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AENARY: amsIensia @ansedune ssndng n1sviuie ndndasiomns Tiladsnsu

Abstract

Over the years, macroalgae, or seaweed, has been a popular ingredient in Asian cuisine. To extend
its shelf life and retain its essential properties, various studies have explored the drying process of seaweed
and its application in food products. This article consolidates information on seaweed drying techniques, its
nutritional value, biological properties that contribute to health, and recommendations for incorporating

seaweed into products to enhance their functional properties. This review focuses on red seaweed, which



9 11 a0un 1 WnTey — Jawneu 2568 2 21418, inalu. Mdsiadunisiiosa

contains phycoerythrin protein, and includes case studies illustrating the current utilization of seaweed in

food products.

Keywords: Macroalgae, Red macroalgae, Pisment, drying, Food products, Phycoerythrin
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awsrevnalng vie awenzia Wunguasditinfiuhadlawssaramainuanenisdinim luwivesyari
AAINTINVRIAMIIENELA An1sAIan1salieAnenmnsiulalaen 11.8 Wuduneaansansy nelud 2030 [1, 2]
wazlul 2024 yuinvesnamamsonzadandedinlanogdl 12.7 wuduaeaaniansy lnoflnsnsdulnsed
(CAGR) 71 6% ausid 2024 85T 2034 nMaiulmmewarnamierualngdnanivnuaniades 1 wu gun
milnsuimsfigauasaulstlovisoguamm dwalifinmhamdonsavioamisnnalgaldinniu fedinng
Usggnafldamsnongiafifiudulugaamnssusiig 4 1wy van1nnues 81 e 1a3esia wazenmsdnt (3]
Tuthytufuilnnewnaiflequniw axfinsannisdentoonmsguamanaaamslasuimsiazauausioongd
mstanm ileanaudesdongulsarine 4 wasngulselifnsodosifiornialdannainssumssulssmuens
[4] Wnanuaulavesifuslnadifliesmsiflequamnsesulviguanemstamndn fusififlansemsnivslovse
qunn 5] Tuunenuildsunudeyannuddyresamiensia lneidudemilfeadesiuamuierualvgduns
aadUsznevvasaneduas Wladivsuluamieduns nsBaoensiiuine wmenmsdssendldavsievun
Tnglundnsnsionns wagauandivsdanmillulsslovddosnsne wWeduuumislunnhamitension
Usggnaldiundndasionniuazainuusglovivosamsonsialilvinniias

1. @msgnzia

a ada 3

awevsaduddiTineedfevionanewadnendvegluvioluiivu wasluamvsefiawnsaveaiula

meanlan avensamaiifinaelsiiad Wusiaingduvidiaunsagadusaziimindsnuainuasendfindunld

1

4

a o Y & A 9 a v % A o s ¢ A o
Nﬂ?quaqﬂqﬁﬂa\‘iLﬂﬁ’]g‘WLLﬁﬂ‘l(ﬂ uuﬂE]ﬂ']ﬁLLUaQWﬁQQquLLa\Ta’]WG]EJ(ELWLUuwaQQ']ULﬂlI ﬂUﬂWiuaulﬁaaﬂisdﬂ LWDEI9

sl Y v

a15UsenaudunssNdutaunsauiuiiwazindawns warUassfneeen®iay TusEnINansEuIUNTEUATILREANTOUNSE

awseiadunquitansondneimsiesldniunsyurunisadaiseunludn (anabolic) [6] Insawsiensiadl

s o sa A o oA a X v I A ada a &
asrUsTnaUTasaeiugiisuwlaslunmunnudniiiudu [7] Wneuszneumenguiddidingaislenvansisadi

¥

duaneiuadlavarnvatengu Fedneglue1udns Plantae e Chromista dldinmarldiulvgjerdeeglunsia

[8] @3 1gvunalungus oisondusialuinansiengia Wudiuussneumalavuinismidumadenluluayil

v
v

yaAwinluems saiaduwssuidundadueinng o [9] lneawsensiaaunsanualiidu 3 ngulvg) dedl
1. @us1ediTen (green algae) 2. ausiediinia (orown algae) wag 3. @s8duLAs (red algae)

1.1 d@m91edidea (green algae)

a

TuthitudoSeuiisuduamsienilan amsievwinvgdded (Chlorophyta) HUsunautieeiian (<1%)

q

(8] amsedileegluenning Plantae Usenausae Phyla Charophyta wag Chlorophyta wuiignfiuiivaiies

40 gofuii{n wea waramsiedilen MiFonduwiiluin aaelslud asusnguiudnsazveddoasidnuas
adefiunun Samheeynsuisuluamsensiadifonts 2 du (Phylum) Uszneudeaaslsiiadioidudnume
ey [10]

1.2 gwsredtnnna (brown algae)

amieduiniadneglu Phaeophyceae wasidudsdidinvatswadiuanssiulueiandng Protista amsie

v o ' ¥ o
' o ' 1 o N aa

Ananafigusisauidulevnnadnlusudaviensavnnngidudeu [11] fMegramsienguiiifinnsuilan
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fuag1UNIvaNe WU @a1eWug Laminaria ochroleuca (kombu), Undaria pinnatifida (wakame) Himanthalia
elongate Way Phaeophyceae ﬁawﬂﬂimmﬁﬁaﬁwmﬂwmaiuﬂ'%mmg_jqLLa3ﬁqmauﬁ'§1umidma§mjmmw %qelu
ns¥nuwilan deilfamiensaeiniidusadeniindmsuliduaseengyimedinmlugaamnssusig q saud
mm@mmnﬁaqmmw [12, 13]

1.3 @1%3198uns (red algae)

a11318d 43 (Rhodophyta) Lﬂuqm%T,amﬁmmsaé’umwﬁumlé’ (photosynthetic eukaryotes) [14]

amsedunadusnaslnladalusiu Twladsnsu Tnlaleefiu wazdalalulaloeniy walshiu walsivos wouln

=

flad uazaaelsiladio ssntmguaniiidnenmmaneluladtaniniiddny [15] Tnvesduszneuvdnuesansoduas
Usznoudaelusiu anslulawsn lutfu wagloewnadundn Seamedunusazaeiugiosdusznouunnsnsiu
Tngnsdalusiuagosas 8.00 - 47.00 veswiinuiis [16] Wsfulumeiugamasanunsodsuuasmuggnia
18 wu luamsediuas Palmaria palmata Fasinadusiusausfesay 8 — 35 vowhminuds [17] a1dlulewmsnd
AngeanagUsznafosay 79 vosinminuia (18] lusdufidneguszanmiosas 0.20 - 8.00 vesuminus [19]
dosnluanuidesne q dulnglifintsneaeutiinalesms udluanuideunsdiu [20, 211 ldndnddeoms
yosamsedunsiindosay 35.00 - 63.20 venimiinui uazesrUseneundnuailassaeengrmsiinmile
Yosiunazinwilsauisaiald [22, 23] Rnuas18nUNsANwIneuntnuINdinuAIN 1IN STRIE M8 Fundudaz

aenuguLANe1aiY [20, 21, 24] AUARIANTIN 1

A15197 1 93AUTENOUVRIENUIIBTUIALUALAS (Soazunninums)

ANANIEMNST (Fwazumitinuiie)

ANRNUTAINI Y LONA1981989
! 1Ushiu aslulansn Tusiu Toamns
Chondrus crispus 26.40 53.30 1.00 - [25]
Osmundea pinnatifida 23.80 32.40 0.90 - [24]
Ahnfeltia plicata 31.10 59.10 1.10 - [25]
Porphyra spp. 26.36 43.99 3.03 - [26]
Phycodrys rubens 28.80 40.20 1.30 - [25]
Furcellaria lumbricalis 20.60 55.40 1.00 - [25]
Gracilaria spp. 23.60 46.90 0.70 40.60 [20]
Gracilaria Vermiculophylla 17.80 61.90 1.30 - [25]

2. 93AUSZNRUVBIEHIFUAS

1a o o

am918uns Rhodophyta unguavsievueluajiiddaydadioguszana 7,000 aneiug iuunasiigesily
ssesduszneuTinmiiilasiaianainvans 1wy Wiy wedudnanlsddamn ssaing nanlusfulsidududedou
Aoy w351y uaransUszneuituedn Jsfienudidynislarunnig mMansunnd wazvnagRaNngsy [27] amse
dunafinedudnalsdludiuings Gdlasifounasdamaniuanuny W A15913uUuns 092N sy (Agarans)
TusAusaziudlng (nladalusiu laandu uaznsmexiilundelulaatotu) ussm wavansuszneudu i Tusfy
uazwedituea dsamaedunsgnlifuomandundain Tuvaeifusazaisduuugnatneenuieldiiy
9113 waeiin1sussenaltlumenisunmduazmanalulagyanin [28]

amenealfuanduunamanuiar s ingliunumdidglunssusiumdsuwaendind ﬁdﬂi’mqmdwﬁ

1Y @ v o

andusasaInanasunuesdiuls ualsiuesdidusiningdduniodunafigadundanuuaididaialudnaslsilad

U
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v
U o = A

fatiudeflunuimsaslumsdansieiaenas tneaimsensiaaziiniswasuniaslsununaslsiaduway wAlsiuasaa

5 LYY o a

Juagiuszavddansliloanfilasu nasanissaingaaelsiladuazunlsiiuesaiinuaudfisuoyyadass [29]
sandnguanvesamsienvianld@andydludagtu lawn wiualsiu weaniugusu giiu Inladalushu

Aaelsilad uazylauguiiu [30]

o w A

15199 2 wansssadnginulaluamsieduns FalianudAgyiidmadosaneuysd Tngluamsedundaedl

o

seningegvangyin 1 lillaleendu Inladivsu raslsiiad @ wean asUlnueusy Jan Asulnueusy Wiauewsy
gy Buwusy 3Ouewsy toluwwusy laelnueusy wewmesuaudu Iladdlusau Inladdinsludu Inladdud
wazluslafiuea ssadngmariiduanseangnivislunissnwilsanig 9 wazdiuszlevdaanisuszyndldnig

gaamnssue1ms wu ladsniu dulngihlvldnulugiusdsssundlundndugionns wiesdrons uasidu

o

answeddmsunisnaaeugdiquiu [31] widlssanlunisadnanssainguanddndudesiliidudulasuavdneu

q

v
o =2

UllY esanndedldvareduneuiedmalitisnaigs [32]

M13199 2 aeuguarssadnginuluansieduns

GV PRGN F9AIY LANE1381989
Chondlrrus crispus I lalwendiu (Phycocyanin) [33]
IWlAB3M3uU (Phycoerythrin)
Porphyra umbilicalis Inlaleeniiu (33]
llad3n3u
Jania rubens paslsilaa f (Chlorophyll d) [33]
woavl1 AsUlnausY (Ol-cryptoxanthin)
T A3UTnuusy (B-cryptoxanthin)
Wlauyudu (Fucoxanthin)
Eucheuma denticulatum Q‘ﬁu (Lutein) [34]
Fuaudu (zeaxanthin)
3UugUSU (rubixanthin)
Ialuueudu (dinoxanthin)
oo lnuwudu (diatoxanthin)
WRUWBIMTUTY (antheraxanthin)
Heterosiphonia japonica InladalusAu (Phycobiliprotein) (33]
Corallina elongata I lad3nsu [33]
Corallina ofcinalis I lad3nsu [33]
Gracilaria longa Inladalnsluau (Phycoerythrobilins) [32]
I ladau (Phycourobilins)
llad3n3u
Gracilaria fsheri I lad3nTu [33]
Palmaria palmata [SGREE (33]
Corallina elongata, Jania rubens LOULYIDT LG UTU [33]
Mastocarpus stellatus, Qﬁu [33]

Mesophyllum lichenoides
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Gastroclonium ovatum,
Phyllophora sicula
Plocamium cartilagineum
Ahnfeltia plicata
Osmundea pinnatifda Fuausu [33]
Polysiphonia morrowii lusluiuea (Bromophenols) [35]
Mazzaella japonica [SUGREED [36]
Tnlaleendy
dalalveniu
Portieria hornemannii [SGRRIE [37]
Halymenia durvillei I lad3nsu [38]
Tnlaloeniiy

3. NSTUIUNITNLIA

amsenziaiduunaanineinsTinimmameiadidauddyuazrgaulumsnmuamatsyia Jeaiunse

lldluems o1 emnsdnd uavieIesdions Weswnawnsamlddemumeimeiadaduingfuifidunus
[39] neun@itngAvamvsienziaasUsunadniuesiuszneugs inamsidndeds wazliongnisiusnwfidnda

wunmseuwidsgniinldiieanuinnunuduy vsduluduneuddglunisfiuszesainisifiusnwiisnunu

Juifionsamuamisinguinis uenaniinmseuuidaduisddglunafuinvmdnduisamiemsa e
Bnorguaraunnlildunudedu safianunsafulivilnalduiudstu [60] nssvaunsviuisditadefifedos
a1eUsen1s lawn gaumgil 1ian wazATuvesR ANt sy nssuiumahuiiudasisuaziuaminis
Uszgndldlundndusiemsuansdanssd 3 fanmadenldnssuiumshuiusay 5t uegiunniluldly

NARAUIDINNTINY IAeTaRvaInIEUIUNTIWITIslunIsAUS A YA 1enalaeuIunn g9 Iaenisiaen

Tnseuwiazluegiuaeiugamse dunu waznsvudsdmiuniswlsgy [41]

Y 9

A19199 3 N1SUUTFUAMSIEAIENTEUIUNTVINUIAS

NTTUIUMIVIUAL  aneWudamsie QaUNQH NAnN A NaINNS a1 I LONE1581994
Freeze drying Gracilaria spp. 25 °C vl - wanams e undnd e [42]
wdetiend $auaz 3 d1u150A Y
(Wheat Usunadloems Wiy us
noodles) 519 way \Juileusuld
YoIKuUILAA
Ascophyllum -20°C  wdedwsiun - aengnisiiusnviues (43]
nodosum W AN INHER Foue
Fucus - unvisFueyyadasy
vesiculosus
Vacuum drying  Pyropia 40-80 °C  @MsIwAUNTAU - BADIENITNUTIE [44]

orbicularis
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Solar drying Sargassum 45 °C wesh Uerky) - waslundniusisosay 3 [45]
wightii ludsnanonunInmIg
Uszamduia
- WS inaussaman

lnganzlea1ms uasus
511304 (Trace elements)
saUsuuzadnenwly

nsiueuLadase lagan
A1 IC50-DPPH B4

nansiuet 970 0.98 Wu

0.68 un./ua.
Sun drying Kappaphycopsis 50 °C yundlensey - mMsAuRsaImIIeSoay [46]
cottonii (Biscuit) 5 dnase

anwalrUsIng 5@ niiusa

\Hoduiaiia
Oven drying Monostroma 55 °C vgniutladnani- Wudesaruandndils [47]
nitidum (Wheat (Cooking yield) wag
noodles) ANHEANIAINTRATY
th
Hot air oven Himanthalia 40 °C dohuauiy - amﬁmiqzytﬁaf'mﬁﬂ (48]
elongata (Beef patties) a1nN15USENDUDINNS

(Cooking loss)

- HauaInT8508ay 40
dararandnineigege

- 418aATIUIUREUNTE
wazeondiaduyesluiy

TENINNTAUSNE

4. mavszenaldaminevuinlnglunaninegianing
awsevualvgiulssuaiowdulusiuainsyity wazinltlunisndnndnsusiesdmsudnd Yan

wazuywd lnalusfiuainamstevuialugdnsaezdlun iy waziduwvawesasdanimdug uinuie [49]

<& o A N o

WasnannauAmslasuInsiaunawarasusgnaudinmidiuinue amsevuatngisdudidonifdmsu

17
v

el dudunanlundadasiieguanlugaavnssues [50] ludagtu awsediinaduamsiedign
Uilamuniigatuussmainanevunalugvia 3 Useian [51] amsesnalngignuilaaluededudiumiweeims
Uszdniu Yaguuamsieduinia Sesazr 66.5 [uvdafiusinauiniiagn sesaunfe amsieduns Sovas 33 uaz

awsediden Seeaz 5 JagUu Guu u wazinmdld Wulsenaniimsuslapamsienzauiniign [48, 511 91n

UBUAVBIBIANTOMTHALNBATUMENUTEIVIFA (FAO) nulmisnanawsienzialuseaulaniiaudunaus U 1950

o

fi1 2019 anwaulaniinduluavseneaiinandnennididgyuaznsiiduatuayusogUuniue M siiieane
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wazfragunInnIland msuusernsiianitasiintusosay 70 naud 2050 luglsuniswanansiensiadeg

Y

d

Tugasusiu Inedidndiusesar 0.8 veamsndnlantul 2019 egnlsimunsidamienzialuglsudidnenin
asidudseloninevisaudiuresannudedu laun gau lan waznanils [52, 53] wazanuuwildudiiiu a1adn
FuruUsernslandzgeieuszana 11 Wuduau a1elul 2100 Feagdedinisuanomsiiind miuuseynsy

o ¢

sl m‘miwmﬁ]LﬂuLméqmmﬁmnLﬁaﬂém%’uﬁu’mywﬁuaxﬂﬁam é’fﬁﬁ?uﬁ”’qmﬁl,wwﬂgﬂmmﬁw’%aLﬁULﬁa’gmﬂ
uwassssNA muglufunsiannsdefasilvionamionziafiuilnald Jadumadeniidululs dwmsuussg
mMswaLaseghe Tulssmaidsianraenaunsiannidedu (54 f9snunsfnunounthliAeadesiunis
Usggndldamielundninsiovnaiieiinanadfdmihilusmsiaramanifnisdinm fauaniseazidoaly
M7 4 way 5

&l °

M15°99 4 Fregrmdnduginiinisinamsevnaivgluussendld

L -4 a £ 4 i 74 ¥ a
AeWug WanH naaNN1sUsZENdlY LBNE1591999
dusnediden
Monostroma nitidum EuAELRen - FUMELAYIMRLNIEIS185DEaY 6 AR50y [55]

HandnTlageninduiiederndunsamsnesosay
3

v
o o

- wedudnalsduazloomsluamsiogaduin

A

SerIansuan vinlmdunilek el o duladiyy

9

WagysNTY

#vsnedunna

Laminaria digitata \eny Ldfansarin 100 un./n.iflevy [56]
Fucus vesiculosus - WiABUAY (Fucoidan) Yr8annsiineendiadu
vaaluiiy
- wadnsildannnfuansataains g 18
#neamdndudiunauiduselovl (Functional
ingredients) Lilps91nN1sANABIgME A1uaYyYA
8asy DPPH wdariuly 4 $2lua A¥eway 44.15
wagndaimily 20 $2las Afosas 36.63 Uedliidiu
D9N139ATULTING B vesanTiUBYYadaTEAdIU

U (Laminarin) LLasv”\lﬂaEJLLmuiuaWiaﬁmaﬂwﬁﬁa

Himanthalia elongata ileunuiu (Patties) - Winamsnedesay 10-40 [48]
- GzhaammiqiyLﬁ&Jmﬂmiﬂiﬁmmmauﬁ'ﬂa
91m15 USuaifluednievaun wasfianssuiidna
ousadase DPPH IfiAeusosay 50 1leliieuiy
Wotwauiunaudilsifiansne
- etuniiflamsedesay 40 TANAINNI
Uszamduiagean lewieutuideTrund iy

asgludsunasesay 10-30
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- lunwunisiasyAulauesuuaiiliulas sy Ay
pandwndurashuiudinitluleTIvaukunaui i

amsesesas = 20

Laminaria ochroleuca  wilswaausa - WANNSANATIBVUIN < 0.25 Wi, §o8az 20 way [57]
INNGAY YA 0.25-2 1. 198nsdn1/30 (@msre/i)
(Gluten-free pasta) - anwaziTinauazilodulandundsnunIadn
A v a
AIUANVTONAFIUNA

- W adsuuussiguazbiiuasluniadiain

A998

dms1edung

Porphyra umbilicalis ldnsonunseAmas - Rnamee Sovay 1 [58]
woes (Frankfurter) - anAaLAL
- \ndeanasiosay 50 wazluiuanasievas 21
- Andnfariduiy Taed CIE L* wihiu 64.79 was
faaruan WAy 70.93 (L*=0 Tinaiduds wax

L*=100 Tinadudvniuuunseans)

Porphyra umbilicalis RERGI G - WAUNIEIMIIeTegaE 2.5 uag 5 Tnquiie Ory [55]
matter)
- wlgamsuaransiueyyadasy
P ST & ! <
- ufledudanisiA el A1Aunds (Hardness)
warA1AILAEILS (Chewiness)

- YSuusasmdnsdaeiiusesnisiuiiuasluiu

Palmaria palmata i - nsuauldsaulelaslatanves Palmaria [59]
palmata Sewaz 4 aslusuuisinin (Buckwheat)
lLidwasoifoduiavieaudimalsvamduiaves
uui

- HgsnnaTinmAgugastiundinss Uiy

Gracilaria verrucosa waa Uelly) - USunaudannansewindu 0.1 0.5 tazl.6 un. [60]
a g va i | v v
- veagadnlddanamsieaseglugidulauiu 30
T wazasmlauiuninauioulagliasudiiie
Wunsngnsnidutusesas 5
- FnamsignieiiunnAIlagINTg {edan
18150 Mhaza159ngNI NN MUINNINE

a9

Kappaphycus alvarezii  wansiagiusiaain - Lﬁmmimmw (Puree) So8ag 0-40 ¥93uls [61]
nawu (Gluten-Free) Havun
vy wdannad - uaudanguuazaamie Weiisuiuuts
wiasialy

- inweadenwazloa1ns
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Kappaphycus alvarezii - wU4la (Dought) - Wuksanusneiovay 2-8 [62]
- Wudgnnsgaduinvauds
- Anuniled (Stickiness) anas

- UFUU9AuMY (Firmness) veaiiladulia

Chondrus crispus yunalaain - Wuaminesosay 2-8 [63]

- wlgomsuazuisng

¥
=] =

910157497 4 uansliiiuinisihamienzalilssgndldlundndusiomsidman Tudunisldaui
wnnIARaAImIlaruInIskazaun ity [64] Seinliamstenzsiadundndadiifiyanniy waziudan

wraulalunisfinwuagideiioiaundadusionnsivi q auautfirnzivesamiensalalanialiauise

o
& o W 1

Wandaduailauinune W ansnsaldnaunuindaluiedn Madigieuulnnunnvewindueigasiauedis
wuut utwmaduandumedeild Jansiaundadusilnindedudiuddglunisiam gaamnssulueuan

[17]

A15199 5 auURNI9TININVBIE NI NS A WA

aneWug a1508Nqu5 AENUR LaNE1991984
Solieria filiformis ~ WedWusa wedtluoad 5 mﬂ./m.ﬁqw%{é;hl,%alﬁa [65]
(Polyphenols)
Chondrus crispus — weawdnalsn nalaannisananedudnailsfsovas 15.36 [66]
(Polysaccharides) vosmnaueuis dwansedundduilu

] I .
NBYLUAINAYNUY Mytilus spp.

2

Pterocladia wodudnailse fnalavesarsainnieun Sepaz 2.87 uana (671
capillacea quiddumsudsinvesden

Kappaphycus TUsfusaziudlng uwanfu LleaLea Mildanamselugie 0.5 - [68]
striatus (Proteins & peptides) 0.0 uay. fqisofueaduzide 5 angug

leuA HT29, Hela, MCF-7, SK-LU-1 uag AGS

wawA1 IC50 vaswaduzise 0.80-1.94 uAsl.

Gracilaria edulis ~ nsalugiu nyaltvdutengzina1ludn (hexadecanoic [69]
(Fatty acids) acid) M g Aunuaniisunalsaluvalag
§ AUNIYU Vibrio spp. Way Aeromonas

hydrophila 3iA1 MIC 1.25-2.5 1an./ua.

amdensaldsuarmaulanniu iesnldiuniseniviiliasussnounsdinlndunnune wayans
wianifnuautFiansn luiauesenld fasiusyyadasy asiugduns asfiunisdniau aansedu
iy ansfuasise uiesnuadiunduiionsiogismnanmsisi 5 famieannsatlulssgndldsold
welugms nanduelasuoms suazadosdions lnenisnsndeuamuantinisoongndmaididunisly

NIEUIUNITNITATIVEOUNNATUNNG [70]
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osduszneUluamemszialinusslevidequaimmansysens wazauAvnalasuinsildannmgiaiinann
nszUINMIMTUUsTUTRsE M nziadanudfaysofuilnauasiinnududdmiuns@ne ielildamseds
Aaustlemifiagn nmsiwieunsussuiiundssendlilundefasionmsd udnisvisiesfiuyadlifuavine
ngiald wenandanuanuisalunisudsivuasnisussyndldlundndasionmslugaamnssuy Tnefidadelunisin
o1maAvinwuazaanmAnly warssnsdgasslovimalasumsensiinafuanamsionsiaduingiusing
q annsnaiagasulitundndusiviosmssiaduld wdddduuitligunnmmsamhenseamsomsdes
Ienemueilmeia uiludusesnssuiumssuuisesidunuiigailesnnsanedosiunssuaunisuaniisamiigs

5%

wigeauUszloviludusing 9 Alaawukaznisnuiiidaniranndululagiu vldamsensiaiiuunltufiazdy

@

33nundulueunan

LONA1581989

1. Deepika C, Ravishankar GA, Rao AR. Potential products from macroalgae: an overview. 1% ed. Cham:
Springer International Publishing; 2022.

2. Bank W. Global Seaweed:New and Emerging Markets Report. [Internet]. 2023. [cited 2024 October 4].
Available from: https://openknowledge.worldbank.org/entities/publication/dac8c40c-cc4d-4f38-90a9-
01b7bbaad3eb

3. Jha SN. Global Commercial Seaweed Market Trends Study by Red Seaweed, Brown Seaweed, and
Green Seaweed in Powder, Liquid, Flakes Form From 2024 to 2034. 2024:170. [Internet]. [cited 2024
October 4]. Available from: https://www.factmr.com/report/4493/commercial-seaweed-market

4. Huang Z, Zhu Y-D, Deng J, Wang C-L. Marketing healthy diets: the impact of health consciousness on
Chinese consumers’ food choices. Sustainability 2022;14(4):2059.

5. Silva PCd, Toledo T, Brido V, Bertolin TE, Costa JAV. Development of extruded snacks enriched by
bioactive peptides from microalga Spirulina sp. LEB 18. Food Biosci 2021;42:101031.

6.  Pereira L. Macroalgae. Ency 2021;1(1):177-88.

7. Spalding HL, Amado-Filho GM, Bahia RG, Ballantine DL, Fredericq S, Leichter JJ, et al. Macroalgae. 1
ed. Cham: Springer International Publishing; 2019.

8. Moreira A, Cruz S, Marques R, Cartaxana P. The underexplored potential of green macroalgae in
aquaculture. Rev Aquacu 2022;14(1):5-26.

9.  Wan AHL, Davies SJ, Soler-Vila A, Fitzgerald R, Johnson MP. Macroalgae as a sustainable aquafeed
ingredient. Rev Aquac 2019;11(3):458-92.

10. Dawes C. Chapter 4 - macroalgae systematics. 1% ed. San Diego: Academic Press; 2016.

11. Wehr JD. Chapter 19 - Brown Algae. 2" ed. Boston: Academic Press; 2015.

12. Catarino MD, Silva AMS, Cardoso SM. Phycochemical constituents and biological activities of Fucus spp.
Mar Drugs 2018;16(8):249.

13. Catarino MD, Silva AMS, Cardoso SM. Fucaceae: a source of bioactive phlorotannins. Int J Mol Sci
2017;18(6):1327.

14. Borg M, Krueger-Hadfield SA, Destombe C, Collén J, Lipinska A, Coelho SM. Red macroalgae in the
genomic era. New Phytol 2023;240(2):471-88.



