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Abstract: The behavioral response of ants to the adult of coffee berry borer (CBB) was studied in laboratory

condition. The observed ants were seven dominant ant species collected from coffee plantations in northern

Thailand i.e. Anoplolepis gracilipes, Camponotus nicobarensis, Crematogaster sp. PM2, Dolichoderus sp. PM1,

Tapinoma sp. PM1, Technomyrmex modiglianii and Technomyrmex yamanei. The following ant behaviors

against CBB were recorded in the laboratory: 1) Antennal contacting, 2) Attacking, and 3) Carrying. All species

attacked CBB and some the species also carried the CBB. However, no ant species fed on the CBB. The CBB

got damaged if ants intensively attacked or if they were grasped for carrying. A. gracilipes and C. nicobarensis

were less aggressive against CBB, while Dolichoderus sp. PM1 and Tapinoma sp. PM1 seemed to be the more

effective biological control agents for CBB.

Keywords: Ants, coffee berry borer, Hypothenemus hampei, arabica coffee, biological control

Introduction

Arabica coffee is the main cash crop for the
hill tribes in the mountainous regions in northern
Thailand after it was promoted by the government
approximately 30 years ago (Riwthong et al., 2015).
However, a major pest problem has been caused in
some regions by the coffee berry borer (CBB,
Hypothenemus hampei). Although the origin of CBB
is not known, it is now found in all coffee producing
areas worldwide, including Thailand (Vega et al.,
2009; Jaramillo et al., 2011; Suttiprapan and
Chanbang, 2014; Buranapanichpan and Chanbang,
2014; Thayaping and Suttiprapan, 2015). The
fecundity of CBB is high, sometimes producing
seven generations during one year (Le Pelley, 1968).
Although insecticides have been widely used to
control this pest, it is not always effective because
the CBB spends most of its life inside the coffee fruit.
In addition, CBB has developed a resistance to
insecticides (Gonthier et al., 2013). Therefore, in
recent years, the Thai government and institutions
have recommended growers to apply female

attractant traps using ethanol and methanol, the

entomopathogenic fungus Beauveria bassiana, as
well as cultural control. Moreover, in other coffee
growing countries, the parasitic wasp Cephalonomia
stephanoderis and predators such as birds, thrips
and ants have been used for the biological control of
CBB (Vega et al., 2009). In South American countries
such as Mexico and Colombia, there are several
reports on the effects of ants on the CBB. For
example, Pheidole synanthropica was confirmed to
carry the CBB to their nests, and Azteca instabilis
that have a symbiotic relationship with scale insects
on coffee trees expels the CBB (Jiménez-Soto et al.,
2013). Besides these two ant species, the usefulness
for the CBB control is expected for the following
species; Brachymyrmex sp., Camponotus sp.,
Crematogaster sp., Dorymyrmex spp.,

Gnamptogenys  sulcate, Pseudomyrmex  sp.,
Solenopsis spp. and Tetramorium sp. (Jiménez-Soto
et al., 2013; Philpott and Armbrecht, 2006). In
Thailand, however, ants have not yet been
considered as a biological control agent for the CBB.
In this study, the ant behavior toward adult CBB was
observed in order to know the potential of ants as

biological control of the CBB.
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Materials and Methods

The behavioral response of ants to adult
CBB was observed in the laboratory. Colonies of
ants were collected at the coffee plantation of Pa
Miang village, Doi Saket district, Chiang Mai
province (910m alt., 18°59'N, 99°20’E) on 17 June,
2015. Each ant colony that nested in rotten coffee
branches on the ground were put into a plastic bag
and brought back to the laboratory. Then, each
branch was opened and all ant individuals were
collected by an aspirator and moved to a plastic
breeding case (20 x 15 x 7 cm). A small plastic case
(8-x5x15cmor6 x3x1cm)lined with plaster
was put inside the breeding case as a nest chamber.
Colonies containing only workers without brood were
not used because they may not perform normal
foraging behavior. Queenless colonies were used for
this experiment. Colonies of the following ant species
were collected in the coffee plantation; Camponotus
nicobarensis, Crematogaster sp. PM2, Dolichoderus
sp. PM1, Tapinoma sp. PM1, Technomyrmex
modiglianii and Technomyrmex yamanei. All studied
ant species are common in this plantation (Onishi et

al., 2016). In addition, a colony of Anoplolepis

Antennal

Searching contacting

No
contacting

gracilipes was collected from a coffee plantation of
Teentok Royal Project Development Center (18°87'N,
99°32'E). This species was most dominant in that
coffee region. The thorax length (mm) and head
width (mm) of the ants used in this study were
measured for comparing the body size of the CBB.
The coffee berries containing adult CBB were
collected and kept through the experiment.

After a CBB was introduced in the foraging
arena of the breeding case, the behavioral response
of the ants was recorded. Figure 1 shows the
behavioral process of ants against the CBB. The
following ant behaviors, adapted from De la Mora et
al. (2008) were recorded: (1) antennal contacting:
the ant contacted the CBB with its antennae before
attacking it, (2) attacking: the ant attacked the CBB
with its mandibles or abdominal tip, (3) carrying: the
ant grasped the CBB with its mandibles and carried
it. Furthermore, ‘attacking’ was divided into the
following two types: (2a) short attacking: the ant
attacked the CBB for less than one second, (2b)
intensive attacking: the ant continuously attacked for
more than one second. Once a worker touched a
CBB, we observed its subsequent behaviors. The

observation was repeated 20 times for each ant

Attacking

No
attacking

Carrying

No carrying
or giving up

Figure 1. The behavioral process of ants against the CBB. Searching: the ant walked randomly at a

moderate speed outside the nest case; Antennal contacting: the ant did contact the CBB with its

antennae before the attack; No contacting: the ant did not show any interest for the CBB and did

not contact it; Attacking: the ant grasped the CBB with its mandibles or attacked it with the

abdominal tip; Carrying: the ant carried the CBB; Giving up: the ant could not lift the CBB and

walked away
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species. If ants did not recognize a CBB for 10 min,
the observation was stopped. For ‘attacking’ and
‘carrying’, the duration of these behaviors was also
recorded. The differences of behavioral response
among species (the ratio of workers performing a
given behavior) was examined by pair wise
comparison using Fisher test. Multiple comparison of
the average duration of the ‘Attacking’ and ‘Carrying’
behaviors among ant species was analyzed by
Ryan-test using the statistical software R (R Core
Team, 2013).

Results

The thorax length (mm) and head width
(mm) of the ants used in this study were shown with
body size (head width and total body length) of CBB
(Figure 2). Among seven ant species, Camponotus
nicobarensis was the largest species while
Tapinoma sp. PM1 was the smallest ant.

Most foraging workers touched the CBB
with their antennae when they encountered them in

the foraging arena. The only exceptions were five

Anoplolepis gracilipes that ignored the CBB for ten
minutes until the observation finished. Figure 3
showed the frequency of each behavior after the ant
contacted the CBB. Two to six workers of each
species walked away without showing any
aggressive behavior toward the CBB. The ratio of
such indifferent workers was not different among
species (pairwise comparisons using Fisher test).
The remaining workers showed short time
aggression or intensive aggression. The comparison
among the seven ant species indicated that a
significant difference in the ratio of workers showing
intensive aggression was only found between
Dolichoderus sp. PM1 and T. yamanei (P = 0.023).
Figure 4 showed average duration of intensive
attacking and carrying performed by each ant
species. The duration of intensive attack varied from
a few to 150 seconds, however, no significant
difference in average duration was detected among
ant species (Ryan-test). When Tapinoma sp. PM1
workers showed intensive attack, this was usually
performed by multiple workers (Figure 5), while in the

other species, attacking was always done by single

workers of C. nicobarensis and one worker of workers.
25
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Head width {(mm)

Figure 2. The thorax length and head width (mm) of each ant species. Ta: Tapinoma sp. PM1; Tem:

Technomyrmex modiglianii; Do: Dolichoderus sp. PM1; Tey: Technomyrmex yamanei; Cr:

Crematogaster sp. PM2; Ag: Anoplolepis gracilipes; Cn: Camponotus nicobarensis. The body

size of CBB were shown by head width (mm) and body length (mm)
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Figure 3. Frequency of each attacking behavior displayed by the seven ant species. Ta: Tapinoma sp.
PM1; Tem: Technomyrmex modiglianii; Do: Dolichoderus sp. PM1; Tey: Technomyrmex

yamanei; Cr: Crematogaster sp. PM2; Ag: Anoplolepis gracilipes; Cn: Camponotus

nicobarensis
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Figure 4. Average duration of each behavior performed by each ant species. Ta: Tapinoma sp. PM1;
Tem: Technomyrmex modiglianii; Do: Dolichoderus sp. PM1; Tey: Technomyrmex yamanei,

Cr: Crematogaster sp. PM2; Ag: Anoplolepis gracilipes; Cn: Camponotus nicobarensis



M5A15NEAST 33(1): 1 - 8 (2560)

Figure 5. The workers of Tapinoma sp. PM1 gathered around a CBB

After the short or intensive attacks, all
workers of A. gracilipes (n = 17) walked away but
some workers of the other ant species picked up the
CBB with their mandibles and carried it to other
places in the foraging arena. The ratio of workers that
carried the CBB after attacking in A. gracilipes was
significantly lower than that of Dolichoderus sp. PM1
(P=0.023) and T. yamanei (P = 0.023). The duration
of carrying was not significantly different among
species, however, the efficiency of carrying CBB
seemed to be different among species. Workers of
C. nicobarensis and Dolichoderus sp. PM1 readily
picked up the CBB and carried it, while workers of
the other species often failed to manipulate the CBB.
No workers of any species carried the CBB to their
nest chambers, and they never fed on the CBB.

If “intensive attacking” and “carrying” were
regarded as “strong interference behavior”, the ratio
showing the strong interference behavior in A.
gracilipes was significantly smaller than that of
Dolichoderus sp. PM1 (P<0.001).

Discussion

All ant species studied in this research
never fed on the adult CBB, however, they showed
attacking and carrying behavior against the CBB.
These behaviors may result in expelling the CBB
from coffee trees and thus reducing the infestation of
coffee berries (Jiménez-Soto et al, 2013). The
behavioral response against the CBB varied among
the seven ant species, although a statistically
significant difference was not found in the most
species. A possible reason for the absence of
statistical differences may be the small sample size.
However, our results may give an important insight
into the usefulness of ants for biological control of
CBB in Thailand. Two relatively large sized ants, A.
gracilipes and C. nicobarensis (see Figure 2), seem
to be less effective among the seven ant species we
tested. A. gracilipes workers never showed carrying
behavior, and intensive attacks were observed only
three times. C. nicobarensis workers often ignored
the CBB, and also intensive attacks were rare. In
ants, worker body size affects prey size selection as
shown in some seed harvesting ants (Kaspari, 1996).
For larger sized ants, the adults of CBB may be too

small to be hunted as prey. Among the five other ant
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species, Dolichoderus sp. PM1 seems to be the
most effective biological control agent, because of
the frequent interference behavior against the CBB.
Furthermore, the workers can manipulate the adult
CBB very well. Although the frequency is rather low,
approx. 50% of encounters resulted in strong
interference behavior in the other four species.
Especially in Tapinoma sp. PM1, the duration of both
intensive attacks and carrying was relatively long,
although there was no statistical difference when
compared to the other ants. The most dominant ant
species in the coffee plantation in Pa Miang (Onishi
et al., 2016), T. yamanei, showed a unique
behavioral response: they rarely performed intensive
attacks, however, they frequently carried the CBB.
Thus, T. yamanei may have a negative effect on the
CBB.

As in former studies in Central and South
America (Gonthier et al., 2013), relatively smaller
ants seem to be effective for controlling the adult
CBB in Thailand. Because they can enter the
galleries made by the CBB (Gonthier et al., 2013),
they can also attack immatures of the CBB inside the
berries. The effects of such small ants on the survival
of CBB immatures should be investigated for
evaluating the usefulness of ants for biological
control of the CBB in Thailand.
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Control of Coffee White Stem Borer, Xylotrechus quadripes Chevrolat

(Coleoptera: Cerambycidae) in field Conditions
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Abstract: Outbreak survey of coffee white stem borer (CWSB), Xylotrechus quadripes Chevrolat, was carried out
in arabica coffee plantations of Ban Pa Miang, Chae Son sub-district, Mueang Pan district, Lampang province
and Ban Mon Ngo, Mueang Kai sub-district, Mae Taeng district, Chiang Mai province. Number of infested
plants caused by CWSB in Ban Pa Miang and Ban Mon Ngo were 87 and 58% respectively. CWSB sex
pheromone, (s) 2-hydroxy-3-decanone, and sticky cross-vane trap were tested for attracting CWSB for 8
months. Only 5 males and 3 females of CWSB were caught during November 2015 to June 2016. The results
indicated that both male and female responded to 2-hydroxy-3-decanone. Other cerambycids were also caught
in this pheromone trap especially Demonax sp. 2 which found in April, 2016 (103 adults). Two mechanical
control measures were done using stem rubbing and stem rubbing incorporated with stem painting with white
latex paint in order to remove insect eggs and prevent egg deposition. The results showed that there was no

CWSB infestation on the treated plants while the untreated control showed 42.5% of infestation.

Keywords: Coffee white stem borer, Xylotrechus quadripes, arabica coffee, sex pheromone, 2-hydroxy-3-

decanone, mechanical control
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Figure 1. Sticky cross-vane trap was set at 150 cm height above the ground and CWSB lure was hung

at the center of window (arrow)
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Figure 2. Five symptoms of coffee plants infested by coffee white stem borer (CWSB); ridges of larval

damage around stems (a), yellow leaves (b), some exit holes of adults (c), wilted leaves and

dieback stems (d), totally died (e)
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Table 1. Three major damage categories caused by coffee white stem borer (CWSB) of Ban Pa Miang,

Chae Son sub-district, Mueang Pan district, Lampang province in July 2015

Damage category Damage characteristics of CWSB in coffee plants Number Percentage
of plants

No damage green leaves and healthy plant 34 34%
Group 1 yellow leaves 19 29%
(single symptom) dried stems 1

exit holes 2

ridges of larval damage around stem 7
Group 2 yellow leaves + dried stems 13 22%
(combination of 2 symptoms)  wilted stem + exit holes 3

yellow leaves + exit holes 1

yellow leaves + ridges of larval damage around stem 5
Group 3 ridges of larval damage around stem + yellow leaves + dried stems 10 15%
(combination of 3 symptoms)  yellow leaves + dried stems + exit holes 5

Table 2. Three major damage categories caused by coffee white stem borer (CWSB) of Ban Mon Ngo,

Mueang Kai sub-district, Mae Taeng district, Chiang Mai province in July 2015

Damage category Damage characteristics of CWSB in coffee plants Number  Percentage
of plants

No damage green leaves and healthy plant 66 66%
Group 1 yellow leaves 5 17%
(single symptom) dried stems 6

ridges of larval damage around stem 6
Group 2 yellow leaves + dried stems 7 14%
(combination of 2 symptoms)  wilted stem + exit holes 1

yellow leaves + ring of larval damage around stem 6
Group 3 ridges of larval damage around stem + yellow leaves + dried stems 3 3%

(combination of 3 symptoms)

gouit lundasnuntinuseunziduiuiudaslgn

nunn R HTsnAauinawnn wusiununldng 42%

(119199 4) uansliiiugn luudaslgnniuniinden
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a Ly Sy
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NSALANUUAUAIZRIBUNIUN Xylotrechus quadripes Chevrolat
(Coleoptera: Cerambycidae) °lummwuﬂmﬂ§n

Table 3. Four major damage categories caused by coffee white stem borer (CWSB) of Ban Pa Miang,

Chae Son sub-district, Mueang Pan district, Lampang province in March 2016

Damage category Damage characteristics of CWSB in coffee plants Number  Percentage
of plants
No damage green leaves and healthy plant 13 13%
Group 1 yellow leaves 12 17%
(single symptom) ridges of larval damage around stem 5
Group 2 yellow leaves + dried stems 22 30%
(combination of 2 symptoms)  wilted stem + exit holes 4
yellow leaves + ridges of larval damage around stem 4
Group 3 ridges of larval damage around stem + yellow leaves + dried 15 32%
stems
(combination of 3 symptoms)  yellow leaves + dried stems + exit holes 17
Group 4 ridges of larval damage around stem + yellow leaves + dried 5 5%
(combination of 4 symptoms)  stems + exit holes
Dead tree 3 3%

Table 4. Four major damage categories caused by coffee white stem borer (CWSB) of Ban Mon Ngo,

Mueang Kai sub-district, Mae Taeng district, Chiang Mai province in March 2016

Damage category Damage characteristics of CWSB in coffee plants Number Percentage
of plants
No damage green leaves and healthy plant 42 42%
Group 1 yellow leaves 7 10%
(single symptom) ridges of larval damage around stem 3
Group 2 yellow leaves + dried stems 20 28%
(combination of 2 symptoms) yellow leaves + ridges of larval damage around stem 6
ridges of larval damage around stem + dried stems 2
Group 3 ridges of larval damage around stem + yellow leaves + dried 8 14%
stems
(combination of 3 symptoms) ridges of larval damage around stem + dried stems + exit holes 2
yellow leaves + dried stems + exit holes 4
Group 4 ridges of larval damage around stem + yellow leaves + dried 1 1%
(combination of 4 symptoms) stems + exit holes
Dead tree 5 5%
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Figure 3. Xylotrechus quadripes: male (a), female (b), male front (c), female front (d)



NSALANUUAUAIZRIBUNIUN Xylotrechus quadripes Chevrolat

(Coleoptera: Cerambycidae) °lummwm]m1]§n

Table 5. Total number of cerambycids (November 2015 to June 2016) in the cross-vane traps

Month/ year Species Number of insects in each cross-vane trap Total Damage of
coffee trees
1 2 3 4 5 6 7 8 9 10 Yes Unknown

November 2015 Demonax sp. 1 0 0 0 0 0 2 0 0 0 0 2 4
Xylotrechus quadripes 0 1% 0 0 1 1* 0 2% 0 0 5 4

February 2016 Demonax sp. 2 0 0 0 0 1 0 0 0 0 0 1 4
Xylotrechus quadripes 0 0 0 0 10 0 0 0 0 1 4

March 2016 Demonax sp. 2 0 0 4 2 2 0 7 0 1 3 19 4
Chlorophorus sp. 0 0 0 0 0 0 0 2 0 2 4 v
Rhaphuma indifferens 0 0 0 0 0 0 0 2 0 2 4 v
Rhaphuma sp. 0 0 0 0 1 0 0 1 0 2 4 v
Xylotrechus quadripes 0 0 0 1% 0 0 0 1% 0 0 2 v

April 2016 Chlorophorus sp. o o o 1 2 0 0 0 0 1 4 v
Demonax sp. 1 0 0 0 0 0 0 0 0 0 1 1 v
Demonax sp. 2 16 16 13 5 6 9 18 5 12 3 103 v
Rhaphuma indifferens 51 2 1 0 0 2 0 0 0 11 v
Rhaphuma sp. 0 0 0 0 0 0 0 0 1 0 1 4

May 2016 Demonax sp. 2 0 2 1 0 0 0 1 0 1 1 6 v

June 2016 Chlorophorus annularis 0 0 0 0 0 1 0 0 0 0 1 v

* Male

** Female

uun gy Chlorophorus sp., Demonax sp. 1,

Demonax sp. 2, Rhaphuma indifferens, Wag
Rhaphuma sp. aWaw4, 1, 103, 11 Uaz1
ANNANAL

Hall et al. (2006) $1e:11n19ANEIN 9T
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Table 6. Number of infested coffee plants caused by coffee white stem borer (CWSB) at Ban Pa Miang,

Chae Son sub-district, Mueang Pan district, Lampang province from July 2015 to March 2016

Month

Number of infested coffee plant

after trunk scrubbing trunk scrubbing

trunk scrubbing and

control group Percentage of

and stem painting (n=20) stem painting (n=20) (n=40) infested plant
0 0 0 0 0.00
2 0 0 1 2.50
4 0 0 " 27.50
6 0 0 14 35.00
8 0 0 17 42.50
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Abstract: Host plant resistance is one of the main post in insect management strategy to control insect pest.
Therefore, the total of 6 BC,F,, backcross rice lines ((Abhaya/KDML 105) x Chai Nat 1) were evaluated their
reactions on 5 whitebacked planthopper (WBPH) populations collected from paddy fields in lower northern
Thailand, Sukhothai, Phitsanulok, Kamphaeng Phet, Phichit, and Nakhon Sawan provinces, under greenhouse
condition. All six BC,F, , backcross rice lines and 10 standard varieties were planted in seedling box in insect
case and WBPH nymphs at 2".3" instar were released at the rate of 5 insects per plant. The reaction of rice
responding to the WBPH infestation was evaluated at day 14 after insects released based on standard
evaluation system for rice from International Rice Research Institute (IRRI) and then elite lines were selected. In
addition, the relationships of rice damage caused by WBPH infestation at day 14 and simple sequence repeat
(SSR) molecular markers was determined. The result revealed that the backcrossed line, A12-26-201-428, was

an elite line, significantly high resistance to WBPH populations from all 5 areas in lower northern region.
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The marker-trait association analysis, a total of 2 quantitative trait loci (QTLs), potentially resistant to WBPH
population from Phichit: gRmWBPH6 and gRmWBPH12 was found on chromosome 6 and 12 linked to marker
RM463 and RM225 respectively.

Keywords: Whitebacked planthopper resistance, molecular marker, Chai Nat 1, Abhaya, QTL
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Table 1. Reactions of 6 ((Abhaya/KDML105) X Chai Nat 1)) backcross lines and 10 standard rice
varieties responded to whitebacked planthopper (WBPH) collected from Phitsanulok (PSL),
Sukhothai (SKT), Phichit (PHC), Kamphaeng Phet (KPP) and Nakhon Sawan (NKS) at 14 days

after WBPH released

Name / plant code

Damage reaction scale

PSL SKT PHC KPP NKS
A12-11-165-359 MS MR MS R MR
A12-11-170-381 MS MR MS MR MR
A12-11-171-401 MS MR MS MR R
A12-11-171-402 MS MS MS MR R
A12-26-201-428 MR MR MR R R
A12-26-201-436 MS MS MS R MS
Abhaya MS MR MS MR MS
Abhaya x KDML105 MS MR MR R MS
CNT1 MS MR MS R MR
TN1 MS S S S MS
PTB33 MS MS MS MR MR
SPR90 MS MR MR MR MS
RD29 MS MR MS MR MS
PHL2 MS MR MS MR MR
SPR60 MS MS MS MS MS
Rathu Heenati MS MR MS R R

R=resistance, MR=mild resistance, MS=mild susceptible, S=susceptible
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Figure 1.

