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=~ Y o Lz oA 2 v | 2 =% A o &
waded Aud 15 Youasen13eils Wunan 15-20 wnil Wiswaadnihaduiateiugeiinaald
& o & a4 ] v o v % a2 o °
izides seaudulemiaasyfuudndiingddiaaiyssana 10-15% Jufuandanmie inlumne
adlutangglugananainsely
3. ManzanasilaeIsnsmnzlugamaatn Iianseims Jeseneudie

Haoelsonanis 100  Alansy
S1azL9en WIaUaneul 50 Alansy
Qluvi 2 Alansu
fLnae 02  flansy
thaven 75-80 Alansu

Tnothwidnuaulidiu Tadhadulffamuduussann 65 wWedidud liliukmie
Jeniduld negeulaenislidertides wmneaneiieesn Tidesduiudufounaiug wed uansin
1% widadesnszanesousenliifutinadluauned ussqldgedouiufulssanm s00nsusafou
Suthngslidmiuaunenianarainifiensidadonendenganseiaui delilidesudunie
a1aldiienaasluliuiusivuinguuazldnevinaiuadly Tdfefgalifudisiuiingiasunsuuen
Tee¥aliuufasyilimnngefoudounuasdvunamiiiunenn warasguin ielddmiuidode
winaslUldldianslugdnasluuseann 5 wufiuwns gamedd Humenszn1wudisnaiees 138019
THhasoudaununseanuildiiie il d@donnanis
nstndelufuneunsmadadewiougafeudoaiauiouios Wiluiendesemie
flarnudu 15 Yousddon1nsia gumndl 121 ssmwwaidea iunan 15-20 unit @uiudnumeves
nffouazUTunuiouto) vidediendetuwuugnijddding 3-4 dalus Iussasiiaue vdsminis
Zeufesudihieutessnumudesiu seaunseisfoudiodu Srennsadevideainudadning
solula
Mafeudiaidssiuduum Wansnsavanulfessasanuazsniy Waonszauiiuda
agoon widdlifenlagnd1d uavsylalilvidrdnansenainaevin msdnilomeusanaged Uile
vaiudoudniinaidndenliud 1isewe lurnedisdagnddeg ol fudn 1avnenszaned
Aereu nonynd afiviamdadiiinseen thinmaluaulanegiisaueanssed lurisiiiuda
Frvhslurandsliisn sldfeusnidnlulunin iedewdndninduvusivnnindaaulvegild
Tuftedndremiaagndrdfewde uduniideadlulugauszun 15-20 win 1ntuisiulagnd a
Viudl onalidedldnszawlaiu usmsuuladngagndidlawuune gemslunvinduieniu nn 3-4 s
msauUInrIndanisseanesedaimils WdedUavaneenuiudanislilivue mindmdoll
pshuldrelusn msziidoorndeld wdsudidenilnn adlfidadeasnslduszan 50-60
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gaungivios lunardssana 15-20 Ju duleaziadgiiugs Jmdnduladugeddiuasdulseiy

=

v Y & v 1 [ ¥ a N S = o a
Fauasaznseiuliinasiwunenvzdunadulosuvasududimaisilidenen
naUanen Wedulesuaswduduinadahluilanenlnefgadiduazaavinsiiuuuesn
Tda1a¥nUauingalinuuudaniadiudiabidu yudeannuuasanss 4 yuvesgevsesznialu 4
wra wdlluanlulsedeu nssain msezinszuvauiunes iunduwazidumnsaunniuly
% < ) o § v & & a  aed
Aourinazaat Ui lineudelduwasUulaugdunidoy

4. nsduiindaya

1. Maasuoadelufoudemaunss (sufiuns) ndddwite Tngtannuenvestouiite
dinannaefeuauisiurestoumsdernsmaass 4 91 usazdUszneuseteudaiinsiuau 10
09 Janne 7 u

2. warAnsatiavan Tneduhminsuiuneniinvesusaruinuna ¥nsnnass 4 51 usas

1%

d1UsEnousefoudafindiuiu 10 g9

3. Saunen Wnetusuiunenfinvesusagieu S1uam 4 91 udazdiszneudefoud
Finsuau 10 3 @ufudwausendiadiomn 20 g9)

4. aruemeen lnsduinauenivesmenvausiaziou S1uIu 4 91 udazdUsznaude
foudaifindiuan 10 g @uivdnusondinreua 20 )

5. amunianen Taeduinnunesenvetusasfou S1uau 4 61 uwwagsUsznoudae
foudafinsuau 10 g9 @uivdnuaenidiaiaun 20 99)

6. fnenenidunse-sa vesfouidofinnouuasudnisnzifiainnimeaes 4 41

7. wiledidudtouds deuunsndnsdanonvesteuinuasuasiufoiadoaimai
Wy

8. AIUIUMIAUNULAZHARBULNUNITINIZTIARATItUERTIdIuTBININUENEIEAsaNIN
UENTIWAMAEINTIEINTIT AR ER LA N1 TNAADY

9. ApszriesAUszneumIsUssanasluleinsn wazlsAuiilunenifiaunssuedusiay
Aainaes

5. M3ATIEdaya

deyailannnsnaaendnsimaiAuLUsUTIUUTEUIBUAIULANAYBIALREY
lumazdmnanilnedd Duncan’s New Multiple Range Test (DMRT)

6. A01UNNINITNAABY
15050 UNIZLIIR @19 INYAIERS ANEINEATANEAS UrAng1denaluladsvuIAansIveY
WHNIAUATATEIIUTIY 1 09 My 2 Firuannlng] Suneveas JamdnuasAIsTTuTY
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2.2 Tasen153dudand 2 n1slduseleviannansnfeniianniiiaunss (Schizophyllum
commune) Tun1siluansdugdunidiolsa wazansns

Fnsaniun1side wazaauiinnimeass / iudeya

1. MSASPUADEIUTAAUATE

duaiiduiuluszuumsimiziaesdn il

9

ee

YA NADLAALATINLNADIINNITAALAINDUI MUY AlAa1naVINVAENS ALY
WNEATAANS UANINBNALULAES1TUIARASITY AN NVAUATAITIIUINY Favinnsunglaglanau
=3 d‘ a o ¥ dy dll % a [ o a a [ 4 a (v a
Wafw3eNinainnsldanstiideslisnanist 100 Alansu $1azdea 50 Alansu glud 2 Alansu @

= a o 901 a

\NaD 0.2 Atansu W1 80 ans

o & ~ v v o g ° P P a a1 a

UinLAsINTIUTIUle d1edretiazen drldeuludeuauiou Noumgiilaiiu 50 aam
Wwaed NI Uniuliaziden iewmssunisananiutenaly

2. NFTUIUNTANAFITANANTAALATS

2.1 N3anNANeIY

Yudinuassounieiiesenly snudatalusnvinazaiesiuin 6 wia fe 11, 100% methanol,
95% ethyl alcohol, ethyl acetate, dichloromethane wag hexane lusnsiaiuthuntingiogng
(Alan3u) sevsumsiiiazats Bas) 1: 2 Wunan 72 Falus udnilunseswhenszaunses thnn
wutEdefvhanesiaifudnauniioslfmsaraeativla welvinisataiistuegtsauysal 9niu
thansafin (veawa) ldlussmeuieneiriosssveanainia (otary evaporator) Litelvildans
afavenuiuwisian uddnarandaildanmsatadiauasedildanasataudazvin \iuansade
vowiildldmuuslaain iuflgamgl 4 esmwaldua Lielimaasunisesngrsnisdinindely
(Natarajan et al., 2005)

3. nﬁﬁnmaqﬁﬂsznauﬁy’uﬁugmmaLﬂﬁmmmiaﬁ’wmu

3.1 ansataneivluudasdu Sinseilaeidlasunlnsnsiuuudouns  Thin  Layer
Chromatography (TLC)  aratedsadmluudasdiinazatemesiinasatefmanzaudssanm 0.5
fladnsu: fviazans 1 fadans luvanuiaidn (via) Tivasaaiiaans (capillary) gransazaeds
afveULiasULLEY TLC  soauwsie dildusnuavanstudviazaiedunssiidvun (mobile
phase) Wlowdeufinuiitmunudiietsenaindavhazatedunis (mobile phase) aisliauusia
nthlunsaaeunisldiaies Ultraviolet (UV) (Lambomed, 3u UV-VIS Auto, UV-2602) fim
§1IAAY 256 wag 366 UlLUAT Wudae Anisaldehyde aauuwiy TLC wdrilulianudeudunnd
fiAntu Welmsunduuesansitogludsartavey

3.2 A1TILATIZINY High-performance liquid chromatography (HPLC) #a4a1naningns
FreAsnsatareruudinntuiuniinszdnisuenaiseiineldanusuresandumaianis
WAATIERATIRUNIN (qualitative analysis) wazU3un (quantitative analysis) laganunse
AnseiiflovensinvosasuarUsinamesansibesfulduasldfunudusneg eghenawang vt
wanaEananu Ly chromatogram
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3.3 nsdnwauanUinisluasiueyuadassvesansainaniiinunsy
iﬁﬁﬁmﬂﬁumiwﬂaaqué&ﬁua%aSass laun 38 DPPH radical Scavenging activity, 39
Scavenging activity of ABTS radical wag3s Metal chelating activity Tnefiseazideadsioll
3.3.1 35 DPPH radical Scavenging activity
Msasliesginisdudsoyua DPPH Tnedauiasainisues (Shimada et al.,
1992)  iumsnwiauannsalunismineyyadass lnonsvaaeuseismaniilagldansns
anauifdueyyadasylufitiifeoyyadasy Afifioy (DPPH, diphenyl-picryhydrazyl radical) &
Huasdauaszifieglusueyyadasziinsiiidiig feannsannaeuldlaenisid vansadaiaa
WNTUAN99) AD 0.0000, 0.0125, 0.0250, 0.0500 ay 0.1000 ppm Usu1ns 0.2 daddns aslu
ansazans DPPH awidudu 0.1 fedluans Uuns 02 fiaddns nanliidntuuasiisliludida 30
w7 ile DPPH 165U Hydrogen atom a1nansafmiauassiilélunisveaey ansazanediasay
Waswdudivdes Feannsaindgandunasliiaiuenaduy 517 wiluwns Taeld BHT 19y

standard control hA1gANGuKATLALNAILIN % N15EUES (% inhibition) MuaNNTSeaL

% inhibition = | (Asi7control = Asi7sample) X 100

A5 17control

W19 Asirconiol = AINNIAANAULEIYBIAIINAYAEAIUAL (Fvinazany + DPPH)
Asirample = AINIAANAULAIYDIATAZANEAIBEN (a15aiiA + DPPH)

3.3.2 75 Scavenging activity of ABTS radical

Juismsiamnuanusaluniswendeyyadasziediiea (ABTS ™" ,2,2"-azino-bis (3-
ethylbenzothiazoline-6- sulfonic acid) radical) Faduasduases dauvamuiinisues Re et
al,, (1999) lpenisuanansazans ABTS  enududu 7 fadluads USuins 2 Hadans fuans
Tnunadeuoddamn (K,5,05) Anududu 140 fadluand Usunas 355 lalasans luvindundaia
Wlufiin 16 Salusiigamgiives 9l Stock ABTS radical cation fifiduhiueuiTen foutiunyiings
NAADIILADILTDAN Stock ABTS radical cation é’aﬂﬁﬁﬂﬁulﬁlé’ﬁmmﬂﬁum Winiu 0.70+0.05
(FounFeulumainnadaneunisldo) uansasafinadudusiieg fo 0.0000, 00125, 0.0250,
0.0500 waz 0.1000 ppm USuns 0.1 faddns lunasannass naufuaisazats ABTS 0.9
fiodans wanlidniu Adliflgumgiives 6 uil illooyyadaselésu Hydrogen atom 9nansafinLdia
uassildlunsnaaey axvinlid ABTS™ 919as anmnsaiarinisganduuasligsaniinnuenindy
730 uiluies Tagldindudugnaiuau wagld trolox  1u standard  control tandilély
fnam % msdud auaunsee
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% inhibition = (A734control - A?Bdsampte) x 100

A734control
518 Arsaconmol = AINIINANAULARYBIEIIAIUAN (ABTS  71l309719u&0)
Arsasample = AINI3AANGUNABIEITAZAIBMIDENS (@1580R + ABTS )

3.3.3 35 Metal chelating activity

Junsdesgifanssudnueyyadaseiienisnagaumiuannsatunisug iulans
loaau Au3Tva9 Dinis et al., (1994) Imam'%auéhasmmiaﬁmﬁLsﬁwﬁumm USu1ms 0.80 Nadams
Tunaeannass uazliindulsannlosswdugamuny Wuaisazane  wesSanaslsd (FeCl)
ANNTNTY 2 adluais USu1ns 0.01 Tadans wastiuineslsdu (Ferrozine) AuLtuty 5 adly
1§ Uuns 002 fiadans weregesinig vuilgamgiiviesfunan 10 undl ieiduans Ferrozine
asld agluduiy Fe”™’ udaglidiing wasfhansadnamiedauannsolunmsudsivlans Fe” ag
vilds9919as annsainAngandunasidgegafinnueniaau 562 unluiuns Tagld EDTA 1du
standard control thenfildluuanmi % inhibition AaANNISHsE

% iﬂhibitiOﬂ = (A562controt g ASéZsampLe) x 100

ASéZcontroL
W19 Asrcontrol = AINIRANAUABIANTAIUAN (WINAUUTIMINLeBY + FeCl, +
Ferrozine)
Ao = AMNNIQANALUANIBIANTATAIEAIREN (40387TR + FeCl, + Ferrozine)

s

3.4 MIlAsIERnIsesngniugaduzse lngdiiiegansainluinsed o gudiug
Seanssusazmaluladiininunend enanisnageuanuduivdewaduziss Usznaudie
waause 5 wlinfe

1. HepG2 : Cytotoxicity against human hepatocarcinoma ATCC HB-8065 TR

2. Caco2 : Cytotoxicity against human caucasian colon adenocarcinoma ATCC HTB-
37 (uzi5eanldlng)

3. KB-Oral cavity cancer : Anti-Cancer (1zt53%83U1n)

4. MCF7-breast cancer : Anti-Cancer (gi5ai@iu)

5. NCI-H187-Small cell lung cancer:Anti-Cancer (sz159Uan)

waglwaalindaun 1 via Aowaa NA: Neuraminidase inhibition assay laegiUSeulieuiu
waaunAfe African green monkey kidney : Cytotoxicity against Vero cells (l9&4)
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4. nsAnwUszansnmussansatavenuanfinuasslunsiudadeuuniiGedalsa waman
Minimum inhibitory concentration (MIC) laal435 broth dilution method uaz disc
diffusion method

4.1 mMawsenieuuadiSenolsn

{8 Aeromonas hydrophila tag streptococcus agalactiae Foduderelsaludnihilld
Tumsfnwaadldsunsdaiionngusitoguamdniifams aaueg madvnidsmant aug
NINYINTTIIUUIR WINIFeawaIuasuns Inennmaivg uvulilugamall 33 ssrwaldes
Mntuhlddeduemsidoats trypticase soy agar (TSA) vulfifunan 24 $alus W¥ded
Wsaiuladuudnshansazanedetnde 0.85% ludiuveaiie Aeromonas hydrophila ua
Streptococcus agalactiae WiifiUsnaugadwuaTiSe 10° waddeliaddns lasnsindn Optical
density (OD) wiffu 0.15 #81A3a4 spectrophotometer 7iA3E1IARY 540 Wiluing Aeuwly
NAdOUMEANTANANEIU

4.2 NMSHIENAITAZANBATANEIU

thansataveruiieIodldantuneui 2.1 wddludiinm 0.1 n3u avanelusviavane
(viatiun) 5 Taddns tilutumissudearsazans Fuliludiuionmgil 4 osrwaiBea dou
ilunaaeulsyansamnsdudutonuafiie #1833 38 broth dilution  method waz 33 disc
diffusion method Lﬁaﬁ’ﬂLﬁaﬂdwmiaﬁmﬁmlmmmsaé’ugamim%ml,auimaqL%@LLUﬂﬁL’%‘aﬁaIsﬂ
Tulanaswga neFeuiisuiunsldansuidiue sia Oxytetracyclin waz Norfloxacin

nsAnwUsEanEnmesEsataenuatnmauasslunsiudadeuuaiidenelsa e
A1 Minimum inhibitory concentration (MIC) Iagla3s broth dilution method wag disc diffusion
method
|. Broth dilution method d@usunisAinenuanzeneolsa

