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ARTICLE INFO ABSTRACT

Article history: The aim of research is study the effect of sterilization process on
Received: 9 August, 2019 physicochemical properties of lotus leaf wrapped rice in retort pouch
Revised: 18 September, 2019 product that were sterilized at 121 °C for 15, 30 and 45 minutes
Accepted: 30 October, 2019  respectively. The calculating of F value (Fy), moisture content, water
Available online: 6 April, 2020 activity, color value, color deference, hardness value, sensory evaluation

DOI: 10.14456/rj-rmutt.2020.1  and total viable count were determined. The result showed that the F

Keywords: wrapped rice, value (Fy) of retort pouches sterilized at 121 °C for 15, 30 and 45 minutes
lotus leaf, sterilization, are 10.9, 19.7 and 42.1 minutes consecutively and total microorganisms
retort pouch were found < 10 CFU/g, which is in the safe criteria for consumption. No
significant color value (L%, a*, b*) was found in each lotus leaf wrapped
rice in retort pouch product (p > 0.05), while the color difference (AE¥)
was increased from 1.42, 1.84 and 2.48 with product sterilized at 121 °C
for 15, 30 and 45 minutes respectively. It was also found that the
hardness value of all lotus leaf wrapped rice in retort pouch product were
a significant downward trend (p < 0.05) when increasing the heating time.

Including, after heating process the moisture content and water activity
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values were presented between 62-66 %wb and 0.87-0.92, respectively.

The lotus leaf wrapped rice in retort pouch product were heated with

microwave before consumption, indicated that most consumers are more

satisfied than not heating.
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Toyar L* a* b* Ailainninsesindiiudazaniig
NSNAdDY (NaUNAERaINITAITONTEEEIAIAS &)

LNANUIUTIANANLLANANA LA LT IUAIBANNITN (4)
* * *\ 2 * *\2 * *\2 1/2
AE* = [(Ly — LY)? + (ag —a*)? + (by — b*)?]'* (4)

189 AE* A8 ANAINUBANANNELASIY

soapby Ao Aawadne A dudnasiazen
AN dudvasuaanan sl
ASEUIUNTELTD

L*,a*,b* @8 ANANEI19 ANAUDUELAT wazan

A fudindeowdndua iy
ﬂizU’mﬂ’li%ﬁL%@ﬁﬁﬂ?’J%ﬁﬂﬂ

6. ATAIULTI NAABUAIAIILLT IS

nanfasidveluthineniesiadoduda (Instron

Universal Tester Machine, Model LRX Plus, UK)
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m1135n15nALUU Back Extrusion A1l 8 ulaidu
AMuudavesieaeslunilgvosidafiy (19)

7. MIvadeusTAuAMLianelavefuilan
(Sensory Evaluation): nadsuAIuNInalane
nandaaitvieludIfuIlnadiuiu 30 au laeds
Hedonic Scaling 9 point @ 98 9 Avwuy Lo wn
1 waneda ladveuninegneds 2 waneda ligeuuan
3 mungda ldveuuiunans 4 vianeds ladveuidntios
5 MUN89 1aY 9 6 NN YeULanties 7 vunel
YaUUIUNANE 8 NUIUDY YOUNIN WAy 9 RUNDS
gounneg19d e (20) Tnevinisuszidiunislszam
Fuifalugnu § ndu sa nsuenfvesudn Anuuds

AUl dnuazUIsng wazANYeUlagsIw
MsuATITTeYa

1F1UsUNTUABUNILABS ILASIEU AL
wUIUTIUNMGLAYT (One-Way Analysis of Variance
(ANOVA)) 15 fUmuuAnsamIeani 95 % uazi
n1s3suiisuAed onuisves Duncan New’s

Multiple Range Test (DMRT)

Nan1sAnYILazaAUsI9Na

INNISANWINAVDINTT IR AIUS DUTEAU
awoslsdronmsasundasEutiniamenmuaziad
vosdnfuntweludluussduninesnmg lag
wUssvozanluniseinde 3 seeu ldun 121 °C W
a7 15 min 30 min Wag 45 min MUY 19T Lavin
nsnedeun1sasunlasausinisnienimuasiad
Yoananfuaid1veluth Iaun YSurmauiuy
Usinaiidase and Aranuuansnsvesdlagsau An
ANUKDY NsnadeusEAUANianelavesiuilan
uarUSundunadiaesn nieusummen F,
YBINTLUIUNITWIANTOU HANITNAGBULAAIAIY

7 1-6 WATAI5199 1-3
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Havesn1shinausousiensiaeuutaseamgiuas
MIAIMINUNIN F, Younaniasivvielutaluussy
Aursnasing
nMsiianusouseavaweslsdndnso
Frvislutaiigaumgil 121°C Wunan 15 30 uag 45 min
puEIRy WU IN3UT 13 uanaTzeLIIRauLs
Gulsirnufeusunseyiaigamail 121 °C Thaan 60
45 way 50 min MUEIAY 1 0d ugAnIEUIUNIG
wuin 1iaa19ied 90 110 wag 130 min My
n1snageukansliiudtgungdvesndndud
uansinangamgiinielunsiosindeusyanu 5-6 °C
PNNTAUIUIAT Fy 11875015084 30 Patashnik’s
Method (15) uanssaguil 1-3 wuiniigamagiilunns
ginide 121°C Wuan 15 30 way 45 min Tan Fo
whifu 10.9 19.7 waw 42.1 min sy silaandi
ldrnnasAuIumal Foiduanieuwiives
UsgAnBnanisanide u guvgfidneda Ae 121°C
(250 °F) vasanszuumsRausnInfiugnmgd ns
AIDNANI LavNITang Ul ﬁqﬁgumﬂgﬂﬁ' 1-3
WU LaveInsEuIuMedeuliviiudsdmasie
A1 Fy Auananeiu Tngd Fy ilda1nnisnageu
\uluaasemaveansgnssansisaguiliivuely
onslumuuzussglaadnuasiirnudunsasidios

KNI WY 8% Fy L1031 3 min (21) 37AnS

v
[

NAFDUMIAT Fy V099138 d0AAR DN UNARATUATT
‘UﬁzLﬁuﬂmmwma@éuﬁéﬁy’ammaawamﬁmﬁ%"aag}
Tunasifivasadsdmiunisuilaadeiaglfamean
Tutidedely Wofiansan F, vewmdnsudianen 7f
anwaslndiAesdy Wy 11gh waz F5uns (12)
518913158 Un158 18 o1 9n15A A (Fy) ves
wanfaumlinnieuuilnnussginesnmndfivanzan
wazUannsesion15uslnAAe 4.02 min wenw (13)
wud1 nssndeUaysdiluussadusiinesnimng
i 121 °C waan 30 40 waz 50 min AN Fy Wiy

7.7 8.8 hay 12.1 min #ua19u Thakur and Rai (14)
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IpAnwdNaAIasvAanluussataeisies oD
wud Mssdeiinamall 117.67 °C unan 22.4 min

191 F, 8.7 min tag Nalini et al,, (22) s1897u526U

— - — Product core temperature

Retort temperature

140 4

Temperature (°C)

Asedeivasndunanisusinananduetansnine

Tuussgiaeisvesmnag Ae 7.2 min Judu

Fy-value

0 10 20 30 40

50 60 70 80 90

Heating time (min)

UM 1 dnwaienisinemanuseukazan Fy veadndnaidnveludiluussaduaisnesnmdseninms

snFeNgumail 121 °C 13a1 15 min

160 - — - — Product core temperature [ %
140 - Retort temperature s
----- F -value r
120 A T e T T -
_ r 30
& 100 A
= L
g 25
T 80 - 73“
s N F20 2
f o | )
i - 15
a0 R
A r 10
20 - . S
0 T T T = T 1 ! ! ‘ 0

60 70 80 920 100 110

Heating time (min)

JUN 2 dnwagnsiemanudeunaze Fy vesdnduridrvisludiluussadusisesnndseninnisenie

ﬁqmmﬁﬁ 121 °C 1381 30 min
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160 — - — Product core temperature

140 - Retort temperature

F-value

120

100

80 4

Temperature (°C)
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- 45
ST F 40
- 35
F 30

25

r 20

Fyvalue

r 15

r 10

r5

0 10 20 30 40 50 60

0
T T T T T T
70 80 90 100 110 120 130

Heating time (min)

3UN 3 dnuvagnsiemanudeuuaze Fy veswanduriirvieludiluussadunisnesnindseninnsenie

Migaungdl 121 °C 13a1 45 min

HAYDINTEUIUNITIIAIIUTOUS 0N ITIUAE UL UAY
auuanNnIenINLazAdvasAan 9T 1IvialuTa Ty
UsTgAIITNOININIY

o

A <) [ = [ = 1
Adduldudadeniavesnissausunsely

gausuvesguslandendndudioinis aaduly

[% |

nszvaunsnantvielutaluussydusisnesmnng

u&’ﬁuu

Jsmtstadadeililududunsng lngauideyinnisin

v

AdandilundndueidvielutinsIunsYen

a

REVRZFARN

9 Y

121 °Ciutaa1 15 30 way 45 min
AINSITY Wanafan19797 1 wusn ArANang (L)
veetveludinnaniignisnagay LLW-control
LLW~(121-15) LLW-(121-30) wag LLW-(121-45) a8
Tudas 3.15-35.52 Faaglunduideudiandn uas
lanuANuLANA1INSEdA (p > 0.05) WuLReiuAT
aududinies (0% flinuanuunnd1amiada
(p > 0.05) nnan1zn1INAgeULarliA1agluYI9
21.02-22.89 ag1alsAmunuinarnududune @)
fuwildufintudndosegeiveddynicada
(p < 0.05) A1ndr08198 19t luT A ldr 1w ST
AuSeu (LLW-control) wazifiuvialunisliainy