Dendrogram presents the relationship of 6 ((Abhaya/KDML105) x Chai Nat 1) backcross lines
A12-11-165-359(359), A12-11-170-381(381), A12-11-171-401(401),

A12-11-171-402(402),

A12-26-201-428(428), A12-26-201-436(436) and 10 standard rice varieties Abhaya, Abhaya x
KDML105 (AbKD), Chai Nat 1 (CNT1), Taichung Native 1 (TN1), PTB33, Suphan Buri 60
(SPR60), Suphan Buri 90 (SPR90), RD29, Phitsanulok 2 (PHL2), Rathu Heenati (Rathu)
responded to 6 whitebacked planthopper (WBPH) populations collected from Phitsanulok,
Sukhothai, Phichit, Kamphaeng Phet and Nakhon Sawan at 14 days
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Table 2. Ratio of polymorphic markers between Chai Nat 1 and Abhaya/KDML105

Chromosome Numbers of Numbers of Numbers of
Polymorphism (%)
number markers polymorphic markers ~ monomorphic markers
1 14 4 10 28.57
2 16 5 11 31.25
3 14 6 8 42.85
4 16 4 12 25.00
5 13 4 9 30.76
6 16 6 10 37.5
7 11 1 10 9.09
8 14 5 9 35.71
9 12 4 8 33.33
10 12 3 9 25.00
11 12 3 9 25.00
12 13 3 10 23.07

Table 3. Numbers of QTLs based on RM markers/damage score linkage found on chromosome 6 and

12
Mean of damage
RGM QTL Chr. Marker Effect
CNT1 Het Abhaya/KDML105
PHC gRmWBPH12 12 RM463 4.20 - 2.67 1.53
gRmWBPHG6 6 RM225 4.20 - 2.67 1.53
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Mass Rearing of Cimex hemipterus (Fabricius) Using Membrane Feeding

Technique
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Abstract: Mass rearing of bed bug, Cimex hemipterus (Fabricius) by using membrane feeding technique was
carried out in laboratory condition, 25-30 °C and 75 %RH. Bed bugs were fed through paraffin membrane with
blood of pig, cow, chicken, rabbit and human. The result revealed that the shortest period from egg stage to
adult emergence was 37.42 + 5.19 days when fed with rabbit blood. While, the developmental periods of bed
bugs when fed with the blood of chicken, pig and human were 46.71 + 4.75, 48.83 + 1.72 and 91.11 £ 9.52
days, respectively. In addition, bed bugs fed with rabbit blood at every 3-day interval exhibited the shortest
nymphal period of 38.38 + 10.79 days while those of every 5- and 7-day intervals were 52.27 + 7.58 and 61.62
+ 9.47 days, respectively. Bed bugs were not able to develop to adult stage when fed with rabbit blood at every
9-day interval. Hence, rabbit blood was suitable for mass rearing bed bugs and might be fed at every 3-day

interval.

Keywords: Bed bugs, Cimex hemipterus, animal blood, membrane feeding technique
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Figure 1.Membrane feeding system for bed bug, Cimex hemipterus (Fabricius)
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Table 1. Durations of various developmental stages of bed bug when fed with various sources of blood

under laboratory condition (n=30)

Developmental stage” (days)

Blood Total immature
Nymphal stage
source Egg stage period (days)
Instar | Instar Il Instar [l Instar IV Instar V

Rabbit  5.00+091b 8.83+5.47c 8.73+6.06b 6.78+246a 593+260b 558+150b 3742+519c
Pig 490+0.30bc 16.54 +6.86 b 7.00+2.63b 589+293a11.48+1.31a 11.90+1.65a 4883+1.72b
Cow 480+041c 19.00+6.78b 1250+7.78 ab N/A”
Chicken 5.00 £ 0.00 b 7.57+6.58c 13.92+440a 6.83+3.04a2876+1.23ab 9.43+4.20ab 46.71+4.75b
Human 7.04+0.20a 4573+6.18a 810+4.31b 867+568a855+3.24ab 14.00+538a 91.11+9.52a

" Means within column followed by the same letters are not significantly different according to LSD test (P<0.05)

? Not available
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Figure 2. Average survival rate in various developmental stages of bed bug when fed with various

sources of blood under laboratory condition
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Table 2. The size of adult bed bug when fed with various sources of blood under laboratory condition

(n=30)

Size of adult (mm) +SD"

Blood source

Male Female
Rabbit 3.556+3.08a 433+0.16 a
Pig 3.88+0.11a 462+0.31a
Chicken 3.77+0.05a 459+0.31a
Human 361+020a 420+0.28 a

" Means within column followed by the same letters are not significantly different according to LSD test (P<0.05)

Table 3. Durations of nymphal stage of bed bug when fed with rabbit blood at various feeding intervals

under laboratory condition (n=30)

Feeding interval

Nymphal stage” (days)

Total nymphal

(days) Instar | Instar Il Instar Il Instar IV Instar V period (days)
3 8.12+2.39 a 8.81+258 b 794+298 b 6.81+2.56 b 7.00+278 b 38.38+10.79¢c
5 7.96+222a 11.26+326 b 1329+4.23 a 14.18+7.47 a 8.00+2.68 ab 5227+7.58 b
7 9.00+2.00 a 17.33+9.26 a 13.88+4.91 a 13.00+£7.05 a 1050+4.00 a 61.62+9.47 a
9 8411229 a 11.38+429 b 12401+4.62 a N/A”

" Means within column followed by the same letters are not significantly different according to LSD test (P<0.05).
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Figure 3. Average survival rate of developmental stages of bed bug when fed with rabbit blood at

various feeding day intervals under laboratory condition
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Control of Suidasia pontifica Using Heat and Formaldehyde Incorporated with

Propionic Acid in Swine Feed
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Supitcha Saensuwan” and Yaowaluk Chanbang”*
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7/Departmenz of Entomology and Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
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Abstract: Effect of heat from feed processing on number of scaly grain mites, Suidasia pontifica was determined
in 5 steps of swine feed processing i.e. mixer, conditioner (79 °C for 30 seconds), pelleting (83 C for less than
a second), cooler and warehouse in laboratory condition which maintained 29.74 + 2.25 °C and 64 + 11.38%
RH. The first scaly grain mites were found at the mixer process in next coming examination period at day 52. At
the conditioner and pelleting processes scaly grain mites were found at day 56 and 64, respectively. The
evidence for presence of first scaly grain mites found in mixer was demonstrated earlier than in conditioner and
pelleting for 4 and 12 days, respectively while in cooler and warehouse (ambient temperature), the first scaly
grain mites was found in the same as conditioner and pelleting. In the 2" experiment, formaldehyde and
propionic acid at rate of 3 kg/ton was mixed in swine feed during processing. The swine feed without
formaldehyde and propionic acid was prepared as the untreated control. The swine feed sampling in each step
stored in 27.25 + 2.55 °C and 65.03 + 9.18% RH. The first scaly grain mites was found in untreated control,
mixer and warehouse in day 32. While scaly grain mites in conditioner and pelleting were in day 52 and 48,
respectively. So the evidence for presence of first scaly grain mites found in swine feed produced with
formaldehyde and propionic acid in mixer and warehouse showed earlier than in conditioner and pelleting for 20

and 16 days, respectively.

Keywords: Scaly grain mites, Suidasia pontifica, swine feed, formaldehyde, propionic acid
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Figure 1.

The first scaly grain mites found (in circle) in swine feed produced through 5 steps including

mixer, conditioner, pelleting, cooler and warehouse. When feed samples were examined

every 4 day interval for 92 days

Circle at day 52: shows mites contamination found in mixer step

Circle at day 56: shows mites contamination found in conditioner and cooler steps

Circle at day 64: shows mites contamination found in pelleting and warehouse steps
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Table 1. Numbers of scaly grain mites, Suidasia pontifica found in various swine feed processing without

formaldehyde and propionic acid in day 1-6 after line cleaning. When samples were stored for

32 days

Feed Number of mites /g (mean + sD)”
processing 1 day 2 days 3 days 4 days 5 days 6 days
Mixer 0 0 0 640.0 + 559.21° 1,785.6 + 490.26" 489.6 +687.11%
ner 0 0 0 1,824.0 + 618.08° 0° 640.0 + 183.42°
Pelleting 0 0 0 40.8 £ 25.25° 64.8 + 60.79% 20.0 £ 12.36™
Cooler 0 0 0 148.0 + 125.15™ 449.6 + 171.46° 0
Warehouse 0 0 0 170.4 + 87.53% 392.8 +98.86™ 0°

"Means within the same column followed by the same letter are not significantly different at P<0.05

Table 2. Numbers of scaly grain mites, Suidasia pontifica found in various swine feed processing without

formaldehyde and propionic acid in day 1-6 after line cleaning. When samples were stored for

60 days
Feed Number of mites /g (mean + SD)"
processing 1 day 2 days 3 days 4 days 5 days 6 days

Mixer 0’ 768.0 £ 508.58" 2,380.8 £ 1,314.4" 2,393.6 +842.73°  6,246.4 + 3,044.0° 20,966 + 6441.0°
Conditioner 652.8 + 1,305.6° 0° 24576+ 1,306.7° 2803.2+13465°  2,086.4+1409.9° 57856 +6,101.6°
Pelleting 0* 104.8 + 74.42° 10.4 +12.08" 839.2 + 631.62° 182.4 + 186.39" 412.0 + 749.89”
Cooler 279.2+286.48°  342.4+250.65°  144.8 +203.32° 1,353.6 +737.78" 5,926.4 + 4,308.1° o
Warehouse 0 0° 0° 5,126.4 + 3,958.6° 5,678.4 + 5,804.1° 77.6 +67.35%

"Means within the same column followed by the same letter are not significantly different at P<0.05
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Table 3. Numbers of scaly grain mites, Suidasia pontifica found in various swine feed processing without

formaldehyde and propionic acid in day 1-6 after line cleaning. When samples were stored for

92 days
Feed Number of mites /g (mean + SD)”
processing 1 day 2 days 3 days 4 days 5 days 6 days
Mixer 1,139.2 +2,046.5°  1,292.8+ 953.64° 601.6 + 355.65" 665.6 + 667.57" 294.4 +169.17™ 2,201.6+2,072.2°
Conditioner 153.6 + 41.80° 4224+ 268.90° 12416 £2,213.4%°  294.4 + 284.69" 819.2 + 247.32° 588.8+ 555.39"
Pelleting 152.8 + 98.47° 1,292+ 1,451.9° 104.0 +75.79" 281.6 + 227.06° 76.0 +50.28° 556.8+ 409.80"
Cooler 1,181.6 + 1,169.8"  3,590.4+ 2,495.3°  3,926.4 +2,992.7° 492.8 + 467.10° 630.4 + 384.76™ 672.0+ 517.57"
Warehouse 205.6 + 119.91° 470.4+ 230.49° 198.4 +189.44" 332.8 +351.01° 571.2 + 317.40% 454 4+ 251.15°

"Means within the same column followed by the same letter are not significantly different at P < 0.05
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Number of days for counting mite in swine feed

The first scaly grain mite found (in circle) in swine feed mixed with formaldehyde and propionic

acid produced through 5 steps include mixer, conditioner, pelleting, cooler and warehouse. When

feed samples were examined every 4 day interval for 92 days

Circle at day 32: shows mites contamination found in control, mixer and warehouse steps

Circle at day 52: shows mites contamination found in conditioner step

Circle at day 48: shows mites contamination found in pelleting step

Circle at day 44: shows mites contamination found in cooler step
Table 4. Numbers of scaly grain mites, Suidasia pontifica found in various swine feed processing with

formaldehyde and propionic acid in day 1-6 after line cleaning. When samples were stored for 32 days

Feed Number of mites /g (mean + SD)"
processing 1 day 2 days 3 days 4 days 5 days 6 days
Mixer 3,001.641,245.6" 640.0+430.91° 0 0 1,004.8+468.03°  633.6+380.50°
Conditioner 0° 0° 0 0 0° 0°
Pelleting 0° 0° 0 0 0° 0°
Cooler 0° 0° 0 0 0° 0°
Warehouse 0.4+0.79" 0° 0 0 0° 0°

"Means within the same column followed by the same letter are not significantly different at P<0.05

Table 5. Numbers of scaly grain mites, Suidasia pontifica found in various swine feed processing with
formaldehyde and propionic acid in day 1-6 after line cleaning. When samples were stored for 60 days

Number of mites /g (mean + SD)"

Feed
processing 1 day 2 days 3 days 4 days 5 days 6 days
Mixer 2,432.0 +1,269.7° 2,886.4+1,6952°  1,164.8 +471.81°  396.8+87.44°  806.4 + 311.09° 857.6 + 477.33°
Conditioner ~ 1,164.8 + 664.12" 0° 172.8 +241.40° 0’ 0’ 230.4 + 460.80"
Pelleting 32 +453° 12 +153° 0° 0’ 0’ 0.2 +0.05°
Cooler 13.9 £ 5.46° 212.0 + 258.84 444.8 +766.96" 0’ 0’ 308.4 +269.7°
Warehouse 364.8 +205.32 340.0 + 382.97" 30.0 +27.26° 0’ 1.63 £3.18° 0.97 +0.22°

"Means within the same column followed by the same letter are not significantly different at £<0.05
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Table 6. Numbers of scaly grain mites, Suidasia pontifica found in various swine feed processing with

formaldehyde and propionic acid in day 1-6 after line cleaning. When samples were stored for

92 days
Feed Number of mites /g (mean + SD)”
processing 1 day 2 days 3 days 4 days 5 days 6 days
Mixer 12.8 £25.6° 268.8 + 188.70° 0° 448.2 + 345.29° 1,728.0 + 759.85° 0°
Conditioner 268.8 + 234.16" 0 2176 +313.88" 0.27 +0.13 365.0 + 456.96" 0°
Pelleting 4416 +118.93" 396.8 + 170.45 15.6 + 15.69 78.0 + 86.06" 52.0 +19.62° 0°
Cooler 172.8 + 173.16" 1,843.2 £ 2,809.0° 688.0 +526.35" 160.0 + 236.08" 4555+73226° 1952 + 54.68°

Warehouse ~ 1,420.8 + 714.82° 1,097.6 + 879.29°

1,081.6 + 1,043.2°

b

12.4+9.83° 0 65.6 + 25.80"

"Means within the same column followed by the same letter are not significantly different at P<0.05
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Using of Soil Actinomycetes to Inhibit Ralstonia solanacearum Causal Agent of

Tomato Wilt Disease

BFANT FRINH UAS LTI Taquns”

On-Uma Ruangwongw and Benjawan Jaijanthra”

1/ a a _a = e = o il = = ]
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7/Deparfment of Entomology and Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
*Corresponding author: Email: On-uma.r@cmu.ac.th

(Received: 15 August 2016; Accepted: 18 November 2016)

Abstract: Actinomycetes were isolated from soil surrounding tomato root which collected from tomato plantation
areas of Inthanon Royal Agricultural Station and Khun Wang Royal Project Development Center. A total of 126
actinomycetes isolates were obtained and used for evaluation of antagonistic activity against Ralstonia
solanacearum (causes bacterial wilt disease of tomato) by using dual culture method on NA medium.
Seventeen actinomycetes isolates demonstrated an ability to inhibit growth of R. solanacearum. The highest
antagonistic activity are shown by T-11 isolate with 16.50 mm of inhibition zone. Moreover, T-11 isolate could
produce siderophore and cellulase enzyme under agar plate assay. ldentification of isolate T-11 based on 16S
rRNA gene sequencing was analyzed to confirm the species. The result showed that partial gene sequencing of
T-11 isolate was 96% homology with Streptomyces mirabilis.

Keywords: Wilt disease, tomato, actinomycetes
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LeaneaedntRngdiumiielaudu siulfiazidan
uasvENAUEnEe Hlitesinn 12 1F anntiy
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AUUAUNT TZC (tetrazolium chloride agar; peptone
1 nFY, glucose 0.5 N3u, pancreatic digest of casein
0.1 N34, 2,3,5-tripheny! tetrazolium chloride solution
10 daaang, distiled water 990 NAafARNT, agar 17
n3w) ﬂuﬁ”aiﬁﬁqmuqﬁﬁmmu 24-48 e AN
Tusmdenlalafiiesindanatu assnanalaladifia
gy 31 streak  anAfeuuams TZC el ide
13avs uanAuBlinaserludusel
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2. mMepsRRALANHUEAUFUINelanuIal
\HauuaiiGesuvnlsa uaznmsvaaauljizen
ADLAUDILLULRAUNAUIDINEADLTD Ralstonia
solanacearum

o & pp) al ¥ Py

WA awn lsALen IHLREN LY
21917 NA (nutrient agar; peptone 5 N34, beef extract
3 nf, agar 20 N3y, distilled water 1 @[ﬂﬁ‘) Ay TZC
1meAT  streak plate LnEels 24-48 dala mnuu
paoAdaLAuazgUsane e tnlatl yananThinde
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wuaf Bewenidinsuinndendnnuites Gram
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mawmauﬂgmmm@mumLLuumﬂuwau
YR TIAaTEe R, solanacearum ‘Emmma‘mm}@mmu
PBunnufaeds streak  uuemns NA - 1inlAd
grunnitias 1uian 48 dalug annduwsizes
Tnannsyalalatianaide R.
solanacearum NvastyatuWRantina s Hingaaan

bacterial susplension
anfavtinensudainlllgaslufininesadiinndy
fasindeBums 50 Tadans anuinllsadanis
@mnﬁuumﬁmwmqmﬁlu 600 w1 lwums (O.D. =
0.2) KaeLAtaq spectrophotometer & 4iiAanuady
seaTadindy 10° tnlatidefiadans (cfu/mi) aniis
111 bacterial suspension 151159 1 Naaans anwdinll
lutdasdnszndnaaasresluangulu@n (Nicotiana
rustica) 81¢] 1 \AaU Immm@mqm 7 Wndinaduly
maEuldly uasaatinndusinGe TRty
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3. NISNARAUAIMNAINITA LN LRLNALSA
ABWTAULANFHANNALTA
1T8 R. solanacearum NNANLENNUlpE
1 9/&' a v (<1
N9 streak UWAWNS NA Unl3ngumniieaiunan
48 dqlug antluiinanwsizes bacterial suspension
Qddl v a Yy v o v & dld
3337 asune13d19siu i Aunzidiemendeny 30
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Hrunz@ame TeBeswinagm 45 e iadnsnfiet]
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faaansredu lugaasuauadaeinndusinde
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dextrose agar; shuelss 200 n3u, dextrose 20 N3y,
agar 15 nfu, distiled water 1 @RM9) LAY IMA-2
(inhibitory mold agar-2; glucose 5 N34, soluble
starch 5 N34, beef extract 1 N34, yeast extracts 1
n3u, NZ-case (enzyme hydrolyzed casein) 2 Nfu,
NaCl 2 n3u, CaCo, 1034, agar 1507y, distiled
water 1 ang) %Nﬂ’]ime Bavistin FL (carbendazim)
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wadea e 1-2 ddanef LLﬁﬂmfam@immumuu
N'Jﬂuq@qﬁq? NA, PDA Lay IMA-2 imﬂ streak U
ansiagedeusiazaiinfuenly el detans
uazifiuiilu stock culture 10l 1% lunmeanssalll
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5. nmsAaLaanuaznagaulszAndanuaie
wandlusiadnidananidifluljinddada
wuaFaamalsaieaden

Vi@ auenmlueledndiuu 126 lalmanann
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a5vauladiragiad

LLAaSNIT

ﬁwL%DfaLl,faﬂﬁ‘lﬁuﬁﬂ%wﬂﬁﬁﬂﬁﬁﬁﬂizaﬁmw
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Lﬂ@ﬂu@ﬂ‘ﬂﬂ@ﬁm@%mmﬂ]u AMFUNI9IAIINAALNIT
asaeulidisagea  AaulawwnaInidaaes Hankin

and Anagnostakis (1977) vilnedaliauani lusled@n



s lduandluNadnannfuiNagusadanuaiitse Ralstonia solanacearum

g lsALie eI 12N IaINA

UftInEuuenIs carboxymethylcellulose  (CMC;
(NH,),SO, 1 n¥x, MgSO, 1 ¥4, CaCl, 1 n§H, MnSO,
1 N3N, carboxyl methyl cellulose 10 nfu, yeast
extract 1 NfW, glucose 10, Agar 18 n3u, distiled
water 1 ans) U B5fignmndfieaiiuaa 7 5u i
nnsfiand Ineninansazana Congo red 1 tafifust
wlHiviauRautinenuns e liivia tul3ifunan 10
U antfudnsansaranaeendoalndounaslss
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{38 wnnu clear LAAIINT anaaaLT
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AINAIATIETHAAQEAD  gel electrophoresis L 1%

reaction
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sequence) 1N PCR product dn9iunninanisanin
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WBenifauiugiudeyafidsaaul¥lu GenBank
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1. msuanﬁyﬂ WUAYILFe Ralstonia solanacearum
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solanacearum
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Figure 1.
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Colonies of Ralstonia solanacearum on TZC agar medium
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Kelman (1954) mnmiwmmummﬂummm (Gram’s
stain) L‘wmanwmvmiﬂ@mmmmimmmammmi@ﬂ
wuidenuai BatiouAaduns uansdfuide
WUAT FEUNINAL mﬂmmuwaumu (rod shape) 912
LaiNeNu mwm@uﬂgmmm@uaumLLuu
L'ﬂf;l‘i_IW@u"ﬂ'a\‘iﬂ’m‘leﬂL‘ﬂﬂ R. solanacearum WU31\T®
LLumnLiam’m‘lungummmﬂ’mmmﬂuummw
ﬂqnﬁy@ 3 aiennFaen1smeesiiaieniel 48
dalue wdsanmndgnide  dedusulddndude
wuANFea1ms lsANT AINN1991891489 Schaad
(1988)

3. managauANNdsalunaialsrranda
wuAniFeaLunlsA
N1INARALAINANITD LN WA ATIA
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uzdamAent 30 Fu wuddeuLai Buanunsaiin i
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Fludenauisonalsaiunz@amals sk [inma
sananat il lusumaaassall

