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Fruit Quality and Leaf Nutrient Content of Pummelo cv.Thong Dee
and Chandler Bearing Off-season and In-season

1IN NAULAY UAZ LWEUUNN ANTANAND

Sawika Konsaeng and Pennapa Jaksomsak’
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*Corresponding author: Email: pen_jak11@hotmail.com

(Received: 16 April 2020; Accepted: 21 September 2020)

Abstract: The objective of this research was to evaluate the difference of fruit quality and nutrient in leaf of
pummelo cv. Thong Dee and Chandler bearing off - season and in - season. Samples of fruits and leaf bearing
off - season and in - season were collected to measure fruit size, fruit qualities (pulp color; L*, a', and b*),
total soluble solid content (TSS), titratable acidity content (TA), and ratio between TSS : TA and analyze nutrients
in leaf. It was found that longitudinal and transverse circumference of fruit in - season production were higher than
off - season 13.6 % and 11.5 %, respectively. Similarly, fruit qualities; a, TSS, and TSS:TA bearing in - season were
higher than off - season 164.0 %, 7.5 % and 49.2 %, respectively, excepting TA that off - season production was
higher approximately 40.8 %. Moreover, pummelo bearing in - season had leaf nutrients, N, Mg, B and Cu higher
than off-season 8.3 %, 54.5 %, 12.5 % and 82.5 %, respectively. The positive correlation was found between a
and leaf nutrients which were Mg, Zn, Cu, and Fe. Likewise, TSS : TA correlated positively with Mg, Zn, Cu, Mn,
and Fe in leaf. This information could be benefit to apply for suitable nutrient management to produce the quality

pummelo constantly in all season.

Keywords: Fruit quality, pummelo, leaf nutrient, production season, carotenoid
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NARDILUL factorial 2 TTade Usznaumqs Tadeai 1
Toun Wugduladuiu 2 Wug (Wugnesh uaziug
6 &\ o dl v 1 a
wrusiaed) wardadud 2 ldun ggnianan 299
(wanng uazlung) 99ui 4 N99ans TuuaLNIIMAGes
ISR zﬁ d '& BT 704 (completely randomized design)
S 6 91 mmumimumamﬂﬂummmqm
NITUAR mJmumamqimfaummmmmﬂmmm
(youngest fully expanded leaves) ‘Vl@qu@nm‘mm 20
lusiesu waznadule 5uaseiu saniaguiiy
sretiwAnluilacliasesggivinesiedins Al
Ay xlung - Ang B uvisedng uasiFannes
271115 }A U (Table 1) TAANBH TN WAL IUIBING
AR EUIALNANNLUIFI LAZHUITING FAANNETNE
& v 4 . o
gaaiilanalneldiaTag colorimeter (Konica Minolta)
2eNNUNATLAN L a* Waz b* AN L* WANINANNEL N4
1 =K a =< =KX a o 1
NAN + L* udadiedeng auliia - L wananie@nn An
KX a A = ]
a* LaAdDaRALl e -a* 1Uaudle wae + a* @91 b* Ldna
198U R -b* ldwaes + b* dsetailanadule
WAu i edadsuNaeaninaraneunle (TSS)
anuAudNTesae hand refractometer ANNE1WIAN
mdoenduilefidus wazildunninsa i nmenles (TA)
el dsinAudulann mmamsaea1sazane NaOH 0.1
N 11A7 N1 AU UERIN491 TSS : TA Faasinaly
we9duTarnaneunguugi 70 °C luoa 48 dalug
upsnagngly vedranzans g laun ulasiau
(N) #2835 Kjedahl method Waanasa (P) Aaadd

Table 1. pH, organic matter (OM), and nutrients in soil of pummelo orchard bearing off-season and in-season

- H oM P K Mg Zn Mn Fe Cu
ime P

(%) (mg/kg) (mg/kg) (mg/kg) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Off-season 6.0 1.6 5.0 550 2,090 04 20.3 37.3 129.4 12.3
In-season 63 23 2500 2771 2,032 06 7.7 53.1 120.1 16.5
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vellow method Tusau (B) #283% azomethine - H
Tunaldan (K) wAaden (Ca) wunilid@en (Mg) wan
(Fe) #9n=& (Zn) warnaawad (Cu) B1UAAIE Fiaaa
atomic absorption spectrophotometer (Puranapong, 2005)
MaAsIdays
Amziideyalnednimazinnnuulalsou
(analysis of variance, ANOVA) lLB8ILIT EILANNLANFI
FEWINAN L'ﬂalﬂimil‘lﬂsf least significant difference (LSD)

NIeAUAMNIT AU 95 % LATAATIZHANFUN LT

(correlation analysis) ix'm'wq unndulanazan B
211191 ly

NANTSANE

AUNAUAZAUNINRARNIAN UG UTUALADS LA
nasATHARUEN wazluge
AINNLFELTELIEUINRUE Wudn 2170
LéfuifammmLmemmm@ﬁu‘ﬂ@%mmﬁuﬁ'ﬁ
LUTITIE BRI TRTEIY SIEEITPRURPUTILY AY P
AN LANF NN (Table 2) Tn8HaTDIWUE N0 IR N
AUIUNATN UL TINHINNANAUT UTUsLART 6.1 %
dwiumsuandulanangguayungiuasaiduseuns

v0anARATEIAIULART UAZANALLIT4 (Table 2)
N@é’uiﬂmimmﬂmimummluqmuLz%’m@mqmu
WWIFY UAZANNUUATI NN LA ueNG g
13.6 % Uaz 11.5 % A1na1ay Ineldnutljduiug
ausgndnsansdadeiidsesuinuazasdule
duReafuiudnenzAvenilenad binuyfduiug
FaNsTUdNaaestlade uinudn HANUANGTENINg
Wug uazdeszazinaInsuandule (Table 3) avidiu
IFdnuguaudiaes Taanududunsaeniens
mnﬂdﬁﬁuﬁ:‘wmmu%mmq@mamﬁm (Figure 1)
mmamﬁuifaluq@mmz%’u‘l?a%mmwvuﬁﬁmmvﬁu
%LLm‘LuLﬂfaN@mmdm’anqrg]faﬂ'qﬁmw Tnamdn
HANUANAINTENINAUG WA L uay a wslliny
ATHUANBEINNTEUI WG A b Wugneshian L
NNNIUGUEUAaes 5.5 % uinduiAn a Heand
103.3 % Lﬁ@m@ﬁuiﬂﬁmﬁmu@ﬂqqﬁ AL war b
snndnlung 22.0 kAT 19.0 % AN UULTA 2
vasdulediinnsudnluggdaruinndiuenggis
164.0 % (Table 3) A1NNANTTANHITINLIN AN TA
WazanINdau TSS 1 TA HAINULANGINIENINTUE
mmzﬁlvl,:iwumwLLMﬂr}iwﬁ?wdwﬁuﬂuﬁﬂ TSS
&FuAn TA wudn WugneashiAunnduausiaas

Table 2. Fruit size (Longitudinal and transverse circumference) of pummelo cultivar Chandler and Thong Dee

bearing off-season and in-season

Cultivar Time of production
Off-season In-season Mean

Longitudinal circumference (cm)

Chandler 455 51.1 48.3

Thong Dee 45.8 52.6 49.2

Mean 45.6b 51.8a

P-value Cultivar ns . Time** (LSD,, ;5= 2.2) Cultivar x Time ns .
Transverse circumference (cm)

Chandler 45.7 50.8 48.2b

Thong Dee 48.3 54.0 51.2a

Mean 47.0b 52.4a

P-value Cultivar* Time** (LSD,, 5= 2.2) Cultivar x Time ns,

Different lower - case letters designate a significant difference between means for cultivars or time with LSD at P < 0.05

ns means non - significant different at P < 0.05, * and *** means significant different at P < 0.05 and 0.001, respectively



AuMWaaLazLEusna s lulurasdnlanugvas
uazuguALaRsnAnuangauazlung

51.1% uifidnendon TSS: TAWeuNd1 555 %  uaz8ms1@au TSS : TANINNIIWENGG 7.5 Was 49.2 %
dmfuggnisuanszudiauenuaziugginase AINATIAL A9UNITHARUBNYRUUT A1 TA NINNGT
AN ndnlannansoue anviannananlungiA1 TSS  uneg 40.8 % (Table 4)

a) Chandler, off - season b) Thong Dee, off - season

Figure 1. Comparison of pummelo fruit cv. Chandler and Thong Dee bearing in-season and off- season

Table 3. Pulp color (L* a*, b*) of pummelo cultivar Chandler and Thong Dee bearing off - season and in - season.

Cultivar Time of production
Off - season In-season Mean

L of pulp

Chandler 452 355 40.3b

Thong Dee 459 39.1 42.5a

Mean 45.5a 37.3b

P-value Cultivar* (LSD, ., = 2.0) Time*™* (LSD,, ,s= 2.0) Cultivar x Time ns;,
a of pulp

Chandler 2.7 9.5 6.1a

Thong Dee 2.3 3.7 3.0b

Mean 2.5b 6.6a

P-value Cultivar™ (LSD, ;s = 1.1) Time*™* (LSD, ;= 1.1) Cultivar x Time ns, ;.
b’ of pulp

Chandler 16.8 13.2 15.0

Thong Dee 16.8 14.0 15.4

Mean 16.8a 13.6b

P-value Cultivar ns, o Time** (LSD, ,x=1.1) Cultivar x Time ns;,

Different lower - case letters designate a significant difference between means for cultivars or time with LSD at P < 0.05
ns means non - significant different at P < 0.05, *, ** and *** mean significant different at P < 0.05, 0.01, and 0.001, respectively

5
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Table 4. Total soluble solid (TSS), Titratable acidity (TA), and TSS : TA of pummelo cultivar Chandler and

Thong Dee bearing off-season and in - season.

Cultivar Time of production
Off-season In-season Mean
Total soluble (TSS, %)
Chandler 8.2 8.8 8.5
Thong Dee 7.9 8.5 8.2
Mean 8.0b 8.6a
P-value Cultivar ns; Time** (LSD, ,,= 0.4) Cultivar x Time ns,
Titratable acidity (TA, %)
Chandler 0.55 0.40 0.47b
Thong Dee 0.82 0.59 0.71a
Mean 0.69a 0.49b
P-value Cultivar** (LSD,, ,,= 0.05) Time*** (LSD, ,x= 0.05) Cultivar x Time ns,
TSS:TA

Chandler 14.8 221 18.5a
Thong Dee 9.6 14.3 11.9b
Mean 12.2b 18.2a
P- value Cultivar* (LSD,, .= 2.0) Time*** (LSD, .. = 2.0) Cultivar x Time ns

0.05 0.05

Different lower - case letters designate a significant difference between means for cultivars or time with LSD at P < 0.05
ns means non - significant different at P < 0.05, ** and *** means significant different at £ < 0.01 and 0.001, respectively

WBanusnamsiudiuludulanuguruniaas
wazvasATinaauan uasluge

AINNIITATIEUN AT A1BILTUUE)
arunsludauludule (Table 5) wudn adads
NINWUFNITN WazOARAR HuasalFuanisis
mmﬂu@'quiuLmnﬁiwﬁuﬁuﬂﬂ;ﬁumﬁmﬁm
21113 wh ldnul Jduiusdonseudneaeilady
ﬂ?‘mmm@mmﬂulﬂﬁwummLLmnﬁh\ﬁde
g lAur Ca, B, Zn, Mn way Fe (Figure 2) Wugnea
1381578 Cawnz Buanndnususians 18.2
WAT 11.2 % AINANAL mm:ﬁﬁuqﬁmum’mm‘rﬁ
UH10u816]) Zn, Mn uaz Fe NINNINWLENesh 25.4,
49.1 AT 60.8 % MINANAL 41UFUNAYNITHAR
Wudn nanae lung JHUsunusns N, Mg, B wag Cu
NINNIuantg 83,54.5 125% uaz 825 %
pANa1Ay uazldnuAa nuAnsinve9lIua
ﬁﬁﬁﬁlu"] fvae (Figure 3)

AMNANNUETENI AN INTIFNTa LAz E1R
2gludauly

ANNTIATNZUANNANAUTIZUTNAUNIN
ra9dulanarTuNniene1usludauly (Table 6)
wudn AN L HaonududuslufidAnieaued el
WednAtyiuss Mg, Zn, Cu uas Fe (r=-0.70",-0.41,
-0.72” uay -044) luanuian & Saonuduwus
luiAnnuanat198Wu41Ay fusns Mg, Zn, Cu
WAy Fe (r=0.58",0.43",047 uaz 055 ) A1 b &
ANANAUS U ANIvaUat 19l Tad1 Aty iusis
Mg, Zn Ua Cu (r=-0.67 ,-0.45 Uaz-0.79 ) A1 TSS
Haruduius luiAniauaniusns Mg, Cu uaz Fe
(r=0.45,0.60" WAz 0.46) A1 TA A9 NANW U1
HAn19auet 198 Tug1Ay 18 Mg, Zn, Mn, Cu
uaz Fe (r=-0.64 ,-0.48,-0.50,-0.49 uay -0.64 )
UAZERINEIU TSS : TAWLAN HAnuduwus luii a
nauanet el TEAATYAUeIR Mg, Zn, Mn, Cu uay
Fe (r=0.68",0.50,047,054 Wwaz 0.65 )
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Table 5. Effect of pummelo cv. Chandler and Thong Dee, time of production (off - season and in - season)

and interaction between two factors on nutrient contents in leaf

Significance
Source of variation N PoK Ca Mg B “n Mn cu Fe
(%) (%) (%) (%) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Cultivar (C) ns ns ns * ns * * ** ns x
Time (T) * ns ns ns Hoxx * ns ns x ns
CxT ns ns ns ns ns ns ns ns ns ns

* Kk

ns means non-significant difference, *,

N (%)

, and *** mean significant different at P < 0.05, 0.01, and 0.001, respectively

0.20 S

0.15

P (%)

25 5
20
15
1.0
05

K (%)

0.10
0.05
0.00

0.0

6.0 5 LSD
50 4
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Mg (%)

0.10

0.05:
b
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0.05

-U
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Figure 2. Effects of pummelo cv. Chandler and Thong Dee on nutrients in leaf base on significance which
were shown in Table 5 (different lower - case letters designate a significant difference between
means for cultivars with LSD at P < 0.05)
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Table 6. Correlation between nutrients in leaf and quality characteristics (L*, a*, b*, TSS, TA, and TSS : TA)
of pummelo cv. Chandler and Thong Dee bearing off-season and in-season

Correlation (r) N P K Ca Mg B Zn Mn Cu Fe
L ns ns ns ns 0700 ns 041 s 0727 044
a ns ns ns ns 0.58" ns 0.43 ns 0.47 0.55
b ns ns ns ns -0.67 ns -0.45 ns 0.79" ns
TSS (%) ns ns ns ns 0.45 ns ns ns 0.60" 0.46
TA (%) ns ns ns ns -064 ns 048 -050 @ -049  -064
TSS: TA ns ns ns ns 068 ns 050 047 054 065

ns means show non-correlation
. and  means show correlation at P < 0. 05, P < 0.01, and P < 0.001, respectively

4 4 LSD, s = 0.13 40 4 LSD, s =26
a
_ 3 3 30 b
= 2 © 20
= E
1 @ 10 A
0 0 .
020 - 20 -
015 —
— 9 20 A
2 010 4 E
= = 10 4
0.05 4 S
0.00 , 0 :
25 120 .
20 5 90
—~ 15 =
£ 2 6o
v 1.0 -
05 = 30
00 4 ' 0 T
6.0 - 12 a
50 4 LSDoos 05
—_ g J
40 o b
£ 39 o 5 |
8 20 | o
- A =
3
10 ©
0.0 . 0 T )
120 -
040 4 100 |
030 4 S 80 4
2 o
< 020 | £ 38 1
Y J
= 010 4 i
0.00 4 0 ,
Off-season In-season Off-season In-season

Figure 3. Effects of production time (off - season and in - season) on nutrients in leaf base on significance
which were shown in Table 5 (different lower - case letters designate a significant difference
between means for production time with LSD at P < 0.05)
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nianuianguqasin Zn, Cu wae B neluliiudu
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Chromosome Doubling of Habenaria erichmichelii Christenson
Using Colchicine In Vitro
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Abstract: Terrestrial orchids, Habenaria erichmichelii Christenson is one of the most beautiful terrestrial orchids.
Plant is compact with beautiful flowers and has great potential for commercial use as potted plants. Thus, effects
of using colchicine in vitro was carried out to double chromosome number of Habenaria erichmichelii
Christenson by soaking 1-month old germinated protocorms in colchicine at different concentrations, 0.0, 0.01,
0.025, 0.05 and 0.10 % (w/v) for 5 and 10 days. The protocorms were cultured on PGR -free MS medium for 4
months. The results showed that the chromosome number from root - tips of the control group were diploid with
2n = 2x = 42, the chromosome number of those treated with 0.05 % and 0.10 % (w/ v) colchicine for 10 days
were mixoploid with 2n =2x =42 and 2n = 4x = 84. Moreover, soaking in 0.01 % colchicine for 10 days gave
better survival rate compared with colchicine at concentration of 0.05 % for 10 days, whereas plant height

tended to decrease, stomata density was decreased, and stomata size was increased.

Keywords: |Improvement, Habenaria erichmichelii Christenson, chromosome number, colchicine
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Table 1. Chromosome doubling of Habenaria erichmichelii with different concentrations and exposure times

of colchicine subsequent to culturing on PGR - free MS medium for 4 months

Chromosome doubling

Colchicine concentrations (%)
5 days

10 days

0.0 2n =2x =42 (100 %
0.01 2n =2x =42 (100 %
0.025 2n=2x =42 (

0.05 2n=2x=42 (100 %
0.10 2n=2x=42 (100 %

2n =2x =42 (100 %)
2n =2x =42 (100 %)

2n = 2x =42 (80 %), 2n = 4x = 84 (20 %)
2n = 2x =42 (60 %), 2n = 4x = 84 (40 %)

)
)
100 %) 2n = 2x = 42 (100 %)
)
)
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Table 2. Survival rate of protocorms shoots of Habenaria erichmichelii after treating with different

concentrations and exposure times of colchicine after culture subsequent to culturing on PGR - free

MS medium for 4 months

Survival rate (%)*

Colchicine concentrations (%) Mean_ ™
5 days 10 days cone
0.0 50.00 + 7.90% 55.00 + 12.24% 52.50 +6.92
0.01 50.00 + 11.18% 60.00 + 6.12° 55.00 + 6.23
0.025 50.00 + 7.90% 55.00 + 5.00% 52.50 + 4.48
0.05 45.00 + 5.00® 30.00 + 10.45° 37.50 +5.59
0.10 50.00 + 11.18% 55.00 + 9.35% 52.50 + 6.92
Mean,, ™ 49.00 + 3.67 51.00 +4.20
C.V. (%) 19.36

Colchicine x Days DMRT (0.05) = 237.50

* Mean values followed by the different letters under columns are significantly different according to DMRT at p < 0.05

ns = non - significant difference

2. NAURSIARTTUADANGIAU AUIA ULAZATUIU
iiasanraanAasldRuRuTans ATy
NAURIAMNITNTUARIIART B UTINAL
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0.025 % ﬁﬁﬁm?{wmmmqﬁumﬁzﬁm 0.42+0.05
R mAs 398 AdNLANFNeTue e T Tadn Aoy
NINANG (p<0.05) demeuduinsinaasui
wta1saranalnadidu 0.05% HANgefuminiy
0.22+0.03 (Table 3, Figure 1)
mmmﬂﬁgﬁ”mﬁ’uﬁiwdwﬂ@ﬁﬂ
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2@ 8 020+ 0.06 LIUA AT LANANSAUAE 1T
Wead1Aty n19anF (p<0.05) (Table 3, Figure 1)
AAARBINUNITANT YD Tipvaree (2009)
Anwnaredlnaddusenisiiulanuazdnun
A Tnansesf109aaaulunun wudn
n1sldansazaelaaddumanuIdudy 0.05%
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Analiaoingesu Acanenaly ANEN99IN LAy
RMUIUIINAAAY
NRURIANNLTNT WD ART T UTINAL
STEZIAMNTUTADANNUUILUULRILTRA AN
RN RRINZAN
luanntnslneefufiliudansazans
TAaT Ty ﬁrﬁhLfaﬁlmmmm‘wmLniwuml,sma’ﬂu
mn‘ﬁ'@‘m 7720061 LIARABATNIINHARLNGAST
FedArrnunnsneiued1el Tad Ay nneada
(p<0.05) funssuAanutansaranalnaddu 0.01,
0.025, 0.05 LAz 0.10 % yaNAINHAIUINTUT U
asazanelnadaul 5 fu IfAled ALY
VBIIANAN 59.62 £ 2.73 LIARADAIINHAN AT
unndnsugansazanelaadiufl 10 5u laad
V']IWLQ?QIEIF'WWNMLLWLL‘liuﬂI@\’ILsﬁ@@r@N 56.70+2.31
VIARAARANTINHAALNAT (Table 4)
raveLfduNugsyndnatlads

WFIN1RE4 4 1B eu luanTnslnaesud
Tiudansazaalnaddu 32821981 5 way 10 95U
flﬂQWN‘M‘LﬂLLliuﬂﬂﬂL*ﬂ@@rﬂNLﬂaiﬂN’m‘ﬁZiﬂ 78.60 +
060 LAY 7580+ 0.58 LIANAAMAIINNNARLINAT
ATNAAL WANANNAUa WA Tad 1A N19anf
(p<0.05) ﬁunnﬂimﬁ%ﬁ'ﬁmﬂmﬁmmzm'fﬁm%%u
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sraziaan 5uaz 10 91 luaininsinae fuiiud 103U HANNUBIUUBLBUTARANAGA 41.20+
ansarae AT 0.05 % srazinan 59U uarluann 256 WAY 44.10£048 LIARAAN1TINHARLNAT

nelnaasunudansazatalaadcy 0.10 % FaZ9a0 ANNATAL (Table 4)

Table 3. Effects of colchicine concentrations and exposure times on plant height of Habenaria erichmichelii
after culture on PGR - free MS medium for 4 months

Plant height (cm)*
Colchicine concentrations (%) Mean__ **
5 days 10 days eone

0.0 0.32 +0.04™ 0.40 +0.10% 0.36 + 0.05™
0.0 0.24 + 0.06™ 0.42 +0.06™ 0.33 +0.05"
0.025 0.38 +0.07* 0.46 + 0.07° 0.42 +0.05"
0.05 0.24 +0.04™ 0.20 + 0.06" 0.22 +0.03°
0.10 0.26 + 0.07* 0.38 +0.03% 0.32+0.04°

Mean, "™ 0.28 +0.02 0.37+0.03

C.V. (%) 0.15

Colchicine x Days DMRT (0.05) = 0.01
* Mean values followed by the different letters under columns are significantly different according to DMRT at p < 0.05
**Mean values followed by the different letters of the same column are significantly different according to DMRT at p < 0.05

ns = non - significant difference
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0.01% 0.025% 0.05% 0.10%

Figure 1. Habenaria erichmichelii treated with colchicine at various concentrations and days after culture on
PGR - free MS medium for 4 months. (A) = 0.0 % colchicine (control) (B) = 0.01 % colchicine for 5
days (C) 0.025 % colchicine for 5 days (D) = 0.05 % colchicine for 5 days (E) = 0.10 % colchicine for
5 days (F) = 0.01 % colchicine for 10 days (G) = 0.025 % colchicine for 10 days (H) = 0.05 %
colchicine for 10 days, and (I) = 0.10 % colchicine for 10 days
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Table 4. Effects of colchicine concentrations and exposure times on guard cell density of Habenaria

erichmichelii after culture on PGR - free MS medium for 4 months

Guard cell density (0.5 mm?°)*

Colchicine concentrations (%) Mean_, **
5 days 10 days
0.0 78.60 + 0.60° 75.80 + 0.58° 77.20+0.61"
0.01 57.10 + 0.88° 62.00 + 0.98° 59.55 + 1.02°
0.025 69.00 + 0.57° 49.60 + 0.73° 59.30 + 3.26°
0.05 4120 +2.56' 52.00+ 1.78° 46.60 + 3.21°
0.10 52.20 +1.92° 4410+ 0.48' 48.15+1.73°
Mean,, 59.62 +2.73" 56.70 +2.31°
C.V. (%) 12.50

Colchicine x Days DMRT (0.05) = 342.39

* Mean values followed by the different letters under columns are significantly different according to DMRT at p < 0.05

**Mean values followed by the different letters of the same column are significantly different according to DMRT at p < 0.05

*** Mean values followed by the different letters of the same row are significantly different according to DMRT at p < 0.05

ns = non - significant difference

NATRIANNLTNT UL BILARTBUSAINAL
srazaIMsWIsanNNnIsaadannlu
NATANTIAR AN
TuannTnsinpesuiiugasazanelnadiu
0.05% flAeag1e9aanundreremadiinly
14.51+0.62 um wAnFNR Ut el Tag1 Ay neana
(p<0.05) wnninluaninalnaefuiliutansazans
Tna3au luanninslnnesufiutarsazanalaaddy
0.01 UA% 0.025 % uanaNHANUILTUTITaNTAYaAT
Tnagaudt 10 41 lAeasnun e ssadinly
13.12+0.34 pm wnndmagN T utansazane
TARTTEU 5 U (Table 5, Figure 2)
pavedunugsendnatlads

wFannaaes 4 1@ luanninslapasud
uiarsazaalAaddi 0.05 % seaziaan 594 uazly
aninslnaasuiindansazaralnaddu 010 %
sxeiz9an 10 Fu iR Aundrsressadinluede
16.35+0.17 W% 15.92+0.58 um & 38 AN UANANS
fuaenaldadATyneania (p<0.05) unnndnluann
TnslnAesufiutansazanelnadas 0.05 % sxazioan
10 4 luanninslneesufiudansazanslaadiu
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0.01% szaz19a1 10 51 luainTnslnae udug
anrazanalnaTdu 0.025 % sxaziaan 10 41 luain
Tnslnaesuiudansazanelnaddu 0.10 % sveiziaan
5 5u luantnsinaesufindansazaelnaddu
0.025% sveiz19an 5 51 Tuanninsinaefudla us
asazanalpaddu seazinan 10 34 luaninslnaasy
Audansazanelaads 0.01% szez19an 5 54 uAx
uanninslneesii iR uansazanelnaddu sveznan
5 $udaiAundereamasiinlueds 12,67 +0.16,
12.63+£0.62, 12.59+0.32, 12.05+0.28, 11.91 £ 0.43,
11.79+0.20, 11.74+0.28 Llaz 10.29+0.39 pm ANANAL
(Table 5, Figure 2)
NRURIANNLTNT WD IARTTUSTINAL
srazlaa MsudAanuenITatasnly
NAURNTIAAEINAN
Tuanninslnnesufiugansazanalnadd
0.01% WAY 0.05% & AN12AH189ANHE12T9
waalinly 4278078 WA Y 4545+ 2.64 um
upnAnanuaed1eldad1Ayn1eai @ (p<0.05)
Faunnndnluanninsinae fufiugansazanelnaday
0.025 uaz 0.10% uazluanninslnae fuilaiug
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a190za8TAnT T L uanaINES 1 uAIuTUR L
a13azanelnaidudl 5 5u WA leasANE19
gaiiaalnly 39.39+1.82 um NINNTIAINENT
gaumadinluiugansazaralnaidu 10 fu
iy 35.66 % 1.09 um (Table 6, Figure 2)
pa1ReLduiugsend1alads

