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Product development of gluten-free cracker

Sananthorn Pichai* and Parichart Ratmanee

Faculty of Agricultural Technology, Rajabhat Mahasarakham University, Muang District, Maha Sarakham
44000

Abstract

The development of gluten-free crackers was to study the physical, chemical, organoleptic
evaluation and allergens (gluten) of product. The experimental result showed that riceberry cracker has
higher content of protein, lipid and ash than the other crackers, which having value are 5.96, 14.14 and
4.52, respectively. However, buckwheat cracker has the highest moisture content (8.80). The physical
properties of gluten-free crackers were significance difference of hardness, spreading rate and thickness
(p<0.05). The riceberry cracker has the highest of hardness (30.66 N) and spreading rate (6.55%). The
organoleptic evaluations of crackers have significant difference in term of color, crispiness and overall
acceptant (p<0.05). Buckwheat cracker has the highest score of overall acceptance. Gluten allergens of
buckwheat cracker measure by ELISA method showed that the amount of allergens from gluten is 1.8
ppm, which in gluten-free cracker standard product according to “US Food and Drug Administration” and
CODEX standard.
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Table 1 The chemical composition of gluten-free

crackers.
Crackers Chemical Composition (%)
Moisture Ash Protien Lipid
Quinoa 7.1010.01b 1.63+0.01° 51210‘02b 1.09+0.01°

Cracker

Buckwheat 880006  102:0.11"  6.06:002°  1.0120.01°
Cracker

Rice Flour  7.05:000°  3.33:002°  4.26£005  13.25+0.03°
Cracker

Riceberry 325:0.06° 4.52:0.02°  596£0.20°  14.14x0.01°
Cracker

Note: Value in the column for each sample with different
letters are statisticall different (p<0.05), according to

Duncan’s Multiple Range test.
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Table 2 The physical properties of gluten-free

crackers.
Crackers Hardness Spreading rate  Thickness
(N) (%) (cm)
Quinoa 14.55£0.06"  5.73x0.03°  0.68+0.00°
Cracker

b

Buckwheat  29.39+0.16" 4.12£0.02°  0.730.01

Cracker

Rice Flour ~ 29.55+0.02°

Cracker

4.13£0.03°  0.86+0.01°

Riceberry  30.66+0.01°  6.55:0.02"  0.63+0.01°

Cracker

Note: Value in the column for each sample with different
letters are statisticall different (p<0.05), according to

Duncan’s Multiple Range test.
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Table 3 Sensory score of gluten-free crackers

Crackers Sensory score of gluten-free crackers
Appearance Color Crispiness Flavor Overall liking
Quinoa Cracker 5.75+0.75™ 550£1.00° 583079 5.25:0.87" 6.96+1.50"  5.42+0.79°
Buckwheat Cracker ~ 5.83+1.11" 6.17+0.72° 6.16+0.58" 6.33+0.65° 6.58+1.91"  6.33+0.65
Rice Flour Cracker ~ 5.83+0.94" 6.25+0.75° 6.00+0.74" 6.00+0.85° 6.65+1.19"  6.17£0.72°
Riceberry Cracker  6.000.74" 533:1.07°  6.08:0.79"  553:0.83" 6.60+1.10°  592+0.90™

Note: Values in a column for each sample with different superscripts are significantly different (p<0.05) and ns are not

significantly different (p>0.05).
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Abstract

Study on Piper betle extracts as an alternative herbal anaesthetic in Nile tilapia, Oreochromis
niloticus (1.44+0.20 g in BW and 4.39+1.97 cm in TL). Acute toxicity of Pjper betle extracts with LCs, valve
was 40.25 mlU/L for 24 hr at 95% confidence intervals from 36.49-44.29 mU/L. Piper betle extracts
concentrations were tested at 0, 5, 10, 20, 30 and 40 ml/L. The result showed that the concentration of

30 ml/L was suitable as anaesthtic because tested fish began to show stage 1 (sedation) within 5 min after

exposure and fish began to died in 6 hr exposure. The recovery tested fish after exposure in 20, 30 and 40

mU/L were average 4.33+1.52 min.

Keywords: Anaesthetic, Piper betle, Oreochromis niloticus

*
Corresponding author: E-mail: puttachat_im@hotmail.com
U 15 adun 2 nsngrau - SuaAu 2561 MFEINYATNIZITN 297

Volume 15 Number 2 JULY- DECEMBER 2018



Prawarun Agr. J. Volume 15(2) 2018, Pages 297-304

UszAnsanvasansanangiiuenaauluvaniia (Oreochromis niloticus)

aa 1,2* = a2 a a 2 a £2
wnsvd Bule , Wiggnsssae ASanaiies’, dqua JRuuwd waz dudus wAauSans

‘awrivumaluladmamziassdnin razmaluladnininues unive1des1vspumaIsaty o. 1o
9. 4M1d75A74 44000
*mAdvvseas panYnSmIans uvYInetseveuun o. lad 9. Yeuuny 40002

UNANED

nsfnwUsEanBnmaesansatangiiusiaaululaiia (Oreochromis niloticus) dintiniade 1.44+0.20
n¥U ATNETIRAY 4.39+0.19 WuRuns fnanuduiwdsundy Tusseznan 24 92lue (24-hr LCy,) Saniriu
40.25 iadanssiodns (aglurae 36.49 — 44.29 fiaddnssedns AmnuTesiuil 95%) uazvhnsnwansaiang
Wusnaaufianududu 0, 5, 10, 20, 30 way 40 daaansAoans nuitAUELTY 30 SadansHeansiLauT
dwdumsliiduenaaumnzannsavilivatlummaasadigsses 1 fe deduliindoulmgyidenisvsadia lu
a1 5wt wazsunun sl 6 SamnranlunsvhAenssusunisnzdedniinlussesnanldiiu 6
Flas uazsrarnaIMsiuaauvesUalansaannnsaaui 2 %"aimium'mL%uﬁﬁumaamsaﬁ’quﬁ 20, 30 way 40
fladansseans MWanuaauady 4.3321.52 unil

AR : e1aau W Uanila

* oo g v a 1
sgmauﬂwmﬁmma: E-mail: puttachat_im@hotmail.com

7 15 atudl 2 nsnga - Suau 2561 NIINYATNIZITU 298

Volume 15 Number 2 JULY- DECEMBER 2018



Prawarun Agr. J. Volume 15(2) 2018, Pages 297-304

Introduction

Anaesthetic is an agent act on the central
nervous system at electrical signals by inhibiting
neuro electrical signals which resulted in loss of
sensation (Heavner, 1981). Normally, the brain's
electrical signals are a chaotic chorus at different
parts of the brain communicate with each other.
Several common anesthetics bind to the GABA-A
receptor in the brain's neurons. They hold the
gateway open and let negative charged particles
flow into the cell. The negative charge builds up
and acts like a log jam by keeping the neuron
from transmitting electrical signals. The nervous
system (reticular activating system) has lots of
these gated channels, controlling pathways for
movement, memory, and consciousness. This part
of the brain is the most important position within
the central nervous system to make an
anaesthetic in animals and humans (Muir and
Hubbell, 1989).

An early anaesthetic was recorded in
Egypt, Asia and Middle East medical text books in
the 12" century (Hirst, 2004). It was a compound
which a part consisted of either opium poppy,
mandrake fruit and alcohol. In 1540 AC, Paracelsus
discovered diethyl ether and began experiments
on animal anaesthesia. He reported that the
diethyl ether could force poultry to sleep. Sir
Humphrey Davy, in 1800 AC, reported the use of
nitrous oxide to anaesthetize an animal. In 1824
AC, H.H. Hickman used nitrous oxide combined
with carbondioxide by inhalation during a dog
operation in order to reduce pain. Next, the
nitrous oxide anaesthetic was began to apply in
human since 1840 AC (Euliano and Gravenstein,
2004).

Application of anaesthetic in aquaculture
had been established about 60 years ago for

reducing stress and injury during breeding,
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handling, transportation and other activities which
effected fish health and production (Brown, 2011).
There are many anaesthetics used in aquatic
animals. Their efficacy depends on species and
methodology (Chandroo et al., 2004; Huntingford
et al,2006; Rose, 2002). The well-known
anaesthetics are chemicals, for example, MS-222
(TMS, tricaine methane sulfonate), benzocaine,
phenoxyethanol and quinaldine etc (Ross and
Ross, 2008). Most of the chemical residues might
accumulated in the aquatic animal products which
might affected to consumers (Amani and James,
2007). In addition, the chemical anaesthetics have
side effect to users, for example, irritate at direct
contact on to body or headache after inhalation
because of blood circulating interruption and
affecting to the central nervous. Thus, Amani and
James (2007) suggested herbal anaesthetic as an
alternative to reduce the chemical residue in
aquatic animals. For example, Erythroxylum coca,
Spilanthes  acmella, Acorus calamus and
Syzygium aromaticum contained cocain (Ruetsch
et al.,, 2001.), spilanthol (Barbasa et al., 2016),
acorin (Panchal et al., 1989) and eugenol (Sarkar
et al, 2008), respectively. These are active
ingredients to CNS (Mylonas et al., 2005). In
Thailand, the eugenol from clove oil (S
aromaticum) is the most popular and widely use
as herbal anaesthetic in aquaculture (Roubach et
al., 2005; Mylonas et al., 2005). However, the
eugenol is also found in P. betle leaf in
Piperaceae. This leaf is one of the third
compositions for chewing betel nut, a traditional
chewing in Asian countries as well as Thailand.
Thus, the leaf is common found locally at low
price. Therefore, this research would like to
investigate efficacy of the P.betle leaf extract as a
new alternative  herbal  anaesthetic and

appropriate dosage for tilapia.
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Materials and methods

1. Experimental animals

Nile tilapia (Oreochromis niloticus) about
30 days old were bought from fish farm in Maha
Sarakham. The fish were similar age and size at
1.44+0.20 ¢ in BW; 4.39+1.97 cm in TL. They were
100 in total and stocked in a 400 L tank (1 fish/L).
The tank had an air stone. The tanks were
changed 75% water every day in order to remove
wastes and keep suitable water quality. The fish
were fed 30% protein pellet 15% BW twice a day.
They were acclimatized about 2 weeks before

starting experiment.

2. Preparation of Piper betel extract

Piper betel leaves were collected locally
in Muang district, Maha Sarakham province. They
were extracted by following Leng et al. (2011)
instruction. The leaves were washed in tap water
for clean up all dirt. Next, they were air dried and
then crushed into a fine piece. The 1 kg fine
crushed leaf was weighed and put into an
aspirator bottle. Three liters (w/v 1:3) of ethanol
(95%) were added and soaked the leaf at room
temperature for 72 hr with occasionally shaking.
Then, the solution was filtered through No.1
Whatman filter paper. The ethanol in solvent was
removed by rotary vacuum  evaporator
(BuchiSyncore) at  45°C. All  the remaining was
crude extract stored in refrigerator (4°C) until

further use.

3. Experiment | : 50% Lethal concentration
(LCsp) of P. betle extract on Nile tilapia

Toxicity of P betle extract was
investigated by static bioassay followed APHA
(1998) and Dhara et al. (2016) in 21 containers

(2L). The P. betle extract solutions were prepared
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at 7 concentrations including 0, 10, 20, 40, 60, 80
and 100 ml/L, 3 containers/concentration for each
concentration. The 10 prepared  fish  were
randomly counted and put into each container.
Next, the fish behavior was observed. Dead fish
were recorded and removed during 24 hr
experimental period. All data were computed for
50% lethal concentration (LCsy) of the extract

solution using Probit analysis at 95% confidence.

2. Experiment Il : P. betle extract induced Nile
tilapia anesthesia and recovery

Diluted the LCy, concentration from
experiment | into 0, 5, 10, 20, 30 and 40 ml/L with
3 replicates/concentration. The experiment was
run in static bioassay the same as experiment I.
Ten fish were randomly added into each container
and observed anaesthetized behaviors every 5
min for the first hour and then every 2, 4, 6, 12, 18
and 24 hr. The fish behaviors were classified into 4
stages of anaesthetized behaviors including:

Stage 0 : No effect = Normal fish

Stage 1 : Sedation = Motion & breathing
reduced

Stage 2 : Anaesthesia = Total loss of
equilibrium no reaction to touch stimuli

Stage3 : Death = No movement of
operculum and death

Periods in either minutes or hours of the
anaesthtized behaviors were recorded in each
concentration  along  experimental  duration.
Recovery stage was determined after fish became
stage 2 (Anaesthesia). Data were analyzed to find
appropriate concentration of P. betle extracts to

use safely for Nile tilapia.
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Results and Discussion

Results
1. Acute toxicity of P. betle extract on Nile
tilapia

In control (0 ml/L) and 10 mUL of the P.
betle extract found no fish die in 24 hr. While the
high concentration at 60 ml/L onward, all the fish
died in 1 hr. For the 40 ml/L extract found the fish
reduced movement and stay tranquility in the first
5 minutes prior to die in the 4 hr onward. Probit
analysis found the LCs, of the extract was 40.25
mU/L (range = 36.49 - 44.29 ml/L; Figure 1).
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0 20 40 60 80 100

concentration (mU/L)

Figure 1. Cumulative mortality of Nile Tilapia after
exposure to various dosages of P. betle extract in

static bioassay for 24 hr.

2. Anesthesia induction and recovery of P.
betle extracts exposed to Nile tilapia

In control treatment (0 mU/L) the fish
showed no effect of the extract though out the 24
hr experimental period. The 5ml/L extracts, some
fish began to show stage 1 (sedation) after 18 hr
exposure. While at 10 ml/L extract, the fish started
sedation and anaesthesia in 2 and 6 hr exposure,
respectively. There were no dead fish found in this
concentration. At the 20 mU/Ll extract the fish
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started stage 1 (sedation), 2 (anaesthesia) and 3
(death) in 30 min, 2 and 8 hr, respectively (Table
1). All the fish in this concentration died at 12 hr
exposure. The 30 and 40 mU/L extracts, the fish
began sedation in 5 min while started stage 2
anaesthesia in 20 and 15 min. The death fish were
observed at 6 and 4 hr exposure, respectively. All
the dead fish from 20, 30 and 40 mUL
concentrations could be recovery after immersed
in a new fresh water at 4.33+0.57, 4.83+0.28 and
5.33+0.28 min, respectively.

Discussion

P. betle contained eugenol (0.16 % w/w;
Hadzir and Hadzuin, 2012; Sarkar et al., 2008)
which is part of the bioactive compound affected
as an alternative fish anaesthetic. In the study, the
low extract at 10 ml/L concentration affected the
fish began sedation and anaesthesia in 2 and 6 hr,
respectively without any death in 24 hr. The 20
mU/L extract affected the fish to calm in sedation
(stage 1), anaesthesia (stage 2) and death (stage 3)
in 30 min, 2 and 8 hr, respectively. The high
dosages as 30 and 40 mU/L extract, the fish
calmed in sedation in 5 min before went to
anaesthesia in 20 and 15 min, respectively. Death
fish was recorded in 6 and 4 hr of the 30 and 40
mU/L extract, respectively. Thus, the 30 mU/L
extract was the effective and suitable dose for
Nile tilapia. Because it was a lowest concentration
that could induced anaesthesia in fish (shawn et
al., 2004; Browm, 2011).

As Chantong et al. (2010) have reported
that eugenol could serve as anaesthetic for carp
(Cyprinus carpio). In addition, eugenol can reduce
stress in Nile tilapia assessed by cortisol and
glucose level including spontaneous superoxide
anion, percent phagocytosis and antibody in Nile
tilapia (Areechon et al, 2011). Effects of

anaesthetic on fish depend on external and
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internal factors of each fish species (Ross, 2001).

Anaesthetic are widely used in aquaculture to

reduce stress and mortality. Thus, betel extract

could serve as suitable alternative fish anaesthetic.

Table 1. Behavioral events of O. niloticus exposed to various concentrations of P. betel extract in static

bioassay
Stages of anesthesia according to exposure periods
Concentration -
(min) (hour)
(mUb
5 10 15 20 30 40 50 1 2 a4 8 12 18 24
control 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0 0,1 1
10 0 0 0 0 0 0 0 0 1 1 1,2 2 2 2 2
20 0 0 0 0 1 1 1 1 1,2 2 2 2,3 3 3 3
30 0,1 1 1 1,2 2 2 2 2 2 2 2,3 3 3 3 3
40 01 1 12 2 2 2 2 2 2 2,3 3 3 3 3 3
* Stages of anesthesia : 0 = No effect, 1 = Sedation, 2 = Anesthesia, 3 = death
Conclusion Acknowledgements
Efficiency of P. betle extract as Authors with to thanks faculty of

anaesthetic in Nile tilapia was studied. The result
showed that the concentration of 30 ml/L was
suitable as anaesthtic because tested fish began
to show stage 1 (sedation) within 5 min after
exposure and fish began to died in 6 hr exposure.

The recovery tested fish after exposure in 20, 30

and 40 mU/L were average 4.33+1.52 min.
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Abstract

This study was to evaluate the effects of using distillers dried cassava pulp (DDCP) from ethanol
production on growth performance of growing Thai Native goats. Twelve Thai Native male goats (14.28+2.60
keBW and 210.5+69.97 days of age) were used in a randomized complete block design (RCBD). The
treatments were the three levels of distillers dried cassava pulp (DDCP) in the concentrate mixes at 0%,
20% and 40% of diet DM. All animals were fed rice straw ad (ibitum as roughage. The results showed that
total dry matter (DM) intake was not significantly different among dietary treatments (538.95, 550.80 and
511.91 ¢DM/d; P>0.05). Increase in level of DDCP caused decreased linearly (P<0.01) and quadratically
(P<0.01) in dry matter digestibility (66.36, 65.69 and 59.60 %) and organic matter (OM) digestibility (67.27,
66.59 and 60.65 %) and were lowest in goats fed at 40% DDCP. Ruminal ammonia-N (NH;-N) concentration
(12.29, 12.31 and 15.84 mg%) was highest in goats fed 40% DDCP and showed that with increasing level of
DDCP in the diet caused increased linearly (P<0.01) and quadratically (P<0.01) in ruminal NH;-N
concentration. Moreover, total volatile fatty acid (TVFAs) linearly decreases (P<0.01) (85.03, 83.16 and 75.1
mM/) reflecting increases in level of DDCP. Bacteria [2.25, 2.24 and 1.98 (x 10" celVml)] and protozoa
[2.07, 2.07 and 1.84 (x 10° cel/m)] populations also decreased linearly (P<0.01) and quadratically (P<0.01)
as the level of DDCP increased, but, goats fed at 0% and 20% DDCP were not differ. Average daily gain
(ADG) (74.51, 72.77 and 60.15 ¢/d) was decreased linearly (P<0.01) as the level of DDCP was increased.
Moreover, Gain to Feed ratio (G:F) (0.14, 0.13 and 0.12 kg of gain/kg of DMI) decreased linearly (P<0.05) as
DDCP increased in the ration and were lowest in goats fed 40% DDCP, but at 0 and 20% DDCP were not
differ. It could be concluded that DDCP inclusion in concentrate for growing Thai Native goat at 20%
without any negative effect on growth performance.

