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Adoption Farmer’s in Arabica Coffee Plantation Technology of
Highland Development Project Using Royal Project System Maesalong,

Maefahluang District, Chiangrai Province
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Abstract

This study was conducted to investigate : 1) socio-economic attributes of the farmers
growing Arabika coffee; 2) a level of the adaptation of Arabika coffee growing technology of the
farmer; and 3) factors effecting the adoption of Arabika coffee growing technology of the farmers.
Data were collected from 148 the farmers growing Arabika coffee in the area of Mae Salong
Highland Development Royal Project.

Results of the study revealed that two-thirds of the respondents were male and 43.28
years old on average. More than one-half of the respondents were Akhas, illiterate, and married.
They had 5.82 family members and yearly household incomes for 295,837.84 baht on average.
They held agricultural land for 21.31 rai and expenses town capital on Arabika coffee growing for
3,618.14 baht per rai on average.The respondents perceived news/information through
agricultural extension workers and they did not join educational trip in the past year. However,
the respondents attended a traning on Arabika coffee growing in the pastgen. They had a high
level of knowledge and understanding about Arabika coffee growing.

Findings showed that as a whole the respondents adopted Arabika coffee growing
technology at a moderate level but a high level in terms of deep cultivation method and
resistant varieties using. They adopted the technology on bio-way and deception/physics
methods, respectively at a moderate level. It was also found that independent variables had a
relationship with dependent variable in term of the adoption of Arabika coffee growing
technology. This included sex, training, and knowledge/understanding (sig<0.05).

Keywords: Adoption, Plantation Technology, Arabica coffee
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Greenhouses Production of the Royal Project Extension Project in Klong
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ABSTRACT

The objective of the study was to explore the personal background factor, socio-
economic factor and other factors including the factors related to farmers’ adoption in
promotion of vegetable greenhouses production of the Royal Project Extension Project in Klong
Lan District, Kamphaeng Phet Province in order to adopt the promotion of vegetable greenhouses
production and also to find out the farmers’ problems and suggestions.

The sample of this study was 34 farmers selected from the farmers who grow vegetable
in greenhouses in the area of 7 villages.

The results of the study indicated that 61.8 % of the farmers are female of the average
age at 50.47 years. They were Yao (Mien), Lahu (Muser), Karen and Thai people. Most of them
completed the compulsory education (Pratom 4 or 6). The average family members was 4.71 and
the average family labors was 2.18 and they have been educated and trained about vegetable
greenhouses production for 3.45 years in average. Their main career was being the farmer who
grow vegetable in greenhouses and was sometimes hired to do labor jobs. They have agricultural
area at 6.33 Rais in average. The average of the farmer’s total income earned from agricultural
jobs was 64,623.53 Baht yearly and earned from non-agricultural jobs was 64,200 Baht yearly.
Meanwhile, they have the average annual expenses at 88,824.59 Baht dividing to 21,015.76 Baht
for agricultural expense and 69,397.06 Baht for household expense. The average debt was
58,883.33 Baht. For the knowledge or information gained and learnt from other people, all types
of media and activities was at medium level. More than 76.5 % of the farmers have the
knowledge of vegetable greenhouse production.

The good and continuous advice or suggestion from the officers was the high motivation
for the farmers who grow vegetable in greenhouses. They have very good attitude and high
confidence towards the officers of Highland Research and Development Institute (Public
Organization). However, their attitude and confidence towards the officers from other
organizations was in medium level. For the farmers’ adoption in promotion of vegetable
greenhouses production as a whole was in high level. Also, all 3 activities: the preparation for

growing, growing and taking care, and harvesting were in high level.
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From the hypothesis examination, it was found that the factors related to the farmers’
adoption in promotion of vegetable greenhouses production were their education levels, training
for vegetable greenhouses production, experience for vegetable growing, number of family
members, number of family labors, non-agricultural income, total expense, debts, and the
attitude towards the officers of Highland Research and Development Institute (Public
Organization) and there was statistically significant at 0,01 level.

The problems and suggestion for their vegetable greenhouse production: the most important
problems were they had to grow vegetables repeatedly for many times because of insect and
disease problems; there were a few types of vegetable for growing. Owing to the tropical climate,
they could not grow cold weather vegetable or expensive vegetable such as capsicum (bell
pepper), and tomatoes. The other problem was the high price of bamboo and manure and they
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Effect of Paclobutrazol on Change of Nutrients Content on Bulb

of Eucrosia bicolor B. Reg at Flowering Stage
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Abstract
The study on the influence of PBZ on nutrients in blub during anthesis of Eucrosia
bicolor was conducted at Agricultural Technology Research Institute, Rajamangala University of
Technology Lanna, during January 2017 - October 2017. The experimental design was a
completely randomized design with 5 treatments, 10 replications per treatment, of PBZ

concentrations at 0, 25, 50, 100 and 200 mg/l. The 200 ml of PBZ solution was applied as a
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substrate drench per pot plant after the plants were 1 cm tall. Results showed that the plants
obtained 200 mg/l of PBZ produced the minimum of inflorescence stalk and flower stalk of 41.35
and 3.49 cm, respectively. The bulbs of Eucrosia bicolor plants treated with PBZ at the
concentration of 200 mg/l tended to produce higher K Ca and Mg contents at the first blooming
flower phase, N and P contents at every flower blooming phase and K contents at the withered
flower phase. While Eucrosia bicolor treated with 100 mg/\l PBZ tended to produce higher K and
Ca contents at the first blooming flower phase and Mg contents at the withered flower phase.
While EB treated with 25 mg/l PBZ tended to produce higher N and P contents at the withered
flower phase. The five concentrations of PBZ used in this study were not significantly affected
Eucrosia bicolor growth on beginning date of flowering, flower amount per inflorescence,
inflorescence diameter and flower length.

Keywords: Paclobutrazol, Nutrients Content, Eucrosia bicolor B. Reg
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0 4.30 4.34° 7.32 56.18" 8.80
25 4.27 4.09" 7.10 50.13° 8.70
50 4.36 4.00° 6.88 48.74° 8.70
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wnliuusinailulasiouiiugsninnssuisou aenndefunyids msldarsauaunisisdyiulnvesii
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Assessment of nutrient concentration in soil and leaves of

Pukopummel grown in Pattani province

= 1 v a . . *
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dheuimsimnisyuwy dindsasuwaznisfnyideliies I IneduasvaIunsuns
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nsUsliuANuuduressnemsiuAuuatludulayln dndunis s wlassrusiniugues
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UASASIIINIY (T3) Uag 4) Anududuiinsgiuvessmeimsiufuiazludule (T4) :nnsnwinudl
dunazludledandiinnuduiuvedulanaunazuaadousiun Taefinnudutululasiouludu (T1=
64.8 1n./nN.) waw (T2=81.2 un./nn.) Aandutululu (T1=0.45 %) wag (T2=0.65 %) MuEIRULAYAIY
Wuduuaagalufu (T1=723.7 un./nn.) wag (T2=922.3 un./nn.) anadudululu (T1=0.71 %) uag

o o o a

(T2=2.34 %) pudiu AnIanududuRInsgIueglidedAynieada ann1sfinwdsnaiagdlaan

o

v o

awdulodamilfilulasiaunazuradeuluiidrdanands Sududeniuanududusiniinanleglu
sgRuInzgauaiununandnduleyln

AdAgy: MIUTEdiu ANUNTY 519 mns dule

Abstract

The assessment of nutrient concentration in soil and leaves of Puko pummelo was
carried out at a pummelo orchard in Yarang District, Pattani Province and Pattani Community
Service Station, Office of Extension and Continuing Education, Prince of Songkla University, Muang
District, Pattani Province during November 2016 to March 2017. The objectives of the study were
to examine the nutrient concentration of in soil and leaves of Puko pummelo in Yarang district,
Pattani province. The study was conducted in completely randomized design (CRD). There were
four treatments and three replications. The treatments comprised T1) Puko pummelo orchard
was general practice management T2) Puko pummelo orchard was good practice management
T3) Puko pummelo orchard was planted in Pak Panang district, Nakhon Si Thammarat province

and T4) standard nutrient concentration for pummelo in soil and leaves. The result showed that
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the soil and leaf in Pattani pummelo orchard at both sites lacks of nitrogen and calcium. T1 and
T2 had low nitrogen content in soil as 64.8 and 81.2 mg/kg and leaf as 0.45 and 0.65 percent
respectively. Moreover T1 and T2 also had low calcium content in soil as 723.7 mg/kg and 922.3
me/kg and leaf content as 0.71 and 2.34 percent respectively. The values were significantly lower
than the standard concentration. From the study, it was concluded that Pattani pummelo
orchard had nitrogen and calcium as a limiting factor. It is necessary to increase the concentration
of the element to raise the appropriate level for the increase quality product.

Keywords: assessment, concentration, nutrient, pummelo

unin

o a salo o A

duleylniduAniavgniuinuiulugunessse Jwmiatdnni ddnuurdsedmiugndrdgde na

] )

v
=

nsanauvalg) fan Rawedidenoumdes sonthiurundnuazogatuinn Awafuuseudulnegu
vana edudandoriugvi enadvumiduiauns qeiwuiouiadnEosdatuuiu idenadisani
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ddnyivinliidulelvinandnd uazamamnandnlld lasauiidnisdanisialy (T1) fannandudu
Tulnsuiies 64.8 fiadnsusenlansy wazaufiinisdanisd (T2) Saududu 81.2 fadnsusedlandy
L.memasmﬁﬂfsﬁwﬁagmqaaaﬁ’ummLeﬁmsﬁummgmlﬁamawﬁmﬁ"ﬂaammw (180 mg/kg) wazaludule
UATATSTINGIY (328.4 me/ke) WuReniuanuuduneadenluauiiinsdansialuldandies 7237
findnsusiedlansy warluaufiinnsdanisifiannaududu 922.3 fadnsudenlansy Tuvaeiiaududy
wnsgruitensnandulenmninyindu 1,500 SadnfusioAlaniu (table 1) pglsfinuanududures
wnaidesluaudletnndssliaiiganinaudilounsaisssus finsvaguusind esaniiag
Wuduvewaa@uulufuiiies 360.8 fadnsudeilaniy Anududululasiaulufudenndesiunaiinszi
anuudululudulefinu awdifinnsdnnsialy wagdanisi ferududululasaudies 0.45 way
0.65 Wesidudnudu sndamasgniluly (2.63 %) wazaudulounsadsssusy (3.47 %) oened
Toddamneadd wudetuemududuseadenluluresauiiiinisdanisiill 0.71 %) awudulednnis
7 (2.94 %) wavaudulounsaiosusy (2.38 %) Fwnanduledamiluasunsaisssusy dauan
wradesilesanlimmninnasgruanududululy (4.13 %) edraiideddymsadi (table 3) 579
o sidmnudududouthen wuiuundiFenszdusmseluiiduloylndnmion iesanlufuves
aufifinsdanisiludanudududiion 124.2 fadnduselansy wavarufidansifarududy 157.8
fladnsudedlaniu unnsnsegadidddymsadnfummiududunasuiienisuandulonann (180
my/kg) Tuwaziaudulounsaisssusviiianuidudugeunn 392.4 fadnsusiodlaniy Arududy
wunfidenluduliarfiaenadostuarnududululufinuianiiiinnsdnnisiily wasdnnisi danu
udununiiBeuiios 0.17 uay 0.14 Weddudmuddu sndanmsgrueadudululu (0.42 %) wae
audilounsrisssusiitnrundudu 0.73 Wedidud egildedfymeada dusnemnsdu q wuind
ansdudulufuuaslussiumsngay aufwauaaudnios 1wy Weanesa (18.3-25.7 mg/ke way 0.14-
0.20 %) Inuvandes (89.6-160.4 me/kg wag 0.79-0.95 %) AMuzeiu (10.9-12.1 me/kg uag 0.28-0.30 %)
NouAd (1.1-1.3 Uag 2.5-4.5 mg/ke) AN (36.1-89.9 uag 62.1-89.9 me/ke) waaniila (12.6-37.4 uay
15.6-20.4 mg/ke) wazdened (1.4-2.6 waw 20.7-25.3 me/ke) (table 1-4) Fafauunnsnannsadniie

o

dnto viselufinnuuansemadfduenududunnnsgivressinemsiuiusazlu (table 5)

Table 1 Macro-nutrients concentration in the Puko pummelo growing soil at selected sites

(T1-T3) and standard nutrients concentration for pummelo in soil (T4)

treatment N P K Ca Mg S
(mg/ke) (mg/ke) (mg/ke) (mg/ke) (mg/ke) (mg/ke)
T1 64.8+4.2°  183+2.6°  89.6+6.4° 723.7+485°  124.2+74°  10.9+2.4°
T2 81.243.6°  257+34°  160.4+43°  9223+127°  157.8:64° 121418
T3 328.4+9.7° 1207467 1,562.649.1°  360.8+6.2°  392.4+112" 40567
T4 180.0¢0.0°  20.0£0.0°  125.0:0.0°  1,500.0:0.0°  180.0:0.0°  10.0+0.0°

CVv. 21.7 13.6 13.8 21.6 12.8 9.1
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Mean within column with different alphabets differ significantly at P<0.05

Table 2 Micro-nutrients concentration in the Puko pummelo growing soil at selected sites

(T1-T3) and standard nutrients concentration for pummelo in soil (T4)

treatment Cu Fe Mn Zn
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
T1 60.8+4.2° 18.3+4.6" 89.6+6.4° 723.748.5"
T2 81.2+3.6° 25.7+3.4° 160.4+4.3" 922.3+12.7°
T3 328.49.7° 120.746.7° 1,562.629.1° 360.8+6.2°
T4 180.0+2.0° 20.0+0.0° 125.0+2.0° 1,500.0+0.0°
Cv. 15.2 14.7 113 215

Mean within column with different alphabets differ significantly at P<0.05

Table 3 Macro-nutrients concentration in the Puko pummelo growing soil at selected sites

