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wifs 91nduthefiududiutwdqluunsuaz Seauarseunu
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314

AAT1EM AN IMNIINIEATNAUNSIUA BuLUasend
feLn30eInd (Colorimeter) % Hunter lab U CQXE/SAV-2
Yoluszuu CE L*, a* wag b* 961 L* e Aranuasng den
WU 0 — 100 A1 +a* Ao ANELAY AN —a* Ae ANELRED AN +b*
fie AdmEDs A1 —b* fe AdhGRY

3.2 Usinaumespily

n153ATeiUTuIaAedAiugIniSues Pawar et al.

3 a

(2014) Tneld@ansimeos Al u (Fluka, Switzerland) 10 uans
1955 YN suaNTar a1 AU sER UA I Uty
6.25, 12.50, 25, 50, 100 wag 200 un./a. NSLATENAIBE1LlAY
Tiogrmiiuduiidiunisuniseudesuds 100 un. afadoLe
Muea 95 % Usun 50 da.vhnsadmduszesiaan 10 Wi
wazUsulsunsliasu 100 ua. NTOINIUNTLAIBNTOUUDS 4
(Whatman) &391n1uiidaeg1sluvinnsitasgsinusunn
\moIANLAIY UV-Vis Spectrophotometer fieuemady 420

wlues Wisuisuivansazansuinsgu

3.3 USuailuednyiaviun
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phenolic content) TneaALUas35n1591n Kragujevac (2011)
f18n1514 Folin-Ciocalteu Reagent lagiansannainmiegi
Usums 200 lulasdns waud1dvansazate Folin-Ciocalteu
Reagent AAuudy 10 % Usuas 125 lulasans defiels
Junan 6 wift anduidnasazaneloienasusiuniina
Wud 7.5 % Usanms 100 Tulasans naslidnt daielilud
fin Agamgiivieadunan 15wl uddshluiansganduuas
finruemadu 765 wiluwes Wisuifisuiunsuasgues
nsunadn (sallic acid) iszduanududy 6.25, 12.50, 25,
50, 100 waz 200 un./a. wansnarduaiun.auyaveInse
wnadneameg 19T At 100 A, (mg GAE/100 g dry
weight)

3.4 guEmsiueyyasasY

MsAATgnvdiueyyadasedieds DPPH scavenging
assay LagnAa15aYaIy DPPH A udu 0.1 dadluans
3 ua. asluansatnaindegne 150 lulasans wadlvidriudud

a v Aa g SN Y ow d %
amwﬂﬂﬂaqﬁluWN@Lﬂuﬂaq 30 U BAIINAINITANNAULLAINIY

3 U U
'

AT aIINAINITAANAULEAS (UV-visible spectrophotometer)
AINB1IAE U 515 unluluns (Mokbel et al, 2005) Lt

ATUIUMT % radical scavenging 31NANNT
% DPPH radical scavenging = [(X - Y) / X] x 100

We Y As AINIRANAULAIYaIRIBE1Y

X fg Annsganduuadves Control

4. MmsuATIveya

N13IATIZUAUNINNINNIEAIN LT wazqVsnIIFu
augaﬁaiwawﬁvwﬁ’ummLqumiwmaamUU Completely
Randomized Design (CRD) ¥11n15719a99 3 1 Apsviney
LUsUsSIUNINE@d @lag Analysis of variance (ANOVA) LWag
wWisuwisuanadelasldaad@ Duncan’s New Multiple
Range Test (DMRT) 7 sgdutloddym1sad @ 0.05 lneld
I‘UiLLﬂSiJ?ﬁL%’%EU SPSS for Windows version 23 (SPSS Inc.,
Chicago, IL, USA)
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Figure 1 Effects of different temperature of infrared on drying time of

turmeric.
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Figure 2 Effects of different temperature of hot air on drying time of turmeric.
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Figure 3 Relation of drying rate and moisture ratio of infrared drying of

turmeric.
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Figure 4 Relation of drying rate and moisture ratio of hot air drying of

turmeric.
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Table 1 Effects of drying methods on color characteristics of turmeric
Drying method Temperature (°C) L* a’ b’ AE
60 42.38+1.11% 17.03+0.32%° 27.94+0.43% 28.03+0.95°
Infrared drying 70 43.35+0.55> 16.29+0.51°% 26.72+0.82° 28.17+2.62°
80 44.58+0.62° 15.29+0.47% 26.00+0.56° 25.30+0.74°
60 37.49+0.99° 18.42+1.02° 28.66+0.89° 33.10+0.90°
Hot air drying 70 38.16+1.55° 17.06+0.20%° 27.43+0.54° 32.01+1.50°
80 41.16+0.94° 14.27+3.68" 26.85+0.35> 28.92+0.91°
Raw 69.36+3.07° 13.5621.04° 21.21+0.76°

Note: Mean values + standard deviation of determinations for triplicate samples. Values with the different superscript in each column are significantly different

(P < 0.05).

finsdsuudasdanuuandsindlaesautesniiniseunis
fruaudeu (Sakare et al,, 2020) nsauKevi uTuR I8
§uW51Li®1ﬂaﬁ7‘iqmmﬁ 80 °C finsAsuntasenaaAneng
A1dlngsausnan (25.30) luvnigiin1seuuiasoanfoud
gaumnil 60 °C finsdsuntasainuuansisA1dlagsau
a3en (33.10) Feaenadosfun1sAnu1ves Vishwanathan et
al. (2010) Finuinseunianasenuazuzidomado3ed
Sursusalnaveiinisdsunlasidvienmsiinduiaiaia
(browning index) WeBAIINITOULTIMIBANTOY

2.2 Vwannesaiiu fluedniimn uasgusnisiiueyys
oasy

Usinauaesaiiu Auefnvioun wagqdnisiiueyya
Sasvvesiiuduiiiunsouuiaiieismsfuandnafunans
Table 2 \ilofiansandsdninavesseivgumailuniseuuis
i ududiefaddunsnsalnauazaniouiigumad 60, 70 uaz
80 °C sipUSunauansinesAaiiu nuieiiutuanivnanaesia

fugaan 19.49 n./100 n. (dry basis) N1seuumsuiutusIesed

i

a

durlssalnanarausoudinaliusuianesarivanadagedl

v o o

dudfey (p < 0.05) MspullimsausauIrdmaliUIuunes
Afiuanaunnniniseuwiwnesd@bunsusalng laenis
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flanad (15.68 1./100 n.) fesnirfigumgdl 60 uag 70 °C dru
nseuLiaisausouiigumgll 60 °C axilsuanaeiiadiua
Aas (11.791./100 n.) 49A317 gungdl 70 uaz 80 °C
donndostuNsANYIVed Jeevarathinam et al. (2021) finui
n1seuwienleseddunsusalnaviliusunanaesAadivanas
thuninseunisheaniou UsinumsUsznaufiuedniimun
dofinsanddvinavesseiugamgiluniseuursiiuiudae
Saddurlsusalnauazanseuiigamail 60, 70 waz 80 °C wu
viufuaniiusinuamsUsznauiiuednisungean 55028 un,
AuyABNIALNAAN/100 n. nisoulisiiududiefaddunsusn

lnawazausoudanaldusunuaisusenauuednyiarunanaa

o198 dud1Any (o < 0.05) N1TBULRIAIBANT DUITEINALA
USmnmansUsenoufiuedniiaunanasinnniiniseuuiadoe
$a@Burisnsalna Taoniseuuvissnesiddunsisalnaigamgd
70 waw 80 °C AxiiUFuuansUsznauiluedniiavunanasiign
494.18 uag 494.24 Un.auyagnIALNaan/100 n. AUEIFY
dauniseunissisaudeui g d 60 °C azfuTuin
mi"dsxﬂauﬂuaﬁﬂﬁwmamaaqaqm (438.11 un.augagnsn
uNadN/100 n.) nmsAnuadsiuandiifuinniseuuiaie
Siddunsnsalnadmasianisanasvesansusenauiluein
Fmuatesnhnseuutia feaufeudoifisutueiiuiuan
FeaonadastunisineIves Wanyo et al. (2011) inu
n1seuwinIgausoudmananisanasveInsaiiueinluly
wipuannninIseuwisiedursisalnd nsiiasesiqns
N30YYaadse (DPPH radical scavenging) wuiaiiuden
fqns n1sdueuyadasznisdiuoyyagagn (82.01 %
inhibition) 1 a1 su v utudl Wrun1souLie Lile
firsanfadvisnavessssugamnilumssuuiaiiududae
Sa@Bursusnlng wazausoudigamadl 60 70 uas 80 °Crla
gnsnsiueyyadaszazdmalifgnd msiueyyadass
anateg 19lTYEIAYNIEDR (p < 0.05) NTOULTINIYSIE
Sunsusalnadisziugaumgd 80 °C Sqninnsiiuoyya
Baszanadfdn (70.03 % inhibition) luraiziniseuwsis
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n1sAueUladasranasgedn (54.55 % inhibition) N3
BULIIMESIEdUNs WA lnaLavauSoulrdINafonITaNa
vosnvsnsiueyyadasy Fidenndestuuiinumsiaes
Aflunazusuaanssznoufiuedni svuad anasly
nIUIUMIDULTIIAesAE Ten1sanasvasansdiinannay
danaliigrdsuoyya Saszanasmulusg Inuniseuus

fgaNsaulraAIHa bUSINLABSAIEY
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Table 2 Effects of drying methods on curcumin, total phenolic content and DPPH radical scavenging of turmeric

Drying method Temperature (°C)

Total Phenolic content DPPH radical scavenging

Curcumin (g/100g)

(mg GAE/100g) (% inhibition)

60 14.28+0.47< 472.81+4.84° 61.95+1.01¢

Infrared drying 70 15.24+0.46™ 494.18+6.59° 64.19+0.83°
80 15.68+0.39° 494.24+10.90° 70.03+0.41°

60 11.79+0.47¢ 438.11+8.87° 54.55+0.98°

Hot air drying 70 13.09+0.60° 455.09+11.37¢ 57.16+0.99"
80 13.71+0.27° 464.47+8.73% 60.07+0.71¢

