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duniduazeinfidonisiiunandnvouiunyiu
TnglanizogadsluiFesvesvuininiunsfu Lile
Wunldlunsuslaaianuaznisudssusely nsdnw
pdsiiitnguszasdifiofnumanislideni Jedunis
wazrloiafimiuleduniddensifiunandn uazuuin
e N Vel

A5adun1side

WHUNITNAADY

Fmsnaasdluwaiuiitiunouiu avivaes
ABU D109 .UNIAITAIY TTINUADUNNTIAU-
NOBAIAN WA, 2559 PNUHUNAABILUU Randomized
Complete Block Design (RCBD) 4 141U 4 g
Usznausie 8 NTINo kA

1) laildde

2) Tddewmiigns 15-15-15 851 50 nn./ls

3) Iﬁﬂﬂwﬁﬂqmwwiwmu 8951 2,000 nn./ls

4) Taeduvsdnnnings Sns1 400 nn/ls

5) Tdduaenyala 8051 1,600 nn./ls

6) ldduiniigns 15-15-15 §ms1 25 nn./ls

suudendingnsnsys1eniu 8ms1 1,000 na./

19

7 lddeiniigns 15-15-15 §ms1 25 nn./ls

SufudeBunidamnings §ns 200 nn./ls

8) ldJeuiniigns 15-15-15 §ms1 25 nn./ls

Sufudeaenyala 8ns1 800 nn./ls

n1sUgnuaznsauasnen
1) msin3euutas mswieuduEuannslans
nauvtAuaSusnud el iUssanm 7 Yu iienniu
lowdsadsd 2 Sr3nadufionsiuduihanefuiindnsey
wazlandad 3 Ineldasunyuiuduliasdonnion
wasugn uazuUasgosiiuua 5 x 5 1. lunssuisid
mslaedunidasldtedunidnmsnsiidimunlugig
wiszawdasionun dulunssiBfdnsladendasuts
Td 2 s e adafl 1 ldsesiiunoudgnlussvhasion
was wazadsd 2 TaidlonnunsYuangld 30 Yundsde
Ugn
2) MImTEURIRUGLarAUNa vilaguia
urupzTuiug KKU Ac 001 sndmifusuliinn 2-3 a0
thaudwiasnugnadlugamigndrfiussgiuninuis
nsndusadlitunn 9 u Yszana 510 Su Tuwu
nzfuazioneenun iedundeonly 3-4 nieFuni
sreyynIeseIaihlulgn
ITEAITNYATHIEITOU
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3) n13Ugn 1d58egdan 50 x 50 wu. lagyn
nauanUszan 10-15 lwufiluns Andendunanii
uahiunielndidesiundnilulan Wedgniada

| ¥

ursathmunn 9 Wiy spesnm 7 Yundsgn e
Fundmaalandrdsihessuuimen

a) msrdn i Tnsnsaiendh 2 ada adail
1 dleurunzuogld 30 Sundsinugn wazadedl 2
lounums Tuengls 60 Fundsanugn

5) nasloidn fnaslidnistiifaesyuud
veann  3-5 u viedanaiudluuiuss Sududien

nsiudoya

1) WinsevinuaudRvesiulgn auaudini
Menmn bakn auNIATesRuNIIe (sand), AusI (ilt)
wazfumied (clay) Ine3s Pipette method (Drilon,
1980) daugnandaniuailaun Usuialulasiau
Wwanun (total N) Tne33 Kjieldahl method (Black,
1965) Usuaunleanasaiduusslow (available P)
1a87% Bray Il (Drilon, 1980) Usunaulnwunaldsuuas
wnaldouianale (extractable K, Ca) 1ne35 NH.OAC
and  Atomic  absorption  spectrophotometry
(Cottenie, 1980) annaduidunsa-a1e nse pH
(1:2.5 H,0) 1ne35 Std. Glass electrode (Black, 1965)
mmmmsaiummamﬂﬁauﬂizﬂmﬂ (cat ion
exchange; CEQ)lng35 Peech method (WS, 2537)
wardunseing (organic matter; OM) lng3s Walkley
and Black (Black, 1965)

2) ANE v‘iﬂmafjuifmmmgﬂﬁiwz 30, 45,
60 war 75 Tunderndreugn I1uau 10 dusieuas
Uoy ?}aiumﬁmmmqa%‘immmﬁqmmwﬁ’uﬁaau
ufsarsanveddy udruwinmaAtadsaugdluus
AySEeY

3) A 1 SPAD chlorophyll meter reading
(SCMR) §1dunsinusununaslsiladniedon Tnedn
§81a309 SPAD chlorophyll meter §%e Minolta
SPAD-502 meter 9394387 09.00-11.00 w1 n 1iie
wiungIueIy 30, 45, 60 war 75 Jundendreugn
Tnoguisluiaesiindvereifuiivesdidundn du
10 fusouasgos udadIuwinmiALads SCMR lus
AySEeY

a) yunanuninsly duinanuniisludl 2 7
pAwEeiLT iszey 30, 45, 60 war 75 Yundsandne
Ugn $1uru 10 dusioutasgos udrdinamiailade
Anunslulunsayse ey
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5) M3panAan NlAgtuIUINTUNS N8
Ugnaufieiufinenteusnuiulszanas 50 %

6) S1uuiasiodu efuifsaniungiu du
PUUWIUHIRDAU $1UIU 10 AufsuwUatges wauun
funaARass LTI oRy

7) nanAntviiniian Wownune fueigld 4
Wou vnsiiuiisawandn 1AENSYALDIININAULAY
arJunavun (enduduiulamieudas) Tusiuiudy
LenedILILar A ueenaiy uaztiianundnail
ave1m udiludamihudntanianun udaFuan
HanARReN T

8) Yu1n nafuismandn Wkaauniy
ALTUNMENVUINYBIN LALA YUIALEN IUIANATS
vualngy kazauinlng ey diiiaannunz Julnay
ywnlddmnimingn uaruinnananvesiiLsas
FunsoRuR

9) Ymtinduan ndufuiimananiduudy
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arudaimiinduan udunhmtinduandeiui
10) dminduusts ndafuisnandntingy
wAuns Fungndmniminduanudnhluanuanls
wradunan 10 Sy uwddaundaiudnduusts way
funahmtinduLt sy
11) AuSngaeeRaiuns U lnguiiiuny
gunniuduiuune q vedefanuiwdldieies
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JuiaAu1dIuleenU1 nasa Nl luneauy
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\A3 849 Hand refractometer digital 8% o ATAGO 5;14
PAL1 udgurtuuviivewazduiindeya

nsAATzvidaya

AATeiAuLYsUTINveByaudar SNy
AILLAUNITNAADT R IMuA wazUSeuifisuniiy
LANAIITENINAIRABYaLAaENTIUAT Tneldis
Duncan’s Multiple Range Test (DMRT) (Gomez and
Gomez, 1984) lngldlusunsudinsigndoyanisaia
d1595U MSTAT-C (Bricker, 1989)

NaWALITUINANITIVY

NMTIATILVRUANTANINIEAIN LagNn1e
wilvesiunowinisnaass wui Auildlunisvaaes
foun1Afuns1e (sand) AusIY (silt) waziuwnie?
(clay) tM1AU 67.90, 20.50 Lag 11.60 % MIUGIAU
WeAuuRusulunse (sandy loam) Laga1NNIT
AnTwvinuaudANIATveaiy wudn Aull pH Wity
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27.67 ¢ mol/kg Arnsilun Ay 0.01 dS/m
Jundetag Wi 0.16 % Yiualulnsauimun
Winfu 0,008 % UTuueanedaiidulsslovil
UsnalnunaiBen waruaadouiiuandeld wiidu
14.07, 49.02, uag 138.10 1n./nn. AU
INMIFUInAINGAULAUAL T WU AW
guasiuunungJulanuuandsiulunisadiiynsses
fnsuszdiu (5nadt 1) Tasarwgeduuiuns Yud
seeg 30, 45, 60 wag 75 Fumdedreuan dAugaves
wiaesroreyluyie 25.3-325, 52.6-67.2, 72.6-87.2
Wag 92.6-107.2 3. MUAWU AMNFIvBITULAURETY
flaildde (muaw) fanugeiutiosan luvaznssuds
nslddewndl 15-15-15 651 50 A/l dadwgediuann
Aanuazdamnniinssuislilddeynizseivseidu
sesaan deo nslddendngnsnsesivniu 8ns1 2,000
nn/ls egalsAnnuiletad SCMR wun LAy
wandnslunisadfinnszesivssiiiu A1 SCMR fiszes
30, 45, 60 war 75 Jundsdheugn denaglugae 33.8-
42.4, 32.7-41.3, 32.8-39.4 uaz 31.0-38.3 A1UAIAU
widuiindanainisladensingnsnszsamm sasn
2,000 nn./l5 fuulifulian SCMR Aoutnege waziile
Innrunfaveslunnung Juilszes 30, 45, 60 wag 75
Fundsgreugn wud arunesvedlulianuuansiaiy
Tunsadfnnsyeriussidiu (el 2) Aszes 30 Fu
nisedgnluniunziuiininuniannign (5.1-74
g11) ndsanturuiaaunflufivnadnaaionny
45, 60 uay 75 Tunasdreugn audnu (4.5-5.2, 3.3-
3.8 way 2.9-3.4 gu. aua1au) dmiuTueennen
50 % nu31 Msladesininuaydnsisineiu lifinasin
Tununz Tusenmenuand1siu Tnefnuns fusonaen
loflonglel 59-63 Fumdsdreugn (msnsdl 2)
detfuiin nudr mslddodnssiiauageng
Snsfuiinariilinimdnduanagdvinduud
uansefilumeadd (5neil 2) Tneinisladeniians
15-15-15 8031 25 nn/ls sawdulddenenyala s
800 nn./l3 Wihwdinduanuagdminduuianniian
winiu 980 war 430 nn./ls mud1du sesmewn A M3
lddendngnsnsesamiu s 2,000 an/ls (918 way
403 nn./l3 muddv) waznsladeiailans 15-15-15
831 50 nn./ls (787 war 345 nn./ls mudidu)
Tuvailifinslalelfdminduaniagdmingduui
filan (473 uaz 208 nn./ls swdd)
NNIsgUTuTIRImedY wui n1sldde
NG INTEIWNIU 8951 2,000 n/ls Fdwuiase
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gaonyala 8ns1 1,600 nn./ls (11.8 Wa/su) n1sld
glaslans 15-15-15 8051 25 an/ls Saudulddendn
gaINTEIIYNIU 8031 1,000 Nn/ls (11.3 99/6u) wag
nslddeiniiagns 15-15-15 dns1 25 nn./ls sauiuldde
Aanyala 8031 800 nn./l¥ (10.6 #a/fw) aruddy
Tuvaiziinislddeiaiigns 15-15-15 $m31 50 nn./ls
nsladeBunidamnings 8ns1 400 nn./ls wavlild
Yelvidmnudedutiesnindefisuiunsldadeviingns
WIEIIHNIU 9R31 2,000 nn./ls Wi 10.0, 9.7 uae
8.4 V/fu sudiu (3t 3)
nmsaimilnshaeiiaun wud Yt
anvosknunz Tulauuanisiulunisad (s 3)
Tnefinsladensingmsnszsamu 8ms1 2,000 nn /13
finaviliununs fuihimiinianundian wihiy 2,880
nn./l3 sesasnfie nslddeiniians 15-15-15 w31 25
nn./ls swdulddedunidnanings dnsi 200 na./ls
(2,624 nn./1%) wagnsladedunidamnings 81 400
nn/ls (2317 nn./1%) auddu luvaeiinaslddewnd
an3 15-15-15 8n3 50 /L5 warlallddelhimini
and (1,339 uag 1,367 nn/ls audidu) waziilodn
UEATWINTILAUAZTU NUT1 Wvualrg ALY Lazio
gunlvg Lifianuuandrefulunisads luvased
nanAn T vuInnatsasIvuIAdninuLA ATy
Tunnsadd udifuiundunndinisldledunsd
AMAINGS 9n31 400 nn./ls uaznaslddendngns
W3E319M1U 8051 2,000 nn./bs Tuudlduliiivuig
Tugifivavuinninislddevindu q wiifu 452 was
409 nn./ls mwdrdu @adu 19.5 uaz 14.2 % vas
dwinitaianun) sesasnie laleiniigns 15-15-15
8051 25 nn./ls swuiuldldJedunidamnings dns
200 nn./ls Tnedwuinlugiitay 1indu 333 nn./ls
Rowdu 12.7 % veswiiniaravae) dwiuiinuia
Tngjtu nuth nislddeaenyala sas 1,600 nn. /L3
wudlilinanantivuinlnguiniign wiafuwindu
501 nn./l3 (Rendu 28.2 % vesimidnsaenun)
sesaefie Mslddeinians 15-15-15 w1 25 an/ls
Sufulddedunsdamunmgs §ns1 200 an/ls widu
488 nn./l3 Ay 18.6 % venmiinivionun) waz
nsladedunigamnings 81 400 nn/ls Wi 466
./l @and 20.1 % vesiwidnstakenun) Ay
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v

wonanddanuiinisladedunidaunings
8n31 400 nn./l3 war mslddeialigns 15-15-15 8051
25 nn./13 Swiulddeduvsdamnings §ms1 200 nn./
s Iﬁmamamﬁwmmﬂmmmﬁqm WA 1,085 wag
1,021 nn/ls Aoy 46.8 uay 38.9 % vesimiinin
favun ARy sesasuife nislddentngns
W53 §131 2,000 nn/ls windu 950 an/ls (Ae
By 33.0 % vesimiiniaienun) uazldlenonyala
§n31 1,600 nn./ls wirdu 796 nn./ls Aendu 44.8 %
vostmiinaiennn) daunandniaruiaidndseandu
nsladentngasnszsiamiu 8nsn 2,000 an/ls 7
Tinandngean wafu 1,138 nn./ls Aadu 39.5 %
voimtinatanun) sesaunie nsldadeiniigns 15-

15-15 8031 25 nn/ls Sauduldlddedunidnmunings
§ns1 200 nn./ls wiadu 782 nn./ls @y 34.9 %
yonmnvian)
IINNITATIVADUAIVING VBT ILAUNETY
wui1 msladernaviauaydniiunndnafuiinasivli
AUINdvadikiungTuwana1siulun1eada tned
A1u3ndegsening 18.97-20.07 (115199 3) n1sld
Joinilgns 15-15-15 dns1 25 nn/ls sauiulddendn
gnINTEsIINIUL 8031 1,000 nn./ls Tuavinlieuind
geflan wirfu 2007 uslinansrsluannnssuisdug
gniu n3suislildde waylddeiniians 15-15-15 dasn
50 nn/l5 Bsdiansndininnssadinisladeviingun

A13197 1 AIIUGe WagAY SPAD chlorophyll meter reading (SCMR) #iszee 30, 45, 60 way 75 Junaedieugn ves
wiunzTunivgnluulamaassdiuasudiu a.vinaesnou 8.des 2.UMIEITAIN YNITENIUABUUNTIAL-

NOWNIAU W.A. 2559

NIIUW’ ANES (T3 A1 SCMR

309 459 609y 759U 309w 459y 609w 759y
Tuflddy (AruAw) 253" 54.1°  741% 941> 338 327 328 310
Jowndlans 15-15-15 8ms1 50 32.5° 672  87.2°  107.2° 410 399 383 365
nn./ls
Jondingasnsesamu dns1 27.8° 613 813" 1013 424 413 394 382
2,000 nn./l3
Jeduvsdamnngs 8ms1 400 27.2°°  53.9% 739  939° 386 375 367 369
nn./ls
lddemonyala 8ns1 1,600 264 5265 7265 926 379 368 355 359
nn./ls
Joiallgns 15-15-15 805125 28.9° 560 760  96.0°  36.8 357 357 352
nn./l3 + Jensingms
N5ESIIY D951 1,000 nn./ls
Joiadlgns 15-15-15 w5125 26.1°  57.7°  77.7° 97.7° 400 389 367 362
nn./+ Jedunsdaninmas
8n31 200 nn./l3
Joiadlgns 15-15-15 w5125 2545 57.2°  77.2° 972" 405 394 381 383
nn./l3 + Jemenyala 8051
800 nn./l3
F-test xx xx xx xx ns ns ns ns
A1 C.V. (%) 7.4 8.0 6.0 4.7 15.8 139 184 127

|
LY

Yaaaenmiunieonysneiuluaoduif i uilnnuka st un 9@ AN seauaIaetu 95 % 1ag3S DMRT
9

ns = MIHANULANANNIERR, ** = LANANAUN1ERANTEAUANULT DY
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a1seil 2 anundsludissey 30, 45, 60 way 75 Tundsdheugn Tusenaen 50 Wesidus dninduan wagimingu
wiswawiunzTufivgnluulamaassdiunowiu nyinaenou a.iiles 2.uma15A0 F135enI1UH0U
UNTIAN-NEWNIAN W.A. 2559

3 3
° ° %

nS5U3S Y Juoan dwin Ry,
AUNI9lu Y v
AN 50  Audn AU
(ws3.) o . .
% (7)) (nn./13) (nn./13)

3094 459 609U 759U

Tuflddy (ArunA) 589 47 35° 3% 62 473° 208°
Joiadlgns 15-15-15 05150 7.4° 48" 36"  32% 59 787° 345°
nn./ls

Jendingasnsesamu dhsn - 6.6° 5.0° 38" 34° 63 918 403
2,000 nn./l3

Jeduvsdnnnngs 8ms1 400 5.1° 4.5° 33°  29° 63 744° 326"
nn./ls

Jepanyala w31 1,600 na/ls 579 45° 33> 29 62 760° 333°
Joiadlgns 15-15-15 805125 6.3 5.2° 4.0° 3.6° 59 568° 249°

nn./l3 + Jendingns

N5ESINIY D951 1,000 nn./ls

Joiallgns 15-15-15 dws1 25 55 48" 36" 33 61 748° 328°
nn./ls + Jeduvsdannings

8m31 200 nn./ls

Joiadlgns 15-15-15 805125 58" 50° 38" 34° 60 980° 430°
nn./l3 + Jemenyala 8051

800 nn./13

Ftest . x x x s . .
A1 C.V. (%) 7.7 5.8 7.7 8.7 5.4 15.3 15.2

Yaaaenmiunieenysneiuluaoduif i uilnnukansa i un 9@ fnseauauetu 95 % 1ae3S DMRT
ns = WITAMULANANN AT

o =

* R = UaAANNNUNIEDRATISEAUAIIUIDIU 95 WaY 99 % ANNEIRU

4 13 avuil 2 NINGIAY - SUIAN 2559 2MTETNBATNIZITU
Volume 13 Number 2 July — December 2016




A15197 3 UWITRRAY UnTnFan LLazﬂ'm'%ﬂbﬁﬂuam}haﬂLLfﬁumﬁuﬁU@JﬂiuLLUmmamﬁmmauﬁu A.N1ADINDU
911199 2.UMAITAN YITENINUFDUNNTIAN-NGYAIAN W.A. 2559

N35UTT MUY dmifnsiasn A1
W/ (nn./3) usng
(°brix)
WA YWIALAY  VUIANANN WA EReLY
Tngiirey \an
Tuflddy (Aruaw) 8.4 228 (12.2)  514°(37.6) 625 (45.8) 1,367 18.97°
Joiadlgns 15-15-15 10.0° 165 (12.3)% 284 (21.2) 585" (43.7) 305" (22.8)  1,339° 1916

8n31 50 nn./ls
Jovdingesnsesiamu - 17.2°
8m51 2,000 nn./1s
Jeduvsdnnnngs 9.7°
8m31 400 nn./ls

Jonanyala a5 11.8"
1,600 nn./1s

Joiailgns 15-15-15 11.3%
8n31 25 nn/ls +
Jovdingnsnsesamu

8951 1,000 nn./1s

Joiailgns 15-15-15 14.6®
8n31 25 nn/ls +
Jeduvsdnnnngs

8m31 200 nn./ls

Joiadlgns 15-15-15 10.6™
8n31 25 nn/ls +

Joaanyala 9051 800

nn./ls

409 (14.2) 383 (13.3)  950™(33.0) 1,138 (39.5)  2,880° 19.83°
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BNYeLdene uardievinlinandnvesdesnaatly
naeiia 91nnisdnuluadetinuinnisldnananaes
doumo 1 agluinaisn Tnefinandnvosdosne 1 Wus
VOULAY 3 Anadda 45.1 % drudeuNugA 95-84
NaHANAAAY 55.5 % Lilelisufunandnvesdosugn
Turuefinisiuanssudedinisde 4 nandndosns 1
anag 41.9-63.1 % Lﬁal,ﬂauﬁwamﬁmaaéawqﬂ Ex
Junalileswnainanmanuuiudadussezinand
grunlugaefiinsneass iy sdmal inananes
D8R 1 asﬂumm%ﬁw

A131971 2 Sunieneiiufivesdesne 1 o1y 1, 2, 3 uaz 6 Weundsninuiies Tuweiufidhuluuial suanues
NaES SNONUDINIES M TANWEUT TenIRURAIAN W.A. 2557 3 LADURAIAY W.A. 2558

n5547%

uUNUaraNun (nia/ls)

1 oy

2 1fiau 3 hau 6 Lhau

o

Wugdes (A)
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YOULAY 3 1,349.3(48.5) % 2,025.3 (72.8) 2,098.8 (75.4) 2,103.3 (75.6)
LA 95-84 874.5 (31.4) 1,538.8 (55.3) 1,783.2 (64.1) 1,789.4 (64.3)
F-test (A) n.s. n.s. n.s. n.s.
W|mawnnssy (B)
Tain 892.6bc* (32.1)  1,624.4bc (58.4)  1,764.6b (63.4)  1,770.6b (63.6)
wlu 1,312.8a (47.2) 1,896.6ab (68.1)  2,001.4ab (71.9) 2,008.3ab (72.2)
solawunuladnsin 1,358.0a (48.8) 2,049.6a (73.6)  2,136.3a (76.8)  2,142.6a (77.0)
sounyuduszminssesdon 1,166.6ab (41.9)  1,826.4ab (65.6)  2,041.8ab (73.4) 2,041.8ab (73.4)
ﬁ]awguﬁ‘umaﬁaﬂ 829.4¢ (29.8) 1,513.1c (54.4) 1,761.0b (63.3)  1,768.4b (63.5)
F-test (B) ** ** ** **
Wugdes (A) x F/NwanIsy (B)
YOULAY 3 X TaLan 1,055.0cd (37.9)  1,931.2 (69.4) 1,926.2 (69.2) 1,934.3 (69.5)
YBUWAU 3 X LU 1,753.4a (63.0) 2,245.9 (80.7) 2,308.5 (83.0) 2,317.1 (83.3)
voulnu 3 x salatdunulasnsin  1,596.9ab (57.4)  2,270.6 (81.6) 2,277.7 (81.8) 2,286.3 (82.2)
youlAu 3 x souvsuiluszineies  1,317.6bc (47.3)  1,954.0 (70.2) 2,100.4 (75.5)  2,091.3(75.1)
YDULNY 3 X aawgu{‘]umaﬁaa 1,023.6cde (36.8) 1,724.7 (62.0) 1,881.2 (67.6) 1,887.3 (67.8)
LA 95-84 x L3t 730.2ef (26.2) 1,317.6 (47.3) 1,603.0 (57.6) 1,607.0 (57.7)
1A 95-84 x tW1lU 872.1def (31.3) 1,547.4 (55.6) 1,694.3 (60.9) 1,699.4 (61.1)
1A 95-84 x salapusuladnsin 1,119.1cd (40.2)  1,828.7 (65.7) 1,994.9 (71.7) 1,998.9 (71.8)
1A 95-84 x douvsuiuTEMINges  1,0156cdf (36.5)  1,698.9 (61.0) 1,983.2 (71.3) 1,992.4 (71.6)
A 95-84 x ﬁ]awguﬁ‘umaﬁaﬂ 635.2f (22.8) 1,301.4 (46.8) 1,640.8 (59.0) 1,649.4 (59.3)
7 13 adudl 2 NINGYIAY - SUAYN 2559 21TETNATNIZITU



n5547% uUvaRaNuN (nua/ls)

1 oy 2 1fiau 3 hau 6 Whau

F-test (A x B) * n.s. n.s. n.s.

