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Study on Genetic Relationship of Dimocarpus longan Using ID-RAPD Technique
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Abstract: Longan (Dimocarpus longan Lour.) is an economically important crop. There are numerous longan
varieties grown in the northern part of Thailand. Currently, molecular techniques are used to study the genetic
relationship of longan. In this study, Intron Derived Random Amplified Polymorphic DNA (ID- RAPD) was used to
investigate the genetic relationship of 25 varieties of longan which were collected at Maejo University. Fifty
amplified DNA fragments were obtained from ten ID-RAPD primers. Forty-five of 50 amplified bands were
polymorphism (90%). Genetic similarity and cluster analysis was performed using NTSYSpc program.
The genetic similarity index ranged from 0.46-0.98. The dendrogram showed that 25 varieties of longan were
classified into 3 groups with a 0.74 similarity index. Moreover, Daw varieties were clearly separated from other

varieties.

Keywords: Longan, Dimocarpus longan Lour., intron derived RAPD (ID- RAPD), genetic diversity
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Tana TunnsAnEn 1% mATiA Intron Derived Random Amplified Polymorphic DNA (ID- RAPD) LiteAns
PNANAUENRUTNIINTENRN 1R 1A 25 Aneiug FafusmumalEfuninandtusild anmafas sy
redlnaesanuan 10 Insimed wuwauAEueviovan 50 uny TneduunuiiSuenuaasasuansinezming
aneviufrasiils 411 45 uou Anlu 90 Wefiiul wasdlevihaafeiRSwe il i nmsipnnadiniugnig
siugnasudanlilsunsu NTSYSpe nudnénlafisndaipaumieuszudng 046 §0.98 uasirndaipauimien
0.74 Wudnanunsauisanlaawau 25 aneiug asnidu 3 nqu Inedbnguanlearaiugaauanainanloanaiug

auls

ARATY: 8118 Dimocarpus longan Lour. ATiAleRanfafiia AINMaINUAIENNNUGNITH

AN

anle (Dimocarpus longan Lour.) Wl aiN
s gRanUgnunFnmAviiensuuuletlszna
e Geanaiuganlalulszmalnad[aiuouunn toe
anlousiavananuglansuEnIINEN NI A&AAS
fu i liinnsdnauuniuganlafoaansuenig
nan i lfenn feaserdamauidanaicy d9lu

o % o d‘ v o Y6 v
U9ANEUzAasRwuLn lugzasn s 119 18 nan T
= o v al v a =

naAnsNnn Taquiuliinislfmatianiedaluana
TunsfneAMNUAINUAENNRLgNITH tnenATia
random amplified polymorphic DNA (RAPD; 'a’ﬁl,'aﬁ
al | a a cal @ v al
) umaliansaaargAnnaeuialneldn1sia
ANBIUALEULD I UNADANAADILTENINNATRA
polymerase chain reaction (PCR) aneiisWalduLe
ARIUNATIA RAPD 21AEIANNNLANANNUBILOLA LA 1LAT
1Fannnatia PCR tnelnawmain i dindunuuguiv
P a e - o v A a
AlLarautNuW dalnamafiinea 1 aneazniniinmidlu
14 forward primer LAY reverse primer wAtlA RAPD
[~] a ‘dIQ v dl 10 | b a v
dlumatanBanldifiasanldaniufiesdlidays
d‘ o o o a v o Yo
e uaIfULILATa9A LB W R lAdE
990157 (43UN5, 2552) AIHIIENIUNITANEIAIIN
waINuanELazNIIAnRanaaiuiaaan lufog
WALA RAPD (Wangspa et al., 2005, Yonemoto et
al., 2006, Pan et al., 2010)

WAt RAPD itz ¥ nawmefutndaen
10 fapdtelng e Hdnsugiuf Sueudfaiuuy
4u Taeludumaunisidnduaadlnames (annealing)
dnazldqounnil 35-42 asanaaided M lHiuoum e
wlidaiau Aedinaiaulas iy naiugumgdlu
Fumaumsiinduaadlnswes [y 46-62 asrnmaides
Fandneiia high annealing temperature random-
amplified polymorphic DNA (HAT-RAPD) 91314
LOUAS e TALA LA E N7 BN NT U
(Anantalabhochai ef al., 2000) ianNsfisANE
yaalnsiuasuasAumisinsuadidnquldianmng wu
msl¥lnsiesannueng 15-18 Tanale lndieanui
AINqAananluNIIAABUNIAU (branch  point
consensus) Faflutd I UAA FUILALAN AT
neludunsenzestiusng < Fundumadia inton
derived RAPD (ID-RAPD) snnsinlulifrauiiaiudy
Tnswefunugalumaiia RAPD ialufiaanuena 10
fapalelng nudnnaiia ID-RAPD  Huaudiduie
%mmul,l,@:@'hl,wwmnfu (semi-specific PCR) (Xiong
et al, 2011, Xiong et al., 2013) Tasnaiia ID-RAPD
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Figure 1 DNA banding patterns obtained with primer BPS6 from 25 varieties of D. longan and 4 varieties of

L. chinensis. (Lane M: GeneRuler 100 bp Plus DNA ladder, * indicates polymorphism)
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Table 1 Polymorphism of D. longan by primers based on branch point signal sequences

. I A . .
Primer Sequence (5 -3") Total No. bands  No. of polymorphic bands % polymorphism
BPS1 GCGACGGTGTACTGAC 7 6 85.7
BPS2 GCGACGGTGTACTAAT 8 7 87.5
BPS3 TGA GTC CAA ACT AAC 4 2 50.0
BPS4 TGA GTC CAA ACT GAC 6 6 100.0
BPS5 TGA GTC CAA ACT AAT 6 6 100.0
BPS6 TGA GTC CAA ACT GAT 4 3 75.0
BPS7 GACTGC GTACGCTGAC 6 6 100.0
BPS9 TGA GTC CAA ACT AAC ATA 3 3 100.0
LA1 GCGACG GTGTACTAAC 2 2 100.0
LA2 CGT GCA GGT GTT AGT A 4 4 100.0
Total 50 45 90
Daw Kan Kaeng 1
Daw Yod Daeng 0.92 1
Daw 27 092|091 1
Daw Yod On 0.81|0.83| 0.86 1
Daw 13 0.84(083| 0.86| 0.91 1
Daw 20 0.86]| 0.87| 0.91| 0.86| 0.83 1
Daw Luang 0.89|0.91| 0.91]| 0.79]| 0.83| 0.91 1
Daw 75 0.89(091| 0.91]| 0.86| 0.89| 0.94| 0.91 1
Daw Lumnamping 0.87|0.83| 0.86]| 0.87| 0.91| 0.83]| 0.83| 0.89 1
Daw Sukum 0.87|0.79| 0.86]| 0.87| 0.87| 0.83]| 0.79| 0.89| 0.91 1
Daw Kaewyi 0.91|0.86| 0.86]| 0.87| 0.91| 0.86| 0.86| 0.92| 0.91| 0.94 1
Lamyai Tonmuen 0.92|0.91| 0.87]| 0.79| 0.83| 0.91| 0.91| 0.94]| 0.83| 0.86| 0.92 1
Krobkati 0.84|0.86| 0.89]| 0.84| 0.81| 0.98]| 0.89| 0.92| 0.81| 0.81| 0.84(0.92 1
Sichomphu 0.84|0.83| 0.86]| 0.78| 0.78| 0.83| 0.89| 0.86| 0.78| 0.84| 0.81(0.89| 0.84 1
Phuangtong 0.81/0.86| 0.79]| 0.81| 0.75| 0.86| 0.89| 0.83| 0.75| 0.71| 0.78(0.86| 0.87| 0.87 1
Biaokiao Chiang Mai 0.76| 0.75| 0.75]| 0.79| 0.76| 0.78| 0.81]| 0.78| 0.76| 0.73| 0.79|0.75| 0.76| 0.73| 0.79 1
Dangklom 0.73]| 0.75( 0.71| 0.70| 0.67| 0.71| 0.78]| 0.71| 0.67| 0.67| 0.70|0.75| 0.73| 0.76| 0.83| 0.81 1
Haeo 0.67|0.71| 0.68| 0.70| 0.67| 0.71| 0.75| 0.71| 0.64| 0.64| 0.64|0.71| 0.73| 0.76| 0.76| 0.78| 0.81 1
Baiyok 0.75( 0.76| 0.76| 0.75| 0.75| 0.73| 0.79] 0.79| 0.75| 0.71| 0.75|0.76| 0.75| 0.78| 0.78| 0.86( 0.83| 0.89 1
Banhong 60 0.64| 0.68| 068 0.70| 0.60| 0.71| 0.71| 0.68| 0.60| 0.64| 0.60|0.68| 0.73| 0.76| 0.79| 0.78( 0.84| 0.84| 0.79 1
Puma Tinkhong 0.73]| 0.75( 0.78| 0.70| 0.70| 0.75( 0.75] 0.78| 0.70| 0.73| 0.73]| 0.75| 0.73| 0.73| 0.70| 0.71| 0.78| 0.71| 0.76| 0.75 1
Phetsakon 0.78| 0.79| 0.83| 0.81| 0.78| 0.79| 0.79]| 0.79| 0.78| 0.78| 0.78|0.76| 0.78| 0.78| 0.75| 0.79( 0.76( 0.79| 0.84| 0.76| 0.86 1
Namphueng Tawai 0.79| 0.81| 0.78| 0.70| 0.73| 0.71| 0.81] 0.75| 0.73| 0.73| 0.76|0.75| 0.70| 0.76| 0.76| 0.78| 0.78| 0.75| 0.79| 0.75| 0.78| 0.86 1
Jumbo 0.71| 0.76| 0.73| 0.71| 0.68| 0.76| 0.73]| 0.76| 0.68| 0.68| 0.71|0.76| 0.78| 0.71| 0.75| 0.79| 0.76| 0.79| 0.84| 0.83| 0.83| 0.78| 0.70 1
Baidum 052|054 051 0.52| 049| 0.51]| 0.57 | 0.51| 0.52| 0.46| 0.49(0.54 | 0.52| 0.59]| 0.65)| 0.60| 0.73| 0.64| 0.62| 0.67|0.57| 0.52| 0.64| 0.59 1
Chakkapat 041[040| 043| 048| 041| 0.43| 043]| 0.43( 0.44| 0.48)| 041|/0.40( 0.41| 0.48| 0.48| 0.40| 0.52| 0.52| 0.44| 0.56| 0.59| 0.51| 0.49| 0.48| 0.54 1
Hong Huay 0.49| 048| 0.48| 0.56| 0.49| 0.54| 0.51)| 0.51| 0.49| 0.49| 049|048 0.52| 0.49| 0.59)| 0.51| 0.57| 0.57| 0.52| 0.57|0.64| 0.56| 0.51| 0.59| 0.52| 0.79 1
Kim Cheng 044|043| 043| 048| 044| 046| 046| 0.46| 0.48| 044| 044|046 0.48| 0.48| 0.54| 0.46| 0.52| 0.59| 0.54| 0.56|0.52| 0.51( 0.46| 0.57| 0.54| 0.78| 0.83 1
Brewster 0.48| 0.46| 0.46| 0.54| 0.51| 0.49| 0.49] 0.52| 0.51| 0.51| 0.51|0.46| 0.48| 0.48| 0.54| 0.49| 0.52| 0.56| 0.54| 0.56| 0.59| 0.54| 0.52| 0.54| 0.51]| 0.81| 0.89| 0.8 1
g 5 g g
3 E 5 o = 2 o g >
¥ > & > ¢ & 3 B 3 & x § 8 5§ 2 2 ¥ 5 2 38 8§ 8 E £ o & g
$ : : : : : : : : : 3 E B 2 3% g8 2 & 3 E E 2 F B oe g
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Figure 2 Similarity index of 29 cultivars of D. longan and L. chinensis obtained from ID-RAPD
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Figure 3 Dendrogram of 29 cultivars of D. longan and L. chinensis. The scale bar indicates a similarity

index and the dendrogram was developed using UPGMA clustering procedure.
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Effects of Sucrose, Activated Carbon, and Light Duration on In Vitro Microrhizome

Formation of Ginger
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Abstract: /n vitro microrhizome formation of ginger was induced by culturing pseudostem explants onto
modified MS agar with 0.5 mgL'1 BA. After 3 months, it was found that sucrose concentration and light duration
affected microrhizome formation and plant growth. Ten percent sucrose caused a lower height and number of
leaves compared to 3-8% sucrose. Light duration of 16 and 24 hrs promoted a higher number of leaves
compared to 0 hr of light duration. Application of 6-10% sucrose under 16 and 24 hrs of light duration improved
microrhizome formation. In addition, 8% sucrose application under 16 hrs of light duration was the most suitable
for microrhizome formation, giving microrhizoming ratio (the ratio of the greatest diameter near the base to the
diameter of the pseudostem) of 3.0 and microrhizome formation of 100%. Application of activated carbon did

not affect microrhizome formation, and decreased number of shoots and leaves.

Keywords: Sucrose, activated carbon, light duration, microrhizome formation, In Vitro, Zingiber officinale Roscoe
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Table 1 Effects of sucrose, activated carbon, and light duration on microrhizoming ratio and shoot development

of Zingiber officinale Roscoe cultured on modified MS + 0.5 mgL'1 BA media for 3 months

Sucrose (%)

Light (hr) AC (%) 3 6 8 10 Mean Mean (Light)
Microrhizoming Ratio"
0 1.5de 1.4e 1.7cde 1.4e 1.5
0 1.5B
0.5 1.6de 1.9bcde 1.4e 1.2¢e 1.5
0 1.4e 2.4abcd 3.0a 2.7ab 2.4
16 2.3A
0.5 1.3e 2.0bcde 3.0a 2.5abc 2.2
0 1.9bcde 2.8ab 2.6abc 2.4abcd 2.4
24 2.3A
0.5 1.4e 2.1bcde 2.6abc 2.6abc 2.2
Mean (Sucrose) 1.5B 2.1A 2.4A 2.1A
No. of Shoots"
0 4.0ab 2.5bc 2.6bc 2.0c 2.8
0 2.3
0.5 1.5¢ 1.9c 1.5¢ 2.4bc 1.8
0 2.6bc 2.8bc 4.5a 1.9¢ 2.9
16 2.4
0.5 1.4c 1.9c 2.6bc 1.9¢ 1.9
0 2.1c 2.6bc 4.8a 4.6a 3.5
24 2.8
0.5 1.6¢ 2.4bc 2.0c 2.1c 2
Mean (Sucrose) 2.2 2.3 3.0 2.5
Height of Shoot (cm)”
0 9.6abcd 10.9abc 7.9cdefg 5.2efgh 8.4
0 8.7
0.5 10.0abc 13.1a 9.6abcd 3.6h 9.1
0 9.6abcd 12.6ab 8.2bcdef 4.0fgh 8.6
16 9.2
0.5 11.3abc 12.7a 12.8a 2.7h 9.9
0 11.1abc 11.3abc 7.8cdefg 8.0cdef 9.5
24 8.3
0.5 8.8abcde 10.4abc 5.5defgh 3.7gh 7.1
Mean (Sucrose) 10.1B 11.8A 8.6B 45C
No. of Leaves"
0 5.8efghi 6.8defgh 3.8fghi 3.4ghi 4.9
0 4.6B
0.5 5.4efghi 6.8defgh 3.9fghi 1.1 4.3
0 15.0a 14.1a 13.5ab 1.9hi 1.1
16 9.9A
0.5 8.4cdefg 10.8abcd 12.4abc 3.3hi 8.7
0 13.8ab 13.8ab 11.8abc 2.9hi 10.5
24 8.9A
0.5 9.0bcde 8.6cdef 6.0defghi 5.4efghi 7.3
Mean (Sucrose) 9.5A 10.1A 8.5A 3.0B

Note: ANOVA of main factor and Interaction effect: NS= non significant, *= significantly (p < 0.05)
- Microrhizoming ratio: AC=NS, Sucrose=*, Light=", ACxSucrose=NS, ACxLight=NS, SucrosexLight=*, ACxSucrosexLight=NS
- No. of Shoot: AC=*, Sucrose=-NS, Light=NS, ACxSucrose=NS, ACxLight=NS, SucrosexLight="*, ACxSucrosexLight=NS
- Height of Shoot: AC=NS, Sucrose=*, Light=NS, ACxSucrose=NS, ACxLight=*, SucrosexLight=NS, ACxSucrosexLight=NS
- No. of Leaves: AC=*, Sucrose=*, Light=", ACxSucrose=NS, ACxLight=NS, SucrosexLight="*, ACxSucrosexLight=NS

" Means followed by different letters in each characteristics were significantly different by DMRT at o = 0.05 levels.
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Figure 1 Microrhizome formation of Zingiber officinale Roscoe cultured on modified MS +0.5 mgL” BA

media having 8% sucrose without AC (a), 8% sucrose with 0.5% AC (b), 3% sucrose without
AC (c), and 3% sucrose with 0.5% AC (d) under 16 hrs of light duration for 3 months

Table 2 Effects of sucrose, activated carbon, and light duration on percentage of microrhizome

formation of Zingiber officinale Roscoe cultured on modified MS +0.5 mgL'1 BA media for 3

months
Percentage of microrhizome formation
Light (hr) C (%) Sucrose (%)

3 6 8 10

0 0 25 0 25 13

0.5 13 50 13 0

16 0 13 63 100 75

0.5 0 75 100 75

24 0 50 88 75 63

0.5 13 75 63 63

Note: Microrhizome formation was counted when microrhizoming ratio > 2
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Abstract: The objectives of this study were the personal, economic, and social factors of the farmers who
adopt the mango production on good agricultural practices, the factors related to the adoption of
production, the problems and difficulties. The farmers who grow mango under good agricultural practices
in Samko District, Angthong Province were investigated. The data were obtained from 150 farmers by
means of the interview. The results revealed that the adoption of mango production on good agricultural
practices were accepted at the high level in social, economic and production and were accepted at the
moderate level in physical, biological. Factors related to the adoption of mango production on good
agricultural practices were income, labor, experience in mango production, training in the past 3 years,
and contact with the government officials and private sectors. The correlation between the factors and the

adoption of mango were significant at the 0.05 level.

