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Effects of Photoperiod and Gibberellic Acid on Flowering of Hydrangea

N8R wina uas aign Iwansol

Suphatta Saekor and Nuttha Potapohn’

nATNTAansuazLgNAAnT AzinEasAIanT v aneaedes il 4. @ealua 50200
Department of Plant and Soil Sciences, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand

*Corresponding author: Email: natorchid@gmail.com

(Received.: 29 April 2019; Accepted: 15 November 2019)

Abstract: Study on the effects of photoperiod and gibberellic acid on flowering of hydrangea was carried out at
Mae Hia Agricultural Research, Demonstrative and Training Center and Khun Pae Royal Project Development
Center. Factorial in a completely randomized design was used. Two factors, photoperiod and gibberellic acid
(GA,), were studied, two levels of photoperiod, regular day length and short day, 8 hr, along with 3 levels of GA,
0, 25, 50 mg/L. The result showed that photoperiod and gibberellic acid affected the flowering of hydrangea
depending on location.

Keywords: Growth and development, photoperiod, hydrangea
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Figure 1. Shoot pinching of hydrangea, first pinching (A) and second pinching (B)
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Figure 2. Hydrangea shoot development for 1 - 7 stages. (1,2) vegetative buds (3) transitional stage

(4) inflorescent primordium (5) primary and secondary inflorescent primordia (6) sepal and

petal formation (7) young inflorescence with floral initials
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Figure 3. Growth and development of hydrangea grown at different locations, Khun Pae Royal Project
Development Center (A-D), Mae Hia Agricultural Research, Demonstrative and Training
Center, Mueang district, Chiang Mai province (E-H), during December 2016 to May 2017
(™ GA, 0 mg/L +natural light, +GA3 25 mg/L+natural light, =™~ GA, 50 mg/L+natural
light, == GA, 0 mg/L+light 8 hr, = GA, 25 mg/L+light 8 hr and —*~ GA, 50 mg/L+light
8 hr)
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Table 1. Effects of photoperiod and gibberellic acid on flowering percentages of hydrangea grown at Khun

Pae Royal Project Development Center

Factors Flowering (%)
30 DAT 60 DAT 90 DAT 120 DAT

Factor A : photoperiod
regular day length 8.3 50.0 91.7° 83.3°
8 hr light 25.0 58.3 41.7° 8.3"
Factor B : gibberellic acid
0 mg/L 125 62.5 62.5 37.5
25 mg/L 25.0 50.0 50.0 50.0
50 mg/L 12.5 50.0 87.5 50.0
Factor A ns ns * *
Factor B ns ns ns ns
Factor Ax B ns ns ns ns

DAT = days after treatment

Means with the different letters within the column indicate significantly different at P<0.05

ns = Not significant
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Table 2. Effects of photoperiod and gibberellic acid on flowering percentages of hydrangea grown at Mae Hia

Agricultural Research, Demonstrative and Training Center

Factors Flowering (%)
30 DAT 60 DAT 90 DAT 120 DAT
Factor A: photoperiod
regular day length 8.3 50.0 50.0 50.0
8 hr light 16.7 58.3 50.0 41.7
Factor B: gibberellic acid
0 mg/L 25.0 62.5 50.0 12.5°
25 mg/L 12.5 50.0 25.0 39.6%
50 mg/L 0.0 50.0 75.0 85.4°
Factor A ns ns ns ns
Factor B ns ns ns *
Factor Ax B ns ns ns ns
DAT = days after treatment
Means with the different letters within the column indicate significantly different at P<0.05
ns = Not significant
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Heterosis Studies on Horticultural Characteristics and Yield of Chili Hybrids
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Abstract: The purpose of this research aimed to study heterosis of yield and horticultural characteristics on chili
hybrids. Male sterile varieties (A-line) crossed with four fertile varieties (C-line) in a half-diallel cross program.
There were 16 hybrids from the crossing program. All combinations grew for varietal evaluation with their
parents and commercial variety by using randomized complete block design (RCBD) with three replications and
twelve plants per replication. The results showed that fruit yield of 16 hybrids ranged from 350.0-811.7 g/plant.
Hybrid A2 x C4 gave high fruit yield at 811.4 g/plant, which was not significantly different with A3 x C2, A1 x
C2, A2 x C2, A2 x C1, A2 x C3 and the commercial variety at 750.0, 705.0, 605.0, 593.3, 565.0 and 576.7
g/plant, respectively. Hybrid A2 x C1 showed positive heterosis in all traits, and their heterosis of yield and fruit
per plant were 22.9% and 1.3%, respectively. Moreover, the heterosis of fruit length, fruit width, and flesh
thickness were 34.0%, 17.0 %, and 5.2%, respectively. Hybrid A1 x C2 also showed high heterosis of yield and
fruit per plant (54.1% and 25.1%, respectively). These results concluded that A1 x C2 and A2 x C1 hybrid were

suitable to improve for the new commercial hybrid.

Keywords: Chili, F, hybrid, male sterile line, heterosis
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FINNNIIRUEN9A NRANUWITLE 1.5 RaAmnT
(Table 2)

female parent male parent

Al

maie sterile

no fruit

F4 hybrid

female parent male parent

A2 X C1

male sterile
no fruit :
F1 hybrid

Yok siam
(commercial variety)

Figure 1. Hybrid A1 x C2, A2 x C1 and a commercial variety
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Table 1. Plant height, fruit yield and number of fruits per plant of F, hybrids, parental lines, and commercial

variety

Code Height (cm) Fruit yield per plant (g) No. of fruits per plant
Female parents
A1 70.0+4.9%" - -
A2 72.0+2.8%° - -
A3 753+7.6% - -
Ad 70.3+13.9%" - -
Male parents
C1 69.2 +3.8°" 483.0 + 150.9°* 59.9 +15.6%°
c2 83.7 + 5.8 457.5 + 51.2°% 50.6+5.7°
C3 442 +3.8' 2426 +68.1° 20.6+6.5°
c4 100.1 £+ 11.2° 701.4 + 154.7%° 76.0+46%
F, hybrids
A1 x C1 96.2+11.9% 551.7 + 99.3>¢ 54.7 +21.2°°
A1 x C2 99.3+12.0% 705.0 + 77.6™° 63.3+8.4%°
A1 x C3 702+ 75" 476.0 + 128.5°* 27.0+6.1"°
A1 x C4 62.0+2.6" 538.3 + 122.7 > 37.3+9.1°0
A2 x C1 91.8 +3.3%° 593.3 + 265.4%° 60.7 + 23.5%°
A2 x C2 78.2 +3.4°° 605.0 + 143.4%° 443 +17.2%9
A2 x C3 56.3+3.5%" 565.0 + 135.9°° 29.3+87"°
A2 x C4 69.3 + 15.8%" 811.7 + 274.4° 71.3+13.6%°
A3 x C1 60.3 +29.4 ™" 473.3 + 76.5°% 49.3+15.6°
A3 x C2 73.7+91% 750.0 + 209.0%° 80.7 +13.7°
A3 x C3 702 +6.6" 473.3 +70.9°% 28.7+32"°
A3 x C4 69.2+6.3" 493.3 + 33.3% 39.0+1.7%
Ad x C1 102.5 +5.8° 481.7 + 107.5°* 56.0 + 24.8°
Ad x C2 79.2 +52°%° 541.7 + 215.5° 60.3+16.0%°
Ad x C3 55.7+9.2" 510.0 + 36.1 > 29.0+4.6"°
Ad x C4 72.7+125% 350.0 + 70.0% 29.0+36"°
Commercial variety
Yok-siam 106.0 + 8.6° 576.7 + 230.1°° 74.3 + 35.5%°
F-test * * *
C.V. (%) 13.2 27.9 30.8

* Means followed by the same letter in the same column were not significantly different by LSD test at P<0.05
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Table 2. Fruit characteristics of F, hybrid, parental lines, and commercial variety

Code Fruit characteristics
Length (cm) Width (mm) Flesh thickness (mm)

Male parents
C1 9.0+0.3" 14.3+04° 16+0.1°%°
C2 115+0.7%° 196+37% 2.1+04%
C3 9.9+05° 23.1+1.6° 24+02%
C4 10.3+04° 16.1+1.1%° 1.3+0.1°%°
F, hybrids
A1 x C1 125+ 1.7°% 16.4+1.3% 15+0.2°
A1 x C2 13.4+0.6" 16.5+21% 1.9+0.1°
A1 x C3 100+15% 255+4.2° 27+03°
A1 x C4 12.9+03% 227+08% 16+0.2%°
A2 x C1 12.0+0.4°° 16.7 £2.0°° 16+0.2°%°
A2 x C2 13.0+05% 16.7 +1.6°° 15+0.1"°
A2 x C3 136+ 1.4° 23.1+2.3° 22+0.1%
A2 x C4 11.7+16%° 18.6+1.8% 1.6+0.4°°
A3 x C1 11.4+15%° 18.0+ 1.0 16+0.4°°
A3 x C2 12.9+07 156 +1.3% 1.9+0.2°°
A3 xC3 104 +0.7% 171 £1.5°° 1.4+04°
A3 x C4 12.0+3.3%° 184 +1.1% 1.8+0.3%°
A4 x C1 10.1+1.8% 19.8+22% 14+0.1°
A4 x C2 11.5+05"° 143+1.7° 1.7+04%°
A4 x C3 10.8+0.6° 196+ 13 16+0.2°
A4 x C4 11.0+ 3.0 18.2+0.9% 15+0.5°
Commercial variety
Yok-siam 18.3+0.4° 16.1+16% 1.5+0.0%°
F-test * * *
CV (%) 11.3 10.2 14.5

* Means followed by the same letter in the same column were not significantly different by LSD test at P<0.05

LﬁaﬁmamﬁmmmﬁLm'ummqnmu WU
WINAHAN A2 x C1 UBNANUAAIANAALNI9E Y
m@mﬁmﬁﬁﬂumﬁuﬁuﬁ:ﬂw%ﬁﬂ FIUAAIAIANA LAY
wilawaus ‘Emmmm\immdmnnnﬁﬂwmzﬁﬁnm
1Hun frunnesiuin uansmnuAuwiianau
%auay 34.6 Auiminuandnuazduiunas oy
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Table 3. Percentage of heterosis of 16 F, hybrids

Code Height Fruit yield No. of fruits Fruit characteristics
(cm) per plant (g) per plant Length (cm) Width (mm)  Flesh thickness (mm)
A1 x C1 41.0** 14.2** -8.7 39.6* 14.9 -3.9
A1 x C2 27.6% 54.1** 25.1% 16.5* -16.1 -11.7
A1 x C3 17.4* 96.2** 31.2* 1.4* 10.6 8.6
A1 x C4 -27.2 -23.3 -50.9 25.8* 40.6* 1.9
A2 x C1 34.6™* 22.9* 1.3 34.0* 17.0 5.2
A2 x C2 0.4 32.2** -12.4 13.1* -14.9 -30.8
A2 x C3 5.7 132.9** 42.6* 37.5* -0.2 -11.9
A2xC4  -18.6 15.7** -6.1 13.7* -19.6 26.2
A3 x C1 -11.6 -2.0 -17.6 27.2* 26.2 5.2
A3 x C2 -5.4 63.9"* 59.3** 12.0* -20.4 -10.3
A3 x C3 17.4* 95.1** 39.3% 5.5% -26.2 -42.2
A3 x C4 -18.8 -29.7 -48.7 16.5* 14.5 11.3*
A4 x C1 50.3** -0.3 -6.5 12.8* 38.5* -7.1
A4 x C2 1.7 18.4** 19.2* -0.1 274 -19.2
A4 x C3 -6.8 110.2** 40.9* 1.1* -15.0 -34.4
Ad xC4 147 -50.1 -61.8 7.1% 13.2 -9.4
*Significant at P<0.05; ** Significant at P<0.01
nanARTigand e EHANEILAMNINT AT nesnssulsznA

i wadauna o) a19uazndng AuuNanafuuIn
Spaldon et al. (2015) 18NN NANNA AT aN BN
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Effects of Salicylic Acid and GA, Solutions on Germination and Vigor of ‘Khaek

Dam Kaset’ Papaya Seed

RAY SAUNUG STNA ANTUTTENA LAz NARST UWNIAaw’

Wilasinee Rattanaphan, Rattaphol Chatbanyong and Pichittra Kaewsorn®
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Department of Horticulture, Faculty of Agriculture, Kasetsart University, Bangkok 10900, Thailand
*Corresponding author: Email: pichittra.k@ku.th
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Abstract: The methods of germination enhancement of ‘Khaek Dam Kaset papaya seed to enhance the
germination and seed vigor were studied. Seeds were soaked in reverse osmosis (RO) water, gibberellic acid
(GA,) solution and salicylic acid (SA) solution in different concentrations for 16 hours. The experiment was
designed in a completely randomized design composed of 7 treatments: RO water, 500 mg/L GA, solution and
SA solution at 50, 100, 250 and 500 mg/L compared with the untreated seed (control). The results showed that
soaked seeds in 500 mg/L GA, solution had no effect on germination when compared with control, but these
treatments had faster mean germination time (MGT) than control (approximately 1 day). Moreover, soaked

seeds in all concentrations of SA solution did not affect on germination, when compared with control.

Keywords: Speed of germination, mean germination time, seed enhancement
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2014)
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MGT = » (nT)/Y n Inel n Aa Anunufiudau
Uniluusiazsiy, T Ae Snnuiufiudsenifufuseu
1B (Ellis and Roberts, 1980)
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Table 1. Seed germination and mean germination time of ‘Khaek Dam Kaset' papaya by the different soaking

treatments under laboratory (LAB) and greenhouse (GH) conditions

Treatment LAB germination Mean germination time GH germination
(%) (days) (%)

Untreated seed (control) 63.50 ab 15.81b 65.00 abc
RO water 66.50 ab 14.64 c 53.00 bc
500 mg/L GA, solution 68.00 ab 14.86 ¢ 76.00 a

50 mg/L SA solution 74.50 a 15.90 b 72.00 ab
100 mg/L SA solution 69.50 ab 15.69b 59.00 abc
250 mg/L SA solution 70.00 ab 16.00 b 67.00 abc
500 mg/L SA solution 60.50 b 17.06 a 47.00c

CV (%) 11.08 3.42 24.01

"Means within the same column follow by different letters showed significantly different between treatments by DMRT at P<0.05
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Figure 1. Fresh ungerminated seeds of ‘Khaek Dam Kaset' papaya by the different soaking treatments
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Figure 2. Dead seeds of ‘Khaek Dam Kaset' papaya seed by the different soaking treatments
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Figure 3. Abnormal seedlings of ‘Khaek Dam Kaset' papaya seed by the different soaking treatment
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Effects of Phosphate-solubilizing Bacillus Application with Chemical Fertilizer on

Yield and Yield Components of Sugarcane in Pak Chong Soil Series
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Abstract: The objective of this research was to study the phosphate solubilizing and bacterial leaching when
adding PSB biofertilizer (phosphate-solubilizing bacteria biofertilizer) in Pak Chong soil series and studying the
effect of using PSB biofertilizer with chemical fertilizers for sugarcane cultivation. The study was divided into 2
experiments. The first experiment was the study of the effect of using PSB biofertilizer on the solubilization of
phosphate in Pak Chong soil series by completely randomized design in 3 replications and 7 treatments with 7
different rate of PBS fertilizer applications (2-64 g/kg soil). Available phosphorus and bacteria number in the
leaching water through the soil column were examined in the 90 day period. The results found that Pak Chong
soil series with PSB biofertilizer at 64 g/kg soil had the highest available phosphorus in leaching water as 31.10
mg/l. Although continuous water washout, but also found that the amount of available phosphorus was high.
This indicated that the bacteria still had phosphate solubilizing activity and had survival in the soil. For second
experiment, a complete randomized experiment were conducted to study of the effect of using PSB bio-fertilizer
with chemical fertilizer on yield and yield components of Lampang cultivars sugarcane in pots as 9 treatments 3
replications. The results found that adding PSB biofertilizer together with use of chemical fertilizers according to
soil analysis resulted in yield and yield components of sugarcane increased following by the increasing use of
PSB biofertilizer. The maximum yield of sugarcane when using chemical fertilizer 15-7.5-15 kg/rai with PSB
biofertilizer at the rate of 36 kg/rai was showed. Therefore, it is recommended to apply PSB biofertilizer in
phosphates solubilizing for promoting the yield and yield components of sugarcane that is grown in a low

amount of available phosphorus soil such as Pak Chong soil series.

Keywords: Phosphate-solubilizing bacteria, Bacillus sp., sugarcane
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oy = = \ | a Al g ™
(Mg,(PO,),) HluAu avduatmnaesloynin1ss nemsnsdaulunHaninaun liAesmunzan usies
NaaneFaluau douiesfidunans (pH 6.5-7) mmmﬂm@@ﬂimu@ﬂnummmma‘mu RINFAAEY
Wasmnazar ugtmdulsctum Tuenddaiinangs msmmwummmwmnwﬂ@ﬂmﬂumﬂgiﬂwmu
Autlndeslunimaasd iasanansuzuazaniia Fandarauunuinislgniaaluganuilindas
Auaasganutndes Wuhnanun Auuuiiumv %a8az 11.11 (Agricultural Land Reform Office, 2019)
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2LUI19NLT 6 D9 7 (White, 2003) N3 wuAT B¢
azansnaamaaziinliineanaialugnazarainls
gn@uNTnazataaanui i 1w Achromobacter,
Agrobacterium, Bacillus, Bradyrhizobiumn, Burkholderia,
Erwinia, Flavobacterium, Pseudomonas Wag Rhizobium
(Kanamnuay, 2007; Mala, 2007) Tafinalnananh
aAtyAanTauazilanlaneansnaanuaniaad in
Wafraasanwwndananas viaanalansania
uedaanafinAaaf LLAAEENLAZIAN 9113
WoamnazaelinInTu nanduriadnaauvsdasng
| = a ¥ ! ca
wazandaaaanuniivatasiia 1Hun nsanadin az
@5in nsdladin uampdn uazlnaladn s vivaaia
Wunnsaiansnetiuviad 1aun lusisn dayen Wudiu
(Alori et al., 2017) 9189114299 Saeid et al. (2018) 71
N1INARKARU Bacillus megaterium, B. cereus Wag B.
subtilis WudnEANann U sazateaama Lz
N3l B. megaterium $anfiunszgnUan 5 nFusadns
ninlineanaianlanlasseanuigeqawiniy 483
Hadnfuseans nsdseyndlduunnFuazany
WagwplsttedszTaninfsannasyiiuln nanan
9 o o o +
uazAuNInIgey uardannliandduande
Waanesa 25 iwesiius sudslASunanandaaiuay
12,6 wlafiius Weldilaneanaiasoniuuunise
avataWedim (Sundara et al., 2002) 72914
wuanganazataeamnligninninasdude
= A que o a A L4 = P
Fanw el udinunnsudaing 1w {agianwieadl
£ Ao @ o aa
Fellanenzidudanan UsznavldfaauuniiFely
nguuNEaaniauainisnlunisazatavaamna
Ao aly o 4 = = = a a

nudsaRlfun{efanniunAneilss@nsainnig
azaaneanlugafvlndes nsszdeuuaiie
waznagauns isaniuilanilenananaasdas
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L4 aa
AUnsluazIaNg

mManuAletwuardiAziAuaanuthngas

guinusnetaRuAINgAR NNt LFn
AIUAAIT 8110 nslam S9ndanigyauys win
N14.066332 E99.232837 ﬁﬂ’ﬂl@ﬂ 0-30 LHUFALNAT
Al U luiisn ue fausuRTuNTaUNA 2
R AATE N Y L G PG T P T bR IR TN e by tat!
naaes Wud Aedlnadnftafetiivmes Anaddn
faaddnines (Department of Agriculture, 2005)

FrneiBunueuisadnng lneds Walkey and Black

(1934) Finneiiunueanefaianunlnagas
Aaat19AenIAdinduNaN HCIO,HNO, (§m31d91
1:2 laetinnm9) 13 audrealuauinumm 811
AndnesesawnnsTiinfinesfinanuenaaa 400-
420 U1 U LN A 9 (Department of Agriculture, 2005)

AmrzitBunnuneanedafiiulselenilnegds Bray |

(Bray and Kurtz, 1945) Twunai@ies waalday way

a A a = v o o = a
wuniidennuaniasuld Tneainiuwenluilenesd
WANNLET 7.0 (Pratt, 1965) LAY ANHULLHLAALAIN

A511m (Department of Soil Science, 2011)

nsAnlFanauuaiGaasaanasinmluils
FanWnLasdl
Aneunaunueafizaazanenedmmnly
Hroslfimns tneailedanmitiead 10 nfu arnii
\waaasavane e lutdos 107107 gransazans
ANANUIABNRIMNAZEN 10°, 10° uay 107 1Tl
atineaz 0.1 Taaans aluanumnzid ofidianvns
219130 IAAAE (Pikovskaya) A1U5L AeLLAT e
vmwlfamm] (I\/lala etal, 2018) Lmemmﬂmm
RH mmm 34 ‘um@mvmu 24-30 R9ANI AT A
wdaanii 27 Fu usuanlalaflaesuuaiiGed
dsnpasladensevialail uasiiufinua
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nsAnsnavaIn1s gl adanwieatisanis
avaneraIase lugamnuLlegag
Annaaaenis i sdanwiaaiisianis
azangrasagnluganvilnges 16 anfiunisly
anniieadfjiFnng o fiesdJuRn1qaT9inenves
A1 NPATNLFATINY AMUZINEATATUNALAN TTUTNS
euAMNAN 2559 TaNeNg1AN 2560 TRBN1LAWNNT
NARBILLLANANY O] 7 ANFUNNIMAADY 911U 3 i1
un Fn5uR 1 fnFunsuam AnFUT 2-7 Aeiledanm
faal 2, 4,8, 16, 32 UAT 64 NFN ANAIAL TR
Aaet e ANAINTARAULINT B finun1asanann
FAZUNIIIWIA 0.5 HaAWAT ianiui]edianinwiies
1 AefiulszAvdnwlunisazaeemalugngeing o
fudanu 1 Alanin lalinedniinu dsznaudion
NIZUBNAMWANARNALT HauaduNIuAuTnaTg 8
LIURLNAT AYNNEY 18 liURWAT Lazlnnssuengy
naagdeflaunnduiuguinansestesszung 2
uRwas 1613 uazlingnouniunsedaudans
padTTirnarvaan udaaniuminausinde

500 fiaaans ldAaduTAULAa AR N TIA 01 1
frathainfiiunsrdn Tnamiiann 10 71 1w
sxeizinan 90 Fu il A Bunaumlegna sy
1lseTerm4d mNNITNATURS Bray and Kurtz (1945) uay
BurnuuaiiBaazaraeamaluinozdne mu
N334 5284 Mala et al. (2018)

nsANEINaURINIT ML aTan 1w iaalinaiang
HANAALATRIALSENELNANA ATRERE L UNTEA
= v PN = o
Anmuareensldemanniveadsaniuy
{lepilsianananuazeaflsznaunananuesd o
o d’ ¥ o a =
anthandgnlunszone Wandiunimeaes o laaisen
NARBITBNNTIATTNLFAINEY ADUINTAT ATUNIUA
22U R A URINIAN 2559 TANINIAN 2560 tne
IBHUINLHUNINARBIUL UGN ANY TN INT
NAa84 341 413U 9 AU Tneseazidunvesniy
1Huanslilu Table 1 uivldijenfuaziladanimiviea
1 2 a3 7 azAsd R luuAazA fuNAae Neng 2
waz 4 neunaslgn dgndeslunszansnanaiinanuy

Table 1. Experimental treatments of sugarcane culture in Pak Chong soil series

Macronutrient
Treatments Detail Code (NP.0.- K.0 kgiai

T1 No fertilizer input control 0-0-0

T2 Chemical fertilizer input according to soil analysis  Fl, 12-6-12

T3 Chemical fertilizer input according to soil analysis  Fl,,,+PSB,, 12-6-12
with PSB biofertilizer at a rate of 12 kg/rai

T4 Chemical fertilizer input according to soil analysis  Fl, ,+PSB,, 12-6-12
with PSB biofertilizer at a rate of 24 kg/rai

T5 Chemical fertilizer input according to soil analysis FlooatPSB,, 12-6-12
with PSB biofertilizer at a rate of 36 kg/rai

T6 Chemical fertilizer input 125 % of soil analysis Fls%-00a 15-7.5-15

T7 Chemical fertilizer input 125 % of soil analysis with ~ FI. ., -, +PSB,, 15-7.5-15
PSB biofertilizer at a rate of 12 kg/rai

T8 Chemical fertilizer input 125 % of soil analysis with ~ FI. ., -, +PSB,, 15-7.5-15
PSB biofertilizer at a rate of 24 kg/rai

T9 Chemical fertilizer input 125 % of soil analysis with ~ Fl ., ; ,+PSB., 15-7.5-15

PSB biofertilizer at a rate of 36 kg/rai

Fl = Fertilizer input, DOA= Department of Agriculture, and PSB= Phosphate-solubilizing bacteria
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et al. (2013) LAZHANAALAANA ANNNIINARTE
Hunsigi (1993) antiud s giatuulsfauaea
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TnunadenuazunniiFeniuandawlian a0
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Project Staff and Land Classification Division, 1973)
fenionuidumumiinlneileffumame e
wile wazAuwilaawindy 11.19, 18.02 uaz 70.79
wlefidus nuafy Lﬁlaﬁﬂﬂ?mm%uﬁﬂfm
Usurunaanefanflulseland waviiunn
Tuwadeniiuanidsulianswmuasasilaaus
Annuinudmiudes Ae 12, 6 uaz 12 1n. N, P,0,
uaz K,0 sials muansl (Department of Agriculture,
2010) azwiulddgeanniingdesdifunninunadas
maesilgelaansldiend wazlugaRuiudiazd]
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SuusnuTaaARAe TR iR etas 10 794
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Cabinet, 2009)

a o a @ o
PSuruneanasantduilscTland wazdanuqu
pupisgazatanaginn luingzans

AINNIINARBIAEFTNIABANITAY ANFLNH

nslafleganiniiealdnansing - lugarulindas

[
=
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Figure 1. Effects of different PBS-biofertilizer application rates on available phosphorus (a) and the number
of PSB (b) in water leached from Pak Chong soil series during 90 days of experiment.

The significant differences by using DMRT at *P<0.05

featiadliinlidnsazanareamngiuuazinli
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Azt oA ALAYAINANITONARNIABUVITE 19U
B. subtilis wa¥ B. megaterium HAANTALAARN NIANT
an nquuddaluuuafi Goazanaveamagasiia
nsaaduneanasalnaia (Rodriguez and Fraga,
1999) LAZINENIULBY Kang et al. (2014) Wan< ML
91 B. megaterium mj1212 \luuwuAf Feazany
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\niLinTesdielanin dayaannisAnsd i
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azz19a87 10 Tu SduanuuafiFefignazeanun
Uszanas 8 SenTiaviysefiaaans enusnFui il
4i]adadAnminiu 6.52 fenTanydefiadans
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ANINENTANT898 88 LEUNIUANT NA19A12038 08
wminsesresden uazduaudessiedirasias
mm’?izgm Winl 163.35 [IURINAT 3.28 LIURINAT
1.63 filaniusaan uaz 23.42 Udessiasi AINAAL
20904LNARATL 8 (I, +PSB, ) Slalumnsineiy
FNFU 7 (FI, .., oot PSB,,) 10U AN TuRAILIANS HaNAS
uazasflsznaunananvasiestioniign laafluari
P NENIANIBNEREVINAL 67.48 LIUFINAT LEUNNY
AULINANA1 Y298 aEWINAL 2.53 R mmsiminsie
anvesdesiniu 0.87 flaniuseaan uaranuiulfes
plaau98etinAL 14.28 Udassiaan nasldd]end
AINANGLATITAUa AR89 visan s ldsaniude
Faniiealidnasne Analiinandndesan AT
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rﬁ“umjwﬁﬁﬂmﬂmﬁlqmmﬁﬁ (Table 3) nanaAaly
FNFLI O (Flypey, pontPSByy) mmﬁﬂﬁmmmﬁmmémm
ANTTea wazHaNARINANaTIE Rt NTIgAWINTL
6.55 Alaniusienszans 11.42 wWedlus uaz 748.01
nFusansznne Geenailummzrlaaneadunum
z\?"]ﬁm&lﬁi@mm%ﬁqﬁyqmaﬁ;ﬂ?mmmLLﬂQLLa:?‘ﬁq%qagm%
Fazauneluandiu (Mengead, 2019) sa9a911A 8l
A5 8 (Fl e, pont PSB,) AU 7 (Fl e, oout PSB,,)
WAEAFU 5 (Fl,o,+PSB,) ATNANAL AR ANFY
mumuma‘mmmmﬂmmum ANTTRAUATNANAR
mmm@\m@ﬂu@wmmmu 1.46 Alanfusianszn
8.26 Llafifius uaz 120.60 NFNFBNIZAN ATNAIAL
naslgnitafilaifinnsldilaluszazannasiiualil
snausina s uauantiouas uarliiiasnesie
naestyAUALAZNN96ENNAKARYRINT (Pumpuang
et al,, 2014) ﬁumfﬂumiﬁnmﬁﬂumﬁumﬂﬁm G
Aveanesanamualuduninusreanaiaiiiiy
Uszlanliieawe fadumslitjedanmitieatiiga
azareveamnsoniuilaindidenaliiganiinng
pavauediia nasdyiuintedeannmaaes
frvfiuiimanaanndasiunisliuuai Boazans

Table 2. The yield and yield components of sugarcane grown in Pak Chong soil series at 12 months after

planting
Stem length Stem diameter Weight per stem  Internode number
Treatment
(cm) (cm) (kg/stem) per stem
T, = control 67.48' 2.53' 0.87' 14.28°
T,=Floox 132.60° 2.76° 1.24° 18.34°
T, =Fl,o,+PSB,, 140.67° 2.83° 1.28° 18.53°
T, = Fl,o,+PSB,, 142.48° 2.97° 1.32% 18.76°
T, = Fl o, +PSB,, 155.42° 3.13% 1.42%° 21.63°
T = Flisoon 149.60° 3.01* 1.36°° 19.32°
T, =Fl e 00a"PSB., 157.35° 3.7 1.47% 21.78"°
Ty = Fliyso nontPSB,, 158.58" 3.22% 1.58% 22.18"
Ty = Fl e 00atPSBg 163.35° 3.28° 1.63° 23.42°
Fotest " o " "

CV (%) 12.89 12.48 13.57 13.64

Fl,ox = Fertilizer input according to soil analysis for sugarcane 12, 6, and 12 kg N, P,0, and K,O per rai respectively (Department of

Agriculture, 2005), Means within the same column followed by different letters are significantly different according to DMRT test at

**P<0.01
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Table 3. Fresh sugarcane yield, CCS and sugar yield of sugarcane grown in Pak Chong soil series at 12

months after planting

Fresh sugarcane yield

Treatment CCS (%) Sugar yield (g/pot)
(kg/pot)

T, = control 1.46" 8.26° 120.60'
T, = Floon 4.03° 9.76' 393.33"
T,=Fl,,,+PSB,, 4.31" 9.83" 423.67°
T, = FloostPSB,, 4.50' 10.32% 464.40'
T, = Floo,+PSB,, 5.25° 10.87° 570.68°
T = Floyer non 4.73° 10.54% 498.54°
T, = Fl 0o tPSB, 5.56° 10.93%° 607.71°
Ty = Floys 00atPSB,, 6.16" 11.28% 694.85"
Ty = Fley oo tPSB.. 6.55° 11.42° 748.01°

F ot " s s

CV (%) 12.37 12.83 12.21

Floos = Fertilizer input according to soil analysis for sugarcane 12, 6, and 12 kg N, P,0, and K,O per rai respectively (Department of

Agriculture, 2005) ,
different according to DMRT test at **<0.01
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cloacae Iagl Martinez and Martinez (2007) ETRRE
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CCS= commercial cane sugar, Means within the same column followed by different letters are significantly
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Effects of Na-bentonite on Soil Chemical Properties in Natural Gas Pipeline Rights
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Abstract: Sodium bentonite (NaB) is a lubricant used in the horizontal directional driling (HDD) to penetrates
through obstacles for constructing natural gas pipelines which cause bentonite contaminated in natural soils in
the construction site. This contaminant may affect the change in soil chemical properties. Therefore, the studies
on the effects of NaB on soil chemical properties in natural gas pipeline rights of way was carried out to evaluate
its effect on agricultural soil properties. The experiment was studied in three acid sulfate soils and three normal
soils collected from the natural gas pipeline from Rayong to Nonthaburi. The acid sulfate soils with the presence
of sulfuric horizons were Sena series (Se) and Ongkharuk series (Ok). The acid sulfate soils containing the
sulfidic horizons was locally named as Bang Nam Priao series (Bp), whereas the normal soils were Sattahip
(Sh), Satuk (Suk) and Huai Pong (Hp). The soil samples were artificially contaminated with NaB and incubated
with the ratios (NaB:soil) of 1:10, 2:10, 3:10, 4:10, 5:10, 6:10, 7:10, 8:10, 9:10 and 10:10, respectively. After
incubation for two weeks, the soils were analyzed for their pH, effective electrical conductivity (ECe),
exchangeable sodium percentage (ESP), sodium adsorption ratio (SAR), cation exchange capacity (CEC) and
exchangeable sodium (exch. Na). The results showed that increasing NaB significantly increased with pH, CEC,
ESP and SAR of acid sulfate soils, as well as significantly raised EC_, CEC, ESP and SAR of normal soils.
Furthermore, NaB rates had and exponentially correlated with soil chemical properties especially pH ESP and
SAR for acid sulfate and normal soils. Our results imply that the NaB can alter agricultural soil properties,
especially ESP and SAR. These soil parameters need further management to yield the normal range when the
contamination ratio of NaB to soil of 1:10 occurs.

