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Resistant Induction of Phytophthora Root Rot in Strawberry
Tissue Culture Plantlets Using Endophytic Actinomycetes

205 Iwsean” uas 1n9du AsAnAINa”

Apaporn Potiyot" and Kaewalin Kunasakdakul”

Abstract: : Ninety-seven isolates of endophytic actinomycetes isolated from Rosaceae and herbal plants were
used to evaluate their inhibitory effects on growth of Phytophthora cactorum root rot pathogen of strawberry var.
329 (Yeal). Percent inhibitions of the radial growth (PIRG) of the strawberry root rot fungi were measured after
dual culture method was done compared to control treatment. Five isolates of endophytic actinomycetes;
DUC2, CINv1, FRA19, CINc1 and POL2, were selected since there were non-significant in inhibitory levels of the
PIRG at 95.51, 94.38, 93.43, 89.89 and 88.96, respectively. Strawberry tissue culture plantlets were further
proved for colonization by these five endophytic actinomycetes using re-isolation method. The results found that
all isolates successfully colonized in plant tissue particularly isolate DUC2 showed the highest colonization with
the highest re-isolation percentages at 96. Furthermore, the colonized strawberry tissue culture plantlets were
proved for their root rot resistant induction after the pathogen oospores were inoculated onto the plants. The
disease severity data revealed that, in vitro plantlets colonized with the isolate CINv1 and FRA19 were the best
trials to induce root rot resistance. There were non-significant disease severity levels determined at 2.20 and

2.50, respectively compared to the level at 3.90 of the uncolonized control trial.

Keywords: Endophytic actinomycetes, strawberry tissue culture, Phytophthora root rot, biological control
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Figure 1 Root rot symptoms of strawberry seedling (A) and morphological characteristics of the pathogen

isolated from the infected plant, Phytophthora cactorum; rose petal-liked colony with finely

cottony mycelial growth on PDA for 5 days (B), sporangium (Sg) (40x) (C) and oospore (Oo)

(40x) (D)
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Control

Figure 2 Inhibition effects of the selected isolates of endophytic actinomycete on mycelial growth of

Phytophthora cactorum testing with dual culture method on ISP-2 medium for 5 days

A

B

Figure 3 Malformation growth of Phytophthora cactorum mycelia which was dual cultured with the isolate

CINv1 after determining under light microscope (40x), distorted, branched and swollen mycelia

(A, arrows) were observed comparing the normal growth (B, arrow) of the untreated control
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Figure 4 Re-isolated percentages of endophytic actinomycete isolates from plant parts of the inoculated

strawberry tissue culture plantlets in various incubation periods at 7, 14 and 21 days compared

to uninoculated control

Table 1 Percentages of root rot disease severities in strawberry tissue culture plantlets that were
colonized by endophytic actinomycete 5 isolates for 30 day prior to inoculated with the pathogen,
Phytophthora cactorum for 14 days, compared to the uncolonized control

. ) ] Disease severity
Treatments Level of disease severity / number of plantlets (%) (Avg)2
0 2 3 4
Control 0 0 0 10 90 3.90%°
CINc1 0 5 25 50 20 2.90%
CINv1 0 20 50 20 10 2.20°
DUC2 0 5 0 70 25 3.15°
FRA19 0 10 45 30 15 2.50%
POL2 0 0 35 50 15 2.80”
LSD, os 0.48
%CV 12.59

! Percentage of plantlets for each treatment (total 20 plantlets/treatment)

: Average from 4 replications for each treatment (5 plantlets/replication)

® Values with different letters within a column were significantly (p<0.05) different according to the Least-significant difference (LSD)
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Control CINvi1

" FRA19

POL2

CINc1 DUC2

Figure 5 Root rot resistance of strawberry tissue culture plantlets which were induced by the colonization

of the selected endophytic actinomycetes (5 isolates) for 30 days prior to inoculate with

Phytophthora cactorum for 14 days compared to the uncolonized control
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Infestation of Coffee Berry Borer and Controlling Efficiency

of Attractants

DYAT USUWIRTWUS Uas tenaansal aunsue’

Anut Buranapanichpan” and Yaowaluk Chanbangw

Abstract: The objectives of this study were to investigate the infestation of coffee berry borer (CBB),
Hypothenemus hampei (Ferrari), and determined the efficiency of attractants for controlling CBB in coffee
plantations. The study was done in arabica coffee plantations in Thep Sadet subdistrict, Doi Saket district,
Chiang Mai province. The coffee cherry damage caused by CBB was investigated and counted from the coffee
trees. The result showed that damaged cherries on the lower branches had more percentage than those on the
upper branches (1.50 m above ground) of a coffee tree. Percentage of damaged coffee cherry from 6
branches per tree did not differ from the damaged coffee cherry calculating the whole tree, which were 12.30
+12.47 and 12.06 £10.08% respectively. Therefore, this sampling method can be used for estimating the coffee
cherry damage. The efficiency of CBB attractants was evaluated based on traps and attractants set in the
coffee plantations from August to December 2012. The result revealed that the number of CBB caught from the
traps in August and September was less significant (P<0.05) than in November and December. All attractant
formulas were no statistical difference in term of the number of CBB caught. The highest number of CBB was
caught in December. The mixture of ethanol and methanol in 1:1 ratio was tended to be the best attractant to
lure CBB.

Keywords: Hypothenemus hampei, coffee berry borer, attractant, arabica coffee
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Figure 1 Coffee berry borer (CBB) under stereo microscope (a), hole at the bottom of damaged coffee

cherry (b) and inside of damaged coffee

cherry (c)

Table 1 Coffee cherry damage caused by coffee berry borers randomly taken from 3 upper branches

and 3 lower branches of arabica coffee tree in the plantation site 1 and 2 of Thep Sadet

subdistrict, Doi Saket district, Chiang Mai province

Coffee cherry damage per tree” (%) +SD

Coffee plantation site 1

Coffee plantation site 2

Month
Lower Upper Average Lower Upper Average
branches branches branches branches
July 944 £12.96°  246+4.81°  59547.04 N/D” N/D N/D
September  6.80 +8.40° 3.42 +4.97° 5124625  448+466°  4.07+4.44°  428+3.92
December 162942053  9.65+10.90° 123041247 6.78+6.91° 6.94+7.43°  6.86 5.55

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

” No data
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Table 2 Assessment of coffee berry damage caused by coffee berry borer between the random

sampling from 6 branches (3 lower branches and 3 upper branches) and total count of coffee

cherry from the whole tree

Coffee cherry damage' (%) +SD

Coffee plantation site 1

Coffee plantation site 2

Collected from 6 Total count of coffee Collected from 6 Total count of coffee
branches cherry branches cherry
12.30 £12.47™ 12.06 £10.08"™ 6.86 +5.55™ 6.60 +4.85™

"™ Not significant
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CBB trap contained a
small CBB attractant
bottle

Propylene glycol mixed
with water (1:3) at the
bottom of trap

Figure 2 Coffee berry borer (CBB) trap made from a 1.5 L drinking water bottle placed upside down and

contained a small bottle of CBB attractant (a) and insects were caught in the liquid at the
bottom of the trap (b) and CBB from the trap (c)

Table 3 Number of coffee berry borer (CBB) caught in the trap contained various formulas of the CBB

attractants in arabica coffee plantation area of Thep Sadet subdistrict, Doi Saket district, Chiang

Mai province
Number of CBB caught per trap”tSD in various formulas of attractant
Month Methanol : Ethanol Water : Methanol : Methanol : Ethanol
(1:1) Ethanol (2:1:1) (3:1)
August 0.78 +1.09% 0.38 +0.74° 0.2 +0.42°
September N/D” N/D N/D
October 411 +4.17° 12.63 £12.35° 5.75 +6.27"°
November 53.89 +54.62™ 120.89 +187.05" 132.44 £111.92°
December 210.33 +459.79° 156.60 +202.57° 95.11 +88.39°
Min - Max 7-3,802 3-1,566 2-1,192

" Means within the same row and column followed by the same letters are not significantly different at the 0.05 level by LSD

test.

* No data
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Survey of Insect Pests of Arabica Coffee and Their Natural

Enemies in Chiang Mai and Chiang Rai Provinces

Yazasses gnsLseius” waz tenaansal Auniue”

Piyawan Suttiprapanw and Yaowaluk Chanbang”

Abstract: Survey of insect pest species of arabica coffee and their natural enemies in Chiang Mai and Chiang
Rai provinces were done from March 2011 to February 2012. Applied multiple funnel traps with CMU-C1 lure,
pitfall traps, and visual observation were conducted in this study. The results revealed that the coffee plants
were attacked mainly by coffee berry borers, Hypothenemus hampei (Ferrari) (Coleoptera: Scolytidae), coffee
white stem borers, Xylotrechus quadripes Chevrolat (Coleoptera: Cerambycidae), coffee green scales, Coccus
viridis (Green) (Hemiptera: Coccidae) and aphids, Toxoptera sp. (Hemiptera: Aphididae). In addition, some
natural enemies were collected and observed e.g. Chilocorus sp. (Coleoptera: Coccinellidae), Pristaulacus sp.
(Hymenoptera: Aulacidae), Diastephanus sp. (Hymenoptera: Stephanidae) and some ichneumonids. The
obtained information can be used as a tool for coffee insect pest management planning and also will be

important data for biological control research in the future.

Keywords: Coffee insect pest, natural enemy, arabica coffee
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Table 1 Total amount of insects collected by applied multiple funnel traps with CMU-C1 lure (CMU-C1)
and pitfall traps (PT) in arabica coffee plantations in Ban Pang Hai, Doi Saket district, Chiang
Mai province and Ban Doi Chang, Mae Suai district, Chiang Rai province, Thailand, during
March 2011-February 2012

Number of individual ~ Number of individual

Order Family
CMU-C1 CMU-C1
Orthopera Acrididae 31 2
Gryllacrididae 73 0
Gryllidae 30 12
Tetrigidae 7 0
Tettigoniidae 3 0
Blattodea Blattellidae 482 0
Hemiptera Aphididae 2 0
Alydidae 1 0
Cercopidae 16 0
Cicadellidae 5 0
Cicadidae 3 0
Coreidae 1 0
Cydnidae 8 26
Flatidae 1 0
Fulgoridae 10 0
Lygaeidae 81 0
Membracidae 3 0
Miridae 2 0
Pentatomidae 4 0
Pyrrhocoridae 10 0
Reduviidae 2 18
Scutelleridae 1 0
Coleoptera Alleculidae 4 0
Anthribidae 1499 0
Bostrichidae 88 0
Bruchidae 1 0
Cantharidae 2 0
Carabidae 10 26
Cerambycidae 78 1
Chrysomelidae 65 0
Cleridae 28 0
Coccinellidae 68 0
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Table 1 (continued)

Number of individual ~ Number of individual

Order Family
CMU-C1 CMU-C1
Curculionidae 174 0
Elateridae 18 0
Endomychidae 30 0
Lampyridae 2 2
Meloidae 0
Mordellidae 1 0
Nitidulidae 277 0
Phalacridae 82 0
Scarabaeidae 242 4
Scolytidae 6279 0
Silphidae 4 0
Staphylinidae 99 5
Neuroptera Chrysopidae 2 0
Hemerobiidae 8 0
Myrmeleontidae 2 0
Hymenoptera Apidae 2 0
Aulacidae 2 0
Braconidae 8 0
Chalcididae 3 0
Evaniidae 1 0
Formicidae 240 115
Halictidae 1 0
Ichneumonidae 15 0
Mutillidae 1
Pompilidae 0
Vespidae 76 0
unknown 1 0
Lepidoptera Suborder Rhopalocera 0
Suborder Heterocera 144 33
Diptera Asilidae 0
Calliphoridae 65 0
Neriidae 5 0
Sarcophagidae 97 0
Syrphidae 14 0
Tabanidae 3 0
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Table 1 (continued)

Number of individual ~ Number of individual

Order Family
CMU-C1 CMU-C1

Tachinidae 3 0

Tephritidae 20 0
Dermaptera 0 7
Mantodea 3 0
Mecoptera 3 0
Isopera 12 0
Psocoptera 19 0
Thysanoptera 4 0

Total 10,601 397
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Figure 1 The ratio of amount of insect pests and their natural enemies collected by applied multiple

funnel traps with CMU-C1 lure in arabica coffee plantations in Ban Pang Hai, Doi Saket district,

Chiang Mai province and Ban Doi Chang, Mae Suai district, Chiang Rai province, Thailand,
during March 2011-February 2012
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Figure 2 Seasonal abundance of coffee berry borer, Hypothenemus hampei (Ferrari) collected by applied

multiple funnel traps with CMU-C1 lure in arabica coffee plantations in Ban Pang Hai, Doi Saket

district, Chiang Mai province and Ban Doi Chang, Mae Suai district, Chiang Rai province,
Thailand, during March 2011-February 2012
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(2007) MAeeul8iduiu wazunud aunanesiinlu
249A Ichneumonidae ﬁﬁlmmﬂﬁmﬁmmmumm
Visitpanich (1994) Lay 9188 U489 Venkatesha and
Dinesh (2012) AL WALLE 8129A Ichneumonidae
sviaundienmanesiinlind Braconidae d1visy
WAL Pristaulacus  sp. AL lunnsAnenasad
Visitpanich (1994) iagisenudnfisz@naninlunng
Weunnatauueuiarzanfiuniwnlinan 18.1-35.0
wlosiFud luiuiitiunesdranounwd svaiail
unndnluiitiauela Wesannluiuiitinunes
Franuinisdinrinatgreanueianza fAuniuwn
1NN

atinelafnulunisAnenaseilaianunsa
uUN LLumﬁmgﬁﬁumﬁmmmmmzmmuﬂmn?ﬁ
ansidl LLumﬁmgﬁﬁmﬁmmmmm:mmLLW‘ﬁ'ﬁ
mmmluﬁmﬂizmﬂﬁzﬁwﬁry%lm umidlen Prorops
nasuta (Waterston) wdsvtating Bl luid
Ugnnunlutlszimaunvugnina (Damon, 2000; Vega
et al., 2009) Jaramillo et al. (2005) was Vega et al.
(2009) 18U WA B P. nasuta 13ENnnL 97
Lﬂmrl,e“ﬁum“lﬁmmnmmwLLWﬁéq\ﬂmuuﬁyﬁuﬂu%w@
z\’i’]ﬁrﬁwud’m’mﬁuﬁﬁm’mmmmm@éqﬂﬁﬁum@
Humsiranaumdouion lunsdnmafailiase
TflERnnafiusetinsansean ey sl 1Ean
fawﬁmeﬁmgﬁiaumﬁﬁL%ﬁwmw@mm:mmm
finnl#du Fsazlinnnsineselulueuean Lazain
Ansdan Al SemLu AL U AN aLEL
AR LAY wsilainumdnguniadu
ﬁqﬁ”w'aqum@ﬂm,w’nmum”lumuﬂﬁ?qﬁ”LLumﬁvmg
ﬁ?fmmﬁﬂﬁmﬁluﬁﬂummﬁmﬁwﬂuﬁum“ﬂvlﬁLm' 51’1\‘1
fiunszan mmu LuAIanTiy B eunaamani
‘wqmmmLﬂumf;mﬂuLmeumuLﬂummi
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ﬁﬁummuﬁyuﬁﬂqﬂmLLWmmﬁf’ﬁﬂuﬁwﬁmﬁﬂﬂm
uazFsaseanuuasidinvinatens lu sesseuuas
afunun 1w vearzaaniul uueawaza i
nu INAEMBEAEED WAKINALEEU WATNLILLAIAR]
srsuAThiulsrlagduaneafine i doquan
Chilocorus sp. unidend Pristaulacus sp. unden
sp.  uazuawdeauunerinluaed
Ichneumonidae %Q?ﬂﬂg@“ﬁﬁmmﬁaLLﬁJmﬁmgLL@:
meﬁLﬂuﬂax‘imﬂuuﬂmmLLWLﬂwﬁmﬂaﬁyuimlu

Diastephanus

£ o o o 1 o adal Adl v 1 a
N394 U5 e UANR ATNA LA TN TR U FasiNeT
1se@ansnwsaldluaunes

nnRAngsNUsznIA

NuAdsRlFFuuatiuayuaInug AL
TasenisddezBuuuuyai dszinninddagulug
syant] 2554 AnuzinemsAans inanenasdealug

LANAITANNDY

AFads 29N UM 3T6 SRS uaz 81N n Sz,
2535.
Hypothenemus hampei Ferrari. mimiﬁg
LLE\\xﬁm’%wm 14(4): 224-228.

a

R3811 AANBWT. 2540 unasAngniunenadfinuu

= = a
NNIANEITIUTZIFURINEAN TN

a

Ngeueslszmalng uaziuamnalunstlasiu
ANNTANA, el 41

o o o

NN4R. an. aNAN
wid.