1308, walu. mudsnafunisiiesd 11 19 11 81U 1 un3aw — Touisw 256¢

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

Freitas MV, Pacheco D, Cotas J, Mouga T, Afonso C, Pereira L. Red seaweed pigments from a
biotechnological perspective. Phycol 2022;2(1):1-29.

Brien R, Hayes M, Sheldrake G, Tiwari B, Walsh P. Macroalgal proteins: a review. Foods 2022;11(4):571.
Healy LE, Zhu X, Pojic M, Sullivan C, Tiwari U, Curtin J, et al. Biomolecules from macroalgae—nutritional
profile and bioactives for novel food product development. Biomol 2023;13(2):386.
Yun EJ, Kim HT, Cho KM, Yu S, Kim S, Choi |-G, et al. Pretreatment and saccharification of red macroalgae
to produce fermentable sugars. Bioresour Technol 2016;199:311-8.

Lopes D, Melo T, Rey F, Meneses J, Monteiro FL, Helguero LA, et al. Valuing bioactive lipids from green,
red and brown macroalgae from aquaculture, to foster functionality and biotechnological applications.
Mol 2020;25(17):3883.

Neto RT, Margal C, Queirds AS, Abreu H, Silva AMS, Cardoso SM. Screening of Ulva rigida, Gracilaria sp.,
Fucus vesiculosus and Saccharina latissima as functional ingredients. Int J Mol Sci 2018;19(10):2987.
Cherry P, O’Hara C, Magee PJ, McSorley EM, Allsopp PJ. Risks and benefits of consuming edible
seaweeds. Nutr Rev 2019;77(5):307-29.

Abu-Khudir R, Ismail GA, Diab T. Antimicrobial, antioxidant, and anti-tumor activities of Sargassum
linearifolium and Cystoseira crinita from Egyptian mediterranean coast. Nutr Cancer 2021;73(5):829-44.
GOmez-Guzman M, Rodriguez-Nogales A, Algieri F, Galvez J. Potential role of seaweed polyphenols in
cardiovascular-associated disorders. Mar Drugs 2018;16(8):250.

Rodrigues D, Freitas AC, Pereira L, Rocha-Santos TAP, Vasconcelos MW, Roriz M, et al. Chemical
composition of red, brown and green macroalgae from Buarcos bay in Central West Coast of Portugal.
Food Chem 2015;183:197-207.

Parjikolaei BR, Bruhn A, Eybye KL, Larsen MM, Rasmussen MB, Christensen KV, et al. Valuable
biomolecules from nine North Atlantic red macroalgae: amino acids, fatty acids, carotenoids, minerals
and metals. Nat Resour 2016;7(4):157-183.

Smith JL, Summers G, Wong R. Nutrient and heavy metal content of edible seaweeds in New Zealand.
N Z J Crop Hortic Sci 2010;38(1):19-28.

Ismail MM, Alotaibi BS, El-Sheekh MM. Therapeutic uses of red macroalgae. Mol 2020;25(19):4411.
Torres MD, Florez-Fernandez N, Dominguez H. Integral utilization of red seaweed for bioactive
production. Mar Drugs 2019;17(6):314.

Koutsaviti A, loannou E, Roussis V. Bioactive Seaweed Substances. In: Qin Y, editor. Bioactive Seaweeds
for Food Applications: Academic Press; 2018. p. 25-52.

Biris-Dorhoi E-S, Michiu D, Pop CR, Rotar AM, Tofana M, Pop OL, et al. Macroalgae - a sustainable source
of chemical compounds with biological activities. Nutrients 2020;12(10):3085.

Hsieh-Lo M, Castillo G, Ochoa-Becerra MA, Mojica L. Phycocyanin and phycoerythrin: strategies to
improve production yield and chemical stability. Algal Res 2019;42:101600.

Nguyen HPT, Morancais M, Déléris P, Fleurence J, Nguyen-Le CT, Vo KH, Dumay J. Purification of R-
phycoerythrin from a marine macroalga Gracilaria gracilis by anion-exchange chromatography. J Appl

Phycol 2020;32(1):553-61.



33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

44.

45.

46.

a7.

48.

N\ I7 11 230UN 1 In31aN — Fausu 2568 12 2508, inaln. WLAHLRENNITINYIE

Priyanka KR, Rajaram R, Sivakumar SR. A critical review on pharmacological properties of marine
macroalgae. Biomass Convers Biorefin 2022.

Balasubramaniam V, June Chelyn L, Vimala S, Mohd Fairulnizal MN, Brownlee IA, Amin |. Carotenoid
composition and antioxidant potential of Eucheuma denticulatum, Sargassum polycystum and
Caulerpa lentillifera. Heliyon 2020;6(8):e04654.

Michalak I, Chojnacka K. Algae as production systems of bioactive compounds. Eng Life Sci
2015;15(2):160-76.

Kitade Y, Miyabe Y, Yamamoto Y, Takeda H, Shimizu T, Yasui H, et al. Structural characteristics of
phycobiliproteins from red alga Mazzaella japonica. J Food Biochem 2018;42(1):e12436.

Senthilkumar N, Suresh V, Thangam R, Kurinjimalar C, Kavitha G, Murugan P, et al. Isolation and
characterization of macromolecular protein R-Phycoerythrin from Portieria hornemannii. Int J Biol
Macromol 2013;55:150-60.

Rula NAM, Ganzon-Fortes ET, Pante MJR, Trono GC. Influence of light, water motion, and stocking
density on the growth and pigment content of Halymenia durvillei (Rhodophyceae) under laboratory
conditions. J Appl Phycol 2021;33(4):2367-77.

Santhoshkumar P, Yoha KS, Moses JA. Drying of seaweed: approaches, challenges and research needs.
Trends Food Sci Technol 2023;138:153-63.

Nagahawatta DP, Sanjeewa KKA, Jayawardena TU, Kim H-S, Yang H-W, Jiang Y, et al. Drying seaweeds
using hybrid hot water goodle dryer (HHGD): comparison with freeze-dryer in chemical composition and
antioxidant activity. Fish Aquat Sci 2021;24(1):19-31.

Amorim AM, Nardelli AE, Chow F. Effects of drying processes on antioxidant properties and chemical
constituents of four tropical macroalgae suitable as functional bioproducts. J Appl Phycol
2020;32(2):1495-509.

Keyimu XG. The effects of using seaweed on the quality of Asian noodles. J Food Process Technol
2013;4:1-4.

O'Sullivan AM, O'Callaghan YC, O'Grady MN, Waldron DS, Smyth TJ, O'Brien NM, et al. An examination
of the potential of seaweed extracts as functional ingredients in milk. Int J Dairy Technol 2014;67(2):182-
93.

Zhu X, Healy L, Zhang Z, Maguire J, Sun D-W, Tiwari BK. Novel postharvest processing strategies for
value-added applications of marine algae. J Sci Food Agric 2021;101(11):4444-55.

Hanjabam MD, Zynudheen AA, Ninan G, Panda S. Seaweed as an ingredient for nutritional improvement
of fish jerky. J Food Process Preserv 2017;41(2):e12845.

Lestari P, Sulistiyati T. The substitution of Eucheuma cottonii seaweed flour to the acceptability and
color characteristics of biscuit. Int J Sci Res Pub 2019;9(6):97-101.

Chang H-C, Chen H-H, Hu H-H. Textural changes in fresh egg noodles formulated with seaweed power
and full or partial replacement of cuttlefish paste. J Texture Stud 2011;42(1):61-71.

Cox S, Abu-Ghannam N. Enhancement of the phytochemical and fibre content of beef patties with

Himanthalia elongata seaweed. Int J Food Sci Technol 2013;48(11):2239-49.



1308, inalu. Wadsedunwsziiesd 13 19 11 81U 1 un3aw — Touisw 256¢

49.
50.

51.
52.
53.
54.
55.

56.

57.

58.
59.

60.

61.

62.

Garcia-Vaquero M, Hayes M. Red and green macroalgae for fish and animal feed and human functional
food development. Food Rev Int 2016;32(1):15-45.

Afonso NC, Catarino MD, Silva AMS, Cardoso SM. Brown macroalgae as valuable food ingredients.
Antioxidants 2019;8(9):365.

Lorenzo JM, Agregan R, Munekata PES, Franco D, Carballo J, Sahin S, et al. Proximate composition and
nutritional value of three macroalgae: Ascophyllum nodosum, Fucus vesiculosus and Bifurcaria
bifurcata. Mar Drugs 2017;15(11):360.

van den Burg SWK, Dagevos H, Helmes RJK. Towards sustainable European seaweed value chains: a
triple P perspective. ICES J Mar Sci 2021;78(1):443-50.

Food and Agriculture Organization of the United Nation. Global seaweeds and microalgae production,
1950-2019. [Internet]. 2021 [cited 2024 October a]. Available from:
https://openknowledge.fao.org/server/api/core/bitstreams/97409d09-2f8e-4712-b11e-
60105d89959b/content

Rogel-Castillo C, Latorre-Castafieda M, Munoz-Munoz C, Agurto-Munoz C. Seaweeds in food: current
trends. Plants 2023;12(12):2287.

Roohinejad S, Koubaa M, Barba FJ, Saljoughian S, Amid M, Greiner R. Application of seaweeds to develop
new food products with enhanced shelf-life, quality and health-related beneficial properties. Food Res
Int 2017;99:1066-83.

Moroney NC, Grady MN, Lordan S, Stanton C, Kerry JP. Seaweed polysaccharides (laminarin and
fucoidan) as functional ingredients in pork meat: an evaluation of anti-oxidative potential, thermal
stability and bioaccessibility. Mar Drugs 2015;13(4):2447-64.

Fradinho P, Raymundo A, Sousa |, Dominguez H, Torres MD. Edible brown seaweed in gluten-free pasta:
technological and nutritional evaluation. Foods 2019;8(12):622.

Vilar EG, Ouyang H, O'Sullivan MG, Kerry JP, Hamill RM, O'Grady MN, Mohammed HO, Kilcawley KN.
Effect of salt reduction and inclusion of 1% edible seaweeds on the chemical, sensory and volatile
component profile of reformulated frankfurters. Meat Sci 2020;161:108001.

Fitzgerald C, Gallagher E, Doran L, Auty M, Prieto J, Hayes M. Increasing the health benefits of bread:
assessment of the physical and sensory qualities of bread formulated using a renin inhibitory Palmaria
palmata protein hydrolysate. LWT - Food Sci Technol 2014;56(2):398-405.

Jayasinghe P, Pahalawattaarachchi V, Ranaweera KKDS, Seaweed extract as a natural food coloring agent
in Jelly desserts on chemical, microbial and sensory quality. Acad Agri J 2016;1(3):65-9.

Sholichah E, Kumalasari R, Indrianti N, Ratnawati L, Restuti A, Munandar A. Physicochemical, sensory,
and cooking qualities of gluten-free pasta enriched with Indonesian edible red seaweed (Kappaphycus
Alvarezii). J Food Nutr Res 2021;9(4):187-92.

Mamat H, Matanjun P, Ibrahim S, Amin SFM, Hamid MA, Rameli AS. The effect of seaweed composite
flour on the textural properties of dough and bread. J Appl Phycol 2014;26(2):1057-62.



63.

64.

65.

66.

67.

68.

69.

70.

9 11 adun 1 unTen — Iauweu 2568 14 1418, inalu. MBsiadunisiiosa

Lamont T, McSweeney M. Consumer acceptability and chemical composition of whole-wheat breads
incorporated with brown seaweed (Ascophyllum nodosum) or red seaweed (Chondrus crispus). J Sci
Food Agric 2021;101(4):1507-14.

Tavares JO, Cotas J, Valado A, Pereira L. Algae food products as a healthcare solution. Mar Drugs
2023;21(11):578.

Moran-Santibafez K, Pefia-Hernandez MA, Cruz-Sudrez LE, Ricque-Marie D, Skouta R, Vasquez AH, et al.
Virucidal and synergistic activity of polyphenol-rich extracts of seaweeds against measles virus. Viruses
2018;10(9):465.

Rudtanatip T, Lynch SA, Wongprasert K, Culloty SC. Assessment of the effects of sulfated
polysaccharides extracted from the red seaweed Irish moss Chondrus crispus on the immune-stimulant
activity in mussels Mytilus spp. Fish Shellfish Immunol 2018;75:284-90.

Abou Zeid AH, Aboutabl EA, Sleem AA, El-Rafie HM. Water soluble polysaccharides extracted from
Pterocladia capillacea and Dictyopteris membranacea and their biological activities. Carbohydr Polym
2014;113:62-6.

Hung LD, Trinh PTH. Structure and anticancer activity of a new lectin from the cultivated red alga,
Kappaphycus striatus. J Nat Med 2021;75(1):223-31.

Kasanah N, Amelia W, Mukminin A, Triyanto, Isnansetyo A. Antibacterial activity of Indonesian red algae
Gracilaria edulis against bacterial fish pathogens and characterization of active fractions. Nat Prod Res
2019;33(22):3303-7.

Leandro A, Pereira L, Gongalves AMM. Diverse applications of marine macroalgae. Mar Drugs

2020;18(1):17.



1308, 1nalu. ALELRRNNITINYIE 15 O 11 atiuft 1 wnew — finuinu 2568 (-

nsiiuUsEEnSa nvasflUsTINendmTINiuNaaud U SUSEINMALREY

Uszr1nslun1981579R 219819

An Enhanced the Efficiency of Ratio-cum-product Estimator for Estimating

the Population Mean in the Sample Survey

s
a

uAMalIuns Auadan ! uaz wnaw naanysal®

‘nAIvIAdinnEns AuEINIMEns N INeNdemAluladnIEInuNaIsUYS NTININUIUAT 10140

2aeivEnd auginenmans uninendumaluladnszaoundisuys njunnavnuAs 10140

Napattchan Dansawad'” and Ekkaphop Ketsombun?
' Department of Mathematics, Faculty of Science, King Mongkut’s University of Technology Thonburi, Bangkok
10140
: Department of Physics, Faculty of Science, King Mongkut’s University of Technology Thonburi, Bangkok 10140

*Corresponding author: napattchan.dan@kmutt.ac.th

Received: 9 December 2024/ Revised: 6 February 2024/ Accepted: 10 February 2024

UNANED

N o s

AOUTEAIALN

o
[

NuITyATal pawardLauedUTzInudnduTIniuNan dmsunisussanaae

'
=~ o

Uszrns Tunsdrsiadiedns legldansaumaaindaulsyis neldisnisidendiegrsdusuuirenuulylddu e

v
a v Va v o

Uszanauiiiaueilaziiauasounquiiuseanudidy q Mneidesndind@nwlunuide anvaidesiinisdnwm
AuaNURNAAyUIIUIENSTesiYssinaiEueTunvi laun AnuranedauidEededs waza1naInAaaumas

o

2 o

aouindesinan MnduagyhnaUieudisulssdvinweesiitssinaiitiauetunllfuiUssanuiiu 4 fifedes
silumannud nisuszgndaindeyasss uazmsaesdeya TasaefinrsananeriosasUssansnndinivg nan1side
wui meldanunisalidneiientu fustnaniiauetuiniUssans mninindaussanaiasy q ivhnisdnm
srovun wadlledanuaenndowimnmgui] M3UsEENAINTRLATS Lagn1sdnaestoya

s

AdnARy: MUsEInudnTIdTINAURNaaM ALeReUTEYINT N13E1TIM0E SavarUsavsn nduring



9 11 aUun 1 unsney — Jauweu 2568 16 21418, inalu. AMdsiadunssiiesd

Abstract

This research aims to develop and propose a combined ratio and product estimator for accurately
estimating the population mean in sample surveys. It leverages auxiliary variable information within the
framework of simple random sampling without replacement. The proposed estimator is structured to
encompass all previously studied related estimators. Additionally, the researcher analyzes key properties of the
proposed estimator, including the mean squared error (MSE) and the minimum mean squared error.
The efficiency of the proposed estimator is assessed against other related estimators through theoretical
analysis, real data applications, and data simulations, using relative efficiency as the evaluation criterion.
The findings reveal that, under identical study conditions, the proposed estimator exhibits superior efficiency
compared to all other estimators examined in this study. These results are consistently observed across

theoretical analyses, real data applications, and simulations.

Keywords: Ratio-cum-product estimator, Population mean, Sample survey, Mean squared error
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to =V (1+e,) @+ (- a)l- (29 -Dhe; + 229 -D65e]) |
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6.C.(29-1)

[

WaunuAn a,, 31naunisn (7) asluaunisi (6) wldmaainniounasdetafemgavesdiiussunu t, dall

opt

MMSE(t,,) = AY °C.(1- p°) (8)
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1 MMSE(t, ) < MSE(Y) Clp* >0
2 MMSE(t,) < MSE() (C,—pC,)* >0
3 MMSE(t,) < MSE(t);i=2 ... 8 (4C, - pC,)* >0
4 MMSE(t,)<MSE(t);i=9,10, ..,12 (6C, +pC,)* >0
5 MMSE(,) < MSE(t,) (6,C, - pC,)* >0
6  MMSE(t,)<MSE(t,) (6,C, +pC,)* >0
7 MMSE (t,,) < MSE(t, ) [(29-16,C,-pC,] >0
8 MMSE(t,, ) < MSE(t, ) (C,—pC,) +aCl(a+2K ~2) >0
9 MMSE(t,, ) < MSE(t,,) (6,C, - pC,)" +ab,C2 (b, +2K —26,) >0
10 MMSE(t,) < MSE(t,) (6,C, — pC, ) +aB,C? (a6, + 2K —26,) > 0

Tneit K = pC, IC,
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vailffearvinsiSeuiisuussansamussinussnausiazi Ingafinnsanaindl PRE Fsduimannaunisi (9)
lail
MSE(Y .
PRE(t) = M5ED) 100 i-12,..19 (9)
MSE (t,)

Tnanan15iUSeUgUUSE AN A NVBIFIUTEUULAAL A ILERINIRITIN 3

A19199 3 f1 PRE vasiiuseinausiaziineldusennsidnumaindeyayai 1 uag Yad 2

Yoyayni 1 Hoyaynil 2
fiauszuna PRE fiaUszuna PRE
y 100.000 y 100.000
t 165.893 t 1270.858
t, 167.611 t, 1329.955
t, 165.864 t, 1270.882
t, 166.003 t, 1271310
t, 165.569 t, 1273.855
t, 165.937 t, 1271.919
t 162457 t 1245.540
t, 168.220 t, 1303.055
t, 35.863 t, 23.481
t, 35.210 t, 23.154
t, 35.260 t, 23.157
t, 35.106 t, 23.170
t, 165.940 t, 1270.861
t, 168.008 t, 1596.652
t, 168.783 t, 1596.653
t, 176.541 t, 1596.667
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3. MaSpuiguUssansnmuesiiussanalaenisinaesdeya
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USEANTNNUDIFIUTTUI0 WEARIAINITIN 4 Fai)
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T =035 p=0.75 p=0.95
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t 147.139 151.832 154.313 160.602 564.161 843.599
t, 155.254 157.722 162.589 168.368 581.423 906.250
t, 158.802 158.330 170.262 184.146 597.518 975.779
t, 160.671 158.433 196.714 194.470 631.906 1018.818
t. 163.710 164.674 217.043 210.456 652.482 1118.935
t, 164.579 167.433 217.669 224.047 603.899 1171.086
t, 174.706 175.059 218.456 284.653 698.942 1200.122
t, 176.117 176.837 233.192 269.155 724.222 1293.029
t, 86.779 91.517 96.343 104.790 99.320 107.500
t, 83.502 89.375 93.484 98.584 97.071 99.867
t, 86.746 91.173 94.206 101.313 98.439 104.979
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t, 192.168 199.824 223.102 317.261 816.468 1478.088
t, 199.950 202.606 235.463 324.677 913.982 1537.427
t, 208.822 210.668 257.010 342.521 932.787 1564.567
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Abstract

Liposomes are spherical vesicles composed of lipid bilayer shells surrounding aqueous interior
cores. These particles can encapsulate essential substances, prevent degradation, enhance stability and
reduce toxicity or irritation associated with direct substance use. This research aims to synthesize liposomal
particles encapsulating capsaicinoids (capsaicin, dihydrocapsaicin and nordihydrocapsaicin), which possess
anti-inflammatory and pain-relieving properties but are limited by degradation and toxicity associated with
the direct use of capsaicinoids. The liposomes were synthesized using the reverse-phase evaporation
method with phospholipids at a concentration of 1.0 %w/v. Their physical properties, including particle size,
polydispersity index and zeta-potential were analyzed using dynamic light scattering technique.
Morphological characteristics were examined via transmission electron microscopy. Encapsulation efficiency
was assessed using high-performance liquid chromatography and liposome stability was evaluated over
a 12-week period. The results showed that the synthesized liposomal particles formed a homogeneous
yellow mixture. The particles exhibited a spherical shape, with sizes ranging from 409 - 560 nm,
a polydispersity index of 0.30 to 0.34 and a zeta-potential between -41 and -55 mV. Encapsulation efficiency
analysis revealed that capsaicin had the highest encapsulation rate, followed by dihydrocapsaicin and
nordihydrocapsaicin with efficiencies of 92.39 + 11.02%, 58.17 + 9.24% and 34.95 + 2.80%, respectively.
The liposomes demonstrated maximum stability for up to six weeks. In conclusion, the synthesized
liposomal particles exhibited uniform size, high stability and minimal aggregation or sedimentation. Their

high encapsulation efficiency for capsaicin highlights their potential for future applications.

Keywords: Encapsulation technology, Liposome particles, Capsaicinoid compounds, Reverse-phase

evaporation method
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\in wunuedtuegsanysalteudndnszuaiion viiendmnlasuuavleduly 15 wiit nussduuadledulun
szuadonidins 5 % vosUTinadldsu 13 vennniinisgadunadledunarlalelasuatledulussuumaduovis
wutluaa 60 wifl assaesszmgluannssnzoms Slddndruegiiuuarlodeuszaa 50, 80 uay 70
% puddu [4] mafnvmavesuadleduluenanasing 12 au nelidutssmuninivyan 5 n3u fiufegnaden
nn 15 Wit Wunan 2 Falus Aesedszduuadledunuannduaaumans Tiun Aranudutuiinugean 2.47
ng/mL Yunaiinuasaututiugean 47.8 uii fn3eiin 24.87 wnit [5] SlanAdeldusegndlduaylsdulugy

yosgmdadlasnauwalledududy 0.025 % eldidusntanizndmivanainisuindanazuinnaiuils wuin

o w '

grvslesnildunanvesalleguaunsoanansuindeuazUinndsileliegraiiduddnusioinisirafeainlvigly

= o

Wnauidnuauseuusnanmdulunaveswadledulaunss [6]

1Y

waluladinifiuansd1Aty (encapsulation technology) Wuwmalulagfivilansgniniiuliluansdnaiin

o

o <

nils ansngniniiulinigluiiendn core material, active agent n3awlanielu (internal phase) a5 ldviey

Y
v

Senianstundeuniaanieuen (exterior phase) Ustlovdvounaluladinfivaisddgiiolesiunisaansdn
vosEslognAusou ATy uas sandiau wiallelinsdsuulamwesinfivey arsifleuhuigniniiudndu

Q

asifguan e wagiduasilonisiAaufisen wu arslindu sa Inndu eulesl avsiueyyadasy
siansddyiilaansssuwd 17, 8l G'Taasmﬁuaawlﬂiuiaﬁfﬁ“ﬂLﬁumid’wﬁ’mmﬁ?ﬁ’uaﬂwLLWiwawaluqmawwﬂism
Ieun Msdnruuusy nMsviuisuustidonuds nsgadu meviuisuunudes aduwaz dlnlay [9]
ﬁiwm’]mfwmiﬁmﬁumséwﬁmiﬂuaumﬂ?ﬂ‘wiqmmmsaﬁmﬁumsﬁﬁmﬁmﬂﬂﬁﬁgﬂLLUUSu [10] Fefivszlowily
nsihdsansanfgamed ilfanusunaansdfiisrldnuiannafneinisseaadesninnsidarsddey
Tnonss Aaandnlandueseymedlnlsude ausaduuirgiledeniootoaidmnglfegrsieasuas

o

I3 = ' a o aa a aa a N o | aa
303 Lua\‘mqﬂﬁ"]‘lﬁjigﬂa‘UsiJE'NE’]‘Lq!ﬂ']ﬂaIWI"U@JWlIW@ﬁIWa‘WﬂLLa%lﬂaIﬂﬁWﬂIﬂa‘W@Nﬂ'ﬁuﬂﬁ@]'ﬁl’l’aguamiqaju%aﬂﬁWﬂ

v a o @ '

pdnpadsiuaninlubenuead [11] Tulagiuliheyniadlnlausndnivsezidsansdidey wu Tdiniunaziias

1

ensnuueismenlegiau (doxorubicin) ieeduiioswenliine3dul (amphotericin B) s [12] uenanil

deuidefivmueymedinleulbiaunsadnivasddglildlugnamnssungdians iu Alnlsunsziteuuns

[13] alnlsannsiusin [14] slwleuzaudey [15] Alwlesinniud [16] wazalmlauaiiudi [17]

v v
LYK N

A ulunsIdedflinguszasdiioduaszieuniadlnloudniivaisusznouuaUleduess taun
wauledu lalalasuauledu wazueslalalasuauledu AnwinuaniAinanmeninvetouniafidnasizils wu vuie
aUN1A (particle size) N15N52INUAIVBIVUINBUAA (polydispersity index, PDI) Usgquuiilouna (zeta-
potential) dugruineveteunia wazUszdniamlunsinifivaisusznevuatleduesdlilueunia saufsdnw

% A A o v = av v = & 1 ° A S0
ANuAsirveteunIndlnleuidaunseld Saan1sdnuilaidudsylevdnenisineuniadlnleud dnfv

ansUsznevkalledussalineluludssgndldluagnaimnssusing q laluswian
Waniiun1side

1. msdaasiziayniaalnlay

funszvieunindlnleudauwUasainisves Fotini kazAne [18] wagisves Azucena wagauy [19] lng
Yuadiiu (lecithin) 1futu 1.0 %w/v naudupasiadinesea 0.001 ¢ 7iazaislunaslsvesy 5 mL uwavwauly
Fuosd 50 pg wanluviafunay Mdndwiazareioirdesssivearsuuuagyiniai 40°C, 80 rpm iislalefia

8es 3 mL wazdindu 1 mL isensiineynialaeadudesninudgai 20 kHz, 25 °C Wuian 30 wil Ada

a a ¢ v a 1 g 1Y) o Y o = wa v
IG]L@V]@E]LW@?LL@%U?UUﬁNWW?W?BU’]ﬂau 50 mL E]T%ﬂ’]ﬂ‘l/]?NLﬂiq5'1/101.@uqlﬂﬂﬂﬂqﬂmaNUWWqQﬂqﬁlﬂ’]W 1@ L YUIA
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BUNTA NINTTANYAIVBIVUINBUNIA LazUTzauURIoUNIARIgMAlANIINIELIsamuUnadn (dynamic light
scattering, DLS) Anwdauguivenvessyniadiendesganssaididnasounuudesinuuin field-emission (field-
emission transmission electron microscopy, FE-TEM)
2. nMsAnwRuaNTANINIEnMYasaynIAG LNl