1. Maw3ey stock wseNasannueu alaaududuluszaunig g aelesn
avanefnzay lvianansyionigsan (mamansiasigimanil: HPLO)

2. nMsnedeu thasazanedeusazadafiwienliuldluommsman Trypticase
soy broth (TsB) Usuas 100 lalasans ndentuldesaiaverunudimaisimunainaiy
Fuduiilugs diludailgumgd 33 esmwaiBamunagn 24 $alus wag 48 dalus anduii
asazaneie 100 lulasans wdeduems TSA thluvuileamgil 33 ssmiwaiea 1unan 24 -
48 Flas ﬂizLﬁuﬁhmmL%’uéﬁ’usuaq?iaaﬁ’mﬁG‘f’lﬁqﬂﬁmu'ﬁaﬁﬁﬂL%aLLUﬂﬁL’%‘ﬂiéf (ESCMID, 2003)

Il. Disc diffusion method d1msun1sAnwLuaiize

1. nswi3ey stock tanstiavenuiiwienly wisdlildanududuanieslvuin
szl 6-7 ANuNTu Iaeds two-fold dilution method

2. M3wiSen sensitivity disc Yansataiiwienlilundazanududu Usuins 25
llasans viemasuunszaTvgey fivasnili suiadurngudnans 6 Tadung wireufiguvnd 33
asrnwalua Wi 10 wift ald sensitivity disc findonazldam

3. Masilunvnaes tansazansifeuuaise Wiewes Mwieulianduney
71 3.1 3.2 wunde (swap) VueINTRENTe Teliauniiemsuis 119 sensitivity disc asULEMNS
thluvafigamai 33 esmwaidea Wuan 24 $lus Sudinsalasnsinvunadusingud natsves
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inhibition zone (islam et al., 2008) WisuLisurLAELHNEUSNa1Iwes inhibition zone lFan
wiazAudtueasadn Weusydiua MIC
5. psAnEUsEANSMwvesansafavenuluniseangnsaunzasensandndululan
5.1 NM9W3ULAITATIAREIU
5.1.1 fadonvinveansataveruanidinuasedildnandn (% yield) vosansarialu
Usrannuge Ussnoufuriavesansadnaniiauaseiilifiauandinisrosuoyyadassii 3 oin Tu
seiuge 4 Suduusn iethanldlunswasluevsionaaeulusuasioly Tnednidonasade
weUtatadeansata 4 afinfe 11 winuea 2-0wnuea warlnnaslsilivu
5.1.2 MSATNEITANANYIY
Fnsafmansataneunuisiude 2.1 uagvhusiadagld Rotary evaporation i
gaumgdl 50 earmiwallua wazifvansatnvelilugifugamall 4 ssmwaldea ioserhlultuay
Tuomssiold
5.2 N9LHUUDINTNIAADS
521 meengiessznevmaaiivesingiuiitnldlunmanemmeass wag
Auaeinuase Ustneudeie Tsiu Tufy anutiu uasdh anudsass AOAC (1990) wieldlunns
AUIUGATDNT
5.2.2 MIHIENDIMITNNADA
gNT9IMIINARDY
01vnMAaRsdl 7 gas Avualiovnsiiviinalusiunagluiusinfufisedu 35% way
6% FUEU (Tl09AUTENOUVBIRIMTNARBIARITINITINT 5) Usznausie
91n3gRsTl 1 ewnsgnImuAY (@nsilidinsldamsatinanifiauass) (Control)
91N3gATT 2 ENSHANLAYMENITALATIUY SERU 1% (1% NS)
913gATT 3 gmsasataaIniauAsEaEt SEeU 0.5% (0.5% WS)
91"3gRsTl 4 MnsENsaRAINLRLASITIBILTLEA SETU 0.5% (0.5% MS)
91"3gAsT 5 eWnIansataninLATITE2-Tamuea SERU 0.5% (0.5% BS)
mmiqmiﬁ' 6 esansannaIniauasImelanaelsiiinu seAu 0.5% (0.5% DS)
91vn3gRsTl 7 ensmamsmitseaulusiulndifeafuemsgasniunu (Red
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M13197 5 aeAUsENaVVRIR M IMAGREnSUUaIAN (nS)/ 100 NFU 81913)

gnsmiunl 1% NS 05% WS 05%MS  0.5%BS  0.5% DS

MOAU

Uadu 15 15 15 15 15 15
Mndundes 50 50 50 50 50 50
LABUABTIRLiALATY 0 1 0 0 0 0
ansannninuATILAaza 0 0 0.5 0.5 0.5 0.5
o 10 10 10 10 10 10
w1291 12 12 12 12 12 12
wnau 7.45 6.45 6.95 6.95 6.95 6.95
Vnstuiie 35 35 35 35 35 35
Fondi/ussinuan’ 0.2 0.2 0.2 0.2 0.2 0.2
Imaunaslsa 0.35 0.35 0.35 0.35 0.35 0.35
1nde 1 1 1 1 1 1
Tluweadoumlaang’ 0.5 0.5 0.5 0.5 0.5 0.5

52 100 100 100 100 100 100

o

1y vo I3 a o = o a ¢ o
wnewe - lasuanuewaTeianusineglouiadad 9110 (U

¢ o o

2 Yo ¢ a o v s
lasumnuewaszinusElnedndiowwasingd 91in @)

5.2.3 MINANBIMTNARDS

1. wlgNingAunidnyagre1uAe NNGIYaes WNau kags) Wualiazlden

MeA3adli WALTBUHIUAZUNTINIA
2. drimgivamsudazvlinnugnseviisusazges ldluganatadin lnende
91sgnsar 3 Alanfu
3. wauduysenauingAundanvasuitlunzasia lngnausiuinsoway

wuuwuaueulidiu uu 15 Wil wauasatainuassnefvitazaseiinnng 9 lundsdidnn
ielviansaiansyangliiie s uddnauluasludmay ntuRnhiungsanaudelidIunaud
o A N Y = a0 s 2 < & o i g &
uf Ussanas 10 uiil wdidsiniiazeinuseana 30-35 wWeosidus antuwihnisnauseauduiiie
a [ a = o (Y < v & @ <
Weanu Ussuna 10 uil 3niludadametesesdnidnemswuuay

4. 1 ingRve M sNHaNIURLENIATOIBAEADIMT KURTILIUTINILTUIA
durnugudnans 3 faduns lnedawdnenmsiifliwslndifesiu

=i a = o & < 1 a

5. 9URIMNITIgNQI 60 Berwaded Wl 5-6 Tilus ANNALdaeImslify
10%

6. UDMITNARDITINIUNITZUIUNITOULAITOUTDMARLALD M SHIDBN 1Y
ussygenanann nuliludiiuiigamgl 4 esrnwaded

7. Wemsfiwsenluiieszinuamidlaruinis lawn aanuau sk ludu
LAZLAN M1UITVeY AOAC (1990)
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5.3 MIWIEUUAMAREY UALIHUUMILADS
thgnitusuaignings snvhsuvanenyu sune 3 fhueyuialufiliueinanasuinaig
1§ 1w 1 8 Wemnsuae 2 ads Ao dradh 1an 08.00 U uazAaIt1E 1981 16.00 U, ayUa
auldmiinuszna 15 ndu/s iy Sedauanaualndiestusiuau 15 #/4 Tudnaaesaun
AU 100 Ans HntU3ines 80 Ams WeanBlaunaennan iteliarannsausualmdiiu
anmwandon iuszerina 5 Yu ndminduinsdasualauasdsandudulnedaUaiiifoun
Tn&iAeeiu 12 #/§ dadmdnuansies lnensaaufetiiniung in1smnaesstuam 3 91sonin
st Sufindegatmiindudy wasvmimdnindeSusuresUarliadiinanes Tusswitsnismaaadl
pnslagliiuaudy uasdinsdsudedmniuludndiu 70%  vesilug lurasieneunisli
2113 ihnsnaaesduszeziian 8 dUani
5.4 maiudeyanisasayivle
L. s9dpunginssudnuuzemsvesan ludnsswitnismanowdunangfinisunis
Auosvesa uazdnuwagAnunimeueniienaiiatu 1wy nsduunainnisindues msfnde
Dudiu
2. masyivlavesania ndsanfivanialdfuemsannisaasvesusazgnsd
WANANSY ‘Vl’lﬂﬁ@ﬁ’&ﬁ]ﬂ@Uﬂ’ﬁLﬁ]iiULG]UIWUEN‘U&’] nne 2 aﬂm‘w L‘Uui‘”EJ a1 6 aﬂmﬁiﬂammm
thdnuaffinty dufinduaudaniivde iedundwidnedsdesdhmdnfifiudu Snsins
vl wagdninissennne SufinUmanisiuemsvesUafiediuinmsasinisuaniie
wazUszansnmnisulilusiu Talneduumugnsdsd

Fns150nn1e (Wasidus) = s1uiudaniliugda x 100
TIUUANTUAY

untinUaniviiy = dwtiniedeaaiie - dmvtnndesusu

gnsNsRseAuladunie = (In dmtnedegaving - In dmtneiesusnu) x 100
(Wosidudnaiu) U TUNARDS

Sasnisiasuennduie = ThwdnevnsTiruRavun (NSU/A7)
(FCR) YmunUanMnudu (nSu/67)

5.5 ML AUfEwarianITInTsAiieAnvinavesasataiaLasItesvazassia
$i19°) man1sUssiunzeNTATY
5.5.1 M3LAUMIBE1
ejwﬁm%asmﬂmLﬁaéjuqﬂmﬁmaaa Aay 2 f3 (NInuday 6 ) WWeRnwInavesans

[y

anainLAsImsiiazaesdanie 9 denistesnisnneendndulusiivan Tnslanzidenlan waz

v

faogradenlvidiadonnnaznou wdnidiegvlunyumies wiTuhdsy uieseifanse
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oulgineanwa (alkaline / acid phosphatase) uazfanssuteulasdlalylesl wazndanulailalu
microtube wazutlululasauman dWiednszivinamasuladadles uwazfanssueulainznias

5.5.2 ABMTUATIZH

1. m3¥nUimnaanasuladadlediiemqnifiueyyadaszainujisenafioedoond
AT (Buege and Aust, 1978) Imaaauéhaﬂﬂaﬂawﬁwﬁﬂﬁumqu wagshdmidefesuveaan
Uszanas 40 un. ldluansarans veawmaswmles pH 7.5 wazuadeurisun (hnsusluannieiiiu
AapAal) Yinugnsennuansazaiy TBA (0.375 % TBA fiavanely 15% trichloroacetic acid and
0.25 N HCV) thaegslusuiigamgd 90 ssmwaidea Wunan 10 uit vhdegdlisulnesinusi
va wagihdegmyuilssimusisou 1,600 ¢ Mlgamgll 4 ssmwaidea w1y 10 W17l g
awazmaﬁaﬂai’wﬁmaamﬁuLLaaﬁﬂammmﬁu 532 wiluang seownsesaalaslilafines lay
Wisuidisuduanududuresarsunaouladadleds (MDA iiediasigvimnuiunns  TBARS
(thiobarbituric reactive substances) Iugﬂmaq malonaldehyde

2.myinnanssuoulesd Alkaline phosphatase

@suveslaniiasizvinanssuteulesl Alkaline phosphatase a1u385n15U99 Bessey

et al. (1946) 1ngld 7 mM p-nitro-phenyl-phosphate 1Juduainsy lnsirdeg1edsunaniv
Tlled (Mszdunisiiontsivanyan) Usuins 250 ul udnihufizenduduiansnuiuns 50 ul Tu
96 well plate JnUSnamananiintugeirses microplate reader lagl4383auuy Kinetic 7
ANLENMAAL 407 uiluluns Vn 20 Aund w5 Wi dadlduTsuiisufunsninsgIuLes p-
nitrophenol fiavadudusing 9 Sesziusuialusiuludiese@sulaeds Lowry’s  method
(Lowry et al, 1951) uagsiseunanssueuledluniisfanssudinizvoasules (Unit/mg

protein) Ine 1 Unit vesieulusiAoysunamanan (p-nitrophenol) ke

3. myiananssueulesinenziaa (Catalase activity) (Trasvifia-Arenas et al. 2013) @fin
feehsdutande Tris-HCL Sled pH 7.5 uasheuvsualaziBeanelianigifu wagmpimies
fiausaseu 12,000 seu/ANd ﬁammﬁ 1°C Yonanssuoulailaeld 96 well-plate lnoidu
potassium phosphate buﬁer (0.1M, pH 7.0) 100 pL LLa LAY Abs. methanol 30 pL WaLALENS
Formaldehyde mmmwmmwmumq 9 ‘wmﬁnﬂuumumammiaﬂwamau 20 L hagwiy
40mM hydrogen peroxide 20 pL (wIzuuadlgyiud) uawmuuszial,waama plastic film il
shake UY orbital shaker 20 w1l Migmumqfivies 1WloATUAAN 10M KOH 30 pL Nt
25m!\/\ Purpald®30 uL seal well plate f18 plastic film 11lU shake Uu orbital shaker 10 W1
wammmaq dleasunanfiu 62.5 m!\/\ KIO; 10 pL wag seal well plate ¢® plastic film 1ly
shake UU orbital shaker 5 unfi figaumniivies far1 OD #1540 nm) Aaszsivdanalusivly
foteasannaInAulaeds Lowry’s method (Lowry et al., 1951) wasiesufanssuoulesily

nueAanTsuInwizvasoulsl (Unit/mg  protein) Tae 1 Unit  vastouluifouSuiananan
formaldehyde 1 nmol filgreud
4. myinnanssuoulesilalalesd (Lysozyme activity)
Tananssueuluillalyledanwanauinuisnisves (Demers and Bayne, 1997 914
1ny Suwannasang et al., 2014) lagiwangun 25 ul Lalll,%ja Micrococcus lysodeikticus Usuns
175 mL iha']iazmai’mmmi@j@ﬂﬁuuaaﬁ 450 nm edilduSeufioutu Hen esg  white
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lysozyme tHuansazateuinsgiu Basiziusualdsiuludiednslagds Lowry’s method (Lowry
et al., 1951) uagsreauianssueuluilumhefanssudnmigasaeulesd (Unit/mg protein)

6. NM3AATIEdYaNeEdR

thieyadilduniinszsinaneadi Inedinszsinsnsyaneveadoyalaeld Shapiro-Wilk test
wazAuLUsUTINYeayalaelY Levene's test UandlAT1e1iAuKUsUTIU (Analysis of Vanance:
ANOVA) wagilSeuiisuauunnsnsvesrnadelngld Duncan’s Multiple Range Test (DMRT) i
syduANAdesil 95%

7. aauiAufIeg19uAaziIN1SIVY
NUIEITeAUAINER I @1vIUTEUS ANEINEASAIERS N Inerdemalulagsnvueng
AT INYUVAUATATIIINIIY
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2.3 Tasannsidedesil 3 nswanasnszdugiiduivluvaiiia (Oreochromis niloticus) wiin
crude glucan bio-nanoparticle AMNABULTALATS (Shizophyllum commune) mﬁaﬁwé’uﬁu
1Ay
FBnsddiunside wazanuiviinismaaes / iudeya
1. uumeamsaniiunsivg

nsaniiunisideazuuteaniu 2 923115398 Tnesuiddediausnisznounie nsimun
FEnsatafinzauslundues3anaans crude glucan warnsAIUsEANS AT S99l
audfsenisusutladeiiieadestiunsadaly 2 35 1A Hot water extraction waz Alkaline
extraction WipunTIvdeUYsEAVE N mMInszduglduiuresarsata crude glucan fiusnldiiio
asumnszvrumsataiiuangay anduasiinisatn cude glucan TWldUSInaRisswasionis
thlunaaoulutisd 2 vesside Tneunsdnwnmsnevaussmaniifuiuvesaniase crude
glucan bio-nanoparticle finanls lnnsviuindeuntenanemsoImsUauas fansmeuausamg
piiAuiuvesUanlla walundzes gene expression, Msvhuvesdinidenvniuazansiiiedeiu
sruugiiAuiuly serum PusdnsnsTeamevesUaadisldsudouuaiise A.hydrophila