(T1-T3) and standard nutrients concentration for pummelo in leaves (T4)

treatment N P K Ca Mg S
(%) (%) (%) (%) (%) (%)
T1 045:00° 0.14+00° 079+01° 071x00° 0.17+0.0°  0.30+0.0"
T2 065¢0.1° 0.20:00° 095:03° 294+0.1° 0.14+00°  0.28+0.0°
T3 347+03°  014+00° 186+01° 234+02° 073201  1.10+0.1°
Ta 263+00° 015+00°  1.18+00°  4.13x0.0" 0.42+00°  0.28+0.0°
Cv. 8.4 9.4 42 97 12,5 6.2

Mean within column with different alphabets differ significantly at P<0.05

Table 4 Micro-nutrients concentration in the Puko pummelo growing soil at selected sites

(T1-T3) and standard nutrients concentration for pummelo in leaves (T4)

treatment Cu Fe Mn Zn
(mg/ke) (mg/kg) (mg/kg) (mg/kg)
T1 2.540.0° 89.945.7" 20.4+3.6° 20.7+0.6"
T2 4.5:0.2° 62.1+4.8° 15.6:2.4° 25.3+1.3°
T3 5.120.3° 120.429.2° 17.8+3.1° 51.5+4.3°
T4 5.0+0.0" 60.0+5.7° 10.0+0.0° 20.0+2.5°
V. a6 175 9.6 8.9

Mean within column with different alphabets differ significantly at P<0.05



mMsuszrivIMiauenanuIdeseauIf
3 i 5 Tl 3 1 3 3 :j‘ 7 y ool gj 7
wsevetudindne wninedesudgnamile afsh 18 uazaU19idy AN 4

Table 5 Standard nutrients concentration for pummelo in soil and leaves

nutrients nutrients concentration

soil (mg/ke) leaves (%), (mg/kg)
nitrogen 110-250 2.5-3.0
Phosphorus 15-25 0.15-0.20
Potassium 100-150 1.5-2.0
Calcium 1,000-2,000 3.0-4.0
Magnesium 120-240 0.3-0.5
Sulfur 10 0.20-0.39
copper 1.1-3.0 >5
iron 11-16 40-80
manganese 9-12 5-15
zinc 0.9-1.2 >20
dsduazanusiena

arududurediulpsiauiluiuarludilevestaindamimnienududunaneasgu uas
auduledwminuaseSsssusy azilanmvnananinunsnsiugnduleluiminlnandiinislddereudns
tuifiaSsuiisuiuinumsnsfugnduleluiminunsaisssusviidnisldadenen wagdoiaiiveanunsns
Tudnsas lngdudulonny 5 U avlasudewndignsnng q wu 46-0-0, 15-15-15, 13-13-21 uag 0-0-50
safuUszan 10 Alan3udedusied waglonendn 30 Alandusedu luvusiduduletnnmieny 5 U axdl
mslideieiignssing 9 e 3-5 Alansusedusied wazdnslilenendnifieadntdes dewalinnnududu
filufuuarludalotnmilsnidulounrsaisssus doudrann anududuvediulanauluiu neund
fdnldfeudasnen LﬁaqmﬂLﬂuﬁmﬁﬁmimﬁaué’wLLazg{zyLﬁalﬁdw (89gn85, 2544; Zekri and Obreza,
2006) yhlvinansinsziasundaslindissssrnsasyivlavedy uianasdanalugisnsiiv
fegramuimamsliasginu annsaagviounsaiyidulimedwiiluliidueenad Tuumaswgnitiany
dutuveslulasaulufiugesiinsunneenseuunn wazliluidvuialug ddendunduiu luvueily
undagndifianududululasiaud azinsunnsenseudsutietios uazluivuiaidn dudunanin
Tulasiuduesiusznovvainsaesiily 1Ushiu raslsilad Wulwd sesluulunqueendu lalnlaiiu nse
1ndsn asuszneululasiau wag Tatoulesl (co-enzyme) (B98ms, 2543; Hewitt, 1984; Warren et al.,
2000; Zekri and Obreza, 2006) fidauduasuninadaiulaneduddusazlu mmqﬁé{’ﬁmﬁﬂﬂizmi
vileiviliinumsnsludmindamillddeten Wesnuadulosiaeii ilmnwnsnslranuddyiunis
ansunulunslioannninsiannquaiiesnsedusian dumnududureueraidouiinuiiainy
dudluauduletnmigainimudilounsaiossusy feinunsnsfimsldyuunuaglalalusidesnis

Wazilanvgunaniunugndulevessineinnids JaminuasaIsssusy danudud uvesnuna gy
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(1,562.6 mg/ke) wunTlidey (392.4 merke) wazlwulfey (172 mg/kg) 93N ?}amuﬁmé’qﬂén%ﬁ]u
Ujtne  Auueaiden Uszneuduivluudasgniianufunsngs Sedanaldainnisfinuiindngeunn
(1,502.6 mg/ke) BaviliAumaunaidouinniy luvasiiuiigndaletamiiienuiduduesigindn
wangaudsldfinadomnuidudurewnadsudmiusnemnsidanududulufui wagazualululy
owiande uuniidon Semnlisuiunisdesiuudly tasiawmmuaniuiiugndul slutiagtudeutns
vindlnamevza uaglifithnsesiuis Suhlifudenududuuniddous
INMsAnANiLtusmesiuiukasluduletdnni anunsathuildlunsdinnisenemis
aunguddlilen Fa91nn1s@nwinuitvalulasiouniniian sesadludeuaaidon wazuuniien
gy deumdlunsuilymdnanifie nislismonsidulovmnniianlusnsanudutugs
warliisnensidlenateslusnimiFeaunmudduiioonseduanuidudusinomnslufunasly
mugiunsliBasmemsimnzaudmiulfitonsissydulamadviuly waliuande (53, 2544)
uenniuarFesdinissaes e sTigaudesinoimslufunananlussduiivanzaude (Chapman,

1968) F5n1svianandnefuinasduuimnifngalunsianissmemsiieiawnunmnandnduley

1n

Jorauauu

nmylesginududuressinemnsiuiukazly mndulildmsihmsiivsainsgidieg
F1uuNn wszwenaniiluwseuiisuiuatanududuninsgiueds Ssanunsainlvldussuiieu
amgaswgmmnﬁamiwamﬁﬂaﬂmmwﬁwagm% (diagnosis and recommendation integrated system,
DRIS) (Mourao Filho, 2004) $sazidudnismewilslunistiesnuaunasigeims uazanelidion
Joiasivounuynsng
AnAnssuUsENA

o @ 1

YOUDUANNDWIIBUMINGAEAaIATUNT Inewntnmil nduiasienau ddnauiamn

a

Auan 12 wag Aalinnalulad nsgnsidneimaniuasinalulad Natuayunuide

LaNEN331989

nsmINsINYMs. (2545). inwmsnsATmIeavsusule. gy yuvuannsainsinumswiaUssIna
ne.

gagns loanani. (2543). 57987M7I3HY. NTUNN: U INGTUNUYATAANT.

gagns loanann. (2544). fiu simeivswaznstidedu lu enarsusenauniseusyangnIsan: naen
Tagtugourns. nyuvme: drindueaSuuaziineusy mInedeinunsmans.

53 @540 (2544). @35Inewaron1siauninasTIne1vesd Tu ona1sUsenauniseusuingns
au: mudenthatugeuren. nyuvme: drinduaSunaziineusy umIneduinunsenans.

audnd udlned. (2551). loUJUANISUFNING U T, UATATEITUIIY: UnTINeReIdudnual.
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Effects of Fat Replacer and Sugar Replacer on Physical, Chemical and

Sensory Characteristics of Fat Free and Sugar Free Ice Cream
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fugu uanideldindlusiusuuealyandaiuludndiu 25:75 50:50 uay 75:25 neunuililedusiavan
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Aandgy: lornsu arsveuvuludy weafinea

ABSTRACT

The objective of this study was to produce a fat free and sugar-free ice cream using
combinations of maltitol and whey protein with maltodextrin. For sugar-free ice cream, a 100g of
sugar prepared using different proportions of maltitol and inulin (50:50, 75:25 and 100:0
respectively) the results showed that pH was not significantly different among these
combinations. However, the viscosity the result shoed that using sugar replacer with different
proportion of maltitol and inulin (50:50, 75:25, 100:0) did not affect pH of the ice cream mix but
the Fat-free ice cream with fat replacer (whey protein: maltodextrin = 25:75, 50:50, 75:25)
showed that the viscosity and percentage of overrun were increased the experiment found that

using fat replacers in portion of 50:50 got acceptance score lower than control. Applying maltitol
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in fat free ice cream 100% replacement the research showed ice cream got acceptance score
lower significantly ,overrun was not different but the viscosity were higher (P < 0.05).Fat replacer
as whipping cream replacement can reduced fat content lower than 0.5% which comply to fat
free standard ice cream moreover using maltitol and maltodextrin can increased carbohydrate
content.

Key word: ice cream, fat substitution, maltitol
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A5AAUN15IY

1. IngRuuazaunsal

gunsaifldlunisndaleansudiisi iasestamalion 3 duvis nsesdulerniu weslulines

a ak

B gududs in3esndiine waingauiildlunisudnloansulugnsleaniufidnidonun 3 gns wana

q

e

A15197 1

M19199 1 geslemnIuitugu

Auna drunanveslorniu (n51)
ansii 1 ansi 2 ansii 3

Jutlendu 338 338 338
NIUUNS 100 90 110
ﬁwmamw 100 110 90
1nde 2 2 2
A5 1ARIUAIAT 3 3 3
i 457 457 457
37U 1000 1000 1000

flun: gnsil 1 (Marshall et al, 2003) gns?l 2 (Wsmdn, 2555) gnsdi 3 (wsudn, 2551)

M1999 2 SeNIgRvLaransleAnsuUTIrAINIaLarUs Ny

Tngiv qns gmsleanuuseaintnnia gosleAniuunaanluiy
flugu M50% M75%  M100% 25/75 50/50 75/25
uoaninea /oyau - 50/50 25/75 100/0 - - -
ne/uealmandgniu - - - - 84.5/2535  169/169  253.5/84.5
Juiensy 338 338 338 338 - - -
thmanse 100 - - - 100 100 100
VAT 100 100 100 100 100 100 100
1@ 2 2 2 2 2 2 2
asliAuALD 3 3 3 3 3 3 3
thazen 457 457 457 457 457 457 457
2. 303

2.1 msuaalarnsy

a

SuAuINMIAWINIRgARURLISYeY Marshall et al. (2003) udwayingAuiduvasmadn

q

a A & a A &

muriu dmsuingauiiluvesvaiguliliaaumall 50 esrwadea Jades 9 Wninguiluveuiag

1 awsuavaresdniud welidunauduiedediu (@udns, 2550) udrmateslsdfionngil 80 o

Y

= < a = a 1 < oA a = I3 Y '
waeaLlunan 25 N ARYIUNNUAIBYNIINLTI VUNGUNNU 4 psrgalged Wuan 6 SU'_JIlN b6
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naundaaneudlviulueiosduloaniu ussgloansudildasnivusnanafnudniluutdonudsi

gaumafivszanas -25 asrnwaided Wuan 24 $ilus newhleaniudlalunyinaeurmaudfsiueeg

2.2 manaaoumsliansvauruthema

‘L‘hNamﬁmﬁﬂaﬂﬂ%ugjmﬁyug’]uﬁmumiﬁmLaaﬂmwﬁmlaﬂn%‘uﬂiwﬂmﬂﬁwmamﬂmﬂ%mi
VauNLAIYILLDaTiven TiflsausssuvAuaglilinnudnidus, Sszdunnamnueglugi 80 -
90 \flawFsuifisutuiinagiasa esnlisannlndifeatuiinia Jdéduarslianunuly
WA fausUsIAaINtIaTa (Bordi et al, 2004) wmawnutIIaNTIBRIVIEA (100%) Tnelddunanmos
uoafvea uay Sydu ludamdudesay 50:50 75:25 100:0 (netimiin) Taedyauiisenuimisuiulge

AN5TUY M3azane vaslern3ulad (M.B. Akin et al, 2007) UdIARLEONAIUNALVBIAITNALNULINTG

=b

A wanhansumeassiely

2.3 Msnadaunsiyasnawnubusiy
nsneaadldansnawnulusiunauamvdiurauvendlusiuLaruealningysu Tudadiudas

ag 25:75, 50:50, 75:25 vasluiiuaingnsiugiunafnidendnauiinigauinmmeaesswiely

2.4 mswaunleAnduusenlususazina

Wdnduveslerndudsaanluiulaeldadlusiusiuiunealnendgnsuduasnaunulasiud
riunsindentude 2.3 uagldansnaunumnumuteaiveasnde 2.2 umaunuihaansigiaue
Tnemaunmilusasiaudosas 75,100 Inevuin) mﬂﬁ?um%‘auLﬁaU@mauﬂ’amqmamwuazmmismm

v o o

wiafulernIuansiugy

2.5 MIAATILAAUSN YULNIAATUAZNBAN

2.5.1 529U pH (AAKUasaIn Garcia et al., 1995)

aszdu pH vedlerndiumamioloanduing (ce cream mixed) $efodunanves
lemn3umdsrinunisuafiguuail 4 sswnwadoafuna 20 alus TaoweSos pH meter Tnofigumygdl
leansumaivaz Inegiiseiu 25 samwaldea

2.5.1 MywATwanumiln Aawdainisves Wesums, 2542)

Sarnuvilnvadlerndumamdshumsuniigavail 4 ssnwadea Wunan 20 Hlus
Tagia3eaindauviln msdalomndumanlimuuues 21 Assfuanuidisevveanisvau 50 sause
it sruAildndmeinosvausinuly 30 3unii muauumalivarIafiszdu 4 + 0.5 ssrialTua

252 mﬁmwﬁmﬁuﬂu (finLUasain Marshall at el., 2003)

Fahmiinleaniumarfiussfudenaainiifuiinsuuey vueTestmaiion 2
Fumiuartuiintninloaniumamdsduduleaniuudlnedaininloaniuiivssadudaeluis

