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Genetic Diversity of the Parah Tree (Elateriospermum tapos) in
Primitive Forests and Planted Forests in Khao Nan National Park,
Nakhon Si Thammarat Province, Analyzed from Nucleotide

Sequences from the MaturaseK Gene in Chloroplast DNA
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Abstract

The parah tree (Elateriospermum tapos) is a species of wild and local economic
plant that spreads in the south of Thailand. Khao Nan National Park has a large parah
forest area where parah seeds from the primitive forest are now being used for planting.
Therefore, genetic traits should be examined as for the information in the management
of planting forests. This study aimed to analyze the genetic diversity of parah trees in
primitive forests and forests planted in Khao Nan National Park. It was analyzed from
nucleotide sequences from the maturaseK gene in a 772 based pairs of DNA
chloroplasts. The findings indicated that parah trees in primitive forests have a higher
genetic diversity than parahs in planted forests. We found a separation of two
population groups: parah trees from primitive forests and parah trees from planted
forests. We also found a tendency to separate the evolutionary line of parah trees in
planted forests from parah trees in primitive forests. Based on the results of this study,
we suggest that genetic management should be managed separately between parah
trees from primitive forests and parah trees from planted forests to avoid genetic

contamination.
Keywords: Genetics, Parah tree, Chloroplast DNA, Khao Nan National Park
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2. MIENARLOULD
Wnluuszanunana genomic DNA Ingldynarin Thermo Scientific Phire Plant
Direct PCR Kit wazl#i3nsiiudvuuzii
3. psaUBinafiiue
WisUFnasiduetmnesensinufAzengals (PCR) 1dlnswesildanms
panuuulaelideyadduiinilelnavesdu maturasek :MNgIUToya GenBank yiHneLaY
accession number AB268044.1 {luguuuy Ssldlnsiwesiel ET matk F 5’ GCC AAT GAT
TCT AAC CAA AAT CC 3" tharg ET _matK R 5’ CCC GGA TCG GTT TAC TAA TG 3’ 31 ﬂﬁ?u
WulSnadduedwingluvasnfidensdasznousae nuclease free water 19.5 lulasans
2x Phire Plant Direct PCR Master Mix 25 lulasans forward primer 2 lulaséns uag reverse
orimer 2 lulasdns Wiasavaassiinusinaiiuendmunesenies PCR MS Major
Science Major cycler Imﬂi%'%umu initial denaturation ﬁqmwﬂuﬁ 98 paraldud Wua
5 wit Mniudgduneu denaturation fgamnfi 98 esmwalea Wuna 5 3unf annealing
figamnil 55 ssruwaiea 1Wua1 5 3Nl waz extension Migumgdl 72 ssmialds
Juan 20 Funii Tnedunew denaturation-annealing-extension 195117y 40 50U waz
Funsugatiefe final extension flgamndl 72 ssrmwaidea \unan 1 117
4. Mswanauianalalng
M52988UNANITIA NUS U A d uel 1 nutedtewmad A agarose gel
electrophoresis Lﬁ‘E)W‘U’J'”lqﬂﬁ@ﬂﬁﬂﬁﬂlﬂﬁ?iﬁU?ﬁMéﬁaa Gel/PCR Purification Mini Kit
(FAVORGEN, BIOTECHCORP.) u&1dssagsmiduieidnmnaiiomaésuinalolngfivuae
13113 (1% Base Laboratory, Malaysia)
5. NFAATINANUNAINTAIENINUTNTTH
5.1 MFIATILAANUNDINNAINNARUFNTTH
dloldnagsuinadlelns MnsesIvdeuaUgndeasaduiiindlelng
file TngihluwIsuiisuiudduiianalelndvesdu maturasek 91ng1uteya GenBank
Accession Uaauiliadlelnau alignment aelusunsy ClustalW version 2.0.12 (Larkin
et al., 2007) LLé”JGlﬁﬁ]aE]Uﬂ']’]@JQﬂgfaﬁgﬂﬂ%ﬂ mﬂﬁgu'imiwﬁm’]wmﬂwmamqﬂ’uqﬂiw
TawA AmuviaInraIeUBIaRuLUd (nucleotide diversity: Tt; Nei, 1987) A1AnuviaInans
voglnalnd (haplotype diversity: h; Nei, 1987) uaz@1 polymorphic site aaglUsunTa
DnaSP version 5 (Librado and Rozas, 2009) nadaun1std sstuuainyszyinsaunalag
N1SILATIEAT FU’s Fs (Fu, 1997) wagA Tajima’s D (Tajima, 1989) 19157 10,000
permutations selusinsu ARLEQUIN version 3.5.1.2 (Excoffier and Lischer, 2010)
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5.2 MFIATALATEIINUGAERTUTEIINS

yhmsmAgBUANNLANA1ISLEN SRS T TuBasysatu 4 35 Tdun
1) Apeilanaasnaiugeansuseynsaieds analysis of molecular variance (AMOVA) lae
WmAneiiuaesszdu fe uwwuiivilsihnuvassvnadu 4 ﬂﬁjmmﬁuﬁlﬁuﬁaaw
(single region) e MUILATINYNETUTIELAY maaﬁﬁﬂﬁqmmuﬁfﬂmnﬁuﬁa Unuituvie uag
fvnsgneuuisnAniiu wasuuuiigeninisusssanadu 2 nguamanimiils
(primitive forest x planted forest) & Urdadia (mheiivindgneuneaulas e iving
greuianiiuvie) uarUgn ufiurleuasiivihnisgneuuwisnwty) Tagldlusun
ARLEQUIN version 3.5.1.2 (Excoffier and Lischer, 2010) 1681mi1/716§1 10,000 permutations
2) Tinsgdanuuand et ugnIsusEinsUszanad o3 painvise Fsr Tngldnnsving
10,000 permutations mglrluswnsy ARLEQUIN version 3.5.1.2 (Excoffier and Lischer, 2010)
3) AATIPAANNALNUSITATAUUINT (phylogenetic tree) vasdulszananuiindlolvaves
upazAee13 lagldis Neighbor-joining mulutaa kimura 2-parameter aglean bootstrap
1,000 % gelusunsu MEGA version 6 (Tamura et al., 2013) kay 4) @SN URIANUFUNUS
sgninaualnalnyd (MSN) faelusunsu ARLEQUIN version 3.5.1.2 (Excoffier and Lischer,
2010) Tnn5vien 10,000 permutations

NAN13IY
1. AUNAINUAILNINNUFNTTY

nnMIAssianuiinalelnauesdu maturasek Tudangneduysyanuiy
118 du Ingdinseanaduilindlalnavunn 772 auua wusumis polymorphic sites 68
fuvis anansaduunualnalndlalu 5 uslwalnd dwSuamanunainuanevesusinalngd
(h) LAZAIANRANNWANVDIAINULUE (1) VoaUs8nTTIM A1 0.417 wag 0.032 ANEIRAY
d1uA1 Tajima’s D wag Fu’s Fs 983Usew1n3390 A1 -0.893 Wag -1.551 muaiau el Ll
AuwanaetuegaiTeddan19ada (e 1) Wneduslnalndiinuldluaneysseins
(shared haplotype) 311 3 uglwalnd As uslwalnd HAP 1 HAP 2 waz HAP 3 wazdluglwalwi
finuanzludszanns (rare haplotype) $1usu 2 uslnalnd fe uslnalnd HAP 4 Fanuianie
Tuil uiiUgnouiiune wasuslnalnd HAP 5 Gswuiamglufuivgniiviinisgnenu
whRY (5197 2)
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A15197 1 A1AIUVAINYAIENIIRUENIIUAATIERAnaRuTndlelnaAvesdu maturasek
TupaslsnaadfduevosiulszlulinuduuazUignlugnemuuimifiwiiu

Wiy shuay ALY ALRUS AR A1AM Tajima’s Fu’s
f19819  A10819 polymorphic uglwalnd  warnuae waINRaY D Fs
Uuse (N) sites vaualnalnl  vssarfuLUE
(collecting (h) ()
sites) (meantSD)  (mean+SD)
(n) 40 66 2 0.467+0.048  0.039+0.004  -3.554 -4.028
() 40 66 3 0.518+0.069  0.039+0.004  -3.516 -3.452
(@) 28 65 3 0.140+0.087  0.011+£0.006  -1.802 -2.746
() 10 1 2 0.200+0.154  0.000+0.000  -1.111 -4.123
T3 118 68 5 0.417+0.047  0.032+0.003 1.039 -2.758
vanew - (n) = mheivindgrenuieiay (ki)
-() = wﬂaﬂﬂﬁﬂﬁqwmuﬁ’mmﬁuﬁa (haidia)
- (A) = Uhudiuvie (Uugn)
- () = Mhmsgenuuissniandy [(wgn)

M15°9% 2 nsnseneveslnalndandduiirdlelndvesdu maturasek Tumaslswanan
AuevewuUstlulnufuuazUgnivanenuuimfwiiu

ualwalnd (n) (@) (m) ) 57U
HAP 1 26 26 26 9 87
HAP 2 14 10 - - 24
HAP 3 - 4 1 - 5
HAP 4 - - 1 - 1
HAP 5 - - - 1 1
334 40 40 28 10 118

vanews) - () = mheRvindgnetuiemy Uhdai)
-() = Mﬂwﬁﬁ’ﬂﬁqwmuﬁwmﬁwia (aidia)
- (A) = Uhudiuvie (Uugn)
- (9) = vmsene iRy ([gn)

2. Tnssadranugeansuszyns
MnNMsAnwlassaiaiugmansuszanslaensiiesgilaguiinguusesng
i 2 sUuuu fio 1) dewlanduszmnemuituiiiviaesns Wiun miefivineneuiea
miefivnsgneuiianfiuie Shufiuvie waedivhnsgnetuuienfiondy nuiiden
Lmﬂmqmqﬁuqﬂiimﬁwﬁu (@s7 = 0.109 uaz p = 0.010) (M7 3) uaz 2) Wleeilag
LL‘U'&ﬂejmsmmilﬂuﬂajuﬂimﬂsﬂﬂﬁgaLauLLaz{JﬁUQﬂ nundanuuand1anisiugnssulag
fieh @ = 0.206 uaxdien p = 0.023 (9197 3) NANTAIATIZHTT UL ITLUNTTUF T
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paiwise Fsr nudniamuuanensnsiugnssusswinsssrnstinadumeivinggney
vheaviuigniuiiuenasiviiniseneuusisiintu ueenuiidadumieivng
greuthaniuieianuuaneneiusnssufudugniuiuieuasivhnisgne uuvieni
Wt (15197 4) wansTengieuduiusdafannmamuitannsausnngueenidy
2 ngu Ao ngu 1 Usznausieusalnalnd HAP 2 HAP 3 uag HAP 4 dungu 2 Usznaudie
uelnalyd HAP 1 waz HAP 5 (nil 2) namsTinsizsinnadusiussemnauslnalndnuin
anunsauenngueenidu 2 nqu Ae ngu 1 Uszneusieuglnalnd HAP 2 HAP 3 uay HAP 4
dungu 2 Ussnausmewslnalnd HAP 1 uaz HAP 5 lneusiazngunenainiusiiesnsnaneiiug
$1au 64 ads (il 3)

M13197 3 KaNTIRTIlastaisiugeansussrnsvesiulsyludnuAuuasd1ugnly
1 a £% ¥ aa
PNYIUUNIVIANTIY NAdaURIETS AMOVA

wnasAULUIUTIUY df  Awmasamves  dwwulsznau  3ewazAanu p-value
(source of variation) anudesuu A21Y wUsUsIu
RGN EN uususau (percentage
(sum of (variance of
squares) components)  variation)

A de o ' . .
1. AUNUNLAUAI8814 (single region)

1.1 5¥1neUsEens 3 153.756 1.427Va 10.99 @sr = 0.109%
(among populations)

1.2 aeluusevns 114 1317.829 11.559Vb 89.01
(within populations)

33U 117 1471.585 12.987

2. muanwdnuse: ﬂﬂﬁ”atauttazﬂﬂﬂ@,n (primitive forest x planted forest)

2.1 seninangy 1 150.895 2.910Va 20.64 Dcr = 0.206*
(among groups)

2.2 5enIaUTEanng 2 2.861 -0.370Vb -2.62 Dsc= 0.180*
melungu

(among populations
within groups)

2.3 meluuszring 114 1317.829 11.559Vc 81.99 @sr=-0.033*
(within populations)

