 0.9 mnvestmaglasa) o
tharmauwny asvhlnenuvuanasissuiunodly
gasilaa Faduaslranuvudludquaima
1517175 (non-nutritive sweeteners) 1 093704
A 600 wnidleisutuglasa Jelalu
USinuuesan deslmiasusamnulniuansluei
vdilnana (18] Wududuseduanumiuln
WFUAIINTNIIUTDIEATA U (A1UINIAINAN
relative sweetness) §as1aaufsuandlunnsed 2
ﬁwmiazqmmmamLﬁuwﬂéﬂﬂf’mmﬁamﬁaua%mwﬁw
flvanswaruvmunaunuta aunsssisns
wtanaRsiusudndes nduihiniingien
A MMIINenw Tngiaand Souiloduta GRIR
maadl TauTiavedeiiazarsle Wiguivans

AUAY (gRsnARauN IR RlNma

ylasa) wagdnnunmmsUssamdudaguiednu
99 2.5 WaANEDNAIBYNLALLUUAUYDUTIY

geanlUlvlutunely

2.6 NMINATIZRANAININLATUINITVDING
AaduNAIMaDINTaNANLETHA N s

TAaMuMUNaARIULIAIE

ﬂwﬁmﬁmsﬁwmﬁqﬁmuﬁ’amﬁaaWﬁyauﬁm
iSunsileanslianusuaunuiiaa filasu
mwma‘uqaqﬂuﬂﬁmaaumafﬂyﬁuﬂizamé’ur:i’am
AnsrznnaAlaYUINIg TnefnUsuinir iy
Usunanan Ysunaletu Usunalusiu Usunm
aslulensn Yunaiana Uinaueaden was
Usunadewiion anudsdidvuslae AOAC [19] w1
AUSInand e wanAan Ingluiades Bomb
calorimeter, AC500 LLazﬂﬂ%aaﬂaﬁlﬁuﬁmﬁﬁaaﬂa
Tnrwimsuuuee wasihundseuiioufundndom

v

NARIULMIVERIN I IUNTNAADY

q

M13°99 2 BAUALENT IR INANUIU LA UN AN NARILNI IR INTOUALLETLA

(wosimeasouay 25  (Wosivesseraz 50)  (Ueemeasesay 25)  (Ueaiveasesay 50)
. ANTPNUAL — v " .
aray " dmtln Ysunar dmdn s dwdn el dawidn USana
) (%) (seway) (W)  (sewar) (W)  (sewar)  (n%W)  (seway)
uuéﬁmﬁaa 212.5 2125 31.8 212.5 31.8 212.5 31.8 212.5 31.8
1 37.5 375 5.6 375 5.6 375 5.6 37.5 5.6
‘lj’l 350 350 524 350 524 350 52.4 350 524
‘1:15’1611@ 65 48.75 7.3 32.5 4.9 48.75 7.3 325 4.9
KU 1 1 0.1 1 0.1 1 0.1 1 0.1
AU 2 2 0.2 2 0.2 2 0.2 2 0.2
wosOven - 1625 24 32.5 4.9 - - - -
Uoafinea - - - - - 16.25 24 325 4.9
Ggmﬂaa - 0.0108 - 0.0217 - 0.0054 - 0.0108 -

wnewn - ansluenunuiilvAndusesazveniminiinaglasasuny
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2.7 NM5IATIZRTaNANIIEDA 5,10, 15 waz 20 Yo3UMUAUNG ANFDUT UAY
U

Tinszvveyansadalaslylusunsa suaiu landasuniaoan 4 gas neaudnuaely

ADNNILABT NIINAABIIYLNUNITNAABILUU CRD ATUANY ) INBUNUEATATUAN (308R3UVBINITNAUNIY

(Completely Randomized Design) & & ¥ RCBD SUMAY 0) WU

P a €1 ' ~ a °
(Randomized Complete Block) 1LAS181AIAIY HAN1TIATIENATE WU LaUSHN00N
wUsU7U (Analysis of Variance; ANOVA) LagA1u Nesulundndumnanundavaesgedudwalna
! ! a ! a ¢ ¥ aa ' * o o * S
LANAIIVDIATLAA BTEMI1INE AU A2eT5  AIINEINT (L) anasuavAIduns (a%) tWud u
Scheffe’s method Tiszsunuidiesusesas 95 (p<0.05) iawfleuiugnsniuny unluiinanonnd

=]

Wa93 (b¥) vesnansiam (0>0.05) fanandlunisng

= a 3 AR A UNAR UL UE DN U AL LN AT LAd]
3. HanNIsANYILAZBAUTIENE d *

A umuszAUNMATNTY (U 1) Fainand

= o a
3.1 wansAnuUBnadfisanzaly AMNUSAUFDNYRIAN WathlUnauiuxans

v v v '

a v I3 g & =) v t:l' g ~ v o ~ o r's ¢ v
NAANUNNARIUUNILVIRDINITDUA lndidwurusuneanuinulundndunadssann
) a o g ¥ a ° A oA > M ‘A a °
HANIIANWIUTUINAT LNz EL 7119 LE@3199 [20] LAT09ANAINY1LSBLUBTI LETLIIN

iuluneafansennu 4 seu fe Usunauansesas [21] Wum

M990 3 aUUAMLANLALNEATNYBINER FUTNARILIUNI AR DINTBUALLATUIAN

U3naeen g Wodusa USunauwosudadi
(s080%) L a* pxn* Auda(N) mmﬁwsju(N/s)”S avanela (Bri
0 78.74°+ 175 -237°+045 329 +0.46 9150°+ 278 0.95 +0.12 17.00 + 0.00
5 39.92°+ 243 037°+0.15 247 +0.31 94.58°+0.48 0.95 + 0.02 15.33 + 0.57
10 38.80% + 0.82 0967+ 0.05 291 +0.04 117.64°+ 2.21 0.95 + 0.02 16.00 + 0.00
15 35.57°+ 152 1.20°+0.14 3.22+0.13 112.07%+5.40 0.95 + 0.01 17.33 + 1.15
20 3573+ 1.06 1.15°+0.33 3.25+0.50 118.91%+ 4.79 0.96 + 0.01 1533 + 0.57

e 0% fis gnsunnsgunaaauuduvdesilulandi, auadezandenuunnsgiu wedsnyiiasiululunaans

NAmuuanasiueslitdud Ay neana (p<0.05)

(a) (b) (c) (d)

@

JUN 1 Snwugdnusnguemenuuniaeuaiumd (@) Ysinuansesas 5, (b) Usinnsesas 10, (c)

Jsunuanseeay 15, (d) USuaasesas 20
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NAN15ILATITRALRFUNE WU Ll
Ysuanaasulunafsuudundosiuduaxa