Keywords: Adoption, mango, good agricultural practices
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Table 1 Independent factors of farmers adopted mango production on good agricultural practices
Personal, economic, and social factors Percentage X SD
1. Sex (male) 85.40 - -
2. Age (year) - 52.15 11.34
3. Education (elementary education) 64.20 - -
4. Marital status (married) 95.20 - -
5. Income (Baht) - 238,160.50 129,145.45
6. Size of land holding (rai) - 8.32 6.39
7. Labor (number) - 2.20 1.89
8. Experience in mango production (year) - 13.25 6.12
9. Membership of agricultural institutions (be a member) 100.00 - -
10. Training in the past 3 years (3 times) 56.40 - -
11. Contact with the government officials and private 90.60 - -
sectors (2 times)
Table 2 Level of adoption of mango production on good agricultural practices
Adoption X SD Level
1. Social 4.50 0.30 High
2. Economical 4.02 0.35 High
3. Physical 2.92 0.58 Moderate
4. Biological 3.36 0.42 Moderate
5. Production 4.22 0.39 High
Total 4.14 0.37 High
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Table 3 Multiple regression analysis of factors related to famers’ adoption of mango production on good

agricultural practices

Variables Coefficient (b) t P-value
1. Sex -0.099 -1.486  0.139
2. Age (year) 0.001 0.293 0.770
3. Education -0.120 -1.814  0.071
4. Marital status 0.041 0.449 0.654
5. Income (Baht) 0.010 2.147  0.033
6. Size of land holding (rai) 0.001 0.142 0.887
7. Labor (number) 0.018 2577 0.017
8. Experience in mango production (year) 0.022 2.809  0.005
9. Membership of agricultural institutions -0.115 -1.728 0.085
10. Training in the past 3 years (time) 0.023 3.692  0.001
11. Contact with the government officials and private sectors (time) 0.004 2.077 0.039
Constant 2.789 18.247 0.000
R? 0.334  (33.4%)
F 3.302
Sig. F 0.000

“"Correlation showed significant at the 0.01, 0.05 level, respectively
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Abstract: The purposes of this research were to study 1) general characteristics of farmer's descendants and
household in Sanpatong district, Chiang Mai province 2) factors related to motivation of farmer's descendants
on agricultural inheritance. The sampling group was 386 farmer's descendants by simple random sampling. The
data was collected by questionnaire and analyzed by using descriptive statistics and hypothesis testing by
multiple regression analysis. The results found that most of farmer's descendants were male, average age 19
years, most of them were student. Most of farmer’'s descendants live in agricultural community, family of farmer’s
descendant want their children inherit occupation. People in community think that farmer are very tiring labor,
having a high tolerance, risk of oversupply, disasters, low income, poor, need loans for farming however more
than half of people in community still want their children to continue doing farm.

In studying of attitude of farmer's descendants on agriculture, they think that farmer is important for
community and country, consistent with context and environment of their community, there is food for household
consumption, and farmer's descendants should continue doing farm. In aspect of motivation on agricultural
inheritance, most of them focus on life success motivation, then engagement motivation, health motivation,
security motivation, and recognized motivation, respectively.

There were three variables that had a statistical significantly correlated with motivation of farmer’s
descendants on agricultural inheritance as follows: 1) the period of household farming 2) agricultural information
receiving 3) attitude of farmer's descendant to agriculture. As for the suggestions of this research, related
organization should find way to motivate farmer's descendant to do farming, focus on knowledge of farm
management, providing new agricultural information for farmers’ decision-making. Moreover, they should
encourage farmers’ organization for agricultural price negotiations and provide market for agricultural products
for stability of farmer household.

Keywords: Food security, motivation, farmer descendant, agriculture
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Variables Mean Standard deviation
1. Age (Year) 18.65 2.31
2. Attending agricultural training or workshop (total 0.46 0.49
score)
3. Members of family (number) 4.53 1.35
4.  Members of agricultural labor (number) 2.32 0.89
5. Time span of farming (year) 19.66 15.352
6. Monthly household income (baht) 18,519.62 12,542.02
7. Monthly household expenses (baht) 10,596.61 10,467.04
8. Household debt (score) 0.49 0.50
9. Receiving agricultural information (level) 3.2489 0.79
10. Influence of family and friend (total score) 4.19 1.16
11.  Social influence (total score) 3.89 1.75
12. Attitude of farmer's descendants on agricultural 3.34 0.46
occupations (level)
13.  Motivation of farmer’s descendants on agricultural 3.81 0.64

inheritance (level)
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Table 2 Multiple regression analysis for factors affecting the attitude of farmer's descendants on

agricultural occupations

Variables (b) t P-value
1. Age (Year) .019 1.254 211
2. Attending agricultural training or workshop .001 .020 .984
(total score)
3.  Members of family (number) -.006 -.192 .848
4. Members of agricultural labor (number) -.055 -1.213 226
5. Time span of farming (year) .007 3.036 .003*
6. Monthly household income (baht) 4.563E-7 .156 877
7. Monthly household expenses (baht) 4.516E-6 1.325 .186
8. Household debt (score) .035 .536 592
9. Receiving agricultural information (level) 163 3.972 .000**
10. Influence of family and friend (total score) .036 1.277 .203
11. Social influence (total score) .031 1.654 .099
12. Attitude of farmer’'s descendants on 457 6.264 .000**
agricultural occupations (level)
= 221 SEE = .58308 F = 7.854 P Value = .000
Note:  * Significantly different at P <.01

** Significantly different at P <.001
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Abstract: This paper examined associations between inter-provincial migration and change in age structure, as
well as the proportion, of agricultural population in Thailand during 1980 and 2010. Bangkok, the capital city,
had highest net migrant numbers through the reference period, followed by its neighboring suburban provinces.
Meanwhile, provinces with highest out-migrants were in agricultural Northeast region and most of them targeted
Bangkok. The predominant urbanization stimulated inter-provincial migration with higher income opportunities,
which can be seen from the relation between per-capita GDP growth and percent net migration of all provinces,
consequently caused less agricultural labor proportion in rural provinces. Furthermore, the majority of migrants
were 15-29 years old which raised aging agricultural worker proportion for whole country from 6.6 to 16.0
percent in only 30 years. The worst was found in out-migrating Northeast region, from 4.9 to 16.9 percent. A
positive correlation coefficient of 0.61, between average percent out-migration and change in aging agricultural
worker percentage, clarified that inter-provincial migration in Thailand has created aging agricultural society and

may cause instability in Thai agriculture.

Keywords: Aging, agricultural workers, inter-provincial migration, Thailand

Introduction There are several pieces of research on

relation between migration and aging society in rural

There have been discussions for decades areas. The study of Nyanguru (2007) stated that
about labor transfer from agricultural sector to migration is linked with urbanization and changes
modern sectors since Arthur Lewis’ Dual sector population structure. Urban growth is driven by
model was proposed in 1954 (Gersovitz et al., 2012). young migrants from rural areas to cities (Kinsella,
Under the same unit of space, urban lands are 2001). Compared to urban areas, aging population
mainly occupied for residence, industry, commercial, proportion in rural area is expected to be higher as a
etc. (Naab et al, 2013). Urban-centered result of young out-migration or in-migration of
development along with the economic growth retirees (Burholt, 2012). A case study conducted in
causes people move from rural to urban areas by Chiang Mai province, in the Northern part of
two incentives: wages and infrastructures Thailand, by Fongmul and Meka (2013), showed that
(Panudulkitti, 2011; Samuel and George, 2002). The a majority of agricultural workers in the area was
degree of urban concentration is meaningful; elderly as young farmers migrated out increasingly;
unevenly distributed urban population swings that resulted in powerful worker shortage.
economic and social structures (Bertinelli and Black, Still, there is hardly a study in macro-
2004). Asian cities in 2008, including Thailand, were viewpoint about how migration in Thailand impacts
42 percent urbanized and continued growing 2.5 age structure of agricultural population, who mainly
percent per year (Lehman, 2008). Thailand has been reside in rural area. Hence, the objective of this
complying with the dual sector model upon rapid paper is to find out whether or not, and to what
economic growth, yet the country came across a extent, Thailand's inter-provincial migration causes
parallel phenomenon; urbanization in Thailand has aging agricultural society (Thailand consists of 76
been city-dominated (Hill, 1995). provinces and officially divided into six regions -

40



Provincial Migration and Agricultural Population Change in Thailand

North, Central, Northeast, West, East, and South
region). The reference time period of this study was
between 1980 and 2010.

objective, major factor driving migration directions

In order to fulfill the

are analyzed. Then the effects of inter-provincial
migration on age structure of agricultural workers are
discussions.

examined, followed by positive

Population data  conceming numbers and
characteristics-age, sex, occupation, and migrating
direction-are derived from Thailand Population and
Housing Census (Thailand National Statistical Office,
1980a; 1980b; 1990a; 1990b; 2000a; 2000b; 2010a;
2010b). Economic data - GDP per capita, total
agricultural products, are acquired from National

Economic and Social Development Board, Thailand.

Migration in Thailand from 1980 to 2010

The data on inter-province migrants are
provided decennially, by Thailand National Statistical
Office, in Thailand Population Census that includes
numbers of migrants in last five years of the census
year. Totally there are three periods of migrant data
available from 1980 to 2010: numbers of migrants
during 1985-1990, 1995-2000, and during 2005-
2010. Migration data, along with summary, in
regional level are also provided in Population
Migration Survey (full report) since 1994, annually
since 2008. Analysis of the statistics was published
in 1995 by Mahidol

Population and Social Research, National Migration

University's  Institute  for
Survey of Thailand. According to the survey,
1970

(Institute for Population and Social Research, 1995).

migration had been rural-to-rural before
At the time of survey, Bangkok played as origin or
destination around 56 percent of total interregional
migration (Institute for Population and Social
Research, 1995). Over three periods, region with

highest in-migrants was Central region. All regions
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but Northeast had

migrants along the reference time. Northeast region

increases in number of in-

also had rocketing out-migrant number from 779,027
people, during 1995-2000, to over 1.13 million,
becoming the most out-migrating region which most
of the migrants targeted Bangkok.

The next step on analyzing tendency of
migration is to find most related indicator to number
of migrants in each province. Ullah (2004) suggested
PEST factors:

technical factors influencing migration. Among those,

political, economic, social, and
Sricharoen (2013) asserted that out-migrants from
rural to urban areas give their priority to better
income, the economic factor. As reported in Thailand
2010 (Thailand  National

Statistical Office, 2010b), the major reason of overall

Population  Census
migrants during 2005-2010 was work-related reason,
accounting for 41.6 percent of total migrants. This
can be presumed that economic factors influence
most on migration; but degree of the influence is
dubious.

To find the relation between the economic
indicator and inter-provincial migration, this paper
calculated net-migration percentage in five-year
period since using in-migrant data in percentage
form cuts influence of population growth. Per-capita
GDP growth from 2005 to 2010 of all 76 provinces,
together with net migrant percentage over last five
years was plotted in Figure 1. It was found that there
was a positive relation between the two variables.
The correlation coefficient of GDP per capita growth
during 2005-2010 and in-migrant percentage during
2005-2010 was 0.767. This can be implied that
provinces with high per-capita GDP growth, which
are mainly comprised of non-agricultural sectors
induced people to move in, meanwhile which with
low per-capita gives people no incentive to migrate

in.
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Figure 1 Association between per-capita GDP growth and net migration during 2006-2010 of all

provinces

There is a room for argument about
effects of migration on population age structure as
people normally do not migrate evenly by age
group. Whole country’s out-migrant age-group
with highest proportion was 20-24 years old group
accounting for 23.4 percent for male migrants,
and 20.9 percent for female ones. The second
highest percentage of whole country was found in
age group 25-29, 17.2 percent for males and 15.5
percent for females. Yet, there was gradual
dissimilarity of age-group proportions between
sexes. Male out-migrants in age group 15-19
accounted for only 11.1 percent of total male out-
migrants, while female ones were 15.9 percent of
total female out-migrants. A reason behind the
difference was suggested by Osaki (1999) that
female workers are preferable for service and
commerce sectors, which are increased in urban
development. However, the age proportion of out-
migrants changed gradually over periods. The
country’s average proportion of out-migrants aged
30-39 and 40-49 also increased by 5 percent from
period 1985-1990 to 2005-2010, implying that out-

migrants from many provinces tended to be older.
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The young out-migrant percentage (5-9 years old)
declined by 6.5 percent over the same time,
probably due to better capacities of overall

educational places.

Effect of inter-provincial migration on agricultural

society

Such migration trend in which people
aged 20-29 took a major role was questioned that
it would impact the agricultural society in rural

areas in several ways.

1. Less agricultural worker percentage
For one thing, realizing a vast GDP gap,
in
the
agricultural sector (Aemkulwat, 2010). This paper

out-migrants usually enter modern sectors

urban areas upon migration leaving

introduces agricultural worker percentage defined
as persons aged fifteen and over who are
employed in economic activities related to
agriculture.

The agricultural worker percentage is a

fraction of number of agricultural workers on total
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number of 15-years-old-up workers, in given
province. Data on number of agricultural workers
and total workers by province are provided in
Thailand  Population and Housing Census
(Thailand  National Office, 1980a;

1980b). According the census, Thailand had

Statistical

provincial average agricultural worker percentage
at 72.3 percent; however the percentage varied in
different regions in 1980. Figure 2 displays the
map of agricultural worker proportion in 2010, to
be compared with 1980. The region with highest
agricultural worker percentage was Northeast
region (89.3 percent), while region with lowest one
was Central region (61.6 percent). Si Sa Ket, a

Northeast province, ranked first with 93.3 percent,
North
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whereas Bangkok got the lowest rank merely 4.9
percent. It was clear that agriculture was hardly
left in Bangkok, that is to say Bangkok was greatly
urbanized. It can be seen from the map that
Bangkok and its surrounding provinces were
apparently urban zone of the country. Central
region was the most urbanized region and
Northeast region was the most rural one.

