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Abstract

Cockle mushroom lumps remaining after cultivation are waste materials that
can be developed into pots; however, the production processes involve high costs.
Thus, the objective of this research was to reduce the production costs of pots made
from cockle mushroom cultivation waste using industrial engineering techniques. An
operation process chart, flow process chart, waste reduction concepts, and production
costs calculations were applied in this study. The results showed that unnecessary
processes, working time, waiting time, and unnecessary movement could be reduced.
At the same time, the ingredient formulation for pot production was improved by
reducing the amount of high-priced raw materials, such as cassava starch, and
eliminating the use of vegetable oil for coating molds. With the improved formulation
comprising 100 grams of sawdust, 100 grams of cassava starch, and 300 milliliters of
water without vegetable oil coating, the posts exhibited better vertical compressive
strength (1,780 N) and lower water absorption (36.33%) compared to those produced
with the original formulation. As a result of both the improved production process and
the revised ingredient formulation, production costs were reduced by approximately

31.8%, decreasing from 9.68 baht per piece to 6.60 baht per piece.

Keywords: Pot, Rubberwood sawdust, Reducing production costs, Reducing waste,

Cockle mushroom lump
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Automated Mango Irrigation System

Using Soil Water Potential Measurement Technique
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Abstract

This study presents an automated mango irrigation system based on soil water
potential measurements. Soil water potential, which reflects the plant’s water uptake
needs, was measured using tensiometers. The irrigation system was developed on an
Arduino-based platform and integrated with two tensiometers and a solar-powered
water pump. The firmware was programmed to initiate watering when natural light
exceeded 20,000 lux and the soil water potential fell below -25 kPa at 1/4 of the root
zone depth and -10 kPa at 3/4 of the root zone depth. Watering ended when soil water
potential at 1/4 of the root zone depth exceeds -25 kPa. The system was tested in a
farmer's mango orchard in Pak Nam Subdistrict, Bang Khla District, Chachoengsao
Province. This irrigation system was tested in a farmer's mango orchard in Pak Nam
Subdistrict, Bang Khla District, Chachoengsao Province, between December 20, 2021,
and January 11, 2022. Results showed that the system automatically irrigated the mango
tress approximately 8 times per day between 8.00 AM and 4.00 PM, corresponding to
6.20% of operational hours. The soil water potential with 1/4 of the root zone depth
was maintained between -10 and -30 kPa, with an average value of 53.16%. This range
represents an optimal moisture level, allowing plant roots to efficiently absorb water

from the soil.
Keywords: Irrigation, Soil moisture measurement, Tensiometer, Soil water potential
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Abstract

In cocoa production and processing, cocoa pod husks are considered waste, but
they can be developed for beneficial use. This study extracted cocoa pod husks using
salt precipitation method to create a powder dye for natural fabric dyeing. The dye
powder underwent testing for fabric dyeing using tie-dye techniques, color padding in
eco- printing, and dyeing cotton yarn for weaving. Potassium alum, limewater, and
ferrous sulfate, commonly used as mordants in natural fabric dyeing, were utilized to
help fix the color. The study found that the dye powder production process yielded
26.29% of the initial weight of the cocoa pod husks. When the dye quality was tested
by analyzing the color values (L*, a*, b*) and color strength, it was found that the dyeing
process could produce shades of light brown, dark brown, and grayish-black using alum,
limewater, and ferrous sulfate as mordants, respectively. The test results for the quality
of naturally dyed fabrics showed that using alum and limewater as mordants provided
moderate to good durability against washing, water, sweat, artificial sunlight, and rubbing
for each dyeing method. Using ferrous sulfate as a mordant provided the highest level
of durability in all fabric dyeing methods. This study concludes that using dye powder
extracted from cocoa pod husks through salt precipitation for natural fabric dyeing offers

a viable approach to utilizing waste from the cocoa production process.
Keywords: Cocoa, Powder dye, Mordant, Fabric dyeing
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Abstract

The objectives of this research were to study the effect of headspace distance
above fermented materials on the quality and main nutrient contents of bio-fermented
water. Five liters of food scrap composting materials were fermented in plastic buckets
of different sizes, creating variations in headspace distance within fermentation tanks.
The experimental design was a completely randomized design (CRD) with five treatments:
bitter gourd-fermented in a full tank (control: HS-C), and food waste-fermented water
in a full tank (HS0), 25% headspace (HS24), 50% headspace (HS50), and 75% headspace
(HS75). The results showed that all treatment was brown. Slight gas bubbles were
observed on the surface of the bio-fermented water. Electrical conductivity (EC) ranged
from 6.32-7.59 S/cm,; total dissolved solids (TDS) from 1,412.24-1, 772.50 ppm); pH from
4.25-5.14; and total viable counts (TVC) from 14.90-20.60x10° cfu/mL. Phosphorus content
ranged from 0.05-0.06%, with no significant differences among treatments (p < 0.05).
Food waste-fermented water in tanks with less than 50% volume contained the lowest
nitrogen (0.30-0.31%), phosphorus (0.05-0.06%), and potassium (0.50-0.51%). HS50 was
the best headspace condition, with the highest nitrogen (0.53%), phosphorus (0.06%),
and potassium (1.12%). and these data can serve as a guideline for improving soil quality.

Keywords: Head space in fermented tank, Plant nutrient, Bio-fermented water, Food
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nsUWANNTIAY (31.U.1.) iinansise we.2 ﬁﬂisﬂaué’wﬂ@:u@ﬁuw’%ﬂﬁﬁﬂmwﬁ%gaﬁ’u By
wueilserannsauwanin wueafiisedesaanelushunasluiu wueiiBeasarsaiiunidneanasa
weniludeda Bas uags
mia'aaamaﬁuw‘ﬁai’mgiuifﬂwﬁﬂ%aﬂﬂwL’f]um3ﬁwmﬁauﬁuﬁuaﬂﬂa;m§uw§siszjﬁm
Feanseandlauuaylifosniseandiau edunidusazudafossoendiauluuiua
Wz auuAnAaty mndundsaiydulldd doudsmadonmuamuosiminganm
(agymn, 2567) Tue1uITuue9 Zhang et al. (2023) §189117 1 5HE AT AT NN

al
N
=
n

Anualiuuuliinenie asdivsunaeendiaudiin ydunsdludmdnuuuliiueiniadd
fosnindmifnuuuiivenma dadulunmsvinszuuln Sainfedszuuiuenmavisluin
muene teiiveendaudlulufiseninmain viemnlunswinuuulvioinmedos
(semi-aerobic fermentation) ae1devesinsludmiinuagmadadminmuusses Wiold
QaurEgmnnauannsnniaiviald Bilfuvsanaudesniueslifandulifivszasdde
anmuinday waazldiailunsulsanimasdunsglinanadudediniuuuiiueinie
(lnapsd, 2562)
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MnaATeves Laureys et al. (2018) e Uiinaeenduuiivnzauiud3uine
Saouiin axvhlAlddmindanmiidismemnsuasuiinanaunisidussloniganinimgn
ldiduenme udsedediavesmaridnveraiaFouiifeansisiligeenn v1v azan uway
Altanetios mavsinludanarafnUanwazidadnusgnitantn SuduisAdendusn
sgelsianulunsaziuduemnseiivsinanavemslimindu mndvazanlivumauly
dioseridnszuaumsniin asvilfiavemsiidelianusadamials fafunsutn
winzafionlivihiu uswderoriavileanuindatudae dwalasnssioUinaoendio
Tudmifn FewninuzinideiafesnmsfinussesrosoriamileTagminidnasoysana
smonsndnluimindanm lneldievewmnsnniudedslivesadunsdfnw ua
$adsgasmavsindnvesneameluladfrnmmaiu nsufmunfitu. @.U.u) Aldszeznm
mavitndy FeyailldsuifansnsaldiduumslumsidninianmanavensluadaiZeu
fifialdareden lifesiadeszuuinoinia wildisnmavniavemnslimnsaususey
Yovivludmin venainiud Suilimausesuanududuressgemaiieussyndlélu
nsUsulspunnAulimugauivsiinvesiale

/AU
’mLLmumﬁmaaamejmwizﬁ (completely randomized design: CRD) 37121 5
ymaneaes 1 az 3 1 Wawinan duihedioran wvlian uyseduiu wavugsyiufivde
nluenadutanmin srunuanduneiedoiliugs Wetuminludminaun
wanenafiy 4 wun lun SamarainfidelhUausunns 5.0 6.5 7.5 way 9.0 ans usazdrIuI
Bnnsmmumannfudauiwouuuds udulsesnidu ¢ szey fe Youay 25 50 75 uay 100
YDIUTUINTA
mwﬁﬂ%’qumﬁmﬁ’ﬂ%amwé’mLLmJaqmﬂqmﬂfmﬁﬂﬁ‘ﬁamwmm‘i’ﬂLLazmalﬁﬁuaq
nosmaluladiannmediu asuiamniiny (.d.U) sifluiisuun 14 5u seavdeaddl
1. MSLATENYANITNARDY
nawdsutvsinganimanugu (HS-C) Tasdamesyiuiudethasenn 1 ads
vnunszvoulasifntiuiy 10 uni wdaiuldioundndssana 1 x 1 wuiwns
Faimdnlild 3.5 Alandu Tdasludmanainauin 5 ans 9ntuRENNALIAEUSIIAS 800
faaans a13159 we.2 thudn 2.10 nfu uaziauasy 5 ans (Fudamin) 11 nauduna
Thdfuuy 3 wndl Jaeliradin (amdt 1)
maweniagminiayeins Tastiawinign @uieidedan wwlian uazimy
258U (Uanfulewemns) ndnediethazens 1 ase drunszreuliaziiatiuiy 10 wii
Wl nUsEIna 1 x 1 wufuns dhunansiuiy wasdaiminsaulile 14.0
Alandu ldadludmanadinuunn 30 ans MnTuRNNINIAIAUSINAS 3.2 803 @513 WA.2
dhwitn 8.4 n3u wazduiauasu 20 ans Ml nudRa IR T IuIY 3 Wit waviluuds
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UssgludanainuuinUszanal 5.0 6.5 7.5 way 9.0 ans fag 5.0 ans Uaehliadn (il 1)
ldyamavnaesisl

1) gansvaaes HSO Ao twifnaniawemsiivsinlnglaifitesindludemin

2) gamavanes HS25 Ao tvinnimvownsiivdnlaeiivesiludminiesas
25 Ypanansin

3) qpnsvAaes HS50 Ao tvinnnuavemsindnlnedvorindudminiosas
50 veaavsin

4) gan1anAaes HS75 Ae uaztwiinannavewnsiindnlaedvesindudmiin
Joway 75 vosdndin

dafomnganmmaassiluninluiisy Weshdasindileeumyniu 9 ag 10 Juni
uATY 14 U wazsyialiliuuaeiuandlaludomdn

awil 1 dnwaznvsiniayiagUiina 5.0 Aasdeis yarruAu HS-C (1) YAN1TMARBY HSO
(W) HS25 (R) HS50 (1) wag HS75 (1)

2. maiudoya

duAvintndnnusazgammanonnseddilduiueg 1 des uvseeniu
2 1 9 az 500 dadans drunisdsliieslfiRnsilasunisiusomnmnsgi 1SO 17025
WionTalinseiusinallulsaudieds Total Kieldahl Nitrogen 8198391135 AOAC 991.20
(AOAC International, 1995a) d@aulsunaneanesa (P,0s) uazlnunafoy (K0) n31980U
A28 ICP-OES 8198991335 AOAC 975.03 (AOAC International, 1995b) wag AOAC 984.27
(AOAC International, 1995¢) auansu Snduii Ui sawieydman 5 au Uszneusie
Q’Lﬁ?fm*ngﬁ'mmwm 3 A wagsumAlulagdinim 2 aw vinsussdiuaadud Ysunu
W@Nf‘ﬁ”w wazseRundundiu nldfindumiy Wezwuwdu 0) Tnelduuuysadiu 5 sy
Faudnzuuy 1-5 wansseduaineslann anduiluasadeunmnimausensfil
(NALUS LaznNIIRINI, 2566)

1) YaAn5lii (electrical conductivity: EQ) daaia3asinanisurluii
WUUNAN SBuRalumheduuddoufiuns (S/cm)

2) Fausunaweandsiiazarethlé (total dissolved solids: TDS) aeiatesin
Ameadsiazanetlduuunnm senunalumhe @nlududis (ppm)
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3) TaAnAnudunsa-ang (pH) seirsosinAanudunsa-ag (FP20, Mettler
Toledo)

'
6

4) SPUnaAurEsiiiFimiamme (total viable count: TVC) Tesusalumiie

alatisetadans (cfu/ml)
3. MsnTeideya

thifeyannuuulssiiunmanadsuasdiudonuuwnasgu uazuwannumng
Wodiszidailon 1Hun 1.00-1.80 fe tosilan 1.81-2.60 Ao tey 2.61-3.40 Ao Urunan
3.41-4.20 A8 17N ua 4.21-5.00 Ap 1niign

themsthlidn Usinaveudsiiaraetld aranmdunse-rg uazTina
UVISTEFInegiavmn sdinneiiaowarmeiuuanieeadiissninammvnges
lneldlusunsudnsagy Wisuiiisuanadelngld3s Duncan’s new multiple range test

(DMRT) Msgaumutasiusosay 95

NAN1333Y

ndsnuiniawiandunieuiu 14 fu ihnindanmiine nuduledvnuas
wasfrunadnnszaigegiavtvestiviin fudmsiniesuzss Junasimvermsiidades
linuawdosy Wevssifiudnunsneusnvesiviindanmldnademad 1 uandliitud
thwsfnlugansmaaes HSO HS75 uag HS50 Sainmatuuniian foevuuwade 4.40 4.40
uay 4.60 sy i mnluganismaaes HS-C uay Hs25 fathaafiamuduseduann
Foazuuulads 4.20 uay 3.60 mMudy dufuuTinuresie waruuRvivenindnyn
n3nAABS HS-C HS50 wae HS75 eglusysfuties fiazuuuiade 2.60 2.60 wag 2.40 muady
dautmingansnaaes HSO way HS25 ayluseduuiunans dazuuuade 2.80 uay 2.60
AUAAY Lﬁammaaummﬁuuéjﬂajwmﬁumﬁulu{fmﬁﬂsqmmimaaq HS50 ugg HS75 Ul
hsinyan1amnaes HS-C HSO way H25 dindumiulussdudesfiandasasiuuiads 1.20
1.20 wag 1.00 AUEFY

M13197 1 dnwalrnieuenvasmdninmenevdn 14 Ju

YANIINARDY Gl ANUTNE Ysuunlasing ndumiiy
HS-C 13;’1(51’16 4.20+0.45 2.60+0.55 1.20+0.45
HSO 13;’](5]’16 4.40+0.55 2.80+0.45 1.20+0.45
HS25 13;’](5]’16 3.60+0.55 3.00+0.00 1.00+0.00
HS50 g”nma 4.60+0.55 2.60+0.55 0.00+0.00
HS75 13;’](5]’16 4.40+0.55 2.40+0.55 0.00+0.00

e - enulugliuuaiede + daudsuuunnnsgiu (meanSD)
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€

1%
o v g

MsUSeuiuAMAINNNNIENNLE R UNIEURNMINTININGS 5 YAN1TNAaDs

(3797 2) wuTrArnsiliiuasUiinaefunisAidinegvesiminaniavens
ﬁﬂ%mmmﬂﬂ’iﬂﬁmﬁﬂmﬂmwmsg%uiwqmmuqu %qﬁﬂwﬁmgmmwmam HS50 1S
tnlifinunniige s09091 Ao HST5 HS25 HSO Wag HS-C Wiy 7.59 7.24 7.17 656 ag 632
Funudsauiuas audiu (1wd 2 () drudSinagdunidaifineguniganuly
YANIINAGDY HS50 5898911 AB HST5 HS25 HSO wag HS-C windu 20.60x10° 19.70x10°
18.20x10° 16.40x10° uay 14.90x10° lelailsiofiaddns mudisu (1wdl 2 (1) umnsineann
Uinuvesdeiiaransiildfhiminainuz sy iu aaauan HS-C) fanunfign sesasn
A® HS50 HS75 HS25 Way HSO winAv 1,772.50 1,672.28 1,659.20 1,462.39 uag 1,412.24
dndlududan mudidu (0wl 2 () dnsusadunsa-ang wudidmngts 5 gams

naaadliifinnuwaninsiuegradiduddameada (o < 0.05) TA1egluyas 4.25-5.14 (nwil 2
(@)

M13197 2 AN NNENNLETUSINURAUNISves v nTIn eV 14 U

¥ams  Amnasiluia U3auvaeuds ArALT YSuaaunsd
GG (Farudde flazaneild N3A-AN9 ii73nog
LuURLUAT) (daulududau) (Inlatinofiadans)
HS-C 6.32+1.03" 1,772.50+103.56™ 5.14+1.23 14.90x10%
HSO 6.56+1.38" 1,412.24+149.08 5.05+1.07 16.40x10™
HS25 7.17+0.82% 1,462.39+118.48 4.43+1.18 18.20x10%°
HS50 7.59+0.95° 1,672.28+117.03° 4.25+1.73 20.60x10%
HS75 7.24+1.06° 1,659.20+104.50°° 4.82+1.39 19.70x10%°

e - eadlugiuuanede = dleauunnggiu (mean+SD)

- AadsmMAumemsnesasiulugauifganullinuienasiuegsidud Ay sedi@
(p < 0.05)

naFsuifisudSnasmensudnuesiivufidludmindaninis 5 ganismaaes
(37 3) 3 nudndmtndanmiindndererseiu (gnauau HS-O fusinallulpsion
Fosninimiindaninannewe s Weidesdduuiinalulaseuiinulutwin uiasin
wuIn gaMsnAaes HS50 wag Hs75 Fhlasiausnniigauasiiusunauindu Ae Sevas 0.53
509891 Ao HSO way HS25 Fausunadliiunndneiuluneadd (o < 0.05) fie Sesay 0.30 uaw
0.31 muddu waztmsinniavrsrudlulasautiosfian fe Sovay 0.26 (amdl 3 (n)
druvsunusaneanesalulinnuwansseglitudAgmn1eada (p < 0.05) seninen1swmiin
Pheimur sz ulasiindewmseng Felldn3osay 0.05:0.06 (Mwil 3 (1) dwulnumaden
fUsnasniigalutminanase v sgAnIsAaes HS50 589a971 A HS75 HS-C HS25
uag HSO Uinadesay 1.12 082 0.74 0.51 uag 0.50 Amiady (il 3 (@) suenumsg
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YounsAnIMINEns (2557) dntndannensiviuadlulasiau wearesa uazlnuvadey
lsitfesnetnsariosar 050 Tnsviwiin vieivsnumuiulsitiosninfesay 1.50 Tnenintn
wandlyiiiuynyamsnaaesiiuTinalnumadouriurm sy uitiinameaeading
Aasg i snuimindanmganisvaaes HS50 uay HS75 idusualulasiauuas
Tnunadessiuennasgiuiisivue