2. psMARRsi 1 MsAnE13SMsafn crude glucan InAeuiinuasundaiis
2.1 fhegsfoudinuasandofimdnaniuieuasiarfonass
foudauassiianfnuluaddazldnnfoudiaunsmdsnaifiuaenin vesafivmans
AnuzinuasAans avninrdomaluladvanariite InsnunuaseissTuey duhnamnglagld
RoudiaiwFesvianmslignstidesldionam 100 Alansu $azden 50 Alandy glud2 Alanu
Finde 0.2 Alansu 1h 80 Ans Tilnslifeufinunsandefimdsnisfuneniin andumafiuygad,
MnAuvdoiemanuns
yhmstegnuafannihiumneiisswennunsnsnieluimia unsesssuse lasuaniild
TumsnaaosiimunIzanannsHauresmeutiug fiesie Wegnuailduwia 5 cm awihaidies
Tutefiffudouiaussgh 15 m’ melulssdouresauntszus auzinuasans meldssuuns
Aedlngldomns 5% ety Ineuudlsiiuag 2 At auardiadivunn 15 cm Fahlunases
2.2 Msfnwansfinzaulunisata crude glucan
NMsAnwiiuan (Nitschke et al.,2011) wuin3snisiimuneanlunisadia crude slucan
nniduledinUsznoudiedsniaman 2 sUkuu b Hot water extraction (HW) wazAlkaline
extraction (ALK) LpaaniBn1siadesguuuuiinszuaumsafiailidudounarldfuyulunisadns
sudddasiaififeubuivilunszuiumsain safunisinwadiisslslfanudidysons
fananefingauaniiaesisidundn
2.2.1 n3zUUNI5ain crude glucan M35 HW AnwUadann Angeli azauy (2009)
Tngvhnsanudetladvddaiifinadeussansannsadin s1uau 2 Jade léun dadrufoudinivde
fastethuazguuuunsliarudou nedmunyansmnaesdsdl
T1 dndaufeuinmietisnotn 1:10 duluthgamad 100 °C viailumsarta 5 h
T2 dndufeudinumdodisioth 1:10 autoclave 121°C anlun1sada 30 min
T3 dndaufeuiamdetisnot 1:15 dlluthgamad 100 °C viatlumsarta 5 h
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(%
A a 1

Ta dndudoudinudaniarain 1:15 autoclave 121°C atlun1sanm 30 min

€

T5 dndufoudinumdedision 1:20 fuluthgumnd 100 °C natlunisada 5 h

T6 dndudeudinmdodistot 1:20 autoclave 121°C anlun1saia 30 min

nndullumissansazated 12000 rpm unar 5 widl figamgd 4°C iy
ansazany wazusu pH 1u 7.040.1 A28 0.1 M NaOH uagiin NaCl Tiansasanefinnududu 1%
NaCl 91ntumnaznau crude glucan 978 Absolute ethanol (40% V/V) Uuﬁqmm:ﬁ -20°C Ju
nan 18 h Nty Hydrogenperoxide dndu 1:1 (vAv) Juissansazanedi 12,000 rpm 15
nan 5 undineamgil 4°C 1iuaznou uard1enznoud L 2 59UMe Absolute ethanol(d:1 v/v)
warau crude slucan Wiusiedi 70 °C 1uaan 12 h

2.2.2 A38UIUNTARA polysaccharide A835 ALK aauuasan Nitschke Lagaus

]

(2011), Sietama way Wessels (1977) ImEJ‘VTWmsﬁﬂmﬁq{]a{]’amﬁ@ﬁﬁwaﬁiaﬂizﬁw%mwmsaﬁm
$1uau 3 Jadeuarimundadogungiine 60°C Wun dndufeufinimdeiiiafvhazats vin
ansavanguazIabuNsain Imaﬁmum;mmimamﬁmf
T1 dnahufoudinmaeiioesvhazats 1:10 NaOHa lunsaia 30 min
T2 dnarufoudinmaeiieesvhazats 1:10 NaOHwa lunsaia 60 min
T3 dndrufeuiinasiisiesviazats 1:10 KOH narlunsat 30 min
T4 dnarufoudinmaeiieesvhazats 1:10 KOH vailunisadia 60 min
T5 dnarufoudnmaeiiesvhazats 1:20 NaOHa lunsaia 30 min
T6 dndrufeuinasiiiesvinazats 1:20 NaOHwalunsain 60 min
T7 dnarufoudinmaeieesvhazats 1:20 KOH vailunisadia 30 min
T8 dnarufowdinmaeiesvhazats 1:10 KOH vailunisaria 60 min
nsesAnIazaNiladaensEaY whatman No.l uazdnwpzneusieringu 2 ads
Mntuaranenznausietindy 10 ml uazuSupH W 7.0£0.1 fhe 6M HCL anndudaildeuuisd
goumgil 65 °C Wunan 5 h dsmsdnwaglaesjariudesidudnisatn glucan uaznuauEng
nszsuglAuiu WudAey
2.3 MsnadouUsuIu glucan WaresAUsenauveY polysaccharide lgannnsad
NMINAABUUTUIMULAZIAUTENDUTBY glucan AAWUAYAN XukazAty (2012), Zhong Lay
Wang (2010) lngvinisnageu Usunumisuslawmsa Usuiad glucan (Megazyme assay kit, K-YBGL,
reland), MsUwidou sulfuric acid, Wsiu uay uronic acid
2.4 NMSNAFBUNNTABUAUDINNYTANAY
MsnageuMsmauauswniiiuiulastwadilia1nisnsiianansaadie glucan U
Qqqmazmiﬂmﬁauﬁwqm 2 nszvIuMsWInAInLsazdsanaulvadeulurasananass (In vitro)
lnednLUadion1sann Yu wazame (2012), Ren wazmmy (2013) way  Shi wazamy (2012) oR
nsAnwLaashmMsnedeutuadlindenvsiuenanladiunivesardaasnziaes
Iui‘ULLUUSUEN primaryculture #1435n115U99 U- taynapun wazAny (2011), Tolarova uazAE
(2014) Ezmml,uuﬁﬂmmimauauawaqL%aammaam’nm cellular response wagimmune related
gene laan13@ny parameter feadesiunismeuauss cellular response 41U 3parameters
laun macrophage peroxidase (U-taynapun, 2011), macrophage respiratory burst activity (Li et
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al., 2011), NO production (Cheng et al., 2008) Wway immune related gene 3 8u laun TLR4,
MyD88 wag lysozyme g lnggani1snaaadusenaunie
T1 0.3 ml 984 PBS (Negative control)
T2 0.3 ml 50 pg/ml B-glucan (Sigma) Tu PBS (positive control)
T3 0.3 ml 50 ug/ml crude glucanHW1 Tu PBS
T4 0.3 ml 50 ug/ml crude glucanHW2 Tu PBS
T5 0.3 ml 50 ug/ml crude glucan ALK1 Tu PBS
T6 0.3 ml 50 ug/ml crude glucan ALK2 Tu PBS
2.5 n13a1n RNA Lazn15831A512%4 cDNA
afin total RNA 9 nwadiinidenuilagldynarin RNeasy Mini Kit (Qiagen) Jau3unauay
ANUUIENEYR total RNA fiadaldfirniuenindu 260 uay 280 uiluwas  udaui1 RNA ildluvh
UAseIn19duATI8Y CDNA FaUsznaumie RNA 1 g, oligodT, 5X first-strand buffer, dNTP
mixture, DTT, toulasl SuperScript™ Ill Reverse Transcriptase (Invitrogen) ﬁﬂm’iﬂuﬁqmwﬁﬁ a2
°C Wunan 1 Halue anudhe 72°C 3n 10wt wduAUlAR 20 °C
2.6 nslrauistudiuveduiaula
i1 PCR Tngld degenerate primers flmenuuuaInconserved regions vosBuiiauls Jawsu
Sfuiaiuuesudivesauaraddinniifauinislndidssdug dsmeaulilugdeyaaina
(GenBank) lmy PCR reaction Usznausig 200 uM 289 dNTP, 1.5-2.5 pM 289 MeCl,, 10X PCR
buffer, 0.2 uM V89 prlmer uRazldy, 1 ul ¥99 cDNA waz 1.5 U 989 Taq polymerase (Invitrogen)
u&WUAATeN PCR 71 annealing temperature 381319 55-65°C mﬂuum PCR products 7ilély
1 electrophoresis kanafn oligonucleotide lelaenasTd Hivield " Gel/PCR DNA extraction kit
(RBC bioscience) &anmninuTunnagaruuiavdihlumdfuivavesduiiadladlelddduiua
wdvinadafugudeyaaina ebusudesiuidduadinaruiuvesdudiavls a1nduii PCR
product 7il§91n degenerate primers wagdiaueaviniu PCR products fildgunstuduindu
Fudruduiiavla laauidng Vector pGEM T Easy (Promega, US) a338n13v83usenuasnsIaaeu
SduluavesBufivhnisinau
2.7 MsWaun Specific primers fisnwgseduitaila
1ndoyadiduiiandlolndvosduiiaula AldannisAnsdudu drunfudoyalunns
Wisuiisuiuiuieniilulaisiadun Gﬁa;gaﬁusuﬁmﬁuﬂﬁuammﬁaLLazﬁmﬁiaiwﬁmmméq?ju6‘]17'{
o1vavdwdoulusyuunisnsiadey wiod1elsinrululagiunudn fsreauBureslardaly
grudeyauuvdliunnida 3uili primer ivhniseenuuvotaaghidumesotuiiaulavesuaia
FauiinideTaonihniseenuuy primer agattes 2 gauazihnmsmaduiedlelndvesandnd
@970 primer  usagyalaun1s Cloning (pGEM-TEasy (Promega)) Lﬁaﬁué’ummgﬂﬁawm YA
primer  #¥1n13997930 N1500NLUY primer 715293V TngeanuuuAidulensiadudielusunsy
primer 3 mmfuﬁwmﬁﬁﬂmﬁmmazﬁmmzamaqUﬁﬁ%aﬂumimwaauguﬁau’kﬂumﬁa@iamm
Va1 5BWAdaUAINTUNIZVOS primer  Taen1snadauAud I wIzUaniaannunassingg lides
1 3 unas telanansnthluldlunismsiaaeuldedisgniesuasisiug
2.8 maisuiflsunisuansesnvesiuiiaulaludadesvnvaifiademaiia gPCR
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¥nsarin RNA snileidetifesnsmadey (neuviuasdindonsnsan) Tnethdinden
UanflafléFunmsnsedusneans aude glucan sedusingg Wisuifisuszdunisuanioanvesdui
aula Tnethifindendnefuanadn total RNA ietiluduesied cONA fretoulesl SuperScript™ I
Reverse Transcriptase (Invitrogen) wasanntufnwnisuanseenvesiuiiaulode primer &4
PONWULINNTayaButssuwazdBy B-actin vesuailiailu internal marker (U-taynapun, 2011)

3. Mneaesdl 2 nsnaaauUszansAm crude glucan nanoparticle MnAeudiauasavidaiia
fan1snauauamIniANiuvasUaiia
3.1 Uanflafildlunisveaes
Uandlannwsuassenneasnsneludmin uasaisssuse Insvariildlunisnaass
FaunazanannsHasTesiauiusfissgifier Wegnuaildvunm 5 cm asaidsdlutefidusd
nusst 1.5 m° nmelulsadeuvesannnuszas auzinuasaans neldszuunisidedagly
91913 5% sofu Ineutsliiuay 2 ads autanfiafivuin 15 cm Fedvhnmsaudaniiasiuau 15
#oifa (200 ) $1uam 15 1 uandssusunginssuadaliduutuiaisadunm 14 5
3.2 msAnwansfiunzadlunisudn crude glucan nanoparticle
N3N glucan nanoparticle (GN) anunsavinlavanesuuuy Imagﬂuwﬁmmzau
uardin1snwiags 1Ain Combined Chatisan-alginate nanoparticle Aatun sAnwASILTSlALHK
addrsensEnwaneTuganlun1skan crude glucan nanoparticlemﬂﬁgﬁaaﬁ%ﬂwé’ﬂ
3.2.1 NT8UIUNIINER crude glucan bio-nanoparticle wHa Combined Chatisan-
alginate nanoparticle §1933 saturiadisulud/msneiiaiea (modified
emulsification/gelation, O/W) finlUasan Lertsutthiwong uagame (2008, 2009) Taayinn1sAne,
dna1ureq chitosan/alginate  AiflnasioUssanSn1mn1sudn crude glucan bio-nanoparticle 1o
ﬁmumﬁqﬂmsmamﬁﬂﬁ
T1 dndu glucan/chitosan/alginate 0.1:0:1w/w
T2 dmaau glucan/chitosan/alginate 0.1:0.025:1 w/w
T3 dndau glucan/chitosan/alginate 0.1:0.05:1 w/w
T4 dndu glucan/chitosan/alginate 0.1:0.1:1 w/w
TnefAnsiugilasdanufaidtady ow wlsannsvenasazaeUiims 0.6
ml U 5wﬁuuzﬂaﬂ1ut,aﬁauaaﬂaaaé (2% v/v) wag glucan aﬂu’;’gmﬂfﬁﬁuaamiazma alginate
(0.6 mg/m) waz chitosan il 1%Tween 80 ¥ilnszanefamie sonicator 15 uinntunansa
U 6 ml ansazane CaCl (0.67 me/m) Taefinmsnaueghseriendua 30 wiit anndunausiu
4 ml @5azaiy chitosan Tu 1% (v/v) acetic acid wagHaNsuAy 4 ml @sazane lnganududy
Y94 chitosan %%uagjﬁ’wqmmaaqLwiazsqmmimam mﬂﬁ?uﬂuﬁqmmﬁtﬂunm 12 F3l39 wazuen
o¥ialoanagea lag rotary evaporation 71 40°C 20 Wn¥ Wiy crude glucan bio-nanoparticle Iug‘ﬂ
ansavaeluihindu figamgiivesauniilénu (Lertsutthiwong et al,, 2009)
3.2.2 NIEUIUNITNER crudeglucan bio-nanoparticle ¥ia Pure glucan nanoparticle
PETAALUAIRIN Anusuyatiay Sathiyabama (2014) wag Huong wazang (2011) Taayinn1sAny,
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Fneues NaOH fonisiinlaseade nanoparticle iflnasouszaniaimnisndn crude slucanbio-
nanoparticle Imaﬁmummmwmamﬁﬂ‘ﬁ
T1 0.1% (w/v) glucan in 100 ml 84 2% NaOH
T2 0.1% (w/v) glucan in 100 ml 989 1% NaOH
T3 0.1% (w/v) glucan in 10 ml 983 2% NaOH
T4 0.1% (w/v) glucan in 10 ml 983 1% NaOH
Tnefisnsiiugulnedaaudaiazats glucan Tuansdelassadns (muanuifutuas
USinaudirmue) Taefimsniuegrssertlos meldgamail 90°C Wunan 2 $alus 1Ay glucan bio-
nanoparticle Tnsnstumnagnau 13000 rpm. gaumnll 4°C 30 AU crude slucan bio-
nanoparticle TugUansazaelu 1% (v/v) acetic acid figamgiisiesaunitlianu
323 ﬂﬁi%ﬂaaUﬂmﬁuﬁa crude glucan bio-nanoparticle
MTINVUINBYNA
mﬁmmmmawmﬂ crude glucan bio-nanoparticle 1ag Scanning electron
microscopy (Huong et al., 2011
3.3 NINAFBUNNTIBUAUBINNANANAUYBY crude glucan bio-nanoparticle
don crude glucan bio-nanoparticle fifluwnn lifiu 1000 um waziiaausadng zeta
11197 30 MV wiesndn 30 mv S1uau 1 FULUUIINNSLATEUUAREIENITEONLUUNITNAR BINTT
MOUAUDINIANTU WUy CRD Imaﬁmummmwmaaﬂﬁaﬁ
T1 0.1 ml 984 PBS (Negative control)
T2 0.1 ml 50 yg/ml B-glucan (Sigma) lu PBS (positive control)
T3 0.1 ml 50 ug/ml crude glucan bio-nanoparticle 1 Tu PBS
T4 0.1 ml 50 pg/ml crude gLucan bio- nanopartlcle 2 lu PBS
mwmaa‘umﬁmauaua\‘mwﬂuﬂmu%‘imiﬂﬂmmﬁumvmmummmamauauawaﬂLezjaa
dadenurta cellular response Wazimmune related gene laen15Anwn parameter iAol
Aunsmevausy cellular response %1U2U 3parameters lglkA macrophage peroxidase (U-
taynapun, 2101), macrophage respiratory burst activity (Li, In press), NO production (Cheng et
al, 2008) way immune related gene 3 8u laun TLR4, MyD88 waz lysozyme g LguLAgIny
nsAnwlute 2.5
msneaesiaiLnazsi 3 Suazdeyaszgniiasnesinisadn lagld one-way ANOVA lu
TWsunsudndagy SPSS InefmuaRIAMUEANANNINERR P <0.05 AINULANAINTENIIAT mean 9¢
anInenlagld Tukey Kramer test