72 Inedwin 332107 wevined 1A Buudin asnad
Yoynn uae Usziasg Aneeu. 2543, 19
An9atfiunaudngialuscuunistgnniun
nateuAskarnelATNNN. 9198719N AT
16(1): 65-77.

eup)aedl fnq‘vfér 18R NeduuE  lansnl Auni-
U9 s Yoyun Usuid3y Aneen U3
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Tneduiin asni® Mgoed way 0199 41294,
2551, nsAnENTsITLnaLazileaiunian
NAARIZNANIUN 1IN T ATMLLHANNAU.
PN RTUANY I A1TinauERIN
AnenAgniuazinalulaguiend wrsedne
mMAwile, @eelua. 40 wii

ENANHE AUNTUN B8R NAANNUST LAy aNR
ATE99A. 2552N. NIAANINBALANZHAN U
Tununens DA LD DR aN A u U T
meawile. Menuddatiuanysad szant]
2552. yjatis tasannsuany, el 22 wil

WWNIANHOS AUNTLN 1986 NAANRLS ANTR Asgaad
waz UNSM LaeATAUNT. 2553. n17an
FunniuaalIzHanIuWAeiuAL Multiple
Funnel uazansae “Gidue 390" wiln 466-
472. Tu:
HANUIAE ARy ATETATINIMAN Uszant]
25652 MAtEuAsTRLNATgamAmiaTes

$1891UNNTTE N TN g

Uszinalng esluleniansusey 40 T
1alElATaNIIMANe. 7-9 Nn31AN 2553. 139
wsnALBNINGE, el
waaneal Auniung ouged mq‘vfﬁr TIAA NB-
Auiug a9 yoyan Uszidig Aneeu 13
Tnedin aunid Mg09d 0199 4019 uay
WILYINT NaINNAE. 25529, N9 lEnuan
Multiple funnel faufuansaalin1Idn99a
NAALANZHANTIUN. 219819INUNANARTINEAT
40(3)(Wiet): 268-271.
Audanfiasdnginiamile. 2553, Qmuqﬁma‘ﬂ Q.
dealud. (sruveaula). unasdieya:
http://Awww.cmmet.tmd.go.th
(13 fiueNeu 2553).
AN LA LLAT RN INERTAT 6. 2553. (szuu

paulad). wuunasdaoya:

/index1.php.

http://www.ndoae.doae.go.th/Data_plant/cof
fice 2010.htm (13 fiugNeu 2553).
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n1sA9UANLS Suidasia pontifica Oudemans luanushn

TagldWasuianlansaununsalngiiain

Control of Suidasia pontifica Oudemans Mites in Chicken Feed

Using Formaldehyde Incorporated with Propionic Acid

[ 4 o1/ o o as 14 1/ a o o1/ o a o o o)
RATINTY 1)OUTNA - LENIANHU AUNTLIN laa ys‘mww%wug Has 2INT BUNTAIY

Chattraporn Kunawong”, Yaowaluk Chanbang”, Sawai Buranapanichpanm and Ammormn InsungZ/

Abstract: Formaldehyde and propionic acid are additives that are often used to control bacteria (e.g.
Salmonella) and moulds in animal feed. In a series of experiments, the effectiveness of formaldehyde
incorporated with propionic acid in controlling the mite Suidasia pontifica (Oudemans mite) was investigated.
Three hundred S. pontifica mite were exposed to those chemicals mixed with chicken feed for 1 and 4 weeks.
Number of mite in chicken feed (untreated control) was 1,022.00 +388.49 and 2,924.00 +1,104.05 individuals
per 200 g of chicken feed after 1 and 4 weeks, respectively. The result showed that chicken feed mixed with
formaldehyde incorporated with propionic acid at the 0.068:0.016% was able to reduce number of mites to
416.0 £74.48 and 388.0 +46.42 individuals per 200 g of chicken feed, respectively. In experiment 2, prevention
of re-infestation of S. pontifica mite on chicken feed was studied. S. pontifica mite was able to re-infest in
untreated chicken feed (26.00 +38.27 individuals) at week 4 meanwhile, S. pontifica was found in chicken feed
mixed with formaldehyde incorporated with propionic acid at the 0.068:0.016% (92.00 +31.58 individuals) and
0.136:0.032% (18.00 +17.74 individuals) on week 7. In a final experiment, chicken feed mixed with the various
ratios of formaldehyde incorporated with propionic acid was flushed through a PVC pipe which had been
artificially contaminated with S. pontifica. The result showed that the number of mites recovered from chicken
feed treated with formaldehyde incorporated with propionic acid at 0.034:0.008, 0.068:0.016 or 0.136:0.032%
(w/w) and flushed through the contaminated pipe line was 592.00 +54.56, 150 +59.28, and 12.00 +24.00/200g,
respectively. All these treatments gave significantly lower (P<0.05) mite counts compared to flushing the pipe
with untreated feed where 2,590 +855.35 mites/200g were found.

Keywords: Formaldehyde, propionic acid, chicken feed, storage mite, Suidasia pontifica Oudemans
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aa o

UNAnga: ‘V\Ifﬂ§mamaﬁummm‘ﬂwﬁ‘iﬂﬁnLﬂummwmuﬂzﬁmummizﬁ"mﬁﬁ@ﬁﬁmauﬁﬁ‘Emm@wnzﬂﬂw
54 Salmonella sp. Tl lunsmesaunisasunuls Suidasia pontifica Oudemans R ngluleq iufinlu
ewnsld  Tunsnaaedd 1 thenvnslinsamesnailafiausunsainsfileingmsn 0.017:0.004; 0.034:0.008;
0.068:0.016 Az 0.136:0.032 ilafifusf Ineniwiin udsannthulaeslls S. pontifica IHANTANLA1MNIAW 300
f1 sieawnald 200 ¥ wudn ugepauals S. pontifica anansoiindtuawlE 1,022.00 38849 6 uag
2,924.00 +1,104.05 Fa muaau vasdaealaduna 1 uaz 4 e muatsu evnslinaunasunan las
soufunsatnsfilefinflsyAunnudinde 0.068:0.016 wefifuslneniviin Huainliiaiuanlsanaamie 416,00
+£74.48 5 ua 388.00 +46.42 fn Aaanunsli 200 niu AuANEL Tunisnaaeii 2 mstleaiuls S. pontifica N
MNane (re-infestation) mmﬂﬂwmmmslmmam”l,ammmumm‘ﬂmwiﬂuﬂ wudnlugeauanEladiminanaa sl
TudaiT 4 fauauieds 2600 +31.58 62 dauemnslinaneiunan ladsaniunsainsiledin §as
0.068:0.016 ua 0.136:0.032 wesifus wulsdiwinane ludlawidl 7 FBunnls 92.00 £38.27 uay 18.00 +17.74
52 uAndy Sravinlfinnsdinvinanedieslsinas uazlunmeaaesd 3 lEthenmslinaumesunasladiouiy
nanlnsiiladin IunﬂaﬁﬁmmmzmmvimiwLEmmmiﬁmmﬁﬂ?zﬂqﬂ[?Tmiﬂw,ﬁ@u%ﬂ,imrwi@ PVC w71 asnnd
13S. pontifica Wn3saAan Enesunaaladiniunsainsilefinuausuawnslisnm 0.034:0.008 wlefifus
(592.00 +54.65 617), 0.068:0.016 Lafidue (150.00 +59.28 Fn) LAz 0.136:0.032 Llafifius (12.00 24.00 i)
LLmﬂﬁh\imn%ﬁﬂwﬂ@ﬂuwﬂéﬂLﬁmsluﬂ;mmumqm (2,590.00 +855.35 £12) eI UHAATYUNNADH

AdAty: Wafunanlas naalwadilatin e wnsld lslulaafiu Suidasia pontifica Oudemans

AU nezienuaziNans NG |s Lardoglyphus  konoi
(Sasa and Asanuma) WU TURARA T 8NN
ladanlngyRfimnudnAysienisiiunanan wite 1w daniinue danudis 4 uanainiils
Tulsaivazat i duAstias Acaridida Ineaniveting  Suidasia  pontifica Oudemans  WuszLNAANE W
Bl nad (family) Acaridae #alslunad® snulsfivin 19399148138 ATULAZANA DU AN TNZLARIN LA
puidenelifunananlulsafunaniiga Tag AuGemeiifisiuanletanudenii
aansaiaBunnuezaeneiufFedamadadlel  wie b lUfuduile  seande nliwds
anuanesfivinzas ledmglaady weasmun uar  qoydsranusen sendauazamuaedlsfianduerlu
sy (2553) senudnladmglaafivludssmelng wy Wil lAmiNe M?@?ﬁm@quuj AeldiAAnaumTuTu
Isviaan 38 10ia 12 aof Thilsdmglulsafiuuazadone anansminliiainald venanniflsanansnidlusauns
MNINEAIINIGEY 23 a4 e lHun AeruariuaiFe feasruFemeliiunanand]
Eriophyidae 1 4%m 29 Acaridae 15 aflm  udnen lulsaiudflusiuauunn ﬂ’]i‘L‘]J’WHZQ’]EJ‘ﬂEI’N
Histiostomidae 1 11in waza9d Glycyphagidae 6 i PIENC LRI m‘lﬁmmuuummmwnmeﬁ@uﬂuuuwu
daufiviedn 13 27n 8 2w dulsdngosensi Toe 2eslsadiy aztlasnaupdnenauuznseenunaiy
wunlsdnglulsafuaiaidpaudndnyliud Acero  den3anlsaiaildn Lemon-scented mite
tulipae (Keifer) Wi_lsl,uﬁ/'mfauLLﬂzﬂizLﬁﬂNﬁ?ﬂuﬁmWﬁ (Department of Agriculture, Fisheries and Forestry,
meﬁﬁﬂﬂ’]iﬁmﬁ'm 13 Tyrophagus communis 2010)
Fan&Zhang Tyrophagus javensis (Oudemans) Islulsaiuviselsfingy  Suidasia pontifica
Tyrophagus ~ robertsonae  Lynch  wulwifanan Lﬂuvl,ﬁ‘ﬁ/ﬁlg‘ﬂﬁ‘xLﬁﬂNﬁIWUNﬁﬂsluﬂi:mﬂiﬂ/]?;l wu'ldlu
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n1sAuAxls Suidasia pontifica Oudemans luanmstn
TneldWasunanlansqununsalnsiilaiin

2WIART LWAANIUAZIU Uauiie thaasan a1uIg
(@A MUERT uazanae lerRiniaRty Andauly
sulldraudingeng Haan0 visarsu Raesansolsa
wanifluges <) AdaglaadEeesiani 1saTintidin
mmw@m@mwmu‘Lu‘lZNmmummmmmwwm
UTNIUUAZA NN pannawilunIvzinges i
NMae lUNaRA AN TN ERILAL UK RS LTI a1 NI
TUARN ] AFulisenailng PlFRAusuRTe
wrg1i3tnald (fmﬁ’ﬁﬂﬁr WAZANS, 2555) uaNANTIEs
wudﬂﬂﬁmﬁmmmL@?@Lﬁuimlwﬂmmmmﬁ AU
Tineenstanylidndas (Ho and Wu, 2002)
fununnInaneaIsdesiAnl4a1eta 50-80
wesidusf duwelinnsdedndandufesdeingay
fuanensdnduiuls Tnsannzludaidngaud

d“' =3 Y @ 3 4 o &
AEN danaiuBidunaiiuy anann e sdn

Aaaulddaends ananni1sduieuaedana
a A e P P Py g A
qauyiaedsing o 1un nstuidlendes weuuadise

del A % = al 1
BAZNNTUWT A UUTAANANUBIENTRATIAN 111 &NT
ANAUNAY WAZAINSAABINTEY ] B NULNAS
warlsdpgnananlulsafiudniuaimnmuilanvinliug

a a e g \ P g
NARHN1TUL U DT LAZAINA AN NT WD

o

TanAuinainnnIuls (Rees, 1995) tTaqiiuanmng

AnRunumanAtysanias oA Lln LasHANAATEY

o

fmsfusneewsdndia dudadou delfiewns
dnsiuiiannmuabiudleuuddienaidufimie
ananalinudunmesadnd NenueNANINGINIS
dndonanilinanedd i nngvinliianmsuiia nastin
avnadnsllutuds waznadusnen 18 luiiienugd
fin dounsldanaaiiid s Ranansafusznu
blmuﬁm"mf'mﬁﬁwum Ag organic acids acetic,
lactic, propionic, sorbic Wa% benzoic acids (WWANA,
2542)

Auiuasnistlesiuiidnlednglsafiu Tu
dszalnadaldlidnisnuuaninsnislidaiau
AaTINERING NGNEIMUNEBINIT UATLTHNURR
annedndealszauiloymlunisilesiuindnladngles

WU (BHT azaAAnm,  2553) Tunnsileeiunnan

AndasanilufiasiinisarunnnunInaaeeInnIdnsg
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unas uazladnglsafiu nnsfneaanazenmiuy

aa < \ %
AENNTUTleNa NI TosanN Tz aN LN aLa s 19 15

aa o a a v i
FEnaiANazenalssuEanems s A
nsnantudiuaedgiinaninsedluaianingn vise
(38191 clean (CIP) aflusiaslddan
1 4 o dJ |
yvethadinliiianazeianielu dailussuunig

in place
NIANNATEIA qﬂmtﬁuﬂ@ﬂmm@ﬁ&i@ﬁmﬂu
ANUNNTHAR 1130 LAERNANIUARLAY WS RTUTR Tne
Lidesnandudiusing 1 22901nsadaananniu
UszneaufulssunAnemnIdRdR nsIR wATesdns
naan 24 f1lis ﬁq{umaﬁ’]mmmmmmﬂ%f‘fmqﬁu
finanasnaniunesunaalassuiunsalnafile
100510 wafiud sitensasssuaian ° iy g
wesin Weananisuuidleuqdunid sideldansnan
3Y919NIARINANIN NN AN UM TA RS AR
uauNsuLsgNUAL

Wasunan Lo vise Wefuau (Formaldehyde
or Formalm ‘Lumqn'mwﬂ”lmmmim (germicide)
LAvENE eI (fungicide) v aiinetinun ¥ il
An9nULYA (preservative) flenmidiadurlszanas 0.004
wasidud avdatlostunisiusluniafuineniag
a1a vireilesiunisuinde lunand 8 nuasanniiu
Fen Tuevnsdadviesunailaminun1Fnauiuawns
&n9 [lennsAuuATiGe Samonella  sp.  &1w1sD
hanl#luewnsdndlElusne 660 mg/kg Wluansidl
n1saanefaluassNgf LAat1959m139 (European
Commission, 2002) Lmﬂ%Lﬁ@ﬂmﬁuumﬂuﬁaﬁm
VAL AN (NITNINANaNTUGY, w1l uial¥
Wuangsuadu (fumigant) Wersauuaslulsafy
uazInAuALLed (A01TUASERNNANARNTANSTURT,
2544)

nsnlwsiladin (propionic  acid)  fuans
DUBNAMUNINEMNIERT ﬁu&ﬁy@iﬂummiﬁmfm
#ia (nenAdng, 2548) nanlnailaiin Hgnstuana
fa CH,0, Wluaawan i3 naugu azaelusian
avanedurird Willuanninusaanms nealnsiledin
ﬁ@m@uﬁﬁﬁmmﬂfmqﬁwﬁﬂ%u i wulnen uway
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v A & a0 A © a A ea
waza WWAndgas nealnsfilafinidlunsadurizeing
ANNETINTR LN Al warNTuNesie 1 wailila
An9aInST uazdn HAnaNTTRIAWAS INALLIN  uas
o 1 R a v A a a
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WA (sodium propionate) YizawAadaNInslawwm
(calcium propionate) 1131 WElunnstleaiuwd@em

o dl [ A = :// 2
uazaneousuianluauuils @nmlﬂumimmm
mmsmmmmmﬂummm FanTnuam 0 naldl ﬂﬂﬂ
WAL msa‘ummew@uﬂmiwsw‘lﬁmumv
Waand pH 3.5-4.5 (@Jumwmmmmmmwmw 8,
2553) Tunisnavundsunaenisldnsainsnladin
Uszinmansauananinmatmsdnd aa 1415 1RY
0.1 WaFiEus (NFzNIINEMIUaZaNNTOl, 2539)

anamuaniRvraseiunai laduaznsn
se3ugRsanataf Nl lunsdudaadasnay
wuanFeluemisdnd AsdanufAgiudinisldnm
ﬁﬁwmmmmmm@‘l,umimumu%wLﬂuﬂmmmqm
funnineannednd fetfu n1sdnunafand
qmqﬂizmmm 1) ANHIERINFIULRINTATITNTNR

N > e o o

wazsreznanmnnzanlunistesiunidnls S
pontifica aginsanysnd 2) Anwnisdininareaadls S.
pontifica  Tas A ANENNIAETTNTINR IS RIEIU
A9 7 WAz 3) A3t aaiunisunsnszansaadlsniie

del o = [ 1
anduilenlurnizanidssainislniussuuyie
ANALNANEINTABTINTNG

L4 aa
auUnTaluayInng

msiasauazmsinasanals S. pontifica
inlsdmglaaiu S, pontiica Mluilewlu

P P P ] S &
ANVNTAENEATNLALLN NLEN’]MIH@"M’]?VLTW NANEIAB

Tudmsgdau 10:1 nanrsnziasalsluaanluauia
IUIALIFFY 500 HAAAAT NLT99813 L 300 N3N Tn
ENH28INTEANHANMLLINUN BINIINLUD AT RN A
a3nsnaulnanea ludmadau 10:1 Wetlesiunig
Huilavannlsluunasau anthsindafndouedlsls
asluanaluawiaszasBUssunns 1,000 Fapea9s
d‘ % al o & 1@ o o
walilsinswasniuguazandla duna 10 3u 6
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ATLANHUUIANTIN 2 LIURLNAT 8119 2 EUFAINAT Jdad

Tdluanluansanls Aalfluman 194 lafafiude

AUAUAUNILUNIZANE ANNTUNINITENENTLANHN N

lasirgaulalumnlnaufionussqanmsdadlud el
oy e v o

I landeng InfiAeaniu

NISANEIAMNIT NT BARINDSNIARA bEASAINNL
nsalnsilatnniuanzanlunisausals S,
o s A = o
nnaaeeiidnglsrasAinaAnun iy
AN NS W9 T HaNNa SN AR bR TaNAuUNIa WA
Tafin Raunsananlsliielsinnsdudaiuenmisi
NANAUANTNANNBSUNAR lassantunsalnsiladin
Tnemss IneninlafaAndaanu0 300 A ldluenung
1A 133704 200 N5U NUANAURITRANNBSNIAR basT
saufungalwsilain (formaldehyde 17% wiw lay
propionic acid 4% w/w, Pink Powder™, P.V.T.
Manufacturing Co., Ltd. w3 Uszmelne) Nszau
A Ndindiugng o) A9l 0.017:0.004,  0.034:0.008,
0.068:0.016 WAz 0.136:0.032 Lafidus inetinuin
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Table 1 Number of Suidasia pontifica Oudemans mite in chicken feed initially spiked with 300 mites
and treated with formaldehyde and propionic acid and stored for 1 week and 4 weeks
Average number of mites found in 200 g. chicken feed
Treatment
Control 0.017:0.004* 0.034:0.008 0.068:0.016 0.136:0.032
1 week after 1/bc bod cd d d
1,022.0 £338.49 612.0 £85.29 484.0 £+63.50 416.0 £74.48" 352.0 £77.01
treatment
4 weeks after R b bed d d
2,924.0 £1104.05 1,140.0 £318.16° 600.0 +52.66 426.0 +67.05° 388.0 +46.42

treatment

" Means in the same row and column followed by the same letter are not significantly different at P < 0.05.

