MTANTINHAT

JOURNAL OF AGRICULTURE

0138130 TINTURIADLLNHATANEHNT Nuanaaedeelua

1% 33 211u% 2 NgEATAN-RIUIAN 2560

maFauifisuamuninuazasAlsznaunisdaiafizasaianiunazsdinduvsd
< s " A ' a
nilgnluszauanugaNuNnnuaAns1anY
=l
QTTOUNT LATATN AT ATE UIIWTME ..o 163
& s s

HAUDI GA, NAA uazd@13ARIEUTIATU (BS) Anauiauaziiuinaasuanznuglsiiay

Wm0 gla gRA FUNA WD TUTANT UAT DUSTE WUSINBUAT. oo 175
aa °o o v ¢ < o & o ' ]
an1sililgaduaniNan1sanAUINUAINEIRSIBAUIALEN

B
HNINTA 3a1TE URATA ATN1A9A WAT BTN AUTART. ..o 185

- s Qs - L4 1 ] Qs 3 a s e
nsisziliupuansusnedadlaniganugladsanisduginisiiulnaasizneluaninuias

210148 AT B S VA P TN e i B S S B S o B R T 193
ar a ]
Fnamwnisfludjindaaadavanaluladadiaulalndiivanaindialunisasunulsaludaassundidng

UAN WAITUNT WAZINIA ADIIANANA . - evreeieceisieiee ettt 203

- L4 d 1 s a a ks
aarasdlaunlavsanisdiulgsaumwiuuszaanidndin

TIYENS FAUNTUNNT NANT AUTAUAT WA BIVTTOL BBITRTU oo 215

2+ 2 1 a a a =3 o & 2 a o
na29n19 M eazaradinanisiasgiauln nandn wazAMMNINAANUGIRIT1 TNARINTERY
A do o
TuNuNIuInnIn
VR FUGNTNE UAZ NUNDTTOL WIWNITTEU. oottt esee et es s et ee e e st s e ee b es et es s ee s e b anae 225

waAnssumsldarsiaidasiuuaziandngitlunisndnnzi@iawArainensnslulmingnauns

g nRTEUas N1oWug Usenfina ez BRI NATTIN. L 235

P ay w & - & a -

mauFauifisuguaineazginnuaasiiuandasuasinunrasgnsiuiialnauazgnuan

QUNTUGL GNTTOUNT WA NTVTTOL AT VM. oottt 245
AATDITAAUALTRUAREANTINITTRAANVRINININNTIN

WET SRRNIARR TINUT AANINT AT WUNNT GNT ..o 257

Qs a s o L4 ]

MMIWRIUNBARA MRS A bAsaNZINGD

L EE T AR AT T (L RPN 267

aa  a

= a o o <
AusnlianTlulafndassivramdniunuyeaissangninladinuaamlsaannaniavanuanuazsindles
AnEns WuA Inlsail asAnnsdu Tas land? audn Aa3e uaz Toeya WannIwd. e, 277
nslduledrandandiaaidludnaunuulesgflurusilsuduaunsay
T UASHIT AT NN ANUTTRENR oottt 291
5 (D = . e
NsENATINAUNITANLALEITUAN 2-Acetyl-1-Pyrroline annluipeaaauiledinaidanedunisiiniaana luiadu
o v & a < ¥ o 2 aa
melaanazudaidanlawaldinfaudinrians

a

o TR s a o
AU HWIAU AT SUANA WA 1TUT ﬂuﬂuum ............................................................................... 299

ISSN 0857-0841
TCI ngu#l 1



AUz lUMSLATENAURLY

] Saa
ERINHANNN
1MANLANE UNANNLRYAT 1iRLMANLATIMNT TN IFNUNERTANARTLAZ AN
dad g
Anendas
o v o
MaLFsENAURLIL
1. men Hunnnenenmndany
o s e u 5 -
2. MSANN Aniudinfenuunseaeauin Ad e lulasranfamesilsunsy
.
ulastew A5a fadines Cordia new 11A 14 fadnessiaiia Anmenalaimadiv 10 wii
(muumﬁmﬂ'ﬂmmﬂmmmmﬁmﬁanqw)
3. masaeannULiam

>
a0 o

. . .
3.1 FalF3aq (Tite) A& TalRu wavdesdadvneudneesnnsdnmnide v

Z

menlneuaznmengange

s2dafideu Wunwlneuaznimndange & U g (N lnouay
nngane) Wiiasiiludesn (Footnote) Tumlinusnaesumenia

3.3 unAnEa (Abstract) psdludiovniidu Sanuuazdnladng Tneganmn ety
nsAne3dt gunsal 33nns aaeaaunansAnmuazagian fenmlnauas
mngana lirasfin 300-350 A1 uazliszyAnd Aty (keywords) 1ifinaumAneiaus
AxnEnFae WmeNLYiFiana i ealundnea)

3.4 A1 (Introduction) uaRAHTILNUAZIVA N@ﬁﬁﬂﬂ@: NNIANAAE 8N
MIMFIABNANT (Review of Literature) a6 mqﬂizmﬁmmmiﬁ neARe B Hae

35 9insniuazABMs (Materials and Methods) liiLenmuazidendan aunali
4 Ao UAILILIAARIMSAINE RS E TR uazAa sl

36 NAMSANHNUTANANNTNARD (Results) WHiLIsENeNanITANENASE Woau
wuedayalugluuy maaidaniwdsznauls Taamsadenin Wannuiu
mmﬁmqwzmm

3735t (Discussion) PsiEaNENTLEAM AN "ARAPRBITLANNAFMIPE
wnnsilanuamAseRTmenmlirewiteliatndlsuazionmgla tnediug
mansaidedeld AasniaraiinsuiunamednsnidusansAnsuasansel
(Results and Discussion)

3.8 #151l (Condusion) mmgﬂmﬁ‘ TFuannsAne R JdluliUnudmguseasd
il v lidaimuaus Viaszg asauasunmAstiiazsndumssiel

4. ipknssuilszna vida AaauAn (Acknowledgement)

anailvise il funsuanspnsmeunaunfiigaamaelmade usflhll

lugsanniddn
5. laNAN9A9A4 (References)

51 huilaieckimsing @ ded bifenfenieinng =il WG de s
Houacdl (Name-anchyear System) luangnznnen e WA efuact] W i s
(2545) eNUIN. . 3. . (awng, 2545) wndf @2 e Wl asme uazsamge
(2547) RN, 9. . (@ uRzaNMEDN, 2547) uastindlE] d enaus 3 At Wl
3 AT PN LA TN UAATLE E e UAZADLE (2546) PIERUIN. . 119, . (@TE
LUAZATY, 2546) luﬂmjL@nmmﬂummﬁqnqﬂmﬁ BaNAUAZT] A.A. 11 Johny (2003)...

y v

Wia...(Johny, 2003) fiEdendl 2 Au Wik Johny and Walker (2004) .. 1i59...(Johny
and Waker, 2004) ynnitannniin 3 e 1 il Johny et al, (2005). . 359 (Johny et dl, 2006)
dwsulindienasind ¥aT e @enmnen il vin uacens v etal

5.2 luliyTanansaneds Midawduenasnnnereuntsndnne afes

Y
Fna LS M s Az g Ui N el Al

1) 713419 (Journals)

P e I o e s o o oy
AL UL, UNWUW. TaiTed. 79019873 (Aediv) UN(@RUUN): waniinEusu-
v

AT AU .

)

Tunun yiien uaz algn Anlsziddy. 2547, madWugAARTUAZNNT
fnemendnentaminads. ansanginems 20(1): 10-18.

Barcenas, N. M., T. R. Unruh and L. G. Neven. 2005. DNA diagnostics to identify
intemal feeders (Lepidoptera: Tortricidae) of pome fruits of quarantine
importance. Joumnal of Economic Entomology 98(2): 299-306.

2) Mm@ uazRN (Books & Textbooks)

' >
e o v o

A4 ga s A o 0 o o o oA SAa
mammmﬂwwuw&@maﬁa.munwuw,mmwwm.mufmm’wumm.

2l

Aen AAMBWTT 16E AVBNA uas aned Sniun. 2545, liuazisag
v oy , PR . o
Anganle AR uasazaing, suLsTIMsAN, esdlual. 308 i,

Gullan, P. J. and P. S. Cranston. 2005. The Insects: An Outline of Entomology.
3rd ed. Blackwell Publishing, Malden. 505 p.

4 o a4 dasa 4 oo - -

3) BeverluAnsniewivden i dewenBeriuden uasilusnszng
d ya ada cd A o A o A 4
Fef@en. UNAA. Talestes. wi el Bufusaninnauge. lu: 3e
- d ea o v o .oa da o
LIFOUIBNNS, (LUN.) Taunisda. A nINALW, IWamnAun,

Aee A uaz anysnd nesana. 2535, matiansianstlasiuindn Angiva.
iin 2242, T g ¥l soee e (Un). wauazdRTARgNA Ayt
wisEgRauazMILEW. Fnafudaudnia lewe auan, ngamme,

Kubo, T. 2003. Molecular analysis of the honeybee sociality. pp. 3-20. /In: T.
Kikuchi, N. Azuma and S. Higashi (eds.). Gene, Behaviors and Evolution of
Social Insects. Hokkaido University Press, Sapporo.

4) INLTNUE

4 ua  ada cd o [ I a da o

T @en. TNWLA. Taireq. szALANENTwuS. aonfunsdne. Wenam,
AT,

afl wudinad. 2547, navesmslilalrusienninmuazarsiisanfnmas

, v o
maiuReduiuganeinie. nefinuiinenmansunnindin,
wvivendeidedlvad, @eslud. 100 i,

5) AT ]

cod oA a A

F 44 . s |
TRV UTBNUINIU. UnnuA. TalresiraTantivda. szinvaesanans.

' P
a

o ' o oo o Ao o oo o &
AMNLIUNTAVURNIUNAANHN, INENVI RN, RNUIULSUNA.
oo S

vaAnA aluna. 2544, wiasAngihdsnindululszmelne. nansianms. nes

a o a a

NJUAT ARMINEN NTHITINITNEAT, NTINNA. 126 Pt

6) deniRAnsating
Faf @ens. sl Talras. Gzuueelmd). wisdieys: Te Webste (Fudianilh
Aupdiena).

ol

nsudad@unsnees. 2548 msgndnuuulddau (lalasting). Gzuu
aaulatl). Lmdﬁ‘ﬂ:;l,ﬂ: http:/Aww.doae.go.th/prosternondinhtm (21 ENENes
2548).

Linardakis, D. K. and B. I. Manais. 2005. Hydroponic culture of strawberries in
perite. (Online). Available: htto:/Aww.schundler.comstrawbenies.htm  (April
21,2005).

N o o o & A poa A
@ml,l,uxmgﬂLLUU'Lums'memmrwqw‘Lumﬂ Lﬁ‘@\‘iﬂ"ﬁﬂ’]‘lﬂﬂ UAZNNTRSLTRNND

AR i lunuds


http://www.doae.go.th/proster/nondin/htm
http://www.schundler.com/strawberries.htm

AMTANTINHRAT

JOURNAL OF AGRICULTURE

o

AR
ATUANTTANNA
inuszasd
it
U990UNBNNT
FANLITIUNENNT

NANLTTONENNT
gneRgnng

ATUSNHAIAGRT
WaInenaedes v

119813978 4 1heu (3 atfuil) Ae
QU7 1 UNINAN-LEEI

i 2 WO N AN-BIM AN
U 3 fuenensdunna
RN AN NSNS S
LAENIN T AEndias
ARLLIAADILINEAIANERT
seaARLIAENERS AL BT TNNT
A.;3. dyfe A7IANET
Wanenaedes v

901.09. 16 Yanunianug
Wanenaedes v

A.A9. ALE UneIeIsh
Wanenaeders v

IA.A%. DAY ARNANATNA
Wanenaedess v

IA.07. UNT  AEEN
Wanenaedes v

IA.A9. 39 Aadeyanenl
Wanenaeders v

/.09, TUINUA WTUAR Wangiel
Wanenaedes v

AT FUNT  Hadianyan
WAInenaedens v

NA.AT. LNIANENIAUNTUN
Wanenae g el

NA.AT. BUNANED AN
WAInenaeders v

NAL.AT. A33T04  NATEILATTY
WAInenaedess v

FA.A3. L&A udmiinena
wnanenaedes vy

.03, P17 Auanine
Wanenaedess v

Publisher Faculty of Agriculture,
Chiang Mai University

Publication  Tri-annually
Issue 1 January-April
Issue 2 May-August
Issue 3 September-December

Objective To disseminate academic knowledge in
agriculture and related fields

Consultants  Dean, Faculty of Agriculture; Associate
Dean for Research and Academic Services

Editor Sanchai Jaturasitha, Dr.sc.agr., Prof.
Chiang Mai University

Vice Editor ~ Sawai Buranapanichpan, Ph.D., Assoc. Prof.
Chiang Mai University

Editorial Board Danai Boonyakiat, Ph.D., Prof.

(Academic) Chiang Mai University

Kaewalin Kunasakdakul, Ph.D., Assoc. Prof.
Chiang Mai University
Soontorn Khamyong, Ph.D., Assoc. Prof.
Chiang Mai University
Ruth Sirisunyaluck, Ph.D., Assoc. Prof.
Chiang Mai University
Chanakan Prom-u-thai, Ph.D., Assoc. Prof.
Chiang Mai University
Surin Nilsamranchit, Ph.D., Assist. Prof.
Chiang Mai University
Yaowaluk Chanbang, Ph.D., Assist. Prof.
Chiang Mai University
Chantalak Tiyayon, Ph.D., Assist. Prof.
Chiang Mai University
Jirawan Kitchaicharoen, Ph.D., Assist. Prof.
Chiang Mai University
Saowaluck Yammuen-art, Ph.D., Assist. Prof.
Chiang Mai University
Choochad Santasup, Ph.D.
Chiang Mai University



NANLSTONENNT
Hnein1gamnng

2.07. AU anlu
WaInenaedes v

A.A7. A5y AUNANIDN
UUINLRUNHATAANT

Al UNDINE P13 G 29TTUNEN
UNMINENA VUM

A.n3. 89AN1at  Sumandned
UUINLRUNHATAANT

A.A9. ATA L ENGIGE
NMINLNREVBUNAY
A.A3. aITe ANALY

AT ANBNLLEVNI AN AR S
sz @iy wlslesAvis
UNMINENAEIULIART

AT AN walsnidy
UNMINENAEIULIART

IA.09. INTFTA  BITNLLITYANG
UNMINENAEIVLLN

9. 1WAy Benmu
NNAIneNaeglaviessINg T
305, (HENANA LaETLL
NAINeNaeULNlR

NA.AT. U0 gvianayms
NaInenaaudla

NA.AT. NEUNT  LauNNInA
UUINLRUNATANANT
uA.m9. ensInl Tmusns
UUINLRRIAIUAUATUNS
NA.AT. lANIALS  TRUALNG
NUINLRLAIUAUATUNT
WNAARLN UnHAT
wndmesiianl 11
UNEHUN Alewssal

Sarana Sommano, Ph.D.

Chiang Mai University

Charan Chantalakhana, Ph.D., Prof.
Kasetsart University

Metha Wanapat, Ph.D., Prof.

Khon Kaen University

Angsumarn Chandrapatya, Ph.D., Prof.
Kasetsart University

Suchila Techawongstien, D.agr., Prof.

Khon Kaen University

Tawadchai Suppadit, Ph.D., Prof.

Nation Institute of Development Administration
Savent Pampasit, Ph.D., Assoc. Prof.
Naresuan University

Weerathep Pongprasert, Ph.D., Assoc. Prof.
Naresuan University

Petcharat Thummabenjapone, Ph.D., Assoc Prof.
Khon Kaen University

Bumpen Keowan, M.S., Assoc. Prof.
Sukhothai Thammathirat Open University
Kriangsak Mengumphan, Ph.D., Assoc. Prof.
Maejo University

Pathipan Sutigoolabud, Ph.D., Assist. Prof.
Maejo University

Penporn Janekarnkij, Ph.D., Assist. Prof.
Kasetsart University

Chaiyawan Wattanachant, Ph.D., Assist. Prof
Prince of Songkla University

Saowakon Wattanachant, Ph.D., Assist. Prof.

Prince of Songkla University

Editorial Board Lalitaya ~ Nummisri

(Management)Onnicha Paramee

Manop  Pearpun

A Taaand: auAnAnsfnd 47/3 ouuufiouniy ndanm a.fles adeslul s, 053-242164, 089-4333989






a4 4 = o [ a
ﬂ’]‘JL‘ng‘EI‘UL‘I/IEI‘UQ{HJT]WLL@&:@Qﬂﬂ%‘zﬂ@'ﬂ‘ﬂ’w"ﬂ’)LﬂN“Hﬂ\‘iLN@ﬂﬂ’]LW\Iﬂzi’]Uﬂ’]

auvistnlanlussAuANNgaNuNLANFNY

Comparison of Quality and Biochemical Compositions of Organic Arabica Coffee

Bean Grown at Different Elevations

ITTUN LATATN WAL AFHE WINTUN

Wannapa Dechkruth and Daruni Naphrom*
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Abstract: The comparison of quality and biochemical compositions of organic arabica coffee grown at different
elevations was carried out at 3 sub-districts; Na Kian, Yang Piang and Khun Tuen in Omkoi district, Chiang Mai
province. The elevations were studied at 800-1,000, 1,000-1,200 and 1,200-1,400 meters above mean sea level
(msl), respectively. Coffee parchments were collected from each location. Size of the coffee parchment and
weight of green bean were measured. Caffeine and trigonelline contents in green bean and roasted bean were
determined by HPLC method. The consumer satisfaction for cup test as also investigated. Results revealed that
the sizes of coffee parchment were not significantly different in each elevation, however the highest weight of
green bean was found at 1,000-1,200 msl. The green bean and roasted bean at 800-1,000 msl had the highest
caffeine contents; 1.73 and 1.43 mg/g, respectively. There caffeine contents were significantly higher when
compared with the other elevations. Furthermore, arabica coffee grown at the elevation 800-1,000 msl had also
the highest trigonelline content in the green and roasted bean (0.99 and 1.78 mg/g, respectively) The
trigonelline contents of green and roasted been grown at 1,000-1,200 msl were 0.83 and 1.35 mg/g while the
value of 0.60 and 1.03 mg/g were observed at 1,200-1,400 msl planting area. For the consumer satisfaction test,
most of consumers preferred aroma and taste of arabica coffee roasted bean from Khun Tuen sub-district at the
elevation in 1,200-1,400 msl.

Keywords: Coffee, caffeine, trigonelline, planting area
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Table 1. Soil characteristics in 3 different coffee planting locations in Omkoi district, Chiang Mai province

Elevation (msl) pH Organic matter Phosphorus (P,O,) Potassium (K,0)
(m) (%) available exchangeable
(mg/kg) (mg/kg)
800-1,000 (Na Kian) 5.0 5.6 88.2 106.0
1,000-1,200 (Yang Piang) 5.7 6.5 19.4 3304
1,200-1,400 (Khun Tuen) 4.5 6.7 30.3 113.2
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Figure 1. The average maximum and minimum temperature of 3 different elevations

during November, 2014-March, 2015
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Figure 2. Light intensity of 3 different elevations during November, 2014-March, 2015
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A LAY SN TRIHALARN LN (Clemente et al.,
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Table 2. Sizes of coffee parchment and weights of green beans grown in 3 different elevations of Omkoi

district, Chiang Mai province

Elevations (msl)

Sizes of coffee parchment

Weights of 100 seeds (g)

(m) (mm)
Width Length Coffee parchment Green bean
800-1,000 (Na Kian) 6.987 8.42 17.12 8.28 ab'
1,000-1,200 (Yang Piang) 6.821 8.34 19.93 9.33a
1,200-1,400 (Khun Tuen) 6.730 8.02 16.78 7.72b
F-test ns ns ns *

' Means within the same column followed by the different letters are significantly different by LSD at P<0.05

ns= non significantly different
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Figure 3. Score of cup test at 3 different elevations in Omkoi district, Chiang Mai province

Table 3. Comparison of caffeine and trigonelline contents grown in 3 different elevations of Omkoi

district, Chiang Mai province

Elevations (msl) Caffeine content Trigonelline content
(m) (mg/g) (mg/g)
Green bean’ Roasted bean” Green bean’ Roasted bean”
800-1,000 (Na Kian) 1.73a’ 143 a 0.99a 1.78 a
1,000-1,200 (Yang Piang) 0.90 b 1.15b 0.83a 1.35b
1,200-1,400 (Khun Tuen) 0.83b 1.05b 0.60 b 1.03b

' Means within the same column followed by the different letters are significantly different by LSD at P<0.05
* 11% moisture content

**4% moisture content
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Effects of GA; NAA and Brassin-like Substance (BS) on Size and Weight of

Rambutan Fruit (Nephelium lappaceum L. cv. Rongrian)
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Abstract: Plant Growth Regulators (PGRs) have been widely used for increasing the quantity and quality of fruit,
but have rarely been examined in rambutan. This study was separated into 3 experiment with the aim to
examine the effect of (1) GA, (0, 25,50 and 75 mg/L) (2) NAA (0, 25,50 and 75 mg/L) and (3) Brassin-like
substance (BS) (0, 0.5, 1.0 and 1.5 mg/L) on size and weight of rambutan fruit. The PGRs were sprayed on
rambutan inflorescences at 7-9 weeks after flowering. The fruit were classified for quality level based on Thai
Agricultural Commodity and Food Standard (TACFS) by calculation from fruit weight. The result showed that
application of 75 mg/L GA, gave higher fruit weight and flesh weight than lower rates (25 and 50 mg/L).
Application of GA, at all rates increased fruit width, flesh thickness, seed length and seed weight over the
control but there was no difference among the three GA, rates. Application of 25 mg/L of NAA gave a higher
flesh thickness than the higher rates (50 and 75 mg/L). Neither GA, nor NAA were able to shift fruit quality into
level 1 of TACFS. Application of BS increased fruit width, seed length, flesh thickness, peel thickness, fruit
weight, flesh weight, and peel weight over the control but there was no difference among the BS rates. However,
BS at all rates shifted the rambutan quality to level 1 while the control treatment was classified as level 2 of
TACFS. The BS gave a higher capability for increasing fruit length, fruit weight and flesh weight of rambutan over
the control treatment than GA, and NAA.

Keywords: Brassin-like substance (BS), GA,, NAA, rambutan (cv. Rongrian)
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Table 1. Effect of GA, on fruit size

of Nephelium lappaceum L. cv. Rongrian

GA
° ) Fruit width Seed length Seed width Flesh thickness  Peel thickness
Concentration
(mm) (mm) (mm) (mm) (mm)
(mg/L)
0 37.14 b’ 2290 b 14.70 a 8.12Db 3.06 a
25 38.54 a 2454 a 14.68 a 9.02 a 2.96 a
50 39.10 a 2492 a 14.30 a 9.04 a 3.08a
75 39.30 a 2454 a 14.34 a 9.18 a 3.10 a
F-test * * ns * ns
CV (%) 1.63 1.96 2.24 3.49 3.59

' Means in a column followed by different letters are significantly different (P<0.05) by DMRT, ns: not significantly different

‘171' 2 %Qﬁé’wmum 29 (28.70), 27 (27.09), 27 (26.81)
kaz 26 (25.93) Ha/MN. AINAIAL Wiidn nsldans GA,
v 3 seAunadidiuas i anunsaiaiminae sia
mﬂma‘lummmmmww 114 Lmeufm N3 1dans
GA, m”mummmmu 75 1n/a. m’Lumuuﬂm@ LAY
swiniflena mﬂm’]mﬂmmi GA, m”mumw
Wit 25 uae 50 un/a (An3ad 2) Rl neldans
GA, Riezupaaiindiu 75 un /a. Tadvin 1wt
wiRauansnsanmslians GA, fissiuanadiadiu 25
waz 50 wn./a wazwudn nslians GA, lddiuasie
viviinilden Inenafiiaduanansnesinelddn GA
i 1%A1 osmotic potential AnAgaHATA LN
Lmﬁmﬂ’lﬂwfmmwmmﬂmu(Kazama and Katsumi,
1983) wﬂuumeuslummquu’mmuummmmw
ﬂmuﬂummlfm@mmu yana T Mita and Katsumi
(1986) 218411491 GA Huasans@easiaees microfioril
daflussflsznanmesiianad firnnsaes cortical
microtubule WAN"33ENF284 cellulose  microfibril
mmmﬁwumgﬂéﬁwmLsn@@”l,ulfnmrﬁﬁq@'@um;
cellulose microfibril a¥HN5EENAIAINTNTUTAANS
Aradting (Katsumi and Ishida, 1991)%qmé’wﬁu
ANBBUNE289 Cleland (1995) 3181911497 AT
wasrnaunanIaINNITULLTA A LAZNN T8N AA
veagadiiield GA, inan GA lnsefugadiivn
uiinfusadazane1ung uaz GA, Sdaugaelunng
FUATHA 1AA Tadanaliliusinetufinresnaldifinng
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Table 2. Effect of GA, on fruit weight of Nephelium lappaceum L. cv. Rongrian

A, Fruit weight Seed weight Flesh weight Peel weight
Concentration
(ma/L) (@) (@) (@) (@)
0 34.84 ¢ 2.24Db 18.04 ¢ 14.52 a
25 36.92 b 278 a 18.58 bc 15.44 a
50 37.30 b 284 a 18.96 b 15.42 a
75 38.56 a 278 a 20.10 a 15.02 a
F-test * * * ns
CV (%) 1.33 3.57 2.51 2.40

' Means in a column followed by different letters are significantly different (P<0.05) by DMRT, ns: not significantly different

Table 3. Effect of NAA on fruit size of Nephelium lappaceum L. cv. Rongrian

NAA
. Fruit width Seed length Seed width Flesh thickness  Peel thickness
Concentration
(mm) (mm) (mm) (mm) (mm)
(mg/L)
0 36.58 ¢' 23.68 b 14.60 a 8.18 c 2.76 b
25 39.36 a 23.70 b 14.30 b 9.58 a 2.86 ab
50 38.68 b 23.32b 1468 a 9.14 b 2.86 ab
75 39.20 ab 24.62 a 14.80 a 9.12b 3.06 a
F_test * * * * *
CV (%) 1.09 2.02 1.24 2.65 4.90

' Means in a column followed by different letters are significantly different (P<0.05) by DMRT

Wa1z91 NAA daemnliinnaeaautinaansTulawmsmin
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Table 4. Effect of NAA on fruit weight of Nephelium lappaceum L.

cv. Rongrian

NAA Fruit weight Seed weight Flesh weight Peel weight
Concentration
(ma/L) (@) (@) (@) (@)
0 36.54 b’ 220b 19.24 b 14.76 a
25 37.96 a 226b 20.84 a 14.84 a
50 37.60 ab 232b 20.18 a 15.12 a
75 38.46 a 262a 20.58 a 15.24 a
F-test * * * ns
CV (%) 2.54 5.38 3.62 3.18

' Means in a column followed by different letters are significantly different (P<0.05) by DMRT, ns: not significantly different

NI Taeanzasn9EanIsnn an b NAATLALIAIIN
Windiv 75 1n/a. P lnuinuAai Nt et maL

=

FannaLlunaannng b NAA mmﬂmmmmmmuim
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Table 5. Effect of BS on fruit size of Nephelium lappaceum L. cv. Rongrian

ConceBnStration Fruit width Seed length Seed width Flesh thickness thi:lf:;ss
(mm) (mm) (mm) (mm)
(mg/L) (mm)
0 36.64 b’ 2440 Db 14.84 b 7.90b 3.04 b
0.5 40.48 a 26.40 a 15.56 a 9.26 a 3.26a
1.0 40.86 a 26.56 a 15.42 a 9.48 a 3.36 a
1.5 41.16 a 26.76 a 15.26 ab 9.64 a 3.24 a
F-test * * * * *
CV (%) 1.81 2.23 2.06 4.08 4.27
' Means in a column followed by different letters are significantly different (P<0.05) by DMRT
Table 6. Effect of BS on fruit weight of Nephelium lappaceum L. cv. Rongrian
BS
Fruit weight Seed weight Flesh weight Peel weight
Concentration
(ma/L) (@ (@ (@ ),
0 34.36 b' 2.16 b 17.86 b 14.44 b
0.5 42.00 a 2.26 ab 23.18 a 16.54 a
1.0 42.32 a 234 a 23.20 a 16.84 a
1.5 43.34 a 2.36 a 23.22 a 17.02 a
F-test * ns * *
CV (%) 3.35 5.37 3.74 4.93

' Means in a column followed by different letters are significantly different (P<0.05) by DMRT, ns: not significantly different
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ugidnans NAA fimonadiudivluszsusn Ae 25 un./a.
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Table 7. The fruit size and fruit weight of Nephelium lappaceum L. cv. Rongrian after GA,, NAA, and BS

treatments
PGR Fruit length Fruit width Fruit weight Flesh weight
Increasing (%) Increasing (%) Increasing (%) Increasing (%)

GA, 25 mg/L 6.52b' 3.81¢c 5.96 ¢ 3.12c
GA, 50 mg/L 8.28b 536 ¢ 6.91 bc 5.10 bc
GA, 75 mg/L 6.09 b 586 c 10.67 b 1142 b
NAA 25 mg/L 1.03c¢c 7.61 ab 3.99¢c 8.51 bc
NAA 50 mg/L 0.43¢c 575¢c 3.61¢c 5.00 bc
NAA 75 mg/L 252¢c 7.17 bc 536¢c 7.08 bc
BS 0.5 mg/L 11.09 a 10.46 ab 22.26 a 30.06 a
BS 1.0 mg/L 11.52 a 10.83 ab 23.24 a 30.12 a
BS 1.5 mg/L 11.69 a 11.51 a 26.11 a 30.34 a

F-test * * * *

CV (%) 29.48 39.90 26.31 30.99

' Means in a column followed by different letters are significantly different (P<0.05) by DMRT
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Cells Disruption Methods for Lipid Extraction from Microalgae
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Abstract: The efficiency of cell disruption methods was tested either in a single-step or in a two-step disruption.
Single-step disruption included bead vortexing (B), microwave (M) and ultrasonic (U) whereas two-step
disruption included microwave and bead vortexing (MB), microwave and ultrasonic (MU) and ultrasonic and
bead vortexing (UB) by using an extraction mixture of chloroform and methanol (2:1). The results showed that
isolate of microalgae, disruption method and interaction of those factors had significant effect on lipid content at
95% confident interval. The lipid content from microalgae Isolate A were 9.35, 8.32, 8.09, 8.93, 8.04 and 7.90%,
while lipid content of microalgae Isolate B were 6.45, 9.00, 8.65, 7.22, 8.08 and 5.81% when microalgal cells
were disrupted by B, M, U, MB, MU and UB method, respectively. This study showed that lipid content obtained
from single-step disruption was higher than the two-step method from both isolates of microalgae. Cells
disruption method by beads (B) was suitable for lipid extraction from microalgae Isolate A in order to obtain high
lipid content and time saving. However, microwave (M) method was the most suitable for microalgae isolate B

because it yielded high oil content simple, convenient, fast and safe method.

