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Molecular Characteristic of HSN1 Avian Influenza

A virus in Thailand, 2004

Chantanee Buranathai', Arunee Chaisingh', Bandit Nuansrichay', Sudarat
Damrongwattanapokin', Yukol Limlamthong', Alongkorn Amonsin’, Sunchai Payungporn’,
Salin Chutinimitkul’, Juthatip Keawcharoen’, Apiradee Theamboonlers’, Piraya Phakdeewirot’,
Kanisak Oraveerakul’, Nareerat Viseshakul’, Roongroje Thanawongnuwech®, Sanipa Suradhat’

-
and Yong Poovorawan

Abstract

Influenza A virus subtype H5N1 caused a rapidly fatal systemic disease in domestic chicken,
duck and other avian species as well as transmitted directly from poultry to humans. The virus also
extended its host range to Felidae, causing fatal pneumonia in cats, tigers, leopards. We have
sequenced the whole genome of the Thai influenza A (H5N1) viruses: A/Chicken/Nakorn-Pathom/
Thailand/CU-K2/04, isolated during early 2004. H5N1 isolated from different avian species from
different outbreaks between January 2004 and January 2005 were also characterised. Phylogenetic
analyses were performed in comparison to Al viruses from the Hong Kong 1997 and other H5N1
isolates reported during 2001-2004. Molecular characterization of HA gene of the Thai H5N1
revealed a common characteristic of a highly pathogenic AI (HPAI), with polybasic amino acid in
the HA cleavage site, a 20-codon deletion in the neuraminidase gene, a 5-codon deletion in the NS
gene and polymorphisms of the M2 and PB2 genes. We also evaluated an outbreak of Al in Tiger
and showed evidence of probable tiger-to-tiger transmission in the tiger zoo. Sequencing and
phylogenetic analysis of those viruses showed no difference to the first isolate obtained in January
2004. There was no mutation of histidine to tyrosine at position 274 of the neuraminidase molecule
after Oseltamivir treatment. In both isolates, a single amino acid substitution, Glu to Lys, at the
position 627 (E627K) in the PB2 protein responsible for H5SN1 pathogenicity in mammals and 5
codon deletion in the NS gene were similar to the H5N1 viruses isolated in the same epidemic.
Molecular characterization of H5N1 viruses from the following continous outbreaks showed that

there were no significant point mutations in critical regions.

Short title: Thailand H5N1 viruses

' Department of Livestock Development, 69/1 Payathai Road, Rajathevi, Bangkok 10400, Thailand
? Center of Excellence in Viral Hepatitis Research Unit,Faculty of Medicine, Chulalongkorn University, Bangkok 10330, Thailand
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" corresponding author
Mailing address : Department of Pediatrics, Faculty of Medicine, Chulalongkorn University, 18736 Rama IV Road, Pathumwan,
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Molecular Characteristic of HSN1 Avian Influenza

A virus in Thailand, 2004

(@nunumowusnssugonlos” 1koaun H5NT Tudsinaing, T 2004)

o

dunil ysouelny gl FuTwk wetndin waeeSany sl sseATaulndu
yaa Ruuvauvey  eavnsol ansAed  Tndy weows  Au wAtiEens
wnfing uwiEdy  ofsh Jisuymds 5 Andilsad  AdiAnd asdsena

wiasml Tiewna  olsad swiedyny  Wlm 9mE e gisasan
UNARED

Wolhh¥ Timinlueiin A esiug H5NI daliinnatheuagmeatusindluld s uwae
“wiUnufindug  wnsofnsielnenseaIn BN ‘el usnantud wnsansliiAnlsaly “n
pazaun iliun e e meanensusauan §RNuliimsaeasi Wugnssumedlus
ypoiialiy  H5N1 fiwuluuszmalnefAa A/Chicken/Nakorn-Pathom/Thailand /CU-K2/04 &y
wenidaliluesiul Ar2004 waealiy Auenldain “mitinsinsug sevine unsAw 2004 - unsIAY
2005 §3ulFImsztununisulll (Phylogenetic analysis) vauiiohs liwiaunluuszmalny
Wasuipuiudols IHvTaunupydaenuuazUsemadug ATsI89usenined 2001-2004 #an1s
Anwdnuagmoiugnasuwashy Inuluuszmalnelu®l 2004 swubhddnwnednslfiinanuguuss
yaulsn 9 (Highly Pathogenic Avian Influenza, HPAI) lifuri suwdsiilusfudiungifiuazgn

v = ) @

sndinsmefiluiduy Gwosegwaneluana 78w G3@fm 9% sWugnIsw (codonysly 20

W Aigu Bwe B9 Wugnasu walu 5 9% wasigu wu-y way ATy I&nwnie Polymorphism
FIdesalinsmsszuavaslivnimunlua wudnhazdnnudululfiasiimsszuinan™s 1 "e
Tu w*nd anmsnensi ugnssuuasAnviunupisuliuachy Tdvinuniomnsinananluwuh
finuunns1eaniiy Anvlunsufueosnisszuinfiounsiny 2004 ldwunisiwRuuain
8 ArudulnlsBudishumle 274 pulusuinfilm  wdoanlinssnwise Townidiys
"wsuhy uenlsian anuhEmswasunsaezdlull 1 shumls Fefitu #T-pfin1swieuainn
amuduladufishumis 627 Beswnistidushumisiivsdienanalsnlu “iAsgnLLL Wanan
fgfonuiifitn Hue D99 Wugnssy el 5 9 whudeiuhy Suniuenldlunmsszuinuey
Uszwrlng anmsiinmufneimsfsuulawnsiugnasueosy [Ewiaunluuszmealneliny

msnaneiug ushuven Aty

95



Introduction

January, 2004 was the first time that
highly pathogenic avian influenza (HPAI)
outbreak was confirmed in Thailand. HPAI of
H5NT1 subtype was an emerging animal disease
of the country. Although laboratory surveillance
has been conducted by Department of Livestock
Development since 1997, H5N1 never been
detected [1]. Once the outbreak was confirmed
the emergency response plan for HPAI was
launched immediately; preventive and control
measures were implemented and adjusted
overtime depending on epidemiological findings.
A Technical Sub-committee on Avian Influenza
was established in order to provide
recommendations and technical advice to
National Committee on Avian Influenza
Prevention and Control. This research project
responded to one crucial question addressed by
the Technical Committee and scientific
communities.

Avian influenza H5N1 virus from
Thailand outbreak has many interesting
distinctive features. First, it is highly pathogenic
in chicken with IVPI index of 3 [2]. Second, it
crossed specie boundary causing disease in many
avian species, cats [3], tigers [4], as well as
humans [5]. Third, probable human-to-human
transmission was reported [6] from Thailand.
Thus, understanding of molecular characteristic
of the virus is particularly very essential.

This study of the H5N1 viral genome
through phylogenetic analysis was carried out

to compare Thai isolates from various times and

29
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places with different H5N1 strains throughout
Asia.  Whole genomic sequencing of some
selected strains was carried out. Analyses at
some specific sites were conducted, including
the cleavage site of HA gene which would
indicate virulent in chicken [7,8], hemagglutinin
receptor binding site which showed the specific
adhesion mechanism of virus [9], genotype of
nucleoprotein genes [10], as well as detecting
the deletion of amino acid in neuraminidase
protein which would determine the spreading
and multiplication of the virus [9]. Molecular
markers for resistance of antiviral drugs,

Amantadine and Oseltamivir, were also

evaluated.

Materials and Method

Virus isolation and identification
Influenza A viruses were isolated using
specific antibody negative, embryonated fowl
eggs (SAN- fowl egg) according to the protocol
described by the OIE [11]. Briefly, sample was
inoculated into allantoic sacs of the SAN-fowl
eggs and further incubated at 37°C. Following
the incubation period of 24-72 h, embryonated
eggs showing infected lesions were chilled at
4°C and the allantoic fluids were harvested.
Samples yielding positive hemagglutination
activity (HA test) were kept at -80°C until

needed.