4. @ UMAUA2DEIAZYINITIVY
nIeITeavNINTR I @1v1UTEUe AuELAYATAENS YrnInedemalulagsivuena
ATITE AN WUAUATAITITUTY
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2.4 Tasan133degondl 4 mslifoudaimzifiauasainiiondafnadaniw arsafndanm uaz
USuugshutitenisugnity

Fnsaniun1sise wazaauiinnimeass / iudeya
1. Jangunsal

A e A A S o A o

10

N N N N P 2 k) b b b ) )
W N —m, O OV 00 N O O A W N -

WAANUGANNI1G way UiTolUse
Aoudamnziinunsani

wSesilalfufeteiu (nszuanifiuiu uwas 9av)
wiesdlowiousognsiu (nssuniu uay AsunsIsouRuues 10)
L3O 2 Funus

nesidusaauies (Digital Caliper)

ARULUAT

l3haims

Joiail wag Jomen

- guwanafndmsuiiufiiegg

RGAREAR

. saudu

. dananaanndeUnvunn 200 ans

=) =
D 2D

. denanadn Ak Uauuuaanuunn 200 ans
_nnthana

Weruies wa.2

thsah

. NIINTARLG

. ANUIYNI LA

. Weesuesa

. Unned

el

Lwannna

2. FBN15ANTUNT WNUNIINAGBY waz N1siutaya

2.1 s gviautRsne waz smgensienilufeudemsiinuasin wag Jns1eiau

14 & =4 Ioa L3 a & 1% & @ 1
2.1.1 NOUTBLNIZLAALATIAT AATIERNIUTUIUNAMNTUYBIN DU DLNZLTAALATILAN LAY

|Mseult USinadinilu uaziwaglaa muuuued NREL (Moore and Johnson, 1967; Seaman

et al.,1954 uay Sluiter, 2010) Usunauladulaeds Soxhlet Usunallusiulaedd Kjeldahl Usuneu

wile wasUTunandn audsn1sves AOAC (1989) nluinufisen (pH) Meesesiiteviives (Tan :

11 = 1:5) war Buniginglagisiedaiad-uuan (Walkley and Black method) JiAszvinaanasad
\Juuselew (available phosphorus) dalagarinmeuieainusdy Bray II) unluusudieisiu
dudtiuug (molybdenum blue method) uarinAnleiasesidilaaiuninsininines nunadey

Anantuasula (exchangeable

potassium) TalasainaivaITazarsuouluiiun axdine
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(ammonium acetate) ey 7 inluindmeedeuranliinines waadey wazuundifeud
waniUasuld (exchangeable calcium and magnesium) Sadaewp3asoznaufinuougeudualnivs
Tlniwes iy, 2547)

2.1.2 fegnaiu Aeunsnaasafuiiegnafuiisediuanudn 0-20 wuRums udnihdudi
AanTmfuileldudiunuvesiu (composite sample) fogrsduiiuldiinnisluiisuauuisain
upelngs SeurumzunsmUmdURuguinans 2 faddns uaztluinufAsendu (pH) ferdes
fovfines Gu: 1= 1 : 5 Buvdeinglasitredeaad-uuan (Walkley and Black method)
weaneSafiiJuuszlend (available phosphorus) ’j’mimaaﬁmﬁué’wﬁwmaﬁ’@L‘Uiéﬂg (Bray 1) 1l
Usudseislududtiug (molybdenum  blue method) udrinddnetaiedidiaaiunlnslyily
finos nunaideufiuaniUdsuld (exchanceable  potassium) Salasatafudisaisazane
worlandlen 9@wm (ammonium acetate) Moy 7 1luinderdeunaninindnes uaaidey waz
wunideuiinanidsuls (exchangeable calcium and magnesium) Sagepsotoznoufinuaureu
Fuanlnsinlniiwes @Fudu, 2547)

2.2 milifeudamandanasudnfondniedanin lnsthanildnfoudomeifiauass
inludswana@nidiUavuia 200 dng WiudsdunisdesaaisandeReqaunidfiunan
WIAEITuANF9Y NTIUHUNITNARBIRUUENBENENYTA! (Complete Block Design : CRD) i 5 %
Usznousie 5 dwmaaes feil

(1) Aweaesd 1 : Iduaqduvsdanyaln

Y
a a ¢ [y

(2) @mnaei 2 : lwnawaunsdaInyada

e

(3) dmeaeed 3 : lunadunsdainyagns

[
=

(4) Fveaaei 4 : Iunadunidanniie we.2

5

(5) Aevnaeail 5 : garuay (LildiAugdunidla 9)

mafutioya tufinfeyalnsinusinmsruresiefifntuiman iefuganismnasniifou
domnzdaiimdsmavinluliulsshuamisnmsluided 2.4

2.3 mildfeudommnziiiauasainiondnansaindanin lneth fanildandoudomiziia
wesammsinludmanainfifiIavunn 100 dng dauwaulunsutn fe Janildanteudemis
Fowin: mmiinna: 1 Tudesdm a: 1: 1 dmsugdunIsiltiunainunasiuannaiu 11aununIs
yAaeILUUFLDE ANyl (Complete Block Design: CRD) di 5 %1 Usznaudne 5 Ammans fsil

(1) Amaaesil 1 : MHundsqduvddanyala

(2) Amaaesi 2 : [Hundsqduvddanyat

(3) Amnaeadl 3 : [unasqduvddannyaans

(a) Bsnpaasil 4 : uvdsqdunidanide wa.2

(5) Apaesdi 5 : gamuay (LildAugaunidla )

maiutoya Tuiindoyanaastasiiavesmsvin Lmaauammimammmiaﬂﬂmmw pll
foU30s werlngautiuisens Weduannismaaeshfoudomnefiauasanindsnsnn
TUdSuussRunaAsmsluidod 2.4

2.4 msldfoudomneinunsanifiousulssiudmiumsdgniis TasthAunauiufoud o
wngzLiauasai uay feuilemnzfiauasuifiinunisdesaaeuda Ugniivnaaoy 2 via fe
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ANNI1NAY WA NelTaLUT1e 1NN TNAABLLUUENaE19aNysal (Complete Block Design : CRD)
il 5 %1 Usznaudae 6 Amaaes fil

(1) Baaasil 1 : fu 75 % : foudamzifinuasaiii 25 %

(2) Aaaasil 2 : fiu 50 % : Aewdermzifiauasaai 50 %

(3) Banaasil 3 : Au 25 % : feudamzifiauasaii 75 %

(a) Anaeadl 4 : fiu 75 % : feudanaifiauasuiikiunistesaneuda 25 %

(5) amaasil 5 : fiu 50 % : Aeudamzfinuasumikiunissosaasud 50 %

(6) Amnaafl 6 : fiu 25 % : foudanuifiauasuiikiunstesaaeuda 75 %

mafutioya Tufindoyamaasiulavesiis 1iun anugeu S1uaulu ddndu nandn
Yoyasuifufedsiuneutandinismnassiiedinseiautuissens loun UiAsendu ude
Audunsaang (s : pH) Bunseingluiu uay simemsiigluiu

4. MsaTEidaya
Udayailaannn1smaaesudiasziniA1AuLlsUsIuUSeuig uaLLAN19Ue
Anadululsazdmnandlagldis Duncan’s New Multiple Range Test (DMRT)

5. @01UNNIN1SNNaBY
A19INYAIENS AMSLAYASANERNS UN1INeIaenAluladsIvsuInadIIte ANe1LUs
UATAIFTINTIY 1 09 g 2 siruaailvg 811n8Yeae JWMTAUATATEITNIY
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3.2 NaatluaulasINIsIvedasn 2

a

309 msldusslevianansyfegianinuass (Schizophyllum commune) Tunsifuansinu

v a

qaunIdnalsn LLaymiﬂimuqu@mﬂusuwmil,wm,amamm
9 UszaAvalATINITIdY
1. lefnwamauiFlunnduasiuuzsiwemsatnnnifiounsiniods
2. iiefnwinuaudtininduasiueyyadassvesasainandiouasundons
3. iednwravesEsafnniinuasundefisdensiumuaesEaLUUeendndily
Uaesugnag
agunan1saiuulasnIsIdy
MNRANIsNAdeUNITBeNgTETneunssududeuuaiiGenelsauazdniih 2 wiiade
A. hydrophilawag S. agalactiae wuihansatamvety sudsansadanauians vioasatnuians
Mnmsazareseivazates 7 vie LlaansesengqussudutenuaiiSerelsald uansli
diuindnuasslifiauautilunisandouvaiiodelsata 2 wdia Gan1sAnudi 1) 3
iMsAEnwNavesansaiainLAsIRemyinazateian1e fen1siluiivnoaduzisawingng o
fnuilidanunsafumugaduzidld SuinsfnuauantBnisduasiuoyyadase (qvidu
auYABAATY) MEITA1N 9 fMuUsenaumey DPPH, ATBS uag Metal chelating activity Wu31ans
afnninuasigrsiueyyadass Tasdhazaefimeiulinsoongnsduiiuandnaiu Tngly
nMavageuiie 3 Blinanisiuiilulufiemadisatufodiounseiiatadowniueadinuanise
Tumsandveyyadaszgeiigaudlsifimuunnsirsegreiifoddymeadatufefinuassiiadase 2-
Samuea sesaundeuinuassiatadelanaslsiivy vy wazd luvasiifawasiiataie
\ofiaerdlemn waziefiauoanesediiniuannsalunsiniveyuadasziniian adniden arsadn
MniiuAssTiatadeiviiany 4 viauszneusae wvuea dinuea lanaelsiing uazi wa
TupmmaidssUanilsedu 05% Wisufeufuafildsuemmsgasnunu o1msvnansén uay
oA ainLasufisEdy 1% densagiduln snsisen wazmauasduniu
AMaATEALUUDNTAYY nuitanfilduormsifidrunanveufinuaseeing q Lidnasenis
Wwigiulauazdnsisenveslainn wrasadadianasiieiivinazatesdaig q duiinasnae
azieauuueandinduluiiua Tne nsldansainainifiauassfiedvazanssiuiinaan
sedunisiinaineseandindulusuatidegnefidoddgynadilaevaildsuansatniiouass
fewnuea fnaannsiindiiailesoendindusiign uenaniudsfinaeianssueulsing
pziaadaueuleiiAsdestuiunssuumsiumuoyyadaseuesseinie lnganiléuevng
wanansatainuassiaelanaslsfivu uazthiiinfanssumeulesieenziaagean Seazdamalivand
arwannsalunsiumuanseyyadassiantuld uashliuandnddududeduanUasumie
ronAienfioasintulditud gty wilifinademianssusamlativoarnauazianss
wuleilaloled FannisAnviluadiidnuihmsidansatanniounsavdefisdeihasarsein
wvnuea Savuea waglaraslsiimuiissdu 0.5% annsnthanldlumamizissannldsuay
dawalvifiunrmanusalunstesmsmuiaieauvueendindulusaldfanunsaiiugarves
Saqvidefennmainunslé
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3.3 wasnfiusulasinisisegesi 3
(329 mafannansnszduniduiuluvaniia (Oreochromis niloticus) ¥iln crude glucan
bio-nanoparticle 9nfewdinuass (Shizophyllum commune) wiasmdafuiieon
Inguszaehvaslasin1aivy
1. WiefnwInszuIuNIsHaRaIsnIEuglauiucrude glucan bio-nanoparticle nidule
Foinuasdufouiauasandodia
2. 1ileAnwUszAnSnmues crude glucan bio-nanoparticle lunsnsedunfiduiuluvania
agunan1sauulaTnIsITY
nnsAnwIEnsatafivansaniielild crude slucan Teei3suifisusendng Hot
water extraction uag Alkaline extraction Wawu313d Hot water A5 autoclave ‘ﬁqmw{]ﬁ
121°C Juan 30 wift lneldifamdeiiedh ludndu 1:15 (HW-121-30-1:15) v lleUsnasens
afniia carbohydrate %38 polysaccharide Tudngauuin Faludu carbohydrate atnunlapadu
glucan Tugy B-glucan 4989 97% uag O-glucan 3% Tuansataiiladaiiusiu Tty way phenolic
compound (M15197 1)

a519fl 1 psAUsTNOUYRIENS crude glucan (HW-121-30-1:15)

Components Crude glucan
Yield (g/100¢g dry weight) 3.17+0.32
Total carbohydrate (¢/100 g crude glucan) 28.84+2.18
Total protein (g/100 g crude glucan) 8.68+0.85
Total phenolic compound (g/100 g crude glucan) 1.29+0.13
Total glucan (¢/100 ¢ crude glucan) 27.15+1.38
B-glucan (g/100 g crude glucan) 26.67+1.45
Ql-glucan (¢/100 g crude glucan) 0.48+0.06

n¥anturiinisfinwuszdnsaiwlunisnsedunfifuiures cude  glucan 1o
Wsuiieunu glucan 3n8aA Saccharomyces cerevisiae (mm*u%amé > 98%, Signa) Faduans
ﬂiumuﬂmmﬂu‘wmwmmmﬂsuawﬁmwmlumiﬂiumumﬂmuamm wazdinislaag1anineuaelu
Azt fensinasatn crude glucan uag yeast glucan wWrUandla (vum 7040.5 g)
fvualviansiaauaniadl glucan wihiui 10 pg Tnelduaiidndie Phosphate-buffered saline
(PBS) hugamuay (control) wdimaiiufogneiing 6, 12 uay 24 Faluamdsdnansnzdu ilo
ANW15EUU non-specific immune %38 innate immune response tulandia lneiiudiegiaudeon
@EmsvimseivdauarUSunauiaiben, differential leukocyte, humoral immune parameters
lAun total immunoglobulin, bactericidal activity, peroxidase, lysozyme uag anti-protease)
dawdoladrunii (dmdudnwinisuansesnvesduiliieadedlussuugidudu Téun Toll-lke
receptor 2 (TLR2), Janus kinase 1 (JAK1), interleukin—lB (IL—1[3), tumor necrotic factor-10L
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(TNF-100) wag nuclear factor-kB (NF-kB) #1875 quantitative reverse transcription-polymerase
chain reaction (qRT-PCR) Tngld B-actin 1uduiliouiiev)

HAN13NTEAY innate immune response tuuailla wudl crude glucan AN
lun13nseAU innate immune response LA yeast glucan Ingnuinen humoral parameter
#19 9 uazsERUNNTUanIBanvesBuiAnItosiuszuUgiiduy lsifianuunnsstuszrinadaniidn
nNs¥AueaY crude glucan waw yeast glucan (P<0.05) waikpnsnaegedaauivlanlugnniuny

9

(P<0.05) Fauandlun g 1 uag 2

[ PBS (Control) [ Yb-glucan Cr-glucan
A c
500 100 0.8
£ £ w0 -
400 s H
3 ¢ 8 . ° & 06 b
2 300 ab b p b 5 60 b b o ab
c® a ° @ a
S a a o] a a 2 04 a
EE 200 T a0 e a
= F] g
] 3 02
g 10 o 2 S
0 0 0
6 hpi 12 hpi 24 hpi 6 hpi 24 hpi 6 hpi 12 hpi 24 hpi
D E
1800 80
1500 8 b b b
g‘ g 60 S b
& 51200 Z E N\ 2
®E b E N
23 900 b c 40 §
$E B 2 N\
-=A E- %\
1 N
2 S o2 §
\

w @
e 9o
e & 8
%
o

6 hpi 12 hpi 6 hpi 12 hpi 24 hpi

A 1 Humoral innate immune parameters (A) Total immunoglobulin (B) Bactericidal
activity, (C) Peroxidase, (D) Lysozyme activity Wag (E) %Anti-protease activity
LAAIHAGIEAT mean=SD (n=6). F8nusTuAnAIsiuLanIALuANFIeEeTTad1fy
sznIyadeya (P<0.05)
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] PBS (Control) [ Yb-glucan Cr-glucan
A B C
10 c 8 b 9
c
< 9 c g 7 b « 8
S 8 ¥ 6 2 7
7
"] @ A ) b b
|'—I o 5 ¢ 5: < 4 b P 48 4 b
08 4 S 3 a, ° &
z % b 23 2% 3 ab
i 3 § 2 2 a a 5, 2 a a
¢ 2 a a a g 4 &
1 1
0 0 > > ) 0
6 hpi 12 hpi 24 hpi 6 hpi 12 hpi 24 hpi 6 hpi 12 hpi 24 hpi
D E
12 10 c
% ¢ = o b c
< b c
55 8 o g
L c ré
zg 8 b Lo S b
- a ® % 4
23 4 b b 238 3
k] = 2 a a a
© 2 a a [
& a x 1
0 0
6 hpi 12 hpi 24 hpi 6 hpi 12 hpi 24 hpi