MRINIAES 4 Aew TuanTnslamesudiug
a1razanelnaddu 0.05% srazinan 5 3u a1kl
AINEN98 0T AR NTUIRA Y 51.83+2.13 um
upnAeiuat 19l ad1 Ay nieaif (p<0.05)
FaunnninluannTnslnaesuiudansazanelnaddu
0.01% sxez1981 5 uay 10 51 luannalnAesii ug
an1aza12lAaTTU 0.05 % szazioan 10 91 Tuann
Tnslmpefufiudansazaralnaddu 0.025%
3vez19a1 5 uar 10 51 luanninslnpesud ud
an9azanalAaTdw 0.10% T28219a1 10 LAy 594
wazluaininslanesuiliudasazanalnadau
37871981 5 Uaz 10 §1 498l A9t aITa e
inlu Lftlalﬁl 4447 £0.66, 41.09+£0.94, 39.08 + 0.98,
38.58 +1.49, 36.34 + 1.36, 35.35+0.39, 33.29 + 3.04,

28.76+1.05 AT 26.45 +0.57 um AINANAL (Table 6,
Figure 2) Tael Fehr (1987) laaguneiaadunani
auanlAs T lmn i Nt wwing? Tasasariauis
P d?/ | o 13 A a
WNTU dewani launaeeslnlugnandnnedns
MuNTANAER 40AARDIALNITANEIUBY
Silva et al. (2000) Ansuani13tinunlF A A Twa -
- Y v a \ Y A
naauAveInale i uAnag) wudn Aundu
Anaass A NruiIbduaeal nluninndnfu
WATENABES WBNA1NI Chinachit and Sreemaung
(2008) Anuear9lpaTTUN N a1 sl ag
o . v va Q’/ 1 v v
26U ploidy TundaeldAu wynas wuga naaeld
a Qsj d’ v ol
Aunynasmdudunnsenasasiauindanly
warauamas AN nIAuANaRYs uiiAN
pusduresdnludesninfuAnNans M Wm0
fiu Petbanna (2011) Anmnisiisanuaugalas il
U va . .
gaanaaeldAnlunuan Spathoglottis plicata Blume
var. alba Inelflaadd unazeada1auluann
aanaide wudi Aulnlanaeadlauinmass
AN L ANeatn Ty auarAaelsnanasse
ARAN ANUIUIURARFUNINNTIAURANAREST

Table 5. Effects of colchicine concentrations and exposure times on stomata width of Habenaria

erichmichelii after culture on PGR - free MS medium for 4 months

Stomata width (um)*

Colchicine concentrations (%) Mean_ **
5 days 10 days
0.0 10.29 + 0.39° 11.79 + 0.20° 11.04 + 0.32°
0.01 11.74 + 0.28° 12.63 +0.62° 12.19 + 0.35°
0.025 11.91 + 0.43° 12.59 + 0.32° 12.25 + 0.28°
0.05 16.35+ 0.17° 12.67 + 0.16° 14.51 + 0.62"
0.10 12.05 + 0.28° 15.92 + 0.58° 13.99 + 0.72"
Mean,, *** 12.47 +0.43° 13.12£0.34"
C.V. (%) 1.94

Colchicine x Days DMRT (0.05) = 18.62

* Mean values followed by the different letters under columns are significantly different according to DMRT at p < 0.05

** Mean values followed by the different letters of the same column are significantly different according to DMRT at p < 0.05

*** Mean values followed by the different letters of the same row are significantly different according to DMRT at p < 0.05
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Table 6. Effects of colchicine concentrations and exposure times on stomata length of Habenaria

erichmichelii after culture on PGR - free MS medium for 4 months

Stomata length (um)*

Colchicine concentrations (%) Mean __ **
5 days 10 days eone
0.0 28.76 + 1.05' 26.45 + 0.57' 27.60 + 0.68°
0.01 44.47 + 0.66° 41.09 + 0.94™ 42.78 +0.78"
0.025 38.58 + 1.49° 36.34 + 1.36™ 37.46 + 1.02°
0.05 51.83+2.13° 39.08 + 0.98° 45.45 + 2.64"
0.10 33.29 + 3.04° 35.35 + 0.39% 34.32 + 2.22°
Mean,, ** 39.39 + 1.82" 35.66 + 1.09°
C.V. (%) 7.6

Colchicine x Days DMRT (0.05) = 74.50
* Mean values followed by the different letters under columns are significantly different according to DMRT at p < 0.05
** Mean values followed by the different letters of the same column are significantly different according to DMRT at p < 0.05

*** Mean values followed by the different letters of the same row are significantly different according to DMRT at p < 0.05

Figure 2. The thickness and length of the stomata cell of Habenaria erichmichelii after culture on PGR - free
MS medium for 4 months (bar 20 ym) (A) 0.0 % colchicine (control) (B) 0.05 % colchicine for 5 days
(C) 0.10 % colchicine for 5 days (D) 0.05 % colchicine for 10 days, and (E) 0.10 % colchicine for
10 days
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Life Cycle and Crossabilities of Eulophia flava (Lindl.) Hook.f.
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Abstract: Eulophia flava (Lindl.) Hook.f. has been found in Wiang Pa Pao district, Chiang Rai province.
The inflorescence was 124 + 32.5 cm tall and consisted of 35 + 12 florets per inflorescence. Blooming period is
mid - May to mid - June. At present, this orchid is rarely found. Thus, selfing and crossabilities of E. flava with 4
different species, E. dufossei, E. macrobulbon, E. pauciflora and E. spectabilis, and 2 genera, Cymbidium
aloifolium and Geodorum citrinum, were studied. The results showed that E. flava is 100 % self - compatible, it
can be used as female parent for interspecific and intergeneric cross with some species including E. dufossei,
E. macrobulbon, E. spectabilis, C. aloifolium and G. citrinum. Interspecific hybridization could yield good seed
pods with many seeds, whereas intergeneric one could give only few seeds. The chromosome number was
2n =54, The viability and germination of seed from various capsule age, 90, 120, 150, 180 and 210 days, were
investigated. The result showed that seeds viability test with 1 % TTC were 57.8, 91.3, 89.9, 89.8 and 98.5 %,
respectively. The germination on MS media were 8.4, 9.3, 14.1, 26.4 and 47.5 %, respectively. Furthermore,

younger seeds had longer germination period than older seeds.

Keywords: Life cycle, chromosome number, seed viability
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undnta: waewdludundaeliinulafiswnedawlulh Swindees Sdenenge 124+32.5 wufiuns
Hpantat 35+ 12 pansiete AENUIWTNNANBUNgHN1ANTINAReuR ey Taqiiunylfreudeias
AdldAnp N isalunisnandaeuasnand nves £ flava nundowld 4 98in 1dun £ dufossei,
E. macrobulbon, E. paucifiora Wa< E. spectabilis uaznantlds19ana 2 ana laun Cymbidium aloifolium
WAz Geodorum citrinum WU4N E. flava a813anansatesls 100 % uagldiduwdiugnandauiundaslsd
unetiim lwwn E. dufossei, E. macrobulbon, E. spectabilis, C. aloifolium was G. citrinum defniAnann
nsuaNdNaiafadnlAAN A UNAANIN muﬂﬂ‘ﬁlﬁmmnmimm'ﬁ’mm@ﬁmmﬁmﬁ@ﬂ auaulaslulan
WiINL 2n =54 N1INAABLIAMNNTI ALATAINIBNTBUNAAAINENEE 90, 120, 150, 180 UAY 210 Fu Wuan
pufiineandaiflanngandag 1% TTC Wi 57.8, 913, 89.9, 89.8 WAz 98.5 % ANATRL dauAINean
DUNAALUBINIIUGAT MS 1INIL 8.4, 9.3, 14.1, 26.4 UAT 47.5 % AINANAL uananigann wanane et
Maarlumssanuiundniudafienguan

o o @ aNa o Aaa 73
ARIALY: 2A3Ta6 Aulpsuliy ANNTIAIRNAR

AN wazrideasanisgouwug naouldana Eulophia
Anuluszmalnadl 14 45in (Chayamarit et al., 2014)
v v é v dl Yo a 1 a a o o U 1 o
nangldfidunilalullnenfldfunanuilian WARZTRANAN UL UBY Fi LATARNLANFNSAY
lunane °) dszina yarrresnannassldlunain Eulophia flava (Lindl.) Hookf. N30 11 & @ 4

Tandszunn 400 Sunisayanigy douniladu witadundaelfana Euophia 1finnilennulu
naneladlumFau (Department of International Trade sendlng TetaneniANdlsanLazinn Ly

Promotion, 2019) i@ sand Aaunainnane  dundaeldfinulusssuen i o eunediud
10984% 1u1n wazgUnssradnan i lWd A el Chayamarit et al. (2014) s1aa1u3 1w ula Tu
navsneRuuas fuleiug i W e dnwouza UhmilAuTy Fandanasysal waz Rungruang
pufidaanis ndaglduatesfaianiuainnse (2001) sresrudannlugnetuuveai i
Tunisuansdoey usueaiinaly gruntnan  Awmdaaniu Tnadanwoizaasadulemuduin
fFaealdFasiinisnanduduiindu uenanil  awnsnadeialuadlétles 1990 denendanege
ndaelddeflgmuantfnafeaiunnuandan 73170 wufwns nendand wmdesan 9- 41
aiinuazdnanals W Phalaenopsis x intermedia nanfade aanman luRaunHNIANTINUIEY
%QLﬂuQﬂmmui’mmﬁmﬁLﬁmﬁ?uiuﬁiwmﬁ war  dadeiifluanszmusesiuiulszansivanailade
Laeliocattieya Elegans 7\l ugnuandrnana  lhun nasduiuglazandemdaniunssugi
(De et al.,, 2014) mmmﬁuq’ﬂé’wimﬁmé’wqﬂ fullldann Wesarnwgandaslidaunnan
uanlosl wenanniteldusslonimenisd dafly nisRstueduanmesuanAasfatulddeudn
nsmeaLALatANFRINsTivaNuansTeatilna e uazaeningninanalnaunasdngie vinlinen
naauldana Eulophia dnaglu Trice  Waundudnuaziwanldias uananiinnsanaia
Cymbidieae Wa ¥ Subtribe Eulophiinae (Dressler, Tniluusasifndlddae t it
1993) Wlundas Ay (terrestrial orchid) 7iTlvaazay L‘WlﬂLﬂummm”mﬂmzﬁm:mmi‘l%ﬂizimﬂ
81117 WLNANN9A 200 TTiATTaTaN (van der Cingel, A9MFRNITANEI9993T9 A ANNAINTD IUANTHAN
2001) uazvangfiafieeudn duitafignanean daies wandruafiauazduanases £ fava
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1A TIARAZANNANNTA LUNTHENNUTIRINAIe il uAausille

nsAnEEaF g AR Nae9agdnaA N
F3nuazniseenveandn deazifluilslagiise
mmmﬁﬁuﬁmuﬂuﬁ’@g@ium@ﬁmmﬁmﬁmﬁ
seldluernAn

d a
aUnsaluazianis

s

TAAWUE T

E. flava (Lindl.) Hookf. uazn & el
drunaNd naiie l&un Eulophia dufossei, E.
macrobulbon, E. pauciflora Was E. spectabilis
daundaglifvhannandruana i cymbidium

aloifolium was Geodorum citrinum (Figure 1)

NI

Anunsasianluseu 1 D904 £, fava Awy
Tugnnadetid dadnimiaese Arauganile
seFunANzIAl NN sTaAM 630 AT UAT
Eulophia spp. 8n 2 1A fiunand iy £, flava
Fafluaiaivnenuazdeliinaisaeunisinm
wnau ldun £ dufossei waz E. paucifiora %qﬂqn
waziasy i uTnludamdmdaslud pruganile
srfUtzalszan 310 iR Inetufingaaaan
aanaan naaasylAulaniely wazniswnea
ANNANNTOLUNTHANNUE

) n1suannteluaide (intraspecific
hybridization) 284 E. flava Iaainnsaaisnyfoaile

Figure 1. Flower of Eulophia flava; (A) inflorescence, (B) leaves, (C) flower, (D) rhizome, (E) E. dufossei, (F)

E. macrobulbon, (G) E. pauciflora, (H) E. spectabilis, (I) Cymbidium aloifolium and (J) Geodorum

citrinum (scale bar = 1 cm)
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(hand - pollination) T4 24t9a1 9.00 - 10.00 1.
Usznaudan 2 n3suds Ae dresnyluduimaaiu
wazteeny gAY A1Ua 30 ABNFBNIINTT
LAYNAAAUNIIHANAILANTAS E. dufossei LAy
E. paucifiora Tneitineieny lufwiA 89y Aauau 3
AANFAATIA

) N1suaNd1NTR A (interspecific
hybridization) #1 E. flava NaNINTiaiL E. dufossei,
E. macrobulbon, E. pauciflora, E. spectabilis ha &
NANTHARUN BN (reciprocal cross) InaNaNd N
ae19eY 5ABNAAANAN NINIINNELTYLIAN
8.00 - 10.00 .

3) N1THANT N ana (intergeneric
hybridization) 424 E. flava U C. aloifolium uag
G. citrinum wenssnanafUnaus Tnanauday
ae19eY 5AaNARNAN NINITNIELTYLIA0
8.00 - 10.00 .

T nuan1smaaedaInaulnnausa
ReUTUSIUIUARNTT NN TH AN LA §1MFL
néoe A fidaemanuulinsetuazifusneiony
M1NAT209 Inpar and Potapohn (2009) U1 & A
QﬂN@N‘ﬁliﬁmﬂLWW::I‘LA'&N’]WTJ@@@L%@ LAZAIUIY
e usainasenannudafeenifaufus1ua
AATNZaMaA
IARNUEARAS

Anwauaulasiulanaes Fulophia 3
a5ip lwwn E. flava, E. dufossei WAy E. pauciflora
wreNglasaaead squash technique Amuwladann
Felix and Guerra (2000) Ta el @ n g a9i9anlu
N9 LA8t199IN (5.00 1., 6.00 1., 7.00 1., 8.00 1.,
9.00 4., 10.00 U., 11.00 W., 12.00 &. LAz 13.00 1.)
X B RA TR AT N Rl pre-treatment‘?‘]lmmﬁzmu 4,12
waz 24 $2lu4) TunismseniiedEatlanasnd
TunauFad fatatangis 5 ﬁ@ﬁmm pretreat
Ao 0. 002 M 8- hydroxyqumolln ‘Vl 7 WU q4°C
mwwm‘wmuum anTuutluansazan acetic -
alcohol fixative mmugu 4°C flwaan 3- 1240l
tasndamaafae 1N HCIﬁQmuqﬁ 60 °C

30

Wuaan 8 Wi uazedlanmaad aceto - orcein 1unan
30 ¥l
naraengdnaaANiTIAuaTNITENIBUNER
NN3ANHIAITNNTINUDINER (seed
viability) 1 mdnanndnildainnisuanfaiesans
E. flava a1g] 90, 120, 150, 180 uaz 210 74 UAAZTI
21¢%11 10 51 Tneinu s aldluanuus (petri dish)
UM URIUAUTNAN 60 HaduAT ULNAR
NaumanNIazane 1% 2,3,5 - triphenyltetrazolium
chloride (TTC) a<lil 5 Hadams Uael1a uLAILa 9
dlianeluiifle gruvgfias uinan 48 4alus
WAARRTAnAe WAnTfonRnd LA IS NLETe
TN LS AR A AR LA
Anwiniseenteaudalugninilanniie
(in vitro seed germination) Ta g WU ﬁfﬂ‘ﬁlﬁ 21¢ 90,
120, 150, 180 WA 210 U WA AUAIULAZA 19N
AauazanaiaunensiIdadasansazats 15 %
Clorox w1 15 417 annudredaanindudiile
sindeud 2 ass ”Lué’ﬂmm‘%@ aulWuazendn
Wi dnvanuaasluatuuda Mdeusnans
(spatula) TUNALANANINAA s LURIUNTTUG A9
Murashige and Skoog 1962 (MS) 19aas 148U
391w 10 990 Felunanmiziufausazdaseny
18N stus e daly 1 Fai vauun 1049
Lt uM AR AU AIzEeeanls
ufiiln grungi 25 + 2 °C 1funnawniulunisen
warA1UIILaFEURAIINIANAINATUIULNA A
FeansasnuumanTinEimn
ApziideyanwatAresilefidusinui
Fnuazilafidusniseannag ANOVA

NANSANEILAZIANTDL

1995 TIR

E. flava Gﬁlumim’%zyLﬁu‘ﬁm‘iﬂmmqmmm
TnawuAuludedangmeuiNE1ey ANnans
s N9 Ialy aenuuludasnananeu
WOEAIANTINAIA AU QUIEY fenanuiu
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Ieszazuilenluastntunaziainyiuinatnemnisa
. r - = Y 4 =
uasanaanisy Waluwigiulnlaszazuiieas
b % o 1 dl QI v 1 v A
afroialud ieaazane g luBuudedoswiuneu
WOARNIEULATYUAITIUNATGIvlate iR aw
woAanien Wuniadngseasinga (Table 1) Wanln
WauNTUAuNgne 5.5 - 8.0 [UALUAT 812 9.5- 135
VIUA AT LT WU U3 (rhizome) taa o luy
RasiaanianinluFes o) Wanianeguasqeazpas o
¥ ¥ dl a o dl 1 o 1 v
wislyl Auneanaenilinianysalsaiuattilas
590 10ABNEY 124 + 32.5 LIURALNAT HA1UIUAGN
35+ 12 Aanaada ANTNNIINTAIARN 82+ 1.7

a = A =
WURWAT (NNeNgUssun 8 LADU AIUANLAY
Uaeawmannlauradanuaziunlidanluduan
Funlmfunuaatly 3 -4 lu

E. dufossei in171a3ty A ulmimilafu
Wi 2 499 dagueniunisiasy i uinnieaan
Tnanaanunsaanaindanaialusinafrsluggnia
Ad1unn mnanazindunauuasinawunnlu
WausuINAN AanU Ldalang A autulINANd
MAUNNIIAN ANTNUURINNAQ T2 aaailu
nsasayiAulnnely lnemnluunseenundig o
v c 4 I &
Audenaniingas lunmeaany lulnaauun

A a A al a a 1 =&

wileaudananauduianuaziasoiduinsallauis
& g o~ Y o o
wauna1AN luszaziiazinisainainlndiieazas
81119 nasanugusiallasdalifinisasymule
wileAul¥iiiu aunszialinnseannanmiesald
(Table 1)

Table 1. Life cycle of Eulophia spp.

E. paucifiora Gﬁlumm?cy wulanivlunau
TnamsenluaiumieAuludeunqeniauuas
Al udouiidadunen Weluwiny iulnld
srarnilsaeBuaiainluluazunetanansnE e
nangIAN ABNUINIUIAAUAIUIANDIAULIAD Y
AueNau meﬁﬂﬁﬂmﬁ@quﬂ%mﬂu (Table 1)
ANANTO UM TURNNUS

nsuaNneluaiinuea £ flava wuqn
Wannsuaunialudunaznisuandu g adn
18 100% wama31 E. flava 18170 NANA109 6
(self - compatible, SC) WaZANNN1IRUNANTAALN
ATNEITNTNR WUIN LeRuaNisaRadnlauini
7 dnsiasy meﬁlmﬂumiﬁww% A LNAYY]
(carpenter bee) dudgarundasldvaseiai
Aud N lunanfaeala A 1 Cremastra
appendiculata wag Cymbidium goeringii ?ﬁld NI1TNAN
Faaileafnldunndn 95% veddnduianay
fiawedls (Chung and Chung, 2003) Hermdnanndn
818 90 JU WTLUNMIJUgRT MS Wudn wladiFust
NN9NANYINTL 8.4 %

NNINARBUNITHANAQLR9T8Y E. dufossei
WAy E. paucifiora Wuin E. paucifiora dnxnsanacinle
wazHAnANEdNang 60 41 A1N1TNIBNLUAIMNITY
4ns MS Hidafidusinnsean 5.7 % dau E. dufossei
wuqn Sl udnus naludnlddwan
Senarunsnfineguuugenaniduiu 2-3 e
anaifluli1g9n £, dufossel fuitafinansaedlalld

Species Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec
E. flava ———— —
E. dufossei S — E =
E. pauciflora —————— |l - -ﬁ | | ——

= Dormancy duration

= = = Flower bud emerges from the sail

= Blooming period
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(self-incompatible, SI) Wi utAaafuAnLlunaqelsd
wane 7 1iialuana Dendrobium (Niu et al., 2018)
e Sl dlunalnlunanilasiunisuansaias N1 lF

-

Had AN INUaIENIRBgnIen lua Wi
(Zhang et al., 2009) dounieidnilaun Mmﬁu&u
mm'f]Lﬂume:@@n%uﬁ@ﬁﬁmmn@luLmé fadlu
aafluufigasnszdunisafiauazninasoy o ls
109098 0g luitly wddraslddnisljausdn
Adsnumiuinldusluiiudn (Milner et al., 2015)
nsnandnsinuazduana wudn deli
E. flava \Juudiug aansananduiy E. dufossei,
E. macrobulbon, E. spectabilis, C. aloifolium waz G.
citrinum A ANl 60.0, 33.3, 100.0, 25.0 kAT 40.0%
AINAAY Lﬁ"aﬁ’]mﬁmgﬂmmLWﬂ:uummﬁuqm
MS wuan wefidusiniseanvindy 13.0, 4.6, 6.0, 0.0
LAY 6.9% AMNATAL 49UN1THANTL E. paucifiora

WAndn el £. flava uneviug anwnsouasdna
U E. spectabilis uaz G. citrinum findnls 100.0 Laz
40.0% ATHANA U Lﬁﬂﬁuuﬁmqﬂmmwwuu
21M39UgRT MS Wuan Hilafidusinissan 10.1 uas
41%puanay daunisuanduiunaoeldan
498m lUszauninugisa (Table 2) Inen1snan
dnaiinldinaunalvojuasinmdasnn daudnile
AannIsnaNdInanalauindnuasinmanlay
adefifnasenud i lunsnasdnivanelade
Torun @qquﬁ@’m’]ﬂLL@%M’]M%%?MZVT’]H’]@DI’]EL?%
Auaulpslulnn AN lndTAn e ugnesy uas
AN AulaszudnananwAfuasinaswALi g
(Krasaechai, 1996) u@nmﬂﬁmwﬁ%%mmm%ﬁ
nasensnANINAs AUl Sene ooy ilauysal
viefliesifuianuiidanfianiuluvialdnsdng
wwoydNmaals (Thammatha et al., 2016)

Table 2. Fruit set percentage of intraspecific, interspecific and intergeneric hybridization of Eulophia spp.

and alliances
Number of Seed
Number of Fruit set
Female plant Male plant hybridized germination
fowers seed pods (%) )
Eulophia flava x  Eulophia flava 60 60 100 8.4
Eulophia dufossei X Eulophia dufossei 3 0 0 -
Eulophia pauciflora x  Eulophia paucifiora 3 3 100 5.7
Eulophia flava x  Eulophia dufossei 5 3 60.0 13.0
Eulophia dufossei x  Eulophia flava 5 0 0 -
Eulophia flava x  Eulophia macrobulbon 6 2 33.3 4.6
Eulophia macrobulbon Eulophia flava 5 0 0 -
Eulophia flava Eulophia paucifiora 5 0 0 -
Eulophia pauciflora Eulophia flava 5 0 0 -
Eulophia flava Eulophia spectabilis 6 6 100 6.0
Eulophia spectabilis Eulophia flava 6 6 100 10.1
Eulophia flava Cymbidium aloifolium 8 2 25.0 0
Cymbidium aloifolium Eulophia flava 8 0 0 -
Eulophia flava Geodorum citrinum 5 2 40.0 6.9
Geodorum citrinum Eulophia flava 5 2 40.0 41
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a s 3 ¥ v <~ \
2995T9R u,azﬁ’nummsn’lumsmuwuqmmnmﬂ'lumamuuﬂq

lunns@nenil E. pauciflora wag C. aloifolium

Tdarunsnldidunsd Wuguand 1 uiy £ fava o

ufarazdlaslulaulndiAasiunazinulngddn
NRUGNITNARIN analumazInasnA ua e
Al anunsodnfuld Wesann £ paucifora
waz C. aloifolium TABNAUNALANNTN E. flava 11N
CREREETh nasanisvanaasnannsngidillly
F9la aampdRIiLNNTAN®I209 Pintajam et al. (2016)
W91 E. macrobulbon Wa¥ E. spectabilis 581141
IasTulznsneiuuAgurananduiuls neld
E. spectabilis {uwlviug w6 a4 £ macrobulbon
Wuudugazlifndn ilesann £ macrobulbon
Ananuunndnnan E. spectabilis 110 aeliviafald
W@nuazuAuNdviaaaenguieny Tunstlnesguas
YU E. flava x E. paucifiora, E. dufossei x E. flava
Wa e E. macrobulbon x E. flava @ N 414l €154
iesanndaananluniseenaenuansneiy nsiy
FnunsngaessunaRugiunan 7 -9 e 1 li
Wy gnydanauidan fennaeuauiain
mmwmmmﬁﬂavmmm Rodjanawijid et al. (2016)
‘Emﬂmmm‘wLﬂmﬂm%mmeuummmummu

2 % sucrose M NIRRT NAN 48 Folue wugn Tl
wogvanle wddraugi 4 °C aaunsaifiudnm
. a v X2 =
1904 989 Dendrobium UNeTHA LA UIUTS 8 LAa Y
(Inpar and Potapohn, 2009) wsanasialywnnzause
nsifiufnesnyaesndaa i ldluntmaaeadl
IRAWUGAARS
Tuduneunisnianuaulansinlanwy
Eulophia waazaialdaenanwnizanlunisiy
FORENNIINLAY pre - treatment WANFNNAY IAELIAN
Amsnzandusail £ flava Fusnman 7.00 - 7.30 1.
F1aan pretreat 24 FaTue Tuanish E. dufossei iy
$IN19481 7.00 - 7.20 U. pretreat 1 U131 12 d9Tu4
WA e E. pauciflora WiugIntaan 10.00 . pretreat
Wuaan 24 dalug
annn1asagauatuauiasiulay wuan
1 a 1 a o
E. flava aMNWAANEIINTINR 3 witad Hauaulaglu o
Wi Ae 2n = 54 M39rTU9189IUL8 Deng ef al.
(2009) AWUAIN E. flava ludlszinAauillasiulau
WinAL 2n = 54 @9uanuaniasinlanaes E. dufossei
WINAU 2n =54 WAL E. paucifiora \vinfiu 2n = 56
(Figure 2) a1uaulnsinlanvesndaeldainaun