P

TnarALwda (Hardness) Sunlusiinduilaiiau

v
o

fugasmuay (p<0.05) TnenAnum e
4 gns fnuudeegluvas 94.58 - 118.91 9y
Tuvnigdianaudangu (Springiness) lunuaay
mem'mﬁal,ﬁauﬁuqmmuam (p>0.05) IngAu
Banguoglunis 0.95 - 0.96 dafunaiunit Fauans
Tumsadt 3 asdidlanideufinund ity ama
Tnlassassvomanudafingy oanndvswaves
asluloinsm (@am15e) luarfdaunds 21.8 n3y
Tuvaugiidavdesiiiiios 11.4 nfune 100 n¥u [22]
Feilunad siiasuandatanuud i ud
Uity ieifisusugrsniuuitllan
¢ aenaadtuuITevateid e fnnsiaiy
aunauduluneis asalneanuudadudy wu
waRuLAnTnaunuAIBtiuLalng (23] e
117903380 [24] Junu upoenslsfnundndomdi
waud ulunngasozdaininuudauosniily
wﬁmﬁmsﬁwmﬁ”ﬁu Wy wm??ua%ummaﬁumﬁﬁ
Auuds 1036.74 dadu [25] i osannad oit
fatuasiuuiunehsdidaduasuaranusoge

Ialaglovaonunlunsguillowngaonainiiun weoln

mmzé’m%’uﬂa;uquqmqﬁﬁﬂayﬂuizwmnﬁym
wazndu Jevilnananundsvosmanefivaud ud
ﬁﬂﬂaaﬂﬁwwmﬁqﬂﬂﬁﬁﬁﬂawmLL%@ 891 flau 25 7
133nsuslnamenislavousn
nan1sIReilsnaawliazaneld
wu11 Ysurasmiuanastuladnaneusua
vosdsilazangladiofioutugninunu (p>0.05)
I@aﬂ%mmmaaLlfﬁaﬁ"asmamaqwémﬁ’msﬁwmﬁwuﬁ’a
iAo 4 qmaeﬂmﬁw 15.33 - 17.33 04ANUSNY
Fauandlunnsndt 3
HANISNATDUNIIUTEANEUNE WU
USanauasnfiunnaneiuludnanensuuuninugey
aud (eduia ndu warsauIRvesnad susd
Wdes (p>0.05) wAUSuIM TR uT uinane
azkuuAreulngTl (p<0.05) Tngtilouunm
fuiny svinalvesuuunnure UL uauR
syfunilEsLsesas 15 undioUsinandntses
av 20 AureulpeTINIzanastInanslun1sed 4
\osnnndnduniFufisavy Inondndusnad
Tuudvdesfilasunsesas 15 fAzuuuay
mwmau‘lmasmmaﬁqm k) asﬂuisé’waumﬂ 39
BenlaUSinanmillyiasusosay 15 wlelunis

Neapsiusoly

M19199 4 audiAnaUsramMauTaveIHEN SN NARIULAIVRDINTOUANETUA

Usunasenen . ¥ oo . = -
Y a LadUNE"™ nau™ GRS AUYBULAYT I
(Sowaz)
5 7.09 +1.24 6.69 + 1.53 6.77 +1.21 6.66 + 1.73 6.80° + 1.47
10 7.03 £ 1.09 7.03+1.24 6.60 £ 1.26 6.91 £ 1.33 7.164%° + 0.94
15 7.40 = 1.00 7.43 + 1.06 6.94 + 1.05 7.46 + 0.95 7.71% £ 0.78
20 743 +1.14 7.06 + 1.57 6.77 £ 1.43 7.20 £ 1.23 7.40°° + 0.94

NUBWA: ANAFY+ATELULLIRNTIIY kaefagnysNnsiululuInaLanaianuLana el

o o aa

HydrAgyn9ana (p<0.05)
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3.2 Namsﬁnw'mﬁmtaxé’mﬁdquﬁ
WUz aNYR9a1MRMURIUTURERA U9
R PR NP CHRaTS
dwAnSunwansi s mvE e
sevaz 15 Anunsdndoninvhnisinwaiingns
TﬁmmmmwmLmuﬁwmaiuwmﬁyﬁuu 2 %iln Ao

9950798 WarUeanNea USU1ui Ly Nawny 2

v
o N

SLAU e S08ay 25 wag 50 vesurn1ansiele

v
o

AR uNTiavLe 4 gns a{aqmﬁﬂwmﬂwﬁwﬁa 9
\eufugnsniuau (granananuudaindouaiun
fsesay 15 lvtnaglasa) wun
NANTIATIERANE UL ANEOINARS
dhundamdesasundiilyasivanumiuia 4
gns flanauanne (L) wanansfusensfitodde
n19ad (p<0.05) il elyarsluaanumunauny
thmanatuezdnarilnainnuanaananaiy
Tnenuan nmsluwesinealusasaiuiiunnaiaiu
aglnaraualuazafndedlunisaingns
aunu Tuvazdinislyueafineaszdnalnaiainy
m"mLﬁumﬂ%uuazmﬁmﬁmamauﬁaLﬁauﬁ’uqm

AIUAN BadennapiuIdeves Joyas uavuls

[26] iU WeiuUSuueanneau1ndy vinln

ANANAIAINAIWANTY WERSUTNG 4 gasilan

q

anuaIeylunie 35.73-45.65 A1duns (a¥) oy
Tus 0.99 - 1.17 uazadndes(b®)eglure 1.73

- 2.90 Aaandlum1$19N 5

Nan1sILASIERAL LB ENNE WUl Y
AL USUIUANT AIUAITUNALNULINATWANANS

[ ! & I3 ! [ !
PAINALMANAIULTS (Hardness) Lannneaiuaeng

Y

Adsd1Ayn19ad@ (p<0.05) lngtilauiuaansin

ATUNITULN wﬁ‘u%mwaimmmwmwﬁwaa

&
a o a

NARA NN NT Ul uTDTUNeaLaTLeaTineatile

[

WBUAUARTAIUAN LLG]@EJ’NliﬁGI’]ﬂJ"UEJiGVI’eJ@Q%

Y 9
v v

aswalvansdanuudannnnslyueainealy
syfuiety wudstunsleansivaumures
OneanaununaaluLeLansLUess S1EWess was
w3 [27] luvasividauazUsumanslaain

mm‘mmLmuﬁﬁmaluaawamammmﬁquuamqﬁ

v o w aad o ~ = Y]
UYAIAYN A AN ¥aU 0.05 LU BLNYUNUGAT

o
o

auRulaendndumiia 4 gas dauudsegluys

Y

121.21 - 414.62 26y uazfinrmdang uoglutas

0.83 — 0.99 TAWAUT LA UAISIN 5

M13199 5 audAimaainaznenmveInafaufEsIESuNmsesa 15 TlrasinauviTunaLny

hena
anslorranmmy A ileduia UBanaureaudsd
(Sotee) L a*"™ b ATIULTAN) mws,J'*?'Jm/r&ju(N/s)”S avaneln (Brix)™
(fhmmu 35.57°+1.52 1.20+0.14 3.22°+0.13 112.07°+ 5.40 0.95 + 0.01 1733 + 1.15
ma%ﬁ‘waa 25 36.96°+0.95 1.1720.09 2.90°°+0.44 273.39° + 4.45 0.96 = 0.02 17.33 + 0.57
%a%ﬁ‘maa 50 35.73°+0.29 0.99+0.14 2.67%°+0.42 414.62° + 26.7 0.97 + 0.01 17.17 + 0.29
yeafivea 25 45.65°+0.39 1.08+0.07 1.73°+0.64 121.21°+2.89 0.83 + 0.21 16.66 + 0.00
19a9inea 50 44.21°+1.03 0.9620.07 1.94°:0.21 196.46° + 4.63  0.99 + 0.00 16.33 + 0.00

MUEWR 1 FIAUAN fie gasnaRaiuNtuvReLasInisesay 15 Nlvnatlasa

AnadsrAdsauuLInggIY wasimdnwsinaiululwsansiauuanasiuessdiduddgvnada (p<0.05)
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a ¢ A & v
Namsamiﬁzmlimm%qwaasmeﬂ,ﬂ
WU ‘UﬁﬂLLaSU%QJ’lm‘UENﬁ’]‘ﬂWﬂ’J"IM%’J’mVIWLLV]‘L!