Raw 19.49+1.40° 550.28+11.28 82.01+0.60°

Note: Mean values + standard deviation of determinations for triplicate samples. Values with the different superscript in each column are

significantly different (P < 0.05)

arsUsyneuiluedniavun LLasqw%‘s’ﬁua%aﬁaszamm
WNNIINITEURTIRBS BB unsusalna WelSeuiieud
SEAUBUNNTLAYIAY 48AAA BIAUNITANYIVDY
Abbaspour-Gilandeh et al. (2021) filgvinsfinwraves
NFOULNNAYIUIAIBITAITAN & NANITANBINUIINTT
ouwissaNfeudsrasonIsanaIveMs n1sHueLYA
DETTUINNIINITOULAINIBTIFDUNTLIA
AseUwTIRIanSaudwalinsUa suulasAndlaesau
(AE) Ysinanmeiniu fuednfioun warnvinsiueuya
Saszidsuulasiuannatiuduanunniinseunsiadne $ed
Sunsusalna eswinniseunidisansouiiensinis
BULKIAINIINITEULT IS dBunsusalna Favinlild
Latlun1seuwiIuIunI nliieg1sduianiuanusau
Husveratuu dwaliuiuaaseangniniadann
LazqUsMsFusyyadasTanannIINTEULRITIeTad
dunls1salna (Cousins et al., 2007; Lima et al,, 2017)
Faaeandasiunisfinwives Wanyo et al. (2011) finudn
AseuwteRasandeudanonsiUasunlamisnienmn

WaLLATNINNINNTBULIINBDUNSUSALNS
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ABSTRACT
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Turmeric (Curcuma longa L.) is one of the most extensively used spices and coloring
agents in Asian cuisine. Rhizome of turmeric is rich in curcumin which is also an
important natural pigment and has important biological activity. The aim of this
study was to investigate the effect of far—infrared and hot air drying at 60, 70 and 80
°C on color changes, chemical and antioxidant properties of turmeric. For evaluating
of heat sources of drying, the results showed that far—infrared drying rate is higher
than drying with hot air at the same temperature. The far—infrared and hot air drying
significantly affected the color of turmeric in L* a* b* and AE values
(p < 0.05). The total color was difference increase with the decline in the drying
temperature. The highest retention of color in the turmeric treated by far—infrared
(80°C) may be attributed to the uniform and quick heating of the sample compared
to the hot air drying. The far—infrared and hot air drying methods resulted in a
decrease in curcumin, total phenolic and antioxidant activity was statistically
significant (p < 0.05) Highlights of this research tumuric was dried by far—infrared

at 80 °C has the highest of curcumin, total phenolic and antioxidant activity.
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Figure 1 The potential of free Oscillatoria sp. cells to increase oxygen

contents in synthetic wastewater for 120 min. (n=3)
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Figure 2 Effects of cyanobacterial cell concentration in immobilized

cyanobacterial cells to increase oxygen contents in synthetic wastewater for

120 min. (n=3)
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DO meter. The optimal formula of the immobilized cell was 2.0%(w/v) Oscillatoria
sp. cell in the optimal formula of immobilized cell solution showed the highest DO
contents (7.25 mg/L). The Oscillatoria sp. immobilized cells have a higher potential
of increasing DO contents than free cells for 1.31 folds. This finding suggested that

the immobilized cyanobacteria could be used for wastewater treatment.
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nsassideyanieana
AsnRaeInnmMIsedaviaun 3 91 Tngldununis
maamuuq'mamqim‘ Completely Randomized Design
(CRD) AtA5139%4AuKUsUTIU (ANOVA) waz 13suliisuaiu
wAne19veeA1Laa 8lae 35 Duncan’s Multiple Range Test

(DMRT) fisgdupundesiuil 95 Wesiiug (o < 0.05)

NAN1SINY
amsiimnsaulumsaiawaglaaain Nostoc sp.

Wlewhiwad Nostoc sp. suwits $auau 1 n$u luvinng
iinaaelsiiag lnstanatadeeniueadissiuanududy
14 9 (Foway 25, 50, 75 waz 100 lawUininsneusuing)
wuhvhazalenueatinudutudesay 100 TneUsuns
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Table 1

Table 1 Effects of ethanol concentration on chlorophyll contents from Nostoc sp.

extraction (n = 3)

Ethanol conc.

%(v/v)

Chlorophyll contents
in supernatant

(mg/g dry weight)

0 0.25+0.01°
25 0.68+0.03°
50 1.57+0.09°
75 2.39+0.16°
100 3.57+0.20°

Note: a, b, ... is column mean to quality at p < 0.05 statistically significant confidence

level.

v
o o

a1 uthead Nostoc sp. BURAIT K1UNI5AIEA
raslsiladssieniueatiaudududosas 100 Tasusuas
foUIUINT 91U 1 nSU WNTMdRdne lneannnielg
nufisedumnadudusng q $eway 25, 50, 75 waz 100
TnedsunsraUsung) wuidvhazasenwuiinududy
Yowar 100 lagUSumssiou3uns annsamdndfinldgadian
fauanslu Table 2

Table 2 Effects of hexane concentration on lipid contents from Nostoc sp.

extraction. (n = 3)

Hexane conc. %(v/v) Liplid contents

(mg/g dry weight)

0 0.0+0.0°
25 54.0+2.7°
50 105.0+6.3°
75 152.0+9.9¢
100 213.0+11.7°

Note: a, b, ... is column mean to quality at p < 0.05 statistically significant confidence

level.

ndutiaad Nostoc sp. ouwiafiiunsisnaasisflad
wazdfnsiefharatsiemusasniuiimudududeas
100 waz 100 lagU3unsaaU3uns muainu unadalusiu
Tneldansavanslafonlansenledfinnnududusiig q (Geeay
5,10, 15 uaz 20 lagywinseadsuins) wuinansazany
Toifoulensonledf anudududesas 10 Instmdnde

YSuas awnseidnlusiuldgaiign dauansly Table 3

Table 3 Effects of NaOH concentration on protein contents from Nostoc sp.

extraction. (n = 3)

NaOH conc. %(w/v) Protein contentsin supernatant

(mg/g dry weight)

0 0.0+0.0°

5 27.0+1.4°
10 68.0+4.1°
15 72.0+4.7°
20 75.0+4.1°

Note: a, b, ... is column mean to quality at p < 0.05 statistically significant confidence
level.

waziiead Nostoc sp. aulTikuMstdanaslsiiad
afin wazwarlusiu efmvhazatsienusaienieud Ay
[uduioaz 100 wag 100 laeUsunsnaUinins wayiovas
10 TngsimdnaeUsuins muddu 11viin1swenv1Igay
lelasiaumneseenlesiiszduanududusiieg (Gevay 10, 20
waz 30 lngUTunsnauiuing) WUI1AINLT UT U
ansazanelalasiumesoanlesfivnzarlunisvenan fefl
syAuAUINTUSoar 30 lnaUsunsaaUiunns aduandlu
Table 4

Table 4 Effects of hydrogen peroxide concentration on whitening of cellulose

extracts from Nostoc sp. using RGB color system (n = 3)

H,0, RGB value
samples conc.

(%(v/v) R G B

Nostoc sp.
10 115.7+6.9% 113.4+6.1% 109.2+5.5%
20 134.5+8.0°  131.8+7.5° 129.7+6.4°
30 143.2+8.5¢ 146.4+8.2¢ 147.3+7.6°

Filterpaper
- 17351047 176.2+9.6°  178.1x8.9¢

(Whatman No.4)

Note: a, b, ... is column mean to quality at p < .05 statistically significant confidence
level

NNaNIVAaesEINsaasUladn ngimungalunis
afaaglaaann Nostoc sp. Ao MinmAaslsiiadeanmieien
YoaNAMUINTUSasay 100 lnguSuinsaeusuIng ndndnna

panMEEnUANUNTUSpeay 100 lnaUSunsraUsung
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minlusiivesndeansavanelaieulensenles Annududu
Zavaz 10 lngumdnaeUsunns uaziniswenv1idae
ansavanslalasauneseanlesiiaududuiesay 30 oy
USnssieuiunng Tnsnuindveawaglaaann Nostoc sp.
NunsEUILNISARARMLATIET NG SHTnnasey Fudns
Figure. 1b TuvnizfiwadSusuii@iereus fuans Figure 1a
Tnsluduneunisonamiinavinldaudy vesdanas usls
annsasihliiwaglaaain Nostoc sp. fanuvfilndidsaiu

nszAwNsed (Figure 10) la

a) Nostoc sp. starting dry cells b) Nostoc sp. cellulose ) Filter paper

after all chemical treatments (Whatman No.4)

Figure 1 Color comparisons of Nostoc sp. starting dry cells (a), Nostoc sp. cellulose

after all chemical treatments (b), and Filter paper (c)

paunmuazsaNanvauTaglaaiiaialiain Nostoc sp.
\efinnsanariosaznandnuesivaglaaain Nostoc sp.
fiunsadalutuneusig 4 wuih SevasnanAnveusaglaa
210 Nostoc sp. ﬁlE\I‘WUﬂJJ,UWBUHWﬁaﬂw@W‘ﬂ?JgumEJU (Mdn
Aavlsilad an TWsAY uazwenu1d) dewiniu 78.92 aedian
wanesegsllifitedfyneadifisedv 05 Waiflsuiudosay
wandnuoueaglaaain Nostoc sp. kLT umaunisiida

¢ aa

paslsiiaa ann wazlusau deuandlu Figure 2

100 4

a
b
] i b
80 4
60 4
a0 4
20 4
0 Jd

Nostoc sp. Chlorophyll Lipid Protein

Cellulose Yield (%)

Bleaching

starting removal removal removal step

dry cells step step step

Cellulose extraction step

Figure 2 %Yield of cellulose from each cellulose extraction steps: Nostoc sp. starting
dry cells, chlorophyll removal step using 100% v/v Ethanol, lipid removal step using
100% v/v Hexane, Protein removal step using 10% w/v NaOH, and bleaching step

using 30% v/v H;O,. (n = 3, p < 0.005

lagiliavinisfAnuidnwuzvenduleigaglaa
970 Nostoc sp. HHIUNITANAlUT URBURIY 9 AI8NA DY
4 1 o U I~
ganssey wuindnwasveduloiwaglaaain Nostoc sp. 1u
uaedunidulyvadnsea1unsed warlaedlarutunou
asanalagldansieinuindu iduleazdvuinguas feuwanaly

Figure. 3

el r
@ 1
e ¥ ®
| .’ o
- b
a) Nostoc sp. b) Nostoc sp. cellulose ) Nostoc sp. cellulose
starting dry cells after chlorophyll removal step  after lipid removal step

e
e
-
v

‘i

d) Nostoc sp. cellulose e) Nostoc sp. cellulose f) Filter paper
after protein removal step after bleaching step (Whatman No.4)

Figure 3 Nostoc sp. cellulose fibers from each extraction steps compared with filter
paper (control) under compound microscope (400x). (a) Nostoc sp. starting dry cells,
(b) Chlorophyll removal step using 100% v/v Ethanol, (c) Lipid removal step
using 100% v/v Hexane, (d) Protein removal step using 10% w/v NaOH, (e)

Bleaching step using 30% v/v H202, and (f) Filter paper.