Soutdu 1530 4@y 45 min A1ua1aU il

fIITUIAIFLUULENTALAITIAT L* a* b* 89
ndnAaisnaeluthldnunisildeunlaegi
FarauiiesandaiitiuindandnSaadnisuay
paniadrfuiheeaUssaiiidroutangn faduile
Wrunslinudeusenaifiunnmsiuiddidiuna
mMsdsunlasrndetedneau wiannsiaseen
AMULANATIALABTIN (AE®) VosnAnAuaid1Ive
Tuthluussaiasisnesmmd wuin maiiunadlu
A5t A NS BUaN 15 min (LLW-(121-15)) 1Ty
30 min (LLW~(121-30)) wag 45 min (LLW-(121-45))
1A AF* Wfiudiuann 1.42 1.84 way 2.48 ANUAU
WewssuifisusuaidaesmdndmeidildniunasTy
Audeu (LLW-control) tamunsanuinnislia

¥ U a o (3

Soufundnduaiunududanalrandlnesiulusianien

v v
° =

aflaanuaduntu oraiileswnanludigead
drunanvening Welduanudeulunaiiuiuiy
wliAnUfAs e N Aedthea a3edananduunn
Fu denndosfu Bindu et al. (23) uaz ngnw (13)
AuansliiiuitAanuunne1sdlag siaewdnioel
\ovosuasUamsudumiousuussniuluussg o

INSMWDLRLTURAIIINHIUNTNTe Majumdar
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et al,, (24) WU A1 L* b* way a* YosuAnN LN

'
a

neluussaduainesnmidlaniugaduion F

v
o

Windu Meiliineinufisenisiinddiniadadu

Ufsenannisildsundamaniivedesdlsenay
YRI9INITIENINNUINNAkALNSABYAlY Tnuinty

YULNDNTHIUAILS U (25)

M19199 1 WisuiflgunsidsuuUasidvedndusitrvielutiluussydadisnesmnidnousasmaanise

WasLAUALNDS LS

Process treatment*

Parameters
LLW-control LLW-(121-15) LLW-(121-30) LLW-(121-45)
L* 35.38+1.80° 35.52+0.99° 33.60+1.33° 34.1520.13°
a* 9.12+0.55° 10.11+0.84° 9.72+0.21%° 10.17+0.15°
b* 21.02+1.89° 22.02+1.79° 21.12+0.98 22.89+0.87°
AE* - 1.42 1.84 2.48

* ALRAYAINASNAADS 3 91 (ALade+SD.)

® Frwsiunnaeiulusaafsanuiinuuenaeiueg 1ldud1Adwmneada (P < 0.05) Weawssuiiaulay DMRT (mean + SD)

Inefmuali LLW-control Ao 91velutafiliriunislianuseu ; LLW-(121-15) fis dravieluthluussadasisnasnmad

frunsliaueusigamadl 121 °C Wwaan 15 min ; LLW-(121-30) fe dnavieluthluussystasinesmimdfiniunisli

anuFeuiiguuail 121 °C tunan 30 min ; LLW-(121-45) &

gaumgdl 121 °C \Juvaan 45 min

MnmsnadeUmLLlwtednvaladua
vosmanssitvelulluusTdueinesnndnou
LLawé’qmiahL?gameﬁ’qgﬂﬁ 4 FaAnaruud e
wunlinanaseg1alidedAgyn19ads (p < 0.05) nag
drumslienudeulaenuin drvelutfiliuiunis
Tiaiudeu (LLW-control) TA1 A2 11w ssrniu
28.18 N Lazanaainfiu 9.93 N wag 8.12 N d sy
Frmieluthluussatasiinesmmdiiunsliai
Souilgangil 121°C Wunan 15 min (LLWA(121-15))
war 30 min (LLW-(121-30) a1u&1§y wail o

o w

2 annzildnumnunansneg1eivedAun1an s

o

v v
~ =

(p > 0.05) antuiinatluntsenaeuIududu
45 min Nauniitas (LLW-(121-45)) wuia1aIy
@ ] a o w aa 1w
udsanaso il ded1Ayn1sads (p < 0.05) AU
4.55 N WipthundSeudisunanlanuusunamninuay
wuindulvlufiammsstudunanadeui 4 lny

ANuuveIteludaluussyiudinesninigdl

8 d1vieluthluvssadusisvesmmdnniunisliaudoun

wualtnfintusehedldeddymeedn (o < 0.05) 7
50 9%wb. dmSutveluthfilliiunsTiaudou
wazaudUluTe 62-66 %wb. dmsudsielutily
Ussyi eI g unstimuseuiionmyd
121 °C Wuwan 15-45 min Habsmenafiviuguly
mslianudousiavitliianislasuudaddaseadng
meluluanaveadauta uazdwali Wouduinnis
WasuLUaI§ N BsININI8AINASELIUNISTIE BN
1987 ludieduy LﬁaLﬁmmm%auqa%mumwwﬁm

' v

WNTUBE1959AL5 T oL AT L ANN1SNE IR UE

agsgauaziinaumilngsiigadaudeiazunnaen

1

-2

Felalanansofuanmld uazarmduiifind udamaly
dedudaiidnuusyutuvioranuudanas nans
NAEDUADAAR DN U Leelayuthsoontorn and
Thipayarat (26) waz lase1 wazane (27) fieemin
nawargauminliiuiisgninenimedesane

anwaiziledula LagUSinaANNIUMaINITI
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--8-- Moisture content (%wb) [ 100
- 90
r B0
Q0
-0 3
60 B
g
- 50 £
(¥
r 40 z
E]
2
- 30 2
=
r 20
r 10
0

LLW-control LLW-(121-15)

LLW-(121-30) LLW-(121-45)

Treatments

JUT 4 Wisuiisunsildeundasaimnuuduazanuiivvesdndaridiaeludiluussydusisnesmnig

ARULATNAINTUTBTEAUAMDS LS

o v a

b FrwsiuanansnulunsazaniiznegeviiniuwanasiuegreiidedAgdmieada (P<0.05) WeiUssulisulay DMRT

(meanz SD)

Tnafmualii LLW-control fie dhasteluthitlainiunisiinnudon; LLW-(121-15) fe dravieluthluussydusisnasnandy

iun1slinufouiigumadl 121 «C Wulaan 15 min; LLW-(121-30) Ao dravielutsluussydusisnesmmidfiniunisl

anuFoufioamg 121 °C 1uan 30 min; LLWA(121-45) fie dravielutaluvssydasizvesnimdiiiunisliniusoud

gaungl 121 °C 1urian 45 min

ANUTULaEUSINNdasEiinasenIsIEeu
Hevesemisiaganizn1sdeulduilonInadunid

o & oa a H I P
E]rWﬂTVlllﬂ?qmsﬁuwiaﬂimqmuqaﬁf\]gLU‘LJE]”I‘W'T]TV] bdod

a0 =

deodraiosndaneflimunzaudenisiadgues
Qaunsdvinliemsidenids Snvsannutuuay
Vnanhdasyiinaseautimemenmuazau Ui
Audauretmsiusie dans 2 dadeiiiaay
aenndeafunansfaguil 5 1unsuisuiiivunis
WasuwlasAinaudunazUsuianidasyves
nandaeitveludiluussyduansnesninidnou
wazndanmsendesivameslsd Tudunsyuaums

o I3

NAANEN AU

U a1 v

TadudhAnyBesionnn1nnisegnued’ wavasnaly

F1teluth nuin Ysunaenududu
fansgeusuveuilng LleRInNmInAINTUAIRY
danalimiloduiavasinasuinawdsazlunimsatu
Daumnanurugsninullagylilleduiavesdn

warldursuusenu YSunahdassuandeusunanin

Tuewns Sedwmaliormafnnindeudeldine sl
ihiifleglumsusiaziiadnisafnoglulasaadng
videluianavesasdu 9 Mudmuuszneuvesens
TugUuuy wazaruudaussiaiy sudeSunudily
o vnsinadonsidendsveandn fusiiidosnin

Auvsdanunsaasylaatuemnsfinutiugs egels

D D)

AUAINUTENIANTENTNASITNAY (AUUT 355)

W.F1.2556 nainANUSanaiaase (Water Activity)
aivazdiAuinnin 0.85 Fsaenadetuau’
WU Usunaindasruewwanfagidiatelutly
vssyAusiIvesnnddliiunislianudeu (LLw-
control) Ay 0.80 wariluualtuiiuduegned
HedAgyn19ada (p < 0.05) Tuyae 0.87-0.92 dmsu
Frmeluthluussgiusive g unislianu
%Jau'ﬁ'qmwgﬁ 121 °C 1 Jutan 15-45 min @ennaes