The most dramatic drop in agricultural
worker percentage from 1980 to 2010 was found
in the East region, not the Central region, which
plunged by 29.2 percent to solely 37.1 percent. In
keeping with the 2010 percentage status, Central
region was still identified as the most urbanized.
with percentage in 2010,
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73.8 percent, was still Northeast in spite of it falling
by 15.5 percent since 1980. During the period
2005-2010, 11.6 percent of total migrant moved
within province from non-municipal areas. The
sinking agricultural worker portion may partly
come from other factors, namely intra-province
migration, yet the effect was small. The average
changes in agricultural worker percentage of the
entire state from 1980 to 2010 were negative 22.8
percent, while percentage of population in
municipal area rose by 27.17 percent. Briefly
considering inter-province migrant percentage
from non-municipal of whole country population,
there were 2.79 percent during 1995-2000 period
and 2.62 percent during 2005-2010 (no available
data in 1985-1990). Provided that the percentages
were negligibly fluctuated, there may have been
17.33 percent of whole country population who
migrated from non-municipal areas across
provinces over 30 years. This means that there is
possibility that 17.33 percent out of the 22.8
percent agricultural decrease migrated to more-
urban provinces transferring to non-agricultural
sectors.

Viewing at provincial levels, the maximum
decrease in agricultural worker percentage was
found in Rayong, by 45.3 percent from 70.0
percent in 1980. The east-region coast to the Gulf
of Thailand with

appropriate for sea ports and transportation

its capes and gulfs are

industry. As a consequence, an industrial boom
occurred in Rayong province since 1990s under
the (IEAT) project, centered in Mabtapud district
(Aruninta, 2012; Leuprasert et al., 1995).

2. Higher aging agricultural worker proportion
Even worse than the first impact, the

consequent one was that inter-provincial migration
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changed age structures of agricultural population
in rural area. As noticed before, a vast majority of
out-migrants who were previously in agricultural
sector was likely young adults. It is discussed that
the move-out ones would lead to aging agricultural
society in rural area. This research brings in
percent aging agricultural worker to indicate how
much agricultural working society grows old. The
indicator equals number of agricultural workers
with 60 years old and over (in a province) divided
by the total number of agricultural worker in the
province. According to Table 1, in 1980 the
average percent aging agricultural worker of
Thailand was 6.6 percent. The province with the
lowest one, located in North region, was Phayao
(3.3 percent), while the province with highest one
was Nonthaburi, that

12.8 percent. Seeing

Nonthaburi connects to the capital Bangkok,
young agricultural workers in the province might
have been impelled entering modern sectors in
the capital city properly. From 1980 to 2010, age
structure of agricultural society seriously shifted.
There were 48 of total 76 provinces that had more
than 8 percent increase in aging agricultural
workers. Ten out of 18 provinces in Northeast rise
to over 16 percent, causing itself the region with
oldest agricultural worker proportion, expanded
from 1980 by 12.4 percent. Thailand’s average
aging agricultural worker percentage significantly
augmented from 6.6 percent in 1980 to 16.0
percent in 2010.

There was a remarkable change in
agricultural worker’s age structure in the entire state.
As can be seen from Figure 3, in 1980 the age group
15-19 years old had the highest proportion 18.3
percent. The second highest one was 20-24 years
old, 15.5 percent. While in 2010, the percentage for
those aged 15-19 declined to merely 3.4 percent.
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Table 1 Percent aging agricultural workers by region in 1980 and 2010
} Year

Region
1980 2010
North 4.92 13.89
Central 7.70 18.57
Northeast 4.97 16.91
West 6.75 14.59
East 6.66 15.89
South 7.90 12.72
Whole country 6.63 16.02

year

1580

2010

0%

20% 40%

B0%

80%  100%g aos

Figure 3 Whole country’s age group proportions of agricultural workers in 1980 and 2010

Likewise, the proportion in age group 20-24 was 5.2
percent. The age group with the highest proportions
in 2010 was 40-49 years old, at 26.8 percent,
augmented by 9.7 percent from 1980. The elderly
groups of them in year 2010 were 14.1-17.9 percent.
It is clear that there was an age-structural wave
moving to older groups, insuppressibly aging group.
Considering agricultural workers aged 50-59 is
necessary due to their last steps before elderly
states. This means aging agricultural worker
proportions are going to vastly expand in 2020.

Statistical techniques were also used to
influence of rural-urban

analyze migration on

agricultural age structure. The variables considered
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in the analysis were average percent out migration
(independent variable) over three periods (1985-
1990, 1995-2000, and 2005-2010) and 30-year-
interval change in percent aging society (dependent
variable) in provincial level. The calculated data of
average percent out migration and change in
percent aging agricultural worker were plotted in
Figure 4. As reported by the graph, there was a
good association between the two variables.
Provinces with high average percent out migration
also had a wide margin in percent aging workers,
and vice versa, showing a positive relation between
them. Correlation coefficient of the two variables was
0.61

which is moderately strong. There is
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a possibility that exogenous influences came from
the
correlation coefficient value clarified significant

migration  within  province. Nevertheless,
impact of out-province migration on aging population

proportions in agricultural work society.

Discussion

What happens when agricultural workers in
rural area grow old? As reported by the Office of the
National Economic and Social Development Board,
Thailand (2012),

constant price of year 1988 has been growing for

total agricultural product with
every region, especially South region that rose by 3.3
times from 1981 to 2009. As stated in Leturque and
Wiggins’ study (2011), labor productivity in Thai
agriculture has been rising from 1989 to 2007 with
2.4 percent average growth rate. The number of
agricultural worker has dropped since 1990, from 20
million to 16 milion in 2010, accompanied by
indifferent agriculture land area from 17.47 million
hectares in 1988 to 18.01 in 2008. Concurrently there
influx  of

was overwhelming immigrants  from

neighboring countries namely Myanmar, Cambodia,
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percentages over three periods and change in aging agricultural workers

and Lao, pressuring Thai government to admit
Memorandum of Understanding (MoU) in 2006 for
better control over them (Walsh and Ty, 2011).
Office Foreign
Administration (2012; 2013), in 2012 totally 940,531

immigrants were registered and accepted under the

According to of Workers

MoU, and already passed a million (1,155,826) in
2013. This excluded a vast group of unregistered
illegal migrants. Registered ones mainly go for
construction works (27.0 percent) and agriculture-
related works (19.3 percent). The incoming migrant
labor takes part in compensating agricultural
shortage in rural area of the country.

Furthermore, agricultural production
increase should be driven up mainly by technologies
and chemical inputs. The study of Suphannachart
and Warr (2011) concluded that publicly funded
agricultural research has a positive significant
support on total factor productivity. On the top of
others, uses of chemical fertilizers and pesticides
were utilized by 89.2 percent and 51.4 percent of
farmers in 2008 respectively (Thailand National
Office, 2008), their

expenditure on farming, consequently by their debts.

Statistical which  boosted
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It can be said that lacking youth strength in
agricultural production can be helped up by the
mentioned factors. Although agricultural workers,
who are growing old, could maintain the production,
they cannot improve their low returns. A study of
Isvilanonda and Bunyasiri (2009) identified that
increase in food price and production cost is closely
related to rural poverty. Even though migration holds
up income of rural households, it is incapable of

reducing poverty and inequality (Amare et al., 2011).

Conclusion

The

trend to provinces with higher GDP per capita has

inevitable inter-provincial migration
two-fold effects on rural agricultural society, namely
less agricultural labor proportion, and changing age
structure of agricultural workers. Continually young
and middle-aged ones have been leaving the
agricultural sector in their origins for modern sectors
in urbanized provinces, resulting in more proportion
up
productivity from young labor, agricultural sector

of aging agricultural workers. To make
relied more not only on costly technologies and
but

neighbor countries resulting in low returns from

materials, also on international labor from

agriculture.
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Abstract: This experiment had its objectives in testing the efficiency of potassium silicate for controlling of
powdery mildew and downy mildew under plastic house condition and farmer’s field condition. The test for
spraying frequency of potassium silicate in controlling powdery mildew and downy mildew under plastic house
condition were done in Japanese cucumber cv. Pretty swallow 279 by comprising of spraying frequency at
once a week and twice a week. Analysis of percent disease index (% DI) were done in data collection after
transplanting for 6 weeks. It was found that the spraying frequency at once a week and twice a week gave non
significantly difference in percent disease index. Both of spraying frequencies could greatly reduce the percent
disease index when compared with pain water spraying as control treatment in both powdery mildew and
downy mildew trials. The disease index in the spraying frequency at once a week, twice a week and control
treatment were 51.9, 48.4 and 64.6%, respectively for downy mildew, and 39.6, 35.9 and 57.3%, respectively for
powdery mildew. The marketable yields of cv. Pretty swallow 279 were increased with significantly difference in
both spraying frequencies when compared with control treatment. There was no significantly difference for the
yields in the spraying frequency at once a week compared with spraying frequency at twice a week. Marketable
yields in the spraying frequency at once a week, twice a week and control treatment were 6.8, 6.5 and 4.9 Kg/
Sg.m., respectively. The test under farmer's filed condition comprised of 3 ftreatments i.e. 1. fungicides
alternated with bio-fungicide (Bacillus subtilis) 2. potassium silicate alternated with fungicides and bio-fungicide
3. potassium silicate entire growing season. It was found that all of the treatments gave non significantly different

results in both percent disease index and marketable yields. The percent disease index in the treatment
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1, 2 and 3 at 5 weeks after transplanting were 41.5, 35.9 and 43.5 %, respectively. The marketable yield of cv.
Robato in the treatment 1,2 and 3 were 8.5, 8.2 Wwaz 7.9 Kg/ Sg.m., respectively. Potassium silicate could

reduce fungicide spraying frequencies for downy mildew in farmer’s field condition.
Keywords: Potassium silicate (K,SiO,), powdery mildew, downy mildew, Japanese cucumber
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Table 1 Application of potassium silicate with and without fungicides for controlling downy mildew in

Japanese cucumber cv. Robato under plantation in farmer’s field condition at Mae Tha Neua

Royal Project Development Center

Treatment Biofungicide / fungicide Rate
T Bacillus subtilis 60 g/20 |
cymoxanil+mancozeb 60 g/20 |
metalaxyl + mancozeb 50 g/20 |
Tr2 Bacillus subtilis 60 g/20 |
potassium silicate 2000 ppm
cymoxanil + mancozeb 50 g/20 |
Tr3 potassium silicate 2000 ppm
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Table 2 Comparison on disease index of powdery mildew (Pm) and downy mildew (Dm) together with

marketable yield of Japanese cucumber cv. Pretty Swallow 279 in different frequency trials of

potassium silicate applied under plantation in plastic house condition at Mae Tha Neua Royal

Project Development Center

Disease index (%)

Marketable yield

Treatment
Pm Dm (Kg per Sg.m)
potassium silicate (1) 396a' 519a 6.8 a
potassium silicate (2) 359a 48.4 a 6.5a
control 57.3b 64.6 b 49b
CV (%) 135 12.7 25.3

(1) = application in the spraying frequency at once a week

(2) = application in the spraying frequency at twice a week

"Column values followed by the same letter are not significantly difference as determined by Duncan’s multiple range test at P=0.05
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Table 3 Disease index of downy mildew and marketable yield of Japanese cucumber cv. Robato

obtained after application with different disease control treatments under plantation in farmer’s

field condition at Mae Tha Neua Royal Project Development Center

DI (%) of downy mildew Marketable
Treatment Materials Frequency* After transplanting yield
week1l  week3  weekb5 (Kg per Sg.m)
T Bacillus subtilis 5
cymoxanil+mancozeb 2 6.3 34.9 41.5 8.5
metalaxyl + mancozeb 3
Tr2 Bacillus subtilis 4
potassium silicate 3 52 33.3 35.9 8.2
cymoxanil + mancozeb 3
Tr3 potassium silicate 10 55 33.6 435 7.9
CV (%) 49.5 24.9 141 15.4

*per growing season
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Abstract: Phytopathogenic fungus as Colletotrichum gloeosporioides is a cause of anthracnose disease on chili
and wide species of agricultural crops resulting in its quality and vyield loss. Two formulas of fermented bio-
extract from chili residues of farmer fields, Formula 1 (stem and leaf) and Formula 2 (fruit), were used to
investigate the efficacy of the bio-extracts against C. gloeosporioides in vitro. Firstly, both bio-extracts were
tested for antagonistic activity toward the fungus by poisoned food technique on potato dextrose agar (PDA) at
the concentrations of 25, 37.5 and 50% (v/v) for 3, 5, 7, 9 and 12 days, respectively. Among these, Formula 2
was shown the inhibition activity against C. gloeosporioides in which isolated from infected chili. Especially, at
concentration of 37.5% (v/v) had a significantly highest against the fungus that was 48.67% while at the
concentrations of 25 and 50% (v/v) were 37.12 and 8.14%, respectively. To examine the effect on sporulation
and spore germination of C. gloeosporioides was done by spraying spore suspension onto WA agar disc
containing the both formulas that required all concentrations, and then incubated for 48 hrs. The results showed
that the density of spore and spore germination were affective effect with Formula 2. Therefore, the bio-extract
Formula 2 was selected to evaluate its effect on the occurrence of anthracnose disease by spraying at the
concentration of 37.5% (v/v) on chili seedlings under laboratory condition. It was found that Formula 2 slightly
significantly reduced disease development or symptom comparing with a single spraying C. gloeosporioides
treatment. In addition, the disease incidence and severity were not significantly decreased in the following
treatments, spraying with Formula 2 + C. gloeosporioides and Formula 2 + Phor Dor 2 + C. gloeosporioides.
The results concluded that the use of bio-extract from chili residues, particular chili fruits could show
effectiveness in inhibiting mycelial growth of pathogen on PDA while the control of this pathogen on the host was

unsatisfy.

Keywords: Anthracnose disease, Colletotrichum gloeosporioides, chili, bio-extract, biocontrol
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Figure 2 Efficacy of 2 formulas of bio-extract at concentrations of 0 (A), 25 (B), 37.5 (C) and 50% (v/v)

(D), In inhibit ing mycelial growth of anthracnose fungus, Colletotrichum gloeosporioides on

PDA for 7 days.
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Table 1 Colony diameters of Colletotrichum gloeosporioides grown on PDA mixed with each bio-extracts as

Formula 1 and 2 at concentrations of 25, 37.5 and 50% (v/v) for 3, 5, 7, 9 and 12 days compared

with control
Bio-extract Concentration Colony diameters of anthracnose fungus (cm)/ days
% (v/v) 3 5 7 9 12

25 2.23a" 3.60a 5.73b 8.50a 8.50a
Formula 1 37.5 2.13a 3.76a 6.30a 8.50a 8.50a
50 2.33a 3.90a 6.36a 8.50a 8.50a
25 0.33c 1.06c 2.16d 2.86¢ 3.56d
Formula 2 37.5 0.03c 0.96¢ 1.70e 2.23d 2.93e
50 1.23b 2.30b 3.66¢C 4.76b 5.23c
Control - 1.56b 2.60b 3.73¢c 4.76b 5.73b
LSD 5. 05 - 0.36 0.54 0.43 0.25 0.46
% CV - 14.77 11.90 5.83 2.58 4.28

"Means within the same column followed by the same letter are not significantly different at 0.05 level by LSD test

Table 2 Inhibition percentage of bio-extract Formula 2 on growth of Colletotrichum gloeosporioides on
PDA for 3, 5, 7, 9 and 12 days compared with control

Concentration Inhibition percentage (%) / days
Bio-extract
% (V/Vv) 3 5 7 9 12
25 76.10a" 58.77a 42.11a 39.87b 37.12a
Formula 2 37.5 98.04a 62.49a 53.51a 53.14a 48.67a
50 20.52b 10.18b 0.00b 3.84c 8.14b
Control - 0.00b 0.00b 0.00b 0.00c 0.00b
LSD g e, - 13.91 14.54 7.16 4.44 6.60
% CV - 26.26 40.65 27.52 17.71 25.85

"Means within the same column followed by the same letter are not significantly different at 0.05 level by LSD test.
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Table 3 Comparison of density of Colletotrichum gloeosporioides spore grown on PDA mixed with bio-

extracts Formula 1 and 2 at the concentrations of 25, 37.5 and 50% (v/v) at 14 days

Density of C. gloeosporioides spore

Bio-extract Concentration %(v/v) No. of spore Concentration x 10°
(spore) (spore/ ml)

25 15.66b" 3.13b

Formula 1 37.5 15.66b 3.13b
50 16.66b 3.33b
25 11.00c 2.20c

Formula 2 37.5 11.33c 2.27c
50 12.33c 2.47c

Control - 23.33a 4.67a

LSD s o5 - 2.64 5.29

% CV - 9.98 9.98

" Means within the same column followed by the same letter are not significantly different at 0.05 level by LSD test