Fuitniwiinlomn3udile
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2.5.3 MyATIERANULLLLTY (FRuUadain Guinard et al ., 1996 )

vhlemnIudisnunisutuds a gaumgl -25 + 1 ssmwaidoa 24 Halus Tanrmusiuuds
feLe3es Texture Analyzer laginAiusenafinszsivioleanduseoszezynns Tnggunsaiildlunis
nagouUszneulufefinazunsanss (probe wes P/300) faussluguuuuvesnisnadnmadiutinin
1¢ 20 Alan3u anmislunisiedeudivesinnanounnaoy Ynzvagey wazndaadaeuogdl 2.0 1.0 uaz
1.0 fiaduinssodund awadu stegmaeiinaasludn 15 fadums

2.5.4 n1vavay (AakUasann Guinard et al ., 1996)

ihlean3ufifiunisutufs o gamnfi -25 ssmwaifea 24 Falae wdehudnud
TIVUALUNITAINIA 272 dasronsnsindunamaazats Tnsmuaugungiiviesiissdy 25 oem
wadua ntudaimiinvesleaniufiazansasgnisursesiuiifitntniiuueu o wiid 10 20 30 uaw
40 wit udafmnsaraedethiinloAnIuEus 100 niy

2.5.5 MINATIERAUAMILAYUINTT

AATgiUiinaauTuniiues ACAC, 2000 AUl inuitues
AOAC,2000 uwagdiasgisualedu YSunaldsiulditnatinna Amuntsinuaisivlamnsaniuisves
AOAC,2000

2.6 MTUATIEAUAN UL UTTaNdUR

PITAEUANIN MU sz A AR LTS Hedonic scale Trizuuumaug 1 - 9 (9 = vy
wnilgn fa 1 = ldvevwnnilan) Tnegvaaeudaduiansziuusygln annssumanifiagkiiunsmagey
yaUszamduda $110u 20 AU AuAFIRsIvAey TeuA A AnvarUsing NAU ANUYINY LAYAILYEY
EeHY

2.7 MIlAsedayaneain

THadAdmssannlunmslinngiaiade audodvunesgu Aesgiauuususu

waZWIEULTIEUANUANANVDIARAEVRINITNTIVIAAUAINALTS  Bonferroni  AiATIzYiALRRET01

AzhuunInageumwszamduialagldlusunsuatfdnsagy

NAN1539Y
1. MIfnEaNgnTUgIY

MNMsegeUIUIUsTamALNavesanslarnIuuNIAnEeNu 3 @ns g8 Hedonic scale

o o v

lLinuanuuanasiueg19ilivedAyn19@da AU nauuy AnSsulloy AUy § AUnY way

o

ANTBUTI WaRiTasEAUATIULNUINEAST ey 3 IATUAZLUUAIUANLYBUTINGINIGATN 2

Iesunzuungaindgasdulusiunduuy anudu anumnu Jadenleaniuans 1 unduaasiiugiulunis

[

3]

)
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M3197 3 wan1snadeumalszamduiialuleaniy 3 gns

AN vedlomniy gosvileAnsy
ansii 1 ansil 2 ansil 3

av 7.40 + 0.75 7.55 + 0.75 7.25 + 0.85
AN ™ 6.68 + 0.92 6.15 + 1.42 6.60 + 0.82
nauuy ™ 6.55 + 1.46 6.20 + 1.28 6.15 + 1.26
AN 6.80 + 1.32 6.55 +1.84 6.40 + 1.50
AMUSULTEY 6.85 + 0.93 6.65 + 0.93 7.00 £ 0.72
ANUBOUTIN 7.30 + 0.69 6.85 + 1.30 7.30 + 1.01

fn: gmﬁl 1 (Marshall et al., 2003) qmﬁ 2 (WS¥%an, 2555) qmﬁ 3 (Ws%an, 2551)

e dydnval ns (non-significant) vanefsmlsiwansaiumsadfiluiuiuey

2. madnwasmaumuthmagienslddiunauvawaaiineauazdyay

vwdntasiloanugrsiuguiiunsdadenumanedldarsaunuauviuueaiiven filsa
ymusssurfuaglilfeuidnbugn Sssduenumuegluga 80 - 90 ilewFeuiisuiuiiniaglasa
fosmnlsamnulndifesiuina 34 duansldanumuiidonldlundnfasiusiaanniinia (Bordi
et al,, 2004) dHWBYAUTTIBNUI awsadieUsulsseaunila msfz']!uvu\l Msavaie vasbaansulen (
M.B. Akin et al, 2007)3adenthuldludndiudosay 50:50 75:25 100:0 (nethveinlunsmawnutiina

YIIUUA

M15197 4 wamsAnwaudfeiivagnnsmeninvedleansuunaanimaiieuiugnsiugu

eealorniy audhmaaiinenmaedeaniuusaniiate ( Mean + D)
5¥91U pH ﬂ’li%uwu(%) AUUULLDS (9)
gnsugy 6.49" + 0.04 13.26° £ 6.20 2436.24" +
277.46

NALNUUIRIANIAUARNE

Noavivon:ayau

50:50 6.50™ = 0.01 27.97° + 3.26 2152.57" +
769.10

75:25 6.49" + 0.02 26.94° + 4.65 2063.90" +
717.78

100:0 6.50" +0.03 36.87 +2.71 1785.53" +
391.03

o

nnewme dydnwal a, b, ¢, d el ArlieuwAneiUNEdRP < 0.05) Tukuasa
&

o s

nwal ns (non-significantyvunefisdialiunnaieiunisadflunug

7
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N1INARNUUIAIATIMUARIBUBATINB LA BYAUNUITUNUAIINLANAIIVBITEAY pH VB

1 o w a = o

larn3uwman Lwiﬁmav‘hﬁlﬁﬂﬁ%wdLﬁuq&ﬂ’jwqm31ﬁu§1uamaﬁﬁaam§gmﬁaaa wazdinavilianuuuuuds
anaudlaifaruuandsiulumaadd uenandarsnaunuinarsaossfinuandilunafuieliity
lomndudlernumstuleaniudefimstuniiinhiedsgnatiugrufeannatuldfeiosas 36.87 + 271
nUsnesEudu dethluinszvmanuuinesedsleaniuunanimannmslesz it
THlun1snasegamuidssegaiiddosasmstuniigefarlusdunanatiosiiosnnivesieda
9IMARINATININNSTY

M35190 5 nsarangvetleAniuusAmniimaildasnaununateativeauasduduludndiusineiuy

fhagalorniy AMSAYas M FI8IaRenuY (Ud)
10 W 20 w1 30 W19l 40 w1 931N15
ERARLD
U9l
ansitugiu 497°£305 29.04°+353 5745 +439 7211°£369 036 +
0.13
ueaninea:dyau
50:50 1259+ 6.87 40.17" £3.52 7280°+6.02 9425°+11.57 048"+
1.79
75:25 993" £239 40.40° +223 71.43°+1527 89.71" +2.08 0.46" +
1.41
100:0 9.01%+209 2500°+320 5816 +646 7238  +856 0.37 +0.06

neme dyanual a, b MaefierAuEANAeiuEBAP < 0.05) Tulwasa

a '

nsagangvesleansuiildarsnawnuhmaneafineauazdyau nuinisldarsmaunuiinia

'
a a a o

UDANYVOALALBUAUNTEAU 50:50 uag 75:25 ﬁﬁmﬂmiazmaqﬂﬂdwmﬂ%uaaﬁmaasmLﬁmLLazqm

Y

v
P

ugu egieddyneEdi (p < 0.05) NsnawuGILNeaTveanud Tensinsavarglndifiesiuans

o

v ' v
o o

fugruoraliesnnueainealiaudisuiuinlndlfesiuininiansie

<3

M990 6 HaMIMadeuNIUsEamdNiavatlernIuUTIRAINIafls Ui Ugn Siug I

AZLUUNISNAADUNINUSLANEUNA

Aunvedlarniy loanSuusAnninaanauLnumednsduTes

woannea:vuyau (Mean + S.D)

ansfiugiu 50:50 75:25 100:0
a 6.75" +1.40 6.70 + 1.45 6.6 0 +1.35 6.75 + 1.48
ALY 700" + 145 655+ 123 6.55 + 1.19 7.25 + 1.48

nAuuL 6.45" + 1.14 535° 1+ 058 6.70° + 1.45 6.85° + 1.53
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AU 6.80° + 1.98 4.90° + 1.11 65°0+ 1.53 6.95% + 1.35
AuSuLoy 545° + 0.88 560° + 0.82 650" + 1.43 6.70° + 1.30
AIUTOUT I 585° + 0.36 6.85° + 153 695" + 1.35 720° £ 1.39

o 1

e dydnual a, b, vanefisriAnuuaneaiumeeadia (P < 0.05Tuuwiueu
dyanwal ns (non-significant) MiunadsfiAlduanansiumeadinlunuiueu

7

Han1IaaeuNIUsEamdulanuIleanIuuTAInInaiilineaiiveauasdyduludadiu
snetulaifinnuuansneiulusewesanuiuwazd lngnsnawnutiinameueaineasgane gy

AINNYBUTINGINTT (7.20 b + 1.39) gnsdu Uazuanineangasiugiuedaiideddynieada (P < 0.05)

'
a

AMUALUUUNINAFDUA WA NHUUY AN TluANAINgRsSugIL waslinuSsuidougandnain
gusitugueeiitdudAyneatia (P < 0.05) Aludadenlduearineastraudgilunisnawnuiinialy

mMswantarnsuUsAantvuLariinig

3. MsAnwINsEsnaunulvsiunglushivuazuealmandnsy

ihedndasTloaniugnsfiuguishumsdadonmeaaounismaunlasudeasmaunlusiung
WsRiuwazuoalmandn3u Tushsdndosas 2575, 50:50 waz 75:25 daelusiufiaunsataslunisdu
¥ Dudtedlness wandushtaslumsifanesruvedlerndy  silddiunausegnssaeiildn e
fFuravedlonsudanuuiy Wouaviden wazligeum (Patel et al. 2006) way oalnangn3u (DE 10)

dietieuSuugnunmnsinuileduia anunie uaznsturveslerniu

M15199 7 wansfnwaudfiniaaiinmenmuesdlesniuusenluiuiisuivansiugiu

fognelanIu auvAnaaiivaznenmveslorniuusiaannladu ( Mean + S.D)
5¥9U pH ANumile (cP.) mﬁsﬁuwu(%) AU (9)
ansfiugu 6.49°+004  21474°+357  1323°+103  2170.95" + 4547
Ld:uealnangnsy
25:75 6.06°+002  15622°+156  44.94°+494  1901.40° + 11.13
50:50 594° & 19959+ 1.05 5203 +203 1805.07 + 19.97
0.02
75:25 580°+006  20482°+262  5535°x275  1390.84° + 38.01

LY L4

newme dydnual a, b, ¢, d MNEHIRIANNLANANAIUN1ERR(P < 0.05) Tukwina

nslndlusiuindunuindinayinly pH anaseeiiiudfgynead@P < 0.05) In1sTumiiady
wazauLLuLlanaswagleansuUAnluiugasidnsidundlusfululinaunniimanuviingdian
MisgAu 204.82 = 2.62 cP. Wafiasan1stuy nuilusegsleAnsuusiaainludunia 3 gasiinstuyas

ndansiugu Aluraunanlugasiugruiufivinnamesuiugalenunsiusuivendlutuney
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yosnstudialedusziivuiadnasdenseunaseinmevilinizdiuwiy - Mewmgiisdmalinianis

=

dn1anstuy (Patel et al, 2006) gasfiugrudadimsiudosiian wardidauudannigaiised
217095 + 45.47 n¥u \osnleandufidnuvasidofiuuin luvnefiloaniuunannlusudiauu
wiadosndn

nmsiannleandulusiusi Tne Torden (2551) wuinanms anuSuameuskasiesas 5 |
10 waz 15 veaUinanausndlugasund wagnaumuvnsuursdumelushenglusiulazuealnsing
vidu wilidunanduasi wuileanduluiudunglusiunazuealnifndviu fnaautinisnionin
liunnssanleandudlilfifunglusiu ndlusfuansodislumsiud udtedlmess uamnfum
Faelumsiievesiriuvedleaniurilidunaussgnsraesldmidedutavedlonnduionuuy lou
auidun uazligous (Patel et al. 2006) way wealyAndsSu (DE 10) LeteUsulsnaamMIsu

eduda anamila wavn1sTunvaslomniy

a15197 8 Havasnsararsluleansuusieanlusiuainnsiandlusiusaztaalnangnsuludngiy

19U
frhegdlerns ASATaNY Bl BIWIAIAeTY (W)
10 Wi 20 W19l 30 W19l 40 W19l 9n3IN15aTANRaUNT
gnstiugIu 1066° + 717 46.06° +14.09 5527° + 1538 60.09" + 1550 0.26° + 0.11
Lg:uealnandgnsy
25:75 485°5+886 9674° +4.16 9674° +4.16 96.74° +4.16 0.35° + 0.03
50:50 56.91°+9.22 9494° +176  9513°+1.60  95.13° = 1.60 0.30°  0.32
75:25 0° 30,96+ 876 50.67° 1092 56.94° + 10.64 0.19° £0.29

o o

wnewme dydnwal a, b, nunefsriAnuwanaeiuegaivedAgyveEds (P < 0.05)Tuwwing

Asgsinanisnsaratsvesiiegidleanduiiiiunisugudandy wuirleanduitldarsnauny
lafumgdlusiunazuealnnndn3uludndiu 25:75 uar 50:50 fgnsnisarargliunnaeaingns
fuguusigeniignsiilidadou 75:25 egnaditfodrdnaada (P < 0.05) Tngwuiimsliinglushudiuds
seuvis dnasiliinisazanevesleaniuana

leleanduusannludusis 3 grsuvihunsmaaeunesranmduia lanuanuunnsiduen

d wazaunu nuhidazuuuauveusinvesmsidarsmaunulydu 50:50 farlduane1eaingas

e

fiugu wazasndansduednsdlidedAgmeads lunmsunisaunuluduisuedaldnalidunaiiunfie

wala udiiAzuuuuiAealdiinuuandmeada e1adesiiansanlunsuulsaunnmaszam

Y

LEEUDI NAUUY & YID198INA IANUYBUTINATY
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M3 9 HamsAnwnsnageunsUsramduialuleaniuusmanluduiieuivgasiugu