Keywords: Soil chemical properties, acid sulfate soil, Na-bentonite, soil in natural gas pipeline rights of way

197
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



A9ANTINEAST 36(2): 197 - 209 (2563)

UNARga: Tsﬁlﬁwmuwa"[uﬁﬁud“mmiﬂﬁluﬁqmm@m?ﬁlqﬁmmwzﬁm?ummwiﬂm'ﬁ']sﬁﬁﬁm']ﬁ Farin i
IsmﬁﬂuLuumﬂiuﬁﬂzﬂuﬂ@ﬂuﬁuﬁﬁmﬁ%qm@mN@ﬁi'ﬂmim?{ﬂuuﬂ@muuﬁmqLﬂﬁﬂumﬁu AINTANENATEN
T euune lufseautAinuailsesAunuuuaaneieddnssiai feszfiunaseanifivesi unig
ma‘m‘]:rmImﬂLﬁﬂﬂﬁqLmuﬂ;mﬁumnmamzﬁuauﬁ@amﬁ;ﬂﬁmLmﬁuﬁfﬂﬂmuLLuqviaﬁwﬁa‘mmﬁmmTwﬁm
svunatiouun? TneilAunReadadiuan 3 gamu lun gaRuaw (Se) gaRuesaing (OK) wazgpALLNwiLREen
(Bp) uazinguaniinfaiuou 3 ganu lHun ganuadn (Suk) 1anutioalils (Hp) wavganudmniiu (Sh) anns
sraemsdudenlnAeniume ludlaenstsfuludndoulnResime lusfseRiumini 1:10, 2:10, 3:10, 4:10,
5:10, 6:10: 7:10, 8:10, 9:10, 10:10 \flwiaan 2 4Uani udaninnisdinsziantianiuaiiaesiiu liun An pH, A1nag
i lihaniAuBasasaein (EC,), Annuquanilaenuanlasey (CEC), Snaseuaslnintuuanulasuly (ESP)
Sandaumanadutniien (SAR), waztnianiwanilaely (exch. Na) Ainsnziavdiniuiaeciaya HANNIANIA
wudh mafindngaulnesunelufinliien pH, CEC, ESP uaz SAR Iumul,a_ﬁém@mL‘wmu@mmuﬂmmmmq
and uaznliiAn EC, CEC, ESP uay SAR lungusuing A uetnedudn Ay uieny wenanni §h
TnResuune ludd avdiius Gsuanuunienuuidsaiy pH ESP uaz SAR lunguuiiaauasAuLng ua
nafneiuaadlfidiuin fdsswune lufin e Bawiluiu BeadauarhuUnAwAeuuaadinlnaus
seauuneludingianiy ESP uar SAR ediufeinisdanisninistuilenume lufluiuiludaday
Todesume lufeRusoA 1:10 dull

AdA: Auilendn Tnasuuelusd auiAnIaaliaesdu AUANLLINYIOANSsTINTNR

AN (Department of Mineral Resources, 2007.) H k4 1

witlentlszinn 2:1 nquamnIng (smectite group) ag

ToRauumelufidudanfididmiunme lulasnasdauiiudsvafage awnsnes
viedaRgaru T Aludunauntsianzaen (horizontal Fadnsin 1y (shrink-swelling property) 11 1% 1uans
directional drilling: HDD) éml,ﬂqu”m@ﬂmmewm vaeauldiluadned uasdelanAuuuilelan
wrzannalvg lunsianzaeadeinaanady Waitin (zeolitic property) A @1N130) meﬂﬁlwumqmsﬁu
YTRnUU Tma‘[smmmmuwﬂumLﬂmmmmmummu laaaunsaluianasig <) 16 (Meesuk et al., 2000)
WaAnzUaY m@@umquammmv MR LT e iHesannanuaunsnlunisunuiaesey mauﬂa%}
AuR mzln‘lm@mmmwmmmmsﬁﬁﬁmwmu 1‘1/\|v’\hmnmmﬁmmmwmwnmmq G mﬂmumm
4a41a1z (Chunlapan, 2001) analAeLe lusTlE Na', Ca®", Mg visa H™ Tu Si*" uaz AP snaviannsd
azag/lugiaaslva (fluid) e lngFuslmmenig Wyuaqzﬁ’uﬁarﬁi@ﬂﬁ'ﬁ?ﬁmmqmﬁmn HAuAINI0g9
neludnaurutilugasfiime adlblndonuume  lunisuanilasudszqliiauen pamansnsalunis
luffiaunsanesiauaziansmzadnonulnay ﬁq@mfm%mLﬂumuﬂ@:ﬂ@wﬁwmiuL@q@ﬁﬂﬁﬁvﬁ
(Uresk and Yamamoto, 1986) et lwAulaflusrezina iy wazpuainsn
ndonwunelufflgundnuuululupdin - maulAsuuasmgfinssunislvatessesman il

o & A A oA | = Y a aa = el a a \ PN
ANTUSLUBLNNDUAUNTD Lﬂuﬁiu ACLALUAARNNEAU NA Tﬁnl,mmL‘i.Ju‘WﬂiumN‘]J?::@Vlﬁﬂﬂwiumﬁ“mﬂL‘W:Llﬂ’nll

=

P1INIDBNUABE ANNINILLILIAY AN WT 1-2 T9 niauaziianinessananeiduiaa (Inglethorpe
AAINBDUNIN TUTNLLN ﬁmmmwm:wmmﬁnmn et al., 1993)

198



naradldAgN LUl uAAaaNT AN AN IAIRUAINLUITNNARIAN T ESTNTN A

T .A. 2558 ALENTINNNTNACINWLU TR
(nW.) fufidiuren|finessuLviedeRin T Aie
sae¥UANFeaNnsTiged uatnedadiu ne Ry
dan. a1 (Wuaw) dugaiiunig miﬁqmm:lﬁﬂ
ANV RFIRNTITNTNAUBLNEUR 5 s28zng 415
Alawms ﬁfi”mqﬂizmﬁLﬁﬂL@?m’éwmmﬁum‘um
sruulnsetnafngsssnT i syuuviedeinnluilaqiiu
UAsRNANAINNsdaRNTsss T AAnndansSunanliles
TAsetngssLLvag RN Tass TN AR TUAN SR
g93:115 Wiun TsalAunedzna Tselndndetien
Taalinssunswile uaslselitinszunsly uaziile
Gonleassuuiulasene sz o g A 139 AN o
et Tnemnanuiiviavan 8 Sanda T dawdn
TUBY TALT ATLTINT UINAUUT NIOMNNNIUAS
UNNENH WIzuAsATagae uaruunyd lnedunis
FsnanTiAumanvanaTile wikluiuAe AunReads
dedmduAuid Toywuilesannided Alfnsen
pandintureansinlsfazinliiansaninsdy Aud
AN UNIATUL annnIRdndenasiandnuidy
Uszrlomiandnisanuisie naiastyLautnaasng
AL U HY2987R Tane (Attanandana, 2007; Ljung
et al., 2009) Fan999vaRNTH R LT Fang9ena
denasianisinisiness lulaqiiuls uenaNTiLune
huilmAesleeauuasiipuidusinegannaning
TupunniAull e ALl dneradnemun 135
Snswaanninded il lnd ensaniasuldge
(Voorhees, 1986) waviilepuidanazilanwizaing
aumﬁmmmm@m%uﬁﬁ Lmzé:mi”ﬂﬁmn Semraiiu
AudTumeaitalunns sy Temd wiifleRuudiaay
AT L T I AL PTSE R (surface
crusting) uazninliianaiunsalunisteulauieuns
B4 NNTAAR (Schuman et al.,1994) wANANER
adlEFunansznuanlnnes laseuiiaraieaeans
1N (Dollhopf and Bauman, 1981) mninstulufu
8930977 Asdludesnuuamislasiunansenui
1aiindy memLmem%uﬂg\iﬁuﬂuLﬁfauMLﬁﬂu
wune LA maeannsgaanz Fafunisneils
TnquszashileAnmnaresiniouwune lussenis

199

wasunlasan T ANIGAR 189RA Y AN LBIiagIRT
- w 44 dus .
FIINTNRLBUNELN 5 Banai ldannnisdnenilazidly
fiuwunlunisufladomuasinlUMidudey anugiu
N BANLHBARNANTIENUFAARIWIARANAINNNT M
UseTemilmpasiuumne ludse

L4 aa
AUnsluazIaNg

MIIATEANTRMSHNANAuazIAR
AuildAnudusounugaaufiagniuwn
VYRR TEITNTIR A1 6 TAFY Inendlusiaunu
m@qmuviuﬁﬂwmmum@um@umammummm&n
asannAuTldnBTIANFNT R aN e A LAY
Al Asutiadnenushveanidu 2 nguae 1) nguan
WRendadunn 3 gaau liun gaauaun (Se) gamu
B9ATNE (OK) Lmzqmﬁumqffmﬁ;m (Bp) uaz 2) Ngu
AunA|auon 3 gamu lHun gaRuan (Suk) 1A
Hoalils (Hp) wazgaaudmnitu (Sh) Tnsan Ui AL
FatinaRuLaneazian ki Table 1 Wivsaetnalng
W adANZALAN 2 AT AT LAY LasinnNg
uadageduReaniluRuLY (0-100 LHUR RS,
topsoil) LAZA WA (100 200 LEUF LFIT, subsoil) m
WLNANNIEALAMNANTNYANYIRR vhdnatinsAud
¥ dawdialuisn udeannifurinlunuasousnu
AZUNNUUNA 2 RARLAT NINNTATIZTANTRAUNIG
Wanduazintinadsumnagau (National Soil Survey
Center, 1996) /9znauf2e N1TLANNILANLTUIA
ayn1Anu 1nelds pipette method WLaTAY (soil pH)
Tnerld pH meter SnsduAuAetiYNTL 141 1oy
Euﬁrﬂf‘i’mq (organic matter) Tneids Wet digestion and
fitration uazgAAIEA NN INHAANNEN Az AN
ATAANNAURUFDFaetin (electrical conductivity at
saturation extract, EC,) ﬁﬂqm‘mqﬁ 25 QAN LIALT 8 A
Kae1L3eq EC meter ﬂl’]ﬂ')’m’iLL@ﬂLﬂ?ﬁlﬂuLLﬂﬁ‘li’ﬂﬂ’ﬂu
(cation exchange capacity, CEC) TeidT 1M NH,OAc
oH 7.0 uazi Bunnuuafignalalagds 1M NH,OAc pH
70uazyadiunnidaaates atomic absorption
spectrophotometer (AAS) dfis1aaunnInadL AN



AN5AITNBAT 36(2): 197 - 209 (2563)

Table 1. Soil sampling sites

Soil series Elevation and coordinates Location Land use
Acid sulfate soils
Sena (Se) 22 m. AMSL, 47P 0669874E, = Wang Noi district, Phra Paddy rice
1531555N Nakhon Si Ayutthaya cultivation
province
Ongkharak (Ok) -7 m. AMSL, 47P 0697268E, = Bueng Ka Sam subdistrict, Paddy rice
1571995N Nong Suea district, Pathum cultivation
Thani province
Bang Nam Priao (Bp) 12 m. AMSL, 47P 0703210E,  Lam Sai subdistrict, Lam Paddy rice
1543494N Luk Ka district, cultivation
Pathum Thani province
Normal soils
Satuk (Suk) 54 m. AMSL, 47P Tha Bun Mi subdistrict, Ko Cassava planting

0753762E,1475160N

47 m. AMSL, 47P
0738261E,1413869N

Huai Pong (Hp)

Sattahip (Sh)
1404079N

14 m. AMSL, 47P 0736119E,

Chan district,

Chon Buri province

Map Kha subdistrict,
Nikhom Phatthana district,

Cassava planting

Rayong province
Noen Phra subdistrict, Sugarcane planting
Mueang Rayong district,

Rayong province

(sodium adsorptlon ratio, SAR 16 an ﬂ n19%N
AT mamuwmﬂmmnmuﬂmmmwuﬁ (saturated
extract) lUwiBuaulnfen wrad@ien uazwuniliden
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o a a Y , =
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LLﬂmiﬂﬂﬂumﬁmqmmmqm ()
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Table 2. Composition of the Na-bentonite used in the experiment

Properties Values
pH (Na-Bentonite:H,0=1:10) 9.54
EC, (dSm”) 0.82
CEC (cmol kg™ 71.2
Exchangeable Na (cmol, kg™) 53.9
Exchangeable Ca (cmol_kg™) 31.1
Exchangeable Mg (cmol, kg™) 7.73
Exchangeable K (cmol, kg™ 0.72
SAR 29.9
ESP (%) 75.9




AN5AITNBAT 36(2): 197 - 209 (2563)

Table 3. Physicochemical properties of the studied soils

Soil Soil pH 1:1 EC, OM SAR ESP  CEC ExchNa Sand Sit  Clay
Texture
series  horizon  (soil:H,0) dSm”' (gkg”) (%) (—cmol_kg'-—) (- ol e — )
Acid sulfate soils
Se topsoil 3.60 3.01 16.0 3.54 7.57 28.4 2.21 57 361 582 Clay
subsoil 2.98 6.97 471 1.7 3.54 31.7 1.10 139 411 450 Silty clay
Ok topsoil 3.90 2.1 43.9 1.44 2.71 28.5 0.77 31 439 530 Silty clay
subsoil 2.68 9.81 80.2 0.55 0.99 36.1 0.36 227 441 332 Clay loam
Bp topsoil 5.10 2.02 15.9 4.59 9.82 31.3 3.07 48 371 581 Clay
subsoil 6.75 2.75 7.9 10.56 15.49 29.6 4.59 49 315 636 Clay
Normal soils
Suk topsoil 4.94 0.70 2.6 1.89 16.5 1.33 0.16 807 114 79 Loamy sand
subsoil 5.47 0.19 1.6 1.05 21.0 4.25 0.30 657 139 204  Sandy clay loam
Hp topsoil 4.44 0.09 10.7 0.62 18.0 1.50 0.28 561 78 361 Sandy clay
subsoil 4.81 0.21 3.5 1.50 8.1 4.50 0.37 420 145 436 Clay
Sh topsoil 7.32 0.70 5.2 2.90 129 5.37 0.35 755 130 115 Sandy loam
subsoil 4.63 0.62 1.0 4.27 259 3.75 0.51 7762 134 104 Sandy loam

] a 09/ ¥ a0 A a o K
mwﬁqmmumqu’nﬁm (Bp) HANTAwdunsAdan
\{unans (pH 5.1-6.75) Wasanniuganundaet lu

dld Oy o o o/ a‘d‘ o My a I
annHunds Bdandalnsndalilfigneantladuas
geldifansaninzdu andupundaAndnazidumy
nBandn An1stn i lusu A udusafiaein
(EC,) HAAaudinegaludufuuuaengany (2.02-
3.01wEHNuWEamAg) Teag luscauaufntian uas
aafinansznusenisasyAulnaasiglunulAy
(FAO, 1976) kAazgININ TUTURUAIITDIYAR WA
WATIARWBIATNI (6.97-9.81 Lm%%mum’mmm)
eeanazneufuneuaradunzneunsiaiin doi
losaufitin iR azanlulianigs Tneannzly

Py o a A o A, ! o
an1neiilunsedn BB widadngiateg luseau
1hunanefiegs (15.9-43.9 nfusanlaniu) Tudunuuu
WAz AN TUTUA LA NTBIT AR UT AR ULAWILAY
PriuBeATM (47.1-80.2 nfusefilania) esanidy
mmmmummmmu fanensnduiuiueuiiinns
ATANLAHTINNTAINALNAUNZIALIN ATAIINT
uanu/asuuasleaay (CEC) Haetluseaugangs
2N (28.4-36.1 WIURINAABNIANTH) danAR a9 U

[ dy a Adld dy a a = | &
aneuzaesieAuniilleAuazien dusasAlsznay

202

Wuwshumtiandssim 2.1 uasitlszsnnBwisadng
Tuszatihunasiiegennn
nanAnANANeTer luNAR 4.44-7.32 Aa
. o o o = Aa V=
g/ luszavmidunsndnnatunas nsnaudau gl
AriegetfluseAuiiiungs aanauddngsiuiide
AwdudanmnAng (residuum) 2299 ULNIHA VB
aanasaazliinuniafeadunse lnaialilaon
gananysnirenuaeuden Anisi inAeuding
AN Aaag Al 0.09-0.70 LAT T MU BLNAT TN
Buwiredngerluide 1.0-10.7 nfusieflaniu Aoet/lu
o 4 4 d o o Ay ey
seAUAINNAINNN Tl udneuzaesaud W65
BuvisadnniANNINNe Usznauiudnainistias
aanadunsadng luAuuuaea)ienialuanieu
Wulilaginenis nsteazansadliazanludusiu
an9astien (Sanchez, 2019) ANANAUANILALULAR
TanauetlusrAUARAINN (1.33-5.37 LiuR Tuasie
nlansw)
rﬁhﬁmmum?@mﬁﬁuiﬁmﬁﬂu (SAR) 28919484
nauAul At luidt 0.55-10.56 Teliandilugaun
Yo a a = a0 v =
IHFuanswaantanon uardAsesaslanan
wanwaauls (ESP) ag lufanayidaviniu 0.99-25.9
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?ﬁlqﬁmﬁ@wﬁwgﬂumﬁumqﬁﬂLtﬁ;m (Bp) 1AAL
amn (Suk) gaauiiaalile (Hp) uazgaAudmiy (Sh)
LLmmﬁqmﬁ@ﬁumwﬁm@ﬁﬂﬁLﬁmau‘iﬁﬁﬁﬂh?“ﬁuﬁ
dupmedinientiolunans Lummmnmmumﬂmq
agfluiB i muguimaarianis fhiriaiteszay
tinatIn&AnRunaasil muu’lumumumumwm
FusanuiiaidlEsuaninaresimasteing
azaunaelnionunn Wunlnfeuuaniasuly
ABAARDITLAN SAR uaz ESP AadiAnat/luide 0.11-
4.59 ruAtuasian anin uasHEnugannlugany
mnahuBen (Bp)

a ¢ 1 =
pavaslgAaNuunatuafanisidagunlag
ANUANNLANUDIAY

WHeYNNLNAUNTINNIANENTIABINGNAL

Fnelaim e s lusnadaulam euiusmna s

samuwindy 1:10, 2:10, 3:10, 4:10, 5:10, 6:10: 7:10,
8:10, 9:10 WAz 10:10 NANIIANHINLLN Tunguan
Wheadn Aflierreshulanuduiusrecdeyaly
ANHOLE exponential function AefnafinTuLesAnd
lrmas s bR e e ufuasd i Kiuasiaui
amn31qA7iNe (1:1)Tmaﬁﬁ’]ﬁuﬂixaw'gmmmi
AnAwula (coefficient of determination, R?) a¢ lui de
0.99-1 ﬂnL%uiu%uaudﬂqmaqqmﬁu@m%mﬁ? (OK)

Topsoil
(a) ,

pM 125
*
-

g

EC, (d§ mrY)
&

Bentonite rate (g1 00g soll}

-&-Se

Figure 1.

- 0Ok

(R*=0.92) uaztimmuiaw (Se) (R°=0.98) (Figure 1a) 7
Hanudniusaesdiaya luaneuzidunss iesainau
HauilunaguusenInign LarlA1ANFiunIg
nsulaauulasiega (pH buffering capacity) 11117
o & Vo ¥ o &
mainauzesArvendullifiann Ineniadinauees
P A ¥ = ol
A unannain Na* aeslamasuunelusngn
duagioneaseadauinlffienlalaslagaiunn
nadulnienlansenlasd (NaOH) eilgyaduanaun
A AU fAze11dus9 (Bloom and Skyllberg,
2012) uasdliee43u uaaslimiuinlnnauiuune
TudannsnenszAuaIfietaedniu uazana Ny
nsaaesauls anaudunsaguLsanIniiangg
\aniiag (4.11-6.18 (pH 1:5)) 1eAuNgNE N lfiAw
dudsslaaiansainaimnsianaetinana i
o o Ay o o A N

Tulnsiau Weaneda uazdaiidiaaninisesnaniluing
289 AN 2N Lazuuanla deNasrenns
WwatyALinuasHanARIaINTilgn AwiunnsnsEaL
= a v = el o =

Aerwasausoalnnauwmalusindndoulnm s
nolus 30 nFusaRu 100 NN 1B AR WABILAT
avpind M liAul N ludasnsadntiestadunans
(6.0-7.0) danasiaminniudsrlaniiesanneauns
5119 o Wieg luszAunmmnzanunininasyivinges
W (Lesturgez et al., 2006) AINaNgARULNLNILIEEN

aaa

@ v A o v
WNWL@ﬁLﬂuﬂﬁ‘ﬁL@ﬂuﬂﬂ (6.18) LNBYNTEAUNLDTAVE

Subsoil

..
..

40 [ " 0o
Bentonite rate (g100g soil)

-- Bp

Relationships between bentonite rate with a) pH (1:5) and b) EC,, of acid sulfate soil

*, ** Significant at P<0.05 and P<0.01, respectively
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TnResswme i ludndaulnfesiuunalus 10 nfu
siafin 100 n3u Fuld fnlszaufiiengandn 7.0 qa
BIANINIAN WHINTA FINER UATNBIUAY ﬁ@aﬂ"lugﬂ
fidulssloniunfaanas (Troeh and Thompson,
2005) i arfs uNwaealaaN Tusew wazly
AUALN (Weil and Brady, 2017) AN RN 1eeRn
I AUANFE (EC) fiAnaaaiiasninfey
wuneludfniu fesanntndeuiwuneludd
mwmmmiumimﬂLﬂﬁﬂuﬂa‘m‘mﬂqqLL@:@WEU
loeausng 7 luanagiAuduiakantn 157 3ef
1Bunlessuasunfeazangeanuiosas Imﬁm
°§ ﬂmmuma‘ linear equaﬂon @ﬂiuwmﬂ 0.50-0.87 m
ummm miuﬂumuuum@wmmummﬂw (OK)
(R*=0.85) LL@mumu@wu@mmmumm (Se) (R*=0.87)
(Figure 1b) ﬁu"luﬂ@jufﬁmxﬂﬂuaumu@imﬂum:ﬂ@u
g deitleaufitn i 157 avasluBunige
Theianzluganasiiunsnda Wetados e
e luFTs AN 7 @armnsaninliidanistin i
AuBnfEeinanasannsTF LTt luRuduy
(2.02-3.01 AT UFABLNAT) ”Lmqimmum”lumu LAY
Fathunansdadunnnluaudugng (6.97-0.811033
wusiems) e luszauf iindafanunans u
ﬁmmﬁﬁﬁmm‘i@ﬂLﬁﬂMLuuweiuﬁqqﬁqm (1:1)

Topsoil

pob s S B ay . e =009

E£C, (dS mr)

0 0 40 0 W 10
Bentonite rate (p/100g soll)
Suk

AnFunguAanlng uanisAnsIwLgn fie
sasRufiAANIwlus AT 10 nFusafy 100 nFu
nazi i inpsiaudadalndauwume s 100
NFNFaAL 100 NFN (1:1) valutuAuLuasFuRua
uazininszatsaesioyaluanm e exponential
function (Figure 2a) LbnuLmemm@muuﬁmqm LAY
mmmnmuﬂ@uuuwL@mﬂua‘wmwLﬂummmmlﬂu
Nans uazil AN LN s Asulasiteasinad
m\'mﬁwﬁ;mé]"m N eI S I TR e
mwvamm‘immmmvuw&ium (9.54) 1mqmmuﬁmmq
3N LL@Wm?meummmwLmﬁummuﬂ@uum@mm@
Waunanaantwiduaulsfn (sodic soil) szl AR
127gand1 8.5 'Lu'wnfa 791 mm@uﬂﬂﬁmm AUy
B R N Eaein (EC) fnnsdindwilugneny
LW WA TILA Y exponential function Tnaden R aellu
e 0.80-0.98 (Figure 2b) ﬁmmimwmammmmm
mamm@mmﬁmwmummm@mumiﬂm
Bannunaelessusi v iR AN nin WiAANGn 4
WITHUsemAs Asatluidl 0.09-0.70 ET e
wms BAnAnada sy laidy WeiuAnTnaes
wuna Uil Annnsinlndama (082 10ETwuse
wng) addd AnlfiAnasdnlwW1resduinag
wasuwlasdntios (1.22-1.63 IATDLNUFADLNAT) WAL
TdfuansznusaniaasnALinIe s

Subsoil

Bentonite rate (gM00g solil)
Hp

Figure 2.

Relationships between bentonite rate with a) pH (1:5) and b) EC_ of Normal soil
*, ** Significant at P<0.05 and P<0.01, respectively
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Han1sANENANA N AN AT ULAR lan e
(CEC) warATmmanwanaguld (exch. Na) Han
o . - 2 Lo o
WNTuANE R MR Lwn e luf AN lus nee
Wumse Ardagaunisgadulafen (SAR) uazpn3a
azlmasnuanilaeauld (ESP) Hanuduiuiaesioya
luanu sz exponential function MMABNNGN AL AN
pNquanilatuwes laaaw (CEC) aaenguaunlzean
ARNAN R 29941019 linear equation g 14t 0.80-
0.98 (Figure 3a) Inaiassng1AveA ulunguiiAn

a = A

ANquanilasuuAnlasaugs asiinisulasuulag
fiaandnnguaulnd AelaAnTues ludos 30-50
A luasenlaniu Adndrunisgadulsnes (SAR)
e R oefluiide 0.93-0.99 (Figure 3b) naivnganu

Topsoil

-
0

—
@
)

CEC (cmol kg ')
-
-
-
.
.-
-

5

o o
PR

ESP (%)
-

Exeh Na (cmod, kg')
g
5
.
-
.-

Bentonite rate (9/100g soll)

A1 SARuNN41 13 Tudnanlopaniuune lusd
20 NFNFABAL 100 NFH (2:10) AUDNE A MR ILLNS
16 100 nFNFAAY 100 NFN (1:1) ANsesasloAeN
wanulasuld (ESP) fdn R ot lun 42 0.97-0.98
(Figure 3c) TnamntaRuaAn ESP 11nnan 15 ludhan
Tnmenmalus 10 nFuAaRL 100 NN (1:10) AU
amalmAeniunalus 100 nFuFAaR 100 n¥u (1:1)
Faviarin SAR ua ESP Lﬂumwﬁﬁlﬂumﬁmmnmju
JasRuR lEFUAvENAANINAe AevniitBunadlmfes
wune AN udnaanan? a1alnanliaud
anawadanguAultan (sodic soil) ANl €x
uanitlaeuly (exch. Na) e R e lufide 0.93-0.98
(Figure 3d) Taen Bannulnidemuaniassldva i

Subsoil

)
e
-

.

- 0 M

Bentonite rate (g/100g soil)

-@ Se o Ok « Bp

Figure 3. Relationships between bentonite rate with ion exchange soil properties i.e. CEC (a), SAR (b),
ESP (c) and exch. Na (d) of acid sulfate soil.

*, ** Significant at P<0.05 and P<0.01, respectively
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vndaalnaeniuune ludaenndeaiunanisiamest
Bunadnasufivanuasuldseasunelus (5394
wuRANAFan lansy) ﬁuﬁmeLﬁﬂuﬁﬁQQNﬂﬂdqm@Iﬁ
Tasea1anulaiuduss gniinanalédne Auuduiu &
S AlUNNITILT NN NeTvLNEiNTINE AN
ganarani13ault1e9ne (Chhabra, 2005) Lazana
gudsuliinanaldnanlsfuastnmauninauduie
zﬁ’]ﬁummiﬁﬂmmmmmmmﬂﬁﬁmmm
laaau (CEC) Andndaunisgadulninan (SAR) AN
SeuarTnRouuanulanuld (ESP) uazAn o e
wanlasly (exch. Na) 2e9nguAULING Wugn Jnng
Lﬂﬁlﬂuuﬂ@ﬂuﬁﬂwmmﬁmrTurTun@iuﬁuLﬁma‘f A A
mﬂi\lﬂLL@ﬂLﬂa’ﬂuLLﬂﬁli’a@@u (CEC) #pin R® 989&1n3
linear equation ¢/l 4t 0.89-0.96 (Figure 4a) Ngw
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B 0
E 2658w » T
3 20 R =004
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e e
0 & T 1
) 4
11051 Y1 EX
40 =0
o 30 & 20440 WLEX
g # f
20
N 168 E
w 13 g
od
’ 0 1
e) 1o
(€) R
% "
z " 57 af e - 1§01
. o .} 3
& » b
- .
- 4 ey aNa
M ; B’
i
e 4 " A '
(d) .
-~ 60
= y=04428 27023
& =D
g 0
2 i & y-03Maren
2 P R*=(a8
'3 20 1=
-] > 2
w B ¥

Bentonite rate (g/100g sodl)
Suk

158 + 4 20%
08

sh

a ai o ° v
Aunfifiunuanquanilasuuanlaaausn vl

mmmmﬂﬁﬂuuﬂmﬁﬁmmumnnfi’mziuﬁuuf;ﬂfﬁm
Aeileniiaduaglugog 10-35 siATuasenianiu dos
Ty m'mmm?ﬂumnmﬂLﬂﬁ'ﬂuﬂ?%mﬂmmﬁu AN
mmummmﬂmmw (SAR) HA R fﬂﬂiuwmﬁ
0.67-0.93 (Flgure 4b) mm SAR%LWMLLLL@ i
LLqumww nmmmumiumumuummmw Tnemnam
AUNA SAR 1NN 13 lugnmlnaeuiuunalus 10
AFuFBAY 100 NFN (1:10) Audea A laA s LN e
lus 100 nFusadu 100 n5u (1:1) AFeaaz oA
u,@mﬂalﬂuiﬁ (ESP) #A1 R ot luids 0.84-0.98
(Figure 4c) Eﬁ\iﬂ’] ESP Ay meuumymmqiummﬂu
mmmummnmemummmumuuuuamﬂmmmwummu
Auang lnanngaauilAn ESP Nnndn 15 Tudnan
Subsoll

« 513033 50170 03))
R0

y*2 7 41EX7.0 040))
0 [

-

Bentonite rate {gM00g soil)
Hp

Figure 4. Relationships between Na-bentonite rates with ion exchange properties of soils i.e. CEC (a),

SAR (b), ESP (c) and exch. Na (d) of Normal soil.
*, ** Significant at P<0.05 and P<0.01, respectively
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TAenwune s 10 nfusaRs 100 5N (1:10) auda
sma lAeNLLne s 100 nFNFBAL 100 N5N (1:1)
T911967 SAR uaz ESP 1luinnsinld lunisdnuunngu
109 un i Fuansnaanninaalunguaulasn
| = o a g o ' a = P
WuleanuAulasadn Anlaausanilaauls
(exch. Na) #A1 R* 223943117 linear equation @qulélu
Wde 0.82-0.91 (Figure 4d) nan13@nsEHuanaliidi
1 = L 1 -a: s
nldeNLune AN UL s s aeuulasans
a a ~ = gy
NaAR1e9A Y lesanlam e une luAn1dlu
= ~ = P o | e
nsAnedBunlnasnwanasuligariaiy
53.94 1uR lnamenlansu saiuiein1sld lnme s
wiuneluiadlduan i fnlgaulBunmlnnau
P v alal o o oo ol
waniasulEni mndniusiunislalmnaniuune
Tus U8 mIANINT (Sangkum, 2009) A9EIA LR AN
Yesazlmmenuanidasuld (ESP) RlAannnisaiuan
HAmnusan daudianquanilatuuanlasau
(CEC) Lﬂumﬁmﬂﬁqmmmmmm@\‘iﬁﬂum@@msﬁu
wamlaaaunuandaauldvanun lnadaulunjidu
Uszquanaas Ca”, Mg™, K’ uaz Na' $9a1nnns
AwmzdaniRnianiunedsznnsrealane Ny une
L3 1 = = a A =
Tl wudn Alunnuaaden wunides Tunaden
way ldenuanasuldivingy 31.13, 7.73, 0.72 uaz
53.94 1uf Iasen laniu AuaAU uaziA1ANg
wanasuwAnlaaay windu 71.2 1wk inasen lansy
= LA o v o A o o A
gaurneg luszaugann suiudlediniglalnnes
wumne s A ug RN NN ui iUl AAINg
uaniasunanlaaaugeiuia (Croker et al., 2004)

a5
qQ

= a a '
A3ANHINAR9 IR 8NN A LR Ws B
ANUTRANIUANIDIAUANUUIVIDAIATEITNTING WAAS
Widiugn tmpenwune luddanani i andmnian i
a d‘ al rdl
Ya9AuLlasuaIm N By e A e e s

a & 4 = cao o gya o o a
WA B lmm i une A iun 1A wie i uaw
whtdnuazAvnAnuuwIviai 11l N ed A1ANg
uanilaauuanlanay (CEC) Adndaunsgady
TReN (SAR) AnasaslmaaNnLanilaauld (ESP)
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Abstract: The study on nitrogen fertilizer management and irrigation methods for sweet corn, this study was
conducted in farmer’s field at Mae Ai district and in the research field of Faculty of Agriculture, Chiang Mai
University, Chiang Mai province during November 2017 to March 2018. The experimental design was a
randomized complete block design (RCBD) with 4 replications and 4 treatments as follows: (1) nitrogen
application at the rate of 190.75 kg/ha and furrow irrigation system (farmer practice), (2) nitrogen application at
the rate of 156.25 kg/ha (site-specific fertilizer management) with furrow irrigation, (3) nitrogen application at the
rate of 156.25 kg/ha with drip irrigation and (4) control treatment, non-fertilization and irrigated by furrow. The
results revealed that the rate of nitrogen application based on the nutrient requirement of sweet corn and soil
analysis data (site-specific fertilizer management) did not affect plant height, leaf greenness value and primary
nutrient content in ear leaf, fresh yield and yield quality significantly when compared to farmer practice treatment
both in furrow and drip irrigations. The range of ear weight and fresh yield were 410.48-430.10 g/ear, 19.85-
20.79 tha in farmer's field and 319.85-367.65 g/ear, 16.87-18.33 t/ha in the research field, respectively.
Moreover, the total soluble solids in the kernel were higher than 14 °Brix in both experimental fields. However,
the drip irrigation system saved 40% water usage compared to the furrow system in the farmer’s field and saved

58% in the research field.