4. mausnidavannludenanmu
MsuEn@aue ARl EvanAusaLINae
Funzidemensawng NA, PDA ua IMA-2 filRugns
8iA37 carbendazim WUANKNTOLENI BLAAR T
fe@nanndaetapusanianaa 126 lalman Tag 39
lalmian THanudasnemmnsresdniinemsiacsdi
Wi waz 87 lalmian anAudmmiazaniamang
yug Tneli 126 lelmianil wuLnems NA 1wy
42lalman, PDA a7uau 26 lelzian uay IMA2
S 68 lanian nnsuen@euenitulednuLening
AnaTiariui Tmﬂmiﬂizqﬂm%mmhﬁ”@‘mmumﬂﬁu
ansuenluledn Wedudinnsioyeadesn ams
winzaatliAmmN s Aensus N ue AR Tt En
Bunnsnaiu annimaaeainlidn a1uns IMA-2
annsouenidauenitulednldunniiga luned
8113 NA Uaz PDA Agnansaiinn 1 LLEIﬂﬂ@;N?J@QL%”@
uenmtulednlupulEisuiu wild Bunnmienndn

5. masAmaanuaznagaulstAndnnraaia
wandludadnidauanimifuljinddeda
LLUﬂﬁGﬂmmstmﬁm@m
mamm@ﬂnmmmnm‘ﬂuumwﬂgﬂﬂw fneRa
dual culture wummmmm‘ﬂuumwLﬂuﬂgﬂﬂw NI
17 lalaan (5199 1) 16un laloan 71, T2, T-4,
T-5, T- 6, T-7, T-8, T-10, T-11, T-12, T-13 waz T-17

Figure 2. Wilt symptom of tomato seedling at 3 days after inoculation with Ralstonia solanacearum (a)

when compared with non-inoculatedl tomato seedling (b)
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Table 1.

dual culture method

Inhibition zone by 17 antagonistic actinomycetes isolates against Ralstonia solanacearum by

Antagonistic actinomycetes isolate

Inhibition zone (mm)

bed1

T-1 10.00
T-2 7.25°¢
T-3 9.00 >
T-4 6.75 ¢
T-5 5.75°
T-6 13.25 %
T-7 8.75 ™
T-8 8.25
T-9 6.00
T-10 7.50 ¢
T-11 16.50 °
T-12 6.50
T-13 12.50 *°
T-14 7.75
T-15 7.25°¢
T-16 10.25 >
T-17 15.25°

control 0.00°

CV (%) 20.94

" Means followed by the same letter within columns are not significantly different at 95% confidence level using least significant

difference (LSD)
FlEannmsuenidaLuamns PDA, lelman T-3, T-9,
T-14, T-15 Uy T-16 lannnnauenidasuenyng IMA-
2 saiynlelnaniudenuanifainauluulas
NEAINTRIAETARLTATINTUAYUINN AsefsTs
nasyaedeatvglsalagidanennluladn
ﬂﬁﬂﬂﬁfuwu inhibiion  zone (ARG B4131904
FananailAnnnAauanans1eiu Inanudnlalaan
T-11 memmiﬁuﬁy\ﬂmnﬁqm Imeid inhibition zone
WL 16,50 DaAWAT (1WA 3b) savadunAe el
an T-17 uay VL@TSIJL@V] T-6 ﬁmmn%wu’%mmﬁuﬂgﬂ
winfiy 15.25 (ﬂ’TW‘Vl 3c) waT 13.25 mmum (Wi
3d) ANNAAL 4 inhibition
uAnANefued 19T A ATUN9aBA AszAuAIY
exi 95 wefidust lauReuifeuiiganiunudll

zone V]WU“L&“L&NV’]']’]N
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WLMSIARLF S (mwm 3a) slummmmmmﬁm
Tumwﬂ{]ﬂﬂwiﬂismmu i Nmmaﬂmwum@ﬂ
11199 5.75-12.50 AadLNAT (ﬁl’]i"N‘V] 1) AaMnKaNIg
NARBIAINaIlANEanARasiuTeuing Jeffrey
(2008) Fuenidouanilusednanniy uaswiddlize
uerRlledndiuiy 37 lelnanislanusnunsoly
nspaLRNERLATIAY R. solanacearum 1
6. NITNARALNITAINIENS siderophore WaEN1g
a51arauladl cellulase

NN9TAIIRADLNNTATNANT siderophore 194
womd ludednlelman T-11 LWe 13 chrome azurol
s wudnudeanun i luiidin iguunfitedunan
24 Flus WU slaeFanmnsanndinTuddusey
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Figure 3.

Inhibition zone of actinomycetes isolates on NA against growth of Ralstonia solanacearum

compared with control (a); inhibition zone by isolate T-11 (b), T-17 (c) and T-6 (d)

Fufuiillelnan T-11 Winyer] uaadliidiuinlalnan
T-11 Ann94319413 siderophore sdﬁlq siderophore il
ansinuntulasinfund (secondary  metabolite)
anunsnaielilaeidauuaiide e uazive
ANANZEAIT T MENg FeTuazULATI R
fhazaineduiieny luanasinnaunauiselsifsng
WAN Lavazilaag siderophore AANNIUANTAR LAY
azlilushiumAnuesawidaingu feusniewan
Uil e T ﬁﬁlwmmmi‘mmmn Wanena
nlhideqauidnalsnsing  lianunsoidoiulal
i da Streptomyces WaNeIETIE SaNaNsONARENS
desferrioxamine siderophores (Challis
Hopwood, 2003) annwsrasinanaasanailulilld
M siderophore fidsslnauanlusiednlaltnan T-11
fenaiaesiunisdudinnasyiiulnseds

and

WUAREY R, solanacearum mwﬂmmmmmmm
nzdemAls

yananil lelman T-11 Jn1sasrawenlamsd

\agLadfiinisdenaanuiunenuis cMC Tag
wmwmmn‘uum@vl,fmfamuﬂwmt.ﬂumm 7 G
LL@”Luﬂﬁﬂumm Congo red uu WUANMOUEUD clear
zone Mnduseulelnian T-11 uandliidiuinlalmian
T-11 Annsatraeulodisagiaaly Geaanadesiy
31281%AUBN Abdulla and El-Shatoury (2006) ﬁLLEIﬂL%y@
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wamAlusiadinainau lungu  Kibdelosporangium,
Micromonospora, Streptomyces Wax Nocardioides
Tra@asinanadinisaiueulaiiaagiaanaiuiem

1 v % d‘ =l [
dagaaranieiinglfilesaniiaaglas.ily
AR NaL TR TARNT

7. msﬁnmﬁ'nmuzﬁ'zugﬁu?;mnl,ﬁyméfwumﬁyfa
WamRlUNE TN

mm?\tymmﬁy@ waps ludednlaloan T-11
uens IMA2 wulalafizesidedipinenan Talails
Fimaudin 21n0En 10Ae 13 TadRg TaLvEn
pranansveslalaiiianunsyuiuadngldng wefis
PBunuuuensaznunisadeesui @ duniuu
Taladl uazidaasilasudresamnsiagedoflug
tanadin-sn (M 4) nsilasudvesenvaiaes
Fafananailacuaanadestunisseasiulag
Mendez et al. (1985) Anana9n Fouendluisdng
mesinadulalifnenns uazanunanginessndmgi
lusiinazaneiin uarliazanaii %ﬁﬂﬁﬁmm
'mmil,ﬂ@ﬂuuﬂmiﬂim Imﬂ@mnmumwmi
LﬂﬂﬂuLLﬂ@\‘i“Hu‘ﬂﬂﬂU?”ﬂ Lqmmimmmmmmmv
siipmesevnaiaesae L
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Figure 4. Actinomyces isolate T-11 on IMA-2 medium for 7 days (a) and single colony (b)

8. msanduunglnraadananilusiedn
AMIATIAARLAIE e 1093 anenA tusleidy

Talman T-11 Tutsians 165 rRNA gene #aelnfiues

27F/1492R WULDLABWRIRIALTENRL 1,500 bp

A o A @ o ' 6o o a a -
waziiatnunumauesanad llnansutinaalang

aunsnamzdanauiiandle induestinn 16
[RNA gene & Tnailannn 1,241 bp iWetidrsuiiona
Talnadflgunlraiauainunilan (sequence
alignment) lugudieyares NCBI  Asalisunay
BLAST wudnansuilaealelnsaedleloan T-11 8
AN aUA LA ALRaAAle AL EY 165 rRNA
3662

S. mirabilis strain

ﬁJ‘ﬂ\‘iL%’J@ Streptomyces mirabilis  strain
(Accession no. EF371431.1),
NBRC 13450 (Accession no. NR041137.1) waz S.
CSSP107  (Accession

Imwummmumm‘i@”lmmumm

mirabilis  strain
NR115357.1)
MHauRule 96% mmﬂmmm%mmumw
ARNEIARIR UL TRY Xie ef al. (2010) iuanide S.

mirabilis strain DUT001 anauld luanuipeniug

no.

U9 strain DUT001 Husz@nsnnlunisamtzan
mﬂuﬂ@:&l nitropolycyclic aromatic Wa polynitrated
aromatic ?ﬁlam?n@uﬁ\m@mLﬂuma?ﬁmmzlﬂumaﬁﬁ@
uzanlEannnisuaRwanadn aInAnARgNT 130
gravingsuNane 1wk waNA N7l E-Sayed (2012)
181197 WBenide S. mirabils strain NSQU-25 47N
Ay uazidesanaasunsnd T auu AT Bauny
tnuavEadld uifusadeuaTimeaunsuaUlEsn
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AN selummamasinzausiensay uas
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Effects of Ultraviolet-B on Capsaicin and Dihydrocapsaicin Contents

of Hot Chili cvs. Red-devil and Superhot F,
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Abstract: Study on the effects of ultraviolet-B (UV-B) on capsaicin and dihydrocapsaicin contents of hot chili cvs.
Red-devil and Superhot F, was carried out during May, 2013 - July, 2014 at the Faculty of Agriculture, Chiang
Mai University. Experimental design was factorial 3x2 in CRD. There were 3 replications and 10 chili plants were
used as an experimental unit. Factor A was 3 planting conditions; planting under non-blocked UV-B
greenhouse, planting under blocked UV-B greenhouse and planting in open field (control). Factor B was 2 hot
chili cultivars; ‘Red-devil' and ‘Superhot F.’. Hot chili plants were planted under each treatment. The results
revealed that there was no interaction between 2 factors on fruit fresh weight per plant, fruit dry weight per plant
and capsaicin content. They were not different significances between 2 cultivars. The chili plants grown under
blocked and non-blocked UV-B greenhouses gave higher fruit fresh weight, fruit dry weight and capsaicin
content than control treatments. There was an interaction of dihydrocapsaicin content between 2 factors. ‘Red-
devil’ chili grown under blocked UV-B greenhouse had higher dihydrocapsaicin content than non-blocked and
open field treatments, while ‘Superhot F," chili in both greenhouse had no different dihydrocapsaicin content but
higher than open field treatment significantly. Comparison between 2 cultivars, the dihydrocapsaicin contents
were not significantly different between 2 cultivars in blocked UV-B greenhouse. ‘Red-devil’ chili grown under
non-blocked UV-B had less dihydrocapsaicin content than ‘Superhot F,". On the other hand, the ‘Red-devil 'had

dihydrocapsaicin content higher than ‘Superhot F," in open field treatment.

Keywords: Photosynthesis, greenhouse roofing plastic, light intensity, secondary metabolite
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Figure 2. Growing media moisture contents in different treatments during February - July 2014
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Table 1. Fruit fresh and dry weights of hot chilies under different treatments

Treatments Fruits fresh weight per plant (g) Fruits dry weight per plant (g)
‘Red-devil’ in non-blocked UV-B 286 57
‘Red-devil’ in blocked UV-B 297 58
‘Red-devil’ open field 300 59
‘Superhot F,” in non-blocked UV-B 303 60
‘Superhot F," in blocked UV-B 109 27
‘Superhot F," open field 104 26
Main factor: A

Non-blocked UV-B 292 a 58 a
Blocked UV-B 301a 60 a
Open field 107 b 27b
Main factor: B

‘Red-devil’ 232 47
‘Superhot F’ 234 48
AxB ns ns
A * *

B ns ns
%CV 16.0 17.6

ns = not significantly difference

Means within column with the same letter are not significantly different at P<0.05 by LSD
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2: dihydrocapsaicin
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Table 2. Capsaicin and dihydrocapsaicin contents in hot chilies under different treatments

Capsaicin contents

Dihydrocapsaicin contents

Treatments

(mg/g dry weight) (mg/g dry weight)
‘Red-devil’ in non-blocked UV-B 2.03 0.89b
‘Red-devil’ in blocked UV-B 2.20 124 a
‘Red-devil’ open field 1.27 0.76 b
‘Superhot F," in non-blocked UV-B 1.95 117 a
‘Superhot F," in blocked UV-B 2.36 122 a
‘Superhot F.’ open field 1.1 0.50 c
Main factor: A
Non-blocked UV-B 1.99b 1.03b
Blocked UV-B 229a 123 a
Open field 1.78 c 0.63c
Main factor: B
‘Red-devil’ 1.83 0.96
‘Superhot F /' 1.81 0.96
AxB ns *
A * *
B ns ns
%CV 21.29 20.22

ns = not significantly difference

Means within column with the same letter are not significantly different at P<0.05 by LSD

avanBunuadleduuaslalalnsuadladunnngd
agelaimunsAneuane99d  UV-B siatfiunn
ansdnAtylunenlunlaslgndaliiisneeuniniin
Wang (2004) wudndsunaduad laduluninazanas
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TaaiteunazaruiuluiagUaniisnnninenaialiisn
fgeongulasauiulann A R s unmue-
ladutionndn AafunislgnidnTuynielilseden
udspmanaRntnazi i nnIRARAR AT LAz
nsazanasd Ay Radulinnnianislgnuen
Taaisau
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Effects of Urea and Calcium Sulphate on Growth and Development of Rapeseed

(Brassica napus L.) Grown in Northern Thailand
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Abstract: Study on effects of urea and calcium sulphate on growth and development of ‘Rapool Comfort’
rapeseed was carried out at Chiang Mai Royal Agricultural Research Center (Khun Wang), Mae Win sub-district,
Mae Wang district, Chiang Mai province. An elevation is 1,300 meters above mean sea level (msl). Experimental
design was random complete block designed (RCBD) with 3 blocks and 5 fertilizer applications; no fertilizer
(control), urea 21 kg/rai, urea 42 kg/rai, CaSO, 17 kgfrai and CaSO, 35 kg/rai. Fertilizer amounts were divided
and applied at 2 stages of growth; 40% were applied at stem elongation stage and another 60% at flower
development stage. Results showed that applications of urea fertilizer and CaSO, 17 kg/rai gave stem height
about 44.87-48.97 cm at 18 weeks after transplanting, which had no differences as compared to control.
However, they were higher stem height than CaSO, 35 kg/rai treatment (38.30 cm). Numbers of leave and
flowering plant were different in all treatments. Furthermore, the fertilizer treatments had no effect on number of
flower, except the application of CaSO, 17 kg/rai which gave fewer flower than control treatment. Urea 42 kg/rai
gave significantly lower pod setting than others, while CaSO, 35 kg/rai treatment increased pod setting, seed
number and grain yield. It gave significantly higher oil content than control treatment. Composition of rapeseed
oil consists of 5 fatty acids; 62.60% oleic acid, 19.48% linoleic acid, 8.04% linolenic acid, 5.15% palmitic acid,
3.22% steric acids and 1.51% in others.

Keywords: Pod setting, grain yield, fatty acid
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unARga: NIANENATeN BeuaziAaEiaNdaWnAen R YELINMNT AN NLA BN AR RTRILINT R
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AdATy: NaRnin NaNARNAR nan lay

AN wazdeldlunsnsinaseslAdnsuazau isduann

wRnwingaulilins nealasTuliiiad oleic 61%,

ST (Rapeseed) (Brassica napus L.) ’agj linoleic 20%, linolenic 10%, eicosenoic 1% LLAaZNTA

A Brassicaceae MAREATUNALA damn  lastiuEuda thaRfn uazadedn Wes 7% d@aulug)
WaTIANN91 3,000 ANeWuE ﬁﬁuﬁ%ﬁm@ﬂﬁﬂmmﬁ mMauannd sl st lnasswy lutsy s
LALAN (Appelavist and Ohlson, 1972) Ll U119 Lﬁmmmiw%mﬁmmmmmﬁr;‘i"fl,mﬁqwﬁq
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wmmmmummnwummmm 47 &usuanniia mewwuﬁwwm@@mﬂu wuﬁmﬂ@niuqmumq

Tanlaid) A.A. 2007 (FAO, 2007) Hnsvinld sz ol (wmter crop variety) wmmmmmunumwmqum
AL NUAINUANEY LTU NIFNAANUINYE BIUTERT LW@mvmumsme@m@ﬂ @ﬂwuﬁumﬂawuﬁwﬂaﬂh

WANUNILABN 4R (Chongo and McVetty, 2000) EL@IUVLNN@ spring crop variety) ‘Nl}l'ﬂ\iﬂ’]i‘ﬂqOAMQNMW
Lu@qmnmuummwwmuﬂmmuummm%mmnu funan
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Pascale et al., 2008) Tuanasnuaupaudamnasay
AHAN AN INUDUNAALAZHANANANAY TREAY
40 (Abdallah et al.,, 2010) Faadiflusnainsivai
WS AUTAN 1A A LIRS (McGrath  and
Zhao, 1996) uazdlanuizunidamedgeluninuas
Walelasing 9 nsnauaauiameinulivestuuay
ganalfitBurninanananas uninislidamailu
Bunaiieanaasdaslunsimsnaesneniaztnli
Wuldlfdneds  (Potarzycki, 2004; Franzen and
Lukach, 1997) wiasanndainafiflugoudsznaui
aAnyresnsnazdlu 1Ushu 1nlu naanaudnu
109 TeasAlsznavmataniiudanmunamnin
YRINANARNT IneRNITNTNAT hazNgtineu (a
wmil, 2532) awmiululnsiauiifusinaimsuanaes
S % . ~
NaRailuwazfieanisludiuauuaniianns
wanyiAnIannanely uesAilsenavuaasduyizdans
1 [ o =l a ¢ =
Wi WluesAdsznauaasllsiu nsaasily gafluung
o aa 4 da Y
nantiapdan asuszneviulnsianau | insazanly
uazlaeulad (Anen, 2555) Asiunslions lulnsiau
o o d‘ =< ] [ [ [
wazdamasludnsniuunzanasinaziiutlasavan

73

Tuntsuan i ldundaliuinuarnuniniinaes
a = dl =
ranaRnaanlgnlunmamitiareslszmalne

L4 aa
AUnsluazIaNg

VINN9INAADY Db ADIHINHATUANYUIN
AUALNAY Bnaung Aandadeslud szAumaw
44 1,300 wanwileszauimzatunans gy
FaatgeAulunlaslgnnaaauaian 10 qm an
AnnsiguanRmaaiiasddusoselld Bui
Tulpsianianaadeds Kieldahl, 1Rannmagnasad
lualsslamifagds Bray I 1Bunalwunaidewd
wanuaaulEFaeds fame photometry, UTa1tu
LT aNTinaniasuly A2eA3 atomic  absorption
spectrophotomtry) uaziBnndamashatnlEdens
gelatin-BaCl, (Npa, 2548) Inenaaesiuisndanig
Rapool Comfort (winter rapeseed) 3M9LLNLWNTNARDY
wuuguluudananysnl (RCBD)  %11n19MAaas 3
ufen Tnevilmdsanmasesintufuemdn 8 fu
ﬂ@]ﬂsluLLﬂ@\‘iﬂ@EIﬁyu‘ﬁl 1A120UAT 1 UABNWINAL 5
wilaatias uazliiila 5 nasndslaun Aauan (lilails)
give 21 nn/ls gBe 42 nn/ls weaidandaine 17
nn/ls uaz upadasdams 35 nn./ls

Tneli{log B (46-0-0) 1uuna89578)
Tuinsianuazilaupaidandains (Caso,:
18.55%) \luuvasessisdamad wiialiidly 2 A%
Tudasmaaiuln Ae A 1 idles 40% vesusiaz

sulfur
v

N33R luszenstlARRTRIBY LaTATT 2 oid]e
60% 1RILAAZNITNAT luszaznIsuNIdanan
(Gallejones et al., 2012; Lancashire et al., 1991)
iuingunniennAnasnszazN s R LInTasNT
Tmﬂﬁmm‘guﬂ?:mﬁuﬁﬂ%w@ (data logger: 31 HOBO
UA-002-64) 1?5ﬂm<1|,l,ﬂmﬂzgﬂ Tuinnnasyduin
siu lun pongeresdiu uazstuauly A1uauld
ARNAAN LAYANUIUADN ANUIUENFAAFAY LAaYaIUIL
winsiedn Tufinnandauazamnam 1 dnin
1000 AR HAHAMNAATIANTY 56 1WeFifus
unauingiy Tnaafatiidudag3a Soxhlet



M5@15NAT 33(1): 71 - 80 (2560)

T8t gas
chromatography 3LAT1WNaN1INAAaslAEINIT
AAziAuudslsou  analysis  of
(ANOVA) TsvAunuEasiu 95%

extraction wari3u1ngm ey

variance

NANITNANRAY
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o a a a
AnaNTANARresAuluLlaslgnenda
AAUNINNINAADS WLINTZALAMNLIIUNTA ANSTIBIAL
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sesvaaslnunadenaniasulfvesnuiAwingy
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Wi 463 1n/nn. waziBunadamasnuaniaswls
YRIRURAINAL 29 Wn/AA. (AN37 1)
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Table1. Soil chemical characteristics

aniunssniansliitjaupaidandame 35 nn./l3 1
ATNETR A ULYINTU 38.3 LEuFLNRAT Tetlaandn
a6 ¥+ dl 1 a o o o aa 1 @
nasxas Wileau ° et wilildAtymeada eenelsf
FNANUILlLI89NN9INAT I A HUANs1aiY Tag
Hanuulueg s 15.33-17.17 1 (119199 2)
nsliitlennnssaid iaumusiuneanaanly
wsnsineriueg ludasiesas 58-70 uaziauinnanat)
9eU914 72-62 pan/1e Teldumns19aInnsInadg
v add‘ ¥+ = o
AauAN eniunssndanieunamandamn 17 nn./
e o oA s
15 NAAwauRan® 52 pan/de Tetieandingsnis
pauANad 9l dudAtyn1eaia waziialiiile
waaudedamn 35 nn./l Aaauing 238.40 dn/siu
' aclale v+ = ' Al Ao
wnndnessdsn Wileg e 21 nnJ/ls uaznssndsn i
gi3e 42 nn./13 aenalidAynisalia TeiAauudn
84.60 (/b waz 8.20 (n/éiu mNATAL wiliiAu
wAnsinaiunesnd s Wilaunadendamn 17 nn./ls
waznssnasALAN M| wudn 149.60 fn/fiu uay
134.20 En/fiW MANARNAY AAnFUAIUWNARs 2N
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NINNNNNITHATRENRTEEATYNNIATAN 20 wdn/
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pH Total Available Exchangeable Exchangeable Exchangeable
(H,01:2)  nitrogen (%) phosphorus potassium (mg/kg) calcium (mg/kg) sulfur
(mg/kg) (mg/kg)
542 0.34 611 170 463 30

