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The Impact of El Nifo and La Nifia Phenomenon on Rainfall, Temperature and

Stream Flow to Water Management Approach for Sustainable Agriculture

Piyapong Tongdeenok’

Department of Conservation, Faculty of Forestry, Kasetsart University, Bangkok, Thailand.

Abstract

The objectives of this research were to study variation and comparative analysis of rainfall,

temperature and stream flow under El Nino and La Nina phenomena. The methodologies were conducted
by a retrospective study. The source of rainfall and temperature were belong to Thai meteorological
department while stream flow measurement was belong to royal irrigation department and department of
water resources during 1951 to 2009 at difference typical watershed as Mae Taeng, Choen and Khlong Yan.
All data were to study variation by trend analysis and comparative analysis between El Nifo and normal
years, La Nifa and normal year among three conditions as annually, wet period and dry period by
independent samples t-test with statistical significance at the 0.05 level. The results of variation analysis
showed that the annually average of rainfall at Mae Taeng, Choen, and Khlong Yan watersheds were
1,100.70, 1,320.84 and 1,960.84 millimeters. The annual average of temperature at Mae Taeng, Choen and
Khlong Yan watersheds were 25.30, 26.81 and 26.92 degree Celsius. The yearly average of stream flow at
Mae Taeng, Choen and Khlong Yan watersheds were 493.05, 1,621 and 11,106.50 million cubic meters.
The results of com parative analysis showed that not significantly different during El Nino and La Nina
phenomena in all comparison except rainfall in during a wet period of comparison between La Nifa year

and normal year in Khlong Yan watersheds had a significance difference level of 0.05 (p-value = 0.031).

Keywords : The Impact of El Nifo and La Nifna Phenomenon, Rainfall Amount, Air Temperature, Stream Flow,

Water Management and Sustainable Agriculture
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Comparison of Trees Diversity and Local Utilization among Yang Choom Forest

and Rahan Forest, Mueang Surin District, Surin Province

Somchaya Sritram’

Department of Landscape Technology, Faculty of Agriculture and Technology, Rajamangala University of
Technology Isan Surin Campus, Surin 32000, Thailand

Abstract

The comparison of trees diversityand local utilization,this studyto know of trees diversity, important
value index of species and family, species diversity, percentage of similarity andlocal utilization of trees
among Yang choom forest and Rahan forest. The results showed that, Yang choom forest had 434 plants
which were identified into 39 species and 21 families. The 5 first Important value index of tree species are
Kluai noi, Krabak, Krai, Phok and Pha with IVI equal 49.30, 38.73, 32.37, 28.21 and 21.62 respectively and
diversity index were 2.78. Rahan forest had 536 plants which were identified into 41 species and 24 families.
The 5 first important value index of tree species are Yang hiang, Lam duan, Pha yom, Teng and Phok with IVI
equal 43.02, 39.03, 35.42, 30.46 and 23.37 respectively and diversity index were 2.87. The both forest are
similar of the first 3 dominant families based on the important value index were Dipterocarpaceae,
Annonaceae and Fabaceae and the community similarity index were 36.16% with 24 species of the same
kind of the total 56 species. All species are used for local utilization; the highest of local utilization are herbs
followed by foods, build a house, residential building, agricultural tools, home appliances, dyeing plants,
fuels, other and ornamental plants respectively. These two forest also contribute to the farmland of the
surrounding community, absorbs rain water as nature intended, the surrounding agricultural areas and soil in
the area is humidity and there is a water source in the forest community are available throughout the year,

positive impact on the community's agricultural areas.

Keywords: Species diversity, Importance value index and Herb
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dominance; RDo) (Kiratiprayun, 2013)
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2.2 ANAUNAINTA18UDRATUG (species
diversity) 489 Shannon-Weaver Index : H’ ﬁqmmi
AR
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H’ - -5 (Pi) (In Pi)
i =l
ng H = aArsviialnuvainvatgvessia

g
Pi = dadiusgwingduusuldyda i fe
Sruudulsi e
S = Snuviatugliimun
Ln = a9n37INsssuYIf

2.3 mmmaﬁ%aua%wﬁmﬁuﬁ: (evenness
index : E) ﬁqmmiﬁwmmﬁaﬁ
E= H
(n(s)
g H’ = Shannon- Weaver Index
S = Srueiaiugliome
2.4 AN5YATVBIAMULRADU/AULANATS
(percentage of similarity/dissimilarity) lag dan slu
IR (Kiratiprayun, 2013)
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1. 115ILASITHAITUNUILUUUASATINAUILU Y
Funns

U189 AU LU ULAT AU VUMY
FU9NS 10 DUAUWSN AD NA8UDY UAIURUILULY
LazANIULLELTIMSINATIgAYINT 0.0525 du/ms.
1., 19.35 muanfusesasife ns1e 0.0413 AU/MS.4.,
15.20 wan 0.0263 éf‘u/m.u., 9.68 nsgu1n 0.0200
FU/AT.4L, 7.37 UzAILA 0.0188 AL/AT.4l., 6.91 Nraau
0.0169 Fiu/m3.41., 6.22 8190510 0.0163 AU/MT.4., 5.99
graLiios wazninTun 0.0106 Au/ns.y., 3.92 LAy
fanat 0.0081 A/ms.al., 2.99 AUAIGU

U158m150AMUAUILUULAE ANAULUY
Fuinsveslddu 10 duduLsnAe a1a3u AA21Y
vukduLaga MU kiuduivsuniae wiifu
0.0663 A/A5.4., 19.78 AIUAINUTDIAIIAD 819LiA819
0.0350 Au/M3.41., 10.45 wewou 0.0331 AU/AT.4., 9.89
wan 0.0288 A1/M3.4l., 8.58 Lie 0.0281 Aiu/ms.4l., 8.40
wznonLdeu 0.0213 FU/A5.4., 6.34 wilealan 0.0206
Fu/n3.40., 6.16 AIUAT 0.0106 F1U/AT.91., 3.17 ELR
0.0106 fiu/n3.3., 3.17 wazuzyin 0.0088 AU/AT.4.,
2.61 muUa1IAu

L1

2. M Tsianaiuazanudduing

thorsguilanuiuaganudduimsvedliidu
10 Suduwsn fie ndretes fArAudnazAiniud
FUNNS 78.13, 17.86 MNAIRU T898911FD Won 46.88,
10.71 n579 45.31, 10.36 UAMS 34.38, 7.86 NSLUIN
31.25, 7.14 91303519 29.69, 6.79 weyeu 23.44, 5.36
gnaifiea 21.88, 5.00 WTun 14.06, 3.21 wazianaUn
9.38, 2.14 fUANU

Ursemsfienuduazanudduinsvedlsisu
10 Susuusn fe d1mau fiArAnuduasanudduing
65.63, 11.80 AMNA1FU T0989U1AD 819489 59.38,
10.67 neepy wavivionlan 48.44, 8.71 NONLALLAS
42.19, 7.58 mﬂam?{au 35.94, 6.46 Weyd 26.56, 4.78
(??au,m 18.75, 3.37 ugNIA UTRINIMUILAZATLUN
15.63, 2.81 fNUAGU

3. ATAATITHAIULAY LAZAUAUTUANS

U919 guiANUAY (95.930./R5.41.) WAAIY
wuduimsvealdiu 10 dusuwsnAe nszuIn AA1Au
LAULAZAULAUENNNG 7.01, 24.22 AUEIAU T8989
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fio Naletioy 3.50, 12.09 8190510 3.07, 10.62 Weeoll
2.91, 10.05 190514 2.28, 7.87 won 2.26, 7.82 N3y
1.97, 6.81 uzeug 1.36, 4.70 W1Iun 0.52, 1.81 uaw
Ngge 0.43, 1.48 MuaRy

Usemsiinnuaulazauauduimsuasld
u 10 Susuusn fie eradles Rdiuiinisn ns.au./
715.4. LA8TA1AIUAULALAMULAUFURNS 6.37, 21.89
AUBIFU 509898178 Wl 4.90, 16.82 A4 4.14,
14.26 193U 2.17, 7.46 wan 2.10, 7.20 MSﬂ@ﬂLgﬁJll
1.82, 6.24 weg 1.59, 5.47 nietiay 1.08, 3.72 nilen
Tam 0.73, 2.52 wazaysa 0.40, 1.39 aua1iu

4. M3BATIERAGYEANEIAY

NA19199 1 Urensgailasuianiuddgy 10

q
IS

JUAULTN AD nal8tes dA1A11ud1Agy 49.30
59989U1AD NTYUIN 38.73 N318 32.37 wWan 28.21
Nepou 21.62 819N91A 20.64 81LABY 19.53 UgAILA
19.47 wilun 8.94 uazsisanth 5.85 My dauld
Fuiifiandedaudidgdesiigade Lafia ddn
AUERY 0.63

YhsemsiiannudiAny 10 SUAULIN AD 819
Wi daAAud1Agy 43.02 9998911A9 612U 39.03
Weway 35.42 14 30.46 wan 23.37 uznaniden 19.05
willenlan 17.38 wegs 13.41 faund 7.46 uazndetos
7.36 sy ldudislendslanuddyosdiando
419117 fdAAudAgy 0.51

Table 1 Relative density (RD), Relative frequency (RF), Relative dominance (RDo) and important value index (IVI)

of the 10 first priorities of tree species in Yang Choom and Rahan forest

No Plant species

RD RF RDo VI

Yang Choom Forest

1 Kluai noi (Xylopia vielana Pierre) 19.35 1786 12.04 49.30
2 Krabak (Anisoptera costata Korth.) 737 714 2422 3873
3 Krai (Xylopia malayana Hook. f. & Thomson) 1520 1036  6.81  32.37
a4 Phok (Parinari anamensis Hance) 9.68 1071 782 2821
5 Pha yom (Shorea roxburghii G. Don) 6.22 53 10.05 21.62
6 Yang krat (Dipterocarpus intricatus Dyer) 5.99 6.79 7.87  20.64
7 Yang hiang (Dipterocarpus obtusifolius Teijsm. ex Mig.) 392 500 1062 1953
8 Ma kha tae (Sindora siamensis Teijsm. ex Mig. var.siamensis) ~ 6.91 7.86 470 1947
9 Wa khi nok (Syzygium ripicola (Craib) Merr. & L. M. Perry) 392 321 1.81 8.94
10 Mang chut pa (Garcinia costata Hemsl. ex King) 2.99 2.14 0.72 8.85
Rahan Forest

1 Yang hiang (Dipterocarpus obtusifolius Teijsm. ex Mig.) 1045 10.67 21.89 43.02
2 Lam duan (Melodorum fruticosum Lour.) 19.78 1180 7.46  39.03
3 Pha yom (Shorea roxburghii G. Don) 9.89 871 1682 3542
4 Teng (Shorea obtusa Wall. ex Blume) 8.40 758 1421 30.19
5 Phok (Parinari anamensis Hance) 8.58 7.58 7.20 2337
6 Ma kok lueam (Canarium subulatum Guillaumin) 6.34 6.46 6.24  19.05
7 Muead lot (Aporosa villosa (Wall. ex Lindl.) Baill.) 6.16 871 252 17.38
8 Pha yung (Dalbergia cochinchinensis Pierre) 3.17 4.78 547 1341
9 Tio dang (Cratoxylum formosum (Jacq.) Benth. & Hook. f.

ex Dyer subsp. pruniflorum (Kurz) Gogelein)

10 Kluai noi (Xylopia vielana Pierre)

3.17 3.37 0.92 7.46

1.68 1.97 3.72 7.36

Remark: Scientific name (Smitinand, 2014)
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Fig. 3 Important value index (IVI) of the 5 first priorities of tree family in the study area

Table 2 Shannon and Weaver index (H’), Evenness index (E) in Yang Choom and Rahan forest

List Yang Choom Forest Rahan Forest
Species richness 39 a1

Total abundance 434 536
Shannon and Weaver index (H’) 2.78 2.87
Evenness index (E) 0.76 0.78
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Table 3 Local utilization in Yang Choom forest and Rahan forest

Plant species H F B D Ho A Fu ) Etc. Yang Choom Rahan
Arang v v v

Cha muang v v v

Cha nuan v v v v
Chang nao v v v v v
Chiang phra nang ae v v v

Chong kho v v v v
Kam phaeng chetchan v v
Kan krao v v v

Kham mok noi v v v v
Khan thong phayabat v v v v
Khang v v
Kho laen v v v

Kluai noi v v v v
Krabak v v

Krabok v v v v v v
Krathum v v
Krai v v v v
Kruai pa v v v
Lam duan v v v v v v
Ma duk v v v v

Ma hat v v v v v v v v v
Ma huat v v v v v v
Ma kha tae v v v v v v
Ma kok lueam v v v v
Ma kok nam v v v

Ma muang pa v v v NG
Ma mun v v
Maha ka nang v v
Mang chut pa v v v v
Mi men v v v

Mok man v v v

Muead lot v v v v v
Nang dam v v v v v
Ngio pa v v v
Pha yom v v v v v
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Table 3 Local utilization in Yang Choom forest and Rahan forest (continue)

Plant species H F B D Ho A Fu o] Etc. Yang Choom Rahan
Pha yung v v v v v v
Pha ung v v v

Phan chat v v v

Phlap phla v v v v
Phlong mueat v v v v v v v
Phok v v v v v v
Pradu pa v v v v v v v v v
Rak khi mu v v

Rak yai v v v v v v
Rang v v v v v
Sadao v v v v

Sadao thiam v v v v v v
Samet v v v

San yai v v v v v v v
Tako na v v v v v v v v
Teng v v v
Tio dang v v v v v
Tio kliang v v v v v v v
Wa khi nok v v v v v
Yang hiang v v v v v v
Yang krat v v v v v v v

Remark:H = Herbs, F = Foods, B = Build a house, D = Dyeing plants, Ho = Home appliances,
A = Agricultural tools, Fu = Fuels, O = Ornamental plants and Etc. = Other

Local utilization

Other 1 |

Ornamental plants ]

Fuels 1 1 @ Yang Choom

Agricultural tools
8 ] ORahan

Home appliances ]

Dyeing plants ]

Build a house i

Foods I

Herbs ! ]

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Number of plants (species)

Fig. 4 Local utilization of trees in Yang Choom forest and Rahan forest
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Efficacy of Trichoderma harzianum for biological control of white rust disease

caused by Albugo ipomoeae-aquaticae in swamp morning glory

Krongjai Somrug and Angkana Teanglum

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

Abstract

The objective of this research was to use Trichoderma harzianum for the control of white rust disease
of swamp morning glory. The experiment was set as randomized complete block design (RCBD) with four
treatments and four replications per treatment at Department of Plant Science, Faculty of Agricultural
Technology, Sakon Nakhon Rajabhat University during October to December, 2013. Four treatments
comprised of 1) seed dressing with T. harzianum 2) soil broadcasting with Trichoderma-compost mix 3) plant
spray with T. harzianum and 4) Trichoderma-untreated control. The results revealed the T. harzianum
effectively controlled white rust of swamp morning glory. Only 5% of white rust was found on plant in the
field treated with Trichoderma-compost mix. This disease incidence was significantly lower (P< 0.01) when
compared with the untreated control (16.25%). All Trichoderma treatments increased height and yield of
swamp morning glory. At 35 days after planting, the highest plant growth with 31.9 cm. in height was found
in the Trichoderma spray treatment. The yield fresh weight from Trichoderma treatments were 2.47-2.67

kg/m?’, while 2.37 kg/m” of fresh weight was found in the untreated control.

Keywords: Swamp Morning Glory, Trichoderma harzianum and White Rust Disease
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A. ipomoeae-aquaticae

Table 1 Disease incidences of white rust on swamp morning glory (n=80)

Treatment

Day/Disease incidence (%)

30 35
seed dressing with T. harzianum 7.5042.88" 10.00+4.08°
T. harzianum —compost mix 3.75+2.50° 5.00+0.00°
T. harzianum spray 3.75+2.50° 7.50+2.88°
T. harzianum untreated control 11.25+4.78° 16.25+4.78°

p-value 0.002 0.005

Remark: Means (+SD) with a column followed by the different letter are significantly different at (P<0.01) by

DMRT
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LANANAUNINEDR (P>0.05) 69 Table 2

Table 2 Plant heights (mean+SD) of swamp morning glory grown in field and treated or non-treated with

Trichoderma harzianum (n=80)

Day / Plant height (cm.)

