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The Study of Primary Macronutrients from the Dung and
Compost of the Xylotrupes gideon
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Abstract

This research aimed to study the plant nutrients from the Xylotrupes gideon
dung by feeding different main constituent diets, such as sawdust (dung 1) and corncob
(dung 2), and compost from two types of the X. gideon dung. The compost was used
with effective microorganisms (EM) and an anaerobic fermentation process. The
macronutrients of plants, nitrogen (N), phosphorus (P), and potassium (K) were analyzed.
It was found that the dung 1 and the dung 2 showed a quantity of nitrogen lower than
the criteria set by the department of agriculture (not less than 1.00% by weight) with
0.22 and 0.46 percent, respectively. Moreover, the nitrogen and phosphorus nutrient
content of the dung 2 were higher than the dung 1, while the potassium nutrient
content was similar, 0.97%by weight (%wt) for the dung 1 and 0.94 %wt for the dung 2.
Owing to the different mineral compositions of the sawdust and corncob used to feed
the X, Gideon, the corncob had a higher nitrogen and potassium content than the
sawdust. For the analysis of plant essential nutrients in both compost formulations such
as formula 1 and formula 2, it was found that compost formula 1 showed a nitrogen
content of 1.45% and potassium content of 1.18%, which was higher than that of dung
1, dung 2, and fertilizer formula 2. The phosphorus content of formula 1 was 1.10% and
formula 2 was 1.15%, which means that both compost formulas contained similar
amounts of phosphorus. In this research, it can be seen that the compost contained a
high number of essential macronutrients for plants when compared to other composts
extensively used in agriculture. Therefore, the X. Gideon dung was a type of dung that

was useful and suitable for use as compost for further agricultural purposes.
Keywords: Xylotrupes gideon dung, Compost, Plant nutrients
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3. NFTUIUNITAATIZASINB M TUENAMTUNY

Taun lulnsiau veanesa wazlnuvadou lngyinnsnsiainsivviaiegneas
3 41 Tnei3ensinseaisal

3.1 myuaszlulasiau Ingld3sn1s Kjeldahl (Conklin, 2005)

3.2 mylaszieanesa Ineldisn1s spectrophotometer molybdovanadate
(NSHAYIMSLNEAS, 2553)

3.3 MyeTzlniaden lneleisnns atomic absorption spectrophotometer
(Soil and Plant Analysis Council, 2000)
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Usinasglnunadenvesyadenheuisaessiauasovinisaesgnsiuiinniiog sewing
Sovay 0.94-1.18 FafiUSanaigsnininasisnnsgiuiinadmnsinuasimun 4 desiu3unn
Tnunadesliidesnindesas 0.5 wazwuinlevsingnsd 1 TUsinudesazvodlnunadoy
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mei 1 Binasmennsdnidnluseiivretminvesyadianitwuiazdevinm 2 gas
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lulnsiau noanasd TWunadeuy
ya 1 0.22 0.47 0.97
By 0.46 0.70 0.94
Jonsinansdl 1 (ya 1) 1.45 1.10 1.18

Joniingnsi 2 (ya 2) 1.35 1.15 0.96
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dessuiisuuiinusnemsvantdun Tulasiau weawesa waglnunaidon lu
yadeniaiidssnetidesdudiuusenoundn (ya 1) uagdstninaduduusznaundn
(wa 2) wazdovsinflyasenisvududimuszneundn $1um 2 gos leun Jomtngmsd 1
wazdoningnsfl 2 wuiiya 1 wazya 2 fvSnasinenslulnsiausninanasgIunanas]
yonsivInsinunstmua ieRsandeninisaesgaafiuldinsgulpsuiuiuegg
wiuledn TnedArmuinesgiufinsivnsineasiivues uazteminainyasisninay
Haesgnstivfinafesasvedlulasaulndifssiu snsiiviinudesazvassnoaoaves
1A 1 uazya 2 TUSinaiuandeiu Tneya 2 SUsinusosazvessinreaesageninga 1
Tudhuresovsinidesgrsnuismemsweanletalengaiuesaiulidn Wafleutuya 1
wazya 2 dwdudenmingnsi 2 uanwTuaievazveseanasageiign dniusineIms
Tnunadosvesa 1ya 2 uazovsingnsi 2 delndiAsann luvazidevsingnsi 1
fUnadesazvoddnunadengeiian fanmd 2

Clulesiou Myleavieda B lwwnadoy
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0.97

ANVDINY

1.00
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0.60

0.40

UY3UIUSINDUITH
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0.00
yal ya 2 Jemndingns 1 Jemniingnsi 2
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YUAVDIAIDE
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uamInanomUInadanivsuiidssiaetidesJudiudsznoundn @a 1) ua
Fednlwadudindsznaundn G 2) Tormersndniisidusedia leua lulasiau Weanesa
wazTnunaleniiunnsinsiusgradiuldda Tneya 2 fumnasglulasautasinumaden
aaniga 1 WesmndsdilnadviinasglulassusesiunaBengeninfides Taedsinlng
fUsuusmemsiulasiauiovay 0.69 waslnuna@uuiesas 2.27 (15U3¥1N5INEAS,
2551) lurmefididesdiviinusgemsiulasaudosay 033 uarlnunadousosay 0.36
(naudsmainens, 2551) Wefinsanlendngasi 1 uasgasdl 2 wudidevsiniiadesgns
s menslulrsaugeninyadaniuisaesiin (ya 1 warya 2) uasllondngesd 1
fUsinasmoslulasiausniian Ae fevas 1.45 Famafiuduvessialulpsiauaiadi
Aemnnszuaumsniin esmnnszuumsnindelunmidedliduniaiassme ity
Tagldqauviansiszansam (Em) Wunguqdunidnislulasiou UszneusmeuuaiiGouay
woAludedv (actinomycetes) s‘z’faﬁﬂ;mﬁuiuimﬁl,ua (nitrogenase genses) WWupsAUsEnDU
Tudluy fmhitddalummununisaiaeuleilulnsiiue waymugunalnmanidlulasiau
Trifugaund Tnefvuumsssshilasiauanemeaniiusyavsamusenoudunszurumanin
fldormea dwalilevsindrnmiisaesgnsiviiusnenslulnsiaugsdu (Bisen et al,
2012) é’mi"uﬂ%mz:uﬁ'mmmaWaaWa%aﬁmsﬁuLﬁaL‘U?EJULﬁauﬁuuaé”mﬂ’hwuﬁgmmﬁuﬁm
(a1 uazya 2) ﬂ‘uﬂwmmaaaam mmﬂmmﬂﬂsvmumwuﬂwﬂmmmuﬁmmawgia

=

mﬂmmﬂimmwummmumﬂﬂﬁvmumiuLuaialalfmu (mineralization) Fadsureanesa

u
a

Sunsdluneanasantiunse wu waawn (PO, mmuﬂimmﬁmmmﬂwLmal,%maq
Jeminvisaosgns IUsaindudnieadedisuiulsinaiiieglugadaninwuisaesin

(14 1 uarya 2) ilesnnssviunisdosaaisansdundsiidondt nsmunluvadlans
(condensation of metals) 7 \An4 usenI19n5¥UIUATNITA (Hsu and Lo, 2001) 911A1T
Wsuiisunasinomnsidndu eun lulmsiau veaveda uazlnuvadon vesoninain
wadumsutsaesgasiulevdnelining q Ainesnsdion (nadwmsnes, 2508) dudns
Tumsnedt 2 W‘ijﬂwﬁﬂmmﬂaﬁ’aqmfwwuﬁgqaaﬂqmﬁﬂ%mmﬁmmmwé’ﬂﬁawi’mqm’jw
Jonfnvanssia Feusddendnyadaeniimulunuisediamumngailunisiily

Uszgnaldlunisinunssely
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WHANTIUNISAUVBIUNTIBLAULAZANU LUVl dlRauNzIa
UTNANLEMSY AuanIeamse Jamindana
Foraging Behavior of Shorebirds and the Density of Polychaetes

at Koh Sarai, Koh Sarai Sub-district, Satun Province
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Abstract

The coastal area of Satun province was the important food resource for many
shorebirds though there was a lack of studies on its behavioral ecology. The purpose of
this research was to study the foraging behavior of shorebirds and the density of
polychaetes, the main food of shorebirds. Data of shorebirds were collected from 3
stations and 6 survey points; the polychaetes samples, environmental data and soil
samples were collected from the 6 survey points with 3 replications in each point.
Sampling was carried out 3 times in February, May, and August 2022 at the coastal area
of Koh Sarai, Satun province. 12 species from 3 families were found in which the most
prominent family was the Ardeidae. The foraging behavior patterns of each family of
shorebirds differ according to their morphology and foraging sources. A total of 33 large
benthic families in the class Polychaeta were found, Oweniidae and Syllidae were the
dominant families. The highest density of polychaetes occurred in August and the
lowest density was in February. The polychaetes density was significantly positively
correlated to organic matter and soil organic carbon (r = 0.76, p < 0.05). The correlation
between bird foraging rate and the density of polychaetes was not significantly related
(r=0.27, p > 0.05) since the predominant family found was Ardeidae in which it does
not feed mainly on the polychaetes. However, the foraging rate of the Charadriidae and
Scolopacidae tended to be positively correlated with the density of the polychaetes.
Some environmental factors in the habitat which were related to the density of the

polychaetes may affect the habitat use of the shorebirds.
Keywords: Feeding of shorebirds, Polychaetes, Environmental factors, Koh Sarai
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a 1 o0 =

uarfiuiiguidsflaaunzneunazdunisassunniiasdwianuyiliAadumaey
nhlvnjgeuludesgems Induuwdiendevesdniiuasdn futhAunaesin Tasiane
dointrfuvualng (macrofauna) W ldifounsia wee 3 Y wazasan1ide (crustacea)
by q Fuduuvdsennsddnuesunmenu (@igngul] uazane, 2559) wasdienudidny
seszuvinasufinisasuuladnvasvemenouiu Yaldoondiouunsasgnznauiiu
wazaan1sindevetagnauaula (sadun wazaue, 2562) lnsanizdniniulungy
l&iounziaiifimnuvainratsuas amnamuiitug susnauumaauiliofisuiuuina
manseviounasendudu wu mafnwildiFounsaminduluiuiineiiangadd Smiaana
(34, 2552) Usnumaeuiiduaalaaulwenind uhasiaumuuiuresddiieunsia
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mamns (Wayauna uazany, 2562) nmsanudiiiunnuiildifounsianuldnnni
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nauvesLardn InganIve ‘mﬂLau'ﬁqLﬂmmmmmiﬁﬁﬁwamﬂsmsJLau (LRAUTY WazAMY,
2550; YYITUNS UarAn, 2564)

imzamsadudeniianduinly Usznoudeinzerstlanlvguazinizorstlnnie
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iiofnwguuuunginssunsivvesunveiauiinuluud namel anzamsie wasd nwn
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gselanty) Bediluiivszann 2.65 meilawns Waseusquynuvasendeudnayeilaid
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INTEMIIY 2.60a
mzezaelnalvgiuaz
ineezszlaate)

Google Earth

Al 1 Auidnwnazaariifiuiiegrandougadisauinaieilwnizavsie sva
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8199 azfige GENERT
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waztuiinddleseluognaten 3-5 uil ileUsziiusnsinsAuvesun dsmsifivdeyaun
Aulugasimsiaasiigalnedadeyaveansugnnmans nesinde n1sduununvsiau
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warfitovdimasdmsud Yagamaiau lngldmeslufives uazinanufuvosnilagld
wdosTaaudy udahausegeiifundusnseuiiomlfifounzanguiiivuaous 0.5
foanstuly Tasmsldnzunsssourunatos 5.0 1.0 uag 05 fadwns HunAuUasuas
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Tneld35lelnsfiwes nafilsduesifusasanse (sand) n51eutls (itt) wasAunies (clay)
udrinduunussamvesdlofulasnaanuvaey (Gee and Bauder, 1986) drunmam
Aumaad Taua Usinadun3daisueu nuisuinsgiu Walkley and Black modified Tnans
lymssmenwesidudduridaiueu uasthuumuailugns emeAnesifud suniding
91989913 Nelson and Sommers (1982)
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5. M3AATIvidaya

5.1 ‘iLﬂswﬁimwwquaﬂssmmiﬁummimm‘imaﬁﬁuﬁﬂmmﬂﬂé’mmaiﬂ
(Nikon Coolpix P1000) u,avﬂamuuwmmiawmamuﬂaaqmmaiﬂﬂ UTIEENYENGANTTY
nsiufiunuanseenduiunisuvvile Sumie way ﬂumaalﬂa'm 8198935n1301u
Norazlimi and Ramli (2015) l¥a@iAwssauulunismendosas Anads uagdnsnisiuems

5.2 3ATIRANUAUNUSTEMTNB8RTINTAUVDIUNYIBLAULAL AITUVU LU
Tounziauazadeduandon éun gamniuasAramndunse-drwesiu arunduvesniy
pgnauy TINIUsInadunis nquasdunidsaivou Taslddeyalubeani uwasdeya
Tneld log (x+1) warfiansananArdulssansanduiugs Wneldlusunsy SPSS version 18

muﬁ%’aﬁlﬁmumﬁﬂmsmLﬁwawmﬂmzﬂsiumiﬁwﬁ%@LLamiLz":mé’miLLas
Tdnivesantu U IeNduaaraIuasuns sELASING 2022-NAT04-031

NAN153Y
1. wiiaunfinumiuluvinameilanmzawing duanizamsie sunawdios
Jmindna
N13ANYINGANTTUNTAUVRIUNTADUNLNINUS NOuA1AY wazFwnaN W.A.
2565 WUUNTVNAUUSMERamn 6 29 15 3Tin 123 § Wuunmeaunmun 3 296 12
¥iln 90 ¢ lnensdlau Ae 19AUNE19 (Ardeidae) WU 7 ¥8ia 71 f7 599891 AB 2eAUNITILA
(Charadriidae) wu 3 %ila 13 1 wardundries (Scolopacidae) wu 2 win 6 63 (AWl 2)
Fouvafinuununiuldunn laun maau mafiuvluay wazmanseUuay Tuswieils
YOI 1 way 3 Fansedi 2

o o | ¢ 1 A a & A v = .
Awd 2 segrsunyistaulusdlnuinunsiiuluiuidnw laun une1aliv (Butorides
striata) (n) uneazka (Egretta sacra) () unwlavsnelvg) (Charadrius leschenaultii)
(n) unslansietan (C. mongolus) (1) undneulug) (Numenius arquata) (3) uay
a o+ [
undnagLan (N. phaeopus) (1)
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A13197 2 yiauninumiuluusnumeilansamig smuanivamig sunsiiles Jminaga

294A ¥l MU aanfid 1 aaniifi 2 i 3
(f) TP1.1  TP1.2 TP2.1  TP2.2 TP3.1 TP3.2
Accipitridae wilsauns (Haliastur indus) 1 - - 1 - - -
Ardeidae UNENNIBNIUGIU (Ardeola bacchus) 4 2 - - - - 2
uneslvulng (Ardea alba) 1 - - - - 1 -
une1le (8. striata) 14 3 - - 4 3 4
unen9le (E. garzetta) 22 6 - - 4 7 5
unegmeta (E. sacra) 28 9 - - 4 9 7
UNENAU (E. eulophotes) 1 1 - - - - -
UANSEAUIR (A cinerea) 1 - - - 1 - -
Charadriidae unlanselng) (C. leschenaultii) 2 - - - - - 2
unslanseldn (C. mongolus) 10 2 - - 1 - 7
unwladinn (Pluvialis squatarola) 1 - - - - - 1
Corvidae 8n1 (Corvus macrorhynchos) 29 - 20 3 - - 6
Alcedinidae Auden (Todirhamphus chloris) 3 3 - - - - -
Scolopacidae undreslvg) (N. arquata) 4 4 - - - - -
undreeLdn (V. phaeopus) 1 - - - -
FUTUIUTLA 15 9 1 5 4 9
SAUTNUIUAD 123 31 20 q 14 20 35
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2. JULUUNOANTTUNTAULAZEATINTAUVBIUNYIBLAY

nsfnwianunsoutssUuuunginssunsiuresuneiauld 3 wuuvdn léun
msmnulaen@uda (tactile-hunting) nsmnulagldn1sueiu (visual-feeding) wagnis
miulpemaidumivievievgadunaudufiuse (pause-travel) fail

nauunlundunens fingAnssunsmiulagldnisueaiu lnedinsiuludnuoe
fiiusaztewndaioduiuludes q WenuwmdeudwehadluiiednAumbensenistiu
il 9 sembelidunlussesfistuwestumadluiuly vinduiuuesnuie doudrmmie
quegluszeriiadmnliviu isfaud3aduiunmdenely uazduludngaifiemiuse 1y
une1wzia unenale unenseniugdiu wavunenaden Wusu

nauunluduntialn dwgAnssumsmiulaenmsiiumivievievgadanauia
Auste Tnsunagislummbauazvgn WevgaudrSafumldivindnlunufiuietumbefu
Tngusiazuineaadeuiluszosmaiiunndsiudongaiumie uazimumdelmidnseu
Sefumbesduuds wu undhilansedn unialamselng wasuniladmn Wudy

nauunlundundies fmgAnssunsmilaensduda neundnmsAuildan
‘17imﬁﬂm‘ﬁuLﬁammmﬁa&ﬁﬁaﬁuw%’aum3L§umaamLamﬁmmmﬁ dleduianumios
Fumterauudsenmiiudntosiionumtouazyhenseludes o

defisandanmsiuvesunudazngumuinundesidnisnsnisiugaign
widanalaiiies 2 i sesasudu unlanseidn undneslng unerale ungranvia
unilamselve) wazunenaden muddu fwnsiei 3