AUNUITeVRY 0T wae naana (11) Anwiimun
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v v
s o

ussyduandinInalssanesuesukazdInin  AvUSuawindasy (a,) s¥wing 0.88-0.89 ua

a ¥

nrasldmsouuslaalunivurussgUaainnuitli - 0.84-0.86 anudnsu

100 oisture content (%wb) --®- Water activity (a,) an - 1.0

90 - 0.9

—~ 80 7 - 0.8

£

g 70 7 T
= 60 o L o =
_ - s
c 50 0.5 2
g (7]
o 40 - 04 _
Z
é 30 03 2

20 r 0.2

10 1 - 0.1

0 0.0

LLW-control LLW-(121-15) LLW-(121-30) LLW-(121-45)

Treatments
3UN 5 WisuiisumadsuuwlasnamnauiaslSinanidassvesdndaeidrvislutiluussadaeisnesmmnd

noULATVIR IS NTBsEAUARDS b5

o N

» Fnustiunnarsiulusiazannznsmageuiianuuanasiuegiefidedfaybmeadn (P < 0.05) Wewssuileulng DMRT
(mean + SD)
Tnefmualst LLW-control fie 41sieluthitldsiunislimnuden ; LLW-(121-15) fe %ﬁuﬁ@iuﬁﬂumiﬁ;ﬁm%’%‘m%mwasﬁ'ﬁ'
runsliienufeuiigumgll 121°C Wunan 15 min ; LLWA(121-30) fie $1ovieluthluussydnsisvesnmndiriiunisly
mdeuiigumnd 121°C Wunan 30 min ; LLW(121-45) fe dravieluthluussiasiine smmdiniunisiiauoudi

gaungll 121°C Junan 45 min

v
o

M15197 2 Wan1sUTBEUAMNIMNIAUNE SN mNaveINandaadvelutaluussiueiinesimdnou

LAEVAINITANTDTEIUALN DS bsd

*G79819 Ysuauqdunidlaesiu (CFU/g)
LLW-control 10
LLW-(121-15) <10
LLW-(121-30) <10
LLW-(121-45) <10

Apeinualin LLW-control fia d1avieluthnladeiunistimnuden ; LLW-(121-15) fis dravieluthluvssdasisnesnimng

frunsiaudeuiigamail 121°C Wuan 15 min ; LLWA(121-30) Ao dravieluthluussadusisnesnmndiiniunsti
auFoufigamgil 121 °C Wuaan 30 min ; LLW-(121-45) Ao d1avieluthluussydusiznesmimdiiiunisiininuseud

gaungl 121 °C WUuiian 45 min

n1sndnemsiiensuilaa dmilides  wdndaeindadaeidrvieludiluussiaeisnesmnng

v
o =¢ [

Ails Ao AnuUaeadevewuslna Awuddedds  Bdvinan1snnaeianisnei 2 nan1suseiiiy wudn

Aeeitn1snaasuUsuiuqdunidlagsiuniiegly  YTunadunidlaesinlundnduandivieludaly
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vssfuaiEnesmmddeunisendelianvify
10 CFU/g uazanas < 10 CFU/g nasnstiainusou
seduszAvamoilsdlunnaniiznisnaaey 9
Usuuqdunislassivanasegluinausifiaiunse
vilnalaegravasndy 81984laanu1nsgIuniy
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WNIPIUYRTIAINUTTY UM Uz Uaaiin 1rdinng
Yuleou vasgdunidnavunladiiy 1x10* 1alail/

f19819 1 N3 UALUIENIANTENTIAEI1TUAY

N ¢

(@UU7 355) W.A.2556 fnunduvsenasyaulale
Taliu 1x10% Yaladl/faeg19 1 sy Tuormslunvue

U559 Unaiin

M99 3 andinameninveandnduenitrvieludiluussadueisnesmnidneu (LLW-(121-30)) waenas

Tiausaumelulasiin (LLW-(121-30)-Heat)

Color value

Treatment Water activity (a,) Hardness (N)
L* a* b*
LLW~(121-30) 33.64+1.33 9.73+0.21 21.12+0.98 0.89+0.01 8.12+0.36
LLW-(121-30)-Heat = 31.26+1.25 9.83+0.43 19.69+1.01 0.91+0.01 6.39+0.41

* AURAYINNITNARDY 3 T (ALREB=SD.)

Tneriuuali LLW-(121-30) Ao d1avielutiluussadaeiivesnmndinmunislianudeuiinumgi 121 °C Wuaan 30 min;

LLW-(121-30)-Heat fia d1avielutaluussydasiavesnmndiiiunislinnufouiigamall 121 °C {@uvian 30 min uagl

musaumelulasnnneunisusiae
seaunuinelvvesguslnaiidnenanineidrive
luvanieirusazlueaunisivnaiuseugglulasian
naunIsUsineg

Mndunsun1sEnTeta 3 anagnis
VAHOUNUIFIDE19 LLW-(121-30) Aeugiinagliien
Fo fnnninnaeinnsgiuemsiunivuzussqla
advuazfirnudunsan wiidlevhanfionsantusy
HANIINAFBUNIINIBANLALNITFBNAlABIRNISA
Auude warautu nuilinudnuuzifuos
wiatuenduwdalivay subdmuszneudug
yasimeluthauysallifuuazudasuiuly il
nagouNIaUnIdnuIUasadedmiunisuilan
Feuddldinluneaeuluiunousiely

lun1suslaandndueidvieludnluussy
Faustivesnmdannsauilnaldfiluguuuunsly
anufaumelulasianneaunisuslaa (LLW-(121-
30)-Heat) waglsisunisiinnusou (LLW-(121-30))

wianalaindnguudasulssnuiuil egnslsfnu

'
o

Waiasaunan1suseliuseaumufianalaves

[

HUSTAANUYG 2 @N198NNa13uInuUINNISLiAINY

U

1% v

Souselulasifundnsusineunisuslaaduding
welavesfuilanunninuanafaguil 6 Geagldngn
s1vazBundeld Heillileneaeuautiniinienin
LARIFINNSIER 3 WU L* a* b* wazUSunani
Sasy (a,) Ve 2 annedarlndifssiuluvasdian
AnuLdeunlduanaiain 8.12 N Wy 6.39 N #1389

v
a o 3 o= £%

NAR AU TS NYLULTULAL @A DI Y

q

sAuAzkuuAIinalavasuslnanileud1viely
Faifiauyuiinnii
JunouniaidAgylun1SHAnNARA U Ao

naadeuanufienelavesiuiln deuemiaded
Jeinsidseuiiguanuiianelaveiuilan veq
wanfausitvielutiluussasamizne snmd s
nslianudeufigunadl 121 °C 1uan 30 min
(LLWH(121-30) fludmvisludaluusssumisvesnnng

MeumsirrnuSeuniaamgd 121 °C WWuaan 30 min
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warlviausoumelulasiannaunisuilaa (LLW-
(121-30)-Heat) lng#iarsanainainuianalaves
Fuslnadiutu 30 Au AsziuAzLLUgIEn 9 AzIUY
Tugu & ndu sa mMIuendvesiuda Auuds A
witled anvauzUsing wazauvaulaesiu lvinanis
naaouLanafaguil 6 wuin nnsliadueudu

nandnat1vieluiiluussyduesnesnnidnou

—&—LLW-(121-30)-Heat
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nsuslan lrsgauauiianelalusiulusiu @
ndu sa nsuendveudn auuds anumien
anwauglIng wazaAuveulagsIy Wiy 7.10
7.06 7.23 6.47 7.33 6.63 6.90 thaz 7.30 ATUA1AU
FaganinudnAnsifliriiunislinuieudeunns
u3lanflie1sinfu 6.83 6.97 6.50 5.70 7.17 6.40

6.67 WAy 6.87 AIUAIAU

— & | W-(121-30)

Appearance
8.0~
Overall C TS )
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Article history: Photoelectrocatalytic techniques have been developed for the
Received: 2 March, 2020 removal of widely contaminated organic substances in the environment,
Revised: 19 March, 2020 especially the development of semiconductor film preparation on the

Accepted: 23 March, 2020 electrode substrate. The main objective of this research is to develop the
Available online: 6 April, 2020  preparation of WO,/BiVO, thin film on conductive glass (ITO) for application
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photoelectrocatalytic, WO,;,  and then calcined at 500 °C for 30 min. The second BiVO, film layer was
BiVO,, electrodeposition immobilized on the MTO/WO; surface using a dip coating method and
method, dye degradation calcination continued at 550 °C for 1 h. The optical properties and

electrochemical resistance of the fabricated [TO/WO5/BiVO, electrode were
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examined for use in oxidation of water solutions. The [TO/WO,/BVO,
electrode was applied to the removal of organic dye under photocatalytic,
electrocatalytic, and photoelectrocatalytic mechanisms. We succeeded in
preparing the TO/WO,/BVO, and understanding its characteristics and
photoelectrocatalytic activities. We can confirm the absorption properties in
the visible light, and the bandgap energy value of WO; and BVO, of 2.8 and
2.4 eV, respectively. We found that immobilizing BiVO, on the WO, layer
significantly increased the efficiency of the electron transfer rate at the
interfacial electrode/electrolyte surface. Importantly, it can confirm the
effectiveness of the removal of organic dyes in aqueous solutions under the
PEC mechanism, which was 4 and 10 times higher than that of
electrocatalytic and photocatalytic mechanism, respectively. This research

can be further developed for use in a wastewater treatment system in the

dye industry and in industries that produce other organic contaminants.
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polymerization induced

self-assembly, emulsion ITP

polymerized via emulsion iodine transfer polymerization (emulsion ITP).
The positive charge polymer chain of 12 repeating units of poly([2-
(methacryloyloxy) ethyl] trimethyl-ammonium chloride)12- iodide
(PMTMA, ) was firstly polymerized before being used as macro-chain
transfer agent and emulsifier in the emulsion ITP of poly(methyl
methacrylate) (PMMA) to obtain block copolymer of PMTMA,,-b-
PMMAsu. The particle size and particle size distribution, the positive
charge on their surface and polymerization rate were investigated for
both mechanisms. It was found that using emulsion [TP, the
polymerization rate was not different from emulsion CRP. In addition,
the particle size (227 nm) and particle size distribution (PDI = 1.11) were
smaller and narrower for emulsion ITP than those of emulsion CRP (232
nm and PDI = 1.22, respectively). It may be due to a higher positive
charge (+59.86 mV) of emulsion ITP than it's (+39.65 mV) of emulsion
CRP. For all results indicated that emulsion ITP represents high
performance for PMTMA,,-b-PMMA; s particle preparation.
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ARTICLE INFO ABSTRACT