Treatment 10 15 20 25 30 35
seed dressing with 7. 8.3+0.59 13.1+1.77 17.8+3.03 22.7+3.04 28.842.96  31.5+4.20
harzianum

T. harzianum - 8.3+1.20 12.6+2.47 17.8+3.35 21.842.92 28.1+3.15 31.1+3.88
compost mix
T. harzianum spray 8.3+0.71 12.3+0.79 16.7+1.55 21.0+£1.25 28.0+2.226  31.9+3.01
T. harzianum 7.9+0.46 12.0+2.15 16.3+3.17 20.4+3.48 26.7+3.40 30.6+4.42
untreated control

p-value 0.726 0.743 0.617 0.520 0.245 0.774

Remark: Non- significant difference was found in each column at (P>0.05) by DMRT
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Table 3

Figure 2 Yields of Swamp morning glory at 35 days after planting: T1 (seed dressing with T. harzianum),

T2 (T. harzianum- compost mix), T3 (T. harzianum spray), and T4 (T. harzianum untreated control)

Table 3 Yield (means+SD) of Swamp morning glory grown in field and treated or non-treated with

Trichoderma harzianum

Treatment Fresh weight (kg/m?) Dry weight (kg/m?)
seed dressing with T. harzianum 2.67+0.39 0.35+0.06
T. harzianum -compost mix 2.5240.56 0.3340.08
T. harzianum spray 2.47+0.37 0.3240.08
T. harzianum untreated control 2.37+0.22 0.31+0.02
p-value 0.634

Remark: Non- significant difference was found in each column at (P>0.05) by DMRT
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Effective of Injection PGF20L Hormone for Treatment Abnormal Estrus Cycle in

Indu brazil Cross Breed Beef Cattle in Maha Sarakham Province

Sopon Lakornpol}, Sirirat Phomjareet! and Thanin Singkanya”

! Program in Animal nurse Faculty of Agricultural Technology, Rajabhat Maha Sarakam University,
Maha Sarakam 44000, Thailand
2Progrom in Veterinary Technology Faculty of Agricultural Technology, Rajabhat Maha Sarakam
University, Maha Sarakam 44000, Thailand

Abstract

The objective of this research was study injection PGF2O hormone for treatment abnormal estrus cycle
in Indubrazil cross breed beef cattle in Maha Sarakham province. The sample subjects were 20 abnormal
estrus cycle Indubrazil cross breed beef cattle. Results of the study found that in the group of 20 cows had
abnormal estrus cycle performance. The 14 cows had corpus luteum (average 70% (14/20)) when the bovine
veterinary practitioner used rectal palpation method detection.The 6 cows did not have corpus luteum
(average 30% (6/14)).The 14 cows in corpus luteum group were received injection PGF2Ql hormone. After
that about 3-5 days found that the 12 cows in this group into heat performance (average 85.71% (12/14)).
The 2 cows did not into heat performance (average 14.29% (2/14)). In this research, PGF2Q hormone can

solution abnormal estrus cycle problem cow that have corpus luteum on ovary more than 71.43%.

Keywords: Estrus cycle, PGF2A and Indubrazil cross breed beef cattle
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Research Article

Cell Viability and Cytotoxic Testing of Seventeen Asian Plant Extracts toward
MARC-145 Cells by MTT Assay

Kraijak Kaewprom®?", Chao-Nan Lin'?, Ming-Tang Chiou®?

JDepartment of Veterinary Medicine, College of Veterinary Medicine, National Pingtung University of Science
and Technology, Pingtung, Taiwan
“Animal Disease Diagnostic Center, College of Veterinary Medicine, National Pingtung University of Science
and Technology, Pingtung, Taiwan
3Progrom of Veterinary Technology, Faculty of Agricultural Technology, Rajabhat Maha Sarakham
University, Maha Sarakham, Thailand

Abstract

Porcine reproductive and respiratory syndrome (PRRS) is characterized by reproductive failure of
sows and respiratory problems of nursery and growing pigs. Present management strategies mainly focus on
the prevention of infection using vaccination but are not sufficient to prevention. Previous studies have
discovered a few natural compounds and compositions that have antiviral activities on PRRSV. Therefore,
the aim of this study is to evaluate the cell cytotoxicity effect of 17 Asian plant extracts on MARC-145 cells
using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assaybefore application to the
anti-PRRSV evaluation in vitro.The maximum non-cytotoxic concentration (MNCT) was used to determine
the 90% cell viability detection. The results showed that cytotoxicity of tested compounds were different
compounds on the same cell varied remarkably. Three compounds wereHouttuyniacordata, Artemisia argyi
and Pogostemoncablinhad a low toxicity with MNTC of 2 dilution. Eleven compounds were presented a
moderate toxicity witch MNTC ranged from 2°-2° dilution. While three compounds wereCurcuma longa,
Acorusmacrospadiceus (stem) and Acorusmacrospadiceus(leaf) had a high toxicity with MNTC of > 2
dilution. This study indicates that some compounds had not cytotoxicity on MARC-145 cells and may be

useful for future application to the anti-PRRSV evaluation in vitro.

Keywords: Plant extracts, MTT assay and cytotoxicity
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Introduction

Medicinal plants have a great potential for
producing new drugs for human benefit. According
to a report of World Health Organization, more than
80% of world’s populations depend on traditional
medicine for their primary health care needs
(Duraipandiyan et al., 2006). In general, natural
compounds constitute a major source of effective
pharmacological agents including, artemisinin,
antitumor, alkaloids, opiates, salicylates, etc.
(Rajbhandari et al., 2009; Mishra and Tiwari, 2011).
Hence, cytotoxic level of medicinal plants must
also be evaluated against host cells. The safety of
plants as a potential therapeutically agents must
be ascertained and the side effects should be
acceptable to the host (Morobe et al., 2012).
Therefore a determination of the cytotoxicity level
of any medicinal plant will reveal its safety as a
potential therapeutic agent. Bioactive compounds
with no or less toxic effect to the host are the good
candidates for formulation of drugs. /n vitro
cytotoxicity screening models provide important
preliminary data to help select plant extracts with
potential antiviral properties for future work.
Currently, the non-radioactive, calorimetric assay
system using MTT assay has been widely used for
evaluating cell viability in vitro. The assay measures
the conversion of MTT into purple-colored MTT
formazan by living cells and decrease in cellular
MTT reduction could be an index of cell damage
(Abe and Matsuki, 2000). Previous studies have
discovered a few natural compounds and
compositions that have antiviral activities swine
disease (Cheng et al.,, 2013). Consequently this
study determined the cytotoxic activities of
agueous extracts of seventeen Asian natural herb
extracts on MARC-145 cells by MTT assay in order

]
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to gauge their usefulness as potential candidates

for application to the anti-PRRSV evaluation in vitro.

Methodology

1. Reagents

Dulbecco's modified Eagle’s medium
(DMEM) (Sigma, USA) supplemented with 10% or
5% heat-inactivated fetal calf serum (FCS; Hyclone,
USA), 100 IU/ml Penicillin G and 50 upg/ml
Streptomycin  was used for cell growth or
maintenance medium. A 0.25% trypsin (Amresco,
USA) was prepared in pH 7.2 PBS. A 0.5% 3-(4,5-
dimethyithiazol-2-y1)-2,5-diphenyltetrazolium
bromide (MTT) (Amresco) was prepared in PBS (pH
7.4). These solutions were sterilized by a 0.22 ym
Millipore membrane filter and aliquots made for
future use. Dimethyl sulfoxide (DMSO) (Avator,
USA), methanol (Merck KGaA, Germany), aceton
(Merck KGaA, Germany), fluorescein goat anti-
mouse 1gG (H+L) (Sigma, USA), anti-mouse IgG
(whole molecule)-FITC, product in Goat, Affinity
isolated antibody (Sigma, USA). The DMEM,
fluorescein goat anti-mouse IgG (H+L) and anti-
mouse IgG (whole molecule)-FITC were stored at
4°C, whereas MTT and trypsin were stored at -20°C.
DMSO, methanol and acetone were stored at room

temperature.

2. Preparation of the natural plant extracts

The seventeen herbs (Table 1) were
cultivated in experimental field of Taichung District
Agricultural Research and Extension Station. Aerial
part of plants was harvested at maturity then
subjected to distillation immediately. Hydrosol was
collected using an Essential Oil Distiller (Kou-Chou
Instrument Co.). In brief, 10 kg of fresh leaves was

distiled with 30 L of water; the vapor was
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condensed to collected hydrosol until the volume
of hydrosol reached 2 L. Subsequently, the plant
extracts aliquot, stored at the room temperature

and prevent sunlight exposure.

3. MARC-145 cells culture

African green monkey kidney (MARC-145)
cells were cryopreserved at -196°C in DMEM
supplemented with a 10% fetal calf serum (FBS),
and 10% DMSO. Prior to use, MARC-145 cells were
suspended at concentrations of 5x10° cell/well in
96-well plates for MTT assay and IFA assay and
1x10° cel/ml 48-well plates for antiviral assay,
maintained in DMEM supplemented with a 10%
FBS, penicillin (100 U/ml) and streptomycin (50
pg/ml), were incubated 24 hours at 37°C with
5%CO; before added each compound to MARC-145

cells.

4. Cell viability and Cytotoxicity assay

Cell viability and cytotoxicity of 17 natural
compounds was investigated using a MTT assay
(Cheng et al., 2013). Briefly, each compound was
made by a 2-fold serially dilution. The MARC-145
cells were suspended in 100 pl of 5% DMEM in 96-
well plates. After 24 hours of incubation, 200 pl of
medium containing different concentrations of
each compounds was added to the each well,
followed by incubation for 72 hours. Medium
without any compound was used as a control. To
evaluate cell viability, 100 pl of MTT solution
(5mg/mL in NaCl) was added to the each well, then
incubated for 4 h at 37°C in a humidified
atmosphere containing 5% CO,. Subsequently, the
supernatant was removed and 100 pl of DMSO was
added to each well in order to dissolve the
formazan crystals. After gently shaking the plates
for 30 min, the absorbance was read on an ELISA

reader which is proportional to the number of
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viable cells, was measured at 570 nm using a ELISA
reader. The maximum non-cytotoxic concentration
(MNTC) was calculated as the concentration
required to retain cell viability by 90% (Chen et al.,
2010). The percentage of viability was calculated as
the following formula: % cell viability = (OD of drug-
treated sample/OD of untreated sample) X 100.

Four replicates were carried for each compound.

Result and discussion

1. Morphological changes

MTT method monitored using microscopy
were used to determine the MNTC of hydrosol
compounds in MARC-145 cells treated with
different concentrations of hydrosol compounds
72 hours. As shown in Figure 1, the cytotoxicity to
MARC-145 cells was closely related with the
concentrations  of  hydrosol ~ compounds.
Specifically, compared with cell only control of C.
longa, A. macrospadiceus (stem) and A
macrospadiceus (leaf) compound striated MARC-
145 cells displayed remarkable high toxicity by
morphological changes such as detachment of
monolayer, cell disruption, particularly
vacuolization,  granulation,  lyses,  pyknosis,
condensation, darkening of cell boundaries, and
cell detachment, similar Cheng et al., (2013) study
on In vitro screening for compounds derived from
traditional  Chinese medicines with antiviral
activities against porcine reproductive  and
respiratory syndrome virus.

However, we found that H. cordata, A.argyi
and P. cablin compounds were showed a low
toxicity with  MNTC from appeared a little
morphological change and high cell viability. In
addition, we found that some compound

promoted the high cell viability more than 100%
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such as C. sinensis, M. spicata (Fig. 2). These
compounds have chemical contents to exhibited
excellent antioxidant activity (Govindarajan et al.,
2012; Chen et al., 2010).

2. Cytotoxicity effect

Cytotoxicity assays are essential for the
initial phases of antiviral drug development. The
maximum non-cytotoxic concentration (MNTC) was
calculated as the concentration required to
retained cell viability by 90%. In this study, we
found that H. cordata, A. argyi and P. cablin were
showed a low toxicity with MNTC of 27 dilution.
Eleven compounds were C. sinensis, A. officinarum,
N. cataria, M. spicata, C. cassia, P. frutescens, V.
negundo, A. gramineus (Stem), A. gramineus (Leaf),
M. arvensis and A. galangal, were presented a
moderate toxicity witch MNTC ranged from 2°-2°
dilution. In addition, some extracts of many
dilutions had the % cell viability > 90 (Table 1 and
Figure 2).

While A macrospadiceus (stem), A.
macrospadiceus (leaf) and C. longa were showed a
high toxicity with MNTC of > 2™ dilution. The C.
longa is cultivated in tropical and subtropical
regions. Depending on its origin and the soil
conditions where it is grown, turmeric contains 2%-
9% curcuminoids indicates a group of compounds
such as curcumin, demethoxycurcumin, cyclic
curcumin and bis-demethoxycurcumin. Out of
these, curcumin is the major component, and cyclic
curcumin is the minor component (Priyadarsini,
2014). The volatiles from the leaves and rhizomes
of Acorus spp. found that methylchavicol (54.01%)
is the major constituent of A. macrospadiceus
essential oil and Nootkatone (15.92%)is the major
ketone in this essential oil (Huang et al., 2012).
However, the other chemical components in this

essential oil were different from those of the other

]
v

Uil 13 aduil 1 unsAu - quisu 2559

Acorus spp. (Du et al., 2008). In this results, we
suggested that the A. macrospadiceusand C.
longacompounds not suitable for MARC-145 cells
culture.

The cytotoxicity of hydrosol compounds
were found to be in a dose-dependent manner
with the concentrations employed (Figure 2).
Increasing concentrations of compounds  will
decrease the cell viability. However, when
decreasing concentrations of some hydrosol
compounds will high increase the cell viability such
as C. sinensis and M. spicata. C. sinensiscontain up
to 14% of total polyphenols and 7% of flavonoids
(Rana et al., 2015), constituents have stronger
antioxidant and antibacterial properties (Chen et
al,, 2011), and also M. spicata had good total
phenolic and flavonoid contents. It exhibited
excellent antioxidant activity (Kanett et al., 2007;
Snoussi et al., 2015; Govindarajan et al., 2012). We
know that an antioxidant is a molecule that inhibits
the oxidation of other molecules. Oxidation is a
chemical reaction that can produce free radicals,
leading to chain reactions that may damage cells
(Aruoma et al., 1999; Adiguzei et al., 2009).

Conclusion

This study indicates that the 3 compounds
showed strong toxicity while the 14 compounds
had a low - moderate toxicity on MARC-145 cells.
We suggested that the compound showed high
toxicity not suitable for MARC-145 cells culture but
low-moderate toxicity compounds will be used to
application on anti-PRRSV in the future research. In
addition, also some compounds promoted cell

viability.
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A: MARC-145 cells (Control) B: MARC-145 cells (Compound)
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Fig. 1 Cytotoxicity tested of extracts on MARC-145 cells; the cytotoxicity of compounds on
Marc-145 cells was in a dose-dependent manner. MARC-145 morphological changes were
observed daily and were photographed using a microscope at a magnification of 100x.
A: control group; MARC-145 cells normal morphological shape and B: compound group;
MARC-145 cells underwent more morphological changes such as lyses, granulation,
pyknosis, condensation, vacuolization in the cytoplasm, darkening of cell boundaries and
cell detachment

140
=&~ Curcuma longa

=4~ Camellia sinensis
320 —d—Perilla frutescens
====Nepeta cataria

100 B Ginnamonum cassa

% Cell Viability (Mean)

Houttuynia cordata

Alpi galang:
1 2 3 ) 7 8 9 10 1 PR gRang

5 6
Dilution log2 ——Pogostemon cablin

Fig. 2 Effect of 17 Asian plant extracts on the viability of MARC-145 cells based on MTT assay.
The % cell viability of Marc-145 cells was calculated as the concentration required to
retained cell viability by 90% in a dose-dependent manner which clearly indicated that
the cytotoxicity of different compounds on the same cell varied remarkably. The results
represent mean = SEM, n = 4
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Table 1 The cytotoxicity results of 17 Asian herb extracts at 2 fold serially dilution in MARC-

145 cells after 72 hours of incubation.

Maximum non-cytotoxicity concentration

No. Herbs
(Dilution log2)

1 Camellia sinensis 2
2 Curcuma longa >
3 Alpiniaofficinarum 2°
4 Nepetacataria 2°
5 Menthaspicata 2°
6 Cinnamomum cassia 2°
7 Perillafrutescens 2°
8 Vitexnegundo 2°
9 Acorusmacrospadiceus(Stem) >
10 Acorusmacrospadiceus(Leaf) >
11 Acorusgramineus(Stem) 2°
12 Acorusgramineus(Leaf) 2°
13 Houttuyniacordata 27
14 Artemisia argyi 2°
15 Menthaarvensis 2°
16 Alpiniagalanga 2°
17 Pogostemoncablin 2?
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Research Article

Effects of Supplementation of Exogenous Fibrolytic Enzyme Enhances on Gas
Production, Digestibility and Rumen Fermentation of Rice Straw by Using

In vitro Gas Production Technique

Chantira Wongnen, Chalong Wachirapakorn* and Naphongphot Suphrap

Department of Animal Science, Faculty of Agriculture, Khon Kaen University, Khon Kaen 40002, Thailand

Abstract

This study was conducted by using an in vitro gas production technique to study the level of enzyme

supplements. Dietary treatments were total mixed ration without (control) and with exogenous fibrolytic
enzyme (EFE) supplementation at 250, 500 and 750 mg/kg DM, respectively. The in vitro dry matter
digestibility (IVDMD), /n vitro organic matter digestibility (IVOMD), metabolizable energy (ME), ammonia
nitrogen (NHs-N), total digestible nutrient (TDN), the partitioning factor of incubation (PF) and microbial crude
protein (MCP) at 24 h. after incubation of EFE supplementation at 500mg/kg DM diets was higher than control
group and EFE supplementation at 250 and 750mg/ks. This result confirmed that EFE supplementation at
500 mg/kg DM was the suitable level to enhance fiber degradation and improve energy density and end

product of fermentation of TMR with 50% rice straw and 50% concentrate.