M19197 3 ULUUNgANTINNIAUKAEaRIINIANTRIUNYBUluunm el wnMgamTe
FuaMTaIvIY Sneiles Jinana

29A FIUIUAD Sasmsau* (adadaundl)
fidunn ANTUINY ANIWINY ANIWINY
woinssy  legldnng Tnan1svgn Tagnns
13U Youdiu  dunaudafuse dueia
1. 29AuNe"4 (Ardeidae)
1.1 unenalley 15 5.33+2.32 - -
1.2 une19Llen 10 2.40+1.35 - -
1.3 ungamnzLa 17 4.12+2.00 - -
1.4 unganIenugIY il 3.25+1.50 - -

2. 19AUNIILA (Charadriidae)

2.1 unilamselug) 2 - 4.00+1.41 -
2.2 unwilansielan 7 - 9.29+4.07 -
3. WAUNdneY (Scolopacidae)
3.1 undnewLan 2 - - 22.00+11.31

3.2 undreylngy 4 - - 7.00+5.83
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NG - * ARG + dudeLuunInsgIu (mean+SD)

3. fnivthdunzianguldifounziauazadedewanday
nmsAnnuldifounsiarioun 33 29d Jeumuuiuedvgeiianluiou
9MAILVINAU 808.14+713.49 A5 BAITINLUAT 3098917 AD LADUNGEAIANLYINAY
389.69+80.34 fasiamsaiuns uaztiosfigaluiounuaniudivintu 362.95:263.78 dasio
Maas wagnuanid 1 iduvinadfimumnuiusesldifeunsiageiian sesamnidy
a0nilil 2 uay 3 pudidu Manwd 3

Onuavius Magquatay  H dawnay

2,000.00

)

1,800.00
1,600.00
1,400.00

AINDATINILUNT

o

1,200.00

(

'
a

AURUILLUULRAY

1,000.00
800.00

600.00
400.00
200.00

Fadn el

TP1.1 TP1.2 TP2.1 TP2.2 TP3.1 TP3.2 Anade

@01t 1 @0t 2 d0uf 3

A A
ANUNANE

AN 3 Anuvukduai svesldinounsianinuiaualusdavanilufsunuaiwus
NOYNIAN LATEIMAL N.F. 2565

nauldiFounziansdisu 9 ddiuusn (Mwdl 4) Allanamuuundsgsiian fo
197 Oweniidae iU R LAY 397.04+484.65 Fran1519UAT S09a9un Teud 294
Syllidae firumuuiuags 291.85:200.06 fReRN519AT 397 Spionidae TAnamuwy
WAy 148.45+19.26 Frem1519AT 236 Capitellidae fauvunuiuiade 123.87+35.81
FRaA1319URS 297 Pilarsidae fAunuIut A 83.55:27.71 H26 015194105 196
Paraonidae fAMUNUILLULLIRAY 80.30+68.24 Fa68A1519UAT 296 Ciratulidae Ta1u
WA 37.30+13.11 §IR0R319UAS 29F Eunicidae Siaunuuiuiede 36.67+3.22
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HIFBANTIUAT WALI9A Nereididae ANUNUILUULREA Y 28.44+11.95 AIADANSINUAT
ANUAU AINNSI9 4

Al 4 sheghsldideounzialusdsuiinuluiiuiidne 1dun Capitellidae (n) Cirratulidae
(%) Eunicidae () Nereididae (1) Oweniidae (a) Paraonidae (@) Pilargidae (%)
Spionidae (&) wag Syllidae ()

MnmsAnudadeduandensie 4 ludeununniug wowniau uazdama
w.a. 2565 ldun msAnwamnmiuagaunmiu luiluidnsinuiiAranudueesi
ogfluting 25.00-34.00 nilsdruluitugu (ppt) Aranudunse-srsiueglutag 6.33-7.00
Argaumniiaueglutie 24.33-34.67 asrealliua Usunadunidansueu (00) denagluyas
0.12-1.86 Wesdud Usinaduriding (OM) regluyas 0.21-1.86 Wesdud wwnsgnau
Audnlngfdnvaziluiusiunse lnenuindeiduddumiendiaregluyis 12.13-20.71
Wesud duesiudnseudsdiaeglugig 4.81-10.86 Wesius uazilosidusivsieden
oeflutag 68.42-80.22 Wasldust Famnsedt 5

diodinsgsianuduius senineaunuiduad svedldidounsiadiinuain
nMafiuiedne 3 aSt 910 6 annil futladedmandouurazdade wuirdadefifinruduig
Baunfuanunuuiueisvedddifounsiardiduetaifoddaynisada T Usunm
Buvdandueu (r = 0.76, p < 0.05) wazUTaBuv3ding (r = 0.75, p < 0.05) (15971 6)
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] | = v s 1 & A y ' ° 4 v v
M990 4 ﬂ'}']ll'WLl']LLUULQaUGU@\‘]"LaLﬂau‘VWLa 9 NALAU IUWUV]GU']UE:]\?Lﬂ'Wgﬂ']%?]EJ PRRIMRIYNRN %Wﬁﬂa(f]a

29 ANUMLIUIRAY a0niii 1 a0l 2 a0l 3
(FRBANT1UAT) TP1.1 TP1.2 TP2.1 TP2.2 TP3.1 TP3.2
Capitellidae 123.87+35.81 133.33+46.49 145.81+35.49 74.72+32.00 149.33+19.21 67.57+84.99  172.48+108.98
Cirratulidae 37.34+13.11 46.24+38.62 48.00+26.72 81.76+26.32 32.05+9.24 16.00+23.29 0.00+0.00
Eunicidae 34.67+3.22 24.91+3.14 0.00+0.00 55.09+34.76 26.67+21.36 101.33+21.36 0.00+0.00
Nereididae 28.44+11.95 51.57+48.40 32.00+34.94 21.33+24.44 3.52+3.05 17.76x13.45 44.43+48.40
Oweniidae 397.04+484.65 522.67+836.96 192.05£161.06  302.19+290.74 1,306.67+1916.80  37.33+£35.03 21.33+24.44
Paraonidae 80.30+68.24 5.33+5.36 55.09+56.02 112.00+88.72 120.91+186.29 124.48+118.01  64.00+53.28
Pilargidae 83.55+27.71 12.43+11.08 129.76+30.76 8.91+8.15 151.09+73.98 3.52+3.05 195.57+133.40
Spionidae 148.45+19.26 334.19+43.08 204.48+71.60 42.67+38.41 67.57+21.52 149.33£190.89  92.43+105.91
Syllidae 291.85+200.06 1,637.33£1269.30  14.24+13.45 0.00+0.00 51.57+66.24 47.95+26.44 0.00+0.00
vanewg;: - * Aiade = dnndeauunnsgiu (mean=So)
msadl 5 Jedpdanndoluaaniifusoiisuinameilanmyavie duainzaivsie sunewlos Sminana
\au Uadedaandey
AU Qi AMIRLYRIh EHRTY Y3ana Wasidud wWasidud wWasidud
nsa-indlufy  (esmwades) (wisduluiudoy)  Suvddansuey  Suvdedmg  Auwien nseud N3
(Wedldud)  (Wasidud)

QﬁJﬂ']ﬁ‘lJﬁ( 6.33-7.00 24.33-32.67 30.33-34.00 0.12-1.08 0.21-1.86 12.81-20.71 5.78-10.86 68.42-80.22
WEWAIAY 6.33-7.00 28.00-34.68 30.00-31.67 0.26-1.08 0.26-1.76 17.77-20.71 4.81-10.08 73.70-80.22
danay 6.83-7.00 28.00-33.33 25.00-32.00 0.53-1.02 0.45-1.86 12.13-20.02 4.81-9.65 73.77-79.54
373 6.33-7.00 24.33-34.67 25.00-34.00 0.12-1.86 0.21-1.86  12.13-20.71 4.81-10.86 68.42-80.22
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AN5197 6 ANELUSEANTAVALNUS () SeminePnuuwiuvadldfaunsianas atedunnasy

Javedeuninday
AAN gangdl AN Usnar Ui wWesitud  wWesidud wWesidud
[ < a o ¢ a = ¢ = =
Ju WY Bunsd  Buvsd Auwmidlen waewds e
n3A-A14 Asuau g
A 0.290 0.002 -0.029 0.761* 0.750* -0.249 0.389 0.018
duussans
ANFURUS

n

N o (%

g - * e dfudAynsadanisyau 0.05

4. n5IN1TAUVRIUNIBLAULAZANURLILLNYRSHRaUNzLA
dolinnevianuduiusseninednsmsiuvesunyiaunnviauagany
nduvesldifounzia wunnlddauduiusiuegeiitedAyneada (r = 0.27, p > 0.05)
Tnenguunenusazydaduuiliuanuduiusluianineiu egrdlsinmunnuduius
JEMINERIINsAvTINguUNiIlakasnguundfesiuauruLiuvedldnsunzadivwaliy
anwdtusifululudeuan dmsed 7

A5199 7 AFUUSEANT ANAUNUS T2 UINTATINTITAUVBIUNVIYLAUBAL A UNULUUVD
Léppunsianmuanulugedryiannuunyiatunvgaafeaiu

JuAUN SruusficuTinngingsy  eduUszavaauduiug (r)
1. 29AuUNe"4 (Ardeidae) 46 0.18
1.1 une1aley 15 0.12
1.2 Uneae) 10 -0.53
1.3 upgneLa 17 0.31
1.4 uNgINTONNUGIY a 0.40
2. 29Aunle (Charadriidae) 9 0.43
2.1 unilanselug 7 0.45
2.2 un¥ilansielan 2 -
3. 29dundrios (Scolopacidae) 6 0.52
3.1 undneelan 2 -
3.2 undreylng 4 0.55
39U 61 0.27
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N138AUTIENANTIVY

nsfnwadsinvriauasunuiunmsaulingn Wedsutunsinvvdaun
Tuuwmeils Suneazy Sminaga fisluggenenuaruanngonendmunimivegsles
30 vlla (yvaTuns wazanz, 2564) agnslsAmuannginuunliissenauandianandi
AnwmgAnssunmsiuvesunluadeil durasuengg masnew ilsiwuunlddesnindesain
umﬂmaudauimgﬂumjuuﬂaww (Bird and Nature Conservation Society of Thailand,
2019)

umﬁmauﬁwuﬁiﬂquwqﬁﬂiwLmﬂm'wﬁ’ufuaa'ﬁ’ué’ﬂwmzmaé’mmu’?wm
mmﬂmmu Wi dnwiiguing anuemvesnun uazameTIvestIUN Yilkunivly
vinniiiinnudnvenivieRuauiiunndstuuazideniuemsinedu (edudy wasany,
2550) Inguniiiurnenuazuen wu undreelug undresidn fnginssunisiulae
nsduda ansnsaiuAumuiueuietiurnemauaglfasesnumad iluiuaude
funsemuiifivie unfifvunelug) 1187 wazuinruudauss mmsmﬁuquwmmms
Uinnmneitaii Wy nguunens Snsmidlaglinsuendiu iy warldamemuesnvie
onuwmdeudriwdugeadrlunmmd suavidl esiulasgldnist adlumuazduimd eviud
pdsniuaiandnzuomlmivasiuludnads duuniifioundn vindu 91du wariad
W nguuniala SwgAnssunsmiAuuuuifuning enievgadunauduiusde Fevinli
fngAnssunisiulusuuuuiislunivd ouasvgauasisdnadaiiieninde aeandasiy
N13AnwIsURUUAISANEIMITYRIUNYIEtauluUsEINANLA LT 8URs Norazlimi and Ramli
(2015) TuduvesdnsnsAuinuinguundosdsnsnisfiugsiian eradavgunain
sUuvunsiuildmsdudalassuinsduaniiouvesiiuiau udlduinilidnudeonduings
WuAuweudledudamdodsduaniu uasnuinmd ofl SuldTivunaiivarnvane Ussnauiy
undrisefunamiluajninnguuninlndsdesnmasndsausnnniy vafinguunenafivunaddi
filvey wiflunlngwdofiduldFsfivunalvginin Snsnisdumiedusoufiafiddosnda
%ﬁLfJulﬂmwﬁﬂmilﬁaﬂﬁummiﬁmmsamﬁq@ (optimal foraging model) (Gill, 2007)

T ounziansdinuiinuluuinaiAnvimginssunsiuemsvesunseiaud i
AUVUILULES AR 1A Oweniidae Syllidae Spionidae uag Capitellidae Fadudaimidu
YUIAANTINAN (0.2-14.0 Leufiuns) fnuvuuiuluunufuauwssdunses ey
fanumuuugadlodisuiumsinuuinameildnoasy Sminaga (Wvaiuns uazeas,
2564) pruvuwiuvedldifounsiaianuduiusiudunsgingluiu lnglueudamauny
AuuLuRAsvesdn imhAungulditeunsiageiian WesniiuSinadunidinggeian
nskUsiuvesUTInadunidingaiuggniaisenainasnennuvuiniuvadldifounsia
AunALAdeLFsivEnatulssrnsvedldifiounsia 1wy UinuiinsUdesdsUfnansg
vzl lvidunidingiiargadamuldinounziavianguianuvuiwiugs (sadun wazane,
2562) dhutlafedunndondu 4 seuitadeununiusuasAuney wa. 2565 wuitvean
Foufaraudunsa-anuazgungivesiusasinlndiAseiu uilldaudugesivhaty
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Womnideunuamiudiiurisngdeu Weunqumenidutiadsunnusauns fusenideunile
Bussaungfunnideds uazifeudanaudulaneggusauns funnideddvesmeileduansiy
(nsugnileainen, 2564)
SasnsiuvesunveiaukaILLuYesldIA oungiad lifiaudusiug fu
ognfidddmeada oraliaummunands inihAundguldfeunsefiduadutusivuaidn
fanans usunsludsiuiinuniian fe wdunersihildideniuldifounziaduems
ndnusAudnintifungiangud uiidowielug ndn wu 4 Y ves uagtarluwminiiy
(Norazlimi and Ramli, 2015) eglsAmamuunmeiaulunguuniilauazundriosiidudnlu
naulddounziaduomnman widasnisiuazhifienuduiusiuanumunduvedldiiou
nziaog i Tddnmneeda wilwunliuanuduiusludann wansindennuvuiutures
IAeunsiaifisdusnnnsfuomvesnguundrosuasnguuniilafuuiliugedude

#3UNaN133Y
WOFANITUNITAUYDIUNYIBLAULARL WAL AIURANANA UM N FUFIUVDIV
dih dnwairnn uazumaemnenns lneudunensinfueslasmsuesmde wdundrise
Auemnslaemsduiawazrsdunilaivemsinensiivadureaiu wuldifounsiaidau
16un 29 Oweniidae Syllidae wag Capitellidae Inefimnuvuiuvuedsgiluieudasne
usiaznauendvegluuvasendefiuansinefiu mnmmnutvvediditeunsiadiusiuduniding
uazduNIIASUBUIUAUDENITEAIAYNINEDH LINUINANUAUNUSTZIINONTINTAUVDS
unelaulunmniniuenuruniuresldifounsialiddeddgneedia egrelsiausas
n1sfuveinguunialawazund e duuildudanudunusisuiniuanunuinyuves
lddounzia mimwﬁqﬁnﬁ%wquaﬂiimaﬂuﬂmaLauLLaz‘iJ%mmmmiﬁﬁaﬁiuﬁuﬁmﬁu
st lfussduaruanansalumssesiudssannsunenewiin i iuiiveuasRana
mawBsuuasanuandemitensdnnsiuiils

Uaiauauus

ieanvanarii@nwiduuenggnasnendmuunmoiauuisuialdtos vinld
Sruauunfiasnsafiudeyangnssunsiulddaliifesme Jslisngsuuuumnuduiug
I§dmau mafuteyalirseunquiiggnisenenvesuniolilddoyafiauysaiuniy

AnAnsIuUTENA

VOUDUAMVANGNTTTINGT AINeImansuazimalulad wnInedesydgasvan
Tassnsideanumainatsmsdanmaesdnimidunsiauinumeiuesnisliusslon]
Tugwulugnetussallanaga: nsdl@nwinzainsie Wuids 217u.65 dyaynavi 01/2565
flatuayun1sviiide uaglfimseyaaesigunsaisng 1 dmunisiideluasd
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Abstract