Keywords: Cell disruption, microalgae, lipid
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unARtia:  NagaulsrAnEnnARTn i maganuinauAndasA LT uRewAen TEun bead vortexing  (B),
microwave (M) La¥35n17 ultrasonic (U) wazinlimag| WANLLLgRsTuRaL 1§ ur microwave uas bead vortexing
(MB), microwave Waz ultrasonic (MU) WAYATNNT ultrasonic WAL bead vortexing (UB) Imﬂ%mmﬁ”mﬁﬂudaumu
paspaalsnaiuuaziunIues (2:1) wanmaaesuandliiudnatanugaude 3an1sn lfimadunn uas
Ujfniufresaneiugaminauazismfizaduaninaseiunnmesinduitatn e adduddymeadad
seALAAIA RET 95% FnnuinsTui IEananvine latmian A SAnwindL 9,35, 8.32, 8.09, 8.93, 8.04 uat 7.90%
anusigminglalnian B Wiunasineuyindi 6.45, 9.00, 8.65, 7.22, 8.08 Uax 5.81% (18143313 B, M, U, MB,
MU Uaz35 UB ANNANAL 'mnma‘ﬁm:nme\ﬂ,ﬁLﬁufi’m’néﬁﬂﬁm@ﬁl,mﬂLLuufum'auLﬁm‘lﬁﬁmmm‘i@ﬂu'gg\mfiﬁm?
AnliaguanuLaesTuRaanawneaedlelman nsvnlmaduandaeiaiatn (B) AR T imEnzau
urimsildWarminduanaminglalaian A Lﬁ@‘lﬁiéﬁtﬁémmﬁﬁﬁuqﬁLL@zﬂiwﬁmLfamslummﬁm aei9lafinu
nal¥ s hidafmmnzantiuawinglalsian B L‘me:u@nmniﬁﬁzﬂuqameﬁuﬂuﬁ%miﬁdm azmAqn
maEuazlannsie

ARNATY: NI IHARLAN ANUILTUNALAN Wil

AU uaziaaglag (cellulose) lubiu lnsamsauneaiing

uaas 2 41 it lidudanad Juveagedia

~ o , o Py P ~ Iy A Ao \
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Trila (uiaiiwd uazanz, 2558) Tuifaqiiuamsne  “wadifda (pelicle)”  usatinilasntiuisagiise
IF5uAMNRaNanindde NNt Tludaulsznay a83n (lorica) (@39, 2543) azwiuldanannsneiui
TUNTER AT ANAITININANNTUAUIAR 7B9HIAN TAsaasereanaTasnuanFfaiwlyd fesiuuan
F1qinauariamand He9aInaInie LI ALaNITY @an TN I TR UANN NN ZANAUA N B LY
ansnlasyiiuinlfedemadaluszaznandudn  Tasvairsaasgadavinaudaznnlfiarunsoanina
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Scragg et al., 2003) ssnnsindun lfaueg iuvans gnunrann tiuaneds 1w n1sldfniazanelunns
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ey & way o a Y gy a o . e A o
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Table 1. Effect of cell disruption methods and isolate of microalgae on lipid content

Treatment Lipid content (%)
Method
B 7.90 +1.88°
M 8.66 + 0.94°
U 8.27 +0.59%°
MB 8.10+1.10%
MU 8.08 +0.56"
UB 6.93 +1.25°
F test *
Isolate
A 8.44 +0.77°
B 7.53 +1.43"°
F test *
Method*Isolate
BA 9.35+0.44°
BB 6.45+1.60"°
MA 8.32+1.12°
MB 9.00 +0.66 ™
UA 7.90+0.46°
uB 8.65 + 0.45
MBA 8.93 +0.37°
MBB 7.22+0.88°
MUA 8.08 +0.51°%
MUB 8.09 +0.65°*
UBA 8.04+0.32%
UBB 5.81+0.60°
F test *

*Significant difference at (P<0.05)

95% wAHA M anANAuA LA A s AN A08AT
1 [~3 dl U o U & %
U asinlsfmuszazinan i lunsmn i mas unnsasl

aa aa ' o ] o ¥ 3
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v ac v dl k2 1 a a :/I s |
WANGLAE M 1 nanntiasandn 5 wii anviasadlu
A4 A d A e, A A o °o 6w
wisasilafivndalfdne s1angn Wedauiunimnli
- Y  aa = gy = P
VIARWANA283D U Galdi0a81n09 40 Ui way
wirasdanalailatadisagendndios Aiiasng
M imaguanaaeulasnn aswsnzanwinigtin 14
Tunizaiaunduainaudelelaian B @9nanisg
NAABIABARABIAL Prabakaran and Ravindran (2011)
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Figure 1.
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Lipid content according to interaction between microalgal isolates and disruption methods;

bead vortexing (B), microwave (M), ultrasonic (U), microwave and bead vortexing (MB),

microwave and ultrasonic (MU) and ultrasonic and bead vortexing (UB). The different letters

above the bars indicate a significant difference at the 95% confidence level
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Field Assessment of Allelopathy Properties of Roftboellia cochinchinensis on

Growth Inhibition of Weeds
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Abstract: Farmers in Chae Hom, Lampang, northern Thailand, have been cultivating itchgrass (Rottboellia
cochinchinensis) as a mulching material to control weeds in the vegetable fields. Field observation of an
allelopathy properties of itchgrass grown at farmer’s field was conducted. This study investigated the suspected
allelopathic influence of itchgrass on the densities of sedge, grasses and broad-leaved weeds. The allelopathy
properties of itchgrass-infested soil on the growth of test plants was tested. Results showed that the itchgrass-
infested soil provided better control of some weed species than the itchgrass-uninfested soil. Cultivated
itchgrass decreased the weed density in the vegetable fields. Field assessment of the allelopathy properties of
Rottboellia cochinchinensis on the growth inhibition of test plants showed that the itchgrass-infested soil also
highly inhibited the growth of test plants such as Bidens pilosa and Echinochloa crus-galli. Furthermore, the
physicochemical properties of the itchgrass-infested soil and the itchgrass-uninfested soil was determined. This
study was no obvious difference in the physicochemical properties between the itchgrass-infested soil and the
itchgrass-uninfested soils. However, the organic matter in the itchgrass-infested soil was higher than those in the
itchgrass-uninfested soil. These results suggested that itchgrass had an allelopathic influence on density and
growth of weeds in the field conditions. Therefore, allelopathic activity of itchgrass will provide information crucial
in enabling improvements in the basis of weed control to reduce the use of herbicide in sustainable agricultural

systems.

Keywords: Allelopathy, bioassay test, infested soil, itchgrass, soil property, weed density
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uninfested soil) N99UART 4 FR0E9AU B AUaLAY
SRIGEEH annudaeitlaidnnaldndintuels wasna
UpAzIREAgIUANAUMTeAY lTuenmdau A 1 nFu
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ANLRAYALEAE Fisher's protected LSD test Tnelld
Tdsungu R 18544 2.9.1 (R Development Core Team,
2009)
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1 uilas guuilasas 15 9 Wilsiiunm 2 Altaniusie
wlas Tnernlszensianaifiusaetnafuain Meksawat
and Pornprom (2010) anifu i A iauTR
nMananuasaiaedny luieslfimnisell

1. mennziiieny (soil texture) sinmns
1/s210ulneRT pipette method iZﬁUﬂQWN%ﬂIuQ@uWN
(field capacity; FC) 10951 Tnevisnaeamulimus
LL%Qi%ﬂQﬂuﬁua’]ﬂqﬂﬁ 0.3 bar ENFuTneanaNAY
IR _pressure plate apparatus Lmemuﬂ,ﬂ@u
AN uavsy mumqmummmmmqs
(permanent wilting pomt PWP) Vlﬁmfam\muslwaum
LL@’ﬂﬂﬂ’J’]ﬂJﬁuﬂ’]ﬂ’]ﬂVI 15 bar mﬂmum@@ﬂmnmu
mmm’a\‘i pressure plate apparatus 'ﬂ’muu Wauly
auvnAE el

2. mMsimnsiALiTena (soil pH)
Tne/Lees pH meter Baemsaamfu: 1 winfy 1:1
ﬁﬂﬂﬁ‘ﬁimmﬁl’m%ﬁﬂ’]ﬂ@dﬂﬁuﬂ uaz a9inid (2542)

3. N3AzAINEN AN (electrical
conductivity; ECe) Q@Imﬂmmm conductivity meter
SounnainliiAus At uaRwinnisdaen da
Uszendnnadsnisaesiated uay asin (2542)

4, mﬁmmzﬁﬁmm@uvﬁﬂfi’mq (organic
matter; OM) %qﬂizqnﬁmmﬁ%mmm Walkley and
Black titration (Walkley and Black, 1934)
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Weed density from the itchgrass-infested and uninfested soils at farmer’s field in Chae Hom,
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Figure 2. Allelopathic effects of itchgrass on the growth inhibition of Bidens pilosa (A), Echinochloa crus-

galli (B) and Oryza sativa var. RD6 (C) in soil. Data are presented as the mean and standard

errors, least significant difference indicates significant difference between the treatment (ns,
not significant and **P<0.01). CH-LP = Chae Hom, Lampang; KPS-NP = Kamphaeng Saen,

Nakhon Pathom

AMANT AN M ENINLAsLARARIA T 1T uazla
T lugepunndang
ANTHNNNILAINIBIA VAU NIANE 1R
uans 13 1umN3199 1 A1nnAnEN WU FaetineRLaed
d‘ v 16) ¥ v 1 o A =
LﬂmmwmmﬂﬂﬁLL@‘VVLulwmﬂhmmmmanW*n EX
LufﬂmuLﬂumumu (Ioam) mm”mummmm@mmm
At Lm”s”mumqmuwwmmmmfm WANANSA LN e
wnties aselsfiny Lmﬂnmammuummqmmm
a Vo | a Ao v v | A |aaa a
Au WU et eRun NN vealee JUgAsenau
Windu 6.6 AMN138 AN WNAD 0.6 dS/m (A1) waE

199

HiBunndwizadng windu 4.3 waiidus (g9) dounun
= v U ] = aaa a 1 o 1
Tifingldvenlaels axfiUfieenan wiaiu 5.9 Ans
Wi winiu 0.2 dS/m (sn) uasiiBannduriedeg
wihriu 2.6 wefidus (Aendinag) (m91eW 2)
=3 a o 1 o a o =l
ANNIANHINIENA1UTATEN19R WA
PENIAEINY AnANTTRA U HaNsELsafianssx
N9gaalan s AluAY (Inderjit, 2002; Kobayashi et
al,, 2008; Tongma et al., 2001) agin4lsin1n anua
NAARaRAAd iU dutTRNIenannaeamll
wANFANeAUNINT anadlung i ALRANAINALA



M5ATLNAT 33(2): 193 - 202 (2560)

Table 1. Physical properties of soil samples from the itchgrass-infested and uninfested soils

Chae Hom, Lampang

Soil property

ltchgrass-infested soll

Itchgrass-uninfested soil

Soil texture

% sand

% silt

% clay
Field capacity (FC, %)
Permanent wilting point (PWP, %)

loam loam
42.4 44.9
35.0 35.0
22.6 20.1
40.5 34.6
11.7 7.4

Table 2. Chemical properties of soil samples from the itchgrass-infested and uninfested soils

Chae Hom, Lampang

Soil property

ltchgrass-infested soil

Itchgrass-uninfested soil

pH
Electrical conductivity (ECe, dS/m)
Organic matter (OM, %)

6.6 5.9
0.6 0.2
4.3 2.6

wnulndiAaety uset1snutasulasi g
Tuelapauaudaig azlantifniaaduiglsenigi
1 a d‘ 1 1 o $% 1l
wansinsuari Agendeenedman 1Hun Hifiunns
a A o | a Ay gy v A ¢ I
Buvirednngendnaui Il tael watanaiu
WRNAT UL AN D AaN TN U
Tl Bepnaaziflunislantaesansdanlanisnnene
4 "Lvl,ﬂmu fwmN@m‘l‘wmummﬂwwﬂmmumi
ﬂummﬂmuimmwwﬂm feannAdaITLTENY
91949 Dalton et al. (1983) is1er1win Buvzadng iy
unaanafiresanssadlanisn (nsaiagan) aenglef
Ax TunnsAnE3deseldasinnisdnenaiinges
A1998ATANITA ANTNANINTULIBIAYW AUV AY
FARAAUNANIANAINARaNanITNEaAlanTBANE W
a pry % = v o o A, | a
Au twaliinaunsiladudiAnynasnasananssy
o = a a = @ v Ao o A
n9gaalanisalunu seaziiudieyand dyiay
il lunsaurudaasialy

200

% LA o o = A
e 1ENE A IR N UL NE AR AN BN NG
AaAMNmniuazn R Linsesd s lugan il as
dgnits msvimeg e luwdneneaeanisagusion
v d’j dl Y o o =3 %
eaanEmIng annNLd o .ukvu 2.4 azdiuld
q’] uﬂi"mmmw‘lumimuﬂuf;fﬁwﬂuuﬂmﬂ@ﬂwmm
iin @nmmmmmﬂmmu iﬂmmﬁmumu LAz
B wizedan WAuliAR uanani anssnalannzn
v laesenaaslinadudaniadminanaaasisnii
y o yy o .

wazuNaARIRTLTHa LA Wesanwudn nelulag
lgnaasinsasnslinunisszuinaeslsauazinas

o =l o =& =8 | %
Angiauinidn Aspasdnmaaiuiuldlfves
ADMANHOEN AR AN B AN Te i AN Uz R
ansanaveglatlasiansdugmean e s uazita
Anaia (1Tousd, 2559; TAUFUN waTTUINIUA, 2558)

patiu Aanssunwdanlansazemic e aaniluiiaya
o o o oA A > > o
ndrAnylunispauandaig iveannisliansileaiu
6 o o A4 o ° v @ v g
Andndang Teannsoin iU dludieyanugulunig
YFuasugluuunisdanisdanalunisdgnivain
d’l o o A A ¥ ' o @

uananil nsdansdaneing lvdalueedaiunng
dopaavisanamunIsiaseiimemanemedminns

o A nI/ A '
AuANdNT ssLunanEasuLLEEuse



nsusziiugnaneusIaaalanisanugilatesanisguginisiauls

PaddNT ludgnnulag

a7
] o A

AU LUBaaslszansdang luulas

a 16 ¥ v | o A .
wnwnensd lad M lugsaouauda e (ichgrass-
uninfested soil) AN g uuasdTuuINnIulas

pRp PR ' o A .
nensnannislgintagenauandanT (itchgrass-
infested soil) agingmaiiiasnnnngn 51 azdiulian A
P Taek 180 daatnehn CH-LP anulas
nnena? v latepauAn I wazhiu KPS-NP 7
HANMNUAAzIB A e denadudininiiulnues
WanagauLTiaed1edaiau uaasliviugn vdja
Togiadiguanenen1edadlannsninasdennn
wudusaznismuinzesdanaluannulaslgn
A t% dgl d‘ ¥ v 1
Waein wenan udasinemsnsi dinlaeapounun
JrNt d9nanin A MENTRN NI ENINUATIATLNS
dsznsesdulfauulasll tnefauniinisldwdin
TaeiadiBunnduizadnguinndiauin i lvdinTae
PAUANITIN

nnAngsNUsznA

2828 UAMUNIATTI AT LU AITIN©AS
NIUANLAE NUNANENRELNEATANART ﬁﬁqmaﬁumu
nuganyuiIdaieliun 1 2560 lulasanisativayw
warAAINNNIABINAR TN 151 AamFunnsiin
Aelupseil

LANAITAIND

o

&
NEAUE

o

fAnztiuni uaz aeine Auniadeyqa. 2542.
wEnvinuazgieLfiiAns nsdmanziau
WAz, NAITIgAINEN  AmTINEAS
NUNINENABNEATAIART, NJUNNY. 108
wid.

1A o

g@3mi. 2559. Usr@NBNINIB9ANI4T AN
waandnunaszdilunisaaunuuieuls

WN. 3N98NTINEET 32(3): 369-378.

1Tousd

201

Tausun F11uneEna uas TuINus Saudnade
a5y, 2559. Uss@vBamaeinaindann
AnLAMIAeNINAaNI TS E 830
Colletotrichum  gloeosporioides  Tuan
et A9, :sansinms 32(1): 61-72.

Alloub, H., A.S. Juraimi, A. Rajan, J. Kadir, M.S. Saad

and S. Sastroutomo. 2005. Growth behavior

of itchgrass (Rottboellia cochinchinensis) in

Peninsular Malaysia. Weed Biology and

Management 5: 8-13.

J.P. and AR. Putnam.

benzoxazinones

1987. Role of
in allelopathy by rye

Barnes,

(Secale cereale L.). Journal of Chemical
Ecology 13: 889-906.
P., V. Vecchio and |. 1998.

Allelopathic interference of itchgrass and

Casini, Tamantini.

cogongrass;  Germinaton and  early
development of rice.
75: 445-451.

B.R, U. Blum and S.B. Weed.
Allelopathic  substances
Journal of Chemical Ecology 9: 1185-1201.

Duke, S.0. 2015. Proving allelopathy in crop-weed

Tropical Agriculture

1983.

in ecosystems.

Dalton,

interactions. Weed Science 63(sp1): 121-
132.
Hall, D.W. and D.T. Patterson. 1992. ltchgrass: stop
the trains?. Weed Technology 6: 239-241.
2002. Allelopathic effect

lanceolata on growth and yield components

Inderijit. of Pluchea

of mustard (Brassica juncea) and its
influence on selected soil properties. Weed
Biology and Management 2: 200-204.
Kobayashi, K. 2004. Factors affecting phytotoxic
activity of allelochemicals in soil. Weed
Biology and Management 4: 1-7.
Kobayashi, K., D. ltaya, P. Mahatamnuchoke and T.
Pormprom. 2008. Allelopathic potential of
(Rottboellia  exaltata)

itchgrass powder



M5A1TNEAT 33(2): 193 - 202 (2560)

incorporated into soil. Weed Biology and
Management 8: 64-68.
Lejeune, KR., J.L. Griffin, D.B. Reynolds and A.M.
1994. (Rottboellia

cochinchinensis) interference in soybean

Saxton. ltchgrass
(Glycine max). Weed Technology 8: 733-
737.

Lencse, RJ. and J.L. Griffin. 1991.
(Rottboellia cochinchinensis) interference in

sp.). Weed

ltchgrass
sugarcane  (Saccharum
Technology 5: 396-399.
Meksawat, S. and T. Pornprom. 2010. Allelopathic
(Rottboellia

cochinchinensis (Lour.) W.D. Clayton) on

effect of itchgrass
seed germination and plant growth. Weed
Biology and Management 10: 16-24.

Millhollon, RW. and D.M. Burner. 1993. ltchgrass
(Rottboellia cochinchinensis) biotypes in
world populations. Weed Science 41: 379-
387.

Mushtag, M.N., ZA. Cheema, A. Khalig and M.R.
Naveed. 2010. A 75%

through

reduction in

herbicide use integration  with
sorghum + sunflower extracts for weed
management in  wheat. of the
Science of Food and Agriculture 90: 1897-

1904.

Journal

Norsworthy, J.K. 2003. Allelopathic potential of wild
radish (Raphanus
Technology 17: 307-313.

R Development Core Team. 2009. R: a language and

raphanistrum). Weed

environment for statistical computing,
(Online). Available: http://Amww.R-project.org
(February 10, 2015).

R.E., J.L. Griffin, D.B. Reynolds and D.K.
Miller.  2000.
Rottboellia cochinchinensis and Zea mays.
Weed Science 48: 205-211.

C. and B.S. Ismail. 2006. Field evidence of

the allelopathic properties of Dicranopteris

Strahan,

Interference between

Tet-Vun,

linearis. Weed Biology and Management 6:
59-67.
S., K Kobayashi and K. Usui. 2001.

Allelopathic activity of Mexican sunflower

Tongma,

[Tithonia diversifolia (Hemsl.) A. Gray] in
soil under natural field conditions and
different moisture conditions. Weed Biology
and Management 1: 115-119.

A. and I. A. Black. 1934. An examination of

the Degtjareff method for determining soil

Walkley,

organic matter and a proposed maodification
of the chromic acid ftitration method. Soil
Science 37: 29-38.

202



ananwnaiiudfiinsveadavansluladsnaulaliaivanainda

lumsaruanlsalusizasaunandng

Antagonistic Potential of Endophytic Actinomycetes Isolated from Rice to Control Rice

Seedling Blast

wUAN UNINUN UAINIAY AMIANAMA

Napaphop Kaewkanta and Kaewalin Kunasakdakul

a19137 AN NATTIN)INe Az lsANT AuznERsAIART Nianenaeden a 4.3 50200
Division of Plant Pathology, Department of Entomology and Plant Pathology, Faculty of Agriculture, Chiang Mai University,
Chiang Mai 50200, Thailand

*Corresponding author: Email: kaewalin.k3@gmail.com

(Received.: 4 January 2017, Accepted: 31 March 2017)

Abstract: One hundred and seventy-four isolates of endophytic actinomycetes were isolated from rice (Oryza
sativa L.) on inhibitory mold agar 2 (IMA-2). The isolates were divided into groups by the periods of aerial
mycelium initiation and full-plate production. According to aerial mycelium initiation in 1 day and full-plate
production in 3 days, then ten isolates were selected for their antagonistic potentials against Pyricularia grisea
pathogen of rice blast testing by dual culture method. The results of PIRG at the highest percentage showed in
the testing of isolates ORR107 and ORR719 with non-statistically significant at 78.35 and 74.17%, respectively.
Followed by isolates ORP119, ORR721, ORS110, ORR175, ORR728, ORR737, ORR162 and ORP123 gave a
percent inhibition at 70.00, 69.17, 65.00, 61.67, 60.00, 55.84, 50.00 and 48.33%, respectively. Thus, the 2
isolates were applied to control rice blast disease in seedling trials using rice seed soaked in 1x10° cell/ml
suspension of each isolate of ORR107 and ORR719 for 1 day and let them germinated. Fourteen day old rice
seedlings were inoculated with the pathogen. Evaluations of blast severities were observed after 7 days of
incubation, results showed that isolates ORR719 and ORR107 were statistically decreased the severity of blast
at 1.20 and 1.47, respectively, compared with 4.73 in control treatment. Additionally, colonization of the 2
isolates in rice seedling using seed soaking method were performed, after transplanting for 1, 3, 5, 7 and 14
days, rice plant, leave, root and husk explants were found to be colonized with the two isolates in recovery
percentage of 40-90 percent. Moreover, the colonization percentage of isolates ORR107 was potentially

increased along incubation periods.

Keywords: Pyricularia grisea, endophytic actinomycetes, biological control, colonization
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Figure 1. Characteristics of rice leaf blast symptom (A),

Pyricularia grisea (C)
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Figure 2. Endophytic actinomycetes grew out from leave (A) and root explants (B) of rice cultivar RD1
on IMA-2 medium after 30 days of incubation at 30 °C

Table 1. Numbers of isolation frequency of endophytic actinomycetes isolated from 4 cultivars of rice

Isolate numbers of endophytic actinomycetes

Rice cultivars

Leaves Isolate codes Roots Isolate codes
RD1 61 ORR101-161 14 ORR162-175
RD7 26 ORR701-726 16 ORR727-742
PT1 19 ORP101-119 4 ORP120-123
SP1 33 ORS101-133 1 ORS134
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Table 2. Numbers of endophytic actinomycetes isolated from rice grouped by day of aerial mycelium

initiation and periods of full plate growth

Full plate growth

Numbers of endophytic actinomycetes

(day) 1-day' 2-day 3-day 4-day 5-day Toel
3 10 37 14 0 0 61
5 13 39 34 0 1 87
7 7 6 7 3 3 26

1 day of aerial mycelium initiation
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Figure 3. Inhibitory effects of 10 endophytic actinomycete isolates on growth of Pyricularia grisea colony

after dual culture testing for 10 days on IMA-2 medium

Table 3. Inhibition percentage of endophytic actinomycete isolates obtained from 4 cultivars of rice against

Pyricularia grisea using dual culture method on IMA-2 medium

Inhibitory levels'

Isolate numbers of endophytic actinomycetes (% Inhibition)

ORR107 (78.35%)°

Strong AB
ORR719  (74.17™)
ORP119  (70.00%)
ORR721  (69.17)

Moderate DE
ORS110  (65.00™)

ORR175 (61.677)
ORR728 (60.00™)

Weak G
ORR737 (55.84°)

_ ORR162  (50.00")

Non active u
ORP123  (48.33")

' Strong: 71.00-80.00 %, moderate: 61.00-70.00%, weak: 51.00-60.00%, non-active: less than 50.00%
* Means in the parentheses within the same column followed by different letters were significantly different at P<0.05 by

LSD=4.9892, CV (%) = 4.98
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Figure 4. Blast disease symptoms on 21-day-old leaves of rice seedlings treated by seed soaking with

spore suspension (conc. 10° cfu/ml) of endophytic actinomycetes isolate ORR107 (A) and

ORR719 (B) compared with untreated control (C) after inoculation with Pyricularia grisea

spore suspension (conc. 10° cfu/ml) on 14-day-old seedling

Table 4. Numbers and recovery percentages the selected endophytic actinomycetes 2 isolates from the

segments of inoculated rice seedling after 1, 3, 5, 7 and 14 days of transplanting

After transplant

Part of tissue'

Isolates Total (%)2
(day) Leave Root Rice husk
ORR107 1 1 2 9 2 (40.00)
3 4 5 10 9 (63.33)
5 7 8 8 3(76.67)
7 5 10 9 4 (80.00)
14 9 9 9 7 (90.00)
ORR719 1 2 4 10 6 (53.33)
3 6 9 10 5(83.33)
5 9 10 10 9 (96.67)
7 8 6 10 4 (80.00)
14 7 8 9 4 (80.00)

"10 pieces of each part of tissue
2 .
calculated per 30 pieces
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Abstract: Leonardite is a natural humus-rich material thus a high potential to use in agriculture. However, there is
very little information available regarding the use of leonardite for lowland rice. To determine the effects of
leonardite on soil quality and rice vyield, a pot experiment was conducted using Thai jasmine rice cultivar
KDML105. Chemical fertilizer and compost were used for comparison. On the average, the application of
compost alone or with leonardite increased soil organic matter, N, P, and K levels about twice as compared to
the control. The combination of improved leonardite and compost in treatment 8 and 9 (IL + compost (1:1) and
IL + compost (3:1), respectively) gave significantly higher number of tillers (30.3 and 32.0 tillers/plant,
respectively), number of panicle (19.33 and 18.67 panicle/plant, respectively) and grain yield (50.58 and 50.29
g/plant, respectively) than the control. All the increased parameters did not show significant different from those
obtained using chemical fertilizer. The results indicated that the use of leonardite plus compost showed better
performance than leonardite or compost alone. It is therefore concluded that the incorporation of leonardite plus

compost into the soil could be used as an alternative to chemical fertilizer for obtaining high yield of rice.

