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Opinions towards extension and support on organic rice production of farmers in

Agricultural Settlement, Tambol Kummad , Kudchum District, Yasotorn Province

Nutsopin Trisuvanwat ' , Chaicharn Wongsamun1

Agricultural Extension and Development Faculty of Agriculture, Khon Kaen University, Khon Kaen,
Thailand 40002

Abstract

The objective of this research were to study opinions towards extension and support on organic
rice production of farmers Research data were collected from 100 farmers, selected by random
sampling, in November 2018. Data collection was conducted by using interview schedules and, then the
data were analyzed by using the computer program SPSS for Windows for the values frequency, mean,
maximum, minimum, standard deviation, t-test and F-test.

The study results revealed that for the opinions towards extension on organic rice production,
all 25 items were viewed as suitable at a high level. The first 5 items that had the highest scores were :
1) farm visits, 2) advocacy from related agencies, 3) organizing activities for exchanging knowledge and
experiences, 4) receiving information from Internet, and 5) practical training. For the opinions towards
extension on transferring knowledge on organic rice production, organic rice, the farmers expressed that
all 29 items were suitable at a high level and the first 5 items that had the highest scores were: 1) land
preparation, 2) no burning of stumps, 3) bio liquid fertilizer, 4) verifying system of organic products, and
5) selecting rice varieties and seed. The farmers perceived that transferring knowledge on organic rice
processing was suitable at a low level in all items. For the opinions towards the support provided, it was
found that the farmers viewed all 26 items suitable at a high level and the first 5 items that had the
highest scores were: 1) learning center, 2) rice barn, 3) processing and selling of rice products, 4) water

pumps and 5) two-wheeled tractor.

Keywords: Opinions , organic rice production, organic rice
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Product development of gluten-free pumpkin cracker

Yanisa Poratso* Sunan Butsat* and Pornpisanu Thammapat

Program in Food Technology, Faculty of Agricultural Technology, Rajabhat Maha Sarakham University,
Maha Sarakham, 44000, Thailand

Abstract

The product development of gluten-free pumpkin cracker objective is study the production
process pumpkin cracker by using pumpkin flour with flour from various grains such as Rice flour, corn
flour and tapioca starch. And is a product that consumers accept by select the appropriate formula that
the consumer accepts To develop the formula by varying the ingredients between Pumpkin flour, Cereal
flour and butter The result found that consumer test to accept the appearance and overall of pumpkin
crackers with most rice flour. By suitable baking conditions for crackers Is 170 degrees Celsius for 8
minutes due to the color value (L* a* b*) a, value and a hardness similar to commercially available
products. The chemical analysis of this pumpkin cracker showed the content of moisture, ash, protein,

lipid, fiber and carbohydrate content as percentage were 5.67, 7.02, 6.60, 9.77, 11.11 and 59.83
respectively.

Keywords: Cracker, rice flour, pumpkin, gluten-free
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Table 1 Components ratio of pumpkin Crackers

Components Control* Formula (g)
(g) 1 2 3
Wheat flour 100 0 0 0
Pumpkin flour - 50 50 50
Tapioca starch - 50 - -
Rice flour - - 50 -
Corn flour - - - 50
Better 20 20 20 20
Milk 60 60 60 60
yeast
Baking soda
Salt 1 1 1 1
Sugar 20 20 20 20

* Ruechakul et al. (2014)
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WnnasUasnngiau
thuasninesgasigmaasulinisseniy
wnfign uiiesiosdUsznaumand Weldnanis
gaUSUINgAsTINE AL msieeinanIn
mapilnensmean autu TWsiu Todu ez
Astulansn (MU3BunsgIu AOAC, 2000)
5. snadldlunsimszideya
MTIATIERANNLUTUTIU LaztUIauiisy
Anade 1nel433 Duncan Multiple Range Test
(DMRT) fiszsutiodfayniaada (p<0.05)

224 FEINYAINISIFU

NaN15e

1. AudnwuzneUsTamduiavamaniugiuasn
nasilnnasuasanginu

AveaeuinlvinisyensuRMinwrUIINg
LATANUYBUTINYDIMATNLNDSTHNNB T IR ULTS
$19817unfign #o 7.20 waz 7.67 Heiea
\osnannudatnnindauaudasiunisliniig
nsou diunduiudvsnanglinnunilauas aveu
dlol@¥umnudeu (Srirot and Piyajornkhun, 2003)
2. an1zluniseuuasninasinnasasanginy

wansnaaevanzluniseuuasninesi
gaUniLaITELLIANAIT WUl Ad (L* a* bY)
YOINANAUINLATNNDSLANAIAUD 19T T ATy
(p<0.05) Tasuasninesoufigunail 170 °4 8 il
160 °» 10 W%l wag 150 °y 15 Wil dAAduaing
(1% TndiAssiu wazdgandtaniozdug dauand
LA (@) wazAdvdes (0¥ veswasnined eud
gounil 170 °% 12 Uit dAngn

Maw  veuAsAINes NUd egamai
90U uarszezalunIsouiindu axdwmarilian
aw fAtansias adidesnanUiinaidassgn
Mineeniag

Arauuds wuin lerfingunall uaz
syozalunsouuuiy dswaviliuasninosian
anuudsanas Tnsunsninesfieugnmgil 150 o &
Aruudagannnnitaninzdus iesanulsly
drunauvewaIninesdilian

wuianngluniseuiinunzaudingy
uAsnNDS fe gaumgdl 170 *o umw 8 Wil iiesannd]
ANd (L* a* b*) A1 aw uazArmuwdslndlAesiu
HAnAavowmaIn Fuhunldlunisudnuasnines
flnvesaeanginu
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3. Waunaadueiuasninesinvasaaangiau
HAaN1IANYIAMAINNINUTEAIMTURAYD4
uasninesilmesasangun Afnsiundsdiunay
3 yiln lnelduSuuudlnnesiosas 30-50 uls
Syiviosar Sosay 40-60 uaviuy So8ay 10-30
auddu wudn  dleiinuiunaudsyfivdamald
AZUUUAUYDUAUINYULUTING UATAI1UNTBUY
ity Turasfinnuseudunau & wazsawfden

Table 2 Sensory Evaluation of Pumpkin Cracker

P

anad ilauSuiawteiinneanaziugiuIurinla

P
]

AYHUUALTOULRABAIUE uazdunAuRNTY du
ANUTOUAUANBALUTING ATAINNTOUANDS B9
dndrunsdusznaviiminzanlunisndnuasnines
flamesasnnquuiifnaaeulvinzuuuniuyeusy
aen (7.74 aziuw) A wllnnesiosay 43.4 uls
Seyivovaz 43.4 uaziuy 13.4

Types of cereal

Sensory characteristics

flour Appearance Color Flavor Oder Crispness Overall
. b b
Tapioca starch 7.20£0.22°  7.35:0.53° 7.30+0.60" 7.40£0.59° 7.47+0.59° 7.32+0.72
Rice flour 7.48+0.07°  7.55+0.50° 7.53+0.01° 7.52+0.64° 7.50+0.67" 7.67+0.57°
b b b b b b
Corn flour 7.17+£0.23 6.62+0.62 6.40+0.63 7.02+£0.73 7.07+£0.26 7.25+0.43
Means within rows followed by a different letter (a-b) are significantly different (p<0.05)
Table 3 The results of the physical composition of gluten-free pumpkin crackers
Temperature Time L* a* b* a, Hardness
(N)
8 71.2420.19 7.29+0.32 41.57+0.39" 0.74+0.00° 80.89+0.86"
150 10 70.61+0.29° 7.67+0.13° 41.41+0.28° 0.62+0.01" 58.14:+0.58°
12 69.93+0.21° 7.2240.10' 41.30+0.19" 0.6120.00° 37.72+0.33°
8 71.49+0.11° 7.56+0.23% 44.39+0.35° 0.67+0.00" 66.84=0.05"
160 10 69.52+0.90° 7.28+0.12" 41.44+0.41° 0.48+0.01° 4.63+0.10°
12 69.37+0.55° 9.48+0.27° 40.42+0.28° 0.43+0.15° 1.30+0.20'
8 71.27+0.22° 7.50+0.26™ 41.39+0.15 0.30+0.07° 2.43+0.26"
170 10 67.32+0.19° 10.34+0.16" 41.32+0.09° 0.23+0.01° 1.48+0.26'
12 66.26+0.68° 12.57+0.14° 39.31+0.25° 0.21+0.05° 1.30+0.24'
commercial - 71.02+0.08° 7.55+0.08% 41.45+0.32° 0.28+0.03° 1.98+0.31'
cracker
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4. 3AUTZNOUNIALIVDINANA UIILATA
nasinnasuasanginu
Han13AN®193AUTENRUNINLAR YD
HandusuAsninesiinvesUasnngnu wuil Y
1 uazUTinandologandy Tuvaefivsunallesius

nimdnfasiuasninosanfiesnann failiilesand
druusznovresiinres SeiuTunaussiguasle
91vn3g luvauziivinailusiuvesunsninesilnnes
Uaoanguaudinit msizlifidmusznevveands
a1

Table 4 Chemical composition of gluten-free pumpkin crackers and commercial cracker

Composition (%) Product
commercial cracker gluten-free pumpkin crackers

Moisture 3.05 + 0.05° 5.67 + 0.00°

Ash 1.21 + 0.05° 7.02 +0.02°

Protein 8.37 + 0.01° 6.60 +0.05°

Fat content 24.32 + 0.03° 9.77 £ O.OOb

Fiber 231+ 027 11.11 + 0.08°
carbohydrate 40.61 + 0.09° 59.83 + 0.02"

Means within rows followed by a different letter (a-b) are significantly different (p<0.05)

appearance

Figure 1 Contour plot of attribute acceptance of pumpkin crackers
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\esanidmuusznouvesiinnes Feilumaunisin
uarloamsgs luvaugiivsnalusiuvesuasnines
flnmosasnnguiusni inszlaifidnuyszneuves
wleand

d3Unan1333e

AveaeuulvinisgeuiuamdnuuzUsng
WaEANNYRUTINVOATNINBSHNNaIT A ULTe 1
$ranndige Ao 7.20 uay 7.67 Tasan1azlunseud
wingaudmiuuasnines fe gaungil 170 *¥ w1y 8

AnRNIsUUsENIA

W% 1esndend (L* a* b¥) A1 a,, wagAiALuds vy o L
n1s3definfeiidsaganclasaenis

AUUALURUEANYUIN NN UANLNTIUNNTIYY
WA (3%.) Yauuseanal 2562 wazunninenay
ufgumansay Aldlilennalunisvianuidelu
aSsiHuoehagenlulonail

TndlAgsiundniusmomata stunlglunisnadn
wasninesilnnesuasanginu Wamndndusiuasn
wnasilnnesUasanginu ulfinnesfesar 30 uls
SeyivSovaz 45.8 waziuy 24.2 LazasAusznaunig
wilvemdnsiasiuasninesiinnesUasangunu wuin
Unand wazuimnandeloganin luvusiiviua
Tasfusiniwanfasiuasninesannsiosnain wa
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ANSNAIUINAAN U LN SAT1ITNTIR T I

o ¢ U A * a a 4 o/ o/
gl alUTla 5ws nadsud uaz alguiie 5338113

o o

F1Y13V1INIMITNTNITOMIT PAIEINEIIENT UNTINENFETIVANUTIUE SUneiles F9inyFTae 31000

9 9

UNAnga

v
awv Ao

MATeingUsvasdniagndnomisifivsslevidoguainluglvesemsmilvuaziluiivensuves

q
acs

fuilaa dlodindnifunidduemaiequnmiiannsasulsenuldisludn Yosu §lvy wasdgeong
TngaAdedFusunnmsdslofiininesimirifonulssnndureniuudnesdiinieadh (black
glutinous hang rice milk, BGHRM) ¢1913132 (cow milk, CM) ﬁﬁmﬁd'summ fg 0:100 (gn3AIUAN) 10:90 20:80
3070 uaw 40:60 My ndsnduilefisafinanliluieseiauantininisnin i uazadiine
KAN1TNARBINUT ATlLeY uarUTuunsatioiunvesloifnutazgnsiialiuandstusgnadl doddymaada
(p>0.05) uazloiisniinanseinuudnesinminmeunifisnnaduresihundnodiniewigunniu
awitlienramiin Uinuasuszneufiuednioun Usinaueulnlsefuimue waganuaansalunisdiiu
oyyadasriAnfiuniniuiie (p<0.05) uarleifsninerdmisrngnsdvinaunuafiFowanfineglutag
8.34 - 8.75 log CFU/g uaznsialinudaduarst minmathwdndasilonisanngnsunusediuauaudinisussam
durfadud ndu savi doduifa uazanuveulansam #e35 9-point hedonic scale wazldnamouTuduau
30 AU HanIMARBILanslRLITEASAINGAF e BGHRM:CM fisadu 10:90 lé¥uazuuuanuveudiud ndu
sawd uazanuwoulnesunniian uaznuiloiidaiindndie BGHRMCM fdhsidiu 10:90 Tvieazuuu
AuveuRArgsTigauiiiulefingaaave deu Todsnildihuudnesinieddeushiishdau
10:90 Jumzaudmsunisudnleiisadrenadramieam

AndnAsy: woulnleeiiu 41ievtawmiledni wuedisawansin Teiise

*
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Product Development of Black Glutinous Hang Rice Yogurt

Jatupat Samappito*, Jiraporn Toolpirom and Natthatai Thummawaro

Department of Food Science, Faculty of Science, Buriram Rajabhat University,
Buriram, 31000, Thailand

Abstract

This research was aimed to produce healthy foods in the form of regular diet which was
accepted by consumers and yogurt is a healthy product which is popular among children, teenagers,
adults and elders. Firstly, yogurt from black sticky Hang rice which composed of the different ratio of
black glutinous hang rice milk (BGHRM) to cow milk (CM) as 0: 100 (control), 10:90, 20:80, 30:70 and 40:60
was conducted. After that, they were determined for chemical, physical and microbiological properties.
The result showed that the yoghurts were not different (p>0.05) in pH, and total acidity contents. It was
found that yogurts that were prepared from BGHRM with the higher BGHRM:CM ratios led to the more of
an increase in viscosity, total phenolic content, anthocyanin content and scavenging abilities in yogurts
(p=<0.05). All formula of yogurts revealed that the number of lactic acid bacteria ranged from 8.34 to 8.75
log CFU/g. Yeast and mold were not found in the products. All products were sensory evaluated for
liking scores (color, odor, taste, texture and overall liking) by using 9-point hedonic scale and used 30
panelists. The result indicated that BGHRM (10): CM (90) yogurt got the highest acceptability scores of
color, smell, flavor and overall liking. The results showed that BGHRM (10):CM (90) yogurt got the highest
acceptability scores from the panelists in moderate to like level as same as control. Consequently,
yoghurt added with BGHRM: CM as a ratio of 10:90 was suitable for black g¢lutinous Hang rice yogurt
production.

Keywords: Anthocyanin, Black Glutinous Hang Rice, Lactic Acid Bacteria, Yogurt
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wan Fasiuniniidunidundndudiiioguain
Tnatamzledisn (yoghurt) Sadundndasiuuiils
nnTEUIUNISUTnFIgaunId farunsaaing
nsawandnle WU Lactobacillus bulgaricus wag
Streptococcus thermophilus 3slésunseensuin
Lﬂuqauﬁéﬁlﬂaamﬁa (Generally Recognized As
Safe; GRAS) (Tanganurat et al.,, 2014) Imaﬁ;au‘w%é
szdeshmaunanlnaluudliidunsauanin vinle
Wsfiuluuy Ao 1du (casein) RansUEBUAN W
anaznawduase adelisu Raseu seuu vld
finnzfunsadwiliiisa3en Tnedaudunse-
A190gIEning 3.8-4.6 leiAsaiiuseloviduinune
naneUsens Wy Jeeiueinisviesdn e1msiigoy
vierTieudu Treannnudssanmaiauzideuiion
LﬁEJL?J'EJmsQﬂ Wudu (Chaikulsareewath et al,
2015) wenaniinisuusenledindudszsas
FensEiuMIInuresssuuifuiulsalusine
AIvANABLadAWaTealwden wazdgauluneludu
sssunAifigrsadiesesiuy Fuhmihfidestuns
NTELINLDIMITIINANINTLHU 19U Woanesed Y3
Judu wennaniifidisanainudssninnisiin
IsmwL%fmauﬁmaﬂiuﬁﬂé%wj (Unhasirikul et al.,
2018)

411819 (Hang rice) tJumandnnig
ﬂﬁf]mzy']m(??mﬁiaﬁaimm d1msunssuIUNITHER

Y o
13
o v

tutiudenasgnutiiny 12 . Welhudond
finnsgous antutihduvaiteldiAnniseen
rowunilsiiguugivien VilHdu ouuts uas
unzimgildeneen Ingldiunisdndezladu
NARSUITT1819 FrensEUILNSTITinsuY msUy
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iioliiAnnssen wagvilsidadenaniaenisis
nauinlungziUden vinlnansomnsneg  a1n
Waendluduudadn Fsonadeladndienaiu
HARSeIgunIN (Chienseng et al, 2018) o
#messenidutniifduvesayndn wazidory
want2 Juduuvassinuisinuazasenisiidl
Useloiiasnenie uenaniidedinsaunumn-uedly
U130 (gamma-aminobutyric acid; GABA) %7¢
dosfulsafsafuszuuuszam anmnuduladin
AruAusEdutiinalulden (Komatsuzaki et al,
2007; Vansavang et al, 2016) Y337uiin15181417
narnnatgateiugieding (d1alsdiued
T1IVOUNLE T1IVOUUAT T1IVBUNDY T1IreNTuns)
wagtantledn (nauda) wildlunisudndiens
dmsudraniloam Onza sativa L) Hudniid
anvaziau Aetldoniuuandudunsauiisady
Faduuvawesanslunguianlouosd  Tnslanie
ag198sarsuoulnleyl iy (anthocyanin) @19
manaadinaanifiduansinueyyadasy (Chuched
et al, 2007) Hamaudalunisiunisinufisen
9ondLadu (antioxidant) ¥28lul3esuednns
vyudsunszualadin wazvzaonsidenvediad
$719A18 %qﬁﬂiﬂwﬂﬁiaqmmw (Oumaree et al,
2014) uagdiisrsnuieulnlysniuduasid
AauautRd uLzS i lieadlussmevhauldedig
fUsednsnin Jasdunisiialsaninudulaing
lsaumnnu waglsanala ann198niaurediniga
Lazansiseuvhliinssaanla (Aninbon et al,

2011)
nanUselegdvesletisnuazdiigns
Trunieadiingrnunludiedu wazdagdunisi
Tnenanulsguidundnfusiogunmdsddeudng
foy 1ATEET IngUsvasdiftefnmnahdnens
Trmieadiuuusgiidundesaunilofdn Sszdy
Snmadennislituiuiing Snitufieifiuaiy
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nainnatgresndndugdnulsgiunaningfv
neludszma ansafiuyaauazdudunisifiv
AANIlnUINIS g WUBneIY

A5Afun15IY
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1. Ymgauitldluns3de

daetmteImaeiugauds (11719
Auh) dadeunainnguiavinguaud ey a-
1781900071 Trunueadasie @1uaasiiuin
gunaUszlaudy Jarinyssug uumiaweslsdsain
(1918 7-103) ¥inranse (nrdingea) Laandu
(5 wfinniuan) wazleiisnnieanisisasssunf
(AFT)

2. Mawdeutuutnenstamieas

Tnethdnesduiauiudigdidunan 6
w1, Nttty 40 undl wdainlAlEy
Sahdandudesnsduuesdnn 20 n./an 80 wa.
sgldadondmiensi (black  elutinous
hang rice milk, BGHRM) @wmsuihlulglunisneaass
folu

3. Msuanlansnt1rgsdnamiieonn
drnsvdrunanldluniswanleiisndnigns
Trnutleanivsenevludrvdiunaudisg Tu
Snsdrudevazlasthnindetmidn 1éud dinna
n5e (Bovaz 6) waniu (Gevar 0.5) Fude loide
(5e8a 8) wud (cow milk, CM) LLaxﬁwum%’naw
il Faavsnismaunuuaidastiuudan
gratmileadfisnsidiusngg fe 0:100 (@n3
AIUAN) 10:90 20:80 30:70 udy 40:60 (FAALUAIENS
911 Chaikulsareewath & Korsaked, 2009) ﬁ]’mﬂ?u
thundrunauumiaeslsdigungsl 85 oo 1Ju
a1 10 Wil angaumiilvilviie 42-45 °9 uiITaAY
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oA a

Fdelesisn wavinluuuonnnd 43 °% U1 6

9 Y
a0

w1, wisaunszisleidsadarauiunsa-aig
Wity 4.5 ndurilfifuasiufifigungil 551 °
ilesom i nevinuninsioly

4. nsAnwIAUANTANIINIEATINVRIHANA I
Toiisadnansdnamilennn

4.1 a8 AaTzviadvendniugileinsa
feLA30e Hunter Lab U ColorFlex Ez 45/0 L
(Hunter Associates Laboratory; USA) Tagan L* Ap
ApuaInadiARaLe 0-100 Tne 0 Aedsn waz 100
AREYN a* AeAALTYT (-a%) — ANEWAY (+a%) Lag b*
AR (b¥) - Adndes (+b¥)

4.2 Fapanunila nshessiaeieses
Brookfield DV2T Rotational Viscometer lngin3e
megraleinsaldnivuensas Ysums 150 wa. 14
Wiiawes 4 mnusisau 80 rpm BIUNANISNAADS
fivaan 30 3undi

4.3 asaAnsuendavasinanleidn
(Syneresis) Tnedsshagaleaiisnsuau 20 n.
nsewdnensEAEnsanUed 1 1unan 2 v, 91ntuy
Famtnihfueneenunaindedndeiin ud
AU AINITLENFIY011 90 TEL RS A1N3T
AUIUAIENNITATUANN (Cheng et al., 2017)

Syneresis (%) = W; x 100/W,

e W, = dminvesirfuenesnainlelise
W, = Uminvesloiisasuauy

44  mwsidnsazduideduds
wiguAeg19leiisausiargns Tnan1suwdidud
qaungdl 5+1 °w 1uiian 48 vu. InTuLun
Jias1eRdnvazduiloduiadaoiaios Texture
Analyzer 3u CT3 (Brookfield Ametek; UK) slawuas
9In38909 Cheng et al. (2017) A1wn153n Texture
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Profile Analysis (TPA) &3agvin1snadiaegng 2 ads
wnumadevesuilan deiawin  Cylindrical
probe 36 mm (@uiAlduNIAUINAIY 36 Ua.
(TAG/1000)) Tnesaan Pre-test 1 mm/s, Post-test 10
mm/s, Test-speed 1 mm/s Wag Distance 20 mm.

5. nMsfnwauautiniaaivesndndudileiie
d119t1 eI

5.1 n1siaa1aulunsa-ane (pH) ¥
n1sduAleg1alelifnusazgnsuIAIIERA1AIY
Junsa-ans drewaiesinarninudunsa-aa (pH
meter) (Sartorius, Docu-pH)

5.2 Msinaranudunsaainnisinmse
(Titratable acidity, TA) lagnisdudieg1lesise
2 %y udie9198a8tndY 30 Taddns
neANUBANMAUBUAAWMES 3-5 hua Ladlnnsany
asazareunsgulufeulansenlys (NaOH) Aw
Wudu 0.1 N udegnyd JuiinUSuinsves
arsavanglafeulensanlan waiAuIuUesiGus
A1mdunsnaingns Ined1uaniiisuiunsa
waAAn (AOAC, 2000) AYENAITATUANS

Audunse (NsaLan@n) (%) =
(AMULTUTUYBY NaOH x USU1m5u89 NaOH x 0.09
x 100)/USUm5A78819

nu8Le) 0.09 fiw milliequivalent weightvas
NIALAARN

5.3 Awszrdsunuasusenauiluadn
N9nUA (Total Phenolic Content, TPC) Tae3 35
Folin—-Ciocalteu method AnwUad3sa1n Butsat
and Siriamornpun (2010) Tagann@19813 5 . Aae
#158¥a78  LNIUDAANULINTY 80% USU1MS 100

1 2 =4 =3 v
18, LWEII8AIINLEY 150 rpm L UULIaT 2 . ka7
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N599R8NTEANYNTEIUDS 1 9nTuTstansadn
fg19UsuInT 0.5 wa. unauivasazaty 10%
Folin Ciocalteu’s reagent U3u1as 2.5 ua. Lwgli
dnffudeisliluidnflgamgiivies 8 wift Wi
@1988818 sodium carbonate ANLTUTU 10%
U3 2 ua. upziglidnudanalirlaamafives
Tufidadunan 2 . antuiiansazaneiogned
iﬁlﬂi’mﬂ'wﬂﬁvgmﬂﬁuumﬁmmmm?ﬂ'u 765 ulu
AT F8LA3Be UV-VIS spectrophotometer wagly
nsaunadaluansazatennsgu sieaunalumig
vesllafiniuauyavesnsaunada (Gallic acid) e
100 N3U9E1 (Mg GAE/ 100 g sample)

54  Awszivsuiuaisuaulnlaeiiy
e (Total Anthocyanin Content, TAC) 28733
pH differential fAaLUan1uITVe9 Wrolstad et al.
(2005) YiNNSENAEITAL 18618879 5 n. A28
A1988a19LONIUDAANTNTY 80% USNIAS 100
1A, 1w81imeAas? 150 rpm WWuian 2 v, way
N509MBNTEANYNTEAUUDS 1 NS waasadn
Frogvadluraoannaesdl 1 Usuia 1 wa. Wiy
a1savanrsUnwesinuna@ounaslsa (Potassium
chloride, 0.025 M) pH 1.0 U311915 4 8. lasna
ansafmsegndluvasannassd 2 USinm 1 wa. Wi
asavaneUninesianeuasdian (Sodium acetate,
0.4 M) pH 4.5 U311a5 4 8. Mniuivasanaaes
W2 viaon "LUdehmi@mﬂé‘uumﬁmmmﬂﬁu
510 way 700 wilulng AINEITU FI8LA3IUV-VIS
spectrophotometer f\]’mﬁ?uﬁ’]ujmﬁﬁ'm%uﬁm
weulnleeniuvesiegdlusuvesiadniulueliau-
3-nglalyd feaunisinua
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Usunawoulnleeniiu (me/L) =
(A x Mw x DF x 1,000) / (€ x L)
G0 A = (As — Agg) PH 1.0 — (Agyo — Argo) pH 4.5
Pso = AMNIANALLATIANLETIAGY 510
nm.
Ao = ANMNIANALLETIANLETIAGY 700

nm.
Mw = 449.2 g/mol (wiinlaianaves
cyaniding-3-glucoside)
DF = dilution factor ¥83a15aaN8#19819
€ = 26900 L/mol/cm (uansuavlwondin

L = Anuninewes cuvette = 1 cm

Aumieduliadnsulyendau-3-nalaled
#0100 NFUAIDE19 (Mg cyanidin-3-glucoside/100
g sample)

55  auau1salunisdnuayyadase
1A3BNNTNAFDUAINAINITO VDA TAZAIIAIDE
lun1sanduesyyadase DPPH (2,2-diphenyl-1-
picrylhydrazyl radical scavenging capacity assay)
FALUaIuI91n35n15999 Brand-Williams et al.
(1995) Ingvinnsannfieg1s 5 n. AedITazany
LOYIUBAAMILTLTY 80% USHIAT 100 wa. LEn
Aa8A13L57 150 rom tHunan 2 au. wdinsessae
nsvaEnseNUes 1 antuiuhasainfegne 0.5
13, UNAUAIYEITAYANY DPPH AULNTY 10 pM
Usuns 3 ua. welddiy wdahludeduiidadu
1381 30 Wl mﬂﬁguﬂ']ﬁaasi’mmi’mmmsq@ﬂﬁu
wasiauemaay 515 wiluwns fewa3ss UV-VIS
spectrophotometer WAZANUIUMIAIAIIUAINIT
Tun1siueuyadase Aaun1saua1

Scavenging abltlty (%) = [(Acontrol - Asampte)/Acontrol]
x100
W19 Ao = AINNTAANGAULEIYBIENTAYANY DPPH
A

AINNINANTULEIYBIANTHIDEITINEX

sample
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Audnsazany DPPH

6. NM3ANYIAMNANUANIYATIINY1VDINAAS U
Toisnt1ra19sd1niionan

6.1 Usunauwuaditseuandn (Lactic acid
bacteria count) (Srisuk, 2016) 3A1LNLALTT
spread plate  vinstelesdsa 25 n. ldasly
Peptone water fiianudududosas 0.1 Usuns
225 wa. dluildduideienfuderiediy
(Stomacher) Wutan 2wl wseuaudeadli
wanzadlunsasiamdenuafiGonaninindnogng
0.1 fiadans wnzidssuuemisuds Man Rogosa
Sharp (MRS Agar) Unilgaumindl 37 °w 1lurian 24-
48 W3, AMUINTIUIULUATILSELAARN LAITIIIUNE
\Ju Colony Forming Unit (log CFU/ml)

6.2 Usunaudianuazsa (Yeast and mold
count) Tngvinsdaleiise 25 n3uldaslu Peptone
water fiflmnudududosas 0.1 USuims 225 wa.
iluiliduiedorfudieniedidy @una 2
U LeSeNANNITR 1 I aNluN1TR 9N
QAun3Eanua thansavareiiseiuanuiioansi
wIonl5USms 1 Tadans Tdaduamumeide ud
themmsideaie Potato Dextrose Agar (PDA Agar)
fundouliuarialiluguugf 45-50 °g Wl
Aasigimemaila pour plate ﬂuﬁqmmﬁ 28 °%
U 3-5 MU UATATUINTIUIUTAALALST S1891UKE
\Ju Colony Forming Unit (log CFU/ml) (Harrigan,
1998)

7. n1sUsziliuamaudan1sUssanauiavag
nanNuailensnd119d1 e
Yndadualefdadnensdiumdonig
5 gn3 uinnmun I UsEandulalunusinge fie
NAABUANTOUAIL B NAY SR oduda uas

Anureulnesin linaaeudunliniunisiniu
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U 30 AU TeeliAzuuuAINYRUAI87ENNS
9-point hedonic scale test (Chaikulsareewath
et al, 2015) afisyauAziuu 1-9 (1 = ladyauun
ign 2 = livouwn 3 =ldveudiunans 4 = liveu
@ v 1! U G 1

Wwniey 5 = venldladnseunieli/iaee) 6 = veu
\&ntiee 7 = YeUUIUNANS 8 = FOUNIN 9 = YU
WNgn)

8. msAnwIN1sAsuLUavasnAnT e lelRdn
Frgedramiisamluszuinenisiiudnem

yhnsfnwininddsuilaswesleifndn
g1atmilnduesgaseuny uazgnsiimunzanly
semiumanfvinuiigamgl 5:1 ° e 21
Fu iefnwinsivdsuuasvedleiisnnisnienin
nrundl wasfnwiguainvesletisaniaaiy
8% lnenTI3aumUsuIuAUnSLanfn
wazUSuadaduas s

9. MIINUNUNITNABDY WAZAITILATIZTANIGEDA
AWSUNTNAFBUANAINNINIEAN LA
WaEYaTIINYIINUNUNITNARDILUUFUANY T
(Completely Randomized Design, CRD) @113
NAHOUAMAINNUTEAMNTURE 2UNUNITNAGDY
Fuuvugduudenauysal (Randomized Complete
Block Design, RCBD) nan15iiasizviuandluguvas
Aedy+duTouuLLInTgIL (mean+SD) NAdey
AILEANA1UBIALRAETLE I NLRazN s AnYIse
one-way ANOVA uag Duncan Multiple Range
Test @MSUNINAFBUAMSN YL VDINER NN
Tusgminamsiivinwignaaoudiadsvesngy
Fr0819878 Independent Sample T-test #iszéiu
mnudesiudosas 95 Taglilusunsudniagy SPSs
Foyatilfunannimaass 3 k8
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NaN157e

[ '

1. an1sAneAaNUANINIEAIWYBINEAN I
Toisnt1ra19sd1niionan
PMNNIRARLEATRINIE19TIwnTEIRA8
nsudsensiarusEnintuad e Mo
(black glutinous hang rice milk, BGHRM) fiuuai2
(cow milk, CM) fignsndausne fi 0:100 (@ns
AIUAY) 10:90 20:80 30:70 waw 40:60 ANt
HAnAaluiRsaNInTIvERUAMANTRANIINIEAIN
Idnansvnaossad
ArdvesndndualoiAsniinannisus
Sasrauszrinshusd et amiei fuus i
8n31dUA99 NuIAIANETN (LF) HAegTening
72.39-91.20 AETYI-AELAS (@%) HA1agTEnIng

(-2.17)-6.41 FdRu-AEAWRD (D) Hfegenin

6.21-9.76 FITAMANANNUBENNNYE AN AR

o

(p<0.05) (Table 1) wazlulelAfngnsidnisnauny
wmeundnenstmdeaslusnsiduiian
Fu avsilddnnuainaasAdvdes  duudldy
anas luvaridddouardunduunldufiuanniy

ANANUNUAVDINARNN U I1NNTITILATIENAIAIY

'
a

PUAVDINAR AN ULASANHANAIBNITWUTORIIEIUY
321119 BGHRM:CM 719 351d2uUsi199 wuandaaiy

o

unnasiuegNiided1AyNIeEna (p<0.05) (Table

o
[

D) TaeletAsaiindndion1suUsens1diunes
BGHRM:CM i1y 40:60 fimnumiiaanniian Tunns
Ans1zRneadafisnsdau 30:70 Taluand1efu
Sn31dau 40:60 waz 20:80 LWULTBIRUTSRIEdIY
10:90 laiumns1eiusnsid@iu 20:80 waz0:100 Wans
T msifiaUsinameshuudiensnmie
TunsTUIUNSHARTZEWaReNNSLRLT LB LVER
Tundnsuaileinsnaae
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Ansuenivenianlisnvadeiisnus
azqmwmﬁLﬁaLﬁuu%mmﬂuamfmwﬁnmﬂums
nanloisn dwmaldanisuensivesiannluidng
aavetaltodAyneadn (p<0.05) lnslaiAdni
NARMIENITWUTENI1E@INYBY  BGHRM:CM WAy
40:60 ummﬁLL&Jﬂmmmmmrﬂﬂmwuawam
iummywiﬂl,ﬂimammwm mwmmsmmsuaammﬂ
IEJLﬂiG]EJ”IﬂMEjﬂ (Table 1) Feasdunaiuiiiovii
Toiidatuasivalaq uendeenunainiisnues
luisnogratalau lnglunswanloiisnaosnislug
mMstAnAnsueninvesilunanfueiluusinades
s
2. wan1sAnwguantAnIsaivawdniue
Toiisat1ra1sdnawmiionnn

MsiazRandunsa-aalunisudn
Toifisaudazgns nuinisifiudmnsrdiuvetnuy
d1g1eirunieani lifinanon1sanasvesainlg
Junsa-anslusgninansndn feleiisannansiian
Audunsn-ang ldupnsnsiusegralideddgmnig
adf (p>0.05) FadArarulunsa-Aasening 4.24-
4.27 WuRefUMTIATIEIIATUS NN TR AR
Tundnsaeleisn Sadadiautunsauanin nanis
naaaansliliud Usunansananinvadetisnus
azgns Liflanuuansnsiuegradideddgynieada
(p>0.05) Bsiidneglutas 0.94-097 % sauansly
Table 2

a1nn1sasuLUassnsidiuvesun iy
Tunsudslofdndotuudnendmieis dua
foUsuaansUseneuiluednsienun Usunaans
woulnlwenduioun  uazauaunsalunisdy
auyadasyeg 1 livedrAgynieaif (p<0.05)
IﬂEJIEJmimmlmmauwamawmmw‘a'm
J1nsiennn (BGHRM:CM = 0:100) %maﬂwum
a1susenoviuednuazarsuoulnlagenilu d1usu
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ToiAsaNTdrupaNIuNg9e19 A UL T
Ndns1diud1eq snuinlugnsniinisiiudiug

£ ¥

F1edmisadlusnsduigeduazdmali
ToiAdniiusumansssneuiluodnianuauay
Usunaansueulnleendusouafinginiusgi
T duneadn (0<0.05) Inelewisnfindnsionis
WUInI18@1UV0s BGHRM:CM VAU 40:60 gl
UsunaansusenaufiuednianuauasUsunaans
woulnlwenfiustovmesnniian leifisusuleiise
gmﬁﬁﬂ Fauanslu Fig. 1 (A) uaz (8) waziilovinig
AATIERANUAINITAIUNITAUOULADATE NANTS
naaoaunansliiuinlonsailidnisnantiiuy
41781991 deaasiA1ANaI NS lun1SAY
ouyadasziiosiian eifisuiuloiisnyngnsisl
drunauvesiuadse @ amto s lugasidy
#1399 Tneleiisafindndionisuussnsidiunes
BGHRM:CM 11117iu 40:60 9zilA1Anuausalunis
Fueyyadasyanniian dauandlu Fig. 1 (O)

3. wan1sAnIUIuaLuAiiSeLanfnYes
nanAuailansnd19d1 e
nsAsIERmUsILUAiSeLanfnluy
wAnfualoiisn Wilevassuavosqdunigng
Usglond Tngdunisdnarndugdunidmiu
vdelunsusinlodidn duuaiiGouanfinvanie
naanRIUnsEUIunsnsntulS U aunnAad
Usglovisoguslaauneuluieg warnan1svaaed
wmﬂuimﬂsmmmsLLUﬁamwmmjmmumnma
szmmummﬂuumwamwmwLmﬂmqﬂu gamadl
Uimml,wﬂmiaLLaﬂmrﬂ,uUimmqa FeflAnsyning
8.30-8.75 log CFU/g (Table 2) wagfianliunnmng
fupgafiteddaymneada (p>0.05) 1iletfis ufy
lefisngnsnlunu (8.43 log CFU/g)
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Table 1 Physical properties of yogurt with various contents (10-40%) of black glutinous hang rice milk.