Article history: This research continued from the previous research which was the
Received: 6 March, 2020 development milk ice cream supplemented with 10% chicken breast. The
Revised: 21 April, 2020 previous research would like to add and extra amount of protein from
Accepted: 17 May, 2020 chicken breast in milk ice cream to create the new high protein ice cream for
Available online: 28 May, 2020 exercise and healthcare concerned consumer. The aim of research was to

DOI: 10.14456/vj-rmutt.2020.4  reduce total energy from carbohydrate in chicken breast milk ice cream by

Keywords: milk ice cream,  using inulin replaced with sugar. Inulin were used as sugar replacers. Different
chicken breast, inulin combinations of replacement levels were investigated: 25, 50 and 75 % by
weight. Ice cream were studied in terms of physical properties, sensory
properties, proximate composition and total energy valued. The research
showed that the replacement 50 % of inulin was suitable for ice cream. The
viscosity, overrun, texture and melting rate of the developed formula were

147 cps, 41 %, 11,780 g force and 6 %, respectively. The lightness (L*), redness
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(@) and yellowness (b*) value were 88.68, 4.60 and 19.11, respectively.

Regarding the sensory analysis, showed that the consumers acceptance score

were not significantly (p > 0.05), that was medium-liking. The proximate

compositions, moisture and protein content of the chicken breast ice cream

with 50 % of inulin were 68.03 and 11.79 %, that was higher than basic ice

cream. Fat and ash content of the chicken breast ice cream with 50 % of

inulin were 6.02 and 0.45 %, that was lower than basic ice cream. In addition

total energy of chicken breast milk ice cream with 50 % of inulin was reduced

in 32.79 %, that was lower than basic ice cream.
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Keywords: microcapsules,  MMA: EGDMA and initiator concentration were investigated. From the
suspension polymerization, experimental result, it was found that using monomers: methyl
pickering emulsion, anthranilate of 70: 30, MMA: EGDMA of 50: 50 and initiator concentration
fragrance, zinc oxide of 8 wt% of monomers was an optimum condition for the preparation

nanoparticles of microcapsule. The high colloidal stable spherical microcapsules were
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prepared without the formation of free polymer particles in an aqueous
medium. The rough surface microcapsules due to the presence of zinc
oxide nanoparticles as a particulate stabilizer distributed on
microcapsule surface were successfully prepared. The encapsulation
efficiency of methyl anthranilate in microcapsules was high up to
approximately 100 %. When such optimum condition was applied for

the encapsulation of commercial fragrance, the stable microcapsules

with high encapsulation efficiency were obtained as well.
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ARTICLE INFO ABSTRACT
Article history: This research aimed to determine the chemical and physical
Received: 9 April, 2020 properties of pectin from watermelon rind and applied the extracted
Revised: 26 May, 2020 pectin for roselle jam production. The white and green parts of
Accepted: 4 June, 2020 watermelon rind were boiled, dried (60 °C, 15 hours), and extracted

Available online: 12 June, 2020 by using 0.05 M hydrochloric acid and distilled water at
DOI: 10.14456/rrmutt.2020.6 90 °C with an extraction time of 60 min. The results showed that the

Keywords: watermelon rinds, optimal extraction method to extract pectin from watermelon rind
pectin, roselle jam was hydrochloric acid extraction because of the moisture, ash,
methoxyl content and degree of esterification (%DE) of extracted
pectin were the most similar to the commercial pectin. The obtained
pectin can be categorized as high methoxyl pectin (HMP). The
extracted pectin was applied to the roselle jam product. The
concentration of pectin from watermelon rind was varied at 0.10,
0.49, and 0.89 %, compared with commercial pectin (0.49 %). Results

showed that roselle jam added with the watermelon pectin and
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control were not significantly different in color, total soluble solid,

pH, and titratable acidity. All treatments showed that L* a* and b*
values were in the ranges of 20.97-21.80, 0.37-0.77 and 2.27-2.90,

respectively. Sensory evaluation of appearance, color, odor, taste,

texture, and overall acceptance results indicated that roselle jam

added with the watermelon pectin and control were not significantly

different. However, results indicated that the jam with 0.89 %

watermelon rind pectin had a high overall acceptance which was not

different from the commercial pectin. Therefore, pectin from

watermelon rind could potentially be used for replacement of the

commercial pectin in the food industry.
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ARTICLE INFO ABSTRACT
Article history: This research is the development of a mathematical model to
Received: 17 April, 2020 predict soil temperature for the growth of chrysanthemum sprouts compared
Revised: 26 May, 2020 with experimental results because the soil temperature affects the growth of
Accepted: 9 June, 2020 chrysanthemum sprouts. The solar radiation panel is 55x220 cm. The sail

Available online: 12 June, 2020 container is 1 m* which contains 10 cm tall sprout soil. The temperature
DOI: 10.14456/rj-rmutt.2020.7  measurement of the first soil layer is attached to the heating plate below.
The second soil layer is higher than the first soil layer 5cm and the third soil

layer is higher than the heating unit 10 cm. The comparison of water
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temperature from the solar radiation panel and the water temperature in the
heat accumulator tank between experiment results and mathematical
models is found that the average errors are 0.1 °C and 0.17 %, respectively.
In case soil temperature fluctuates with time for the second and third soil
layer and the initial water temperature used each time is 40 °C and 60 °C
without temperature control, which will allow the temperature to decrease
naturally in order to study the increase and decrease of night-time soil
temperature between the results of the experiment and mathematical
models, it is discovered that the errors are 0.7 °C and 1.4 °C, respectively.
When the soil properties are changed by the heat capacity, considering only
the terms of Clay and Water Content and comparing the experiments with
mathematical models of soils 2 and 3, it is found that the temperature have
the average errors of 3.5 °C and 3.5 °C, respectively. For the case of keeping
the water temperature in the heat accumulator tank constant, not changing
with time, and determining the change in soil temperature in 2D form by
specifying that the soil temperature in the first layer is constant at 48 °C and
the air temperature is at 28 °C, all of which are as input in mathematical
models. It is found that soil temperatures are obtained from the
mathematical model are higher than the measured values of 0.82 °C and

2 °C of sail layer 2 and 3, respectively.
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ARTICLE INFO ABSTRACT
Article history: This research has developed a simple device based on gas
Received: 29 April, 2020 diffusion with natural reagent immobilized on paper for ammonia
Revised: 26 May, 2020 determination and colorimetric detection via smart phone. The proposed
Accepted: 19 June, 2020 method based on the reaction between ammonium chloride and sodium

Available online: 23 June, 2020  hydroxide to provide ammonia gas in reaction chamber, after that this gas

DOI: 10.14456/rj-rmutt.2020.8  was diffused through immobilized paper with natural reagent then the

Keywords: almmonia gas, colorimetric change on the paper was measured with a smart phone. Three
simple gas detection kinds of natural reagent (Red cabbage, orchid flower and butterfly pea
device, natural reagent, flower) were investigated for suitability of immobilized on paper. The result

digital image colorimetry found that the highest sensitivity was obtained with red cabbage extracts
immobilized paper. The various parameters were studied for optimum
condition of ammonia determination. The suitable parameter values were
4 % w/v of red cabbage extracts concentration. Time of extraction,
immobilization on paper and reaction were 15, 5 and 3 minutes,
respectively. Under optimum condition, the linearity range was 1.00-
30.00 mM ammonium chloride (y = 1.31 +0.03x + 15.34 +0.59, R* = 0.9955)
with limit of detection and limit of quantitation were 0.24 and 0.81 mM,

respectively. The precision of proposed method were studied; the results
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found that %RSD were less than 5 % and %recovery were found in the

range of 96.8-107.0 %. The developed device was successfully applied for

ammonia determination in chemical fertilizer samples. The proposed

method was compared with standard method. It was found that both

methods agree well with not significant different at 95 % interval levels.

The developed gas detection device has many advantages such as cost-

effective, simple, using natural reagent and portable device.
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alloys, the alloy only in composite Co-Cr-Fe-Ni was found to possess

superior radiation shielding effectiveness due to its higher values of
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both the mass attenuation coefficient and the effective atomic number

and lower values of the electron density, the mean free path and the

half value layer. In addition, the fast neutron removal cross-section was

evaluated and discussed. It is found that the fast neutron removal

cross—section values for the studied alloys in composite Co-Cr-Fe-Ni

had highest value. The computation was useful for the potential

application of alloys containing energies in the field of gamma-ray and

neutron shielding medium.