Keywords: Compost, humic acid, leonardite, rice, soil quality, plant nutrients

Introduction the soil with organic matter or humus being depleted

with continued cropping. Leonardite is rich in organic

The continuous use of chemical fertilizers matter (50 to 75%) and its humic acid content could
accelerates the depletion of soil organic matter and range between 30 to 80% therefore this natural
impairs physical and chemical properties of soil in humus-rich materials offers a good choice as soil
addition to causing micronutrient deficiencies. In and crop yield improvement (Ratanaprommanee and
Thailand, most of the cultivated soils have less than Shutsrirung, 2014). Humic acid improves the
1.5% soil organic matter (SOM) that could be physical, chemical and biological properties of the
considered to be low. This important component of soil and accelerates plant growth by influencing the
soil is declining with time due to intensive cropping growth of roots. Initiation of root enhancement and
and use of high doses of chemical fertilizers with little increased root growth may be observed by the
or no addition of organic matter. Soil organic matter application of humic acids and fulvic acids to the sail
serves as a reservoir of nutrients for crops, provides (Pettit, 2004). Significant impacts of humic
soil aggregation, increases nutrient exchange, substances on soil structure and plant growth are
retains moisture, reduces compaction, reduces extensively reported in the literatures. (Fong et al.,
surface crusting, and increases water infiltration into 2007; El-Razek et al, 2012; Ihsanullah and
soil. Therefore, loss of SOM is often considered as Bakhashwain, 2013). The benefits of compost and
one of the main causes of soil fertility and organic manures on rice and wheat Vvyield
productivity decline. For these reasons, it is essential improvement are well documented (Singh and

to apply good quality organic materials that can be Yadav, 1986; Hussain et al., 1998)
used to improve soil properties and productivity. Wattanaphayapkul (2014) applied cattle dung,
Organic inputs such as finished compost and chicken dung and wood vinegar to improve growth,

leonardite are efficient and effective in replenishing yield and seed quality of Hom Mali rice. Application
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of diluted wood vinegar and cow dung resulted in
significantly higher plant height, number of tillers and
grain yield of KDML 105. Application of diluted wood
vinegar and chicken dung promoted the highest
grain yield of 224.5 g/pot of KDML 105. However
reports on the utilization of leonardite in cereals
crops are rare. Application of compost plus 10%
leonardite (w/w) at the rate of 5,000 kg/rai gave the
highest shoot and root dry weights of Chinese kale.
The highest P, K, Ca, and Mg uptake were also
obtained with compost plus leonardite (Inthajak,
2012).

in leonardite samples indicated its high possible use

High plant nutrients and humic acid content

to improve organic matter, humic acid and some
plant nutrient levels in the soils. However the very low
pH values and low P content of most leonardite
samples should be raised before soil application
2014).
Somchan and Shutsrirung (2014) suggested that

(Ratanaprommanee and  Shutsrirung,
leonardite should be mixed with 5% dolomite and
10% rock phosphate to get an improved quality
(improved leonardite) before soil application.
Increasing demand and elevating cost of used
materials as soil conditioners in agriculture have led
to investigate the potential use of leonardite on a field
scale.

Several leonardite mines have been
discovered and started to the production of this
natural high-humus material in Thailand. The aim of
the present study was to investigate the effects of
ground leonardite alone and in combination with
compost as organic amendments on rice yield and

some soil properties.
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Materials and Methods
This study was performed under pot
experiment conditions. The aim of this experiment
was to evaluate the effect of original leonerdite (OL:
100% leonardite), improved leonerdite (IL: leonardite
containing 5% dolomite and 10% rock phosphate),
compost and chemical fertilizer on growth and yield
of rice. Chemical properties of the soils before and
after planting rice were also analyzed (Department
of Agriculture, 2005). The experiment was arranged
in three

completely randomized design with

replications. The following 9 treatments were
conducted, T1: control, T2: chemical fertilizer (16-16-
8; 20 kgfrai), T3: compost, according to the
recommended rate of Department of Agriculture
(2,000 kgfrai), T4: OL (2,000 kg/rai), T5: IL (2,000
kg/rai), T6: OL + compost (ratio 1:1 w/w; 2000
kgf/rai), T7: OL + compost (ratio 3:1 w/w: 2000
kg/rai), T8: IL + compost (ratio 1:1 w/w: 2000 kg/rai)
and T9: IL + compost (ratio 3:1 wiw) 2000 kg/rai.
Thai jasmine rice cultivar KDML105 was used in this
study. Two equal splits of each treatment were
applied at 5 days before the rice planting and 30
days after the initial input. During the trial, the water
level was maintained in the range of 5 to 10 cm
above the soil surface, including the prevention and
control of pests and weeds. Data were collected on
plant height (cm), number of tillers (per plant),
number of leaves (per plant), number of panicle (per
plant), dry weight of the grain and straw dry weight
(g per plant). The data obtained were subjected to
analysis of variance by using MSTATC computer
software and means were separated by LSD test

(Steel et al., 1997)
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Results and Discussion

1. Soil chemical properties

Chemical properties of the soil before planting rice
Soil analysis was done before sowing and

after harvesting of rice (Table 1). The observed data

showed that the soils used in the pot experiment

were slightly acidic, with an average of 6.09 and low

(1.45%). The

concentration (before planting rice) of total nitrogen

organic matter content initial
(N) was 0.11%, available phosphorus (P) and
exchangeable potassium (K) were 17.33 and 122
mg/kg, respectively. The optimum values of available
P in soil is 26 - 42 mg P/kg (Office of Agricultural
Research and Development Region 1, 2016). The

results showed that the quantity of phosphorus in the

soil was inadequate for plant growth. Inadequate P
levels in the soil can impact the plant, especially
under stressful conditions. Adequate P levels are
required to enhance shoot and root growth and
the

phosphorus should be raised to improve crop yield.

promote early maturity. Therefore, soil

Chemical properties of the soil after planting rice
The analysis results of the soil after planting

rice under submerged conditions are shown in Table

1.

increased and ranged from 6.91 - 7.34 which was

The pH values of all the soil samples were

higher than that of the pre-planting soil (pH 6.09).
Submergence caused a small initial decline followed
by a gradual increase in pH values of soil solution
(Islam and Islam, 1973). The soil pH in all the

treatments applied with compost, leonardite (OL and

Table 1. The analysis results of the soil after planting rice

Total Available Exchangeable (mg/kg)

Tr Treatments pH oM Nitrogen P

(%) K Ca Mg
(%) (mg/kg)

- Pre-planting soil 6.09 1.65 0.09 17.33 122 1025 95
T1  Control 7.1 1.50° 0.07° 15.97' 154° 1414° 95
T2 Chemical fertilizer (16-16-8): 20 kg/rai 7.02 1.48° 0.07° 42.88° 273% 2248 83"
T3 Compost: 2,000 kg/rai 713 2.71° 0.14° 33.51° 278% 2282° 93*
T4 OL: 2,000 kg/rai 725  251° 0.13° 33.22° 326 2197° 80°
T5 IL: 2,000 kg/rai 6.91 3.13° 0.16° 28.12° 256° 2400 92%
T6 OL + Compost (ratio 1:1):2000 kg/rai 7.26 3.16" 0.16" 41.12% 174° 2607° 111>
T7 OL + Compost (ratio 3:1): 2000 kg/rai 7.24 2.97° 0.15° 39.45% 204° 2466° 111°
T8 IL + Compost (ratio 1:1): 2000 kg/rai 7.27 2.67° 0.14° 37.50° 41° 2416° 127°
T9 IL + Compost (ratio 3:1): 2000 kg/rai 7.34 261° 0.13° 33.69° 171° 2563° 144°

Mean 717 2.52 0.13 33.96 260 2287 104
F-test ns * * * * * *
% CV 5.00 5.97 15.85 3.63 5.72 19 8.08
Soil properties suitable for growing
6-7 25-3 - 26-42 130 1040 135

,
crops

“"Within rows not sharing a common superscripts are not significantly different (P<0.05)

" Not significantly different at £<0.05

! Office of Agricultural Research and Development Region 1 (2016)
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IL) and the combination of compost plus leonardite
resulted in higher soil pH (more alkal)) than the
However,
(IL)
pH (pH 7.02 and 6.91,

respectively) compared with the control (pH 7.11)

control soil under submerged condition.

chemical fertilizer and improved leonardite

decreased the soil
(Table 1). The lower pH value of fertilizer treated soil
and higher pH value in compost manure treated soil
explains the acidifying effects of the NPK fertilizer
and the neutralizing effects of compost and
leonardite plus compost. The compost manure has
been found to be capable of improving soil pH
because of the relative exchangeable Ca, Mg and K
it contained (Olayinka and Adebayo, 1985). Soils
with added organic matter can help adjust soil pH to
the neutral range (6.5 - 7.5), which is of benefit to the
rice crop, because this pH range appears to favor
nutrient uptake by wetland rice (Sahrawat, 2005). Soil
organic matter (SOM) in the control soil (1.65%)
showed little decreased after planting (1.50%) this
might due to the decomposition of added organic
matter is relatively low under submerged conditions.
The soils in the treatments with compost and/or
leonardite application (T3 to T9) led to significant
increase in SOM (2.51 to 3.16%), as compare to the
The

increased values obtained in this experiment could

control and chemical fertilizer application.

be attributed to the levels of compost and/or
leonardite application.

Significant differences were found in N, P, K
and Ca levels among the treatments with organic
application (T3 to T9) however these nutrients levels
in the soils after planting rice could be considered
adequate for the next crop (Table 1). The addition of
organic materials into the soil resulted in increases in
the soil nitrogen levels (0.13 - 0.16%). The levels of
available phosphorus (mg P/kg) in all the treatments

with organic amendment were increased about twice
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(28.12 - 42.88 mg P /kg) and reach the optimum
values (26 - 42 mg P/kg) (Office of Agricultural
Research and Development Region 1, 2016) for
plant growth while the P level of the control soil was
quite low (15.97 mg/kg). The levels of exchangeable
K and Ca showed similar trend as the P level, the
values obtained from organic application showed
much higher values than those of the control (Table
1).

leonardite led to a certain increase in Mg level with

In general, the application of compost plus

the value ranged from 111 -144 mg/kg. Plant nutrient
elements contained in all the leonardite samples
were quite high (N, K, S, Ca, Mg, Fe, Zn and Mn)
except for phosphorus. (Shutsrirung et al., 2016).
However, in the present study, the application of
2,000 kg/rai of original leonardite (OL) seemed to be
sufficient to reach the optimum P level for crop
demand. Our results indicated that leonardite and
improved leonardite could provide a rich source of
nutrients with high organic matter content and the
use of this high humus material can be beneficial to
improve soil nutrients level for the next crop, which

may ultimately increase crop yields.

2. Effects of compost and leonardite on growth and

yield of rice

Plant height, number of tiller and number of leaves
Plant height was not significantly different
(P<0.05) between the treatments except T5 that gave
significant lower height (85.33 cm) than the rest of the
treatments (Table 2). The application of original
leonardite (OL: 100% leonardite) resulted in the lowest
number of tllers and leaves per plant
Ratanaprommanee and Shutsrirung (2014) suggested
that the pH and phosphorus level of OL should be
raised before soil application due to the low pH values

(1.84 to 2.55) and low P content (28.6 to 211.2 mg/kg) of
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Table 2. Growth parameters of rice variety jasmine rice 105 at 2 months after transplanting

T Treatments Plant height ~ Number of Eillers/ Number of
(cm) plant leaves/plant
T Control 93.13% 22.00° 77.00°
T2 Chemical fertilizer (16-16-8): 20 kg/rai 92.00% 36.67° 123.00°
T3 Compost: 2,000 kg/rai 91.13% 27.00% 92.00°
T4 OL: 2,000 kg/rai 90.63% 20.00° 78.00°
T5 IL : 2,000 kg/rai 85.33° 25.33% 94.67°
T6 OL + Compost (ratio 1:1):2000 kg/rai 92.67% 29.00™ 91.33"
T7 OL + Compost (ratio 3:1): 2000 kg/rai 94.33"° 27.00% 91.33°
T8 IL + Compost (ratio 1:1): 2000 kg/rai 94.50° 30.33% 94.67°
T9 IL + Compost (ratio 3:1): 2000 kg/rai 91.93% 32.00% 98.33°
Mean 91.74 27.70 93.37
F-test * * *
% CV 5.60 28.90 14.76
" Within rows not sharing a common superscripts are not significantly different (P<0.05)
* Not significantly different at P<0.05; OL (original leonardite); IL (improved leonardite)
most leonardite samples. In our study, the improved improved leonardite (T8 and T9). The growth

leonardite (IL: leonardite containing 5% dolomite and
10% rock phosphate) was used in T5, T8 and T9.
The IL applied in these three treatments increased
both the tillers and leaves per plant compared with
the OL treatments (T4, T6 and T7). The increased
values of the tillers per plant obtained in T5, T8 and
T9 (25.3, 30.3 and 32.0 tillers/plant, respectively)
exhibited large differences from those obtained from
T4 (20.0 ftillers/plant).

values did not show significant difference from that

In addition, the increased

obtained using chemical fertilizer (36.7 tillers/plant).
the

treatments was observed with the number of leaves.

The similar trend of differences among
Among organic materials application treatments, the
IL, OL plus compost and IL plus compost showed
obvious increase in the number of leaves compare
with OL application alone and the control. Compost
application (T3) gave an increase of both tillers/plant
and number of leaves/plant moreover the increase

was further improved by the mixture of compost and
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enhancement by these combined effects in the T8
and T9 might be due to high humic acid and
micronutrients in leonardite. Tillers of the rice plant
during the early stages of development are crucial
stage to the production of effective ears (Nguyen et
al., 2004; Sivakumar et al., 2007). Leonardite which
contains  high amount of humic substances,
particularly humic acid, induced stimulation of plant
growth as reported by Chen and Aviad (1990); and
Arancon et al. (2002).

higher soil P level obtained in IL treatments might

Our results suggested that

play an important role increasing number of tillers
per plant. It was reported that the application of
humic acid increased the synthesis and activity of
IAA which played a significant role in promoting the
plant growth. Mohammadipour et al. (2012) showed
that the application of humic acid improved the plant
growth parameters. In the present study, high humic
acid content in leonardite might affect rice growth

improvement.
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Yield and yield components of rice

The number of panicles produced was the
highest under T2 followed by T3, T9 and T8 (22.67,
20.33, 19.33 and 18.67, respectively).

observed that high grain yields were also obtained

It was

with these 4 treatments, the highest grain yield was
obtained by T2 followed by T8, T9 and T3 (52.13,
50.58, 50.29 and 49.22 g/plant, respectively) (Table
3). The grain yield increment under the T2, T8, T9
and T3 was 56.8, 52.2, 51.3 and 49.2%, respectively
as compared to the control treatment.  No significant
differences of the number of panicle and grain yield
were found among T2, T8, T9 and T3 treatments.
However, the grain yield of these four treatments was
significantly higher than those of the control and the
rest of the treatments except T5. Our results
suggested that total tillers and panicle per plant
showed a very important parameter because of its

association with other important yield components,

particularly grains yield (Table 2 and 3). On the
average, the higher tiller number and panicle
number had led to higher grain yield (Figure 1).
Gravois and Helms (1992) reported that among
different yield components of rice, panicle density
had the largest positive direct effect on rice yield. It
seemed that there has been no report on the
application of leonardite for soil and crop vyield
improvement. However, there are several reports on
pure humic acid application on crop yield. Saha et
al. (2014) concluded that the combine application of
humic acid and manure considerably influenced rice
grain yield. The highest grain yield was obtained
with the application of humic acid (1 L/rai) plus
poultry manure (480 kg/rai). Foliar application of
lignite humic acid markedly increased grain yield of
rice. The application of 1.5% humic acid gave the
highest grain yield (682 kg/rai) (Bama, 2009). In the

present study, the results also suggested that

Table 3. Effect of different treatments on growth parameters

Grain yield Straw yield
Panicle per Grain yield increase Straw yield increase
T Treatments plant (g/plant) over control (g/plants) over control
(%) (%)
T1 Control 14.33° 33.24° - 105.80° -
T2 Chemical fertilizer (16-16-8): 20 kg/rai 22.67° 52.13° 56.80 124.81° 17.96
T3 Compost: 2,000 kg/rai 20.33%° 49,22 48.06 108.76* 2.79
T4 OL: 2,000 kg/rai 16.33° 38.61% 16.15 208.66" 97.22
T5 IL: 2,000 kg/rai 15.33" 39.75% 19.59 229.58° 117.00
T6 OL + Compost (ratio 1:1):2000 kg/rai 16.67" 42.78% 28.68 195.31" 84.60
T7 OL + Compost (ratio 3:1): 2000 kg/rai 15.67" 39.36” 18.41 168.31° 59.08
T8 IL + Compost (ratio 1:1): 2000 kg/rai 18.67% 50.58" 52.16 139.85"°% 32.18
T9 IL + Compost (ratio 3:1): 2000 kg/rai 19.33% 50.29% 51.27 181.68"° 71.72
Mean 17.70 43.99 162.53
F-test * * *
% CV 19.84 12.01 22.00

Within rows not sharing a common superscripts are not significantly different (P<0.05)

Not significantly different at P<0.05; OL (original leonerdite); IL (improved leonerdite)
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Tillers per plant, total panicle per plant and grain yield

T3

TS

Tillers/plant

T8

M ranicle per plant il dry weight of the grain (g/plant)

Figure 1. Tillers, panicle and grain yield as affected by chemical fertilizers and organic amendments
T1 = Control; T2 =Chemical fertilizer (16-16-8): 20 kg/rai; T3 = Compost: 2,000 kg/rai; T4 = OL: 2,000 kg/rai; T5 = IL : 2,000
kg/rai; T6 = OL + Compost (ratio 1:1):2000 kg/rai; T7 = OL + Compost (ratio 3:1): 2000 kg/rai T8 = IL + Compost (ratio 1:1):

2000 kg/rai; T9 = IL + Compost (ratio 3:1): 2000 kg/rai

leonardite which contains high amount of humic
substances, particularly humic acid, influenced rice
plant in a direct and indirect manner. Leonardite
influences the plant growth directly either through its
effects on ion uptake or by more direct effects on the
growth regulation of the plant (Vaughan and Linehan,
1976). Straw yield did not follow the same order as
found for panicles and grain yield. The highest straw
yield was obtained under T4 and T5 while chemical
fertilizer (T2) gave only about half of the straw yield,
as compared to these two treatments (Table 3). This
result indicated that the high straw yield in T4 and T5

did not seem to lead to higher yields.

Conclusion

It can be concluded that, among organic

fertilizers, the combined effects of improved
leonardite and compost at the rate of 2,000 kg/rai
exhibited the highest increase in soil organic matter,
plant nutrients and had led to the highest yield
components and grain yield of Thai jasmine rice

cultivar KDML105. From the above discussion it is
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clear that leonardite have a significant influence on
growth and productivity in rice when applying in
combination with compost. Organic fertilizers can be
a better supplement of inorganic fertilizer to produce
better growth and vyield without harmful to the
environment. From an environmental and economic
viewpoint as well as for sustainable soail
management, application of IL + compost, 2,000
kg/rai could be recommended for use with lowland
rice. The use of improved leonardite as alternative to
commercial chemical fertilizers not only results in soil
and crop vyield improvement but also reduces
pollution due to reduced nutrient run-off and N
leaching. However, to confirm the effects of
leonardite on soil and rice yield improvement, field

experiment should be conducted.
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Abstract: Field experiment was carried out during November 2011 - April 2012 in northern Thailand at Mae Ra
Mad district, Tak province in order to evaluate the effects of slow-release fertilizer applications on growth, yield
and seed quality of field corn. The experimental design was a randomized complete block design (RCBD) with
4 replications and 6 treatments. The treatments were as follows; (1) 75 kg/rai of slow-release fertilizer, (2) 100
kg/rai of slow-release fertilizer, (3) 75 kg/rai of slow-release fertilizer incorporated with common chemical fertilizer
(4) 100 kg/rai of slow-release fertilizer incorporated with common chemical fertilizer, (5) 100 kg/rai of common
chemical fertilizer and (6) no fertilizer as the control treatment. The results showed that the height of field corn
obtained by the application of slow-release fertilizers did not significantly differ from the common chemical
fertilizer (20-10-10). However, the application of slow-release fertilizer at the rate of 75 kg/rai (25 kg/rai of 13-10-
20 as basal application and 50 kg/rai of 25-15-0 at 30 DAP) produced a significantly higher yield than the
application of common chemical fertilizer (20-10-10) at the rate of 100 kg/rai (50 kg as basal application, 25 kg
at 20 DAP and 25 kg at 40 DAP). In addition, it was found that the seed qualities (100-seed weight, germination
rate and germination index) by applied the slow-release fertilizer treatments, did not significantly differ from the
common chemical fertilizer (20-10-10). The results from this studies suggested that the application of slow-
release fertilizer at the rate of 75 kg/rai (treatment 1) seem to be the most promising fertilizer program for corn
seed production in Tak province due to higher efficiency, reduction in fertilizer usage, and decrease the number

of applications as a result of reduced labor and production costs.

Keywords: Field corn, fertilizer management, slow-release fertilizer
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mawtadnunlgnunign Anduesay 67.67 789 lunistianldieansiunuluduussuls daqiiug

Marlsema Geannsnliiananaassialiganaane 669 fuazatadn viseilaninislanlaessinauis

an./l3 (zﬁ’wﬂmwummgﬁ@mimwm, 2558) aginalsf aanN1ae1991 ] (slow-release fertilizer) LL@zﬂﬂﬁ
punTsuand1aiwaavnsdndludszina U 2557/58 ANNIDALANNIATAETBIB1RBIMTIH (controlled
ARAIANNT) 2556/57 Satiay 301 |HdaNnLNEAINg released fertilizer) qnmamﬁﬂﬂ%wuwhﬁqwmﬁmﬁ
‘]J%‘/‘]_ILﬂgﬂuiﬂﬂ@‘ﬂﬁﬂj?ﬂ;u‘ﬁiﬁNQMEULL‘V]LLaﬂ’]"] LBl waneiin safulsslandsanisinun1¥lunnuae
L"fimmnmﬂfqmmuﬂﬁunwmmizﬁmfffqmmmwﬁ wasLgnneemedng aewlafinu aazanedn

Fsduiliiargesnslidntwennsdadiedy  taevalldndsangendniandfinemsnsiould
f‘fmgﬁummiﬁmﬁﬁﬁyu (@minenudregianisinems, ﬁai‘fuma?ﬁnmmﬁmmiﬂqmm’m%wﬁmmmu
2559) FafuAadesdudunnsnandnatnaea s dn s zﬁfm?ummﬁmLuﬁmﬁuﬁzﬂwiwmmmiﬁmﬂuﬁ”uﬁ
melutlszmaliffiadu WelfiRemeserawiionns  mawile laemzetvddduiiisamiann s
Thanaianlszdnsnnluniswansieiui Fedaanw Lma'qmﬁmLuﬁmﬁuﬁﬂﬂwmmmiﬁm’ﬁz@wﬁtyLL‘viwfi\i
dnilubedlimdniuinnamunmanaziliiunn  seelszwelng Welfinemensluiiufiananse |4l
HANRREY srLuNNARWAATUEin e nedndly  edalidsrAvinin inliidesaniBunninislide e
Uszinadaulugy ﬁmil:wwzﬂqnﬁmL%\uﬁ'mﬁmi@ﬁwﬂu \UnN9meansi LY UNINARTBNEATNT Bnviadadly
ITHTNAUNU AINA AN ANANYTITBIAUARAY miﬂjfm@mm@mwuﬁmmiﬂmﬁ@uﬂﬁ ChEk:
fofunsldileiefanananaadudadeidniny  Awinkendndog

226



U+ k4 ] a a a =3 a o
NR‘ll’axiﬂ’l’iul’li‘iJlElﬂzﬂ’lil“ﬂﬁﬁl’ﬂﬂ']il,’i‘imuLEI‘IJTIFI HANAR BLATAUNTNLNAANUG

o o ¢ & do o
T’ﬂ\i“ﬂ'\’ﬂ:"ﬂﬂ’ﬂqﬂﬂiﬂﬂq eluwuﬂ@ﬂ“'ﬁﬂﬂ'lﬂ

L aa
AUnTUUAzIaNg

NFINUHULASIENMTNARD

nsAnnasesluesaillfsiiunimaaes
Tuwlasgndnntnawaniugemsdniveansmning
il o.uszanm a.mn luszwinadeunnaaneu
2554-tauN e 2555 T ddgnilenaanaidly
N9IA-A19289AUW 6.02 UIN1UBUNTEIRE 1.45%
weanleFail fhulszlond 9.8 un/nn. wastunaden
fuanwaeuld 205 wnJnn, 11 naaneiugui
wef 57 Inelgndinnineaneiugne 1 uae unsneglu
NN 14 wnadalwaaneiugudl usvuunisignuuy
0, +2 (UgndnaTwaaneiugneunqusnniananeiug
udl wazdgninatwaanaiugwennandelgnuas
dratnasnaiugusl 2 4u) Tnefisvazilgn 70 x 18 aw.
TuuamAaBIIINA 20 X 20 3. NsAnEATa
N19919LEUNITNAReLLLdNaNysailunaen
(randomized complete block design, RCBD) AU
4 91 uaziinssAinaaes 6 nesaa Ae (1) il
azanegdn 75 nn/ls (amﬁyuﬁwﬂmmm 13-10-20
w91 25 nn /13 wasiiszas 30 Jundsdgnliilainsm
25-15-0 a3 50 nn./l9), (2) lad]emzansdin 100 nn./
15 (@mﬁyufﬁwﬂﬂlmm 13-10-20 §731 50 nn./19 wasdi
svely 30 Tunasignldilensm 25-15-0 6m91 50 nn./
19), (3) li]aazanedin 25-15-0 dm131 50 nn./ld $auri
fJaipiiasannn 0-0-40 §ms 25 nn./lf (rasitudinei]s
N9 25-15-0 86191 25 nn./13 uazilainsm 0-0-40 6,
25 nn./l$ uasiiszez 30 Tunaatgn 15ijanam 25-15-
0 86191 25 nn./lg) (4) lailaazanedin 25-15-0 6,0 75
nn./13 saunuilewaiisssnnn 0-0-40 dmsn 25 nn./ld
(i@qﬁwuﬁqaﬂqﬂmm 25-15-0 6m31 25 nn./ls uazile
199 0-0-40 §m1 25 /13 waziiszez 30 JunaaLlgn
ilainan 25150 & 50 nn./l) (5) ldileindl
5931ANNTA 20-10-10 851 100 nn./l§ (seftu
50 nn./l¢ fiszeiz 20 FumdaLlgn §h 25 nn./ls uazi
svely 40 Junasilgn 25 nn./ld) uaz (6) nesadslild
{lenflunssadsaaunu
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nmsuiufindays
Tfinnsinnrugeaednduaniuauie
Tulussresdinalnaaneiugus flszeiz 25, 45 uaz 65
Junaslgn uaziaze 45 Tunasign fnedaan
ANENae4R 1L (SPAD) Tnelirtasinaaeladly
Tuiv (chlorophyll meter) g"u SPAD- 502 dﬁﬂ Konica
BATANUIUAIANHLT R NANS (relative-
SPAD, R-SPAD) m1xN93:35724 Beegle et al. (2008)
TneldFniaan SPAD annsldileannnesnianisla
{lehilpnaugeiiga (n15aA37 5) WuduBeudion 7
svelz 65 Tundslgn (svazdinalwasanluu) vinnaifiu
FetindAlAszinsssaN i whsdumTe AT
frudinalna uazifiuaednaluisndn (ear
Jmsngimdinaasine uisudn lulnsiau
(Novozamsky et al., 1974), Waawasa (1L195ml,
2527) uazlwunade (Kalra, 1998) edinnlng 120
U mm@mummamhwummm 4 P20 4191 2 61