* formaldehyde:propionic acid (% w/w)
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Table 2 Number of S. pontifica mites found in 200 g of initially uninfected chicken feed when stored for

up to 3 months

Time Average number of mites found in 200 g. chicken feed

(week) control 0.017:0.004* 0.034:0.008 0.068:0.016 0.136:0.032
1 0.0" 0.0° 0.0° 0.0° 0.0°
2 0.0° 0.0° 0.0° 0.0° 0.0°
3 0.0 0.0° 0.0° 0.0 0.0°
4 26.0 +31.58" 4.0 +8.00° 10.0 +20.00° 0.0 0.0°
5 648.0 £184.17"" 58.0 +26.43" 64.0 +43.82" 0.0° 0.0°
6 896.0 £291.17" 98.0 +£32.25” 60.0 +37.24" 0.0° 0.0°
7 2,156.0 +798.97" 696.0 +340.60"" 28.0 £325.91™" 92.0 +38.37 18.0 +17.74°
8 7,438.0 £1111.75°  5,092.0 +1248.90  3,160.0 +411.72" 716.0 £207.85™" 304.0 +98.41""
9 8,910.0 £1009.64°  5,888.0+763.12"  3,822.0 +238.88' 994.0 +198.81" 450.0 +68.31™"
10 12,312.0 +863.68° 6,688.0 +435.74""  5826.0 +756.17" 2,722.0 £374.06"" 702.0 £105.20™"
11 14,748.0 £1302.49°  8,040.0 +318.06"  6,590.0 +522.41°" 3,252.0 +454.08" 1,050.0 +148.43"
12 22,814.0 £1482.91°  12,670.0 +£2792.06° 10,580.0 +2264.80°  6,718.0 £+1086.18”"  2,296.0 +283.45"

" Means in the same row and column followed by the same letter are not significantly different at P<0.05

* formaldehyde:propionic acid (% w/w)

Sneflunan 12 dand wudn luevisinnuas
Wasunanladsauiunsalnafilefin AAanadudiu
0.136:0.032 wWeifus wudnuaulsiiesiian Ae 766
5 sesaanlunfAadindiv 0.068:0.016 wlafidusd
WU 2,780 §a dauiiAdnuidindiu 0.034:0.008,
0.017:0.004 wlefidusd  wazgmarILAN wWuls 5,536,
8,648 War 17,042 Fa AINANAL fapneuagnad
Hud1Atyn1eans (ms’m‘ﬁ' 3) Feqanniasiunig
7841189 Collins (2006) lEea1udn luiinnana
nannsalnsilatinlugns 0.5-0.8 wlefidusd wudn &
siro 100

wananilunagsunsa insilatinluanmnsdmdaiug

vlafidus

v
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' v o A A yya o -
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NANNIANEA8Y Nattudurai et al. (2012) WU41 Lie
NANANTLUTNAR bas HuUnsalwsilatin BN liHE RN

v s =3 s 6 < s
n3mneaaNenuilaszasAafinds 99.3  asidus
PRIANINLT WA 15 Ju waznsalnsnleadinga
anNNgngudanTaas AL IR T aLUAT B8 1Ta9N
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avnsdas astinnslinsalnsilafinifefiusneiwan
ﬁmm%yua;ﬂﬁ%ﬂﬁm (Collins, 2006) waz Tursun et
al. (2011) AR A mluREesgsnaiunan las
fu LLN'&W% Drosophila melanogaster Ineilana Ly
dmsthuitlevaesansviefunadlasd 0.25 wlefidus
¥ire 0.50 wasifud fiuavn i minsaemuende 3
wazffdaianafuaznAduanas wesunan lad
m@ﬁmﬂmm’%mLﬁuimmﬁqé@mm:ﬁqLm"ufj“mm@
ANRAUNTRIF8 auLLAsYA 5111 1z eviannTg
wnyALlaudY wasduanssmusensAuiugaes
WawA  uenani AnuilufiEaeansalnsfitedin
WuINdnasie S, granaries %uﬂmmmﬁmﬁzﬁwﬁm
gastinand Weldsunseiitnadudainsiasayivla
uasfis Brnnesunadld upsnUuLasvARsan e
1.3 uaz 0.3 wafudud Wwinaafiagniantnailein
0.5 uaz 0.7 wafidus uarlinuunaslujugniastind
Aslnsa s latindindune 1 wWefidus (Lorenz et
al., 2010)
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Table 3 Number of S. pontifica mites found in 200 g chicken feed following flushing of a mite-infested

processing pipe line with chicken feed containing different concentrations of formaldehyde and

propionic acid

Time Average number of mites found in different concentrations (percent)

(week) Control 0.017:0.004* 0.034:0.008 0.068:0.016 0.136:0.032
1 0.0" 2.0 £23.55° 24.0423.55° 0.0° 0.0°
2 0.0° 30.0 +13.66° 36.0+£29.57° 10.0 +15.14° 0.0°
3 556.0 +158.59™ 364.0 +100.88™ 628.0£116.21" 10.0 +15.14° 6.0 +24.00°
4 536.0 +204.38" 318.0 +87.97" 330.0+77.94™ 78.0 £40.99° 30.0 £10.07°
5 2,590.0 +855.35"  1,294.0 +397.67"™ 592.0+54.65" 150.0 £59.28™ 12.0 £24.00°
6 3,328.0 £561.64"  1,374.0 £381.23"™ 668.0£33.63" 140.0 +33.63" 28.0 +24.87°
7 4,572.0 £505.23%"  2,314.0 +484.09™ 876.0£87.76™" 378.0 £126.72" 90.0 +43.51°
8 5,164.0 +732.88°  3,128.0 +162.78" 1,268.0£128.08"™  612.0 +86.04" 108.0 £27.33°
9 5,742.0 £1122.20°  3,496.0 +277.21" 1,446.0£193.15“™  726.0 £79.30™° 142.0 £30.90™
10 7,396.0 +1420.65°  3,760.0 +365.27°" 1,650.0£219.81"™  950.0 £189.81™ 190.0 £38.85™

11 11,076.0 +1555.69°  6,612.0 +933.51%

12 17,042.0 £2379.52°  8,648.0 +1122.42°

3,608.0368.29"
5,536.0£544.27

ijkim

2,234.0 £190.48 600.0 +45.72"

ik mno

2,780.0 £325.32 766.0 £53.22

"Means in the same column followed by different superscripts are significantly different at P < 0.05

* formaldehyde: propionic acid (% w/w)
a7
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Use of Radio Frequency for Controlling Sawtoothed Grain
Beetle (Oryzaephilus surinamensis) in Milled Rice cv.

Khao Dawk Mali 105

Fanas AsA" 7Y ienaaneal aunsine”* Y uas aigAna nganuuy” "

1,2, 4/

Chatchapong Srikam”?"?, Yaowaluk Chanbang” ™ Y

and Nattasak Krittigamas”’ Z

Abstract: The objectives of this experiment were to use radio frequency (RF) for controlling sawtoothed grain
beetle (Oryzaephilus surinamensis) in milled rice cv. Khao Dawk Mali 105 and to examine rice quality after
treated by radio frequency with appropriate rate which performed completely kill insects. The experiment was
conducted at Postharvest Technology Research Institute, Chiang Mai University, Thailand. Insect mass rearing
in milled rice cv. Khao Dawk Mali 105 with moisture content at 14% was conducted in laboratory condition. In
experiment 1, all developmental stages of insect, egg, larva, pupa and adult were treated by 27.12 MHz radio
frequency which provided 55°C for 90 seconds. The result showed that adult stage of sawtoothed grain beetle
was the most tolerance to RF heat treatment because adult mortality was the lowest (78.09%) (P<0.05), followed
by the mortality of pupal, larval and egg stages which were 90.90, 94.34 and 96.46%, respectively. In
experiment 2, adult stage of sawtoothed grain beetle, the most tolerant to RF heating, was exposed to RF at 55,
60, 65 and 70°C for 90, 120, 150 and 180 seconds at each temperature. The result found that RF treatment at

70°C for 120 seconds was able to get effective control of sawtoothed grain beetle since there was the
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minimal combination rate of RF heat and there was no insect progeny found in milled rice. Moisture content and
protein content of milled rice decreased when it was treated with RF and the yellowness and whiteness index
also decreased while amylose content has increased. The amount of 2-acetyl-1-pyrroline (2-AP), the aroma
compound which always found from fragrant rice was decreased from 2.82 ppm to 2.40 ppm after the RF heat

treatment on Khao Dawk Mali 105 milled rice.
Keywords: Sawtoothed grain beetle, Oryzaephilus surinamensis, radio frequency, milled rice
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Table 1 Average mortality of sawtoothed grain beetle (Oryzaephilus surinamensis) in various developmental

stages after treated by 27.12 MHz radio frequency at the temperature of 55°C and for 90 seconds.

Developmental stage

Mortality (%)+SE"

Egg
Larva
Pupa
Adult

96.46 £3.74a
94.34 £5.98a
90.90 £3.63a
78.09 £2.82b

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

(LSD=6.48)
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Table 2 Average mortality of sawtoothed grain beetle (Oryzaephilus surinamensis) in adult stage after
treated by 27.12 MHz radio frequency at temperature of 55, 60, 65 and 70°C for 90, 120, 150

and 180 seconds

Temperature Mortality in various times periods (seconds) +SE"
(°C) 90 120 150 180
55 80.35 £3.53e 87.93 £1.99d 94.33 £3.63bc 96.46 +2.82ab
60 90.80 +5.09cd 97.35+3.41ab 97.35+3.41ab 96.46 +1.96ab
65 97.32 £1.78ab 95.00 £6.38bc 98.04 £2.26ab 96.46 +2.82ab
70 98.30 £1.96ab 100.00a 100.00a 100.00a

"Means with in the same column followed by the same letter are not significantly different at 0.05 levels by the LSD

Test (LSD=4.75).
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Table 3 Average of progeny (F,) per 30 parents at 4 weeks after RF treatment of sawtoothed grain

beetle (Oryzaephilus surinamensis) in adult stage after treated by radio frequency at
temperature of 55, 60, 65 and 70°C for 90, 120, 150 and 180 seconds

Temperature Number of progeny in various time periods iSE”*
(°C) 90 120 150 180
55 8.5 +1.73ab 8.2 £14.52ab 10.0 £9.56a 0
60 0.5 +0.58c 5.0 £10.00abc 0.25 +£0.50c 1.5+1.91bc
65 0 1.0+1.41¢ 0 0
70 0 0 0 0

" Means with in the same column followed by the same letter are not significantly different at 0.05 levels by the LSD

Test (LSD=6.32).

Progeny in untreated control is 96.63 insects/30 parents averaged from 1,680 parents.
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Table 4 Physical quality of milled rice cv. Khao Dawk Mali 105 after treated by 27.12 MHz radio

frequency at 70°C for 120 seconds compared with untreated control

L* b*
Treatment moisture content (%) . Whiteness index
(lightness) (yellowness)
Control 13.65a" 66.10b 15.88b 62.56b
70°C120 seconds 12.85b 68.25a 17.64a 63.67a

"Means with in the same column followed by the same letter are not significantly different at 0.05 levels by the LSD

ATUNNNNUAT
. d. 4 da .
§19419NNIUARUAIINDINY A NN

o«

Aaszinunwnaai Inainnisdneslulaa uay
Tsiuilesann asdlssnaumaniive 2 1liadia
panduius T ludesesnunindnnlunnsyady
Tnedinafiiunduasuiangazitiuineslulas
Lﬁu"ﬁ”u@fjwﬁﬁm%ﬁﬁmmmaﬁ (P<0.05) 1Funtuay
TulaaiindwiuiiesannldFuanuteuiifiaann
ﬂ?iummﬁ'?mqﬁﬂﬁ Tazeasnednaunaasarlula
wnAuganasaulnreairadunse dadounag
azlulagAainannay (Zhao et al., 2007) iRy
THUNAABITDY NOHOLN UAZATUE (2552) finuinnns
UpAupnuiinyfignund 70 ssrusadas e
150 3wt Pl Bunnelalaaludinoansfindu 39
Prannuarlalaailiftsidu Snasegnmnmmsiiuses
fnalpedauilsaziinnsaenadadien uasiinnumilen
YuanauiietinlyedauiBunollsiuiifalF il
@m@mjwﬁﬁmﬁﬁﬁa&lmmﬁﬁLﬁ'mﬁﬂmﬁﬂuﬁmm
AILUAN (P<0.05) Lummﬂiﬂimuuﬁmmuum
Lﬂ@ﬂuLLﬂmmmw m‘@mmmmmmuumu@mmm
i@umummmmum@ummmwmqmmmfnm@u
danaliitsmuludina@aanm dleninisnseaeyas
woBanauldsiiufianas daralisAuiianaeduminli
AnuLTI189dna (hardness) Wagndly wasiuavinli
%Wqéaufuﬁﬂﬁﬂﬂm (@, 2547) Lﬁfaﬁﬂﬂm
Ll?mmms 2-acetyl-1-pyrroline (2-AP) L‘}Jmﬁmm
mw@u‘wLmmmmmmmmmqmmwuﬁma I &4
Tudinnssiugananenusd 105 fesdiifsunans
sananqlaiiiesndn 0.07 ppm (qqu%u, 2547) WU
Bannuansveniidnldanaenaiiiuddyneain
SetatBnmuansvesugeeaunuli 2.862 ppm uazga
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wmum@umwmwmmim 2.40 ppm (P<0 05) (A194
7 5) Inspraeuiifaainaaupuiang fuaii
aavenfiedludnssimseenll unnaiaveniian
asanas (i, 2547) guReaiununaaeses
NOEUN WAZAE (2552) ﬁmmmﬂ%ﬂﬁummﬁlﬁm
iernSanasviailanlunanmiugiinananuza 105
Tnel¥gound 70 esrnmaias wodigaraeni il
anasneeluadNAtyn19ada UENANTNUNARBY
284 Wongpornchai et al. (2004) ﬁﬁﬁmiﬁﬂw’]ma‘@m
mm%yu%qmiﬁ’uﬁfmqmfarm:ﬁ 105 %muqﬁ&i’m |
wudn maliiaanaeudiszin 70 esinadaaiull
Audinansiugannenuyd 105 Juavinlien 2-AP 7
TlFanautuiantu Segunmmaed lngsaniin
TBuansliifiudn pduaauiangfluanalidaag
AruanTRedednairin (Wans uazaniz, 2551) ilau
whatinazpauiaunnniu siawilaRatutienas
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auyysaliguiianiu lapanubeuignmniidanandlsl
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Table 5 Amylose,crude protein and 2-acetyl-1-pyrroline (2-AP) contents from milled rice cv. Khao Dawk
Mali 105 after treated by 27.12 MHz radio frequency at 70°C for 120 seconds compared with

untreated control

Treatment Amylose (%) Crude protein (%) 2-AP (ppm)
Control 16.83b" 7.38a 2.82a
70°C 120 seconds 17.82a 7.12b 2.40b

" Means with in the same column followed by the same letter are not significantly different at 0.05 levels by the LSD
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Changes of Gibberellin-like Substances Content During

Flowering of Rhynchostylis gigantea (Lindl.) Ridl.

ity 1¥gdimus” agdl wiwsun” uazalgr Iwensal”

Mingkwan Jeam/attanaﬂ, Daruni Naphrom" and Nuttha Potapohn"

Abstract: Changes of gibberellins-like substances content during flowering of Rhynchostylis gigantea (Lindl.)
Ridl. was studied using bioassay. The experiment was conducted in Randomized Completely Block Design
(RCBD). Treatments were natural condition and short day condition (14 hours darkness). Plants were divided
into three groups according to its size: large, medium, and small. The experiment were conducted during May-
July 2011. The results showed that short day condition had significant effect on flower induction. Plants grown
under short day could induce flower bud faster than those grown under natural condition for 20 days. Moreover,
short day condition had significant effect on blooming period, which was longer than natural condition for 18
days. In addition, amount of gibberellins-like substances content in leaves of plant grown under short day
condition was greater than those grown under natural condition at 75 and 95 day after treatment. However,

amount of gibberellin-like substances content in shoot of all treatments were not significantly different.