The kinetics and thermodynamics of extracted cocoa husk (ECH) dyeing onto
cotton fabric were investigated using aluminum ion (A*) as a mordant by the meta-
mordanting method. Cocoa husk was extracted using water extraction and freeze-drying
yielding brown powder. It was shown that the adsorption of ECH onto cotton fabric
could be described by a pseudo second-order model indicated that the adsorption
process was controlled by chemisorption. In addition, the thermodynamic parameters
were calculated. The negative values of Gibbs free energy (AG®) obtained indicating that
the process of adsorption of ECH onto cotton fabric was spontaneous. The enthalpy of
formation (AH°) and the entropy of formation (AS°) were positive, indicating that they

were an endothermic reaction and more disorder of adsorption process, respectively.
Keywords: Cotton, Cocoa husk, Kinetic, Thermodynamic

unin

ddendunnmevililugnamnssudamediulg fuasusenevdunidfiduuaiiv
soAuIndouTuisdanogunmetyyes (Kheddo et al., 2020; Tounsadi et al., 2020)
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dudln woulnlweniu aluuses wunlsAIuees wnully ualsiuesn N13EoUATITUYIAIAS
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335 loun nmsldanstiefndnaunisdoud (pre-mordanting) nMsdaudnseudvastiefng
(meta-mordanting) wazn1slda1sseRndnan158eu (post-mordanting) (Punrattanasin
et al., 2013) Inganstefndilddningasdundovedansadanig 9 wWu fyn wsnia
vowun tasden Tavead ezafiflon wazindn (Adeel, 2019) usiogslsimunuinnieves
szgiilonuazivanduasvisindiidufinsiudwndeunnniundeveddavzuiadu 9
(Jabar, 2021)
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nuns, 2564) luduneunsuanlnldviliiAaveadsannisdosas 90.00 v0suveinuasn
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Fuddeunnudentusdalnliluadiamesiiielilunisaassdely
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Abstract

The purpose of this research was to study the initial chemical activity, total
phenolic content, total tannin content, total flavonoid content, antioxidant, and
tyrosinase inhibitory activity of pomelo peel essential oil from green and white peel by
steam extraction. It was found that green pomelo peel contained the highest essential
oil content at 30 min. Antioxidant of essential oils by DPPH radical scavenging method
and tyrosinase inhibition activity by Dopachrome method. Flobatannin, total phenolic,
total tannin, and flavonoid content were 155.62+0.05 mg GAE/g, 162.47+0.03 mg TAE/g
and 144.82+0.05 mg QE/g, respectively. Antioxidant activity by DPPH radical scavenging
method showed the highest antioxidant activity with an EC50 value of 13.42+0.06
meg/ml. The extract showed tyrosinase inhibitory activity with EC50 of 12.58+0.04 mg/ml.

Keywords: Antioxidant activity, Tyrosinase inhibition activity, Essencial oil
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IANTIVY) WININYUTVAUATATEIIUTIY 41

wnaznseun1svatsdulersaaauiliusinuneaaniuanas danaliiwad it
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YaaAesRuRDTINaN A AL (mg QE/g extract)
6. MevnguEueyYadasEAa8E DPPH (fauuasisann Prommuak et al, 2008)
Lﬁ%ﬂmmiazmﬁmimmg”m BHT (butylated hydroxytoluene) BHA (butylated
hydroxyanisole) w3 eansafane1ueeiaeg1efidanududu 500.00 250.00 125.00 62.50
way 31.25 lulasniusefiaddns (ug/mL) Tinansarmeunnsgrunieasataidinrndudy
ANg ¢ USHng 2 faddns Winansazais DPPH 6x10° Tuans Usunns 2 fadans wenlidniu
wazstaisl T uiifinfiguugiivies 30 wil vdsmnduwinmsiadinisganduuasiienuemadu
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2. Msnadauasngnuaiiiaiu
L ad v R a o A ad oyy
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a a | a a I3 Y o a
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3
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(Dopachrome method) Wisuiieufiviniug warduamanududuvesifunensyive
flannsosudueulelinlstiualdSesay 50 (EC50) wuimisfuvensyveiatnlaainiuden
Suleddsrannsadudaeuledlnlsdiuald Tnefidn EC50 wirfu 12.58+0.04 fadnsuse
fiaddns Man319ft 5
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a a o 1 a a
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=
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Abstract

The purpose of this research was to prepare and characterize biochar from
sugarcane bagasse, a community waste material. The prepared biochar sugarcane bagasse
was applied as an absorbent material for Malachite Green dye (MG) treatment in
wastewater by adsorption. Biochar from bagasse was prepared by burning bagasse
powder in an anaerobic state at 450 °C for 3 h. The morphology of the biochar sorbents
from bagasse was determined by X-ray diffraction (XRD) and scanning electron microscopy
(SEM). The functional groups were studied by fourier transform infrared spectroscopy
(FT-IR). Biochar from the prepared bagasse was applied as an adsorbent to remove
malachite green dye from wastewater. The effects to be studied are the amount of
adsorbent, dye concentration, adsorption period, and acid-base conditions (pH). The
results showed that, using the SEM technique, the surface characteristics of biochar from
bagasse were rough and higher porosity than normal bagasse. Confirmation of main
functional groups by the FT-IR technique. Biochar from the prepared bagasse was
applied as an adsorbent to remove malachite green dye from wastewater. As a result
of malachite green dye adsorption, it was found that when the amount of adsorbent
and the pH value increased, the dye adsorption efficiency increased, while increasing
the dye concentration resulted in a decrease in the dye adsorption efficiency. Biochar
from bagasse has a dye adsorption efficiency (97.11%) higher than regular bagasse
(94.96%). In addition, the results of the reuse test showed that biochar from bagasse
could be reused more than five times with a dye adsorption efficiency higher than
80.00%. This research can be used as a guideline for waste material modification. In

agriculture, it can be used as an adsorbent material for wastewater treatment.
Keywords: Bagasse, Dye stuff, Adsorption, Malachite green, Biochar
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NINTIUNTAUBYYADHITLVRIN T BV TIVEINAIBUUATIITENTALAARAN
Antioxidant Activities of Boesenbergia rotunda (L.) Mansf.

Fermented with Lactic Acid Bacteria

v a 4 ;24 1 o/ A‘ a a 2 a ¢ a LY 6‘1*
AUIAY ygunan El‘k!ﬂﬂﬂ WNAdU” azdsannsnd Elﬁi'l‘ié’?@llu
Wanwisa Boonkla', Anusak Kerdsin? and Pariyaporn Itsaranuwat""

UNANED

At ngUsrasdifiofinuAnssumssnueyyadassremnsereviivinge
WouuafliSunsauaniin (lactic acd bacteria: LAB) lnefiiadefidnu 2 Yade ldud We
wuaiSonsauanind damanUidulnsluledn $1uu 10 areus ldun wuadise
Lactobacillus pentosus JMO85 L. pentosus JM0812 L. pentosus UMO055 L. pentosus
UMO054 L. pentosus YM122 L. pentosus VM096 L. pentosus DM068 L. pentosus VM095
Enterococcus faecalis YM126 wag L. lactis A7 szpziianlunisudn laun 0 24 48 uay 72
Flug wamimaaqwudwmM’Uﬁ‘LLa“iva“L’aaﬂumwﬁﬂdqwa&iaqm‘émiﬁmaumaﬁai“ﬁw
75 DPPH radical-scavenging assay (DPPH) Wag ferric reducing antioxidant power (FRAP)
assay oeailtuddmead (o < 0.05) Wessezalunmsviindfiutudssadomsaifiuduves
Aanssunisdueyyadass Tnenszaevdimingiouuadie L. pentosus DMO68 U1y 72
Halus fifanssumsiiueyyadaseeneis DPPH gegawintu 83.42+1.30 lalasniilnsdend
sofiadans (ug TE/mD) dmuanfanssunsduoyyadaseses FRAP wuinnszyeuai
vifnenewuafise L. pentosus VMO095 1y 72 Halas flengeitaawinty 295.82+2.15 lailasniu
yaaesSarefiadans (ug Fe(lyml) nmsfnuiuandliiiuinnszuunsminnszsnevadieg
Houuaili3onsauanfinansaiuanssunsiuoyyadaszvesndndas dsanusnily
aniunuAkazyar1vessdns asiayulnsiilioUstlovinegraivnssuemsuaznig
Wndvemansla

o o w
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Abstract

This research aimed to study the antioxidant activities of Boesenbergia rotunda
(L) Mansf., known as fingerroot, fermented with probiotic lactic acid bacteria (LAB). Ten
strains of lactic acid bacteria including Lactobacillus pentosus JMO085, L. pentosus
JM0812, L. pentosus UMO055, L. pentosus UM054, L. pentosus YM122, L. pentosus VM096,
L. pentosus DM068, L. pentosus VM095, Enterococcus faecalis YM126, and L. lactis A7
were used as starter culture for B. rotunda (L.) Mansf. Fermentation was at 0, 24, 48,
and 72 hours. The results showed that the antioxidant activities depended on strains
and fermentation time. The antioxidant capacity of fermented B. rotunda extract
increased significantly (p < 0.05) when fermentation time increased, using DPPH radical-
scavenging assay (DPPH) and ferric reducing antioxidant power (FRAP) assay. The
strongest DPPH scavenging capacity was observed in the sample fermented with L.
pentosus DM068 at 72 hours (83.42+1.30 pg TE/mU), while FRAP reported in L. pentosus
VMO095, at 72 hours (295.82+2.15 pg Fe(ll)/ml). In conclusion, probiotic lactic acid bacteria
fermentation increased the antioxidant activities of B. rotunda extract. Applying the
fermentation process for value addition in the food and pharmaceutical industries might

be interesting.

Keywords: Boesenbergia rotunda (L.) Mansf., Lactic acid bacteria, Probiotics, Antioxidant

activity

uni

nslvayulnslunisinulsafivse Suegsemuuluiuisng q Walan ayulns
fasmnamsvieltlumsinulsn iesanansuunusladyisgd (secondary metabolite)
yi3oanswgnuiadl (phytochemical) luagulnswaniudigimatinmegdlaenamiavie
soeInsvedtsa ayulnsvaneyiadinaandilunisiueyyadase (antioxidant properties)
fiAvnssumsFnugAund (antimicrobial activities) Lijesanilesdusenouvesansosngndya
Fanw 1w ansuszneunquiluedinvisenaliuess (Pesewu et al., 2008)

nszmeunduiinlused Zingiberaceae fdainenansin Boesenbergia rotunda
(L.) Mansf. (Chong et al., 2011, Jing et al., 2010; Yusuf et al., 2013) Lﬂuﬁmaquiwﬂmua:ﬁ
Juwes sanadi ddaiihunuseneue ms wavdruithanlduselond e mimiesn
(thizomes) ivaensesyngninanldusylevimamisunmdunulusa lngtdandnwilse
gnwau (W Ay Lspiands louis wasndn) (Chuakul and Boonpleng, 2003; Salguero,
2003) uNalunszinzo M shazaiwens (Riswan and Sangat-Roemantyo, 2002) Tutninwes
nsgmeumiiasesngvmstinmilituasmsgivesiisvansvia iwu syiusiailuosd
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Yifuneusyvie wavansuseneulnaiiuea (Tang et al., 2007; Morikawa et al., 2008; Yusuf
et al., 2013; Baharudin et al., 2015; Jing et al., 2010) ludag Yud nsldnszarevraniu
auulnsfifgvivnemieduaiuguninegnunivany uasiouidevansatiunuiinszee
amianseangrisniedinm

wuALsunsaLanfin (lactic acid bacteria: LAB) v%u Lactobacillus acidophilus
L. pentosus Enterococcus faecalis 4ag Bifidobacterium L‘fJuLL‘UﬂﬁL%Sﬁﬁﬂﬁziﬂﬁnﬁﬁiaqmﬂﬂw
vosuyuiuardnd lnslamzanosiugifinuant@dulnsluledn (probiotic) Adn nslulefin
fisndnifaufnanainaiwnin wain “for life” n3e “Wed30” nuneds wuadiiSefs
Usglerilsiadnanie ¥eUiuannavesgiunidlussuumaiueImis Snwensnessis wae
fiAueandnne@1g31am (therapeutic properties) W Fienseiuszuugiauiulsn anuu
AoLaaLMaTRalUA WA Jasdunisiinlsauztse 1udu (Fooks et al, 1999; Itsaranuwat
et al., 2003) ﬁiwmwmﬂaﬁ’u ‘W‘U’iﬂLmﬂﬁﬁsma'uLLaﬁaﬂaﬂmﬂiagué?aL%aIiﬂiuwwqLﬁum‘mi
NSNANETAIURATN fm‘memmauauawammmu m3U3U‘Uidﬂ’ﬁLmNmﬂJLLaﬂI@ﬂ way
nstestunmiSadldvllée (kechagia et al,, 2013) wupilSeiinannsauaniniannsonan
ansusenoud EmstaL'«amngimammwLiama'«qaummumu q lavatevila 1wu
n3AdUN3Y (organic acid) lalasiautuaseanlas (hydrogenperoxide) lnaz@fa (diacetyl)
px¥Aanlon (acetaldehyde) wuawmesledu (bacteriocins) YanNEnsEUILMSHTNG1819
duadunaifiuasddylundnfasiuashlifanssunsiueyyadasefistudie @yans
LazAMy, 2559)

é’fmfumu%é?afjﬁﬁi’mqﬂizaqﬁLﬁaﬁmanﬁfﬂﬂiiumiﬁma%aﬁaiwmﬂiwwma
vinsufuluafiensauanin nelduuafiGondunannsnuanin 10 aeus daduaeiug
frunmsfnuauaui@nadulnsluledn léua L pentosus IMOSS L. pentosus IM0812
L. pentosus UMO55 L. pentosus UM054 L. pentosus YM122 L. pentosus VM096 L. pentosus
DMO68 L. pentosus VMO095 E. faecalis YM126 Wag L. lactis A7 TnensAnwiiszesiiaily
NITNLNAN 9)

vantun15Ie
1. uuafiSensauanniildlunuide

LUATISENAUNAANIAKAARNTINIU 10 @neiug Lawn L. pentosus JMO85 L.
pentosus JM0812 L. pentosus UMO55 L. pentosus UM054 L. pentosus YM122 L. pentosus
VMO096 L. pentosus DM068 L. pentosus VMO095 E. faecalis YM126 waz L. lactis A7 Lag
wuafiFonquaannsauanfinite 10 anewus iunsmadeunuautinindulnsluledin 3
lasuowATIziaInmedTen1e N15uUsFUTIAAILNTLUIUNTNNBAINAAT/TIN N
wageInIstasuagun1n (biorefinery and functional food research unit: BIOF) A1A7 %1
wialulagdinm anzmalulad unine duumasaiu
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2. nMaasenayulng
HINTEYIEV1LAIINTIUNDIBUNINGY auULANNTATIYYT AIUaRaIn 81109
Sommmansany famdaamansana iushegislifgumniiviesieuazvinsadaseld
dmsumawieuasaaiieduemnadeante shnsafanssrsadasiindy
Tnglddnaunenszanerniosas 5 wavinanglaasosay 2 latwiinseusinms (Gw/)
Usueanudunsa-ang (pH) 18w 6.5 deledeulensenles (NaOH) 0.01 Tuans (M) itels
Anmdunsa-masuduvzaudensasyveuaiiise udnhluwaaeslsdfionmgd
85 asmugaiea w1y 30 wiit Helilidutewinluldny
3. MawziABuUATiGe
TngrhuuafiFongunannsauaainiis 10 aeiug smzidsaduideidudu
TneldTeaRenuruds (50 esmwaiied) sedeasluprmsmas De Man Rogosa and Sharpe
broth (MRS broth) 10 fiadans Usilgaumgdl 37 ssmisaifea luannzidiwansueilasonled
anududufosay 5 Junan 24 $2lus udnhludarinsgandunanfisuvinAannsgiy
Mcfarland 0.5 TngnAinsgandunasiianiueniadu 600 wilumng Ssagldimnsganduuas
Wity 0.08-0.10 Aeuftazrnsasiideduiuiesay 5 lneuinasiouinms OovA) luasaiin
nsvmevfiatadaeiindu Uszneude nenssrevniosay 5 wasihmanglaadosay 2
Usulrrmnudunsa-snadu 6.5 wazrumnaneslsdiionmnd 85 ssmwaidea w1y 30 uni
hlduderlgamnd 37 esnwaifea luanefiiifisansueulaeonledeuduiuiosay 5
WHunan 72 Halus iusegnamn 4 24 Falas Wunan 0 24 48 uaz 72 Falus aaddy
4. NFAATIBANINTIUNTAUBYUADATE
4.1 75 2, 2-Diphenyl-1-picrylhydrazyl (DPPH radical scavenging activity)
AALUAI9INIEN15U8Y Zhang et al. (2016) TnsTiundaoe1e 20 lulasdnas
asluwan 96 g MnduLiueEns 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) radical fifia
ity 0.2 fadluans (mM) avanelusmusay3ines 180 lilasdns vufigamgiiiesluiiile
WHunen 30 il Mnduiarnisgandunasiieuemedu 517 wiluiuns Tneldiedessiunn
lalasiwan Imamﬁlﬁ%gﬂﬁmmm DPPH radical scavenging activity uanslunuielulasnsu
Tnsfondrofiadang (ug TE/ml) Tagldnsmsnmsgiuvesansinsdond uagvhmsmeans 3 41
4.2 75 ferric reducing antioxidant power (FRAP) assay
AnLUARINTINT5VRY Bakar et al. (2009) lnelwIewasazae FRAP (ferric
reducing antioxidant power) reagent lagnanansazatsozdanUnines (acetate buffer)
(Franudunsa-arawintu 3.6) 300 Tadluas Auansazane 2,4,6-Tris(2-pyridyl)-1,3,5-triazine
(TPTZ) A1t 10 adluans uazansazanglossnaaslse (ferric chloride solution) 20
fadluans Widndu Aulpeusaainuas antduinstndegsianes 20 lalasang wem
fuansazany FRAP U3anms 180 lallnsans astuman 96 wiau wanliidinfuudiuaiigaumgiivies
Tudidadunan 30 wiit dluiarimsganduuasiinnuenadu 593 uilumns (microplate
reader spectrophotometer) AuANAINIsUNSAUBYYadasylumielulasnumesTa
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aliadans (ug Fe(l)/ml) Tngldnsmunnsgiuvesansinessadamn (FeSO,) kasvinn1snaaes
3