BGHRM:CM | * a* b* Vicosity (cP) Syneresis (%)
0:100 91.20+0.01° -2.17+0.01° 9.76+0.01° 2922.66+238.15  33.12+0.45°
10:90 85.25+0.01" 1.59+0.01° 7.06x001°  3405.33+101.19°  32.03+0.25°
20:80 80.32+0.02° 3.63+0.01° 6.62+0.01° 3583.00460.62°  30.29+0.88°
30:70 75.55+0.01° 5.15+0.14° 6.28+0.01°  3822.66+267.85  28.90+0.71°
40:60 72.39+0.01° 6.41+0.01° 6.21+0.01° 424533+471.21"  27.85+0.10°

Note: Value are mean=SD (n=3). Different superscripts in the same column indicate the significant
differences (p=<0.05); BGHRM = black glutinous hang rice milk; CM = cow milk.

Table 2 Chemical properties and Lactic acid bacteria count of yogurt with various contents (10-40%) of

black glutinous hang rice milk.

ns Titratable acidityhS Lactic acid bacteria™
BGHRM:CM pH

(%) (log CFU/9)
0:100 4.27+0.01 0.97+0.03 8.43+0.08
10:90 4.26+0.03 0.96+0.05 8.34+0.05
20:80 4.25+0.02 0.96+0.05 8.45+0.09
30:70 4.25+0.03 0.94+0.05 8.75+0.16
40:60 4.24+0.02 0.94+0.05 8.55+0.08

Note: Value are mean+SD (n=3). ns = non-significant differences (p>0.05); BGHRM = black glutinous hang

rice milk; CM = cow milk.

4. wan1sAnwansazduieduiavowandaal
Toinsat1ra1esdnamiiann
mﬂmﬁLﬂ313ﬁﬂmauﬁ§mq§’1mﬁaﬁuﬁa
YoInanfuglolisniindnainnisulssnsidiy
sywhahusdmensdmisiuusisasidu
sinaq Minantsaaesiwiollil (Table 3) Araana
w4 (Hardness) \Wuruseildlunisvlisegnade
5U IANANNTNABBINUINNITUUTININEIUVD
BGHRM:CM  Hnafaminnuudsvadlgiisnotiall
Toddun19ada (p<0.05) IngleiAsaiinandienis
wUs9MIIEIUTY BGHRM:CM  1inAu 0:100 HAn
mudanniign Wiy 9.33 N (p<0.05) ileifiey
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ﬁ’uimﬁ%mqm?)'u 59989 AR RS ATIHANR 18NS
wUsPRI1dIUYDY BGHRM:CM 1911A1U 10:90 20:80
30:70 WAz 40:60 MIUAIAU AIAUAINITALNNY
598U (Cohesiveness) wiatduaniivsuanainy
wisunseweniustneludiindulutusietaudani
o8 1anurouseiiuinsyyneudidiog199s1a
M3DLENINANNAU INKNANISNARDILAAIIALTAUIN
Toisniinans1en15uUsensId@uves BGHRM:CM
WinAU 30:70 ey 40:60 HA1IANANNITOLAIETIND
Fuuanflga (p<0.05) LW1AU 046 uay 0.49
AuaIFU sesasunfelelisafindnsaunisuus
87351d2UUDI BGHRM:CM 111U 20:80 thag 10:90
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o

TngleiAsnansniuAulA1ANaINTANIETINAITY
fouiign A1AImEnngy (Springiness) lussiy
auansalunsAusndunnieududiofinng
0OULTINABENLUIINAIDE1S NANTISNARBILARILT
i ledsefignsnmuauiianuBangusiniige
waldunnsngsainleisniinansienisuussnsidu
299 BGHRM:CM ﬁ 10:90 20:80 a1z 30:70 (p>0.05)
Arpnuudendusnamsania (Gumminess) 1Ju

o = Y =T = o
WaNﬁuﬂﬁﬂumimmmaEJNV]LiJumEUENLL‘Uﬂuam’I

0} a
° b

2 20.0 - —
£ c e
© d e )
o T Ee B
> 150 7 e B
1= ek eyt Fhi R
= et iyt iyl R
— et bt ety ety
~ 10.0 B [ e i
Ll Lt bkedy iy eaisd]
< CEREE] L B )
3 o opm EH e
i Bty b B ]
o 5.0 LELERE L B ]
g > mE o opm Ee o
e ek P Fhtet e
iyt P iy Ry
00 - Lt ey ity [l

1 2 3 q 5
Ratio of BGHRM to CM

25.0

20.0

15.0

10.0

5.0

Scavenging ability (%)

0.0

AsiAEafRsiaunsyeausafiaznduld nants
naaasnululofsnfidnsuussnsidiuvesves
BGHRM:CM fisns1druiiuansineiu finaseniainy
wilgnluenauiontiedrefidedrdgnisada
(p<0.05) IngleiAsniinandion1sulssnsndruves
BGHRM:CM 71 10:90 flenanuwilenfuensionn
liunnsrsanleiisngmsnuny sesawnieloiisnd
HAaRA28n15LUIONI1d3Uv89 BGHRM:CM
fisasdan 20:80 30:70 wag 40:60 ANFINY

D 35 ®
° | a
g 4 30 _
=}
% g 23
o ©
£ oY
2 g 15
©
o 1.0
on
1S 0.5
0.0

1 2 3 4 5
Ratio of BGHRM to CM

3 4 5
Ratio of BGHRM to CM

Fig. 1 Total phenolic content (A), total anthocyanin content (B) and scavenging ability (C) of yogurt with
different ratio of black glutinous hang rice milk (BGHRM) to cow milk (CM) as 0:100 (1), 10:90 (2),

20:80 (3), 30:70 (4) and 40:60 (5).
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Table 3 Texture profile analysis (TPA) of yogurt with various contents (10-40%) of black glutinous hang

rice milk.

BGHRM:CM Hardness (N) Cohesiveness Springiness (mm)  Gumminess (N)
0:100 9.33+0.62° 0.32+0.02° 21.74+2.57 3.10+0.10°
10:90 8.05+0.40" 0.38+0.01° 20.66+0.57" 3.03+0.26"
20:80 5.09+0.12° 0.40+0.01° 20.60+0.31" 2.02+0.05°
30:70 3.56+0.17" 0.46+0.01° 20.19+0.42" 1.69+0.03
40:60 3.45+0.61° 0.49+0.03° 19.01+0.84° 1.68+0.19°

Note: Value are mean =SD (n=3). Different superscripts in the same column indicate the significant
differences (p=<0.05); BGHRM = black glutinous hang rice milk; CM = cow milk.

5. Wan1sAnwiAnaudAnIeszamducnves
nanAuailensnd1a19d1wmtiean

910 sdmAn Saeiledsaiidnisus
§nsrdruvestiundnstinieaiifuunsad
Snsrdruiiunnaneiy W IMeaeunIsEEUSUNI
Uszamdudavesfuilaa uananaluguvesnzuuy
AINTEULRADSIL § ndu saw A LHedula uas
ANuveUlauTIN (Table 4) INATINUIEUTIAR
Tinsoeusuloisniindnsonisulsonsidinues
BGHRM:CM 71 0:100 waz 10:90 sndign el
ATLUUANNYDULAESIULYINAY 8.27 LAy 8.20

AIUAIAU 6’?5@%LLuuéTaﬂénazﬂuszé’umwmaumm
sufsnudnvad1ud ndu wazsavd Aldsu
ALULULALTBUNINNINGATBULTUAY Tudiuves
Toisnfindnden1suussnsidinves BGHRM:CM
71090 FilgFupzuuurureulaesiuliuansi
1ngnIAIUAN (BGHRM:CM = 0:100) (p>0.05)
TuvasAloiAsafinansion1suussnsdiuves
BGHRM:CM 71 40:60 l¢¥uniseonfuainguilan
tfonfiaslunne fu

Table 4 Sensory evaluations of yogurt with various contents (10-40%) of black glutinous hang rice milk.

Overall liking

BGHRM:CM Color Odor Flavor Texture
score
0:100 8.16+0.91° 8.10+0.76" 8.20+0.81° 8.46+0.68" 8.27+0.78"
10:90 8.00+0.78" 7.73+1.11° 8.07+0.98" 7934123 8.20+0.92°
20:80 6.90+1.37" 7.20+1.00° 7.10+1.09" 6.77+1.30° 7.23+1.04"
30:70 6.73+1.28" 7174129 6.33+1.40° 6.33+1.56" 6.90+1.24"
40:60 6.63+1.56" 6.70+1.37° 6.20+1.63 6.03+1.47° 6.40+1.35

Note: Value are mean +SD (n=3). Different superscripts in the same column indicate the significant
differences (p<0.05); BGHRM = black glutinous hang rice milk; CM = cow milk.
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6. wamsAnensasunlasvasndniaeilonidn

Frrgstamileaninluseninamisiiusne
NHANITIATIERANANTANIINIEAIN

wil 98T7Inen wagmsUseliunielssamdudaves

1% v

loisndnignatramieaniynges avinnisdaden
ToAsadnensdinmivaigasivunzan Aeloiisn
Fg1sdnienm indnsien1sulssnsaiuves
BGHRM:CM 7 10:90 a1 nHut1u1@ne1ns
Wasuuasesnansusiiisuiuleifisngnsaiuny
(BGHRM:CM 71 0:100)  Imeianiiuinunitgaumgd
541 o WHunan 21 Ju ldnansansndedeld
(Table 5)
miLU?{sJuLLUmqmamﬁamamamwmaq
TorAsnd1ag19d1nndordfinandaen1suys
SnsdInves BGHRM:CM 71 10:90 lusswinenisiiu
$hwn nuTAdauaIsLasAduaesiaAaingd
ToiAsngnsniuay Tusaediddunsiaruinnd

o o

leiAsngnsaruauegeildedAgnieads (p<0.05)
dwdnnuvdanuiledsatigstmieidgns
fmunzausidnannniloifingnsniuay waza1nsg
wondveniranlefisnvedlaisninenstmien
AgasauANaziAmnnIleisntienstmilen
fgasiivsnzan

mMadsuulasmaanifmanivesloisn
Fe1simieiiinansienisuussnsdiuves
BGHRM:CM 71 10:90 luszminamsifiuinm nuine
AduNIA-A1e wazUIuunsakanfnlifiniy
uanAeesiifedfyn1eada (p>0.05) Weifieuiiu
lewisnansaiuay lnadAnindu 4.16 uag 1.04%
ANARU druatasalun1IAeuyadasEved
ToiAfntnenadrunidoadigasimnzanazile
wnndleiisngniniuau og1alifedAgymisaia
(p=<0.05)

Table 5 Physical, chemical, and microbiological properties of yogurt under 21 days of refrigerated

storage.
Properties Control (0:100) BGHRM:CM (10:90)
Physical L* 90.36+0.01° 85.25+0.01"
a* —Z.ZOJ_rO.Olb 0.96+0.01°
b* 10.37+0.02° 8.4510.01b
Viscosity (cP) 4361.00i15.55b 4896.00+55.15°
Syneresis (%) 37.06+0.49° 31.55+0.56
Chemical pH" 4.16+0.01 4.16+0.01
Titratable acidity”™ (%) 1.04+0.06 1.04+0.06
Scavenging ability (%) 2.21£0.05" 4.84+0.04°
Microbiology Lactic acid bacteria (log CFU/g) 7.40+0.97" 8.08+0.19"
Yeast & Mold (log CFU/g) ND ND

Note: Value are mean =SD (n=3). Different superscripts in the same row indicate the significant

differences (p<0.05); ns = non-significant differences (p>0.05); ND = not detect.
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nswasundasnuaniinisgading1ves
TovAsnd1ae19d1nndordfinandienisuys
SnsdInves BGHRM:CM 7 10:90 Tusswinenisiiu
$nwn wudnnasan1siiusnuIUSunauuafise
LLaﬂﬁﬂﬁuaﬂsLﬁ%@%’]’gawﬁnmﬁmﬁ’lqmﬁmmsau
fiAnwiniu 8.08 log CFU/g Fafuuiunaqdunie
wnweftezduuselonisoqunmauesiuslng uazds
nuddeuinnitleiisndiiensinmieingns
AIUANBE T AYNNadA (p<0.05) wonanil
Imﬁ‘%m%ﬂaaw%’nmﬁm@?ﬂﬁu’naaqqmé’nmwiﬂwu
Paduazsnaentiesseznalvemsiuinm

39150iNaN15798

AnaNURN1INIEAMBLEATIT198139977
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Design and Construction the Centella asiatica (L.) Urban Leaves Dryer by an

Infrared Type

Patcharaporn Inrirai ) Surintraporn Changchai, Supannee Kamin and Thiwa Sukchot

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

Abstract

The objective of this research was to design and construct a prototype infrared dryer for
Centella asiatica (L.) Urban leaves. The study of machine operation, decreasing of moisture content and
color qualities of dried leaves by infrared dryer, were studied. The designed dryer had dimension which
its width x length x height, was 41 x 51 x 41 cm. The 500 W infrared heater source was installed at the
top of dryer and the temperature controller was installed to control the inside air temperature was
range of 40-50°C which was suitable for drying the Asiatic leaf that the moisture content of the dried
product is less than 10% dry basis. From the study of moisture content, the optimum drying time was
3.5 hours that moisture content of the dried product was 6.92+0.24% that was according to the
community product standard. From the study of the drying efficiency of the machine at test time was
3.5 hours, found that, the efficiency of the machine was 22.47+0.73%, the specific energy consumption
was 16.36+0.53 MJ/kg and the percentage of dried product was 13.63+0.60%. In addition, the quality of
dried product was studied. aw value of the dried product was 0.33+0.02, which was less than 0.65 that
was according to the community product standard. For the color quality of the dried product, the
overall color difference from the fresh leaves (AE) was less than other dried product. It was found that
the dried product from the infrared dryer was a brightness (L*), the green color (a*) and the yellow color
(b*) were significantly higher than the fresh leaves (P<0.05). So, this prototype infrared dryer can apply

for the drying of the C. asiatica leaves.

Keywords: Drying/ Centella asiatica (L.) Urban leaves/ Infrared ray
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Fig.1 Schematic view of the infrared dryer
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Fig.2 Preparation of blanced C. asiatica leaves

Wgegelutaan wazluthundiiiunis
andglulasininmeanuusudurewmansas
AUNIRTEIU AOAC (2010) Iaeirsinegslutaun 1
n$u ldaslutesergiiflonvunn 3 eeud Akunis
ouldauiu udahldeudegdevaniouiigamngd
105 g 1 U871 6 Y. (819899 1UNINTFIUAITN
mms’??usmazguiwasuaq Department of Medical
Sciences (2015) lagtifoyanasisvosininrion
LazndteuuRanAuwamanuduredutiun
Tnefaunisanuduiusieunisi 1

Uil 16 atuil 2 nangaw - uraw 2562

Volume 16 Number 2 July — December 2019



Prawarun Agr. J. Volume 16(2) 2019, Pages 247 — 257

W, —W,
MC = —— %100 (1)
W

f

gl MC  flo 1Wesidudannuiiuunsgiuuis
W, fie uwidnludaunneuey, niu

W,  fie umddnluthunudsey, niu

3. AMSANWINTTOULAS
Pluthunimsou a1 5 BIUUATIN S
waihlUouuieansaseuuissiunuu Tngazyms
dudeenediuau 5 . ilenaaumAIAINTL
Wasuulaslununa naiinaaeunu AOAC N9
30 Uit aunsEINan SusToundnanuduliAy
10% 1INTFIULA sTfaLfJthmmmmgwmémﬁm%
guynlutiunuiessiu Taeviinismeaaudn 3 ads
Wonaanfnzaulunisyililugaunuunded
mm%uqmﬁwmmﬁéfaams

4. Msfnedorazvandniaaiile

AnSUMIMSouazvaNAn T UL Tl
Tagurlutaunyusuie 150 n. lUYinn1ToULRIRY
szazaTmlEaInANsANYINITO UL INER et B9
HARSUNDULIAATIIEAINTZHLLIAIRINE1IL ]
ArudulaiiAy 10% w1ATgIuuRe udartinsd
dndnnanfasiouuteiild Tneviinismeasien 3
%1 Fe¥ovazunmandauaildiaunisauduiuds
aunsi 2

) W,
Yield = —x100 2)
W.

Uil 16 aduil 2 nangau - Furau 2562

5. UszAnsammisanuieunazanuduldes
WEIUVDLAZDIDURHITEBUNTNsAR UKL

dusunisineUssaniaimasandes
suLFedidaunssaduLUL Tnevihnsinaaaiosin
faslidnsuunassnslnvesadesauniatiioni
mstufindmdslniindfldluniseuuieioun Tne
i ludaundSuam 150 . luvitnnseuwienny
szezaimlannsAnennseuLianan s G
HAAA N ULIEATIIENINTEEELIAIRINAIA
autulaiiAu 10% 1nsgiuwis laevnisneaes
1 3 A%s FaUsvAnSamueAIseULTTlaNNNS
AU Eun1T 3

mwhfg
n=——-x100 3)
E

el 7 Ao UseAnsnImusaiA3IoIa Ul
m, Ag Ysiafisewme, Alansy

h. fe ArAnuseustlsvainisnanadule

fg
youu, Alagasenlaniu
E Ao wdanuilivianue, flaga

YonantuiinisAwInAnNEuLUEe
WAIUIWNE (Specific  Energy  Consumption;
SEQ) Tawa1u15aulaa1naun1sAUdUnusaa
aunsi 4

SEC = E (4)

m,

FEINYAITNISIFU 251

Volume 16 Number 2 July — December 2019



Prawarun Agr. J. Volume 16(2) 2019, Pages 247 — 257

5. NMIANYIAUNNVBINANA UINDULIS
lunsfinwauninvendndaaieuwisly
nATeisuUsTvimsanelaun fAd wavdsuna
vhsase Tneilunsvaaeuiiselud
MnsnageuAdvesnandualutiun 5
Frogs Toun Tuthunan Tuthundinaunisaindie
Tulasian Tudaunouwfaannia3osouwiased
dunssanuuuy kaglutiuneauwmeainyiosnana
Sy 2 fhegs Tnerhdegnslutun 5 nfu wndu
Wuian 53w wasinnisiaend lneluunves
\3oeTndiildAe CE Lra*b* Fevhnisviaaoud
Frograiiornisin 3 sesedng
MsmUSinanihdasy Tnesedndlutihun
QUM 3 Foee sauau 5 0wty Wusan 5
U udwhmsTaen aw  vesdetadeLAesTa
Usinauhdasy
FIesziaeEnn Tnemaedsuas
WS U UAINULANAIITERINHAR el #2875
Ducan’s New Multiple Rarge Test (DMRT) (P<0.05)

WNaN1539e

IINNITIONUUULAZAS19LAT DI ULITISIE
BunsUIARULUY LAYIN1TNAdaUN1TYIN19IUYBY
| asauLtISsAs U WS Ad UL UUN S LT An S et
Tasmsingaumnionnanelueiosouurieiivinm
FUIIHER S U TIUIY 2 Funde 19970
vaeAduNIUIATEEE 10 WAz 20 By, lnugumngives
o1mangluiaiesiauandly Fig3 wud gungd
omamelupsesfiusnatudmiunanandusiv
AUV (10 @31.) wazauans (20 @u.) dA1eglugie
40-50 ° Fudugamaiimnzaudmivldlunis
puwislutaun (Niamnuy et al, 2013) uag
Trirattanapikul and Phoungchandang (2014)) Tag
dleszezanlunisdanisveuvesadeseunia

252 FEINYAITNISIFU

qumﬂﬂuu mmmLLmﬂmwaﬂammummmumw
W 2 SuTinwansaeidaanas seissuunsyinenu
YOILATDIBULTISIFBUNI NI AR UL LTINS
aaﬂLl,wmmmmuauqmmﬁmmﬂmﬂum%"aﬂu
Tanumngandmsuldluniseuusidlutiunla

60

50

30

20
—a—top tray —a—bottom tray

Air Temperature (°C)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time (Minute)

Fig.3 Air temperature changes on top and
bottom trays at the first 30 mins of
IR dryer (no product)
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Fig.4 Drying curve of C. asiatica \eaves IR dryer
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Table 1 Drying time, thermal efficiency, Specific Energy Consumption and %yield of dried C. asiatica

leaves by IR dryer.

Sample Drying Time (hr) T (%) SEC (MJ/kg) Yield (%)

Fresh leaves 3.5 22.47+0.73 16.36+0.53 13.63+0.60

Table 2 Water activity (aw) of three dried products from different drying method.

Sample aw

IR dryer 0.33+0.02°
Sample 1 from market 0.6020.005"
Sample 2 from market 0.50+0.06"

Note: ° difference letter in same column were significant difference (P< 0.05)

Table 3 Color values of fresh C. asiatica \eaves, blanced C. asiatica leaves, dried C. asiatica leaves from

IR dryer and dried C. asiatica leaves from market

Sample Color values Apperance
L* a* b* AE

Fresh leaves 29.24+1.32° 7.35+0.51° 13.99+0.60" -

Blanced leaves 28.72+0.85° -11.40+0.55 15.48+1.00° 4.35

Dried leaves from

39.03+0.65° -10.64+0.16° 17.95+0.93" 11.06
IR dryer
Dried sample 1 b c b

50.99+0.18 -3.03+0.30 17.37+0.43 22.43
from market
Dried sample 2 R q R

57.44+0.25 -0.63+0.20 20.01+0.46 29.60

from market

Note: *° difference letter in same column were significant difference (P< 0.05)
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Mathematical Modeling of Moving Fluidized Bed Bioreactor - Granular
Activated Carbon, MFBBR- GAC Domestic Wastewater Treatment for

Agricultural Use
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Nakhonsawan Road 80, Muang Maha Sarakham Muang, 44000, Thailand

Abstract

The objective of this study was to developing mathematical models for Moving Fluidized Bed
Bioreactor - Granular Activated Carbon purposely managed to utilize the treated wastewater. The result of using
MFBBR — GAC, a highly cylindrical acrylic tank with spiral flow connected with waste water tank, found that the
optimal correlation of these variables are as follows: a dry weight (W) of GAC was 4 kg., the initial height of bed
(hy) was 0.55 m. The initial height of the saturated filter layer (h0) is 0.55 m with the flow rate of recirculation
(Qge) between 13 liters / minute was to number impact nozzle jet water of wheel and the inflow rate of waste
water (Q,,) 20 Little /day,.It was found that the number of 24 nozzles was not different with the number of 8
nozzles. The 5 parameters of 8 nozzles that were used to construct the prediction equation are 1) the number
impact nozzle jet water of wheel fixed (n,): 3 wheels, 2) the distant pipe of lateral (d,) 0.11 m., 3) the number
of pipe of lateral: (nPL) 8 pipes, 4) the diameter of nozzle (d,) 5 mm., 5) the particle diameter of GAC(d,) 1.50
mm. The indicators of moving bed were the 0.11 m movement height of bed (hB), the 11.51 sec. movement
time of bed (ty) the 42.11 degree movement degrees of bed (0g), 26 rpm optimum rate of bed's stirrer speed
(NB), and 936 optimum rate of recirculation (R). This system can remove BOD removal efficiency higher than
96.58% of domestic wastewater, and the hydraulic recirculation time (HReT) was 2 hrs and MFBBR - GAC

purposely managed to utilize the treated wastewater for agricultural use.

Keywords: Mathematical Modeling of Moving Fluidized Bed Bioreactor - Granular Activated Carbon (MFBBR-
GAQ)
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UNiin

Tugqsldfdidiuunnsiivlnaesszvins
N15V818AVDLE DAY LANTUdINaTHLAR

nganisaiidadulygmddgialan Ussmalneds

LYY a

Junddludsemamdaimuisunsenindaafivng
dhanfenssaluthudeu Srudeuduundiiunves
uafiwmahifasvdodsfgailaifessauuuey
nstutleuresdanysnivanivilinuaudivoni
wasuwdasluauegluanmitlianusatinduunly
Ustlomild Aanssusineg waniisznaulddae 1
Foanmsdnans tidennaduavideanndau feu
novdsenFoudslifszuutasesiuiidedn-d
Hanssrugasgunasimiedunndon vilvunde
Tunaeduuvauihiidanmdeninsuvietiuinde
fdduazdanauindiy (Nemerow,  2006;
Suksomboon et al., 2019) et lUldUse T
manrsinuasaeld Seaasrdaddeguyud
gy winthaidetuannisafidaaun
Sufea Aaunsadusslovduasamarduuls
(Roongvisai, 2004; Sensai, 2004; Suksomboon
and Junsiri, 2018; Suksomboon et al., 2019)
MAENIAEIUADYNYUSTUIALALRIANSLEN YR
mvaulaluussiuil fudunnudesnisegan
TunrsWawurinalulagnrisdnda

Undvgramnssuvuadntulssmewazuuaing

o

Welleld dunuiuazuwiainiesninszuuiidn

v
o

hdsdrunansonisssuuyuiitdunugeuas i
vunlngdmsunisadiugu yena iAoy
wargpaTnTINTUIREnfadintsaiaiidesuoy
tosuashiogvinsnniuhliliannsnsurmiiie
dmdulsanuthdaindsdiunans dudediiaan
asuifiowdogramnssununadniinioguonain
gamnssudndudesdisshdamindeauiadnis
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yunnasdiannsotidatndedidadlofgauar

ﬁaamummigwwfwﬁﬂ 20 1A./anT
L3esUinssidanimuuungdladiua
(Fluidized Bed Bioreactor, FBBR) faanwaienIs
wdsuiinislramuiulusunfssninaeaaiuas
voaudagnlddmsutimindeyueumnunii 20 T
dlewssuiilsufiunsruiunstidatdenuuiy
wu szuuthvaindenuuldsenses(Trickling Filter:
A warszuudrdatdsuuunzneuiildsiu
(Activated Sludge: AS) FBBR fidalalussuninde
Suq‘uaﬁzwﬂwﬁ’mﬁﬁLﬁaﬁﬂa"nm (Sutton et al.,
1981; Hare et al., 1988; Sutton and Mishra, 1994;
Suksomnboon et al., 2019) fnarsimunzauiy
FBBR leun anunududviaiie (Granular Activated
Carbon, GAC), n91e, Weslad, Flalan, fiuaii (Yu
and Luo, 2003; Fernandez et al, 2007,
Sowmeyan and Swaminathan, 2008) lng GAC
Wufidoumsnzarusaliuiuiidugadninizin
Franatamuifindunaznisavanvesdiania
\lesantunsesd Specific biofilm surface area
51391,600-2,000 #5.4./aU.4. (Qasim and Zhu,
2000) kazanunsasulvanansdunsgusunaunnls
Mneifenuiinisiiudnsnisinanyudeu
(Qre) IBMSHLFIUIIUTOULAEY Recirculation
ratio, R mmsaLﬁuﬂixﬁw%quﬂum3ﬂwﬂ’m1§wLﬁa
(Xing et al., 2010; Zafarzadeh et al., 2010) wag
1NN15ANLHUNTITUIUAYDY MFBBR-GAC  @13190
frdndlofldvslufiannanisinadeeglufimmady
Lﬂﬁ&J’JLLﬁz%ﬂULLmﬁgﬂ (Suksomboon and Junsiri,
2018; Suksomboon et al., 2019) wiesanaely
\wiesUfnsaives FBBRGAC Hudsezaldansa
ﬂiwaﬂqqﬁﬁmmé’aﬁaamﬁwquﬁmma (impact
nozzle jet water of Wheel fixed) 9112u 24 ¥2a
Usznauluse 5 Jade felae Jadeiil Suaunsde
ﬁaamﬂfﬂLLUUammﬁl(number impact nozzle jet
2MTETNEATNIZITA 261
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water of wheel fixed: n,) Jadefi2 szavwisvane
Wouyud (distant Pipe of lateral :d) Haduiis
FuunBUYUS (number of pipe of lateral: ny)
Hadeiia (Fushugudnanaiadain (diameter of
nozzle:d,) 1adiis  vumoyniAdufusiud (the
particle diameter of GAC: d,) dunlglunis
POALUVYDITEUU  MFBBR-  GAC 21318914798
wunsiinduuseunywdsy  (Recirculation
ratio: R)LLasmmmLﬁmﬂixﬁw%mwqﬂumiﬂwﬁ’mﬁw
Vie (Xing et al., 2010; Zafarzadeh et al., 2010)
wazAUEITOUYETUNTDS (Stirrer speed of bed:
Ng) NUNausInane  GAC  (Suksomboon and
Junsiri, 2018; Suksomboon et al., 2019;) nu
naushnansfuidesinisanomesndauldasiaue
(Zafarzadeh, 2010) ustegslsinu Fslanuaunisi
T¥oenuuuyanidedndiuuufinae (impact
nozzle jet water of Wheel fixed)ua431u7u#2a0
a%fwmim3auﬁﬁﬁmm’nﬂua%aagﬂuﬁﬁmaLfJu
indvnariulunuadesszuuiadesufnsainan
Fnmuuurgdladiundinansauiududyiade
(Moving Fluidized bed bioreactor - Granular
Activated Carbon, MFBBR- GAC) MFBBR- GAC
Usznausme 5 Jaduninany

91U un1AIna1 9L UIANAANAILY
aunN15NSIAAeUTiveITEUY MFBBR- GAC dmsu
pONUUUTEALN (Number of Nuzzle Jet Water
:N) 8952 UU MFBBR- GAC lagly 5 Uadeuseznau
Tuaunisnisiadeudivesssuy  MFBBR-  GAC
(Suksomboon and Junsiri, 2018; Suksomboon et
al,  2019) wileUsyneuAtduanisiAdeuiine
AEISEUTDITUNSBY (Stirrer speed of bed: Ng)
WAL TIUIUTBUNYUIBY (Recirculation ratio: R) il
wngaudmsuiidatdethudouito v luly
Usglevinianisinems

262 FEINYAINISIFU

A5AUN15IY

\n3esufnsainudaninuuungdladiua
snansautusiududawin (Moving Fluidized bed
bioreactor - Granular Activated Carbon, MFBBR-
GAQ) Us2nNaumefsorAIanAnNIInIzuontuln 12.2
305 99U539 GAC (FILTRASORB 100) 910 Calgon
carbon (PA, USA) sglelefiumingias 850 me/s
YnaUNANIUANTUA (the particle diameter of
GAC: dp) Wiy 1.50 w3, Specific biofilm surface
area 5179 1,800 m3.4./aU.. yinsilTeuiiaulag
Anganaderidntinuufinme (mpact Nozzle Jet
Water of Wheel Fix) §112u 24 1@alay 8 #ian
eusushsnisinavesnisinaieu Q) wavsnsn
AstuaLdn (Q,) ﬁﬁw%maﬁaﬁmmsaumuﬁau
R)(Reynolds, 1982;
Suksomboon et al., 2019) sauandluannisa 1

(Recirculation ratio:

R Qe
Qin

(1)

LazANLIEITEUYBITUNTAY (Stirrer speed
of bed: Ng) (Fig.1) (A) LAAINTIAADUTIRUUNIUYEY
ﬁuﬁaﬁuﬁ?umaamﬂmmqaL'%'uﬁwaa%uﬂiaa?imé\’a
(Initial height of bed: hy) gnAuIE9astian
gnsnsluanyuisu (Qq.) ﬂisl,mmqmmﬁaﬁaﬁmﬁn
LUUAAANY (impact nozzle jet water of Wheel
fixed) fifimnslvatunuuindewhlidunsesgnen
aaaéfaﬁﬁmﬂummqamsLﬂ?{auﬁﬁuaa%unﬁaa
(movement height of bed:hg) waiqmaqmmqaﬁq
A09ABAINGINITVLIEAEIEA (height of the

expanded bed: h) iigufiuanugesEaunay
(hWater)
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impact nozzle jet water of Wheel fixed

- 1"::':::;.. '

A ®) ©
(A) Characteristics of the MFBBR- GAC
(B) Relationship between Speed of bed versus 3D Spiral Flow Direction

(C) Characteristics of Horizontal Speed of bed (ux)

Fig. 1 hydraulic characteristics MFBBR- GAC (GAC
Source: Suksomboon and Junsiri (2018);
Suksomboon et al. (2019)

(Fig.1) (B) uamsAadanTsivanuuauiia
Uszneueanuiisyuurestunses (Tu) feain
FuAuE LR IvesTUNTas (W) FeRwanann
mmqamSLﬂﬁauﬁ%aﬂ%Uﬂiaﬂ(movement height
of bed: hy) ffanana / Funsaslviatiuyy 90 aamlva
fAn19tunsdaeaainisindeuiivestunses
(movement time of bed: tg) AnuEavai
Aald () ag’ﬁizﬁugmaammsmumm%umm
(movement Degrees of bed: 95) mslnaligues
mﬁmLLaz“ﬁu (Vennard and Street, 1982) wa@ny
LU ENSetunsa (U) fuAangs
LR IYBITUNS B ()  aunsazgnimseadu
Arusudauveades (B, wanduriumudnan
fuaam'%'awﬁﬂiai (Dp) @5198UNTANILTNTIYUVDS
Funses (@) (Daugherty, 1989)luonaInLs?
seuTBstunses (Stirrer speed of bed: Ng) flauans
‘luaumsﬁ' 2 GAC (Suksomboon and Junsiri, 2018;
Suksomboon et al., 2019)
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1. ASWAILIANNSNSIAROUTIUsEUY  MFBBR-
GAC

Tuisuadailldwmuannisnisindeudives
3%UU MFBBR- GAC laele 5 Yaduusznauluaunis
MsiAdeuiivesszuy MFBBR- GAC (Suksomboon
and Junsiri, 2018) lagyviimsi3suiisuyanide
ﬁaaﬂﬁ%muammﬂ (impact nozzle jet water of
Wheel fixed) §112u 24 Widauaz 8 Widnusznou
e 5 Jade o Yadefi1suaunads (number of
wheel: n,) whifu3:1 nedauiou Jadediz seezve
senneUaneviouyus (distant pipe of lateral :dy)
WU 0.11:0.11 m. J99873  Suauviewaus
(number pipe of lateral: n,) Wity 24:8 vie Uade
fia sunduriugudnansiadat (diameter of
nozzle:d,) Wiy 2:5 mm. Jaduils vuineyna
duiudiud (the particle diameter of GAC: d)
WU 1.50 mm (Fig.2)

24 Nozzle Jet 8 nozzle Jet

Water of Wheel Fix Water of Wheel Fix

Fig. 2 Compare nozzle Jet Water of Wheel Fix of
MFBBR- GAC system

264 FEINYAINISIFU

PNAUNITNGE, 6 way7 WIAISAIIEIU 5
Hafedanudidyluniseonuuuganideradai
WUUAAMIY (impact nozzle jet water of Wheel
fixed) AaAINISIAABUTIvBITEUY MFBBR- GAC fsil

1143 04 125
h - i D; i i Q 0_004Qg£43\NDry0.671
n, dpI Ny d, dp

(8)

3\ oY 8 ) (215
2 e
nw pl I’]pl n p

9)

3\ oY 8 ) (2)1s
O =|—| =1 —| || |5 [#43L35Q: "Wy,
nw dp| nP| dn dp

(10)
139 n, AB PMUIUAGDIIRAUILUUAARE (N9

v

80)

Dy Ao wusugudnansvesdsufnsal ()
d, A szevviaUaeviouaue (1)

Ny A8 F1IUviBILL (i)

d, @ Lé’umu@uéﬂmaﬁﬁmﬁﬂ (1a.)

d,  fe wwmeunAauiudug (1a.)

pl

p

Tagldinisnaasuiuindnuss Wy,)
vasmufuiudviadn GAO 4 Alansuiaugs
L%MG’fwnaq%ummémﬁa(lnitial height of bed: hy)
Wiy 055 w1, Undreindslunsanszuendegs 1
wasneya3an Audnsinisiuanyuiew Qg &
AMULANANNAY 5 SEAUAD 11, 12, 13, 14 uag 15
ans/unit vnslatiuvaesiide (Feeding pump)
wardunhidevariou (Recirculation pump) ASELLNN
ﬁ;mmé}aﬁ”gamﬁmuuaﬂmﬂ (impact nozzle jet
water of Wheel fixed) (Fig.3)
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b ; DEVELOPMENT MFBBR GAC

|

Screening . }
S opy ot
Flow rr‘eler——b‘I -
Control Valves meter, " | [}, /

7 oo R

' m.