Table 2. Height of plant and number of leaf at 18 weeks after transplanting

1/

Treatments Plant height (cm) Number of leaf”
Control (no fertilizer) 44.37 ab 16.83
Urea 21 kg/rai 44.87 a 16.67
Urea 42 kg/rai 4743 a 15.33
CaSO, 17 kg/rai 48.97 a 1717
CaSO, 35 kg/rai 38.30b 16.50
Significant * ns

" Means within column with the same letter are not significantly different at P<0.05 by LSD

ns = not significantly difference
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2557 BalAQULENEL 2558 (MWl 1) @anAdaqrL
suzmayRLTenmIndel Feusunau 2557
LAZIFRUNNTIAN 2558 GUMATINAALARAAELN
fiariiesszning 8971045 °C ludasilimdnedlu
avermanARTY uazsztzMatintenETesdI i Sedag
aounafandenanafusansziuliiiandaity
N9LUIUNTT vernalization meayuzgmmzmumﬂu
\PRUNNNNAE 2558 Sedusiuszazn R8s
AIABN uATFiuINTAingszaznisaanaenlumeu
funAnRfigungfinansiu 1662 °C wasamiudly
srezredn1sRndnuarn I uIIaLNAn TRy
e Aflgouvnfinaneiu 1844 °C uasfiuifen
AR MUADUNGHNAN 2558 (W 2)

Table 3. Flowering plant, flower number, pod setting and seed setting after treatments

Treatments Flowering plant (%)  Flower no. /inflorescence Pods/plant Seeds/pod
Control (no fertilizer) 70 72 a 134.20 ab 4 c
Urea 21 kg/rai 58 66 a 84.60 bc 15 b
Urea 42 kg/rai 63 62 ab 8.20 c 3c
CaSO, 17 kg/rai 58 52 b 149.60 ab 7cC
CaS0, 35 kg/rai 63 64 a 238.40 a 20 a

_ Significant ns * * *

" Means within column with the same letter are not significantly different at P<0.05 by LSD

ns = not significantly difference

Table 4. Seeds weight (g), grain yield (g/mz) and oil content (%) after treatments

Treatments 1000-seeds weight (Q) Grain yield (g/mZ) Oil content (%)
Control (no fertilizer) 410 11.10¢c 17.89b
Urea 21 kg/rai 3.63 5.18d 21.36 ab
Urea 42 kg/rai 3.94 7.74 cd 22.02 ab
CaSO, 17 kg/rai 4.18 1554 b 21.58 ab
CaS0, 35 kg/rai 3.94 30.88 a 22.61a
Significant ns * *

" Means within column with the same letter are not significantly different at P<0.05 by LSD

ns = not significantly difference
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Table 5. Fatty acids in rapeseed oil cv. Rapool Comfort

Fatty acids Fatty acid contents (% oil g/ 100 g oil)
C16:0 palmitic 5.15
C18:0 steric 3.22
C18:1 oleic 62.60
C18:2 linoleic 19.48
C18:3 linolenic 8.04
Other 1.51
B maximum temp.(°C) minimum temp.(°C) ------- average temp.(°C)
0 - 4300 43903 4687 50

Temperature ("C)
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Figure 1. Maximum and minimum of temperature (°C) during growing season (November 2014 - May

2015)
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development development

Germination
&

emergence
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Figure 2. Growth and development of rapeseed (September 2014 - May 2015)
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(Ngezimana and  Agenbag, 2013) agelanm
Khan et al. (2011) wudndielfiuenTuflesdammly
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(Zhao et al., 1993; Jan et al., 2002; Sattar et al.,
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Brassica (McGrath and Zhao, 1996) (Zhao et al.,
1993; Jan et al., 2002; Sattar et al., 2011)51%&
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nselasillaiansa (unsaturated fatty acid) $eeaz 62
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La‘w%m%wuaﬁaﬁmmu’mndﬁ@m: 61 (DPI, 2011;
Kramer et al., 1983)
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Abstract: Anthocyanin is a major compound with anti-oxidative properties which can protect against oxidative
damages implicated in a range of diseases and it is commonly found in the purple rice grain. Purple rice
varieties are photoperiod sensitivity which can be grown only once a year and contains low anthocyanin
content. This research was to develop the advanced purple rice lines with high anthocyanin content and
photoperiod insensitivity. Seeds of the F, population between KDK (glutinous rice) and PTT 1 (non-glutinous
rice) were used to grow in plant-to-row and selected for the F population during wet season in 2013. The plants
were recorded for flowering dates, plant height, grain weight. pericarp color and endosperm type. Plants with
desirable traits and purple pericarp seeds were selected. F¢ population were grown during dry season in 2014.
Ten varieties were found with the character of photoperiod insensitivity plants, purple color in culm and leaves
with short plant type and high grain yield, and the seed of non-glutinous endosperm type with purple pericarp
color. The 10 varieties were grown for evaluation and selection of F, population and it was found photoperiod
insensitivity character in all varieties with shorter day to flowering, ranged between 96-103 days and plant height
compared with the parent, 79.7-83.2 cm, but similar seed size. The seeds were purple color with non-glutinous
endosperm type with anthocyanin content ranging from 31.4 to 58.8 mg/100 g which were 25-135% higher than

KDK. Seeds of all varieties will be evaluated and selected for the further study.

Keywords: Selection rice, purple rice, anthocyanin, photoperiod insensitivity
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Figure 1. Frequency distribution (%) of parents and F, populations between purple glutinous Kum Doi
Saket and white non-glutinous Pathum Thani 1 rice varieties

a) Day to flowering b) Culm length (cm) c) Grain yield (g/plant)
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Table 1. Distribution of endosperm type in F, and F, between purple glutinous Kum Doi Saket (KDK)

and white non-glutinous Pathum Thani 1 (PTT1) rice varieties

F. (Rainy season)

F, (Dry season)

Starch type

Endosperm type

Family number % Family number %
KDK Type Glutinous 39 47.0 47 59.5
Segregation Glutinous and Non-Glutinous 18 21.7 25 31.6
PTT 1 Type Non-Glutinous 26 31.3 7 8.9
Total 83 100 79 100

Table 2. Distribution of pericarp color in F, and F between purple glutinous Kum Doi Saket (KDK) and

white non-glutinous Pathum Thani 1 (PTT1) rice varieties

F. (Rainy season)

F, (Dry season)

Pericarp type Pericarp color
Family number % Family number %
KDK Type Purple 41 49.4 59 74.7
Segregation Purple and White 42 50.6 20 25.3
PTT 1 Type White 0 0.0 0 0.0
Total 83 100 79 100

Table 3. Days to flowering, culm length (cm), yield components, grain yield and grain anthocyanin

concentrations (mg/100 g) of selected F, lines

Lines/ Days to culm Number of Number of Filled 100 seed Grain yield Anthocyanin
Varieties flowering length panicles/ spikelets/ grain weight (g) (g/pot) (mg/100g)
(cm) plant panicle (%)
1 9% e 81.1cd 9 103 93.1a 2.0de 36.2a 58.4 a
2 98 de 82.4 cd 7 96 93.0a 22c 29.1 abc 35.2 def
3 98 cde 81.5cd 8 100 94.3a 21cd 33.0ab 47.9 abc
4 102 bc 82.6 cd 8 102 93.9a 1.9 def 28.0 abc 37.4 cde
5 100 bed 83.2 bc 9 94 92.7a 1.9f 32.6ab 44.2 bed
6 100 bed 82.2cd 9 96 92.3a 2.0 def 32.2ab 55.5 ab
7 100 bed 79.7d 9 102 93.9a 1.9 ef 24.0 bed 41.5 cde
8 103 b 80.9 cd 8 99 55.4c 2.0 def 132e 35.5 def
9 99 cde 81.1cd 9 95 74.0 b 2.0 def 18.3 de 55.0 ab
10 101 bed 81.2cd 9 100 94.9a 24b 27.2abcd 314 ef
KDK (check) 144 a 146.4 a 7 91 87.4a 26a 21.3 cde 251 f
PTT1 (check) 101 bcd 85.8b 8 102 89.3a 2.5ab 29.7 abc  not detected
F-test *x wox ns ns . ok . .
LSD 0.05 3.3 3.1 - 9.2 5.9 10.7 1.4
CV (%) 25 2.8 18.7 9.9 8.2 0.2 31.2 15.9

** are significantly difference at P<0.05,respectively. ns is non-significantly difference
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Figure 2. Frequency distribution (%) of parents and F, populations between purple glutinous Kum Doi

Saket and white non-glutinous Pathum Thani 1 rice varieties
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Table 4. Some grain characteristics of selected F, lines

Paddy rice (mm)

Brown rice (mm)

Lines/ Pericarp  Endospe Anthocyanin
Grain Grain  Lengh/W  Brownrice Brownrice Lengh/W
Varieties color rm type (mg/100g)
length width idth ratio length width idth ratio
1 purple non-glutinous 9.9 bcd 2.9 bc 3.5 bcd 6.6 cd 2.0 bc 3.3b 58.4 a
2 purple non-glutinous 9.9 bcd 2.9 bc 3.5 bed 6.8¢c 21b 3.3b 35.2 def
3 purple non-glutinous 9.9 bcd 3.0 bc 3.3d 7.2b 19c 3.8a 47.9 abc
4 purple non-glutinous 9.8 Cd 2.9 bc 3.4 bed 6.8c¢c 2.0 bc 3.4b 37.4 cde
5 purple non-glutinous 9.6 De 28c 3.4 bcd 6.5cd 19c 3.4b 44.2 bed
6 purple non-glutinous 9.7 Cd 2.8 bc 3.4 bed 6.8c¢c 1.9c 3.5b 55.5 ab
7 purple non-glutinous 9.7 cde 2.9 bc 3.4 bed 6.7c 2.0 bc 3.3b 41.5 cde
8 purple non-glutinous ~ 9.7Cd  2.7¢c 3.6 bc 6.6 cd 19c¢ 34b 35.5 def
9 purple non-glutinous 9.4 E 28c 3.4 cd 6.6 cd 1.9c 3.4b 55.0 ab
10 purple non-glutinous  10.6 A 28c 3.8a 75a 2.0 bc 3.8a 31.4 ef
KDK (check) purple non-glutinous ~ 10.0 Bc 3.7a 27e 6.4d 24 a 27¢c 251 f
PTT1 (check) white Glutinous 10.1 B 2.8 bc 3.6 ab 71b 2.0 bc 3.5b not detected
F-test . . o . *x *x .
LSD 0.05 0.3 0.2 0.2 0.3 0.1 0.3 1.4
CV (%) 2.5 4.7 4.5 3.3 5.8 6.4 15.9

**are significantly difference at P<0.05, respectively. ns is non-significance difference
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Effects of Betaine Anhydrous Supplementation in Drinking Water of Broiler on

Performance, Digestibility, Blood Characteristics, Carcass Traits and Quality Meat
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Abstract: The experiment was conduct to determine the effects of betaine anhydrous supplementation in
drinking water of broiler chickens on productive performance, apparent nutrient digestibility, blood parameter,
carcass trait, and quality and nutritive value in meat. Two hundred (Ross 308%) 1 day old of broiler chicks were
randomly divided into 2 treatments (5 replications per treatment) with 20 chicks per experimental unit. Betaine
anhydrous at 0 and 2 g/l has been added to drinking water. Diets and drinking water was offered ad libitum.
The results of this study showed that betaine anhydrous supplementation at 2 g/l affect to feed conversion ratio
(1.95 vs 1.73). Betaine increase to feed efficiency per day (0.51 vs 0.58) and index performance (256.60 vs
332.36) different to control group (P<0.05) but does not affect the others productive performance (P>0.05).
Including not significantly affect the apparent nutrient digestibility and carcass percentage, cutting percentage
and physical meat quality (P>0.05) when compared with the control. But supplementation betaine anhydrous as
a lowering number of white blood cells (white blood count), the lymphocyte increase and H/L ratio, ether extract
in meat, cholesterol in meat, saturated fatty acid in meat decreased statistically different (P<0.05).
In conclusion, supplementation levels of betaine anhydrous at 2 g/l can increase feed conversion ratio, H/L ratio
decrease, lower feed cost, increase earnings and increase economic return than control group.

Keywords: Betaine anhydrous, broiler, carcass, digestibility, meat quality, productive performance

91
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



2M9919N=AT 33(1): 91 - 107 (2560)

unAnga: N3AnEuaresnndsndmulaulansaluinanvesliilasdedussnnnwnisuan nsdeslfaesdnmus
o & o, ! g oy o A o e ® ° o

ANBzIRan ANEzTIN AAIWLAzAMAIMISINTuslwte Taeld i ilawug Ross 308° a1uau 200 67
mumumsmmmmmumm (completely randomized design: CRD) AU 2 ﬂz\m 1ar S ARN 7 aL 20 k)
WlEsrinanazenn (AYLAN) uasBrTimuenlaniatisysi 2 nisiaams Tnelln LuﬂimiuuwLL@”@’]ma‘@m\ame
rantsnaaesnUdn nadsadimunenlanialuiAusesliiflensysdy 2 nfudedns maﬂiuﬂiq@mmmmuﬂ
(1.95 vs 1.73) iintlsz@visnnnsldensnssiadis (0.51 vs 0.58) uay fathls=Avannnisuan (256.60 vs 332.36)
(P<0.05) usi sl T nasiegsssanMANTHARE AL nnsdedlFresinTuy Wesduimn wesfuEudau saufs
@mmwmqmﬂmwmmm@% P=0.05) atinslsfinunsidiud munenlanialuinauvesliideiiuadaemiali
AMUITBLIALARAL19 (white blood count) AdAAaAT19TTA lymphocyte NTY LazEAEUTALABATNY
heterophil fia lymphocyte (H/L ratio) anas (P<0.05) sanniaanunsnaniunoladumn aaladinasea nealasiu
a o &y oA a o ] = A A A = o & A ;o A
ausdlwie il Faumauiunanasuan nsAne BT Imud N adsndmuneulanialuinauaeslniiien
3¥AU 2 nfusleAnsaNsnliulgasz@vininniaasue s uinwinga anAn HL wazaniuyuAIa1ing
Wanann lasiafauazanaLumuaInNnIsasigananlniianguasLAx

AdAty: nstierld lndle Anunwille an Dwwweulania  anssanwnIaN@s

AU Cahaner, 2001; Mashaly et al., 2004; Temim et al.,
2000) LATHMIIN1TAE A NUW (Mahmoud et al.,
1ﬂLumﬂummmeﬂwmmmmmﬂmm 2004) Wludu fafuialiilndlanauainnsalunng

Wit w4 2557 Panosnasdesenilivaalsze nusagnALTaLaniaieanlynse | Aanann
Inewindy 570,000 sy Anidluyarn 77,700 811 198in Asinisinedsniesing o undszyns e

U FaduduilenBeuieusud w2556 13 FnenfinisrAnBANNINER U N lEiaAN YN
UFnnninnsdeaniviniy 504,406 Au Anduyacd amAsanTundnnsssmevesini el fuanan
66,805 A1UUIN (A1nawATgRanInnens,  eniAtulnEeu sl anaddaiteufuaung
2557) tnelszwnalnadpiuguanln iladenanae idaneeddiiiie (Usel uazmnuy, 2548) Ineidnu
’L‘mﬂmmi@n 'mﬂLm'ﬂimﬁ”l,mﬁﬁﬁiﬂut,t,auLz’ﬁuzﬁm Wuansd@snluaunsdnd (Feed additive) Avnawla
ﬂuwmmwnummﬂu,umfaumu "’NLﬂuﬂJ@ﬂ’ﬂﬂ Lﬁmmnmmmmm‘lumislﬁmgmw%@Lm"lla‘llu%mm
m\ammewmmmmmimmiﬂ Lu@famqmn Awiewlaauliifwunlaladiy (Cadogan et al.
Lummnmﬂﬂ@ﬂuuﬂmqmuquLmzmmmuﬁmwm 1993) Lﬁ@ﬁfmﬂi“uzwQ@ﬂ@aiu%ﬁmﬁwﬁmuQ@
Tuszndnsfuiluadenisldsuudaseafail mfmi‘iﬂuéwmﬂLmz‘?ﬂmz@m@n’m‘muﬁm’ 1aqiiudl
AN ALTa9aNAINNTaL (heat stress index: AsefA g AUt T L e sdn g

HSI) (WA wazasneamn, 2550) Tedananszny  adeuniuang iediaanan1azAsaniiiesaInAy
fan19an9eTanaaslniile (Aengwanich and  %eu Uiunlpanininwann uaranseaulasiuluiiadng

Chinrasri, 2002; Altan et al., 2000) s @ % 1 n 14aNa1N Amerah and Ravindran (2015) Wu91 N9
nideerluan nunfeniiidn HSl qeazdwads  @sudwmulueivisseddiidedoaimuinis
siennansiiifaetnenn wu am3N19megalmnga daglFraelnausluauis daafintlazdninm
vinantsyAvamnislienvnsanas sutings nnsliarunsadiiiide way fasannansznuann
Bunuensnafiau ndnuieviinananas (Deeb and Faiin £, tenella uaz sporozoites U84 E. acervulina

92



waraansiasndvunaulansaluihfneadliiianasgussanIwnisuan

matiasliuadlngus ANBUEAEA ANHMETIN WATAIANWTLS

(Augustine et al., 1997) #nuwsn s lEdmudnny
ymuanatlseniadunu natame dinusdiniianig
wiasalfinedledudaennie N lifinANgaenly
A ¥ lunsugnenvng anvatmugasaidy ans
Smananfiufianadesnwlunssiaunss aiadng
AeuEuluN I IHAREINId AT LAy
W M dmuieaauasiuabeu vise Uszens L
TINUAENIZUIRNNINUARDLRLE ABIMITUAINIT
a0l A (post pelleting liquid coating process) L‘Vd\ll f
Tasiunisidaaninainaannieu ﬁl’-ﬁﬁﬁ@uﬁ'u
naztqunsluneandn e nutlduney feasdann
m'@miLﬁuﬁunummmmiﬁ@Jﬁ”u ndymAangng
pouziseRafluunAnlunsfineiftauansmnianili
atiadne taemsuantmuanlanialuinanliliile
Aulaemnss ieudTymnisud ozt munnsine
UseAnBnmls uaziiiennnugznansanisinl1dan
gl

NINAADIATIILN AR N N9l N T N
wenlansaluinaveslnileseaussanmnisuan
nstealfrealnauy anwsiaen AnEMEIIN
Qmm‘wLL@:@mmqumu:mmL‘f@ el
wuantdenat1sdnglunisiunanan Ay
AadszTemituasiun1swmunl anaNannsn 19
e dasinidegninduainapuiduuduas
Fefiurasnialadndsielllueurnngpaiuduas
nednuensealanselyl

L4 aa
AUnsalLaEIENg

WHUNISNARDY
mﬁnmmm%@‘fﬁ%umumiwmmLLUU@:N
’&llﬂ?ljfmi (completely randomized design: CRD) Tag
MnAaedATITIuLNeaniTll 2 YimLd viniudas
5 1 auianan 10 Viemaned Aal
VRN 1 Tnazenn (NANAILAN)
VAW 2 tnazenaeiudimuney
lansariinnaazaneiinfiassy 2 nuraans

93

AINARBILAZNITMSLAEIRRINARD

neaesluliileanaugnisn Ross 308°
18] 1 41 A1U9U 200 A9 (Fg 100 An waz Aol
100 F9) gnguidingn1mmaaeeanuey 20 Aqsaniae
NAADY Imﬂﬁﬁﬂ%umu@u‘lﬁmmw%’iﬁﬁ'@%mﬂimﬂ
NIATTU wazAnLe (2557) Tnadaniaaadliifialy
panTwIA 2.0 x 3.0 wms Melulnedauuudaii
N19dANITLATLAT NN AINan Inuanden
FININTINABUNNUIBUTININGIAN W.A. 2558 Tnel
Iifelésuinazennuazeivisiuuuufng
AABALIAT (ad libitum)

Yuaranmsnaaas

nemeaestidszevinanidentiitevianun 35
Fu walonsldiiia@annséa 2 sei Ao szezuan
0-21 74 (pre starter) AlsRumeny (crude protein) 23
woefidus warnaasuliselaaills (metabolizable
energy) 3,200 Alaunaeasianlanii uazszezday 20-
35 544 (standard starters) #1tsAuneny 20 wWafidus
naendaanuldlssTemdlE 3,200 Alaunasaseniansy
ANNAIUUZINTRY NRC (1994)

anssanwnsnanaadliiia
vnnnsaesliiide e dnanssnnimnianan
Tne % 9ansiann 35 4 uriafli 2 999 Ae 0-21 4
Wae 22-35 51 ufiniBuiaeusfinuly dnmen
m@ﬂﬁt’fj@ LATANUIRIARNEAARATINITNAREY LAD
ANUIUMIANANTIONINNTNAR 0-21 JU 22-35 41
uay 0-35 1 lEun By sfinuiedadedu
(average daily feed intake: ADFI) ﬁyﬂ winfad
L‘WI u ﬁyu L@l’ﬁl ¢l (average body weight gain: BWG)
ﬁmmmam?agﬁuima?;ﬂm{u (average daily gain:
ADG) wazdsz@nsniwnisldeanunsg (feed
conversion ratio: FCR (feed:gain)) 1 17 @ 1 n
[ADFI/ADG] ﬁunummamﬁ”@iﬁ 1 Alansy (feed
cost per gain: FCG) #1210 [FCR x $1A1R14%17 1
Alanfu] mAN2399849 Zhao et al. (2003) 9N D4
AUV AIINTTLAE4T0A (viability) 11a1n