7.59
800 - 747 7.24 2,000.00 71,772.50
00 32 656 s 1,672.28 1,659.20
o 700 s 141220 186239
- £ 600 & = 1,500.00 A
= 3 G &
6= . RN W
= 5 5.00 £ 2
°§ @ 400 7 +Z °% 1,00000 1
€ 5 300 1 z 3
€ Z 200 £ T 50000 -
© g
1.00 : @
0.00 0.00
HS-C HSO  HS25  HS50  HST75 HS-C  HSO  HS25  HS50  HS75
) YANINARDY @) YANINARDY
6.00 7 25.00
5.14
>0 4.82 = 206 497
Z 500 7 4.43 4.25 S & 2000 18.2
€ g @& o 164
& 400 A wZ & 14.
[~ & @ 1500 4
= Q@ -z
¥ 300 L
2 TS 2 1000 o
& 200 A S
£ 53
‘€100 A & 2 5.00 -
0.00 - 0.00 -
HS-C  HSO  HS25  HS50  HST5 HS-C  HSO  HS25  HS50  HST75
(@) YANIINARDY ) YANINARDY

A 2 aunmvnemenn laun Anistliih (n) Yianaewdsiiazatedils (@) Araau

1%
o

) 1 a a 6 v Y (%
Wunse-ang () wavuSsnaqdunsdveaiveindininengvsin 14 1

A13197 3 USinasimemsvanvesiivvesivdin®inmengwin 14 Ju

YANTNAAD Usunasamnsuan (Seeaz)
lulasiau Woawasda Twunadau
HS-C 0.26+0.01° 0.05+0.00 0.74+0.01°
HSO 0.30+0.02° 0.05+0.00 0.50+0.01°
HS25 0.31+0.01° 0.06+0.00 0.51+0.01°
HS50 0.53+0.02° 0.06+0.00 1.12+0.01°
HS75 0.53+0.01° 0.06+0.00 0.82+0.01°

newn: - enulugduuuanade = dudeauunnsgiu (mean=SD)
- AdsNMAUmeAs nesAsiuluaauiRgfulin UL Aty siTud 1Ay seia
(p < 0.05)
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0.60 7 0.53 053 0.07 7
2 = 0.06 0.06 0.06
© 050 o 2 006
€ 40 ot
= 0.30 0.31 »E 0.06 1
e 0.26 ®
= 030 L2 0.05 0.05
= & 005 A
2 020 1 fé
S i S 005
@ 0.10 qg
0.00 - 0.04 -
HS-C HS0 HS25 ~ HS50  HS75 HS-C HSO HS25  HS50  HST75
o) -qmmsmaaa () ’l!ﬂﬂ"li‘l/lﬂﬁﬂ\i
120 - 1.12
2
2 100 1 082
s 0.74
= 080
© 0.50 0.51
2 060 - -
=
£ 040 A
F o0 |
@ 0.20
HS-C HS0 HS25 ~ HS50  HS75
(@) YANITNARD

mwm 3 Uimmﬁmmmwaﬂmmw Town lulnsau (n) Weaasa (1) waslnwnaidey (a)
maaummmmwmqmm 14 YU

maaﬁﬂswwamﬁ%’a

v
o v

L?,J'e'JmJﬂLﬂ‘UNﬂ‘l/ii@Lﬂ‘t%J’]Wli‘{]uﬂSU 14 Ju ‘U’Wmﬂ‘U’Jﬂ’]WIu‘Ziﬂﬂ’JUﬂMW/iMﬂWJEJLﬂw
mivauuavmmmrmmwmmiuammamuauﬂu Fadudannmmina widveshun
MavensliAdunivinnnauzsyiu (gaauau HS-O) Wesmnlumenmnsiiield
HALDY dOAAINUNUITEVOIFNINT UAZATASYINT (2560) wuindwiindanmainuman
fadenadunirdininanisvinuasilulnsougenindae dedhdminanawlanly
T ausautudegranay fnniaveuniuldaaiadulndniinisldininanasdnfies
og1aie dleRasaneuauysalvesmswinanyImamesineuas ndumiu wuimnyn
nsmeaesinesfigmadnnszneuuiimneglussdudesauiaiunans feasuu
2.40-3.00 Ymsinluganmsmaaes HS-C HSO way HS25 findumiueglusedutios doazuuy
1.00-1.20 ushiwinluganisneaes HS50 wag HS75 laifindumiiu uandliifuinnssuiunis
viinvestnrlugnmamaaes HS-C HSO uag HS25 Wndhndh lssondesindudmintos
pandlauenaliiiemedmiunisnsyiulnvesgiunig mmzﬁﬁmﬁnmmmmam HS50
way H75 Srerindlufmsnifisdu sendauiafiutiude shivadunidaiagiulning
aenndostunmmanUUinuadunisiitineguasiminluganimeaos HS50 uay HST5
flUnagAun3gunnia 20.60x10° uay 19.70x10° laladsefiadans mudsu deunnnin
nsufruunifiuds eghslsfimunisfidwsingansnaaes HS75 dUsinanauniddesns
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qﬁuw%ﬂuﬁmﬁﬂﬁqmmimam HS50 ﬁgqﬁﬁﬁzfamamﬁﬁaqwﬁﬂmmﬂﬂ 109917799773
sniuly dealfgamafissarinamavsinanas uuaitiSefinaansauaninlugiausnuasion
flvevonmgiigeiasiivlni Wunalinsdosaaneivaglaauaymsazanyensndunid
anas (nAnad wazaue, 2565)

AmsthliuansiemuansalumsanUdessgenns (nsedl 2) wuimimn
Tugamsmaaes HS-C uay HSO Tiviinuudaudlifanmsinuandtedu Sanmsiilnih (6.32-6.56
FuudselguRiung) desninsiinuuumdetesitdudmln (7.17-7.59 Buuddoigufiuns)
dudmesdiiaraeildveniwiinuansdauimusnemsfioraeluh dwiinluganis
vAaed HS50 way HS75 fusinamedsiavanetile (1,672.28 W@y 1,659.20 d@ruluaudiu
pddy) snndrdmsinluganimeaes HS25 uag HSO wanslifiudnisvsiniase gl
widedevindlufmiindausfosas 50-75 Huanmeiifinnisdesaaeiiininyanismaasidu
ansUsgneumaeilutanmindwnsesnulaun widinavdeirvenmsunadinegiudandn
fonu iwuwdeatumavinRenmaldiiululiuieiifuendludam 0.7 Ansdeunt doduan
nsndnAsu 21 Tu asBunidasgndesaaiegiieiosas 70 Adnsdrunisueusialulngiay
wagsg Inunafeugedissosas 9.92 uag 3.20 MudAIRU (M330Y wAzaIIN, 2559) INT1Y
Usinaueendiaulufmind sziufenanimnzaudmiunmaaiydvlnvesdsaqaunisly
St anguiidesnslioandiau (aerobe microorganism) uaznguilalldvieldaondiaution
(anaerobe microorganism) LU LuALSE Bacillus sp. Lactobacillus sp. Streptococcus sp.
Fon Aspergillus niger Rhizopus Wag Penicillium waz8as Canida sp. (Lanthier and Peters,
2013) mMsfiminannasr sy Sularaniavoamngansmaassmuiddledvnnszane
vufimtn deandeatumsnudulsludmiindanmanavemsitldanaiuemua
HrusmmheainainamiAfoves Nitsuwat et al. (2013) uis1uaugduv3safidineglumin
YANINARDY HS-C HSO HS25 HS50 Uag HS75 fd1uau 14.90x10%-20.60x10° Telailsiediadans
Fapuniniminaversvesiiuemakardusmisadnfd S uiugdunidiaun
1.22x10" 1laflsedadans wasdrulugidudaduasuendludeda windu 1.35x10° way
1.27x10° lalailviediadans auasy

dewsudfisusmormndnuesiialutvindanmanniewaese Sufudimdinan
IS aTduNa Ry wuinsldtaguiindsdiniu axdnaliuinalulngiau
warlnunadonuandnatude whildandminlugaauau Hs-C Aldursyudutanmiin
Wieseg1usin dlulasiau (Fewag 0.26) deuniinmdnaieiawe1vis (Segay 0.30-0.53)
LANA19 NI Toves Taumsed wazane (2560) Anuinbmindanmanimsinuay
AOINIVDININENFe T UATAIsTINTIY IUTinalulasiau Weanesa uaglnunades
lauwnnaneiulumisadia (o < 0.05) waziivssnudssnindesas 0.20 0.04 wag 0.60 ANAIAU
wrgdmsnnnmsonslumadeilifideliomniudedeliug s dudumen delady
andesgndesaasdtenindoadn wosidedniifuludelsiui foglulpnaudy
drsznevdfn WellUSinaerivenmefimunzay nstopaaeded Wity vl
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Umnadlulnsiuludviinganismnaes HS50 wag HS75 funndgansnanosdy 4 uas
unnirfinsanulusAdevesTamumssd wagamuy (2560) agrslsAmuuiinalulasialy
dwsinnavesnni NNz s AAAADITUNUITLVRIDUY UavANE
(2564) Fovimsisuifisudadumaninawinngnaadueiesduvaifiadiuam 3 ges
wuingnsfiinisléiad eslutanfiaufunasnn dindndanmasisinlulasiaugeiignesis
ffydAgyeadfdimivuimameanefaludmdnanasae ss Sunasiavemsvnem
nsnaasslddiamnuuana el dedAgn1sada (o < 0.05) dUsunusevaz 0.05-0.06
dnUTalnunadeumuiniminnnamzseiu (gaauau Hs-O) Slnunadeunndu
UM 3 (Souaz 0.74) 5899MNYANITNAGDY HS50 wag HS75 (Seeaz 1.12 ua 0.82 Aua16U)
WusaanuzsyIuduinfifllnunadougsuszana 314 fadnuse 100 n3u (@inlavunns
nsuewNLly, 2561)

‘fmﬁ'ﬂmmmemmsﬁsmm‘miﬁsumﬂﬂdﬁfmﬁﬂmﬂmwmx’«T]u InganzyUsunn
Tnunadend funniian sesaun fe lulasiau uasreaesa mudidu Falminluys
nsvaaes HS50 fuTinilulnsiau Weawesa warlnunadenunnilan fe $ouay 0.53 0.06
uay 1.12 pudey sevaan Ao dminluyanismaaes H75 fifusunalulasiauuas
woanesawinAy HS50 uafusinalnunadeuiesndn Ae fovaz 0.82 drudwinluy
N19NAABY HS25 uay HSO fUTuasinemnavia 3 via lduandrafulunieadd (o < 0.05)
Ao dlulasiau veanesa uwazlnunaden wiiu 0.30-0.31 0.05-0.06 Uag 0.50-0.51 AuEIAU
wansliiiuinusunaesinsuduindssmunzaudvdndiuvesianudn (@a1duide
IngnmansuavialulagurisUssinalng, 2565) aonAdesiuuidevenas wazgien
(2559) wuinmsiAnemaluneseniniayeins Tuliuks uagyata Wunaum 6 9alus
Jeminazdlulpsiaunazwoarladamnnineviindlienimegwsioidloswm 24 4l way
Jeminiviinlaglsiiueinia ilesnduimaemamsnzaniunsaiaiulnveaqduie
fidusnansddlunisdesameimyagdunis Rosanldangamnilunesevinazgedu
Yzdosdany

#5UNan1339Y

mMsviniayevnsildiasingn Wuioiiean wlian wasugssdu Huanmiin
TudswanafnUanwazlarnmunniu 9 az 10 3w Wunaiuu 14 3u lesiudesiamile
Saquitnli¥evay 50 vosdaviin (HS50) Fauduruetesiivmnzauian dwiindannils
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fivinannluwe (Pandan amaryllifolius Roxb.)
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Comparison of Green Color Stability and Qualities of
Singapore Cendol (Lod Chong Singapore) Made from
Pandan Leaves (Pandan amaryllifolius Roxb.) Using

Sodium Bicarbonate Solution and Lime Water
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Abstract

This research investigates the effects of sodium bicarbonate solution and
saturated limewater on extracting green pigment from pandan leaves, focusing on color
values, texture characteristics, and sensory evaluation of pandan-flavored Singapore
cendol (Lod Chong Singapore) to achieve a stable green color and consumer-acceptable
quality. The green pigment was extracted from pandan leaves using sodium bicarbonate
solution at various concentrations (0.00, 0.25, 0.50, 0.75, and 1.00%) and saturated
limewater. The resulting extract was then used in the production of pandan-flavored
Singapore cendol noodles. It was found that a 0.25% sodium bicarbonate solution
produced Singapore cendol with the highest greenness (-a*), the most stable green
color, and superior tensile strength and elasticity compared to other concentrations
(p < 0.05). Additionally, this formulation was more similar in quality to samples made
with saturated limewater than to those made with other concentrations. Sensory
analysis indicated that the pandan-flavored Singapore cendol noodles made with 0.25%
sodium bicarbonate solution received the highest acceptance in terms of appearance,
color, aroma, taste, texture and overall preference. Therefore, using a 0.25% sodium
bicarbonate solution is suitable for extracting green pigment from pandan leaves to
produce pandan-flavored Singapore cendol noodles with a stable green color and

enhanced physical quality.

Keywords: Lod Chong Singapore, Pandan leaf extract, Sodium bicarbonate, Saturated

limewater, Green pigment
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Tuwaisd Anauermsdunseiiiden fo fanududedortuwarasiuinnid lunsld
Tues AnanemsdauanesienavinliiAnanudsaieguamldmnuilnaludsunmi
1nduly (Arshimny and Syamsu, 2020) Taevialunisvuualvedidnsiudainsssuei
daullvgjaghifiannunsia Tnslanzddornnlune delumedsaingdidoiddy Ao
Aaalsilad (chlorophyl) LﬁamumsmumiLL‘UigUmmia‘L%&rruaﬁummﬁ@mimﬁauwaa
Taipsdn Fafnannisildsunlamesraslsiiadidlolasuanudeu (Neo and Zhao, 2007;
Zheng et al., 2014, Dewi et al., 2022) Wiensiasuudasianudunsa-ag (pH) fiflanny
Junse (Indrasti et al., 2018) #iervesnaslsiladiuasududifsroudmaveiilelufiu
(pheophytins) Badunasnanuunii@eslessuy (M) axgnunuiisielslnsiaulooou (H')
Twrawmunesingu (porphyrins) wWaswdudihmavesiilonaslus (pheophorbide) ua
Fioradsududdetanvesnasisilalad (chlorophyllide) Insordaioulusinaslsiiaaa
(chlorophyllase) fitAnnsgayidevIwdasenluanluanavesnaslsilad (Gunawan and
Barringer, 2000; Koca et al., 2006; Senklang and Anprung, 2010) Tag WU 1@1171905 N1
Aaslsiladluseninmsuusgula wu mﬂﬁtjammwmmmau (high temperature short
time: HTST) (Tijskens et al., 2001) msLmu‘mLLuﬂuLszjwiaaauiuimqaswumﬂafﬂs‘V\Iaam8
leppudanyaiiiiuszquinaes (Zn) (Minh et al., 2019) wagnsauAuAANLLTUNTA-A1g
dreansiinaudusg (alkalizing agent) 1wy lalewdeulalasurean Todeylsasonlas
Twieulundueiun wnadeulensonless waswuniidedlensonles Wudu Seamaniay
yhliaarndunsn-sndusenitnsulssaeiu uasinlfnaslsfiadawialaliaaelunds
mﬁLL‘Uig‘U (Koca et al., 2006; Minh et al., 2019; Gandul-Rojas and Gallardo-Guerrero , 2014)
mummﬁ@uﬁmﬁ’dmmLﬁalﬁﬂ?{wamLLazﬁL%aﬁﬂWﬁ‘ﬂﬂaLﬁaLﬁ'mmmmﬁa
vesdiduvienaolsiiad Wy nsndnasnvesdirluiiinomilasasseils uavamey (2566) us
ownsiifudladudumamdnmninislihydduiuneundnondmaronmauifveutiils
%4 Pedcharat et al. (2021) 1ﬁiwmma‘uaqmwdLLﬂQGt’J’n‘mewgu‘LaﬁﬂﬁLﬁmmsqiytﬁami
wnmuasuug (birefringence) vasdinutiausdin waflanuanusalumsazanefiatu lne
fonmgliuduvesnseanaluidy (gelatinization) Annaviingean wazAinamilaanas
dodtsutuudaililduniyula Fadunaandrenudunsn-ssfiiugeduogluiag 11-12
Tnethyula mslilndeuluasvesdadundefunndudulndsuwayluasvaiuslu
viliAnansaranenns (solution alkaline) (de Oliveira, 2020) Afitasadusnefisnnid
uazfinaanifionatisuannmuemdniusilinnnsidsunlamesaaslsiladszning
nsuUsgUens uazilesanmaslsiladdanuasiiluaniozens FatfunuAdeiseins
LU'%EJULﬁaumamaﬂmﬂi’fmiazmai%Lﬁsmlums‘U@Luw%al:uﬂ?TﬂﬁzjmLLazﬁwqﬂaSmﬁﬂums
nAnduaentesdnlUsTiiAdnnnlunesonunmi g Snvasiloduda uarnimadey
melsgavduiavenduasnyaddenlus Ineywmislvindndueiiduaontesdnlusiiaieives
asanalueiiasdeiunszuumsuUssufsnnufeulasduiiveniuvesuilaa
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1. IngAvuazasiall
a1sazanelafeulua1suaiun (sodium bicarbonate: NaHCOs) ALY UUU
$opay 0.00 0.25 0.50 0.75 uaz 1.00 (winlaguiineg) gnindeslagldledoulumsiue
y3oiwanlea 8% uiinn1usm (McGarrett) 0.00 0.50 1.00 1.50 wag 2.00 n¥u azanslu
1harern 200 fadans ﬁﬂgﬂa@'mﬁa wigdlagazalgyuuag 10.00 Ny Tushazenn 200
faddns aulidiuagdenialy 1 du welduiliaranemnaznou wwnawizdyudiula
inlflunismeaswsisld Tuwesanildlunsidaduludl 13 Sunneeadusiuly Faduluud
uwazdUIuunaslsiladie (chlorophyll a) geagludie 424.18-444.12 dadinusie 100 Ny
daminusts (Suryani et al., 2020)
2. msafaasdildeanlume
ilumeaniianailiazorauazdudliuis studutufansrismeduse
g17Uszaa 1 wuRns diludunasivansaransludesluasveiun Aldihasenndu
fvhazanandutudesay 0.00 025 050 0.75 uax 1.00 (wtnlasUiing) waziiyula
susfuivinazans fesmmdnlunesomsatalumeriiiy 1:4 Tnedniin Jusaudy
Freindestiuman f1ds 250 T0ef A1aE2 12,000 seuseund WWuan 1 unit 9andunses
nnluimseanlufefiamu 2 44 wesAvansasrnnluwelunafusadlugibuiigungd
8 asraala (a33wild uavay, 2566) dwiuldnanidunonyesdanlus
3. Mawssuduasnvasdealuslume
nsfnwmaresasaransludoulunsuaiunuasiyuladldataasdidernn
Tuimei Inaronunmveduaontesdsaluslune Tasnsnioudietsaentesdenlus
6 gns FeinudasniSuesassuild uasaue (2566) laevhmsnanudaiuduznds 30 n3u
wazthataanluee 100 faddns muliutandudodiortufowmlni @e imarflex
U IF-062) g fl 80 ssAneaifoa 1iuna 2 undt nuuwakaufuuts
fuduends 150 ndu vaugdeuliuddlaiidadoudune 5 uidt dwutldadlduiady
usiunun 4 Sadiuns Mewn3esinduvendl wdidaliiduruin 0.5x18.0x0.4 wuRLAS
Guaondesderluslumegninludiluihiendesndau 15 Tnethmiin Wunm 2 wil uag
wiluinfuiigauugiivieaduna 30 wiit Weasunalivhnmsasdmiurzunssaunuiaa
Wuvian 5 widl dewthlussinaeununm
a. meAnsziaunwvashlumsuandusandasienlus
4.1 mtaranudunsn-mweshatinanluse
dhataanlumeiiatadeansazaissiis q gniunasanudunsa-eng
flgamgivies Insvhansadauiuns 50 fiadans ldludninesvua 150 faddns Jnraana