Ng

Sagdy ) {
Redirculation Pump b=y l

'
Control Valves meter H
'
'

Feeding Pump . " D
Waste Water
Fig. 3 Experimental set-up of MFBBR- GAC
system
2. nﬁwﬂaauﬁmqmmwﬁwmizU‘u MFBBR-
GAC
NAFBUAIUALNININTDI55UY MFBBR-
GAC trifaindethuiFeuilendnamaiiuannini
forndlofussgeumngavvesimdnute (W)
widu 4 Alansuludsezaiaaldvisdnsinisiva
NUWILU(Qp) 11U11,12,13,14,15 netudde
Tnadeu wazdaduldestinge (Feeding pump)
dudedn Q) wihiu 20 ans/Su ludesauringe
(Wastewater Reactor) SspruussqundetiuiFou
20 @m35 (Pollution Control Department, 2012)
Tdnadniiunywdeu (HReT)  windu 2w
(Suksomboon and Junsiri, 2018 ; Kim et al.,
2007)

Nan15338

1. NANTNFAIUINNILATDUTVBTZUY MFBBR-
GAC

ndeyaluTable 15¥UU MFBBR- GAC il
fufivesfaufinsal (A) whiu 0.0165 A3y, HANS
yagoutmtinu (Wy,) Wiy 4 nn. wudiaugs
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Suduvesdunsesdusa(nitial height of bed: hy)
wiriu 055 u. Audnsinisinanyuideu Qg
JenIN 11-15 ns/u1i 31nnsAneUIeuliieuyn
nedevhiatuuuRnane (impact nozzle jet water
of Wheel fixed) wuind1uau 24 Hadalifinau
wanssfufUsIuaL 8 hdadiy Aduanis
wasufivessiuiu 8 Wade Usenauludae 5 YJade
foloe Jadefi1suaunsda(number of wheel: n )
wihiu 1 Yadedi2 szeevieUaneviewsua (distant
Pipe of lateral :dy) iU 0.11 4. Haduii3 shuau
Wouvus (number of pipe of lateral: ny) Wity 8
vio Hadedl 4 durhugudnarshiath (diameter of
nozzle:d,) winfu 5 iy, viedadeils vuineynia
duiusiug (the particle diameter of GAC: d)
Wiy 1.5 . ﬁm’mmmqamsLﬂ?{auﬁmaa%u
n394(movement height of bed:hg) Wi1AU 0.094,
0.102, 0.11, 0.118 uag 0.126 1. LIAINTAFOUT
Y8etunses (movement time of bed: tg) LAY
12.10, 11.79, 11.51 uaz 11.02 U9 yuo3AINs
mguéuaa%umaﬂ(movement Degrees of bed: 0,)
WU 47.34, 44.25, 42.11,40.71 uaz 39.89 uay
ANEIsBUTDITUNSBY (Stirrer speed of bed: Np)
Wi 19, 23, 26, 29 way 32 50U/uUW
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Table 1 Moving Fluidized bed bioreactor - Granular Activated Carbon, n=24 nozzle jet water

Whoy Qge ho he tg GB \VJ A Surface R N
(kg) (Lpm) (m) (m) (s) (degree) (m’/m’) (m?) (Qre/Qin) (rpm)
4 11 055  0.098'0.094°  1268'12.10°  49.60'47.3¢° 1800  1634"° 792 19"
4 12 055  0107'0.102°  1235'11.79°  4636'44.25° 1800 1634 864’ 22723
4 13 055 011501100  1206'1151°  44.13'42.11° 1800 1634 9367 2526
4 14 055 0124'0.118  11.79'11.25  4266'40.71° 18007 1634 1008  28'29°
4 15 055  0.132'0.126°  11.55'11.02°  41.80'39.89° 1800  1634° 1080  31'32°

N'=24 nozzle jet water N’=8 nozzle jet water

2. Nami'wﬂaaumaﬁﬂuqmmwﬁwmizw
DMFBBR- GAC
thuan1smanIsanuYnnideiadaiiuuy
fnnny (impact nozzle jet water of Wheel fixed)
U 24 FRAAAUTIUIU 8 FIRANINAFDUNNAY
@mmwfwaﬂiw‘u MFBBR- GAC Tngtiimidnusis
(Wy,) Wiy 4 Alansudu dasinisivanyuiou
(Qu) 11, 12, 13, 14 uaz 15 @ns/undl tndedh
(@Q,) Wil 20 ans/iu I%ﬂwﬁmifmﬁsﬁqmuﬁaﬁ%%
nthudeusiasudutlen 130, 128, 150, 116
war 112 un/ans 3nnsAneiUSeuLiisugnnege
Famihuuuinae (impact nozzle jet water of
Wheel fixed) Wui1d1uau 24 Midalifinnuuaneig
AUAUTILIY 8 WIRANUINAMUNLIZAUTIUIUTOU
nWIY (Recirculation ratio: R) Wiy 976 wag
mEIseUTRITUnIes (Stirrer speed of bed: Np)
Wity 26 soU/undt fdnendled 96.58% weniide
guulagldiaadniiunismyudsu (HReT) whiu 2
Filusfawansly Table 2 lovhmsSsudisuiiu
szvulausyavslunisiivadndeiieldnie
mamwmﬁﬁﬂ@ﬂ;mﬁ%ﬁa (Roongvisai, 2004;
(BODIin) 60
un./ans anA10led (BOD) lads 15 un./ans THian
fnfuntsvgudeu (HReT) Wiy 8 v, ¥nfiroy

Sensai, 2004) A suAUTlaf LT
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AsUnUmmesEuU MFBBR- GAC anAniled (BOD)
1999 5.13 un/ans (Fig.d wag Fig. 5) Lazdunming
lulemanisinunsle

100

o8

26
94 \-\
92 ~—

90 -

88 -
—@— optimum NB=26 rpm,removal efficiency=96.58%:8 nozzle jet water

Remove efficiency (%)

86

—EB— optimum NEB=25 rpm,removal efficiency=95.75%:24 nozzle jet water
84
a8z

80 T T
15 20 25 30 35
bed's stirrer speed, N8 (rpm)

Fig. 4 Relationship between removal efficiency
vs. bed's stirrer speed (Np)

-
v W v W ©
M A & ® ©

Remove efficiency (%)
© o
g 3
\

—@— optimum R=936 ,removal efficiency=96.58%:8 nozzle jet water

@
o

—— optimum R=936 ,removal efficiency=95.75%:24 nozzle jet water

®
B

®
n

©
o

615 a1s5 1015 1215

H
]
N
]
A
]

recirculation ration,R

Fig. 5 Relationship between removal efficiency
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Table 2 Effect of optimum rate recirculation ratio (R) and bed's stirrer speed (Ng) to the BOD removal

efficiency
Wor, Oke Q. BOD,, BOD Ng R HReT removal
efficiency
(ke) (Lpm) (L/d) (me/L) (me/L) (rpm) (Qre/Qin) (HR) (%)
4 11 20 130 13.59'12.29° 19" 792" 2 89.55'90.55°
4 12 20 128 9.42'7.87° 20'03 864" 2 92.64'93.85"
4 13 20 150 6.38'5.13° 25'26° 936" 2 95.75'96.58°
4 14 20 116 7.85'6.32° 28'297 1008 2 93.23'94 55"
4 15 20 112 9.81'11° 31'32° 1080" 2 91.24'90.18°

N'=24 nozzle jet water N’=8 nozzle jet water

39150lNan1539e

n33duaTaili TngUsrasdiilowaiaunis
¥unensiadsuiiuuuindenvestunseslulados
Ufnsalniudininuuungdladiundinans
anufududvdafia (Moving  Fluidized — bed
bioreactor - Granular Activated Carbon, MFBBR-
GAC) MFBBR-  GAC thdtinde La3osujnsal
Usgnoudiediusigera3andeUsznoudasdiu
fudfuduuudia (GAC)  vinsiUSeuiiougnnede
Wdnthuuuinaeg (Design Nuzzle Jet Water of
Wheel Fix) lngld 5 wisaiimesuseneuluaunisnis
\Aeufivesszuu  MFBBR- GAC USudnsinis
Tna3suvesnistuadsuiiolilaanuuanaisiia
flandmiutunsoanfieUsznouatuaniaindoudifio
fﬁm’gmaumguﬁ&m Recirculation ratio, R way
ANEIsEUTDITUNSBY (Stirrer speed of bed: Ng)
Amnzaudmiudidatidetudeudethiloly
Uslevin19anISiNEASNUIILIWIL 24 el
ANULANAAUAUTILIUN 8 Wadalaedl 5 W5 dlmes
un Jadeditsuaunsdanumber of wheel: n )
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wihiul nedewfioy Uadeii2 szuzviadansvionaus
(distant Pipe of lateral :d,) iy 0.11 4. Jadeil
3 FuuviBuIus (number of pipe of lateral: n)
wifu 8 vie Uadeiia Lé’umu@uéﬂawﬁaﬁmﬂf’]
(diameter of nozzle:d,) whiiu 5wy, {adefis
YINBUNANUANTIUA (the particle diameter of
GAC: dy) Wiy 1.50 13.31nde@sATAANTINTEUDN
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The study of Soybean Hulls in concentrate on Nutrients utilization in goat

Thaintip Kraiproml* , Sitthisak Jantarat' and Sareena Semae’

lFoculty of Science and Technology, Prince of Songkla University, Mueang, Pattani, 94000, Thailand
ZFoculty of Agriculture, Princess of Naradhiwas University, Mueang,
Narathiwat, 96130, Thailand

Abstract

The research aimed to study effect of levels soybean hulls in concentrate at 0, 10, 20 and 30%
on feed intake, nutrient utilization and nitrogen balance. Four crossbred Thai Native x Anglo-Nubian 50%
male goats, 1.3+0.04 years old with average body weight (BW) of 23+3.2 kg, were arranged in 4 x 4 Latin
Square Design. The goat were fed with 0 (T1), 10 (T2), 20 (T3) and 30% (T4) and rice straw ad libitum.
The results showed that the diets dry matter intake (g/h/d) was 659.90-748.50 g, crude protein intake
was 87.17-110.77¢, ether extract intake was 14.95-18.85 ¢, neutral detergent intake was 342.26-482.32 g,
acid detergent lignin was 166.99-244.28 g, was not significant difference (P>0.05) among treatments. The
digestibility of dry matter, neutral detergent fiber and lignocellulose were not significant among
treatments. However the digestibility coefficient of crude protein in group of 20% soy hulls was
significant highest (P<0.05). Nitrogen balance all groups were positive. It was concluded that can be used
soy bean hulls 30% in concentrate because was not effect on digestibility coefficient and nitrogen

balance for goat

Keywords: soybean hulls, concentrate, goat
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#uuseansnisdeslavadlnvue (%)
= Qnvugidnilasy - nguzluya) x 100
TnwuENFn a5y

Table 1 Ingredients and chemical composition

of dietary treatments

Ingredient % T1 T2 T3 T4
Soybean hulls - 10 20 30
Corn meal 27.40 19.13 10.87 -
Cassava chip 14.16 14.16 14.16 14.16
Rice bran 12.79 12.79 12.79 12.79
Soybean meal

Palm kernel 22.83 22.83 22.83 22.83
molasses 4.57 4.57 a.57 4.57
urea 2.37 2.37 2.37 2.37
Mineral premixed 2.28 2.28 2.28 2.28
Chemical composition

DM 82.16 83.18 82.55 82.64
CcP 19.98 20.12 20.14 20.56
EE 3.58 2.98 2.63 3.13
NDF 36.38 36.59 39.86 40.67
ADF 13.56 14.13 16.78 17.34

T1 = 0% Soybean hull, T2 = 10% Soybean hull,
T3 = 20% Soybean hull, T4 = 30% Soybean hull

nsAssideyanieata

thifeyauuaensifu Usunalagusd
Au Usinalnvugdigesld wazaunavedlulasiau an
ATIERAMULUTUTIU (Analysis of variance) Ml
WNUNITNARBILUY 4xd  Latin - Square W@
WisuiieuAadelneds Duncan Mutiple Range
Test (Steel and Torrie, 1980)lagldluswnsy
@593 SAS (1996)
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wifawad Anlugaglaa dnflu wihdu 11.34, 14.13,
2.14,4.78, 61.36, 40.92 way 6.12% AWEWIU &u
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36.38-40.67% uwazdnlugagladegluyiy 13.56-
17.30% muddy seduntasaduasieagloaiuiu
pusziuUFenfuudnduviesiiintulugns
9MM3ARAATDIIU NRC (1996) s18a1uinudonyiu
wéaduvdesdiidelugs Inefiwaglaa 47% uawdl
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USunaringuiis WWshu nilawad wagdnlu
iwaglaaiunzladuanuiadniuazeimstudly
Waenvudniumdesluseiurngg wansds Table
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76850 n./f/u FaldanuTmaemsduiinulé
(326.51-426.51 n./f/5u) warUSinasmnsdiiiuls
(220.32-355.93  n./A3/7u) lduand1afunieada
(P>0.05) drutsanailusAudinnle Tosufule wifs
waddinuld anluiwaglaadinuld wazanduifuldd
Alslunnsnsiunsedia egrslsfnm ngui 3 filésu
Fdmdeduseiu 20% fuunlduvesUSuanisiu
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Eliott et al. (1995) lavinn1snaassls
WaeNVLAAA VA DU LUVAMEINUNALILYTY
Tnelugnsenstuiiszdu 0 uaz 18% TulaSauy
Wuglesdilaunghsailaviufazdnlnay
uMa991MSMEY NUTUTImnsAulaauadian
wnfiu 19.8 nn/u wag 19.3 nn./u laduansineiu
M9adR (P>0.05) wonanii Ipharraguerre et al.,
(2002) Anwinsldwdenusdadiaundeaduunag
wasunawurnInauaiisedu 0, 10, 20, 30 wax
40% lugnsemsiaiaunleaalaunFidou wu
Usanunishulaeonualuwaneisfunisada (P>
0.05) wivSanaunisiulavesdauniivuilunanany
isﬁmaaﬂﬁumﬁaaﬁlﬂwﬁﬂuqma’]ms 3una

nsfuldednedaszvasomstududnuisdaded
aansnvsvenfanmuemalnvurifioglueimsdnd
TudniiAendesiuasdmaoutnatuutsmueiinues
91113 AnWaENINIEAMLaTEIuUTENBUNIALAT
293981915 (Wachirapakorn, 1998) aU3u1aunils
wadflegluemismeruaiunsalduseiduyiunm
msfuldluguTnquidudniifoasesdld udeglsh
puUsunsiuldluguinquisesdnidduogiy
dadudug Wy AnugueInIEIMIY WIATBITY
9113 Lazdnsinsdovaansveadolelunseinie
svozafieseglunszimzudin uazianssunis
\RoBasesdnidny (Eftekhari, 2004)

Table 2 Effect of Soybean hulls in the concentrate on feed intake (on dry matter basis)

[tems T1 T2 T3 T4 SEM P-value
Dry matter Intake (g/d)
Concentrate 416.96 392.57 426.51 416.30 2.45 0.84
Rice Straw 314.75 355.93 220.32 307.33 5.34 1.15
Total 731.70 748.50 659.90 723.60 6.87 0.95
Dry matter Intake (%BW) 2.93 2.99 2.64 2.89 2.15 0.67
Dry matter Intake (%BW"")  65.45 67.97 62.83 67.79 3.12 0.82
CP intake (g/d) 110.77 107.01 87.17 109.55 9.12 0.77
EE intake (g/d) 18.85 17.90 14.95 18.30 4.50 0.61
NDF intake (g/d) 459.16 482.32 342.26 451.77 5.89 1.11
ADF intake (g/d) 227.44 244.28 166.99 223.49 9.56 1.30
ADL intake (g/d) 53.34 56.40 39.41 52.60 9.45 1.11

T1 = 0% Soybean hull, T2 = 10% Soybean hull, T3 = 20% Soybean hull, T4 = 30% Soybean hull

Table 3 uansendudszaninsgoslduasi
ungldsuansdnsmivermstuildiudentiy
windndedusyiuine wui duussandnnsdes
Iivoringuia milawad nluwaglaa danldunneng
Auneadia (P>0.05) Hsu et al. (1987) $1891U71
Anuausatunisteslavesinguiisveadeniy
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Table 3 Effect of Soybean hulls in the diets on digestibility coefficient (%)

Items T1 T2 T3 T4 SEM P-value
Digestibility coefficient (%)
DM 87.28 78.05 88.88 84.58 3.28 0.82
P 62.12" 50.85" 71.90° 61.99" 4.08 0.04
EE 75.85° 57.28" 70.92° 64.62" 2.94 0.24
NDF 56.71 41.67 64.57 49.36 7.85 0.61
ADF 48.11 48.64 52.12 51.15 5.12 0.74

T1 = 0% Soybean hull, T2 = 10% Soybean hull, T3 = 20% Soybean hull, T4 = 30% Soybean hull

*Means within the same row with different superscripts differ (P<0.05)

Table 4 uwansarUSunadulasiauiiune
1650 Tulnsiauiidusen wazArnisiniululasiau
wui Tulnsiaufiunennngulaiufidlaunnsety
N19@0R (16.41, 16.75, 18.67 wag 21.77 n./§/7)
wagnrstueanveslulasiaululudasinziianla
LRNFA19AUNNEDRA (3.95, 6.42, 7.17 uag 5.82 n./
/4w uirnstueenvedlulasiauluyanuituny
nauiilssudonsiundndaumdesugnsemsduly
sEAU 10% fidn1sduesnvedlulasiauluyagsan
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uansanuneAldFudenvuudndundedlugns
9111159ulusEAu 0 way 20%  wANA19ee1eil
Ueddymeadia (P<0.05) aedlsfimuungnnnguil
Araugavoslulasiaufuuin Arfivsvenis
Usransannsitlulasiauluemsdnife Anns
fnuAululnsiau (nitrogen retention) 39A1n15AN
vululasiau ﬁqﬂuﬁaﬁm LEAIINEN1819380N"S
Fuaelulasiauanas esnilusniulusienie
v3elugunandn (Marini and Amburgh, 2003)
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Table 4 Effect of Soybean hulls in the concentrate on nitrogen balance (g/d)

ltems T1 T2 T3 T4 SEM P-value
Nitrogen intake (g/d) 16.41 16.75 18.67 2177 1.55 1.15
Urinary nitrogen (g/d) 3.95 6.42 7.7 5.82 1.03 0.98
Fecal nitrogen (¢/d) 7.21° 9.89° 557 8.73" 0.46 0.12
Nitrogen retained (g/d) 5.25 2.81 5.93 7.52 1.36 1.42

T1 = 0% Soybean hull, T2 = 10% Soybean hull, T3 = 20% Soybean hull, T4 = 30% Soybean hull
*® Means within the same row with different superscripts differ (P<0.05)

A5UHANITNAADY AnAnssuUsENIA
nsldideniuudndundedlugnsemvis AugRITevevaUANan1ITUEIANA
Pudwiuung aunsalilagsgalusedu 30% lugns UM INYIFEFIVAIUATUNT NI UEANYUNITITY
9113 uAszAuveUdeniuudndamdeiiiudy Fryeyavil SATOTH59

a'qwaGiEJ’LJ%;Jm@jaisﬂuqmmmiﬁﬁu%u agslsh
a msliludensfudaduvdedusedu 30% lu
gosownslddwansenuseUsuanisiuld nsee
16 wavaunalulasiuluwne. .
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Effect of Storage Time on Egg Quality of Free Range Laying Hens

Kanda Lokaewmanee and Juntima Muangmoon

Faculty of Natural Resources and Agro-Industry, Kasetsart University Chalermphrakiat
Sakon Nakhon Province Campus, Sakon Nakhon 47000

Abstract

The objective of this research was to study the effect of storage time on egg quality of
free range laying hens. A total of 270 eggs was evaluated egg quality in 3, 7, 10, 14, 18, 21, 24, 28
and 31 days (average temperature 29°C and average relative humidity 74%). Each storage time, 30
free range eggs were evaluated specific gravity, Haugh unit, pH of albumen, pH of yolk, lishtness
of yolk (L*), redness of yolk (a¥), yellowness of yolk (b*), yolk color from Roche yolk color fan,
yolk color from egg multi tester, yolk percentage, albumen percentage, eggshell percentage, egg
weight loss, yolk index, albumen index, shape index, eggshell strength and eggshell and eggshell
membrane thickness. The results were found that specific gravity, Haugh unit, lightness of yolk,
redness of yolk, yellowness of yolk, yolk color from Roche yolk color fan, yolk color from egg
multi tester, albumen percentage, yolk index, albumen index and shape index decreased (P<0.05)
with increasing storage time. In contrast, pH of albumen, pH of yolk, yolk percentage, eggshell
percentage, egg weight loss and eggshell and eggshell membrane thickness increased (P<0.05)
with increasing storage time. The present results reveal that increasing the storage time affected

quality of free range eggs. However, free range eggs showed better quality up to 14 days.

Keywords: Storage time, egg quality, free range laying hens
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Fig.1 Effect of storage time on specific gravity of

free range egg
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Fig. 4 Effect of storage time on pH of yolk of

free range egg
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Fig. 6 Effect of storage time on redness of yolk

of free range egg
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The Effect of Housing and Environment on Cow Comfort in

Small Household Farms in Chiang Mai
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Faculty of Architecture and Environmental Design, Maejo University, San Sai, Chiang Mai, 50290, Thailand
Chiang Mai Provincial Livestock Office, Amphoe Mueang Chiang Mai, Chiang Mai, 50300, Thailand

Abstract

Beef and dairy cattle small household farmers in Chiang Mai are facing severe weather,
especially in the summer, resulting in reduced productivity and higher costs. Cattle housing and its
environment are important factors that affect indoor temperature. This paper aims to provide the
general physical characteristics of beef and dairy cattle housing and the environment surrounding the
houses in the small farms in Chiang Mai. They were used to consider the existing housing problems and
the relationship between housing characteristics and cattle comfort. It was found that most cattle
housing is too short with a height of about 2.7 meters, using roofing materials that cause heat transfer
under the roof and radiating heat into the cattle housing. In addition, the survey also found that cattle
housing is not conducive to the wind, and there are other buildings near cattle housing that block the
wind direction that cause the indoor temperature was higher than the outside temperature. The high
temperature leads to increase heat stress of cattle during the summer to moderate to high levels.
Therefore, the important strategy that should be considered to improve the indoor air quality is the
cattle housing styles i.e. increasing height and using roof materials with low thermal conductivity.
Shading around the house and building orientation are also important for reducing the temperature

inside the housing.

Keywords: cattle housing, dairy cattle, beef cattle, small household farmer, heat stress
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scale) ldun gaungd Arududusivg vunuay
sUsuulsaFou Sruauduldl suniiufidaunndey
Aeqsoulsadou Teanud (frequency) wazdo
ag (percentile)  lun1seduredeyaisuedudu
(ordinal scale) uwazuIUyQA (nominal scale)
laun seAuAueienvedla Fllnredianyeamdsan
uaEFUNTIMAIA
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qmmﬁuaxmmsﬁué’mﬁwéﬁu’qmEJuamLaz
maiuimL"ﬂiaugﬂi’mimst'%'mﬁai’mamwa'mmw
AImea Ju Lutron LM-8102 AsiUmMiafIng19n
Fig.l (ASHRAE, 2005) uwaziuviAladouas
i luldlunisussifiumnuasenveslalanenis
ATUIRIAT Temperature-Humidity Index (THI) #13
AUNITAUFUNUSYDS Mader et al. (2006)
dosnfussifvnzdmsunmsinwanineinie
nelulsadouiifisuwunde Snsindouiives
g1n1ARLazinislosiusednicenfindeotiadl
UszAnsnm ansnsouszendldlddladonaslauy
(Li et al., 2009)

THI = (0.8 x Tdb) + [(RH/100) x (Tdb - 14.4)] + 46.4

[T
Tdb fie gaungienniaviegaumnniinsziurzuis (°C)
RH fio Anududuinsiuanslugudadou

¥ren THI fisunaldudSeudisuiuinas
N15LATILNTEAUAMUTULSY (threshold) vBaN1S
\Ain heat stress AIUSEAUAILLATEATIENSALU
Iowdu 5 seau lawn ldfanuesen daueasen
éntes danuaioaUiunats $A2NuATEATULSS
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hol

wardlmuaSeaseavgeauldaiunsodvdinegl
Tgavldgnss Table 1

Table 1 Thermal humidity index (THI)

Heat stress levels THI
No-stress <72
Mild-stress 72-178
Moderate 79 - 88
Severe 89 - 98
Cannot life 11N 98

Source: Mader (2006)

NM33AsIEnITanneenAn (multiple
regression  analysis) QﬂWLﬁaimiwﬁLﬁam
ANUFUNUST¥INIAULANA YR M T NEUEN
waznelulsaseu (V) iu viavesdanumdsnizunss
iR Ynalsaseu Iuuensiaesey sl
fufiveth fufivimguasiudionauds lneld35a
Frulsdaszuuutuneu (stepwise
Faidendudsnensalinfigauaslilnnaiiuszvda
fign mnduvslalallddemalian Rsquare  Liuiy
sgafitiuddmadfnavgnuinesniy

regression)

NaN15IY

1. &nhwaeirluniamenmlsaiounazdauindeu
Tnasau
nnsdrsamuiimsiasdaieuarlau
Yaanunsnssregesludmindedunill 3 anvaue
Idun msidsauuUsesvdeuuuladou nisidsauuy
fulssuazuvunay daulngidunisidscuuy
kAU uasnssy wuslaudednluajiin
Guiudlafiudioslne (Thai Indigenous  Cattle)
M‘%@Iﬂgﬂmauﬁmﬁm w%aiﬂqﬂmam?ﬂuﬁﬁmumlﬂ
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%
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Tugunidn Mdesire mawns dusulauudiulng

o = o

Juiugu-dmdegnuanvii-di sukuulsaieu

Y

3

YY)

ﬁmumﬂmwm% AIUUAMNLATYAINAINS DU

a

vadlpazduegivgamaiiuazaninenialaeseuily

dfry Usznauduiunasmsuludwmiaeslulds
WoudurAufuuwIgY 2652 Fgddan1nen1ATou
11nA71 40 °% 11NN 10 Tufnseiu ﬁaﬁgﬂﬂmﬂ%
ietleatiuaninerniaseunelursuiiftessund
I¥anamdsmuasiuliingseulsadeu Tsadoulaile
Tnevhlufifuiidwidulsadouads 63.6 a5,
(SD=65.37) v3aUsvanm 6.6 wsalabe 1 &
(SD=10.06) ~FsAnndmnmsgIuvesUadnii 810
f5.41/% (OLD, 2018) Tunaueilsadoudsslauayi
yurafiuituinninlneiaded 116.86 f9.4.
(SD=112.78) ¥is® Uszunad 13.15 as.4./lauu 1 62
(SD=12.14) :nmsdraguuuulsaFounas Tanild
slsnFounud TsnFouladouaslaundisuuuy
vdsamssdndudlng (87%) s Fig2 uay Fig.3
Larnundsn1gunsedutieUszusie 19y
NTIMUUIMULALVRWAIUNATY 8819L5ARY AL
qwamé’qmu%imLﬁﬂ@ﬂ%iﬂﬂﬁagjmmdm 5-8 4l.
uanIIndAuANelsLSeuNINNIT 24 . AISE
ANUGILIUTBUNINNTT 8 U. (Hatem et al., 2004;
Samer, 2010) WLHANAITEITIANUINLTSDULAUY
fanunhaadeuszna 13 o lusasiitinnugs
Uszana 27 0. Geilinisszusennmeduldls
%1a4 (Table 2)
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Fig.2 Characteristics of beef cattle housing
found in Chiang Mai

Fig.3 Characteristics of dairy cow housing found
in Chiang Mai

Table 2 Cattle housing information (n=390)

Components Beef housing Dairy housing

(n=347) (n=43)
(x) sD (X)  SD

Width (m) 6.17 3.06 7.60  4.85

Length (m) 9.17 5.18 1339  8.50

Height (m) 328 097 270 081

Areas/cow 6.6 10.06 13.15 12.14
(m’/cow)
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nsidentanudsaiinuizauazdaean
gaungiiniglulsauseuld (Bucklin, 1993; Samer,
2010, Arla, Morrisons and DairyCo, 2012) '?dj!ﬂ‘W‘Ud']
nwnInsegesiienld zinc roof sheets (43.8%)
osmndinnumunu i s1angn miewas
Aindadne imaamvﬁuﬂixL‘ﬁan%muﬁaauﬁ (33.1%)
uazwanafndwanlndlefiau (polyethylene plastic)
(14.4%) widanzAnduidusnsddgivinligamgd
arelulsadeugesduiosaintagdenainden
Fulsvavsnisiharudeu (thermal conductivity) G
Tagfiedmshnrmdeuvesdansdegi 211 W/mK
Iummzﬁﬂixtﬁaa%muﬁaau@:LLax polyethylene
plastic 8¢ 0.993 uaz 0.44 W/mK luvaz
polyethylene plastic wuulavgdmanlvigamgd
melulsadeugduiiosnnanufoufiniuanmion
Aulaseiing (Ngo et al., 2016) MsRnssimay
Fudunseeniitlaglifansssuualusieadu 1y
\dova (Thormark, 2002; Samer et al., 2010) Wy
navidmnululsadeulaideuuuie qlagldtan
Uszianlsflsuagnanafinuail inguszasdtiteniuring
LagfuHLIINTEsVRMAINT 1LY 48 Usan
347 Wik (13.9%) wagldnunmsvidunaudmsuiu
Anufouniglulsaseulauiae (100%)