Minolta

leaf)

(LE‘N’]MN@N@MWW]Q’]N‘IM 30%) WALFATIEVATUNIN
WAL Inen1ImAReLNER9IN998N (germination
rate) In&iAT between paper (ISTA, 1999) mmm?\'i@ﬂ
(germination index) (AOSA, 2002) u’mum@@ﬂmfa
100 A wazANdinduaessigemsiulngian
waanada warinunadenlundnig

NsAATIERT YN

FATIEMANLANFA1INI9AT AYeTaYa
naaadlneanAanisiimaeininulslsau (analysis
of variance, ANOVA) Wazii3auiiguanuwansng
SeWIN9ANIRAL 199N 97AT N TNARealALAT least
significant difference (LSD)

HANITNANRY

HARINITAANISiafRanisias AUl (ANG)
waztmdnusdaumiiany
mﬁmmiﬂﬂﬁmeﬁmﬁuﬁimiiﬁ%mﬂd
{lazanadiuaznssudsnisldijosssunn ldvinlding
wanyiuln (Aannga) Tt L R R P T
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fudinatwaumansiteiuatinafivedAnyneats Tnanng
ldijanzanedingsudsn 1-4 Nsves 25, 45 uaz 65 T1
wasLgn dralwad aanugaetludag 3.39-3.76, 15.76-
19.59 uay 135.16-152.61 . ANNAAL luaneinig
41le1pR699ANMNNNGTHITN 5 HANES 3.71, 17.45
Ay 132.83 a. AINAIAL 1u°um“vmﬁmﬁmwmm
VLNSLmJF;Wlﬁ‘”F;I” 65 unasilgn § ummfmmm‘w 71.74
Ty, emm’mﬂmimﬁmﬂmqgnﬂnﬁmmmw
HadnAneaia dviunisazantinuinuiisuudou
A a v v o’; 1 1+ aca
wilaAuresiudnalnaii wudn n1sldilannnasuns
g twaldanidinuiicuudaumianu ganda
Axay L+ A o o aa M
nasaRs N lddnsldijaetinedlidodAtynsans usld
WoAMNLANANSTaTInuedumtienuluszdng
Qddl 1+ = le o ¥ dl 1 1
nssudanldile Tnedvwminuiaedeeslude 0.57-
060 6w/ld lusneingsandnlaldijodnisazan
PnuinuiaLugaumilanuiies 0.41 sw/ls (3199 1)

HRUBINMFAAMSL]efiaA1 R-SPAD wasAMNId sy
ansmgansvanludninfiszazaaniua
HANN3AANITL]f LAY R-SPAD fiszeiz 45 u
uasLlgn wudn ﬂ’]i’ﬁ/ﬂﬂ’li‘ﬂ‘ﬂﬁLLﬁlﬂﬁiNﬁ/‘LAﬁe\im‘ﬁ‘Nadﬁ
nsldif]uazaredituaznislaiusssunn liinliien R-
SPAD uansinariuaeineltiadAyneads taaannis
dijeazanedinssndan 1-4 60 RSPAD atfludag

104-1.13 1uFunasuisi 5 ?ﬁqgﬂl%lﬂumm
Wisuiey desannldielulnsiaugean fidn R-
SPAD 1.00 lwanizfinssaiamunuitlildijafien R
SPAD 0.92 ﬁﬁluuﬂﬂﬁh\ifﬁ’u@ﬂ'wﬁﬁﬂa‘hﬁmmmﬁﬁﬁu
na7uART 1 uar 4 WwiRearuA i nduressnn
annsdnliluRndnfiszezeenvamasing e wudn
Arrsiindiuessng lulasiaululy aannasldile
azanelinmunesnda 14 Senaflugag 2.21-2.36%
naldilainiiassunmiunssudsd 5 fan 247%
Tuanuedinesuda pnuauitlalldilafAies 1.70% G
pndnnslailannnesidteseiitud Aynieais
duiuanudndvresaaneialuluinuluiiues
Aenrusululnsau nisldilaszanedniunaaiad
14 farandndureseanafansludog 0.293-
0.325% n1slaileiadsssummunssudan 5 fen
0.295% lwanizfinaauAi aunuilaldijafiAnies
0.267% %qﬁﬁﬂdﬂmﬂdﬂﬂmumiﬁ%ﬁ 2 uay 3 289
Adad1Aynieada Tuanefinanudniiuee
Tnunadoululudfulinuaauuansnsedied
Hed Ay 9atAYNNIsntEnaaed lnaAnuindy
paelnunaidonluly sesnisldfloazaradiinu
nasAedl 1-4 fenetlugg 2.31-2.48% msladaied
879UANANUNITNABT 5 SIAN 2.30% waznTINaT
muauﬁiﬂzﬁ'ﬂﬂﬁm 2.41% (M54 2)

Table 1. Plant height and dry matter of female seed corn as influenced by different rates of fertilizer

application at 25, 45 and 65 DAP

Plant height (cm) Dry matter
Treatment
25 DAP 45 DAP 65 DAP t/rai
1.8F(1)7 3.76 19.59 152.61 a 0.57 a
2. SF (1) 100 3.45 16.66 132.51 a 0.59 a
3.SF(2) 7 3.61 16.82 143.98 a 0.59 a
4. SF (2) 100 3.39 15.76 135.16 a 0.60 a
5. CF 100 3.71 17.45 132.83 a 0.57 a
6. Control 3.46 13.82 71.74 b 041Db
Mean 3.56 16.68 128.14 0.56
CV (%) 7.70 13.89 13.93 17.00
F-test ns ns * *

Means in each column followed by different letter indicate significant difference using least significant difference (LSD) at 5%

probability level (*), ns = non significant, DAP = day after planting
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Pasilnaa1msdnd TuRNunaauinan

naraInIsannisilafaliuiunanfnuas
ADIMWLNAANUG
HAR9N199 ANt uansiteiuseEu 0
ran@s uazadinduaessiseimslumdn uanals
. a4 - N oot
A9RN3199 3 Fanudnslai]aazaredinunssndan
1 Winanangean 1.09 fwls (Avnan 30% Faily
i day | a o d
AMNTUNIRTF LT I Uzl unan@nineTene o
wdasgndnalng Tnausuminaniudniug)

Sennnainnasladlamanesiad 5 A unmace
0.92 AwW/ls eeaNTBAATYNINATA wATNNITNTD
nsladleriat]uazaneinuaci]aiadlsssuaniitsanm
NANAR gandnnssnianlildi]nednaditbdfoynis
A0 7 luanAnes 039 Fuw/ls dmFuarududu
va9sme sl wud niadanetlafiuansing
fuia 5 nesualainlipaudniuressngeatung
Tulpaiau Weanaia uastnunamen undnuans 19

Table 2. R-SPAD at 45 DAP and concentration of nitrogen, phosphorus and potassium in ear leave at

65 DAP of female seed corn affected by different rates of fertilizer applications

R-SPAD Concentration (%)
Treatment
(45 DAP) N P K
1. SF(1) 75 112 a 2.36a 0.303 ab 2.31
2. SF(1) 100 1.04 ab 2.21a 0.308 ab 2.35
3.SF(2) 75 1.04 ab 228 a 0.325a 2.48
4. SF(2) 100 1.13 a 221a 0.293 bc 2.43
5. CF 100 0.00 ab 247 a 0.295 abc 2.30
6. Control 0.92b 1.70b 0.267 ¢ 2.41
Mean 1.04 2.21 0.298 2.38
CV (%) 8.89 13.89 6.72 15.48
F-test * * * ns

Means in each column followed by different letter indicate significant difference using least significant difference (LSD) at 5%

probability level (*), ns = non significant, DAP = day after planting

Table 3. Yield and concentration of nitrogen, phosphorus and potassium in grain yield affected by

different rates of fertilizer applications

Yield Concentration (%)
Treatment
(t/rai) N p K
1. SF(1) 75 1.09a 1.66 0.19 0.50
2. SF(1) 100 0.96 ab 1.61 0.18 0.52
3.SF(2) 75 0.99 ab 1.79 0.18 0.46
4. SF(2) 100 0.98 ab 1.64 0.18 0.45
5. CF 100 0.92b 1.76 0.18 0.60
6. Control 0.39c 1.72 0.21 0.63
Mean 0.89 1.70 0.19 0.53
CV (%) 11.04 6.59 14.90 28.54
F-test * ns ns ns

Means in each column followed by different letter indicate significant difference using least significant difference (LSD) at 5%
probability level (*), ns = non significant
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at 19l ATYN9adF wudn Ansdindiuaesans
Tulnsaulumdneslugos 1.61-17.6% mnudindu
reanaaneialumana 1199 0.18-0.21% wazAIu
dnduzasinunadonlumanaglugas 0.45-0.63%
ANNANAL (mm\‘i'ﬁ 3)
zﬁﬁﬁuqmmwmmmﬁmﬁuﬁfu Wud1 N9
Sonnsileuansnafilaldvnliidwmin 100 wind
ANLANFANA LR WU A1 ATUN AT A Tngniwmin
\aAe 100 wanauNAnugInaTne agflugae 25.77-
26.72 NFu ANFUBMINNF98N (germination rate, GR)
wavsaiinngeen (germination index, Gl) YRILNAP
Wudn nnassianaaed i idnanisen uazAail
NNNENTBUNEA uANFA1eLaeNa AT N19ans
Inefidmanisaanagluda 94.40-98.60% wavildail
nagenetflutag 11.29-12.41 (qu‘ﬁ' 4)

9504

uaraInIsannIsiananisiasyiiulnuas
STaEI )

NUN39904 WATTTIRA (2559) WUIINT914
{enaiinssumn 1nam 20-10-10 (uiivla 3 p53) S5 100
nn/li ushaimanzen uasliuzinlinemens |
zim?umimﬁm%’m‘iwmuﬁmﬁuﬁmmiﬁmfIuﬁ”u‘ﬁ'
Soriomn wnunnglddlelugngm 150 nn./ls Sadlu

é’mmﬁlma:fmmﬁﬂu‘l%sluﬂ’]mam%miwmuﬁmﬁuﬁf
mmizﬁ“m'%qmﬂ%ﬂﬂ 20-10-10 %91 100 nn./13
thanmngenshulmsauiildadliiuiu Inddeeiy
Lﬁ‘mmmﬁlmmﬁﬁlﬁmiﬂﬁumm@mm%qi‘wm Tne
AsuARNARd1a e 1 sw/ls (mqﬁyumﬁm 30%)
fntwasiasnslulnsauatingtias 20 nn/ls fasns
weavla¥a (P,0,) etslies 7.9 nn/ld uavsiasns
Tunadan (K,0) eenstion 23 nn./ls (@915, 2554)
dmsnslaijaAsnannasgnianAnsnraunauiy
msldiluaranedi 4 nesand neldiloazaredn 2
guuu A 13-10-20 uaz 25-15-0 ludma 75 uaz 100
/13 uazld 2 m%gq Fanwwdn naasAL IR (ANNga)
duinuedaumiiedu uay RSPAD  lifimana
uANFANAUae el TRA AN AT Fauamaliiiiingn
nsthijaazaredrunldannsnanizunaunisldilaa
14 25 N/l uaz suauesslumsldwaedies 2 pss
Tlfdenasianiaanyiauln (ANE) liwﬁmt,ﬁ\imu
\WHBAU LAY R-SPAD UAZABAARSINLNNIANEI28
41393904 WATAME (2556) Wudn nsldilaavanedn
#iailanaasifin uazifuma e 25 Wafigus
audsuliininuauninasaRuinfAuauga
IndmeaniunsldilesBe wazuenuilan 100% uaz
uﬂﬂmmfu Fernandez-Escobar et al. (2004) ANEEA
weansli]uazanedn uasilenafing slonaaseydivis
psuznenlulndeudisnm 075 niu lulmsau uay

Table 4. Seed quality (weight of 100 seeds, germination rate and germination index) as influenced by

different rate of fertilizer application

Seed quality
Treatment
weight of 100 seed (g)  Germination Rate (%)  Germination index

1. SF(1) 75 25.77 93.80 11.29
2. SF(1) 100 26.07 98.13 12.06
3.8F(2) 75 25.93 94.40 11.68
4. SF(2) 100 26.17 98.60 12.46
5. CF 100 26.72 97.33 12.41
6. Control 25.63 94.00 11.54

Mean 26.05 96.04 11.91

CV (%) 7.18 4.54 7.7

F-test ns ns ns

ns = non-significant
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N@‘H'ﬂﬂﬂ'l‘ﬂfﬂﬂilﬂS‘R"lilﬁ'lﬂ’ﬂﬂ'l’iLQimv AUlR HAKNAR BASADNTINLNAANUSG

Pasilnaa1msdnd TuRNunaauinan

2 n¥u lulnsiau wudfm’m‘ﬁﬂm:mﬂ%ﬁﬁﬁmﬁ 0.75
nfu lulpsau Mlfinsesiuinaesdawmiiasy
AndnmslijeedinAiens 2 nin Tulasau

anTslssiiuan1nzaengalisnnaimng
wdnresdnatnafisey 65 Funasilgn (szezeanlw)
10915l oazarsdnludnssieiu 4 nessds uaz
nsldijeadiassw plusnnfivnzaniudnaing
NIMARBIARITINLITN Tfinasaaudindvaesig
annssnliludinalng drvsunssuda lladein
prmdiniuresiulanag uazwaaveialuludAen
nanssiEmslai]eetinaiiudnAnmeadia ieiena
fanumiflesannfiuusineislulnniaunas
aaefaludufldeuiinsin llifaswasianany
fRIng (%uvﬁ‘ﬁfmq 145% uavweaneiafiiflu
Useleml 9.8 un/nn.) wsleealafimu  linuan
uAnsinsae g A tUNeanA svudenssiianisla
flaazaradriunisldi]ewnusssnnn Fudeiey
ﬂ?mmmmmﬁlfa’mqﬁéwi“ﬂﬁiﬁ@’mmﬂzﬁﬂﬂ Wuan
nenamslatuavanednie 4 nesids Bunnisng
m‘mwa“nﬁﬁﬂﬂﬂdﬁmﬂdﬂﬂﬁimm Ineianie
ulnsian Tenaaudinisldijaazaredliluinsay
12.5-18.75 nn./13 lusausfinssuda lai]uassuan 1
Tulasian 20 nn./13 Gedidudndina nadenagald
sgarmlimudnffsudiazldilationas G
ARAARBIALNIANENUD Cartagena et al. (1995) '171'
AN ravesifaniinsing ) Tunistgndinalne wudd
nsldi]eazaedn (Wansiin) deualiitlsy@nanin
189M139 A5 A MNITesdinawagendn nsldijay e
ilesannilsazanednlansensinaimeneninating
§1 7 uaz siafiasifesmerfumnuiasnevesis

naraen1sannisiadaliuunananuasy
ADMWNA AU
HaT89N199ANTsiasatTununanan
Aalnaludniig WudﬁmﬁmmiﬂﬂﬁLmev'mrTuﬁﬁ
TiBunmanandnInamdaiuguansaiuesinel
Tadnfoyneadn meldilaazanediangmudsn 1 &
rnnunanan 1.09 fwls Afsunniman@ngand nns
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1di]ennfiossnnIngssdsn 5 NRUTHIMKANAR 0.92
s/ls Fannsldilaadisssunnunssadsn 5 U (20-
10-10, 100 nn./1$) NUN99T0L WATTTNA (2559) WU
Lﬂu@mm‘wmm“mummumaﬂmmiwmmmwuﬁ
T TR T R Tmﬂmmwuﬁ \wes 94 7
gnnsnliinananna 2.07 dw/ls @ m@qmqmawuq
wad 57 flunnsfnmluaiatiunn Aliinanangage
W 1.09 Aw/ls windu etnglsfimuaanimaaaa
Fiiwiudnsliuaransdrannsnanfiunninisld
o wazussnulunsldile Wesainanunanananuon
pflunsldile Gennslaijaazanedinldanuon 2 ad
dll = o 1+ = d‘ 10 :/, 1
Wamauiunislaijamiiassunildauau 3 A3 s
Tdnn 3N auanandnalnaunnsneiues 19l
o o o aa ld’ + v lﬂl v =
HedAnyn1eans avilaazaradanldlunisdnmlu
o & @ P oA a o o o
pseilifuilelunquingnindeusceansdue
m”mumﬂummmu(mtnﬂcatlon inhibitor) el
S aeanianIsuTeuL AT Bt (Nitrosomonas) #
wlaaunele ( NH,) Tiiflulumsm (NO,) vinlH
bLumegﬁymﬂmnmu"lmwimmimmq (Trenkel,
2010) TINALRINNTANENNARAARBIALNTANURS
A1993904 UATATUE (2556) wuan nsldieazaned
A 4 oA A o o aa o
visailafipdauanstuganszuounislussiiadi Tu
fM31 50% BIANRLATIZEAU WeNATIAED dana i
nanARNINUIUgInINslailug e 2 afludne
| a ca A v+ A o o A
100% AN3ATIEAY Wasannnisldileiesaianend
nnnuieanasianusiasnisaasivg Tnailaazans
FNTN17ARDUANTTUTINTTUIUNNT LGN LAY 111
lianlaesani]aeenundi - uazanauaniznig
azangaesiluazaredflantaassnsanminliifie
al % v v =3 o v A v
nsgadelaanisgednglifiasas asinliingg nld
875N et llsEANEN W WA AUNsANEN
294 Zekri and Koo (1992) #lisnganuadn nsldi]s
v 1 v A v = a a
azanafrasna lingsAduinnsasAuis uas
randn iannnansliijaaissannn wananiilaen
wazAMy (2554) laAnw R aaiuansnaaeils
lulnsiauazanedin Aenisasoivineeanialiicl
1+ v = U o v o
wudniloazatedn Huualiiunnlfiauouauin uas
wninangandinisldilag Ga Gennsldilaazansdn
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nn./ls uualfinnazliinandngaiign
Aﬂl + A U ¥
Wasanni]oazarsdrarunilandaeasinaimslé

AR 24

atin9RaLles uazenaundnilugBe 09dt uazAe
(2554) a‘wmum mﬂmﬂm anedn (WBwne) o
waltinganaliiinminan tivinudia waziuno
ulmsiauianua ludruimitesuuazldAuaesnziin
deanagandinsliiey o uazuenluilondama G
FARAARBINL NIANHIUBY AN WATATUE (2553) 7
ﬁm:mmmmmﬂ%ﬂmLﬂﬁ@uma‘ffmffﬂum?ﬁLﬂ%u (B
wiA) AunaesiuTnLazananuasdinainaaimig
dnSluiuiidmingnte Feml wldesseu uas
ananns wudnnslid]edeuansdudslusindy
(Buwma) Tunsuandaing Winandnandinisldile
a39an alunnsReUaueTesRTLaLluE 1w le
1enu Tnanisl4ijaindeuansdudclusmfady
(Bume) 80191 15 nn. lulngiaw/ls udnensldi]e
Tulnsauiifissananingegn Feliuananiintne
21.53 nn. sianalitlelulpaiau 1 nn. lueauziinigli
{|enpRorruanlusaeiineninsdenli (§han 28.5
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Abstract: Tomato is one of the economic crops that is broadly grown and consumed. In the northeast, Sakon
Nakhon province is the largest area for tomato growing but the problem from diseases and insects are still found
in which the farmers cannot avoid using the pesticide to protect their crops. Unfortunately, the use of pesticide is
highly increased. This study aimed to explore the effective factors that changes the farmer's behaviors and
encourages more use of pesticide in tomato farms around Sakon Nakhon province. The sample group
consisted of 186 farmers and the questionnaire was used for data collection. Descriptive statistics was applied
and stepwise multiple regression was used for the hypothesis test. The result show that, the effective factors on
the farmer behavioral change encouraging more use of pesticide was statistically significant at 0.05 including
the participation in agricultural activities and training program (positive) and tomato farming area (negative).
Meanwhile, the factor correlated to the use of pesticide with statistical significance at 0.01 was the number of
tomato generation (positive). Furthermore suggestion was that the responsible organizations should offer more
of agricultural workshops to support farmer’s participation, and more of site-visit activities to meet the farmers at

tomato farming area every year.

Keywords: Behavior, pesticide, tomato, Sakon Nakhon
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Table 1. The behavior before pesticide usage to farmers

Mean S.D. Level of
Farmers practices in pesticide )
(n=186) Practice
1. Wear gloves when measure or pour chemicals 2.78 0.495 High
2. Wear protective clothing and equipment while mixing chemicals 277 0.525 High
3. Avoid directly skin contact with chemicals 2.73 0.545 High
4. Always check equipments before spraying 2.73 0.471 High
5. Avoid mixing chemical by using bare hands 2.70 0.593 High
6. Do not eat, drink or smoke while mixing chemicals 2.70 0.544 High
7. Alternate the chemical to match with the insects and pesticides 2.65 0.609 High
8. Always read the label operating strictly 2.52 0.634 High
9. Mixing chemicals where no one else 2.49 0.668 High
10. Avoid using chemicals suspected to deteriorate 2.24 0.799 Medium
11. Mixing chemicals in the correct ratio 2.20 0.784 Medium
12. Survey of damage from insects and diseases 1.69 0.863 Medium
Note: The level of pesticide application behaviors in tomato production of farmers in Sakon Nakhon
1.00-1.66 : low level of practice
1.67-2.33 : medium level of practice
2.34-3.00 : high level of practice
Table 2. The behavior during pesticide usage to farmers
) ) . Mean S.D. Level of
Farmers practices in pesticide )
(n=186) Practice
1. Wear boots entirely 2.81 0.504 High
2. When got pesticide on skin, wash with clean water immediately 2.78 0.484 High
3. The sprayer always stand upwind 2.77 0.456 High
4. Avoid spraying in the daytime 2.72 0.615 High
5. Wear enclosed protective clothes 2.71 0.590 High
6. Do not use the device as a leakage spray 2.70 0.524 High
7. If you have clogged nozzles. Do not use a suction nozzle or mouthpiece 2.69 0.615 High
8. Do not eat, drink or smoke while spraying chemicals 2.66 0.550 High
9. If any symptom occurred to sprayer, stop spraying immediately 2.58 0.613 High
10. Use up chemicals in once time 2.51 0.692 High
11. Follow instruction stated in the label 2.20 0.802 Medium
12. Keep children and pets out of the area 2.00 0.900 Medium
Note: The level of pesticide application behaviors in tomato production of farmers in Sakon Nakhon
1.00-1.66 : low level of practice
1.67-2.33 : medium level of practice
2.34-3.00 : high level of practice
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Table 3. The behavior after pesticide usage to farmers

Farmers practices in pesticide Mean S.D. Level of

(n=186) Practice
1. The clothes should be washed separately from spraying clothing 2.83 0.415 High
2. When got pesticide on skin, wash with clean water immediately 2.77 0.479 High
3. If any chemical residues from the session should not be poured 2.55 0.743 High

into the water

4. Cleaning chemical containers after use 2.50 0.668 High
5. Avoid harvesting vegetables prematurely 2.49 0.684 High
6. Avoid keeping pesticide in the sunlight 2.35 0.773 High
7. Store chemical containers far from children and pets 2.34 0.818 High

8. Leave area immediately after pesticides usage 2.28 0.857 Medium

9. The chemical does not mingle with other devices 2.16 0.853 Medium

10. Keep chemical containers away from children and pets 1.84 0.823 Medium
11. Inform others to avoid spraying area 1.65 0.883 Low
12. Destroy chemical containers by burying 1.60 0.808 Low

Note: The level of pesticide application behaviors in tomato production of farmers in Sakon Nakhon

1.00-1.66 low level of practice
1.67-2.33 medium level of practice
2.34 - 3.00 high level of practice
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Table 4. Stepwise multiple regression analysis of the pesticide application behaviors in tomato

production of farmers in Sakon Nakhon

Variables R R R’ change B Beta T
Attending training 3.301 0.170 2.389*
Total tomato planted area 0.309 0.095 0.080 -0.688 -0.144 -1.955*
The number of growing generations 7.088 0.234 3.270**
constant 81.230 30.613*
F=6.391"

**Means the statistical significance at 0.01
* Means the statistical significance at 0.05

242



a k74 b d s o s s = a -
Ng Elﬂ’i’iNﬂ’l’ﬂ‘lﬁﬂ’liLﬂNﬂ'ﬂ\iﬂuLLﬂzﬂ’lQﬂﬁﬁla‘W“ﬂiuﬂ"ﬁN@ﬂNzL“ﬂ’aL‘VIFI

YBUNHATNS LUIIUINFNAUAT

ﬁiﬂnﬂﬁmmwﬁﬂmi WATLNEAINIEIIIANNST
tlrmmummnumﬂmmmmﬂmnuu@”m@mﬁmwm

2) mmmwu‘wﬂ@ﬂu daumna inumsnandl
Wu‘ﬁ'ﬂgﬂu:m@mﬂu@mx‘lmmmuﬂ@muu@:mqrﬂ

L,

o =

A luBunauties ldnainwuansaiilesiunay

U
° o

o A ' o v a v =
nnandmngiv lium i iRnganssnlunisldansed
YlaariuuarindnAngivanunannisfinmuaNnnng

nﬂlddgl dl I~
NEAINININUNLgNHZTRMANIN

R = o

3) AuauIUNlgnuLIIaWAINEAINTNLgN
NzllamAl uIuuNINNInaziidszaunisnl Aaw
dunry Tunisliansiaiilesiuuasindndngiauin
vnliinemsnsingAnssnlunislfaisaiilesiuuay
ANAAABINTATNUANNIATUUANINNA N EAININ
Ugnuzigiamadunuiuntiesndn

agiglafimaAdaianunsnesunaniaiu

o a A Ay o
utsresiaulanu (ngAnssunnslianaaiiesiunay
nndnAngNtrenemInsUgnuzidemaludandn
anauns) lisaeas 9.50 M liienadidadeauniinaiy

a A Ny o o o o A

woAnssnnisldansiniiesiuuazindndngiia
unsnumagnieuieenalitlnghniddunisll

ADLAUALULE

m@mﬂmmn‘mﬂu RGN LL“LA"J‘V]’W\?% 25N

b2

U715 L‘im’qumammemzﬁmmmwmmqﬂ@n

al
o

A v a v Ny o o
Nz@amAliiingAnssunsldansaiilesiunazindn
Angiaatinagniiasuazilannsie Ae nioaa1un
Neandiasasiiztuuunisdadunnainiaiauinau

1 =& a a o A £ dl £
wiu HnavsniEsluRnisvizansansnmiinau iivali
NEAINTIAFUANG et Ui A BLazAsEMinD g
funsnavasansiail aaanaunsUfinnisliansai
Yasiunazindndngiaetinagnsies uazlaansdelu
wUAa9RNEAININTATT IAe AU ABEKUZYN
agalndtn Tnediulifnemsnsninuilgnuziae
WARIUAUNIN UAzINEAININUgNNTIARmANAE Y
Tuseudl nasmautlalenialiinemsnsdinnntdqu
\ a o \ v o2 A gy o
sanlufanssusananqliiviane e liinemanslfson
An 3901 uazdanth iUl FadununAsiugnlunis

243

. d . ey o y o
Wengua etdoa linemsnsdosmaenuesls
ADAARBINLUNINT WAZITVIAY (2558) NA191 AT
Wanunensiungeliidszaunaiudga inwmsns
azfiaslazunisaadinliinonaglulzunuiniaame
uaztduiinazdin iR uasfieadinoneg Ao
F@aagey N9usaNiun AT luN U K191
uLusiaiies Lazadiiaue

neAngsNUsznA

va o

AT URVRUNITAURUNITINTRUATHUAY
WAUINITINEAT NTATTIRILETHNNTINE RS
NINENALTILLNY NETLIAYWILLszNN AT
wea0UAMNEAINIELUgNNz@amA U minanauAs
dl Yy d‘ G| o v J dl 3
nWdeyanidudsylamd uavgilszannunnyvinumii
ThanAderiatd1iaganesiani

LANAITD19DY

NINAUATUNINBAT. 2553, WAIUINITNUAULATH
ANTNEAIVRILITUNA N, NBAIBILATH AL
UANETUNNINEAT NINAULTUNNTINSAT,
NN, 52 1t

Aagn 'J’]“LATE‘LIELI‘IJ’W 2553. d0AATMILNNUIRY, WUA

]
-

afedl 5. d1nANANwaqiaansnl
NUINENAE, NFANN. 317 Ui,
UATNG NNA WAZITTFY BUNSAANNT. 2558, TTadeif
HuasanndFalunisaiunuesud
AR TATINITUAN. 21TRITNEAT 31(1):
59-68
~ ae & ¥ a e o4
Yoy Azazenn. 2545, Maaaededsiu. Wiadan 7.
al 2
g3endndu, NP, 171 vt
Yuu adudgaine. w1 afifAidessiung
ANTANEI. NPT TR UNALAZAT NI
ANIANTN ADUZANHIANARS NUIINEAE
= 1 = 1
e, iier .