Keywords: Exogenous fibrolytic enzyme, Rice straw and In vitro gas production technique
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Introduction

Tropical feed resources, predominantly
low-quality roughages and agricultural crop-
residues are of major importance for ruminants.
These feedstuffs show significant relationships
with rumen microbial ecology and rumen
fermentation arrangements (Wora-anu et al,,
2007). Animal feed ingredients could deep
impact on ruminal fermentation, specifically
the roughage sources, their physical form and
relevance of microbial end-product (Wanapat
et al., 2000). Rice straw is main roughage source
for ruminants in Thailand. Generally, rice straw
is low in protein, energy and low digestibility.
Structural carbohydrates are those that are
resistant to the ruminant’s digestive enzymes.
Neutral detergent fiber (NDF) is fewer digestible
than non-fiber carbohydrates (Safari et al,,
2011); therefore, NDF content in animal feeds or
diets is strongly negatively correlated on the
release rate of nutrients. Due to low digestibility
of NDF by ruminants, amount of forage intake
have been limited by NDF content in roughage.
Concentrate were used to full fill the energy
requirement in ruminants. However, presently,
energy sources (cassava chip and corn) were
used by another industry, ethanol, together and
costs of energy sources were higher. Increasing
the proficiency with which the ruminal micro
biota degrades roughage significance to increase
energy available and decrease feed cost.

Several previous studies showed that
exogenous fibrolytic enzymes have been used

to improve the nutritive value of fiber-rich diets
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and the performance of cattle (Kung et al., 2000;
Elwakeel et al., 2007), sheep (Cruywagen and
van Zyl, 2008), and goats (Titi, 2003). Moreover,
supplementation of exogenous fibrolytic
enzymes (cellulase and xylanase) resulting to
increase voluntary feed intake, digestibility of
nutrient content, ruminal fermentation and
animal production performance in ruminants.
Therefore, the objectives of this trial will be
investigated the use of exogenous fibrolytic
enzyme (EFE) to improve feed efficiency of rice

straw in ruminants.

Methodology

This experiment was operated by using
an in vitro gas technique at several incubation
times. The experimental design was conducted
by using Completely Randomized Design (CRD).
Basal diet was 50:50 rice straw and concentrate
for total mixed ration (TMR) fed. Four dietary
treatments were diets without exogenous
fibrolytic enzyme supplementation (control)
and with exogenous fibrolytic enzyme
supplementation at 250, 500 and 750 ¢/1,000
ke DM, respectively.

The feed samples (200 mg) were
incubated in 40 ml serum bottles essentially
by the procedure of Makkar et al. (1995). The
feedstuffs with and without exogenous
fibrolytic enzymes agents were incubated in
triplicate. The rumen fluid and particulate
matter were collected before the morning feed
from two dairy cattle fed on a roughage diet,
homogenized, strained and filtered through

four layers of cheese cloth. The glassware used
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was kept at approximately 39°C and flushed
with CO; before use. The rumen fluid (660 ml)
was added to warm (about 39°C) and reduced
medium consisting of 1095 ml distilled water,
730 ml rumen buffer solution (35.0 ¢ NaHCOs
and 4 g NHsHCO3 made up to 1 litre with
distilled water), 365 ml macro-mineral solution
(6.2 ¢ KHyPQOq, 5.7 ¢ NayHPOq, 2.22 ¢ NaCl and
0.6 ¢ MgSOqs ™ 7TH,0 made up to 1 litre with
distilled water), 0.23 ml micro-mineral solution
(10.0 ¢ MnCl," 4H;0, 13.2 ¢ CaCl, " 2H,0, 1 g
CoCly " 6H,0, 8.0 g FeCl," 6H,0O and made up
to 100 ml with distilled water), 1 ml resazurine
(01 ¢ made up to 100 ml with distilled water)
and 60 ml freshly prepared reduction solution
containing 580 mg NazS " 9H,0 and 3.7 ml 1 M-
NaOH. The mixture was kept stirred under CO,
at 39°C using a magnetic stirrer fitted with a hot
plate. A portion (40 ml) of the rumen-fluid
medium was transferred into each syringe and
incubated in incubator at 39°C.

Dietary treatments were analyzed for
DM and Ash using the procedure of AOAC
(1997), NDF and ADF according to Van Soest et
al. (1991).

The gas production was recorded at 0,
1, 2, 4, 6,8, 12, 18, 24, 48, 72 and 96 h of
incubation. Cumulative gas production data
were fitted to the model of Drskov and
McDonald (1979) as follow

Y=a+b(l-e%
where a = the gas production from the

immediately soluble fraction, b = the gas
production from the insoluble fraction, ¢ = the

gas production rate constant for the insoluble
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fraction (b), t = incubation time, (a+b) = the
potential extent of gas production, y = gas
production at time 't". At 24 and 48 h post
inoculation a set of sample was determined in
vitro true digestibility according to Van Soest
and Robertson (1985). The true digestibility was
used to calculate microbial mass according to
the method of Blummel et al. (1997)

Metabolizable energy (ME, MCal/kg DM),
the partitioning factor of incubation (PF), gas
yield (GY24), short chain fatty acid
concentrations (SCFA) and microbial crude
protein  (MCP) biomass production were
mentioned in  Salem et al  (2015).
Metabolizable energy (ME, MJ/kg DM) and in
vitro organic matter digestibility (INVOMD, g¢/kg
OM) were estimated according to Menke et al.
(1979) as: ME=2.20+0.136GP (mL/0.5 ¢ DM) +
0.057CP (g/kg DM), where, GP is net GP in mL
from 200 mg of dry sample after 24 h of
incubation.

The partitioning factor of incubation (PF; a
measure of fermentation efficiency) was
calculated as the ratio of DM degradability in
vitro (DMD, mg) to the volume (mL) of GP at 72
h according to Blummel et al. (1997). Gas yield
(GP24) was calculated as the volume of gas
(ml/g DM) produced after 24 h of incubation
divided by the amount of DMD (g) as: Gas yield
(GY24) = Gas (ml/g DM)/DMD (g)

Short chain fatty acid concentrations
(SCFA) were calculated according to Getachew
et al. (2002) as: SCFA (mmol/200 mg DM) =
0.0222GP-0.00425, where, GP is the 24 h net gas
production (mL/200 mg DM).
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Microbial CP biomass production was
calculated according to Bliummel et al. (1997)
as : MCP (mg/g DM) = DMD (mg) - Gas (mL)x2.2
(mg/mL), where, 2.2 (mg/mL) is a stoichiometric
factor which expresses mg of C, H and O
required for production of SCFA gas associated

with production of 1 mL of gas.

Statistical analysis

All data were analyzed as a Completely
Randomize Design using the general linear
procedure in PROC GLM of SAS (1996). The
significant group differences were compared by
Duncan’s New Multiple Range Test and
orthogonal polynomial contrast (Steel and

Torrie, 1980)

Results and Discussion

The chemical composition

The chemical compositions of dietary
treatments are shown in Table 1. Results of the
proximate analysis showed the crude protein
content in rice straw is 3.0%, 93.9% OM and
1.2% EE of dry matter basis. This results
similarly reported by Napasirth et al (2012)
who reported the untreated rice straw contain
3.8% CP of dry matter basis. Moreover, forage
fiber analysis for rice straw in this experiment
are showed that the rice straw contained 80.7%
NDF, 53.0 %ADF and 5.7 ADL. According to
Togtokhbayar et al. (2015) who found that
wheat straw contain more than 70% NDF on a
dry matter (DM) basis, with less than 40% total
digestive tract digestibility of the NDF, even
under ideal feeding conditions (NRC, 2001).

Table 1 The chemical composition of dietary treatments

Chemical composition, % of DM basis

DM, %
oM Ash Ccp EE NDF ADF ADL
Concentrate 96.3 93.4 6.7 11.0 1.1 33.2 11.4 3.6
Rice straw 93.8 93.9 6.1 3.0 1.2 80.7 53.0 5.7

DM = Dry Matter, OM = Organic Matter, CP = Crude Protein, EE = Ether Extract
NDF = Neutral Detergent Fiber, ADF = Acid Detergent Fiber, ADL = Acid Detergent Lignin

Gas production and gas characteristic

There were no effect (P>0.05) of EFE
supplementation at doses of 0, 250, 500 and
750 mg/kg diets on the fermentation of the
soluble fraction (a) (3.84, 2.95, 3.14 and 2.72
ml/0.2 ¢gDM), the fermentation of the insoluble
fraction (b) (50.4, 50.4, 49.7 and 51.1 my/0.2
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gDM), rates of gas production (c) (0.06, 0.057,
0.055 and 0.057 ml/h), potential of gas
production (54.5, 53.4, 52.8 and 53.9 ml/0.2
¢DM) and gas production at different incubation
times (GP2, 4, 6, 8, 10, 12, 24, 36, 48, 72 and 96)
(Table 2, Fig. 1). These results agree with Salem
et al.,, 2015) who reported that treatment with
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exogenous fibrolytic enzymes had no effect
neither on parameters of GP nor on in vitro
degradation and pattern of fermentation and

no effect of dietary enzyme supplementation

on ruminal fermentation parameters was also
noted in other studies (Beauchemin et

al.,1999).

Gas production

60

50

40

e Control

30

e FFE 250 mg/kg
EFE 500 mg/ke

Gas production (ml.)

20

e EFE 750 mg/kg

10,

0 12 24 36

h. after incubation

60 72 84 96

Fig. 1 Effect of exogenous fibrolytic enzymes (EFE) on gas accumulation of dietary treatments

However, GP6 (P<0.05) was cubically
decrease (P<0.01) and GP4 was linearly
decrease (P<0.05) with increasing level of EFE
supplementation. Cumulative gas production
volume at 4 and 6 h. after incubation was
decreased by supplementing EFE, this result
suggests that EFE supplementation was released
more reducing sugars from forage (Colombatto
et al,, 2003) and can promote a greater flow of
carbon for volatile fatty acids and/or microbial

protein synthesis (Mendoza et al., 2014).

In vitro degradability and rumen metabolites
The in vitro fermentation profiles are

presented in Table 3. There were significantly
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different of EFE supplementation for in vitro dry
matter digestibility (IVDMD, P<0.01), in vitro
organic matter digestibility (IVOMD, P<0.05),
metabolizable energy (ME, P<0.05), total
digestible energy (TDN, P<0.05), the partitioning
factor of incubation (PF, P<00.5), the gas yield
(GY, P<00.5) and microbial crude protein
production (MCP, P<0.05) at 24 h. after
incubation, with no effect on ammonia-
nitrogen (NHs-N) and short chain fatty acid
concentration (SCFA, P>0.05). Moreover, there
were no effect (P>0.05) of treatments on all

parameter measured at 48 h. after incubation.
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Table 2 Effects ofexogenous fibrolytic enzymes supplementation on in vitro gas production of dietary

treatments

EFE (mg/kg) Contrast
SEM P-value
0 250 500 750 Linear Quadratic Cubic

Gas production characteristics

a 3.84 295 3.14 272 0.65 0.49 0.19 0.65 0.48
b 50.4 50.4 a9.7 51.1 0.91 0.59 0.63 0.35 0.39
C 0.06 0.057 0.055 0.057  0.00 0.31 0.17 0.19 0.84

Potential GP, (ml/0.29)
54.5 534 52.8 53.9 1.15 0.65 0.59 0.26 0.81

Gas production, (ml/0.2g)

GP2 834  7.27 741 739 054 0.48 0.27 0.33 0.57
GP4 14.3 12.7 135 119  0.65 0.09 0.02 0.44 0.51
GP6 195° 179 175" 169° 007 0.01 0.43 0.64 <0.01
GP8 239 222 218 216 072 0.13 0.03 0.30 0.70
GP10 272 253 253 254 076 0.24 0.12 0.21 0.61
GP12 30.1 284 284 282 078 0.34 0.16 0.25 0.77
GP24 40.6 38.9 383 289  0.89 0.32 0.17 0.30 0.99
GP36 468 454 445 452 095 0.42 0.19 0.30 0.81
GP438 50.6  49.3 484 491 098 0.49 0.25 0.32 0.82
GP72 542 531 527 536  1.01 0.77 0.66 0.34 0.90
GP96 560 549 544 555  1.02 0.70 0.65 0.28 0.85

* Means in the same row with different superscript differ (P<0.05)
a = the gas production from the immediately soluble fraction, b = the gas production from the insoluble
fraction, c = the gas production rate constant for the insoluble fraction, d = the potential extent of gas

production, EP = a + [bc/(k + c)] where k = 0.05 (@rskov and McDonald, 1979)
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These results confirmed with results
from Newbold (1997) and Togtokhbayar et al.
(2015) who noted that most enzymes function
within a few hours of feeding before being
degraded by the proteolytic activity of rumen
microbes. These results suggest that the
treatment with EFE stimulated the feed
degradation only during the initial phases, but
the effects were reduced as incubation time
progressed.

The 500 mg/kg of EFE doses recorded as
the highest IVDMD (cubic effect, P<0.01), VOMD
(cubic effect, P<0.01), ME (cubic effect, P<0.01),
ammonia nitrogen (NHs-N; cubic effect, P<0.05),
TDN (cubic effect, P<0.01), PF (cubic effect,
P<0.05) and MCP (cubic effect, P<0.01). These
results agree with Llewellyn et al. (2010) who
studied in wheat straw and showed that IVDMD
enhanced by EFE compared to the control
group. Similarly, Elwakeel et al. (2007) who
pointed that there is evidence that exogenous
enzymes increase microbial protein synthesis,
an indicator that the bacterial population of the
rumen is increased. Moreover, Alvarez et al
(2009) exposed enzymes tended to increase
particle outflow rate from the rumen associated
with a reduction in rumen liquid viscosity.
However, increasing level of EFE resulted in
cubic trend of IVDMD, IVOMD and ME. This result
was established by Togtokhbayar et al. (2015)
who showed that the optimal dose for the
degradability of wheat straw was intermediate
dosage compared with the low or high levels
of enzyme addition. The more impact of

moderate amounts of EFE than higher amounts
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approves with the reported by Beauchemin et
al. (2000), in which larger amounts of enzyme
preparations did not develop DM digestibility
when compared with lower amounts of
enzymes. Moreover, Colombatto et al. (2003)
determined that the rate and extent of GP were
increased by increasing the level of enzyme
from 1 time to5 times, but levels of 10 times
were ineffective and this observed was also
supported by Lewis et al. (1999) and Nsereko et
al. (2002) who have shown that it is possible to
over-supplement. Increased dose of fibrolytic
enzymes may have prohibited binding of
enzymes to receptors of substrate, which
reduced comparative attachment by fibrolytic
microorganisms to fiber (Treacher and Hunt
1996). Beauchemin et al.(2003) also speculated
that excessive enzymes supplemented to the
feed may bind to fiber sites used by ruminal
microorganism and make them unavailable,

creating a barrier against microbial colonization.

Conclusions

The present study found that the sum
of the gas production did not differ among
treatments but increasing the supplementing of
EFE in the diet decreased the gas accumulation
at 4 and 6 h after incubation. In addition, the
500 me/kg of EFE doses recorded the highest
[VDMD, IVOMD, ME, NHs-N, TDN, PF and MCP.
Therefore, this study suggested that EFE
supplementation at 500 mg/kg DM was the
suitable level to enhance fiber degradation and
improve energy density of TMR with 50% rice

straw and 50% concentrate.
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Table 3 Effects of exogenous fibrolytic enzymes supplementation on in vitro fermentation profile

EFE (mg/kg) Contrast
SEM  P-value

0 250 500 750 Linear  Quadratic  Cubic
In vitro dry matter digestibility, IVDMD (%)
26h  520° 43.2°  582° 530° 055 <001 001 0.07 <0.01
48 h 56.0 60.6 62.9 55.7 4.67 0.88 0.96 0.48 0.85
In vitro organic matter digestibility, IVOMD
24 h 58.7°%° 53.2° 62.3° 57.9° 0.73 0.01 0.21 0.62 <0.01
48 h 60.7 66.1 67.3 60.5 4.43 0.85 0.98 0.44 0.91
Metabolizable energy, ME (Mcal/kg DM)
24 h 2.24%° 2.03° 2.38° 221° 0.03 0.01 0.19 0.62 <0.01
48 h 232 2.53 2.57 231 0.17 0.85 0.99 0.45 0.92
Ammonia nitrogen, NHz-N
24 h 13.9 13.0 15.1 14.2 0.34 0.13 0.22 1.00 0.04
48 h 23.0 20.6 20.6 20.9 0.89 0.52 0.32 0.33 0.72
Total digestible energy, TDN
24 h 61.7%° 55.9 65.5° 60.8° 0.76 0.01 0.21 0.62 <0.01
48 h 63.7 69.4 70.6 63.5 4.65 0.85 0.98 0.44 0.91
The partitioning factor, PF
24h 316 3.00° 372 344 008 003 0.03 0.64 0.02
48 h 2.49 2.85 2.98 2.6 0.22 0.76 0.76 0.36 0.87
Gas yield, GY24
24 h 316.0°  334.5°  2688° 2905®  7.91 0.04 0.04 0.89 0.02
48 h 419.5 350.8 335.2 385.2 36.74 0.75 0.65 0.38 0.96
Short chain fatty acid concentrations, SCFA
24 h 3.36 2.95 3.20 3.15 0.06 0.10 0.37 0.09 0.06
48 h 4.61 4.35 4.32 4.37 0.06 0.24 0.13 0.18 0.77
Microbial CP biomass production, MCP
26h 1462 10565 219.4° 176.8° 854 0.01 0.01 0.93 <0.01
48 h 59.0 1275 152.5 79.9 45.30 0.79 0.78 0.39 0.88
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Optimal Condition for Carotenoid Production by Rhodotorula rubra in Conjunction with

Probiotic from Lactobacillus acidophilus by Using Corn Dust as Substrates

Nuttaporn Chanchay*

Program in Biotechnology, Maejo University Phrae Campus, Phrae 54140, Thailand

Abstract

Current with the cultivation of maize increasing every other year. Each year, the waste from
harvesting the bark, straw, stalks and seeds decisive and dust. Farmers burn a significant impact on the
environment. Industrial animal farming, agricultural waste materials can be utilized in the production of
animal feed but dust corn used to make animal feed, which must be disinfected with frustration. And may
be costly and can be used as raw material in the production of animal feed to produce pigment carotenoids
from yeast Rhodotorula rubra from corn dust. After fermentation with probiotics by Lactobacillus
acidophilus that acidic conditions for 48 hours of infection with L. acidophilus increased from 2.02 x 10°
CFU/g to 3.5 x 10° CFU/g can prevent other microbes in dust contaminated corn. And study the conditions
necessary for such a period of growth, moisture, carbon, nitrogen and compounds promote growth. The
study found that as that a period 48 hours. Moisture starting at 60 percent, the amount of carbon source
from molasses dissolved in water (1:20) is 15 percent (w/w), nitrogen source from ammonium sulfate was 1.0
percent (w/w), and substances promote growth from yeast extract 1.5 percent (w/w). After marinated with

probiotics volume carotenoid high of 62.63 micrograms per gram weight dried corn dust.