\waglaaann Nostoc sp. NHUTUABUANTATANNT UABY
(M3nmaslsilad Aia LUAY wazenv1?) ANIUAITULAY
wulzdiwagiaa JUTuiuuImIa3fgaiign windu 29.58
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& aa
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N a

uaaﬂimaﬂim%aaiaa Tmauﬂsmmmma faguananei U

ot slifidodAyn1eadad seduainud ety 05 nusae
U%mmmmaﬁﬁawimLeuaqiaamﬂ Nostoc sp. firuduneu
nsfidnaaelsilad wasdfia iadu 14.29 dadnsusensy
waglad frutunoumstidanaelsilad Wiy 6.37 fadn3u

Aansuwaglaa uay dregravaduiasusuliusuiainia

399 desiign Wiy 3.41 Tadnsusiensuwaglaa dauansly
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Figure 4

Reducing sugar content
(mg/g cellulose)

Nostoc sp. Chlorophyll Lipid Protein Bleaching
starting removal removal removal step
dry cells step step step

Cellulose extraction step
Figure 4 Reducing sugar contents of Nostoc sp. cellulose from each cellulose
extraction steps: Nostoc sp. starting dry cells, chlorophyll removal step using 100%
v/v Ethanol, lipid removal step using 100% v/v Hexane, Protein removal step using

10% w/v NaOH, and bleaching step using 30% v/v H,0,. (n = 3, p < 0.05)

luvauefinszasnseanvumsieuledigagiaaainse
ATIvIRUTINAIARTAT 28.38 ladinSurensuigaglaa
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Yield

Cyanobacterial contains cellulose that can be hydrolyzed into reducing sugars utilized
for biofuels production. This research aimed to optimize conditions for cellulose
extraction of cyanobacterial, Nostoc sp. and to determine total reducing sugars after
hydrolyzed by cellulase enzymes. Dried cyanobacteria Nostoc sp. cells were subjected
to 4 steps cellulose extraction process with different solvent concentrations:
1) chlorophyll removal using 25, 50, 70 and 100 %(v/v) ethanol,
2) lipid removal using 25, 50, 70 and 100 %(v/v) hexane, 3) protein removal using 5,
10, 15, and 20 %(w/v) sodium hydroxide, and 4) bleaching process using 10, 20, and
30 9%(v/v) hydrogen peroxide. The results showed that the optimal solvent
concentration of cyanobacteria Nostoc sp. cellulose extraction process was 100 %(v/v)
ethanol, 100 %(v/v) hexane, 10 %(w/v) sodium hydroxide, and 30 %(v/v) hydrogen
peroxide with the average yield of 78.92%. Cyanobacteria Nostoc sp. cellulose was
digested by cellulase to determine reducing sugar contents. The results showed that
Nostos sp. contains the reducing sugar contents 27.45 mg/g cellulose. This finding
suggested that cyanobacteria Nostoc sp. cellulose could hydrolyzed into reducing

sugars that can be used as renewable energy source.
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gennanAavts SaufueiudwaliAnan e fivnzause
maTiguesuuafiss Mntunuafidoasdsuuadinanaves
asownsdsnaiduansluanavunadniisemeldfuasiinay
§u yauhiameiaiidamudeiwesanild uuafiFodinuld
luusiafamtlaldun Staphylococcus epidermids, Micrococcus
luteus, Enhydrobacter aerosaccus, Corynebacterium jeikeium Wag

Propionibacterium acnes tagwuatndsainnisaiuldided i

“Corresponding author
E-mail address: jirasit.i@psru.ac.th (J. Inthorn)

3-methyl-2—-hexenoic acid wag isovaleric acid wulaus
§nus @15 3-hydroxy-3-methylhexanoic acid, thioalcohol

wazandrostenone WulAUSIaULYN (Natsch et al., 2006) wag

9 % a

YBNIINUSURILIRINaNIwUATIS 88 saunsaas1anduliie

¥
& v v

Usgasdannimienaznauanunsafaiidedvesaiuldled ves
nannsdudanfuliieuseaspvoamdniasidnsuiinlagialy
v oo a | = ¢ v a .
laun nsnaundulaifisUsyasAnasansiall (malodor-masking
deodorant) Aansldansieiindinduneursetmeaniialdlunis

naundulifislszasd lnenTmalifuslaaldldnduniuniolsd
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nauwsiutiasas (Gautschi, Natsch & Schroder, 2007) 92311in
vaaanmsilfe dedldumenlulSuunganeauaisnaznay

nduldNaUseasd lonazasiadunaeg 19l nd wanigia%e

v

Hustarenaaglifeanalalunduiventu warisn1silalenis

u

' v
sl a =

anUSuaunduiwiasaduiisanisnaundulidfaUssassinintu

uditiu nsaandulifislszasanmenisililuananiulyse

Usgaadidunana (malodor-neutralizing deodorants) naull

felszasAfiiinaniswuailisediulngiluasngunsa 7d
Tuanavumdn semeldd Juinfinduien vieyaniuagils

v

nsgawoonaniderinldvinliisldndusuussauan s
wunitSeldadnetu fiudedinisléansifauat neutralizing
\ua13 zinc ricinoleate YU ATev3 0af 9w usEIAT U
Tuanavesnaulifisusyasd duaviliiAnluanafifdvunelg
Fu sumeldonuazdeudulianadlaliindu (Ballarin et al,
2015) usitas1iaves zinc ricinoleate Aorduasdiliazansih
wazaai1eAo n1sgud ad ouuaise (antimicrobial
deodorants) asiafidmsusudanisiasgviesndeqadnly
wanfusiaIosdionuarlundndueignamnssuivanviane
viln Gadnalnfiunndeiusenly WumsanuseRsiUszaay
(anionic surfactant) A¥il¥iAanes vhareideruiwadvonte

S o '

Jafnlriunneeaniasdinasneliiinn1sseaeifiod a15anwsaRa
H1Us¥qUIn (cationic surfactant) asadudsnisiasaiiule

¥

voudald asialingusineun (alkaline) ToideAoszaneidasgs
wnuazianelassasdusiuludulelng asngueuludluss
\0d (proteinase) Fsazdosameuasiusiuludegainuarluma
weatueuluilusfeanagyiarsarsiusiuludulelnudiae
wudy a1siuLde (preservative) ﬁé’ugamsw%iy@dmau%a

wavarsngulaveniin (metal ion) LW WY (nano silver)

o

sphujisentuansivsiuidudulsznavveseulaindniu

v
o

Y9IYATN N9RAUNTY wuaihiie warlida UfAsendinand as

I3 ol

Maneniseadvesatn damalyi DNA veqatnvgainauuag
melufign (Nakashima & Matsuo, 2001) w@nsdasiailsgvdn
naulifasrasddmsuinnndmheluiomann dnldansid
va v & A v ' v % o
AuaudRdudwuaiiSoidundn saudunisldvinenidl
AuaudAnaundulaifisUszasd d3uans zinc ricinoleate 71l
Auaudfannd undudiendnns neutralizing luidufiey
=) & v H v Yo & v 1%
Wosnnibuansiliazateun mndeddddndudesazatiie

= 1 ' Va

woanagealuUIuge JedradesuunEniue dalugided
¢idenan39n555u91A Ao Tego Cosmo P813 NflAauany®
szfundunduiiinfundiuazausoazatsiilduildlunis

NANGAIHER U

=2 o

Tanusrasdveea1uided Aen1sdnuiamuaudfves
wAndusiasdvdnnaulifisUszasddmivindiuiu 3 gns
fifidunauveasvwingiuansastusanluliun Microcare
MT (INCI: methylisothiazolinone) LﬂuaWiﬁﬁ@m@mamﬁaé’ugq
LUATL3 8 (Michael & Irene, 2004) Tego Cosmo P813 (INCI:
polyglyceryl-3 caprylate) Lf]umiﬁﬁimnﬁﬁlﬁﬂmﬂmﬂuﬂ'a
i%i"um?ﬂlu (natural deodorant) (Cosmetic Ingredient Review,
2012) wagtweunau TCFF Fineline blue #ifigaautifnay
8 uluWaUszased (malodor-masking) Tagvnisnagey
UszAnsnmdudadeuvaiiis $auau 2 AR 1NLINTIIU
qmamﬂsimﬁm%ﬁwa Ifurifeanfiladonda soiiod
(Staphylococcus aureus) & s uwuadii3 sadawnsuuan
wazieaweside Tals (Escherichia col) 3 uduuuailiievin
wnsuau sauldiimsmadeuussansamlunsdudinavlaie
Uszasdiind uluddleaanlddreisnsdszamduialy
aanaiassIuIL 20 AU n1sAnwlund el LS Ane
Uszansamansdrunanlundnsfaeii pmandeinesdreli
w?ﬂmﬁm&ﬁﬁ@mamﬁﬁmmﬁ'ﬁaqmi nsAnulanaasuluinain
dlosssund 2 afiefe dlnudadudulelusivandaiuay
fihedaduduloiwaglaaainiis Useloviildannisdnm

AognInaniuaNiussansnmnesngnisewunilise laed

u

=D

K o [

nauimedminglaieidusunisatenengnsuazdoya

q

nanAe et lUsosomaniive

gunsaluazIsn1Ide
1. Mg ARSI ST Ana LSt R
Tunswamngassdndusiausdvdana uldfaszacd
Tuafsdl Idvins@nunsiuau 3 gas asldarsdivimgad
(function) WANH 197U Imaqmﬁ' F1 19'@15 Microcare MT
(INCI: methylisothiazolinone) ﬁwﬂﬁﬁtﬂuaﬁé’ugﬂmiw%ty
YOILUANLIY Wag @15 Product-21-BN (INCl: PEG-40
hydrogenated castor oil) wnd1fiiduasdirvazany
(solubilizer) Qmﬁ F2 o wans Tego Cosmo P813 (INCI:
polyslyceryl-3 caprylate) ?5\‘1L‘f]umiﬁiiu"maﬁﬁ@mamﬁaiﬁu
n&u (natural deodorant) a’auqmﬁ" F3 Wil udunay Tego
Cosmo P813 way TCFF Fineline blue vinuidifiviney
(malodor-masking) (Table 1) lnsusnwaua1sludIu A uag
dau B muusazdliavanedniuy wavandunauay A uay

a1 B Whmeiuaulsansazanela
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2. myamTzvianvaauledhaienaosganssml
ihewazinulasuananngueavludimedminglavie
(Cluster of Sukhothai Ancient Fabric) Tnedidfheneaindie
Hreuu1m 39.50 NG (tex) WSIAUI9 7,600 LwuRdafu (cN)
wariluuneannaelnuuia 16.18 tnng (tex) WIIRIVIA
4,050 wuRTY (cN) tdrs 2 vialuudlundnsasianse
y¥anaulifiaszasdidunan 5 und annduthdudiesnain
wansaust Uaoslifuiainlnenaduinl Fuunszanuiin iy
a1 24 $alus ¥hnsiaguihlidawn 2 x 2 msaeuRiuns
Mntuthiluaeamnsldndesqanssmiamesle (Nikon,
model C-BD230, JAPAN) Tngldonuasatanin NIS element
fifdweny 20 W Funnauuandsvendudislud ui
dunminfiasuasneuvasansiadanasuuiandivisly lngld

windudunsnaaesniunu

Table 1 Formulation of Malodor Eliminator Spray

Formulation (% w/w)