2M9919N=AT 33(1): 91 - 107 (2560)

[(AuanlAfimae x 100)/8uauliGusiu] pnudsaes
Khaksefidi and Rahimi (2005) uazagtiilsz@nsnin
ma‘mm (productwe |ndex PI)) 11810 [(8R9IN19
L@F;Nﬁ"ﬂﬂ X s x 100)/(FCR x a2
qum@m)] AR Re3 L e A NTATL uazAE
(2558) YANANNTEALINIMN HARNBLIUNUNIGLATHTNA
(economic benefit return) A9 HuYBAIRINNIFHBHT
(feed cost per gain) y AA1ATAN1TU1LF 269
(salable bird return) N1 VL?ZQ NoAAMAI (net profits
return per bird) LAZARINIAIUNAADLULNUFABNNT
4% U (return of investment) A8 feed cost per gain
(FCG) anngme FCG = (FCR x feed cost x BWG),
salable bird return (SBR) a1ngne SBR=
live chicken (40 THB) x BW), net profits return per
bird (NPR) a1ng /7 NPR = (SBR - FCG), Lag
return of investment (ROI) a1 ng &7 ROI= (NPR
JFCG) x 100 ANNATI09NTa WY LazAnly (2558)

(price of

matiagldsnandntuzluarmsliiia
lugasliidaeny 14-21 4u azlifuemns
naaasnantasindaanlas (Cr,0,) 0.3 wWaiifus
Wenageuniseiesidaasinrusluamsiiile Te
utiannamaaasaaniily 2 491 Taadaed 1 A lriile
8¢ 14-18 31 1uda9U5udn T (adjustment period)
LAz 1997 2 Aa 1ﬂ'lff:fa@’m 19-21 44 wudaeiiu
LN (sampling penod Tmﬂmw,ﬂ‘l_l‘ﬂ’]m?‘ll@\ﬂﬂ
Lu'awm'a\ﬂumﬂummmwmvmmummmimuaw
MH5uamnmaassnanlasindeanlad (Cr,0,) 0.3
MR miuqa‘ﬁ'ﬁ H,50, ANl ndu 3
wafifus mMu3Tues Mountzouris et al. (2010)
mm’fuﬁ']ﬁa@ﬂwmm@LL@:H@ﬁiﬁmfauﬁgmuqﬁ
60 aaANTALTeduazLARTIRYA a1 LA mseT
sAnTaguielsfiuneny felosu luTuaan i
LATNAIINU ATNTTURY AOAC (1995) Anvtads
Anszviuunnlasindeanlas (Cr,0,) n1u3d
289 AOAC (1995) AN AN N sEs)
I EEREL £ b #agqu (apparent dry matter
digestibility) #1210 [{(% Cr,0,luya - % Cr,0, i

94

81119) x 100}{% Cr,0, Tuya}] uay Anistiaals
199N 1UL 39U (apparent nutrient digestibility) 11
A7n 100-[100x{(% Cr,0, 4811113/% Cr,0, luaa) x
(% Wnauzluya/% nauslue une))] audsaeg
Sharifi et al. (2012)

latimangraaslnlivazesdadsznavaainsm
lusiuluidan
Tuiugaiinaniamaaasinnisenaisiild
Usznan 12 dalusudoqulinioannansay 4 6n
= & o | = = | a = .
Waiusled1aeninarziaan iniBundn (wing
vein) Ainas 2 Haaang mmﬁ%mfammﬂummwﬁm'{
1 a dl o o ¥ v =3 A
WG (2556) INaTNN1AANN NI uIeadnLam
LANB AU (hematocrit, Hot) ALIALABALAY (red
blood cell: RBC) ALHA WABAUND (white blood cell;
WBC) Winaana1q aiaannelsila (heterophil, H)
wazdanIWlgd (lymphocyte, L) asinldundnaau
H/L atio 1@ 5u1U3As1YY ANARLARLADIDA
(cholesterol) walmsnawalss (triglyceride) Tneids
enzymatic colorimetric test (CHOD-PAP method)

Lﬂ@%l,%uﬁm'mLmzqmmmffamm'l,mﬁy@
ludugadingre9n1Imaaedanauisasing
fine 6 9alus memuimu'a 4 mmwmmm@m (59
Huas mmﬂ) meu’m’nma e mmmwumu
ANt st e nuazinin g udau udie
Aol afiduFTan [(carcass percentage =
{(carcass weight/ live weight)x100}] ida3idusdan
L8l [(chill carcass percentage = {(chill carcass
weight/ live weight)x100}] wazA1Waumiladidus
Tudaudawe [(cutting percentage = {(cutting
weight/ carcass weight x100}] AMu33a09dy 4
(2553); Hossain et al. (2012) anntusuInLie
anliifiedirseinniunneendineseakiogda
C45,994.10 A1N3TU89 AOAC (1995) laznn9
AmmzdesAdsznavresnsalusiy (individual fatty
acid content) §28 GLC m1N351a4 Lepage and
Roy (1986) UANANNTTNNN IS AR AN ANNNTD L0



uaraansiasnlmunaulansaluihanaasliifianagaussonwnisuan

' Pg o = Y a7
mael 'aﬂn»ﬂ‘ll’a\ﬁnﬁuz ANEUSLADA ANLHUSTN LASADMMNLUD

ma‘ﬁm‘f’] (water holding capacity) sznaufag dip
loss, boiling loss, trawling loss L& &
ANARadTyd (2553); Ao et al. (2011); Liu et al.
(2012) anviataAAnTunsA-Fng TaaLieand 45
WA (pH 45 min) LAh 24 Falug (pH 2 4h) #aamn
TIUNaTFe pH meter §14 pH 211, Hanna, Padua,
ltaly ANNAB989 Zhou et al. (2010) TTasA A ATes
eanudafiuinund 4 esrmadaaiuszes
AL 24 2l 1EuA Anusdn (lightness: L*),
Auma (redness: a*) WAYRLMAD (yellowness: b*)
AINATaa9dy da (2553) was Ao et al. (2011)
ugnaniiAednuifeeniliueuiignimni 60
sATAEe auuiiauazinnisunlfiaziden antiy
agzinnAdnguiie i TdsAunany uazlasiu
99UAINATIBI AOAC (1995)

roasting loss

N5IASIZRTayaNINED A
m’u'amw"l,mmLﬁﬂmmummumnmw
ILWINIAN QAL U IINILUT T A ATT AR BaedD
Student’s t-test AMNATUDY Steel and Torrie (1992)
Ine1 14 T1sunsu R (R Core Team, 2013) NMUAUAAN
TednAyilElunnsmageni P<0.05

NANISVIARDILAZIANTD

1. wansmaasuiimusaulansalusiranaas
laiasaiszaninssdeslsandngus
nsAnEUsz@nininnisdeslfueelnaue
WliiffeilEsunisasudmunenlanialusiiay
wudlAdleRlEsunndud@ntinueulanialusin
Aufiszdn 2 nfusieans Wifluasernisdaslians
Tnguziie Aauthe Buritedng delason lasfusas
wazlilsRunsnaesliiile (P>0.05) AaLaMalY
AN 1
TnelnffledndiAnAnuiATaAaINaNIN

A ) ° v v v 09/ s
aneAviselsadenannliinoudinduaesinluga g
WnNgalu Fanaussiueedufauazdanaliivoad

al OEI o :/I 10 v v o °
ARTHERY paiulnandusiesdnadaauanuauunnun

95

i"m:rf]muQmmﬁyﬂmﬁmﬁumqmuqﬁm@qi‘wmﬂ
ﬁqﬁunixmumimLmu'ﬁ%mzqnﬁmmw Wzl
Al nFsaudaniild dmsuaienananuianis
1g9fnunu Eﬂﬁz\ﬂzﬁ"ﬁ]fh“ﬂﬂumn’m”mm%
(dehydrate) L‘wmwu'mﬂmu@@ﬂmmwmﬁmmu
AndfesAutnunnT uANmagIennaasFeann
aei1999a139 Inazqoydanananetineanioniy
sz aalindsnunnifesnEnisi@enan naes
A mﬂqmmﬁufmﬁ@u@ﬁyumn aza NI li
nfamnalé (heat shock) luniendududwmuiu
miﬂi:ﬂfauﬁu@wgLuﬁmqmﬁummxmﬂm%uﬁLﬁm
mﬂﬂﬁﬁ?ma@ﬂ%m%ummimﬁu (choline) CRIGY
Aananaliingwia (methyl donor) Tunszuaunisi
wnueddy AalAna v lulfAsedami e -
Tatiu (methionine) wazlaludanu (homocysteine) ke
Wdaaamszaulaludaiulunanaun wazdaanns
Vv RedestU iAW A nviagstas
‘5ﬂ1:r’1ﬂﬂ’1ﬂ@34@@ﬂ’1ﬂ1uvﬂ@§(osmoprotectant) ﬁﬂﬂgu
nezuaunnIvedNazligndnann denasie
sz@nsninnisdenlfveslnagus aennieeiy
A9 Ratriyanto et al. (2009) WLINANTLETND
il wngliidesentsdesdaeslnTustiuasinli
nsdasliansinguiie uaslilsfiu uazidielaveny
AT uazaenAReaTUNNIANENTI99 Ezzat ef al,
(2011) Anudnmadumuluenmslaidesiilian
futlsr@visnnades|Faes sy uazlasi Windu an
Wi El-Husseiny et al. (2007) awudnaddudmulu
s ilrndulszAvsnisde e Swiedng
Telsusan lastuson e levieny iuduunnsaiy
Qmmuﬂﬁaﬂmiuﬁﬂmmﬁmuﬁqmﬁuﬂixaw%mwiu
nssstyivreaTadne g 1 uazifinntstine
J0aad AT AvENAsenstiatansavnTlERTY
(Xu et al., 2000) Amerah and Ravindran (2015) w191
iU nuTiszs 960 NFuARR duNsLANNNS
dnellFuns@autia Tsmumeny Tusfusm uaznsnesd
Tum@ﬂri‘ﬁlﬁmﬁ”faﬁmufmﬂdfm’mqimuau



M5@15NEAT 33(1): 91 - 107 (2560)

Table 1. Effect of betaine anhydrous supplementation in drinking water on nutrient digestibility

Betaine anhydrous levels supplementation in drinking water

Nutrient digestibility Pr>T
Control (0 g/l) 2.0 g/l
Dry matter (%) 85.55 +6.40 82.78 £ 3.32 0.5427
Organic matter (%) 87.78 £ 6.03 84.12 +3.23 0.4070
Crude fiber (%) 50.46 + 21.09 58.81 + 4.64 0.5398
Ether extract (%) 92.30 £ 0.90 92.71+£1.64 0.7240
Crude protein (%) 80.59 + 3.35 85.41 + 2.86 0.1116

2. wan1snsiasndmunaulansalulitnuuas
AT aRadaNssaNMNNNSHAR
P o & A ,
Agdndmunenlanfaluinanaaaliile
Tudag 0-21 1 wudn Indle A lAFuiN AN AEs N mu
walaRFANILAY 2 NFUFADARNT NANIIDNINANTLAR
TluansineiunguALAN (P>0.05) Aauanslumgnem
2 Mtag 21-35 Ju wusn lndien I 5utin AN Ny
waulanFalvnmindainau ensniaesoiauinse
Faradu uazaaiilss@ninnnisnangandnlniile
NANAILAN (P<0.05) éﬁummﬂummﬁ 3
Aausamadesiiite 0-35 uwud Tl Lwam
1 5utind i ud muuewlania fenmuaniie
1s@Ansnmnis M eunsmedu uazsatilssdnsnin
nsuangendnliilianguasuAn (P<0.05) Auanslu
~ py R PR
719199 4 Wesannladlen lEFuniaddudmulen
lanFaian HL ratio Anndnlnillenguacuan Tee
H/L ratio Wusaiddnanuazannislusqveslniiie
TneMANUad HL ratio NAavtsuantanisn indialdls
| = a oA <
ot/ Tuanziazan TagUngda HL ratio HAngetiuana
S ALUBNANNLATEANLA AT T1gN9N 8
AIWALNANIIOUATHARN AT UANL l1NN3
naaesniRaNisnatunelianuatsany g
naNAe Ratriyanto et al. (2009) s189uqn Tl
arstlsznauremyuidadniunsnesdulnaduiifia
aaa a8 o = . =
mnﬂ{]mmafaﬂsﬁmummimu (choline) gl
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ax \ o gaun 1 & aAnye A
wunueaty denani i lndlendsuninaindnu
o a a a ] v =
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Fmsnnsuaniiieni uaztlsy@vaniwnislienvssie
Fuftgein Soulsdupsaiudaiier@vsmmmsan
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(macrophages) AR UNE RN an N esAn AR AA
wazilefimaddadimiluewnsrediilefignnaviu
Fedeiia Tnguan1InaaedAialann ety
NN3ANAB Attia et al. (2009) WUINNTETND wle
217 Lﬁy@ﬂ§Uﬂ§Q§MSﬁ Laniila (P<0.05) kazels
ADAARBINLNNUINE YRS Waldenstedt et al. (1999)
wudnmad@udimuluaivnsliifleissdiy 1 nFusie
Alanfunaldidnsnindasueinisaiu 126
wleafifust (P<0.05) luanuzideniAe il musadana
Ensnisaned uuniuanas 19 Usdl uazans
(2548) AT muRis=su 0, 0.05 uaz 0.10 wlofifus
WUI1 ansmIINIIAneeedinasld 8.57, 7.38 uaz 6.91
weafiusiauatau LazanudIaaaa9 Waldenstedt et
al. (1999) Adutmdluarliansninisneadlag
Ny 1 nfusenlanfumuinlniefisamnisme
[;ll’n?llqm Amerah and Ravindran (2015) WuqN13L434
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Table 2. Effect of betaine anhydrous supplementation in drinking water on productive performance (0-21 day)

Betaine anhydrous levels supplementation in drinking

Productive performance water Pr>T
Control (0 g/l) 2.0 g/l
Average weight (g/bird) 906.40 +67.80 858.86 + 29.40 0.3276
Body weight gain (g/bird) 867.21 + 66.63 819.66 + 30.35 0.3237
Total feed intake (g/bird) 1,295.20 £ 82.73 1,196.80 £ 27.12 0.1221
Average daily gain (g/bird/day) 41.30+3.18 39.03+1.45 0.3241
Feed intake (g/bird/day) 61.68 + 3.94 56.99 + 1.29 0.1222
Feed conversion ratio (FCR) 1.49 +0.03 1.46 +0.04 0.2594
Performance efficiency ratio (PER) 0.67 +0.01 0.68 +0.02 0.2746
Viability (%) 98.33 + 2.89 98.33 £ 2.89 1.0000
Mortality (%) 8.84 £ 2.89 8.84 £2.89 1.0000
Productive index 271.47 £ 16.82 263.14+ 20.97 0.6196
Table 3. Effect of betaine anhydrous supplementation in drinking water on productive performance (22-35)
Betaine anhydrous supplementation levels in drinking
Productive performance water Pr>T
Control (0 g/l) 2.0 g/l
Average weight (g/bird) 2,085.60 £ 74.50 2,136.20 £ 26.82 0.3306
Body weight gain (g/bird) 1,086.60 + 87.35 1,258.50 + 41.98 0.0372
Total feed intake (g/bird) 2,516.10 £ 191.23 2,387.90 + 88.36 0.3515
Average daily gain (g/bird/day) 77.61+6.24 89.89 + 2.99 0.0372
Feed intake (g/bird/day) 179.20 £ 13.66 170.56 + 6.31 0.3515
Feed conversion ratio (FCR) 2.33+0.28 1.90 £ 0.11 0.0691
Performance efficiency ratio (PER) 0.44 + 0.05 0.60 +0.03 0.0530
Viability (%) 91.23+8.04 98.25 + 3.04 0.2301
Mortality (%) 8.77 £ 8.04 1.75 £ 3.04 0.2301
Productive index 204.43 + 31.87 311.46 + 34.80 0.0171

TINUNTZAL 960 NTNFABAU ATN1TANLBFNIINITY
IBuazdaeiinlsz@nsnnnsldan i siimuawngn
BIMNIAILIAN

3. waniIsNstEsNivuwaulansaluitnaNaag
TAlasalaniaInen
P o o 4 A o
ANt wuneulanfalutinaunsesy 2
NSUFAART N1 AN UILIBATALABATNY (white blood
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count) ANLA ALABATNATRA lymphocyte LN T U
(P<0.05) Wazenmdausinaen11 e heterophil g
lymphocyte (H/L ratio) aaa4uANG NI UIUN19aT A
(P<0.05) WanFeuauiunguALAN Auandlu
~ o oo g g
A1919% 5 Inen1mmaaasatininisasalndielu
Ts9iFeuidan e lHan nuIARaNEIINTNR TIdaNAsD
= o A o ¥ ' & A
AMNIATE AT UEaIN1ANANE el ENnnTn Indle R
e i lsaEeusuLTe (tunnel ventilation and
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Table 4. Effect of betaine anhydrous supplementation in drinking water on productive performance (0-35)

Betaine anhydrous supplementation levels in

Productive performance drinking water Pr>T
Control (0 g/l) 2.0 g/l
Average weight (g/bird) 2,085.60 £ 74.50 2,136.20 £ 26.82 0.3306
Body weight gain (g/bird) 1,953.80 + 80.80 2,078.20 + 25.45 0.0638
Total feed intake (g/bird) 3,811.20 £ 267.88 3,5684.80 + 115.44 0.2499
Average daily gain (g/bird/day) 55.82 £ 2.31 49.38 + 0.73 0.0641
Feed intake (g/bird/day) 108.89 + 7.65 102.42 + 3.30 0.2497
Feed conversion ratio (FCR) 1.95+0.12 1.73+0.05 0.0425
Performance efficiency ratio (PER) 0.51+£0.03 0.58 +0.02 0.0238
Viability (%) 89.47 £5.27 96.49 + 3.04 0.1161
Mortality (%) 10.50 + 5.27 3.561+3.04 0.1161
Productive index 256.60 + 23.76 332.36 + 15.64 0.0099
Table 5. Effect of betaine anhydrous supplementation in drinking water on blood parameter
Betaine anhydrous supplementation levels in drinking water
Blood parameter Pr>T
Control (0 g/l) 2.0 g/l

Hematocrit (%) 22.67 £ 11.02 35.00 £ 3.61 0.1391
Hemoglobin 13.00 + 1.00 13.03 + 1.29 0.9735
RBC (x10°/mm°) 1.67 £ 0.58 2.50 £ 0.25 0.0829
WBC (x10%mm®) 15,933.00 + 4,781.60 38,333.00 + 10,151.00 0.0259
Heterophil (%) 35.33+7.57 22.00 + 4.00 0.0543
Lymphocyte (%) 54.67 + 6.11 73.00 £ 6.56 0.0240
H/L Ratio 0.66 + 0.22 0.31 £0.08 0.0499
Cholesterol (mg/dl) 178.67 £ 11.85 180.33 £ 12.06 0.8727
HDL (mg/dL) 119.00 + 15.62 131.00 £ 14.18 0.3803
LDL (mg/dL) 47.67 £12.89 36.00 £ 12.17 0.3180
Triglyceride (mg/dl) 60.33 + 6.66 66.00 + 7.55 0.3848

evaporative cooling systems house) Lf; admniATen
mﬁmuﬂ@fimm%ﬁmﬂﬁ%gﬂﬂizﬁuwmf\iLﬁm@,ﬁyu
Fedanarinlfiaden e nmelsila 1T
wazgnilantasanianianszan (bone marrow) uin
dngnszuadeninniu lusnsildiaidenaaeile
Autwlafifannns Wesangnindentianaulud
1ﬂﬂi:@]ﬂLL@$Lﬁ”@L§|®ﬁyﬁL‘Mafm (3T3a1], 2538) anP&ea
AU9ENLARY Altan et al. (2000) nquﬁﬁmiﬁ@ﬁu
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annzmenasiinmasaesTuumaaTiia 1Ty A93A-
a4 (cortisol) il HANANHANAUlIATR9T19NE 19
A HIL ratio g Wiesnamedadlisudein an
annan eaannei uazeeniilaivangas i
nailasuasanmuanie BOUNNH T2UAS 818
uaztininga FaudanasanLIEnTRaT Ul
1 F el adiR La uavs nauanTH-
laanasinenni HIL ratio axil Angeiumuszinaes
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a dl a d” ] a o :; d‘/
ANLATEANINATUNTE TUII9NIY AINN1TIA8ATIT

nugnE muazdnlldaeinenaunatinneluead
L‘ﬂmmﬂﬁmmﬂumaﬂ?:ﬂ@mawgLu%éqwﬁ’u
nanezdlulnaduflfaanufitereendinduses
AR (choline) %'\1LﬂuﬁqnmﬂﬁugLmﬁﬂiunizuquﬂﬂi
wunuedduilesanianantidluglinmia
(methyl donor) AsfiAnnuadlululfisenganii e
vl In Ta W (methionine) wa ¢ Taludaiu
(homocysteine) N1 WWitazansziulaudafulunan
U1 WazdaEn TN AT eyl A
Tudnnedadaainennainanganielugad
(osmoprotectant) 49NaFBANII ALABALIVTRALEY
welsilaanasdnTnladfia wazutlstunsssiann HL
ratio 1980 A AR AITLIN U109 Ratriyanto et al.
(2009) wuan @I muluevnsli esednmmne
aaaiuann1i HL ratio unnsineruataTdadAmy
N19AN 5 (P<0.05) @9 triglyceride Td umnsnariy
(P>0.05) Laz@aanARAINLNIUAA 8189 Awad et al.
(2014) RANEN T UG Tuavnaidlafiszdy 0,

0.5, 1.0 4az 1.5 nFuFan lanFu wuqnau e I losf

na L wazsuauanmelsiaana fuanalii HiL
Ratio apasasinadiadnoyiilefauiunguanun
Sayed and Downing (2011) U4 17L& 3N D N
72AU 500 NaANTNARAMITAILTA8An H/L ratio LA
swsunglagdluientesliile