Keywords: Carotenoid, Corn dust, Probiotics, Rhodotorula rubra and Lactobacillus acidophilus
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AU undannsuou lulnsiou wararsduaiunis
WigiuTnlunisudnualsiiuessandas R, rubra vie
haneidedug fuudeuluduininanazanunsoldiiu
pnsdailaduly

A5aiiun1sie

1. 98un3d

R. rubra 91n%eeU{URN1T WInendeuily-
WS WRANNTELNYTA

L. acidophilus 31nU3Ew TUstulewmaila $1in

2. TUABUNIINARDY
2.1 vinsndiniae L. acidophilus S3uAUHY

F1INA NNUUTIINTIATIESR USUIULALSTUDEALSUAY
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LALATIAADUTIUIURAUNTE L. acidophilus Tivdeeg
wd N susTniduiianas dalus ( (Sgasal uay msﬁﬂﬁ,
2556)

2.2 fn1sede L acidophilus A1YREINTT
wifn 48 Falus Tnen1siUaliennimdn waznsradeu
1w L. acidophilus LLaSL%yaaﬁw%'éSm

2.3 Anwszevnmiunzauiumsaiavenite
R. rubra mendminguiuduininafiesideuudey
3uq 91nn1snaaesd 2.2 lneiuundasarsuouain
nnthana 10 n$ uwndslulasiauanuesludoudaumie
1 nfuuarUSunuansdauasunisasylAulnein yeast
extract 1 N3y (algws, 2551) yhnsidsanagLiufogig
Tudaluadl 0, 24, 48 was72 $alus wileunludiaszy
USunualsiuesduasidondalusiinfignannifufinude
Renfunnuiuiimngauinnsminualsiuess

2.4 Fnwanmeanuduimzailunisusinide
R rubra $aufududialnadiiiunisndndeide
L. acidophilus 91n%e 2.2 Inen1siutindidiunisende
SLuﬂ!u%’wﬂwm’Lﬁﬁmm%u 40, 50 way 60 LUosLTud
TR R rubra isesu 10 Wosusd (w/w)
Gedudlusiivanzauainnisinuludont 2.3 uasiiu
éf’sasml,ﬁaﬁﬂﬂimﬂ nUSuuLAlsiuesaLaziaon
mﬂmwwam nduinnsineseludesusunm
AsusuIINNINthAaTiIsauRensNanLAlsiuaes
oty

2.5 AnwUsunaansusuiimunzanluniswin R
rubra syufvlutIlnaananglude 2.2 luaniiy
auduiidfianlude 2.4 lnsAnuusumaiveuain
AnTAadetignIId 1:20 (edgws, 2547) 1 0, 10,
15 uay 20 Wosidud iiusegiitalusinfigelude 2.3
Wetluimssiuiunaualsiivesduazidenysuia
AsuauIINNINTAaiiafigaiiedandnuireludes
Unalulastauanuenlufoudamn fiomnsaunanis
HaAuALSTIuBA

2.6 AnvUsunaslulasiauiimunzanlunisun
R. rubra Tauftuduinlnaande 2.2 luanmgenutud
Fitaluto 2.4 uazdiinaansuauannintnnadifdige
Tude 2.5 Ine@nwrUsualulasiauanuenludeudamn
70,05, 1.0 war 1.5 Wesidus (iusegrefidalusdia

L%
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fanlute 2.3 Wisurludasiznusuaualsiuasnuay

q
&

denuinalulasiauanuenlideudamafiafgaiiie
YunAnuredesyu yeast extract fnzausonIsuan
walsiiuaes

2.7 AnwUsnna yeast extract ﬁmmzaiﬂ,umi
nin R rubra saufudutlnnainde 2.2 Tuaniiy
Auuiiifianlude 24 wazuurwaifveuain
nntntaiidfigalude 2.5 uazUualulnsiauain
wouluidoudainafiffignludos 26Tnsfdnun
J3u1eu yeast extract i 0,0.5, 1.0 waz 1.5 wosLdud
\Ausegafitilusiinfigalute 23 ietluiiases
USinauualsiiuegiuazasunanisAnw

3. ABNFIATZH

3.1 AATIERNTRI YU

AATIEATIUIULGAA 10D 15 Total plate
count UuE T Plate Count Agar (PCA)

3.2 AiasiiuSunanalsiiuessianun (Total
carotenoid) lnefnluasann Foss et al. (1984)

Auiog1edatianin 0.5 nfu Lin Acetone
Usu 30 fadans luvinduvuin 50 Jadans Toums
wiraufunfinsis @anivusdesiunissemeves
Acetone) 1 Juia1uu 30 Uil nsesiiegnemensyay
nseaansazaneild (Acetone extract) 11 5 Hadans
Tdvandsauin 50 Tadans WWuthndy 1 Tadans uas
Wi Ethyl acetate 2 §addns tdasazaneiilalduaen
maaammmﬂwmimﬂauum (Absorbance) ) laele
Spectrophotometer Vl AITUYITA a UVDIWE
472 wilwaues antuildduamanududuves
Usinauualsiiuees sl

E™1em = 1,900

1. Absorbance-10% of Absorbance
2. (a) x 10,000
1,900

3. (oxltAcetone extract 5 mbsOistlled water 1 mbs(Ethyl acetate 2 mkAcetone 30 M0l euveneenns (C)

(sample 5 g x (Acetone extract 5 mD) x 1,000,000

4. (c) = Carotenoid contents (ug/g dry weight)
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NAWAZITAINANITIVY

1. mavidinide L. acidophilus saufiudugialne
Fnslasiivsunaualsfiussdisudu uas
A399a8UTLILRAUNEE L. acidophilus Twmdeogndsin
msvsinifuaan 48 Falus NNSANYINUTIEUTIING
mendaninsauiuie L. acidophilus WHuwan 48 F3laa
fisuaudle L. acidophilus iy 3.50x10° CFU/g a7n
Fosuduil 202x10°CFU/g wariivSunaualsfiuoasd
Wity 9569 lulasniusensudmindudilnaus d9
TndiAsstunmitovensit (2557) Anvmstiudsqgaunid
Judeulunindmdesnrendanisndndloide
L. acidophilus TISTR 1338 nnd1wndesdi 48 F2lusd
§1uade L. acidophilus TISTR 1338 intuwihiy 8.22
x 10° CFU/g anmidaisuduiniu 1.19 x 10° CFU/g uaz
fUsuiaualsfiueea indu 36.0379 lulasniudensy

b2 |
° o o P

UMINAINAUNEDINA

2. msainda L. acidophilus AMewdINIwsin 48 7l

nEvarniinisudndudiilnaduide
L. acidophilus wu 48 Falusiianzlerniaiteduds
QAuYEHauY fvudeundminduhnssiude L.
acidophilus Tnen5idalerniedn iuaan 24 42lus
\fiesin L. acidophilus UNEIULELATINFDU UL
L. acidophilus LLﬁSL%@@ﬁUV}%é’Su"] A18971%13 Plate
count agar (PCA) 9nn1sAnwtoqdunidviadus i
wun3sRTIn uidazmaeide L. acidophilus WEntios
WU 1.02x10°CFU/g i pH 1i1fiu 4.46 donpdasfiy
1597 (2557) wun13iwdesenveaide L. acidophilus
TISTR 1388 mendeniseiendsainsnisnsinnings
mﬁmﬁ'm%a L. acidophilus TISTR 1338 U1y 48 Flu
Linunissendinvenie L. acidophilus TISTR 1388 &
Usunauvesualsfiuseniniu 36.0379 lulasniusensuy
drnnnndamaesus uay L acidophilus a¥nsensiil
wadudaniaaiyresqdunidnelsafunuaiiieill
79IN1507NA (N38d8, 2553)
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3. Ainwnszaznanfimunsaudmiundnualsfiuasdain
R. rubra aevdwsindudlnedae L. acidophilus

PINNSANWISTELIATI g ANd M UN1SRER
wAlsfiussdvonde R rubra nendavsindudrilnade
L. acidophilus AMUNAN1SNAABIAINTD 1 Wag 2 LAY
A98199N 0, 24, 48 Uag72 $lus edeviUsunw
ualsfiuosd uazmsrndeunisegseniie R rubra fae
a1m13Plate count agar (PCA) wadem1319ft 1

MnMsfnszezafinzandmiunsuan
welsTiuessiuasnsiasiviaveade R rubra fnns1e
#i 1 wuinfisvesiian 48 Hlus R, rubra fauanunsaly
n1sudnualsiiuesdlagedn windu 40.76 lulasniuse
nsuimindudrilnauts sosaunied 24 uay 72 dalus
Tadsunaualsfiuseavindu 37.59 way 24.35 lulasnsu
sonsuthuiindudilnauis pudidu Fadenuunnsng
fupehefifaddnmeeda (P<0.05) warnuiifisveziian
48 Falusdisruruido R rubra gagavindy 1.15x10°
CFU/g 509aaufod 24 uaz 72 $alusilsnuruiide
R. rubra \vinfiu 8.28x10°CFU/g wag 5.56x10° CFU/g
AINEIRU Fedaenndesiuisad (2557) Ladnwianied
winnganlunisudaualsfiusedlunindundesdiniu
nszuaunsEnAuLEe L acidophilus TISTR1338 7
szagIa1n1sviTn 48 Frlusmuinfiusunaualsiivess
Wiy 36.1168 lulasnSusensuthuinnndamdeuis
wazfis ety 9.12x10° CFU/g

Table 1 Optimum time for carotenoid production
after fermentation with L. acidophilus by

using corn dust as substrates

Time Colonies Carotenoid

(Hour) (CFU/g) Content
(ug/g dry weight)

0 7.89x10" 23.36+0.001°

24 8.28x10° 37.59+0.002°

48 1.15x10° 40.76+0.002°

72 5.56x10° 24.35+0.003°

control - 9.549+0.000"

nuewn;: seuauAsdutIlneldldifiuige R rubra
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4. Anwanuduiivanzaudwiundaualsfiuasdain
R. rubra aevidensindud1alnedae L. acidophilus
910157 NIV HIAANTUA IS U SHAR
ulsuesdvonte R rubra mMendmmiinguinalnadie
L. acidophilus AuKNANISNAGEIINTRT 1, 2 uaz 3 Liv
§108199iA108 U 40, 50 wag 60 Wadidud vinnsuiin
Junan 48 Flus Wiedinsesivsunaualsiivessuay
mmﬁlaaumﬁagiamﬁﬁa R. rubra Mmee1v3 Plate count
agar (PCA) WanINafmng 19l 2
NNSFNEIANLTURINEad S UNISHER
wAlsiiuseiuazmisasyivlnvende R rubra fim137s
7 2 wuifieudulssanm 60 Wedldus dewmasinld R
rubra fiaauanunsalunisudaualsiiuesdligsiign
ity 30.78 lalasniuden fudmdndudinTnauss
sosaeuAeTiALTUYS Y 50 wazdo Wesidud 16
USuauualsyiueeaminiu 18.40 wag 12.27 lulasnsuse
ndusindudrinausienugisy Sadianuunneeiu
og9ldud Ay nIsada (P<0.05) Hefwuinfiaaudu
60 Wosldudiidiurutegeaawindy 1.28x10° CFU/g
sosae@ef 50 Wesidud way 40 Wesifudisiuau
\89 R rubra LN fU 7.80x10° LAy 3.38x10° CFU/g
pud e FelndlAestundatuy wavaae (2550) s
nanuAlsuouAINEaR R glutinis DM28 UUSIT1IMUY
nsusinusk USinainututudy 70 Weddud fsuau
Fe Wiy 88.2 fladnsusendy uasUSunaualsivess
Wiy 2.12 lulasnSumensusidnl wakaNA1991nL5IA
(2557) lgAnwannefivnzanlunsuanualsiivessly
nMndamdesiiniunsyuaunsmsindude L. acidophilus
TISTR 1338 AinuauUszan 40-65 1Wodiduddsuiu
oLy 9.12x10°CFU/g waziluSunaualsiives s
Wiy 36.0758 lulasnSusensuthuinnndmde s

5. AnwUsunAISUaUIINAINUIRIANIMNNEENEIUSU
a = I3 [ L4 1 v
NAAWALIAUBEARIN R. rubra AMenansingud1lng
%9 L. acidophilus
1nN15ANLIUSUIUAISUBUIINNINUIRNAN
USuial 0, 10, 15 wag 20 LUasduananudulseunn
60 WUastduArIn15nTn 48 F2lua LAudleg1Liie
AnTeivsuauAlsiueALarnI1980UN150Y AT

O |
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R. rubra @1891115 Plate count agar (PCA) LARAINART
AN 3

Table 2 Optimum moisture content for carotenoid
production after fermentation with L.

acidophilus using corn dust as substrates

Moisture Colonies Carotenoid
(%) (CFU/g) Content
(pg/g dry
weight)
Control - 9.549+0.000°
40 3.38x10° 12.27+0.008°
50 7.84x10° 18.40+0.001°
60 1.28x10° 30.78+0.000°

weme: maupufedudinenlilddiude R rubra

JnnsAnYSInaaueuInnIntaad
wngandmsunsHanLalsiiuesalaznslasyiaule
vaude R rubra §Im13197t 3 NudnInTanaTivsw
15 Weddudvlide R rubra Savwaunsaluniswan
walsfiussdligeian iy 41.97 lulasniusionsy
fﬂ%ﬁﬂﬂu%’niwmLLﬁ’ﬁammﬁaﬁUszmm 20, 10 way
0 Wasidusd lausunaunalsiuasdviaiu 31.30, 30.94
uay 30.78 lulasniudensibadndudilng amddy
Fafeuunndstuegefitudfynneadn (P<0.05) waz
wuirfivsinanindiaad 15 Wesidud fiswaude
R. rubra gagawinfu 3.97x10° CFU/g Sedasnfod 20,
10uay 01Uesidudiisruaude R rubra 1vinfu
2.25x10°% 1.29x10° uag 1.28x10°CFU/g @1ua1a U
FalndiAuady Latha et al. (2005) ldvin1sAnudade
#inee Aidnadenisiasydulaiionisndnualsiivesdvas
846 R. rubra DFR-PDY WUfiUSunaiunasansuauain
ihananglaa 30 ndudedns awisondaualsfiuoss
1§ 3.50a8n5usedns Feunnd1efuisad (2557) 14
nsinuiladesingg Afnadenisiadaiuladiionis
nanualsfinesdvesdad R rubra wuifiunasansueu
nbmanglaafinnuannsolunssdaualsfiuosdlii
gegawiniu 36.0853 lalasnsusondinbwiinnndundos
wis f1uaudogeaniaiy 9.93x10° CFU/g wavanid
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algns (2547) Anw1 R. rubra wzidsdluems yeast
malt extract medium Tiinnaglasaifuundnisueu
wudraunsondnualsiivesdlageds 164.540 lulasnsy
sothninisaduisdiviunawadiviniu 0.1964 nfusie
ans

Table 3 Optimum carbon content from molasses for
carotenoid production after fermentation

with L. acidophilus by using corn dust as

substrates
Carbon content Colonies Carotenoid
(%) (CFU/g) Content
(ug/g dry weight)
Control 1.28x10° 30.78+0.000°
10 1.29x10° 30.94+0.005"
15 3.97x10° 41.97+0.003°
20 2.25x10° 31.30+0.002"

o Ay v v v & W i
wewe: fasupuAedudlnavdndaede R, rubra ualifings
I R U T TOU]

6. MsaneUsunalulasuainuenludesudamaf
WaNgENAMSUNAALALSTIUREARIN R. rubra ANURAY
wiindudnalwadag L. acidophilus
arnn1sanerUSutanraclulasiauann
woulandoudaad 0,05, 1.0 way 1.5 1Wesidud 7
AETuUsEINa) 60 WodlEud warUsunaumannsuay
nMntaa 15 Weddud inisudnides 48 $alus
Ausegaiiodnssiuinnaualsfiuess wasnsiadou
miagjiam%a R. rubra @2891115 Plate count agar
(PCA) uanIWafenIs197 4
nnsanwUsinalulasuanuenludeudaa
Fumnzaudmsunisndaualsfiuesiuaznisaiaysiule
9988 R rubra f1mns19# 4 wuinlulasiauiiusuna
1.0 Woestdudyinli R rubra fiauaiunsalunisnan
ualsiiuesdlageiigaindu 47.92 lulasniudensy
ﬁwmﬁﬂﬂu%walwmﬁaaaqmw Ao fiuszunm 0, 1.5 uay
0.5 Wasidud laUsuawalsAuasavintu 41.97, 35.65
wa 3548 lulasnfudendy dovdndudalnaud
AuaRU dedanuuanaiaiuil (P<0.05) uazwuini