M5ATINEAT 33(2): 235 - 244 (2560)

annAnenFnaia ne. 2552, nsldansilesiudmngivg
atlaenduuariidss@ninin. aniau
@3N e, Nganne. 38 i,

dnineuinemssamdnanauns. 2557, :ennuiieya
NNIENINARNT WUUET) NgNWTEN Biin
Wanzdamelssan Uszantl 2557, dninau
NEAINNTAANAUAT, ANALAT

AINANUATHFAANNINEAT. 2556, ATANITINLATVL
dszelng. d1inawasgianisinems,
NN, 174 vt

A1UNIIURNBITUGIINTAANAUAT. 2556, NANT
pradennEmmInguIAa At AIIa LAY
wulmilnaueanasa. 415N9ua18190442
NNIAANAUAT, ANAUAT.

dinistuasiannaneane 3 Sauinaauuni,
2555. A0NWNNIIANRARNANSAARFNTAN AN
Tudnuarnalilussuunisdimnag
nanenefiad e (GAP)  lunia
priuaaniRenmianauuy. §11n3duuay
fRwINsnEATaRf 3 Sendnrauur,
VAU

qr390u1 Uszalenmna wazdaas AamsAnans. 2543,
A A Ay o o o
nadennisannis lansniilesiunndn
Amgia: nstlAnmTaaBeunemans. lanans
UL
WATHTANAAT NMNANLIRULNEATANART,
NJINN,

nn9dszgun193annsaian 38

8981 RANING. 2540. NNTUGNNTLARINA. NINAUATH
NSNEAT, NFANNA.26 UL,

gAT TNGNYE. 2551. wAnssNnIs i ansiaiileaiu
UarNNARARIWEN: NITUANHINHAINIAING
1IN91g A9uTAguUAs a1l [919873
UuARAne Nvanendesainguaasiil
afudl 2: 311-321] AnenfinusAarzarans
NNLTDUAR. 1N ANENAETTAnaLaTITE,
gLATTE.

Yamane, T. 1967. Elementary Sampling Theory.
Prentice Hall, Michigan. 405 p.

244



Comparison of Quality and Immunity between Thai Native and

Crossbred Pigs in Colostrum and Milk

NSIF LA NLAZ DN ANAULDIUIUNURDILATUIUN

1aIgnsNuiaslnauazgnuan

Chanhmany Souphannavong and Korawan Sringarm*

QUNTNDL FNTTUNE UAZ NTITTU ATNN

Department of Animal and Aquatic Sciences, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand

NIATTIERIAARTURZARTIN AnUzNEAAIART uvianenaeTeiua 4. @enlud 50200

*Corresponding author: Email: korawan.s@cmu.ac.th

(Received: 23 September 2016, Accepted: 12 January 2017)

UNARER: ZQ’]?@’]M’]'ﬂuu'muLﬂ@’ﬂ\‘iLL@vu’]uNNN@ﬁl’ﬂﬂ’]?L@‘imLEIUIL‘]LL@uﬂ’]TNﬂJ"Jmi’ﬂﬂﬂl’ﬂ\i@ﬂ@ﬂﬂui‘vﬂ AN
faﬁmﬂivmmmﬂWiﬁﬂmum@ﬂiwmummmwmemmamuﬂmummuummeummummLme‘wuﬁ
WuLN@QVLVlﬂLL@”mﬂi'Z\]ﬂNZW ImﬂmmimumamwmLLumﬂiwuﬁwuLu@\ﬂm 18 A7 LATWNGNIQNNAN 17 5
mm”lqumum?sﬁ) mmnmmwuﬁwumm 184 A7 LATQNENIHUFHAN 229 #i wqma?mw@mmi
CESITGHIG) @mmmmsmmu‘lﬁmmmu Lmvammmimﬂumﬁm AALN mmimmmmwmﬂ 7,14 uag 21
u m?mumemmmmm@mLL@‘VmummLmeImﬂmﬁmmnLmuulummw 0,6, 12, 24, 48 A% 72
dlnandenaon dunldlunnsdinsnes Ll?rmmmml,mmum Tlsfusn 181 rnnnuanlng Tadusn uay
Auyulnayauailna (1gG) Nemaaadnilinnns IgG Eluummmamimﬂhmﬂuﬂ ELISA RINHANNINARRILAAY
‘lmuummimmmuimLL@”@mﬂﬂ’]mimLmu‘llmmmum@mnmiwuﬁwummim (69.33 n./31) mmmﬂ@ﬂi
WuggnNHas (167.67 n./9%) (P<0.01) ns1n1smnelidag 0 D14 24 ‘nfﬁmummmmmm@mwuﬁ@ﬂmmmﬂfm
@ﬂmﬂiwuﬁwumm%ﬂ (3.38% uaz 5. 70%) WABmTINNTANE luda 24 m‘lﬁmm 344 ﬂ@uwmmmmwuﬁ
QNEAN (6.51%) ummmmﬂmmwuﬁwummim (1.11%) mumimmwLL@vmuﬂ?"nﬂummmmmmﬂwuﬁ
WU'J’]‘].EN’]NI‘JJ?WLAS'JQJ Pranuaeauniesn uaziBunnudn Tuuutivasseulgnaiugiuiesinauazqns
wuganuan lNdANNWANAAUNETRA LLM@HN%ﬂmmﬁémmhuummLL@”LﬁmmLmﬂTmmummmnm\mu
ANNIZEZIIA1 (P<0.001) Tmmﬁmmhuumwmwuﬁ@ﬂmzmmﬁmmmmwwuﬁwummhmmquuﬂmmu
finan 48 uay 72 m‘lﬁm (P<0.05) Lag ummLLMﬂmﬂumﬂwuﬁmmﬂuLmLfammeu (P<0. 001) ERGLN!
bﬂmme‘mummmummwuﬁ@ﬂmu (26.83%) 34mmmﬁmummmmwuﬁwumm (23.91%) 70 m‘lﬁm
(P<0.001) @130 IgG luummmammmmmwuﬁwummmmmmwuﬁ@nr:mmnLqm 24 uay 48 mIm
(95.75, 66.97 WAz 70.79, 32.96 {N./HA ANNATAL) (P<0.001) LLawwuﬁwuLumuﬂ?mmm\‘mmwuﬁ@ﬂmmm
1981 72 dalug (P<0.05) A9UN139LATITIANANUGIEnINERIIN TR TeUAL TR TUT 7 JundspaeaiL
z@'quﬂi:ﬂa‘uLL@%QGAﬂﬂwm@qﬁﬁuuiﬂwumwzﬁwﬁuﬁfﬁu naataaaglansnisiasyiiuinaesgnansinann
ANAENUG LL@x@mnﬁ‘vwmﬁ”ﬁumm\iﬁmmmﬂﬁuﬁ:mﬂcv'mﬁummw:Lf;mmﬁmﬂmmmm

o o @

ARNATY: UNUNIWEARY @aeg QRANAY Ty

245
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



AN9ANTINHAT 33(2): 245 - 256 (2560)

Abstract: Nutrition content in colostrum and milk are affected to the growth performance and survival of the
piglets during lactation. The objective of this study was to evaluated quality and immunity of colostrum and milk
between Thai native (TN) compared with crossbred (CB) pigs. The colostrum and milk from 18 TN and 17 CB
(Large White x Landrace) pigs were determined to quality and immunity, and their piglets (184 piglets of TN and
229 piglets of CB) were estimated the growth performance, ADG, and mortality during sucking period. Piglets
were weighed at birth and 7 days of age. Colostrum and milk from sows were collected manually across all teats
at 0, 6, 12, 24, 48, and 72 hours, and were used to analysis for total solids, crude protein (CP), ash, lactose,
crude fat (CF), and IgG concentration. IgG concentration in colostrum was measured by ELISA technique.
Results showed that the growth performance and ADG of TN (69.33 g/day) piglets was lower than CB (167.67
g/day) piglets (P<0.001). The mortality rate during O to 24 hours after farrowing of CB piglets was lower than TN
(3.38% and 5.70%), but the mortality rate during 24 hours to 3 days after farrowing of CB (6.51%) piglets was
significantly higher than TN (1.11%) piglets (P<0.001). For the composition and quality of all two breeds: CP,
lactose, and ash concentration were not significantly different by breed (P>0.05). However, CP and lactose
concentration were significantly different by over time within the breed (P<0.001). The CF concentration of CB
was significantly higher than TN at 48 and 72 hours (P<0.05), it was also significantly different within the same
breed when the over time (P<0.001). The CF concentration of TN was significantly different within the same
breed as the CB when the overtime (P<0.001). The total solids of CB (26.83%) was significant higher than TN
(23.91%) at 0 hour (P<0.001), but the IgG concentration of TN was significantly higher than CB at 24 and 48
hours (95.75, 66.97 and 70.79, 32.96 mg/ml, respectively) (P<0.001), and TN (32.50 mg/ml) was also
significantly higher than CB (20.56 mg/ml) at 72 hours (P<0.05). For the correlation between growth
performance of piglets during 7 days after farrowing and composition and quality of colostrum and milk was not
significantly different. These results showed that the growth performance of the piglets was affected by breed.
For the composition and quality of colostrum and milk of TN and CB had significantly different within over time

after farrowing.

Keywords: Colostrum, breed, immunity, nutrition

Introduction Certain Thai native pig breeds offer promise

for improvement of their performance for

The number of piglet production at weaning economically important traits with  European

per year is defined to be efficiency of sow commercial breeds (e.g. Duroc; DR, Large White;

productivity (Kikuchi et al., 2002). In 2014, there were LW, Pietrain), and disease resistance and

9,504,921 pigs in Thailand, and 8,000,244 pigs were environment improvement to reduce mortality rate

crossbred and 580,881 pigs were Thai native (Swine (Chaiwatanasin et al., 2002). Survival and
Producers and Processors for Exporting association, satisfactory growth of piglets are highly dependent
2014). Thai native pigs can adapt well to hot and on colostrum intake from the sows (Quesnel et al.,
humid climates, tolerate low quality feed, and 2012). At the birth, new-born piglets have low
disease resistant (Rattanaronchart, 1994). energy reserves and devoid of immune protection
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(Le Dividich et al., 2005; Farmer et al., 2006), and
the first feed in the first life day of piglets is colostrum
from sows (Milon et al., 1983). Colostrum from the
SoOW  was nutrition,  and

provided  energy,

immunoglobulin - source which essential crude
protein for the growth factor, energy balance,
productive maternal antibodies, other disease
resistance factors during lactation to after weaning,
and protection from the infection of newborn piglets
until their own immune system was mature, but
among of colostrum yield and IgG concentration in
sows were varied greatly (Ferrari et al, 2014;
Klobasa et al., 1987). The vield of colostrum were
averaged 3.22 + 0.34 kg per sow and 11.7 to 101.4
g/L of IgG in colostrum at the first day (Foisnet et al.,
2010). Amount 200 g of colostrum ingestion provides
passive immunity to piglets, reducing their risk of
death before weaning and affording them increase
weight gain (Ferrari et al, 2014), inadequate of
colostrum intake of piglets is a major cause of low
hypothermia and hypoglycemia, and inadequate of
colostrum intake is insufficient intake maternally
derived immunoglobulin, particularly immunoglobulin
G (IgG) which is available in large quantities in
colostrum during the first 3 day after farrowing
(Foisnet et al., 2010), and its effected to morbidity,
mortality, growth, and future productivity of piglets
(Rooke and Bland, 2002; Le Dividich et al., 2005).
Previously, there were many studies had
been undertaken analyzing the effects of breed on
swine colostrum quality and immunity in piglets.
However, there had been limited research on native
pig breed in the northern Thailand. Thus, the major
aim of this study was to determine quality and
immunity of colostrum between Thai native and

crossbred pigs in northern Thailand.
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Materials and Methods

This experiment was conducted at the
Demonstrative and Training Swine Farm, Department
of Animal and Aquatic Sciences, Faculty of
Agriculture, Chiang Mai University. A total of 18 Thai
native (TN),
(crossbred, CB) sows and their piglets (184 piglets

of TN and 229 piglets of CB) were used to this

and 17 Large white x Landrace

experiment. The first 12 weeks of gestation, sows
were fed 2 kg/day, and during the last 4 weeks 3
kg/day (contain 14% CP; 0.53% Lysine, 3,190 kcal
ME/kg). A farrowing, sows were fed as the same
feed formulate, but among of feed intake were
according to the number of litter size. Sows had free
access to fresh water. The farrowing process was
induced on day 114 of gestation with 1 ml of
prostaglandins (Cloprostenol Sodium) received 2 ml
of oxytocin (2 ml of a 10 |U/ml solution; General
Drugs House Co., Ltd) by intramuscular route.
Piglets were weighted at birth after onset farrowing
and 7 days of age to estimate the difference of
growth performance, average daily gain (ADG), and
mortality between Thai native and crossbred piglets
during three days after birth. For the mortality was
collected at birth after onset (0 hour) to 24 hours and
24 hours to 3 days.

The sample of colostrum and milk were
collected manually across all teats 5-12 ml at 0, 6,
12, 24, 48 and 72 hours (date of birth was defined as
day 0 of age) and storage at -20 °C. Colostrum and
milk samples were analyzed for total solid, ash,
crude protein (CP) and crude fat (CF) by AOAC
2006. Total

overnight at 60 °C, ash was by incineration and

solid was determinate by drying

determining the weight of the ash remaining, CP by
the Kjeldahl method, and CF by Soxhlet apparatus

and the milk lactose content was determined by
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high-performance liquid chromatography coupled to
reflective index defector (RID). The milk sample
preparation modified by Chavez-Servin et al. (2004)
for analysis sugar was added approximately 1.0 ml
ethanol-water (1:1, v/v) into 2.5 ml of raw colostrum
or milk and stirred. After mixing completely then
added 250 pI Carrez | solution and followed with 250
Ml Carrez Il solution. After that added 5 ml of
acetonitrile (HPLC-grade; RClLabscan, Thailand) for
precipitate the CP and non-sugar fraction and left 1-2
hours until complete precipitation of CP clot. Filtered
through filter paper (Whatman), passed through a
C18 Sep-Pak. Then, filtered again by 0.45 ym nylon
filters and injected into the HPLC system (Shimadzu,
Shimadzu Corporation, Kyoto, Japan). This was
equipped with a LC-10AD pump, CBM-10A system
controller and RID-10A refractive index detector
coupled to a computer with class LC10 controller
software. An Inersil NH, column (5 um, 250x4.6 mm)
(GL Science Inc., Japan) was used, mobile phase
(RCI

with an oven

was 85:15 of acetonitrile:water Labscan,
Thailand),
temperature of 40 °C (Chuttong et al., 2016).

For immunoglobulin G (IgG) determination,

flow rate 1 ml/min,

colostrum and milk were centrifuged for 10 min at
14,000 rpm, and then diluted to 1:10,000 in PBS. IgG
concentration in colostrum and milk was evaluated
by enzyme linked immunosorbent assay (ELISA) and
modify method from Devillers et al. (2004). The 96-
wells plates were coated with 100 pI of rabbit anti-pig
IgG (whole molecule) 7.8 ng in 0.05M sodium
bicarbonate solution (pH 9.6) and incubated
overnight at 4 °C. The plate was washed 3 times with
washing buffer. Afterward add 200 ul PBS containing
1% BSA and

temperature (RT). Thereafter, the plate washed by

incubated for 1 hour at room
washing buffer 3 times. Adding 50 ul with diluted

samples and standard (pig IgG) into duplicate wells
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and incubated for 1 hour at RT. And then the plate
was washed 3 times with washing buffer. Each well
was add with rabbit anti-pig labeled peroxidase 20
Ml and incubated for 1 h at RT. After that, the plate
washed again with 3 times washing buffer. Then,
add the substrate OPD 50 plI and the colored
reaction was stopped by 50 pl 4 M H,SO, and read
absorbency at 492 nm. Finally, the standard curve
this

determination was 8.9% and Inter-assay was 12.2%.

calculated for the sample. Intra-assay in

In term of the statistical method, data were
analyzed using the procedure of SPSS Windows. Al
statistical tests were performed with SPSS Statistics
17.0 (SPSS Inc., Chicago, IL). For the analysis of
growth performance, piglets were weighed from birth
to weaning and the average daily gain (ADG),
mortality, composition and IgG in colostrum and milk
were calculated. The observed mean between
breeds was used Student's ttest comparisons. For
the observed mean on in multiple comparisons was

based on the Duncan Post Hoc test.

Results and Discussion

Growth performance and mortality rate

Thai native (TN) and Crossbred (CB) pigs
were difference on growth performance, average
daily gain, and mortality in pre-weaning period
presented in Table 1. The body weights of all
treatments at the first week of age were increased,
but body weight and ADG of TN piglets was
significantly lower than CB (P<0.001). In our study,
birth weight of TN piglets were lower than CB piglets
(0.65 + 0.15 and 1.43 + 0.20 kg, respectively), and
TN piglets were also lower growth potential than CB
piglets similar as the report of Skok et al. (2008).
Their results showed that heavy piglets on birth

weight were still heavier at the end of lactation in
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Table 1. Body weight and average daily gain (ADG) of piglets in sucking period

Item Thai native Crossbred
Number, sows 18 17
Number, piglets 184 229
Litter size at birth, heads 10.22 13.47
Litter weight at birth, kg 6.64 19.26
Feed intake of sows during gestation period, kg 258 258
Feed intake of sows during sucking period, kg 63-147 94.5-178.5
Body weight, kg
Birth weight 0.65+0.15 1.43 £ 0.26™*
7 days 1.12+0.15 2.66 + 0.26**
ADG (g/day)
7 days 69.33 + 23.05 167.67 + 34.8**
Mortality, %
During 0 to 24 hours 5.70 + 8.51 3.38+5.12
During 24 hours to 3 days 1112471 6.51+5.8

Value correspond to means + SE of two breeds

Student's t-test comparisons at the same time between breeds are shown by asterisks:

** P<0.001

comparison to light piglets. Vaclavkova et al. (2012)
showed that the low birth weight piglets were growth
lower than piglets with higher birth weight, also low
birth weight piglets had gain less all period of
production and less longissimus muscle (Glinoubol
et al., 2016). In this research the ADG of CB (167.67
+ 34.81 g/day) piglets at the first week of age, it was
found to be significantly higher than TN (69.33 +
23.05 g/day) piglets (P<0.001). These finding were
similar the reported by Decaluwe et al. (2014). Their
research found the piglet's daily weight gain of
crossbred at 3 and 7 days after birth and until
weaning was 104 + 3; 154 + 3; and 205 + 3 g/d,
respectively, 150 to 160 g/day during lactation
(McLaren et al., 1987), 163.5 g/day in pre-weaning
period (Woon et al., 2014). However, our data was
different as reported by Gondret et al. (2005) found
that ADG in suckling was 208 to 301 g/d, and 216
g/day from birth to weaning (Skorjanc et al., 2007).
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The mortality rate of TN piglets was higher
than CB during 0 to 24 hours (5.70 + 8.51% and 3.38
+ 5.12%, respectively). In contrast, during 24 hours
to 3 days of CB piglets were higher than TN piglets
(6.51 + 5.83% and 1.11 + 4.71%, respectively). The
mortality rate of CB in this research was lower than
reported of Decaluwe et al. (2014). Their study
showed that the first 3 days after birth, the mortality
rate of crossbred piglets was high to 85% and 11.6%
of total pre-weaning period. The mainly cause of
mortality was low birth weight than 1 kg and low
colostrum intake less than 160 g/kg body weight. For
the mortality rate of TN piglets was high at the first
day of birth and less down after 3 days of age. Our
data was not agreed with Nakai (2008) who studied
the reproductive performance of native pig in the
hillside of northern Thailand. The results showed that
the pre-weaning mortality rato was 16.4% and

maximum was 44%.
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Quality of colostrum and milk in sucking period

The colostrum and milk composition were
observed between TN and CB sows throughout first
72 hours after farrowing of sucking period. The result
was reported the amount of Ash, total solid, crude
protein, crude fat, and lactose as show in Table 2.

The crude fat (CF) concentration in
colostrum and milk of all breeds at beginning (0
hour) were increased from 4.56% to 8.26% of TN,
and 4.20% to 11.39% of CB at 72 hours. Crude fat of
CB at 48 and 72 hours (894 and 11.39%,
respectively) were significantly higher than TN (6.47
and 8.26%,; respectively) (P<0.05). The CF in first
colostrum of TN and CB in this study were lower than
another breeds, which were founded by Csapo et al.
(1996). They reported that CF in first colostrum of
Danish Large White, Danish Duroc, and Norwegian
Landrace sows was 5.32%, 7.36% in Yorkshire and
Meishan sow (Zou et al., 1992), 6.9% in Landrace x
Large White (Foisnet et al., 2010), and 8.9% in PIC
(an imported five-way crossbred) sows (Decaluwe
et al., 2013).

The ash of

concentration was not significantly different by

colostrum and milk

breeds (P>0.05). It was also not significantly different
within the same breed. The percentage of ash during
0 to 72 hours of TN was 0.58 to 0.63%, and 0.59 to
0.62% of CB. In our study was agreed with reported
by Loisel et al. (2013) who investigated the effect of
fiber intake during late pregnancy of sows on
colostrum composition from the first piglet (0 hour) to
21 days of lactation, they reported the ash
percentage value in colostrum and in milk was not
Although the ash

percentage value of TN and CB in here were lower

influenced by treatments.

than Dutch Landrace from 2 to 12 days after
parturition 0.74% (Klaver et al., 1981), and lower than
Yorkshire, Landrace, Lacombe, Duroc, Hampshire,
Berkshire, and Large Black from 1 to 35 days of
lactation period were 1.04% (Fahmy, 1972).

The total solids (TS) in colostrum and milk of
CB (26.83%) was significantly higher than TN
(23.91%) at 0 hour (P<0.01). For another times of two

breeds were not significantly different (P>0.05).

Table 2. Composition of colostrum and milk in Thai native and crossbred

Item 0 hour 6 hours 12 hours 24 hours 48 hours 72 hours
Thai native
Total Solids,% 23.91+0.52 22.73+£0.52 22.95+0.48 22.71+0.48 22.00£0.91 21.90+£0.45
Ash,% 0.63+0.12 0.61+0.14 0.53+0.18 0.57+0.15 047 +0.14 0.58+0.20
Crude fat,% 456+028"  401+029° 580+054° 533+035" 6.47 +0.68" 8.26+0.85
Crude protein,% 1847044  1451:0.38° 14.49:062° 12.78+0.37° 9.69£0.36° 749 +0.46°
Lactose, % 3.50+0.32 3.67+0.27 3.80+0.36 4.03+0.42 447 £0.7 452 +0.64
Crossbred
Total Solids,% 26.83+0.57 23.83+0.75 22.76 £ 0.66 22.35+0.77 22.70+£0.75 2291+0.83
Ash,% 0.59 + 0.06 0.56 £0.09 0.56£0.13 0.55+0.17 0.62+0.12 0.53 £0.09
Crude fat,% 420+082°  421+038°  506+087°  639+055 8944054 1139+ 149"
Crude protein,% 18.39+041°  1495+0768° 14.02+0.36° 13.13+0.29° 9.3410.16° 6.99 £ 0.09°
Lactose, % 322+016°  351+023"  405+023°  4.19+0.29" 5.82+0.89% 6.25 +0.92°
Value correspond to means + SE of two breeds
Student's t-test comparisons at the column between breeds are shown by asterisks: * £<0.05; ** P<0.001
Means on the row carrying different superscript are shown significantly different between times in the same breed: * be2dd pe0.001
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The TS of CB and TN were high at 0 hour (26.83%
and 25.16%, respectively), and then decreased until
72 hours (21.90% and 22.91%, respectively) after
farrowing. Indeed, this result was agreed with the
report by Klobasa et al. (1987). They studied the
composition of colostrum and milk in German
landrace sows during lactation and found that the TS
was the highest at 0 hour (25.6%) after farrowing,
and their concentration decreased approximately
30% during 24 hours (17.3%) after farrowing. But
their result was higher than the result by Klaver et al.
(1981). The milk composition and daily yield of
different milk components as affected by sow
condition and lactation. They found the TS in Dutch
Landrace sows during 2 to 12 days after parturition
was only 19.19%, and 19% of Yorkshire, Landrace,
Lacombe, Duroc, Hampshire, Berkshire, and Large
Black (Fahmy, 1972).

For lactose concentration in colostrum and
milk during lactation between TN and CB sows was
not significantly different by breed (P>0.05), but
lactose of CB was significantly different with time
during lactation period (P<0.01). The lactose of TN
and CB sows were increased at each consecutive
collection time during 0 hour after farrowing to 72
hours of lactation. The highest lactose in colostrum
and milk of TN and CB sows was at 72 hours (4.52
and 6.25%, respectively), and the lowest lactose in
colostrum and milk of TN and CB sows was at 0 hour
(350 and 3.22%,

experiment is ageed with report by Klobasa et al.

respectively). This present
(1987). They studied to the composition of colostrum
and milk in German landrace sows during lactation.
Their result found that the lactose concentration of
milk sows was increased from 0 hour to 14 days (3.1
to 5.9%), and Yorkshire genotype was greater
lactose than Belgian Landrace/Petrain and Duroc

sire lines from 0 to 18 days (Farmer et al., 2006).
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Devillers et al. (2004) found lactose concentration

changes around parturiton in  colostrum of
multiparous sows. They showed that the ratios of
lactose concentration in colostrum varied with time.
Colostrum was lower lactose concentration than milk.
The characteristic of colostrum composition was
rapidly changed to milk during 24-30 hours after
farrowing (Le Dividich et al., 2005).

Total crude protein (CP) in colostrum and
milk during lactation between TN and CB sows was
not significantly different by breed (P>0.05), but it
was significantly different with time during lactation
period (P<0.01). The CP of TN and CB sows were
decreased at each consecutive collection time
during 0 hour after farrowing to 72 hours of lactation.
The highest CP in colostrum and milk of TN and CB
0 hour (1847 and 18.39%,
respectively), and the lowest CP in colostrum and
milk of TN and CB sows was at 72 hours (7.49 and
6.99%, respectively). This result was similar with the
report by Fahmy (1972) and Zou et al. (1992), which

observed in seven breeds (Yorkshire, Landrace,

sows was at

Lacombe, Duroc, Hampshire, Berkshire, and Large
Black), the percentage of CP from colostrum to milk
17.3% 5.47%.

However, total CP in colostrum of TN and CB in here

was dropped sharply from to
was higher than seven breeds (17.3%), Landrace x
Large White (16%) by Foisnet et al. (2010), German
Landrace (15.7%) by Klobasa et al. (1987), and
lower than PIC sow (25.2%) by Decaluwé et al.
(2014). Bourne and Curtis (1973) studied to the
immunoglobulin system of the suckling pig. Their
result showed that the high CP concentration in
colostrum was high concentration of immunoglobulin
which mothers transferred of passive immunity to
their neonatal (Milon et al., 1983). Quesnel et al.
(2012) and Deuvillers et al. (2007) reported that the

consumption of 200 g of colostrum per piglet during
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the first day after birth significantly reduced the risk
of mortality before weaning, while the consumption of
250 g of colostrum was an indicator of good health
and pre-weaning and post-weaning growth among

piglets.

Immunoglobulin  of colostrum and milk during
lactation

IgG concentration contained in colostrum
and milk of TN and CB were difference during pre-
weaning period presented in Table 3. The IgG
concentration in colostrum of TN and CB was the
highest at 0 h (after onset of farrowing was located
as 0 hour) (284.95 + 30.10 and 316.15 + 36.62

mg/ml, respectively), and their level was decreased

rapidly by the time over (Figure 1). But the
decreasing of IgG concentration in colostrum during
lactation of TN was slow, when compared with 1gG
concentration in colostrum of CB. These observation
partially were agreed with the results of Klobsa et al.
(1987) in which the highest IgG concentration in
colostrum at the onset of farrowing, and then
decreased rapidly by the time over (Rooke and
Bland, 2002), but our data of all two breeds was
higher than the result by Klobsa et al. (1987) (95.6
mg/ml in German landrace sows), and higher than
the result by Foistnet et al. (2010). Their research
showed that the IgG concentration in colostrum was

averaged 74.2 £ 6.1 mg/ml at the onset of farrowing.