Keywords: Rhynchostylis gigantea (Lindl.) Ridl., gibberellin-like substances, short day condition
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Table 1 Number of days after treatment started on visible flower bud and flower development after

visible flower bud of Rhynchostylis gigantea (Lindl.) Ridl. plants grown under short day and

natural condition

No. of days from starting

No. of days from first visible flower bud to flowering”

Treatment treatment to visible Flower development
flower bud” 10% 50% 100%
Natural condition 163.58a 90.25a 93.22a 97.61a
Short day condition 140.75b 106.25b 109.58b 116.21b
LSD 11.00 11.28 11.76 10.28

0.05

" The means within the same column showed significantly differences between treatments by LSD test at P=0.05
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Table 2 Gibberellin-like substances content in leaf and shoot of Rhynchostylis gigantea (Lindl.) Ridl.

grown under natural and short day condition

Gibberellin-like substances content (mg/g dry weight)

Treatment Days after treatment
0 5 10 15 20 25 30 35 55 75" 95"
Leaf-NC 0326 2314 2302 163 3352 2238 1344 0784 1.04 1.502a 1.718a
Leaf-SD 0.326  1.11 1866 1.886 3.624 0966 135 0.854 1296 2.404b 3.134b
LSD, o5 ns ns ns ns ns ns ns ns ns 0.373  0.402
Shoot-NC ~ 0.314 0.676 1.646 1.674 2832 1256 0.546 124 1094 1212 0.694
Shoot-SD  0.314 1574 1954 2672 1618 0772 0812 1056 1448 1.004 0.504
LSDy s ns ns ns ns ns ns ns ns ns ns ns

Leaf-NC = Leaf in natural condition, Leaf-SD = Leaf in short-day condition, Shoot-NC = Shoot in natural condition, Shoot-SD = Shoot in natural condition

m

ns

Gh, (moig dry weight)

The means within the same column showed significantly differences between treatments in the same plant part by LSD test at P=0.05

= The means within the same column showed not significantly differences between treatments in the same plant part by LSD test at P=0.05

= Leaf NC

== caf 5D

0 & 1 15 20 25 30

35 40 45 BD

B6 60 65 7O 75 B0 85 9D 96

Days after treatment

Figure 1 Gibberellin—like substances content in Rhynchostylis gigantea (Lindl.) Ridl. leaf at day-0, 5, 10,
15, 20, 25, 30, 35, 55, 75, and 95 of treatment
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GA, (mgig dry weight)

=#==Shoot NC

== shoot 5D

26 30

3B 40

45 5D

BB 80 66 VO 75 80 86 S0

Days after treatment

Figure 2 Gibberellin—like substances content in Rhynchostylis gigantea (Lindl.) Ridl.

shoot at day-0, 5,

10, 15, 20, 25, 30, 35, 55, 75, and 95 of treatment
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Effect of Mepiquat Chloride, Chlormequat Chloride,
and Paclobutrazol on Flowering of Mango cv.

Nam Dok Mai Si Thong

$R95504 WA’ YAl 1aseyna’ Wnen asINAs . waz agal urwsvis”

Maliwan Nasee”, Nudee Charoenkit1/, Pittaya Sruamsiri’”? and Daruni Naphrom”

Abstract: The study on effect of mepiquat chloride, chlormequat chloride, and paclobutrazol on flowering of
mango cv. ‘Nam Dok Mai Si Thong’ was carried out during July 2012 to March 2013 at Sansai district, Chiang
Mai. The experiment was designed based on Randomized Complete Block Design (RCBD) with 5 treatments
and 3 blocks (10 trees each); 1) control, 2) soil drench with paclobutrazol 1 g a.im’, 3) foliar spray with
mepiquat chloride 3,000 mg/l, 4) foliar spray with chlormequat chloride 1,000 mg/l, and 5) foliar spray with
mepiquat chloride 3,000 mg/l plus chlormequat chloride 1,000 mg/l. The results showed that all growth
retardant substances could induce flowering of mango trees faster than control, which flowered at 87-92 days
after treatments. The treatment of soil drench with paclobutrazol 1 g aim’ gave the highest flowering about
96.16% whereas foliar spraying with mepiquat chloride 3,000 mg/I and chlormequat chloride 1,000 mg/l and
mepiquat chloride 3,000 mg/l plus chlormequat chloride 1,000 mg/l showed lower flowering than paclobutrazol
at 65.46-82.13%. All treated treatments gave similary flower quality, 67.11-77.54% of full flower, 22.46-32.89% of
leafy flower. Moreover, paclobutrazol 1 g a.i/mz, mepiquat chloride 3,000 mg/l plus chlormequat chloride 1,000
mg/l and chlormequat chloride 1,000 mg/l had more effect on flower number per panicle than mepiquat chloride
3,000 mg/l. However, all foliar spraying treatments promoted higher percentage of fruit setting than using

paclobutrazol.

Keywords: Mango cv. Nam Dok Mai Si Thong, Mepiquat Chloride, Chlormequat Chloride, Paclobutrazol,

flowering, growth retardant
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Table 1 Days to flower and percentage of flowering of mango cv. Nam Dok Mai Si Thong as affected by

paclobutrazol, mepiquat chloride and chlormequat chloride

Treatments Days to flower” Percentage of flowering
Control no flowering ND"
Paclobutrazol 1 g a.i/m’ 87 96.16a"
Mepiquat Chloride 3,000 mg/I 92 82.13b
Chlormequat Chloride 1,000 mg/l 92 81.40b
Mepiquat Chloride 3,000 mg/I + Chlormequat Chloride 1,000 mg/I 92 65.46¢

Significant

*

Y Days to flower after soil drench with paclobutrazol or spray with studied substances

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

¥ ND = No data

Table 2 Panicle type and panicle size of mango cv. Nam Dok Mai Si Thong as affected by

paclobutrazol, mepiquat chloride and chlormequat chloride

Panicle type (%)

Panicle Size (cm)

Treatments
Full flower Leafy flower Width Length
Control ND" ND ND ND
Paclobutrazol 1 g a.i/m’ 76.06 23.94 12.15 29.21
Mepiquat Chloride 3,000 mg/ 67.11 32.89 15.41 24.47
Chlormequat Chloride 1,000 mg/l 77.54 22.46 15.19 25.20
Mepiquat Chloride 3,000 mg/I +
i 68.65 31.35 14.42 25.23
Chlormequat Chloride 1,000 mg/I
Significant ns ns ns ns

" ND = No data, ns = Not significant
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daunaneninuutiseaniilu 2 1iia A aen
WWAE LazaeNaNysnlwa wudn nNasNas EAN
wnnsnaiuateldad1Aynieads Inalnanwea
‘A 87.50-90.24 e Lm:m@ﬂmmmdmm@?ﬁlﬂ
0.76-1241 iwefifud  wsiidedAnudndaumenan
wuan Aanulndipesiulagynnnssuisddndaunan
WA 7.092 mendemenaNysaline 1 Aen (M3
7i3)

4. WANTENUADNNTAANA

@'fsuLﬂ@%Lﬁﬁuﬁmiﬁmmmﬁ@ﬁ’]mmuugm
AuuRANANYIalWAlUTaAEN WY NIINATNIINY
neludoguimianaaalsd 3,000 Naaniu Aaasi
AranAaalss 1,000 Raaniuseans waznisnuniely
FoauiAfenmanlsd 3,000 NaANFNARARTNANTL
AaasiAanmanlss 1,000  Naanfusedans 13
wesidus nsinuna 43.08 53.62 Waw 53.84 Lasidust
ANNRAU B9uNNd1NITNARTIANAuEaEnn AR
fansloa Aflilefifudnisinus Wy 21.91
Lﬂ@ﬂsﬁuﬁ(miw'ﬁ' 4)

Table 3 Flower number per panicle and the percentage of flower type as affected by paclobutrazol,

mepiquat chloride and chlormequat chloride

Flower number

Flower type (%) Flower sex ratio

Treatments T
per panicle Male Flower Perfect Flower (Male: Perfect)

Control ND” ND ND ND
Paclobutrazol 1 g a.i/m’ 791.27a" 90.15 9.85 9.1:1
Mepiquat Chloride 3,000 mg/l 537.44b 90.24 9.76 9.2:1
Chlormequat Chloride 1,000 mg/I 682.83ab 87.96 12.04 7.3:1
Mepiquat Chloride 3,000 mg/| +

778.94a 87.59 12.41 7.0:1

Chlormequat Chloride 1,000 mg/I

Significant * ns ns -

" Means with the different letters within the column indicate significant different at P<0.05, ns = Not significant

? ND = No data

Table 4 The percentage of fruit set as affected by paclobutrazol, mepiquat chloride and chlormequat

chloride

Treatments

Fruit set (%)

Control

Paclobutrazol 1 g a.i/m’
Mepiquat Chloride 3,000 mg/I
Chlormequat Chloride 1,000 mg/I

Mepiquat Chloride 3,000 mg/I + Chlormequat Chloride 1,000 mg/I

ND2/
21.91b"
43.08ab
53.62a
53.84a

Significant

*

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

“ ND = No data
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AMNNIANERATNAtaNAaalss Aaas
Hananmaalsd waznilaadonslaasianisaanaan
seanzsinaiufinnenliidnes wudn arevia 3 9l
anunsndninldiiunzaaseanaanlfdszunn 3 1hau
usennslians Gedandndumnunu 55 Fu senndesiy
Tan (2555) finwdn unzaaedi lanswfinenaae
196 naiaanaaalsd uazwiTaadongloa @119
aanaanlAizondngaaIuAxN 22-25 Ju Inenssnissa
naufaaatsnilaatanaaaarunsndniinlianan
panliafige uazdiwlefidusiniseannanunniige
dedeuiunimuncludamfiaenaaelss uaz
Aaailaanaaalsd iiwmaaiUEaM (2551) nanadn
m?@@nrﬂ@mjmﬁuu:mﬂuﬂ@gﬁ;mmmswﬂmﬁa
9l Sulefdusinseannengeningussaaslal
§u@n3 Winriu 87.08 waz 70.59 wlafifus auansL
faudidmnlaadonalaa winmaneaalss uazpaad
fmaneaalsd  Huasseaanisaifuinuesie
WiRaui ﬁ@mmuu“ﬁﬁuégqmiﬁqLﬂm:ﬁaummmau
widlawiu usifluansdsenausinanguiu Tnaaisnn
Taadanalaafluansseaaniaaaniauinaesnglu
nqx Triazoles fflnadudensruaunseendiaduzes
ent-kaurene TLhflu ent-kaurenoic acid ﬁmzr}ju‘ﬁmﬂ
P450 monooxygenases Tunszuaunisdansneit GA,
szeied 2 M1 laiTnn94%19 GA -aldehyde  (Lalt,
2002) lutnisifianenaaalss Lazraasiianeanaae
a6 flunguansilsznauman Onium Feiinaduds
GA,
geranylgeranyl pyrophosphate (GGPP) Tl ent-
Taadugsnanssnaaaailo copalyl

NTLUIUNTTASIS Fumounisiae
kaurene
diphosphate synthase
(Lalit, 2002) yananfanaulilEdmnlaatian
TraflnnuaniRndeun luszunsnidingviadndedl

AT ent-kaurene synthase

Andamsgedunisinlu (e, 2542) Aeinlding
sanilaadonslzadninldfunsaaseannanléig
nduazNINNIINITNUNNe AR AsenAae ls
uaranaiiatanaaelss asqunyn uazagil (2553)
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81297 MeT1AANINSALaL il AvBn NN 9L
e lugeulFAndaanisnme
yananinslFnnlaatianala wiaen
Aaelss uazraesiAtenaaelss lkasadnEITe
AN TUIATEARN LATINAASN LANKAINUILABNGS
1a Taanssuasnan1edudsanitaadanslaa
nesrRanumlufqaiatennanlsfnannan s
AranAaelss waznssudanunneludiunaaiinqen
Aaalsd Nuadaarnldfunziqalsnuiudenan
NNNINTIR NN luAaeAmlenaaalss Olsen
and Andersen (1995) Wu4N ﬁﬂmummmmﬁlumn
ﬁyummmwL%u%umﬂq@qimzaﬂﬂqst.@?mLﬁu‘llmﬁ?i
(2004) WU NNTNU
wilpatians ratasifindunutenanseuauany
Fauduilidniy deufanifisuainnimmuiinany

R , a o )
NN LEULALIINY Yeshitela

Windiu 500 uaz 2,000 NaANTNARART WAANNNANIT
naaed wuqn wlaadanaloadl nannlddunsaseil
wefidudnisianadieandiniswiatsenmanlss
nanAnesTiAtanAaelss Lazranitinanaanlss 34
lsiganndadiu Chutichudet et al. (2006) Nan9n ile
wumlaadanetraiunziaeiugulafiannadudiu
Anaulusrasiidanantinean Uszunns 1 srufiumns
TEAANNINGATWUBINA LA uaznisnunilaadions
TrafAnudiadiv 3,000 Dadnsusedns lusvasiide
AANEABANLITZNNL 5 LHUFNAT Iﬁm@mammnﬁ'qm
anTingnauuEadneEL maldansszaenis
WaryAnTnvesieriingy i winenaaelss uas
naas-Renanaaelss e fluuwnadennauwmunis
arsnlaadananlaalunisintinniseanaanaag
uzalneluaunanui acnuiulily fesannans
AINa1981NTTRdnIIN1ITeanAeNTeINENQ9 AR
wudgaiun Inadonsias wasdegaddunsingag
gesuzainelEAnInnsdnnlnationalaa uanannily
1s2IAUIRINTAZANA1IANAE WULN N3lEnnTlaa
Tanslaaiflulszanetnsraiiins azdanaliAsidan
Aifluls= e nnlaudunzainanaauinndd 58
wWadiius (Silva et al, 2003) uarazaNLiLFONMIN
AUAN 0-15 iruAMAS WHuundn 8 wiew Tuutlaslgn
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124 (Sharma and Awasthi, 2005) 20 a1 luutlad
ﬂ@‘ﬂlﬂ]’ﬂd?l (Jacyna and Doggs, 1999) uazilszann 3
¥ luwlasilgnuensaen (Jacyna and Doggs, 1995)
feansanFnesenanananangnazdneludefuinlgnu
1% siseunsarintmnslngiAes (Sharma and Awasthi
2005) sauagunanLatsanAnelE lunan g
Taeannyludonaeauda usluBuinditesndam
MRL (maximum a8l Codex
Alimentarius  (1993) nuualiila1swnlpatianlaa
anAnalunanzdaelaldiino s lulasnfusensy

residue  limits)

Tuanuginguiszmaglsl uazdluinnualifians

ANANNIBUNARAIENARE LSS LazAaniiAanAaalss

ladifin 0.05
faanfusanlaniy waz 0.01 dAaanfusanianin lu
NANZIA AN (Feng and Wang, 2011) Zhang (2012)
NA1991 @NIANANNAAYENARe LA LazAeTA%EY

Tunald 70 wazluigdaalian MRL

paalel Azt o aa a6 99.7-98.8 tlafidus

RN M Nz @ame 33 J4 wariANTIALNEN 3.67
514 1A23.66 J1 AMNAAU LwRERU Xu et al. (2009)
N899 A1FANANANNNAAIANAAa A LazARRTH

AaNAAD bas MlUNZamAaranad 96 Llafidus

nnelu 35 Ju lunaazanas 80 wasidus nne’ly 10
51 wanantasiaaas ol linunisenAnaazanl
A1 (Hampton, 1988)

G

nsldansazaanisiastyiAuinaasilunn
n9933T @Nnsatntinnnseannanlidandinssnis
mm-mm'z?'\'ﬂ 87-92 TUNAINININAADY 1ALNITIA
napuscannlaadonslaadnn 1 nfuaesansesn
qmmmiwmmmmwuﬂmwmwu um@‘wﬂuwmq
BONABNNNNAADY 96.16 Llafifus usiifiafiansan
fadefidusnsiananda NaUNLI1 N1ITIANIAL
faannlaadanilas Nidefiduinsinnatiasndn
nswAAteanaanlsd 3,000 Raaniu ArasiAen

Aaaled 1,000 RAadNFuAANT LATINNARNAAD b3
3,000 RAANTUAAAATINANAUARASTH AN AAD LTH
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1,000 faAnFuseaAns TINaTIEANNNNIMARRIATAT
ugnaliiuannisld wiatenaaalsd 3,000 Radaniu
AaRsHAYENAA 1SR 1,000 RAaANTNARART LAZINRA
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AvanAae k3K 3,000 NaANTNARARNT AABSHAYENARD
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Effects of Paclobutrazol on Water Use and Growth of Potted

Marigolds

Mana WsANa"

Panupon Hongpakdee"

Abstract: The study of paclobutrazol (PBZ) application for reduced plant growth and water use in potted
marigold (Targetes erecta cv. Antigua Yellow) was investigated. The experimental design was Completely
Randomized Design (CRD) with 4 levels of PBZ 0, 50, 100 and 200 mg/L by drenching at 30 mL, 3 times. The
result found that the PBZ application decreased plant growth. Increasing of PBZ concentration decreased plant
dry weight, canopy width, total leaf area and compactness index. The PBZ application at 200 mg/L showed the
best result for suppress plant growth when compared with PBZ free treatment (control). Nevertheless, increase
PBZ drenching brought to the reduction of crop evapotranspiration (ETc) and crop co-efficient (Kc). However,
the diminishing of growth by PBZ also reduced plant water use efficiency (WUE). The Kc value of potted
marigold were ranged between 0.57-1.99 by slightly increased through each growth stages, reached a

maximum at flowering and decelerated again when reached the senescent stage.