O |
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Usunadlulasiauannwenlufioudawma 1.0 Woswus

A A

uudegeaniniu 1.04x10" CFU/g s84asun@ei 0,

o

15 uaz 0.5wWedidud f51uauide R rubra iy
3.97x10% 2.78x10° waz 2.67x10° CFU/g mugdisu 34
WANFNNYONTIR (2557) ldvinsAnundladesineg il
naron1siasaiulafienisudnualsfiuesdvesdad
R. rubra wuniunaslulpsiauaingi3esinnuanunsaly
nsuanualsitussdligaiianintu 36.1168 lalasniusio

nSud NN uraR il uIuLTe 1.85x10° CFU/g

Table 4 Optimum nitrogen content from ammonium
sulfate for carotenoid production after
fermentation with L. acidophilus by using
corn dust as substrates

Nitrogen Colonies Carotenoid
(%) (CFU/g) Content
(ug/g dry weight)
Control 3.97x10° 41.97+0.003"
0.5 2.67x10° 35.48+0.002°
1.0 1.04x10’ 47.92+0.009°
1.5 2.78x10° 35.65+0.002°

wuewn: smuauAeduiIlnavdndlede R rubra uslifinng
Wnwvadlulasiau

Latha et al. (2005) l§vinisAnuiadasineg
finadonisiasaivlafionsnidnualsfiuesduesdan
R rubra DFR-PDY wuifiunasusunaunasiulasiauain
gisganusandnualsiiusedla 2.2 Tadnsudednsuay
wadlulasiaudilaannlefonluinsnaiunsanan
walsfiuseageanis 3.3 Tadnfudodng wasvodnigns
(2551) @nw1 R. rubra LW’lngaﬂumWﬁ yeast malt
extract medium Anwiansuauselulasiau Wiy 2:1 4
dndniwaduis 0.6287 nfusenfuvesninuziiowme
ausananLAlsiueenlang 1655416 lulasnsunsuse
n¥utmdnwadudte faoznuitunadlulasiauain
worlufloudann Tun1s@nwranisfimuisaulunis
o4 R rubra fauanunsalunisndaualsfiuesdlaas
flgnwintu 17.12 lalasnsusondutminduinlng e
USunawalsiiuassiasninniswianiiz limuzauann
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WRAIANSUBUNLUSUI 1WINAU 40.66 LulAsnSumeansy
Wmtindudlng

7. n1sAneU3unas yeast extract fiiiunzaudiniu
NAAWALSTIUBEARIN R. rubra AMERAIRINHUL1IINA
#19 L. acidophilus

nN1TANYIUTUNA yeast extract # 0, 0.5, 1.0
wag 1.5 1Wesidud frnudulszunn 60 Wedidud
USunauundersuauainnintiinia 15 wesius uas
wraslulasiauanuedlufoudainn 1.0 Wesidud v
nsnsiniaes 48 Fluafudaedaiiediasiziusunm
uAlsfiuesn LLazmiaaaaUﬂ15agsamL%a R. rubra 9128
81115 Plate count agar (PCA) WAAIHATII197 5

Table 5 Optimum yeast extract content for
carotenoid production after fermentation

with L. acidophilus by using corn dust as

substrates
Yeast Extract Colonies Carotenoid
(%) (CFU/g) Content
(ug/g dry weight)
Control 1.04x10’ 47.92+0.009°
0.5 3.40x10’ 52.26+0.001°
1.0 3.17x10’ 58.26+0.005"
1.5 5.83x10" 62.63+0.002°

o a4 v o v & Mo
nuewe;: seuauAsduilnanindeide R rubra uslifinig

LA yeast extract

91nn1sAnwIUSUIQ yeast extract vu Ty
dmsunsuanualsfivesduarmsiasaivinvenie
R rubra #3m15799 5 U317 yeast extract USu e
1.5 wWesidud R rubra induanunsaluniswén
walsfiussdldgefigaindu 62.63 lulasn3usensy
511/1%&!1465111%LLﬁasaqaqmﬁaﬁﬂixmm 1.0, 0.5 wag
0 Wosidud lausunauualsfiused windu 58.26, 52.26
war 47.92 lulasnsudendudindndudinlnaus
ANdIRy Feflauuanensiuegsifedfynisadni
P<0.05 uaamnﬁﬁmudwﬁﬂ%mm yeast extract 1.5

O |
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Wesidualdiuiruiiiogeaniiniu 5.83x10'CFU/g

A A

599a911A87 05, 1.0 way 0 wWosidud S5 1uiulde
R. rubra tinAU 3.40x1077,3.17x10" wag 1.04x10’
CFU/g anuansudvaenadasiuauideves Latha et al.
(2005) lgvinsAnundadesiieg fifinasenisaiaiula
\ien1swanualsiivesdvesdias R, rubra DFR-PDY Wuin
N19L@3 yeast extract @1u1sananuAlsiuseala
2.1 fiadnusiadns wazalgns (2556) laAnwin1suaen
wAlsYueBAYBY R rubra WUIINTLETH yeast extract
aunsandnualsiueenlaviinu 30.39 lulasnsurensy
Yminuris

a3UNan1339Y

nsfinwinszuaunmdndudilnaemsdninas
n1sldusglevianduinlnaemsdniliiinussloyi
Wisandyninuenaiy Sedrundeesinfuiie
L. acidophilus \iieriinaudunsalududnning 1Ju
a1 48 dalus awnsaidnqdunisivuieuludu
11lnald wazarunsatinmdnsudu R rubra lngld
AT NFuT 60 WesiiuduTuiuaifuouain
nMntaaWiAY 15 Wesidud (ww) lulasiauain
wasludoudamn wirdu 1.0 Wesidud (w/w) uag yeast
extract WU 1.5 1Wasidud (w/w) nendmdnguiu
arsiasudaugtivsutnunalsivesagegaiviafy
62.63 lulasndudensutmdnduinlnauiafondn
uelsiuesd uduansd wagliduingivenmsdnils

AnAnSsuUsENA

A3deveveuRuAnge1asdinaluladdinin
wninerdould-ung eaunseiiesd Aldlkaruazan
WATATUAYUNITVARDY AaaAIUBIU  UANIINITININ
wnuAetuiduslafed vevounuly w fidde
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LONENS591999

M3aE NIMUMN. 2553, MIwiEesenves Lactobacillus acidophilus wae L. casei lup3oshsleiisnuudaindos.
Welinusinermansumdaudio avdwelulagnisemng Taudininends uninendeveuunu,
Tgws dunsane. 2547. wavesnsaingualsiuesdildanlunsyiusoninudeudvesaunudanin. msUseuiaus
nauIEsE ST AnAnywtenfedsd 4. Jedul. 387-387 w.
digws dumdane. 2551, anneivanzausionsndnseninqualsiivesduasauanusalunisiueyyadaszuedad
Rhodotorula rubra taglénnuzdemmduemadsate. mavssgudsumednnmsuasitauenanuise

ASIN L. W INYALLULI-WNTRAUNTLAYTA. TINTALNS.

Jgws dumdane. 2556. anneimnzaslumsisiyves Rhodotorula rubra uazantRlanzvesnsduamssy
panTntuvanalsiuess. Ineninusinermansauiiadn arvunalulagiinn sninendedesinl.

Syasal AaeLnT uar UaSANR Aunuw. 2556, mIndnleaniuiienvesaiuluslulefin. nsussguaueHaNUATEATINS
UANINGIRY UNINGIRLVIULAY. VBUWAY. 447-454 1.

i5AviS fuana. 2555, @1siaiue1sdn (Animal feed additives). tonansAaeuniAdvLding

ANEFNIUNNYAERT UNNINGIRUNYATANERS. NFHNNI.
ullaiuv Tsaunuadud, 11a ugddou way 35nan aunsav. 2550. nsuanwaAlsiueeRNdas Rhodotorula slutinis
DM28 UusILUUNSVINUIN. NMATYRaTYINgT ANEINImaAnS i IngrdenalulaBnsz0sna1sus.

1526 UsEBRY. 2557. msmam’;sﬁ'mmsauma"dsxmﬁuﬂﬁméml,miiﬁuaaﬁima Rhodotorula rubra $ufU
Lactobacillus acidophilus TISTR 1338 Tunndadeaiielflugaamnssuemnsdnd. Inermanstiudinaiunin
WAlWLAEHININ UINEIRBUUITT-UNS LRBNNIZAYTA.
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Research Article

Acute Toxicity of Paraquat and Glyphosate on embryonic development of

Climbing Perch (Anabas testudineus)

Banthita Sawasdee’, Panida Phuthonghin and Supawadee Kunapratom

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

Abstract

This study examined the toxicity of paraquat and glyphosate on Anabas testudineus embryos. The

embryos were treated with paraquat at 0.01, 0.03 and 0.1 mg/L, and glyphosate at 0.02, 0.05 and 0.2 mg/L.
The effects of these substances were examined by monitoring the three endpoints: mortality, hatching rate
and heart rate. The results showed that all concentrations of paraquat and glyphosate affected the fish
embryos with increased mortality and decreased hatching rate. As compared to the control, there were no
significant differences in the head and tail bud stage, somite stage, and heart rate, whereas mortality, and
hatching rate showed significant difference (p<0.05). The results revealed that paraquat was more toxic than

glyphosate.

Keywords: Paraquat, Glyphosate and Climbing perch embryos
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Introduction

Thailand uses large quantities of pesticides
to control crop pests, vectors of disease, and
thereby increase yields. Recently, a marked
increase in the use of more powerful agricultural
chemicals has boosted agricultural production and
efficiency. The Office of Agriculture Regulation of
the Department of Agriculture reported that about
70,000 tons of pesticides comprising 265 individual
active ingredients were imported into Thailand in
2010. The most abundant herbicides were
glyphosate and paraquat (OAE, 2010).

Paraquat dichloride is one of the most
widely used herbicides in the world. It is also toxic
to humans when swallowed (Ogamba et al., 2011).
Paraquat is classified as a moderately toxic
chemical for lethal toxicity, with a relatively low
potential to bio-accumulate in the aquatic
environment. However, many studies have shown
that paraquat can damage important tissues in
aquatic animals (Arunlertarce and Kawatsu, 1992,
Omitoyin et al., 2006; Babatunde et al., 2014
Deivasigamani, 2015). The pesticides are washed
into the aquatic environment through run-off and
leaching and negatively impact on the flora and
fauna. According to the United States
Environmental Protection Agency (USEPA, 2007),
herbicides contain an active ingredient which is
highly toxic to both cold and warm water fishes.

Glyphosate is a non-selective herbicide that
degrades rapidly in soil and natural water, with DT
50 values ranging from 3-14 days. Glyphosate
suppresses plant growth through interference with
the production of essential aromatic amino acids
by inhibiting the enzyme enolpyruvylshikimate-3-
phosphate (EPSP) synthase. This enzyme is
responsible for the biosynthesis of chorismate, an
intermediate in phenylalanine, tyrosine, and

tryptophan biosynthesis (Pedron et al., 2006). The
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acute toxicity of glyphosate is considered to be
low by the WHO (WHO, 1994). However,
commercial glyphosate formulations are more
acutely toxic than glyphosate (Peixoto, 2005).
Glyphosate also affects energy metabolism, free
radical processes, acetylcholineesterase activity
(Langiano et al., 2008), and immune responses of
histological ~ changes in  hepatocytes  of
Oreochromis niloticus (Szarek et al., 2000), and
Cyprinus carpio (Jiraungkoorskul et al., 2003).

Fish are widely used to evaluate the health
of aquatic ecosystems and physiological changes
serve as biomarkers of environmental pollution
(Kock et al., 1996). The fish Anabas testudineus
was selected as the test organism because of its
euryhaline and eurythermal nature and unique
position in the food chain. They are quite sturdy
and ideally suited for experimentation in the
laboratory over longer time periods. These fish are
cultured in ponds and have a very good
commercial value with high nutrition and good
taste (Afsar, 2012). Therefore, this study evaluated
the effects of paraquat and glyphosate on the

embryonic development of A. testudineus.

Materials and Methods

Test organisms

Adult climbing perch, A. testudineus strain
used for egg production originated from the Maha
Sarakham  Inland  Fisheries Research  and
Development Center, Maha Sarakham, Thailand.
The fish were maintained in a cement tank with a
flow-through system at ambient temperature.
They were fed twice a day (08.00 a.m. and 04.00
p.m.) with commercial fish food. The
physicochemical characterization of the water
used for fish biocassay was carried out using

standard methods (APHA, 1998) and the following
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values were obtained: temperature 27°C, pH 6.20-
7.20, dissolved oxygen 5.30-6.20 mg/L, alkalinity
51.25-136 mg/L, and water hardness 144-185
me/L.

Exposure conditions

The effects of pesticides were investigated
by exposing developing A. testudineus embryos
inside their egg to a range of paraquat dichloride
(Gramoxone®) (0, 0.01, 0.03 and 0.10 mg/L) and
glyphosate-isopropyl  ammonium  (Roundup®)
concentrations (0, 0.02, 0.05 and 0.20 mg/L).
Solutions were prepared with double-distilled
water. The range of tested concentrations were
based on application rate of both pesticides. For
the test with paraquat and glyphosate, glass Petri
dishes were used and the stock solutions were

kept in glass bottles.

Embryo toxicity test

The eggs were collected and rinsed
several times with double distilled water, and then
transferred to various exposure chambers. At
around 2-4 h post fertilization, the fertilized eggs
(blastula stage) were selected and transferred to
glass Petri dishes (10 per plate) containing different
concentrations of paraquat and glyphosate.
Replacement of the mediums was performed
daily to ensure an even distribution of the
chemical. The experiment was conducted with a
total of 90 eggs per treatment group.

The development of blastula eggs was
monitored at specified time points (t = 2-4, 6, §,
12, and 24 h). Observation was then extended
until the time of hatching for the different

exposure groups. Endpoints were used to assess
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the effects of paraquat and glyphosate regarding
egg and embryo mortality, gastrulation, somite
formation, movement, tail detachment,
pigmentation, heart rate (number of contraction of
the heart per min: bpm) and circulation, and
hatching success (Fig. 1). Malformations and
inhibitory tendencies were also noted and
described among juveniles from both control and

treatment groups using a stereomicroscope.

Statistical analysis

Treatment effects on the developmental
parameters were determined using one-way
analysis of variance (ANOVA), followed by
Duncan’s new multiple range test to compare the
treatment groups with their respective control.
Significant  difference occurred for a given

parameter when p<0.05.

Results

Paraquat treatment

At the highest paraquat concentration
(0.10 mg/L), the mortality was 100% at 2 h of
exposure time, whereas embryos exposed to 0.01
and 0.03 mg/L paraquat showed significant
mortality rates of 8.89% and 44.44%, respectively
(Table 1). For all treatments, paraquat significantly
decreased the hatching success rate compared to
the control group (Table 2). The average heart rate
was unaffected by the test concentrations and
controls with a tendency for reduction at higher

paraquat concentrations of 0.01 and 0.03 mg/L.
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Glyphosate treatment This finding, however, was significant only at the
At 2 h to 12 h, the mortality of embryos highest concentration tested (0.20 mg/L) (Table 1).
treated with concentrations of 0.02 mg/L

glyphosate or higher showed a trend to increase.

Table 1 Mortality rate (%) in A. testudineus embryos exposed to paraguat and glyphosate

Tested Substances (mg/L) Mortality (%)
2h 4h 8h 12 h
Paraquat 0 00° 1.11+3.33° 1.11+3.33° 1.11+3.33°
0.01 8.89+12.7° 20+18.71° 27.78+16.41° 31.11+12.69"
0.03 44.44+15.09° 86.67+12.25° 92.22+8.33° 94.44+7.26°
0.10 100+0° 100+0° 100+0° 100+0°
Glyphosate 0 00" 1.11+3.33° 1.11+3.33° 1.11+3.33°
0.02 1.1143.33° 7.78+6.67° 8.89+7.82° 10+7.07°
0.04 3.335° 10+7.07° 11.1127.82° 11.11+7.82°
0.20 11.11+10.54° 21.11+10.54° 33.33+11.18" 38.89+15.37"

Note: Groups with different letters are significantly different (p< 0.05)

At 12 h of exposure, 98% of all fish had Table 2 Hatching success rate (%) in A

hatched in the control. Embryos exposed to 0.2 testudineus embryos exposed  to

mU/L glyphosate showed a significantly reduced paraguat and glyphosate.

Tested Subst Hatchi t
hatching rate at 12 h with mean of 61% (Table 2). ested substances  Hatching success rate

(mg/L) (%)
The average heart rate was unaffected by the test R
Paraquat 0 98.89+3.33
at nominal concentrations and controls. b
0.01 68.89+12.69
In addition, no significant malformations .
0.02 5.56+7.26
were observed in A. testudineus embryos .
0.10 0+0
exposed to the different treatment groups.
Glyphosate 0 98.89+3.33°
Minimal abnormalities as edema and eye and tail
0.02 90+7.07°
defects were found in both control and treated
. 0.04 88.89+7.82°
embryos at<5% (Fig.2). However, the results were
0.20 61.11+15.37°

not significant.