INTRODUCTION

Since starting to study and design on
high entropy alloys (HEAs), the indexed study
output in Web of Science (WoS) indicates that
high entropy alloys (HEAs) are an emerging layer
of alloys that are lately being popularly studied
(1-4). The alloy materials are found in many fields
such as irradiation, nuclear reactors, engineering
materials,  petrochemical  industries  and
biomedical implants (5-8). In the field of radiation
physics and dosimetry, there are many important
photon interaction parameters such as mass
attenuation coefficient (W), effective atomic
number (Z.¢) and electron density (N.) which
helping in determine and design for radiation
protection efficiency of medium (9,10).

Mass attenuation coefficient

(U, s
common property of medium which studies the
probability of interaction for gamma radiations
with a medium. An effective atomic number (Z)
is property of mixture or compound like an
atomic number of elements. So anyway, these
values are feature based on energy, helps to

display the efficacy for shielding of medium and

interprets gamma radiations attenuation by a

medium. Electron density (Ng) value is another
common property of the medium, which lets
data about the average number of electrons per
unit mass of medium. Moreover, the partial
density method is popularly use to research the
fast neutron removal cross—section of shielding
medium (11-13).

In  this context, mass attenuation
coefficients, effective atomic number, effective
electron density, mean free path, half-value
layer and fast neutron removal cross-section for
alloys have been computed. The computation
will give useful data for the alloy that was used

in shielding medium applications.

MATERIALS AND METHODS

Density, Pm Of alloys is the basic

parameter using determined the important

parameters which determined by the rule of

mixture (ROM) by Eq. (1) (14):

YA

pmix :IEI— (1)
A
i=1

Pi
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here p, ¢, and A are density, atomic fraction and

atomic weight of element i, respectively.

The theoretical/method basis have

been separated into the following sub-sections:
Radiation shielding parameters

The theoretical simulation of mass
attenuation coefficients (W) of alloy using
WinXCom software program for a photon at

energies range 1 keV-100 GeV by Eq. (2) (15,16):
fho = D W (4t), (2)
i

here w; and (L, means mass fraction and mass

attenuation coefficient of element i, respectively.

Effective atomic numbers (Z.4) for alloy

can be determined from Eq. (3) (15,16):

Oia

2y = (3)

Ot el

here G, and O, are total atomic and electronic
cross-section, respectively and both values of
cross-section are determined from Eq. (4) and (5)

(15-17):

HuM
= q
O 4 NAZini (@)
1 f
O_e,el NAiZZi A(:um)| (5)

here M, n, N,, f, Z, and A are the molecular
weight of mixture component in the alloy,
oxygen atom number per each composition,
Avogadro's number, respectively. W, and (W)
are mass attenuation coefficients and mass

attenuation coefficient of element i, respectively.

Electron densities (N,) for alloy refer to
electrons number per unit mass were computed

by formula Eg. (6) (16,17):

N, = Hm ©)

el
O-t,el

Mean free path, MFP, is the average
distance between two successive interactions of
photons in medium and computed by following

in Eq. (7) (17, 18);

= @)

u

The half-value layer (HVL) is a quantity
describing the thickness of attenuator that
attenuation of photon density to half of the
incident energy as the lower of HVL value is
better shielding effectiveness and can be

calculated using Eq. (8) (19, 20):

HVL = 0693 (8

Y7,

here W is linear attenuation coefficient which
computed by multiplying of density and mass

attenuation coefficient of a compound.
Fast neutron removal cross-section

The probability of the interaction for
neutron with the medium can be discussed on
macroscopic effective removal cross-section ()
and can be calculated by following in Eq. (9) (21-
23):

L
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here (Zy/p); (cm?/g) and w; are mass removal
cross-section of i"" constituent and partial density

(g/cm?), respectively.

RESULTS AND DISCUSSIONS

Gamma rays shielding properties of
alloys were discussed by calculation of mass

attenuation coefficient (W), effective atomic
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numbers (Z.), effective electron density (N,
mean free path (MFP), half-value layer (HVL) and
fast neutron removal cross-section. The chemical
compositions (wt%) of elements and density of
aluminium (Al), cobalt (Co), chromium (Cr), iron
(Fe), nickel (Ni) and titanium (Ti) alloys system are

presented in Table 1.

Table1 The chemical compositions in wt. fraction and density (g/cm?) of the alloy (1)

Wt. fraction of elements Density
Sample
Al Co Cr Fe Ni Ti (¢/cm?)
A0 - 0.2551  0.2347  0.2551 0.2551 - 8.09
Al 0.0698  0.2326  0.2326  0.2326  0.2326 - 7.55
A2 0.1304  0.2174  0.2174 02174  0.2174 - 7.12
A3 0.1837  0.2041  0.2041 0.2041 0.2041 - 6.76
Ad 0.1667  0.1852  0.1852  0.1852  0.1852  0.0926 6.48
Table 2 The photon energies (in x 107 MeV) of absorption edges for elements.
Element Al Ti Cr Fe Co Ni
Atomic number (2) 13 22 24 26 27 28
K 1.56 a.97 5.99 7.11 7.71 8.33
L1 1.01

Mass attenuation coefficient ()

Figure 1 presents the relationship

between W, of alloys and energy. As figure 1, W,
decreased rapidly at 0.001-0.1 MeV which
photoelectric effect is the main interaction
slowly at 0.1-10 MeV which

process, and

Compton scattering process is dominated,

whereas start increases slowly at 10-10°MeV as

pair production is the main interaction process.
The discontinuities in L, values were appeared
in low energy range because of L and K
absorption edges of elements as presented in
table 2. From Figure 1, the sample A0 has the
highest W,. All in all, it indicated that AO is the

best material for shielding radiation.
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Figure 1 The um of alloys with energy.

Effective atomic number (Z,;) and electron

density (N,)

Figure 2 presents the Z. of alloys at
energies 107-10° MeV. In the limited energies
range at 0.1 MeV-1.0 MeV, the Z value of alloys
decreased rapidly with increasing energy. During
1.0-150.0 MeV, the Z value increased with
increasing energy. The energies above 150 MeV,
Z« value nearly constant was observed for all
alloys. Z.¢ value of alloy must stay in between
the lowest atomic number (Z = 13) and highest
atomic numbers (Z = 28) of ingredient elements
(11). Among alloys, Z. maximum value was
observed of A0 alloy in total energies range
(having maximum content of Ni); whereas Z.
minimum value was observed of A4 (having
minimum content of Ni). Figure 3 presents the Ny
of alloys with energy. It will be noted that the
trend of N, according to different energies is the
same trend Z value of alloy. So anyway, there
are swing back in the trend i.e. Ad alloy shown
N highest value whereas it had Z. lowest value.

Similarly, A0 alloy had N, lowest value whereas

it shows the highest Z.¢ value. The highest Ny
value for A4 alloy can be attributed to the Ti
content's alloy effect. The vacant sites in the
structure of alloy were replaced by Ti atom
which result in increased electron density of

selected alloy medium.
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Figure 5 The HVL of alloys with energy.
Figures 4 and 5 show the MFP and HVL
of the energy range at 1 keV-100 GeV. MFP and

HVL values of alloys were increased with

increasing photon energy. MFP and HVL value
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were seen very small from 1-100 keV and rise
gradually with increasing energies until 8 MeV.
After that, a slow rate of increase in MFP and HVL
values with energies were registered at an energy
ranging from 8 MeV-10 MeV. For energies > 10
MeV, MFP and HVL value shown exponential
decreased with additional energies and becomes
nearly constant at energies above 1000 MeV. This
variation is acceptable in the light of reliance on
cross—section value for different major photon
interaction processes at different energies range.

The lower energies range, cross-section
of the photoelectric absorption effect process
was presented in inversely with energy as E™°. It
means, photon interaction probability at lower
energy, photoelectric absorption effect will
higher values and smaller thickness looks enough
for absorption photons in investigated medium,
on the other hand, increment in the thickness of
interacting medium was required for photon
interaction. Because of this high reliance on
cross-section value on energy, MFP and HVL
values swell gradually for chosen alloys. At
intermediate energies range, the cross-section of
the Compton scattering process is presented in
linear relation with energies. Due to this weak
dependence of cross-section value on energies,
tends of MFP and HVL values increase with slow
rates for chosen alloys. The cross—section of pair
production process founds logarithmic with high
energies range. So, with expansion at high
energies, photon interaction of pair production
tends to occur

probability exponentially.

Therefore, the thickness requirement may
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decrease with a large amount of photon energies

for better absorption in the medium.

0.16

0.00 -

A0 A3 A4

1 A2
Alloys (Code)

Figure 6 The X, for alloys.
Fast neutron removal cross—section

The fast neutron removal cross—section
% (cm™) value of alloys were exhibited in Figure
6. It found that Xy (cm™) of A0 was highest.
Therefore, A0 alloy is the best neutron shielding

compared with other alloys.