Genome sequence and analyses
Total RNA was extracted and purified

from the allantoic fluid using Rneasy mini kit
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(Qiagen, California, USA). Total RNA was
reverse transcribed into cDNA. The ¢cDNA
derived from each gene segment was subjected
to PCR employing the specific oligonucleotide
primers of NS, M\NA, NP, HA, PA, PBI1, and
PB2, respectively (primers are available upon
request). The PCR products were extracted and
examined by agarose gel electrophoresis. The
obtained products were purified using the
Perfectprep Gel Cleanup Kit (Eppendorf,
Westbury, NY) for further enzymatic reactions.
The DNA sequencing reaction was performed,
using a commercially available kit (Big Dye
Terminator V.3.0 Cycle Sequencing Ready
Reaction; Foster City, CA) and a Perkin Elmer
9600 thermocycler. The extended sequencing
products were purified by ethanol precipitation
before the sequence analysis performed with
the ABI-Prism 310 Genetic Analyzer (Perkin
Elmer, Norwalk, CT).

Analysis of nucleotide and amino acid changes
in avian influenza A viruses

The DNA sequence data were edited
and aligned by Bioedit 5.0.6 software. The
phylogenetic analysis was performed applying
the clustal V method, using the MegAlign
program (DNASTAR, Madison, WI).

Results
Molecular characteristic of H5N1 isolates from
avian species
Whole genomic nucleotide sequencing

of 9 H5N1 viruses, 7 chickens isolates and 2

50

duck isolates, were performed, as well as site
specific sequencing of more than 30 H5N1 strains
from domestic chickens and ducks. Specific
sites to be sequenced in this study included
HA, NA, NS, M2 and PB2 genes. The DNA
sequence data were edited and aligned;
phylogenetic trees were constructed in compared
with sequences of other Asian H5N1 available
in the GenBank. Amino acid sequences were
deduced from obtained nucleotide sequences
then aligned and compared with other reported
H5N1. The data presented in this paper is the
data of some representative viruses in order to
demonstrate our findings. Although not all data
are shown, all nucleotide sequences from our
studies are available at GeneBank.

Phylogenetic analyses indicated that the
present Thai H5NT1 strains from domestic fowls
were clustered in the same clad with Thai
human strains, Vietnam chicken and human
strains; and different clad with Indonesian
chicken and duck strains (Fig. 1). Sequencing
of different Thai strains collected from different
time points along the year of 2004 indicated no
significant change in molecular level.

Analyses of HA gene demonstrated that
Thai strains had common characteristic of highly
pathogenic avian influenza (HPAI) with
multiple insertion of basic amino acids at the
cleavage site. All studied avian strains had
glutamine at position 226 which related to
receptor binding site specific to avian species
(Fig. 2).

Sequencing of NA gene showed



similarity among Thai H5N1 strains and no
indicative of Oseltamivir resistance was observed.
All studied strains exhibited 20 amino acid
deletions at the stalk region while A/Chicken/
Hong Kong/258/97 contained 19 amino acid
deletions at this region. The deletion of amino
acid at the stalk region was proposed to be
associated with the avian-to-human transmission
[9].

studied Thai strains contained histidine (H) at

Amino acid deduction indicated that all

position 274 (Fig. 3). There was no histidine-to-
tyrosine mutation at position 274 (H274Y), on
other words the marker of Oseltamivir

resistance was not detected.

SIEUUSDU 2548 NsuUr 0d

and M2, were examined since these genes may
have a role in pathogenicity, virulence, and host
range of the virus [12]. For PB2 gene, all
isolates from avian species carried glutamic acid
(E) at amino acid position 627 (Fig. 4); thus far
mutation at this site has not been observed in
avian isolates. NS gene has a role in regulating
host cell response and optimizing viral replication
in the host [12]. All Thai avian isolates in this
study harbored aspartic acid (D) at amino acid
position 92, differed from isolates from Hong
Kong in 1997 where glutamine (E) was found
at this position (Fig. 5). M2 gene was also

examined for the marker of Amantadine

Addition to the important HA and NA  resistance. Amino acid changes at position 27
genes, specific sites on other genes, PB2, NS,  (Val), 30 (Ala) and 31 (Ser) can lead to
—— Human_Vietnam _3062_04
Human_THA_SP-33_04
(0 54 THF-. Cl23 | )4
HA gene - Leopar rd_THA_Leo-1 04
Tiger_THA_Ti-1_04
Human T—nﬂ _SPRE 04
Ch \.-'iﬂtrﬂrr H[l o4
CK_THA_CU442_04
— l _Inconesia_5_04
Di I'nd:me im M5 04
— Goose_Guangdong 1936
“— Goose_Guangdong 397
1
2 1]
Nucleotide Substitutions (<100)
— CH_THA_CUH2_04
Leopard THA Leo-1_04
Tiger_THA_Ti-1_04
NA gene Human_THA_SP '2“ 04
—_|“— Human_Vi
| DK Indo_MS_ 20041
1 L CK_Indo_5 2004 N1
| — Gonse_Guangdong_8 o7
- Goose_Guangdong_1_06
8 T 1
2 0]
MNuckoiide Substitutions (100)

Figure 1 Phylogenetic analysis of HA and NA gene of H5N1 isolated from Thailand, 2004
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Amantadine resistance [13,14]. Most of avian
isolates in Thailand contained asparagines (N)
at position 31 of the M2 protein, indicate that

they were resistant to Amantadine.

Molecular characteristic of H5N1 isolates from
tigers

Seven H5N1 isolates from tigers were
characterized; among these whole genomic
sequencing were conducted on three isolates
[15](data not shown).

Phylogenetic analysis of the viruses
indicated that H5N1 isolates from tigers were
genetically similar to chicken, duck and human

isolates from Thailand and Vietnam; where the

viruses isolated in Indonesia were grouped in a
separated clad (Fig. 1). All genes of tiger
isolates exhibited the highest percentage of
nucleotide identity with chicken isolates, hence
showed the closest relationship with chicken
virus. Sequence analyses also demonstrated that
there was no significant difference between
isolates from tiger and leopard obtained in
January 2004 and isolates from tigers in
October 2004.

Nucleotide sequences of the HA genes
of all tiger isolates were almost identical with
each other and highly homologous with chicken
isolates.

Similar to avian isolates, multiple

basic amino acid insertion at the cleavage site,

Receptor binding site

T7 ﬂ TTHSF2-3
AL/tiger/Thailand/SPB-1
AfThailand/4 SP-528 /2004 71
A/Thailand/5 KK-494 /2004 Y1
A/tiger/Suphanburi/Thailar ¥
AfThailand/3 SP-83 f2004 71
Afchicken/Thailand/CH-2/2(7
A/leopardfSuphanburi/Thail ¥
A/Thailand/1 KAN-1 f2004 ¥
AfThailand/2 SP-33 f2004 [
A/Thailand/LFPH-2004/2004 ©1
Clustal Consensus

ISTLH
TLH(

e e

Ha et al.. 2001 PNAS 98 (20)

o
226
i:lllIIIIIIIIIIIIIIIIIIIIIIIIII:Illllllltilllll
210 220 230 240 250

LHORLVIRIATRSKVHGQSGRMEFFWIILK HDAINFESHNGHFIA'E
HORLVIR RSKVHGQSGRI LK 'NDAINFESNGHE E
PLVIRIATRSKVNG! ITK NDAINFESRGNE E
RLVIRIATRSKVNG( ITK 'HDAINFESHGNF E
[LHORLVIRIATREK VNG ILK 'WDAINFESNGNFIA''EY
HORLVIRIATRSKVNG ITK'NDAIRFESNGHFIATE?
HORLV RIATRSKVHG LK NDAINFESHGNI E}
HORLVIRIATRSKVHG( K NDAINFESHGNEIA'E
TLHQR RIATRSKVNG( K 'HDAINFESHGNE E
HORLVFRIATRSKVHNGQSG ] [LK 'HDAINFESHGHE E
HOR EIATRSKVNGOSGRMEFFRTILK NDAINFESNGHFIAYE
A e e e e s o