2

5. NMFAATIEVdaYANI19ERR
atanugIu loun Sevay Auade dudoauunasgiu Mg doyaiile
naaovanNigu Ingldlusunsu SPSS version 20 af@#ily fie MIAiATIEiANLLUTUTIY
dmsunismaansurnvaiSea (Factorial experiment in CRD by Univariate) #fl 2 Yadb waz
WisueuAuaAenaiSves Duncan multiple’s range test (DMRT) fisesurandotiudonay
95 (p < 0.05)

NAN3IVY
1. AANTTUNTTAUBYLABEATLAIEIT DPPH assay uaz FRAP assay

MnNsAnERaTeITnasarAnsTIEYIdeleuuATiSensALaRRnT 10
anenug I@aﬁ{]ﬁaﬁﬁﬂm 2 Uade lon maﬁuééuau%mwﬂﬁf%amﬂLLaﬂaﬂ wazszuzalu
mwmwmamaqmmimuauuaaaﬁv wamimaaqwmmmﬁmsmuaumaaaivmmﬁ
DPPH assay wa35 FRAP assay MuTuag NIUudAYn19@0A Lansninised 1 wag 2 9z
mummaﬁwzL'aaﬂumi‘vmﬂmeummammzmeusummismmﬂﬁamimmsmua%aaasz
otafiduddyneadd weelloSsuifisuameiusueantouuafisensauaniin wuiiansara
nsvneITinnaeuuaTiSe L. pentosus DM068 Tiszeziian 72 talus denasoRanssunis
Fusyyadaseieds DPPH assay geflaniindu 83.42+1.30 lulasnsulnsdendsiediadans
warnuinansatanseaneuiivingeuuafise L. pentosus VM095 fissegiaan 72 $3lus
danadefanssunsiueyyadaseqinie3s FRAP assay gafiamvindy 295.82+2.15
lulpsndumesiaretadans muainu

M350 1 QVIEAUOULATATEUDINTEILUINIVINAILUUATISENIALAAFRNAIETT DPPH assay

auVSINIALAARN NINTIUNIAUDYYADATLAIS DPPH assay
(LAB microorganisms) (lalasnsulnsaendraiiadans)
0 #2lu9 24 Y714 48 414 72 ¥l

L. pentosus JM085 22.04+5.24°° 41232484  56.13+3.96°°  69.92+1.04"
L. pentosus JM0812 2236+11.13°  38.18+8.59°C  60.45+6.35°°®  71.45+0.957"
L. pentosus UM055 26.27£1.13°°  54.20+3.16°C  57.89+7.05°®  72.70+2.27°*
L. pentosus UM054 21.81+1.23°®  37.30+0.79°  55.00+3.51°®  75.54+0.457"
L. pentosus YM122 20.69+7.26"°  57.90+4.85°C 63.28+4.77°%  73.49+2.66""
L. pentosus VM096 20.28+2.22°°  42.35+7.48%C  61.01+6.18"°  71.3420.68™"
L. pentosus DM068 25.62+5.71°°  57.37+1.17°  72.642250°°  83.42+1.30™"
L. pentosus VM095 2527+2.21%°  19.5243.23%C  40.82+7.66"°  66.29+0.87""
E. faecalis YM126 22.63£6.30°°°  53.62+47.53°°C 73.15+4.30°° 78.83+2.58""
L. lactis AT 21.63£1.98°°  48.39+0.79°°C 57.7243.00% 73.27+1.70<*
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LY

WHIULAR: - ATDNYT

o o

oY 19aia (p < 0.05)
b ¢ d Aiunnsinafiy nuneds ludeyauanferiulanuunndisiuet1ed

e

19

I1DNYT a

o w

e

o

yaPYNeada (o < 0.05)

A B C D fiuansneiu e ludeyaresuiliiediuiiniuuansdiaiuves el

P Ly a A o v N a a v aa
MN1INN 2 qmﬁ@’]u@}}@{l’a@a'ﬁgﬁﬂa\jﬂigﬁﬁqﬁsl]’n‘wwwﬂ@UEJLLUﬂV]LﬁﬂﬂiﬂLLaﬂWﬂ@rJﬂ 79 FRAP assays

QauNIINIALAARN fanssunsinuayyadease Ae35 FRAP assays
(LAB Microorganisms) (lulasnsuassaraliadans)
0 2lai 24 43Nug 0 2laig 72 ¥4

L. pentosus JM085 220.12+1.42%°° 237.57+3.82%C  268.00+0.29"° 276.33+0.76™"
L. pentosus JM0812  219.04+4.66™° 240.86+5.12%°  266.29+0.52°%  277.14+0.31%"
L. pentosus UM055  224.58+1.63°° 232.45+2.73°° 267.02+0.31°*° 289.50+0.52°"
L. pentosus UM054 230.24+5.46°° 227.762+3.06° 263.57+0.44"° 281.02+0.86™"
L. pentosus YM122 235.32+2.49°° 216.71+550%C 270.24+0.86™° 284.19+1.30™"
L. pentosus VM096 ~ 231.33+2.22°°° 221.29+4.33°° 266.25+0.29°° 289.97+0.60"
L. pentosus DM068 225.51+2.44°° 238694539 267.49+0.53°° 284.19+2.56°"
L. pentosus VM095  227.49+10.19*" 25551+2.66*" 274.23+0.47*" 29582+2.15""
E. faecalis YM126 235.55+5.51°° 24505+2.68°C 269.27+0.66"° 284.97+1.23""
L. lactis AT 229.93+3.14°° 228504859 263.88+0.53"° 277.84+0.65%"

v o

UYL - ATDNBYT

o o

A B C D Aiunnsinediu vianedia ludeyareduiineriuinnuwansisiuegid

HodAyn19ada (p < 0.05)

- 718N a b ¢ d Aumnsinaiy vuneds ludeyaunuferfudauunndieiued1ed

U o w

JudgAgneada (o < 0.05)
N138AUTIBNANTIVY
MnMsAnwAanssusiueyyadassvesansatiansyeyviindsuuaiiise
nsnuaARANnlAES DPPH assay Bandnnis Ae mvaaeunaandAlunsfumuineyyadas
(free radical scavenger) uaz33 FRAP assay Fandnns fe msfinenaandilun s dudali
idnmseulsiunoyyadase wuiwdmnnevsiniminnssanevndsuuaiiidonsauanin
fvsnsueyyadassiiiintu Wesnlunssuiunsvinagyiliuinunsndunisfiuiy
MnuuaiiBensnuanfnfiintulunsruiumndndmaliiadugmssueyyadaszgatu uay
dawalsifigussuuiiseoonfinduiiniu iaenndosiuauidees Shor (2013) fifnw
Usinansndun3 sluunimsindimindiouuaiiFonsauanin nuindle Armnmidunse-ang
anas Uinmnsanauauay ﬂsmumEJmsumumaLaimqmmuauuaaaiwlm uan Nty
ﬂszmumiwmﬂa:uuiwmaawamamil;wwuusuaamiaaﬂqwﬁmqmmw Wi asnguiuedn
uazalIuod 1/1mLaimﬁmiiumimuauuaaasymaammﬂauulwatmq 9 INNTANY

ﬂawmwaﬂmwa LazAy (2559) ﬂﬂ‘l;‘ﬂﬂ’ﬁL‘WNQ%SMWU@UN@@ﬁ?u‘U@QUWWﬂﬂ’YJﬂTJEJﬂ’]iﬂxlﬁll
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funsevemuazmindouuai3onsauaniin wuingnsnsiueyuadaseiiels FRAP assay
vosiwinnganitlifinnfunssnedusdniafundideuueiiGensauanin uaziinafu
1ihdovasly fqninisdiueysadasedinds FRAP assay iy 271.57 lalasluadedng
(umol/L) aifinnTundi 3.5 whsuaqﬁmﬁﬂwqmaﬁl@iﬁmilﬁmﬁwﬁaLLazﬁlﬂé’aa uaziile
imfangandsnssauiunssesmindouuaiensauaninuazifunind s wuii
qvisMsuoyLadaTEiEAE FRAP assay winfu 891.0 lalasluadedng Sswuingsnin 78.71
lalesTuasiodns Aldanniswsinilddmsinngenufissesafieor asfuiinszanediing
Tnemsaensiiunysnsfuoyyadased i FRAP assay vosmiinngan uilifinaiiy
USinmesnsananinuagnsnozdin Bvluninfunuiniinuvemnsndunidnnuuaiise
nnuarRnfistulunssumaviindnaasuavifueyyadassaatu SmsAnwinountd
Y94 Chaiyasut et al. (2011) vimsAnwayulnslve 5 wia laun wgan vevwdeu gnee
aualny waznszaned winsmilagldnddouueiionsauaniin wuhdigvssueyyedasy
geiuindy 31.31 dadnfuauyavesnsnunadndefiadans (mg GAE/mD) n13AnwIvee
Sawangwan et al. (2021) ¥in13AnwasAtueydadasyainnisndnitlagluniise
nsnuanin wuhasatnsdniiinminuuuanugteds (SSP) vemuaitiFouaniniiaos
mefusivTinaflueanuasarsiuesyyadasyganiasatnindnilifimsutuuuveads
Tnsianzag 198 sansasaduiumini faadudesas 50 et wiineouiuas lng
L. plantarum T 48 $ls wameAnansUszneuTiuoangsgn (2.85:0.05 fadniuseliadans
(mg/mD) wWuiieiufosasiinfiaavosansiueyyadassiinulumsatnrdrmdn ety
Yovay 50 Ine L. casel fiszozian 48 92l (renuzdlnedesas 78.79 uazintumihiosas
78.49)

#3UNaN133Y

nsfnwnsdaaufanssumsnueyyadassvesansatnnssmeuniiviingeide
wuediSensnuaniin 10 aneiug nuaeiudvendoudu (starter culture) uazszaziian
Tummmﬂaqwamamnwuqmmqmm‘wLLa“ﬂ'«Jﬂﬁﬂ,mﬁmuauuaaaivmaqumuﬂﬂiwuwm’ﬂm
FIRUATILTENTAUAARNIY 10 aeWug stqmamammwLLavmmiumsmuaumaaim
uansinsfuagaiidddamneada (o < 0.05) uanidesvsznalunavdnifiut udawadon
ﬁf\misuﬂ’ﬁﬁﬂua%aﬁaszLﬁmﬁuﬁaﬂ ideiiunuiteifnuds sans nmuesansarte
nsgmwminilddouuaiizonsnuaninaeiusuansnafuiiiiunsinunaaautinindu
Tnslulefin Litewfismaurnvniansewng eFesiu mMeen wavanseengrismadining el
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Abstract

Eighteen isolated yeasts from rice and natural sources are characterized as
probiotics. All strains, at 37°C, lack hemolysis and withstand simulated gastrointestinal
conditions and bile salts. Strains were identified as Meyerozyma caribbica, Saccharomyces
cerevisiae, Pichia kudriavzevii, Starmerella sorbosivorans, Kodamaea ohmeri, Ambrosiozyma
kamigamensis, and Metschnikowia koreensis. Strong adherence to intestinal cells was
noted, plus sensitivity to certain antifungals, confirming safety. Notably, M. caribbica
TISTR 6026 and M. koreensis TISTR 6044 demonstrated xylanase activity. Also, M. caribbica
TISTR 6017, S. cerevisiae TISTR 5104, TISTR 5328, and P. kudriavzevii TISTR 6028 exhibited
antimicrobial action against pathogens. These four strains showed immunomodulatory
potential, impacting phagocytosis, nitric oxide, TNF-a, and IL-6. These findings underscore
their promise as versatile probiotics for immunomodulation and addressing pathogens,

showcasing their broad potential.
Keywords: Yeast, Probiotic, Xylanase, Immunomodulation, Feed supplement

Introduction

In recent times, the European Union has prohibited the utilization of antibiotic
feed additives. This regulatory measure stems from concerns regarding the emergence
of antibiotic resistance in pathogenic microorganisms, the presence of chemical residues
in animal-derived products, and the release of antibiotics into the environment (Retta,
2016). Consequently, as a viable alternative to antibiotics, the application of probiotic
additives has gained prominence in efforts to enhance animal health and productivity.
Among ruminant animals, including cattle, sheep, and goats, the process of microbial
degradation of ingested feed is pivotal. These microorganisms provide essential
components such as proteins, vitamins, and short-chain organic acids to the host
animals, augmenting their nutrition through intricate fermentation processes (Pinloche
et al., 2013). Probiotics, constituting live microorganisms, hold the potential to restore
equilibrium within the intestinal microflora. In ruminants, commonly used strains of
probiotics encompass lactic acid bacteria and yeast. The integration of probiotics within
the rumen ecosystem yields significant implications for animal health and performance.
As mentioned earlier, yeasts can prevent pathogenic infection. In intricate ecosystems,
microorganisms typically develop strategies to secure access to nutrients and space,

thereby ensuring their survival. These strategies typically involve inhibiting other coexisting
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microorganisms within the same ecosystem. This inhibition is achieved through several
mechanisms, including pH changes, release of Inhibitory metabolites, direct nutrient
competition, and production of killer toxins (i.e., mycocins). Mycocins can interfere with
cell division by inhibiting DNA synthesis, cleaving tRNA, blocking calcium uptake,
hydrolyzing B-glucans, disrupting plasma membrane permeability, and causing ion leakage
(Gil-Rodriguez and Garcia-Gutierrez, 2021). This enhancement subsequently manifests in
a range of multifaceted benefits, including heightened nutrient intake, improved nutrient
digestibility, enhanced growth rates, augmented milk yield and composition, elevated
meat production, attenuation of pathogenic load, fortification of immune responses,
stabilization of ruminal pH, and acceleration of the establishment of cellulolytic
populations within the rumen (Retta, 2016).

The present study explores these promising avenues further by subjecting 18
strains of probiotic yeasts to rigorous screening and comprehensive characterization,
thus contributing to our understanding of their functional properties and potential

applications.

Materials and Experiment
1. Isolation and identification

Samples from northeastern Thailand were collected and stored at 4°C. Ten-
gram samples were suspended in 90 milliliters (ml) of 0.1% peptone solution and mixed
using a stomacher. Ten-fold serial dilution was conducted. 0.1 ml of each diluted
sample was spread on yeast malt agar and incubated aerobically at 30°C for 24-48
hours. Isolates were purified, identified, and preserved in 15% slycerol for further
studies, and the isolates were deposited in TISTR culture collection.

Genomic DNA was extracted following the protocol by Looke et al. (2011).
The D1/D2 sequence was amplified, purified, and analyzed using the method described
by Looke et al. (2011). Sequences were aligned with GenBank/EMBL/DDBJ, and the NCBI
BLAST program was used. Alignment was edited, and gaps were removed before
constructing the phylogenetic tree. The neighbor-joining method was employed for the
phylogenetic treein MEGA version 11 software (Tamura et al., 2021). Bootstrap resampling
(1,000 replications) was used to evaluate the confidence values of nodes for a reliable
tree topology (Felsenstein, 1985).