2.1 YUWIABUNIA N1TNTTINYAIVDIVUIABYNIA UazUsTaUURtaynIAdinlwy

Fovwouniadlnleudasiiusmainlooou 10 wih Tineyniaun 1 miL Tdasluvasauafiaanizie
disposable folded capillary cells ’3'61LLaz’QJLﬂiwﬁ‘Uu’1mmgmﬂ miﬂi%mﬂﬁ?‘d@ﬂ%U’lﬂ@Hﬂﬂﬂ LLamJizfq‘U‘uﬁ?
ouMA MelAdosiavuIneynALazUsEULRIBYNIA (FU zetasizer nano zs) InginvuIAyAIALALMINTE A
199IUINBYUNA 3 adiranileiet ﬁqm%qﬁ 25°C §afin equilibration time 20 319l &A1 number of runs
ua run duration 1 11 afs uag 10 3t Ay Fauszauuiteuniaioamad 25 °C darn minimum runs
uaz maximum runs U 10 uag 20 A%y audidu ¥a 3 adsdenilsens WuRBRUILALAEMINIEANBRITDS
YUINBUNA

2.2 fuguinevasayniadlinley

nenounIAAlNlgNaIUNLY carbon film copper grids U@ 200 ﬁﬂﬁuﬁaﬁqmmﬁﬁaq Anwdngu
Ingsendesgansimididnnseuluudeakiu 8%e Thermo Scientific luina Talos F200X G2 Tagldindsliin
200 kv fidswene 1,500,000 daraamatned 1.0x10° A/cm?
3. AINUAIAVIBUNIARIN LYY

theymadlnleuiiduaseildianniugu (aldtnfuueulsdussd) wasgnnnaes (nifuuaulsduoss)

Tigaumail 4 °C Fnvuneunia MINTEFIVBVUINBUNIALATUTEIUURIBUNIARILIATIInTUIALAYUTEqUU

9 Y

a

Frounann 2 dUnoh Hunavisdu 12 dami
4. UszBnsamlunisiniiuansusznavnadlefusedlslusyniadinley
UszandamlunisinifivaisusznevuaUleduesdliluoynia dinlaudnulaiainisves Abdelnabi uay
Aasg [20] vilalasTimansuaneyniain 3 mL diluududed -80 °C udwiurauuundidonudafinnnudu 0.100
mbar, WWuran 24 Falus vdsaniuduemiuea 1 mL uagtusiesd 15,000 rpm, 25 °C iunan 15 wit uda
dauansazarslaninsasiunszatunsesiifigngy 0.45 um dadetnsiingesld 20 uL Whdia3eslasunlnasi
VDIUNRIEAUTTOULE fv KNAUER sq'u Azura HPLC Plus fiuams?idu C18 reverse phase column 2u1A 300 mm
x 4.5 mm x 5 pm weniaegseenaniansilaglfismusaluszuulelainsandnsinisiva 1 mL/min gaumgd
25°C a5 uenldgansaatadaouasydf 220 nm i sudvasuinsgiuuaUlsduons AutuUiuInves
waUleduosdlasnsinuinsgiuvesualleduesdunazadn Arurmdszdniainlunisiniiu (percent

encapsulation efficiency, %EE) faun13A1Ua1

Ysnaansualedueednigniniiuase X 100

Usgansnmlunsiniiu (YEE) = - —————
Usunaansuavledusya it isuduianin

5. Wnszndoyanieadn
a ¢ v aa o a ¢ ' i N aa
Ansevideyan1eaiflagldn1siaseiauuysusukansIaaeuALLANA1IYBIALRd 8laeTs

Duncan’s Multiple Rang Test (DMRT) fiszsiupnuotiusesay 95 Ingldlusunsu SPSS Tinsnzsinanisada
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1. anaudAnisnieanvaseyn1adinlyy

1.1 YUINBYAIA N13NTEABFIVBIVUINBUATA WazUszUUEIayn1Adinlew

Snvarvosmsnaniifioyniedlnlaunss medeg duamaudefisrdniosiiamnassiiftnfuuay luld
fnfuasualsduesd wuinveseynelugaruauiivaitdy 409.53 + 24.17 nm vauzfleyneifniivuayle
Fu lalalasuaUlaunseuaslalelasualledu dvumeauniawiiiu 560.07 + 22.19, 480.23 + 30.88 way 464.30 +
24.45 nm MUEFU (107 1 (A-D) wagmait 1)

AmsnszaefvesmaeynialugnnIUANYNRY 0.30 + 0.01 Tuvarigamsvaassiiftniiuuayledula
lalasuavladunsouesialalasuauledu dA1nsnseaedivesuinouniawiniu 0.34 £ 0.01, 0.31 = 0.04 uag
0.31 = 0.01 MWAIFY (15199 1) AWszguuiteynaluyanIuauLazyad dnfuuaUledy lalelasuadly
Funiauestatalasuadledu davinfdy -41.70 = 2.57, -55.30 = 2.21, -48.90 = 0.62 WLag 48.40 = 1.17 mV
AU (A7 1 (E-H) wazansnei 1)

1.2 Fugruinervesaynindlnlay

dothounealnleuiidanaseildlufnundugnine mudnvauzvsseynieildlunnmsvaassiisusadu
ysanay wueUszana 500 nm nelueynausngderiaisiiilesaiaduturesdfinaosduiianusadn v

y3eansavareliniely aswandluning 2

12 BOOO0DTr = v r v rr v e s (E)
S 800000+ r e e e e, e :
& {yanugu ; : ; : N : : , ?{mm‘uau

-1 SRR I I A T, Ciasssaiaraseaas - 34““000 ...............................................................................
2 . : : : : 8 : : : :
& ............. e UUTUUPTRUUTRUUESUURRIUUN N BURUOR. e T :
c ¢ : : : : : T 200000 : : : :
5 : : : : : I : : : :
E aloo ITTPPPTSERRRES B LY CETTTSTTR WY ST TTTTTREE ﬁzonnnn  ECRITTIISPSTPPIEPPRY IS EOPEY: IEPITTPTRIEPPRTR, CITTPTTPPRTRRNRES

2 e --------------- 00000+ -+ eeeeemeeeres Domeeen b D e :

0 0 i

01 -200 0 100 200

AT e em e, R SRR TR : FOO00O -+ e omee ez e e .
~ 18 : : : : : : : (F
3 : S S P SO
D gl b e N i s : : i Ulwu
g
> u,ﬂﬂ‘lwu : : : : 3 soooeey
o U TR B Do fo S e : 2 o000
c : : : : :

[T R PR EED e eiiae e ereeeeiaaeiias T e T . Emnuoo-

= : : : : o

£ , }= 2000001
100000

5 d : : . : . :

01 1 10 100 1000 10000 200 200

A0 rerrer e s SSRETTERRRRRT [EEER R R R TR PR TR TS E R . GOOOD0 T+« <« =+ oo e e e n e e e e e e e e ns .
R A A B T AW T B : : | @
3 : : a : 2 SYPPIRURTSPPPIN ARTTN B PP o s
< . 5 E - : : 1m‘LaIﬂi|.LmJ'Lsa~w
as ............................................. . ............. ............... 8300000 . .. ........................................
‘0 : : : : : — : : f E
54 --------------- STCRRTSTRTRITLE e e e 4‘9200000 D RRLRLITTTITS SPPRILE (ODRR SPPRRE: T ETTERPRRRER LT PP RREEE
E : : : |9 : : : :
£, P 1) U S N e :

0 :
-200 0 100 200
B00000 T+ ++++ 55+ s+ s sreesenbt e ST :
< - : : : (H);
é 4‘-::400000 R R RRRTEERERS STERTTECD It RERREEE SRR C LR RS KR PRSI EERIEERETERLLEE
> 3 : : uaﬂﬂlﬂﬂnmﬂ‘lwu
'G 8300000 ....vvv....vvv....:vvv....‘ R T R R R
c — : : : 5
B 3200000 A T N T S isesmemssaassanad S i isissessasciseses :
c o : : : :
2000004+ <<+ e e e e eeeee e Do SUUUURTTTUUURTI :
: : : o : : :
04 1 10 100 1000 10000 -200 -100 0 100 200

Size (nm) Zeta-potential (mV)

awi 1 nsvluansan1sinvuineunaainley (A-D) uasUszauurivesaunndlnley (E-H)
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2. AUALRIYDBUNARIN YN
AvAsivaseynadinlauiigamadl 4 °C nuiilugae 6 dUaniusn awmeumadeuwlasdntes (nm
71 3) wanabiiudsmuasdiivetoynia usidladngdunnsia 8 Wuduly auneynialunnnmmeaesudsuulas

pg 1t Inenuieuniadivualng@udiadisuiuai 0, 2, 4 uay 6 &AW (1N 3)

= 9 a S0 a %
A13°99 1 dnwarmen nveseunadinluiiiniusaUledueedlinnelu

YANIINARDY dnwaENINIEAMYaseYn1ARIN LY
UNYANIA (M) N13N3ALAIVBIVUINDYNA Uszuuiineyna
(mV)
YAAIUAY 409.53 + 24.17° 0.30 + 0.01 -41.70 + 2.57°
uptladu 560.07 + 22.19° 0.3¢ + 0.01 -55.30 + 2.21°
Ialalasuauladu 480.23 + 30.88° 0.31 + 0.04 -48.90 + 0.62°
uoslalalasuauledu 464.30 + 24.45° 0.31 + 0.01 -48.40 + 1.17°

e Afegluneduiifediuwadidnusneiu® vunets windsiuegraideddgnieatia (p<0.05) usiag

Arvuanslunsaduaieds + dudsavunsgiu

SO0 nm

YAAIUAH Ialalnsuadlutu

waulvdu wodlnlalnsualudu

A il 2 Snvarduguiveveseynindlnlvuiodewnendeiganssmididnasouluudeii
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ﬂ'ﬂﬂisquuﬁaagmﬂLﬂumﬁﬁqsﬁyﬁqmmmm‘”@maaagmﬂ AUTERUURIBYNIANINNTT £30 mV Usuaniie
oumaTussndniuganar destunssuiiiuvesoynia mvaassmuitlugaaiuguinisiudsuilaswesrusyq
vufeynaegwiideddyduddunid 8 Huduly (me1edl 2) Tuvasilyafnfvuauledu lalsTasuaule
Fuvdousilalelnsuauledu Uszquuiouniasudasunlasegnedifoddnyluduniil 4 uasdniil 6 (m3n9dl
2) winsidsuiugailieUszguuinounaunnd £30 mv uandiduieynedsdiefiosniniid lidunguiu

pnaznaursoTmmInulivunlngIulugisailiifu 6 dUamindiannsduasizt (nni 3 uazn19199 2)

1000
~Y¥AAIUAN ~undledu
800 ~lalalasuaulodu —upslalolnuwavledu
£
£ 600
<
<
S- 400
@
&
S
= 200
0
0 2 4 o 6 . 8 10 12
duan

awi 3 nMsiasuslaseuineunirdinlauluszesiiainig 9

M15199 2 Maldsuwlasusgauuinoynindlnledluszesiiaisig 9 (mv)

YANIMARAD FUnsiii
0 2 4 6 8 10 12
YAAIUAN 41742577 -61.8+432°  -429+574"  -40.7+6.88" -32.9+157°  -24.7+4.14° -22.1%3.16°
uaUludu -553+2.21°  -54.1+1.14°  -50.4+4.20°  -43.9+2.21°  -31.3x583°  -26.3+159°  -20.3+2.53°
lalalasuaulodu -48.9+0.62°  -06.6+234°  -403+1.67°  -354+327° 25242567 -21.4+4.18°  -16.7+3.41°

uaslalalasuadle@u  -474+117°  -451+245°  -412+183° -33.1+361° 2724345  -215+234°  -183+4.04"
(a-f)

Y

e Arveglukanierfuuaiidnusaaiu®” wuneds unnssiuegadveddmieada (p<0.05) wiavAfuandlum iy

ALRRY + duleuuuansgIu

3. UszanSamlunisiniiuansusenauuadleduass

dethansunmsgruuaulsdu lalslasuadlefunazuoslalelnsuauledu feududu 1 89 100 pg/mL 14
Ansginigmatialasuninnafivesnalaussouzas nuiwalledu lalalasuadledunazuesialelasuadledu
PONIINABENIITIIAN 3.00, 3.07 WAy 3.02 U7 MuEWU ndl 4 (A, B, C) dunsidunsauanianudusiudsyming

Anspandusasiuauinturesasumspuiallsdussduiasyiauandunsnd 3
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M19199 3 SPELLIANEANIATOUNNUADENY AUNTHUATIVBIANTUINTTIN WazduUsyANSanduiusyes

waUledussnunazuiin

uaUlv@ueen srgTatasInauruRaEN AUNT5LEAUNS AduUszandandunus
(W)

upvlsdu 3.00 Y=48.249X+8.2771 0.9967

Ialalasuauledu 3.07 Y=80.999X+18.935 0.9974

uaslalalasuauledu 3.02 Y=108.45X+27.956 0.9996

diethualaduesdfigniniivlilueunindinleulvinsziiemaiinlasuninsfivesnaiaussousge

lasuvsunsuiintuuansiinosaulsdussaiiiailnalfeaiuaisuinsgiu Guduinitnduladtansuinsgu

a a

ginay 5 pg wuinfiniiiaduduiinveawadleduesdiigniniulilueunia dlnley dwandunwi 4 O, E F)

UsganSamlunisiniivaisusenaunadladuassiuauniadinlaunuinwauledy talalaswavledu wazuasle

1
v @

lalasuauledu gnindulilueynaluvSinafiuandneiu (115197 4) wadle@uesdiigniniuliuniiande waule

Y

Fu (92.39 + 11.02 %) lalalaswaula®y (58.17 + 9.24 %) wazuasbalalaswaula@u (34.95 + 2.80 %) ANNA AU

(Gﬂi%‘i‘ﬁl 4)

Dihydrocapsaicin ®) Nordlhydgocapsalcm ©)
@ ] 5 It |
g 15 HO.
M H
Q \0 N
8 : el ! M
e
< Byl E 5.
383 8¥ g
‘ B " L :
0 H 4 H 8 0 ? 4 6 ] 0 ] 4 ] ]
D D|hydro<iapsa|cm (B) Nordihydrocapsaicin (3]
o Capsiaicin 124 3 -
g b3
M 0.8
=
O 0.6
vy
el
< 04
0.24

00 T T T T
0 2 4 6 8 0

na (W) a1 (i) 181 (W)

AWl 4 HPLC-UV Tasarlnsunsy (A) ansnesgrusauledu 8) ansunsgiulelelasuadledy

Q) arsuasgruueslalalasuadledu ) wallsduigninnulilueuniadinley uwaziinaisunsgiunaUledu

a v &

®) lalalasuedleduiignininulilueyniadlnley wasinaisuinsgiulalalasuayledy

U

=~ v &

(F) ueslalalasuwauledungniniulilueuniadinley waziduansuinsgiuueslalelasuauledu

U
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as19i 4 Uszdvdnmlumsinifiuansusznauwadledueedlilusyniadinley

waula@uasn Uszansnmlunisiniiu (%)
upUle@u 92.39 + 11.02?
Inlalasuaule@u 58.17 + 9.24°
ueslalalasuauledu 34.95 + 2.80°

mnewn: Afegluneduiifiedfiuudidnusneiu® vneds uandsiuegailfeddynieata (p<0.05) usiag

Aruanslunsaduaiede + dudsavunsgu

adUseuazaTUNaN1IdY

feduasevioyniadlnlaudiiseimonduignialagldwealnafiadudu 1.0 %w i ednLfy
arsUsznevuadleduosdisamsin nuieynaiiduasedldfvuaiunnmsiuiufusinvouadlsduosd
(3197t 1) oynaidnfuweaUlsdulivualvgnitueslalelnsuauledu lelalasuauledu uasgnniuauniudidiu
(3t 1) awgiiduduiidosnnlasaimnaaivosuedledussddmarerunveseunma uallsduilasaadng
wanavanlalalasuavledu uazueslalolnsuavledu lufunududmuesiusyluaeldafusunazauen
Tutana (nmdl 5) WuszguulassaesuadledudsnaliifnnsinGeshuuderudlnlsufiuandsesnluidolioy

ulalalasualledu wazueslalalasuaUledu NiMusyinennnitdmaliounipdinleufidnivealledulivun

Twainin

o]

NWCHH HO HO

HO/EEF:\H CHa ~ 0:©\, H I‘}/W\)\ \Oj@\/ EM
A (B) ©

A 5 Tassasramaaiiveawallofusang 3 wlin

A wauledu (B) lalalaswauledu (C) uaslalalaswaulody

welsdulasadeiladusdsal Muanavemealndfadesiludnunzideddiiuiiinnnindedioy
fuansiiilaswassdusieddlalelnsuaulsdusaruesialelnsuauledurilfumavesdinlulng@u [21] venani
auinenieninesuadleduiiigavasuvaiazanuaunsolumsarareihiunndsanlalelasualeduias
uaslalelnsuauledu Wesmnuavleduiinnudulnarddosniuaiinnudemduiiosnindlogaiiulilusyniasi
TAnAIna3en (stress) nelubeduoynieuniu dsmaliouniadesusulassardlifvwalugduiesosy
anmwil [22]

Amsnszaneivomumeymadudfivenivauainaieveswneynaiidansizsils Annsnszane
FesmuneymafisirtiesusnisuneymaianuaitaenaiAININsEef e IIABYNATIEANN T
INOAINATEILYDIAINITNTEANR BN YAIAT seus Ul A mTuey e dlnlauadsdadosndn 030 [23]
uennteyniafifidnisnszareiavesiuneyniaiinid 0.30 Sastneymadiawalndifestudmaliazuud
anuadosuzdmsuiisynialudssyndldlunsfninuniovudsansdidey 23] annsmeasanuitoyninaln
Tguiidunsziduiamuniainsnsz R vesruineynInszning 0.30 fs 034 (sed 1) Tndideatuinosi

N S a . o <, ]
ARIZU LNBW?]’]SEU’]LQW']B@HJT]@WﬂﬂLﬂULLﬂUbl.SU“UUWUﬂWﬂﬁﬁﬂﬁg’iﬂEJ(E]']“U’PN"U“LJ’]@E]“L%JY]WL“UU 0.34 + 0.01 Qﬁﬂ’ﬂ
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nasnasguwdntes auveiiduduiomiiesnannssaiBnasioseuna femuinsldedudennuiaed
vuiulUilidevuveseynainanudemeuasiiuanuainmatevesvuineynin dealiinisnszaie
yosvumayMAiagedy [22, 24] uiensliaEmsdunszsivarsdunou Wy nsdmriuausundaninadou
sumatuduazdielivunveseynedamuainanonnty anAn1snszediveseynaldAniinsldisifes
Funeude 1y maazanenealndfalusvinaraeifissediaden (25
AUszquUieyNAUsTTeRuAInuazAaRs TYseyna ATnlew A1UsEqUURtEYNIA 0 f9 £10 MV
sumalemainznguiuegnafuesnnusdamiisznineyniagaitlieyneaiinisnssmedaliaiiaed
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Abstract

Pineapple is a significant economic crop in Thailand, and the pineapple processing industry is crucial
for farmers, manufacturers, and customers. Production planning is challenging due to the complexity of
customer demands and the increasing uncertainty of fresh pineapple yields. The researcher studied and
experimented with algorithms for production planning for canned pineapple using reinforcement learning.
The objective was to optimize production planning by finding the best values for just-in-time scheduling
through reinforcement learning, based on the Markov Decision Process (MDP) used for sequential decision-
making. After analyzing the problem and recognizing that production planning has such characteristics, the
researcher proceeded as follows: 1) Designed a dataset from case study data and defined the objective
function. 2) Developed a reinforcement learning model using the Advanced Actor Critic (A2C) algorithm to
create the production plan for the case study. 3) Tuned the model's parameters, trained the model, and
tested it. 4) Evaluated the model and found that the reward or the defined objective function increased by
at least 40% compared to the initial model. Additionally, the sellable products' readiness improved by
120%, and the discrepancy between expected and actual returns decreased by 19% compared to the initial

machine learning model.

Keywords: Production scheduling, reinforcement learning, Markov Decision Process, production planning,

machine learning

Introduction

Pineapple is one of Thailand's important economic crops because Thailand can generate income
from exporting pineapples, processed pineapple products, and canned pineapples. The Food and
Agriculture Organization of the United Nations [1] has estimated the value of processed pineapple products

of Thailand as the world's third largest pineapple exporter in 2021, as shown in Figure 1.
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Figure 1 The percentage of pineapple product export value in 2021.

The pineapple processing industry can generate an average of 10 billion baht per year for the country
from exports, considering data from each year from 2018 to 2022, referring to the database from the Office

of Agricultural Economics, as shown in Table 1.

Table 1 Value and volume of exports of pineapples packed in airtight containers, 2018-2022

Year Value (in million baht) Value (in tonnes)
2018 10,418 313,142
2019 8,402 250,477
2020 7,429 150,755
2021 10,124 201,480
2022 12,144 211,321

Research findings [2, 3] indicate that the pineapple industry involves a link between farmers,
processing plants, and customers. However, pineapple processing facilities face several challenges, including
production inconsistencies that hinder accurate production planning and result in high error rates.
Additionally, the cost of Thai pineapple products remains higher than that of competitors in the global
market. In response to these issues and in alignment with the Pineapple Strategy 2017-2026, strategic policies
have been established for processing plants to enhance production efficiency and decrease costs. Effective
decision-making in production planning is crucial for helping factories meet production targets, maintain
appropriate inventory levels, and prioritize products to satisfy fluctuating customer demand, ultimately
minimizing total costs. Researchers have proposed various tools to address production planning challenges,

such as enhancing sustainable supply chain efficiency for banana production using a mixed-integer linear
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programming model [4], and employing a similar model for optimizing production schedules in canned fish
factories, achieving near-optimal results in real-world scenarios [5]. Moreover, ongoing studies focus on
developing artificial intelligence systems to autonomously optimize inventory management, resulting in
lower overall costs compared to traditional systems. Reinforcement learning is a branch of machine learning
focused on training agents to make decisions that maximize long-term rewards. These agents interact directly
with their environment, using trial-and-error methods to discover optimal strategies based on feedback from
their actions, including rewards and penalties. Previous studies have demonstrated that reinforcement
learning has been effectively utilized to address production planning uncertainties across various industries
[6-12]. This approach is rooted in the Markov Decision Process (MDP) framework proposed by Bellman in
1957 [13]. For instance, in 2020 [14], research applied a Deep Neural Network algorithm in Reinforcement
Learning concept to tackle supply chain challenges in the Beer Game model developed by MIT, which
encompasses the interactions between manufacturers, distributors, sellers, and retailers. The focus of this
research was on minimizing supply chain costs and enhancing decision-making in real-world scenarios. By
employing the Deep Q Network algorithm, specifically the Sharpened Reward DON (SRDQN), the study was
able to achieve strong results using a smaller data set, outperforming traditional base stock policies.
Additionally, research addressing production system issues in complex manufacturing environments has
highlighted the significant impact of order dispatching and maintenance management on overall production
efficiency [14-18], especially when real-time decision-making is essential. Scholars have advocated for the
use of reinforcement learning in this context due to its capability for autonomous operation, environmental
adaptation, and optimal value discovery. Through reward and penalty analysis, one study constructed a
model using the Trust Region Policy Optimization algorithm to evaluate reinforcement learning outcomes.
The findings revealed that work dispatching to the production line using reinforcement learning achieved
machine utilization rates exceeding 90%, significantly surpassing the efficiency of the First In First Out (FIFO)
heuristic method. Furthermore, the overall production process time was reduced in comparison to FIFO.
This indicates the potential of reinforcement learning to effectively resolve various industrial challenges.
Researcher [19] studied the RL model using Q-Learning combined with the Knowledge-Driven Greedy
Algorithm (KDQRL) for thermo-mechanical finite element analysis (FEA), comparing it with other methods
such as Modified Low-Cost Search (MLCS), GA, and Exhaustive Search, which resulted in a 71% reduction.
This research aims to identify the most suitable values for just-in-time production planning in the
canned pineapple processing industry, utilizing reinforcement learning to assess its effectiveness in various
scenarios. Given the importance of this topic, the study seeks to provide insights into resolving production
scheduling challenges commonly faced in the conventional pineapple processing industry, which often
relies on the experience of skilled labor. By leveraging machine learning, specifically reinforcement learning,
the research will extract insights from high-level data, such as forecasting and actual customer orders, to

determine the optimal actions based on maximizing returns across diverse situations.
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Materials and methods
1. Dataset Design and Target Function Definition

Reinforcement Learning uses feedback from interaction with the environment to learn the policy for
the Markov Decision Process (MDP) through trial and error. The model requires extensive training, initially
making mistakes, and learning which actions lead to optimal behavior. This approach is also applicable to
more complex decision-making problems. The RL model uses the A2C algorithm, consisting of two
components:

Actor: Learns a stochastic policy and selects actions with the highest probability of maximizing future
rewards. Critic: Approximates the value of the current policy by estimating the expected sum of future
discounted rewards. The system state, containing decision-making information such as inventory levels,
actual demand, forecast data, the current schedule, and time, is passed from the environment to the
algorithm. The agent uses a Deep Neural Network (DNN) to map states to actions, represented as a stochastic
policy that provides a probability distribution of possible actions for each state. The reward function
evaluates actions taken at specific states and times, aligning with the objective function to optimize the

planning horizon. A diagram illustrates the A2C-based reinforcement Learning model, as shown in Figure 2.
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Figure 2 The diagram of Reinforcement Learning model with A2C algorithm for Canned Pineapple

production planning

From the study of the general conditions and problems of the case study, the researcher can design
a dataset related to the production planning and scheduling system. An important dataset example includes
finished goods data (Table 2), inventory data (Table 3), transition probability data (Table 4) is a probability
distribution over next possible successor states, given the current state, and customer order data (Table 5).
The customer order data consists of the following attributes: order number, delivery date, ordered products,

quantity ordered, profit per unit, creation date, and order type, among others.
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Table 2 Finished Good Data

Safety Sale

FGCode Description UOM Cost
Quantity Price

A FANCY SLICE 2T (F200)CASE 0.5 EA 10000 614 584

B FANCY CHUNKS (F200)CASE 0.5 EA 10000 620 600

C TIDBITS/CUBES (F200)CASE 0.5 EA 10000 638 606

D CRUSH (F200)CASE 0.5 EA 4000 610 590

Table 3 Inventory

CalendarDay FG_Code Inventory Balance
1 A 100000
1 B 20000
1 C 150755
1 D 201480
Table 4 Transition probability Data
From/To To A To_B To_C To D
A 0 100 100 200
B 0 0 100 200
C 0 0 0 300
D 0 0 0 0
Table 5 Value and volume of pineapples packed for demand from customer
Doc_num Doc_create Planned_gi FG_code  Order_qty Var_std Cust_segment
9791 122 127 D 3024 31 1
9793 108 113 B 5040 30 1
9803 120 127 A 6300 34 1

Definition of variable of the model
Set and index variables
i = product i when i=1,2,3,...1
J = product ] when j=1,2,3,..J
m = machine M when m=12,3,..M
t = index for time period t when t=1,2,3,..T
n = index for order number from customern when n=12,3,...N
Continuous variables

Mi = quantity of product I produced at time twheni=1,2,3,...I
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when t=1,2,3,..T

Fit = finished inventory level of product i at time t

wheni=12,3,...1

when t=1,2,3,..T

Om =Sales from sales of product i for orders N made in the initial period until time t=t

when i=1,2,3,...1

whenn=1,2,3,..N

whent=12,3,..T

Binary variables

Ximn =Binary variable equal to 1 means that product i is shipped according to order n at machine m at
time t, otherwise 0

Yim —product 1 is ordered at machine m at initial time t, when Ym equals 1 means that product is
ordered, otherwise 0

Ziit = When Ziit = 1 means that a change in the state of the product has occurred, otherwise 0

Parameter

D = Demand for product | at time t for order from customer n

tr = Due date t of order from customer n

Gin = Standard profit minus delay loss on each order day

dit= Product change from production plan from product | to product j
CinMax = Maximum production capacity of product i

Objective Function or Reward Function to be used in evaluating the representative of the model

Z= ZZZGmom —qz SFit (3)

Z is the competitiveness level of the business, it is the cumulative profit from sales of goods minus the
coefficient of return on goods multiplied by the average cost.