CONCLUSION
In summary, the value of mass
attenuation  coefficients, effective  atomic

numbers, effective electron densities, mean free

path and half-value layer for alloys were
determined by WinXCom software at energy range
1 keV-100 GeV. The result has shown that Z and
N values depend on the energies. The graph of
interactions at low photon energy has peaks
(absorption edges) because of the dominant
photoelectric effect near L and K absorption
edges of alloy composition. A0 alloy was found to
have the lowest mean free path and half-value
layer value. The results from this study indicated

that AO alloy is the best medium for gamma rays
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shielding applications. Also, the result of fast
neutron removal cross—section value indicated

that A0 is an excellent medium too.
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The objective of this study is to develop and increase efficiency
of Personal Integrated Recommender System. The Recommender System
plays an important role and is crucial to our everyday lives in online
shopping and online services. We will find that the thing that comes with
when shopping for products or using services is to recommend products
or services. A good Recommender System helps generate more sales. In
the meantime, various problems could be found with the system, e.g.
scalable data, data sparsity, data accuracy, and having a lot of new users.
Therefore, new techniques have been introduced and integrated with the
recommender system in order to solve the problems and improve for
greater recommender system efficiency. In this study, an Agglomerative
Clustering together with a User-base and Item-base Collaborative Filtering
Method is proposed. By combining the strengths of each method, we can
improve the recommender system efficiency and accuracy. This
combination helps to solve the problems of scalable data, data sparsity,
and having a lot of new users. The results show that it reduces the

processing time and increases precision. Therefore, we can conclude that
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the Personal Recommender System developed based on Agglomerative

Clustering together with User-based and Item-based Collaborative

Filtering Method has the ability to increase system efficiency and is

applicable. It also helped to solve the problems of scalable data, data

sparsity, and having a lot of new users. When modern technology arrives

in the future, we may be able to use cloud computing for data analysis

in order to expand the capacity to process the information efficiently.
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ARTICLE INFO ABSTRACT
Article history: This research aimed to design and to fabricate a lotus leave
Received: 5 May, 2020 cutting machine prototype that can reduce the processing time and
Revised: 11 June, 2020 labor cost in the lotus leaf cutting process for better lotus leave tea
Accepted: 19 June, 2020 production. This prototype consists of the main frame, conveyor

Available online: 25 June, 2020 unit, cutting unit, Geneva mechanism, power transmission unit and

DOk 10.14456/rfrmutt.2020.11 a prime mover by 150W-gear-motor. The power of the machine

Keywords: lotus, lotus started when the operator input the lotus leaves into the hind
leaves, lotus leaves feeder of the machine. Then the lotus leaves were transported into
cutting machine, design the cutter set processed by the Geneva mechanism. The cutter set

could cut the lotus leaves along the horizontal axis. After that, the
lotus leaves were cut into pieces of 4x4 centimeter and released
down to the outlet in front of the machine. The results revealed
that the best average cutting speed of blade was 1 meter/minute in
5 layers of lotus leaves among all the trials at different average
cutting speed rates of blades 0.5, 0.75 and 1 meter/minute and
numbers of 1, 2, 3, 4 and 5 layers, respectively. The cutting
percentage was 98.9 % with 1.1 % leaf damage and a working

capacity of 8.58 kilograms/hour that consumed 92.4 Watt-hours. The
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engineering economic analysis showed that on average it cost 5.24

baht/kilogram of lotus leaves at 1,440 hours/year with a 2.8 month

payback period and 81.1 hours/year for a break-even point. This

prototype could work 4.3 times faster than human labor.
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ARTICLE INFO ABSTRACT
Article history: The objectives of this research were to evaluate the preliminary
Received: 22 May, 2020 phytochemical screening, antioxidant and antimicrobial activities of
Revised: 1 June, 2020 ethanolic extracts from the peel, pulp, and the seed of Flacourtia indica
Accepted: 23 June, 2020 (Brum.f.) Merr. Phytochemical screening revealed the presence of phenolics,

Available online: 29 June, 2020 flavonoids, tannins, saponins, diterpenes, and anthraquinones in the peel

DOI: 10.14456/rj-rmutt.2020.12  extracts; phenolics, flavonoids, and tannins in the pulp extracts; and

Keywords: Flacourtia indica  flavonoids and tannins in the seed extracts. The total phenolics content
(Burmf.) Merr., phytochemical,  (TPC) and total flavonoid content (TFC) of the extracts were determined
antioxidant activity, using the folin-ciocalteu reagent and aluminium chloride colorimetric
antimicrobial activity methods (expressed in gallic acid (GAE) and quercetin (QE) equivalent
respectively). The highest TPC was found in pulp extract (30.44 + 0.67 mg
GAE/ 100 ¢ DW) and TFC was the greatest amount in seed extract (1093.33
+ 153 mg QE/ 100 g DW). The peel extract exhibited the strongest
antioxidant properties as shown by DPPH, ABTS, and FRAP assays (ICs, = 0.13
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+ 0.01, 28 + 0.01 mg/ml and FRAP value = 305.04 + 3.68 mg FeSO, /100 ¢
DW, respectively). In addition, all extracts (200 mg/ml) showed antimicrobial
activity. The peel extract inhibited gram positive bacteria (Bacillus subtilis,
Micrococcus luteus, Staphylococcus aureus, and Streptococcus faecalis),
gram negative bacteria (Escherichia coli Pseudomonas aeruginosa,
Salmonella typhimurium, and Serratia marcescens) and yeast (Candida
albicans). The pulp extract inhibited the same gram positive bacteria as the
peel extract and four gram negative bacteria (E. coli Protues wulgaris,
P. aeruginosa and S. typhimurium). The seed extract inhibited three gram
positive bacteria (B. subtilis, M. luteus, and S. aureus) and one gram negative
bacteria (E. coli( These results suggested that the ethanolic extracts of

F. indica fruits could be the potential source of natural antioxidant and

antimicrobial agents for nutraceutical and medical applications.
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Wit (Milligram of Gallic Acid Qquivalents/100 Gram
of Dried Weight, mg GAE/100 g DW)

n1surUSuIaunalaueed s (Total flavonoid
content)

3

AsnUsurunaliusensIun 21839
Aluminium Chloride Colorimetric HuAsTisaulamn
(18) WneldAr987iu (Quercetin) L ua1suinsgIu
YUndansatadegrefidaududy 1.00 me/ml
USuns 125 plidasuululasinan 96 well iy 5 %
Toiealulnsd (5 % NaNO,) Usuns 125 pl saialidi
QoMo 5 Wil i 10 % srglifieneaslsn (10 %
ACL,) YFueg 37.5 pl mﬂﬁ?uﬁmﬁmﬁwmifﬂmﬂﬁw,m
fenA3es UV-Vis Spectrophotometer fiaanuenandu

510 nm PEYINNTVNARIRIDENEY 3 ASI ANUIIIAT
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USnamaluesn TILNAUNTEUNTI (y=rx+0) VO3
nsminnsguaediiulunilgvesliadniuauyaves
\Pe3fiuse 100 nuvetvinus (milligram of
quercetin equivalents/100 gram of dried weight, mg

QE/100 g DW)
nsvedeUgYEAueYYABasX 3T DPPH

N1INAFOULNIA maum@aizﬁw%% 2,2-

3

add o

diphenyl-1-picrylhydrazyl (DPPH) 1Uu3sndnuUas
1910 (15) wissuansazanefogradien e waz
winvaswanzvuUndufinanududu 10 me/ml
nduiinsideansansazateluanududud
winray Ywanansanamieg1susuns 100 pl ldas
vululasinan 96 well inansazans DPPH fifiaanu
gy 0.2 mM USuns 100 ul wanlsdndu daite
Wgaumaiviedluifioduinm 30 uit aandutiun
fmﬁhmiamﬂﬁuuaaﬁwm%aq UV-Vis
Spectrophotometer fimanueiaadu 517 nm
ntuihdoyaildlusuameainisdudeyys

das¢ (% Radical Scavenging) lngldans fail

% Radical scavenging

= [(A control — A sample)/A control] x 100

e A sample #i A" Absorbance (Ffnnsgandu
was) ASnlevesansuauszning

@15a¥ane DPPH Auansfiegng

A control fig A1 Absorbance (AMN15QANGY

wae) ivaldvesarsazany

DPPH (lalnanansideena)

M1N158519n M ANUFURNUSTEN I
weasidudnisdiueyyadase (% Radical
Scavenging) warAU LT UTEsEIFIBE s TiAIY
Wudusing 9 Wednamamisusyyadassuans
Buanududuiiannsadudeyyadaseld 50 %
(ICso)
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MINAaOUgNEH NeLYASaTSINeT5 ABTS

nsnadeugnidiueyyadasz 33
2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt (ABTS) tJuisanuyasun
90 (16) Ww3suansazaneietuUden (e way
winvewanzautsuduiianududy 10 me/ml
ntuiinsiiesnsarsazarelunnududud
WALNZEN WWSBNENTaZATY ABTS lagniskan 7 mM
ABTS 1 ml AU 2.4 mM Inunaideutuasdainn
(2.4 MM K,S,0) 1 ml LLﬁaﬁqﬁqHﬁqmwgﬁLﬁaW
AnuAAsendunan 16 9alus 13oansansazans
ABTS" shgtoniuea wanhluinainisganduuadli
TUseanas 0.7 inueandu 734 nm Uiunans
anmileg19UsuIns 20 pl ldasuululasinan 96
well Winansazany ABTS USu1ns 180 pl waul
iy fefislifgumgiteadunar 6 uiit a1ndu
drufadinisgandunasfioiaies UV-vis
spectrophotometer ﬁﬂﬁmmaﬂﬁ'u 734 nm YNN13
afensmanuduiusseninadesidudnisdnu
auYadase (% Radical Scavenging) uagALTUTY
vesansfegafimandudusiieg tiefuinmegn’
dueyuadaszuanaiumanududuiianusoduds

auyadasyld 50 % (ICs)
MINAAOUGNEH 1UOLYASATS I I5 FRAP

N1INAFBUNNSAUEULABATEMETT Ferric

@ a

Y
Reducing Ability Power (FRAP) 181357idautas
210 (17) IneiUndansatniaegradden e uay
winvesmanzuutiderududu 1 me/ml Usunns
20 plldasvuululasinan LAy FRAP Reagent
U3uas 180 pl wanlsiidniu deiisligngfives
Wuan 6 undl mﬂﬁ?uﬁmﬁmmmi@@ﬂﬁuumé’w
Lﬂ%aﬂ UV-Vis Spectrophotometer ﬁmmmaﬂﬁu
593 nm A ndudidouadldludiuarumn