Part Ingredient Function
F1 F2 F3
A Fragrance TCFF Fineline malodor- - - 0.30
blue masking
(INCI: perfume)
A Tego Cosmo P813 natural - 0.30 0.30
deodorant

(INCI: polyglyceryl-3
caprylate)

A Product-21-BN solubilizer 0.30 0.30 0.30

(INCI: PEG-40
hydrogenated castor

oil)

B Water solvent 98.70  98.40 98.10
(INCI: distilled water)
B Microcare MT anti- 1.00 1.00 1.00
microbial

(INCI:

methylisothiazolinone)

3. M1IVAFeUNITIUSIUUATILSY

wuaSed ldnaaaudiuiu 2 arewug laun aniiila
< o a = a a a
ABNAd BaL38d (Staphylococcus aureus) TIUUBUATLILIUA
WASUUIN wazLeawesiey Yals (Escherichia coli) @ 4 u
wuaiiSeedaunsuau msuainaavuiseinemans way
walulagualszwalng (37.) N15WS8NBINSIAINELY D

(nutrient broth) Usgnaunde 9W8 nedinsa (beef extract)

Usuna 3 ndulwulnu (peptone) 5 n$u,thndu 1,000 fiaddns
LAz WNT TNz (nutrient agar) widsnTngiiiy neu (agar)
15 n¥u a1sazaredmivusvanmlinidunasfearsazans
Twifounaalsel (0.85 % sodium chloride) N13Ln3 e i
nagou Taevhnsdadlvuuesinihedutusnauauadusiu
AUENa1e 25 Tadunsdmiun1snaaaulenunIN kazIuIn
Wurugudnans 48 fafnsdmiunmadeuldaiina Tned
Fuilsisiunisainge anduhiluyuludnsusiasdode
nduliilonuazudesliduisainlaeaned uinlfuunszan
writnudunan 24 dalus whidshlunaaey Tddnduduge
AIUAN (control group)
3.1 MInadeUMSINULUATIS 8V ImERs e (1R
8998 muanasgIunaniusignamnssu (Wen.) 121
\du 29 - 2554 nsUsEfiunsiuLUATIFvvesAne (Thai
Industrial Standards Institute, 2011) fituneuRai
1) MansuownsTumind ot uasluatuwisde
wownsfumsideiiumeilidendiuiineg 10.0 fadans
adlurnumzdofiiunmahlidousarmuudiudeslions
wdasts Tnenshlilddeluniietsdale Agaugi 121 asm

wawdya AUl 205 Alawiada Wunan 15 wii

¥
P

2) mawdsmeiumsideduuiluanunzde wisy
ownsiuiifvinaiidiome waerlifuadluginififigumgd
45 asmisaidoa Mndulivadonaaeu (Aududu 1 -5
x 108 CFU/mL) U311as 1 faddns ldasluemmsiumeido
150 fiaddns weegeusaiionsyaneuuafiGeliiafe ufam
onsTifnuadieusuns 5 fadans asuuarumed o s
omsiuduasudesliomsudada dluneaeunislu 1
Falag

3) MIFUAMAAE LAY UANATUALULDIMS 9 1uAY 1 Bu
Tguinduiatuomsiumedeetwids thlvvmdunan
24 9l figaunindl 37 sarniwaldoariui

4) maﬁlqmim%m@ﬂmaaL%al,wﬂﬁﬁa AUITZUTLUR

L v dou & A a v
Jseuuingugawuaise lagldans

H = (D-d)/2
Tagf HAD S2eLIn1950UT U7 dUd ahuAiLS e
(Hadiuns)
D Ap IHUNUANENANT IV U AL TR LA
2 v du & a a a
15aUTUENATuTuATSY @aduns)

d fe Wurugudnaavestuin @aduns)
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3.2 MIVAABUNTATULUATISBUBINAR AU (1FeU3una)

150198 uLnIgIUNGnS uignamnssy (wen.) 121

\au 30 — 2554 n15UsEuNISEIuRUATISBvesd e (Thai
Industrial Standards Institute, 2011) ﬁ%umauﬁﬁﬁ

1) i udmeaeuldluriatinnieidunisvinliléide

$1uu 4 MesaLde Ununnuaalduvu Tng vindl 1 wazvait 2

Tasuihfinnussdeansiunuaiidouasilézunislade vand

3 wazvaadt 4 lagudnfilinnusedeansiuuuaiiSouasldsu

A5ldLTe

v A

2) ¥hndl 2 uazannil 4 Viwisdeillasui 7 Uil 37
ssrwaldua Wunan 24 Falaa

3) thaaail 1 way ¥andl 3 lUnedeu Tneniswatsavais
dusuusuanmliidunas USuns 100 faddns asluvin
lddunageu wervanegrwmsudunan 1wl i ouen
wuAfi3eeananBunadey

4) wUsa5aza1e 107 1 waz 1397 3 senuniearadu
a1¢u (serial dilution) Arsasavansdnsulsvannliidu
nans wazimzide (pour plate) vuaIUIHITe SEUMsITe
998 2 91U SERUAMIEeNeTl 1 wih (100 dilution) 10 Wi
(101 dilution) wag 100 ¥1 (102 dilution) MEFU

5) ﬁwmummﬁmwwwﬁua lﬂﬂmwm%aﬁqmmﬁ 37 99A1
wadea 1waan 24 $9lus Juswaulaladesswuaiise
vuonsfuneide duiinanduleladvewuuediFededaegng
fnandudadentugud

6) ¥199a7 2 way vaail 4 Vumeid oildd unaday
ﬁqmmﬁ 37 gemwandua Wuan 24 4alus wmansazane
dwsuusuanmlndunans USuins 100 Sadans asluaiai
Tatunagey wehwamegusadune 1wl deusnuuaiise
genaINTUNAEBY

7) dmsuusuanmlfidunans uazimzide (pour plate)
VUAITUWIETD sEdunsesnsay 2 91U seRuAIEeans
7 1 1 (100 dilution) 10 %1 (101 dilution) wag 100 ¥
(102 dilution) Mua1AU

8) ﬁwmummﬁumwﬁua iﬂﬂmwwuﬁﬁy@ﬁqmmﬁ 37 93
waidea WJunan 24 Falus Yuswuleladueswuaiiieuy
omnsfumisde mnlimulaladvssuuafidouueimsfume
o fisziunnuidenis 1 wh (alldvhnisidoans) Idudind
Wu esnin 100 AnasunlalaiveswuafiSefianandu

Sovaz lagldgns

R = [(C-A)/C] x 100
Tnedi R fe $ruaulaladl (CFU/mL) veswuafiieTianas
(Sovay)

A fo Srunulelaiivesunaise (CFU/mL) iTuls
MnFunpEURRNLATIENsEILUATISY
Favaumedofigumgfl 37 ssenvaidoa
Junan 24 Falu

C fio Snulaladlvosuuaiide (CFU/mL) Ul
9107 unado Ui Ll anua ar 188158 1u
wafiBsdsdnaduiadoriugud

wnee A1 C vad1uwindy 706 (CFU/mL)
way Wiy 3,244 (CFU/mL)

4. msUssiugaiainIsdudanaulsiin/ssasainmie
nsUssfiuguantfnissudandulifssyasdainuie
Tnen1susziiund und o7 wuaiisoas199 1 (malodor
evaluation) 35n15aALUAUBY Gulumser (2015) lngnadau
NARAUYIAUDEANATINNIU 20 918 AINITIARAZLULAINLTL
v09nd wnd olud uk1 5 56U (5-point intensity scale)

o %4 o dy
MYUR AL LUUAIT

0 = laifinduwide 1 = Induwiedpauin
2 = Indwuie 3 = Jndudiunans
4 = INAUTULI 5 = INAUTULIWN

ynsUseidiulaedansundnduamagevadld 2 a
asuuinlnuuazindhedmdsnuun 7 x 7 wufues doliiu
Arduiatunansuaiagneiade anndudicly 5 wiitlwduste
whilugnluAnusnasulurendeataataslusumves
vshmstwiamileasielden andusiaaiasainldidoly
nanda TneliiudduileSunisaanundndusidudadu
Ranids Wensu 8 Halus unsdudeaniitelforanatasussiiy

LHUVBINAULVIBNTURN

5. MIUATISAHAN AR

N1331A UYL TINT T 115918 1a8 a1 aT
At (mean) A1d@2ulD 891ULUNIATFIU (standard deviation)
n13TATIgviveyatdsouuuldad @ one way ANOVA
WedeseaunUsUnureansieseinsiusuaiiieves
wEnsuruazUssdunuantfnisdudindunie Tasnns

Fins1gvideyaidsounnuimuaiinuaseauledAgyliv
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(P < 0.05) Fiszsilagldlusunsudniagy SPSS Statistics

Version 24

HALAZINTINANITIVY

Han T eianvauzidulevesinluy (S) waskndhe (C)
deldduiatundndusiasduarUdeslifiuiuie arndu
dlaneninsiendesqanssmii idavens 20 i1 wuin
wanfausiia 3 gns (F1, F2 uag F3) Biiaasiungnouvesans
dunanvuiuddafisutuindunioyamuau (CT) Faifuy
wAnfuaiva 3 gasdanumnganiianusoldid undadus
awssrdnnaulifissvasddusudorinld mnsuninisldau

nernlruaziihesulufsaansalalaluddidy (Figure 1)

Figure 1 Microscopic observation of fabric at 20X; silk (S) cotton (C) in each treatment;

distilled water (CT) and formulation F1-F3

HaNARBUUTEANSAINNTATULUATIS BLTIAUNINYDS

s '

a o I ¢ o a |2 a o ¢
nanduaiaUsgvdanauluiausyasd wudnsueivia 3 ans

(F1, F2 wag F3) finauaudfsnunisiasyresuaiiiolad lag

a I3

Ao & a a . ey
AATIENAINTLHLWTIDUN YUY ILUANLTY (inhibition zone)