Figure 2 Alignment of HA gene of H5NI1 isolates from Thailand. The arrow report (Q226)

receptor binding site.
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as well as glutamine at position 226 were  strains, amino acid at position 92 of NSI
detected (Fig. 2). protein was found to be glutamine (E) (Fig. 4).
For the NA gene, all tiger viruses  An interesting difference was found in PB2 gene.
contained the same 20 amino acid deletion in A few tiger isolates contained a single amino
the stalk region which identical to other Thai  acid substitution, Glu to Lys, at the position 627
avian isolates. Since some tigers were treated  (E627K) in the PB2 protein. The E627K mutation
with Osetamivir, NA genes of all tiger isolates =~ was reported to be crucial for high virulence of
were evaluated for marker of Osetamivir  avian influenza in mice and mammals [17].

resistance. Our study showed that no mutation

of histidine (H) to tyrosine (Y) at position 274 Discussions
occurred after Oseltamivir treatment [15,16] Molecular characteristics of H5SN1 viruses
(Fig. 3). from the Thailand outbreak were consistent with

Nucleotide sequencing and amino acid  phenotype of HPAI. When intravenous
alignment of M2, NS and PB2 genes confirmed  pathogenicity test was performed according to
the close relationship with chicken isolates. The  the OIE manual [11] the virus had the highest
tiger isolate processed an asparagine (N) at  scored with intravenous pathogenicity index
position 31 of M2 protein indicating amantadine  (IVPI) of 3 [2]. Therefore this report is another
resistance property. Similar to other Thai HSN1  evidence to confirm that multiple basic amino

isolates, but different from Hong Kong 1997  acid insertion at the cleavage site of HA protein

-

Oseltamivir resistant mutation H274Y

dlv|-r

A/chicken/Thailand/cU-21/2004 D8 N
&A/chicken/Ayutthaya/Thailand/ DS
A/leopard/Thailand/CU-MD/2004
B/tiger/suphanburi/Thailand/TD&
A/duck/Thailand/CU-2/2004 H5NDE
&/ leopard/Suphanburi/Thailand D!
& /chicken/CU-K2/Nakorn-Patom/ D
A/operbill/Bangkok/Thailand/2 D¢
A/crow/Bangkok/Thailand/2004 T
B/whitepeafowl /Bangkok/Thaila D¢
A/Kaljipheasant/Bangkok/Thail PG G
Afchicken/CU-K3/Nakorn-Patom/ DG ENI E
a/tiger/Thailand/cU-1v/2004 H| = Rl
A/chicken/Thailand/CU-KLN1/2Q —=============== KGKGVKSYEL
H1N1 DE- NGRS YRIPRIEKGKVVESVE]

=

e

No evidence of Oseltamivir resistant strains

Figure 3 Alignment of NA gene of H5N1 isolates from Thailand. The arrow represent (H274)

Oseltamivir resistance.
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and the deletion of 20 amino acids at the stalk
region are significant indication for pathogenicity
in chicken.

Phylogenetic study revealed that the Thai
H5N1 was not related to the early outbreak of
1997, but remarkable resembled to the Al
viruses of the year 2000-2001 period and closet
to the Vietnamese isolates. Our genetic analyses
suggested that the Thai viruses emerged from
rapid evolution of the H5N1 2000-sublineage.
All the Thai isolates from chickens, ducks, quails,
other avian species, as well as tigers and human
were clustered in the same sublineage strongly
indicated poultry-to-human transmission and
poultry-to-tiger transmission.

Molecular markers for antiviral resistance
were evaluated and we found that the Thai Al
viruses contained marker for Amantadine

resistance but not Oseltamivir resistance. The

recommendation was provided to Ministry of
Public Health and Oseltamivir was to be used
as antiviral drug for bird flu in public hospitals
nationwide.

Glutamic acid to lysine mutation at
amino acid position 627 of PB2 protein found
in some tiger isolates is particularly very
interesting and should be further studies. Thai
Al viruses contain aspartic acid at position 92
of the NSI protein while isolates from Hong
Kong 1997 harbored glutamic acid in this
position. The role of NS gene and NS protein in
host response should also be further elucidated.

Although probable human-to-human
transmission was reported [6] it is limited to
only one family. Thus far there has been no
evidence of mutations in the viral genes that
indicate human-to-human transmission among

the Al viruses isolated from animals. Minimal

PB2 Gene of H5N1 : Position 627 mutation

627

!

A/Thailand/1 KaN-1 /2004
A/tigexr/Suphanburi/Thaila
A/bird/Thailand/3.1/2004
A/Ck/Thailand/9.1/2004 HS
AR/Ck/Thailand/1/2004 HEN1
AR/Ck/Thailand/73/2004 HEN

=5

A/leopard/Suphanburi/Thai 20N

T

rTTCT I TTYTYY I rrrTT I TTYTY I rTTcT I TTYTYY I rrrr I T
620 630
KLL? B QSR

K
K
K
K
KL
LKL
KL
K
K
K
K

IREAREERRERRER

R
1
R
R
R
R
R
R
R
R
R

Figure 4
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AT REE I
=] 70
|NS1HongKong97 [ VERILEED
HS1HongKong27 ERILEEE
CU K2 NS ERILEEE
| Tigex3 HE ERTLEEE
Leopaxrd HS ERILEEF
Human Vietnam I VERILEEE
|LAB1 HS [VERILEEKE
AR104 HS VJERILEEE
AR20 HS IVERILEEE
anl? HS ERILEEE
ARG NS ERILEEE
ARZT NS ERILEEE
AA13 HS ERILEEE
ARG HS IVERILEEE
anls HS ERTLEET
AA2D HS [IVERILEEE
ARAZ5 NS IVERILEEE
AR1S HS ERILEEF
ALA26 HS ERILEEE
An21 HS ERILEE}
|anll HS JERILEEESD
AAT WS ERILEEE
ARG HS ERILEEF
IAA2 HS ERILEEE

DER
DE
DK
DK

ESDK
ESDEAT
DAL

DKL

SDK
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DEAT

DE®
DK

ESDEAT
RSDED
ESDKF
ESDEKAL
ESDK
ESDEKAL
ESDKA

ESDE
ESDK
ESDEA]

NS1 amino acid alignment

el
v F;:y-

80 20

fi : RY EE

K R EE
K-———- RYI EE
K-—=-- RY ETI
Kii-———- RY E

KM ———- RY LE

B RY 1 LEEY
Ki-———— RYI EE
Kf-—=--- RY EEI
Kii————- R E

K R E
KM= LS RY LEE]
KM-——-=- Ry EE
Kif-----ASRY EE!
KM RY E D
EM————- SRY LE I
pi pits F R
K-—=-- R El
Ki-—---- RY LEEMSRD
K== RY EE RD
KM=———- BY EE BRIy
KM————- RY LEEMSRD
Kf-—=—= Ry EE RD
Kif-—=-- ASRY EEMSRD

Figure 5 Alignment of NS1 gene of H5N1 isolates from Thailand. The arrow represent amino acid

position 92.

changes were observed over the year but not at
the critical points which may lead to pandemic
situation. However, surveillance in animals and
humans must be carried out continuously and
genetic variation of the virus must be closely

examined.

Conclusion

Avian influenza H5N1 viruses from
Thailand outbreak have molecular characteristic
of highly pathogenic avian influenza (HPAI)
virus by the OIE definition. Infection of H5N1
in humans and tigers reported in Thailand also
implicated high pathogenecity in mammals. The
evaluation of continuous Al outbreaks using
molecular characterization showed that there

were no significant point mutations in critical

3

regions (receptor binding site, Oseltamivir
resistant of NA (N274), and NS gene (D92)
among H5N1 isolates from Thailand. The
information gained from molecular surveillance
and the genome analysis of H5N1 isolates will
be especially useful for disease prevention and

control of Al outbreak in Thailand.
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Growth Performance of Landrace Swine “Pak chong 1’

at Surin Livestock Research and Breeding center

/

Sornchai Kongsook” Varocha Jiamrum® Kosit Luengcharatsuriya®

Abstract

The study aimed to determine growth performance during testing period of Landrace swine
“pak chong 1’ which derived from Landrace Canadian line and Irish line. 195 records were collected
during 2003 - 2005 at Surin Livestock Research and Breeding Center. The testing weight were
obtained between 30 - 90 kg. Least square analysis method was used for statistic analysis. The
results showed the least square means of average daily gain (ADG), feed conversion ratio (FCR),
back fat thickness (BF), age from birth to 90 kg. (AGE 90), body length (L1), heard girth (GIR),
height (HT), total feed intake (FEED), and average daily feed intake (ADFI) were 875.80+74.64,
2424028, 1.14+0.13, 14222+8.59, 106.41+3.59, 99.06+2.24, 60.87+2.12, 145.27+16.31 and 2.10+0.16,
respectively. Generation interval had affected on FCR, BF, GIR, FEED and ADFI (P<0.05) ; Sex had
affected on ADG, FCR, BF, AGE 90, GIR, HT and FEED (P<0.01). Least square means of other traits

were found to be in significant difference.