Table 3. Concentration of immunoglobulin G in colostrum and milk during lactation period

Immunoglobulin G, mg/ml

Items, hours
Thai native Crossbred
0 284.95 + 8.05 316.15 £ 14.95
6 207.70 £ 9.01 196.75 + 12.32
12 141.40 £+ 5.23 137.22 +4.12
24 95.75+ 1.65 ** 70.79 £ 4.95
48 66.97 + 2.08 ** 32.96 + 1.67
72 32.50+6.34 " 20.56 + 0.86
Value correspond to means + SE of two breeds
Mean between breeds are shown by asterisks: * P<0.05; ** P<0.001
400 —
w W Native
300 & Crossbred
£ 2w - = =5
E —
o 3
= 100 -+ = 3 N N
o t E |-
0 6 12 24 43 72

Figure 1.

Colostrum and milk concentration of IgG after onset of farrowing between Thai native and

crossbred sows (mean)

Hours after onset of farrowing
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The 1gG concentration in  colostrum
between TN and CB sow was significantly different
by breeds. The IgG of TN was significantly higher
than CB at 24 and 48 hours (95.75 + 1.65 and 70.79
+ 4,95, and 66.97 + 2.08 and 32.96 + 1.67 mg/ml,
respectively) (P<0.001), and the IgG of TN (32.50 +
6.34 mg/ml) was also significantly higher than CB
(20.56 + 0.86 mg/ml) at 72 hours (P<0.05). This result
was similar with the report by Farmer et al. (2006)
and Simmen et al. (1990) studied the influence of
genotype on colostrum and the milk composition of
primiparous sows (Belgian Landrace, Duroc,
Landrace and Yorkshire). They found that colostrum
and at day 2 milk from Duroc sows contained more
protein and lesser amounts of lactose than sows of
other genotypes. The first colostrum samples
contained 16.65% total protein, and during the first 6
h after farrowing the IgG accounted for nearly all the
protein in the colostrum (Klobasa et al., 1987). The
high protein content in colostrum was largely

produced by the immunoglobulin G (Csapo et al.,

1996). Devillers et al. (2007) and Quesnel et al.
(2012) reported that the consumption of 200 g of
colostrum per piglet during the first day after birth
significantly reduced the risk of mortality before
weaning, while the consumption of 250 g of
colostrum was an indicator of good health and pre-

weaning and post-weaning growth among piglets.

Correlation between composition and quality of
colostrum and milk and the growth performance of
piglets

The correlation between composition and
quality of colostrum and milk and the growth
performance of TN and CB piglets was shown in
Table 4. The between  growth

performance of all two breeds and composition and

correlation

quality of colostrum and milk were not significantly
different  (P>0.05).
between growth performance of TN piglets to CP

The percentage correlation

and lactose were very low (-0.25%), but it was high

with 1gG (0.63%). For the percentage correlation

Table 4. Correlations between growth performance of piglet and composition and quality of colostrum

and milk
Item Crude protein, %  Total solid, % Ash, % Crude fat, % Lactose, % 19G, %
Thai native
Growth performance, g -0.025 0.160 0.211 0.066 -0.084 0.630
Crude protein, % 0.247 0.150 0.117 -0.041 0.163
Total solid, % 0.248 0.040 0.241 0.131
Ash, % -0.467 0.147 0.328
Crude fat, % -0.153 -0.266
Lactose, % -0.318
Crossbred
Growth performance, g 0.075 0.106 -0.105 -0.018 0.072 -0.212
Crude protein, % -0.076 -0.398 -0.069 -0.354 -0.398
Total solid, % -0.531 -0.063 -0.283 0.438
Ash, % 0.164 0.274 -0.172
Crude fat, % -0.272 -0.670
Lactose, % 0.225
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between growth performances of CB piglets to Ash
and IgG were very low (-202%), but it was high with
total solid (0.106%). This result was different with the
al. (1978) determined the

relationship between composition of sows' milk and

report by Lewis et

weight gains of nursing pigs. They found that the
mean efficiency of conversion of milk to gain was

found to be 4.5 g of milk per 1 g of pig gain.

Conclusion

The growth performance and survival of TN
and CB piglets during sucking period were affected
by breed. The composition and quality of colostrum
and milk between TN and CB can be concluded that
the CP, lactose, and ash concentration were not
significantly different by breed (P>0.05). However,
CP and lactose concentration were significantly
different by over time within the breed (P<0.001). The
CF, total solids, and IgG were significantly different
by breed. The CF concentraton of CB was
significantly higher than TN at 48 and 72 hours
(P<0.05), it was also significantly different within the
same breed when the over time (P<0.001). The CF
concentration of TN was significantly different within
the same breed when the overtime as the CB
(P<0.001). The total solids of CB was significant
higher than TN at 0 hour (P<0.001), but the IgG
concentration of TN was significantly higher than CB
at 24 and 48 hours (P<0.001), and was significantly
higher than CB at 72 hours (P<0.05). For the
correlation between growth performance of piglets
during 7 days after farrowing and composition and
quality of colostrum and milk was not significantly
different (P>0.05). These results showed that the
composition and quality of colostrum and milk of TN
and CB had significantly different within over time

after farrowing.

254

Acknowledgements

The authors would like to acknowledge
IDRC-SEARCA for providing the financial support.
Special thanks the Department of Animal and
Aquatic Sciences, Faculty of Agriculture, Chiang Mai

University for helpful during this research.
Reference

AOAC. 2006. Official method of analysis. Association
of Official Analytical Chemists, Arlington,
VA.

Bourne, F. and J. Curtis. 1973. The transfer of
immunoglobulins 1gG, IgA and IgM from
serum to colostrum and milk in the sow.
Immunology 24(1): 157-162.

W.,

Tabchareon. 2002. Genetic diversity of four

Thailand  based
Microsatellite Analysis. Journal of Kasetsart
(Natural Sciences) 36: 133-137.

Chévez—Serv]n, J.L., A.l. Castellote and M.C. Lopez-

Sabater. 2004. Analysis of mono- and

Chaiwatanasin, S. Chantsavang and S.

pig breeds in on

disaccharides in milk-based formulae by

high-performance liquid chromatography
with refractive index detection. Journal of
Chromatography A 1043(2): 211-215.

Chuttong, B., Y. Chanbang, K. Sringarm and M.
Burgett. 2016. Physiochemical profiles of
stingless bee (Apidae: Meliponini) honey
from South East Asia (Thailand). Food
Chemistry 192: 149-155.

Csapo, J., T. Martin, Z. Csapo-Kiss and Z. Hazas
1996. Crude protein, crude fats, vitamin and
mineral concentrations in porcine colostrum
and milk from parturion to 60 days.
International Dairy Journal 6(8): 881-902.



Comparison of Quality and Immunity between Thai Native and

Crossbred Pigs in Colostrum and Milk

Decaluwe, R., D. Maes, I. Declerck, A. Cools, B.
Wuyts, S. De Smet and G. Janssens. 2013.
Changes in back fat thickness during late
gestation predict colostrum yield in sows.
Animal 7(12): 1999-2007.

Decaluwe, R., D. Maes, B. Wuyts, A. Cools, S.
Piepers and G. Janssens. 2014. Piglets’
colostrum intake associates with daily
weight gain and survival until weaning.
Livestock Science 162: 185-192.

Deuvillers, N., C. Farmer, A.M. Mounier, J. Le Dividich
and A. Prunier. 2004. Hormones, IgG and
lactose changes around parturition in

plasma, and colostrum or saliva of
multiparous sows. Reproduction Nutrition
Development 44(4): 381-396.

Devillers, N., C. Farmer, J. Le Dividich and A.

Prunier. 2007. Variability of colostrum yield

and colostrum intake in pigs. Animal 1(7):

1033-1041.

C., N. Devillers, J.A. Rooke and J. Le

Dividich. 2006. Colostrum production in

Farmer,

swine: from the mammary glands to the
CAB Reviews:

Agriculture, Veterinary Science, Nutrition

piglets. Perspectives in
and Natural Resources 3: 1-16.

Fahmy, M. 1972. Comparative study of colostrum
and milk composition of seven breeds of
swine. Canadian Journal of Animal Science
52(4): 621-627.

Ferrari, C., P. Sbardella, M. Bernardi, M. Coutinho, I.

Wentz and F. Bortolozzo. 2014.

Effect of birth weight and colostrum intake

Vaz, |.

on mortality and performance of piglets
after cross-fostering in sows of different
parities.
114(3): 259-266.

Preventive Veterinary Medicine

255

Foisnet, A., C. Farmer, C. David and H. Quesnel.
2010. Relationships between colostrum
production by primiparous sows and sow
physiology around parturition. Journal of
Animal Science 88(5): 1672-1683.

Glinoubol. J, P. Mahinchai and S. Jaturasitha. 2016.
Comparison of carcass characteristics and
ceat quality between Pietrain x Thai Native
and Duroc x Meishan Crossbred Pigs.
Journal of Agriculture 32(special): 63-70.

Gondret, F., L. Lefaucheur, |. Louveau, B. Lebret, X.
Pichodo and Y. Le Cozler. 2005. Influence
of piglet birth weight on postnatal growth
performance, tissue lipogenic capacity and
muscle histological traits at market weight.
Livestock Production Science 93(2): 137-
146.

Kikuchi, K., A. Onishi, N. Kashiwazaki, M. lwamoto, J.
Noguchi, H. Kaneko and T. Nagai. 2002.
Successful piglet production after transfer of
blastocysts produced by a modified in vitro
system. Biology of Reproduction 66(4):
1033-1041.

Klaver, J., G. Van Kempen, P. De Lange, M.

and H. Boer. 1981. Milk

composition and daily yield of different milk

Verstegen

components as affected by sow condition
and lactation/feeding regimen. Journal of
Animal Science 52(5): 939-944.

Klobasa, F., E. Werhahn and J.E. Butler. 1987.
Composition of sow milk during lactation.
Journal of Animal Science 64(5): 1458-
1466.

Le Dividich, J., J.A. Rooke and P. Herpin. 2005.
Nutritional and immunological importance of
colostrum for the new-born pig. The Journal

of Agricultural Science 143(6): 469-485.



M5ATINEAT 33(2): 245 - 256 (2560)

Lewis, A., V. Speer and D. Haught. 1978.
Relationship between yield and composition
of sows' milk and weight gains of nursing
pigs. Journal of Animal Science 47(3): 634-
638.

Loisel, F., C. Farmer, P. Ramaekers and H. Quesnel.
2013. Effects of high fiber intake during late
pregnancy on sow physiology, colostrum
production, and piglet performance. Journal
of Animal Science 91(11): 5269-5279.

McLaren, D., D. Buchanan and R. Johnson. 1987.
Growth performance for four breeds of
swine: crossbred females and purebred
and crossbred boars. Journal of Animal
Science 64(1): 99-108.

Milon, A., A. Aumaitre, J. Le Dividich, J. Franz and J.

1983. birth

prematurity on colostrum composition and

Metzger. Influence  of
subsequent immunity of piglets. Annales de
Réchérches Veterinaires 14(4): 375-381.

Nakai, S. 2008. Reproductive performance analysis
of native pig smallholders in the hillside of
northern Thailand. Tropical Animal Health
and Production 40(7): 561-566.

Quesnel, H., C. Farmer and N. Devillers. 2012.
Colostrum piglet
performance and factors of variation.
Livestock Science 146(2): 105-114.

Rattanaronchart, S. 1994. Present situation of Thai

intake: Influence on

native pigs: Department of Animal Science,

Faculty — of  Agriculture,
(Online).
www.angelfire.com/mi/fafontwin/thaipigf.pdf
(June 10, 2016).
Rooke, J. and .M. Bland. 2002. The acquisition of
passive immunity in the new-born piglet.

Livestock Production Science 78(1): 13-23.

Chiangmai

University. Available:

Simmen, F.A., KY. Whang, R.C.M. Simmen, G.A.
Peterson, M.D. Bishop and K.M. Irvin. 1990.
Lactational variation and

growth  of

mammary

relationship to
postnatal insulin-like  growth

factor-l in secretions  from
genetically diverse sows. Domestic Animal
Endocrinology 7(2): 199-206.

M. Brus and D. Skorjanc. 2008. Growth of

piglets

Skok, J.,

in relaton to mik intake and
anatomical location of mammary glands.
Acta Agriculturae Scandinavica, Section A—
Animal Science 57: 129-135.

Skorjanc, D., M. Brus and M.C Potokar. 2007. Effect
of birth weight and sex on pre-weaning
growth rate of piglets. Archives Animal
Breeding 50: 476-486.

SPSS (Statistical Package for the Social Sciences).
2007. Spss Inc., Chicago, llinois.

Swine Producers and Processors for Exporting

2014. (Online).

http://mww.thaiswine.

org/tabid/234/Default.aspx (June 7, 2016).

Vaclavkova, E., P. Danek and M. Rozkof. 2012. The

Association. Available:

influence of piglet birth weight on growth
performance. Research. Pig Breeding 6(1):
1-3.

Woon, S.Y., M.D. Barton and T. Vanniasinkam. 2014.
Effect of plasma transfer on survival rates of
low-birth-weight neonatal piglets. Journal of
Swine Health and Production 22(4):197-

200.
Zou, S., D.G. McLaren and W.L. Hurley. 1992. Pig
colostrum and milk composition:

comparisons between Chinese Meishan
and US breeds. Livestock Production
Science 30(1): 115-127.

256



HATRIRANALTAUARERNTINITTRARIEURINININNTIN

Effect of Shelter Materials on Survival Rate in Giant Freshwater Prawn

(Macrobrachium rosenbergii de Man)
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Abstract: This study was conducted to evaluate the effect of shelter materials on growth rate and survival rate of
giant freshwater prawns reared in fiberglass tanks. The experiment was divided into 5 randomized treatment
trials. Each treatment had 3 replications. The effect of five types of shelters materials, without shelter materials
(control group), plastic rope, PVC blue net, ceramic tiles and plastic bottle were reared for 120 days. The result
at the end of experiment show that, giant freshwater prawns reared in ceramic tiles had the highest survival rate
(P<0.05). Giant freshwater prawns reared in plastic rope showed the highest final weight, weight gain, ADG and
SGR and significantly difference (P<0.05). The final length was not significantly different (P>0.05) among
treatments. For water quality, parameters such as temperature, pH, dissolve oxygen and alkalinity in all
treatments were not significantly different (P>0.05). This study showed that, the use of ceramic tiles as a shelter

material for rearing freshwater prawn achieve the maximum survival rate.

Keywords: Giant freshwater prawn, Macrobrachium rosenbergii, shelter material, survival rate
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Table 1. Growth performance and survival rate of Macrobrachium rosenbergii reared in fiberglass tank

with different shelter materials over 120 days

Shelter materials

Parameter Without shelter Plastic rope PVC blue net Ceramic tiles Plastic bottle
materials
Initial weight (g/ind.) 4.94 +0.34 479 +0.14 4,96 +0.28 4,98 +0.38 4.80 +0.29
Final weight (g/ind.) 21.32+0.73° 30.75 £ 2.25° 20.50 +2.23" 19.23 £ 1.23° 18.96 + 1.66"
Weight gain 16.39 £ 0.87" 25.96 + 2.14° 15.55 + 2.01° 14.24 +1.09° 14.16 £ 1.70°
Initial length (cm) 7.62 +0.09 8.11 £0.43 7.58 £ 0.21 8.04 £ 0.40 7.59 + 0.39
Final length (cm) 12.09 + 0.37 13.23+0.46 11.93+0.64 11.60 + 0.95 11.59 + 0.89
ADG (g/day) 0.14 £ 0.01° 0.22 +0.02° 0.13 +0.02° 0.12 £0.01° 0.12 +0.04°
SGR (%/day) 1.22+0.07" 1.55 + 0.05° 1.18 £0.06° 1.13+0.06° 1.14 £ 0.09°
Survival rate (%) 25.00 + 12.50° 50.00 = 12.50° 41.67 +7.21% 7917 £7.21° 37.50 + 0.00”
Values in the same row having different superscripts are significantly different (P<0.05)
Mean + SD
100.00 —
80.00 _ —e— Ceramic tiles
@ —m— Plastic rope
@ 60.00
E —a— PVC blue net
g 40.00
“ —e— Plastic bottle
20.00
Contral
OOO T T T 1
0 30 60 g0 120
Day

Figure 1. Survival rate of Macrobrachium rosenbergii reared in fiberglass tank with different shelter

materials over 120 days
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Table 2. Water quality parameters during 120 days of experiment

Shelters materials

Parameter Without shelters Plastic rope PVC blue net Ceramic tiles  Plastic bottle
materials
Temperature (C)  25.45 + 1.90 2514 £ 2.36 24.87 £2.08 2545+1.92 24.82+2.23
pH 7.42 +0.20 7.39 £ 0.21 7.35+0.24 7.26 £ 0.21 7.36 £ 0.26
DO (mg/l) 8.6+ 1.21 7.7+0.64 8.5+ 0.89 8.3+ 1.49 9.5+2.65
Alkalinity 57.31+£4.92 56.68 + 5.85 59.48 + 4.56 57.53+525 58.02+3.87
(mg/l as CaCO,)
Mean + SD
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Abstract: The objectives of this research are 1) to study the process of chicken jerky product holy-basil flavor, 2)
to study the drying optimum temperature and time of chicken jerky product holy-basil flavor, 3) to study the
quality characteristics of product during 28 days storage at room temperature and 4) to study the consumer
acceptance of chicken jerky product holy-basil flavor. The optimization of a formula for the product was studied.
It was shown that chicken breast was used as a main ingredient and holy-basil, chili, garlic, seasoning sauce,
fish sauce, sugar, water, prague powder, sodium erythorbate and monosodium glutamate were added as miner
ingredients. The optimum amounts of minor ingredients were 4.61, 7.73, 10.73, 1.10, 3.74, 4.27, 6.00, 0.20, 0.20
and 0.20. percents of main ingredient, respectively. The best condition for drying product was 70 degree
Celsius for 17 hours. The results presented that the sensory evaluation of brown color, holy-basil odor, saltiness,
spicy flavor, stickiness, hardness and over all acceptance were 0.99 + 0.13, 0.90 + 0.25, 0.95 + 0.18, 1.00 +
0.09, 0.96 + 0.13, 1.03 + 0.16 and 0.78+ 0.03, respectively. The product was stored at room temperature and its
quality characteristics were monitored during 28 days. The results showned that the water activity and shear
force significantly increased (P<0.05). The TBA value increased but not significantly (P>0.05). The total plate
count was less than Thai community product standard 297/2549. The consumer acceptance was evaluated by
consumer aged between 15 and 50 years old using 9-point hedonics scales. It was found that the brown color,
holy-basil odor, saltiness, spicy flavor, stickiness, hardness and over all acceptance were 7.08 + 0.87, 7.11 +
0.69,7.44 £0.89, 7.24 + 0.81, 7.06 £ 0.90, 7.36 + 0.92 and 8.23 + 0.62, respectively. The consumer accepted at

moderately like to very like.

Keywords: Jerky, chicken product, dried product, holy-basil flavor, snack

267
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



AN9ANTINHAT 33(2): 267 - 275 (2560)

v
o aa o

unAngae: snAdeiindngUszasdiite 1) Anmnisudanansieiaesa insananaiilulnaenaieanis
vaefislng  2) Vinsugmumgluazianiiumnzanlunisaundndnefiaeiiisanzne  3) Anwanag
WasuuasnnnmaeskansTiaesn insanzma luszwinsnsfuneudiuszazinan 28 54 4) Anmnns
vanfuresfLiinaitAendndneiiaesiinsanzme Tnanudngnafimsnzaslunsannansosiaesnin
sanzing Aensliideaniniludaunaundnlusasdaiasas 100 uazldidounauau 7 lAwn nziwsn wWin
AuAn NeziTN 1eailgesa tidan e 1 wenen TR @ nswn wazNagIg luensdiusesay 4.61,
7.73, 1073, 1.10, 3.74, 427, 6.00, 0.20, 0.20 UAL 0.20 TBIAIUNANVANANATL NNTBLNAAITLTT
gnmndl 70 evAnradeaunan 15 GaluadlFudaineiilnnnniinnan lnauansusilidngoued
vasrndanamlszamdndalugnu Ainna naunzine sadn Anadia Avumilen asauds waznas
ganFuTnesan Winfdu 0.99 + 0.13, 0.90+ 0.25, 0.95 + 0.18, 1.00 + 0.09, 0.96 + 0.13, 1.03 + 0.16 WAz 0.78+
0.03 AwAL NalAtuuasgaunIndusng vesnAnTnTiaesAinsanzne luszinanaiusnedy
sz8ziaen 28 Tu WudHARS T AT B MBI ainBaT wazAussdeuTiuun HnAndu
BENHIRAATYNINEDE (P<0.05) ATININNILAT ﬁmﬁﬂm‘i@m%ﬁ*@mm%mLﬁu@ﬁywﬁﬂﬁ@ﬂLLGﬂ;JLLﬁﬂﬁiN@?JN
Adud1Atyn19ans (P>0.05) mmmwmqé’ﬂuﬂ?mmwﬁuﬁﬁﬁwm Urnutiafuazs Liifunimsgau
NARAMTITHTY 297/2549 miwmmuﬂmmwmmi,,mmmmwimmmm‘lﬁmmuqu 100 AY 1EFENTN 15-
45 % wudnRpzuuudnudinna ndunzne saudn Avside Avnawiea Annuds uaznstensLlnn
Winfiu 7.08 + 0.87, 7.11 £ 0.69, 7.44 + 0.89, 7.24 + 0.81, 7.06 + 0.90, 7.36 + 0.92 LA% 8.23 + 0.62 AZLUY
pnaau tnefisinaliinisaeniued lussAugeuliunanaiegansn

AdA: 1wein waRdTAaNWaln nARSaLLTe TANTNGY 2VNIMIAAY

AN gninnAulnaundy iy saa1u (nadneel uas

4w, 2553) SR ULARAEH (393U wazqM1FM,

NARAITIA5T (jorky product) A8 2555) saun3Aa (Usznd? uazandy, 2554) iufu
HARTW Lﬁ”fazﬁ"m{@uLLﬁ\‘i’:ﬁﬂrTu‘lumu'mmimuL@iu dlednsTitaanisnnandundndosiaesn Wud il
TmﬂLﬂumamﬁwﬁﬁ:@zﬁvmimumuﬁmumiﬂi\ﬁmm sy e uanieln 55'\1Lf:@”lﬁmmmﬁﬂvlﬂuﬂigmﬂu
Tugdrewudnivllenuds wdnsnsfeeianiy  wdnsusenslduanuans SramAnuaziinnien
avnsAaRrestnenBiuiulleviitudieldidy  nisewmsqe ilelidmiulsiudud Snsnesily
wilasens iesnnaesfanansafuinmBllunm aneeia A indeusaruaii samslindenuan
nnwnazaan Wieniutszniu uarlulequuldfy  Teelwielnfillsiunnnissenaz 23-30 iflasusin
paflonethuninanelasianenguiilnadeiy  dedeuiuidednsussomay I wileenn 100 niw
waziinluununzduanuazanigewing dawlu fiBnmanwidusenas 75.5 Wshubeas 23.3 Tty
Usznelngndnsfosiiaesngnea mmﬂummm $aeaz 0.1 WAzuIsIAEina 7 (Neslnminnig nsuewnsl,
meld uusudlauaudanedn doeeiiamiuauamy  2530) wananniileliiluemsefisuLlszmuldnn
Lﬁymﬁﬁﬁi@zgmmw ﬁlﬁ‘mm‘llﬂiﬁu@;\uﬁmmnﬁﬁmﬂ mﬁmﬂﬂnwﬁgu mazlddnsananeaun (33m, 2534)
Lﬁ”@ﬁmﬂﬂw?mqﬁuuﬁﬂ mmzﬁw%’m’ﬁﬁwﬁqmuqu waztalAaNTRAAY A9 toedie au1Tna Ay
fain uasdafumadentimsernivin Seseund wisnlgasali e g samAidndunin e
et kARSI ResRNANT wasARWsaTR andnsau wazdi?nAIgn AINNNIAUASIAINLLIAR

268



NSWAIUHANA NS N LNSANZINGT

% o a o o o‘aly dl” 1 o v a
FaIN1ITWRNARS e inania i uaznn i
samAngninaulne lnenenwmuusanszing
1n dafluanuisnlfFumnniauuinieaning wag
FNFNTNR NeaanAndluenansnivasnuing Ine
NUATAZNINTHARNARS U lRasNanaen A
- dow .

uazdnnsgesaniludounanvesdanszingasll
dl v v o‘d’l 1 dl | QI A %
waliliwasn lnsanszmaniilunisiianiadaanli
v mo  da da o v o
HuslnanBane unsnisadn uazfnilanising
NARSTLARTN

o aa
adnsaluaLlsns

SWASEILARAUTIABTN IFANTINGT LLNNNg
NAaasRanily 4 new Al

AauT 1 @UANTASINA AU LARS A A FANZING

Aeufiasfinanannansmiisuiiuasios
finsasainTassnanSouidenew e lHummna
TUNIIWRUINA A U L RFai LA N A BIN1728
H13tnA tneldudannnsaed ideal ratio profile test
(Inlsaid, 2547) NIN1TLERM AR aesAlnsa
NN Ima“l%ﬁf@@ﬂiriﬂumummw@"ﬂ 100 n¥u &
mummuq g NN WINAUAT NILEN TRAL7
38 ttlan thena vina samen SRenE LM uas
NN Tuemnsdiusasay 4.61, 7.73, 10.73, 1.10,
3.74,4.27,6.00, 0.20, 0.20 Az 0.20 UDIAIUNANUAN
PsnsL maRlpEn e ean ATUsamen el
paIWsNgasaz 0.20 anvdunanuan wainlilugifiu
Flhaan 24 dalug annviuinileldlunaliaziden
FoenrasunLile LABNAUAN Ny waslunzme
1‘1/1@%@?1@ vianuguALeliue ﬂmmmmmmﬂm
@uj FINNGFININAR mmﬂmummimmﬂmim
mummﬂmmiuqawmmnimmuwiwmLfamu
(HDPE) 2w 6x9 1 Tatiussqgeay 130 n3udal
SIS 0.5 1TURAIAT 1T 6x4 Ti0 wainl
uf fufiguumni 1-4 asrnmaiden Hunan 6 Falus
A lugSenudiigrmni 20 esrnades

U6 TRt TR IWR 1x4 T0 Tae 1

269

£2
a

eAnls 6 3w i lleeEaeuwnnn ausasgeuasien

1
a

flquwvgd 70 esAnaaidua w17 dalu
(wdanmnl uazqilen, 2553) WAUFNHIHART
3~mqqmwmﬂumamsmm‘lummm”l.@wﬂrﬂmuﬂ
FatiAasau ¥ 9 n1Imaaed 3 91 HARA T A
sivlnnsmsmageunmansing 7 selil
AMNINAIUNILNIN \Haduiia (texture
TAXT plus, England) [adarAn TPA
(texture profile analysis) mm’%mﬁ@u Taer 15999 m

analyzer,

HDP/BS g1 HDP/90, anmumeninasss (a, )lng
aaiaLBunnainaas (AQUALAB, USA)
Anmwaulszamduda 1935009

NAARULLLU Ideal ratio profile technique (lwlsaa],
2547)

AMMWATURAUYSE  TAszinEnim
qAuTRITavNA (AOAC, 2000), RN aruaze
(AOAC, 2000)

pauT 2 MeAnuauupluaziaamuanzasly
NNSALNARA LIRS bNTANLING

ynmsuaaNARATaesRsanzinaln uda
tudnusT A ldinnsaufiguuunRuazioasing
TABNITINIUNUNITNARBILLL 3
(Inlsaud, 2547)
nn1sAnen 2 dadaAe srazinanlun1sey uay
qmmmummuﬁﬁfj

factorial in

completely randomized design

ANEMITeZnaINgaL 3 926U AR 15, 17 LAY
19 dal

Anwgouu)iinisay 3 9L AB 60, 70 UaL
80 el TATEd
SagnunsnuandlEss a1
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(texture profile analysis) MWﬁ’]LLNL%’ﬂu e 1T
HDP/BS g1 HDP/90, RnnuaestinBass (a, )lne
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AuMwINuLlszamMANEE 1EEnmeaey
WL Ideal ratio profile technique (ls=ad, 2547)

analyzer,



M5ATINAT 33(2): 267 - 275 (2560)

Table 1. The study optimize temperature and time of drying chicken jerky product holy-basil flavor

Temperature (degree Celsius) Time (hour)
60 15
60 17
60 19
70 15
70 17
70 19
80 15
80 17
80 19