C.V. (%) 17.5 11.1 11.8 11.7

n.s. =lAANULANAINIEDR

* o _ uansafuneananseiuAd ety 95 way 99 % auasu

Y gnpdeiimiusesnusansiulunedudiiorfuiinnuuwanansiunisadnfisssuanudoiu 95 % lag3s DMRT
% gravluiadu fe wWesidudiniseen

M13199 3 LdURIEUENANNET I LasrakAnvesdeene 1 Nugnluaiunduluufan druanuesnds 8une
MRINIAs Jmian1udug sevihufieunaiau w.a. 2557 89 WhausaAu w.e. 2558

N5543%5 Wurhgudnanedn  d1uaudn NaNARn
(a1.) @/1%) ("u/13)
Wugdes (A)
YDUAU 3 2.74 5,399.5 6.38 (45.1)
A 95-84 275 4,471.8 5.73 (55.5)
F-test (A) n.s. n.s. n.s.

FNwanssU (B)

Taian 2.76 5,300.7 6.33 (47.6)

WU 2.80 4,482.8 5.36 (56.3)

salaviusulodnsin 273 5,708.9 7.03 (42.8)

ﬁ]awgu{‘]uizmwimﬁaa 271 4,670.7 6.86 (41.9)

soumuihunodos 2.71 4,515.1 4.69 (63.1)
F-test (B) n.s. n.s. n.s.

Wugdes (A) x F/Mauanssu (8)

VOULAY 3 x TalLun 2.80 6,311.1 7.81 (30.4)
YBULAU 3 X LU 272 4,496.9 5.07 (57.9)
YauwAY 3 x sabariusuladnsin 2.67 5,862.3 7.21 (38.7)
YDULNY 3 X aaumuﬁuizmwim 2.80 5,652.5 6.49 (42.5)
YOULAU 3 X aaumuﬁumaﬁaa 2.70 4,674.7 5.29 (55.0)
LA 95-84 x 13141 2.72 4,290.4 4.84 (62.6)
1A 95-84 x L1ty 2.87 4,468.6 5.63 (54.8)
LA 95-84 x sabaraunuladngn 2.80 5,555.5 6.86 (46.6)
LA 95-84 x aaumuﬁuizmwim 2.62 3,688.9 7.23 (41.3)
LA 95-84 x aaumuﬁumaﬁaa 2.72 4,355.5 4.10 (70.2)

F-test (A x B) n.s. n.s. n.s.

CV. (%) 6.2 6.9 10.6

winew: davlududuesidudinisanasemandndoene 1 Wewleuiudeaugn
n.s. =RidANuwansansatiansEAuageiy 95 % lae3s DMRT
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uns1AYN 2558 wua lafivsunady wasluginiou
nuausisdouliguisy Tluaniisudntdos (que
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a3Unan133e
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Tinandnvesdesgnie 2 Wudliunneneiu Fedee
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seninesesdes uavnishiwludes dsfisruiunioda
Hufluinsesaswiniud iy lusasiiniswinedey
vdaanifuiies warmsliasunyudunedosuuliiy
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mawnnssuiishsiudnavilinisasyivlnvedesns
1 unnaiuludnuaeaiugs wasaue1vedly ui
Lifinavilinandnvesdesne 1 unna1aiu uneegelsi
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UNAINIY

navasn1siduleannudaneumawulaedialugasemnsdaaussauznisndnliiie

(Y L4 a * o o 4 1 a
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M 2910aT d5aThu Waausans

q

2 In7d nvnal ugua 1avnal
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LAZITNA WeIUWIRY!
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UNANED

msfinwasilliiinguszasdifiefnvmaveansliulsnnudaySeunaunularedilugasemisinie laevh

mnasedluliide fleng 0 - 35 Yu dwau 120 # MuwunsvnaesuuuduayIel (Completely Randomized
Design) wuseanidu 3 visnuws (nguaung, ﬂamﬁimﬂamﬂmammiaumLmuﬂammﬂuammmﬂﬂLua fiseiu 2
war 4 Wesdud Tugnsewns) vinwudas 4 61 dhag 10 Imﬂ,ﬂLuaLLmauﬂaumlmuammmwmwmuwamu
wazlusuvinfunnngy wantsine wuin msldutinnudanidounauu 4 Weddud Tnaresnsninfsniming
wivedlridlelutnieny 7-35 fu gandngueuAuegsiitudAgvneata (P<0.05) usldunneeiuneada (P>0.05)
fulidenguilfutimnudandounauuansdlugrsemns fisedu 2 Wosidud vendu msldutmnudayFou
naunuuaedilugasennsladde flsedu 2 uay 4 Wedidud Tugnsomns wuh bifnereaussaugniawdndaulg
gadlAde Tdud snsnmsiausmtniaas (¥981y 7-21 YU wag 21-35 ), USunasemsiinutade, Smsnsuaniiie

wardnsINsiaessen Tunne Fasvesnismaaes ludu

ArdAsy: wlsnwdansew, Yaredn, aussausnisndn waz lavle
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Effect of Dietary Substitution of Durian Seed Starch for Broken Rice on

Productive Performance in Broiler

Wiwat Waramit'” Saranrat Phuangborisut? Wittawas Wetchagool! Narumon Wetchagool

and Vorapis Phattapanit

!Department of Animal Production Technology Faculty of Agro — Industrial Technology Rajamangala
University of technology Tawan — Ok, Chanthaburi Campus
“Department of Product Development and Management Technology Faculty of Agro — Industrial Technology

Rajamangala University of technology Tawan — Ok, Chanthaburi Campus

Abstract

The experiment was conducted to determine the effect of dietary substitution of durian seed starch for broken rice on
productive performance in 120 broilers at the age 0 — 35 days old. Completely Randomized Design (CRD) was used in this
experiment which was divided into 3 treatments (control, substitution of durian seed starch for broken rice at 2 and 4
percentage in ration) with 4 replications for each treatment and 10 birds for each replication. All treatments were fed with layer
diets containing the same level of energy and protein. The results showed that at 7 - 35 days substitution of durian seed starch,
4 percentage treatment had average body weight gained higher than control group at significant difference (P<0.05) but no
difference in 2 percentage substitution group. Moreover, 2 and 4 percentage substitution groups had no effect on productive
performance in broiler for average body weight gained (at 7 - 21 and 21 - 35 days), average feed intake, feed conversion ratio
and survival rate throughout the experiment period (7 - 35 days).

Keywords: Durian seed starch, broken rice, productive performance and broiler
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wafiFeluyaln ifiunsmevausmnagiduiuves
1A wavanUSunmnoaamesealuieldld 91nns
Auadonans wuin lwdaseu 1 wda
A190IMITUINUIY B19LTU WEI9IU 254.5 Ala
waaes Wiy 2.9 ndu Lot 2.1 n$u A1slulawnse
56 n¥u leewns 1.9 n3u 1h 47.8 adndu &1 1.3
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YA 2 X 2 Wns n3day 10 #9 legnlidonny
Usgunad 1 34 WAunIeunia ﬁﬂﬂ’]iﬂﬂ@]ﬂiﬁﬁgﬂ%uﬂ
saufu Wuaan 7 FuieuSuananldidafu
Awandou ware1ns tinnassfliasarlddu
awnsluysinn uazesdusznounslavusiiving
fuynnguatuanudesnisvedlaiile (NRC, 1994)
Tneltomns wazdhuuuidud (ad lbitum) maen
msvnaes waziiinduilesiulsaitnaiada waz
vaenaudniay a1ulusunsuniewdignismaaes
yhmsvinsdugnlie udadsdhmiindaEudures
gnlinndn leuvadusiazngunisnnass Tasus
ALNAUNARDITL i mindeassudulndiAs et
mmamiumm NauNAaDa mnuummiauaﬂlﬂ
WedhAudmnass 3 ngu nauay 4 g1 570 12
whennasilnglunsmeassnsadldununisneass
wuuduauysal (Completely Randomized
Design; CRD) Usenaulumiey 3 NSnNLuunm
(treatment), N3NNUARE 4 2 (replication) 2
av 10 ¢ 59 12 g (ennaes) Tngliidous
agdnrldsy nsdudminung il
wIMaudd 1 (T1) : nguaiuAy (control) 1#3y
gnsomnsladeund
VIMAUGT 2 (T2) - lﬁ%qu{(fﬁmﬂﬁﬁﬁl’iﬁﬁuﬂﬂ
mﬁwﬁ'awmmuﬂawﬁn fiseeu 2 %
VIMAUGT 3 (T3) : lmuammmiamwmlﬂa
wanyiseunauuUanednd fiszeu 4 %
n1sfiudeya ¥anisaavudintinin
Suduvesdninaans Tuiinmsiasuulasimiin
fifisTuvesdninaansmnduani tufinduhn
9193l wazersfimie Tuiinsuaunazds
dmtindninnasefinng iefuiumn1dnsinig

Wiydulnwdesetu Auadsusinaemnsiinuls
fofu SnsIMsnsuaniie warsnsEnIsen Las
MINNTIATILHN9ADH Imaﬁw%aaﬂaﬁlé’mﬁﬁmi
Jpszsiifiemainnuulsusiu wasiSouifiousn
ﬂ’mmLLG]ﬂGﬁﬁ%‘1/1’3'7Qﬂ"1LQ§EJIULLGiﬂ%ﬂEj3Jﬂﬁ‘VI@ﬁ@&
A2875 Duncan’s new multiple range test Iagly
TU U nsu SAS (statistical analysis system)
system for windows version 9.0 (WuAde, 2544)

NaN15998

naveInsidudsnnudnyiSeunauny
Uanednlugnsemns fiszdu 2 uavd Wodidud
FOANTIOULNITHANALY vadlddenuinsnsnis
dutindadevesliile uazdateny wuiy
$19018 7-21 uaw 21 - 35 Fu Ssnsifisiniin
Fradsvedidide lddauunndsfuogiaed
HodAgyn19aiif (P>0.05) urd9e1y 7 - 35 Ju
Snsrnisiuimdndedsvedliide fa
unneeiuegelitudRyneads (P<0.05) Tagln
delunguillfutisaniudanisunaunudaisdn
Tugnsemns fiszdu 4 wWesidud T8msnnsiiiu
dwiindaade gandilridelunguaiuau (ned
Sasnadfiudmdndaeds wiidy 40.58 way
38.60 N3u/AY/3u auadu) wiliiinnuuanei
fupgaitifodrdaymsadn (P>0.05) fulidendud
Tdudsnnuwdayeunaunulated1ilugnsems
fisgeiu 2 Wesiudlugnseng Geidnsinisiiy
ﬁmﬁﬂﬁua?ﬂlaagjﬁ 39.55 n3u/fa/Au aghslshinu

A51997 2 qmmmﬂfﬁ,ﬁﬂmmmam Syey 0 - 21 U way 21 - 42 Ju

s282 0 - 21

Sz 21 - 42 U

IngAvIMNTERN , ,

: NHUAIUAN  NAUNU 2%  NAWNU 4 %  NENAIUAN VAWMU 2 % Maunu 4 %
17lne 335 34.8 337 36.5 35.6 36
Uangt 15 13.72 13.44 17.5 17.15 16.8
wladaneu 0 0.28 0.56 0 0.35 0.70
S1aziden 8.1 8.8 9.1 11.3 11.5 11
Andmdes 24.3 24.6 24.3 18 18 18
Jadu 11.5 11.6 11.5 10.3 10.3 10.3
hstuite 3.8 37 3.8 27 3 3
Wasnneylu 1 0.5 0.7 0.7 0.9 0.7
Dicalcium phosphate 1.3 0.5 1 1 1 1
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DL-methionine 1 0.5

wnaavy 0.25 0.5
W3ANg 0.25 0.5
% JUSAUTIU 23.031 23.034

% WANIUTI 3,151.35 3,155.31

1 1 1 1
0.45 0.5 0.6 0.75
0.45 0.5 0.6 0.75

23.08 20.363 20.310 20.28
3,150.77 3,150.83 3,152.68 3,152.98
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Phenotypic Characterization and Identification of Thai Native Chickens

in Maha Sarakham Province
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Abstract

The purpose of this study was to investigate the phenotypic characterization and identification of
Thai native chicken breeds which raised with mixed-flock and sex in five districts of Maha Sarakham Province,
consisting of Mueang Maha Sarakham District, Kantharawichai District, Wapi Pathum District, Chuen Chom
District and Chiang Yuen District. The study of phenotypic and morphological characteristics found four
majority breeds of the Thai native chicken including Nok Khod, Pradu Hang Dum, Nok Daeng and Lueng Hang
Khao. Nok Khod was found in the greatest amounts among male breeds, while Pradu Hang Dum was raised
mostly when compared with other female breeds. Nine morphological measurements obtained from each
bird revealed that morphometric were significant differences (P<0.05) between the genders. Male was greater
in the length of wing, back, shank, toe to back, beak to comb, height and body weight than those female.
Whilst only the back length and shank length showed statistically significant differences between the means
of nine breeds of female Thai native chicken (P<0.05). The performance of three major female Thai native
chickens raised in Maha Sarakham area exhibited that Pradu Hang Dum, Nok Daeng and Nok Khod had an
average of egg per time 10.52+2.52, 10.00+2.38, and 10.67+1.12 eggs, with a survival rate 76.64%, 82.27% and
72.94%, respectively. These findings indicate a variation of phenotypic characterization of the most common
breeds of Thai native chicken raised in Maha Sarakham Province and the information on the performance can
provide a principal data for farmers to considering the utilization from these Thai native chickens and
selective the high performance strains for the beneficial in commercial scale, breeding, reproduction and
preservation.

Keywords: Thai native chicken, Phenotypic characterization and Morphology
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UNAIINIY

AMAIMNIINYUZLAZIAUNAANEANSNISEREAANEVRININTUEIULNARINNTHANENIUA
Tneldmainnananuia

o,

a

Wandnd Yszaena uasfiannu sssuuss’
‘Fwuneluladnisuandnd aazimaluladenarmnssunisinuns unineraemaluladyivaseany Tueen menvm
Tunys 0. LAvang 9. Yunys 22210
20IPIVIamImIans AaINYISMIanT Un1INeIasguUaTIveTl 0. 193UTITIV 9. gUATIYEIT 34190

UNANED

msfnunadiilifngusrasdiiefnuiauamislnruzuas saunamansnissesaaisvesnnifud e ndsann
nsuantenusaninlnglfinadanananuiaNuHuN1NARBILUY 3 x 2 x 3 factorial in CRD $1uau 3 $1lnedl 3
a9y Ao Uiy A) dndiue9nndud1UesrnadannnisnantanIueanan Nt ua1usnad 3 s¥au Aa 100 : 0, 85 : 15 way
70+ 30 T2t B) n5lalld wagnislddadlunsmin uazilade O seduvesnintina 3 sedu Ae 0, 3 uay 6 %
Fanun 18 vi3awns namsfng wui Usmm‘lﬂimﬂummLuummammmaamﬂuumﬂmmmﬂmimamamuaama
nnsfudznds 100 : 0 198adlunisvsin saufunindimna 0 wag 3 % flusiugendn (P<0.01) nInuddu e
fvrsandad A wui nsandadoutesmniiudlsndsnmsndn wnusaaddnavlilysfuana (P<0.01) vaue
dnenmwlumssdauta anuanunsalunisdesldvesdunioing wazamdsruilivsslonilfasiiiutu (P<0.01) dau
a3s B wuth nslaBarlunismsinsihlilusiuganine<0.01) Lailddad uazdmuin msldfadlunsminazanunsaia
Fnonwluniswanuiia (P<0.05) uslifinadeniwannsalunisdeslsvesdunisinquasamasnuiliusTovils
(P>0.05)dm3uilate C wuin nisldninihaadisedu 3 % uas 6 % fnavilvamdsnuilduslevildliunneeiu

usigendn (P<0.05) msldfisestu 0 %

ArdAy: NndudUsndnnnsanieniues wag wellAnananuia
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Nutritive Value and Kinetic of Degradation of Cassava Ethanol Waste by in vitro

Gas Production Technique

Terdsak Puramongkon®” Kungwan Thummasaeng®

Facuty of Agro-Industrial Technology, Rajamangala University of Technology Tawan-Ok, Chantaburi Campus,
Chantaburi, 22210, Thailand
2Facuty of Agriculture, Ubon Ratchathani University, Ubon Ratchathani, 34190, Thailand

Abstract

The objective of this study was to determine the nutritive value and degradation kinetics of cassava
ethanol waste by in vitro gas production technique. The experiment was laid out in a 3 x 2 x 3 factorial in
CRD, with 3 replicates. There were 3 experimental factors: factor A) three ratios of cassava ethanol waste to
cassava pulp (100:0, 85:15, and 70:30); factor B) without and with yeast (Saccharomyces cerevisiae) for
fermentation and; factor C) three levels of molasses (0 %, 3 %, and 6 % w/w). There were 18 treatments
combination. The result showed that treatments with the ratio of cassava ethanol waste to cassava pulp
(100:0) fermented with 0 % and 3 % molasses increased crude protein (P<0.01) than other treatments. When
the ratio of the cassava ethanol waste to cassava pulp declined, the crude protein also decreased (P<0.01)
while the gas production potential, in vitro organic matter digestibility, and metabolizable energy increased
(P<0.01). With regard to factor B, it was found that yeast fermentedgroup resulted in an increase of crude
protein (P<0.01). It was also found that yeast fermented group increased the gas production potential
(P<0.05), but not significantly different (P>0.05) inin vitro organic matter digestibility, and metabolizable
energy. As for factor C, the metabolizable energy was not significantly different (P>0.05) when fermented with
3 % and 6 % molasses, but they were higher (P<0.05) than that of 0 %.