Gin is the profit from sales of product i for order n.

Oin IS the sales from sales of product i for order n in the period from the beginning to time t=T .

n is the coefficient of return on goods, calculated by dividing profit by the cost of goods, giving a value of
0.05.

Fitis the inventory level of product | at time t. The constraint on the level of available inventory for sale.

Fit= Fit-1+ Mit—2—Z5ijZijt—2—ZZOithi,t (4)
i

n txtn

Fquation 4 shows that the inventory level of product i at time t is the product inventory level from the
previous period t—1 plus the volume produced two days ago, Mit-2, minus the change in product from
the planned production at time t—2 diZit-2  and minus the volume of product I sold to customer n at
time t (Oin) .

Sales constraints
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Oitn = DitnUitn VN, |,t >1n (5)

D> Xin<1vn

T ot (6)

Equations 5 and 6 represent the sales volume that can satisfy the demand for a product at a given time.
Din represents the demand for product i for order n at a given time tn

Xim is a binary variable equal to 1, meaning that product i is delivered according to order n at time t, and
0 means that it cannot be delivered at the given time.

t2t means that t must be greater than or equal to tr, so the quantity of product that can fulfill the
customer order.

Production limitations
ZVit =1vt
i (7)

0<Mi<C Vit 8)

Fquation 7 shows that if product i is produced at time t, where Vitis a binary variable, then if product I is

produced, Vit equals 1, but if it is not produced, then Vit equal 0. Each production line can produce the

product and the production capacity is equal to Cin for the quantity of production of that product i at

machine M not to be greater than the production capacity of the production line, as shown in Equation 8.

2. Developing the model

The development of the production scheduling management model involves utilizing
reinforcement learning through deep neural networks, specifically employing the Advanced Actor-Critic (A2C)
algorithm. The researcher fine-tuned the parameters of the production scheduling model, as well as the
training and testing models, using an enhanced development program from PVC Development, further
supported by Python Version 3.11.1 on a Dell Latitude 3340 with an Intel Core(TM) i5-4200U processor, 4
GB RAM, and Windows 10 Pro.

The model was created specifically for the canned pineapple industry, using data from a case study
of a company operating in Prachuapkhirikhan Province. This case study involved six products requiring
production planning and utilized customer purchase order data from 2022, alongside the production
capacity of the Number 2 canned production line. Additionally, the model accounted for the variability of
new products based on the quality of fresh pineapples received at the factory and outlined the required

planning period.

Results and discussion
The initial hyperparameters for the production planning model were defined, alongside custom
hyperparameters, enabling the creation of a production schedule based on these parameters. The

researcher generated a production schedule using the initial hyperparameter model, represented graphically
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with the products on the vertical axis and production dates on the horizontal axis. Moreover, the results of
the total reward from the initial hyperparameter model were plotted against the teaching episodes of the

model, as illustrated in Figures 3 and 4.

Gantt Chart
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Figure 3 Production schedule from the initial hyperparameter model
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Figure 4 The results of the total return of the initial hyperparameter model with model training rounds.

The researcher adjusted the model by adjusting the hyperparameters and using the same training
data as shown in Figure 5 which is the production schedule from the tuned hyperparameter model. Figure
6 is the graph showing the total retumns of the tuned hyperparameter model. Figure 7 is the graph showing
the returns in other parts including total returns, product cost, penalty effect for late delivery, and returns

from on-time delivery. Figure 8 is the graph showing the products ready for delivery.
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Gantt Chart
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Figure 5 Production schedule from the optimized hyperparameter model.
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Figure 6 The total returns of the adjusted hyperparameter model

1e8 Component of Reward Function for Scheduling Models
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Figure 7 Returns in other sections
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Product Availability for Scheduling Models
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Figure 8 Ready-to-ship products

The research results on addressing the production planning challenges in the canned pineapple
industry revealed significant improvements in the models before and after adjustments. The model
representatives demonstrated a progressive learning curve, with their performance steadily increasing and
stabilizing after approximately 40,000 training iterations. The adjusted model significantly enhanced
operational performance, leading to a 44% increase in overall returns, while the error rate in return
calculations decreased by 52%, ensuring greater accuracy in financial assessments. Additionally, the return
on sales improved by 29%, reflecting higher profitability, and the inventory of ready-to-ship products
expanded by a factor of 1.77, enhancing availability and responsiveness to market demand. These findings

are summarized in Table 6.

Table 6 Results of Evaluation

Evaluation Items Difference
Pre-Model(A) Post-Model(B)
C=(B-A)*100/A
Return Value -153.21 -16.77 44%
Level of Return Deviation 0.11 0.24 52%
Return on Sales to Customer 13.36 17.32 29%
Product Availability 0.04 0.17 325%

Mixed-Integer Linear Programming (MILP) model is one popular mathematical model that the researchers
experimented with and compared against Posted training RL model. The results for Total Reward, Inventory
Cost, Late Penalty, and Shipment Reward are shown, Table 7 demonstrates the comparison between RL
and MILP. The table reveals that the RL model outperforms the MILP model by about 50.2%, with RL's
inventory cost being approximately 55% lower than MILP’s, and RL’s Product Availability improving by
50.1%.
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Table 7 Results of Evaluation comparison between Post RL and MILP

Evaluation Items Post-RL Model(A) MILP(B) Percentage Difference
C=(A-B)*100/8B

Return Value -84.77 -160.77 47%
Return on Sales to Customer 17.32 16.32 6.7%
Product Availability 0.17 0.13 30%

The parameters used for training the model are as follows: batch size = 1000, discount factor (Y) = 0.99,
number of hidden nodes = 512, number of hidden layers = 64, activation function = ELU, learning rate =
0.95, actor learning rate = 5e-07, critic learning rate = 1e-05, bias = True, and beta = 1e-05.

Researcher presented a sensitivity analysis of hyperparameters. Changes in hyperparameters impacted the
model's performance. It was found that as the number of iterations increased, the effect on returns became
more significant. Additionally, adjusting the number of Layer and Node in Neural Network inspections

resulted in higher returns show as in Figure 9

Sensitivity Analysis : Average Total Reward of Reinforcement Learning
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Figure 9 Sensitivity Analysis of RL Model
Conclusion

Production planning plays a crucial role in the manufacturing industry, particularly within the
agricultural sector, where uncertainty levels are typically higher. Effective production planning that yields
increased returns is regarded as a strong organizational strategy. The analysis of the production plan
developed using the adjusted reinforcement learning model demonstrates improved returns compared to
previous efforts, along with positive evaluations across other dimensions while adhering to business

constraints related to canned pineapple production.
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The long-term impact of the reinforcement learning model on the canned pineapple industry is
significant. Economically, the model has the potential to stabilize production costs, enhance market
responsiveness, and provide consistent financial benefits to stakeholders. [20] Environmentally, its ability to
optimize production schedules can reduce resource wastage, energy consumption, and overproduction,
aligning with sustainability goals. Socially, improved efficiency may benefit farmers by ensuring stable
demand and fair pricing while fostering consumer satisfaction through reliable product availability.

The scalability of the model was also explored, demonstrating its potential for broader applications
beyond the canned pineapple industry. The model's flexibility allows it to handle larger problem instances
and adapt to more complex production planning scenarios, making it suitable for other agricultural and
manufacturing contexts. However, challenges such as computational demands and data management must
be addressed to fully realize its scalability.

Future research should focus on integrating the reinforcement learning model with other decision-
making processes within the pineapple processing industry, such as inventory control, supply chain
management, and quality assurance. This integration could create a unified framework that enhances
decision-making efficiency and resilience, ensuring comprehensive operational improvements. Additionally,
testing alternative algorithms and incorporating constraints such as raw material availability, labor resources,
and storage capacity can further refine the model.

The implementation of reinforcement learning in real-world production environments requires
addressing challenges like ensuring high-quality data collection, computational resource availability, and
seamless integration with existing systems. Engaging industry stakeholders and demonstrating tangible
benefits through pilot programs will be essential for gaining acceptance. Finally, ethical considerations such
as potential job displacement and data privacy concerns must be proactively managed to ensure

responsible Al deployment in production planning.
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Abstract

This study aimed to investigate the Antioxidant Levels Antioxidant Anti-Inflammatory and Anti-
Senescence cells activities of the 95% ethanol extracts of the aerial parts and roots of Mimosa pudica L.
The results showed that both the aerial parts and roots of M. pudica contained total phenolic contents of
228.02 £ 0.91 and 372.78 + 1.49 mg GAE/g extract, and total flavonoid content of 13.42+0.22 and 49.01+0.49
mg QE/g extract, respectively. The Antioxidant Activity of the M. pudiica extracts from aerial parts and roots,
when tested using the DPPH assay, yielded ICs, values of 8.48 + 0.19 and 5.71 + 0.49 ug/ml, by ABTS assay
yielded values of 16.65 = 0.47 and 14.589+0.25 mg ascorbic acid equivalent/g extract, and by FRAP assay
yielded values of 3750.11 + 18.17 and 5243.73 + 23.27 mM FeSO, equivalent/g extract, respectively.
The Anti-Inflammatory activity was tested by the production inhibition of nitric oxide, PGE, and TNF-Alpha
in RAW264.7 macrophage cells stimulated with lipopolysaccharide. It was found that both extracts from
aerial parts and roots of M. pudica at concentrations of 125, 250, and 500 pg/ml could significantly reduce
nitric oxide production PGE, and TNF-Alpha in the macrophage cells. The results from the Anti-Senescence
cells activity test showed that it could inhibit cell degeneration by more than 50 percent. This study indicates
that the extracts from both aerial parts and roots of M. pudica possess Antioxidant Anti-Inflammatory and
Anti-Senescence cells properties. These findings support the use of M. pudica as a natural resource for

developing skincare products and add value to M. pudiica for further development as a cosmeceutical.

Keywords: Mimosa pudica L., Antioxidation Activity, Anti-Inflammatory Activity, Anti-Senescence cells
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wazannsnannissnaulugaimemy uenanilumaummduturesduie Mlunsinwenistaefsw oms
vioude uAld Shwienn1sduasi [15] annnanisdnwinuinluvedluesiu wuaisngy wearases waznailiuess
nvaslusIIUNUAITNGLLEAA1ABsd aliaTesd unuilu atliueed wesiuesd e1luiiu Sgndlunisdiunis

a o

SNLEAU SNIVIAKG AUgaUNTY wAdeNAIa duuianse [16] wenanildmuitasadinainaidu wazluves
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lugsuansadudadenuafife S aureus, S. epidermidis wax C. acnes BuluamnivihliAnds [17) iwdaves
lugsuansaduoyyadaszuardudaouleilnlstiua Saduweulvdfidalunssuiunsadadediuaii (18)
THlun1snwlsaessas ledesniau Indanmns false msAndemaduliaanns (16] mndeyaassnamma
mswmdusilneuannTUIITTAINIIIAB fUMsAnwIgEnsTanm qvddiueyyadasy Uhinamsiiued
N9 wazvasnaliueedsin vesasatnayulnsdnlngduasaindiuvedly wazaduluesu uiseaumside
Aenfumsfinugrsnatinmaessansataduressnlusudiienunsidelinnn dnfunuideifajdnm
MATEiUInaaiuednTiy werUiinuansailiuesdiy qrisiueyyadasy Fun1sdniay wagduead
WA Yasansatavetund i umrileAukarsnvedluesiu lngadadlgdvinazatgleniueannuiiuduiouay
95 v/v anmsnudeluasdanmnsnididutoysaiivayulumaiidiuig 9 vedussulillumstauide

I a o ¢ a A a I a L9 Yo 1Y) I o
ganundnduainnsssumadieldlunisguaguamiliwasidunsiiuyadliiulugswlunisiaundunydiens
A5Aiun15Ie

1. MsnFENETENANEIY

ihlupsuisiuiiivananiiuiisuneilau fwinanauns aafeuliquisu wa. 2566 ntudsiodig
wssallfuiaiielflun1s81999913d Tnsseydnuaemamgnuoynsuisiu o Afsfasiayulng nsun1sunmduny
INguagNISUNNgNIAToN NTUNNUNIUAT M8LaY voucher specimen Ad TTM No.0006790 31d13¥11A1Y
azonRdlius thilnduduvesdrdunmienu wazdusnueniu udnilueufigamall 50-55 °C iunan 5-7 Yu
Mnihdesdduniedu uardmnuesluesu aliandeadeniosuaayulng thawiiuadeuiesudn
HIUATUNTITOUUDT 60 mmffuﬁwmVLa,JEJiWMﬂa"WTumﬁaﬁuLLamﬂVLaJaswuﬂﬁﬁﬂwsaﬁmé’aﬁ%‘mslﬂfsj*a
(Maceration) Ima%’awaagulwsﬁaasmas 200 g @AnA8AIYINazaIELENIUDAITBEaE 95 UTUIRT 2,000 mL alan
gaungfiienduiian 7 Ju wgwmniu 9 ax 2 afs Mndunsesdiensznunsonues 1 thansadaiilduinendayi
A¥angeBNAILIBNTIEMERUUEYYINTA (Rotary evaporator) thansataildandaimdn wavdnamnesidud
vossaraiildredminvesiivayulng (9% yield) [19]
2. nsvdsuaasiueinsiuuazansusenaunanluesd

2.1 MsmdEunaansiluednsiuiaeds Folin-Ciocalteu

AnsgiUsuaansiuednsiueae3s Folin-Ciocalteu Tunismaaeuldnsaunaan (gallic acid) \uans
wasgiu [20] eeweuansadnlussuisdudduniefunardrumniienududy 1 me/mL lueniuea andu
thanvhuAselaeldansafaUsims 20 pl uasfuansazans 10 Wedldudlnau-dlounag (o919 1:10 Feth
ndY) Us1nes 100 pL denidliifiune 3 wnit win 7.5 Wesidud Tudeuaiveiun Y3ums 80 L #al3luiidadu
nan 30 Wil hludadigandunasiianuenadu 765 nm lngied sl fAorvululasinan ¥n1TMAReITY
3 A3 Tagnguamuauan (blank sample) fie ansazanesaoene 20 pl fuleviuea 180 uL thAsganauuas
19 undasigvimidiunaansiszna uiluednsanluaisadalaeifisuainnsimuinsgiunsaunadn (Gallic acid)
AUt uluga9 0.01-0.1 mg/mL Arudnlusuresliadnsuauyavesnsaunadnaensuaisana (Gallic acid
equivalent, GAE/ g extract)

2.2 nMsmuzanaEsUsEnaunailiueendieds Aluminium chloride method

Aiesgimunamaluesdsiy [21] TnwSouasasatounigiualediu (Quercetin) Amnadudui

100 pg/mL sduansazasidudiu (stock solution) 91ndudevnslildanududui 10, 20, 30, 40 wag 45 pe/mL



2108, welu. Wdsiefunsziiesd 57 1 11 217U 1 anaN — Fuieu 2568 [/,

waznIELfogansataluss U Eue dumiouazdiusn frndudy 1 me/ml thansafindognamieans
Wmsgu USums 100 pL iy 2 Wesuderglileunaslsaluumiuea Yues 100 L wasifieniuea $1uau
100 pL Mlifigamgireadunat 10 wiit thlufadnisganduuasiinnnueniadu 415 nm deirdossuujisen
vululasiwan laenquaiunuilan (blank sample) fie @15azatgsiogna 100 pL Auluniuea 100 pL lnglid
ovaiiflounaslsd vnimmeaesdn 3 ads thainmsganduuasildluduamuiuaaswalusedainns
WINIFIUVRIENTA0TTY AwdnlusUvesiafinsuauyaveuaiodfiudensuansaia (mg Quercetin equivalent,
QE/ g extract)
3. managougwslun1skusyyadess

3.1 DPPH radical scavenging capacity assay

nsvadeUnVsELoyLadaTranasatndwumileAunazsnvesluesiu fe38 DPPH assay [22] 1neld
Ifiudifuaisuinsgiu wisuasazatsarsainasdluesiuanadumienunazsin anududy 0.001-0.1
me/mL Wansafau3uimg 80 pL uwihufAsedaenisiAuaisazats methanolic DPPH fimnandudy 152 mM
USums 120 pL mndusarialilivihuiiserluiifiaduna 30 wiit fadnsgandusasiinnueniedu 517 nm de
in3essnulizenuululasinay mﬂﬁuﬁwuﬂﬁﬂuammwﬂ%uwmﬂmuLﬁmﬁmaﬂmiaﬁmﬁmmsaamﬂ?mma%a@ais

FIENAIT Iﬂaq%%miﬁmaw;ga?)a%%LLamﬂum ICsq (50% Inhibitory Concentration)

(Ac - Abc) - (As' Abs)
% Inhibition= X 100
(Ac-Ap)

e A. = absorbance of control
A, = absorbance of blank control
A, = absorbance of sample
Ay, = absorbance of blank sample
3.2 ABTS radical cation decolorization assay
\W3EuaTaYats ABTS™ Wudu 7 mM wavansavaneldumadeuesdammdudy 2.45 mM 91nifunes
asavany ABTS fuasavansluunaifeudesdamnsnsndiy 1:0.5 sandbiludiiln 12 $lue dowiluld udade
9Ensazay ABTS* fetovuealsiiliiinisgandunastie 0.740.02 immueniadu 734 nm udieseuansazany
yesansadalussiuanddumiofunazsin Anrundudu 0.003-0.1 me/mL uviufAzelneldansazarsvosans
affn 20 pL Linansazane ABTS 180 pL safieliludifiaidunan 6 wndi i’mm@mﬂﬁuumﬁmmmmﬁu 734 nm
feiaseseulfasouulilanman andusunugaeudinedueyyadase ABTS* lnsiisuifieuaiildiy
nyminmspuvesiniudlasaiansminasgruvesiniiudieududusing q Taefwuaunu y 18y % Inhibition
wazuny x WuanududuvesarsuinsguiniduduansaluguvesdadnsuanyavesInndudsonsuaisadin
(mg ascorbic acid equivalent/g extract) [23]
3.3 Ferric ion reducing antioxidant power assay
L3 UNAIT8ZANY FRAP reagent Naua15azane 300 mM az@maUwiwes pH 3.6 a@15azans 20 mM Lilas
3naaslsruazansazats 10 mM TPTZ Tu 40 mM vesnsalalnsnaesniisnsndu 10:1:1 wazinSeuansazaieves
asanalugsuanainuuniefuiarsinAnuduy 100 ug/mL Tutenuea Viunarsanaluesiu 20 pL wazids
FRAP reagent 180 pL wendntiosliidniu drldeisiidunan ¢ wil LLé’ﬁ@ﬁwmi@ﬂﬂﬁuumﬁmmm’mﬁ‘u
593 nm AMUINAINITAANSULAIAIAUNT ﬂ"lﬁleGTLLﬁGNIUEULLUU mM guyavesneisatanasonsuatsania

(mM FeSO, equivalent/g extract) [23]
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Absorbance =A-B-C
Tng A = sample 20 pL + FRAP reagent 180 pL
B = sample 20 pL + Acetatte buffer pH 3.6 180 uL
C = Ethanol 20 L + FRAP reagent 180 pL

4. nINAFRUYNSEILNTINIEY

4.1 nsvadeuanuuiursiwaduilasiia RAW264.7

w3pufegasatn Inetansatnlugsiuainadumiefuuazsin 100 mg mntuaratefviazais
Dimethylsulfoxide (DMSO) (Sigma-Aldrich, Germany) U311as 1 mL ¥1u1i5 89198 280191544 seivad v iin
Dulbecco's Modified Eagle Medium (DMEM) (ATCC, USA) U511015 9 mL vJu Stock L?M(ﬁlu 10 mg/mL 138379
ansazanefiiu stock Buduemmsidssvaduiin DMEM Wl 7 sesumududu fio 62.50-4000 pe/mL

msnageuaufivsewaduilasiig RAW264.7 (ATCC® CRL-2278, USA) MIAdoUAIen1siniziass
wadanlAsWa RAW264.7 fiannsidudiu 2x10° cells/mL gaiwadu3anms 200 uL Tu 96-well plate (Corning, USA)
vniwadlugunilgamgii 37 °C fiflansusulasenlest (CO,) 5 wWesidud uu 24 Hilus Asunagresiindi s
ansarmlugsufiaruidudy 62.50-4000 pg/mL USuas 200 pL/viau dmdumsnnasdlundedimualioadi
lil#3uasatndungueunu (Control) wagngumnassfe wadildTumsatauaslugsuanududusing «q (62.50-
4000 pg/mL) Tudviagats DMSO AUty 5 mg/mL USung 100 pL mﬂﬂfuﬁwwaaﬂlﬂﬂﬂu@ﬁmﬁaﬂmLﬁu
Wy 24 ¥l Lﬁ'aﬂsunm@mmimaauaamm"ﬁLﬁmmiazma 4-[3-(4-lodophenyl)-2-(4-nitrophenyl)-2H-5-
tetrazolio]-1, 3-benzene disulfonate (WST-1) (GIBCO, USA) [24] 7 13 99196 1891911544 satwad vdn DMEM
§937d7u 1:10 U31195 100 pL asluudasvay tiwadnduluussoluannsdudunaiu 30 i anduiily
§1UAIANAURAIA 450 nm #18LA3 B9 Microplate Reader fuiamesidudnissendinvesiwad (% Cell
viability) lunsnageuanuduiivrewas azioindanuduiwminisnsinissendinveseadtesniniesay 80

WeallSeuiiguiunguaiuny
Togavvein1siliin = (Agandulasvessadnlasuasmagey / mgandulaivesgadngualuas) X 100

4.2 nswleuansanalugsuiionadeugnagunssniEy

wisnansamlugsuanddumilonusarsiniinundudu 10 me/mL Mntuhindewsemisiass
wad DMEM Tildnrandaduii 125, 250 wag 500 pe/mL wibuansazane LPS (Sigma-Aldrich, Germany) Ssiiqns
nszfuasAesniay wagnszAunAn NO fisziunnududu 10 ug/mL iunguaiuasuan (positive control)

4.3 MsnadaunsSudsensaesnLay

Foagadanlasrhe RAW264.7 avandudiu 2x10° cells/mL TldUsunns 200 pL aslu 96-well plate 11
wadluvsluguniigumaf 37 °C 7 CO, 5 wWedidus Hunan 24 Falas Asuagrawnaiie wiufy LPS 4
Aty 10 pg/mL U3a1ms 200 pL/vau ndudieadluvsluannedndung 24 §lus nseduliAnnis
’5ﬂLﬁULﬁlaﬂi‘UL’Jﬁﬂﬁ@@]mﬂﬁlﬁ’l‘ﬁﬂ wanAnasanalugsiuanududu 125, 250 wag 500 ug/mL Usuins 200
ul/mgy Ywadlusluanmzidadunan 24 $lus ieasunageansaaeuson thunuinuansiesniaunay
NO [25]

4.4 msnadaunsSuds NO

nagouMstiuds NO (Lot: WW2082TB3126, USA) @8 Griess’s reagent assay Tnemsviiluiidaannthuiu

nitrate reductase taidsulumsn (NO) Wululesi (NO,) AeuvihujAseniuaisazais Griess reagent 910ty
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nagoumstiuds NO fensiiuansavansvesasainluesufinaundudu 125, 250 wag 500 pg/mL Yunsvay
a 85 L MnufnENsazany nitrate reductase (Abcam, USA) uag enzyme cofactor Ussnasuquay 5 ulL Yl
gamniviendunan 1 4alus ifleasunanfnasazats enhancer UTinnsviguas 5 uL thnduluuuiianmeifinidy
e 10 Wit anduinansazane Griess's reagent R1 uay Griess’s reagent R2 Usu1asvguay 50 pL 81uAn
@ﬂﬂﬁuLLaﬂ‘ﬁ' 540 nm FELATDs Microplate reader [25]

4.5 Msnadaun 13Ul TNF-Alpha

\ua15azany biotinylated Antibody reagent (Abcam, USA) U5111%5 50 pL aausiagng nYuLA
41582a18909815a AlUEIIUT AT UTY 125, 250 wag 500 ug/mL Usuns 50 pl asly Ja plate Uy
gaumgivieadunar 2 Falus Wensunadaie wash buffer (1§99 wash buffer U3uas 50 mL sie ultrapure
water U330 1.5 8ms) $1uau 3 ade iuansazany streptavidin-HRP (139979 streptavidin-HRP U311%15 30 mL:
streptavidin-HRP dilution buffer U3u1915 120 mL Y3119 100 uL Ua plate Uuﬁqm%qﬁﬁauﬁuwm 30 U
ASURATEHE wash buffer $1uau 3 ada LFnEIsazaTY TMB substrate U311As 100 pL Unilgamgiivioaduiian
30 WA LALANA1TaEa8 stop solution UTHIMS 100 uL ’?ﬂﬂlﬁfﬂi@j@LLﬁQﬁﬂ?’]ﬂJEﬂ’m’gu 450 nm #38LA5 84
Microplate reader tigunaududuainnsmuinsgiuvedlalnlay [26]

4.6 msvageUNsTuss PGE,

uasaranevesasatnlugsiuiiaanadudy 125, 250 uay 500 pg/ml USanms 100 pL aanduiis
a19aza18 PGE,-AP conjugate (Cayman, USA) U311015 50 L waztinansazans PGE,-AP Antibody U311915 50 pL
aswsiaznau Un plate udahluvnuwesesriigamyiives anuiss 500 seuseundt Wunan 2 Hilus asuiian
&a8e wash buffer (159979 wash buffer USinas 5 mL/ah deionized water USinms 95 mL sauau 3 aSe ety
\Ana1sazany pNpp Substrate USuns 100 pL aswsazvay Ua plate LLé’aﬁﬂUUuﬁqmmﬁﬁaﬂ@alais’famzh
wiu 1 Falue Mntudnasazate Stop solution U31as 50 pL Fnfrn1sganduLasiinNeIAAY 450 nm
Fen3es Microplate reader [27]
5. MsNAFEUaNSEIUTASIA (Anti- Senescence cells)

5.1 nsnagauanuduiesawasimtwyudvidalnwlusuaiad

W3 sufgsasana lnetasanalussivainaiduniiefuiazsin 100 mg Tnduaratefvinazans
DMSO Usais 1 mL dhanideansiasemisiasasadeiin DMEM Usuias 9 mL 1 Stock Budu 10 me/mL
Fovsansavarefiiu stock Buduemnsiasueadein DMEM 1l8 7 sesunrandadu fo 62.50-4000 pg/mL

nsnagaua il uil wa owad dndsuywd vilalwlusuanas (Primary Dermal Fibroblast Normal
Human) (ATCC® PCS—-201--012™) (American type culture collection, USA) NAFBUR BNITINIEZLE 8L Tad
Awfauywdudialnlusuaad fianududu 2x10° cells/mL U3ams 200 pl Tu 96-well plate vanwadluguui
gamgdl 37 °C {ifl CO, 5 Wosidud wiu 24 Falus AsuagreELiis Wuasatalussuiaududy 62.50-
4000 pg/mL Usuns 200 pL/vigy mﬂﬁ?uﬁmaﬁﬂﬂuiugjﬂuﬁamaz@mmu 24 $laa lensunangaansnagey
ponudifvansavans WST-1 [24] fideansdwemsiasaeadedn DMEM §asian 1:10 Usums 100 ul asluus
awviqu dneadndulutudeluanmzdndunaiu 30 wiil minduihlusuaiganduuasii 450 nm feia3o
Microplate Reader Awanmasidusinissondinueaead (% Cell viability) saunis Tunsnageunauduiiv