4. pan1snsiasnlmunaulansaluinnaag
1n Lﬁ’ﬂﬁiaqmmwmnLLazqmmWLﬁ'ﬂ
- A e o & &
A9 ND mulevlansa lutnAnaealniiie
seau 2 nfusaamsliinasalafidusain way
wesifusitudanaedliidie (P>0.05) faugmalinnsei
6 NANINAAIT A VLD AARBIN LU R EIUDS F1 e
WATATUY (2555) NN REs T muluanslding
salasidudain an dulu Was wazaznn aaglniiiae
(P>0.05) Fadipusiariu Zhan and Ku (1999) ANL97 A3
WINT WK 0.10 1We5iFud N3N undNLELe
WLNBALAN 9 McDevitt ef al. (1999) 85UN8IIN AN
= ‘QI d’l v dl = o =
Tmugnunsaisiieantesln 18l adsyiumnniaiiy
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Tuanunaiieane ganndeaiy Usdllazanie (2548)
WUINNTEIND uszAY 0.10 wefidus danald
Fannuile wiinen wils dulu fiadw (P<0.05) luan
‘17'{@mﬁﬂwmzﬁlum@qqmmwmmmz@mmwLfffa”l,zi
WANFN9AY (P>0.05) A1NNT3A NI DNHANTENU 11
NNLINVBINITLETNT 1N (Alirezaei et al., 2012) Az
nansenuduauluntanisalrnawninlefiuse
@mmmﬁ”@mmiﬁ b (Liu et al., 2010) Imel Fu et al.
(2016) 2B UNEAINAAT LT UL TR LN
yaqiaulns glutathione peroxidase ﬁ@mmmﬁ Wuansg
antioxidant i aenluan il awmlsTetiulunng
FeIaAANNIAaNTRITAR A jiuéﬂﬂ’]ﬁ%\ﬂuﬂﬁi‘
norespsnLim e NDmdbifnasennmmile
Saunderson and Mackinlay (1990) n& 119
i1 Tnuduansiflgouantdlunaslfingwiialu
ﬂf}ﬂ?mzﬁ”\iLmﬂ:ﬁm%ﬁﬁuﬁﬁmﬁﬁﬁLﬂwﬁf;ﬁanmm
lasTudnglulnpauwdeiiledesaaneladulily
waMRe1F lus N Fatunn s imunen
lanaluiiAnaesiniflafisssu 2 nfusiedns luflua
rﬁifaﬂmmwﬁfﬂ 1un Arponsiunansing ArAzuuud
wazAmagaydainesilel (P>0.05) usiinliien
lagiusuuaziinanad (P<0.05) vﬁ"ummslummqﬁ 7
HANIINAABIENAUARAARBIAL TUET WAZATLY
(2555) ﬁ?“"l.l'ﬁ’]Lﬂ'ﬂi‘:lflﬁuﬁﬂ’]ﬁ‘@mlﬁﬂﬁ”’] iHagannnig
gl (dip loss) m@\uu'a'aﬂvl,mmnm\mu (P>0. 05)
uazAn yellowness mmmmﬂﬂ@umumuu@wm
(P<0.05) GeliaanAdasrunanmaaesinegiu Chu
et al. (1987) ngn9d1AAIlinAmaesluiioan
@'qu“lmu'Lﬁmmnam@\mﬁﬂmﬁy@mﬁm white fiber
FatutBunnladulueniianasin i dadauaes
nEuidlefiunnnaua nnanisAnsLd e d
st A tmuenlansainnsavansedlasiv
anal Wang et al. (2004) wa e Garcia and Stefan
(2000) ldeSuned1dmudinsn i nsawn
dimethyletathanolamine 11 Aouutaaidu
trimethylethanolamine A1915UN1949LATIZALAT A 1
TnenadAuiiniindidas lunisaudeaeslaiuniiu
31918 ualugnazienvnsananladiu dwsy


http://www.sciencedirect.com/science/article/pii/S037784011530078X#bib0005
http://www.sciencedirect.com/science/article/pii/S037784011530078X#bib0065
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Table 6. Effect of betaine anhydrous supplementation in drinking water on carcass and cutting percentage

Carcass and cutting

Betaine anhydrous supplementation levels in drinking water

percentage Control (0 g/l) 2.0 g/l et
Thai carcass percentage (%) 84.02+1.12 83.81 + 3.59 0.9265
Carcass percentage (%) 75.94 +1.03 81.90 + 2.53 0.8446
Chill carcass percentage (%) 74.42 +1.00 7410+ 2.47 0.8443
Shank (%) 3.35+0.18 3.42+0.12 0.6411
Boneless breast (%) 29.85+ 1.06 29.32+1.77 0.6786
Pectoralis major (%) 25.20 +0.88 24.81+1.35 0.6970
Pectoralis minor (%) 4.65+0.26 451 +£0.45 0.6647
Wing stick (%) 6.59 + 0.38 6.83 + 0.55 0.5691
Tulip (%) 4.29+0.10 3.60+0.78 0.2635
Thigh (%) 16.81 £ 0.91 17.25+2.34 0.7765
Drumstick (%) 11.01+0.24 11.01 £ 0.65 1.0000
Skeletal bone (%) 18.91 +2.38 18.24 +1.44 0.6953
Table 7. Effect of betaine anhydrous supplementation in drinking water on meat quality
Betaine anhydrous supplementation levels in drinking water
Meat quality Pr>T
Control (0 g/l) 2.0 g/l

pH1 6.08 + 0.28 6.02+0.17 0.367
pH24 5.86 + 0.31 5.88 +0.42 0.482
Color at 24 hour after chill storage at 4 °C

L* (Lightness) 55.87 £1.70 5451 +£1.22 0.3251

A* (Redness) 0.16 + 0.66 0.81+0.86 0.3530

B* (Yellowness) 9.76 £ 1.77 9.11+£1.34 0.6352
Water holding capacity

Cooking loss (%) 21.75+3.12 21.99 +2.25 0.9187

Trawling loss (%) 10.01 £ 1.46 8.68+1.19 0.2876

Roasting loss (%) 21.06 + 1.94 20.55+1.74 0.7515

Dip loss (%) 455+ 0.74 434 +£1.21 0.8066
Nutrient composition in meat

Dry matter 26.52 £ 2.01 26.11 £ 2.31 0.427

Moisture 73.48 £ 4.65 73.89 + 3.98 0.366

Crude protein 23.72+0.14 23.99 + 0.09 0.055

Ether extract 2.07 £0.03 1.18 £ 0.02 0.026

Ash 1.46 £ 0.05 1.35+0.04 0.043
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nsdaaszilissiu dnuaiunsaliinginsanlunig
o/ s caa -ﬂl v aa v = o/
dungnzdasununeldluiniudneendinduans
nealysiuanedana (Saunderson and Mackinlay,
1990) Inedmuau1sanIutinNwnulaaa1unsa i
wy Al Aizen 1 sLAun1s19IULeIaNe
S o ° o a
wulasd Fafianuaidulunisdunsillshiv way
NITLNIHAITY WANIIU (energy metabolism) N9
dupmeiwnlafiuannlalndain nnsdamnseiiang
aa . a = . aa
1N (carnitine) AZL@NU (creatine) was WaaWRAA
Tnau (phosphatidylcholine) Taadmnu Nutinfli
wy A lilaludanuiasudunnlotiy uas
Ao a PRI | a o o
wa-azhludawInletiu dadunginsanduanses
fulunisdansned A15074 (camitine) (Cadogan
et al., 1993) IneANFINUALNINITANALNUULINT A
lafuganeeg (long chain fatty acids) a1n cytosol
Wi linwanny 1w mitochondrial matrix Wiailaaw
Whidunasanu Ingnszuaunisdanansm lasdui
a 1 v = o . . d‘
L7ENIN LLAN-ABNTLATY (B-oxidation) Waganedu
WA (ATP) @1u1sndaelunisidasuntag
NAIU wazdsnani liannisazan lusiulusanie
(WAl LazAnLy, 2543) INN3ANEIURY Fernandez
-Figares et al. (2002) wuin lundnaiilednsazan
ANSTHAY wazaisUsenaunsmbrduA iRy
(carnitine-fatty acid complex) unTugae19inns14
UszTamiildaeglasiunan
- v & 2
madrudmuienlanialuinaneeslnidian
s2AU 2 NFUARART N WiTEALADLAdLARTEA NIA Le-
Wwan (oleic acid) nsmlaulianfF AR aqsou
(monounsaturated fatty acid) ngaU1aNEN (palmmc
acid) menimiﬂmu@ummu (saturated fatty aC|d) 2
ndNguAILAN (P<0.05) Fauanalun1s97 8 Ha
nsAneATIRuane il dmuianinasaniswn
ANy ABLAdIAaTea taelanlnad 3-hydroxy-3-
methylglutaryl-CoA reductase (HMGCR) AaLiu
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!
el o

wulndrAydmiunsdunmzinoasneseauas
25U LDL wag HOL fiflwiindlun1saudsras
dnuilsznavlalllilsfiudinguiad Tnansmpasads
fHmiluemnegnaanansaiia HMGCR expression i
ﬂﬁﬂmﬂf@ L. Lumborum (Albuguerque et al., 2017)

5. mansmadsndmusaulansaluitanans
"l,nLuamﬂwamammumamsﬁﬁm

ma‘mmumuu@ﬂﬁm‘@‘lummmmiﬂLu'a‘w
SEAL 2 NFNFRART N LW WAIa M sFasatianndd
1ﬁL§@ﬂz§uﬂquﬂu (P<0.05) Anvianan lasiesa uaz
HARBULMIBAINNNTAINY (ROI %) g9ndnln Lﬁy’aﬂ@:M
AILIAN (P<0.05) HARBLILNUAINNIINLF aFAnDaln
Lﬁ@ﬁ\mmmjwm@mimmmfmﬁummﬁﬁ (P>0.05)
Fauanalumnaad 9 nsssuimuneulanials
tmm'auLmuvmLﬂmgﬁﬁﬁ'ﬁﬂlfiuﬁuiﬁq‘nﬂﬁunu
Anessiasazedinillandsnandnguin il 1y
(60.81 WLy 67.05 umAesa) danaliinanauuny
marinlssesaresliilefidugandnnguitlilfidin
(11.82 W8UAY 3.86 UNADFA) Anielnilefidu
Homueulansaluinan nareuuwuannnisaani
gendnngaitlaFigin (19.50 Wi 5.88 i)
ﬁﬁlmqmmuLmumnmmmuﬁﬂﬁwimﬁqm’m
Buprannisasnuan il Funaneuunuiiiinela
wazAnA1atiels et AudiaRunImMAansInd 13
HazANLT (2548) mwmﬁmnmu‘umﬂummmﬂn
il 7z o, 0.05 uaz 0.10 Lﬂmvﬁum lifinase
munummmimum (P>0.05) mqumunummma
siafnvadliiiausas UL FuNun AL 9
&n9 nanane Lﬁl'azﬁ“mriﬁﬂizaw%mwrm‘lgﬁmmiqqﬁW
Iﬁﬁuvgummmmmmmu”lﬂéhﬁimﬂﬂwwmmﬂ%qﬁ”
%ylﬁl,ﬁudqmm?mﬁmummmﬂiqa@mﬁunurﬁhmmi
Tunadedlnidiels (P<0.05)


http://www.sciencedirect.com/science/article/pii/S0377840104001269#BIB16
http://www.sciencedirect.com/science/article/pii/S0377840104001269#BIB16
http://www.sciencedirect.com/science/article/pii/S0309174016304260
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Table 8. Effect of betaine anhydrous supplementation in drinking water on cholesterol and fatty acid in meat

Fatty acid composition in meat

Betaine anhydrous supplementation levels in drinking water

(9/100 g total fat) Control (0 g/l) 2.0 g/l et
Cholesterol 70.97 £ 2.14 58.93 + 1.58 0.0459
Monounsaturated fatty acid 0.74 £0.04 0.45+0.03 0.0213

Palmitoleic acid (C16:1c) 0.08 + 0.01 0.05 £ 0.01 0.9187
Veccenic acid (C18:1w7c) 0.04 + 0.01 0.03 + 0.01 0.2876
Oleic acid (C18:1w9c) 0.62 +0.03 0.37 £0.02 0.0469
Polyunsaturated fatty acid 0.26 + 0.06 0.24 + 0.06 0.8275
Linoleic acid (C18:2w6c) 0.24 +0.08 0.22 +0.07 0.1456
Eleostearic acid (C18:3w3):ALA 0.01 £0.00 0.01 £0.00 0.8643
Eicosatrienoic acid (C20:3w6) 0.01 +0.00 0.01 £ 0.00 0.8860
Saturated fatty acid 0.61+0.02 0.38 +0.04 0.0237
Myristic acid (C14:0) 0.01 +0.00 0.01 £ 0.00 0.0638
Palmitic acid (C16:0) 0.45+0.03 0.27 £ 0.02 0.0356
Stearic acid (C18:0) 0.15 + 0.01 0.10 + 0.01 0.4991
Omega 3 fatty acid 0.01 £0.00 0.01 £0.00 0.3135
Omega 6 fatty acid 0.24 +0.02 0.23 £ 0.01 0.6965
Omega 9 fatty acid 0.63 £ 0.04 0.57 £ 0.03 0.0600

Table 9. Effect of betaine anhydrous supplementation in drinking water on economic benefit return

Betaine anhydrous supplementation levels in drinking water

Economic benefit return Pr>T
Control (0 g/l) 2.0 g/l
Feed cost per gain (THB/bird) 67.05+2.14 60.81 + 2.46 0.0295
Salable bird return (THB/bird) 70.91 £ 2.53 72.63 £ 0.91 0.3303
Net profits return per bird (THB/bird) 3.86 + 4.31 11.82 £ 1.56 0.0395
Return of investment (%) 5.88 +6.50 19.50 + 3.39 0.0322

GE)
madutimuerlanialurinanaeddiled
7eAU 2 nFNFeaRNT TaeUiulpadsz@nsninnisly
819117 wazAaHUs s ANnEA1nnInAR Wi I Tnase
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L’ﬂ@L‘V‘l’ﬂN@ AU L mmmﬂammﬂﬂummwmqﬁ

mum‘u@mummmmumwLmemmmmimm'
memmmmw'ammum Aeadninaand UBULIA U
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walulagnisinens uulingagdaling
fidaemdanazs1uigauazaInlunnIB Az

FNRENY
v =
R RERRNAN]

AueN nalaw gnaned grasnedassd Uszanu siaa-
TRUN UAZ ANITAU TUAIANT. 2555, HANT
windwnulue1unsreanssnNInN1IHAR
ADLNINTN LLZ\]&QD«Lﬂ’WWLﬁ”’M@\ﬂﬁ . uiy
BT 40(2): 458-462.

Usal Asnewm anas enanans T Toymna
WAy aNITMI WINNYEY. 2548. HANILETH
astimuluanmnsliidlen@eluanan
ANNASIUT LA B ANITANINNTHAALAL
ABLAINTIN. N17UTETNNITINTVDS
NNANEFU N ATANARS AT 43
NUINENREUNHATANART, NPINN

wail Aryyae Tafia 2RI uay Wi YoyAs. 2543,
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Abstract: The diversity and population of ruminal bacteria present in the rumen of swamp buffaloes fed rice
straw or para grass (Brachiaria mutica). Total DNA were extracted from the rumen digesta of 4 swamp buffaloes
fed rice straw or para grass. The diversity of bacteria was analyzed by PCR amplification and 16S rDNA clone
library sequences. The bacteria population was determined by real-time PCR technique. The 16S rDNA
sequences (1,500 bp) of clones were completely sequenced and subjected to a BLAST. In buffaloes fed rice
straw, the 102 clones, 49.02% (50 clones) of the clone showed >97% sequence similarity with known isolates,
for the remaining 50.98% (52 clones) had <97% similarity. The majority of clones fell into Low G+C Gram-
Positive Bacteria (LGCGPB) and Cytophaga-Flexibacter-Bacteroides (CFB) (71.57 and 10.25%, respectively). In
buffaloes fed fresh para grass, the 109 clones, 40.37% (44 clones) of the clone showed >97 % sequence
similarity with known isolates, for the remaining 59.63% (65 clones) had similarity <97%. The majority of clones
fell into LGCGPB and CFB (56.88 and 31.19%, respectively). The population of major groups of known bacteria

in the rumina of buffalo fed rice straw or fresh para grass were similar.

Keywords: Swamp buffalo, 16S rDNA clone libraries, rice straw, para grass
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e ulE lulsunss NJPLOT (Perriere and Gouy,
1996)
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real-time PCR
AATEinlENNA B wed I uune (16S
(DNA) TatinFuiaTeuLAT Baannfagnefimanis
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anihAnssidaatnalagnBaudieutuaifue
uAsgLTRILIAT Feusiaznau Tanldinawesidl
ANHAINZIATasAauUAT R aula (AN9197 1)
Lu@wmummmmummﬁmmmﬂummmﬁmwim
A nNanadl ARl E N rEneTequLAT Geaiati I

Table 1. Primer sequences for real-time PCR ampilification

Bacteria Primer sequences (5'-3’) Product size (bp) References

Total bacteria [F] CCTACGGGAGGCAGCAG 194 Muyzer et al. (1993)
[RIATTACCGCGGCTGCTGG

R. albus [F] CCCTAAAAAGCAGTCTTAGTTCG 175 Tajima et al. (2001)
[R] CCTCCTTGCGGTTAGAACA

F. succinogenes [F] GGTATGGGATGAGCTTGC 446 Tajima et al. (2001)
[R] GCCTGCCCCTGAACTATC

R. flavefaciens [F] TCTGGAAACGGATGGTA 295 Koike and Kobayashi (2001)
[R] CCTTTAAGACAGGAGTTTACAA

P. ruminicola [F] GGTTATCTTGAGTGAGAGTT 485 Tajima et al. (2001)
[R] CTGATGGCAACTAAAGAA

S. ruminantium [F] TGCTAATACCGAATGTTG 513 Tajima et al. (2001)
[R] TCCTGCACTCAAGAAAGA

S. bovis [F] CTAATACCGCATAACAGCAT 869 Tajima et al. (2001)
[R] AGAAACTTCCTATCTCTAGG

Genus Prevotella [F1 CACRGTAAACGATGGATGCC 534 Koike and Kobayashi (2001)
[R] GGTCGGGTTGCAGACC

Total Methanogens [F] GAGGAAGGATGGACGACG GTA 600 Loy et al. (2002)

[R] ACGGGCGGTGTGTGCAAG
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Whsuiauiunaiinsgu finliingudiuan 168
DNA  Bufnvasnuaianaulalufqating fos
Tsunsudnidag LightCycler” 480 real-time PCR
software w5z (Koike and Kobayashi, 2001)
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gaumarldnadnarauilunsasng (pH)  Hae
WisesaAaflunsnffg (EUTECH INSTRUMENTS
pH 510, Japan) 13unaunsalasiuszwedne (Volatile
fatty acid, VFA) 51'%&?1%@& gas chromatography (GC)
3% CP 3800 wazifsnasuaniuile-lulngan (NH,N)
ANNATIBIBIATIN LATANENT (2532)

NFIATISUTENS

MNIANENATITIF LEUNNAROIULL 2 X 2
Crossover design LAZNNNNTILATIZHAMHUANGN
m@\iﬁ'ﬁL@?ﬂlﬂﬁfmiﬂil,l,ﬂiuéwﬁ@gﬂ R (Windows 2.9.2)

Namswﬂamuaﬁmszﬁ

anznelunssinizging
AAMTlungAfNg (pH)  Tunsziwisgiay
m@\‘miwﬂﬂmiuW’]wmmfﬂmywumme@m\ﬁ
WA AN 7.33 198 7.40 mNansl IndLAsaiu Thu
and Preston (1999) s181unszilan @ Funadig
= ' = va ' & Ao |
Weagnaagaka linuet1uANARNAAN T uNe
1 1 o dl v v
pglunsznnzgmy Wiy 7.32 Twanignaonudindy
989n9@ s T EN e INA NIRasdmn namlngila-
70 warnIAaNn INNIEAFIUIRINIARZTH NGB TN
silafinlunsydanlaiunnsdinalAngandnseiian
Vo v dl dl U =
IFuvdinauan (M99 2) WasannedinafiiBunu
TARUIUATRNIUTAREININMEY 12U (L591 Laznang,
2551: Thu and Preston, 1999) Vlo’lblﬁ'ﬂauﬁﬂnlu
P o 1 p o %
nsznzgupesnseliendneaantialaainnneding1a
ANINUEYITUAR (A18N1 WAZANLY, 2555) LAZHARNIA
Tasiunsemedng Tneannzatinggansmazdnn uaznam
A an o \ A ANy %
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Table 2. Ruminal condition of swamp buffalo fed rice straw or fresh para grass

Parameter Rice straw Para grass P-value
pH 7.33+0.97 7.40 £1.60 0.15
Ammonia nitrogen (mg %) 4.29 +0.65 6.56 + 0.68 0.02
Total VFAs (mM/I) 72.74 £0.70 60.21 £ 1.67 0.01
- Acetate (mM/I) 33.25+2.66 2592 +2.18 0.01
- Propionate (mM/1) 20.08 £ 0.49 17.29 + 0.40 0.03
- Butyrate (mM/1) 19.41+1.43 17.00 £ 0.44 0.02
- Acetate : Propionate ratio 1.66 £ 0.16 1.50+£0.11 0.01
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Table 3. Numbers of 16S rDNA clones retrieved from rumen of swamp buffalo fed rice straw or fresh

para grass nearest know bacteria in GenBank

Nearest know bacteria Rice straw Para grass
Number of clone % Number of clone %
>97% Nearest know bacteria 50 49.02 44 40.37
Clostridium spp. 16 15.68 11 10.09
Bacteroides cellulosolvens 10 9.80 12 11.01
Pelotomaculum propionicicum 4 3.92 2 1.83
Acetivibrio cellulolyticus 3 2.94 4 3.67
Butyrivibrio hungatei 3 2.94 1 0.92
Ruminococcus gnavus 3 2.94 2 1.83
Butyrivibrio fibrisolvens 2 1.96 4 3.67
Ruminococcus gauvreauii 1 0.98 2 1.83
Prevotella ruminicola - - 2 1.83
Other species 8 7.84 4 3.68
<97% Nearest know bacteria 52 50.98 65 59.63
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The phylogenetic tree based on 16S rDNA sequences from rumen of swamp buffalo fed rice
straw (R clone number) or fresh para grass (P clone number). The tree was constructed using
neighbor-joining analysis of a distance matrix obtained from a multiple-sequence alignment.