Keywords: Container plant, GA inhibitors substance, marigold, water regimes
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v Department of Plant Science and Agricultural Resources, Faculty of Agriculture, Khon Kaen University, Khon Kaen 40002,

Thailand
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unApta: Anunisdansnnlaadonsiaa (PBZ) iean MAALTR wazn7 13t 199A19 B09NTE019 219UHUNS
nasasuuuguanysnl Wi liFuans PBZ umnsineriu 4 sz6u An 0, 50, 100 uay 200 Aadniusadns Inanissn
3130708 30 TAAGASABNIZNNG A1UIU 3 AXIAIAY HANTNARBINLAN Nn3lHians PBZ sinldiie TinisiiuTa
anamMsisANdsuans PBZ 711 Rarivninutie AINNA WNTINH il uazsailAnAaanziage ns
1¥ans PBZ Aonuidissiiu 200 fiaanusiedns fnasansdudennavlnmasialiannign dewRouieutuns
lail9ians (n3sndsAauAN) wanananislians PBZ Fiad s FannliiannBeedlAnisldin (Crop
evapotranspiration, ETc) wazdulszAnennslin (Crop co-efficient, Kc) apad athdlsfimunaiulnfianas
lasannans PBZ sinlAntszAnEnmnnslEiin (Water use efficiency, WUE) ARRNAIEIE §AuAn Ke 199700304
HAnag/luag 0.57-1.99 TptazindunuszaznnssiLls lirngagaluszezaannan Lmzﬂ'@m@mﬁmuﬁ'mﬁﬂ
gazeZTINNN

AdAny: [Hingzons, @1sduds GA, aniEes, meldin

AU ansnnlaatiananlaa (paclobutrazole: PBZ) daifluans
ﬁiﬂﬁmmqm:mumiﬁqLquﬁa@ﬁuuhmﬁﬁu

A9384 (marigold) Sllfinenldisssunia LIBL3aa U (Gibberelling) LUt a9 NaTZaBN3
ANNAANATEgAa luszAuTanunet e L@?@LﬁuimmL"f'fmﬁlfau??wm‘l,ﬁﬂmm@m waznNNIEn

Tnagndnliiaglu 5 duauusn aacldidseauulasiu gnn1a9dinlland (Hopskin and Huner, 2008) figia
aw¥gauiEna (USDA, 2013) uazlfifuanuilunating s ldunalunguldaen Hlsedu enquan

faifiag Tugulidnrenlutszimaunuieds Wy Asundmssiu wazenanszhiuniseanaanluieua
fuAe wia uay lne (Sangwan et al., 2010) A5y aimRae (Woleet, 2537)

Usznalne fnnslddselumiiie fiu Hifnaen 15 n1sldtinaesita vie nisANEIE LMY
Uszsuutlas lifanen wazliinsyanaiianismnuss (Evapotranspiration) ﬁaﬂf]izgﬂ;lﬁml”’mmﬁﬁmﬂﬂw

=4 @ A : N = s A a A o 9 A
Wasanidluiandgnine wulnda nevauessenn szigaanlaniafusedanlgnsoy o) fuia
4 Y -~ < P . | o ' = . .
uaziled Wanlunianandu Winaneuunuga gn  (Evaporation)  $aufuANeingediie (Transpiration)

Hnaantl uazilgnlévnaianeslszmalne muﬂm aanum9tnly dauAnAndnnsszimetingasive
2532) ﬂ@@uumﬂ@mmmﬂuﬂa‘amﬂ m‘mmam (Potential evapotranspiration; ETp) \luAntlseidunng
MslAeNss Tiseanugn mmmmmmnummmﬁ@ Wiinansia dalsviuldannnslfinaesfiadnea
918N31 53 R (Audadenadngne, 2554) Vite1lazifiuNN 9L IMETaiNaIN IR ANN T IMEIY

Fnenrlnginredliinszonaiuie daedl uuLie (Epan) TneiAn ETp a2 FLImNENTNRINA

mumﬁumzmw{uﬁnzﬁm% Tadianvaa ladlun) Ay Andunlsz@nanns\drinaadia (Crop co-efficient; Kc)
Geazinlfiazaonlunisauiineuasiamaugonann Ae @mf;uivmwmmimmvmmwswmww
et ssfumnuss @uiies,  2532) Gannsinli AN (Crop evapotranspiration; ETc) fur1 ETp i
110 waznsnNaesliinsznns Haauneiinia Vmenamumwmmmmwumuu‘lwmmmmeﬂu
anunsninlivaneds amsden diuging i (Ko = ETO/ETp) A Ke flpmudnmnzaeisaiiouiie
ufdusunanduliinezons madesen madouss wazifluAiiduudininenyia wlaszaznas
A waznsansALANNITATIYRALTE 11 ANFRTY m‘%r:yLﬁu‘ﬂmmﬂmﬁma‘ﬂuuﬂmw

Ta6l gilaunTaa uazwalaaionaTaa usiu duwdu
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NaaIF1TNlAadans laananis ifuiwasnisiAularaIAEaINsEaNg

=

na¥an ETe aesitefiAnsiuiaalgnite
Tudeiannsltin (lysimeter) adle I3l Rey
uilagtlgnita Lﬁ@’lﬁﬁuﬁmﬁﬂ@ﬂlu lysimeter ~ a¢/lu
ANNUIAS BNIR LT R TH LAY 7 Tuutlag A1 ETe
Usvifinannnailasuuasinminaesdeinnisldin
atinsliiinitenismasmeifsauluusiasdi s
e ETe dmwifuitaiignlunszanenadn w18
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1994) TusiuLlnumn safluldiFanend
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&1ATY NuTIENIUNNTANENETednT 1N Inetlgnive
aalul lysimeter LuAeNAY (39UN1 uaTANLY, 2545)
PINNINIANHINABBIAUNIILAT Ke 199N A
ANsniIN AW Ldeya ETp  ananiagma
P R R o 1 am a
a1NAUNLA WiaNazaNnasinA Tl syiRuaanu
FeIN13UN 1N TTRAAINALE AanNANANTLE N9
Virinveeive = Ke x ETp ArtBunminislfiinvesiads
pnudAtyiunisatnliunuuazaud lunng
WunAwmuzan Tneldiinn1s8ulanann way
HANITNUFBNTIEIYIAUTR uazHANRRTRINTH e
drusunisuanmiadaadlulinszang

=

X
et Brnanslitihaesenaies hidumugiu
annnfenid winusazulsdulinuansnases
2THLNNTATALTA LAZIUIATRINTIN fralu
AT Yellow galore’ (33504ANET, 2546) uaz
g ‘Antigua Yellow' (8811w, 2555) daulunisiin
413 PBZ m‘l%’lumﬂm@ma‘m?m;Lﬁu‘ﬁmmﬁmfu
wuaTuualfiunn ngnateaialiniaesgdula
AVNGIFULAZIUNANTINNARNAI NERNTLAINA HINTg
peszmerinaesiaanacian 1w lududings Thaw
W@lm\‘i 511 (Pool and Conover, 1992) Wazf1ians)
(e (Banon et al, 2009) viuAe vhlisy@vianm
nslfihaesfinain faflunaitunsuaniteud i
Tuidegana wazealdidusuanielunisdnnisly
w%wmﬂﬂfﬂfafjwﬁuﬁ’]
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INNZIARANIEDY WU ‘Antigua Yellow’ Tag
Tianueaduianmiy mnuumﬂﬂ@ﬂmummufaﬂu
439 2 Al AINTTDNNAFANTUIA 6 7in 3antgn
HAN Usenaufag 2amennn 50 wWaidus unavien
20 wadidusd wnauay 10 tlafidus nee 10
wasidus wazluldiudia 10 wWoffus unldqanaldlu
‘Ei«%u‘?{mqwﬁﬁmﬁwwmaﬁnla 1NUNENNST
wm@@QLLUU@:N@N‘QﬁEﬂ (Completely Randomized
Design: CRD) #n1sl#ians PBZ sms1manudindin o,
50, 100 uaz 200 AnANFUABARTAIN 3 AR °1 8% 30
Hodans senszanamn 7 9u umeuimAIanIatin
waziansanliitinuinnies 19y ielfianiiesls
AATNANT nsandlafeiiduauly 4 Al (30 Days
after sowing: DAS) Wiileigms 15-15-15 §m91 2.5 niw
siedusiadiiany uazliiin 300 Tadans niulunen
Frautinluasaniunszong uthensiasyLAulnive
aanilu 4 svez A 1) szaz 4 LU (30 DAS) 2) Huls
naiiclu (35 DAS) 3) sanaan (46 DAS) LA 4) AN
381 (70 DAS) tundayanisiasnyiiuls lHun
vimTnuttesan (nf) AYNARY TaanTaufiuaui
danaean (IUFELNAST) Fulusan (CRENERIEE)
ANHNANNTINH Foannuaneludnavils aufiaans
TUBNE19NTES AU LAZIUIAADN ATUITLAN
compactness index AMNAATNAIUITUIN Ay
FRAYNGIRU (AT NTURNATADLTURANAT) AU
Arnisld e 1Eun Avnasldtinaeais (Crop
ETc) ¢
‘Wu‘vﬂ‘u (Transpiration rate per leaf area unit per day)
mﬂaymwﬁmwmﬂfﬁm (Water Use Efficiency, WUE)
LAY ﬁﬁﬁuﬂsxawéﬂw‘ﬁﬂyﬂuﬁm (Crop  co-efficent,
Ke) aemeazidenlu suinius uazningna (2556)

Evapotranspiration, ARIINITANL UG AN
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Apzdnan1eanmfnellsingy  Statistic 8 (SXW
Tallahassee, FL, USA)

NALAZIANTDL

msliians PBZ lumnuidiadiuiifinanniy
denaliinnniestitinminuiismuansias daunileena
Lﬂul,wammmmnmmqwu LA ANUATLINARAS
Kol (AN397 1 WAZNNR 3) AUAIANNE IR LAz
muummqm@mmmumimu PBZ 9nszAL mmu@ﬂ
ninlunssuAsAuAw atlanaifiosunannniafians
pBZ lulffudannedainseil Gibberellins IeiTad
aanlinnstingnareamasuIionuieldesanas
2008) LazfNa1AanuUIA

(Hopskin
daltlatnauTadnn (pit cell) IBIA1HU [UAERL

and Huner,
ANNETENNIEDNNUE A8 AsuAY InaFuTaNTanag
dlelduans PBZ Kae (3nun, 2557) wenannii nsli
@19 PBZ ﬁqﬁﬂﬁﬁﬁﬁmmn”ﬁmﬁ*ﬂlﬁumnfuﬁaﬂ A

azidliiannsn compactness  index flanas (A9
7 1) aeppgasiunnfinaunginialugiuaes
dHeaiilgnifuliinezons Taelifuans PBZ  dag
il (Banon et al., 2009)

nsliians PBZ  laivinligunnaen vislu
AURUIUABNARFI LaTTUAEURNWAWTNAARN
anas (1137971 1) Teanandlulil1sidn ans PBZ sangna
AUNzAuNIEneNRTdTad LT e ey 16
tanaaan (sub apicalmeristem) NNNINTARLITIIOL
2008) awinliiqaLasny
- , . d .
13nnlanssen (apical meristem) Nasmunsaly

A (Hopskin and Huner,

lunman (flower bud) lEFunanssnuieadniios
atialsfimy Dmeeudniiieldans PBZ  lumsu
L%u%uﬁl,ﬁmqﬁmﬁ”u (1,600 AAANFUADANT) &NNNTD
AARNUIU TUIA LATAINNYIINNIAANTBIA U
aranszanglld anBeaufeuiunisliluszduaany
disdufisandn (400-800 aansureans) Felitluay
AUNINABN (WIHUT, 2554) ail (fluimsnz
VssAvBnmaaanslians PBZ  faiufusazionn
33017 NImeLALeIaITILAz BN AANL L R
MINNZANGRE (W, 2537)

ANNTANETZIE TN AL AN (Accumulated
ETc) 4899 Lﬁﬁ”ummwzmm‘%n&lLﬁu‘tmmﬁm
Tne/laiifuulssnurngoungRennie (N7 1) uaznaa
Wi PBZ Tunnseaumnudisdy anunsntasansn
R L T D O PP PR TR PR T LR { JC o

Table 1 Plant growth of T. erecta cv ‘Antigua Yellow’ at flowering stage affected by 4 different levels of

paclobutrazol concentration

Paclobutrazol drenching (mg/L)

Plant growth parameters

0 (control) 50 100 200
Total dry weight (g)" 13.21a 11.22b 10.44b 8.65¢
Total flower dry weight (g) 5.01a 4.13b 4.50b 4.30b
Plant height (cm) 16.77a 15.78b 15.38b 15.25b
Canopy width (cm) 20.10a 18.20b 17.50bc 16.70c
Total leaf area (sz) 442 .83a 274.17b 212.52¢ 196.30c
Compactness index (Cm2/cm) 26.66a 17.47b 13.59¢ 12.92¢c
Total flower number™® 4.9 5.0 4.9
Flower diameter (cm)NS 54 54 55 55

¥ Means with the same letter within row are not significantly different at p < 0.05 by least significant difference.

NS = not signification
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y o . s 4 .
WanFeunauiunssudsauan fvatailuuaann
n13anasraInun L lungi lE5ugns PBZ (mn91499 1
uazn il 3B) uazanadmnuinaadasiuninsesu
1991911420910 10 Tuaniaznunda weldsuans
PBZ wiAenriuiiu Phillyrea angustifolia (Fernandez
et al., 2006)

s ldniizennaizes (ETc) iingeau
Wiatinaunluszazaannan (N 24) wanaliigiu
1 A = % 09/ v
NN ANABINNTEN BN NN luNN94319m8n

o £ 5 k% =& QI =3 1
wAIN5 AN PBZ AF94aYINe A9ENWILANLANGNS
1a9ANT M uNatinaiulFde Taannsliians PBZ 100
WAz 200 Radansusaans danalinNginis g
112.46 WAy 114.43 NAAAMT T9H0UNIINTINID

a' v o A = -
AALIAN (N 1A) Bununisldinnanasd dhasd

& A % A Apye
awnEnannsanastasui luluiuanaBen iy
413 PBZ Aqeduiiy (MN9799 1 WAZNIWA 3B) ARNE
AUNITAAANTBIAINEY NIIWN uaziunlusan
v 05/ % = d’ Yo

AABAAL ANNABINNTEN LA LIAa LN NIEFUANT
PBZ (Banon et al., 2009)
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ﬂa‘vmwﬁmwma‘hu'} (WUE) gapniBadliszesii 4 34
mmmm 0.49 mammmuummqmmmmmmvw
N3suABAYLANE AN WUE mmnzgm A8 2.19 HAANFY
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Figure 1 Accumulated ETc of T. erecta cv ‘Antigua Yellow’ affected by 4 different levels of paclobutrazol

concentration and daily temperature during the experimental period
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Figure 2 Crop evapotranspiration, ETc (A), transpiration rate per leaf area unit per day (B) and water use
efficiency, WUE (C) of T. erecta cv ‘Antigua Yellow’ at flowering stage after received 4 different

levels of paclobutrazol concentration, NS = not significant and * = significant at p < 0.05
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Figure 3 Plant canopy (A) and leaf characteristics (B) of T. erecta cv ‘Antigua Yellow’ at flowering stage

¥

k#

after received 4 different levels of paclobutrazol concentration
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NINAABIUT Haenw (2555) Fanudn A Ke 199
paidesiildfanUgnuangaazning Hrniiugaauay
gegnuszezpenL ST Fosiduiu nsliians PBZ
fanliiAn Ke mﬁlﬂmmﬁmwﬁ%muqu (m‘wﬁ 4)
zdfsuml,wﬁim Kc m@qmsmmmﬁagiwﬁw 0.57-
1.09 FaRNIINNINAABIET TN 1N (2555) 7l Ke
o Tugng 1.30-3.85 ulidraziflupnizasing ‘Antigua
Yellow' uaenii araflumazuazesggnialgn
Tudasutindy 7lfanadedauanseyalugndd
qqmaﬁlu (Hunen, 2535)

defiarsmBunanislitazaunaanns
Fulnesaaies (Nnd 1) arnsosuaAniglE
ﬁ”wmmf;ﬁmﬁﬂqﬂhm:mwmmLz’ﬁumuv;iuﬂ‘ﬂmq
6 7in (15 WEURLNATIAEILToNL) T28U19T2UINg
19079 15 X 15ITUAWLAT AOALANIIHAR 1 A3
WAT (16 NIZONFAAAITINNAT) WARS MAAWIN NNT A
@3 PBZ Aadindii 200 AaaninmAaans aN1I0an
msl¥tiaeannniies adlillndn 14 ans Al 16
wefidudlnatlszunns lenFaudansunssuds
AYLIAN (N34T 2)

25
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Figure 4 Crop Coefficient, Kc of T. erecta cv ‘Antigua Yellow' after received 4 different levels of
paclobutrazol concentration at 4 stages of growth 1) 4 leaf pairs stage (30 DAS), 2) vegetative
growth (35 DAS), 3) flowering (46 DAS) and 4) flower senescence (70 DAS), NS = not
significant and * = significant at p < 0.05

Table 2 Calculated water use of T. erecta cv ‘Antigua Yellow' after received 4 different levels of

paclobutrazol concentration through growth stage in 1 m’ production area (contain 16 pots/mz)*

Paclobutrazol Accumulated ET" Water use in Water use reducing
drenching (mg/L) (L/pot) production area (%)
(L/m?)
0 5.50a 88.00a 0.00
50 5.00b 80.00b 9.09
100 4.70c 75.20c 14.54
200 4.60c 73.60c 16.36

" Means with the same letter within row are not significantly different at p < 0.05 by least significant difference.

* 6 inch of pot size place in 15 X 15 cm spacing
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Effects of Crude Glycerin Level in Total Mixed Ration on

Rumen Ecology and Nitrogen Balance in Goats

Ty quaw?” Wasung AnAawaw’ uas §57 TMUANE”

Pin Chanju/am, Patcharin Pakdeechanuan® and Sutha Wattanasit’

Abstract: Four male crossbred goats, with average liveweight 26 £3.0 kg were randomly assigned according to
a 4x4 Latin square design to receive four total mixed rations (TMR) containing 0, 5, 10 and 20% crude glycerin
(CQ), respectively. TMR was offered on ad libitum basis. Based on this experiment, there were no significant
differences (P>0.05) among treatments regarding DM intake and digestion coefficients of nutrients (DM, CP,
NDF, and ADF). Likewise, ruminal pH and NH,-N concentration were unchanged by dietary treatments, except
for 20% of CG, NH,-N was lower (P<0.05) than for the diets 10% of CG. No differences were found on mean
total ruminal VFA concentration, and molar proportion of butyrate and other VFA, except for molar proportion of
acetate (C,), propionate (C,), CH,, and the ratio of C,.C, were affected (P<0.05) by CG level. Rumen
microorganism populations and N balance were similar among treatments (P>0.05). Based on this study, CG

levels up to 20% in total mixed ration could be efficiently utilized for goats.