' s A 0 a 2 a gy aa ¢ v v d' = = o i
ABLYAR X0 NUANUTUNBINNLDNTINITTONTINVDULAAUBYNINTDEAY 80 LN@LU?&ULWSUﬂUﬂqNﬂ?U@N

o Aaa i = ca vo i ~ s 1
Sorazvoin1siidin = (Agandulaiveagadfilasuasmadey / Agandulaivesgadnguaiuaw) X 100
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5.2 nsUsziliugnsAuwadunfien1sInUSuIu Senescence-Associated B-galactosidase

(SA- B-gal)

UngadnlaannsmizlagAnaIsazaieesasana luesunaududy 125, 250 way 500 pg/mL

withnauluunluannsmuaiglugdmnzitengadiduam 48 Falus antumlisrthligadunlaeiinisifiuseu
14 v X ) ° o & 14 v s v

918U09ad (Passage) WSWuYN 9 48 alus d1uu 3 58U [28] HEATUTEUNADMITELALARDONANNYAGAIY

Woalndnivlos USu1ms 1 mL 2 A33 QA 1 mL 981 Fixation ldadluluamumizideawad u 6 unil Ngamgiivie

v
o

AawadaIg 1 mL ved PBS 911U 3 ASI ndwIntuga 1 mL 83 Staining Mixture ldasly well plate Undgay

a

JrufuanIe 37 °C U510 CO, Huduiuwad i daufndinu1nnin 50 wWesidud vesiun lwlnnaiady agng

ey 200 Wwadsongy 3N 5 awmdy menaeanssatiuulduamiingesiney uagldiaudveny 10 win [29]

3

WadumSesazn1sind SA-B-gal-positive cells 91ngns SA-B-gal= (F1uruwad

a a

figoufind SA-B-cal/suau

waa 200) x 100 WarA1UINTI % Inhibition Senescence H9@uN1S [30]

% Inhibition Senescence = (% MIMULATUAVDLIAINFUAIUAL - % MIAUTATUAVBUIAINATUAITVIAZDY)

% NITAULATUATDULAANGUATUA X 100

nsdATzidaya

msvnasdundeildanads =D (n=3) Sinsizsidaelusunsy SPSS Statistics version 26 fisyAua
Jetudenaz 95 (p<0.05) neldadfinsdnsnzinisiFoudisuanuunnansseninedauls 2 & idudaseredu
(Independent-Sample T Test) kagn193tAT1LRAMULUTUTIUNILAEY (One way ANOVA) NA@0UAINLANA T

o w a

5213196 135 Duncan’s test MwuaAT p<0.05 FavzhionniltydAyn1aaia

WNaN1538

1. Havesnsanalugsiu

nansaialugsudinvesadunilanunazsinaledsnsvinlueniueasevay 95 WWuia 7 Tu laais
afaveufiidnvaensneamiluvesamiindiforanasatndiuesdidumiony wazveanamiindiinia
Wuanansatndiusn demwmamusinasesasvesasatnveuluesivanddumiefunazsin vty 5.72
wae 4.29 Tnethwtin muddu
2. NANSIAATEIUSHIUNETHRe AnsuLazd1sUsEnaunanlauaen

MnMsIUSIEsTueansinvesasanalugs1uanNa v uwliafuLars1nelulenIueasseas 95 lag
wWigullsuiunsmunasgiunsaunadnaienisasansnuinsgiulannuduiusidadunse (R?=0.9989) laeidl
AUNNIIEURTY (y=3.9283+0.0156) NANSVARBUNUIT @sannlugstuanadumidefunaysnmeleniueaiosay
95 fiUSuaasUsenouuednsauyinAy 228.021+0.91 waz 372.782+1.49 mg GAE/g extract AMUAIAU LAAINA
a3 1

PMNNTIATIENUTINUETUSENEUN AT ILBEATINVRIANA IETIUINAF UL BAULAYSINABLEN LA
Sovaz 95 lnewSeudisuiunsminnsgiualdgnuansasisnsminsguldauduiusidadunss (R?=0.9980)
Tneiiaunisidunsa (y=12.089x-0.0874) nan1svindaunuin ansanmlugsiuisdiuvesdidumiefuuazsindae
WwyUPasesay 95 USuNMEITUSENBU 13.422+0.21 Lag 49.010+0.49 mg QE/g extract AIUAINU WAAINAM

-
#1319 1
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M58 1 wansUSunaansiluednsiu YSinaaswailiuesdsiy uazgrsiueuyadase vesasadiaveuluesiu

INARUALeRAULaEsIN (Mean + S.D., n=3)

Jsua FRAP value
. , ICso Of
Usuauluadniau waliuseAsIu IC5, of ABTS (mM FeSO,
Extract DPPH
(mg GAE/g extract) (mg QE/g (ug/mL) equivalent/g
(ug/mL)
extract) extract)
andumilonu 228.021+0.91° 13.422+0.21° 8.479+0.19° 17.772+0.62° 3750.108+18.17°
510 372.782+1.49° 49.010+0.49° 5.707+0.49°  14.589+0.25°  5243.727+23.27°
AALEEADUN - - 2.465 - -

o o o o

e "o (= aa
VHGNR: ATVURILN a e b LANANNNUBY NUUYAIAYN AR (p<0.05)

o

ee

3. wamiwﬂaaqu’éé\'ma%aﬁas

namsAnwgvdinueyyadasyvesasataveulussunndwumieAutazsinfiadndoieniueasosas
95 9738 DPPH assay wuhansaiaduvessinianigmisueyyadassliiniasatndiuvesddumionu Tned
A1 ICso WINAU 8.479+0.19 Wag 5.707+0.49 ug/mL MINEIAY Lﬁam%'sjmﬁauﬁuqm%‘ﬁma%aé‘aswaqmiaﬁ’@
lussufuansunsgIuiniiud 2.47£0.12 pg/ml nuiansadalussuisdmvesdduniofuuazsniqnisu
ouyadasziiosniansuinsginiiud Jauanawadsmsed 1

namsAnwgvdinueyyadasyvesasataveulussuvesdumieAutas niadinseleniusaiesas
95 pgs ABTS* lnaiileuiunsvuinsgiuresinniug 91nnisasinsmuinsguindudldnuduiudiadunss
Y0035 (R?=0.9964) lnadlaunisidunss (y=88.032x-50.631) 31nn1snadounuinasanaetuluesiuainaidu
WitloAuwazsn dA1 VEAC Value WAy 17.772+0.62 way 14.589+0.25 mg ascorbic acid equivalent/g extract
AU UARIKARINNTIaT 1

nan1sAnwIANNansatunsliBidnaseuresansataneuluesvandduniefunazsniiatadae
nueaiauay 95 MEIs FRAP assay lnewleuiunsmunasgiuvesnessadamn nn1sasiensimuinsgiuees
wassatanalanuduiusitadunss (R?=0.9996) lnedaunsidunss (y=0.6164x-0.0629) 21nn1snadeU WU
ansananervlussvana v umilofunarsin danuamisalunmslididnaseu windu 3750.108+18.17 uay
5243.727+23.27 mM FeSO, equivalent/g extract AMUEFU WanINaRIn1197 1
4. HANTVARBUVEAIUNNTSNIAY

4.1 wavasn1snadauauluivrsivaduilasviia RAW264.7

n31nN138TInsen (cell viability) vediwadunlaTnia RAW264.7 AenadlAsuiing avadeuasannnenu
lngsuanadumilenuuazsinfianadeeniusadosas 95 MiszduaNudIdY 62.50, 125, 250, 500, 1000, 2000
uay 4000 pg/mlL Wunaunu 24 9lus nenguaruauvinefs wadundfilld3uaismaaeula 9 @Eadu 100%
cell  viability)  anmansnadeunuMEsanalugsIvINaRwrieAuLarsIn  T9nsIn1sTenTinveugaa
98.98+ 6.32 {11 30.97+0.89 Wasidus Tnenuhasataluesvanaduniefuiinnnududu 125, 250, 500 ug/mL

Ry

MIINTUVINTOAVDWLARN 90.74+0.56, 86.20+2.78 way 84.88+2.07 AIUAINU LATAITANINIINTINNANUIUUY
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125, 250, 500 pg/mL fi8nsnsiTinsenvenyadil 91.27+1.37, 85.32+1.84 way 81.36+1.26 aud iy wazidle
Winaududunndu wuhasataluesuidesdndsnsnsitinsesvengadtosnin 80 wWefdud Sdldanu
uduil 125, 250 wag 500 pg/mL lunsilunaaeugusnisiun1snay

4.2 naveansnadaunnstiuds NO

dlevuansmageu NO dewadulasring RAW264.7 nasldduadnluesuanddumilofuunazsiniiaiy
W 125, 250 waw 500 pg/ml e 24 Halus uaznsedumssnaumeasazaty LPS :1nKanIsnaaeunis
@519 NO #1835 Griess’s reagent assay 31n@15aNAU89a 10 ULMHad wlugs 1 ud A AU 247.33+23.63,
204.00+22.91 wag 104.00+13.23 uM/mL A1Na1A U Aandusninisdudanisadne NO wi1sy 73.42+3.24,
78.15+1.91 way 88.83+1.58 1Uasidud mud sy waganarsannainsinluesiviayingu 257.33+20.21,
126.50+38.89 uay 46.50+3.54 pM/mL Andudnsinisdudanisadta NO winfu 71.14+0.66, 87.40+3.84 uay
96.06:2.07 Wosiiud mudeu Ferdasinisdiuds NO WulUludnvarulsiunussiuresnududy wanmaly

AT 1 WAZAITIN 2

1500 — 1500 =
= 1000 .
= = 100
= =
£ L
2 =
Z 500 Z 500
*
*
*
0 - 0 -
LPS (10 pg/mL) - + + + + LPS (10 pg/mL) - + + + +
Aerial Parts (ug/mL) 0 0 125 250 500 Root (ug/mL) 0 0 125 250 500

AN 1 kansANSpearnsude NO veansannanaIfuiiany (A) kagsin (B) vadluasiunanududu 125,
250 way 500 pg/mL fiaiadulasuia RAW264.7 #aslasunisnsesuaie LPS 1ay * p<0.05 Laninduunnsineiu

a8 o o

ag19itsdARN9EDR Wewiauiu LPS

o

AN599 2 AU uLazUasiduin1sase NO venwaaluwadulasuie RAW264.7 Winlssuansanalugsiu 9

AMULTNTUAN 9 (M85 Griess’s reagent assay) (Mean + S.D., n=3)

.. ANudud Usunas NO Sasmsdiuga NO
MIVYNINAEHDU
(ug/mL) (uM/mL) (% Inhibition)
ngUAUAN - 94.33+20.82 -
nguAUANUIN LPS - 932.33+25.66 -
125 247.33+23.63 73.42+3.24
anduniionu 250 204.00+22.91 78.15+1.91
500 104.00+13.23 88.83+1.58
125 257.33+20.21 71.14+0.66
30 250 126.50+38.89 87.40+3.84

500 46.50+3.54 96.06+2.07
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4.3 navensnadaunstiuds TNF-Alpha

Kan1IMAEeUNsS U 1a158 o iy TNF-Alpha vesiwaduilasnne RAW264.7 ndslssuansataneu
Tugsruidunan 24 d2lug LAENTEAUNTENLEUMEEITATATY LPS A1nKan1saaauniusuias TNF-Alpha way
Woddunstiudanisads TNF-Alpha (9 inhibition) wuinansarmlussuitsssuninududu 125, 250 waz 500
pg/mL ﬁqm’éiumaﬁugmﬁ?iaé“mauLﬁaL%Uﬁuﬁ’amqumﬁﬁﬂ%mm TNF-Alpha 111U 244.56+0.66 pg/mL
ansafmandduvieduluesiui anmdudy 125, 250 wag 500 pe/mL TUTuUN15UA S TNF-Alpha
106.56+30.66, 98.67+37.87 Wag 55.56+4.66 pg/mL AUAIAU Amdusnsiniseud s TNF-Alpha MU
56.43+12.06, 59.67+15.37 uag 77.28+1.87 wWefdus muddu waransataveruansnluesuiiuuiunisnds
TNF-Alpha 76.01+9.43, 58.12+12.50 Way 44.40+15.31 pg/mL Aua19U Anfusnsimsduds TNF-Alpha i1y

68.92+3.82, 76.23+5.08 Way 81.85+5.47 1Woslius mud s wansmalun g 2 uazmsned 3

300 = 300 =
R -
H % £
f.; <
i 100 - % :% |
E % é 100
.
0 - é (=
LPS (10 pg/ml_} - + + + + LPS (10 pg/mL) - + + + +
Aerial Parts (pg/ml_) 0 0 125 250 500 Root (ug/mL) 0 0 125 250 500

AN 2 LansA1SeuazN158uss TNF-Alpha wesansannainaiaumilenu (A) uazsin (B) veslussiuianisndudu
125, 250 wag 500 pg/mL fiolwaauilasnig RAW264.7 naalasun1snsssusig LPS lag * p<0.05 haniniy

o o a

wANFNNAUE NHTYEAYN19EDH Wetieuiu LPS

A1599 3 NLATIERUS NS USYEsdedniau TNF-Alpha TulwaauilasWia RAW264.7 Walasuaisana

lugsufiaududusne 9 (Mean + S.D., n=3)

.. AMULDNTU Usunaueulesl TNF-Alpha Sasnsduds TNF-Alpha
MNDYNNAEDU
(ug/mL) (pg/mL) (% Inhibition)
ngUAUAN - 41.56+10.66 -
NguAUANUIN LPS 10 244.56+0.66 -
125 106.56+30.66 56.43+12.46
arfuvilonu 250 98.67+37.87 59.67+15.37
500 55.56+4.66 77.28+1.87
125 76.01+9.43 68.92+3.82
370 250 58.12+12.50 76.23+5.08

500 44.40+15.31 81.85+5.47
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4.4 navean1sadaUNsEuss PGE,

nanmsnageuMstudsansdesnay PGE, voumadurlasiia RAW264.7 ndslaSuansadaluesiu 24 dalus
WAENIEAUNITBNEUAWETAEa1Y LPS nNansnaaey USuna PGE, wazesifudnisdudanisadns PGE,
(% inhibition) Wu3nasmageuisyiuaaduty 125, 250 uag 500 pg/mL fqndlunssudansdedniauiile
WiguAudiaInUANUINATIUTII PGE, AU 69.95+1.18 py/mL ansafaneivlugsiuanadumiefuiiniiy
i 125, 250 wag 500 pe/mL USuaNsWas PGE, 65.46+1.00, 64.76+1.18 way 62.5120.56 pg/mL AMEISU
Andusnsin1sduda PGE, infu 6.39+1.82, 7.43+1.05 uaz 10.61+2.27 wWasidus audsiu uazansadangnu
Tg51U91n310T AE U Y 125, 250 waz 500 pe/mL HUSu1N1SUAS PGE, 65.72+1.37, 63.35+1.23 Waz
62.78+0.75 pg/mL Amfudnsmsduda PGE, Wiy 6.00+3.07 8.87+1.97 10.22+2.33 1Wasius audsu uanmwa

Tun1n? 3 wagn15199 4

A B
80 = 80 =
60 = 60 =
- -
= £
> o
S 40— =
o o
G} oy
a
20 = 20 =
0= 0=
LPS (10 pg/mL) - + + + + LPS (10 pg/ml) ) * * * *
Aerial Parts (ug/mL) 0 0 125 250 500 Root (ug/mL) 0 0 1B B0 0

A 3 LansAniesarnsduds PGE, vesasannanainumiionu (A) wagsin (B) veslugsiuiniaududy 125,
250 war 500 pg/mL AiaiadulasHia RAW264.7 #aslasunisnsesuaie LPS 1ay * p<0.05 Laninduunnsineiu

a8 o [

ag19ltsdARN9EDR Wewiauiu LPS

o

A5197 4 MTIATIERUSI PGE, wagnsdudeansaesniau PGE, lulwadulaswia RAW264.7 Welasuansann

lugsufiaudutusng 9 (Mean + S.D., n=3)

.. AMULTNTY U3uned PGE, Sasnnsdiuda PGE,
finatianagau
(ug/mL) (pg/mL) (% Inhibition)
ngUAUAN - 11.73+7.21 -
nguAUANUIN LPS 10 69.95+1.18 -
125 65.46+1.00 6.39+1.82
afumilonu 250 64.74+1.18 7.43+1.05
500 62.51+0.56 10.61+2.27
125 65.72+1.37 6.00+£3.07
37N 250 63.35+1.23 8.87+1.97
500 62.78+0.75 10.22+2.33
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5. wavasn1snadauduasun (Anti- Senescence cells)

5.1 navaan1snadauAduieraiwasi mtsyudvialnlusuaiad

HATaI8nTINIHTINTenveTaaR iy wdlialnlusuaadnendslasuansanalugsiuainddumile
Aunagsniissduamududu 62,50, 125, 250, 500, 1000, 2000 waz 4000 pg/mL LWuaum 24 Falus Tasngu
muAEmneis wadundlilldfuarsmaaeula 4 Eeidu 100% cell viability) :nnnanIsaaounuitaIsade
Tugsanddunierunazsn fensmsitinvonvadious 128.74+8.79 fia 33.15+4.54 Wasifus Tnsansarin
lugsruandrsumiefui Aududy 125, 250 waz 500 ug/mL 8ms1N1558nT3nveaYasd 108.94+10.68,
105.85+8.87 way 112.06x14.72 WWesidus mudau wazansadaluesiuainsindianududy 125, 250 wag 500
ne/mL f8ns1n1ssendinveaaad 110.77+5.30, 111.05+2.43 uaz 122.89+4.31 Weosidud aud1dv wasiilewdiu
anududusndunuiasasaluesuigesdiniisnsnsidinsenvonead deunin 80 wWesidus wiidosan
Foansldanuduturesnismageuiifiannnudud uvindunisnaaeugnslunisiunissnau Saudenldaiu

uduit 125, 250 wag 500 pe/mL Tunsihlunageugndnisfiueadun
5.2 nan1sNASaUnNEuasuA (Anti- Senescence cells)
NMIMedeUNIInTIIan1sTiuveeulelifinuanladng (B-galactosidase) vedsadiinilauywe
ginllusuaadnendslasuansatnluesuanddumilefusazsndinanududu 125, 250 way 500 pe/mL 1Ju
a1 48 Falue fleifinTeusiyveead (Passage) Wn 48 42lud 91U 3 59U 9NHANITNARBUNITNTIITANS
Vauvaseulesl B- calactosidase wagymilefiduddunisidonvensad uansianisned 5 wuiasafaluesiu

Pndrumiiefulazsn dansdudanisidenveagaduinnin 50 %

1% :4'

AN 5 wansgrisiunIsidenveradimtywdviialWlusuaadnendslasuansadaluesivainddumile

AULAZIINTNIZTAUANUTLTUAN 9 (Mean + S.D., n=3)

nguazaiegy  Anududy  wadRwityedutalnlusuanad Waesluddunsidenves
NAFaU (ug/mL) (Wosidun) wad
aaUn® LraamA (% Inhibition
Non-Senescence Cell Senescence Cell Senescence Cells)
NgUAUAL 33.40 66.59 0.00+0.00
125 69.85 30.51 52.42+13.05
ardumilonuy 250 75.00 25.00 71.72+9.58
500 91.34 12.53 81.50+5.30
125 68.05 31.95 52.03+13.04
31N 250 12.67 27.33 57.64+15.13
500 81.48 18.52 70.00+£9.58

aAUseuazaUNaN1IY
< A Y v a a v a = a ' 4 vl
lugsuduiivduannulaluwniou wigydvlalavsaumilowaziunse nudeanmuaslad lulssina
& v Y 2 13 v a Y 1
Ingnueiuduldlunsshvienisiiuiisnuesdanuiuargidyyvissduveswnmdunulvelunisauagunin
wu nslddruvesluesiuisdudunislusdisueldsnwieinisliiauys 3nmsldde danuaduns naudwen

a N & P < d' o Y = Ly
USIUNUBDINTT [31] C\]gLﬁu‘lﬂ']']‘lllElir]‘UL'Uuﬁlqlulewa’]ll']ﬁﬂ‘UﬁﬁL‘V]r]@']ﬂqiaﬂLﬁULQW’]51/]1@ I@ﬂwaﬂqﬁﬂﬂ%ﬂqmﬁm’]u
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a

ouyadase Usinumswanliuesdsiy fiusdnsmvesasadalussuanndiuvesddumiefunarsin fafnsed
viagareleniusaiesay 95 nuitarsatnainsinlussuiqnidueyyadaszginitarsaiaanddumiofu
Feunnanatuetaiiodfynneadn (p<0.05) lonnaousieis DPPH assay ABTS assay way FRAP assay wavdy
wuasanaevueasesar 95 Mnsnluesuiivsinaasuseneunalivesa LAz iuednsinginaisana
Pndduwmiiofu Faunndatuegefituddyniaada (p<0.05) (s1eil Darnnansinwiuansliiiuinuiunm

asusgnauralivesa LAz iuefinsuiaulsiinnudunusiugnsaueyyadaseNu1niu 3nwan1sAny

¥
= v

84 Tamilarasi T and et al. [32] §ad@nuw A rdvarsngnuadid osduveslussiu wuasnguueaniassd
walauees Tnalaled fuea awmesens uasvaliuosd WuesUszney Teasisaunguildnadennuanunsolu
nsfueyuedaszvesasan InsnanisAnugrdlunisiueyyadasesneds DPPH assay ABTS* assay Way FRAP
assay vpasAAlusTIUTIAD AL wuiiianuanansalumsiuoyyadase (519l 1) aeandesfiunanisinun
yosugua W@oadn [33] Ainuiinsadalugsiudieieniuea fuszansamlunisdueyyadasyldd ogrdlsiinm
wihansatanndwumieAuverlussuavaunsadueyyadasld uinnuavesnsdnwiadsiiflethansadnan
SdumioRuuazsnundIouiisugrslumsiueyyadass wuhasainainsnlugsiudanuannsalunisd

a o

ayyadasragenansatnnadunilefuegiidudfny (p<0.05) (13199 1) Fsagulahansaialugsuniadiuves

Y

o v A4 a a

adumilefiunarsin Tanuanansalunmsdeuyadaseld winindessnsiluliuselevinuenislddiuessini
fgvslunisiueyyadaszannitdnvesddumilenu vieensldnen (v, gnaen, a1, $10) AmrdnnIsunng
wulnglunsldsnunlse

s

NANISVIAGBUANDAUNIISNLaUTDETaNnluesIUINa W UriloAuwaysIn Meeniusasovay 95 Tunis
Fudamanan NO veugadulasnia RAW264.7 finszfumsdnaudie LPS wavesmadudsnisaina NO wudians
atnanddumileAuiiseiuanududu 500 ug/mL wazansndiseRuanududu 250 po/mL Aermaadudui
wangadlunissudlunsnesnles (il 2) nanisudsansdosnian TNF-Alpha WU@s8inaNa A UL tof
wazsIndsTRUANIdy 125 pe/ml Aemmnududuiinsanlunisiudiansdosnau TNF-Alpha (5197t 3)
namsdud sansdesniau PGE, wuinansatnanaduimiefuuaysinfisssuanududy 250 pg/mL ABAIAINM
Wudunganlunstudiansdesniau PGE, (Msafl 4) uaskamsfinwgusiueadun wuiansataaindidu
wileRuuarsndiseiuarududy 125 pe/mL Aeranududuiivaneadlunsiueadun (91319 5) aenados
ffu Azam wazae [34] inuhansafndruluveslussiuanansnanenisuinangarinvemyia 43.48 Wedldud
(p<0.001) ndsnlgSuansatmluuTun 300 meske lusvasinan 1 93lus denadesfu Goli wavmne [35] inuin
asadaduluveslussuaisaanniseinisulniigaityie 44.81desidud (p<0.05) nasldFuansain 200
me/kg Tuszeziaan 4 Falus denadesiu Mistry uavany [33] inuhansasadiuluvedluesiuanunsnannsennis
mmﬁ'é:aLﬁmwé’ﬂﬁ%’umiaﬁmluﬂ%mm 200 uaz 400 me/ke @onAdasfiu Arfiandi uwazany [36] finuitasada
Ehuslwaﬂummmmsaammimmﬁmm?ié:aLﬁmwé’qiéﬁumiaﬁ’miuﬂ?mm 1000 mg/ke msnwilundaiiuans
Tduhansaialuesuiiatnmesviasatsleniueadesay 95 ﬁqwéé’mmﬁmav (fudfa NO, TNF- Alpha, PGE,)

1% 3

wazgnsduadun lnenansfnwansainansintuesuiaiugenndesiusnamusinuagialiuesdiignii

1

o o v A a =& ya a P~ a a s a °
gsafinnasumilony Fliiui YSnaasiiuednsiy wasUSunaansuseneunailiuesn il Junumdidsy
Rogvdlunsfitun1ssnay wazgvomuwaaunfifinuduiusiululuiidmafieaiu denrdesiunanisfinyives
. a ' aa Y] I3 £ a £ a .
ljaz uazaniz [37] invirarsindfiueaniadanudnvedduesivaunsadueyyadassuazaulvlsdiua (Anti-

Tyrosinase) F4inafoN1TANAMUYNTUVBIAT AADINITUA MTERAETAMNEANE uLINTY nansAnwladadl
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wwildulunisihanWausdasusiiiiedesiun1zunwan (Dermatoheliosis) Fudundnsiueivngaiy ggasnisun

Yaamale

v v
o A=

feunsnwluadsiFeansolfidudeyafiuguietluimudesonnssuiunslunsatalussu way
nslusglesindduniiofuuarsnvesiulussufefugnidiumssnau qusiueadun wiasinisdnu
diandsludoswesminsfusniaufun1suisuiisudeansannsgiu 1y Dexamethasone, Rapamycin NsAn
Tusgavluana msfnwanuduivszezeuaznaludniveass Wy naseeieizdniau (Inflammatory organ
pathology) nsannisentaulumaiumniela mﬁﬁﬂmﬁﬂsjmwmmmamﬁmeﬁlﬁaﬂizqﬂm’ii’ﬂué’mmi%’ﬂm ey

Foyaiiugunannsnesuiglamunssuiunsmeadnaiaansiunisldsnuilsaseld

L@NEN5D1999

% 1 o w

1. Ysgans alafndas. n1395991nlun1siueanBnduvesa1sannaniiy. ngamne: Ta. od. niuhe dd 911e;

2561.

o
YY)

2. 991 1BoysuuW, gnsswr Undes, eaan Tu3uuey. n1sAnwgnsaueyyadassuazgnidudaeuludinls

v a
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Abstract

The objective of this study was to investigate the structure and antibacterial activity of silver
nanoparticles (AgNPs) synthesized from the petioles and leaves of Manihot esculenta Crantz L. using hot
water extraction (PMH and LMH extract, respectively). Optimal synthesis of AgNPs was criticized from UV-vis
absorption spectra. For AgNPs synthesized from PMH extract (AgPMH), the synthesis was carried out by
addition of 2 mg/mL of the PMH extract pH 12.0 with 4 mM silver nitrate solution in a 2:8 (v/v) ratio at a
temperature of 60 °C for 120 min. For AgNPs synthesized from LMH extract (AgLMH), the synthesis was
carried by the addition 2 mg/mL of LMH extract pH 10.0 with 4 mM silver nitrate solution in 2:8 (v/v) ratio
at temperature 80 °C for 120 min. The change of Fourier-transform infrared (FTIR) spectra indicated that the
AgNPs of both extracts were synthesized. Transmission electron microscopy (TEM) analysis revealed that the
synthesized nanoparticles were within 15.27 to 95.58 nm in size for AgPMH and 3.98 to 23.23 nm for AgLMH.
X-ray diffraction (XRD) results showed that nanoparticle formed were crystalline with face centered cubic

geometry. Both synthesized AgNPs did not show activity against Escherichia coli and Bacillus cereus.