Figure 2. Chromosome numbers of Eulophia spp. (scale bar = 5 um) (A - C) Eulophia flava from 3 natural
habitats 2n = 54, (D) Eulophia dufossei 2n = 54, (E) Eulophia pauciflora 2n = 56
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Yaunnanduiy £ fava Sl uded £
macrobulbon Winfiu 2n = 48 (Pintajam et al., 2016)
E. spectabilis WAL 2n = 54 (Pintajam et al., 2018)
G. citrinum Winf'u 2n = 54 (Thongsan, 2008) LAY
C. aloifolium Winfill 2n = 40 (Aoyama, 1989)
HALRIRE A NARANNATIALAZNNFIBNUDINAR
nmadeuAINNlTInaeandnlangls
TTC s slafimne ladenmnduns uazifuiisle
fime T nlAnd ann1smaans U9 WaRTeY
E. flava usiazdasengAnisfndunnsi e wdneny
905U Twanfianddy Andans uarlifng
annisquseteAnidu 12.8,47.7 uay 39.5%
MINANAL LHARDIE 120-180 14 daulueydausn
Adu daumaneny 210 9u doudwdniluwnan
48 alue ligunsoneafiuntsiad i uuileld
definnanugwaniily 72 $alus A9Andans
(Figure 3) AR NHTRARUNAAANTNENe 90, 120,

150, 180 LAY 210 74 Wiy 57.8,91.3,89.9, 89.8
WAT 98.5% A1NAAL mﬁmmnﬁnmq%uwf
120-210 Ju Hulefidusaauidinliunnsineiy
N194D A (Table 3) a9MAA@ITUNITAN A IU
Cephalanthera falcata 7 W 157 & aanl nang
50-60 Ju filefifuwnnadenfiade wiaaindn
ang 70-100 §u Andlduaniu waaanndneng
110 §u neufindnyslednnd lidaian desann
mﬁmma%ﬂu (inner integument) ﬁ@ﬁi@mﬁmﬁ‘ﬁ@
fdrnmnaudu uazwdnanndnany 140 fu bifin
Aden udidesenienaniziduuitanudlu TTC
WU MMLLMLM (Yamazaki and Miyoshi, 2006)
Waenmdnduuan (testa) uas mu\mmmuiu
fuasianistiondan TTC lumdafidesauasazans
TTC ansnsodlddaudnuslelaadudeanin
UIALAN LU JLUFLI0 suspensors Lﬁ'muﬁmmqmn
%?mzﬁmmmmmmmﬁﬂqﬁ%qmmﬂuﬁﬂﬁu

Flgure 3 Seed of Eulophia flava at different age, (A) 90 - day, (B) 120 - day, (C) 150 - day, (D) 180 - day, and

(E) 210 - day. Seeds with red stained in the middle were viable seeds (scale bars = 1 mm)

Table 3. Viability and germination of different seed age of Eulophia flava

Seed ages Seed viability Seed germination o
Days to germination
(days) (%) (%)
9 57.8° 8.4° 61
120 91.3° 9.3° 52
150 89.9° 14.1° 40
180 89.8° 26.4° 36
210 98.5° 47.5° 30

Means within the same column follow by different letters showed significantly different (P < 0.05) according to Duncan’s multiple

range test
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WIBAIA U z@'qul,ﬂﬁ;aﬂLmﬁmfuu@ﬂﬁmmmu
guasunazlanniu v liuiuseasazanald
gsnsnauEnwd llgaduusTeladne (Kauth et al.,
2008; Yamazaki and Miyoshi, 2006)
mamwmﬁmmnﬁnﬁﬁmmmﬂﬁiwﬁu

Tugn niaesimia wudn dneng 210 Fu Hulaifus

AYNNNBNAINAR (47.5%) 783aniIuineng 180 Tu

(26.4 %) @aulneng 90, 120 waz 150 F1 HilaFidus

PNNKNBNFN (8.4, 9.3 UAT 14.1 % ANNATAL) (Table 3)
sreizina Tunnsenleuuan wudn fnany 90 Ju
’L%mmmﬂmuﬁ'zgm Aa 613U doudnany 210 4u
lfnanlunisean 30 4u (Table 3) W uREaiy
Habenaria rhodocheila Hance finudn w&aanndn
aguInatnsosanldanazifondnuanaindn
ang s nsdnwdngeullinizdesldnaiimun
duuileseauiisgaiinfansanainlfeand
(Piyatrakul, 2004) Tumapsariuduiundaslsdan
uregiafwdndeuiuduuiledelalngud
aunsnsenluanindaenideldisandnmdnun
(Godo et al., 2010) i Calanthe tricarinata \WAABR1
flLﬂ’ﬂﬂ%uﬁﬂ's’m\i’aﬂLﬁN%uLﬁ’ﬂﬂ’]ﬂMWﬂ%u WFLNARA LA
inAndusenlgenas iilesann ABA Fafluansdue
mm?tyLﬁu‘imﬁﬂ?‘mmﬁuqﬁundﬂumﬁm@j@u
5111 (Lee et al, 2007) luna 'l Dactylorhiza
maculata WU WRAWAH ABA {NNdNAnEan 14
Wi (van der Kinderen, 1987) ABA luin@vinuiindi
AUANNITLAYRENLTIe N1sWNFAIuaTNI998N

(Lee et al,, 2007) uxid11/38104 ABA AazRlANENNUE

. « D e e A
AUNNTNBNIAINAA IUNARANAARY LFNAN1TAqe RN
AIUAFANITIAN U NIV WU ANINEA R
(seed coat) asinalsfimnannasslfurazaiing
ANV TRAULABNINA AUALADUANTTR N3 THE
299UANFNAU Uaz ABA Tuimananalildinlig
NNIWNFD FRFINANTTUNDNIINTEANEUBIADF LN
TumaswazAuN U8 mad A aaaFluuI N A9E
(van der Kinderen, 1987) @4l14n199 A8 09 LNE A28
d‘ a @ a d‘ o (=3 d‘ v o val
E. flava Mg nHBNLF e wmuLAN N wa291 19
ANHNFaNazaan lF3NdINARB R
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E. flava innsasry i uindaslanaihai
wesulngeannannanly penuiunaiwfen
WOBAIANTINANAE U WY mn&u‘l,m:quﬁq
lumausuaian auaulasTulananss £ flavaain
VNUNAIHAIUIUWINABAD 2n = 54 HARINAINIID
LRGN ] u@nmnﬁﬁﬂﬁﬂuuﬂﬁuﬁmmu%mﬁm
wazdananals Tnaainnsonaniy £ duofossei,
E. macrobulbon, E. spectabilis, C. aloifolium W8 e G.
citrinum 8 9UN1sHANTU E. paucifiora 1 & adn
dolne) i nandadnlddunadnismaulasiuloy
windunsaduusdwugiaruaulasiulauuinndn
uenanidnfiiaanmsnandseiaazinmdals
unn widnfilfannnnsuanduanaazinudndes
ANIHATRAAUAZAIINIBNTBINAR E. flava kil 91
mmmqmﬁmﬁﬁu"ﬁ”u

neAngsNUsznA

29281AM HINEIAtNATUTAT NTHIAA
%mumﬁ’nmﬁumumiﬁﬁ@?ﬂ LAZIRUDLIAD
Anase TANN9IM uaz @mu&iuﬁuwi’ﬁﬂﬁw*ﬁf 7Bl
anuTuazfiuglunefneidy
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Characteristics of Biochar Derived from Cashew Nut Shell and

Potential for Acid Soil Amelioration

walld uganal’
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Abstract: Uttaradit province is the largest area of cashew nut (Anacardium occidentale) production in Thailand.
The average yield of cashew nut is 5,000 ton in each year. Cashew nut shell, is a waste of community derived
after shelling process, produced 3,700 - 4,000 ton annually. Presently, some of cashew nut shell has been
exported for industrial use or compressed for cashew nut shell liquid commonly known as CNSL. Although, the
crude of cashew nut shell still remained problematic and should be upcycled. Biochar obtained from cashew
nut shell was studied about its benefits for agricultural application such as a soil conditioner or plant nutrients
resource. Therefore, the chemical properties of cashew nut shell biochar (CNSC) was characterised. The effect
of CNSC on changing of soil pH, EC and mineralization of some nutrients was also investigated employing
liming material and FGD gypsum as a benchmark. The study showed that CNSC has pH of 10.3 and contains
mainly stable carbon (57.71 %) and 3.24 % of K. The efficacy of CNSC is inferior to lime considering from the
rate of CNSC between 10 - 50 times of LR were applied in order to rise soil pH. Potassium was the main
component of CNSC that play a key role in decrease of soil acidity. Moreover, available P and exchangeable

K were increased after CNSC application which has not effect EC values.

Keywords: Biochar, cashew nut shell, acid soil, soil amendment
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UNAREa; ﬁwﬁmmﬁmﬂﬂmmmwaﬂQrm:m\iﬁmwmmimm‘lm&iﬁzgm‘umﬂizmﬂvlmm HNaNAALNAAN TN
Aunuslagiade 5,000 fusell MuudiaInnszuaMINENTNERa wWasniumaansieiunueiiy
veadaguTlazans 3,500- 4,000 fu Taqiildinistrdniannismnseenueniuiivieinsdusamini
(cashew nut shell liquid, CNSL) Lﬁ@ﬁﬂﬂhﬁ‘luﬁmmmmm nIzUAUNIIAINAREALAININTaLLAanN
Luﬁmuzm\iﬁuwmﬁﬁai”’mﬂagm*’ummmuﬁfiﬂLﬂuﬁmmLme\‘imiﬁﬂﬂ%ﬂaszﬂ amAdeiaddtinnni
wWasndumaanzsasiinniusuduingaulunisvindiusionaw (cashew nut shell biochar, CNSC) waz@nun
nsldlssTamiimianisinems Wy a19U5utgenu uazunassnnamnsing ﬁqﬁuﬁqﬁqmimmmuqmmuﬁﬁmq
i naweansld CNSC Aeniaiwaauuilasen pH, EC waznistlanaeasinaimnsivg taelduanouaziildu
lumaufauifiey uan1sfine wod1 ONSC fansuiifdusnednlaaiien pH 10.3 uasfinnfeufiadondy
asrilsznauvan (57.71%) Awunaduudusigermefinuninigaie 3.24 % dez@vaninlunisilsuan pH
2839 CNSC #aaninyuriaiansanaindnsinisld CNSC densulfun pH m@qﬁuﬁ@f;ﬂwﬁfw 10-50 N84
LR e nunadesdaduanleseuiiduwiaiuiaded Anyivi lranuidunsalufiuana wenanil nnsld
oNSC dataenfinanuidulslinfemaanesauas nunaduuiiuanildnulalog lddsuasiarnaiwin

ARIATY: TIWTINN WRBNMARNTNNNIWE Aunan anstfuilpemu

AN drudanan (biochan \ludanfitiu

nezuaun s lud faaaninsiideandaunn

Jandngrsindiduunaanizlgnuzaiog w3a nezuqunisinislada (pyrolysis) Tnadmnmu
funudunaclng Aqaaedszmalng AAu Alossienlddoulng Tt wesdenansnens
wnzilgn 27,286 15 daulunjiduniswazilgnuuy i S99 e weld unau afinaesdiudonan
ety anmAaulANMTuNIAdnguus TAq1is. 9UA289AUW LATANTWLIARDNNINAY HNAse
Nedafun Ui NaRAR TN 7,192 A1 (Uttaradit miﬂ@mﬂ@'@ﬂmﬁlmmiﬁmmemafl,ﬂﬁ'ﬂuuﬂm
Provincial Agriculture and Cooperatives Office, 2019) ANAHL LN AR89 (pH) Liw nnsldanuTanw
mwzﬁ“\ﬁmilﬁuLﬁ'mﬁm?ﬂ:mﬂzmﬁmLL@zLLﬂ@gﬂlu andadnalne §ma1 25% lnaiauin ¥ialst pH
i Lfi’ﬂﬂ AV RE Lu@“mLLﬁquiﬁLﬂﬁﬂmuﬁm%uﬂu m@qamﬁu‘-ﬁ”ul,t,mzmm?umm?m; WU TRaanwsn

gLl LM@@VNVINT]’]TLHHM?LL@ ‘“NLL“L&’JINJJLWQHJHV] nil ﬁﬂ@uﬂ‘l,uﬁw,ﬂ?”m (Pearaksa and Saeng-ngam, 2018)
Lu'a\ﬂmnu NAHd il Sufuiiaalfudanazann  luanefinnslddadanamatnunay §ae 2 dusiels
nspEe i fnzilgn Taqufinissanisulden IuﬁuL“f'IfaiJ‘ummwﬁwﬁq N lAAUTAT pHanag
wanadeunsdudaieadaduintui Fandn ANURE LAZAUATUNITATANTIRLUANLASNDIUAY
cashew nut shell liquid (CNSL) Svineeanuani L Tuwanda Inan1sanasaasmn pH TAnINLNg
dei Ul ddslunlGegnamnssy wienwde  Anarnardueuiiduesddsznauludiudanan
'1'7{mumiﬁu'é”mLmﬁf]ﬁu@ﬂﬂLLﬁqgnﬂdaﬂﬁﬂfﬂﬁﬂﬂﬂ azaseanuuazilasulasairaidunsnanuein
AanEANTINTNR Taisndn ez 2,880-3,120 5114 (H,CO,) ﬁ@uﬁ%lﬁmﬂﬁﬁ?m Hydrolysis siaatnanaiili
(Klaichom et al., 2017) WEnAaamINaN e usinunmi Tupnsusalasau (HCO,) uazlalnsiaulanau (H')
levain ilegann Waenmdauzdaeiiunusedl (Leksungnoen et al., 2017) Tnugiinslddudanm

CNSL nelanaamaaag daonnidunsaguuss uaz  anlkigan@lsa dnen 500 Alaniusials TwAnunds
WuAemaRami (Andonaba et al., 2017) N lf AN pH 49w wasduaadaniuanlasuls
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anantRrasudinwanilfanuianzsinsinnuiuas

Anugansalunisdsuilssnunsna

veanaianidulslomifaiy winn liaunsedng
Tudin Tulnsiausiann uasnunadenfiuanwde
Inanad drudaninduasunisasimuinuesdin
Tug29818 30 WAL 45 TUNAIUI1WT19 i lusees
70 Sundardnundunudn drafinnsazansinminuts
29939NARAd (Manaonok et al., 2017) aziiulaqngnu
Fonnusasalaiuafani pH 189AY Maulaenulag
memm?zyLﬁuimmﬁmﬁumnﬁmﬁu Fravfu M
dflnndszasiilefnmananiRzesdnudanim
andaanudanziBiunius LasllTeuauna
2093 M oudan Al aenuf anzadasiuns
ﬁumi'ﬂi”uﬂgqﬁumﬁﬂﬁluiumiﬂiﬁﬂgqauﬂmLL@:
muﬁmﬂ?mmmammﬂuﬁu

4 a
AUnsaluazIang

desanamuantiuazacuaiuisnly
n17U5uAN pH 229 CNSC alinauuiddn aadan
Japuiudgehunieuaaaiy CNSC ludan
il usnedn winaua usnlunislfuan pH

Table 1. Chemical properties and methods of analysis

HAonuane iy ldun Juane wasidduuas
AnazinuaniRaesianliulssdiu laun A pH
AU AN (EC) ANFLAUT I A N80
O EPS ROTT, LL@L’;‘JJ‘?]ILﬂuﬂﬁ‘ﬂﬂ‘ﬁﬂﬂmﬂ'ﬂ@ﬂ'ﬂ?@
Tnunades unadonuazuini Gesiuanianuld
sandapmaaIsnlunisuaniaaulszquan (CEC)
WAY ANANYALAALEENAITLIEA (CCE) (Table 1)
Aaudnhlldlun1maass Jaglfulgeduynaiia
ATUINITRULIUAZUNTITOUIUIA 2 HARLNAS
wanth llaudaagnunni 105 °C awiminah
mam’?mwﬁ”@Qﬂ%uﬂ@aﬁuﬁ%ﬁwmwmﬂu
vl denwfanzaiaeiuniusidudaien
dnsueenudanmidaanszuaunisinislada
wuudadangnunfisanda 500 °C nsieadau
panatain liifanudan wilsennns 35 % wanas
Flfdunmdanimanniaenmdanzaioaiiamius
(cashew nut shell biochar VEG CNSC) wlBauisuny
FanUiulgenuldun 1uana (slaked lime vida Ca(OH),)
uaraildudamsei (flue gas desulfurization gypsum
39 FGD - gypsum) 1 4Asn19tAilAa CaSO,2H,0

Chemical properties

Methods of analysis

pH pH meter (soil : water = 1:5) *

EC Conductivity meter (soil : water = 1:5)*

Total C and organic C

Total P

Total K, Ca, Mg
(AAS)*

Available P

Dry combustion and Walkley and Black (1934)
Nitric - perchloric digestion, Vanadomolybdate method™*

Nitric - perchloric digestion, Atomic absorption spectrophotometry

Extracted the soil with Bray |l and determined calorimetrically

using molybdenum blue method*

Exchangeable K, Ca, Mg

Extracted the soil with 1M NH,OAc pH 7 determined with atomic

absorption spectrophotometer*

Total S
Cation exchange capacity (CEC)

Nitric-perchloric digestion, Turbidimetric method*

Leach the soil with ammonium acetate method at pH 7.0 followed

by Kjeldahl Distillation*

Calcium carbonate equivalent (CCE)

Titrimetric method* and Erich and Ohno (1992)

* Therajindakajorn (2009), ** Suwanwong (2001)
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=

FalunanaaslaainnszuIun1IN13 ARG
Famasinaanlasuaalesliwnlda 1 uiudlu
1TeImnas (Kaweewong, 2018)

g mfunislseuineunaesansliulge
o e 4 oa o A
AunisaninasuulasuaniEniaaiaesny
wazFunaisngainisiidutlszloasd Aunldlu
ANINARALNLAINA AR 100.93824E, 17.819018N
e . - .
nunmnzgnanegluganuidnsede (Coarse - loamy,
siliceous, subactive isohyperthermic Typic (Kandic)
Peleustults Lﬂuwuwmmummu (slope complex)
AfinnsTy A19AUGY deAusaulune dlevrdu
NAAsziAMANTANIGAN (Table 1) WUFY AUl

A" pH 1UNIATANIN (4.95), AN EC 0.04 AaR a1l

FRLTURALNAT, AYINABINITLU (ime requirement: LR)
Wiy 1.1 fusials SaenlngldganaaauAuiimm
TnaAUINEATANERT NuRneaedeslud U
AsafARUAENEN Woodruff buffer §1usut3unny

51687113 luA Y wudn AneavesanidulssTaal

342 aanfusenlansy, nunal@en, unaldaw
wazunniliFeufinandsuld 228, 818 waz 221
gaansumanlansu puansL

Faunisanaaaslnanistediu 100 nu
ldn1ruznanafndulIuguaNas 6.5 EURWA9
44 9.5 uRiumg udafeTaniulgeiunusmad
nvunalagfansu1aInAn CCE 1098135 uL 3951
wiazTiln 1MW Ema0 LR m@qgumiﬁimﬂﬂ 0.35 i
HaNAqNAA1A LAWY WAZLANTANAY 20
faaans dafduliunaia i aud Ao g
LWmw*aﬁﬂ”ﬁﬁﬂﬁﬁ?mﬁumaﬂ%uﬂNau Flalta
mmmumﬂ 3 qu Imwmamwwnumuﬂwmﬂﬂ
LEA NN FUA U N A a9 R KA mTn AT
nauldvinadlilafausn

TIUHUNITNARBILL UGN ANY T0d

(completely randomized design) A1 4 41 I9Ne
10 N3INAD mu mmu ﬂmm fl1ld3 waz CNSC 8590
LR, 10LR, 50LR aniuAsRan Nl asuuila
ARANLRAYW LT pH EC agvlaFafdulselog]

TWunamaN wAamaN waskNniideNnuanilasuls
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(Table 1) mwz\i”\wmmﬂzﬁmm%uﬂgqauﬁimmm
3,7, 14, 30 uaz 60 U

n19aA g A N LU Tl s uN 1A A
(analysis of variance) LazlUTa L E LA asing
35984 Tukey HSD fiszAunIN @ 03Ty 95 % laeld
Tisunsunneans Statistix 8.0

NANSANELAZAIANTOL

ANUANLANARAA LTI
annsiaszfdand fudqeAuiiiounld
lunnmmageuns 3 aia 1Hun Yur1q gdu way
CNSC w131 "fmanﬂmﬁmﬁqwéLﬂuﬁﬁq A1MFUAN
CCE 9ast]usnafiAnanniign Aa 135 % 1nisialiu
waz CNSC ##1 CCE IndiAssiiupa 114 uaz 113%
#ruFu ONSC Fuiludaudanan wudn fuiunm
Arfuauiiadasidundn (57.71 %) daniu
AFuRuBuYIER arunTnd anaans dnutaenan
0.71%) wanaldinannisla CNSC funidiia
maﬁ'u@uﬁm?mﬂuﬁu Hlsuuneanefauas
n LLV]@L"’IJENVNMN@@\? ‘Lumm”wﬂumfummﬂﬂnu
Fauuus wudn uﬂ?mmummﬂwwmmmm
Fwiulsinnuanil@aaoun S5 ez
IndAseiuludanlsulgadunnaiin dounnuzdu
%wumwumnﬁqmiu@ﬂsﬁu 12.87 % UTu1tu
samerslugdfidudlaglomd wudn fdadawdy
lputiuinsineinisinm s eildluglaes
ﬂ?mmﬁmmwﬂ%\mmm Tnaneanasaidu
Uselom] unaiFanuasunniidonfivanudeuld
999 CNSC nuaniga lusnsfitsunnunaidoni
LmﬂLﬂ?{ﬂuiﬁm@qﬂ.umqLmzaﬂeﬁumnﬂdﬁ CNSC
Aruasnsolumsuanidaaulszquan viasn CEC
wudn ONSC HAruniigasesasunia Yusnauaz
gldu pANanAU (Table 2) ilesannil@enuzaing
Aun s ansTulamen warluasussmlsznay
dewndudndanmudavinWnanedum ey
lansanFauazensuendasuasnniv i ndanm
A1 CEC 44 (Kookana et al., 2011) RINNIFNANTON



anantRrasudinwanilfanuianzsinsinnuiuas

Anugansalunisdsuilssnunsna

antAniwail anuisonanalaoagdlsdn CNSC
Wudrudan wiidgnaidusng danfuaulugdd
wdes TSumanenmanlnaanizet19ds
Twunadenga LL@:ﬁLI?mmmﬁlmmﬂugﬂﬁLflu

Uselamimana loun Waanasandudszloay

Tnunadouuazunnildouiuanid anwldgendn
Yuruaceildy
maasundasanuilunsasiauaznisialniih
aasRuManaIan ldsssuilsanu
mislzﬁ'miﬂi“uﬂa\iﬁwnmﬁmﬁN@ﬁ’ﬂﬁ’ﬂ'ﬂ
pH meul,ufamﬂunumimmqumumm
mwmmsmm:m [flafiansnuinAn pH Afinann
mﬂmmm 3afnluemnsuagaiu lussezinan
3 dunavannld aziindinasldyuanednan LR
se@nsn1nwnn 1A pH AT ULAZUAN G192
n13ld@duuay CNSC 6m91 LR ae el iad Aty
N9EAR Tud99 7 uay 14 51 1t Ain pH i
geiuluynnasudd usinudn naslddddunas
CNSC 6711 LR navUldwansnaiuneafanunssna s
ALAN BAaz Ut 30 waz 60 Junaanld wuan

A1 pH 284n19}d CNSC 8m51 10LR ldumnsneniy
ati Nl Tad Ay N At AnunssnaTnld uang
8m31 LR n12ldyur1ludmnen 10LR uaz 50LR
souDa8Uduway CNSC 6m91 50LR 1 1H A1 pH
wasuwlaglugng 6.16 - 8.42 (Table 3)

AN 13U WA (EC) arnnaslduana
uay CNSCyndmsnaqaulug ldunnsdiaann
N9INIBAIUANARBATNNNINIINAADIUAZ T AN
ECA1N91 02 RAAT UM A TUALNAT (Table 3)
13188 UduN11H A EC \WMiNTURINE 97 14
NNEn Inelanirdna 10LR waz 50LR M1 WAN
ECumnsneniuaeg 19alWad1Aynisadifann
N9INADOU uareg ludag 1.02-1.73 Haddiuusse
IUR AT azWiud n1sld CNSC yndnan Tdvinld
Walesaudasylusuuiniulldaudanalding
a < & A A Aa o o >
AUANVIONNANTENUFAANT TuunsenaUdunnl
A1 EC guauldnindnsnlduazaiadanas e

a a - a v A =
nsasyiAulnaasirunesiale WasanddTunm
al o o dl 1 dl

WAALTENUAZTINEIUNGaUAN a7 DU 7 TulFunn
1ingl (Table 1)

Table 2. Characteristic of lime, FGD gypsum and cashew nut shell char used in the experiment

Parameter Slaked lime FGD gypsum CNSC
pH 13.2 124 10.3
Calcium carbonate equivalent (CCE, %) 135 114 113
Total C (dry combustion, %) ND ND 57.71
Organic C (wet combustion, %) ND ND 0.71
Total P (%) 0.01 0.01 0.50
Total K (%) 0.11 0.10 3.24
Total Ca (%) 64.16 21.57 0.57
Total Mg (%) 0.570 0.004 0.040
Total S (%) ND 12.87 0.14
Available P (mg/kg) 66 56 576
Exchangeable K (mg/kg) 229 434 8,679
Exchangeable Ca (mg/kg) 19,182 26,680 1,387
Exchangeable Mg (mg/kg) 253 640 1,063
Cation exchange capacity (cmol/kg) 16.65 10.90 33.53

ND = Not detected
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Table 3. Changing of soil pH and soil electrical conductivity after application of lime, FGD gypsum and CNSC

at different rates

Treat t pH EC (mS/cm)
reatmen
3DAA"  7DAA  14DAA  30DAA 60 DAA 3DAA  7DAA  14DAA  30DAA 60 DAA