Al 2 nsuandeenvesBuiiieatedlussuugfiduiu (A) TLR2, (B) JAKL, (C) IL-1[3, (D) TNF-101
kae (E) NF-kB Wa@ndWanieA1 mean+SD (N=6). fanusNwANAIIULAAIAINLLANAIIDE
Nty senineyadeya (P<0.05)

uenniéldvaaouysyAnininaes crude glucan Tumsiiuarmiumuvesan
fasouenuaiForelsn A veronii wuinadiafidadae crude glucan fidasnssonniegaan o
8 yeast glucan Wag PBS muasiu

dlelfdeyatusulszansamlunmsiduasnszdundduiuves cude glucan Aldann
foudinimdefiauds Jeldviniswmunzuuuulasyh bio-nanoparticle #2873 alginate  w&avinas
negeuUsransamidesduves crude slucan bio-nanaparticle (N-glucan) il ¢rensfinau
immune parameter fenedu Sudadnsn1ssenmevesafiafildu N-glucan Wisuifleudiu
crude glucan (Cr-glucan) Un@ waglilasu glucan 1 9 1@y wawudn N-glucan @unsanszeu
niAufuldliumnd1en Crglucan Tnsrauansdamnssenmevesladafildsunseduit 2 sUuuy
n&ndnide A veronii fauandlunnil 3
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<~ Control -#-N-glucan
100
90 ~&-Cr-glucan ——Negative Control
80
< < <- < <
70 e

60 o
50 4
40
30
20
10

Mortality (%)

1 2 3 B 5 6 7 8 9 10
Days post bacterial challenge

Ai 3 dnsinismigveslaniannsedunie crude  glucan  bio-nanoparticle (N-glucan)
Wiuisuniu crude glucan (Cr-glucan) wag control (laifl clucan) wddngimieiie
wuafiise A. veronii Tnedivaldlasueuuaiiseidu negative control

Hadllasu

1. osdarmdlvailunisaiiansnssdugifuiuantagmidoldlunismnsdondauase oin
crude glucan Wag bio-nanoparticle

2. amrmL?mLLazLﬁ'm“aﬁwaﬂﬁamﬁmmﬁaﬁyamﬂmilﬁy‘aqLﬁmmswaqmwmﬂi

3. Wfindaauanunsalunisiianauesuazannisindiansnsedugiduiusia glucan Tu
Uaesugiaveslseinelng

4. wamuﬁ%’aﬁﬁqLéﬁwajﬂszmumiﬁmmwaﬁuw‘imﬁmi Fish and Shellfish Immunology
(Q1 ELszUi’m%yja Scimago®) $auau 1 1509 Ao “Crude Glucan from By-Product Mushroom
Cultivation Pulp of Schizophyllum commune Enhances Innate Immunity and Resistance in
Nile tilapia (Oreochromis niloticus) against Aeromonas veronii”

5. psAnwdlunsidedeld  Tusumsiamundneaiwwazifinyadvosdandeldnig
nsiness nsliusylenisgnsdBureminenssssunfasinnuiunmisensvesUsemelne

naudwine 1. dn3vnisluanviga®inine) waluwladiinnuwazniisunsd

2. qﬂﬂmﬂﬂuqmammmmimﬁmmuazmmanqwéww%amw
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= vy & < - = | v o o a A -
1599 NMslRBUTBINETIALATIALNBNAATBTINN a15aindinm wasSuusaRuienisugnity
UszaIAvaslATINITIdY

1. Wiefnwwaveinsiivesteudamsiininiunaaingdnn

2. \iefinwnavesnisivestoudeimneiniinundnasaindanin
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FaInmiaTu wildiiasusulunsiafiedininuinian

3. msldiowdeaimnzinuasunnduingivlunisndsaisaiadinnlagldigogdunidan
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Bag Cultivation of Split Gill Mushroom (Schizophyllum
commune) by Application Coconut Meal Substitute Rice Bran

Chaisit Preecha’, Wethi Wisutthiphaet, Pornsil Seephueak, and Siriwan
Thongliumnak

Tropical Fruit Crop and Tree Research Center, Department of Plant Science, Faculty of
Agriculture, Rajamangala University of Technology Srivijaya, Nakhon Si Thammarat, 80110,
Thailand

Precha C., Wisutthiphaet W, Seephueak P. and Thonghumnak S. (2016). Bag Cultivation of

Split Mushroom (Schizophyllum commune) by Apphication Coconut Meal Substitute Rice Bran.
Journal of Agricultural Technology. 12(7.2):2073-2077.

Rice meal was used as the major nufrition adding on mushroom culture media. This research
trial to use coconut meal substituted the higher price rice bran. In vitro test of mycelium growth
on medium in Petri dish with different substitution ratio of rice bran by coconut meal was done.
Ratio of rice bran: coconut meal was varied to 100: 0, 75: 25, 50: 50, 25: 75 and 0: 100 %
respectively. The result showed that mycelium growth diameter after 7 days was 8.96, 7.68,
8.74, 8.94 and 7.07 cm respectively. The same ratio was culture as spawn bag at greenhouse;
the result showed that yield of the substitution ratio above was 46.09, 2596, 32 .54, 41.21 and
49 96 g/bag respectively. Although, 100% coconut meal substitution showed the lowest growth
in vitro test but it gave the highest yield with the good smell.

Kevwords: split gill mushroom, coconut meal, rice bran
Introduction

Split gill nmshroom. Schizophviium commune was found in worldwide at
tropical forest. Normally. it could be collected from natural or cultivated as
commercial especially in Thailand. Beside it was food cooking for Mexican and
Asian, several report confirmed for medicinal benefit of this mushroom.
Lentinan. schizophyllan, genodarans. cordycepin. cordycepic acid and protein-
bound polysaccharide were extract from Schizep/vilum commune (Daba and
Ezeronye. 2003: Vincent et al.. 2000: Wasser. 2002; Ziaja ef al.. 2005).
Polysaccharide schizophillan (1.3 p glucan) have been confirmed to inhibit
sarcoma 180 cancer (Joshi ef @/.. 2013; Vincent ef o/..2000). In Thailand. this
mushroom was high demand for food cooking because it’s testy and healthy

" Coressponding Author: Unartngam] | E-mail address: skpreecha@yahoo co.uk
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mformation. Some substrate from agricultural byproduct was tested using in
culture medium. In culture medium. rice bran was used as source of protein and
essential nutrition for mushroom culture (Auvetragul. 2008). Rice bran was used
m feeding industry and the price was high. In evaluation nutritive value and
metabolizable energy of rice bran and coconut meal showed of digestible
energy 14.68. and 11.18 MJ ME/kg. metabolizable energy 12.35 and 9.93 MJ
ME/kg. nitrogen free extract 42.56 and 41.64 MJ ME/kg (Nantana er al.. 2010).
Both of them were enriching nutrient composition which favorable for
mushrooms growing. In this research was trial to used coconut meal substitute
of rice bran on spawn culture medium of Schizophvilum commune.

Materials and methods

Schizophvllum commune i this research was a comumercial strain. n vifro
test was done by grow mycelluim on medmm i Petri dish with different
substitution ratio of rice bran by coconut meal. The ratio of rice bran: coconut
meal was varied to 100: 0. 75: 25, 50: 50. and 0: 100 % respectively. Mycelium
cultured on PDA was transferred on Petri dish and incubated at room
temperature. Mycelium growth diameter was measured after incubation for 3. 5
and 7 days.

In greenhouse trial. mother spawn was done by transferred mycelium
cultured on PDA to sterilized sorghum and incubated for 14 days or until
sorghum grain covering with mycelium before transferred to spawn bag. Spawn
bag was prepared from mixing of rubber tree sawdust with rice bran. pumice.
magnesium sulfate, and water (100: 50: 2: 0.2: 75). Rice bran was substituted
with different ratio of coconut meal. Ratio of rice bran: cocomut meal was
varied to 100: 0. 75: 25. 50: 50. 25: 75 and 0: 100 % respectively. Coconut
meal was dried up at 60 C for 48 hours before mixed in media. The mixing
media was packed in polypropylene bag (600 g/bag). After sterilization and
leaved for 2 days. spawn bag was punched from the top to the middle of bag for
mother spawn moculation. Mother spawn previously prepared was moculated
to spawn bag at the punching well. The noculated spawn bags were leaved at
ambient in incubation room. After incubation for 20 days. mycelinm full
colonized on substrate. spawn bags cut in 4 vertical stripes (Preecha, 2014) and
brought to stimulate basidiocarp in greenhouse. Weigh. size. number of
basidiocarp was recorded and submitted to analysis with Completely
Randomized Design statistical analysis to compare produce of medium at
different ratio substituted of coconut meal Cost and return were calculated
(Preecha. 2010 and Pipathsithee. 2001).
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Results

In vifro test for mycelium growth on medium m Petri dish with different
substitution ratio of rice bran by coconut meal. the result indicated that
mycelium of Schizophvilum commune grow well on medium with the highest
ratio of rice bran: coconut meal (100:0) of 3.45. 5.99. and 8.96 cm of mycelium
diameter after incubation for 3. 5 and 7 days respectively. While. this
mushroom cultured on medium with the highest coconut meal (0:100). it grow

slowest of 2.74. 4.28. 7.07 cm of mycelium diameter incubation for 3. 5 and 7
days (Table 1).

Table 1 Mycelium growth diameter of Schizophvilum commune cultivated on
Petri dish at different substitution ratio of rice bran by coconut meal varied to
100: 0. 75: 25. 50: 50. 25: 75 and 0: 100 % incubation for 3. 5 and 7 days

Myeelium growth diameter Jem(”

Substitution ratio (%)

3-day 5-day T-day
Rice bran: coconut meal. 100 :0 3.45a 5.99a 8.96a
Rice bran: coconut meal. 75:25 2.98d 4.54d 7.68d
Rice bran: coconut meal. 50:50 3.01c 5.75¢ 8.74¢
Rice bran: coconut meal, 25:75 3.10b 5.96b 8.94b
Rice bran: coconut meal. 0:100 2.74¢ 4.28¢ 7.07¢

¥ =Means with the same letter in the same column are not significantly
different at 0.05 DMRT mean comparison

In greenhouse trial. spawn bag prepared from muxing of rubber tree
sawdust with rice bran substituted with different ratio of coconut meal. result
showed that yield produced on rice bran: coconut meal (0:100) was the highest
of 49.96 g/bag. It was higher yield than cultured on medium with the highest
ratio of rice bran: coconut meal (100:0) of 46.09 g/bag (Table 2). In vitro test.
the mycelium cultured on rice bran: coconut meal (0:100) unlikely grow well.
but the yield was excellent produced at this ratio. When compared the yield
component of mushroom in this ratio. all components (basidiocarp number.
wide and length) at Table 2 was lowest. but this medium ratio produced the 2
tune thicker basidiocarp (data not shown). Also testy and smell of it was better
than other.
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Table 2 Yield component of Schizop/nvilum commune cultivated on different
substitution ratio of rice bran by coconut meal varied to 100: 0. 75: 25, 50: 50.
25:7525:75 and 0: 100 %.

Yield component(/bag)”

Substitution ratio (%) Weigh basidiocarp Wide Length
(g) (no.) (cm) (cm)
Rice bran: coconut meal. 100:0 46.09b 116.77a 1.35d 2.02¢c
Rice bran: coconut meal. 75:25 25.96e 93.93b 1.37c 2.01d
Rice bran: coconut meal. 50:50 32.54d 97.72¢ 1.48b 2.07b
Rice bran: coconut meal. 25:75 41.21c  88.82d 1.57a 2.17a
Rice bran: coconut meal. 0:100 49.96a 53.34e 0.95e 1.70e

v - . —
=Means with the same letter in the same column are not significantly
different at 0.05 DMRT mean comparison

Cost and return of all medum ratio was calculated to make decision for
the proper ratio which gave the high profit. The financial analysis result
revealed that culture medium with the ratio of rice bran: coconut meal (0:100)
was the lowest cost of 0.04 USD/bag or 0.88 USD/kg of produce with the
highest income of 0.29 USD/bag and also gave the highest net profit 4.83
USD/kg. While, culture medium with the ratio of rice bran: cocomut meal
(100:0) was the highest cost of 0.08 USD/bag or 1.77 USD/kg with net profit of
3.95 USD/kg. It was lower than culture medmm with the ratio of rice bran:
coconut meal (25:75) and also rice bran: coconut meal (0:100) (Table 3). In this
research should be confirmed the farmer to selected coconut meal substitute
rice bran for spawn medium.
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Table 3 Cost of yield per kg of Schizophvilum commune cultivated on different
substitution ratio of rice bran by coconut meal varied to 100: 0. 75: 25. 50: 50.
and 0: 100 %. (USD)

Substifution ratio (%) Cost Income/bag” Cost'kg Net profit'kg
(g/bag)

Rice bran: coconut meal, 100:0 0.08 0.26 1.77 395

Rice bran: coconut meal, 75:25 0.07 0.15 278 293

Rice bran: coconut meal, 50:50 0.06 0.19 193 3.78

Rice bran: coconut meal, 25:75 0.05 024 1.30 441

Rice bran: coconut meal, 0:100 0.04 0.29 0.88 483

Rate of currency of exchange = 35.01 Thai Baht to 1USD
1/ = Income calculation base on vield of Schizophvilum commune at price 5.71
USD/kg (200 Thai B/kg)
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Comparison of spawn culture material between fresh coconut meal and dry coconut meal to substitute
rice bran for bag spawn cultivation split gill mushroom (Schizophyllum commune)

Chonnikarn Suksuwat, Bongkochakorn Ditkaew and Chaisit Preecha

E-mail: chonnikarn.0258@gmail.com

Abstract

To develope spawn culture material, fresh coconut and dry coconut meal to substitute rice bran for bag
cultivation split gill mushroom (Schizophyllum commune) was done to compare the mycelium growth and
yield. Completely Randomized Design was statistical design for this experiment. It comprised of the 5 ratios
of rice bran and fresh and dry coconut meal The research result showed that mycelium growth on media
culture in Petridis was difference in each substitute ratios for 3, 4 and 5 days (p=.05). Mycelium growth after
7 day cultured on ratio of coconut meal/ dry coconut meal: rice bran at 0:100 was the highest growing of
colony diameter 8.96 cm. It was higher than the colony on fresh coconut meal: rice bran at 25:75 and dry
coconut meal: rice bran at 25:75 with colony diameter 8.94 and 8.89 cm respectively. When cultured split gill
mushroom on media as spawn bag in greenhouse, yield from the medium of dry coconut meal: rice bran at
25:75 was 49.96 g/bag, followed by the ratio of coconut meal: rice bran at 0:100 and dry coconut meal: rice
bran at 50:50 with yield of 46.09 and 41.21 g/bag respectively. The cost of the highest yield (dry coconut
meal: rice bran at 25:75) and 2" and 3" one were 1.88, 2.21 and 2.85 Baht/bag respectively and return were
9.99, 8.24 and 9.22 Baht/bag respectively. The result convinced that by product of dry coconut milk could be

used to substitute of higher price rice bran.