Keywords: Distillers dried cassava pulp from ethanol production (DDCP), Growing Thai Native goats

*
Corresponding author: E-mail : kaninbunnakit@hotmail.com

O |

U 15 adul 2 nsngAx - FunaAu 2561 2TETNYATNITZITU 306

Volume 15 Number 2 JULY- DECEMBER 2018



Prawarun Agr. J. Volume 15(2) 2018, Pages 305-318

Uniin

dagtuynuszimailanlaliaiuaulaly
NSANIMUMEINGINUNALNUIUFULUUANAY fueE
seies Tnslangndnudomdsdmsuiniosud
Feluefniinumazldniiiudlasdeundudning
awaiwmmaamm mIaﬂuﬂimmammamﬁmm
IGE mwmmuawu woNANHNsINAIYNE Y
FanandanelfiAnuangfuauindonduegiann
fadunmamdanumadeniiiisiagnuagiinanseny

'
v a

Audsnasuiitounin Aevn19eanvastdyuniaingn

o a

fnpRudwiundnthiudemailaiunnuaulainniy
nvilan fie levuea Faanunsondsldanaiusiieg
vasiy Tt duanudasyiin fvnhaawasiiar
Judu dwfudsznalnedulundazddnisuanii
Fananldlulimasnnuagfutunnd Inslanzsiu
dzuds Fadndnduingiivdmiugaamnssundn
ovnueaiindunn® vuziersuiiiawndesansn
dntuifuaniuiduiy feerafinansznuiy
ﬁ'mmé’aulﬁmw’mﬁmiﬁ’mmiﬁhjaﬂ%% 210
annurn1TalfINg Sriroth et al. (2012) IWLL‘uuLL‘Ln
nseentagdnwiteyaliinalelseine lagianiy
USENAENIFaLUsN %"awémLamuamﬁﬁunﬂmﬁuﬁu
walddrlnaduingiundnlunswdsuinnin 60% lag
SenAvnEeiiin “died  distillers grain with
solubles (DDGS)” wazdisnisuislunisdanisiuiay
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filitauismeifiovenonaginumsnsiaziiluldly
nandnUadniagnanieds uenanidoyamaininig
sevuinIniudvzndsiimisnnnszuiunisuin
L@v1uea (distillers dried cassava pulp; DDCP) il
TWsflusnd DoGS 1ndalnewn Tnefilusfiunenu
Usganal 11-14% uavenadulusiuannimendnde
d7u DDGS 91ng1lwadilusAune1uUszuin 30%
(Sriroth et al,, 2012) aziRwnludedinsdnuise
dinuntuiiielildteyailauysaifian osarnly
Uag0udalisngaunisAneiagedisdnin et
nsdnuluadeiiiingussasdiioliléftoyauun
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1. dndnaasawaznisiionns

dnivnaesild Ao uneuiugiudodnome
fiduaiinade 10285260 Alanfu uazogiade
210.5+69.97 U 91uu 12 61 laedisn199nnig
Fnivnaoeedl

1.1 szaznounaasd (preliminary period) €4
uwngnndalurensaudszana 3 e fiflsee1mis
wazsetise Tagldsurhaiadud (adlib) saufu
91M3UUgRIAIUAY (control) Yinnsanenens 2ndndu
dosiulsa uazsinadesmnelasnsiniuesy uazqua
Tungnnndiguamanysaliiae

1.2 s388UTudnd (adjusting  period) gud9
wnzidrmendufieinenazda T30 12 ABN AILWALNNS
naaosuvuduluvdenauysal (randomized
complete block design; RCBD) Fasienmstudler
#io gnamuAu (control) Aituunly Yuae 2 ads 1
(07.00 w.) wazidu (16.00 u.) Inelwormsdu luszdv
1.5% BW lnsAuiadliiiiszaulusiu 16% lasuemg
wenuRewswasiud (adlib) Wihavenegraiissme
pasalIan eUsudnilriduinsfuaniwaendafen
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mmaamuuajﬂuuﬁaﬂauyizﬁ (randomized complete
block design; RCBD) lneudawnzaanilu 3 nqu nqu
az 4 falaglaruuanieiuenguagtimiingadalu
n133Angu (blocks) Mnualiungnaaaslisuam sty
fflszdunindfudUgndefimdoannisudnieniuea
(distillers dried cassava pulp, DDCP) fiuansnafiu 3
5¢AU fiB 1) 0% DDCP (nguAuAu), 2) 20% DDCP
uaw 3) 40%  DDCP Taglsiiuay 2 ads Ao Faadh
(07.00 .) WAzt (16.00 u.) Inglormmstuiduin
Tnfisgaulsiu 16% Tusedu 1.5% BW uazlasy
omIneIURe Ut UULANT (adlib) Taslvi
arormegaiissnanaoniie ileuTudailiduasiy
anmAoNTaLfiel JULUUNITIANITquA LAy
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USuseiuuiinuomsitlinng 15 $u lnsu3uau
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21 TufinUIununisiuldveseimisreiuuas
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2.3 91N IVNA0IITgNANNUAI0819lUY 8IS
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aundrthmiinesdi dieldlunsfunamusinainguis
wazldlunisAuiamusuanisiuladnguiaiatu
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(Ash), TUsAumeu (CP) mu3gu1n351U AOAC (2000)
kagu1 neutral detergent  fiber  (NDF),  acid
detergent fiber (ADF), acid detergent lignin (ADL)
AINITN15V09 Van Soest et al. (1991) uag acid
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vesdUsznaumanilugauiediuemns iethly
AwnAuaInsalunisgeslavetauslueims
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dmsuasiaduinuiunasyiinueauseainsiuailisy
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ngaveInAINTIULAENITRSURVINVEIRAUNTE oy
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3. MATRidayan1eadn
ﬁﬁa;ﬂaﬁ”’wmﬁiﬁmﬂmiﬁﬂmmmmm
kUSUTIULUU Analysis of Variance (ANOVA) anu
wnun1svaassuvduluvdenauysal (randomized
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wualdun1smevauesueInIsiinsziu DDCP  ¢aeds
Orthogonal Polynomial (Steel and Torries, 1980)

NaN153Y

1. 89AUSZNAUMALATV 9D SNINADY
ansueuildlununnasinfiiie vihaus
dlethluiinszinesdusznaunaail (n151991 2)
wu SlUsAuMeu (CP) 2.1%, elefiliazaneluans
wonilidunans (NDF) 64.5%, \ielefiliiazareluans
WeniBunsa (ADF) 46.1% wazdniu (acid detergent
lignin, ADL) 9.2% AUDIMNTVU NAINATIATIZALY
gnsomsnaass wudllusAuneiu (CP) 16.3%,

16.3% uag 16.2% &M3UgATAIUAY, 8RS 20% DDCP
way 40% DDCP muddu elndlAesiuseiuiimuan
1571 16% CP dau NDF fAwinfiu 16.7%, 17.3% uasz
18.9%, ADF fAWYINAU 8.8%, 9.4% waz 10.6% Waz
szsureadniufilaainnisinsizsien ADL fanvinfu
3.7%, 3.9% WAz 4.4% AIUEINU Sw1e NDF, ADF uaz
ADL Tugns 40% DDCP difnasnitnngnsidntios dau
andudvzndedaduamnioainnsyuiunisuan
evuea (0DCP) fivhanldlumsanurluaded wuindl
Anadsvaslusiuneu (CP) 9.8%, NDF 40.2%, ADF
20.5% tay ADL 4.9% fua1RU

Table 1 Ingredients of dietary treatment containing in varying amounts of DDCP (%DM basis)

Dietary treatment (DDCP, %)

Ingredient 0 20 40
DDCP 0.0 20.0 40.0
Cassava pulp 49.3 38.3 6.3
Rice bran 20.0 14.0 10.0
Soybean meal 14.0 11.0 7.0
Palm meal 7.0 7.0 7.0
Molasses 6.0 6.0 6.0
Sulfur 0.2 0.2 0.2
Urea 2.0 2.0 2.0
Lime stone 0.5 0.5 0.5
Salt (NaCl) 0.5 0.5 0.5
Mixed mineral 0.5 0.5 0.5
Total 100.0 100.0 100.0

DDCP: distillers dried cassava pulp from ethanol production
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Table 2 Chemical composition of dietary treatment

Chemical Dietary treatment (DDCP ,%)"

composition (%) 0 20 40 Rice straw DDCP

DM 91.4 90.8 90.3 95.8 91.6
................................................. PODM..ee e

oM 92.2 91.8 91.4 92.6 93.1
Ccp 16.3 16.3 16.2 2.1 9.8
NDF 16.7 17.3 18.9 64.5 40.2
ADF 8.8 9.4 10.6 46.1 20.5
ADL 3.7 3.9 4.4 9.2 4.9
Ash 7.8 8.2 8.6 7.4 6.9

"Level of DDCP = 0%, 20% and 40%

2Based on analysis of composite feed sample; DM: dry matter, OM: organic matter, NDF: neutral detergent fiber, ADF: acid detergent fiber,
ADL: acid detergent lignin, AlA: acid insoluble ash, CP: crude protein

Table 3 Effect of levels of DDCP on feed intake and digestible nutrient intake of goats

Dietary treatment (DDCP, %) Contrast*
[tems 0 20 40 SEM P-value L Q
Feed intake (¢DM/d) N=4 N=4 N=4
Concentrate 11413 109.85  84.69° 6.48 0.04 0.02 0.24
Roughage 42482 44095 42721 14.44 0.71 0.91 0.43
Total intake 53895  550.80  511.91 14.04 0.21 0.22 0.19
Total intake (%BW) 3.25 3.27 3.23 0.08 0.93 0.80 0.77
Total intake (g/kgBW"") 6552 6605 64.26 1.58 0.72 062 057
Nutrient intake (g/d)
oM 498.61  509.16  473.01 13.01 0.21 0.22 0.19
CP 2753 2117 2269 1.02 0.03 0.02 0.15
Digestible nutrient intake (g/d)
oM 33549°  339.28" 2867 10.89 0.03 0.02 0.08
MCP 43.61° 44.11° 37.27° 1.42 0.03 0.02 0.08

SEM = standard error of the mean, *Orthogonal polynomial contrast L= linear and Q= quadratic, MCP (microbial crude

protein) = 0.13 x kgDOMI (ARC, 1984)

2. Ysunaunsnulfednsdase

USuraun1siulauesenisiu e1msuenu wagusune
nsavldtaun (113197 3) nudrseduves DDCP Ll
nasaUsInansAuldaue (538.95, 550.80 wag
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511.91 gDM/d; P>0.05) wagUsunanisnulavese1ns
YU (424.82, 440.95 wag 427.21 ¢gODM/d, P>0.05)
widlofiansandelSunanisiuldvesemstu (114.13,
109.85 way 84.69 gDM/d) Tnendlewfinszdiu DDCP T
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91VNTMARBIAIN 20% UM 40% wuinTunanisiule
91msvestuanatiunuuidunss (linear, P<0.05)
Taenguitlssu 40% DDCP fmnansAulsomsves
Fusindmnnguegaiifoddayn1aada (P<0.05) B
Dulvlumadenduiudsinansiuldveddsfuveu
fi 27.53, 27.17 uar 22.69 ¢/d flanaadunuuidunss
(inear, P<0.05) AuS¥&U DDCP Fitfiuauy Imaﬂaq'uﬁ'
163U 40% DDCP sndmnnguegeiitoddnymisais
(P<0.05) weilaluaneinaiuseninangy 20% DDCP wae
nauAUAN @nUTunsiuldvedlavusiidesldves
Bunieing (OM) e 335.49, 339.28 uay 286.7 ¢/d
nazqAuvEElUsAu (MCP) 3y Ao 43.61, 44.11 uay
37.27 ¢/d dwiugnsaiuny, gns 20% DDCP uag
40% DDCP snuadiu Inenuindusunanisiuldanas
\unuuidunss (lnear, P<0.05) Tnenguitld3u 40%
DDCP fivSanmunisAuldsnitnnguogisiidoddny
N19adf (P<0.05) vz ilaifunnsnsfusznitangy
20% DDCP wagnguaiua

3. Anuausalunisaasla
anuansatunisgeslavadlnruy (15199 4)
wudrauauisatunisgeslanaludiuvesinguis

(dry matter digestibility)Ae 66.36, 65.69 Wag 59.60%
LLazﬁuw%"&J’Tqu (organic  matter  digestibility) A®
67.27, 66.59 wag 60.65% Feanasauuuidung
(linear, P<0.01) tazuuuldulAsniasass (quadratic,
P<0.01) muszdu DDCP Miiutulugnsens lnengu
lé¥u 40% DDCP dmnuannsnlunisdeslddnimn
nquegraifeddgydmieada (P<0.01) udlungu
AIUANLAZNAL 20% DDCP lyiunnsinefiu

4. AUTIONINNITIEYLAULN

efiasandnsinisayivlandeneu
(average daily gain, ADG) (157971 4) Wudﬂﬂejmﬁiﬁ%'u
5¥6U 20% DDCP waznguatuaulaiunnsiaiy (P>
0.05) vauginguillé¥u 40% DDCP F6n51n3
\winAularefusnimnngueesiidodWaydmnaaia
(P<0.01) fio 74.51, 72.77 wag 60.15 ¢/d lasanadlu
ANWULLUULEURSS (linear, P<0.01) YonaNLamnu
Samnmsasaiularousinauemsiild (Gain to Feed
ratio, G:F) fi® 0.14, 0.13 uag 0.12 kg of gain/kg of
DMI amasuuutiudunss (linear, P<0.05)

Table 4 Effect of levels of DDCP on digestibility and growth performance of goats

Dietary treatment (DDCP, %) Contrast*
ltems 0 20 40 SEM P-value L Q
N=4 N=4 N=4
Digestibility (%DM)
DM 66.36 65.69° 59.60" 0.43 <001 <001  <0.01
oM 67.27" 66.59° 60.65" 0.42 <001 <001  <0.01
Body weight (kg)
Initial weight 14.35 14.79 14.22 - - - -
Final weight 1882 19.17° 17.83° 0.29 0.04 0.05 0.06
ADG (g/d) 7a51°  7277° 60.15" 1.93 <001 <001 0.6
Gain to Feed ratio (G:F) 014 013" 0.12° 0.005 0.06 003 042

SEM = standard error of the mean, *Orthogonal polynomial contrast L= linear and Q= quadratic, ADG = average daily grain
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5. NARANEATINEAINNTZUIUNITUIN
NamamqmﬁﬂWﬂﬂizmumwﬁﬂ (mswﬁ 5)
ANan15TAA1AMILTUNTA-A19Y89UB AL 1A3N
nsvmnendn Ao 630, 6.48 WAL 6.56 TawuInilAn
Ay auuLduRse (inear, P<0.05) waguuuLdulAs
A89ae9 (quadratic, P<0.01) MuTE6U DDCP Pt
Taewuinnguitlésu 40% DDCP fianandunsa-anags
ndmnNgy iuetAeIfusEAUAINNITNTUYBY
wonlande-lulasiau  (NH-N)  Tunsziwizwiin fe
1229, 1231 uaz 1584 me% Femuiniudumuuy
W@umse (linear,  P<0.01) Lay LuuldulAINIa9d89
(quadratic, P<0.01) muszeu DDCP gy Tngay
Widrernarandunsa-as (pH) wazsziunududu
vosuenTude-lulmsiou (NH;N) Tunguitlé3u 40%
DDCP qm’jmﬂmjmashqﬁﬁ'gﬁﬁzy?jamqaaa (P<0.01)
Tunnsetudnuiussuresnsaludufissmeldine s
‘17?&‘1/11191 (total volatile fatty acid, TVFAs) feo 85.03,
83.16 uay 75.1 mMW/L fdnwagasanasduuuu
Eunsa (linear, P<0.01) iafiusziu DDCP 910 20%

1 40% Tnonguitlé¥u 40% DDCP  fisziuaiy
WudusnimnnguegnaiidedAaydmaada (P<0.01)
usingy 20% DDCP wangueiuRuiisziunadudud
laiumnsinaiiy (P>0.05)

6. Uszrnsyaumadlunssiwiendn

nnsnTatiulszensaunisvluduees
Uszmnsuuaiiise wazUssanslustadannveavadly
nszimzmin (1399 5) wuhiiusznnsuuadite Ae
2.25,2.24, 1.98 (x 10" celVml) uazuszannsluslada
fi9 2,07, 2,07, 1.84 (x 10° celVml) Fsanasiiauuy
Wdunse (linear, P<0.01) kagldulAsingsany
(quadratic, P<0.01) ®1u3zAU DDCP Ffintu widle
Wiguifigusenindlungy 20% DDCP uagngumIuAy
wuilalunnenety Tasfingu 40% DDCP fiuszansits
Tuduves wuaiiSe uasluslnsdh sndmnnguegned
TodfyBanneadn (P<0.01)

Table 5 Effect of levels of DDCP on rumen fermentation and microbe population of goats

Dietary treatment (DDCP, %) Contrast*
0 20 40 SEM P-value L Q
ftems N=4 N=4 N=4
pH 634° 648" 656 0.01 <001 002 <001
NH,-N (mg%) 1229°  1231°  1584° 0.10 <001 <001  <0.01
TVFAs (mM/) 85.03°  83.16°  75.10° 1.30 <001 <001  0.10
Bacteria (x 10 " cel/ml) 2.25° 2.24° 1.98° 0.01 <001 <001  <0.01
Protozoa (x 10 * cel/ml) 2.07° 207° 1.84° 0.01 <001 <001  <0.01

SEM = standard error of the mean, *Orthogonal polynomial contrast L= linear and Q= quadratic , TVFAs= total volatile fatty acid
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1. 99AUTZNBUNLANVDIDNMTNARADY

NAYINNI9ILATIZHOIAUTZNOUNINLATIVDY
anmaaed WeRansandaSnandelefiliaransly
answiendifunans (NDF) wuingms 40% DDCP firngs
niwngasiantesfie 18.9% Fadunainain DDCP 4l
sefU NDF  Aioudnege lotfiuSuna oocP lugns
ol NOF Sszdugetulugnsonnsnulude
1A89INNANITIATIZANILARNUI1 DDCP HszAu NDF
Aoutnegs Ao 402% uawiilusiu 9.8% Anind
Sriroth et al. (2012) sneulifedlusiueglugie
Uszane 11-14% dufisiesulae Phonsean et al.
(2016), Pornjantuek et al. (2015) wag Laorodphan
et al. (2013) Aadl szAu NDF Useuad 49.7% uazdl
TUshudszanas 56% fafu Saldifiud esduszneu
maafivesninifudUsndsiivdeninnseuiunisudn
womueadiniuuseinalnedaliatuudsusiugs
(Sriroth et al., 2012) feifenafunainansiudsvds
Aaruansssuaeiug engnsiiuiien uazunas
fiugn uenani Tudruunsguisnisudnieniuea
veusarlssuiinans1aiy sausteisnnsinifivie
widefildndannduuenieniueasenids Jaunfived
Araugs Fadnifuneduiilauds wasudesliian
msviuauiululsunaning Wunaiuu lagldsdae
mm%yuuazﬁwmsmﬁgﬁuﬁaﬁmmzau foaLinng
wiinye wWude wazgadessdusznoumaaiifiiy
Usglovilufian Tnsianglusfiuveny

2. Ysununisnuldegnedase

dlofiansanusunansiuldegidasy ludiu
Y9901159U Tnsnuindloiusssu  DDCP 1Ufi 40%
deraliusunanisnulaveseinisiuanas vinues
WertuUsuunisiuldvesidsfunerunudeyaly
Tumafientiu Aeanasnusesuifiuguyes DDCP lu
gns1ms demaliuSuanslasulavusidesldly
dduvseing (OM) wavdSuamsdunsenydunsd
TUsfiu (MCP) anasmuundndae dudunauiainns
\finsefu DDCP  viligmsomstinmsinugasivlid
AuLAus denndesiusIBaues Srroth et al.
(2012) Findloaslulawnsafilaiidulaseadns (non-
structural carbohydrate; NSC) @9 wlsuazthmadau
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Tngflusfudrzndegnudndesnarailuieniueasy
daalvininfmdeainnszuaruninaulnefiviildu
wazthunduemnsdaiduanduailulansadidu
1598319 (structural  carbohydrate) d@xulugaziiu
waglasdaduidelefidevaansiuaziininamigs 3
Lammers et al. (1995) 1891u ileuSunandelelu
aﬂﬂﬂiLﬁusﬁuﬁﬂiﬁaﬂﬂ’liﬁﬂ’J’]‘MWWJJQQLﬁ@L“i’JJ’léjﬂiﬁL‘W’w
dnfagAnduadwmaliiuemslddosas uonand
Van Soest (1994) T1e91ui lednildsuemsnifibe
lofifiandudussdusznevegluussunaiigeazdmalyt
Jaunsdlunszgnidngeslatosas uavdesldiiaily
nstosuuty Suinnislnariusenannnszimizmsin
$1 ildnszongldiiiuiiiomedvivermsiay
sunlulmi waz Chen and Gomest (1992) na1771
A1RAINET7 Sedananan1TANAaURIRAUYSE way
Uinagdunidlusiuiilulsslevdeddnianasdn

a

P8 FINSEUATIENAUNSIUSAY aursausediula

q

nUSHudunseing (OM) Ngasla Jed1 OM degls

q
¢ a

waneneiy MIdLATIZRgAUYSElUsAUNIUANANTY
e é’nﬁ?uLmﬂmﬁaﬁnﬂqmm‘wmsmmswamamuaaﬁ
‘L‘hmNaaf[,uqmmmﬁuﬁamﬂs{’ﬂuizﬁuﬁmmsam
Fafisrwaunsinelulauulag Kalscheur (2006) 31
idenay DDGS lugasennstusnnnin 20% wui
Truuiiusunanisildanas elunindumniiiusesy