Keywords : Landrace Swine Pak chong 1 Growth performance

" Scientific Paper Number :

* Surin Livestock Research and Breeding Center, Muang District, Surin Province, 32000

% Nakornratchasima Livestock Research and Breeding Center, pakchong District, Nakornratchasima Province, 30130
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Wulm (ADG) Use vninmnsldans (FCR)
AL lusil “unds (BF) D18 INLARTY 90
Alansu (AGE 90) AnugMasy (L1) A
nisausn (GIR) Aw 9 (HT) YSunaens
fifuionsn (FEED)uay USsnuawnsiinusasi
soTu (ADFI) ful Ayl Table 1

Table 1 Effect of fixed factor on growth performance of Pak chong 1 Landrace swine

Trait Generation Sex Month Year LS. Mean * SE
ADG (g/day) ns i i i 875.80 + 78.64
FCR - #* #* — 242 £ 028
BF (cm.) * * #* - 114 + 0.13
AGE 90 (day) ns * o * 14222 + 859
L1 (cm) ns ns * o 10641 + 3.59
GIR (cm.) * * ns * 99.06 *+ 2.24
HT (cm.) ns — ns ns 60.87 *+2.12
FEED (kg.) * o it o 14527 + 1631
ADFI (kg.) * ns * * 210 £ 0.16
Remark ns = Non significant difference ( P>0.05)

*

4%

310 Table 1 Wui1  FLRRBBUERT
mswsgiuln Usg mdammsldemns Ay
by “wnds anganifings 90 Alandu A
YIS AMNTIBUBn AW 9 USu
gINSTnWERLeE  USuniawinsfiiuses
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Table 2  Least square means on growth performance of Pak chong 1 Landrace swine in each

generation
Trait Generation P-Value
3 4 5
LS. Mean * SE LS. Mean * SE LS. Mean * SE

Number (head) 44 102 49
ADG (g/day) 859.59+12.15 885.32+8.64 875.22+13.48 ns
FCR 2.48+0.04° 2.37+0.03" 2.34+0.04° 0.05
BF (cm.) 1.11+0.02* 1.15+0.01° 1.10+0.02° 0.05
AGE 90 (day) 144.31+1.40 141.95+0.99 142.37+1.55 ns
L1 (cm.) 105.75+0.56 106.34+0.40 107.08+0.62 ns
GIR (cm.) 99.01+0.37" 99.61+0.26" 98.48+0.41° 0.05
HT (cm.) 61.62+0.34 60.92+0.24 61.47+0.38 ns
FEED (kg.) 147.45+2.35° 141.75+1.67° 141.53+2.61° 0.05
ADFI (kg) 2.12+0.02° 2.08+0.01" 2.03+0.02° 0.05

Remark *° within rows different superscripts indicate that values difference

Table 3  Least square means on growth performance of Pak chong 1 Landrace swine in each sex

Trait SEX P-Value
Male Female
LS. Mean * SE LS. Mean * SE

Number (head) 81 114

ADG (g/day) 898.48+9.72° 848.28+8.21° 0.01
FCR 2.31#0.03" 2.48+0.02° 0.01
BF (cm.) 1.10+0.02° 1.15+0.01° 0.01
AGE 90 (day) 140.59+1.12° 145.16+0.95 0.01
L1 (cm.) 106.40+0.45 106.38+0.38 ns
GIR (cm.) 98.63+0.30° 99.44+0.25° 0.01
HT (cm.) 62.07+0.27° 60.61+0.30" 0.01
FEED (kg.) 139.13+1.88° 148.02+1.59° 0.01
ADHI (kg.) 2.07+0.02 2.09+0.02 ns
Remark *° within rows different superscripts indicate that values difference
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First Lactation of Thai Friesian

Krongkaew Borisutsawat '/ Tawatchai Suwankhumjai Sutida Onsongchun "

ABSTRACT

First lactation of Thai Friesian (TF) cows were measured. The results showed that mean
+8D of first milk yield , days in milk and 305 days yield (3.5% fat) were 4,379+682 kg, 321+30 days
and 4,445*489 kg respectively. Peak yield during 4 - 12 week was 17 - 18 kg /head/day. First

-0.0241 t

lactation curve of TF was analyzed by Wood’s gamma function, Y = 14.1576 " exp with

coefficient of determination ; R = 0.4158 and correlation coefficient : r = 0.9596.

Key words : First Lactation, Thai Friesian

Scientific Paper

" Dairy Research and Development Section

* Pakchong Livestock Research Station, Pakchong, Nakornratchasima.

69
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1. wandnhuwAsowsnuavlAuLRug TF
INMIsANBIYBYaNaHANNUIATILIN

¢ oA

woulAuuiug TF nguiifiniswSsurnuwion
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wane ¥ T MWNIRBIRUAEMSIANNTHISY
wuuidndurey nilidune auig mivngey
gunatndey  dowTauassiw i wuiinisl
wanFnhuslusrurliuupousniimmaswhiy
4379 * 682 nn. TfuSaunmawwiTU 321 + 30 u
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WRYWU 366w USInnumandmuL 305
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TAuy (2547) 97897 luAINSINYBINTT LI
wanFniusassusnuoslaussiug TRion Tu
7 2545 fiA@Riuuwindu 2394 nn. SHER
w258 Fu 1) 2546 Fraduinswiiu 2,403
nn. TREauN 262 Su uaell 2547 SRy
WnwinAu 2494 nn. $TuSauu 261

Table 1 Average first lactation yield and lactation period

Item Average milk production
Milk yield (kg.) 4,379 * 682
Lactation period (day) 321 £ 30
Milk / head / day (kg.) 13.64
Milk yield (305 3.5 % fat) (kg.) 4,445 * 489

TRy Afauszafiond (2543) vins
Anwnsiinandnvalauiugn dluszaznis
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(1995) F1B9WI1An 9 mrauns s Wiudlng
Weaiulutudlduwd 40  Tundomaen By
ARADYAU Jamrozik and Schaeffer (1997)
518914319R 8 ARBunIIWnIsiiuuazeg

e Tuliuad 35 - 50 Yunduraem
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Y = 141576 7 exp ™t fiFsautanui a =
14.1576 b = 0.1879 Wz c = 0.0241 A"
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Table 2  First

milk yield of TF from equation and

records

Week of lactation

Milk from equation

Milk from records (Mean * S.D)

(kg./day) (kg./day) (kg./day)
2 15.37 1594 + 324
4 16.68 17.37 + 3.53
6 17.15 17.87 + 343
8 17.25 17.64 + 3.01
10 17.14 17.32 + 2.86
12 16.90 17.04 + 2.70
14 16.57 1644 + 2.39
16 16.19 15.89 + 2.40
18 15.77 1540 + 1.87
20 15.33 14.50 + 1.99
22 14.87 14.35 + 2.25
24 14.40 13.63 + 2.16
26 13.93 13.30 + 1.94
28 13.46 13.56 + 1.93
30 12.99 13.06 + 1.50
32 12.53 1253 + 1.78
34 12.08 1217 + 1.79
36 11.63 12.06 + 2.12
38 11.19 11.70 + 1.54
40 10.77 1144 + 1.52
42 10.36 11.23 + 1.02