AZLUUNITNAADUNNUTLAMAUE

AN naslenny lomnsuunusAnnluduninisnaunuieg

nalUshuuaalmangnsuludagiunneaiuy (Mean + S.D)

ansfiugu 25:75 50:50 75:25
g 715" £ 0.93 6.45 + 1.14 595 + 1.57 6.25+ 1.83
A 6.80" = 0.76 5.85° + 1.78 6.90° = 1.29 550" + 1.55
nAwuY 7.65° +0.67 5.85° + 0.87 6.85° = 0.74 5.95° +1.27
AU 7.20™ + 0.69 6.65 + 1.26 7.35 + 0.81 6.85 + 1.30
ANUSBULToY 6.75° + 096 6.40" + 1.09 6.85" + 1.38 5.15 " + 2.09
AVINTBUTI 7.30% £ 0.57 6.20° + 1.39 7.00% +1.21 5.65° + 1.46

e dyanuel a, b, wnefiamanuuanseiunisaa (P < 0.05)lukuiueu

o

feydnwal ns (non-significant) munedshifinuuanmeiuniseiinluwuiueu

4. nswantaAnsuUsIAnlutuUs1AIINUINNaINNS IEREIUSAULAZ LA LANTASUNA
wnulusiutasuaafineananuiinia
Wansleaniuusannlududdddndlusiusuiuuealmandssugnidi 50:50 uldueaiivea

NALNUUIN1ANNRUA

A15199 10 Han1sAnwautRIBeivazniennvadlaansuusaanluukazinaaisuiuladnsy

Usraanbusiunnanualenglusiusazuaalnangmnsy

fragnalodnsy anURnaaiitaznieninvaalarnsuusiaanluiuusiaaniinial Mean + S.D)

S¥91U pH ANumEe (cP.) MUY (%) AU (9)

Tornduusimanlusu 594" + 002 19959° + 105 44.94™ + 494  1901.40°

H+

11.13

loansuusiaanlasiu 587" + 0.11  204.82° + 262 4661 + 690  1813.30° + 33.23

+

kazuIng

o e

NUNBLUR) foyanwal a, b, ¢, d MNPIAIANULANANAUNIERAP < 0.05)lULLIAT
feyanwal ns (non-significant) wanedadenlslenuuanansiunseailuuuas

lomnsuusiaanludiuns 2 ansiiseAuves pH Aliwandnsiu nsldueaiineaiinavinlininumile

a o o N

inguegnelideddyneada winistuliuandeiy daurmenuuddisgivanasegalieda

(P<0.05)

o

UNEDR

o
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M54 11 wavessnsinsazangluleAniuusimanluiulaziinia

fegralornsuy Msaraudiainfsserianmeny (Mean + S.D)

10 W9l 20 W 30 Uil 40 uil gn1N15aTaNY

' a
ABUIMN

loAnsuusenlosiy 1753™ £847  53.06° + 1544 66.49° + 1918  71.62° + 18.27 026" + 1.87
lomnsuuseanlesiu  2820™ £ 1724 76857 £ 1375  86.97° + 1025  86.97° + 10.25 0.29° + 5.83

waziinia

nwal a, b, uneivaiAnuwanasiuedidoddymeada (P < 0.05)Tunkuin

o e

nwal ns (non-significant) MunesiATllLANANIAUNSEDATULUIRG

MRy
il

I
o

NANSNAFBUNAFDUSNSINNSATaNRUAvesiIBgatarnsuUsaanledulsiAantiiaia

Wiguiweuiugasusiranludunuiniidnnnisavareliunneianiu

AN5199 12 Han1sedeuNIUsandulaveslarnsuuuUsiaantuiukaziinia

AN MNYBILOANTH AZUUUNADUNIUTEAMEURE (Mean + S.D)
lorn3uusAanlusiu Torn3uUsiAanlesuLayiinna

g 760" +0.93 755" +0.51
AL 750" + 0.60 755" + 0.82
AU 735" +0.67 7.10° + 0.71
ALY 6.90" + 0.78 6.70" + 0.65
AMuSeULeu 730" + 0.57 6.95" = 0.39
AVIUYBUTIL 7.55° + 0.75 7.05° + 0.51

e dydneal a, b, nangfeiianuuanaeiumada (P < 0.05)luuuiueu

[ 4

foydnwal ns (non-significant) wianedsfianlaumnsnsiuneadAluLueuy

HanIegeuANYeUTHsefegdleansuUTAMNluiukarUTIrIINaaUS s Ui uiugns
Usannledunudn avsuuenuveuluaud anusiu anuvu wavanuseudouliuaneieiu leansu
Usannludusagiimalinzuuuniaseavduda ndu wavanuveusininitanslesniuusieantuiy

a o o aa

agaltldAgyneada (P < 0.05)

5. aauAlnYINsYeslaAnsy
Wietsegnslenniui 4 gasiila Ae lern3ugnsiiugiu leansuusianiniiana lemnsy
Usrnnledu wa leansuusannludfiunasinga lWWleseimansuseneumaniiiuansdianauen

Inwunsnilusiegelernsy waninamis1en 13
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M19199 13 AauAInslasuInIsvesleAnsy

meglenniy AuAdarng (Gevag)
ATy LN Tugfu TUsfiu Tooms  enslulewnse

gnsiiugy 6530+ 0.68° + 831"+ 398" + 145° + 2024+

0.55 0.42 0.31 0.01 0.97 0.99
leAn3uUsAnntinIa 64.37°+ 0.65° = 6.62° = 302" + 155%+ 23777021

0.39 0.31 0.99 0.59 0.41
Torin3uusmannlosiu 60.07"+ 1.04° + 046" + 736" + 107+ 30.00"+

0.41 0.95 0.52 0.25 0.51 0.42
Toansuusaanlusiuuas 57.59+ 085"+ 039"+ 6.65+ 120°+  3331%: 091
Yhana 0.51 0.11 0.55 0.981 0.51

LYY L4

neme dudnval a, b, ¥uNefAIANULANA1IUNEER (P < 0.05)lukIng

o

KamAsziosrUszneumaaiiluiegidloaniuldin anutu i Tutu Tsiu loewns was
Umanslulensn wuinsldansmaunuluduimueyinlsd Susmalufuanasniigesiiugiuded
Usinalasiudovay 8.31+0.31 egrsifiduddnnieada (P < 0.05) nglornsuusiaanluduiiladuiovas
0.46 = 0.52 leanFuunmnlutuuaziniadvialutudosas 039 = 0.55 denndesiumnsgIu
lemnsuusmanlufufiosdostiviinalviulifuiesas 0.5 Uszniansgnsisansisugy @Tuf 222)
2544 ) usinslasnaunutmeneaiineaussusalnandsiuiinaliuiinuanslulemsnfiuganiigns
ﬁyugmaEJ'Nﬁﬁaﬁﬂﬁmmmﬁaﬁy’aiﬁmmﬂmsﬂixﬂawaai‘wmnsz?m%w,l,azuaaﬁwaauﬁlumﬁﬂamﬁm o
firnsanUmalusiunuin nmsmaunulatufendlusiuannsoduyiinalusiuganingnsifiugu

(3.98+0.01)uazgnsUT1ARINUINIA(3.02 = 0.59) NiTinsmaunuludy

dyuna

ansfiuguildsunmadadominunld Usenoude Julledudosas 338 mauuksdosay 10
thanansiedosay 10 1nfo $ovar 02 asliinrwesiadosas 0.3 thievas 457 msldarsmauny
ihmaseueaiivessgnuivmdededunauseaiiveauardydulifinadessdu pH lean3umaiuiiing
sonmstunuazeuutundwasloaniudumslFamaumiluiufonslusfuaruealnandniudema
Giams“ﬁuﬁgl wavanuuiuuds ludnduioniu uwiszdu pH fuwnliuasas Msazanefiuwaltndiuiy ns
THndlusiusazusalnandniuludnainsosas 50:50 warnsliveafineanaununaiomn Suavili
Uiinalasfuresleaniuanawininforas 05  ngnaiugiuiosar 831a + 0.31 MIULIATFILVDY

loansuusmantusiu drumslulamsniusunaiuy
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v
UVDLAUDLLUS
nsldansnaunuluiumendlusiutazuealniandasuuaznisnaunuiinawdiinalunisan
Usinadlufuvesleaniuusmsmansnawnuvsearsilevuiitiaiiunauusuagannmmaseamndudaln

ST

LONEITD9B

wndnd dila. 2508, mssAnleandudsyulutui. InendnusUiyailn, swinendesuigalas
pasnTal lunssususyudus.

Wasuns $hanas. 2542, mandawasUsuugnunmleansunsitantadiu. Inenfinug
USyey v, i anenaenunsmans.

eiaunwatulszmanly. 2544, adungufin 1au 118 seufiay 70 4.

aude gsimnl. 2550. leansunasnandoel. n1advineteansuasmaluladgnisemis Ao
BAFINNIINLNBAT wﬁwmé’amwsmam‘, NIUNN.
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In vitro symbiotic seed germination of Cymbidium finlaysonianum

Lindl. (Orchidaceae)
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UNANED
Tudagtundreldnzisnsseuvindaeglunizanauvesnisvetseinsdsneasiuilinis

@ 1 o

gy dsanmunasendedniungmsnaunuitensmsveneiuduareudngndelieitmziudasuiu
siluredlsn leluanfiuenldanndelfvinsuluanmnasanaasuuemsideaide Oat meat agar
(OMA) iloyiafifudnissenuag msiauvesudnndelingisngsoutndannidouduna 4 ey
wusnuusedug e 3 leluanadeana Rhizoctonia widnwazmedineluanatde
lupeslsyndu 2 nqu Ao s1lungu Tulasnella sp. laun s1luaeslsyleleian RBRUOOL warsitungy
Ceratobasidium sp. lawnsn lumesisen lolsian RBRUOD2 way RBRUOO3 NMSNAEDUNSIONUBILAR
wuuflenendeluvasavaaesvasnsisngseuunidatuniidusunuiivenldanndaelisindu uandly
Wiudnudafimnzwdasutusluees- lsun duaSunisienveaudn 83.0 % uwanssegeditedfybaile
Wisuifufugnmunu (Wzidaune1ms oat meal agar wihiu) 47.5 % nelu 4 ifeu uazwusila
aoslsynfisdleluaniien fie RBRUOOL (Tulasnella sp.) fidaasunissenvenudnuaznisimuivasils

v o o

lnmosuasgnluszesil 2 (71.5%) uazszasn 3 (92.8%) winswegsilfeddydadiaseuiisudusly

o

aastsuleluandunieluseasiian 3 way 4 1oy AUaeU

Addgy: nzisnzseulinilda msiisnandelunasaneass silupeslsen nissenvesudn ndaelida

21dy

Abstract
Presently, the rapid loss of Cybidium finlaysonianum Lindl. orchids are threaten with
extinction due to disturbance of building has prompted researchers to develop appropriated
plans for the propagation and conservation of this orchid species. This research aims to study
effectiveness of three orchid mycorrhizal fungi obtained from the others orchid species, in

promoting in vitro seed germination and protocorm development of C finlaysonianum LindL,
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cultured on oat meal agar (OMA) that were evaluated monthly. Fungus identification based on
morphological characteristics revealed that all isolates were Rhizoctonia-like fungi while
identification based on molecular characteristics suggested that two fungal genera, Tulasnella sp.
(isolate RBRU001) and Ceratobasidium sp. (isolates RBRU002 and RBRU003). Test of in vitro
symbiotic seed germination of C. finlaysonianum Lindl. with fungal isolates above demonstrated
that all isolates supported percentage of seed germination 83.0% while control treatment (seed
sowing on oat meal agar only) had only 47.5% within 4 months. Only fungal isolate RBRUOO1
(Tulasnella sp.) promoted seed germination and protocorm development to stage 2 (71.5%) and
stage 3 (92.8%) were also high significantly more advanced than those fungi isolates within 3 and
4 months, respectively.