Keywords: Cassava ethanol waste and gas production technique
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wEsuildaneluuszmatomn uazuinnin 80 %
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WANIUAN 9 LU Tud Uzl Do mathaa $19lne
wardihanuduiunldumsndndundinulugy
gosienueald wazidesandszmalnedudszina
inwnInssuifinumienvesingAuiiagiunldluns
NAALENIUDA WAZNITALEINAINTTUIE Fedinisadia
Tsesuiinanomueatunane uisdwenueadildiie
nau AUt uluudu10 % szlddsTuuialysed
(gasohoUw3enanludadiu 85 % axliingiy E 85 34
dloviun i fudemadusasudaziinnismnlndi
auysainindomdsialudislunisinwdandon
desnniduidemdsithiidames uasiluanaves
sendauiiudinuszneu 35 % Inethmin

drusunisuantoniuealuussmalngarniignasau
#1499 fwiidenthunduingiundnlunssdneniuea
Ao Tudznds esniivsunaniivmenanisiiun
nanteniusalanelidimansenunalassasianig
qmmvmiimé"u qlaganizanamnssunisnanudady
drends uenaniusemelne Sadnananaiuiuyes
Tudrvdsuseana 4 auduaansandndueniuea
1¥lsisnn 2 udnsaetu lenaenit Fsavdluan
Ygyuiud Uz nataunain naonauannNITLNINLY
simiiudglsnaednaieannisinsud s nasluly
TUNISHNARLENIUDARINGTD A LALAYINADIN
gramnssndudiuiuinn Jagenin nndudiends
PNAsHARLeNIURalaanNTIgT 1 lnalunsnan eI
U9al00 nlansy sglateniusa 402 4ns
Arsveulaoanlen 32.3 Alansu warlAwlinaealn
AsgUIunITnRdn 32.3 Alansu (Schingoethe, 2006)
n&1s9F (2550) 1891u97 15suiinde  Leniuea
FrotfudUsndafifimanisudn 150,000 ans/Su 9z
Wnfwaisueulnesnledusezunns 100-120 du/3u 9
waaeey (Fusel oil) 300 - 600 Fiu/Tu wagninsdu
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dgndanmsndnieniuea 30 — 40 A/ gigan
WaEI3IMUS (2552) lavinnsiasneioadusenaunia
il wud Tinguiis, Wsduneiy, led, Woley, 187
wazlulnsiaunsidnunsnd windu 25.08, 7.27, 1.07,
3572, 12.94 waz 43.00 % AIUAIHU F9d11150
vunldduemsiassdasly Tnsanizedadsludns
L?ﬁyml,ﬁyml,ﬁaw'mﬁl,?jaiaqﬂ ag9lsAmuagiiuladn
mﬂﬁuﬁmwﬁqmﬂmmamLamuaaﬁmm%uqa \ile
fel¥aviRamswndsld duiunsanunisidevrde
Y03 ud1UEnAINNNSHARLENIUDALABN SN NAY
mninadaduingivemsdnifdndsnugs saui
fadiloraslunszurumsuiinazannsauiiugadmg
Tnwugld ogulsinulunsfinnsandenliingiuiile
1hanUseneutluemsdmisndudamsuesdusenau
nalaguy Laganuausalunisleusslovilanou
A8n19iaNananuia (in vitro gas production
technique) +8u3Sn 15 deufiwamuilag Menke and
Steingass (1988) Hunsinusumsuianiiniusswing
115U (incubation) 81M13A8YOLMAIVINATLNL
wulusyuula seiilesanlunssurunisusinues
QaunIsnelunsemneuuaziinufalu Jufadiu
Tngduufanisusulaeenlen (CO,) uavufausnu
(CHy) USu1msufaf falaasdanuduwusiv
ANELNTaluNSERelATDI@INNT LaTAINEIITUTBY
91713 %’agaﬁlﬁam 3% in vitro gas production
technique Fufufeyanuguildussidugunin
911115(Geatachew et al., 1998)JAGNNUAMUAIVD
915LarAaLdeno Mo tiunas s dnslaa
msfnwiiingusrasdiiiefnwamamisinruy uas
FAUNBAEASNITLDUFAYVRININITUA UL NAIINAS
wAmenuealumsUszendlfifieiduewnslaie

A8AdiunnsIve

1. ASINUHUNITNAADY
lonms@nwuy 3 x 2 x 3 Factorial
arrangement in CRD TnafiUadenaass 3 Uady Ao
U398 A dndiuv09n1nsdud1venasannnig
NanLeNUaRanINtua U nasInsHanl ey 4 3
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Uads B msledad  (Saccharomyces
cerevisiae) Tunsvsin § 2 sveu Ae hiltdaduasly
56(5 (b1, by)

ai
T1 b1 ¢ T7
T2 bi ¢ T8
T3 b1 cs T9
T4 bs 1 T10
T5 b, ¢ T11
T6 b, cs T12

2. 33n15UANNINBNIUGE
MINISUTAAINLENIUDAIINAITHNANT U
Weuds [ASnsuTnnIndud1Uenae anuisnisves

= aa

V3ENA wazamy (2553) FeilamsinIeuiadedad
TnonsumsBad 20 ndu @ndulundmanniilal4dad)
naNtinnanse 40 ndu avaneluth 200 Sadans e
15 10 Wil wisuemsiaesdas Tngldnniiana 500
Ny uagyl3e 400 N3 avaneluih 10 dns Yhde
far wazomsiasdarumanliidn iy Ttuaudiody
sonTaudunan 1 9919 Y15 1nasuudIURENTeININ
LONIUDAATUNIALUUARII)T1UIU 60 AlanTu LAu
nmnthaasiuiy 1.8 Alandy uay 3.6 Alandulunda
wudldnniiana 3 uaz 6 % muddy nawlidny
mndunudlagainfideuru 2 4u geaz 20 Alandunie

v v
o a

wdag3 g9 (3 91) faliluna 14 Su

Doy

Gl
d

3, SumBUNSANYIRAMERINISKAALRE
U1629819401NLONI10UAIINAITHAN LU
duzudsitriiunisuiin 14 $u leuliusiefigumgd
60°C \Huiaan 48 Falue drnuaRIunzLATIUIN 1
fiodiuns ntuihnisusssiedemaiiniin 0.2
nSuasluvindnduuuin 50 faddns walvinnisuuly
é’aULLﬁaﬁ 39°CLﬁaiamSUﬁ@miazawwaﬂmmmﬂ
NN LUUHAN
WIIUYDAUMAIVINNTLNIZTINY (rumen
fluid) Imﬂii’ﬁﬂLﬁaqﬂwauﬁmﬁmﬁmﬁmaﬁa 250
Alansusiuau 2 67 Maoeiieemstuiuay 05 %
vesmiing wazlvivgandueimsneu lngliau
wuuiadl (ad libitum) AiugeumnaInnnsTnIzgay
vpslannasslaeld stomach tube @onar1UaDN
2IMIUEINATBINAININNTEINTIUlAETY vacuum
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pump NtuthaNTesHILYIU uiguTigang
39°Cwiousaniurianfianisuaulaeanled (@seann
Trindneiulunszinizgsuanniian) Wesetwauiy
asavansinanefienfindoulinnuisnisves Menke
and Steingass (1988) ¥11N15U53981502A18V0UMAT
MnnszmzguNan neldaniylieendiauluvind
UTIYINRAUMINARRY VINaE 30 Jadans Nty
didundigeufouuiaiiguugil 39°C Lilevinnnsia
JSurawna (Menke et al, 1979; Menke and
Steingass, 1988)

3. nmaiudaya

Ansiviiesdusznauniuall lneguifiv
fegrsovslundazyEamud olnsizyiv aquits
(dry matter, DM), 181 (ash), lUs@une1u (crude
protein, CP), lasiusau (ether extract, EE) #1133
11A557U AOAC (1980) wazvudels NDF (neutral
detergent fiber), violy ADF (acid detergent fiber,
ADF) waganilu (acid detergent lignin, ADL) #1338
284 Georing and Van Soest (1970) Uufinwananuia
TngantufinUsunsveianiniu ludlued 1,3, 6,
12, 24, 48 LLasqmﬁwv‘hﬂﬁﬁ'uﬁﬂ‘ﬁ"ﬂmﬁ 72 11A7
HaNAALAET LA UMIAIAT a, b Ay c Iaenisle
Wsunsudnusagufit curve \en1seSurseaunarans
0INSHARLAE AUlULAANTDLUUIIABIENNTITVD
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b = Asuauwia s nasiiiloUdesli
amsgndeslaglidrrianie (asymptote)
C = AERTINITHAALAE

ndan1sundalusdt 24 uay 48 udazvads vin
nmsduringesluusiazdadonisnaaeseenuntdadenis
vaasdar 2 ¥In duiBuriuiiigamgi -20°C il
NYANINTTNVDIAUNTY KaLIONITIATIBNN1ENST
Wovhmnsgilithesnanduduisdoslviazane
vinnsnseaevesudsiimieainnisdes dildeud

a

aunnd 105°Cilutian 12 921us wazualuwman

9 Y
a

gaumnil 550°Csreziian 3 la Lﬁaﬁmﬁmql,l,ﬁmaz
Whimdeanmstesluvhnsaamaruaunsaly
nsdgoelavedinguiia (in vitro dry matter
digestibility : IVOMD) wazdunsedng (in vitro

organic matter digestibility: IVOMD) f4in13

[hwiinInguiasuau-dmtinInguinimaendnisul]

IVDMD (%) = - X100
iniininguiiasuau
[dhniindunie Tnqiusu-imiindunie Sngiivdendsnisua]
IVOMD (%) = X 100

umnduvseingsudu

Uszifuaindearuildusslovdls
(Metabolizable energy, ME) TulAagniniuug 210
nananuialudalusdl 24 muaunsiusAmMEsud
TUseTomildves Menke et al. (1979) il

ME (MJ/kg DM) = 2.20 + (0.136 x Gv) +
(0.0057 x % CP) + (0.00029 x % EE)

' P
ada =

oy Gv = Usuauwfagnsinevulu 24
Fue @adansmeuvinvasn ndua I ULnaaaInnIg
NAALEYIUDATLN) ANUINAINFUNTAIL

GV (ml) = (V24 - Vo - Gpo) x 200 x [(Fh +

Fo) / 2]
We Vo = Ysunawdanindunauuy
V24 = USuaunnaninuunglae 24

' ¥
a a

GPo = Anadsveiaiiintulunaendludl
awnsidalued 24

Fh = 44.16 / (GPh - Gpo); roughage
correction factor

Fc = 62.60 / (GPc - Gpo); concentrate
correction factor
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GPh = AAYNY890IMIHeU AAvinnu 47
GPc = ANASTIY89819159U LAWYINAU 68
w = dwdndegaduliadniuinguii

4. PFIATIZANGEDR

YdayauTATERANILUTUTIUAUUNLNS
naanafianneld waziddoufisununnnm1esenang
Aade 19833 Duncan’s Multiple Range Test (Steel
and Torrie, 1980)

NawarITaiNanIsIY

NNITAATIENBIAUTTNOUNIUATIVBININLG
nueadIndudends nudr $Tnquiis WeRuneu
dole Loy wazidn winiu 23.56, 9.72, 2.44, 36.53,
1.44 uay 11.68 % anuanu Inawfeariu g waen
FIUG (2552) fseeui Tnquita, TUshn, Tody, o
T8, 161 warlulnsaunSionunsnd winiu 25.08, 7.27,
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Wi¥e 25.10 % 18ele 31.46 - 38.44 % LUTAW 6.79 - ViU 21.83, 9.83, 2.44, 45.64, 2621, 4.45 wa ¥

7.29 % lagdiu 0.91 - 1.37 % wazidiiliazaislunsn 11.98 % sua1eu annsAnwluasitifleninn1sun
7.50 - 12.42 % warlnendnh wasamy (2557) ¥4 nnenueanIunIaduda1e Wunan 14 5 wuin
3189131 MnenIueaINdudUsnas nuii 17ng Tugesnldfinsuninudeiu lddinsldgad

wite TUsAu Tosiu L8ale NDF 1@ale ADF Anflu wagian

Table 1 Chemical composition of cassava ethanol waste

ltem DM cp CF EE Ash
% DM
CPE! 23.56 9.72 36.53 1.44 11.68
T1(alblcl)? 23.01° 14.83 ¢ 38.77° 1.08" 15.09 "8
T2 (alblc2) 23.05% 11.20 et 34.01 5P 1.06¢ 14.55 AP
T3 (alblc3) 23.06" 12.76 EF6 34,04 5P 1.14%¢ 14,28 #BCCE
T4 (alb2cl) 19.45°8 22.204 37.225P 1.21% 15.028
T5 (alb2c2) 19.78°8 22364 35.42 8P 1.27° 15.264
T6 (alb2c3) 20.44° 18.31°8 33,5485 1.24° 13,52 CDEFG
T7 (a2blcl) 19.21°8 12.95 DEF6 a6.11* 1.18%¢ 14.77"8¢
T8 (a2blc2) 17.68°¢ 10.44 FeH 36.11 5P 1.26° 13,82 BCDFF
T9 (a2b1c3) 13.20°F 10.72 "6 38.00 & 1.21% 13.10 e
T10 (a2b2cl) 11.28" 17.03 5 46.11" 1.26° 13.90 BPFF
T11 (a2b2c2) 12.49 12.49 38.10 1.25° 12.98
T12 (a2b2c3) 13.64 % 15.37 5P 3352 8P 1.27° 13.29 DEFGH
T13 (a3blcl) 11.26F 10.23 %1 36.00 5P 1.25° 12.45 "
T14 (a3blc2) 12.84°F 9.02" 34.33 5P 1.23% 11.58'
T15 (a3b1c3) 14.82° 9.20" 31.80"F 1.27° 12.19 M
T16 (a3b2cl) 23.05" 13.42PFF¢ 38.56°8 1.23% 1221 M
T17 (a3b2c2) 14.71° 14.79 P 32.63FP 1.27°2 11.30'
T18 (a3b2c3) 14.66° 13.70 O 27.04° 1.22% 12.34 61
P_
Val <0.01 <0.01 <0.01 0.05 <0.01
alue

SEM 0.47 1.02 1.68 0.05 0.39
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EFGHI
ABCDEFG Val

ue on the same column with different superscripts differed (P<0.01)

¢ value on the same column with different superscripts differed (P<0.05)

'CPE = Cassava pulp from ethanol production

“Treatment combinations : Factor A = cassava pulp from ethanol production : cassava pulp (100:0 (a1), 85:15

(a2) and70:30 (as)), Factor B = yeast fermented (no used (b;) and use (b2)) and Factor C = molasses (0 % (cy), 3

% (c2) and 6 9% (c3))

nntena (T1) fnquits Wi iBele lusu
uagLlan Wity 23.01, 14.83, 38.77, 1.08 wag 15.09 %
EIRU (1131971 1) Beazidiulddn Uinalusiugady
o1 dunsy ianszuIumsmTn wazn1sdansizi
\waduesBad uazgdun3dduy Adeglunmniudiuznds
INNSHNANLENIUBA I1NNITANYIVBINTIUAN (2545)
U3 lumndudivendsliadunsdsssumanguua
ARALBTA wuATSea1dEaLY Yenaniannsane
FanuIn mﬂLawmaawﬁalugmﬁﬁmwﬁﬂé’w%xﬁ
warldmniinia 3 uaz 6 % fUTualusiuganin
(P<0.01) nguduq (22.20 uay 2236 % Auddu) fa
wandlunnsnait 1 TngUSinalusiuidiatudunann
MUV OITEA LLaqu%'aﬁLﬁuaahJ &3 Boonnop et
al. (2009) lavinn1sudnwatud1usnasnle8an s,
cerevisiaewaz g3y 0.5 % Uuian 5 Tu wudn seeu
TWsfuneruindudu 21.1 % Insdemduldsiuud
18.9 % wazlulasauiililalusiiu 2.2 % aenndosiu
Kaewwongsa et al. (2011) fisie91u31 nrsudnnngiu
dusnaamineedan S. cerevisiaednuwiu 5 N3N LaSy
MegLsy 10 % wazmntinia 1.25 %usinduran 5
Su @nsasiuszaulusiiuein 9.0 % o u 26.4 % lag
Aofulusiuund 24.7% wazlulnsiaudldlelusiy
1.7%

asrUsznaumaaiilunineniueaniniile
wenifusedady (151991 2) wudn Weandadaunin
JudrUgudsainnisndnteniueaseninud ey
d1gndaadu100:.0, 85:15 way 70:30 Anavinliiing
wite WUsAUne U wagananas (P<0.01) avnansly

A1519% 2 InedaTusauminfy 16.82, 13.92 uay
11.73 % a1ud1du eusualdsiufianandunann
inUSinalusiuiidlunnutaduy adie wazanayyn
(2559) 5189771 nnnteiudrugnastlusau winnu
1.83% fatunisiiudadiuvesninudatud wialy
Usualusiuanas Uadelunmsliledas waznisladan
Tunsudn wuan msleanlunsudndnarinlausunu
WsAugsningudilailddad (P<0.01) (17.13 % fu
11.18 %) wazlvsiulunauiliBadlunsudindiuiunags
ninguitlailéBast (P<0.05) (1.25 % fu 1.19 %) iail
a1 dumsiznmsinukazveeiuguedad luead
gaaziiuTunalusiugs FeaouiseInemansuas
waluladuvsuseinalng (2559) s1991u71 Tudad
UsznaudaeTusiu 40 - 50% vastmdnude ludqy
gpansldmntimnalunisusin wuii mslénndiaia
fiszdu 0, 3 waz 6 % Snaviliusunaioloanas u
Lifinadeluiu walusiu wmgilfidolanauied
syureInInimaiuty eradunsizluninena
woadianulunsamafu 4.17 (3599ug wavaus,
2551) Wavhnsudnliidunan 14 Su nsadsnanasd
nsteaatdole delunszuiunIsHARENILeaIN
‘quﬁuﬂssmvlL?J‘almzﬁaﬂﬁwmaﬁuﬁzmamﬁagiaa
wazigiligaglaaneumiensndania viensalalasaae
3a Mnuswhmstesseiad (1sdnwel, 2556) el
n1siuningnnaasluagilidadorvinliiingg
Wi iuineg19samsa warinaslddiniasnn
MnanaLazihnaigosaanefusTAensn

Table 2 Chemical composition of cassava ethanol waste fermented by factor effects

CEP:CP (A) yeast (B) molasses (C) P-value
100:0 85:15 70:30 - + 0 6 A B C A*B A*C B*C A*B*C
Chemical composition (%)
DM 21.46" 14.58° 13.88¢ 17.57 15.72 16.49 16.64 <0.01 0.01 0.97 <0.01 <0.01 0.67 <0.01
U 13 adun 2 n3nAx - SuAu 2559 21FENTINYATNTZITO
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16.824 13.928 11.73¢ 11.18° 17.13% 14.99

35.50° 39.66 % 33.39° 36.58 35.79 40.46"
1.17° 1.24° 1.25° 1.19° 1.25° 1.20
Ash 14.62* 13.645 12.01¢ 13.54 13.32 13.91

13.34 <0.01  <0.01 0.51 0.01 0.61 0.03
32.99°¢ <0.01 0.58 <0.01 0.01 <0.01 <0.01
1.23 0.02 0.01 0.70 <0.01 0.33 0.21

13.12 <0.01 0.55 0.17 <0.01 <0.01 0.56

<0.01

0.05

<0.01

"< Value on the same column with different superscripts differed (P<0.01)

2 value on the same column with different superscripts differed (P<0.05)

A = cassava ethanol waste : cassava pulp (100:0, 85:15 and70:30); B = yeast fermented (without and with); C = molasses (0, 3

and 6 %)
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Table 3 Fermentation kinetics of cassava ethanol waste fermented

ltern a (ml) b (ml) c(%/hr)  d(my) 2VDMD(%)  °IVOMD(%)  “ME(MJ)
T1  Yalblcl) 083  4254° 1.117° 43.81°" 59.19"%¢ 77.39 6.78" "
T2 (alblc2) 2.54" 4369°  0.083° 46.23 "¢ 58.52 "5 79.96 P 6.98FF¢"
T3 (alblc3) 2.80" 42.47° 0.090° 45.27%" 58.07"¢ 78.32%F 6.94P5CH
T4 (alb2cl) -0.96%P 4272%  0.087"° 43,67 64.82" 77.96 6.56"

T5  (alb2c2) -0.42° 42.92° 0.087° 4334 57.98"% 78.13% 6.63°F
T6  (alb2c3) -0.19° 41.82°  0.097% 42.24F 61.39 " 82.41 " g 96PN
T7  (a2blcl) -0.50° 4455  0.090° 45,05 4763 80.00%FF 6.74™"
T8  (a2blc2) 178" 4758  0.087° 49.36 46.48° 78.29 P 7.28F
T9  (a2blc3) 0.27° 42.80° 0.117° 44.31%" 52,775 81.23%PF .65
T10  (a2b2cl) -317°F 4789 0.100% 51.0% 58.00 "5 82.82 "5 6.89¢"
Tl  (a2b2c2) -2.76F 50.74F  0.103% 53,51 60.70"® 82.23M8PE 724K
T12  (a2b2c3) 2.28%  4952%  0.107%® 51.80 °* 65.23" 83.04 "¢ 7.20°%F
T13  (a3blcl) -2.19F 53.11%¢  0.120° 56.30°% 60.01"® 85.23"® 7.475P
T4 (a3blc2) -1.96”  60.17%  0.100%° 62.14* 61.27"° 82.67 8P 8.21"
T15  (a3blc3) -0.945P 53255 0097 54.24° 66.34" 81.33%PF 7635
Ti6  (a3b2cl) 2198 5126 0.100% 53.24 P 58.55 A& 81.59 ABPFF 7 3qPE
T17  (a3b2c2) 223 56.16° 0.103 % 58.40° 67.94" 84.86"" 7.87"%
T18  (a3b2c3) -0.07° 48.49% 0103 48.76 66.38" 85.88" 7.14PF¢
P-Value <0.01 <0.01 0.04 <0.01 0.01 <0.01 <0.01
SEM 0.46 1.12 0.01 1.09 3.53 1.34 0.16

EFGH
ABCDEFGH \ /5|

ue on the same column with different superscripts differed (P<0.01)

¢ value on the same column with different superscripts differed (P<0.05)

Treatment combinations : Factor A = cassava ethanol waste : cassava pulp (100:0 (a1), 85:15 (az) and70:30
(a3)), Factor B = yeast fermented (without (b;) and with (b)) and Factor C = molasses (0 % (c1), 3 % (c2) and 6

% (c3))

2 IVDMD = in vitro dry matter digestibility

* IVOMD = in vitro organic matter digestibility

* ME = Metabolizable energy

Table 4 Fermentation kinetics ofcassava ethanol wastefermented by factor effects

[tem CEP:CP (A) yeast (B) molasses (C) P-value
100:0 85:15 70:30 + 0 3 6 A B C A*B A*C B*C A*B*C
Gas Production
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a, ml

b, ml

c, %/hr

d, ml
'DMD, %
VOMD,%

°ME, MJ

0.50* -1.11° -1.73° 17.57 15.72 16.49
42.69°  a7.18° 53,74 11.18%  17.13* 14.99
0.09 0.10 0.10 36.58 3579  40.46"
44.09°  49.18° 5551 1.19° 1.25° 1.20
59.99" 5513 63.41"  5670°  6233" 58.03
7903 81.27° 83.59" 80.49 82.10 80.83
6.82° 7.00° 7.61* 7.20 7.09 6.98"°

16.81
14.14
35.10°
1.22
58.82
81.02

7.37°

16.64 <0.01 0.10 0.97 <0.01  <0.01 <0.01
13.34 <0.01 <0.01 0.51 <0.01  <0.01 0.42
32.99°¢ <0.01 0.58 <0.01 0.32 0.07 0.17

1.23 0.02 0.01 0.70 <0.01  <0.01 0.36
61.69 <0.01 0.01 0.33 <0.01 0.02 0.08
82.03 <0.01 0.06 0.49 <0.01  <0.01 0.17
7.09% <0.01 0.44 0.04 <0.01 0.19 <0.01

<0.01
<0.01
0.04

<0.01
0.01
<0.01

<0.01

"< Value on the same column with different superscripts differed (P<0.01)

2 value on the same column with different superscripts differed (P<0.05)

L IVDMD = in vitro dry matter digestibility
2 VOMD = in vitro organic matter digestibility
®> ME = Metabolizable energy

A = cassava ethanol waste : cassava pulp (100:0, 85:15 and70:30); B = yeast fermented (without and with);C = molasses (0, 3

and 6 %)
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Effect of Dietary Lysolecithin on Nutrient Digestibility and Growth Performance

of Nile Tilapia (Oreochromis niloticus)

Porpong Karbkesorn' and Bundit Yuangsoi'”

1 Department of Fisheries, Faculty of Agriculture, Khon Kaen University

Abstract

Supplementation of varying levels of lysolecithinin in Nile tilapia (Oreochromis niloticus) diets were
reduced 1% of crude protein containing total protein 29% at 0, 0.0125, 0.0250 and 0.0375 % in comparison
withcontrol group (30% of crude protein) as a basal diet. The experiment was conducted to study the effects
of lysolecithin on nutrient digestibility and growth performance in tilapia with an average body weight of
4.15+0.10 g/fish. All fish were fed test diets twice a day to apparent satiation for 6 weeks. The results showed
that lysolecithin supplementation at 0.0250 % increased significantly (p<0.05) digestibility coefficiency
(67.61+3.44), protein digestibility (79.54+2.17) and lipase activity (0.84+0.05). There were no differences in
growth performance among treatments (p>0.05). However, feed conversion ratio (FCR) and protein efficiency
ratio (PER) were best (p<0.05) for fish fed the diet supplemented with lysolecithin at 0.0250 %.
Supplementation of lysolecithin in the diets did not significantly (p<0.05) affect on protein gain (PG) in whole
body and intraperitoneal fat, while hepatosomatic index increased significantly (p<0.05) compared with the
control group but had a lower of feed production cost than those of the control. The reduction of 1% crude
protein and supplementation of 0.0250% Lysolecithin in fish diet has improved protein digestibility and feed

conversion in fish related to decrease cost value of diet production.