' ¥
A a =

Aiindusausinluu (S) wazingne (C) Heualugg 7.33 + 0.29
f19 10.00 + 0.00 Jaduns Aaviwandlu Table 2 wagwuin
HARAITS 3 gns ausadudatouuailiFelans 2 Yseian
v U a a a = @ L3

launuwuafiSesdanunsuudn Aeanewus Staphylococcus

a a a v s . . .
aureus WAEKUANLIYYUALNTNAUANEWUG Escherichia coli
(Figure 2)upnanflfanuimdndnging 3 gasiuseansanilsl
LANFIN UL BNAFBUANULANANALRA-UDY inhibition zone

v

2935N15N19EDR WHLHaNTUNTLELLUAITOUT UNAFBUN

B
o

udanuanise SA vasdluundrandnvesd iy o1y
Wiz Ennuiinuazden (A1FLEUsgRaNLA) AN

f1fy Liesndnluunesnnidusiei vuiaannin (16.18

v
a

wind) dhilhe (39.5 wnd) e TanihiinnuasiBonnindedaug
Aannnd dsduduinSsenassdudaiuiuemaidsadold
wnniFufansunsuiensyanevesansiudelding uasile
WisuisuUssavsnmuemwandasilude 2 slianuirawise
fudadl SA. (7.50 + 0.00 mm & 10.00 = 0.00 mm) léigana
o EC. (7.33 £ 0.29 mm @1 7.83 = 0.58 mm) Fsdenndasiy
NaNAEDUVBIEIAULEY methylisothiazolinone Askanaaeau
Jriianudutusgaiisudadeld$esas 50 (Minimum

Inhibitory Concentration; MIC) @1% S UL¥ 8 SA uay EC

Wiuseeay 0.03 wag 0.04 puasu UseanSainnisduda

LUANLS g RINanA o LtAnaIna@ns MicrocareMT

2

(INCI: methylisothiazolinone) \feaa1nid umﬁmqﬁuﬁﬁ@
AuantRs g suuaiifsuazoygnlildlalundndus
\r303dens (Michael & Irene, 2004) lunsinwiassiludnd
NNgAsTUTuIUa1T Microcare MT windufasouas 1 lag
hwitn Sedswaliuszansnmnistiudanuailideve sudn s

4 3 gas Jiuandaiy wardiunanindundusunaunneg

Ausudi wanaly Table 1 ludnanausedns annisduds

wUARS svRINAR T

Table 2 The anti-bacterial test in each formulation (qualitative evaluation)

Inhibition zone (mm.)

Formulation Staphylococcus aureus (SA) Escherichia coli (EC)
Sitk (S) Cotton () Silk (S) Cotton (O
Water (CT) 0.00 + 0.00 ® 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
b b b

Formulation 9.67+029°% 867+126° 7.83 +0.58 7.83+058?
F1 3

Formulation 9.83 £0.29° 7.50 £ 0.00° 7.83 +0.58 7.67 £029°
F2 2

Formulation 10.00 + 0.00 833 +0.76 * 7.33+0.29 7.33+029°?
F3 . »

Data are means + standard deviations of three replicates (n=3). a,b,c Difference letters

in the same column indicate significant differences. (p < 0.05)

Figure 2 Inhibition zone of silk (S) and cotton (C) in each treatment; distilled
water (CT) and formulation F1- F3 when test with Staphylococcus aureus

(SA) and Escherichia coli (EC)
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NanAEauUsEENS AN UL UATIIS LT 9US YR
nandasiasdudanauldfisUszasd wudwdndneina 3 gas
= va o Q’II a a a v Qg)l v 1
fnuaudfdudinisasyveswuaiiielans 2 Ussinn laun
wuATSe¥lawnsuUIn @a18Wus Staphylococcus aureus

a a o & . . =
LASWLUANLIYUALNITNAY @V8NWUT Escherichia coli L1BvNINTT
nageuludnluunazinie (Figure 3) HaaInA1sAUIMAISOY
azn1sudanuaiise (% inhibition) vasHAnAugidanaasu

v

ared by wuIRAn S uriaunsagud Y anuanisela

Sovay 100 dunsnadeuludfhenuinndndusianusaduds
wuAvL3 8 Staphylococcus aureus ta5esaz 92.18 — 92.75
ward'ue suunA LSy Escherichia coli (FCQ) e T ouas
95.15 - 95.31 Wofinnsaniiviinvosimuimaniasine 3 gns

ausadududeiiennasuiuinivulaanimeasulubdne

o v

2 % a = % A =
E]'l"\]LTJ‘LJLWi']57]"]NWIMNNW’J’]QJa%L@ﬂ@NWﬂﬂ?WN']gjf]EJ LUBIFRANIN

9
AMUALLDYANINAINTIRNUARININNTY DIUIEAATUNAR TN

u

Igsnnndudlevhannegeuisliuseavsnmitgand

Anti-Bacteria Activity

100 100 100 100 100 100

=]
=1

w75 w65 g 9519 9531 9525

BeBAHFT S-SAHFR  S48AF3  S4EC+F1 S+ECHZ  S+ECHRI C+BAHF1 C+8A+F2 G+8ATF3 CHEC+F1 CHECHF2 C+RC+F3

% Reduction
MoOow B omom N @ ®
¥ 8 858 § 3 3 8 8

S

Fabric + bacteria + Formulation

§ = Silk, C = Catton, 8A= hyl us aureus, EC = Escherichia coli

Figure 3 The anti-bacterial test in each formulation (quantitative evaluation)

nsUszfiuauautinsdudnaumie 1935 nsUsudu
YT AMAUNEU991E@7a0AS (malodor sensory evaluation)
faenslinzuuumuduresndwnio 5 sy (5 - point
intensity scale) Fruaueradlasig 1T A e U TAY
20 Ay wiadumene 5 Ausazinandgs 15 au ongluyia 24 -
54 U anadevessziundunisludlnuuasiniie wandly
Table 3 nMsvadeunuindeldudnsamituiilng HAnSnTIgnS

9 F1, F2 uay F3 finadeseaunawndalunilmnvindy 0.45,

A a o ¢

0.15 uag 0.05 AudAU laeindnduaignsi F1 a1m1soan
nauwield liluanssegraldddgnieadfdeiivuiuyn
AIUAY (A1Lade 0.60) drundnsiueiansi F2 uay F3 @nsoan

v o w a

ndumiedldegddudrdgnsadidideisuiuyaniuay

nansnaaauludidenudn nAndueigasi F1, F2 waz F3

19

fAnadseaundusidawiniu 0.40, 0.15 wag 0.05 A1uA1IAY

a o ¢ & a' ' £ 1%
LagHAnA eI 3 gas awisaannd wnd elwldgld

| Aw o w aa A o Y '
agafidedAynsadfideisuiugaaiunu (p < 0.05) uiaN
Han15UssduseAvveInauwioretenaatns nudHanie
AvadliAsEAUNiUIoARUTI (0.9) N1sTIsEAUNGUMTE
91 e1ainnnaueaadinsinaaeudulvginnuwaznied
fanssumuunaniiansraaumiaseniteiureud1aniaens
dawalviFnszAunduiemaswineiuiy man1susziunnaudn
n1sfudendumideludvsasssianuin wdndueigasi F3 4
UseAnSAmgedn s09aunAeansi F2 Lavansi F1 audu
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significant differences. (p < 0.05), n=20
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ABSTRACT

This research aimed to study the effectiveness of inhibiting bacteria growth and the
deodorant effect of three malodor eliminator spray formulations. The product has a
different composition consist of Microcare MT (an antimicrobial agent), Cosmo
P813 (deodorant) and perfume. The antibacterial test was conducted quantitatively
and qualitatively according to the Thai industry standard's fabric standard testing
method. Staphylococcus aureus and Escherichia coli were used as the representative
of bacteria by testing on cotton and silk fabrics. In addition, this research also
investigated the deodorization efficiency through the sensory evaluation of
consumers. The results revealed that the qualitative antibacterial activity of all
formulations had a larger zone of the inhibition than that of the control product. The
quantitative antimicrobial efficiency found that all formulas showed the inhibition
percentage in the range of 92.75 — 100. The malodor elimination results showed that
all formulas could reduce the unpleasant smell of cotton and silk by consumer
preferences studying. From all efficacy results, it can be concluded that the malodor

eliminator spray product can be further commercialized.
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Table 1 pH value of electrolyte water at variant times

Production pH
Concentration of NaCl solution time

(%) Anode Cathode

(min) (+) )

5 7 8

10 7 8

0.1 15 6 9

20 6 9

25 6 9

30 6 9

5 5 13

10 6 12

15 6 12

3

20 6 12

25 6 12

30 6 12

5 6 12

5 10 5 13
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Production pH
Concentration of NaCl solution time
(%) Anode Cathode
(min) (€] O]
15 5 13
20 6 12
25 5 13
35 6 12
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W3BNAIsaraneIndonNududyY 3% Usuns 1,000 mL
maugmﬁuu’éwﬁuawqﬂa&u 5% U5 3105 15 mL antu
aulidniu wdartaaanudunse — wa mewsosiioriives
wudn §lA1 pH Wiy 3.39+0.08 Wasazanedilalunseduse
aszualndih 12 Tad 1Wuan 5 uft udriaAraadunse-
wa vesnddninsladlneldindeiioviine fadsvansan
N19AneanNgLATU-3ANTU (oxidation-reduction potential;
ORP) wos tadninslas Tneldia3os ORP meter uazmsaadn
JSurumaasudase (available chlorine concentration; ACC)
feyavadevnnniudassauvdolui (8 31) Wisuifisuiy
vindu wazleieulaweosaaolsd (NaOC) wafilauanas
Table 2

Table 2 Physical and chemical properties of acidic electrolyte water, distilled water

and NaOCl

ORP ACC
Samples pH

(mV) (ppm)