U7 30% UYsunaunmsiulagessinniinguaiuaudneie

3. anuaunsalunisdanld
Anuanynsalunssesldinuainnsinuadal
wuianuansalunisdosldvdludauvosinguis
(dry matter digestibility) LLazﬁuﬁEﬁmq (organic
matter digestibility) anas auseay DDCP At
Taenguillé3u 40% DDCP fawanunsalunisdesls
Mndmnngu uslungu 20% DDCP laiumnassiuiy
nauAIuAY Belddeyafiaenndesiu Pormjantuek et
al. (2015) fifnwiluunsiolasldnmniiudiusnded
wideannsudatentueanuIminldlugnsenis
1NN 20% rdralinNansalunisdeslaanas
alutmguits SundeTog uarlusiu lneddayanis
Fnsnenuliinmagaserns fszdulavuziidos
aanelfaugafulngianizlusiuuasndany Jsende
nsruIunITiIeIuvesdunisiuwduluedied
Usgansam svdwmaliiinnisgeslavasinguiauay
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@

Burdeng suiaiansUanddeslnaugididnyded
Fnfiuarlugduniduiniy uazqdunidasanunsn
\innnsvesduuLardLaszidunislsfuuin
aallUde (Chen and Gomes, 1992) uananil NRC
(2001) 18LIMINDIMINEUTTINTsLeaduINnIn
vdouiiy 50% Tuly shlFTuanisiulduaznis

goalaanaa

4. AUTIDNMNITLIEYLAULN

AUTIDAINNITLATYLAULA nmsinulunds
Jwuin Sasnsiasaivlnndesetu (average daily
gain, ADG) ﬂuaqmjuﬁlﬁ%’maﬁu DDCP 20% halumnsing
fufunguaiuau uinguiilédsu 40% DDCP Tdnsins
winivlase Tushnimnnga wenanidmuindas
masaiuladeysunaemsild (Gain to Feed
ratio, G:F) anadnuutduLdunsa (linear, P<0.05)
Fduimsifiusedu DDCP 910 20% 1Ty 40%
dwalisnsinisadgiivinanas Feunnen9ain
nsAnw lae Pornjantuek et al. (2015) fisre9ui
ﬂmﬁumﬂﬂuqmammmzijamﬂ 10% Ju 20%
denalionsinisaTgAvlnanas @1Us189UT0 9
Maynard (2015) la@nw1n1sld DDGS Tuamisung
wuin ngudild¥u DDGS  wInndn 30% T8ns1nns
wigAuladninguaauay fatudlofinnsmnanin
nsfnwadsienearlimauaatuayuldiungly
naudléisu 40% DDCP tuifusanmnsAuomstuld
i Tnedeusiinavanunsefvensveuldun Safide
Wreusia Aiflusunaldavugsn Tasameilusiuneny
LW 2.1% 1ummzﬁﬁLﬁaiaqﬂimaﬁmimmﬂszﬁu
NDF 64.5% 3sdanansenusionsgesle ims1eqaunid
Tunsewnzudin dedldnandosaaneunu SuAnlnvusd
dniarlgsuiieatransasaivlgdes steilamnsa
Fsanldndnsnmasuivinseusunaemnsild
(Gain to Feed ratio, G:F) Tungu 40% DDCP fig 0.12
Alanduseamsildsu 1 Alansy Tunanyindaiau
pwnshaun waanansathlvasemsasydulaladesy
wonandunaslusiu uazaslulownse Sudesiisng
mMstosaaefiuszanuiusesaunasey JaunIdiay
amnsavinulaegreliuse@ndam uaziinnisudn
1nYuze0nN19E1L N INDRDNITLASYLAULS Lazvee
F1uaure39AuYEE aTnsduaTeidunislusiu
Fannauge (Maeng et al., 1997)
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5. HAKAAFATINEAINNTZUIUNTULIN
HAKERARTIIEINNTLUIUNITNLN wuTmaAaN
Wunsea-ane uaganudutuneslsnie-lulnsiau (NH,-
N) luseanarannssimizmin wisTunusesu DDCP
Fifiua Tngiae pH, NH;-N wag TVFAs Iuﬂduﬁlﬁ%’u
20% DDCP uasnguauauilaliwansnaiy agalsh
muranulunsa-aslunngu fodneglutisunie
ogludasuszuna 6 FelndiAssfusioaruves
Pornjantuek et al. (2015) fisnesulifefidainudu
n3n-arseglutag 6.3-6.8 dmuunsideilésunniu
dUzudafivdeainn1snaneniuea @ Phonsean
et al. (2016) enu uladledildsuemswannin
onueaniingdas daraudunsa-rseglugag 6-7
wonanifaiisnenumainnisin mnudunsa -
\Rertpsiulsransnmnsiauresgdunid Tnednd
UszAnsnmgeanansandnnsalufuiiszimedneligs
#e waziinalvszaumamnudunsaiindulunasenn
agslsfimudniesziinalnaivauanudunsaly
ﬂiswawﬁﬂiﬁagﬂuﬁzé’fwﬁmwaué’hﬂﬂ'ﬁ@m%ﬂm
Tofufissimedeiion Uiy uudmdanudmsus
&nisalu (Volden et al., 2002) @yuA1anuiuduuea
worludle-Tulnsiau (NH,N) lunnsinwnadsiinuing
Andfinduiiofinsifiuszsu DOCP an 20% 1T 40%
FemudenAdeItusIB9IUTes Pornjantuek et al.
(2015) luuneilefildsumnsfudrUsndimaesin
nsudatevuealugnsemsnandnianinnin 20%
wuiwenlude-llnsiuesifisfunuuduldsidsaes
wiiodndidreglutisund Teedalndidusiusieau
M Tunseizmindanuaesnisuauluile-
Tulmsiau ilensiasquaulavesduviduszinmu 15
mg% (Wanapat, 2000; Song and Kenelly, 1990) d7u
Preston and Leng (1984) lasn91uan wonluiile-
Tulasioudl 238 me% Jusydufiinisdaunsizv
QaunIslushugiian wonanidisesilag Erdman
et al. (1986) Tweslufe-lulasiauil 1725 me%
Huseduiiinsteslsvesinguitsgedign @ Kolver et
al. (1998) Wwmguandmnsiiiuiuiiuenlaie-
Tulasuduwnadulasauiiodludunszinsaesd
Tuswwiunsafle (keto acid) ladiulsznouveusad
9aun3d wazvdvulugdunidlusiudmivdnd
i lUldUselomisely egralsinuiiisyaunenlude-
lulmsiay gaAundiqdunideslivsslovildaziin
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nsazay dwabinianudunsn-ag luresnaiain
nszineiiniiugaAussiuiivangautenisinnues
Au3d wardadusunserogaunidae nansenui
wsoifloandsfdnilunaidenn Ae Usinalavugi
Juusglewidmiudidnisvanas Inefaudiddniies
wfinalnmuaulvtiuenlude-lulnsiauegluszdud
wanzaufiensgaduiingnszuadeniodsudy
gi3odadmnuidufivanas uazdusenmaiaany widh
fiszfuiigaiuludnifezlianunsaduesnleiviuis
reliAndunsesiofd@n il G Preston et al. (1965)
31891u71 seauwenlutle-lulasiau lunseunendnag
fmnuduiusiuasiusedveieludon (BUN) lngdn
worluile-lulnsiaulunseimendings BUN azaeniu
U dauszduanudidureansaluiuiissmeldine
smﬁy’wm (Total volatile fatty acid, TVFASs) fiwuan
nsfnwiafadl wud anaudeifinsedu DDCP a0
20% 19u 40% Inenguiilésu 40% DDCP fisziuay
uduiiniinangy wdlungu 20% DDCP uazng
Arvaniarliuand1efy F991nn015Anu1v0 4
Pornjantuek et al. (2015) wuin luunziie Aldsunin
fudgndsfivdeannszuiunsuanienuea Tugns
91NN 20% Avedudunsaluuiszivels
fesmimuaazanas wazlifoyafisrsanulilag
Volden et al.(2002) I1enqauv3dvinanuiiussansnn
geannsonannsaluiufissimedieligeng fuduna
wndnildiuemmsidseiulnvugivimzauTsdaua
TAndadediddayene ﬁLﬁmwaﬂzw%mmLLax@mmw
donsiaTyuaiiindiuiuresgdunid uonani
Sinclair et al. (1993) uag Witt et al. (1999) na1
nMstiinessuugduridesiinaiiunndnnsalusiui
semedne Feaztduundslasanifuou (C-skeleton)
dmsvaiagdunisslusiudadunandniigndn funluly
Usglowd eiduudmdsnuuazlusiusely

6. Uszynsdunidlunssiwiznsin
Usernsqgduniendludiuves wafide way

TusTnsda wudranaenusedu DDCP fiifisdu wls

wansafiusendndlungy 20% DDCP wagnguAIuAy

o o
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Taewuiingy 40% DDCP  fiUsszwinsvisludiumes
wuAiidy wagluslasda dndwnnduegeditiuddnds
AR (P<0.01) :ndeyaiinusinnaduldlsin ms
Whgavaaelnvusrosgaunsdlunssimisninvesune
fild¥ugnsemns 40% DDCP fiUsz@vBammsnitlu
uneAli3ugnsdug IservdamalAnlavugiliauysal
\iganasion 15laTy wazve18duIuveadunIs 39
Herrera-Saldana et al. (1990) $189WIamMINgn3
IF$uemnsifiunamdsanu uaglusiuifidndudly
Ustlewillaldaugaduasdanaliydunidlunseineg
wiiniinnsidndesaanefiviaszansam waziinnis
YanUasslaruranee 1wy wnasweslasiasvou (C-
skeleton) wazuadlulasaudedududmivaiamad
wagMIvgesuuesAuyEailhiaugatuy Sedemald
mMsveneduresgurismluiian

a5Unan153e

Han13naaednsalazuladiune uiudiny

dleslnemaflunguilddugnsemsduifiningy
dgndafivdoannisnanieniuea (DDCP) fiszdiy
20% flanssnainnisuanliuandsiuiunguitldu
gnsaiuAl laefiarsalainysuiunisiule
AuEInsalumstesld nandnaavneainnsruIuns
nin Yszynsgdunidlunseiniendn wagdnsnig
WigiulawdsdeTudiliuandieiu Faidouuziin
nsld DDCP Tusedulaiiu 20% Aesgiufianzan
oglsfinunisifelundsilfifieadoyaursdiio
mawamaﬁmﬁ%’aﬁmﬁuﬂ Tuewaniiieadeatiunisly
DDCP Tugmsemsdusioanssanmnsuandun sauds
Wamngitunssiniendn nadaguain seuudunug
AuNMYINKAZNNSEaNTUYeUslna Famsiinisfinw
Windudnsieluluewman nszuenanazidunsiiiv
YaALAMNERTIANNLTISIEARAUYUNISHARTRIUA
\nunInsBndiy uTstianuanszufeAInden
Mnamudoriaifiagdifinuiniuegianaialy
suAndulnddmiudssmelnedndaey
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Research Article

Effect of dietary Piper samentosum (Wild betal) leaves on activity of antioxidant

enzymes in chicken meat

Umaporn Pastsart*

Faculty of Science and Industrial Technology, Prince of Songkla University,
Surat Thani Campus, 84000, Thailand

Abstract

The purpose of this experiment was to investigate the effect of Piper samentosum leaves (PSL) in
broiler diets on antioxidant activities in meat. The meat samples (drumsticks) were taken from 60 broilers
at 42 days old which were treated with 5 different levels of PSL; 1) fed by basal feed (8 birds per cage)
2) fed by basal feed (10 birds per cage) 3) fed by basal feed supplemented with 1% PSL (10 birds per
cage) 4) fed by basal feed supplemented with 2% PSL (10 birds per cage) and 5) fed by basal feed
supplemented with 3% PSL (10 birds per cage). Then the activities of superoxide dismutase (SOD) and
catalase (CAT) were analyzed. The results showed that the activity of SOD were significantly different
among all groups (P <0.01). The supplementation of 3% PSL in broiler diets increased the activities of SOD
compared to 0 and 1% PSL but no difference from 2% PSL. There was no significant difference in activity
of CAT in meat (P>0.05). However, the CAT activity from 2% PSL group tended to be higher than other
groups (P=0.15). Therefore, it can be concluded that the supplementation of PSL 2 and 3 % in broiler
diets can be positive effect on the activities of antioxidant enzymes in meat.

Keywords: Piper samentosum, Chicken, Antioxidant enzymes
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Introduction

Wild betel (Piper sarmentosum) is an
edible plant and widely found in tropical and
subtropical countries, including Thailand. Prior
studies have shown that extracts of this plant
exhibit antimicrobial, antioxidant and antimutagenic
activities in vitro (Hafizah et al., 2010; Lee et al,,
2014; Boonla et al., 2014). The natural antioxidant
from Piper sarmentosum leaves (PSL) is a
superoxide scavenger, naringenin (Subramaniam et
al., 2003; Chanwitheesuk et al., 2005), which is
supposed to protect cells from oxidative stress by
inhibiting production of reactive oxygen species
(ROS) including hydrogen peroxide (H,0,) (Hafizah et
al., 2010).

Oxidative deterioration in meat leads to a
loss of nutritional value and reduced sensory
quality. There are several mechanisms to protect
muscle in vivo and post-mortem against oxidative
processes, including the endogenous antioxidant
enzymes superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GSH-Px) (Chan
and Decker, 1994). SOD is the first line antioxidant
enzyme catalysing the dismutation of the highly
reactive superoxide anion to O, and to the less
reactive species H,0,. The resultant H,0, is
detoxified to O, and H,0O by CAT or GSH-Px (Matés
et al., 1999). Activity of these enzymes in muscle
post-mortem has been measured in several
studies (Renerre et al., 1996; Qwele et al., 2013).
Moreover, Pradhan et al. (2000) demonstrated that
CAT seems to play a role in modulating lipid
oxidation in post-mortem muscle from different
species.

The objective of the present study was to
determine the influence of Piper samentosum
leaves with an abundance of antioxidant activities,
in broiler diets on antioxidant activities (CAT and

SOD) of muscles post-mortem.

O |
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Materials and methods

1. Animals

In the experiments, totally 144 commercial
broiler chicks at 1 day old (about 50:50 mixtures of
males and females) were randomly assigned to 5
treatment groups (3 replicate cages/group). The
cage size was 1x1 m. The treatment groups were: 1)
CONTROL. Basal feed supplemented with 0% Piper
sarmentosum leaves (PSL) powder (8 birds/cage), 2)
Control. Basal feed supplemented with 0% PSL
powder (10 birds/cage), 3) Basal feed supple-
mented with 1% PSL powder (10 birds/cage), 4)
Basal feed supplemented with 2% PSL powder (10
birds/cage) and 5) Basal feed supplemented with
3% PSL powder (10 birds/cage). Feed and water
were supplied for consumption ad libitum. Basal
starter (23% protein) (1 to 3 week) and finisher (20%
protein) (4 to 6 week) diets were formulated
according to the nutrient requirement recommend-
dations of NRC (1994) for broiler chickens. The

duration of dietary treatments was 42 days.

2. Meat samples

At the end of the rearing period (42 days),
4 birds (2 females and 2 males) with body weights
near the group average from each replicate were
slaughtered and cooled according to common
practices. Then leg muscle (drumstick) samples
were collected for determining the antioxidant
activities. The meat samples were stored frozen

until use.

3. Antioxidant enzyme activity assays

During the analysis, the muscle samples
were kept on ice. A 5 ¢ sample was homogenized
in 10 ml of 0.05 M phosphate buffer (pH 7.0) and
centrifuged at 4°C for 20 min at 7000¢. The
supernatant fraction was filtered through glass

wool before determining enzyme activities.
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The SOD activity assay was performed as
described by Marklund and Marklund (1974) by
measuring the inhibition of pyrogallol autoxidation.
A unit of enzyme activity was defined as the
amount of sample needed to inhibit the reaction
by 509%.

The CAT activity was determined
according to the method of Aebi (1983). One unit
of CAT activity was defined as the amount of
sample required to decompose 1 pmol of H,0,

per min at room temperature.

4. Statistical analysis

The data were analyzed by General Linear
Model procedures to test for the effect of
treatment according to completely randomized
experimental design (CRD). Post-hoc tests were
performed at a significance level of P<0.05 using
Duncan's new multiple range test. The analyses
were done using SPSS version 21.0 for Windows.

Results and Discussion

As shown in Fig. 1, the treatment 5 (3% of
PSL) had a higher SOD activity than treatment 3, 1
and 2, respectively (P<0.01), but had no difference
from treatment 4. The present results indicate that
SOD activity was affected by PSL supplementation.
For the CAT activity in broiler meat, it was found
that there was no significant difference in CAT
activity (P>0.05) as can be seen in Fig. 2.

The above findings illustrated that supple-
mentation of 2 and 3% PSL could give benefit
effect on antioxidant enzymes, especially SOD and
CAT in broiler meat. However, the relationships
between enzyme activities and meat quality traits
including lipid, protein and myosglobin oxidations

in meat need to be investigated.

]
L

Uil 15 atiufl 2 nsngrea - Suanau 2561

Superoxide dismutase (U/g)
700

600

500

ab
b ¥
c [
400
d

300
200
100
0

T1 T2 T3 T4

Fig. 1 Mean values of superoxide dismutase (SOD)

5

activity by dietary treatment with Piper sarmen-
tosum leaves (PSL) supplementation (T1: 0% PSL
(8 birds/cage), T2: 0% PSL (10 birds/cage), T3: 1%
PSL (10 birds/cage), T4: 2% PSL (10 birds/cage) and
T5: 3% PSL (10 birds /cage). Error bars represent
standard deviations. ““Mean values with a
different superscript are significantly different at
P=0.00.
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Fig. 2 Mean values of catalase (CAT) activity by

dietary treatment with Piper sarmentosum leaves
(PSL) supplementation (T1: 0% PSL (8 birds/cage),
T2: 0% PSL (10 birds/cage), T3: 1% PSL (10
birds/cage), T4: 2% PSL (10 birds/cage) and T5: 3%
PSL (10 birds /cage). Error bars represent standard

deviations. P=0.15.
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SOD plays an important role in protecting
cells against ROS by lowering the steady state of
superoxide anions and reducing the level of
cellular damage. It is one of the most important
enzymes in the antioxidant defense system
(Oyedemi et al., 2010). The consumption of PSL
by the animals significantly (P>0.05) increased the
activity of SOD which can be indicated that its
ability to protect the animal body/cells from
cellular damage by quenching free radicals and
may result in maintaining the meat quality and
protecting meat from oxidations. Catalase is one of
the enzymatic antioxidants widely distributed in all
animal tissues. In our study, the levels of CAT
were not different in the meat sample from
chickens  supplemented with PSL  (P>0.05).
However, the study of Qwele et al. (2013) found
that Moringa oleifera leaves, higher amount of
polyphenols, has more the significant antioxidant
potential especially SOD and CAT in the meat

samples from goats.

O |
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Conclusion

Supplementation of broiler diets with up
to 3% of Piper sarmentosum |eaves had
remarkable potential to improve meat quality in
broilers subjected to a 6-week dietary treatment,
specifically chicken drumsticks, in terms of
antioxidant enzyme activities. Consequently, if the
antioxidant enzymes analysed in the present study
play a role in maintaining meat oxidative stability,
one can expect protection of meat from

oxidations and longer shelf-life of meat.
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Effect of Ozone on the Qualities Changes of Sida Tomato

(Lycopersicon esculentum Mill.) During Storage under Refrigeration

Sitthicoke Panpitakl*, Papassorn Su‘chidang1 and Pornpisanu Thammapat2

ZPro_grram in Agricultural Technology Information, Faculty of Agricultural Technology, Rajabhat Maha
Sarakham University, Maha Sarakham 44000
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Abstract

Ozone could be seen as an alternative to refrigeration in order to enhance tomato shelf life in
areas where cold facilities are not available. However, the effect of ozone on tomato quality is still
unclear. Therefore, The aim of this study was to evaluate the effect of ozone dissolved in water (100 mg/l)
on the quality of sida tomatoes during storage under refrigeration. The selected quality parameters were
the color, total soluble solid, weight loss, ascorbic acid content, lycopene content, yeast and mould and
total plate count. Results showed that the application of ozone delayed both the development of red
color (a%), yellow color (b*), weight loss, yeast and mould and total plate count (p<0.05). The ozone
treatments slowed down the development of the coloring process and lycopene content, while increasing

of total plate count of treated sida tomatoes (100 ppm, 30 min) after storage at 6+2 °C for 20 days.