374 117 1471.585 14.099

o w

newe): - * uagisnusluldazanusiuanfsnnuuaneeiuegreiifedAymead (o < 0.05)

o
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M19199 4 AULANAINITUGNIIUTENIINquUasiuUsEludnufuLas U Ugnlugnenu
WIAYIRNTY NAABUAIYTS pairwise For

UJsguns (m (@) (m) )
(n) -
() -0.024 -
(P) 0.173* 0.170* -
() 0.206* 0.204* -0.018 -

nuewme - * dannuuansiniuegnelitudAny (o < 0.05)
- () = mheiivideneueay (rad)
- (1) = miedvinugneuthaniiuvie (hkadn)
- (A) = Uhudiuvie (Udgn)
- (9) = vhmsgemuuvisnondiy [(gn)

HAP 2
50

o5 | HAP 4 naq'u 1

39 HAP 3

HAP 5

MG949357.1 Tamarindus

|
0.2

a

AN 2 A Nduius B Taunslagileszianaisuiandlelnavesdu maturasek Tu
AaslsnanadouevesruysenTulunufnuar U Ugnlugnetuuisn et
a3:lnes neighbor-joining Maluaa Kimura 2-parameter Inan1sviign 1,000 AS3

wazdl outgroup Aa Tamarindus indica (MG949357.1)
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@

nay 1

Al 3 wuanansauduiusseninsusinalnt: suianaunansmudadiureadiuam
aundnluwsiazuslnaly @uiidensewinualnalnd Ao nsAanisnaneiug
wardavfiumnguuduidenssriusinalnt Ao S1uuedwesnaneiiug
(n) = miwivinugneueiay (ﬂﬂf??mﬁu)

() = %uaawmwammummﬂmwa (ndaia)

(A) = Uruituvie (U1an)

(1) = vhnsgnenuwisAtu Wngn)

N99AUTIUNANITINY
1. AUWAINUAILNINNUFNTTY

PnMTATIzasuiadlelnavesdu maturasek Iué’uﬂivﬁﬁﬂwm%aﬁywmw
AIANVAINVANEUBIARULUE (nucleotide diversity) vosduUsEluiiuivnguin 1aun #ui
MmawmwawmummamLLaku’m‘wwﬂwammummﬂ%ummmmmﬂmuﬂivhwumwaﬂ
TguA Tufiuieuazdivhmsgneuwisnintdu lnsmnnamanaisvesaduiuatiue
fivavendamsinlnduesidy (polymorphism) n1eluuszanns (Nei and Li, 1979) sat
FuwansivulsAuiuiividaiudienumanumsmeiusnssuganitdusslufiuiiviugn
waznMsnszaevasslnalndnuitsemnsarulvgfualnalndfnuldlunaneyseens
(shared haplotype) $1uau 3 walwalvnduazidunalnalnifinuianizuszving (rare
haplotype) 3112w 2 uglwalnd lnediaanunainuaivesislnalnl (haplotype diversity)
ogflutias 0.140-0.518 Fauanadriinnuvannvansveauslnalndviunans (Ma et al, 2010)
LLazWUdW’TuU'ﬁﬂuﬁuﬁﬂwﬁguﬁuﬁmflwmﬂumaﬁuaaLLaIwalmﬂqaﬂ’j’]ﬁuﬂiﬂuﬁuﬁﬂwqﬂ
dnaay warMuduius sEIAIAuraInratsasLalnalnduszAIAINRaIN N8B
aauwua wudhunnnguussrnslusuuenuduiuslaedaanuvainvansveuslnalnd
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ganhAe VA nvanevesddulUa SsmudiiudiinaneziAnlussnnsiieeiinisves
ynaUszrnslutinanlsiu lnaiaanmsitussnnsinmsnaneiugitensusuilegsen
LLazﬁm'ﬁazamgULmeiﬂmaﬁuﬁ:ﬁmmsaméwimﬁa (Watterson, 1984) audunusly
sUkvUAIna1wped sguaINMIfnwluduUssresdwminuasaIssiusvlaeliageain
arvuilandlelndaingu ribulose-bisphosphate carboxylase (N3¢ kA ALY, 2563) wae
mafinwluduneynsvedminuasAisssusalaeiwmeiaindruiiindlelnaangu beta
subunit of RNA polymerase (39131 kazAe, 2562) mamﬁmaa*umiLﬁmwulﬂmﬂauqa
Y03Us¥HN3 (neutrality test) WUI1AN Tajima’s D uae Fu’s Fs SANfnaudsusueniiuseung
G’fuﬂixﬁmié’mﬁaﬂmﬁﬂmﬂﬁuﬁ:ﬁlﬁmmzauﬁyﬂﬂ (purifying selection) ﬁﬂﬁﬂimﬂﬂ’ﬁﬁ@@:i@ﬂ
Huuszrnsivanzanluiiuiitudasilissnnsteuansalumsusismnasssns
6aTu (Yang, 2006) Snvhaen Fu's Fs Wuanmilmesiiangauiunisldmaaeunisvene
mm@ﬂﬁzmﬂﬁﬁwﬂaauiﬂaLﬂ%wmaﬂ’uqﬂiimﬁﬁmimwaﬂmﬂLL:u' (maternal inheritance)
(Ramirez-Soriano et al., 2008) Feuiniiefnauswansinussansiulsylunsdnuadsd
Uhaziaefivanandiiinsveneruieyszansinney sUkuuvesnsdsauuluanaugaved
Usgansuuusananludmiauasaisssununeinsnenuluiulselagliasgianaiau
fmdlalnAaindu ribulose-bisphosphate carboxylase (113161 kazARLY, 2563) WA¥N1SANH
luduwiaynslagdinsgiandiauiandlolndaingu beta subunit of RNA polymerase
(AMuna LagAne, 2562)
2. 1AS9AT9NIINUGAENIUTZYINS

NNTHATIENLATIATNRUTAIANTUTEYINTNUILANULANANIRUFNTTU
vosfulseluiiuitndaiu Wud Aufimieffdgreuhemuasmiefivinggnetuthan
fuveruiulssluiuiivgn léun Shufiuiouasiiviinisgnenuuissianiiu Tnswans
via@ey AMOVA Waz painvise Fsr dafiumsmaaeunuassfigiusuidesnannsiitadoan
MstavIeMsaemveddu (gene flow) iunalifianuunnsismaiugnssusewinasenng
Aty SeanvmuasaruuansnemnsiusnasusanaasdumainannsiudeUsyluiiud
faufunugrluiufiuenmilennuinandaiudadunisuennduressesnsdemsnsei
vosuywd Svoradunalifinisgndnidenuagyilidenuuansrsmnaiugnssuiad u g
aonAdostunamfinyiaua st ugnIsuTn IR ulsEluiuivugndean
sanvanemstugnssutesnifulstlufiuiividaiy mafnnnuuanaianetugns
dewnandmstdulsludaduandgnidanisdn wu fuuns Pyrus sp) 16 aneriugly
UszwnAdna (Bennid et al, 2020) fiuynA1An (Amorphophallus paeoniifolius) Tulszmadu
(Gao et al., 2017) wayiunwinlng (Capsicum annuum) ludsznedndln (Hermandez-
Verdugo et al., 2001) §1%5 UNANITILATIERAUFUNUS LT ITTRIUINITUAS WH U ILARS
Awduiussevinauslnalnddadumenesisuuuitannnsvesiiduevesiulszan
fu maturasek wuidunlilumauasnngumealssuinsesnifuaeanguiadundngu
TssrnsdulsrnnidafuitangnuawuiedudgnduuTdufiesdmaudswen
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yadfmunmsnndulseidunusssund aenndasiunanisfnuilusy ice-cream-bean
(Inga edulis) fitulutn Peruvian Amazon Uizmm‘usﬂf?ﬁaLLazﬁmiﬁ’]mﬂqﬂhﬁuﬁmﬁmwm
Femumdngruiaeiugiivenugniinnuediendstuaeiusiduluddafuuas iy
Tranetugithangndmaueninananeiusluddaiu (Rollo et al, 2020) Wuieafiu
MnuansiislasiaiesiugeaniUssnnsiintusansduussiiialusssmaianu
uanstemstugnssuAUAuUsERd M sUgniit e ufiui amsugha Fafulunsdanizans
wausnmsdansluuiasiiud wu Snsveeiugdulssidulugnifuduniednng
nsvaeunugnssNvesuUsHlu d uiuidfugnssuuuiieatudulsefiagsindu
Ingnviseld ndidnuasmeiugnsssiinssiuineannsodadgnlufuiividgnls sl
dovandsamsuuiiounsiugnssumesiulsrludauiuuasiuyssludgn

a3UNaN153Y

nsfnyIAnLanvatssiugnssivesiulstlutdaAuuasugnlugneny
wiagdl Jamdauasassssuy nednsgianauiaeilelnaaingu maturasek
TurselswaadfiBueunn 772 giua wanmsdnwmuiiszesnsdussluidaiuiiang
sanvaneneiugnIsgen I ulsEluiuivUgn warannisAneilassadietugmans
Usznsanansoutssznsliidu 2 ngu Aedsvunsduusslulidaduuasssins
futszluugn Fsunesinanmsdnideniiiothiuusslusssumuenugniie duit
WaATegna waznunang un e inunsitnudselutiugniinisuennid Taunnisunan
fulsyluthRaia

YDLAUDLUL

v
aa Y 1

PNNan1sAnwIATelidalauaiuyitnisiinisnsiageuiiedudunadnasaniy
wsemneugnsININluadva Wy nsemunelulasuanmalant ielvinaiudugdmsu
ldUsznaunsiasanIsInnsaulsyluungnguuienaiundu Jaminuasessssusy

AnAnssuUsENA

miAdelunsnunadiilésunsaduayuandinnunemuatuayunisideneld
Tasemsvimelng (ABO) Ul 2 umAanendunuiguaseisssnny vevounuimtigne 1y
wisATi Wmihigneumnviuiivismdslunisifufiogisuanisiunisuduns
Unsrlunddl



12 9158939 W INYISYTVAUATAITIIUINY

LONANT1984

M3A AATUS T5ziiesh MGl uagiaiung Tundng. (2563). AUVAINTAIENNSRLENTTY
vosRulsy (Elateriospermum tapos) TusLABUURA TN TAUATASSITNTIY. 275475
Wewagnssuns arw1ImeImansuazivallad, 16(1), 115-126.

MU ANNUS 2519001 NTNEFU Tunng Funns Iseifesh niwdd 353y av wazaing
MBshl. (2562). ANUVAINVAIENIRUTNTTUVDIAUWIAYAT (Mesua ferrea L.) Tu
JInUASASEITNTIY. NITUTTYNTVIN SYNTUAML U URIINTNEINIT ON.a5. A%iit 9
nsnensine : wravulneglavsslon. uasswdun.

USeyeyn mdoufiyad Tuf wingissu eusny a3mes warssina Jauundu. (2561). wud
nensiawmalulagnisuussurdndasianuaadsgludandyd. 275975799
UMV NI TIVAYUATASETINTIY, 3T(Tkew), 114-128.

Aavs TulsT wagsdun dnmiann. (2550). (fu-UnussssurIAsunizlansou. nyanme:
NFUNN 970,

Bennici, S., Guardo, M., Distefano, G., Casas, G.L., Ferlito, F., Franceschi, P.D., Dondini, L.,
Gentile, A. and Malfa, S.L. (2020). Deciphering S-RNase allele patterns in cultivated
and wild accessions of Italian Pear Germplasm. Forest, 11(11), doi: https://doi.org/
10.3390/f11111228.

Choonhahirun, A. (2010). Proximate composition and functional properties of Pra
(Elateriospermum tapos Blume) seed flour. African Journal of Biotechnology,
9(36), 5946-5949.

Excoffier, L. and Lischer, H.E.L. (2010). Arlequin suite ver 3.5: A new series of programs
to perform population genetics analyses under Linux and Windows. Molecular
Ecology Resources, 10(3), 564-567, doi: https://doi.org/10.1111/}.1755-0998.2010.
02847 x.

Fu, F.X. (1997). Statistical tests of neutrality of mutations against population growth,
hitchhiking and background selection. Genetics, 147(2), 915-925, doi: https://doi.
org/10.1093/genetics/147.2.915.

Gao, Y., Yin, S., Wu, L., Dai, D., Wang, H., Liu, C. and Tang, L. (2017). Genetic diversity and
structure of wild and cultivated Amorphophallus paeoniifolius populations in
southwestern China as revealed by RAD-seq. Scientific Reports, 7(1), doi:
https://doi.org/10.1038/541598-017-14738-6.