Keywords: Sweet corn, drip system, nitrogen fertilizer, yield, quality of sweet corn

Introduction production (Muchow, 1998). Nitrogen fertilization and

soil management practices are very important to

Sweet corn is a quality agricultural enhance crop yield (Atkinson et al., 2005). Min et al.
commodity of Thailand for its potential for fresh (2011) reported that the nitrogen fertilizer use
produce distribution and raw material in the food efficiency was only 18% under the conventional
processing industry with a high volume of export. application rate, increasing from 522 to 870 kg/ha
Sweet corn (Zea mays L. Saccharata) belongs to the and apparent nitrogen losses of 71-86% were
family Poaceae. It is a naturally-occurring genetic caused by leaching, leaching was the primary
mutation of field corn and consumed at the soft nitrogen loss pathway. Some researchers noted that
dough stage with succulent grains, emerges as an an increasing amount of nitrogen increased yield
alternative dish of vegetable, roasted ears, soups significantly (Magsood et al., 2001; Sharar et al.,
and sweetness, etc. The sweet corn season is 2003). Biswas and Ma (2016) also reported that corn
shorter than that of field comn because the yield, nitrogen in kernel and stover biomass
marketable ears are harvested earlier from 35 to 45 increased with an increasing nitrogen rate. However,

days compared to the field corn (Bhatt, 2012) when higher nitrogen rates (200 kg N/ha) did not provide a
kernel sugar content is optimal. yield advantage as compared to 150 kg N/ha in

Nitrogen is one of the most important plant 2010, but the highest grain yield was produced with

nutrients as it is required to produce proteins and 200 kg N/ha in 2011. The economic optimal nitrogen
chlorophyll, maintain photosynthetic efficiency, leaf rate varied greatly from year to year, the average
area development and ultimately dry matter economic optimal nitrogen rate (170-180 kg/ha) did
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not change from 1992-2010 (Schlegel and Havlin,
2017). However, most of the cereal crops require a
large amount of nitrogen to produce maximum yield
and for which nutrient use efficiency (NUE) is
estimated to be less than 50% (Raun and Johnson,
1999). NUE currently averages 33% for wheat and
corn production around the world (Freeman and
Raun, 2007). It varies from one situation to another
due to variability in several factors such as crop
health, soil types, years and locations, application
timings, methods of application/incorporation of the
fertilizer in the soil and nutrient responses of the
cultivated variety (Nielsen, 2006). Thus, nitrogen
management is one of the most extensively-
researched topics in agriculture (Subedi et al.,
2006).

In the current water crisis, sufficient
available freshwater resources are becoming the
binding constraint for food production. Limited water
sources are among the reasons that force many
farmers to reduce irrigation applications. The fact
that water is one of the most important environmental
factors that affect the growth, development and crop
production of the plant, it is a critical issue limiting
plant growth by having an impact on anatomical,
morphological, and biochemical

processes (Setter et al., 2001). NeSmith and Ritchie

physiological

(1992) reported that the yield of corn reduction
ranged from 21% to 40% in the water-deficit
treatment, with kernel weight being the most affected
component. Thus, irrigation is an important practice
for sustainable agriculture, especially in crop
production to meet retailer demands for quality when
rainfall is insufficient. Drip irrigation is the most
effective method in terms of both maximizing yield
and water conservation (Cetin and Bilgel, 2002) as
well as providing efficient use of limited water

(Viswanatha et al., 2002). It saved about 56.4% water
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compared to furrow irrigation method (Tagar et al.,
2012). Ramamurthy et al. (2009) reported that water
use efficiency with drip irrigation was 45-68% higher
than the flood method. Hence, this study aimed to
investigate drip irrigation and site-specific nitrogen
fertilizer management (SSFM) to increase vyield and

save water.
Materials and Methods
Two field experiments were conducted in

Chiang Mai

November 2017 to March 2018. Sweet corns were

province, Northern Thailand from
planted in the area with different soil types and field
managements including a farmer's field in Mae Ai
district and research field at Mae Hia Agricultural
Research, Demonstration and Training Center,
Faculty of Agriculture, Chiang Mai University. The
initial soil properties of the farmer's field were loam
soil (35.3 % sand, 42.4 % silt, 22.3 % clay) and the
chemical properties were as follows; pH 5.59 (pH
meter; Rhoades, 1982), electrical conductivity (EC)
45 pS/cm 1984),
organic matter (OM) 4.48% (titration; Nelson and

(conductivity meter; Siwasin,
Somners, 1980), available phosphorus (avai. P) 86
al., 1988)

K) 88 mgkg
(NH,0Ac 1M pH 7; Helmke and Sparks, 1996). While
the soil texture of the research field was sandy loam
(57.7 % sand, 31.7 % silt, 16.6 % clay). The soil
properties were pH 6.06, EC 21 pS/cm, OM 1.60 %,
avai. P 22.14 mg/kg and exch. K 99 mg/kg. Sweet

mg/kg (Bray Il; Houba et and

exchangeable potassium (exch.

corn seeds, Hi-Brix 53 variety were sown in the
spacing of 75 x 25 cm by hand. Weed and pest
controls were performed as necessary.

Experimental design: The experimental size
was 0.16 ha (1,600 mz). Sweet corn was planted in a
randomized with 4

complete block design
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replications and 4 treatments as follows; (1) nitrogen
application at the rate of 190.75 kg/ha with furrow
)
nitrogen application at the rate of 156.25 kg/ha (site-

irrigation (farmer practice rate, CP-Furrow),

specific fertilizer management) (Sanjunthong, 2017)
with furrow irrigation, (3) nitrogen application at the
rate of 156.25 kg/ha and drip irrigation and (4)
control treatment, non-fertilization and water irrigated
by furrow. P and K fertilizer were applied at the same
rate, 46.75 kg P,O/ha and 46.75 kg K,O/ha. Urea
and compound fertilizer (15-15-15) were used as N,
P and K sources in the experiment. Fertilizer was
applied 3 times; 10% of nitrogen fertilizer and 40% of
phosphorus and potassium fertilizers were applied at
15 days after sowing (DAS). The second application,
60%
fertilizers were applied at 27 DAS. In the last

of nitrogen, phosphorus and potassium
application, 30% of nitrogen fertilizer was applied at
45 DAS.

The fertilizer rate of SSFM treatment applied
in this experiment was obtained from Sanjunthong
(2017) who suggested that sweet corn which was
grown in the farmer’s field where the soil contained
moderate level of OM (>1.5%), moderate to high
level of available P (>20 mg/kg) and moderate level
of exchangeable K (60-100 mg/kg), application of N
at the rate of 156.25 kg/ha (minimum N requirement
of sweet corn), P (P,0,) and K (K,0O) fertilizer at the
rate of 47.75 kg/ha was sufficient for sweet comn
production. Water management on the farmer’s field
was performed by the farmer and the amount of
irrigation water was recorded using a water meter.
For water management in the research field, the
amount of irrigation water and irrigation frequency
were controlled by tensiometer and recorded using
the water meter as well.

Data collection: The height of sweet comn

was measured (from the soil surface to top of fully-
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developed leaf) at 20, 40 and 60 days after sowing,
using a measuring tape. When sweet corn was in the
V6 growth stage (50 DAS), leaf greenness (SPAD)
was measured by chlorophyll meter (Konica, SPAD-
502). At the silking stage, ear leaf was collected for
nutrient analysis. Sweet corn ear was harvested at
the R3 stage (milk stage, 101 DAS) by sampling 40
plants (7.5 m°), then marketable yield and yield
component (ear weight, ear diameter, ear length and
the number of row/ear) were recorded. (Ministry of
Agriculture and Cooperatives, 2012). In addition,
total soluble solids (TSS) by Otago Digital Brix
Refractometers, nitrogen (N) (Novozamsky et al.,
1974), phosphorus (P) (Walinga et al., 1995) and
potassium (K) (Kalra, 1998) in the kernel were
analyzed.

Data analysis: Data analysis was performed
using Statistix 9.0. All parameters were analyzed
using analysis of variance (ANOVA) and mean
separation was performed by the least significant
(LSD)

statistical tests were performed at the Ol= 0.05 level

difference test. Unless noted otherwise,

of significance.

Results

Plant growth: Results in Table 1 showed
that the plant height of sweet corn was influenced by
different fertilizer and water management. In the
farmer’s field, plant heights of the treated plants were
in the range of 14.79-15.46 cm, 33.06-35.98 cm and
166.23-179.24 cm at 30, 50 and 70 DAS,
respectively. In the research field, plant heights of
the treated plants were in the range of 15.25-16.65
cm, 55.25-59.59 cm and 197.36-202.56 cm at 30, 50
and 70 DAS, respectively. The minimum plant height
was found in the control treatment at 70 DAS in both

experimental fields.
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Table 1. Effect of fertilizer and water management on plant height of sweet corn

Plant height (cm)
Treatment Farmer’s field Research field

30 DAS 50 DAS 70 DAS 30 DAS 50 DAS 70 DAS
CP-Furrow 14.79 a 33.06 166.23 a 15.80 59.59 202.56 a
SSFM-Furrow 15.46 a 35.98 179.24 a 16.65 57.66 200.37 a
SSFM-Drip 14.85 a 35.69 170.00 a 15.25 55.25 197.36 a
Control 12.38b 28.31 134.86 b 16.26 47.44 143.01 b
CV (%) 7.7 11.85 12.06 9.53 10.04 5.33
LSD 1.79 ns 31.35 ns ns 15.84

0.05

Means within the same column followed by different letters are significantly different according to LSD test at P < 0.05, ns = non-

significant, DAS = day after sowing

Plant nutrient status: Fertilizer and water
management did not affect the SPAD and plant
nutrient concentration in ear leaf significantly (Table
2). In the farmer’s field, the SPAD was in the range of
57.33-59.34 SPAD units. However, in the research
field, the SPAD was in the range of 45.78-47.57
SPAD units. The minimum SPAD was found in the
in both fields. N, P and K
concentrations in ear leaf of farmer’s field were in the
range of 1.98-2.30%, 0.23-0.26% and 2.10-2.28%,
respectively. On the other hand, N, P, and K

control treatment

concentrations in ear leaf in the research field were in
the range of 2.43-2.54%, 0.20-0.24% and 1.88-
2.09%, respectively. The minimum N concentration
in ear leaf was found in the control treatment in both
experimental fields (1.69% in the farmer’s field and
1.61 in the research field). In contrast, the control
treatment showed maximum P concentrations
(0.55%) in ear leaf in both fields. Moreover, the
concentrations of K in the ear leaf of sweet corn were
not significant in the farmer’s field while the lowest
potassium content (1.52%) was noted in control
treatment in the research field.

Biomass: The data in Table 3 showed that
fertilizer and water management did not affect

biomass significantly. The stem and ear dry weights
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of sweet corn planted in the research field were
172.78-216.79 and 87.91-99.29 g/plant, respectively.
In the farmer’s field, the stem and ear dry weights
134.87-143.65 and 80.71-87.77 g/plant,

respectively. On the other hand, most of the control

were

treatments showed the lowest dry weight of stem and

ear. The dry weight was 38.58 g/plant in stem and

29.31 g/plant in ear in farmer’s field. For the research

field, the dry weights were 22.70 and 16.87 g/plant in

the stem and ear, respectively.

Corn yield: The results in Table 3 clearly
that

increased fresh yield of sweet corn significantly

showed fertilizer  application  treatments
compared to the no fertilization treatment (control
treatment). However, the different fertilizer rates and
water management did not affect the yield of sweet
corn at both experimental fields significantly. The
sweet corn yields in the farmer's field were in the
range of 19.85-20.79 tha while in the research field
ranged from 16.87 to 18.33 tha. The minimum fresh
yield (8.19 tha) was observed in the control
treatment in the farmer’s field. It should be noted that,
in the research field, the fresh yield of sweet comn
was not available because the ear of sweet corn was

incomplete in the kernel setting.
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Table 2. Effect of fertilizer and water management on SPAD and nutrients concentration in ear leaf of sweet

corn
SPAD Concentration (%)
Treatment (SPAD unit) Farmer’s field Research field
Farmer's field ~ Research field N P K N P K
CP-Furrow 57.33 a 45.99 230a 025bc 210 243a 020c 191a
SSFM-Furrow 59.34 a 45.78 229a 026b 2.28 244a 020c 1.88a
SSFM-Drip 58.76 a 47.57 198b 0.23c 2.23 254a 024b 2.09a
Control 30.32b 45.38 169c 0.55a 1.81 161b 055a 152b
CV (%) 5.86 3.34 8.67 4.95 10.38 8.96 7.00 8.59
LSD 4.87 ns 0.29 0.03 ns 0.32 0.03 0.25

0.05

Means within the same column followed by different letters are significantly different according to LSD test at P < 0.05, ns = non-

significant, DAS = days after sowing, ear leaf = ear leaf at silking stage

Table 3. Effect of fertilizer and water management on fresh yield and biomass of sweet corn

Fresh yield Biomass (g/plant)
Treatment (t/ha) Farmer's field Research field
Farmer's field ~ Research field Stem Ear Stem Ear
CP-Furrow 20.75 a 16.93 139.72 a 87.77 a 216.79 a 90.05a
SSFM-Furrow 19.85a 16.87 143.55 a 82.92 a 172.78 b 87.91a
SSFM-Drip 20.79 a 18.33 134.87 a 80.71 a 181.01b 99.29 a
Control 8.19Db N/A 38.58 Db 29.31Db 22.70c 16.87 b
CV (%) 712 4.41 14.86 13.61 13.43 10.84
LSD 1.98 ns 2713 15.28 34.55 12.75

0.05

Means within the same column followed by different letters are significantly different according to LSD test at P < 0.05, ns = non-

significant, N/A = not available

Yield quality: The fertilizer and water
managements did not affect yield quality of sweet
corn at the harvest stage significantly. In the farmer’s
field (Table 4), ear weights of sweet corn were in the
range of 410.48-430.10 g/ear. Ear lengths ranged
from 31.35 to 32.25 cm and ear diameters were in
the range of 63.77-64.95 mm. The number of rows
per ear was in the range of 17.58-18.45 and TSS was
14.57-14.60 °Brix. Moreover, the lowest quality of all
parameters showed in the control. The ear weight

was only 154.00 g/ear. Ear length was 22.45 cm and
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ear diameter was 45.11 mm. The number of rows per
ear was 15.60 and TSS was 14.48 °Brix. For the
research field, the fresh yield was not available
because the ear of sweet corn was incomplete in the
kernel setting, so the quality of sweet corn was
calculated from the fertilizer treatment. Ear weights of
sweet corn were 319.85-367.65 g/ear. For ear
lengths and diameters, they were in the range of
29.24-29.76 and 59.95-60.48 mm, respectively. The
number of rows per ear was 16.13-18.10 and TSS
was 14.78-15.06 °Brix.
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Nutrient concentration in kernels: In the
farmer’s field trial, drip irrigation treatment showed a
positive effect on the nitrogen concentration (3.19%)
in the ear significantly (Table 5). In contrast, the
concentrations of phosphorus in the ear were not
significant among fertilizer  treatments. The
concentrations of phosphorus were observed in the
range of 0.49-0.51 %.

phosphorus concentration (0.54%) in the kernel was

In contrast, the highest

recorded in the control treatment. However, the
concentration of potassium in the ear was not
significant for all treatments, it was found in the range
of 1.67-1.85%. For the research field, the fertilizer

and water management did not affect N, P and K

concentration in kernels. The concentrations of
nitrogen, phosphorus and potassium were observed
in the range of 2.15-2.30%, 0.34-0.35 % and 1.13-
1.15%, respectively.

Water usage: For the amount of irrigation
water, water irrigation by furrow system was to low
field,

approximately 1,989-2,064 ma/ha/crop of water was

efficiency (Figure 1). In the farmer's
applied for producing sweet corn while the amount of
imigation water by drip irrigation was only 1,238
ma/ha/crop. Similar to the research field experiment,
5,740-5,840 ms/ha/crop of water was applied to sweet
corn under the furrow system compared to the drip

irrigation that was applied only 2,407 m3/ha/orop.

Table 4. Effect of fertilizer and water management on sweet corn qualities

Ear weight (g/ear) Ear length (cm) Ear diameter (mm) No. of row/ear TSS (°Brix)
Treatment Farmer's Research Farmer's Researc Farmer's Research  Farmer's Researc Farmer's Research
field field field h field field field field h field field field
CP-Furrow  430.10a 32583  32.00a  29.41 64.95a 59.95 18.18 a 16.38 14.60 14.78
SSFM-Furrow 41048a 319.85  31.35a  29.24 63.77 a 60.14 18.45a 16.13 14.58 14.85
SSFM-Drip  427.70a 36765 3225a  29.76 64.84 a 60.48 17.58 a 18.10 14.57 15.06
Control 154.00 b N/A 22.45Db N/A 4511b N/A 15.60 b N/A 14.48 N/A
CV (%) 7.09 12.02 3.01 2.49 247 3.35 3.75 12.33 1.7 1.28
LSD, 40.35 ns 1.42 ns 2.35 ns 1.05 ns ns ns

0.05

Means within the same column followed by different letters are significantly different according to LSD test at P < 0.05,

ns = non-significant, TSS = total soluble solid, N/A = not available

Table 5. Effect of fertilizer and water management on nutrient concentration in the kernel of sweet corn

Nutrient concentration in kernel (%)

Treatment Farmer’s field Research field

N P K N P K
CP-Furrow 2.78b 0.51b 1.67 2.28 0.35 1.14
SSFM-Furrow 256b 049b 1.77 2.15 0.34 1.13
SSFM-Drip 3.19a 0.50b 1.79 2.30 0.34 1.15
Control 260 b 0.54 a 1.85 N/A
CV (%) 6.75 2.95 6.37 7.94 6.46 5.22
LSD 0.30 0.02 ns ns ns ns

0.05

Means within the same column followed by different letters are significantly different according to LSD test at P <0.05, ns = non-

significant, N/A = not available
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Figure 1.

and research field (b)

Discussion

The results of this study indicated that
fertilizer still play and important role for plant growth,
especially nitrogen fertilizer. Sweet corn that was
cultivated without fertilizer (control treatment) gave
low or no marketable yield. Asaduzzaman et al.
(2014) reported that N-fertilizer had significant effect
on plant height at all growth stage, the tallest plant
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Irrigated water (bar) and accumulated water (line) for sweet corn planted in the farmer’s field (a)

was observed at 160 kg/ha which was statistically
similar to 200 kg/ha and the shortest at 0 kg/ha.
Significant variation was observed in respect of dry
matter accumulation due to different N fertilizer rates.
However, fertilization based on nutrient requirements
(SSFM) under different
irrgatiion system (drip and furrow irrigation system)
did not significantly affect the plant height, SPAD

and soil analysis data

value and nutrient concentration in ear leaf of sweet
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corn in both areas. Chlorophyll meter is used
worldwide in the corn-field for crop N status
assessment because the SPAD value was highly
correlated with leaf chlorophyll content determined
with  destructive measurements and
Chacko, 1991)

concentration in corn leaf tissue (Schepers et al.,

(Schaper
and highly correlated with N

1992). A positive response of leaf N concentration to
photosynthetic rate has been widely reported, so
nitrogen promotes foliage growth that is responsible
for photosynthesis activities and accumulation of dry
matter. At 50 DAS, the SPAD values of sweet corn
leaf obtained from low N treatment (156.25 kg N/ha)
and high nitrogen treatment (190.75 kg N/ha) were
not significantly different in both drip and furrow
irrigation systems. These results indicated that N
fertilizer application at the rate of 156.25 kg/ha was
sufficient for sweet corn growth, which was
confirmed by the non-significant difference of N
concentration in ear leaf at the silk stage. Ta and
Weiland (1992) presented that leaves and stalk each
contributed 45% of total N remobilized into the ear,
and 10% was contributed by the root. At the harvest
stage, N rate of 156.25 kg/ha with different irrigation
systems could have the nitrogen concentration in the
kernel not less than the N rate of 190.75 kg/ha. Since
N content could be converted to crude protein,
hence low N fertilizer rate (156.25 kg/ha) still
maintained the level of crude protein, resulting in a
great economic (fertilizer) costs and reducing
environmental impact. In contrast, it was found that P
concentration in ear leaf of the control treatment was
higher than the other treatments in both experimental
fields. Ziadi et al. (2007) and Riedell (2010) reported
that under limiting N condition, P concentration was
increased. However, increasing N concentration
provided an increase of shoot biomass while the P

concentration was also decreased.
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Moreover, the fresh yield of sweet corn
under application rates of 156.25 kg N /ha with a drip
and furrow irrigation system was not significantly
different compared to the common practice rate
(190.75 kg N/ha). This result indicated that the rate of
156.25 kg N/ha was sufficient for sweet corn growth
and good quality yield, the same as the rate of
190.75 kg N/ha. The obtained results conformed with
(2017) that N
requirement of sweet corn (var. Brightgene) was
158.5 kg N/ha and applying the 156.25 kg N/ha was

the optimal rate of N fertilizer which resulted in the

Sanjunthong who  observed

highest yield. A similar result was also observed that
the recommended rate of 156.25 kg N/ha with 46.88
kg K,O/ha was sufficient for yield and quality of
sweet corn grown in farmers field where soil
contained a low level of exch. K (Chalernthai and
Santasup, 2017). Pampolino et al. (2012) reported
that the higher maize yield in Indonesia was obtained
from 160 kg N/ha compared with 173 kg N/ha
(farmer's fertilizer application rate). Noppan and
Santasup (2016) reported that N fertilizer application
at the rate of 125 kg/ha was sufficient for good yield
and quality of field corn seed production compared
to the higher rate of N (156.25 kg/ha) that farmers
widely applied. These results suggested that N
fertilizer at the rate of 156.25 kg/ha was sufficient for
sweet corn production, the same as the rate of
190.75 kg /ha. The N fertilizer rate in this experiment
(156.25 kg/ha) which was determined based on N
requirement and soil analysis data showed great
results, maintained the high amount and quality of
productivity while minimizing waste, economic loss
and environmental impacts. The low rate of N
application (156.25 kg/ha) was not only the ability to
maintain a high amount of yield but also the quality of
sweet corn. The total soluble solids (TSS), one of the

most important qualities of sweet corn, was still in the
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high value both in the farmer’s field (14.57°Brix) and
the research field (15.06 °Brix). These values were
higher than the sweet corn’s TSS value of Thai
(> 9 °Brix)

Agriculture and Cooperatives, 2012). Similar results

agricultural  standard (Ministry  of
were also reported by Chalernthai and Santasup
(2018). Besides, the ear length (29.24 and 32.25 cm)
and ear diameter (59.95 and 64.95 mm) were not
significantly different as compared to the higher rate
of N application, both in the farmers field and
researcher field. However, these properties were
of fertilizer and

affected by the application

occasionally attributed to seasonal limitations
(Okumura et al., 2014). For the control treatment, the
fresh yield of sweet corn sowed the different results
in different fields. The research field found that the
yield of sweet corn was not available because the
ear of sweet comn was incomplete in the kernel
(2010) that the

experiment without fertilizing, corn yield is lower than

setting. Prempramote found
the fertilizer application significantly. Noppan (2011)
reported that in soil with low levels of organic matter
(0.94%), mineralized N was not sufficient and corn
unable to yield production. The soil with moderate
levels of organic matter (1.55%), corn yield was only
one third compared to the fertilizer treatment.
Consistent with the farmer's field that the control
treatment gave the yield 2.5 times lower than fertilizer
treatment.

The 156.25 kg N/ha showed no significant
differences in the sweet corn yield in drip and furrow
irrigation systems. Using a drip irrigation system
greatly reduced water usage than the furrow
irrigation system in different soil types. In areas with
limited water resources, sweet corn can be grown by
using a drip irrigation system. However, the amount
of water and frequency of irrigation was dependent

on the soil texture. The farmer's field where the soil
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texture was to loamy characteristics, the water was
approximately irrigated weekly. On the other hand,
the research field where the soil texture was to sandy
loam characteristics, the frequency of irrigation was
approximately once in three days. Mojid et al. (2009)
reported that loam soil saved more than 50%
irrigation water compared with sandy loam sail.
Omran et al. (2016) demonstrated that the amount of
water applied by drip irrigation was found to be
higher in the clay soil than in the sandy soil because
it was dominated by large pores compared with fine
texture clay soil. Sandy soil had a low pore space
and a high infiltration was responsible for a low
water-holding capacity, consequently led to higher
frequency of irrigation. Low water-holding capacity
resulting in each time that irrigation the water was
lost. Thus, more frequent of the irrigation cycle, the
water will lose more as well. However, drip irrigation
is watering only around the root zone of plants,
resulting in less water usage and reduced water loss.
When compared with furrow irrigation using drip
irrigation water usage in sandy soil, it can save more
water than loam soil. Therefore, drip irrigation is a
promising method, however, its cost is still high and

needs a good quality source of water.

Conclusions

The results of the current study revealed
that the application of nitrogen fertilizer at the rate of
156.25 kg/ha/crop based on the nutrient requirement
and soil analysis data under drip and furrow irrigation
system was suitable for producing sweet corn in
Chiang Mai province. This rate was sufficient for
providing good growth, yield and quality of sweet
corn in both loam and sandy loam soil texture.

Moreover, water irrigation by drip irrigation saved the
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amount of water more than 40% compared to the

furrow system at both experimental sites.
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Abstract: The problem in rice storage is the infestation and damage by insect pests of rice. Especially, the rice
weevil, Sitophilus oryzae L., is one of the major insects in rice production in Thailand. The objectives are to
study the effects of extract from fever vine, Paederia linearis as the repellent, insecticidal and progeny deterrent
on rice weevil. The various concentrations of extract from fever vine at 0, 0.25, 0.5, 1, 2, 4 and 8% (w/v) were
applied. The treatments were arranged in a completely randomized design (CRD) and replicated 5 times on 10
adults. The experiment was conducted in laboratory at 25-27 °C and 75-80% RH. The results found that the
repellent, insecticidal and progeny deterrent of extract form fever vine on the rice weevil were significantly
effective (P<0.05) when compared with the untreated control. At the concentration of 8%, of extract form fever
vine was the highest effective as the repellent, insecticidal and progeny deterrent on rice weevil. The repellent of
rice weevil was 9.60 + 0.48 adults (PR=92%) at 12 h and the highest 10.0 + 0.00 adults (PR=100%) at 24 h. The
percent of mortality on the rice weevil was the highest value 100% and the LC,; value with 1.62 and 0.89% at 24
and 48h, respectively. In the progeny deterrent, the number of progeny was 0.40 + 0.48 adults, percent of
progeny deterrent was 98.84% and developmental time was 52.20 + 1.72 days. Whereas in untreated control,
the number of progeny was 34.60 + 3.55 adults, percent of progeny deterrent was 0.0% and developmental
time was 29.60 + 0.74 days.

Keywords Fever vine, insecticidal, repellent, growth inhibitory, rice weevil
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VA3 ﬁ?m?v WL LU g eY QNIA (rotary evaporator)
unn 42 avAutaiiea 1Hansaianany (crude
extract) U lilifuluaaadg udotin T ududalugifiu
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Figure 1.

NSNARDUAAUBIRITAN AANLATARAANNAAUNN
lumatluansla
ﬂﬁmmﬁmmLﬂ%mwgmwmﬁ@:ﬁu
ANdindn 0, 0.25, 05, 1,2, 4 UaT 8% NAGELILLILA
nadenluauuia (Petri-dish choice bioassay) 178
impregnated filter paper test InefanszANENIasLLaT
1 (Whatman® 1083 1) WNIBAUENAIS 9 lIURINAST
panilu 2 daumin q fu Snvilenaaaiaainieie
AV AAUNT llAazANNd N Ul Y 1 HaRART
daudndnuilava afarinazaneAelenueas 1L 1
foaans nol1fuiie 1 2 dounntlsznuidingaafu
el UL UNUALENAN 9 LTURANAT Laz1NFD
WNdEU99A9999981981e) 7 Ju Tdasnsanananuuio
wAazAUE LU ANNIMAfad 5 91 Fdaag 10 6
INUNUNIINAABILLUENANY 0I (completely
randomlzed design) DRI 'J'm\isl,um AILAN
@munm 25-27 asATaita mnmumwm 75-80
lefIF U T LLE 999 1T L LULA AT N0
nszanensasuaiiiaaEnill 24 dalua ﬂﬁ"’ﬂmﬂ@‘ﬁ'
THurArwamnesiduinnsla (Percentage
repellency) PR (%) = [(Nc —Nt)/(Nc+Nt )]x100 158
Nc = f%wmwnmLLmﬁi@ﬂuummmmm&'qu‘ﬁuﬂm
Lfamufa@emﬂmmmmu (control) Nt = AUIULD
Lmmmﬂuuﬂa‘vmma‘mmumuﬂmmmummvma

NSNARALNAUDIRITANAAINIATAAAUNAAUNT
Tumaitluanssin
‘wﬁmmmﬁmmnLﬁﬁ‘@mmuwwmﬁ'izﬁu
ANUINGL 0, 0.25, 0.5, 1, 2, 4 AT 8% ANULNTEANT
N384 Whatman® 1085 1 ﬁma‘:mwﬂa‘mﬁqmmﬁﬁm
Uszanns 5 Wil aunsemeeesuiia i lneadlu
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Fever vine, Paederia linearis Hook.f.