[3
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Figure 3 Efficacy of bio-extract Formula 2 at concentrations of 0 (A, E and F), 25 (B, F and J), 375 (C, G

and K) and 50% (v/iv) (D, H and L), on spore germination of anthracnose fungus, Colletotrichum

gloeosporioides after 6, 12 and 24 hours of spraying (40x)

N30T LAZANMNANS TAEULMENURTIN ANaYn L LfﬁmLﬁu‘immqauﬁﬂﬁﬂiiﬂiﬁ (Fait uazmnLy, 2546)
qAWANg 7 AL TR ST U Lactobacilus  uananii qawiael B. subtilis kaz B. cereus ANMNT0
sp., Streptococcus sp., Bacillus subtilis Way yeast %I\‘I mwmaﬂgmu”mummimimLmuimmmﬂmmm
ﬂauﬁﬁmﬁuﬁmmm@%ama probiotic fiudianns  Teaterli ( (4381 UATARLY, 2545)
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Table 4 Efficacy of bio-extract Formula 2 at concentration of 37.5% (v/v) on occurrence of anthracnose

disease at 7 days after spraying in vitro

Treatment Disease severity Disease incidence (%) Percent of infection
Control 0.00d" 0.00c 0.00d
Formula 2 0.37c 2.29¢c 30.00c
Phor Dor 2 0.00d 0.00c 0.00d
Colletotrichum gloeosporioides 1.10ab 16.56a 90.00ab
Formula 2 + C. gloeosporioides 1.19ab 12.50ab 95.00ab
Phor Dor 2 + C. gloeosporioides 1.25a 16.25ab 100.00a
Formula 2 + Phor Dor 2 + 0.94b 11.67b 75.00b
C. gloeosporioides
LSD s 05 0.27 4.83 21.76
% CV 26.56 38.80 26.56

"Means within the same column followed by the same letter are not significantly different at 0.05 level by LSD test
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Abstract: The objectives of this study were to produce F1 rice lines that pyramided 3 brown planthopper (BPH,
Nilaparvata lugens (Stal)) resistant genes from of BC,F, , backcross rice lines ((Rathu Heenati/KDML105) x Chai
Nat 1) and ((Abhaya/KDML105) x Chai Nat 1) and evaluate on the reactions of those F1 lines on brown
planthoppers (BPH) collected from irrigation paddy fields in lower northern Thailand. The experiments were
carried out in green house. The evaluation on F1 was performed based on randomized complete block design
with 4 replications, using 9 standard rice varieties for comparison: PTB33, TN1, A12-26-201-436, R8-24-1-183-
84-227, Chai Nat 1, Rathu Heenati, KDML105, Abhaya, and Rathu Heenati/KDML105 and indices for resistant
evaluation based on standard evaluation system for rice from International Rice Research Institute (IRRI). The
result revealed that the total of 292 seeds of F1 rice lines from R8-24-1-183-84-227 carried Bph3 resistant gene
and A12-26-201-436 carried Qbph6 and Qbph12 resistant genes was produced. The reactions of those F1 rice
lines responded to the infestation of BPH populations were better than those of their parents. The remarkable
recovery of those F1 rice lines from the damage caused by the infestation of BPH was found at 29 and 33 days
after BPH release and damage score was in the same level as found in PTB33 and BPH resistant check

varieties.

Keywords: Brown planthopper, Nilaparvata lugens (Stal), resistant variety, pyramiding genes
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Table 1 Reaction pattern and damage score of R8-24-1-183-84-227/A12-26-201-436 (F1) and 9
standard rice varieties responded to brown planthopper collected from lower northern Thailand
at 13, 17, 22, 29 and 33 days after BPH release

Reaction score of rice varieties responded

Varieties/ Accessions

to brown planthopper after BPH release (days)

Damage

score at last

13 17 22 29 33 check

CNT1 5 6 7 7 8 HS
Rathu Heenati 3 3 4 4 3 MR
KDML105 7 8 9 9 9 HS
A-12-26-201-436 6 8 8 6 5 MS
TNA1 7 8 9 9 9 HS
PTB33 3 4 5 4 3 MR
Abhaya 5 7 8 8 8 HS
Rathu Heenati/KDML105 5 6 6 6 6 MS
R8-24-1-183-84-227 5 6 7 7 7 S

R8-24-1-183-84-227/ 5 5 5 4 3 MR

A12-26-201-436 (F1)
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Figure 1 Dendrogram presents the relationship of R8-24-1-183-84-227/A12-26-201-436 (F1)

(Rathu227/Abhaya436) and 9 standard rice varieties: Rathu Heenati (Rathu), KDML105,
Abhaya A-12-26-201-436 (Abhaya436), Taichung Native 1 (TN1), PTB33, Abhaya, Rathu
Heenati/KDML105 (Rathu/KDML105), Chai Nat 1 (CNT1) and R8-24-1-183-84-227 (Rathu227)

responded to brown planthopper population in lower northern Thailand
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Biology of Green Scale (Coccus viridis Green) and It's Control by

Insecticides and Entomopathogenic Fungi in Coffee Plantation
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Abstract: Biology of green scale, Coccus viridis Green, and efficacy of various insecticides and
entomopathogenic fungi were studied. The green scales were reared on coffee seedlings better than gardenia
plants in cage under rainproof greenhouse (28.9 +1.84 °C and 62.5 +9.82% RH). Size of egg, nymph at instar
1-3 and adult were 0.16 0, 0.22 +0.02, 0.56 £0.15, 0.98 £0.05, 1.69 +0.02 millimeters in width, respectively and
0.26 £0.01, 0.43 +0.03, 1.13 £0.31, 2.02 £0.01 and 2.92 +0.01 millimeters in length, respectively. An efficacy test
of 4 insecticides white oil, azadirachtin, buprofezin and Beauveria bassiana was carried out in rainproof
greenhouse. All treatments were able to decrease number of scale insects significantly different from untreated
control but no significantly different among insecticide treatments. In field test all treatments were done in the
same pattern. Buprofenzin at 0.025% a.i. was the most effective of controlling green scale and the survival rate
was 17.50% comparing to 83.33% in untreated control at day 16. The latex from green papaya and water at the

ratio 1:1 to 1:5 reduced number of scales down from 51.62% to 5.60 to 11.16% of control respectively.

Keywords: Green scales, Coccus viridis Green, Arabica coffee, control, papain
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Table 1 Efficiency test of insecticides and entomopathogenic fungi to control the green scales in

rainproof greenhouse

Insecticides

Trade name

1-time spray  2-time spray 3-time spray

(treatment) (treatment) (treatment)

water -
white 0il 67% w/v EC
azadirachtin 0.1 w/v SN
buprofezin 25% WP

B. bassiana* -

ovoid

buzil

azadirachtin 111

(3)
(6)
(9)
(12)
(15)

(1)
(4)
(7)
(10)
(13)

(2)
(5)
(®)

(11)

(14)

*B. bassiana isolate were obtained from Agricultural Technology Research Institute of Rajamangala University of Technology
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3) (d) and adult (e)

Figure 2 Green scale, Coccus viridis Green; eggs (a) (circle), crawler (b), nymph (instar 2) (c), nymph (instar

Table 2 Body size of various developmental stages of green scale, Coccus viridis Green, on coffee

seedling the life cycle took for 70 days

Age Body size
Range
Developmental stages Mean +SD (Days) Width (mm) Length (mm)
(Days) Mean +SD Mean £SD

Egg 8.20 +1.75 (6-11) - -
Nymph

Instar 1 (crawler) 10.30 +1.16 (9-12) 0.22 +0.02 0.43 +0.03

Instar 2 9.50 +0.53 (9-10) 0.56 +0.15 1.13 £0.31

Instar 3 11.50 £0.53 (11-12) 0.98 +0.05 2.02 £0.10
Adult 25.90 +0.88 (25-27) 1.69 £0.02 2.92 +0.01
Total life cycle 65.40 +4.85 (60-72) - -
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Table 3 Average number of green scales controlled by various insecticides in rainproof greenhouse

spray times started from day 0, 7 and 14

Treatments
7 days interval Control White oil Azadirachtin  Buprofezin B. bassiana
Survival of green scales (%)w
7 113.76a” 7.49d 12.76d 41.34bcd 31.83bcd
14 126.29a 8.66d 73.33abc 48.67bcd 8.43d
21 84.20ab 35.24bcd 10.16d 4.89d 23.61cd

" number of insects calculated as 100% at the beginning and observed as the increase or decrease compared to the start point

? Means followed by the same letter in the rows and column s are not significantly different at 95% confidence level by Least

Significance Difference (LSD)
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Growth of Gold Cordyceps (Cordyceps militaris) on Pupae of Nanglai Thai Native

Silkworm and Eri Silkworm
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Abstract: Growth and infection ability of Golden Cordyceps militaris on 2 varieties of silkworm pupae, Thai native
silkworm (Bombyx mori) and Eri silkworm (Samia ricini) were tested with two strains of Cordyceps militaris;
CMRU-1 and CM Saraburi, by injection, soaking, and stabbing and soaking pupae methods. The mycelial
suspension injection was the best method of inoculation. The injection of CMRU-1 strain of C. militaris with
mycelial suspension on Nanglai silkworm pupae has shown the highest infection rate with 72.50 percent and
85.50 percent of fruiting body formation and the highest fresh weight of fruiting body with 42.70 g, followed by
CM Saraburi strain of C. militaris on Nanglai silkworm pupae that showed the infection rate with 53.00 percent
and 88.70 percent of fruiting body formation. In addition, the injection of C. militaris strain CM Saraburi on Eri
silkworm pupae has shown the highest infection rate with 26.00 percent, 94.20 percent of fruiting body formation
and the fresh weight of fruiting body with 24.13 g. The content of bioactive components, cordycepin and
adenosine, in C. militaris between the fruiting body and the pupae were different. The highest cordycepin
amount was found in CM Saraburi in fruiting body of Eri silkworm pupae was 445.65 mg/100 g and in Eri
silkworm pupae (insect body) was found 306.41 mg/100 g. The amount in CMRU-1 in Nanglai silkworm pupae
(insect body) was 233.80 mg/100 g. Adenosine contents has shown the highest on fruiting body of CMRU-1 in
Eri silkworm pupae was 13.79 mg/100 g followed by CM Saraburi in fruiting body of Eri silkkworm pupae was
5.93 mg/100 g.

Keywords: Gold cordyceps, silkworm, chemical component, cordycepin

Introduction nucleosides which are antiviral and have many

benefits to pharmacological and medical properties.

From 80,000 known fungi, only 5% of them Cordyceps militaris is the fungus that has
provided many benefits to the human (Isaka et al., ability of insect pupae infection and effective medical
2005). This can be seen in traditional medicine of and pharmacological properties likes C. sinensis but
China, Cordyceps sinensis, the fungus that infected it is able to develop in laboratory easier than C.
on silkworm (Lepidoptera: Bombycidae) and sinensis and is able to grow in other hosts which are
produced fruiting body on the caterpillar's head that silkworms and other media. The commercial
has effective medical and pharmacological products of C. militaris have been available on
properties (Hong et al., 2007). C. sinensis can be healthy food retailers as oral liquid cordyceps tonic,
called in the name as “DongChongXiaCao” (Zhu et tonic cordyceps wine for kidney reinforcing,
al., 1998) that has a fruiting body and has grown on cordyceps health beer, and cordyceps capsules. In
the dead or living caterpillars. The classification of recent years, as increasing attention of the function
the cordyceps is placed in family Clavicipitaceae of C. militaris, foreign manufacturers have shown an
(Hong et al., 2007), has a cylindrical asci, thickened interest, so the exportation of cordyceps products
ascus, and filiform ascospores (Sung et al., 2007) in has been increasing. Presently Japan, Korea,
the black-blade shape (Zhu et al., 1998). The extract Malaysia including Thailand and others countries
from cordyceps is the polysaccharides called as have been increasing their research and

Cordycepin (Paterson, 2008) and other altered
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development of cordyceps as the functional food
(Zhou et al., 2009).

Additionally, traditional chinese medicals
are able to develop many cordyceps products
through modern technology. The products have
been mainly focused on the following aspects:
enhancing physique, anti-aging, protecting the heart,
improving sleep, increasing appetite, increasing
immunity, etc. For instance, C. militaris mycelial
powder and the capsule of C. militaris mycelial
powder had been authorized as a Chinese national
2003. Jilin  Northeast

Pharmaceutical Co., Ltd. reported to the State

drug in April Tiger
Ministry of Health to declare classes of new drugs,
which have been approved and called Xinkeqi
capsules (Zhou et al., 2009).

Sericulture, silk farming can make incomes
to Thai farmers around the country, especially in
north-eastern region of Thailand. The silkworms
encouraged to culture by Queen Sirikit Sericulture
poly
varieties, and bivoltine varieties (Matmathatip and
Campeerawat, 2013). Tayutivutikul et al. (1998)

reported about the method of mulberry leaf utilization

Center are native varieties, into bivoltine

for rearing single cross hybrid silkworm founded that
the greater yield percentage mounting, cocoons,
good cocoons, normal pupae and cocoon shells
were obtained from rearing the silkworms with
BR. 51

Nakornratchasima 60. Moreover, Eri silkworm (Samia

individual mulberry variety of and
ricini) is a new interested for industrial sericulture
because silk is white and size of cocoon are bigger
than mulberry silkworm and oil extracted from pupa
has anti-oxidant properties (Thamee and
Rattanapitigorn, 2011). Pupa of Eri silkworm can
used to be human food products as well.

Since C. militaris grows on silkworm and a

very large number of silkworm pupa are available in
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northern Thailand as a by-product of sericulture,
therefore we used silkworm pupa as host to culture
this fungus in this study under the objective of
examining fungal mycelia and fruiting body of gold
cordyceps and determining content of bioactive
components, cordycepin and adenosine in gold

cordyceps on those silkworm pupae.
Materials and Methods

Host insects: Thai native silkworm (Bombyx mori),

Nanglai and Eri silkworm (Samia ricini).

Fungal strains: Two fungal strains (CMRU-1 and CM
Saraburi) were cultivated by the original mycelia of

Cordyceps militaris.

Inoculum and injection preparation: Gold cordyceps
mycelia were cultivated in PDA using 0.5 mm
mycelial discs grown in a Petri dish (Hong et al.,
2010). The gold cordyceps inoculated media were
cultivated under static conditions at 22 °C for 20-25
days and used as parent strains. After that, the
cultures of gold cordyceps strains in the Sabouraud
medium were prepared into 250 ml flasks and then
were inoculated each flask with the mycelial discs of
the gold cordyceps parent strain from growing
margins on PDA medium (Hong et al., 2010). Then
culture was put on the rotative shaker at the rotative
velocity of 150 rpm at 20-25 °C for culturing the
mycelia for 2-3 weeks, and kept at 22-25 °C
(Zhenxiang, 2004).

Gold cordyceps inoculation: The 6-day-old pupa of
Thai

inoculated with 10° spores/ml of gold cordyceps

native silkworm and Eri silkworm were

suspension all this experiment. There are 3

inoculation  methods, injection, soaking, and
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stabbing and soaking silkworm pupae with mycelial
suspension. In each treatment 200 silkworm pupae

were used in each species.

Treatment 1: Injection method
Gold cordyceps mycelial suspension at
10°

suspension for 0.05-0.1 ml was injected into spiracle

concentration  of spores/ml of  mycelial

of pupae using self-refilling syringe.

Treatment 2: Soaking method
Silkworm pupae in each species were
soaked in 10° spores/ml of mycelial suspension for 3-

5 minutes and allowed them dry by air.

Treatment 3: Stabbing and soaking method
Silkworm pupae were stabbed 10 times
with the sterile self-refilling syringe and then stabbed
silkworm pupae were soaked in 10° spores/ml of
mycelial suspension for 3-5 minutes, allowed them to

dry by air.

Induction of gold cordyceps endosclerotium
After

stabbing and soaking treatments, the pupae were

injection, soaking infection, and
put in transparent plastic boxes and covers with lids
and kept at 22-25 °C (Zhenxiang, 2004) until their
bodies became hard and mummified for 7-9 days

after treatments (Hong et al., 2010).