2. Hemolysis activity

Hemolysis activity was assessed using 5% sheep blood agar, as described
by Lad et al. (2022). Isolates were streaked on 5% sheep blood agar, and incubated
aerobically at 30°C for 48 hours.
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3. Antibiotic susceptibility
The antibiotic susceptibility of the chosen yeast isolates was assessed using
the Method of Antifungal Disc Diffusion Susceptibility Testing of Yeasts, following the
guidelines of the Clinical and Laboratory Standards Institute (CLSI) (Weinstein and Lewis,
2020). The commercial antibiotic test discs, such as Fluconazole (25 micrograms (ug)),
Ketoconazole (15 pg), and Caspofungin (5 pg), were used to determine antibiotic
susceptibility.
Yeast isolates were cultivated on Yeast Malt Agar (YM Agar) for 24 hours.
An inoculum was prepared by adjusting the yeast culture turbidity to match McFarland
standard No. 1 and was then carefully applied to the YM agar. Each antibiotic disc was
placed on the inoculated agar under aseptic conditions, with Candida albicans used
as a positive control. After 24-hour incubation at 30°C, the results were compared
with the breakpoint values provided by Espinel-Ingroff (2022). Antibiotic susceptibility
was interpreted and reported as "S" (sensitive) or "R" (resistant).
4. Acid and bile salt tolerance
The preparation of simulated gastrointestinal fluid followed the method
described by Hyronimus et al. (2000). Briefly, 0.1% pepsin was dissolved in 0.85%
Sodium Chloride (NaCl), and the pH was adjusted to 2 using 1 molar (M) hydrochloric
acid (HCL). Gilliland et al. (1984) employed the method to investigate bile salt tolerance.
Bile salts were dissolved in 0.85% NaCl at a concentration of 0.3%, with a pH of 8. One
milliliter of overnight yeast culture in YM broth was inoculated into 9.0 ml of SGF
(pH 2) and incubated anaerobically at 37°C for 3 hours. Then, selected isolates were
transferred to a 0.3% bile salt solution (pH 8) and incubated at 37°C for 5 hours. After
incubation, viable cells were assessed using the pour-plate method and then incubated
at 37°C for 48 hours.
5. HT-29 and Caco-2 cell adhesion assay
The adhesion ability of the yeast strain to human epithelial cells (HT-29
and Caco-2) was assessed following the method outlined by Jacobsen et al. (1999).
Epithelial cells were seeded in a 24-well culture plate at 1x105 cells/well density and
incubated for 7 days at 37°C in a 5% CO, humidified incubator. After incubation, the
cells were washed with phosphate buffer (PBS) (pH 7.2), followed by the addition of
2 ml of serum-free Dulbecco's Modified Eagle Medium (DMEM) and further incubation
at 37°C for 30 minutes. Yeast cultures (1x10° Colony forming unit per milliliter (CFU/m)
were prepared in DMEM, followed by a 1-hour incubation at 37°Cin a 5% CO,. Afterward,
non-adherent yeast cells were washed away, and monolayer cells were detached using
1% Triton-X-100, following the method described by Roselli et al. (2006). Yeast adhesion
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was quantified through pour-plating on YM agar using serial dilutions, followed by
incubation at 30°C for 24-48 hours.
6. Antimicrobial activity of isolated yeast strains
Antimicrobial activity was assessed using the spot-on-lawn method
(Hudzicki, 2009) against six pathogenic bacteria: TISTR Escherichia coli 780, Pseudomonas
aeruginosa TISTR 1995, Listeria monocytogenes TISTR 2196, Salmonella enteritidis
TISTR 2202, S. typhimurium TISTR 2519, and Staphylococcus aureus TISTR 1466. To
conduct the test, 10 microliters (ul) of yeast suspensions were placed on 15 ml of Yeast
Malt agar and incubated at 37°C for 5 days to create yeast spots. The pathogens were
cultured under their optimal conditions. The turbidity of the bacterial culture was
adjusted to match McFarland standard No. 1 using 0.85% sterile normal saline. Then,
5 ml of the adjusted bacterial culture was overlaid on the yeast spots and incubated
at 37°C for 24 hours. Inhibition zones around the yeast indicated antimicrobial activity.
The zone diameter was measured and categorized as follows: - (No inhibition zone),
+ (Inhibition zone diameter > 10-14 millimeter (mm)), ++ (Inhibition zone diameter >
15-20 mm), +++ (Inhibition zone diameter = 20 mm).
7. Cellulase and Xylanase activity
The cellulase and xylanase activity of the yeast strain was screened
qualitatively following the method described by Sridevi and Charya (2011). To induce
enzyme activity, 0.5% cellulose or Xylan was added as a carbon source in a basal
medium. The yeast was then inoculated and incubated at 37°C for 5 days. Colonies that
exhibited clear zones around them were selected as cellulase and xylanase-producing
strains, indicating their ability to degrade cellulose and Xylan.
8. Cytotoxicity test
The RAW 264.7 mouse macrophage cell line (ATCC® TIB-71™, Virginia, USA)
was cultured in DMEM with 10% Fetal Bovine Serum (FBS) and 1% volume/volume (vA)
antimycotic at 37°C in a 5% CO, humidified incubator. For the experiment, RAW 264.7
cells were seeded into each well of a 96-well plate at 2x10° cells/well. After 24 hours,
cells were pre-incubated with various sample concentrations. 10% of Dimethyl Sulfoxide
(DMSO) was used as a positive control, while DMEM supplemented with 10% of FBS
was used as a negative control. Cytotoxicity was determined by measuring cell viability.
The optical density (OD) was measured at 570 nm. The percentage of cell viability was
calculated using the following formula:

Cell viability (%) = (ODs/ODy,) x 100

Here, OD; represents the OD values of the stimulated wells, and OD,

represents the OD values of the medium wells.
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9. Phagocytic activity

RAW-264.7 cells (1x10° cells/ml) were cultured in a 96-well plate using
DMEM medium with 10% FBS and incubated at 37°C for 24 hours. After changing the
medium, samples were added at 3.13% v/v and incubated for another 24 hours at 37°C.
The negative control was DMEM, and the positive control was beta-glucan. Stimulated
RAW 264.7 cells were washed twice with PBS to assess phagocytic activity. Then, 100 pl
of 0.075% neutral red in PBS was added to each well, followed by 3 hours of incubation
at 37°C. After washing, a mixture of 2% acetic acid and ethanol (1:1) was used to de-stain
cells, keeping the plate at 4°C for 1 hour. OD was measured at 540 nanometers (nm).

Phagocytic activity (%) was calculated using the following formula:
Phagocytic activity (%) = (OD/ODpd) x 100

where OD; is the OD of stimulated wells, and ODg is the OD of positive

control wells. The untreated cell's phagocytic activity is set as 100%.

10. Nitric oxide production

RAW-264.7 cells (2x10° cells/well) were plated in a 96-well culture plate.

After 24 hours, cells were pre-incubated with 3.13% (v/v) of the test sample.
Lipopolysaccharide (LPS)at 1 microgram per milliliter (ug/ml) was served as the positive
control, and 40 pg/ml diclofenac (100 pl) was used as the negative control. Nitric oxide
concentration was assessed by using a Griess reagent. The OD was determined at 570
nm and calculated by comparing it with the nitric oxide standard curve.

11. Immunomodulation effects (tumor necrosis factor-alpha (TNF-a) and
interleukin-6 (IL-6) productions)

TNF-a and IL-6 levels were assessed using ELISA kits (AlphaLISA Research
reagent). Samples or standards (5 pl) were mixed with freshly prepared MIX reagent
(2.5 pl) and incubated at 23°C for 1 hour. Next, 2X SA-Donor beads were added and
incubated at 23°C for 30 minutes in the dark. The OD and the amounts of TNF-a and
IL-6 were measured by comparing OD values with the standard curve.

12. Statistical analysis
All experiments were conducted in triplicate. Results were presented as
mean + standard deviation (SD). All results were subjected to one-way analysis of
variance (ANOVA) using SPSS version 22.0 software. For pairwise comparisons, Duncan's

Multiple Range Test was applied to mean values with a significance threshold of p < 0.05.
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Results
1. Isolation and identification
This study obtained 18 diverse yeast isolates from flowers, mushrooms,
fermented rice, and natural environments. After purification and initial identification based
on morphological and genotypic characteristics, their taxonomic classification was
determined through 26S rDNA gene sequencing analysis. The resulting species included
Meyerozyma caribbica TISTR 6026 and TISTR 6017, Saccharomyces cerevisiae TISTR 5092,
TISTR 5104, TISTR5161, TISTR 5328, and TISTR 5872, Pichia kudriavzevii TISTR 6028, TISTR
6025, TISTR 6022, and TISTR 6030, Starmerella sorbosivorans TISTR 6018, TISTR 6027, and
TISTR 6019, Kodamaea ohmeri TISTR 6020, Ambrosiozyma kamigamensis TISTR 6029, and
TISTR 6021, and Metschnikowia koreensis TISTR 6044. The sequencing analysis revealed
a high degree of homology among these species, ranging from 99.43% to 100.00%. For
furtherinsights and a visual representation of evolutionary relationships, refer to Figure 1
for detailed information and Table 1 for the comprehensive phylogenetic tree.
2. Hemolysis activity
All eighteen yeast isolates displayed gamma-hemolysis, as seen by the lack
of zones around their colonies on the sheep blood agar plate.
3. Antibiotic susceptibility
The susceptibility of all yeast isolates to three antifungal antibiotics,
Fluconazole (25 pg), Ketoconazole (15 pg), and Caspofungin (5 pg), was assessed
following the Clinical and Laboratory Standards Institute (CLSI). These strains
demonstrated susceptibility to antifungal antibiotics.
4. Acid and bile salt tolerance
The results demonstrated that the yeast strains exhibited robust survivability,
with a survival rate of over 80.00% in acidic conditions and 70.00% in intestinal conditions.
5. HT-29 and Caco-2 cell adhesion assay
The in vitro adhesion assay on human colon adenocarcinoma cell lines HT-
29 and Caco-2 revealed robust adhesive properties of all yeast strains, with adhesion
rates surpassing 60.00% (data not shown).
6. Antimicrobial activity
A coveted trait of probiotic yeasts is their ability to combat human
pathogens. The antimicrobial potential of 18 yeast strains was tested via the spot-on-
lawn method against six pathogenic bacteria: £. coli TISTR 780, S. aureus TISTR 1466,
P. aeruginosa TISTR 1995, S. typhimurium TISTR 2519, S. enteritidis TISTR 2202, and
L. monocytogenes TISTR 2196. Table 2 highlights that only four yeast strains, M. caribbica
TISTR6017, S. cerevisiae TISTR 5104, TISTR 5328, and P. kudriavzevii TISTR 6028, exhibited
significant antimicrobial activity against these pathogens.
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Table 1 Isolation source, and identification of isolates based on 26s rDNA gene sequencing analysis.

No. Isolated No. Source Province Identification Similarity (%)

YK9/1 Mushroom Nakhon Ratchasima M. caribbica TISTR 6026 100.00

YE22/1 Great morinda Nakhon Ratchasima M. caribbica TISTR 6017 100.00

P4 Coconut toddy Phetchaburi S. cerevisiae TISTR 5092 100.00

4 P5 Fermented soybean Pathurn thani S. cerevisiae TISTR 5104 100.00

pastes

5 P6 Fermented rice Phetchaburi S. cerevisige TISTR 5161 100.00
6 P8 Fermented rice Surin S. cerevisiae TISTR 5328 100.00
7 P9 Fermented rice Surin S. cerevisiae TISTR 5872 100.00
8 Y17-1 Yellow elder flower Chaiyabhumi S. sorbosivorans TISTR 6018 100.00
9 Y17-2 Yellow elder flower Chaiyabhumi S. sorbosivorans TISTR 6027 100.00
10 Y17-3 Yellow elder flower Chaiyabhumi S. sorbosivorans TISTR 6019 100.00
11 Y19-1 Kaempferia pulchra Ridl. ~ Suphan Buri K. ohmeri TISTR 6020 99.80
12 Y83-2 Tapioca fiber Chaiyabhumi P. kudriavzevii TISTR 6028 100.00
13 Y101-2/1 Flower Nakhon Ratchasima  P. kudriavzevii TISTR 6025 100.00
14 Y101-3 Flower Nakhon Ratchasima  P. kudriavzevii TISTR 6022 100.00
15 Y180-3 Dioscora alata Nakhon Ratchasima A, kamigamensis TISTR 6029 100.00
16 SK83-4 Pavetta indica L. Nakhon Ratchasima  P. kudriavzevii TISTR 6030 100.00
17 SK180-2 D. alata Nakhon Ratchasima A kamigamensis TISTR 6021 100.00
18 SK114-2 P. indica L. Nakhon Ratchasima M. koreensis TISTR 6044 99.43
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TISTR 5161 (LC775289)
TISTR 5872 (LC776723)
TISTR 5328 (LC775290)
TISTR 5104 (LC775288)
TISTR 5092 (LC775287) .
S. cerevisiae NRRL Y—1263;2 (AY048154)
S. mikatae NRRL Y-27341 (TAF398479)
S. dairenensis NRRL Y-12639 (TAYO48168)
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Figure 1 The phylogenetic tree of gene sequences of 26S rRNA was generated by
Neighbor-Joining method. Bootstrap values (>50%) based on 1,000 replications

are given at branch nodes. Accession of each organism used is given in
parentheses.
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7. Cellulase and Xylanase activity
Amongthe 18 yeast strains, M. caribbica TISTR 6026 and M. koreensis TISTR
6044 exhibited xylanase activity, which was proved by the clear zone around their
colonies. However, none of them displayed cellulase activity.
8. Cytotoxicity test
These strains, including S. cerevisiae TISTR 5104, TISTR 5328, M. caribbica
TISTR 6017, and P. kudriavzevii TISTR 6028, were tested using the MTT assay at
concentrations of 0.00%, 3.13%, 6.25%, 12.50%, 25.00%, and 50.00% (v/v). A key safety
criterion was a RAW-264.7 cell survival rate exceeding 80% at each concentration.
At 3.13% (v/v), all selected showed survival rates over than 80% (data not shown).
9. Phagocytic activity
The assessment of phagocytic activity revealed significant phagocytic activity
in four yeast strains: S. cerevisiae TISTR 5328, M. caribbica TISTR 6017, S. cerevisiae TISTR
5104, and P. kudriavzevii TISTR 6028. The uptake percentages for these strains were
60.64+3.45, 68.86+3.58, 73.48+3.53, and 100.00+2.00, respectively, at a concentration of
3.13% (v/v). These values were compared to the positive control, 100 pyg/ml Beta-glucan,
as illustrated in Table 3.
10. Nitric oxide production
The NO assay revealed that selected strains triggered and slightly
suppressed NO production, differing significantly from the control (Table 3). These strains
effectively influenced RAW 264.7 macrophages to generate nitric oxide. Notably, strains
TISTR 5104, TISTR 5328, TISTR 6017, and TISTR 6028 induced substantial nitric oxide
production in RAW 264.7 cells. At 3.13% (v/v) concentration, nitric oxide values were
37.68+3.68, 24.65+0.75, 28.77+0.65, and 27.42+0.31, respectively.
11. Immunomodulatory effects
In the TNF-a and IL-6 production assay involving four yeast strains
(S. cerevisiae TISTR 5104, TISTR 5328, M. caribbica TISTR 6017, and P. kudriavzevii TISTR
6028) on RAW-264.7 cells at 3.13% (v/v) concentration, strains TISTR 5328 and TISTR
6017 stimulated TNF-a production with values of 1,136.21+297.18 picograms per milliliter
(pg/ml) and 1,419.10+814.12 pg/ml, respectively. Notably, these values were lower than
the positive control producing TNF-a at 1,669.00+1.99 pg/ml. Conversely, strain TISTR
5104 and strain TISTR 6028 induced TNF-a production with values of 4,478.41+567.44
and 1,725.58+86.92 pg/ml, respectively, significantly exceeding the LPS positive control
(Figure 2). Among these strains, strain TISTR 5104 exhibited the highest capacity to
stimulate IL-6 production (67,455.56+2,411.11 pg/ml), followed by strain TISTR 5328
(42,500.00+11.11 pg/ml), strain TISTR 6017 (32,916.67+1661.11 pg/ml), and strain TISTR
6028 (6,421.00+412.22 pg/ml) (Figure 2).
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Table 2 Antimicrobial activity of yeast strains against six pathogenic bacteria.

Strain Antimicrobial activity
E. coli S. aureus P. aeruginosa S. Typhimurium S. enteritidis L. monocytogenes
TISTR 780 TISTR 1466 TISTR 1995 TISTR 2519 TISTR 2202 TISTR 2196
M. caribbica TISTR 6017 ++ +++ +++ - +++ -
S. cerevisiae TISTR 5104 - - - ++ ++ T+
S. cerevisiae TISTR 5328 - - - ++ + ++
P. kudriavzevii TISTR 6028 - +++ - - - FH+

Note: - Diameter of inhibition clear zone (mm): - (no inhibition zone), + (diameter =10-14 mm), ++ (diameter 215-20 mm), +++ (diameter
>20 mm)

Table 3 Phagocytosis and nitic oxide modulating effects of selected yeast strains on RAW 264.7 cell.