Hernandez-Verdugo, S., Luna-Reyes, R. and Oyama, K. (2001). Genetic structure and
differentiation of wild and domesticated populations of Capsicum annuum
(Solanaceae) from Mexico. Plant Systematics and Evolution, 226(3), 129-142,
doi: https://doi.org/10.1007/5006060170061.



NIANTIVY) WININYSUTVAUATATEITINTIY 13

Larkin, M.A., Blackshields, G., Brown, N.P., Chenna, R., McGettigan, P.A., McWilliam, H.,
Valentin, F., Wallace, I.M., Wilm, A., Lopez, R., Thompson, J.D., Gibson, T.J.
and Higgins, D.G. (2007). Clustal W and Clustal X version 2.0. Bioinformatics,
23(21), 2947-2948, doi: https://doi.org/10.1093/bioinformatics/btma404.

Librado, P. and Rozas, J. (2009). DnaSP v5: A software for comprehensive analysis of
DNA polymorphism data. Bioinformatics, 25(11), 1451-1452, doi: https//doi.org/
10.1093/bicinformatics/btp187.

Ma, C., Cheng, Q., Zhang, Q., Zhuang, P. and Zhao, Y. (2010). Genetic variation of Coilia
ectenes (Clupeiformes: Engraulidae) revealed by the complete cytochrome b
sequences of mitochondrial DNA. Journal of Experimental Marine Biology and
Ecology, 385(1-2), 14-19, doi: https://doi.org/10.1016/j.jembe.2010.01.015.

Nei, M. (1987). Molecular evolutionary genetics. New York: Columbia University press.

Nei, M. and Li, W.H. (1979). Mathematical model for studying genetic variation in terms of
restriction endonucleases. Proceedings of the National Academy of Sciences of
the United States of America, 76(10), 5269-5273, doi: https://doi.org/10.1073/
pnas.76.10.5269.

Ramirez-Soriano, A., Ramos-Onsins, S.E., Rozas, J., Calafell, F. and Navarro, A. (2008).
Statistical power analysis of neutrality tests under demographic expansions,
contractions and bottlenecks with recombination. Genetics, 179(1), 555-567,
doi: https://doi.org/10.1534/genetics.107.083006.

Rollo, A., Ribeiro, M.M., Costa, R.L., Santos, C., Clavo, Z.M., Mandak, B., Kalousova, M.,
Vebrova, H., Chuqulin, E., Torres, S.G., Aguilar, RM.V,, Hlavsa, T. and Lojka, B.
(2020). Genetic structure and pod morphology of Inga edulis cultivated vs. wild
populations from the Peruvian Amazon. Forests, 11(6), doi: https://doi.org/10.
3390/f11060655.

Tajima, F. (1989). Statistical method for testing the neutral mutation hypothesis by DNA
polymorphism. Genetics, 123(3), 585-595, doi: https://doi.org/10.1093/genetics/
123.3.585.

Tamura, K., Stecher, G., Peterson, D., Filipski, A. and Kumar, S. (2013). MEGA6: Molecular
evolutionary genetics analysis version 6.0. Molecular Biology and Evolution,
30(12), 2725-2729, doi: https://doi.org/10.1093/molbev/mst197.

Watterson, G.A. (1984). Allele frequencies after a bottleneck. Theoretical Population
Biology, 26(3), 387-407, doi: https://doi.org/10.1016/0040-5809(84)90042-X.

Yang, Z. (2006). Computational molecular evolution. New York: Oxford University

press.



14 15ENTIVY) WNINYIYTIVAUATAITIIUINY
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Effect of Zinc Foliar Application on Yield and Zinc Concentration

of Galangal
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Abstract

A nutritious eating is important for all ages. The body should get enough
nutrients to meet its needs, but most people eat unhealthy foods such as instant foods
at risk of zinc deficiency. The objective of this research was to study the accumulation
of zinc in galangal. The experiment used randomized complete block design (RCBD)
with 5 treatments and 5 replications. The treatments were consisted of non-zinc applied
(control) and zinc foliar applied concentration at a rate 2.5, 5.0, 7.5, and 10.0 grams per
litre. The young galangal products were collected at 6 months and old galangal at 12
months. The results showed that the rate of zinc supplementation increased galangal
growth and yield compared with the control. In the amount of zinc, young and old
galangal given zinc supplementation at the concentration of 10 grams per litre had the
highest zinc accumulation rate of 131.87 and 96.87 milligram per kilometer. The fresh
weight yield showed that young galangal supplemented with zinc 7.5 grams per litre
had the highest fresh weight yield of 903.00 grams, and old galangal (control) had the
fresh weight yield of 1057.25 grams. The dry weight content of young and old galangal
(controls) had the highest zinc accumulation rates of 80.84 and 152.33 grams. Therefore,
the optimum foliar spraying rate of zinc in both quantities, fresh weight yield and zinc

accumulation in young galangal, was 7.5 grams per litre.
Keywords: Galangal, Zinc, Yield

uni

Irildeinemans Alpinia galanga (L.) Willd. 3negluied Zingiberaceae Hudie
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Abstract

From the COVID-19 situation, its effect on human life to use science and
technology in response to their needs, especially education that relates to students.
The Development of Learning System on Cloud Integrated with Flipping Classroom on
Atom and Atomic Structure will be developing leaming achievement and reducing
educational inequalities for students. The research tools consisted of a lesson plan, the
learning achievement test, and the satisfaction questionnaire. The purposes of this study
were 1) to compare the leaming achievement of students before and after implementations
of the cloud computing combined with flipped classes approach, 2) to compare the
learning achievement of the experimental group after using the cloud computing
combined with flipped classes approach, and the control group who used the traditional
lecture approach, and 3) to investigate the satisfaction of students after implementations
of the cloud computing combined with flipped classes approach. The samples were
Matthayom suksa 5/7 students (n = 30). The samples were selected by purposive
sampling. The results of this research showed that 1) the mean scores of posttest were
significantly higher than pretest after implementations of the cloud computing combined
with flipped classes approach (p < 0.05). 2) The mean scores of students’ posttest after
implementations of the cloud computing combined with flipped classes approach were
significantly higher than the control group who used the traditional lecture approach
(p < 0.05). 3) It was found that the students’ satisfaction on leaming by the cloud
computing combined with flipped classroom approach was at highest level (Mean = 4.67,
SD = 0.59).

Keywords: Atomic structure, Cloud, Learning achievement, Cloud system, Flipped classroom
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mi%’mﬂm%‘smmmaw’%aﬁua’%mmwLnﬂé’amLmeiﬁauiﬂé’Mﬂéﬁu (Hu, 2021) nﬂ’"iuif
nnauansaindisszuuBumeslalidny ﬁﬂﬁﬁiamaLﬁmmiﬁauﬂﬁmamuﬁ Tidnwdudos
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Taile (@Einauiauninendanskasmalulad wiawif, 2562) warlun1sannisiseunisasu
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(atfuusulsa e 2560) Tnidsussdutulioondnudi 5 Midoulumead-nmuasfad-
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Fachduarmendevendevusaraslifianudenlosiu wiinGeumardiug el
uAnsinafy 4 sdenansznusiedoslufsinsnied vavan Vauaduazaduiwelasein
Ingrenans voniniivuadidafidevsuaunnn msduiusfuresudazdeseindens
yhanudnlalunaiidie wagainmsfnseuiduiiefumaiauinaiounsaouly
Jagiunuinvieaseunduauved Jonathan Bergman wag Aaron Sams Maslasuaanuaula
duegrann esniduismsasuiidslidiFouamsaFeuildlidiiaudianizeylu
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wazdatunslémaluladlumsSeusdaaguiuddiddquarindddSoudian (Akcayr
and Akcayrr, 2018) fiFouaninsaiFeuslannil yanan uasiiSeuildaseiaziGous daaduls
Aansfinwseiiies uaranunsaianawmedldmudnenm saudnsiamaadugrinianis
Seulraguld (Bokosmaty et al., 2019)
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2.4 dwvunageunaaedddiugFeuililingumaasafiemAinnundosiuves
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3.2 131LLUUUizLﬁummﬁqwaiaflﬁé{v?fmm@ﬁ;fa 3 YU Usziiiu a9deuAIL
9nABd uagANudnlIuYestamn uathAzuuuIIAAYANNERRABITEINIRAINY
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Abstract

The research aimed to study the fuel properties of biomass briquettes and
biochar briquettes from santol and mangosteen peel. The biomass briquettes were
prepared through the drying process, and biochar briquette were prepared through the
carbonization from smokeless kiln. Both types of fuels were finely grinded and extruded
to solid cylindrical rods with a binder from using tapioca starch, water and fuel materials
with a ratio of 80:700:1,000 by weight. The thermal energy, chemical properties, and
mechanical properties have been measured. The results showed that both biomass
briquettes and biochar briquettes from mangosteen peels have higher energy values
than those from santol peels which corresponds to the chemical analysis including
moisture content, ash content, volatile matter content, and fixed carbon value. For the
mechanical properties of both biomass briquettes and biochar briquettes have a density
and a fracture index which are suitable for transportation. The burning time and the fuel
consumption are propitiated to produce fuel for household and community. In addition,

it is the use of waste materials from nature for the benefit of energy.
Keywords: Biomass briquette, Biochar briquette, Fuel properties, Waste materials
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Abstract

The objectives of this research were 1) to innovate and develop the automatic
nipa palm sugar mixer, 2) to explore the efficiency of the automatic nipa palm sugar
mixer, and 3) to analyze the engineering economy of the automatic nipa palm sugar
mixer. The instruments employed in the research consisted of the automatic nipa palm
sugar mixer and the automatic nipa palm sugar mixer, and an efficiency evaluation form.
Mean and Standard Deviation were used in data analysis. The results of the study reveal
that 1) the mixer is made of the steel with the shaft and blades made of food industrial
stainless steel; using 220 voltage - 50 hertz power; controlled by the wireless Android
application - Arduino Board. 2) In 5 times of nipa palm sugar mixing for the amount of
10, 15, 20, 25, and 30 kilograms, the human workforce took averagely 25.0, 31.2, 40.2,
59.4, and 70.4 minutes, respectively to finish the mixing process. However, in the same
conditions, the automatic sugar mixer took averagely 11.4, 17.8, 19.8, 29.8 and 35.2
minutes respectively to finish mixing the sugar. And 3) The results of engineering
economy analysis of the automatic nipa palm sugar mixer, comparing between the
human workforce and the automatic mixer excluding mixer developing cost, indicated
that the mixing the nipa palm sugar by the automatic mixer costs 4,196.70 baht per year;
and mixing the nipa palm sugar by human workforce costs 90,000 baht per year. Itis
concluded that the automatic mixer reduces the nipa palm sugar manufacturing cost for
85,803.30 baht per year or 95.33%.

Keywords: Automatic mixer, Nipa palm sugar, Engineering economy
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Abstract

Airborne Particulate Matter (PM) that exceeds standard is a severe problem
affecting health of the population. Plants have the ability to capture particulate matter
in the air; however, leaves with a rough leaf surface structure has higher efficiency in
adsorbing the particulate matter than those with a smooth leaf surface structure. The
plants in the genus Ocimum, which are the popular home-grown vegetables for Thai
people, shows a high ability to adsorb the particulate matter in the air. Their leaves
consist of both trichome and gland at the surface which are efficient in capturing
particulate matter. Therefore, species of Ocimum, namely Lemon Basil (Ocimum x
africanum Lour.), Sweet Basil (O. basilicum L.), Tree Basil (O. gratissimum L.) and Holy
Basil (O. tenuiflorum L.) are investigated to study leaf shape, leaf size, trichome and
stomata on the capturing efficiency of particulate matter of a diameter less than 10
micrometer (PMyp). The results suggested that lemon basil and holy basil had higher
abilities to capture PMy, than the other 2 species. The large stomata size and the long
trichome of lemon basil resulted in the higher efficiency of PMy adsorbing ability. There
was no difference in volatile oil gland density among the four species of Ocimum. It is
worth to note that leaf arrangement, plant habitat and plant canopy are also affected
the particulate matter adsorbing ability of the plants.