1. Control 500° 4869 527 441" 469° 005° 009* 008’ 016°  0.16°
2. Lime LR 579° 574 602° 569°  6.04° 005° 008° 013° 017°  0.16°
3.GypsumlR 475" 477° 525 485°  541° 028° 031° 034° 041° 035°
4.CNSC LR 505° 5119 539" 496°  521° 023° 007" 010 018°  014°
5. Lime 10LR 7.74°  732° 798° 7.98° 7.76° 093° 013* 019° 0.22° 0.20°¢
6.Gypsum10LR  4.95%  501° 542 505°  533° 1.02°  103°  114° 125" 108°
7.CNSC10LR 530 5377 575° 548 568 005° 005" 008 016°  015°
8. Lime 50LR 794°  787° 842° 816°  814° 011° 015° 019° 024%  022°
9.Gypsum50LR  6.16°  624% 694°  688°  7.08° 163%  1.49° 160° 1.73° 1.53°
10.CNSC50LR  631°  646° 7.10° 7.22° 7.27° 007° 009" 012° 0.19° 0.13°¢

*k ok ok ok

F-test

*k

*% *k *k *k *k

Means within the same column followed by different letters showed significantly different between treatments by Tukey’s HSD test

** = Significantly different at P < 0.01, = Days after application

AIANANITANHIALTRW A IIN1IA 1N UA
dnanislddandiudgesdunauuniduianu
a7 NAaun teaInAn LR asinslainin nnsld
CNSC a1 AN pHinauauas lussay
Indrhasiunsladanyu dasesldludnanuinnda
saaziiulagainnsalfnld CNSC ludmsn 10LR
wamalfiingn ldau9nldAn CCE 429 CNSC
Tuntanauumamnsaniald CNSC & 1Hagann
ANA1N170IUN19UFUAN pH aR9E T uTaA TN
ANANNIELTHATed R AU EN W wi
FANLaTTINAYD9IA Y AIINAINITD IUAN TN AN

2 e . L, . -
pH Tuatlifaduuanuatng 1wy Usuiusia
5iN4 (basic cations) NifluaaAlsnaLueInIuTan W
1 = al a = =
WU wpaEeN wNntiden undiden waz Tones
(Novotny et al., 2015) lunsei a9 CNSC aziiule
Fonauin I adanduearlsznauuannynnliean
pH s Inel CNSC el ununmidudeafuunum
= ' =l =
1aaupa e laasurasianiu Aalnunadusloasu
gnunundonlalnsaulessunazagitiuleasuly
guUfuanlasuls (exchangeable form) N g afln
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At U898 YNIARY na19RaNn TN
Auantdaaunls (exchangeable acidity) 134 7 1
anas (Chintala et al., 2014) Wanani CNSC f9&

U P -
nyWaddumrfuendandqugntnldsnaulu

a = a aaa P
ansazatgAuvsainlfisanisldidsneu
(proton consumption reaction) d4ua AN LT NT U
rasllsmauluansazarahuanasauinliinonuiiy
NIAVBIAUAAA (Chintala et al., 2014; Kookana et al.,
2011)
o o a o d’ o ' A A
g mfugddn aedniduusinfeanuas

WaldadllluAnazuansaatnsanysallivinli pH
a X oA o~ o %o o = o
Wntwlemauiun1slddanyuludnsinaaiu

v a o a a = dl v
widdduazidinrunaiaunaransls
wnndndanafingy wiluanuddeidulingulidn
a o a wa [ % [ a
glduinuand@lunisdudangdivilgefiunse
luansrzaanindldvndfasandumanuss
agRuNluAwdwRaTUYune wilsz@nsan
gl iniunisldywan nasuldeuulasan pH
Weslandasnianasainnisladddn aanasas
fUN12ANE1289 Kaweewong et al. (2018) AWLIIN



anantRrasudinwanilfanuianzsinsinnuiuas

Anugansalunisdsuilssnunsna

AN pH ANT W 0.1 winaarnn1sldgUdudnan
2 fiusials Siiwal (2011) a5u1analnnisiNA pH
gevfddnainnisigdduiadjasaaduwman
uazegiunluAwduuan lnanisiuaaGeos
5 4 aeoa A Y oW e
W ldununegiiduluan andueglduashldy
Audams faduanslsznaudedoausesezgiitan
lamsanddainem (AIOHSO,) nTaaygi 1ilay
Famnunnloasu (AISO,” complex ion) #§8AINN1N
wdamn (50,%) NuandaaindUdudiliunui
wylamsanlasdlaaan (OH) wAuuds lansanlas
andandaeseanuidudaszlunuuazsusaiy
lalasiaulasu (H) Waduin
Fanusaamsiamenasanlaasdsudgenu
nandsainldansdfugenu wudn
UFuruneanesaidudszlaniiiuawilaiiay
Aunssudsaouanlunndowaainiandsainld
(Table 4) uAn13ldywan98m97 10LR WAL 50LR
1 a A o 1 1 aa
wuan HuFununeanesaliunnsneainnssnds
P | p~ |
ALAN N1l AUl aIAn pHENasegU e
Waanasanidudselodd @y nsdNAUT AN pH

|
o '

A1ndn 6 Wanesasdinaslugd H,PO, usiiila A pH
g4nan 6W@@W@§mmﬂ§'ﬂugmﬁu HPO,”
ﬂ']ﬂﬂ?q'ﬂugﬂﬁqn@hq nlusegatinnaanasany
waneenlaianas i ldiag el 14l dedy
(Ruksabo et al., 2018) a¢i14lsfinANmIN A pH 43
Auld Weanasfaszgnasslnauaaionlenny
Waduwra@anaswaviainan1oziiuyu
(over liming) naudsannasldansl iyl gemu
azidiulddnaaneiandulszlogiiadunn
fmansldddunas CNSC aeafdadAtynvaia
Lﬁmﬁﬂuﬁunﬁﬁ%muau fudunaniIaingn
pH i uaudare LT wanzanren1sazane ey
ﬁﬁ&gW@@W@i’@ﬁﬁ@g’Lﬁuiuﬁuumﬂmﬂd@ﬂ@@nm
nsldgldunemsiuaznisld CNSC 8ms1 10LR
uaz 50LR I sumrlearesaiiulunaan
Faefiianaamanes n1sldyduananausinlian
W@@Wﬂ'fmﬁ?qm@ﬂﬂﬁmLwa”w,ﬁmmmmmﬁugu
Saagdlddnslddddunnsnsuas CNSC fisns
10LR uaz 50 LR liianansenusiaaanuiiulszlomd
rodnaanesalunu uAnilieanadanslugd
fitmgaldlduniy

Table 4. Changing of available phosphorus and exchangeable potassium after application of lime, FGD

gypsum and CNSC at different rates

Available P (mg/kg)

Exchangeable K (mg/kg)

Treatment -

3DAA"  7DAA 14DAA  30DAA  60DAA 3DAA  7DAA 14DAA  30DAA  60DAA
1. Control 255 ® 285 ¢ 289 ® 2707 319¢ 325°  262° 108°  193° 173°
2.Lime LR 244 % 288° 269 “ 283 348 264° 274" 129°  199° 206 %
3. Gypsum LR 356 ™ 34479 448" 323°% 418" 356° 276" 171°¢  188° 159 °
4.CNSC LR 306 ™ 322 343 °%° 325 ° 326 ¢ 182° 159 ¢ 200° 185° 279"
5. Lime 10LR 266 °*° 288° 309 °*° 271% 373 234° 248" 126° 229" 250 %
6. Gypsum10LR ~ 364° 421% 473" 387 512° 215°  182% 183°  182° 305
7.CNSC 10LR 313 374 423> 360 ™ 370 273° 223" 307 327° 481°
8. Lime 50LR 179° 195 ° 218° 210" 304 ° 247° 260 109°  151° 145°
9.Gypsum50LR  466° 464 ° 553 % 458° 665° 1220°  438° 1354°  699° 253 %
10.CNSC50LR ~ 371° 492° 684° 418 476> 675° 503° 761°  729° 1,317°

FT3 Hok Hok ok

F-test

Hok

ko Hok ke ke Hk

Means within the same column followed by different letters showed significantly different between treatments by Tukey’'s HSD test

** = Significantly different at P < 0.01, = Days after application
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P tnunadouduanddouldd
ARNUANFANNTUAINT AT AR US U gemuusazaiin
aqulug nisladidduuas ONSC Instanizlu
§m31 50 LR 1A Inunaidaniuanlaeuld
fiFngandnnssuiaauetinadvadnAynieadnnn
F291987 711NN AAD4 (Table 4) Wi N1slag U
agvn B i adeufiuaniasulfifiuiy
W 1,220 uaz 1,354 Raanfumaniansu Tudae 3
LAz 14 Fumdaann g uazanaamdaanniu luaned
nsld CNSC il Banaitwuna @ fiuani asuld
Wi 1,317 DadnfusenTaniu e 60 5u
nasan’ld dmiunisldyuann Budu uaz CNSC lu
snadu o v R uinunadesiiuaniAuuls
WANFNAINNIINAT AILANEE NI A AN AT A
AAeATASTIAN9ANE quuiumaiﬁ‘i’ﬁﬂdﬂ 400 HAANTN
slaniansd (Table 4)

Bunnuas@oufiuandsulddiunm
Lﬁu%umuﬁmﬂmﬂmﬁum’nLmzﬁﬂﬁmmmmnﬁmﬁu
BN AN NERAAINNITNIDALANARDATI
fivinnnmaaas (Table 5) Tnaenznslddslialusmm

50 LR #{1/Funtunnnndn 15,000 Raansuseilansu
709a9NABNT Y uanaludnen S0LR, Blduuay
1u198M31 10LR AINasL wazn1slddlduens
10LR vl unnuuaadaniuaniaauldannga
5,000 fiadnsuseAlaniu n1afindmna CNSC laidl
pavn S @ st uaynield CNSC
731 50 LR vl Bunniuaai@asiuaniaenld
WANEINIAINNITNATAILAN (Table 5)

azifinlddn nnsld onsc lifuasianisiia
Buruaa@auiivanuldeuldlusy daeandes
FUiBunuuAa @ usiananiiaiaeatldly CNSC
A9 0.57 % (Table 2) usinsld@duanunsn
Walsunnunadauiuanilaauwld uazdina
Inamserann EC uanslfiiuinuaai@anudazlynn
UgnTeunguiumanuazergiunlufungd
fefldruresupaiFauiimdeannavinlfAse iy
leeeufiagatiBarlugnsazasiu mefiduaaGe
laaauazaraag luunniiulilenadenansznuse
nsiastyiAuneesie Wy fannaze alds1naimis
wuudfilne (antagonism) FYUTIUAALE 8N AL

Table 5. Changing of exchangeable calcium and magnesium after application of lime, FGD gypsum and

CNSC at different rates

Exchangeable Ca (mg/ kg)

Exchangeable Mg (mg / kg)

Treatment

3DAA’ 7 DAA 14 DAA 30DAA 60 DAA 3DAA  7DAA 14DAA 30DAA  60DAA
1. Control 949 @ 676 ¢ 588 ° 1,175° 817 ¢ 233° 241° 202%™ 215° 200°
2. Lime LR 1,312% 1,088¢ 797 ° 1,115° 1,254« 218" 238° 199 214° 216°
3. Gypsum LR 1,308 1,022¢ 1,027° 1,168° 1,389 « 224° 234° 201" 209 “ 235°
4.CNSCLR 878 ™ 711°¢ 655° 822° 1,005 220 238° 216 ™ 218" 1,156 °
5. Lime 10LR 2,822 3,004° 2,398° 2,811° 2,732 166 ¢ 190°¢ 147°¢ 157°° 172°¢
6. Gypsum 10LR 3,476° 3,554 3,081° 3592°  3700° 173% 201° 165" 197 % 169 °
7.CNSC 10LR 880 @ 717 ¢ 606 ° 840 ° 1,149 225° 231° 149° 236 ™ 1,277°
8. Lime 50LR 3,898° 4,004° 3,695" 3883°  3,929° 143° 181° 120° 131° 169 ©
9. Gypsum50LR  19,920° 21,010°  19,367° 2,2100°  15757° 619° 378°  436° 475° 1,105°
10. CNSC 50LR 816° 660 ° 593 ° 719° 1,040 % 265° 259°  270° 260° 3,240°

F-test . - o o . . . . . .

Means within the same column followed by different letters showed significantly different between treatments by Tukey’'s HSD test

** = Significantly different at P < 0.01, = Days after application
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anantRrasudinwanilfanuianzsinsinnuiuas

Anugansalunisdsuilssnunsna

Twunadan uuniiden wan waniia uasTuseu
Tudu atnslafimu annuan1s@neaziulaan
fddu uunsunadauiig Ay azanannlé
wAalEanannnsniAde i luawldan uayllsin
Uffiseniuezgiin Avdaaaniiwaevargiiu
AfldensniAuineessnfiald Hanldaddy
lunsdfuannasinlnnaslufuian (Wang et al,
2017; Watt and Dick, 2014) iilesanndduiunaides
uazniuzduiluesdlsznaunan annisdnun
ﬂ?mmﬁwmmi%mmluhn FHULATARINGY
ﬁﬂqﬂ"lm:umumwm 28999NTAYAIART WL
doulugyainsinemisuaaidanetedala uavi
unus s s luA A1 (Sangmanee et al.,
2011, 2018) kazuAaiFaadlusineisiiadaud
Lildluite fadu 3nsilduaniiganenisldnisiu

1 = ] 1Y o o Y
LINNIINITRANUNG L weidanasszaingedalunig g

Sulfafunlgeiu Ae Wuasilueaiauetaien
uailildFuAn pH et AepasiinasldTanyuild
ANNANNIT LNNTUSUAN pH Aeuanmivasldady
Tt BunaufimunzanlugasiRadeanisuaad ey
UTuaunnn 1w ﬁqqﬁnﬁ?mﬁ'm@nmﬂ%uﬂuﬁw
WaafuiiFauuansndeuiiazarnnsagadusg
219119 AR AN NAUDITNNTA TN ALAR
Psunauund@aufivanulaould s
G Lo T RTINS e R B UM S R T A DA
dfudgenn Tudasnranasainld 30 duusnnisld
1w 50 LR ¥l Sunnuuunii@esiuaniaeld
LANAN9ANNNIINARANEE 1T T d Ay n19adA
Lmzmu‘l,mgrf%ﬂﬂdﬂ 500 Haanfusanianiy (Table 4)
WATiszez 60 1 wudn uunTiFandiuanu deuld
AT uagnadiaiay Inaleniyed1989nsnd s ld
CNSC #7131 50 LR Wouuni@ et ugwiflu 3,240
faansusenlaniu wANA19aINNITNARAL I
ag el dad1ATYN19anf T898981AR CNSC 8RN
10LR ua LR d9fiiBunasliunnsnaannnisldady
8791 50LR uazagluda9 1,105 - 1,277 Haaninse
Alansu lusnsfinssadzauilSunmaiadlledlu
4941817 u 250 Haansusanlaniu (Table 5)
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2oy Ay A
AR NIRRT UNNTT N AN T WA NIAT
anaflunanIanUfAsenisuanidasuiusndng
= = o a A a
LAALTEN TWunadeN NuwNNITEeN @Y (Table 5)
nslsauieulsz@nsninaesdian
unlgemwisanaiinaziiugn CNSC iluanudanw
s unnedn annnsaldidudantfulehune
WudagndoaiuiFuiuneansfanidudl s lomd
= dl dl P2 v ra o Y
wazlwuna@aniuanidaswladldunau nnlden
pH R NTulAuN g luensn 10 LR vige 11 Ausals
v =3 A =l [~3
andayaliuiuaesAmmaesedlaanmdnly
wsiazD T szann 2,880 - 3,120 6w (Klaichom et al.,
2017) Wadn w1 ud1udanan CNSC azld
1,008 - 1,002 s wnun bl wedsulgaaunsalu
am31 11 siusiels azlddfud ganunmnzlgnivana
an1idununsaies 91 -99 1 Fafadn 1418
Wunmizdgnlainan etnglsfinn anpnanis
2O IUTININNHAINNFUGILAZUIUITN LN
3@ﬂ0iﬁﬂmﬁmuﬁLﬂumﬂiﬂ§uﬂiqauﬂiméqmﬁu
fazmﬂu u@nmﬂu ANTHINIINAGALAADINAANS
mﬂmmummwuﬁ CNSC 1ﬂ1°ﬁﬂumuwﬂ@ﬂwm
MAINMANETTA 899N ONSC Sefltinsfufivaamae
AINNT9LNN TeanaluasanIenuaznaesyFuln
~ A A a Ay Lo A a
2o videRnaundoyladngiglusiv
GE)
1 a o v < 1
dudanInanlaenyuimannzaag
RUNUB (cashew nut shell char CNSC) Vliﬂ@’m
NN EIEdN9= A HeenT aumn widn HanauTh
Wusednlnafian pH 10.3 fenfueuiaiani
agAdsznauuan 57.71 % uazl nunadauiiu
51618 1MNSNNUNINAGARD 3.24 % NNIANHIDHI
n13ld ONSC lugar uilnsede Wan1sui s pH
aasaulfiAsuWniuAn LR daeld CNSC 6man 10
Win1ed LR AaHnsiinAl pH aaudusaanununn
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W HNTYW Wananiannnish CNSC H Iwunaime
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4 - 3
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Effects of Water Management and Zinc Foliar Fertilizer on Grain Yield and

Nutrient Accumulation of Five Glutinous Rice Varieties
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Abstract: Grain yield and quality can be improved by agronomical managements such as water and fertilizer.
The objective of this study was to evaluate the responses of grain yield and zinc (Zn) and nitrogen (N)
concentrations on water management and foliar Zn application among five glutinous rice varieties. The
experiment was arranged in factorial in RCBD with two replications. Five glutinous rice varieties (RD4, RD6,
RD10, RD14 and SPT1) were grown under waterlogged and non-flooded soils with and without applying of foliar
Zn fertilizer. The results showed that rice grown under well-drained soil had reduced grain yield and individual
grain weight by averaged about 34 % and 7 %, respectively. Similarly, the lower straw dry weight and number of
filled grain was found in rice grown under the non - flooded soil. Applying foliar Zn increased grain Zn
concentration by 43 - 92 % which was found in all rice varieties. Grain N concentration of rice applied with foliar
Zn also increased by 9-12 % in RD4, RD6 and RD14, but the statistical difference was not found in RD10 and
SPT1 varieties. This experiment indicated that growing glutinous rice under the non - flooded soil resulted in the
reduction of grain yield. In the meantime, foliar Zn application could improve the number of filled grains and an
individual grain weight as well as effectively increased grain Zn and N concentrations. The different response
among glutinous rice varieties on water management and Zn fertilizer application would be useful information to

manage the appropriated environmental condition for rice growing to improve grain yield and quality.

Keywords: Glutinous rice, grain nutrient, foliar zinc fertilizer, water management
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Table 1. Grain yield, straw dry weight and yield components of five glutinous rice varieties grown in waterlogged

and non - flooded soil conditions

Variety Water Grain Straw dry No. of No. of Filled 1,000 Culm Panicle
condition yield weight tillers panicles grain grain length length
(g pot™) (g pot”) plant” plant” (%) weight (g) (cm) (cm)
RD4 waterlogged 112 249° 11 10 92%® 295 120 28
non - flooded 74 249° 11 10 91" 26.0 117 % 27
RD6 waterlogged 161 377%™ 9 9 95° 27.0 174° 28
non - flooded 108 378%™ 12 11 81° 25.0 141 ° 27
RD10  waterlogged 94 208 ® 10 9 92" 305 120 25
non - flooded 76 277* 13 11 87¢ 285 1049 24
RD14  waterlogged 129 424° 10 10 89 298 115 % 26
non - flooded 77 321 12 11 77" 28.8 109° 25
SPT1 waterlogged 129 503° 12 1 87 ¢ 305 125° 27
non - flooded 72 303%* 11 10 81° 28.0 112 25
Variety mean
RD4 93" 249° 11 10 92° 278" 118° 27°
RD6 134° 377° 10 10 88" 26.0° 158° 27
RD10 85° 287° 11 10 89 295° 112° 25¢
RD14 103° 372° 11 10 83° 29.3° 112° 25
SPT1 100° 403° 12 11 84° 29.3° 118° 26
Water mean
waterlogged 125° 350 10 10 91° 295° 131° 27°
non - flooded 81° 326 12 11 83" 27.3° 117° 25"
Variety o w s ns o o o o
Water > ns ns ns * * * *
Variety x Water ns * ns ns * ns > ns
CV (%) 15.6 1.7 16.8 17.2 28 25 34 40
Correlation (r) with grain yield 0.40™ -0.46* -0.12" 0.49* 0.10" 0.75** 0.62**

Significant difference within column at P < 0.05 indicated by different lowercase letters

* kk

ns, -,

indicates non-significant difference and significant difference at P < 0.05 and P < 0.01, respectively

The data was obtained from the mean of plants applied with and without foliar Zn fertilizer application
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Figure 1. Straw dry weight (A) and 1,000 grain weight (B) of five glutinous rice varieties with and without foliar Zn

fertilizer application. Significant difference at P <0.05 indicated by different lowercase letters above the

bars. The data was obtained from the mean of plants grown in waterlogged and non -flooded soil conditions
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LSD, g (Variety x Zn application) = 2.82
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Figure 2. Grain Zn concentration of five glutinous rice varieties with and without foliar Zn fertilizer application.

Significant difference at P < 0.05 indicated by different lowercase letters above the bars
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Figure 3. Grain N concentration of five glutinous rice varieties grown in waterlogged and non - flooded soil

conditions. Significant difference at P < 0.05 indicated by different lowercase letters above the bars
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L3SD, o5 (Variety x Zn application) = 0.13
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Figure 4. Grain N concentration of six glutinous rice varieties with and without foliar Zn fertilizer application.

Significant difference at P < 0.05 indicated by different lowercase letters above the bars

a L3
1T

Teymnnszauwaauin N aLes LAz

£ LAy = | a 9
1ulunsiazlafrspauidamasaniuandiadu
ag9mnN Al Nsaansun IR Uss@nBnngauniu
a o v v o 2 dl a a v
nadsAuadIvugdnantmnTy R uinlam
neluanmindauaz lddarininazatunsainun 4l

v v

nisuddayunluszuunismazdgndinlusuian
aneanmasesiuandliifiuiinislgndnamilan
5 g lwanwlidaidnalidiiniaasoiuls
warnsainanananaiadauiunstgnluan
wrdvetaminlddnian Weswwinwuginamiaanld
nagauianualudunaudlnalnAiinnsdann
ARDATzEANNIzgn nsasuL aeseuy
nisdgnannindaiulddaunenadenansznuse
n1gRsy A ulan1eAuaTIIna N TLazn1sa$N
Hanan Inenwudn nasdgnitaunasunielinisgn

suidenaduwiegenalidialddunninanlsiag

ARIINITEUATIZILAY FRTIN1TM8 e Wazems
N17ANELNANAY LaZESHa T HANA RS AAAA
(Khairi et al., 2015; Joshi et al., 2018) Lﬂmmnmw%u
TRniualneasssieFunnsinmelusuie Tnawdn
Fnauanadulufuiianasinlide i unaninly
luwaznisininnindalinluanasduimaatiy

58
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Species and Population Dynamics of Fruit Fly Genus Bactrocera

infested on Some Chili Fruit Cultivars in Phitsanulok Province
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Abstract: The study on species and population dynamics of fruit fly (Bactrocera spp.) on 6 popular chili cultivars:
Kaw Num Jomtong, Hyouk, Kow Sabun - Ngar, Yok Siam, Khi Nu Suan and Supper Hot was carried out in
Phitsanulok province. The objectives were included of the study on the species and numbers fruit flies and
their parasitoids, population dynamics and environmental factors and the relation of the fruit fly infestation on
those 6 chili varieties and chili morphological characters. The result showed that only one species of insect
pest (Bactrocera latifrons) and parasitoid (Diachasmimorpha longicaudata) were found. Population of B.
latifrons was found on 6 species of chili peppers at 75 days old and increased continuously to reach the
highest amount at 110 - 117 days old before declining until harvesting. The highest regression of parasitoid and
fruit fly was found only at 42.51 %. Maximum temperature was high potential to affect B. latifrons population
infesting Super Hot cultivar (84.02 %). The highest infestation was found on Kew Noom Chom Thong, Youk, Kaw
Sabun - Nga, Yok Siam due to the largest fruit size and wrinkle skin. Meanwhile, the orange - yellow color of chili

fruit was highly attacked by chili fruit fly more than yellow, red and green colors.