' ¥

\unsn-Asneieios pH meter (METTLER TOLEDO $u F20)
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4.2 MyinAdvesaontesdalus
n53an529@eUATE (color values) wosiduasatosdsnlusiignudrdae
\30339 (Konica Minota $u CR-400) Tieunaen@sgszuy CIE Sufindr arwaing (L¥)
Adiiauns (a%) uay Adailamaes (b TneAanuanadiadaus 0 () 8¢ 100 (@319)
Avidunadiaruintsuenismnududuas inaArdnauusvenieanududiden wazandudl
dwdesdiduinusvendennudufivdos minaravusvendenrududiniiu vnsdy
FregafietndfimunisuuRivessied 1saentesdenlus vhnssenunadwdsannsin
FAds I 10 87
4.3 Mnzidnvaieduiavesaentosdnlus
Sorndnvaeidoduda Thun amnumusiousa (tensile strength) uavAIN
faveju (elasticity) voaduasntosdenlusuuin 0.5x18.0x0.4 WwuAAT fMoAdasilaT Iz
eduia (texture analyzer, TA-XT2i, stable micro systems) A AR TALSIRS (tension)
sWa A/SPR s alusunsulunisinsed laun aanusavesiafaneunsnagou (pre-test
speed) 1.0 adansroIui mnuswesiinvaenaaeU (test speed) 1.0 fiadansnoIund
SY8EesEMINAI @R (distance) 100 Hadwns (Faulasnisves Charutigon et al,
2008) ¥MITeNUNaARaENNMIRTERTIe 1 uaentedirlUsS Y 30 9
4.4 nMsvedeun sl Tzavdudavesduasntosdsalyus
UsziununInmaUseamduda (sensory evaluation) susnwedsing &
nau nausd savR Wieduia uazanuveulnesu faedsuuuliaruuumNToU 9 sEu
(9-point hedonic scale) lEyimsuszifiuganmeimUssamdudaviognaaeududilisiu
sty Faduindnwinazyrannsvesnmzimaluladannssumans aminedomelulad
FIFLIAANIZUAT 11U 50 AU Ulduedlg1uduasntesdsalislnonisulduaondas
&emlUS USmas 30 n3u wanduiiden 20 fiaddns warinedi 15 fadans ladenanadn
Anthesanuuduinems 3 van uasfesndaundetguiierdasanivesiosnadeunti
WlausiiazfogInuaIaU
5. NMFIATIZANANIIEDA
TUHUNIINARB LA TLAT T YRy an1saifdwuuduauy sal (completely
randomized design: CRD) @w5unan1sitaTenAIAdiiunsa-ae And wazdnuaiilo
dula wazaununIeaemazlinTsitoyanvadAuuuduluvdenauysal (randomized
completely block design: RCBD) @usun1snagounisusyanduna vinnisitasiginiig
kU5U59U (analysis of variance: ANOVA) waziU3BuLiEuUALLANA 19 IA LA B YBINTS
AATEiRuNMIdUaenYedInlUsAEIS Duncan’s multiple range test (DMRT)
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1. nasanudunsa-ansvasiaialume wazAdvendusanvadenlusild

AMUdNTUYREITaza18ANe 9 Tunsanadilleranlumedivsunaniduaantasdenlus

Msiwsiamudunse-aweniainlume wuindiofuaudutures
arsavaeludeuluaivaiunludisiesay 0.00-1.00 dwalirinudunsa-raduduey
Tt 5.45-8.64 Ay Fedianinasaraneinyuladuiaifaianudunsn -ang
Wi 11.73 sawanslumnsied 1

nansTeTziadvenduaentadnluidiewms aelndil auenAnum1aves
Andndaslidanuty wuinsiansasaelndenlumiveusissiunnududuiiuandeiu
wazinladuilumsatransdionnlumedinasennd L* a* ua b* veaduaoatosdealus
athafitfudfeeda (o < 0.05) Tnenuidissruanududuveddadiedlunueiundovay
0.25 fA@de (%) wnilan weranaadessiueuiduduredadeluamsueiunfiviy
ﬁﬂﬁgaﬁﬁLﬁ‘ﬁsnmnm'wﬁ'aasmmsﬁ’ﬁwqﬂaﬁm@f’a wazie8199 e Auasazaneled oy
Tumsuaiun (3197 1)

A15197 1 ArAudunsa-aueainluwmenazAd (color values) VadduanntaIdenlUs
T lumeanamgaIsazaIgwnnmAany

AMududuvas Arnnudu Andvaaduaandasdnlus
dsanaluime N3A-A9 L* a* b*
vasihluneg

TaiAsalupnsusLun 5.45+0.01" 53.62+0.38° -13.74+0.70° 46.61+0.55°
Zawaz 0.00 (Y1ian)

lonsnluasusiu 8.18+0.01° 47.08+0.90° -23.95+0.70° 48.97+0.87°
Souag 0.25

Todenluasusiun 8.42+0.01° 06.79+0.84° -22.85+0.61° 48.19+0.70°

Saway 0.50
Tosdenluasusium 8.55+0.01° 46.68+0.98° -22.79+0.36" 47.30+0.97°
So8az 0.75

Tawenluansusium 8.64+0.01° 46.02+0.83° -22.39+0.55° 47.02+0.82°
Saway 1.00
uuledus 11.73+0.01° 51.02+0.54° -18.28+0.36" 41.28+0.57°

e - eadluguuuatede  dulenuunnggiu (mean+SD)
- AnadsimAumgiIgnwIAnulugaui gt udnuuanateiueg 19l ded1Ag i
@ (p < 0.05)
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anvauzUngUedduaenednlus (i 1) uanslidnduasntesdnlus

1% '
;% o

A a 9 %% H L a 3 o aa
‘1/1Namﬂ’la‘umﬂﬂl‘uLm‘élm"ll(ﬂ’wu%ﬂa1%56?1’1iaBaWSI‘ULﬂﬂﬂJiUﬂWiU@L‘umaﬁlaz 0.00 dawven

v A

Jaafan warfimuudusaay 0.25 Jawelanunfian wasiddevenanduaanadile

9 9
[ %

ANULTUYBIENTaranl oA gU lUAISUBLUALRLTY WA A ENEANINNIdUaBAYBIEIALUS
alhihyuladusalunisainansdiliennnlume

AN 1 Anwrvenduannvesdenlusnitirlumeanasluasazanelefeuluaisuaium
rsdaduiandnsiunfesay 0.00 (1) 0.25 () 0.50 (A) 0.75 (1) 1.00 (1) uaguyula
UM ()

2. wamsindnuusiaduiavaadunandasienlus

nansindnuuzdoduiavesdunentesdeelus nuhmududuresasaras
Tnsulumsvaiuauasinjuladudinaderussiauazanudavgurenduaondos
FanlUsunnanadueenafitodAyn1eadn (p < 0.05) Tnenuidissduanududuvedadion
lumfveiumdesay 0.00 fausifuaseanubanguiosiian wosfistuiisziuanududu
vosladenlumiveiundosay 0.25 Mnuaussiuaraarudanguanandonududy
vosansazanelfenluasuaiumiiintu utidelivhyuladuidsaliiaussiowasarmi
Damneugeiian fams1ei 2

A15197 2 dnwausiledutavauduasntasdenldsnltunlumeainnIga1TarangLANAIIY

ANududuvasEITazay Snwauniiloduia
ASSRY (nF1)  Amdudaney (Hadiuns)
Tufeulundueiundosas 0.00 (i) 12.83+0.75° 38.57+5.82°
Tealuansusiuniosay 0.25 13.49+0.91° 43.06+4.74°
Tealuansusiunsosay 0.50 13.17+0.91 42.80+6.55"
Tealuansusiuniosay 0.75 13.15+0.91 42.12+5.16"
TealuAnsusiuniosay 1.00 13.07+0.86"™ 41.92+4.95°
vnuladush 17.771.11° 62.33+8.12°
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e - eadlugdiuuanede = duleauunnigiu (mean+SD)
- AnadsnmAumgAIsnwIR Nt ulugaui st udanusana1eiueg 19l ded1Agy i
@@ (p < 0.05)

3. nan1AdaVENYENIsUsTaMENNAva i usanYasdnlUS

nsnadeunUszamdulavesuunannteadaalud (ms1ad 3) nudndu
sondesdsnluiildinlumeatndisasazansfiuandstuinanonunimmsssamduda
nanedu Tnsamgludnungusing & nau ndusa savd edua uavauveulne
Tnenquietsiiliihlumeasadsamsazanslndeuluasvaunaududuiosas 0.25
Ie5unzuuudgeanlunnandnuasifienuuandnaduetnadidodfymeada (p < 0.05)
dautunsldenudutuiigaudomsldihyladusm wandidiuinanududusiives
asazaneieinudnuniznsuen Anvanlavesd uazanandusssmAveanaulding
Turaugenuiduduiigedudmalinsuuuguamanasogreiifoddn dmiundusauay
savd lnuanuwanaiuegeided Ay seninmnnmmaass feusiansazaneitldadio
ilumglallfdsmanssnulaenssosanindnuondusentes udnadnddudu iy dnwaus
Unnguanilodita onvffunumddnsomsiuiiazanufiselalassuvesiuilng lneidu
aoavesdenluiflimsavanelafouluamsueiuniissfumnuidutudosas 0.25 Td¥uaguun
Anureugsigalusudnunsning & ndu ndusa sauni eduda uararumoulassa

M13197 3 AN IUsEaMAURaRuSNYUIINg & Ndu nausa Weduda wazAuveu
Tnesiuvaaduasntosdsnllsiitinluweannmeaisazarglumsmseuwtalan

LANANSAY
AMANBAY ANUduduYasENTaray
d1sazany d1sazany GREGETE wula
JCTIEY JCITIY JCTEIEY UM

lTumsuaiun Tumsuaiun Tuasuaiun

Yawaz 0.25 Lagaz 0.50 %awaz 0.75
anwazUsng 8.25+0.81° 8.00+0.99% 7.86+1.13 7.92+1.02°
a 8.19+0.75° 7.92+41.02%° 7.83+0.97° 7.81+0.92°
nau 7.89+0.95° 7.78+0.93% 7.56+1.00° 7.61+0.99%
nausa 7.83+0.91™ 7.72+0.97"™ 7.58+0.94" 7.69+1.04™
U 7.86+0.76"™ 7.78+0.90™ 7.61+1.10™ 7.72+1.14™
Woduna 8.11+0.85° 7.81+1.06™ 7.72+1.11° 7.69+1.06"
AU UlAESIY 7.94+0.92° 7.69+1.09% 7.53+1.16° 7.78+1.05%

vangwe: - eendlugluuuaiaie + dudeauuninsgiu (mean+SD)
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- ARdsnmAuaeRd nwIanuluaauR e ullnuLenAiueg e d1A gy N9
add (p < 0.05)
- ns LfianuansnsiuseelitdedAgyais (o > 0.05)

A99AUTIINANITINY
1. Aranudunsa-ansvesadnlume wazArdvanduasndasdealudaile

d1sazanenng q lunisanadlenanlumedmsusnanduasndasdnlus

nMseszimanudunsa-ansesiadelume wuindefiuanududuyes
ansavaneluieuluasuounildadinulume dwalian anudunsa-saiug uudien
sndnarsazateuiyuladuda (nsedl 1) Tadeuluasusiunduindeveansng eudl
Usenounlueznauvadluiien lalasiau Asueu Laveandiau wavdAianudunsa-ana
Uszana 8.3 eflnnududiugendn 0.01 Twans iansavaneludenlumsueiunsingnld
Huansazanedimeslunuduinei (Aziz et al, 2023) uenantauisevss Pedcharat
et al. (2021) l¥mesuArarndunsa-asvesiyuladudililunismdnudsirididan
windu 12.38 s?faﬁLLuﬂﬁugmm'm'wmwmﬂunm—@mﬁuaqmiazmaimﬁwlumi‘uammiumi
el

Snurunnguesduasstesdsaluslunimi 1 uandiinduaoatesiealufi
wandaeiatalumeildasaragladelumivowndfmududugedu fnavhlidide
YomAnSTanas wasduiliiduasnyederlusiadmanunnnindiedeildindaiuas
ihyuladuialunmsatnansdidornnlue deiunldulumafedutumsiingesiaia
fen3asindinuinduasntesdnlsildasazaeladonlumsuaun amnudududosas
0.25 fifndiden (a9 inflan wazanauiloszdiuaududuvedufesluaveunifisiu
'Sﬂﬁ'jaﬁﬁLé'ﬁEmem'wTaasmﬁM’ifmjulaSmT’a wazio819 L ldAuasazaneledioy
Tum$uaiun (Ms19it 1) msldansazaneleionluasuaiundosas 0.00 wiotwan Tunns
aftnansadennnlume ansasnddeafiladarnnudunsa-ag widu 5.45 Fsluaninany
Hunseannsavhlsimnuasinveseaslsiiadanas Suiildldmsazanefifididen (-a*) silan
Turnirfiaeatosdanluiildmsasansleioulunsuaiunwasiulaifdaundunsa s
491 uazdendiden (-a*) Anauunnnivihlvidenedidideady Wiinmswasuudaswesdiden
Lﬁaaﬁnﬂﬂmﬁ’mmﬂ?auiaﬂi’mﬁL%mvﬁaﬂaaiﬁ\laémaﬂuLmﬂiﬁbﬁuﬁumsﬂivﬂaUWIaIWﬁu
(pheophyltin) ImﬂﬂmmwLLamuLszi&quImaaiwuaﬂﬂaaIiWaamsﬂaimwulaaau H*) 284
n3m FeildiBereuiaa demnansazaneilaArudunse- AvgzinIsuanivedlalasiay
losoumnaulaled waldilonaiinunudilduntu (Gunawan and Barringer, 2000)
Fafunavhlfiduasntesdenluifildasazarsladonlumsvaiun anudududesas 0.00
Tumsadaansdidornnluwedddodosfigadsunnglunmil 1 wasderanuaing (L)
wnfign (5197 1) Fefuunlfuguiontuauiseves Gunawan and Barringer (2000) 7
Anwinavesnsaanemvesansadenludnudenladaintugisaranudunsa-ang wihiu 3-8
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uennismanisgaydedideuarnisameiavesaaslsfladuesiadumainananie i
anadunsa-ssvonifldarnifintu Tutarmmmdunsasne Wiy 55-7.5 (Koca et al,
2006) msldansazanelmdenlumsvaiunifssfunnudutugaduaziy uladudaiing
biansainaintuwediairnudunsa-asegludnvesrnudunie msadnansdidessin
Tumeluaniiefiianudusisanansatiofinanunsivesssaingiliddedls :innsinm
489 Kaewsuksaeng (2011) s1eauiituansiiduiisiliouluinaelsilamaanunsaUdsy
raelsiadldunaelsiialasdeiddean aunsoazaneiilduniy waedenuasiaannnd
aaelsilad usileulvilnaslsilataat Avnudunsa-sefimnzadlunsduduianssud
7.6-8.0 (Sytykiewicz et al., 2013) FainaviliAanssuveseuluinaslsiiamaananiofa
AnuLdunsa-ansganin 8.0 mnmsnaasamuinfleinanudutuvesansazareluion
lumfvesdinavhliiduaontedealuiaden aemaing uazandvdoanas eralonnan
Tumsndnduaentesdeludanaa Inmslianufeutvansadadiead deadusinan
Tdesluendvoin Wiamsaaefvedudesluamivowndui ufansveulneenles uas
lgfisuasuaiun vivbiraudunsa-avesansadnainlumegenin 8.0 Faduaviln
Aanssuveseululnaslsiiamaanad

uennidneMenuismanmdunsa-sannm 13 aunsavianelassaing
HANLAEUTLIIBdug1U (@amorphous region) LLazﬂiw’:umiLﬁﬂLﬁ]mmumj%’wﬂaqt,l,ﬁqﬁ
gaumgiiviedls ogslsmuasazassaiianududus 1wy asazaneledeslensonled
AnudNtusasay 0.10 TA1anudunsa-ang 12.40 Wifinansznumelasiadawdnusaninge
LU?{sJuLLUaﬂmqa%’Naé’mgmlﬁ (Karim et al., 2008; Rafiq et al., 2016) lnginanonnauUA
msnesduazamiinvesuds 91nnsAnwIves Xu et al. (2024) liFnwinsiUasuuyas
ansanAvesnsluasazarsanailigunsdutasdmnudunsn-ang Wiy 85-11.3 uang
Tifuinaneanailiguussanansanssdunmsuandivesvylensendaluuinmedagu 49
yhlndautsweneiuaziivamdavgureduianauddasmandniuvesszqaulumelnaues
sllaanavosiunsndadluldhedu driudautsduduasstesianluifldasazas
Tudssluaiveiunanududuiesay 025 fefldrmnudunsa-rreiinitarsazanedu
(13797 1) Snsdsuutadasadaazmesialdtion dduluanaiuazanufouunsnia
inanledes enavilansdifoionaslsiladgnihanesennusoutiesninanizdu fe
wini3sdianAden Amnuaing uazAAvdesmnniian Turneiidinudunan-rsiigeduan
nsiuamududiuresansazanslufenlunfusiunzdsaliiduaentosdenluiiididen
warAwdesiianas uidsnsfirAdeuasdmdeannnimsldinuladuilunsatndide:
nlue (audunsa-ag wiiu 11.73)