Keywords: Shelf ilfe, Ozonation, Quality, Storage
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Figure 1 The Schematics of the experimental

setup used for ozone treatment.
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Table 1 Color values of differently treated sida tomatoes during storage time at 6 °C.

Treatment Storage (d)
0 5 10 15 20
L
T1 (Control) 39174036 37.224¢030"  3527+022"°  3157+047"°  29.75+0.24"
T2 (Ozone, 10 min) 3953+032" 38212023  3659+0.41°  32.99+026" = 31.35+0.46
T3 (Ozone, 30 min) 39224047  37.96+022"  30.40+0.43°  31.01x027"  28.78+0.28"
a*
T1 (Control) 19.68+035  21.25+¢031"°  24.42+033°  2650+0.42"  28.11+0.84"
T2 (Ozone, 10 min) 2026+0.38°  22.39+037° 22932024  24.06+032" 25274084
T3 (Ozone, 30 min) 19.94+032° 225640417 23764029  26.01+023°  26.01+0.23"
b*
T1 (Control) 20154051 1867+0.40°  18.70+0.95° 17394043  16.41+0.41"
T2 (Ozone, 10 min) 20.60+0.37"  19.15+022°  18.75+0.67° 18104026  17.67+0.32"
T3 (Ozone, 30 min) 2049+0.36"  19.30+0.35°  18.67+0.38°  18.04+0.23"  17.49+0.25"

Different lowercase in the same day indicate significant differences according to ANOVA (p< 0.05) and the

absence of letter means no significant effect due to the treatment.

Different capital letters in the same treatment indicate significant differences according to ANOVA (p< 0.05).

Results are the mean values+SD of 20 replicates.

jght loss (9]
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Figure 2 Changes of weight losses of differently treated sida tomatoes during storage time at 6 °C.
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Results are the mean values+SD of 20 replicates.
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Table 2 Changes of quality parameters of differently treated sida tomatoes during storage time at 6 °C.

Treatment Storage (d)
0 5 10 15 20

Total soluble solid (OBrix)

T1 (Control) 4.8740.15°  507+0.15" 520+0.26" 563+0.38" 567+0.21"

T2 (Ozone, 10 min) 4734039°  4.87+025"° 507+0.40" 543+0.15" 547+0.47"

T3 (Ozone, 30 min) 4.9040.20°  5.03+021" 507+0.15" 550+0.10" 553+0.15"
Ascorbic acid (mg/100g FW)

T1 (Control) 15.85:038"  15.03+0.14° 14.83+0.16°"° 14294028  13.15+0.63"

T2 (Ozone, 10 min) 15.81+030"  15.1020.13" 14.96+007™  1461:031"  13.78+0.24"

T3 (Ozone, 30 min) 15964026 15.09+0.16" 14.564+0.28" 13.94+0.08"  12.93+0.34"
Lycopene (mg/100g FW)

T1 (Control) 23394095  28.12+032”  30.96+0.20° 3927+0.61°  45.14+055"

T2 (Ozone, 10 min) 2346+0.69° 27.77+029”  30.12+0.46° 30.85+056"  41.87+0.67"

T3 (Ozone, 30 min) 23.78+0.33°  28.89+0.43"°  30.77+0.58" 39.16+0.45°  45.86+0.44"

Different lowercase in the same day indicate significant differences according to ANOVA (p< 0.05) and the

absence of letter means no significant effect due to the treatment.

Different capital letters in the same treatment indicate significant differences according to ANOVA (p< 0.05).

Results are the mean values+SD of 3 replicates.

Table 3 Changes of microbial parameters of differently treated sida tomatoes during storage time at 6 °C.

Treatment Storage (d)
0 5 10 15 20

Total plate count (CFU/g)

T1 (Control) 2.12x10° 5.24x10" 1.18x10° 3.46x10" 1.75x10°

T2 (Ozone, 10 min) ND <30 4.25x10° 1.54x10" 4.82x10°

T3 (Ozone, 30 min) ND <30 5.21x10" 5.93x10" 4.25x10°
Yeast and mould

T1 (Control) 1.14x10° 4.87x10° 2.08x10° 7.35x10° 3.72x10°

T2 (Ozone, 10 min) ND <30 <30 2.63x10” 1.87x10°

T3 (Ozone, 30 min) ND <30 <30 4.75x10° 2.38x10°
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Genetic Diversity of Yield and Agronomic Traits in Sugarcane

Germplasm 258 Clones

Panthiva Pinatal, Patcharin Songsril’z’*, Nuntawoot Jongrungklangl’2 and Peeraya Klomsa-ard’

JDepartment of Agronomy, Faculty of Agriculture, Khon Kaen University, Khon Kaen 40002, Thailand
*Northeast Thailand Cane and Sugar Research Center, Khon Kaen University, Khon Kaen 40002, Thailand
*Mitr Phol Innovation & Research Center, Nong Ruea, Khon Kaen 40210, Thailand

Abstract

Identification of genetic diversity of germplasm is play an important role in sugarcane breeding
programs. The objective of this study was to evaluate genetic diversity of sugarcane based on yield and
agronomic traits. The experimental design was used a randomized complete block design (RCBD) with two
replications, during January 2014 to January 2015 at the experimental research and development station,
Mitr Phol Company, Nong Ruea District. Khon Kaen province. The 258 clones were assigned as treatments,
which each sugarcane genotype was planted in a single row by a spacing 1.5 x 0.5 m Yield, stalk length,
stalk weight, stalk diameter, number of stalk/stool and brix were collected at 12 months after planting.
The sugarcane genotype, MPTO7-71 had high cane yield (24.3 kg/mz) and M147/44 had high stalk length
(356.5 cm), PR3067, BO24 and MPT04-55 had higsh number of stalk/stool, TBy20-2248, F177 and ROC21
had a large stalk size (45.1 43.7 and 42.8 mm, respectively). MPT04-467 and K84-200 had high single stalk
weight LF79-640, AIWA, CP72-120, Q115 and NCo8 had high brix value (25.3-29.0° brix). This information is
very important for sugarcane breeders to select the parental lines to improve the new varieties for high
cane and sugar yield.

Keywords: Cane yield, Millable cane, Stalk length, Stalk diameter, Brix, Sugarcane breeding
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Table 1 Maximum (max), minimum (min), mean, standard division (SD), coefficient of variation (CV) and F-test

of stalk length, number of stalk/stool, stalk diameter, single stalk weight, brix and cane yield among

in 258 clones of sugarcane germplasm.

Trait Max Min Mean SD CV (%) F-test
Stalk length (cm) 356.5 150.7 252.6 34.3 13.6 **
Number of stalk /stool 13.0 2.0 5.6 2.1 34.7 **
Stalk diameter (mm) 45.1 15.8 27.3 4.1 15.1 **
Single stalk weight (Kg) 2.4 0.3 1.1 0.4 36.5 *x
Brix 26.7 11.5 20.6 2.8 13.5 **
Cane yield (Kg/mz) 243 2.7 9.7 3.7 37.8 **

** Significant difference at p=0.01
CV= Coefficient of variation of data set, [SD/meanx100]
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Fig.1 Distribution of cane yield in sugarcane 258 clones.
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Fig.3 Distribution of stalk length in sugarcane 258 clones.
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Fig.4 Distribution of stalk diameter in sugarcane 258 clones.
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Fig.5 Distribution of single stalk weight in sugarcane 258 clones.
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Fig.6 Distribution of brix in sugarcane 258 clones.
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Fig.7 Relationship between cane yield and number stalk/stool of
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Fig.8 Relationship between cane yield and stalk diameter of 258
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Fig.9 Relationship between cane yield and stalk length of 258
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Fig.10 Relationship between cane yield and single stalk weight
of 258 clones.
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Fig.11 Relationship between cane yield and brix of 258 clones.
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Table 2 Correlation coefficient among cane yield, stalk length (cm), single stalk weight (kg), stalk diameter

(mm), number of stalk/stool and brix (" brix) in 258 clones of sugarcane germplasm.

Trait

Stalk length Single stalk weight Stalk diameter Brix Number of stalk/stool

Cane yield 0.21% 0.79% 0.18* 0.02" 0.24*

Stalk length 0.35* 0.18* 0.03" 0.13*

Single stalk weight 0.19* 0.02" 0.18*

Stalk diameter 0.01, 0.11*

Brix 0.01"

ns = non-significant

*and ** Significant difference at p=0.05 and 0.01, respectively
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Fig.12 Dendrogram based on yield and yield components of sugarcane germplasm 258 genotypes

were group into 15 groups according to Ward's cluster analysis.
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Biodiesel Production by Oleaginous Yeasts using Corncob Hydrolysate

as a Carbon Source

Kusumawadee Thancharoenl*, Nittaya Nakamake2 and Assanee Sanma2

]Department of Biology, Faculty of Science and Technology, Rajabhat Mahasarakham University,
Talat, Mueng, Mahasarakham 44000
2Department of Biology, Faculty of Education, Rajabhat Mahasarakham University,
Talat, Mueng, Mahasarakham 44000

Abstract

In this study, the lipid production potential of 4 oleaginous yeast strains were BJMK02, CTWYQ7,
CTWY19 and SCMKT77 in corncob hydrolysate medium under nitrogen limited condition were investigated.
Corncob was treated by dilute sulfuric and phosphoric acid. The hydrolysate contained initial 182.32
me/L of total sugar and reducing sugar 2.34 mg/L. The hydrolysate, after being detoxified by over liming
and absorption with activated charcoal, was use for oil production using 4 oleaginous yeast strains. After
144 hour growth in shake - flasks, the CTWYO7 had highest lipid content 34.43% of dry cell weight
compared with other oleaginous strains. The fatty acid composition of CTWY07 obtained palmitic acids
and oleic acids were the major fatty acid. Corncob thus is a promising raw material for microbial oil

production by oleaginous microorganism and application for biodiesel renewable.

Keywords : Pre-treatment, Transesterification, Single cell oil, Biodiesel, Hydrolysate
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nanvanua nsadelusiuanudaialuly vinleinguly

=~ '

Wissweastaruiesnsiemelulsemauaginasyine
e Tfedesendetadesiieg Tuntswaniivthsiu wu
99078 szozatlunisugn uagmsiAuiies 1usy
Fafuddlafimsinvmuuimaasunasmadentlly
miLﬁmﬂ'%mmiﬁuﬁquﬁuiuiwzLamﬁéguaa iivolof
WganeseAlufeInIseazanaunulunisuds lu
Uaguuiinsawuuazimungduidazauluiu wuin &
QaunIsvanseiinfianansoavauloduld wu Bad e
1 wuaitide uazamte udu qauridmanianansn
wanlutuviedduldunnnitfosas 60 vesimiinuds
Tuannedfalulasiau Inglutu wierhiuiinaelsees
Snwamioutuluty wiedtuiinulufinii uas
aglusUvestlnsndiwelsduiniiefosay 80-90 vos
Uimnaleduvdedisudivy n1sldqauniduanloty
vievsfuiideldiussunnniinisuanainiivdngy
maneuszns wu Waalunsudndy inszqdunied
PTindunit uazddldussnulunmsfiuifedesndy
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YBNINNUTIFINANTENUADANINLINADULDYNIN LAY

'
a o

asaiuidsmsudnlaienitinifiudnge de
i asiliaauniddaduundsveslatiu viethiu
viontsnanluledigafid dglusuian
(Sirisansaneeyakul,  2011) Tneanzdadiudndu
qaunidudanidefiidnenwgdluniswdnlulefiea
ilesananunsondnuazazaulusunieluwadligeds
$oraz 60-70 warlusfuiindalddnilulasndwelsdna
pnUsyneavasInInladudiulug fe nsnurdudifn
n3nloiada uaznsnaliiesn delinuadrefuinueain
winaity ToldUisuresdasludunsiisides fe
W3S Tdundannsueusiagnld wu nanaseldain
PAAINNTIU %%aﬁﬂmamﬂi’aqmimwm (Leesing,
2013)

wnaspnsuauiianuisondnlulofiwanasd
arunhaulaluilagtuie Janfivdedisneninnunsd
fsngnuazdiograunsvanslulssmaidununsnssu
Wiu Useinelneg laglanizniednn ¥1udey ®Ia99
F12lnadisinrsinizugnedisunsnaislunia
nrfusanidunie lnsiavindeisvosianvani
Tngtanizgdstlnanindnisiuaen  wazdsglng
Tufildsudsaznaldiinnisveulanoonlad
A1susunauenlyd du senledveslulasiau
wazdanasianeanlen sauwinAU 1,917.69, 68.68,
2338, 357 Lay 0.46 nTumanlaniuTiuianis
auddu nswndw/me/duinlnaluilawdneliiin
msueulaeenled Asusuneuanlyd du sanladvues
Tulnsiau wardawastaneanten sauwindu 1,147.43,
63.74, 3.39, 2.31 way 0.54 ASUABDALANSUYINIAWIAS
f1Ua1AU (National Research Council of Thailand,
2011) Tngnsihunldussleviludunisiduduansnm
Wendandrsunawnuedisluledivaogiad
Usgdninmuazdudidenisamu SaduFesdisiaany
iavlalosninaunsaantymdwinde Lﬂ'mdam
Saqudeiis wavandurulunisudn nmenuiidumn
w1 nsliTagAvdssinvanluaglaawietisanunn
ansunulunsndnlatedesas 75 (Guo et al., 2011;
Zhang et al., 2009) Tumu%%’aﬁ%qiﬁﬁummﬁﬁ@
vosdaravaulusiugs e lundnlulefiva dudy
wndmdsunaunuinduanrleadaiiidasmuald
Snisdanesmundstngiviiisiaignlidnsenuse
NAYAAINNTTUD IS
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A5Afun15IY

1. Anwdnsinisasyvasdanazauludiugs
gadarvaylodugms 4 aneug lawn sva

v
a

BJMKO2 (Aawanannilndna), CTWYOT (FPunanLfis
1590950 INENEEIAQUIIE1TAN), CTWY19 (A
Lwﬂmﬂfwﬁﬂiammiwﬁmmﬁmwffgummimu)
LAy SCMKT7 (fanenaineiudeslsssiutinia)
L‘wwL?:'&Jﬂua']w’ﬁl,?ﬁymﬁaqm Yeast Extract Peptone -
Dextrose Agar (YPD) Usflgamqiivies fsia3aavuuuy
e AUSIseU 150 seusewnd Wuan 144 alus
TMAIN1IYANGUULEL (ODgyp) NN 6 Falua lotufinua
A13L238Y

2. mswanlatiuuazlulefiwalulalaslaan
F9812 e
2.1 MSASENTIT1INA
sutsiminafiguvnd 50 esrwaidea 1Ju
na1 26 Falue udududng vunuszana 2-10
Hadung

2.2 nMsUSudn g9l

Fad1lnafiniun1seu Wuaisazaiense
Fasnntusesas 0.5 USu1nsnousuing wauiu
nsaneanesnUNdusesas 1.5 lagldonsidiuveds
nlnslagimindoansazatensawiiiu 1:3 e
Youitgrungil 121 ssmuwaldea \unan 60 unil 1
Wady (activated carbon) Unfisliftgmmaii 35 aam
wadea Wunar 1 $alus asazanefilausumiies
seunaldenlansenlen (CaOH) InglAiileainiiu
10 NTBINIUATEAIBNTE LUDS 1 WaUSUanImmIensa
Faasndutu 2 luansaulafieawiniu 6 ving
JiAs1E¥NM1a3A9R03% DNS  method  (Miller,
1959)  wazdiAs1vRtaanmuaieia phenol-
sulfuric method (Dobois et al., 1956)

2.3 nsuanlusivandadazaluiugs
wnziReagaddanng 4 agiugluemns YPD
U3uns 100 Tadtins Uuiigumgiivies melaseslinie
1 < ! a
LUULEIANILEITOU 150 sausewdl Wuian 24
Filus Mntuwseuemsiiilelaslaandstlnawag
Winlensduvesadazauluiiugedovas 5 Ul

O |
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gaumgfiieaduiian 144 Falue ifudieddlaenistu
WAEIANULSITBU 5,000 SRUMBUNT 1HuLan 10 W1
Ui 4 By waLTYE

2.4 psanaludy

Fregrmdinstumiedude 23 vhnsiy
nsalalaspansnAnuudu 4 lua1s Ysuims 20
fiaddns Ungaungll 60 esmiwaded [Wuszesiian 2
Flus n§entuRnansaranonELsEINLenITULAY
wynuea Uaas 40 fadans Undigamgiivieaduian
3 $alug amRensuenduvedusiuuaransazanildly
nsafa vnisadmanizduloy (8gANUUUYDY
ansazany) Yaminlesiu nduthedmnlusiufy
At vinuslUmMaNIEIR S ad (Liu et al, 2015)

Lipid titer (g/L) = lusfufiarinlésiosaeensusinns
1803

Lipid titer (g/L) X 100
Lipid content (% w/w) = > gg/v)
ihuilnaauns (g/L)

Lipid titer (g/L) X 100
ienariwida (g/L)

Lipid yield (% ¢/¢) =

2.5 msuanlulafiwa

ﬁwﬁuﬁwamléfmﬂ%ﬁazauhﬁuqaﬁﬁﬁ
Uffsemsuaeawmesilndu lngldludeulansenlys
audududeras 2 Tasdhwmdniduiaswiise b
wuealnesnsiduvesumueasetiudesas 70
Tngtindn ddrunauldvuliaiuieuiigungd
Usenal 60 DA LYALTYE wazlvgIRlIuAI1ULSITOU
200 seudeund Wuan 2 Falus mndumdlunay
winunldaslunsiouendafield Wuan 24 Falus
WiolfAnnsuentussninandweseatululediva Tne
suvuluwfaamesveinsalusunieluleiva uay
dutuanafundwosea wnnaweseasen

2.6 NM5IATITAUSUULAT IRV LU
OGINCEH

AasrgrUSunanuiialeanesvensalasiy
wiolulofwaiilameiseaialasuinns Wil vinsam
UINIFIUVDLUTIALBAVDTUINTFIU Tnenstadmini
wiysuihuUisuisutuafiaeanesinanlalute
2.5 lngthiegeiwseuliuiasziesiussnouves
ﬂimimﬁuﬁgnL%dﬂ%mmuaz@mmwﬁwm%n Gas
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Chromatography masss-pectrometer(GCMS-QP2010
Shimadzu, Japan) Ingldnaduiviia Select Biodiesel
for Flame, length 30 m., 320 pm ID, 0.25 um film
thickness anmeiildf fie fisnslnavesufanwiniu 1
fladansround annzdeuiionmadiFudu 210 a3
waLdea Al 12 Uit waziingumgiiludng 20 esm
waldeanoundt aufisonmgdl 250 ssmuwalTea Al 8
U M523 F Y Y IUVDIAITABAINTIVTAL A
Electron lonization an1svaaosuaaildaniiuiils
nsmlves peak  Fahwimusunanuiiaeaneily
Fegld Tnensiiieuaniuildnsnives peak wiia
wamesunsguitaiminfindueuluusarainu
WU (Samniang et al., 2014)

NaLATITAINANISIY

NaN1339Y

1. dugruinevesdadazauludiu
dnvaglalafiuuemisuds YPD  wazgusn

waameldndesqanssmivesdadii 4 aewusdo sia

BJMKO2, CTWYO07, CTWY19 gz SCMK77 Han15Ane

udndlu Fig. 1 uag Table 1

Table 1 Morphological characteristics and cell

shape of oleaginous yeast under microscope

Yeast Morphology Cell

strains  Color Margin Elevation shape
BJMKO2 Cream  Entire Flat Ellipsoidal
CTWYO07 White  Entire Convex Oval
CTWY19 White  Entire Raised Oval
SCMK77 Orange Entire Convex  Spherical

4910 Fig. 1 4ag Table 1 dugiuine1vesdad
Aidnwisidlaaddadn 117 wazdunas luvaziisuing
waalanuanilugus 1 uaznay Taganeiug CTWY0T
waz CTWY19 danuadigaieiy e dlalatddviiuas
wadilugUlimdeudu uwillaruyuvedeladunnsii
fu dwsuaneiug BIMK02 Hlaladdasy uasiwadd
JUIS wavaneiug SCMK77 flalalldduuns waziwad
fisusrenan TaeBadvia 4 aneitusrunsdmienyos
nsavasluiilueadlasdadondesiuannsing