Keywords: Chili fruit fly, Bactrocera latifrons, chili cultivars, population dynamics
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Days after transplanting

Figure 1. Population fluctuation of chili fruit flies (insects / plant) on 6 cultivars during fruit formation to

harvesting (75 - 124 days old)

Table 1. Percentage of damaged chili fruit of 6 cultivars from fruit formation to harvesting stage (75 - 124

days old)
Percentage of fruit damaged in each chili age after transplanting (days)
Cultivars Averages
75 82 89 9% 103 110 117 124
Kaw Num Jomtong 0.0° 0.7° 19° 18 45° 60° 50° 35 2.9°
Hyouk 0.0° 0.8° 197  20° 52° 60° 62° 4.1 3.2°
Kow Sabun Ngar 0.2° 1.2° 19° 20° 44 60° 510° 32° 3.0°
Yok Saim 0.0° 0.9° 220 17 42 60° 48 4.2% 3.0°
Khi Nu Suan 0.0° 0.5° 117 15 23 25 25 2.0° 1.5°
Supper Hot 0.0° 0.5° 13 14 08 18 24 1.4° 1.2°

Means within column followed by the same letter are not significantly different (P < 0.05)
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Table 2. The number of adults of Diachasmimorpha longicaudata emerging from fruit fly infesting 10 chili

fruits of Hyouk cultivars

Weeks Number of Diachasmimorpha longicaudata from each chili fruit Total number of insects
1 2 3 4 5 6 7 8 9 10 (insects / 10 chili fruits)
1 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 1 0 0 0 0 1
5 1 0 0 0 0 0 1 0 0 0 2
6 0 0 0 0 0 0 0 0 0 0 0
7 0 0 1 0 0 0 0 0 0 0 1
8 1 0 0 0 0 0 0 0 0 0 1
30 -
2
= 25 -
E y=6.1847x-112.36 ¢
£ 2 RZ = 0.8402
B ]
g 15 TS
E 10
=z
° &
O ‘ T T T T T 1
18 18.5 19 19.5 20 20.5 21 21.6

Maximum temperrature

Figure 2. The relationship between population of chili fruit flies in Supper Hot cultivar and maximum temperature
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frudnHzY09R AnTeHaLL WU Faus
svarAnnaaui iR Anaremdnisznandas 5
3 Ae WAeuTen Ba9 ANVADY LANAN LAZLANSA
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uazuasdy 1938 14.2 uax 1.6 Hasady (Figure 4)

Table 3. The correlation coefficient values present the relation of width and length of 6 chili cultivars on the

number of chili fruit flies

Cultivars

Correlation coefficient values (r)

Width (cm) Length (cm)

Hyouk 88.7 92.52
Yok Siam 81.7 72.71
Kow Sabun Ngar 76.51 71.69
Kaw Num Jomtong 62.01 69.49
Khi Nu Suan 60.29 67.01
Supper Hot 55.17 64.94
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yellow-green green orange-yellow red-orange chili red

Chili fruit colors

Figure 3. Infestation preference of chili fruit flies on the 4 types of chili fruit skin types from 6 chili cultivars
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Figure 4. Infestation preference of chili fruit flies on the 5 chili fruit colors of 6 chili cultivars
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Abstract: Sperm sex ratio determination using PCR - based technique is widely validated on precise of X - and
Y - chromosome purity in sex - sorted bovine semen. The aim of this study was to develop a technique
for estimating sperm sex ratio by using a multiplex polymerase chain reaction (multiplex real - time PCR).
The X and Y chromosome - specific markers, bovine proteolipid protein (PLP) gene and sex - determining
region Y (SRY), were simultaneously quantified in a single tube. To quantify DNA products, Tagman probe -
labeled fluorescence was used in the reaction i.e., PLP probe labeled HEX dye, and SRY probe labeled
FAM dye. The reference DNA of male peripheral white blood cell (WBC) was used as a template for
constructing the standard curve, which contained an equal ratio between X- chromosome and Y- chromosome.
The standard curve of both PLP and SRY genes showed two linear equations for calculating the proportion
of X- and Y- sperm ratio. The WBC standard curve indicated an average straight - line slope as -3.330,
representing high - efficiency (99.66 %) of the reaction to synthesize new DNA amplicons. Nine samples of
bull semen, Y - sorted semen (Y = 90 %), semen samples with Y ratio in 80 %, 70 %, 60 %, 50 %, 40 %, 30 %,
20 %, and X - sorted semen (Y = 10 %), were prepared and quantified by using the multiplex real - time
PCR technique. Two standard techniques (singleplex real - time PCR technique and multiplex droplet
digital PCR technique (ddPCR)) were amplified X - and Y - chromosome specific genes and compared

with the developed technique. Each sample was run in triplicate and calculated in percentage of Y
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sperm ratio. Results obtained from those three assays were not significantly different. Therefore, the multiplex
real - time PCR assay in this study was cost - effective, reduce time - consuming, and providing an accurate

estimation method.
Keywords: Dairy bull semen, sperm sex ratio, sex - sorted sperm, multiplex real -time PCR

unAnga: nlsziiudndounaaesegansamaiiandefdudsntenldet1andrewanslunislseidiv

mmu?zw%@mzﬁ“mzhuﬂq% X uazreqa v luddevelafidunszuaumsfauaning miﬁﬂmﬁﬁﬁmqﬂs:mﬁ
WeNmuianislezunudnmdiunareseqs naldUiftegnldawesaunulafmand Fualnd
(multiplex real - time PCR) YanadnFuudSue Lﬂwmﬁim%w%uﬁuiuummLﬁﬂfaﬁ’qmmiwaél,u@i’ﬁ
AnnzanzasAeiiy proteolipid protein (PLP) tilasTulny X uay Insiesfianmnzianzadsiafiu sex- determining
region Y (SRY) uulastulay ¥ uansniafiniFuniiSuenadnsidulnidandngeaissiaudfafiinay
(Tagman) Tt nsueeesiy PLP RRd HEX wasInsuaevtiu SRY And FAM waz a8 1ee1989annitas Ll aLaen
palpmad Seddnmdaunasiaslulan X uazlastulan v fiindu afadunaidunsannmgIu AINNIANEN
insvidunssnmsgiuestiu PLP uaz Bu SRY uaasannndiadusssanmadmiunuangnindauega X
wazaqa Y Tnefldnmanudiundaransidunssionaqiinf -3.330 uapsislfisenfidazAnaningsly
nisafemduiedulua (Farar 99.66) nadauAINLNUE190IN 1T sl UAR A uINARg AR ENATIA
multiplex real -time PCR Tuiaedannidenelauudiuan 9 faadae Wun ddedn WANHagA Y ot
90 Fatiwindenilega Y Andauiana 80, 70, 60, 50, 40, 30, 20 uazAaatndeARNATTETeqA Y Janas
10 pnanAL Wrauifisunan1sAuIndndaueqasotmaliaNInsgIudesmalinhe Funamandizealnegd
Wﬁﬁ'a’]‘:?l,l,‘]_l‘]_ll,l,ﬂﬂu@’aﬂ (singleplex real - time PCR) LL@ walaNaRmantasaidnAR aNTans (multiplex droplet
digital PCR) Sausiazsinatinagnnaseusiuauanu wasmanissunniufesazaesedd Y annisuleuiioy
nan TSNS ATALINAREA Wudn ReanamaTiaasnsndndadaumAldgndedindieiusetng
FnsuAnTssenfuazlduanisAuandadouseseda Y Indidasiuionnn Tnelidpanauansnmieads
Flatiu nATlA multiplex real - time PCR moﬁ’ﬁwm%ﬂumiﬁnmﬁ%qﬁum dszuneninan uwarlinanislsuiiiv
dndaunafiusiueh

AdAty: Wideleun dadauneegd nMadauanmAegd SaRwandEuansigans

°o__o = S A = = o o
AU LANAINNDAGA X ((WALNE) LAZRgR Y (IWAE) 796N
ludndaufesay 50 : 50 Taqiiun1suangninine
d’j A a 5 = o Y v v gﬁl d’l o
grarinssunIsaeslaunvdagfavfy  Weatnnsonnlddaanasldunmedausnindnas
Taunsesnsgniamads weneadulaanomauny  Wenluwdlaug dideidiunisuaninafIngia
danaziduudladrufundnuiun wingnunsaiin arnnsaialanialdgniamadaninninfesay

dndnugninuumadie s uannningnlames] 90 sniziindedn llsunsdauanme daday
& fedumadenvilsiidonfindnanmniswan  gnlameadademadludadounint enidsavans
wazillamanaminaAniuhaldinntumugniy RN AnERENsuENeda X uazegqa Y aen
drdaannwaladufaianunm AIa9gnNdnd  AIniu u n1sAnueninAagatng AN LAnsg
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YRIRBURLAUUURITAA WAL (H - Y antigen) 4
mi‘v‘f'mmmmﬂﬁﬁ?m%ﬂmmﬂ?ﬂﬂ (cytotoxic reaction)
Na1emaaeqa Y (Goldoerg et al, 1971) N3N
NANAUANAZNOUIBNTARD4A TnuaAtLauRAL A
ARNILA AU UR UL UR T A s (agglutination)
(Blecher et al.,1999) n1sldansavansTshuday iy
(Ericsson et al., 1973) waz@ng percoll ﬁlixﬁuqu
NdUFN9 7 (Iwasaki ef al., 1988) NTUENINFADEA
Imﬂmﬁ"ﬂmmLLmr]ﬁhwmﬁmﬁﬂfa@%mm R
aqa X Buiminaesiduesnnndnfenas 3.8 ¥l
finsideuiiunnsiiamy mmimmﬂ%uﬂqa%ﬁ'
waauRldSandneanunld (swim - up technique)
(Claassens et al., 1995; Machado et al., 2009;
Madrid-Bury et al., 2003) saNf4n1sldinAdA
alaln-wun? (flow cytometry) LumAiAn1suen
aqadae i dueiuansnai ldanunsqns
180N ABQAgINIFaraz 90 (Gamer et al., 1983;
Johnson et al., 1989; Maxwell et al., 2004)

atinalsfinnu 1@ enelafitunszaunns
ARLWA ﬁﬂgﬂﬁﬁmﬂiuﬁuzﬁ“mdqmwﬂ@zﬁﬁlLﬂfﬁlﬂu
1 nrsdszifiudndaumeduduneuii d1Any
ANN1T0T28EUTUAINNAFAURINTA A LE N LA
Aewint@ el e ey lunnaaunm InentsEnme
furunn A muasnasdssifl udadownAaga
TutndafnmAdaadanassing 7 du nedand
TnsTulasnasaaa1930suaaNgaoLIaLTus 13e
fluorescence in situ hybridization (FISH) Wuasnasg
mm@f‘imﬁ'ﬁmmLLaiuﬁﬂzg\ia?qm*umsi:umem
Fagasn e (single spermatozoa) Tneiagagneax
poadngansamus wazinlinmageudnyoy g
nalindasqanssaingaatsaiaus (Habermann et
al., 2005; Piume et al., 2001; Yan et al., 2006) %Idﬁ
AN AR U Ty INAgaNINNINFeEaT 99
Lﬁ@iﬁﬂmu@zﬁmmwﬁuﬁﬂumwmmu aeinalafi
ARl namageLuy Auildesannaiiuas
w3y Aadudeanianindsaet1elunisimmesd
wWuatwauain
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nslsuiludndaumansamailalfazen
@Jﬂiﬁﬁ Inawaisa (polymerase chain reaction, PCR)
WumalanisasandueuulasiulaumaAaas
24A Inaugnaga TR 1 6 (single sperm)
Unegaudazfonannn i uie aaniuii LT
Mduedanlnsmeffsmizdefumeiofioy
uulaslulau X me@uﬁfianzﬁimwmﬁﬂuu
Taslulau Y (Colley et al., 2008, Welch et al., 1995)
ag19lafimn nrsdsziliudndaumAsaa3snag
ﬁamimﬁ@mﬂﬂ@zﬁL?{ﬂ%ﬂuﬁﬂmummﬁmﬂ'u
AN UEN LaZABNNsHId A mMAge LU 3-5
dalua Amauua v liiudedifnseanaiia PCR
MNTA0LNARALITUIUNIN

watindjAsengnldindwmesauuy
Bealnad (real - time PCR) Wlumaiiaildasnen Bunos
AdulesuLLLLAzauNa lwaA gty Idnaaay
faeena i Funn neiatBunnR B ued iaEy
Tuusazsauazlddnyanudngoaisaimusd lunisgds
Foyryroueenan fadedypnudnienl4d 2 wy
Aa (1) A Fesugafiliianizianzas 1wy Aida0ve4
417 SYBR green fISUAUA Swainaeng uaz (2) ey
RadfisnnzAedns R weTuung Tnalnay
gnnazfunn liiianI19iFesuauaraedny oy nauaa
1ﬂ§qLﬂ?lmi”uzﬁ”tycyﬂmﬁmmimﬁuﬁzyzyﬂmﬁmmq
Tuurazsauls Joerg et al. (2004) Anen1stseidiu
Fngaumnaindelnaldnsme s nsufisnng
Aadi sex- determining region Y (SRY) 111w # ;:J:
wazEupILANUATEN (MSHR) WaEN19AN®120
Parati et al. (2006) Wlnsiefuaznauiianmisie
WAL e %mgjuuiﬂ@ﬁu proteolipid (PLP) Lasiud
SumnzsemAdAe du SRY lunsdneisaecuts
ﬁL@“umﬁuunuﬁiﬁmnmmﬁm@%@ﬂLﬂu@mmu
L‘WfamquﬁLﬁumﬁﬁmwnzﬁi@mﬂ@ 17090 LAY
Lﬁ@mqwﬁLﬁummuauLﬁm:qmmzﬁ’ﬁﬁwm
Ygazen (ireflufismnzremeie) 30 1 van
(singleplex real - ime PCR) wazldInsuAnd o n
waaiulunsmsadudy e mﬁliﬁgﬂﬁﬁm
Wisuifenfunsmuinsgiu deldnanadedu
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ANENBINIATFIU HANIINARBLANNATA real -
ime PCR laiumnaneannnisasasudasaand flow
Cytometry?l%ﬂ’]iﬂiymuﬂmzﬁ']uL‘WFiﬂ']?;lﬂ]?iﬁﬁ
AL e At F e e uwazdnefenIsU U
atinelafimunislssiliudndoumaaganiauis
Fanangafiaauidssanndetanannld iesann
i dueianaldanegaiiliunniden wazsn
pauawldldeg lulfAsenaulalunaeniduaiu
Fariu 1 0anANLE ANATA ARAINNTLFaUTE
MsnaseLLAYanAFa e 09a AT TunnsAnmd
fapnezasdifemuiinnlssdudadaumaega
Turinid enielAun i unszuaun IR AL NI Tne
Hwallndafwandizeandidans (multiplex real -
time PCR) s Insiasuaziwsuaesiiv PLP uaziiu

SRY e/ lunaanaeaii sandanisldnidwaanniaas

(=1 =l £ v
Waaanrnlamagairadunsnuinsgiumauny
g linangia

L4 aa
adnsaluaglans

MeANARLAWANEARLIARARNI T ALNAL
iasLlnlenu19lAnAY 50 Haaniu
QNANNAEA1TaTANE 1XPBS UTN1mT 1. 534@@@[5]?
uaziumA it Aann 59 3,000 saUAALAT aniiy
mdaulad1uuuie dnmadidaiaananaunaia
ABULAINIENI909AAT A wizard” genomic
DNA purification kit (Promega, USA) Tagiia 5% (w/v)
Chelex” 100 (Biorad, USA) 31169 100 Had A1,
protenase K AN NTW 10 NaanSupal adamg
(Thermo Fisher Scientific, Inc., Wilmington, DE, USA)
1511m3 10 luTAsams uay dithiothreitol (DTT) (Sigma
- Aldrich, Inc., USA) Ao1udnd s 1 Tuang 3unms 10
ulnsans nangns Wi funazinluniigouunf
56 °C 1111981 14 -16 T9Tu9 A niuiA« protein
precipitation solution AN AN AR LA WL UTH RS
200 lulnsans Wnasnfaetnautlutinuia 5 uid
uaziin e AnuEe 13,000 seusaund iy
1981 5 W7 L‘W@mmnfauiﬂiﬁu”L%ﬂl,ﬂmamﬁummx
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ansazanadaulasuuudinamg 500 lulnsams
WWNa1azane isopropanol U3nms 500 lulasamns
naunaenlluniun | aududiunzneus Buedy
anedanandnadu imaenfaedigllduwieed
A2NI52 13,000 sauAaun? wnan 5 Wi mdaula
FruLuiia dnnzneud S ueildddaaeniuea
(70 %) 13u1m7 500 llmsans Uuaemsaae19ly
ﬂumqmm AN 13,000 22LABUNT WK 5 WIT
wauiTuenueais tnzneuddueila i
¥ wife uaaiRnansazane TE buffer (pH 8.0, Sigma
- Aldrich, Inc., USA) U3unms 50 lulasams wazud
Fusnmneteiduelifguugd - 20 °C
e namauanlamaia multiplex real -
time PCR
n1InAaasn 4N e s InA vs oy

PLP UulAsTulTN X uaznswesTismnzianzassie
gu SRy uulasTulan Y lulaun (Parati et al., 2006)
Inaasuiudianaleinduedlnsnesuazinsy
wanalu Table 1 a1s5iai lun19vind JAsen (PCR
mixture) U3n1mesqn 20 lulAsans Usenaumae 1)
SensiFAST™ Probe (Bioline, UK) 131153 10 ulasdms

2) Iwswesaanzmamale (PLP - forward, PLP -
reverse) aginda e 400 w1 luluang uaz weu (PLP -
probe) 200 unTuluans Andngaalsaimusaing
HEX, 3) Inswasananzaiainag (SRY-forward, SRY -
reverse) a8i4ay 400 U1 luluans uaz e (SRY -
probe) 200 unTuluans AndWgenisauiaing
FAM (Integrated DNA Technologies, Inc., USA), 4)
AeuLe 2 lulAsans Ay 5) drdandiulyasy
Bums 20 lulasans s uedaniaies
real -time PCR (MJ PTC-200 Chromo4, Bio - Rad, USA)
1411 2unsu opticon monitor 3 AYLANE LU HU
Ufjizen Tmﬂﬁi’mmﬁﬂmmiﬁﬁﬂﬁﬁ?mﬁqﬁ: i 1
denaturation: 95 °C 5 U% %u‘ﬁ 2 denaturation: 95 °C
153171 annealing: 60 °C 45 3117 extension: 72 °C
30 37 TR 1an 40 301 Tnesar e umAaN
dyey1nuuaeneey T 3 final extension: 72 °C
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Table 1. Primer and probe sequences used in this experiment

Primer/Probe Sequence (5" > 3) Product size (bp)
X chromosome - specific 96
PLP-forward GTTGTGTTAGTTTCTGCTGTACAATAAAGTG

PLP-reverse GATGGCAGGTGAGGGTAGGA

PLP - probe HEX - TGTATACACATAGCCCCTCCCTCTTGGA CC

Y chromosome - specific 66
SRY - forward CCACGTCAAGCGACCCAT

SRY -reverse AGAGCCACCTTTCGTCTTCG

SRY - probe

FAM - AACGCCTTCATTGTGTGGTCTCGTGA

% a @ < @
NI NNINNIATFIUANALAULBUBILTARLE A
AR TAUNINAR

a @ o @ A Dd‘ v

AiaueaInEaslaaana1alawegn e
annisanaaduelunimasesd1eiu gninaa
Wudusaeesaa NanoDrop1000 spectrophotometer
NAINIIRANABUAIAINYIIARY 260 U1 TuLNA S
(Thermo Fisher Scientific, Inc., Wilmington, DE, USA)

al a & & A val v k%

WWTENALBULBLTAR L AN AR A TN NT W
1,000, 200, 40, 8, 1.6 uax 0.32 W lunsusalulnsans
ANNATAL HUFNIUA LB WD A EN9919 6 FaBena

faenAilA multiplex real - ime PCR sa: Insiue s

W TWsLA S NZA ey PLP waziiu SRY luvaan
Ben s Euenadnsidu vl luusas
saulfAiTeNazuanINanaansdnAIaNdTy YA
HEX uaz FAM tilaannidunss threshold line fans
zﬁ”ﬂ;ﬂpmampmmLsnum”Lrﬁ’frﬁhﬂ\aﬁﬂmﬁﬂumsLﬁm
13381 (cycle threshold; CT) slaA1ANdNdues
ﬁLﬁuvﬁﬁlqLﬂﬁlﬂul,ﬂum@ﬂnﬁﬁuﬁm 10 (log C) 1N
ANASUALTEY CT Uaz log C 8ni1uunqnls 6 4m
Boviuaguuadunss afaduaunisdaduansn
wisAe Y= a+ bX (Lﬁl’ﬂ Y AaAA cycle threshold:
CT, a AarnAsTigasaunndunss, b AaAANTY
229N (slope), kaz X ABAIANNITNTULR
Aduananaiuriaaniiiugu 10;log C) g
aun1sfildanndy PP 1FEmiuA T uI i dngdau
a4a X uazaunsfiidanniu SRY I Aunidndanu
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243 Y lufathaindedidelinmudtlunmeaaes
mall
m’iﬂfimﬁuﬁ'md'auLwﬁ'aqmuﬁ'nﬁyfaiﬂuuﬁ'aﬂ
WAlA multiplex real - time PCR
Fragain@eniiunageulunisine
Aifuindenelauniitinunszuaunisdnuen me
agAR0LLNATA flow cytometry (Accelerated Genetics,
Inc., Wi, USA) ‘Emw’%ﬁmjmﬁmzqﬁ%‘%ﬂﬁm weLe
(X - sorted semen) HdndauanR4A X 1NnanFasas
90 uaTLNFeAn WA (Y - sorted semen) Hdndau
m@\‘ifazﬁ Y unnninfeaas 90 NINFAN AR LB ULE
mﬂmm@ﬂmmeummmmaﬂmwmImm anel
drdeldlunaeanauna 1.5 Taaans Tuwmdesi
AYNNIFY 13,000 saUAaWNT twnan 5 U ndau
IaﬁuﬁmaqumuﬁLﬂumﬂﬂulfﬁ@@rﬂq% DSTCTITON
@zﬁmmﬁmﬁ@ﬁmwmﬁﬂ LL@tﬁﬁLgﬂﬁmLWﬂﬁmﬁ’
Hauaunga 250,000 iaasaNAAAAT UINIATA
Adualnaiin 5% (w/v) Chelex” 100 (Biorad, USA)
Fu1me 100 HafaMT, protenase K AN LN D W
10 0aansusalaaans (Thermo Fisher Scientific,
Inc., Wilmington, DE, USA) U3u1ms 10 lulasams
L@ ¥ dithiothreitol (DTT; Sigma - Aldrich, Inc., USA)
ArudNdy 1 Tuans Usunms 10 Tulasans Uud
founni 56 °C iluian 14 -16 Falue antuin
vaanfaat1ellduluinmanuulssnns 10 1w
uazTuAes 5 317 e BuediulanuLuNITn
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AN NTULAzU S U AN N WY 10 wnlundu
falulnans uazwsanldidndqau Y windusesasy
90, 80, 70, 60, 50, 40, 30, 20 LAz 10 ANNAAL
Wulunudfwedwienlidamaiia
multiplex real - ime PCR Ingiufazsfianti19gniinng
NAFELSIUIL 391 A1 CT fldannseudyry ud
Waaesarmua998W PLP LazEUW SRY HanIuny
AN Y‘lumuma‘ﬁ@%”mmmmﬂmmaﬁm IR
dndu log C 2@984A X AnEu PLP uazpanudndu
043 Y a1nfiu SRY dadudiaaniifugiu 10
ATUITUDEAAIABNITNNTIU 1014 AAsRanq
AN NTUE W PLP (X) ANANE T UE W SRY (Y)
LazHaInAN LIty (X + V) Tnely
SRR LaAIEANNTA LT udRdIL9e (% Y)
ANANNTT ¥ = (XI—Y) x 100 158 % X + % Y = 100 %
el Aldweann 9 Aaetedesugnuiumaaay
Faamatiaf g Tinefnuaunn auniing Aewmaia
singleplex real - time PCR (nAaa4 3 s]?’1) A1NATNNT
184 Parati et al. (2006) Ingin1sai1ansvunsgu
ANNNANARA LaZnALA multiplex droplet digital PCR
(multiplex ddPCR) (naaa3 3 %’1) Fanlasanianig
184 Cray et al. (2020) 1 U3 N 1sMsaauUTu0
A lnanseaesuiasiuingladldnew
NIMIFIU anteaiiAwansldann 3 madia un
WrnuguAnuuuEnresdndauang (% Y)

NFIATIEANNHD A

ArreiAuuslsuainisnisdssifin
Fadaumeia 333009 ANNULHUNITNARRIGN
a3y 90l (Complete Randomized Design; Gomez and
Gomez, 1984) nanseafuAedy dauideau
NIRTFIU wazAduszAnt aauul s sau
WReuifaua LG edereurazasnisiisy A
AuEasiutatay 95

Namsmmamumﬁmscﬁ

nmsasanTanasgIudmsunslseiiudndau
LWAREA
= P Yy a

NINUIAIFINITEA1E 19BN 1u T
wmATA real - time PCR 1luiATaslad 1Aty 19U
T UL LAZANUIIAINITLEAIRANTD
~ = o , A o
guiuunanaulaluiiedeniiuinagey T
nMeANEIHAFINTINNIATgINAINA B LRI RS
Wananaalawey T9HEW PLP uaztiu SRY 993
o , v A 1 oA a A
fuagludnadounviniume 1: 1 WndFuumEwe
AoENALA multiplex real - time PCR (Figure 1A)
meﬂmwin”um\‘immﬁmmnwmmﬁm STEGIEERTaY!
AldutesaanAila singleplex real - time PCR
(Figure 1B) AMNN13AN®11849 Parati et al. (2006)

W SRY gane ¥ = 28.202-3 32X
H @ PLP gene - Y = 28.678-3 34X

DNA conc.

B SRY gene: Y =29212- 335K
® PLPgene Y = 28621~ 330X

Ct

R'>0.99

DNA conc.