Aquifex pyrophilus was used as an out-group sequence
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Figure 1. The phylogenetic tree based on 16S rDNA sequences from rumen of swamp buffalo fed rice

straw (R clone number) or fresh para grass (P clone number). The tree was constructed using

neighbor-joining analysis of a distance matrix obtained from a multiple-sequence alignment.

Aquifex pyrophilus was used as an out-group sequence
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Table 4. Unknown groups of 16S rDNA clones retrieved from rumen of swamp buffalo fed rice straw or

fresh para grass

Bacterial group

Clone name

Rice straw

Para grass

Cytophaga-Flexibacter-Bacteroides (CFB)

Unknown |

Unknown Il

R20, R35, R279, R342, R401 (n=5)

R13, R83, R319, R369, R370, R381,
R383, R405 (n=8)

P4, P5, P27, P45, P73, P85, P95,
P96 (n=8)

P6, P40, P41, P46, P60, P76, P93,
P107 (n=8)

High-G+C Gram-Positive
Bacteria (HGCGPB)

R382, R22, R399, R17
(n=4)

P28, P14, P116, P48, P13, P64
(n=6)

Low-G+C Gram-Positive Bacteria (LGCGPB)

Unknown Il1

Unknown IV

Unknown V

Unknown VI

Unknown VII

R55, R27, R103, R140, R366, R400,
R368, R371, R384, R290, R363,
R138, R60,R360, R43, R134, R105,
R81, R126, R379, R169, R372,
R358, R70, R307, R360, R14, R380,
R331, R148, R364, R54 (n=32)
R100, R348, R64, R10, P73, R18,
R377, R15, R8, R376, R347, R284
(n=12)

R132, R378, R23, R387, R89, R25
(n=6)

R305, R72, R40, R42, R373, R395
(n=6)

R386, R9, R312, R365 (n=4)

P138, P104, P115, P49, P22, P21,
P129, P44, P72, P69, P37, P20,
P17, P131, P82, P43, P134, P129,
P25 (n=19)

P133, P137, P114, P24 (n=4)

P97, P113, P47, P135, P35, P23,
(n=6)

P88, P87, P26, P123, P30

(n=5)

P18, P81, P68, P66, P130, P16,

P102, P15, P10, P77 (n=10)

Spirochaetes R68 (n=1)

P1(n=1)
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Figure 2. The population size (log10 16S rDNA copies) of total bacteria, total methanogens, R. albus,

R. flavefaciens, F. succinogenes, S. ruminantium, P. ruminicola, S. bovis and genus Prevotella

from rumen of swamp buffalo fed rice straw or fresh para grass
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Abstract: The aims of this study were to amplify the partial cDNA sequence of vitellogenin gene (VTG) for
determination the VTG seasonal expression and gonadosomatic index (GSI) of female Pristolepis fasciata. The
sample fishes were collected from Kwan Phayao for 1 year period between June 2012 and May 2013. The 320-
bp fragment of P. fasciata VTG (called PVTG) type Ab was amplified from the liver tissue of female fish using
RT-PCR technique and VF1 and VR1 primers. A phylogenetic tree based on three types of VTG, including Aa,
Ab and C from other teleost fishes was constructed for relationship analysis. The nodes were separated into 3
major branches following the type of VIG. The PVTG was grouped into the VTG type Ab. The seasonal
expression levels of VTG were determined using real-time PCR. The VTG expression levels and GSI were
significantly (P<0.05) peaked in 2 periods, July and January. This result showed that the P. fasciata in Kwan
Phayao could spawn one more time per year. The correlation analysis showed the VTG expression levels have a
significant (rs = 0.58; P<0.01) direct relation with the GSI. From these results indicated that apart from the GSI,

the seasonal expression of VTG could also reflect the spawning season of P. fasciata in Kwan Phayao.

Keywords: Vitellogenin gene, gonadosomatic index, Pristolepis fasciata, Kwan Phayao
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unAnEa: miﬁﬂmﬂ%ﬂﬁ”ﬁ%mﬂizmﬁﬁ@Lﬁmﬁmmﬂﬂqmmiﬁﬁu (vitellogenin;  VTG) un9da 4115y
mmﬂmumumﬂmm@ﬂﬂm@qmummqmm@ WAZATHAINANY TOINA (gonadosomatic index; GSI) 1891la1
mﬂm’mmmumemmamauimmmmw zien Aawdanzen Wunan 1 U duusifauiiguieu 2555 Dahieu
NOBNIAN 2556 Tneviledasuaeslanmadaufinluindy Ve Feamaiia Reverse transcription
polymerase chain reaction (RT-PCR) Wun A BuNEY VTG 1Tia Ab 1 Insifiannueng 320 AlUA Fog
Tnsiaies VF1 was VR1 LAZanmafnenanaduius 3admunnistediiu VTG saaumiia 1w Aa, Ab uaz C
1e9tansznnudeniinging <) faenieaiaunun Al nud amnsoutadanesndu 3 nqunntiinestu VIG
waziu VG fintsinalfsesauedinanieugnaneslunduaeddu VG ain Ab ednuszsunis
LAPIERNANNAANATESEL VTG uaz GS| sesilavmednewiloy wudn Aiaesiilszsiugegelu 2 dasnm Ae
TRauNINgIANKAZNNTIANEE R ATYNNaTA (P<0.05) wandliiiiiudn tatnedrameauluniunzien
anansardldlFannnin 1 afsluser u@nmnf:m@ﬁm:mﬂfn34zﬁ”mﬁuﬁiwdNixﬁun’mmmmﬂmuq@ummm
€1 VTG uaz GSI Faan1saasnzianduiius wudn szaunnsuaseantestiy Vic Sanudurusinansaiusn
GSI aeidiad1Atyn A (r, = 0.58; P<0.01) fmnmmiﬁnmm%\iﬁ@uﬁuﬁdﬁ UBNANNTIEAT GSI WRA 19
ansnldszAunisuanseanmnggniazestu VIG Tunstsuenieggniannsldvestaimsedameenluniou
weienlganfae

a = aa o & A = (23
ATNAATY: fulamalaatin ATUAINTHANL TDNA Uamnadnawvitey nAuneLen

AU gulamalaaiiu (vitellogenin: VTG) Hunyum
anAtyedwiraniadunneillsnunifluansnafiul
o = L A A | o ' o e o o =
nanunzidumaainasniaua luenge MauN9a3 19l unludnsinssandumnas sandatlan
Tunrawmile wazlunifludusy 4 aasiszinalng Aoaduiu e il uuvaaannssendnan I swmun
209A9NNANNTNLBTELAA MUBIVU WATTIATUU 1e960801 Hxoaluianatszunns 300700 kDa
ATNANAL ﬂ“imw T gAY saAunziangly (Johnsen et al., 1999) Taeiialigndsiasziaulusuy
= o < o dl VU 1 12
famamn mm@mmﬂinmmmim Mg M dluunas aasdannAdefqimfndannianqneldnnelsinng
vALRenIHARTNIEn NsinRTuaTAnTLlsYas PaLANYeNERs WA RgIAY tnEanIy 17B-estradiol
mmmmﬂmmmwmwmfmmmﬂmmmmwum (E2) (Wallace, 1985) u@ﬂmnﬁmﬁﬁﬁm’mmmd
wsaeiglafimuidaanianssumantigniasaasg e (gonadosomatic index; GSI) sintlen il w1 ieE
ninunzientagasieeliduauounisindausesne TRz siEwedtnsAuiug lulandosduii I
In M lignnantnundunzieneg luanawneld  Sausmigiwin dednduniEuansliaziisn GSI qeqn
a = d” o ¥ o oi/l o 1 %
(nauPaUANNARNY, 2557) Hnnsduitlavaeslanemin wRaudeaniuazanaanauasannanglalyinga
U91ia (Tupwongse et al., 2007) WAZANIHIUNAY (51191 uavaNIAng, 2550)
(Sapbamrer and Hongsibsong, 2014) @q@nsiuanil tauedinawiiay (Pristolepis fasciata) lu
ANNIASHANITNLARIT LA LR L IR9AR T e At danarsgiartianilslufisdiuresdmdaneen dou
ag/luunaanniiuld (Hanson et al, 2007; Ebrahimi 13lnavailenazldlan Wesannflulanlsasnsas
and Taherianfard, 2011) wazaininlaianafiadlisynauanuis Railuaniveg

4 Ao g v = v P
i Widamsedrawgeulundnunzienaniiesas
(A3anwod uaznlgqml, 2557) yananilanvue
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szAUMsuansaanAmNnanatasdulunaladatulasATUANNANYTTUNA

aasdarmnatraudiaulununsian auInnzLen

¥

v = o [~1 a d’j o & © =3
draugaugailudannuiianazdndunaunaan
(REA1 UATINGN, 2548) %qﬁmméﬁﬁmrﬁi@m’mma@
PRTLULRNALLNA NN ANARE

o :// =S 3 d’jd a o o dl QI

AaiuNsANE AT LAIHdRg UsrasAina s
1B ulmnalaa TuUNEIuEMEUNIA N ILFL
milmmfa@nmmq@m@‘umﬁwﬁ\mmLL@:ﬁmﬁmm

- P = PR v

anysninAmaslavuedamtiaumadansausn 1
AINNBTUNLLEN INTANLLEN AADAABAN N
ANHANNLEIE U9z AUNNTRansaanTadtulmala
Aa o - = Ay =
AiluuazATlANANYTIINA TILAN MHAINNITANEA
m\‘iummmhLﬂusu@mwuﬁm“lummmma‘m‘wmm
dnsiinluninumsensel

o aa
adnsaluaglsns

Aratelatuazn1sann Total RNA
MnnssausanLatvnedrav euwaie Ly
Bumzen Saudangien Faaiiasatezaslaziom
e susiAnunew 2555 feiReunnues 2556
Tnemumntamninen euas 6 faating 1nnsasy
Saint
Missouri, USA) mvmummmmuw gl anniius
swinuan uazla il LW@mmmmmumqmmgim

ﬂmﬁwmmm’m MS-222  (Sigma, Louis,

A (%GS): tmin3alal / sinuiintan x 100) (Htun-
Han, 1978) uderinileiefuunadausnadin Totl
RNA Taald TRI Reagent”
Center, Cincinnati, OH, USA) LL@:ﬁﬁmﬁLﬁuL@‘ﬁmq
RNA $iael DNase |,
(Thermo Scientific, Darmstadt, Germany) mmfu‘ﬁﬁ
NNIAIIRFBLATININUATLTNIEUTBS Total RNA fiarin
gel
LLm'j"mrﬁi"umi@mﬂﬁuumﬁwm%q

(Molecular Research

1uitlanluy Total RNase-free

1662875 1.0% formaldehyde-agarose
electrophoresis
spectrophotometer NAMNENIAAY 260 W TuLUAT

ANNATAL

mﬁ‘ﬁlﬁtﬂﬁzﬁ first-strand cDNA
111 Total RNA Naialfanniladiafuaedlan
WAAAIat19 BN uatneay 1 Tulasnsy 1
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Aamanzii firststrand cDNA fieigadiasnzvidnizagyl
iScript’ Select cDNA  Synthesis kit (Bio-Rad,
Hercules, CA, USA) L‘Wlfasl%l,ﬂuﬁmmu (template) Tu
MsisBaniEi VTG uay Bactin uas@nunsysy
nsuansaanaasEiu V7G sall

sy VG uas P-actin UNAIUAE
WiAlA RT-PCR

desannlugiudeyasing o geldinng
mmmmmummi@hmmmu VTG uae B-actin 184
ﬂmumm\wwu FuhAsdesinnniunBunngy
mmmmmwﬂuﬂ Reverse transcription polymerase
chain reaction (RT-PCR) %ﬂumﬂﬁ'mﬁmmﬁu VIG
1 lwsinas VF1 (5-CAGGTNTTRGCWCARGAYTG-
3" ez VR1 (5'-CCYYTCATCCAGTCNRCAAC-3') ﬁ
1¥a1nn1ssin  alignment 90481 VIG 19939833m
N ] @ﬁﬂﬁm"ﬁmg]@ (Barucca et al., 2006) wAZE
P-actin 1%1lwsinas actinf (5'-
CAGGGAGAAGATGACCCAGAT-3") wag actinr (5'-
GATACCGCAGGACTCCATACC-3")  (Scholz
Gutzeit, 2000) laeEiu Bactin  VHiTlugug1edalu
NN9ANENTZALNNTLAANBENTRITU VTG

lu3en RT-PCR  #iltfiunmssan 25
lulmsams Usznaudiag 10x Tag buffer 1Bums 2.5

and

Tulns@ms, 25 mM MgCl, 1snms 1 Tulasans, 2.5
mM dNTPs 13u1ms 1.5 lulAs@ams, 10 uM primers
1Bunmsedneay 1 lulAsamns, 1U Tag DNA
polymerase (Fermentas, Vilnius, Lithuania) 131159
0.2 lulAsans uae firststrand cDNA  13u1m3 0.5
lulasang antiuinunldlurseafings o
Wuﬁniiu?{ﬁzﬁm%n’mmuqmﬁmmﬁﬁmu 30 991
fail grungfl 04 asAnadaa unan 1w, 50
asrmaded Hunan 1w1¥ uay 72 e ades
Wlunan 1wl wdamsedeunananidanslngds
1.5% agarose gel electrophoresis LLmﬁﬂﬁﬂﬁ‘zﬁw‘é
AoagpdiAsnzidni3agll Hivield Gel/lPCR DNA
Fragments Extraction kit (RBC Bioscience Corp.,

Taiwan)
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mMsAsEiaaLiandlalng
ThnanARNEeNs TR qYBI84EY VTG uaz 4
actin lamavndnsuiianalendvianiadng 5' uas 3
AaegAILATITid117a3l Thermo  Sequence
Fluorescent Labeled Primer Cycle Sequencing kit
USA) fiaiem
Macrogen szinainuald anntiusingduiionale

(Amersham Pharmacia Biotech,

IndfnlF U Fauifiaupanupdiaafai U@l @amnsng o
‘luﬁméﬁmg@ GenBank  (http:/Awww.ncbi.nlm.nih.gov)
e/ 15T /sunss BLASTN waz BLASTX (Altschul et al.,
1990) TN FHURLUAINNAR L ARIIDIAN AL
a a 3 o o a all [~ $% o o
faralalng wazansunsmeazllndlullly suaisu
A g9 a o o a o - p
ialiinsuriiavesansuiioaale insueddy ViG 189
Uanmuadrauiley waziinansuiiordle nfueedu
VTG uaz factin M ldlugdieya GenBank

NNFANHIAMNA NN UEL T TMUINITVRIRIAL
famdlalnauastiu Vi

NINIANEIANNANNUE T TRUINITU2
aruilaralendaesdu VG vesdavuednameay
fusduiianalelnduedu Vvic Manutinelan
nszgnudarianig 7 ludnaufasiu Ineaii
wenRsiulil (Phylogenetic tree) finaililsunss MEGA
version 4.0 (Tamura et al., 2007) 33 Neighbor joining
(NJ) WazNVUAAN Bootstrapﬁ' 1000 replicates

NNSANBISLAUNISHAAIDDNURIEU VTG  mne
WANA real-time PCR
wansuiiaedlelndaesiiu VIG uaz factin
09/1 % d‘ % v % o b %
WAL 5 waz 3 AlANnUsenaudinfaaiudas
TsunsN ClustalW (Thompson et al., 1994) ani
sanuuulnsmeificalsunsy Pimerd uuguiieya
A gy = o =
GenBank el lun13ANeMs2ALNNTLAAIRaNTRIE U
Feil PVTG-1fq

VIG (5'-
AGTAATCTGCCGTACCAGCACCCAG-3') LAy
PVTG-1rq (5"

GTTGGAAGCATGGAGAGCGATGCC-3) asldein
Bactin Hlugugndantllngiuas fafl PIACT-1fq (5
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ACTTGGCTGGTCGGGACCTCAC-3)  waz PfACT-
1rq (5-TTTCGGCTGTGGTGGTGAAGGAGT-3")
mmfuﬁﬁﬂﬁﬁ?m realtime  PCR  TneliAteq
Real-Time PCR System (Bio-Rad,
Hercules, CA, USA) Aaageadiasnzidniagyd iQ”
SYBR® Green Supermix (Bio-Rad, Hercules, CA,
USA) Feilunmasauanun 25 lulnsdns
senaufiog 1xiQ SYBR® Green Supermix U3um3
13 lulasdms, 5 pM primers Fnnmsatneay 1
TulAsams ua first-strand cDNA 1Bunms 1 Tulnsdams
Tralan10en19AILANGIUNYHAIUIN 40 981 fail
qruuni 95 asAnradaa 1uman 15 3u7, 60 99
wadeg waan 30 N uaz 72 asAaaidas 1l
a1 15 3W7 tneindjAsensaetnaas 2 dnuusiaz
fu anntsinnyiruntsuanseanTedEy
VTG Kaeida 27 (Livak and Schmitigen, 2001) 1nel
VAnszAunsuansaanaastiu Vi m@\‘uﬁ@uﬁ@;ﬁiq A

MiniOpticon

w14 reference

MSANHANMNANNUSUDITEALUNITUAANDBNTRY
g8YU VTG uazA1 GSI
Fraiusiey
NIN173LATIEHANANNUS (correlation
AR nEAN AR USs99 1998 UNN S

El"l&li]@ﬂ"lﬂ‘llﬂ\iﬂﬂ"lvi&lﬂ

analysis)
LAAIRANTANELW VIG  WAZAN GSI
v = 1 A o '

ﬂﬁﬂLﬁﬂﬁUIuLLﬁlf\lszﬂu memmumzﬁ“uwummu

289UaND

Lﬁﬂ%’ﬁ’u(Pearson product moment correlation) 3138
andunufuuuaitlasuny (Spearman rank
correlation) AuagiunIsnsvanssituesdiays NszAu

AN 99% (P<0.01)

MFIATIERTAYANWATA

qAgnzviAlnuulsdsauaasssAunng
LAAIRBNURSEN VTG UazAN GSI #edT one-way
analysis of variance (ANOVA) wazFaUeuANN
uANAnsTasAeAeInelEAR Duncan's multiple range
test RazAUANAIERY 95% (P<0.05)



szaumsuansaanmuganiarasiulanaladiuuazaalinnuanysoina

gasdarmnadiaugaulunduneian RauInweLen

NANITNA[NRDY
annufiandlalnauasiiu VIG  wag Bactin
LU

annmsfsBunEy VG  uay Bactin
1sdauannifieideruren ammeramiumade
WU91 HAMNENIWINAL 320 way 478 Aiua AMNAAL
LazindndudianalelnFaeiagesduiliann
miﬁﬂ‘]:f’]ﬁ%ﬁﬁﬁﬂﬁuﬁﬂmﬁs’]u;ﬁmﬁj@ GenBank nell
Accession number KU575010 waz KU575011

davhénsuiaealelnduazdndunsneziiiu
Al aesEu vic  seslanvuednamieylyl
whsnfieuiudsdidiasiig 1 lugulieys GenBank
Analtsungu BLASTN waz BLASTX AINAIAL WL9N
1 VTG teslamneinawEeui lannnsinenasan
dhutia Ab Tneansuinadle AR ANAR e ARy
f1 VTG 9991a1nznang (Dicentrarchus  labrax;
Accession number JQ283442) mnﬁlqm Tneien
ANMNARNLIARIYINAL 85 wax 80 tasifus muansy
wasiflauReufaufusdunsaesdluresiu Vic

ga9tarsuludnesl (Oncorhynchus myKiss;

36

Pagrus major (AB181838)
Dicentrarchus labrax (JQ283441)

Accession number X92804) WL ANALANALNIABE
1w 1416-1521 T9oeilusumtsaaslam lipovitellin
I (LVIN
= P =

AIANI T ULNEUAINNABIEARILAY
AIRdaUAILLsresasunsnast i fluld lfues
= . [ = 1%
81U factin - wavlavnadIwEiuAae Ny
BLASTx WU ANATUAFLNIABLE U 116-274 U84
number

dannn (Labeo Accession

AF393832)

calbasu;

ANNFNNUETRIMUINITERIRIALRAR e LA
WR9EU VTG

lasanniiu VTG Tivevun 3 1in A Aa, Ab
LAY C ANINNIANEIANNENAUSITITRUINITTD
fiutanalelndesiiu Vi vanuaiaiilulan
nszgnudsaiiagng o Inaasaunug) Rl wudd
andutlopalanduestu VI  uiveaniilu 3 ngu
gy ) mnzdnzesiu Insanduiionalelndaesty
VIG m@aﬂmum%wmﬁﬂuﬁLﬁlmﬁmmﬁgﬂﬁmﬂq
Tunguaetin VTG 1tn Ab (W 1)

27 Pagrus major (AB181839)

18 Thunnus thynnus (GU217572)

21F Notothenia coriiceps (XM_010783769)
Dicentrarchus labrax (JQ283442)

3fl Morone saxatilis (HQ846510)

Perca flavescens (FJ804421)
Pristolepis fasciata (KU575010)

VTG Ab

VTG Aa

A
2

g1 L— Pagrus major (AB181840)

Dicentrarchus labrax (JQ341410)
VTG C

Figure 1. Phylogenetic tree of nucleotide sequences of three types of VTG, including Aa, Ab and C

from other teleost fishes was constructed using the neighbor joining method. The VTGs

sequences of fishes and their GenBank accession numbers are shown. The number

presented the bootstrap value from 1000 replicates. The number of scale is shown the

sequence divergence
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STAUNNSUAAIBANATNOANIAIRIEY VTG U84
aruadrautiay
ifleviannsRnmnss i unsuansaanansdy
VTG rasavmednawdaumwedalundunien Wu
sxuzioan 1Y Aeusideuiquioy 2555 faiiew
WO HNIAN 2556 RenAtiA real-ime PCR wud1 &
SEAUNNIUARIRANE4I4ATY 2 F2919a0 Aa daausni
FLAUNITUARAIBANTEIEY VTG  IRNAUANIAaL
WOHNIAN (0.31 + 0.09%) AUNLABUNINGIAN (1.00
0.19%) ad1eluadAyn1eais (P<0.05) Tnad
ANgegAlRaUNINgIAN uaztasiiaasilsziunig
LAANABNTBIEY VTG Lﬁlﬁyummﬁ@uﬁlmm (0.03 +
0.02%) AUDABUNNTIAN (0.99 +  0.14%) aeiall
e dAtyneadia (P<0.05) TnaiAgegalunan
ANIAN %‘méﬁmnLﬁauﬂingmuLLazmimmLz’iq
ILAUNTUAAIDENTDIT UTI AL AR AT UT atiNad]
WRIAVATUNWNATA (P<0.05) (m‘wﬁ' 2A)