]
L
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fouuuugau wudin T wasnisudaluduldgeluomns
Finuuaalulnsiau (Thancharoen et al., 2017)

Fig. 1 Morphological characteristics (A-D) and cell
shape under microscope (100X) (E-H) of BJMKO2,
CTWYQ7, CTWY19 and SCMKT77

2. M3a3gyluemng YPD wazlalaslaemdsdnalnn
Anwinsiaiyvesdadazanludugeia 4 ane
g Tasmgidedluemaidsadogas YPD vuil
grunniivies felaTosULUULYE1 ANLLEITEU 150
soustounit WWunan 144 $2las anifutadnisnandu
e (ODggo) 1109 24 Flus etuiinnanisasadivle
970 Fig. 2 waz 3 UandgULUUNITATEYT0S
g azauluiugduomnsdunsiedt YPD uazemis
lelaslaiandstnlng wuin mamzdesdadluoms
duAs129i YPD Badazidngsze log phase I daus
#lasdl 24 uazithgszes stationary- phase Tudalusd
48 warownsialastaendsinilng adynleluanay
\gszey stationary phase Iedousdaluadt 96 Fuld
wanaliiiiudn Badvnlelaian dnsufudalidiiu
omnsduaneildAniilelaslaiandsinlnag tiosn
fisvarlunisuSusadu (lag  phase Taandunin)
uazdadsa CTWY07 uay SCMK77  Sadngszes

]
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stationary phase Fusdluait 96-146 Tuwniziidad
svia BIMKO2 uay CTWY19 Tudalasdl 144 aziFudng
sv8¢ death phase luomslalaslaandadnning e
dnnAn ODy, NudnBadatunsatasglasiasaluy
919113 YPD  annniemstalashaiandstnalung lag
9113 YPD finglaaiduundsaniueu ilesnnnglaa
Juthaaiifanveu 6 evmeuuarlumanadivuiaiin
$edenisiiwaddanazinluldlunisiadyiivie
Tuwagiiihimananevialulelaslaandadalnaii
thafifiniiuou 6 ozmen (nglaa) wa 5 oznow
(lelaauazrorsnOlua) Feeandenisinluldifients
L3gLAulaluyiui

=l BJMK 02

CTWY 07

= CTWY 19

=@ SCMK 77

Absorbance OD 600 nm

0 24 48 72 96 120 144

Time (h)
Fig. 2 Growth profile of oleaginous yeasts culture

on YPD using glucose as a carbon source
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Fig. 3 Growth profile of oleaginous yeasts based

on corn cob hydrolysate as a carbon source
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3. nsuanlusiuvasdadazanlusiugeluaims
lalaslaangadnalng

wziisatefadazanludugelueinis
lalnslatandstnalne 1Wuaan 144 dlus wudn wad
Sadinisavanlvsiuneluwaduaztminuisuan s
Fig. 4 wae Fig. 5

100 - 9426 - 120
90 -
80 - - 100
S 70
> J
£ s615 | 89
— 60
& 48.72 4734
2 50 - - 60
g 40 - 4.43 34.1
F o2 5.68 - - 40
20 L 20
10 -
O T T T T I O
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B Lipid content (% w/w)

Fig. 4 Total sugar and lipid content of oleaginous

yeasts during corn cob hydrolysate fermentation
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Fig. 5 Lipid yield and cell dry weight of oleaginous

yeasts during corn cob hydrolysate fermentation

AN BATNIZIF 350

Volume 15 Number 2 JULY- DECEMBER 2018

Lipid content (% w/w)

Dry basis (g/L)



Prawarun Agr. J. Volume 15(2) 2018, Pages 345-354

PMNANTAaeslunsNanlviuresdadaya
lﬁuuuaﬂummﬂa‘lmﬂaLawzjaﬂuni‘wm aziiuladinau
Wuduvesimanaunsudumindu 18232 fadndu
foans a“uLLqumam amaﬂuivmwﬂswmums
niin Inenuin LSJaEJﬁG]LRﬁEUL‘U’Iﬁi“’EJ Aafl (sta‘uonary
phase) AT hIaT L AanaIRE9TIAE
dhmatmunagiiauduiusiuyiinalusiu Tnenu
Sadiilauaiusalunisldtinarounldd aud
wualdnlunisndaloduas snviudadsda CTwy19
ansolibaaldundan  wivsinaluuiingeld
JusuduaainsanBadazaulofugets 4 aneiiug
ilosanlunisinhaaluldensldiiienisiesayiivia
wagdtlunisnanlvduasinisazanansainans laun
PN 1a9 waverdRala-le vinlenalinisdesiiuans
Fananadiiewdswdulutulddes  nnanisvaaes
wuin Badsta CTWY19  agldianaravmaldffian
Wiy 134.98  fadnSunedns so9asun An  SWa
CTWYO7 way SCMK77 111U 133.60 1az126.16
fadnsumedns waziusualvduwinduseeay 21.77,
34.43 Uaz 34.10 fuaIau

4. nsuanlulefia

lusuiladaldandasine 4 aneiuglude 2 v
Uffsemaueamesiindulasldlefeulansanlyn
HANISVAaBILERTlY Table 2

Table 2 Methyl ester component by oleaginous yeasts

Yeast Lipid Methyl ester

strains content C14:0 C(C16:0 C18.0 (Ci18:1 (C18:2
(%)

BJMKO2 25.68 2.29 25.31 6.89 49.271  11.82
CTwWyYo7 34.43 1.30 21.56 4.82 57.53 7.28
CTWY19 2177 1.47 21.27 9.10 54.68 11.13
SCMKT77 34.10 2.01 29.60 7.23 48.91 8.19

C14:0 Myristic, C16:0 Palmitic, C18:0 Stearic, C18:1 Oleic,
C18:2 Linoleic

I1nRan1nasInuin nsnlutuiidadasau
meluwadusenaumensalawadn (C18:1), Unduiian
(C16:0), alutadn (C18:2), lusafin (C14:0) wazaLiesn
(C18:0) Tngnsalatadnilussdusenaunan 509891
fio U1dudan aluadn lusain wazalfiesn muaisu
Ingdadaneiug CTWY07 SUsmnaluiugegawiivies
av 34.43  uavedavesnsalududiulngiidadasau
lusfugavia 4 anestusuanld fe ninleiadniuuniosas
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18.91-5753  uwaznsaunduiAnaeuniovay 21.27-
29.60

saNaNITINY

WANaTBad 4 anewug Snssaduleldn
Imm‘ﬁﬁ@:iwz log phase Way stationary phase g
agemndiluemnsduasedt YD iosnlueims
fananiundsaisuou Aetmanglaaivadaiunsa
B ldlEwud Tnedimaviaitadevldiiionts
Wigdulwarmsifinduiuead Tuvaedilelaslaian
Fedalwadinnuiinianainvatesin Wy nglaa
Tolaa wazs1Olua Imaﬁwmanqhawuﬁau%mﬁ% (2.9
nfusiedns) Wesuiulelaa (37.9 nSusedns) uaves
510%ud (4.9 nfudedns) dudulunisldifionisiadey
Wulndadululadeudnsenn waveradesldaiuuly
msusudilamnluseninanssuiunisusuaninasd
wamﬁm‘mmmﬂmUﬂuﬁmﬁdamaé’ugamiLQ%QJL@UIWU@@
gad 1 nInesdRnanverdRalueliwaglaa oty
seARNTANanIUeY 5 pxnex wax 5 - leasendiuiia
wasisea (5-HMF) miman$usu 6 avaey (Chen
et al., 2013) N1si1gsee stationary phase wui lu
55mm‘mi%Liwmmaaﬁ%agiuamqmmLmau
91113 Iuiwzﬁé“mwmsLﬁmwamaﬁuﬁmﬁmima
Barazdonsnn1snuifites wazinivasieans
secondary metabolite sautsneluadaziinisayau
lusfuge fefuditedadenninadyuesdadluszesd
WioRnwinsnasletu

nsazvavlvdulugadazegluslvedlnsieda
nawelsmdudiulug leneiAvlioasnuadsiniy
suniuldesiRalaeiiduduamsnlunisadslotuee
gnidsundasld 2 sunuy fe nsalufunielasioda-
nawelss Famandnis 2 'EULLUUﬁ?uGiNﬁﬁWN’]iﬂLﬁu
Togavlunsudalulefiwald Ineundluiuaziinisuay
dlawadlasuusunuemsiivinifunewaziwadiio
anzaneaululasiau vildesaludululuneais
(AMP) gnéosaanaiduiuiuannifiondnuonludonn
14 vlieulullelaBinsvilelnsdwwainnulatesuas
finsagauusuuvedleledinsnuaznindningly
lulnaswnie Mntunsadnsnavindouiildslalngea
uér3egnidasudusenelanzTien wazerdialae
mensinuveseulwilefiidinsvlaiea (ATP citrate
lyase) Humneanuin mniiviinuesdaalaegafiazd

AMIFANYAITNISIT 351

Volume 15 Number 2 JULY- DECEMBER 2018



Prawarun Agr. J. Volume 15(2) 2018, Pages 345-354

nsduasgvinsaluiunazlasiedaniiweseagewmiuly
¢y (Sriariyanan et al., 2014)
nmsAninuinlatuandaiasaloiiuge
anunsawssudululefiwald Feezifunsiuuvases
dsuiianunsathunedsudululefwadundienu
Madendnunaanilsdig denndssiuauitenns
Huang et al. (2013) lAs1897U0IAUTZNOUVDINTA
lmﬂuuasﬁwmaﬁ%é Trichosporon  coremiiforme
wnzidedlulalaslaiandadialne nuinluuieads
asrUsnavvadlatuiinuenaiinsidsuwlasegadl
foddnyfuenguonte Twaandad T. coremiforme
wuasdUszneuluiudwlvgiulotulddus nsudn
lvsuagdeslurisanuiunsn unonsinisnanlusiuay
Windundannuit ¢ lesfufidaulngan 7. coremii
forme fin nsaUauiiAn nsalaladn warnsalaluladn
Fadunsaletulidum Tnensaurdudfniiussanauson
av 467 wanduesdusynoudindeiuiiiuiis nsn
lufuiindnandaduinninfesas 60 egluguveensa
Towadn 1awa1n9uIdeves Sitepu et al. (2014a,b)
seaugUiuurediulofiwanuii sinvainsaludud
Jussruszneude nsalusaindesas 1, nsaurduiisn
Seway 21.5, nsndlfiusniovay 4.6, nsnlaladniovay
62.1, NSAalULABNIYAY 7.6, nsAlaluaiinsasay 0.7
waznsnlutuaiindug Sntesnindosay 0.5
fadavaulviugilavdiulngjazazanluiuly
sUvedlaeTandiwesea (DAG) uazlnsie@aniivesea
(TAG)  Badazawuludugs laun Rhodosporidium,
Rhodotorulu, Yarrowia, Cryptococcus, Candida,
Lipomyces wag Trichosporon \agdiulugjaziinis
dumasrevinsaludadn, nsaurduiifn, nseawiesn, nsa
Towadn uagnsaalutadn daguuvuvesnsalusui
wansinsiuvesdadarauluiugeesuislagunaass
Y99 Patel et al. (2015) Imswugmwwmﬂmlmﬁu
maﬁaﬁasamlmﬁugﬂﬁuaaﬂiﬁumsLm'%ﬂummil,l,az
anglunsinizides fegradu Rhodosporidium
toruloides_Ya 1a3alusmsduasgfisinglaalnes
anséfuds 1wy nsmevddn, S-lansendiuiiamlesysea
(HMF), lesufadlad, wesysea, ladu uazwed-
lansenddafiage deasvinliiusunavensalusiud
WANFNINUSENININSALUSERN, NSAUAUNRN, NSAaLRe
30, NIALBLADN, NTAALULADN WarnIAALULATN dlu

O |
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R. kratochvibvae HIMPA1 1a3gylalu hemp  seed
aqueous extract (HSAE) lneilguuuuvessiialoainas
dulug dunsaunduiifinsesay 5.90, ninaiissnios
av 25.10, nsaleLadnsesay 37.5 wazinsabusiy
iy fle nsressTin (C20 : 0) Yoway 22 uay
nsAwLEn (C22 - 0) Yaway 6.5 sauvinselusuiinulyl
Use fip C27 : 0 BnJpway 3

#3UNaN1539Y

nsaleduiindnandadazanlofuge
(oleaginous yeasts) W a aneiug Insazanluduly
wadnneldemsidrtnunadlulnsiau lngldlalas
Taiandsdalnaduundsansveu ongdensiuagly
Jyey stationary phase vilvigadiinisazauludiugs
melugad vievesnsaludiudiulngiinnuadiends
futhduannita vlileduainBasidneamdulule
Maldduiatuituiivlaedunsyuiunsmnsua
LoamILATY

nsalviundniinuluBadazaylafudiulng
Usznoumensauliauiian (C16:0) nsalatadn (C18:1)
uaznInaLAYsn (C18:0) inuﬁqﬂimimﬁumﬁmguﬂ Kiil!
nsnlusafn (C14:0) nsatguattanludn (C17:0) nIn
Unauiilenadn (C16:1) nnaluiadn (C18:2) wagnsa
Alwaiin (C183) Insavazauluiuluguvomentitu
nelutgad wazlinuaudflunisudalulediaa
uonanildadfidauaudidug fumuizaulunis
Fandenifiothanldluniswdsluiu fe winylaidddr
nandngs uazldinghvsmgniluwnasasueulunis
Wiy iuiieeadlide wavansaaiaiituesnan
\wadladny

AnAnTsNUsENA

VOVBUNTEAUNUIANYUNITITBUNAN YD
FEAVRANANYY AN UUlEUIgUAZLHUNRIY
nsenaendsny Usedrdauuszanm 2559 Alvianny
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Abstract

The antibiotic resistance test of bacterial species isolated from diseased ¢oldfish, Carassius auratus

was determined by disk diffusion method. Total 41 strains were identified into 5 species including
Aeromonas hydrophila, Erwinia spp., Pasteurella pneumotropica, Pantoea spp. and Proteus panneri.
Twelve antibiotics were investigated namely amoxycillin, ampicillin, chloramphenicol, ciprofloxacin,
erythromycin, enrofloxacin, novobiocin, norfloxacin, oxytetracyline, oxolinic acid, doxycycline and
tetracycline. Thirty strains of A. hydrophila were resistant to amoxycillin and ampicillin (100%), novobiocin
(83.33%), erythromycin and oxolinic acid (66.67%), oxytetracyline and tetracycline (50%), chloramphenicol
and doxycycline (33.33%), ciprofloxacin and norfloxacin (16.67%), and enrofloxacin (13.33%, respectively.
Erwinia spp. and P. panneri were resistant to all antibiotics. Furthermore, Pantoes spp. and P.
pneumotropica were highly resistant patterns against antibiotics. However, enrofloxacin was an effective
drug against A. hydrophila, Erwinia spp. and P. panneri. From this result, it could be concluded that all
bacterial strains isolated from diseased goldfish showed multi-resistance to antibiotics.

Keywords : Antibiotic resistance, Bacterial diseases, Goldfish
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Introduction

In the current issue of aquaculture or live
stocks, many researches are focused on the anti-
microbial resistance in animals, also its meats and
environments. This circumstance can affect to
humans who consume the food with drug residues
accumulation (WHO, 2014). Goldfish is important
ornamental fish species which popular culture,
usually rearing in aquarium. Moreover, Thailand
was ranged in one of ten countries to import
ornamental fish species to global trade (Dey,
2016). The common disease occurred in
ornamental fish were caused by bacterial agents
which classified  to  gram-negative  bacteria
(Lewbart, 2001). Bacterial pathogens have been
reported to cause a disease in fish including
Aeromonas sp., Edwardsiella sp., Pseudomonas
sp., Shewanella sp., Citrobacter sp., Plesiomonas
sp., (Walczak et al., 2017) Vibrio (Saad El-deen and
Elkamel, 2015) Mycobacterium sp., Streptococcus
sp., Flavobacterium sp. (Yanong, 2013). Infected
fish caused by bacteria has been used the
antibiotics for curing for a long time until the
present time. The problem of misused of
antibiotics can induced the resistance bacteria has
been emphasized in aquaculture and other fields.
Many organizations namely FAO, WHO have
concerned for increasing of resistant bacteria might
affected to the food safety and human health as
well as animal health (Miranda et al., 2013). The
common antibiotic have been reported to treat
the bacterial infection in fish such as erythromycin,
amoxicillin, ampicillin, oxyteracycline, tetracycline,
gentamicin (Yanong, 2013), ciprofloxacin (Abraham
et al., 2004), erythromycin and kanamycin (Jeeva
et al., 2013), norfloxacin and enrofloxacin (El-deen
and Rawway, 2014). This research would like to
determine the antibiotic resistance of bacterial

species isolated from diseased goldfish.
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Materials and methods

1. Fish sampling

A total of sixty goldfish (Carassius auratus)
were randomly collected from local pet shop in
Maha Sarakham District during June — August 2017.
The fish were average 14.08 ¢ in body weight (BW);
7.54 cm in total length (TL). Fish samples were
over-dosed euthanasia for bacterial isolation from
internal oreans, for example, kidney, liver and

spleen.

2. Bacterial identification

The bacterial isolates were cultivated and
purified on tryptic soy agar (TSA) and incubated at
30°C for 24 hr. Bacterial identification were per-
formed by gram staining and biochemical
characteristics according to Buchanan and Gibbon
(1974) and using the commercial kit APl 20E
(Ozosul et al., 2010).

3. Antibiotic resistance test

Forty-one strains of bacterial isolates were
performed by disc diffusion method against twelve
antibiotics including amoxycillin  (AML, 10 pg);
ampicillin (AMP, 10 pg); chloramphenicol (C, 30
ug); ciprofloxacin (CIP, 5 ug); erythromycin (E, 15
pg); enrofloxacin (ENR, 5 pg); novobiocin (NV, 30
pg); norfloxacin (NOR, 10 pg); oxytetracyline (OT,
30 pg); oxolinic acid (OA, 2 pg); doxycycline (DO,
30 pg) and tetracycline (TE, 30 ug). The resistance
test was done in Muller hinton agar (MHA) in
triplicate and incubated at 30°C for 24 hr. Then,
the diameter of inhibition zone was measured and
compared with the standard value according to
CLSI (2008).
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Results and Discussion

Results
1. Gross appearance of fish sampling

Infected goldfish were externally revealed
fin hemorrhage, fin rot, imbalance swimming,
lethargy, scale protrusion. Some fish showed white
spots in the whole body. Necropsy finding were
obviously discovered ascites, pale liver and gall

bladder enlargement (Fig. 1).

Fig. 1 Infected goldfish with bacterial diseases
showed scale protrusion (A), pale liver and gall

bladder enlargement (B)

2. Bacterial identification

Forty-one strains of bacterial isolates were
successfully identified from the infected goldfish.
Five bacterial species were classified namely Aero-
monas hydrophila, Erwinia spp., Pasteurella pneu-
motropica, Pantoea spp and Proteus panneri as
shown in Table 1. Moreover, A. hydrophila was a
dominant species in the infected goldfish with

]
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prevalence of 73.17%. Furthermore, P. pneumo-
tropica (12.20%), Pantoea spp. (9.76%), Erwinia
spp. (2.44%) and P. panneri (2.44%), respectively.

3. Antibiotic resistance test

Twelve  antibiotics against  forty-one
bacterial strains were determined for antibiotics
resistance (Table 2). Thirty strains of A. hydrophila
were resistant to amoxycillin  and ampicillin
(100%), novobiocin (83.33%), erythromycin and
oxolinic acid (66.67%), oxytetracyline and tetra-
cycline (50%), chloramphenicol and doxycycline
(33.33%), ciprofloxacin and norfloxacin (16.67%),
and enrofloxacin (13.33%), respectively. Next, one
strain of Erwinia spp. and one strain of P. panneri
were resistant to all antibiotics. Furthermore, four
strains of Pantoes spp. were all resistant (100%) to
amoxycillin, ampicillin, oxytetracyline and novo-
biocin. Five strains of P. pneumotropica were
resistant (100%) to chloramphenicol, oxytetracyline,
amoxycillin, ampicillin and novobiocin. However,
enrofloxacin was an effective drug against A.
hydrophila, Erwinia spp. and P. panneri in the
present study.