2. dnwanitloduiaveadunandasienlus

mafiuandutuvesansazaeludeslumiveiuniisosas 0.25 Altlunns
wissslumedmsunmsuanuiia dswalfiduaondosiselusdausiuazaauiinmeu
genidisziuanudududu q Tnelofiuanududuiiiesay 0.50-1.00 finaviilveuseda
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wazaaudanguanas lunngiideldiy uladuidsmalvid dusafwazaiaudavey
gefian (9197 2) weidunasnananudusmesasatnlume Wewnasildsiauds
Lﬁmm'ﬁwaqﬁammﬁuﬁauﬁ%meaaﬂ (Pedcharat et al., 2021; Lai et al., 2004) %qaamé’m
FunsAnwiwes Han et al. (2012) ldsreauisatunisnesiavesutsiain (buckwheat
floun TnedainmainAsef swosduueni A gnud v insiuanududuvesasazans
waadeulansenladaaiy (fesaz 0.00-1.00) WuitAwsaiainan AL unsa-aig
7l 6.63 (wnaBeallensonlediosas 0.00) uarilAussisasaaiimmandunsa-ans iy
1231 (wradeallansenlardevay 0.40) MEINTUALSIRIIzanaT FernusaRadlaudumug
fuanunilafianunsaldvse fiunuaudivedodudanisdould Tasaranumiaiiunniu
Usdautsiimsuinineuitasunnesninnnindiitinruniindesnia lnslessuvedlany
danla/dan1lald s (alkali/alkali earth metal ions) wazvisleasenda (OH) vasulad
UjdiusiuRnduansussneudsieuuinamdniuuliiazgnimelasnsunuilusneu
Aauleeauuin %‘fﬁﬁzhaw'qmsﬂa'aaaslmiaaaaﬂmmmﬁmLLﬂaLLawﬁ,g"Lamiaﬂ%amnma
wodwesvodls oraviliinnisunuiivedlusnausis wraifeslosoy (Ca*) wazlosou
wradpulansenlasdiunnda (CaOH)") lnaiiaiusyseninaupaidenlooausunds was
wealenlansenlasiunndaiuuts Feezrhlidiaudwenefuaswosildunniu venand
mwwﬁm%Lﬁ'uﬁmﬁaﬁmmLﬁﬁuﬁummmﬂaaaﬁﬂqa (Lai et al., 2004) ANANISNAAD
wunAmndunsa-ivesansatnanlumesetadinnudunse (Eanudunsa-ang
whitu 5.45) 3eiliduasndesdenlusissaunnuduturedaiouluaiveiundosas 0.00
frussauagamuiavgulioniian dwiunsliihyuladushliamauiunsa-daes
ansadnanlumedianudun (Aenudunsa-ne wihdu 11.73) gendinisldansazane
Towsuluasvaiuniiaudududosas 0.25-1.00 (Araudunsa-ang wiadu 8.18-8.64)
wazunaidesllosuninjulaiinnudulessingsninTmdelooou (Na) Ssannsaiia
wusgAvuddldudansindt ibiiduaendesdealuianiiauniags dwaliiduasndos
Aeelusaldinuladusdidusefonagaanundanguganinfssduaududutuves
ansazanelfedlupsusiuniosas 0.25 0.50 0.75 uaz 1.00 mMUEFU (M151971 2)

nmsldansazaelofenluasusiunanadidelanluwmelunisuanduasnies
Aselu$ wudmsldasasaeludenluafvenlussduanududuiigsdu aindosay
0.25-1.00 AussRswazarrnunlnnguanaadntdes liflanuunnatsiuegedideddams
adf (o > 0.05) orfieadestunsuinveadauilsdouiasunneen (Lai et al, 2004) e
arududuresansaranslefouluafueaiundiuiu luenavesindigudiauddldtiosas
mmdma‘iﬁlﬁ@LLﬂﬁ@ﬂﬁﬂﬁamaqLLazwaaﬁﬂﬁLﬁﬂﬁawmzﬁiﬁmm%wmLLﬂﬁ SLAUNISLAA
wandluedudgniiin vlinnuvieanasiivadndes wuliaunsadunanmsiiaaaiil-
wiulgdmaudolilafeulurivanviolafsunsuaiunfianuidudusiaiy wazsuds
asavanudu (Ragheb et al., 1995)
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3. MINadeUANwMENIIUsTaMAUNEva i UaRnvasdealUS

nsnagouneUszamduiaveunasntednlslunisised laldsegng
aondosdanlusAldiyuladuindufegnsmunu iesnifuasazanedldsuialuly
nswanvulngludagdu drufed1vaenyesdenlusildarsazansladionluaisuaiun
ANUTNTUSDYaE 0.00 mﬂaﬂwmvﬂsmgﬂummamwLLam“lumww 1 egiiuindiegail
aLﬁusnsmﬁmmwmasmauLLaymwaﬂwmyl,uaamal,mﬂwmmmamwhmﬂuiammmam
(p < 0.05) muumamamﬂugﬂmmL‘Uia‘umsnm‘umaEJNmﬂuﬂWimaaumwiumwama
Ingranisnageumaszamduiauansliiiuingmageudulinsuuunisvaaeuniaszam
Fufadudnuneusing @ nau ndusa sand ilofuita uazpnuveulasseLENYeY
aalusiildansaranslafonluasueundissdumudududosay 0.25 qmdwﬁaasm?ﬁu &
Euaesdesdealsildansazanslaionlumsuaniissiuamudududosas 0.25 fdnvus
odudafimileniy uasiddnnduian nmafvanudiduresasazanslaiesluaiveiun
f%awaz 0.50 uaw 0.75 fnavhlfutiafnmauniy Wedudavesaendosdenlusdinmumien
anas dmduidunondosdaalusildnuladusesididentdosniussidnuundodula
Audeaninmsidasarardlaienlunivewn esmnenuvissiududiodaundudu
vosanslovaiing (Lai et al., 2004) Feluionleosuainansazasladienluaduamndu
asusenavlesaiinvedlavedanilafifimnudulesedntiosnituaadeslooouamiula
Susisounadeulansenledfiduarsussnevleseinvedlansdaniladss Sawilvdu
aontesdenludfildvyuladudadanumdouararuudusinitasazareledoy
Tumsuaiuaiissauanudududosas 0.25 uazanumisanasfisadnteodamuni
Wutuvesansavarglaenluaiivaiun Jedanalaenseionunmnislssamdulaves
fuaaoudududnunssing @ ndu nausa sand Lileduda warauveulassan dmsy
ﬁwuﬂﬁusauazsaﬂmameaau%mhimmmLLEJﬂmmumﬂﬁhﬂé’aﬂwﬁmw esnmswsey
fedhsruaentesdalusitenaaouiuimsiiinidonnasneigheuSinaivinty dewald
aaoudaliiansnsausnnausauazsanils Tnovunaontosdenlusild msazanslaidon
lumi“uaLumﬁsveﬁ’umwmvﬁuﬁu%@aav 0.25 IumiaﬁmﬁL‘?Jmmfﬂ,‘uLmalé’%’umsaaﬁumﬂ
wmaawmqaﬂwnmu maamaamumiamemmmmwmamamsaama LaEAIY
Snunisiledulasoniosinilodula

d5UNan1339Y
asazaneladenluaivanildaiadidernnlumelunsudnduaentosdenlusd
fnarenuainmsneninvesnandael Idud ad dnvusiioduda sufenunimdiu
Uszamduita Jadunentesdanlusfildasaraneladonluasvamdissiueududusosas
0.25 danalvindnfusiddiTen Awssis uazArnudanguinniiae Welisuiuasnvoes
fenlUsildansatnaifennnlumeiisssummudududu 4 Sntaldsunzuuunmageums
Usvamduiadudnuususing & ndu ndusa sand eduda uazanumeulnesingend
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sostasdseluiildmsaranelnfonlumsvaiunfienududugsniuazdyulalunsadn
Adernnlume uandifiuiiansazanelafesluansusndidnanwlunsianldlunsdia
auasvesiidsmienaslsiadiiataanlumenasuiussnmnimiud Snuusileduda
uazdnuairyneUszamdutawmunsldyuladuily

nnAnssuUTENA

AugRITBvevaUAN a1 I unaluladenns anvmaluladannssumans
umingdemaluladsvuananszuns foyinsigsianiuil sesufiAnns gunsal uas
wipaflelunsviiidundad
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Abstract

Banana NAK (Musa acuminata cv Red Dacca) is a rare and highly nutritious fruit.
Conventional propagation through suckers is insufficient for large-scale commercial
cultivation. This study focuses on an efficient method for in vitro propagation of this
banana species. Trimmed suckers were sterilized with 25% and 10% Clorox for 35 and
15 minutes, respectively, and cultured on solid Murashige and Skoog (MS) medium
supplemented with 3 and 5 mg/L of benzyladenine (BA), with or without 100 mL of
coconut water, to induce shoot formation. After four months of culture, MS medium
supplemented with 5 mg/L BA and 100 mL coconut water produced the highest shoot
induction, averaging 31.7 shoots with a monthly shoot rate of 3.9, which was significantly
different from the other treatments. For multiple shoot induction, 1/2MS liquid medium
supplemented with 3 mg/L BA, coconut water and polyvinylpyrrolidone (PVP) achieved
the highest shoot multiplication, 47.3 shoots per explant, which was not significantly
different from the treatment containing 5 mg/L BA. When shoots were transferred to
solid MS medium containing 1 mg/L IBA (Indole-3-butyric acid), 100% rooting was
achieved. Furthermore, the plants acclimatized successfully with a survival rate of 100%
upon transplantation. The result of this research indicate that in vitro propagation can

effectively enhance the production of banana NAK;, supporting its commmercial cultivation.
Keywords: /n vitro propagation, Multiplication rate, Hyperhydricity
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nsnzEsaiefende wazdrelidudundoasaivlnldd msAnvives Amente and
Chimdessa (2021) ssudnsiindimadutigmegimilsunawzidsadodeiivi
Tnunamsveneiuginluvaeanases temuautgmmsaieansiinig Sdanumene
a3 1wu Mautduduivlumseraefuoyyadasy nMawavasiueyyadasyluoms
Ao uarnaimedsduiiin ssiueyyadaseiifeuld Wy PVP wasnsnueareitn vie
Tgmsuauasiuenyadase 1w PVP mnadiudu 0.2-0.5 nFudedng naudunsaueanasin
ALY 15-250 dadinsusiedng Wnluemnsgns MS sesawnAeiiuauiudud wagnse
Fn3n Wudu arsdueyyadasulumsidunumddalumsidnoendlausiafiinuiizen
msaansdina SsensihmadnanasilfiAsenudemesowad lasanudududild
Tuomnadeailedetuegifusiiafia (Sudheer et al,, 2022)
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=
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1. MIATEUEANY
Y wandwuINIUINANET 40 luduns wdausslidvunausyanm 10 x 10
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Tuueanesedaududy 70 Wesidud Wunan 2 uni Wenasedt 1 dreraaiond (Clorox)
Ay 25 Wosdud Taufuniu-20 s1uau 2 vien Wunan 35 Wit vmsaaudsdudiu
yisuazaenniuluguasnite feunensinitesdnadienaeiondmmududu 10 Wosidus
SAUNTU-20 §1u7u 2 e Wuan 15 i drefeinauieidodemaiavasnite
wazdausstudlFivnadszana 1 x 1 wuiuns mnziaeadudiumondeunnuuems
93 MS i BA mnsdiudiu 3 fladnsusiedng flgaumgll 25+2 ssrnwaidea Wiuas 14 alu
sefu Anaduues 2,000 §nd Suiineiifudnmsuuidoundumzides 2 danm
2. navad BA waziuzndianreniswanvasidandaeunn
SredpstudumlanaeuInanisg 1 mmzl,??awummit,l,%aqm MS 4 gns

De
D

1) gn3 MS+3BA fie 9m3ulegns MS iy BA anadudu 3 fadnsusiedns

2) @n3 MS+3BA+CW A o msulisgns MS i BA mnududu 3 fiadnsuse
Ans Tamfurimendn (coconut water: CW) USinns 100 fadans

3) g0 MS+5BA Ao 81m15ulaans MS i BA Aty 5 Tadnsusedns

4) gns MS+5BA+CW Ao 81n3udagns MS iin BA anududu 5 Gadnsusie
803 TafutiugndnuTineg 100 Soddns
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MaLHUMIANIUULUUENaNYsal (complete randomize design: CRD) 13g
mMInRaesaY 3 91 918y 4 Mo nzdsaniondaeluraaufiuin 120 Taddes fussgevng
15 fiaddns inzidesfigungdl 2542 ssriwaidea Wias 14 Faluslotu fieranduuas
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thedomondeuniidssuuemiuigns MS ifiu BA anududu 5 fadniu
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4) gns 1/2MS+5BA+CW AD 9IM13Madgns 1/2MS il BA AU UTY 5
Susledns SaufuthuendnUinng 100 faddns (1/2MS+5BA+CW)

5) gn3 1/2MS+5BA+CWAPVP @ 21NTMAIgAs 1/2MS i BA asiduty 5
fieAnsusiodns Twiuhuendnuiines 100 Seddns uaz PVP anududu 500 Sednsusiodns

MAUHUNTIANWLUUANANYSE] Isnsvnaesas 3 61 1oy 4 uie nzldes
miandrelunanadauin 125 faddns Aussgems 25 Hadans ineid sedenisiveidi

Tadn

ANa3I58Y 80 SoUsBUNTl Tigamall 25+2 ssrnwaidea uas 14 Filuwiatu fenmuduuas
2,000 &4 Suindruaumdefidintunn 20 Su Hunan 80 Tu Tasdautsmiendeuazasn
muluteunséreideduswnslmigaafunn 20 Su deniendrewninugassana 1 @7
f{'faé’wlmﬁymwmmm%qqm MS fiunsadulaa-3-0973n (indole-3-butyric acid: 1BA)
Aty 1 fednfisedng wiedmien dededefinnimuedieies 1 510 Jeeendgn
dooyualuanmuadinensdennudaimisndisugnadlunszans 4 i Wiivuea (peat
moss) Wuanugn sulvuuazauuarsdufensnaugudunm 2 dUnmh imeides
melulsaFounsiauas 50 Wedidust dleasu 2 dUnmi Jalnguuasquadenssainiuagads
4. NM5AATIERTIYANINEAR
AnedaadsuazanuuansssaRRfelUsunsa SPSS estu 22.0

NAN153Y
1. MIATEUITANY
mimu,mqLLav‘V\Iaﬂ@J1LSUawuaﬂmamﬂimaﬂmmlfus[,ut,l,aaﬂaaaa Lmemma
nswendenassendanudutuLanasus vy 2 Ads Aeudradastindud windouas
mmeumuaﬂﬂimaumlﬂwammuummﬂmqm MS 1@1 BA ANAudy 3 dadnsuse
a5 dunenmsuuidewduna 2 dUn nuindedsldfinmsuudou 100 Wesidus usmie
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fldnnnswnzidesuugasomsudiinaniiasiihmaiivasldesosninanunavessesdn
AN 1

] = 1 1% = & I3
AN 1 ASHTYUNRUDNAIYUINLNDLWISLASIUUDINTLUS ° (wavdlna (scale bar) unuszay

1 wufng) miendewinanuasgniilasunsdausisnaunisnensinie (n) nie
Pruniswenae () wazndeiasadunan 2 dav (a)

2. nAUaY BA wazthuzwisamanmuuasviandsuin

n¥ AT ungeuIn S1uam 1 wiesinan VU MIUDegnseng o u
nan 4 fou wuiiludeud 1 Suumiendrsunnlunngmsemslaifianauandneiunsedia
Tudeudl 2 3 uar 4 Mamzdestudundasunuuennsiifiu BA mmududy 5 fadniude
Ans Safuduendnyiines 100 Seddns dnhnsadeuardaaiusnamaunniolads
Tuusiazifougaiian Ao 31.7 mie fenuusnsisfusgsiidoddameadinduemsgnsdu
Faaziiuldinensgasiiiy BA anadudu 5 Sadinfusiedns duaiunisuanmiondieunn
wnnnewnsTiiu BA ey 3 fefnsusriedns uarmafutusndmUzines 100 fednsu
soAns dudlumauanviorendsununitownsgRsTlifistugnd Faneed 1

o ° 1 = ' v dl X I3 i & &
M990 1 ﬁ]’]u’swﬁuaLaaﬂsuaﬂwuaﬂm&m’]wlL‘WﬂxLaEN‘iJumWﬁLL‘UquG]N 9 Wunan 4 oy

§n301913 UIUYDA (MUofDAUADLADY) ANWULUDY

Woud 1 Woudi 2 Woudl 3 \Woudl 4 0

MS+3BA 1.0+0.0° 2.0+0.0° 2.8+0.3° 6.0+0.9° Unhl

MS+3BA+CW 1.0+0.0° 2.7+0.0° 3.3+0.3° 8.3+0.9%° Jnhl

MS+5BA 1.3+0.3° 2.7+0.3° 5.7+0.3% 15.7+1.9° Unhl

MS+5BA+CW  1.7+0.3° 3.7+0.3° 8.3+1.2° 31.7+3.0° Un@

F-test ns * * *

CV (%) 25.5 18.3 20.5 16.2

e - enulugiuuuAlaie + dudsauunnnigiu (mean+SD)
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wiiilemnzidssreiilesuimiefidnvareruiuarnsunnveanas (il 4) idened
FnUlasiauuTanse AnNgIUsEInn 1 i Satausnidumiaifies 4 ludssuuemsuds
gn3 MS 7idn IBA st 1 fladnsusedng wletnthan wudnmiendeunnansnsosinm
\Hugtuaysal nsadienn 100 Wesidud uazdlevosnugnluanmudasgnlagldfivues
LLazﬂqmquﬁa%’ﬂmmm%u 2 dani euazdagailelvindreunnuiusluanimudas dunm
mssenTinduna 1 Wew wuldundieuiniendin 100 Wesdud