Yrnnanwann1anuluaananaUSunuvoIndan

¢
a 19

azanglalundndunnafsunduvdouasuae

[ a

ognslioddymsadia (0>0.05) Wlewisuiugns
auau Taeudndunneniladusinuesud i
avmelaoglurae 1633 - 19.33 pamu3nadauand
Tumsel 5

HANIINATBUNIATUUTZAMANRE W

v |
a o P

A LD MRS U TeEaY 15 Tlvansiuaiy

PUIMUNALNUUIAE 2 FUA 2 S2AU WU FUALAY

Usinamesansvanuumaumuiaafiuaneg
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Abstract

The development of various dryers to dry paddy still faces a significant problem of high energy
consumption. Therefore, this research objective was to develop an infrared-assisted pneumatic paddy
drying system and study the possibility of reducing the problem. The study consists of 3 methods of
drying paddy, namely: 1) drying paddy by hot air 60°C; 2) drying paddy by hot air 60°C with 50 W
infrared radiation; and 3) Drying paddy with 800 W infrared radiation. In this study, 20 kg of Thai
jasmine 105 paddy with initial moisture content 23%w.b. was dried until 14%w.b. at drying air velocity
and paddy feed of 6 m/s and 8.4 kg/min respectively. The performance of drying was evaluated
based on the drying characteristic curve, drying rate and the specific energy consumption (SEC) of the
developed drying system. The results showed that hot air combined with infrared radiation in drying
had fastest time 220 min in drying. Drying rate of hot air drying and hot air drying combined with
infrared radiation was no statistical difference (p<0.05). The lowest SEC was 14.24 + 0.88 MJ/KS yater

and it was not significantly different (p<0.05) when comparing within all experiment methods.

Keywords: Paddy; Thai jasmine 105 rice; Pneumatic dryer; Infrared
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voswndenvdamseuunila [29], [30], [31], [32),
33) TuynRevlumsnaaey wusmsvagousonid 3
Fouly fio 1) suunsrneniaglvausougungd
60°C 2) suunaymiddentaglvansougungi 60°C
sufudanaendursism 50 Jan @rmniindeves
naoaoy i 70°0) 3) ouunav1nddenlasly
vagABLNIITA 800 Tm (Egquﬁm?iﬂéuamaamag]ﬁ

345°C) safunstvenirgaumgiiaswinasy lngly

Y
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YFoniuguInenued 105 NHANUTUSUAY

23%w.b. NAaaUATIaE 20 kg awuﬁ&mm%u@ww

EY
o

14%w.b. wavvingeulvas 3 91 napnnIsNAaY

2.3 ﬂ'li‘l]ﬁ%Lﬁuﬁ&liiﬂm%ﬂ'ﬁaULLﬁﬂ
2.3.1 WHANTIUNTTOULAY
miﬂisLﬁquﬁmﬁumiamﬁq%ﬂimﬁu
MAUSIAANTY (Moisture content) Tuwdnu
ﬁamaqmﬂmmﬁ?}{ul,%"myuiﬂauﬁqmm%‘yuq@ﬁwﬁ
ao1n1s Tneluduneunismiarud uluwdna
annsamlnainnisiidaesswdnenn 10 nfaly
FethminneutlUoUnanaunin 281A3 090U
amgauﬁ'qmmqﬁ 105°C vJuaan 24 %4 [34]
ntuhindahudnudseunns wazthaimiin
now - %5&&’16‘5’1‘14’3@141/1’1?%"1LUQ%L%HGT@T]&J%U@W

WJen (Wet basis, %w.b.) ANANNST (1)

Wi-Wy
Wj

M,, = (1)

el M, = a0y a vaitag (Wosiiungiu
WJen, %w.b.)
W; = untnanasniiunu (g)

W, = uwmilnenaudenung (g)

2.3.2 ¥n5IN159ULAS (Drying rate, DR)
8R5IN1TOULNIV1UADNADANUTUNUS
¥99US U luLdnv 1IN anasnasEe=LIa1n1s

QUL F9a11N50AUIlARUNALNSN 2

Wi—-Wrg
t

DR =

e DR = 8R5INITOULNY (KS yater /D)
W; = iwmtnaniaenisueu (g)
W

T ¥ = o ¥
dminvldonndsaunns (g)

2.3.3 AruAuUdemdsnusuwe (Specific
energy consumption, SEC)
Yannslandauandinesini @ve
Mitsubishi s;u MF — 37E) finewnfusinauninusi
a9 Blower) Fainoslun 1 uoines way
WaenBuNsILsA ANLEIFU AU SEC laain

aunnsh 3 [35]

3.6E
Wi—Wg

SEC = (3)

Togt  SEC = mpnnuAuUdomdsnusine
(MJ/KE ater)

E = ndamulviwisvualunssuiunis
a‘umgn (kwh)

3. NaN1sANY/aNUs8NE

3.1 WANTIUNITOULNAY

~8—Heater60C  ——Heater 60C+IRSOW  —e=IR 800 W
2600
24.00
2200
2000
1800
16.00
1400 ----===mmmmsmsmmsmss——————e
1200
1000
8.00
6.00 IR =280 min : :
4.00 T i
200 i |
0.00

Heater + IR = 220 min

HEATER =230 min

MOISTURE CONTENT (%WB)

|
i :
0 30 60 90 120150 180210240 270300330 360390420450
TIME (MIN)

3UN 2 nswdsuudasnuiuiiguiuiaii

PrUNHIOULI 60°C

NOANTTUAITOUUNIUAAIAIEAIUT U0

& . z Y 4
AU (Moisture content) Tuludnv13ianasain
ANuFuEHaUlUuirLTuganIeNnesn1s Ay
7 2 AINHANITNARDINUIINITOURMIYIIUTN
ANT uanatee193IALs Y Gedanunuiainlu
9usnd WUdnv128ANT U USudEe

LLGIﬂ(ﬂ’NﬁUﬂ"IEJIuLLﬂUHa'N‘U’eNLiJé(ﬂiﬂﬂ nanafeLin
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Moisture gradient g¢ IsilmAnnsseinevasig
R79819590157 [16], [36] wazilaSeuriisuiianlu

v v v

N1IBULNINUIN ﬂ’]iﬂULLMQﬂUSﬁNﬁBUﬁQﬂJﬁQﬁ

v v aAa

60°C 53UAUSIE@DUNTSA 50 Tam L8MIINI5anad

o
o =2

maamwmmmmm%yuqmﬁw 14%w.b. L%Tﬁlqmﬁa
220 W19 5998911AD ﬂﬁaULLJdﬁTwau;@u 60°C
WAy N5ULMIAILSIABUNSLSA 800 YRR Ataan
230 way 280 Uf MUEEU FanuasananInu
flanuaennansiu Afzal wazane [37] FelaAnwn
mseuwmmustasiagly Saddunsusasauiuay
58U NU21E11505 UsEEEIa1lunIseuLala
\foenndsnsdnanannsalvause NI
T anelumdaradonilnudalafunnusou
Wiyaw] fustsnelunazuenudnawalnnisanem