Acidic electrolyte water 3.37+0.05 1280+2.00 80+0.00

Distilled water 7.05+0.02 443+3.00 0+0.00

NaOCl 12.41+0.00 486+2.00 >100

Mnuantsvaaesuansliiuin deduhduansy 5%
U3uns 15 mL asldlunisansasaeiniaidudu 3% Usuns
1,000 mL wdnlunssdusaanszualiia 12 1aad 1Jwaan
5yt shlaunsandnindidnlnsladiidian pH ogil 3.37+0.05
A1 ORP WINAY +1,2802.00 mV & afiA7igsnIA1 ORP
vadlgfeulaasaaslidiiou 3 W1 uazUSuumaeiudasy
(ACC) WU 80+0.00 ppm AaB3IUdasY (Free chlorine) avil
3 il Ao Cl,, HOCL waz OCU FsUSunamasiudaszaiinlaay
mnw%aﬁaaﬂdﬂﬁuasﬁamw pH v3i1 Wnen pH SRRt
i 1 aaeFudasrazeyluzuvosufanasiu (Cl) Vinun uaz
WILNEFUIILINIA A1 pH 1 - 3.5 Aneudasyazegluguues
uiauaznsalelumaasa (HOCY) A1 pH Tutas 3.5 - 5.5 Aaasu
Saszazeglugy HOCL favm A pH Tuta 5.5 - 9 aveglugy
194 HOCl wag OCL uay pH #sud 9 Fuluazeglugu oct
(Figure 1)
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Figure 1 pH and variation of available chlorine concentration

v
Saa

v & $ aa s a v

fadu Uhdianinsladindnlaainnisneassidndan pH
Wi 3.37 azdiraeIudaszluuresnsalalunaedadudu
ng) Tneundidninsladiidl pH Wunsa dUsuumaesudasy
(ACO) agluya9 10 - 80 ppm uazilA1Uszdniainnisiia
DONTLATU-3ANTU (ORP) 11AAI1 1000 MV Az@11150%a7e
dy a a6 a a dy o %4 ] = a a
Weduvsy (wuailisy Wesn waghisa) laegadussdnsam
(Kim et al., 2000)

naaouganIssdgaundvaahsidninslad
ihddninsladudinnsn uavlsdeylalunaslsd annsa

gndouuailifonndauniaunsaiuan S. aureus uaruuATiEe

wnsuau £ coli Tagnud snnuiosentinanasiaud 15 Junii

v o & A = = o 5 a [
LINVDINITAUNELYD LU BLUSTHULNYUNUUILNADAULIUYU 3%

o

MnauiuinduaeyIdufiInIUAIIIEU NANTTNAGOULANIAS

Figure 2 uag Figure 3 AIUAAU
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Figure 2 Antibacterial activity of acidic electrolyte water (EOW), NaOCl and 3% NaCl

with acetic acid (NC) against Gram positive bacterial Staphylococcus aureus
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Figure 3 Antibacterial activity of acidic electrolyte water (EOW), NaOCl and 3% NaCl

with acetic acid (NC) against Gram negative bacterial Escherichia coli

FilWnadenndosiuauideves Kwanhian et al. (2019)
fidnwauandinisendonelsavesioondlad Tnowudn
Yreendladaiunsasnd euuaiitSounsuuan S. aureus
(ATCC 25922) wunviLisunsuau Klebsiella pneumoniae
(ATCC 27853) wag Pseudomonas aeruginosa (ATCC 700603)
wazdas Candida albicans Tagnuinsuaud esendinanas

N o o

oA susigT 30 FUNTININVRINTEUNE

msnngeunumIsavenBdnnslasianse

dlewSeuiisuan1siudsuuyatues pH uazel ORP
vosnddninsladiliviigungiivieslunwusdnadin (vanden
wazaaald) luwsazdUndi 1Wuiian 4 dUavi wuaa fn pH
voundininsladdeminnudunse Tnefinsdsunasd
pH fausl 3.21+0.03 §1 3.53+0.03 warA1 ORP Wi suulas
Raus +11931.00 mV &1 +1280+2.00 mV Ingvisaespniings
\WasuwUasfisn (Table 3)

Table 3 pH and ORP of acidic electrolyte water was stored at 0, 1, 2, 3 and 4 weeks

pH ORP (mV)
Weeks Amber glass Clear glass Amber glass Clear glass
bottle bottle bottle bottle
0 3.37+0.05 3.37+0.05 1280+2.00 1280+2.00
1 3.38+0.04 3.45+0.02 1211+3.00 1214+1.00
2 3.41+0.06 3.51+0.01 1203+4.00 1207+1.00
3 3.21+0.03 3.44+0.01 1208+1.00 1199+5.00
4 3.41+0.01 3.53+0.03 1197+1.00 1193+1.00

wazilanagouANUaunsalunsULakuAiSy 2 a8
Wug @ S. aureus waz E. coli vasdidninsladfiivluvin
Avarvindlalunsiasduniy wuin §UaNuN 1 He dUaY 3
!°I a &l 1 dy a a val
daninsladiiniuaunsatunisdndeswuaiisanaaaulas
' a v % aa s a o | o ¢ a
Wi ganuddianinslad Andalutuwsn druludunnid
4 WU ANNEINITIUNTE LT Bl UATS e AEEUYRIUIBLEN
Mslasaanada nTunsny HamnaeUssuI 67%

(Figure 4 wag Figure 5)
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Figure 4 Antibacterial activity of acidic electrolyte water (EOW0-EOW4), NaOCl and

3% NaCl with acetic acid (NC) against Gram positive bacterial Staphylococcus aureus

Viable bacteria in CFU/mL

NC EOWO Eow1 EOw2 EOW3 EOW4
Figure 5 Antibacterial activity of acidic electrolyte water (EOW0-EOW4), NaOCl and

3% NaCl with acetic acid (NC) against Gram negative bacterial Escherichia coli
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a a a =

dianmseuanasvilaniddludeasdnuiianis azinaiy

| o & a & a a I3 P & o
aedng Avuiedy Tadlad (mV) arsniianuanunsaiduas

a1

20nTladnd 2ziiAn ORP Wuunun Tunismsstruarsmiusi
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3975 azdan ORP uavun ndsvadvestelsadliulug

sl A

azfiuszaau aadu Wididninsladidan ORP g9 wanadla

a

ANEsatun1seandladgs A1 ORP Migeaevinliiinn1sfs
aa aa = o AT vyvey o o g v &
dldnaseuanuuaisenselsaniladuda sinliaelsanie
nNNanIsnAaesandliiugi msiuiilingaumglives
Tunwugiteain liasduviedunvsevialaaansaiulile
w4 et dhddninsladdidaunsia pH veeididn
Insladdspsaanudunsa A1 ORP deflanduuings uazdn
a ca & v o cu a &
ddnnslasiuliuiy 3 duavideiinuanunsalunisenae
IawwagaiuiningnTuwsn @uluduaia 4 anuaiuisa
Tunseudeuuaiiissvesididninsladazananioiauiu
FA9iN 0, 1, 2 way 3 FeFoAAARINUNWITBBY Kwanhian et
al. (2019) AFnwAMUAIIvEseeNladiiuTigamngivies
TunwugUnaiin udrinen pH wazaA1 ORP Aalilas 7 U wuin
Wesuiflsuainisivasuntaswes pH waza1 ORP Tuusay
FuvesmafusnwiisuiuTunsnazuanaseeeiideddgmnia
aa X A a ° ' H a s
aif uwaveaesAnlin1siudsuntasen gl pH Ueendlad
FamsanudunsaiinisiudsunUasdaud 2.32 519 2.40 uayan

ORP wWaguulasss +1,080 89 +1,111 faalaask

agUunNaLAIAUDIUE
anzimunzanlunisnaniididninsladadnnse
U311m15 1,000 mL A dundenrndudu 3% Wuiduasy
5% U3ums 15 mL nsgaumenszualnin 12 Taad a1 5wl
Tnethdidninsladiinanlaian pH wirfu 3.3740.05 f1 ORP
WU +1,280+2.00 mV waziuTunanasiudase (ACC) iy
80+0.00 ppr wazthaidninslasuiiansaiinanldanusasiide
LUATISEVAEEURIUNSUUIN (S, aureus) wavkUATISBLNTYAY
(E. coli) 1§ Tnemuin s1uudasendinanasiaus 15 3unfiusn
yp9nsduiad o wavihsidninslasuidanse 7LAUl3d
gamgiiviedlunvuzditaain litrezidunindvmienisla

¢ a

annsafiulBlaund 4 &evt Tneddidnnsladdaiinnuas
fad pH Wunsa f1 ORP Sslididuuings uas ¥ididnnslad
Afulu 3 damidadlanuannsalunsendeldiduiiontu
vhiinaatuusn dnluduamif ¢ amuanunsalunisanie

wuafiSanasdioisuiudUnnnin 0, 1, 2 uay 3

fnAnssuUsENA
ATedlAsunuganyunsitedmiuaaansduas
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Efficacy of acidic electrolyte water to pathogen inactivation
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ABSTRACT

The objective of this study was to optimize the conditions for producing
the acidic electrolyte water by using electrolysis and to determine the chemical
properties. Then, investigated the properties of acidic electrolyte water to disinfect
pathogenic bacteria, including Gram positive bacterial Staphylococcus aureus and
Gram negative bacteria Escherichia coli was performed. After that, the stability
of the acidic electrolyte water was tested. The results showed that the optimum
conditions for the production of the acidic electrolyte water were 1,000 mL of 3%
NaCl added 15 mL of 5% vinegar and passed through electric current 12 volts for
5 min. The chemical properties of the acidic electrolyte water showed pH value
of 3.37£0.05, strongly positive of oxidation reduction potential (ORP)
of +1280+2.00 mV and available chlorine concentration (ACC) of 80+0.00 ppm.
The results indicated that the acidic electrolyte water could be inactivated microbial
due to its oxidizing properties. The acidic electrolyte water absolutely destroyed
tested bacterial cells from the first 15 seconds. The stability tests indicated that the
acidic electrolyte water were stable at room temperature in a sealed container for up
to 4 weeks.
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Figure 1 Total phenolic content of RD - 6 and hombaitoei rice at different
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above the bars indicate significant differences (p < 0.05
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Figure 2 Total phenolic content of RD - 6 and hombaitoei rice at different
germination time, (A) Room temperature ; (B) 35°C. ; (C) 45°C. Different letters

above the bars indicate significant differences (p < 0.05)
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germination time, (A) Room temperature ; (B) 35°C. ; (C) 45°C. Different

letters above the bars indicate significant differences (p < 0.05).