Al 3 é’nwmwawﬁanﬁwmnwé’ﬁwasLé’stwua'lmﬁqm@m 9 (WUaLNa NuTEey 1
LEURLLAT) é’nwmwﬂaﬂnaﬁwaLﬁyawummﬁmaaqm 1/2MS+3BA+CW+PVP
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AT90l 2 navesERT IR SN INendBNva Nz sudunan 80 Ju

§n301913 UUNUD AnwLYaY
(missadusiaszeznanlumswizdss (Ju)) Yo
20 40 60 80
1/2MS+3BA+CW 2.0+0.0° 3.7+0.7% 10.3x1.5° 25.3+1.8° Unf
1/2MS+3BA+CW+PVP  2.3+0.3* 6.320.7° 17.3x1.2° 47.3+2.3" Un@
1/2MS+5BA+CW 2.7+0.3°  6.7+0.7° 16.7+0.9° 32.3+15% 92U
1/2MS+5BA+CW+PVP  3.3+0.3% 7.3+0.7° 15.3+0.9° 29.7+1.5° 9uLh
F-test ns * * *
CV (%) 17.32 7.87 9.96 8.48

B - iqamu’l,ugmwumm?ia + dhufeanuuanmnsgu (mean+SD)
~* yazandeiimiusesisnessetuluanusiientuianuuansieiueg 198
dadAgn9ada (p < 0.05)
- ns liflanuunnsinsegrafiedfnyneeiia

<

== 1/2MS+3BA+CW =@=1/2MS+3BA+CW+PVP

el 1/2MS+5BA+CW == 1/2MS+5BA+CW~+PVP

P
o
(6]

]

(Miiasianu)

[

INIINTTLNUIIUIUNUD

[

0.0 T T T 1
0 20 40 60 80

szgzantuNIsINIZIagY (1)

MU 4 Sasmaiiuiiunieiaiisrenalsuin Waimziieduemavaignseiig 9 W
1387 80 WU

WICHCHA JOURNAL Vol. 44 No. 2 July - December 2025




82 213ANTIYYT UMINENREINVAUATAITITUIY

N159AUTIINANIIAY

nMsea s el endrsunnaninsarilddenisldmloindaud swaswenade
2 af1 Tnendait 1 vendhenasSandanududy 25 Weddud Wunan 35 Wit Aewthunaen
nueandemalialnanidoludiedes udnhumenadsd 2 deeaefendarundudy
10 Wesidud Wunan 15 il wezdausaiodedrensasnnudnaddidvunadssana 1
wURLAS feumEEss Fenswenandedeismssenansilimiendreusranmsuuiou
100 Waesdus Wuieaiusenunsnzdeaied olnalaglddudiulslen §vihnsen
gdenialslansuu 2 ad dreasavarenassendanududu 30 war 10 Wosdud Hu
1381 30 Wag 10 W muansu (Seun Lardnsns, 2562)

ﬂWiL%?,J&;]JULWWLady‘ENLﬁyaLglaﬂéj’aEJU”IﬂUU’e]TVI”IﬁLLGﬁ\‘Iqmﬁ MS LA BA AL UTU
3 fadnfusiodns mniamsUudeuaninselunensndeslduas iuss v amainsiaes
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Sargassum polycystum Caulerpa lentillifera wag Gracillaria fisheri
A Study of Metabolite Profiles and Relationships in the Seaweeds

Sargassum polycystum, Caulerpa lentillifera and Gracilaria fisheri
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Abstract

Seaweeds exhibit high biodiversity and produce secondary metabolites with
potential applications in various industries. This study aims to analyze the profiles and
relationships of metabolites extracted from the lipophilic fractions of three seaweed
species commonly found in Thailand, including Sargassum polycystum, Caulerpa
lentillifera, and Gracilaria fisheri. The seaweeds were extracted using methanol and
fractionated by column chromatography with hexane: ethyl acetate as the solvent
system at ratios ranging from 85-95:15-5 (%v/v). Chemical compositions were analyzed
using gas chromatography-mass spectrometry (GC-MS), and their relationships were
assessed using cluster analysis and Principal Component Analysis (PCA). A total of 112
metabolites were identified and classified into 26 major groups according to their
chemical structures. Steroids were the dominant compounds in S. polycystum and
C. lentillifera (24% and 23%, respectively), whereas unsaturated fatty acid esters were
predominant in G. fisheri (21%). Cluster analysis and PCA revealed similarities in the key
metabolite compositions of S. polycystum and C. lentillifera, which were distinct from
those of G. fisheri. This solvent system effectively isolated unsaturated fatty acid esters
in Fraction 2 of S. polycystum and steroids in Fraction 3 from both C. (entillifera and
G. fisheri. This research highlights the potential of these three seaweed species as raw
materials for metabolite extraction and demonstrates that metabolite relationship data
can be applied to optimize extraction processes, paving the way for product development

in various industries.

Keywords: Seaweeds, Fractionation, Lipophilic crude extract, Gas chromatography-mass

spectrometry, Cluster analysis

unin
mm’wamzLaLﬁuﬁqaﬁ%ﬁmﬁﬁmwwafmwmamﬁaquq waras1gansiuwnualan
Rl (secondary metabolites) Nfllassasnavnaniunnsnsiudafidnenwlunmsimudu

HAnfuTTigaA1gadudaunn (Comish and Garbary, 2010) MNNWITETHUNILATIEIY
aswunveladanamensaiifnenmlunisihluldusslevdunnune wu woanwwudu
(astaxanthin) 1Huansnquualsiiuees (carotenoids) (ndaunt uazans, 2566) Tgnslunisdiu

| a a ] £ v )
aﬂgyjaaaizmﬂmnmmuﬁ 500 11 ﬁqmmumiamau (Elbahnaswy and Elshopakey,
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2024) uaga1unsnannIsuanseenwazianssuvedaulsdiumIngiuialalusiiua (matrix
metalloproteinases: MMPs) dadsnavilianunsndesiuiasesiiinanuasyild (mokawa,
2019) wagy|lausudiu (fucoxanthin) 1uanslunguuelsiiuesd fqnsdueyyadass
(antioxidant) qwéﬁmma#é’mﬁu (anti-inflammatory) (Kumarasinghe and Gunathilaka, 2024)
uazfignFuUIL (anti-diabetic) Faildutelunisvraenszuiunsasaulosiuluwad
(Sayuti et al., 2023) MnAaENTRvasEsRUBladag 9 lvdeudansainanavitensa
s undndusiuazomnsiaiy veniniaminenziadedingnlesigseu (hyaluronic
acid) Bauanstrsnnaueuiiy (Farage et al,, 2007) Fsdealdlugnanvnssudosdions
anee

msanaasunvsladanamvengaiimeiuvaneds Wy nsaiamesiiazate
nsafageioules] msatnseaduauigs msatnseadulilasin nmsadadevedlva
e iVGR LLazmaaﬁ’mmaé’aﬂsuaalwa%ﬂqaﬁﬂmm (Batool and Menaa, 2020) N5+a8nI5NS
afinansanamenziamsinsanisauauiRvesasitmineifesns nauATediin
msafnansanamsensialdisfinarnmane wu msadaylauwuivanamsie Undaria
pinnatifida 143515 uaulneanlenival (supercritical CO, extraction) dusgdnsamgs R
livinWasideuanmainarudounasfaudovulosiliiesonisvinlviuians (Yin et al,
2022) MyannasiueanaINaInIeNzLa Sareassum polycystum A18AIvinazalsnIeiy
wuimsadaseerdlau 70 Woddud vilildusmaansituednuniign sesasn fe
a1sazateozdlau 50 Wosidud uaziefiaoz@inn 100 Wosidus auany wanslmiuii
fviaranefiuans et uanusaanaansatnamsnensialausunauand sty (Wu et al.,
2022) agtunsRaIIEn1suenans (fractionation) MiiUssAnEnm agaewfinmnuusiug
Tumsuenansddguazaneududouresnszuiunsiilviuians deniswaminssuiunis
wonansiufesodedeyariinvesmasunusladiatalfifioduumdumsssniuuisng
wonans suanlulsglenidontsfnwansanamsgluewian nmsAnufinuanaulng
yadumaliesgiesrusenouamegluavsensiaudasyin Sianmsfnyilseuiiuuas
Aianzsinnuduiuveesduszneusiumueladsenineavitengusing q aluslnduas
Aruduiusvasesdusenouiumualadsemiteanenguing 4 annsolfidudeyaiugm
Tumadenviavesansedlfiduingivlumsataasddy nuiadoyannuduiusves
sueladdsennsmiluvssgndldlumsianmdadasianavig uesmsdumasesngy
matnmeialmilddnde swideifdgusrasdiiiofnulusinduazanuduiudvos
wunueladi analdainduvesdluilan (lipophiic) vesansenziasiai wulduinly
Useinelne vila S. polycystum C. lentil fera Uaz G. fisheri LagAn¥INTZUIUNITNTANAGNT
delrldnduansddymdnvesasensiavisasin
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atun133e
1. MsafaasoangusaINaMiIeNza
Auieg 9@ msienziadyinia S polycystum A1NNIAVUDN FINIA
UATAS5TINTIY T IUADUNNTIAN W.A. 2565 @1ms1enziadilien C lentillifera 3NNIIAIN
WYsUT U ouNnIIAN W.A. 2565 WaTaINIIENTAARAY G. fisheri 31NTINTAF VA
Tugrasioudamau w.e. 2566 uunviinvasamstenudiouss Coppejans et al. (2010)
Ng et al. (2017) Noiraksar and Ajisaka (2009) Uag Price (2011) kazdudun1sszyvilalag
HYILMENTI3E AT.UNY INYPTA UNINEIRUNEATANERS
Yfegeavengiainasinlvazens ULIEABUALT oY (§%o BINDER,
Ussinagesiy) figumgll 50 ssrwaidea Wunan 24-48 $1lus wazueliaziBonduns
afnansoangrdanamiensialaenIsusvein (maceration) tnedainageamsnenzLaus
¥fimay 500 n5U Talurininusuins (volumetric flask) 3,000-4,000 8dAAT WHUWNIUBA
U3ums 1,500 Haddns ﬁﬂmwﬁﬂﬂué’ﬁm Funan 7-10 Fu aniunsesines 1 wunszay
N84 Whatman No. 1 ﬁwmiﬁaﬁ”ﬂiﬁmazm‘aLL‘qumalﬁmmﬁuquzyﬂmﬂﬁwm%'aﬂﬂé"u
FEMEENIUUMYU (rotary evaporator) (890 Heidolph U Hei-VAP, Useineilgasiiu) finnuisa
100-120 58UsBUIT (rpm) AMAY 150-200 Haduns (mbar) gaungil 45-60 aeALsALTYa
walanaelsiimuazinnduadliudnsan 1:1 udrwdlidiufuiogne dainsly 30-45
w7 asazuendu 2 du laun daulalasilan (hydrophilic) wazdualuilan (FauUasis
11910 (Napiroon et al., 2021) luwendualuidnuazihlussmemyinasansraslsWesuosn
aglparsananetudludluilan (lipophilic crude extract) (Zhang and Lin, 2008) LAUSN®
Tud\fufigamgd 4 ssmwaeoa 1l et luusndrusisasduflasualuns1il (column
chromatography) sialU
2. nMsuenansagmatianaanlasunns
Iuanfiegsasadaneududluian 3 nuaslureduy wagldinatinnoau
Tasnlnng il Hinlansii (stationary phase) Wudan1aa 60N vumeyniA 40-63 lalasians
%o Cica 50-70 n§u wazwlawdaudl Ae Auvhavansenwusdeefiaesdnn lusnsdiu
85-95:15-5 lneUSinnsreusinns dududhmaniivuvadlunisuendiueans ((aulasis
11970 Buathong et al., 2019) wagyhmsifvansanawuudu (fraction) lnefvundiuag 50
lagans
3. Mm3mszviasrUsznaumaeiidtameatauialasunnnsi-uuaaUninsvs
Sins1zivde aaoias osudalasulnnsafl-uuaaunlnsdines (gas
chromatography - mass spectrometry: GC-MS) ';'u Agilent 122-5532U1 T9maautl DB-5ms
Ultra Inert Liner §u Agilent 5190-2293 lngannieiilddiamzrimosddsznouvesanseae
1389 GC-MS e $nsinisiua 1.5 faddnsdewnd Usunsiegnsdian 10 lulasdns tngld
wadiadauuy splitless Taalunsinsgi 58 writ gamgil (Fu6u) 100 ssrivaifes
Aegaunnil (hold time) 3 W19 gaunil (§nv11e) 310 eFYaLTYa
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4. nMFAATIRRtaYANTIANGNATE ALY

Sanguamensiavsauniindedeyamsddyiiatalinndiudluign Tneld
Tusunsudi3agy Prism nestu 10 wazuanawaiduunuiinruiou (heat map) Tagldmnudy
vosdifufusidoya tietaeliifumnuuandauazednndswesesdssnautasnguas
wunveladluamsienzia Saufumsdanguesdusznevvesarsuunueladiiadaldain
avsenzamelusunsudsagu PC-ORD 1e3du 7.11 (McCune and Mefford, 2016) Toya
il¥ fo pedUsznavresasuunuelas uazulasdeyaidesdulaeldaoni3fiu (log-
transformation) tigliteyaiinisnssaeuuuuni nthildmatanguuuuanims (two-way
cluster analysis) ﬁ@fumuﬁumﬁLﬂiwﬁmﬁﬂizﬂauwéjﬂ (principal components analysis:
PCA) Wl ehinszvimnufullsenineiedns uazdanguosduszneuvosasiuunueladly
ausienzialagly convex hull polygons

NAN13IY
1. WslWavesasuunualadluamsienzia

wuanswunuelasiaialdananaluilanvesemsiensiansanuein saum ey
112 &3 Feanunsadangunuansdrdyvdn (major compounds) sanidu 26 naa léun
Leanesed (alcohol) ueatau (alkane) Saradmas (alkyl ether) nsatind (bile acid) ualsiiuss
Ineandu (dioxin) Wwames (ester) nsaladueaves (fatty acid ester) nsalutiufialoames
(fatty acid methyl ester) Laaneged vl (fatty alcohol) Wwsu (furan) Ndlweseadiin
(glycerollipids) lnalalwe (glycoside) Alau (ketone) ansUsznauiiuedn (phenolic compounds)
WaAlng (polyketides) A3luu (quinone) isAuees (retinoids) nsnlutiudus (saturated fatty
acid) nsnlufuduseames (saturated fatty acid ester) @fiesoes (steroid) wiasiu (terpenes)
wesiiuend (terpenoid) lnsndiwelsa (triglycerides) nsnlusiulaidud (unsaturated fatty
acid) waznslutuliidudueames (unsaturated fatty acid ester) Wiedisieviesrusznou
vesnguarsfiataldainamsensiansaiusidn wuinasidyauvesamsensia
S. polycystum uag C. lentillifera fio aiiesoss lngilosAusznaugean Wity 24 uag 23
Wosiiud muddiu sesasn lud nenluiulidufieames Tesdusznauwinfu 20 wae 11
Wesius mudidu Jansainamsenzia G. fisheri inunsaluduldduieanes
23AUSENRUNA WA 21 Woasidud sesasun laun aiesesd desduszneuwindu 19
Wosidusd uenaniamiensiaisauviadmuaslundusafadines Yusu wasnsaludy
Bush Andudndiu 2 Wedidud vesesiuseneufivindu dniwd 1
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S. polycystum C. lentillifera

il 1 1UsldesAusenauvesasnualadnainlaaingrualuianvesaniiensia
S. polycystum C. lentillifera wag G. fisheri

2. anuduwusvasnguasiAguaniiataldanamenziansauyio

NNMsIeTgEnsinnguuuuassnwesnguansddamdniidussdusznou
YasamEnsETEsin wuin S. polycystum flosdusznauvesansdfudndiadaldain
druveslaluilanaanepdeiu C lentillifera mﬂﬁamﬁq 100 Lﬂai‘Leﬁuﬁ WAL ANAINENTLAN
aowdindiflesdusznavtesansddyudnsann G. fisher ( Al 2)

mﬂmimLLuﬂaﬁmﬂmmﬂmmwmmmmmumma PCA uanssaninil 3 lag
wnufl 1 awnsnosuiedoyald 60.94 wWedidust uasunuil 2 oSuiedoyaldvisdu 21.87
Wosifud sauiaduannsnodunetoyald 82.81 Wosidud wuinquansddyudniinuidu
asfUsnavluamienzasanuviniviedu 14 nau Idun woanesed SaRadmes nsntf
wwawmes nsalusiuteames nanlviumfiateames Wusu asusznouiiuedn nanlufudud
nealusiududeaines aifesend woffiu wofiiuees uaznsalufulidudloames
mjmmsﬁwé’zyﬁwuLﬂuaaﬁﬂizﬂaﬂu S. polycystum uaw C. lentillifera Svisdu 3 nau laun
welsfiuees Alau uaznsaluduliduda nquansdrdnyiinuldvislu C lentillifera uay
G. fisheri fivavun 2 ne 1éun AR wazisiuosd nauansddgiinudussdusznaulu
S. polycystum waz G. fisheri Sisfanun 1 nay laun lnsndigelsa LLazmjmmsﬁwﬁaﬁwmﬂu
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asrUsznevluamensasialaviinnils loun nguansdrdninuldianie S. polycystum
= 1 v 1 al 1 °o w d' v e = :J’ U 14 U
11 nqu laun adluu waznguansdrdginulaanie C lentillifera fiviavan 2 nga laun
lneandu warlnalales diunquansiaunsanulaaniglu G fisheri Ivisvun 3 nau laun
LBALAY LOANDBRALUIY uALNAwesoadn Fun Wil 3

2- way cluster-species

= —

Matrix Coding s
Min [ Max 2

Information Remaining (%)
25 50 75

ro

L 1 i 1

terpenoid
unsatuersted fatty acid
e
L— retinoids

athyl ether
furan
saturated fatty acid
mctldn
fatty alcohol
tycerolipds
e

— uinone
] Swoxin
1 glycoside
o Ssteroid
L unsaturated fatty acid ester

i 2 1ulasunsu (dendrogram) YBMIFIATIRNITIANGULUUABINNG NANENTEAVAN
Vi 26 71 Mnuluamseneanausiin
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alkane
*

s
c

G fisheri
S. polycystum+C. lentilifera
S, polycystum+G. fisheri

C lontilifera+G. fisher

S, polycystum+C. lentilifera+G. fisheri

fatty alcohol
# glycerolipids

unsaturated fatty acid ester
@ triglycerides
# polyketides

retinoidss

PCA 2 (21.87%)

quinone
*

@ glycosde
dioxin

ketone

rotenoid

unsaturated fatty acid

PCA 1 (60.94%)