Keywords: Crude glycerin, rumen ecology, nitrogen balance, goat
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TuwitBinnmazaunn uifunuindagiuilidy  wdwuliludndivaeeiin wu luewnsdadiin (Min
doudsznavTuanmstuduiuunzlunials Wi nan et al., 2010) anslaiiie (Mach et al., 2009) Lax
davdes uazdinatne b Hspreudnegs A B1IUNT (Gunn et al, 2010a, b) Wludiu atinalsf

o @ v o a PR A ' % Ao A o = = P
ududewndngautieey 7 ARauAmninTue  Aaw deyaauddeinaaiunisAneneesAlstney
Indirseiunazisnpgnnananldnauny  Wuwa  niaed waznislidssTamilfveanamesunuine 1
waealfaingrarvnssuananniulngn un nan WudsgAunaunuunaanasany b d1alnaluaimns
e lunAndniniu (paim kemel cake, PKC) uax  unedaflania Aaiu n1sAnwnafanasiidnglszasd
= A a X @ v A A a A = = S o
NAETUAL (crude glycerin, CG) WA NAETWAL  INBANHINATRINAIETUALITTALANN 7 lugRsawns
1sanaLmasea (HOCH,CH(OH)CH,OH) unansisi saniseiasld [ ATNEN TUNIZNNZ LN LATANAA
waselfainnszuounisuanluleniaa (biodiese)  Tulnganluune
tfaqifudi B unnduausuunisuas lule
= P ' @ =2 C4 aa
AL NI WEE1999R139 AINNT9ANEILTENIM 10 aUnsaluaglisng
wafifus assuininunduldnaalulenigagn

= - N a o o ¢ o
wasuwlihfunawesu visadssnnn 0.3 Alaniusionts  ARINAADY WHUNNTNARDY WATMTASENDNIMNS
nasluleniaa 3.78 Ans LAZAINNITILATIET  VIARDY

- = A A A Ay = s & =

aeAlsTNaLMIANNLI NAETUALN Ul sEnaLn lHunzgnuanivuiesuasinayidau 50
uwlasiu (ipid) etjtlszinns 25-35 wWefidusaesdng  wefidus el angiszann 18 e wnnineds 26

wite nealasiunnuAe UNdulAn (palmitc,  C16:0) +3.0 Alaniu A 4 fa nnegulinli Fuviammus
AlRtaN (stearic, C18:0) Tala@n (oleic, C18:1) uaz ANUNUNNINARBIULIL 4x4  ARFAATRY (4x4  Latin
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ns:LWﬁzgmuLLmﬂu@ﬂ"LuTmimu"Luuw:

square  design) TneliFueusuaniasa (TMR) 7
Uszneudaanamasuiufissdu 0, 5 10 WAy 20
waefifusd nngrsaunlidseauinmuzauaa
FENNNTBIUNE AMTNALUZINTEY NRC (1981) (M99
7 1) naEmeALTE lunmaaesnieillEiunny
mmmwmn 1A, 139 lulefma (New Biodiesel Co.,
Ltd.) ﬁwd”mqamgﬁmﬁ LARLNANTNTuL AL
(crude palm oil, CPO) HANRAtI9IANLEY i
TsAugon Tusdusqn wasnasaumu (GE) windu
8.07, 3.34, 0.01, 0.30 ilafidusl uaz 3,989.82 kcallkg
uasiinAerusanwiniy 86.72 Wesidud  wnuea
0.64 wWefidusd nealesiudass 0.71 Wesifiud Anmau
N9A-ANN 9.48 ANNWUIUUL 1.27 ANNONAINE
1.25 WATANANMTIA 10.06
unzusiaziagniaslunenAnenste 1
(metabolism crate) FURLENTU S119U 4 Aan T2
BIU1T BIUN3 LL@:ﬁiﬁﬁﬁ@ﬂ;ﬁmuﬁﬂ NININARDY 4
199 7 AL 21 Fu Gasznavfon svaziliuss
14
(experimental period) 7 41 Tnaluszazdsusialiiune
¥ 5UennanannsLduLLLinT Taeliiduay 2 A%q

(adaptation  period) TU WATTEUTNARDN

981 07.00 uaz 16.00 Win insdaiiann

A ¥ = A oq// ! A ! <
213N LA warevnsiaerialugaadn uavdsadu
gagnduiamBunanisiuld douluszaznanes
TiungldFuamamungunaasaniienssazluso

upantENNaMNe LN IiAaLie 90 wWaidus

91BNl lugagsveiz 5usa

MsiAUARENe  nsAlATIEasAlsEnaumaAi
WAZNSIATISATRYAN A A
Thfinnsulasuulasiveinaesuns Taad
ifﬁuﬂﬂﬁauL%WSﬁqaﬂﬁiwm@@qLL@:eLuquqmﬁwmmwi
ATTINIINAADY ULALAILEINBIUITNLIY WAE
mmﬁuﬁﬂﬂﬂuﬁ@mmﬁ 100 paAadas 1T
a1 24 Falug LWfammmm@mmqmmmq andau
MumuLmﬁ'mLm@vmmqma‘mmm @‘umm‘wm
60 avATaTea Wunan 72 dalue udauainu
PEuNseNg 1 DaAmAs WeAnzimesdilszney
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NIUAR AINATNN3T89 AOAC (1990) WATALATIEAN
detergent fiber ANNAENN3284 Van Soest ef al. (1991)
griusaetinaasua lunszwnzun (rumen fluid)
1edRinAaeIuiazngy finan 0 uaz 4 dlusansnns
a3 1nedannsld stomach tube $987L vacuum
pump ludugavinereusiazszaznnaedFnin 100
Aaaans UndaatanNunga-reiuninald pH
meter (HANNA instruments HI 98153 microcomputer
pH meter) WEIANTL WLNTDOV9AN NN TN LT
panilu 2 dou il daw 1 guiiudsznnn 20
Haaans WN 1M H,50, 31191 1 HaRARIFaL0IMAd
ANGNU 10 NARART Lﬁ@mmm?ﬁwmmﬂnauvﬁﬁ
il (centrifuge) AagiAa N9 3,000 9ALAS
w17 {luaan 15 w1 uetanizdaula
(supernatant) ) 13ds=1n0s 10-15 Radams m”l.ﬂl,mm
mmuqmﬂi:mm 20 eeATAE e iesanas

Apszduenluila-lulnsiaw (ammonia-nitrogen,

NH_.-N) ﬁQﬂﬁﬁmi‘ﬂZ\i&u (Bremner and Keeney, 1965)
Tne/l¥1Ase9 KIELTEC AUTO 2200 Analyzer (Foss,
TECATOR) #awaddndauniiainlifieszimnsn
lasTusime L vavan (total volatile fatty acid, TVFA)
LL@Zﬂ?miﬂﬁu?:Lﬁﬂiﬁ‘ﬁﬁﬂﬁmﬂéﬁuﬁ N9ARYERA (acetic
acid, C,) n?alwsieaila (propionic acid, C,) kaxNIA
fia#3a (butyric acid, C,) TaeildLAsad HPLC (Hewlett
Packard) Usznavufae water 510 pump (Millipore),
UV Detector 210nm., ODS reverse phase column
(5u, 40x250mm) ANUABTIFALAIRNN Samuel et al.
(1997) NINITATUINUAINITUARAG CH, A1NN3A
luuszime lEmaAEnN3189 Moss et al. (2000) A4
ANN17 CH, = (0.45 x acetic acid) - (0.275 x propionic
+ (0.40 x butyric acid) LaZdUT 2 NIN19gN
WU 1 Nadams AN 10% formaldehyde 9 Nadams
Wil p3aatiuLsvnnsq@uyiael (total direct count)
Bun wuan@e (bacteria) Tslnda (protozoa) Lazide
91 (fungi) Taelld Haemacytometer 21414 400 T84 NN
msfunuefiBe  Tuslads uavi@as AnsRannsves

acid)

Galyean  (1989) Ine/lindavqanssel
BX51TRF, No. 2B04492, Olympus optical Co. Ltd.,

(Olympus
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Japan) wananil fnasifiuganaziasioziaunn
(total collection) Taeniu 5 JuAafaiuletsingLea
NINAARY WAIMINIINALAaENY A uazasny
wenalldpsnzdAnesdlssnauniaall way
° 1 v as .
AUIUUNNN9eee lAA1NAEN19989  Schnieder and
Flatt (1975) tindieyanlfannismaaesianunun
AATzrimAMuLLTUTULLL Analysis of Variance
(ANOVA) BNNLNUNTNAARY 4x4 Latin Square
Design Taeild Proc GLM (SAS Inst. Inc., Cary, NC)
WAz UL UANLANAI91B9A R AETBING N
NARBIAILAE Duncan’s New Multiple Range Test
WAZANELUA THNNNIADUALEIIBINITANIZAL CG
v aca

#3895 Orthogonal
1980)

polynomial (Steel and Torrie,

NALAZIANTDL

#ulsENaUNMANTRIRNWITNARDY
HANNIRLATITIEALsE N UNIIAR 18RS
BIMNINANESA (total mixed ration, TMR) A% lunng
al' % 2 oI/ A v
NAAD wﬂa‘m@umﬂ‘mq‘ﬂwmm NINGNADY U1
wmm‘vm@mlm memsn@mmm”mumq 7 (A1979
ﬁ 1) Wmmmm@mmqmmm\i (DM) 181394 (ash)
Auvivadng (OM) lasu (EE) uazlishiumneny (CP)
Indimrasiu Tnadlusiunanuat ludas 15.31-15.45
wesidud nisiaad (NDF)  aglutag 38.24-44.07
wadidus anluaglas (ADF) waz@ntiu (ADL) 8t
Tut29 19.07-20.00  uag 4.47-5.50
o o A - L v
ANNANAU LHafa1sA1Aflulawnsnd tuld
IP99%519 (non-structural carbohydrates, NSC) Wuin

Ay oa L v A A a Aa L
NANIWINsE AN A eI WAL NN W LgRIa1MNe
4uzAN NDF - HANaAa9 T9A9 N LANGN9289 NDF,
NSC uazedAlsznasau < 8141edn1aIn Ay
wansinvaesdngAva i edadn Eidudoulszneuly

o 4 agy = =

4391117 wazdndounlilugns Ineaniznaisesy
a A v v 3 alsj 1=l
funlinauwnudnlnaunlunimeasenfafilus
asfdsvnaudnstiely vrentlautaddaanAdaany
(2010a) N8I

TIENNUIRAY Gunn et al.

wafidus
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I’ = = = 1 '3
asAlsenaunnualreanameruliieslsnauans
d‘ - o = A a
ol UIREIUTAR LUNATBTUAL

Paunumsiule wazdndszansnsdaslduas
Tnaue
meldgmeanmnanguiala AflssAundinety
U (CG) AU (0, 5 10 uwaz20
ANNANAL) et BunnnnsRulEiaus (AR uIe) 199
wngynngu wudn lddimnuunnsineiu (P>0.05) Tng
Usunmunnsnueanslivanuni Aret ludas 0.908-
0.970 Alaniudnguitsdasasiady (mm‘ﬁ' 2)
AAAARAATLITENUIRY Gunn ef al. (2010a) RANE
HATBNIEALNALTEI WAL IWgAIaN N INANIATAG 19T

e idus

(0-20 wlauius) luuny wudissunamesumslugms
a1NINANIATA 10-20 wefidius lifliuasiaifunainig
AulE uAzANIINNMNIIETYIRINNE TR WG
seAUMsETHNATaT WAL TUgRIANMNIHANIATA 20-30
wWeifud inlisanninsiuliiamma aussann
MSRTEYFALTR WATADINININNAAAIFINNIZALNALES

A a @ oA a &
ﬁ‘u@uiu@jm?@qﬂq‘iN@NL@iqwLWNmuiu@jmﬁ‘ﬂqﬂq?

(Gunn et al., 2010a, b) Lazn13lHasNTszAuNa
\IETUALIA 45 lefidus DM Hnavinliiiunninisi
% u’/l [ v 73
Tinanunaasinguitsanadlugiuuuidunse (Gunn et
al, 2010b) 814Lie4an N17lHaNMsNNIZAUNA ED

Fuhvgaiinan Winszuaunsmin lunszmn g ns

daelFvaiials uaztlssansuueiiBeanad (Abo E-
nor et al, 2010) daudutlsrAvanstiosiFung DM,
CP, NDF uay ADF ﬂJ@\ﬂLLW:nﬂnzjuﬁvL%ummi TMR
7% CG sFuAng 7 wudnldfaannuansineiu
(P>0.05) aginglafimu Futls=Avanisdes|Freqniis
adiinlinanas (L P = 0.15) museAu CG 7
dsdulugasenms enaiifesann nilaeseatinasie
qawrEdlunszmzg %4 Roger et (1992)

97297197 gty LTR N19NNEAL wazfiangsunig

al.

ﬂﬂﬂ@@’]ﬁlﬂjﬂﬂiﬂﬂﬂl@%mﬂﬁlG‘ﬂﬁﬂ@ﬂ@@’]ﬂlﬁﬁ@@i:@@iu
NIENNZgLNY (ruminal cellulolytic spemes) 2 7ilm an
F;I‘LIENLN‘FJL’&TNﬂ@L"ﬁﬂ?ﬂﬂluﬂqﬁqﬂ@ﬂ\iLT@?"@‘U’&\?
(0.05; V) LLE‘]iNNN@ﬂ‘LIﬂ@NV]L@?Nﬂ@t"ﬁ@ﬁ‘@@i”ﬁumq
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Table 1 Ingredients and chemical composition of goat diets containing increasing amounts of crude

glycerin (% DM basis)

Dietary crude glycerin (% of dietary DM)’'

Item
T1(0) T2(5) T3(10) T4(20)

Ingredients, %
Crude glycerin2, CG 0.00 5.00 10.00 20.00
Ground corn, CG 46.00 41.00 35.45 24.50
Soybean meal, SBM (44% CP) 16.20 16.10 16.55 18.21
Fish meal, (55% CP) 2.00 2.00 2.00 2.00
Leucaena leave meal, LLM 6.00 6.00 6.00 5.65
Plicatulum hay, PH 25.00 25.00 25.00 25.00
Molasses 3.00 3.00 3.00 2.54
Salt 0.20 0.20 0.20 0.20
Dicalcium phosphate 0.30 0.30 0.30 0.30
Urea 0.30 0.40 0.50 0.60
Mineral and vitamin mix’ 1.00 1.00 1.00 1.00
Chemical composition4 (% of DM)

DM 86.94 86.77 85.85 85.99

Ash 6.48 6.21 6.41 6.53

oM 93.52 93.79 93.59 93.47

CP 15.44 15.32 15.31 15.45

EE 2.62 212 2.25 2.15

NSC® 31.39 34.05 37.79 36.79

NDF 44.07 42.33 38.24 39.08

ADF 19.44 19.97 20.00 19.07

ADL 5.22 5.50 4.47 5.46

' T1 = Level of crude glycerin (CG) 0%, T2 = CG 5%, T3 = CG 10%, T4 = CG 20%

® Contained 87.61% of glycerin, 8.07% of water, 1.24% of sodium, and 0.64% of methanol (Colorless, odorless, viscous
liquid obtained from Biodiesel Producers, New Biodiesel, Surat Thani Province, Thailand)

® Minerals and vitamins (each kg contains): Vitamin A: 10,000,000 IU; Vitamin E: 70,000 IU; Vitamin D: 1,600,000 IU; Fe: 50
g; Zn: 40 g; Mn: 40 g; Co: 0.1 g; Cu: 10 g; Se: 0.1 g; 1: 0.5 g

* Based on analysis of composite feed sample, DM: dry matter; OM: organic matter; CP: crude protein; EE: ether extract;
NSC: non-structural carbohydrate; NDF: neutral detergent fiber; ADF: acid detergent fiber; ADL: acid detergent lignin

° Estimated: NSC = 100 - (CP+NDF+EE+Ash)
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Table 2 Effects of dietary crude glycerin level on feed intake (kg/d) and apparent digestibility of goats

3

o Dietary crude glycerin, % SEM Contrasts, P-value'
T1(0) T2(5) T3(10) T4(20) 0 vs. glycerin2 L Q C

Total DMI, kg/d 0.908 0.946 0.970 0.915 0.03 0.50 083  0.31 0.74
Apparent digestibility

DM 7192 7522 7422 7586 3.60 0.38 044 079 062

CP 75.73 79.21 79.45 7928  3.17 0.31 042 054 083

NDF 61.30 61.06 54.89 53.67 4.95 0.35 015 091 0.57

ADF 36.98 43.05 36.16 29.82 6.47 0.91 0.25 0.26 057

““ Means within rows followed with different superscript letters are statistically different (P <0.05)

" Treatment and contrast P-values; P-value for L = Linear effect, Q = Quadratic effect, C = Cubic effect

: Compares the effects of 0% glycerin with the combined glycerin treatment

® SEM = Standard error of the mean (n=4)