INMaAnWIBY Serm (2541) [svinisAne
ns e assawdmhuwoslaungna uloa Tl
WiiBpuszueliuunder 1 Twlszwalne  Toy
T ums 3 wou Tums Hons i aensl
wn [AuA Wood’s gamma function, Exponential
function W&y Parabolic exponential function
FIWUIIMS 9L UNTIMIIN Wood’s gamma

function  ©IA1 “uUsz “NivavAIUT BT

72

(Coefficient of determination ; R’) 8t5¢%iny
0.267 - 0.256 ;
r) 9g3endng 0.996 - 0.989,
Exponential function #iF1 R* @853 0.259 -
0232 ; §F1 r agsynine 0975 - 0948 "
Parabolic exponential function §f1 R® agj5ering
0262 - 0251 ; &F1 r BEsEwiy 0985 - 0982
\dioRansnnt “uns i lFainns $ulny Wood’s

A1 % “WAWUS (Correlation

coefficient ;



gamma function wuiidu um‘iﬁ'mmz ZJLWIEJ
59 umsu pudnuugnsikandniuy 7
L momaLfintursowandniuslugofouwsn
fofioun oy Feludnvnzianzyaunislviug
Taus luvhupsiien Yadav and Russell (1982)
vinsfnsiulauugne wlos InEdeu Tae
T ums 5 wou Tums Swunawu aenals
uyl [#un Linear model, Exponential function,
Parabolic exponential function, Inverse
polynomial function 8¢ Gamma function
09 3IMSlE  Gamma function Tums ¥
Ny aunsbiusaednnumeng uifulalung
nguRugmimsAnulaedidin R agszwing
0.524 - 0.573

90 umsmsihunadousnuasipuy
Wiy TF fip Y = 141576 £ exp™!" wuh
fiAn % “wAUS (Correlation coefficient ; r)
sywisUSnunandmihueiilFain un1Tuse
Awapasawiniu 09596 vatananlaiiioys
AN un1sfinn “Wiusiudioyass 9596 %
Inewandniuunsousnuaslauwsiug TF Ala
n umsilndiAveiuAaaease fou ny
Tumseft 2 wenaniludn wnsay Wood's
gamma function & TNSAUSEINSTEALA
wnsalviuls v a Insasdmwhiuiuusnsd
b (fj”mwmﬂﬁuﬁwumﬁmuﬁauﬁ\j@mw\j B2
MSWiY)  SAIERIYRYRILUSAYT ¢ (BP9
nMsanavupRhuAmdsA s mupunslviu) B
10 wmsflERasuiinuinsrezaafiusuin
vhuufen o awinfu 779 Ui
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1ud Bambusa arundinacea Willd. nUnUe
Bambusa vulgaris Schrad. IaNILAL /
b5 Psidium guajava Linn. 1laan /
Hatnag Cuscuta retlexa Roxb. ey (us.) a0 / /
fan el
(ug.,an.)
gnluaala(an.)
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Haviy fained af favasan  awitld ——— 5
Lagl Yauuniy qiu'ﬂs uﬁsuﬂ UAIAITIININY
Talunlan
(u9.,an.)
WA 7N /
e weals 9 (us.)|90 /
LLANAE Catharanthus roseus G. Don. lu /
na Zingiber cassumunar Roxb. uld (9.,
1U7.,9N.,88) w9 /
NENANAUNA wn, lu /
NENAAUY WA /
HEOL Diospyros mollis Griff. uzife (In.) | WA / / / / /
NENANNDI nanNed (at.) (270 /
EXATIREN Tamarindus indica Linn. Lﬁyfammm / /
uzieiu Solanum xanthocarpum Schrad. an /
& Wendl.
AT D] Citrus aurantifolia (Christm. & an /
Panz.) Swing.
NI Moringa oleifera Lamk. waandu /
M .pterygosperma Gaerth.
dzaznge Carica papaya Linn. Tu /
NTUA Artocarpus lakoocha Roxb. LN /
LULNA Ipomoea batatas Lamk. Quwng (an.)  |lu /
M) Morinda citrifoolia Linn. an /
U9 Tiliacora triandra Diels. 1y, wn /
Limacia triandra Miers.
PR Nicotiana tabacum Linn. Tuusia /
LAty 77N /
auth 1lann /
WWUN@UN | Quisqualis indica Linn. 790 /
“ulua lu /
il Caesalpinia crista Linn. 90 (U5.) lu /
C. bonducella Fleming.
LU Combretum qurdrangulare Kurz. LHAR / / /
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“iAN Azadirachta indica A. Juss. waen /

Var. siamensis Valeton.

“lzem Ananas comosus Merr. Na /
UUAUANYENN | Stermoma tuberosa Lour. AWTUAY ( 5.) 9, 390 / / /
UNIN Areca catechu Linn. Y /
v 1 G
NNUDE nANN (UT.) | LAT8 /

WwilanuLe Memecylon scutellatum Naud. T, Mevin /
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J U1SJsumd ad

sawianldig yulus

adiy fainandn as favasan  awitld T 71— .
tagl Yautny ‘i‘u‘ni pIEEE | UAIAIDIINIY
nazlau Careya sphaerica Roxb. 1w /
C. arborea Roxb.
neiien | Allium sativum Linn. D /
nane Musa sapientum Linn. Tu, nia / / /
mﬁvu%u Curcuma longa Linn. o) /
C. domestica Valeton.
afiudat Curcuma zedoaria Rose. o /
SRt Streblus asper Lour. 1 /
i Alpinia galanga Swartz. T, v /
%ymﬁﬂ Cassia siamea Britt. lu, aan /
A Cassia fistula Linn. sawgne ( 5., 1y, dn /
UN., U9, A8l
LATALINAL “unau (ue)|ly, /
GECRET R lu /
N Niebuhria siamensis Kurz. 1y /
ﬁNLﬁﬂL‘wﬂ Cassia alata Linn. lu /
nzin Diospyros rhodocalyx Kurz. T /
PIunNaL | Vernonia elliptica DC. Ty, 1on /
A Borassus flabellifer Linn. Tuun (us.)  |gn /
AANYAAYNT iUyl Ty, 10 /
(us.)
AU Strychnos nux - blanda A.W. Hill. Ty / /
Lﬁﬁ"?\‘l Caryota urens Linn. lu /
uRala Citrullus lanatus Mats. & Naka. an /
e 1 /
UasylWA | Tinospora tuberculata Beumee. | lA3alanga ( 3.,[100, 5 / / / / /
1., [8.,90.)
tuLAAUY U
(14.)
fastaaiiasmu AANE (US.) |10 /
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tladin dainena a3 daviashu  awitld ——T 5
tag YDUNNU  TUNT UIAUE UAIAIGIININY
dnieuil | Cleome viscosa Linn. Ty, fu /
RNUUN Tu, s /
wanlne Piper nigrum Linn. AR /
wn Benincasa hispida Cogn. manlaw (9., |Ha /
B. cerifera Savi. UN., ael., 1T.)
Wndn Momordica cochinchinensis WA /
(Lour.) Spreng.
Amzanalas Andrographis paniculata (Burm) w5, /
Wall. Tt
dznan Spondias pinnata Kurz. an, 1w /
S. mangifera Willd.
Nz Tamarindus indica Linn. a11la (9. ijﬂmmu / / /
wzanwilen | Phyllanthus emblica Linn. an /
N?JL?{@“T;N‘W? Ficus glomerata Roxb. an, Ty /
N¥Wina | Cocos nucifera Linn. qn /
£ Morinda citrifoolia Linn. nvee (us.)  [gn, lu /
ualne Terminalia chebula Retz. an /
AN T /
il Caesalpinia crista Linn. 20 (U5.) /
C. bonducella Fleming.
£Lp Azadirachta indica A. Juss. Var. 1y, ulasan /
siamensis Valeton.
‘Mnj’] AN Imperata cylindrica Beauv. 37N /
1. Arundinacea Cyr.
wewiany | Cyperus rotundus Linn. 710, lu / /
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W6 yulwsi8udsugthsathu

aswan ldwy yulus

Hana e a3 Harasnu unly ; .
. a G =
tag UauuMNY  3UN5 UITNE UASAIEINI Y

NNALLIN uuAgy (1) |y, an /

" u, gn /

SN Ixora lobbii Loud. lu /

ABLAU lu /
a < @
PTG lu /
Aunslug Tu /
NDINAN Erythrina fuscca Lour. 1w /

Tulgain Murraya siamensis Craib. LN 1w /

(NAD )
el Bambusa arundinacea Willd. lu /
Bambusa vulgaris Schrad.
= 3

NN uN 299A (u9.)| T /

Wan Parinarium anamense Hance. meaon ((3.)  |lu /
NUNALN nzan ( 9.) lu /

o v

G Ty /

Anlvny T /
nuNyu aunelss (9. |lu /

08 Saccharum offieinarum Linn. 1 /
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6 nulwsigludsusnvisau nazmiawa1dmauan
18U 16U 161 IWad