Keywords: Cymbidium finlaysonianum, in vitro symbiosis, mycorrhizal fungi, seed germination,

epiphytic orchid

unin

Haguaminendsutglwnssdihdaesiiuiineaiiafinernisdeu orasiiinedoiiiuiu
Tunaeuiiu U%Lamﬁuﬁﬁwﬂ f?fﬂﬂa"nLfJuLméaSqmﬁwmﬂé’aeﬂ,ﬁﬂzLiﬂziauﬁﬁuaguuﬂWﬂuiﬂu@
daaliiinsgaydeunasiugnssundldnzisnsseutnda (Cymbidium finlaysoniaum Lindl) (eu
Suvi Inevies, 2549) fannd 1 Tuseuiy AnzdRTBanudnudAyveniseysnendieldly
winendesvinilinssdl semgiwdandelsidvunidn liflarsenmns (endosperm) luanin
sysumAndaslisndudesendest luneslsvniiedislusenvenudanaznisiasayivlnvesiusey
wiiludagtulddmaiiauazidnisimnzaseiuduaandisldvuomsdunsis Ingludnludesld
slunoslsvnazuszauanudiiasssgslundeliinivieinvanevia uwindeliiiusiainaluaes

| a

lsgunatueivlidaiunsaegsendelulifietndieldivartunduiugsssuva andaymidnann

Tudusieserdanisinisiudandrsliivuuiianiende lunasanaass Fadunisdrassunvinvessily
Aoslsgnlusssuyifiiedglinissenvetudanaznisiauivesusinaesulilunadiia Snvidedae
' 3 v s & v ! PN s 2 &

guszeziialun1senvadudnwar N siauvedlustaresuluiludusou warioiiuesidusdinis
LNURNAALATERIINITTORTRINaIndeliiledrueanUgn ndweldanansisngseu  Cymbidium
(Dixon et al,, 2003) fn1snszarenugluwaieuglinaedenyiuesn Wundqeliderdednnunudl
sgavivselnfu ndeldanataunsamsidsmeeiuguasiaundulidaneniidfyuinanands

vosUsywalve finfinonnuasganigniudunswiiugienamundundislignuauiinduauiagiu

a a

ndrelanaiisuanuiunuad Weswinnisanasurigegiangvung annslduselevinun

[

Juie

el®_

afevendelidanall
MmATeldsluneslswfidrenisenvesudandisliianaduazainisay1unsehunisionves
3 a a 1 o ' < Y 1A v a o s
waauaznsasydvlavendiglinzisneseulnilalaluiertuluauuiigiu lneliinguszasdiiien

Wasidusnissenwazniswauivanudandlelingisnyssuunidawuufisniodeluanindasnite
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o
[

Usglevtinaininaglasunnaddeasaifie wamdunisnunussesenlun1sdnnis nseysnuwasns
Tduslevisuiussninandelduassiluneslsylundeldiienisiindufiugsssuna samaduwuimi

Tunsimunveneiuindreldiieiiugaalumaasygia

o

ngUsTaIAURINITITY

Wonmiuesidudnissenwasnisiauivaaudandqeldnesnysauurnidanuuianiandeluanin

NADANAADI
A5AIUN15IY
AsWanginyBLUAR

wongdnieiudnndreliilunszarunses Insdnudandaeldnzisnesey (Cymbidium
finlaysonianum) MsasuunsEansasinuluYes wiavyeliszyviiavendlelyl WongZesaetindu
feshdofifuansan ussiiai 2 af wuediay 5 unil asavaeledeulaluaselsd 5.25 Wedidus uw
15 it wgndundinsm Sruseihnduieinde 3 af melufuaonde thudandelsifvensntouds
lunagaunisseniuudazynnIsnnaes

mawzansauiusluaeslsn

THanednidowdadinensitoudunenszaunsssfioguuiiaviiemanizides Oat Meal
Agar (OMA) 4 ¢ 13saauansluuieliudanszarsinszatunses fdliaundfamtneimsus
mniuhdulerlueeslsniinauwdrnaunsanssdunisentesudndelitiendeuialuloluan
RBRUOO1, RBRUO0O2, RBRU0OO3 ﬁLaﬁmyuummiwamﬁymgm Potato Dextrose Agar (PDA) 1% 0.5 X
0.5 WuRATINAMIINANUNIZLEBY fsuslinismnzadandaslingsnsdeutuemanizides
OMA Usrmnsluaeslse Wugaauau wiagloluanidnnu 4 91 Auliluaninda figaungd 25+2
osLealua Anmusvogangg TenwenuazmIRATetLSai I Mazdsadussesioa 4 Weu
meldndesganssmivuuawesle Jufinsseznmsienvesuinuaznisiamuivedlusinaesy auisdaulas
910 Stewart uazAM (2002) Fan15197 1 Tngnidefidusinmssenuazmsimunluslanesundaeliian
(Srurumdaiiaialundarsses/Auumdeiiidiniomun) x 100 uasirdeyaillilinseinisaifuay
Wisuiieuanadelngds Ducan’s Multiple Range Test fisvfuauidotu 95 wWaesiius

nsssyendnualvassusnndgliiaedznsdaineluana

msnsaaevaeiussiwenldansnndslilaefnwdduudluamefidue  (Zhou waz

| a a -

Hogetsu, 2002) tazluuTuITUaIUALOULONFAILUUS Internal transcribed spacer (ITS) MNS189UYDY

v el

White hagane (1990) ANanAnslaann1siiuUSuIaTuduAdueNa WU TS AN1UNISATIdY

a

wazlvnandaiau lUhasienfiusen  Macrogen oy @515 WA felAIesIATIERAULLA JU
Biosystems 3730XL sequencers AiasieniaiuivanlalasiIeuiiguiudayadiduiuarassifidiumi
weordulugiudeyaGenBank  Aaelusunsy BLAST  version 2218  fiusingluiivled

http://www.ddbj.nig.ac.jp
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NaN15I8

'3
=

nsuensluaaslseliuigns

ihlueeslsninnudosuiansonsesdumsenvonndandielidsondousiilulelean
RBRUOO1, RBRU00Z uax RBRUOO3 nnvaoaifiusnuidesnsoilouusmisimizidss (subculture)
Potato Dextrose Agar W1y 4-7 Yu ilelsildsluneslssusgviuasidnatapdvlndimnedmiunis
wnzTiuialufanssudaly wudiniends subculture Wuaan 7 Ju dulesileleian RBRUOOL
dnwaizdvn wiguulmie s wigd dukiuguinaiaeds 3.15 wufwes slelelan RBRU0O2
GlofiaziBondun wawdntien wiglAsuduhurgudnanaeds 830 wufns uandulololuian
RBRU003 wullefiaziBentiun yiudniies durugudnataade 4.52 wufims (0wl 2) s1lumeslsen

4 3 lalwandidnwaeynaduguineindieana Rhizoctonia (Rhizoctonia-like fungi)

a1 aennaeliingisngseulinida (Cymbidium finlaysonianum)

Seondevumauldlunmivendesivdgsilwnesd

Asnzansauius lunaslswn

° < v v ' Y] Y & S o Y
qulla@ﬂa'JEJbLllﬂgLiﬂgiauwLﬂUﬁﬂ‘Uq‘lqﬂquaﬂ@nL%QUUﬂﬁgﬂqwﬂﬁaﬂ‘WWULUU‘U@Q MIYFITANY

' '
o =

leieulaluspaslsa 5.25 wWesidud w10 il wgndunsiasm dedehnduieniiges 3 a3 nelug

Uaeade udandrelifivenddeudilunaaeunisientuusazynnisaaeisil yansnaaesd 1 wg

wannadrglduuems OMA Usmanstlunreslse (Yamuay) uazgnnsnaaesil 2 sminnaigliivy

219115 OMA $2uus1tumastsan RBRUOO1, RBRUOO2 Way RBRU0O3

I3 o s 1% 7
n191491 i%ﬂ%ﬂ'ﬁ\i@ﬂ“llaﬁLllafﬂLLa%ﬂWiWﬁuuﬂﬂﬂﬁlﬂ@?Mﬂa?EJVLlI

o/ d‘
Yy anwazNdsng
0 waandlduslason
1 Wuvdloveeun Buusnglswoun
o A 2 1 2 a a
2 Wwuusloveevwin Waenvuuanisulsuasvanesn

3 TUslnresudilooasylatvsen
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JTYY anwaziiuIng
4 Wslapesuusingluunasalunsn
5 Tuwviassluwsnuegneuun

mwii 2 lalatislureslsenasyuueinsmiziies Potato dextrose agar Unfigaumgiiionduvian 4 fu

=]

wiagganisnaaesd 4 91 iulluanmiln fonvgf 252 ssriwaldea Ramuszogangg vas
nssendnwaznsiaulusinresunniiowduszeziaan 4 tieu aelindssganssaduuvanesle
wui mendsnmamnzadandaglifuiuluneslsenaea 4 eu Anvesifudnissenvesyanis
NAABaTl 2 gandnganiuAl (M3 3) uazilefinnsanszeysineg vesnssenuaznsiaunluslaaesy
wuih mendsmsinzwasndelifuiunlueeslsmiandelifidivesidudinisseniadsvesuings
nigamuAn (13971 2) Adesidudszazmssenveaudauasmsiaunluslnrosuadeszosd 2 szoyi
3 uavszeedl 4 veaudafimeuduslunedlsnginiignaiueslufusifounsnaufuganismnaes
(M3 3) Fadinmamzdasuiualueeslsfiodelean RBRU0OL Wewhiufinuindesiudng
sontuusiazifiouasdis 100 Weosidud Faferuwanssegaifuddybadeieudisuiusluneslsele
Twtan RBRU0OZ uaz RBRUOO3 (519 4) uifiiwdandelsfannsaimunlsgsanluszesil 3 Wslnnosy
fiifodosyuatsuen (92.8 Wesidud) funnit 3 uddlwdandelifianusafaunlddzesi 4 Ts

Tnmosuusingluwiassluusnlaiisndniion (3.5 Wesidus) (mwdl 4)
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2A 3 NMssenwaznsHaIlUsInresuvanuaandreldingsneseudinidasiuiuslunesise

Lolaian RBRUCO1 egluszesd 3 Wuslanesuilileaaissyuaiveen aendanisizwdaduna 4 Weu

' s & & P < v v .. . A & o
A15192 Anlesiduinseenaieveandandleld Cymbidium finlaysonianum wnziadasiuiu

lumeslsen AMendnmsmiedndunaiuiu 1, 2, 3 wag 4 Wiy

' a < v va I3 c & &
) nslisenuazaenedsveanannalglifndudosidud
szezIan (NaU)

Tlaison gon

YRR 89.5 105

! Tlupeslsy 41.2 58.8

YAAIUAM 80.8 19.2

? sluposlsnn 15.5 84.5

YnAIUAY 86.2 13.8
3

slupeslsenn 16.6 83.4

YAPIUAL 525 47.5

‘ Tlupeslsy 17.0 83.0

' s & s o 3 a < v v
ﬂ']i']\13ﬂ'1LU@?L"’UUWiS?Jﬁﬂ']iﬂaﬂLLa%ﬂ']iW@.lu'ﬂUiImﬂaiiJLﬂaEJGUENLﬂJa@ﬂa'JEJlﬂ
Cymbidiumfinlaysonianum ~ Awnzadasiuiunlueeslse mevdnmsingadadunaiuu 1, 2, 3

LY 4 Lhau

. szerAsIRnwarnIsiaulUsinAasuRasvawudandelsl
28281 (D)

0 1 2 3 4 5
YAAIUAL 89.7 10.3 0.0 0.0 0.0 0.0
: slumeslsen 35.7 29.8 8.9 25.7 0.0 0.0
YAAIUAL 80.9 19.1 0.0 0.0 0.0 0.0
? slumeslsen 13.5 45.8 6.0 34.3 0.4 0.0
YAAIUAN 85.3 125 2.2 0.0 0.0 0.0
’ slumasleen 11.9 38.7 5.3 423 1.8 0.0
. YAAIUAL 52.9 37.5 9.4 0.2 0.0 0.0

slumeslsen 11.7 24.2 27.5 35.2 1.4 0.0
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A15194 Aesifudszurmsenuarnsiaunlusinnesundsveadandiulsl Cymbidium

finlaysonianum fisngidnasauiusiluaesiseloleian RBRUOOL, RBRUOO2 way RBRUOO3 NMendanis

wnzanuaIuu 1, 2, 3 was 4 Loy

SLULIANNIUNAINITINILLUER (o)

PIMUUR
1 2 3 a
YAAIUAL 10.49+7.91 19.16+11.77 13.84+8.95 47.49+15.60
RBRU0O1 100.00+0.00 100.00+0.00 100+0.00 100.00+0.00
RBRU002 0.00+0.00 75.59+9.87 64.62+31.94 0.00+0.00
RBRU0O3 76.45+2.51 77.87+5.74 64.13+5.11 66.04+12.17
200.0 - b
180.0 -
3
C f{;‘ 160.0
= X 1400
G 3
T 2 120.0 M control
£ o 1000
g 2 =800 B RBRUOO1
N’
a = 60.0
$ 1’8 40.0 b RBRUO0O2
c 20.0
c G m RBRUOO3
2 & o0 . . .
u—o
§ r 200 3 4 5
E—jp |
= = -400 -

5r8YANSIDALAYrANSWIINUN 1USInMDSH

2w 4 Wesifudwaunisveandauazlusinresunaelsl Cymbidium finlaysonianum luusagssaznisaen
waznsiaunlusineesumzwdnsiuiunluaesisenlelean RBRUOOL, RBRUOO2 wag RBRUOO3 ANendans

wnzunaiuu 4 weu fsnwsansiuuuwisdalnunsulunsasdisandanuuendis edredideddgyuesszey

mMaiguazimuvesudn (P<0.05)N1558YNANYNTEIIIPILTTNTINe AN

MnnsfiUTInaABueidums TS seujitegnlslndweisa Idudnsusivesiuenls
10 filaneun 3 lelwandeisduaiunsefunissenvoasdnndaelivinduls Swouguauszana
600-700 Aiva uazdlorduduAduedinanlumddiuiva uanisuifisudduivadimums s fu
s1uteyalu GenBank lnal3ouiisudsnsnadl 5 Fauvssld 2 nqu e nguil 1 Tlureslsunlelman
RBRU0O1 fmulndlfuaiiustana Tulasnella sp. lelwian SV15 fifleglugnudeya GenBank (F926500)
Taedaenumiliou 95 Wedidud uaznguil 2 Tlureslsuleluian RBRU002 waz RBRUO03 Fsiman
ndiAesiuana Ceratobasidium sp. lelwian Strid Aideglugiudeya GenBank (GU937735 uas

DQ102402) TneiA1Amniiau 93 waz 99 Wasidud muaisiu
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Ase5Alesiudsrazmsseniaznisiauilusinaesundevesudandielsl Cymbidium

finlaysonianum

e o o v o Fnuamegiiuiuduau
. sslduaigiulndidesian .
swaslumaslsy RIGORNGR
WAz Assession codes

(Wasidusnnuwilon)

Tulasnella sp. EE-2011 isolate SV15
RBRU0O1 F926500 324/338 (95%)
Cantharellales; Tulasnellaceae

Ceratobasidium sp. Cantharellales;
RBRU002 GU937735 666/713 (93%)
Ceratobasidiaceae