Note: Groups with different letters are significantly
different (p<0.05)
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Fig. 1 A. testudineus embryonic development at different stages after fertilization (a) gastrula (5 h);
(b) head and tail bud (7 h); (c) somite (8 h); (d) hatching (12 h)

Our study clearly showed that paraquat
is dramatically increased mortality rates and
reduced embryonic development in A
testudineus. Glyphosate at 0.20 mg/L induced
adverse effects in the fish embryos. Several types
of fish have been determined as sensitive to
paraquat. Ogamba et al. (2011) noted that
juvenile American catfish (Clarias eariepinus)
exposed to paraquat dichloride at 0.4 mg/L

showed significant decrease in all values of
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metabolites in the muscles and gills. Other
studies on fish toxicity testing reported a
sensitivity to paraquat. Omitoyin et al. (2006)
stated that gramoxone (paraquat) at a
concentration of 18 meg/L caused a median lethal
concentration (LCsp) value after 96 h of exposure.
Differences in LCso value between species is due
to species-specific toxicity effect and age of the

test organisms.
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(a)

L
(b)

Fig. 2 Abnormalities in A. testudineus embryos. (a) abnormal gastrulation (arrow), (b) yolk sac edema

(arrow)

Histological examination of the fingerling
stage of C. carpio after 96 h of exposure to
paraquat at 40 mg/L revealed damage to various
organs (Arunlertarce and Kawatsu, 1992). The LCso
value was 60 mg/L after 96 h of exposure to the
herbicide (Ladipo, 2011). The freshwater fish
Channa punctata showed significant reduction in
the glutathione levels of gills exposed to
paraquat at 1.0 mg/L after 24h (Parvez and
Raisuddin, 2006). Remarkable differences were
observed in paraquat toxicity between pure
chemical and formulated commercial products
(Arunlertarce and Kawatsu, 1992).The difference
in  toxicity between pure and formulated
commercial products maybe attributable to the
other ingredients supplemented in to the
formulated products.

The results of our study showed that A.
testudineus exposed to glyphosate at the highest
concentration tested at 0.2 meg/L significantly

affected mortality and hatching rate. The silver

Uil 13 atudl 1 unsrAu - Tquneu 2559

catfish (Rhamdia quelen) exposed to glyphosate
at the same tested concentrations showed a
significant decrease in brain acetylhydrolase
(AChE) activity (Glusczak et al., 2007). Dissimilar to
our results, Do Carmo Langiano and Martinez
(2008) demonstrated that juvenile Prochilodus
lineatus exposed to Roundup® (glyphosate
formulated product) concentrations of 7.5 and 10
me/L showed sub-lethal results. A. testudineus
could, therefore, be more sensitive than
neotropical fish species. Giesy et al. (2000)
estimated an acute scenario considering worst-
case exposure conditions based on two
assumptions: (a) that 2% run off from a 10 Ha field
treated at the maximum single use rate of
Roundup® cfp5 entered al Ha pond 2 m deep,
and (b) that 10% of the maximum single
application rate per hectare entered the pond
through drift, assuming aerial application. Based
on these assumptions, maximum concentrations

of Roundup® in natural water would range from
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0.27 to 0.41 mg/L (Giesy et al., 2000). Therefore,
high glyphosate concentrations used in this study
was environmentally relevant.

Overall, glyphosate showed significantly
less lethality than paraquat on the fish embryos
with mortality percentage of 38.89 at 12 h of
exposure. Similar results were obtained by
Deivasugamani  (2015) who reported that
glyphosate showed less toxic effects on mortality

of common carp (Cyprinus carpio) than paraquat.

Conclusions

Results  demonstrated that both
glyphosate (0.02 to 0.20 mg/L) and paraquat (0.01
to 0.10 mg/L) have a detrimental impact on
mortality and hatching rates of A. testudineus
embryos. Paraquat dichloride was more toxic to
A. testudineus than glyphosate. Fish can be
considered as experimental biological models to
measure the environmental impact of different
substances. Results indicated that both tested
herbicides were detrimental to environmental

contamination.
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Efficiency of Streptococcus agalactiae Vaccine in Nile Tilapia

(Oreochromis niloticus) with Different Stocking Density
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Abstract

Study on efficiency of Streptococcus agalatiae vaccine in Nile Tilapia (Oreochromis niloticus) with
different stocking density. Fish (average 64.37+0.95 ¢ in weigh) were used in this studied were intraperitoneally
injected. Fish were reared in 30, 50, 70 and 100 fish/meter’. The first antibody titers of above stocking density
were 3.271+0.017, 2.837+0.198, 2.590+0.144 and 2.430+0.175, respectively. Moreover, the second antibody
titer were 3.261+0.017, 3.100+0.053, 2.940+0.046 and 2.809+0.063, respectively. The growth rates were highest
in stocking density of 50 fish/meter” and lowest in 100 fish/meter.

Keywords: Density, Immune system, Vaccine and Nile tilapia
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Removal of nonylphenol in aqueous media using various aquatic plants
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Abstract

This study aims to search for suitable plant species for removing nonylphenol contaminated in
aqueous media. Two groups of aquatic plant, ie. canna (Canna spp.), water horn femn
(Ceratopteristhalictroides L. Brongn), azolla (Azollaspp.), periwinkle (ussieuarepens Linn.), fennel
(Foeniculumvulgare Mill.), tiger herbal (Centellaasiatica Urban) and water pennywort (Hydrocotyle
umbellate L.) were grown in 240 ml glass bottle filled with hydroponics solution (200 ml) containing 1 mg/L
or 20 mg/L nonylphenol. The hydroponic solution samples were taken at day 0, 3, 6, 9, 12, 15, 18 and 21.
The solutions were extracted by liquid - liquid extraction method in order to analyze for remaining
nonylphenol residues using spectrophotometer. The results have shown that periwinkle was the best among
tested species to removed nonylphenol (more than 86%) at the less concentration of nonylphenol (1 mg/L).
However, when increasing of nonylphenol concentration to 20 mg/L, canna and fennel share the best ability
to remove nonylphenol (more than 81%) in aqueous media. Tiger herbal was the species that removed lest
nonylphenol at both concentrations of 1 mg/L (74%) and 20 mg/L (62%). In the absence of aquatic plant at
the both concentration (control), nonylphenol can be eliminated from the solution was less than 30%.
According to the survival rate, it was found that canna, fennel and water pennywort showed 100% survival
rate after being treated with nonylphenol, while water horn fern, tiger herbal and azolla could not survive
through the entire experiment. These facts suggest that phytoremediation could accelerate the removal of

nonylphenol residues in aqueous media.

Keywords: Phytoremediation, Aquatic plant and Nonylphenol
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Promising lipid source for biodiesel production from Desmodesmus sp. RMUO8

(Sphaeropleales: Scenedesmaceae)
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Abstract

Desmodesmus sp. RMUOS8 strain was isolated from a freshwater pond. Identification was performed
using physiological and molecular approaches determined by internal transcribed spacer (ITS) sequence
analysis. The obtained DNA sequences were analyzed and identified by comparison with deposited
sequences on NCBI. Based on BLAST searches against the GenBank database, these sequences were identical
to Desmodesmus communis 1Q922412, JX101322, JX101325 and JX101323 (99%). Gas chromatography
analysis revealed that Desmodesmus communis RMUOS8 contained unsaturated fatty acids including oleic and
linoleic acid (47.03 and 16.76%), respectively, of total percent content. Thus, RMUO8 biomass could be used

as a suitable feedstock for biodiesel production.
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Introduction

Biofuel production from microalgae has been
very important in recent years as an alternative fuel
source (Carlos et al, 2014). Microalgae are
exceedingly rich in lipids, which can be converted to
biofuel. The use of algae for biofuel production has
the great additional benefit as algae can sequester
CO, and capture solar energy 10-50 times more
efficiently than terrestrial plants (Snchez et al,
2003). Microalgae are the fastest growing
photosynthesizing  organisms, and many are
exceedingly rich in oil. Approximately 46 tons of
oil/ha/year can be produced from diatom algae;
different algae species produce different amounts of
oil, with some producing up to 50% oil by weight
(Demirbas, 2009). Moreover, the vyields from
microalgae are approximately 10 times higher than
those of land plants, so much less land is needed
(Chisti, 2007). Several studies have indicated the
good biodegradability of biodiesel fuels in aqueous
milieu and soil, and this has also been observed in
mixtures of biodiesel and diesel fuel (Pasqualino et
al., 2006).

There have been several studies dealing with
the feasibility of biodiesel production from different
microalgae e.g. Botryococcus, Chlorella, Dunaliella,
Scenedesmus, Volvox and Chlamydo-monas (Chisti,
2007; Sialve et al., 2009). Micro-algae have the
potential to provide enough biodiesel to completely
displace petroleum-derived transport fuels, such as
gasoline, jet fuel and diesel. In a dramatic contrast
with the best oil-producing crops, microalgal
biodiesel has the potential for the complete
displacement of petroleum—derived transport fuels
without adversely affecting supplies of food and
other  agricultural  products. It has been

demonstrated that microalgal biodiesel is a better
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alternative than bioethanol from sugarcane, which is
currently the most widely used transport biofuel
(Gray, 2006).

The objective of this study was to isolate
and determine the composition of fatty acid methyl
esters derived from a naturally isolated strain of a
Desmodesmus communis Moreover, the partial TS
sequences of the TS rDNA gene of the naturally
isolated Desmodesmus communis were sequenced

to guide species identification.

Methods

1. Isolation, identification and cultivation of
microalga

Microalgae were isolated using the capillary
pipette method (Hoshaw and Rosowski, 1973) from
a water sample collected from an artificial
freshwater pond in Maha Sarakham Province,
Northeastern Thailand in 2014. The Desmodesmus
communis RMUOS8 green colonies were separated
and cultured in Erlenmeyer flasks containing 1 L BG—
11 medium which contained 1,500 mg of NaNO,, 40
mg of KHPO,, 75 mg of MgS0O,.7H,0, 36 mg of
CaCl,.2H,0, 6 mg of citric acid, 6 mg of ferric
ammonium citrate, 1 mg of EDTA-Na,, 20 mg of
Na,CO,, 2.86 mg of H,sBO5; 1.86 mg of MnCl,. 4H,0,
0.22 mg of ZnSQO,.7H,0, 0.39 mg of Na,M00,.2H,0,
0.08 mg of CuSO,5H,0, and 0.05 mg of
Co(NOs;),.6H,O per liter. The initial pH value of
medium was adjusted to 7.0 with 1 mol/L HCL
While being shaken at 125 rpm, 28+2°C and under
16:8 light:dark cycles with a light intensity of 33
LEm” s” for 20 days. Cultures were harvested, and
the dry biomass and lipid content were estimated at
the station phase of growth. The strain was
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2. DNA extraction and amplification

Genomic DNA was extracted using the Plant
Genomic DNA Extraction Kit (RBC Bioscience Corp.,
Taiwan). Cells were ground into a powder in liquid
nitrogen and DNA was extracted following the
manufacturer’s protocol. DNA samples were stored
at —20°C. A fragment of the [TS region (internal
transcribed sequence of ribosomal RNA gene) was
amplified using the primers ITS1 and ITS4 (White et
al.,, 1990). The PCR reaction was performed in a
total volume of 50 ul containing 1x reaction buffer,
1.5 mM MgCl,, 0.2 mM of each dNTP, 2.5 uM of each
primer, 0.4 units of Tag DNA polymerase (RBC
Bioscience, Taiwan) and 2 pl of DNA sample (diluted
1:20 in ddH,0). The temperature profile was 94°C for
2 min; followed by 36 cycles of denaturing at 94°C
for 45 s, annealing at 50°C for 45 s and extension at
72°C for 1.30 min; and a final extension at 72 °C for
5 min. PCR products were checked on a 1% agarose
gel containing 0.125 mg/L ethidium bromide. The
PCR products were cleaned using the PCR
purification kit (RBC Bioscience, Taiwan) and were
sequenced using the same primers as in the PCR by
the Macrogen DNA Sequencing Service (Seoul,

Korea).

3. Data analysis of amplified sequence

Sequences were aligned using the Clustal W
algorithm in BioEdit (Hall, 1999) followed by manual
editing as appropriate. Sequences were deposited in
GenBank under accession numbers KP797884.
Neighbor-joining (NJ) was implemented in MEGA 6
Version 6.0.5 (Tamura et al., 2013) and branch
support for NJ was calculated wusing the

bootstrapping method with 1000 replicates. For
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phylogenetic  analyses, ITS  sequences  of
Neodesmus sp. (HQ218940) in from the Genbank

were used as an out group (Pan et al., 2011).

4. Extraction of total lipids and transesterification
of fatty acids

Lipids were obtained by extracting the
freeze dried algal biomass with hexane in a Soxhlet
extractor (Becker, 1994). Fatty acid methyl ester
(FAME), production was obtained via esterification
of the extracted algal lipid using sulfuric acid as the
catalyst, and the reactions were performed in 50:1
molar ratio (methanol: oil). H,SO, (100% based on
oil weight) was used as the catalyst at 30°C, and it
was spun at 130 rpm for 4 h (Miao and Wu, 2006).
The fatty acid compositions in the FAME were
analyzed wusing a HP6850 Gas Chromatograph
equipped with a cross-linked capillary FFAP column
(FFAP, a reaction product of polyethylene glycol
20000 and 2-nitrophthalic acid, Crompton, 2000)
length 30 m, 0.32 mm 1.D., 0.25 pum film thickness
and flame ionization detector. Operating conditions
were as follows: inlet temperature 290°C, initial
oven temperature 210°C held for 12 min then
ramped to 250°C at 20°C/min, hold for 8 min and
the detector temperature was 300°C. Fatty acids
were identified by comparing their retention times
with standards based on their respective peak areas

and normalized.

Results and Discussion

The ITS sequence of the Desmodesmus sp.
RMUOS8 isolate had 99% similarity to the ITS
sequences in Genbank from several Desmodesmus
communis: JQ922412, JX101322, JX101325 and
JX101323 (Table 1) and lower similarity to other

Desmodesmus  species, such as Desmodesmus
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asymmetricus (DQ417549). These results suggest
that the RMUQOS isolate belongs to Desmodesmus
communis, or a closely related species. The multi-
ple sequence alignments as well as the similarities
between the studied sequences and conserved
domains are shown with a color scale (Fig. 1). The
ITS sequences of the Desmodesmus communis
RUMO8 from Thailand indicated that it was
genetically distinct from morphologically closely
related taxa from other geographic regions, The
morphology of the Desmodesmus communis RUM08
included spines extending from the cell (Pan, 2011,
Lurling, 2003; Vanormelingen et al., 2007). The D.
communis clade was divided into two major clades.
Samples from Thailand and D. communis from the
Romania (Genbank accession number JQ922412)
formed a clade with D. communis from the Romania
(Genbank accession number JX101322, JX101325
and JX101323) (Fig. 2).

The Gas chromatography (GC) analysis
revealed that the lipids from Desmodesmus sp.
RMUQOS8 contained oleic, palmitic and linoleic acid
fatty acids (47.03, 34.61, and 16.76%, respectively, of
total fatty acids) which are comparable to
conventional vegetable oil used for biodiesel
production (Miao and Wu, 2006). Some fatty acids
such as capric, myristic, arachidic and linolenic were
found less than 1%. The fatty acids suitable for
biodiesel derived from Desmodesmus communis
RMUO8 were the unsaturated fatty acid (64.2%)
(Table 2). In addition, Desmodesmus sp. showed
high contents of oleic acid, about 47.03 % C18:1 and
a very low content of capric acid. It was also
reported from the previous study which found that
Desmodesmus spp. can synthesize lipids with the

main fatty acids were palmitic, linoleic and oleic
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(70-80% of total fatty acids) (Pan, 2011). Also, Mata
et al. (2010) found fatty acids from Desmodesmus
sp. in the range C14-C22, with the major acids being
palmitic, oleic and linoleic acid. Oleic acid
predominates in Desmodesmus sp. (more than 80%
of the total fatty acids) (Kaur et al., 2012).

The fatty acids of microalgae isolated from
lakes and freshwater ponds in Southern Thailand
were mostly represented by saturated and mono-
enoic acids with chain lengths ranging from C12 to
C22; the dominant fatty acids were palmitic and
oleic acids (Yeesang and Cheirsilp, 2011). The
amount of unsaturated fatty acids from the
Desmodesmus sp. RMUO8 were higher than those
found from Chlamydomonas sp. JSC4 which has
only 46.3% of the total unsaturated fatty acids.