(<0.01; v/v) Waz Paggi et al. (2004) WUANANTINNNT
tiasaaneinag las lunIzinI L IUAARIANITALING
reseaTINTY eI RENITe favi Asdanaliinng
doalFrnialy nInannsnezdsna uaztlzains
uuATiGeaanas Ineawizngu Butyrivibrio fibrisolvens
Way Ruminococcus albus (Abo El-nor et al., 2010)
uailaifAsusnsneiusEdanguArLANTLNGLT
170 CG (0 vs. glycerin) AAARRAINLNNINAABITD
Rémond ef al. (1993) TinennunlifianuuAnsing
yaqifunaunsiuld uavduisyansnistasliveq
Bwitednnde CG  vaunuilslunimasesn
AugnEnsalunnstiesld widutlssAnannstiaely
m@quﬁ@@ﬂ@mﬁﬁ”w,@“ﬂﬁ@ﬂ uaz Avila-Stagno et al.
(2013) wusniBunaunsivlfaasinguiis (OMI) anlu
viaglas (ADFI) WASIIUIIN (GE) wazdunlsrdvianig
ginelAraslntus (DMD, CPD, NDFD uay ADFD) la
WANFA9AY wALBFNensRRlAYes NDFI uas CPI &
W linanad (P = 0.10 LAY 0.06 ANAAL)

HAinanlunssinizginy AN UEaINsA
lusiunszvals uasindusmulunszinzgiau

HAT1R93TAL CG  Tugnennmis TMR  siad)

AN uNsTA-ANg (pH) (6.48-6.53) wudnldiAanu

1 o dJ v o A o

WANGNAY (P>0.05) F9INAIALNALNENNUIBIRTIE]

13904 LATADLY (2554) HAN pH 6.22-6.53 LAz 6.53-
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6.61 (?Ju Lardaas, 2557) FaflusyAufiunnzause
NNINNULBIAUYTS inuasipaaiuAtenTHLe-
lulasian (NHN) (20.20-21.86  mg/dL) (a9l 3)
wuin i Panaumnainetiu (P>0.05)  aniu ngudl 4
(20 weddud CG) A1 NHN ﬁﬂﬂdﬁﬂ@juﬁlu@ﬂ'wﬁ
WaANATYNINENE (P<0.05) LLﬁiVLnJLLmnﬁiNﬁmziu
AaLAX (0 Weddus CG) asnndasiun1sdnuues
Wang et al. (2009) fineendn Tmuﬂ@juﬁiﬁ%ﬂﬁm@
Tuiiszd 0-300g/hd/d Rrzauuanludie-lulnsian
RIEIAN mmﬁ]‘ Abo El-nor et al. (2010) $18411491 N3
Win CG  Tiflmasiadn  NHN atnglsfimu u
naAnENARaEl NH,N SAneslunnusiiniluume G
Slugaai iz 10-30 mg/dL (Ferguson et al.,
1993) #1115 UNsLAsYLAL IR AUYTY LazNng
fupgzviqauvadismi

'
al

FLaRs TVFAS (total volatile fatty acids) 7
a1 4 Faluamdan o nssaangui Fundiseiu
Au 10 wafudus fengendnnguiliFunaueduay 0
wasifus adreflidadAnynieadia (P<0.05) o]
NaNA1AF OG swsu 5, 10 uaz 20 iwefidust i
ANHLANFNSTY (P>0.05) WA T ua A nd 1wl
gUuuLEunsa (L, P = 0.12) anaiiiesanann o
nafulE nisseslfresenenguildso oG 7 10
wWafifus ﬁndﬁﬂ@:uﬁ'u | NUBURALTLTIBNULR

Mach et al. (2009) ﬁi"mﬂ’]udﬂ TVFAs ﬂ@QIﬂLWﬂE\I;
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Table 3 Effects of dietary crude glycerin level on rumen fermentation and volatile fatty acid profiles in

goats
Dietary crude glycerin, % SEM’ Contrasts, P-value'
em T1(0)  T2(5)  T3(10)  T4(20) 0 vs. glycerin’ L Q C
Ruminal pH 6.53 6.51 6.48 6.48  0.06 0.72 0.70 0.89 0.93
NH,-N, mg/d| 2127 21.86" 21.83° 2029 042 0.98 0.99 0.82 0.56
Total VFA, mmol/l
0 h-post feeding 67.73 7216 7401 7057 8.3 0.72 0.83 0.72 0.95
4 66.02° 68.22" 8863 80.69" 6.14 0.23 0.12 0.58 0.27
Mean 66.80 7019 8132 7563 4.38 0.25 0.21 0.49 0.41

Proportion of individual VFA, %
Acetate (C,)

0 h-post feeding 6559 6323  60.99 56.80 4.52 0.24 0.10 0.81 0.90
4 66.94° 64.02° 57.79° 6042° 1.79 0.15 0.12 0.44 0.45
Mean 66.27 6365 5939 5862 263 0.10 0.05 0.74 0.69

Propionate (C,)

0 h-post feeding 1923 2135 2232 2855 353 0.26 0.09 0.57 0.68
4 18.99° 21.23" 2736 2745 221 0.08 0.03 0.71 0.45
Mean 19.11°  21.30° 24.85° 28.00° 1.81 0.06 0.01 0.84 0.87

Butyrate (C,)

0 h-post feeding 1263 12.83 1388 1169 2.18 0.94 0.86 0.60 0.69

4 1199 1197 1297 1000 1.06 0.88 0.59 0.47 0.59
Mean 12.31 1240 1347 1084 121 0.97 0.69 0.47 0.58
Other VFA'

0 h-post feeding 2.53 2.53 2.71 352 058 0.59 0.27 0.51 0.87

4 2.07 2.74 1.79 212 0.39 0.78 0.71 0.71 0.19
Mean 2.30 2.64 2.25 282 049 0.65 0.43 0.69 0.52

Acetate:propionate ratio

0 h-post feeding 3.43 3.27 3.24 219 053 0.46 0.19 0.47 0.67
4 356" 3.03° 232 232" 020 0.01 0.01 0.41 0.52
Mean 3.49° 3157  278° 225" 025 0.10 0.03 0.80 0.94

Methane, mol%

0 h-post feeding 2932 2773 2691 2261 263 0.26 0.10 0.61 0.72
4 20.69° 27757 23.67° 2364° 161 0.08 0.03 0.66 0.52
Mean 2049° 27757 2528 23.01° 140 0.05 0.01 0.87 0.90

“° Means within rows followed with different superscript letters are statistically different (P<0.05)

! Treatment and contrast P-values; P-value for L = Linear effect, Q = Quadratic effect, C = Cubic effect
: Compares the effects of 0% glycerin with the combined glycerin treatment

® SEM = Standard error of the mean (n=4)

“ Sum of isobutyrate, isovalerate, valerate and caproate
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ﬂ@juﬁ'%’%ﬂﬁm@?uau 8 1lafifud Juualiin (P=
0.09) ﬁﬂdﬂﬂ@'uﬁlu (0, 4 uay12lefidud CG)
Lummmﬁmmmmu”lmmmmmummm@u@uj
I0ued A9 0 Faluandanslfianing uazAniade
sanlufiAINULANFA 9T (P>0.05) daAAA R L
TENTUTRS Meale ef al, (2013) RN HAT8sNIEBY
NALIBIUAL (0, 6 WAL 12 wlasidus DM) luwns wuqn
ARAE TVFAs uazasdilsznasaasnsmlasiufszive
11T AnuLAnAafi (P>0.05) et Aadanae
Tnsfinetia uazArdndaunnnadiuiuaeansa s
szl (C,:C.) o 4 Faluaudaannfiawng uaz
AnRAgsNTiuAnsnaty Taeansalnsfiaafiafiuug i
Lﬁﬁyulugﬂl,mm%uma (L, P= 0.03 ua% 0.01) Iusi
dndauans C,.C, Huwrliinanaslugluunndunss (L,
= 0.01 waz 0.03) ANIZAL CG Aindwde
Wheuiauiunguacuax (0 wWaeiidud CG) daurn
ddaumesnsalasuusazifingn 0 uaz 4 Faluamda
mslanins uazANRAgsN WUdnNInezERATigN 0
dTuandanslfiemns uazAeaeN naataisa

LL@zﬂiva"ﬂﬁuéu | (isobutyrate, isovalerate WAL
valerate) lRAMNWANFNGHY (P>0.05) IuLLﬁiaxﬂ@iuﬁ'
1Fugasems usnsnaczisa flaan 4 daluaudanng
Wanwsnwudn FAanuuansneiy (P<0.05) Iﬁﬂﬂ@:m'ﬁl
TH5unAesuAn 10 ez 20 wesidud SArAindn
nguillFFunameiuan 0 wefdud  udldfiaan
WANFNaTU (P>0.05) seminangui Fun e iuiy 5,
10 waz 20 wefidus uariuullinanaslugtluiuy
Wumaa (L, P=0.12) Lﬁmmﬁ?ﬂmﬁﬂuﬁm@;mmmu ©
wasidus CG) FueaAentuAnsainsiaaiiafinan
0 daluemdsnnslianming wudnlifiaanuuansinetiy
(P>0.05) slumi@:ﬂ@juﬁiﬁua;mmmi WeINgmInsnen
fin Han 4 Faluandannslfienns uazAnedasu 1
ANNNLANFAGTY (P<0.05) Tmm@imﬁiﬁmamﬂ?u'ﬁu
20 wlefifud SAngendnguilliFundimetuiu 0
wefidud wslidAnuuwansteiu (P>0.05) s2udng
nauAlAFUNALeRUAL 5, 10 uaz 20 iwlefidusl uagdl
LLmTﬁmﬁﬁyﬂugﬂLmuLz’ﬁum\ﬁ (L, P= 0.03) m
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e A aoa A2 d o e
sEAUNAATUALTINNTWH BT L aUAUNgN
AILAN (0 tlefidus CG)

A a p ‘e g

WanarsFaumsuAdagouaes C,C,
WUIANa1 0 daluanasnisldienunsliimany
LLmﬂmmu (P>0.05) ‘Lw,l,mvnmwvl,mmmmmww WHl
#1901 4 Fluandann1fiemng WazARAL TN
TPNUANFA19AY (P<0.05) Tmﬂﬂziwvlmunmsnmu
a & <& o a 1 1 d‘ VYo = al a
Au 0 wlefidus dengandnguinliFunamesuiy 20
wasidud wildfaonuuwansnaii (P>0.05) 51N
naNnlAFuNAesuAL 5, 10 uaz 20 wlafidus usid
wrltinamaslugtuuuidumsa (L, P = 0.01 waz 0.03

o o o Ao LA ~ o

ANNANAL) ANNTZAU CG MiNTuH e Fauiausy
nanALAN (0 Wesiiusd CG) aanpdesilianeIuLes
Meale et al. (2013) AANENAL2INLETN CG (0, 6
waz 12 wlasidus DM) luwny wudnnsa ks syms
B waresrlsynaureansa lusiunszme 16 18
AYINLANFNNAY (P>0.05) 8Nt C, LavAdndan
C,:C, Mumnsineiu Tne C, Hunalinisaulugtuuy
Wumga (L, P 0.05) atuzh dadauaes C,.C, §
waltinanaslugtluuudunsa (L, P = 0.04) mxszsy
CG  MNTwHewFTuuEUTUNgNALAN (0
wlesidiud CG) NNuedAENUNIANEI189 DeFrain
et al. (2004) Neeudn ngNuNTATAUNTFFUNNg

dsunageseaiArpandinduaeinse C, geinda uas
Adndau1es C,C, anasAINInguilldiaduna
\wean wax Linke ef al. (2004) finudn naidsuna
wasea 1 niandn Wiudlaunlagliinasin uaznis
nazwnzgw vieddulifuladdequ 200 vide
300g/hd/d (Wang et al., 2009) MnlAANNEnd
8en0 C, guinidenReuiiauiunguiliiu ena
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Tuagfuvanetiade iy dadauesnnilulansn uas
Tusiiu nageduaasnsalafuilszime | §dnuuils

NITINTILHY Fn3nN5anw (ruminal  passage



NAURITEAUNALEEsUALTUEIMSHANIES AR BT AR N1y

ns:LWﬁzgmuLLmﬂu@ﬂ"LuTmimu"Luuw:

rate) 1993 09Ltuaslldanszinizazlunndy
(abomasum) (Lépez et al., 2003) LL@:ﬂ’ﬁ”uﬁ’umm
Windudndonresnsmanizd (organic acid) viavnly
NITINNTILNY %ﬁyu@f;jﬁmﬁmmmmﬁu"l,mmm
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(Heldt et al., 1999) LAy Sutton ef al. (1993) 91211471
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al. (1992) 91e97u3 MaRstyALTs N1anzal way
ﬁ@miumiﬂ'@m@wLsnmi‘ll@mmmeﬁﬁ*ﬂﬁﬂaﬂmm
waglaalunsvinisginu 2 mﬁﬂgﬂﬁmffmﬁmﬁma
Lsnm@@'lumm?ﬁ”mL%ym‘:ﬁuqq (0.05; v/v) Wi LT NA
ﬁun@iuﬁ@?uﬂﬁvﬁmamzﬁuﬁﬁ (<0.01;
Paggi (2004) WUINTNANTTHNTL DL AR
mmimiuﬂ?%wq%ﬁmu@mmmm”m‘ummmmw

vIV) LAY

et al.
LWM“LAI‘LA@WMW?L@WL% muu Asdanalinnsean s
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ge9 widmFunsdanmssinsalnsilefinaz lufinng
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Table 4 Effects of dietary crude glycerin level on rumen microbes in goats

3

Item Dietary crude glycerin, % SEM Contrasts, P-value'
T1(0) T2(5) T3(10) T4(20) 0 vs. L Q C
glycerin2
Total direct count
Bacteria
(x10'°cell/ml)
0 h-post feeding 1.86 2.01 1.81 1.74 0.1 0.94 0.49 0.57 0.59
4 2.59 213 2.09 2.04 0.17 0.09 0.12 0.38 0.67
Fungal zoospores (x106 cell/ ml)
0 h-post feeding 2.09 1.88 1.42 1.41 0.19 0.17 0.10 0.79 0.61
4 2.34 213 1.84 1.79 0.21 0.20 0.13 0.76 0.79
Total Protozoa(x106 cell/ml)
0 h-post feeding 1.62 1.75 1.50 1.37 0.27 0.80 0.46 0.67 0.70
4 212 2.25 1.75 1.62 0.41 0.60 0.29 0.76 0.59

“° Means within rows followed with different superscript letters are statistically different (P<0.05)

" Treatment and contrast P-values; P-value for L = Linear effect, Q = Quadratic effect, C = Cubic effect

z Compares the effects of 0% glycerin with the combined glycerin treatment

° SEM = Standard error of the mean (n=4)

- &
wulmdanni@a (fugal

X Aa A = .
frontalis) wazwuARFeNeesaanedaly (cellulolytic

activity;  Neocallimastix

activity) 111 Ruminococcus flavefaciens — WaY
Fibrobacter  succinogenes anued lifinansznuse
naanynls n19in1z8a uaz cellulolytic  activity
U9 Ruminococcus flavefaciens Wae Fibrobacter
succinogenes wiasdudaiiassfuauuiiy
N9 5 wlefiius dowtlszannsTusTadarianss s
ANHUANGNGAY (P>0.05)  TaadlAnagludas 1.31-
2.01x10° cell  ml ?ﬁﬂmﬂﬁﬂﬁﬂdﬁu Hungate (1966)
91897191 UszanslsladalunszimnsgmuiiaAneg

Taiag 10%-10° cell/ ml
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Annannarasiulasian wasnisldils=laniuas
1lulnsiau

HATRNTEAL CG lugn981113 TMR foauna
yaslulnian wazkazn sl lamiaealulngiau
([?]’1?’1\‘1'17{ 5) Usngdn 1Bunaunsnulivedlulngian
Ve (Total N intake) Fanounnzdululngiau (N
excretion) Vlzﬂugﬂmmmﬂﬁﬂuimmumqﬂmm
(Urinary N) 1Bunaunnsdululnsiauluga (Fecal N)
LL@:L@N’]MH’]?%UIWTL@uVF\WQJm (Total N excretion)
laifANwANFNafY (P>0.05) KwRsafuan luingian
ﬁqﬂ@m%u (Absorbed N)  waziFu1unIsAnLL

Tulngiaulugnenie (Retained N) wuqn Tl ®
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Table 5 Effects of dietary crude glycerin level on nitrogen balance of goats

3

Dietary crude glycerin, % SEM Contrasts, P-value'
ltem T1(0) T2(5) T3(10) T4(20) 0 vs. L Q C
glycerin2

N balance, g/d
Total N intake 2245 2320 23.77 2262 0.84 0.56 0.82 0.39 0.75
N excretion, g/d

Fecal N 548 489 482 470 0.76 0.46 0.49 0.76 0.86

Urinary N 3.28 6.04 5.76 5.67 1.54 0.24 0.44 0.69 0.24
Total N excretion 8.76 10.93 10.58 10.37 1.95 0.47 0.65 0.59 0.78
Absorbed N 16.96 1831 1895 17.92 1.10 0.25 0.46 0.27 0.84
Retained N 13.79 1227 1319 1224 1.96 0.63 0.71 0.89 0.66
N output (% of N intake)

Absorbed 75.67 7922 7945 79.28 317 0.30 0.41 0.54 0.82

Retained 61.57 53.38 5531 53.33 7.78 0.47 0.58 0.73 0.73

““ Means within rows followed with different superscript letters are statistically different (P<0.05)

" Treatment and contrast P-values; P-value for L = Linear effect, Q = Quadratic effect, C = Cubic effect

: Compares the effects of 0% glycerin with the combined glycerin treatment

® SEM = Standard error of the mean (n=4)