Keyword: Split gill coconut meal rice bran
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Abstract

The present study aimed to investigate the immunostimulatory efficacy of crude
glucan extracted from the by-product of split gill mushroom, Schizophyllum commune,
cultivation pulps (Cr-glucan) on modulation of the innate immune responses in Nile tilapia
(Oreochromis niloticus). Cr-glucan obtained by pressurized hot water extraction comprised
mainly B-(1—3) (1—6)-glucan and residues of a-glucan, protein, phenolic compounds, and
lipid. The immunostimulatory effect of the Cr-glucan was determined compared with that of
commercial baker’s yeast Saccharomyces cerevisiae glucan (Yb-glucan) by intraperitoneally
(1.p.) injection into fish. Innate immunity including cellular immune parameters in blood,
blood cell count and differential leukocytes, and humoral immune parameters in blood, total
immunoglobulin, bactericidal activity, peroxidase, lvsozyme, and anti-protease as well as
skin mucosal peroxidase and lysozyme was examined. The results showed that Cr-glucan
could induce these immune parameters as similar as did Yb-glucan which significantly higher

(P<0.05) than those in the control fish. The transcriptional level of the immunity regarding
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immune transducers and pro-inflammatory cytokines was also determined. Both glucans up-
regulated all tested immune genes. The different immune stimulation manner was observed:
Yb-glucan induced the expressiom of immune genes in the shorter time period while Cr-
glucan could extend this action. In addition, the disease resistance against a pathogenic
bacteria Aeromonas veronii, a causing agent of motile acromonas septicemia (MAS), was
established. The survival proportion in Cr-glucan treatment was apparently higher than that
of Yb-glucan and PBS, respectively. The results together suggested that Cr-glucan enhanced
innate immunity contributing to the protective immunity in Nile tilapia against A. veronii.
These findings provide the first evidence promoting the efficacy of crude glucan from

valueless by-product in aquatic animal which can be used as a potent immunostimulant.

Keywords: Aeromonas veronii, By-product mushroom cultivation pulp, Innate immunity,

Glucan, Oreochromis niloticus, Schizophyllum commune

1. Introduction

Aquaculture has been grown very fast since it is considerably contributed to produce
quality diets for human. Nile tilapia (Oreochromis niloticus) 1s marked as one of the top
cultured fish worldwide because of its favorable characteristics, for example, rapid growth
and adequate stress tolerance and disease resistance [1.2]. However, one of the serious
problems in aquaculture and fish farming nowadays is diseases which occur in a gathering of
appropriate conditions of host, pathogen and environment. There have been reported that
climate change and intensive culture system. which causes lack of good fish health
management. enhance several factors including bacterial infection. ectoparasite infestation
and stress environmental conditions leading to the increase of susceptibility to fish diseases

[3-5]. Many strategies have focused on disease management regarding good farm
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management, control the pathogens using chemotherapeutics, antibiotics and naturally
antimicrobial agents and enhancing the host immunity through non-specific or innate defense
mechanisms to increase resistance [6-8]. In the latést regard, several approaches including
immunostimulants application has been highlighted for decades since chemicals and
antibiotics have led to the residual problems which has negatively effects on human being
and environment [9-11].

One of the promise immunostimulants applied in aquaculture are molecules classified
as pathogen-associated molecular patterns (PAMPs) which are not synthesized by the host.
These includes bacterial, fungal, parasitic, and viral components, for example.
lipopolysaccharide (LPS), B-glucan,double stranded RNA, and DNA fragment with specific
motifs and unmethylated cytosine-phosphate-guanine oligodeoxynucleotides (CpG ODNs)
[12]. Among PAMPs, B-glucan have been of great interest because of its potent and
promising efficiency to improve immunity of various host animals [3]. Recently, the effect of
B-glucan as the immunostimulator has been demonstrated in several fish species such as sea
bass [13,14], Atlantic salmon [15], rainbow trout [16-18], catfish [19]. and tilapia [20,21].

B-glucan, a homopolysaccharide of glucose molecule linked by the glycosidic bond. is
found as major constituents of cell wall of some plants, bacteria, veast, fungi, mushroom, and
algae [22]. The common structure of B-glucans consists of a backbone of -(1—3)-linked B-D
-glucopyranosyl units with B-(1—6)-linked side chains of varying distribution and length
depending on their sources. B-glucans derived from different sources and isolation processes
have structurally differences which may confer different immunostimulatory potentials
[3.7.20]. B-glucan in forms of f-1—3 and 1—6 glucan which derived from the cell wall of
baker's veast, Saccharomyces cerevisiae has been the most common B-glucan currently used
in aquaculture. However, edible mushrooms are a promising source of B-glucan since it has

been typically used as food and medicine. However, only a few researches using mushroom
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B-glucan in aquaculture have been published [23-25]. The well-known mushroom B-glucans
derived from the split gill mushroom or Schizophyilum commune has been demonstrated for
its immunosimulatory efficacy on aquatic animals including black tiger shrimp [26,27] and
white shrimp [28].

In southern part of Thailand where the weather is hot with high humidity, mushroom
cultivation is one of the popular occupations. Split gill mushroom is a local mushroom that is
widely cultured throughout this area. S. commune is a member of white-rot basidiomycetes
which is considered as a wood-decay fungus or plant parasite since it causes wood rot
through its produced lignocellulolytic enzymes [29,30]. After harvesting, a large number of
by-product mushroom cultivation pulp containing crowded mycelia thus left for being
managed. The farmers typically drop the cultivation pulps at trunk of the trees which may
cause consequently harmful. To solve this problem by means of sustainable and
environmental friendly procedure together with increasing value of the by-product. we
therefore deliberate about a potential of glucan, a component of its mycelia, as the
immunostimulant. First and foremost, the efficiency of this low-cost glucan from by-product
cultivation pulps has to be ascertained. Therefore, this research focused on comparative
analysis of the immunomodulatory activity of the extracted crude glucan from by-product
cultivation pulps and the commercial -glucan from yeast S. cerevisiae. We began with the
characterization; yield and the components of the obtained crude glucan. To investigate the
immunostimulatory efficacy, systemic innate immune parameters including blood cellular
and humoral responses, responsive proteins in mucus and the expression of genes involved in
defense response were measured. The induced resistance in Nile tilapia against 4deromonas
veronii, a pathogenic bacterium isolated from diseased fish expressing motile aecromonas
septicemia (MAS), was also studied. To the best of our knowledge, this present work is the

first report demonstrating the immunnostimulatory potential of B-glucan derived from
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mushroom by-product which might be applied as the low-cost immunnostimulant reducing

the cost in aquaculture industry.

2. Materials and Methods
2.1. Crude glucan preparation

Split gill mushroom by-product cultivation pulps (Fig. S1 in the supplementary
material) especially that contained dense mycelia, were roughly ground into small particles,
washed with tap water and dried overnight at 55°C before using for extraction. Crude glucan
was acquired following pressurized hot water extraction procedure adapted from Khatua and
Acharya [31]. The water was added to the dried by-product with a ratio of 1:15 then
autoclaved at 121°C for 30 min. The extracted product was centrifuged (8,000 ~ g for 10 min
at 15°C) then the supernatant was collected and pH adjustment using | M NaOH to pH
7.0£0.1. An equal volume of 95% (v/v) ethanol was added to each supernatant and then kept
overnight at —20°C to precipitate the polysaccharide. The precipitated crude glucans were
isolated by centrifugation (8,000 » g for 10 min at 4°C), dried and kept at —20°C for further
analyses.

The yield of extracted glucan was expressed as gram of crude glucan per 100 g of

dried by-product cultivation pulps used at the beginning of the extraction process.

2.2. Characterization of crude glican

For characterization, the obtame;i crude glucan (100 mg) was dissolved in 10 mL of
sterile distilled water. During the dissolution, the prepared crude glucan was warmed on the
hot plate stirrer to enhance the solubility. After centrifugation (8,000 g for 5 min at 4°C),

the soluble form, named Cr-glucan, was used for further analysis.
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" All component values were expressed as gram of standard equivalents per 100 g of
crude dry glucan.
2.2.1. Total carbohydrate
Total carbohydrate was measured by phenol sulphuric acid method following Dubois
et al. [32] with moderate modification using glucose as standard. An absorbance was read at
490 nm in a microplate absorbance reader, EZ Read 2000 Microplate Reader (Biochrome,
UK).
2.2.2. Total protein
The amount of protein in the obtained crude glucan was determined by Lowry method
[33] with slight modification using BSA as standard. The absorbance at 640 nm was read in
the microplate absorbance reader, EZ Read 2000 Microplate Reader (Biochrome, UK).
2.2.3. Glucan composition
The content of total glucan, «-glucan and B-glucan of the crude extracts was
determined following the manufacturer’s instruction in the protocols of mushroom and -
glucan assay kit (Megazyme Int. Ireland).
2.2.4. Total phenolic compounds
Total phenolic content in the erude polysaccharide was measured using Folin—-
Ciocalteau reagent following Gutfinger [34] and Ziestin and Ben-Zaker [35] with moderate
adaptation. The absorbance was measured at 750 nm using EZ Read 2000 Microplate Reader
(Biochrome, UK).
2.2.5. Fourier Transformed Inﬁ'&r'ed Spectroscopy (FTIR)
The FTIR was performed to gain the FTIR spectra and functional groups of the crude
glucan. The FTIR spectra were recorded on a Cary 630 attenuated total reflectance mid-

infrared spectrometers (Agilent Technologies, USA) in a frequency range of 4000400 cm™.
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2.3. Fish management

The experimental procedures performed with aquatic animals were in accordance with
nstitutional guidelines for the use of animals and the Ethical Principles and Guidelines for
the Use of Animals for Scientific Purposes (Ethical Principles) [36] for the care and use of
animals for scientific purpose. The protocol was approved by the Animal Ethics Committee,
Rajamangala University of Technology Srivijaya (RMUTSV) (Ethics ID IAC 01-02-60). Nile
tilapia fingerlings at 51 g were obtained from a commercial supplier in Songkhla Province.
All fish were maintained in freshwater (DO > 6.0 ppm, pH 6-7.5 and temperature at 29+2°C)
within an environmentally controlled aquarium room and fed with the commercial fish pellet
(Thaiunion Feedmill, Thailand) 3 times a day until the fish reached a mean weight of 70=5 g
(approximately 2 months). Thereafter, fish were sampled from the holding tank and relocated
into 18 experimental tanks for 3 treatments described in 2.4. All fish were acclimated for 2

weeks prior to being used in the experiments.

2.4. Experimental design: the effects of glcans on innate immunological parameters and
resistance against bacterial pathogen

The experiments were performed based on completely randomized design (CRD)
comprising 3 treatments which were challenged with 2 different glucans. commercial p-
glucan from baker’s yeast S. cerevisiae (purity = 98%, Sigma, US) named as Yb-glucan and
Cr-glucan, and control (PBS). Each glucan was subjected into the fish with an amount of 10
pg/fish. Each treatment comprised 6 tanks which were divided into 2 groups: 3 tanks for
measurement of immune parameters and the rest 3 tanks for challenging with 4. veronii.

Twelve fish per group were acclimated for 2 weeks in a 200 L-plastic aquarium tank
containing 150 L of water. After acclimation, the fish were anesthetized with clove oil prior

to being challenged with each tested glucan or PBS by intraperitoneal (i.p.) injection.
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2.5. Fish sampling and analysis procedure

At 6. 12 and 24 h after injection (hpi), 2 fish were randomly picked from each tank.
The fish were anaesthetized in water containing clove oil at the concentration of 100 mg/L
until ventilator movements ceased [20].

Blood (approximately 1.5 mL) were drawn from the caudal vessels using a cooled 27-
gauge needle and ImL syringe with and without anticoagulant for plasma’/haematological
determination [37] and sera, respectively. and then transferred into a 1.5mL centrifuge tube
placed on ice. For plasma, the collected blood samples were centrifuged (8,000 ~ g for
10 min at 4°C) then the supernatant were collected, aliquated to a small volume, to avoid any
effects caused by freeze-thaw, and kept at —80°C until further analyses of total
immunoglobulin (Ig), and bactericidal activity. For serum, the blood clotting was introduced
by placing the collecting tube at room temperature for 2 h then at 4°C overnight. The serum
was separated by centrifugation (8,000 ~ g for 10 min at 4°C). The clear serum was aliquated
and stored at —80°C for serum immunological analyses including anti-protease, peroxidase
and lysozyme activities.

Skin mucus was collected followed the method of Guardiola et al. [38] with some
modifications. Anaesthetized fish was surface washed by running tap and the excess water
was absorbed, skin mucus was collected by gently scraping the dorso-lateral surface using a
plastic spatula. Contamination of blood and/or urino-genital and intestinal excretions should
be careful. Collected mucus was homogenized with 1 volume of sterile PBS, vigorously
mixed and centrifuged at 8,000 - gforl 10 min at 4°C. The supernatant was aliquated and
stored at —80°C until used for lysozyme and peroxidase analysis.

Head kidney (HK) were collected from all picked fish after anaesthetized with clove
oil, and then kept in RNAlater” (Invitrogen) and stored at ~80°C until used for total RNA

isolation.
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2.6. Hematological analysis and innate immune parameters
2.6.1. Hematological assay

Hematological parameters including number of hematocrit (HCT), red blood cell
(RBC). white blood cell (WBC), platelet count (PLT), and hemoglobin (HGB) were
measured using an automated hematology analyzer (BC-2800vet, Shenzhen, Mindray Bio-
Medical Electronics, China) in accordance with Xu et al. [37].

Blood smear, observation of a subpopulation of each differentiation blood cell types,
was performed by Giemsa staining and examination under a light microscope and
photomicroscope according to Esteban et al. [39] with some modifications.

2.6.2. Total Ig

The amount of plasma Ig was determined following the modified method described
by Khosravi et al. [40]. Lowry’s method (previously described in 2.2.2) was conducted to
measure the protein contents in plasma prior and after precipitating down the Ig molecules
using 12% (w/v) PEG 6000 solution. The Ig content was presented through the difference in
protein contents.

2.6.3. Bactericidal activity

The plasma bactericidal activity was assayed following Vasudeva Rao et al. [41] and
Aly et al. [42] with mild adaptation. Plasma, at a suitable dilution, was incubated with an
equal volume of 4. veronii suspension (10" CFU/mL) for 1 h at 37°C while PBS was used
instead of the plasma as the control. After incubation, the number of viable bacteria was
determined by counting the colonies grown on Tryptic Soy Agar (TSA. Merck, Germany)
plate in duplicate. oBactericidal activity was calculated based on the number of viable

bacteria in the plasma and control treatments.
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2.6.4. Peroxidase

The total peroxidase activity in serum was measured according to a minor
modification of Lazado et al. [43]. The reaction mixture contained fish serum in Ca*", Mg*
Free-Hank's Balanced Salt Solution (HBSS), 20 mM 3.3",5.5'-tetramethylbenzidine
hydrochloride (TMB, Sigma, CA) and 5 mM H,0; (Sigma, CA). The reaction was incubated
in the dark for color-developing for 2 min then 4 M H,SO, was added to stop the reaction. An
optical density (OD) was read at 450 nm in the microplate absorbance reader, EZ Read 2000
Microplate Reader (Biochrome, UK). The reaction mixer without serum was used as blank.
All the serum samples were analyzed in triplicate.
2.6.5. Lysozyme activity

Serum lysozyme activity was determined following the method of U-taynapun et al.
[12]. Fish serum was incubated with 0.03% (w/w) lyophilized Micrococcus lysodeikticus
(Sigma, US) in 0.05 mM sodium phosphate buffer (pH 6.2) at 22°C for turbidimetric assay.
After incubation for 30 S and 4.5 min, the absorbance at 490 nm was read using EZ Read
2000 Microplate Reader (Biochrome, UK). All serum samples were analyzed in triplicate.
One unit of lvsozyme activity referred to a reduction in absorbance of 0.001 per min.
2.6.6. Anti-protease activity

Anti-protease activity in serum was analyzed an ability of serum to inhibit trypsin
activity according to Christybapita et al. [44] with some modifications. Fish serum was pre-
incubated with standard trypsin solution (trypsin porcine panecreas in 0.1 M Tri-HCI pH 8.2,
Sigma, US) for 10 min at room temperafure then the substrate 2 mM sodium-benzoyl-DL-
arginine-p-nitroanilide hydrochloride (BAPNA, Sigma, US) was added. After incubation at
20°C for 25 min, 30% (v/v) trichloroacetic acid (TCA, Sigma, US) was added to stop
reaction. The absorbance was recorded at 415 nm using EZ Read 2000 Microplate Reader

(Biochrome, UK). For positive and negative control, buffer was used instead of the serum
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while buffer was replaced instead both of serum and trypsin solution. respectively. The
percentage of inhibitory capacity of anti-proteases against trypsin was calculated through
relative comparison the remaining trypsin activities in the serum treatment with that in the

positive control. All serum samples were analyzed in triplicate.

2.7. Expression of the immune-related genes
2.7.1. RNA extraction and cDNA synthesis

Total RNA was isolated from the fish HK tissue using the Total RNA Mini Kit

(Tissue) (Geneaid, Taiwan) following the manufacturer’s instruction with slight modification.