AUUA I UNIUANINAN9 9 lruR AT 1419
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wnunmaseduULgany sniuaslfienueaiiug e

° % v Qd‘

ALAN BAULAN9 UG ATLANg N RN 2527
AANTALTE ANTUANANS 75-80 wlasidus 17unn
BMIINIALVDILNAS W BAN1W1Y 24 way 48
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NSNARBLANAURIRITANAINLATAAANNAANN
Tumaflussdiudamsaangnuay
WdnanAaananuya 50 NTN wa luansans
anuseRayRAINTiszLA it 0, 0.25, 0.5,
1,2, 4 uay 8% Uszainns 3wt wdathaniean1diudia
Tdasluaaufio Uaasfosasdinamauazinaianang
7 AU AU 5 4 NMITULNINA LATIWALN 889599999
fin98198991n Flay (2010) mmmﬂ‘lmn@m@@mmu
Anasie memﬂmmmm&qq (rostrum) zﬁ”wmwma‘mv
A EuINeaBeuacBauldaguse Jafautin
g19LnauarFRdaeedaTialszanns 7-10 fu Fae
weiinauaniufuazawla udazpudinduianag
NAASY 59 TBHBNITNAADILU UG NANY 0]
yRINuhAssneinneananaam@eauag il
nelifudnsunasiignunil 2527 asdnmaidaa
ANNTUR NS 75-80 wefiFus Tufind oy
srgznan N AL Tneedaensing whauiey

AugAALAN
%msdiud ARSI ARILAN -
n1seen ANt lumAMAaed
e ANt lugaALAN 100
(PD)
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MsAsRdays
Tuntmeaautlss@nsninlunisadluanssin
ﬁﬁm@ﬁiﬁémmLﬂm‘lf‘ﬁuﬁmimﬂﬁLLﬁ@?‘quﬂ%
Abbott's formula (Abbott, 1925) A9gAT ERTINTANE
fludia3a = (AB) x 100/ (100-B) X A = §R31N19ANY
1BINANNARDY B = 8RIINTALUBINANAILAN N3
Fwmsnzvidasyald ANOVA LAy Duncan's multiple
range test flafuALITasy 95% UAzALATNZIiAn
median lethal concentration (LC,) Tmneq3 Probit

analysis (Finney, 1971)
a o
NANITVNAABILLASINNTIU

HANTNSNARAUNAUTRIRITAN AAINLATA
aavyanualunsiluasla
AINNANIINAARLLILANTNINIANRNIAN A
anusemevyAavITiAadindiv 0, 0.25, 0.5, 1, 2,
4 uaz 8% Tun1siduanslafiageneding wudnansanin
mmm’?‘ﬂmmmmumﬁm@ﬁiﬂmﬂdﬁqwqﬁmﬁmm
LLmnmwnu@m\muﬂmmmwivmummmﬂuu 95%
LN@LLE‘F;I‘LILV]F;I‘UH‘LI‘H@ﬂQ‘LIﬂN memmmummm@
mﬂmmmmﬂmmmmwmqwum A 1o fifus
M7laEasnsiinaifiadu Aaanudiuiiv 0.25 ua 0.5%
pailasidusnngla dassnsiinafua esannasy
dindusnunnhifluasedsinsiing Aanudindiu e%
Te9d1sanAANATaRAuYAauNIE e fifuinisla

Fasanetinngege ludalusd 12 Suasenslafiaenms
$inqiade 9.60 + 0.48 fa Asuilesifunisla 92%
Tudalusdt 24 uasianisladaseasiinaleds 10.00 +
0.00 52 AnfluulesiFunisla 100% Weu ey
fuganiuaulidnasenislasaseasiiia (Table 1)
ARAARBINLIIUIA YRS Yankanchi et al. (2014)
AnwnavesdnsainannlusaANgng (Clerodendrum
serratum L) Tun1auiluanslafinaanadinn WUARANY
Windiu 0503 mg/em® Hiefidusnislageqaminiuy
97% fi1nan 24 alus lanusiingn 1,2, 4, 8 uay 16
g wefifusinislaatlugas 70-90% annisiae
224 Ribeiro and Vendramim (2017) 8811819117104
anevanaesdassasdininaimadlssaniududa
MaAd (chemosensilla) TuNsFUNAL TemeLaUaIse
ﬂ?zlumﬁu@ummﬁﬂﬁﬁﬂﬁEﬂ’qwqﬁmiwmLﬁmmm
Fuaunarnasunilaanld Aliet al. (2015) a3u1890
Bnnlateuanuazanawan < (sensila) Vi
FupnNgAnaAl (NAw) %qﬁgmmuvlaimﬁﬂuﬁu‘lu
UARSTUATRILNAY

NANNSNARAUNAURINISANAAINLIAGTA
aauyAavNtlun1glugssin
ANNUANINARDLUTZANTNINUDIATAN A
mmﬂ?ﬂmmmmwmﬁmmL°’ﬁw’u’u 0,0.25,0.5,1,
2,4 U8 8% un19iiuas«infaeenedng wudnans
AnAANNIATIRANYAAMNIANAABN1THNH29999819

Table 1. Effect of extract form fever vine as the repellent on rice weevil at 12 and 24 hours

Concentration Duration of exposure
(%) (W/iv) Number and percent repellent of Sitophilus oryzae (adult)
12h Repellent (%) 24 h Repellent (%)
0.0 0.00 +0.00 0.0 0.00 +0.00 0.0
0.25 4.40+048° -12.0 5.40 +0.48 8.0
0.5 460 +0.48"° -8.0 6.40 +0.80 * 28.0
1.0 6.20 +0.40* 24.0 7.80+0.40% 56.0
2.0 740+048% 38.0 8.80 +0.40° 76.0
4.0 820+0.74° 64.0 9.80+0.40° 96.0
8.0 9.60 +0.48 ° 92.0 10.00 +0.00 100.0

* Mean values in the same column with the same letter do not differ significantly (P < 0.05 according to DMRT)
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'
=

fpanuuansneiued1eldudAyNszaunany
esiu 95% e nfunifanfugaanau nudniile
ArdindiureansaiaannIAeRAVYAAMNIgaEL
azdlnaiinlfignanismevesdinnsdnageiu Tned
AN 8% HeRIIN19mIEU03K29999E194940
100% #in LC,,, Slenwini 1.62 uaz 0.89% ludalug

24 1Az 48 F2lug ANaTAU TuaeN AN NN d W

0.25,0.5, 1.0, 2.0 waz 4.0 ludalaei 24 Hiafidus

N1TAN8UR9A19929919 4.0, 28.0, 36.0, 72.0 LAY
80.0% AuaEL uarludalued 48 filasifusinns
A1E184A29999919 28.0, 38.0, 56.0, 88.0 LAY
94.0% pwd L eiteuifiauiugaaau e il
BFIINITALYRIAI9999419 (Table 2) mmm’imﬁu
N19348U89 Wuttiwong et al. (2016) umumu‘wa
mmmmquwm‘ﬂwmimrﬁmmmm LC., mmm
Windu 10.10 UL/L WAZAINN19T348289 Hamza et
al. (2016) asuN891A999lEFua1IN A nNT I e
durfarinudindesanafie i waznagela
G‘fqma‘ﬁwmnﬁm:ﬁmluma‘ﬁmfnma‘ﬁwmn@mm
nTou 1aa NI (glutathione S-transferases)
dafueulnidoalun1indnans s uua
mm‘lmmmmw‘lumm Hussein et al. (2017)
@ﬁmﬂmmemmeummmmnmmnwmwu
zwm@mﬂwmammmuumgwu TanisiiAany
daduan feliidenasanisnnetesuasiiosanniis
gelianunsnidinvinans luszuuilssannaeaunag

NANIINARAUNAUDIRITANAAINLATD
mmvigmmum’lumsfﬂumeé’uf«ms@@n@numu

ANNUANIINARDLLUTLANTNINURIRTAN A
mnm%mmmmwmﬁmmﬁ*ﬂu%u 0,0.25,05,1,2,
4 UnE 8% ’LumiLﬂumiﬁuﬂz\ﬂm'a*@famgﬂumumméﬁfm
19819 wudnansainaINLATERANY AAUNIN A S
ﬂW?ET‘LIFf\iﬂﬁ?'ﬂ’ﬂﬂ@]ﬂﬁ@’]uuﬁm‘xﬂxLQ@’]Iuﬂ’W?
w3ty LAL IRT89A299998 198 A uuANFN 9T LaE 198
WednAtyTiszAumnide 95% e feufauiy
TAAIL AN dennudinduresansaiaanniate
mmmmmungﬁ”u%ﬁm@ﬁi@m@ﬂ"u&mi@@ﬂ@uﬂumu
uarsEazan lunIsIaTy Fulngnauniu Ay
indiu 8% Hanuaumafindawindy 0.40 + 0.48 fia
ﬁmLﬂurﬂ@§L€‘Euﬁnﬁ§u§amiaﬂﬂgnumu 98.84% i
sraizinanlunfsasA iRy 52.20 + 1.72 4w
FlanRauieuiugaauaudswudadafowinty
34.60 + 3.55 f1 AnuuilesiFudnsdudanisenn
qnuanu 0.0% MezazianlunisasgAuinwindy
29.60 + 0.74 74 (Table 3) AAAARBINLNIUIFEUD
Soujanya et al. (2018) NIN1TANH1GTA AN T
Strychnos nuxvomica Wa g Lepidium sativum 1unng
fudanisineeniufaifiudaaesdnemeding wudn
ansaiAanita S. nuxvomica AdiaknefaRnazant
ethyl acetate fulesiFudinnsdusanisineanidluda
Fusemeadassnsdinaminty 96.3% luanifiasaria
aNndte L. sativum e adafasinazane Hexane

Table 2. Insecticidal effect of fever vine extract on rice weevil at 24 and 48 hours
Concentration Duration of exposure
(%) (W/v) Number and percent mortality of Sitophilus oryzae (adult)
24 h Mortality (%) 48 h Mortality (%)
0 0.00 + 0.00 0.0 0.00 + 0.00 0.0
0.25 0.40 +0.48 ° 4.0 2.80+0.40" 28.0
0.5 2.80+048° 28.0 3.80 + 0.48° 38.0
1.0 3.60+0.48° 36.0 5.60 + 0.48° 56.0
2.0 7.20 +0.40* 72.0 8.80 +0.80 ° 88.0
4.0 8.00 + 0.63 * 80.0 9.40+0.48° 94.0
8.0 10.00 + 0.00 ° 100.0 10.00 + 0.00 ° 100.0

* Mean values in the same column with the same letter do not differ significantly (P < 0.05 according to DMRT)
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Table 3. Effect of extract form fever vine as the progeny deterrent on rice weevil using residual efficacy

examination
Concentration Duration of exposure
(%) (wiv) Number and percent progeny deterrent of rice weevil (adults)
Number of rice weevil Time of development Progeny deterrent

(adults) (days) (%)

0 34.60 + 3.55° 29.60 +0.74 ° 0.0
0.25 2260+ 1.01' 34.80 +1.01° 34.68
0.5 16.20 + 1.46 © 36.20 +0.74 ° 53.17
1.0 13.00 + 1.09 ¢ 38.80+0.74 ¢ 62.42
2.0 7.80+1.46° 4220 +1.16° 77.45
4.0 2.80+0.74 % 44.40 +1.62° 91.90
8.0 0.40+048° 5220+ 1.72° 98.84

* Mean values in the same column with the same letter do not differ significantly (P<0.05 according to DMRT)

fulefdudnssuganieineanifluddufoesdag
9219919 95.3% La¥aINN19348984 Rotimi and
Evbuomwan (2012) ﬁﬁﬂ’]i‘ﬁﬂ‘ﬂ’]ﬂi@‘ﬂmﬁ’]ﬂuﬁﬂu
seiiaanilaandu (citrus peel) a8WUE Citrus
tangerina, C. limonium, C. paradisi, C. aurantifolia
waz C. sinensis lunserugannaineaniudadade
1998998 @ 810 wudtinaTumenstmeanilAaniy
ananug C. paradisi uaz C. sinensis Hilasifusnng
fugantainiflusauf udamniy 89 uay 98% an
srAnEnangnsataannfiaiuiuvanelade ity
pedUsznaunaAiif dAry luftafidsnaia aaw
SauLaTRILIAd srazna itV Aafunnsingns
mﬁmmnﬁﬁmﬁmuﬂ%Lﬁ@ﬂmﬁuﬁﬁmLLumﬁmgiu
rafvasadusiesnnilanalss@ninnwmasannnng i
ansfneTuniy

G
ATANAANIATAR AL AAUN NSz AVB AN
Tunsiluansla anssin uazanstiudenisaangnuanu
189499999819 Tnefimonidisdiu 8% HilsyAnaninlu
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21995299998 10g94 0 Andlunlefiiusnngla 92 uay
100% Aaan 12 uay 24 dalue N ey uasiigne
N19AN8289/A29999819494m 100% A1 LC,, HAN
WL 1.62 uaz 0.89% ludalied 24 ua 48 dalua
ATNAAL Sluﬂmflumaffuéfv\mwm?avjLﬁu‘llm Aawflu
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Association Between cGH and IGF-1 Genotypes Patterns and Body Weight and
Growth of Khai Mook Esarn 2 Chicken
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Abstract: Chicken growth hormone (cGH) and insulin-like growth factor (IGF-I) have a crucial role for regulating
of growth in chickens, which improvements of genetic variation of growth might result in an increase of
productive performance in chickens. The objective of this study was to investigate genetic variation in cGH and
IGF-1 gene and evaluate associations between genotypes of these genes, and body weight and growth traits of
Khai Mook Esarn 2 (KME2) chickens. A total of 318 chickens were collected from the 5" generation of KME2.
Genetic variation of cGH and /IGF-1 genes was genotyped by PCR-RFLP method, and an association analysis
was performed by Proc GLM. In the study population, the genotypic frequency of cGH/EcoRV by SNP region in
Chr.27 (G>A +1705 Intron3) was 0.101 for AA, 0.550 for AG and 0.349 for GG. While the genotype frequency of
the IGF-1 /Hinfl by SNP region in Chr.1 (A>C 5'UTR) was 0.160 for AA, 0.591 for AC and 0.248 for CC. The
association analysis revealed association between variations of /GF-1/Hinfl and body weight in KME2. The AC
genotypic group had the highest birth weight (41.39 + 0.44 g) compared to those in the AA (39.70 + 0.51 g) and
CC (40.49 £ 0.29 g) (P<0.05). In addition, the AC genotype tended to have the highest body weight at 10 weeks
(P<0.1), but there was no association between IGF-1/Hinfl genotypes and the average daily gain at 4 weeks,
breast width and breast circumference. Meanwhile, there was no association among genotypes of cGH/EcoRV
and body weight, average daily gain, breast width and breast circumference (P>0.05) of KME2. These findings
suggested that variation in IGF-1/Hinfl could potentially be useful as genetic marker for improving body weight of
KME2 chickens.

Keywords: Genetic marker, birth weight, growth performance
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unAnta: gafluuniaednaulnluld (chicken growth hormane, cGH) wazaa§luw insulin-like growth factor
(IGF-I) ﬁ'uvmWwéﬁﬁfgslumimuﬂmmm?mLﬁuTmmLsma‘éwmﬂ‘ﬁ'@'w@rﬁi@ﬂixawﬁmwmﬂﬁt:m nam bl
nsAnETAsilSnszasiamamgUuLLesEY CGH uaz IGF-1 wazpnndriLsresguutusietwinguas
anwnznassAunlulildynaans 2 %@'u‘ﬁ' 5 419U 318 FI9E N MIAIINUAINUAIEN UGN ITHIRIE
cGH un IGF-1 Tnefmpfin PCRRFLP Aiamsinnudiniudlngld Proc GLM uansfnswutszanafifnm
paudaundaesiiu cGHECORV Sumiks SNP lu Chr.27 (G>A +1705 Intron3) A8 0.101 AL AA, 0.550
A5 AG UAY 0.349 A1V GG anusiiAnuaAunTluasEiu IGF-1/Hinf fumis SNP 1u Chr.1 (A>C 5'UTR) Aa
0.160 A1U3L AA, 0.591 5L AC UAT 0.248 A11FL CC NMFAAINZRANMNANR LS NUI A NdRRLS g uLLA TY
In{luastis IGF-1/Hinfl ﬁuf’mﬁﬂﬁﬂﬂﬂ‘ﬂmﬁmu 2 ﬂduiﬁﬁﬁaiﬂwﬂ AC ﬁﬁ”mﬁmmmﬁmm?;ﬂmm (41.39+
0.44 n¥u) meﬂuiuﬂ@miuiwﬂ AA (39.70 + 0.51 N3) waz CC (40.49 £ 0.29 N¥w) (P<0.05) uenaniialulndl
AC NLLmT‘ummmmmﬂmmm mw 10 d1laif (P<0.1) wsilinumanduiussendnsaulnilaastiu IGF-1/Hinf
fushmmassoiLinedeseiui 4 dlak, Aruniteen uazsaven Tuansithinupsuduiugszwindailng
898U cGH/ECORV fLriminga, f79INNILATEY Fulmadnsediy, Ananineen wazsaten (P>0.05) a4l layn
g6 2 MeRunuwaN T TwingwunATIndluesiiy 1GF-1/Hin shazi Ananwlumeimsidusbeang
maugnemdviLmslidyasimingasediildynaaw 2 sel

ARNATY: LATEINNERUENIIN HntinuanidAia UseAvanmniaiuls

AU 19 200 flas aunsndeslulseFeussuulanas
ANNNTONUBNVNTANNEIINTNRA 1F Ipaidnuzneuen

P iala | M = P v o A
Tnudesdulnndenizinaediawnnly aeddnldyndanuang 50 Haudann uazudadvaes
Uszinalne wazidunfesnisresnana Inevialdln (Laopaiboon, 2018) @nsnsniaadlulsaizeuszuude
Auiles Hemsniasyiuingn Ny 16 4Uai 8 uazanueMNINeIINTIR IF Anwuenauenaesln

siwiinuszanns 1.6 Alanfu (Na Rungsri et al, 2007)  liyn@anuiaiag 50 faudens uazudedvaesded
zﬁ'amﬂ;ﬁmwmmﬁmLﬁmﬁunuﬁmmmmﬁﬂmiiﬂ Az aN ALl LﬂuLLﬂWuﬁLﬁ®N§W1ﬁQﬂN@Nﬁﬁ
uarlFnaunulunsdaaitenns fadafludiasinlu sefuansiAenliiudle 25% (Nguyen et al., 2015)

newmnnasslifug Al edludegsia il newamwug i ldyndan 2 gudiasetne
wandlifudedisnnninasydulas dady  dSuuaznisimunBiiunistiudaiugdas (I
Yosaialudunananidrfyaeddinuileos  Auwdlen s winmnudAny lunisliss Tomiusinug

(Peawong et al, 2010) iWaWm urdnaninnie  lildyn@aiuieieg 50 An1swmuiuginiuides
o A v o A  a A £ o o WMo
Wugnesuradinfiuledneliididnsnsasoiuns  gouanau aannisiiusiuglnliygndanwawng 50
Hszazandanunaianduas dudiesedneddauay  wandufiuwenugliliedinigéi antdudniaen
s 1% s o o o ' ﬂgj A KX A ' v a ' d’j A
naaLAUNIUF Ul g oiugdR T (Iiiwies) Aall uazkanntalugu (nter se) aqiiuFaniinuiie
o o . = WMo P =, Mo Mo a4 o
nswamuwuginnede liligndarwamg 50 A8 gnastian “Inladyndans 27 inlayndanu 2 Jsesiy

srAuaneaen iniugiuies 50% uwadlindlanaile  aredenlniuiiies 25% wazlii@aniefi 75% &
\BaN13An 50% wuan lnliynganuaiag 50 HAnwur  ANHUsAUAS AnsagTAR e 1.91 FaAnTN
a a dld 021 o di YU 1 ai @ c dl ° g ' dly 1% ° o o
nmawsniuiandnnindelfldveswsneds 2,124 wefiliud Ferndnliiien1anisdn wsngdmium
n5u wnwninlineausn 38 N ladvan 365 F1 AL Ineingviralnines (Laopaiboon, 2018) uaziensnns
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waslaldyndau 2

mmmu‘lﬁmwmmm@mmﬂmmﬂﬂ damnanafinasil
m‘wummmﬂ 10 §Unn9f 2677.69 + 288.48 nFu
(Nguyen et al., 2015) faﬂqummmmmm@miﬂ
d’j A o dl o Y a :/1
Audlasgnuanlulaqiuiuneesiuaeizinana
TudszmAuwazmnatszing (Jaturasitha et al., 2008)
pau ln'layndanu 2 Redlanialunisimuiiugg
g A a a o o &
na@deiniuiesgnuasludagsia nsufuigeiug
- d . e A o w
ulmnamewmundulineulwuginenanln
Audesgnuanluauan fetiunsimunansniznig
vyl liigeain
v da/ o A 1 1 e 1 ] =
AoemaBnIAARanWauNug Inldyndaw
2 Wi assnyidulnngeaua niufiesdiaonuusiugn
nsldaanuginuiugananiluanaiedanlunig
APADNWAZIANNAIN LN UENNINTL (Dekkers, 2004)
PR % oA Al
AINN1IATIALeNA1sN N e aanL 31 B U A
ANANWUSAUANEUEN R ALTR Usznausiag
&1 growth hormone (GH) Muiininszfuliidniiinng
winyRulauaziaNudATysiansaTenszgn 98
nsazanaedluiuluteariesradla (Yan et al., 2003)
wazdanudngduuualulniaesdiu cGH A
ANANRUS AL MINAQ LAz aRIINTIRTEL IRs e
74 (Nie et al., 2005; Nguyen et al., 2005) 14 insulin-
like growth factors (IGF-l) T UNUINE1ATY Aang
A  a P g = - v g
winyAuTmaeaiiadtiasonhfawsadnduiie nszan
uaznszanaan dnisdanudiminladuludasiia
14Nl FuBnEnaNIaINANLANGE N9 T8 lLLL
8 IGF-I (Zhou et al., 2005) TulnanaWugdsaszid
$129UNU I LUV 898W IGF-1 HA T NENAUS Y
Pudnusninawaztiuinga (Promwatee et al., 2013)
Aaun19 18 uATEIMNNENI9RUEN 91 (genetic
v 1 [ A E
marker) NN gaalunisAalaen tun1sld
pNANATALENENATaEuLAz NN AT URIERAR
st uluuFAaTA LN AR T BV ENAR e AN T
= o o o A o o L
NaulanazaznnIiinnsA RN N AN LN LENNNE 9T 1
(Li and Li, 2006)
m\mmﬁmwiummmmﬂﬁévmmm”
ﬂnwwmmmmﬂu cGH uay IGF-1 Tulnlaiyndanu
2 mswn 5 uazAnsANNANR LS 1R IILIEW cGH
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way IGF-1 Audnmuzniaastydulaluliliynaanu
d o 4 . A

2 waldidwssasmunenianugnasulunisdaaantn

WauwdugnaanwnrnaEsyEulana luewas

L4 aa
AUnsaluazsng

AnINPaRY

Inldynaau 2 %;}uﬁ' 5 (G5) Favan 318
i wetd] 168 a inelile 150 i Tneuenidgaidluge
Wnutseanidu 12 gain usasgalniszazminaii 1
#lmnh Lﬁwﬂaiﬁh‘iﬂﬁ@m”umﬂmmm@ﬂﬁ'm 1.5 x
3.0 WIAT 1AEN 6 Fasta 1 ANTNINAT Wamslnldnie
NNIANMABATEELIIAINIRE IENLLEI’mEI 0-10 sk
Tnelnlalyn@anu 2 a1g 0-4 dlad ewnslilaszey
anlrflszaulisaulainnngn 19% JiBunundeany
2,970 keal MEKg uaziileans 5-10 duansf 1anuns
Ilsveingu feesulsfiulaisingn 15% ffiuna
WAI9U 2,900 keal ME/Kg Aesluiuiilseteuras
AutlATatnedAuuas MW A UNIUF UL RS AR
(1ﬁﬁyuLﬁ@q) ATULNHATANENT NUNINENALURLLAL

uuwnmmmmsm wule lsun feya
viuvinusnifa snmndad 4 uaz 10 dlank, SaAanu
ninsresmthenaniiidin Ineldnefilias unsgau
150 findns uazdnsaueni 10 dilawi taeldianadn
AaANEN9 150 [URLNAT SALBMsauanlnwile
nszANean (keel bone) 3 LIURA AT IUTUBUNIE,
fé’mqmm?m;lﬁuimm?iwi@fu 0-4, 0-10 4az 4-10
Adani

MSALABENLAZAN AALA UL
@ o 1 A ai v A o a v =
Wusaet1uaenniduiasnnitisnaliiln
we9lilayndanu 2 Aauau 318 Feting ialszaang
m@qﬁmcﬁ“ﬁ AN AUA2aENAeA lUNARANARAITLNA
1.5ml fiens 0.5M EDTA 1330704 100 ietleaiy
naudeireden antudnamadiiaan Sag 0.9%
NaCl iradifinide i iFazgninlafniEwasield
aal U a oA aa o I3
pixdresiesdjuRnismalulagdoninniedng
NNAFTIRAVANGRNT ATLZNBRATANARNT NUIINEAE
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gauuiu Rdunaulauagd Ae wisiaadaden
1su10 30 ml lavaaanaaas au1m 1.5 ml a19fag
viin@e 0.9% NaCl 15ums 1,000 mi arntiurinantiy
WA 3,000 3ALABUNT UM 5 U indaudiifly
199189719 UELFY 5M Guanidine HCI 15unAs 625
ml, 20% SDS U3 x 1/ 9 70 ml, 7.5M Na-acetate
30179 50ml uwaz 1% Proteinase K (1mg/m|)
1B3ums 25 ml wanlfasdiniu m"l,ﬂ‘uw@mmu
60 mmmmmm ynw 3-6 Tl anntfutinuniy
WAt 10,000 30U AaUAT 1Tuaan 5und 5
anrazany aaulalaviaanlud LAN absolute
isopropanol U3 600 ml ndunaanliun el
ansdinriud dn e 10,000 seuReUNT WL 5
W BaRznauALduefag 75% Ethanol 13unms 500
mi 1l usA e 10,000 saUARLNT U1 5 UF
daulaiia (Fameneudiiule 41ana%) Femznoud
Buelunaennaass flsli uiieiigaamniities wiu
30 W7 AnnadAs TE buffer t3anns 20 mi ainlugu
14 water bath #13@ heat block ﬁfﬂqmuq N 37 a9An
AT es wy 3-6 2l lileazanaaynaud i ule
mm‘fumq%@umwLfﬁu%ul,m:@mn’]wﬁl,ﬁul,@ﬁqa
wisesalnlnTnlndnes

nsasradaugluuvalulnilfaematin PCR-
RFLP

Aduweiaraligninldfsdudauiulanld
WATA polymerase chain reaction (PCR) luumay
Ujfisen PCRUszNaUA8R 18 WM WL (DNA
ternplate) A5 A2s i 50 ng/ll U3sams 1 I, 10X
PCR-buffer 33 1m5 1 I, MgCl, U5311m3 0.8 WL,
dNTPs (1.0 mM/each) Usu169 1 M, primer forward

LAz primer reverse (Table 1) agivaz3u1m9 1 ST
Taqg DNA Polymerase 131153 0.1 W uazdfufzunme
fasl sterile water‘l,ﬁuﬂ?mmmmmu 10 ul Tneid
79389UN19M1 PCR mu initial denaturaﬂon ‘Vl'aELL‘MmJ
95 avALIAEed Wwaan 5w mnuumﬂgmm
30 381 #ail denaturation ﬁﬁqmmﬁ 94 BIANLTALT LI
Wnan 45 317 annealing (AT) ﬁfqmmﬁumﬂﬁm
1 (Table 1) 9@ 30 319 extension ﬁqmuqﬁ
72 asAaFeg unan 45 3unil uaz extension 7
qruuni 72 asAtadod unan 3 uadl nasann
dugrlfirennsfindudaufunmaneydudouiy
fingl 2% agarose gel amfuiinsates POR ldndas
Fogaulgifna iz (Table 1) neaagtuuvaiuln
Kat) 2% agarose gel TTufinA wuaL DNA AR <
melfuassanmlaloan

MSIATIENTAYAN AT

Amsviideyaltnaldllsinsu SAS V.6.02
(SAS, 1998) asandayanlfidudiayaassainuiiy
(field data) AsfiasnsaaaauANlnlnAresdioya
TAMUNLINING, 4 Baz 10 4UaY ANndneen was

d‘ o I'd al Yy o aia a

sauanyl 10 4Uav vnidayanszanafaninln
ﬁ@’]?Mﬁﬁﬁ%‘ﬂH@ﬂ@ﬂﬁ‘ﬂuﬁﬂﬂa I U URa L
sialdfaaA1d9 PROC UNIVARIATE anniiuagaziin
v = a o d”
fayalifprzilnednoazdunsiail

1. pandatlulniuazaanuddana oeld
o o = = o
ANKY proc frequency nAdMDaasguuUATW N
Taitiv 4 wlefiiusaestagninaanainnisfinm

2. Amnzianuduiiugszudnaguuuaty
ilsaanmuznisasnduls Tnald Proc GLM e

AT BNTNATR9 UL LIRIE Y AeanH Y

Table 1. PCR primers and PCR-RFLP conditions to detect genetic variation of cGH and IGF-1 gene

Gene/ Ta PCR-RFLP PCR
Sequence (5’ to 3’) References
enzyme (°C) size (bp) size (bp)
cGH/EcoRV F: 5TCCCAGGCTGCGTTTTGTTACTC3 Nie et al.,
66 296/133 429
Chr.27 G>A +1705 Intron3 R 5’ACGGGGGTGAGCCAGGACTGS (2005)
IGF-1/Hinfl F: 55CATTGCGCAGGCTCTATCTG3’ Zhou et al.,
60 378/244/191 813
Chr.1 A>C 5’'UTR R: 5 TCAAGAGAAGCCCTTCAAGCTY (2005)
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waslildyndsu 2

nswastyiulatiun fminusniin ﬁmﬁﬂ‘ﬁ'mﬂq 4
uaz 10 Ak parunineutinen uazauasaen i
81g) 10 umoi uazsNnR AL et seTl
Tnldyndanu 2 waziBaunauANLANA1NIEIdNg
ANRATRIUARL AN UL EIAT loast significant
difference tneil4TLsunsu SAS v.6.02 (SAS, 1998) &
HUARDINARRRA = U+G+SHH ey 1D vy =
ANGNLNR (ﬁmﬁmwmﬁm fwﬁﬂﬁ'fﬂm 44482 10
&Unii, Arundnantiien uazauinsaLen ‘ﬁ"ﬂ’]ﬂ 10
&lp i, ansnisiasey Fiulnsedudi 0-4,0-10 uaz 4-
10 dUm19f), U = overall mean, G, = aniwavasalu
nilansdiu cGH waz IGF-1, S; = (WAE 168 6 1WA
e 150 619), H, = Em’%wmﬂmmﬂmﬁﬂmz IANN 1A
‘17{ 1-12 ﬁLWﬂ% =18,8, 16, 16,6 17, 17, 19, 20, 8, 8,
waz 15 AORNAIAL WaTINALHE = 19, 16, 14, 16 5,
10,13, 20, 11,1, 10, 1569 M1 Q1A U ), €=
ANLARIALARELL

NANISYIARDILAZIANTIL

ALRRErIENEMEMaas AR
annsAnsadn i ligndanu 2 il 5

AR R E 191N (body weight, BW), 8 1911017

EELTIGET RAAaTY (average daily gain, ADG)

ANNNANUTNEN (breast width, Brw) was 1u41nse
uan (breast circumference, BrC) Tulnweag] 168 67
warlnele 150 Fin Aaugnalis (Table 2)

anutalulniluazanuidads
nansmsaaeugluuualulnilaestiu cGH
NRAUMUL SNP T1 Chr.27 (G>A +1705 Intron3) WAz
IGF-1 il A1usids SNP lu Chr.1 (A>C 5UTR) Wl
Amvanuaeedgtuuuatuing 3 gluuy luld
lynaan 2 negduuuaiing uazaunnresiugou
guuaneli (Figure 1 and 2) aruaatuiniluay
PN SaRAATatEY CGH uaz IGF-1 uandlu (Table
3) dlaRansananuiisaiatasiiu cGH nusada G
wnndndada A lulnliynaanu 2 Andufenas 62.4
fipnuaenpdesfunismenunLSaia G Saauige
24 86 lafidus lulignuangiu F2 (White Recessive
Rock Wa g Xinghua) Adiulinandmile (Nie et al.,

2005) wazilullluiAntanaafuiunisdnen lula
P . ' = o a
Wuiilasgnuan (PS boiler uaz laiyndanu) wudaas
G HANngandn 54 uleidius (Buasook et al., 2014;
Nguyen et al., 2015) HANT3ANHIAINA1 T ua R L3

=3 1 o a = 1 1 v U a
wiudndaaa G Hlaniaaznululinguiiuliinanas
e

Table 2. Descriptive statistics of data used in gene association study in Khai Mook Esarn 2 chickens

Male (n=168) Female (n=150)
Traits

Mean SD Min Max Mean SD Min Max
BW 0 (g/d) 40.69 3.12 34 50 40.19 3.58 28 50
BW 4 (g/d) 440.71 70.52 220 690 400.76 73.87 200 610
BW 10 (g/d) 1,961.89 235.06 1,300 2,650 1,638.49 197.66 1,060 2,200
ADG 0-4 (g/d) 14.39 2.42 6.54 22.86 12.47 2.83 5.61 20.07
ADG 4-10 (g/d) 35.99 5.11 2190 51.19 29.50 4.46 16.43 42.62
ADG 0-10 (g/d) 27.35 3.44 18.04  37.24 22.69 2.85 14.57 30.79
Brw (cm) 7.12 0.57 5.4 9.1 6.73 0.50 5.2 8.3
BrC (cm) 29.07 1.90 22.8 33.7 27.86 1.73 211 334

BW, body weight (at hatching 0, 4, and 10 weeks of age); ADG, average daily gain (during 0 to 4, 0 to 10, and 4 to 10 weeks of

age); BrW, Breast width at 10 weeks of age; BrC, Breast circumference at 10 weeks of age

The number in () = number of sample
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Figure 1.