ANHUANANATTY (P>0.05) analiiedsnann thunmunns
AulEvimunrasamng anuaansalunnstes 1y uay
1BuaunisnulieesdnausTisiuluaunsldunnsng
fu daBnadlulnsauiune 1650 fasuduwusi
1Bunmunisiulied1edasy wazadudannnalunisg
doeflX eRanandlulpsiaufignasiu % of N
intake) wazANANRLIUIRTIAW (% of N intake) ¥iTe
se@nsnimnislEluingian (N efficiency) wuan la
WANFN9 (P>0.05) Tmﬁﬁrﬁhl,'aﬁmgi‘luﬁw 75.67-
79.45 Uaz 55.31-61.57 Waslius muaaAu annnig
wmmﬂ%ﬁ”Wudmurﬁlmmiuimmu wazn19ld
dszlaadaaslulnsaudandunanluwnennngs
wanaiwindnszau CG Tugmsanns TMR laifinasie
Apnannatadlulnsian uazns sy laadang
ulasiau araidiesann unsynngallisululnnaugs
N91ANNABINNTUBI19NNE TRUTUETLAIAIY
dWisdueuwantuie-lulasiau (NH,AN) lunszinngg
WUIBIUNEN NG fflAAusssUuusid WL
L@?Eﬁimmmmﬂnauﬁﬂ (5-8 mg/dL; Satter and
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Slyter, 1974) dmFuniaasouimuls waznisdamsz
qauviddldsfugeqe uaneliifiudnanunai lisssy
CG lugmsauis TMR @130 ML uuuaandssny
naunuinalnalua1n1sdndld wazdndanunsn
Wl dszTentlén waziNaanasanisanssdn Tne
luifinanaznuse Bunaniaiuld nazuauniamdnlu
naznzgiy annaveslulngian nslflselomiaas
lulnniau uazanssnn waesdnd dannfaiumenu
284 Gunn ef al. (2010a) TANHHATENIEAUNA oY
AvlugreanvnInaNaTaf 19U (0-20 iwedidus) lu
WNT NUFNIZAUNATETUAL TR INANIATS 10-
20
ANTIDNINNNGIRITYBASUNEG  Tunamseiuding admd
1550 lulnsiauannemnstieadmdazifinnisinuiu

wWeafidus ldinare3uunisiuls way

Tulasiaulslusenie lulpsauasgndusenumieya
v dl (=1 o

uazilaanztiasas Waiilunisinmannalulnsauly

$29n18 asandndinalnAaruaNANANAATEY
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Abstract: This study investigated the properties of chitosan film incorporating orange essential oil at 0.7% and
1.4% (v/v) compared to pure chitosan film. Chitosan film with 1.4% orange essential oil had much better
elongation but the strength and water vapor transmission rate were lower. The application of orange essential oil
film to extend the shelf life of orange flavored butter cake was the aim of this study. An antifungal effect against
mold on orange flavored butter cake was also evaluated. The comparative trials between wrapping pure
chitosan film and chitosan film with 0.7% and 1.4% of orange essential oil around the cake were studied at 25°C
for 10 days. Cake wrapped by film containing 1.4% orange essential oil had the best texture and least weight
loss. The cake surface was observed daily for the growth of mold. The study showed that cake wrapped in
stretch film, chitosan film with 0, 0.7 and 1.4% orange essential oil had 2, 4, 7 and more than 10 days shelf life,
respectively. Chitosan film with 1.4% orange essential oil provided the best mold inhibition. Therefore, orange
essentialoil can improve chitosan film properties and prolong the shelf life of orange cake with acceptable

sensory characteristics.

Keywords: Chitosan, film, orange essentialoil, cake, antifungal, shelf life

Introduction Active antimicrobial packaging is the

packaging that incorporated antimicrobial agents

Bakery products normally have a shelf life that may delay or prevent the growth of
around 3-4 days when they are unpreserved. Visible microorganisms on the surface of the products.
growth of fungi is an indicator of the end of product Release of antimicrobial substances from packaging
life. Furthermore, fungi are responsible for off-flavor materials to the food surface may control microbial
formation and the production of mycotoxins and contamination by reducing the growth rate,
allergenic compounds (Gutierrez et al., 2009). extending the lag-phase of the target microorganism,
Chemical preservatives can be used to extend the and inactivating microorganism on contact (Han,
storage life of these products. However, consumer 2000). Many researchers incorporated essential oils
prefers  fresh  products  without  chemical or plant extracts into chitosan film but only some
preservatives but keeping free from microorganism. applied antimicrobial fims to food products.
Natural —antimicrobials are GRAS (Generally Zivanovic et al. (2005) placed chitosan film and
Recognized as Safe), however, given the strong chitosan-oregano essential oil film in contact with
flavor and affected the organoleptic qualities of the inoculated bologna samples and stored 5 days at
food (Sangsuwan et al., 2008). The application of 10°C. Pure chitosan films reduced Listeria
these antimicrobial agents to food needs to be monocytogenes by 2 logs CFU, whereas the films
careful. Citrus essential oil, natural antimicrobials, with 1% and 2% oregano oil decreased the number
could be an alternative to chemical additives for use of L. monocytogenes by 3.6 to 4 logs CFU and

in food industry. Orange essential oil was very Escherichia coli by 3 logs CFU. Lee et al. (1998)

effective against Aspergillus  niger, A.flavus, incorporated 1% grapefruit seed extract into low
Penicillium verrucosum and P. chrysogenum (Viuda- density polyethylene film and used it to package
Martos et al., 2008). curled lettuce. It was found that the growth rates of
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aerobic bacteria and yeast decreased. Pranoto et
al. (2005) incorporated garlic oil into chitosan film
and the activity of the antimicrobial films was tested
against food pathogens, E. coli, Staphylococcus
aureus, Salmonella typhimurium, L. monocytogenes
and Bacillus cereus. Incorporation of 100 ul of garlic
oil/lg of chitosan had antimicrobial activity against
S.aureus, L. monocytogenes, and B. cereus.

The use of orange essential oil in active film
to control mold growth on butter cake is unavailable.
Therefore, this research has 3 main objectives. First,
to test the properties of antimicrobial film from
chitosan incorporating orange essential ol
developed for its use with orange flavored butter
cake. Second, to evaluate the quality and sensory
characteristics of orange flavored butter cake
wrapped by film developed. And third, to test the

inhibitory effect of film developed against mold.

Materials and Methods

1. Film Preparation

Chitosan with more than 85% deacetylation
(Ta Ming Enterprises Co., Ltd, Thailand) 1.5 g was
dissolved in 100 ml of 0.5% acetic acid solution at
60°C with continuous stirring for 1 h. Tween 20 was
added as an emulsifier. Orange essentialoil (Sigma,
St. Louis, USA), 0.7% or 1.4%, was incorporated into
the chitosan solution. The film-forming solutions,
33+0.5 g were poured onto glass plates (13.5 cm
diameter), and dried at 50°C for 24 h. Dried films
were peeled off from the glass plates and
conditioned at 25 +2°C and 50 +5%RH for 72 h prior

to evaluation.
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2. Film Properties

2.1 Determination of Tensile Strength and
Elongation

Tensile strength and percent elongation

were tested by using the Instron Universal Testing

Instrument model 5565 (Instron, Canton, MA, USA)

following ASTM D638M (ASTM, 1993).

specimens were cut into rectangular strips (1 cm x

Film

10 cm). The initial grip separation was 5 cm and the
cross-head speed was 25 mm/min. Tensile strength
was calculated by dividing the maximum load by the
cross-sectional area (average thickness x 1 cm) of
the initial specimen. The percentage elongation was
defined as the percent change in the length (AL) of
the specimen to its original length (L) between the
grips (5 cm). Tensile strength and percent elongation
results were obtained from 10 sample replications.
2.2 Determination of Water Vapor Transmission
Rate (WVTR)
WVTR was
according to ASTM E96-95 (ASTM, 1995).

specimens, approximately 8 cm diameter, were

determined  gravimetrically

Film

mounted on the aluminum cups containing 10 grams
of silica gel. Paraffin was used to fix a film specimen
to the wide rim of an aluminum cup. The cups were
weighed and then placed in a desiccator containing
saturated calcium chloride solution. The relative
humidity of the chamber was kept at 35 +2% and 25
+1°C throughout the experiment. The water vapor,
which passed through the film, was determined by
recording the weight gain daily for 5 days. The test
was performed in triplicate. WVTR was calculated

using the following equation.

WVTR L
4
where W = the slope of the plot between
t

weight gain and time, g/day

. 2
thepermeation area, m
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3. Cake Quality
Orange flavored butter cake (orange cake)
was made with no preservative. Each piece (3.5 cm
x 5 cm x 1.5 cm) was wrapped in stretch film,
chitosan film, chitosan film incorporating 0.7% and
1.4% orange essential oil and placed on polystyrene
trays. All cake treatments were stored at 25+2°C for
8 days.
3.1 Color
The surface color of cake after removal from
all film treatments was measured using the Hunterlab
color meter Color Quest XE (The Color Management
Company, Reston, Virginia, USA) calibrated with a
white tile. Multiple readings were taken on 4 pieces
from each treatment.
3.2 Texture
Texture of orange cake was measured
every 2 days using a Texture Analyzer TAXT2i
(Texture Technologies Corp., Scarsdale, NY, USA).
Texture profiles were obtained after setting test
speed 2.0 mm/sec, post test speed 2.00 mm/sec,
target mode: strain, strain: 40%, time: 5 sec, trigger
type: auto (force) and trigger force: 5 g. Cake
samples were cut into circle with 4 cm diameter
before testing.
3.3 Weight Loss
Weight loss of orange cake was determined
by weighing the samples at specific time intervals
and plotting weight loss against time. Weight was
measured using a balance (+0.01 g) model BP300S
(Sartorius, Menlo Park, CA, USA).
3.4 Sensory Evaluation
Evaluations were tested under ambient
conditions at about 25°C in a sensory evaluation
room using 50 panelists. Samples were labeled with
three-digit random codes and placed in small white
plastic cups. The order of presentation of the

samples was randomized. The acceptability of

308

color, odor, taste, texture and overall quality were
The
variability of acceptance was analyzed by ANOVA
and Tukey's-b test (P<0.05).

3.5 Shelf Life

Visibility of mold on cake surface was daily

evaluated using a nine-point hedonic scale.

observed for 10 days.

Results and Discussion

1. Film Properties

1.1 Tensile Strength and Elongation of Films
Tensile Strength and percentage of
elongation of chitosan film without orange essential
oil was 32.06 MPa and 4.87%, respectively (Table 1).
Film tensile strength reduced while percentage of
elongation increased as increasing orange essential
oil concentration. Addition of orange essential oil
acted as a plasticizer or a lubricant in the film matrix,
which increased film flexibility. Since chitosan film
alone was very fragile and difficult to apply on food
as a wrapper or packaging film. Therefore,
incorporation of orange essential oil could provide
the advantage to this application. Zivanovic et al.
(2005) also observed the same trend in which the
addition of oregano oil into the chitosan film
decreased tensile strength but increased elasticity of
the films. While Sanchez-Gonzalez (2010) reported
that the lower tensile strength and percentage of
elongation when they added bergamot essential oil
(BO) into chitosan film. They explained that this could
be explained by discontinuities in the polymer matrix
introduced by the BO incorporation and by changes
in the polymer chain interactions when oil
components are present, which lead to a weak
mechanical response. The contradiction could be
due to the concentration of essential oil used in

chitosan matrix.
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Table 1 Tensile strength, elongation and water vapor transmission rate of chitosan film containing different

levels of orange essential oil

Orange essential ol Tensile Strength,

Elongation, %

Water vapor transmission rate,

concentration, % MPa g/m2.day
0 32.06 +2.04° 4.87 +1.70° 21.03 +2.32°
0.7 30.98 +1.78° 9.01 +1.83° 18.17 +0.85%
14 26.81 +0.80° 15.16 +1.89° 17.58 +0.81°

*** Each data point of tensile strength and elongation represents the mean +£S.D. of four replications while water vapor

transmission rate represents the mean +S.D. of two replications, respectively. Different superscripts in the same column

show significantly different (P<0.05)

1.2 Water Vapor Transmission Rate (WVTR) of
Films
The incorporation of essential oil from
orange into chitosan film was expected to increase
the water vapor barrier property due to the
hydrophobicity of orange essential oil. WVTR of film
with orange essential oil decreased as increasing oil
concentration. of

Incorporation hydrophobic

compounds into hydrophilic polymers causes

structural modifications of the polymer matrix,
causing an increase in network tortuosity (Red! et al.,
1996; Callegarin et al., 1997).

transport  of

This impedes the

molecules through the network
(Papadokostaki et al, 1997), and reduces water
uptake (Vazquez et al., 1997). Sanchez-Gonzalez
(2010) also found that bergamot essential oil could
also reduce film WVTR of chitosan film, while Pranoto
et al. (2005) was not observed any different when
addition garlic oil to chitosan film. The effect on
essential oil on reducing WVTR could depend on the

amount of essential oil incorporated into the film.

2. Cake
2.1 Color of Cake
The positive b* value represented the
yellowness. As storage, b* value of cake surface was

increasing (Figure 1). The inclement in b* value
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indicated that the color of the cake was becoming
more yellow. Cake unwrapped from chitosan film
1.4% had

significantly higher b* value than other treatments.

incorporating orange essential oil
This might be due to the migration of the orange
essential oil from to the film which affected the
yellowness of the cake. Sangsuwan et al. (2008)

also reported the migration of vanillin  from
chitosan/methylcellulose film to fresh-cut cantaloupe
and pineapple resulted in more yellowness on fruit's
surface. The migration of essential oil from fiim to
food could either provide the inhibition effect on the
food surface against microorganisms or adverse
effect on sensory characteristics of food (Suppakul et
al., 2003).
2.2 Texture of Cake

The fresh baked cake had hardness of
1,326 g (Figure 2). During storage, cake hardness
increased as time due to moisture loss out of cake
surface. On day 8, cake wrapped in chitosan film
containing 1.4% orange essential oil had the least
hardness which is only 3,087 g while those wrapped
in chitosan film had hardness up to 4,609 g.
Essential oil in film can reduce cake hardening due
to it was hydrophobic. As a result, it lowered water
egress out of film which agreed with WVTR value of

film, thus maintained cake moisture content and kept
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the cake sofer than other treatments.
2.3 Weight Loss of Cake
Orange flavored butter cake tended to lose
the weight during storage. Cake unwrapped from
chitosan film incorporating 1.4% of orange essential

oil had the least weight loss. This is mainly due to
5000 -

5000
4000

3000

Force (g)

2000

1000

the hydrophobicity of orange essential oil present in
the film composition lower WVTR value of the film.
The film incorporating orange essential oil, which is
more hydrophobic than pure chitosan film showed
the significant difference in water barrier protection

against weight loss (Figure 3).

—p— Control

—f§i— Chitosan
film
dy - 0.7%

arange oil

0 2 4

Storage time (day)

Figure 2 Texture of orange flavored butter cake unwrapped from chitosan film containing different

concentration of orange essential oil

20

Weight loss (%)

—ap— Control
- @ = Chitosanfilm
0.7% orange oil

- ea 1.4% orange oll

0 1 2 3

4 5 6
Storage time (day)

7 g 2 10

Figure 3 Texture of orange flavored butter cake unwrapped from chitosan film containing different

concentration of orange essential oil
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2.4 Sensory evaluation of cake

The sensory scores of fresh bake orange
flavored butter cake were shown in Figure 4. All
attributes had the scores in the range of 6-7 out of 9.
On day 3, the sensory characteristics of the cake
wrapped with  chitosan film, chitosan film
incorporating orange essential oil 0.7% and 1.4%
were not significantly different between treatments

9 6.87

6.67

Score
| | |

|0 T ' T S ) o ) T . ]

5,31

and all scores were greater than 5 which were in
sensory acceptable limit (Figure 5). On day 7, the
cake wrapped by chitosan film was disregarded due
to mold growth. Orange flavored butter cake
wrapped by chitosan incorporating 1.4% orange
essential oil were not significant different from those
wrapped by film containing lower oil concentration
but better in texture (Figure 6). Film containing
6.27 §.92

color odor

taste

texture overall

Sensory characteristics

Figure 4 Sensory score of fresh bake orangeflavored butter cake

| chitosan film
2 0.7% orange ol

+e1 1.4% orange oil

color

taste

texture overall

Sensory characteristics

Figure 5 Sensory score of orange flavored butter cake unwrapped from chitosan film containing different

concentration of orange essential oil after storage for 3 days
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high orange essential oil concentration can protect
the moisture loss from cake, thus provide the best
cake texture. Cake wrapped in chitosan film
containing orange essential oil are still acceptable in
all attributes until this day.
2.5 Shelf Life of Cake
Orange flavored butter cake were stored at

25°C for 10 days. The apperance of mold was

Score
o
|

Lttty

used to judge the storage life of the cake. Mold
incidents were observed on cake wrapped by
stretch film on day 3, resulted in 2 days storage life.
Orange flavored butter cake wrapped by chitosan
film, chitosan film incorporating 0.7% and 1.4%
orange essential oil had storage life for 4,7 and more

than 10 days, respectively (Figure 7).

5 0.7% orange oil

e 1.4% orange oil

Bt E0PE00000000 0000000800000 00004

color odor

taste

texture overall

Sensory characteristics

Figure 6 Sensory score of orange flavored butter cake unwrapped from chitosan film containing different

concentration of orange essential oil after storage for 7 days

Figure 7 The first date that the visible growth of mold was observed on cake unwrapped from different

films (A: stretch film, day 3, B: chitosan film, day 5, C: chitosan film containing 0.7% orange

essential oil, day 8 and D: chitosan film containing 1.4% orange essential oil, day 10)

312



Properties and Antifungal Effect of Chitosan Film Incorporating Orange Essential Oil

on the Shelf Life of Orange Flavored Butter Cake

Conclusion

Chitosan film incorporating orange essential
oil provided the good inhibition against mold on
orange flavored butter cake, thus extending the shelf
life of the cake. It can also protect the moisture loss
from cake during storage and then keep the best
cake texture with acceptable sensory characteristics.
Chitosan film incorporating orange essential oil had
potential to extend the storage life and maintain the
best keeping quality of orange flavored bakery
products, fruit cake or other cakes that have the

innate flavor compatible with orange aroma.
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