Discussion

In the present study, the dominant
bacterial species was Aeromonas hydrophila
(73.17%) from the infected goldfish which
obviously showed hemorrhage, scale protrusion,
ascites, pale liver and gall bladder enlargement.
These findings were similar to Carevia et al. (2013)
and Jongjareanjai et al. (2009) who described A.
hydrophila was a major bacterial pathogen for
rearing goldfish. However, A. hydrophila was a
normal flora commonly found in all water
resources (Ashiru et al., 2011) but it can
developed as an opportunistic bacterial pathogen
which caused a disease in aquatic animals when
their immune system were decreased (Harikrish-
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man and Balasundaram, 2008). In case of P. pneu-
motropica and P. panneri were reported in guppy,
Siamese fighting fish and fancy carp (Chansue and
Assawawongkasem, 2008), whereas, Pantoea spp.
was revealed in natural freshwater fish (Kluga et
al., 2017). Moreover, Erwinia spp. was reported
from rearing water of salmon farm in Ireland
(Moore et al., 2014).

The antibiotics resistance test has mainly
been studied in A. hydrophila from the previous
reports. In the present study, A. hydrophila

showed highly pattern of the antibiotics resistance

Table 1. Bacterial strains isolated from infected goldfish

which corresponded with Jongjareanjai et al.
(2009) and Dias et al. (2012). Total forty-one strains
of bacteria were resistant 100% to amoxycillin and
ampicillin. AWl bacterial species showed multi-
resistance to antibiotics. However, the quinolone
antibiotic such as ciprofloxacin, enrofloxacin and
norfloxacin  was an effective drug acainst A.
hydrophila, Erwinia spp. and P. panneri in this
present study which similarly reported by El-Deen
and Rawway (2014) who described these three
antibiotics against A. hydrophila.

Bacterial strain isolates Source

Aeromonas hydrophila 30 liver (n = 15), kidney (n = 5), spleen (n =10)
Erwinia spp. 1 liver (n =1)

Pantoea spp. 4 liver (n =1), kidney (n =2), spleen (n =1)
Pasteurella pneumotropica 5 liver (n =1) , kidney (n =3), spleen (n =1)
Proteus panneri 1 spleen (n =1)

Conclusion

Infected goldfish showed hemorrhage, fin

rot, imbalance swimming, lethargy, scale
protrusion, ascites, pale liver and gall bladder
enlargement were observed in this study. Total 41
strains were identified into 5 species including
Aeromonas hydrophila, Erwinia spp., Pasteurella
spp.

species

pneumotropica, Pantoea and Proteus
The A
hydrophila. All bacterial strains isolated from
diseased goldfish
addition,

effective drug for inhibiting the bacteria viz. A

panneri. predominant was

showed multi-resistance to

antibiotics. In enrofloxacin  was an

hydrophila, Erwinia spp. and P. panneri. Moreover,

enrofloxacin was permitted drug to use in fish

diseases treatment in aquaculture.
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Table 2. Prevalence of antibiotic resistance of bacterial strains isolated from infected goldfish

Disc A. hydrophila Erwinia spp. Pantoea spp. P. pneumotropica P. panneri
Antibiotic concentration (N =30) N=1 N=4) N=5 N=1
(ug)
AML 10 R =100 R =100 R =100 R =100 R =100
AMP 10 R =100 R =100 R =100 R =100 R =100
30 R =3333 R =100 R =50 R =100 R =100
=0 =0
S =20 S=50
clp 5 R = 1667 R =100 =50 R=60 R =100
=0 =0 =0
S =8333 S =50 =40
E 15 R =66.67 R =100 =75 =80 R =100
l=o0 =0 =0
S =3333 S=25 S=20
ENR 5 R=1333 R =100 R =50 R =60 R =100
| =1333 =0 =0
S =7333 S =50 S=40
NV 30 R =83.33 R =100 R =100 R =100 R =100
=0
S =16.67
NOR 10 R=16.67 R =100 R =50 R =60 R =100
| =16.67 =0 =0
S =66.67 S=50 S=40
oT 30 R =50 R =100 R =100 R =100 R =100
| =16.67
S =33.33
OA 2 R =66.67 R =100 R =50 R =60 R =100
=20 =0 | =40
S=13.33 =50 S=0
DO 30 R =33.33 R =100 =75 R =80 R =100
| =16.67 =0 =0
S =50 S=25 S=20
TE 30 R =50 R =100 R=75 R=280 R =100
| =16.67 =0 =0
S =33.33 S=25 S=20
Remark : R = resistant, | = Intermediate, S = sensitive
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Abstract

The objective of this study was to investigate the effects of silicic acid foliar spray on growth traits,
grain yield and yield components of Chi Nat 1 rice grown in cement containers at the Faculty of
Agricultural Technology, Rajaphat Maha Sarakham University during February to August 2018. A 4x4d
factorial experiment with completely randomized arrangement of the treatments and three replications
was carried out. Four silicic acid rates (0, 50, 100 and 150 ml/20 L) were assigned as factor A, and four
spray timings (1 time at 30 days after emergence (DAE), 2 times at 30 and 60 DAE, 3 times at 30, 60 and 75
DAE and 4 times at 30, 60, 75 and 90 DAE) were assigned as factor B. Data were recorded for growth traits,
grain yield and yield components such as plant height, number of tillers, SPAD chlorophyll meter reading
(SCMR), number of panicles, number of filled grains, number of unfilled grains, 1,000-grain weight, grain
weight, weight of dry straw, total dry weight and harvest index. Applications of silicic acid at the rates of
50, 100 and 150 ml/20 L had higher SCMR at 30, 60 and 90 DAE than did untreated control. Applications
of silicic acid at all rates were significantly higher than untreated control for number of panicles, 1,000-
grain weight (grain size) and grain weight. Spray timing did not have significant effect on growth traits, grain
yield and yield components. The interactions between rate and timing were not significant for all

parameters.

Keywords : Silicic acid, Silicon, Foliar spray
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Uniin

#11 (Oyza sativa L) \ufiniasughandni
ddresUszinalne Adeudgnuazuilaafuedi
wnsvaneUsema Jmnfiddnyusenisnilavesnis
Ugnini fe HanAnd1en nsifisrandnvesinilaenis
TiJaiadaiursavinld winislddeiniilaoanisde
Tulasiauluvsunugagiilidnigeuns indude $g
sonaitvhanesredsauazuuas fafunsldsgeis
fitreiaSuusslon (beneficial elements) LiladeLiiy
anudunulsaLazuNasingdng iuauuduse
Tiunsudn waganunsalddelulasuludnsgddunis
dinwandnd1ldlaedudnilidudens Sa8nmaden
wﬁaﬁm%’umwsm@’mam%’n Fanou (silicon; Si) vJu
Snuilssniidneglunausiniasadselovd vilvidutn
fiszuusinudauss auysal d5ndruauunn fdudin
W3iuled wanneun fuliidndude Tudndedu
annsasuLauanldogwiide enedewma Fauan
nstinlsAkazannIsazauveILias  Fanautiglily
dnienunisanazuduss dudausenisdviane
Yasiuas NMsvndaneulutnvilinisasgiulnanas
fifivndaneudeinisiiuiniy venanidduinly
anudumudelsasthdisanas  s1ndaaeuaiy
Ustlowidefivfdoidloogluguvesamsazaty fe nanly
Tu@aTn (monosilicic acid; H,Si0; %30 Si(OH,) Lag
NIANDIBATN (polysilicic acid) (Osotspa, 2015)

1nnsledaneuiiinuun nuinddaoutie
vlidudause drdufanss wardosiunsindy 4ae
lludemsedsfunadldd iunsdunszsiuas vk
Avlunerutasdesiulsailiinaniiesuazide
wuaiiise Uasdunistiniuvesiuas waztievinlign
NUADAIIUUTIUAS qmwg:ﬁsﬁ"w ALLAY LAz Ti¥aIn
lavgutn (Epstein and Bloom, 2005) FaAsuYIY
Jostunisardvendelsadlulusnuazlu Ay
ufﬁﬂLLﬁqﬁuaqLszfaa“lutﬁaLﬁa%uﬂaﬁﬁ%éﬂauqq YrgUoiu
Lilhdeaunglsnfivursiadrsdidluluead way
wiaenanulutiaeas (Marschner, 1995) ann15¥inane
gadsaitludn wu Tselulndfdnandes (Cai et
al., 2008) annsinateussusuIza1aulut Lag
wasnszlandinna (Snyder et al., 2007) N3VINTIH)
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Fanouvestlutiszezn1ssyiAulanIsaInuLey
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1989) yhlwins1asyvesnenandt uardwdndudiuau
wn Milidedaneudievitlinisimuvestlussey
Lﬁ]‘%agﬁuﬁjﬁsﬁu (Inanaga et al., 2002) vlilaseasns
ysamuveIiudIfity (Ando et al, 2002) Fmitugn
Tuansazanusmensfildudaneuaziininaiaduls
a3 (Gill et al., 2007) IINSIBNUNTNAABITINILLN
drunnilunislideddaouniesiniiy dwindeya
nsAnwUseansnmnslddedaneuniensn@izniag
nsdanumaly fifumideedsifedinguszasdiie
AnwnavesnisaanunsagagnnislusenisiasyLivle
NAWAN LazesAUsEneUNananvestIfusToum 1 de
Judniugleudgniuunnlngianignisuand1nuiuss
foyaiildanmsfnudinaniandulsslonidmi
nensnsEUgnisiely
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1. LAUNITNAABDY

MINITINUHUAITNARDILUU 4x4 Factorial in
Completely Randomized Design (CRD) 977U 3 &
J938 A A NISAANUNSATATN 4 Bms1 (0, 50, 100
wae 150 a4 20 &) Jade B Ae s1uiunfuassses
faaniunsegasn (1, 2, 3 way 4 A% Useneude 16
AS5170 (treatments combination) ¢

1) 3aniunsnBadn $m51 0 wa./A 20 a. S
1 afa Tugneszazdunnne 30 Sundasen

2) BaviunsATaTN A5 50 w1 20 a.
$mu 1 da Tureszezduanne 30 Jundasen

3) SanunsnBadn §ns1 100 ua./Ah 20 a.
$mu 1 da Tursszezduanne 30 Jundasen

4) 3aniunsnTasn §n37 150 a4 20 a.
$u 1 da Tughsszezduanne 30 Sundasen

5) Sanunsdadn §751 0 WA/ 20 . $1UIY
2 A%q luthsszozdnunnne 30 Yunden uazsToy
F15uadenensou 60 Tundasen

6) BAniunsATa8n w31 50 WA/ 20 a.
$mu 2 ada Turnaszezduanne 30 Jundsen was
szpzdBuadenendau 60 Jundwen
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7) Saviunsn@asn n31 100 a4 20 a.
$mu 2 da Turasszesduanne 30 Jundsen waz
srezdsuaTnendoy 60 Tundsen

8) SAviunsndasn Sn31 150 wa./Ah 20 a.
$mu 2 fa Turhsssesduanne 30 Jundsen was
szpzdBuaenendau 60 Jundwen

9) SanunsnTaTn §051 0 WA/ 20 A, $IU
3 ads Tugasszezdnuanne 30 Yumdwen svozdn
Suadnendou 60 Tundwen wazsrezdieannan
75 TuUnaeen

10) SoviunsnBadn sms1 50 Ua./an 20 a.
$mu 3 da Turisszezduanne 30 Jundsen
srurdIsuaTImengau 60 Tundsen wazssevi
20NADA 75 TUNRNDN

11) Soviunsn@adn $as1 100 ¥a./1h 20 a.
$mu 3 ada Turhsszesduanne 30 Fundsen
srpzdBuamenseu 60 Jundwen wayszezdnn
20nABN 75 TUNINeN

12) 3aviunsn@adn $as1 150 wa./1h 20 a.
$mu 3 ada Turrssesduanne 30 Fundsen
srpzdBuamenseu 60 Jundwen waszezdn
20NABA 75 TUNRNDN

13) Soviunsn®adn $ms1 0 ua/Ah 20 a.
$mnu 4 pda Turszezduanne 30 Jundsen
srerdnsuasmenday 60 Tundsen sruzdnioen
AN 75 TUNAWIDN LarIEerRRILINSVaLUEn 90 Tu
NHWDA

14) SoviunsnBadn $ms1 50 ua./n 20 a.
$mu 4 p¥a Tughsszesduanne 30 Jundsen
sypzdBuamensau 60 Jundwen szuzdien
AN 75 Jundeen kagseurRIuINISUeRNdn 90 Tu
NAWON

15) Soviunsn@adn $as1 100 ¥a./1h 20 a.
$mu 4 pda Tureszezduanne 30 Jundsen
syerdsuaImenday 60 Tundsen srezdnioen
AN 75 TUNAWION LALILEERRILINSVOLUEN 90 Tu
NRWDA

16) Beviunsn@adn §ns1 150 1./ 20 a.
$mu 4 pda Tureszezduanne 30 Jundsen
srezdsuamenday 60 Tundwen szezd1ioen

Uil 15 atuil 2 nsngrau - Furiaw 2561
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ADN 75 IUNANDAN LALILYLTNAUINITUDILUAR 90 U
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2. msugnuaznsguasnen
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Ugnnquay 3-5 wha ndsaindgnantiliguitsedu
AHYaN (field capacity) ¥asaInd1idenaty 7 Ju
noulvivie 1 Ausevay ldduinligns 16-16-8 w
30 nn/l3 Wedengld 15 Yundssen uavldiegns
46-0-0 83110 nn/l5 fledeglé 60 Fumdssen
fdnfuiialagldilonausgnsainiane Tuusaynssaiss
nsliheghaiiome wasilodisuuannednunszdu
vosiligaUszanas 10 wa. auddlndsvosifiuieades
sansloih
nslawunsansndadn aavuadusnidedn
018l 30 wdsanwEnsen @anu 1 A%y wagdanudi
Snadimusamanudutu uasdisszezinailunisin
Wmﬁa%nmqlﬁ 60, 75 way 90 Tunassan @any 2, 3
uay 4 afs muddy) auvEamudiidmue Tunsie
suusazesglilasdlidmisuiinanafinfuduiuie
wuusazvInud Weauaulviareesweinndadni

¥
=~
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3. maiudaya

1) Aaszaudinianienmau laun aynia
Aunsig (sand) BUNAIARUIIU (silt)  UazBUAIARU
witle (clay) 1ne38 Pipette method (Drilon, 1980)
waraudAimaninu 1dud Uunalulasiaustome
(total N) 1neAd Kjeldahl method (Black, 1965)
Usunaleanesaiiduuselowi (available P) Tne3s
Bray Il (Drilon, 1980) USunaulnuvaideuuagsiaaldo
fiafald (extractable K, Ca) 1a35 NH,OAC and
Atomic absorption spectrophotometer (Cottenie,
1980) @nmauunsn-nne 3o pH (1:2.5 H,0) lng
35 Std. Glass electrode (Black, 1965) Aua1u15aly
mSLLamUS&JuUizqmﬂ (cat ion exchange; CECQ)lny
7% Peech method uagduvnieing (organic matter;
OM) 1735 Walkley and Black (Black, 1965)
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2) Foyarunsiasaiuln Usenaume

- msuanne lagduiudnuiumienanasyey
30, 60 WAy 90 TuUMAIIINILAAIEN U 10 AURB
Whennass LaRuamALadssuurdesensly
uRarITYY

- augs Tneduinngaiiszes 30, 60 uay
90 Fumsnnudnsen Fslunsinanugeaziannug
nsEAURIALILisUategavaslu 91u7u 10 Aude
yhovaass wiAmnumanedsaugdlusasszes

- SPAD chlorophyll meter reading (SCMR)
Fudunsinvinaunaslsilasmeden lneinseiades
SPAD chlorophyll meter 396381 09.00-11.00 . il
17914161 30, 60 waz 90 TundwInwanden S1uau
10 Fusenihennasd wdrFwIame SCMR ey
usiaz Iz

3) nanAnlaresRUsENaUNaNan Usenauniy

- dmdnwdasedy Tnodeiimdnudauds
WnsoAsesasiSuanaon 2 funds udanien
fuamnnsed

- i 1,000 wén Tnensguiumdndin
§1UU 1,000 1WER  udhundieiniesdiaziten
NANYY 2 FILAUS

- TIUIUTNEBNG WnetuTIUIUTITNIULAAE
neMmALEI NI AMALREY

- Snuudnfuazudndu Tnedududiuau
windnfiauysaiazdndu $1uau 10 srssemie
NAABIEIINAIWIAAREY

- drdnnsutanazdnednutesutanue
Ausegneiianady sniusin iiewswinudves
17 warnuwendiueesnnet1l @aulazlu) Lag
win Uhaneuigamai 80 esriwaiiea Wulian 48
$lue weauninminuiensd dedautinustedae
\n3ostiaziBunnedon 2 fumds Auramntuinuis
drumilefuannnasiuvesimindusaslunis way
Yruinwde

a) swiliuies eduinangss
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4. m3nsevideya

AATIZRANLUTUTIU (analysis of variance)
ﬁuaﬁaaﬂaLwiazé’wmwmLqumiwmaaqﬁﬁmum uag
WIUBUALLANAI9TENI19ALRA B YO ILAAY
n35u73% Inele3s Duncan’s Multiple Range Test
(DMRT) (Gomez and Gomez, 1984) laglaluswnsy
Tnsizideyanisadfdniagy MSTAT-C  (Bricker,
1989)

NAKALINTAINANISIY

PNMTUATIZAFUTRNINIBAIN LagNIALl
YasRudowinIsnaaes wuin auildlunisvaassd
UNIARUNTY (sand) BUNIARUIIU (silt) wazaunA
Aumilen (clay) iy 67.90, 20.50 uag 11.60 %
auddiu eRuduAusudunse (sandy loam) il
pH Wi 6.2 mmmmaalumiuaﬂLﬂﬁauﬂisqmﬂ
Wiy 23.21 cmol/kg Anasiilwiyindu 0.02 dS/m
fufimnugauauysali Ao TuvFeiag ity 0.14%
Usunalulnsiausanuaiiafu 0.007% YSunal
WoareSaiidulselowy Ysuralnunadon was
weandpufiuandsuld winfu 1512, 4236 uaz
130.71 un./nn. AIUEIAU

As3avuludnsy 50, 100 way 150 ua./u
20 a. funldurliswuniessnefisses 90 Junds
sonunnildBaniy (Table 1) shuviavinliien SCMR
szey 30, 60 Uay 90 Jundnengindnislidanunsnd
3% ifledmegld 30 Suvdennuimsdariuanmis
Ty 3 adsiiszey 30, 60 LAY 75 TUNAIeN Larn15an
Wy 4 adafiszey 30, 60, 75 war 90 Junasian AN
SCMR ganmseamumilu 2 ass (30 uaz 60 Tunds
10n) Fawananafunsadfesaituddayds (Table 1)
wazlunuyfduiusseninednalunsdanuiudiuiu
Afauard195E0v0a1v89N5EANUNSATATAT A1
miosione WAzl SCMR Ynsroznaiuseiiu

yonandfmuin mssanulusng 50, 100
WAz 150 1a./1h 20 a. Sravinlinananvasdiunnin
dlewisufunislaaanunsndasn (Table 2) fie 28.84,
26.48 wag 27.36 n./fu AUEEU vusiinandatiily
3nuudlidanunsndadniian wiaiu 23.00 n./gu
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nMs8ANsATATNTG 3 §m51 Sallnavildsiuiusasens
wagtwdn 1,000 wanunninlaideawunsn@asn weils
vl iuiuEainesne thninwisusts dhuen
whtanae wavsadiAvRsLAnAeTY n1saANLASA
FagnTlaududu 50 way 100 wa./1n 20 a. ¥ile
Suuudadudesitesninnisladaniy (Table 2)
AuMsaaniunIATaTNI AL 1, 2, 3 uay 4 Aasaliiina
Wl nuseens S1uIuLEnRRaTs 1w 1,000

wia dmidnwde dindnminsusts dhmnudaianse
wazdaifiuReunnsieiy uinuinisdarunsadadn
$1uau 3 adauwaldildsvndedudesiadinin
nsdawusiuan 1 ade (Table 2) waglawuufdustus
s¥13198m51lun1s3anuRUSIuIuATILdazYas
SLUELIA1909N13BANUNSATAT NI lUSN YL VoS
NaKan LaresnUsznaukanan (Table 2)

Table 1 Effects of silicic acid rates and foliar spray timings on number of tillers per plant and SPAD

chlorophyll meter reading (SCMR) of rice cv. Chai Nat 1 grown in pot experiment during February-

August in the 2018.