Treatments Phagocytosis (%) Nitric oxide production (uM)
S. cerevisiae TISTR 5104 73.48+3.53" 37.68+3.68°
S. cerevisiae TISTR 5328 60.64+3.45" 24.65+0.75¢
M. caribbica TISTR 6017 68.86+3.58" 28.77+0.65"
P. kudriavzevii TISTR 6028 104.54+2.06° 27.42+0.31°¢
Negative control Medium 0.05+2.10° Diclofenac (40 pg/ml) 19.05+0.53¢
Positive control Beta-glucan (100 pg/ml) 100.35+0.70° LPS (1 ug/ml) 28.41+0.70°

Note: - Significantly different results were indicated by superscripts, employing Duncan’s method for multiple comparisons (p < 0.05).
The highest value is denoted by the letter 'a,' ordered in descending sequence.
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Figure 2 TNF-a and IL-6 productions (pg/ml) in RAW-264.7 cell induced by yeast strains,
S. cerevisiae TISTR 5104, S. cerevisiae TISTR 5328, M. caribbica TISTR 6017 and
P. kudriavzevii TISTR 6028. LPS and medium were used as positive control and
negative control. Significantly different results were indicated by superscripts,
employing Duncan’s method for multiple comparisons (p < 0.05). The highest
value is denoted by the letter '3, ordered in descending sequence. Letters
above the bars coded by different colors represent TNF-atand IL-6 productions,
respectively. According to Duncan’s test (p < 0.05), the levels not connected
by the same letter are significantly different. (For interpretation of the references

to color in this figure legend, the reader is referred to the web version of this

article).

Discussion

This study evaluates the probiotic properties and potential benefits of 18 yeast
strains isolated from natural and fermented sources. The results show that these yeast
strains are safe, survive well in gastrointestinal conditions, have antimicrobial properties,
and can supportimmune function, making them strong candidates for probiotics. None
of the strains showed hemolytic activity (gamma-hemolysis), confirming they are
non-pathogenic and safe. Gamma-hemolysis, which indicates no breakdown of blood
cells, minimizes health risks. Additionally, the strains were sensitive to antifungal
antibiotics, reducing the risk of drug resistance and ensuring they could work well with
medical treatments. This aligns with studies by Abulreesh et al. (2019) and Maciel et al.
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(2019), which reported similar antifungal sensitivity in yeast species. The yeast strains
also survived in harsh conditions, with over 80% surviving in acidic environments and
70% in bile salt conditions, simulating the human digestive system. This strong survival
rate suggests they could thrive in the gut. All strains tested showed survival rates above
70%, making them reliable options for probiotic use. Furthermore, these yeasts showed
good adhesion to intestinal cells (HT-29 and Caco-2), with adhesion rates exceeding
60%. This means they can effectively colonize the gut and interact with intestinal cells,
a crucial factor for probiotics to function well.

Four strains—M. caribbica TISTR 6017, S. cerevisiae TISTR 5104 and TISTR 5328,
and P. kudriavzevii TISTR 6028 stood out for their antimicrobial properties. They inhibited
harmful bacteria like £. coli and S. aureus, showing their potential to support gut health
by controlling pathogens. Studies by Rajkowska and Kunicka-Styczyrfiska (2012) and Syal
and Vohra (2013) reported antimicrobial effects in yeasts. Other research supports these
findings: S. cerevisiae IFST062013 inhibits bacteria and fungi (Fakruddin et al., 2017),
M. caribbica can control Penicillium expansum (Qiu et al., 2022), and P. kudriavzevii has
antibacterial properties (Choifiska et al., 2020). Additionally, two strains—M. caribbica
TISTR 6026 and M. koreensis TISTR 6044—produced xylanase, an enzyme that helps
break down dietary fibers. This activity could improve animal digestion, although the
lack of cellulase activity limits their role in breaking down cellulose.

Safety testing confirmed that these strains are non-toxic, with over 80% of RAW-
264.7 cells remaining viable at all tested concentrations. This demonstrates their safety
for further applications. The selected strains also showed strong immune-boosting
effects. They enhanced the activity of immune cells and increased the production of
key immune signals like TNF-atand IL-6. S. cerevisiae TISTR 5104 was particularly effective,
showing the highest immune stimulation. Controlled immune responses triggered by
these strains could help manage infections or inflammation (Rocha-Ramirez et al., 2020).
Yeasts activate defenses by increasing IL-6 and TNF-a production (Fidan et al., 2009).
Beta-glucans, a key component of yeast cell walls, likely contribute to these effects
(Wang et al., 2020), while other cell components may influence nitric oxide production
and immune responses (Kingkaew et al., 2022).

In summary, S. cerevisiae TISTR 5104, TISTR 5328, M. caribbica TISTR 6017, and
P. kudriavzevii TISTR 6028 show the most promise as probiotics due to their safety,
ability to survive in the gut, antimicrobial activity, and immune-boosting effects. These
strains have significant potential for functional foods, animal feed supplements, and
therapies to improve gut health and immunity. Further studies are needed to confirm

these findings and explore how these strains work, especially in living organisms.
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Conclusions

This study aimed to identify and assess 18 yeast isolates for potential probiotic
use from various sources. Using 26S rDNA gene sequencing, species such as M. caribbica,
S. cerevisiae, P. kudriavzevii, S. sorbosivorans, K. ohmeri, A. kamigamensis, and M.
koreensis were identified. These strains demonstrated safety, tolerance to gastrointestinal
conditions, adhesive properties to human cells, and antimicrobial potential against
pathogenic bacteria. Notably, M. caribbica and M. koreensis exhibited xylanase activity.
Certain strains (S. cerevisiae, M. caribbica, and P. kudriavzevii) were non-cytotoxic and
showed immune-modulating effects in macrophages. This study highlights these yeast
strains' taxonomy, safety, antimicrobial properties, survival capabilities, and immune-
modulating potential, suggesting their value as probiotics for diverse applications,
includingimmune therapies and combating bacterial pathogens. Further exploration of
these strains is warranted.
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Abstract

This research aimed to study the growth proper cultivation system of Peristrophe
roxburghiana at Thailand Institute of Scientific and Technological Research (TISTR),
Khlong Ha Sub-district, Khlong Luang District, Pathum Thani Province. A Completely
Randomized Design (CRD) trial was conducted planned, consisting of 3 treatments with
five replications, namely, an outdoor system, a shaded net system, and hydroponic
cultivation systems. When studying the growth, it was found that P. roxburghiana plants
grown under various planting systems were 30 and 60 days after transplanting. There
was no difference in growth in canopy width. However, P. roxburghiana plants grown in
a hydroponic cultivation system had the highest average plant height, followed by the
outdoor and shaded net systems. In addition, plantings in the outdoor system had the
highest number of shoots per plant, followed by the shaded net system, and hydroponic
cultivation systems, respectively. The edges of the leaves have a wrapped appearance
and roll a little. In addition, the number of leaves per plant in outdoor planting areas
was higher than in other planting systems. In hydroponic cultivation systems, the leaves
are no different in size. Therefore, P. roxburghiana planting in the outdoor system is the

most appropriate.
Keywords: Peristrophe roxburghiana, Growth, Cultivation system
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Abstract

The study of meiofauna from Pak Bang Na Thap Beach to Ban Bo Chon Beach,
Songkhla Province, aimed to study the diversity, density, and relationship between
meiofauna and environmental factors. The samples were collected at the four stations
during May, July, and September 2022. A total of 22 taxa from 8 phyla of meiofauna
were found. Nematoda was the dominant group, showing the most diverse and the
highest density ranging from 2-90 individuals (ind) per 10 cm?, followed by Foraminifera
(2-57 ind/10 cm?), and Polychaeta (1-51 ind/10 cm?), respectively. In this study, the
highest diversity and density of meiofauna were found in station 1 (Pak Bang Na Thap
Beach) (91.04+24.55 ind/10 cm?), while the lowest diversity and density were found in
station 3 (Wang Ngu Beach) (30.81+18.61 ind/10 cm?). Environmental factors closely
related to the distribution of meiofauna were the percentages of organic matter and
the water temperature. However, each meiofauna taxa had a different relationship to
environmental factors. When assessing environmental quality using the density
proportion of nematode and copepod (N:C), station 2 (Suan Kong Beach) showed an

environmental degradation, whereas the other sites still had the favorable environment.
Keywords: Meiofauna, Environmental factors, Pak Bang Na Thap beach, Ban Bo Chon beach
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wuRms naaslulufudn 5 wudues warlidednunaessuuuliifielimeluneseglu
ANTHYINA iduiiuldldlunssdoadufedns andufunesunduiidunans 10
Wesiiud adviviaudiegsiu thnduinfnunfiviesl foAins lasthdegangnoududls
unsesiegang 22 lilasiuns Wowondaividuruinnatsesnainazneuiu uay
ﬁi’WLLuﬂmjﬂuﬁzéﬁ’U%’ju (class) §usiu (order) 336 (family) @na (genus) wag/v38 vlin (species)
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Ingldlanansusenoun1sILuNYes Giere (1993) wag Higgins and Thiel (1988) uagunAINa
Wedu 9 MAgves wieunsiuIuungldndesgansialiuuaudusenay (compound

microscope)

o

AA 1 @aiAusiegns UShnaaUInUsUIuanevaTuUs sy daninasvan
u: Maxar Technologies (2024)

3. nsAnundadeawandon
prrindadvdandon Wun anuduvesimaa nelddurlsnlndmesuuy
W (Master-S/MiLL M, Atago) nanudunsa-shevasimzia Tnglifiesiimes (Smartsensor,
PHB18) gruvinfivestmzia lasldimeslufined druaenudunsa-auazommgives
nznouduldiniosinfilovuazgaumafiAuuuunnm (soil pH meter 520) saafuiiegs
ngnouRunnaaiufogsdnintAurana Ineldresidvuaduriugudnats 5.5
wuiwns neaslulufudn 5 wudms ldgmanadniuluiinfgumnfibu Wethluinsey
Usinadunieinglungnoufunauisues Walkley and Black fifaiUasuda (Nelson and
Sommers, 1982) uazruinoyniangnauAu IngldisnssouAuiiouuiiudsinunzunsesou
1A 1.000 0.500 0.250 0.150 0.053 Uag 0.020 Wwufiuns Maddu udihazneuAuiidsey
vuAZUNSI Az U siminwasAumduesifudvsmenoufuudazaualag
Wisuiisuium1s1e Wentworth (Kenny and Sotheran, 2013)
4. MsAATIEVdayanieEia

4.1 3LA1ERANUFUNUS 5119098 awna sunuUsEIANd T nu1fu

L3

uanan Tuusazaniinien153LAT18% canonical correspondence analysis (CCA) 2
TUsunsu MVSP 3.2 (free trial) Inedeyamhuninnezilafnidenameyidaiianuvuiwiy

[

11NN 1.00 WesWuatuly wazdaulastoyaidu log (x+1) AeulUiwsgi
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4.2 Usgiilugaunmdannden anmslideyannuvnutiusnmdndiusening
W& Nematoda siledu Copepoda (N.C ratio) Ineusnaidunznoufunsiodadiunis
feeglute 1-10 duuinuiidunznoudulnaudadiunsiaiesnda 40 Fsusueni
anuandeudlaidonlngy (Vinex and Heip, 1991)

HaN13ANYN
1. AURAINUANELAZANAUILUUYBER TRTIRUYIUIANGNS

MnMsAnwdRInthauruanasuInanaUnusiuisneeatuUeluy
Janinasan Tudeunguniay Nsn1AN waziueneu w.a 2565 WUdniniiAuvuIanas
Tenun 22 N (taxa) Fnoglu 8 nldu (phylum) (51971 2 waznmil 2) nsfneadadl
nuinlndn Nematoda (i eusanaumeta) iunguiinunannvateviinuiniige lnowy
flavan 7 vl firnumuwiueglugeduiu 1-90 dasie 10 asueuRiuns seaasuiy
Inl&y Arthropoda (nguensTnswen) ey 6 wnw danumuusivegludissuu 1-21 &
fo 10 Ms1auiung Idu Annelida (nquldifeunsia) wu 3 aiin danuruwivetlug
U 1-51 A8 10 M1 uAwns waglndu Rotifera (ngulshines) wu 2 ¥iia Ay
vuwdueg gy 1 fse 10 mseuRnmg @by Foraminifera (nguneiilvlos)
& Gnathostomulida (Ngusuminalayda) Indu Gastrotricha (Nguunalnsnsa) wayldy
Tardigrada (nuvishin) wuiftedlnduag 1 winen

definrsanluusiayaniwuinuinaeandi 1 mauinuiariu wudaimiau
YPUANANIINTIGN $1UI 20 NN Se9a937 Ae UTaanilil 4 mevatutsluu wu 19
wne UTnaEanidi 3 matsg wu 16 wine uazuSuaaia 2 veauns wu 15 mnen
muadiu Inenuinlufeunsngreumudaiviidusuanaanniign fo 18 wnen Tuved
Founguanaumudnnutesdign fe 14 mnen (amil 3)

AR i Autuanansiinuueluusiazanidnaennisfnu
Tneiadveeflurasdiuau 39-106 fsie 10 masufiuns leeusnaannddl 1 meunuiauniiy
fnumunuiugsiigadiuiu 106 fsio 10 MIwURNAT 509831 A Ui 2
yaEuNg IAnunuutiuegfisiuau 86 fse 10 maawuRtms uas3aannin 3 mety
fenmuiuiudiuau 39 e 10 maaeudiuns luvagiivinuanndd 4 (mematiu
Uelww) demmnutuesiign fo $1uau 41 fwio 10 meawuiiuns 9197 2) TuBaam
wuFeufugsuiirumuiunniign Taefisiuiueds 91.65 fso 10 Myaeudiung
50909 Ao IeunquAIAY S1uIURAY 42.84 fse 10 MIUTURLAT WazlFiounsng AL
f1uauiads 41.61 fse 10 MIAURLRT ANEFU (ANl 3)
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msdnwadsiinuinlwdy Foraminifera Wunguisiufiansowuldnnanilnaen
s Semnuueglurasiuau 2-57 dse 10 mawuReng lewusnaigauiim
@011l 2 mamuns Tuideususeu nauiinuanivuIliusesasn Ao W& Nematoda G4
ANUNUILENEY TuY9T11IU 2-90 fade 10 a1s1awudiuns laglidu Nematoda wiln
Enaplolaimus sp. annsanuldnnaadvesns@nu daudningudu q 1wy wu Tudy
Annelida 8usU Harpacticoida fu Copepoda W&u Gastrotricha ldu Rotifera saudislwau
Tardigrada 2gWuUAMNRUILULLANANAUIULAaZIAOU WATANUTAUNUILLUNIAUI I
a0l 1 anunsndiu (19l 2)

defiasandadiunrumnudureslndy Nematoda st Copepoda Tun1s
Uszifiugauniwdsuinden wuirdaundigauinaenid 2 (Uinameaung) Ae 8187
5091 A anndli 4 vematuvelvu fdndadiu 8.86 druviimannii 3 madsy
fiendngu 4.06 uazunnianilf 1 mauinususiu dandndu 1.97 auad

AN5797 2 ERINUNAUILIANAIIUSIAAUINUNNUITUDI 8T WU lYY J9rdnasvan

daduthAuauinnany finda ganiiiiudiedng
1 2 3 q
Wau Foraminifera For MJS (12)  MJLS(30)  MJS(10) MJ,S (13)
Wau Gnathostomulida Gna J,S (1) M,J (1) J,S(3) J,S (1)

Wau Nematoda
Jusiu Enoplida

Anoplostoma sp. Ano M (1) - - M (2)

Enoplolaimus sp. Eno MJS16)  MJS()  MJS()  MJS (1)

Thoracostoma sp. Tho M,J,S (4) M,J,S (1) J, (1) M,J,S (2)
JUAU Plectida

Camacolaimus sp. Cam MJS () MJS(L) S (1) M,J,S (4)
dUAU Rhabditida

Gracilacus sp. Gra MJS () MJS(10) S, (1) M,J,S (4)
URAU Desmodorida

Metepsilonema sp. Met-1 S (1) 1,5 (6) 1S (1) S (1)

Microlaimus sp. Mic-2 S (1) S(2) - S (1)

Wlau Gastrotricha Gas JS (1) S 1S (1) S(1)

Wau Rotifera
JUAU Ploima
Lecane ludwigii Lud M,J (1) J M,J (1) J ()
L. bulla Bul M,J (1) - - J(1)

WICHCHA JOURNAL Vol. 43 No. 2 July - December 2024
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15199 2 (M)

dndntinfuvuianans Aga aanfiudiagng
1 2 3 4

W&y Annelida
U Polychaeta
duAU Haplodrili

Polygordius sp. Pol MJS (21)  MJ(@5)  MJISE6)  MJ(Q2)
8UsU Phyllodocida

Pisione sp. Gal J(1) - - -

Pisionidens sp. Pis J(1) J,S (1) - -

Wau Tardigrada
JURAU Arthrotardigrada
Batillipes sp. Tar S(13) S, (4) MJS@®  JS5)
lWau Arthopoda
Hu Copepoda
UAU Harpacticoida

Cylindropsyllus sp. Cyl M,J (3) - J, (1) M,J (1)
Leptastacus sp. Lep  MJS(11) 1S (1) M,J (1) M (1)
Matis sp. Mat M,J (1) - M (1) S (1)
unU Cyclopoida Cyc - - - S(1)
#u Ostracoda Ost M,J (1) J(1) J(1) S (1)