Tsadoulauiounaunia (19%) ridsdennad
wifsynduiivhanauauvesuietosiunsamied
wifsunduiiianiagansswanlivieneds @
yu) iielfifuiuiifugunsaflumaidieda dwy
Taumunsldauauiiiofunasuaz fuusas 18% us
miﬁgumﬁ’aﬁqwswé’qmLﬂiuﬁawLﬁuqﬂaismams
syurgainiantslulsasaula (Cole, 2011)
fulsnFeulaodnlvyduuduliongs (72%)
nsdiflaztvangamndnielulsndeunasdreli
qmmqﬁ’lué’fﬂﬂaﬂaalﬁl,ﬁ'auauuuﬁuﬁu (Cole,
2011; Thormark, 2002) WA@1@IHARDHUNINUDS
Tn (Samer et al, 2010) fusuuraureiinitu
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29ldidle
w4 (1.7%)

P TR TATE o B UR AITEPR RO LV TR eI
FreliAnnisiadeuiiludesinsssnitmdninas
‘ﬁuﬁﬁﬂ1558Uﬁﬂaﬂﬂﬂﬂmﬁuﬁiiuﬁjﬂaﬂxﬁdlﬁﬂ%J‘U‘U?d
anmerniAusunsula (Hatem et al, 2004;
Samer, 2010; Arla, Morrisons and DairyCo, 2012)
N1952190181A15A5YITINAUAITE L I@A N
ﬂigmﬂLLazQﬁmmﬁﬁ”’qasﬁUﬁaﬁu (local climate)
wazsyFUtuR (specific microclimate) tU1u15231u
157315841 (Cole, 2011) TsaSeuluusywnAuwau
Joumsas1alsasoununziufsluifng Jusen
uagnziuan ielildsuanuszdgouaziiniuien
aeldlsadeuunniian lnslanizeeradedfiud
Tsedeuduiunduamnniidondunnelilsaiou
Tugaadh Uewasdu asdresinldiunuuislddon
levuazLazAsiaufuguinwelsuSoutans
! Lﬁ@iﬁﬁﬂ@@ﬂlﬂﬁ]@jLLaSI“fllﬂiSIEJGUﬂi'ML\‘I’]ﬁGmVIEm
gonlUld (Tatsapong, 2017) Fa91nn15drTIanuTn
IseSeudiulug) (70.3%) Funtine1ans (Aue) T
nsfrufimionsdisutdrsangaumginisly
l5a5ouadla
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fanndeunarnisldituiiseulsaueulusses
10 u. dewaneanmeinidlagseulaznglulsausou
Usnaseulsadouiiussnoudenuiiaideuasiui
uthazdmariligaungilasseulssFouanasrou
sioutrganelulsadeu wimnuialsadouduiui
anudeazinliguugilaeseuiuuiliugenin
guvglennimadsluiiui Tnsianzegsbamnd
am’1$u%§aﬂqﬂa%’wluiws 15 4. 9gyinlsinnsg
szulgeInTdLarsvanlianacuasdinananis
wnsnsea1elsale (Hatem et al., 2006; Samer et
al., 2008b: Samer et al., 2008d) lsaSeulaiied
Srusuliiseulsuiounds 3.86 fu (SD=2.96)
Hosninduruduliseulsuseulauu (X=7.28
sD=3.44) Fesulsfdnilngjazegniimmionaziie
ngIusenunuiazegvaiidliuaginng Suaniote
THAnaTuTU78 (Cole, 2011) uazfifudivoti
sssumalufiuiivhfaladlouaslauuade 18.80 uaz
27.30 #5.4. (SD=60.67 waz 31.01) Auddu Audi
vjwghitdulnggnugnliiiteiduemslaeds 200
waz 2,514 »3.3. (SD= 46.45 uag 936.83) AUAIAY
fateyalu Table 4 uag Table 5
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Table 3 Beef and dairy cow housing components (n=390)

ltems Beef Dairy Items Beef Dairy
housing housing housing housing
F % F % F % F %
Roof shape  Flat 14 403 - - Ceiling  None 299 86.2 43 100
Skillion 25 720 6 1395 Bamboo 2 06 - -
Butterfly 1 029 - - Polyethylene 46 133 - -
Gabled 305 8790 37 86.05 Wall None 281 79.4 28 63.6
Others 2 058 - - Hard wood 7 2 - -
Roofing Fiber cement 125 347 24 522 Bamboo 22 62 7 159
materials Zinc sheet 163 453 18 39.1 Block cement 2 0.6 - -
Alu-Zinc 17 47 4 8.7 Polyethylene 34 96 8 182
Plastic nets 2 06 - - Plastic nets 8 23 1 23
Polyethylene 53 147 - - Floor None 250 72 25 58.1
Constructive  Concrete 2 0.6 - - finishing Concrete 58 16.7 15 349
materials Steel 25 72 6 14 Steel 1 03 - -
Hardwood 303 87.3 36 837 Hardwood 6 17 3 7
Plywood 7 2 - - Others 32 92 - -
Bamboo 9 26 1 23
Note: F= Frequency
Table 4 Environment and orientation of beef cow housing (n=347)
Cardinal directions
Items North (N) South (S) East (E) West (W)
F % F % F % F %
Orientation* 272 78.4 - - 75 21.6 - -
Trees 152 43.8 94 27.1 105 30.3 72 20.7
Hardscape 25 7.2 16 4.6 18 52 14 4.0
Wet land 12 35 il 1.2 5 1.4 4 1.2
Grass land 21 6.1 11 3.2 14 4.0 12 35
Building 61 17.6 38 11.0 40 11.5 39 11.2

Note: N= 315-45, E= 45-135, S= 135-225, W= 225-315
Orientation®: N= N-S axis, E= E-W axis
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Table 5 Environment and orientation of dairy cow housing (n=43)

Cardinal directions

Items North (N) South (S) East (E) West (W)

F % F % F % F %

Orientation* 29 67.4 - - 14 32.6 - -
Trees 29 67.4 21 48.8 18 41.9 17 39.5
Hardscape 8 18.6 3 7.0 3 7.0 2 a7
Wet land 8 18.6 0 0.0 7 16.3 2 4.7
Grass land 8 18.6 11 25.6 10 233 8 18.6
Building 19 44.2 8 18.6 9 20.9 10 233

Note: N= 315-45, E= 45-135, S= 135-225, W= 225-315
Orientation®*: N= N-S axis, E= E-W axis

'
= a I

lsaSeulauunuIndauvniedy 37.13 %% (SD =

9 U

2. @nnazaunglulsasau
3.04) warAuAUEUTIMSIade 49.57% (SD = 7.84)
fgamgidunelulsaFou 36.40 4 (SD = 3.40)
warfianududuingiads 5037% (SD = 8.12)
wenandidaliTnseduainuiiaunasseduldos
aeuonuarntelulsadeulaidowarlaundadl

SUaLLdunnawaEndluy Table 6

IINN1TATIVIAANINDINAYING YT Y
vinnlnssoulsudoulailofigungiiade 38.20 o
(SD = 2.97) wazAnuTuduindiade 40.38% (SD =
10.08) figumgiindunelulsaieu 37.88 ° (SD =
325 wagdlanufuduimsaislulsadouiade
45.00% (SD = 10.28) dwiuituiviianilassey

Table 6 Mean daily weather on farm

Weather Beef housing (n=347) Dairy hosing (n=43)
Outside Inside Outside Inside
housing housing housing housing

(X) SD X) SD (X) SD (X) SD
Temperature (°C) 38.20 297 37.88 3.25 37.13 3.04 36.40 3.40
Relative humidity (%) 40.38 10.08  45.00 10.28 49.57 7.84 50.37 8.12
Wind speed (m/s) 0.21 0.29 0.14 0.35 0.13 0.21 0.06 0.09

87.16 (SD=4.03) d@nsulsasoulauunuIndan THI
WAy 86.60 (SD=4.35) LieiwaldiuSeuiiisuniu

WehAgumgiuasanududuinsaigly
1595 UUINIASERUAINULASEAYRItAlag Y

Temperature-Humidity Index (THI) au@un15989
Mader (2006) wu3nlsaseulatleda TH ady
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Wn9iAINASEAYeIlA 5 SEAU NUdTEAU
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(moderate stress) tHuauaSealuszauuniill
Aodunsiauarliinanseenisnnuinioniitniauunas
drulngavarusauiudindudganizundlaies
(Table 7)

dloenniadeulavzuantennisney Aungn
Yos Authunn msdsdassuulaluiiuiinuiouds
wazfisuiansidenldszuuraudusuuiade
YuNALAN (sprinkle) Saufun1sIdRRaNILYI8an
Anusoun1slulsdsou warAIsldanssuuIEUIY
AUTIUMENLEN (fog cooling system) LNy
dmsuiiuiifiienutudoudisgs (Amundson et
al., 2005; Samer et al, 2008) wazAsAnmaniely
Tsadeulilassadnefisudunilolauszuna 2.5 u.
wsyuuiarlydfiusyansamaneldanindeuda

idlominenanieueniiseuarinarudiuuagii
omeduiigensoulaoenly (Hatem et al., 2006)
wiannsdsnuiiiioaniadousazlaisuuand
msnuasnsazsiymineniseruililaviei
Telugnl3fisalssulitud faduisnsiinumsns
sedopilgldoniiosniisriaulates fuiibes
dulngfeogluvinadiundsihssumni wudies
5 yhdu Pifinanszuienudeuanguvgiinigly
Tsadeudanulumsidedaun uazwu 7 vhdudifnds
58UV sprinkle  vunasmlaglifivnay difies 2
Wisuiifin sprinkle vundInuazdiwaau Tdwunis
finds Fog cooling system nnglulsaeuinunsns
sedosnalaiouarlnu

Table 7 Temperature-humidity index (THI) and heat stress levels of beef and dairy cows

Temperature-humidity index

Type of housing (THI) Heat stress levels
X SD
Beef housing (n=347) 87.16 4.03 Moderate stress (79-88)
Dairy housing (n=43) 86.60 4.35 Moderate stress (79-88)

3. UszAnsamnisanndnuiouvalsasou
\dlofiansaunusganinmveslsuiouves
inwasnsTegesiitoglunisanseiuanuiaienves
laanAusavesgungiuinulagseu (7,,,) way
gaumilanelulsulou (T,) el AT = T, T,
‘wmfﬂiaL'%auiﬂLf:asuaamwmmiwsiaaﬁﬁaaj
annsaangamianeuenldiade 0.76 “u (SD =
1.41) Ineflsadeulaulofiannsnangamiiliaen
10.25 °9 wagdunsuisiigamgiinnglugandinieuen
i1 3.15 °g dwiulsuSeulaunveununInssed oy
fifloganunsnangumgliannateuenidiads 0.18 s
(SD = 0.71) TneillseSoulaunitanunsaangamgdile

302 FEINYAITNISIFU

g9am 2.55 °9 uaznuiuaziuisvisdonmgiinigly
gandnieueniis 1.95 °g dadeyalu Table 8

Table 8 Thermal efficiency of cattle housing

AUAN9YDIREUNYH
Type of housing (AT = Toue Tin)
(X) SD
Beef housing
0.74 1.24
(n=347)
Dairy housin
i : 2.55 0.56
(n=43)
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dothdeyauiinseianudusiuslagld
MaeTzRLUUannsrateinUsLaglinisiden
FuusnensallagiBifiusulsdassuuudunou
(Stepwise Regression) #U31AIgIU04L5aLT0UIl
ansnadonui1eIgun iintguenuaraely
Tsadousnniign sesaanfugunssmvdsen d1uou
o1mslnoseulsaFou uayTagymdsan Jsaunis
wennsaliildanunsaesueldannsaesuiemeny
Asvesgungiintsuenuazntslulsuiaulads
93.6% (F=107.59) feiun1seonuuulsedeunes

LABATNTT8E08T9ATIANUEIAEAUAITAIUA
doalsaSeu JUnsmamLaziden Tanymanl
Fmnzauazdislinisssugonanislulsadeu
ﬁ%uuaxamqmmﬁmaiuiiﬂSau (Hatem et al.,
2004; Samer, 2010) SAAuiuituAiddouayitud
szjuﬁmasammiﬁﬁuﬁmmLLﬁ‘fJnLLazmia%’NEJ'Wﬁﬁ
Anfdulsuseusrdrsangungineudilsuiould
antiazgasanseiuauLAseavedlald (Cole,
2011; Tatsapong, 2017)

ANOVA
Model Sum of Squares df Mean Square F Sig.
Regression 53.101 2 27.957 107.588 .000°
Residual 477.436 385 .260
Total 530.537 387
Model Summary
R R Square Adjusted R Square Std. Error of the Estimate
967° 936 927 50976
Coefficients’
Unstandardized Standardized
Model Coefficients Coefficients t Sig.
Std. Error Beta
(Constant) -3.413 .360 -9.476 .000
Roof shape (Skillion) -6.674 .559 -.540 -11.939 .000
Housing height 1.660 131 .625 12.647 .000
Building around housing (S) 506 162 135 3.127 .003
Building around housing (W) 584 181 144 3.237 .003
Roofing materials (Zinc) -3.032 1.258 -.120 -2.409 .021

a. Dependent Variable: Temperature difference (AT = Tout-Tin)
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Havasn1slinaeirietuluamisHean1sneuduBIiANAULasANAIUNIULIA
ANNSAALD Streptococcus agalactiae Tulaiia

Wuriuda Unduns , agalned asanins, auaus uAdausgns wae daua U

F1YIVIUTZIN AN SRTAIARNT U1 ING1aEVaULNY 40002

UNAnga

nsfnwnavesnslindrethinaduluemadenisneuaussmagiiduiusazeuiuulsannnisio
{8 Streptococcus agalactiae Tulanila YvtniSuduade 162.82 + 1.14 ndu Wemsuaundei sy
0, 1.0, 5.0 uag 10.0 Wosidus Tnetmiin Wuna 8 dUav wanisinwmuin msldndetasiluemslaid
nareAslafiningwesania (P>0.05) InsuSunanaalinidonuna A1 haematocrite index kagAn lysozyme
activity vestamnngylinuanuuanssfumaadd ogslsfinnu Uarnguiilédsundredhinasiluewmaynngs
nAaadlen nitroblue tetrazolium activity wae superoxide dismutase gandtuariangumiuaueg1aiitdud1fay
M19adR (P<0.05)  anmsdnweuiuniulsadeite s agalactioe  TuesfuRnas lnennsdade
S. agalactiae Aty 1 X 10° 1wad/Aadans Usuns 0.1 feddns idwnsdesiemut Uanianguilidese
pnsLaiundei Piidamssenuanivedudnissenns duinsgenitvaniianguaiuauegeditfod Ay
A (P<0.05) Uanfanguillésundrnthinaduludng 100 wWesidus luawns dddnmnissongsiigaini
65.55 + 3.85 uardnaINssoRnEdUTINSIYTY 50 Wesidud etaun Ae Vardanguilésundredhiuatulu
7571 5.0 uay 1.0 wWosidud mudiu luvasiiuanguauauiisanmsseamiian anmsdnuadsiuansiidiu
1 mslndredrinasuluoims annsaLinyssavsamnsiauvesszuugiduiuuazanuaiunsalunis
Frumudelsaannmsinde S. asalactiae vesUania

A

v o v

U™, Yanlla, n1sneuauewmnagiauiy, Anuduiulse way We Streptococcus agalactiae

Y

ANENAeY: N
v
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Effect of Dietary Supplemented with Musa ABB CV. Kluai “Namwa” on
Immune Response and Disease Resistance Against

Streptococcus agalactiae in Nile Tilapia

Nannaphat Palintorn*, Aruneepong Srisathaporn, Somsamorn Gawborisut and

Nilubol Rujinanont

Department of Fisheries, Faculty of Agriculture, KhonKaen University, KhonKaen 40002, Thailand

Abstract

This study focused on effects of Musa ABB CV. Kluai “Namwa” supplemented in pellet feeds on
immune response and disease resistance against Streptococcus agalactiae in Nile Tilapia. Fish (average 162.82 +
1.14 ¢) were manipulated into 4 groups. The supplemented fish were fed with pellet feeds supplemented with 0
(control), 1.0, 5.0 and 10.0 % (W/W) Kluai “Namwa” for 8 weeks. The result showed that supplementation of
Kluai “Namwa” in the diet had some effected in hematological values in Nile tilapia (P>0.05). There was not
significantly difference in the amount of white blood cells, haematocrit index and lysozyme activity which
showed no significantly different in all fish group (P>0.05). However, the use of Kluai “Namwa” supplemented in
the diet had effected on immune response of Nile tilapia, the values of nitroblue tetrazolium activity and
superoxide dismutase had higher than the control group (P<0.05). In vivo, disease resistance against S. agalactiae
was by intraperitoneally (i.p.) injection with 1 X 10° CFU/ml at 0.1 ml per fish. The supplementation fish fed with
Kluai “Namwa” in the diet had higher survival rate and relative percentage survival than the control group
(P<0.05). The fish fed with 10.0 % diet had survival rate as 65.55 + 3.85 and relative percentage survival as 50 %,
followed by the group fed with 5.0 and 1.0 %, respectively. While, the lowest survival rate was show in the
control group. The results indicated that dietary Kluai “Namwa” supplementation could enhance efficiency the

immune response and disease resistance of S. agalactiae against of Nile tilapia.

Keywords: Musa ABB CV. Kluai “Namwa”, Nile Tilapia, Immune response , Disease resistance and

Streptococcus agalactiae

*
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UNin

miL?ﬁyaaﬂawﬁaiuﬁ%aﬁ’mﬁui“wﬂm?ﬁym
LL'U‘U‘W%J‘L!’] (Intensive aquacutture) iin1sUansuan
DI R EAHITATRNIVER Wawwmmsamaiﬂmwaﬂ
LLavmaﬂﬁluﬂimmwmmwa svuumsiieuuuiii
THAnn1sWasuuUasesaninuandaunisluve
Fedldine Tldanfnannaen wavdmansny
Giaqsumwmmﬂmﬁl,??aa (Abutbul et al.,, 2004;
Diegane et al., 2007) ¥rl¥Uanseuneindoliie
nalminn1IszuInvedlsa (Wu et al., 2013) 1gu
Tspfiinannsindonuaiise (Theerapom et al,
2005) WeuuniiFeiiniAnlsalulaiia Téud ana
Streptococcus wfiadifinssesiluvaniladl 2 vie
1§un S. iniae uazido S, agalactiae (Albutbul et
al., 2004; Wu et al, 2013) lagianizhuaiitse
S, agalactice  Wuannpvenisiiliminlse
Streptoccoccosis Tutanila Fadrsmudemesie
mimﬁmLLas’qiﬁamiwaL?:mﬂmasmmrw (Nilubol
et al, 2002) nsuAdgiiiuun Snaslden
Uftuzuazansiaiitiunldlunisatunlsa uinng
THowarvarsiadogsraiiondunaiuiug 1y
anvsyiiinn1sanA1avesekazasalludivan
?jaa'awaﬂszmﬁia@:ﬁimuax?qmé’am (Wu et al.,
2013) wazdaiinadenisiosrvedenolsale
(Serrano, 2005)

fvanulwsgminldiasuluemnsiteiy
nMsasgAulaLazn1sIanIsauavaImvesUan i
nsssaumslifivayulnsnarsviafildiadalu
omsdniih WeriunsiaSaivle Ussdndamnis
o3 BRTINTTM WAEN1INTERUTANTY 1YY
A15I1U995e0 (Aloe  vera) (Gabrial et al.,
2015) LLazaagubL‘Wﬁu Astragarus polysaccharide
Tuvandla (Zahran et al, 2014) msldvhsiune
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seimwannandendu (Citrus sinensis) Tudamse
Iney (Acar et al,, 2015) nsuied (Alium sativum)
U9 (Zingiber officinale) wavarszwnu (Mentra
piperita) a3ulustmsUaingnau vlkdnduni
naasyiuluassmevaueegifu gty
(Talpur and Ikhwanuddin, 2012; 2013; Talpur,
2014)

n&e1ii Musa ABB CV. Kluai “Namwa”
oglunad Musaceae 1Tuftvayulnsiilinarinis
91584 eauseindunazuisinfiinruddusie
31N ndedassnaunehuldsnwlsanae
yilo Wy lsannudulaings lsaladinang lsadld
LLazaﬂizﬁUﬁﬁmﬁaiuLﬁaﬂ (Pornpimol,  2010;
Kornkan, 2011; Chensiri, 2011) nal8fidnssu
ouyadas: anmudssrelsaieusa 1wy uzis
waila PreUnseaunInsene wasuasagiauiu
uneliinanueglusednsain wagiilissuy
M3vuYeseTezaie Tustemesiiulumuuni
(Pornpimol, 2010)

n&regninunldiaduluomiidludadun
wazdo i lnedfngusvasdangg fu iiledaeiia
n1sasyiule nszquiifuiu wazalugulse lu
dwfun wu A weinduasdnniswanion
o annsaauaulsadalulnle (Prajuap, 2004)
warfiuunltuvilviss funfiduiugetu (Benyapha,
2007) Tudnith fnrssrsanunaiaiuaisadaain
Waonndae (Musa acuminata) luemmsiilidesds
AMUNTIU (Macrobrachium — rosenbergii) @11158
dunaasadivle Sudsaneden nsedugfidudu
LLazLﬁummﬁmmuﬁiaL"lﬂ?ﬁj Lactococcus garvieae
Tudsfunsm uaededSnmmasongstu Tnsdaediy
nsffudauvafiiefiduannnueanisnolsaluds
Aunsiule (Rattanavichai  and Cheng, 2014,
2015; Rattanavichai et al., 2015)
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TunsAnwadaiiinguszasdifiednuina
vaan1sldndreininasuluemssenisnevaues
nsgdfuiu wazanudumulsnannisiaige
s. agalactiae ludanila Fsnsindreninuasuly
omsdniuidsslandatu falddinnsseau
nsfnwaneu fedugidedsaulalunisiindae
Bl dlunnsdnuluadsd Lﬁ@ﬁﬁa;ﬂaﬁlﬁmﬂ
nsnwanltlunsiiunandnnazduaiuguamyes
Uanilalviiitu

A5Afiun159e

1. dndnnans
Yanflawdaswa (Oreochromis niloticus)

v '
° o a

wniniede 100-110 0. MneaIIsu ginewiiod
Jeninveunnu gniundedduvediuuduuin
0.8 X 1.2 X 1.2 4. Tudnsnanunuikiy 30 §2/Us
A o ' I o ¢
WinUsuanmnaunsnaaasdual 2 dUavi lae
To1msluensn 3 % veaivines wazildsuaie

11 50 % NndUA

& o & P Y
2. psdlndiagunaundieunin
1ndwu AU (entirely green) unuulu

anfioamaiivies 1\Junan 5 Ju landreanidnvas

q 9 U
P

Waendudindesnanun(entirely yellow)
psfUszneunnaiivesndasinanuandlily
Table 1 Yonudeneentamzdueuiendisan
i dutugng tlvunlezsonseiesduil
AaLE 12,000 soU/Af Wuan 1 il awile
nérvavdomduieiermuduveunannilen
mmfuﬁ']mmqﬂmé’wﬁ’uaﬂmwmﬁaﬁﬂL%ﬁ]gﬂma
nsfedadinaesi (CP 9910 Uszneudelusiu
30%, USENLASYLNAAMYIDIMNT 9100 NRIBL) A1
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sedUreINTLEsundt i lugns 1.0 (1:99), 5.0
(5:95) uaz 10.0 (10:90) % Inethuidn auwmunis
naaswUIeuifisuiunguaiunulie nisiiie
diSaguuniliinaunds wdsanduiemnsitlais
Tuiisy una 2 s, wasAusnunlugsanadng
gaundl 4 ° newihlUld vimswieueimsyng 2
Fu fegendregnuaiiegnsemnsiiedousiaz
adniunnufuiieinssvmesdussnoumaadl
Y9901 MUIBUDY AO.AC (2000) 89AUTENBU
maaiivesonsimiounansly Table 2

Table 1 Nutritional components of ripe Kluai

“Namwa” per 100 g

Nutrient Amount
Proximate composition
Moisture 66.31 ¢
Protein 1.24 ¢
Fat 0.19¢
Carbohydrate 3149 ¢
Fibre 0.66 ¢
Ash 0.77 ¢
Energy 132.63 kcal
Calcium 11.43 mg
Iron 0.45 mg
Magnesium 38.35 mg
Phosphorus 30.29 mg
Potassium 3259 mg
Vitamin A (B-Carotene) 0 mg
Vitamin B6 (Pyridoxine) 0.11 mg
Vitamin C 0.11 mg

Vitamin E (a-Tocopherol) Not Detected
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Table 2 Proximate analysis composition of the experimental diets supplemented with various

percentages of different of Kluai “Namwa”

Kluai " Namwa" Levels (%) (w/w)

Proximate composition

Control 1.0 5.0 10.0
Moisture (%) 8.89 9.48 11.83 14.91
Protein (%) 30.22 29.98 28.62 27.73
Fat (%) 7.93 7.85 7.64 7.34
Nitrogen free extract (%) 40.46 40.39 39.97 38.47
Fibre (%) 3.63 3.60 3.48 3.36
Ash (%) 8.87 8.70 8.46 8.19
Digestible energy, DE (kcal/100g) 271.19 269.54 261.99 252.70
Gross energy, GE (kcal/100g) 411.63 409.25 397.83 383.82

3. LHUN1INAGBY

nsfnwilduariiadiuan 360 @ thmiin
\AuIFNdu 16282 + 1.14 n. utseanidu 4 ng
R8s ax 3 919 30 2 VHUKUNITVINABILUUAN
aﬁ,J‘Uuizfl Completely randomized design : CRD
Uanlannassazldfuonssindifaguiliesundae
i lusne 1.0, 5.0 wag 10.0% (w/w) Yp9tmiin
91115 1Juan 8 dUai wWleuileuiunguaiuay
galdsuenadiaduiaguund Trewnsiuay 2 1ian
#9800 u. War 1600 u. lagliaudy iiudeya
Unaemnsililuusiay fusaeanisnaass guifiu
Fegradenaintaisiuiu 10 fa/ve Tuduanid 4,
6 uaz 8 unifumegnuden 2 ga yafl 1 Yidenan
ATIIAIMNalainInen Usuias White blood cell
war Haematocrit index  AAKUAININITN15V
Braxhall and Daisley (1973) wagA1IN1IRDUEUDY
manfiqudunuulddunig Nitroblue  tetrazolium
activity  #1338n15999 Secombes  (1990) uag
AnKUaININITN15989 Stasiak and Bauman (1996)
¥afl 2 Asuendsuvinnsnageum AN
voueulesilysozyme  activity AALUAI9INIBNT
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W93 Parry et al. (1965) waza1toulasiSuperoxide
dismutase  activity IﬂﬂﬂgfﬂmmaaUSuperoxide
dismutase Assay kit (Sigma) A1135n15U99 Quade
and Roth (1997)

4. nMsfiuiegnadonuazuendsy
Uarfiviudiegrsaaudag MS-222
(Methane tricaine sulfonate) L1zidenUataniau
\@onuUsame (Caudal vessel puncture) Tagld
Fuvwm 21 G X 1 1% $ vaendne1Usuns 1 va.
imsiiudnegiadenusums 1 ua/dan 1 faees
Tapuuadanldnasn microcentrifuge 47U 2
vasn nasnay 0.5 ua. laevaendil da1s
Ethylenediamine tetraacetic acid (EDTA) 119U
1% Wiow3euihfegiudonluiaszinmaladi
e uarAnsnevausmagifuiuLuulidmieg
284 Nitroblue tetrazolium activity @usia9e19
Geanaonil 2 lalld EDTA vhnnsifiuiednedsulag
Udeelidanudai Wunan 1 §2lus fgungilivies
Pntuiludunnasneuiinannga 2,500 seu/wnil
figungll 25 °v 1Wuan 15 uiil uendiuresdsy
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Wiuflgamall -20 °¥ aupinihuldinseiainis
yeuvesoulesl Lysozyme activity wazaaulel

Superoxide dismutase activity

5. MIATIZRAMSaRn NN

dshegradeniiivlunasad 1 Sinsien
AUSunalEeAu1? (White  blood  cell) way
USunaufinidenunsdnuiy (Haematocrite  index)
(AAUUaINLITA15904 Braxhall and Daisley, 1973)

5.1 NMTIATIZAUTUIU White blood cell
laoanulasninisn15ue Braxhall and Daisley
(1973) ¢isil

ieghadonuadunvid 4, 6 uay 8 130
914L89AE Phosphate buffer saline (PBS pH 7.2)
Tudns1 1:200 (Foavarusuns 20 L wauiu PBS
pH 7.2 USums 3,980 pL) uhluneaasuudlantiv
inlden (hematocytometer) uusunas White
blood cell HuAuasuinsalun (16 Fo9) fyuiis 4
fundeaganssatiideens 200 11 tnaiile
AIMIAIUSIIA White blood cell saidon 1

v
=1

nuIAndadang el

White blood cell/gnuarifiadiang = Smuuiiduldiadededes X 10
(A1dn) X 200 (AIFRN)
4 '3 sa_aa
= X 10 was/gnuieridadtng

5.2 N15%1A1 Haematocrit index (Antuag
ANIBN13984 Braxhall and Daisley, 1973)

\Aivudlednsidendanldluvasn
m|crocentr|fuge mmaasﬂauaam microhaematocrit
?Jﬂﬂa']EJW']UWUQ“U@ﬂVﬁ?J@@'QEJﬂUUWNU uﬂﬂ‘fjuma
509 haematocrite centrifuge fiauisa 12,000
sou/ui Wunan 5 uil 81uen haematocrit index
#2843 09 microhaematocrit reader (Hettich
zentrifugen, Thailand)Aunuateonuiduesidus
il
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% Haematocrit index = U3u%5 haematocrit (Haddns) X 100
Vsinasidemiavan (fadans)

6. NFAATILAANTEUUIANTU

6.1 MIsnAIAaNTsU Nitroblue tetrazolium
activity  (NBT  reduction  assay) 1435015909
Secombes (1990) Waz ARLUAININITNITVDY Stasiak
and Bauman (1996)

Fregradondiienlude 4 waendl 1
UUTUINT 100 pL tAnaslu microtitre plate 96
siqu siafunuy MliTigamngiives 37 oo 1uiian
1 9. Wieaddiademinstuiiufafungu shn1sge
ansazanvalaine anwadeae PRS pH 7.2 $1uau
3 a3 1w 0.2 % NBT (luansavaty 0.85 % NaCl)
U311915 100 pL i lusiigaumgil 37 o Wuan 1

. piawadidiadonlagifiu 100 % methanol i3
2-3 wit §19878 70 % methanol 1wy 3 Ads fis
T¥usAs LAnansazane 2N Potassium  hydroxide
(KOH) US11%5 120 pL waz dimethyl sulphoxide
(DMSO) U195 140 plL asluvau InA1n1sganay
waswesEsavaedi finnuenrdu 620 Wiluwns
feLaTeq ELISA reader (Metertech M965+)

6.2 nsmeananssuvesoulvallalyleilu
Yuden (Lysozyme activity assay) (AnLUasa1n
38n15v04 Parry et al., 1965)

Lysozyme activity assay ﬂﬁ%%ﬂ%ﬂﬁﬁﬂ
Fregafidanioalude 4 Tdasly microcentrifuge
tube dulvi 3B TavarBwUATISY Micrococcus
lysodeikticus 0.2 n./4a. Tu sodium phosphate
buffer (PBS) pH 6.2 1@ 3uldasly microtiter plate
96 way viANuWUY Nauag 10 pL uazify
asasasiliolutinng 250 pl adluusiasmay ¥
nsnsaaaevUfiselnedarinisgandunasiianas
firuendu 540 wiluwns faewades ELISA
reader 53m3n3 0.5-6.5 U1fi Aigumniivies thandile
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ATUIUAT Lysozyme  activity  lagnuae9eq
Lysozyme activity {Wugda/un 1usiu Ineniagdn
winfudTinadsuivhliansganaduuas (OD) anas
0.001 slguni

NISAUINIAT Lysozyme activity

Aop = 0D (fangarie) - OD (fnanisudu)
Lysozyme activity = (Aob/manilldiaeun)  Unit
0.001

6.3 n1sniArUIueulesl Superoxide
dismutase activity I%ﬁmmmaau Superoxide
dismutase Assay kit (Sigma)

vasuidnwienlude 4 inddunsaed

B3

1. Wudsudandegnessunes 20 ul Tu
microplate AuWUY uag blank 2 @%sU blank 1
wa blank 3 Wuthndu Frumsende 2 ady)

2. Wy WST working solution U311915 200
uL Tuusiagvau

3. \@u Dilution Buffer USu1ms 20 L Tu
blank 2 wag blank 3

4.\ Enzyme working solution 1‘14‘1/1@11171'
Td35udog1e way blank 1

5. thlvuigamad 37 * 20

6. Ehwhmsgmmﬁmmﬁ 450 wlumAg
§81A304 ELISA reader wazfuiniAn Superoxide

dismutase activity (Inhibition %) ®1U&uN1S

Superoxide dismutase activity =
((A blank 1 - A blank 3) - (A Sample - A blank 2) X 100
(A blank 1 - A blank 3)

A = AIMIPANAUUAITIATNETIARY 450 uluians
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7. NMSANYIANUAIUNIULSA
7.1 nsfnwiAnuduusiedenuaiise

S. agalactiae

wdanslienmsiasundaennin Wuan 8
FUm ﬁwﬂmﬁa'ﬁ'mﬁmWﬂnﬂﬂzjumimaadﬁ’]mi
negeUAMNEIUIUEe S. agalactiae Wuian 14
Su fiszdumnududuiiviilivaine 50 Wesidus 1
Aidu 1 X 10° wad/ua. Ineynsdadngesien
Uandaz 0.1 ua. Sufinmsmevestamniu tilex
nansNaaTlamuwnmAos I usnssenme
#1905 (Relative Percent Survival, RPS) a138nns
U934 Amend (1981)

RPS = 1 - (% dasmsmeadsvesiaflidsuammsiasundlesdrin) X 100

% sasmmsmeiadsvesanildlasuensiasundedtin)

8. Mylaszvidayanieata
ﬁﬁa;&aﬁlﬁmﬂmiﬁmﬁmﬁm'ﬁwﬁmﬂ'w
ALLANATINISED A taeldisiiasigialiu
kU5U59U (Analysis of Variance) #NubNUNIINAADY
LLU‘UEjﬂJmaaﬂ Completely Randomized Design,
CRD W3 uifiaumanuuansaisesdaielneds
Duncan’s New Multiple Range Test fisgfupau
\Fosiu 95% lnslusunsud3agy SPSS 16 version
2007 WisdiAsneviaanisAnwAlainingt, A1nng
MOUAUBININYIANIY UazAAUUNIULIA
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e T nauildsundetninasuluemsuarnguaiunulyl
ANULANANAUNNETANaaANITNAADY (P>0.05)
pgnalsfinu Uinaugadidaidenyiduunliiy
astunusreganslaTundetninasuluoms
(Fig. 1 wag 2)