Faaenndaatunanisfineiues Ohtsubo et al. (2005)
fldmenuliiinsudiudadandesnousenlutigumgd
30 perwadea 1una 72 Falus vlidndeatingaiile
91353 NIAlEIFINTI wavnsaunu-axdiludanisnanda
F1ndeuialiuazt1i9nd §enisduasizinsaunuun -
0 7TudaM5nANT U91NNSEUIUNISAAIS UBNT LAty
(decarboxylation) veinsneziiluiaa-nanun Tuseninns
sandeeulzdingauniaisuandiaa (Komatsuzaki et al,,
2007)

Vongsudin et al. (2012) IFssauinisasuulamng
Fuaflvest1inass 3 vila laun 41aveudla 419 nenusd
105 wagtuuileadn ﬁdwuﬂszmumiﬂaﬂﬁqmmﬁ 30 9461

WAL YA WATIEELIANNeN 48 TIlU WUINT1ING 3 WUSHNIU

gl

v
o

= a a a = = a
AF2UIUNTTIDNAYTINAIMNUY 1 da15Usenauiluaannanum



P. Thammapat et al. / (PRAWARUN AGRICULTURAL JOURNAL 2021) 18(2): 49 - 55 53

waznsaunLIn-azilud s nuiudY 1 - 4 wh dewSeudiou
fudadaildiiunszuiunisien uananiu Wichamanee
& Teerarat (2012) §ald5189Muisn1599n9 19N Euasil
gl 5 - 35 ssrnwaided Wusseziim 8 - 24 g WU
nsuiivgavniiuazszoviadssaliuiansaunusn-oziily

D3 nufindusnuluee

4.00 =
A a ab
—~~ al
& b p
= % [Z] rRD-6
£ 3.00 A Z5 =2
= % &3 w [*] Hombaitoei
= .
5
= 200 d Iz
S Zl
< 7R
2 04 Yl
< oA
S g §
0.00 I8 1
Raw 24 h 48 h 72h
4.00 =
B
b b b R A RD-6
2 3.00 1 A 7 B
N 3 Hombaitoei
g N
L
o 2.00 =
o
S
<
Eg 1.00 -
Q
0.00 1
48 h 72h
3009 2 b
~_ % ab a
% c E:’EL_ ; pe ? Ea e
i Ex RD-6
g N
— 2.00 = i 7 5 .
= 2 V) - = Hombaitoei
g ;
=
(o]
151
< 1.00 - S
& O
S -
0.00 1
24 h 48 h 72h

Figure 4 GABA content of RD-6 and hombaitoei rice at different germination
temperature, (A) 24 h. ; (B) 48 h. ; (C) 72 h. Different letters above the bars
indicate significant differences (p < 0.05).
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ABSTRACT
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Rice contains bran layers, endosperm and husk, where a variety of nutritional and
biofunctional components, such as dietary fibers, gamma-oryzanol, vitamins, and
minerals, exist. Germination is one of the techniques used to improve the texture and
nutritional qualities of the rice. In this study, we investigated the effect of changes
in different of germination time (24, 48 and 72 h) and temperature (30, 35 and 450C)
on the total phenolic content and gamma—aminobutyric acid (GABA) of RD-6 and
Hombaitoei rice, compared with un—germinated samples. Overall, the total phenolic
content and GABA of the RD-6 and Hombaitoei rice showed an increasing trend as
germinated time and temperature increased. Germination at 450C for 72 h provided
the highest total phenolic content of RD—6 and Hombaitoei rice for the germination
treatments tested (p < 0.05). Nevertheless, the amount of GABA of RD-6 and
Hombaitoei rice was found to be the highest content at 300C for 72 h of germination
(p <0.05).
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YSunasgiduesdusznouresasdunss CHNS/O uasin3og
Atomic absorption spectroscopy AMAINUBIYENAINITNIIN
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kazAIANULUUNTAAS

5. npasunIsEusuTa T lsmitauasnnosyvesduneulusydy
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5.1 mMswRsnasavatsalediiest msvagounisiinlsa
9 ns1lsAMY S. rolfsii way F. oxysporum laed sl as1uy
81117 Potato Dextrose Agar (PDA) U'uﬁ'aqzu'wqﬁ 35 94f1
wadea Wuszozna 5 50 ndusssuansazaeaUodiios
Wa 2 wile drensidsadediiosannamisudaduningu
Yaenie USuaududuresaisazatsadesdivindu OD 1.0
7iarue1andu 580 urluiwns dedusunaalesussuin
108 CFU/ml

a

5.2 ManguaudgnluszAunsznis aaeunisiasey

o

vaauveNkarn1Tinlinanes luszdunszans lnguuyn

aa o

n1snaaendu 5 n35uds Usznaudae nssudsi 1 Audan
(yneauA) N35UIET 2 Aulgnuandewdaiianifildniunig
U | aoa a v & < A
nin dnsndiu 3:1 n3suIBN 3 Audgnuauieudeianinly
1 C% a s d;{ 1 = a aa
dunsinuazifuansazatealesiiesinelsaii 100 Jadans
sefu 5 Alansu nssudsh 4 Audgnfinaudenindeuinfild
W59 Streptomyces spp. 9RS1AIU 3:1 LarnIINIST 5 Ay
Ugniinauy endndeuia i 1419 0594 Streptomyces spp.
wazlANansazaneaUasiyes) 100 daddnsaenu 5 Alansu
5.3 mawssudurendmsumzUgnlunseandldiuven
Wugdunadmiunimaaes lnedadeniiiugiauysel lilses
TsAnazdasn Wiiiuginivadlunsenns 9 az 3 1 1907
unuNIVIARRLLuUduetvaNysal (Completely Randomized
Design (CRD) lulsaidaunaassuuula 97U 5 n55335 5 91
191 100 Jadansaonszas aeuldiwazidu 1Wusseria

45 U NUUIANITIAS YOI UMELLAZATIAUTELHUNSLANLSA

NANIINAABILAZINUIIENA
1. nrsAnugnideusndlulednuaza1uniudindsesilsaiy
NANITUENLTBLARLUTHANIINAUTOUTINAUKDN WULTD
weaRlutednlavianun 65 loluian Weumaaeuanudu
Utndsiaidio S. rolfsii waz F. oxysporum WuiuwonRludedn
d1uau 2 lolwian Ao SSB30 fluseansanlunisdudinisiadey
49931 S. rolfsii WU 63 1Wasidus uay SSB37 aunsaduds
a 1 U & & &
N9LA3EYVB931 F. oxysporum WA 80 LUasidus fauansly
(Figure 1) ladnwdnwazduguing1ngldndesganssad
a a U a v A q‘;
warnAaaunN19TaLainuan wemdludednns 2 lelaian

v o a o

danwagAdun U Streptomyces sp. 19UIT9 ANBINAVD

woAflulednson15dudain1sT et esiamnlsaiiy

LU LW e Colletotrichum capsici, Curvularia lunata Wae

v
=1

Fusarium solani (Khompun & Thabthim, 2016) 4anain

€

o

ganuinanseangnsnTinmaintendlutsdn aunsaduda
N15439¥uLle Rhizoctonia solani Fadudesinelsaluiie
waeria 1wy lsauinedy nau wazlsaluin udu

(Niyomvong, 2018)

Figurel Antagonistic of Actinomyces were isolated from soil surrounding
green onion root, (A) growth inhibition of S. rolfsii by Streptomyces sp.
SSB30 , (B) control plate of S. rolfsii, (C) growth inhibition of F. oxysporum by
Streptomyces sp. SSB37, (D) control plate of F. oxysporum

2. gnvalzninIgamusyauTiveseninvindoudelsin
dnwazaealendnandewdaiauresiinn Aldain
ATTUIUNSUAN 45 TU WUIILANBULNINIEATNLANAIAU
Tnedendndowiiadlufinsifuidensafludedniidnvue
a % o ~ v v v & v < 1A | +
durnna geadinsdudiiududowdn ladianusiuvesde
drudeninanieswdewianfinauiaiio Streptomyces sp.
lolatan SSB30 way SSB37 fidnwuednan Uensinylatidnuoe
| s a < a % ° a o a s
squge lufindwndukazduiniani Weilunsradmsiei
AuandfuIaUsEnIskazyTunusne i ddgludendn
wuA1AUidunse — Ana windu 8.09 A1 C/N ratio Wit 16
USunadlulasiau veawasa waslwunawdey wihiu 0.52, 0.185
way 0.542 Wesidus muaau audRvisusznisvesdendn
av v v E ] | A kg = a
lganAsudisiinnfinaude Streptomyces spp. WI8UNYU
uleniingasing 9 uanalilu Table 1
1nuan1svaaesnuIendnaindewinnideniu
nsguunIninazidal pH anas 11U 8.06 - 8.09 31nTa0)
wisumlnisuAY (pH = 8.30) (Table 1) vaililosainluiouite
@ I v A a (v @, 1 =3 ) Yo a @,
LAALAENLTARNELYDIE UL T U IUN A Favinleiein pH dawdu
A980U 9819l5ANIL WUIAT pH zanas WeoHUNTEUIUNIT

a

winlpeduvsy 91n91U3T8e4 (Srithawirat, 2004) NA1I1AY

o

pH Wutladuddyifinareniseesameauiindustisnn
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Taotevsinadsilan pH eglugie 4.5 - 9.5 Fsvndensindlen
pH dunsaunnifuluadunidasnganisaiyivlaluanioy
nsutnuuulioinia dmsuen ON ratio vesfoudaifinining
Ay 40,05 stsilrnansususielulasioufigs vhldenndenis
dovaarsvesqdunsduwaznsihluldusslevdaesiiy agalsh
A erunTEUUNIMTNA89AuNTSilRE 1 ON ratio
flanaande 16 - 21 (Table 1) Famnzaudmiunisiaiyves
WY 9N51841UYe4 Kiriratnikom et al. (2016) na1331 8nsdu
vesansUszneunususelulnsiauvesan Aldvidontnidy
fisuaneuenvdeiesenstesaans wazldidudiiun
sydunsdulevsindiauysel dr¥agilivihenindarsngd
YoeA1sUBUADlUlASIUAWIN 9 SRsINstosdaeaint
INNANITVNADIAINNTOATIVINUTUINE IS lY
witnandewdawia fusialulpsiau 0.52 n¥u deds 100
n3u (Table 1) aghalsAmudendnieudinudiraziinnsiiude
yadnidufnainnisgesaaisvesqaunidiogludlduas
NTLLNILDI1U5V09E AT (Tongtanee, 2018) vinTRd USu1al
lulnsiauganintaguiindu 9 (Table 1) wsiideriunszuiuns
winnduhliivsinalulnsauanasinUsinadudu faide
\AnanAanssuvesdunidiiadulasiauundnluldlunis
RRRITETE uammﬁ"d%mmWaaWa%’amaqﬂwﬁﬂﬁauvﬁaLﬁmﬁ
TdTe Streptomyces sp. lolaran SSB30 uaz SSB37 wuinil
Usinaleavie¥a¥osay 0.185 FsliuTinauiiugeiu nifoude
windilusuniamtn Hanlearesadusinermsesfiadidae
LE3UEs19INNTeDNRBN A319NAR waznTasquesIIndie el

I~ < 1 i a v o a 1«
SINNBLT sz lanszaels Unf LLa’]ﬁ’W]WE]ﬂWE)i aazfioglu

U

v

Auvdeararvilfeindsuarilifiegaionluldlden Jedes
o1fAunISlumadsulieglusuilasaethld (Tongtanee,
2018) lurairfivsinalnunadeuvesoniintoudauindfu
wuafi3enquuenilue Anfiuunafesas 0.502 eifisuiu
Fanuaunountsvin Faluiinalnunadouiosfosas 0.401

Inuvadeuiinasonsiasaiulnvesivazegluglinfeduysy

' 1
a e o

wsoatluniddavarounls nunadousudusenanssunie
nszUIuNIsasdiunieg luwad 8930 d5vnsnase
nszUumsaTnsedeufreutiuarima nszuaunis
duasiziuas uaznismelaluiiy (Paula et al, 2017) 9nwa
mslaszsismenmsludeviin (Table 1) Jondnfoudeiiin
AduuuaiiFonguuenilusiodn fuuusmevnsivanga
uazdiuseAnSn1msonI15aTvoINININAIN nshAewdedia