U Arachnida
duAU Trombidiformes

29f Halacaridae Hal - - J( -
WUNGH 20 15 16 19
ﬂ'J"IﬁJVIu’ILLquLQEEJ 106+5.04 86+4.09 39+1.85 42+196

(A2612 10 ANF1UYURLUAT)

UGG - M AD iaUNguAIAN J AD lNBUNINYIAN WAz S A nauiueeu
- Woundaduls fie WeulinuaurkILINNTIan
- fruavluiadu fe AienuYnyuRae

WICHCHA JOURNAL Vol. 43 No. 2 July - December 2024
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0.2 mm

W&y Gnathostomulida

&y Foraminifera

\(

Wéu Gastrotricha & Tardigrada

I Arthopoda

Pisionidens sp. 03mm

W& Annelida

&y Rotifera

Mui 2 frinihduruianananguisunnuuinameuinuiuiuisnemadiuvelsuly
\ADUNOWAIAL NTNYIAN UAZTUEIEU WA, 2565

CCO ANUVUILUY == T1UUNGQY

180.00 A - 18
T 16000 16
o Z 14000 14
TG (&=
G '3 12000 12 a3
S 210000 10 S
3 2 £
S & 8000 8 =
g & oS
2 o 60.00 § @
pA
S @ 4000 4
»S 2000 2
0.00 0

Y 1
A01UNUAIDYIN

Ml 3 anuvuidulariuunguuesdn inidusuanaislussazgaiuiiegsluiiou
NOWAIAN NINGIAYN WazUEEU W.A. 2565
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2. Hadudawandon

Mnmsfnwiiadedunndouvenimeia wuhguupivenimaalunsiayand
fiAnoglutag 28.90-33.00 esmwaldea lnefigaumaiindsgsgauiuandd 1 mavinuis
w9y Tuideunsngiey wazdidad ssnanuinaaniidn 2 mesuns luidoudugiou
Fasamd 4 (n) Aanadunsa-ansvesimeadinieglugag 6.44-9.12 Tufounguanaud
Aadngean lnolamzuTnuannia 1 meauinuiswviv walufoutusnesuiaadenian
Fannit 4 (1) aranduvesiwiadianeglutiag 24.00-31.00 duluiudau nuiuiiuanid
i 4 ematutelou Tueudsuseuliduedegean uazdaadefigauinuaadd 1 ma
Unursuiu Tudeunsngiau dsnwdl 4 (a)

1NNIANYIAUNIMVBINENOUAY NUTgngTvasnznauduilr1ag luls
29.33-36.00 psrwaLdoa Ingnuindeudugneuiiaindsgeaauazigaluiounsngin
Fanwdt 4 (9) Aranandunsa-rsueangneududaoglutag 5.00-7.00 luideunguaiau
fiAedvgeaauarsanlufiouduseu fanmd 4 (1) Uinadunieingiianeglutas 0.02-
0.08 Wesidud ludounsngiaufiainadunisingadsgean luvasiidouiueioy
fAnadvsian tnsusnuandd 1 meuinuisuiv uazaandd 4 vemadiudelyy
fUnaBueingeasgnianidy 9 dnmd 4 @)

nsAnuivuIneyATeInznouAY (Ml 4 (v) lunnannil wuindaulng
fidnwnnifungnounsevie (coarse sand) sdivuinmaus 0.150-0.250 fadwns Anidy
63.73-94.02 Wasidud nzneunseiudedunznaunsieneruain (very coarse sand) &4
fuadaust 0.500-1.000 fadwmsuly Aadu 3.15-20.94 Wedidust uasngnounmeazdon
(find sand) Fsdivunmdaus 0.053 fadmmsduly Aadu 1.50-15.64 wWesidusd drunznou
neudslunzneufumiles Giltclay) Sadlvuaiesndt 0.020 fadwns Andu 0.01-0.03
Wosidud Taewuiniinamaniil 3 mesy fesidudngneunmevenugdign sesawn Ao
annflil 2 maauns wazanndi 4 yematuvelvy luvasfivsnuaandil 1 mainuis
uwiy fefidudngnounmeveuiosiian Tludnamuinfeutussuiivesidudngneu
NFNGIVINTIgR F098981 Ap LiBuNIN Pl
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Ownuniey  Mnsngiey B fueiou Owguaey  Wasngien B fueeu Owquaey  Wnsngien B Aueieu
G B _
34.00 7 21000 40.00
< (]
Rﬂ: -
= = 3200 A & 900 1 2 3 3000 7
s & 2 S &
- 7 = @
a0y U§ < 7 X
& 83000 - $ 8.00 1 8 °Z 2000 1
a§ c b ué =
L € < € =
gz = 7.00 2 T 1000 1
£ 82800 1 il &=
@ E &
26.00 - T T T (‘E 6.00 T T T T 0.00 - T T T
1 2 3 4 € 1 2 3 4 1 2 3 4
aonthAusagng aaiudiaegng antiudiagig
Owguany  Wasngien B Augiguy Owguaey  Masngien B fusieu Ownquniey  Wasngren B fueneu
s ¥ 0.10 -
40.00 - @& 800 - g 010
] &
o = *C 0.08
g < 30.00 A g 6.00 1 =2
c 2 @ = i
» B = <~ 0.06
g @ & =
Z & 20.00 T -& 4.00 S
2 & < W 0.04
g g e
g < 10.00 ‘% 2.00 § 0.02 -
@ 2 2
< o
0.00 +! . . . < 000 4~ . . . 5 0.00 - . . . .
1 2 3 4 -€ 1 2 3 a 1 2 3 4
danflifiudlegng aanfliiudaetig gandifudiegns

awil 4 Yadedanden laun saumgivesimaa (n) Ampnudunsa-snswenimesia (1) muauvenimeia (A) samalivesmznouiu (1) A1AY

Y 9 Y

(%

unse-iswesmznauiu (1) wasUinadunieing @) vshamealnuiswmiviemetudelsu Jminaman
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O aznounsievetu M szneunsevervuin B senounssazidun

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

1)

fu (Wosidud

VYUINASNDUAU

an1dAuA29819

AN 4 VUIRAENBUAUUSNIAUINAUINUIUNIRURTEMATIUUB LYY JaInaIvan

3

3. anudunusszninelasedaandoniudainthAuvuianans

MNMTIRTgianuduius sEniedaded windeududnimiduruianans
U3 naaUINUIILTUS sem ey eley Yanieasal wuandaded wandeuiidl
anuduiusivdnininAuwuinnand Ae A1audunsn-A1avemenaudu (pH-S) aaumnnd
VoIRENoUAU (T-S) qmmﬁﬁuaﬁmm (T-W) UsunauduviseTng (OM) Wesiiusnseneiuann
(VCS) Wasidurnigaviden (FS) wazilesidudnitondslunznoudumiden (SO) laedl
U%‘mmﬁum%‘ai’mqLLazqmmqﬁmaﬂﬂéﬂmLaLfJuﬁﬁ]ﬁ‘i’aﬁﬁmmé’mﬁuéﬁ’ummwmLLu'uﬁuaq
dorimhdunnanasluimitinniian feinuihdrimhAunuananusasnduiierduiug
fuadedmandonuanansiueenly Wy 4 Ostracoda (Ost) Cylindropsyllus sp. (Cyl) g
Annelida wia Pisionedens sp. (Pis) way Pisione sp- (Gal) wazlwau Rotifera (Lud tag Bul)
finnuduiusiulsiadunseing ammmaam‘m%a AANULTUNIA-ANSUBINE NBURY
waztlosiduinaeenuann Imwmmmumuummumaﬂawmmuummmu Turgued
Tudu Gastrotricha (Gas) lWdu Tardigrada (Tar) uaglwdu Nematoda wiin Metepsilonema
sp. (Met-1) uazdusy Cyclopoida (Cyc) ummwmLLuuuaaaamaﬂimmaummm aamn:u
gasimua Weddudneneuann wasArnnudunsa ey ﬂaummwmwu du
I&u Nematoda viln Enoplolaimus sp. (Eno) wag Thoracostoma sp. (Tho) Wumfﬂu‘umm
fiflesiduimmeasBeniingstu vaeiiliy Nematoda wiin Camacolaimus sp. (Cam) was
Gracilacus sp. (Gra) nusnaluv3nadifivesidudinseuteunsnoufiumile wasguminu
Lﬁmqﬁsﬁu Fanndi 5
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CCA variable scores
1.7 1T
1.4 + Hal
A
Lo Pol
or T Gna
N 03 T Gasla  Ford Lud
“ as - oM
x 00 Met 14 a9 ¢
03 + Mic2 Ah Bu LA C - H-S
' % Tho y
or 1 Pl Ga: vcs
-0 7T N
-4 —+—
1.7 } f f {
-1.7 -1.1 -0.6 0.0 0.6 2.8
Axis 1
Vector scaling: 2.75
Eigenvalues Biplot scores for env. variables
Axis 1 Axis 2 Axis 1 Axis 2
Eigenvalues 0.289 0.176 pH-S 0.614 -0.126
Percentage 41.556 25.401 TS -0.052 -0.246
Cum. Percentage 41.556 66.957 T-W 0.787 -0.174
Cum.Constr.Percentage 40.948 65.978 oM 0.865 0.029
Spec.-env. correlations 1.000 1.000 VCS 0.611 -0.152
FS 0.456 -0.559
SC -0.127 -0.391

AN 5 HaNFAATIEN CCA WaRIANUALNUSTEMINEn IntNAUILInnasnutadedawina oyl
UINUAUINUNUIVTUISINEAUILUD Y JIRInEIUAT

N159AUS1INAN15IAY

ASANERINTIAUIUIANANUS UAUINUNUITUE et uUelaY 991
awwan wudsriviAumnanasioun 22 ngy fermuutiusiseglutiadiuau 16-163 ¢
fla 10 msuiiuns dedenumunsiudesdiossuisusuus nameazneufinudad
wmmusuumﬂmmmmwumuuaﬂumqmmu 179-1,228 fage 10 PIIUAAS (3730
LaZANE, 2560) D194 BINIINTIABIUS I A d AT TR IEnauUAUT uAnA1eY Taemn
aznouvzilanvaznznounTeaziden (82.32-95.05 Wesidud) uaziiusunaduniainglu
AgneUAugIndn (0.08-0.26 Wesldus) Tuvaiziimatnunsuwivisnematudelvudanlg
yefldnuarAznaunTIeneIU (63.73-94.02 Weosidus) wazduuadunisinglunzneudu
Yaundn (0.02-0.08 Wasi§us) Tneu3na@niil 1 mavinuisusiu nudauifuswianas
Mu’ILL‘IJuLQSEJQQ?jﬂ Tnsnzludeutuensy Fanusiuauannis 92 fse 10 ms1aguRwuns
gnilounnaanii 1 matinuauiu Suinamzneunseveutiosniuaingneun e
azldenganinaniidu 4 Usznoudumsiiviinaduvisingreudrsgenindanuanumuiuiy
yosdnintihfuvunanansgs luvafiusnammi 3 matsy wuanuvuiuuvesdaintiau
wanaatesninaniidu q snadewnanuinaeanii 3 madsy dnznouRunTeneug
9 94.02 WeasiFud LwiﬁmuﬂaumwavLﬁﬂmﬁaaﬂfim%‘nmﬁu 1AN1SANEIVBY Pinedo
et al. (1997) wuinuinufioynangnouAuivuinidnagiusinadunieinaglungnoudu
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wnniuTnafeumangneuduiivalug Sedniniduruanamansviaiudunieing
Huens shlrilaumuiuiugs Ssenadenalivinaandi 3 matey dednivgdaznou
vnalvyiunuamunguvesdarinifuranaisiesnulufe wuistumsinwves
Harguinteguy et al. (2012) ﬁwm’w%L'gm‘vmmmwﬁﬁl,ﬂai%uﬁmwasLﬁamqwswuﬁ’mi
fanugnyuasnuluiag

TudsamuiludeutussunuamnumnuuvesdniniAusuinnaisunniian
709897 AlD LHIDUNINYIANWAZNABMAN AW 1aidlesanmsiUasuutasmuggnia
1/1aqmamﬂﬁmamLmaammmmwm bidouiueuwliivimnasunseinglosndy
wifleudnvesimziagaminfeudu 4 vsgneudugangiivesimzaiiiasiindt Fan
Frivihaumnanavanvaeviauasdeuvuiududniumnn Tuvaeddeunguniau
frlunnifosuaziiguvniindvesmznoufiugaininioudu q mudainidusuanaisies
aonpdestumsAnevasiain waran (2561) AnudminthAumuanansusnamansoudy
Jainaean danuvuiiduiesludiggseu

nsAnwiasadnudnlaidy Nematoda dunguiinuvarnvanglusedurdeuniian
Tngmuvianun 6 via wazflaumuuvued vgeaaoglutiaduiy 1-90 dasie 10 M3
wuAnns osnliidy Nematoda WunguAsiTindannsausulidiuanmundousing
LagAsAueIIAvaInvate Wy Audunieinquazdaivinfusuianansdy 9 Wuemns
FeansanuaTIMLLLAINIRBUInMRENoUN T BYNa NNy (ighind, 2560) denali
fauvuudududvaunn ngunusesawn Ae dy Foraminifera fiauvuiniueg
Tutinediuau 2-57 fasie 10 meuinns Tnsalgindt (2559) nd129n TWdu Foraminifera
Humaniifudunietegidundn dadnduilinnuedenufminfuiiiuaseimsddy way
Fmuseanimundeuiiudeuuas deuleilvdaumunuiunuasnuldnaeannanid
YDINTANY

NnmsAnnadedundeuuinamatinuianiviematiudelvy wui
azumﬁﬁuaa‘fm%aﬁmasﬂwm 28.90-33.00 B3ALUaLT e Iﬂﬂiu@@umﬂ{]ﬂﬂmLLa”ﬁ"HEJ’]‘EJu

9
a1

ummmmaquwmﬂu TuuTnaaandil 1 matnuisuiiy Lummmﬂuamuammmaq
naifiusegna Suiligamgiivenimeiagetu luvasiiraudunsa-dsesimeiaden
9¢/luv19 6.44-9.12 mmLﬂmaqmml,aumagimm 24.00-31.00 dlusiudu lngarany
Junsn-ismesimzauazaaufuvesimzaiialndifestuaessu fariunsgiu
vosamdunsn-Asvosimziaiadsyszina 8.00 kagAATgLTRIRNALLAAY
Uszanas 35.00 dduluiudiu (nsumsnensmiang LaLLamejq 2556) aéﬂﬂliﬁmmwudw
ynamivesuieungumendisanudunsn-rmaenimeiaganinieudu q E)’Iﬁ]LuENZJ’I%’Iﬂ
filumnyniuszninensandunisiiudiedng ol munsa-seesmeaiiady
AranAvesimeiadaneglutag 24.00-31.00 daluiudn Tudeutussuiiiganindion
ngunAukarnangny desnndrusnifusey Johlideuduvenimeaiuiy (nsu
n¥meInTImElaLazYeil, 2556) d1unannvesngnouALUInMMATINUIUTUEY
yevatulelyy wuiiludeutugieu vsnaendi 1 mavinuisuitu Sangumniives
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AYNDUALGINTUARUNGBMIAAILAYNINL AN dosmrluidoutuensuthast Juilvigungd
vonmziaganiniieudu gumgivesmzneuauiaieglugas 5.00-7.00 1umaquwmﬂu
fiAnedugagauTuanii 1 vatnuisuiiu daufeunsngiasdaianuinuaanid 3
sy Usinadunieingianeglutag 0.02-0.08 wWedldust luideunsngauiiiadsgsgn
U3naaandd 1 mainuieniy wazangaluideudueneu vSuandi 2 maaiuns
fanlndiAssinamanaouiinuinvedifuddunieingimeglurig 0.03-0.07 Wesldus
(Ve wazamy, 2561) 1ioaanmansiguiauazaUInuIsu iU s matiulsul gy
wansgnunniadedsnadenndeii wu matameneilvonduaumzia NMIAEnwIves
Martins et al. (2015) wuiuSnamneilsifiaduauussannsenuiaiau vildsuvSeiaggn
Wanamela Mlviusnaimihauivsinadunieingtes

Jadedaunndeniifinrmduiusiudn imihfusuanansunameuinuianivis
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Abstract

The study aims to analyze the content of three heavy metals in soils and
Brassica rapa L. Six digestion methods, including method-1; prepared the samples;
digestion with nitric acid, method-2; digestion with nitric acid in overnight, method-3;
digestion with nitric acid and hydrogen peroxide, method-4; digestion with nitric acid
and perchloric acid, method-5; digestion with sulfuric acid and method-6; dry ash. Heavy
metal contents such as cadmium (Cd), lead (Pb), and arsenic (As) were analyzed using
graphite furnace atomic absorption spectrostometry (GF-AAS). The results revealed that
the concentration ranges of cadmium (Cd), lead (Pb), and arsenic (As) in B. rapa L. were
ND-0.03+0.02, 0.07+0.02-0.12+0.04, and ND-0.02+0.03 milligram per kilogram (mg/kg),
respectively. The soil samples found heavy metal contents in the ranges of ND-0.15+0.03,
18.75+0.36-20.21+0.15, and ND-2.04+0.03 mg/kg, respectively. The evaluation of six
digestion methods of B. rapa L. on the analytical performance of heavy metals, including
cadmium, lead, and arsenic, showed a linearity range of r* > 0.995. The comparison of
six digestion methods found the best preparation sample in removing the matrix, and
the efficiency of analysis of heavy metal showed in method-6 as dry ash at 480 °C for
4 hours. The recovery percentages for cadmium, lead, and arsenic were found in the
99.77-90.17% range. Limit of detection (LOD) and quantitation (LOQ) were 0.0027-0.0519
and 0.0090-0.0519. In addition, the sample preparation of method-1; prepared the
samples; digestion with nitric acid and method-3; digestion with nitric acid and hydrogen
peroxide were also acceptable. The substances were inexpensive, easy, and fast to
analyze. The recovery percentage, LOD, and LOQ were 85.75-80.12, 0.0497-0.0029, and
0.1656-0.0097, respectively. The transfer factor of heavy metal from soil to vegetables
has been found to have decreased. The contamination of heavy metals was less than

that of the World Health Organization. This indicates that it is safe for consumption.