1. nslndaetidasuluemsdedmidladin
Wy1veslalia
Tnmsenravesnisldndretiasuly
1sReAImMlainIneveslanila wuin Usuna
WwaakinlienvkazA1 haematocrit index vasUan

8 -
a

% ~ 6 - I B control (0%)
vog

_§ § a - m1%

5 0

Swu 5 | 5%

= 2

= 10%

weeks 4 weeks 6 weeks 8

Fig. 1 White blood cell counts (108 cell/mm3) of Nile tilapia fed with diets supplemented with 3
levels of Kluai “Namwa” at 4, 6 and 8 weeks, compared with the control diet which without

Kluai “Namwa”. Columns with different letter were significantly different at (P<0.05)

100
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S 80 -

% M control (0%)
o -

= °0 1%
S 40 -

é " 59%
c 20

G 10%
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weeks 4 weeks 6 weeks 8

Fig. 2 Haematocrit index value of Nile tilapia fed with diets supplemented with 3 levels of Kluai
“Namwa” compared with control at 4, 6 and 8 weeks. Columns with different letter were
significantly different at (P<0.05)
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2. msl¥ndreiinasuluemssenisnousuas
manfduiuuuulidmagludanda
Uandanguillédundreininaialuoms
YNNaunAaas dA1 Nitroblue tetrazolium activity
e Superoxide dismutase activity qmﬂﬂﬂmﬁa
nauatuANegildedAgynisada (P<0.05) naen
szeziIan 8 dUni IﬂﬂﬁLLu’JIﬁ:JLﬁiJ%jﬂ‘ﬁum’uﬁ%ﬁU

Nitroblue tetrazolium
activity
(OD 620 nm)

weeks 4 weeks 6

yasmslisundreiineasuluemsiiiintu egals
finnu AvisaesdiAnfingatuniussezinainslédy
n&ret i nasulue st uiduiy daudn
Lysozyme activity T Tdwupnuuanseiung
affszwianfangunaaesiildfundaethinasy
Tu91M15hasUaINguAIuANABRANITNAA DY
(P>0.05) (Fig. 3, 4 wag 5)

M control (0%)
M 19%
M 5%

10%

weeks 8

Fig. 3 Nitroblue tetrazolium (NBT) activity of Nile tilapia fed with diets supplemented with 3 levels of

Kluai “Namwa” compared with control at 4, 6 and 8 weeks. Columns with different letter were

significantly different at (P<0.05)

Superoxide dismutase
activity (Unit/mL)

weeks 4 weeks 6

M control (0%)
1%
M 50

10%

weeks 8

Fig. 4 Superoxide dismutase (SOD) activity of Nile tilapia fed with diets supplemented with 3 levels of

Kluai “Namwa” compared with control at 4, 6 and 8 weeks. Columns with different letter were

significantly different at (P<0.05)
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Lysozyme activity (Unit/min)

weeks 4 weeks 6

B control (0%)
M1%
M 5%

10%

weeks 8

Fig. 5 Lysozyme activity of Nile tilapia fed with diets supplemented with 3 levels of Kluai “Namwa”

compared with control at 4, 6 and 8 weeks. Columns with different letter were significantly

different at (P<0.05)

5. msldngretidnasuluemnsdonnudiuniy
TsavasUanta

Snsnssenveslaniafiioeiieeims
wSundreiindune 8 §Unv ndan1sande
S. agalactiae fisziu 1 x 10° wad/ua. Faduseiu
LDs, WUIN anﬁamjuﬁlﬁ%’mé’wﬁﬁ%ﬁﬂu
9IM1519MI1N15500 wazlUesiduinissennie
divdgetunusedurssnsldzundaethinaiulu
o113 Tnemuh Yandanguitldsundedninadalu
991 10.0 wWasidud luewns idasnssengaiian
Wiy 65.55+3.85 (P<0.05) WagnauAIuAuiens
n1ssenntgdfigandiyangy Sa1uiady
31.1125.09 (P<0.05) d@1udUssidudnissennie
duiinsiangedian wiriudovas 50 (Teyauanslu
Table 5)
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Table 5 Percentage of survival and relative
percentage survival (RPS) (%) of Nile
tilapia fed with different levels of
Kluai “Namwa” supplementation diet
for 8 weeks and challenged with S.

agalactiae (1x10° cells/ml) at LDs, for

14 days.
Kluai "Namwa" Level Survival RPS
(%) (%) (%)
Control 31.114509° -
1.0 4333:334° 18
5.0 47.78+5.09° 24
10.0 65.55:3.85" 50

Values (Means + SD) with different letters in a

columns were significantly different (P<0.05)
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dsUuazdansalnanisivy

anansaneiluadsl msiasundreii
Tuems lddwmansgnusealainingivesuanila
IngladiinldanvikagAl haematocrit index Ldd
ALLANARAUNEAINUaInguatual agalsi
mmﬂimmmjaammaammsumﬂmuawﬂﬂaw"lmu
&t iasaluems mﬂimmwmawumaammi
710899 d@UA1 haematocrit index m%wmuawam
Tuduniii Immmmequqﬂuﬂawmqmwimiu
ndet i fissiunisiasy 1.0% lueimns sesaen
fio fisefunisiady 10.0%  luewns uagdanga
muAw Alafindngveslal lnslanzwaadaiden
112 (Hudadaneme Bassineessruugiduiu
wuulddmie (Tewary and Potra, 2011) lanns
mauauaqmqq:ﬁﬁuﬁ’uuasmnﬁuﬁwmwaaLﬁmﬁam
217 (De Pedro et al., 2005; Selvaraj et al., 2005;
Abdel Tawwab et al, 2010) A1 haematocrit
index ﬁmmﬁ’]ﬁmim&JLfJué’fwa%ﬁaaﬂmemmﬂm
(Mulero et al., 1998) Clauss et al (2008) 5189914
11 msidwessysueasindenuns (red blood
cell, RBC) A18u1InASH (hematocrit, Hct) way
slulnadu (hemoglobin,  Hb) 1uiavednns
ABUALBIMNIAILLATEN HeNSLiuTUveIALTad
sunilatdan (hematopoiesis) FeiusERU RBC,
Het uwaz Hb ffistudagnivdsmdumadiudiie
Boafiutuviefinnnyidndonuniunnanas uaz
lyidsrasionisiinnnelainandlulan derumanios
dawareguanuesdnitn nnsfnwluadsilas
wiildiandanguiiléfundoiaiiluosuiinm
WwadiindenuiuagA1  haematocrit  index i
wwlduAnfingedu uansfansldfundaeiasuly
g msdmasiansnseuniduiukarlidianseny
seguamveslanlia asngiunissigaunslding
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ayulnsnatsvdaasulueinis 1y ianszau
(Agaricus  bisporus) Tuvainnwansiiu (Clarias
gariepinus) (Harikrishnan et al., 2018) @17ana1n
Na Camu camu (Myrciaria dubia) LLaz‘W%agulWi
Cat’s claw (Uncaria tomentosa) Tutafia (Yunis-
Aguinaga et al. 2015; 2016) wu31 Uannnuensiu
USinauradidinldeny1 wagA1 haematocrit index
Lufauwanaeiun19adfseninengunnaes
(P>0.05) Wuieafulanfladilésunisiasuansann
wagdvayulnsdananalueinis lanunasg
WasuuUasdeusuradnidonuntuazan
haematocrit index LUy (P>0.05) usoeglsina
YSunaiadifinifenviuay melanomacrophage
fiAnfiudu (P<0.05) Fspdretunissesuludan
Sanwa (Labeo  rohita) ldSunisiaduansans
Hybanthus enneaspermus IaguarduSunauda
Li9AU1ILAY neutrophil Lﬂwﬁumiuﬁu (P<0.05)
(Giri et al., 2017)
minevauemifuiuwuuliding Tu
UIuNsTUALAanUasy (phagocytosis) Laaa
Windenw1vda phagocyte Usenaumeisaauun
1A5919 (macrophage) kagialasila (neutrophil)
sefinsiinvinnanislidesndiaudusiuuuinly
Ufji81 respiratory  burst  (Secombes  and
Fletcher, 1992) titeniswanlslnsiauosoonles
(hydrogenperoxide) wazgUidosaanlaa
(superoxide) 1nnay wanAaiildfinuatfiduans
FrueyyadaszuariatsdewvafiFenelsa
(Verlhac et al., 1996) superoxide dismutase W
wulwififiaudrdyluszuudosiulusienie u
asiueyyadasziAnanmsmaiymelulwad
(Zahran et al., 2014) QﬂﬂmaﬂﬂiﬁﬂHWIUF}%ﬁﬁ
Uanflailagundretinasuluemis finavinlien
nitroblue tetrazolium activity agaA1 superoxide
dismutase Wiugsdundidaifanguaiugu
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aoandestunissenululardaildsunisiasy
autye (Cinnamon nanoparticles) (Abdel
Tawwab et al, 2018) waglaudulie (Withania
sominefera) Tuo1913 (Zahrana et al., 2018) Uanil
mmauaummagﬁﬁuﬁ’mﬁ'uqaﬁﬁumfwﬂa’mfju
muAx (P<0.05) Insvandanldsunisiasulanduiite
finsnovaussmagiifuiudintuludneuwasnds
nslésuie Aeromonas hydrophila  Tawfn
nitroblue tetrazolium activity fianiutulugi
reumslasudaitioisuiuianguaiuau (P<0.05)
druAoulesl superoxide dismutase ﬁﬁ%ﬁuqa“ﬁu
mevdansléiude Gsndeadsiunismeauluds
frunsiuiildsunisiasuansadnanniudenndae
aunsanseduniauiu Inevinlinadian respiratory
burst activity, phagocytic activity uagtoulal
superoxide  dismutase ﬁ@hlﬂmqﬁu (P<0.05)
(Rattanavichai and  cheng, 2014; 2015;
Rattanavichai et al., 2015) lysozyme 1Hureulesidl
gvilunissufenisiasgiivinvesuuaiise
(bacteriolytic) lagn1syinangnisiwadveshuaiitsy
mududureeuledludonvanasildniiniuly
ismwwmﬁmiam%au%Qﬂéﬂi’]umm?q
wuanuasu (Magnadottir, 2010) Iuﬂﬁﬁﬂ‘lﬁﬂ%\‘iﬁl
wuin mslingretiiasuluems an lysozyme
activity  laifinanuusansdnedunisadfdudaingy
AIUAY Fapdefunsssanilulan beluga (Huso
huso) ilé§unsiaSudne Urtica doica Tuems
WUAULANANNADAUDIAT lysozyme  activity
(Binaii et al, 2014) Tuvazfinssreeululamue
waTilaSunsiaduiudevesiinnesly (Cucorbita
mixta (L)) Tue1w1s @1 lysozyme activity fadial
qa%ﬂuﬁ'ﬂmﬁﬁz& (P<0.05) (Musthafa et al,
2017) nnsinwluadidalnigiuin nnsléndae
hasuluemsiinaromanssdundduiuuulsl
Fumgluvaniia lngausadinuseansamnng
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Wrruvengadiiniionailunisinatsds
wlanUasaniiudu

mnmsdnwluadsifagulin vandadildsu
e fuaiuluowns feufumulsagatu Tag
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militaris) (Doan et al., 2017) wagds (Zingiber
officinale) (Brum et al., 2017) UanilAnlosidud
N350ANUFUNNSIYINAUSPUaY 88.89 WAy 100
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(Zahrana et al, 2018) wariudafinnasly
(Cucuebita mixta) lulanueine (Oreochromis
mossambicus) (Musthafa et al., 2017) edial
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nelsalufefiunsny taun L garvieae,
Photobacteria damsella, Vibrio alginolyticus
wagV.  parahemolyticus (Rattanavichai  and
cheng, 2014)
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Abstract

Studies on parasitic distribution of the common lowland frog from 5 farms in Maha Sarakham and Roi-et
Provinces during August, 2015 to July, 2016. Totally 833 diseased frogs were collected and examined for parasitic
infestation from 3 stages of frog (tadpole, young frog and adult frog at 320, 330 and 183 frogs, respectively). In
addition, water quality analysis involving parasitic infection to frog was also carried out. The results revealed that
all stages of frogs were infected by parasites throughout the year, in which 91.72% (764 frogs). Both ectoparasite
and endoparasite found to affect the frogs at 9.89 and 90.11%, respectively. The ectoparasite found 2 genera of
ciliate protozoa including Epistylis and Acineta, while endoparasite especially in intestine found 2 genera of
ciliate protozoa including Opalina and Balantidium and 4 genera of parasitic rotifer including Monostyla, Lecane,
Philodina and Bracheonus. The investigated shows that Opalina and Balantidium were the highest prevalence
and abundance in each stages, areas and seasons. While the lowest one was Philodina. Water quality analysis
showed optimum for aquatic animals, except the dissolved oxygen, total ammonia-N (NH,;-N) and nitrite (NO,). In
conclusion, parasitic infection of frogs could occur throughout the year. The types and prevalence of parasites
were depending on culture management, water quality and season, especially the cumulative of organic matter
and waste would increase number of pathogens and caused diseases outbreak. For parasitic treatment and
prevention farmers could be treat with anti-parasites, periodically clean up cultured ponds using some

chemicals, and importantly farm hygiene and water quality management are requires.

Keywords: Parasitic infection in frog, Prevalence, Ectoparasite and Endoparasite

*
corresponding author: E-mail: panaratana@hotmail.com

326 FEITNEATNIZIT Un 16 adun 2 AsngIAN - SulnAu 2562

Volume 16 Number 2 July — December 2019



Prawarun Agr. J. Volume 16(2) 2019, Pages 325 — 337

UNin

AUUN (Hoplobatrachus
(Wiegmann, 1834) unuiiwuldmluaamauues
Lmaqmﬁii‘uﬂmmmmmﬂmami“mwﬂ,wa Jaguud
mam’masmmwmuamammm wagnuwiiedu
ﬂuuamaanayqum mn’maamaamuwgﬂaam
annu waznuiile Wesnnldsseznanlunsidesdy
mawsyAuld Weumulunadosh uazdeldt
Lﬁuawuﬁﬁﬁamﬁhmngq susAsveaeud
E"NLﬁIEJLU%SULﬁSUﬁUﬁ@’jﬁﬁﬂﬁjﬁﬂgu (Sririkanonda,
2009; Phadee et al., 2018) Uiyﬂam‘lﬂ,uﬁmwﬂu
Tusssuvafisrvinanandustgicuin (esein
g‘LJLmumiﬁwmﬁmﬁammaﬂlﬂ ﬁuwgmﬂﬁamﬂu
fogorfvveanyuduardug udanudeanisuilan
AUUINAULRLINTUALESY ¥lFneRsnsTuL
Aeenuannay Sniamand1sUsemafidanienn
fu FefvrsununszareimnaiavesUssnalng
(Srisa-ard, 2011) ag19bsAnu mﬂmsﬁmwmﬂi
fiasanuainlngSanauiluniades lnsens
nsdanisatulse JadnneliiAinaduanideatia
soiflos elsalunuiniAnanannn 2 Usznng Ao
TsaftAnanmsandouarisaitldiinannisinie
TnsiomglsaiiinnnnisindelunguuuaiiGonas
Usdn Flinuidulsavararodudiuiuunn
(Kanchanakhan, 1993) uaﬂmﬁamnﬁ?uué"amma
Tuhitsinagvinldnuiinisanidelse Ao nsfdos
avagramumuwAyly Fwedenldmunzay wasd
voudsazanlutaiass vilinuianuduniulsa
anas saumenuinAufurevhdesues denuidn
vausauuimeeyilinuldsudeuarunsnszany
LUst919n1ee819590159 nuiestrsnazniely
svezasudy

rugulosus)

Uil 16 aduil 2 nangau - Furau 2562

Tnethluudrnuiiisminglusiesmanasia
srEvgndon NULAN waznuLleneiildunantunas
dsssumpnazanrhsumnsidewennuasng enedl
msﬂuL"T‘jauﬂuawsamLLazL‘TJuﬂaquﬁﬂﬁzysiami
WIYAULR ANUYANANYTH] UANVBINY UAEANT
Anlsa ondmasieguewivesiuslaald dul
senuriiavesusdnfiunnlunuuwn liud Opaling,
Balantidium, Cosmocercidae, Sparganum,
Haplometra,  Glypthelmins  W&ag Diplodiscus
(Sririkanonda, 2009; Chatmongkolkul et al., 2007,
Rasmitat et al, 1989) uanmmﬁmﬁmazmm
warnmagvesUsandddiusaveiauduiug
szinednidmdenuidndhu wardraunsaldidu
FusineTrnmdavenienisidsunlamesssuy
Tneruafiwmaaillutile (Dick, 1998; Khan, 1998,
Sukgnern and Lertsuttichawal, 2016) n1s@nw1lu
pdsiifnqusvasdifiofnwvin uagmnugnTYes
Usanlunuszersneg Masduvenatadnuasve
Fuudludminumansauuazfosidn daduamg
ddgUsenisuislunisiliiAnnisgaideun
nwasnsiasany welflunsmanmgueiniaia
15a wuamnsn1stesiunazunladgmnisiinlsaly
NU AABAIULLINIIUNITNITANENTONI Ty
aummmmﬂanﬂﬁamuamuammmwmﬂimamﬂu

sald

A5AdiunsIve

1. MaiuAIeg
ynsAnmnan N siissuarsULuUnIS
Samsvhiudsuasimgiugnuluseziuil uagvh
nsgufuieganuniifionnisaeiiiednwivin
va9UsAnanisumizidsenuludineiiles
WmE1sAd 1uiu 1 vsu dunsuigu Jwmia

FEINYAITNISIFU 327

Volume 16 Number 2 July — December 2019



Prawarun Agr. J. Volume 16(2) 2019, Pages 325 — 337

N o

UMAITAIN T 3 WITU wags N Ivys 9nin

q
&

Spuidn 911 1 vhsu vasiiudiegraieuay 1
a¥s 1uszezan 12 o sEwinaioudonay
2558 fafeunsngIay 2559 Taeuiufiaegeny 3
sry fio gnden (szosfiinig) anNNu (Ma991nNm1e
wgaaudiveny 45 ) wagnULile (wunfismneiiie
Uslaalunesmann) ssevay 10, 10 Way 3-5 §fe
Wousren1su Auady TIuRIeg19gnden gnny
waznulm@nde 9119 320, 330 uay 183 ¢
AU SeAY 833§ TnevinnsAnendnvne
p1n15nutaenglunisy §unnennis wieududin
mswasuulatazdnvarensthefieauluusay
sy wdhuesamdsanngluesuufinig
thfegrenutaens 3 svey wndeimin
(n.) wagdnAue (B3.) LAIVININITATIANIUTER
nAeuen (Ectoparasite) 3MNHIMUY LWian (svuy
anden) LaT5819ALINSI9I TN SRR o dae3T
Wet mount uaathludesgiiundesganssel
89878 40, 100 Waz 400 L1 MIUAIAU LagnIs
psranUsanainedviznieglu (Endoparasite) 109
nu Milinunuaauianinenisudaslundeussy
Yuds udhunsemusantuetiznielu e du
wazald lnevinsknsnlandeamas wWadIuYes
suluyin Wet mount wazdiveunalranailduas
MAAUDIMNT 100 pl uvesasuuwsudlasiitinen
i Yndenszandadlas (Cover glass) luasaam
Usdnneldnassqanssaiingsvens 40, 100 uag
400 111 a1y Judiuiulsanuazantuiinld
wieufutufinamusaniiny drusdnluimIoudu
alasdsnrasiiioldlunisdnsiuun aiuddves
(Ergens, 1969) N1359nMUNTUAUTANA UGN WL
nedugruineinieldndesganssal n1uisves
Sirikanjana (2003); Chatmongkolkul et al. (2007);
Purivirojkul (2013); May (1989); Keppeler et al.
(2010); Hossack et al. (2013) wag Comas et al.

328 FEINYAINISIFU

(2014) Yrdeyanisnukardnwiuls@nuIvinnIg
AUIUMAIANUYNYY (Prevalence, %) UA¥MIAT
ANMUILLuLAsvesUsAnudazvia (Mean
intensity) m1u35N15U84 Bush et al. (1997) el

¥ § al . a
Prevalence of infection = F1urunUANUUSAALARz TR

FIUIUNUNIAUA

. (o el B
Fulsinudasylianuvisiun
o, a : a
FunuinulsEaudasvila

Mean intensity =

3. mMsfinwganwih

ﬁwmi’imeﬁ@mmwﬁﬂmm%%mmgm
un Usinaeendauiiazaneluth (00) el
nsaluans (pH)  weuluiile (Ammonia) lulnsv
(Nitrite)  A1anTusng (Alkalinity) ~ A31UNTEANN
(Hardness)  wayingaungil (Temperature) Ay
Thermometer Lﬁav‘hmiﬁﬂmmamwmammmw
Yiifinasen1siaoany (APHA, AWWA and WPCF,
1998)

NaN157e

1. HanIsANYIANINN AR AN YATINTYDS
nulae

anwmsiasauagnziugnusita 5 Wisu 8
Aruananaiy e sunsidsanuiisuaedes
ENTAT ATNIAENNUTS 3 Szey Tutodiae
fisneugu Fmiaumansay fnaidsanou
wuﬁmﬂuuammumLLauuamemaLLmuwmamﬂwa
dunsidesgnden gnnu uaznuieassiniaides
TuuamummaLLmuwmamﬂwamamaﬂﬂﬁzmm 25-
30 911, uagfisunosivys Saninfesida azsinis
Aosnuynszeylutediuud navsuliermisda
dudaguudnuynszey Sn1sivdsudisdiduads

Uil 16 atuil 2 nangaw - uraw 2562

Volume 16 Number 2 July — December 2019



Prawarun Agr. J. Volume 16(2) 2019, Pages 325 — 337

as1lnglafinsimunsseznauivey Tuiuay
avanuasiifies namziugnuanusaviildianny
Faraieuiiurauiaieutusisy esennuld
annsarauiugielyludigguuin inunsnsaey
au1sadmitegndennazannuld ieslay 7-8
dou athslsAnu Tunisdnwadsiividudeenuan
snaalosuniansarulidnionissensied
nnsanw wagunasulafidegralimauluung
ey 3eiliAudetanuldlingy 12 ade

nsIansaulsanglunIsuvenYAINS
wui msiinlselunvanunsainduldnasniied us
wnwasnsdiulugladinnsdesiusnulsaniglunisy
dloflnnsaefintuagsinnisidnfisuazihaniaes
Tl 9nmsAnwdnwarensnutens 3 sees o
Wiud dnvaizennisvesgndenuazgnnuiitasaslsl
Aua g uengs asedaiiini1 dd1fdandnund
vsilonsnnidenanudi drsuandh Tussey
ﬁaxLuﬁsugﬂi"mmqﬂé”amLﬂuqﬂﬂuﬁﬂwu{]@mmi
AU DAUNULD ﬁw‘fﬂﬁgﬂﬁamLﬁmmiamL%LLax
aetdudiuiuen lnglamemninensnsiidyinnis
Wasusethuiednvunetsdstane uaglivini
vaugeaumvilignny dulsanuladiutevdenuiile
Snwazornsdiulugfinu Ao funaniugdis win
warUn anluu mduth viesuin vuamsenniden
AL Te1nsinetimsadiu (nssuadow)
annsamuaNfiamansiedouild wevihnsinda
Wnesviomu fifeudvniusnasu Yoa shy ity
Foartes d1ldvrndilelndldazdsndungdy
sutaanmihidssdulngdeutredinanine i
fAan uavdanaureudnauss esnnladfinisaoy
sevdunanun

Uil 16 aduil 2 nangau - Furau 2562

2. nan1sAnenvdanazn1sunsnszatgvesusanly

AUUN
mﬂmiﬁﬂwwﬁmLLazmmsqﬂﬁqwuaaL%a
Usaalunuu 91nvhsudssuagimngiugnuii 5
W1y sgviaeudameay 2558 faeunIng A
2559 Tunusts 3 sze laun anden gnNu Laznu
o szevar 320, 330 uay 183 62 AuEIFU 52U
Wadu 833 Yrurnsran1UsandieTearsnag W
meovenuarnely nunuRnteUsaniay 764 i
AnfunuReudoraun 91.72% (Fie. 1a) Tnsusnifu
AUIINTUNDWINU 1 WINU 2 WU 3 B1Lnaiiles
UA15A LazsLnesivys Yaniadesda 200,
202, 191, 65 wag 175 #2 LagwunSAnLEaUsan
W1Suay 24.68, 24.4, 22.58, 8.13 way 20.21%
ALENFU nUUNeFe1atinsRndeUsdnraneila
Fanunuiinshndedie ez neuen (Ectoparasite)
9.89% wasingeiioTeazaelu (Endoparasite)
91.11% (Fig. 1b) InaUsAnfinuiieToazneuen Ju
nquluslada 2 ana Ae Acineta  aglu Subclass
Suctoria wag Epistylis a&,ﬂu Subclass  Peritrichia
druusaniinulueterzneluusnamaiveims
nu nwungulusladl 2 ana e Opalina  wag
Balantidium wagnungulsfinestudldnu 9w
4 g@na \@wn Brachionus, Lecane, Monostyla Way
Philodina (Table 1) Fslaeviiluudalsimodifu
unasimeudniAinunszaneluwanivily wiluung
nsallsAmedmanianunsadulsanidusunsese
Watuldgudu 1w Tsiiiesana Brachionus,
Volvox, Lecane, Monostyla e Philodina W
fu (May, 1989; Keppeler et.al., 2010; Hra, 2011)
MnnsAnwndstannsanuieusanmanildnaon
¥ wawusruruliuindniidergsuiiisuiu
Opalina wag Balantidium %ﬂL“ﬁaﬂiammﬁﬂﬁma
gsrenienunialinannisiudaly wazide
wianin i dusunsnededin 910 Table 1 awwiuin
2FATNYATNIZITU 329

Volume 16 Number 2 July — December 2019



Prawarun Agr. J. Volume 16(2) 2019, Pages 325 — 337

nsunsnszarevessanlunuin 3 szezlifiay
uanAsfumndn winuszezgndoaiinisinide
Usantiosdign (Fig. 10) nuin Usdnidanugne
LarANVUILLLNINTde A0 ana Opalina
5898931 Ae ana Balantidium, Epistylis, Acineta,
Lecane, Monostyla, Brachionus Wag Philodina
pua1au (Fig. 1d) nULARZSTEENUTBAA1 AR i
snuiuagliny Acineta Tunuszergndon lneide
Epistylis wag Acineta \Juusanneuendinui
Avianazsensd eswinidulusiadafidosnts
29NTLIU dam%aé"uq wuiiieniaiue1nis
Taglanganld ilefiansananauiauazengueiny
szidiudn fnnsAndenarnisuninszatsves
Opalina waz Balantidium mﬂﬁ?jmglumﬁyjﬁ 3 33yy
nuiiinidessidnvarennisadeiu uiasdiuladn
Tunuile fie SadinegliilfAamsmeusnuasd
91nsgurey ldfinems Lazideady nnenis
suusaileilndesiosgnudlduauh dndundy
wanUUTARSILILNIN Fedenadasiu Rasmitat et
al. (1989) fidnwusanlumaiuermsveanuun
(Rana tigerina) ﬁﬁ]EﬂumimmaLLaﬂuWﬁngNﬂU
wuUsAnfisruananniidnldidnaruinenasldnss
4 «iia lown Nyctotherus  cordiformis, Opalina
obtrigonoidea, Opalina
Balantidium duodeni fiwusus 57.1, 52.4, 333
uaz 4.8% MINAIAU LURBIAURU Chatmongkolkul
et al. (2007) yinmsAnwus@ntueiiznigluvesnu
W (Hoplobatrachus rugulosus) fdiude §1uau 74
77 sErinafiounalau 2549 fafugiey 2550 91N

hylaxena hay

audnilandes Jminvays uardune by
Fon¥naszui nudn nuwdinsindeneifanay
3 @na (Cosmocercidae, Oswaldocruzia — Way
Rhabdias) e g%y 2 ana werstuld 3 ana
(Haplometra, Glypthelmins wag Diplodiscus)

ny1sAIEnana Sparganum uarlusladiludld 2

330 FEINYAINISIFU

ana (Opalina wag Balantidium) Wwag Sririkanonda
(2009) ¥msAnsmsimgeusanlunuunanniida
doduiuiifninnta nsed aga unsaisssusy
waTNNY SENINUFBURAIAN 2546  DINUAINUS
2548 wu Usd@n 3 @na Ae Opalina, Protoopalina
waz Balantidium 34 Tangtrongpairoj (1993) uag
Lamlertdecha  (1988)  $1891U31 @10150NWU
Opalina wag Balantidium Iuﬂuﬁgﬂl,wiiwg@jﬂgm
uisiafintonazinsiusivanludild Taenis
wuswadlaeg195anLsn aa%%%%ﬁmﬁumﬂ@ﬂé”am
9gAu Cyst v83 Opalina ﬁﬁasﬂmma’qﬁﬁ Lﬁaaﬂ
aammmmaﬂaﬁnamuaﬂﬂma gnulafindy Cyst
wienilaiaSyauiieszey Trophozoit waiinsuiiu
USumuny Inglasunisnszauainsesluune
voanulussegdunug Cyst asgniueenuvsduiu
gIsEvRInUasgunaninfisfuordeay viliinng
uBEurenwsTInues Opalina meluveidssnu

dumsunsnszaevenieUsanluseud wui Weu
AatANkaziugIsuiidIuIULaTAIUNAINYTANIN
fign 5098931 Ao IfBULLBIBY NOWAIAL AL
furAn A1uaau (Fig.  2) lasiieunainulay
nyAINIBY wulieUsdn 8 ana Lﬁaummauuau
maquwmﬂuwumaﬂsam 6 uay 5 ana daufoudl
wuwaﬂﬁamuaamm Ao WWausuALLaz N BAIAN
Anuusdn 3 ana drufeudanian woadnieu
unsIax Jwew Jquiew wagnIngIAu wuLTeUsan
4 ana Bnviedanuin suuvunsiamsnnsuiinade
MsAndeUsan Wy WW%&JLgﬁNLLaBE]‘LgUWaQﬂﬂ‘UsLu‘U'ﬂ
Fuudntinsideuieindusyezaznusiuaums
Andeusantosnimiiuiideduteiuiiyfeudy
wanadnia warliifisyuunsianisidsudnethia
Featonndasiu Sririkanonda (2009) Aseauifig
WAAz TN IANUUTUIAILAE AUKAINKA8UDIUTER
LANAIIAU iﬁmﬁgﬂgﬂLLUUﬂWiL?:EJGﬁLgENL‘TNW’m%Ej
AnufAnudgyenunInslunsianiswisui

Uil 16 atuil 2 nangaw - uraw 2562

Volume 16 Number 2 July — December 2019



Prawarun Agr. J. Volume

nvay SnwasUeldss 1wy Yeduudnuens
nsylanvunatavlinunals 8ns1ANNNLILLY
Tunsidissgs n1sdavuianulidanulndifesty
nswnUe nsaindeviesndelsa n1sldenis
dusaguiiviinasinemsgeuuliiduiionad
prmsandadndeslute mslddlagldiiuns

Parasitic infection in frogs (%)

8%

W Infection

(a)

W Noninfection

16(2) 2019, Pages 325 — 337

U1 wardinisiasuangiitesnss duanan1sin

¥
P

Weusdnudeniu Feladedinaniszdawalvinis
deanuidaaninlimunzanazvilidaduiiie
AMULASEA Bauue HIAuAuanas Wnlsalideuay

awﬁﬂﬁ’numﬂuﬁqm

Types of parasite infected in frogs (%)

10%

B Ectoparasite

W Endoparasite

W Tadpole

(c)

Parasitic infection in various stage of frogs (%)

W Young frog
B Adult frog

(d)

Parasitic genera infected in frogs (%)
1% 2% B Opalina

W Balantidium
W Epistylis

W Acineta

W Monostyla

B Lecane

W Philodina

B Bracheonus

Fig. 1 Percentage of parasitic infection of frog in Maha Sarakham and Roi-et Provinces
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Fig. 2 Parasitic infection and isolation from frog farm annually
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Table 1 Parasitic infection and prevalence of various stages of frog

Frog Sampled frogs/ Infected Total Parasitic Prevalence Mean
stages Infected frogs parasites species (%) Abundance
location +SD
All 833 / Skin 74 1464 Epistylis sp. 8.88 19.78 £ 2.85
stages
55 1045 Acineta sp. 8.4 19.00 + 3.35
Intestine 721 36458 Opalina sp. 86.55 50.01 £ 2.74
492 14465 Balantidium sp. 59.06 29.40 + 3.18
43 625 Lecane sp. 5.16 14.53 + 4.18
36 358 Monostyla sp. 4.32 9.94 + 2.81
31 298 Bracheonus sp. 3.72 9.32 £ 3.36
16 143 Philodina sp. 1.92 8.94 + 2.45
Tadpole 320 / Skin 32 624 Epistylis sp. 10.00 19.50 + 2.86
Intestine 246 11332 Opalina sp. 76.88 46.07 £ 3.37
179 5280 Balantidium sp. 55.94 29.49 + 2.77
29 395 Lecane sp. 9.06 13.62 £ 3.09
19 190 Monostyla sp. 594 10.00 + 4.12
22 98 Bracheonus sp. 6.88 4.45 + 2.79
10 a5 Philodina sp. 3.13 4.50 + 2.63
Young 330 / Skin 29 584 Epistylis sp. 9.06 20.14 + 2.88
32 640 Acineta sp. 10.00 20.00 £ 3.62
Intestine 282 16361 Opalina sp. 88.13 58.02 £ 2.88
184 5410 Balantidium sp. 57.50 29.04 + 3.05
12 143 Lecane sp. 1.88 11.92 £ 4.07
70 Monostyla sp. 2.19 10.00 + 4.11
82 Bracheonus sp. 1.56 16.04 £ 2.68
36 Philodina sp. 0.63 18.00 + 2.74
Adult 183 / Skin 13 256 Epistylis sp. 7.10 19.69 + 2.93
23 461 Acineta sp. 12.57 20.04 + 2.55
Intestine 153 8765 Opalina sp. 83.61 57.29 + 2.98
129 3765 Balantidium sp. 70.49 29.19 £ 3.42
8 87 Lecane sp. 4.37 10.88 + 3.86
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Frog Sampled frogs/ Infected Total Parasitic Prevalence Mean
stages Infected frogs parasites species (%) Abundance
location +SD
10 98 Monostyla sp. 5.46 9.80 £ 3.97
62 Bracheonus sp. 2.19 29.50 + 2.45
118 Philodina sp. 2.19 15.50 + 3.01

Table 2 Mean of water quality analysis in frog farms in Maha Sarakham and Roi-et Province

Water quality parameter*®

Farm locations

pH Temp. DO NH;-N NO, Hardness  Alkalinity

Nadoon 1 8.24 28.2 2.18 4.39 0.11 106 138.88
Nadoon 2 8.25 29.3 3.20 3.45 0.23 65.33 112.94
Nadoon 3 8.01 30.5 3.60 2.64 0 49.54 86.25
Muang Maha Sarakham 7.26 26.9 4.45 2.68 0 58.86 117.78
Tawatburi, Roi-et 745 276 422 243 0 73.78 49.36
Optimal range™ 659 2532 35 <02  <0.017  100-200  50-200
Note*: 1) Temp. = Temperature (°C) 2) DO = Dissolved oxygen (mg/L)

3) NH5-N = Total ammonia-Nitrogen (mg/L) 4) NO, = Nitrite (mg/L)

5) Hardness (mg/L) 6) Alkalinity (mg/L)

Sources**: Boyd (1982); Jiwyam (2001) and Lohalaksanadet (1998)
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Effect of Temperature on Reproductive Performance of Crossbred Frogs in

the Winter Season

Wutmetee Woraserm 1, Leklai Chantabut a and Sumran Pimra‘cch1

JProgram in Agricultural Technology, Faculty of Agricultural Technology, Rajabhat Maha Sarakham
University, Maha Sarakham, 44000, Thailand

Abstract

The objectives of this study were to investigate the effect of temperature on growth and
survival rate of crossbred frog parents and to study the effect of temperature on fertilization of
crossbred frog eggs and hatching rate of crossbred frogs. Crossbred frog parents were raised in cement
ponds in the winter season during November 2017 to February 2018. The experiment was laid out in a
completely randomized design with three replications. The treatments consisted of untreated control
(ambient), 30, 32, 34 and 36 °C. The results of raising crossbred frogs in cement ponds in the winter
indicated that temperatures (of untreated control, 30, 32, 34 and 36 °C) were not significantly different
for body weight and survival rate of parents. The female parent raised at untreated control in the winter
season did not lay eggs, whereas female parents raised at 30, 32, 34 and 36 °C could lay eggs. The
female parent raised at 34 °C tended to have the highest fertilized eggs. The parents raised at 30, 32, 34
and 36 °C had the hatching rates ranging from 45.9 to 95.9%. The results indicated that reproduction of
crossbred frogs in the winter is possible and the temperature range of 30 to 36 °C is suitable for
crossbred frog reproduction.