Induction of gold cordyceps fruiting body
Mummified pupae were cultured to induce
Gold

cordyceps mummies were transferred individually to

fungal fruitng body in cultured boxes.
transparency multi squared boxes and incubated at
22-25 °C, a 12:12 day: light photoperiod for 30-45

days (Hong et al., 2010).

Determination of the bioactive components

The gold cordyceps culture in silkworm
pupae was dried using vacuum drying machine for 5
hours at 60 °C, stored in a plastic box for the analysis
of bioactive components such as cordycepin and
adenosine using HPLC method (Huang et al., 2009).

Results and Discussions

The growth of gold cordyceps on PDA was
fast at the first 3 days and full grown on a Petri dish at
day 21. The mycelial dises were able to use as
inoculum in Sabouraud medium for 14-21 days

(Figure 1).

Silkworm varieties and fungal strains: Two silkworm
pupae varieties, Nanglai and Eri were selected, for
infection of 2 C. militaris strains, CMRU-1 and CM
Saraburi. The pupae that infected by C. militaris died
in 2-3 days and became hard within 7-9 days after

injection (Figure 2). The injection of CMRU-1 on
: —
R

(B)

Figure 1 Growth of gold cordyceps on Potato Dextrose Agar and Sabouraud medium on day 21 (A), and

gold cordyceps suspension in Sabouraud medium at day 22 (B)
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Nanglai pupae showed the highest infection rate with
72.50 percent and 85.50 percent of fruiting body
formation (Table 1) and the highest fresh weight of
fruiting body with 42.70 g followed by the injection of
CM Saraburi cordyceps strain on Nanglai pupae
showed 53.00 percent infection rate and 88.70
percent of fruiing body formation. Whereas, the
injection of CM Saraburi on Eri pupae has shown the
highest infection rate with 26.00 percent, fruiting
body formation at 94.20 percent and the fresh weight
of fruiting body at 24.13 g (Table 2).

In injection method, the injected Nanglai
silkworm pupae by both fungal strains became
harder or mummies earlier than Eri silkworm pupae
did, due to the smaller in size. Light exposure is able
to induce fruiting body formation on mummied
pupae and can be harvested during 15-18 days.
Bioactive content of cordycepin and adenosine, the
cultured gold cordyceps on silkworm pupae were

determined (Figure 3).

Figure 2 Harden pupae infected by C. militaris after 7-9 days of inoculation on Nanglai silkworm pupae (A),

and Eri silkworm pupae (B)

Table 1

Infection and fruiting body formation rate of C. militaris on silkworm pupae by mycelial

suspension injection method at the concentration of 10° spores/ml

No. of pupae No. of pupae Fruiting Body
Infection Rate (%)
Fungal tested infected Formation Rate (%)
strains Nanglai Eri Nanglai Nanglai Eri Nanglai Eri
silkworm  silkworm silkworm silkworm silkworm silkworm silkworm silkworm
CMRU-1 200 200 145 72.50 23.00 85.50 93.40
CM Saburi 200 200 106 53.00 26.00 88.70 94.20

Table 2 Weight of fruiting body formation of C. militaris on silkworm pupae after 30-45 days of mycelial

suspension injection method at the concentration of 10° spores/ml

Nanglai silkworm pupae

Eri silkworm pupae

Net weight (g.)

Fungal Fresh weight Dry weight Fresh weight Dry weight Nanglai Eri

strains (g.) (g.) (g.) (g.) silkworm silkworm

CMRU-1 42.70 19.48 22.59 16.76 62.18 39.35
CM Saraburi 18.94 14.95 24.13 15.98 33.89 40.11
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The cordycepin amount found in fruiting In stab and soak infection method, the
body of CM Saraburi from infected Eri silkworm hyphae of C. militaris were able to grow on 2
pupae was 445.65 mg/100 g and from Eri silkworm varieties of silkworm pupae in 3-9 days after
pupae was 306.41 mg/100 g. Meanwhile, those infection, however at day 15, the hyphae of CMRU-1
CMRU-1 from infected Nanglai silkworm pupae was on Nanglai and Eri silkworm pupae were collapse
233.86 mg/100 g. The adenosine content on fruiting (Figure 5). The same pattern was found in hyphae of
body of CMRU-1 from infected Eri silkworm pupae CM Saraburi on Nanglai pupae at day 27 after
was 13.79 mg/100 g followed by in fruiting body of infection.

CM Saraburi from infected Eri silkworm pupae was In this study, the gold cordyceps strains
5.930 mg/100 g (Table 3). played an important role of fungal growth because

In the soak infection method, 3 days after fungal strains had to develop vigorous hyphae which
infection, hyphae of C. militaris were white in color, were able to infect into the host (pupa) and fruiting
fluffy cotton (Figure 4) but at 15 days after infection, body could grow effectively on a good length.

the hyphae of CM Saraburi on Nanglai and Eri According to Hong et al. (2010), the intensity of light
silkworm pupae were collapse and no growth at all, used to induce the fruiting body of C. militaris was

meanwhile, the CMRU-1 on Nanglai silkworm pupae between 500-1,000 Ix, which could induce the length

were able to develop when exposed to light for 24 of fruiting bodies ranged from 61.00 to 76.00 mm.
hrs. However, the fruiting body was not produced. The fruiting bodies produced in this light condition
[ r - ' [

b : ‘ e
Figure 3 Gold cordyceps preparation for cordycepin and adenosine analyses. Fresh gold cordyceps
mushroom on pupae (A) Dried gold cordyceps cultured on silkworm pupae (B) Ground gold

cordeyceps fruiting bodies (C) Ground gold cordyceps grown on silkworm pupae

Table 3 Content of cordycepin and adenosine of C. militaris cultured in silkworm pupae for 45 days

Strians of gold Cordyceps Bioactive ingredient (mg/100g)
Samples
and silkworm cordycepin adenosine
Fruiting body 130.34 0
CMRU-1, Nanglai
Insect body (Pupa) 233.86 3.980
Fruiting body 175.60 13.790
CMRU-1, Eri
Insect body (Pupa) 230.00 3.400
Fruiting body 113.50 0
CM Saraburi, Nanglai
Insect body (Pupa) 158.77 1.940
Fruiting body 445.65 5.930
CM Saraburi, Eri
Insect body (Pupa) 306.41 4.510
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Figure 4 Gold cordyceps hyphae grown on silkworm pupae inoculated by soaking with gold cordyceps
mycelial suspension on Nanglai silkworm pupae after soaking for 3 days (A1), 15 days (A2) on Eri

silkworm pupae after soaking for 3 days (B1) and 15 days (B2)

(B1)
»

N | - - 2. N

Figure 5 Gold cordyceps hyphae grown on silkworm pupae inoculated by stabbing and soaking with gold
cordyceps mycelial suspension on Nanglai silkworm pupae after stabbing and soaking for 3 days
(A1), 15 days (A2) on Eri silkworm pupae after stabbing and soaking for 3 days (B1) and 15 days

(B2)
were thick and long, and cylindrical or clavate shape infection rate on Nanglai silkworm pupae at 72.50
with orange in color. In this experiment, the same percent, formation of fruiting body was 85.50 percent
results were found and the older silkworm pupae and the highest fresh weight of fruiting body was at
tended to be contaminated by airborne fungi and 44.70 g. The highest cordycepin concentration was
infected by flies. Bioactive components, cordycepin found in fruiting body of CM Saraburi from infected
and adenosine, in this study showed closely amount Eri silkworm pupae at 445.65 mg/100 g and the
to the report from Huang et al. (2009) that found the highest adenosine concentration was found in
average contents of cordycepin and adenosine in fruiting body of CMRU-1 from infected Eri silkworm

artificial cultural C. militaris fruiting bodies were 265.4 pupae at 13.79 mg/100 g.
and 245.0 mg/100g, respectively.
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Abstract: This study was carried out to investigate the effects of dried-fermented rice (DFR), yeast and probiotic
supplementation on egg production, carcass characteristic and meat quality of spent laying hen. Six-hundred of
85 weeks ISA Brown hens were assigned to a completely randomized design. There were 4 treatments, 6
replications with 25 hens. Twenty one days before slaughter, birds were fed with basal diet as control group
(T1), basal diet with 1% DFR (T2), basal diet with 0.5% yeast powder (Saccharomyces cerevisiae) (T3), and
basal diet with 0.1% probiotic (Bacillus cereus var. toyoi) (T4). The results showed that supplementation with
DFR, yeast or probiotic did not affect hen day production percentage and carcass characteristics of spent
laying hens. Yolk redness increased significantly (P<0.05) in the T3 and T4 group compared with T1 and T2.
Weights of ovary tended to be higher in DFR groups (P=0.052). However, the redness of meat from DFR group
tended to be lower compared to the other groups (P=0.053). Considering pH and shear force of meat were not

statistically difference.

Keywords: Dried-fermented rice, yeast, probiotic, egg production, carcass, meat quality, spent laying hen
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Table 1 Egg production and quality from spent laying hen fed diet supplementation with dried-fermented rice,

yeast or probiotic

Parameters T1 T2 T3 T4 Pooled SE P-value

Hen day production, % 76.87 77.10 79.83 77.60 0.87 0.635
Size 0 12.58 12.40 12.97 15.43 0.93 0.657
Size 1 33.27 35.64 32.81 33.65 0.99 0.780
Size 2 33.47 35.00 29.29 31.17 0.86 0.086
Size 3 15.23 13.13 17.59 15.74 0.86 0.354
Size 4 4.75 3.33 6.60 3.60 0.53 0.114
Size 5 0.58 0.50 0.75 0.42 0.16 0.912
Small Size 0.13° 0.00° 0.00° 0.00° 0.02 0.010
CIE a* value of egg yolk 15.19% 15.03° 15.80° 15.78° 0.13 0.047
CIE b* value of egg yolk 33.69 34.10 34.05 34.70 0.22 0.484
CIE L* value of egg yolk 53.61 53.02 52.82 53.21 0.16 0.367

*® Different superscripts within each row are significantly different (P<0.05)

T1 = Control group (Basal diet); T2 = Basal diet + 1% dried-fermented rice; T3 = Basal diet + 0.5% yeast powder (Saccharomyces

cerevisiag); T4 = Basal diet + 0.1% probiotic (Bacillus cereus var. toyoi)
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wefifustnegszndng 64.92-70.63% wanaliiiiugn
nstlanszanaadlilifieng fissnndn fuweBindaa
wliiefifuimnanas 2eludoureshunaniiely
mnaeslidulaedadlunjuistuegfuenguaziomin
a9l Tagliwuminazfaniiandnliwugiun
(Kondaiah and Panda, 1992) a1NNANIINARRINLLN
wefidusnaelineenguil i Funisiddudiming
uualiia (P=052) gefiqm e 4.39% \Waifiauiungy
AYLIANAD 3.64% Naudsnamdn Bas uaz slule-
Ain nanisAnluenmsuadnlddanszanaflungn 21
Surionsin bifluase wesidufmn thunauientien
agetnn uaziminasldeausiliilianszans
Slefiansnnauiunsasig (pH) 7 45
W uay 24 Faluandasin o lifanuuAnsney
lunsazngunIaaey AadAENINe 5.32-557
13U 45 wusnuassin uay 5.40-5.58 ludag 24
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Table 2 Carcass characteristic of spent laying hen fed diet supplementation with dried-fermented rice,

yeast or probiotic

Parameters N T2 T3 T4 Pooled SE P-value
Slaughter weight, g 1,983.00 2,116.00 2,083.00 2,083.00 25.18 0.303
Hot carcass weight, g 1,288.21 1,432.22 1,370.97 1,470.63 33.02 0.231
Dressing percentage, % 64.92 67.67 65.81 70.63 1.08 0.278
Breast, % 13.93 13.70 11.46 11.23 0.59 0.220
Thigh, % 12.53 13.27 12.84 11.69 0.53 0.847
Ovary, % 3.64 4.39 2.88 2.70 0.28 0.052
pH,, (at 45 min after slaughter) 5.33 557 5.41 5.32 0.07 0.573
pH,, (at 24 hr after slaughter) 5.40 5.43 5.47 5.58 0.06 0.778
Shear force (kg) 3.38 3.86 3.29 3.53 0.12 0.389
CIE a* 3.89 1.95 4.32 5.10 0.48 0.053
CIE b* 16.45 14.76 17.53 17.10 0.44 0.056
CIE L* 50.52 51.92 52.39 54.49 1.01 0.690

T1 = Control group (Basal diet); T2 = Basal diet + 1% dried-fermented rice; T3 = Basal diet + 0.5% yeast powder (Saccharomyces

cerevisiae); T4 = Basal diet + 0.1% probiotic (Bacillus cereus var. toyoi)
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Abstract: The aim of this research was to study the effects of using fermented corncob to replace commercial
feed mixed in native crossbred chickens. The grinded corncob was fermented with yeast and molasses. Then,
two hundred of the native crossbred chickens were divided into 5 groups. The fermented corncob was replaced
to the commercial feed mixed at 0, 5, 10, 15 and 20%, respectively. The native crossbred chickens were fed for
16 weeks. The results showed that body weight gain (WG), feed intake (Fl), average daily gain (ADG) and feed
conversion ratio (FCR) were not significant difference with the control group and feed cost per gain (FCG) at 5,
10 and 15%, replacement groups were decreased 3, 6 and 10%, respectively. However, when the replacement

was increased to 20% the performances were significantly lower than the control group (p<0.05).

Keywords: Native crossbred chicken, fermented corncob, performance
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Table 1 Chemical composition of natural corncob and fermented corncob

Composition

Natural corncob

Fermented corncob

Dry matter (DM, %)

Crude protein (CP, %)

Ether extract (EE, %)

Crude fiber (CF, %)

Ash (%)

Nitrogen free extract (NFE, %)

91.35 88.37
2.03 6.34
0.34 2.31
75.98 46.58
5.41 4.22
7.59 28.92
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Table 2 The performance of Native Crossbred Chickens fed diet supplementation

with fermented

corncob
Parameters T T2 T3 T4 T5
Initial weight (g) 32 +£0.71 33 +£0.74 31 +0.73 32 +0.75 33 +0.72

1,689 +46.15"
1,657 +37.12°

Final weight (g)
Weight gain (g)

1,688 +38.59"
1,635 +32.71°

Feed intake (kg/bird) ~ 5.82 +0.51 5.84 +0.42
ADG (g/day) 14.79 +4.40°  14.59 +3.41°
FCR 3.52° 3.57°
FCG (Baht/kg) 52.78 51.41
Cost reducing (%) 0 3

1,656 +32.14°
1,652 +33.95"

1,441 £37.18°
1,408 +31.39°

1,654 +34.32°
1,622 +31.11°

5.85 +0.21 5.84 +0.39 5.80 +0.38
14.75+3.26°  14.48 £3.20°  12.57 +1.36°
3.60° 3.60° 4.12°
49.64 47 51 51.88
6 10 2

*® means within the same row with difference letter are statistically significant (p<0.05)

Mean +SE
ADG = Average daily gain
FCR = Feed conversion ratio

FCG = Feed cost per gain
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Abstract: An experiment aimed at determining the effects of nitrogen rate on yields, chemical composition and
ruminal degradability of Pangola grass grown (Digitaria eriantha) on Hub-Kapong Soil Series was conducted.
The experimental design was randomized complete block with 4 replications. Five rates of nitrogen fertilizer
(urea), comprising 0 (control), 8, 16, 32 and 64 kg N/rai were compared. The results showed that total dry matter
production of the grass received 64 kg N/rai (2,162 kg/rai) were greatest (p<0.001). Crude protein contents of
the grass received 64 kg N/rai and harvested at 30-day interval were higher (p<0.001) (7.42%) than those
received nitrogen less than 16 kg N/rai (6.17%). However, different nitrogen rates did not influence (p>0.05) dry

matter ruminal-degradability of the grass.