H % o ! A X
ll’)aiﬂﬂf]UﬁLuLiJaﬂﬁJaﬁﬁf]ﬂ'ﬁﬂ']ﬂL‘V]‘V]Li'lﬁllu [38]

3.2 9NIIN1TOUWHS (Drying rate, DR)
nMsMAaetEULRIT AN 3 euly
Lﬁaﬁmimé’m’]msauLLﬂZ@ﬁLLamﬁ"ﬂgUﬁ 3 UM
N15OULMIAIIANT DU BI0819LA 82T 575N
QUWIS 0.612 + 0.009 kg e /h N158ULMSIAETSY
ausauTINAUBUNTLSATSRITINNTOULIS 0.620 +
0.007 kg e /h BAYANSEUWIIMESE Burlssndl

9RTINITOULN 0.501 + 0.007 Kg aer /D

0.700
0612 0.620
0.600
0.500
0.400

0.300

Drying rate (kg/h)

0.200
0.100

0.000

HEATER 60 HEATER 60 + IR 50 IR BOOW

3UN 3 §n51N150ULMITRUIUFRNTIB LAY

FBnsnaneiu

A195°99 1 A1ERIINITOULNS (Drying rate, DR)

Methods DR (Kg water /D)
HEATER 60 0.612 + 0.009°
HEATER 60 + IR 50 W 0.620 + 0.007°
IR 800 W 0.501 + 0.0072°

v o @ § N @ o @ !
NUIYLIG) maﬂw‘smmaaﬂqwﬁumﬂmdﬂﬂuﬂaamulﬁmﬂu ynefian

e

fananuanaeiueiited g iseauanuiiolu 95% (p<0.05).

'
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LagIReULNLUUANSaUT AU YIS 1sa Tusiaau

' '
el [ ol

LANAINAUNIEDAT STAUAINU DL U 95% il
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iiian Ao 0.501 + 0.007 kg e /h HeiionaL Y
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vuiIaendslgungiiginitgungdvesausey
gaydelunie $9dAUTBUTILHBENNIINVADAT
aaldlufandnenilaes1sauy s nannany
49nAA 3N U Sharma wavAmg [38] 71 la¥1N3
UsggnaledadBunsisaniiugnruiunmmieinia
4 lil ' v < v dl '

FRUTINUNNSIYANUTIANTOUNNINAI 2.6 m/s
awmarilminnisszuieainuseu (Cooling effect)

PUSNURIYDILNGLYINIENYDINADADUNT LA

3.3 AMUAUUADINAIIUINNL

(Specific energy consumption, SEC)

defasanluaiuvesmnududomdsay
$umnz (SEQ) lumsnmaosiis 3 Houly Fuane
U 4 wuanniseuuInieauseuLfissosafiead
A1 SEC 14.24 + 0.88 MJ/kg e NN50ULR TR
ausausAUBUNTLIANAT SEC 14.75 + 0.67
MI/KS yater LaYNI5oULNIN 1858 S uNssATTAT
SEC 15.37 + 0.91 MI/KS yyarer

nEan1IMAaeszdunala11A1A21Y
Audomdsudume (SECQ) avgeignidionuuns
AeaAsunsnsaissesnien daddnsnis
ouumaishiign (osnnlyszesnainsouunad
817U %ﬂLﬂumm&ﬂ,ﬁ;ﬁﬂmm?iyumﬁaqwﬁqmuﬁ
24 9998911 D NTOULNIAIBANT BUTITUTIA
Burlsnisn Suflosnandunaserusouasudiia
wavilnefiusnsinisevunsridenuas
awmalnszernanseuumanaadiofisuiuniseu
mefaddunsIsaiBsosfe uavanmefe N3
oULMAEANTOUTA SEC silgnite 14.24 « 0.88
MU/KS yarer WANITOULINAILANTOU UAENITOUUNS
wuvaNsouTNfuBuTuan Silufiaruuananeiy
naad A seduad ey 95% suidoswnain
wsenilaaindsddursusadlesusvauseugn

Tawies 50 Yon Fedadundsnuinussnazenaly

aswaunntnlunisiiugumgiiniseuunenigluve

DU

18.000 15372
14.203 1a750
16.000 I
14.000
12,000
10.000
8.000
6.000

4.000

SEC (MJ/kg water evaporated)

2.000

0.000

HEATER 60 HEATER 60 + IR 50 IR 800W

JUN 4 AnAnuaEuUFenas I Yes

N RUFDNNDULAIAIYITNNTIN9TU

P19 2 AIAUAUUEDINGNUT N (Specific

energy consumption, SEC)

Methods SEC (MJ/KE yeater)
HEATER 60 14.24 + 0.88°
HEATER 60 + IR 50 W 14.75 + 0.67°
IR 800 W 15.37 + 0.91°

v o @ i N @ o @ §
NUIYLIG) M'JE]ﬂ’t‘ﬁﬂ”ﬁ%E)\‘iﬂmﬂﬁLLﬁ]ﬂGINﬂ‘lﬂuﬂE]ﬁlluLﬁEJ’mu ynefean
s

fananuanaeiuesndidudAgyfiseiunuiosiu 95% (p<0.05)

Faaennanifunisiasizunaluiivesnsinig
auw urogslsAmudiorhnisiieuiisuaady
V9Edf uanetanisned 2 wuan Feuunania 3
Gouly selufinuuanarsiunisadansziuaiy
\Weslu 95%

4. d54

9
ANSWALAULUUSYUUB UL UUN VgAY
LS uN15Yaun 28598 s unssaluniseunns
gnAenuavnadeus UL 3 Haulunua
WqﬁﬂssumiauLLﬁﬂﬁfaqLLiﬂﬂmu%uamaa
pneTImsae 3 eulvduulunitlnadeiy e

WSHUBULIAT I UNISOUBKSINUIT A1TDULAIAIEY
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AudufenuTuaaTe 14%w.b i§adiande 220
Wit smsnseuundlnglvanseusiuiusunssed
é’mﬁmiamﬁqﬁﬁqmﬁa 0.620 + 0.007 Kg yorer /D
LANNSBULINAIYANSOY LAYNITOULMILUUANS B
safudursuse seluflanuuanaisiunicadan
sEAuAILT ofu 95% @msunl SEC Wul1n1s
puLMBausauTia1 SEC slaafe 14.24 + 0.88
MI/KG e WEEMTBIUT UMD UA RN 9ER AU
F3mseuunais 3 deuly Seludanuuananaiu

o

NADANTTAUAINULTDLU 95%
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Abstract

The research aims to study on watering rates per the Napier Pak Chon 1 grass yield and quality,
including fresh-weight, dry-weight and crude protein content by using randomized complete block design
in each field cutting Napier grass 3 times: 1%, 70-days aged, 2™ at 115-days aged, and 3" at 150-days aged.
The watering rates of water at 12, 16, and 20 cubic meters per rai. The results showed that in the 1st
cutting was not different significantly (P > 0.05), the results as fresh-weight of 4,190+403, 4,019+435, and
3,995+320 kg per rai, dry-weight of 779+109 746486, and 734+64 kgs per rai, crude protein of 10.88+1.02,
10.73+0.83 and 10.08+0.98 percent, and amount of watering 6 times per plot. The 2nd cutting was not
different significantly (P > 0.05), the results as fresh-weight of 7,075+618, 6,9244511, and 6,837+511 kgs per
rai, dry-weight 1,085+64, 1,037+123, and 1,036+37 kgs per rai, and crude protein of 12.91+1.54, 12.88+1.33,
and 12.86+1.19 percent and amount of watering 3 times per plot. In the 3rd cutting, the results near by the
2nd cutting and was not different significantly (P > 0.05). The results as fresh-weight of 7,590+691
7,446+555 and 7,456+788 kgs per rai, dry-weight of 1,138+162, 1,161+166, and 1,112+108 kes per rai, crude
protein of 12.98+1.55, 12.95+1.58, and 12.94+1.08 percent, and amount of watering 5 times per plot. In

conclusion, the optimum watering rate was 12 cubic meters per rai a time.