Ceratobasidium sp. AG-G isolate Str 14
RBRU003 DQ102402 643/644(99%)
Cantharellales; Ceratobasidiaceae

dsduazanusnena

v
o

mATeasslilfunsnuusniinaaeunssenveadandelingsnzseutnida  cymbidium
finlaysonianum Lindl. wuufiswedelunasavaass duduisitenthulfluniseyinduazueoiug
nanaleldl wiluusswalnenutiesuin (Athipunyakhom et al., 2004) nendsnisimziuananaqelsl
s lueoslssndunm 1 dou wiandwlifandefidudniseniade 58.8 Wofidud Tuvaediyn
AIUALLITEY 10.49 1Wasidud uaznendanisinizwaandaelidunan 2, 3 uay 4 wannaelsimng
safuslueeslsndddd  Awvesifudnseniadegeninynniuaufe 65.3, 69.9 uag 35.5 Weldud
audy waznuinudandald ¢ finlaysonianum Tigsauiusilumeslselolaan RBRUCOT fifn
Wosdudnsseniadsveaudngsan 100 Weddudrufouusnaudafioud 4 fm1safl 4 uaznuinen
Wosifuinssenaderensingaanoglussesil 3 Wilnrosuvenslngtu fiedeiasyuarson 92.8
Wedidud famnsneil 3 wienuidandelifaunsoimuidigssozd 4 Tslanesuusngluuvindsly
wsn 3.5 wWesidus uazliimuissliusegnla anananladn sluseslsmurslelaaneraiunuimiies
frenszduliduuilevesuntuauadaiedonsoylaissen wililfaiuayunistanvedusianesy
Tuszozmneg vasnaleld (Porras & Bayman, 2007) @onmaeaniu Stewart & Kane (2006) S1891U43L1&R
nélsl Habenaria macroceratitis annsnsenlfuazluslaosuiannlfdoldsunanszduainmlunes
lsediusnainsinndelifanadu wudeafu Nontachaiyapoom et al. (2011) s18auinadandaeld

Grammatophyllum speciosum Blume WWag Dendrobium draconis Rchb. f. mmaaammzﬁ’wmﬁwq
sewedl 3, 4 waw 5 16 Wleldsunisnseduslumeslsmfiwenldannndaelsidu 4 uenaini Khamchatra et
al. (2015) eui wiandeliidedunans (Dendrobium formosum) fnzsaufun  Tupeslswi
wonldarnanuesndeliivladentul aunsadienszdumsentesmiandaslsl wavannsoiaundu
TWslnresalusvesd 3 Ao Tuslnnesuiifedoasayuarssanld Lwiisiamwaﬁwu%%giizwﬁ alg
Hosnunumressiiunnisiuluusarszernsiasyveindelienafinisdsuslaniavesslunes
IswluszermstonvosudnuaznsiauUslareuuanansa s ladud (Zelmer uag Currah, 1995)

o

Tunseusnduaznisituyndreldiudmennvielndagiug Ianudndudemnslueeslsnivinyaude

q
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n3sen lngausaduasuvseatuayunisenvasuanndleliild (Chutima et al, 2011) 99nN15MeaBY
pdstiwuialuneslsen leluian RBRUOO1 dmegluana Tulasnella fiuszAvinmlunisnszdunissen
vosudauazmsiannlusla- aesumnnilandmiuwanndaslsl C. finlaysonianum we 9 fundelifana
Suﬁﬁmmﬁ (Rasmussen, 2002; Stewart & Kane, 2002; Johnson et al., 2007; Chutima et al., 2011)
wandliiiuinsluneslsviana Tulasnella Wusilumeslsuriimuldunsmats daanunsauenldainsin
naeldl Dendrobium formosum LLa:ﬁﬂUWﬂszﬁumiaaﬂmaqLuﬁﬂﬂé’wlﬁﬁﬁﬂlﬁ (Mc Cormick et al.,
2004 Khamchatra et al, 2015) uaﬂmmﬁﬁﬁwuﬁﬁﬂmaﬂimaqa Tulasnella TpNUAUNUSAU
liverwort (Cryptothallus mirabilis) waznaielideedeunseiln (Suarez et al., 2006) Tuuneadenis
wigAulavmIansiauluslnresulussezdaly ndglionafinalnlunistiesiurismdnluaeslssmu
fidnadulunisien Fssududesendenlumeslsniiunnsnninseesusnvesniswauiiusianesy nsms
Tuaeslsufmuzananwenldmnsnpuvesiundlussesiifinsasyiiulanedidu wievazeenaen
visansinndaelivnsana ietielilusinnosuamisoimunduiusouiiudaussioudroeanign
(Rasmussen & Rasmussen, 2014)

FeiuFaaguldialuneslsuia 3 lolwian (RBRUCO1, RBRUOOZ uag RBRU0O3) fidnwmizimns
Fuguinenadneana Rhizoctonia (Rhizoctonia-like fungi) widnuazmedaineluanatsdaluaesls
gnlu 2 ngu de s1lunqu  Tulasnella  sp. taun s1lumsslsenlelaian RBRUOO1 uazsnlungu
Ceratobasidium sp. lauwnsiluaeslsulelsian RBRUOO2 uag RBRUOD3 N1599NUdLuanLasnNISHAIL
TUslnrofuveadandaelsl C finlaysonianum Tasendesiluneslsmitannsationsedunisionues
winndalsanadu 1éun lelwian RBRUOD1  RBRU00Z waz RBRU003 wuufisniondeluvasannaos
wanslinduimnlelsianaiunsansziuniseenla andu 83.0 Wesidus uaznusniiesnguiien Ao
Tulasnella lelaan RBRUOO1 fiduaSunissenvesudauasnsiauivesiusinaesudesyesi 3 way 4
(92.8, 3.5 wWosiud) melu 4 iieu MsveassiilusenuusnlulsvmalnefiuandiduanudiSaves

13 P o 1% £ ' ) .
nMssenvesuaauuUtodelurasannassesnaigliingsngseutinda C finlaysonianum

JoLauaLUY

nsmssezvaslusianeiuiaviugauilmuauwes C. finlaysonianum sienisénedanmsly

v Ay |

an1mUanniie anInlsausau LLaxﬁueﬂiaa%mﬁiﬁ%%ummﬁwL%ﬁ]ﬁuﬁui%ﬁmmﬁ YNN8 DE198

Ya v o Y o

anizfideindesdnasimaluneslsnleluaniivanzan fannsaiwulusinnosundolsidngszesi 5
uazUdesfugsssund auzgidedotiunazniaduegnadaeylddidunsidesnaniitelilfundsang
waganuiiladufuiefaglddidunisnusunsenoiuglunden funiseysndaoiugndgldl
nzisnegoutndn (C finlaysonianum) uagndaeliiinesiinduiidesionisgayiuslulasinisiduads

sold

AnANIsuUIZAA

lasan I tilasunuganuEITeaInumIne1aes1va g Sl nnssal
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nsiuauAmlnvuzvasiudrlsndentenseuaun1Imsinuuu solid state
fermentation $2uAUL¥B51 Rhizopus spp. UP04 Nnantaulasiazluas
Nutrition improvement of cassava by solid state fermentation through

microbial starter of amylolytic fungus Rhizopus spp. UP04
39, axlus1u(Tosawat Anorach) @uw1# sug(Somchart Thana)’
Fousad 29dasseE(Chainarong Wonesunsri), e laana(Choke Sorachakula)’

95598 Sua(Khanchai Danmek)’
L anrunaluladTunin AusnuRIAARS AT NEINTSIINR UNTIVIENdeNELEen
2 4U1dnnmans AnEINERSAARSLATTISNEINISITNYIR WAAINEEeNEie
? quditouariiannemsdniifesse
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UNANED
‘ﬁuﬁmwé“aL‘f]ui’a@mamiLﬂwm@z’fﬂmmmﬁwmLﬁmimuzlé’é’aamwﬁﬂimﬁ’uL%@Sﬂﬁ'mém
wulwsiorlued Tnslunszurunisidialavugdenanil Wes1 Rhizopus spp. UPO4 lagnAnuenainiu
U%L’JmﬁyuﬁLWwﬂqﬂﬁuﬁmwé’ﬂu%’wi’mwxL&n waz thunAnwnszuiummdndannisinensiuy solid

@

state fermentation (SSF) ngldfifudzndaduingiufigamall 30 esmwadea WWuszeziaan 7 Ju wa

q 3

aaa

nsnyuiidendinaniininaiyuassanouledluszuiinssuiunismiin ddlidueaiifves
wullasierliaa Wiy 0.099+0.006 U/mL Tasweulasifnaniifivasnisiauldnda de gamgd 30-80
perwaidua way anudunsauarane 3.5-7.0 Wethides Rhizopus spp.  UP04 lUiTufudeldly
nszuaumMviinduduzmndauuy SSF figamgil 30 esmwaides Wuszoginan 7 Yu wuin Sudizndsd
KunszuIunsnindesdilnsunfstu Inaamelusiusify 4.12% uay ludu 3.88% winnd
nszusumsusinluanmitlsifionnauaslaldqaunid (Usiumiiiy 2.18% uay Ty 2.45%) waz 1
uiindnedeqdunisunsgiu R orayzae TISTR 3054 (Wsfuwiiy 3.85% waw lusfu 3.11%) fefu
\e51 Rhizopus spp. UPO4 %aLﬁuﬁaL%@ﬂ;éuﬁéﬁmmsmjmﬂﬂumiLﬁmmmmﬂmuzﬁuﬁwyﬁnﬁa
Wetduemsdnishenszurunsusinuuy SSF 1#

o

Aandgy: dudzuas wululezluea Rhizopus solid state fermentation SSF

Abstract
Cassava is an agricultural material and may be a good substrate for nutrients
improvement by amylolytic fungi through fermentation process. To improve the nutrition values
of cassava for animal feeding, amylolytic fungus Rhizopus spp. UP04 was isolated from cassava

cultivation area in Phayao province and characterization through solid state fermentation (SSF).
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When Rhizopus spp. UP04 was characterized using cassava as the sole carbon source by SSF at
30 °C for 7 day, the values of amylase activity was found to be 0.099+0.006 U/ml. The range of
pH and temperature (°C) for the enzymatic activities were 30-70 °C and pH 3.5-8.0. Cassava
supplementary with Rhizopus spp. UP04 starter was fermented by SSF for 7 day at 30°C. The
nutrition values of fermented cassava resulted in increased protein (4.12%) and fat (3.88%) which
was higher than the control or ensiling process without mold starter (protein 2.18% and fat
2.45%) and fermentation process with standard culture of R. orayzae TISTR 3054 (protein 3.85%
and fat 3.11%) respectively. The isolates Rhizopus spp. UP04 showed optimal starter at improving
the nutrition values of cassava through SSF for animal feeding.

Keywords: Cassava, amylolytic enzyme, Rhizopus, solid state fermentation, SSF

Ui
nszuruNTuinfive1sdaineduninnssuveinisdrsesivorrisdaintdundunaiuiuwad
Tudsewmelng WwuannnsissuunisidesdnivaslsemaineFaiilidunn ssdulunisudnivenisdntasly

nannisaueuivemsdnilviasnuainialavugllunisusUaldlidennsslneefunisvinauees

'
a

Auvisdneglusssuviiwuulaildeinia (ensiling process) 1y nsulinngfnunlesiinges 1 Fuhldlag
o v o va & & a ' a a o N a &y o

nsfanglmduguang Jvueldiu 1 wufwes wae lddnadunivuglnatinilaeninesnuasniin

Wuld Feenausuanmlavuglasiimafuindewasniniinia 0.5-2.0 Alansusend 1 Alaniu (136 waz

Az, 2547) FuflengwWunsulinauysalaziinduven suies nimdnidudideseumioes Tr1aiy
Junsaade 3.0-4.0 uaz nsnduvsdimudiuuindu nsauaniin Fawdnlasuuaiiiengu Lactic acid

bacteria (LAB) Faua3eylilaenislduiimauazildowlunsauaniin vse os3fn Melltuegivaiiaves

LUATLSE wadTa A lusErININsEUINNSUTNAENUNIARERNARTUlA1NN15NAUNS S Tawu

q

lopon@iay (eusla, 2554)

[ @ v A U ra o a 3 a
pgalsimunszuIunsrTnige msdadluanwlidfionnialaeende LAB lusssuynduu i

a

Todnfinegine Ao yauvsdlunguilinvsnaeuledlunquitdesitalefivuazuds 1y lwagiaa leuauiua

v
[ YK

waz ozluaa udu Aniudsnsdeananismunzdmsunsihluldlunmsmdniivemisdainiiuiniags

wu v udes dudzan way dudrilnedn wdlunsaldufigermsdniniianaiuuiegs wu wiednn

v Y a 69 ¥

Waandnlne way dudrlendaiivdadussdusznau 393ndunidecldemisiasuiieliaaunsdly

Q

Usglovillunsiasgiule Balaevaluagldianidunuen wu mndinna smenu wie gise W (U336

q

€

o wazAz, 2558) Launszuiun1Ranantazlun1sauaueImsoalnvuE AUTUILAATUINNNTLAN

IIUIINBAFAUNTE war NIBUNTENaUNIInanTy wililaluunisgesfivminifesainnisvin

Q

P

wulwdlunquasnandsunsvdnfiatuiunsddun nleuleinvisdesuasningsleiv(fermentation

oy '
Qd\'LV IS

process) Fadldgiognannlunisiiulseansnimnmsminuaziiulnvugvesiondnlinnguls insig 1o
lowazudslufivomisdnisggndesliluinnavarldduwnasormsvesqdunidnlaidnluvinle

Wogduvsdiasyiulauaziianismdnlaisiiu o9 wu nsiiuduvsdlunduindaeulesieslyiea 3
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I3 a N6 i o A A 4 Ao I3 ¢ | % v
LUuﬁgauwi‘aﬂquiﬂﬂ mﬁ‘l«lﬂqiﬁuﬂw%'ﬁjqﬁqiﬁmj S wag Nendudaduesausenau oy GU'TJI‘WW 2898

17
'

wuasdudiUenad et u RhizopussppMucorspp.h @ ¢ Aspergillusoryzaet U U & u

a LY

(Soccoletal.1994;Pengthamkeerati et al. 2012) wag ﬂ’lﬂﬁi’fﬁ;auw%‘&jﬁwamLaul%ﬁmaqt.aa‘dwwmﬁsuﬁ