Keywords: lysolecithin, digestibility, srowth performance, Nile tilapia

>kCorresponding author: bundyu@kku.ac.th

Asustaavaniavum (Piumsombun, 2003) Tud 2556
HandnUarlanielulssimainandngedis 197,595 du
(@uémiaummimﬂism, 2558) @115 0WRIUINISHAR

Uni

v

Yanila (Oreochromis niloticus) vJudanun

Faffianudrdgniaasugia daiduunasdusfuis
AMAMNIIMSE Luffudn WHesine wasiasaiulngy
nsuslarvandalulszimelnegeds 30 Wesidudves

Uil 13 aduil 2 nsngau - Fuau 2559

laagnalidnim o19dInalmAnNISLYITUN S UA1Y
USIa A wazs1an (35sudy, 2546) 3ndeya
fana11¥ a1 sEM U T UNUINABNNSINNZ LA EIER )

ITEINYATNISIFOU

Volume 13 Number 2 July - December 2016



diduogiaunn lududuyuiuulsvesnisides fua
nszvnuregldvennunsnsinenss Msadnm, 2551) Tu
a9t nénn1snswanensdnfihiiady wedn i
i3uomisuda vilsdnanisiaiydvlniian Taed
Fununiswanan wazldnaneuunuinlsgegn e
firrsanduunisomsda i dununisandanlg
1nnvardu Fe¥ngivemnsiluumalusiuain
& Unddn el dlusiudniiiunnudesnislums
wiaiule T uwnadmdsnu Fadunisldunds
Iﬂsﬁuﬁﬁﬁmuwaasmhiﬁmm (Lovell, 1989) &nftin
arldusrlevinnlusiuldeteivssaninamisaiie
Ipundauaindiuusneureandsaud ldlyTusiu
(non-protein energy) A A1slulansnuaz ludu
(Nankervis et al., 2000) 3aaziilugnsldlusiugan
n30n13581599LU AU (protein-sparring effect) (Tan
et al., 2007)
lalgadiudniuiloeulaivoalnlaa A,
(Phospholipase A2) Uiz n1seegaaeiusyiaa
wesnseurlsansuaus Ul 2 vesneardfale
AU (Phosphatidylcholine) #3aLa@@u (Kini, 1997) 210
lassafaveslaloa@iu wudn Snaaudfvieyinlnledu
wandaduluianatans(Emulsifying agent) @11150
wruaosegluih siliseniefinisdes uazn1sgady
Tosuldfdy nsiduanssdadliiossainaisuenly
nszUINMIBTadady (Emulsification) 819%evile
lysfuflvuiaidnas wazilnanonisvinauvesioulysl
lawa Fevimeiiidenlusuldfgy (kussaibati, 1982)
JagUuiinisiasulaleadfiuainaisuen
(Exogenousemulsifiers) Tu @ 1% 1580 514 8 4t o
Uszansamlumsinlilotiunszanedalddniigi
(Lennox et al., 1968) Uszansnmniseesladuiialy
Fnivh anunsaviliiiunslduselevdanleiuldun
Fu denaliusinamdnulusenefisamesoniny
Foamsvasdniih (Bus, 2562) wazmsliusslevdan
TsAufazAtunwlUae (Sena et al., 1990; Orire
and Sadiku, 2011) feifu AsANYINAYEINITIATY
lalga@@auluemisvaiila nedszdnsninnisdos
a1591915 warnisiasaiulaveslanflaanunsaldidu
wumeUFuU s uAmstasuINITrese s dn it
danaliiinisnsadvindia wazfindasifalunisld
Uszlovianuunaslusiutagluduegrediussd@ndam
nagnIuaasnansunulun1sHanomIsia N

A5adun1side
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1. MIINUNUNNTNAADY
ammums‘wmaamwejmaam (Completely

randomized design, CRD) lngdl 5 YAN1TNAG0Y Ueiay

yan1aMAaesdl 4 61 (Replication) 8115¥AAIUANI

seaulusiu 30 Wodidus wazomsneassdiinisan

seaulusay 1 wWesidud lneliseaulusay 29

Wosidus wasiiasulaloadfussdufiunnmieiy

4 ey fail

yansNAaesil 1 ewnsiiiseiulusiu 30 Wesidud

Liesulalowadaiu (yaaiuaw)

ymMsvaassil 200 siifiszAulUsiu 29 Wosidudl

@sulaloadfiu

YANINAADsil 3 9 siidseAulUsiu 29 Wesldud

wSulaluadiy 0.0125 Wosidud

YANINAADsil 4 e msfidseiulUsiu 29 Wesldud

wSulaluadiy 0.0250 Wosidud

YANINAaDsil 5 ensiidseaulysiu 29 wWesidud

wSulaluadiy 0.0375 Wosidud

2. MIATENUAMAADY

yhmannaesulafame dmiindudueds
4.16+0.09 3w/ YSuanmuarliquineiuens
naaes \Wuszeziian 1 dUai lneliomisynniuay
uar 2 A¥e 1287 09.00 U. WA 16.00 U AINTU M3
dnvanfalifivunalndides idedlugnszananugii 50
ans dn3n1sddey 204/ In15lvieanie ns1adn
aunmihdUaniay 1 A naeantIMAes

3. Anw199AUsENaUNI LA lUDINITNAABILAZAD
Uanila

AAT1EviesnUsEnaunuAdlue1nIsNaaeg
wazUaneudmihnmeasssasanfandadugans
naaondunan 6 dUat ldun Audy Tusiu Tos
dole wazid IneSins129in1a3s Proximate analysis
(AOAC, 1990)

4. AnwUseansSnmn1sEaea111s (In vivo nutrient
digestibility)
Lﬁ‘ugaﬂamﬁﬂmﬂiﬁmmﬁmamﬁﬁmiLﬁu
a151Us3 (Iasfineenles) lugnsenis Wiudu 05
Wesidud neudanldiueomis 2 $alus vhnmsifiv
WAz TIUTIYAUAN 77878 Water collection ni35n1s

fidaulasain Boonyaratpalin and Phromkunthong
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(2000) TnglHgansesunn 20 luasou soeuriiain
Uangansens thyaiisrusuildlueuliuieiionmad 60
psmalduauy 12 alus wethluiesigiusunm
lassineanledlusmisuazyanuisues Useialy uay
ARy (2525) wagdinsgiuTunalusiuazloduluya
(AOAC, 1990) 9101y dndeyaluldlunisAiuim
Uszdnsnmnisgesarsemisnsly

5. Anwnssgiuls nsldusslesdaineamig

T¥o1m1snaansiuas 2 afe audaidu
sveEm 6 Utk vmstahuinvardalagldiedes
Feidmeauaziudaudamn 1 2 dawi laeifudeya
Srvdndifiudu (Weight gain; WG; nSu/61), n13
WwIgAUlaRaRseIU (Average daily gain; ADG; 51/
fia/3u) dnsnasyiaulandnnig (Specific growth
rate; SGR; 1Ua5Ldus/Au) USU1aun1siue mis (Feed
intake; FIl: nS'u /6 1), §ms1n1suanitie (Feed
conversion ratio; FCR) 8851015580018 (Survival
rate; SR; Wasidua) LLazLﬁa?:uqmmimamﬁisﬂmm
6 dUnt YINSEUA0819Ua191NNYANIINAFD
TnsrziUsuraldsiuludivan ieussiiiy
Uszansninnislglusau (Protein efficiency ratio;
PERTUSAULAL (Protein gain; PG) ¥1n154AUGY wae
Tusfuludesios iileussilumdiifu (Hepatosomatic
index; HSN way YSunmuleduarauludesvios
(Intraperitoneal fat; IPF)

6. N5AATdayaneaia
WasgvinuLUsUTINYeItaya (Analysis of
variance) uazt3suifisuanuunniisvesatadese
3% Duncan’s New Multiple Range Test fiszAuaiy
Wesiu 95 Wesidud Tneldlusunsuduiagy sas

version 9.1

NawarIsaiNanIsIY

FuuszansniseeslduazUssansamwnisgesiusiu
wazlvsiuvesonns
UanilafiléFuomsynauauiiseaulusiu 30
Wosidud wazemisnaassiiinisanseaulsiu
1 Woesidud lnedlszaulusiu 29 Wosidud uasd
wSulaleadfussduiiunnmnedy 5 sedu Ao 0,
0.0125, 0.0250 way 0.0375 Wasidud nuin
Fuusvansmstesldvesemis wazUsyansnimnis
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goslushuluomsiasulalaadiuluemsildlunis
oyuaUarfiatuiinnuuandeiunieadf (p<0.05)
Tnedandilesuemisiiasulaleediuiissdu 0.0250
Wesidud darduusednsnnsdesldvesenisuasy
Usvavisnmnsteslusiugeiian fa1 67.67+3.44 uas
79.54+2.17 Wos8uUA A1NE1AU donARBIAUNS
nnasswas Li et al. (2010) fiste1udn omnsdaniad
Igsunisiasulaleadfu fiszau 0.0250 Wesidus Ta
SuUszansmsdosls warUszansamnisdesTusiu
XDRIRE qaﬂdwmmiﬁlﬁlé’m%ﬂﬂ%La?zjﬁu (p<0.05)
Tuwauzivszansammsgeslufulusmisnnyanis
naaetliinnuunneeiun19aia (p>0.05) lngiiag
Tur9 69.34 — 83.95 Wasidud 31nn15dens wuan
Yarflafildsuomisiifinisiasulaloadfufiss iy
0.0250 Wasidud Juullduvilidseansamnisdes
lusfugsninsiadulaleiadiusziudug Taofiawintu
83.95+1.58 Wedifud laluadfudmduansiiva uazlyl
ﬁ%v’aagﬂuimaqa WWefiu (amphipathic molecule)
(W3 wavamy, 2551)uenand wazlassadrsvoslaly
wdfuanusagreinliluduwandauduluanaidnas
(emulsifying agent) TunszuIun13dadiiAd
(emulsification) (Deuel, 1951) WWunisdleiuiuiag
voslusfuldduatuovledlawalduiniu Lennox
et al. (1968) dwwaliiinusz@nsninnisgeslodulu
91M15A3u (Jones et al, 1992) usNaNG N15LESY
lalwadiuluemsanansaviliing micelles vunadn
?}az"iqmamﬁmi@m%umumﬁmjaa“lﬁdm%u (Reynier
et al., 1985)

Aanssuauledlusiesd wazianssueuladlaws
wan1sAneRanssueuleifiataldannaiu
omsuavesaia wﬁamﬂmiaqmaﬁmmmiﬁ
wulalaadiudunat 6 dUasi nuinfanssueulusl
TUshoannmaiuemisimuavesyadannynnis
neaosldinuLana19m1sa@da (0>0.05) Tnadian
1.15+£0.07, 1.18+0.06, 1.20+0.08, 1.14+0.07 & a ¥
1.16+0.07 mU/mg protein™ aud16vu d@1ufanssy
wulwllawalulanfaildsuomsiasulalvadiuiy
flauuanA1aneadn (p<0.05) Vandladilésuamasd
wsulaleadfuiiszau 0.0250 uaz0.0375 Wosius
ferAanssuteulssilavagefign Tnoddnvindu
0.84+0.05 th8%0.80+0.05 umol p-nitrophenolh™mg
protein™ ama1su 1nsiasulaleadduluemisuan
Ja aunsadiniuinardaaunseldusyloidann
Tosulafay Wewnfanssuveseulusdlaadiden
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giudlefinaaiulaleadfuiiensuaussenisly
goyvoalaiiu (Fat hydrolysis) nasanladuru
53 UIUNTBTadTATU(Singh et al., 2009; Golding
and Wooster, 2010)

nssyiulanaznslduseleviainasamng
Uailaiildsuomsynaiuauilssdulusiu
30 Wodiius wazemismaassiiinsanseaulusiv
1 Woesidud Tneflszaulusiu 29 Wosidud uasd
wiulaloadfussduiiunnsiedu 5 53U Ao
0, 0.0125, 0.0250 wag 0.0375 Woasidud nuisnsn
MRS ULAUIATLNE (SGR) kagdnsIn1550n (SR) laidl
ANULANANNSERR (0>0.05) Wiawdsuifisufiuems
yanuauiliiaiulaleediu egrslsinm Yadad
Igsuamisiasulaleadiufisedu 0.0250 Wosldus
wuh fismsuanidlesgn (1.35:000) Weiftsuiuuan
fadilasuemsiiasulalewadfufisefudug (p<0.05)
LLﬁ“ﬁ@iﬂﬂé’Lﬁﬂﬁuwmuﬂuﬁlaiﬁmim%mlaima%u
Tueunsiae Blarin and Haller (1982) 518974318051
msuanifefismaadunasainnssuiunisgesamsi
amusmmﬂwmmmmsuumimmﬂmmﬂsuu Lennox
et al. (1968) way Zeisel (1990) $1891u31 laleiadfiu
ansniefiusziunistesuasgaduluiumeludild
Mlinsaladuiiusunuiiis imenaniuaeInsvoedn
1 7lasuemnsiasulalyadfiu fisziu 0.0250 uas
0.0375 Wesidud lnefiadviliu (hepatosomatic
index; HSI) qmdwqmmmi?ﬁuﬂ (p<0.05) ArAwstsull
AMUFUNUSLUULUSHURSIAUSEAUTRlUSAULAS
wasuiiuiy Wesininnisavaulnalaay
(slycogen) Tufuiinunniuainemisiingdsnuuas
lmﬁuﬁqﬂ (Brown et al., 1992) INHANITNABBIE S
danAaesiu Li et al. (2010) 799777 Tunisiasy
laluadfulugnsormisuaniia fiduinieds 5.35 +
0.02 NTU WU qmmmiﬁm%ulaima%au fiseu
0.0125 1A20.0250 Weius vilvuardafidthudn
Wi, Shsmsiaseysnzaety Seduisu wavensui
lﬁuﬁuiuﬂzimﬁmﬁﬁ%ﬁmqa%u LﬁaLﬁﬂuﬁuqmmmiﬁlﬁ
wsulaloiadiu (yarruqu) (p<0.05) INHANAADY
wandlfiuindefinisanssiulusiu wasdnisiasy
lalaiadfAulugnseinsvania danudululdin dae
Wilnnsinselesunldifuundmdnufinuiniy
laleiadfuanunsatieiiusyiunistes wazgadulusiy
Tuszuumaiueins silinseluuile Suilusunad
\Wisamerenudosnsvesdniin Pace and Andrew
(1973) 57991171 Yadilasulusiudassinlaiings
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Wigiulndn idesnaunmueslsiuniedndiunes
TUsfutaznasublimnzausonisiasyAvlnvesdng
¥ dndruszninsssaulusau wagletfu (hduvan)
ﬁmewauiuqmmmiUmﬁa (O. niloticus)vu1®
8.05+0.05 n3u T HeviAu 30:10 Wesidud fidwa
”LﬁﬂmﬁaﬁﬁmwmmaﬂLﬁaﬁﬁﬁm, gnsnsasAUle
F191g, USUNIANRINIS warUseansSainnisly
1Usfu (PER) ﬁQQ%u (p<0.05) (Orire and Sadiku,
2011) Uan1nE Sena et al. (1990) 5189131 dndu
serieszduTusAunaslufuivnzanlugnsosuan
Hang (O.mossambicus x O.niloticus) Yu1m 1.18
% wut ensTinsysulutiy 18wWedidud tuawnse
Tl fusyaulusauluenig 15, 20 wag 30 LWasidus
Tnvdwalvarfaiinisiasgivle, Ussdndainnisle
Tsitu waznsldusylevdanlusauiindu oglsinny
fisrwaulutamarsedin fnuinnisiinseaulusiunse
wasuluems azarnsadivansyaulusauluemns
adldlnglivildnsesauivinvesdnithanas (protein
sparing effect) (Tibaldi et al. 1996; Skalli et al.
2004, Vergara et al. 1996; Company et al. 1999;
Santinha et al. 1999; Lupatsch et al. 2001)
1NINTNAEDI WU 8 siasulalyladfiv
W 5 seeu liinaselsiudiiiatuluiuan (0>0.05)
3Uﬁuiﬂimwayaﬂumﬂmmuaaﬂwimmmmimu
LLaUmﬂ%ﬂaUimmmﬂmmwﬂmlmu Soilsiehin
vosUaiindulsnaldsiuiidluievarfesifindy
auluse Jua wasfinnn (2535) 191wt lumsides
gnuandaunssiiemsdniaguidissduTusfuunnsiiedu
Ao 16.5, 25 uay 30 Wasidud (Juszesviian 12
FUai nudn TsAuvesiauandauns (hwiinusia) fien
Windu 89.86, 91.23 way 91.11 wWasidud augsu
winsfnwindsinisanlusfiuas esidudlugns
911115 wazdiniswasulaleadiu ndurinlinisasau
TWsivlundruiloliinuunnunndisanvaidad
lasuemsyanruaudtuyseansainnisldluseiv
(PER) ”LuqmmmaﬁLa'%mlaiama%ﬁuﬁﬂ 5 szefu MUshu
S¥AU 30 Wosidud uag 29 Weasidud nuin
JUszansamnislalusaudanuunna1ani19an f
(p<0.05) Tnsnisiasulaloadfudisedv 0.0375
Wodidud nsuszansamnisldlusiuanas ding
warAmy (2540) S19941U4I1 Lﬁmﬁmmmau@a‘uaa
Fadruveddusiu waznasanuluemns varaglalagdu
Wuunaandsu wagldlusiudmsunmsasgidviale
egafiud uenainigefinsAnwluvarfanuin
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Ao o

awnsiifidnameddusiu wazlviuflmunzay daaly
Uaflafininiasaivln waziiuszansnmansTdlusiud
qa%u (De Silva et al., 1991; Orire and Sadiku, 2011;
and Sena et al., 1990)

a3Unan13Ie

nnsAnwinavesnisiasulalaadfuly
mmimawmﬁasluqmmmiﬁﬁmiamzéfﬂﬂiauaa
1 Wesidus Tnefliseaulusiu 29 Wesidus deilnns
wsulaleiadfufiseiusneg fu Ao 0, 0.0125, 0.025
way 0.0375 Wasidud wWisuleuseamsyaniuay
Fflszaulusiu 30 Wesius warldinisasulale
LELR vam*imgumﬂmﬁaﬁmﬁm?uﬁmagEJ
4.15+0.10 n¥u/s Wuszezinan 6 &anst wudn Yan
fadilasuamisfifilusfiusedu 29 Wosidud uaz
wsulaloiadfufiseiu 0.0250 Weddusviliaiiad
Usgdnsnmnisgeslusiu wasifanssuvesoules
lawadiian dawudnsuanide uazuszansniwnsld
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Tusiu Aulaslndidsstuandaildsuoinisitlésy
9115YAAIUAN Twraziedtuiunsiasulaluadiiu
fseu 0.0250 Woddudluemns uavilieduilau
Tuvafiagetumuludae egnslsfinm naiaiulale
WedRufiszdu 0.0250 Wesidud Tuemnsuaniadiing
anszaulysiiu 1 wWesi@ud niauSuiadaivu
6 Wesidus Tugnsemis dwaliuszdninmnisdes
Tusitu wazUsednsnmnislilusiufiugedu Sniads
asadeandunulunskanemsUantialasndie

AnANssNUSENA

YBYBUNTEANNUDANYULALALATUNTYN
Inelinus Usednlnisfned 2557 Taudiainende
W Ingrdevauniu Nlinuatuayunsidelunsall

Table 1 Ingredients and chemical composition of experimental diets

Levels of lysolecithin (%)

Ingredients (%) 0 0 0.0125 0.0250 0.0375
30% CP 29%CP 29%CP 29% CP 29% CP
Fish meal(60%CP) 33 27 27 27 27
Soybean meal (45%CP) 10 12 12 12 12
Rice bran 36 a4 a4 a4 a4
Corn meal 9 5 5 5 5
Soybean oil 25 25 25 25 25
Fish oil 2.5 2.5 2.5 2.5 2.5
Ol-starch 5 5 5 5 5
Dicalcium phosphate 1 1 1 1 1
Vitamin-mineral premix’ 1 1 1 1 1
Total 100 100 100 100 100
Proximate composition by analysis (% dry weight on basis)
Moisture 8.78 7.74 791 8.24 8.49
Ash 11.38 10.78 10.41 10.98 10.92
protein 30.32 29.43 29.33 29.38 29.41
fat 1281 12.76 12.67 13.05 12.25
Uit 13 atiudl 2 NINGIAY - SUAN 2559 21TETNATNIZITU

Volume 13 Number 2 July — December 2016



183

fiber 1.06 0.96 0.97 0.94 0.95 Not
e:
Feed cost (baht/kg) 32.20 30.56 30.58 30.60 30.62 it

min and mineral mixture provided the following per kg diet: vitamin A 1,130,000 IU, vitamin D3 1,043,170 IU,
vitamin E 30,000 U, vitamin K3 3.25 g, vitamin B1 12 g, vitamin B2 5 g, vitamin B6 30 g, vitamin B12 12 g,

vitamin C 30 g, chollnechloride 5¢, niacin 10 g, pantothenic acid 27 g, selenium 30 mg, calcium 30 ¢.