Keywords : Sensor Module; Moisture content; Nepier Pak Chong 1; Grass; Yield
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Abstract

This research aims to select the location of the beverage distribution center with the lowest
total cost of transportation using a mathematical model by considering the Muang districts of all 76
provinces, excluding Chachoengsao Province, where the factory is located. In the present study, two
scenarios were divided: 1) when only one distribution center was required; 2) when four distributions,
according to four regions, were required. The results processed by IBM ILOG CPLEX Optimization
Studio have shown that Scenario 1, the total transportation cost is 786,107.75 baht/month and the
break-even point is 6 years 9 months 1 day. Ayutthaya is the optimal province to set up a distribution
center. The solution obtained from the model is consistent with the opinions of the executives of
the company, Scenario 2, the total transportation cost is 401,499.61 baht/month and the break-even
point is 8 years 2 months 6 days. The results of the establishment of distribution centers classified
by regions are as follows. Phra Nakhon Si Ayutthaya Province, Uttaradit Province, Roi Et Province and

Phang Nga Province for the central, northern, northeastern, and southern regions respectively.

Keywords : Distribution Center; Mathematical Model; Total Transportation Costs; Break-Even Point;

CPLEX Program
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Abstract

A hybrid system combining an evaporative cooler and a traditional vapor-compression air-
conditioner was investigated and evaluated its performance in this study. A 2.30m x 2.30m x 2.75m
building was built at Suranaree University of Technology, Nakhon Ratchasima. A vapor-compression
air-conditioner was installed in the building. Five different types of indirect evaporative coolers were
built and installed in the building. They are a Maisotsenko (M) - cycle type, cross-flow with
regeneration type, cross-flow without regeneration type, counter-flow with baffles type, and
counter-flow without baffles type. The test results showed that the cross-flow without regeneration
type provided the highest coefficient of performance (COP) and wet-bulb effectiveness compared
with the other 4 types. Its maximum COP and wet bulb effectiveness were 11.68 and 0.97,
respectively. This type was also easier to build because it is less complicated when compared to
the others. Therefore, the cross-flow without regeneration type was chosen. It found that installing
the evaporative cooler outside the building can reduce energy consumption by 30.77% compared
with installing the cooler inside the building. It also found that intermittent water spraying on the
cooling core is better than continuous water spraying 5 min spraying of water every 2 h can reduce

the outlet air temperature of the cooler to about 8 °C.

Keywords: Hybrid cooling systems; Vapor-compression air-conditioner; Indirect evaporative cooler;

Maisotsenko -cycle cooler; Wet bulb effectiveness
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Parameters Instruments Accuracy Range
Dry bulb temperature Sensor DS18B20 + 0.1°C -55°C to +125°C
Wet bulb temperature Sensor DS18B20 + 0.1°C -55°C to +125°C
Current Sensor SCT-013-010 0.80% Oto 10 A
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Tag?

[ ]
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Cp= ANYANUTOUTUNIEVDI0INA (J/kgK)

nasaulnua (Electric Power) @115U
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P.=—— (3)
V¢ 1000

Taeh

I = nszualwwnitimauszuigenia (A)
V = usssulamn (V)

o <,
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[20]

C
Inp, = ?8+c9+clOT +

2 3
C T +C,T +C,InT

e
¢, =—5.80x10°
¢, =1.39
C, =—4.86x107°
¢, =4.17x10°
¢, =—1.44x10"°
C,; =6.54
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W, =0.62198| —Pus (5)
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A-B
= (6)
C+D-E
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A= (2501—2.381T, W,
B =1.006(T,, —T,..)

C =2501
D =1.805T,,,
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) COPy €.
O (%) (g/kg4ry)
MC 22.44-24.19 66-83 11-15 0.30-1.40 0.20-0.72
CFR 22.87-26.57 55-81 10-20 0.22-1.56 0.26-0.64
CF 22.23-31.38 43-75 12-13 1.99-11.68 0.57-0.97
CTFg 27.79-35.71 43-74 15-18 3.52-10.54 0.58-0.96
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w3osiAnudunuutssmens 3 vie
vaumelaanimeniadawanasuilnalfiosiu
wuIAIasiAuuLu U sEmevialuass
210 daussaurn1sinanudy warUsednsua
nszizidenasgn \iesan wam'wuaqqmmﬁ
W uwnuyAuuIInnIesewhaLEy
wuuthsveinlva demaluayssauznisii
mwmﬁuqaqmLﬁauﬁ‘c’mLﬁwﬁ’um%aﬁwmwmﬁu
mefﬁzmanﬂmﬁmﬁﬁmmmaau yenani
Tassaseneluveaedoshamnundunuuisyve
gidnlnanaaindaudugeunosdainlninig
qzyl,ﬁal,l,iw“fusi‘mﬁLﬂ'%'aaﬁwmwmémﬁmﬁu e
TiUsunalvinvesinauilasiuiuiniesina
Wunuvisymesdadlandsnulnviussas
WARINIANT T 6

yenani lefin1siseuiousening
syuufiindanIawiAufuLUUSE Mo uRas
ginsusundesUuaimewuusale fussuud
AndapIasUuenaLuusaloisiognafiedly

ANNBINAT INALALIIY WNBANWIAUTTOULANS

yanuduranaIaslsuaInifLuudate wuan

' v
SNaa a o

lunsdlfifinisdndaniosinanuduiuuinsswe
wnazrinsauiuinioslSuaniasuusalodma
TnansyansinenufuiiineiniesusuonniALuy
Saloanas uonani nslandanulwiniiananas
Tunnnsdlifinnsfiadauadoshnanuduiuui

sEmeuazanlageaniiniosinanuduluuin

v
Ay A= A

semevialraninin Aty 1U3TeHdudanAsed
audunuuinsevsvialuaniaindimsu

Pl ndaussaugnisviianuduiiuiu

M15199 6 USuraundsaulnwiwasainuseaun

Z‘ﬁlﬂiaﬁﬂ@’e}ﬂﬁ]’]ﬂ’e]’]ﬂ?ﬂ"UENLﬂ%@ﬂﬁ?ﬂ’ﬂmﬁu

LLUUﬂj’Wﬁ%LMEJ

A Pr Qg
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(kw) (kw)

MC 0.451 0.13-0.64
CFR 0.426 0.09-0.67
CF 0.228 0.45-2.66
CTFg 0.376 1.32-3.96
CTF 0.376 2.29-4.24




RMUTP Research Journal Sciences and Technology, Vol. 18, No. 1 (2024) 155
o 4 e o
A13797 7 aussnugveAzeslIuemALuUdnle
Andaadosvhanudunuutissme TRnsaAIe AN UL TS VE
¥iln Pve Quc Puc Quc
COPyc COPyc