AMNEINN50lUNNSIABLANATaU (FRAP Value) 994
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A1971981991NAUNTTLAUR TS (y=mx+c) VoInsIN

[

11a3g1uesTadaLe (FeSO," 7H,0) hansrnly

' o

nilefladaniuauyanensulInlnuine (me FeSO,

U

/100 gram of dried weight, mg FeSO,/100 g DW)

N1INATOUGNTAINUUATIL TS Uazdanin 1835 Disc
Diffusion

£%

nsnAdeUgNERILLUATISEAI833 Disc
Diffusion (18) TnenaasugndfuuuafiiSanaasu
9 astin lauA wuATilSeunsuaU 5 winfe Escherichia
coli, Proteus wulgaris, Serratia marcescens
TISTR1354, Salmonella typhimurium TISTR1472
waz Pseudomonas aeruginosa WUATILIELATUUIN
4 YyUnAe Staphyloococcus aureus, Bacillus
subtilis, Micrococcus luteus TISTR1 9 1 8 ,
Streptococcus faecalis TISTRA59 uag gad 1 i
fie Candida albicans TnewnzidsauaiiGenadey
Tuesiasadie Nutrient Broth (NB) LaEINZAE
g adluensiapade Yeast Extract Malt Extract
Broth (YMB) 91nduiirluvuigamgi 37 °C \u
nan 24 $lus udwhlidaududuinfuaugy
984 McFarland Standard scale No. 0.5 ﬁ]’mﬁy’us[,%j
Kruiitudnd (Cotton Swab) Uasaitiequasiuluans
LYIUaBELEe uEIN11ALTe (Swab Plate) 19
Rawthems Mueller Hinton Agar (MHA) il
Uszanad 3-5 19l 219 Paper Disc YUNALEUNIU
AUGNAT 6 Hafiuns VRIS Mntunen
asafafifeanIsnadeuasuy Paper Disc U3uas
20 pU/disc HelAlFuRaUsrua 10 undt @eflon
UfTauz 0.3125 mg/ml Chloramphenicol 1Uus
AIUANNAUIN (Positive Control) hag Dimethyl
Sulfoxide (DMSO) tJusirhazansuazfinuauna
au (Negative Control) Uuflgaumgil 30-37 °C Ju

1387 24 9ILU9 AFIFBUNSAAUSLINGUES (Zone
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of Inhibition) agiavumdusugudnatavesisla NanN1sANYILazanUsIgNa

(Clear Zone) o
Nﬁﬁ’l5975?%75@Uﬂ75W§]f7HL?‘71/LU8\7971J

MAATILVTOYaNNFDH X
EL‘LIﬂ?iﬁ]'ﬁ?f\]ﬂ’]ﬁquQﬂ‘lﬂLﬂQJ’ﬂ]']ﬂﬁ’)ﬂﬁ]?ﬂ 9

AATIAANULANANIENINANNENN  qguanzaudn lawn wWien e waziudn lngld
IS T-test wag Duncan's new Multiple Range  \gyueadaduiviazanefifitagslunisain uazds
Test (OMRT) LmaldTdsunsu SPSS Version 22 fayiasnsedlothldszendldviowmudeluls

LY '

ﬂl’]L‘QaEJIULLGiﬁSﬂEjEJﬁﬁWUEJﬂi‘ﬁG]Nﬁu (a-b 1Lay c-e) Namijqaauwujqaqjaﬁmmgaﬂ WUATS 6 ¥UM ﬁa

Y] 9 aa 1Y)

WEAIAULANAINBE 1 TEEAYNIETAN LAY flyedn wanlouess unuily e Uiy lawesiiu uas
P <0.01 LAUNTIAT LU @15ENALL DWUENST 3 UM Ad
Auedn Naliueus wazwnuily druarsannuan

wUans 2 viinAe Waluesn warwnudy (M99 1)

M5199 1 ansngnueiiilesiuanaisanianeuienueavealion e Lavwdavesmanyauih

f1sngnuLadl d15dnn

wWasnazauth Wanzaudr  waanzaull

uedn + + -
Naluews + + +
T + + +
Uiy + - -
Townasiu + - -
lasiwneosiu - - -
LeanIaBYR - - -
LaUNIIATLUL + - -

BIAA + el as1adeuny — vueis asavaeuliiny

= a I~ a 13 % a = & < !
M139N 2 ‘Uill’]mwuaaﬂLLagwa'ﬂfJuaﬂﬂﬁﬁﬂi LLa5qwﬁm1uawyjaaa‘§wamﬂaaﬂ 1D aziuanvasNanzyuln

dsana Yanailuednsin  YBinasanliueedsiy avaEuByYaBasE
DPPH ABTS FRAP
(mg GAE/100 ¢ DW)  (mg RUE/ 100 g DW)  ICs, of DPPH  ICs, of ABTS FRAP value
(mg/ml) (mg/ml) (mg FeSO4 /100 g DW)
wWasnazyulh 19.11 + 0.52° 145.15 + 3.06° 0.13 £0.01¢  0.28 + 0.01¢ 305.04 + 3.68¢
L‘ﬁ’e]ﬁﬂ“lmﬂ’] 30.44 + 0.67° 51.60 + 2.65¢ 5.88 + 0.04°  4.48 + 0.02¢ 95.03 + 3.824
wannzauln NT 1093.33 + 1.53¢ 0.65 + 0.05¢  1.08 + 0.02¢ 297.68 + 3.69¢

*nugme NT = not tested

FvnwINa A uanIANLLANAseEEiTsd R ERs (P < 0.01) Tuwds 1ne a-b 1R ttest Loy c-e Tt DMRT
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A13197 3 navadeuN1sEusRAUTIveasainntionnzuul Wenvwutn winsguuUNssduay

WU 200 mg/ml

Anadsvaudusgudnarsvasuiianla )mean £ SD) (mm)

ansana Positive control Negative  wWasnnzvuin donzaudh  wdanzauth
Microorganism (0.3125 mg/ml control (200 mg/ml) (200 mg/ml) (200 mg/ml)
chloramphenicol) (DMSO)
Gram E. coli 35.4 6.0 7.3+0.33%° 8.66+0.030°4 8.50+0.09¢
negative P, vulgaris 14.5 7.3 6.3+0.00° 8.66+0.03°4 7.00+0.00°
P. aruginosa 12.5 7.4 8.8+0.295¢ 8.16+0.663¢ 7.16+0.10°
S.typhimurium 32 73 10.0+0.00%¢ 8.83+0.390d 7.30+0.00°
TISTR1472
S marcescens 253 8 7.5+0.46° 6.50+0.28° 6.83+0.29°
TISTR1354
Gram B. subtilis 34.3 6.8 10.3+0.17% 9.50+0.08< 7.50+0.28°
positive M. luteus 38.5 6.8 11.0+0.00°f 9.83+0.12« 7.00+0.00°
TISTR1918
S. aureus 27.8 6.0 12.3+0.58f 9.33+0.41< 9.00+0.00¢
S. faecalis 44.3 6.0 10.8+0.11¢f 10.16+0.49¢ 6.00+0.00°
TISTR459
Yeast C. albicans 6.0 7.7 8.5+0.745¢ 7.00+0.00%° 7.33+0.00°

v o )

*U8LR ARG

1NUBYANITATIIMATHANWATLUBIAY
=3 Yo v & ! 1 <
giuladnansadaiiaiudiuvesnansvuylu

o

WAAIYDIBBNANENITINNATANEN N Laianiy
[

NUESHUeAN waznalueen FulunnsiuiuaIng
U

adasyNluNuIn

U

AuautAlunisiduansdiiue
danluniststesuassnuilsanne wu lsaugiSe
lsailauayraenidon WWudu (19) nan1smusunn
asfluednuazrailiuesdsiniifiogluaisada
fa0819d2um19 Y vesnanzuuUnlagldds Folin-
Ciocalteu Reagent W @& ¢ Aluminiumchoride
Colorimetric aud1su wuTansatnaniiierinng
Wudy 1.00 mg/ml fUSunauiluednsiugsan 30.44
+0.67 mg GAE/100 ¢ DW a1uaqeitUden 19.11
+0.52 mg GAE/100 g DW (374l 2) denadasiu

1enwIMtULeNAAUALLNAIRgIfudiaNLanssALeg sty d Ay nieeda (p < 0.05)