Marker CC

429 bp
296 bp

133 bp

622 bp

378 bp

244 bp
191 bp

Figure 2. RFLP patterns of IGF-1/Hinfl

g4 IGF-1 annsAnEluaTainLdada C |
ANNDGININEAAR A NUBIAENALINNIAN 289
Preecha et al. (2017) ane luln ld@naasuang uay
In'ldlsmleuaudisn Tudy IGF-1nudada C
NINNIEARA A WsaenelsimNaINNITINEIUTe
Nguyen et al. (2015) §innsAnugu IGF-1 TulA Thai
L oAa o = A G o
broiler Alszauaneden iniwilies 25 wWedus nuda
= 1 o v dy % Y @
aa Aunnddaaa C eyaludlasfiuuanslimu
1 o = v 1 Y a d’j
d18aaa A dnsasranu i lungulndiunandniie
uazdaaa C Hlamanmanulungulinidivlinaudsla
HaN19RTIadaLaNnand Nl 1aviuly
13 1n98283% chi-square test wamalid (Table 3)
Wud8u cGH way IGF-1 Tl ldyndan 2 Aanuddu
e luannaniung e Hardy-Weinberg \iasann’n
lalynaanw 2 rmmm@@ﬂ@nwmvmimmmuim Im
ArAINanEuzLlsIng (phenotype) v 4 mm
Wutlszananguueudiugnielugelinsuanuuy
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inter se INBFNHIAMNAUANTBIANUNUS UAZIUA
9a41s2NnINUBIALEN (Preecha et al,, 2017) 39814

. . . do ey
asansznusaaNdEveadua me R iaaun
fu cGH uay IGF-1 lulnlayndanu 2 lietTuauga
RNNNJ) Hardy-Weinberg

AMNANWUSIRITUULUEN cGH Uas IGF-1 fiD
vuind uazansaemaesaiuln
namsdnmeigUunalulnilaesdu cGH 7
SNP 114 Chr.27 (G>A +1705 Intron3) 11
ngulildsndan 2 afeil linupouduiuiaes

a o

HALUUS

sUuuvATunilaastiu cGH Muminsauazansuy
N17RT WA U TR (Table 4) wA Fan U T sna97u
pNANNUT a9 wLLEY cGH Aaunmindauay
o a a A 4w g !
gnsninasiiuinededadululidflelne (I
& o = o A &~

NudasgnuanfszAuiaan 25% NuLdlad) (Nguyen
et al. 2015) sandanuguuualunilaesdivu cGH
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waslildyndsu 2

Table 3. Allele and genotype frequency of cGH/EcoRV and IGF-1/Hinfl in Khai Mook Esarn 2 chickens

2

Gene N Genotype frequency Allele frequency X
cGH AA AG GG A G

318 0.101(32) 0.550(175) 0.349(111) 0.376 0.624 9.52
IGF-1 AA AC cC A C

318 0.160(51) 0.591(188) 0.248(79) 0.456 0.544 11.68

cGH, chicken growth hormone gene; IGF-, insulin-like growth factor-I gene

X’ (1,0.05) = 3.841

Table 4. Association between variation of cGH/EcoRV and growth trait in Khai Mook Esarn 2 Chickens

cGH
Growth traits AA AG GG P-value
(n=32) (n=174) (n=112)
BWO (g) 40.63+0.57 40.58 £ 0.27 40.02 £0.33 0.622
BW4 (g) 431.61+13.32 416.75+6.29 404.66 + 7.82 0.121
BW10 (g) 1,780.38 + 39.05 1,789.62 + 18.44 1,781.25+22.93 0.593
ADG 0-4 (g/d) 13.96 £ 0.47 13.43+0.22 13.02+0.28 0.094
ADG 0-10 (g/d) 24.85+0.56 24.98 + 0.26 2487 +£0.33 0.783
ADG 4-10 (g/d) 3211+0.84 32.69+0.40 32.78 £ 0.50 0.770
BrwW (cm) 6.85+0.10 6.91+0.05 6.94 + 0.06 0.840
BrC (cm) 28.41+0.32 28.50 £ 0.15 28.16 £ 0.20 0.212

cGH, chicken growth hormone gene; BW, body weight (at hatching 0, 4, and 10 weeks of age); ADG, average daily gain (during 0

to 4, 0to 10, and 4 to 10 weeks of age); BrW, Breast width at 10 weeks of age; BrC, Breast circumference at 10 weeks of age,

The number in () = number of sample

siasimingaln uazdnmmsdnyEvlnlulifugies
?ﬂu‘wvuﬁ: Taihe Silkies (Nie et al., 2005) WAZAINNES
anluliid] a9lnaWug§d (Promwatee et al., 2011)
waneliiiulungaszanslinunisfadanuay
Wmmﬁuﬁjmmmdqﬁ' wans9iL Fepal Ao
UANUANE U898 cGH uazandnaaasdulinasa
snwazmaBEuTall vl coH ednduiuigl
AonudnFryTisensBoinin s ldasmueddy

' A = = ] -
ARITNNE LWANANE U cGH NN@I@&IW?\‘IWQWE@@

wvunalunszuaunisuanaasiuy GH deaasluy
GH azasdryiyraunnaulldasadluunamaiy
doyturuvaneaTia NiFandn Growth hormone

receptor (GHR) 111 FU LiiaifialussuLsinvaed [wag

Wadanaawu Wlusuaadl waznszgneau ¥l
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Lmﬁmmﬁﬁmmm?mﬁuim (Kansaku et al., 2008)
9NTIRNNUNLANLR9E Y cGH TR BT aeiunns
wanyAulnludndin (Nie et al., 2005) Lmnqmﬂm
pFaflazinunndNiugeaEiy cGH ﬂmﬂwmwm
Anen usinnafnenananasesdin cGH ennamun
Wugnssnaesaneuznaasyuiadacudullls
wazdainaulalunguuszannsliuies uazli
fudlasqnuan@n
ANUMFUHANITILATIZTAINA NN UF IR
sduuvaTunilaesiu IGF-1 A A umde SNP lu
Chr.1 (A>C 5UTR) wummzﬁ“uﬁuﬁrmmgmmu%‘iu
Inflaasiiu IGF-1 Aednsnztiningy (body weight)
wa3gninusniialulildynasau 2 Aauanslu (Table
5) lnungulddneafidsduuuatuini Ac il
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Table 5. Association between variation of IGF-1/Hinfl and growth trait in Khai Mook Esarn 2 Chickens

Growth traits IGF-1 P-value
AA AC CcC
(n=50) (n=187) (n=81)
BWO (g) 39.70 £ 0.51° 41.39 + 0.44° 40.49 + 0.29% 0.046
BW4 (g) 422.26 + 10.91 419.93 + 6.65 410.82 +9.26 0.540
BW10 (g) 1,793.64 + 32.01 1,807.59 + 19.49 1,750.02 £ 27.14 0.083
ADG 0-4 (g/d) 13.66 £ 0.39 13.55+0.23 13.21+£0.33 0.576
ADG 0-10 (g/d) 25.05+0.45 2524 £ 0.28 24.41 £ 0.39 0.793
ADG 4-10 (g/d) 32.65+0.69 33.04 £ 0.42 31.89+0.59 0.151
Brw (cm) 6.94 £ 0.08 6.93 £ 0.05 6.84 +0.07 0.411
BrC (cm) 28.25+0.27 28.61+0.16 28.20 £ 0.23 0.168

IGF-1, insulin-like growth factor-I gene; BW, body weight (at hatching 0, 4, and 10 weeks of age); ADG, average daily gain (during 0

to 4, 0 to 10, and 4 to 10 weeks of age); BrW, Breast width at 10 weeks of age; BrC, Breast circumference at 10 weeks of age.

* means within a row with no common superscript are different significant (P<0.05), The number in () = number of sample

prNANAuEIUSImInusnie gandngiuuuatulnd
AA WA IWLANNELR LS TUs R sy AU TR
AINNA19EN LAZIUIATALAN ATNAIMNENAUS
A e v o C e oA g

szugnsatulnil AC Muanwuzmindannugell a1a
Wuld B4 3uan1ann@ninaaes Heterotic effect #i
a = = o
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(Baranwal et al., 2012) %du@?ﬂﬁ@jﬂﬁﬁlﬂﬂmzatﬁu
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[
=

493uLH0098"Y 43 U (Patbandha et al., 2017) 99
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o
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mimmﬁramwmmu (Tarachai, 2017) snm%flummm
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al., 2003) LL@:maLﬁm{wﬁnﬁmq 2 41mnif (Nguyen
et al., 2015) LA nEnARTeT AL aulalunis
WanwngLuunEy IGF-1 Lﬁfamiﬁuﬂ;qﬁmﬁnﬁﬂu
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Aenlrifuiles 25, 50 uaz 75 weidus nuduwed
avdnasetimingall Tnawmeazildmindafigs
ﬂ'ﬁﬁLWﬂLﬁﬂLﬁ@’ﬂ’)qM’]ﬁu (Buasook et al., 2014) uay
Tulrignuanszudnsln Fayoumi x Naked neck uay
Rhode Island Red x Local Netch W 151 A 11a A ¢
daminsaldmaggendnlulimeile Weeny 4
Fupniauly (Bekele et al., 2010) W uLA 89 UN1T
neewliileaeiugnansinfignuasmefiinng
L@?ﬁm@uimﬁﬁndwmmﬁﬂ (Lopez et al., 2011) ta’n
nsineafeilidwlUiufanad e i Tnglilasn
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144 ﬂ’ﬁ‘LL?;IﬂL‘Wﬁ@jﬂiﬂ@Qﬂ@ﬂiﬁ”mw@ﬂuﬂ’]ﬁu’ﬂﬂiﬂ



ANNANNUETENINGUUWLLEY cGH uaz IGF-1 NuihwinaauazmMsiaspyiiuln

waslildyndsu 2

Table 6. Effect of gender on body weight, average daily gain, breast width and breast circumference in

Khai Mook Esarn 2 Chickens

Traits Male (n=168) Female (n=150) P-value
BWO (g) 40.80 + 0.39 40.44 + 0.42 0.337
BW4 (g) 433.37 + 8.30° 385.09 + 9.20° <.0001
BW10 (g) 1,894.16 + 22.49° 1,576.38 + 24.82° <.0001
Brw (cm) 7.04 + 0.05° 6.70 + 0.06" <.0001
BrC (cm) 28.52+0.27° 27.63 + 0.30° 0.0015
ADGO0-4 (g/day) 14.04 £ 0.31° 12.32 +0.33° <.0001
ADG4-10 (g/day) 34.76 + 0.48° 28.43 + 0.54° <.0001
ADGO0-10 (g/day) 26.51+0.33° 22.02 + 0.36" <.0001

BW, body weight (at hatching 0, 4, and 10 weeks of age); ADG, average daily gain (during 0 to 4, 0 to 10, and 4 to 10 weeks of

age); BrW, Breast width at 10 weeks of age; BrC, Breast circumference at 10 weeks of age.

superscript are different significant (P<0.05)

aunsannlé wmr%imﬂ'ﬁmurau%m%wmmLWﬂmi
wawsmwﬁmmmﬂmen"I,ﬂ‘wmm 151 LAZIA UL
ueinnA agnglsfnaiiafiansanfnunnssnnisaes
HANATEATIUAAld mumu@@nﬂiﬂmq 4 duanii
vnaansausnnald AsRansuLULLEN A e
@zﬁQQLﬁmﬂ?sz%nqwiﬁqniﬁ usazNAR N sTi I
r;*Tf.JLL@:maLfﬁtyLﬁuim%ﬂ’nmu@ﬁu

a

ﬂwﬁwatﬁmmnqmﬁn (Hatchability) 7 3 nafa
AnwuzMIasuLALle
m@ﬁmmzﬁ%w’%waéquL‘ﬂmmﬂﬁ;mﬁnﬁiﬂmi
Wity uTnlulnlayndanu 2 wudn gainiuasie
firwinga wazansznsasyEutnaeaclilaiyn
a2 @”zﬁ'qm@ﬁi@ﬂ’]ilﬂ?mLﬁuimiuiﬁiﬂu NAANU 2
peRTudATyBaneaii (P<0.01) wuindadeion
szwinaililfauazgeinilaning sadnunz i
fia Meenaiunasnannd il A uazwALe

wiazgainliviiuasdnlifluwsiazgainiAneds

Aumansnaiu aenndeaiunanisdne luliweng (KU
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ab L .
means within a row with no common

AINAT iR ERLTBUENENa TR lIneanIT
na¥euuarnqdu fuadetminliuazdnsinig
L@?mLﬁuimﬁ@ffuﬁﬁmwmnﬁwﬁu (Leotaragul et
al., 1996) ‘Lumimﬂmmqumwwmmmmmu@mu
wmslwmum@unumwuﬁ fa fiquieu fidanasie
SRenNINaNRATanas uardnmnsineanyaslad
L%wfaﬁ'mm muanegeyde lineusiiugiilasann
@muﬂmwm asnaliidaruadufiasinlaidiawn
Snuawiedu 12 o aeslsfmumniiasnisdes
HANTINLAINATD NFINUNUNNINANT B UAZIEINg T
nefeuiunanilumedenienandngniiliynda
214

GE)
=3 oi/l d’l

nsAneATiinuA A INUaNa g LU
29981 cGH waz 81 IGF-1 lulildynaanu 2 uazua
N199AT1ZHANNENNUE WUAMNENAUTTZNING
sluuvATulniloestiv IGF- Tudneaziwinuniie
Tuln'ldyndanu 2 nawungulnldyndaiu 2 A
sUuutAngl 1GF- Hpnnduiusiuinminuaniia
~ = N e o A o s v | o
g4 Alan1aazlnnminsan 10 dlanigeinaituiu
wsiransAnE AR ldnUANANR LS s 9w
Alnlueatiu cGH FTuanHUzUIMINAILALANS



AN9419NHAT 36(2): 235 - 2463 (2563)

Wy u e lunguinlaynasau 2 nanisAnuaied

wansliiiiudruiniansnlanialuniswmun
md'al"awumﬁuﬁmmmﬂium?ﬁmLﬁﬁm AZWNIN
sUuuLrestin IGF- WAz dnaniwluniswmmndu
me‘wmwwuﬁmiumﬂummmL@@mw'aﬂiuﬂm
dnenuininga i ldsngan 2 el

naRngsNUsenA

nsnepfsiRa i uuaTLayunn
InentinusszAuTuAnAnE a113a1dnaanand
AMTINEATANARNT NUNINENAE YR NFaTLALY
F00EN9NNTRAANARLATRINE IR UUAT RN A
nfutgeiuddnd (Iifudies) nisaiuayuani
arunisdimesideyaaniesdjuimnas
walulagd@onaw npdardnarans Ay
NBRTIAART NNINEIALVBUIU UAZTBTBLATLADNS
neea g MR Tunlun Wity asuany
ugAans uaznisinnzideyanai Aduetnege
memmmﬂu AN Aiisslauazdanmie
aunailngaanean

LANAITDND

Amills, M., N. Jimenez, D. Villalba, M. Tor, E. Molina,
D. Cubilo, C. Marcos, A. Francesch, A.
Sanchez and J. Estany. 2003. Identification
of three single nucleotide polymorphisms in
the chicken insulin-like growth factor 1 and
2 genes and their association with growth
and feeding traits.
Science 82(10): 1485-1493.

Baranwal, V. K., V. Mikkilineni, U. B. Zehr, A. K. Tyagi

and S. Kapoor. 2012. Heterosis: emerging

Journal of Poultry

ideas about hybrid vigour. Journal of

Experimental Botany 63(18): 6309-6314.
Bekele, F., T. Adnoy, H. M. Gjoen, J. Kathle and G.

Abebe. 2010. Production performance of

dual purpose crosses of two indigenous
with two exotic chicken breeds in sub-
tropical environment. International Journal
of Poultry Science 9(7): 702-710.

Buasook, T., M. Duangjinda, Y. Phasuk and S.
Kunhareang. 2014. Patterns of cGH, IGF-1,
ApoB2, ApoVLDL-II and FASN; and body
weight and cholesterol level in plasma of
Thai native chicken crossbreds. Khon Kaen
Agriculture Journal 42(3): 357-368. (in Thai)

Charoensook, R., T. Incharoen, N. Wichasit and N.
Preecha. 2016. Influence of breed and sex
on the growth traits of White Leghorn and
Rhode Island Red chickens under topical
condition. Khon Kaen Agriculture Journal
44(Suppl.1): 401-404. (in Thai)

Dekkers, J.C.M. 2004. Commercial application of
marker- and gene-assisted selection in
livestock: Strategies and lessons. Journal of
Animal Science 82: E313-328.

Jaturasitha, S., T. Srikanchai, M. Kreuzer and M.
Wicke. 2008. Differences in carcass and
meat characteristics between chicken
indigenous to northern Thailand (Black-
boned and Thai native) and imported
extensive breeds (Bresse and Rhode Island
Red). Poultry Science 87(1): 160-169.

Kansaku, N., G. Hiyama, T. Sasanami and D.
Zadwormy. 2008. Prolactin and growth
hormone in birds: Protein structure, gene
structure and genetic variation. Journal of
Poultry Science. 45:(1), doi:10.2141/jpsa.45.1.

Laopaiboon, B. 2018. Chicken without gout. (Online).

Available https://www.77kaoded.com/
content/70412 (December 16, 2018). (in
Thai)

Leotaragul, A., P. Sondhipiroj and S. Morathop. 1996.

Breeding and selection of native chickens



ANNANNUETENINgUUWLLEY cGH uaz IGF-1 NuihuinaauazmMsiasayiiuln

waslildyndsu 2

of Mahasarakham Livestock Breeding
Station II. Productive performance of native
chickens raised in livestock breeding
station. Journal of Agriculture 12(1): 55-64.

(in Thai)

Li, C.Y. and H. Li. 2006. Association of MC4R gene

polymorphisms  with growth and body

composition traits in chicken. Asian-

Australasian Journal of Animal Sciences
19(6): 763-768.

Lopez, K.P., M.W. Schilling, and A. Corzo. 2011.

Broiler genetic strain and sex effects on
meat characteristics. Journal of Poultry
Science 90: 1105-1111.

Na Rungsri, D., K. Akkahart and A. Leotaragul. 2007.

Formation of foundation stock of Thai
indigenous chicken (Pradu Hangdum); 6.
Heritability and genetic correlation between
body weight and body conformation of
Pradu

Division,

Hangdum. Animal Husbandry

Department  of  Livestock

Development, Bangkok. 12 p. (in Thai)

Nguyen, A.T.L., S. Kunhareang and M. Duangjinda.

2015. Association of chicken growth
hormones and insulin-like growth factor
gene polymorphisms ~ with growth

performance and carcass traits in Thai

broilers.  Asian-Australasian Journal of

Animal Sciences 28(12): 1686-1695.

Nie, Q., B. Sun, D. Zhang, C. Luo, N.A. Ishag, M. Lei,

G. Yang and X. Zhang. 2005. High diversity
of the chicken growth hormone gene and
effects on growth and carcass traits.
Journal of Heredity 96(6): 698-703.

Pandey, N.K., R.P. Singh, V.K. Saxena, N. Shit, R.

Singh, RK. Sharma and K.\.H. Sastry.
2013. Effect of IGF1 gene polymorphism

and expression levels on growth factors in

245

Patbandha, T.K., D.D. Garg, S. Marandi,

Indian colored broilers. Livestock Science
155(2): 157-164.

D.G.
Vaghamashi, S.S. Patil and H.H. Savsani.
2017. Effect

morphometric traits on growth performance

of chick weight and

of coloured broiler chicken. Journal of
Entomology and Zoology Studies 5(6):
1278-1281.

Peawong, W., P. Ratanapradit and S. Jaturasitha.

Preecha, N., R. Charoensok, T.

2010. Genetic polymorphism of MC5R gene
on growth rate of indigenous chicken
(Praduhangdum). Journal of Agriculture
26(2): 163-172. (in Thai)

S.
Numthuam, N. Wichasit and T. Pechrkong.
2017. Polymorphisms of cGH, MC5R,
IGFBP2 and IGF-1 genes and their
association with growth traits in  White
Leghorn and Rhode Island Red. Khon Kaen
Agriculture Journal 45(Suppl. 1): 783-789.
(in Thai)

Incharoen,

Promwatee, N., M. Duangjinda, W. Boonkum and B.

Loapaiboon. 2011. Association of single
nucleotide polymorphisms in GHSR, IGF,
cGH and IGFBP2 genes on growth traits in
Thai Native Chickens (Chee and Pradu
Hang Dam). Khon Kaen Agriculture Journal
39(3): 261-270. (in Thai)

Promwatee, N., B. Laopaiboon, T. Vongpralub, Y.

Salmon,

Phasuk, S. Kunhareang, W. Boonkum and
M. Duangjinda. 2013. Insulin-like growth
factor | gene polymorphism associated with

growth and carcass traits in Thai synthetic

chickens. Genetics  and Molecular
Research 12(4): 4332-4341.
W.D. and W.H. Daughaday. 1957. A

hormonally controlled serum factor which



AN9ANTINEAT 36(2): 234 - 246 (2563)

stimulates sulfate incorporation by cartilage
in vitro. The Journal of Laboratory and
Clinical Medicine 49(6): 825-836.

SAS. 1998. User's Guide: V.6.12. SAS Institute Inc.,
Cary, NC.

Tarachai, P. 2017. Poultry produc tion: Broiler raising.
(Online). Available http://Awww.as.mju.ac.th/
E-Book/t.pdf (December 16, 2018). (in Thai)

Yan, B., X. Deng, J. Fai, X. Hu, C. Wu and N. Li.
2003. Single

analysis in chicken growth hormone gene

nucleotide  polymorphism
and its associations with growth and
carcass traits. Chinese Science Bulletin
48(15): 1561-1564.

Wangtaweesukkamol, N., W. Loongyai, B. Chomtee
and P. Sopannarath. Genetic parameters
for body weights in Betong chicken (KU
Line). Science  Journal
44(Suppl. 1): 167-170. (in Thai)

Zhou, H., A.D. Mitchell, J.P. McMurtry, C.M. Ashwell

and S.J. Lamont. 2005. Insulin-like growth

Agricultural

factor- gene polymorphism associations
with growth, body composition, skeleton
integrity, and metabolic traits in chickens.
Journal of Poultry Science 84(2): 212-219.

246



nanmsidsnlratnawmaadluatnsintiasamstaslauadngus

ANTTOMNNITNAB ’ﬂs‘iﬁﬂﬁ%ﬂ’ﬂﬂ"ﬁ’]ﬂ Qmﬂ’]‘WLﬁ’ﬂ LL@%N’R@]@ULWINVI’NLW‘JHEﬁ@

Effects of Soybean Soapstock Supplementation in Broiler Diets on
Nutrient Digestibility, Productive Performance,

Carcass Composition, Meat Quality and Economic Benefit Return
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Abstract: Soybean soapstock is a by-product of the soybean oil refining process and it is rich in fatty acid
polyunsaturated fatty acids and also rich in yellow pigments. Two hundred broiler chickens (Ross 308%) were
randomly divided into completely randomized design with 2 treatments and 5 replication per treatment (n=20).
Dietary treatment included the corn-soybean meal base diet (control diet: without soybean soapstock
supplementation) and corn-soybean meal base diet substitution soybean soapstock for crude palm oil (SBS for
CPO (5:95)). The results showed that substitution SBS for CPO (5:95) in diet improved digestibility of ether
extract and gross energy with higher different to control group (P<0.05). Furthermore, substitution SBS for CPO
(5:95) in diet also increase feed efficiency ratio, productive index, salable bird return, net profit return per bird
and return of investment (ROI) with higher different to control group ( P<0.05) but there were not affect the

average daily gain, feed intake, carcass percentage, cutting percentage and meat quality (P>0.05).

Keywords: Broilers, digestibility, soybean soapstock, meat quality, carcass trait and productive performance
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22-35 54 (grower diets) {1t sRuneny 20 waFifusf
uazwaaald s lemdls 3,200 Alaunaeasenianiy
(NRC, 1994) Aquanaslu Table 1

se@nsmwnsdaslavastnagus
meindsz@nsninnisdeslfaesinauslng

8911 (indicator method) Aamminnssas Inmiten

lneenlas (Ti0,) 0.3 wWesdud acluamsvesiniile

Starter diets (0-21 day)

Grower diets (22-35 day)

Ingredient composition (%)

Control Soapstock Control Soapstock
Comn 48.45 48.45 56.60 56.60
Soybean meal, 44%CP 36.60 36.60 30.01 30.01
Corn gluten meal, 60%CP 5.70 5.70 5.00 5.00
Crude palm oil 5.00 475 4.80 4.56
Soybean soapstock 0.00 0.25 0.00 0.24
DCP, 18CP 1.80 1.80 1.20 1.20
Limestone 1.40 1.40 1.50 1.50
Salt 04 04 0.30 0.30
DL-Methionine 0.15 0.15 0.04 0.04
L-Lysine HCL 0.10 0.10 0.15 0.15
Vitamin premix* 0.20 0.20 0.20 0.20
Trace mineral premix** 0.20 0.20 0.20 0.20

* Provided per kilogram of diet: 15,000 IU vitamin A; 3,750 U vitamin D,; 37.5 IU vitamin E; 2.55 mg vitamin K,; 3 mg vitamin B,; 7.5 mg

riboflavin; 4.5 mg vitamin B; 24mg vitamin B, ,; 51 mg niacin; 1.5 mg folic acid; 126 mg biotin and 13.5 mg vitamin B,
**Provided per kilogram of diet: 37.5 mg Zn (as ZnSO,); 37.5 mg Mn (as MnO,); 37.5 mg Fe (as FeSO,.7H,0); 3.75 mg Cu (as
CuS0,.5H,0); 0.83 mg I (as Kl); and 0.23 mg SE (as Na,Se0,.5H,0)
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lutae 10 f;”uzgmﬁf]mmi:mémﬁu IGEIBINYE R
7 Juusn Ae szazd5udndg (preliminary period) Was
1949 3 Tugaving Ae szaziiufAaating (sampling
period) az#i1n13gNifiuanisli anaanddnuaL
1,000 NFNURILARUUILN mmm’lumﬁumm%”u
wazdafiuy azesliiled i Fuemmaaenas
m'm_iﬁinmLwi@wmmm@mﬁffuiuﬁmL%f]Lm:lﬁu
LLéﬁqmmﬁq@ﬂmﬂmﬂuqqﬁﬁmmsﬁ@?\lfﬁﬂ (H,80,)
AuLiindu 3 wesifus muiTaeg Fenton and
Fenton (1979) URIAALALARAL 19D MITURE mfamq
AU 4 UaY 20 a9ANLTATA mmmmu anifu
1/1ﬁma‘@umaﬂNmmnmwgmmw@@ui@uqumugu
60 avANIAEa Al WiNuAazIBe A (Zampiga et
al..2016) LﬁﬂﬁﬁmﬁLmﬁzﬁmﬂ'ﬁmquﬁq BRI
veny Eelasan TaTumn B1 wasndsnusn Asia
184 AOAC (2000) Uaz3A1inn1 BRI TiO, Haeids
alaTnIn InumsA mNu3Bu89 Myers et al. (2004)
anthain AAMNINTUZLALLTNIARY TIO, 109
Lmzfmmmmauﬁ@ﬁmqmmrﬁhmiﬂ'faﬂiéﬁﬂimg
184InTUL (apparent nutrient digestibility) ANNADU8Y
Kluth and Rodehutscord (2006)

amenmwmimmuamammumuwmﬁman
nsdnanssanwmsuamaesiriile Imam
nsdanindeddiilelunentunn 20x3.0 was
nmelulaaBauuund m‘ﬁ'ﬁmﬁmmmmumgmmﬁ
panan nuanfanluszndeteunaulguieu D
nanNYIAN 2559 Fadinnsdediideimun 35 5u
uthaiflu 2 429 A 0 119 21 Ju way 22 1ie 35 3u Tngl
hdinBunaewnsinul dminsaresli tle Gudu
uazgafineaasusazdae A uaulnae WazAATIAREA
nsnaaes Bidayaniuanunliuiunisiulé
St findy ARFINNIARIULFLIR LAZARIINIT
wasuevafuiimings (feed/ gain) ANNATUR
Mwale ef al. (2008) WAZATIIMERINN"IRETE
sNNATHLsEAVBNINNNINAR ANNAEURY Khaksefidi
and Rahimi (2005) LAZATUIUUIHARDLLNUNIY
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LA 91§ A (economic benefit return) A1« A%vua4
Nopparatmaitree et al. (2015)

asdilsznaumnuazaummiiie

dlelrileengas 35 susinsduliilean
WHATHUIENARES A1UI 4 5 (WWAE 2 A9 Lazina
el 2 6i9) Annssing unaziien aeflsznaumin
1aun wWeddusann (carcass percentage) Wadidus
41n1fl1d (chilled carcass percentage) Wazilafidus
TugIuFA LA (cutiing percentage) 1875284
Hossain et al. (2012) muﬂmmmu@ﬂ?”mumnm
AuuNge- mwmm@@ﬂ (7 45 w7 waz 24 m‘im
Tae'l% pH metter 7 45 U7 (pH 45 min) L@ “f 24
T (pH 24 h) Taeil4 pH meter §14 pH 211, Hanna,
Padua, ltaly AMNABU89 Zhou ef al. (2010) n1n135m
ﬁqmqummmlumiﬁuﬁ”f] (water holding capacity)
Ae drip loss, boiling loss, trawling loss A< roasting
loss ANaART84 Liu ef al. (2012) :9udeinandresile
16 (A 24 dTu9) Ae AANETNe (Lightness: L), A2
WBAwAa (Redness: @) hay A NI UAMADS
(Yellowness: b*) @28 Minota 410 chromameter AN
359049 Ao et al. (2011) WEIAIUINUMN Hue angle a1
4RM7 Hue angle = tan” (b*/a*) Waz ALY Chroma
A1ng 63 Chroma {(@’+b*)"? (Suriyaphan and
Bondang, 2014)

NSIATIENTRYAN AT

ey aiinsnzinanissu (analysis of
variance :ANOVA) Lazit /388l A N AN F9U8
Antede g Tukey-Kramer Test AMu38989 Steel and
Torrie (1992) Tme1 14 T1l3n93 R version 3.3.1 ANA%
21849 R Core Team (2016) ﬁ?:ﬁummﬁﬂﬁu 95%

NANSANBILAZAIANTD
= a | o -
ﬂ’l?ﬂﬂ‘lﬂ’m@mﬂmmiﬂ@y‘mLu@ﬂﬂu'ﬂ’]uﬁﬁ‘

v \ o \ L & Ay
Tndlasanisdesldaeelngus wuqn Tnilehn 165y
211139l lway domaeanaununnduilnau (SBS
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ANTTONINNITHAR mﬁﬂiznfau*mn ATUNTINLUD LL@%N@M’EULLVI%VI'NLFI‘J‘HEF]Q

5:CPO 95) uﬂivmmﬁmwma‘mﬂimﬂmﬂgmmhuu
FINUATNANUIINGININ INiTanguAILAN T
UsrdnsnimnistieslfUsngresinguite 8uizadng
Eelaneny uaztlsAuneuliinanimanesdili
WANFNNAUITUI WNENNNINARES (P>0.05) Aduand b
Table 2

FIUANITONINNNTERALATNARDL LN UN
winegRazasiileilli funingiulaayfamdely
812 WUdn paeataensaedliitie 0-35 3 a7
1mummaw‘lm1mumm@m‘wmLmuumuﬂfmu (SBS
5:CPO 95). fidnsnisul daueimi il wiinmiin i
§amnnaaessen uwazATH1 sz AVENIWNINARZING
1ﬁLfffaﬂ@iumf;muﬁiﬁ%ummiﬁifﬁﬁuﬂwﬁu (CPO
100) (P<0.05) muumﬂn a1z iummimhhmu
damdemaunLinngy (SBS 5:CPO 95) Hfiunu
mmmimmqqmﬂﬂm@n@umuqumimummm
tinaTutl gy (CPO 100) (P<0.01) Wathidad uans
m@mauLmumqmmgﬁwmﬂmﬁ”m wudn lridled
5uennen i sy dawesmaumainduda (SBS
5:CPO 95) HyaA1a1NN1311esiasa (P<0.01) Anls
gNaAafa (P<0.01) LAXEMINEIUNARDLILNUAENNS
aanu (P<0.05) ganinlnidanguenuani ¥ ue g
Fiinsfu (CPO 100) sanamalus Table 3 Tae/lA e
09818 0-21 Tu FIFFua w37 ey famdes
N un UL Fy (SBS 5:CPO 95) 445 LA 6 @
ANTIANINNITHAAUATHARNBLUNUN AT T

(P>0.05) Mnus A L‘ﬂuﬂmqu 22-35 Fu il TR
‘1'7{1%1%@14 SawdemaunuinuLdu (SBS 5:CPO 95)
fBununsivlEsadi nmnisasuetmad
timing uardailss@ninmnisnangandaliide
mjmmuﬂuﬁ%”fwmmiﬁifﬁﬂumﬁu (CPO 100)
(P<0.05) uazlidmanniaascyiuinsadi zg\mfi'fl,mﬁ/ﬂ
ﬂ@'umumﬁ"[r?ﬁu'mmiﬁifﬁﬁumﬁm (CPO 100)
(P<0.01) Astanslu Table 3
u@m’mumﬂmuhmummmﬂummﬂﬂ
Lufam'afamﬂi”ﬂfausmnLmvmmmwm'a wudn Nl la
@ummmwmmummuﬂmu (SBS 5:CPO 95) 1
zgmmmiimmmmammuunmn wefidusdan
weSFuiudan saianmun e iy assidlunse
pinsraaiiandasin mmmmmmlumié:mfwmLﬁyﬂ
anuazANRTasile (P>0.05) Fauandlu Table 4
MINAREIATIE LR s 09N
ﬁfaﬂ”lmﬂmngmmwmmumm@ﬂnLu@LM@”Lmumm:r
Lmu”l,mummamwmmumuuﬂmu 5 iafiuslu
M99 Irandoust et al. (2012) afu1afenns e
ajdawaeslugmeenmslilidenalil AME gandn
mmiﬁyugm idasannlasiuluemnsasdiaandna
nsluariuzese it liinisagnindneiuisiu
el TlsienaAue N afinaY danasenIafiunng
WlssTemTlEanelnrus 19 losfu uile waziinana
uenannitluayjdanaestiesdilsznaugesansnga
NealWdadn (King et al, 1998) Inanea W lalladl

Table 2. Effect of dietary substitution SBS for CPO in broiler diets on nutrient digestibility

Level of dietary substitution SBS for CPO®

Nutrient digestibility (%) cV’ P-value
0:100 5:95
Dry matter 78.88+1.00 79.33+£2.091 2.07 0.71
Organic matter 80.45+1.37 81.26+1.97 2.10 0.52
Crude protein 81.10£1.71 81.29+1.81 217 0.88
Ether extract 91.61+0.87 93.65+0.54 0.79 <0.01
Crude fiber 55.89+2.20 54.60+2.51 4.27 0.47
Gross energy 80.44+1.22 83.42+1.06 1.39 0.01

SBS= Soybean soapstock, CPO= Crude palm oil
® Mean#Standard deviation
® Coefficient of variation {CV=(SD/mean)*100}
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Table 3. Effect of dietary substitution SBS for CPO in broiler diets on productive performance and economic

benefit return

Productive performance

Level of dietary substitution SBS for CPO®

CV°  P-value
and economic benefit return 0:100 5:95
Productive performance
0-21 day
ADFI (g/bird/day) 61.68+3.22 58.29+1.48 418 0.10
ADG (g/bird/day) 41.30£2.59 39.44+0.29 4.57 0.20
FCR 1.49+0.02 1.47+0.03 1.85 0.47
Viability (%) 98.33+2.36 100.00+0.00 1.68 0.21
Productive Index 271.47£13.73 260.92+6.02 3.94 0.57
22-35 day
ADFI (g/bird/day) 168.91+7.34 181.83+4.96 3.57 0.03
ADG (g/bird/day) 89.15+3.05 98.78+2.17 2.82 0.03
FCR 1.89+0.02 1.84+0.02 1.19 0.02
Viability (%) 96.49+2.18 98.25+2.48 2.55 0.36
Productive Index 302.95+16.01 351.66+15.24 4.78 0.04
0-35 day
ADFI (g/bird/day) 104.57+4.73 107.71£1.26 3.26 0.25
ADG (g/bird/day) 60.44+2.77 63.18+0.79 3.29 0.11
FCR 1.7310.01 1.71+0.01 0.74 0.02
Viability (%) 94.94+0.00 98.25+2.48 1.82 0.03
Productive Index 330.94+15.41 364.17+15.58 4.46 0.02
Economic benefit return (THB/bird)®
Feed cost per gain (FCG) 59.55+1.87 63.90+1.242 259 <0.01
Salable bird return (SBR) 70.91+2.07 76.50+0.882 216  <0.01
Net profits return per bird (NPR) 11.36+0.12 13.19+0.587 3.55 <0.01
Return of investment (FCG) (%) 19.09+0.32 20.47+1.359 495 <0.01

SBS= Soybean soapstock, CPO= Crude palm oil
* Mean+Standard deviation
® Coefficient of variation {CV=(SD/mean)*100}

°FCG = (FCR x feed cost x BWG), SBR= (price of live chicken (40 THB) x BW) NPR = (SBR - FCG), ROI= (NPR /FCG) x 100

ANNAATRtnsnniliasaniudiulsznataaadia (Zhang et al., 2011) ialasiad Iieasnvsinidaelu
n3nszanssia nstae il liumanga NN