Keywords: Epidermis, Ocimum, Capturing particulate matter, PMyq
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flufu (5198 uavane, 2563) ivanansns (Ocimum) \Wufisasulnsiieglunsd Lamiaceae
amsnmignaiasdiusng 4 fvluanansinsifiiunlivsznevemsegraunsvangly
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Abstract

Unleavened cockle mushroom lumps from mushroom cultivation were often
eliminated by piles in the rubber plantations for decomposing in nature or incineration,
resulting in an impact on the environment. However, the wood sawdust contained in
the mushroom lumps is a natural material that can be developed into a seedling pot.
Thus, the objective of this research is to develop the seedling pot from unleavened
mushroom lumps, which investigates the effect of sawdust from unleavened cockle
mushroom lumps in a range of 120-150 grams and concentration of the binder form
cassava starch in a range of 100-150 grams per half liter of water. The results from the
experiment showed that an increase of sawdust from old cockerel lumps as a pot
mixture in range of 120-150 grams resulted in an increase of water absorption percentage
with the same concentration of cassava starch. Also, an increase of sawdust as a pot
mixture in range of 120-135 grams resulted in an increase in vertical and horizontal
compressive forces with the amount of wood sawdust. Likewise, it was also found that
with the same amount of sawdust, an increase of cassava starch concentration in range
of 100-150 grams per half liter of water resulting in percentage of porosity and percentage
of water absorption was reduced, but the vertical and horizontal compressive forces
clearly increased with concentration of the binder. Furthermore, the pots from sawdust
in all formulations had no cracks or any damage when dropped from a height of 60
centimeter. Finally, the seedling pot made from 120 grams of sawdust and 150 grams
of tapioca starch per half liter of water is suitable for use in the production of seedling
pots due to the best growth of plants in different dimensions. As a result, the sawdust
from old mushroom lumps contains high amounts of major trace elements, and

rubbenwood sawdust contains more primary nutrients than other wood sawdust.

Keywords: Pot, Rubberwood sawdust, Agricultural waste, Cassava starch, Cockle mushroom

lump
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Abstract

The study was experimental research in order to analyze antioxidant activity
and to compare the differences of 10 varieties of indigenous vegetables including
Leucaena leucocepphala, Senna siamea, Suaeda maritima, Averrhoa bilimbi,
Archidendron pauciflorum, Spondias mombin, Azadirachta indica, Parkia speciosa,
Syzygium gratum and Gnetum gnemon in rainy and summer season by 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) from Suratthani province. Statistical analyses were expressed as
mean, standard deviation, quartile deviation, One Way ANOVA and t-test. The data of
the present study showed indigenous vegetables in rainy season varied wildly ranging
from 2.87-92.03%. S. siamea (92.03+18.01%) had the highest antioxidant activity, followed
by A. indica (78.83+13.64%), and P. speciosa (73.73+18.08%), respectively. In addition,
indigenous vegetables in summer season ranged from 2.70-79.16%. L. leucocepphala
(79.16+14.38%) exhibited abundant the highest antioxidant activity, followed by S.siamea
(71.16+7.75%), and P. speciosa (64.06+5.81%). To compare the difference of indigenous
vegetables in rainy and summer season, the result showed a significant level at 0.05.
This study revealed that indigenous vegetables are good sources of antioxidants.

Therefore, healthy indigenous vegetables are another alternative for consumers.
Keywords: Indigenous vegetables, Antioxidant activity, Season, DPPH
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fufousunaw) uazggiou (NA1sRoUNUAIRUSTINAIRUNG¥ATIAY) UTIRIBE RN TY
gaiiuuatseninalugaiesufjiminns (Somsub et al., 2008)
2. MIAILNADYN
nsiwseuiegalniiutuitoatnriinuiaves Kahkonen et al. (1999) Tng
dhiniutuusdazsinvesis 3 51 lumanaienfuansiuiu mntusseusiegesiniudu
Tnsnsdsinnedaiiomdndsanysn daeuivszdudaniluduihlsmaainlessy
(deionized water) fnLdontanizduf ulsenuld udavinist g ndied1auas
Intiuin wdnhluuadeeiesunliasBen Ghesuuudoatui 5 aans) vlduredaeisns
wyidanuds (lyophilization) LLamnmammﬂﬂmm 3”Uimamamahﬁmmm WAUAIDE9AN
lamafummaq Fregalinfiutu 10 wiavihnsveass 2 1 (duplicate analysis)
3. N15aNAAR2BE19
nsafanilutiui efinwnansiuouyadaszyihninisves Thaipong et al.
(2006) IngtdrpgrnLsazsindIUIU 5 n3U wadalagldiviazaisleoniueasesas 70
Usinms 50 fadans thluncuweionve (nsrdm 1:10 dwtndeusunns) fmedinswen
(shaking) firiSaseu 150 seuseundl Wunan 3 F9lus Wieasunarduilunsesansans
Tnglddugagaaina (suction) anuhlufulifiguvai -20 ssrwaidea wouily
Teseiusgansamlumsiueyyadase
N153ATeUsednianuesansiueuyadasen 1835 2,2-diphenyl-1-
picrylhydrazyl (DPPH) ¥ieu35ee4 Prior et al. (2005); Thaipong et al. (2006); Sharma and
Bhat (2009) lngidaegsansananvinazsindiuiu 10 WlAsdns nuansazauf i e
(DPPH) imuidad 0.1 fiadluand Usuins 190 lulasans nauliidfuedesinga Al
ThAnuAAsenludidauiu 30 undl figamgfivies arnisganduuasiininueind 515
wlng fele3es spectrophotometer WIguiguiunsmanesgIuANdadueg trolox
N15LA3LaNTINMTEIL trolox avanedeleniueaiosay 70 AnudiduiEudu 1 Sadnfusio
fedans wazthlUi@eanemuAnuudy 0.1 1.0 10.0 25.0 50.0 uay 80.0 lulasnsuneladdnsg
wagsrsnunaduiesarnisiueuyadasy laer1winainaAl [(ODcontrol - ODsample) /
ODcontrol x 100]

aad

4. @anntglun1siasigvidoya

Y

adfuazn19Asizivoa loun Sovay (percentage) ALadY (mean) @7u

U

Lﬁmmummgm (SD) Armeslng (quartile deviation) ANMUKUTUTIUNIAAET (One-way
ANOVA) kagnsnagaeaumi (t-test)
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NaN1339Y

a9z sEAns nnvesansdiuousadase wulndnil utulugqud
Uszansnmlunisdnuoyyadaszeglutisszminafosay 287-9203 fannsnedt 1 1ile
fruamarmeslydansoutsteyaidu 3 sy Ae dnfludwidussanamlunsdiu
oyyadasyluseiugs nnnindesay 75.01) éun Swdnuazeenasian dauiniiuguiis
Usedvsnmlumsimuenyadasslusziunans Gegar 17.03-75.01) loud wdiauns lutznen
wides veaTIn N3¥du wavawae uasiniuthufifiusydvsamlunsiueyuadassluszdush
(WeuninFesay 17.03) laun Wewasnzdaa

é’m%’umamﬁmeﬁﬂﬁzam%mwmaqmiéhua%aSaisﬁﬂﬁuﬁﬂﬂuaa%u WU
fuszansawlunisiueyyadaszeylurisseninedenay 2.70-79.16 fannsned 1 1ile
frunmemeslndaunsaulstoyaldidu 3 sy fe dnfludhuiiussansnwlunsiy
ouyadasslusedugs nnninosay 65.80) Iun navdunasdindn daudniiutuid
UszAniamnisdueyyadaseluszaunans (Sevay 10.96-65.84) leun lungnen e
iasiauns vAs BamAziaN uazazne wariniiussAnsamnnsiueyyadastlussiu
(YeuninFesay 10.96) laun Liswuasnzdad

v
v A

HaNMSUSEUgUANULANAsYeIUsEanS A nlunsiueyyadassveiniutuy

lugaruuazgeTou nudlsednsamlunmsaueuyadassveadniiudiuns 2 goiain

;s' a

v | A o W aa Y - O = Y
uwanAnsiued1siledfynsaiinszau 0.05 lagdniudundussansamlunisiueuya
daszluggrugeninggsou leun Twmdn veasiu avdeld e luuznen venasian dzne
waflauns uazwides drudniutuiivssansnmlunmsiueyyadassluggruianinggSou

TawN NITAY AIR15199 1

M13199 1 YszAnsanlunisinueyyadaszvesiniiuiulugaruiazgaou

Falne Yoinegreans douitld  UszAvSnmuasansdiuayyadass  p-value
(Jovaznsdnuayyadese)
aany nnfou
N3z Leucaena leucocepphala Wha  44.06+12.46 79.16+14.38° 0.03*
‘ﬁmﬁﬂ Senna siamea Tu 92.03+18.01° 71.16+7.75° 0.14
AT Suaeda maritima v 39.16+7.14* 23.70+2.19 0.02*
nyaas  Averrhoa bilimbi N 14.43+3.36* 8.13+1.26° 0.04*
DEE Archidendron pauciflorum Wa 2.87+0.68° 2.70+1.44° 0.86
lungnen  Spondias mombin Tu 21.30+3.81% 11.90+1.99¢ 0.02*
gandazn1  Azadirachta indica v 78.83+13.64%  39.63+8.61™ 0.01*
LD Parkia speciosa Na 73.73+18.08% 64.06+5.81% 0.43
wadiouns  Syzyeium gratum v 17.90+2.76 17.80+8.17< 0.22
VAEN Gnetum gnemon v 30.93+7.47% 13.80+2.80° 0.02*

o < nA' ) a
WJ’IEJLWE]: - “Uaﬁ;ljaLLa@QLU‘lm’WLQﬁEJiﬁ’JULUENLUUiJ’WIiE’m (mean=SD)
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- ¥ WAPIAY p < 0.05
- a b ¢ d vangia mnauanasvesynteyaegeiitudfy e

N138AUTIENANTIVY

namslaTeiszAvsnmlunsiueyyadasy nudnfiud wilugaruuarngdou
fituszansamlunsiuoyyedasyasan 3 Suduusn e Bimdn (Sevay 92031801 uay
71.16+7.75) 7098441 Ap ganazian (Souay 78.83+13.64 uay 39.63+8.61) uavazme (Seuax
73.73+18.08 uaz 64.06+5.81) nuddu ddniuthuiiissavsnmlunisdueyyedasy
fan 3 Sudu leun 1les (Govay 2.8740.68 Wag 2.70+1.44) ssa8n Ae AvAads (Govay
14.43+3.36 uay 8.13+1.26) uaziadaung (Soaay 17.90+2.76 way 17.80+8.17) Aua1siu
NNsAnwUszansnmlunisiueusadase Inen1sinANUaNNIAveENSINUBYYadaTy
lunsivAifievdadueyyadassianis wuhinfiuthuyneiavislungusarngsousions
lunsiueyyadase (Fegaznsiueuyadasy) egluriaszninedovay 2.70+1.44 fig
92.0318.01 AinfiuthufifszAvsnmlunisiueyyadaszgean liun Iwdn sosaan fo
BaRAzIAN dzAB UarNTzAY MUY denndesiumsAnufiiiumn wuldnfiudunald
fiuszAvBamlunmssuoyyadaseqs 1wy sonaxnn sendvan veanseiu Anwdes Ay
wazises LUy (nagd wazame 2557; a5 1ws, 2558) wazduwildululuiianadsiuiu
fniutnuluniedu q dwuidniutiudiussdnsamlunmadueyyadaszae Wi Tudeu
vosduLe Y win nszlauun wazduau WWudu (wilen, 2561) ns@nwiUszanaamluns
duayyadassresiniiudnluasd wuivdiniutuiiussans iwlumsdueyyadaszg
niwnsialuiidouuilan 18 65 w1 Wy Azt (Youas 85.79) 119 (Fewaz 80.59)
ngnanUa (fewag 75.59) ngmannen (fesay 65.20) usenlad (3osay 47.93) inls (Fosay
21.60) uaguAseN (Souay 1.4) (Porter, 2012; Anwar et al., 2013; Fidrianny et al., 2014;
Tharasena and Lawan, 2014)

nwselsganiamlunisiueuyadaszerdenalnndntunisiaszdt 2 naln
Ao NTIATIEaInnTd sl ueznaulalasiau (hydrogen atom transfer: HAT) iun15n
ANuansavasasiueuadasylunsineuyadasyieisnislvievaeulalasiau laun
oxygen radical absorbance capacity assay (ORAC) waz33 total radical-trapping antioxidant
parameter (TRAP) Lagn153ATIEMINATEIN1LBLANATOU (single electron transfer: SET)
unstapnuanansalunsdsudidnaseusaadansiu ldun diphenyl-1-picrylhydrazyl
radical scavenging assay (DPPH) ferric reducing antioxidant power assay (FRAP) Lag 715
trolox equivalent antioxidant capacity (TEAC) Fafunsiinszdiuszans amlunisdu
ouyadasziaanmsofnulagstunaln HAT way SET dlinandnilviioutuluduaniie
wii1agfinalnnisaaransiwandnady (ean, 2550; Ou et al., 2002; Aksoy et al., 2013)