51891984 (4) ‘wm’wwamaammuﬁwﬁﬂgmmwﬂm
TulszimArsasn1UsEnounga1siuedn 35 viln
Tagyinsiagilaseas1smemaia LC-MS ualu
druasatmanuanlaldviinisnsiedey ieswin
mﬁmwaaumiwqmﬂﬁLﬁaaﬁuiaiwuaﬁna:uﬁ N
MIMUSINUNATILREATIN NUIETATAINILER
Annududy 1.00 me/ml FUsunagegn nuse
WasN Laztiiomud1du (1093.33+1.53, 145.15
+3.06 wag 51.60+2.65 mg QE/ 100 ¢ DW) Lanng
Fam15197 2 wadilduansliduinluuddiunosans
afnilusuiavesarsiuednuaznalousssd
wAnFAaiY AsANIAIINAINITAlUNITATURYYA
dasrdafugniniedinwndefiuideuly

nsdnwnszeyyadasziluannguaznanaln
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drdglunisiiluganuidenuaznisialnig g
narelsnlulagiu n1smeasuauaudalunisiu
auyadaszvesansainreIueUBaNUGen e

3 1 dy = Vs e
waziuanveananzruln Tun1sveassliaontydslu

&

ANSNAADUNLANGIAY 3 30 Aa DPPH ABTS way

FRAP @414 335 1Jumatanldlunisnaasu

wva v a

AandRfueyladaszilowu nalnmsdueyya
dasuandnedy au1savinladne agaan wag

t%

570437 TA1ugn@es DPPH wag ARTS wuaish

Y

[

fouldluiiiannuanunsalunisiueyyadase

a

Juoyyadasyiflanuaties Wneoyyadeasy DPPH'

agluansarangazddhhudy Weviujisenduansi

Hgnsaueyyadasy d119vesa5arateaza

daanuanunsalumsmineuyadase ABTS tu 19

a

aNNISUGEINUN1TanRIYetaYYaBasE DPPH

wilunsdives ABTS™ WWueyyadaseiifivszquin o

ad a

g
Tuansavaneasdididen evuiisertuansidqnd
Aueyyadasedileivesaisaisazaiearaneas
Feuradue ICy, (Anududuvesansiueyya
Saseivihlvimnududuveseyyadaszanas 50 %)
@133 FRAP Wuwedlefiuandiiiiudeanuaninse
Tunsiduiifiduesansduoyyadass Feagld
wdnmsiwanssluantaesdzildndnundhegu
sre3runatuAn FRAP Value foAnfiven
AuE1N150lun153A9 Fe*-TPTZ Tiidu Fe?
TPTZ tfufie FRAP Value geflaziimnuanansalums
é’wuau;&a@mzqa (20, 21) NFIATIEVFANUAINNTE
AueuNadasEanNansaiaveIulenueaien e
wariAnvDIHanYUYUMIE7S DPPH wulnaisann
nndudnaantRlunsinueyyadase lnsusdazdu
afndivifuandnaty Ao arsafnanuden fqvsa
flan sosaanfoasatnainudn uasie audid
(ICs L¥11AU 0.13 + 0.01, 0.65 + 0.05 LAz 5.88
+0.04 mg/mlarugdv) tieviinsvaaey

ANNANTALUNTAUBYYADATEAIETE ABTS WU
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P

wiazdmatndqnifuandnstusuiu fe arsade
Mniden dqudifign sesaundoasatnainiudn
waviile mudsu (ICso 117U 0.28 + 0.01, 1.08
+0.02 uaz 4.48 + 0.02 mg/ml AUAIAU) dUNE
MTlATIEvANLaNIatuNsAue LY adaTE AT
FRAP nuitusiagansaafignsiiuansnetu Ao ans
afnanden Snndafian sesasundoasadiaain
i uaziile s U (FRAP Value winfu 305.04
+3.68,297.68 +3.69 ey 95.03 +3.82 mg
FeSO,/100 g DW mIuaI16iu) 2nKan1s ATz ika
msvageuANansalunsluasiueyyadass
YosuRardIuatavoInansvus 333 faany

v ' '

[y} I a a @
aanrassfubazidululuieniafertuiinnaiu

q

v a =

afndlgnslunisinueyyadasenifnenin Faneu

[N

£

il (8) ldssuindmduvesazauli Ao wWien
d1du wagly Aflqndueyyadass uazdauansli
Wiuhasatafiuanigvsiueyyadassiaznuans
Hlusdnuazlarliussseg Inefludunaiunnsig
#1afusenly Feaenndoatusiesnunsing
anuduriuarsnguiluednuaswailuesdfinuly
fyvaneriiadnfiunuimdenisuansgniluniséiu
pUNADATY (22) witosanlusuifei Suiiios
n13RnwIatsafave ufingiaviesdlszneu
arsngnuedidosiu llaunsnseyvinansuiqnad
funumddalunisesngns luseauillduandst
Wiudnasanae vvesiaazdiunanzaulndu
uwdsvosansnguiiuednuazraliuesd uonanil
nsvRspUgVsTesEsatinInUden e wazwde
vesmanzaulwensiiuduaiiSevaaou 10 vila
728735 Disc diffusion wuiasnveswansvuUnlv
grismsfudsuaii3eunsuuan 4 wila Ao Bacillus
subtilis, Micrococcus luteus TISTR1918, Staphylococcus
aureus, Streptococcus faecalis TISTRA59 way
LUAYILSE WNSUAU 4 ¥e Ae  Escherichia coli,

Pseudomonas aeruginosa, Salmonella typhimurium
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TISTR1472, Serratia marcescens TISTR1354 ag

v
v a &

Tgnsn1sdudadas Candida albicans \ievewa
pzaulligrdiusuaiiSsunsuuanii 4 in uay
wuAALSewnsHaU Lawn E coli Protues vulgaris,
P. aeruginosa Wag S. typhimurium TISTR1472 du
wianzaudiligrinisduduaiiFounsuuan

3 yim Aw B subtilis, M. luteus TISTR1918,

S. aureus warLUATLSELNSUAU 1 ¥la Av £ coli

Fans1eit 3 9ngvdnisdunuaiiFeuasBainuin
Waenuaziieveswanzaudiligninisduds
wuATi3eunsuuInia ¢ ofin warduduuniliseun
suavldfavnunenidu P vulearis waz
S. marcescens TISTR1354 §addanvasnanzauii
Tgndnissuduuaiideunsuunldaninidevena
pzaulh fihaulafedenvesansautliqrsnis
ffudaBad C. albicans drudansautiligninig
FudauuaiiFounsuuan 3 vila fe B. subtilis, M.
luteus TISTR1918, S. qureus LazluATILIBLATIAY
Wys 1 9da A9 E coli 3nANan1sItenuUIuIa
asflueBnuazansfusyyadasrgdudonuanie
yosnanzauldvaenadosiunuiteves (23-25) i
enuasUszneuiivednduwunuelad niend
(Secondary Metabolites) voeiies wulaluigiiou
il a1suseneviiuedniuansiueyyadasy
Fuduanstufauvaiielaeiinalnlunisvhanent
Lwad (Cell Wall) 18e Wuigad (Cytoplasmic
Membrane) uaziiavuieaduadusiu (Membrane
Protein) vewuuaiiSedsdmalunsdudadennaou
167 uenand (5) WWssnugrddunuaiievesans
afmarnsinvesnzauUninuasusenau fusin
Walueen damasn wnudu e1lndu lnalpgen
weiflused wavaneseus dwalunisduda
LuAfSenadoussLnsuUIn (Staphylococcus
aureus) Waglnsuav (Escherichia coli, Klebsiella,
Vibrio

Shigella  dysenteriae, Pseudomonas,

cholera, Proteus) 91nWan1sAnwnangbiLiuda
AMUFNNUSIZNINNUSUINeasHuednuas
Warlawesd Aflnadonndiueyyadass uazqns
dunuaiile Feaonadesiusisaiuves (26) 7
wnsinvusinaiiuedn aliuess qnidiu
ouyadasy uarquiiueyadasy wudansaieid
Usiaansiuodnuagranlauessdgeansiuasd
UsyAnEnnlumsdudieyyadasuasiiudauuaiie
TudSunaiigaduiu uagsienuves (27) famuin
ansafnanluansefiuessuanigrssiuuuaiise
wagAueyyadasyed1eildedAnyseusuiuves
Hudnuazvaluess faunuifeiuandiiud
dausng q vemanzuuln (1Waen e uazwdn) 1y
WHRID9EN SN UBYYADATEINTT TN ALALATAY
adnfimungdmiunisinlulszendldludu

q q

TAwuINg kazneansknndlanaly

dguna

HAYINNITANBIANTATANEIVLONIUBADIN
dusne 9 vemanzaull (Waen o wazin) wu
ansngnwall 6 il loun duedn wailouses wnu
Tu gludu lawesiiu wazuaunsiailu asann
MnileiivsmaiiueinTiugean msafnaniubed
USinaumahiueedsiugega wazarsannainiden
Lanaquidiueyyadassifiandieitinaasy
wiNe@19AY 3 35 (DPPH ABTS waz FRAP) 5998431
foasatinanudn waziile gy wenanilds
wudauauddlunsiuuuaiissuazdadlame
wansliifuinavesmssuiduundsnesanseangns
n1edamddngninaruisofiaginluiaun

Uszgnaldnismulasnisiagniansunmglasaly

AnRNIINUIZNA

Az InviIdeveveuRuantuIdeuay

Wl U inedesivdgiiyaansiy Alvnns



134

Research Journal Rajamangala University of Technology Thanyaburi, Vol 19, Issue 1, 2020

atvayunuIdeluased soudarviall a1919a
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