Keywords: Contamination, Digestion method, Heavy metals, Soil, Vegetables
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Annesieaidiiuingavesssiianmsansamle (LOQ)
Tngld3Ensmunaandyguvetuasdiieuldnnaiesdietn Tnevinns
Jipsesiuuatd S 11 91 nntuswasimusidunenudiduedsuarate Loy
wmsguvesiuasd Inevilanudiduianvesasiiannsansaialddassanm 3 wi
yosddenuumT s TaraeLUNe wasanudududiigauesansfianunsansaam
Igfandu 10 wihwesdudenuunpsguresensazaisiuasd (inassas, 2509)
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5.4 MeTime¥esarnsisauLIAIgILduing (%RSD)
Tnsthegnamnvinsmageudisiuan 10 91 udrduameiiadsaii
duduvesanslufegefiiiasesild waemandsauuinassiuvesaududuresanslu
fheesiiesedild dnaiildundunmenfesaraiudoauuinnsguduing Seandlall
AsIiuIeYaz 11.00 (AOAC International, 2002)
6. MmTzimAnduUsEavsnsteleulanguiin (transfer factor: TF)
Tnomsihsaranduduveslanswindfogludaogamssoanudutuves
Tanemiiniavualudiu (Kachenko and Singh, 2006)
7. adanldlun1side
n9ifeiitineiteyansadadlonisiinnednnauuususumadon (one
way ANOVA) Tulusunsu Microsoft excel wazuanaduanade « duud BALUUNINTFIU (SD)
fanudesuferay 95 uagvmsmaaesd 5 91

NAN1539¢
1. Usnnaulaneninludiogsiu
Usinadlaveniinlufegsuanaiudgninniadeansdsuiufitiuumingy
fuatheny snedlonas Swinee Snseidemala GF-AAS namsAnwmunsUuilou
vasmzinnniign Fellawindu 21.45+0.23 Sadn3usienlansy sesaun Ao ansmy (2.04+0.03
fiadnsusonlansy) wazwandlen (0.19+0.04 fadnsusenlandy) suddiu fam1ssdi 2

A15199 2 USunadlavendnludiesnamuy

yauAENeAL Ysualanzniln @adniusisilaniy)
uAALYY k) A1y

Lfud 1 0.16:0.04 20.21%0.15 ND
Ui 2 0.15+0.03 19.58+0.21 1.78+0.09
AT 3 0.16+0.04 21.45+0.23 0.65+0.04
v 4 ND 19.26+0.41 ND
AT 5 0.19+0.04 18.75+0.36 2.04+0.03
ANLIATFIUX 67.00 400.00 6.00

vangwn: - nfiseauluguuuuaieds + dudenuunnngiu (mean=SD)

- ND (not detected) #ia asraliiny

- * ANINASTILNUUSENARAILNSTINTAAGRLIINA A, 2564 139 fviun
UINTTIUAUNNAU (NTUATUANLATY, 2564)
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2. HANTISATIFIUAIINYNADIVIITN1TE08A0E9 6 IT UazNITAATIEI
Ysunalaveniinludnninie ananegs
n1sUsziliuisnisgeedieganaudinsierusunalangmin 6 35 31dau
wangay anansaliiinseidiegisligndes wiug uanidedold Tasnsnsavaeuni
gnfesesnsiiae wudanduszavisanduius (1) Suafnnds Ae fla 2 > 0.9950 uaz
frnsovarnsifsnuunassuduinsvesisimuauanraiiudefouaronsuls neile
fMnindesaz 11.00 uazsansAnwIA esayMInduAy Aadidusigavesansfianansa
Folé Armnududusianiiiiaszild (ms1efl 3) Mnran1smsIREpUANLgNABIRsIEANS
gouf20819 6 35 WuIIBmaeisusegisienses i 1 2 3 uay 6 1HWATA VNS
Iinesiiuiuglasianzisi 6 msgessnenswnlmndudn Tnamsiinszsiuiudiian
098911 Aa 337 2 Mmagesiensalunindafu WeRansananuanisiinseiafesay
nsndufy udsdesisavidosidalus omwosd lddrsuarsreznailunsieney e
Wisuileuiuisd 1 magesseonsalunin wayish 3 madessmensalusinimiulelnsiau
Weseanlad AwIoudiedeiensdesdensalusindutuiesay 68 uaznsnlelasiau
wWeseenludidutuiosay 20 filinanTinszoglunasiiannsaseniuld Tuvnsdiisnms
W3Bui0e199aeA5T 4 Msdesdaensalusinimfunsalesaanin Bdidadadesan
nsaiedraosnidumsdunneidoutasuusioraneliAnnsunluiifsunsiuazaunsouio
mMsszaoidesls waydsd 5 madossnensndaiinin Wnansinszsiuszansamiisiniy
NaweiasEIU (Afesazniandud) Yiinalanswinludnniadeanindsierdud e s
awdndty wgdeinduguasluisldonsiiannsadeloulaveviinuazansenslufis
Fuslnadidusng 9 nuamsienginuidnnmadennadsdinmsuud suvews falu
USinaugedign winfu 0.12+0.04 Tadnsusedlansy sesawn fe uaniley winfu 0.05£0.03
fladnsusioRlansy wazansmy wiriu 0.04£0.03 fadndusedlansy (M31efl 4) ukvTuai
wlunmstudeufiamninnusnasgumassmansensisansisugy @oud 410) we.
2563 31 wwsgruomnsTiasUuitou uazvetesdmssunsielan (WHO) Tneramslins e
msdudeulaveniingta 3 ¥ia lusheseinmadsnedrinisnaniousosaieisnsg
goeis 6 33 Winamsnmeiihiumnsnatuedaditoddyfisesunmudeiuiosas 95
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M19199 3 HANTIATIAABUANUYNADITOITNTHOLAIBEN 6 T3 warn1TiATIEiUITIIN
lavigntinludnninidedninegs

19

n13nsIvdauANgnaastunsiesizilaneninludnniadaananede

go8

PN

A1FeEazN1sNaUAY, Amanududumganamnsaiald (iadnsudedng,
wazAAMUdNTuIgaNIATzild (adnudadng)

LAty

AzN"

#7131y

N U BAWN

85.75, 0.0263, 0.0876
98.64, 0.0273, 0.0910
83.72,0.0269, 0.0897
74.21, 0.0105, 0.0350
80.05, 0.0258, 0.0860
99.77, 0.0255, 0.0850

82.84, 0.0295, 0.0983
97.83, 0.0473, 0.1580
80.12, 0.0497, 0.1656
76.97, 0.0300, 0.1003
71.23, 0.0297, 0.0990
98.35, 0.0519, 0.1730

84.09, 0.0031, 0.0100
85.73, 0.0031, 0.0100
81.44, 0.0029, 0.0097
82.61, 0.0029, 0.0097
69.89, 0.0018, 0.0060
90.17, 0.0027, 0.0090

AINANSNIA 3 NANITIATILRBAITNTER8ATN 1-6 VBINITNTIAADUAINY

gnaeslun1sieneiusinalangminis 3 ylaluddegralinnialisaninee dainis

5129 F-value infu 0.0127 0.0509 0.0147 0.0340 0.0473 wag 0.0328 MUAIRU Way

fin p-value Winfu 0.9874 0.9507 0.9854 0.9667 0.9540 uaz 0.9679 AuAIFU Liasanen
p-value ¥8IN1FAATIERNY 6 AaTAMINAINTEAUTEEIATY 0.05 Lanaintuiauuaneig

pgalitfedAymeanAsenIeAafevestayana 3 ya NszRuauleiuiesas 95

M19199 4 USunalavevtinluiieg1ainninideinanes

ANUFIBET9 Ysualavgniin @adnusanlaniy)
ANNIALIEINNA S uAALYY Az F199Y
Ui 1 0.04+0.05 0.12+0.04 ND
AU 2 0.03+0.02 0.08+0.03 0.02+0.03
Ui 3 0.03+0.04 0.07+0.02 ND
Ui 4 ND 0.09+0.03 ND
AT 5 0.05+0.03 0.10+0.03 0.04+0.03
ANLATTIN 0.20 0.30 2.00

e - mMATeuluzuluuaaay + daudesuuiinggiu (mean=SD)
- ND (not detected) g a333kiiny

- % ANNATHININLUTEMANTENTNENTITUEY RUUN 414) WA, 2563 1599 1NTFY

91NN TV (NTENTIETITUGY, 2563)

125



126 MIANTIVYT UNINYIFEIIYAYUATATIIIUINY

¥

3. wamsinseiaduUssansniseneloulaviewiin

nsdnwinisanelowlaneninanAug A dudiusdiannuainsaves
lunmsaedusazinlaveminesnanfudigssuuiiviusiniiy Tanudidglunisyseidiv
arundssasnsavaslaveminluity uaznisdanstunisuud oulaveminlufuuas i
dewasioguamvosywuazded wpdulledondsiddyueinslasulansminvosywd
wazdnilugrueduslan suvadudesfiddyRentunsmuguamnmeesiuuasnszuiums
Ugnitwuazdniiteanmsazasedanemin nansdnwvhldasmsudtymiAetumsaza
voslangninluAun1835015A19 9 1 miﬂf,;]ﬂr;i'ﬂLLUU@W‘%&Tw%mﬂ%’%%miﬂqﬂﬁﬁ N3
muaumsldasaiiuaziond namslemeiridulsearinisdeleulaneuiin fmnsed 5
uazAmil 1

{ o a £ ] o a 1w v
A13197 5 Adulszansnisaelewlanevinanduginninildeananes

ANIUAIES Aduuszaninisdneloulavgmiinanduginniadsanegs
ANN1ALTEIN9G uAALEY Az d13ny
LU 1 0.2500+0.05 0.0059+0.02 -
‘«g@LﬁU‘ﬁ 2 0.2000+0.04 0.0040+0.04 0.0112+0.03
Ui 3 0.1875+0.03 0.0032+0.05 -
Ui 4 - 0.0046+0.03 -
‘\;ﬂLﬁ‘U‘ﬁl 5 0.2631+0.04 0.0053+0.05 0.0196+0.02
Aade 0.1801+0.04 0.0046+0.04 0.0060+0.03

oA i = | =
VUL - ﬂ’WI'i’]EN']UIUEULLUUﬂWLQaEJ + FIUUELVUNINTIIUY (mean=SD)
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nsAnwUTinalaveminlufuiivgninnadeaninedsluiiuiivuuisu dua
ihane Sunaidionss Swiaas e 5 aufuiedns nuusinueudutuvedavewin
Toiun wanlen ngin uazansvylufuoglutaesewing ND-0.19+0.04 19.26+0.41-21.45+0.23
uaz ND-2.04+0.03 fadnsusieAlansy suddu Faszfuanududuvedaveminlsiifiud
1NATEIUANAUTENMARMENTTUMIAWINEBLUR IR WA, 2560 (309 AVLANIATHIUAAATHAL
Tnetwuslsinsuudouvesansvyliiiu 6 agialiiiu 200 wazuandloulsiiu 67 Tadndy
paflansy (nsumuAuNaiy, 2564) iANuaeAAa N UNSANYIVBINTENT waslose
(2564) FRnwUTInalaveminluAudwmsulgndnasugia 5 9ia luituiidwadomes Sune
dles dminfivailan Tneldiniesermeniinuouvesnduaiuningdined nanisAnwmuingu
Tunlasindnmsuiteuvesneda nesuns Aangd wasmdnkunusINASILA LN TNAY
PaUsEnIARLENTIINISA IR auuiannd wa. 2507 Turuediestldnunisumteunes
LLﬂmLﬁau‘LuLLUquﬂﬁﬂﬁ”’mm MnansAnymuUBInunstudeuredangminis 3 wlin
Tuusazaaifiudedaiuimaiuandnaiu Inewuifigaiudedned 5 Smsduiieunes
uanluuazansuyluseduiganingadu fie 0.19+0.04 uay 2.04:0.03 dadnusedlansy
iy enadumssduiuiinusslndfumngruuasuangnivilng Seinsldaanad
innigaiuiegadu 4 Turasiigafuiiedd 3 WumiUuLﬁauﬁuaqmﬁaqaqﬂ Wiy
21.45+0.23 fiadnfuserlanty Fuduuiifidsogluiiuilssminamanensugniivuwasiudifill
gl sailasuldindatefidmaliamududuredangminuanieiuiuegifuriavosing
Fudifinfu uenanienafammannansvideTanes q Aldadlulufu wu Jeed Yoeen
Jeviln Januiuuseaiu ensiuuas enmdndngiie uazegdesTlunsnens sadaUii
wazeruilumsldasvietageng 4 fanan uaznnuansAnnmsdudouvedlangwinlu
fnmadeanmegdduiuiifuiiedn suidnmademsdsiivgnluiufituudisu sua
thane Sunaiiesas Terfae ﬁﬂ’%mmmsﬂulﬁamamzﬁaqqﬁqm‘%nmwLﬁ"uﬁ 1 fadlen
Wiy 0.12+0.04 fiadn3usieflaniu sesawn Ao uandlouuazansyy UTnARALTUT 5 Jeilen
Wiy 0.05+0.03 waw 0.05+0.03 fadnsusienlaniu mud iy uenandannsfnwmui
poanlinunisuutouvesandeluiegnainnadeanineauinngadiud 4 uazliny
mstulowvesaamylusogainnademisiainugaifiul 1 3 uay 4 fedusinua
duturedlavemings 3 wlefinsanuiiefiseusuldmunusinnsgudmuell Tasysina
fitwuavesnefuaruandeluinluruisinlunssgangvdenuiniods Usinagean
ATl 0.3 wag 0.2 fadn3usieAlaniu mudisy dmsuansmyuTinugeaeiilalinu
2.0 fiadnfusienlaniu (NSensa5150Ig, 2563) Fsaanmsanuiilafinnuaenndeai
Ms@NYIveIANAY wazAny (2558) AidnwiUTauandon nxia newwasluinaiuaia
Jandaumansaiu lnensidegratenineulviuiamgesiiensalunsnidudu musunu
Tangmindeirdosesnendinuouvesnduaiuninsiives nuirinusiaseiedalangminga 3
yialuiinudesnivdsnsguvesesdmseusislan sedulaneminfivuidiouludniAaty
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MnMaeAouieIRuITNLATaN TN 9 Kunenneesiisanauiivution uenaniaena
Hunsa-sawesiududniadevileiidsmasoruaunsalunisuanUdesussiguazanssing
NAUENY laveninyiliiafiwiesenie wu wulsivaeyidaliviheu ssuuges uas
BNAYENTO N LAY TEUUNSINUUNNTBY TRvensasadindenuns vliialsalainang
gouwnde Il Anudulafings ianazlusiuludaaneas lavihonuieund Yinsudeuas
NSeAN @1enIEl 199339 0ReY AuNe wazillemadedinnuin nisaelowlanemin
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wazmzia Tnoilaadon1siinsizsiogil 0.1801 0.0060 waz 0.0046 mudfy dmsuns
Uszidiudsnnsgesdiege 6 WdeussdnSnmnisiwmeiuinalanenin IngUseidiuniy
NaMIlATERadsEavsanduiug (7) nafnninisinioudiogns Ao dan ¥ > 09950
nanIAnwIAYesazn il saunassuduing uanmaseniuld Ao devliiAufesay
11.00 wagnan AT zhAndosaznsnduiu Aanududuigafianunsatale wazann
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Figure 1 The specific activities (U/mg protein) of pepsin (a), trypsin (b), chymotrypsin (c)
and amylase (d) in giant freshwater prawns subjected to various dietary
replacements of protein from fish meal with mackerel condensate (MC). The
data are expressed as mean + SEM (n = 3). Different superscripts indicate
significant differences between groups (p < 0.05). CD, commercial diet.

Source: Wattanakul et al. (2017)
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