(kw) (kW) (kw) (kw)
MC 37 3.48-14.33 0.94-3.87 371 3.48-14.65 0.94-3.95
CFR 3.52 1.79-13.24 0.51-3.76 3.76 2.63-14.33 0.70-3.81
CF 2.5 1.45-11.97 0.58-4.79 376 2.63-14.33 0.70-3.81
CTFg 4.07 0.65-2.25 0.16-0.55 4.35 0.72-2.40 0.16-0.55
CTF 5.27 10.29-12.04 1.81-2.28 5.53 11.69-13.21 2.11-2.38

4.2 BVSNARUALINTAARS
FLRUINITAAAITLAN AR UAD
FunusveaIiaufunuuinssmelagy
MsnaaeulunuTeE MusuaLsn Aonnshnds
w3 evhAduLuudisymentslueiais
nageunarlyenianislusiasnaasulunis
Y9 Funusiaes AennsAndanieusnenns
nageuatlyoiniadsuinasulunisieu f
wUsTlalunnst ndsaussausnsvinueLA3ed
vanudunvuihssmelutvednousuiunis
TalveanIosuuennialusennamsvaasy
qquﬁﬁlunﬂgauagﬂuﬁw 22-31 °C N15AARS
indesvhanudunuuinssmelaluean seaey
asmalmadosusuoinialandsaulnvia 4.29
kwh Tuanenainarsiusuadalus luvaedins
ARRan1euenoIATlan UL 2.97 kWh
wamafagul 14
dlowFeuifisuisaeaioulunisnaans
WU NMSARRINIEUBNBIANTNARDUAIHALANAS
TguUsunalsivinanas 30.77% 1iasan nsinds
mauaﬂmﬂ'1iLﬂumiamqquﬁmmﬂﬁu’wm
ﬂ'aufa'wvuywaimmsmaau Tuyaziinisfinds
meluerarsidunisleeiniainayfusenang
gnFaNdaanasufuennaneluiemagey

awaiwmmmNmuaiwmisﬂﬁﬁwmwmﬁu

TndueseUsuanna Inen15en1svinAIuLdy

Tupyiunan1gunind I uknuinA Ly

Y

wanaRagun 15

Tun1s@n¥IdnSnam wnuInISAnAIN

'
a o

FRNAADNANINUBIYUNHUNEN NIULNUYINAIN Lﬁu

Y

' v '
Ada o N

Tuguil 15 wuan nsdfnduasoaiaudu

[

wuuinseivglinigueniinan1svesgumg) Inas

v
Y

muLmuv‘hmwmﬁuqqqmﬁ 7.61 °C lusauziinnss
Lﬂ’%lawﬁmmLs‘JuLLUUﬁUﬁzmalaymaiuqﬂqmﬁ
0.58 °C Hunandlnifiuin nsdadaniewiain
Bunuuihsemelineyenaiunsoannisznsi
auLfuneliesUsuaInelauInnIINIsAnd

meluaimsnagau

4.29

N LW A~ O

0

USanaunsldnwdsaulaiia (kwh)

v
a o

B Aensneluviemegey [ Aensnneusnioanaou

JUN 14 BvSwasunuanisindsiiasmananisly

NI UNvoReTUSURIMA



]
a

156 2158153V INISHALIY UNT.WISUAT 1Y INemIansuazinalulad Ui 18 avuil 1 (2567)

g A Famaneluremaaey Famnousnifesnnaoy

6
04
-
<2

A iiigeeaiiiipannnn..,
o L x A A
8:00 11:00 14:00 17:00
1381 (hrimin)

gﬂﬁ 15 BVNSWARLAUINITANRINEINANDNAN

YoIgUNRNA I URNUINAIILLEY

v

a a & 0

4.3 aNsWan1ausau
AsYaNsIaULn1svinaudulniv
LATDINIAUEURUUUNTEMY WU BNSWanIS

alsernasuuAIaainAuduwuuLnsEmely

v v
@

goudonlasunnuauls sufuluauisedsda
nadouLazwusnsaUseidu 3 nsdl
- 05 1 awsednasanisvegeu
- n3dif 2 awserh 5 min waade
- 36l 3 aseni1 5 min yn 2 h

Tneva 3 56l dnsfindandeinaan
L&TuLLuuu%ﬁzmal’;ﬂmuaﬂamﬁﬁqmuqﬁ
Aawanaou 25-30 °C

nan1snadeulunsdd 1 wuln nanig

AUNATNAIIULNUYINAMULEUREAS 2 °C Fadian

U
'

9
gailewivuiunsdfimde esan nisase
naenn s aLenAIsrAmSuLuULh
srmwamalvanududuysalusinianeuatein
grondoniiutu nmasemevenilusedonis
vlaueyas iunalnnisangangionidlubes
wnsdsyvilauesasmiulunae naald 2 wuan
nd1a1nngan1sasounasnalnnaniaves
puvgindsnuunuhaubuiuiunouiioy

anadlufign nsdli 3 wud nsaUseuinuuly

pollpsadanalunissewevasinategluryeaden
g Wunalinaniavesamgindsenuwnuyi

ANududindumuliaag WanaRagun 16

8 A N3EiA 1
nsei 2
6 ~a
N8N 3
o
3 q
2 A
) Y LI ..o g
“ea
0
8:00 11:00 14:00 17:00
1381 (hr:min)

UM 16 avEnan1salUseuNanananNan19ves

QUNATINASNULNUYINAUEY

Tun1sAnwrdnsnanisasounfiaina
ponansvesgaMaivdsrunuhaudy Ty
UA 16 WU N3 3 fnannsvesguniings
mﬁmmuw"mmm&?uqqqmLﬁaLﬁ&mn”umfﬁﬁu
\fiesan nsasetnlunedos awmalului
aduluiuenneuveaden sty nsiu
mssevpvenilureadonIafiudy siluanunse
aﬂqquﬁmmﬂiuﬂdauﬂaﬂLLaz%’Umm;aumﬂ
yosunslaiindu lunefign awalunanisos

gaumivdsnuwnuriANud Uiy

5. @3
nsfinuifinguszasaitowTeuiiioy
aussauznsTheuLfureaisshauiuLUY
thszmelngeauis 5 vila ArensidasyuuUdy
omauuylouda Tng eanuUU @519 uavindeiy
91ANSVAFOUTLINLEN T899 TAuATII¥ELT e

Usz i udnsnafaInanaussausnIsyinAuLiuy




RMUTP Research Journal Sciences and Technology, Vol. 18, No. 1 (2024) 157

nansUSsuisuesewinnuiuLuy
thszmelngeny wuan wIesiauduuuut
semevdnlwasiann Saussauznisviiannudu
wagUszdnSnansziUzidongean 11.29 uax
0.76 swaeu Welsuiudn 4 aia

nansnedeuLazUssiudninafidma
APANSIAULNISYNAMULEY WU NSARRALATDS
veuBusuuihssmelhneuenlsusunadlivi
dwdu 1ndesUuorniavesniniely 30.77%
3slmdonnnsinnadosinanuduuuuinssme
Tmeueniiienageusimiuanswasy wuan ms
awseniiluneiiles (afsaz 5 min w0 2 h) v
amqmmﬁmmmlﬁymﬂﬂdwmiamiémaamﬁ%mi
nagay satunisasenluneliesiyasan
A5¥n15vALduveAiesUsuanale