sandanldin yulus

Hana fadnedr a3 fovasan  auifld ; :
J a oW =l
Lagl Yauunu Qiu‘ni 1!55“9 UAIAITIININY
NIzAnEI Allium sativum Linn. Vo) /
NELWIN Ocimum sanctum Linn. Ty, Ay /
nane Musa sapientum Linn. T / /
naatl Dioscorea hispida Dennst He. o) /
10 Alpinia galanga Swartz. o) /
GN; Zingiber officinale Rose. 0 /
AWUAN Cassia siamea Britt. lu / /
Vv . v
nzlas Cymbopogon citratus Stapf. Ty, Fu / /
nzlaiuan Cymbopogon nardus Rendie. Tu, s / /
ar & .
Wn9agif3es | Derris scondens Berth. 1y, wn /
NOINUTS | Rhinacanthus nasutus Kurz. lu /
v 1 . I3
UREUUN Annona squamosa Linn. lu, W@ | / / / /
v =
UNUBY wAga, 1 /
URsyIWA | Tinospora tuberculata Beumee. | LA3@la1&8® o, lu /
( 9.,49.,9n.,
agl.,)
ENULAANY U
(us.)
RGN Cassytha filiformis L. el (us.) |1Han, fu /
gn el
(us.,a0.)
gnlunt (an.)
Aelunlan
(us.,20.)
nenge Citrus hystrix DC. an /
EAND! Citrus aurantifolia (Christm. & an, LNan / /
Panz.) Swing.
PRI [N Averrhoa carambola Linn. an /
[ g Dipterocarpus alatus Roxb. T /
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g1 1 Nicotiana tabacum Linn. Tuudi, / /
lu m
81414 Tiliacora triandra Diels. 1y, N /
gAaLR Eucalyptus glopulus Labill. Tu / /
a1l Datur metel Linn. wzdeth, xih(ly, gn /
(us.)
“uilay Acacia concinna (Willd.) DC. lu /
elelo) Caesalpinia crista Linn. 9m (US.) 1y, an /
L Azadirachta indica A. lu, wWaen / / /
M Eupatorium odoratum Linn. 1, A1 / /
uaUANaueNn | Stermona tuberosa Lour. wSuAy (5.) [lu, Ay, 90 / /
Stermona collinsae Craib.
PUNNTZTEN wmsanuaNue |y, fAu /
o lu /
wwlua | Derris elliptica Benth. 970 /




usu

nwdmshadan

sawianldig yulus

adiy fainandn a3 faviasan  awitld ——— 5
g YauuAu  3uN3 Yisue uAsHIBIIHIY
nseiie Zingiber zerumbet Rosc. Smith. 0 /
neviie | Allium sativum Linn. 7 /
NzWseN | Ocimum sanctum Linn. Ty, fu /
1n*a Ty /
afiudu Curcuma longa Linn. afiuiaa (ug.)| ¥ /
1ng Streblus asper Lour. Tu /
an A. galanga Swartz. v, T /
Tindn Cassia siamea Britt. 1w /
AN Albizzia lebbekiodes Benth. 8989 7.) u, A /
TR Cassia alata Linn. T /
AZLNN Tu /
ALl Planchonella siamengis Fletcher. lu /
nzlad Cymbopbogon citratus Stapf. Tu, Au /
pAunNal | Vernonia elliptica DC. 1w /
AR Borassus flabellifer Linn. Tuua (us.)  |gn /
FNAY Coccinia grandis Voigt. lu.gn /
AAVYAAUN gumalva (us.) [0, lu / /
ANN Strychnos nux - blanda A.W. Hill. | Tinim (us.)  |lu, waen / /
61 Tu, s, /
VT
NUNN Punica granatum Linn. SL‘U, waan /
daann Annona squamosa Linn. 1w /
UATELNA Tinospora tuberculata Beumee. | LATALINE® AL, 1N /
( 9.,u9.,20N.,
atl.,)
tULAAnYU
(us.)
191N Centella asiatica Urban. SNV AT
(ael.) Ty, fu /
lsen Pterocarpus macrocarpus Kurz. |lula (us.) Tu /

4




SIWUUSDU 2548 NSUUF 0d

savdainldug yulus

Hawa fainand a3 fatiasiu  awitld . :
1 a o =)
Lag YAUNNY  FUNS UITHY UATAIEITNTY
Tusen Murraya siamensis Craib. LN Tu /
(NAR 1)
lsnzvan | Kaempferia galanga Linn. AN 7 /
g v . v
W14 Ipomoea aquatica Frosk. lu, Au /
ar v v
HNLaien Ty, o /
aniflaues | A. amoena Tu, s /
o v
AaiPAvtaly Tu, siu /
Hrau waea (7)) | lu /
Hatnas Cassytha filiformis L. elluad (us.) w0l /
an nelun
(us.,2n.)
fnlviala (an.)
1elvalan
(ug.,an.)
- 9
LATRLLIAN
( 9.,19.)
WA Tu / /
LN Oroxylum indicum Vent. 1w /
na Zingiber cassumunar Roxb. Tl (9., W7 / /
17.,2N., A8
Iwasmn Zingiber ottensii Kurz. 0! /
Wi Benincasa hispida Cogn. manlaw (9., | W8 /
B. cerifera Savi. U7, 2N.,8
Wnzanalas | Bidens pilosa Linn. u, i, e /
aenan Spondias pinnata Kurz. 1U,§ﬂ /
A TAEY] Tamarindus indica Linn. Wanzanu | / / / /
EICTE Solanum xanthocarpum Schrad. an /
& Wenell.
NZLAD Aganosma marginaata G. Don. an /
HNTUND Citrus aurantifolia (Christm. & an / /

Panz.) Swing.
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v
HNIWTIA

Cocos nucifera Linn. an
= . L.
NETLUUN Monordica charantia Linn. 1y, @
8o Morinda citrifolia Linn. nvee (us)  |qn, lu
£19UUNIT Ty, &g
11U Tiliacora triandra Diels. Ty, w@n
s1TwWane | Cassia bakeriana Craib. A ( o.us, | ludn
an.,ael.)
v ar Gl o
WAL WATenAY (ue.)| Ty
v
NUALLLL lu
a9 lu
o v
Jndas 1y
a8n Croton tiglium Linn. Tu, an
eielo Caesalpinia crista Linn. 90 (UF.) lu
zgziuldl | Mentha cordifolia Opiz. T, s
v
TRV R Ty
Mﬂ_l:’l LLﬁQ‘VIE Kyllinga monocephala Rottle. i
NN Cyrtostachys lakka Becc. an, lu
NAIAN fanzian (1.) ]l
fag Saccharum officinarum Linn. A1




sonianldia yulus

Hait fained as dasiasdu  awitld e 5
Lagl Yauunu qi““ﬁ ‘].!iiﬁlﬂ UAIAITIININY
nszlnu Careya sphaeria Roxb. 1y, wlasn /
nanel Musa sapientum Linn. Al / /
afiu Curcuma longa Linn. 70 /
C. domestica Valeton.
\N Xylia xylocarpa Taub. var. kerrii laen /
(Craib & hutch.) Nielsen.
Bty Wiewmaa ( 5.)| 3 /
AZLN waan /
N waan /
NN Punica granatum Linn. ua, Llaan / /
UUYIT Peltophorum dasyrachis (Mig.) Kurz. waan /
UATELNA Tinospora tuberculata Beumee. | LATALINE® o, AU / /
( 9.,u9.,20.,
ael.,)
tULAAUY U
(us.)
T Tu /
B Pterocarpus macrocarpus Kurz. 1laan /
b5 Psidium guajava Linn. waanua | /
Weeia Shorea talura Roxb. wlaan /
Ina Zingiber cassumunar Roxb. U (9,05, 90 / /
an.,ael.)
Wnezanalas | Bidens pilosa Linn. T, Hu, v /
N Bridelia siamensis Craib. nzidenda (9.)|luaen /
nzRe Aganosma marginta G.Don. Al /
ATl Cocos nucifera Linn. AR /
g1UN9 Tiliacora triandre Diels. 0,5l /
Limacia triandra Miers.
azyA wlaen,ua /
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279 Caesalpinia crista Linn. M (U5.) Tu /