Keywords: Manihot esculenta Crantz L., Silver nanoparticles, Green synthesis, Hot water extraction

Introduction

There are a lot of methods for the synthesis of silver nanoparticles such as chemical and green
synthesis. Compared to chemical methods, the green synthesis is an inexpensive, eco-friendly, easier
alternative approach and less hazardous. The chemical method requires external stabilizer agent to protect
nanoparticles from aggregation and reducing agents to reduce Ag* to Ag” to synthesize silver nanoparticles

such as sodium borohydrate and sodium citrate. Plant extracts can act as both reducing and stabilizing
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agents for metal nanoparticles [1]. Generally, organic substances in plant such as primary and secondary
metabolites are able to reduce metal ions into nanoparticles and stabilize those of synthesized particles
[2]. However, the properties of metallic nanoparticles synthesized through green methods are significantly
influenced by the specific part of the plant utilized, because of the diverse phytochemical
compositions’ present [3]. Numerous variables including the concentration, pH, duration of incubation, and
temperature of the plant extract effected to the formation of metal ions into nanoparticles and to regulate
their size have documented [4].

Silver nanoparticles (AgNPs) have demonstrated highly antibacterial action against multiple Gram-
positive and Gram-negative bacteria [5]. The stability of the product formed is a significant factor in the final
antibacterial activity, along with the size and charge of the nanoparticles [6]. The bactericidal and
bacteriostatic capacity of nanoparticles between 5 and 100 nm was evaluated against Gram-negative and
Gram-positive bacteria [7]. The electrostatic attraction between AgNPs and negatively charged bacterial cells
is crucial to their antibacterial effectiveness, and it is controlled by both AgNPs' and microorganisms' charges
[8]. If AgNPs are unstable, they will tend to aggregate and form larger particles leading to lower antibacterial
activity [6]. Interestingly, the highest uptake and translocation of silver (Ag) was observed in leaf extract [9],
which has shown an antimicrobial activity. Ajitha et al. [10] prepared AgNPs using Plectranthus
amboinicus \eaf extract. The morphology of the nanoparticles showed the formation of nearly spherical
nanoparticles which showed effective antibacterial capacity against Escherichia coli and Penicillium spp. The

biosynthesis of AgNPs was conducted using the leaf extract of plant Protium serratum. The potential

antibacterial activity of AgNPs (size 74.5610.46 nm) was studied against the food borne pathogens such as
Pseudomonas aeruginosa, E. coli and Bacillus subtilis [11]. The leaf aqueous extract of Jatropha curcas
was used for the synthesis of AgNPs. The TEM analysis clearly showed variation in particle shape and size
(20-50nm). While majority of the nanoparticles were spherical, some showed irregular shapes and edges.
Which showed against E. coli, Staphylococcus aureus, and Salmonella enterica [12].

Manihot esculenta Crantz L. also called cassava is an economic crop of in Thailand. The leaf is not
well known to serve as a major source of vegetable. Thus, it is often discarded as waste after harvesting the
tubers [13]. Cassava leaves contain phytochemicals such as alkaloids [14], flavonoids [14-16], phenolic
compounds [14, 16], tannins [14] and saponins [14] that may have the capability of capping and reducing
the nanoparticles [17] for towards a potential commercial scale. Cassava leaves have the ability to against
S. epidermidis and Propionibacterium acnes [15]. Velayutham et al. [18] reported that AgNPs synthesis using
leaf aqueous extract of cassava against two important mosquito species, Aedes aegypti and Culex
quinquefasciatus. However, there has never been a report on the synthesis of AgNPs from cassava leaves
for inhibiting bacteria. The objective of this work was to investigate the structure-activity relationship of
green-synthesized AgNPs, derived from the petiole (PMH) and leaves (LMH) of Manihot esculenta Crantz L.

through hot water extraction, with respect to their antibacterial properties.
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Materials and Methods
1. Preparation of Manihot esculenta Crantz L.

Manihot esculenta Crantz L. Leaves were collected from agricultural lands at Huai Jot Subdistrict
in Wattana Nakorn District, Sa Kaeo Province. A young and mature leaf was selected in each tree from
cassava aged between 10 and 12 months in October to December 2023.

Petiole and leaf were separated and washed several times in water to remove dirt. These were
cut into small pieces and then dried using a hot air oven at 50°C for 2 days. The dried pieces were mashed.
Petiole and leaf were extracted by distilled water at 80°C for 1 h. The extraction liquid parts were filtrated,
concentrated, and kept at 4°C. The extract from hot water extraction was called petiole of M. esculenta
hot water extract (PMH) and leaf of M. esculenta hot water extract (LMH).

2. Synthesis of silver nanoparticles

Optimization of silver nanoparticles (AgNPs) production under different reaction conditions includes
variations in pH (pH 5-12), silver nitrate concentrations (0.5, 1.0, 2.0 and 4.0 mM), extract concentrations
(0.25, 0.5, 1.0 and 2 mg/ml), ratios of extract and silver nitrate (1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2 and 9:1 v/v),
temperature (40, 50, 60, 70 and 80°C) and time interval (0, 30, 60, 90, 120, 150, 180, 210, 240, 360 and
480 min), respectively. While optimizing each parameter, the other parameters remain stable. All reactions
were conducted in a dark environment to prevent the photoactivation of the mixture. Each experiment was
carried out at least in triplicate. The AgNPs synthesis was monitored by recording UV-vis spectra
(A 300 - 600 nm) using a NanoDrop 2000 C spectrophotometer (Thermo Fischer, USA).

The AgNPs was isolated from the optimized mixture as follows. The obtained reaction mixture was
centrifuged at 10,000 X ¢ for 15 min. The pellet was purified using deionized water and washed repeatedly
to ensure better separation of free entities from the AgNPs. The obtained AgNPs were lyophilized and used
for further characterization and its antibacterial activity.

3. Characterization of AgNPs

Fourier transform infrared spectroscopy (Bruker Tensor 27 FT-IR spectrometer) spectra of the AgNPs
were recorded in the diffuse reflectance mode at a resolution of 4 particles cm™, then were analyzed with
Optical User Software (OPUS) 7.5 (Bruker Optics Ltd, Ettlingen, Germany). XRD analysis of AgNPs was carried
out by EMPYREAN model, PANalytical instrument (45 kV, 40 mA) using CuKQL radiation with A of 1.5406 A
and a nickel monochromator filtering wave operating at a tube voltage of 45 kV and a tube current of
40 mA. The scanning was performed in the 20 range of 5°- 90° at step size 0.02 degree with a time constant
of 30 s/step. Moreover, the morphologies, crystalline natures, and size distributions of the AgNPs were
determined using Transmission electron microscopy (TEM) and Image J program. The results were expressed
as mean + standard deviation.

4. The disc diffusion method

The antimicrobial susceptibility of AgNPs was evaluated using the disc diffusion. This method was

performed in Mueller Hinton Agar (MHA). Silver nanoparticles of 800 pg/mL and the extract (PMH or LMH)

of 10 mg/mL were filtered with a 0.2 uM syringe filter. Ten microliters of AgNPs and extracts were dropped
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onto the sterile dish, and was placed on E. coli and B. cereus cultured agar plate, were then incubated for

24 h at 37°C and inhibition zone was monitored.

Results and Discussion

The change in the color of reaction mixture to dark brown after mixing a plant extract and silver
nitrate is a general characteristic of silver nanoparticle biosynthesis [19]. The formation of AgNPs was
observed using UV-visible spectroscopy. Figure la—-f and Figure 2a-f shows the absorption spectra in the
AgNPs synthesized under different reaction parameters such as pH, silver nitrate concentrations (AgNOs),
extract concentrations, ratios of extract and silver nitrate, temperature, and time of PMH extract and LMH
extract, respectively. The first factor considered was pH; variations of pH 5-12 mixed with the extract at
concentration of 1 mg/mL and silver nitrate concentration of 2 mM in a 1:1 ratio was incubated at room
temperature for 1 h. The pH of the solution primarily affects the surface charge of phytochemical functional
groups [20] of PMH and LMH extract. At acidic pH did not show the characteristic peak for the AgNPs synthesis
using both PMH and LMH extracts. The alkaline pH 11-12 has exhibited peak for the AgNPs synthesis from
PMH extract (AgPMH). The maximum absorption was determined at pH 12 as shown in Figure 1a, AgNPs in
colloidal solutions display maximum absorption in the A 350-500 nm range. The alkaline pH 8-12 has
exhibited peak for the AgNPs synthesis from LMH extract (AgLMH). The maximum absorption was determined
at pH 10 as shown in Figure 2a, AgNPs display maximum absorption in the A 350-475 nm range. AgNPs
synthesis occurs only at strongly alkaline conditions may be due to deposition of hydroxides on AgNPs [21].
The second factor considered was concentration of silver nitrate, the PMH concentration of 1 mg/mL at
pH 12 or the LMH concentration of 1 mg/mL at pH 10 mixed with various AgNO; concentrations in a 1:1
ratio incubated at room temperature for 1 h. The peak absorbance persistently increased with increase in
concentrations from 0.5 to 4.0 mM, representing the parallel relationship with the metal ion concentration
of the AgPMH and AgLMH (Figure 1b and Figure 2b). Liagat et al. [22] reported that the optimum
concentration of AgNO; was 1mM because the shifting of the surface plasmon resonance (SPR) peaks of
AgNPs at a high concentration of AgNO; (2 mM) indicated this was unsuitable for the synthesis of AgNPs.
The UV spectrum exhibits the highest peak at an AgNO; concentration of 6 mM, indicating optimal synthesis
conditions. Moreover, an increase in Ag+ does not alter the position of the SPR peak within a concentration
range of 4-8 mM AgNOs [23]. In addition, the position and width of the peaks also change, indicating that
the higher AgNO; concentration does affect the size and morphology of AgNPs. For this reason, AgNO;
concentration of 4 mM was selected to further study.

The third factor to evaluate the effect of plant extract concentrations (0.25-2 mg/mL) was mixed
with 4 mM AgNOs at a pH of 12 for PMH or at a pH of 10 for LMH in a 1:1 ratio and room temperature for
1 h. The increase in the concentration of the leaf extract will also increase the absorbance intensity.
This result may be due to an increase the number of bio-compounds requiring to reduce Ag* to Ag°® [23].
The intensities of absorbance maximums increased with an increase in the concentrations of extract from
0.25 to 2.0 mg/mL of PMH (Figure 1c), and from 1.0 to 2.0 mg/mL of LMH (Figure 2c). We got a maximum
yield and decreased width of the peaks with 2.0 mg/mL of both PMH and LMH extract concentrations.
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Figure 1 UV-vis absorption spectra of optimizing parameters to produce AgNPs with different pHs (a),
concentrations of silver nitrate (AgNO3) (b), concentrations of PMH (c), ratios of extract and silver nitrate (d),

temperature (e) and time (f).

The fourth factor was the ratio of the extract concentrations of 2.0 mg/mL (pH 12 of PMH, pH 10
of LMH) and 4 mM AgNO; with different ratios and incubated at room temperature for 1 h. Which was
altered to investigate the optimum composition to maximize of the AgNPs. In general, intensities of
absorbance increased with in extract from 10 to 50%, whereas absorbance decreased with a decrease in
extract from 60 to 10% [24]. For the PMH extract, the highest absorbance with a comparatively narrow peak
was observed when both reactants were used in 2:8 (v/v) ratio (Figure 1d). However, for the LMH extract,
the highest absorbance with a comparatively broad peak was observed when both reactants were used in
2:8 (v/v) ratio (Figure 2d). Ali et al. [24] reported that the highest absorbance with a comparatively narrow
peak was observed when both reactants were used in 1:1 (v/v) ratio of plant extract and AgNOs. The shapes
of the absorption peaks remain changed for AgNPs using PMH and LMH synthesis, indicating that the reaction
ratio of plant extract with AgNO5 does affect the size and morphology of AgNPs.
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The fifth factor was various temperature. Both of 2 mg/mL of PMH at pH 12 and 2 mg/mL of LMH

at pH 10 were mixed with 2 mM AgNO; in a 2:8 ratio at different temperatures for 1 h. The peaks were found

in the range of 350-475 nm for AgNPs synthesized at 40-70°C using PMH extract. The highest absorbance

peak was observed when temperature was used in 60°C (Figure 1e). The rise in temperature not only

decreased the absorbance but also shifted the }\max [23]. Under identical conditions, a temperature of 40-

60°C yields decreased a more intense peak than synthesis at room temperature, suggesting the generation

of a smaller amount of AgNPs. However, a temperature of 40-60°C shown smoot peak more than synthesis

at room temperature. Ni et al. [20] reported a temperature of 90°C yields a more intense SPR peak than

synthesis at room temperature, suggesting the generation of a larger amount of AgNPs. By the way, peaks

were found in the range of 350-475 nm for silver nanoparticles synthesized at 40-80°C using LMH extract.

The highest absorbance peak was observed when temperature was used in 80°C (Figure 2e).
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Figure 2 UV-vis absorption spectra of optimizing parameters to produce AgNPs with different pHs (a),

concentration of silver nitrate (AgNOs) (b), concentration of LMH (c), ratios of extract and silver nitrate (d),

temperature (e) and time (f).
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Increase in temperature from 25°C to 75°C resulted in an increase in the absorbance, indicating an increased
synthesis rate of AgNPs [23]. Under identical conditions, a temperature of 80°C yields a similar synthesis at
room temperature but a narrower peak than synthesis at room temperature. The position and width of the
peaks also change, indicating that the temperature does affect the size and morphology of AgNPs. The sixth
factor was the time required for the completion of the reaction: 2 mg/mL of PMH pH 12 or LMH pH 10
mixed with 4 mM AgNO; in a 2:8 ratio incubated at 60°C for PMH and at 80°C for LMH with different times.

As the duration of reaction increases, more silver nanoparticles are formed within 30 min and it
continued turning darker with time. Time-course analysis of UV-vis data of plant extract:AgNOs (1:1 v/v)
mixture showed accumulation of AgNPs within an hour of the reaction start time [23]. The results shown in
Figure 1f and Figure 2f demonstrate that the synthesis of AgNPs is completed within 120 min. With increasing
reaction time, the nucleation of NPs occurs at a slower rate. The shapes of the absorption peaks remain
unchanged for AgNPs using PMH synthesis, indicating that the reaction time does not affect the size and
morphology of AgNPs that correlated with previously reported [20]. However, the shapes of the absorption
peaks remain changed for AgNPs using LMH synthesis, indicating that the reaction time does affect the size
and morphology of AgNPs.

FTIR spectra of AgNO;, PMH extract, LMH extract and synthesized AgNPs are shown in Figure 3.
In AgNOs, the peaks are observed at 808, 1034, 1280 and 1624 cm™’. In PMH extract, the peaks are observed
at 920, 989, 1047, 1407 and 1594 cm™. After reaction with AgNOs, the peaks are shifted, such as 992, 1350
and 1559 cm™. In LMH extract, the peaks are observed at 1032, 1392 and 1599 cm™. After reaction with
AgNO;,, the peaks are shifted, such as 1047, 1375 and 1579 cm™, respectively. The FTIR spectra of PMH and
LMH extract shows the peaks at 1047 and 1032 cm™, respectively. These correspond to the position of
sapogenin linked with oligosaccharides, consistent with the presence of saponin compounds as components
in the extract. The FTIR spectra of saponin shows the peaks at 1076 cm™ (C-O-C stretching of glycoside
linkage of oligosaccharide to sapogenin) [25]. Oligosaccharide linkage absorptions to sapogenins (C-O-C) were
at 1074 cm™! and between 1045 cm™ to 1046 cm™. This result was similar with previous works, the C-O-C
absorbance was observed at ~1034.78 cm ™' and 1033.22 cm™ in the water extracts of Sapindus rarak and
Litsea glutinosa, respectively [26]. In addition, In PMH extract, the peaks are observed at 920, 989, 1047,
1407 and 1594 cm™ while the LMH extract the peaks are observed at 1032, 1392, and 1599 cm™. These
results may be due to the vibration of polysaccharide compounds in the PMH and LMH extracts, which are
the absorption regions of polysaccharides: region Il in the range of 1800-1500 cm™, region Il in the range of
1500-1200 cm™, and region IV in the range of 1200-800 cm™ [27]. Therefore, when synthesized into AgNPs,

the peaks are similar to the extract samples and resemble the AgNO.
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Figure 3 FTIR spectra of AgNO;, PMH extract and AgPMH synthesized at optimum parameters (a), LMH
extract and AgLMH synthesized at optimum parameters (b).

The sizes and shapes of AgNPs were analyzed using TEM. The shape of A¢PMH was spherical and
oval-like spherical with an average size of 15.27-95.58 nm (40.46 + 13.49 nm) with aggregation (Figure 4).
The shape of the AgLMH was in spherical and oval like spherical with an average size of 3.98-23.23 nm
(10.16+2.8 nm) with little aggregation (Figure 5). The diameters of AgNPs produced by M. esculenta ranged
from 13 to 38 nm, with an average of 23.0 nm [28]. The higher content of OH- species in the basic condition
may facilitate the deprotonation of -COOH groups to -COO-, allowing the adsorption of Ag* ions by
electrostatic attraction or affinity interaction [29]. Basic pH generally formed AgNPs with smaller and narrower
size distribution [29]. As a result, the formation of AgLMH will most likely occur in more small size and
distribution than AgPMH. Nevertheless, the increasing particle size and narrower size distribution was
proportionally affected by the increasing pH since the pattern observed was fluctuating in AgPMH. Small
spherical particles are obtained at high pH values. However, in certain experimental scenarios described in
the literature, higher pH levels have resulted in size growth, particle aggregation, and reduced synthesis rates

of AgNPs [30] The size of the synthesized silver particles increases with the rising concentration of AgNOs.
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Figure 4 Transmission electron microscopy (TEM) images of AgNPs synthesized with PMH extract,

at 100 nm (a), 50 nm (b) and particle distribution size (c).

The variation of AgNO,; concentration (0.5, 1, 2, 4, 6, 8, and 10 mM) were investigated to
synthesize AgNPs with using aqueous leaf extract of Ziziphus spina-Christi, indicates an increase in the size
of particles (25-42 nm) as confirmed by TEM [31]. In addition, the plant extract concentration used also
plays important role in the conversion of Ag* to Ag®. This deviation in particle size clearly suggests that at
higher plant extract concentration, there is more presence of reducing agents present in the extract
compared to reactant which tends to increase the particle size upon longer exposure duration [32]. In our
studly, it was used in a 2:8 (v/v) ratio of the extract concentration 2.0 mg/mL and silver nitrate concentration
4 mM. This suggests that small amounts of the extract can reduce silver ions, but do not protect most of
the quasi-spherical nanoparticles from aggregation because of the deficiency of biomolecules to act as
protecting agents. However, the biomolecules function as reducing agents and cap the nanoparticle surfaces
at higher extract concentrations, preventing them from aggregation [33]. Moreover, a change in particle size
was observed when higher concentrated AgNO; was used [34-35]. An average particle size of 33 nm at 50°C,
29 nm at 70°C, and 26 nm at 90°C, particle sizes was decreased with increasing temperature [36]. The TEM
results indicate that the samples obtained over a longer period retained a narrower particle size distribution;

the average size of all prepared Ag-NPs was less than 20 nm [37].
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Figure 5 Transmission electron microscopy (TEM) images of AgNPs synthesized with LMH extract,

at 100 nm (a), 50 nm (b) and particle distribution size (c).
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(220)

311)

10 20 30 40 50 60 70 80 90
2 Theta (degree)

1 (111)

10 20 30 40 50 60 70 80 90

2 Theta (degree)

of PMH extract (a) and
LMH extract (b).



]
v A

A\ U7 11 810N 1 In3NAN — I8k 2568 80 1,918, inaln. RIBLIRENNILALTE

Figure 6 shows the XRD pattern of silver nanoparticles. Figure 6a is apparent that characteristic

diffraction peaks at (111), (200), (220) and (311) in 20 corresponds to lattices of (38.03°), (44.28°), (65.33°)
and (77.31°), respectively. These peaks and planes of reflections are matched with the ICDD (International
Centre for Difraction Data) PDF (Powder Difraction File) 04-0783 for Ag [35]. A similar result was observed by
Anandalakshmi et al. [23], who identified crystalline peaks 38.11, 44.22, 64.45 and 77.40 corresponding to
the (111), (200), (220) and (311) planes, respectively. The typical pattern of green-synthesized AgNPs is found

to possess a face-centered cubic (FCC) structure [23]. Figure 6b is apparent that characteristic diffraction

peaks at (111) in 20 corresponds to lattices of (38.21°). Raja et al. [38] reported that the XRD patterns of
tannin-silver nanoparticles show a sharp peak at 38°, which corresponds to the peak at (111) of the cubic
silver structures within experimental error. Due to the product's low silver nanoparticle concentration, only
one or two peaks are visible [38].

AgNPs, PMH and LMH extracts have been shown to be not effective against E. coli and B. cereus
(Figure 7). On the other hand, fresh and dried (M. esculenta) leaf extract was added with varying
concentrations of 5%, 10%, 20% and 30% ethanol. These extracts have shown to be effective against E. coli
[39]. AeNPs synthesized using M. esculenta, can act as an antibacterial agent against £. coli and B. cereus
[28]. The antibacterial activity was significantly reliant on size, relation attributed to the larger surface area
of the smaller nanoparticles, available to direct contact with the bacterial cell [7]. If the synthesized AgNPs
have low stability, they will tend to aggregate and form bigger particles, and as has been shown,
nanoparticles with bigger sizes have lower antibacterial activity [6]. AgNPs were synthesized from the leaf
extract of Ginkgo biloba, exhibited a spherical morphology, uniform dispersion, and diameter ranging from

~8 to 9 nm which against both Gram-positive and Gram-negative strains at low AgNP concentrations [20].

Figure 7 Zones of inhibition of AgNPs, PMH and LMH extracts against £. coli (a and b) and

B. cereus (c and d).
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Thus, AgNPs was synthesized from using PMH and LMH not effective against E. coli and B. cereus
should be a cause of used high pH, high concentration of AgNO; high concentration of PMH, ratio of extract
with AgNO; temperature and time leading to increased particle sizes and not uniform dispersion unavailable

to contact with the bacterial cell.

Conclusion

In our study, the method for biological synthesis of silver nanoparticles by M. esculenta petiole
and leaf aqueous extracts was established. AgNPs synthesized from PMH extract (AgPMH) was carried out by
the addition of 2 mg/mL of the petiole extract pH 12.0 with 4 mM silver nitrate solution in a 2:8 (v/v) ratio
at a temperature of 60 °C for 120 min. For AgNPs synthesized from LMH (AgLMH) extract, synthesis was
carried by the addition 2 mg/mL of leaf extract pH 10.0 with 4 mM silver nitrate solution in 2:8 (v/v) ratio at
temperature 80 °C for 120 min. The change of FTIR spectra indicated that the silver nanoparticles of both
PMH and LMH were synthesized. TEM analysis revealed that the synthesized nanoparticles were within 15.27
to 95.58 nm in size for AgPMH with aggregation, and 3.98 to 23.23 nm for AgLMH with little aggregation.
XRD results showed that nanoparticles formed crystalline with face centered cubic geometry. This result
demonstrated that the silver nanoparticles obtained by extracts not effective against £. coli and B. cereus.
This biogenic process of synthesis AgNPs by using PMH and LMH extracts will be helpful for adjusting
methodologies for increase stability advantageous in against microorganisms. Moreover, another biological
function should be further studied. That will develop AgNPs for biomedical applications and the food
industry.
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Abstract

The study investigated to the degradation of polybutylene adipate terephthalate (PBAT) during the
composting process with cow manure and coconut coir. The results showed that PBAT was degradable
during the composting process given the carbon to nitrogen ratio (C/N ratio) and the average initial moisture
content of 26.24 and 62.27 percent, respectively and the fermentation period was 42 days. The experiment
1 (P) and experiment 2 (P + EM) have 17.10 and 19.12 percent of the weight of PBAT lost during the
fermentation process, respectively. PBAT degraded rapidly during days 0 — 7 of the study and tended to
degrade at a constant rate during days 7 — 42 of the study. The experiment 2 (P + EM) had a degradation
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rate of 0.2695 % per day, higher than the experimental 1 (P), which had a degradation rate of 0.1954 %
per day. Both sets of experiments had pH, total nitrogen (TKN), Total Potassium (Total K) and the gemination
index (such as 81 Rice RD and mung bean) was within the organic fertilizer standards of the Department of

Agriculture.