The fatty acid composition of the Desmo-
desmus sp. RMUQOS isolated from a freshwater pond
in Northeastern Thailand is mostly unsaturated fatty
acids (>50% total fatty acid). The high content of
unsaturated fatty acids was shown by the low
oxidative stability, but high fuel properties at low
temperatures. Total percentage of unsaturated fatty
acid from Desmodesmus sp. RMUO8 showed higher
amount than those produced from crude palm oil,
crude coconut oil, palm stearin, and palm olein but
lower than those produced from soybean oil and
sunflower oil (Nakpong and Wootthikanokkhan,

2010). In the US biodiesel was mostly produced
from corn oil and soybean oil. Soybean oil contains
linoleic and oleic acids at 53.7% and 23.3%,
respectively (Yeesang and Cheirsilp, 2011; O’Brien,
1988). Therefore, the biodiesel from Desmodesmus
sp.RMUO8 also a good resource to produce

biodiesel as from soybean oil.
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Figure. 1 Tabular format of multiple alignments from seven ITS rDNA genes of Desmodesmus strains from
the Genbank database using the CLC sequence viewer software, version 5.1.1. Sequence names appear at
the beginning of each row and the residue position is indicated by the numbers at the top of the
alignment columns. The level of sequence conservation is shown on a color scale with red residues being
the least conserved and blue residues being the most conserved. (For interpretation of the references to

color in this figure legend, the reader is referred to the web version of this article.
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Figure. 2 Phylogenetic tree of Desmodesmus communis RMO8 (KP797884), and its closely related species. This tree shows

that the four strains are closely related to species in the fami

ly of Scenedesmaceae. Neodesmus sp. (HQ218940) serves as

an outgroup in this analysis. The numbers in the parenthesis are the accession numbers of the respective ITS sequences in

GenBank. The scale bar measures the distance between spec

(expressed as a percentage) with 1,000 replicates, which sequ

Table 2. Fatty acid composition of lipid from Desmo

ies. Numbers at the nodes indicate bootstrap values

ences were used to construct the Clustal W alignment.

desmus sp. RMUQOS.

Fatty acid

Total (% total fatty acids)

Saturated fatty acid
Capric acid, C8:0
Myristic acid, C14:0
Palmitic acid, C16:0
Stearic acid, C18:0
Arachidic acid, C20:0
Unsaturated fatty acid
Oleic acid, C18:1
linoleic acid, C18:2
linolenic acid, C18:3

0.14
0.41
34.61
0.34
0.29

47.03
16.76
0.41

There have been several studies dealing
with the feasibility of biodiesel production from
microalgae (Chisti, 2007; Sialve et al., 2009; Ho
et al., 2014) such as screening Microalgae strains
for biodiesel production found that the highest
lipid yields were observed for Botryococcus
braunii and B. terribilis (Nascimento et al., 2013).

The Desmodesmus sp. RMUOS, a fresh water
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green algae, unifies several properties that is an
ideal candidate for biodiesel production because
it easily to handle and fast growing. Genetic
knowledge and mutant collection are also
available thus provides the basis for this choice
(Morowavat et al., 2010; Rupprecht, 2009).
Furthermore, the advantage of using algae is

that they were prior use in industrial processes
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thus, experience is available to perform at larger Thailand (Grant no. 66283) and Rajabhat Maha
scale (Rupprecht, 2009). Sarakham University, Thailand. | would like to
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Ustlemilddmanasiuuudunsa (P<0.05) agndlsinu mstiwsziunniemusavsingadlugasemsnandisa
Lifinasiod1annudunsa-ang anududurewenluie-lulaswulunszmiz g wazeSelunszuadonvedla
fudies (P>0.05) uenanil armiduturesnsaludusumeldimun nsnlnsfisafinuaznindaisalunssimizgu
lunnsnaitu (P>0.05) Tuvuefiauduturesnnesdfauardndiuvainsnesdindensalnsiilofaiintunuuidu
TdsidaaesnnmatiusziuninienusaninBadlugasemsuaudusa mnnsveassasuliinninieniueanin
avanunsoldlilussiuivanzaude 10 Wedldudlugnsemsnaudisa

AdAey : nneupaniingan e msnaudnie uazlanuilos

* Y a Ya 1
ideulviAnsie: E-mail: chal_wch@kku.ac.th
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Effect of Yeast-fermented Bio-ethanol Waste on Feed Intake, Digestibility and

Rumen Fermentation in Thai Native Cattle

Kanya Phonsean, Chalong Wachirapakorn*, Chantira Wongnen

and Warangkana Daenseekaew

Department of Animal Science, Faculty of Agriculture, Khon Kaen University, Khon Kaen 40002

Abstract

The purpose of this study was to determine level of bio-ethanol waste fermented with
Saccharomyces cerevisiae (yeast-fermented bio-ethanol waste, YEW) in total mixed ration (TMR) for Thai
native cattle. Four female Thai native cattle with 140+5 kg initial body weight were randomly allotted
according to a 4x4 Latin Square Design. Four dietary treatments were TMR containing YEW at 0, 10, 20 and
30%. The results showed that increasing levels of YEW in TMR were not affected feed intake (P>0.05), but
digestion coefficients of DM, OM, CP, NDF and ADF were linearly decreased (P<0.05). Moreover,
metabolizable energy of TMR was linearly decreased as YEW was increased (P<0.01). Furthermore, levels
of YEW in TMR were not affected ruminal pH, ruminal NHs-N and blood urea nitrogen of Thai native cattle
(P>0.05). However, it was found that total volatile fatty acids, propionic acid and butyric acid were no
significant different by increasing YEW level (P>0.05), but acetic acid and acetic: propionic acid ratio were
cubically increased by increasing level of YEW in TMR. In conclusion, this experiment indicated that
optimum level of YEW used in TMR for Thai native cattle was 10%.

Keywords : Yeast-fermented ethanol waste, TMR and Thai Native Cattle

*Corresponding author: E-mail: chal_wch@kku.ac.th
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Jagtuinunsnsliuianisliemsdnin
gnifesmsstunnudosnisvesdn eainnislderng
neuaze st liUsEAnEa nannsatlugns
Tinandngaan (Raeq, 2541) Yadefitlnansenusenis
Fesdnifidrdnyfioguarsusznis Invaassuazaus
(2560) Trenuidedefiensddiiadudusunsn fe
Hademsinuemsuarisnsliennns Fadiununis
nandniuszune 60-70  WWesidusd Wusunuludiu
o15dnt uenand Usanalnefigivsemasegly
andoutuisiliidostamedin  oiin undeuas
Uinuemsdniudafidendes Tagavemnsdaiug
wrauuaziiguandfunUsaiuggnia n1snld
UszlevudngAvernisdniannuanaselaain
gnamnssunnnuaniuuvadusiunazidelofifa
Wty Snimanassldingnamnssunnnunsdd
Aeuannsalunsgeslduazamdnuilivsslon
Ioogfluinausid (Rewatl uazngawa, 2550) faunns
Wameiuemsdafifeaesannduvdeiisann
gnanmnssumanuesuduingivemsdniideases
Famslasunmsinuifenndnlasumansdnfunniu

NADIUNTAAIUADINITNAI WY
gty vihlvnaneUssmelfenudduarldday
WU INAII1U TR
ndaunaunulueuiag 1w enuea  (ethanol)
nsuasenueaniglulsemalveinisldingaundn
A dudlends  Teeirdenisndnieniuealudseme
Inglud we. 2555 wihdu 1.4 §udnssiedu wazae
dutwdu 62 &uAnsdotu Tul we. 2550 (nsu
NI UnaLukazausnunasy, 2554) Tuud
avdu Tssnumdaemuoaindudendslidavdods
3INNsEUIUNITHARLANINLaNIuBa (bio-ethanol
waste) Tuu3unas 100-200 Ausiadu (@a1duAuaiiuas
WALIHAANANIINITNYATLALRAAINNTTUNEAT,
2549)  Faoradudgwseduadaylunismdanin
LU 15 MG uazaAmg (2551) ldvihnsfnuinmue
n1alagusveInIntenIuea wuitilusiu 6.8

v A '
TR RIS TRICYATTIR VI

Wosidud ialaveiu 31.5 Wosidud Tusu 0.9

Wasidus wazien 17.0 Wasidud vueiinan wavAne

]
v
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(2559) la@nwinisldninienuealugasermisiauy
wud ansaldninieniuealdifies 10 wWesidus Tu
anse1IHaNd 159 (total mixed ration, TMR) Fams
ininteniueaunduingivemisdnidelidediia
RmsinsUTuURgunnveININlenuea gy
lunisldiduingivemisdnd 1519Auuazanes
(2557) liAnwinisifinaadInislavuzvesninien-
uea Tagnavinninienueaiededas Saccharo-
myces cerevisiae Wuan 5 u awnsouinlusiuly
Mnevueagafigndl 255 Wesidud Jadudauuims
wildlunsifivnaAmalasuzvesninieviues
fngUsvasdlunisinuadsd Wefnwsedy
nsldnniemueaviiniedad S. cerevisice luans
a1msnaudSaneusuianisiuld nisdeslives
Tnvusuagnszuaumandnlunssmnzgunlulaiudos

A5AAUN15IVY

1. dnINAaBILAZNN5IHDIMITNARDY
Tlafudosnadle o1gi0de 2 T dntdn
Susuade 14045 Alansy $1uau 4 62 foun1snnaes
¥ansdadandn drewens wazdadanfiu e @
n¥rndudulanpassusasiadinenduieinun 2xa
was lundazasndaliilsnsennisuaysietiiuen
awesh fthaverslifunasana Tannasusaysa
Ig¥uemnneassegadiudl (ad  tibitum) Tnewdals
91T 2 1387 Ap TuRouLtILIaT 7.00 WIRNT waznou
Uheran 16.00 Wiin1 Famidnennsiliuazevisi
widslunsaziu Tneusuusunaermsiilaladons
waolusaems 10 Woddudluusaztu fthazen
wazwssnnoulinueg 1 iEINanaanLIan

2. WNUNIINAADY

TNUNUNTNARDILUY dxd I95aaAY (Latin
square design) wisnnaaeseanilu 4 429381013
Ny TaaInIIveataz 21 Ju lagldaen
USuasunsiazdimaass 5 Su wagiivaanadiudng
Tilasuemsnaassnauvinnisnaassdunanlives
111 14 Ju Hradiudiegn 7 Jugaving
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3. §A39IMINAGDY

nnleyUeantingan (yeast-fermented bio-
ethanol waste, YEW) lagininieniueaunediuiy 1
Alandu laasludwin vnmsiduiedas s. cerevisiae
50 faddns Aissrurnudutu 1x10° aleinefiadans
dudegide 5 Weddud, nmiiena 15 Wesidud,
wlaiud1Uznds 2 Wesidud wavaisazalswssin
(MgSO4.2H,0 7 n¥u waz H,PO, 13 n¥u) iasduumas
Tulnsiauuasndsnuliiuiad wdanduiinisueu
manied gty Usuaadudhenisiiuth 800

A1519% 1 LLEW]Jé‘hu‘ﬂigﬂE]U‘U’e]%jGﬁE]"M’ﬁ‘V]ﬂﬁEN

faddns MiyukeanagedaquuIndawa Unr 89l
wdundniduia 5 Ju (359A  wavaaes, 2557)
Mﬁﬂ*’\]’]ﬂﬁuﬁﬂmﬁﬂizﬂaUQ@]i@’]WﬁNﬁuﬁ’l Eavtanun 4
gns Pifiszunnenueandndasszsu 0, 10, 20 uaz
30 Wesidud lnefldndiusyninee1msne1uneeImis
Hu 30:70 fvhsinduundsermsveny lugnse s
Tinnassusuliidseaulusiunetu 14 WesiGud ua
wasniliuslonild 2.4 wnzunaeisenlanduing
Wia (NRC, 2000) dwisudiuusenauresansasuay
dnsalunisvaans faanslunsnsd 1

YEW level, % of TMR

Feed ingredients (%)

0 10 20 30
Rice straw 30.0 30.0 30.0 30.0
YEW 0.0 10.0 20.0 30.0
Cassava chip 20.0 20.0 18.0 16.0
Rice bran 12.0 9.0 9.0 8.0
Palm meal 4.0 4.0 4.0 35
Soybean meal 20.0 14.0 6.0 0.0
Urea 0.5 0.5 0.5 1.0
Oils 4.0 4.0 4.0 4.0
Molasses 5.0 5.0 5.0 5.0
Salt 0.5 0.5 0.5 0.5
Dicalcium phosphate 1.0 0.5 0.5 0.5
Sodium bicarbonate 1.5 1.5 1.5 0.5
Sulfur 0.5 0.5 0.5 0.5
Premix 1.0 0.5 0.5 0.5

UGG YEW = yeast-fermented bio-ethanol waste

A13199 2 wansesdusznaumaaiivesgnsomsrandnsaildlunisneaes

Feed composition

YEW level, % of TMR

% DM 0 10 ” 30 YEW Rice straw
Dry matter (DM) 97.7 97.3 97.5 97.8 61.5 90.3
Organic matter (OM) 86.9 86.7 86.3 86.4 83.0 86.2
Ash 131 13.3 138 13.6 17.0 13.8
Crude protein (CP) 14.7 14.5 14.3 15.0 25.5 2.9
Ether extract (EE) 6.7 6.8 6.7 7.1 1.6 1.0
Neutral detergent fiber (NDF) 510 518 53.2 54.2 57 80.2
Acid detergent fiber (ADF) 30.0 316 32.2 33.1 49.7 56.4

NUNELNR: YEW = yeast-fermented bio-ethanol waste

]
v
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3. maiutoya

Tuitniminemsiliuazemsivaeluus
avTuilemuiauiinansiuldlumheilansusetu
(ke/d), Wosdushming (96BW) wazniusedlansy
Yuitnga " (o/keW™")

Fahminlannassasinds fo Afausnlutud
14 wazadefidedutiud 21 @ nawierfuvewsiaz
F291781015MAa09 LileAIuIaN1sUAsuLUaIv04
Yhuinea

duiiuileg1991m1sNndUai wazduiiu
Heghagaveslavaasmndilutisiudl 17-21 vesta
mMsveaes iodaseessusznaumaaiiveslavuy
Tupmwnsuazya loun Fnquits (dry matter, DM) 1
(ash) TUsAune 1y (crude protein, CP) uagluiiu
(ether extract, EE) m1u35989 AOAC (1985) uay
JnTesFusznaumaaiivendeledliazasluans
weondidunans (neutral detergent fiber, NDF) 1iolesi
lslazaneluansnendidunsa (acid detergent fiber,
ADF) m1135984 Goering and Van Soest (1970) way
Tsendiiliazaslunsa (acid insoluble ash, AIA)
m1aiues Van Keulen and Young (1977) e
mMunammduuszansnisgeslaniauitves Schneider
and Flatt (1975)

Wudaegsvennallunssimiggauluiy
gavneveian1snnaes tagld stomach tube @
Hunaene s vinsteAiaadunsa-ans  (pH),
waslude-lulnsiau (NH,-N) au3Svee Bremner and
Keeney (1965) waznsnlusiufiszineld (volatile fatty
acids, VFAs) laun nsmes@fa (C,) nsalnsileda (C,)
wagninlansm (Cp) Tngldipsos High Performance
Liquid Chromatography (HPLC) model Water 600 ;
UV Detector (Millipore Corp) uananniviinisifiu
Freghadenfidudonsiuiane (ugular vein) wie
ilUAiesgimUsinagselunssuaiion (blood urea
nitrogen, BUN) a1135983 Crocker (1967)

4. MsApTrdeyaeaia
Foyaiiliarnnismaassiiuniiasiziay

USUSIULUU  Analysis of Variance (ANOVA) ANy

WHUNINAABILUY dxd Jp3aandu lneld Proc GLM

]
v
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(SAS, 2002) WisuiisuaruuAnsvesANadEvDs
nNauNAaBIIeds Duncan’s New Multiple Range
Test WazlUSpulfiguluy  Orthogonal Polynomial
»11735704 Steel and Torrie (1980)

wanmsAnwLazaiUsena

1. 29AUTENBUNUALIVBIDINNTNAADY
aaﬁﬂisﬂaumqLﬂﬁmaaqmmmimauﬁ%%ﬁ
in1neiueaniingadluszausige haznied a9
wamslusmssil 2 gasemnsuandnefililunmsmaass
fianlnvugluseauilndfssiu yonainiainmsusin
AnenIueaniedan S.  cerevisiage WuINNlUSAU
Wuduann 103 Wy 255 wWesidud annsveassil
nnenueansndadialusaufiuiu 61.49-76.82
Woddud wenanil nnevusavsindad Tlusauu
Tudndru 94.1 Wesidud warlulasiaudildlalusiuly
dndu 5.9 Wasldud IndlAseiu Kaewwongsa et al.
(2011) Fvsinnndudlzndadededas S. cerevisiae
$afugide 10 wWeddud uazmminia 1.3 Wedidus
Wuszeziiar 5 Yy dUsuialusfuindu 26.4
Wasidud ddadrulusiuudt 94.6 Waesidud uay
Tulesioudilalalusiuludadiu 5.4 Wosidus