Anvagladulunisdudadueuladlaunla lnaniau

Huimad Anvasad Ao AN TR LW Eﬁ@%iw ELH
(emulsifier) wﬂa‘m@umﬂmuwmum (hydrophillic)
uaz laltatin (hydrophobic) mmmamummmmmm éfmﬁuﬁﬂﬁmﬂﬁuLﬁ'@ﬁfmlﬁhﬁugnﬂ@ﬂLmz@m%uiéﬂ
A (Zhou et al., 2015) LL@zLﬁﬂhﬁuLﬁﬁ@ﬂﬁﬁ“@mmi
ganelusii (lipolysis) wazidingnazuauniseiataans

N7 atU (emulsion) N1TAALINFNRLTBILRANAT
(surface tension) waznstiasrulilFadaduuendis
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Table 4. Effect of dietary substitution SBS for CPO in broiler diets on carcass percentage and meat quality

Carcass and cutting percentage and Level of dietary substitution SBS for CPO* b
meat quality 0:100 5:95 oV Prale
Carcass and cutting percentage (%)
Live chicken weight (g) 2,126.67+18.86 2,140.00+£32.66 1.25 0.56
Carcass weight (g) 1,806.67+57.35 1,806.67+61.28 3.28 1.00
Carcass percentage 84.94+2.12 84.41+1.58 2.21 0.69
Dressing percentage 76.64£1.53 77.27+£0.68 1.51 0.47
Chilled dressing percentage 75.10£1.50 75.72+0.61 1.52 0.47
Boneless breast 29.76x0.97 29.07+0.12 2.36 0.21
Pectoralis major 24.93+£1.09 24.04+0.37 3.32 0.17
Pectoralis minor 4.83+0.20 5.03+£0.37 6.10 0.38
Wing stick 6.61+0.29 6.72+0.35 4.80 0.65
Tulip 4.14+0.14 4.32+0.36 6.48 0.39
Thigh 16.88+0.80 17.98+0.91 4.93 0.12
Drumstick 11.141£0.24 11.1520.44 3.18 0.96
Skeletal bone 17.72:1.74 17.361£2.29 11.68 0.81
Internal organ 12.13+0.54 11.45+0.49 4.37 0.11
Meat quality
pH 45 min 5.93+0.04 5.93+0.17 0.50 0.55
pH 24 h 5.76+0.37 5.74+0.02 0.52 0.55
Water holding capacity (%)
Drip loss 3.85+0.19 3.61+0.16 4.79 0.13
Cooking loss 25.03+1.71 23.10+0.96 5.78 0.10
Trawling loss 9.23+0.45 9.21+£0.83 7.21 0.97
Roasting loss 21.46+2.32 21.28+1.44 9.06 0.60
Color
L* (Lightness) 55.83+£0.84 54.21£2.16 2.98 0.21
a* (Redness) 7.88+0.08 7.77+0.23 2.16 0.28
b* (Yellowness) 20.23+1.72 18.73+0.92 7.09 0.18
Hue angle 68.63+1.87 67.74+1.01 2.32 0.50
Chroma 21.71£1.57 20.27+£0.91 6.14 0.16

SBS= Soybean soapstock, CPO= Crude palm oil
* Mean+Standard deviation
® Coefficient of variation {CV=(SD/mean)*100}
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nam 3T (fatty acid catabolism) nelululnasisize
ArdINAR BN NNAI91 ATP Tusnaniaueslnla
satiuiainasi Nt wluianieesln e wasany
| d” o v L g dll o IS
wad azgninun sz Tumlinensansedn nng
WY UTR WAYNIIASINHANAR (Zhai et al., 2008)
anwsasInaauandliviuinliitadialfiiueims
wsnloay domaesanns oW uIdnsnIslanu
293 unING 9 §M9IN1799ATIRANNTU AT
Use@AnSnannisuan (9nan 330 daluAnfal
UseAnsnmnisnanaasnsiaeslilulaqii) sauds
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AINAaeIATel HdanARaaiLaudfa AN n1@N©A
A9UNI1984 Machado et al. (2003) @4lin1ns
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mummamm”muummammmmlwﬁmmm?
AN E R TNt e S AN
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dowaeudanFaumeuiuinduiamaes 491 Vieira
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NARRANITOUTNITNARNLR M e e Fauie Ry
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= ~ P wa Ve v \ A
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Molecular Genetic Methods for Diagnosis of White Spot Syndrome in White

Shrimp (Litopenaeus vannamei)
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Abstract: White shrimp (Litopenaeus vannamei) is the most shrimp cultured in the world when disease
outbreaks that will affect the shrimp farming industry. White spot syndrome is an important disease due to high
morbidity rate and high mortality rates. Currently, there are methods for detecting and diagnosing white spots
syndrome. Recommended method is polymerase chain reaction (PCR) for screening and confirmation
diagnosis according to high sensitivity and high specificity and can be detected in shrimp almost every stage.
The method by using parameter including clinical sign, gross pathology, histopathology should be diagnosed
with an immunological method or molecular techniques such as Polymerase Chain Reaction (PCR), Antigen-
antibody detection methods, DNA sequencing, Fluorescence in-situ hybridisation (FISH) and Loop-mediated
isothermal amplification techniques (LAMP). Other the transmission electron microscope, biological analysis
method and cell culture can detecting and diagnosing for confirmation, but not recommended due to their low

suscepitibility.

Keywords: White shrimp, white spot syndrome, diagnostic, molecular methods
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undnta: fsrnauaninla (Liopenaeus vannamei) Wufsaneiugnamemnzdnanniigalulan el
srLNARzdaNIEILUABg AAMNTINNTNAE TneRlsaqnanaidlulsafidndty iesandmmninlan uaz
BRTINIAEIGS Tuﬂ@aﬁuﬁﬁﬁmimwmLL@:ﬁﬂqﬁﬂTiﬂﬂgmwﬁLLuxﬁf] e ﬂf]ﬁ?m@mﬂieﬁiwame‘mﬁ@%ﬁ@fiﬂ
Deskuuaciiudiy Wewnianahuazaimesredeuazansnsnmma i ufiafewynsze: Fansdanaemsma
ARTIN FBNINNNUNRENBINY AANENBINEN AT IHFUNTI RS- UTURER BN AN 1F8RD NIV NBNINUG
Aan3 11 UgAsengnldinameisa (PCR) NIRIANILEUR RULAUALEA NIIUNAIALILATR95 L8118 N1TATIA
Foadn9isauad (FISH) uazinatia LAMP daudsndedqanssAiidianasauuuudeddin 35493asei uaznns
ziReeTad dunsonmaietuduliuisiniiesnnilmlaredan

ArdAty: e Tenqmaann msitiadalsn 3N weniugaans

AN TaszLnamesfisdnagluindlsndndinzes
avAnslsrssLadndarudnelszma wniiannImnama

gransTm s satdRinguaianm  wuluAuinmsnems dwaliiianamatumenisin
FeudandAnyluanaginoe tsenavhlfieemas  sewdnsilszna uasmnBnanwausnugggniis deua
duAnilu 80% nitewdn 10% lngdn 1% fims  WiAanisuninszarade aieaaudamase
wnzdesluiLueinuaslumnaams anudndty R MnITNNTNIZEefaingedu (Nunan and
Tuudgesnisndmdannmadauinlug fai Lightner, 2011) Tnswislulsnszinafigenansznuse
AadnA N RgasensraRfvialanAnilu 90%  geavnssimadeauaLw uasfieriaau e
uazdaufivaeRenduaiam@euiuan 10% uazfis  fsaqea19iiinannnisiinla¥a white spot syndrome
Adnsmnzi@ssuniiganaidlu 53% 109015 virus (WSSV) Hemnauauun il Sunansznuanntse
wnzdesfaiomaie funauauunll (Liopenaeus g1 ludasusnaasnisiadesnlduansanis
vannamei) (FAO, 2018) ﬁaﬁ”ﬁmmnf’jaﬁmmuuﬂu Anlni ‘vﬁ‘@ s08l3ATU9T AAAY a A% way

Lﬂumwﬁuﬁﬁi wanzanlunamnzagamuedai ABNPIABEY SNANTENLARNTINNZAAES wnflenad
‘llzmﬁmqmmumuﬁi@ﬂmwmﬁ”mﬁﬁmwwumﬂu@a nsTiRnEeszazvilaznUe M kLLRE LA
Lmzﬁmm?tylﬁu‘imﬁmmﬁq AvFutlszinalnewuan HERMIINNIAGID 80-100% Nelu 5 Sundafinide
149 ﬂ‘vmx‘iLﬁlmﬁyumﬂ%sﬂ@mmamﬁwmmuu’ﬂu il (National Bureau of Agriculture Commodlty and Food
. 2561 Uszinelnananli 0250 &1usfu iadu  Standards, 2007) mummm‘uuLifafrqwm'}mwmm
ANt W.A. 2560 Anli 5.4% N19UENLFNTBININAR ez liflserlrauazline Selunsalifednidudad
desanmshmalulafiaelvainn i lumsndnues  Fesszds flasannazdanansznuluganunssunig
ADANNWIBIBIWNTHN TN dunalinanansiey #920079 LmeiﬁmLﬁanﬁQLﬂuWﬂLLﬂﬁuﬁLﬁmmﬂ
meﬁyﬂmﬁmﬁ”u ?J?;Ilﬁx‘lllﬁ‘ﬁﬁl’mﬂﬁ?LW’kLa”‘EJ\‘lfll/’)VLﬂﬁ/ﬂ deatunsnfadunielaly (National Bureau of
Wuﬁmm THun W W‘LAV]LW’T”L@EI\W]N"HH@ Wuﬁmum’m Agriculture Commodity and Food Standards, 2007;
fafaw,mmmm@mmmﬁ@mqmm mummﬂ‘wumm OIE, 2006) AT IUAUANNHATUATEIVNIUMNTA 1K
wilssnusnnio uasidndryetnds Ae floyunves Auualiidnisdugnslsngaaalufisans 235uan
‘Eiﬂmmvmmmi@n LL@wNﬂQWNﬁ‘uLLNN’m%u (FAO,  lAun nnemeaadiqauiinisqanensinen
2018; Li et al., 2019; Tokrisna et al., 2015) (histopathology method) WATNIIAIINAQEITNIINI

apyRugA1ans |u Uiseviqeldindineisa
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AEmMsmeannugAansdusunsitaatlsaqaadlufenawauula

(polymerase chain reaction (PCR) method) agnelsf
PANNTATIASET R A AR TN I A AE 8 [Fating
9039 LazhasdanulnazawwnzsalsadludnAny
TnedoulnysindudsnimmnsengiugAnans (Durand
and Lightner, 2002; Piepenburg et al., 2006; Yang et
al., 2014) FafuluunAuiasesuneAanmnaa
Aadtlsaqaralufarnauanunla faauUARs
WALABNIIN DY WU AIART daliifiutanana
mmmu‘l,uma‘mﬁﬂqﬁﬂia‘mmmqﬁﬁmm"lfm,@:
SUNIARE D ReaAAMNIREMNEAINNTAA @
FruFuniInauRunsinE uaznistesiulsafiaz
wnanszanesialy

{sA uazanIUNITAINISsELNATRLTAATNI WA
anawauunlu

Tenlufisrnauaunlufi daouda oy lunng
zides T3aqm219 (white spot syndrome) T9m
Toai1aaLe T8 U (infectious hypodermal and
hematopoietic necrosis; IHHN) 13ALATELNTY
(hematopoietic necrosis; RDS) 1A 7 & 31 (taura
syndrome) TsAn & 1w Hentudnse (infectious
myonecrosis; IMN) 1sA 52111 a 2 9 (yellow head
disease) TsAfiaMIBAIUWTANGNEINITANEAIU
(shrimp early mortality syndrome; EMS) n3an (q d
AINITAUUASALEURELIRUUNAY (acute
hepatopancreatic  necrosis AHPNS)
(Srisuvan, 2008)

Tsmqnaainainnisinlafa white spot
syndrome virus (WSSV) ?ng: Tua na Whispovirus 14 A

, » v a & P A
N/maV/f/daeIﬂf_lQ\‘]mﬂLm@qzl,l,@@ﬂ@']ﬂ']?%Lu@l,ﬁlﬂ“ﬁul,@ﬂ

syndrome;

A SN (ectoderm) wa zid 14 LA $1 (mesoderm)
UsznevllFon fumilasing widen s 14 dousis
dlkdauilans siantinwdes edunzduiug efenz
duting (antennal gland) AR AU ATRIADA
(hematopoietic stem cells) Lmzmmfﬁﬁmmﬁlmgﬂm
rTmzuuﬂizmm'quLemﬁLﬁ'@qmm@imzﬁ'ﬁﬁLﬁmmn
Fruaulndsy gy fusususey (hepatopancreas)
(Reddy et al., 2013) @”m*ﬂmmwﬁqqmnmﬁ alem
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qar19 uAsEuauI i (Wang et al., 2019) Hawp)
anANlFen1sRAE@esiNALladuANNATEARN
C o A v e Y
ansrialsngu < vise annuandend libesuas fia
1 a a = 1 a d’j 1 ¥
nguiieadianulagesianisindadenaliinoiugn
geen1siinlsal Ao nulslsaugaaus 1% lu
13501n9ANEIINTAN AT 2 lUaude 100% 189
dszanslutialasa (Lo and Kou, 1998) lspqaa1agn
1 o = = -ﬂl 1 =
pIvanuaINNgNATawmeululszmAan ftu in1ua
= o = P = v a o a s =
LRz uaanReN i e s e WHpeTiae
AriUaaNNaNLaZaliINI (Rodriguez-Anaya et al.,
2016) 81N1TLAANNIAR TN IAENITEUN AR N DUTT
a v P a o =
wWasuwdadlddszneusios Angfnssuidesds
NAIRINTUALAUBMNINBLAT TUIALANAINTU Fleas
ANEIINLTRULRLADNUA AN wazne i 2-4 Fuann
miﬂimgrﬁTfmzwumamwu’%mmmmmuﬁ IR
fM371N191098 UAZEMINNIIALFY ANHLZAEUBN
Py o = = = aa
wudnfedqedrauniaendaduainimieaaiin
vialiwesnsiiadaliiaqeuna (OIE, 2006)
UANMSNSADLAUBITDISTULNNANA UADISA
a3 lunenawauula
v o ro” d‘ 1 o
Aaarawauun ldudnduinlifinszgndu
ad warrruuanswdesduluussuuile (open
circulatory system) HszuuniANAuLUD A WAE
(non- specific immunoglobulin) VL;J fsvuunns
m‘umum‘wLﬂumequu‘En@mu (immunoglobulin)
Lmeqwmmmmuwummmmmm 2aNDITTUY
Qm@muuuummﬂummam (humoral immunity)
\WWaAAAUATANAREYNINGNN 7 (Li et al., 2019) tne
Y v al ay o ] dl”
agluiofisnauaunluinsreuaues) AN WseITe
InFanduanmsaeslsnqnann 3 szuu Gun 1) ssuy
QHANAUUULEAS (cellular immunity) Usznausiae
LI LAY (hyaline cells) LA gl LnIya (semi-
granular cells) WaZLIAALNTYUA (granular cells) 81Ae
N19NIIULRITAR LT ALABATUNITN1A RS
utlanilaasviza@ernialsafianansadingsnenig (Smith
and Soderhall, 1 9 9 3 ; Hannon, 2002) 2) 7¢ U U
nRANAWluIAeA (humoral immunity) 3019911971
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Tnaendutadidndanaesfsasinisnananshlssiu
Fufinfidaelunisanan LLmL‘*ﬁﬁuﬁu‘Emaqmmgq
wlantlaeuvdeidanalsn @ildeiFandn paten
recognition protein (PRPs) (Wang and Wang, 2013)
3) sruunIuEenfifuie (RNA interference) il
LU ol f e us TR (Labreuche
and Warr, 2013) ilun1saasauem1edanIneunig
§u:i°nmm§l,§ummﬂ@Lﬂumiﬁuﬂg\mizmumi
udnseanuesdi wazn1saseilsmuuunanielu
VAR (post-transcriptional gene silencing) %d Kign
fanansidnunusedsinnnelunaznssiinnasnyes
daanmeuen LL@:mu@umﬂmmmﬂmmﬁuﬁ'
WinswaTalsfse (Hanon, 2002; Geley and Muller, 2004)
Tudouaesszuugiguniu RNA IEgnin 14wy
N19INTLFUNITAT1N) N ANAULLLANIE (specific
immunity) 614U wULLEINIIWEMUITATU (Syed
Musthahqg and Kwang, 2014)
ANAMNGAUITLILN R ANTUd Ul 1N
dsrgnaldd1uiunisdesiuninndanisinm
Lﬁmmﬂﬁmmmimmﬁﬂmnﬂu‘hmmmmmﬁwm
TERIRTEREY GRENMEIE 31 80% (National Bureau of
Agriculture Commodity and Food Standards, 2007)
Tnel Nilsen et al. (2017) AnwnisnssiuniAniulag
1181 VP28 %\1Lﬂu‘llﬂiﬁuuuﬁyuawmvl,ﬁﬂiim 2k
mmuu’mmu@mﬂu RNAs mﬂﬁ (dsRNA) L‘W’ﬂ
NzfuN19dATIZH SiRNA delFlunszuaunnsdug
RRHGING (RNA) mvl,ﬂmﬂiwmumwummmm
WsAuaeedelhiafudnszusunisaensiases
mRNA angﬂt,mu‘ummﬂsn VP28 11 ns i
auine@@en Chlamydomonas reinhardlii saulag
sugnesn i iafusiadialaga VP28 Sedanaliighng
NN990ATINEIAA 87% (Kiataramgul et al., 2020)

FEmsasramuaziianalsaanualunaenauau
wla
Y dnye
Aarauauun i Funansenuainisnqa
119 udqensneean1sR A asn il uansanistialng
Y3a90813AN LT INAAINNANT LAZARIALARDY
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zﬁ'w@ﬂixwuﬁi@ﬂf]ﬂwn:ﬁ”ﬂq (National Bureau of
Agriculture Commodity and Food Standards, 2007)
AINNTAINUANIATFIURUAUNHATUAZRINNS
WWSTR VLéiﬁmumf‘al"awmmﬁuzgmﬂimmmﬂuﬁq
AB NNIAINAAIRATNNAANE BN LATNNTAIIAGL

A5UAvenviaaldIndwmaisa (polymerase chain

reaction; PCR) 2¢inglsfinunisafiadefnAdsd1u13n
gudun1sfinmelfatnemnEa annluazamng
Falsn $1ANGN LaTNITANFaNIT 1T

1. NIMIAALABAALAN (Conventional method)
N1TFATIANUNLTINE N (gross pathology)
hisniialunsnmadneia sy Inadunndnen
Aeuen FMNTUeINIMIeAatnensIn1tlae waz
SRIINTIANEG selinanmaieidendsanten
Rondfian LLz’i'smafmﬁf;ﬂﬂé’@nammﬂﬁ”@LLUUHLLM
(light microscope) #7an&849aN39ANELANATAUULIL
d@a96 14U (transmission electron microscopy TEM)
ieRnsmesanmaaslsadonlaeld ilaidaanaas
douiiluseslsn Famadiinnde liaas AN Y
wasiiapdadiaunalug (hypertrophied) Laziiunig
AARLANIA DY (Cowdry A-type inclusions) (National
Bureau of Agriculture Commodity and Food
Standards, 2007) 41951 iaidefirinunssununiaiy
FNENAIEATNNINTIANNAANEIBINEN FIFIANLNTFAA
a ‘Liuﬁ W1 Taewy intranuclear inclusion bodies 114
etz muEnantedeay Wi el anssinag
a9 e deFunTmlesadn (hematopoietic tissue)
wiven adensanness (lymphoid organ) (Badhul Hag
et al, 2015) wazuanlindeslindasqanssmil
Aldnasauluugaassuiun g ludunnseslsanay
nsas1enIneealafa Tae Hipolito et al. (2012)
LU MINAINFBIANIIAUBLANATOULLILADS
Fiu WU 3e8Az 90 Ta9R g1l ulIAd1917 Az
maranLglineraslaFagisnaiuads (avoid shape) §
ANEING 230-290 W TWINAS UarHlEuRIAUTNAT
80-160 U1 luLNms u@nmmfuﬂ”\iqunm% TEM
90N TIAE L LOUR LA U-LOUR O AT 38NN
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immunoelectron microscopy (IEM) 1a & @ 1 A @
wausuanaesllshiu VP66 Tnanudnsesay 90 184
ﬁq@fjwﬁLﬂuiimm‘mqﬁwmmauﬁLﬁmmﬂﬂﬁﬁ?m
seudnauerRLaR LA 1954 (antibody-virus aggregate)
(Hipolito et al., 2012) MATATINNA1E lunsneann
¥ lE vana ol i paramyxovirus retrovirus LAy
coronavirus (Catroxo et al., 2010) 494A8N19A39AN
92 UL HANTU (Immunocytochemistry) It A'e
MENNNTNNIAA LA LA IR ULAUR LR AONINENT 39T
AT 11U western blot analysis, immunodot assay,
(IFAT),
immunohistochemistry (IHC) 1 & ¥ enzyme-linked

indirect  fluorescent  antibody  test
immunosorbent assay (ELISA) (Sithigorngul et al.,
2006; Yoganandhan et al., 2004) UBNAINRNITNT
WIe L@ENLETJ@@ ‘im”lwm@@’mmm“mm@m NVL"]J
LL@ZLN@L@@@ Lmemme‘lummﬂ.@mm'aLL@:
@ﬂ’]WLL'JWZﬁ@N‘ﬁLMN’W@N @WN’]?D'M‘]E‘N’]M“H@QL%”@
Tmmmiﬁvumﬂmﬂ,ﬂ@ﬂw,l,ﬂ@wmlfﬂzm (cytopathlc
effect) LL@ymimmmLma L‘Wfaﬂ’mummmuﬂmma
mmmmmmmmww szx‘i (t|ssue culture |nfect|V|ty
dose; TCID50) ’ﬂ?;l’]xiyl,iﬂﬁl’m'.)ﬁu ‘Wmﬂmmmmmm
miﬂuLﬁ'auLL@‘"mﬂﬂi”ﬂ@ummmﬂ@ﬂwﬁ@umnWN
ﬂuwﬂiﬂmnm@m?uﬂm’lﬂgum (Assavalapsakul

et al., 2003; Jiang et al., 2006)

2. N19ASIAAILIBNITNNAUNUGANAASF
(Molecular diagnostics)

N15AFIAN L RITLTAILA (Fluorescence
in-situ hybridization; FISH)

aal A Aao o a o

WuRsnsmamAE e N NaAuiaAate
INFARANNZ I UTAR N WA AN TDAIF NIRRT D
TneeAamewelngy (DNA-probe) Alau Al szanns
50-100 fardlalng wazRnans3euaanannizse
dala¥amduanvsenlinine dalwsuazidinlilay
Aunsatindaniiunnandasuiiendlenfgauny
Aduelnsunelumad luntsulanasiulfifansan

Aaa o =< o o

aannsdsnguesdnaneanliuulnsuiddiasweide
ﬂfﬁm‘-g anI7ANLLL fluorescent microscope (Nunan
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and Lightner, 1997) Ingifisanafdin 36 n Fa'lo%a
WSSV %ﬂmngmﬂﬂmﬂuﬁﬁﬁﬁuﬁﬁuﬁqéﬁ’] NINKA
dusupzneuildvaesiwinaa uanannnnsdase
dolFauda FISH fel¥lunnefnnatinvesuuaiiGe
Tuiadesy a11% uaztih il Lﬁwmﬁq (Jirattiwarutkul,
2007) @4 FISH Lﬂiﬁ%‘ﬁ'ﬁmm”bumﬁ’quxqq atinals
Amuldmnnzduiunisnsainade lsasaniny
AenAuessnduiiannalemsdundn 20 Alawa ety
AT IiUIAE POR Tignmnsoninmzsianuiindng
Tusziuiugnasnlieensdnmizianzauarinaulo
R9NN (Siriboonpiputtana et al. 2017)

Ufizegnldinfmasguuuiudinn
(Nested PCR)

fluARn1ImsageL il mgm‘ﬁ' i
#8351 (gold standard) 7 OIE (2006) wnzin 191 T
N13m399 WSSV Ium Imamimqwumnmmmﬂrm
Sule ndsantuRimuduney first step PCR uAz
second step of the (nested) PCR ANNANAL mm@m
Twsiwafaruau 2 g Aauanslu Table 1 n1saunalag
Fanswasianlnsingda udainllaunanialfivasy
3 Teieuiuunusiaged waueauey uazunLRAets
NARNET Lﬂumrﬂu%umw,wﬂmmmmsvﬁ%mmgm
wangi Msnadelasalsagaunaquuss luansiide
¥ 5unadndiduuonludunenui geyingy uansdn
flunnsdai@oueasitanime (Nunan and Lightner,
2011) wanarnniseuuanialfinatgIvisaduna
ABunUALEUIBLAY HAKAR PCR g9d1u17ntlsziiin
AotmAtia loop-mediated isothermal amplification
(LAMP) Flnnsenunadnsuazaznanaulneanzly
nstinsAsviueniiesdjisnas Ineldoanlu
N9TUIBNNIUTHADS 60 WIT (Kono et al., 2004) Tngl
wdsannlFnanan PCR andumertnfiuia Titiding
WATA LAMP &3n1suilanagnunsofiansninainaany
mumnw"ﬂﬂu'&mwm magnesium pyrophosphate
‘Emﬂmmammmmﬂu"l,ﬂﬂulumﬂmﬂ@u ARTGIARPTEY
enefy AENLAENELAINY LanaNNTAERANsANN
Aosuas Tnelfansnganisaiaus 1y SYBR Green |
BNMRIaNHnAia LAMP u&a anfinansioued
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Table 1. The primers for molecular methods of white spot syndrome virus detection

Methods Sequence 5-3' Product References
size (bp)
RPA F: CATGGATGAAAACCTCCGCATTCCTGTGAC 124 Yang et al. (2014)
R: CATCAGACTTTCCATTGCGGATCTTGATTTTG
Prob: TGCTGAGGTTGGATCAGGCTACTTCAAGA(BHQ1-dT)
G(THF)C(FAM-dT)GATGTGTCCTTTGAC (phosphate)
Nested-  F1: ACTACTAACTTCAGCCTATCTAG 1447 Durand and
PCR R1: TAATGCGGGTGTAATGTTCTTACGA Lightner (2002)
F2: GTAACTGCCCCTTCCATCTCCA 941
R2: TACGGCAGCTGCTGGACCTTGT
Duplex  WSSV-F:"GCTGCCTTGCCGGAAATTA - Leal et al. (2014),
gPCR WSSV-R; AGCCATGAAGAATGCCGTCTATCACACA Durand and
Prob-r: 6-carboxyfluorescein (FAM) at the 5' Lightner (2002)
Prob-g: BHQ1 at the 3'
IHHNV-F: TAC TCC GGA CAC CCA ACC A
IHHNV-R: GGC TCT GGC AGC AAA GGT AA
1/Prob—q: N,N,N’,N"-tetramethyl-6-carboxyrhodamine (TAMRA)
"Prob-r: 6-carboxyfluorescein (FAM) at the 5'
PCR F: AATGGTCCCGTCCTCATCTCA 71 Tsai et al. (2012)
R: GCTGCCTTGCCGGAAATT
gPCR F:'GCTGCCTTGCCGGAAATTA - Durand and
R; AGCCATGAAGAATGCCGTCTATCACACA Lightner (2002)

Prob-r: 6-carboxyfluorescein (FAM) at the 5'

Prob-g: BHQ1 at the 3'

" BHQ1-dT: thymidine nucleotide carrying Blackhole quencher, THF: tetrahydrofuran spacer, FAM-dT: thymidine nucleotide

carrying Fluorescein, phosphate: block elongation

ArduazilAeudaebu @) ‘Luﬂmmﬂummmmm
elfuas UV (302 nm) (Mori et al., 2001)
Quantitative-PCR (qPCR)
Lflumﬂﬁm‘l,umﬂﬁ'uﬂ?mmmiﬁuﬁqnﬁu
w’é‘ﬂmg\mmwﬂf?mﬁm"um‘ummaﬁuqnﬁu‘ﬂmﬂmWTFJ
nn9iraaLasesdngensaius Inalinannisaa
Sufudan mRNA udawaewliidu cONA et
woselsd reverse transcriptase mmfuﬁﬁlf’ﬁﬁfumum?
dnsunadidue madnelufanlinanaiafia
Fudauatunaes WSSV (U50923) 41915UN19L0 1
positive control waznadasmn L lngiRaansa 10
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Wi WWTAnu9u copies Tutag 2 - 2x10° copies Tunng
@514 standard curves wazdinld iwsu TagMan Way
FAM-BHQ1 (Durand and Lightner, 2002) %I\'i mdi'@ N
real time PCR H53AN19309ua39898 Ngaaisaisus
249z s2uIn9Uf) 3N DNA polymerase Husfieios
aanFasuasgansaus ingaaanainlnsiwes
ﬂmmﬂw\l@@@wmﬂnummw smmmumﬂmmmmum
Basriingaas muuuﬂ?muﬂuﬂ?mmmawuﬁﬂﬁ?fm
(Chou et al., 2011; Jang et al., 2009; Leal, 2013) 1u
nstadelsn Wssv Hinmadia gPCR sntszynsild
InaianAaaulsl reverse transcriptase Banin Afindl



AEmsneagnugAmansdmiunsitaatlsaqaandlufenawauunla

9 recomblnase polymerase amplification (RPA) SIN
‘]Jgmmumminmﬂumumummimmmumwm
N19LEFEN cONA uanaNtuls RPA f3ldgung i
(32-42 °C) %ﬁqﬂdf]ﬂﬁﬁ?m PCR ¥4l lunnaidin
ANUIYTRFATIZH DNA TLaAIDanI9id mﬂgmm
aansAnalLE memmunuﬂﬂm otk AatAas
Qﬁwmmmﬂummm%hﬂ (Piepenburg, 2006; Yang
et al, 2014) N3 MnATA gPCR gagnimunn 1y
m?mfmqu%ﬁiiﬂmmmmmn"bim‘luﬂﬂ,mwa‘@mu
devide mﬂmmuﬂ duplex GPCR &a@nx13n4 LN
N1976 A L°IJ 2 WSSV LA ¢ infectious hypodermal and
hematopoietic necrosis virus (IHHNV) T ?‘j 11914
TnalEaonuidinduresdidualunanaiin es 2-20
copies/Ujien uaz 2x10° copies/ljizen 41mu
N53Tade WSSV uay IHHNV Auandy deiiadn
pxluazangluniIngmadtiade usrAugs (Lael
et al., 2014)

MSWIBIPLLLAUDIALA UL

LﬂuﬂWimifamu@faﬂuimuwuﬁmimmLfﬁfa
h¥a TneinTudoumiue (amplicon) andumeuaed
nested PCR 119AA1AL ‘Emﬂwumﬂwﬂwnumum op)!
L’ﬂV]L@’ﬂﬂ’Q’]ﬂ’ﬂﬂ’]Ti‘m@@‘Llﬁ‘Qmﬁ MRIANTRAE g
Bule AgunsadnaesdinlUlunaradinreanames
n"aumm”m@"’n-ﬁ"umi”\immfwuﬂ’mwmmﬁm@‘ﬂmmu LAz
ﬁﬂﬁﬁqwﬁﬁaﬁmﬁwﬁuﬁﬁum e 1% Inaimes7
AR TR S e R T An

AU FIU ia 4 8 basic local alignment search tool

(BLAST) Ing OIE WizinN13MaNALLAZNN53LATIZSH

a aa a aa v o
WANNAADYL AT ansaadanlns AT a wiatinll
aunane1fiuased (Claydon et al., 2004)

nmsifauiiaunisasianaziiaaalsnanang
Tuneruauunla
f;ﬁmmmmiimmmﬂummLmumlu 3
YoRuariiaideiAendestunimaaeyuiiunnsneiy
mudeAumEnzanlunsmsadiade fiunnsney
AINANIUNIT Usznaufon nsRIaasdade
\iaadiu (Presumptive test) T¥&115U91UAAGUIY
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T uATN19NAd8NFeIN1IAMNAEAIN 790159
uazs1ANgN wiinsaiade i NLugIINNg
a d’l o/ °I v 1 aal ¥ al < d} v
Aadessauni tEwA 3an 198 nduuusindateld
Waiflaanueadiunudnisaslsn Anaiun1InIIaNIa
AANYNBINGNNUD AR HOINIUNTTLIUNTLAL
Fnunlfiaggn1nuIneu RN AN NaT AN LAY
AINTIALIIteandIn1s i ilaitiaan (National
Bureau of Agriculture Commodity and Food
Standards, 2007) 11a4sNITN1TAIIANNLALF AL
a = Al ala < %
weuAven WWIanAMAgeIunliganagey (test
A & o a & o
kit) @mn\mmwLmumu@ﬁmu’mmmmLm@ulu
SrFUAN ALMNNE mummumimqmmaﬂiamm
TNULLRELUNAUYNT (OIE, 2018) wanaNtiuug
nsasadaliinanainefudelafadnvangain
(Catroxo et al., 2010) @21N17A993 NASe 11
(confirmative test) @aulun]dn Lﬂuﬁ'ﬁmqam&;ﬁu@
ANARS TUMNNIZANALN1INIIARDARLNHRIN1TAIN
lauazanwnzseimegau nsaiudinialiinu
ALAINLATAINIINT IUNTINAHAART WAITNT
ﬁaﬂmqﬁﬁumuﬂqmﬂLmzsl%?wmmmu (Figure 1)
A1UFUN1TFH U UTTNLI199T nested
= P a °
PCR fauazimannlonaraiuatmizlunismna
@a WSSV witiasannfiaqld PCR aasnsaialdila
BunuAduenNifednis asldnanlunisatiads
< P % Aa
w1ndunazilanialiinauaniianann (false
positive) 18 188 guA U35 gPCR (Nunan and
Lightner, 2011; Leal et al., 2014) nanifFauiiey
AHlakazANa N EselsAYedRE gPCR wudn |
111191 IRWLI3E nested PCR axiimqansla 100%
Wasatrelmnudindiuaasiidueninndn 150 ng
Tuaaush gPCR fiaenisaanuidinduresnduadios
n91 50 ng FumNzanNnInlun1snmadtadulsnqn
19 lugniisanasausianan fesvezinasanan dadu
sraeiiinnsaudinaseudnansu (Jang et al., 2009;
Leal et al., 2014)