@

MW 3 PCA wanIn1sInnquuanguanssddgiiannlaaindudluiiananaivsiensians
anuiln

3. nszurunsanmansidnlundualissessuasnsnluiulidudeamatan
d15ananeu
MnmsAnwmuInguaswwveladudniinuluamitensiaviaaueia Ao
afipsensuaznsaludulyd uiateames delnszurunisaiadad Yansataneuaiu
STURAnvesawsenziasaueidn 7ildan3sug mingamiuea 910y uthanseme
FvazanseendieLA oI uTEMEAS LU kazanLendau (partition) Tunsasuen
Tneldsvnazansinduiulnnaelsimududasiau 1:1 aanald 30-45 unil ansazuendu
2 dau loun daulglasiian wavdrualuian lanendudluianuazihlissmedvinazans
Iamaelsiinueen taluasadanenvdinaluian drunuensunednillasinlnas il negld
dnsdudwazany Lenwu : Wlasydey Wiy 85-95 : 15-5 lneUsunsreuSunng 1Ju
wawwAeudl (mobile phase) wazvhnsifivansatndiuay 50 Jaddns awnunseludulaidus
wawesuazaiiesoesluasatauuudnd 2 uaz 3 mudidiu fanmil 4
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Dried seaweed (500 g)
S. polycystumn, C. lentillifera, G. fisheri

1 «— Maceration in methanol

Crude extract (10 ¢)

L «— Partition with dH,0 and dichloromethane

Hydrophilic extract Lipophilic extract (5 g)

¢— Si0, Column chromatography (n-Haxane : Ethyl acetate = 85-95:15-5)

fraction 1 fraction 2 fraction 3 fraction 4  fraction 5 fraction 6
| |

unsaturated fatty acid steroid
(S. polycystum = 0.9 mg)  (C. lentillifera = 0.2 mg & G. fisheri = 2.7 mg)

ani 4 Bmsadaasddylunquaiissesduaznsaluiulidudieanas

N158AUTIENANTIY
Tumsfnwiafsiidenndsudietwimaamitensiadisniseuiigumndl 50
ssniwaiva Sadugamnliiinniinsmenuwes Teramukai et al. (2020) AdnwUszAMEAmN
nsafiaulsfiuosfanavensaduma S homer Swiumssuiigamaf 60 sswmigaLea
yifumssuuiaigungll 50 esmwadiva madagdasinwansddnyludndluiandady
fngusvasdvdnuosmsfinuadsl
mAfedfunAtousndldszgndldnssuunistasninnsilunatauazuenans
wunusladandrudluianvesaminensia Wngldssuudvinasarsienaunaiefiaosdnm Tu
Samdan 85-95:15-5 InUTunmsrotines wuanssumusladfiatnuasuenlsonamitensia
Freanuviaeauny 112 ¥ia fsannsnianguansddyoonidiiidu 26 nau Tnsamsensia
wiazrilafiefidudesdusenevvasassumusladlunguansdfguandnaiu illedinszs
osdUsznoundnuasnguansddnyinuluamienziarsausin wuimsnauaiosesdua
nealusiulibudueamesdniduasdusznoundn Seaonadostusesuyes Nazarudin et al.
(2021) Tapotubun et al. (2019) wag Torres et al. ( 2019) ‘1‘7{i’lamudﬂwua’liﬂdumamaﬂﬁ
waznsaluiulidudieamnesidussdussneundnues S, polycystum C. lentillifera wae
G. fisheri 1ufiu
MmiAeildnenunszuiunuendresasnduaiiesesduaznsnluiladus
amesnamIenzatsaunin Tasannsousnansngunsaluiulidudieamesain
amsenzia S. polycystum Manansafawuudind 2 e?fqmiﬂejmmlsuﬁuhiéuﬁaLaama%ﬁu
wedin1ssenunuluansansadaneivainamsiensia Ulva intestinalis Wag S. ilicifolium
fannaewmiuea (Nazarudin et al., 2020) LLﬁ%ﬁﬂSﬁﬁ@MmUﬁjﬁq%éﬁ’]uL%@i’]LLazLLUﬁﬁL%‘EJ
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(Tahir et al., 2018) a'aumiﬂejualﬁmaaﬁmmmLLaﬂiﬁmmmiaﬁmwdauﬁ 3 989n158NA
ausieneia C lentillifera way G. fisheri %qmsmjmtﬁaiaaﬁﬁﬁmﬁiﬂamudﬁmamaaﬁ’mlﬁ
270 U. fasciata %&ﬁqméﬁwumaﬁmﬁu (Naikwadi et al., 2023) wagAuuzi3s (Sundarraj et al.,
2012) waga1n U. expansa Rhizoclonium riparium Codium isabelae C. sertularioides
Spyridia filamentosa G. vermiculophylla wa¢ Padina durvillaei fiafndaedvhazane
LR %aﬁqm%‘ﬁma%aﬁaw AunsENEU Anuzise wazdeaiulsaiala (Zhang et al,
2021) Mnewisvesansddnse q uassiiiuinansatanamienzaiidnenmlunsimun
fnw uavUszgndldlugmanunssuen el waziedosdiensld (Balek et al, 2016;
Millman and Ross, 2003; Pulikkottil et al., 2013)
Mndeyanguanswunueladfiddwiuinnvilienlunisatauenaisusazain
nsdnnauansddnyazteliannsadlussgndlunssuiunisadaansld nuadedilsm
asunveladaunguansdirylagedeanuduiusniaadl (Ulah et al., 2024) uagld
Tusunsa PC-ORD Tumsiinsgimsdanguanuinenuesddsznautesasdfy sumiauang
mMsnseaeimesnguansddnyluameedeusuiiauieu (o et al, 2014) nMsTangs
owUsznavtesensddaluauinevsaiianuyin wunduasiedy 14 nguiiussdusznen
Tummsensiannaln 1wy asnguinesiuessiifimsmerumuldidufia amse uias ua
98T (A3I3500 wazUselndmmi, 2566) %aﬁqm%ﬁmmﬁmLaULLazéhumSﬂ ety Ui
Tuynemaunmd maiessannsahlvlfidudumasluiwemdomslilugpamnssuadosiu
LoaNasea dne e (Fan et al., 2023) a1snauadluuiAeginisseaunuly S. polycystum
Faflqnslunisduuzise duderevled (HV) wasduwuaiise annsatluiauldly
guamnsue (Ferreira et al., 2021) s
NnMAnneiesdUsznoutesngumsddyiataldanndnaluianluamiemsia
Weenuwla wuii S, polycystum wae C. lentillfera flosdusznauresansdfayiindendaiu
1NTige uazsnsInamEVza G. fisheri namsAnwAMNAURUSTuANA119INN5IRane
Wansvesamsefinenuiamiedidofianuduiusinddatuamiedunannniy
awsedtma (Chan and Bhattacharya, 2010) sisiiansarindualuianvesanminediden
waztafiaundeadsiuonvasieudsnsusudalidntuanimuinden fsieifiusng
mssondinuazanuldiusulumsudsiuluuvasiiogordemamsiafivannuany (Chhetr
et al,, 2023) egslshmumnaziiideyassAuszneuesansidylulszendldlunsdndiv
mATaumsmsdeaiududeyamsanaludiuvesgugiuaziudiuveslalasilan dae
v nusinveamelusesnguliinniu wldidugudoyalumsiluussgndld
FfumsInddvaneTimuinisdeld
nesUsnevvesasdfgiinuluamsensadiausiln uandiiiudiednonm
vosamienzialunsliiduingiuiieatnansdrdguaziluldlugaamnssudiusiig o
susanansaUsegndldnszuiunisuenarsidnludiuresdlufidnaud seelily
Ussgndlfifoatnansddnuazihlu@nuiiauitasssandlugnamnssudiusing o sioly
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d3UNaN33Y
Mnnsatnansenziavsaurialaowmueatazuendualufianluimsey
wuasunueladiieay 112 via LLazmmmﬁ’mﬂﬁjmaﬁﬁﬂﬁzyiﬁﬂgqﬁyu 26 nau laengu
ansadnidussiussneundnluaminensiasisanuiln T6uA S. polycystum C. lentillifera
way G fisheri Ao alfivsosduazninlusiuliidudaieained lnsaansanonarsngunsnlusiy
Lidufeamesanamsenza S. polycystum Meluansafnuuudind 2 wazanunsauenans
naualdiesesRNamIEnea C lentillifera uagawsevsia G. fisheri toluasaiawuudiu
7i3 WaEAINMITIATINDIAUTENBUVRINGUETEAYNUI S. polycystum wag C. lentillifera

a P o o a o w a P ° ) a o |
fanupanepaaiuuniiagn neansdrdguenlaaunsadnluiauindndadiivilalusuiag

AnAnssuUsEnA
mu’i%’aﬁlﬁ%’umiaﬁuawumﬂﬁuﬁgﬂmumiv‘hﬁﬁ]ﬂiimiaLﬁ%MLLazaﬁuayumiﬁwm
Inermans 19 waruinngsy (39u) yuatvayuauiiugiu TUFF 06/2567 uanaini
YaUBUAN 509ANan319158 AT.mnlayay LSeySa dmsutuneunswIenTanaamnensia
YBYOUAN HYIWAIAATITY AT.UINY TWYTa dmsunisseyvilavesavsiensia
YoueUARL A3.4WE ANABsAlIYAd warunsEmnIines mMezun Avaelumsiingiensddy
Y9UUAN W9ANI5TN UTRI Lare1915613091 BnaY dmsuAuuzlumTiiaszvideya
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Abstract

This study assessed the species diversity, nutritional content, and antioxidant
activity of 25 indigenous vegetables used with a traditional dish of rice noodles with fish
curry sauce from Nakhon Si Thammarat, Thailand. Significant differences (p < 0.05) were
found in energy, protein, fat, carbohydrate, and ash contents. Clausena cambodiana
leaves had the highest energy content (448.53+34.44 kcal/100 g), while Peperomia
pellucida leaves had the lowest (288.77+0.02 kcal/100 ¢). Parkia speciosa seeds
exhibited the highest protein content (28.61+0.05 ¢/100 g), while Alpinia malaccensis
fruits had the lowest (7.43+0.04 ¢/100 @). Fat content was highest in P. speciosa seeds
(17.18+0.07 ¢/100 g) and undetectable in its peel (0.00+0.00 g/100 g). Carbohydrates
content was highest in Baccaurea ramiflora fruits (82.05+0.12 ¢/100 ¢) and lowest in
P. pellucida \eaves (48.85+0.08 ¢/100 ¢). P. pellucida leaves also showed the highest
ash content (23.84+0.01 ¢/100 g). Antioxidant capacity, analyzed by ORAC, FRAP, and
DPPH assays, showed distinct variations depending on the plant part. Leaves and young
shoots, such as those from Litsea petiolata and Anacardium occidentale, demonstrated
the highest antioxidant capacity, which correlated with their high flavonoid and phenolic
compound content. Spondias pinnata and Clausena cambodiana leaves also showed
high ORAC and FRAP values. Fruits, including Ficus botryocarpa and Baccaurea ramiflora,
had moderate antioxidant activity, while P. speciosa seeds displayed lower values. The
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peel of P. speciosa performed better than its seed, particularly in the FRAP and DPPH
assays. Flowers, represented by Etlingera elatior, exhibited relatively low antioxidant
and nutrient levels. These findings highlight the superior nutritional and antioxidant
properties of leaves and young shoots, emphasizing their importance for functional food
and dietary applications.

Keywords: Fish curry sauce dish, Traditional knowledge, Vegetable, Nutrition content,
Antioxidant

Introduction

The incorporation of fresh vegetables with spicy foods in Southeast Asian cuisine
can be attributed to multifaceted factors, Including culinary, cultural, and climatic
considerations (Putra et al., 2023). The culinary rationale behind this practice is to
achieving a sensorially balanced meal, in which the milder and often cooling attributes
of fresh vegetables counteract the robust flavors inherent in spicy dishes (Fieldhouse,
2002). This combination provides a textural contrast, enhancing the overall gustatory
experience, but also imparts a refreshing effect, particularly salient in the context of the
warm and humid climate prevalent in the region. Furthermore, the nutritional enrichment
afforded by the vitamins, minerals, and fiber present in fresh vegetables contributes to
a comprehensive and balanced dietary profile (Pem and Jeewon, 2015). The prevalence
of locally available, diverse, and tropical vegetables further underscores the practicality
and sustainability of this culinary tradition. Rooted in historical culinary practices, the
integration of fresh herbs and vegetables into Southeast Asian cuisines serves as a
cultural cornerstone. This tradition is perpetuated through successive generations, shaping
the gastronomic identity of the region (Zocchi et al., 2024). Moreover, the incorporation
of flavorful dipping sauces and condiments, often featuring fresh herbs, citrus, and
vegetables, is emblematic of the meticulous attention to taste and presentation in
Southeast Asian culinary traditions. In a broader context, the utilization of fresh vegetables
with spicy foods not only conforms to traditional practices but also aligns with a holistic
approach to culinary aesthetics, nutritional value, and local agricultural abundance
(Varzakas and Antoniadou, 2024). This is particularly evident in Nakhon Si Thammarat in
southern of Thailand, where culturally ingrained culinary practices consistently
incorporate vegetables into daily dietary habits. This cultural phenomenon reflects an
intricate interplay among nutritional habits, agricultural practices, and regional cultural
norms. The practice of including vegetables in every meal is a cultural hallmark,
symbolizing a profound connection with the land and its agricultural heritage (Thomas
et al.,, 2022). The ubiquity of vegetables aligns with the region's robust agricultural
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practices, contributing to a distinctive cultural identity tied to agrarian traditions. The
integration of vegetables into daily culinary practices acts as a conduit for the
transmission of cultural values across generations, evident in familial and communal
settings where meals become cultural rituals (Kennedy et al., 2021).

The preparation of rice noodles in fish curry sauce, a traditional Thai dish in
Nakhon Si Thammarat, consistently incorporates locally sourced vegetables, emphasizing
the importance of indigenous produce in maintaining the authenticity of the culinary
tradition (Chamnian et al., 2024). This culinary practice aligns with the region's agricultural
richness, where locally grown vegetables contribute not only to the dish's flavor profile
but also to its cultural and historical roots (Cole et al., 2023). The use of these local
vegetables underscores a sustainable and regionally distinct approach to culinary creation,
ensuring that rice noodles in fish curry sauce remains a true reflection of Nakhon Si
Thammarat's unique gastronomic identity (Chamnian et al., 2024). The rice noodles in
fish curry sauce dish embodies profound cultural significance, serving as a culinary
representation of the region's rich heritage and traditions. Beyond its role in daily cuisine,
the dish holds cultural importance in social gatherings and ceremonial occasions, fostering
community and contributing to the festive cultural fabric. Its use of locally sourced
ingredients, diverse toppings, and harmonious flavor profiles reflect both the agricultural
abundance of the region and the culinary creativity ingrained in local practices (Aster
et al,, 2023).

This study aimed to systematically assess the species diversity, nutritional
composition, and antioxidant properties of indigenous vegetables commonly consumed
with rice noodles in fish curry sauce in Nakhon Si Thammarat, Thailand. The research
focuses on identifying and categorizing the plant species used in this traditional dish,
analyzing their nutritional value, and evaluating their antioxidant potential. By highlighting
the significance of these vegetables in local dietary habits, the study seeks to provide
scientific insights into their health benefits and culinary importance. The findings will
contribute to promoting the use of indigenous vegetables, supporting sustainable dietary
practices, and preserving cultural food traditions in the region.

Research Methods
1. Sample collection sites
Plant samples were collected from residue-free gardens associated with a
group of 11 entrepreneurs in Nakhon Si Thammarat Province, who are involved in rice
noodle and fish curry sauce businesses. The entrepreneurs, with operational experience
ranging from 3 to 25 years, operate under three business models: sole proprietorship,

family business, and community business.
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2. The plant collection and taxonomic identification

The procedure involves a sequential series of steps commencing with
detailed observations of plant features, including leaves, flowers, stems, and
reproductive structures. The following stages include collecting plant specimens,
thoroughly documenting their characteristics, using botanical keys for identification, and
conducting a comparative analysis with herbarium specimens or databases (Bailey,
1963). Expert confirmation from the Forest Herbarium, Department of National Parks,
Wildlife and Plant Conservation in Bangkok, Thailand, is sought for accurate identification,
particularly for complex plant groups or when uncertainties arise.

3. Plant sample preparation

For macronutrient analysis, plant samples were dried at 50 °C in an incubator
for 48 hours and subsequently ground into a powder before analysis according to the
next step. For antioxidant analysis, the dried samples (prepared following the same
procedure) were extracted using methanol in a ratio of 1:10 (weight: volume) and
refluxed using the T100 (BUCHI) apparatus at 70 °C for 2 hours. The resulting solution
was transferred into a new extraction tube and evaporated to dryness at 70 °C for 10
minutes. The extract was then redissolved in 2 mL of phosphate buffer and centrifuged
at 10,000 rpm for 5 minutes. The supernatant was subsequently transferred into a new
2-mL microtube. For phytochemical screening using thin-layer chromatography (TLC), The
extract was reconstituted with 2 mL of methanol in a 2-mL microtube and centrifuged
at 10,000 rpm for 5 minutes to remove debris.

4. Nutritional analysis

The Kjeldahl method for protein determination involves three key steps
(Jung et al., 2003). In step 1: Mineralization, the sample was weighed and combined
with a catalyst tablet, antifoam tablet, and sulfuric acid before being heated in stages
(150 °C, 250 °C, and 350 °C, respectively) over 5 hours to digest the organic matter. After
cooling, water was added to the mineralized sample. Step 2: Distillation involves
checking water and sodium hydroxide levels before distilling the mineralized solution
for 8 minutes into an Erlenmeyer flask containing HCl, methyl red, and water. Step 3:
Determination consists of titrating the unreacted HCl with sodium hydroxide to calculate
the nitrogen content, from which the protein percentage was deduced. A control sample
was also prepared under the same conditions to ensure accuracy.

For total fat, the procedure begins by accurately weighing 5 g of the sample
into a thimble or flask and was dried in an oven at 102 °C for 5 hours. After drying, the
thimble was placed in a Soxhlet liquid/solid extractor and approximately 90 mL of
petroleum ether was added. The extraction unit is assembled over an electric heating
mantle or water bath, and the solvent was heated until it boils, adjusting the heat
source so that the solvent drips into the sample chamber at a rate of about 6 drops
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per second. The extraction process was continued for 6 hours. After extraction, the unit
was removed from the heat source, and the extractor and condenser are detached.
The flask was returned to the heat source to evaporate the solvent in an oven at 60 to
80 °C and dried until a constant weight, which typically takes 1 to 2 hours. The flask was
cooled in a desiccator and weighed with the contents. To calculate the fat percentage,
the following formula was used Equation (1).