a

malesziieIsaRiendunsinnnuauisavesansitueyyadasylunisidnouya

aaa

a = & aNa = aaa Yo v
GEH "UﬂauayuaﬁwwLa%LUuaHi&alu1m3L"ﬂu HAUN LN@@HHaﬂWWLasﬁiﬂﬁu‘lﬁiﬁiﬁlu’"\nﬂaqimqu
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[
a = a0 v

ouyadass asaransvesAnievazildsuanansazaediiandudindes lunisAnwindsil
Jadeniienzivsransnmlunisdueyyadas il Affionosnnisfnaruduis
deulifuasdosiulumamasouyssAnsamuesansiuoyyadase Sarwaznin ans
wavliigedldiadailofiiisaung (unsu, 2556)
namsSeudisulsyavsnmlunsiueyyadassvesiniiutuluggHuuazggdou
wudndl utulung dusazgg feuiivsrAnsamlunisd ey adaszunndeiusgis
fifoddymnaadanisedu 0.05 Hedlenaifiosninussans mmlunadiueyyadaseiinginig
Wasuulastueg funanetlads wu gania anmgiioniawsznivssma aeiugvosi
winzuiln ﬁuﬁmwﬂqﬂ syozvesivfiiuiAes Msvuds maiuinw uaznseoudioeng
W (Aldrich et al., 2011; Samec et al., 2013; Venkatachalam et al., 2014; Wan et al.,
2014; Kongkachuichai et al., 2015) qamaﬁqLﬁuﬂﬁ]ﬁ’wﬁ;ﬂ‘ﬁ'ﬁmaﬁamﬁl,ﬂﬁlﬂmmawaq
asngnuailluiivsig 9 31nn15ANWIYee Bhandari and Kwak (2014) Anwnavesggniase
UsgdnSamlumsiueyyadaszvesusentad wuidiunenvesusentadduszansamlunis
Aueyyadaszluggluldug (spring season) gendngglulaisn (fall season) ddlunazadu
fiusgansnnlunmsiueyyadasyluggluliisasganiggluling aenadesiunisfnwives
Aires et al. (2011) AnwUTanauansinueyyadaszveinnsznansmaaneiugang 4 wui
usenladuarAztn (portuguese kale) fUsinaansinueyyadasegaatuymgluldndauda
g9¥ou (spring-summer) TuauefingwdUd (savoy cabbage) newaUdam (white cabbage)
ﬂwé"mamaﬁuﬁ Portuguese tronchuda luwastin (turnip leaves) Lagsnyasun (turnip
roots) fUsgANTAMluNM AU A aTEgaRluY G ToUAURIGAU (summer-winter)
WWAEITUNSAN®IY8Y Sivaci and Duman (2014) iaszisednsamlunisdtueuya
daszuazansusznauiludntuluwazaduvesdaneud (Pranus amysdalus) anewugaia o
wuiwseansamlumsiuoyyadassuazUinumsusznevilludnivasuutadiumuggnia
Ingluvesdaneunaziiuszaninmlumsdueuyadasyaanlud ooy wagdusuu
asUszneuiludngeaeluieunanay luvnziiduiiuszansnwlunmsiueyyadaszaean
Tupleumwey uagdusinuasuseneuiludngsgalubieuunsiag
mnmsfnyiluadainuidniiuduivssansnnlumsiueyyadaszaoudiegs
Tnelanizdwin senazien azne uaznszdu MnmsAnufiinsnuandifiuiszansam
TumsiueyyadasiinuduiusiFauiniulnumsussneuiiiuan fo Weuszsavsam
Tumsiueyyadaseqe UTnamsuseneuiiludnazgsde JeuTinumsuszneviiludn
FaduaangnuiedngailvgAifiwadedu fquandfduamsiuouyadaszainssaued
(Kasangana et al., 2015) uaﬂmﬂﬁﬁﬂﬁuﬂmﬁﬂwumiﬂisﬂaUWaﬂauaaﬁqa %QL‘fJumiwqw
wiififvaidudedauaniflunisiuoyyadasy Tnsvalussfuseinforimedanm
AueyadaszvilondInluavielnnidud (gium uwavdnull, 2562) denndesiun1sAne
vasUsEAin uazany (2562) AnvviinaiiludnsunasUiinamailuessain wuhdniutiy
anelst o wnzuagvannuun Sqvslunsdueyyadassgaiianvindy 1Cs, = 37.47:8.18
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faandusedns venunivimailuanmunessinamaluesdsuiinnuduiug dauiu
Areududuiiannsadudeyuadaseld dniudumandiduiieimlddieluiosiu
Uaeadaatnezinuuas wnzdmsudnuslaadudndessoiluusznaueims dassnee
meentaelumsilesfunarnuilsasing o dfunsuslaainiuiuiiussansamlunsiu
ouyadaszgaindumadenvidumsquaguamuaztiostuninialsalufesos o3eld
agndlsfanlunisuslnausedriunsusiaadnlideumannuans Wesnfivdnusazeding
aseNIkazANATNAlATUINTALANE 9L

d5Unan1s3e

Aniuduluggruiiseansamlumsiuenyadaszeyluiissenineiesay 2.87-

v
o

92.03 Tnerinfiut i fszans amlunsdiueyyadasslussduas Taud dundn (evas
92.03+18.01) S99 Ao venavian (Fovay 78.83x13.64) uavazne (Fouay 73.73+18.08)
gy dausiniutuluggfeuliussavsamlumsdiuoyyadasseglurisseminaoay
2.70-79.16 Tneinfuthufiiussans amlunmsiueuyedasslusziugs Tiun nseu (Govas
79.16+14.38) Tundn (Yovay 71.16+7.75) warazno ($0uag 64.06+581) AUAINU Loz
Uﬁzﬁ‘m%ﬂww‘Lumsﬁma%aﬁaizmadﬁﬂﬁuﬁmﬁq 2 goilanuuanseiuegaditediAgyms

aad

anenszeau 0.05

LRIGIRIRIE

1. p25iinsnadeuNavesisnIsUsEnauemns Wy N1sAu an uiera LAY
dielmauuunltuvesUnuasiusyyadassvasiniutuusaseln

2. msfnwUszansamlumsiueyyadassluwaduiedninaasaiiuifu

3. psdnwiniudueindy o iiordugruteyalunisdaadulidsyanvuriuan
v3lnadniuthuanniu

AnAnsIuUTENA
YBYBUAMNUATUAYUINITIIINUMING T4 35190 3511
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Gunther, 1869) LWEJL‘U‘IJG]%JLL‘UUﬂ’]iLW’WuLaEN
The Study on Developmental Biology of Truncate-snouted
Burrowing Frog (Glyphoglossus molossus Gunther, 1869)
for Rearing System Model
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Abstract

The truncate-snouted burrowing frog (Glyphoglossus molossus Gunther, 1869)
plays an important role in the ecosystem and food source for humans. However, their
number is decreasing due to over-harvest and severe habitat loss. However, the
biological report of this animal species has been little known. The aims of this research
were to study the developmental biology of the embryo, tadpole, and froglet stages.
The obtained data from this research were needed for rearing this animal under the
simulated natural condition and applying it as an economic animal. The results
showed that adult male and female breeding could be accomplished in captivity.
Embryo development followed the normal process of amphibian development.
Embryo developed and hatched from the membrane into the tadpole stage within
24 hours after fertilization. The truncate-snouted burrowing frog tadpoles showed
unique colors and shape. They took about 25-30 days to develop into a froglet stage.
The early froglets were approximately 1 centimeter long. The skin was dark brown
with individual unique light brown stripes on their bodies. The body weight mean of
100 individuals was 0.19 grams and increased to 4.14, 11.10, 22.00 and 23.62 grams at
45, 90, 135 and 180 days of age, representing a statistically significant difference in
weight gain (p < 0.05). The study could be further applied in rearing the truncate-

snouted burrowing frog for consumption or commercial uses.
Keywords: Truncate-snouted burrowing frog, Development, Embryo, Tadpole, Froglet
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fszozanlumsilnlafismds augdidedamnuandiuinnsieigiinniivesdinn
wonanazdulszlevilumsierdisennngauds Silisglemilunsmeimslimedaes
8l FaavdamaliAnnsiasaluszovaoly sann Kuixalus eifingeri ﬁazﬂwﬁ@mﬁu
(29 Rhacophoridae) fldaualug wazdinisiasydinan LLdﬁaﬁﬂU%ﬁmﬁQﬂénﬁgﬂuwmi
USuiifievawensaigiidlaemynalaluinsliifeedeliledeuvasndoniinmsnaly
Tulnenss wielunselves Colostethus machalilla Tadaudufausauiangimizain
Hoviuunufis 19-20 Yu (del Pino et al, 2004) usisimsusuialriegsenlalasnisidlaludy
fidentu weriimaazuniladiouniseuasiauauysaisunduadiuluhly uenaindy
gaungfidutiadeonieiifendastumanigpeuduuilevesdnianiuthasiiuun orfidu nu
Lithobates onca i Lgaaﬁqquﬁ 25 pymigaLliea imaaiajlaniiniad gafigaumgdl 30 uaz
20 parwalied (Goldstein et al,, 2017) Tunsaives Pleurodema diplolister w8 Rhinella
granulosa fimafesnsgumgifvsnzauineiu lnefiguvnil 30 ssrwaideoa denali
P. diplolister ann1sta3eyiula §anseiuduiu R granulosa (Maciel and Junca, 2009)
puvpfvesilunmsinmmaiyiivlmesdelinvinasilvini 27-28 ssrmiwaidoa vsd
Iugamgifidsintannegsenld ednlsfimugumgiifivnsaniigndeninssaivia
Fanaduusziuiimshmsfn s

Snvuzgndendelinuiniddaduasiiduithmaninadsuuuuendnuaiiany
vosgndendsiaifiansolisuunesnangniennuuazidenld vdannsmezannideriy
Faillvunaitouuvasens luasgnliuaznely (o1gsn 3 Sundansmzeeninanid avia)
foyaiildduiifuusslovimndoamamnsdsndousuusssmnd nanfo Tutas 3 Yuusn
ydamsnzmzeennibery fiasdidndudediomsgnieausetidla msliomsasli
vdsnniiliunswesgndengnldlumuauds (madalsluiudl 4) msnsegvesldundliusglovd
pafinandadusaznuldidundlumsinsauesdniasiivhaniiuun auid usinglu
senureuniiil (Bohun and Breward, 2009)

wi1gndend surnvandmaiiensinevudlusagidsatuannsdanaves
Auzff3s wudenanmands vndudneteasfigndendsunnuasldlumsiedh fimssen
voswwidireurmi TumsfinwinuimdmesgniendsuinmnduusingWidulufud
10 FdlndiAesiusaiugn (Microhyla mukhlesur) ﬁa&ﬂmqvaﬁﬁmﬁu (Microhylidae) agsls
Fauusiezdus dursdidieriuuinseigrening winmadatuling dufedsyana
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i 15 IummxﬁﬁaﬁwLG’hWULﬁumm%@ﬁuawmﬁﬂﬁuﬁ 32 (Behr and Rédder, 2018) wadl
Snvusfwdioutu Ao vmihimsasytuuinadensiton (gl chamber) uasdsogluibov
mnifusfiniasSaeeniegmeuenideriu rannmsfnwnandfifuisuuuunsaioues
PdehnvesidnuaziAalinieniu @synchronous development) faiusnglunumanswiia
L% W Odorrana tormota (Xiong et al., 2010) M. mukhlesuri (Behr and Rodder, 2018) way
B. /apon/ca (Kuroshima and Tomina, 2021) m‘maqu‘umm‘mmﬂmwﬂuiumaﬂaamLLa TITYY
m%mﬂummﬂmmm iy e magalngs uazn1InELAn Tuvnfmiduny
Fsailedseiinuuun deandaatiu Manzano et al. (2008) Ienuinmasinnuddny
Tunsldau Wneldlunsiedeuiduddnd wasyouvvmin nefivwindue Tensdive
sesfumsvhauvesmddumsts uagmssuusinszumnainnsnsglan
andenasandugndsunnuanluiuil 25 faweniussann 1 wufluns U1sdmves
yadaganslivun diuiadu $84y Suovdinauuddududnuusianizveudass
Snwniruiviligndsunmenaundutuanimuedeuiiends faelumssmasiaangan
donndeafuTsveIRIimd (2551) Anandmanssdianuuudadunissinseiliiig
uazdnvazfinaunauivasseudng iliganliansaneaiuvdsnsnueyldegedmau e
uANKN991N Epipedobates anthonyi 349¢/23 Dendrobatidae fiddulanusiu faiiulddne
U3naimlsilansivdaflmnuguussanansavilidnifigniivane Wudanieisnisiianns
wWFaymiAugan (del Pino et al., 2007) sevuindanendauin metamorphosis fiaaysal
Falailngjundnuazdliusmdion auzdidedanuAniuiivuindivesgnd snuin
aunsaUsddeiinewnsfignasiulusssumininandudaisimnuuasiioueneliduiu
I¢ine vdngufiatuayufomsideadeiluaniwiaifios (captive condition) gndsunnuan
gnidsdlagliommsfemndsdivueasaiinemngdmiunsiuiu
5mﬁmaﬁlaﬁum5ﬂmﬂﬁummq 1 §u 45 Yu uag 90 Tu Windusgaanda way
fuiniededunaiidleany 135 Fu uay 180 Tu nansdnwiluduveanisaiyiiule
donAdpItuNSANYIYBY Sretarugsa et al. (1997) fivnisdnunsasaiiulalagldonns
fifiseRuTusfiusnaiy (21 25 29 way 33 Waesidus) lunu Hoplobatrachus tigerinus wa
L. catesbeianus Gmuirdizuuvumaiisimidnadedumsfinunnadsd nanie Tud 1-4
Feuusn gnnuiimasiauiulnedening MeloammadusUuuumadAnemsasyiuln
iionnuegsenlumassnsidulalibiigasiwsniielridmieadudaifiuszansnmuas
saudssnisgnan Usgneudulunsdivesdaiinmiuoraiiesanommsiflsanumnga
sogndaszeril lnefiemsiieneidelnlussesddovan Tnsdssmuiwainluanad
fiszaulusiuannia 20.40-48.80 Wesldus (Serrano and Poku, 2014) lunisidssdsunnvan
Fenrsliomnslurasenyildegradud Tusssumseinviadinsslaludreduggsuiis
Armanysaivesuuas dsuieilenasengs mafigndaeny 135 Ju uay 180 Yu Sl
assuAioadumEvdIndauinuiansly 135-180 Yu ilutrmungguuisutng
e eyl uasysalveausasensiivien shlvdsunmmmeonsldtiesas Uan
flednafenonaliifisswerilihminlsildifumnmiloutaaiudy
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d3UNaN33Y