AL UIIAN LN UT 122998 N 19094
aa o <& ' o o & Ay Wye v o=
Atladtlsnarliuagiussiuventenfcliiuuss g9
adeufiasanszazsing o vesfisnanmedian Ing OIE



AN5ATINBAT 36(2): 257 - 267 (2563)

Feapidity

Specificity, Sansitiity

<

»
»

Coanfirmation fast

Presumplive tast
Convantional diagnostics Maolecular diagnostics
Fapid straining > Histopathology Aricysr-antinody Fls i CihA, seCuencing >
Light microscope Mesied POR
LarAP
TE
:[OR

Figure 1. The summary of WSSV diagnostic methods in shrimp. Conventional diagnostic methods are

usually for presumptive test, which emphasizes rapid results. Molecular methods are

appropriate for confirmation test

(2018) sz 31 lufiesrezanan(lavae) 14 1337
wnzansansAiasefiesannlifmnusimnzuay
lasiannsfinide douluszasInasanan (Post larvae)
ﬂﬁfﬁﬁ@fiﬁlL‘]‘jw@\'ifﬂ/uLLuZﬁﬁdﬁVﬂ\‘ifi@WF;I’]%?JVIEI’]@"J‘LA
Ufegnisnameisagunmnlditasuidaduua:
SurlE flesaniiiaaidanuluazanudmnsly
nitiasiia mmnmezmmL‘%q’Luﬂszﬁﬁﬂmzmg"u
uazszezfduselusyasAinsmueinisuanng
ERAd :%Iu (National Bureau of Agriculture Commodity
and Food Standards, 2007) mMsifaseiasduuusiin
nisdainaaIniImieadin Tnaviniuainisiuy
REUNAU NUSATINTTANY 80-100% Tt 1-5 Fu4
PAIULAAIRINIT NITFATIRNUNENTINYT WLAN UL
mm@gmmﬁlLﬂﬁ@ﬂLmznwmf;w@wm%ﬁwmwu
inclusion body NelufiamReanniulsnismeaan
wauRauLeuALen Ufisegnldinadwmeasamaiin
LAMP ua FISH anansaliafiadeiiacdiuuasiiugy
1% Hesannidudafndaausmnluniadeia
azmINLATIInLI daunislindesqanssrviaianmsen
LLdesH T FRTTA AT E s Re AR e
Tufmnazasiiesaniazmnuaziimnlaredan
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GE)

wWInenIsmIdRdladelsnqanaluiaang
WL I AR ANATNNTLAY AT dYAan LAY
91PN Wz mFuNInsaietiuguld iaileeiu
nsunsnszaneimia lunguiswaulwug uazanadw
REUNBRNNNIIN AR UNINNTATENI N9 s2nA 35D
wirnzan NI 8ef e LarAadn1sINasenig
AnmelsAqnn0ARs iR ENRTgILTIBeNFIuATILET
91N OIE A8 2% nested PCR lunns3tiadeiilaasiunas

A o oA = o A
Wunnstiugdy Wasanlaannlanazaninizmeime
dmFunianaaitadelsalusvacqniis Aausdseas
- . 4 da .
aqnnesrezIingsandn aaiuszasninisausing
, - aca A Y aaa ~
FENININNTN FENUNNZENARFBINIT gPCR 1He9ann
P PP v ¥ A
FANNIATIRANNALE BN N AT NSNS 50 ng Tu
seauFNINERINImAlaasdunsfinlsaqaang
ANFENNNIIEUNABINIINIIABIN WAZNITATIA
ANAdenladAulE AN NEFUINUAIAA U NN ABINITANIN
azman 79139 1 Lgansad1izaglrenimmean
waURANLEUALIER Aniladanma luiiaslfiRnng
ROEBENNNANENBINYN AANNBINE UATAITE UL
ntade@nATSiatAENIeen UG AIARTaY | 7
478 |1 mATA LAMP Lay FISH @013t a99umaneii
g - PP Y o A

WAZANTNNZIAsaEAS WUATY Il wuziniiiesannnis
PTasiunisduilauuaznisnszansvaslsnmandineenn
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Tunnemsnadiadalsnqaanalufieanauauun
Ly ANTRNIATARAE AN 9T TS zuaz lasie
Aege Bnvaaserfliunmeiiazansnmnnsaaly ield
Tunstsziluanuguuss uazanuidanaiasiiniu
FNALATNIMNeNRLgANARTRY 7| HN1RsIaRIN
b4 v dl o v 1 1o o
fnunnurasiiaierin i iduneudiuguay luaunag
= o o a o o o dl A
a1ainIRmWNdATUdmTuNstesiulsnqmanan 1
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Effects of Carrageenan on Properties of Egg White Powder from

By-product Salted Egg
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Abstract: The purpose of this research was to study the effect of carrageenan (0, 0.4 and 0.8 %, w/w) on
desalted egg white powder by dialysis. Egg white powder with carrageenan 0.4 % showed the higher foam
capacity, the lower foam density and the longer foam stability than the others. It contained 76 .0 3 % protein,
4.70 % moisture, 1.07 % crude fiber, 0.12% ash, and 4.47% salt, and none of lipid was detected. The colors
explained as L*, a* and b* were 91.88, 0.27 and 9.95, respectively. The pH and Aw values were 7.20 and 0.52.
The foam capacity, the foam density and the foam stability were likely to decrease where as moisture and Aw
were likely to increase for 12 week-storage at room temperature. In addition, the number of total microorganisms
in the egg white powder was increased to 3.45 x10° CFU/g and no Salmonella spp. was detected, not over the
standard regulation. Meringue from egg white powder (0.4% carrageenan) was not significantly different by

sensory evaluation when compared with meringue from commercial meringue powder.

Keywords: Desalted egg white, egg white powder, carrageenan, meringue
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undnda: cmAteiiTagUszasfiflednuntwaresnnfrauiinase Wanada i unsas Bunnundelas
3anslnerlatalnunaniuAFanuiEesas 0, 0.4 az 0.8 (wiw) antiueuliuiaudaun it nudaesld
PaflFumsnaunbenas 0.4 IﬁTV\Iu‘ﬁ'ﬁf-w'ﬁmmmma‘ﬂuma‘lﬁm‘lﬁwuqmdf] AT wazilAna
desnndnsdldannau e runadlsmbenas 76,03 Arnaiiesay 4.70 laanmsventiesas 107 H5as
a2 0.12 wazinansesay 4.47 laglinwu e UANA L, a* uaz b* winfu 91.88, 0.27 way 9.95 ANAGL HA1 pH
uaz Aw Wi 7.20 waz 0,52 iefuFnidungn 12 zﬁ“ﬂmﬁ‘ﬁ'fqmmﬁﬁm wudaANaIN s lunnsn ATy
AL LLea T LaTAE T Ese R I i Tianad d9uAnAaE Las Aw TinTtuiad
udaBunmaAwidnamnlundldenaf un Bifiadu laeilen 3.45x10° CFUIg uazpsaalsiny Saimonella
spp. VLaJLﬁummsvamgmﬁﬁwum walssFTRannasliana i anauansnanadnunistssfiudmalszanm
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wazazfsdauraslianaly i niudssnaufias NANR9 [UNUENANUNTAA BHIDLNAS
TsAunddselaailismasnanie Puechkamut and

. ' 1 & v a o a
Changnoi (2004) eI AN Ul Tl sh qﬂﬂsmuamﬁmi
%a8az 58 A5l lamImsaeas 6 lsiubasay 0.5 uay

A v ' < £ = 1o a [ [
naesesay 28 ldaraanasilusfuagaruounin mawizasldunaiay
wananddanudnldsiululdanaAnlidinng ilnaAnAvresladatuns 55-65 g AU
wWasumlaedidimsiinsnariundidysasanigld Avusszaznainiswanauduiunisfiutulafa

wAnm19anl@n (Dong et al., 2013; Kaewmanee uAatszinn 2 heu tnsnuene e liag
et al., 2009) wnun I aLANTLTWTAR IAEURENITN
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HarasAnianuURasNiRaanldaranIagAmuAaadldiAn

msuanreldang

nald LA NaLILI

wmnagfe1dld e uAuaslunnn 1
ANMNLIITHNL 2 mm udatinsaesinallauutiedion
Yeuasfauiiguunfl 60 asAsadaa iunan 5
il

ualduraanandSuruinaa tnald
Aemslaazlata

unldaanauldaslugelaazlata (Mw
cut-off 12,600) uglutinazenaudarinluiulug i
gruund 510 evAaaLdsa Hunan 24 Falu A
ANSTIAUUNANUILERYAY 0, 0.4 LAz 0.8 (ww) adluld
1719 nawlidiniuunu 30 wi szdsednlfinaneglu
321919013091 Winaaaeluna 1 A umu
dszanou 2 mm udarinleundiekan fauautend
gruund 60 avAmalias unan 5 olug ansis
UINILAURITAUNIUAZUNTITUIA 35 mesh 1739 14
INANERAN Lﬁm?ﬂwﬂum:@mmm%yw,ﬁ'mami
APz

NSNARALANTANIINENNRIES LU
AA1NdINITaluNT A Al N (Foam
capacity) LRZAITNLA fasuaalWy (Foam stability)
JamnugNsnlunnfia iy uazanuEtasae v
Fautasa1nateed Mounir and Allaf (2018) Taefans
14 4 g avanelurinngi 200 mL miﬂiﬂuiaﬁuumm
ﬂummm@wmummi (& % 2 KitchenAid iU
5K5SSWH) auAnnlasiy (EmanuiEareauseay 6 Wy
A1 3 17) ﬁ"uméhmmmmgmﬁqﬁy
ANNANNID N9 AT
ANTNANTO U SUEFUaTaV IO N IR P

NIAAIN (%)

——— X100
LE‘NWM?’II@QLM@’JL?NIFM

a
ANLADN TR TN
i amnussqlalunmensasmanafningu
snms Winszuannaesasiureaanuenasnn 1
! = o Yy =
nepEuinIRsTemaafisaiuldnn <) 15 Wi W
198 60 171 TRIATUIUAINGAIAIT
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Fune9wEa0 — LENn0d
ANNENNNT0 I

- = X100
Mana N (%)

YRIUNAINVEIARINT

1 FUNATURINARTHH L

ANMNBUILLURI NN (Foam density)

AN WL A ALLa9aN?E
284 Sadahira et al. (2016) Inein1sinTnuussq ludae
s Banmsuviue shlrangas wail
AN ﬁwﬁnmmMN (9)

289TWN (g/mL)

> X100
13umsIRN008 (ML)

mManAdaUaNLALaraIAlsEnaumMaANuazAg
amaueldane

TaArANilungm-Ae (AN pH) Tnelfiaead
pH meter @'ﬁ@ Mettler Toledo §u4 FE20-LE407) A1
Aw el 1Atasdn Aw (gl‘ﬁ'a Rotronic §14 HygroLab
c1) unaunan Tlshu AYNEY N TsT uazle
ausuenulne 1595 AOAC (2005) wazinAnAlae 14
\ireeind (B Minolta 14 CR-400)

NM5LURAULURIFNURANINENTNLALLANUDING
952 13anIsA LS NEN 12 4Ua9
wnslaanneuuiiedanuan 50 g inussadly

a

S o a 1% o =1 o =
neaguIleNNeYa U ARUY LAAUINUAUTNEN

q al
a

frunnidies (Uszuind 30 a9AmaLEa4) TANNT

= a IS '
waguulasandAnianianinuazialzeasliang
N 2 dent

nsulagunilassruruadursdseninenisiiu
$ne 12 dUansk

mm@ﬁmauﬁﬁﬁy\mm (BAM, 2001) uas
Salmonella spp. (BAM, 2014) v)n 7] 2 &Uai

NITNARAUAMNTALIKA AN LN LNAUSIAAIN K
19

NARAUNNAULIzANENTANARA WA
wawsad (Wnaldrouaznanansed) Tnenagausinu
ANTRL MHKA @ AINNTEL ATHLAN AYNTQNY
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wazANNTeL AN FotLLLNAZeLN AL TN
&duila Ine13F hedonic scale 9 points (1 = ldaau
mn‘?‘iqm, 9= m@umn‘ﬁ'qm) ﬁuﬁmmmu’%uﬁﬁumﬂﬁu
ARt srIA AL aUnsa Ll H1unn 9T ne
AU 30 AU

MEFAATIERTAYAN AT

A idiayan At A lneN19919UELNNS
NARBILLILENAABA (completely randomized design,
CRD) ¥nnsnaaes 3 91 uRemiienanaumnsines
ARRLRsLAUALIdesataz 95 (P<0.05) Tneid%
Duncan’s multiple range test (DMRT) b & £ N 1 9
AL ideyan19atfm LUy Pair sample test
LR g UAMULANANIT89ARA R TZ A LAY
Gesiusenas 95 (P<0.05) aalisunsuadd SPSS

version 21
NANISYIARDILAZIANTIL

MsANANTANINNIEM NNl a9

NANIIA NI AN AUBIE T U1 ILA WD

' o = a Py
AaulazuaaaniBunaunanlnenislnaylaiaudongs
A5 (CG) TutFrnaumna * (0, 0.4 uaz 0.8%)
Fauansly Table 1 WU laa19919 4 B3p NauLay
o 4 A o = a

PAIAALTHILNAD WHATNHBLTRINNT ANNEINTD
T NlER Tnaaunsofia iR NTul sz
2 Win 29 BunsR feldunqdnneuantFuNnNAS
fiffununaegenesenay 31.32 IndAeaiumeu
484 Puechkamut and Changnoi (2004) La s Mmadi
et al. (2014) InudnldalAniinaeatsesas 28.31
WA 30.0 ANAL Nl AN aUARLFN1LNAD

wnmaseafatiulEn Wudeaiuniseautes
Mmadi et al. (2014) InaH ANAINAIN1TD lATN A
Ta5aeins 182.0 FatiaendnadlianfufianBsunn
Nae (0% Co)Ainaetasay 3.561 uavilAn
ANANNID I Al esas 191.0 wa ldi A
upnFAariued 1 NUEAAtYNNata (P>0.05) uanwdn
1Buraunaelifinasaninuannisnlunisfiainuees
1919 mﬁ@1‘7{ﬁ@ﬂiuh'mqmmimmmﬁuﬁqﬁwm
1R (Protein-protein interactions) n1 1% 155 uiia
mim@ﬂmamfafanuquwwwuﬂmmmﬂ‘lummvmm
anAdinly ednalsiman Ercelebi and lbanoglu
(2009) senuINTRNINAANENg 0-30 mM &
rafinANaEnsnlunsfiaTiusedlaaniiesann
indetidautaesinlilusmululdanaavanarin 15 Aau
wi@ Aanudnduindegendn 30 mM fuanali
ANMNAINNID LN TR A INanadng Iz ITinNgazane
sastilsRuanadly annimeseadiasdwilatinnels
AN (Hinde 31.32%) ldAnaudunuimenses
wudninstunAuazenidurusimeuse A1 us
NARA A N AA NN nnRlY waldenaiAnaed
Faaninlunisinld sl mTlunandmnafauney
anmsTn et RTe AR Ay

nsantFunaunaeluldandAnudqngs
ANSIAULU 3 szAuAeTeaas 0 (lunaw), 0.4 uaz 0.8
NUIINTHENASIARUUTREAY 0.4 113 ldanqH
mmmm?ﬂumnﬁm‘EWumnﬁqm ABANNAINNID
Tunisiialnuseaay 2203 aanA&eaiUATAYN
wurnduAlAnfaclaafaanlé 013 giml 1ile
wReuifauivlsanaduanlunninaeiuau iy
ASTALULEREAY O LAY 0.8

Table 1. Physical properties and %salt of egg white power before and after desalting

Properties Before After desalting
desalting 0% CG 0.4% CG 0.8% CG
Foam capacity (%) 182.0+ 13.1° 191.0 + 14.7° 220.3 + 13.3° 171.7 + 15.5°
Foam density (g/mL) 0.14 +0.01% 0.15 + 0.02% 0.13 +0.02° 0.17 +0.02°
Salt (%) 31.32 +0.03° 3.51 +0.08° 3.59 + 0.04° 3.63+0.01°

Mean values with different *°
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ANNNIINAABINLIFNAIHLAT eI TUR TWUT AN
anadatiNeTmEqilamanali ludsansnidussesiaan
15 17 EHB9ANLRAIR 89NN R AN179931 5
Muweadureavadluasnaanun (Figure 1) AN
pnuanesresivinazret < anasaeinedi o Tnadanm
IR ldaaAnneuantBuadnae (salted egg white)
=~ % o \ \ & o &
FunliiuanniasninnanldeodunaniBunasnas
(0% CG) Wiasannnaaiduansnynn il sinluldang

a &yl ' A A a
Urtiaazanetn lEnau watBunadanaanuinnld
liidseqaaunashlsaudaiulszquasiilssiula
. 2 . o . o widy
AeuusHAnusznd19lszquasilsiulanix
Wasa1nAasanad 1 lineallsiuinanssansaiu
uazejusiaaslél (Raikos et al., 2007) A§31aLuwIY
NAAWEN ﬂﬂi‘ﬁﬁﬁﬂixqzﬂu (anionic polysaccharide)

a 1o a o a o a ]
uazdvajdamn ausniiadunsiseniullsiulula
19N ATATET AT URIND R LNDSN T AN LT3
% 1 E va a o Aﬂl
wazasaviatinnesenAlin inanisyuAaa We
NARALANNANNTD NN A TN UAT A HLAD 815204
W aziudn lMranaNAFAwsBasay 0.4 nalny
Tgnqaunnnduas i lianaid aansan e sinnngn
' A s o P ' P
Taigna i panA T AnuE ez s za [l 90 1A
AAARBINUNIINARALNIN A TN LA AINNAD 819
cal Y = \ oy o
gl NN eI AN EHN1sANHIAaUNED
(Apirattananusorn et al., 2019) a9l AINNITHAN
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10 A

AN3ALULasaY 0.8 aznn liAnnuviinuaalisfla
P1UANTB ANANNT TN A T NAAALTe9RN
o . 4 . o ds

prnuiinazlilinaaanisadananssnaasllsiuniu
WasanniAaainlilusauadinanialiidiesas (Lau
and Dickinson, 2005) Aatitludumnaunimaaed s b
Azlaan MN1IHANANTINALUUNILALSREAT 0.4 LD
=3 1

Anumall

msAnsaNTRALaratAlsenaunaaiiuazAnd
aaandldan
NAN1IANEANLRALATeIALsTnauN1AN
aaenalirnanFunNAaNdN AR (CG) Sael
a2 0.4 1L FaUNEUAUNINALTNANINI9AN (Table 2)
w1 691397981AN pH WL 7.20 Andnsalsausas
N9N19ENT 9T AN 7.35 daudn Aw HAn 0.52 uazdl
AT 1N uazInAeFaEay 470, 0.12 UAY 3.57
ANANAL ﬁma;\‘mdﬁmLumw\aﬁmqmiﬁqﬁﬁm Aw
Wi 0.48 TiAanaid 1N wasindesesas 3.10, 0.06
LAY 1.10 ANNANAL BannunnLAE0sas 4.70 Tk
ggnilan n&iReaiumeauIes Ndife ef al. (2010) 7
wuAnasldmnafleudaefeuateuirnmnadiiesas
432 anaudfid Angailesanudlianafindedialy
BE|AINTIINBUNANIN9H1 BNl ANWLIT R
wausaEnNeAnHisRuesieddesas 1850 fiaandd

—— Salted egg white
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Figure 1.

Foam stability of egg white powder

CG = Carrageenan
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Table 2. Properties, chemical composition and color val

commercial meringue powder

ues of desalted egg white powder (0.4 % CG) and

Values Desalted egg white powder (0.4% CG) Commercial meringue powder
pH 7.20 +0.04° 7.35+0.00°
A, 0.52 +0.00° 0.48+0.0°
Moisture (%) 470+0.42° 3.10+043°
Ash (%) 0.12+0.0° 0.06 +0.0°
Salt (%) 3.57+0.71° 1.10 £ 0.35°
Protein (%) 76.03 £ 0.86° 18.50 + 0.03"
Fat (%) Not found Not found
Crude fiber (%) 1.07 £0.02 Not found
Color

L* 91.88+0.58° 97.58 + 1.21°
a* 0.27 +0.10° -1.55 +0.22°
b*"™ 9.95+0.55 10.90 £ 0.16

Mean values with different *° in the same row are significantly differen

t (P<0.05)

Mean values with ™ in the same row are not significantly different (P>0.05)

CG = Carrageenan

naldanataii TlsAusesay 76.03 waylunuluduly
Faaeineia 2 1hia ANAUageelianalANANET N (L)
91.88 HALNIININALINANINNNTANNNAN 97.58 Baz
FANAUAY (@*) 0.27 HATNINNINENINALINANINNITAN
Ao \ A A A ' , o
ARAN -1.55 doupn@maed (b*) HAnlduwnnsnaiu (P
>0.05) Inglen U9 ATRINBUSANNNNIANAN 9.95
WAz 10.50 ANNATAY meliu1aR ANAINaT 19N Tias
NIBAZANRBANANINNINNBLINANIINITAIANA
AAANNANIN LA NN A LT IR URUILZIIAN A
o v ] a aaa s dl a d’l
vinlildenadialisemaanfaniinauainnglag

a ‘dld ] =3 ddd‘ v dﬁl
wazngaazl und luldann A9WANWNAU (Quan and
Benjakul, 2019)

N5l A UL URIFNUTANINENTNLALLANUDIHG
a9
4 n .
AsulasuilasantBnianienInaegealal
119anUFN10nAR (0.4% CG) Taadmramn 9 2
FUandf ilunan 12 dUmsk wudnmanuansngalunig
el A NBILL NI I LA ANLED 813994
naasnalaunqluuntinanas (Table 3) InsiBusy
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AUn9T 0 AN 217.2 uaziliAn 185.7 Tudilaniin 12
dupnd un A L* JAneglutdos 91.32-91.88 39l
ANl LANFNaTI (P>0.05) IBILaIZNAINITALIENEN
PO \ P % A o=
WNTY douAn a* Huualtinanas luaneian b
£ QI dﬁl d‘ = v 1 dly
wun AN N Asnlaaniand @ AN
WAz Aw N UUA IS NIANT Y (Table 4) §9UAN pH &
wualtinanas wild T AN wANFAI9AY (P>0.05)
ANNANNTTD NN A TN AN LLLTes NN LA
AMLaD asea NN ol wua THnanadnna
Han1aNNIRUa sl aniaei 11 n99aNFafY
1991197 U (Protein aggregation) N lfiazanain 'l
fasag mﬂﬁmﬁﬁ’mmmnﬂﬁﬁ?mm@m%m
(Katekhong and Charoenrein, 2017) LA £ 3 149 U
m mede  cu A & . .
qawsEnwn Huinaudaszaznaiuliduans
4 Table 5
all a a o ]
nanlasuutlaenisqduridae sueldannlu
LUINNITN LN AILA ALY Table 5 WL
qaunzananuaf wua Tl u T uws i ua 1uau

& deco A P . Y A
"ﬂ@umﬁ\ﬂm\iummw?guiqquqVLﬂm’]qm@\?NﬁN’]m
! r:: ==II

AW NN Amanuliifin 1x10° CFU/g uway
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Table 3. Changes in physical properties of desalted egg white powder (0.4% CG) during storage

Week Physical properties
Foam capacity Foam density™  Foam stability' Color
(%) (g/mL) (%) L*® a* b*
0 217.2414.2° 0.13+0.01 38.746.2° 91.83+0.85  0.28+0.03"  10.13x0.51°
2 220.1+16.7° 0.13+0.02 38.7+9.1° 91.3241.07  0.26+0.05"  11.23+0.43°
4 217.4+11.7° 0.13+0.01 38.646.6° 91.88+0.58  0.21+0.08"°  13.95+0.55"
6 214.2+15.0° 0.13+0.01 38.5+9.0° 91.62+1.05  0.19+0.07*°  14.35+0.59"
8 202.5+12.0° 0.12+0.01 30.749.5% 91.46+0.58  0.12+0.08%  14.30+0.34°
10 198.8+18.5° 0.1240.02 25.5+6.8% 91.88+0.16  0.10+0.04°  14.39+0.41°
12 185.7+11.2° 0.12+0.01 22.4+4 4° 91.85+0.17  0.09+0.04°  15.38+0.42°

'Determined after 45 minutes
Mean values with different > in the same column are significantly different (P<0.05)
Mean values with ™ in the same column are not significantly different (P>0.05)

CG = Carrageenan

Table 4. Changes in chemical properties of desalted egg white powder (0.4% CG) during storage

Chemical properties

Week
Moisture(%)™ Aw'™ pH™
0 4.72+0.32 0.52+0.00 7.101£0.04
2 4.75+0.37 0.53+0.49 7.12+0.05
4 4.67+0.36 0.53+0.03 7.13£0.04
6 4.69+0.29 0.53+0.03 7.12+0.07
8 4.79+0.17 0.54+0.01 7.11+0.05
10 4.78+0.57 0.5440.02 7.10+0.08
12 4.78+0.44 0.54+0.01 7.094£0.10

Mean values with " in the same column are not significantly different (P>0.05)

CG = Carrageenan

Table 5. Number of CFU of desalted egg white powder (0.4% CG) during storage

Number of CFU
Week
Total microbial count (CFU/g) Salmonella spp. (CFU/25 g)
0 1.20x10° Not found
2 1.48x10° Not found
4 5.20x10° Not found
6 5.35x10° Not found
8 4.59x10" Not found
10 7.52x10" Not found
12 3.45x10° Not found

CG = Carrageenan
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avdeslinuide Samonela spp. lufaating 25 g
(Department of Livestock Development, 2000) Tr &
psant s lganaludavid 12 4919w 3.45x10°
CFU/g uaznsa liwu Salmonella spp. lusiaating 25
g LL@@Qd’WNx‘ii‘ﬂ“ﬂWﬁLﬁu§ﬂﬂﬁﬁﬂmﬂqﬁﬁ@%ﬂum@ﬂ
12 zﬁ”ﬂmﬁﬁmmﬂm@mﬁﬂLLmﬂqslummﬁﬁmmﬁmﬁ
AR

NISNAFALAMNTAUNA AN UM LNBLFTIAIINHS
[EILTRD

NNINARBLANNTALIALNITNAGALING
dszamdndalanfnaaendudlu i duntsfinedu
81Uk 30 AL (Table 6) WU WA USIARRNANE LA
119aaLFNNNAD (0.4% CG) T ANNuANFANaTa9
ANHNTALNINATUAIINNTAL AINNLAN ADTNTWINU
uazauraulagsan e Baufeufuneuss
Y9N ENEN LA T A USATI NN N U AN
mw’ﬁ'ﬁﬁ'ri’gwm'au%uﬁmqmaumnﬂduﬁmmn
snuuzfufanauinndmenssdiniainuelaans
Tnadponugaufusing - luszAugaudanananads
gauN1n (lHALWLY 7.07-7.90) NaN1TNAGEL
ANTaLLaAd I ne i antBunnunae
(0.4% CG) a0t W N E AT e L AT
Qm@”ﬂwmmwﬂi:mwﬁuﬁmﬁﬁuﬁmm?ﬂlﬁ

a7

Nl AN N AAANANFINA LU
%0882 0.4 HAMHMNIZANNINATUNNEATNLAZLAR
ANNITDUINHA AT WIBN LN B LTA b [aldanqf
ANNANNNTD NI A TN AN ULed TN LAy
ANLaD e N Nanal e ULl unan 12
FUnn3T douAnd MAun A1 L HAnldwansnaiy AN a*
~ P | ~ Y A & g
Fuunlinanad wazAn b* Juun [Hu N ANTy

~ y o &L, ' ~ %
Uay Aw Huun i ey dauan pH duurliuanas
whi Ll H AR N uANsN9AY (P20.05) Uen1uqaunaed
fanualdiiu 1x10° CFUg wazmeaaliny
Salmonella spp. TWsnating 25 g agflunmuainimnigiu
Annue agnalafimunisaninnasnasingdanig

A o P P T = aal A A

TnalatadailuisniAnlianege aapasunasnisdun
ausnanAn ldansuaztin U1 Fatinamunzas

Table 6. Hedonic scales of sensory evaluation of meringue products

Sensory characteristics

Desalted egg white powder

Commercial meringue powder

(0.4% CQ)
Color 7.10+1.12° 7.70+0.99
Crispiness™ 7.53+0.94 7.43+0.86
Saltiness™ 7.07+1.57 7.07+1.55
Sweetness™ 7.571.14 7.53+1.28
Overall liking™ 7.70+0.70 7.90+0.92

Mean values with different *° in the same row are significantly different (P<0.05)

Mean values with ™ in the same row are not significantly different (P>0.05)

CG = Carrageenan
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Development of Moisturizing Product from Okra

(Abelmoschus esculentus (L.) Moench) Extract
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Abstract: The aim of this study was to extract and investigate the biological activity of okra (Abelmoschus
esculentus (L.) Moench) for development of moisturizing product. In this study, the okra was extracted by water
and ethanol at various concentrations with maceration and reflux extraction. After that, crude extracts were
determined to the polysaccharide and total phenolic content, free radical scavenging and lipid peroxidation
inhibition. The selected okra extract was formulated to emulsion-gel and evaluated formulation stability, skin
irritation with patch-test and moisturizing effect in women volunteer skin. The results showed that dry okra
extracted using 50% ethanol by maceration process (MTd50) gave % vyield at 27.50%, total polysaccharides at
5.58 + 0.03 mg glucose/g, total phenolic compounds at 1.24 + 0.01 mg GAE/g, SC,, value of 0.59 + 0.07 mg/ml
and IPC,, value of 0.02 + 0.02 mg/ml. MTd50 extract was selected to formulate emulsion-gel products which
showed high stability, no irritation and increasing the hydration of women volunteer skin for 90 minutes.

Therefore, cosmetic products containing okra extract have the potential for development of skin moisturizer.

Keywords: Abelmoschus esculentus extracts, antioxidant activity, moisturizing effect, patch test, skin hydration

evaluation
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UNARLa: mu’%ﬁﬂfjﬁﬁmﬂ?mmL‘Wfamﬂmmem@uqmﬁmqmmwmmmmnmmwtﬂﬂ‘umm e
HARA DI NAY TN NT Y nsAnENTlETN sz AeUEaanar gt uazianIuea (ethanol) GRRFGAG AT NE
mmmmmn‘ﬂmﬂu’lmmﬂm@uqu'ﬂmmuﬂ@umﬂmfm?fau antfuinasat AN aga LM B e R
winmlss (polysaccharide) wae mw\lumﬂmu qmﬁmamfamum@mu mmmmimlummumﬂgmm
aandiaduanslasiu (ipid peroxidation) AN FUNARA BT AT AausanT0sa 3R AnNs RELE LY
U3z UANAIAITRIRANTU NARBLINNITZANIARIALEAT patch test Lmmmmmﬂummuwmmmmmmﬂ
PN LANNINARBINLINEN AT AN IR LT et At Adtlen WaanLliuiiy 50% Taeds MT (MTd50)
wesfusuai 14 27.50% fl13sn0u Polysaccharide 5.58+0.03 mg glucoselg LRsNnuueansas 1.24 + 0.01 mg
GAE/g {1 SC,, 0. 59 + 0.07 mg/ml Uz A1 IPC,, 0.02 + 0.02 mg/ml a19a1A MTd50 gNUNNILATENATY
mmmmumum@mmmmm 1uﬂ@1MLﬂﬂﬂﬁ?iyﬂﬁﬂLﬂﬂd LAY qumqmu%ulmmmuuwmmmammm
90 1T FaruAR AT LA sdNana T Tld s aNTe9aN sAT AN IR LA 1A AnEA LN SRR

ARSI AN NaWl R

AdAty:  asaiadnnITReLTEN VBN ueLLABATT qwﬂummmmu NSNARELNNITEAELABY NTNAAEL
UseRvEnmiNANg T

AN nNgANEI9Y Jia ef al. (2011) wudnludnnsziasy
A A A A % .
Weaafiansdanidsznevlufon polysaccharide LUl
N9zia e UL 8n (okra) (Abelmoschus naRasaenang Ined galactose, rhamnose LA

esculentus (L.) Moench) Lﬂuﬁmé'NQﬂﬁﬁ@ﬁﬂﬂ?xuﬁm galacturomc acid @ﬂ“l,u‘llmmm 417 polysacchande
18 drfuuacfefuddden fqntezaiag musadi m]vmmmmmmmmmuu\ﬂm WANANUNILIAEL
AT IUBEUNEL 7] mmﬂﬂmﬁ'mmmmium fallole Wendaduunaareaanstlsznay polyphenolic Iagd
11 3 wan daneluvsnumas Tﬂﬂ‘i.lﬁ%fl%gﬂﬁﬂ@ lu hyperoside, quercetin, coumarin, scopoletin, uridine,
Hauneny Auluene wadaneousdudnddaanss phenylalanine BUWUS quercetin Uaz (- -epigallocatechin
Fanenq dnlAadniies darednumasiduay Aadnil eﬂqLﬂumiﬂi”ﬂ@umnmmmimmfauu@@mvwwﬂu
mﬁlﬂmﬂuﬁu Tnefnfdwilumanu ANY198E 5 neviAeien AnedailamAdenes kanlayavattanakul
Lmﬂu et ﬂ”mu@@uj @ﬂmﬁﬂ fndeui e et al. (2012) Wu41 polysaccharide TumA15ULa a1
deudazilaswduiiina annnsdnenaes Roy ANNFzennie R dounanaesiiannIzas @ en
et al. (2014) wmﬂuﬁnumm@ﬂmumum WATHINAR mmsmﬁuﬂmmju%”u’lﬁﬁuﬁ'ammmﬂmlﬁ@‘lfﬁ
AnwniznaNatun fnaeuilsaninu feluTnnsnaay WAL qumﬁfﬁ"ﬂﬁquﬁ’iﬁﬂiéﬁﬁwmmﬁm &N
WeaalansdnAny ﬂi:nauiﬂﬁqmw@aﬂqwémq ﬂi”L@?;l‘]_IL"]JE'J LAY ﬂﬂmqmmqmmwmmmmnm
%mwﬁlzﬁﬁﬁm \ 4 carotene, folic acid, thiamine, aNnNNsTIR LT 9 LWﬂmmwmmLﬂummmm
riboflavin, niacin, vitamin ¢, oxalic acid & @ ¥ amino meaqmmaqummﬁmummuﬁq uazteAR
acids wenanimdnresnsvisudindeganlilion  Aildaunauesarsaianszaaud o mageLly
WsAuuazlasiu Anvainsuanudanssmen @ eods anandalAseVARBLNITZANEIARY UAZNNIANANY
# palmitic acid, oleic acid W@ ¥ linoleic acid A1 N ﬁN%DuLLﬁﬁfmﬁ’ﬂ
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L aa
AUnTUUAzIaNg

AYUADUNITLATLNNT

. g Y .