AMNINAUAAUYSE  TiATziiinn

3

QAUVTENIUNA (AOAC, 2000), annudiasiuazan
(AOAC, 2000)

maudl 3 Anmnisiddsundadluszuinanisiiy
SnNKARA LA LN FANZING

M sHAREARS AT A TaN LI
@ﬁﬂfuﬁﬁiﬂ@uﬁfqmmﬁ LAz N ZALTIEaN
pewi 2 AR nTiaesn insanzana ¥ Lssyadlu
namvialart Toednlfain usnunBienmniivies
(30 + 5 BIATALTEA) TraIZNAN 28 51 NIN3gN
AR T BBNNIIATITAA AN INA WA y

+

TS 0, 7, 14, 21 uaE 28 GANNIMAGes 3 91 1nel
NINTUATIZHAUGN ] ol
ATMNWANULAR thiobarbituric acid (TBA)
(Pearson , 1976)
Qmmwﬁﬁumamw aduria (texture
TAXT plus, England) [ladauen TPA
(texture profile analysis) Wﬂ"]LLNL%u TnelEdadm
HDP/BS 3114 HDP/90, BuNnesTiNBasY (a,)lne

s nindas (AQUALAB, USA)
AumwiNULszaANRE 1i35nmeaey

analyzer,

LU Ideal ratio profile technique (Inls=nd, 2547)

AMMWATUARUYSE AT IZIINLEN0
aﬁuﬁ%ﬁwm (AOAC, 2000), 3unu8laaysn
(AOAC, 2000)
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paufl 4AnmInisaansuaasfuilnasa
KANAUTLARIT IATANEINE
NARLARTUT RS InsANTINGY ANgAT
WAZTMALTIg AT UAZRANTNE AN ANt
WARTUT R I lnageumaszamdndarufiiine
ldfiflanyszudng 1545 T dauan 100 A
finmsfineiidsudaanys lnsAsn magauiuy o-
point hedonic scale (Inlsail, 2547) AnwAniAnEE
veenAnTuT i udnnizlng nau A7 il

o

Auela wazngeansuingsaN NdINImAaed 3 9N
NANISNARDILAEIANG O

ARUT 1 HANNSANELANIASIIBINA RN UTLARET
Asanzinen

A nEARA AT i sanving
Ao iinmasena i e
ﬂi"mmﬁ"uﬁ@ Ine/1435 ideal ratio profile test (InTgasd,
2547) msmmﬂnmm 31 HEMpaaLTNA1UIU 20 AU
L‘W@mmm@ﬂwmmmmmmmm AR Ineiansoun
AINAATUANHIUZIBINR mnm&mmuﬂmu AN
mqr’fumﬂmff]m’*ﬁlwﬁwmﬁﬁmuﬁjﬂ%‘mmﬁmm Faan
nmaaesi Qmﬁﬂwm:ﬁiéﬁmnﬁﬁﬁm wazDawlu
szﬁ’ﬂwm:ﬁzﬁwﬁmmmmﬁmﬁm%ﬁ@ Fimna naw
NN TAAN AR ANNITER wazAmuTs Tnell
m"]Lfeﬁ'mmLm'm@mﬁﬂwmmmﬁqmmﬁ 2
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Table 2. Ratio score of sensory characteristics the chicken jerky product holy-basil flavor

characteristic Ratio score
Ideal Chicken jerky product holy-basil flavor
brown color”™ 1.00 £ 0.01 0.92+0.18
holy-basil flavor™ 1.00 + 0.01 1.00 + 0.22
saltiness"™ 1.00 + 0.01 0.89 +0.33
spicy 1.00° + 0.01 0.93°+0.18
stickiness 1.00% + 0.01 0.86° + 0.33
hardness™ 1.00 + 0.01 0.88 +0.28
overall 1.00% £ 0.01 0.68° +0.19

* The difference letters in the same row are statictically significant different (P<0.05)
™ The letters in the same row are not statictically significant different (P>0.05)

aNANIeR 2 ulEdnAnImagaLnIg
Usranduiaresndninaiiaaiildsansing il
szﬁ”ﬂwm:’ﬁhuﬁi‘fﬂm@ NAUNZNG 2K UaTAI
il luumnsinenueeinedidadAty (P>0.05) fumnlu
AANARTBELEINA

gauAndunnfnusaliia Avumilen uaznng
ganFLlnETLIINARALTIA0 SR N saN NG WL
ArfiaendnAnluganaRvesdsinaatng HilbdAny
(P<0.05) wansinfiilnakasn sl ifiuansnemy
Fusalfin mnuwitlen uaznsueniulnesan

vananiilerinHanAneiiae i ldsansme
TM1n1931s g M UNINIENN LazLAR W3
FARAUITAesA N saN LN T AN s EaYinTL 0,881
+ 699.18 nFu/AaAILAT THUNAANAATEYINTL 0.69 +
0.01 ehnarinnsguAnLaeaiaandeivun
293 American Food Safety and Inspection Service
(FSIS) (2012) Tnedninefiae A lnsansme ile
'ﬁ’ml,ﬂu'a’]miﬁ\mﬁ\i (Intermediate moisture foods)
dlesannilpaduiingt 08 famam meqawad
fulsunmqauridianaawingu 18 Talaiise
et 1 nfN Bnnudasuazatieandn10 talailse
faneing 1 nin Tnefignunimdullnusinsgiunig
LAmTiaudi (ﬁﬁﬁmmmmﬂmmamﬁmﬁq RANUNTIN,
2549) Arinvualiiddafuazsldlifu 500 Talatise
niu
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AaUR 2 Nam'sﬁnqumugﬁuammﬁmmzau
TunsaunAnuaadi lAsanzIng

FMsHARNARA DTIa05A Insansing uwin
dudn g lgldvianisenfignmndl wazinand
A1eiulnENNTNaEUNNINARedWLIL 3° factorial in
completely randomized design (nisasl, 2547) Inel
An9AnE 2 tladeAe sraznanluniey 3 svAu A
15, 17 waz 19 9l fammu'lummus AU AB 60,
70 WA 80 Q9ANTATEE WNEAN1TNARE 3 G
NAR T LU n57 WAIZUAUNINAIUGS ]
uandlFaal

ANANT 3 AZTUI AN INN NN N
PRINART TR sz l,mzfaqmmﬁmmmﬁﬁyu
fanalifrusadeuiiuniuinduedefldad Aoy
NI9aRA (P<005) LietannlUsAunduiile
(myofibrillar proteins) LAzt A e (connective
tissue)  LNANITLALANINAINAITNFDURINALI
asftlsznaumeludilelsfiug auudaiad uay
adleRaiuAnnmed sinliieanumiannnn
ﬁyu (Christensen et al., 2000) 2AARBINL Konieczny
et al. (2007) WU B duiieianaeinli
HaRannmam Faluasefleduiareaseiiiied
TneInns dauAn BN AsE LA NS LINARS DT
TN LmzfqmmﬁmmuLﬁu%”ummalﬁlﬁmmﬁﬂ
farzansndninEtuntinanase eiiadAny
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Table 3. Physical quality of the study optimize temperature and time of drying chicken jerky product

holy-basil flavor

Treatment Shear force (g/mm) Free water (a )
1 7,450.4° £ 820.14 0.84%+ 0.01
2 8,453.5% + 779.01 0.76'+0.03
3 8,491.9° + 863.45 0.72°+ 0.02
4 8,470.8" + 928.96 0.71°¢ 0.01
5 10,092.0° + 776.69 0.68"+ 0.01
6 11,230.3% + 592.77 0.63°+ 0.01
7 11,454.6" + 1,530.16 0.61°+ 0.01
8 12,377.4°+1,572.18 0.57%+ 0.00
9 12,652.6° + 992.58 0.56"+ 0.01

* The difference letters in the same row are statictically significant different (P<0.05)

NNADA (P<0.05) ﬁﬁlﬁnﬂﬁqmm@@qﬁ@mﬂﬁWLﬂuiﬂ
mummgmmmﬂm@mﬁﬂﬁﬁuﬁ”’aaﬁuvﬁﬁ (FSIS,
2012) SspastitBrnnuinaaszAngn 0.85
yanaNTEdierHART TR 1A 1R agey
ﬂmmwmqwumﬂ wm’mnmmmmuﬂ?mm
qaummwm wazi B uiaduazsilaif
mmgmmmmmmiﬂmﬂm 1un nuidealn (dnin
PIUNIATTIUGAAINTTH,  25550) WATNUTENUY
(ANINUNIMTFIUGAAIUNTTH, 2555%) fAtmndn
Ll?‘mmﬁuw?ﬁﬁwm (total plate count) el
1x10° Tnlatlsiasnetne 1 n¥u 8af9n (yeastmold)
faeldifin 100 Talatiafaetng 1 n5u
N1TATINADLAUNINNLsEa I NA LA

Wudn goamniuaznainizanlunsa Ut

rd’j 1 ! o o o
wasnlnsanzimatnagaineAnislszamdndan
ndrasiuanlugauafaesfistnaninigane
HARAITNNBNNILTIANH 70 8aA s daa T
e 15 Falua

Ter@ansnusineLnguni 70 evma e a
| o IS DR ] = o o
e 15 doliwasilindpdauadenalssamduia
Tufnu AUIAIE NAUNZINGT SALAN ARNLERA AN
Witk AN wazniseeniuinesn windu 0.99 +
0.12,1.00 £ 0.32,0.95 £ 0.18,0.96 £ 0.09, 0.95 + 0.13,
1.03 +0.22 Uaz 0.78 + 0.03 FNNANLILATH ATINNTN
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%au uwlaiulingnungiidies (30

ANEAN ANLSIRBUWINGL 8,470.8 + 928.96 NFUsD
AARNAT waz BN aIvWiNGY 0.71 + 0.01 uazi
rnnqawied bifunasg il

Aaun 3 smm'i?im:nmsLﬂﬁﬂmLﬂmqmmwTu
SEMINMSLALSNENEA A TR A AT ENZING
wluaan 28 Tu

VAnNIHARKAAS Ta05A nsanzng o1l
nAnSusTiguvnll 70 esrgadaa ifunan 15
dalae amiuiednusiaesa nsanzneiliuss
Tunanseasinsialadt geay 40 nfu Uaniinfoanaiu
+ 5 R9ATALEEA)
vuan 28 Tu Nnnsqustet19eaniAITy
AR INELENS 7] Iur AnunwAIUNBNW AN
ANUAR AMUNIWAUAAUYTE UaTAUNINNISHIY
ﬂixm‘wﬁuﬁaimmﬁuﬁq@fjﬁ\ammmﬂu{uﬁ 0,7,14,
21 LAY 28 FNF1NINAREY 3 91 HANNTNAREINLIAN

AU NN TNVDINART T wesildsa
LN WL ALsaE T eaNAR TR u AT
g BN BasT I SHARA T TAN R et
HadAtynNais (P<0.05) oA 28 S wARSUT
FAusaRen windu 9,338.92 + 1,211.762 nfuse
TaAWAT uasABrnainBass Wit 0.74 + 0.01 34
fﬂ’qmL'ﬂuvl,ﬂmwmmgwumwﬂmmﬁﬂ’mu
Aaqauid (FSIS, 2012)
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ATUNNANANTBINARSTTU WLF1FHN
naalnlauniiyBa (TBA values) Huualfiuaau
WWniesiansy 28 Ju NARAS NIENNunsa InTe

un3yjaa Wiy 0.20 + 0.085 HadniuNnaatian las

pantaninlesiu Taulsunmnsanlaunidysa
Frfitsuanniadaufiereanivdureslaiilidn
Aeanswsiudumnntasiesls (Allen and Hamilton,
1994) m\‘iﬂim’mzﬁ”mﬁmzfi'u}ﬁﬂﬁ\ma'uuﬂ@nﬂmu
TuemsliileBunnnsnnleunsiyia wnnda
3.00 un.unaaudan las/nn.lusiu (Tanikawa, 1985)
ARAMRBINLNNUAINEUBY ATAAN (2558) ARnmANg
W lasesldnsennzmanlifiiusnenBuw 28
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wiveamef Tudunanet] lunansoss

ADUNINNINRAUYTTUINA AT WLdn
Prnuqawadivmniiuaiisiunsesengns
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NIRTFIUNARAUI TN TUnWITaeLan (d1neu
NAIFVUNARTUTIGRAUNTIN, 25550) fifmmnlHis
Drnnuduwidiaaelsifiu 1 x 10° Tnlatiseams
1 n¥N waziBunniaduazaliinu 100 Taladisle
27117 1 N3N
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Tz Renstihuaaiewianiuie i 4 v
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v
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(Labuza et al., 1994)
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Primary Prebiotic Properties of Thai White Pork Sausage (Moo-yor) Supplemented

with Fructooligosaccharide Extracted from Onion (Allium cepa L.) and Chicory Root
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Abstract: Fructooligosaccharide sugar (FOS) is a prebiotic substance that possesses the excellent property of
probiotic growth stimulation and also has been popular and widely accepted. This research aimed to investigate
the production of prebiotic Thai white pork sausage (Moo-yor) with the supplementation of FOS and test for the
primary prebiotic properties of products. The FOS powder (Frutafit”IQ) prepared from chicory root (Cichorium
intybus L.) and FOS extracted from onion (Allium cepa L.) were used as ingredient in prebiotic Thai white pork
sausage (Moo-yor) production. It was found that the degree of polymerization (DP) of sugar from both sources
were 12.55 and 6.95, respectively. The amount of FOS, i.e. kestose and nystose, in these samples slightly
changed (P>0.05) after heat treatment at 80 °C for 30 min. FOS was formulated in four prebiotic white pork
sausage (Moo-yor) formula; i.e. Thai white pork sausage (Moo-yor) mixed with 5 and 10% (w/w) of chicory FOS
and white pork sausage (Moo-yor) mixed with 5 and 10% (w/w) of onion (Allium cepa L.) FOS. Moreover,
standard formula of Moo-yor was also studied. The results showed that the growth of every tested probiotic
strains could be stimulated by all white pork sausage (Moo-yor)(s), but Escherichia coil and Salmonella enterica
subspecies enterica serovar Typhimurium growths were also stimulated (P<0.05). Nevertheless, when the
growth promation study of human gastrointestinal tract mixed cultures by fecal slurry test was conducted, it was
found that the growth of total lactic acid bacteria was promoted by all prebiotic Thai white pork sausage (Moo-
yor)(s), subsequently; the growth of Salmonella-Shigella group were suppressed. It might be concluded that
prebiotic Thai white pork sausage (Moo-yor) supplemented by FOS sugar from these two plant sources had a

potential to be further developed as a functional food product for consumers.

Keywords: Prebiotic, Thai white pork sausage, functional food, fructooligosaccharide, onion, chicory
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uNAnEa: mm@ﬂ@uWiﬂ‘EmT@aTnLlfmmim (fructooligosaccharide; FOS) dluanswaluledn (prebiotic) NA
AuantRnsefunsasyaesuuanallslulafinlén @nmﬁmummumLL@vmnmmu@m\mfmqmwmuu
mquummmmhvmvaLw'awmmmammmnmmmmwﬂu‘lﬁ@mnmmummmmm@ FOS LaNAAaL
mmmumwﬂui@mnLummummm@mnmsm FATIANA FOS (FrutafitIQ) Tisiesannsndles (Cichorium intybus L)
LAzANANA FOS mnmmnmmmmn (Allium cepa L.) 1mnu’mﬂ°ﬁLﬂumumuluma‘m@muuﬂ@wﬁﬂ@mm\m
Tmﬂ‘wm'ﬂmL@ﬂmmmmmmmmeum Degree of polymenzaﬂon (DP) Winfiu 12.55 way 6.95 ATNAIAL
1Banns FOS TBur thmaralnauasiialnalusnesnstinnsu Aeu laadnties (P>0.05) e l§5unnatanTisya
80 aernimaied unan 30 wiil 1haa Fos Tgninandifudaunaslunsudmeeriaan 4 gas Wud gas
LALNANG FOS aNnsnE e fiannl 5 waz 10% (w/w) LLa:qmmm‘f’]m@ FOS aniianantandiunn 5 uay
10% (w/w) u@ﬂmnf:ﬁqﬁmﬂ@qmmmﬁmﬁﬁﬁmﬁﬂma’wﬁfm HANNINAABINLIIN MY EAYNGATAINITONIEH U
nasyresdellsluleRnynanemugiiinanAnmaseiififuedaausnissinyres Escherichia coll uax
Salmonella enterica subspecies enterica serovar Typhimurium ﬁmﬂnmxﬁuﬁqmﬂiuﬁu (P<0.05) LLﬁiLﬁ’aVlmm’m_lﬂ’]i‘
NILAUNNEI Ty 28913 NIRUVTINANAINN LA BRI IAUGEINATIA fecal slurry test finudnvyeans lulasn
NNQATAINITOALATNNIATEYIRIULAT FENTAuaNAnTat s 4R mN@’Lmumm@mmﬁu@ummLwnau
Salmonella-Shigella muummﬂmmuﬂfawa"l,u‘l}amnwLmumﬂmm@ FOS aMnfiamiaaadumass SAnan iz
wwuﬂuLﬂum@mmmmmmaﬁmmmweQuﬂmmiﬂim

AdAty: wiluledin wyee enwsleridu vgnlaledtnuannled Woven 3l

AN 21119 wanalilsslaasiunidntinu (host) Ineins
nsefunisLasyaesqauvisduanguluanléacing
Annsaniudinuesnyedlulaqiu  lewizanzasudaddeadadinguninld” uazsienn
Waguwladldainanindeny VATH A UaY Gibson et al. (2004) AlfHNLFuLlgafiannaenn
Fauanden flifnazidassaniaifalsnmis 7 dwshuleAndeludiiy “gnsamnafiananangnuin
u1nune Inganizngulsm NCDs (non- Fethaiemzianzasiidain i answasuulasd
communicable diseases) M?@ﬂduiiﬂiaiﬁmmf;ﬁq ﬁfi1LWﬁwi@VTy\iﬁfimquLL@zﬁ@ﬂﬁmmﬁauﬁeﬂumwLau
NanMauslummuumuwiuﬂiymummim@ 21913 frﬁ”mﬂumiﬁL%ﬂﬁﬂuﬁqmﬂﬂqzﬁﬁiﬁ” Fari
memnmuimmawq @mqmmmiﬁ\mﬂju mswﬂuiaﬁnﬁﬁﬁaﬂ;\igﬂﬂawﬁéfa@m%u‘lumqLﬁu
(functional foods) VidaTianalundneN s Eeuting o mmﬂmLﬁﬁﬂﬁﬁuLLé}’q”Lu@chu”LﬂﬁT\ﬁﬁq”lz’ﬁLﬁﬂmu’iumi
prwef L Funseaniudniluaiunaiersduls fas LﬂﬁﬁgLﬁuimmmﬂqauﬁfjuwmiuﬁﬁ@ﬂi:‘ﬂmﬁm
Lﬂummiﬁuuwﬁﬂﬁiﬂm%iﬂ uda s lamivive snmelFuazuananniignsivlulefnedasdanung
ﬂmzﬁuumu 7 FR4ININUBNNUBAINATIAINI m“qcﬂ'ﬂmmq:ﬁl%sluﬂi:mummﬂ@gﬂmmfr%ﬂE-ﬁfm
Immmiwuﬁm LL@”Lﬂumﬂfm@mmﬂmﬂﬂumi (Roberfroid, 2007; Wang, 2009)
WnlsmAae (Sander, 1998) uazavnsar U 1Ay drmaa sntnledlnuannnlsd
poutlanifluatnannfe nquanswsluledin (fructooligosaccharide; FOS) Lﬂuﬁyﬁm@ﬂdmammu
(prebiotics) %QQﬂﬁﬁLmuﬂﬁuﬂﬁ?\iLLiﬂTmﬂ Gibson and (fructan) mmm ARLAAETAN (Aachary and Prapulla,
Roberfroid (1995) Taslifiaudnnw3lulesn Ao 2009) mmmm@mimm@’mmmnmmmmmwmumw

“dautlsznevvesenmsiliannsogneleslunamiu fimaazautinmna FOS iu viavew nesifien a15hloe
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T EGAGERB AN memizﬁ“\aLm%ﬂmmﬂuhﬂ@m
AT (Yun, 1996) $inma FOS lEFun1stensian
Lﬂuma‘wa”l,u‘ll@mnmuﬂavmmmwmmmmnmmm
ﬂa:aum?maﬂma;@umwuﬂaz‘llmumwumiu
S1515 TnenannzatineBauundi 3y bifidobacteria uay
lactobacilli (MWW uarAuy, 2558, Wang and
Gibson, 1993; Gibson et al., 1995 Li et al, 2015
2016) yenanilfadismenudntiiaa
FOS °ﬁqs;|mm‘:ﬁmummaﬂ@m‘iﬂmimmmn@mmm
(triacylglycerol) LL@:ﬁ@Lﬂmm@?@ﬂﬁ%MNﬁ] (total
cholesterol) Twaanldfog (Kaur and Gupta, 2002,
Bharti et al., 2013)
ﬂ%uu‘l,uumﬂﬂiymﬂmum@mmmmmmi
parealiailiiinne  Fos  iiludeutszney
ez lmudqanmiieaniuii I
ifsuﬁ”m”iwf-gmLﬁiuLL@zH@ﬁﬂﬁﬁumﬁmﬁm%%w
anfaatngdy Nnuald (Renuka al., 2009)
danlnuas (Valencia et al., 2016; Konar et al., 2016)
PUNAU (Morris and  Morris, 2012;
Prabhasankar, 2013) wazlénsan (Céaceres et al.,

Mueller et al.,

et

Ishwarya and

2004) 1T1UEY wALHANAITUNNAUNIETINAR S DA

a131e9ne Tnalanizad1eBiaamsiutinu fiag
wudainnddauasWaun Ny aan liluaung
Wefdunutioanin dluauddoaiell uysangailu
randusiawnsulsganiiednduarliuanuiien
1lneetunsuaelignAniaeninanldiiludaeting
= P a o -~ a
neAne Taglfiiinsd@unnma FOS aniaassiin
aald A0 venuan (Alium  cepa L.) uazandlas
(Cichorium intybus L.) mﬂﬁuﬁﬁmiﬁﬂmrﬁlmmuﬁﬁ
a v dl [ = a a o o nll
Gt lunadluansmzlulefnuesdnsineivyaed
\{gunma FOS

AatiuinglsraaRnanaadenuian luaian

AdldiiiunandnuazAnmauandiniluledn
Lummﬂui”mu in vitro mamamﬁmeﬁmuﬂ@ﬁm’%u
siena FOS mﬂmﬂ"n‘lﬁml,l,@”mmmﬂ SeAsupadn
waanmsAnENT azuwaniiidslomdagnenn
duFunisdneiemuia msiilaganinann

2Lt INedlsvnalne
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L4 aa
AUnsluazIaNg

Qauvﬁémﬂumiwmmmemim?ﬂuﬁ’m%a
a = o‘dl v =2 qg/l d’j % 1
qaunsdnldlunsdnwnafen ldun
wuafallslulefnannaiawug (Lactobacilus
acidophilus TISTR1338,
TISTR1464 waz Lactobacillus plantarum TISTR541)
wupd Banalsauilesaneiug (Saimonella

Lactobacillus lactis

enterica
subspecies enterica serovar Typhimurium TISTR292)
LAY Lmﬂﬁﬁm%ﬁmuﬁmmﬁuﬁ (Escherichia  col
TISTR887) TmmmmLw‘iﬂﬂuiﬂmnuummmﬂmw
AR 4 A aiea UWeawnsudageas de Man,
Rogosa and Sharpe (MRS) agar (Himedia®) anu S.
Typhimurium Wag E. coli quxl,‘ﬁwmuumm?Lv‘ﬁm;mi
nutrient agar (NA)

Tudumaunssaasiadetiv vin15Taadne
L%”m?llL“QTEUW‘]_IWMW]?LL‘Niﬂ?N@’]W]i‘LM@'JLLM@xQM?W
Unenideiiunms 50 aaanT ﬁUTiaiummgﬂmmj
9u1m 250 TeAART At lhinunusadalsn
goani 37 avAaaidea uoan 24 dalas

nmswisanimangnialadlnugamlss
11ma FOS N lun1sAniliunannass

wiad IAuA nenwan wazsnTlas Ine FOS a1nsin
3lp3iu fluinanan1enisdngsia Frutafit'1Q Tuansen
FOS annyiananuwaniuldannnisaindoeunnas way
FATN1969 tiviavenwana w1 Alansu uiuli
Whiduaunaan andutinldatauimiafqsasassy
vinalil (HEALTHY SLOW JUICER §u JT-2010) n2e4
A99AFIF2HNU1ILILAZNITANHN I Whatman”

s o o" al' 1% o Y v v ﬁ” v
Wa3 1 11819a2a81NAan Wi Wdind waugos
LATRITLMRILLILATYEYINIA (BUCHI® §1 R-205) uay
Wusne 13ngomni 20 asaaaides 49ure FOS
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N15ALATIZWUN

AR
ﬁl']’ﬂﬂ’]d FOS mmmﬂu’]mqmm”mﬁmm

mm@mmm (total sugar) Lmvmmmmm (reducing

mavgninladlnuganilssly

sugar) fnen phenol-sulfuric acid ez DNS method
ANNANAL (Wongputtisin et al., 2014) antfusLang
Snumnbaedsreninmaledlnugeenlaflugilves
A Degree of Polymerization (DP) é”mﬂzgma‘ﬁdﬁ”

Total sugar (mg/ml)

DP
Reducing sugar (mg/ml)

YaNANT FNNALATTTeeAsynat LAy
runnuinang FOS usavatinlnemeila thin layer
chromatography (TLC) ka2 high performance liquid
(HPLC) Imﬂ%{fwm@mmgm
AU 5 1ia TEwn ﬁﬁmaﬂ@ﬁm (Sigma-Aldrich”®)
Wgnlna (Merck) 1lasa (Sigma-Aldrich”) Aalna (GF,)
(Sigma-Aldrich”) uacilalna (GF,) (Sigma-Aldrich”)
ﬂfJ’WNU?‘QV]%rTZﬁU HPLC grade msdisziiinana
Faematia TLC thilfansazanafonues: levnuea:

chromatography

11 ludmmdau 5 ;3 ;2 1{lu mobile phase Lazu{
agHLHaNNARBLANEEANAR (Merck §U 60 F254)
\lu stationary phase ansiuinliiunuiiimiatlsing
da‘ v 1 o ¥ v
fiaanisanluansazaransadaninauidisdiv 5%
4 Y oy A -
(vv) MsrenlanIues LL@.,fLummmaummmu
150 mmLsn@mﬂmunamqﬂﬁﬂ{]Lmumm@ Tuunue
wmmmmvummmm HPLC 1l $innnstfumies
FrasinatinenaiinnuEasey 10,000 rpm Hunan 5
= (% ' ®
UIN LAINTAINIY nylon (Whatman",
maidstone, England) nawtinlinszsifaanaauil 5

membrane

pgm Aminex HPX-87H (HPLC organic acid analysis
column) 300x7.8 mm l&nsadaEnaAaudindu 5 mm
Fsmaaliuinsaannleaauiiiu mobile phase #agl
gmsnslug 0.75 Nadanssiewnd TnsmruANg )R
U09pRdIT 40 evrnTaideg gUnsningiadn

(detector) A% Aa refractive index detector (RID-10A)
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msAnraraspnafauiinaatinangnlnled
Tnudaanlsn