Thirty mg of the HK from each treatment and time-point was homogenized in 500 uL of
Trizol® reagent (Invitrogen, USA) prior to continuing with the protocol the kit’s instruction.
The extracted RNA was treated with DNase I (Thermo Fisher Scientific, USA) to remove the
contaminated DNA. The yield and purity of the extracted RNA was determined
spectrophotometrically using a BioDrop DUO UV Vis spectrophotometer (BioDrop, UK)
while integrity of RNA was evaluaed by agarose gel electrophoresis.

The first strand cDNA was synthesized using 1 pg of total RNA in a High-Capacity
c¢DNA Reverse Transcription Kit (Thermo Fisher Scientific. USA) according to the
manufacturing instruction. The reverse-transcription reaction was performed in T100™
Thermal Cycler (Bio-Rad, USA). The reaction product of each sample was diluted in
DNase/RNase-free water (Promega, US) and stored at —20°C until used.

2.7.2. Quantitative real-time PCR (qgPCR) analysis

The ¢cDNA from HK were analyzed through qPCR technique for the expression of 5
immune-related genes including Toll-like receptor 2 (TLR2), Janus kinase 1 (JAK1),
interleukin-1p (IL-1pB). tumor necrotic factor-la. (TNF-1a), and nuclear factor-kB (NF-kB)

using P-actin as a reference gene. The detail of primers of the target genes are shown in Table
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while buffer was replaced instead both of serum and trypsin solution. respectively. The
percentage of inhibitory capacity of anti-proteases against trypsin was calculated through
relative comparison the remaining trypsin activities in the serum treatment with that in the

positive control. All serum samples were analyzed in triplicate.

2.7. Expression of the immune-related genes
2.7.1. RNA extraction and cDNA synthesis

Total RNA was isolated from the fish HK tissue using the Total RNA Mini Kit
(Tissue) (Geneaid, Taiwan) following the manufacturer’s instruction with slight modification.
Thirty mg of the HK from each treatment and time-point was homogenized in 500 pL of
Trizol® reagent (Invitrogen, USA) prior to continuing with the protocol the kit's instruction.
The extracted RNA was treated with DNase I (Thermo Fisher Scientific, USA) to remove the
contaminated DNA. The vield and purity of the extracted RNA was determined
spectrophotometrically using a BioDrop DUO UV Vis spectrophotometer (BioDrop, UK)
while integrity of RNA was evaluaed by agarose gel electrophoresis.

The first strand cDNA was synthesized using 1 ng of total RNA in a High-Capacity
¢DNA Reverse Transcription Kit (Thermo Fisher Scientific, USA) according to the
manufacturing instruction. The reverse-transcription reaction was performed in T100™
Thermal Cycler (Bio-Rad, USA). The reaction product of each sample was diluted in
DNase/RNase-free water (Promega. US) and stored at —20°C until used.

2.7.2. Quantitative real-time PCR (qPCR} analysis

The cDNA from HK were analyzed through qPCR technique for the expression of 5
immune-related genes including Toll-like receptor 2 (TLR2). Janus kinase 1 (JAK1),
interleukin-1p (IL-1p), tumor necrotic factor-1a (TNF-1a). and nuclear factor-kB (NF-kB)

using B-actin as a reference gene. The detail of primers of the target genes are shown in Table
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1. Each qPCR reaction mixture (total 20 uL) contained cDNA, Luna® Universal qPCR
Master Mix (New England BioLabs, Canada) and primer cocktail (final concentration of 250
nM each) and adjusted the desired final volume with DEPC-treated water. The reactions were
performed in triplicate in a 96-well plate and operated in CFX96 Touch™ Real-Time PCR
(Bio-Rad, USA). Cycling conditions, adopted following the instruction of Luna® Universal
qPCR Master Mix, were as follows: 95°C for 1 min followed by 40 cycles of 15 S at 95°C
and 30 8 at 55-65°C (depended on primer pairs). Melting curves were also analyzed for all
amplification products. The fold change of relative expression of all target genes in HK was

calculated by the 244

method [45] with B-actin as the internal reference.
2.8. The disease resistance in fish against A. veronii

The induction of disease resistance in glucan-treated fish compared with the control
was conducted by bacterial challenge test in triplicate. 4. veronii, isolated from MAS-
infected tilapia and kept in our laboratory, was used as the test pathogen in this study. Each
fish was 1.p. injected with 0.1 mL sterile PBS. PBS containing 5 ug of Yb-glucan or Cr-
glucan and kept in 200L-plastic aquarium tanks containing 150 L of water (12 fish per tank)
and cultured under laboratory fish culture conditions as mentioned above. Six h after glucan
treatment, fish were challenged by 1.p. injection with 0.1 mL of suspension of 4. veronii
(1x10* CFU/mL), resulting in 1x10” CFU/fish. The positive and negative control fish was
injected with PBS (without glucan) and non 4. veronii, respectively. The cumulative
mortality was recorded for 10 days. %Mortality was calculated from the average data
obtained from triplicate tanks.

To verify whether fish died because of the 4. veronii challenging, the brain of fresh
dead fish were randomly collected and extracted through aseptic techniques. Bacteria in the

brain extracts were cultured on TSA and incubated at 35°C for 24 h. The grown bacteria were
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301  further phenotypic characterized by Gram stain and biochemical test based on API 20E
302 system (BioMérieux”, France).
303

304  Table 1 Primers used for analysis of immune-related gene expression in this study

Target Primer name  Primer sequencing GenBank
gene Accession no.
TLR2 qTLR2 F 5' GCAGACACAGAAGCCCTGAT 3 JQ 809459.1

qTLR2 R 5' CCAGGAAGGAAATCCCGCTT 3'

JAK1 qJAK1 F 5' GAGGGAACACCGTTACTGGA 3' XM_003452341

qJAKI R 5' AGGCATTTTCTCGTTCATGG 3'

IL-1p qlL-1B_F 5' AAGGATGACGACAAGCCAAC 3 KF747686.1

gIL-1B R 5 CGCTGTGCTGATGTACCAGT 3'

TNF-la qTNFla F 5' GAGGCCAATAAAATCATCATCCC 3' NM_ 001279533

qTNFla_R 5' CTTCCCATAGACTCTGAGTAGCG 3!

NF-kB  gNF-kB_F 5' GCAGTCACAACCACAGCAAT 3 XM _025910842.1

gqNF-kB_R 5' TCCCCAAACTTCAGGACAAC 3'

P-actin  qP-actin F  5' GTGCCCATCTACGAGGGTTA 3' XM 003443127

qp-actin_R 5'CTCCTTAATGTCACGCACGA 3'

305

306 2.9 Statistical analysis

307 The data were examined by one-way analysis of variance (ANOVA) via the SPSS
308  Statistics software version 16.0 (SPSS Inc.. US). The significant differences of the innate

309  immune parameters and immune-related gene expressions among treatments were analyzed
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using a multiple comparison Duncan’s Multiple Range Test (DMRT). Significant differences

were stated at P<0.05.

3. Results
3.1. Characterization of the crude glucan extracted from split gill mushroom by-product
cultivation pulps

The components of the Cr-glucan which was prepared by autoclaving for 30 min with
the ratio of dried mushroom by-product cultivation pulps and water at 1:15 are shown m
Table 2. Carbohydrate was the main component detected in Cr-glucan followed by protein
while phenolic compound was remarkably low. Interestingly, carbohydrate content in the
extract was characterized as glucah and most of glucan, approximately 97%. was present in
p-form.
Table 2 Characterization of crude glucan obtained from split gill mushroom by-product

cultivation pulps

Components Crude glucan
Yield (g/100g dry weight) 3.17£0.32
Total carbohydrate (g/100 g crude glucan) 28.84+2.18
Total protein (g/100 g crude glucan) 8.68+0.85
Total phenolic compound (g/100 g crude glucan) 1725%0.13
Total glucan (g/100 g crude glucan) 27.15+1.38
B-glucan (g/100 g crude glucan) 26.67+1.45
a-glucan (g/100 g crude glucan) 0.48+0.06

The structure of polysaccharide such as glycosidic bonds and functional groups of the

Cr-glucan were analyzed compared to the commercial -glucan from yeast (Yb-glucan)
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through FTIR. The similar FTIR spectra showing the typical carbohydrate pattern were
observed in both tested glucans (Fig. 1). The bands near 3390, 1645, 1372, and 1254 cm™
represent a profile of saccharide and the absorption peaks between 1250 and 950 cm™
indicate that the sugar rings were pyranose rings. Mild band at 2922 em™ indicate CH,
stretching, Absorption peaks visible near 1160, 1078, 1044 and 890 (weak band) cm™ are
characteristics of B-(1—3) (1—6) glucan [46—48]. According to the aforementioned results, it
can be concluded that the obtained Cr-glucan were composed of B-glucan. However, the
FTIR spectrum of Cr-glucan showed the peak of amide (around 1631 cm™), a band
corresponds to OH group of phenolic compound (1410 em™), R—~CH group (the bands
between 500 and 749 cm™), and C=0 bond (Stake-shape band at 1710 em™) [31.46-48]while
these mentioned bands were not observed in the Yb-glucan. These results indicated that Cr-
glucan contained some of protein, lipid. phenolic compounds, and uronic acid comparable to

the characterization data present in Table 2.
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Fig. 1. FTIR spectra of yeast glucan (Yb-glucan) and the obtained crude glucan from by-

product S. commune cultivation pulp (Cr-glucan)
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3.2 Effects of Cr-glucan on hematological and blood immune function parameters

The potential of the Cr-glucan from split gill mushroom by-product cultivation pulps
as the immunostimulant was discovered compared with that of the effective immunostimulant
Yb-glucan. Non-specific immune parameters including cellular and humoral parameters were
examined.
3.2.1 Cellular innate immune parameters Table 3

Hematological parameters including HCT, RBC, WBC, PLT, and HGB (Fig. 2) and
differential leukocyte count (Fig. 3 and Fig. 4) were determined in the fish treated with Yb-
glucan and Cr-glucan compared with the control fish injected with PBS.

Both Yb-glucan and Cr-glucan could elicit the change of hematological parameters in
the similar pattern. Significantly higher WBC (P<0.05) and PLT (P<0.05) were observed in

the fish injected with all tested glucans compared with those in the control (Fig. 2).
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Fig. 2. Hematological parameters determined in fish blood at 6, 12 and 24 hour post injection
(hpi) with Cr-glucan, Yb-glucan and PBS (control). (A) HCT: Hematocrit, (B) RBC: Red

blood cell, (C) WBC: White blood cell, (D) PLT: Platelet count. and (E) HGB: Hemoglobin.
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The results were expressed as mean+=SD (n=6). Different letters stand for statistically

significant differences (P<0.05) between groups.

Since the leukocyte has been clearly demonstrated involving in protecting the host
through non-specific immune response, the differential leukocyte or WBC count was
therefore determined. Three types of leukocyte were distinguished by blood smear. The
significantly higher number of granulocytes (P<0.05) was observed in the Yb-glucan and Cr-
glucan injected fish at 6 and 12 hpi (Fig. 3A). At 6 hpi, the number in lymphocyte in the
control was statistically higher that the gluncan injected groups. However, Yb-glucan showed
the significant greater number of lymphocytes at 12 and 24 hpi compared to that of Cr-glucan
(Fig. 3B). The different induction pattern of monocytes was detected in the fish treated with
glucans (Fig. 3C). Both tested glucans caused the significantly higher monocyte percentage
(P<0.05) at 6 hpi whereas it was remarkably decreased to lower level in the Yb-glucan
treatment (P<0.05) than that of control group at 12 and 24 hpi. A slight drop of monocyte
amount was also observed in the fish injected with Cr-glucan but it was significantly lower
(P<0.05) than that of the control only at 24 hpi.

The time course proportion of each type of the leukocyte is present in Fig. 4. The
result revealed that the leukocyte component was slightly changed in the control fish while its
component was altered after Yb-glucan and Cr-glucan injection. In the glucan treatments,
percentages of lymphocyte and monocyte were fluctuated meanwhile, however, the slight
differences was observed especially at 12 and 24 hpi. The elevated level of granulocytes was

revealed in Cr-glucan treated fish at 12 and 24 hpi.
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Fig. 3. Differentiate leukocyte determined in fish 1.p. injection with Cr-glucan, Yb-glucan

and PBS (control) at 6, 12 and 24 hour post injection (hpi). The results were expressed as

mean+SD (n=6). Different letters stand for statistically significant differences (P<0.05)

between groups.
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Fig. 4. The course of differential leukocyte counts and their proportion in fish 1.p. injection

with Cr-glucan, Yb-glucan and PBS (control).

3.2.2 Humoral innate immune parameters
3.2.2.1 Total Ig

Comparison with the control group, total Ig level in the fish injected with Cr-glucan
was significantly greater (P<0.05) throughout the tested period while the significant

difference in Yb-glucan treatment was detected at 12 and 24 hpi. However, a resemble Ig
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amount (P>0.05) induced by Yb-glucan and Cr-glucan was noticed at 6 and 12 hpi. At 24
hpi, Cr-glucan showed significantly higher level (P<.05) than that of Yb-glucan (Fig. 5A).
3.2.2.2 Bactericidal activity

Bactericidal activity to eradicate the attacking pathogen 4. veronii in vitro was
determined in order to investigate the immune enhancement potential of the tested glucans.
Throughout the experiment, both glucans significantly triggered the induction of plasma
bactericidal activity (P<0.05) compared to the control. however, the activity in fish treated
with Cr-glucan was detected significantly higher than that of Yb-glucan at 24 hpi (P> 0.05)
(Fig. 5B) compatible to the total Ig shown in Fig. 5A.
3.2.2.3 Peroxidase

The result of the peroxidase activity in the fish sera is present in Fig. 5C. The
significant induction level was detected only in the fish injected with Cr-glucan (P<0.05) at 6
and 12 hpi compared with those of control fish. However, the peroxidase activity was not
significant (P>0.05) between Yb-glucan treated fish and control group in all detection times.
The activity in the glucan treated groups turned to the similar level as those of the control in
later time-points (24 hpi). These data exhibited the quite temporary stimulatory effect of
glucans on peroxidase.
3.2.2.4 Lysozyme activity

Comparison with the control, stimulation with both glucans resulted in the significant
increase (P<0.05) of serum lysozyme activity at all tested time-points. In addition, Cr-glucan
triggered statistically greater activity at 12 and 24 hpi than did Yb-glucan (P<0.05) (Fig. 5D).
3.2.2.5 Anti-protease activity (Trypsin inhibition)

The induction pattern of serum anti-protease activity expressed in fish treated with
Yb-glucan and Cr-glucan (Fig. 5E) was similar with those of other blood humoral innate

immune parameters except that of preoxidase shown in Fig. 5C. Sera in the fish treated with
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Yb-glucan and Cr-glucan exhibited the significantly higher of trypsin inhibitory effect than

that measured in the control fish throughout the experimental period (P<0.05).
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Fig. 5. Humoral innate immune parameters analyzed in fish plasma and serum at 6. 12 and 24
hour post injection (hpi) with Cr-glucan, Yb-glucan and PBS (control). (A) Total Ig. (B)
%Bactericidal activity, (C) Serum peroxidase, (D) Serum lysozyme activity. and (E) %Anti-
protease activity. The results were expressed as mean+SD (n=6). Different letters stand for

statistically significant differences (P<0.03) between groups.

3.3 Effects of Cr-glucan on skin mucosal immune parameters

Besides the immune response function in the blood, the mucosal immunity is
interesting to elucidate because it is considerably as a first barrier to protect the fish against
pathogens entering through the skin surface. Therefore. the activity of peroxidase and
lysozyvme in the fish skin mucus was determined in response to Yb-glucan and Cr-glucan

treatments.
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438  3.3.1 Mucosal peroxidase activity

439 Both Yb-glucan and Cr-glucan showed statistically induction of peroxidase activity
440  over the control at all time-points (Fig. 6A). However, at 12 hpi the level in Yb-glucan did
441  not significantly different (P>0.05) compared to the control. Although the peroxidase activity
442  induced by glucans examined in the skin mucus was likely to be more constant compared to

443 that presented in the serum, the detection level was about 2-fold lower than observed in

444  serum (Fig. 5C)

445  3.3.2 Mucosal lysozyme activity

446 The mucosal lysozyme activities (Fig. 6B) were corresponding to those exhibited in
447  the fish sera (Fig. 5D) in terms of pattern while the lower level was detected. The activity was
448  significantly induced (P<0.05) in the fish injected with Yb-glucan and Cr-glucan compared
449  to the control at 6, 12 and 24 hpi (Fig. 6B).
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451  Fig. 6. Skin mucosal immune parameters analyzed in fish injected with Yb-glucan, Cr-glucan

452  and PBS (control) at 6, 12 and 24 hour post injection (hpi). (A) Peroxidase and (B) Lysozyme
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activity. The results were expressed as mean+SD (n=6). Different letters stand for statistically

significant differences (P<().05) between groups.