Keywords: crossbred frogs, feed conversion rate, fertilization rate and hatching rate
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A8umaarunuinduvesldnulufiufiauia
n$19 30 w1, 872 30 @, Wiaseugaulufiufivemiy
yhmsduiiu 3 a3y dhanswfusdnanads ainiu
Swaulafldnnnisduiluguieruafiufivesis
wnzaglduiinallinuugnaasimmalusemnesiug

5) dns1n1sufaus vinsiuduulinu
wgnuausvesknangal  (Petcharat  and
Prompakdee, 2007) AUINANEAT
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dnsIMsUJaus %) = dwulissezunansal (Wed) x 100

Fruuldianun (o)

6) Sms1mann Fuduugndoniiiinidy
Fauagdruaulifiaigieszozunansal Yaum
Aumsnsnsitndeld Welvvinuugiudiuou
aneeanuuUisufisuuesiduniuinauluny
urtanunluteiweiln (Petcharat and
Prompakdee, 2007)

8n31n1sHn (%) = Swugnesanuugnraniiinidusa  x 100
Sunulefiaigyiszezunangan

nsAATvidaya

ATIERAULUTUIIU (Analysis  of
variance) Y94U83aLARLANYULAULHUNITNARDS
e waslSeufisuauuananeseinsaede
YBIUARLYANITNAADY AIUTT Least  significant
difference (LSD) (Gomez and Gomez, 1984) lng
THsunsuinsnzidayanivatindisagy Statistic 8

NaN157e

91NN3ANYINUIT N9IABINUUIGNNAL
iioldifureusiusluvediuudludisuengguas
iug luanmitlsifinisnuaugamgll uasluanimid
nsAIUALENMYIT 30, 32, 34 ua 36 °v laifinavh
Tgnsnnssennievasnuiowsiiuguanaaiulumig
@i (Table 1)
Lifnavinlinnsiasadulalugudmen
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é"mswmmamﬁaqaﬂdmuLLﬂﬁuﬁ:ﬁLngﬂammu
qmmﬁﬁ' 32, 34 WAy 36 °% drudnsnisuaniie
vaanunenuginagladanuuandreiuluniada
(Table 1)
nuudwusiwedefidsduanindlails
AruAugungiiludisganuilazliiniseenly
Turazfinuudwusinadefidoduanmifing
muAugngiT 30, 32, 3¢ uay 36 °v finseenly
v ﬂ13L§8ﬁﬂULLajﬁuﬁﬂuamwﬁmuauqmmﬁﬁ
34 wag 36 °o duurldulisuiulsftmungadle
Wieufunisidsanuusituglugnnismnasseiuaa
gumndil 30 wag 32 *u (Table 2)
$ruaulinuvesudusiideduanin
muaNgumnii 34 o fuuliildfunisufausunn
g Wiy 1,221.30 WewFeAmdusninisufaus
65.1 % s9%auNAD luaninAuANEUNYTT 36 °0

WU 1,134.70 Waw%aﬁmﬁué’mwmsﬂﬁau%
45.9% PruANEMMYIT 32 *v $1UIU 780.67 Wos
wsoAndusnsn1sUfaus 95.9%
9oumQAT 30 °w $1un 566.00 NesvideAnTusAT
nsUFaus 61.5% (Table 2)

nsdeanuouiusTifinnsmuaugamgd
7l 30-36 *y vilviESnsINsiineglurissEnin 45.9-
95.9% F3nsMaassinIuANAUYRT 32
wnlihilvsnsinsiingsiign Wiy 95.9% o33N
D m‘imuauqmmqﬁﬁ 34 °9 LaENITAIUAN
oMl 30 ssmwaldea 1hnsiin 65.1 uay
61.5 Wafidud audrdu luvaeiinisaiuau
gl 36 ° Twwdlihilisnsinsiindr ity
45.9 % (Table 2)

hay ATUAN

Table 1 Means for body weight, survival rate and feed conversion rate of Brood stock frog of

frogs treated with different temperatures and reared in cement containers during

November 2017 to February 2018

Treatment Body weight Survival rate Feed conversion rate
(g/frog) (%) (FCR)
Female Male

Initial Fiml Initial Fiml Female Male Female Male

Ambient 380.83 315.00 204.17 172.50 83.33 83.33 1.65a" 3.06
30 °C 401.25 340.42 208.33 175.83 83.33 83.33 1.47ab 2.79
32 °C 361.67 361.67 192.50 192.50 100.00 100.00 1.34b 2.50
34 °C 384.17 384.17 202.50 202.50 100.00 100.00 1.26b 243
36 °C 385.00 385.00 203.33 203.33 100.00 100.00 1.25b 243

F-test ns ns ns ns ns ns * ns

Means in the same column with the same letter are not significantly different at 0.05 probability level by LSD.

ns= non significant
* = significant at 0.05 probability level by LSD
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Table 2 Means for egg number/frog, total egg number, number of unfertilized eggs, number of

fertilized eggs and hatching rate of hybrid frogs reared in cement containers in the

winter during November 2017 to February 2018

Treatment Ege number Total egg Number of Number of Hatching
(eggs/frog) number (eggs) unfertilized eggs fertilized eggs rate (%)
(eggs) (eggs)
Ambient 0 0 0 0 0
30 °C 306.77 920.33 354.33 (38.5) 566.00 (61.5) 61.5
32 °C 209.17 814.00 33.33 (4.1) 780.67 (95.9) 95.9
34 °C 469.17 1,876.70 655.33 (34.9) 1,221.30 (65.1) 65.1
36 °C 618.67 2,474.70 1,340.00 (54.1) 1,134.70 (45.9) 45.9
F-test ns ns ns ns ns

ns= non significant

Numbers in parentheses are the percentages of unfertilized eggs and fertilized eggs.
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Using giant mimosa (Mimosa pudica) to increase the amount of organic

matter in the soil for growing celery (Apium graveolens Linn.)

Chattanong Podongl* and Aumpikha Phinthong1

Department of Environmental Science, Faculty of Science and Technology,
Uttaradit Rajabhat University 65000, Thailand

Abstract

The research of the use of giant Mimosa pudica to increase soil organic matter for growing
Apium graveolens Linn. The objective of this study was to increase the amount of organic matter in soils
with mimosa grass and asterisks. The objective of this study was to increase the amount of organic
matter in soil and a mixture of mulberry Mimosa pudica and tamarind was used in the experiments. Five
experimental formulas were used. Formula 1 natural soil (Control) (F1), formula 2 mimosa sliced (F2),
formula 3 mimosa grind (F3), formula 4 mimosa and Pho Teng sliced (F4), and formula 5 mimosa and
Pho Teng grind (F5). The results showed that the organic matter content of 1, 2 and 3 formulas 2 and 2
were not significantly different. The organic matter contents were 2.27%, 2.37% and 2.37%, respectively.
The third formulas were used as groundnuts. The fourth formulas were cut, mixed with 5% mulch, and
groundnuts (control) with the lowest amount of organic matter. The organic matter content was 0.35%,
0.37% and 0.35%, respectively. As a result of the growth of celery, it was found that the second form of
chopped mackerel was the most grown and the formula 1 was natural (Control unit) with minimal
growth

Keywords: Mimosa pudica, Organic matter, growing Apium graveolens Linn
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wnnd 19 desanlufuiifudursdanmuandon
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Agricultural Extension ,1991)
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\las Jaringashing Wlaszvidunseinglufu

2.2 1938UNTLNNAABY VWA 10 53 U
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Tnonauasfuiivusunawinfusismuanssansas 5
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2.4 n1sUgnAudiendsaniniouduly
nszansUgnuén Timaryafinanudniafu 2-3 wu.
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2.5 ndanudavesiudiaidusenls 2
FUani dunanisaliasaivlavesduiiuane aouduy
ndeenliviiolies 5 Ay IAAIIUFIVBIRY AL
nhavesluyng 2 dUavi suidlengasu 2 weu 1o
faanfiuisithduusnesmthuinan

Uil 16 atuil 2 nangaw - uraw 2562

Volume 16 Number 2 July — December 2019



Prawarun Agr. J. Volume 16(2) 2019, Pages 349 — 359

2.6 inmaiusaegsiulunseanadussos
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3. msiudaya
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Fregfuuiaznszarandsliuiduisuuazuali
AzLBUALAIUIAIDE A ULNTOUNIUAZLATITOUTUN
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3.2 AnvimaiAsuulasesdundeTnglu
Aundannnsnauyn 1 wou Wunan 3 e
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Annendeyaneadiflagdiasied Ysunu
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ANuuanAsiueg il fudAgyneatia Armnueves
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1. Usunadunieingludu
nansAnwUinadunisnglufudasud
seAUANIAN 5 @, AU 0.35 % wagiisyduanny
&n 10 w1, Wiy 0.33 % wanuiTlufoudl 1 fud
sefuAEn 5wy, fud 2 SUSnaBunieiag
Wiy 2.27 % Fadudfuiiusauduniesing
g9an s0%a3unAe A3URl 3 TUunadunieteg
Wiy 1.93 % f3ud 4 TUsunudunieTaguviniy
1.87 % f¥udl 5 TUnaBunieiaguintu 1.85 %
§1rud 1 SUuaduniotnguiniu 0.35 %
AU uagnuIdI3uT 2 3 4 uay 5 Ui
dundetnquansefud3uil 1 yaaruauegisdl
Hoddymadfisziuanundesiu 95 % wagnuin

Tufoun 1 AunszauaAINEn 10 gy, #15un 2 &

o

USuaudunsetnguindu 2.25 % Fadudsund

Usinadunieinggasesannie f¥ud 3 Susinu
Buneinguindu 1.87 % @13uil 4 TU3un
Bunieinguindu 1.85 % @13uil 5 TU3unm
Bundsinquindu 1.82 % wazsud 1 TUsun
BuvieTngviniu 0.33 % muddu wazwuinih$ud
2 3 4 uay 5 SUBnuBuTeTRguandaiumiiui 1
yamuguatnafidedfyyaiafisyfuaudesiy
95 % palansly Fig 1 Lag Table 1

| 1% 1\ 187 la* 1“1\

5 B % O0MG )
% OM (10 cm)

OJ

Organic matter (%)
G
1

05 03933

Fig.1 Organic matter in 1 month at different soil
depths
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Table 1 Organic matter in 1 month at different

soil depths
Treatment % OM (5 cm) % OM (10 cm)
F1 0.35°+0.02 0.33°+0.05
F2 2.27%+0.10 2.25°+0.06
F3 1.93°£0.06 1.87°+0.05
Fa 1.87°+0.05 1.85"+0.09
F5 1.85°+0.06 1.82°+0.08

Remark: a, b and c showed the mean values
that were significantly different at p <0.05

a

INHANITANYIDENUINLULADUT 2 AUN
9

o

JEAUANNEN 5 gx. F1SuN 2 TUSuuBuvseTn
Wiy 2.37 % FadudrSunfivsunadunseing
g9gn s89aUTfe f1TuN 3 dUSuIuBunIeng

q

o

Wiy 2.02 % f3udl 4 TusinudundsTguindu
1.93 % f¥udl 5 TUTaBunieiaguiniu 1.87 %
ward13uil 1 fudiadunieingiindu 0.37 %
AU uagnuIdI3uT 2 3 4 uay 5 TUSuna
Sundefnquandrsfudiuil 1 gaaruquagiad
Todfyneadnissiuanudesiu 95 %
fsgfuaudn 10 sy, f3ud 2 U3

'
a v ' v a

Feinginiy 2.31 % JududrSuifiviunm
Y A = a

un

UN3IYINYFIFR 8909110 fWTuN 3 JUsunw
il
il

D

D

o '

SeTMQLNIAU 1.97 % A15UN 4 JUSu

q

>

D

[ ' a a

SeTMLNNAU 1.91 % @A15UN 5 JUSu

q

= 2

[ "W a a

UNTBINQLYINAU 1.85 % way A15uN 1 AUSua

q

) ®) ®) ®) @) ™D

o W

unIeIngwiiiu 0.35 % nudRULagNuINRISUn
2 3 4 uag 5 AUSuuBunsinguanstaiudisun 1
YnAIUANBE il T Ay nsanAnsyAuauTely

95 % pauansly Fig 2 wag Table 2

354 FEINYAITNISIFU

25 - =5 231

I 193191 18785

2 I I I
15 - W %O0M(Sam)
. %0M (10cm)
05 037035
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Fig.2 Organic matter in 2 months at different

02 .97

Organnic matter (%)

soil depths

Table 2 Organic matter in 2 months at different

soil depths
Formula % OM (5 cm) % OM (10 cm)
1 0.37°+0.06 0.35°+0.02
2 2.37°£0.04 2.31°£0.09
3 2.02°+0.04 1.97°+0.06
q 1.93°+0.06 1.91°+0.09
5 1.87° £0.05 1.85"+0.09

Remark: a, b and c in column showed the mean
values that were significantly different at p <0.05

'
a

NKNANITANWIFTNUINTULRBUN 3 AU

Y = o o o A a Y
SEAUANNEN 5 . 15U 2 UTuaduniede
Wiy 2.37 % Fadud1Sunfivsunadunseing

g99A 599991179 f13UN 3 AUSuBunIeing

q

LD S)

o

Wiy 2.02 % f3ud 4 TUsunudunsTaguiniy
1.99 % f1¥udl 5 TUTnadunieiaguittu 1.97 %
wazi3uil 1 fvsinadurSeinguintu 0.35 % uaz
WUt 2 3 4 uag 5 TUSIaBUNE Tnquansns

frussui 1 Yaaunueg1sltedAynisatanseiu

AMULTRLU 95 % AUNTTAUAIUAN 10 U, H1SUN
2 fUsunadunseTnguindu 2.34 % Fadussund

a

YSuaudunieinggegn sesaunfe f1suil 3 4
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UnaduvdeTquindu 1.99 % f1¥uil 4 Susinu
BunTotngviifu 1.93% f3uil 5 fUsunm
SundsTaquitfu 1.91 % uagdfud 1 fuduna
SuvdeTaguindu 0.33 % audduuaznuIiIud
2 3 4 uay 5 TUSuuBUVITquAnd eiudFuil 1
(gnarunAy) ag1adldeddynisaddiszfuaiiy
Foru 95 % fauansly Fig 3 uaz Table 3

Fig.3 Organic matter in 3 months at different

3

237234

-[ 02199 19,91 197 L9l
L b Bl
k B % OM(5em)
| % OM (10 em)
05 035033
.l i |
F1 F2 F3 Fd F5

soil depths

Organic matter (%)
e
)

Table 3 Organic matter in 2 months at different

soil depths
Formula % OM (5 cm) % OM (10 cm)
1 0.35°+0.02 0.33°+0.05
2 2.37°+0.04 2.30°+0.04
3 2.02°+0.04 1.99°+0.09
4 1.99°+0.09 1.93°+0.13
5 1.97°+0.06 1.91°+0.09

Remark: a, b and c in column showed the mean

values that were significantly different at p <0.05
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2. maw’%zyL?\UTmLLazﬁlmﬁfn%aﬁudw

INNANITANBIZWUIN NSLaTeYLAUIATO9
Fuduaneszesii 1 wud dsuil 4 dnsaSyivle
uniigadeiinugeesiuiiiy 2,96 wu. A
niwesluindu 0.8 @y, ANevesluwingy
0.78 wy. so%AwNAD M3UTl 2 Fsllanugevesdiy
WU 2.91 @i, A71UAINYedlUWINAU 0.8 @l
Awevedluwiiiy 0.74 . f3uil 3 Felleugs
VOIFUWINAY 2.73 @, AunIsvesluwingu 0.72
g3, ANENIvesluWinAy 0.72 g, 3udl 5 ddl
ANNGIVRIAUYINGY 2.63 @, AUNIIvedly
WA 0.71 2. ANEedluLinAy 0.66 93, Lag
fFuil 1 Fefimnugevessuindu 256 wu. A
niwwesluvingu 0.67 @i, Auevesluyindy
0.66 ¥l AUARURATNUIAITUT 2 3 4 uaz 5 3
miLaﬁzyLauiml,asﬁ;mﬁﬂ‘uaﬁumaLmnﬁmﬁ’uﬁﬁu
i1 qumu@:uashqﬁﬁ&éﬂﬁﬁgmqaﬁaﬁizﬁumm
st 95 % auanslu Table 4

Table 4 Show the growth of celery root phase 1
Height Width Length

Formula of tree Of Leaf  of leaf

(cm) (cm) (cm)
1 2.56° 0.67" 0.66"
2 291" 0.80" 0.7¢°
3 273 0.72° 0.72°
4 2.96° 0.80° 0.78"
5 263" 0.71° 0.66"

Remark: a, b and ¢ in column showed the mean
values that were significantly different at p <0.05

NANISANYIATNUIT N1TLATYLAULATDS
AUAUANETZEZY 2 WU FSUT 2 dnsiaseiule
WINNAATaHAINGIVeIRY WU 6.98 9. AU
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119989 UWINAY 3.09 93, AINE1IVBSIULYINAY
261 Wy, o9a9NAD M3UT 3 Falmnugevesiy
WINAU6.52 9. AunIsesluvindu 2.79 @i
Amenvesluviniy 2.47 gy, f3uil 4 Feilnugs
YIAUNAU 6.15 3. AMUAINVBILUNAY 2.57
By, Auevedluliiu 2.26 9. F15udl 5 el
AMUGIVBIRUYIAY 5.32 9. Aundevediy
WA 2.52 93, ANUENURIlUNAY 2.25 @i, Lay
fsudi 1 S’quﬁmmqwaﬂﬁmvhﬁu 4.45 9. AN
N119989MUWINAU 1.91 93, ANEIBSLUYINAY
2.25 g1, puaIduLasnuIEsuT 2 3 4 uay 5 3
miLaﬁﬁyLaiﬂ,mLLazﬁmﬁfﬂﬂJaaﬁudwLmﬂsmﬁ’uﬁﬁ’u
i 1 ynauauegiityddymsadafiszfuainy
sty 95 % fauansly Table 5

Table 5 Show the growth of celery root phase 2
Height Width Length

Formula of tree Of Leaf  of leaf

(cm) (cm) (cm)
1 4.45° 1.91° 1.64°
2 6.98" 3,09 2.61°
3 6.52° 2.79° 2.47°
4 6.15° 257" 226"
5 5.32° 252" 205"

Remark: a, b and c in column showed the mean

values that were significantly different at p <0.05

PNNANITANBINENUI NISLaTeYLAULRUDS
Fududneszesil 3 wud f3uil 2 Insesaivle
WNTigadeiinugeesiuinfiy 10.16 wu. AN
niwesluvingu 3.66 au.  ANevesluLindy
3.15 9y, 50989AD 3T 3 Fallmnugevesdy
Wiy 8.78 a1, AuATeuesluLindy 3.09 @,
mgvesluiniy 2.86 @y, f3uil 4 Fsfiannugs
YOIRUWNAU 8.12 . AunIvedluwingy 3 au.
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A vedluwiniy 2.78 . f3uil 5 delleugs
YOI WU 7.98 B, AMUNTIvetuwiiy 2.92
g1, e 1vesluAy 2.71 ou. way dfudl 1 3
1MUgURRUYIAY 6.25 9. AunIsvedly
Wiy 2.62 9. ANE1IveshuLiAy 2.22 @y,
mudFUlazIUIIIUT 2 3 4 uay 5 augeves
FuAudrsuandsiudifuil 1 yanuauuddiviy
Anunsveslunuin fA13ud 3 way 5 laiflaaw
WANANAUYAAIUANLAZAUNTIIYBSlUN U
7i 5 Lifanuuanssfuyaaiug sgadidudidy
naRRfisERunILdeii 95 % duandly Table 6

Table 6 Show the growth of celery root phase 3
Height Width Length

Formula of tree Of Leaf  of leaf

(cm) (cm) (cm)
1 6.25" 2.62° 2.20°
2 10.16° 366 3.15°
3 8.78° 3.09° 2.86°
a 8.12° 3.00° 278"
b b b

5 7.98 2.92 2.71

Remark: a, b and c in column showed the mean

values that were significantly different at p <0.05

PNNANITANINENUI N15LTeYL AU
Fufudneszesdl 4 wudi f3udi 2 Fnsesadvle
uniigndsfinnugeuessi Ay 1451 su. A
N119989MUWINAY 3.86 U, AIIN1IVBILULYINAY
3.55 g3, 509a3URe FSudl 3 %aﬁmmqmaqﬁu
WU 11.9 93, AIUNI19989bUWINAY 3.35 @il
Pmevadluwiiiy 3.27 @y, f3ui 4 Felleags
YDIRUYINAU 10.64 @3, ANUATIvedluwiniy 3.4
gy, AMUEVesluIAU 3.25 gy, fSufl 5 Gl
ANEIVRLAUYIAY 9.73 Ty, Adunitsvedly
WinAU 3.31 93, ANevesluwinny 2.81 @i, Lay
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f3uil 1 Feflnnugevesduindu 8.03 wu. M
ndesluindy 3.12 gy, Auevesluyindy
2.71 3. pudduLarnuIvhiui 2 3 4 uag 5 3
msuﬁﬁyLﬁiﬂ,mLLamfmﬁmJaa?{udwLLmﬂ@mﬁUﬁﬁu
i1 ﬁqmmu@uasJ"]aﬁﬁaé’ﬁ@maﬁﬁﬁﬁwﬁumm
Festu 95 % Fauans Table 7.

Table 7 Show the growth of celery root phase 4

Formula Height Width Length
of tree Of Leaf of leaf

(cm) (cm) (cm)
1 8.03" 3.12° 2.71°
2 14.51° 3.86° 355"
3 11.90° 3.35° 327"
i 10.64° 3.40d 3.25°
5 9.73° 331" 281"

o

YnAuANeE il d Ay natAnsEAuALLYeTY
95 % faugns Table 8.

Table 8 Show the growth of celery root phase 5

Height Width Length

Formula of tree Of Leaf of leaf
(cm) (cm) (cm)
1 10.06° 3.30° 3.10°
2 16.80° 4.46° 3,76
3 15.50° 4.26" 3.60°
4 12.20° 3.90° 330
5 11.74° 3.80° 330

Remark: a, b and ¢ in column showed the mean
values that were significantly different at p <0.05

PANANTANBINEWUI NISLaTeYLAULavDS
Fuiuanesvegil 5 wui fsuil 2 fnsaesydule
unfigadedianugevosiuitiu 16.8 wu. A
119989 UWINAY 4.46 93, AIINE1IVBSIULYINAY
3.76 9y, 509@UAD f3uT 3 %’ﬂﬁmmgwaaé’u
WiNAU 15.5 @3, A1UNI19989lULIAU 4.26 @il
Anueveslulinty 3.6 wu. f13UTl 4 aflaanugs
YOIFUYINAY 12.2 9. AuNT1eTesluvingu 3.9
g, anuevesluwiiv 3.3 wu. @isudl 5 dedl
ANNEIWBIAUINAY 11.74 9y, AuNIvediy
WinU 3.8 @3, AINE1IVBMULINAU 3.3 B, LAy
13Ul 1 Feflmnugevesiuniniu 10.06 wu. AN
ATV UYINAY 3.3 9. AINENIVRIlUWINAU 3.1
B, AUEIRULATNUIRISUT 2 3 4 way 5 finng
LfﬁigLaiﬂmLLﬁz‘ljﬁ‘lﬁﬁﬂﬂadﬁud’lﬁleﬂ@i?dﬁuﬁﬁuﬁl 1
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Remark: a, b and ¢ in column showed the mean
values that were significantly different at p <0.05

ANNASANWIUIRTNEANY
A13ui 2 Suwdnviiu 9.16 n3u Bellumtinggn

$998911AB F15UN 3 TNy 9.10 ASU ASU

' v
°

2 g2
o e

v o &
TRUNAIU

a a

7 4 FUrmdnmadu 5.93 ASY #1SUN 5 TUann

WINAU 4.8 NSU kay A15uN 1 Jumdnimnnu 3.42
ASU MIUAIAU FlLEns Table 9

Table 9 Show fresh weight of plants of celery

Formula Weight of plant (g)
1 3.42°
2 9.16°
3 9.10"
a 5.93
5 4.85"

Remark: a, b and ¢ in column showed the mean

values that were significantly different at p <0.05
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39150iNaN15798

MnnsAnyIUTInaduvie Taglud3ud 2
1zuaiwﬁmﬁu?jaﬁﬂ%mmﬁuw%ﬁ’mq Tuieouit 1, 2
way 3 fiawdn 5 gu. wudiiviinadunieteg
WU 2.27 %, 2.37 % uaz 2.37 % audIdu Ll
\WisuAduA1 (Land Development Department,
2002). wui1 Ysunadunseingegluszauuiunans
fip 1.5-2.5 % wazfinnudn 10 . wuifiuguna
dunseinguindu 2.25% , 231 % war 2.3¢ %
arudIfu elfisufuaiuinsgiu (Land
Development Department, 2002). §anuinansuil
2 Ao lussudaduriliusunadunieagiiudy
gearlunnszey JeuiadundoTngeylusyiuuiy
nana Ae 1.5-2.5 % Falugsruazeagyiulgeaula
Mapdivedny YguTuussnuantinianienInues
fu Ineifindndruvososomalufiuagriilifuiou
g6 INEANATAMUILLILYEIRY LaLfiNATINE1NTD
lunnsduninvasiiu (Chotchongmane, 2013). uaay
biivanunsagasigewnsanauuliusslomila
Wi msliluesudufivnquanelnadnnlunis
UFuusalaseasnaveshiu (Kongkhasawat, 1994).
Taolufuufod Sundeingiidensaninidueguin
U Bides unau wazden/Aulsl fanumunzan
dwsuldilutannguiu wimnldrgnwanlufuay
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ndunanetunaidslundvesnisviliiinnisein
Tulnsiaudmiviis Tuvueiiansiigndessan (wu
peat moss/humic materials) Lﬁaﬂqﬂuauh
nszanaUgnnauldvildiianisvalulasiaunse
Qauv3ddosananauillddiunn iesnansindrd
NIUNNTERBAANENININLEIIUTEIU C/N  TlAen
(Sawatdekarn, 2011) egsbsfinu nsladuniedng
szifunmaiiusinemsliunfulagnss foufazl
unifleisuiuleiniiuiezdesy Janddesliiy
Uszlousionvlusyese1s  (The Board  set
measures and documented soil and water
conservation and management, 1992) LLﬁiﬂgﬂﬁﬁad
Fufudnumuzveniedudie lasnuiinisld
dunsedngaslufunileraziliaunuiiuuves
fuanasuaziivdesitevuialug nsladunietng
azthefiuiuareineadufuuagyinliauuty
(Akiyama et al., 1974)

AnAnssudszne
NAdellasunuativayuanumIne 1§y
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Effects of Organic Materials Managements on Soil Fertility, Growth and

Yield of Sugarcane

1*
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Nakhon Phanom University, Nakhon Phanom 48000

ZProgram of Soil Science and Environment, Faculty of Agriculture, KhonKaen University, KhonKane 40002

Abstract

Sugarcane planted in the Northeast is mainly sandy soils with low fertility as well as use heavy
machinery for soil preparation. This practice is the cause of rapid decomposition of soil organic matter and result
to soil compaction. This study aimed to study the effect of various organic materials on soil fertility, srowth and
yield of sugarcane under rainfed condition. Khon Kaen 3 sugarcane cultivars was planted under field condition
and separated to 2 phases. First phase during 0-6 months after planting included 4 treatments in RCBD with 4
replications i.e. sugarcane burning, mulching, bagasse ash and rice husk charcoal and second phase during 6
months after planting — sugarcane harvesting in split plot design including main-plot were types of organic
material (sugarcane burned residue, mulching, bagasse ash and rice husk charcoal) and sub-plot were chemical
fertilizer applications (unfertilizer and fertilizer application). Growth of sugarcane during 6 months after planting
showed that bagasse ash application has increased largely dry weight of sugarcane leave, stem and total (1,5 220
and 1,776 keg/hill, respectively). Effect of material types founded that sugarcane bumning has fresh and dry weight
of stem (4.62 and 2.60 kg/hill, respectively) higher than other organic materials but not different effect in soil
fertility after sugarcane harvest. Effect of chemical fertilizer application on 6 months after planting, It resulted to
fresh and dry weight of stem (3.65 and 2.01 kg/hill, respectively) higher than unfertilizer (3.05 and 1.51 kg/hill,
respectively). Therefore, chemical fertilizer application treatment was significant increased soil pH and EC more
than unfertilizer treatment. However, applying chemical fertilizer reduced the amount of Ca and CEC in the soil.
This may be due to chemical fertilizers application induce the decomposition of soil organic matter. The quality
of organic materials through the combustion process (sugarcane burned residue, bagasse ash and rice husk
charcoal) are highly available nutrients during first growth stage of sugarcane specially bagasse ash application.
However, these organic materials were not effective enough for higher yield when compared with fertilizer

application at 6 months after planting

Keywords: Organic material, Sugarcane, Solil fertility, Growth and yield
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Fig.1 Daily rainfall (mm) and average
temperature (°C) during the experimental
period (March 2015 — April 2016)
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Table 1 Chemical properties of organic material using in this experimental

Treatment pH EC (mS) Total C (%) Total N (%) C/N ratio
Sugarcane leaves nd nd 33.99 0.25 139.20
Sugarcane leaves ash 9.92 5.05 29.50 0.41 71.91
Bagasse ash 9.41 0.61 47.70 0.20 119.25
Rice husk biochar 7.81 0.36 30.67 1.04 29.93
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Table 2 Growth of sugarcane at 6 months after planting

Treatment Tiller number/hill Height Dry weight (g/hill)
(cm) Leave Stalk Total
Sugarcane burned residue 2 253 1,350 174 1,524
Mulching 2 282 1,118 179 1,297
Bagasse ash 2 243 1,556 220 1,776
Rice husk biochar 2 268 1,074 183 1,256
LSD o 1™ ag"™ 199" 29 197"
CV. (%) 22.22 9.12 7.81 7.74 6.74

U significant different at P<0.01, - significant different at P<0.05, " =no significant different at P>0.05

Table 3 Tiller number per hill of sugarcane after 6 months after planting

Treatment Months after planting
7 8 10
Organic material
Sugarcane burned residue 4 5 6
Mulching 5 5 6
Bagasse ash 4 5 6
Rice husk biochar 4 5 6
LSD g 2" 2" 2"
CV.(%) 27.85 23.89 21.29
Fertilization
Without fertilizer 3 4 5
With fertilizer
LSD o5 1 1 1
CV.(%) 27.55 20.58 25.95
" = significant different at P<0.01, = significant different at P<0.05 , ™ = no significant different at P>0.05
?Jﬁ 16 QﬁU‘ﬁ 1 unsnAy - ﬁqmﬂu 2562 ’J’liﬁﬁiLﬂ‘U@liWi%’?éﬂJ 367
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Table 4 Yield of sugarcane at final harvest (12 months after planting)