Table 2 The digestibility performances and enzyme activities of Nile tilapia fed diets Nile tilapia fed diets
containing different level of Lysolecithin. (Mean + SD)

Levels of lysolecthin (%)

Parameters 0 0 0.0125 0.0250 0.0375 P-value
30% CP 29% CP 29% CP 29% CP 29% CP

Digestibility coefficiency ~ 47.61+3.63°  59.20+3.47° 43.42+3.77°  67.61+3.44°  3500+2.78%  0.0001

Protein digestibility 67.29+1.94°  74.23+2.19° 64.2622.37°  79.54+2.17°  5890+1.74°  0.0001

Lipid digestibility 77.62+3.29  76.70+0.14  75.62+1.02  83.95+158  69.3d+5.13  0.0654

Protease activity’ 1.15+0.07 1.18+0.06 1.20+0.08 1.14+0.07 1.16+0.07 0.2786

Lipase activity? 0.64+0.05°  0.64+0.04°  0.71+0.04°  0.84+0.05%  0.80+0.05°  0.0001

Note Means within the same row with different letters are significantly different (p<0.05)
1 Expressed as increase in absorbance at 440 nm h™ mg protein™ (mU/mg protein™)

2 Expressed as increase in absorbance at 410 nm h™ mg protein™ (umolp-nitrophenolh*mg protein™)

Table 3 Growth performance and feed utilization of tilapia fed with experimental diets for 6 weeks.

(Mean + SD)
Levels of lysolecthin (%)
Parameters 0 0 0.0125 0.0250 0.0375 P-value
30% CP 29% CP 29% CP 29% CP 29% CP
SGR 3.27+0.16 332+0.19  3.44+0.09 3.30+0.03 3.23+0.0.11 03797
FCR 1.35+0.17° 139+0.11%°  1.41+0.02®°  1.35+0.04° 1.51+0.07° 0.0435
PG 0.24+0.01 0.27£0.02  0.26+0.01 0.25+0.01 0.24+0.01 0.0552
PER 0.45£0.05%  0.49+0.02°  0.50£0.04°  0.49+0.04®  0.41+0.08°  0.0443
SR 97.50+5.00  98.33+2.89  98.75+2.50  97.50+2.89  93.75:4.79  0.4139
HSI 1.15+0.04° 1.33+0.14°°  1.2240.02*  1.42+0.07° 1.38+0.06°  0.0052
IPF 0.91+0.13 1.04+0.54 1.33+0.13 1.22+0.36 1.3120.30 0.4860

Note Means within the same row with different letters are significantly different (p<0.05)
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Sufficiency Economy Philosophy with Supply Chain Management of Vegetable

Farmers in Suer Thao, Chaing Yern District, Mahasarakarm Province

Ketjit Khamkula!", Mananya Nantasan’, Parinya Premto?, Narudol Sawassee’

and Massalin Poonon!

'Faculty of Aericultural Technology, Rajabhat Mahasarakham University, Maha Sarakham, 44000, Thailand

Abstract

The objectives of this study were to supply chain management, problems and opportunities of supply
chain vegetables, supply chain system of community and Improve knowledge the economic supply chain.
The results of this study showed that

The most farmers do paddy farming cooperate with growing vegetables and animal husbandry. The
growing vegetable for eat and sale.

The problems and opportunities is this area not has irrigation for use to growing vegetables and
Aggregation on more for Production, processing and sale. Factor of production has an expensive. The farmers
nescience for problem-solving on pesticides, storage products and marketing system.

The economy supply chain system of community showed that the farmers simultaneously between
growing vegetables and husbandry. That outgrowth of vegetable growing for a husbandry and outgrowth of
husbandry for vegetable growing as well. The community there was gathering for growing and harvest. The
farmers integration for fertilizer production for rotation of circle Production and value. The most farmers

maintain to career paths and inherited wisdom unintentionally.

Keywords: Sufficiency Economy Philosophy, Management, Supply Chain
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Effect of ingredients on qualities of snack bar from broken banana chip

and rice crackers

Hataitip Nimitkeatkai!” and Treesin Potaros?

Division of Food Safety in Agri-Business, School of Agriculture and Natural Resources, University of Phayao,
Phayao 56000, Thailand
Faculty of Agricultural Product Innovation and Technology, Srinakharinwirot University (Ongkharak),
Nakhornnayok 26120, Thailand

Abstract

This research studied the optimum ratio of sweetener and major ingredients in the production of snack
bar from broken banana chip and rice crackers to develop a new healthy product and add value to the by-
product from the banana chip and rice cracker manufacturing process. The effects of ration of sugar to
glucose syrup on physical quality and sensory evaluation were studied by varying into 3 levels 1:2, 1:1 and
2:1. The results showed that increasing of sugar content increase the hardness and cohesiveness of snack bar,
while increasing of glucose syrup content resulting in sticky product with lower crispness. The optimum ratio
of sugar to glucose syrup for snack bar was 2:1 or 20% sugar and 10% glucose syrup, respectively. Then, the
optimum ration of banana chip to rice cracker on the quality of snack bar was studied by varying into 3 levels
1:3, 1:1 and 3:1, the results showed that increasing of banana chip content decrease the hardness and
became brittleness. The optimum ratio of banana chip to rice cracker for snack bar was 1:3 or 12.5% banana
chip and 37.5% rice cracker, respectively. The average overall liking scores from sensory evaluation is at
moderate level. Chemical compositions of snack bar developed from broken banana chip and rice crackers
include moisture, protein, fat, fiber, ash and carbohydrate were 5.31%, 4.73%, 16.80%, 7.46%, 0.37% and
65.33%, respectively.

Keywords: Quality, sweetener, broken banana chip and rice crackers, snack bars

*Corresponding author E-mail: hataakira@hotmail.com
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Abstract

Ray finned fish and Siamese glassfish, from Kwan-Pha-Yao was under-utilization, low market value,
and almost discarded as waste. Food processing is the way to achieve good quality, safety and long storage shelf
life,leading to increment of product value and money incomes. The objective of our research was to formulate
products of dried smoked Ray finned fish and crispy dried smoked Siamese glassfish. The result from surveying
indicated that most of consumers chose product due to its taste. Other included favour, festival, and healthy.
The most distributed channel was from fresh market. Cooking method primarily appeared as deep-fried, and
other was secondary as seasoning. If these two products is available, most of them make decision to
consume. Concerning to product development, the result was shown that the best formula of dried smoked
Ray finned fish was composed of 1% sodium chloride (NaCl) solution, 0.5% sugar, drying temperature at 70 °C,
for 7 hours. That of crispy Siamese glassfish was composed of 2% NaCl solution, 0.5% sugar, drying
temperature at 70 °C, for 7 hours. These products in vacuum packaging were well stored at least 6 weeks
(shelf life) with microorganism level under standard level. Finally, these two processing smoked fish will be an

alternative way for fisher-man to increase incomes and develop quality of life.

Keywords: Kwan-Pha-Yao, Dried smoked for Ray finned fish, Crispy dried smoked Siamese glassfish,
Quality of life, Product development
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suadu dun audu WUsiy lesiu 1 wazloems
MU 858 + 1.23% 45.16 + 2.11% 8.21 + 1.03%
17.72 £ 0.77% wag1.73 = 0.16% AUaIAU Adandly
AN39T 3

d1UNANITIATIRIABIRUANAINYB
nandusinaendire1gnisiivine 6 d&Uaii laun
USunw Total plate count, a6 Lazsn ANAINT Y
Usinanidase (a.) Arauity sauernands uas
AT IZURINANS T WanIRan15797 4-5

5. AnuAaiuvasuilnasendndaeivauduudo

SUAIUNDANTDU
INNITADURUUABUNUYBIUTINATIUIY 65

AU LOUWAG 40 AU LavnATY 25 AW WU @I

A15199 3 p9AUsEnaunIaAll ( % ) vaslargidan
wazHANN ITUa1RTHATY

parUsynau Uanan NANA N
naad (%) UanegsuaTy
ALY 47.680.69 8.58+1.23
TUshu 32.52+1.34 45.16+2.11
Tgiu 8.49+0.46 8.21+1.03
LN 12.32+0.36 17.7220.77
Tyons 1.46+0.33 1.73+0.16

2 8.12+ 7.36x 8.12% 8.32+ 8.44+
1.39° 1227 1.39° 1.25° 1.14°

3 59+  6.10+ 4.85+ 470+ 4.90+
0.85° 0.83° 095  0.83° 0.83f

4 5.0+ 6.00+ 6.50+ 5.20+ 6.60+
1.25¢ 1059 1.12° 1.24¢ 1.32¢

5 57+ 580+ 6.50+ 6.80+ 6.90+
0.75° 093 0.85°  0.95° 0.99¢

6 520+ 6.30+ 6.0+ 5.80+ 7.60+

A19199% 4 USuna Total plate count, Baf wags1ves
nanSaUaigisuaTusEnInemsiiusne 0-6 dasi
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8180135 Total plate count gan 31

Wiushwn  (CFU/g) (CFU/g)  (CFU/g)

GUZRID)

0 8.9 x 107 ND <10

2 9.1 x 10 ND <10

4 9.2 x 107 ND <10

6 1.4 x 10° ND <10
’Niﬁ’]im‘lﬁ}@liﬁ/‘li%%?m
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MUELR: ND = not detectable

ey v nAngY (47%) waglnevie (44%) s ulaee
\Wou Ueyndn 8,000 UM waz 8,000 - 15,000 UIN
aa1eu lnsdulngidenuslnandndusiainsawia
Wundn druvguasesasunlaun audenlunis
uslaa Hramanadifgy wazUsylevisieguain Tudu
anuiisnutne nudumenda Fondnsausifinainan
undign (40%) guasuniin (229%) Suvigveding
U1 (20%) MMUMANIRBINT %380TOP (13%) way
HNanlaense (5%) duineyng Fofinamanunniige
(60%) gusasuin (22%) Sruvreveslnadiu (20%)
NUNANITOMITNITD OTOP (13%) HNERlAENTY (5%)
way dmsudinantteudazads nuinnendgedonds
8% 500 - 1,000 N3u WINTign (50%) wazinABIBTo
adsaz 250-500 N3 wnfign (609%) lududnuaens
uslaa wudunandgs Seutdluven uniign (64%)
way Usesanseusuuseniu (26%) drunwayiy dld
non (56%) Ugssanfousulseniu (28%) wagludiu
AuiuAgafunisinaulavilnandn faeivan
WJULAITUATUNEANTOU WU LNANY LA LNAYE
nouinuilneauiniign (62 wag 68%) laiwula (18 uay
24%) uazliuslaa (20 uay 8%) AuaWy

A1 5 AANLAY Ysinaindase (a,) Apauity
AMIULTS (Hardness) waganuUsie(Fracturability)
voandndusivagisuaty seninensiiuinwl 0-6
FUmi

fiiva 91N IsNUTNY (§Unv)
0 2 4 6

MmNty 858+ 863+ 800+ 821+
(%) 0.55° 0.35° 0.68° 0.49°
aw 0.65 + 0.66 + 0.63 + 0.64 +

0.37° 0.43° 0.31° 0.46°
ANNAY 1.58 + 201 + 2.07 + 2.20 +
(mg MAD  0.25° 0.13° 0.31° 0.16
/1,000 g)
AMULTS  4990.10+ 5316.90+ 4869.34+  7365.18+
(gforce)  586.72°  312.44°  116.50°  397.18°
AU 3.64 + 3.64 + 511 =+ 547 +
W 0.49° 0.60° 0.88° 0.85°
(mm)

o A 9

NUEe: 9N¥IN1IdINguieniideanaeiuly
WUIUBU LARIAULANANAYBETTEd1AYN19adf
(P < 0.05)
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6. nan1saneranzimunzaulunisuanudnd el
Uautusuadunennsaundousuuseniu
Lm%'amamﬁmaﬁmmqmﬁwm 4 gns Fail
qmﬁ 1 1hinde 1% szozaneuuis 5 9ol
ansi 2 1unde 1% szosaeuuis 7 9ol

Y

ansit 3 thinde 2% szeriimouws 5 dalug

ansil 4 thinde 2% szerimouwis 7 dalus
7. HAN1INATIUAMANYULN U TTAMAUATULATNNT
gausuvasguilnavawaniusivauduuiisuadu
naansauniausuusenu

HAN1INA@DUAMAMNNNUTTa AU alagg

vaaeUT LY 30 AU WUin gnsil 4 Iieziuunnuvey
Fud sand wowdoduia g9gn Ao 7.42 + 0.94, 7.36
+ 1.55 uag 8.00 + 088 ATNAFY Tenzuuudls
LL@ﬂ@hwmqmﬁ 1, 2 way 3 eg ATy AYNIIADA
(P < 0.05) dsalifnzuuuninuveusmvesgnsi 4 i
A1gean WAy 8.36 + 0.63 Faunns1sangnsi 1 2
way 3 ogneilifodfyn1add (P < 0.05) B1M3197 6)
Juhndndnusignsit 4 Wanwsely

A1599 6 Han1sUTEIluAMA NN NUTEAMAURAYeY
Uauwtuumsuaiuneansouniousuuseniu

ARANBLY il
NANA N 1 2 3 4
a 664 + 7.00 + 650 + 742 +
139° 124 145°  0.94°
Anwny 657 + 650 + 629 + 686 +
Usng) 155 129 1.77 1.03
FaYIR 507 + 664 + 607 + 736 =+
202¢  134®  164° 1.55°
doduds 421+ 686 + 571 + 800 +
158¢  141® 213 0.88°
AINUYDU 543 + 657 + 6.14 + 836 +

1ng593 1.83°  1.28° 1.29° .63

NUEe: 9N¥IN1IdINguieniideaaeiuly
WUIUBU LARIAULANANAYBENHTEd1AYN19adf
(P < 0.05)

NANINAABUBIAUTENDUNILATIVDINAR U
gnsit 4 nud fuTmmnnatu Tusiu Tudu 1 wes
Taliues windu 1.72 + 0.35%, 48.51 + 1.66%, 29.77 +
0.23%, 16.56 + 0.03% ag 1.68 + 0.02% CRNGRIRT
(miwﬁ 7)
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0 2 4 6

a5l 7 esdUsznoumaail (%) vesvaiuiluuiaan Ay 172 + 184+ 188+ 1.89+

UazHANA I THATY (%) 0.83° 0.98° 0.68 0.84%
p3AUsENOU Janan Uasuadu aw 0.59 + 0.60 061+ 061+
n9LAdl (% ) 0.45° 0.65° 0.58° 0.54°
ALY 48.48 + 2.18 172 + 0.35 AT 204+ 204+ 226+ 237z
TUshu 32.36 + 1.01 4851 + 1.66 (mg MAD 0.11° 0.19° 0.15*  0.17°
gt 7834140 2977 + 023 /10009
& 011 + 034 16.56 + 0.03 AT 2361.12  2380.46 2217.70 2695.43

(g force) +257.58° +5355° +85.47° +136.66°
AT 227 2.28 + 687 + 642+
(mm) 0.92° 0.09° 0.59% 1.94°
e Snusndsnguiientidaiissiulunuads
LAAIANLANANAURE T TEERYNI9EDRA (P < 0.05)

Toams 1.02 + 0.04 1.68 + 0.02

8. nan1sAnwIIENIsINUSNeIazn1sIURBULYAS
AN sEInsnuinyveskandusivauduuia
suAdunauTulsENy

MeraamMsgudiegelasuaiuinysziiiung 4 - o .
A1919% 10 USunau Total plate count, 888 Wags)

YoaHAn A uNnUatkdunnISUATUNBANTBUNS DY
FUUsENMUTENINNSAUSNNEUAYT 0, 2, 4 way 6

AMANYULNINIYAIN LWL AE AT ay ATAINTY
AIAMULDL AIAILUTIZIINTIRUNTNN1AUNSE

loun Total plate count, Bas waysn amdeninun

oo . o . ?1gnsiiu Total plate count  8ad el
N TFIUNANAUN YUY (UHTY. 6, 2549) N9 2 dUAu : (CFU/e) U (CFUe)
o ¢ o a INYN
Wunan 6 dUavt wauanafanisad 8-10 o J g s
(@Jan)
o o a o« v 0 ND ND ND
A15199 8 Ad L* a* b* veaNdnduaivaiwtunii
o v o . 2 ND ND ND
SUATUNBANTAUNSONSUUTENIUSENING
& o o o P q ND ND <10
ASLAUINYUTULIAT 6 dUa
6 ND ND <10
219N L* * b*
. a U8R ND = not detectable
WUSNYI
5 ﬂqﬁ a A & ' a v oA ° |
@uam) - \dy Baduazs ldawisasyls Ween ay #1091 0.70
0 4352+ 1'78b 116 £035 1377+ 1.25 (W88, 2557) UsNQIMNe 6 gnsuu 1A1 a,, oglutied
2 4360 + 0'06b 18¢+091 1314 + 255 Muuald Feanududureanioloiiounaslsnnas
¢ 4368+ 1677 1252034 14512200 loadufiauanunsariilien a, anas inszinde
6 40.72 + 0.02° 1.39 + 0.30 14.27 + 2.86

lyidgunaalsduaznglaaazunsnduidrluiiieduiy

vsneie: Snysnwdenguiioniideiiaiuluss ndilevan vauziAafunuiunieluiievaiazdy

HiueanuIneuen inlvilileUafinnisamyideanuiy
(dehydration) eanu1ntsuen 1elasuarmiouain
NMTOULMINT1IA199) T IRAINFUUS RN

3 , e Ypatavansyively Fedanalvian a, JUSuianas
viannn 6 gns Baiuund aw voswdnsasiliidie Rizo et al. (2013) uaz Bras and Rui (2010)

5811379 0.50 — 0.70 Ws1EkUATHS 8NVl Ann1s1n

WAAIANLANANAURE T TEERYN9EDRA (P < 0.05)

a2 L1 a o . .
33158iMan153398 (Discussion)
ANNISANWINAN N UTUBT 19 UBIITUATU

mMseuwieilnAansWasuLUaed L* a*
b* veuilavan sz MInszidauas (light scattering)
wazANLUI LAY (transparency) vouilovatanas de
Ainannisgadoanuiu e L* wagen a* asdian

A5199 9 AIANNTU USUNEDESY (aw) ANAIINAY
AL (Hardness) waganusng (Fracturability)
YoanandunUatkdunnisuaiunennssunsay
(9 1 =3 (7 | U '3
SUUTEMUIENINTINUTNEILUUNEAT 0 - 6 dUaw

g99u leilloUaniininuyuanad (Bra and Rui, 2010)

ey 2 o o <.
AR 91gN3INUIN (W) drunan1snageunisUszamdudanudn gnageuli
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ALULUAINNTBUTIN gR5 2 1INTian 51z WARS s
Uandrsuatuiiidaisny fnduntu savdeses dva
CHRIRERR LLaSLﬁ@guﬁﬁﬁﬂi@UMNﬁUﬂ’J’]ﬂJ‘UE)U‘UEN@:
NAFOU NANITIATIENOIAUTENBUNLATINA R A U9l
YagsuaTu wunluSuan windu 17.72 + 0.77%
wiszHAndurivandsuaTulidiuveinsegnudegiie
Jeildiunadounasoaneda sauveilusuna
loe1911s WU 1.73 + 0.16% Wudwan Saaidil
druuszneviiiiuussloninosnane TumsiaSuusuna
upaidey Weanesauazloemsle
Tusgminsmaiiusnwiduszeziaan 6 dUa
U9 mmmﬁuﬁumiﬁuqvﬁu FuAnanujazen
Lipid oxidation \ijsa1nudndasivaidisua Sududa
AULAIIINAIBUDN ﬁﬂﬁlmﬁuﬁagﬂumﬁmﬁm%
\AnUfA3eneendiatu nsinuIuinmalondialdehyde
(MAD) finTu s1wans MAD Wuasiinanssziures
nsiiaUfAzeteondiaduainluiiu Hwang et al.
(2012) Feunisifinansiueandindu (antioxidant)
v3ensussaluvssafneifitestunisdudanadld g
Pevzaominnneiiu Fadunsaegnisiiuinu
Lag¥nuInnn nveInanSusld iofiarsunaAiaay
whauazararid e nudt Afuulingedu wanei
wAnAuaindidedudaiuielu Salannnuiainnis
suwiaibildsivluidevanfnnisdondeanmuas
msanawes hydration vedusiuluiovan
dUNan15ILASIE9 Total plate count Ban
wavstiu wuisuna Total plate count Huualt
g9%u Tnedunsifl 6 fUsunaiafu 14 x 10° CFU/g
FafiuTumamninnaeinwsnsgunde Susiguyud
fmuald lahiin 1.0 x 10° CFU/g (w6, 2546) Tratilu
nszuIun1ssuATy IWatubudafians phenol way
carbonyl WuesAUsznou a@15phenol TuaTuidull
USNI8U981719 9.9-11.1 mg/ml dsmall cytoplasmic
membranes 983 UATITBLANLAZ YIS intracellular
fluids Aiegnelulnasenui druaisusznoy
carbonyls flagluntubutssanm 2.6-0.6% awlududs
n15vi191uvetoulesifioglu cytoplasm waz
cytoplasmic membrane vivbiaun3dlianunsaiaiey
15 (Lingbeck et al., 2014)
nan1sUsEiliunun el ssamdndaves
Yamduunisuaiuneanseunsousulseniu 1w 4
gns wuingasi 4 Idazuuunnuveusmgsgn Jald
AzLuuANINvug NI TTamdulagInAudnuuy
Fudug Wi 8.00 + 088 WazUANANIINANTIUY
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a9l dud1AYN19an A mezqmﬁii’fizwnmmi
auwt 7 dnlue waglddunde 2% Fwiildaudundy
Fumseuutelusunanudud Wetlunend
aaunQfl 180 esAnwaldea 1Wuiian 10 uriilaelu
s¥iansNentaLTuI LS YIMe e nU R MTYe
Wovuan luvasiiieafuisusz i luunudiludedan
Vnlildnan faeifsinnnunseu uas anunsaielavun
W (§nvaun, 2556) HANITIATIERBIRUTENBUNIS
wilesndnd g uaiutunnim nuindusunuesladu
WU 29.77 1 0.23% FefiUSunasininan SaueiUan
adaiAunennsou guuginen 170 C, 15 unil gadl
Wiy 33.05% (3158 wagAug, 2547) LNSIENAIIN
nealsumand g vaintdunnig lueunigausou
gaungf 85 C, 30 wifl Lileannisgaduthiiludeuan
Tnspnudouastelunissemethuazanusunaniiud
Ravtwandue anunsasinlrrandasvaiwduininan
nseuindu (JswsIn uavAg, 2552) dgungiild
Tumsnendvilinandusidniseutinduginniinis
nenfigamaiigs Inelugumgilinensivisazed
SEUIN 160-200 peAgaldua (1581 way Inlsay,
2547) msfinwognmsiuinviduszesioa 6 v
WUIIAIAIINTY 2y LAy MAD ﬁLLmIﬁuqaﬁu WS
AnUAA3e1 Lipid oxidation tio39nuAn St 91
Fulaiuunaseninansiiusne dawaliaininuuds
wazANUUTETultiga uuRe iy
NAN15ILATIEN Total plate count wazdad
NUIIMansrYLIaIn1siiusneInsialiny Total
plate count fus1 drudad asrvldnuluduansidi o
way 2 SUAT 4 way 6 fUSuIa <10 CFU/g Wiy
Tudumountsnendadtuldguugd 180 eean
waldoa 1unan 10 wift Freaufeugesedvil
aunsavhaeideqdunisiitegluvatuuia Jaiilv
USu1a Total plate count 51 wazdad Wulunny
WINTFIUNEAS T YUYY (U, 6, 2546)
dlawSeudisufusmausvaisuaTuaunis
fiflguuuuadeiy Wy Yandeusuaiu Fisiardmine
300 vn/Alansy wseUataeTAIU $1AN9NUY
190 vw/Alansu wansliliuinnanfusivangisuaty
puwiILazNdnsugivatnduniisuaiunennseuns o
%UUis‘wmmmsma%wgaﬁ%ﬂlmlﬁqa floniafiaz
Wauwrdegealidunguyiivseuslunitungien
Uszneuduordmasudnmmils Fadunisadresels
wis FlHiAansRmunua mdin Wenmamding
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La7 ENELLAAIRATNNALUN1THIUSELS LARNISYIn
UszaapgalinnusSuinvousedanuLardsdusaly

a3UNan153Y

Mnmnasesianmnsoasuléh fuslaaiden
wAnSat Tnefiarsanainsavifinniian siainan e
Uangsua’u gnsil 2 Uszneusie thunde 1% dnna
518 0.5% suliefiguugil 70 ssrwalTya w7
s I§uAzILUANLIYOUTINGIEN LazKEnfusivan
wiunfasuaiuneanseunfeniuuszniu gasi 4
Usznoude tinde 29% timiansie 0.5% auutiad
gauvindl 70 ssmnwaldea w7 $alus udnilunend
gauni 180 aeAYALTYd WY 10 Wl lSuAzLuY
ATATEUTINGIR Fandnfasiansia awnsaiiu
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luannizagyinialaegiatos 6 dUai Insusuiu
Total plate count 8a6 wazs1 Wulumnuinsgiu
ARSI gUYUUAIUIAS