11NNINITALUTERABATINITNADY

6. NARANISUUIZNA

vovouRnuuTINgdomaluladasuii
maunu%‘”amﬂLma'wquﬂwuaﬂmﬂﬂamu
aduauuNITITeLaLWA U (MUOROG) hay
ANTNIuANENITTIANTALESAINEANERS 39
waruinnTsy (@nad.). 91nlATINISANEAINANS
Useudanasanuresszuulsuenniauuulovsa
symneszuUhaufuluuissmefussuuea

lawiasuazaindelulsymealne

7. 1ONA1591994

[11 Q. Chen, M. Kum Ja, M. Burhan, F.
Hassan Akhtar, M. Wakil Shahzad, D.
Ybyraiymkul, K. Choon Ng, “A hybrid
indirect evaporative cooling-mechanical
vapor compression process for energy-
efficient  air

conditioning,”  Energy

Conversion and Management, Vol. 248,
pp. 114798, 2021.

R. Tarig, N. Ahmed Sheikh, J. Xaman, A.
Bassam, “Recovering waste energy in an
indirect evaporative cooler — A case for
combined space air conditioning for
human

occupants and  produce

commodities,” Building and
Environment, Vol. 152, pp. 105-121,
2019.

D. Pandelidis, A. Cichon, A. Pacak, S.
Anisimov,  P.  Drag,  “Performance
comparison between counter- and cross-
flow indirect evaporative coolers for heat
recovery in air conditioning systems in the
presence of condensation in the product
air channels,” International Journal of
Heat and Mass Transfer, Vol. 130, pp. 757-
777, 2019.

V. Jain, S.C. Mullick, Tara C. Kandpal, “A
financial feasibility evaluation of using
evaporative cooling with air-conditioning
(in hybrid

mode) in  commercial

buildings in  India,” Energy  for
Sustainable Development, Vol. 17, pp.
47-53, 2013.
M.  Wakil Shahzad, M. Burhan, D
Ybyraiymkul, S. Jin Oh, K. Choon Ng, “An
improved indirect evaporative cooler
experimental investigation,”  Applied
Energy, Vol. 256, pp. 113934, 2019.

D. Bishoyi, K. Sudhakar, “Experimental
performance of a direct evaporative

cooler in composite climate of India,”



158

]
a

2158153V INISHALIY UNT.WISUAT 1Y INemIansuazinalulad Ui 18 avuil 1 (2567)

Energy and Buildings, Vol. 153, pp. 190-
200, 2017.

S.A. Nada, A. Fouda, M.A. Mahmoud, H.F.
Elattar, “Experimental investigation of
energy and exergy performance of a
direct evaporative cooler using a new
pad type,” Energy and Buildings, Vol.
203, pp. 109449, 2017.

J. Chua, W. Xu, Yijun Fu, H Huo,
“Experimental research on the cooling
performance of a new regenerative dew
point indirect evaporative cooler,”
Journal of Building Engineering, Vol. 43,
pp.102921, 2021.

P. Patunkar, S. Dingare, “Performance
flow indirect

investigations of cross

evaporative  cooler,”
PROCEEDINGS, Part 11, Vol. 47, pp. 2915-
2918, 2021.

D. Pandelidis,

Materialstoday

A. Cichon, A. Pacak,
Anisimov, P. Drag, “Counter-flow indirect
evaporative cooler for heat recovery in
the temperate climate,” Energy. Vol
165, Part A, pp. 877-894, 2018.

D. Pandelidis, A. Cichon, A. Pacak,
Anisimov, P. Drag, M. Drag, W. Worek, S.
Cetin, “Performance study of the cross-
humid

flow Maisotsenko cycle in

climate conditions,” International

Communications in Heat and Mass
Transfer. Vol. 115, pp. 104581, 2020.

H Kim, S Ham, D Yoon, J Jeong, “Cooling
performance measurement of two

cross-flow indirect evaporative coolers

[13]

in general and regenerative operation
modes,” Applied Energy. Vol. 195, Pages
268-277, 2017.

AE. Kabeel, M.
Sathyamurthy, T.

Abdelgaied, R.
Arunkum,
“Performance evaluation and parameter
sensitivity analysis of a membrane-
based evaporative cooler with built-in
baffles,” Applied Thermal Engineering.
Vol. 208, pp. 118228, 2017.
R. Tarig, N. Ahmed Sheikh, J. Xaman, A.
Bassam, “Recovering waste energy in an
indirect evaporative cooler — A case for
combined space air conditioning for
human

occupants and  produce

commodities,” Building and
Environment. Vol. 152, pp. 105-121,
2019.

Y. Wan, Z. Huang, A. Soh, X. Cui, K. Jon
Chua,

“Analysing  the  transport

phenomena of novel dew-point
evaporative coolers with different flow
configurations considering
condensation,” International Journal of
Heat and Mass Transfer. Vol. 170, pp.
120991, 2021.

S. Hossein Elahi, S.D. Farhani, “Increasing
cooler

evaporative efficiency by

controlling water pump run and off
times,” International Journal of Heat and
Mass Transfer. Vol. 127, pp. 105525, 2021.
T. Theamtat, “Modeling and analysis of
a hybrid evaporative cooling vapor
Thesis

compression  air-conditioning,”



[19]

RMUTP Research Journal Sciences and Technology, Vol. 18, No. 1 (2024) 159

MEng. (Mechanical and  Process),
Suranaree University of Technology,
Nakhon Ratchasima, 2019.

C. T’Joen, Y. Park, Q. Wang, A. Sommers,
X. Han, A. Jacobi, “A review on polymer
heat exchangers for HVAC&R
applications,” International Journal of
Refrigeration. Vol. 32, pp. 763-779, 2009.
R. Boukhanouf, O. Amer, H. lbrahim, J.
Calautit, “Design and performance
analysis of a regenerative evaporative

cooler for cooling of buildings in arid

climates,”
Vol.142, pp. 1-10, 2018.
2001 ASHRAE Fundamentals Handbook

Building and Environment,

(SI), Chapter 6: Psychrometrics, 6.1-6.17.

American Society of Heating,
Refrigerating and
Engineers (2002), Atlanta.

S. Thiangchanta, T. Anh Do, P. Suttakul,

Air-Conditioning

Y. Mona, “Energy reduction of split-type
air conditioners using a pre-cooling
system for the condenser,”

Reports, Vol. 7, pp. 1-6, 2021.