+

A)

08 -
06 -
04

02

Relative expression of VTG

o o

2k}

174

AN

ANANUTULNARINOANIARIURINND
ge

annsAnEATiiavNaNy sniwATeslan
wnaframdaulundtunzien Wuscazina 1 1 lae
mumnlamniAen ieuar 6 faate Adldnin
\aAH 58.85+ 17.56 N¥W WuA flAngean 2 999
WAL UNTuARReN 1898 Y VTG Sedaeusni
Argagaluiaunsngian aainannideudiunas
(2.63 £ 0.15%) AUDUABUNINGAN (10.05 + 2.61%)
et T AN9aDiR (P<0.05) wazdaefided
FrgegeluRatunman leiumnnifounaa (217
+ 0.58%) AUDNLABUNNIIAN (6.83 + 0.71%) 2t 1l
Had ATy 9ana (P<0.05) Fannemdsannilamse
Framtaungldudo A1 GSI - azanasiuniad1el

g AW 2B)

JIdAATYNNA0G (P<0.05) (

GSI (%)

~
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Figure 2. Mean values of relative expression levels of vitellogenin gene (A) and gonadosomatic index

(B) in Pristolepis fasciata (n = 6 in each month) in Kwan Phayao. Different letters indicate

statistically significant differences (P<0

.05)
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ANMNANWUEURITTALNITUAAIRANAINGANIA
ARIEU VTG uazA GSI rasdanvnatiautiay

ANNNINAABUNINITANEIEITRIT YA WLFN
fayanFeiiiinisnszaneldifluldednd fodu
anduius oAl oSl AN saNd T uNNT
AT anA ULl 2A N ATaT] BasLALnng
uangean1eady VIc Nannnduiufifhudunsaise
‘Emﬂm\‘mum GSI agnslidadAtyneana (r, = 058
P<0.01) mmvmm’mmm@nmmﬂu VTG s m
GSl AavisdudiAeniy uazlunanduiu ile
FTAUNTUAAIBBNTBIEYN VTG ARAY AN GSI 1A%
anAdAeULAEaT U IneTEALINTTLE A9RBNURIE U
VIG uazAn GSI mummmmﬂumqqmmmwh
Lmewmmmﬂmummqmwmwh WA AN
FagedaanasiT

1504

arutindlalnauasiiu VTG 1nediu
Tlanlaevialunudi vic e 3 Tiin
1Hun 18im Aa, Ab uaz C (Yimaz et al, 2015) 1138
muml ez (Wang et al., 2000) mmﬂmiﬂﬂm
AFawLI g i VG mmﬂm‘wm
SnawBenmadeld fuatia Ab verda Il e
YANANREU VTG usaztiingiatlsznandng 3 Tamu
A8 Tawi lipovitelin - 1 (LVI), (PV) uay
lipovitellin Il (LVII) (Wallace, 1985) %aﬁu VTG 93im Ab
e Bunnsliiueg luswnisestam ipovitelin I
Ine1 AL lipovitellin T uums gz ananvng
fiiwwrmﬂm@zmmm:hﬁuﬁ&ﬁﬁmrﬁifamiﬁ’wuwm

phosvitin

paaau (Patifio and Sullivan, 2002)

ANNANAUETRIRUINTIaIRIALTIARTa VA
wasdy VIG
mmmuqﬁﬁﬁuvlﬁﬁmemwﬁuﬁuﬂ%q
Aannnmesdsuianalendesiu vic e
ainludansyanuiertiagng | wudn 8w VG Hogw
FUAgNLENeanaINiuet9tnLau Tneduiiia
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unalfveslarunedramdaugnines unguiu
VIG  aiim Ab ilunnstiuduniialiatnegnsies
uanaNiiEu VTG 9iln C QNUENFANMINEBNANTHA
Aa uaz Ab etinefaan iesanneila C fanaenad
z%uﬁa;m il Talu phosvitin (Wang et al., 2000)

AMNANWUEURITTALNITUAAIRDNATNGANIA
2R98YU VTG LazA1 GSI aasdatmnadiavseu
ann1gAnEIATataziiulian sxfunng
WAPNRANGANNYANATENEY VTG uazAn GSI 784tlan
unadnamdauiAgegalu 2 danannaaii Ae
Tudaneunsngnasdaiiuggiu Inetadaulun)dn
1191 UL 9T LAZLAAUNNIIAN LAAIT1UAI NN
Frawteulundunzieninisneldl@uanndn 1 afs
Tusaull aanAfeaiun1sANYIIR9ASANEDT LAY
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Nutritional Compositions and Allicin Content in Garlic Powder Si Sa Ket,

Chiang Mai and Chinese Garlic Cultivars
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Abstract: The aim of this study is to determine nutritional compositions and allicin concentration of dried garlic
powder produced from Si Sa Ket, Chiang Mai and Chinese garlic cultivars. The action of allicin help to inhibit
Salmonella Typhimurium growth and this research can use a basic data for apply in animals. The results found
that Chiang Mai dried garlic powder had the highest (P<0.05) nutritional compositions (90.75 + 0.03% dry
matter, 26.86 + 0.09% crude protein, 0.94 + 0.19% crude fat, 4.62 + 0.03% crude fiber and 3.89 + 0.04% ash).
Chinese dried garlic powder had the highest nitrogen free extract at 63.39 + 0.33% (P<0.05). Allicin
concentration of Chinese dried garlic powder was 7.27 + 0.55 mg per gram and significantly higher than those
of Si Sa Ket dried garlic powder (3.68 + 0.06 mg per gram) and Chiang Mai dried garlic powder (4.82 + 0.02 mg
per gram) (P<0.05).

Keywords: Garlic powder, garlic, allicin, nutritional compositions
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Microscopic characterization of Chinese, Chiang Mai and Si Sa Ket garlic cultivars

(a), (c), (e) Chinese, Chiang Mai and Si Sa Ket garlic cultivars respectively (Total segment).

Scale bar =4 mm

(b), (d), (f) Chinese, Chiang Mai and Si Sa Ket garlic cultivars respectively (only essential oil

cavity part), scale bar = 1 mm

(1) essential oil gland

134



a

14 a a
asAlsznaumslatuinisuasliunuansaandu
lunsnsziiensnenugeaiasine dadlul uwazau

Table 1. Essential oil gland in Chinese, Chiang Mai and Si Sa Ket garlic cultivars (mean + S.D.)

Cultivars (area 4x4 mm2)

Number of essential oil gland (glands)

Chinese garlic cultivars
Chiang Mai garlic cultivars

Si Sa Ket garlic cultivars

20.00° + 2.08
15.00° + 1.00
18.00% + 1.53

& Superscript within a column differ significantly at P<0.05
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thAanunuindientUsfunsmnetd 17.85 £ 0.77%
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AN 63.39 + 0.33% F9ilAN@aAARBITLNLASE
904 Sultan et al. (2014) TinAaaslunszFianain
ﬂizmmﬂﬁﬂmuwudwﬁvathu‘Ema?vaﬁLfaﬂeﬁLmﬂ@ﬂﬁ
63.33 + 3.10%
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UTNIUAITUARRTUAINNTEL AL NRIREWUS
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ANNNITAUATIEAMNUTUIUANTUAARTUANN
naziig A e uiATazny aeWuditesluduas
AN UFAUAINNIATIULEY National  Sanitation
Foundation (2005) Wa ¥ Office of British
Pharmachopoeia (2009) lunsziiedmeanewugAs
aziny anawufidelusiuazaraiugau wudnd
BnuaNsLeaaTusuanlANTeT 3 Bansifie
peAneuA LT A A TueaRTugendnTifiE
argRufATazinwuarataiufidasludedned
Ud1ATYNINANE (P<0.05) L‘ﬁmmmnéﬁwmqm?
Hufearesnsniienaneiugawiuilszezioand
gnauundnazifiaugeiugau 7 finlinnsgads
a3 IuaT NI aRTULN [iTdanaa N e
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Table 2. Nutritional compositions of Si Sa Ket, Chiang Mai and Chinese garlic powder (mean +S.D.)

Nutritional compositions (%DM basis)

Samples Country Dry matter Crude Crude fat (%)  Crude fiber Ash (%) Nitrogen free References
(%) protein (%) (%) extract (%)
Si Sa Ket dried Thailand  90.33°+0.04 26.22°+0.07 094°+019 4.62°+0.03 3.89°+0.04 54.66°+0.23 -
garlic powder
Chiang Maidried ~ Thailand ~ 90.75°+0.03 26.86°+0.09 1.09°+0.05 6.43°+0.88 503°+0.02 51.36°+0.75 -
garlic powder
Chinese dried Thailand ~ 90.67°+0.01 1693°+0.17 1.05°+0.10 4.91°+008 440°+0.00  63.39°+0.33 -
garlic powder
Si Sa Ket dried Thailand - 28.13 0.43 293 517 70.03 Somsri (1985) cited in
garlic powder Saenkhunthow (2002)
Chiang Mai dried Thailand - 23.19 043 3.19 4.39 75.03 Somsri (1985) cited in
garlic powder Saenkhunthow (2002)
Chinese dried Thailand - 20.66 0.44 2.84 4.32 57.79 Somsri (1985) cited in
garlic powder Saenkhunthow (2002)
Nigerian dried Nigeria 95.71+0.65 17.29+0.01 0.87 +0.01 3.19+0.15 522+ 0.1 7346 +0.11  Okolo et al. (2012)
garlic powder
Nigerian dried Nigeria 90.30+0.30 2740+0.50 250+0.20 1.00+ 0.60 1.50 + 0.60 57.80+0.50  Oluwatoyin (2014)
garlic powder
Pakistan dried Pakistan ~ 9293+0.11 17.85+0.77 0.73+0.03 8.74+0.17 3.57+0.19 63.33+3.10  Sultan et al. (2014)

garlic powder

v %Nitrogen free extract (NFE) = 100 - (% crude protein + % crude fiber + % crude fat + % ash)

ape Superscript within a column differ significantly at P<0.05

(0952) OFL - LEL :(L)EE BURUILLIELE,
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Table 3. Quantitative comparison of allicin in Si Sa Ket, Chiang Mai and Chinese garlic powder (mean

+S.D.)
Samples Country Allicin content (mg) References
Si Sa Ket dried Thailand 3.68°+0.06
garlic powder )
Chiang Mai dried Thailand 4.82°+0.02 -
garlic powder
Chinese dried Thailand 7.27°+0.05 -
garlic powder
Si Sa Ket dried Thailand 2.44 Khajarern et al. (2005)
garlic powder
Brazillian dried Brazil 0.19 Farias-Campomanes et al.
garlic powder (2014)
Chinese dried Shouguang area, China 3.90 Zhou et al. (2015)
garlic powder
Chinese dried Chengwu area, China 4.70 Zhou et al. (2015)
garlic powder
Chinese dried Yutai area, China 4.30 Zhou et al. (2015)

garlic powder

*P¢ Superscript within a column differ significantly at P<0.05

e BauiauiBuinansueadiuann
naviENAERUEATaTINEN LI EEN UNINAG
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(2014) F3mseiinnauansueaddulunsuiian
aneiugiuilesandsemauada  wudnilen
13U1UATUAARTULVINAL 0.19 mg Fatinendn
TranmuanslunsviananeWugaiasine anawug
wegluduaranaWugau (3.68 +0.06 mg, 4.82
+0.02 mg Wa¥ 7.27 +0.05 mg AINANAL) AU
Zhou et al. (2015) lFAAs1zifBunniasuead
Fuannazisnasiugaunud i swesa
UL 4.70 mg (Chengwu area) WAy 4.30 mg
(Yutai area) %qﬁﬁ'ﬂnﬁtﬁmﬁummﬁwmﬂﬁuﬁ:
eralud (4.82 £0.02 mg) wANINNINNTLRNENE
WufAraviny (3.68 +0.06 mg) waziiaanan
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nsTIENAI8RUEAY (7.27 +0.05 mg) IaaAdna
WANANSTENI BN aNTweaRT BALA AT WY
neziaNaNaRugang ] Iusgiuateiugues

= 1 dl [~3 dl v nll 2
nsziien dangifiuineauazan nwndann i
Tunisdgn 1aun Arasanflunsm-fnsaesmu
FTHTIANTBIUAILARA TLFAL T UUAL 178NN 1
wanunielgn (Wi, 2555)
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Abstract: Total monomeric anthocyanins extraction from dried kernels of purple waxy corn using subcritical
water extraction technique was investigated. The results showed that extraction factors were weight ratios of the
dried kernel of purple waxy corn to water (1:2, 1:3, 1:5, 1:6 and 1:9), extraction temperatures (65, 80, 100 and
120 °C) and extraction times (15, 30, 45 and 60 min) which had affected the total monomeric anthocyanin
concentration. The total monomeric anthocyanin concentration increased when the weight ratio of the dried
kernel of purple waxy corn to water changed from 1:2 to 1:3 and extraction temperature increased from 65 to
100 °C. The concentration of the total monomeric anthocyanins obtained was higher than that obtained when
the weight ratios of the dried kernel of purple waxy corn to water were 1:5, 1:6 and 1:9, respectively at the
extraction temperature of 120 °C. For the extraction times of 15, 30 and 45 min, there were no significant
differences (P<0.05) between the concentrations of the total monomeric anthocyanins in the extracts. These
concentrations were higher than the concentration obtained at the extraction time of 60 min. This research found
that the high average concentration of the total monomeric anthocyanins was approximately 374.70 + 6.96
milligrams of cyanidin-3-glucoside equivalents per liter of extract which obtained under the following extraction
condition: the weight ratio of the dried kernel of purple waxy corn to water 1:3, the extraction temperature of
100 °C and the extraction time of 15 min. Furthermore acidic condition (indicated with pH level) and time of
storage. on the extract product had affected on anthocyanin stability. The total monomeric anthocyanin
concentration at lower pH level and shorter storage time was more stable than that at higher pH level and longer
storage time. In the addition, the concentration of dried kernel extract obtained from the extraction condition (the

weight ratio of the dried kernel of purple waxy corn to water 1:3, the extraction temperature of 100 °C
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and the extraction time of 15 min) had the antioxidant activity to inhibit 50% of DPPH radical (IC,, value) was
10.9 milligrams per milliliter of extract. The DPPH IC,, value of the extract was 7.27 times less than that of the

standard ascorbic acid solution.
Keywords: Anthocyanins, purple waxy corn, subcritical water extraction, antioxidant activity, DPPH radical
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Figure 1.

Concentration of total anthocyanin extract from dried kernel of purple waxy corn at ratios of purple

waxy corn sample to water 1:2, 1:3, 1:5, 1:6 and1:9, extraction temperature of 100 °C and

extraction time of 30 min
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Figure 3. Concentration of total anthocyanin extract from dried kernel of purple waxy corn at ratio of purple

waxy corn sample to water 1:3, extraction temperatures of 65, 80, 100 and 120 °C for extraction

time of 15 min
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Figure 4. Absorbance and wavelengths of total anthocyanin extract from dried kernel of purple waxy

corn using subcritical water extraction (at ratio of dried kernel to water 1:3, extraction

temperature of 100 °C for extraction time of 15 min) during storage for 0 and 24 hr at different

pH values (1.5, 3.0 and 4.24) (n=3)
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Figure 5. DPPH free-radical scavenging activity of dried kernel extract (at ration of dried kernel to water 1:3,

extraction temperature of 100 °C for 15 min) and ascorbic acid solution as the positive control
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Appropriate Quantity of Gac Fruit in Making Salad Cream
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Abstract: This study was conducted to optimise gac fruit salad cream formulation base on sensory evaluation.
The optimised formula was consisted of 0.12% paper, 0.28% salt, 0.82% mustard, 10.91% yolk, 14.89%
vinegar, 21.17% sugar and 51.81% vegetable oil. It was found that salad cream with 3% gac fruit was
acceptable by panelists. Chemical and physical properties of product were similar with control salad cream.
The total soluble solid, pH , antioxidant activity were 61.52 °Brix , 3.27 and 85.47 (g/ml), respectively. The color
(L*, @* and b*) were 70.43, 22.71 and 41.12 respectively. Shelf-life of salad cream mixed with gac fruit was
studied. The product can be stored at refrigeration temperature (4 + 2 "C) for 4 weeks. The microbial properties
were in line with standard.

Keywords: Salad cream mixed with gac fruit, gac fruit
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Table 1. The ingredient percentages of salad cream

Ingredient Formula 1 Formula 2 Formula 3
yolk 10.72 10.32 10.91
salt 2.06 1.99 0.28
pepper 0.12 0.34 0.12
mustard 0.81 0.78 0.82
sugar 20.79 20.02 2117
vinegar 14.63 17.57 14.89
vegetable oil 50.87 48.98 51.81
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Table 2. Means hedonic scale of sensory evaluation of salad cream with different formula

Formula Means hedonic scale of sensory evaluation (scores)
Color™ Odor Taste smoothness Overall
acceptability
1 6.93 + 1.28 5.77°+1.83 6.03" +1.67 7.03% +1.03 6.47° +1.68
2 6.63+1.16 563°+1.85 5.77°+1.65 6.50° + 1.11 5.93°+ 153
3 710+ 1.06 6.63"+1.13 727°+1.17 7.27%+1.11 7.27°+1.05

Values with different letters in superscript in columns are significantly different (P<0.05)

ns = not significantly different (P<0.05)

Mean * standard deviation (SD)
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Table 3. Physical properties of salad cream mixed with gac fruit with different levels of gac fruit

Formular Viscosity Color
(cP) L*(lightness) a*(redness) b*(yellowness)
1 83.43°+0.15 81.18% +0.32 1.54° +0.26 30.25% + 0.47
2 85.47°+0.25 70.43° + 0.39 22.71°+ 0.31 41.12°+0.18
3 87.67°+0.25 68.11° + 0.05 27.34°+0.08 42.15° +0.07
4 105.27°+ 1.25 64.69° + 0.13 33.33°+0.18 49.95% +0.23

Values with different letters in superscript in columns are significantly different (P<0.05)

Mean + standard deviation (SD)

Table 4. Chemical properties of salad cream mixed with gac fruit with different levels of gac fruit

Formular Total soluble solid (°Brix) pH DPPH
(g/ml)

1 63.21° + 0.04 3.18% + 0.01 4.91%+0.29

2 61.52° + 0.46 3.27°+0.02 0.80° + 0.01

3 54.12°+0.15 3.56° + 0.02 0.53° + 0.01

4 28.47° + 0.45 3.63"+ 0.02 0.31%+ 0.01

Values with different letters in superscript in columns are significantly different (P<0.05)

ns = not significantly different (P<0.05)

Mean + standard deviation (SD)
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Table 5. Means hedonic scale of sensory evaluation of salad cream with different levels of gac fruit

Formular Means hedonic scale of sensory evaluation (scores)
Color Odor Taste Smoothness™ Overall
acceptability
1(control) 6.23" +1.36 4.93° +1.55 6.23" +1.28 7.33 £1.21 6.43° +1.41
2 7.30% £1.30 6.17% +1.45 7.03% £0.86 7.40 £1.23 7.53% £1.17
3 6.90%° £1.77 6.07% +1.11 6.57°° £1.43 713 +1.28 6.77°°+0.97
4 7.10° +1.73 5.70% +1.34 6.40%° +1.30 6.97 £1.40 7.27%° +1.60

Values with different letters in superscript in columns are significantly different (P<0.05)

ns = not significantly different (P<0.05)

Mean + standard deviation (SD)

Table 6. Chemical properties of salad cream mixed with gac fruit during storage

Time (Weeks) DPPH (g/ml) pH TBA
(mg malonaldehyde/kg)
0 0.88° +0.09 3.27°+£0.02 1.58° +0.08
1 1.56° + 0.08 3.39%+0.02 1.92°+0.03
2 2.78°+0.08 3.46° +0.03 2.11°+0.04
3 28.22°+0.35 3.58" +0.02 2.45° +0.04
4 56.06" + 4.78 3.66° £ 0.03 2.93°+0.03

Values with different letters in superscript in columns are significantly different (P<0.05)

ns = not significantly different (P<0.05)

Mean + standard deviation (SD)
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Table 7. Physical properties of salad cream mixed with gac fruit during storage

Time Viscosity Color
(Weeks) (cP)
0 70,634° + 238.56 68.67° +0.19 29.75° + 0.86 1.58°+ 0.45
1 72,518 + 87.56 68.55" + 0.15 29.20°+0.12 1.92°+0.21
2 73,404° + 186.36 66.25" +0.17 28.48% + 0.20 2.11°+0.20
3 78,179° + 703.53 65.68° + 0.03 28.09% + 0.21 2.55°+0.23
4 79,512% + 443.39 61.60° + 0.44 33.86° + 6.46 2.93%+0.99

Values with different letters in superscript in columns are significantly different (P<0.05)

Mean + standard deviation (SD)
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Table 8. Microbial properties of salad cream mixed with gac fruit during storage

Time Total plate count  Salmonella  Staphylococcus aureus  Escherichia coli  Yeast and
(Weeks) (cfu/g) (cfu/g) (MPN/g) (MPN/qg) mold (cfu/g)
0 <1x10* ND <3.0 <3.0 <10
1 <1x10* ND <3.0 <3.0 <10
2 <1x10* ND <3.0 <3.0 <10
3 <1x10* ND <3.0 <3.0 <10
4 <1x10" ND <3.0 <3.0 <10

ND = not detected

Table 9. Means hedonic scale of sensory evaluation of salad cream mixed with gac fruit during storage

Time Means hedonic scale of sensory evaluation (scores)
(Weeks) Color Odor Taste Smoothness Overall

acceptability
0 6.90°+ 0.84 6.40° + 0.86 6.97°+1.00 6.93°+0.78 7.07°+0.83
1 6.82°+ 0.64 6.35% + 0.92 6.90°+1.02 6.85° + 1.01 6.95°+0.95
2 6.70" + 0.84 6.13"° +0.73 6.77%+0.82 6.53°+0.90  6.53"+0.86
3 6.17°+0.75 5.87° + 086 6.07° + 1.08 6.10°+0.80  6.03°+1.10
4 4.60° +0.93 4.87°+1.04 4.90° £1.27 4.57°+1.30 4.90°+1.27

Values with different letters in superscript in columns are significantly different (P<0.05)

Mean * standard deviation (SD)
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