AnANSsNUSZNA

ALY YovaunsEAMdinIuAMENITY
AWouisnd Alviunisidelassmsidesath nuiFes
Aswandouuarmaudsuntas unuanAde msuinig
Famsminensuszadlunuwzionieliiinnisle
Ustloviieeyinvosadsbulussesd 2 Jolasanis
mMiTensimunanAasiieadisyanifinainyan
\amdeiduldanniungien
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The Development Application for Spatial Information Agriculture on Android

Auckawut Kaewseekao, Sittichok Punpitak and Kanoklada Taothaichana

Program in Agricultural Information Technology, Faculty of Agricultural Technology,

Rajabhat Maha Sarakaham University, Thailand

Abstract

Nowadays, Geospatial technologies are combined with development of smartphone device

for speculated area led to Location Based Service such as geographic coordinate and route. Objectives of this
research are (1) To develop applications for collecting the position of area on the agricultural on a mobile
device working on android OS (2) To develop the display of maps from the mapping services through the
network on the application. This research results found that the application development for spatial
information Agriculture on Android from the onsite technological System reviews and location based service
(LBS). This application used the android studio and SQLite.This application display on smartphone with
Google Maps APl with the application develop to have six groups: basic data and information for farmers,
edit data, delete data, report data, data base and display Digital Map. The research results found that it is
useful to reduce the steps of information location and solve the problems of the data lose. Additionally, it
can use to manage the agricultural areas, Moreover, it helps to save time and budget to field away

purposefully.

Keywords : Geospatial Technologies, Digital Map, Android OS, Smartphone

>kCorrespor\ding author: E-mail: auckawut@gmail.com
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The Development Information Rice Thailand System

Udon Jitjuk* , Suaree Nakornpan , Panida Burakham and Aonanong Butrsichan

Department of Agricultural Information Technology, Faculty of Agricultural Technology,
Rajabhat Maha Sarakham University, Maha Sarakham 44000, Thailand

that the developed system is good level.

Abstract

The objectives’ research were (1) to develop the thai rice database system, (2) to collect the thai rice

seeds in Thailand, and (3) to evaluate the efficiency of thai rice database system. By the system development
on Windows 7. The Programing languages were PHP, Ajax, Java Script and HTML. Using SQL language was
developed to build the database system. The efficiency of database system was evaluated by users and the

experts using Black Box Testing. The results found that the efficiency of system testing is 4.11+0.69. It means

Keywords : Database Rice Thailand, Operating Systems Windows 7 and Black Box Testing
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Screening of Stress Tolerant Yeast and Temperature Variable for Ethanol

used Sugarcane Juice as a Carbon Source

Kusumawadee Thancharoen*, Jiranan Sumrongpol, Pornsuda Kannakam

and Patchareeporn Boonyalit
Department of Biology, Faculty of Science and Technology, Rajabhat Mahasarakham University,

Nakronsawan road, Mueng, Maha Sarakham 44000

Abstract

Isolation of thermotolerant yeast strain from sugarcane bagasses in sugar factory was carried out
in Yeast extract-Peptone-Dextrose (YPD) medium with ethanol 4% (v/v) and incubation at 37 °C. Ninety-eight
thermotolerant yeast isolates were screened that are able to produce ethanol from gases generated in
liquid yeast indicate that 23 isolates gas generated from 4.0-5.0 cm in a Durham tube. Study of
osmotolerant and thermotolerant showed that selected yeast isolates grow well at temperatures of 37-
45°C, with some isolates can grow well at a temperature of 47 °C include BRMUO02, BRMUO3, BRMUO4,
BRMUO6. , BRMUO8, BRMU12, BRMU17, BRMU19, BRMU29 and BRMU30 but all selected yeast isolates were
unable to grow at a temperature of 50 °C. Osmotolerant results exhibited all isolates can grow well at
glucose concentration 30% (w/v) and nine isolates that grow well at xylose concentration 20% (w/v). Ethanol
in synthesis medium at 37 °C that was produced from BRMU29, BRMU19 and BRMUO8 were 7.28, 7.05 and
6.89 (%, v/v), respectively. Variable of high temperature for ethanol production in sugarcane juice
fermentation medium, including 37, 40 and 45 °c showed that BRMU29 can produced the highest ethanol
were 3.76, 3.64 and 3.68% (w/v) at 36, 48 and 60 hours, respectively. The research revealed that three yeast
isolates are interesting in applying to a starter culture for the production of ethanol because it can grow well
and produced ethanol at high temperatures. They also have the ability to tolerate high concentrations of

sugar to reduced the contamination of other microbes during fermentation

Keywords: Gas production, Sugarcane juice, Thermotolerant Yeast, High temperature, Ethanol
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Taian (ldlauanna) Talatdwlngiidasy Aqlalatiu
M veulalatifey srduANuywvedlalailiiniiuyy
a9 uarguuuulalatinay

lawenluiflvudaindovas 0.1, Wunal@eulas
lalasiauneainsesay 0.1, uuni@eudamnadny
lawmsniosaz 0.1 uaznglaaseway 18) Usuilieuviiv
5.0 (Limtong et al, 2007) YuuwA3oa981a213157
50U 120 sousawiil \Juan 48 Hlus iusegdlag
nrstundssfinanus 8,000 seusowrdt Wulian 5
u1f AeAsiziUsumenIusadlsAses High
Performance Liquid Chromatography (HPLC)

7. mmﬂiﬁuqmmﬁdamswamLamuaaiwf'li’iaﬂ

Wudedaddefuatluemsngdn sugarcane
juice fermentation medium ﬁﬁﬁﬂé”e}mﬂmméd
AISUOU (18 99AUSNG) USUiitenniu 5.0 (Limtong
et al, 2007) UnUULASBUUEIAINEITOU 120 S0UAB
udt Wunan 72 $2lue ufediann 12 $alus I
TR e T L T PO RO A EARRELLUCIIER
finnnuenindu 600 wiluuas Tnsizivsuiaiiana
LazleNIUEARIELASEY HPLC

2. m3dadandadnudouiinuaunsaluniswdn

fadsaunmun 98 lelwan  wadeu
ANdansalunsasiauialuemsival Kan1snnass
LAnINIANTIeR 1

A19199 1 USunandauaganuanunsalunisnnnenouyesdan

shadan Usunauufia nsaseylu shadan Usunauufia n1saseyly 91913
(CPEEE) 2MITIA (MHURLUAT) LWAan

BRMUO1 0.1 \W3viaen BRMU 50 4.6 ANAZNDU
BRMUO2 4.0 AUV BRMU 51 4.5 ANAZNOU
BRMUO03 4.8 ANFATNDU BRMU 52 0 ANFATNDU
BRMU04 4.5 ANAZNDU BRMU 53 0 W3viaen
BRMUO5 3 \W3ayTavaen BRMU 54 0 \W3ayTanaen
BRMU06 4.5 AU BRMU 55 4.8 ANAZNOU
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BRMUOT 0 WIviaen BRMU 56 4.6 ANAENOUY
BRMUOS 4.0 ANASNOU BRMU 57 4.0 \W3ayTanaen
BRMUO09 5 ANASNOU BRMU 58 0.6 \W3ayTanaen
BRMU10 0 \W3nyTnan BRMU 59 0 \W3nyTnaen
BRMU11 3.5 ANASNOU BRMU 60 0 \W3ayTanaen
BRMU12 5.0 ANAZNOU BRMU 61 4.5 ANAZNOU
BRMU13 0 \W3ayTanaen BRMU 62 0 \W3ayTnaen
BRMU14 0 \W3viaen BRMU 63 0 W3viaen
BRMU15 5 WIviaen BRMU 64 0 WIviaen
BRMU16 5.0 WIvviaen BRMU 65 0 WIvviaen
BRMU17 4.5 ANASNOU BRMU 66 0 ANASNOU
BRMU18 5 \W3viaen BRMU 67 0 WIviaen
ATt 1 USaufawasanuanunsolunisnnagneuvesdiad (ie)
swadan | Usuauuda n13L938y shadan Ysunauuiia n13L938y
(uRLIng) Tuamswman (luRLIng) Tuamnswman
BRMU19 4.8 AUV BRMU 68 0 WIvviaen
BRMU20 3.0 WIviaen BRMU 69 0 \W3viaen
BRMU21 4.5 \W3ayTnaen BRMU 70 0 \W3nyTanaen
BRMU22 0.1 \W3nyTnaen BRMU 71 0 \W3ayTanaen
BRMU23 0 \W3nyTanaen BRMU 72 0 \W3nyTvaen
BRMU24 0 \W3ayTanaen BRMU 73 0 \W3ayTanaen
BRMU25 0 \W3ayTanaen BRMU 74 0 \W3ayTanaen
BRMU26 0 \W3ayTanaen BRMU 75 0.3 \W3nyTanaen
BRMU27 0.2 \W3ayTanaen BRMU 76 0 \W3ayTanaen
BRMU28 5 \W3ayTanaen BRMU 77 0 \W3ayTanaen
BRMU29 4.7 AUV BRMU 78 0 \W3viaen
BRMU30 4.6 ANASNOU BRMU 79 0 \W3ayTanaen
BRMU31 0 \W3ayTanaen BRMU 80 0 \W3ayTanaen
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BRMU32 4.3 \W3ayTnaen BRMU 81 0 \W3ayTnaen
BRMU33 0 WIviaen BRMU 82 0 WIviaen
BRMU34 4.6 ANASNOU BRMU 83 0 \W3ayTanaen
BRMU35 4.8 ANAZNOU BRMU 84 0 \W3nyTnaen
BRMU36 4.5 ANASNOU BRMU 85 0 \W3ayTanaen
BRMU 37 0 ANAZNOU BRMU 86 0 \W3nyTnaen
BRMU 38 0 W3viaen BRMU 87 0 ANAZNDU
BRMU 39 5 WIviaen BRMU 88 0 \W3viaen
BRMU 40 0 \W3ayTnaen BRMU 89 0 \W3nyTnaen
BRMU 41 4.2 ANAZNDU BRMU 90 0 WIvviaen
BRMU 42 4.5 ANAZNOU BRMU 91 4.5 AU
BRMU 43 0 ANANOU BRMU 92 0 ANAZNDY
ATt 1 USmaufawasanuanunsolunisnnagneuvesdias (ie)
sWagad | Usuaufa QUETEEY sWatan Usuauufe QUETEEY
(uRLIng) Tuamswman (luRLIng) Tuamnswman
BRMU 44 3.5 ANAZNOU BRMU 93 0 ANAZNOU
BRMU 45 4.7 ANAZNDU BRMU 94 0 \W3ayTanaen
BRMU 46 0 \W3ayTnaen BRMU 95 5 \W3ayTanaen
BRMU 47 0.7 ANAENOUY BRMU 96 5 WIvviaen
BRMU 48 0 ANAZNOU BRMU 97 0 ANAZNDY
BRMU 49 4.8 ANASNOU BRMU 98 0 \W3ayTanaen

HANITVIABRIAINANTISN 1 WU Bassiuau
23 loloian asrefingarsueulasenlenagluyie 4.0-
50 wuftung Loun dadsia BRMUOZ, BRMUO3,
BRMUO4, BRMUO0O6, BRMUO08, BRMU12, BRMU17,
BRMU19, BRMUZ29, BRMU30, BRMU34, BRMU35
,BRMU36, BRMU41, BRMU42, BRMU45, BRMUA49,
BRMU50, BRMU51 ,BRMU55, BRMU56, BRMU61 khay
BRMU91 Baddulngfinsiasayiitunasn sniudad
s 9 & BRMU15, BRMU16, BRMU18, BRMU21,
BRMU28, BRMU32, BRMU39 ,BRMU57, BRMU95,
BRMU96 fn1siaseyiiaviaen wazdadswa BRMUO2,

Uil 13 aduil 2 nsnga - Suau 2559

BRMUO6, BRMU19, BRMU29, BRMU91 $n15.35 &y
FrUULEIMNSIA BT lneauanifvenisnnaznou
Li‘]u@mamﬁﬁﬁﬁmaamstﬂuﬁaﬁaﬁuluﬂﬁwSmLamuaa
Tusedugnamnssu WesansinlidedenisiAuifen
wazawnsoiwastadnduinldlngdld vonanilluns
Fadendadiidainuainisaluniswdneniueads
anunsanndeuaInnsadsinsasveulaeenlesdadu
AsnadauANaINnsalun1sudnieniuealuniwey
dlosannszuiunsvineniusassiindndasivdn Ao
lenuea waziiananasyls Ae Mearsueulnoanlen
iaue Tasnglaa 100 nfu szgnudsuduteniuea
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o s

51.1 ndu uazansuaulaeanled 48.9 n¥u lagyniln

FeduinBadaeiuglafiusunufeaiiveulaeenles

geisnndnariuildilunisudnienueageiig

3. ANENNSlUNTMUADUUA N
vadeUAIMUsegmYgwesdadiidaiden

la1nde 2 91uau 23 lelewan Tuemns YPD uay YPX

agar plate lnguusiugamaiilunsun fie 37, 40, 45,

a7 way 50 parnwaldea 1una 48 $alug nants

NARDIRINTINT 2

NANITVARBIINAITIT 2 WUdn Tigniny

Y

50 aeAwalTea lufigadaeiuglafiaiuisaasayl

o

@

De De 2D

v
[

lnsgaumgiasgandanaiunsaiasylalunuidensiil

I3

Ao 47 peAwaLded H91udu 13 lolawan lawn ad
s W A BRMUO2, BRMUO03, BRMUO4, BRMUOS,

M19197 2 ANuasavesdadndadenlunsudonumaiia

BRMU17, BRMU19, BRMU35, BRMU36, BRMUA41,
BRMU42, BRMU51, BRMU55 tag BRMU91 Tu®111s
YPD agar plate way ffadifiossiaieafiannsaadey
16lue1m1599 YPD wae YPX agar Ao SadsHa
BRMU91 uanaininudn iguugd 37, 40 way 45
psrnwadua Basie 23 lolaan awnsaiaseylaily
o 2 wila
nsreudaddlnglunesujisinig uay
sefugmavnssuainlan Wogumgdegluds 20 -
30 pariwaliea uilBadursaneuitonmyiigean
dmsunisiaseylutag 35 - 43 ssAnwalfud (Walker,
1998) Inggaumngilinasodugiuingl uazanuegsen
voswad Liesanguugiigainaviilinisunnuoves

gadiinUnd nlawadiasaylalanysal nsiiuvwnas

svingean gaungdl (°C)
37 40 45 a7 50
YPD YPX YPD YPX YPD YPX YPD YPX YPD YPX
BRMU 02 +++ +++ +++ +++ +++ +++ +++ +++ - -
BRMU 03 +++ +++ +++ +++ +++ +++ +++ +++ - -
BRMU 04 +++ +++ +++ +++ +++ +++ +++ +++ - -
BRMU 06 +++ +++ +++ +++ +++ +++ +++ +++ - -
BRMU 08 +++ +++ +++ +++ +++ +++ +++ ++ - -
BRMU 12 +++ +++ +++ +++ +++ +++ +++ +++ - -
BRMU 17 +++ +++ +++ +++ +++ +++ +++ +++ - -
BRMU 19 +++ +++ +++ +++ +++ +++ +++ +++ - -
svingean gaungdl (°C)
37 40 45 a7 50
YPD YPX YPD YPX YPD YPD YPX YPD YPX YPD
BRMU 29 +++ +++ +++ +++ +++ +++ +++ +++ - -
BRMU 30 +++ +++ +++ +++ +++ +++ +++ +++ - -
BRMU 34 +++ +++ +++ ++ +++ +++ ++ - - -
BRMU 35 +++ +++ +++ +++ +++ +++ ++ + - -
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BRMU 36 +++ +++ +++ +++ +++ +++ + - - -
BRMU 41 +++ +++ +++ +++ +++ +++ + - - -
BRMU 42 +++ +++ +++ +++ +++ +++ + - - -
BRMU 45 +++ +++ +++ ++ +++ +++ - - - -
BRMU 49 +++ +++ +++ ++ +++ +++ - - - -
BRMU 50 +++ +++ +++ ++ +++ +++ + + - -
BRMU 51 +++ +++ +++ +++ +++ +++ ++ - - -
BRMU 55 +++ +++ +++ +++ +++ +++ ++ + - -
BRMU 56 +++ +++ +++ ++ +++ +++ + - - -
1319 2 Anwansnsnvesdanifdenlumsvusiegamaiigs (se)
sviagean gaungdl (°C)
37 40 45 47 50
YPD YPX YPD YPX YPD YPD YPX YPD YPX YPD
BRMU 61 +++ +++ +++ ++ +++ +++ - - - -
BRMU 91 +++ +++ +++ +++ +++ +++ ++ ++ - -
NUYLNG +++ = Laseylan (Lﬁ]‘%wulﬁml,ml,%l,%a) ++ = EIyUIunaN (Lﬁ]‘%a;l,ﬁauﬁml,uu%ﬁga)
b = winlddes (Syundnwenuadede) - = hifinsaesy

AnUnd fUsnameunanlumadiiiuiy Avwannsely
msdeniuresansemsiisniurewadanas viane
wuszlalasauiiiusiu waznsnianddndenann
dwalianssunisvuduinadwadiafanas duds
aszuumsmela wagnsusin uaidudeddmsuns
niinlenuea laewui Lﬁaqmmﬁlﬂwﬁumﬂ 25 \Ju
38 pemneaLdoa woulesiargndudainliiAnnisazay
nsalngiin uazieniuea lnslanizianssuveoules
weanegoanialasiiua (alcohol dehydrogenare) 1in
IeAigaungil 40 ssewadea (Limtong, 1997) Sad
mmaaw%wﬂé’ﬁqmwgﬁ 40 IALTALTYA LazlaTy

4. anuaunsalun1snunsLssnuoadaluda
wsiumduduresinianglaauaylelas
lown 5, 10, 15, 20, 25 wag 30 % (W/V) Tuo1us
YPD uag YPX agar plate ﬁmﬁqquﬁ 370AAL T
\enagauAIMUR aus R ueoaludd LanINafinIsIs

a

n 3

Uil 13 aduil 2 nsnga - Suau 2559

Teunnngrdadaeiudiunduiadnusou vSedadd

nureguvgiigs Tnsdadfiaiaylifigaumgiiasndn 4o
peralla wiazaguiazinisndaeniuealy
USunaufisinafu endiegatiu Candida tropicalis
NCYC 405, Shizosacchamyces pombe YSC3 %3
Hansenula polymorpha ATCC 4516 @1U1TONAALD
nuealdfiguugi 40 ssmnwaldea (Chaitep et
al, 2012) Badnufeusziigaumgiifmuizanlunis
Wiy ulauandstueenly TnevhluBadnudoudld
Anvavisnyldlugumgl dausl 35 ssmusadeatiuly

(Edgardoa et al., 2008)

NANISNAABIIINAIIT 3 WU Bading 23
Tolaian arunsesaSeyladluemis YPD agar fiman
uduveadmagsaaminiu 30% W/V) wagluamns
YPX agar innsduduvesiinawmiafy 20% (W/V)
Tneldaifianunsaiasalaaiomn 9 Telaan 1dud Sas
s % & BRMU17, BRMU19, BRMU29, BRMU30,

ITETINYATNISIFOU

Volume 13 Number 2 July - December 2016 267




BRMU34, BRMU35, BRMU42, BRMU49 uag BRMU61
wonaninudadiasalduiunarsiinnududues
thnalelaagegaminfu 25% (W) 1dun Badsia
BRMU29 uaz BRMU 49 uanslifuindinnanglaads
Huthmaaniuou 6 oxmen Wuuasnnsueuiidainn
aeiusannsalflumasiydulaldd withealalas
aduthmaniveu 5 evnon ffadifisauisaneiugi
anunsaldiiienisiadey Toun Pichia stipitis (Dubey et

al., 2012) Pachysoles tannophilus (Lee, 1986)