Figure 1. Standard curves and linear equations of SRY gene (m) and PLP gene (@) obtained from the multiplex

real - time polymerase chain reaction assay (A) and the singleplex real - time polymerase chain

reaction assay (B) showing relationship between cycle threshold (CT) and DNA copy number (log C)

80



mswamaiadannandiseainifidasfiinnuusiutge

dufuilsziliudpdiuinarasagaluindanalaun

Figure 1A llunsWumsgIudunse af1e
anadueravaasdaaanainlaninay tng
W Aonudududaduilsaelsiamn 6 pnududy
Aa 1,000,200, 40, 8, 1.6 LAz 0.32 unlunfus e
ulasang NS UA B WA A3 multiplex real -
time PCR I8 A1 CT wazAnAnududu log C a5
naidunselaanuan 2 1w Aenswidunsares
B SRY TuiwAd (M) waz 84 PLP lumeldly (@)
AINNIINARDIH WLIT ALEUIBNIATIINALNN
Wndugegame 1,000 wrluniusalulnbns uay
anAINduduas 5 winldfamanududu 0.32
wTunsuselulnsdans Lﬂumwmmuwm@umu
m\‘im?mmﬂgmmmmmmwmLfauL@mmem
wATNmMeaey (RaUfRsanges CT = 15 - 30 9a1)
N dumsaae98u SRYNAAINd Y indy
-3.32 warn W uATIesEu PLP HANAINT Y
Winfu - 3.34 (1ﬁﬁﬁﬂqqu°ﬁuL'a§ﬂLviwﬁu -3.33) uay
Lz?fuMi\ﬁT”m@qﬁﬁwzﬁ”uﬂi:aw%@uﬁuﬁuﬁ’(RZ)
5211974AN CT 1A log C Aa R? > 0.99

Figure 1B Wunswidunsedi a¥19ann
Wanain InenANNANER AT RE Y PLP LAYE
SRY unsnagludmnsdau 1: 1 1daaududuaeg
wanglnain 1,000 D4 0.32 wnlunsuselulnsans
W Bundifuadaamain singleplex real - time
PCR lu4n197 Nl nud11dunsaaaiiy SRY 3
AN AL - 3.35 83 PLP T A NFUwindy
-3.30 I8 A1 AL U g uwin AL - 3.325
uazidumseisandlan R? > 0.99

AR AIATULRA 818902 W IR T
anmnATA multiplex real - time PCR {1 AN lIn& 1A 814
AUwWALA singleplex real - time PCR #4314 2 mATlA
dfAraaudulndidaeiuAganARfe - 3.320
AN 93 B e LANE AN 09N R N A B uLe
uadnsidulud 2 duluusazsaudjisen wied

szAnSnwindusasaz 100 a1u13aA1uLlsan
1
_slope)) —

ANN19 E = (10 1) x 100 (Svec et al., 2015)
HAATUILAIHANNIIAINATY WL AUIL@NBAW
\RABBINIIMNIATFINANMATIA multiplex real -
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time PCR W&z singleplex real - time PCR WinfiLfaeas
99.66 LAY 99.87 ANNATA L ANUTEANTNINTDY
ﬂgmmmﬂmqLﬂumwuwmﬂmWMmmumn
mL@umwj@@Lum@@mm‘imwmwimwwmmum
il fiAnnanindedie anunsaldannisainnsw
WuasesananaAuanndngdounaaga laaeig
wauein

ﬂf]iﬂazl,ﬁuﬁmzhw,wmzﬁmﬂﬁqmjwj’]
devalafigeenimuAngaLmATiA real - ime PCR
WumadaniadniSuedmunsllnieu 1 iU
n7EUNANAAL) ATENanLasgaaLIdITus
ﬁdqﬁmmﬁma@nmnmauﬂﬁﬁ?m limsaany
fatneluEasunn nsAnsieuminfidsyfiu
zﬁ”mﬁ'oumﬁﬁm%@‘ﬂmwdwu AaenAilA multiplex
real - time PCR 1dlnsiasanmnzsiatiu SRY dmfu
seywAl uarnswassatiu GAPDH \uiuauAN
721 ANNNAFA1e9U AT AudUnILTuI YR
Suiluunalagtindn CT 1eiasg1einadeuay
2anfaeA CT 1898 UAILANYTEEUNATF U (detta -
delta CT method; 2 2" laflfmsAnunnuFauniiaw
Aunaidunsaninsguy e lduandndauina
218904A Y Husuauwinfiintuviedfianaile
Winnfeuiuin@ednd liawmasoszyuanidu
Andiuiesar1ednga X Laveqa v lusnatied
fiaantsnagauls (Dumrongsri et al., 2016)

o daldnislazundndoumpaga
HanwazBoadaau ueniuiesazaea9aga X
wareqa Y 1§ n19An®11a9 Parati et al. (2006)
szl udnduinAresng’ X wareda Y ingld
ﬂmemgmmnwm@ﬁmﬁlﬁﬁmﬂmmﬂ PLP
uwaztiu SRY unsnag] nansaniuludna 1: 1 wagld
Tnsuffnd FAM 2iaiiaaru ifndSunmiduie
wWvulasaamARA singleplex real - time PCR
(@ M5Usu PLP 1 vaam Wazdw SRY1uaan) 1a
ANNTAURTNEIMTUATUIUNNEAAIUINATDI8EA
aenglsfimu anafapuRanaialadnaninuan
wanad aludadaud ldwinfu v linsmidunse
Tlfunsguuarlimunzandiniuldlsz i
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ARAIUNA WATN1IANIYDY Amadesi et al. (2015)
szl udndiumneaga X Laregqa vlutnide
walm AaemALA singleplex real - time PCR WULILEN
vaanlpaldaiduieainaasidanidananalaina
fnauwnunisldnaiaiio ol AannsLlszidfinanniia
R UE IRt GRT TS PPRRRTIY REETE ST
nalm Lﬁ‘ﬂ\‘i@’mﬁ’]ﬂﬁﬁ?‘ﬂ’]LL‘]_ILILL?;Iﬂ“Vm@m WAZHA
pauawldldeg lulfAsenfaulalunaenidaaiu
wngoydeREuensiuienmindjiseduman
Tunaenlavaeanils anavinlinslszifiudngou
ARANaA e

nsUsziiudndlunAaganemAtiA multiplex
real - time PCR

AaA N TR N B f ST ane
AaemnATLA multiplex real - time PCR datlaznaudae
InsiefuasTNILA AN ZIanzassiatis PLP WAz
SRquummmw‘wmmm?mmmmqmmmﬂlu
vaaARE mATATT e TuRauN T neN
M1UJAsen esudnarand anaontanainlu
funaunisgaanaansailnazlifasuid duie
E?qﬁuéqﬁﬁuﬂmﬁ@ﬂLﬁmmnﬁﬂﬂﬁﬁ?mumwmm
Tne1l1 Figure 2 LAASHANITR LT U UA 1 1ean
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Figure 2. Log curve plot for both SRY and PLP genes expression in sex-sorted bovine semen samples
quantified by multiplex real-time PCR technique. Tagman probe labeled FAM fluorophore ( — )
represent for SRY - specific gene in Y sperm and HEX fluorophore (- - -) represent for PLP-specific
gene in X sperm. A; Y =90 %, B; Y =80 %, C; Y =70 %, D; Y =60 %, E; Y =50 %, F; Y = 40 %, G;
Y =30 %, H; Y =20 %, and I; Y = 10 %, respectively.
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i@ evielafiinunisAaugnna Hdndaua030qa
v faus3aens 90 anasiadatay 10 (A= Fagaz 90,
B = faaaz 80, C = faaay 70, D = faaaz 60, E =
faaaz 50, F = fauay 40, G = fauay 30, H = fatay
20, kA | = 84z 10) WAAZALRLNLAANTALNITAA
ﬂﬁﬁ?mmm@mqmmm@ummeum’ﬁﬁmﬁ"‘u
sy Tnady @ FAM (Euiiu) LAAINATLA Y
Usnnnuiin SRY luweg (RAN199AnaULAY 494
wluume) wazdyynud HEX (Wuilsy) wanenng
Wuiunnugu AL lumadle (AMN199 ANAULAY
535 U1 luLNA9) meﬁummmmgm (threshold line)
farnauuiuunm X ﬁmﬁmﬁuﬁmmwmaﬁmmh
1995u (linear) 2003 A2y - 1.5 F9 1.7 14 e
Agi CT 109usas8 il Lmumﬂumumi Imﬂ
409ty Y asuaanndaat 1R i magey Gx
mem?’tyfyﬁmmm@uﬁ 15 - 30 ol ugaaiine
mma‘g’mmamqun’mﬁmﬂﬁﬁ?m%\mum

oy oyrouuaalus Figure 2 LARAIHANASAS
Ui B ueannfaed 19t @ e i f aond gy
a4 Y Fagaz 90 - 60 (Figure 2; A - D) Adndananstiu
SRY unnnandlu PLP Afsdudtyy1ud FAM (1du
fiu) uansd unniewdudny g HEX waziile
dndoundd Y danawizeanas idudnyyiud FAM
RUAUILIENNT WA AN N uTe9F B e
AeduTivianas anizfidedaidenddaduega X
uazega Y Hilfunnuviniudasas 50 (Figure 2; E) 14
ﬁmmnmmaq%mm%meﬁcyﬁywmﬁﬁuwi”@u I
i °lu‘1n"|\1m\1ﬁwi’hmi"m§uﬁmﬂwﬁﬁzﬁ“mahum%
Ymm” 40-10 (Figure 2; F - 1) wanadudny g
HEX Fusnrieud FAM Lummnumfaummmam X
N NNI1ega Y

s NS un A S uie lusyu muliplex

b

aa

Fefgulvune 2 a8 lunaannan Idinsufn
Avlgansartussinemin mmmmm“uwmu%
wazinljisenlunden - funisuamedtyey nid 1
A1 CT WFauiunauInsgIuainwataiia fu
mmﬁmﬁfﬁqmLﬁumwgﬂrﬁTmmJuﬁﬂu%ummﬁm
(Khamlor et al., 2014) WANFANANNANIANHINDUNLN
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flye9 Husna et al. (2017) waz Maleki et al. (2013)

Anw1asnisdssiiudndoumnmAreseqa’lulanay

=l

nscua

)Y

Hlnswefismnzaameduaznilarn
UATEIUUY singleplex real - time PCR uazldans
Fa9UarHa SYBR green 4 niunanIdny oy 1o
nsiuA e nagnsidulng nnsldans SYBR
green anaNAANEANATA LA Unansiradudadnly
JufuR i wenaengaiaeui i lgmEweumang
(non - specific gene) aepnaludaaninuedanisld
AN3FaNaNT TaHN9RNL8q Parati ef i (2006) 1@
UsudganisldinsufindWgaasaiaus LW@LWN
psuuen unsszyEu g ARRIHARNALAREL
YRIHATLATIZH LA
HANT9LTEHN A RINEIUTREAZRRA Y (% Y)
11 Table 2 a1nnALA multiplex real - time PCR 4
nsAunBELNELALNTINNIRsgINANEAAL R
NNFIE] WAZIATIA singleplex real -time PCR 1/3v1di1
dndauega Y saanisunen CT ldunudnluaunis
194n31MHIRTgINAINNAaNA IR AR N d Y
ssfluiaula Auanufludngou % Y daumnaila
multiplex ddPCR 1l WinAd AN LA T1UI UL
ﬁL@“ul,ﬂmm”vvﬁ’l,z%’uimiﬁLﬁm%uiuﬂf]ﬁ?m‘lﬁmmq
TildnsminmsgurserngwBannmsg s (Cray et al.,
2020, Roti Roti et al,, 2017) &4l Table 2 uanananis
AiAmeiifluaiieas (%) F]I’]L‘ij?_l\‘il,‘i_luu’]lmﬁ’m (SD)
ANTANATYNISATR (P-value) LazAN AN sy AND
AHLLTUTU CV (%) annsdsziiudngauiasas
2g4a Y anTa 33305 WUd mansTATzdRdaw
e laif A unandnay (P> 0.05) fAnduilezans
Al stlsausindndesas 10 Adndounrnga
wmmmimﬂmﬂmnumamwme”l.q ?@?;I@y
90 -10) mmmqnmmum multiplex real - time PCR '1/1
Tl Wenlszunaludaedasay 93.55
-10.28 ﬁﬁ%ﬁmmumm‘ﬂmﬁﬁ@mdﬁ 3 5laAnily
ﬁﬁfmmmﬁﬂﬁummbﬂ’@u@ Lﬂuﬁﬁﬂi”mm%m“
95 conﬂdenoe interval (95 % ClI) mw AU LA | N
AN LD mmumnmmuumiu mua‘@m 54
udaaiaausuld vl fethaindeiinaua e
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AN estimates (% Y) 11 Table 2 a1al mmﬂmmmg@u
18 1ia9andaetnarin@e X- sorted semen Uat Y -
sorted semen ANNLTHNNIINITAHIUNTELIUNNS
HARAAUENINARAILAD flow cytometry sv1jdRdIUD4A
X vite 943 Y Senwnndnfanaz 90 favanefivanad
Farazaeseqa X vive Y ludasdssnnfenas 90 - 99
azifu fanteRE e Nt @ensen s ludaday
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GE)
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TnaesTismnesia SRY uulastulny Y (Iwsusim

& FAM) Anuaudndauagaa NN nNInsgIuEas

Wadensalamad 78 lnslulau X uazlnsllo
Y ludndau 1
ARINNNIAFNANNIIALEALE UBANIEAFLTALADA
1192 ntAnAg AoszeNafat 19 lWH AN gy

S naununisldnanainle asingls

UAZANINLBE VTS NBAAANNEANAIA TWNNTLAY
Bunudduenaans suiannslssfiudndaumnd
@zﬁ WULLENAADALALY singleplex real - time PCR

TiuanisAtuuusiuen 14 wsumndngaaisaisus

Wenadinies deeansuunnainlfizen uazmatia
multiplex droplet digital PCR 1l uinafiafi & A9
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Abstract: The objective of this study was to evaluate effect of aging period on chemical composition and
carnosine content of beef. Fifteen muscle samples were taken from 3 crossbred [Charolais x (Brahman x
Native)] bulls. Beef cattle was slaughtered at 24 - 36 months and average body weight was 500 - 600 kilograms.
They were slaughtered following the standard procedure. Longissimus thoracis muscles were sampled and
aging at 4 °C for 7, 14, 21 and 28 days. Chemical composition and carnosine content were analyzed. The results
showed that the moisture, protein and lipid content (%) were not significantly different between groups
(P> 0.05). Moreover, aging period was not an effect on carnosine content (P > 0.05). Therefore, it might
conclude that the aging period had no affected on chemical composition and carnosine content of beef.

Beef aging technique can improve value - added of meat without nutritional deterioration.

Keywords: Beef, aging period, chemical composition, carnosine content
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ANYInAIINdRTRNeaziinnITUIUNNTN FaNTN 2011) AnFluduiiluearlsznauluileienans

) X 2 @ o v & A ¥ a v ' v A o

rigor mortis ¥38n131AIN TR 89N AN HeN A A 1 aiip loun anes nanilewala ln nszinne
& = = = ¥ o aal L& . N o e °
Walalanuwnilen a9lainisnistniile (aging) aaaunnnasial (olfactory bulb) LAZWLANUIU
1 ldlunsdsulpenainimitla liaaw tnawudn wnlundaNiieans (Gariballa and Sinclair, 2000)

& a o & A A = A aAa P S 4 ' o

nsdnielalunszuqunisidqaldilainausa UnuassafTudunfag e dndiuas iy
ﬁﬁﬁu muﬁqﬁmmummn% (Epley, 1992) 35n191in nanelads lawn alnuesdnd (Jones et al., 2011),
Hefifanianieae mmmmmﬂm (wet aging a18%Wug (D'Astous-Pageé et al, 2017), THAL8
%38 vacuum aging) ) 11l um@umu‘a‘ﬂm&m’;‘@@ LA nanuiile (Maikhunthod and Intarapichet, 2005) Wa e
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3l mannsFeulunnslsznauanyng (Bauchart et al.,
2006) t1AU Aaugdnnnsuideazdunszuaunnad
doe oAl mmiiu%u LLﬁiﬁLﬂum‘yU']uﬂﬁi‘ﬁl
mmaslummmmmmﬂm@@nmmu@ mum‘l}ﬂmu
filuesflsznannieluie fafu nisAnmni
mmmqﬂammLwamﬂwwmwmmiw:mm
TunnsduseesrlsznauntuAtuasldunmians
mﬁu%uimﬁjaiﬂiumﬂﬁﬂwﬁ@m@‘wwmmﬁh
‘llmmmsmmmummumﬂam@umiu@ Husinm
fiaulantedruntstiniie

4 a
AUnsaluazIang

ARTVARDILALNNSINUADEN

Tnided 4 lunsdneiaseiidulagy
a8 UggNHaN 3 a18Wug [Charolais x (Brahman
x Native)] lWAE 911 15 A9 Imﬁ@%@umqmﬁﬁ
8¢ 24-36 LAY Yauiniad et szanns 500-600
ﬂiamu Imﬂmmmﬁmmmummmumm
andufuFat1and e dunen (longissimus
thoracis) i @11 A N1 BNENATR9sTE v U
miﬂwiﬂ@mmwﬁﬂ‘im Tnas el udulid
ANILI 2.54 cm udan llussqanLLgaysuInIA
(mi‘j_immmflm) Iﬁqqzﬁ;zyﬂ;m’m (NARANWANARN
PE (polyethylene) / PET (polyethylene terephthalate))
Tmml,ﬂ_iqmiumiﬁﬂwuﬂuﬁqﬁ ’l)ﬂ(i‘iNLﬁ'ﬂIﬂﬁV‘l”]
nnsUNlugzezan 7 94 2) mjwﬁf':@‘llmﬁﬁ’mﬁiﬂu
Wuszeziaan 14 9u 3) ﬂzimﬁ@‘iﬂﬁﬁﬁmaﬂmﬂu
FTEZIIAN 21 TU UAT 4) ﬂ@iuﬁﬂimﬁﬁﬁmiﬂmﬂu
T8RN 28 U Tmmwsﬂmﬁa%%muﬂﬁ 4°C
dlensusy ﬂvmmlumiuummnwumLLm
wwmmummu@mmummu@ 3°num'an@u
nsANEINAATIERe T
N1593LASIzYAIAUsENauNILAN (Chemical
composition)

dndnailedunen N1TATITUNGUAY
6 fiaatne lnedmsneiesddsznauntaail Taun
AaTy Tlsiu uazlasi 1ned? proximate analysis
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ANNATN9999 AOAC (2000) Inaiuansnalugluuy
Ia95RLay
nesnALazn1eInlFuansAs luduluflasing
\iiala

Biieladounduiledunenuniinmet
nguay 4 Aetng lnaanauSuinansanfludu
ANNADTN19U99 Auh et al. (2010) vinFaatinannriuly
Hudemaafuiuindmaainlesay (deionized
water) TUERdan 1:2 (w/w) Aaenatesiy uda
Aainldwenlugnainpauaug R kL e
flqoungdl 30 °C ifluiaan 30 undt arnduinly
duwdeedfiaanuida 11,000 g qaungfl 4 °C il
1981 20 U1 waaIN13TAlIua1s AT Iud U
A1NATNI7284 Auh et al. (2010) uaz Maikhunthod
and Intarapichet (2005) laaiinn1stilnansazans
gonlaildanndunounisafaliuinians
ArFluduanndruiileduuaniiuamns 300 ul
NANALINNIUeAUTNIMT 900 i ﬁﬁiﬂﬂNﬁQMHQﬁ
_20 °C lutaan 18 £alua annduin T uma e
finanui3a 16,000 g gouuni 4 °C lunan 511
N7a4A L UNTaIIUABUIUIA 0.45 pm LR INN
n1siAeangnsazanadilddaadnsazans O -
phthaldialdehyde (OPA) lugmnsndau 1:5naunn
nsandaees HPLC %1033 1AseitFunnians
AFudulnald HPLC Agilent 1100 waz fluorescence
detector '17{ AINNEYNIA '?V‘I 1 excitation 310 nm LLa &
emission 375 nm $auAUN13 14 C18 column Hypersil
5 0DS 250 x 4.6 mm (PN 7992618 - 585; SN 481419)
LA mobile phase datlaznaudae phase A (50mM
pH 437) U & ¥
(acetronitrile : methanol : tetrahydrofuran =70 % : 25 %

5 % aNansu) Inauanaualugtluunaes mg/g

sodium acetate buffer, phase B

N5IAATIEUNFD B

nsaaeideyalinisnssiniean
L1111 ANOVA NN39AG8LANNLANANSI0IAN 2R E)
AaeR T Tukey AaeTsunsndfaginieada (SAS,
2003) IAUNANTLIAMNUANAIN NG D Aae19T
ﬁmi’qﬁryﬁ' P <0.05
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NANITANELAZIANSD]

szazanlunisUNAaasAlsznaun1ANTaq
Hale

AIANANITAN Iz ZA lUNTLNF B

. e & . .
asAtsznatmnani lutiala wuen szazinanlunnsts
liluasrefoaazeesnanauluiiela (Figure 1)
Taentalannanisunluszazioan 7, 14, 21 way
28 F1 HANFRUAZABIANTUWINAY 70.53 + 0.93,
71.36 +£0.68,71.30 £ 0.57 uax 71.85+0.70 ANNANGL
(P> 0.05) #4aAAAAITUNT3AN®1A4 Li et al. (2013)
91891191 e lafinunstsiluszaziogn 0 uay
14 593 U508 az109ANT UL wANFA T UN9D A
neAFRsaZIa9ANTUIALAlAT 0 LAY 14 51
TANINTU 74.6 LAY 74.4 ANTNANAL WATNIFANEN
484 Shi et al. (2020) N LANIN1TANHIBNINALD
nstnuwuudansdennniwilalagnuananawug
Luxi Tunadiia wudn N9 N ilanszasingn
0,7uay 145w lifiuaranisasuntagan
ce o & & oo d .
weasdusmanduraaiela nadialanaiunisty
wsuuanduszazingn 0, 7 was 14 Ju J5asay
YBIAINTUNNAY 73.35, 73.92 WAL 73.31 AINANSL
d' = o = [ %
WanBaumauiunanisane luasen wudn fasay
agpNTBUadialafiunisdusuElanann
N13AN®NUD4 Li et al. (2013) WAL Shi et al. (2020) HA1
1INNI1 29 laR AN HANTTANEIURY Li et al. (2008)
W91 Fagaraada NI uradialaludounagiile
a=Twn (semitendinosus) NHAUANTLNLL LT ainLlu
2282 14 WAT 21 JU HANFa8aZI09AINTY
wnnada AN uNsLNITuIZEZI9AN 4 F1 asiei
Wad1Atyneada d miufeaazaaslody wuan
M m y v o X
srivinanlunstn il i nasesasazaesluiuluiiela
Tmeidalanninisuntlussazioan 7, 14, 21 way 28
§u FAnFasazuadliuwindy 7.90 + 0.40, 7.61 + 0.53,
761 +035UAY 7.72 £ 0.53 AMNANAY (Figure 2:
P> 0.05) aINN19AN®1984 Li et al. (2008) WU AN
Y . X o o, . o
Sesazaadludureaiialain unisdnuuindeanidly
o a v 1 1 v

sr8IZI9AN 4, 11, 14 way 21 51 HAntdesndesasay
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salaiureaiielaiiiunisuifuszazioan 28
Ju ad el dad 1Ay n19ana a9 NT LR IAN
Yasazaadlasul duwusuLSunuvedi fasas
183A91NT U anAe BTanLdn halaTiH unst
UL Anfatazaadluunnnnd 1L e H1w
Astnuuuden desarnnisiuunuwiaasifa
mizgrgLﬁmi’m@ﬂmm‘f‘:@mnndw ANIAIULBIAN
Youazaadlasuiidaldacildiuanndndnfasas
489A9143Y (Dikeman et al,, 2013) §auA ¥aaay
284lUsA1 wudn srezanlunisnldinasasn
Yorazaealisiuluileln Inedelaftsianaay
Wuszesinan 7,14, 21 way 289U JA1feuay
aaaTUsRuwingy 23.02 +0.35, 24.23 + 0.45, 2363 +
0.58 LAz 24.10 + 0.31 AANaA L (Figure 3; P> 0.05)
A9AARDINLNANIIANHITES Kim ef al. (2019) 7
Wudn nstuileusrazioan 28 Su Wi nase
nnaulasuutlasredndesnz el siiulundruiile
fuuanveqiilela aanuaniRnEIT99 Ripoll et al.
(2008) 8% 1n19A nraeA sznaUN AT 104
elafivnnistuifluszaziogn 7 §u wuda Wela
flAN3a8aI89AINNT AL 7547 + 0.60 Satiay
199157 UWINAY 1.07 + 049 uazFeuazaeell sy
WinAU 21.67 £ 1.11 WAYAINNITANE1284 Cho et al.
(2016) HgiNnsAnerilssnaumnaaiiveiiala
Finnstinflusraziogn 21 54 wudn ielaildndas
ATUDIANNIUINTL 70,03 + 0.42 Fasinzanslasiud
ANWINTL 6.16 + 0.34 uaziasazuadiLlsfunAnwindy
21.97 +0.30 awSuAFeeazvealusiulazAFeaas
90971 si189N A NEN R U A1annnd1TenL
484 Cho et al. (2016) waz Ripoll et al. (2008) agi14ls
fAnu aerlsznaumaniiveailalaenadiduandng
Aulilula LﬁfaLwi@mwﬁuﬁimmmmmm WuI1
in Lﬁ@@ﬂﬂﬁuﬁgnmmwdw Limousin x Holstein -
Friesian 7l AM¥a8aza89A9nT 1 Tloiy uazlasiy
W1 76,01, 21.64 WA 148 ANNAAU doulalie
AR UGYNHANTTNINN Hereford x Holstein - Friesian
fiAn¥eeazaasrnty ey waslasfumindy 75.76,
21.55 WAz 1.79 ANNAAL Bogdanowicz et al. (2018)
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. S D4 e aa
LAYEINUAN NATNLe T ULA AT UN A9 WA N
agAlsznaun1aaiAneiu Inaannis@nenang
Kim et al. (2019) AN 1n13ANH129AUszna LN
- 2RV &
wHreuRedu (sidoin) waziadazinn (rump)
Aeunrtusuudlaniduszazinan 28 91 wu9n
" & - . ¥ .
AFatazaa9ANTY T1l3Ru wazluuaeaiiady
TA1WNAY 65.84, 2095 kAT 11.29 ATNANA L
L e & - . &
doupfasazaatnNdL Tlsiu wazluiureaiie
axIwni ANwiny 70.98, 22.08 Uay 5.08 AMNAFU
wananHan N1 luNNTUNA N aesALlsneUNIAR

1 o 1 dD al ] )
Wi Inanwuan welaNeinunisu NwuL @ eny

e a s &
FYELINAN 0,7 WAY 14 U NANFREATIDIANNTU
Winfy 73.35, 73.92 waz 73.31 ANas U dquiiiale
4 . Y .
AEBNITL N BUUWFBITaT9an 0, 7 WAy 14 31
Qe ANFREATIDIAIMNTUWINAL 73.98, 72.49 LAY
o o P = ~ %
72.90 AINNANAL haZINaTaisuANTaL AT YR
5 PN . o .
A NTuIadalaN iunsUNwLLT e nuaznsU N
LUULES WUI1 ANSeeazuetAIINTuIediiale
Aeunistuluszeazingn 091 THunnFAeTunig
A05 wAANFaLATIBIANNTBIHA AT LN TN
Wusrezingn 7 wag 14 93 HAuanA19iun19gn f
(Shi et al., 2020)
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Figure 1. Effect of aging period on moisture in beef. Bars indicate standard error of measure.
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Figure 2. Effect of aging period on lipid in beef. Bars indicate standard error of measure.
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Figure 3. Effect of aging period on protein in beef. Bars indicate standard error of measure.

sraziaalunistnmAalsuua1sAasluduly
\iala

AINHANITANEITZEZRAN IUNTL NG B
unansanfluduluiielanudn szazinanly
sl S uasetFuniansan Auduludels T
iHelafivinnnstufluszeziogn 7, 14, 21 WAL 28 TU
JUFunuansanfluduwindu 3.22, 364, 2.81 LAz
347 mg/g ANuANA L (Figure 4; P>0.05) A8 AR

FUNANITANE1UDY Bauchart et al. (2008) 1 b6
. oo & v .
Mn1sAneBunuaisasuiuluiileTaanadug

Charolais WU szazinan lunsdu i finaseiFunn
aranfludwluiieln Tneidelagnilsunans
ANFILE U 22.43 £ 1.02 umol /g Laziielafi sty
Winan 14 91 Ad3uma1A1Fudu 22.73£0.83
pmol /g Tumm:‘ﬁmsﬂ@:ﬂ@ummﬁmmimm
WLUGEYTYINIA (vacuum packed) ka1l fuluy
§19AcUANgUUN A (water bath) 19 Aa1u Faui
qouugdl 75 °C ifluszazioan 90 unRduiluade
unniansanfludu Taenfialafiinunistudy
srez108n 14 Junazinlilgegn wudn H1Fuuans
A FluFu 18.52+0.59 pmol /g atfesndntsunny
szl lnanuaziielafiiunasiniily
sraiziann 14 du adnaldadAtynneaia (P<0.001)
LAZANNNNTANE128 Maikhunthod and Intarapichet
(2005) MEvmsAnsnBunuansansiuduludieln
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N - L&

WU WeeniUTunmansAnFudunnnndilaasinn
= ] [y & | oA =
149 7 win 1A natsileluuAazdauiansansiudu
wWuesAdszneauludiunuisieny lnedlaand
1FuNnuaNsAFINTY 718.7 £54.0 ug/ g Taausiile
gelnnAUTunaudnsAFiud 104.2+15.3 ug/g waz

a e a 1 a = d’l
giprednInaNanalTuaansAnFuduluiile
A8 WU Imﬂmamﬂﬁuwumﬂmﬁﬂim (70.4
mmol/kg) PAIAINIAD Luamﬂi (55.4 mmol / kg) Lu'aiﬂ
(54.0 mmol/kg) Luﬂiﬂ\if)ﬂ (46.7 mmol/kg) LL@“’Lu‘ﬂLLﬂ"’
(33.6 mmol/kg) MuAIAL (Jones et al., 2011) u@ﬂmnu
wuq1 U3unasansansluduinduessilsznaunielu
L~ o o & Ao 4 =
el AudNAusiua N INEeNs 3an19Ane
2189 D'Astous-Page et al. (2017) 318191141 L HagN e
A A FIuguduesddsvnenludiutaiunn §
mwzﬁ“mﬁufﬁ%qmﬂm’@m pH N 24 Faluana
Andmne Imﬂmﬂum PH #i 24 daluandedndang
AntIae BnvranLIgn Lu@zﬁﬂiwumamﬁmulu
13u704uN ummmmmmlummummmLu@
Aad & a o 3% @
naau Tnetlagnsil Aannsgoy@uunainnisiu
N1 (drip loss) Lmzmm;tyLgﬁﬁwﬂﬂmiﬂi:ﬂ@u
819119 (cooking loss) AAAY WATEIWLIAN 1HagnIndl
g7 g uluFunuIndaeanAIANNEdNe (L)
WATANAWADY (D) 1994340 Bei9laRmNN ANENAUS
sendnaBunuansasiuiuluilanazgininile
fFafaaAnE i NRnNsaly
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Figure 4. Effect of aging period on carnosine content in beef. Bars indicate standard error of measure.
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Effects of T-2 Toxin on Cytotoxicity and Apoptosis of Embryonic
Fibroblast Cells Obtained from Native Chicken

TNWUT NRIANA 3NUUAUAT NBIA NFITTOL ASN
19TUNT NERIALN WAZ NUAS LaNas
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Abstract: The objective of this study was to determine the toxicity of T - 2 toxin in poultry. Chicken embryonic
fibroblast (CEF) cells were derived from crossbred native chickens and used as a model for cytotoxicity
evaluation of T - 2 toxins at various concentrations (0, 0.01, 0.1, 1, and 10 pg/ml) for 24 and 48 hours. Cytotoxicity
of CEF was increased when exposed to increasing concentrations of T - 2 toxin. Cell viability of CEF was lower
than 40 % and 20 % for all concentrations of T -2 toxin at 24 and 48 hours, respectively. CEF cells were induced
to death and mostly in the early apoptosis phase (62.27 %) by T - 2 toxin. The results indicated that crossbred
native chickens were less resistant and more sensitive to T - 2 toxin. Therefore, the contamination caused by T -2

toxin should be monitored in poultry feed as it may cause disease in chickens.