madsdsnnadeuuuluanmsssuriamnsoiidlagldonsainnlusees
andenuaztaniufiuuuasmusssmiluszezgnds massyivlavesdsnuiakeurnds
Ugauﬁ%uwuaﬂaﬂﬂmmﬂivmm 25-30 Fu Imammmmu‘lmiusv e o WWulumunis
mmLmuimsuaqamavmumavmwﬂ Imummu‘mmuauuavmqmﬂamavmumavmum
yipdumuiuanstoyatneduuiminddnvamedaguvegnionuazgndsiiames doya
Tums@nuTAnemsaigiulavesdainunszezduuile gndon uazgnds anunsasie
goslumsmneiuidainmaiionisuilan msfnw vieldludmndvdld uardaaiuiy
Fnfimsvgia mszldSuarudeulunsuilaadiand u feyanisdnuluadsdfady
Usglewildmiumssesenlueuian

Uaiauauug
= av a a a 9 a a = o a & XA gu
AstimAduiufnieiunsasyiulnvesdnvinliengasy 1 U Neiliively
lddeyafinsudiudu wenanuunisIdeviavesermsildidosdsinvindulseiaun
Wraularasinisfinusieen

AnAnssuUTENA

vavaunaetnITenarindnulunsiiudeyananisaniiunu saudanuriv
I9inen Anzinermaniuazinelulad uninedesvigmusys Ad1uneanuazainided
anufinaziaiosleds veveunaantuifuuayduaiudaU ausssy unine1desudy
wwsys lunsatvayunuadundfonaensUssaIunuy waveuauRnnamu dneu
AuznIIIMsANATINeImans Iuuazuiansy @yniauil sa-004-2564) Jauuszana
WA 2564 ﬁm%‘umiaﬁfumgwqu"ia‘ﬁ’muﬁﬂﬁmu’i%’aﬁﬂszmwaéhL%fu
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NAYBIAMUTUKEIABNSI YU IAkAZN1TNEREsELAL STIuDYA
(carotenoids) Gummw%wmﬂﬁ’uﬁ: Chlorococcum sp. TISTR 8266
The Effect of Light Intensity on the Growth and Carotenoid
Production of Chlorococcum sp. TISTR 8266

dndaunk duvzus' gwssen duslanm’ uazunsas wedaen’

Sayan Nanchana', Suphansa Khantasopa' and Narisasa Wongsing'”
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Uit livhnsAnwnaresruduLas onsas i ulnuaznsHa nansa
uelsftuassivasamineassitug Chiorococcum sp. TISTR 8266 laganuinsaneitusiiiioot
Tuannenaduniensefuasndnansilunguualsiiuess delnnueandiiluasiueyyadasy
fiilUseAnsnmgs annsoldifuemsasuilunuuazdn’ ndmdundnsosivdenls Tng
mﬂmimamwudmmwwLgaqﬁaaaﬂwazﬂawuLfﬁml,maaﬂwdm 8,500-9,000 &N @13EMS
N8 Tumaemngiaes fgaunindl 28+2 ssmuwaidoa Tuiudl 14 21 uas 28 YIS B
NNaNAATINAINAU 4.30+0.18 6.13+0.19 uay 6.24+0.15 NTUADARNT MUAIAU WazUIN
a5ALALIIUDUAYINAY 2.76+0.26 3.92+0.18 uag 3.89+0.36 daansusoniuLis a1ua1au
Fauansnsegnadidoddyn1eada (o < 0.05) Lﬁaw’%wLﬁauﬁuamwmmL‘i’J’s,JLLmagﬂuszf’N
4,000-4,500 8N wazan1zAuduLasagluiig 7,500-8,000 &nd luszernansinzibes
fviAuansimudunagaiunidedodfiidsmafvonasiydulauasmsnsedunie
nasuliannsendnansalunguualsiiuessn
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Abstract

In this research, the effect of light intensity on the growth and carotenoid
production of the green algae Chlorococcum sp. TISTR 8266 was investigated. This
microalgae accumulates pigment in the carotenoid group under stress conditions. The
pigments in the carotenoid group are qualified as highly effective antioxidants. It can be
used as a dietary supplement in both humans and animals and used as cosmetic
products. The experimental results showed that the best cultivation condition is
Treatment 3 with light intensity of 8,500-9,000 lux, N8 medium and temperature of
28+2°C. The biomass yield of Treatment 3 at day 14, 21 and 28 are 4.30+0.18, 6.13+0.19
and 6.24+0.15 grams per liter, respectively, and the carotenoid content are 2.76+0.26,
3.9240.18 and 3.89+0.36 milligrams per gram dried weight (g-dw), respectively. These
results were significantly different (p < 0.05) when compared to Treatment 1 with the
light intensity of 4,000-4,500 lux and Treatment 2 with the light intensity of 7,500-8,000
lux in the same cultivation period. These findings indicated that high light intensity is
one of the important factors that has a positive effect on growth and stimulation on

algae to produce pigments in the carotenoid group.
Keywords: Microalgae, Chlorococcum sp., Light intensity, Carotenoids, Biomass

uni

Tuaanunsalifagiundeandyivanzomaiiuasuulasegnasainan anio
\Aswgiauardsauiiuaouly Ssdamalrmsiidudinlundas fuflnnansssuvarsaudsldla
guaguAMYRIRLeY Iuilrsmelinundswiensidulsasiis 4 uinue Saafiynau
Arasngualelaldguninesiaesnndelu uenanmssulsemuemsiiliusslosiun
sumedulszdaiiauend Jagdulimsdunuasddyansssmnaniusslovddesinie
innilandnuiianils tufe anslunduualsiivesd

uelsfiuoes (carotenoids) Whansadilsifith flasadradulolswiuess (isoprenoid)
wulufigdnfififimaes & vieuns 1wy unsen flves undowa nasmauderin wu fa
LagUatugauou Tanfsaminsruindn uarddlidindduaneiuauashiduasesiua
(Del Campo et al., 2007; Takaichi, 2011) #5189MuNsANYIMAENUBYRLSVRILALSIUBEA LY
555UYANINNTN 750 ¥lA (Sakagami et al., 2010) lnauAlsyiuesaUsenauA189I898
lelam3u (isoprene) Wensioriu 8 vy (Young, 1993) wiseenidu 2 naailue) léud nax
wAlsyiu (carotenes) HAH Uszﬂaw’hwﬁ,gd'iaimmiruauﬁllm'ﬁaaﬂs‘iLf\]u (oxygen-free-
hydrocarbon) 3 %l lduA ueawn Tn1 uazlouBaou wiainuluwwasineufivnnvin Ae
Tnn-ualsiiy wasnquuaulnilas (xanthophylls) ¥3eean@ualsfiu (oxycarotene) 1FmaDS
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faums uenanlassas1sazUseneumeasuauLaylalasiaunds Sulleendiauluesruseneu
Faegiie wiwenlivaneyiln 1w iy (lutein) wAumuauL (canthaxanthin) WlAugwEy
(fucoxanthin) A nleugulsNasa (myxoxanthophyl) laeglalunausu (diadinoxanthin)
Iaozlaausy (diatoxanthin) lWSAtU (peridinin) WazLoaMIMYUTIY (astaxanthin) (Shaish
etal., 1992)

Frmeuywdliaunsaduasiziuwalsiivesdldies sdndudeddasuainems
fsuuszmuluusay Sunsondasaeiaduenmswiniy ualsiiuvessusnanaziduansse
yosinnduoud fuhmihfiduansiueyyadaseAussansamgs trewaiuaiianiidudy

1%
v !

(Rao and Rao, 2007) ananundssanmsaidulsnusds dudansnonaneius Jestuidlasen
anmnudsaivaiumsdonvesniidesningsenguarionszan ananudesaainlsauzise
vewlla lspilauazvaeniden Ssanunsaldilundndueiasvomsiiunuyudla 14l
geanvnssuasludnaue1mns (food color) Qmammsmﬂ%aqéﬂmﬂ (cosmetics industry)
suidlfidududszneuluomnsdniiadnithuardnn samsasrsdveniedn indn wu
danalvianansavelalusnnnas Johnson and Schroeder, 1996) Yo mUinnnsiaes
Uanrinsgemsiaiuanamineanesiug Nostoc commune SAndnsnsiuasue sy
foshitan Fadumsandunuiuemsluniaded@snmanils Goimi uazaae, 2564)
Faewn e 33edslienuddguagyinisdnuinisnanansdualsiiuossan
amseanewug Chlorococcum Faifuaminedideavunnidn (microalgae) fidnwaziiu
amsreiadiieaeglungy Chlorophyta nuldlutindauasnsiaary Wemnsideduanioe
nesuaziUaguanadenduddy Wesnniinmsavauvesansiualsiuess (Zhang and Lee,
1997; Masojidek et al., 2000) lneiiuoanmuauiiy lawes (astaxanthin esters) LAUALIUAU
(canthaxanthin) wageglailuguiu (adonixanthin) Lﬂumiﬁwé’ﬂﬁwuumﬁwl (Zhang and
Lee, 1997; Sivathanu and Palaniswamy, 2012) & 1@n19znasuf & nas on15azauansa
walsfiuowd laun anudiuuasas eamgias anufugs n1svintulasiau msvavleaus
(Borowitzka and Borowitzka, 1989: Choi et al., 2002) Taglun1sfnwiasadlatinainsie
awiug Chlorococcum sp. TISTR 8266 4 aifuanwsneaneusluussmelne Aauenuas
daduunlaeaudanuiludaiuamsne aontuideinemansuaznaluladuisUssmelve
Huaeiusiidssielnd uazdsannsondnansaualsiiuosdls Tnsrnmsinuinasnums
s wuindeduddifinanensadnualsiiusssluamiegsiian Ae Anuiduuasgs 1wy
NNIANYIVDY Zheng et al. (2019) WuIdUTunuLoaRugUTIU 2.88 JaansumanTULIAY
Tne@nuinavesruiduunasiifinonisnsed unagasauuoanuauiinluamseaoiug
Chlorella zofinginesis NM3ANWUBY Leya et al. (2009) WuIHUTINUTUTINULAUA MUY
0.768 fadnsuseniuuie InefnwinavesanuduwadgawaznisanUsunalulasiauienis
WabuesiUszneuvesansalua v waneug Chlorococcum spp.
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v
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Faiuanizi3deidvianuddguazyiinsfinuannide Ses naveseudiuassio
nssaRulakagnIsHana1sdualsiueeAvetaIns1watewug Chlorococcum sp. TISTR
8266 lneiingusasdifieAnvUiinamiuiduuasiinasonisadyuaznsnanansalungy
ualsfuosd uaglfesdanudifeafunamsdsmuieuasnananasdlunguuelsiiuosd