Treatment Tiller Height Millble cane Girth Brix Stalk Stalk HI
number/hill (cm) number/hill (cm) (°brix) fresh dry
weight weight
(kg/hil) (kg/hilD)
Organic material
Sugarcane burned residue 6 313 2 22 25 4.62 2.60 0.7
Mulching 6 336 2 24 25 2.48 1.27 0.7
Bagasse ash 6 301 2 22 24 3.06 1.53 0.7
Rice husk biochar 5 321 2 23 24 3.25 1.63 0.6
LSD s 1" 38" 1" 3" 1" 0.94" 045 005"
C.V.(%) 18.33 8.57 22.82 10.49 2.74 19.85 18.52 5.55
Fertilization
Without fertilizer 326 2 23 24 3.05 1.51 0.7
With fertilizer 310 2 22 24 3.65 2.01 0.6
LSD s 1 14 0.27" 1™ 1™ 021 030 003"
C.V.(%) 15.54 4.68 14.43 4.41 2.22 15.55 18.22 5.02
= significant different at P<0.01, = significant different at P<0.05 , ™ = no significant different at >0.05
Table 5 Soil chemical properties after sugarcane harvest
Treatment pH EC K Ca Mg CEC
(mS) (ppm) (me/100g)
Organic material
Sugarcane burned residue 5.48 0.24 96.72 108.49 9.99 3.49
Mulching 5.39 0.26 89.76 105.05 9.94 3.63
Bagasse ash 5.45 0.22 90.68 109.37 12.21 3.36
Rice husk charcoal 5.47 0.24 97.95 114.03 11.19 3.47
LSD s 0.18™ 0.06" 15.59™ 13.54" 1.04" 0.67"
CV.(%) 1.92 17.43 11.77 8.77 16.69 13.45
Fertilization
Without fertilizer 5.29 0.22 95.95 121.88 10.27 3.85
With fertilizer 5.60 0.27 91.61 96.59 11.39 3.12
LSD o5 019" 0.04 15.59™ 1452 278" 041"
CV.(%) 3.69 16.70 19.19 14.12 27.30 12.35

- significant different at P<0.01, = significant different at P<0.05 , " =no significant different at £>0.05
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Fofiwditulunlasdoslanianizanssougndasinl
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wagnislanavludes (Hemwong et al, 2008)
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ndsnnanludes (osaniAnnisiasunlag
NeeeAUTENOUNINAL (thermal  transformation)
vospadusznouiividliiduusslond wu amide
groups  Waznsnozdlu 1udu Tneglusuiiiy
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Bnsllusesaquudadvidminuisdesfanungs
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sinensdsliulselonivng 6 (fouusnudiFu
Huuselond 129 6 Weundeugn Selfiuinlaly
doslunsugndesiduasduvisiinihiivaednifv
sslnsanslutisngiudasuanentiin
Pudosuariiinludesinsduussloviniuanyes
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maasqiulauazgnarliuiauldheyiilian
Wuuseleniazanas Kleinman et al. (1995)
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Ysuuundniiliinnislaniou (Feamside et
al., 1999)
navan1slddeiniidanisiaiyiavlauasnanan
V238

nuan1sAine (Table 4) Fliudn nslal
ladgipiivsomsldansdunidnioudgninarinlvinis
Wiyiulnvesdasfninisladeniuddaliiisme
Tunsiiuiminvesddosdedunnainnisnisld
Joiadtrglunisifindiuaumisdenelutia 7-10
Wwieundaugn nisladeiniiinedeseny 6 iiounes
Ugndrslunisifiunisuanne uaznslvnanin
Menan1slide dennaeaiu Netsing et al. (2011)
5784171 mﬂeimmfﬂmawgiamau%l,ﬁﬂaaaasm
Wwien wsenstasiududend waznislddeiaiiodis
Wi Tralvinuasiu Arnudisivedly mnuen
a1 dusuaugnansdn Iuiuldessiedn A1 CCS
(commercial cane sugar) wesweylnalABIiY
Hemwong et al. (2009) lawuan nslagndie
nsznadiansanaunuiissnislddeseiiuulsl
sawodimunslinandndossdudoinisld
Jorailudrmdsnisasguiuls uenaini nasld
ansdunidaeainsdansimunzaunieliidule

&

sesfulfifisuvifulenidedanubangu ey
nsflundniannisliesmfusuundaitusu
auaNuFeInsvesiinluguvesnsieifiudy
(top dressing) wasiaanusaLasAulaal (Giller

et al., 2002)
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NaYa9ETVNa15BUN3E wazn1sldlentidaninu
QAuANYTRlvaAY
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yiliAnnsz NS immobilization iflefin1sl4ly
Sovaquuasuasaiidnuaznduiiddsanunn
azaneildhedlelunnistinissednslunnndiu
Turazfimsunluges wagauunau 1 K gend
\esandaidauiinuieuninnszuaunisinwinli
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(Hemwong et al., 2008) Hemwong et al. (2008)
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WUl Audusuue CEC anasagnaannlunnnisu
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FreufinuSunns exchangeable Ca  Tufutszana
21 % wenantunisldtedunis dafiudsedndam
msuanUasuusanlesau (effective cation exchange
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AdAeY: AT TanUan N1ssen Aunan
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Effect of Color Pod and Growing Media on Germination and Growth of
Indigo (Indigofera tinctoria L.) Seeding

*

Krongjai Somrug

Department of Plant Science, Faculty of Agricultural Technology, Sakon Nakhon Rajabhat University,
Sakon Nakhon, 47000, Thailand

Abstract

Indigo (Indigofera tinctoria L.) is family of Leguminosae and economic importance as a source of
indigo dye. Indigo seed maturation is not simultaneously. These experiments were 2 experiments;
experiment 1 was testing for germination and vigor seed of indigo from 3 different colors pod.
Completed Randomized Design (CRD) was designed using 4 replications and 3 treatments as followed
green-brown pod, brown pod and black pod. The results indicated that seed form brown pod showed
highest germination and vigor seed were 35.75 % and 7.66 % and black pod with the lowest germination
of 22.00 % (P<0.05). Experiment 2 was investigated the various medias for germination and growth of
Indigo seedling. The experiment was set as Random Complete Block Design (RCBD) with 3 treatments
and 3 replications; treatment 1 peat-moss (control), treatment 2 soil : rice husk charcoal : manure (1:1:1,
v/v) and treatment 3 soil : coir dust : manure (1:1:1, v/v). The results showed that germination and
growth of indigo seedling with peat-moss gave significantly of germination, seedling height, leaves
number, root height and fresh weight compared with other treatments (P<0.01). The germination were
69.00 %, seedling height were 9.55 cm, leave of number were 6.30 leave /plant, root height were 9.99

cm and fresh weight were 0.76 g¢/plant

Keywords: Indigofera tinctoria L., Growing media, Germination, Seedling
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vosludnruUsiunudvesilnasiy (Fig.1) wlold
wanasuIahluimngnagaunindeen wuiIi Wwane
auitldaniindinaiiesifudanusenaniian
5098911 A9 WanATwNENERY waziindiTeiuu
¥hma wuediudainusen 3575, 22.00 uas
20.00 M1ud18U waziiietiuidasiziaiadny
wUsUsIUNEdd wud wieasiudilaenning
drnasviiiediduiainusenuansiafuagiadl
Teddymeadftudansuiildannilnds waziind
Feruthana (P<0.05) (Table 1) @mAuULTaU5a
YauudnAsIy nud dnastudidddinasyianany
LL‘ﬁﬁLLiﬂﬂﬁﬂ‘ﬁqm 589891179 WAAATINANENERD
way wananinasiuddeavutinia fiedidus
ANULTILTIVOUUER 7.66, 5.26 WAL 4.01 AIUAISTU
wazliowninszdmanunUsUsiuneeEda wuin
wannsuildannindtiimassiivedidudaanu
wdausawananeiusgsddedrAgnisadiaduiwde
Asuiildanniinds wasiinddertutinia (P<0.05)
(Table 1)

wonanil wuin wieaswiildanindien
Uuthaafwesdududauds 825 winaandey
900 39.50 wazwEMEY 27.25 dmSuandilaann
Hndhmna nuesifusudauds 36.25 Lwdnan
WSousen13.50 waziudnide 8.75 drumandildann
Hndhinena nuesidudwdaudeanniian fo 67.25
Wosidudwanudnan ndausen uazludaidany
touiian Ao 7.25 uay 3.25  ifleaniinsieien
ANULUTUTIUNSEDRA WuISanuLans1eiuegnedl
TedfeyBneadn (P<0.01) (Table 1)
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Fig.1 Green-brown pod of indigo (A) and seed (B), Brown pod (C) and seed (D), Black pod (E) and seed (F)

Table 1 Seed germination, germination index, hard seed, fresh seed and dead seed from different colors pod

Treatments Germination Germination Index Hard seed Fresh seed Dead seed
(%) (an (%) (%) (%)
Green-brown pod 20.00”" 4.01° 8.25° 39.50° 27.25°
Brow pod 35.75° 7.66° 36.25" 13.50” 8.75"
Black pod 22.00° 5.26" 67.25° 7.25° 3.25°
et . . . . .
C.V. (%) 24.29 25.97 17.90 20.37 24.73

1/Means within a columns followed by the same letter do not different significantly to DMRT
* = significant at P<0.05 ** = significant at P<0.01
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L3YAUIAVBIAUNAIATIN

< [
21 ﬂ"liLW’]lelaﬂﬂi'mUu’Jﬁ@UQﬂ

n1ssenvesrunaasluiagugniinuea
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ApN 8991 1:1:1 (wv) uae Ay gauend1s : Joaen
51 1:1:1 (vv) Bilesidudnissenvesdunaninsiy
56.00 waz 44.00 MuAITU waziawunIiasizsia
ANULUSUTIUMSEnA nudldfinauuanataiunig
adin (Table 2)

2.2 nM3asyAulnvasfiunainsu

nsisivlnvesiunaasmluauaLas
17Uy AU wazdndnanvesrunan
AsIuYBNY 14 Ju 21 Tu uay 28 Ju wud1 N1g

Table 2 Seeding germination on different growing media

16(2) 2019, Pages 375 — 386

Wiydulavesiundanuiinzlufivuoaiianugs
$1u7ulu Mue12990 wagdniinanuiniige
Taesundnileny 28 u fiAnugs 9.55 wu. fd1uau
Tu 6.30 Tu AIWB1230 9.99 B3, waztmiinan
2275 n. dwanuanituszneulufeiiu : unauin
s Jumon w1 1:1:1 (vAv) wudt msiasediulnues
fundasuiininsliianugniiuszneulusiediu ;
Yeugni1 : Jeasn 8ns1 1:1:1 (v/v) (Fig. 2 waeg
Fig. 3) wazifiothurdasiziaiauudsusiunig
adn wudn msldfinuealuianuandainuwnneig
agaiifedAnyde (p<0.01) WeanFeuiisuiunsld
TanUuananau : unaulen : Jomen ensn 1:1:1 (v/v)
warAu : Yeugning ;- Jeaon 8ms1 1:1:1 (W)
(Table 3, Table 4 way Table 5)

Treatments Seeding germination (%)
Peat-moss (control) 69.00
Soil: rice husk charcoal: manure (1:1:1) 56.00
Soil: coir dust: manure (1:1:1) 44.00
F-test ns
CV (%) 17.55

Means within a columns followed by the same letter do not different significantly to DMRT.

ns = non- significant
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C

Fig. 3 Indigo seeding at 28 day on soil : rice husk charcoal :

manure (C)

Table 3 Seeding height of indigo at 14-28 day

manure (A), peat-moss (B) and soil: coir dust:

Treatments

Seeding height (cm)

14 days 21 days 28 days
Peat-moss (control) 399" 6.94" 9.55°
Soil : rice husk charcoal : manure (1:1:1) 1.92° 2.85b 3.91b
Soil : coir dust : manure (1:1:1) 1.76 289" 3.74°
CV (%) 9.59 9.99 11.66

/
' Means within a columns followed by the same letter do not different significantly to DMRT.

** = significant at P<0.01
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Table 4 Number of leaves of indigo at 14-28 day

Number of leaves per plant

Treatments
14 days 21 days 28 days
Peat-moss (control) 3.84”" 5.62° 6.30°
Soil : rice husk charcoal : manure (1:1:1) 339" 4.10" 4.85"
Soil : coir dust : manure (1:1:1) 341" 4.11° 4.78"
F-test ns x* x*
CV (%) 5.51 4.43 4.76

/
' Means within a columns followed by the same letter do not different significantly to DMRT

ns = non- significant, ** = significant at P<0.01

Table 5 Root length and fresh weight of indigo seeding at 28 day

Treatments Root length (cm) Fresh weight (g/plant)
Peat-moss (control) 9.99 0.76”"
Soil : rice husk charcoal : manure (1:1:1) 8.57 0.15"
Soil : coir dust : manure (1:1:1) 8.11 0.17"
F-test ns **
CV (%) 14.59 17.93

/
' Means within a columns followed by the same letter do not different significantly to DMRT

ns = non- significant, ** = significant at P<0.01

39150iNAN15798
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UNANED

oquinliunsiug ‘Syrah’ 1 Husquiildsuaudenlunisugnifiendaldiusuivesszinalne
wikieanganuin aqjuﬁﬂﬁgmﬁmﬂﬁm’%ﬁgLaiﬂmLLasm{LﬁmamﬁmﬁlnjmﬂLLazlaJﬁmmaﬁ'nam Falevinnsfnmn
nsldfunooquatsiusing 1 Wotiwduaiumaatapivlauaznislinananeduinladiug ‘Syrah 19ETu
vilaeldAseduitus Syrah deusendeuduiuduneequaneiiug 5 BB, <125 AN, 1103 P, 5 C’, ‘110 R,
IAC 5727, 1613 C’ uazdifatindrequ Wug Syrah” Wuduusuiisunisiadaivlanaznislinandn Tnoviinis
nAABafl duarhoui sneusiesuy SminiBeslul MNeununTmaasuUUdLaNYsal (CRD) NANTMARDINUIN
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*
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Study Vegetative Growth and Yield Production of ‘Syrah’ Wine Grape on

Different Rootstocks

Suphakorn Srithai *, Naras Sirigasorn, Arnat Tancho and Chinnapan Thanarut

Division of Horticulture, Faculty of Agriculture Production, Maejo University, Chiang Mai 50290, Thailand

Abstract

‘Syrah’ wine grape is popular planting in Thailand. But problem of ‘Syrah’ (cv.) is vegetative
growths and vyields production is not to high and stable. This research study different rootstock with
‘Syrah’ for more vegetative growths and yields better. Grafting ‘Syrah’ (cv.) on different rootstocks there
are ‘5 BB’, ‘125 AA’, ‘1103 P’, ‘5 C’, ‘110 R’, ‘IAC 572, ‘1613 C’ and ‘Syrah own root’ for standard
check. Study at Sub district Mae on Chiang Mai. The results vegetative growths and yields production
analysis found that ‘Syrah’ (cv.) grafted on ‘5 BB’ is better than another

Keywords: Rootstock, grapevine, grafting

*
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fnsiasquavlag inandngs uideidefeusunu
nslinananldadnane fadu nsneascilsls
vmsfnwmaneiugiune squanoiuglne e
widgymnisndnedwrinliniuaaiug ‘Syrah’ fana

A5Afiun159e

AsMAaesivnInaaesiin vaiisuia
gnoudeau Janiaeddnd seuinafsuliuiay
WA, 2558 3 LADUNABAIAN W.A.2561 I1UNUNIT
NARBILUUENANYTA! (CRD) v sideugenauiiug
‘Syrah’  Ine3BidsvANUUAURRe LS 5 BB,
‘125 AA’, ‘1103 P’, ‘5 C’, ‘110 R’, ‘IAC 572,
‘1613 C wazAsindrequiiug ‘Syrah’  1ustug
Wisuiey Toszuun1sdnnIsAaLuURIne (Y -
shaped) s¥8EUgnIeninaunl 3 4. senineduy 1.50
1. Bnsdamanssiurinlaevdainilequunnauds
Fnsdeuliimsudninsineoniisyiuaing
g9 110 o, iletsduliAnnsaiuuuedu (Arm) 3
JULUUNITIANITANUUUAIIY FoamsuuuInun
4y Welduvuudvinsiuu (Arm) gen 2 uwu
fudeuazdiue wdrihnisingenfinnueniding
a 75 au. iedsdulitAnnisadafsanysal (spur)
(Fig.1)  vinstuiinnisasgLivle SruruLvuy
$ruaufsauysal waruiluveseduiinladiug
‘Syrah” UuAURBBUILGAA 9

mdaRInduequuanis (spur) TWkdaminsg
Aesfeiuliaysallasdnisnugqunislithuasie

390 FEINYAITNISIFU

ynsszuUnen efsequ (spun) flengld 120 u
vsenavAsualudihmady (Fig.2) Swhnisdauss
Aufiensiadanislinandn Tnevhnisdaudfal
mdoduIunvindy villaetuniainfaauysal
(spun) TANUIINAWIY (Arm) U 6 AN
ynAs ndaaneguunnmIsinisdudin S1uiute
diinge wazwandndedy didoyaniag 14
Aaeinnanalaeldlusinsy Sirichai verion 6
LAZNAADUAIINLANAI9TBIAIREE Tneds
Duncan’s Multiple Rang Test

NaN157e

sl (Arm) - wudtedwiinbaduasiug
‘Syrah’ Mdsugonuuiuneauifus ‘110 R, ‘1103
P’ uay ‘5 BB’ ﬁmﬁﬁaﬁ’wmuu‘uusﬁaﬁuﬁﬁqmﬁ 4.00,
3.75 way 3.50 wuu sevawlauneiuiunenug ‘IAC
572, ‘5 C, ‘1613 C' uay Astlndequvinlniiug
‘Syrah’ #1325, 300, 2.75uay 2.75 Lau/fu
auddy Sanuusnenstuesnaltoddymnaadn
fudumeequTLS 125 AA’ 11 2.00 LYW/ (Table 1)

Asamysal (spun) wuin eguinlaviumariug
‘Syrah’ MAsugeauuAunDoduiug ‘5 BB’ In1slH
Asanysaldofuuiniigad 15.00 As/du sosa3un
I¢un Fumeaduitug 110 R’, 11103 P’, Asdnd1edu
g ‘Syrah’, 5 C' uaw ‘1613 C' 1 14.25, 13.00,
12.75, 1150 , 1275, 11.50 wag 10.50 ﬁ'a/é’fu
AINAIRU AAULaNAAURE NN 1AYN19EDA
fudunoaquitus <125 AA’ 71 8.00 As/diu (Table 1)

fulu/du (Leaf area) wu1 oduinlaniung
Wug ‘Syrah’  deugenuuiunooiuiug 5 BB,
‘110 R way ‘5 C ﬁﬁuﬁ%mnﬁqw #1 17,725.55,
17,471.53 way 16,955.37 A15.94. A1Ua19U AAY
uaninsiueeaifeddnyBanaada fudunesiuiug
IAC 572, ﬁq{]ﬂsﬁﬂaéuﬁuﬁ: ‘Syrah’, ‘1103 P,
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‘1613 C wag ‘125 AN ‘17i14,774.42, 13,654.03,

13,642.26, 11,273.47 Waz 10,863.57 #5.93. AIUE1AU Trainning
(Table 1)
d1urude (Cluste) wudn adurilitiung
Wug ‘Syrah’ Tldgugenuufuneeiuiug ‘110 R Amis :”‘”5

uaz ‘5 BB’ fd1uude/fuuiniige Ao 18.00 waz

17.75 49/AU A1UEIGU 090901 ADAUADBIUNUS

‘IAC 572°, ‘1103P’, ‘1613 C’, ‘5 C f@® 14.50, - =
14.00, 13.25 war 10.75 ¥9/9U MuE1U AR

unAsusgited Aynsaianu ﬁ'ﬁﬂﬂﬁﬁméu

Wug ‘Syrah’ uavaumeauiug 125 AA’ A 5.75

wag 5.25 Fa/fu Aua1au (Table 1)

dninsede wuitequsinliiunsius Fig.1 Y-shaped trellis system

]
a

‘Syrah’  fidsugoauuduneaquiiug 5 BB’ i
dwitn/Aeunniiand 117.69 nfu/de sesasnldun
AunoBiwIug ‘125 AA’ fio 97.20 N3u/ve fiAu
waneafusgefifedifAydmeadafuduneeu
Wug <1103 P’, ‘110 R’, ‘IAC 572", ‘5 C’, 1613 C’
waz Aallndreduiug ‘Syrah’ o 87.67, 85.48,
71.31, 71.12, 70.38 way 49.84 n3u/%0 AIUAIGU
(Table 1)

HaKER/AU WUl USunamandneduvinli
unaiug ‘Syrah’ Midsugenuuiunooiuiug ‘5 BB’
ﬁwamamﬁiaﬁuﬁﬁqm fg 2,087.22 NSU/HU 5998931
Ao ‘110 R’, ‘1103 P’ waz ‘IAC 572’ ﬁ 1,538.10,
1,227.66 way 1,033.85 NSU/AU ANUASU TAIY
Lmmfmﬁuasmﬁﬁaﬁwﬁmﬁammﬁﬁﬁuﬁumaaéu Fig.2 Spur for pruning
W 1613 C', 5 C', 125 A’ uazAstindrequitug
‘Syrah’ il 932.53, 764.51, 510.30 uay 286.52
n3u/Au mua1eu (Table 1)
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Table 1 Vegetative growth and yield analysis of grafted ‘Syrah’ on different rootstocks

Treatment Arm/plant Spur/plant Cluster weight/ Yield/plant
Syrah on (arm) (spur) area/plant No./plant Cluster (9)
(cluster) (9)

5 BB 35 15.00° 17,725.55° 17.75° 117.69° 2,087.22°
125 AA 2.00° 8.00° 10,863.57° 5.25° 97.20 51030
1103 P 3.75° 13.00°  13,642.26° 14.00" 87.67"° 1,227.66"
5C 300" 1150 16,955.37° 10.75" 71.12° 764,51
110 R 4.00° 14.25°  17,471.53° 18.00° 85.48" 1,538.10™
IAC 572 325" 1000°  14,774.42° 14.50" 71.31 1,033.85"°
1613 C 275" 1050 11,273.47° 13.25" 70.38" 932,53
Syrah own root 275" 1275 13,654.03° 575" 49.84° 286.58°
st " . . " "
C.V. (%) 3.12 24.27 45.91 12.86 48.88

Note: Letters within columns indicate least significant differences at ** = p < 0.01, * =p < 0.05

39150lNan15398

3NNANITANYY WU aduvinladiug
‘Syrah’ dguganuuiunoaiuitug 5 BB, ‘5 C’
waz ‘110 R’ fdwiuuvy (Arm) siodiu Swuia
(spur)  sofunaziuiilusedumniian daflaana
uAnFnsIINAuReafuaeuiauY ageiliad Ay
eadn uandliiuinfuneeiuiug ‘5 BB, ‘5 C’
uay ‘110 R udunesiuiiianaudaussgs 39
denaloquiiuiug Syrah’ fihwndeusen dnns
WiaAulafndt uand1aeInaguyinlatiug Syrah’
Mdeugeneguuiunooiuiuidug wasuansliii
1§i1nnsldsunosjuiiugfiuanssiuiinasionns
\3nulaveseuilay ‘Syrah’ Awnndnaiuly W
adIuNTaTaAula nsuAnAs Nsesnmen uaz
nslinandn deaenndeaiuseanuves Pool et al.
(2005) fivhnsAnwnnslidunsedusuau 20 a1
Wugiveuinlatiug ‘Chardonnay’ wuin nsld
392 1TEITNEATNITZIT

Funeeiuiugiuanmefuiinasenisisdyiulnves
a4uWuG ‘Chardonnay’ ey dnsunslinanin
wui1 aquviladiug ‘Syrah’ Mdsugoauuiune
oguugeng 9 funanislinandniidndt Asequ
Indsiug ‘Syrah’ Feaonadestunuideues Li et
al. (2016) Mhnsneaasanslidunesiuiueiuin
Tatliug ‘Cabernet  Sauvignon’ lagldfuneaiu
Fuau 7 aneiug wWisuiisuiuisequiindiug
‘Carbernet Sauvignon’ Wui1 N1VNaNEAYEIB{Y
Wug ‘Cabernet Sauvignon’ uusunauiluTUM
NAHAATIANT LarAINHANTNAADY Bguvinlaiiug
‘Syrah’ Tdsugonuuduneoiuius 5 BB’ Tdnm
nsia3ivlauagnslinandnuiniian 1unaun
nANULTLsIvBsunsa{udINanon sy AuLe
sl dusiuitusanunsalinandnuintumusdae
(Kurtural et al., 2013) LwimmLLG‘?NLLiwaaéfumaaq'u
awannietiostusgfuaumngausesiuil 91n
38704 Main et al. (2002) laviinisfinwinisles
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Y '3

AUNBBIUITUIU a4 d1UNUY ﬂ‘uagumlwwuq AnfnssudsznI@

'
a

‘Chardonel’  wane1aifu 2 fufl wudn aqusiilad
#ug ‘Chardonel’ Sn1slvinandniiunnstafuuusiu
pooguithefulufiufifisnetu wduiinslddude
oquivegusinladiiauduiusiuluiiesnis
WwIgLAvle warnslvnandniunnsetuluiiugii
sefu andeyandnunIaasulaindunesduitug 5
BB’ danumngauiveuvinliunsiug Syrah’
Tuiiufisineusoou Sviadedlvil inazdinng
\ydulanaziimslvinananiindign

VOUVBUAMDIINIIAULNANNTIUNITLNYAS
a9 bilna un13Ine1aendls AbalrALuLEInng
Adeluasslaudnsagardluiei
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= [V 1 d' 1 v Y] 1% 1 a <
ANSANEIDATIEIUMNUZEUTENI19AUIDNAUNIIT1IRDHNANAALAAN IS
Mmwzlunzndwanamn

ausinl guselly, 95U 1EAzAT, SWANE NIAAYN WaT ANAY WeEuIW

paszialuladndsinynTuaze1ms ¥nI1IMeIALTIVA)NYaaIATIN 0.4104 9.Wwallan 65000

UNAnga

v
v Aao

MiAdeiligUsrasiifofnundnmduiivmngaussvidusenturhadndwiulfidutagmiziiaing
Tumgnirwanadin Inenununisnaaesuuuguanysel (Completely Randomized Design : CRD) wtteanidu 5
Awnaesq oz 4 91 laeldSnmdutaguizuandrsatu 16un 1) 2anuis 100% 2) 9onusis 75% : v 25%
3) 99NWIAT 50% : 1119 50% 4) FVNLAT 25% : W13 75% waz 5) 113 100% wan153deuasarnwiziinriaduaa
13 Yu wagtiuwandadunan 15 Yu wuin danuuanateiunsadfedrefideddey (p<0.05) Tnansld
13913 100% Iﬁﬁmﬂ’ﬂsamaamamﬁmmuaé“aqqqmﬁﬁu 700.46 n3u SuneNIinLRAEgIEn 14.56 Aense
pzni thudnreneniade 12.81 niusenen LazTUIRdLTOUINRABINNTIgA 12,44 IwuRlnsenen AusIRy

ANAARY: LIRS Fugen Tanmny uay Nandnveddinng

*
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Study of Ratio between Water Lettuce and Rice Straw on Production Yield of

Straw Mushroom (Volvariella volvacea) Grown in Plastic Basket

Amornrat Uprapui, Orapin Selakorn, Thanwamas Kassanuk and Khongdet Phasinam*

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

Abstract

The objective of this study aimed to investigate the optimum ratio of cultivation material on
production yield of straw mushroom grown in plastic basket. The experiment was conducted in
complete randomized design (CRD) with 4 replications. The experiment consisted of 5 treatments as
followed: 1) 100% water lettuce, 2) water lettuce and rice straw with ratio — 75 : 25, 3) water lettuce and
rice straw with ratio — 50 : 50, 4) water lettuce and rice straw with ratio — 25 : 75 and 5) 100% rice straw.
The incubation period was 13 days and harvest at 15 days. The result showed that 100% rice straw gave
the highest of yield of fruiting body (740.46 g¢/basket), number of fruiting body/basket (14.56), yield of
fresh weight (12.81 g¢/stage), and diameter of fruiting body (12.44 cm/stage). Statistical analysis showed

significant different on cultivation using water lettuce and rice straw (p<0.05).

Keywords: Straw mushroom, Water lettuce, Cultivation material and Fruiting body

*
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UNin

WinnW19nSe Straw mushroom
(Volvariella volvacea) \duiaiiflsavfososuas
awnsausznavemsiduainuats Wufideuves
fuilaa uardinuAmeemsgadlefiouiufizin
windu (Tudses et al., 2018; Zikriyani et al.,
2018) 35nsimztfinn1einaneds lawn a1smne
WAL UUNeaEs Msnzfiarnauuneaite ns
wglulsaSewtla waznsinziarslungnii Hu
#u (Somsook, 2010) aeslsfmuingAudivunly
Tunsinzfiarnsfifdanumunzay msiivegied
TglsiTentu wagliifnidon minTagunedan
WitNgaLdrdanalilanandnvawinniem uasd
Uinasesrandngs tnsTanideuldinn fo vhain
galudlagiunwasnaiinazimviatsniadig neds
11 wemimyTanuwdeldluun ewSeudufineugn
gonall Sniadaivhainluduemsdnidnde
(Inthata and Khankham, 2015) 39dswalem1egn?
ldiiganenonINUABINISIBUNYATATIUAITINNY
Winnng 3av‘fﬂﬁi’1mﬁunuﬂ’1m§mLﬁm\mqﬁumm
TUde Usnouduluunsituidnsviundfiosndasien
virlnsdamystadelfifutanmsifianiad
AINBINEIVINUINTY FedeeiinismTandulite

q
'
S o

dnndutanmiziianig lnadenldiagnianvas
IndiAgaiurnedn mldde uazsianlias

99N¥s0 Water lettuce (Pistia stratiotes
L) iudwfimirvunndn wigdvlndadudungs
sopaguuinh wagdelfiAnnsmevesiutdug
anvheundnihiduianisuide vliAndymuin
(Chantiratikul et al,, 2007; Kumhomkul, 2016)
Feifuauideidieldussyndldaendaufuniadin
dwfuldifuanmiziianig ilendnsndaud
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winnzanvesingiuidesnie Feazifumaden
Tifuinesnsiivszneuer@mmiziinusle

A5AdiunsIve

1. #aunaniiuauide
AuztnAluladnisinynsuageInis
Wwmingdeswigiyaaeesy Jainiieaglan

2. MUKNUNITNARDY
UK UNIINAABILULdNaNYSal
(Completely Randomized Design : CRD) Usznaunas
5 Ananey av 4 91 lnaudazn1snaaadldianaan
waywedn Sl
Aanaesdi 1 900 100% : W13913 0%
Aanaesdi 2 900 75% : W1aH13 25%
Aanaesdi 3 900 50% : W93 50%
Zampaesdi 4 990 25% : Wt 75%
Aampaesdi 5 990 0% : W19T17 100%

3. Sunauduiunsive

3.1 Wi luudinduna 26 v, uay
theenanlumnuamduian 24 gu. ileannuty
Tmnzaudmsunsinginming

3.2 Fusnaurnanlidutudng Wieldilu
pnsEsUEMTUMSIZIinva

3.3 anfoudaiiiavindlimdutudng wa
vhsnagiedniuazdeauiinm 5 nfudeniiou
Mnurhnsuwadedineenidu 4 duwming Ay

3.4 Tdfanunedinunsuithliuds adluly
nzni Wilagiaugeainiungnii 10 wu. uagna
Ty

3.5 Tdfnnuwniivuudaseuy veunsnin
wziia Mntutdefarsnlseseus wulduy
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gy Tnewiulsefiveunzndiauseunsndi 39
w@Saaunislsoidoindud 1

3.6 YUl 2 @ae3Emsanude 3.5 91ty
Tsvomsiasuuardeialivihvtingnd uayla
metanmizmiani

3.7 damgnfnmizidialuaneluuduly
n5elaumNLLTin LAy So iRl iNaNER

3.8 mi@LLa%’ﬂwﬂuidemsmwmﬁmﬂw
Imaﬂﬂiiﬂﬁﬂﬂ%l,amiau*?] Furwmznduwzidia iite
fnwrauduntslunselaginie wazinnisida
asylauiiioszuiganiasou Wealinaudounin
Auld

4. Bnsiiudeya

uteyauaztuiindeyanisiadaiulauas
nananvoafinving daselud

4.1 S1nunendinnenynii Iagyitnisiiy
nonguluszrsuly

4.2 dntnsenen (n.) Tngnisdatinn
nonguluszrsuly

4.3 Samdneenifinsinvesudasdmeass
(n.)

4.4 PUNALEUTEUNVRINBNITA (T3l.) Inevi
nsinnengaluszeyguly

5. MsAATzvidaya

thdeyafildimmmmneady nduiily
AAsrANuRTUTINYesdoya (Analysis  of
variance, ANOVA) LagiU3auliguainuanmneues
Aadededs Duncan’s multiple range test (DMRT)
fiszaua Wesiu 95% (P<0.05)

398 FEINYAITNISIFU

NaN15e

1. IUIUABNTIRRBAZNEN
ndsnniunandndusyezinan 15 Ju
Suunenindenynirfinnuuandiaiunisaia
pg19lltud1AY (p<0.05)  lagnislgonsidaung
100% aﬂﬁﬁﬁmwﬂmmﬂLﬁm/\mmﬂﬁqﬂ \aae
1456 ARNABAYNS1 589a311A8 NSLYRNIIEIU
90N 25% : W9 75% Lade 8.31 nendenznT uaz
991 50% : W19 50% el 1.43 eonsenznd
My drutagunzifinrnadilioenasn Ae von
75% : 919 25% Wag 98n 100% mauansly Fig. 1

wag Table 1

2. dntinianesianen
INNITNABDINUI NEINTAUNINANER

< < v 9 @ <
pantAnILTUTTeEIan 15 1 UIRUNVAANIg
fanaNlAILANAIIAUN a0 g1l d Aty
(p<0.05) Tngnslagnsraaunig 100% aglwimin

< a a &
maﬂmm\mmmmjm LlRay 12.81 n./A9N I998911AD
200 25% : N9 75% 2Ry 6.96 N./ABN WAy I8N
50% : %19 50% LRdw 6.12 N./ABN ATNAINU
dautannnziiansdndiu 9an 75% - W19 25%
wazaan 100% hlarursatfueile wWeasaininmg
Taa3gyiAule fauanswalu Fig. 2 waz Table 2
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14.56

o & . P
FTHIHABNLEANS (ABNABALNST)

5 0
0
90 100% WAT5: AN ADNS0:WNE0  ABN25:WN T W 100%

AATIAINUDIIDNUAT AN

Fig. 1 The relationship between number of
fruiting body per basket and different

substrates

Table 1 The number of fruiting body per basket
of straw mushroom cultivated in

various growing media for 15 day

Treatment Number of fruiting body

(water lettuce : per basket (g)

rice straw)
100% : 0% 0.00d”
75% : 25% 0.00 d
50% : 50% 1.43 ¢
25% : 75% 831 b
0% : 100% 14.56 a
F-test *
CV (%) 27.16

Note: " Means followed by the same letter within
each column are not significantly different at P<0.05,
according to DMRT

' significantly at P<0.05

Uil 16 aduil 2 nangau - Furau 2562

12.81

W19 (Pandanan)