Crude fat (%) = (W2 - W1) x 100/ S (1)

where W1 is the weight of the empty flask, W2 is the weight of the flask
with the extracted fat, and S is the weight of the sample.

The protocol for carbohydrate content analysis in McLoughlin et al. (2023)
involved defatting samples with over 10% fat, followed by incubation with pancreatic
o-amylase and amyloglucosidase at pH 6.0 and 37 °C for 4 hours to simulate small
intestine conditions, hydrolyzing digestible starch to g¢lucose and maltose. After
centrifugation, the supernatant is incubated with enzymes like sucrase, maltase,
B-galactosidase, and oligo-1,6-a-glucosidase to hydrolyze sucrose, maltose, lactose,
and isomaltose into slucose and fructose, 2-molecules of glucose and galactose,
respectively. These monosaccharides were quantified using spectrophotometry based
on NADPH formation at 340 nm, and their concentrations were summed to determine
the total available carbohydrates in the sample (McLoughlin et al., 2023).

5. Phytochemical profile screening

Two microliters of the extract were spotted onto the 10 cm width x 20 cm
length TLC plate using the LINOMAT5 (CAMAG) by VisionCATs program (ver.13.0) to
control the position and spotting. The plate was set up for 15 samples with the starting
point from the rim is 0.8 mm and solvent front set to 80 mm. The spotted plate was
then developed in CAMAG ADC2 Automatic Developing Chamber containing the mobile
phase as toluene, acetonitrile, and acetate in a ratio of 35:5:15 (Sintupachee et al., 2022).
The developed plate was then documentation under 254 nm, 366 nm, and white light
(the wavelength of was 400 - 700 nm). The plate then screened for the group of flavonoid
and phenol by derivatization with NP-PEG reagent and Aluminium chloride reagent,
respectively, and documentation under 366 nm.

6. Antioxidant activity

Oxygen Radical Absorbance Capacity (ORAC) measurement was conducted
according to the procedure described by Ou et al. (2001). Briefly, the assay was
performed in a Costar®96-well black opaque plate (Corning Costar). Each well contained
150 pL of 10 mM Fluorescein Sodium solution (Sigma-Aldrich). For the standard curve,
25 pL of various dilutions (200 uM - 12.5 pM) of 6-Hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid (Trolox®) (Sigma-Aldrich) were added. For samples, 25 pL of sample
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dilutions prepared in phosphate buffer (10 mM, pH 7.4) were added. For the blank,
25 pL of phosphate buffer (10 mM, pH 7.4) was used. Each reaction mixture was
homogenized, and fluorescence readings were immediately taken using a fluorescent
microplate reader at 37°C, with an excitation wavelength of 480 nm and an emission
wavelength of 520 nm. The wells were read at intervals of 1 to 5 minutes for a total
duration of 60 minutes. The antioxidant capacity relating to Trolox is calculated according
to the following Equation (2)
AUCgzmplte = AUChank

Antioxidant capacity = AUC AUC 2
std. — blank

Where AUC is Area Under the Curve.

L (+)- Ascorbic acid, epicatechin gallate, [2,2’-azobis(2-methylpropionamidine)
dihydrochloride (AAPH)] were obtained from Sigma-Aldrich. Different dilutions of Trolox®
(200 M - 12.5 pM) and sample compounds (ascorbic acid and epicatechin gallate, two
known antioxidants) in 96-well microplate. In every working well the following was
pipetted in triplicate. Ferric Reducing Antioxidant Power (FRAP) was done based on
Benzie and Strain (1996) method. Briefly, the mixture of the reaction was added 190 L
of reaction mix into well containing the standard, positive control, and sample. Measure
the absorbance immediately at 594 nm (Asqq) at the kinetic mode for 60 min at 37°C.

The 2,2-dipheny!-1-picrylhydrazyl (DPPH) assay was conducted according to
the method described by Gulcin and Alwasel, (2023). Briefly, each well of a 96-well
microplate contained 200 pL of reaction mixture composed of 20 pL of sample (in 10
mM phosphate buffer, pH 7.4) or blank (using methanol), 0.1 M Tris-HCl buffer (pH 7.4),
and 100 plL of DPPH solution (0.2 mM DPPH in 99.5% methanol). The inhibition ratio
was calculated using Equation (3)

A594 - A594
Inhibitor ratio (%) = contrel =R 100 (3)
A594control

Where A594 means for absorbance at 594 nm

A regression curve of the form y = ax + b was used to estimate the ICsy
value, where ICsq = (50 - b) / a. Subsequently, the Trolox Equivalent Antioxidant Capacity
(TEAC) was determined in mg-mL'1 = ICsq of Trolox/ ICsq of sample.

7. Statistical analysis

All analyses were conducted in triplicate. One-way ANOVA was performed
to compare nutrient and antioxidant levels among different vegetable components,
followed by Tukey's post-hoc test for significant differences (p < 0.05) using IBM® SPSS®
software. Multiple regression analysis was employed to identify the key vegetable
contributors to nutrient and antioxidant profiles.
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8. Ethics
The research initiatives, endorsed by the Human Research ethics Committee
Certificate COA No. REC073/65 form Nakhon Si Thammarat Rajabhat University,

demonstrated adherence to universally accepted human research ethical norms.

Results
1. Plant diversity

A diverse collection of plants highlights the broad distribution of edible
species across various families, genera, and plant parts used in the rice noodle with fish
curry sauce dish. This diversity reflects both the ecological range and the functional
roles these plants serve in local diets and traditions. Twenty-nine species of plants from
14 families were identified (Table 1). The plants used in the dish primarily come from
leaves and young shoots (15 species), young leaves (8 species), seeds (3 species), fruits
(2 species), and flowers (1 species). Plant taxonomy identification is a scientific process
that categorizes and names plants based on morphological and genetic attributes,
essential for understanding the diversity and usage of these species. Some of the plants
presented in the rice noodle with fish curry sauce dish are rare and highly valued, making
them standout items in local markets, but availability may be limited for future analysis.

The Table lists plants from various families, along with their scientific names,
common names in Thai or English, and the plant parts used. Species from families such
as Anacardiaceae, Asteraceae, Euphorbiaceae, and Zingiberaceae are commonly used,
including plants like Anacardium occidentale (cashew nut tree) and Spondias pinnata
(Jew's plum) for their leaves and shoots. The Zingiberaceae family is represented by
plants like Alpinia malaccensis and Zingiber zerumbet, known for their young fruits and
aerial parts, contributing aromatic and medicinal qualities. Additionally, Apiaceae plants,
such as Oenanthe javanica (water celery) and Centella asiatica (Asiatic pennywort),
provide their aerial parts for the dish.

Due to the limited availability of certain plant species, which are rare and
typically collected by villagers from the mountains for sale (and cannot be cultivated
locally), only 25 out of the 29 plant species were selected for comprehensive nutritional
analysis. The remaining four species did not have enough material for a thorough
nutritional evaluation. However, all 29 species were included in the phytochemical
analysis using thin-layer chromatography (TLC). Despite the smaller sample sizes for
some species, TLC proved effective due to its low material requirements, allowing for
the detection and identification of phytochemicals in all samples. This method enabled

a broad chemical analysis while accommodating the constraints on sample quantity.
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2. Nutrition

The macronutrient content, including protein, carbohydrate, fat, and ash, in
25 vegetable samples was statistically analyzed using one way ANOVA. Significant
differences were found at p-value < 0.05. For protein content, the analysis showed
Dr = 24, F(24,25) = 1.740, p < 0.001; for carbohydrate content, Dr = 24, F(24,25) = 3.093,
p < 0.001; for total fat content, Dt = 24, F(24,25) = 12.100, p < 0.001; and for ash content,
Dr = 24, F(24,25) = 20.710, p < 0.001. The energy content also showed a significant
difference, with D = 24, F(24,25) = 2.542, p < 0.0121.

The nutrient analysis of 25 plant species demonstrated distinct trends in
energy, protein, fat, carbohydrate, and ash contents. Energy content was highest in CCa
(448.53+34.44 kcal/100 ¢) and lowest in PP (288.77+0.02 kcal/100 g), with most species
exhibiting energy values around 350 to 370 kcal/100 g. Protein content peaked in PSseed
(28.61+0.05 ¢/100 g) and was lowest in AM (7.43+0.04 ¢/100 g), with a general trend of
higher protein levels in seeds and lower in aerial parts. Fat content varied widely, with
PSseed having the highest fat content (17.18+0.07 ¢/100 ¢), while PSpeel had
undetectable fat levels (0.00+0.00 g/100 g); most species exhibited low fat levels below
2.5 ¢/100 ¢. Carbohydrate levels were highest in BR (82.05+0.12 ¢/100 ¢) and lowest in
PP (48.85+0.08 ¢/100 g), with a trend toward higher values in fruit and peel-based
samples. Ash content was most abundant in PP (23.84+0.01 ¢/100 ¢) and least in PSpeel
(3.93+0.01 ¢/100 g), indicating a broad variation linked to plant part type and nutrient
density (Table 2).

The nutrient composition from Table 2 shows clear correlations with the
parts of the plants analyzed. Leaves and young shoots, which were the most frequently
assessed plant parts (including species such as GL, LP, and SP), typically exhibited
moderate to high protein contents, with energy values ranging from 322.32 to 368.28
kcal/100 ¢ dry weight. These parts generally had low fat levels, often below 2 ¢/100 g,
which aligns with their natural role as foliage with limited lipid reserves. In contrast,
seeds such as those from PS demonstrated higher fat content, notably 17.18+0.07 ¢/100
g, as seeds tend to store oils for germination. Additionally, carbohydrate content was
notably higher in fruit-derived samples like BR (82.05+0.12 ¢/100 @), reflecting the
energy-rich nature of fruit tissues. Flowers, as represented by EE, had balanced but
lower nutrient profiles due to their reproductive function. The ash content was highest
in young leaves, particularly PP (23.84+0.01 ¢/100 g), suggesting a higher mineral
concentration in these plant tissues. These correlations indicate that the plant parts
analyzed exhibit characteristic nutrient profiles, aligning with their biological functions
and typical metabolic compositions.
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Table 1 Plant species and their part uses

No. Plant Family Scientific Name Common Name Part of Plant
Thai/ English
1 Euphorbiaceae Glochidion littorale Blume Baill: GL ﬁuﬂv/ Mon-Pu Leaves young shoots
2 Lauraceae Litsea petiolata Hook. f.: LP N3/ Litsea Leaves young shoots
3 Anacardiaerae A. occidentale L.: AO Nz SRUNIUR/ Cashew nut tree Leaves young shoots
4 Moraceae Ficus botryocarpa Mig.: FB Qﬂ?g\‘l/ Duea ching Fruits
5 Asteraceae Crassocephalum crepidioides (Benth.) S.Moore: CC #nwna/ Thickhead weed, Leaves
Redflower rag leaf, Fireweed
6 Anacardiaceae S. pinnata (L.f.) Kurz.: SP ugnan/ Jew's plum Leaves young shoots
7 Rutaceae C. cambodiana Guill.: CCa 3¢ Leaves
8 Euphorbiaceae B. ramiflora Lour.: BR 1zlvl/ Burmese grape Young fruits
9 Apiaceae O. javanica (Blume) DC.: OJ Taow/ Water celery Young leaves
10 Amaranthace Alternanthera sissoo hort.: AS ﬁﬂL‘mefjﬂu/ Brazilian spinach Young leaves
11 Asteraceae Emilia sonchifolia (L.) DC. ex Wight: ES {NNIAUNLY/ Phak nok khao Young leaves
12 Stilaginaceae Antidesma velutinosum Blume.: AV UK Leaves
13 Asteraceae Eupatorium capillifolium (Lam.) Small ex Porter & Iﬂﬂﬁ;‘m/ Dogfennel Young leaves
Britton: EC
14 Apiaceae C. asiatica Urban.: CA UaUn/ Asiatic pennywort Young leaves
15 Gnetaceae Gnetum gnemon Linn. var. tenerum Markgr.: GG N GESNSGRN Leaves young shoots
16  Alismataceae Limnocharis flava (L.) Buchenau: LF {nwielng/ Yellow velvetleaf Young leaves
17 Zingiberaceae A. malaccensis (Burm.) Roscoe: AM 41U/ Arrow root Young fruits
18  Rutaceae Feroniella lucida (Scheff.) Swingle: FL Uzdy Wood apple Leaves seeds
19 Zingiberaceae Z. zerumbet (Linn.) Smith. ZZ i/ Wild ginger Young leaves
20  Leguminosae Leucaena leucocephala (Lamk.) de Wit.: LL ns¥aL/ White popinac Leaves seeds
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Table 1 (continued)

No. Plant Family Scientific Name Common Name Part of Plant
Thai/ English

21 Zingiberaceae Etlingera elatior [Jack] R. M. Smith.: EE A1/ Torch ginger Flower

22 Scrophulariaceae Limnophila rugosa (Roth) Merr.: LR 5915/ Phak kachom Young leaves

23 Leguminosae Archidendron jiringa Nielsen: AJ \tleg/ Jering Fruits

24 Rutaceae Toddalia asiatica (L.) Lam.: TA \ausen/ Forest pepper Leave

25  Mimosoideae P. speciosa Hassk.: PS drne/ Nitta tree Seed

26  Fabaceae Parkia timoriana (DC.) Merr.: PT 383/ Tree bean Seed

27 Zingiberaceae Alpinia mutica Roxb.: AMm 1/ Orchid ginger Young leaves

28  Piperaceae P. pellucida (L.) Humb; Bonpl & Kunth.: PP nsvdy/ Phak kra sang Young leaves

29  Anacardiaceae Schinus terebinthifolius Raddi: ST UzpULYN/ Brazilian peppertree Leaves
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Table 2 Nutrient composition of 25 plant species used in rice noodles with fish curry

sauce (per 100 g dry weight)

Vegetable Energy Protein Fat Carbohydrate Ash
species (kcal/100 g (N x 6.25) (g/100 g (¢/100 ¢ (¢/100 g
dry weight) (/100 ¢ dry weight)  dry weight)  dry weight)
dry weight)
GL 356.37+£0.14 15.85+0.41 0.59+0.01 71.90+0.53 5.51+0.01
LP 357.75+0.09 15.05+0.40 2.27+0.08* 69.27+0.59 4.34+0.11
AO 368.28+0.55 25.06+0.21**  1.56+0.05 63.48+0.18 4.48+0.01
FB 352.96+0.14 10.15+0.03 1.74+0.01 74.16+0.05% 8.57+0.07
CcC 328.19+0.73 22.73+0.35 1.83+0.00 55.19+0.53 14.76+0.16*
SP 364.92+0.41* 12.48+0.37 1.24+0.02 75.95+0.32*% 4.99+0.06
CCa 448.53+34.44**  16.10+0.01 0.64+0.01 70.98+0.20 6.99+0.03
BR 367.18+0.38 7.88+0.01 0.82+0.01 82.05+0.12** 5.54+0.01
OJ 346.69+0.14 15.31+0.11 2.11+0.06 66.62+0.20 12.44+0.04
AS 323.85+0.24 22.86+0.19* 1.47+0.04 54.79+0.23 17.37+0.05
ES 331.33+0.73 16.34+0.05 1.65+0.06 62.77+0.11 13.34+0.03
AV 350.06+0.07 16.19+0.08 0.92+0.01 69.24+0.12 6.44+0.02
AM 352.14+0.99 7.43+0.04 1.34+0.04 77.58+0.13 6.78+0.00
CA 340.68+0.16 15.18+0.06 1.02+0.03 67.69+0.17 11.61+0.03
GG 363.01+0.75 23.58+0.04* 2.06+0.05 62.52+0.04 5.75+0.02
LF 332.46+0.26 21.74+0.23 2.31+£0.08**  56.19+0.01 14.35+0.03*
EC 342.64+0.46 21.74+0.16 2.46+0.04** 58.38+0.18 10.51+0.02
EE 322.32+0.04 24.54+0.32**  0.46+0.01 55.00+0.30 13.64+0.03
PP 288.77+0.02 21.06+0.01 1.01+0.03 48.85+0.08 23.84+0.01**
FL 350.20+0.55 17.74+0.22 1.10+0.02 67.32+0.13 7.83+0.02
ST 356.37+£0.14 14.58+0.03 1.57+0.06 72.22+0.02 5.95+0.04
PSseed 357.75+0.09 28.61+0.05**  17.18+0.07 44.27+0.17 4.56+0.01
PSpeel 368.28+0.55% 8.17+0.25 0.00+0.00 81.17+0.37** 3.93+0.01
7 352.96+0.14 12.12+0.01 0.55+0.25 76.86+0.05% 4.47+0.01
AMm 328.19+0.73 11.32+0.04 6.73+0.08 64.77+0.04 11.05+0.01

Note: - Values are expressed as mean + standard deviation.

- Statistically significant differences were determined by Tukey’s multiple comparison
test (* p < 0.05; ** p < 0.01).

3. Phytochemical screening using the thin layer chromatography

A TLC plate where different phytochemicals are separated across the lanes.

Each lane (numbered 1 to 28 according to the Figure 1) corresponds to different plant
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extracts or samples. The bands represent various compounds separated based on their
interaction with the TLC solvent system. The darker or more pronounced bands indicate
a higher concentration of specific compounds. The intensity and distribution of bands
vary across the samples, suggesting significant differences in the composition of
phytochemicals. The movement of the bands up the plate reflects the relative polarity
of the compounds, with less polar compounds migrating higher up the plate. The banding
patterns show a range of compounds, indicating a diversity of chemical constituents in
the different plant extracts. Figure 1 (a), the TLC plate has been visualized under specific
conditions (likely after spraying with a reagent or under UV light) to highlight phenolic
and flavonoid compounds. These compounds often fluoresce or change color when
visualized under UV or treated with specific chemicals. These colors represent the reaction
of phenolic or flavonoid groups, which are characteristic of many plant metabolites
involved in antioxidant activity. Some lanes show prominent yellow or orange bands,
particularly in lanes SP, OJ, AS, EC, and PSseed. This indicates that these plant extracts
have high concentrations of flavonoids or phenolic compounds. Other lanes, such as
LP, CC, and CA, show fainter yellow or orange bands, suggesting a lower concentration
of these compounds. Flavonoid-rich extracts: Based on the lower panel, samples in
lanes CCa, AS, AM, EE, and PSpeel show distinct yellow-orange fluorescence, indicating
they may be particularly rich in flavonoids. The distribution of phenolic compounds
varies widely, with some extracts showing strong signals and others having minimal or
no detectable phenolics. This variation highlights the chemical diversity across the
different samples. The clear differentiation of bands across lanes suggests the presence
of unique phytochemical profiles among the samples, particularly in lanes with stronger
fluorescence or more distinct patterns. This TLC phytochemical analysis shows
considerable variation in the phenolic and flavonoid content across the different
samples. The presence of yellow or orange bands in the lower panel indicates that
several of the extracts contain significant levels of flavonoids and phenolic compounds,
which may correlate with their antioxidant or medicinal properties. Samples in lanes with
strong bands are particularly rich in these compounds, while others show lower or
negligible amounts.
4. Antioxidant activity

The antioxidant analysis using ORAC and FRAP revealed that all 25 types of
vegetables showed significantly different values according to the one way ANOVA test
(p-value < 0.05). For ORAC, F(23, 24) = 7,560, p < 0.001, and for FRAP, F(23, 24) = 762.3,
p < 0.001. Similarly, the DPPH test showed F(23, 24) = 1,809, p < 0.001.