1 = [ = o v 1
Mnauseiialdulumemsaneludsuseld

WAiiunside
1. MawIeuiaie

g msieuangudanududadiuainsie ao1duideinermansuay
walulaguralszmelne (31) 91w 1 aneiiug fie Chlorococcum sp. TISTR 8266 1nv81y
U%N’]mIﬂEJL‘W’]SLgﬂﬂéjﬁﬁla’lﬁﬁqmi BG-11 (Stainer et al.,, 1971) TuvinguauyuTung 500
fioAans USinsimizidss 200 fiadans euueieanvenrmunia 100 seuseunii figaungi
28+2 parnwaldoa neldualgosisaisudfiannuduuas 2,000-3,000 §nd Tiuawmasn
sroramansdsadunm 21 Yu (il 1) anfuhinueeuinadnseu Tasmnsdes
fhesgns N8 (nnansinmgasemsivanzausensaiyiulnvesamieaneius
Chlorococcum sp. TISTR 8266 wuinenwnsfivangausanisiasyivle fie 915gNT N8
(Vonshak, 1986)) Tugispsuse (carboy) US1A9nziane 10 ans Tennernusangesug
0.2 lailAsins ennelduasvigesisaleusdfinnuduuas 3,000-4,000 &nd Tiuasnaon
sgznMMaziies fgungd 282 ssmniwaifea nsdsadunm 21 Yu deldiduide
Tunsneaeuddiusely

AT 1 nsiesenialdeaimsngatewug Chlorococcum sp. TISTR 8266 Tuvinguaasy
USunasimzidies 200 Haddns
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2. AnwmavasanuduueaianIsadyuazn1snanasaualsfiveenuasaning
#18WuS Chlorococcum sp. TISTR 8266
ﬁwﬁaLs'?'?amﬂﬂ’uéams'wﬁl,m%uﬁq%’a 1) smzdedluasaing i s
(culture tube) U3a1as 300 fadans Usimainizidss 200 fadans AI88IM3aNT N8
wiagnemslagldansiaiiinsamsensauiuihssun %L%aféuéfuﬁmmﬂu (optical density:
ODgs0 wrilusms) SVNAU O 05 I@]&IﬁiLﬂi@ﬂ?ﬂﬂ’liﬂﬂﬂauLLm (UV-Vis spectrophotometer sma
Hitachi U-2900) WNeAEEs 3 929080 Ao Tufl 14 21 ua 28 YeINMIMIABY Yhmamneides
$23a¢ 3 91 Tasavuwiuned sauagliuamgeaisamudnaonssernaInIsnzid os
(ol 2) Tnglandunasinatu 3 sedu Ao anmznamelduadinnundunaseglutis
4,000-4,500 &n% TaeiTnlul 2 naon annznanelduasiinranduuaseglutas 7,500-8,000
and lnelalyl 3 viaan LLazamamwmaiﬁLLaaﬁﬂawuLsﬁ’uLLaqagﬂust 8,500-9,000 & Lag
Jalw 6 vaen Tannudunaudazanznvaaesiiensosinnnuduua (digital light
meters 8% CEM u DT-8809A) wamﬁy&mﬁqmmﬁ 28+2 parnaided wazinAnnudu
n3A-A19 feta3esinAraadunsa-re B%e Mettler Toledo Tufufl 0 14 21 uaw 28 Va9
MSZIAES

’

' /‘ 4
» L
( GEEE T TSI T NN S S EEEE S

£a ’ . , e e - —

AT 2 MSIZIREEInsIgaeiug Chlorococcum sp. TISTR 8266 lunasainizides
USuasinneliies 200 daddns Meuuiviumnzidssaslivasmigesisawudnasn
TLHLLIRUNIBLAEN
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3. AIAMANTRTYLAULA
Tnovivinuiadunsudedng LLaz’E’m’]miamﬂﬁuLLmﬁ ODgs0 wiluns A3
iwdosiansganduuasluiudl 0 14 21 uag 28 Yosmaiedes Tananiaaiauiuln lasUiu
Usunsamsislunasnmizidsddivindu 200 fadans wazidadaed uaui olkansae
nszaneia PnduldlilastungeamieainuasaimnzidssUiung 10 faddas 1uu 3
¥q WaININNTBIRILYANTBIAYYINANIUN TEATElEUAIVIAEUNTLANENA1R 70 Tadluns
ﬁdﬂumiauﬁammﬁ 105 pspnadod 1wnan 3 Falus uay %ﬁﬂfﬂmﬁfﬂmvmwé’amﬂ
auieudosudn Wensesamsiensu 30 faddnsudn mﬂuummma‘u awammm 60
ssrwaldea Wunan 24 91w mﬂuumm"la"luiammmm&umﬂunm 30 Uil n§eRnt
dandaasimunamuandsdnauwiadunsusedns
4. B Inszrviunuasdualsiivesn
vhamseluTudt 014 21 uaz 28 ¥oIn15MeLa Bauvinusts Tnsueniwad
amieoananemsnziaes Inedatumiswneniectunios (Centrifuge Sorvall LYNX
6,000) fin1s137 6,000 soUAEWT Wunan 8 wift MntumaLTue sz Ao uas
thdwiidusadamsomldanumeios nndudidduduiigungd -20 esmigadoa
Hunan 24 $alug wievinldimadamsneuds mnuihluiliuksiedsnisseifiaustade
13 0aszifinutauuuudonuds (CHRIST 1 DELTA 2-24 LSC plus) Wunian 24 $7lusvide
JuRTIEMIIEaELRY nTuhams et udaanuelissdeadelngs wazihluiee
mUsInaansaualsiusesiaiuadaeiaues Lichtenthaler (1987) Tnedsannsneusta3unm
50 fiadndu faeiaTeadauuuaziden (Sartorius $u QUNTIX) ldlunaenariauiuns 1.5
fadans Maudindnvuindurugudnats 0.5 fadums Usuna 250 faansuliuds e
vmihitunamsouidurasidinseunnisadlaevnmutunou il
1) Wuezdlaulsuns 1 faddns wazduduadsawnnwadaiediain (micro
smash 1 MS-100R) fin112132 3,000 seuwnfi lunm 90 Juit Guseuiitestulslvivasn
annlAuLES)
2) vhvaenadaiutuneud 1 Wiasesdusies (Centrifuge Sorvall LEGEND
Micro 21R) Wiswenduiiiduveavarsenanainsiousis finnusa 8,000 seusewil Wy
nan 10 wiit Gureuitestulilivaenadnlauuay) sntdugrduiiuveanadldvinten
AuliiiednszsimuSinaansiualsiiuess
3) ¥auduneudt 1 89 2 iieatnansaualsfiuseanainaming 11w 3 ASe
8) thdwiduveavarinainmsganduuasiieinissinnsgandunasdinig
§1IRAY 470 646 UAT 663 WITULAS wazhansaanaukasluunuAluanseua1
Paplsiliaate (chlorophyll a: C)) = 12.25 Aggs — 2.79 Ags (ilAsnSumefiadans)
maelsilaad (chlorophyll b: Cy) 21.50 Agag — 5.10 Agss (lalasn3usiediadang)
asAuAlsTiuessioe (1,000 Ag7o — 1.82 C, - 85.02 C,,)/198
(total carotenoids: Cy,c) (lalasnsusieofiagans)
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5. NMFAATIEVdaYANINERR
Tunsnassil ldpanuuunismaaesuuyguauyal (completely randomize
design: CRD) Foyauanafudnade + Adoauusnnsgiu (mean+SD) ATEsiANLANGNS
SNV LT s o151 yazn 1 snanansdwalsiuesr s 1833 one-way
ANOVA Taglalusunsy 1BM SPSS Statistics 23 LUSs UL UNaNanTauazUTuIaansa
uAls7iueeaaaes DMRT (Duncan’s new multiple test)

NAN1539Y

1. ASANYINAVDIAMUTULAIRDNITATYAZNITNANE1TT WAL UDEA VDS
dMI1EwNUS Chlorococcum sp. TISTR 8266

f\]’]ﬂﬂ’]iLW’]%Lgﬁlﬂﬁ’mﬁ’lﬁJﬁ’lﬁlﬁui Chlorococcum sp. TISTR 8266 14 3 dng

0} amw*mmalé’fl,mﬁﬁ’nmﬁﬁuLLaqaunﬁdaq 4,000-4,500 an% Wwerabn 2 iasn @13
maiﬁLLaaﬁmmLG?J’MLL&Q@QIWN 7,500-8,000 an% lnenlaln 3 viaen wazan1iznenuld
LLaqﬁﬂmmﬁmLmagﬂmﬁ’N 8,500-9,000 ans laewlaln 6 nasn WU 3 Anvamsae
Widulstuegnwiaiiles danmdl 3 AdlsinadenadasiuAnsgandunauasnandndaana
ﬁqﬁuasjwmﬁaﬂui’uﬁ 14 21 uay 28 YBINSINEEBWANAU 3.50+0.15 4.04+0.21 uas
6.20+0.15 n3usiodns suddy lasgefianlutuil 28 vesmamzides wanideiIeudiou
sTevnMINTNIZAsiviiuTesaz A ‘wudmmwwLﬁymﬁwam’azmmﬁuLLmas“J
w29 8,500-9,000 §n4 Tuandndmaalutuf 14 21 wag 28 YBINNTINIZIA BLYINAY
0.30+0.18 6.13+0.19 Ua¥ 6.24+0.15 n3usodns MadRU Faunnsstuegraldodidnma
afid (p < 0.05) fuan1gaduLaseyluyae 4,000-4,500 dnd Uagan1igaULLas
ag/luy9 7,500-8,000 &nd lnganizaaduuaagluyag 4,000-4,500 dnd dnanindiug
Tuiuil 14 waz 21 veensnEE sty 2.59+0.02 uaz 3.40+0.07 n3usedns AudU
wazanzANUduLEIegluYe 7,500-8,000 dnd finandndauaalutuil 14 uaz 21 veens
WA BAVINAU 2.69+0.09 WAy 3.56+0.07 NSUADANT ANLAIRY T WanAATINIATIEN1IY
Aatuuasaglugae 4,000-4,500 dnd uag 7,500-8,000 and Liunnsinsiusgeiideddgy
MEdA (p > 0.05) kaganmrANduLaegluyie 7,500-8,000 n finandndnnaluiud 28
PDINSILE BN 4.00+0.21 nSseanS anizAuikasagluyae 4,000-4,500 §nd
Tnanandunaluiufl 28 v9IMsNZAsIiniU 3.56420.15 NSUREANT TIHANENTILIAVDS
anneaNuiuatagluYe 7,500-8,000 dnd wnndeiuegailiudAynsadia (p < 0.05)
fuantigauduuasoglugag 4,000-4,500 &nd waznuiiemmimdunsa-ssita 3 anmyeg
Tuv23 8.45-9.16 8.45-9.22 waw 8.45-10.27 MUY (1157971 1)
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Al 3 amsganewug Chlorococcum sp. TISTR 8266 InAEfianyAL LA 9
oA anmzeudiuaseglugig 4,000-4,500 §nd Tufudl 14 (M) 21 () ua 28 (A)
YIRS annizanuiduuaseglugi 7,500-8,000 and Tuiuil 14 (9) 21 @)
Wag 28 () YBINTHNLIALS wazan1IEANUTNkANagluYIe 8,500-9,000 dnd Tu
$uft 14 (4) 21 () wae 28 () VOINMIINIELALS

dwduuinamsdualsfivoss nudnfledunndnuagnisudsudvesamiie
meldndesganssml nuiannzanuidinasegluti 8,500-9,000 §nd BaasudandiTen
JudduBsoglusresiiamionanansdualsfiuess dausiuil 10 vesmamnzFouasdaiau
flanlutufl 28 vesnsmizdes (1wdl 3 uay 9) FeaonadoafuuTumansaualsfiuosd
fAnszild Tnenuinannzanuduuasegluzis 8,500-9,000 &nd fusinaensaualsiiuess
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TUSuft 14 21 uaw 28 VOINSINBIABUWVINAY 2.76+0.26 3.92+0.18 uay 3.89+0.36 AU
Faunnsnfuegadfiteddameda (o < 0.05) Auannganudunasegluye 4,000-4,500
and wag 7,500-8,000 dnd lnganizanuiduuatagluyae 4,000-4,500 nd wag 7,500-
8,000 &0 lusudl 21 veamsineziAseilUsinauasaualsiivess 2004011 uag 2.33+0.25
fiadnsusnsuui mudu Faliunnsnsfuegaiveddanieada (o > 0.05) wazan1ie
ANUdNLasegluYe 4,000-4,500 dn TuYudt 14 way 28 Y09 SIeLa seilUSunuansa
uAls7iueea 0.85+0.06 Way 2.14+0.11 AadnTUADNTULIA AILAIAU WAYANIIZAITULES
ogflutiag 7,500-8,000 &nd Tutuil 14 uay 28 vosnaiwzideaiiuTumasaualsfiuosd
1.42+0.39 uag 3.18+0.34 TadnSusiansuuis mMudiu wansitan1izanuduwaseglugs
7,500-8,000 dng fdUsunaansdualsviuesnuanaeiueg9idsdAyniseia (p > 0.05) fiu
annizanuiduuaseglugie 4,000-4,500 Sn FluTuit 14 uay 28 vesMsIBAY (397 1)