Keywords: Pangola grass, nitrogen fertilizer, chemical composition, dry matter degradability
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HANAALATARINNTBIME U INAN4e Assiasdingg
Jnneilaatinamnnzandeazinliilss@nsninaes
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Amun TARY WATENIRANLUNTNARDY
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feuBuAunases Ae WeAuduRunse Ay
dsiurestnumadesiuanuaenly wenluiien uas
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Ana wavi lulnsiauievun (total
Bremmer et al, 1982) 0.04 Lﬂ@i‘lﬁ]um mwmﬂmumu
wummmmummmuwm (NSRBI AL,
2543)
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LHUNITNARDILASNTTNITNARDY
Q’NLLmuma“wmmtmuzﬁu@mgmﬁmﬂu
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aca A 1+ al o 1 v 1
NFTHITNAADY AR mﬂzﬁﬂﬂ%wﬂ Tuszausing ] A
0 (NNAILIAN), 8, 16, 32 WAT 64 NN. N/l3

MsanNsulaImAang

wireNARAaanTlanaw Usuannudagld
fianuatitiane anuiiulamaaedang 3 x 4
AN9ILMAT BNTaULUAN4Y 30 LIURLNAT LAY
Avua Wulaswmaasasaziiurisainiuesinatios 1

Adl v o dﬁl aa
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Twuwnadasluglaesnumadsnnaalss (KCI) 8691
20 nn. K,0/l4 fwsumslade hilpnauidlalugil
y3elnoudald Tun ldebmitanseniuijoseity
uazBnFimiuieanidu 4 dau 7 azvin iU uaz
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271 1 HadLuns TinssiesAdsznauniand lHun
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protein, CP) (AOAC, 1998) wilaitia (neutral detergent
fiber, NDF) wavanluimaglag (acid detergent fiber,
ADF) (Van Soest et al., 1991)

nsAnEN1sEasdaeluNssLNIZFIN (ruminal
degradability)

wsat i dniulE lunsAneniseae
AR TUNITINITTINUNILANIUAZUNTNIUIA 2
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100 HAALWAT uazdzauim 58 luaseu neastlszunn
2 n¥u Fadngaliiudufsadenluaeu uazinly
neiaulunszinizuinaesiaiaiznazinig (umen
fistulated cattle) LWAE @1 15 1hawW AW 4 79 Tng
Anuua liilausazaa A Fusnetnannnssnisnaaes
nITNAENARBIAY 2 01 eliun 48 dalug A
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dalue mniuAsdnniedduinsdenaang es
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[(Whudinuiangnnauneau - UNUINUISAIIUAY
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McDonald, 1979)
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Table 1 Dry matter production and chemical composition of pangola grass received different rates of

nitrogen fertilizer

Nitrogen levels (kg N/rai) Dry matter (kg/rai) M (%) CP (%) NDF (%) ADF (%)
1% cut (60 days after planting)

0 368° 24.69 6.24 76.57" 36.67"
8 414" 23.50 5.99 72.03° 45.92%°
16 500 24.76 6.51 75.81%° 51.12°
32 584° 23.61 6.52 78.79° 50.63"
64 590° 25.73 6.77 73.66™ 43.40%°
SEM' 36 0.90 0.29 1.18 2.87
Significance > ns ns * *
Regrowth (30-day interval)’

0 155° 25.73 5.56° 75.05 48.11
8 237" 25.60 5.86" 74.30 48.14
16 260" 25.97 6.17° 76.93 47.12
32 263° 26.68 7.16" 75.49 48.55
64 393° 27.27 7.42° 77.90 50.11
SEM' 29 0.55 0.26 1.71 2.75
Significant level * ns i ns ns

Total dry matter production

0 987
8 1,363
16 1,540°
32 1,637°
64 2,162°
SEM' 124

Significant level

'SEM: standard error of the mean (N=4)

2
average from 4 cuts

*® Means with in the same row with different superscripts are significantly different

*k.

% p<0.001, **; p<0.01, *; p<0.05, ns; non-significance

dnanslailelulnsiaun 64 Alaniu N3 &
mm‘Lummmmmemumwmwn 730 5u uaz
mmmmmuuﬂLmqmmmumwmm@ﬂmmm
(p<0.01) ENENT UATATUE (2551) 3189711 Ngldi]e
Tuinsaudnageludanalinisuanuaneaesive
P o 8 S o oy o &y Y a aa
Wnduiazin i wminuiainauiag wigdnudidsiag
nlgnlugabuunensdedianugananysninouing
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\UATEUTHARNN ] Az T S T R Y
mi‘l@ﬂﬂiuimmummu (ARST WAZATUY, 2541;

Faria et al., 1997)
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FAYEnN 7] 30 T Wudn §ms 64 nn. N/s Haninlii
weunslnanilefiusllsiunenugefigalneiia
1l 7.42 witldwmnng (p>0.05) ﬁunzjuﬁ”l,%uﬂﬁ 32
nn. /13 atialafiana mﬂzdﬂﬂﬁ”q 2 8m91 A lin]
wefidusillsfumnenugenda (p<0.001) ﬂ@uwimsuﬂﬂ
hilpnauiishmmniuaenguAILAN Tansiiugnm
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AR Tiuagmin Ui daamziisi
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ety mslii uaz grugfl (Viana et al.
2014)

ueunsinaniiannmesaassusnudgn
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Tugaauay 9 szndng 7279 wWedidus uay 36-50
WeSfud arnady (An91eit 1) taenislaile
Tulnsaudnsn 32 nn. N3 drndefidusiniaags
‘ﬁlqmﬂu 78.79 wlafifus lduansneiuiunisldily
#1371 0 wax 16 nn. N3 waliiAumneFnarii (p<0.05)
Aunsldiedna 8 uaz 64 nn. N/ls nsldiledna 16
nn. N3 fananTuisaglaagefigaiflu 5112
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Tulnseunisenisadasuudasrealadiduditialelu
U U = 1

P NIAFBUNANNULTLIUNIN 11U Johnson et al.
(2001) 919 Msladlelulnsauiaauinannli
1 Cynodon  dactylon HansiEialesine < anag
luatus Hare et al. (2015) wuan nsladlelulnsiau
WA linen Panicum maximum Higlalasing
WNTU atinglsfin Rogers et al. (1996) $1EMNUIN
‘]Jﬂ"Lu‘Emmuumam@mm@lam’m 1 lweremsdnd
aseutiasunnianenaflumang 41818 289U YN
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d‘ U U ] 1 = ‘ﬂl

au ) nevemseudiulunjazinsazananately
luszaugasisusianyilas (Gomide et 1969;
A32ANG LAzADLE, 2555)

al.

N1staaaaTE lUNSLINIZSINUABINUNGINET
ananstietaans lunIunnzguaINIgn 1
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nsnuldl (Detmann et al, 2014) aINNNsAN®ING
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0 7 30 Ju InefiAnstdes|fieg sendng 66.84-69.55
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In§iReTuneEnuTes 99904 uazAM (2549) 7
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ANllszante 60.64 tUadidus Ngo and  Wiktorsson
(2003) 189U m&;mﬁmﬂuﬂﬁw@“ﬂﬁﬁmm
N3tiatdANL eI Rg iNTeInT1e M sdRdlansany
Tnendle e wnsdnddenguiniuazilniamis
Tnauzsaudenistiasaneldanas uraziifiels
s eeindlsfinnn lunimaaesrded veinunaingn
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Table 2 Ruminal degradability (%) of dry matter of pangola grass (DM basis) received different rates of

nitrogen fertilizer (kg N/rai)

Nitrogen rates

1% cut (60 days after planting)

Regrowth (30-day interval)1

0 68.00 69.33

8 69.52 66.54

16 68.74 65.39

32 69.55 67.49

64 66.84 66.06

%CV 2.64 5.13

Significant level ns ns

1averaged over 4 cuts, ns; non-significance (p>0.05), N = 4

lulnsiauiiuansnaiuudiazin v runalngail LAN&19219D
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Partial Sequence Characterization of Insulin-like Growth Factor-I (IGF-I) Gene in
Mekong Giant Catfish (Pangasianodon gigas) and
Striped Catfish (Pangasianodon hypophthalmus)
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Abstract: Insulin-like growth factor-l (IGF-I) plays an important role in development and growth of multiple
species including fishes. IGF-I may also contribute to high growth traits of an endangered species and the
largest fresh-water fish, the Mekong giant catfish (Pangasianodon gigas) as well as an economically important
species, striped catfish (Pangasianodon hypophthalmus). Nevertheless, nucleotide sequences of IGF-I in these
two species has not been available. Thus, the goals of this research are to study sequence isolation and
comparative sequencing of IGF-I of the other species. Degenerate primers were designed from a highly
conserved region of a closely related species, channel caftfish (/ctalurus punctatus). A fragment of 146 bp was
amplified, cloned and sequenced from P. gigas and P. hypophthalmus DNA samples. A sequence comparison
showed 99.3% of sequence similarity, and comparative sequencing identified the single nucleotide
polymorphisms (SNPs) at g.60C > T position between P. gigas and P. hypophthalmus. The Neighbour Joining
clustering analyses grouping the catfish (P. gigas, P. hypophthalmus and I. punctatus) with 24.4% of sequence
similarity from consensus sequence of other species. This is the first report on nucleotide sequence of the P.
gigas and P. hypophthalmus IGF-I gene. The results provide essential information for sequence relationship

study and further understanding functional roles of IGF-I in Mekong giant catfish and striped catfish.
Keywords: Insulin-like growth factor-I, molecular characterization, Pangasianodon gigas, P. hypophthalmus
Introduction day length (McCormick et al., 2000), metabolism

(Castillo et al., 2004), development (Greene and
Insulin-like growth factor-l (IGF-I) is a Chen, 1999; Pozios et al., 2001), reproduction

peptide hormone structurally similar to proinsulin and (Maestro et al., 1997), and osmoregulation in
plays an important role in mammalian growth and seawater (McCormick, 2001).

development (Daughaday and Rotwein, 1989). In The highly conserved IGF system is
teleost IGF-I is primarily expressed in liver, but it is generally composed of the ligands IGF-I, IGF-II
also produced in variety of tissues (Maures et al., (Reinecke and Collet, 1998) and IGF-IIl (Wang et al.,

2002). Moreover, IGF-I also has a role in regulating 2008). Mature IGF-I peptides share high levels of

postnatal growth in mammals and fish (Florini et al., amino acid sequence similarity between vertebrates
1996; Duan, 1997; Reinecke and Collet, 1998; (Duan, 1997). Not only sequence similarity of amino
Moriyama et al, 2000). The production of IGF-I acids, but also the gene expression and function
depends on growth hormone and other endocrine have been demonstrated to be conserved between
factors, such as thyroid hormone (Schmid et al, fishes and mammals (Duan, 1997) possibly via
2003) and/or estrogen (Riley et al., 2004). In several evolutionarily conserved polypeptides (Duan, 1997;
fish species, blood and tissue IGF-I levels positively 1998). Although the nucleotide sequence of IGF-I
correlate with dietary ration, protein content, and gene are reported in Genbank databases for several
body growth rate (Beckham et al., 2004; Duan, 1998; fish such as channel catfish (/ctalurus punctatus)
Pérez-Sanchez et al., 1995). The blood IGF-I also (Clay et al., 2005), Oreochromis niloticus (Wang et
increase during the growing season (Mingarro et al., al., 2008), Danio rerio (See et al., 2014), the
2002), increase temperature (Beckham et al., 1998), information is limited for Pangasius catfish species.
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The Pangasius catfishes such as Mekong giant
(P. gigas) (P.

hypophthalmus) are ecologically and economically

catfish and striped catfish
important freshwater catfish in Thailand. The Mekong
giant catfish is the largest freshwater fish which could
reach a weight up to 300 kilograms (Roberts and
Vidthayanon, 1991; Zanden et al., 2004). Despite
their ecological and economic importance, genetic
information is still limited. Only the complete
mitochondrial DNA sequence (Jondeung et al.,
2007) and growth cDNA

(Lemaire et al., 1994) of the Mekong giant catfish

hormone-encoding

have been reported. IGF-I has gained our attentions
since it may functionally contribute to the high growth
potential and performance of the Mekong giant
catfish based on large body size and weight.
Therefore, in this study we aimed to identify DNA
sequence and relationship of IGF-I in P. gigas and P.
hypophthalmus using comparative sequencing
approach and degenerate primers designed from
the most conserved exon 3 and 4 of /. punctatus

(Clay et al., 2005; Peterson et al., 2005).

Materials and Methods

Fish samples

A total of 40 individual catfish of P. gigas (n
= 20) and P. hypophthalmus (n = 20) were obtained
from Chiangrai and Chiangmai Inland Fisheries
Research and Development Center, Department of

Fisheries, Thailand.

DNA Isolation

Genomic DNA was extracted from fin
samples using  phenol-chloroform  extraction
procedure slightly modified from the protocol
described by Harris et al. (1991). The samples were

minced and digested at 37 °C overnight in 700 uL of
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TNES-urea buffer (1mM Tris-HCI pH 8.0, 6 M NaCl,
0.5M EDTA pH 8.0, 10% sodium dodecy! sulphate,
and 4M urea) containing 4 uL of proteinase K
solution (20 ug/mL) (Invitrogen, USA). An equal
volume of phenol-chloroform (1:1 vA) was then
added and mixed until an emulsion formed.
Separation of the DNA contained aqueous phase
was achieved by centrifugation at 10,000 rpm for 10
min. The phenol-chloroform extraction step was
repeated twice. DNA was precipitated with 1/10 of
the volume of sodium acetate (3.0 M, pH 5.2) and an
equal volume of isopropanol, washed twice with 70%
ethanol and followed by air dry. Finally, the DNA was
dissolved in a Tris-EDTA buffer and stored at -20 °C.
The DNA concentration was determined using a
spectrophotometer (NanoDrop 2000, Thermo Fisher
Scientific Inc., USA) and assessed for integrity on 1%

agarose-gel electrophoresis.

Cloning and Sequencing

A sequence alignment of IGF-l across
multiple fishes showed a highly conserved region
corresponding to exon 3-4 of the channel catfish.
Degenerate primers were designed from the channel
caftfish (/ctalurus punctatus) sequence (DQ 088971).
The primer 5'-
TTGCACAACCGTGGCATCG-3"  (forward  primer)
and 5-TTTGGTGTTTTGGGCGTGTC-3

primer). Each of eight DNA pools was generated

seqguences are

(reverse

from five individual of P. gigas or P. hypophthalmus
(total Nn=40)
experiment. A PCR fragment was amplified using a
touchdown PCR condition: 94 °C for 3 min, followed
by 12x cycles of [94 °C for 30 s; 60 - 52 °C for 30 s
(minus 0.5 °C for each cycle); 72 °C for 1 min] and
20x cycles of [94 °C for 30 s; 52 °C for 30 s; 72 °C for

1 min], and final extension of 72 °C for 5 min. The

for a comparative sequencing

PCR product were purified and ligated into the
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pGEI\/I®-T vector (Promega, USA). The recombinant
DNA was transformed into competent cells (DH50
strain) and the blue-white screening method was
used to identify a positive clone harboring the insert
DNA fragments according to the manufacturer's
protocol. Plasmid DNA was extracted from bacteria
culture using GenElute™ Plasmid Miniprep Kit

(Qiagen) for sequence analysis. Nucleotide
sequence was determined using CEQ 8000 Genetic
(Beckman Coulter) using Dye
Terminator (GenomelLab™
DTCS) Quick Start Kit (Beckman Coulter). The

similarity search was performed using basic local

Analysis System

Cycle  Sequencing

alignment search tool namely BLAST at the NCBI
webpage. The search analysis blast the query
sequence against all sequences deposited across
the database. The phylogenetic tree was generated
using Neighbor-Joining method with 1000 bootstrap
trials (Saitou and Nei, 1987) implemented in the
MEGA 4.0.2. The sequence similarity was evaluated
by CLUSTAL W software in BioEdit Sequence
Alignment Editor.

Results

Partial sequence of P. gigas and P. hypophthalmus
IGF-I

The degenerate primers designed from
channel catfish IGF-I corresponding to exon 3 and 4
were able to amplify a PCR fragment in all P. gigas
and P. hypophthalmus DNA samples (Figure 1). The
fragment length was 146 bp which was the same
size as in channel catfish. The sequence alignment
of P. gigas and P. hypophthalmus IGF-I showed
99.3% similarity which 145 out of 146 bp were
identified.

sequence of Mekong giant catfish, striped catfish

Comparing between a consensus
and the reference of channel catfish IGF-I showed
98% similarity (144/146 bp) among these three
species. A sequence comparison of IGF-I cloned
from different DNA pools of P. gigas and P.
hypophthalmus showed sequence difference at the
position g.60C > T. Two clones derived from the
DNA pool number 2 and 4 of P. gigas showed T

allele, while the other two clones from DNA pool

Figure 1 PCR amplification of IGF-I in pooled DNA of P. gigas (lane 1-4) and P. hypophthalmus (lane 5-

8). Lane M represents for 100 bp markers and lane C for water negative control
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1 and 3 of the same species revealed C allele
indicating a heterozygosity of the locus in P. gigas.
Amino acid prediction suggested that the single
nucleotide polymorphisms (SNPs) is non-sense, both
alleles code for Leucine. In P. hypophthalimus, all
four clones sequenced identified only the C allele
suggesting a non-polymorphic likelihood of the locus
in striped catfish. However, genotyping in a large
population is warranted. In addition, comparing a
P.
hypophthalmus IGF-I with that of the . punctatus

consensus sequence  of gigas and P.
identified two sequence variations at g.75A > G and
g.78A > G positions (Figure 2). These two SNPs
were synonymous substitutions and did not change

the amino acid prediction for Alanine and Proline.