Keywords: Biodegradation, PBAT plastic, Composting
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2) Wiahnauiinauivinganm EM lushsndiuiviinganam EM setindu 1:1,000 (V/V) U3u1ad 4,500

o 2R

ml wiussyTanudinaslugensvasuauin 16 x 20 97 91w 18 93 fsgazdentun1sned 1 anduda Uingala

SeUSone@anig

3) ATIRdOUNIEDEAANBTBINAIERN PBAT ¥n 9 7 Ju tTunan 42 Ju

o

M399 1 IIuRInTEaeuNuIIIandusy yalauuuayyeuznsn) dmsuyaneaasdl 1 (P) uag 2 (P+EM) wag

szevatunsninde

. IMUIUYINTLADUNUTTYIFNDUNTE

GRLINT srezianluntsudinde (3u) ,
uAazYAN1INAADY (99)

1 7
14
21

35

WD W W VLW W W

2
3
4 28
5
6

a2

N YANeaedi 1 (P) vianeds Jeviin + wanain PBAT

YAnAaei 2 (P+EM) vianeds Jevsin + wanain PBAT + hwiin®inin EM

2. N1IATIVEFBUNTHYFANYVRINANFRNTINN PBAT

yonaaeadl 1 (P) uaz 2 (P+EM) fnsldukiunanaiin PBAT w11a 2 x 2 cm dwiinsan 1 ¢ asluluusiay
ganaae Weasuszuznatlunsnsiniidieg 1weukunatainud g el sulisunisdesaansvosun u
wananluwsgisattunsngdn LLé”ﬁqﬁ’mﬁﬂTuLwiazmmmaa\i AMTUNINTINAOUNTEEARIUVDINANAR NYININ
PBAT fis1uauiBunuastunoudall

1) MInsaaounstoyaatsyaswanain PBAT luudazyannasiazuiazyiaaniidne Iidauen
wanafin PBAT senaindendfniiudl annduliun svdnananliussluisussesing 5 - 7 3u ieananudu
uazthsndeuuAzunsIRivLng 4 mm uazvLIng 2 mm Auddy WeAnuenwanafin PBAT dawfimdslunsdli

a = s & oz
wanaRnUNIsULANLUUTULAN i
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2) SIWTWNAERN PBAT NAALeN luksazynvnaaeuas seeeia1raen1smininmunanainnuayein
mendundiiluanlufisuauwis mndwhldddaanuulugaannududunam 24 Hlus wdnhldaimn
ulddmiindegnsiag dadmidnilaldduuiosazsuminnatadin PBAT Ngymielunsazszesiiailunis

wiinly fsaunsil (1) 16, 12

Umdnwanafnisusiu (g) — dmdnwanafnuasilinau (g)

100 @

ﬁmﬁﬂwmaﬁﬂﬁq@yma (g) = P —
dmiinmanainisuiu (g)

3. nMsaeseandAlendn

o =

AaswriaudAdendinyanaaed 1 (P) uar 2 (P + EM) Tuiuil 0 uagduil 42 lnewdiuganiuau (C) feo 9a

q
v

naaesdlaldnanadin PBAT wagtmiin@inin EM laemunualianudunsieseiaudfidendn demnsiimesnuans

Tums199 2

M1599 2 MAsIeaNTAdendin

w5 dwas N8 PR 914994
9NNl aerwaLdea (°C) Thermometer method -
AU Sovay (%) Oven - drying method NSUATINSNEAT [13]

Yunaduniedng (OM)

Sauay (%)

Walkley and Black method

ASUNMWINAY [14]

ANdunsa-A1g (pH) - pH meter nsuAmNAAY [14]
C/N ratio - - -
st (EQ) WBTUFBLUAS (dS/m) EC meter nsuNALTIRY [14]

Tulasausiavus (TKN)

Sauay (%)

Kjeldahl method

ASUNRIUNAY [14]

WeaneSavan (TP)

Sauay (%)

Colorimetry

ASUNRIUNAY [14]

TnunaBeuviavun (TK)

Sauay (%)

Atomic Emission Spectroscopy

(ABS)

Mstesdaeiasaysal

Sauay (%)

FBnsve@aun1TIBN VB BUAATY

ASURWINAY [14]

4. nMsgoraateLEsIaUYTal

nsnseiansdosaaneiaiaauysaivesedunis Suisivensnquameadslutdvosnnudufivsodis
vandivangnszuIumInandednlaoandauiieaneniavineandiauseninanseuiuntsndnde nsusediv
W@dgININNISEoBAR8IUNT Y TN mﬂﬁmisjaaamaaq’mwi’ﬂﬁlﬁmmwﬁﬁaﬂussrﬁ’*uﬁ"L*f;J UN W LYW NH,",
nsnezdin 1Wudu anAslufiu dewansgnunenisiaigiiulauesiia (phytotoxicity) [15] Funeulunisnsiate

o [

1 L3 +| a a 6 a d’l
nsgevaaaNysaivesledunsyd AnuUainnnsiivinsinens [14] fsil
1) afnansazareendniniunisidiuisluiisuainyannassd 1, 2 uazyariuay (O) lnedaniegi
Jovidn 1 g Wit 10 ml (§n91dn 1: 10 w/Av) wemeinIaavgiu 1 93lug
2) nseshafindeniinldluvinususung lngldnseaunsesues 42
3) fmsRuunTEAEINZIAATILIY 10 93 udnhluindluanumizite
& A 2 ] .o & e 5 9y & v o ¢ 2
4) Nuudadivdeday 1 wWan 593 10 waedendanumizids 31w 3 91 Mawdad1iiug nv.81 Wlu
Y - & d' Y 2 O Y - & i
munuvesiludendsl uagldudnnndendusiunuesivluibes

5) lahafindendnamumizweas 5 ml dwganiuadlilainnauwmunislaadiadevdn
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6) vuliluiifln a8 2lue o grumgiivies
7) iususndeyadeold
7.1) Al uundaisenimuaonumizdo (%)
7.2) arueveITInusanadei 10 winrertumizide udmnAads (cm)

8) AuIUYNAIRYEIN1TI9NYaRUAR (Germination index: GI) A3aun15N 2

PUIULANTIIONVRIYANARD (%) x AUYNITINVBIYANARDY (em)

GI (%) = x 100 2)

Snuwdnisenvesyannass (%) X anuensnvesyannass (€M)

5. NTIATIZANSEDR

AATIENAIULANAVDINITH DEAAINANAAN PBAT (%) lukiazynnnasdiagbiagy 13381038013
3151991 AURUSUTILLUUABINI (Two-way ANOVA) 71T fey 0.05 waziasizvinisanaes (regression
analysis) sgninasvezalunsudnde 7 - 42 Tu ﬁ’uﬁmﬁfﬂwmaaﬂﬁq@ma (g) tilewdmsInsdesdananadin

PBAT Tut3au3adandIveuiazyannaes

NaN1538

=

1. Ysunadunsdasuau (0C) wazuSunalulasiauvianan (TKN) ludandun3d
nsfnwnisdesaatenatain PBAT luszninansyuiumsvitdendnassilldyalauy wazyeusndradu

andunidlunszuiunmsindendin Tnsdalauuwayyeusndnuaauiuliiimingg 3 kg Ussnoudmeyalauy
k

2.6 kg Wagyeuzning 0.4 kg Faransfne OC uay TKN vedyalaunlagyeusnig fin1s1en 3

M13197 3 OC TKN Uag C/N Y0eyalauy Lazyeuznin

Jandun3d OC (g/kg) TKN (g/kg) C/N
yalauy 204.03 10.27 19.87
YUENIT? 418.28 2.99 139.90

NATNA 3 NuIeRenINd ON NdeutinT@wgihiiinnisdesaaendt Tusneiyalauudl /N
fuaunineinlininnisgesaanglaiiania dsiulunisimuaiinidnuesyalauy 2,600 g: Yeuensg 400 g ¥
dadiuvtindananasiiddadin O/N Suduegludig 25.01 - 26.24 : 1 (3197 4) Fegrdananeglugg 20 -

30 : 1 Wnandurefiunzadlunssusuwinlendn [16]

M19199 4 O/N uaganugusuluudazynaaes

YANAADY ANNTUEUHY (%) C/N Budu
1 62.8 25.01
2 61.8 26.38

MW Yanaaesnl 1 (P) vianefs Jevisin + wanadin PBAT

YANAARIN 2 (P+EM) visnefis Jendin + wanafin PBAT s miindanin EM

2. nMsPegdanswaldin PBAT
nsgegaatenatain PBAT Tusgninansruiunisvindendnyalauusiuiuyeusninaden /N uag
ANATUEUAUegluYIe 25.01 - 26.24 1 1 Uay 61.8 - 62.8% auawu Nszazantunsvdn 42 Tu waginualidl

msnaunesleniinyn 4 4 Tu wisnseasseondu 2 yaveass laun ganeaesd 1 (P) wasyanaasafl 2 (P + EM)
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lngluuravyanaasslduiunatadin PBAT wu1n 2 x 2 cm Afiumingiu 1.0 ¢ luudazyannass wan1sfnui
Aapelull

YANAaeIN 2 (P+EM) fn1sgesdatenanasin PBAT lageninyanaae 1 (P) wilufidadAgynieads

'
Ao o W

Mtleddy 0.05 (F = 0.793, P>0.05) Inewandfin PBAT vis 2 ganaaes Insdesaatsagesimidalugag 7 Juusn Tu
sgnienszuaunmsvihdendn Fasindnmeiuil 7 - 42 egniiduddyneadanidedidey 0.05 (F = 134.13, P<0.05)
Tnefiuminanauade 12.11% uag 11.04% luyaneaesdl 1 (P) uag 2 (P+EM) mudiu (1wl 2 a5197 5 uay

AN51991 6)

25.00

(%)

20.00

deymnely

=
7

15.00

PBAT

10.00

a

5.00

WUNNUNYBINAERN

0.00

v
°

Sulo  Suft7 Sufi1e Sufiot Sufios  Aufizs Sudiaz

—.—qﬂwﬂamﬁ 1(P) —o—ﬂ;mwﬂaaeﬁ 2 (P+EM)

A 2 dwinvesnaadin PBAT figayvneld (%) lusewinanssuiunimmdingalauusauiuyeuenin

Pszaeiian 0 — 42 Tu

M13199 5 Unniadeuardiudgauuanmnsg (SD) vesmatain PBAT figgmeluszninanssuiunsminyalawus

SuYeNEni1INTEEEna 0 - 42 Tu

=

umitnwanafinigayyne (%)

Fuil y -
YNAaen 1 (P) YANAADIY 2 (P+EM)

0 0.00 (+0.00) 0.00 (+0.00)

7 10.54 (+2.22) 9.67 (+2.04)

14 12.15 (£1.49) 11.86 (+2.28)

21 14.24 (+1.44) 13.10 (x0.47)

28 15.70 (+1.01) 16.42 (+1.31)

35 16.68 (+1.74) 17.01 (x1.33)

a2 17.10 (+1.75) 19.12 (+1.07)

NUBWA: Yanaaesil 1 (P) vungda Yevdn + wanasin PBAT
YAnAaen 2 (P+EM) visneds Jevisdn + wanafin PBAT Mudsiwvin®inin EM

o =3 = 1 =
fravuluiadu viunes ATFIULUEILUUNINIZIU (SD)
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AN5199 6 MNNSUSEULRgULHUNANERN PBAT MluNSHInausEesiannIvum

v o
Y Fui

nAaod 0 7 14 21 28 35 42

wueme: P vinneds gan1svaaesd 1 ifinsdiungudumd Em

1nas1eil 6 wandliisiufanisgesaansvesnanadin PBAT lusgninanszuiunsyingsusinyalaus
saufugeuznim Fednuurnavsuwamemanainluleviini 2 gemnaes Tanuaeadioadatulnglutaeiud
0 - 7 wanednddnuwazides go uwasfisesunnidntios dutuszesnaminds 7 - 35 u wanadnEuuanuazdn
ogadaiau widdlivineenaindu luvasfivisssosnamiinge 42 Fu wuimaradniduinisdnuineenainiu
Tnoianzluganmsvaaosd 1 (P)

nstosamenanaiin PBAT uwiltudesaaneiistudndesludisiuil 7 - 42 vesnszurunisvindenin
1 2 gamnaes Tnefidnsmsdesamelutasiuil 7 - 42 ity 0.1219%/u uag 0.2386%/%u Tugannaesil 1 uay

2 MUY (A9 3)

25.00
L
= 20.00
B e °
S e et  MPSSSTIL ®
é; 15.00 “-_.._“,_,.,!- .......
l;: _,...---:_‘:.'.'. """
1000 | gl
S $
[
=
T 5.00
©
S
F 0,00
g 0
s 0 5 10 15 20 25 30 35 40 45
Fuil
® YnAaesl 1 (P) @ yanAaash 2 (P+EM)
y = 0.1954x + 9.6153 y = 0.2695x + 7.928
R? = 0.9572 R? = 0.9793

AR 3 Auduiusseninsvegnatunsringalauusuiugeneniy (Fun 7 - 42) fuihmtinveswanadin

PBAT ﬁqumalﬂ (%) °1usqmmam17i 1(P) LLazsqmmaaqﬁ' 2 (P +EM)

3. sudRvaslendn

ns@nwaudiveslendnifinannisvdnyalauusuiuyeusniniszesig 42 T lnguuinsmaaes

a

ganidu 3 yannaes laun yaveaesd 1 lifinsiiunquadunid EM (P) gannaeafl 2 dnsidunauyduvsd EM

q
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(P+EM) wazynmunu (C) Inensiainaudfvesdoninfissesiundin (Tuil 0) wasndmiln (Jui 42) WewSeuiiey

audAveslendn lneilisteazidunninisan 7

M13199 7 andivesdendinyalauusiuivyeueniniissegatnoundn (Jufl 0) uazszuziavawmdn (Tui 42)

Aoundin (Sudi 0) waevsin (udi 42) wneut
w5 fwas v
C p P+ EM C P P+ EM
[17]
T(O 29 (x0) 29 (x0) 29 (x0) 26 (x0) 27 (+0) 27 (+0) -
AT (%) 62.8 61.8 41.67
62.3 (+1.7) 36.40 (x1.1) 34.7 (+2.5) <35%
(+1.1) (+1.7) (+0.81)
OM (%) 50.47 52.76 56.34 27.09 31.50 28.84
>30
(+4.16) (+0.78) (+0.67) (+3.84) (+5.26) (+2.50)
OC (g/ke) 292.73 306.04 326.78 157.12 182.69 167.31
(£24.15) (+4.52) (+3.91) (£22.29) (£30.53) (+14.52)
pH 7.68 7.67 7.67 7.70
7.67 (+0.07)  7.63 (+0.06) 5.5-85
(+0.05) (+0.04) (+0.01) (+0.02)
C/N 27.34 25.01 26.45 13.78 16.76 15.93 <20
EC (dS/m) 17.72 17.82 15.94 18.26 16.60 17.26 <6 ds/m
TKN (%) 2.55 2.79 2.64 1.05
1.14 (+0.03) 1.09 (+0.02) >1
(+0.12) (+0.08) (+0.05) (+0.05)
NH4+ (mg/ke) 12.09 12.09 5.61 16.02 2.19 2.61
(+0.08) (+0.12) (+0.16) (£7.69) (+0.53) (£1.18)
NO, (mg/kg) 4.97 4.97 3.42 1.610 1.28
1.81 (+0.14) -
(+0.05) (+0.02) (+0.01) (£1.13) (+0.16)
TP (%) 0.120 0.120 0.142 0.123 0.121 0.121
>0.5
(+0.20) (+0.05) (+0.08) (+0.01) (£0.13) (+0.06)
TK (%) 2.04 2.04 2.10 2.18
2.35(+0.32) 1.97 (+0.27) >0.5
(+0.02) (+0.03) (+0.03) (+0.24)
ANSYRYAaNY
auyizﬁ (%) 53.19 67.77 79.23 188.25 147.74 131.24
- 41ug nusl (+10.15) (£6.95) (+4.06) (+37.85) (+33.21) (+31.86) >80
- fﬁL%EJ’J 56.75 60.02 68.90 176.09 166.61 145.03
(+8.91) (+4.46) (+4.98) (£30.11) (£39.31) (£20.25)
vaewg: P vaneds yanaaesil 1 laifinsidunguqduvie EM

a

P+E vunefia Yannaed?l 2 dnsfunquedunsd EM

C vunede YARIUAY

o =3 = 1 =i
frauluiadu viunets ATFAIULUEILUUNINTZIU (SD)

3.1 gaumil (Temperature)

a & v o o A | A a i a = + o i wa +
E}'m‘VTQlILUuﬂﬂﬂﬂﬁWﬂ@%ﬁﬂuﬂiﬂUﬁ%ﬂdﬂﬁ]ﬂiﬁuﬂ’li&JaElﬁa’]EJGUaﬁﬁ!au%ifﬂ,ur}adqEJV@JﬂVlE‘NNaG]E]aMUWU’rN‘lJIEJ

v
aad a

wiin [18] m3dsunUasasgamgiiiiindulunesdeninms 3 yaneaes Tuwildunisidsuwdasanas tngluiun
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0 vassviin gamgiivesieniniaads 29 °C i 3 gamnaes wazileAuannisvanosiudl 42 gamgivestevin
74 3 yanaaes fAnadsegluti 26 - 27 °C Filasundudgungivesoniinasiuultinfivgdulugas 7 Juusn
yosnTsvinuazaranamdsantuarlndifssfugamgivsseinmaiondt 9rnsgesaaoauysni (maturation
phase) s'?J"amiLiJ?i'sJuLLUawmqmmqmuﬂmﬂwﬂmﬁmmﬂmiﬁﬂmu%aL%aaﬁw%ﬁsiaaamaaw%um%sﬂuﬂmﬂa
nidn

3.2 A2UYU (Moisture)

¥ '
v a

avududuladeniinadenszurunsmin WesnarududsvenieUinnaniiunesdendn Juduladen

L%

ddydmiugaundsidiedlilunisdisdinuasAvnssusine q anuduSuduiimnzaulunmanindeniseglugag 50
- 70% FslumsinvinfidanuduSusuresis 3 gamnanseglutng 618 - 62.8% Fsoglunasifvnzau nevds
nvsinfislfifunan 42 Yu nuiteviins 3 gemaaes farutuadseglura 34.7 - 41.7% Tnsyavaaesii 1 (P)
fanutugeiign egnlsfimuanuduveteondnlutuil 42 vesk 3 yavaaes fAAwNAsgLlEBunIduansy
Fmanuasiitmualiiaruduliiu 300

3.3 aAnadunsn-ae (pH)

'
a

pH wastessingits 3 ganaans luiuil 0 fAaduegluyi 7.67 - 7.68 aevdsanmavinidliduaan 42
Yu Yevsiniia 3 gemnaes fdreglutag 7.63 - 7.70 FsdiAreglutiunasinasgulsduniduesnsuivnisinensd
Mvunlviegluge 5 - 9

3.4 nsihluidn (EC)

A1 EC vastoniiniie 3 ganaaes Tutuil 0 Seveglutag 15.94 - 17.82 ds/m aneudsnnmsusindisl iy
e 42 $u Jevdingis 3 gemmang fiAneglurig 16.60 - 18.26 dS/m Betlevsiniia 3 yavaaes Tutuil 42 fid EC
Lishwnasisnasgudedunidvesnsdnmsinuasidvunlidoslsiiy 6 ds/m

3.5 dunsedng (OM) uazduw3daisuau (OC)

U3 OM wsifeviinita 3 yavaaes lutudl 0 fenegludas 50.76 - 56.30% mendsinudnielidu
a1 42 Yu nudiinm OM v 3 ganaaes Suwlduanaseglutag 27.09 - 31.50% Fsilifissyanmassii 1 (P)
whiuiifidegluinmsiinnsguledurisvesnaivnanensiitmuslideddsing 30% enadesmnyemaassd
1 (P) finsiiuwanadin PBAT asldlunszuiuvsingsevdsualidrunandiduansdunidgndesaasoanumin il

I3

OM geniyannassdu 4 luvafiyannaesdl 2 (P+EM) fausieziimsiiuwanain PBAT adlulunszuruniswsin
3 uARIMaRndeAuwss EM aduifedslunisdesameansdund way OM fidntuannsesaasdunils
orgnilulilnegauvddion Tsoraduaungliiusina oM srianaaesii 1 (P) Ui OC vesijavsinits 3
yannaes Tufuil 0 fideglurng 202,73 - 326.78 g/kg mevdranmandniislidunan 42 Yu nuidendnia 3
gavaaes UTnas OC aglutig 157.12 - 182.69 g/kg Ineyemnansd 1 (P) fiUSunas OC geflan 50983770 40
NARafl 2 (P+EM) Fedenndosiuusunm OM finuluganeaosd 1 (P) uaz 2 (P+EM) faduandliifiuiinisifu
wanafin PBAT aslulunszuaumsviieviinannsaiindinna oc luneseviinldideisuiisufiuyaniuay (O
flaifinsfiuwatafin PBAT §aU3uim OC fiatulunestevsinlugaaiuny (O waz 2 (P+EM) dhazananniag
duvddnmsssuaithin i dudunalunisimanadin PBAT MAnainmsdesaanslutng 7 Fuusnvesnis@nwn
wadu OC Mwdethazananmsgosaaslndiues PBAT lutaeiudl 7 - 42 vesmsfnw

3.6 lulnsiay

nsfnwdsualulasaulunesdevintudl 0 waz 42 ldun VSnalulasiauianun (TKN) U5

worluflen (NH.") wazd3unalunsym (NOy) fseaziBondall TKN veslensdinluiun 0 daregluyig 2.55 -
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2.79 % aeudaminiialidunan 42 Yu WU’i’]ﬂEjMﬁﬂﬁzﬂ 3 ganaaes JUTu1 TKN anataglutie 1.05 - 1.14%
Tagynnuax (O) TUTua TKN gean egdlsnuioninluiuil 42 vesmsfnwivesmnyanaaes SuSinaeginas
wnguledunidvesnsiivinmainuasiismuslidedaidiniy 1% Usua NH, veadendflutud 0 fldeg
Tugae 5.61 - 1209 mg/kg nevdmsindislidunan 42 Yu nuddendnits 3 ganaaes SUsina NH," aglugag
2.19 - 16.02 me/kg tasyaemuay (C) fUTias NH,* gefign Usinas NO5 vesijovsinluiud 0 sideglutag 3.42 -
4.97 mg/kg mevdasindislidunat 42 fu wuthieviinds 3 gavanes fUTum NOS anaseglutag 1.28 - 1.81
me/ke laeyanaasil 1 (P) fiuinas NO, gefian

3.7 Woavla$avionun (TP)

U3wa TP vastoninlutudl 0 fdreglurag 0.120 - 0.142% anevdmdniialiifunan 42 $u wudile
wiiniks 3 gamnaes fUTina TP oglutaa 0.121 - 0.123% FsUSana TP fimsdsundaadntos Tneluiuil 42 40

AuAn (C) dU3una TP gefian sgalsinudeninluiud 42 vesnis@nwivemnyanaaes dusuia TP s1nd

wnaeinnsgIudedunidvaansuivinisinensiinualideslidindt 0.5% aratleiniandunsgnuuninde

v
Y

Sun3dlundedldusuiiuiina TP snd1 0.5% ogudn

3.8 dadruarsuausialulasiau (C/N)

msfnwmseeaaenatain PBAT Tusswinenssuaumsningalaussiuiugeuzninldimun /N 154
30 : 1 lngldyalauudiuiu 2,600 g wazeuening 400 g 334 3000 g Fawanshaseh O/N maaﬂwﬁﬂiu"iuﬁ 0
vouta 3 gavnaes ldTiAeglutin 2501 - 27.30 Fsininer ON fifmualy nevdsanmiindislfidunan a2 Su
Wy 3 gavaaes i /N anaslnedidieglurag 13.78 - 16.76 lavgemaansdl 1 (P) & C/N gefign Sedndau C/N
i1 3 gavnaes aglunurinnsguledunidvesnainmanunsiiriusliFestidndin C/N lufu 20

3.9 Tnunadeurionun (TK)

USnau TK vestlovsinluuil 0 feroglutag 2.04 - 2.10% aevdadinfisliduna 42 fu nudndendn
1 3 gamnaes fUTina TK aglutag 1.97 - 2.35% deUiim TK fnmsidsuwasdntios Taglutufl 42 gaaaue
(C) fi5ana TK gefian egslsfnudensinluiuil 42 vesnmsfinwemnganaass Susinalnuvadouiommnsiiy
inasinasgIudedunidueansinmaneasidmualideslisnit 0.5%

3.10 MstpaAaNY TNl

msfnwrinisgevaateiansanaindl Gl veaudadriiug nv.81 Fuduiuvuvesiivluidenies was

v a

fuderdaduiunuesiivludesy frwesdenduielull M ol vesudndraiug nv.s1 Anaaeusulennlutud
0 fiehaglutag 53.19 - 79.23% nevdaiindistifunen 42 Yu udnilunagoudn Gl nuitevsing 3 genaaeq
finssonifistuaglurng 131.24 - 188.25% Fuhunamiunsguledunisvemnsisnianunsd dmuslidosda
Gl lasndn 80% Tasnsdnuadsiialmiuidenindldannsmaaeis 3 yannaes lldwaidsrenissenves
windniug nu.81 wazd1 Gl veswdadidainaasuiuteonsinluiui 0 faeglurag 56.75 - 68.90% newds
wifnislfidunan 42 Yu wdnihluneaoudt Gl wuinewdingts 3 gavaass Sn1sseniiuduegluts 14503 -
176.09% Sanunasinasguisduvddvesnnivnisinuasiisimualidosilen Gl lisni 80% lnensdnunads

A0 v g 1 4 o aq v & ' a & o a
u‘ﬂ%mu’nﬂﬁmuﬂ‘ﬂlﬂmﬂmi‘wmamm 3 61!9]‘1/]91?1@\‘1 1NﬂﬂmaLa&]m@ﬂqﬁ\‘iaﬂmaﬂLua@ﬂ?Wﬂ?

afUseuazaiUNan1sIvY
nstepaarenaIain PBAT wudtausfinaiafin PBAT finisgesaanglaagnesinsaluyae 7 Tuusn 919

= a A = v A a v v v o o o= Y o
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mATevesngis wuelsny wzany [19] ARnwinMIgesaatsveuiuwvaaindinmikdnndud e ndanas
wilsengluiusrufudendi nuimanaininminanandudzndauasudsngannsndosaansls 99.73% uay
97.76% TuAusamiudeviinniely 7 uas 8 u mudwiu Fsoradullfilursusnuesnisgosaaenanain PBAT
Tuszminanszurunmsviidensinludas 7 Juusn nanadin PBAT ludiufindnaniagiinmazgndesaaelageide
aunidlusznienszuaumandnlensin Tagnalnmsgesaanewanaiin PBAT TuduiindnainiaganiwiEuainnis
vausmiuresduniduastiadunsueniidmalinaradindovys wazdsosdn uddlivimoonaniu lne

JaunsdazUaegieululanunneusnwadiegsvaatgununatadin PBAT Tudiuiindnainuds Ingisuanns

a

nuveRiunsduaridenisusndmalinanaindanvawilesdy uenanilseninanseuiuntsvdndelugisusn

q

prAnAnuSou/gamgiifigatu aufnAenssumstesaae TanBurislnensaesqaunsisenadmalinesevin
ﬁqmuqﬁqasﬁu [16] %aqqumuﬂmﬂwﬁﬂﬁqa‘ﬁuiu‘zhaLLiﬂmﬁ]damaﬁiamisJ'asJamswmaaﬂ PBAT Tuduiingn
PNTATINN YUY Yaydl [12] naigauuiiiinasienisiinnisdeyaaievesmanainginin uenanil Sing &
Sharma [20] 91esuinsgesamenanaindaninlunesijeniinfiaudulugag 45 - 55% arumnzausonis
govamenarainanmlfoserngs uasdnesovinuiaiuluazdmareusyansamlunisgosaats 1iesan

auvsglianunsaveneiugls Fvdunsfneasslianudusuiuluganeasi 1 (P) way 2 (P+EM) Wity 62.8%

way 61.8% mudau ululdilugisseznm 7 u vesmamindemanuduiiuulduanaslveglugafivungay

a

semstsgaanenatain dwaliluyie 7 Juusnvesmavdndeumidnvesnatainanad 12.11% uag 11.04% Tuyn

Pansi 1 (P) wag 2 (P+EM) augery

auvgfiyanaaes 2 ddnsnisgevaarenatadin PBAT gandnganaaesil 1 uslufidedAgymisada

(F = 0.075, P>0.05) 1L 18391ngANAaRIRINaLN1sHNNgueaunss EM Jadedand1ietaiiudsednsainlunis

govamenanain PBAT aonadesfiunestin aouuszdn [21] iwuinslingugaunds EM lumsdesamenanadin
PLA anansagosaansls 4.58% ileiusuiiisuiugnmunuilifingfunguadund EM lunanm 28 fu aunni
gavnaesil 2 fimsiunguqdunid eM adluluszminenssvaunmmihdentnildnsinmsdesaaiegeninyanaassd 1
| wid EM enaiflesnnnguqdunid EM Sdefidoudnmannuans wu nduqdunidwaindediiidule

asensawanin nquydunsdndunsisviuas nquadunsdnldlunismdn waznguadunigiinga

Q q

a =

Tulnsiou [21] Feeuvannmansyesnguedunisinuly EM enadesalidnsmstosaasvesamaassil 2 genin
yannaesd 1 dntiey agslsfnalunsinuiadsiinuimanaiin PBAT aunsadesanngldlusewinensvidoniin
widiedlsraznaniiununiy 42 Ju Fanmsfnwveswudin Yl [12) Anuimanadin PBAT aunsndosaansle
Tutaa 0.59 - 4.87% fiszezian 30 Fu lungneudnmiiimsimunyinueendaunas gamgiifuanseiu
nsfnwinsgesaaenanaiin PBAT luszwinenszusumsvidevsingalasiniugeeniiluganaassil 1
(P) wazayAnAResil 2 (P+EM) Aifidndau C/N iSuduviifu 25.01 uay 26.45 Auady uazdanudwdudumiiiy
62.8% Wz 61.8% nudduy fvsiniisliidunen 42 Tu Ingnaunasdenn 9 4 Tu Wudwauﬁammﬂwﬁﬂ%ﬂ 2 %49
naaea laun pH, /N, TKN, TK wazdyinissenveaudadiiug nv.81 wazdden HunauInsguleBunigues
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UNTIVRINTUIVINTNYAT dUTUIU OM WUIWIULNAINNINTFINTEBUNTEUBINTUIYINITNYATLAN YA

v
v

798099 2 (P) 11y
av & v 2 a | | o ' o
ATedwansliiuiimanain PBAT aunsagesaaneliluseninenssuiuntsningalauy sauiugye
wgndlugannaeil 1 (P) wasyannaesi 2 (P+EM) Nlldndiu C/N Fusu 25.01 wag 26.38 IANUTUEUAY 62.8

waz 61.8% Tiszuznaitunisndnle 42 Ju 14 17.10% uaz 19.12% aua1du laganunsawiinszuiunistesladu
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Cytogenetic Characterization of Myers' silver rasbora (Rasbora myersi),

in Mun River, Surin Province
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UNANED

nsAnwnaslolnduazdnlownsuuinsgiurealardining (Rasbora myersi) 1ng1n1553U531UaE)
m’mmmmjﬁu&a gunevingu Smingiuns AanennavauazAndentannagiasinaduogisay 10 6 n
nsfiny Inewnseulaslulanniedaniamse (Direct Method) gaudlaslulausmenaian1sdauduuusssuni
(Conventional Staining Technique) waginadianisdouuauduuuuss (Ag-NOR Banding Technique) Wuan
Uadanefisiualasiulsudnases (2n) wihiyu 50 wis fdwnuleslulsafiugiu (NF) wihiu 90 uaslelnd
Usznausielastulanydauveun3nunalugdnuin 4 Wi lmwuvsnauIanandiuiy 4 wis fuamnigun
SNUVUIAYTILIY 6 WNS FULIMIBUNTNTUIANANTIUIY 6 Ud arlasiwunsnuuInlng 31U 8 uns azlasigun
3nUUIANaNTIWIY 10 wie ezlaswun3nvuindndiuau 2 wiv wlawundnvwinlugduau 2 uie lawunsn
PUIANANIIUWIY 4 ure wazlawuvsnauiaand w4 uwis Tnglinuanuwanasvedastulaunass ninslan

wieEfuUanmeiile Snnsusnaurudnduvedastulaudi 5 dmudunimeiues (NORs) Ua@inneilansuaile