The Table 3 presents the antioxidant capacity of various samples measured

using three different assays: ORAC, FRAP, and DPPH, expressed in micromoles of Trolox
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equivalents (umoles TE). Among the samples, LP (2,226,877.70 pmoles TE) and AO
(2,029,005.34 pmoles TE) exhibit the highest ORAC values, indicating their superior
oxygen radical absorbance capacity. In the FRAP assay, AO (127,025.02 pmoles TE) and
PSpeel (119,129.44 umoles TE) show the highest ferric reducing power. The DPPH assay,
which measures free radical scavenging activity, highlights AO (202,077.54 pmoles TE)
and ST (172,049.59 umoles TE) as the most effective samples. Conversely, GG (2,696.88
pmoles TE) and PSseed (1,738.24 pmoles TE) exhibit the lowest DPPH values, suggesting
weak radical scavenging abilities. Samples like AS and PSseed show consistently low
values across all assays, whereas ST and PSpeel perform strongly in multiple tests. The
variability in results across different methods underscores the complexity of antioxidant
activity, with some samples excelling in one assay but not others. These findings
highlight significant differences in antioxidant properties among the tested samples,

which could be valuable for nutritional and pharmaceutical applications.

12 1314 15 16 17 18 19 20 21 22 23 24 25 26 2728

12 1314 15 16 17 18 19 20 21 22 23 24 25 26 2728

Figure 1 Phytochemical profile on TLC plate under 254 nm UV luminescent (a) and the
chemical reaction show the antioxidant activity visualized under 366 nm (b).
lane 1: GL, lane 2: LP, lane 3: AQ, lane 4: FB, lane 5: CC, lane 6: SP, lane 7: CCa,
lane 8: BR, lane 9: OJ, lane 10: AS, lane 11: ES, lane 12: AV, lane 13: AM, lane
14: CA, lane 15: GG, lane 16: LF, lane 17: EC, lane 18: EE, lane 19: PP, lane 20:
FL, lane 21: ST, lane 22: PSseed, lane 23: PSpeel, lane 24: LR, lane 25: LL, lane
26: TA, lane 27: ZZ, lane 28: Amm
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Table 3 Antioxidant capacity of 25 plant species measured using ORAC, FRAP, and DPPH
assays (umoles TE)

Vegetable ORAC FRAP DPPH
species (umoles TE) (umoles TE) (umoles TE)
GL 90,152.94+273.67 87,007.63+118.08* 23,195.47+£371.26
LP 2,226,877.70+24,050.39%** 81,082.32+2,259.33 153,529.96+3,042.65*
AO 2,029,005.34+35,663.08** 127,025.02+129.43 202,077.54+5,136.78**
FB 100,204.73+2,307.55 76,690.27+1,024.83 91,447.21+1,266.15
CC 80,922.04+380.76 17,135.65+454.68 11,028.01+88.44
SP 95,239.86+1,531.88 37,084.13+1,210.98 25,126.12+556.80
CCa 148,870.65+6,472.70 88,007.36+2,229.80* 80,146.35+375.23
BR 80,663.77+3,357.15 14,842.84+94.57 12,165.81+291.24
QJ 125,748.09+1,434.46 20,017.48+256.06 20,951.36+280.73
AS 76,588.35+2,669.91 2,790.93+52.86 4,586.95+113.63
ES 114,769.01+3,584.66 27,546.12+1,383.86 12,668.62+53.61
AV 175,301.73+6,265.86* 76,613.04+1,426.61 45,841.06+1,084.11
AM 41,343.16+276.13 21,006.61+321.39 18,549.35+124.20
CA 38,049.40+199.74 11,898.98+43.69 8,135.53+136.05
GG 25,880.96+1,069.26 4,766.22+149.50 2,696.88+37.89
LF 271,926.87+223.27 7,275.84+320.74 3,705.74+56.08
EC 34,040.82+1,572.67 9,662.06+159.19 3,978.11+78.55
EE 23,874.13+1,096.92 6,748.32+354.21 4,322.02+79.18
PP 32,127.30+972.50 7,479.89+227.86 3,475.13+61.91
FL 173,554.74+10,051.06* 15,175.10+425.35 7,791.63+67.51
ST 128,574.43+4,012.84 114,892.53+6,347.96**  172,049.59+2,346.93*
PSseed 10,422.38+542.50 2,420.52+70.93 1,738.24+52.48
PSpeel 95,870.00+5,037.50 119,129.44+6,520.55**  135,391.63+7,357.64*
7 125,766.19+1,532.68 30,614.09+1,397.57 24,463.93+390.80
AMmM 131,580.93+2,702.06 25,519.87+1,429.60 6,609.44+141.46

Note: - Values are expressed as mean + standard deviation.

- Statistically significant differences were determined by Tukey’s multiple comparison
test (* p < 0.05; ** p < 0.01).

The antioxidant activity of different plant parts was analyzed using ORAC,

FRAP, and DPPH assays, highlighting variations among leaves, young shoots, fruits, seeds,

and flowers. Among the leaves and young shoots, LP and AO exhibited the highest

ORAC values, suggesting strong radical absorption capacities. Cashew Nut Tree (AO) also

showed the highest DPPH value, indicating potent free radical scavenging ability. The SP

and CCa leaves also demonstrated high antioxidant capacity, particularly in ORAC and

FRAP assays. Fruits, such as FB and BR, exhibited moderate antioxidant activity, while
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seeds of PS and PT showed lower values across all assays, indicating weaker antioxidant
properties. The peel of PSpeel performed significantly better than its seed, especially
in FRAP and DPPH assays. A. malaccensis (AM) and A. mutica (AMm), both from the
Zingiberaceae family, displayed moderate antioxidant potential, with AMm having higher
ORAC and FRAP values compared to AM. The flower of EE showed relatively low
antioxidant capacity compared to other plant parts, suggesting that leaves and young
shoots generally contain higher antioxidant compounds. Overall, the results indicate
that plant parts such as leaves and young shoots possess the highest antioxidant
activity, whereas seeds and flowers exhibit relatively lower potential. This suggests that
the choice of plant part plays a crucial role in determining antioxidant benefits for
nutritional or pharmaceutical applications.

Discussion

The findings of this study highlight the significant variations in antioxidant activity
among different plant species, emphasizing the influence of plant parts on antioxidant
potential. The results align with previous studies demonstrating that leaves and young
shoots generally exhibit higher antioxidant capacities compared to seeds, fruits, and
flowers (Fieldhourse, 2002; Kennedy et al., 2021; Yakoh, 2023; Zocchi et al., 2024). The
high ORAC and DPPH values observed in L. petiolata (LP) and A. occidentale (AO) can
be attributed to their high flavonoid and phenolic compound content, as confirmed by
thin-layer chromatography (TLC) analysis. These results are consistent with findings from
previous research indicating that polyphenols and flavonoids contribute significantly to
antioxidant activity (Sintupachee et al., 2022).

The variation in antioxidant potential among plant parts suggests a metabolic
adaptation in different plant structures. Leaves, being primary photosynthetic organs,
accumulate high levels of antioxidants to counteract oxidative stress caused by
environmental factors such as UV radiation and pathogens (Thomas et al., 2022). In
contrast, seeds and fruits tend to have lower antioxidant activity, as they are primarily
storage organs with different metabolic functions. This observation is supported by the
relatively low antioxidant values seen in P. speciosa (PSseed) and F. (ucida (FL), which
were among the lowest in all three assays (ORAC, FRAP, and DPPH).

The strong antioxidant performance of P. speciosa peel (PSpeel) over its seed
further corroborates the role of plant parts in determining antioxidant potential. The
outer layers of fruits and seeds are often rich in phenolic compounds, which act as
protective barriers against environmental stressors (Cole et al., 2023; Szerlauth et al,,
2019). This is reflected in the significantly higher FRAP and DPPH values of PSpeel
compared to PSseed. These findings suggest that plant by-products such as peels could
be valuable sources of natural antioxidants for functional food applications.
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In comparison to other studies focusing on indigenous vegetables, our results
align with research on Southeast Asian plants, which frequently demonstrate high
antioxidant potential due to their diverse phytochemical composition (Varzakas and
Antoniadou, 2024; Putra et al., 2023). The traditional consumption of these plants in
Thai cuisine, particularly in dishes like rice noodles with fish curry sauce, not only
enhances flavor profiles but also contributes to health benefits by providing dietary
antioxidants (Fieldhouse, 2002).

The results of this study also have implications for dietary recommendations
and functional food development. The high antioxidant values observed in LP, AO, and
AV suggest that these plants could be incorporated into functional foods or
nutraceutical products. Further studies should focus on isolating the specific bioactive
compounds responsible for the high antioxidant activity in these plants and evaluating
their bioavailability and health benefits in human studies.

Overall, this study underscores the importance of plant selection and part
utilization in maximizing antioxidant intake. The results support the notion that
incorporating a diversity of plant parts, particularly leaves and young shoots, into the
diet can significantly enhance antioxidant consumption. Future research should explore
the commercial potential of these plants in the food and pharmaceutical industries and
their role in mitigating oxidative stress-related diseases.

Conclusion

This study assessed the diversity, nutritional content, and antioxidant activity of
indigenous vegetables commonly used in Thai cuisine, particularly in rice noodles with
fish curry sauce. The findings revealed significant variability in antioxidant capacity
among plant species, with leaves and young shoots exhibiting the highest levels of
antioxidant activity. L. petiolata (LP) and A. occidentale (AO) have significant ORAC and
DPPH values, indicating their potential as natural antioxidants and strengthening their
position in functional food applications. The concept for this study came from a
profound love for traditional Thai culinary traditions, in which locally obtained veggies
are vital components of many recipes. By scientifically confirming the antioxidant
qualities of these plants, this study promotes the preservation and promotion of Thai
culinary traditions with a health focus. Incorporating antioxidant-rich vegetables into
traditional cuisines not only maintains cultural history, but it also provides a long-term
solution for boosting dietary health. These findings provide valuable insights for the
food industry, promoting the use of indigenous Thai vegetables in nutraceutical
development and dietary recommendations. Future research should focus on the
bioavailability of these antioxidants and their potential role in disease prevention,
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further bridging the gap between traditional culinary wisdom and modern nutritional

science.
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Abstract

Bromelain is a general term for proteolytic enzymes containing sulfhydryl groups
at the active site, derived from pineapple (Ananas comosus (L.) Merr.), which function
in the hydrolysis of proteins. This study aimed to compare the activities of crude
bromelain extracts obtained from the fruit, core, and peel of the A. comosus (L.) Merr. cv.
Phuket, as well as to investigate the differences between unripe and ripe pineapples.
The activity of crude bromelain was determined by measuring the amount of tyrosine
released, compared with a tyrosine standard, and expressed in units per milliliter of
enzyme. The results revealed that the highest enzyme activity was observed in the
extract from the ripe fruit flesh under optimal conditions: pH 4.5, 50 °C and 10 minutes
of incubation when using casein as a substrate, which yielded enzyme activity of 5.4
and 5.7 units per milliliter, respectively. Additionally, the efficiency of the crude enzyme
extract at pH 4.5 and incubated at 50 °C was evaluated for removing soy sauce stains
from cotton fabric. It was found that crude bromelain effectively removed stains, with
the highest efficiency observed after soaking the fabric in the enzyme extract for 24
hours. These findings indicate that bromelain from the fruit flesh of A. comosus (L.)
Merr. cv. Phuket has high potential for application in the detergent industry and could

be further developed into enzyme-based textile care products in the future.
Keywords: Stain removal, Enzyme activity, Ananas comosus (L.) Merr. cv. Phuket, Bromelain

uni

duUzsn (Ananas comosus (L.) Merr) WufigiasuegiadiAgvesdszmelng Tag
finswdnluUsunasnnuazdidngenavnssuvainvate 1wu Msuussunalivagnisuslon
uaan dulrsadinauAmslnguinisgs Ussneudaeiniiu tima uazussindisndu Gues,
2559) yufaduuasddnueseulnlusiiau (bromelain) Fsfiunumddylugramnysu
FN3  1U gRAVNTsIeNYNS WeRadRy MsnaRLls nMINAmAResEens Awme 81 uarmsunne
(Arshad et al., 2014) \losanfinuasiamedlunisdeslusiu Failulflugnavinssy
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madenifululdlunsannisudssunialasnisléansiadl (Sivakumar and Kumar, 2012)
dutzsaquin (A comosus (L) Merr. cv. Phuket) Wuanesfugiamzfivgnanalunialdves
Ustinalne Taoamzdmingfnuazian fdnvasduiiunndsanaeiugdu 1wy wavunm
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n nasnszuen Lenseu uledes nduven uagsavu (wus, 2526) dnuasianeil
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(Babu et al., 2008) ImsJLaulszjﬁﬁugﬂﬂizéfumiﬁwmé’wmwm 9 WU Lealfeunaslsn
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(sodium cyanide) lalasiaudalua (hydrogen sulfide) leaaudala (sodium sulfide) uag
wulgen (benzoate) LLﬁiQﬂé’J’Ué'?amsv‘immé’wlaaauﬂsaw (I (He*") lovoulu (Ag") loaou
NouAa (1) (Cu) davn-1 LeuAn3IUTU (a-1 antitrypsin) daunAy touazd (estatin A and B)
lolelauadian (iodoacetate) (Dubey et al., 2012) toulesilusiiauauisaranulaaiean
AnadunIn-anesening 3 8 7 uavgaumgisewing 40 §9 60 earnwalded (Mohapatra et al.,
2013) Wu msanaeuledlusiivunndaudulzsaiugasn wianssueuludgegasosas
80.14 fifnansdunsa-anavinfu 6.0 wargaunil 45 asrniwalded (Sangkharak et al., 2016)
voouleslusiiauannidendulzsaiugunaianazqua Jsiifanssugean 867 uaz 1,032
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Aanssueuladanuaduuzsaiugaismilguvnsl 50 ssmwaldoa annsansAiAanssy
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wduegiuiladening q wWu Anudunsa-dn gumnd uarszesnavy dedwanofanssu
wulwllaenss msfnwidfiefvunangiimnzauiaduisddalunsfiaussansanuas
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TmgusvasdifieAnunannefivmngaurefnssuoulesTusiiauadaveruanide wnu way
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digest unit: CDU) waginuTmalnlstuiiuansoonunIeuisuiulnlsdunasgnilumioe
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v¥nrsuEBiuuiuiaiihefiovssdudnannlunisilussgndldlugramnssudnaen
uargRamnIIudy  MAsides wamsdnwdannsmilididudeyaugnilunsiaun
wulmilusiiaudwiuifiugaaliiusandamsnsinunslusuian



124 913U UNINIFEIIYAYUATASTITUINY

3BAiiunsIvY
1. g19iadl gunsal uazdaani1snaaas
amedlluns@ne 18U nsawedfn (acetic acid) 8%fo RCI Labscan LAy
(casein) Btfo Fluka wea-lnlsdu (Ltyrosine) 8% Sigma lalewiealalasiauneans (disodium
hydrogen phosphate) latisulalalasiaunoaina (sodium dihydrogen phosphate) g1
Qrec Toif vaadian (sodium acetate) 8%a Loba Lo suasuslun (sodium carbonate)
Toielunsueium (sodium bicarbonate) B%a Merck Tsiienlansenlss (sodium hydroxide)
890 RCl Labscan uaznsalnsaaslsuodin (trichloroacetic acid) 8o Merck
gunsaililuns@nun Teun idemmumden (centrifuge) 8% Sigma 1 3-16KL
g19muANg Mgl (water bath) §%0 Memmert 3u WNE10 1A3 833nA1n59 ANA LA
(spectrophotometer) 8%e Hitachi 31 U-2900 wSaetaraudunsauazans (pH meter)
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3.2 nswiseunsminsgIulnlsdu
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CxD
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Abstract

This study aimed to evaluate the effects of replacing fish meal with black soldier
fly larvae (Hermetia illucens) on the growth performance, survival rate, and coloration
of fancy carp (Cyprinus carpio). Four experimental diets were formulated with black
soldier fly larvae replacing fish meal at 0%, 25%, 50%, and 75%. The experiment was
conducted in glass aquaria for 30 days. The results revealed no significant differences
(p > 0.05) among treatments in final weight, specific growth rate (SGR), or survival rate.
However, the feed conversion ratio (FCR) differed significantly (p < 0.05). Skin coloration,
including lightness (L*), redness (a*), and yellowness (b*), showed no significant differences
(p > 0.05) among treatments. Water quality parameters during the rearing period remained
within acceptable ranges. The results indicate that replacing fish meal with black soldier
fly larvae does not adversely affect growth performance, survival rate, and coloration
in fancy carp, demonstrating its potential as a viable alternative protein source for

aquaculture feed formulation.

Keywords: Alternative protein, Aquafeed, Feed formulation development, Growth

performance, Fish skin pigmentation
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i lldlunsudnemnsdnilunatsgnainnssy (Gatlin et al, 2007; Tocher, 2015; FAO,
2020) pgslsAmmtiagtulanuiusinunmandnanas Snvisiiauninldasidutunmuam
vosUaiithinudn wardunldunamifivgaduluiiagu nuddesinduanudduves
wiaeingau (FAO, 2020) iWesandunisldnsnennsuatsssusniunldlunisuan (Tacon
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al., 2020; Madende and Hayes, 2020) lagilsiga1uimansusininanaiuisairlulddy
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Y1uUkY (Penaeus vannamei) (De et al., 2020) saudauaingwavd (Lates calcarifer
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Figure 1 The specific activities (U/mg protein) of pepsin (a), trypsin (b), chymotrypsin (c)
and amylase (d) in giant freshwater prawns subjected to various dietary
replacements of protein from fish meal with mackerel condensate (MC). The
data are expressed as mean + SEM (n = 3). Different superscripts indicate
significant differences between groups (p < 0.05). CD, commercial diet.

Source: Wattanakul et al. (2017)
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