2. Ysunaunsnuldednedase

INKWANISNAABY WUTT A1SLENINLeNIUDA
Mﬂﬂ%mﬂlug_jmmmmaué’]L%ﬁ]ﬁszﬁu 0, 10, 20 uag
30 wWoestdud lfinaseniswasuulamesiminla
nAaes (P>0.05) Lwhf’mﬁﬂﬁm?{auLLiJaﬂugmmmi
VA a gns dewindu 0.7, 0.6, 0.5 uay 0.6
Alansusatu arudiiu 115197 3)  wansldiudn
annsaldninenueandndadlugnsenmsnandnsa
Tulafiuiiios Tnevililaduidleadidwindfudull
LANFIIAUNIERH (151971 3) wiegglsfinuania
(2556) la@nwmavesnisidninevnusandndasiiuans
omsuandnsalulau fissdu 0, 25, 35 uaw 45
Wasidus wui nmsldniniemueanindanluszdud
qqﬁuﬁﬂﬁﬂﬁfmﬁﬂﬁaamﬁwm

n1sldninieniusaninganlugnserisuay
dusas 4 gos lifinadeUsinaumsiuldesnsdasylu
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mieilanuinquitsdetuesidudimingivasia
vnaes uaznduseilandutming’” wasUsunans
Auldaaslavuy (P>0.05) (m151971 3) donndasdiunis
FI8UVANNTIT (2556) fidnwninfuain
geavnIsunsHannsadnsandnioulesiluansemis
nandngalulaiie wuin fUsuanisuldsendng
3.01-450 uaz 2.31-3.01 AlansuinquiisdoTu uag
Woddumimting auddu sgnslsiniy Usunanis
Aulgvoalalumiioledidudindndinazndude
Alansuthwing:"” dafiuduainnisiasuninien
weaningadlugnsomsnaudnsa mmﬁaqmnqm
gmsnandnSafifinsifiussduninienusanindas
fidveadely NDF wiudu senafinansemuseysunm

wsuiildusslondls esanemisinnuiuuas
AUt ure g Ui donndasiunisseauTes
a4 (2541) finanremnsidindsnutesdn ez iuls
Wi sTsinduun lagAuiIuvesgns
91 sTasuninieniueandndas (Junasinnisdl
waglaauazieiwaglaaUsuiauinlueims dwalv
mmﬁagiuﬂixl,wwgl,uuuwu%u (L5, 2533)
WufEiuseuTes Anfa (2556) iseauinileln
IF5uemsiinielefildazarsluansweniidunandlu
Usinagaazdamaliiomnsfianusihaanniu uazewng
ﬁisaznamﬁﬂiuﬂszmwgLuumu%{u (anws, 2549;
21U, 2551)

A15199 3 NAYRINISITNINLENIUeaIINEds S, cerevisiae qummmsmaméhL%ﬁm'aﬂ'}iLUﬁ&JuLLﬂmﬁmﬁﬂﬁaLLaz

USunaumsnulatulafiugios

YEW level, % of TMR Contrast'
398013 0 0 2 20 SEM  P-value ] a c
Initial BW 1632 1624 164.1 161.2
BW change (kg/d) 0.7 0.6 0.5 06 014 075 056 061 096
Feed intake
ke/d 4.5 4.4 4.4 4.5 013 093 068 065 099
9%BW 2.7 2.7 2.7 2.8 008 089 083 052 075
o/kg” " 96.4 96.4 96.7 99, 340 078 079 039  0.71
Nutrient intake
(kg/d)
oM 40 3.9 3.8 3.9 012 089 057 063 091
cp 0.7 0.6 0.6 07 001 021 093 006 047
EE 2.3 2.3 24 24 007 069 032 059  0.89
NDF 14 1.4 1.4 15 005 052 017 091 084
ADF 0.3 0.3 0.3 03 001 043 026 027 069

,b,c o a oo v oA W ' o o o aa
LR e ﬂ’]LﬂaEJIULL‘U’JUE)‘U‘W@J@m:‘}iLWIﬂ(mﬂﬂu&iﬂ'J']@JLLMﬂ@?ﬂﬂuaﬁﬂﬂﬁﬂﬂﬁ’]ﬂ@%?ﬂﬁﬂm (P<0.05)
1 = = v a a 1Y) U N ¢ .. o
WSHUNEUITLAUDNINAVDITEAUNNBNIUDAVINEER S. cerevisiae iugmmmimaumﬁa;

YEW = yeast-fermented bio-ethanol waste
L= \&un59, Q= LEUlAIidsany, C= dulAaidaany

o e L
3. dudszansnisdeslavaslnuue
gnsomsnaudsandszAuTInINeNIuLea
mindanuwnneneiu vlviadudseansniseeslaves
Toguiia dunsedng Wekuneu Weleiazarsluneny
I3 A a a2 | )
Wunane wazidelenazarglunenidunsauwnnmienu

Uit 13 atiuil 1 unAu - fquiey 2559

9adiA (P<0.05) warnduuszdvanisteslivesludu
Lufiaauunnstesdunieads (P>0.05) (1191399 4)
ag1elsfimny Arduuszdnsnisgenlivesinguis
dunseing Wakuvenu lviu wazidelefazarglunen
A = A o P

Mdunans wazileleazarglueniiilunsndiranas

M3AITNYATNISIFU 110

Volume 13 Number 1 JANUARY- JUNE 2016



wuutuidunse (Linear,  P<0.01) A1u5eaU89nIN
enueandniadiiuiy sgrelsAniunisidnin
mupaniinBadlusyau 0 way 10 Wesidudluans
o snandfasidnduuszaninisdeslivesinguis
dunsedng wazlusfiuveu luusnsneiu wigendnlu
gnsevnsnavdsailininienusansindadlusedu
20 waz 30 Woesus Wosannnenusansnians
seeuves ielefiazarslunendilunans wazideoled
azarglureniiunsadeutiegs enisldnin
oueavsindanlusysuifniy (@nms, 2549; Ruiz
et al., 1995)

nsldninienueandindadlugnsesnay
dSafisyau 20 uaz 30 Wasidus dwaldamdsaud
TgUszlewula (metabolizable energy, ME) uagnis
E%Lﬂi’wﬁﬁﬁuw%sﬁﬂiﬁu (microbial crude protein,
MCP)  anasaInnguAluAlegeildeddgnieais
(P<0.05) (miwﬁ a4) ﬁy’qﬁmﬁ]Lﬁaqmmﬂmmamuaa
winBadfsziulusiuiigs Wethunldlugnsermswa
dSsluseiuiintu demaandsyansnmnisdesldves
Tnvuras WunalilaldSundsnuilduselondliuas
nsdansziqauniclusianas Snstadanuinla
fuidesiildsugnremanandifadisesundauilly
Uselowdlatimnuuanstatuuasiuulduanasiuuidu
WEunss (Linear, P<0.01) 91nMssiusziunsiasunin
WMueandndan

4. anudunsa-ang (pH)
Aranulunsa-alureanaininnssmigg
wuvedlafudosilldfugnsemsnandifaiidsesu
Anentusavdndanuana1eiy datldunnaneiu
(P>0.05) (in51471 5) d0AARBINUANAT (2556) Anw
msldninenueaniingasdluansensnandnialula
Faun wuarmnulunsa-arddunszimzjuuvesde
vundsliemnslufinnuuansisfunisad uenand
Annudunsa-Aawesenmnsegludiafimnzgas Ao
6.0-7.0 %’ﬁmmzﬁ’umsﬁwmumaaaﬁuw%‘ﬂumzwmg
W (57, 2533; Van Soest, 1983) n15l#e1usiuy
gnsonsuandsaanunsatiesnwanulunsn-ana
ma’[,uﬂszl,ww:gmuiﬁﬂaﬁw%aﬁmmﬁuwisummm
Junsa-ansnnglunszinzgmudesniinislies

]
v
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wuukenlyi dewalvinisvihauvesgdunsdlunssinigs

WUANIN (@rskov, 1994; Moat and Foster, 1995
?;hLﬂaﬂsﬂaﬂﬂquLﬁjuﬂi(ﬂ-ﬂlﬁlﬂ%aQsﬂaﬂLwa'ﬂuﬂigL‘qui

U
.:4'

Lmuiuiﬂﬁﬁhqqs‘ﬁummsﬁwaqmmamuaamﬁﬂ%w
diudulugnsonms (7.0, 6.9, 7.0 uag 7.0 MudIH)
#@0AARDINU Brossard et al. (2004) NA1INTEAUUDY
ﬁhm’mLﬁumm-ﬁhﬂumzwagl,uu%dé’miﬁlﬁ%’ums
ieSuTarasiinniuiudiefousiudnialdldsunsesy
Pan

5. wanlade-lulnsiau (NH,-N)

Aweuluds-lulasiaulureaarainnszimig
i (206, 20.8, 21.7 uaz 21.9 fadniuesifud
AUAIU) ﬁmgﬂﬁ'ﬁumﬂmmﬁ'mzﬁummamuaawﬁﬂ
gadlugnsormsnandnsoudliunndrafunisada
(P>0.05) (5749 5)  ogalsfimu Anadeneulade-
lulasiaulureumarninnszmizgudiléainau
yanoEtAogsEmie 5.0-250 dadniudedifus
geandenududusgeivihliiinsndnuavesqaunid
iﬁmaﬁmﬂamﬁﬁﬁag (R@p9, 2541) denAdasny Satter
and Slyter (1974) vihnsfnwluiesdfudints wuid
Jaunsgdianussansuonluie-lulasiauainvesan
Tunszimizgiun ilenisegiulauseana 5-8
faanfudesidudvinguy uilusidnidaudosnis
woslude-lulnsiauluveamadlunszimnegiuudiandy
15 faansuwesiud (Song and Kennelly, 1990;
Wanapat (2000) uaziloanududurenenlunde—
lulastauainveamadlunseiniggiuugeds 238
fiadnsuesidud vhliinsduaseiqdunidlusiu
asan (Preston and Leng, 1984)

6. ei3e-lulasiaulunszuaidon (BUN)
ArrNdutuvetgse-lulasiaulunssua
\dendAnvnnu 19.08, 1525 1542 uag 16.00
fiadnsuesidud Faiamluiumnaneiun1eadfi(P>0.05)
(M57971 5)  @ORASBIRUNISTIBNUTBNST (2533) T
nanfesyavvedgs-lulasaulunssuadoninludnd
Aedosnsilegilaedy 63255  Dadnduiedidus
nsbigasemisnandnsefinarilirmeselunssua
Foaliiinnisiasuslasuinidn wesaindnd
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1eFulusiumenulugasevnsnandifaegsasinane
uaﬂmﬂﬁmmL%ﬁumaqszﬁugﬁaiuﬂimmﬁaﬂé’ﬂﬁ
aAnudunuslulufaniafetuiussavneuluie-
1uIGISLT\]u1uﬂ§3LW’1$§L3Ju (Broderick and Clayton,
1997; Hof et al., 1997) LLazmﬂﬁhqﬁﬂiuﬂizLLaLﬁam‘ﬁ
gannifuluds venfanislduseleviannlulasiauly
avnsvaslauniulsifiusansain (Nousiainen et al.,
2004)

7. Gunansalvdiufiszvield (VFA)

Anadsvasrudutuvesnsaluufissmele
womalulaudlesillésuommaassiis 4 gns Tenlal
wan@eiY (P>0.05) leedianunidu  103.3, 101.0,
101.3 uaz 1015 fadluasedns sudinu daduna
esmnUsnalavuziinulddeslaldunnarsiuluns
A¥anNTOIMIINARDY (m57971 8)  eehalsinng wans
naaosiiliiaenadesiu anfa (2556) Aidnwinislénin
W ueanindadlusyau 0, 25, 35 uay 45 Wosidud
Tugnsemsgnsnandnialaiauy wuin nnlviud
sungldsumdnislienmsiiaianasannisiiiuseeu
nneueaniindadlugnsenns egelsinig A
Wuduveansalusuiissmeldiamunvesiunnassiien
sglutisunivesnsalesuiiszmeldiinannisdes
anshunsemnzguiianvindu 96.3-104.0 fiadlua
fodns Teaenndestu aaes (2541) finainlainns
mémﬂmlmﬁuﬁisLmiﬁﬂgwumagﬂuﬂm 80.0-150.0
fiadluasiodns Inenangeanlutalueil 2.4 ndsnsli
9115

dlofinrsananududuresnsaladuiissive
19 wuin nsalnsilelianaznsadarisalufinuuaneig
U LANTRosdRA (P=0.04) Lasdnd1uveInNInozTsa
sonsalnsiilolla (P=0.01) duualduluuldulaanids
a1 \leseninvsunavesnsaladuiissinelduas
dndruvasnsalusiuszmeldzildsundaslumunsi
9115 dndiuratens Usunaniels auinvesniny
gnveundelonavsyduresmslulawnsaiidosaansdne
Tunsgimegian (91U, 2551) Faarnmsmnaesiinig
@sunnteniusanindasdsnaiinusuaunisuls
Tnslamznisiuldveadelefiavarsluaisveniiiu
natailesannnintentusanindadiibelegs
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Tnenandnnsalasiufissmeldndnannisdeadolely
NIEMESIIU Ao NIARYTAN (Rnes, 2541) Jedwmalit
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nselnsiledaiuiuanmsifiussdunsiasuninen
weaninganlugnsemmaaes
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figandund dadoradunannemmasosiidadan
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pzAfnoy usn1snannsalnsiilella uaznsalnisga
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#n denAdesfiu Ishler et al. (1996) fisneeuinnisuiiy
dndiuvese1vistudeamIsrenuan 50:50 L0y
80:20 ATNWUIANAIUVDINTADETAAITANAS AIUNTA
Tnsiledia LLa3mmﬁaﬁ%ﬂazgﬂﬁummé’mmu‘uaammi
JurpaIMsvenU (65.3:18.4:10.4 1Ju 53.6:30.6:10.7
AUAIAU)

ayunanisAnen
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A3 5 wansravesnsiinineueandndad S, cerevisice Tugmsermswandniasedrauilunsn-ane lu
nsginnzgay, wonlandelulasiau (NH.-N), gide-lulasiau (BUN) uagnsalusiuiisewmeld (VFA)

YEW level, % of TMR Contrast’
ltems SEM  P-value
0 10 20 30 L Q C
Ruminal pH 7.0 6.9 7.0 7.0 0.10 0.59 0.38 0.79 0.95
NH5-N, mg% 20.6 20.8 21.7 21.9 0.80 0.16 0.13 0.28 0.26
BUN, mg% 191 153 154 16.0 1.02 0.90 0.08 0.06 0.6
Total VFA, mmol/L 103.3 101.0 101.3 1015 1.50 0.71 0.47 043 0.70
Acetic acid, mol/100 mol 54.2 53.0 55.1 54.5 0.53 0.11 0.24 060 0.04
Propionic acid, mol/100 mol 28.1 29.2 27.4 27.6 0.68 0.35 0.50 065 0.12
Butyric acid, mol/100 mol 17.7 17.7 175 17.6 0.28 0.89 0.55 0.90 0.67
Acetic acid : propionic acid ratio 1.7° 1.8° 2.0° 20° 0.05 0.05 0.24 057 0.01

ab,c a o ' v ' 9 | A o w aa
nnewe: ©° AnedglunwineundnyisiulianuuandesiuegslitedAgnieaia (P<0.05)
1 ™ a o a a o o a .. o
Wisuiflsuseaudvinavesseduninievnueaniingad S. cerevisiae Tugmsemnsuandnss;
L= #uUnsa, Q= dulAanndaay, C= @ulAanidaany

YEW = yeast-fermented bio-ethanol waste

LBNAN591999

2899 23510103, 1 HafNA Uszaena wagqding Ailen. 2540. 811157181813 (Total Mixed Ration, TMR)
wsea M sauysal (Complete Ration, CR) dwisulauy. 1sasiaua.5: 53-63.

2889 T3101NT, JUAT 2AUS, DYaTA! LTIANDI UAzULT NaUAY. 2559, HAYBININLENIUBAWTILENS
onsHavdSasoUsinansiuld nsdesld nandnuazasiuseneutuslulaliuy, 1nsansinems.
32:247-259.

2893 W@51ns. 2541, Tnrumansuasmsliensdniinesont ey, maivdmenans ansinuasians
UAMNYIEEUVIULN. VDULNLU.

= € aa L4 L3 a ' Y a ! dl dl
NINIU UANIU WAE NEANE duNIRe. 2550. ﬂ’l':T‘U‘SSLQJ‘LJQmﬂ’ﬁ/lNIJ’]‘U‘US’MQWUENW]?WJ’]ULLaSLma\iLEJ’e)sLEJVI

Wil emsdniluvaeaneasnisudnufia. wiwnuas. 35: 397-409.

w51 assautan. 2533, Insumansdn iAo udos. duflwduaede: ngamma

15790000 UAUALT Uaraasd 9351003, 2557. navesnisldninevnueandindedas (Saccharomyces
cerevisiae) uazias (Aspergillus niger) Tugnsomnswavdnsasienisesliuazaunamanives
nswaauia. NsUszgdvIMsiauenanuITeseau Tadndnw. Jadinineide
UM INGIRUVDULAU.

13MUG Junave], gt InanIne uazgvie Auls. 2551, NMSANYIBIAYTENBUAYIMEDIINNITNENLD
musaniiuduzndaitelfiduemsdaivantulodmivite. guiduniuaginuivinsems
&3 aontuanssanannanaiionisiun huasiaunuadniuasndnieidn
UTINIRUNBATANENT INSUVATNIULAY UATUT.
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nfe quiln. 2556, wan1sldninieniueadnifudgndmiindaddenszuiunmndnlunseime iy
Usgansnmnisldems wagnisiinandnveslauy. Ingrinudusayg iveimansumtudin @121
dmenans Taudinine1ds unIneduveunnu.
ANNIIE V1YY, 2556. wamaa?ﬁmé‘a‘ﬁamﬂqmafmmiumﬁwammm%mi‘swﬁmaul%ﬁsiaﬂ%mmmiﬁulé’
msgold waznszuumsvinlulaiie. ImerlinudUiyyivermansumiadin aundnamans

YN INGIdy UMINSIREVOULNL.

gnms umiAen. 2549, navesszFuATAIAALTTlH I uuMAIe VB TUgRTe I SNANdISagUsRUTINM
msauls nstesld nslinandmuazesdusznoutinualulaiaun. InendnusUSyainermans
WiTudin audmimans Tudininendy an1inedevousiu.

muuﬁ Uszlasen. 2551. mamaamna’%uﬁwmaLLassumm%ummwmwiamiaﬂmmLﬂ%mmzmﬂﬁma
nanvoslaul. ednusUsyyinemansuiI e
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