Treatments Number of tillers/plant SPAD chlorophyll meter reading (SCMR)
30 DAE 60 DAE 90 DAE 30 DAE 60 DAE 90 DAE
Silicic acid rates (A)
oml (al) 6.72 9.47 12.25b" 27.92b 28.58b 28.49b
50 ml (a2) 6.75 9.90 1591a 30.38a 30.90a 30.61a
100 ml (a3) 6.95 9.95 16.85a 29.61a 30.49a 30.70a
150 ml (a4) 6.28 9.53 15.00ab 30.04a 30.49a 30.32a
F-test (A) ns ns * *x *x **
Foliar spray timings (B)
30 DAE (b1) 6.81 9.81 13.60 29.61ab 29.98 29.84
30, 60 DAE (b2) 6.30 9.38 13.60 28.40b 29.95 29.93
30, 60, 75 DAE (b3) 6.25 9.41 15.76 29.77a 30.12 30.00
30, 60, 75, 90 DAE (b4) 7.33 10.25 15.40 30.16a 30.40 30.35
F-test (B) ns ns ns *x ns ns
F-test (A x B) ns ns ns ns ns ns
CV. (%) 21.68 15.96 25.62 4.96 2.87 1.74

“Means in the same column with the same letter(s) are not significantly different at P<0.05 by DMRT

DAE = days after emergence

ns = non significant

*, ** = significantly different at £<0.05 and P<0.01, respectively

]
v

Uil 15 atiuil 2 nsngrAu - Surneu 2561

N YAITNITSIFU 368

Volume 15 Number 2 JULY- DECEMBER 2018



Prawarun Agr. J. Volume 15(2) 2018, Pages 363-371

Table 2 Effects of silicic acid rates and foliar spray timings on number of panicle, filled seed, unfilled seeds,
1,000-seed weight, seed weight, straw dry weight, total dry weight and harvest index of rice cv. Chai
Nat 1 grown in pot experiment during February-August in the 2018.

Treatments Number Filled Unfilled 1,000- Seed Straw Total dry Harvest
of seed seeds seed weight dry weight index
panicle/ (seeds/ (seeds/  weight (¢/plant)  weight (¢/plant)
plant panicle) panicle)  (g) (¢/plant)

Silicic acid rates (A)

oml (al) 1065b" 111.06 1477a  2523b  23.00b  39.08 62.08 0.37
50 ml (a2) 12.64a 114.56 10.20b 27.94a 28.84a 39.43 68.28 0.42
100 ml (a3) 12.48a 120.43 10.20b 28.02a 26.48a 38.86 65.35 0.40
150 ml (a4) 11.93a 120.43 12.92ab 27.92a 27.36a 39.08 66.44 0.41
F-test (A) ** ns * ** ** ns ns ns
Foliar spray timings (B)
30 DAE (b1) 11.77 122.34 14.6Oa1/ 27.05 26.18 36.53 62.71 0.41
30, 60 DAE (b2) 11.89 109.86 11.99ab  27.40 2579 38.06 63.85 0.40
30, 60, 75 DAE (b3) 12.30 118.61 9.97b 27.46 25.79 40.14 66.82 0.40
30, 60, 75, 90 DAE (b4) 11.74 116.09 11.99ab  27.20 27.04 41.73 68.77 0.39

F-test (B) ns ns * ns ns ns ns ns

F-test (A x B) ns ns ns ns ns ns ns ns

CV. (%) 12.03 17.03 28.98 1.15 15.40 16.97 12.64 12.94

“Means in the same column with the same letter(s) are not significantly different at P<0.05 by DMRT
DAE = days after emergence
ns = non significant

*, ** = significantly different at P<0.05 and P<0.01, respectively

nmseneluadstiviulainnnsaamunsnda-
Fnmsluanunsativdasunisiasgivlauasuanan
vo39171¢ Tnsramzlugunisgefivszansamly
nsdaAeiLas sadtuldainnisdanunsadasniina
¥irlsfen SCMR utudlerieusunisladaviu luvaei
assivlaludnearnisuannoiunafidaaud
Syg 90 Junaan UsenaununueanUsenauNanan
TudnwaEs1uIuT AN DAL NN 1,000 Luan
ity dawavilinandniuduainnnsdenunsadadn
1851 50, 100 WAz 150 Ua/An 20 a. A1 SCMR 1y
AsinUSutumaslsilaanieeu Laviannudunusiy
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fulSunanaslsiladluluiiv raslsiiadiduseainglu
Tuflwiivimthiilunszuiunsdansgsiuas Tufieds)
Usinueaslsiladgeasiivsza@nsamlunisdansien
wasge dwlufivifiviunanaslsiladluludifozd
UsyAnsnnlunsdansizsiuassn (Ndjiondjop et al.,
2012) Femsdaniunsndadniinarilsidn SCMR Tulu

4

diutudledeutunislidany fvaunsodauasie
gmsiiieldluniswauinisadgivlauasnannle
ity ﬁaﬁﬁaammm%ﬁ%ﬂLﬁuLLiﬁmmmiLa%mﬁﬁ
Fameu (S) 1ussAUszneu Jsineglungusinasy
Ustlowldmiuite nsndadnanunsaavaneuinle vl
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fivaunsagafutuagnsndatniiumasinidgad
waznslulioegnesiaiia (Peleg et al, 2010) Fanou
Frevilitnudause Srdudmss Jostunsindu 4
¥ililudansededunaslda wasifinuseansainnis
fATzilas (Epstein and Bloom, 2005)

dmdutiesvesuaysuiunSaiiannunseda
Fnlumsinwadel ifinasensissayivin nandnuay
paRUsENOUNANARYR g TRy FlRiuIIn153n
sunsndadnlusndudesdnnaisnds n1sdarusig
Faneululsunadidndinisedaismaduisudy
fiasfiansandundniinzdmanenisaiyivlauay
NAKARYBIUT?

#3UNaN1339Y

ASAANUNSATATNIUSNST 50, 100 wag 150
a1 20 a. Suwnltwiliswaumleseneiisses 90
Turdaendeudnegininnslildnnunindadn waznis
AANUNIATATNIUSMIT 50, 100 wag 150 g/ 20 a.
finavilsidn SCMR fiszey 30, 60 waz 90 Tundasenga
i laiBaviy yenanignudn S1uausIeene tnin
1,000 1W&n waztwinudndidnnunsadasnlusns
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Utilization of Cassava Pulp Fermented Yeast in Laying Hens Diets on Production

Performance, Egg Quality and Economic Returns

Saruttiwong Boonkong*, Chaiyapruek Hongladdaporn, Sawang Kullawong,

Sutasinee Kruttaga and Pitak Noimay

Program in Animal Science, Department of Applied Science, Faculty of Science and Technology,
Loei Rajabhat University, Loei 42000, Thailand

Abstract

The aim of this research was to investigate the appropriate percentage of using cassava pulp
fermented yeast in laying hens diets on production performance, egg quality and economic retumns. The
experimental design was Completely Randomized Design (CRD). Two hundred and twenty five 40-week-
old laying hens (Isa Brown) were randomly allocated into 5 groups including; 0, 5, 10, 15 and 20% of
cassava pulp fermented yeast in diet with 5 replicates of 9 hens per each. Laying hens received feed and
water until 6 weeks.

The results showed that the diets of this research did not significantly affect the amount of feed
intake, feed conversion ratio, egg production and egg weight (P>0.05). However egg mass was significantly
different when used at level of 20% (P<0.05). In term of egg quality, the use of cassava pulp fermented
yeast in the laying hen diet did not significantly affect the amount of albumen weight, yolk weight, shell
weight, haugh unit, shell thickness and egg shell strength (P>0.05). However, the use of cassava pulp
fermented yeast was significantly affected on yolk color (P<0.01) which the color was decreased when
used at level of 15%. In term of economic returns, the results show that the average cost of feed per egg
were 1.81, 1.76, 1.76, 1.76 and 1.68 baht, respectively. In conclusion, 10% of cassava pulp fermented yeast
in diet can be used as feed ingredient for laying hens followed by egg mass, yolk color and feed cost/egs.
Therefore, Using cassava pulp yeast fermented for laying hens is another option to increase the utilization
of cassava residue. That also reduces the cost of laying hens diets.

Keywords: Poultry, Fermentation, Yolk color, Egg mass
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Table 1 Ingredients and nutrients calculated composition of the experimental diets

Experimental diets Cassava pulp fermented yeast (%)
0 5 10 15 20
Ingredients %
Corn 68.37 65.24 62.12 59.00 55.87
Soybean meal 46% CP 23.31 21.16 19.01 16.84 14.70
Fish meal 60% 3.52 3.74 3.93 4.15 4.36
Cassava pulp fermented yeast 0.00 5.00 10.00 15.00 20.00
Dicalcium phosphate 18% 1.00 1.00 1.02 1.03 1.04
Calcium carbonate 3.27 3.25 3.22 3.20 3.17
DL-Methionine 0.13 0.15 0.17 0.18 0.20
L-Lysine 0.09 0.15 0.23 0.30 0.37
Premix 0.25 0.25 0.25 0.25 0.25
Salt 0.06 0.06 0.05 0.05 0.04
Total 100 100 100 100 100
Nutrients calculated
Dry matter (%) 88.29 83.92 79.55 75.19 70.82
ME, kcal/kg 2900 2900 2900 2900 2900
Protein (%) 18.00 18.00 18.00 18.00 18.00
Fat (%) 3.14 3.01 2.87 2.74 2.61
Fiber (%) 3.17 2.96 2.75 2.54 2.34
Lysine (%) 1.00 1.00 1.01 1.01 1.01
Met+Cys (%) 0.72 0.71 0.70 0.68 0.66
Methionine (%) 0.45 0.46 0.46 0.45 0.46
Threonine (%) 0.67 0.65 0.60 0.56 0.52
Valine (%) 0.87 0.82 0.77 0.72 0.67
Iso-leucine (%) 0.76 0.71 0.66 0.62 0.57
Arginine (%) 1.14 1.07 0.99 0.92 0.85
Tryptophan (%) 0.17 0.17 0.16 0.15 0.14
Calcium (%) 1.80 1.80 1.80 1.80 1.80
Total phosphorus (%) 0.60 0.59 0.58 0.56 0.55
Available phosphorus (%) 0.35 0.35 0.35 0.35 0.35
Sodium (%) 0.15 0.15 0.15 0.15 0.15
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Table 2 Effect of using cassava pulp fermented yeast in laying hens diets on production performance

Cassava pulp fermented yeast (%) SEM

0 5 10 15 20
Feed intake (g/h/d) 105.6 104.2 105.4 103.2 102.4 1.75
Feed conversion ratio 2.16 2.11 2.19 2.17 2.18 0.05
Egg production (%) 85.34 84.99 84.04 80.45 81.78 1.57
Egg weight (g/egg) 5731 58.18 57.24 59.07 57.43 0.57
Egg mass (g/h/d) 48.88" 49.47° 48.12" 47.50" 46.97° 0.73

*>Value on the same row under each main effect with different superscripts differ significantly (P<0.05)

Table 3 Effect of using cassava pulp fermented yeast in laying hens diets on egg quality

Cassava pulp fermented yeast (%) SEM
0 5 10 15 20

Albumen weight (g) 33.27 33,53 33.07 34.74 34.16 0.78
Yolk weight (g) 15.41 15.72 16.36 16.10 15.82 0.42
Shell weight (g) 8.63 8.97 8.90 8.23 8.07 0.52
Haugh unit (%) 7791 73.59 81.13 79.40 79.41 3.25
Yolk color 8.09° 7.90° 765" 6.95" 6.53 0.28
Shell thickness (mm) 0.41 0.40 0.41 0.40 0.39 0.01
Egg Shell Strength 243 2.66 2.80 252 2.86 0.19

(Kg force/cm?)

*© Value on the same row under each main effect with different superscripts differ significantly (P<0.01)
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ganlugnsomnsnszaulidmansenusenisiuldves
11l denndasiiunisnnasses Hokking (2013) il
Anwinsldninudiusudamaunudialnafiss s
Seway 0, 5, 10, 15, 20 wa¥ 25 WUINNITENINTU
drusnaslddwmansenunenisnulavedlnld wagain
N13AN®IVOS Traiprugsachart et al. (2009) WUIINS
TnndudUzndafisesiudevas 15 lddmansznuse
msavldveslalawuientu annanisneasdlidiu
Amsldnnsudznd mdndasiiseaudesay 20 lid
nansenunonisnulavedlnly fawdnndudilsndeas
Huingiuidanamiags w wasdurdy
nan1sAnwINIsIAInTud1Usnasndndaa
Tugwnsldlddenmamly annsmaassiinuinsld
nnsfudUsudvsindadluomsialeiisssudesay 0,
510, 15 wag 20 daranuvunudentd wagtwen
wWaenlalufinuunnarsdunieada (P>0.05)
donndnaiu Okrathok (2013) AilgAnwnsldnInsTy
dzndingeidon Aspergillus oryzae Tuo s
1ale wuinladfiwanssnusethninudenly aumun
wWaenle Inelalefinslausylevdainlavuglunisasna
penUsynouveslulaogrefiuss@niaiwsumndu
911590807 dT I Ina duuraindseundn 919
ideanainormsyngnsluusazndunaassiinisusu
aunavedlnvuglvinTuaIu waslieanaiuAINABINIS
yaalnly Fedenalvinuninluladianuuansieiu a1n
asnmassnsinnsudUrndssindanluemisinly
fisedudonar 0, 5, 10, 15 uay 20 wuindldumaed
wrlduanaIMNsEAUYBINSIENINTUd UL raandn
Sasmiiuau WosnninsiudUsndatndanlsidunas
1938158 SalaruwansnstuegefitedfyBansadn
(P<0.01) @0AARBINUNITNAABIVOY Hokking (2013)
Tunsimsyvidvesluunddaeiisuiuiedlsy wuiiln
TfilgsunnifudUzvdnaontianisnaassdnzwuud
IunsninguAuAL UaznN1IMAaDIYRs Polrome et
al. (1993) nu31nSIENINTUAIUENaI1NNITHER
uoanesodifionaunuininalueimslalyiugde
U512 Sdvesliunsanainiussaunindudnlsnasann
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nanAnueanasadiiiiniy (P<0.05) dafuilnaasly
anudenuilaalylaffinnududliueg fszdu 8 fs
12 Az (Niyomdecha and Khongsen, 2013) 910
nnnaesiiadliunafieinias DET 6000 wuiniidly
U3 8.09, 7.90, 7.65, 6.95 Uay 6.53 Auady dslu
S¥AUSPEAY 0, 5, way 10 TANULANAAUN19EDRA
winsldnindudrenddugnsemnsinlasiiansan
mavfinansdlugnsenms iesndvesldunsiiavina
damnﬁan%@mamﬁuﬁm Safumsfinsonaiuans
(carotenoid fisgdiu 50 e 80
fadnsunenlaniuvese1nis (Khajarern, 2004) %30
nsldnnudUgndsmiuingivunasesansiivd
NETIUNIA 1WU AoNATEs winfuan vty Wy
fu niearsifindnienisin iessdreudledgmn
fananalel

TuduressanuuuaaTygia rlailds
nnsfudugndandindadiisefuiosay 20 fiflsans
Joafugean uarfivualtuduyuaieimsanasaiy

ag xanthophyll)

Ysuraunstdnindudivendamingad asnnqeeiy
n15Anw1ves Okrathok (2013) ladnwinisldnindu
dsudmingredes A oryzae lusmslalaiisu
Fewaz 0, 16, 24 Uag 32 WUNTAUYUAID TN
14.74, 14.17, 13.91 wag 13.65 U maadlansy d1nsu
Tunsfinuluadsdl funuaemsdeniswdeld 1 ves
dewiiu 1.81, 1.76, 1.76, 1.76 uay 1.68 U
puddu Geansldnndudgndmindadiissduies
a 20 Tdunueromsionisuanly 1 vlea dndngy
u esnmnsiudgnindaniidunudidedndy
huidnuiaagdsaivssaia 5 89 6 v wazidle
fFUNNANTIOULNINER wazAnwlduas N5ty
mnsfudgndmsindadiissiusovas 10 auduseeiv
fwnzaulunsliiduingivermslulaly udeeals
AoumndfudendaiinBadidunghuiifinnuduge
nsthusgnevansemnstulaly desinismnuiauag
uafielinnsnane s wagmafivinwnlduudedy

Table 4 Effect of using cassava pulp fermented yeast in laying hens diets on economic returns in laying hens

from 43 to 48 weeks of age

Cassava pulp fermented yeast (%)

0 5 10 15 20
Number of laying hens, head a5 a5 a5 a5 45
Total egg production, egg 42 days) 1,613 1,606 1,588 1,521 1,546
Income, baht (3 baht /egg) 4,839 4,818 4,764 4,563 4,638
Total feed intake, kg 199.58 196.94 199.21 195.05 193.54
Feed cost, baht/kg 14.61 14.32 14.03 13.73 13.44
Total feed cost, baht 2,916 2,820 2,795 2,677 2,600
Profit, baht (42 days) 1,922 1,997 1,968 1,885 2,037
Feed cost/egg, baht 1.81 1.76 1.76 1.76 1.68
asUnan153e a5Unan153e
nsttnindudrendmdndadanunsalylu HIduvevaunszAnanItuITeuas mun
amnsialulaluszaviesas 10 Ingludiwansenuse uAngrdesuAgias faduayusulszanuyszsd

AUTIOULNITNER AUNINLY LATNAANBULNIUNIY
wisugna laefiarsunainuialy Jldune wazduny
Aromnsealy 1 Wea fatunisléninsudendansin
farluemslaledadudnuuwamemislunsifiunsly
Uselewiarnninsudvsudaunntu soudedagasan
dunuaemnslalyladnmmils
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2561 @1U3vdnlAans npIneransuszens
AuEINgIAaasLazmalulal unIne1des1vigay
dim¥vgunssinazaniuilunisiiaiuive
Vol UAnsniadvidnimians auginunsAtans
UNIINYIFevoULAY wasviasluRni1snans
a1v1veulkiu lun1sitasigiingiveinisdnd
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UNAUIY

n'lil,l,emwai'l Aspergillus spp. 3MNVUVBWNIUU (Binomial nomenclature) Niisae
TsavuadlsARInLg

v 1,* 1Y 1 o = a 2 aa ° 3
In3dns uiawsy ", guuns duwn, Junild wadiay waz gaf dunddrsgy

‘mwivumeiamsdnunnduaznisnerviadad aazmaluladnsinyns unIMeseIrAumIAITAIN 8. (89
9. 4M1a13Aa 44000
“arndndnamans aaszmaluladnsinums umImeseIvsumIaIsAIN 8. e 9. WIaI5AIN 44000
“§197311%93ne7 paszIvenmansuazmalulad uniinersysiwanumarsa o. Wed 9. umaIsAI 44000

UNANED

Kioeh Asperg/ us spp. Lﬂumaiwaﬂamwwulmmnrm 185 viin wriluszanm 20 wia fianansane
Tserslunuuasdns Tneaidosn Aspergillus spp. ‘UwuuﬂL“LJuLﬁua‘mﬂaumaiaﬂwawﬂaiwLﬂmiiﬂmwuﬂuammmlm
mwﬂ(ﬂmJiuENﬂEUE]\‘N’]LDﬁ]EJSL‘lm‘NuLV\II’e]?TﬂHWﬂNWUﬂ‘UENL‘Uaiﬂﬂall Aspergillus spp. Tuwniifid1ves nsveaasls
a:uLaanLLmumwLaaﬂummwummﬂjmumuammm suneiiies dminumarsau Useimdlng §1uau 81 masm
fifseelseRamilefivsadiuostudemivan iufegrsuuuuadieds Toothbrush techmque wEnziEes
Tuonsidisate PDA Wuszavinan 14 Tu LwaLiJi&JUmawwauﬂimmﬂumimLLuﬂsaumsumLﬁuaiwmaaﬂwmumi
WIiule JUSeReY dnuaizvadlalail egvaziBeamennuduazniglindesqansse Namiwﬂamwmwmw
WUL‘U?JS’]UﬁMULLiJ’JﬂC"ILUuiaEJa” 75.31(61/81) wenifuwie Asperg/ us spp. Amdusesay 64.20 (52/81) LAzLTe
muﬂauﬂ Anduoway 11.11 (9/81) aqﬂwammaﬂumaﬂmwLmaﬁﬁ Aspergillus spp. @u150n529NULA91N
fheghaiifivanuuveseniiasmutiy

ANEATY : Aspergillus spp. ANUYN VUL T08LIA UMETAY NITUENLTD

%k
HeulviRiase: E-mail: KKJ_RMU@yahoo.com
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Isolation of Aspergillus spp. Collected from Hair Coat of Domestic Cats

(Binomial nomenclature) with Skin Lesions

Kraijak Kaewproml’ , Sunate Khunmal, Wantanee Polviset2 and Yuwadee Insumran3

ZPro_grram of Veterinary Technology and Veterinary Nurse, Faculty of Agricultural Technology, Rajabhat
Mahasarakham University, Muang district, Mahasarakham province 44000
ZProgram of Animal science, Faculty of Agricultural Technology, Rajabhat Mahasarakham University, Muang
district, Mahasarakham province 44000
3Program of Biology, Faculty of Science and Technology, Rajabhat Mahasarakham University, Muang district,
Mahasarakham province 44000

Abstract

Aspergillus spp. have been identified more than 185 species, less than 20 of which are known to
cause human and animal diseases. Some Aspergillus spp. are opportunistic fungi and considered as
causative agent of skin disease in pets. The aim of this study was to investigate the prevalence of
Aspergillus spp. in domestic cats. A total of 81 hair coat samples were collected at Market sub-district,
Muang district, Mahasarakham province, Thailand. The samples were cultured on PDA for 14 days, then
morphological identification of fungal colony were made base on microscopic characterization toward
taxonomy evaluation. The results showed that fungal colonies from domestic cats at 75.31% (61/81), with
Aspergillus spp. and other fungi were 64.20% (52/81) and 11.11% (9/81), respectively. In conclusion, this
studied that Aspergillus spp. can be detected from the hair coat of domesticated cats (binomial
nomenclature).