Candida jeffriesil (Nguyen et al., 2006) C. tenuis
(Kern et al., 1996) Schizosaccharomyces pombe,
Kluyveromyces sp. (Mcmillan , 1994)

AU NTUYRILtaIAISUBUliAud ATy
MMIFUATITATAE LarNITHARLENIUDA NITITWMAES
m%uauﬁﬁmmuﬁm%uqm Tumsudinieniueaiinatie
annsUueuresqduniseiadun urnisldunds
AISUBUAIUITNT UG Afldadeludunsdudinis
1035 waznIsnlnleNIUDaLTULABIAY msdudailiin

M19191 3 anuanansavesdadlunmsiatyluemsiiitnanududugeaiy

sWatan aaduduraninia (%, wv)
nglag lelas

5 10 15 20 25 30 5 10 15 20 25 30
BRMU 02 | +++ | +++ +++ +++ +++ +++ | A+ | +++ + - -
BRMU 03 | +++ | +++ +++ +++ +++ +++ | A+ | ++ - - -
BRMU 04 | +++ | +++ | +++ +++ +++ +++ | | A | ++ - -
BRMU 06 | +++ | +++ +++ +++ +++ +++ | A+ | +++ ++ + -
BRMU 08 | +++ | +++ +++ +++ +++ +++ | 4| A+ +++ ++ + -
BRMU 12 | +++ | +++ +++ +++ +++ +4++ | 4+ |+ +++ ++ + -
BRMU 17 | +++ | +++ +++ +++ +++ +4++ | 4+ |+ +++ +++ - -
BRMU 19 | +++ | +++ | +++ +++ ++ | A | A | | + -
BRMU 29 | +++ | +++ | +++ +++ +++ | A | A | | ++ +
BRMU 30 | +++ | +++ +++ +++ +++ +++ | 4| A+ +++ +++ + -
BRMU 34 | +++ | +++ | +++ +++ +++ +++ | A | A | A | + -
BRMU 35 | +++ | +++ +++ +++ +++ +++ | 4| A+ +++ +++ + +
BRMU 36 | +++ | +++ | +++ +++ +++ | At ++ ++ ++ + -
BRMU 41 | +++ | +++ | +++ | +++ +++ 4+ | A |+ +++ ++ + -
BRMU 42 | +++ | +++ | +++ +++ +++ +++ | A | A | A | + -
BRMU 45 | +++ | +++ | +++ +++ +++ +++ | | A | ++ + -
BRMU 49 | +++ | +++ +++ +++ +++ +++ | A+ | +++ +++ ++ -
BRMU 50 | +++ | +++ +++ +++ +++ +++ | A+ | ++ ++ + -
BRMU 51 | +++ | +++ +++ +++ +++ +++ | +++ ++ ++ ++ - -
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BRMU 55 | +++ | +++ +++ +++ +++ ++ +++ | +++ ++ ++ - -

BRMU 56 | +++ | +++ +++ +++ +++ ++ ++4+ | +++ ++4+ ++ + +

BRMU 61 | +++ | +++ +++ +++ +++ +++ |+ |+ ++4+ ++4+ - -

BRMU 91 | +++ | +++ +++ +++ +++ ++ +++ | 4+ ++ ++ + +

++ = w3yUunans (Asgieulfiniuilewde)
- = ldfinsiasey

RUBNAA +++ = L95glAn (RSfuLwITeTe)
+ = l[Wseylatoy (193QYUNEILTBINUNTLLTD)

PMnussueedluda Mlwadiinnssuiunsnatdlula
Fa oogluthnaiidanududugasiiu 14% tae
v wasziinadudfueuledlunsyuiunisinalalada
denaliuszansamlunisndnioniusaanas
( Lachance, 1990 ; Panchal & Tavares, 1990;
Limtong, 1997)

5. Mswsuiiisuntsviinenueaiigungiigdy
2MMNTHUATIZR

Tunswanenusaandasnudeuiidannuainse
Tunsuinuasnugumgigeis 23 lelsian naaou
Auansalneld Fermentation medium Uudi 37
ssrwaeadunan 48 Flus Weasunarinsua
thm1a3iad wastenueaditinty wuin dasmudeu
sWa BRMU29 ansnsawdnteniuealsuunuuiniian
WinnusSesay 7.28 (%, v/v) 5898941 AB SHA
BRMU19 winfiu 7.05 Way BRMUOS LvinAu 6.89 (%,
V/V) (mwﬁ 1)

waldlanuea (%)

BRMU BRMU BRMU BRMU BRMU BRMU BRMU BRMU BRMU BRMU BRMU BRMU BRMU BRMU BRMU

06 08 12 19 29 30 34

36 41 42 45 49 55 61

aenugBan

a1 nswWSeuiisunanisvdnieniueadndadiAndenaneiudine luevnsduasieiigamgi 37 o
walded e 48 Tl

o =
c™ 7 g
L.
> - - -
o - -
o O
- o o
o
- = = e
D -
< o - :
" c
o - ~
® X = >~
o> -
- > — -
- - ]
> ©
<> - - —
- - - —
o
B -



(n)

()

a

Al 1 \Weladsia BRMU29 (n) laladiliasguuenmsuda YPD vuilgamall 37 esmwadea 1Juan 48

Y

Hlue uay (v) Snvaisreneadnelindesganssad Masweeam 1,000 Wi

6. HavasguMgiigeTisirenisuanenues
Tgadsua 3 loleaniidmdenainde 5
Felhenueageanawaduusn iensinienusaly
9INILWAT sugarcane juice medium TaguU ey
gauvgilunisudn laud 37,40 wag 45 8
waLded HANIIINaeARIT il 2 91nawil 2 7
9ol 37, 40 uag 45 BsALALTYA WU Sadis

o

mimamamuaa%ﬁﬁqm Ao Bansiia BRMU29 dan
WU 6.67, 6.67 Lag 6.61% ANAINU AnsSuBansiia
BRMUO8 uwag BRMU19 ﬁmimamamuaaﬁﬁmdw
W& BRMU29 lawsia BRMUOS a@1u15aNdntan,
uaaﬁqmmqﬁ 37,40 way 45 peAgalded vinnu
6.09, 588 Wwaz 599% uaviiesia BRMULY 1#
USinauenueadign AU 588, 5.49 uay 5.55%
Lﬁaqqumﬁwfué’mwmmamLamuaa%amm
ilesangamgiivilsinisunnvievesdadinund alls
wadlaseylalauysal MsnIwInveRTadAnUng i
Usinameavasluwadiiiuiu auawisalunisiden
Huvesasensfisniudewadanas uonanni
gamaniigedwhateiuselalasian villusiuuaznsa
fanddadenanin davaensdansizilusiunans
#iia ilefinsdunseilusivanasdmaliianssunis
yudsinmadwadiadanadielneinasonisia
dhmaanindesdaduduamsnidnieadanas souma
Fudansyurunsmelouaznsyuauniswsin Savinly
Badamnsandanieviuonldtesaifigungigedy
idefiansannaveuiiaassezaintuanududy
vosthmanglaaiifluszuunisvsinasiidranasdos
waviledetalusd 72 Anududuvesinaszanas
wdedesay 7631, 71.88 uaz 71.05 lagtiniinee
Y3ung
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Fannuduturesiiniarzanasegiesings
Tugae 24 Falususn iifosnanludieiifedadasiings
Thanaitenisiasyiulnuaznisadmansasivane
Y1in Lﬁaﬁﬁmmmil,ﬁzujuaaLszjaémﬂﬂ'ﬂg]mﬂﬁuum
wutiidlusdi 24-48 mssAvlnazdngssezdann
dfudadusrerilidedadininaigivingian
wdaandalus 7 36 maaTgyiaulnazdnguatesyesd
NNIATN s?fﬂﬂﬁl,ﬁmzl,%ghs yasfiazlutaeiiozdl
nsadsansiiu secondary metabolite 371UULN
Tnsiamzienueazausananlailusvesil

PneAfeiaguldi awnsadauendainy
Youandegraninvudesiauaiglifigungfl 37
ssrnwadedldiionun 98 lolwan Fadl 44 Telowandid
ANUEINTAlUNTASNUAE AMIVRdRUANNEIN IO
madyldfigungigs nudadfidaidenlinlelaian
annsaasglddfiguugll 37-45 ssmiwaiioa wasd
13 leloananunsaiaiayldfigumad 47 ssrnwaidea
wagBadvuTouaeiug BRMU 29 anunsandnieniuea
USngeian Tasdnonmuesdadivinaniudnedus
authaulslumsldidudedsdulunsnanieniuea
Foudweluluewian

AnANIsNUSZNA

YoYBUNTYAUNUATUAYUN15Y1TITERN
AdnauuleuIglaghluUNay (@UN.) NTENTI
WA Useddeuuseana 2558 UagnuAMENIINNNT
Wi () UsedWeudszann 2559
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Sufadng

lag (n

uInIana

P
g

(m)

A 2 (n) Mmswdlineyueaiigaugil 37 ssriealdea (v) msviinienueaiigumgil 40 ssrwalded way ()
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Diversity and Genetic Marker for Species Identification of Edible Mushrooms

Yuwadee Insumran'* Netchanok Jansawang® Jackaphan Sriwongsa®

Panuwat Reanruangrit’ and Manit Auyapho®

Faculty of Science and Technology, Rajabhat Maha Sarakham University,
Maha Sarakham 44000, Thailand
*Faculty of Engineering, Rajabhat Maha Sarakham University, Maha Sarakham 44000, Thailand

Abstract

Diversity and genetic marker for species identification of edible mushrooms in the Koak Ngam forest,
Muang, Maha Sarakham, Thailand was conducted in October 2012 to October 2013. A total of 31 species from
15 genera and 7 families were found. The genetic variation based on the Internal Transcribed Spacer (ITS)
sequences for 11 species, representing four genera of the edible mushrooms. The ITS sequences revealed
considerable genetic variation. R. luteotacta, A. princeps and X. subtomentosus showed high levels of genetic
differentiation. These findings indicated that the Thai samples could be genetically distinct species. Therefore,
further molecular and morphological examinations were needed to clarify the status of these species. A
phylogenetic analysis revealed that X. subtomentosus was polyphyletic. The results were consistent with
previous studies suggesting that classifications of these genera need re-examining. At the species level, the

level of genetic divergence could be used for species identification.

Keywords: Species diversity, Genetic marker, Edible mushrooms
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Introduction Policy and Planning, 2015). Biodiversity also

intensifies the uninterrupted resources necessary
Thailand has abundant biodiversity, which for survival. Mushrooms are microorganisms that
contributes to sustaining livelihoods and prevents produce mycelial and then form the mushrooms

poverty and hunger of Thai people. Biodiversity bodies. Mushrooms have been treated as food

gives Thai food a great variety of forms, smells and
tastes. The application of the mushroom
biodiversity is also found It has traditionally been
used for the prevention of a range of diseases

(Office of Natural Resources and Environmental
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and medicine from the past to the present,
especially in the northeastern region of Thailand,
due to the fact that they are highly nutritious as a
quality protein source and consist of nine kinds of

amino acids essential to humans (Chang, 1984)
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and also contain a large quantity of nutrients, such
as phosphorus, potassium, vitamin B1, B12 and
vitamin B complex (Crisan and Sands, 1978).
Mushrooms, such as Lactarius spp., Boletus spp.,
Russula spp. and Amanita spp. etc. are examples
of symbiosis between plants and mushrooms
(Sanmee et al., 2003). Termitomyces sp. (Donatha,
2012) is an example of symbiosis between
termites and a mushroom. Ganoderma lucidum
(MA. Curtis:Fr.) P. Karst is an example of
association between pathogenic fungi and the
trees they live on (Grand and Vernia, 2006).

In addition, mushrooms are useful in balancing the
natural ecosystem as they need to be alive with
other creatures and in accordance with the
physical and biological environments. Therefore,
the variety of wild mushrooms is a good indicator
of the integrity of natural resources in terms of
species diversity, genetic diversity and ecological
diversity, in which the fundamental information of
mushrooms can be used to manage and conserve
the natural environment.

Fundamental knowledge of taxonomy
and genetics are particularly important in
identifying precisely what species the mushrooms
are so they can be selected correctly. To identify
the species of mushrooms, it is typical to use the
morphology. However, since the environment
influences the physical appearance of the
mushrooms, it has been found that some species
are very close to one another and have similar
sizes and colors, which results in mistakes in
classification and identification of mushrooms
(Oberwinkler, 1985; Hibbett and Thorn, 2001; Kirk
et al., 2001; Hibbett and Binder, 2002; Dai, 2007).
The development of a method to identify the
species by molecular biological techniques
together with identification by morphology has
been initiated, which has resulted in a better and
more accurate method than identification by

morphology alone. The genetic markers within the
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DNA barcode have been especially developed to
solve the problems and limitations of the species
identification (Hebert et al., 2003a). Previous
reports have shown the DNA barcodes to identify
Nectriaceae (Zhao, 2011),
scalpturatum (Fr) Quel.  (Jargeat, 2010) and
Boletus in Europe (Beugelsdik, 2008).  The

objectives of this study were to identify species

Tricholoma

diversity and the development of genetic markers
for specific types of edible mushrooms in
Koak Ngam Forest, Muang, Maha Sarakham,
Thailand.

Materials and Methods

1. Sample collection and identification

Samples of edible mushrooms were
collected randomly on the area sized 100 x 100
m? from Koak Ngam Forest, Muang District, Maha
Sarakham Province, Thailand in 2012 to 2013 (Tab.
1). Morphological characters were examined at
both the macroscopic and microscopic levels. The
keys to mushroom species by Sanoamuang (2010),
Arora (1987) and Chandrasrikul et al. (2008) were
used for species identification. All specimens used
in this study were deposited in the herbarium of
the Natural Medicinal Mushroom Museum (MSUT),
Faculty of Science, Maha Sarakham University,
Thailand.

2. DNA extraction and amplification

Genomic DNA was extracted using a Plant
Genomic DNA Extraction Kit (RBC Bioscience Corp.,
Taiwan). Cells were ground into a powder in liquid
nitrogen and DNA was extracted following the
manufacturer’s protocol. The DNA samples were
stored at -20°C. A fragment of the ITS region was
amplified using the primers ITS1 and ITS4 (White
et al., 1990). The PCR reaction was performed in a
total volume of 50 wl containing 1x reaction
buffer, 1.5 mM MgCly, 0.2 mM of each dNTP, 2.5
uM of each primer, 0.4 units of Tag DNA
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polymerase and 2 ul of DNA sample (diluted 1:20
in ddH0). The temperature profile was 94°C for 2
min; followed by 36 cycles of denaturing at 94°C
for 45 s, annealing at 50°C for 45 s and extension
at 72°C for 1.30 min; and a final extension at 72 °C
for 5 min. PCR products were checked on a 1%
acarose gel containing 0.125 mg/L  ethidium
bromide. The PCR products were cleaned using a
PCR purification kit (RBC Bioscience, Taiwan) and
were sequenced using the same primers as in the
PCR by the Macrogen DNA Sequencing Service

(Seoul, Korea).

3. Data analysis of amplified sequence

A total of 31 sequences from 11 species
of edible mushrooms were included in the
analyses. Sequences were aligned using the
Clustal W algorithm in BioEdit (Hall, 1999), which

was followed by manual editing as appropriate.

| Results |

The study of the species diversity and
ecology of wild edible mushrooms in Koak Ngam
Forest Meuang District, Maha Sarakham Province,
Thailand found a total of 31 species representing
15 genera from 7 families of edible mushrooms
(Table 1). The Russulaceae family with 10 species
was the most commonly found, followed by
Boletaceae with 8 species, Amanitaceae with 7
species, Astracaceae and Cantharellaceae with 2
species and Tricholomataceae and
Mdnayastraceae, all represented by one species
each (Figure 1). The types of mushrooms found
with a high frequency and large quantity included
Russula sp. and Amanita sp., Boletaceae (Boletes,
Boletus, respectively).

Thirty-one specimens from 11 species of
Amanita (two species), Termitomyces (one
species), Russula (five species), Boletus (two

species) and Astraeus (one species) were
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Genetic variation within and between species was
calculated based on the Kimura 2-parameter using
MEGA 6 (Tamura et al., 2011). The maximum
parsimony (MP) method in PAUP 4.10b was used
(Swofford, 2002). Bootstrap supports were
calculated based on 1,000 pseudo replications.
The phylogenetic relationships were assessed
based on neighbor-joining (NJ) and maximum
likelihood (ML) methods. Both NJ and MP were
implemented in MEGA 6 Version 6.0.5 (Tamura et
al., 2011). Branch support for NJ and MP was
calculated using the bootstrapping method with
1,000 replicates. For phylogenetic analyses, ITS
sequences of Inonotus tropicalis (MJ. Larsen &
Lombard) T. Wagner& M. Fischer (AF534077) and /.
weigelae T. Hatt. & Sheng H. Wu 2012 (JN642597)

from Genbank were used as the out group.

examined (Table 1). Phylogenetic analysis
revealed two groups of edible of mushrooms.
Group | was comprised of three familes
(Amanitaceae, Russulaceae and Boletaceae) with
10 species (Amanita hemibapha subsp. javanica
Cormer & Bas, A princeps Corner & Bas,
Termitomyces  fuliginosus Heim, Russula
luteotacta Rea, R. cascadensis Schaeffer, R.
paludosa (Secr.) Gill, R aeruginea Lindbl, R.
violeipes  Quelet, Xerocomus subtomentosus
(Li:Fr.) Quel. and Boletus edulis Bull. ex Fr.).
Amanitaceae was included with two
species which were A. hemibapha subsp. javanica
Corner & Bas and A. princeps Corner & Bas. with
strong support (91%). Russulaceae was divided
into four groups: group | consisted of R. luteotacta
Rea with high bootstrap support (100%), group |l
consisted of two species that were R. cascadensis
Schaeffer and R. luteotacta Rea, group |l
consisted of two species that were R. luteotacta

Rea and R paludosa (Secr) Gill. with high
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bootstrap support (100%) and group IV consisted
of two species that were R. aeruginea Lindbl. and
R. violeipes Quelet. Boletaceae was included with
two species that were X. subtomentosus (Li:Fr.)
Quel. and B. edulis Bull. ex Fr.. Group Il comprised
of A hygrometricus (Pers. Ex Pers) Morgan.
According to the result of the analysis, it was
found that every family was monophyletic (Figure
2)

The phylogenetic analysis showed that
every species was monophyletic apart from R.
luteotacta Rea that was polyphyletic. However,
the samples of this group were divided into three

distinct sections with bootstrap support of 100%,

and all sections had different genetic divergence
(mean = 7.9%), which suggested that R. (uteotacta
Rea might contain two different species, but the
morphology was very similar and in a position
close to R. paludosa Britzlemayr. R. aeruginea
Lindbl.was a monophyletic species; however, the
samples of this group were divided into two
sections with bootstrap support of 100%. X
subtomentosus (Li:Fr.) Quelwas a monophyletic
species. In addition, this group of the sample was
split into three sections with high bootstrap
support  (100%), which suggested that X
subtomentosus (Li:Fr.) Quel. might include three

different species, but the morphology was very

Table 1. Edible Mushrooms collected in Koak Ngam Forest, Maung, Maha Sarakham Province, Thailand.

Family

Scientific mane

Amanitaceae

Amanita hemibapha subsp. javanica Corner & Bas

A. princeps Corner & Bas.

A. caesaria (Fr.) Schwenitz

A. onusta (Howe) Saccardo

Termitomyces fuliginosus Heim

T. eurhizus (Berk.) Heim

Termitomyces microcarpus (Berk. & Broom) Heim

Astracaceae

Astraeus hyerometricus (Pers. Ex Pers) Morgan

A. asiaticus C. Phosri, M. P. Marthin & R. Watling

Boletaceae

Tylopilus visidulus (Pat.) Lee & Watling,

Phylloporus rhodoxanthus (Schw.ex Fr.) Bresadola

Xerocomus subtomentosus (Li:Fr.) Quel.

Phlebopus braunii (Bres.) Singer

Boletellus emodensis (Berk.) Singer

Boletus edulis Bull. ex Fr.

B. mottii Thiers

B. minitopallescens Smith & Thiers

Cantharellaceae

Cantharellus minor Peck

Clavulina cristata (Fr.) Schroeter

Mdnayastraceae
Russulaceae

Mycoamaranthus cambodgensis (Pat.)
Russula densfolia (Secr.) Gill.

R. cascadensis Schaeffer

R. luteotacta Rea

R. paludosa Britzlemayr
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Family Scientific mane
R. delica Fr.

R. aeruginea Lindbl.

R. violeipes Quelet
R. cyanoxantha (Schaeff. ex Secr.) Fr.
Lactarius aurantiacus (Vahl. ex)

L. glaucescens Crossl.

Tricholomataceae Tricholoma crassum (Berk.) Sacc.
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Fig. 1 Some edible mushrooms from Koak Ngam Forest: (A) Clavulina cristata (Fr.) Schroeter, (B) Cantharellus minor Peck, (C)

Strobilomyces confusus Sing., (D) Termitomyces eurhizus (Berk.) Heim., (E) Termitomyces microcarpus (Berk. & Broom) Heim, (F)

Lactarius aurantiacus (Vahl.ex), (G) Phylloporus rhodoxanthus (Schw.ex Fr.) Bresadola, (H) Tyopilus sp., (1) Russula cyanoxantha

Schaeff.ex Fr., (J) L. glaucescens Crossl, (K) Xerocomus subtomentosus (Li:Fr.) Quel., (L) Amanita princeps Comer & Bas., (M) R.

paludosa Britzlemayr, (O) R. uteotacta Rea., (P) Tylopilus visidulus (Pat.) Lee & Watling, (Q) A. hemibapha subsp. javanica

Corner & Bas, (R) Boletes sp. (S) A. caesaria (Fr.) Schwenitz and (T) A. onusta (Howe) Saccardo.

similar. B. edulis Bull. ex Fr. and A. hygrometricus
(Pers. Ex Pers) Morgan were monophyletic species;
however, the samples of this group were divided
into two sections with high bootstrap support
(100%). A. hyerometricus (Pers. Ex Pers) Morgan
was a monophyletic species, but the samples of
this group were divided into two sections with high
bootstrap support (100%).