6.12
6 696

=

HinHnaenia

¥

98N 100% 99N 75: W25 AN B0:WN B0 AN 25:WN TS W 100%
FATFINVBITBANRZAI
Fig. 2 The relationship between yield of fresh

weight per stage in different substrates

Table 2 The weight per stage of harvesting of
straw mushroom cultivated in various

growing media for 15 day

Treatment Weight per stage (g)

(water lettuce :

rice straw)

100% : 0% 0.00 ¢/

75% : 25% 0.00 c

50% : 50% 6.12 b

25% : 75% 6.96 b

0% : 100% 1281 a
F-test *
CV (%) 21.81

Note: " Means followed by the same letter within
each column are not significantly different at P<0.05,
according to DMRT

* significantly at P<0.05

3, Ywinsauvesnendinnnsianzn
nnstiunanamusyeziia 15 Ju
WU SINveInonRiaNIRaREn 3 TR
uansNiunsanAee19ltudEALY (0<0.05) Tnanis
1¥8ms1du e 100% Tihminsumenianiaunn
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faeade 740.46 n. sesaunde nslddnmdu 1en
25% : 1119 75% wde 231.03 n. wazn1sensau
981 50% : W19 50% e 62.24 n. ALY @
Fanumziiiavinsiilioonaende aen 75% : W19
25% Warasn 100% Aiuandlu Table 3 uag Fig. 3

Table 3 The weight per basket of straw mushroom
cultivated in various growing media

for 15 day

Treatment

Weight per basket (g)

(water lettuce :

Table 4 Effect of different substrates on diameter

of fruiting body of straw mushroom

Treatment Diameter of

(water lettuce : fruiting body (cm)

rice straw)

100% : 0% 0.00d"

5% : 25% 0.00 d

50% : 50% 8.11c

25% : 75% 9.30 b

0% : 100% 12.44 a
F-test *
CV (%) 19.43

rice straw)
100% : 0% 0.00d "
75% : 25% 0.00 d
50% : 50% 62.24 c
25% : 75% 231.03 b
0% : 100% 740.46 a
F-test *
CV (%) 21.81

Note: " Means followed by the same letter within
each column are not significantly different at P<0.05,
according to DMRT

* significantly at P<0.05

740.46

%

fanae (dansni)
&

¥
HIUUHNTIHADNLAA
he

an 100% en75: W25 [an50: W B0 sEn25: MW TH v 100%

SadINgasInnuazg

Fig. 3 The relationship between vyield of fresh
weight per basket in different substrates
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Note: " Means followed by the same letter
within each column are not significantly
different at P<0.05, according to DMRT

* significantly at P<0.05

5 “
AUIALAUIDUINADIADNLAANTY
(LBURLNAS)

0
581 100% 9an75: Ww 25 99n50:Ww 50 s8n 25:Ww 75 3 100%

FRTIFINUTITEAUATAN

Fig. 4 The relationship between diameter of
fruiting body of straw mushroom in

different substrates

4. YUALEUTIUIIVBIABNLTAANNS

910 Table 4 uay Fig. 4 uansianuzid
HARBIUIALEUTOUNUDIABNLTAANUINVUIALEUTD
vasvenenianedinuuanasiunisatfogned
Hod1Any (p<0.05) Tagldnie 100% lraurnves
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Lé’uiammamﬁmmmmﬁqm 10 12.44 . (Fig.
5) sedaanfie msldaen 25% : We 75%  ade
9.30 @. (Fig. 6) uaznNI5LYaan 50% : W3 50%
1wy 8.11 @u. (Fig. 7) muddu daudanmnziiio
whatildanunsainanléde aon 75% : Wne 25% uaz

38N 100%

Fig. 5 Characteristics of straw mushrooms

(100% rice straw)

Fig. 6 Characteristics of straw mushrooms (water

lettuce 25% : rice straw 75%)

Fig. 7 Characteristics of straw mushrooms (water

lettuce 50% : rice straw 50%)
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32150iHaN15798

31NNSANEISIIdIUTIINE duTEN e
sonfursdadenandnianieiinazlunznd
wanadn IngldTanumiziuandeiu ndsaintiv
nananduszezan 15 U nuinlinauansneiunig
a0@ laen1sidnng 100% 19srurunaniinig
duiisenen tiutinsudenznd wazauinveady
seuUlaNINfian Liosann1addsgeinns
Usgnousie lulasiau Weanesa uarlnunaidos
(Teeveeraphunya, 2010) JsdwalvnandnuInuag
pONtY @onARBINUIIUIIBBY Somsook (2010)
lafnwnaveamsldianumnsuazianemsasuyie
#1499 Srufunguydunis uazdinindannde
nandnianeiinglunsndmatain saensle
Wt Tdeefiiiunsinzifiauiuds wastidesls
819N WU NITEaENIT linanEngge
529.40 n¥usenznd1 uonanididenndaaiu
uATeves Jitchuan (2017) ldvnassdanuield
mensneasiasamzierels TaeTaqumdold
v19n15inens 15 vlla laud Wiednd yauzniig
i deelval Wasnsudends Tt Fidesinndisiu
MIMITANILED TN neareUrdu Waend
Y7 AUNAIY WNAU ¥1UE88 WagAuY1Ilne vinnIs
naasuduszeziaan 16 Ju nuin Tagwgdls
ﬁmﬁfﬂwawﬁmaﬂLﬁﬂW'}ﬁmﬂﬁqmﬁa W9t 1edey
WinAU 492.67 nSufangn3n

dmsunisldianinizifianag 980 100%
uagaen 75% 119 25%  vinlmduleladnng
wingivle esnanuneiimadesgouasiinde
vililaianunsaindulodianield Fsaaniiidu
23AUTENOUEI 85 - 95% (Paiboon et al., 2012)
waziinsgesamelsineioulesideaylugumgd
a9 Jedmalbilianunsadaduleluiagmgla

FEINYAITNISIFU 401

Volume 16 Number 2 July — December 2019



Prawarun Agr. J. Volume 16(2) 2019, Pages 395 — 403

a5UNan133e AnAnssuUszna
1INN1TANYINTIEUMNUITAUTENTIN VBUBUANUMINE YTV RyAEIATINN
sandursdanenandniianrainizlunznii Tnuaiuayunsidy

wa@an wudn N5kl 100%  Td1uIunen
Wavlhs dhnindenen dininsiusdensndi was
yueadusaUIaNniign dmsusndiuesian
wnzdiliaansaiindulediole de nnsldaen 100%
kazADN 75% : W19 25%
fedudsasuldnsldvhain 100% 1Hu
Faoumiziiian1aifian udiilefionsundndiud
mmzauﬁm%’umﬂ%amﬁ"aﬁwmLfJu*Ya@wazLﬁm
797 200 25% : 19 75% wWs1ElinananLianna
Afignsosmarnmsldnnsdin 100%
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UseANSnmYeaL¥8s1 Beauveria bassiana NAABUNAMAVIIIGULAL
wagnsglanduinig

Ayvan Sawdeane’’, nindwd lvesnd! uas alngte Junyw?

'neuzsmaluladnisiny s U INeIae51vuIEITAIY enneiles Sainumarsaiu sualuswald 44000
‘a1 Iv ) IeUsLRIANGAT PAIEATIANT UNTINEIAETIVIYUNITITAIN
gunesdles Sainumarsmu svaluswild 44000

UNANED

wasivmenguuasnionsylandihma faduuasinsfiviiddguianiliiaisenudemerousde
wiAkard11 MnaesiiFalinguirasdiitenasoulszansammueadionvhateusas Beauveria bassiana lunns
diasuasineguuanienslandiima lussszfisousariniute namavaaodluiiaaivegu
Ut mevdsdanudeniissdumimdudu 1 x 10° spores/ml funan 6 Fu Vilfseuusasiumengume
57.50% wagvliinsutouuamivneiguae 65.00% lurasinanismassdumdonsslandiinie wui
mMenddanudosisziuanududu 1 x 10° spores/mliflunan 5 fu ildiseunasnselnndiinanie
47 50% wagvilviiudaTomdsnsslandtintanis 62.50% nuan1snaaesEsa UL TR
Uesiumhdnuuasdngiielnedy3sle

v
=1

AENARY: Weasvanewas, Beauveria bassiana, WiaanYNd, WasNIElandURNa

* Y vYa 1 . .
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Efficacy of Beauveria bassiana Against Tobacco Whitefly and

Brown Planthopper

Kanchalika Ratanacherdchai!’, Taweesab Chaiyarak! and Nattachai Juntachum?

JFocu(ty of Agricultural Technology, Rajabhat Maha Sarakham University,
Maha Sarakham 44000, Thailand
ZProgrom in Research and Curriculum Development, Faculty of Education,
Rajabhat Maha Sarakham University, Maha Sarakham 44000, Thailand

Abstract

Tobacco whitefly and brown planthopper are one of the most important pests of tomato and
rice. The objectives of this study were to test the efficacy of the entomopathogenic fungus, Beauveria
bassiana against tobacco whitefly and brown planthopper, the experiment conducted in nymph and adult
stages of insect pests. The results of tobacco whitefly testing revealed that spore suspension of B. bassiana
at concentration of 1 x 10° spores/ml within 6 days of spraying showed 57.50% mortality in nymph stage
and 65.00% mortality in adult stage. While, the results of brown planthopper testing revealed that spore
suspension of B. bassiana at concentration of 1 x 10° spores/ml within 5 days of spraying showed 47.50%
mortality in nymph stage and 62.50% mortality in adult stage. It proved that B. bassiana become the

promising entomopathogenic fungus as a biological agent against plant pest.

Keywords: Entomopathogenic fungus, Beauveria bassiana, Tobacco whitefly, Brown planthopper
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danndeudedmaliszuuinmignihans vinany
aunavesfingsssuvAlesanmsansiadiuenainaz
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vhansuuasiilufngsssuvfvesuasdngialid
Usnmanawalusng lunztaduiifuslaals
aaldlalugunimanndetu nandamiamsLiunsis
anuvasndeliflansiadinnisdaduiidesnisves
nannutnduailudae warduduniniuyadives
nawdnldEndae femgitaiauwerswiisn
Bn13A1uANlABTIIT (Biological control) 1nldlu
NsAIUANLNAIRR IRYNAWNUNNTITasIAdl 1unIs
Thduatulilunisevaundsnsslandinia
(Remgrit et al., 2016) naaMaUN1SIFa5TN U
Wumadenisiianunsaianldlunsauauuuag
dngiiwld do nasldidesnanivnlsnuuag
(Entomopathogenic fungi) Fesriiuszansanly
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Kumpiro et al, 2011; Bunsak et al, 2015;
Sukleard et al., 2016)
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UL VaINA
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Tulss3eu Ineldsunzidemaiiugnlunszanseny
Useanay 1 eu LHufivende 1duuzidamelunss
AITIEULIR 40 x 50 x 60 LHURLUAT Udosuuan
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Usmnadlulsaseu Taeldsudiugiivalan 2 ivgn
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N520199ud12TUNTINIU189UIR 40 x 50 x 60
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n1snagauUsEansniwvaailesn Beauveria
bassiana Tifideuuasiagiivlusnmiesufjianns
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nduilsaldofinay Tween 80 Aududy 0.02%
TusuauaUesae Haemacytometer Llafuaamm
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Angiivstely
1) n1snadeuUssansainvaados
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2) N15NAdsUUSZANS ANV LT85
Beauveria bassiana #ilramagnszlnadiinna
Angdna

¥1n1snaaeuUsEANEAINY0 LT 031
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Completely randomized design (CRD) 31U 3
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FuazasiAdigd kLA TITUTILIULLAR YN TY
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n35u73% 1ael438 Duncan’s Multiple Range Test
(DMRT)

NaWAITAINANITIVY

n1snadauUsyansninaaaiiasn Beauveria
bassiana fifissuuamivienguinguzdeme
NANISNA@BUUSEANEAINTB LT D51
B. bassiana f“f‘uLL:Jaw"”jszmmquﬁmgmL%amﬁ Tu
an1mwesUjoRinis wuin 1des1 B bassiana
anursavinlidigounazdfuTevewuainian
#1guUM1e 57.50 Wag 65.00% muaau ety 6 Ju
wdsduiades B. bassiana (Table 1) agdlsfiny
dlowSoudiuesifusnsmevessseuiusaby
o wuihseuiiiuesfudnsmetiosnin walens
LﬁaqmmmzazGT’aa'awuaumawi“m'gmquﬁmi
aonAsIUABuTY ﬁﬂﬁaﬂa%maqL%asmqmaﬂmﬂ
Fruuatld Faaenndosiusneauves Huadprasit
and Wangkeeree (2017) #ilgvinnsanunuszavdnin
¥991051 B. bassiana Tunsidviatswasdnau
Matsumuratettix hiroglyphicus winzulsaluyia
$08 nuinaUesuviuansueuies B bassiana
fiszsumnududu 1 x 10° spores/ml ¥ilvsau
a8 10-30% luvaisdiinonis 10-30% laewdsain
uasiteguiniation B. bassiana Suavili
AndnsnsaneavaLvasiIseuLar s iy ToLuTy
atiemaiiosnntuil 1 8e%uil 6 fdnwanduuuu
Sigmoid curve (Fig. 1)
INNANSWANTAEDUYSE VSN YD LT85
B. bassiana fulaslumenguinguzidowma Lile
Wigutgudunisldarsiadidnuuas (White oil
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aif wiagalsfiny Wesidudnisaevesduiude
yosunavinneguainnsld e B bassiana
wag White oil ldfinnuunnananisada (Table 1)
\esnain White oil Fadunanassldainnisadn
dsudlnsideuanunsatesturdnuuamiivle
vanzszeziidudify (Sahaya and Angmani,
2012)

Table 1Effect of spraying conidia suspension of
Beauveria bassiana at 1x10° spores/ml
on tobacco whitefly mortality in the

laboratory
Treatment Whitefly mortality (%)
Nymph Adult
Control 2.50° 7.50°
B. bassiana 57.50° 65.00°
White oil 2.50° 80.00°
CV (%) 51.22 18.26

*P Average of four replications. Means followed
by the same letter in a column were not
significantly different by DMRT at P=0.01.

n1snadauUsrAnsainvaaiiasn Beauveria
bassiana ﬁﬁﬁiangﬂnis‘[mﬂﬁﬁﬂmaﬁmg%’n
HANISNAABUUTEANTAINYBILT D51
B. bassiana fiuwdsnsglandtinadngdin lu
an1nviasufuanis wuin \§031 B. bassiana
anunsavihliseuazifuSovounasnsyinnd
Yhmame 47.50 uay 62.50% mudnsu nelu 5-6
$u n&sduiaios B. bassiana (Table 2) usoghsls
fAnu WewSeudisuesifudnismevesssaudiu
Fdute nundmseudedidusnisanetesninda
Juluiueafeafufuusaiivnieigu ddu
Uszaw%mwiuﬂm%wﬁnmaLmaaﬁmgﬁwau%ﬁ]iw
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Fig. 1 Trend of cumulative mortality (%) of
tobacco whitefly on 1-7 days after
contacted to Beauveria bassiana at
the concentration of 1x10° spores/ml:

a. nymph, b. adult
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Table 2Effect of spraying conidia suspension of
Beauveria bassiana at 1x10° spores/ml

on brown planthopper mortality in the

laboratory
Treatment Brown planthopper
mortality (%)

Nymph Adult

Control 5.00° 2.50°

B. bassiana 47.50° 62.50"
92.50° 97.50°

CV (%) 14.63 12.69

*P< Average of four replications. Means followed

by the same letter in a column were not
significantly different by DMRT at P=0.01.
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Fig. 2 Trend of cumulative mortality (%) of
brown planthopper on 1-7 days after
contacted to Beauveria bassiana at
the concentration of 1x10° spores/ml:

a. nymph, b. adult
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Abstract

The purpose of this study was to evaluate the efficacy of sunflower sprout (SFS) as potential
nutraceutical for metabolic syndrome in mice. The mice were divided into 6 groups of 5 each: Low fat
diet (LF), Reference diet (RD), High fat diet (HF), HF containing SFS in the amount of 2% (HF+SFS2%), 8%
(HF+SFS8%) and 16% (HF+SFS16%), respectively. The experiment revealed the most significant
bodyweight increase of 5.56 + 0.10% (P<0.05). Various servings of SFS (2%, 8% and 16%) did not affect
the plasma triglyceride level (P>0.05), whereas the SFS did significantly decreased the total cholesterol
level (P<0.05). The experiment also resulted in a rise of HDL and a reduction of LDL in the LF group
and the HF groups that received SFS (2%, 8%, and 16% SFS). Hence, a significant decrease of TC:HDL
ratio was observed in these 4 mentioned groups when compared to the HF group that did not receive
SFS (P<0.05). The fasting blood glucose levels observed in the HF groups that were fed with complete
doses of SFS had comparable value to the LF group. Additionally, liver enzymes (SGOT and ALP) were
observed to be on the physiological range of healthy mice, which indicates SFS does not exhibit any
sigcn of adverse effect on the liver function or general health. This outcome suggests the

supplementation of SFS of at least 2% in feed can benefit the circulating lipid and glucose levels.

Keywords: Sunflower sprout, Metabolic syndrome, Lipid and Glucose
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Introduction

Metabolic syndrome (MS) is a disease
originated from metabolic abnormalities such as
obesity, cardiovascular disease, and diabetes
mellitus. MS is

problematic in Thailand and around the world

increasingly becoming more

(Wasant et al., 1999). The issue becomes a norm due
to contemporary lifestyle and increasing trend of
fast-food consumption, which people are consuming
food products that are low in essential nutrients and
fiber while containing high saturated fat and sodium.
These
population of all ages to MS (Aekplakorn et al,,

aforementioned  factors induce the
2015). There are many remedies against these health
problems such as surgery or other medicinal
treatments. Regardless, these methods all involve
substantial cost in addition to potential negative side
effects or other ineffective outcome. Therefore,
nutraceuticals or functional food has become a
popular method to control or reduce the effects of
MS (Davi et al., 2010; Cicero, Tartagni and Ertek,
2014).

Sunflower (Helianthus annuus L.) is a plant
that is abundant in essential nutrients, to include the
seed that is concentrated with proteins and essential
fats (Fowler, 2010; Guo et al., 2017). Additionally, the
seed and other parts of the plant have other health
benefits, such as the extract being used as anti-
bacterial agent, anti-fungal agent, anti-oxidant agent,
anti-aging agent, and anti-cancer agent (Ashrafi et al.,

2008; Sankaranarayanan et al., 2008). Currently,

Uil 16 aduil 2 nangiaw - Suraw 2562

there is increasing consumption of the sprout due to
its higher nutritional value with limited anti-nutritive
compounds such as trypsin inhibitor, phytic acid,
pentosan and tannin (Sarwar Gilani et al., 2012).
Comparing to the seed, the sprout contains higher
nutritional values, particularly, amino acid, vitamins,
minerals, and enzymes (Marton et al., 2010).
Interestingly, the amount of A-linolenic acid in the
sprout, which is unsaturated fatty acid that affects
the metabolism to burn fats, increases by 10 times
when compared to that of the seed (Kuo et al., 2004;
Marton et al., 2010; Chon, 2013).

Previous advocated  that

sunflower seed and sunflower sprout (SFS) compose

literatures

various bioactive components, including phenolic
compounds (cynarin), tannins, saponins, glycosides,
alkaloids, phytosterols, tocopherols, |-ascorbic acid,
anti-oxidant enzymes, carotenoids, chlorogenic acid,
cafeic acid, quinic acid, linoleic acid, arachidonic
acid, 11S globulin peptides and helianthosides,
which possess a wide range of remedial effects,
especially to antihypertensive and hypoglycemic
activities (Gaikwad et al., 2014; Guo et al., 2017; Zeka
2017). These

consumption of sunflower seed or SFS is a

et al, evidences imply the
worthwhile alternative for those desires to sustain
general health and reduce the risk of cardiovascular
diseases, heart disease, and abnormal metabolisms.
Regardless, there is no conclusive scientific in Vivo
experiment to recommend the proper amount of
consumption to gain the medicinal benefit of SFS

against MS. Therefore, the purpose of the study is to
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further investigate and explore the possibility of
utilizing SFS as nutraceuticals or functional food to
reduce the factors associated with the progression of

MS and its complications.

Materials and Methods

1. Plant materials

According to previous report by Thanamool
and Chatkon (2017), 7-days-old SFS can exhibit an
impressive amount of nutritional value that includes
high total phenonic compounds, anti-oxidant activities
and soluble fiber as compared to SFS germinated with
different duration. 7-days-old SFS also contains a high
amount of polyunsaturated (PUFASs) fatty acids such as
O-linolenic acid (C18:2n6¢c; 1.83%) and oleic acid
(C18:1; 0.19%), which considered as functional food
and can be essential to a healthy diet (Tanamool and
Chatkon, 2017). Consequently, 7-days-old SFS was
used throughout this study.

SFS was cultivated and harvested at the
Agricultural Training and Research Center, NRRU,
Nakhonratchasima Province, Thailand. The plant was
cleaned, chopped into small pieces and dried in a
hot air oven at 50 °C. Diced pieces were powdered

and stored at -20°C until use.

418 FEINYAITNISIFU

2. Animals and diets

The protocol to handle the animals
followed the guideline provided by the Laboratory
Animal Research Council of Thailand and Laboratory
Animals published by the US National Institutes of
Health (1996). The experiment was conducted under
strict compliance according to the advice of the
Institutional Animal Care and Use Committee of
NRRU, Thailand. 5-weeks-old male mice were
randomly selected into six groups of 5 each, and
they were allowed a period of 7-day acclimatization
prior to the experiment. The first 2 groups were fed
with low fat diet (LF), reference diet (RD), and
remaining 4 groups were fed with high fat diet (HF)
containing SFS in the amount of 0%, 2%, 8% and
16%, respectively. These diet plans were customized
according to the recommendation of the National
Research Council (1995). The amount of fat in each
experimental group was designed as described by
Kalupahana and collegues (2011). The animals were
housed at the temperature of 25 + 0.5°C. The
humidity level was between 45-50%, and lighting
control of 12-hr dark/light cycle was maintained.
The animals were offered full access to food and
water at all times. The experiment was conducted

for 90 consecutive days.
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3. Serum biochemical parameter analysis

Blood samples were collected at the end of
the experiment by cardiac puncture. All mice were
fasted overnight before the blood collection and
they were euthanized by CO, asphyxia. Blood
samples were centrifuged at 1500¢ (4°C) for 15
minutes to separate the serum. The serum samples
were stored at -80°C until assay was performed. The
serum concentration of triglycerides (T), total
cholesterol (TC), high density lipoprotein (HDL), low
density lipoprotein (LDL) and fasting blood glucose
(FBG) were determined using enzymatic colorimetric
method as described Chien and colleague (2016).
Serum glutamic oxaloacetic transaminase (SGOT) and
Alkaline phosphatase (ALP) were also determined in

order to evaluate the hepatic activity.

4, Statistical analysis

Statistical analysis was performed using one-
way ANOVA, followed by the inspection of the
differences of the mean values between the diet
groups by Scheffe's post hoc test using SPSS Windows
program version 11 (SPSS Institute, Inc., Chicago, IL,
USA). A probability level of less than 5% (P<0.05) was

considered statistically significant.
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Results

This experiment supplemented SFS in feed at
the amount of 2%, 8%, and 16% (dry weight) in the
groups with HF diet plan. The initial average weight of
the mice was 5090 + 204 grams. During the
experiment, food and water consumption rate did not
differ between the groups. The experiment result
revealed the amount of weight-gained of mice fed with
SFS (at 2%, 8%, and 16%) was lower than the group
that received a HF diet without SFS supplementation.
Regardless, the amount of weight-gained of all HF-
groups that received SFS supplement is still higher than
the group that received the LF diet.

Effects of SFS on fasting blood glucose (FBG) level

It is generally accepted that HF diet can
influence  metabolic complications, to include
diabetes. As result, this study measures the amount of
FBG level in mice. The measurement illustrates the
group that received HF-only diet has more FBG level
than all other groups (P<0.05). All the groups that
received SFS in addition to their HF diet have a lower
level of serum FBG level than the group that received
HF-only diet. Finally, the group that received SFS
supplement of 8% and 16% have similar FBG level of

those received LF diet (P>0.05) as illustrated in fig. 1.
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Fig. 1 Effects of SFS supplementation on FBG level in
mice. All values represent as mean + SEM.
Means with different superscripted letters in the
same bar indicate statistical difference (P<0.05).
LF low fat diet, RD reference diet, HF high fat
diet, HF+SFS2% high fat diet supplemented
with 2% of sunflower sprout, HF+5F58% high fat
diet supplemented with 8% of sunflower
sprout, HF+ SFS16% high fat diet supplemented

with 16% of sunflower sprout.

Effects of SFS supplementation on serum lipid
profile

The serum collected from the mice was
analyzed for various lipid parameters, to include
Triglyceride (T), total cholesterol (TC), High-density
lipoprotein (HDL) and Low-density lipoprotein (LDL).
The lipid profile is shown on Table 1.

Total cholesterol (TC) and triglyceride (T)

As expected, the mice fed with LF and
reference diets (RD) have lower TC and T level than
the mice fed with HF-only diet. The mice fed with
HF diet supplemented by SFS have a significantly

420 FEINYAITNISIFU

lower TC level (P<0.05), whereas, SFS did not affect
the serum T level (P>0.05).

High-density lipoprotein (HDL)

HDL is classified as a beneficial lipoprotein
that has positive effects on cholesterol metabolism,
as it carries other fats (cholesterol, triglyceride, or
LDL) through the arteries for further termination in
the liver. The HDL level also determines the risk of
cardiovascular diseases, since a low HDL can be a
determining factor in atherosclerosis or ischemic
stroke. As anticipated, the mice fed with HF-only diet
have the lowest HDL level. The group that has the
highest HDL is the group that was fed with LF diet
(184.25 + 14.12 mg/dL) (P<0.05). Interestingly, all
mice fed with HF diet supplemented by SFS have
higher HDL than the mice that were fed with HF-only
diet. The group that received 16% SFS has a
significantly higher HDL than other HF groups
(P<0.05). The HDL of the HF group supplemented by
16% SFS is comparable to the group that received
RD (P>0.05), but it is still lower than the group that
received the LF diet. The rising of HDL seems to
correlate to the increase of SFS supplement (Dose-
dependent manner).

Low-density lipoprotein (LDL)

LDL is a lipoprotein derived from very low
(VLDL)  and
lipoprotein (IDL). Many studies strongly indicated LDL

density  lipoprotein intermediate
being a vital indicator for the risk of developing the
complications of cardiovascular diseases. The result
showed the mice fed with HF diet supplemented with

SFS of all levels have similar amount of LDL as those
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fed with LF and RD. In contrast, the group that was
fed with HF-only diet has higher LDL level than other
HF groups that were supplemented with SFS (P<0.05).

TC:HDL ratio

Although LDL cholesterol is an atherogenic
lipid marker, TC:HDL ratio is also considered as an
important index to predict the risk of ischemic heart
disease (IHD) (Lemieux et al., 2001; Patani et al.,
2018).

Hence, this study also evaluated this

parameter. The mice fed with HF-only diet have the
highest level of TC:HDL ratio (P<0.05). The group that
has the lowest TC:HDL ratio was the LF group,
followed by RD and all HF-SFS treated groups. When
compared to the mice fed with HF-only diet, all
other mice supplemented with SFS have significantly
lower TC: HDL ratio (P<0.05), which indicated that
SFS could prevent the progression of IHD.

Table 1 Effects of SFS supplementation on serum lipid profile and liver enzymes

Diet group LF RD HF HF HF HF
+SFS2% +SFS8% +SFS16%
Increase BW (%) 1.99 + 0.04¢ 3.80 + 0.08° 5.56 + 0.10° 4.35 + 1.24%° 3.92 + 1.09* 3.82 + 0.04>
Triglyceride (mg/dL)  87.0 + 1.09° 89.2 + 1.45° 125.6 + 1.25°  122.8 + 1.22° 1120 + 1.61° 106.6 + 3.18%
Cholesterol (mg/dL)  181.10 + 4.45*  180.70 + 3.20°  210.60 + 2.76° 154.40 + 328"  162.40 + 598  161.60 + 2.74°
HDL (mg/dL) 184.25 + 3539 13625 +391° 87.25+ 233"  92.00 + 1.42° 105.25 + 2.13®®  125.50 + 2.98>
LDL (mg/dL) 94.33 + 1.83°  99.00 + 7.54° 17333 + 8.37°  101.67 + 283  103.67 + 255°  90.33 + 3.10°
TC:HDL ratio 0.88 + 0.08° 1.27 £ 0.14° 2.19 + 0.04° 1.82 +0.08¢ 1.71 £0.10¢ 1.18 + 0.09°
SGOT (U/L) 44.97 + 0.41° 45.97 + 0.47° 4993 + 0.76° 4340 + 1.31° 4267 +3.10°  39.63 + 2.29°
ALP (U/L) 74.67 + 1.17° 74.67 +3.17° 9500+ 0.76°> 8733+ 0.69%®  86.00 + 1.20%°  84.33 + 1.35%

Means with different superscripted letters in a row indicate statistical significance (P<0.05). All values represent
as mean + SEM. LF low fat diet, RD reference diet, HF high fat diet, HF+SFS2% high fat diet supplemented with
2% of sun flower sprout, HF+SFS8% high fat diet supplemented with 8% of sun flower sprout , HF+ SFS16%
high fat diet supplemented with 16% of sun flower sprout, SGOT serum glutamic oxaloacetic transaminase,
ALP Alkaline phosphatase.
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Effects of SFS supplementation on liver enzymes
It is well known that nutrient overload
generated by HF diet is a major risk factor for the
development of MS. This condition enhances
adipose tissue deposits in many visceral organs,
especially the liver. The excessive fat accumulated
in the liver can be toxic and disturb its normal
function (Schaffer, 2003). This study also evaluated
the damage of the liver via its enzyme release.
Therefore, serum SGOT and ALP were analyzed.
The SGOT and ALP levels of all HF groups
have the tendency to elevate higher than LF and RD
which indicated the

hepatocellular function of HF-treated mice. The

groups, interruption  of
lowest liver enzyme level was observed in the group
of HF diet supplemented with 16%SFS, followed by
HF diet supplemented by 8%SFS, 2%SFS, RD and LF-
diet group, respectively. Compared to the group fed
by HF-only diet, the mice received 16%SFS have
significantly lower in SGOT level (P<0.05) (Table 1).
These evidences suggest SFS possess the positive

effect against HF-induced liver damage.

Discussion

HF diet is broadly used in experiments that
induce metabolic syndrome (Harir and Thibault,
2010). In this study, the feeding of HF for 90 days
could bring adverse effects on metabolic parameters
that are associated with increasing %BW, altered

serum lipid parameters and glucose levels.

422 FEINYAITNISIFU

This study demonstrated the group fed with
HF-only diet has the highest amount of weight-
gained due to higher caloric intake per the same
amount of food as other groups. The result is in
accordance with the suggestion of excessive
positive-energy balance and fat deposit in the
abdomen or other visceral organs (Amin and Nagy,
2009). The result exhibited the administration of SFS
can alter the lipid profile by lowering the serum TC
and LDL while increasing serum HDL. The ratio of
TC:HDL in all HF-groups supplemented with SFS was
significantly lower than HF-only group. The
experiment suggested SFS diminishes the risk factor
of IHD induced by HF diet. These evidences may be
due to the high level of nutritive phytochemical
constituents in SFS. In correspond to other studies,
sprout is considered as an excellent source of
proteins, vitamins, and minerals due to biochemical
change during germination and sprouting process
(Lorenz, 1980; Pasko et al., 2009; Weisz et al., 2009;
Pajak et al. 2014). As mentioned, the nutritive
metabolites identification of SFS presented phenolic
compounds, flavonoids (cynarins) and high amount
of polyunsaturated (PUFAs) fatty acids, especially Q-
linolenic acid (Kamal, 2011; Amakura et al., 2013). In
general, O-linolenic acid is converted to
eicosapentaenoic acid (EPA) which is further changed
into docosahexaenoic acid (DHA) that is widely
accepted to have the cardioprotective effects (Park,
Choi and Kim, 2000; Bradberry and Hilleman, 2013).
Many studies indicated meals containing EPA and

DHA are quite helpful in controlling cardiovascular
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complications.  Cynarin, the major phenolic
compound (over 8% w/w) found in SFS, was claimed
to possess cholesterol/triglyceride-lowering effects
(Englisch et al., 2000). This notion supports the
hypolipidemics outcomes in the SFS treated groups.
Apparently, the decreased LDL levels may be due to
fiber content in SFS that can bind cholesterol in the
intestine, initiating the absorption in the intestine
epithelium, increase peristalsis to speeding up the
release of cholesterol with the feces (Habibullah et
al., 2007).

The supplementation of SFS enhances the
probability of ameliorate blood glucose levels as
compared to the mice in the LF and RD group. Many
publications support this possibility as seen with
mung bean sprouts (Yao et al., 2008; Yeap et al.,
2012), sprouts, sprouts
(Bahadoran et al., 2012), as well as, SFS (Sun et al.,

2012) can act as a potential anti-diabetic functional

broccoli buckwheat

food by improving gclucose tolerance, increases
insulin activity and induce insulin secretion from
pancreas (Mao, 2008; Laila and Murtaza, 2014). SFS
is able to prevent against hepatic damage induced
by common HF-diet or excessive blood glucose (de
Meije et al., 2010). The SGOT and ALP levels in SFS-
treated groups did not differ from the LF or RD group.
This result intensely supports that SFS could protect
hepatocytes via the anti-oxidative activity of its
bioactive compounds which included tocopherols, (-
ascorbic acid and antioxidant enzymes (Guo et al.,
2017) by accelerating antiglycative, inhibits the

formation of advanced glycation end products and

Uil 16 aduil 2 nangiaw - Suraw 2562

strongly scavenges damaging free radicals (Sun et al.,
2012).

Conclusion

This study illustrated the hypolicpidemic
potencies of SFS can reduce the risk of metabolic
syndrome (MS) by increasing serum HDL while
lowering the serum TC, LDL and TC:HDL. In addition,
the consumption of SFS enhances hypoglycemic
activity. These effects may be due to cynarin in SFS,
which induces synergistic action with other biocactive
These

consuming SFS of at least 2% can be helpful in

compounds. evidences suggest that
controlling MS, such as cardiovascular diseases and
diabetic complications.

Further research is warranted to clarifying
the specific action underlying the synergism effects
of cynarin-rich SFS and its beneficial bioactive
compounds on lipid and glucose metabolisms. Such
investigation could develop SFS as nutraceuticals or

herbal medicine for MS patients.
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Sunflower Sprout: Nutraceuticals for Metabolic Syndrome
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