Keywords : Aspergillus spp., Prevalence, Hair coat, Lesions, Mahasarakham, Isolation

* Corresponding author : E-mail : KKJ_RMU@yahoo.com
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Uniin

dorudugadnitanmnsonelsaldiangus
wariiy (Hibbett and Taylor, 2013; Repetto et al,,
2011) Fsn1snelsalununardnisgilfiinenisd
Rautls Tnesinlfiinnann tnaew wazdanelsavila
systemic mycoses SIUAY (Repetto et al., 2011;
Crampin et al., 2005) Tumifé”]LLums?jVai’m*mrmLwasj
finelsaaunsaneneenld 3 ngu léun toxigenic
fungi, allergenic fungi wag invasive fungi (Callejas
and Douglas, 2013; Gilstrap and Kraft, 2013; Wolff,
2011) uslseianifeiiAntudulnaiinanidosilu
nau invasive fungi Tneldosnguiiazadaninugunss
pruaNanUeInITaTgLivinlusisnteveslaad
uAnAeAY Jsanunsaduunesnidungueos el
o superficial mycoses, cutaneous mycoses, sub-
cutaneous mycoses g systemic mycoses (Hsu et
al, 2012) uddmsudesiinelsaiamidudniides
Tnslawzegsddduginazusninutesutsesniiu 2
ngu Ao nquidesifinelsafianis (dermatophyte
fungi) ﬁﬁwvmﬁmﬁﬂﬁqﬁmﬁa%ﬂu FadloRnuuiamils
a%’«aimaﬂmmﬂmaﬂau mﬂwuusmﬂu’mau RN
aonuay LLmuumamw‘wuuam g 3 ¥illn Av
Microsporum canis, M. gypseum Wag Trichophyton
mentagophyte (Brilhante et al., 2003; Charles,
2009; Dong et al., 2016; Dubey et al., 2015;
Moriello, ~ 2014) LLaSﬂfojmaaL%aiwﬁm&JIama
(oppotunistic fungi) 1 Cryptococcus neoformans,
Candida spp., Fusarium spp., Zygomycetes SPP-,
Curvularia spp. Wag Asperg/((us spp. IWEJ‘WUQWL‘UEJS’]
SLuﬂanua] siaSuuiavtiduuen Snvaghlduuiag
Lﬂuwaam laldwrenay wilsaenladiulenay Mmlm
WASNIONVDUVUIN mummm vuimils wenani
&mwmwmiﬂaiﬁﬂﬁuaaL%aﬁﬂ,uﬂquumawmmamwuﬁ
fuszuuniiduiuveslsanianfosasainaingsieg
(Ramos-e-Silva et al., 2012; Preziosi et al., 2003;
McAtee et al., 2017)
mndeyafinarundrsiuhlismamuiudenngy
Asperillus spp. ‘ﬁ?uﬁaiﬂLﬁuL%aiwﬁwﬁaﬁLﬂumju
melomafinelhifalsaimddludnidodds wiogslss
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prunduiinsuiuidindesanatnuldvlanuass
1nnT 185 wiin wadiuszann 20 viafiaunsanslse
wiluauuazdn it dmsudes Aspergillus  spp.
A2NBlIALUTTUUANY V93371918807 (Seyedmousavi
et al, 2015) Wy Josnguilunaeiugielsely
szuumaiumelaludnd lneneliiAanisdniauves
Janannsganuienalesvoadesndilulusnanie
dnilvajaziAnludnifsyuugiduiuvessrsned Tng
yiiavondesinduilfinvuiniigadinelsa ldun
Aspergillus  fumigatus, A. flavus, Wag A. niger
ANAIAU (Hartmann et al., 2013; Barrs and Talbot,
2014) dlesnidesviaiiasayivlnldedesnda
Fofunminiifeyaiisafunisssuinveudosinig
nsunnduazdmunndidosdu Sududefiddyuas
U lUgn1simuIAus warn1swmKuNITgLaTnY
amma‘lmuﬂsyamﬁmwmawiuamﬂm ama"l,inm’mm
Lifisnenunisdrsiansinides Aspersillus spp. 7
Aanifauuvislunsnguainiiuagniouniidseslsa
Rnildlulszinelng
Fedutnguavasdreseiidelundadifiong

v
o

ANYNTVDAUYRIINGY Aspersillus  spp.  TudniFes
ImEJLawwzasm'éﬂuumﬁLgaqa&jﬂwsiuﬁwuLLaﬂﬂé’%m
ﬁJULf:]”]‘UEN %ﬁLLJJ’JE]’H]ﬁ]”LﬁULLMﬁIJLLW‘ﬁL%@S’]ﬂﬁ@JﬁIﬁﬁ’U
wuafdug wisernfudedesiuniedidunis
WNINTY ma‘uaqLszjaiwNﬂawaiwmiwwnaim
TspuziSalunywdla

A5 uN15IY

1. MIfnFandl9E19uU?
nsiiumegradunuu convenience  sampling
Tnedudonunduiideduaaiuiivesmauiiienos
Arvanain 81Lneiiled Jaiaumansany Ussinalng
$1uru 81 feg Fsmsnwludninnasseganeld
nsifuguavesdniunnduaslisumnudiureuain
ANENITNNIITTTVIVTIULARINTFIUNS ALY
dniilenunaingieans  uminerdeveunnu
(AEKKU 64/2557) Bausnirognaianniiguunldluns
naaovlundaiiaziisoslsrfmilafivsuenininainms
fderlnennnisanadesiufeniua fuansly
Fig. 1-A
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2. MIINBRUNITNAGD
nmfeluadsilfeenuuumiddoduuuuns
Melaun15dunNaTaNs iU (descriptive study) lae
Humsitelemsdunailiifingudioudiou deuldis
ddnvnisatunisimuniyniviedumauinves
Jgyn1 1w n1sfnwiAinugn aniunisalveslsa
NOANIINFUA N vivelayyiguan Famsifensihdu
M3Toidamssaun a gaailanamis (coss-
sectional descriptive study) ﬁﬁmiﬁﬂmswzguﬁﬁm
nalanamils Insdunsfnudnsnevedsa uay
f\]zbléj%'a;ﬂammsqﬂsuaﬂ‘iﬂ (prevalence)

3. NSAUADE19 VUL

ATLAUA288 1L EUVULUININAIUAU VD
$rumednd 5 90 1w domon ayn Tino uds goni
Laziivaziniintanssiundsiiinisvesseslsa
Rantesiuaiy lagdsnisuusaduruaianusedly
(toothbrush technique) Fitumeussseluil vinns
VuAI081981ay 2 dunus Ae USuseslsa way
Uindue filinuseslsa druuadilinuseslsarh
n1stiuied1elaen1saulUsunene U@y
dmsuifiusetefuiuiilisini 1/3 vessanie nns
WNushegeususeslsavlalaensidarinanuazen
Aandeuinuseslsafiagifudediefieddyy
Loanesed 70% ntuldulsdiludwiufiused
wUseUsnmeuvesseslsn wazn1siiufieg1sus i
lainuseslsainlaglduusaiuiegrsuusavuusian
s Tuy dd wasiindie 4 919 seydesegnauanif
SnvudsafiusedislugmanainUeainiigumgiivios
¥mswzidesnaiely 26 $alus  (Moriello and
DeBore, 1991; Medleau and Hnilica, 2006; Moriello
et al., 2017; Di Mattia et al., 2015)

4. swnziAsadien

4.1 a1 PDA aﬂumm?ﬁumﬁaﬂaamﬁa
TuUszanm 2-5 . Hel3levnsudesh

a2 MWiuduieuassaduyuainaulvs
o udrinewns PDA luauidsadedumsidivae
FuazUsvann 6w’

]
v
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4.3 syyTosnetnauar Juivinnsvnassasuy
dhanudsadeiussgnazniunses wiildiiudeiauly
siFouds endufuiiduemadsadedidalduinau
dlasdaussqeglunudsadotun

0.4 MWdudode JovuwniiAuan udauian
ueidrunnumuTA uTesTu iU

4.5 lgUnAu AvunuwiUnaladuasqu
weanesed 95% udwhulviitesidathundauutuiy
i

4.6 windulasaiBouunszaunzes luau
Aeadeligumen (egliiniwdlad)

4.7 thluvufiguvail 30 ssmwaidea lag
Fulundesegiidemitelilignuasading aunseiadu
losnadgyaudwounnuniUnalan (Ussunu 10-14
)

48 dedesnasaTuin Wdudedelalad
Fosudarlaladadly PDA wasifuideusanslinw
uarsuunafinveadosluuiaziietisoly (Moriello
et al., 2017)

5. mssuunviaidon

51 mssmunvdadoniuenldilaglgn
dosfigduunuuemadesdefiovnnsaniu 3 99
THusazqafiszorvinsainrevanuisadouasangs
Audnatwving i Iufeszegrineseningawiiume
e annsansiouiisudnuzveslalaild fauans
Tu Fig. 1-B

5.2 Juindnwagn19iatey avuaiduniuy

o

=2 [

Audnas mennlalail waniluAnwdnuaeguse
f199 vedeTotsaziden neldndesganssatiuuy
Stereo Uaglluu Compound w%auﬁy’amamwa”ﬂwmz
fineq Tddnyuessinieldndecians thseaziden
fanuniildainnisinuldiisuifisufuienans
masusynsdsmuiiieduunvias (Moriello et al,
2017)

6. MIIATIRIdaYaNHAR
Anszideyamuanuenton Tnsnsmd

Seuay wazn15IATIEIAN correlation essesazvin

aneuduun Soazyatengui waz¥osarnsindos
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Fe75 chi-square test pelUsnsu SPSS version
17.1 NszivtlvdAgn9ads P<0.05

NaLATITINANISIY

1. foyaiiugruresdninana
nsnnaesiliduidenuundiuiideduiun
fufivesyuvudivanain sunefies Sautn
uvansAY $1uru 81 degns Aiseslsavesseslsn
Ravilsiivsuenininainmsinidoslngannnsnss
Usududosiudonidar udrdnmeideyaiioatu
Wesidudvosuszang anewus e uazenguesuLIT
yhmsdmauaniivsusadeyaniel wuiuanas
stusiudlosihnniian fanafuasmaie sosasnfo
aneuggnuas Wugiuesidy wagiuguiudl fe 95.07,
2.47, 1.23 uag 1.23% aua1iu Ingundusanuging
LLauaﬂmamwuﬂwaumuqummsumsaaﬂlﬂmmmu
uanmumnmwwuﬁauﬂ FangRnssudananaiunniei
Ann1suimiduannnisdediu n1sinlsarie) aiuun
u Tsn1nides Tnslanzegrsdadoniidelsely
szuumaLAumela uazdesiinelsaianida (Moore,
2007) Faftaenndestunanisideluadsiliinuiiun
ftuslneuasiusinegnuaunuiosasmsfinidosingu
aelena ldur Wes1 Aspergillus spp. 1AnInEne
fiugdu eghadidoddymieada (P<0.05) fauandly
Table 2
Woesidudvesanguindidisandsd uisendu 6
439078 D 99 Kitten (WINLAR-6 tiaw) ¥39 Junior (7
Wou-2 U) 923 Prime (3- 6 U) 439 Mature (7-10 U)
434 Senior (11-14 T) wagd Geriatric (11And1 15 U)
wan1sdsInUIITiegluriseny mature Sldun
ﬁqm AD 39.51% 5898441 LALA LUITIS Prime,
Junior, Senior, Kitten wag Geriatric ganuninu 20.99
(17/81), 18.52 (15/81), 11.11 (9/81), 6.17 (5/81) way
3.70% (3/81) audu lneuniuuinuginewsalne
gnuauazdwgAnssuniseenluiieniauuentiueg
athiawe Tnsanzegadausnieglutisiojuuazdig
foadiugasdngnssunardinnniunludisey
3uq Fenseenlduentuiiunedeidmaldinany
qmmamaswma wu nslisuuiniiuannisaediu

7

Uil 15 atiuil 2 nsngrau - $uaneu 2561

nshnidedinelsane 1wy Tsanetd Tsnanidelasa
wuAfiSe uaziesn Wudu (Moore, 2007) Ssaonndes
funan1sifeluadsifiinuiniiogluastoquuas v
L3NG wu¥ouaznsinos Asperallus  spp.
mmdwﬁaamq?ﬁuq aglitd1AyN19ada (P<0.05)
Aankandly Table 2

2. nsUsafiudnuaizseslsafiiaviiedenian

nmsivdoyauaznsuseiliuanimionis
FrennUalusuanageuriiun Tnsamzegiedaly
wnfiRmvidniauadetuseslsafamilsiiinginnis
Anudogatn Insdnunuzsoslsnaniinmany fo ms
INLAUVDININTI YUTW FONVUDNLAU HINTILAT WA
fin1siinaziinfnn nan1sd1I9NUIMLIEBIUG
o aewusuan wwiiflymidedsafmdannnii
nauBu Fauandly Fig. 1-A uonniluuanuiseiads
wudnwarveswusIndulg fisendn Ringworm waxdl
azifindaunsang dauuinaveuinnuduiing (@
inzdunisiaidosiminngs dermatophytes 8
pghatiTe Microsporum canis, M. gypseum Wag
Trichophyton mentagophyte (Brilhante et al,,
2003; Charles, 2009; Hobi et al., 2011; Hofffmann
et al,, 2014, Ahmadi et al.,, 2016; Frymus et al.,,
2013) uslunisiteadsildlfnaasunuiosingu
Fanarumszdeddermsiioutosdriinguy Tne
Un@insiinalsaiaviialunus Tnsanizegnedalsa
ﬁmﬁf&ﬁLﬁmmnmiams’ﬁamﬁﬂwmfﬁamL%@LLUUUN@@
199319018 W3D199NSEITITINE Mndinnshia
L?gaﬁlmmmmmimﬂﬂé‘ﬁﬂlw6’] Fvauda 1wy n1s
sniavvesmiaiissdntieesauiuvusie azvirliuan
fudushinlsauazanansounsideliusauladu
98197 (Barrs and Talbot, 2014; Hartmann et al,
2013; Carlotti et al., 2010)

3. Yauazvauiasn Aspergillus spp. Ansrawuly
e YNTET)
PnMsNAaBINUIII LR seelsadi
Ramils Fafusegnmunnitomzmaiinveaies
Aspergillus spp. finalsaRavils TneUseiiuaindnuey
nsiasuAule UT19n99 Snvawvedelaiivenies
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agvaziBuAmun U marn18linaeIgansIal wan
thswaundentomedildannsanuluSeuiioutu
lenansveiusynsIis e s uunainios wui
wfidseRnges iy 75.31%  (61/81)  wen
sondudesvia Aspersillus  spp. WU 64.20%
(52/81) wazafindus Andu 11.11% (9/81) Fauansly
Table 1 uag Fig. 1-C, 1-D uana NI NUIMIEE
stugiudlosing e fflongeag 7-10 U drsramufes
asmiam‘%aiﬂwaﬂ Aspergillus  spp. mﬂﬁqmﬁa
Wisuilsuiunuingudug egrdidodifymisaia
(P<O. 05) mmJauamﬂmamwuaamﬂamﬂumsmu
mimwmummmmmmﬂmmwmmmﬂﬁmwa
s1iRavidslunga non-dermatophyte  ludnfidesd
s1e0ulag Sierra et al. (2000) Aind1rianansauen
Talatlvondesuuianddunniitdamunisaiulsa
SEUUNANAUUNNTBIYBIT19NY LU 13A feline
immunodeficiency virus (FIV) %38 feline leukopenia
virus lannda 97.60% (83/85) Tneuenwiinveatosi
1 common fungal Taun adin Asperg/ us spp.
whity 59.30% esnidesinguilifudesnguais
TemaiineliAnlsafmidludniidswazdmuindon
nauiivsaneiuisnolseluszuumadumelaludn
1§8née TneneliiAnnssniauvesden esannis
anmuetadosveadosndluluinene dulvajanin
Turuvedniszuugiiduiuvesinenied lneviai
Wumﬂﬂﬁ'qmﬁddmiﬁ fio A. fumieatus, A. flavus, ez

A. niger  AUAIAU woNNHaINN551BUTS
Moriello and DeBoer (1991) naninasnsaueniios
NnvunTaunmAldiAY 79.00% (136/172) uas
éalﬂﬂﬁwﬁuLﬁaLLaﬂsaﬁmﬂuaaL%asmeju saprophytes
aunsansneanlaldunin Aspergillus, Alternaria,
Penicillium Wwag Cladosporium spp. Immm’?ﬁ’ﬂﬁ
naausanuiesInandlaludnsinisinide
wnniiindun

weghslsinulunisdneindeinisnasisels
Usziiuanizseslsaiintuusnaiandue
wint uililldusaidulsedug wu Tsa AV Sadulsei
denasiasyuugiauiuvessninelanas vinlvillena
amL%@iwﬁasﬂu?ﬁLLmﬁamlﬁdwasﬁu Tnelan1zogads
dosnquarelenia dadunisdanisdiuguoundfoiia
waznsldensndesfiflussansamiuassesusuves
FnituffunumsegnmilslunsanUsinasiuiuie
sraslunsnelsaludnils Tnoanizegedelununiia
sruugidufuunnsemIefityuiieaduguaimn
desnidenilegitiluluenalasanizadesasiu
dniAssidtgmiuszuunidutuniedulsngiub
msvaNEsSnUEIenTlE YU eUS T
L%aswagjmﬂ Wy Undiiiuazesdens N135EUNe
mmﬂhﬁﬁﬂﬁaﬂai‘mmL%@iﬂﬂimwagﬁwmﬂ?u
Whnisuiududu

Table 1 Percentage of domestic cats (binomial nomenclature) with Aspergillus—cultured positive in Talad sub-

district, Muang district, Mahasarakham province

[tems

Number of sample

Percentage (%)

Aspergillus-cultured negative samples 20 24.69 (20/81)

Aspergillus-cultured positive samples 61 75.31 (61/81)
1. Aspergillus spp. 52 64.20 (52/81)
2. Others 9 11.11 (9/81)

Total 81 100.00

" P<0.05
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Table 2 Prevalence of Aspergillus spp. in cats in relation to different factors in this study

ltems Percentage (%)

Breed DSH breed 62.96 (52/81)
Mixed breed 1.23 (1/81)
Persians breed 0.00 (0/81)
Khao Manee breed 0.00 (0/81)

Sex Male 4198 (34/81)
Female 22.22 (18/81)

Age Kitten (birth - 7 months) 2.47 (2/81)
Junior (7 months - 3 years) 6.17 (5/81)
Prime (3 - 7 years) 17.28 (14/81)
Mature (7 - 10 years) 30.86 (25/81)
Senior (11 - 14 years) 6.17 (5/81)
Geriatric (> 15 years) 1.23(1/81)

* P<0.05

Fig. 1 Pictures of this study were; A : furs collection site in cat; B : filter paper position on agar plate and

C : colony morphology of Aspersgillus spp. grown on PDA
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