Phylogenetic analysis

Base on the genetic distances calculated
with the Poisson correction model, a phylogenetic
tree was constructed by the Neighbour-Joining
method to investigate the phylogenetic relationships

of the IGF-l gene in vertebrate species (Figure 3).

Show overview ][ Change sze || Excude v |

The

separated into two groups, one is compose of the

results showed that these species were

catfish together with other teleost species. While
another group was composed of mammals, bird and
teleost. In the branches of the P. gigas and P.
hypophthalmus from consensus sequence of other
species, however they showed closely related with
Ictalurus  punctatus, suggesting that this genomic
region is highly conserved of IGF-l sequence
this
consensus sequence with other species using
CLUSTAL W alignments between P. hypophthalmus

between the catfish species. Comparing

and other species also showed a wide range of
sequence similarity including [Ictalurus punctatus

(24.4%), Danio rerio (7.6%), Oreochromis niloticus

(18.9%), Ctenpharyngodon idella  (14.1%),
Elopichthys bambusa (13.4%), Cyprinus carpio
(8.1%), Procypris rabaudi (19.6%), Carassius
auratus (13%),  Larimichthys  crocea (5.1%),

Oncorhynchus mykiss (12.7), Gallus gallus (13%),
Homo sapiens (1.3%), Bos taurus (11.8%), Sus

scrofa (17.8%) shown in Table 1.

Position [60

Figure 2 Sequence alignment and single nucleotide variation of a 146 bp fragment of IGF-I using BioEdit

sequence alignment program. Pooled DNA sequencing in P. gigas and P. hypophthalmus

showed the g.60C > T SNP. Comparing with the channel catfish (/ctalurus punctatus) reference
identified two SNPs, g.75A > G and g.78A > G
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Figure 3 Phylogenetic tree of IGF-I gene between Pangasianodon gigas, P. hypophthalmus, Ictalurus
punctatus (DQ 088971), Danio rerio (BC114262), Oreochromis niloticus (NM_001279503),

Ctenopharyngodon idella (EU051323), Elopichthys bambusa (JF712623),

Cyprinus carpio

(D83271), Procypris rabaudi (EU787399), Carassius auratus (GU583648), Larimichthys crocea
(NM_001303334), Oncorhynchus mykiss (NM_001124696), Gallus gallus (NM_001004384),
Homo sapiens (NM_000618), Bos taurus (NM_001077828), Sus scrofa (NM_214256) using
Neighbor-Joining method with 1000 bootstrap procedure

Discussion

In this study, the conserved sequences

were characterized and phylogenetic tree
analyses. The partial sequences of IGF-I of P.
gigas and P. hypophthalmus were isolated and
that this

genomic region is highly conserved between P.

sequenced. The results suggested

gigas, P. hypophthalmus and I. punctatus (Figure
3).

between /.

The comparison of sequence similarity
P. gigas and P.

hypophthalmus was 24.4% as shown Table 1. In

punctatus,

addition, the phylogenetic tree was constructed,
the comparison with other vertebrate clearly
separated of two distinct groups. It has been

shown that the catfish IGF-I gene was quite
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different from other fishes, avian, and mammalian
species (Clay et al., 2005). The genome evolution
and biodiversity in teleost fish showed that catfish
closely related with Danio rerio (Volff, 2005),
however, our partial sequence of IGF-I gene in P.
gigas, P. hypophthalmus similarity with Danio reio
only 7.5%. Whereas, /. punctatus showed high
closely related with Danio rerio (32.6%) (Table 1).
The

between Pangasius catfish and Danio reio, it

low of sequence similarity percentage

might be from the short sequences (146 bp). The
high potential will appear if we found the full length
of this gene. In the conserve amino peptide of
IGF-I, it was found that 87% amino acid identity of
walking catfish (Clarius macrocephalus) when

compare with Black seabream (Acanthopagrus
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schilegeli) (Chen et al., 1998). However, the high
conserve sequences that produce only in the
brain (McRory and Sherwood, 1994).

The polymorphism of IGF-I gene in P.
gigas and P. hypophthalmus, a synonymous SNP
was identified at the position g.60C > T in P.
gigas. Although the SNP does not change the
amino acid sequence and is unlikely to change
functions of the protein, the SNP may be closely
linked to yet uncharacterized causative SNPs.
Therefore, the SNP may be useful as a valuable
genetic marker for association study in a
segregated population. The IGF-I gene information
in Pangasius catfish are still limited. A polymorphic
CT/GA microsatellite close to the end of intron 1 of
IGF-I has been previously reported in catfish.
Other

performance gene, growth hormone (GH) in P.

characterization of a relevant growth
hypophthalmus suggests that the gene is highly
conserved compared to vertebrates. Moreover, a
high degree of similarity of the GH amino acid
sequence between P. gigas and [. punctatus has
been demonstrated (Poen, 2009). The GH in P.
hypophthalmus and P. gigas are closely related
based on the similarity of amino acid sequence. A
substitution of asparagine and serine at the
163 has

between P. gigas and P. hypophthalmus (Poen,

position been previously reported
2009). In this study, partial sequences of the P.
gigas and P. hypophthalmus IGF-I gene were high
similarity, but nucleotide sequence was difference,
it showed SNP at position g.60C > T (Figure 2).
From this result, it might be cause of the variation
on body weight in P. gigas and P. hypophthalmus.
However, growth performance trait was depended
on genetic background and environment.

For functional study of the gene, an

expression of IGF-I has been reported in multiple
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fish species including embryos and larvae of sea
bream (Sparus aurata) (Radaelli et al., 2003),
rainbow trout (Perrot and Funkenstein, 1999), and
common carp (Cyprinus carpio) (Tse et al., 2002).
the IGF-I

detected as early as in unfertilized eggs in

Interestingly, transcript has been
development stage of seabream (Fukenstein et
al., 1996) and rainbow trout (Greene and Chen,
1997). However, it is only detected after hatching
and during embryogenesis in rabbitfish (Siganus
guttatus) (Ayson et al., 2002). A study of the IGF-I
gene in Chilean flounder (Paralichthys adspersus)
high

protein

has been suggested a of

the

degree

conservation  of family  during
vertebrate evolution (Elies et al., 1999; Nakao et
al., 2002). In catfish, IGF-I mRNA expression on
channel catfish is expressed in liver higher than in
muscle, brain, heart, and kidney (Clay et al.,
2005). However, it is few reported about IGF-I
gene expression between P. gigas and P.
hypophthalmus. Therefore, a future functional
study should be start with liver tissue, and validate

the relationship is promising.

Conclusions

Using degenerate primers designed from
highly conserved region of /. punctatus IGF-I,
partial genomic DNA sequence (146 bp) of the P.
gigas and P. hypophthalmus I1GF-I were cloned
and sequenced. A sequence comparison showed
99.3% of similarity. The Neighbour Joining
clustering analyses separated the P. gigas and P.
hypophthalmus from consensus sequence of other
species; however, they showed closely related
with /. (24%). A

sequencing identified a SNPs at g.60C > T

punctatus comparative

position between P. gigas and P. hypophthalmus.
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this the
performance may cause by this SNPs. Comparing
the

reference showed two synonymous substitution,

From result, variation of growth

isolated sequence and the [. punctatus
g.75A > G and g.78A > G suggesting a high
conservation, at least at this genomic location
between these species. This is the first report on
the partial sequences of the P. gigas and P.
hypophthalmus 1GF-I gene and identified SNPs.
The further study may be used as a genetic
marker for a growth trait-association in
segregating populations. And the relationship of
gene expression between difference species need

to validation.
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Usage of Organic Acids on Inhibition Pathogenic Bacteria Growth

(Salmonella spp.) in Gastrointestinal Tract of Poultry
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Abstract: Nowadays, contamination of Salmonella spp. in poultry products is main problem for poultry products
export of Thailand. Using antibiotics in feed or water are intended to prevent diseases or promote growth could
residue in meat products. Antibiotic are widely used in modern livestock and poultry production to treat sick
animals. The wide spread use of antibiotics encourages the growth of antibiotic resistance in pathogenic
bacteria, could promote development of drug-resistant bacteria that could pass from animals to human, thus
posing a danger to human health. Several alternatives to antibiotic growth promoters have been proposed such
as organic acid. The supplementation of organic acids in diet or water of poultry enhanced nutrient utilization,
growth and feed efficiency. The use of organic acids creates an acidic environment in the gut that favors the
development of lactobacilli and inhibits pathogenic bacteria (Salmonella spp.) This study showed that the
supplementation of organic acids able to improve poultry growth and inhibit Salmonella spp. growth in

gastrointestinal tract.

Keywords: Organic acid, pathogenic bacteria, poultry
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FinanliAin denaliinstes tusilunssinnzenmng
531 (Marinho et al,, 2007) Bnvaans?i ipmandlunse

azlilfdaulunisdaddunisiasg i uianesqauvized
nmmLﬂuﬂﬁﬁmummmmﬂLmvﬂummmammu‘lﬁm
mm@q@uwmmﬂuimw uenaniluunansdlansili
mmLﬂummﬂ"\immmﬁ%ﬁﬁmmﬁuﬁﬁm@ﬁLﬂu
Inwlfandaalnenismuauaninzanuiiuna-nng
TuszuumnaR e Itaean 1Enid enseua 14
Ty Wi ansiunsaden o N zaniunnsie
Fnuazaenauinufresyauidnfudsslond wy
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uanlntnddauasiiannusadeniilidmmnzansanis
arAregreqauntdnidulnmidu 8 lala uas
FaluiuasEIrenAR e lvan (2003) $78197%471 NS
‘lﬂ]mmumﬂ34fawﬁ‘wmm@mmmmmummmvm
MUALENNT SV R LRI ﬂfmmm@mm%
Haawisdunsnuanuinndn 90 wladiius daulunjas
Fuuanlmngdansaauviaeil pH Arasdualaensely
nsdefNuLL AT Beunsiaulnavinane e feves
TORUUATRET pH sz 3.5-4.0 InensaBen
mm%lmmnm%l@zﬁ%lmn (phosphoric aC|d) LAZNIN
WAABRIN mmaaﬂummmmLmuimmm@@ Inla # '1/1
pH 5.0 mummiwaw‘ll@uﬂ@:nﬂmamﬁyLmu‘llmmm@
At eI aaITe 8N EANNIT o9 ANuFL
NIANBINNLAZNIALAARNAINIINAA pH  UBITLLIL
MaAUaslag ngaazaaayin i pH Tussuuniean
2191190 AINUALAY meﬂ”uﬂzqmim?ﬂ;lﬁuimm
wATiGefnalsn
NNTUNINTNLRINTABUYTEI T UNTARZTAN
nsalnsdilefia waznsauansn Winldlugagaes
qawitTialn ussidenseduwiidesluaasiflanioz
Anaflunga-aneiiflunanefazinliinsamanil
daniaas H sanuinliinsluisasqaurisdd
A0 TN N T LA H BN INAN LN T4
Tunnsdu H aenun uenanniinsadilanldes H'
aanuudoazetlugiueulaasu Faazlilsunauns
AuAsziansiugnIsn (DNA) fsflulunnsusng
eiiugrenawddaziulidnalnaesansdiifipnu
Hunselugauiiganinliiqauidngailiuineiing
grydendsnuednsnnatadeiurinlfmadane 1
LL@:ﬂvﬂZﬁ’]ﬁﬂ?Dﬁ@ﬂﬂiﬂﬂ'}uﬁ‘zuusluﬂ’]ﬂﬂ’]EILﬁ\i’]ﬁ/uﬁ:
yinlanansnmaunuL s AR lungs iy
at AR 2 SeaanARedrL Chapman (1988) &
#e99n nadinaalunsaluenunslfiunnngae
Aaiunsalunszinizeuisazilesiunisg
Wi utauaznisasnaaesadauvsdalala uas
aduayuninasiuinaeqdunidnguiiiu
UsrTanifiaainanInuaninlunszinizamsdae
#8nP&8IL Rot and Kirchgessner (1989) %qmmﬂu



AN5A15NBAS 32(1): 139 - 149 (2559)

ouT
{high Na+, low K+)

N
thigh Na+_high K+)

Warp
H+ 4 H+
’_\A-).A.DP-P.
O R
Ko —f ] K+
Na+ 'f;\ » Mas

Figure 2 Mechanism of matter transport in microorganism (Risley et al., 1991)

11 nendwisdaunsauwnsnanueslamasidinlu luaad
voauLaT Be 1A Insennzetienssidaalddu
findneradnanIlasiu (fatty acid) 191 naamas-
gnnzauanan uR

3. nspdwiR@Nalazuanenawmiion
dluansinzin (chelating agents) nsnduvizdazauiu
dszquanaeaussng (Fe”', Ca™’, Mg™’, Cu™’, Zn*") e
ugLluanavesansLlszneuiiinistenuazaa il
Us=TemilE findludn 14180 (Bolduan, 1999)

4. nspduvRE e EluAanan e
aAyluinnsasanasinu waziunuminansalu
UYLIUNNILH N LI AT

5. nalnnnsvineuaenIad LY seiEasn
Tennfdemansnsnss o AuInlEAluaniozay
iflu nem-Ang Aaudinguuuau %u%yﬂm%m?rytﬁuimiﬁ
ARANANUEIUNIA-ANS WAL 4555 NATAINY
\unsa-pn ﬂ@:luﬁ']ﬁﬁlﬁ’m'jﬂﬂ?"ﬂ@ﬁﬂd’]ﬁ’]ﬁL'VIN’WZQN
qm’qm@r;ifamilf-ﬁrgLﬁu‘l}mmﬁ”@mimmq (Ricke,
2003) FansABUYESTIHara e pH lunnaRuemng
ANRY

a a aca oVYae oo

iprasqauvstnwulualddnailn

Chapman (1988) 9181911491 Tugzuumnamiu
anusaesiniuazissnauftaqaurisduanaaiin
a1Avaglunszinizeinis anléidn a1lélug
Tnaiannzluan1&luny qauvisdazinzduetiisnn
A a ) . A A o Ny A
LAY (epithelium) LEIBLHAN (mucous) luanlé vise

andteglusassendnaiala (crypts) lnemimaq@uyiael
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AN 7] azanannaundideannualli andswndes
ping 7 ldnazifluannituazennsi 150 luusaz
ANUIULTTIINTUATNITUNINILAN VB AUNTE LY
sruumaAuenslitu @ﬁyu@g'ﬁuﬁ%‘fmm 7 v
AN ANTR93TALANLTUN AR 198 9a1 1E
sruUdITinentesindnd nasldenddoussing o uaz
sruugRAuiunialufadng Tnadnfinudiaci
Bururesqdaunsdlualéuaiaziinanndnlu
nazinzams uazd4iEn Geadwidinulussuy
NUAUBIMNIATNTOULNANHNATBIGUNNA RS LH
w2 ngulvigy il

dszinniinaldiialen (pathogenic
microflora) @”mLﬂun@jmmqauﬁﬂ’ﬁmmmﬁﬂﬁLﬁm
Tanlusindnsld 1u @ Tala daluiuaan s

snmusilires 3 Tala SaifluuusdiFely

naa Enterobacteriaceae L"H@Z\Tﬁ?ﬂfﬁ\nﬂmw}'ﬂﬁ%u’]
nnadn denfiafunsuau Hundgatne 7 Haaa
Lﬂ@@uﬂmamﬂﬁj pentnchous flagella ETN GRGIGES
qdurddaiavisiifluamgeseinisiiendslun
uazdnd Tnefl 3 Tl azinnefindedn i uazasng
arfweanuiaemadidieyuiledn ¥ e
anstleld uazanansnduunide @ Tela 7inelsalu
STUUMAUNITIE 5 Ngw sl