3.4 Enhancement of immune-related genes stimulated by Cr-glucan

The qRT-PCR analysis of 5 immune-related genes; TLR2, JAK-1, IL-1B, TNF-la.,
and NF-kB, in HK tissue of Nile tilapia treated with either Cr-glucan or Yb-glucan was
performed in order to evaluate the immune stimulatory potential of Cr-glucan compared with
that of Yb-glucan. The expression profiles of all genes are present in Fig. 7.

The similar pattern of TLR2 gene was obtained in the treatments of both tested
glucans which was significantly higher (P<0.05) than that of the control (PBS) throughout
the experimental period Fig. 7A. This gene was induced at 6 and 12 h then decreased at 24 h.
In addition. Yb-glucan showed significantly higher expression level than did Cr-glucan at 6
and 12 h while the level was reversed at 24 hpi Fig. 7A.

JAK lexpression pattern was corresponding to that of TLR2 gene, however, only the
fish treated with Cr-glucan expressed significantly greater level (P<0.05) than that of the
control at all time points detected. Yb-glucan only induced significantly higher level
(P<0.05) than that of the control at 12 hpi Fig. 7B.

The expressions of genes considered as the key mediators of the inflammatory
response and regulation of immune cells including IL-1B, TNF-1a, and NF-kB were also
analyzed. We observed that the pattern of IL-1B (Fig. 7C) and TNF-1a (Fig. 7D) were
parallel in both glucan treatments. An elevated level of these 2 genes were detected at 6 h
post challenge then declined thereafter. Cr-glucan could significantly enhance the level of IL-
1B gene (P<0.05) compared with the Yb-glucan treatment at 6 hpi while there was no
significant difference (P>0.03) between the glucan treatments at 12 and 24 h (Fig. 7C).

However, the prolonged induction of IL-1[3 gene was observed at 24 hpi in fish injected with
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Cr-glucan. Moreover. Cr-glucan and Yb-glucan showed apparently up-regulation level
(P<0.05) of TNF-1a than did control along the experimental period. Yb-glucan significantly
induced higher expression than that of Cr-glucan at 6 and 12 hpi (Fig. 7D).

For the expression profile of NF-kB, the up-regulation induced by Cr-glucan and Yb-
glucan were observed at all detection time points compared with the control (Fig. 7E). The
trend of this gene was quite similar in both glucan treatments; the mRNA level was decreased
at later time points. However, the different senses of decrease were detected. In the Yb-
glucan treatment, the expression level was dramatically declined while its level seemed to be
stable and gradually decreased in the Cr-glucan treatment. In addition, there was statistically

difference (P<0.05) in the level of this gene stimulated by Cr-glucan and Yb-glucan (Fig. 7E)
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Fig. 7. The expression profile of immune-related genes in HK of Nile tilapia treated with Cr-
glucan, Yb-glucan and PBS (control) at 6, 12 and 24 hour post injection (hpi). (A) TLR2, (B)
JAKI, (C) IL-1pB, (D) TNF-1la, and (E) NF-kB. The results were expressed as mean = SD
(n=6). Bars and different letters stand for statistically significant differences (P < 0.05)

between groups.
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3.5 Improvement of disease resistance against A. veronii infection triggered by Cr-ghican
Immunostimulatory effect to trigger the disease resistance in fish against pathogenic
bacterial infection was compared between treatment with Cr-glucan and Yb-glucan. Nile
tilapia was first i.p. injection with either Cr-glucan or Yb-glucan and PBS as control. Six h
after glucan injection. 4. veronii was challenged to each treated fish and the number of dead
fish was daily recorded for 10 days. Every dead fish exhibited the clinical signs associated
with A. veronii infection, for example. reddened fins, external/internal septicemia, and iridial
hemorrhage. The percentage mortality of Nile tilapia after bacterial challenge is present in
Fig. 8. All treatments started to succumb 2 days after 4. veronii challenge. At the beginning
the %omortality in the Cr-glucan treatment rapidly increased similar to the control group,
however, it reached a plateau of 47% at 4 days after bacterial challenge until the end of the
experiment. Yb-glucan caused gradually increase of mortality percentage until day 3 then the
number of dead fish raised 3-fold from day 3 to day 5. The steady mortality level (60%
mortality) in Yb-glucan group was observed higher than that of Cr-glucan about 10% after 5
days. The highest mortality (80% mortality) was recorded in the control group at 6 days after
bacterial challenge. As aforementioned, to ensure that the fish death was associated with 4.
veronii infection, the pathogenic bacteria in brain were isolated and cultured. The result
showed that Aeromonas spp. was detected in the brain of every dead fish. The negative
control group. unchallenged with A. veronii, showed 100% survival with no clinical sign as
well as no pathogen detected in blood and brain of fish randomly checked at 10 days (end

time-point).
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Fig. 8. Mortality of Nile tilapia i.p. injected with PBS (control) or Yb-glucan or Cr-glucan

and challenged 6 h later with i.p. injection of 4. veronii (10" CFU/fish, n=12 in triplicate).

Discussion

Although B-glucan derived from yeast, especially S. cerevicae, has been demonstrated
as the potent immunostimulant enhancing innate immunity and increasing the disease
resistance against pathogens in various aquatic animals [49-52], the mushroom B-glucan has
been attractively used in aquaculture [23-27]. Most of the mushroom B-glucans are ordinarily
isolated from mycelium, fruiting body and basidocarp, this present work differently used the
mycelia within the by-product mushroom cultivation pulp after harvesting as the source of -
glucan. Autoclaving or pressurized hot water extraction was used to extract the glucan from
by-product mushroom cultivation pulp of split gill mushroom, S. commune. The results
indicated that the obtained crude glucan contained a major component of carbohydrate which
characterized as f-(1—3) (1—6)-glucan, and residues of protein, phenolic compounds and
lipid. The yield and constituents was similarly to the polysaccharides obtained from
Macrocybe gigantean [31]. The soluble glucan, Cr-glucan comprises approximately 97% of
B-glucan and the rest 3% of a-glucan.

Even the administration route of B-glucan treated to the aquatic animals is highlighted

as feeding or oral administration, injection was conducted since we intended to compare the
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effect of exactly equal amount of our Cr-glucan and commercial Yb-glucan that applied into
the fish body. B-glucan is not produced in animals and recognized as a non-self molecule
which has been demonstrated to effectively enhance innate and acquired immunity. Many
evidences have proved the effects of B-glucan on innate immunity induction including
respiratory burst, leukocyte activation, stimulation of phagocytosis and antimicrobial
activities, releasing certain types of cytokines, and responsive enzymes and proteins
[3.7.53.54]. this research therefore focused on comparative study of innate immune responses
in Nile tilapia after perception of Cr-glucan and Yb-glucan.

Hematological parameters are diagnostic tool which has raised attention for reveal
fish health and stress. WBC also termed leukocyte is also noticeably as an immunocompetent
cell functioning in immune response and an important indicator of the fish health because it is
the first line and play a crucial role in innate immunity therefore increasing of WBC number
could indicate the induced immune status in fish [55,56]. We found that the number of WBC
and PLT was significantly increased in the fish injected with both glucan compared to the
control (Fig. 2). This finding was corresponding with other works reporting the increased
number of WBC in fish after stimulation with various immunostimulants. for example, O.
niloticus treated with Excoecaria agallocha leaf extracts [2], hybrid O. niloticus x O. aureus
ted with garlic [57] and Asian seabass injected with CpG ODNs [12]. Recently, thrombocyte
has been suggested its role in fish defense response since its increased level has been detected
under certain conditions. However, the actual function of thrombocyte in immunity is not yet
elucidated [58,59].

The kinetics distribution of different leukocyte types was monitored in this study (Fig,
3 and Fig. 4). Monocyte, a leukocyte type mainly contributing in phagocytosis, was earlier
increased after Yb-glucan and Cr-glucan then decreased in the different sense. Contrary to

granulocyte and lymphocyte those were increased in later time-points after Yb-glucan and
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Cr-glucan. Granulocvtes, comprising neutrophil, eosinophil and basophil, play a role in
phagocytosis and releasing mediators associated with inflammation whereas lvmphocyte is
responsible for the extraordinary adaptive immune system. A few researches have
demonstrated the dynamics shift of differential leukocyte towards time course determination
after exposure to pathogen [60] and various stimuli [61.62]. The increased number of
differential leukocyte has been showed upon pathogen infection [63] compared to the un-
infected control, however, the description of this phenomenon has not been completely
discovered.

Administration of B-glucan has been prove to stimulate humoral immune parameters
in various aquatic animals. for example, Labeo rohita [64]. orange spotted grouper,
Epinephelus coioides |8], Dicentrarchus labrax [14]. Humoral immune parameters were
determined in blood and mucus since circulating immune cell and skin mucus are
encountered with the invading pathogens, the produced immune-related substances could act
in concert to protect the host and restrict the pathogen spread [63,66]. Although the
knowledge regarding defense mechanisms of skin mucus in fish is still limited, the
constitutive and inducible innate mechanisms are increasingly noticed. In fish injected with
either Cr-glucan or Yb-glucan in this study, the defense responsive proteins detected in blood
and mucus were corresponding in terms of induction pattern (Fig. 5 and Fig. 6). Guadiola et
al. [65] showed the comparative responsive protein levels in mucus and serum of gilthead
seabrean; skin mucosal peroxidase was lower whereas similar level of lysozyme was
reported. In addition, the peroxidase was detected higher in mucus of fish exposed to acute
crowded compared to control [38]. According to the obtained results, Cr-glucan exhibited the
immunostimulatory efficiency as did the Yb-glucan (Fig. 5 and Fig. 6). Globulins have been
reported as immunological active proteins in blood which play the important role in fish

innate immunity. Both Cr-glucan and Yb-glucan could induce the production and
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accumulation of Ig corresponding with the detected lysozyme and protease inhibitor. those
involved in destroying bacterial pathogen cells. Lysozymes, one of the compounds relevance
to kill bacteria, are typically used as indicator of non-specific or innate immune response in
fish against invading pathogen since their activity involves the annihilation of Gram-positive
and Gram-negative bacterial cell wall [35,67]. As expected, lysozyme activity was
corresponding with the bactericidal activity in glucan-treated fish suggesting the immune
function of lysozyme resulting in ability to destroy bacterial cells. During invasion.
pathogenic bacteria produce proteases in order to destroy protein constituents in host tissue
therefore these enzymes are thought to be virulence factors [68-70]. Host cells secrete several
protease inhibitors which counterattack the pathogen protease to protect themselves [71-72].
Interestingly, Cr-glucan from the by-product mushroom cultivation pulps exhibited stronger
immunstimulatory efficacy than did Cr-glucan since it could prolong the appearance of total
Ig. bactericidal activity and lysozyme activity.

To get more detail in the effectiveness of Cr-glucan, the important factors involving in
response to B-glucan was studied at the transcriptional level compared to that triggered by
Yb-glucan. There have been demonstrated the ability of B-glucan to stimulate the pro-
inflammatory mediators in vive and in vitro [73-75]. TLR2 has also been proposed as a key
mediator which recognizes fungal glucan then mediated by signal transducer and activator of
transcription (STAT) leading to the nuclear translocation of NF-kB and pro-inflammatory
cytokine production [76,77]. However, there is another different signal transduction which
associate with Jak. a member of one subgroup of non-receptor protein tyrosine kinase,
mediates the effect of cytokines [78]. Therefore, qRT-PCR was performed to analyze the
expression of different signaling mediator, TLR2 and JAK]I, pro-inflammatory cytokine
genes, IL-1P and TNF-1la and a transcription factor NF-kB. This present study is the first

evidence demonstrating that B-glucan from a by-product mushroom S. commune cultivation
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pulps (Cr-glucan) up-regulated the genes of receptor and signal transduction, TLR2 and
JAK1, important cytokines IL-1p and TNF-1a which has diverse physiological functions and
roles in regulating the inflammatory process as well as a nuclear transcription factor NF-kB
which is the endpoint of a series of signal transduction events involving in many biological
processes (Fig. 7). Regarding to all studied immune-related genes, our Cr-glucan could
trigger the up-regulation in the similar pattern as did Yb-glucan compared to the control
group. The different gene induction behavior was noticed that Yb-glucan induced obviously
higher gene expression levels for TLR2, JAK1, TNF-1o and NF-kB at earlier 6 and 12 hpi
then most genes become significantly lower at 24 hpi while Cr-glucan extended the high
expression level until 24 hpi.

The efficiency of B-glucan to protect the host has been reported in various fish-
pathogen models, for example, orange spotted grouper against - alginolyticus [8], Nile
tilapia against 4. hydrophila [49], zebra fish against 4. hydrophilla [79]. The disease
resistance against the pathogenic bacteria 4. veronii was established in the fish injected with
Yb-glucan and Cr-glucan. The greater survival rate was recorded in Cr-glucan treatment
followed by Yb-glucan and control (Fig. 8). The number of dead fish in the Cr-glucan
treatment was constant since 3 days after being challenged with 4. veronii which faster than
that of Yb-glucan group taken 5 days. The survival result was compatible with all detected
immune parameters. Cr-glucan exhibited prolonged immune elicitation which could
containment or kill the bacterial pathogen. An elevated expression level of immune-related
genes altogether with the lysozyme, bactericidal activity and the high proportion of
granulocytes which were relevant to the release of immune mediators and phagocytosis might
be one of the rationales supporting this phenomenon. Interestingly, there might be some
different defense mechanisms triggered by our Cr-glucan and Yb-glucan since the survival

and the expression of immune parameters were obviously detected. The constituents within
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these tested glucans are probably the clue: Cr-glucan is composed of mainly -(1—3) (1—6)-
glucan. a-glucan, protein, phenolic compounds and lipid as aforementioned while Yb-glucan
is a glucan containing B-(1—3) (1—6)-glucan with purity of > 98%. The other molecules
may have the abilities underlying immune enhancement or anit-stress which can improve the
fish health and immune system.

In conclusion, this study provides the first evidence demonstrating that crude glucan
extracted from by-product cultivation pulps of split gill mushroom. S. commune, has a strong
potency as the immunostimulant enhancing innate immune responses in Nile tilapia and
disease resistant against 4. veronii infection. The obtained crude glucan could trigger the
cellular and humoral immune parameters as well as up-regulation of immune-related genes in
a similar manner as did commercial yeast f-glucan which has been considerably etfective
immunostimulants used in aquaculture for decades. The source of crude glucan used in this
study was the valueless by-product of wood decay fungi which might be harmful for the
environment in case of improper management. According to our results, it is thus attractive to
be used as an alternative source of B-glucan applied in aquaculture. These findings encourage
turther research on the enhancement and development of new glucan as natural
immunnostimulant or dietary supplement underneath sustainable and environmental friendly

approach in aquaculture.
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these tested glucans are probably the clue: Cr-glucan is composed of mainly p-(1—3) (1—6)-
glucan. a-glucan, protein, phenolic compounds and lipid as aforementioned while Yb-glucan
is a glucan containing B-(1—3) (1—6)-glucan with purity of = 98%. The other molecules
may have the abilities underlying immune enhancement or anit-stress which can improve the
fish health and immune system.

In conclusion, this study provides the first evidence demonstrating that crude glucan
extracted from by-product cultivation pulps of split gill mushroom. S. commune, has a strong
potency as the immunostimulant enhancing innate immune responses in Nile tilapia and
disease resistant against 4. veronii infection. The obtained crude glucan could trigger the
cellular and humoral immune parameters as well as up-regulation of immune-related genes in
a similar manner as did commercial yeast B-glucan which has been considerably effective
immunostimulants used in aquaculture for decades. The source of crude glucan used in this
study was the valueless by-product of wood decay fungi which might be harmful for the
environment in case of improper management. According to our results, it is thus attractive to
be used as an alternative source of B-glucan applied in aquaculture. These findings encourage
further research on the enhancement and development of new glucan as natural
immunnostimulant or dietary supplement underneath sustainable and environmental friendly

approach in aquaculture.
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