UNANILR U AN T1B AN EN 11
NPUNWHIIUAT HIENAIAIINAZDIA TUARTUIA
ﬂa‘vmm 0.5 WURAWAT kaztintnaauedoullauiudie
mmmm 60 aeAadaa gt 19 2l azly
fnsTAELIEE AN TN ALLLIAALAZIIN et 1Ll
Tdumausiely

msanAR1sAAIANENNssRELd A3 E g
uintpeldldnnusau

FansaiaTlfauLlaIunaInABnIs1e9 Fan
et al. (2014) waz Manosroi et al. (2012) Taaundn
nsvintu@eafwion Bussyadlulvaufiounn 20
nfu Tnaiinisudndn 333 Ae 50 % ethanol, 95%
ethanol LAZENNAL S7191 200 TaFARIAeAaEN
uazindnnIzReUTaquitediudusngag DI water 1t
AulElugidu fgoumgf 4 asrnaaden udusinidu
AU 24 F2Tu9 A1nTuT N UULATe
incubator shaker 151141981 10 W17 N9asansaiaR L
AINN13MNALE 50% ethanol Laz 95% ethanol H1u
N32ATENIRY Whatman No. 1 LastinansaraRugusin
%81 DI water i lUuuenmznaudeLAias centrifuge
(Thermo Scientific, Massachusetts, USA) ﬁﬂqqu 139
381 5,000 7908 5 W7 Aol 25 asrnaides
tihansazanainsasldunssmesainazanaaaniag
Lﬂdil @ rotary evaporator (Eyela N-10 0 1
Japan) auldansananeny Wl fidu
FANARTIE (% yield)

, Tokyo,

nsafassaAyandnnssiRsudeswuylva
SAUNALALANNTDU
Fann2ainTifALaINANNABANIT94 Yuan
et al. (2019) Iﬁﬂﬁﬁﬁﬂﬂ?&%ﬂﬂ@ﬂ'}ﬁLﬁldﬁ‘ﬁluvlg’ﬁ‘]ﬁ?“ﬁ@\‘l
u aafiunaniFunns 20 nfu wasAnfazanelng
wtiepanii 335 Ae 50% ethanol, 95% ethanol uaY
DI water 1m3 200 HaAaRIAaA1aLN ANnTRATLH
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mm”i'au‘ﬁ'qmmﬁ 95 + 2 aaAnuraed A
3 daTus tansaind liannsaia diae 50% ethanol
LAY 95% ethanol N9R4HNUNTEANATAY Whatman
No. 1 daugnsaraféudae Dl water tinltlTuuen
PENELANLLAEES centrifuge TiAANKEA581 5,000 501
i 5 unfl figounndl 25 asrniaidaa iasazaned
nsecldunsymaianiazanteanfaaiAies rotary
evaporator@ﬂﬁ@’]i@ﬁ/muﬂ’m Lﬁlfﬂﬁﬁuqmwﬁ
eSS ustananil (% yield)

93NN Polysaccharide lusnsanansziaay
W89 A2ERE Phenol-sulfuric acid

33N 1A AU Aa4NN9INATNN9284 Jia and
Zhao et al. (2015) Tnemzanansannn N nd 1
Taanfusedadans i ldvaaananans sumg 1
Uanamns LANd19aa18 6% phenol UTum9 0.67
a aa ¥ a o a aa
Hadans udamnnIadansniEnimng 2 Hadans adlu
NARANAAD KaN 1A TuA28LATaY vortex mixer
(Scientific Industries, New York, USA) & 9 # 4 13

a v = v o o U

gounn e wWuan 25 uad wdatnlddndanig
AANAULAIT ANENIAAY 490 W TUINAT HoeLAses
UV-vis
Massachusetts, USA) i1 A7 ld N1 e udunsn
NMIFINLRIANTATANENg IAG iNBAIUIIMEHDL

spectrophotometer  (Thermo  Scientific,

polysaccharide

memBanaansiuadngan lugnsanansziasy
1 29lmeR s Folin-Ciocalteu method

RN AR AINNA1NIBNN3T84 Zhang
et al. (2006) TneA3eNas8n AR N Nd W 0.05
fadnsusedaaams Tulnansainiwdosly aslu 96
well microplate U3u1ms 100 lulAsams antfulAy
10% folin-ciocalteu reagent U3u1m3 100 lulnsdns
UAAN 10% sodium carbonate Lﬁmm 80 VLNTMM?
L iENTuANATS N mesesiauLa 3 91 Linid
5108 aflunan 30 wnd miﬂfmm@mﬂ@mmw
ANNENIARL 755 unTuAs BeLAied microplate
reader (BioTek Synergy H1, Vermont, USA) La 111
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oAy oA . - A
mw"tmmmmnumwxlmmimmmmmn WD
AUV T R AN TN

MINAREUANENTATuaY YR ATEAIEATE 2,2-
diphenyl-1-picrylhydrazyl scavenging capacity (DPPH)

Fnn9Tl AL AILNAINAE 113994 Manosroi
et al. (2016) InslsaeiaNsa T ATIE ANt 5 3ei
(0.001-10 RaAnFuABNARAMT) T8N ascorbic acid
il positive control RxN@Is0I19a U 96 well plate
Bunns 50 Tulasans 1in DPPH Aiazanelu 95%
ethanol 0.25 RaanFuseiaaans adll 50 lulasans
far el uiaan 30 undl Agnuvgdl 27 + 2 a9dn
waiFag il nAganauiiausnani 515wl
wms §asides microplate reader uatinANganay
WA L AN UMNAN % scavenging = [(A-B)/A] x
100 IAEAN ARBAIANAUUAILDINGNAILAN
(control) LAZAN B AEANAANAULAIIBINENFALBENY
(sample) mmfuﬁﬁﬂﬂw@@mmnWi:v]dN %
scavenging nazAnAN Il duesan et aiem
AP ey aaasil 50% (SC,)

n153iAs1ziA NdIN1salun1sauga lipid
peroxidation A28 T ferric thiocyanate (FTC)
Fanslifaulasunainisniaved Manosroi
et al. (2016) TneFranansana 5 AnNdndu (0.001-
10 RadAnSusAaNaRanNT) A F8N ascorbic acid b1l
positive control LA N @176 288198911 96 well plate
13 50 lulAsams anthuiia 50 Taan linoleic
acid 11 50% DMSO 1711 100 1adaRT LFu163 50
Tulnsans lHNa198zA"Y NH,SCN 0.385 Aaan3usie
Hadans 1Fu1ms 50 lulAsAng uazifis FeCl, 0.2538
fnanusiefinaansfiazane’ly 2.4% HCl 1iunas 50
lilpsans faralfidlunan 1 dalus ignavndl 37+ 2
asAmaides Tu 96 wel plate T ganALT
AINENIARAY 490 w1 Tuns TneAtes microplate
reader u&arinAganAuLasTTlEuIMA % inhibition
of lipid peroxide = [(A-BYA] x 100 InelA1 A Aa A
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AANAUUANTBINGHNAILIAN (control) WATAT B ABAN
AANALLANIDINANFADINY (sample) antiuriAlyl
NaaANIINIZUdN % inhibition of lipid peroxide uay
AnAadindivaeasiaeeng e ANANLELND
SLumaf;IVLIEI{‘i lipid peroxidation 7l 50% (IPC,,)

NIAIFNITUNARAUNANATULAR (emulsion gel)
Fag5lu Part A Widiniu wdqsinlddiaaa

$RUAUGUUYNDY 70-75 BIANTATEA AOELENAIN
581 (hot plate) il aguunH lFn1NA1MuARADE ]

GEY hydroxyethyl cellulose @ﬂuunmm Part A Wau
Tunandaeeao magnetic stirrer AAAN157 1,000
SAUABUNT AU hydroxyethyl cellulose WaNFQ mmi
4 Part B tanliidinriu Winansauaugnmning 75-
80 a9AIAITEd LAIMAIUNANTRY Part A aalu Part
B Al nan 1 ilinfuawduiledan seliduaci
9nunQ R 40-45 asrnuraiTes Aefaanslu Part C waw
auidudnsazanamaaiu maslugiunanaas Part
A+B punanawduileii ey uazaatinedoansly
Part D LAZLANAS LA UNANTDY Part A+B+C AUKAN
auduilaientu usmadluussqsinsiwiels i
Blugfuiiguuugdl 4+ 2 esrnma@og newinld
nagaLludumausiall (Table 1)

NAFALANNAIAITRINA AN UNDNATULAR

NIINARBLAYNHAIAILLLLTIAER AN
SauaauLiy (heating-cooling cycle) AALLUAINIANN
ATn13709 Jalpakdee et al. (2015) Tmﬂmimumi‘uv}
SEETATa 2 A3 Ae AnuRu llldansadadn
nsviReLdsauazRnSuRldansaradnnszReuden
wialdvamufiqudadael 1dlugidu 4 £+ 509/
aiEaa Wunan 24 $lug anntiuing 2 A3
Hauf 45 + 5 asAnaaifaa 3niluinan 24 Falug
Tl 190U Naday 7 sou Weasus1uauseL
ANUUARANN TR NNG A1Adamila @ nAu n1suen
1 Waeiilen VonARS T
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Table 1. Ingredients of the emulsion-gel formulation containing pod okra extract
Part Ingredients Master formula (Y%w/w) Function

A DI water 74.50 solvent
Butylene glycol 5.00 humectant
Hydroxyethyl cellulose 1.50 gelling agent

B Caprylic/capric triglyceride 5.00 emollient
Cyclopentasiloxane (and) dimethicone (and) _
dimethicone/vinyl dimethicone Crosspolymer 200 thickener
Glyceryl Stearate (and) PEG-100 Stearate 1.00 emulsifier
Dimethicone 5.00 emollient

C DI water 5.00 solvent
Okra extract 0.50 active ingredient

D Phenoxyethanol 0.50 preservative

m’iwma'aumiszmﬂLﬁmua:mﬁuﬁu%yuiu
NAANAT

MamageLTiFALaa AR Tes Limpongsa et
al. (2014), di Nardo et al. (1996) waz Kanlayavattanakul
et al. (2012) auanau Anenludszananguiaen T
fuenanasmsmandledoyen Ine 4w 15 A Afl
a1y 20 13wl Fgananinentoudouse ladlsn
UszAndn liufiansindvidertesdnensla 7 wazhlls
Wudns e etesdrensionnla 7 uudinud
NAADL 1um3v1mmu1ummmu mfaﬁsluumwumi
mmu@mmw 25 + 2 9ATAT B LL@mmmu
Furing 75 + 2% e 30 iiieunmegey Gy
AEN1INARBUNNTIZANELARIRI8AT patch test
UTuiewau Tnaldansmagaen Ae 3% sodium
lauryl sulfate (SLS) t1 4 positive control, sterile
distilled water 1] negative control, Frsuflaidans
afadnnIvinaudean wazsasuildarsadadn
nsviReL@enstenliBunn 0.3 N3 aslutinfen
U X1 LIUANAT WiENAedulsasuuriasuanide
unaene luuuan s lneusaziE U sz azinei sz g
1 TuRIRT Lasuleu B aeus il dn laiuin 71918
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w24 F9Tug anntfudad1A N AR TalEann
WaaetiadnANNLAIEn (skin color) AAULALUAY
NARDU zﬁ'quﬁdﬁmif?mmmuﬁu%”ummﬁq (skin
hydration) i 1N139A M 8 UM ﬂﬂﬂ‘].lﬂ'.)’ﬁllﬁ:ll%”u
LLI?'?HULﬁﬂuﬁumﬁmm@umwﬁﬁyu TnaIn1INI
NARATUTTAREL 1 A% Aa ARl ansatadn
neviReLT e A3 ldansaratnnIseuiTen uay
ﬁ?ﬁumamﬁm%ﬁLﬁummﬁu%”umwﬁmmmm E Ll
0.5 N5 13105890 LUALT 1x1 [IURLLAT ANt
faAnAvguduTiinan 15, 30, 60, 90 WAz 120 w1
mi‘wmmﬂu%wﬁuﬁ”iﬁ%umim‘éﬂﬁ Wa9aIn
ADUNITNNITATLFITNNTTN TN el NTNENQE
NeLen

NMTUAAINALASRD AT LT

ANTAN®INIIILANE LABILALNARS L
Usz@nE nmituanagud ol iada paired t
test Tunsilszidiung Tmﬂﬁmﬁmﬁﬁﬁﬂ;mmﬁﬁﬁmw
3 asTu 95% (p-value <0.05) waz M llsunsn 1BM®
SPSS” Statistics version 24 (SPSS Inc., Chicago,
USA) Tun19amseinaniean s
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NHANTTNANBILA 33@']‘302

MsANAATRIATYANANNTEIRLLLTEN
WanlFauiay % yield 1a9a15ainanngdn
NIZRLLIAENINLLN AN9aTANH % yield §947 2 AR
= o Pt = P o v ad
WIN ABATANAANNENNIURLL LT ANARLAT
Masiauna Ut AN uA8AINIAZaNE 50%
ethanol (RFA50) wazAN3af ARNENNILR LI 89 Wi
o Y aa 1 o 16) ¥ U b % o o
anmanenautminlae i lEpanusausiotfaniazans
50% ethanol (MTd50) TR AWINTL 27.65% WAy
27.50% ANANAU (Table 2) N3 ldiFanazane 50%
ethanol N1 13 A @178 Aaanun lulFuiuuIn a0
INUATENNIUNUR9 Chansukh (2019) wurj’]mﬂu
nNqu polysaccharide fiAanugnun 0 luN2azaNEn
dadudaiiazanafindalda uas mﬂun@u
polyphenol #Aaud@ N0 ln13azae ethanol R
% [ Aij = :/I va 1 o = o Y o O
wWudainazaneNeldq b6 e unu aann lsisainazans
50% @NNINANAANINN 2 NN AINaNaTnefiueanun
IaluBunnnnn Gedanasaefidudnai liaeeans
AR ANNNIN LAY

a3 uneue Polysaccharide lugnsanansziasiy
< ¥ a . .
LUeld MG phenol-sulfuric acid
dl a c @ g
@Wﬂﬂﬁ?ﬂﬁ]@'ﬂﬂLﬁJ'ﬂLLﬁ‘ﬁlULV]?;I‘].IL‘]J@‘?L“IIWE]
N’MJ@ FUB polysacchande ‘Lummﬂmmumﬂumm
‘VN 12 Finaeig ‘Vlﬂﬁu%mwﬁﬂ‘uLV]F;ILIﬂ‘]_Iﬂﬁ"WWN’W]ﬁ‘ﬁ’]u
mmmmvmmmmﬁmﬂqim WUINATANARINKEN
g a v dl o % aa 1 o 16) &
m‘:mﬂummumwmmmmmmumimiﬂmmfm

Saufaafaniazansy 95% ethanol (MTd95) &

wWefidusues polysaccharide §9gaAa 7.22 +0.12
%mg glucose/g TaefltBunniunnningnsasafiaia
#a¢l 50% ethanol (MTd50) wazansat AT AL
(MTdD) mN@anAL (Table 2) HeannAA0IiLNIUATE
184 Jia et al, (2011) Unx Zou et ., (2013) Bawudn
ansanafi @i néag ethanol i AN meumw Y
Lﬁmmmm polysaccharide TutFunaunnn il Lum@’m
ethanol 73] mfmmmummu@”muﬁmmnmvﬂfaumiw
wuldludnnszimanidaadaduls \an A
polysaccharide wnadnlivane e i galactose,

rhamnose WAL galacturonic acid

Table 2. % yield, polysaccharides and total phenolic content of pod okra extract

% Polysaccharide

Total phenolic compound

Samples % Yield (mg glucose/q) p-value (mg GAE/Q) p-value
(mean +S.D.) (mean = S.D.)
MTF95 2.70 3.91£022° 0.019 0.08 +0.08° 0.001
MTF50 3.60 0.58 +0.03" 0.033 1.26+0.01° 0.004
MTFD 1.75 0.13+0.02 1.41+0.02
MTd95 4.00 7.22+0.12° 0.021 0.07 £0.01° 0.002
MTd50 27.50 5.58 +0.03" 0.001 1.24 £0.01 0.256
MTdD 11.70 1.20£0.02 1.14 £ 0.01
RFF95 2.60 3.14 £0.27° 0.027 0.24 +0.06° 0.001
RFF50 4.98 1.07 +0.09 0.042 1.25+£0.09 0.067
RFFD 16.55 0.76 £ 0.01 1.14 £0.01
RFd95 8.84 7.14 +0.08° 0.037 0.02 +0.04° 0.001
RFd50 27.65 3.76 +0.02° 0.048 1.24 £0.01 0.062
RFdD 18.15 1.99 +£0.02 1.24 £0.03
Note: MT = Maceration, RF = Reflux, F = Fresh okra, d = Dried okra, D = DI water, 95 = 95% EtOH, 50 = 50% EtOH, * = significantly
different at P<0.05 between okra pod extracted with 95% ethanol and okra pod extracted with 50% ethanoal, = significantly different

at P<0.05 between okra pod extracted with 50% ethanol and okra pod extracted with distilled water
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n1sudsurud1sNuaansan (total phenolic
compound) Jugsanansziaaudianlnedd Folin-
Ciocalteu method

TunsAneliuauansiueadansaning
WU EUAUNIINNIRTINIRIAITATANNTA
wnaan (Table 2) TuasaAnsTRe L@ ganLdn ans
afpanninnsEReLEenan afndaeAanisudniag
11il% pansFaudansfamnazanemi (MTFD) R AN total
phenolic compound Q\‘iﬁlqm Winfy 1.41+0.02 mg
GAE/g Iaaiinnsziaudeniignaiafaeiafananaz
ﬁﬁ”’iLﬂuﬁ%‘ﬂoW@x@ﬂﬂ%ﬁ@ﬁmﬁiﬂ@ﬁm@’]iﬂ@im phenolic
aanunliluinnigs Wesanninduslalanau
arunsadinluUduiuvy lansanda fiaellu phenolic
compound MAx1n AN lfiasaiasananal UFunn
224 total phenolic compound mﬁyw,ﬁ’auﬁﬂmﬁﬂu
fugnsaranguiRaatufiaafanfafiiazas 95%
ethanol (MTF95) La ¢ 50% ethanol (MTF50) (Huda-
Faujan et al., 2015)

NENARALONENSETUAYYABATEAEAT 2,2-
diphenyl-1-picrylhydrazyl scavenging capacity (DPPH)

m@miwma@uqm'ﬁfr}]”]u@mﬂ@%mﬂuu@@m
naaed Taadannaua1unsalunnsfindn DPPH i
Lﬂuwsﬂ@%mwﬁwﬁq (Chen et al., 1999) a1nN13
NAREINLIINENIaRAANNENNIRELEENan aimdae
T2 lnatioundudaganueudiafaniazaneii
(RFFD) flAnAnudindiuaasgnsfignunsaniliinany
Winduaes DPPH anad3asay 50 (SC, )ﬁmrﬁ'ﬂ‘ﬁ'm
Wiy 0.15 + 0.02 mg/ml Lmﬂu (Table 3) @941
RFFD Wlugnsiaimadaein uqmmuaummmvm
fauLwaqu‘Lummﬂmﬁﬂﬂizlfﬂﬂummumﬂunqu
polyphenoalic 18 un hyperoside, quercetin, coumarin,
scopoletin, uridine, phenylalanine ﬂléﬁ/uﬁ quercetin
WAz ()-epigallocatechin a1NN1TANE1T24 Jia et al.
(2011) Wud’fimL@qmmi‘iﬂm%Lﬂuﬁqﬁm:mmzﬁ
Wuselalasiau dinluaunumylansanTanesansngu
polyphenolic “V]“ﬂﬁmﬁénfo};uﬁ@@ﬂmiﬁﬂ?mmmn
(Huda-Faujan et al., 2015) Farfusnsain RFFD 344

285

ﬁ”wﬂuﬁq‘ﬁmmwﬁ'mu’mnmﬁmmm@:u
polyphenolic @@ﬂm%mnﬂd’]mmﬁmm\juLﬁmﬁuﬁ
anmfiae 95% ethanol (RFF50) Wa e 50% ethanol
(RFF95) a1 ¥iansanm RFFD ﬁqm%rﬁm@w@%m:
nge

n1931As1z A NE NSl un1ST U lipid
peroxidation MQ8iAE ferric thiocyanate (FTC)
ANHANTIATEIA AN T0 s LE
lipid peroxidation #8131 ferric thiocyanate (FTC) 1w
maﬁnmqm‘“ﬁrﬁn@mwmﬁmlumm”ufqmimwﬁwm
lasiu A ni/jiseneandinduaes linoleic acid fiduriy
Tanzlaaau (Fe®) (Gulcin, 2006) Tun1snaaeanuIn
a3t AT A A28 1aZaNY 50% ethanol Wa DI
water H AL nduTe9a1 3T aun s lipid
peroxidation 155808z 50 (IPC,) 1 Tnsansainann
fnnsviae@enan mnmmmmmwnimﬂuhmm
i@uqum@“ma 50% ethanol (MTF50) wm IPC,,
m‘wm Wwinfiu 0.01 + 0.01 mg/ml (Table 3) Lum@’m
Tanzaglinszfuniaiiia lipid peroxidation Tneieinu
N3¥UIUNNT catalytic peroxidation 1841574 linoleic
acid (Knight and Voorhees, 1990) %\ﬂuﬂﬂmuéﬂu
d@aafianslungu polyphenolic Haniiffluilonale
W& (nucleophile) 7iAanuNsnANT LYY AD AT WAL
1fafafau°n'a\1‘£@u:‘171'mu’1mLéﬁﬂ’]iﬁﬁﬂﬁﬁ?m@@ﬂ%mﬁu
ﬂnmhuuim (Visioli and Gall;, 1998) M lfiansanmdn
ivmﬂummmmamummimm lipid peroxidation i

N1SANAISULAENITUSSLHUAMNAIFNTINNG
MEMNLAZNILANUDINA AN UN DN ATULAR
o = a Y A o u
AnsanmaninnIziRaugaLianan nfag
50% ethanol Aaedguwdndinlanaldldanqausau
(MTd50) TR aNIAATYGIUAZREMENINTININ
715 AadiFunnd polysaccharide WiNfu 5.58 +0.03
= a .
mg glucose/g UFu104 Total phenolic compound
Winril 1.24 +0.01 mg GAE/g A1 SC,, Winfiu 0.59
+0.07 mg/ml uazd A1 IPC,, winriL 0.02 + 0.02 mg/ml
Tnsansarinsinanlagnanaanuiduansddnlu
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Table 3. Free radical scavenging activity and lipid peroxidation inhibition activity

SC,, (mg/ml) IPC,, (mg/ml)
Samples p-value p-value
(mean +S.D.) (mean +S.D.)
MTF95 2.39 +0.22° 0.013 N/A
MTF50 0.42+0.15 0.103 0.01 +0.01° 0.022
MTFD 0.20 £ 0.01 0.02 £ 0.01
MTd95 3.95 £ 0.61° 0.020 N/A
MTd50 0.59 £ 0.07 0.071 0.02 £0.02 0.168
MTdD 1.11+0.37 0.02 £ 0.01
RFF95 1.19+0.14° 0.008 N/A
RFF50 0.17 £ 0.01° 0.023 0.18 +0.06" 0.021
RFFD 0.15£0.02 0.03 £0.01
RFd95 159 +0.27° 0.037 N/A
RFd50 0.49 0.05° 0.016 0.02 £ 0.01° 0.024
RFdD 0.92+0.15 0.04 £0.02
Ascorbic acid 0.02 £ 0.01 0.05 = 0.01
Note: SC,, = the concentration of 50% scavenging activity, IPC,, = the concentration of 50% lipid peroxidation inhibition, N/A = No
activity,” = significantly different at P<0.05 between okra pod extracted with 95% ethanol and okra pod extracted with 50% ethanol, b=

significantly different at P<0.05 between okra pod extracted with 50% ethanol and okra pod extracted with distilled water

A15URTATUIAA LHANINIINARDUANH L ZNY
NNEATNBAZAINNANF INIINILNINIRIAFUB N AT 1
A A < o o A& aa , \ P
1ANETANTUNLTN AU R Aaagullsauas T4l
QI aa 1 v A a A
naL AleTAaudi1duna1e Aa 6.58 HANANULA
27,735.33 £ 12.47 cP ansei AFunldansaiaid
WAANEAU HNAUBNIZUAIRNTAN ANNATARN A
WINFU 5.40 WATHANAIINNTIA 28,088.67 + 5.56 CP
pr P Lo o A o
wana i (Table 4) TINAMNAUAFINATATUNY TneIvia
dasmsulidnnsuenduin st unawnistn lineaan
ANNHANFY WATHANIINAGALAINASFIAIEA TLIF0s
fosnNTauaauLfiu (heating—cooling cycle) W41
naan1afunelfani1azidanfunwliinng
o Yy 2 iaa 4
wWaguudasni1emiunas weannisdasudag
& \ o o g 4 o = A A oa A
LANTAE A9UANTUN MM aNIan AL NNIZRL e N NALN
wasunlaudniies wazdnlasunladl unans Ine
Magean 1 fU N annsuandy JAA TLaTANNYA
anas lnuNsRsaaTeI A aq AWEd
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NMSNAFALNTIEAELARY LUANENFNAT
AMNNNINAFBLNTIZANELABILIFIILT 89U
Wunan 24 Falus TuaanadAswAn S 15 AL
(Table 5) W91 3% sodium lauryl sulfate (SLS) 111
Positive control £l AAYNLLAMIBEALR T Y ﬂ@’l‘wmm
nnerANEIARRd 1NN Tad 1Aty n19ad die
pRanieuneuuasdmageiiilunan 24 $alus
sodium lauryl sulfate (SLS) 1 U@1978 A L9A IR Al
Ao 3% Wedudatuiaunannu 24 dalus
agnusanalifinianisszAnsAasafiondels (di
Nardo et al., 1996) BanagaLiing sterile distiled
vvater Wu negative control miuwuiumwm AEN
nsviReL@en uazAnuldansadadnnsyiaen@en
Hasannuussesfinieuuasdmageyiliung 24
dala Ui unsre st bl Aeuuas Aeagd
IR linelfinannsszaemesiuRamislueananadng
%mfﬂmﬂﬁmﬁuﬂ’liﬁﬂwwm Kanlayavattanakul et al.,
(2012) nAgaLN1TITAeLABILURmIs luananddAs
12 AW WLFN gRIsnFuNaRiEiaainANazenaile
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Table 4. Physical and chemical stability of the product before and after the stability test using heating-cooling

cycle

Samples

Physical and chemical stability

Viscosity (cP)

pH Odor Color Separation
(mean =+ S.D.)
Before  After Before After Before After Before After Before After
Based formulation 6.58 572  27,735.33 25,660.67 - - - + - -
+12.47 +4.19
Formulation containing 5.40 5.02  28,088.67 28,064.67 - + - ++ - -
okra extract + 5.56 +19.60

Note: (-) = No change, (+) = Minimal change, (++) =

Moderate change

Table 5. Skin erythema evaluation in female volunteers before and after using the sample products for

24 hours
Erythema
Samples (mean +S.D.)
Before After
3% Sodium Lauryl sulfate (SLS) 9.0+1.3 11.3+2.4°
Sterile distilled water 9.5+1.6 9.2+1.6
Base formulation 9.6+1.5 9.5¢1.5
Formulation containing okra extract 10.1£1.7 9.8+1.6

Note: ° = statistically significant difference at P<0.05

Aa o = p ] =
NHAUNANIBNE AT ARNEANN TR LT N3
seANEIABI LRI

msnagauaNugaduluanaains
mnmmwmmuﬂizﬁwﬁmwL‘Wlmmmju
FurnBomiannfaf W Emudadoet, srsuinl
dansanndnniviaguden A3uiildansasadn
naziRBLd e me'h%umﬁmﬁmﬁﬁﬁlﬁumwiu%”u
ANNTIasAAA Uzt luenanadpsnAnNa1uIu 15
AU (Table 6) Tag i Ar09TR A NTUE I F LS T
Fannutinlu stratum comeum wudaAnFUTldans
aninnszeUdeniAnaugadueesiananndn
frsuiuilildansatadnnszideuidaoediei
WadAtynneans (P<0.05) Fausiaan 0 i 120 1
waznFURdansarndnnszmeLd el Anpnuga

Furesiofiudunnnni il i nwe ni ot
at 19l Ayn1eadia (P<0.05) Aiaan 15, 30, 60
uaz 90 unil esansnsuildautlsznenesansadn
fnnsviaeudenifidaulsznauass polysaccharide 7
A anauTAliaowguiulneduil dundeuiady
stratum cormeum Wazgaefi i BunLin TuRiande
(Kanlayavattanakul et al., 2012) vananiansaiadn
nszRBUEEndTidautlsynauaesans polyphenolic 7
ﬁqw‘ﬁrﬁm@um%m” dvralianunsndaelniesin
mnmimmﬂgmmmnmmmamw 718
LAILA A wﬂ@‘lmaiﬂmmvamL@ﬂmwmmumm
fovils Wudy feufugrsaiadnnsvideu @ ool
NG e b N polysaccharide LLaE polyphenolic ag
ﬁﬂiza‘w?imwﬁfmLﬂ'ummﬁﬁyummﬁwﬁa 1n413
afAnszARELT AR T gaRaTE]
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Table 6. Skin moisture in female volunteers using the sample products for 120 minutes

Skin hydration (mean + S.D.)

Samples
0 min 15 min 30 min 60 min 90 min 120 min
Untreated area 230.9+54.5  236.8+57.0 24624515  2352+48.7  239.4#50.0  237.4#47.2
Commercial product ~ 225.9+65.0  498.3+107.6  448.7+107.4  414.5:+87.5  3435:69.9  299.2+46.6
Based formulation 212.4457.0  369.1:109.5  327.7+81.8 2534564  241.9+546  217.6456.4
Formulation containing ~ 223.6£58.3°  400.6£107.6™  369.3390.0"° 271.6£57.0™" 250.359.4>°  225.6452.4°

okra extract

Note:

° = significantly different at P<0.05 between base formulation and formulation containing of okra extract

°= significantly different at P<0.05 between untreated area and formulation containing of okra extract

-

m'quﬂi:ﬂ@mmmizﬁf]ﬁm%qﬁqw%ﬁm@%@%mmz
ganunsndqedniesiaannuaniaznnauen N1l
AmiafianuuiausauaranunsAniLin R
mmfﬁ;ﬁ?ﬂﬁ (Huang and Miller, 2007)

aq1
q

ﬂivmﬂmwfuﬂuuuﬂummeﬁﬂwm
sz lne “lumiﬁnmmm waAATnNsTALL
9 N’]ﬂﬂ‘]:f’]t]‘ﬂﬁ wazWA AT uNA Rl

- o o A o p =
AIesdnens InaAnaendansananandnnIzReLden
wianaiafae 50% ethanol Aaedgwivsinine 114
ANERY (MTA50) Wus1HU3N104 polysaccharide
Winy 5.58 + 0.03 mg glucose/g extract 1 T
Total phenolic compound WiNAU 1.24 +0.01 mg
GAE/g HvBsinueyyagasy DPPH gaiign TnadiAn
SC,, Wiy 0.59 + 0.07 mg/ml wazdl A xnsnlu
n138u €4 lipid peroxidation ganqalnaiAn IPC,,
Wiy 0.02 + 0.02 mg/ml unduansdnAnyluaniy
fdadulan annn1nadauluaranadATnu I
NARA TN NG UNaNTB9813d A NENNszRe LT en
LinalifiianisszaeiAe uazaMsnIRNANTNTY
19U uLA RnTanaan N nA e unan 90 1w
a 5 a o fdl yva g o
aniananiugin il diudsznevaesansadadn
= = P = o a a

NITRELTeNTIl qVE N19Aue Yy asass Naae
nifasiaannuaninznauen M lRaRAMN T gL
WATAININA A 1nFUNIIWaBIIUIdE luaunAn

A sotiean A nEaa 1S W fund nsner
memmqmmmmaaﬂ@mmﬂmmmmmim ua
S LS AU AN FULAS RGN0 A y oh
duilsznaurasansdnAtyaniaassuni i

neAngsNUsznIA

10U UAUAILNITINENAIARTLATEIAND
AMTINATANANT HUINERENLIET AIUTUYULAE
an i lunnainedse
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