Keywords: T -2 toxin, cytotoxicity, apoptosis, crossbred native chicken embryonic fibroblast cells (CEFs)
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10 lulasnsusialanansg unan 24 uay 48 4alus wudn auduiwsewas Wluuanadaindgeunaedln

1
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PFFuansisAniy FAnnuguussi NN uaNszauANNIdNduaasansieiy) uardnsn1sldinesas

|
o

A1N47 40 Uaz 20 %‘lunm‘xﬁﬁ’mmma‘ﬁwﬁwﬁﬁmmu flian 24 uaz 48 2l mua iy adiWiuuaas
fmﬂﬁqﬁﬂumﬂ\ﬂﬁﬁmﬁmmmuﬁmmﬁmﬁﬂﬁmw‘fmmaﬁwﬁm daulunjegluszazernaninia
fidnemnavesmadlugasiu (eary apoptosis) Winu 62.27 % uan1sAnEnT ifiudn i uilesgnuani
Aumumuiasuazaauaueslasnseansiisiy iy Asiimadhsziimsuidauansieiiyluensdadin
wazanadluanunnaloalulnle

AENATY: AsiAIN@eiy AnaduEsamas nsenawuuesweninda was inTuuatasandageuln

= A
Wuilaagnuan
o__o Ao o va a & . =
AU ndndazldfuarsinainides Tnaniunienisiu
A k4 o a Ao &
21113 UsEnauIuaInNdng AN N1l Uil ey
Iinuiesgnuan Ae tnndiunsdfulye aanasiieanni@esiuiigaunn
AR UGIENI AR UTNINIPANT LA BN UG A19N BN (T-2 toxin) luansiainidias
ANuies iavmuinsasy i ulawazaunumiy - A9natlunguaes ichothecene (Bouaziz et al., 2006;
AadNINBIAReN T 29 WY y AINANINDINVAT Desjardins et al., 1993; Sudakin, 2003) Tagtiaan
fauauluntinduaesdssmalnadunilaladadnAny W@ luana Fusanium i F. sporotichioides, F. poae,

Peraianistudleuanimenluingauewsdnd . equiseti uag F. acuminatum (Desjardins et al., 1993)
4 . ava - & 4 4 o . - I  a %
Farialfiina1sHaIN@as (mycotoxing) Faiiln  @wdniswudn ansfiwanidas lunguildnisluileu

naanunualasdyfagi (secondary metabolite)  ag lwausdndlnuazenagdnansenusagunIn
geadenaunndan ldifewdlulszmalng eunlzaednd laaansizaindenaiind enadu
Lﬁﬂfuluﬁ@fgﬂu@qmmunﬁmmmamzﬁ“m‘ﬂnﬁ“q‘izm Nusamaaszuu)iANAuTaITanIeLareaiu
fraaglszauiuiloy wanrstud euaesansie ansrienzise Andeenanndnelunandaiaesdnd
mnL%mﬂuf‘;”mqaummaﬁ'ﬁwmﬂim@uLﬂummi 21 nandngandadiin smanileuazld Gena
dnf annn1sgnsa wudn fntstluid eusesansiie asnansznusagunnaasusinalaanson d1miy
ANd e luHANAANNINNTINEATIANTANHTA nurudeyafiuansauiduiviasnalnesansiis
(Gruber-Dormninger et al., 2019; Mahdjoubi et al., 2020) ﬁwy&uﬁﬁwmuﬁmmmmﬂﬂ Weanamani1siiun

wiu d1alng 09 drand washu - Awndsznendu dsBedmsunimaseuuazAnenluninauin anvs
TANAUUANNINNGT 50% 20901919405 AdRT  AvununIuLesdadlnanswugiuiieswesinase

Tnganize1unsdndtn deanmdasiunainuans mwﬁwﬁu&uﬂ"ﬁﬂﬁbﬂ’mﬂ@ﬂamg ieiflunismagey
AsA nEI AT N sz LN L a0 AN TR 1 srfuTaeAIT U HUa9a1 AN T AT T
f-mnL‘%@immmﬁmgﬂummiﬁm‘ﬁﬂLL@zmumu duideunnfuenmisdnd neutnlunaaeyly
1833AO ALBMNIFN 7] (Ezekiel et al,, 2012; Kana et al., mAauNRUFdRT Adl4 T aanuuunisAnEndudy
2013; Labuda et al., 2005; Rodrigues and Naehrer 2012 Tnanisugasaaddndunagaaunieluiag

Shareef, 2010; Streit et al., 2013) Farfu A e Uf1iRnng Aviu lunnsAnwnadall Aslidnglsvacs
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r_‘ll =S a a = o g
WaAnwiAuiuisaesasi ey iy ludndin
el maa i luuanasainfaaauaaali N e
gnuanlufuiILaan iedaseata Nl unsse
waa war M idugudeyadusiuduauduisse
o o= |d” A 1 o
&nsiln Tnaannlinuiasgnuananadlng newn
n3naaadlunIAguN A g dninaaludannaas
f1an8Un@ (in vivo study) Tueunamsaluinaliua
nsAnELeas

L4 aa
adnsaluaglsns

o ok g o
VERAN L LUNISNARDULALANTINISLAENLEIAR
viad W Iusuanassaeauln (chicken

embryonic fibroblast; CEF) ldN1a AN 1sueniag

afmﬁwmiﬁﬁmﬁm@rmmu 3 aeug (Uezgna
#1 (Pradu Hang Darm) x aneiug lldungn (Hubbard)
X mmwuﬁmaaumm (Hubbard) WAYNNNSELREN
1u’a’1‘vm?l,@mwﬁ@@°ﬁum Dulbecco's modified Eagle's
medium (DMEM) filsznandas fetal bovine serum
10% wazendljTauz 1% (wulidaan (penicilin) 10,000
gilnradianans +an9lindadu (streptomycin)
10,000 lulmsnsusdefianans + uanlWmesdu O
(amphotericin B) 25 Tulasniuseiadans) Inavulu
Funmaduuuldafualneanlasd (CO,) igumnd
37°C uaziianududuansansuanlaaanlas 5.0%

2TUINNTINIZIA LN NI A HUB MR LT AR

LUUdA U
MENARALANNII U R HADLTAR WA R 283 5
MTT colorimetric assay
vadlnlusanasisenaedlifuiies
gNUAN (L?;m"l.%’ lunan 1 passage) delulalaman
UL 96 NN (96 - well microplate) “guay 5,000 -
10,000 Lsnmri_iﬂuﬁﬂuL’gﬂwﬁm’@uﬂfhLsﬁm’@wﬁm
T3 F1 80 % ANNUUARELATALANEANN AT
HIRTFN U 7 (Dried Standard T -2 Toxin, Trilogy®)
WATLABANY (serial dilution) Aaaududu 5988y
szneu Aae 0,0.01,0.1, 1 waz 10 lulasniuse
Nadans ‘VTwmic;]mmmﬂgmLsn@@“lul,wi@wzguﬁq
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LASIANANTATAIL AT TN HNIATTIUNY fszsu
AN ndusng o aglungu 9 az 100 lulnsans
dululasmanlugusmasfignvgi 37 °C uaz
Audnduafuerlneenlas 5% lnan1vun
NAMARDLITA 24 Uz 48 aTue EleAsUIRANNNIUN
NINIANAIAZANE MTT (3- (4, 5-dimethylthiazol - 2
—yI) 2,5 diphenyl tetrazolium bromide) 100 lulnsansg
fpanudndu 0.5 nFusaliadans fa’muumm?‘uu
Tulasmanludinmadiiunan 1-4 Falua amiu
AnaNTazane MIT# dalnwdiadanenlss
(dimethyl sulfoxide, DMSO) 100 luTAsdms ANty
inllsaAnganduuasii 570 uiulumns foeeias
adninstWindmad (spectrophotometer) 1o e i
wsinzA L dusingn 3NN BATNINIINAALY
§1U9 391 N1TAUINL TR AT I89N13R TR
(% cell viabilty) N TnaauiuAINI99 ANALLAY
lunguAtLAN AIANNIT

% cell viability = (AMN13AANAULAIUDILA
NAGBL / ANIIAANALLAIIBNTAAILAN) x 100
ﬂﬁ?ﬂﬂﬂ’ﬂuwaﬂl’ﬂdﬂﬁﬁ‘ﬁﬂﬁmﬁi@ﬂ’]‘j‘LM'ﬁﬂ’)ﬁ’l
N1SANTRIUNTARAULUREWANINT A LULTAR
Inlusumassrseuliiuifiagnuau daeeias
Imaging flow cytometry

NNTATIAAAUILUENITANLYRILTAR WL L
prnenindalutad Wlusuaasmageuln
‘ﬁmﬁmqﬂmu Tneldganmaay Annexin V-FITC
Apoptosis Detection Kit | (APT750, Millipore, Temecula,
CA) Lﬂuﬁ‘éma‘ﬂ”@uLL@uﬁmﬁﬁ'ﬁmMQ@msmeﬁu
(annexin V-FITC) wax propidium iodide (PI) L‘ﬁlfaﬁmmm
N7 A 8 AITIN AN AN LILTY 19 TAE
Taeild1edaq imaging flow cytometry Tunnsmanaaay
Tnasansfudrasadlnlusuaiasfdauan
Tieusleagneuass I 200,000 e auansazand
phosphate buffered saline (PBS) La&y11N19LA N
a1782ane 1X binding buffer U3unms 200 Tulmsdams
AN L annexin V-FITC 3 'lulAsans uaz iy
propidium iodide 2 lulasans avldlunaennnasa
aua 1.5 TulAsans it nmadiungn 15 wd
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m@muﬂmmq warilaaiuannwas me‘ummm
ma‘ﬂumqmw 2,000 RPM 1141981 15 w1 LW@
NURZNaUEAa LaLA N PBS L1 (ice - cold PBS)

40 TuTAsame na9aNnnNIsTeNAA 01 TIAad

lusuanasiagenlifuilesgnuan faatng
wadld funislszifiudaninin imaging flow
cytometry (FlowSight, Seattle, WA, USA) Taaild 144
v09ia17057 488 wluwmslunisnsziunisidas
wasdvigeaamus Inad annexin V-FITC S99
muﬂdmmmﬁ 505 - 560 W1 TWlums uay Pl {199
n’mﬂ@immmﬁ 595 - 642 W TUIAS 1A3B4 imaging
flow cytometry 11N19MT2a9AF 208 198191 e
10,000 LIARFIAF DL anufininszanadas
ITULARNNILAAS IDEAS version 6.2 (Amnis, Seattle,
WA, USA) ImmimqnmﬁvuLﬂmmmmmmmamq
TR COPTE T YRR T IO TR EAY GV R RPY
ANBULNTAAA annexin V- FITC waz Pl (Figure 3B)
antuA1uIiesazrasd1uIufaat 1 Ta sy
uAazIzezNITANgasNenMIAan1NN1IRAA annexin
V- FITC waz Pl (Figure 3A)
NFIATIZUTAYAN AT

nsinmzideyadiafaudisuienas
204NN TIMUAZN1IANEuLLaTNe N InTausay
nguni1maaesatae’ld GLM procedure 184
Tilsunsa SAS version 9.1 LALNARALANLRALTZWING
mis\mm@mﬁfma?i Duncan’s new multiple range test
(Steel and Torrie, 1980)

NANISANHILAZIANTIE

A tluiwaasssiuiinluigas inluuaiss

ansaaulinuiagnras

Han1sNAaadly Figure 1A LA 1B LaA<
v aaa & o 1 1
fauaznisiaanvesmas ilusuanasmsaaanla

[
]

P P Yo a o o \
Auilasgnuanidaldfuansieiyluseaunuansig
AU D RIa1 24 T9TH9 WAz 48 921Ng AMTNAA L

Ly Aaa -
nanudn Faaaznisldinaeaas W lusuanas

sasauln 1Ny 32.3,29.8, 24.8 1AL 18.9 NA4AN
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Id5uasiuny A 0.01,0.1, 1 uaz 10 lulasniu
fefiaaans Wiunan 24 $9lue AUy (Figure 1A)
wazFasarn1sNTI nveaas lusuanasmaeanli
ndan g Fuansiefgidunan 48 $alue winfy
190,159, 126 uaz 12.1 il eldFuansfindinse iy
0.01,0.1, 1 uaz 10 lulasnfuseladans ANa1AL
(Figure 1B) wu31 Anuiufssemas W lusuanas
frgeuliilpuguusafinanntuetdneiidudnAnyde
yeadA (P<001) SeadldFuliunmansinfinun
%‘u (dose-dependent) %memmﬁmﬁum@m?wmam
189 Wu et al. (2019) fiwudnimas L2 (human fetal
liver cell line) & W fFUANNIA I AT NNT 1
L:ﬁ"faLﬁmxﬁmmmiﬁwﬁﬂlumwM@‘u
UANAINIZA LMWL NI WD IR TN 1
sraznan i ldFuansfiu i naduiy aannns
Wi ueunareafeaazni1sNIIn109LTAS
TWlnusrasfansagenlndenand ldsuansfiniy
w91 Eenaiamnniuann 24 daluafl 48 s
yialiEnsnsdiinseisadnanda 20 % lunn
izoﬁvmmmaﬁwﬁﬁﬁmmau (Figure 1A waz 1B)
susnaavmas Tuuaasannsadeuln
fldFuansieiiyluseiuiunnsieiu wanely
Figure 2A Uaz 2B NANMSANHINLGN JUsaeamas v
nauAILANT IS A TR s nezadEnszaas
gnonaxvizagiian wazildauiiuena uslumanauu
wudn dlamadlnlunaasanndgeuln g suansis
IuanazinanliBunmadanas uarglinemes
AT AN H A RLILAYIANAS ANNIANEN TR
wudn nalnusnaasudlusveansisiiniu dusa
annnnsmitentnntnz At AfIf AaNneand mdy
(oxidative stress) Y1 lWanad ArsPiLau L vane
FEUUAN 7 finuaunalndfynielueadaes
AT iy BULABATZRANG LAY (reactive oxygen
species; ROS) (Wu et al., 2013; Wu et al., 2014) %‘\‘1 RikN
uasin s Tuianazedd duewdsuulanidefianis
aandnduaasladuiiduesilsznonlumams
89Lmaa b 1 wansnesean ke (lipid peroxidation)
gana lfimasiusLsudeganw (Ozguner et al., 2005)



- ' [ a
nawassnsiynandusannuuisuaznmsna
aaaas INluuarganianuslalnvuiias

a
a 100
100
80
8 )
-~ 2
2 <
e @ ;. 60
g z
=
= a
3 w ]
= =
= o b =
8 be S b
c 20 c
) I l .d ._d
0 0.01 01 1 10
0 0.01 0.1 1 10

T-2 toxin (pg/ml) T-2 toxin (ug/ml)

Figure 1. Cell viability in CEF after treatment with various concentrations (0, 0.01, 0.1, 1 and 10 ug/ml) of T -

2 for 24 (A) or 48 h (B). The percentage of survival cells was relative to the control cells and by the
mean (n=3). * Significantly different from the control (P <0.05)

Figure 2. Cell morphology and growth characteristics of CEF at 24 h (A) and 48 h (B) after plating. CEF cells
were treated with T -2 at 0 (control), 0.01, 0.1, 1 and 10 ug/ml
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Figure 3. Apoptotic effects of CEF cells caused by T -2 toxin. Flow cytometry analysis of the apoptosis rate of

CEF cells after T-2 toxin treatment. Cells stained with Annexin V - Propedium iodine (AV - Pl) after

exposure to 1 ug/ml T -2 toxin for 24 h (A) in addition to the quantification of the apoptotic cells, is

shown in the right-hand side of the histogram (B). Results are the mean + SD, n = 3

sraznseELULazNaningdluias IWNluuases
anaraaulnvuiiasgnuauineansnuiy
NIINARALIZULNITANEUTDIADNAAE
- 2 A ] a -
samaagUuuunilenGandn aznanindalumas
Wluuanasdandagaulinuilasgnuan uagain
lasuansieiyluassitlavianisdaaenaadg
Wluuanasainsagaulivuilesgnuani 145y
ansiufniEuan 1 llasnsusedadans Wunan
24 Flus wan1sAnEInuII@I TN Ay inlfiin
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nsaauuuezneninaluas Wluuanasainsa
geulifuilesgnuan washigniviaainliang
Tnaansfinfinidndouresszazerwanindaiiil
33m (ive) 1A 4.24 % N1TANEUBUTAR LT 29A
(early apoptosis) Lffﬁlﬁl 62.27 % WATNIIANLUDILTAS
lugasdane (late apoptosis) Lftﬁlﬂ 1.04 % (Figure 3A)
mamm@mmww@qLsn@@rﬁmﬁmﬂmign
nzfulimeuwuuazneninia Inanimadavsag
nnadend wouRued annexin V- FITC uaz Pl lagd
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wansresENnnarnenIndaazinislasundag
Ta# phosphatidyl serine LAA @UNBBNAUUAN
NANANUNNLUTU AN annexin V - FITC 418150

Juiutlszqaauaas phosphatidyl serine I s luszeizil

Pl sl @nmnsnsinunanau i suld uidle
WaNaN NN sUa AU AaNT R Plidald4y
AEU00TAE TIAINII0UIVANNNIANL LD
VAR L6 (Khongthong et al., 2019) Ta &l annexin V

vl fAseady Plunemdldlugad a1

IARAINNTOAAR 10 DNALAANATANE WL
azwanTnia InevinnisutsLanTasiAnA @aa
284 annexin V 8¢ lungunisaeutuaznaninia
vearaslutaadi uiidlemadiinsfiada 2 10
Aa AuadiiAnann PI (Pl -
annexin V (FITC - positive) aA1unsnanuun liae] lussers
Lsm@’mjuﬁﬁma‘mﬂummmﬂ (Figure 3B) oﬁ”\i‘&u

. 8
positive) LAZALI LD

Tuntsinazwanindalzas (apoptotic cells) azld

97 ATIsT 2 mﬁmﬁﬁ@v‘hmﬂmﬂLfﬁ’fﬂmwmam
(density dot plot) LTad A1 A19TRAR kAN I
Tunsudauenszaesng o) 199N19AE UL L
aznaninia lnautisaanidugnusfiiian
(FITC - negative / PI -
U929/ 1 (FITC - positive / PI - negative) N15A1 &l
yaaitan bud9dany (FITC-positive / Pl-positive)
LATNITANYTRILIAR WL LR LNAY (necrosis)
(FITC - negative / PI -
NANTENUAINNITANLIDILTAR WL L
”WﬂwiwmLﬂuammﬁmmmnmmm@ ma‘m‘m

positive)

AR uaznindennesremad AHAMTNT
drany luniadudoulsrnevaedanisacuns

N9TUILNNINNETIINENEBLATE TN A RS
AINNIIANHINUGN AN AYAuavinliaas

WMluuaafainiageuliiuilesgnuaniin
ANRaUNG Tnaanannlfiaaad DNA @avneing
nsmnsuuuezneanindaidunismisuuy ey
Tln19mnewuuReUNABLULIASEA (necrosis)
LﬁmmﬂLenm“lﬁa‘“ummmngul,m ANTANY LU
prwenindaldldanwaisnisuanniana

negative) N19ANUURILTA R
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1 o aa o ] v
Wit un1me lua N e NN N1IMAFR 284N A LY
o=l [~3 o ZI/ dl = a dy
FASHUUIALANAS AU W ainnslanfaeatalsa
9 ) iR aTdsunsunisdemaaeaad be
wazlddudeniamieunasldsiunddny lu
f1anadnd 1w ps3 nlFiAan1inaunindni
ra9szuulusanigauduawn linalsafieues
Aumadmndle 1w neldinnmaansife fadu Ty
FanredndliaasinasiiallsunsNnisana Ly
aznanindaifintunnludndiiunanuandu

(Duke et al., 1996)
a = o v a a
a1y mieailiifinesnaninda
Iummﬂmuummmmﬂmmuiﬂwummanmmu
TAEEIUNINEN1ZIATEA TR AAIN 0N LAY
GeganadeatunisAnenlunadaiinay I A&
FUANIN Y 11 EARA U NTAAINAIBAUUAE
6 ) o/ dl o v dl 1 Yo dl
AR AIuIRIs MmN ndMduden1van
NutinuanaesTuunAtie (Leydig cell) 19911y
(Fang et al., 2012; Wu et al., 2018; Yuan et al., 2016)
anvadelinnsAneideafuwaes Zhuang et al. (2013)
Wud1 asi ey lifianimnsuazasneninga
luitadaa94m91a89gnA28UN (Hela, Bel - 7402
wae Changliver) Tnad1unteluinsmeuinie
(mitochondria pathway) WAA19ZLATEAN LA AN
AanTLATY (oxidative stress)

G

AINUANIINARDI BIFUNLIN A9
A A a ' - VX A
Andanuiuissremagaesliiuiilavgnuas
atin9guuss uif lifuansi s luszaus e 10
Tulasniusaiiadans Ay deyanldainnisdnmn
v ¥ \ . Y
AsaaN170u Il lun1sA wBaL Aresn13 g
ansiaiyiianaaeuiudadndluninauiy uas
ya . % -
uawuelidnislsedanistuitl auaeag s
e alatluanndndin wweranagIng
e NUNI AN R UNAUAD AT Lo Lazd
HaLAuFagnaUNITNNTHARER TN
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Effects of Sucrose Sources on Fermentation Kinetics of Sweet Orange Wine
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Abstract: Sweet orange is one of a major fruit produced in a northern part of Thailand. The fruits contain high
vitamin C content (50 mg/100 g orange fruit). However, their small shape covered with thin and dark skin are
unappealing. Subsequently that leads to low market price. The main objective of this research is to create a
value - added product, an orange wine. The effect of three sucrose sources (cane sugar, refined sugar and
coconut sugar) on fermentation kinetics and qualities of sweet orange wine was investigated. The wine
fermentation kinetics were determined from concentrations of yeast cell, reducing sugar and alcohol content.
The optimal yeast cell growth and alcohol production was obtained from refined sugar. Nevertheless, the
sensory evaluation suggested that orange wine with coconut sugar tasted better than cane sugar and refined
sugar with the evaluation score of 14.5, 12.0 and 11.8, respectively. The chemical qualities (aldehyde and
alcohol contents) of all wines were well within standard according to TISI 2089 - 2544. In conclusion, coconut

sugar was the best sucrose sources for the sweet orange wine product.

Keywords: Fermentation kinetic, sucrose sources, sweet orange wine
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Figure 1. Kinetic curve of orange wine fermentation using various sucrose types
A. Cane sugar, B. Coconut sugar, C. Refined sugar
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Table 1. Parameters of kinetic fermentation of sweet orange wine products using different sources of sugar

Kinetic and yield parameters Units Cane sugar Coconut sugar Refined sugar
Specific growth rate () h' 0.2382+0.02° 0.5928 +0.04° 0.9114+0.01°
Doubling time (t,) h 2.9096+0.12° 1.1690 +0.15" 0.7604 +0.09°
Growth yield coefficient (Y,) ag/g 0.5394+0.07° 3.6123+0.10° 3.4234+0.05°
Product yield coefficient (Y ) a/g 0.3617+0.01° 2.3848 £0.05° 2.4492 +0.03°

Data are expressed as mean + standard deviation, n = 3; Mean values with the same lowercase superscript letter of different

sucrose types are not significantly different (P > 0.05)
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Figure 2. Sweet orange wine products using various sources of sugar
A. Cane sugar, B. Coconut sugar, C. Refined sugar

Table 2. Sensory analysis of sweet orange wine products using different sources of sugar

Data are expressed as mean + standard deviation, n = 30; Mean values with the same lowercase superscript letter of the

same sucrose types are not significantly different (P > 0.05)

Appearance: 0 = Objectionable, 1 = Poor, 2 = Good, 3 = Excellent

Sucrose sources

Wine evaluation chart

Total score

Appearance  Aroma/Bouquet Aftertaste Overall impression  Taste / Texture (20 scores)
(3 scores) (6 scores) (3 scores) (2 scores) (6 scores)
Cane sugar 16+0935° 41+1668° 15+0973° 07+0739° 41+1446° 120+3991°
Coconutsugar  23+0.836° 411436 22+0.746° 1.2+0.592° 48+1.165° 145+2933°
Refined sugar ~ 20+0.850° 36+1633" 15+0937° 07+0691° 40+1438° 11.8+3.623"

Aroma/Bouquet: 0 = Objectionable, 1 = Poor, 2 = Deficient, 3 = Acceptable, 4 = Good, 5 = Excellent, 6 = Extradiordinary

Aftertaste: 0 = Objectionable, 1 = Poor, 2 = Good, 3 = Excellent

Overall impression: 0 = Poor, 1 = Good, 2 = Excellent

Taste/Texture: 0 = Objectionable, 1 = Poor, 2 = Deficient, 3 = Acceptable, 4 = Good, 5 = Excellent, 6 = Extradiordinary
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Figure 3. Sensory analysis of sweet orange wine products using 3 sucrose sources
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Table 3. Aldehyde and alcohol contents of sweet orange wine using different sucrose sources

Sucrose sources

Aldehyde (mg /L)

Alcohol (% v/ v)

Cane sugar 52.27 £ 0.052° 9.3+£0.101°
Coconut sugar 82.68 + 0.087° 89+0.111°
Refined sugar 67.61+0.102° 9.9 +0.098

Data are expressed as mean * standard deviation, n = 3; Mean values with the same lowercase superscript letter of different

sucrose types are not significantly different (P > 0.05)
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Effects of Hydroxypropyl Methylcellulose Content and Drying Time on Qualities
of Aloe vera Powder by Foam - mat Drying
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Abstract: The objective of this study was to find out the levels of hydroxypropyl methylcellulose (HPMC: 1, 2, 3
and 4 %) and drying time (12, 16, 20 and 24 hrs) in order to develop the qualities of aloe vera powder by using
foam - mat drying. The results showed that 1 % HPMC make the highest foaming overrun of aloe vera foam as
493.83 %. This foam was dried in trays and heat flowed easily to give the lowest moisture content as 4.91% and
it provided the highest of antioxidant activity with 0.74 mg /g sample of trolox equivalent. The drying periods of
12 - 24 hrs were not significantly different to affect production yield in the range of 16.36 - 16.90 %. However, 16 -
hr drying time was suitable for foam - mat drying process because it gave the moisture content under criteria of
Thai Community Product Standard for dried mixed herbs as 6.69 %. Moreover, water solubility index (WSI) were
not significantly different (P >0.05) between 12- and 16- hr drying time drying time process and the values were
84.47 and 80.46 %, respectively.