Ind Ao 2n (50) = Lt L6+ L% +L o+ Mgt M 6+ M 0+ Mg+ 5%+
4 6 8 2 [ 6 10 4 2 4
AdnAy: UanTnane laslulen waslelnd 8alownsy ues

Abstract
The karyotype and standardized idiogram of Myers' silver rasbora (Rasbora myersi), collected from

the Mun River, Ta Tum District, Surin Province, were examined. The fish were sexed, and 10 males and 10
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females were selected for the study. Chromosomes were prepared using the direct method, and
chromosome staining was performed using the conventional staining technique and the Ag-NOR banding
technique. The results showed that the diploid number of Myers' Silver Rasbora was 2n = 50 and the
fundamental number (NF) was 90 in both males and females. The types of metaphase chromosomes were
as follows: 4 large metacentric, 4 medium metacentric, 6 large submetacentric, 6 medium submetacentric,
8 large acrocentric, 10 medium acrocentric, 2 small acrocentric, 2 large telocentric, 4 medium telocentric
and 4 small telocentric. However, no of strange sized chromosomes related to sex were observed. The
region adjacent to the telomere of the short arm of chromosome pair 5 showed clearly observable nucleolar
organizer regions (NORs). The karyotype formula of Myers' Silver Rasbora is as follows: 2n (50) =

L™ L™ L2t L M M MR, o+ M 52,4 Sty

Keywords: Myers' silver rasbora, Chromosomes, Karyotype, Idiogram, NORs
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Uandaaney (Rasbora myersi) Wulaniifindauazaiudiiu dauandrsanumana Rasbora siinduiiing
Fduanla (1] (awdl 1) Tavannsaaiydulnduiiaudanuenussan 73 wuiues uasendoguinuiutiiuay
nanaludsnstinandousazdmg (1, 21 Vawdediinsnssaeiudiduuinanhduedens fusenideds Tae
wunnnludszimannai@ouazduladide 1] lusuoynsuisiu Yarana Rasbora derdunguii fidnwaslal
lnzla1z99 Lo ndnwaridadelamsviadliifisme wazdamu dosrialunissuunmedgiu 3] Jaqiu
Ualuasd Cyprinidae 2¢go8 Danioninae ana Rasbora fs1uuriiavianua 77 wiia Gahliaranadiaii
Mmﬂﬁmaﬂuawﬁmqaﬁqm [4, 5] viiaddnvarnieuoniindeadsiuun nsldanvauznsduguineniieaads
Werenalivedndatunsdadiwuneiin Msusegnaldisnismiseadeunsuisiu (Cytotaxonomy) lngendennug
suifugmanssziuad dadulasiaieddnlunisaioneniugnisy Sehoiiuanuusiugtlunisdaduunyie
10334830 (6] Anuiiugunardoyamasadiugmaniveslandaimunsnthluszgndldlunisfnemanediu

Tnaangluiugadoynsuisu

male

female

1cm

AN 1 ANBUENNFUFIVING1WUaTIAEY (WOUNNTIE 1 wuRlung)
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av 4 o A

meveisniunsnieldnisiusesnindowarlddn i osumdnemans sialasents 03-67-015
wimingdemaluladsvueradau nsevsveaufng Inenrans Jeuasuinnssy lnenmsandunsuusesndy
4 Supou fio MsTuTFegaine mawiedlaslilsuuardendlasiulay mansreaeulaslulen nsdavi
waslolnduaydalownsuannsgiu

MSINUAI9E14

usmlainmeinudiya sunovigy Swiaguns wasthindsdulsadoufioananunisauar
Ufuanmuan Mntugudensesslanwaduasmadivetisay 10 §2 snvhnising

nsmseulasiulaw

v'fwmiﬁﬂmimS'mmmii’mmmsnuaz%ﬁﬁmﬁfﬂUméﬁamwLﬁaﬂ’uﬁm’fazﬂa Pnuinaisinddu
(Colchicine) Arundiududosas 0.05 Wusnateios sasrdn 1 fadans s 100 n¥u dihsvaniidlsidunan
1 4l wdwhmaniguesindsanudu mnsuidauiinudeiswiodaiendiegvla wutluasazane
Tnunaldeunaslss (KC) anadudu 0.075 Tuand uadregalaliaviden wdrdrvaslunasatunissuin 15
fadans anudumiod 1,250 seudowit Wunan 8 it Shvnanmeaderiennsanin (Canoy's Fixative)
Huiestiianuga 1,250 seusown?t Wuan 8 it 181 3-4 seu suldnzneurniifiumnasn

wizudladlesluleulnethasnewsadiivionly umenasuuuudladiidzeinsuag 2-3 ven Tnenenviig
analaduszann 30 wuiums Mnduldesliuisioungivies wduhludesdluiuneusely

nsdoudlasiulay

msdeudlastuleunuusssun daudasan [7] neldd3uen (Giemsa's Staining) Anududuiosas 20 7
38197 Stock Giemsa's Solution lu Sorensen's Buffer §aualasTuleanduiian 45 wiit aandudrseendaei
avrn felilfursilgamanfivios wdahlunsavaeuleslalsunielindesqansseil

nMsteumauduuuues faudasn (8] Tnseudlas 60 swrniwaioa sniunendaeslunsy (ANO,)
AULTUTUTDEAE 50 91U 4 oA Lazlaaalfu (Gelatin) AMNUITUTUSDEAE 4 91U 2 wun Uanenszanln
dlast thidgoud 60 esewadua Wua 5 wiit mndudeeendetazenn A iiuisignmaines uduhly
nyaaeulaslulaunglindasganssa

n1snsrvdaulasiulyy
thaladiidouduvussmunuazdennavduuvusiinnaaeunislindssganssaiuvulduas (Nikon
eclipse e 100) Wionsranuwadluszozummanilasiulsylideuiuiuaznszaedan sntudeanlasiuley
ﬁdEJﬂéj’eN?gaﬁ/l35ﬂﬂLLUUI‘?’j’LLﬁﬂﬁamﬁzﬂi&’UUd’lEJﬂW‘INLL‘UlJaa fanenasueny 1,000 i

n1sdavinueslalnduasdflounsusnnsgiu

Anwiseazidealasiuley Tnensiaaeudiuiu vin wazaun lagldlaslulanluszasiuninasiuiu
20 wad tJudunu mﬂﬁ?u%’wﬁﬂﬂﬂsauﬁmﬁauﬁu (Homologous Chromosome) 1AM TIVBLYULAT I TYY
F19du (Length of Short Armn; Ls) Arnenaveusulaslulend19e1 (Length of Long Arm; LU A213181998 9
Taslulouunazuns (Total Length; LT) A1 Relative Length (RL) waz Centromeric Index (Cl) Lﬁaﬁz‘qmﬁmm
Tasluloy wunvuinveslasialoneendu 3 vun loun auialug (Large = L) vuianans (Medium = M) uag
vaidn (Small = S) MndudaFedlaslalaunuanusnvesusasdainnnlutos uazsyymnsiavvaslasiulyy
wiiazalinuang ’mLwiﬂﬂsimiqmiﬁwuuéﬁ’mguagié’mw wyudeeIegaua wagdwvialasiulaulvidiuniaes

Uaeurutemeglussuuiieniy [9]
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NNNSHRUALAT U IFULUUFTTUA AL NTTBNLAUFLUULBSIIUIN 20 Wwad 1d1dnlnensienviauaz InAue1?

YUt uLazuutevedlasiulyuyng nuuiAedeanuevedasiulauusazaundariingv lag

S 2 o

auannuaa (V) wazwnuueu (X) Wudwuvedlastulaugiflvwalvgfiaalumeidniign

v g

NAN13338

waann1snTnaaulaslalsuvesar@nme (Rasbora myersi) Tnisitnga suneviigu Swingsuns las
wisulasTuleudeiniemss doudlaslulondiemadanisdouduuusssunn (Wil 2 uay 3) wazmadanis
founauauuuues (nndl 4 uay 5) nuivardeneiisuiulasluleudnacsd (2n) wiadu 50 wis d5uau
Taslaloudiugiu (NF) wiafu 90 upslelndusenaudislastuleuvdauniwunsnvuialng s1uan 4 wis
N NFUNINTUIANANIIUIY 4 WY FULNIGUNTNIUIATRTIUIU 6 WS FULNIEUNINUUINNAWIIUIU 6 LTS
prlAswUNINUUIAIUATIUIU 8 U B¥lATIUUNS NVUIANANTIUIL 10 U1 B¥lATITUNS NVUIALENTIUIU 2 LA
wilawuvsnvua g $1uau 2 i wlawunsnruianaedIuiy 4 wie Lagmlawuvsnvunadndiuiy 4 ua lng
ldnuanuuandavedastaulemnasenitsdannagivuaineiile Sﬂﬁgw%nml,mmhéy’maaiﬂiiuiazmejﬁ 5 gy
ALV Y IU0IUDT (NORs) (arwdl 6) dandiadredansunslelny Ao 2n (50) =

L™+ L+ L+ L+ M™ MM M2 0+ M +52,4 S, (115797 1)
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. -~ B8 Ku w®Wx a3
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> ® o
K " BB BA AR AR A AA
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Py ?. A AR OA A 0 as an
¢r s 11 12 13 14 15 16 17
a k2 " A AL 'Y
P . ‘ ; 18 19 20
F ‘-. - (MO AA ea we a=
21 22 23 24 25
10 pm

il 2 Tastulaussozamia (n) wauxinsndu 10 lulaswns wazwaslalnd () vesuan@inneines
(Rasbora myersi, 2n = 50) sgionsdeudlasiulanuuusisunn (m = laslulgugdammigunsna,

sm = 1aslleusRatuLneunsn, a = Wwslulausinezlasiounsn way t = lasiulausiawlawunsn)
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s . KX AW B8 =sn

AR 32 WA AR KA AR

" ': r* l 5 6 7 8 9 10

L e
~ e Y :

oy m AA a4 A~
% , :‘ 18 19 20
- *» ) . AR An OB e AN
21 22 23 24 25
10 pm

A 3 Tastulauszaziun e (n) wauunsidaln 10 lulaswes wazwasielnd (v) veslandnnewmalie
(Rasbora myersi, 2n = 50) meonsdendlasiulanuuusssunn (m = laslulaugdammigunsna,
sm = laslulgusladuiunagunsn, a = Wnslulausinezlasigunsn

way t = laslulaugtamlawunsn)

I su
' n| R AR AR mam
¥ :'; L
Pe 3 o o AN NE KA AA ax aa
' “ " .‘/“ 5 6 7 8 9 10
“_ 1" ™ pqﬁ’. BB A5 ax A~ an ar nn
. ﬂ“ ) 1 12 13 14 15 16 17
A :‘* a' e OA AA A
45 & : o 6 v o=
" q . PA s PA P a-
21 22 23 24 25
- 10 pm

il 4 Tastulaussezumia (n) wauxinsidu 10 lulaswns wazwaslalnd () vesuan@inneines
(Rasbora myersi, 2n = 50) AEIBN1TEOULUAUULDT GNATUARIIILILIYDIUBTUSIINMUUT U DS
lasluleugn 5 (m = lashleuwiaumiwunin, sm = lastulauvdaduiamigunsn,

a = laslulguydneslasounsn way t = lasluleusiamnlawunsn)
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a
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10 pm

A 5 Taslalaussevuna (n) waudnsiaiu 10 lalasiuas waguaslalnd (v) vesUan@inneneiily
(Rasbora myersi, 2n = 50) fagIEN1sdonuaudiuuues gnasuansiurlaesUsInKIUtIdUaslaslulyy
AN 5 (m = lasluleuvdawmieunin, sm = lasluleuviladuamieunin, a = laslulaurilneslasiaunin

way t = laslulaugtamlawunsn)
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24 25 21 24 25

AN 6 BAlaNITULINIFIUYRIUAITINY (Rasbora myersi, 2n=50) MeIaMIdaudnuusssunl (n) wagisns
P a & ° | & a v & LA a
douuaudiuuues (1) gnasuanwwiasuesuInaurutsduvedlasiuleuan 5 (m = laslulauyiiaum

Wwunsn, sm = Lastulouydadumieunsn, a = lasleusinezlasiwunsn, t = lastulouviamlawunsn)



21508, wmalu. Wdeadunisisé 105 0 11 aduN 1 unTeu — Fauwiew 2568 [

Msen 1 LansAeasaeveswaulasiuleunedy (Length of Short Am; Ls), Anuenvesuaulasiuleudis
813 (Length of Long Am; LU, anueiviaviunvadsiasiuloswsdaze (Total Length; LT), A1 Relative
Length (RL), A1 Centromeric Index (Cl) vu1a wazwiiavaslasiulouunazuvisanngad seoziuniina

WU 20 Wwaa vesuanTinineg (Rasbora myseri, 2n=50)

g Ls LL LT RL£SD Cl+SD 2u7n aiin

1 42.36 45.98 8834  0.0501+0.0024  0.5205+0.0235  lwgy LN UNIN
2 35.34 42.39 7773 0.0441x0.0038  0.5453+0.0076  lwg LN IUNIN
3 31.46 35.58 67.03  0.0380+0.0016  0.5307+0.0173  naw LN UNIN
4 28.18 34.14 6232 0.0353+0.0011  0.5479+0.0035  naw LN UNIN
5% 34.77 56.38 91.15  0.0517+0.0048  0.6185+0.0099  Tugy FUIINUFUNIA
6 30.17 50.98 81.15  0.0460+0.0030  0.6282+0.0148  Tugy FUIINUFUNIA
7 29.54 46.83 7637  0.0433+0.0032  0.6132+0.0070  lwg FULLNULUNTN
8 26.80 44.19 71.00  0.0403+0.0027  0.6224+0.0142  naw FULLNULUNTN
9 24.44 38.75 63.19  0.0358+0.0022  0.6132+0.0122  naw FULLNULUNTN
10 2297 37.83 60.80  0.0345+0.0015  0.6222+0.0116  naw FULLINULUNTN
11 24.88 8230  107.18  0.0608+0.0025  0.7679+0.0334 Ty ozlATgunsn
12 2266 70.30 9296  0.0527+0.0011  0.7563+0.0321  lwgy ozlasgunsn
13 2115 63.05 8420  0.0477+0.0020  0.7488+0.0420  luigy ozlasgunsn
14 19.67 56.44 76.11  0.0432+0.0014 0.7416+0.0348  lugy ozlATgunsn
15 19.33 53.21 7255  0.0411+0.0010  0.7335+0.0341  naw ozlasgunsn
16 18.25 48.42 66.67  0.0378+0.0015  0.7263+0.0323  naw ozlasgunsn
17 17.01 45.52 6253 0.0355+0.0017  0.7279+0.0236  naw ozlasgunsn
18 16.16 42.99 59.14  0.0335+0.0011  0.7268+0.0221  naw ozlasgunsn
19 14.75 41.54 56.29  0.0319+0.0019  0.7380+0.0336  naw ozlasigunsn
20 13.13 39.76 5289  0.0300+0.0027  0.7517+0.0342 \an ozlasgunsn
21 0.00 77.60 7760  0.0440+0.0022  1.0000+0.0000  Tugy wilawunsn
22 0.00 63.57 6357  0.0360+0.0038  1.0000+0.0000  naw wilawunsn
23 0.00 59.83 59.83  0.0339+0.0035  1.0000+0.0000  naw wilawunsn
24 0.00 50.67 50.67  0.0287+0.0014  1.0000+0.0000 \an wilawunsn
25 0.00 42.55 4255  0.0241+0.0025  1.0000+0.0000 \an wilawunsn

nuewin: * laslulaunnusiumiaues (NORs)

afuTuazaTUNaN1IY

Ua@arneddnuulasiulaudnased (2n) wiriu 50 wis Twaulasiulauiugiu (NF) wiiiu 90 uasle

6) v a a 1 1 1 a U a ]
Indusgnaumelasiulausdaumiguninaunlve 4 wis vuianans 4 uvis lasluleusdaduumiguninaunlng
6 ue Yu1nnans 6 uvs laslulguyiineylasiwunsnauinlug 8 uvis vuIANaNe 10 WY YUIALEN 2 U9 uay

Tashulzuaaumlawuninuuinlg 2 uia BWIANae 4 wis YuIakin ¢ wis awnsadeuansuaslelndaad 2n (50)
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= LML Lt L M M+ M2 g+ M+ 52,4 S, ?Jﬂﬁy’ahjwummLLmﬂm'wuaq‘[.ﬂsiﬂszmmewd’NUmLWﬁQ’ﬁUUm
weidle Soilildamsassylaslulomnavesald wenanilasTulungil 5 (eslulsuaiaduiwmisuninvuin
Tney) WulasTuloana3ooane esannusuniavesues (NORs) uSamsudsduvedtasiuley Fanisdnwi
donndosiusTy aouana uazddes undu [10] AdmsAnwilulandwiafeatu (B myers) wudnaulasluloud
waoes Wiy 50 ddmaulasluleufiugiu wirdu 100 egslsinnunudidnulaslulsalifanuudsdude
Wisuifeufuaanaiientiu (Rasbora sp.) faefinisnuunnountiil wu Jar@men (Rasbora agilis) Yanin
N8990 (R. dorsiocellata) Yan@miaauns (R. rubrodorsalis) [11] Yan@mes (R. einthovenii) [12] UYa@imnenen
(R. caudimaculata) Yargiaaneuaun 1 (R pavie) wazlard1a31e (R retrodorsalis) [10] UYaigiA1e
(R. aurotaenia) [13] (137971 2) wsivzwugUuuuueslelndfinnuunnsteiy ijrinvedasTulsuiiunnieiu 919
iosnnanuvannvatemsiugnssuvesaviaiiedfunieseiinfy Affufiegordesineiu enedsralianly
nauUsErnsiu q Shunlaslulsuinassd Tasluleniugiu uassdavedlaslulsuiunndreiuoenty (14] uagns
Tnarlumssuunviavedeshileuiimeiy venaniaruuandiwedasilsueaietulimnmsdoadunuuld
wulnsiles3mAay (Pericentric Inversion) %‘QﬁﬂﬁgﬂLLUUIquIanuLU?{auLLUaaLLﬂﬁi’wmuIﬂiImIezmﬁ‘waaaﬁ%L‘vhlﬁu

o

vseduhndeuiiegorduaunsanelmiaanuuusiuvesiiuiulasiulauinliguuuulasiuleuiudouwdasle [15]

agalsfmunisiivrivaunsulasiuleuunvavenldiavladueraezdiiTauinisigaindtvariidsuiuwoy

Tnslulaudidosndn [16]

M13°9% 2 Wisuleunsnwaslelndvesuailuana Rasbora Tuusewmelneg

wiln 2n NF gasuaslalnd NOR Nl 31984
Rasbora agilis 50 100 2dm+26sm - - WﬂmLLm 2.U35d [11]
R. aurotaenia 50 100  14m+26sm+2st+8a - - [13]

50 98  8m+l6sm+24a+2t 2 - whhdmezen [17]
~ withasasa
R. borapetensis 50 88  2dm+14sm+12t - - [18]
50 98  8m+l18sm+20a+dt - - widhenasiu [19]
~ withasasa
~wiithwinaes
R. daniconius 50 90  32m+8sm+2st+8t - - [18]
R. dorsiocellata 50 92  18m+24sm+8t - - LLiJﬁﬂﬂaﬂ US4 [11]
R. einthovenii 50 100 16m+18sm+16a 2 - UnsasusT 2.U1ENE [12]
R. paviana 50 98  8m+16sm+24a+2t 2 ~wiithuainges [17]
- UngdE5uss
- wslthindn
- wsithd
R. paviei 50 100 10m+24sm+16st - - [10]
R. retrodorsalis 50 100 26m+10sm+2st+12a - - [10]

R. rubrodorsalis 50 82 16m+16sm+18t - - LANAUAST [11]
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o

¥iln 2n  NF gnsuaslalnd NOR Huil 31489
R. sumatrana 50 92  26m+16sm+2st+6a - - 2R [20]
R. trillineta 50 92  26m+16sm+2st+6t - - [18]
50 100 12m+24sm+lda ~ wiithanasdu [19]
- wglthasasw
- wilthugnass

- Un§HE3UsT 245154

R. myersi 50 100 20m+14sm+6st+10a - - [10]
50 90 8m+12sm+20a+10t 2 witya 2. dund nsAnw
(L7 g+ LM Lo LY oo
+MT g+ M+ M o+
M'4+S7+S"%)

waewn : 2n = lasluleuanased, NF = lasluleaud ugiy, m = lasluleuiunigunsn, sm = lasluley
FUIUNULUNIN, a = lasluledeglasiounsn, st = laslulaudumlalgunsn way t = lastulgumnlaeun
30, NOR = laslulaiasasvaneniamuwmisues

Toyasuniaues (NORs) 1NNs@nwInugatansigadvesatdinie uesdanusluifddyse

nsfnwAueynsIIs kA ITRININTYeaY TeyataunsaliiuSeuiisuuaslelndvesUatana Rasbora %iin
du uazUsznsuan@ianglulnasondunng 9 elnngianuuysiuvedasiuley sudsldmuuanuisdnnig
UEHINT INUHUNITINIERUG RSN ®IAUNAINMAIENNAUTNTTY WagnTRdauAuinUnAvedlasluleniions

AinAINUNITUNTORANTENUAIINALING BN

LBNE381984

1. Brittan MR. A revision of the Indo-Malayan freshwater fish genus Rasbora. Monogr Inst Sci Technol
1954;3:1-224.

2. Sule HA, Ismail A, Amal MNA, Zulkifli SZ, Roseli MFAM, Shohaimi S. Water quality influences on fish
occurrence in peat swamp forest and its converted areas in North Selangor, Malaysia. Sains Malaysiana
2018;47(11):2589-600.

3. Muchlisin ZA, Fadlia N, Siti-Azizah M.N. Genetic variation and taxonomy of Rasbora roup (Cyprinidae) from
Lake Laut Tawar, Indonesia. J Ichthyol 2012;52(4):284-90.

4. Eschmeyer WN. Catalog of fishes. electronic version [Internet]. 2013 [cited 2025 Feb 4]. Available from:
http://research.calacademy.org/research/ichthyology/catalog/fishcatmain.asp

5. Froese R, Pauly D. FishBase: world wide. web electronic publication [Internet]. 2013 [cited 2025 Feb 4].
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12.
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17.
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5%y asuana, Wies ndu. aslelndveslardmnenen Fimneuaus wasdraneiinululsemelne. Tu: ms
Ussrudunuminmsiiieduenanidde wimivendoasunsunsilsa Usesil 25645, wnminerderiuasunsd

1

L3, NFANWY; 2545, i 1-7.

U a = '

57 nowanNa, 89R3e1 9873, Wles unsu. AslelndvesUan@mey Fmaagn Tamawes Funysies waglan

q

Fyinuludsenelng. Tu: MsUssgumaumsvesuninedoinuasaans asen 47 Juil 17-20 fuay

@ s

2552, WATIMEIFNUATANENT. NTUNN; 2552, nti1 320-7.

Y3BU Buay, AnSAng Junnd, s Bau. Mugmansiwadvesua1@mes (Rasbora einthovenii) Uil mgaTuy
55 9miausging. 2. Wemaluladn1suseus 2562;13(2):58-68.

v ¢ v a

wn3eslng dngiiug, indan wne. aslelndvesUan 10 ¥lialuied Cyprinidae. 3. 3uazdasaivn1sinyms

2547;22(aduiiLAY):92-101.

Denton TE. Taxonomic implication of the karyotype of Opsopoeodus emileae. Copeia 1973;1:161-3.
PAINAN UNUDBUNDY. NUGAANSLYaE (Cytogenetics). faniaadt 1. nyanne: LssiuiavIngnde; 2554.
Nirchio M, Turner BJ, Perez JE, Gaviria JI, Cequea H. Karyotypes of three species of toadfish

(Batrachoididae: Teleostei) from Venezuela. Sci Mar 2002;66(1):1-4.

Aiumsumang S, Phimphan C, Suwannapoom P, Chai-yasan W, Supiwong W, Tanomtong A. A comparative

chromosome study on five minnow fishes (Cyprinidae, Cypriniformes) in Thailand. Caryologia

2021;74(1):89-96.

C RS ]

5% mouana, etiud yfinenaams. alelndvesansdlelnsdd 5 wdadnuluvssmalne. lu: msUsza
360’1ﬂ’]iﬂ’uﬁﬁ’mm%l,l,m‘mﬁﬂ%aﬁ 14 Fuil 11-13 funa 25648, TsausufisnAaunsuARBUIUTY. NaMNY; 2548,
wih 217-22.

Aiumsumang S, Phimphan S, Tanomtong A, Supiwong W. Chromosome study of Rasbora trilineata and
Rasbora borapetensis (Cyprinidae, Cypriniformes): revealed by conventional staining technique. Sci
Technol Eng J 2022;8(2):29-39.

5% pauana, Tes wndu. Astelndvesvamsy Yansedls Yaudy wazUadaaneindluusemalne. Tu:
MIUTEYIYINTVRIN T ING TN YATANERS pdsdl 33 amnUszan Inereans Imnssumans PAAINNTIY
\nwns AnwAand uywemand daumand nmsdamanineinsuazdunnden uil 30 unsiau - 1 quaviu

2538. UNINYINLLNUATAIANS. NTUNNY; 2538, Mt 128-38.
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WHu 1 Aedud
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dounAnge (abstract) 16 i TInde
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UWLNT)
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- AiNANIINUIENIA LAAIAINVBUANADBIANTUS DUARAT N satiuauunuIdevsolinuYiewmaelu
AR 9|
- 1Bna1981989 Avsduunanuiildsunsiivivioidaglasunisfifiun wazszysensenansitiunldy

91989lasunIu Ineld Vancouver style

5.2 UNAMN3YINT (review article) Ad1ue13ldAY 12 w1 (59u1aNE1581989 M1319 YA uaz
wugd) thiaueiifonmisivinsitléainenarsivinisitily aunsaenunsnanudaiiivresidouiifinnggneds
MvdndrnisUsznauunaald Ysznaulufe undageranwilneuaznimdangy umi e unagy uas
LONANTE198B4
6. JUNNLAZAIIIN

U

ANNazidenvesgUn nlitesndt 600 dpi dnsun1neni-an uazliddesndt 300 dpi dmsuand sy

q

'
o o o
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