MW 4 Snuaswadaniivaneiug Chlorococcum sp. TISTR 8266 angldnasiganssad
4 S a & Ay o & A v \
Mdsunndlendudduluiug 28 vesnsimsidsafianzanuduwaseglugg
8,500-9,000 ¢ine
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M13797 1 HandnTauaa Ansgandunas Aranudunin-ang wavansdunlsiivesdvesamsieaneiug Chlorococcum sp. TISTR 8266 Midn13y

Asdaawing 9 laua anmzasduuaseglugis 4,000-4,500 and annizanutilaeglugg 7,500-8,000 And uazan1izAaduuas
agflute 8,500-9,000 and Tutuil 014 21 uag 28 YBINMTINALS

EETET Y| an1zanudunasagluyag 4,000-4,500 and dneanudauasaglutiag 7,500-8,000 dnd dn1eanudauasaglutiag 8,500-9,000 dnd
s HaHER Amsga Ay ualsiivesd  wawdn AN39A Ay ualsiiuesd WANER ANIHA Anny  ualsiiuesd

wndss  Fawna nAuuE Ju  @efndude  Fowda nEUES Ju  @adnsude Funa nAuLES Ju (@iadnTusie
(W) (n5ufedns) (ODesowriuwms) N30-019  n3UMAY)  (n3u6DAAS) (ODegowruaws)  NSA-ANS  N3ULT) (n508n3) (ODgsouiuwns)  NIA-A1Y NFULH)

0 0.04+0.01° 0.05+0.00 8.45+0.01 - 0.04+0.01° 0.05+0.00 8.45+0.01 - 0.04+0.01° 0.05+0.00 8.45+0.01 -

14 2.59+0.02 6.67+0.07 9.05£0.03  0.85+0.06° 2.69+0.09 7.27+0.09 9.00£0.17  1.42+0.39" 4.30+0.18" 6.65+0.37 10.27+0.75  2.76+0.26°

21 3.40+0.07° 8.31+0.10 9.16£0.06  2.00+0.11° 3.56+0.07°  8.62+0.02 9.1240.01  2.33+0.25 6.13+0.19° 8.48+0.83 9.49+0.05  3.92+0.18°

28

3.54+0.15° 8.46+0.32 9.16+0.05 2.14+0.11° 4.04+0.21°  8.61+0.34 9.22+0.11

3.18+0.34" 6.24+0.15° 8.34+0.52 9.36+0.26  3.89+0.36°

' A do v v o oo a W a o =3 LW | Aw o W aa
NG9 - AadefnAumefmsnusnuanasiululaReiu vuneds AMULANANAUBE NUULAAYNNEDA (p < 0.05) (mean+SD)
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N1359AUT18NANI5IVY
INHANITANIANULTULAINONITLATYUAZNITHANATALALT T UDBAYDIAINT Y
anetug Chlorococcum sp. TISTR 8266 ¥ 3 anmy fe anmzremelfuasiinrunduuas
ag/lu39 4,000-4,500 dnd lneiUaln 2 naen am’smwmaiﬁLLaqﬁﬂaﬂuLsﬁNLLaaa&ﬂuﬁi’m
7,500-8,000 &0 Taeilalsl 3 naen uavanznemelfuadinnundunaseglutas 8,500-
9,000 an% lnelaln 6 viaon wuiwamiwLﬁiglﬁuim%uasiwiaLﬁaqimaqqﬁqﬂui’uﬁ 28
Yoensnzias uwasloSouifousvesnamamnzdesiivi furewsazan e wuiinas
wngdesdsannyauduuaseglugag 8,500-9,000 §nd Wnanandnnauazyiinuansa
wAlsiiueerainItanizAutukateylugie 4,000-4,500 §nd way 7,500-8,000 and el
nandndanauasUSunmasaualsiiuosslutuil 14 21 way 28 vean1siInid ey
4.30+0.18 6.13+0.19 thay 6.24+0.15 nTUADANT Iua1aU LazUSuuansdualsfiuoun
2.76+0.26 3.92+0.18 uay 3.89+0.36 fadnTudonTuuRs AuARU Fuansneiuegiad
foddymeadin (o < 0.05) iWerSsutsufuannzanuduuaseylutag 4,000-4,500 §nd
wae 7,500-8,000 &N 528218 TINELE 89TV B99INHANITVIARBILAAII NS
wnzidesilimuduuasgadmainomaaiyuasmandnasdualsiusdvosaineaeiug
Chlorococcum sp. TISTR 8266 1nNIIN1sisiA essemanduuass o Gsdonndoeiu
HaUITER9 o WiuA N3 nensi uUEanS nnvesansd uelsviuess luams1edden
Botryococcus braunii w83 Ambiati et al. (2010) Ing @ nw1n15.w1z18 sauuuoelalnsie
(autotrophic cuLtivation)EL%JENW?LWWL?;EN CHU13 Z8 BBM uay BG-11 wé’ﬂﬁnﬂmimwlﬁm
14 Yu nszdumsrdnansdualsiiuesdreeuduuas 3.5:0.2 Aladnd feduil 21 veens
PRI wudwmimwLgaqﬁwawmiqm BG-11 way Z8 TinandinTauiags Ao 3.6 Uag 3.2
n¥useans musdy Usunaensaualsiivess 0.28 way 0.27 Weddusddimiinseumiin
AINEIAU N15ANEIVEY Zheng et al. (2019) Anwinislduanssiunsduasieiwagnisazay
weamuguilumsnsdeamste C zofinginesis nageunEliamIsIMEABIMUUETING-
15Ins¥iA (heterotrophic cultivation) wazlnlnseaslnlnsila (photoautotrophic cultivation)
wuhmsnsiaswuvennelssiiaduansfilinsidaseamusuiiudesusinarndn
Frnags luvasdimsmzd sy warlninsooslalnsielinandndnnadoounduualiy
mswanueamueuiiugslutlsanudiuas 50-400 lilasluasennaunsieiund Tnsin
Wuas 400 lailasTuasiemsauasieiund Sumaueanueuiiugeiian fo 288 fadniu
flensuusis ganimamnzdssiimmdiue 50 bilesluadensumsioini 3.4 wh msfn
USinauemuitauaazanindui ad enisavauunlsiiuessdng ud asvuazualsiiusd ngu
waweshuamsedidevuwindnana Scenedesmus sp. 483 Aburai et al. (2015) lngldanmz
msnalulssauasmadsuasssiuanuduaanlfiduanienssdumsdnuel siuosd
NUT RNz 8e 13 Su fianuduueas 200 lulasluasemsaunsaeiuni fusuna
walsfiuesd 30.2+3.8 fadndusensuuis Susinaraslsilad 2.5:0.6 fadniusensuuis 3
IasUisdunnudiuaniudeddyuasTvnadonsarauuimnaualsiuosd uaznuii
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anufukararatunagaiuinseduiiiadugns faesansaiuelsiuesdldisitiu g
donndasTUMIANYYBIUTIMT WaAnly (2562) TidnuBvEnalunisnszdunsazanasdiy
femsduladeunaslsdiianududu 0.1 02 war 03 Tuand nuddianududu 0.3 Tuans
amsneaneiiug Coelastrella sp. (SK-QSGMF6) wag Coelastrum sp. (SK-KhY6) dn1sazau
ualsiiuesdnmeluwadligeiign fe 3.45 uaz 3.56 fadnfusonsuuis mudiy Feilnny
wandnafunsadftumsneassilifuladeunaslsduasdiiernnududu 0.1 uag 0.2 Tuans
MsfnwanmETmNEaden sABEY S armatus wagqusueyLaBaTETRIEIATR
Tuamseves Ruen-ngam (2017) Tneimziassavsiefanudauas 2,700 uag 3,400 &nd
WuiwﬁmmLﬁz’fmLLaqqqﬁqmﬁiﬂumiwaém Ao 3,400 andLnzaunonIslasyiaule
1nfign Fu et al. (2012) Anwnmsiiisssansamnsdaaneiualsiuosdluamsediden
wadnana Dunaliella salina TnelduasannasnlnueadfvazihunusuldluiesjiRnns
wuiwasdunsazuasdinfianudiuas 170 lulastuadensaunseoiund Tusasdu 3.1
du eiawaﬁaiammﬁagtﬁuimLLagLﬁumsazauﬁmm‘lsﬁuuaz@ﬁu
nnramsnaaesiunudeiuandiiuinanuduwaadusnnilsiasoddryitds

)

(%

HaRsiaN1sRsAulakarn1sNsERUNsHanasFlunduuAlsuesRvea M TEonAR BT
HAMUITEAN 9 Anuifwdavnsedunmskanansdualsiivesnsieadedy q wiiiuaiy
Wawavasluannignsnszduazannsandnansilunguualsiueslaainitaniien kel

#5UNan1339Y

INHANTIANINATDIAULTUULAIRDNITLAS YUAZ N1 INARANTALALTIUDEATDIA T 1
aneiag Chlorococcum sp. TISTR 8266 ¥4 3 anme wuimamsdsstsanzeuduas
ag/luY19 8,500-9,000 and MinandnduianazUSunasaualsiueengenitanieaiy
unasoglutaa 4,004,500 &nd uag 7,500-8,000 &nd Aiszeznanismzidesiiviniu Tng
fnandndamnanazUsinaasaualsiivesslutuil 14 21 way 28 veensinzLE savinfu
4.30£0.18 6.13+0.19 way 6.24+0.15 NSURDANT MNAIRU wazUTuua1saualsy ueen
2.76+0.26 3.92+0.18 uay 3.89+0.36 Jadn3usensuuis MU iy Fusnanstuegadiveddey
neain (p < 0.05) LﬁaLU%‘&J‘ULﬁauﬁ’uamwmﬂm%’uLLmaaﬂuSdN 4,000-4,500 804 way
7,500-8,000 8% %"’amﬂmamsmamLLamﬂwmiwaL??&NﬁiﬁmmﬁmLLaﬂqﬂdﬂmaﬁGiamiLﬁzg
wagNInanansdunlsiiueenvesauieaewus Chlorococcum sp. TISTR 8266 131013
WNEEsFeAILLE
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AnAnssuUsENA

YoUUAMAIININUANLNTTUNMTANATUING MRS TFeuazuinngsy (@nan.) uay
nowuaNESAneImans douaruinngsy (hesuduaiu 21u.) Aliiuyuaivayuluns
V98 wavveveunmiesUjuinsaudrnududaiiuainie neldaudrnumainnale
msFaam anuideineimansuazmaluladuisuszmalne feyanelildaniud fan
gunsal edesilonns q uazaneiudavsglumssiiunuide

LONE1591989

591501 uAa9we aushy semnsy Srudelya 19Na S¥YT @UNUN N3 NBIUTEIWT
W9 Tunnad 11U 91A7 waziaIanyal 11819, (2564). HATBINIIEIUAINIY
#13 vrunuu§u Nostoc commune vaucher TISTR 8870 # 8115495 ayLfl Ul
Usgdnsnmnisldeonms waznsasedausslaniin (Betta splendens Regan, 1910).
35153V AN INYIPETIVIUATATITINTIY, 40(1), 106-120.

WSMT guilad Tuassad Twudng USud egdunnd uazgusen auinwi. (2562). nsAnLden
awwvuadniddneningslunsudnansdidny uazmsanwiadeinzanly
MsnseRuNsaTaLaNsARy. 989IURANITITEISTY UszdaTl 2562. nediTuuasy
ﬁ@uuﬁ%&l’]m’iﬂﬁﬂmﬂﬁijLﬁlﬁnLLﬁ%LLUi’EUNﬁ@NaLﬂHG}i
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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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