A total of 31 sequences representing 11
species of edible mushrooms from Koak Ngam
Forest, Maung, Maha Sarakham, Thailand were
obtained. The sequence length of the ITS1 region
ranged between 430 and 560 bp. There were 199
invariable positions, 271 positions were variable
but parsimony was uninformative and 84 positions
were variable and parsimony was informative.
Average intraspecific genetic divergences based on
the Kimura 2-parameter model for 11 species
(Table 2) ranged between 0 and 7.9%. A high
level of genetic differentiation was found in R.
luteotacta  Rea  with  intraspecific  genetic
divergences of 7.9. While for other species the
values were R. paludosa Britzlemayr mean = 0, R.
aeruginea Britzlemayr mean = 0.6, R. violeipes
Quelet mean = 0, X. subtomentosus (Li:Fr.) Quel.
mean = 2.8, B. edulis Bull. ex Fr. mean = 2.1, A.
princeps subsp. javanica Corner & Bas mean =
0.31 and A. hygrometricus (Pers. Ex Pers) Morgan
mean = 1.5 (Table 2)

Discussion

The types of mushrooms found with a
high frequency and a large quantity were the

families Russulaceae (Russula) and Amanitaceae.
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Russla are considered a species with high
biodiversity (Singer, 1986; Boa, 2004; Sitta and
Floriani, 2008), and they play an important role in
forest ecology (Richardson, 1970). Environmental
factors that affect the development and integrity
of mushrooms are the moisture together with
humid conditions and strong sunshine after rain
that stimulates the mushroom growth. In addition
to weather, ground conditions with plant matter
deposition produces a rich nutrient source that
results in strong mushroom growth (Klinhom et al.,
2003; Benjawattananon et al., 2008). To identify
mushrooms as belonging to either Russula or
Boletus genera cannot be done by only
recognizing the morphology as these two genera
share a very similar physical appearance, which
can result in mistakes in classification and
identification of the mushrooms (Dai, 2007;
Oberwinkler, 1985; Hibbett and Thorn, 2001; Kirk
et al., 2001; Hibbett and Binder, 2002). According
to the report of Marco et al. (2005), a study was
conducted with B. edulis in Italy and Europe. It
was a species complex and possessed a genetic
diversity that was difficult to classify by
morphology alone because the morphological
variation of the mushroom was very little. This
also corresponded to the study of Mello et al
(2006) in to Boletus that were edible and naturally
grown in Europe. It found that the taxonomic
classification of 10 groups of mushroom could not

be done through morphology alone.
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Fig 2. Maximum-likelihood trees for 31 sequences from 11 species of the edible mushrooms in Koak Ngam Forest. Bootstrap

support for neighbor-joining, parsimony and posterior probability based on the likelihood ratio test, respectively, are shown

above or near the branch. Scale bar represents 0.01 substitutions per nucleotide position.

Table 2. Edible Mushrooms collected in Koak Ngam Forest, Maung, Maha Sarakham Province, Thailand.

Family

Scientific mane
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Family Scientific mane

Amanitaceae Amanita hemibapha subsp. javanica Corner & Bas
A. princeps Corner & Bas.
A. caesaria (Fr.) Schwenitz
A. onusta (Howe) Saccardo
Termitomyces fuliginosus Heim
T. eurhizus (Berk.) Heim

Termitomyces microcarpus (Berk. & Broom) Heim

Astracaceae Astraeus hyerometricus (Pers. Ex Pers) Morgan
A. asiaticus C. Phosri, M. P. Marthin & R. Watling
Boletaceae Tylopilus visidulus (Pat.) Lee & Watling,

Phylloporus rhodoxanthus (Schw.ex Fr.) Bresadola
Xerocomus subtomentosus (Li:Fr.) Quel.
Phlebopus braunii (Bres.) Singer

Boletellus emodensis (Berk.) Singer

Boletus edulis Bull. ex Fr.

B. mottii Thiers

B. minitopallescens Smith & Thiers

Cantharellaceae Cantharellus minor Peck

Clavulina cristata (Fr.) Schroeter
Mdnayastraceae Mycoamaranthus cambodgensis (Pat.)
Russulaceae Russula densfolia (Secr.) Gill.

R. cascadensis Schaeffer

R. luteotacta Rea

R. paludosa Britzlemayr

R. delica Fr.

R. aeruginea Lindbl.

R. violeipes Quelet

R. cyanoxantha (Schaeff. ex Secr.) Fr.

Lactarius aurantiacus (Vahl. ex)

L. glaucescens Crossl.

Tricholomataceae Tricholoma crassum (Berk.) Sacc.

Table 3. Range and average intraspecific and interspecific genetic divergences based on the ITS sequences
from edible mushrooms in Koak Ngam Forest, Maung, Maha Sarakham, Thailand.

Species Number of Mean of Mean-Max
samples intraspecific (%)
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between species

(%)
1 Amanita hemibapha subsp. javanica Corner 3 1.5 0-4.8
& Bas
2 A. princeps Corner & Bas. 3 0.31 0-0.50
3 Termitomyces fuliginosus Heim 2 0 0
4 Russula luteotacta Rea 3 79 1.6-9.3
5 R. cascadensis Schaeffer 1 - -
6 R. paludosa Britzlemayr 2 0 0-1.15
7 R. aeruginea Lindbl. 3 0.6 0-0.9
8 R. violeipes Quelet 2 0 0-2.67
9 Xerocomus subtomentosus (Li:Fr.) Quel. 6 2.8 1.5-4.67
10 Boletus edulis Bull. ex Fr. 3 2.1 0-3.3
11 Astraeus hyerometricus (Pers. Ex Pers) 3 1.5 0.5-2.0
Morgan
total 31

According to the study of the
phylogenetics of Boletaceae, which were divided
into several groups that corresponded to the
study of Leonardi et al. (2005) who studied the
variation in mushrooms of the genus Boletus, they
could be divided into four groups, which
corresponded to the plant morphology of each
species. DNA barcodes can be used to classify
species of mushroom (Beugelsdijk et al., 2008).
According to such a study, it was found that the
classification of Boletus into different species
could be done by some morphological

characteristics, and that there was no genetic

Uil 13 aduil 2 nsngau - Fuau 2559

difference. Using the appearance, color, lamellae
and symbiotic relationships with plants of the
mushroom against the morphology alone to
classify the species of the mushroom might lead
to inaccuracies in the classification. Genetic
markers help to solve the problems and
limitations of species identification. Phylogenetic
study based on the ITS of Boletaceae was divided
into two groups. The Boletus species formed two
distinct monophyletic clades. The X.
subtomentosus (Li:Fr.) Quel. clade was divided
into three major clades. These three groups have

a high levels of genetic divergence (2.8 % Kimura
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2-parameter genetic distance). This might indicate
the existence of cryptic diversity in this species
(Donnell, 1993; Muthumeenakshi et al., 1994;
Sreenivasaprasad et al., 1996; Balardin and Kelly,
1998; Miller, 2002). Basidiomycetes were found to
have high genetic variation of 3.3% (Nilsson et al.,
2008). Molecular studies of the Russulaceae
indicated that this family could be split into
several genera, due to the individuals under this
species being much diversified. The fact that the
physical appearance, size and color of Russula
were very similar, might lead to inaccurate
classification and identification of the mushroom,
especially in doing so for Russula sp. (Oberwinkler,
1985; Hibbett and Thorn, 2001; Kirk et al., 2001;
Hibbett and Binder, 2002; Dai, 2007). The study in
Europe classified Russula sp. as a species complex
(Sarnari, 2008).The molecular marker frequently
was used for fungal barcoding of is the ITS
sequences (Begerow et al., 2010). DNA barcodes
based on ITS sequences have been used
successfully to identify several fungal species.
Jargeat et al. (2010) used ITS sequences for
population genetic study and for species
identification of the T. scalpturatum complex. The
results indicated low intraspecific genetic variation
(<0.2% K2P distance); thus, ITS sequences were
effectively used to identify species of this
complex.

However, great intraspecific variation was

reported for fungi. Mean intraspecific genetic
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Research Article

Mathematical Modeling of Thin-Layer Cassava Leaves Drying for Animal Feed

Sakchai Dondee” and Siriporn Kuntongkum

Program in Mechanical Engineering, Establishment of the Faculty of Engineering,
Chaiyaphum Rajabhat University, 36000, Thailand

Abstract

Cassava is the forage that is high in protein in the leaves, trunk and graphite. The synthesis process of

cyanide is self-defense of plants from insect damage, which was can be reduced by thermal processes. The
evaluation of mathematical models for prediction of thin-layer cassava leaves drying for animal feed was
aimed in this research under combined solar energy and hot-air convective dryer. Additionally, the
mathematical models (Henderson and Pabis, Logarithmic, Two-Term) for describing the thin-layer drying
behavior was developed, which was conducted using four air temperatures (50, 70, 90, 110°C). Before the
drying process, the cassava leaves are taken to aerate at surrounding air temperature for 0, 24, and 72 hr,
respectively. The mathematical models were compared according to four statistical parameters, i.e. R, R?, Adj
R? and residual error. The results found that the increase of drying air temperature was rapidly decreased of
the moisture content and the moisture ratio, which was resulted on the increase of drying rate and decrease
drying time. The drying air temperature and desiccated time had the greatest effect on the drying kinetics of
cassava leaves. Out of the three models considered, Two term model was found to be the most suitable for

describing the drying behavior of the cassava leaves.

Keywords: Cassava leaves, Mathematical model, Solar energy, Hot-air convection
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Introduction

The cassava (Manihot esculenta Crantz) is
an important crop in Thailand, which was 5.2% of
the export value of agricultural products. Cassava
plantations have spread across the country. The
acreage of the top 5 in Thailand, including
Kamphaeng Phet, Nakhon Ratchasima, Chaiyaphum,
Sa Kaeo and Kanchanaburi. Cassava is the forage
that is high in protein in the leaves (32.3%), trunk
(14.6%), graphite (8.9%) and other parts (32.3%)

(Wanapat, 1999). Cassava contains cyanogenic
glucosides 2-types of linamarin are approximately
95% and lotaustralin, with approximately 5% of
the substance cyanogenic glucosides all sites
(Wanapat, 2002). The amount of cyanogenic
glucosamine site is based on age species and the
environment. The amount of cyanide can be
reduced by thermal processes (Wanapat, 2000).

The solar energy is another alternative for
drying and easy way, which is not complicated. In
Thailand, the solar energy was studied and applied
in the drying process, such as; Praphanpong et al.
(2013), Teeradeth et al. (2009-2010), Prateep et al.
(2012), Thaloengrach et al. (2012), Jaruwat et al.
(2011) and much more.

The simulation models are helpful in
designing new or in improving existing drying
systems or for the control of the drying operation
(Kooli et al, 2007). The modeling drying of
biomaterials under solar energy are a complex
problem, which was involved simultaneous heat
and mass transfer in a hygroscopic nature. The
drying rate was depended on a number of
external variable parameters and internal
parameters.

The utilization of cassava leaves are a waste
agricultural materials harvested cassava roots are
very few. Including research, the use of cassava
leaves for animals feed preparation is few. The
objective of the present study was to determine
experimentally the thin-layer drying characteristics
of cassava leaves for animal feed under combined
solar energy and hot-air convective dryer.
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Furthermore, the mathematical models for
describing the thin-layer drying behavior were

investigated.

Materials and methods

1. Experimental apparatus

The combination of solar energy and hot-air
dryer was developed and experimentally used in
this study as shown in Fig. 1. It consists of a
collector plate with dimensions 180x300 cm,
drying chamber with dimensions 30x50x30 cm,
500 Watt electric heating coil which was
controlled by PID control system and electrical
fan. The K-type thermocouple was used to
measure the temperature in the drying chamber,
collector plate and surrounding air temperature,
an accuracy of + 2 °C. The cassava leaves sample
was placed on a tray inside the drying chamber.
The weight of the cassava leaves sample was
continuously measured by electrical balance, an
accuracy of + 0.01e.
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Fig.1 Combined solar energy and hot-air

convective dryer
2. Experimental procedure

Experiments were performed to evaluation
the effect of process variables on the thin-layer
drying characteristics of cassava leaves under
combined solar energy and hot-air convective
dryer. Before the drying process, the cassava
leaves are taken to aerate at surrounding air
temperature for 0, 24, and 72 hr. The experiments
were carried out at different drying temperature
(50, 70, 90 and 110°C). All the experimental
conditions, a 300g cassava leaves was used. The
weight of cassava leaves was continuously

monitored and recorded. The final moisture
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content in the cassava leaves was 10+1% drybasis
(d.b.). Before the start of each drying conditions, a
300g cassava leaves sample was spread in a thin-
layer on drying trays and placed in the drying
chamber and the test started. The cassava leaves
sample weight was continuously monitored and
recorded during drying experiments by electrical
balance (accuracy of =+ 0.01g). Drying was
continued until the moisture content of the
cassava leaves sample reached 10% d.b.. The
average moisture content of the cassava leaves
samples for each weighing period was calculated
based on the initial mass and final moisture
content of the samples. After each drying
experiment, the sample was oven-dried at 103°C

to determine the moisture content.

3. Evaluation of thin-layer drying curves

The equation describes the drying rate of a
thin-layer is necessary for simulation of deep bed
drying, due to simulation models are usually
based on the assumption that the deep bed is
composed of a series of thin-layers (Kashaninejad
et al., 2007). Besides, Jayas et al., (1991) reported
that the behavior of moisture loss with time in
drying is best characterized by an inverse
exponential relationship. Numerous models have
been proposed to describe the rate of moisture
loss during drying of materials (McMinn, 2006;
Sharma et al., 2005; Midilli et al., 2003; Akbulut et
al., 2010; Duc et al.,, 2011; Hiia et al., 2009; Hii et
al., 2012; Meziane, 2011; Singh, 2011; Kooli et al.,
2007). A few selected thin layer drying models,
which might be adequate to describe thin-layer
drying data for the cassava leaves are reviewed as
follow.

Henderson and Pabis (Chhinman, 1984)
model has been used to model thin-layer drying
characteristics of various agricultural products. The
slope of model, coefficient k, is related to
effective diffusivity when drying process takes
place only in the falling rate period and liquid
diffusion controls the process. The model of
Henderson and Pabis was calculated using the

following Eq. (1).
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MR = a exp (-kt) )

Two term model (Henderson, 1974) has
proved to be the most widely popular. This model
is a part of infinite series of negative exponentials
derived from a general solution to the diffusion
equation. Two term model was calculated using
the following Eq. (2).

MR = a exp (-kit)+ b exp (-kot)  (2)

Logarithmic model (Chandra and Singh,
1995) has been used to model thin-layer drying
characteristics of various agricultural products,

which was calculated using the following Eq. (3).

MR = a exp (-kt) + ¢ (3)

4. Correlation coefficients and error analyses
The goodness of fit of the tested thin-layer
models to the experimental data of cassava
leaves under combined solar energy and hot-air
drying was evaluated with the R, R? Adj R* and
residual error. The linear or nonlinear regression
analysis was performed with statistical software.
The higher the R, R? Adj R? and lowest residual

error values is the goodness of fit.

Results and Discussion

The moisture content change of cassava
leaves under combined solar energy and hot-air
convective dryer versus drying time at various hot-
air temperature and time of aerate are as shown in
Fig. 2. As seen from this figure that the moisture
content was decreased with the increase of hot-air
temperature, which was rapidly reduced in the first
period and then slowly decreased. The drying time
was deceased with the increase of hot-air
temperature; it can be seen in the Table 1 While
the moisture content was gradually decreased at
50°C in overall drying conditions, a sharp decrease
occurs in moisture content with the highest hot-air

temperature of 110°C.
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Table 2 Results of statistical analysis on the modeling

Mathematical model Drying conditions Regression coefficient
Temperature (°C) Aerate (hr) | R R? Adj R?
0 0.9990 0.9980 0.9980
50 24 0.9923 0.9848 0.9842
12 0.9967 0.9934 0.9928
0 0.9995 0.9990 0.9989
70 24 0.9966 0.9932 0.9929
Henderson and Pabis 72 0.9859 0.9720 0.9673
0 0.9996 0.9993 0.9992
90 24 0.9991 0.9982 0.9981
12 0.9941 0.9883 0.9854
0 0.9996 0.9991 0.9991
110 24 0.9980 0.9961 0.9956
12 0.9923 0.9846 0.9795
Average 0.9960 0.9921 0.9909
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Table 2 Results of statistical analysis on the modeling (Con.)

0 0.9990 0.9980 0.9979
50 24 0.9993 0.9987 0.9985

72 0.9998 0.9995 0.9994

0 0.9995 0.9990 0.9988

70 24 0.9991 0.9981 0.9978

Two term 72 0.9998 0.9997 0.9994
0 0.9996 0.9993 0.9992

90 24 0.9995 0.9989 0.9987

72 0.9999 0.9998 0.9994

0 0.9997 0.9995 0.9994

110 24 1.0000 0.9999 0.9999

72 0.9999 0.9998 0.9993

Average 0.9995 0.9991 0.9989

0 0.9997 0.9994 0.9994

50 24 0.9993 0.9987 0.9986

72 0.9998 0.9995 0.9995

0 0.9998 0.9997 0.9997

70 24 0.9983 0.9966 0.9962

Logarithmic 72 0.9979 0.9958 0.9941
0 0.9997 0.9995 0.9994

90 24 0.9994 0.9988 0.9986

72 0.9995 0.9991 0.9985

0 0.9996 0.9992 0.9991

110 24 0.9988 0.9976 0.9970

72 0.9987 0.9975 0.9950

Average 0.9992 0.9984 0.9979

The effect of time of aerate at surrounding
air temperature on the moisture content found
that the time of aerate was significantly affected
on the initial moisture content, namely the initial
moisture content of cassava leaves before drying
was reduced from 181% d.b. to 85 % d.b and
22 % d.b. for 24 hr and 72 hr, respectively. During
operation, the trend of moisture content was

similarly changed as shown in Fig. 3.

The moisture content of cassava leaves
were converted into moisture ratio (MR), and then
fitted against drying time, using the various models
(Hendersion and Pabis, Logarithmic, and Two-Term
models). It can be seen that the Two term model
has the average highest value for the R, R?, Adj R?
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of 0.9995, 0.9991 and 0.9989, respectively. The
results of statistical analysis on the modeling
under all drying condition were presented in the
table 2.
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Fig. 4 Moisture ratio versus drying time, comparing

experimental curve with the predicted one

based on Two term model under the hot-

air temperature range of 50-110°C.

(@) 0 hr of aerate (b) 24 hr of aerate

(c) 72 hr of aerate

Fitted drying curves based on Two term
model which was found to provide excellent fits
of the experimental data for 50, 70, 90 and 110°C
can be seen in Fig. 4. Besides, it has the average
lowest residual error as shown in Fig. 5, under
specific drying condition. Therefore, Two term
model was successfully described the thin-layer
drying behavior of the cassava leaves under
combined solar energy and hot-air convective

drying.
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The validation of the Two term model was
confirmed by comparing the estimated or
predicted moisture ratio at any particular drying
condition as shown in Fig. 6. The predicted data
generally banded around the straight line which
showed the suitability of the Two term model in
describing the combined solar energy and hot-air

drying behavior of the cassava leaves.
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Conclusion

Base on this research for cassava leaves
drying under combined solar energy and hot-air
convective dryer for animal feed preparation, the
following conclusions can be stated: 1) Drying air

temperature and desiccate time are significant

factors in drying of cassava leaves, 2) The higher
drying air temperature and the desiccate long-time
is resulted on the reduce of the drying time, 3)
The change of moisture content is takes place in
the falling rate period and 4) Two term model was
successfully described the thin-layer drying
behavior of the cassava leaves under combined

solar energy and hot-air convective dryer.
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Design and build a float plantation by water hyacinth

Rattachai Sayrumyat'*, Voraluck Suriwong?, Patcharaporn Inrirai* and Thawanrat Sumrit

'Faculty of Food and Agricultural Technology, Pibulsongkram Rajabhat University, Phitsanulok,
65000, Thailand

Abstract

The water hyacinth which is a weed of rapid growth and is a cause of water pollutions. To solve this
problem and provide benefit in term the area under cultivation increasing, this research is focus to study the
relationship between floating raft crops thickness and the mass raft drowned fit. Another objective was to
investigate the suitable linear equation of above relationship from computational method and experimental
method. The results shown that the average density of dried water hyacinth was equal to 0.111 g/cm? which
could not drown. Next, the buoyancy force and mass raft drowned fit were calculated in each raft thickness
level, including 4 6 8 and 10 cm. The result from computational method could explained that the raft of
water hyacinth to support the weight of the mass increased with increasing thickness of the raft. The raft
thickness 10 cm, it could support the maximum weight of the mass at 6.72 kg and predict the linear equation
toy = 0.7398x - 1.089, R? = 0.9495. For the experimental method, the floating rafts were designed the width
and length was equal 50 cm on both sides and desired thickness were divided into four levels as same as the
computational method. The stem of water hyacinth stacked layers in each thickness level and test weights
that fit raft drowned. The results showed that the floating raft got the maximum support weight at 7.192 kg at
10 cm thickness and predict the linear equation to y = 0.8259x - 1.0343, R* =0.9983. Moreover, the standard
deviation was less (0.162 — 1.029) by the mass raft drowned fit comparing between the computational
method and the experimental method, or the both method was not significantly differences in p < 0.05.
When a clay which its bulk density is 2.09 g/cm?® and 30 cm of thickness, was placed on the floating raft
crops. The raft’s thickness is 191.04 cm that can make it drown, must be designed and built. Therefore, they
were further applied the linear equation of both method to construct and design floating raft crops.

Moreover, this study is a way to solve the problem of water hyacinth and increase a planting area.

Keywords : floating raft crops, water hyacinth and buoyancy force
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Aquaculture Technology Innovation

Chanagun Chitmanat

Faculty of Fisheries Technology and Aquatic Resources, Maejo University, Chiangmai 50290

Abstract

Aquaculture technology innovations are very significant for sustainable aquaculture operation. They
are able to reduce the operating cost, enhance productivity, and increase competitiveness. The creativity,
scientific thinking, and biotechnology play important roles to generate various innovations including fish
genetic improvement, monosex production without hormone application, fish culture to meet the quality
standard and food safety, fish health management to cut down the chemical and antibiotic usages, aquatic
feed technology, rearing system and environment management. In sum, aquaculture technology innovations
are vital tools to solve the problems of Thai farmers in order to improve their life quality and promote

Thailand to be a world recognized site for aquatic animal producers.

Keywords: Innovation and Aquaculture
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