Energy



a

160 21581539 158aL T NS WIEUAT A1Y1INermansuazinalulad U9 18 aduil 1 (2567)

ANSWAIUINANA N NRLULAMAUNULT 912 InaT12ide N

ngn g’ Uy vienes! lasen wualan' uay clfiduma wisygusilune®

'aginunsmansuazmalulag unningrdewalulagsvusnaday Ineunasuns
? apgIngnAanskazmalulagnsinuns uninedemalulagsyianaaiuun an
145 vy 15 duaueniiles suneiiles Jminguns 32000

?41/1 vy 7 auunvialedu sualueu gunailes fmianin 63000

SuunmIIN 26 nnIAN 2565 Uilvuvaain 7 duIps 2566 HaUSUUNAIIN 5 I 2566

UNANYD

nslutsrnlnaamieant (Purple waxy com flour: PWCF) naunulfi o3udanann
waziiunuAIMsasoslnfusdadunviulon Tnsnauny PWCF #as1aau 3 sedu fe seuay 15,
30 waw 45 Wisuiisuiugnsaaunu (sevay 0) wuan Arwduvesrsiuloafifinisiiu PWCF ¥ 3 sedula
wanasegiifedidmeada wanisanyamuauilufinisids PWCF (p>0.05) wnsgislsAniunisidy
PWCF Se8as 30 éqma‘[ﬂ;f-ﬁﬂﬁajmfmﬁu%u WU Sevay 63.24 u,az‘d%mmai’wwaqmiwqmﬁu 9 Envee
(WU seEas 1.85) uanannisnaLNy PWCF souas 30 fnarilnannnuiduduns (a%) wazaaanuudud
Wide (b%) Wiudu (AU 6.08 way 10.49 audsu) Wothudnsummiuloamauwny PWCF sovay 30 1
$nwn a gaungdl -18 esrwaidea Luan 28 Ju Wisuiiisuiugasaiuay WU WanSumrlamauny
PWCF Seeae 30 ﬁLLu%IﬂjiJﬂﬁLUgEJ‘L!LLUa\‘lﬂmﬂ’]W e hwmm%mju mia?mjﬂ wasU3uImssunnERINT
gnsAIUA uammﬁmémﬁm%wﬁﬂmﬁgﬂmmeﬁyw PWCF Sevay 30 awmalviiusunaesnussnouniaed]
Taun Wsiy Wele 11 wazdSmamsuoulnleeniu (sevay 3.45, 7.50, 0.61 uar 7.35 Jaansu Awev)
?iaﬁum‘[ﬁuqqnimﬁu‘[mqmmuquﬁﬁmwﬁﬁu so8az 2.52, 6.50, 0.44 uag 0 Hadndy suadu lawd

o w

o ' Aw aa
ﬂ’J’mLLﬁlﬂm’lﬁﬂuaﬂ’muu&lﬁ’]ﬂmﬂ’mﬂﬂﬁ (pSOOS)

Aadgy : Kandammiulen; wemlneuramdeant; woulnlsendu

ada &

* giawususzarueru ns: +668 7575 3966, lUswaldaiannseing: natwalin@rmutl.ac.th



RMUTP Research Journal Sciences and Technology, Vol. 18, No. 1 (2024) 161

The Development of Mantou Product Supplement Purple

Waxy Corn Flour

Nittaya Phungam' Buncha Hothong' Soraya Phoonsawat' and

Natwalinkhol Settapramote®*

'Faculty of Agriculture and Technology Rajamangala University of Technology Isan Surin Campus
Faculty of Science and Agricultural Technology Rajamangala University of Technology Lanna Tak
1145 Moo 15, Nok Mueang Subdistrict, Mueang District, Surin Province 32000

241/1 moo 7 Paholayothin road , Mai Neam , Muang, Tak, Thailand, 63000

Received 26 July 2022; Revised 7 March 2023; Accepted 5 April 2023

Abstract

The replacement of wheat flour with purple waxy corn flour (PWCF) in mantou product at
three levels, 15, 30 and 45 % was compared with control (0% PWCF). The results demonstrated that
the moisture contents of mantou product with varying amounts of PWCF were no significant
difference but were different from control sample without PWCF (p>0.05). However, the addition of
30% PWCF to mantou product resulted in an increase in water holding characteristics (63.24%) and a
slightly higher specific volume than other formulas (1.85%). Additionally, 30% PWCF replacement
resulted in an increase in redness (a*) and yellowness (b*) values (6.08 and 10.49, respectively). When
the mantou products were stored at -18 °C for 28 days, it was found that the 30% PWCF replacement
mantou product tended to change in qualities such as texture (springiness), water holding
characteristics and specific volume. In addition, mantou products that were replaced with 30% PWCF
and control sample were significant difference in chemical components, such as protein, fiber, ash,
and anthocyanin (p<0.05). The protein, fiber, ash, and anthocyanin contents of mantou products with
30% PWCF were 3.45 %, 7.50 %, 0.61%, and 7.35 mg, respectively which were higher than control
mantou product (2.52 %, 6.50 %, 0.44 % and 0 mg, respectively.

Keywords : Mautou Product; Purple Waxy Corn Flour; Development
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Abstract

The objectives of this research were to formulate sweetened condensed rice milk from Rai Dok
Kha Phang Nga rice by studying the ratio of rice to water in a rice milk-preparation step, to study the
suitable amount of Luo Han Kuo powder used as a sweetener for sucrose substitute, to study the
appropriate amount of supplementation with rice protein powder, and to analyze nutritional values of
sweetened condensed rice milk product. The sweetened condensed rice milk obtained at each stage was
evaluated for quality and statistical analysis. From the experiment, it was found that a ratio of crushed rice
mixed with water affects the concentration of the product. From the results of sensory evaluation, it was
found that the preparation of rice milk using Dok Kha rice mixed with water at a ratio of 10:40 received a
higher preference score than using the ratios of 5:45 and 15:35 (p<0.05). The use of Luo Han Kuo sugar
powder sweetened replaced 30% sugar resulted in the product having a higher preference score than
substitutions of 40% and 50% (p<0.05). By adding rice protein powder, the sweetened condensed rice
milk products had a lighter color. The viscosity was higher, and panelists rated the sweetened condensed
rice milk product fortified with 4% rice protein powder more highly than those fortified with 2% and
6%.(p<0.05). The developed sweetened condensed rice milk product consists of 46% Phang Nga rice milk,
35% granulated sugar, 15% Luo Hang Kuay sugar powder, and 4% rice protein powder. The 100 g of
developed sweetened condensed rice milk was 215.66 kcal with a protein content of 3.03 g, 0.82 g of fat,

49.04 g of carbohydrates, and 8.88 mg of anthocyanins.

Keywords: Rai Dok Kha rice; Sweetened condensed rice milk; Immitation milk; Monk fruit
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Abstract

The purpose of this article review was to compile contents and factors which affected the
spheroidizing process, carburizing process, and carburizing process followed by the spheroidizing process
for utilization in industrial, and academic matters. The findings of this study revealed that there were many
methods for the spheroidizing process with the most used process being used with the cycle temperature
at slightly lower and higher A; temperature. The number of sequences of increased temperature found
lishter cementite which had higher ultimate tensile strength, yield strength, and percent elongation. The
essential factors in the pack carburizing process were composed of types of charcoal, catalyst,
temperature, and time. The best charcoals to extend carbon were from eucalyptus, tamarind, the
rootstock of cassava, coconut shell, and bamboo respectively. The study showed that calcium carbonate
(CaCOs, commercial-grade) was the best catalyst along with the catalyst in calcium carbonate from nature.
The temperature and time in the process affected carbon diffused to sample well, increased hardness,
and reduced the efficiency of impact. Moreover, spheroidizing was used after finishing carburizing process,
discovering the cementite network where the surface changed to a sphere shape but with the properties
of toughness and elasticity still high. After carburizing process, the sample had increased hardness but
after the spheroidizing process the hardness decreased. Time studies showed that a longer period in the

spheroidizing process, led to lower hardness and increased impact.
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