Keywords: Aloe vera, hydroxypropyl methylcellulose, foam - mat drying
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AaTWulunszuaunisity wudn nasliy HPMC 7
AN NTuSaaas 191l LA I Neadaunas
BUNNANNNANINANG A AITUINUTAEHAH

- A a ' o [y aa o b
AUz AIAINONA AT TUNINATZITNIA 2T TN
wuu R wun Taaundsunauansnaly HPMC was

grungAnisauuianmnnzan el ldnaninel

Y A aa py v a
anvinaniaunInange naliainfsaAnasly
nandneiulsgilan o 18 Ingianizinadneiiages
A1a19nte N 1E9I1 1998 2L AN AN LN U AN

L4 aa
AUnsaluaziang

1. NISLATLNUNINUNNIATLLU LT N U

dumaszid’ Aloe vera (L) Burm.f. anewig

barbadensis ANWNFHIBUNBATNT BINBUATING
Fandaf ey lan danndanudanlilaudansla

udatTugaseiaariy (Braun, K750, Germany) {11a@
avdandldnsesduinnanieanldtnnaladiil
AT UYL 9934 % Udamaaiaalatlsunns 30
anavlfidududasiaieessme (evaporator) (50L
rotary evaporator NEC Technology, Hang Dong,
Chiang Ma|) ‘mm‘mm 60 °C U1 3 "ﬂ'ﬂ:m\i L‘W'aslﬁ
1mmm°nuzgmwwwmnu 94 % ULAAIUININNT
naansludunausialil

2. NFPLIUNMIHARUNITUINIAsHT R

¥indrunneassddududiuan 500
fiaadns mldinTesfnan (Kitchen Aid, Artisan, St
Joseph, Michigan, USA) waalaansuaalaandmsu
(DE10, OV Chemical, Chiang Mai) 438104 10 %
(ErvinsiaiFunmg) AudasaatiFaues 8 1w 1
WP WA AN 2 WP NINNTHANAI3lERTaNT -
WA mummm@‘im (HPMC) (Northem Chemical,
Chiang Mai) ﬂum'au (m 30 uammmmmm
70 °C) lWemInNdau 1,2, 3 ez 4 % (u’muﬂmma
ﬂ?ﬁmmﬁﬁdmmaﬁu%’u) aulaansazansiaala
udamansazans HPMC & aslugdounandnumg
asuidluiazasii Afusedaapainuisaues 10 w1
7117 aunssidld i eaziden wdasinundn
BunaianiAinisiian (overrun)

Bl ud1unn9a sz 7 Idmannn wia
unllausaagauaniou (6 tray - hot air oven, FNB
Machinery and Solution, Bangkok) 819 H 65 °C
WAL 12, 16, 20 UAE 24 Falu9 Bwsiuln i 141
um@:@ﬂmﬁ’hmﬂ%qﬁu (Braun, K750, Germany)
NTRIAQLATLNTNLUIA 100 mesh AUl Haazide
drlusraclugenens wdadadanilniiesily
mq@%mmw’@mmwﬁmﬁu 7 siall
3. NMFINUHUNITNARDY

3.1 AN AN N Ty aean N 19
naliu (anslansendinsiawiiatiaglaa: HPMC)
UdFune 1,2, 3 482 4% (ﬁfwﬁnmm@ﬂ?mmﬁq
TIUP AT NTUR) 219UHUNINARBILLIL completely
randomized design (CRD) AtATeimn Ll s 99u
n19anmtae g3 analysis of variance (ANOVA)



M5ATNEAT 37(1): 121 — 129 (2564)

W3E U e N LANFANII89ANRAE A8 Tukey
method 1A8¥N1INAREEN 3 A

3.2 N13ANENATR9TE LA TN TaLILAS
WAL 12, 16, 20 Uay 24 9l ﬁ@muqﬁ 65 °C 114
LRUN1INARBILLL CRD AtAgeAduL sl sau
N19a0 A laaldaT analysis of variance (ANOVA)
Lﬂiﬂuwm‘umwmemw'a\imm@ﬂmfm Tukey
method 1A8¥N1IMAREEN 3 A
4. MIIATILVHA

4.1 AzFAmMIaNEnIN taun Anfeaa
NANABR (% yield) AMATNUUILLY (bulk density)
(Carneiro et al., 2013), A 1% L* a* Ay b* (Konica
Minolta, CR400, Japan) A1 water activity (Pre Aqua
Lab Water Analyzer, USA) Anaa1uuiia (LVDV- Il +,
Brookfield, USA) AAanud1u1salun1sazane i
(water solubility index: WSI) ﬁ’]ﬂqwzﬁﬁuﬁiﬂluﬂﬁi‘é:u
‘LE’] (water absorption index: WAI) WAZANFRAZUR
Aalwy (overrun)

-3LlA91¢YW AN overrun (Raymundo et al.,
1998) Taein 59 A1l3u1Rs G A UIDIAIUNAN LAD
yinmsaTuina mﬁ”@mm%uimﬂ?mmszgmﬁmmm‘iﬂu
K A wsannna (1)

Overrun (%) = (Usumsaanu - Usumsg
YANATUNAN) / (UTHIRTIRIAIUHAN) * 100 (1)

- AAeAuan1Ialun1IaaN e
(WsI) LL@:mwmmqumﬁuﬁq (WAI) (Sriroth
and Piyachomkwan, 2003) Ta&iv11n1 sfafnating
WaEAn 0.5 niu ldluwaﬂmugum‘ém (ﬁmim
ﬁwuﬁnﬁuﬁuuﬁq) Futinduady 6 Tadans uau
Whdniu uazut lutessduuuenairiinaugs
faunni 30 °C wehfinnuiSasan 174 seurewni
Huiaan 30 wai udaaniuinuanaznaudae
m’?mmum’émﬁmm&qmu 2,500 saufaud 1w
1an 15 it udaasuandaulaldluanussmeiingy
VN1 YISV e AR
wdaaainlleudan feuanfouiiquiugd 105 °C
funan 12 Falua sl daiminidudaulands
auufaia A uamnAl WSl luannish 2 dou
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mvn@uﬁioﬁ”ﬁ afunaeaduwa e Whinldey AaEIg]
@u@m@ummmu 105 °C iflunan 12 Falug il
Feimtnidutiminazneundsiumasaitald
oAt WA lugsnnsi 3
Water solubility index (WSI, %) = (ﬁ MmN
dowlaauuiig) / (ﬂfmﬁﬂﬁq@mqﬁ:mﬁu) *100  (2)
Water absorption index (WAI g /g dried
sample) = minmzneundetumae) / (amin
FaatiFusiu) 3)
423 psefAaanaaadl lawn A1 pH
(Consort ¢830, multi -
ﬂ"lm”m%u (AOAC, 2000) A1 trolox equivalent
-AAINTNANITNNIIF U Y AT AT

parameter analyzer, Thailand)

835 DPPH (trolox equivalent) (modified from
Phongthai et al.,, 2018) N19IATUNAITHIATTIU 6
hydroxy - 2,5,7,8 - tetramethylechroman - 2 - carboxylic
acid (trolox) AT Nd U 1 Hadansusalanans
InEIN1911819 trolox U3unu 10 Haaniu azanelu
wniuealdnduienas 80 Usudsuamsldidu
10 D0@dRs Ynarsazanedlddiunanudududy
0.005, 0.010, 0.015, 0.020, 0.025 LAz 0.030 NAANTH
ralanans wadaalipanslsuamns 1 anans
TuumazAudNdwW nanasluans 2 2 - diphenyl - 1-
picrylhydrazyl (DPPH reagent) i 41 1 Haaluans
5u1ms 29 Nadans Uul3ludiila 30 und wds
anduinansimsenldllSadnisg and uuasd
517 il rAnisganauuasi i iAo
w¥agaynsiugannannisi 4 aniurinliladng
ﬂfm‘V\lmmﬂﬂmwdN%’@ﬂmmﬁéfﬂ’u&qﬁumwLﬁwﬁu
294 trolox (NAANTNFADNARARNT) A4 Figure 1
s (Faeaz) = (1-(AIN19AANALUAY
VNANTNIATFIU/ mmﬁr@mﬂﬁuumﬁq'ﬂﬂwmwju))
*100 (4)
ANNITHANAULAITBNANTNINTTIU = AN
@mnﬁuumm'@mmﬁmﬁmﬁwﬁu%wfm 7| HEN
DPPH reagent
ANNIAANALLAIIDIFAIBLNAILAN = AN
N19AANAULAITDIUBNIUBAKANTL DPPH reagent
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0 0.005

0.01
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y=3957.1x+0.2744
R*=0.9972

0.015 0.02 0.025

Figure 1. A representative calibration curve of % Inhibition by trolox standard (mg / ml)

nn9aATeiRaat 19 Tnanisudafaatng
INUNNATZARIN 1 HAANTN WANTU DPPH reagent
firanududu 0.1 aaluand 3u1ms 2.9 adans
Ul sle 30 undt udadsinansiun1lusasn
miqmnauumﬁ 517 W1 TWINAT AINITYANAULAY
ﬁiﬁﬁﬂﬂﬁmf;m%@ﬂ@xmiﬁuﬁqmﬂmw\mﬁmﬁm
LAz e TUKALTIWA trolox equivalent (mg/g sample)

439pmvvidayan1eada Ineldldsunss
Excel 97 way Minitab 16

HANITNANDILLA 33@’]‘5‘(11‘

a1nnsAnHIUFNIsansialiin e iy

HPMC T304 1, 2, 3 WAL 4 % MBNaalud1umng
v v ¥ 1 a2 1

el WA W WU Usunow overrun ae9tWud

P99 AAN HPMC TuifFunas 1 ez 2% Tl

UFuaunInfgainiy 493.83 waz 477.30%

ANaTFU asiglesAm NN NUTNN 0w HPMC 19

Qﬁuﬁﬂmﬁﬂ?mmiv@uﬁ@mm iesannifleazans
HPMC Tutinld ansazaneditinanuvila arsazans
Ardidugeiudealid Anannamilnanniudon
asnslafimuaanamilnaiunsn g uldgeden
FimunzanAmiiaing WINANNUTLAGININLAY
Tdanasanisfnifuennialuansianuanas
Bl 18 A1 overrun Ranaddas (Bikerman 1973)
TR N UNANE R (% yield) qummummmu
HPMC Tutl3un e unnd u sanif aanniauiinae
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HPMC 7118 a el lud aunau By duganalsunmin
@mﬁﬁwmmﬁmﬁmm’tﬁumﬂﬁumuiﬂﬁwﬁum
Tnesae9fiin HPMC 4 % il IdAnanangs
AAWINTIL 17.41 % (Table 1) aeiglafimunnaEn HPMC
Tudaatl5unns 1-4 % T uasenisldsuuta
AN AL UL BN A RS DTN U 993219 09 TaAn
fi5nldeeugag 039 - 0.41 nfusladaddns drufy
A1A L% a* uay b i mannunnsnaiued19d
TudAny (P >005) Tnapniildaglugas 75.80 -
78.08, 2.04 - 2.34 Uaz 19.95 - 21.90 ANNAAL
ANUFUANAMNNLATBIR AA DTN UNN
asvidng dlednisazanannified fuanuduaes
TIUNRTLDHIAN 5 % MU UN9R 92D
ddud 93 % TaeFunn lusnsdau 05 nFusa 6
LLALE (ﬁﬂuﬁndwuuwﬂmﬁ’mrﬁifaﬂ?mmiw) WL
AANUIALL T UAN TN U89 HPMC TneiAn
mwmﬁngqﬁ'qmwhﬁu 353.33 cP fipanadady
289 HPMC Winfiu 4 % Lmvmmuﬁmﬁmmmﬁu
55.03 cP (HPMC winfiu 1 %) ﬁqﬁLﬁﬂqmﬂmi HPMC
daefinAanunile Lummumﬂuﬂammmmu
NIl wa nsTuaigainad mwuum@uwuuuvaq
(Inkaew et al., 2015) N17iAA1 pH Tua1saza1a91u
WAzl amugtl wudn A uuansneiuad1el
WagnAty (P >0.05) ‘Emmwimﬂuma 5.29-5.50
Lzl adad AN am s lunsazanenn (WSI)
WU N9FRL HPMC Tl un i unnadud aua 19
TP UP TP LN [T PN VCRL ARV SO
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muﬁuqﬁu TneAn WSl ifiaduann 77.42 % iy
79.36 % Iwnmxﬁmmfmmmm‘lumiﬁuiﬁ (WA
anadaNN 0.14 g/ g dried sample 11w 0.05 g/g dried
sample 2819 lsARuARTAIA T AL LAN ey
ageTudAtynieada (P>0. 05)%\1me°l‘1}ﬂﬁu
mmwﬂ@%@uj wanwmileanniaAngns HPMC
fidsnansznudanisasuntasrassn WSl uaz
WAI lulsiazsianatng (Table 2)

3N AT UTDIHER A 9T I UM N
sz naFngns HPMC Tutlsanoudt e in
‘Lﬁﬁhmmﬁ'ﬁywﬁuqﬁu fesanniaidia HPMC Tu
Usanausndi 1 % danalafldn overrun gafigm sy
Tuszninanszuaunisauuie AuFaudenulanlu
n@uinmvmﬂm"meﬂmw (overrun g4) v1119%
ﬂ??mmmﬂmummmmmmqmmwi”mmamm
mqmmqﬂu 4.91 % e euiufegnediiy HPMC
zgqLL@:ﬁmim:@mﬁqmmiﬂ/\mw’?{ﬁ@mdn (overrun ﬁi"w)
prufaudsudnguansneflilif wingi s vin
WiianaiuldrngengamingL 6.31% dwsus Aw
79014 ae g0 0.28-0.30 Felaifl Arauansneiu

° o

pei19Ndud1Aty (P>0.05) a1 1n139ANaNgsx

o
a

nMsAnueRyaaasyluglues trolox equivalent W41
N3 117 HPMC TudSaunnand 1% % lden
trolox mwmmm’mu 0.74 Aadnfusianiu (snin
trolox Ratiinzasinumeaszdig) Feiedmaan
naEN HPMC TuiBunaudas il ansiraluly
waniugTgaineegdan n1sdnfianssunisiu
@ummmmmmumuuﬂmamq AW iliAnge
Turduias uaz Anidaz @muummumu‘ HPMC lu
ﬂ?uﬁmmqwu yin iR ans@etunnTunazsunmn
inunnsaszidanasnuiming uanelfiiug
maﬁ’fmawa%muﬂumaz&’nﬁmﬁﬂq‘mﬁ@dmmq
asziduazifladunszuauniseuuauun sy
ansnanantiasey lunanimeiugluuuneansae
sailansdueuyad aszinulanialuldun Aniiud
Fendwe wenualiiudniug lalatlu giu dadan
wazdanzd n1amgaadananssunIsBnueyyadase
lugilaas trolox equivalent daldamnaudiduans
NINTFIU AANNTOLNLBNAANITUN I UR LY ABATE
Tundndaumnsaseidie s

Table 1. Overrun, yield, color (L*, a*, b*), viscosity and bulk density of aloe vera powder added by HPMC (1 -4 %)

HPMC Overrun Yield L* a* b* Viscosity Bulk density
(%) (%) (%) (cP) (g/ml)

1 493.83 +8.90° 14.99 +0.74° 75.89+2.18 234017 21.90+0.34 55.03 +2.82° 0.41+0.05

2 477.30 + 24.90° 16.43+0.70% 76.21+£3.53 2.04+£0.58 19.95+0.94 130.97 +20.45° 0.39+0.04

3 43950+51.40” | 16.52+0.98% 78.08 +5.01 2.04+0.57 19.99+2.23 23243 +28.05° 0.40+0.04

4 385.40 + 11.08° 17.41+0.64° 76.59 £4.41 2.15+0.47 21.17+1.61 353.33 +97.96 0.40+0.05

Mean within column followed by different letters are significantly different at P < 0.05

Table 2. WSI, WAI, moisture content, Aw, trolox and pH of aloe vera powder added by HPMC (1 — 4 %)

HPMC (%) WSI (%) WAI (g/Q) Moisture content (%) Aw Trolox (mg / Q) pH
1 77.42 +1.68 0.14+0.03 4.9110.39° 0.30+0.03 0.74 +0.25° 5.50 +£0.30
2 77.19+3.69 0.12+0.01 5.34+0.44® 0.28 +0.01 0.50+0.19% 5.28 £0.30
3 79.24 +8.61 0.07+0.0 5.90 +0.56™ 0.28+0.05 0.35+0.12% 5.29+0.29
4 79.36 +10.62 0.05+0.01 6.31+0.48° 0.30+0.03 0.27 £0.08° 5.29+0.21

Mean within column followed by different letters are significantly different at P < 0.05
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AUFUN3A N7z LA NN a LTI
12,16, 20 ha g 24 daluelun 1 maaasi 2 wuan
nsaUUINARA I UM eAsTId g iy i 65 °C

. o v o i C e
WU UTNNANART b SR AN AN AN We e
AdadAny (P> 0.05) ‘Emmmwimm‘luma 16.36 -
16.90 % UANANNBILHLNAINNTE LR ENIUNLT 1
Tigenansenusienialasunlasandlunand o
qnving tnepnd L*, a* uay b* AenAssialii 72.89 -
76.29,1.42-212 uax 17.78 - 19.04 ﬁlﬁﬁJZ\i"]ﬁ‘Ll ﬁdﬁ
9IZINANNTRULITIA I danamanisiasuuwlaar
ANNTLILLUIBIN ARSI g ATine et Tt ATy
WA TR IEWINTL 0.22 - 0.31 nSUAaRARARS
99N DIN17R U W lTR9 12 - 24 Foluelidanane
= ' A Ao yy &

niaasuudasAnpauntinidnldainnishugy
1 v v ,(: a k3 d’ 1 dl v 1 1
duneaszidnesaaundnson A laag ugag
100.80 - 107.47 cP (Table 3)

Waninn13dpAIANgINnsalunNaTanein
(WSI) WLI1 F2829a7 N7 UMiaunL 12 9149
s A0 WSl gangaviniy 84.47 % luaneiinag
AULTIUIY 24 9 TuedenaliiA WSI Anfigawiniy
75.74 % 943 1Ha9a1NN17a U k9N wwa N1 19

ARTNTUAARAY UTHIUU IR og lunARA T n

Y R v o o = o~ & !
NLRIAARIAIE ANIU NARSUF N LNTUNINNTN

v
'

Al puantAlunisazataunldandnandoual
e eniufiuiand Lﬁfa\imn@mmﬁmmﬁﬂuﬁq
vrazanaidubianaiiids fedufunusylalnsiay
sasirReglunanineifdanudugldmiuies
(Wikipedia, 2020) 1a aainunN vl e ian
12 Fatuain W lduan fouaig avineil pand ug o
Ay 7.7 % Tuanugfinasviauiennu 24 Falu
ﬁﬂﬁ’lﬁmm%uzmﬁwrf?ﬁ'ﬁ'zgmwhﬁ’u 471 % farfu
AT WRINE AT ITARA 1R AN T AN U
REGHTTS AN Bl R PR T e IRt P G PG AT
210384 WINITINaUWIEY (TISI, 2005) IAT19ua1H
anulnsauukedlpannduldlifiu 7% damiunag
anufafies 12 dalusdadussazinand ldwsnzay
mezﬁﬂﬁiﬁmmm%uﬁquﬁummsﬁmmgm
Tusnus Asrazinainisanuku 16 folusld
ANTUWINTL 6. 69 % mﬂum’mmmvmumm‘lu
nazaunsaLLeTigrunafl 65 °C daunisauusied
wundnfuinliflunsiunlieandeny wazdeua
WarAuatnnmlunisazataanas (Table 4)

Table 3. Yield, color (L*, a* b*), viscosity and bulk density of aloe vera powder dried for 12 - 24 hrs

Time (hrs) Yield (%) L* a* b* Viscosity (cP) Bulk density (g / ml)
12 16.90+0.53 75.69 +1.77 1.42+0.13 17.98+0.73 100.80 +12.53 0.31+0.03°
16 16.88 +0.07 73.71+2.45 2.05+0.64 19.04 £1.57 106.37 +7.15 0.22+0.05°
20 16.36 +0.47 76.29+1.44 1.52+0.32 17.78 £0.52 104.57 +9.73 0.27 +0.01%
24 16.47 +0.15 72.89 +2.00 2.12+0.32 18.59 +1.67 107.47 +14.13 0.28 +0.02%

Mean within column followed by different letters are significantly different at £ <0.05

Table 4. WSI, WAI, moisture content, Aw, trolox and pH of aloe vera powder dried for 12 - 24 hrs

Time (hrs) WSI (%) WAI(g/g) Moisture content (%) Aw Trolox (mg / 9) pH
12 84.47 +1.15° 0.12+0.03 7.77 +0.50° 0.41+0.01° 0.82+0.11 4.87+0.02°
16 80.46 +3.13% 0.14 +0.01 6.69+0.31° 0.39+0.01° 0.67 +0.08 4.85+0.02%
20 77.90 +0.64% 0.15+0.03 5.56 +0.39° 0.35+0.01° 0.96 +0.06 4.81+0.00°
24 75.74 +1.07° 0.11+0.02 4.71+0.06° 0.34+0.01° 0.89 +0.20 4.80+0.03

Mean within column followed by different letters are significantly different at P < 0.05
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Wadnaanuainnsnlunisguin (WA
WUq1 nnsauwieludaginan 12-24 daTualidenasa
nnasundasan WAl ageTiad1Aty Ternndn

8ot luta9 0.1 - 0.15 g / g dried sample wanaN

srazinanlunisauuisludassianandslidinasia
nsulasuulas At Aw 3ednliag lugae 0.34 - 0.41
uazAl pHInlaag ludag 480 - 487 d1uFuen
UFunniassinuanyadasei ldinisuaaunilag
aeeldud1Atyduiu tnaa i laag ludae 0.67 -
0.96 Haansusaniy dunanaliiiudn scazioan
TunisauuienuIuaune 24 49luq ldaaunsn
Manea1951ueyyadassiog luduniassd i
waza9AINaN9tIAii e TunAnsTuaTlugluuuns
Faausnu i udaunanlundadnsiiuen
= o > -
uazipzasdnansbiiduatneg wallanmaonuilungs -
. o e o ¥
AN (pH) faasliiasuulaaiiaszazinainisauiui
£ ! Aoy | A A A es
WU LazAn Aw Ndnlaag ludaanqaursailania
w3ty lades (Jay, 1996) denaldanunsofusne
HAATWI A uuENTIuENA0Y

G

A nnsAnEIUTuI s el m iy
HPMC 71 1,2, 3 W% 4 % WU41 N7y HPMC u
ﬂ?mmq\i%m’walﬁmﬂﬁ alWN (overrun) WAL
3u1au trolox equivalent N A aA AT T <7
SUNUHARAR A1AUYTA LTSN uANT
fAANTUAN L3 HPMC Riunnas dmian
A (L%, a* waz b*) ANAINABILUY AHAIN9D T
mmzmmfﬂ (WSI) Lmeiﬁfuﬁf] (WAI) A1 Aw LAY
AN pH "I,u'ﬁmwumnm’wﬁ”mﬂwﬁﬁﬂﬁﬁﬁm (P>
0.05) iaAnmiszay Lmﬂummmm\mfamunu
65 °C U1 12, 16, 20 LAY 24 Fl39 W91 N9l
svazinarlunisenuf el uiud udanalian
ANANAN TN TAT AN (WSI) FunniANTy
ANAIHNLILUL A1 Aw LAZAN pH HAana988N9
AladnAty (P <0.05) T T B ununanAn AR
ANAIHTILA mmmmimiumifﬂfmﬁﬂ (WAI) uae
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1Fu1 e Trolox equivalent b A AR N wANF 9T U
ﬁqﬁummﬂigﬂdwmq%uﬁ’lﬁlﬂumﬁfm?}%‘lﬁwm
wun AalFans HPMC lutl3anns 1% uazeuukan
65 °C 111 16 $9Tu F9azriN 1 Id T unan@n
16.88% ANA L* a* WAz b* 1My 73.71, 2.05 Az
19.04 AMNAIAY A1AINULANAIAINNI9AUIL
WAL 106.37 cP AAd g nlunIsaranesin
memsﬁfuﬂff] Winfiy 80.46 uay 0.16 n¥NFanTy
ANNATAL ATAINUUILUYL WINAY 022 nFuse
TadAnT ANANNTY WINAL 6.69% THAILINDLaT
NIMTFIU WuT Ay ulneTInauuis A7 Aw windy
0.39 A1 trolox equivalent WINfU 0.67 HaaNFuFAansu
WazAN pH Wy 4.85

naAnssNUsznA

Iﬁmﬂwﬁ”bﬁ”i”uvluﬁa‘fﬂmﬂ”lﬁ [EESQRETGYY
Apprnansnsanamatuladuazideveaniaenmy
Tl lenssviuayumanalngneniinenans
namile Teulsenno 2562 Laz1828LUAN LFEN
n3deynyneaniiia A7in i ganimAaaiuayy
audmnau aulnsal uasliaoudaniialuniside
\uaeieh
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