YAeENaiNANg FOS TanaumasnEL
AIBRuT 80 a9An AT ea 1Wuaan 0, 10, 20 uas
30 U7l WY ALAYadAsENaLTRINANg
Tuseeinadngds TLC uazthunouinnna FOS wsias
ATinEaeIAsas HPLC

msndaysaidEiimangnlaladlnuganilss

NININARNYLDAIUIU 5 4RT LA qms
NINTFIU GATLAN FOS ANUBNWIN 5% (Wiw) LA
10% (wiw) ez FOS AT las 5% (wiw) uaz 10%
(whv) Mazidsafauanlumsei 1 Tudounanls
avideauaziinfiudoaiatesungneimis (Phiips
blender 600 W, 2 L, HR2118) 1339 lunawanamn
polypropylene uﬂmﬂmmuﬂu 80-85 aaAL TG
et 30 Wit annviusindaesned 1AL nE 15T
frUUN -20 peATALTEE ieseRnmludumausiell

nMsnAdaLAMANTANS lulafnIaIuyaalEE N
vgnialadlnugnalss
tisathayseluusiazgaennLndatiiag
um (Philips blender 600 W, 2 L, HR2118) nan
tszanns 2 Wil nawi linegeunaniinsnszsiu
mimmmwaumﬂumim nmaaasusnléninig
NAFALILNE L@mLLU‘ULﬂJ‘ﬂme (single culture test)
mmﬁmiwmqmmﬂ Wongputtisin et al. (2015) ez
Wongputtisin  and Khanongnuch (2015) TaeinIg
SR ELENLLATI D L. acidophilus TISTR1338, L.
lactis TISTR1464, L. plantarum TISTR541, S.
Typhimurium TISTR292 uay E. coli TISTR887 avlu
BIMNTNAIGAT basal medium (NFN/ART: MgSO, 0.2
N3N KH,PO, 1.0 n¥u K,HPO, 1.0 n¥u CaCl, 0.02 n3u
uaz FeCl, 0.05 N uazdsuen pH 1T 7.0) Buns
100 findans Aflmadsamyeaadlllufunm 5 nf
antfunevdeusazaiing3anns 10-10° CFU el
luermisusiazgns quuﬁ”m‘llmﬁrﬁTy\iﬁy\ﬂ%ﬁqmuqﬁ



an o a_ & a o ¢ a a s
Anantans luladndasivaandniuanyeaiddungnialadlnuganilsa

ANAAINVINANLANURSSINTLAT

Table 1. Ingredients of five different Thai white pork sausage (Moo-yor) formulas produced in this study
Ingredients Composition (g) in formula
Standard 5% chicory 10% chicory 5% onion 10% onion

Pork 1000 1000 1000 1000 1000
Salt 12 12 12 12 12
Lard 400 400 400 400 400
Crushed ice 400 400 400 - -
Pepper 15 15 15 15 15
Granulated sugar 20 20 20 20 20
Garlic 30 30 30 30 30
Phosphate 6 6 6 6 6
Wheat flour 40 40 40 40 40
Frutafit’IQ - 102 214 - -
Onion extract (freeze and crushed) - - - 400* 400**

* total sugar content was equal to 96 gram

**total sugar content was equal to 192 gram

37 ‘ﬂ\‘iﬁ’]Lsﬂ@Lsﬂﬂ@ dlunan 24 %QI‘N\? ‘Vl’]ﬂ’]?LﬂLIWJ@EI’W\‘i NMTUIEHIRNAN DR

@WMW?L@HQLTEEL%%QIMGW 0 waz 24 LW’ﬂu‘LI@']uQuLﬂ]’ﬂ ﬁfmwmmmmw% mmfuﬁmmxﬁmm

wuAT BafaewnAia total plate count TINNFHLANWA LLﬂiﬂmummaﬁ (ANOVA) uazitlzauifiauaany

WUAN3Y Lactobacillus, E. coli waz S. Typhimurium
Uummﬂﬁ\i@jm MRS Ans EMB (eosin methylene
blue agar) kazgne SS (Salmonella-Shigella) agar
ANNANAL

daunnsmeansiass lERan1smagennis
nazfunaasnyresuuaialualéfoswmaiia fecal
slurry test (Wang and Gibson, 1993) Imﬂmml@q%’n‘x
ﬂﬂﬂ%ﬂiﬂﬁﬁqmﬂﬂwLL"ﬁQLLNﬂ?‘N’]m 3.5 nfu avlu
ansazanaaawmininasainudingu 0.1 M pH 7.0
1311ms 200 ﬁ@55mmmfwﬁmﬁfmmamgmslw,wim
gnalurfianns 10 nfu Unfiguugd 37 esaaaifes
LAUAURAeEN 980 0 uay 12 Falua et uan
dauuafidunsauaniniagsau £ colil  uazngs
Salmonella-Shigelia taawuA? Bauanmn l@nan1s1iy
UURIYMIT MRS agar  dauuuAiiide E. Coli uaz
WuANTENgN Salmonella-Shigella Az N1N191 1LY
21119 EMB agar Uaz SS agar AMNAIAL
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WANFANTEIANRABAIE Duncan’s new multiple range
test (DMRT) Ine T lsunsumneadid STATISTIX”

AANITNANRY

PBanasinalusasgig

HANNTALATI L BN AT ALAE
A AT IR LN uEAq
TUpN997 2 Feaziiudneainnna FOS nanisinann
ST AnE ARt e fuesfssneties
Uzl 41% (wiw) Sauriavenuanitiaafiazans
1% (soluble sugar) HuesAlsznaulszann 2.9%
(wiw fresh bulb) atinglsimutinanaannvisgesunasi
mmmim@qua@wmeimﬂm DP winfu 12.55
LAY 6.95 AMNANAL %mwﬁmiéﬂd%ﬂu{wmn@;u
Tedalnuapplse
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asddsznaviimauaznarasnnudaufiine
asddsznauinmalusaasine
a1nnMsAAIsesflsrnantinnial
FnenavagedTTindaemATiA TLC HANINAREINLAN
ﬁ”ﬁm@Lwiml,mmmzn@uiﬂﬁfamfﬁm@n@ﬁﬂm Wgn

Tna 1lasa Aalna dalna uaviimnaledinusaanlas

- a deu n e d o
anuasaiandsliauisnsrysiinls dedauin
Tuanawsansneiu wanaintfaradnunaslnauae
m"l:;‘rfﬂﬂum@Tﬂun@u’l,uﬁq@ﬂ’mm%i‘ﬂ?ﬁqa \iagann
ﬂmngl,mumm@mmmmu fauandlunind 1a uay
b (lane 2) AN 17 faugadliidiuandn sl
ANNEOUN 80 BIANTAITEE TEZIIANGNY 7] Ay
anozn i lunsndnuyaeily unuazlidinase
wmnavigninladlnugaanlas (nni 1a uaz b (lane
o Yy A o Ao a P
3-5)) atllann1studunan1sidsine N33 A9

vihaaaeires HPLC anisnaaeslfugadfannang
1‘7{ 3m@miwm@mwudﬁmwﬁqmﬂﬁmm’éﬂum
mm@mmunu 80 avATaLdaa 1waan 30 wf
Baunausinaauneiialifinsnlasuud el
WadAtyneana (P>0.05)

nsnARaLANANLANS lulafnurasyaaidsy
vgnialadlnudamilsn

MFIANNINN IR B ULAT e usazTfinadli
mmilﬁymﬁyﬂmm basal medium ﬁﬁmmmwmﬂ
umLLmavzﬁmu,mu_ﬁfm_lmwmmwmmmmvmw
FalTt 0 LAY 24 NANNSNAGBILEAAIFINTNT 2 ‘Emﬂ
‘INLI"J’WMZ;IJEIQVJ‘T’]@][5]‘3’&'1N’W‘iﬂﬂ‘iyﬁluﬂ’]imﬁ‘ﬂﬁjmnﬂL°]j'ﬂ
187 Tnaanie L. acidophilus, L. plantarum Wa¥

L. lactis Badplunupnize s lulamnilan Feindiey

Table 2. Total sugar, reducing sugar and degree of polymerization (DP) of Cichorium intybus L. and

Allium cepa L. sugar extract

Content £ SD

Samples
Total sugar Reducing sugar DP
Chicory (Cichorium intybus L.) 0.41+0.03* 0.03 £0.01* 12.55
Onion (Allium cepa L.) 29.59 + 1.00 ** 4.26 +0.24 ** 6.95

* g/g powder
**g/kg fresh bulb

Front

Glucose
Fructose
Sucrose

.
. s

1-kestose

Nystose

L - -
—m- - -
L L. -

Lane 2 | EUEEREE S &

Lane1
Lane 3
Lane 4
Lane §

Figure 1.

@)

Front

Glucose
Fructose

Sucrose

1-kestose

Nystose

Lane 2
Lane 3
Lane 4
Lane 5

-
@
=
3
-

TLC analysis of soluble sugars containing in Allium cepa L. (a) and Cichorium intybus L. (b)

Note: Lane 1 = standard sugars, Lane 2 = fresh samples, Lane 3 = heated for 10 min, Lane

4 = heated for 20 min and Lane 5 = heated for 30 min

G = glucose, F = fructose, S = sucrose, K = 1-kestose and N = nystose
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Table 3. Comparison of FOS content of Allium cepa L. and Cichorium intybus L. after heat treatment at
80 °C for 30 min

Sample Treatment Content + SD
Fructose Glucose Sucrose 1-kestose Nystose
Chicory * no heat 19.80 £0.14 3.00 £ 0.02 31.6+0.10 8.00 +0.08 114.4 £1.51
30 min heated 21.20 £0.00 3.80 £ 0.00 32.4+0.13 1.80£0.71 117.0 £2.36
Onion ** no heat 10.44 £ 0.15 11.20 £0.13 17.58 £ 1.76 19.31 £ 0.00 117.0 £0.83

30 min heated 10.31 £0.45 11.12+£0.13 20.44 £0.30 20.70 £ 0.00 124.0 £1.70
* The contents were presented as mg/g powder
**The contents were presented as g/kg fresh bulb

L. acidophilus TISTR1338 L. lactis TISTR14564

18.00

18.00
16.00 16.00 i - =
14.00 14.00
_ 1200 - 1200
o} -
E 1000 X E 10,00 .
= : Z 5 L
T g0 T 500
6.00 = 600
4.00 4.00
2,00 2.00
0.00 . 0.00
standard 5% chicory  10% chicory 5% onion 10% onion standard 5% chicory  10% chicory 5% onion 10% onion
L. plantarum TISTRS41 E. coli TISTRE8T
18.00 18.00
16.00 e . S £ | 16.00
14.00 14.00
. 12.00 . l200
£ 1000 I £ 1000
2 &
Y800 I w800
k- 5
6.00 6,00
4.00 4,00
2.00 200
0.00 g 0.00
standard 5% chicory 10% chicory 5% onion 10% onion standard 5% chicory  10% chicory 5% onion 10% onion
5. Typhimurium TISTR292
18.00
16.00
14.00
L 1200
E 1000
£
w BOD
[+
3
6.00
4.00
200
0.00
standard 5% chicory  10% chicory 5% onion 10% onion

Figure 2. Growth of individual tested bacteria in basal medium supplemented with different Thai white

pork sausage (Moo-yor) (s), viable cell count at 0 h (l) and 24 h (O)
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m_IL“ﬁ@ E. coli LL@y S. Typhimurium wu@m’]mimmw
mmqiﬁmmuﬁmmﬁnwmmaﬂmmwmemulummi
e Hwudn 1 Luﬂﬂmqqlumim:ﬁ;ummmﬂmL@ﬁfa
wanan Bl AnmEnasilAnunilacaes
ﬂiymﬂmﬁuﬁﬂumqLﬁummiﬁﬁmummdu
15ur wuAT F8nsAUARRN 138 £, coli Az naa
Salmonella-Shigella Tuszal in vitro Lu@@ﬂ’l,uzqma”w
AnadsunyeausazgnIadll Nan1ImMARBILARIA
A 3 %mudmuﬂmm@mmuﬁqQm”l,aim?‘mf’]m@

AINUMASNTANNIIONILHUNIFLABTYIBIULATFRNIA
WANANUAY E.
(P<0.05)
lusnizflidangu Samonella-Shigella uiinanuam

coli laag1eldadnAtynieai i
AendanIiziaeilunan 12 4olue

@bw,@“nﬁfaﬂlumm@mﬁL@?wsﬂﬁﬂgmﬂﬂﬁﬁ”ﬂmmmn
wasite waznanmasesiauladuetnannie
Linunisedgiiniusesdangu Samonela-
Shigella lugpmARE T Ny ERgATTR N ANAAN
UWAAINT NGRS

Standard 5% chicory
14.00 *‘ 14.00
12.00 ‘ 12.00
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i ‘ )
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> ‘ =]
5 | % 600 4
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Lactic acid bacteria  Escherichia coli Salmonella Lactic acid bacteria Escherichia coli Salmonella
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14.00 14.00
12.00 12.00
- 10.00 - 10.00
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_10.00
B
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g
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0.00 -+
Lactic acid bacteria  Escherichia coli Salmonella
Figure 3. Growth of total lactic acid bacteria (LAB), E. coli and Salmonella-Shigella group in human

gastrointestinal tract mixed cultures by fecal slurry test, viable cell count at 0 h (Il

284

)and 12 h (O)



an o a_ & a o ¢ a a s
Anantans lulasndasivaandniuanyeaiddungnialadlnuganilsa

ANAANVIUNANLANURSSINTLAT

3a150

mgﬂmﬂumamﬁmeﬁmmiﬁyuﬁmmmmﬂ
nrdueenaesmilaiazniamileredlne 1E5uanu
HenilnAtueeinandneaang ﬁafum@ﬁmmmmlﬁ
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Substitution of Wheat Flour with Pregelatinized Brown Rice Flour in Crispy Cracker
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Abstract: The effect of the substitution of wheat flour (WF) with pregelatinized brown rice flour (PRF) in the
production of crispy cracker at 0 (100% WF-control), 50, 60, 70 and 100% substitution was studied. In addition,
a mix of PRF:;job’s tears flour:glutinous rice flour (MIX) at 55:30:15 was also investigated. The samples were
analyzed for texture, color, sensory property, and chemical composition. Force required to break a product
tended to decrease with increasing amount of substitution (1193.3 g force to 561.5-827.0 g force) (P<0.05). At
50-70 % substitution, there were no differences (P>0.05) in brightness (L*, 54.83-56.81), redness (a*, 7.45-9.12)
and yellowness (b*, 31.12-33.60). MIX flour had higher (P<0.05) L* (61.39) as compared to the others. While a*
and b* at 100% substitution and MIX flour samples showed lower (P<0.05) values than the control. The sensory
result showed that the substitution at 70% tended to have higher liking score than the other in almost all sensory
aspects. However, its overall liking score of 5.8 showed no difference (P<0.05) from 100% substitution and MIX
flour formula. Overall 70 to 100% substitution and MIX flour were higher (P<0.05) in fat (11.60-12.15) but lower
(P<0.05) in protein (8.20-7.31) and crude fiber (0.49-0.83) than the control.

Keywords: Pregelatinized brown rice flour, wheat flour, substitution, crispy cracker
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usifiafieaneingiau Ae anaiuaisnagRuRd miug uluilenadfnyn (tortila) wazueudinalnanannsay
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= o v v % = a s
L‘LE‘EI'LI NEUNITUN LLﬂQiI’]’Jﬂ@@QWﬁ‘L’Q@’]E‘]VL‘L&"ﬁ
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FnA L a uaz b* InelLesesind Hunter Lab scale
414 Color Flex (4@ Hunter Lab, US.A)
inmsiileduia  Inevinuntlusiuey
niﬂuﬁlié’mmfmammwé’qmﬂdal‘m texture analyzer
{u TAXT2 (ii% Stable Micro Systems,
H#9m P/0.25S ANNNIEA2899TR 1 NadLNAIAWT

¥ |y .
foalunmausenanzg Ina A lFuanarusanagegn

England)

neUAANILANINIA-ZLSS (max force)
mMsaAsEasALlsEnaunaAN
ApesiBunaianNd Tlsfu Tugi Eale
LAZLEN ANNAFI84 AOAC (2000) Tmeldsinatinaii
AIINTOUIALTINGIAAAINNIINARDUNINLUTEAN
Al warAf8L9AILAN NN1T3ATIEY 341 Tae
NI & uN19AMNEN 130 £ 2 <C WK 4 F9Tu
gaunirAraunnBunmldsivas aunninesi
AnafuilesanntBunnldsiuaunslgannBFunn
Tulnsauianualuioatnegauiurunnnesasaua)
o a o/ a o o/ 1 dl v v a @
Auriaesdngauvan tnesaet1enlfuileanaiiu
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incomplete block design (BIBD)
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b 1 randomized complete block design (RCBD)
Tnginn1amaaes 3 41 wazdiayanunInneLlszam
AUTAABUNUNIINAABILLL balanced incomplete
block deS|gn (BIBD) LLE‘EIULVIF;IUM’]QJLLﬁmWN‘ﬂ'm
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#0m SPSS
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WAz 70 TR ANLANANNTUNNGED A (P>0.05) (A9
1) TnedAeelutos 54.83-56.81, 7.45-9.12 uay
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imzgansaiulin R linanieilmnuudaezds
guiglFannngn emamaumisaguiledinanfewiae
af lufsasay 70, 100 uazgasniniamaunusioauils

al o [ dl v o A
NANN AT max  force TuseAUNINALAENAW A 561.5,
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% 1% = a 61 o v v = v
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AMINNNLSERNANEH
NNsUsTiluA AN elsTandula
. 4 N e

NUIININALNBN NS esas 70 TS UAT LY
mmmu’luum ﬂm@ﬂwmvmmﬁmﬂmmw
fammmufauq Tt AL TE L RRE A § e
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Table 1. Color and textural parameters of crispy thin cracker from the substitution with pregelatinized brown

rice flour

WF PRF JF GF L* a* b* Max force (g force)
100 - - - 57.11+1.28"  6.69+0.09°  33.96 +0.26° 1193.3 + 86.40°
50 50 - - 56.81 +2.94" 7.45+1.86%  33.12 +0.90° 827.0 + 50.06°
40 60 - - 5483 +0.74° 9.12+0.79°  33.60+0.96° 695.1 + 81.75°
30 70 - - 55.05+2.01° 9.05+1.78°  33.49+1.09° 561.5+71.79°

- 100 - - 55.32+1.41°  3.90+0.58"  31.29+0.88° 631.4 + 14.47%°

- 55 30 15 61.39+1.76° 254+0.05  29.15+ 0.49 570.7 + 54.83%°

Remarks: WF= Wheat flour, PRF = Pregelatinized brown rice flour, JF = Job's tears flour, GF = Glutinous rice flour
Data are expressed as means + SD
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“*Means with the different letters in the same column were significantly different (P<0.05)
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agluszAuTauIAntias wsiilafian s AzuLY
A wgaulatmafidmmaunilussausing 1 Wudn
MsnaunuTitBIndetay 70, 100 uaznnslHu g
THAAMNUANANTUNINEDR  (P>0.05) ATLUY
Autaud e dudalng saudl panuduuE Y
AT 1 N I AR DT UANYN TngEAR Ut
A usenagFuAzILLA TR LINNNGN Hiesan
NARS TR Ausagel Anensiledu afuuuay
wianszdnannnda viad wudnliflannauensnqae
A UUUAIINTA L A UNAUIENI 1A RS U A AT
nounuiLanadasaz 50, 60, 70, 100 uazgasuils
NAN

asnlsznaumaall

NAAINN1IILATIERB9ALTZNaLNNAN T
’}Juﬁ\lﬂ\‘i’ﬂum"ﬂwﬂ’m@]ﬁli‘ﬂ‘)uﬂuLLZ\]Zﬁ’]@Ei’NﬁVLﬁ%/LI
AZLUBAINTEUIAYIINGIZAAINNITNAAD LN
Uszannduda 2e1sznandaanismaundenas 70,

100 wazuiugn wusn Bunasesazaaslisin T
p Y o o e v
wale wavidn 2eINARA TN NN ALNLTaE1A
faauildinanfeiiaans ludiianeelugag 7.31-8.29,
11.60-12.15, 0.30-0.83 w4z 3.31-3.34 ANAAL tng
TsPuuanitialauun KiNanaIm NUT NN INALNL
ANNIY AP NAULBNN TR T (P<0.05) wh
TifAnuwans et BunadwazA s U lamem e
wWrauguszndanInawnbesay 70 Auwilapan
NUIT HARA U980 HaIALsenauNnILANY
Tn&Asaru aniuBuiseonuTulazitiale @anis
Y - d oo A .
naunuiasar 70 aziifiuiureatalangendn
(13197 3) iatiBunaelaiuluaansneiaunlawsis
pRp o v v a a et A
AUNTAUNNNINALNBAILET E W aan 7 luddai Ain
aglutdasenay 11.60-12.15 HiFunladuminan
) N R < o, ! s
tortila chip NuARARAENMER T9dlAee lutadEas
a¥ 13.3-24.9 (Sanchez-Madrigal et al., 2014; Cedillo
Sebastian, 2005) et Funnlaudaulugnileglu

Table 2. Liking score of crispy thin cracker from the substitution with pregelatinized brown rice flour

Compoasition (%) Overall Overall
Appearance Color Overallflavor Crispness Overallliking

WF PRF JF GF taste texture
100 - - - 508+134  49%5+141° 4264137 436136 481153  421+£137°  450+125
50 50 - - 5862138 586118 5132120  520+13F° 550+112°  503:132  520+124°
0 © - - 573x111°  581+133 526+140° 518165  565+117  511+151° 528+13°
ORI (0 - - 588x112  5%+111°  58+1268° 5732123  600£097  555+124°  581+109
- 10 - - 5582139  560+146° 5551437 535+150° 5554163  540:147 5511347
- 5% D 15 571124 5762146 571x123° 5414126 583+139  550+133 570116

Remarks: WF= Wheat flour, PRF = Pregelatinized brown rice flour, JF = Job's tears flour, GF = Glutinous rice flour

Data are expressed as means + SD

““Means with the different letters in the same column were significantly different (P<0.05)

Table 3. Chemical composition (%) of crispy thin cracker from the substitution with pregelatinized brown

rice flour
WF PRF JF GF  Moisure Protein Fat Cudefber ~ Ash®  Carbohydrate™
100 - - - 660+059° 936+005 1029+ 055 158+033 321+006 68924065
3 70 - - 558+125 820+£036° 1160+ 152° 083+083° 331+009  7047+100
- 100 - - 698+103  731£008 1215+ 0270 049+0417° 334+009  69.71+049
- 5 30 15 708+088° 829+005° 1195+05° 030+024° 331+011  6883+125

Remarks: WF= Wheat flour, PRF = Pregelatinized brown rice flour, JF = Job's tears flour, GF = Glutinous rice flour

Data are expressed as means + SD

““Means with the different letters in the same column were significantly different (P<0.05)

“*Not significant difference (P>0.05)
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Extraction Combined with Encapsulation of 2-Acetyl-1-Pyrroline from Pandan Leaves

Using Gelatinized Rice Flour Under Autoclave Conditions for Coating Phichit Rice
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Abstract: This study investigated the extraction and encapsulation of aroma compound 2-Acetyl-1-Pyrroline
(2AP) from pandan (Pandanus amaryliifolius) leaves under autoclave conditions. Gelatinized rice flour was used
for encapsulation of 2AP extracts. The gelatinized rice flour encapsulating aroma compound (2AP) was further
used to coat on Phichit rice. The experiments were conducted at extraction and encapsulation temperatures of
90 °C (10 Psi), 100 °C (15 Psi) and 110 °C (20 Psi) and different extraction and encapsulation times of 30 min,
60 min and 120 min. The results showed that the optimal condition of extraction and encapsulation of 2AP from
pandan leaves at temperature of 90 °C (10 Psi) for 60 min gave the highest level of aroma compound (2AP)
encapsulated with gelatinized rice flour. The gelatinized rice flour containing the highest aroma level of 2AP was
coated on the Phichit rice. The Phichit rice coated with aroma compound 2AP was analyzed physical and
sensory properties. It was found that before cooking the Phichit rice coated with aroma compound 2AP had L*,
a b and hardness values of 68.97 + 1.11, -0.63 + 0.08, 9.34 + 0.65 and 24.42 + 7.58 kg,, respectively. After
cooking, the L*, a', b and hardness values of the Phichit rice coated with aroma compound 2AP were 63.90 +
1.36, -1.15 + 0.08, 3.27 + 0.24 and 2.99 + 1.02 kg, respectively. In addition, the results of sensory evolution
found that the average colour and overall liking scores of the Phichit rice with coating of aroma compound 2AP
before cooking were lower than those of the Phichit rice without coating of aroma compound 2AP (P<0.05).
However, the flavor score of the Phichit rice with and without coating of aroma compound 2AP was not
significantly different (P<0.05). After cooking, the average colour, flavor, texture and overall liking scores of the

Phichit rice with and without coating of aroma compound 2AP were not significantly different (P<0.05).

Keywords: Aroma compound 2-Acetyl-1-Pyrroline (2AP), pandan leaves, gelatinized rice flour, autoclave, encapsulation
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Table 1. Export quantity and value of Hom Mali rice and other rice, 2011-2014

Unit: ton
Types of rice 2011 2012 2013 2014 %2014/ Ratio in the
2013 year 2014
White rice 4,620,551.3 2,460,020.0 2,666,901.0 5,341,898.1 100.3 48.7
Parboiled rice 3,227,038.6 2,049,924.4 1,651,000.2 3,262,608.9 97.6 29.7
Hom Mali rice 2,358,958.5 1,912,657.0 1,915,256.4 1,869,672.9 2.4 17.0
Glutinous rice 287,660.2 226,196.6 326,833.54 334,083.7 2.2 31
Pathumthani fragrant rice 212,020.4 85,628.9 51,684.15 161,071.4 211.6
Total (tons) 10,706,229.1 6,734,426.9 6,611,708.3 10,969,335.0 65.9 100
Value (million Baht) 196,117.0 142,976.2 133,841.9 174,853.4 30.6
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(Yahya et al., 2010; Ngadi and Yahya, 2014) luimg
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ANAANIVAN 2AP LU supercritical extraction fogl
ansansuaulaeantas (Yahya et al, 2010; Ngadi and
2014)
extraction) (Ngadi and Yahya, 2014) s ansues

Yahya, AR AR UTBNITLAR (soxhlet
2AP w@nmvl,m wRAtRININMIAnLL (encapsulaﬂon)
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%Qﬁﬂﬂﬂ@ﬁﬂﬁmﬁ‘% [y spray drying, extrusion,
fluidised bed coating, liposome entrapment WAL
coacervation (Madene et al., 2006; Wilson and Shah,

2007; Dubey et al.,, 2009) a1svAdaLd M lunnsinifiu
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Figure 1. The peak area of 2AP represented as 2AP levels of fragrance of the Phichit rice coated with

aroma compound 2AP obtained from extraction combined with encapsulation of 2AP from

pandan leaves using gelatinized rice flour under autoclave conditions (different letters on top

of bar graph are significantly different (P<0.05)
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Figure 2.

Cross sectional SEM images of the Phichit rice (without coating of aroma compound 2AP) at

a magnitude of (a) 50 (b) 3,000 (c) 1,000 (d) 5,000 times
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encapsulating aroma compound 2AP obtained from extraction combined with encapsulation of

2AP from pandan leaves under autoclave condition at 90 °C and 60 min at a magnitude of (a)
50 (b) 3,000 (c) 1,000 (d) 5,000 times

Sc CMU

.,’g EMR Ec. CMU
<A

Figure 4. Cross sectional SEM images of the Phichit rice coated with the gelatinized rice flour

encapsulating aroma compound 2AP obtained from extraction combined with encapsulation of
2AP from pandan leaves under autoclave condition at 100 °C and 60 min at a magnitude of
(a) 50 (b) 3,000 (c) 1,000 (d) 5,000 times
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Figure 5. Cross sectional SEM images of the Phlchlt rice coated with the gelatinized rice flour

encapsulating aroma compound 2AP obtained from extraction combined with encapsulation of

2AP from pandan leaves under autoclave condition at 110 °C and 60 min at a magnitude of
(a) 50 (b) 3,000 (c) 1,000 (d) 5,000 times
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Phichit rice without
coating of aroma
compound 2 AP

90 °C 60 min

Figure 6. Samples of the Phichit rice (a) without coating of aroma compound 2AP (b) with coating of

aroma compound 2AP obtained from extraction combined with encapsulation of 2AP from

pandan leaves using gelatinized rice flour under autoclave condition at 90 °C and 60 min

(before cooking)

Phichit rice without
coating of aroma
compound 2 AP

Figure 7.

90 °C 60 min

Samples of the Phichit rice (a) without coating of aroma compound 2AP (b) with coating of

aroma compound 2AP obtained from extraction combined with encapsulation of 2AP from

pandan leaves using gelatinized rice flour under autoclave condition at 90 °C and 60 min

(after cooking)
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Table 2. Sensory evaluation of the Phichit rice with and without coating of aroma compound 2AP
obtained from extraction combined with encapsulation of 2AP from pandan leaves using

gelatinized rice flour under autoclave condition at 90 °C and 60 min (before and after cooking)

Before cooking After cooking
Types of rice
Color Flavor Over liking Color Flavor Texture Over liking
Phichit rice with coating of o . R . . . .
551+158 5656+135 580+130 6.37+£120° 6.12+1.36 570+1.27 590+0.98
aroma compound 2AP
Phichit rice without
coating of aroma 6.80+1.39° 560+135 672+124" 685+1.30" 585+1.39" 558+1.67 6.30=1.40°

compound 2AP

Different letters in the same column denote significantly difference at P<0.05
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