C. bonducella Fleming.

uuIN Areca catechu Linn. WA / /

LRITAN Lannea grandis Engl. M /
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6 pulwsigludsusnmiaimsmant v audu omad oududa wadlum

aamdaanldiy yulus

Han faInendn a3 favasan  awitld ; y
3 a W =)
Lag UYauLnY ‘i‘imi ‘].!iislﬂ UAIAIGITININYG
n3zang gam, LU /
=l v
nIzLaEn IRIGTNRY /
NIz Allium sativum Linn. 70 / /
1nm waan /
STE Kreangelisia flava (Linn.) Merr. ) /
YR UL Curcuma longa Linn. 0! /
C. domestica Valeton.
aq Zingiber officinale Rose. o) / /
L9 gag, LU / / / /
ar v
Fala gam, AY | /
AR Borassus flabelliter Linn. an /
1lszARANe qn /
NNAUNUUNN | Amaranthus spinosus Linn. i, Tu /
o o o v
nayu an 1w, lu,su /
azvau ( 9.)
na Zingiber cassumunar Roxb. Tl ( 7.,09.| v /
an.,ael
AEA TR Tamarindus indica Linn. WiaNgN /
AT D) Citrus aurantifolia (christm. & Al / /
panz.) Swing.
PRl Cocos nucifera Linn. WA / /
PR [a Averrhoa carambola Linn. HA /
Heazne Carica papaya Linn. T, &g /
K| Feronia Ivcida Teysm & Binn. aam,mu, 1y /
p
HNEUINKREl NA /
81 1 Nicotiana tabacum Linn. RIS /
GOTT 770 /
U i /
dun9asdl | Aloe baebadensis Mill. B, ';;u /
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v
=
Areca catechu Linn.
NDNLAY Eleutherine americana Merr.
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W6 yulwsngludmsusSnmamshinimudag 13uv

aamdaanldiy yulus

Han faInendn a3 favasan  awitld ; y
3 a W =)
Lag UYauLnY ‘i‘imi ‘].!iialﬂ UAIAIGITININYG
nazlau Careya sphaeria Roxb. laan /
nNIzAEI Allium sativum Linn. e /
gl Streblus asper Lour. lu, wlaan /
AUnan Cassia siamea Britt. lu /
N wen (9. |[ulaen /
an Sesamum indicum Linn. AR /
T Capparis micracantha DC. wialume (1) [wden /
12N Xylia xylocarpa Taub.var.kerrii waan / / /
(Craib & Hutch) Nielsen.
rar n91m (L9.) waen, su / /
-
LENmIA ( 9.)
AZLLN waan /
K3 1% <y
2] A, L, e /
N waen /
1B7ELNANUN | Tinospora tuberculata Beumee. fu, 1wldan /
sen Pterocarpus macrocarpus Kurz. 1laan / / /
wanlna Piper nigrum Linn. AR /
ar = . . . . ¥
WALNAN Crium asiaticum Linn. a, Ty /
LWNN Oroxylum indicum vent. ilaen /
na Zingiber cassumunar Roxb. duln (9., e /
U7.,4N.,88.)
Wnnas Cucurbita moschata Decne. NA /
aznan Spondias pinnata Kurz. Al /
S. mangifera Willd.
NzNAe Diospyros mollis Griff. uzLAg (an.) ua, Llaan /
NN Tamarindus indica Linn. Wiz /
Nzag Averrhoa carambola Linn. AL / /
TaNILN waan /
WALWEEn | Zizyphus oenoplia Miull. lanan /
“vilzam Anaans comosus Merr. WA /
NUIA Blumea balsamifera DC. lu, s /
“NIN Areca catechu Linn. HA /
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LUlWsAG umSUSNBIIMSaIFI: U 1 Vadaimsani U
I6u vaviani U Tsdani v Wakugani u

aswan Ly yulus

Hana Hadnenan a3 favasdn  uild - -
13 a G4 =)
Lag UaULNY “5“‘“‘5 uiiﬂﬂ UAIAITITNINY
v = o %
NNATNANY ]34, P, lu,pu /
nened (9.)
951 Kreangelisia flava (Linn.) Merr. ) / /
a A. galanga Swartz. o) /
LAANIA Chloradenenia discolor Bill. Ty, Au /
TGN Xylia xylocarpa Taub.var kerrii lann /
(Craib & Hutch) Nielsen.
ala n9m (Us.), |waden /
Wiemsa ( 9.)
AYATN waan /
FLLAN Hydrocharis dubia (BI) Back. Tu, s /
AENI] Strychnos chloropetala A.W Hill. wlann /
wn9aell3ad | Derris scandens Benth. wn, Ty, A /
VIOIWWE | Rhinacanthus nasutus Kurz. Ty, fiu /
st 'a9fin lu /
(NAD )
Ina Zingiber cassumunar Roxb. Al ( 7.09., | vin /
an., /el
UTWE19 Cocos nucitera Linn. WA /
AN Datur metel Linn. wzi@erhn ( 1.) |1, Au /
“uilau Tu /
ZLAN Azadirachta indica A.Juss.var. lu, waen /
siamensis Valetor.
“vaan lu, wWaen /
(9Kl Coleus amboinicus Lour. lu /
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; o 4 A ¢ § o A v da o
Hang fained a3 Harasnu il
. a < AW S =2
Lag Yauny “5‘“‘"5 ‘l!iiﬂﬂ UATAITIININY
51 Kreangelisia flava (Linn.) Merr. 90 /
UL Curcuma longa Linn. D)
C. domestica Valeton.
AANTN Calotropis gigantea (Linn.) R. Br. £179, FiL
madaanily Tu, Au
2bal n3m (us), |y, waen /
Wiemsm ( 9.)
o =2
FIRIUN LN /
SBINZEY Punica granatum Linn. wa, lu, wdan
UDENUN Annona squamosa Linn. 1y, Wan /
o a ar v
nayu an 1y (an) | e, lu
Anranelas | Bidens pilosa Linn. 1U,ﬁu,ﬁdﬁﬂ
ﬁd@ 7 Garcinia tabacum Linn. wasnua
81 1 Nicotiana tabacum Linn. Tuuor / /
v
LNUUBL lu, Au /
Vv .. v
Zill) Mucuna collettii Lace. lu, Ay /
WUBUANYEIN | Stemona tuerose Lour. T uau (9| T, 370 / /
UNIN Areca catechu Linn. WA /
NANLAY Eleutherine americna Merr. w7
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sonianldig yulus