2D

a

\eolegs wu Waendnilneg uag dulzsa (Danmek et al, 2014) lagseninn1svinauUVIEILHd

b

q

v v
U a6

wulldondolonazutaduima elddmudmiunsalyiulauaziivduauandu sty dad
Saccharomyces cerevisiae aziasuimaiduueanssed war LAB azldimiaifionSayuasiin
nszvaumaniniunsadunidifvselowdsely Jawadnanazdmalidolovesingiusouias uay i
aslulaimsunsaruazansaanuld Wy nsvinnnsudznd detesn Rhizopus oligosporus vl
TUsAuiiutuds 10% Belewu and Babalola, 2009) wag nsudniinnasmedunidnauvaieviinazii
TfilomesvisindenTusfufistudu 15-18% way lusfu 9% Seganiilnvosandsdlusiu 8-10% way lusfu
6% snuaiu Fadusaidululufiemadeafunsiinannisnuasdug nanevie Wy nunaaewes
Al-maadhidi et al. (2010) lavinnsndngatlng waz Adamafio et al. (2010) Tdqaunsdlunismdngdu
dugndaduormsdnt Tasiliguamdnruslnsamslusfuiuiuldganiringiv ilildkiunis
WiIn 1.5-5 1 S?ia@mmmﬂmusﬁL‘ﬂ'wﬁﬂuiwdﬁaﬂizmummﬁﬂLﬁmmﬂmsm?ﬂ'aumﬁﬂﬁsﬂamaﬁaq
$rnnudilufuihnalaseuleierlueannidon udfaseldimalumsiusaueaday iy
TUsiuwadiiien (single cell protein; SCP) e dhuvadusauiiudulunszuaunisusin (Danmek et al,
2014) @onAanIAU Antai & Mbongo (1994) s1eunisndndudiuznaslaelyd Saccharomyces
cereviseae annsaiinUFIUALAN 2.4% lusfudendandisndu 14.1% wdmniiunszuInms
wsfn uenanil Oboh & Akindahunsi (2005) wuin uilssfudzndsiiviingae S. cerevisioe Faeiiia

1Y

Wsfiuann 4.4% Ju 10.9% uar SsanUsunaansiivleenlud egrslsinnu nszuiunsminga Jusgiu

a 3

Jaduuaran1izhIna UMyl ay o 1We9aunsd 89AUSENB UTBIANTHIAU LALTYELLIA1 NS

q

o LY

wraslulpsiaunayesrusenaud Aoy 9 NnaneUsuiaasemsiundniueivdn (Nuraini & Suslina,

'
o a = o o a

2009) MnwgKafna1d nsiTngimlaluieduniisagnuindnsauiu

q

UNSONMUNTEY LU Tu

3
d1Uznds slufsmandaiiviasugiaaininunsnsinningn axvilildingiveomsdnintinueima
Tnvuinisge war dumue dsazviliiAamisnseduliinuasnaiwiminifieiduemsdnd azvinls
inwnsnsdineldiasuannnsliagmdedmanmainuasundiuyanld uasteiaengnsiuinuniinmes

Bduewmsdaile

o/

AnUsEAIAYRINTITY
fnqusvasdndnuesnsvanosiiuuAnfivsthiudsnddadufivifudadussdusenougs in
iinanAmslavuglaensinunssuaunsmiinlunssuuns solid state fermentation WANA99IN
nsvvaumsnsinsudgndsildiululssimalnededrusnnunsvinuuuauenemmsluaninlail
91n7#t (ensiling process) saufunsldidesiinameuluiorluaafidnuenld insAnwnisiasy ms
wamLoulssl way AuAslnsuzdifistulussrinssuiunmendn Wedlulidudulsznovresingiu

21sdminely
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3/antiunsiveg

1. 98un3duInIgIY

{031 Rhizopus orayzae s 3054 lF¥uauayiaT g nan tuiteineimansuay
wialulagwisusewmelng (32.)

2. gsomsiasadeiily

Seme-synthetic medium (SS medium) (Danmek et al,, 2014) Usgnaunie glucose 2.0%
(w/v) peptone 0.2% (w/v) yeast extract 0.1% (w/v) KH,PO, 0.2% (w/v) MgSO, 0.05% (w/v) CaCl,
0.01% (WA) ZnSO.TH,O 0.0005% (W/v) FeSO, 7TH,O 0.0005% (w/Av) MnSO, 0.0005% (WAv) wae
Tween 80 0.2% (v/v)

Potato Dextrose Agar (PDA) Wag Malt Extract Agar (MEA) lAT8UAINEATIEIULAZIDNITATEN
Y89U3M Difco, USA ammsiasadosamau3u pH 28 HCL 1.0 N el pH wiriu 5.5 wazihlahide
$hems autoclave Tlgaumail 125°C Wuan 15 w1l

3. makauenienamenusiinimanouludasluag

udee9auRINUasUgniiud U nas uSianduld svausune ennailies Tinianzie)
(19°02'44.4 "N, 99°52'38.2" E) Inelgnenarainitinumssindouds iilorlunaaausoiiosfifins
Z@mimm”mwmgagﬁuw?a’fﬁw?-z’f?ﬁ spread plate technique Uu@1M15gnsAAUYAY SS  agar
(Danmek et al, 2014) i siFauanIsveuiy soluble starch Ui/Zfﬁ@ﬂJ?/i{]ﬁ 30 p9ANYATYH
Wi 3-5 Su iledosuesqinisAauenadlueims ss agar lnsiousnliliidositusans uay vins
nsaaeunIwanoullos uaaveudosiidauenld Tnensnvumdusigunarvoudiuleiiongnis
958y vimiusmiiusaearsazarelalesu (0.1% (wA) iodine uay 1.0% (W) potassium iodide)
Ussanal 15 il annsodunmiosiiinanes luaa 1dlaegala (clear zone) fidndu imsiavuinues
wlaiilevunSauisuivaunvedlalad vimsAauenifuioulunageusely uasdnwanvasns
saugIuIneg1uuemIsuienIu3sn1sves Klich (2002) Danmek et al (2011) 4a¢ Danmek et al
(2014) lng@nwidnyalzsneg wwu & yum uazgusivesaves iudy

4. Msndndud1Uznaanqeds Solid state fermentation

sfudznds 10.0 n3u Tdasluringunamivung 500 addns Ao1mns SS medium Y3ums 40
fioddns miudvasasansaUedidon (10° spore/ml) fidauesntdady 1 faddns LgEJdL%?JS’]ﬁqmﬂﬂuﬁ
30 esmueaida Wuszeznan 7 Su iueulellnensiandumies (centrifuge) Migumndl 4 o
wala A1uiETav 6,000 seuseun?t iunan 30 wiit iiuthdnladieliasesina uay loulssidie
luinaueniifveserluaaimnudunsauazie uay 9ounNif19Y U (AAKUasaN Ghose, 1987)
o 1 ginvesoulss wnefly Uhinameseulsifianmnsadesaasutiafunanglea 1 lalaslua
melu 1wt neldannedlliveaey Turneiiduidussnou feo dudsndmihuazidulodesiily
TATRuAlAtUEAIdves AOAC (2006) hmsasgviguAmialayuins 5 naulve) Ae
Ay (Moisture) 101 (Ash) TUsAUs (Crude protein, CP) lusiu (Crude fat %39 Ether extract, EE)

WBole (Crude fiber, CF) wSoufumuwimslumsinlunaudugnsomnsdmsuibedni
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5. NMTAATIZUNGEDA
AATIPRAIMEDALNENIAIANLUTUTIU (Analysis of variance, ANOVA) laglaiiunisvaass
wuugueg1vanysel (Completely Randomized Design : CRD) lngldlusunsudnsagunnsada (SPSS

version 22) fuuaadeddgnldlunismageuil P < 0.05

NaN1529uazanUsIgNa

nAteiarliadunisidauenldnniufinsdgniudsndsuinadwldivausinge sune
dosdmianwien fadlefnunqgdunds wud dulmydudeonlunduitidlidelselnsameitosaeiug
Aspergillus section Nigri (1151971 1) Fsavadwansivlensifiendu 1o (Ochratoxin A) (Abarca et al.
1994) wazilovhmsTasla (Clear zone) Auunes SS WUt L%asﬂumju Mucor sp. Rhizopus sp.
uaz Aspergillus niger Wiingsgn Tnefidnedes 7.6:0.9 wufiluas daflonsieaeuluenaissenuise
‘wmhLﬁuLsﬁaiwﬁWLmﬁ'mmaiummﬁmmmwﬁmms] \tu Hachmeister and Fung (1993) 3sldnuuaz
#ausn Rhizopus oryzae newnsvinandmazuily uay Saito et al (2004) Fafnwuazdauen R
oryzae IFO 4707 wisldlunswinninduduzngds WWudu way annsmeaeunsiadyuazndneoulios
luwannioniidauenld lesthideniifvuavendagaediun 6 meiusindedagldiudsnds
Wuuvdsmiveu levslifieamgll 30 esmueados uw 7 fu TagléiBnwsinuuy Solid State
Fermentation (SSF) Wuin \@e31 Rhizopus spp. UP04 (nmdl 1) lrienilueniifwoseuluferluea
Wi 0.099+0.006 U/mL (nmil 2) denndasiusu3deves Peixoto-Nogueira et al. (2008) waw
Harjeet et al. (2015) 1891u1 a¥luaanin Rhizopus spp. dAeaRIAvasganlugeszesiia 57 Tu

dlothiWes Rhizopus spp. UPO4 mﬁmanNamaaqmmﬁﬁiamiv‘fmummLauiszjﬁﬁl,ﬁm%uiu
stwimswiindudizuds wuindesn Rhizopus spp. UP0G ﬁﬂ"]LLaﬂaﬁamaqLaulﬁvﬂqaqmﬁqmmﬁ 60
pauadoa witrdUssAvinmanasdoguugigeiueny Ineflgnmafi 80 esawauva toulsdaran

Usgdnanmandt 50 wWesdud egdlsfimnuwdiingamadl 60 eswwaded \$931 Rhizopus spp. UP04
wilUszdvBamifigausazidutidlimnzaudensisdydila e MnNsAnEINUINTeT Rhizopus
spp. UP04 uay Wesfinameulevioluaasun Taovhluasiadyldfluasgamgil 25-40 esmwaldea
(Kwon et al. 2001; Han & Nout, 2000) ﬁﬂﬁ?ﬂumzmumsuﬁﬂmﬁ% solid state fermentation 3%
AUNzaNdeNSRSTe e
SIEREY 1uiz‘mfwaﬁmzﬁqmmﬁgﬁmﬁﬂ‘fiaﬂ

dlefinwmares pH sdonsiaSauasiadosnnveseuled wud lusswinisusindenda
sfuies1 Rhizopus spp. UP04 afintsuanudesioulesiorluaaindesiudendshiuina wax
M maritewiadvln Feaviinsuannsndurade senunde viliranudunsa-mweieimsmsin
ansias e“zfqmﬂmimaaﬂuﬁaqﬂﬁﬂ’aﬂﬁﬁigé’ummmL‘T‘]uﬂim—md Wiy 4 3 8 WU Rhizopus spp.
UPoa axfiAueniifveseulusiorluaagugaiidamnudunse-ie winfu 55 Tuvagiidmanudunse-

fna Wiy 3.5-4.0 eulnidinainuldususzansnmaranainin 50 wWesidus WawSeuieuduian

ANUTUNTA-ANTWMNNEEN Ap 5.5 F991nAsneaniiudUendsinginuuu solid state fermentation
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Huszezaan 7 Su dapnudunsase anaminia 6.0 Gy 3.5 faiuddiiduinmdntudlends
WUy solid state fermentation Fsflszeziiateglugatliiu 7 Tu denndosiuseauved Harjeet et al.
(2015) WU AueRRIFRvesezlueaaIn Rhizopus oryzae ﬁ]sﬁﬂ'ﬂqqqﬂuﬁdwﬁﬁhmmL“‘f]umm—m"m Wiy
5.5 geandesiuTBLdY q na1nd1 meradunie-ang wargamgiiianzaudmiuneaiiivesoyly
\ERNTe31 Rhizopus spp. UPO4 aglutnrmuduna-isenin 45 89 6.0 wastgungl
5EMI9 50 D9 75 pemnwaLtied (Takii et al. 2005; Ferreira et al. 2015)

msudelneldRsnsmsiauu Solid State Fermentation wuinsfuduzndwmsingae Rhizopus

spp. UP04 (fermentation process) daauanialnzuslagiamgludiuvedUsiudaiinainnisasyves

&

QAuYEE fo 4.12% \flewsuifisutunisldidesunnsgiu R orayzae TISTR 3054 (3.85%) uax sfu
duzndumiinlaifinsldifeqdunss uag lull¥ena (ensiling process) Ao 2.18% (an3197i 2) iife

q

AaTIzrRuAMlYUEBU vesdudendminiunse v srdniiady wudnaaAImalagusLiiun

q

v
=

Ju Inglamglusaudsoradunamnanlusiumadiien (Single cell protein) fAnTuainnsyuIuNIs

WS AULALAZINAWITAATRUTRAUNSE donARBINY Zhang et al. (2013) WA INUIINATANWT

o n:l

fio ewnswiingae Rhizopus spp. UP04 uendnazilusiufinduanuds asdn1sndnnsnduniofiddoy

u

fwan pH vese i vlianusafiusne B dunuludmingitaainlileds 6 weu lnefilnwued

msidsunlasiosann (Guyot et al. 2000) usnandusunalusiunaylviulududrugvasiiniu

L=

N3¥UIUNIMINLUL solid state fermentation NinTsWANTLRRUNIEHAgInIN1sUiniuY ensiling

Q

process lugaauaunlilainiuie egradided1fny wenaniinsminasiinisiduiate Rhizopus spp.
UP04 azviliiqduvsdnguilanmnsaadayuasiinujiseinisudnlisau Suiliisnindignszuiunis

a

wifnlFiSwazannsansalnguzldfnifendnildlfiduridesdunid uenannddsmeaiuaungy

q

a

qaun3dnelsndanan Enterobacteria laanniawmils uag WetdudUsndmdnsiuduesi Rhizopus
spp. UP04 #ildludszneulugnsenmsinenmsinludndiu 50% annnsduindudsndsanunsaimu

nauduemsamsudesd@nile wene et lunanludnsidiu 100 Alandy Usenouse siudilends

¢

91370 50 NN. SRV 13 AN, HANEBI 35 AN. WITNG 0.5 Nn. taweawdey 1 nn. way LNae 0.5 NN.ALATIEH