11 wumaelsiiendating  Iala
(Enterotoxigenic E. coli) i1 8 lnla sTanneliiia
HoymiieadelFfausiean ) AUTUUIININ NsTialsn
Aeazdmnzutednld tnelidauaeaiuide dury
FumiiansanzaaBnnadandresd 1ddn



M3 linsnAuVEEAaNsELEINSIaTYIRIMLATIEENgNNalsA (TaluiuasT)

lumatAuaimsuasdndin

doufin antiuTa 8 1ala Az natan N TIN Aa9TRe
18un Heat labile toxin Way Heat stable toxin Imsl
~ < PR % Yo Ny o &

ansimivassaatiarinanszsulianldnasansin
2NN IWNIAUAMNININTY ULATAANIAANALIID
H1ananl&aniag

12 wuwalsduuandn a a4

, ) [ A
(EnteromveSIve E. col) dlwie Inla N AN
&3 aruiEadiaann (shigella) \ertintiaylmiding
ad antiasi I ainsuunns lumagredi i
wazreliiRANsnaL0eTg IS @aasinliife
% = 1 o a v dl dgl Y =

nsasdedaniuniana i Inefdeayliabeans i
9N LT-Toxin, ST-Toxin, Shiga like toxin

13 waunalsniinadin @ Ia'la
(Enteropathogenic  E. Lﬂummn‘ﬂmmﬂﬁm
% a PRI G . v a & '
Nesdalnenidme 8 Tala lin198%519879M 1 N13ne
rannlalaeniadindaniziuniiaan & lnen 1yl
Wasiel wild intimin InenMs8aNNZaT N AN ARNE

coli)

AUAFendn attaching and effacing  Auwtad N3
6 O 73 a dl v =S 1 s dl o
waaanldunndalanldlunnagadnsaniunisfind
AR AN LT WA
14 Iala
(Enteroaggregative E. coli) \{lugwsueinisviaside
Tnemeastintianieiuniaaasudodanaliinig

a a a
ULNalTLannaLNNyw @

M5agnafpndannay anailedaelunnst ainnziie
iliRamseduansamadell amiude 3 lala
Axd9EnsREAB3eNdn EAST (Enteroaggregative ST)
toxin M WAANIaessiatagan 1d

15 tawnalsdlusian @ Iala
(Enterohemorrhagic E. coli) T mmmﬁuﬁ: D)
1un @l3lndl 0157:H7 MniRaTieadeguuss (dnad
@anlw) nsrielspgelifinguuida uiniannzio
funiaaadadraiuewnalsniinaiin @ lala we
aunsovdsansield uazifluansislszinm Shiga
toxin Huavnliifiansdniauatinaguuss lnawudn 8
Tla freliiAstTmiies@edugonlngy Hud Fod
Telalungs lewnelafiendaing lnla uazide 8 nla
Tunqu uwmalsdiuman @ lala dnifludanalifia
ﬂavmwmimmuﬁyﬂ
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16 @adaluiuas e Gaunsy
au guuns lia3neatled Hawin 0.7-15 Tulaswms
819 2.0-5.0 lulasiums L@?‘miﬁﬁ‘ﬁﬂummwﬁﬁ
paNTIautiasize lldaanTia (facultative anaerobe)
LAReuUT Anaunaniaaanianauas Hagsouimas
flagella) entAu S.
gallinarum  wazuA1eRUS lH ulaniaaan 4319
laTasiaudalned (hydrogen  sulfide)
paratyph/ S. choleraesuis #519NIALAZANTANNNT
Mmmﬂmmmn@‘im @mmmmm”l,m 37-45 89N
AT ed mmuqmmwmmimmmmm 42 84An
aLdeg eany1élugag pH 4.5-9.0 (Chapman, 1988)
Faluaan Wuwuadi Geineliialen (pathogen)

(peritrichous pullorum,  S.

gnLAY S,

duuuanialungy enterobacteriacae Huainuany
A Tasedaluuaann o areiuginliifialen
Tvivluauuardnsasluilaqiiu S. Enteritidis Hunuam
nénAryngalunianetloysegunimaesnuuazdnsg
Tnel S.enteritiis anwnsnLasayat]uadens@uigues
1 1 Al I d‘ dl 1
wilnsnnndngislngl (serotype) au | innaay e
IiaglildlfUniuwazlduansainisiindnile 7
(Miyamoto et al,, 1997) Anstuidlewde i lin a2 uls
2 9 A 1) weluseunduiugaesusd nehudiall
14 (vertical  transmission) ﬁﬂﬁﬁm%ﬂu@lﬂiﬁ
A o = L | @ Y a o a
viraAnnzaansuns @ aduwldlunalfiinlnisin
& % A \ & o
\waruiin gniniWnesnuiay undnszanuizeds
@rﬂ,ﬂm@u * lulseiln (Carson et al., 1994) uay 2 e
AaNAaUIndeunEuanfausiniy ’aEI‘VlL‘]J@@ﬂVIfII
(horizontal contamination) (Cox et al., 1990) Lazana
Lﬁmmnmi‘ﬁ@ﬂiﬁﬁmL%mnmiﬁummmmﬁqﬁﬁ
detalumasntuiion uifaium@mr]ml,l,qm'aumﬂ
78] flrianansauasaen viseanaiinisinide
ludumenmasnisssliilyeilsesinly
2. dsznmildneliiifialem (non-pathogenic
. @ a = | A o
microflora) \luqaunst unguinitlsslamisagunn
o e o n acd m
w4l Authnlunisrouauifanuqausanidulng
P a a a A [y
Lifiarwunniiull qauwiEdlunguinnusnn Hun
warlnundasa wazlui lauuai i3 (Bifidobacteria)
(Chapman, 1988)
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msldnsnduviidsanstudimasiaiulnues
Q?\uﬁé‘én'&juﬁﬁ@%ﬂ (Falusuaan) ludndiln
n9@sNans A uilunsauanainazdog
ANRATUIN lﬁy@ fnalsALdy Enterobacteriaceae,
Escherichia coli Waz Salmonella sp. aalBudasannli
Qauﬁﬁi‘m%mmmmﬂﬁﬂ (Lactic Acid Bacteria, LAB)
defiadnflugdwidndus inlumaduenses
THiffafdnuuinaniy (Saki et al, 2012; Hassan
et al. 2010) mm@‘l‘m”l,nm@hﬂaﬁ%umnmmﬂm
WNILalSIIN AN A (Ogunwole et al.,
2011) 91871870 Chansiripornchai et al. (2000) 71
AN INAFALLITYANB N NIAIANIAZANINTABLITRET
HdrunaNa999yWUSNsATATN iummummi
mmmuimm@@umwLmnimmnmmmmu 79 e
JdieannaeanLdn finonudiaduy 1250 d@nsazans
nandwRdTlsrAvanwlnnsrnanadedaluas

A1 106-107 CFU/AaAaRS Tuuwsazimialfanysnd

A8lU9a1 60 W 4eAARBSALIIIENIUTBIITTLAY
AL (2545) 97181131 N3 MNTARUYITET AN A 11N
AnluszAy 50-100 ppm liRunndua Faubey
ANgTnNNNSNARTD9972 N7l 30 LAz 40 Fu wudn 1
nemauviRsaetlasiulazasAmadaluiaaIaanan
1 va 1 Idl M Yo a a 6 [

saneldanantnnldldsunsaauyisd wazifluua
DA e an i o - . Y

Aatiesnlfidsz@nsninnisuanueslninsenalusin
¢ e e 44 . Ca e dn s
whwinsedniiant 31-40 Suaesln Andanguin a1
NIARUYIT AAAARBINUNNIANMNIYDY Matho et al.
(1997) 31891191 NN9FUINTABUYITE NN AULlsTnaL
aaangadsian i1 InAuNeaanauwT@a S. enteritidis
Tunszmneinaesinnilewde A nauniing wusn
' ° Py A e = =
ANAAARINUIULTR S, enteritidis ANVINNNITANTINY
nslddaunanreansnawisd (0.5 wesidud nspaz-
RN neALarsn waznsanadin) LanunlE infunwugn
ANUIUTD S. Typhimurium Tunszwnzin (crop) 289

IANlATUNIANANWIUAAAIANNLAN 52.4 LilafiFus

Lmvmﬂﬂnmmmﬂmm%mm@mmm (Byrd et al., 2001)
mﬂ‘wmmmemﬂmumnuiummmmwmmmm
uazAeun g siuEunnstasaamamiElunsa-ang
YBINUAURN M TEIUR U @mﬁuﬂmﬁyﬂﬁmmﬂu
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fliTlenatudloveenumdannmat ez an uay
NS LILULIAT B AR NN T DN AANSAUARAN A
SLNNTUANE 28 WeandwwEataluLaaT
Russell
(2002) F1E9URIANANNTDTUNNTARAN AN
N2AANNT NI ERN IE NN NN AN A e U

anagnduasnuianzaudenoudslssin

daua InenaiRunsanadinuaznaainsilatinaglu
871113909 lNWUG (Thompson and Hinton, 1997)
vananinanduie InlE s siasanazi
AN UNTA-AN9TB9TTLLNNGANRNMNTAN AR Lazi
N3N LMARANARBINLIINEN1IET pH sy
NIUNITRNUAZNTUNNZAT AN TN T A Tuwaan 16
(Cox et al., 1990) Ana@dunsanaiinuaznsalnsh
Taflafsssy 1 wlesifus Tuannslnlinudn aunsn
an pH Tuan1dsulE (Waldroup et al., 1995) Hingann
anz pH  fanasluldfunasiinisuannse’lasiy
suIuel (volatile fatty acid) mﬂmmﬂmmmmmmﬂu
ANALBANT LA (anaerobic) meummimummi
L@?mmmﬁ”faéﬁ@‘imumﬂﬁ (Thompson and Hinton,
1997) aanASeaTUNIMAseTLBuNIANe S TINLAY
nsnlwsfilafinasluenvnsisydy 2 Wefifus annns
Aus o 1eada S, pollorum Tunszinzwnuay
&5 (caecum) 1 (Tarazi and Alshawabkeh, 2003)
UAZAN130%N Salmonella  enteritidis PT4 lunaan
neaaadld (Thompson and Hinton,1997) iulAeafuil
MNELESUNIALAAFINHALTIN Tz 0.5 wlasLE1s widn
AASUAER S, typhimuium  unszinzinlEuay
daaan pH 0N BUIINIFIUEULAZIANS 1Y
WLAT BTN TONEANIA LaRRNLNTY (Byrd et al.,
2001) ABAARRINLNIINAABIUD zﬁm (2549)
TENTUIN qﬁuﬁﬁmﬁﬁmimmnﬁﬂﬁLLuaIﬂuiﬁé"maﬁ
msmmmu‘lﬁm LL@V@mﬁmﬂmﬂmwnmmﬁmmu
UANANNENIETNNIAT AINAIL TDANS1UILLT A
Salmonella enteriticis TN 32N 2WN L8 L WA
(Barmhart et al, 1999) wana i AaslauazAny
(2556) Fnsidiunsnawielue1vnsiin2anIzaL
warnislemilEanumlstatiuuasladuasia 2
FEAUNUIEINAMAANITONINNITNARFS 7] UAE



MsldnsnduvisfinanstugamsiasyrasuuAfizengunals (Taluuaan)

lumatAuaimsuasdndin

Ansnwnaed e liuansanngun ldidsunse
AUNFETUARZNLINARD LN UN 1 LATEF N4 Iniile
L Anve - a mead 23
naui i Funiadsunsndwridntwisianaiiiasann
a A calgy = & PPN .
nenauyizdn 14 luntsAneiilunsadanin (butyric
; £ o a A eal % . .
acid) gaflunsadunizsnszive i (volatile organic
acid) Hanantimiflunsnlasiuaaduduadduanms
Tnielugiaasuaaianiianim (sodium butyrate) G
nsa laduanaduiiazgnin 1 iflundsaulnamss
Wirumagaala (i) 1aslnnalimass lwinisusens
d’/ dl o o/ [ 1 ildﬁy
ARA LT lunsdNdaiuansa i esine i AT
#8APARIML Sharma et al. (1995) WLINNNTETNNIA
a aa 1 da’ :: = 1 a
JarnasluanusindledualifinasetBuianisiu
819117904 A AR NAF BN NLAZ LN ULNATD
waaia b luan ldidnveslninansaauyizdazldiilu
ansWiiuiadsing - bidalainidnisaeneawn
WATAWINNNNAWA N30 AT NA"9R 1N 9611977

AulnAAeaiuan1sT (2547) WUINNNTEENNIABUYITE

Tuarmsliduaasiasnlugousn o) 1e9d990g
WasanszuuniseiagaInisaagnlndewmunlal
< tﬂl o v oa a lﬂa/ % a Yo a
BN lAan1Radanasieuds lfdneninagsy
a  a e | v °
nemauyisdaaludas lfieulailunssmnzanmnmnay
IRasinafinsz@nanindastleaiuniieadsuaznig
Aamialen, funuAtatmssenislaswilutiimin
1 Alanfu uwazAgtinsnansngs (P<0.05) Tuanih
g 22-35, 35-42 Uay 1-42 ﬁfuwud’mnmﬁwmmﬁ
ANTTOUSNTUARFAN ] I mwﬂmmwmu M3
mﬂ,ﬂ@ﬂumumﬂumuuﬂ SMINNTNAENIDN Fumu
mmmimmﬂﬂ@ﬂumuuwuﬂ 1 AlanFuuazsail
A7uAR I LANFN9AYW  (P>0.05) NWANIILETNNIA
BunFeie 3 ngu (PC, NC1, NC2) HHARDUUNUNTS
s gRanndngui lidiunsnguriaed
EST
q
v a med .

N5 ldnsnBuvisaNs=aL 50-100 ppm NANA
TuriAnaesliitieany 30 waz 40 Jwndunudndon
Yasiunazaugenaarnyiulnuesdedaluneans

n and e oo A L 22 Y
warinaldurmindqeaseeslnflaingy nnsld

AunaNIeINIAawWYias (0.5 wWesidud nsmes@sn
neALamRNLAZNIANAINN) panlusnan ey
wugn fualfismoude S, typhimurium Tunszimng
WnanasaNIAN 524 1lesifus uaziielnsauanin
mmmmmuluinLu@ﬂulum\mmmwmmmmum
neunnsaudsln Lu@qiﬁm’] Huadazanainuiilunge-
ANNTBINIUAUBIMNTEIUAL memﬁ‘mmﬁyﬂﬁﬂq
melus1#lEuainign druiunndiunsanes
finuaznsatnsfilefinfissiu 12 wlesifus Tuawns
Inldwudngnunsnan pH Tul&u wazananuanees
da s pollorum Tnszmnsinuazl§fulduasdmsu
AslrunIauananluinAnvesliidefi sy 05
wasidud wudndaandnuude S. typhimurium T
AL LR NUBNANTINSLETUNIAT AN ATNNTD AN
S e S. enteriticlis lunszmeinl

LANATANNEY

aadla aemNnae aingiou waund aennii dun3-
DozANA UAz LWuNae ALATEY. 2556
UseRMENnB9INIAB U RaANsTAUENIT
wamuazAnnmnidliie. uiunems 41
ATUNLAY 127-32.

o Tansssy Wi nszvsienmes uas iiuedna
WUGY. 2545, Usz@NTNINTBIANTATANLNTA
EuﬁﬁumﬁufqmﬂﬁmLﬁ‘u‘imm
qauviael uin 63-68.  Tu: szanasennu

fuanmainnsiesnaluladianmiie

MENENNINEEINITH Ing. NGRS,

L
o o o

nRTNY WANIAANIN. 2543, NARA I AR
Uaspansiwanninglsl. g3naemsdnd
17(72): 37-52.
anlaad] Aasny. 2547, anwnsuaznisiiennsdndlad
01809, N1ARTNARI A AR, ALY
INEHATANEAT.  NUIINYIALIDULAY.
AU, 657 UL,

(e AvAIUW. 2549, NATRINITIATHAAWTIDLEN
wreqauvisdnannIauanmnluasgnsse
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