Hav Hainad af fovasan  auifld - -
J a S =)
Lagl Yauuni ‘iuﬂs ‘l.!iiﬂﬂ UAIAITIININY
al v
QEHCEIL! aan,suly|
AU Curcuma longa Linn. AN (UE6.) 79 /
v o
uau 79 /
Twa Zingiber cassumunar Roxb. Nl (5., [ /
U3.,2N.,a88.)
NzLen lu /
NTITAUN Momordica charantia Linn. wa, 1y, 10 /
INUABA v, 1 /
dNuM9aszid | Aloe vera Linn. o /
e Eupatorium odoratum Linn. fnane (an.) |y, Au / /
2131 (u8.)
v v
naleauvuey g, Ty, en |/
AEN Aegle marmelos Corr. Ty, ene /
v v
ARULTY 1y, &g /
AANIN Calotropis gigantea (Linn.) R. Br. #1961, 11 /
NTWE19 Cocos nucifera Linn. nean /
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Havi fainendr a3 daviasan  ‘awitld
18 YauMAN  3UN5 YISHH UAHIEIINI
nnl*n au, lu /
neszfalanAa | Excoecaria cochinchinensis Lour. fu, lu /
n&og Musa sapientum Linn. WA /
Auanu A, /
W Coffea arabica Linn. LNAR /
LA Ixora lobbii Loud. ﬁuflu,mﬁm /
AN Albizzia lebbekiodes Benth. dada (9) | Aw lu /
Ju lu /
AUFN 1 /
AULAN Dracaena loureiri Gagnep. lu /
amfalul Ty /
161 wlaen /
NTIUIAR Cassia glauca Lamk. s, Tu /
UATEINA Tinospora tuberculata Beumee. | LATaL11E8 1o, AU /
( 9.,19.,90.,Q¢.)
ENULAANNU
(14.)
191N Centella asiatica Urban. tanszum (as.)| T, G /
azvian Kaempferia galanga Linn. ANHN ( 7.) 790, W9 /
IO Wt ( 9.) Tu /
neeaN Shorea roxburghii G.Don. lu, Wlaan /
Wniden Bernenacsa hispida Cogn. nunnlaw (9., | wa /
1U7.,40.,8
Amzanalas | Bidens pilosa Linn. Tu, s /
AT D] Citrus aurantifolia (christm. & Al / /
panz.) Swing.
W9 Cocos nucifera Linn. WA /
lunsu | Wrightia tomentose Roem. & | yynifie, Tunifie | 1y, #u /
Schult. (us.)
TaLIGN Tiliacora triandra Diels. Ty, 10, fAu /
7 Auf | Pierre er Craib. u, Fiu /
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71980 Thunbergia lurifolia Linn. Tu, s / / /
INUNDUNE 1 /
vsuiuy | Memtha cordifolia Opiz. Ty, s /
L aAWanaw | Barler lupulina Lindl. Tu, s /
ntjndaneny | Sida rhombifolia Linn. 1u /
v v
NEIINLNG prL A (9. |, su /
n1999Ene | Heliotropium indicum Linn. u, Au /
NN Areca catechu Linn. Al /
WAIAT ABAULIN T /
v
RN Ty, fiu /
a o v
WaA lu, Au /
BRLUAY Saccharum officinarum Linn. p /
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W6 ulWSABumSUSNEIIMSLOgNanI U AA3AEIN SNANJ NFJaN
taJnaanidaanaanlingn

. : . . sawdanldng wwlus
- a é v a 1] U ]
Hawa #ainend a3 Hariasnu un -
" a g ¢ 2
Lag Yauny qsum i!iiﬂﬂ UAIAIGIININY
A uaE Curcuma Zedoaria Rose. 70 /
108 Streblus asper Lour. unel,

una (7)) |lu / /

1 A. galanga Swartz. 0] /

draufiumiledng | Smilax corbularia Kunth. 79 /

AIALAS Zingiber officinale Rose. 0] /
ARLAN Randia siamensis Craib lu /

Oxyceros horridus Lour.
\ARYULNASUAS | Plumbago indica Linn. u, s /
a S Vv

L@MHHLW@JLM@@\? IU, 252 /

ﬂi‘fv’@: Pterocarpus macrocarpus Kurz. | lula (us.) T, s /
QN Caesalpinia sappan Linn. unu, wlden /

ARNIGN uny, waan /

ARSI uny, 1laan /
= v

WA 1y, siu /

Twa Zingiber cassumunar Roxb. Anuln ( 9.,u5.,| 2 /
an.,ael.)

Hengm Citrus hystrix DC. WA /
i) Morinda citrifolia Linn. Neen (UE6.) HNA /
L i Y

PRivs unzere, |y, fu /

e ( 9.)
ANUT] nuean | Curcuma xanthorrhiza Roxb. 79 /
AUFTVA 70 /

v & .. N
L oen Bauhinia malabarica Roxb. lu /
TLNA waan /

mﬁwm Imperata cylindrica Beauv. T, fu /
v .

‘Mty’ﬂﬁﬁ Leersia hexandra Sw. T /

v

LTalY otald 1w, 990 /
= v
nuaAnE Ty, Au /
wua uny, 1laan /
BRELAY Saccharum officinarum Linn. B /
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daviy fainendr a3 daviasan  ‘awitld —— =
tag UauUUNY  SUNT U UAIAIGIININY
nanel Musa sapientum Linn. Al /
NEUD Citrus aurantifolia (Christm. & Al /
Panz.) Swing.
AR u, s /
QM T Eupatorium odortum Linn. Tu, s /

WE 1)

asvdan Ly syulus

Hawix Hainenan a3 Haviasay ity ———— 5
Qg YAUUAY  FUNS YIINE UAIAIDISHIY
CUEIAN LN eI el Glycosmis cochinchinensi Pierre. 1, A1l /
dnilsn
LATALAY 1Aga, 1 /
AuNN Strychnos nux - blanda A.-W. Hill. lu, ulaen /
nY Piper betel Linn. 1 /
AT D] Citrus aurantifolia (Christm. & WA /
Panz.) Swing.
81 U Nicotiana tabacum Linn. Tuusia /
UL senfing Funuunes |l /
\ aAWanway | Clinacanthus nutans Burm. Ty, fiu /
ALE
“HIN Areca catechu Linn. Al / /
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8 NsuUA 0o

W6 yulwsigludsusnmamsn=gal u

v v AQ ya
- , . . s . samianldwy yulus
o aInandl as Havasau unld ; .
J a S =)
Lagl Yaunu ‘i‘u‘lﬁ 1!553] UAIAITIININY
REEIRIIAY Allium sativum Linn. 799 /
=
WeYILlEn Ty /
wanlnea Piper nigrum Linn. LNAR /
Tuaisny Mimosa pudica Linn. T /
LA Saccharum officinarum Linn. A1 /

Wt 1 usSnamstilu

. : . ; . Samdan iy yulws
adiy gainad as Haniasnu uinld —T—T1 5
g YAUUAY  3UN3 YIIMG UASAIHIZNY
TGN Xylia xylocarpa Taub. wlaan /
R Planchonella siamensis Fletcher. | suiusing lu /
UBTELNA Tinospora tuberculata Beumee. | LA78L1180 o, AU /
( 7.17.,2N
HULAAUY U
TJaun Centella asiatica Urban. Hanszum (as.)| 1,6 /
unilfaine | Basella rubra Linn. 1y /
uniilanns | A. amoena, Alternanthera lu /
triandra Lamk.
e wnfaves | Drymaria diandra Blume. Tu /
D. cordata Willd.
WNGWaNA | Panicum repens Linn. waAuan (us.) | lu /
WNWUIUAS | Cyathula prostrata (Linn.) BL Tu /
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6 U8 ludsusSnnaImsIviiia

sawianldia yulus

adiy fainanan a3 fatasiu  awitld —— ;

Lagl Yauuniu qiuﬂi 1!55“3 UAIAITIININY
nagiie Zingiber zerumbet Rosc. Smith. o) /
neviiesn | Allium satium Linn. e /
afiuden Curcuma zedoaria Rose. ) /

i A. galanga Swartz. ) /

GN Zingiber officinale Rose. o /

Al Michelia alba DC. T, pan /
TR Cassia alata Linn. 1y /
nzla¥ Cymbopogon citratus Stapf. A, /

UATELNA Annona squamosa Linn. LATALINER o, AU / /
( 9.U9.,2N.,88.)
ghudavyu (ug.)

nTaan Oenanthe stolonifera Wall. 1y /

Hhe Gossypium herbaceum Linn. lu /

W?ﬂ%ymé Capsicum frutescens Linn. lu, Wwan /
wanlna Piper nigrum Linn. LA /
na Zingiber cassumunar Roxb. duld (2,05 9 / /
an.,ag
fianzanelas | Andrographis paniculata (Burm)| lu,duwasin | / /

Wall.
NEUID Citrus aurantifolia (Christm. & WA /

Panz.) Swing.
LUWN9 quwan (ag.) | 19 /
“Nilay Acacia concinna (willd.) DC. 1u /

“LAN Azadirachta india A. T, fiu / /

Wﬁﬂﬁﬂ,u Phullanthus urinaria Linn. T /

UUIA Blumea balsamifera DC. Ty /

NUNIU Scheffera leucantha Viguier. Tu /
sz qume
wiiania1vua| Acanthus ebracteatus Wall. lu /
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