AuAmalnturasidtureslushiu Ao 14.69% (151971 3) egrslsfmulunsiiulnvugvesduduz g

v o '

medsniinuuy solid state fermentation feldasuanslviliiuil annsaiiuauAmlnyuyvesian

a 4

mimwﬂé’ﬁﬂdwLﬁ@LU%SULﬁ&Uﬁ’U%%MﬁﬂLLUULamlﬂmaw 38 ws nsrulruMsMITNwUUliiannie

(ensiling process) ¥aNIMNUINANUNANITINNVBIEERUTIFUNIEVI NSz UIUNITN KUY solid

state fermentation tJunszuiuiianunsndngdursdanae mussgndldlunsmiinlilaemsndnfidaen

q

malnrugiisaanisla 1w nsldadunidnndneuleiange liun evluaa uas waguaa wevislunistey

Imaa%ﬁmﬁﬂmaﬁmq% Autaazdeloidussduszneulaggdunidasdesdiuiidudelovazutadu

mma L‘IN@IVIW&NW‘LJﬂU'{l uﬂng‘éﬁmsumsmmmdmLLaxLﬂmT']mumﬂ%u N Dasay Lﬂaaumma

q

(%

\Juueaneseduazninviiaing Ssazdwmaliemnsvindauamslavusiinduie soandestusenu
nsfnwntinITenanevinuiildingAvenmsdainfiuladussdusznevnmdniteiunuainidavus

nouazilUdesde i 1y nsndnnindudiUenasselins Rhizopus oligosporus  (Belewu and
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v
o

N

o
N

Babalola, 2009) way nswinlusAulusuEunI8n1SULNIINAULLBS Trichoderma viride (Ezekiel et al.,

2010) WJudu

M99 1: Anudvesriauaz e siinsanulufuusnulagniud e nds duauiuise dune

Wipd FIANELeN

Fungal isolate

% Occurrence

Mucor spp.
Rhizopus spp.
Trichoderma viride
Fusarium spp
Penicllium spp
Aspergillus flavus
Aspergillus niger
Aspersgillus terreus

Neurospora cassa

14.81
22.22
7.41
7.41
11.11
7.41
18.52
3.7
7.41

M1919 2: A slnusveaiudUendivdnmeiauuy ensiling wag fermentation process

Parameters (%) Ensiling process

Without fungi

Fermentation process by

Rhizopus spp. UP04

Fermentation process by

R. orayzae TISTR 3054

Dry matter 40.25°
Crude Protein 218"
Ether extract 2.45°
Ash 0.88"
Fiber 2.30°
Lactic acid 64°
Acetic acid 10°
Butyric acid 05°
pH 37°
Yeast (log10 CFU/g silage) 23°
Fungi (log10 CFU/g silage) 2.1°

a

Bacteria (log10 CFU/g silage) 3.1

33.21"
4.12°
3.88°
0.89°

a

3.15

a

62

a

18

a

1.4

a

3.7

25"

a

22

a

3.0

34.25"
3.85°
3.11°
0.87°

2.86°

66"
15°

a

1.2

a

35

22°

a

1.8

a

25
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M5197 3: pruAstaruzvesensHaLTidud Usndminidussdussnou 50%

Feed nutrition Proximate analysis

Moisture 10.42

DM 89.57
Ash 7.51
EE 3.74
CF 9.88
cP 14.69

nuBg dndinvedenInay 100 Alandu Ussneume sfudendandin 50 an. e 13 .

fundes 35 nn. widng 0.5 nn. lawaaiden 1 nn. uaz inde 0.5 nn.

a1 1: o Rhizopus spp. UP04 Adssuuemns PDA Wusvernan 7 Su uaz NNANNGDIYANTIAL
uanidule conidiosphore tag conidia RIE OER
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Abstract

This study aims to: 1) investigate problems of mushroom growing, 2) design and develop
a multi-purpose mushroom growing apparatus with automatic humidity and temperature control
system, and 3) evaluate efficiency of the developed mushroom growing apparatus. The study
was divided into 3 phases: 1) study of mushroom growing problems, 2) design and development
of multi-purpose mushroom growing apparatus with automatic humidity and temperature control
system, and 3) evaluation of efficiency of the developed mushroom growing apparatus. Results
of the study showed that most of mushroom growing problems concern with inconsistent yield,
lack time for watering, and unsatisfactory productivity. Therefore, a multi-purpose mushroom
growing apparatus with automatic humidity and temperature control system was designed and

developed with Arduino UNO R3 microcontroller AMT 1001 module. When comparing efficiency
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against traditional non-automatic growing method, it was found that mushroom growing with
automatic apparatus gave higher yield of mushroom.

Keywords: mushroom growing apparatus, temperature control, humidity control, automatic
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MUTEEIAVDINIGIARY
1. WisAnwan migmussmamziiaunsilagiinuisausvesin@ne @uivivaans
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Y f9Y A o & v P o ] <
1.1.1 wuvduniwal Iedaivdeyaiieatvanmdymvesmsimziinunsiiuasiin

YNAUANVBIUNANY @1V ANERNT

a

1.1.2 wuudans MifleUsziiulssavsnmusasdeamyifineiunyseasdruaugamai
uazALTudesEUUSHluT
1.2 inesflelunmsifmunaionnizifneiunyszasdnuaugungisagaruiudessuy
anludlf Usenaume
1.2.1 vefalulasaoulnsiaesnsena AVR Aiin1sWauuuy Open Source Aemsidauie

Uoyanefu Hardware wag Software fuesalulasnaulnsiass (Arduino UNO R3) gnesnuuuanlild

Nuldde

1.2.2 Tuga AMT 1001 Huedesilelumstagumgiiuazauiy

1.2.3 LCD (Blue Screen) dwiiunandea

1.2.4 5188 (Relay) 2 Channel 1#lunsdanugunsalluiiin

1.2.5 Keypad  galugatunafsdniogudviu input  deyaudedeudrdaluds
lulasreulnsiaes

1.2.6 Buzzer Slnsuvuusindn woudeleiithssdiinnnudegnnelui Mlwdes
3.3-5V

2. /adiunside

MsAnIFes m%uwwmﬁﬂamnﬂazaaﬁmmuqquﬁLLamam%ué’wizuué’miuﬁa RN
nsfnweendu 3 duneu TneflswazBendsil

2.1 Funeumsinmanmilymuesmsinedia

Funeuilfuuudunsaiduadosdolumaivivmudeys lnesshnsdungudiosis

Utz 1dun dndnwiaunfivdad diuu 5 au Faslovihnafusvsndeyaudtideyadilun
Answiduien uarasunaanmilgmauddnuurasaunaidldlasulutgtudedilulflutueu
moly
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Tupouiaziwaazuildannisdunvalinlflunisesnuuuiasianinie wniziiin
oLunUsrasdnuaNgamginarautufessuusluifi ned 2 dureu Ao

2.2.1 NMS0OALUUTEUU UTeNaumme 1) WAUAINSEUU (System  diagram) 2) LRUATN
syuuly (Wiring diagram) 3) WU MLEnd i UTunaun15919 (Flowchart) uas 4) Adslulusunsy
(Code program)

2.2.2 NMT9ONLUUTEUY Input/output  ¥893zULL Usznausie nisideuregunsal
#7499

2.3 Gﬁ'gumumiﬂizLﬁuﬂixaw’émwmauﬂ%mwwLﬁmaLuﬂﬂixmﬁmuqummﬁLLasmm%u

PABTTUUSA LUITR

Supeuilldnsussduievsiandedilaanmsnsdiatuuuidwasuuuildiedes

WL INNUSEAIAAIUANE ML ANLTUMETE UUSALULR

NAN15IY
pﬁﬁ]’ﬂl@fﬁwLﬁumiﬁﬂmLﬁaﬁwum%uwmﬁmaLuﬂﬂisaqﬁmmmqmmﬁLLasmms‘?‘?ué’wisw
Solusia Idnan1sisemutuneudildfmunlinuasu fad
1. wansiivnusindeyanisfinwanndaymaesanismnziin

INATEUNIYAS WU N1FIAUNIUNTINITIRLUR DI FEUseaUNITAIlUNITINELTIA LN

o
a 1Y

nssaiiy shlviAsnaegumninaranutulaenss Taduguassaungiidumada maghiihies
sabluiinawhle Suflsedmiunasyilaeada wasdnaeuisiorfisaludulsifissuunis
syueiin suilrnelulsadouiuindeuuadise Seinadensasayiulaian uazUssansame

2. waN1ORNLUULAT A LAT DIITInDIUNYTEasAmUANgMMY LA AT B S UY
Sluid feasiBondall

[

2.1 HANIINITODNLUUTLUU LARPIAININ 1,2,3 088 4 il

Board Arduino

Relay Board

— faw

Sensor amt1001

b

AN 1 LEARWNUNINTEUU (System diagram)
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Humidity= %
Temp = C
Set-H = % undsnll
set-T = - C
i
z RELAY 2 Ch
AMTIO0N SDA SCL

10 INT

A0
Al

EEE Bk

=
g

AMT1001 —‘ Heater

wa

a2 undssali

A3 12 ——‘ ’Buzzer

2N 2 anaiunInszuUlv (Wiring diagram)

(e

firanmanuauly LoD ‘

!

WAREBAIMHUNTE LCD ‘

‘ BTMATLAZUFRAAARTD ‘

!

‘ FIATHETNAN ‘

A

| TTLAT HT SIBULEET ‘

!

| ATUITATAT HT ‘

!

| UWAFRT HT UWWLI9e ‘

¥
Pump Ha
N

Pump: WeAina

|

N
Fan i
¥
ol < Tmax Fan wgminenu

N

BTUATTREATOALN Keypad

AN 3 LEASLRUNNLEAAIS1AUTUNBUNTTYINU (Flowchart)



#include <Wire.h»

#include <LiquidCrystal I2C.h»
#include <Keypad.h>

#include <EEFROM.h>

#define PUMP 11
#ds FRIY 10
$define Buzzer 12

int TMin,TMax,HMax,HMin, Hunidity, Temperature;

char keys[ROWS][COLS] = {{'l",

I
byte rowPins[ROWS] = {9, €, 7, 6}; //connect to the row pimouts of the keypad
byte colPins[COLS] = {5, 4, 3, 2}; //conmect to the column pinouts of the keypad
Keypad keypad = Keypad( makeKeymap(keys), rowPins, colPins, ROWS, COLS );

12 brei)

FIRER U

LiquidCrystal_I2C 1cd(0%3F,20,4);// BCEEST4R = 0x3F

"

4w A o 9 Y A & o o oo
LDV UUNAANYT UNINYIAYINBANNALAUD ATIN 18 waga1U19398 A

veid 1oop (void)
o TAD[2],EAD[2], Buni[2], Temp[2];

MsUszyrivIMiaueNanuITesEau

f
-
q

char i,Step=0,Key;

vhile (Key == NO_KEY)
= 0; TADIO] = 0;

{ HAD(O]

for (i=0;1<10;i++)

{

HAD[0] = HAD[0]

TAD[0] = TAD[0]

1

HAD[0]
TaD[0]
Humi [0]
Temp[0]

if (Humidity < EMin) {digic
if (Humidity = HMax) (digi

if (Temperature > TMax) [digit:
if (Temperature <= TMin) [digi

= HAD[0]/10;
= TAD[0]/10;
(HRD[O] * 100)/614;

(TAD[O] * £0)/164;

Key = keypad.getHey();

}

2.2 §aN1999NKUUITUY Input/output Y9952 UUNY TRl

A 5 fe o 8 Wunsuansdunsunisiliensiogunsaleng 4 (Input/Output)

LCD 162 Character

aill

emperature + 3;
0) : Showliun (Huridity, 3) ;
1) ; Showliun (Terperature, 2) ;

/[0 -3V 4/ 0- 614 /f 0 -100%
/70 - 0.8V /7 0- 164 // 0 -BOC

2 4 wansiegsAasiulusunsy (Code program)

NN 6 me%umaumwia Module AMT1001

o

PN

il

v
o

N

o
N
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AN 7 UaARITUNUN136 Module Relay

KEYPAD PINOUT

PIN 3: COL 2
PIN 4: COL 1

PIN 5: ROW 4
PIN 6: ROW 3
PIN 7: ROW 2
PIN 8: ROW 1

NN 8 LAAITUNDUNITHD Keypad
dedeanslénunionmeifineiunUssasimuanaaumnniivasannuduieseuusnlulii dudu

wsnlidendundsimangaslunsinnuniesnivguaugianuduiulsuseunldmunnumngay de
M9
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doszuuBuhnuantu nadu A flefmuseinnududuing lnegldannsaivuadinig
Foanns Tnglsimunenenuduutag (sewii) feghatu siuuanutiu 70-75% et muneiadal
At # WeBudy dedeyaszuanimis LCD veuAdoumeiineiunyszasdmunugnmgiuazainudu
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Abstract
This study compared the classification of sugarcane plantation area between Sub-pixel
and Supervised classification. Study area is located in Mueang District, Kamphaengphet province
using Landsat 8 imagery data on December 13, 2015. Sub-pixel classification on 3 techniques has
been applied as follows: (1) Random sampling areas from size and distribution (2) Random
sampling areas by a number of pixel and (3) combined bands. Accuracy assessment has been
done with the use of field survey data associated with image of google earth. The study indicated

that accuracy of supervised classification was 84.73 percent. Sub-pixel classification with random
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sampling areas with a small, numerous, distributed throughout the area produced 75.74 percent
in the accuracy assessment, while the random sampling areas using produce 76.96 percent in the
accuracy assessment. Moreover, band combinations results of Sub-pixel and Supervised
classification indicated that best result of supervised classification is the combined bands of
23457 producing 86.41 percent of accuracy assessment. For the result of sub-pixel classification is
shown accuracy at 94.55 percent in the combined bands 236.

Keywords: Sub-pixel classification, Sugarcane, Supervised classification, Landsat 8
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