Plddshunsudnlulddudelaenswodiv

3. waveay yudlnn oufnnen 15193 v unaNkazAIIY

gunilsn
UszAnsamvesonindeudoiiniifuiudoqdunis

Streptomyces sp. lolwian SSB30 wag SSB37 Aan15La3eyUed

FUNDNLATAIUA TUNIUA 8I1LTANY S, rolfsii hag F.

aaa

oxysporum WuiInTINIsN 5 MsUgnduvelagdeniniau
Lﬁﬂﬁlﬂﬁ)ﬂﬁj?}ﬂﬁ’?L‘ﬁyaﬁlﬁuw§ﬁiiu Streptomyces sp. Vil
Funemadyiulndfiae dunendvndn 4.0 nfy was
g9 23.40 LURLLAT NUANLUANAIINNERR (p < 0.05) iile
Wisuiunisugnauvenlufulgniinanieudeiiainiulini
nsvinaedunsd (Table 2)

aglsfinuanuanisny lununisiinlsavessiuney
Adnanides F. oxysporum uae S. rolfsii winuinlunssuda
nsugniuneslufuiinautoudofindlaildvinuasifuslsn
fivdsnaliigunonininatyidr fdmiinuazaiugsdosni
n35u358u 9 enslsinuilensiaaeunisaseyvassilsaiiy
TuAudgniinandesly wuindeslseiivdedinisnieglufiu
Ugnualsildviliduneunansonisveslsneenin idienad
awmmnanzaglulsaieuduannziidesmvauuaas
UFunaih Seilidendinanegluannsilivanzausents
felsaluduven 3MNTIBUVBINTUIIINTNYAT (Department

of Agriculture, 2010)

Table 1 Some chemical properties of the spent mushroom cultivation substrate-derived compost

Samples Nitrogen Phosphorus Potassium
pH C/N ratio
(%) (%) (%)
1. Spent mushroom Compost 8.72 40.05 0.38 ND ND
2. Manure (cow dung) 773 12.19 1.76 ND ND

3. Mixed spent mushroom and manure (before fermented)

4. Spent mushroom compost with
Bio-fermented (commercial)

5. Spent mushroom compost

with Streptomyces sp.

8.30 22.11 0.66 0.128 0.401

8.06 21.67 0.54 0.137 0.500

8.09 16.5 0.52 0.185 0.542

ND = not detect
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senuilsalufueniiinanidesawvelsaidion (fusarium
witt) \Weammaziaiuaselsaldmluanmuandonfianzay
waziiwendudeune Tneavedidesaonuavunsiudiluly
wadiy Winaviiviuaawiiiswanioinisvedlsa vh
Tsruumnitmazgninanglidannsadndeaiuarsnemsle

Y q

Fawandlseuiien AureNasirdewazwiwneluign

Table 2 The result of spent mushroom cultivation substrate—derived

compost on growth of green onion in pot experiments.

Height of Weight of
Treatments green onion green onion
(cm) ()]

1. Soil (control) 22.88"+1.85 2617
2. Soil mixed with spent mushroom 21.70°¢2.26 2.6¢1.7
cultivation substrate

3. Soil mixed with spent mushroom 21.06%+3.22 1.6943.2
cultivation substrate and fungal spore

4. Soil mixed with spent mushroom 23.40°+2.72 4.0°+2.8
cultivation substrate derived-compost

5. Soil mixed with spent mushroom 22.70°+1.76 3.6°+2.2

cultivation substrate derived-compost

and fungal spore

Data are means of five replicates + SE, standard error of means
Significant differences between each treatment for height and weight of

green onion at p < 0.05, which were calculated by SPSS program

dsunauaziauauus
a R Y a a v

wondluledni Aauenainduuiiauwdasugnduney
fio Streptomyces sp. lolaian SSB30 wag SSB37 AiUsednsnw
lun1sdud i 31 S. rolfsii waz F. oxysporum 16 60 — 80
wWosldud mudeu Tuiesufifins wazdieiluldlunis
Yendnandeuderiain wuilendniildfinanind Jevdind
dnenasn Taute A1 pH Wiy 8.0 A1 /N ratio Wiy 16.5
fsnalulnsiau Weanesa wazlwuna@on Sevaz 0.52, 0.19
waz 0.54 muadau wavillethleninandewdainiifiuiie
Streptomyces sp. NMAABUUTEANTAINAITLAT YVDIAUNDY
wazdudinsialsaaIn@eas) S. rolfsii way F. oxysporum Tu
annlsaseu nudwiuvenuannalad Sumlnuardiugeinid

o a 1% 4 oz P oAl o o

n1sugndunesludulgnuaudeudeinnifliniunisnin

wazldnuennisveslse

AnAnssuUszne

nuATpElFFUGuatuayuan yugamyumsideadens
Fansmuinsideiionslivssloniluifidsyuvunazdeny
AMTUANIATE AT UARAINTUBINNI TN 8T g

QuaT1ws1ll sulszanauseld Ussinteuussuna 2563
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The quality improvement of the spent oyster mushroom cultivation substrate by
compost fermentation with Actinomyces isolated from soil surrounding green onion
grown on organic planting showed high efficiency on antagonistic to plant
pathogenic fungi Sclerotium rolfsii and Fusaruim oxysporum, which were 63 % and
80 %, respectively. At 45 days after fermentation, the obtained compost had the
optimum physical properties including dark brown, loosely, pH 8.0 and the optimum
plant nutritional including C/N ratio were obtained 16.5, nitrogen, phosphorus and
potassium were obtained 0.52, 0.19 and 0.54 %, respectively. In greenhouse
experiment, this spent mushroom cultivation substrate derived compost showed
more efficiency in plant growth promoting and phytopathogenic fungi defense than
the other without the fermentation.
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a
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& luda 0, 5,10 uaz 15 Wosidus (ww) venimiln
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e imiln vasumeaes wazgmINss AUlnseTy

a

Lﬁaauqmmiwmaan (Imjai et al,, 2021)

Average daily growth =
(ADG)

Mean weight gained

Length of feeding trial (days)

NMTAATZANANIEDR

NS U BUANLLANA S RTINS A Uln Ao TuLaz A
LLauﬁ‘uaﬁylmL@@%LL@'azﬂq'wmaaq MN1TTATIBYNIAIAIIY
kUUTIU eNULNUN1SNAaBY Completely Randomized Design
(CRD) uawiUSeulisudmassae Duncan’s New Multiple Range
Test A szfumudosiu 95 Wediud Tagldlusunsudnsagy
(SPSS 17)

NaN133Y
HavesMsAnyINIsiasuplnuiulaensiasuna e lueInIs

k2

iluasanisnevauesvesszuudaunulunuu)

(1]

nMsAnwInsasugdAuiulaenisiasungaleuin

a

Tuewns mendsldsunnasugiduiulnenisaiundaetni
Tuemsfiargnsnisiasyiiulnseiuvindu 0.877 + 0.026,
1.051 +0.026, 1.192 + 0.014 uay 1.275 + 0.007 nfusoiu
muanu laenudn lunguveassaududuy 15 Wesidus i

o =

gnmaatgiuladeTugsiiga (Table 1) Wulpigatunisane,
naw81n15lE ndreu3as ulue i saen1snoUAUD NI
QiRufuLazaudunulsaannisioie Streptococcus
agalactiae luvaniia Tasnguildssfeemsiaiundiethid
dnsn1ssenuasiUasidudnissenmeduivdgendtvardangy
AIUAL (Palintorn et al., 2019)
n1sAnwesdusznauidionvainy lnedudieganuuiay
NINAaBY ¥N5IATIEMAUSINunEonunes AL LADU
mannaeshifinruuanssiunsadfvemnanududu Yands
7 1 nds91nnsvnaesdUnnif 3 wuin NGUNITNARDIBINT
ﬁwL%ﬁ]aEJ"NLﬁmﬁummiﬁﬁagﬂémﬁunﬁwﬁﬁﬁ 5 Wesifud
91715 waresdNTIFUTINAUNGIE 10 waz 15 Wesidud
91913 WdanuuansteiunisadfegradidedAny (o > 0.05)
TagfAn WU 38.600 + 0.200, 39.466 + 1.501, 41.800 =+
1.058 way 42.666 + 0.461 WWasidud wazA1USuandaion
uwnesautuinsifintudlotinnstalundd 2 luduanii 6 Taed
ANNIAY 40.733 + 0.416, 59.333 + 0.503, 59.666 + 0.416

wag 58.333 + 0.230 Wasidus audeu (Table 2)

a

TnediAasani 5 way 10 Wesiduses liflanuwansngagna

Y 9
fedrdgymeada (p > 0.05) Ferurnvoudadonuardiuiu

v
= 5 v &

dindonaztuediu vuin d1eWug e o1y @35IMe0 denasie

T gl

w15dmasvaaien (Mahapatra et al., 2012; Lajmanovicha

et al. 2014; Wei et al., 2015)

Table 1. ADG of Rana rugulosa after exposure to various dosage of Musa

ABB CV. Kluai“Namwa”

Average Daily Growth (g/day)
Concentration

(ADG)
(feed %)
Means + SD
0 0.877 + 0.026¢
5 1.051 + 0.026°
10 1.192 + 0.014°
15 1.275 + 0.007°

* Means in each column followed by different letters are significantly

different at p < 0.05

Table 2. Hematocrit of Rana rugulosa after exposure to various dosage of

Musa ABB CV. Kluai“Namwa”

Haematocrit, Hct
Concentration
% (Means * SD)

(feed %)
weeks 3 weeks 6
0 38.600 + 0.200° 40.733 + 0.416°
5 39.466 + 1.501° 59.333 + 0.503°
10 41.800 + 0.058° 59.666 + 0.416°
15 42.666 + 0.461% 58333 + 0.230°

* Means in each column followed by different letters are significantly different at
p < 0.05
navosueURveAlmmesT I Tasundet lue s
wuiweuiven mediadeinn adedl 1 (UAWR 3) Wity
0.541 +£0.233,2.618 + 0.137, 2.578 + 0.152 way 2.538 +
0.192 wawasadl 2 (FUaifl 6) Wiy 0581 + 0.178, 3.230 +
0.137, 3.210 + 0.146 wag 3.170 = 0.155 auaau (Table 3)
n&a8aInsaIR LA e uAven lamasle (Wu & Su, 2008)
nngunsvaassdaniutuludanid 6 ndsannsintadu
Tuduannidl 3 uae 6 SAueudvenimneslunnududues
&% 5, 10 way 15 Weodldudes lifanuunnsnaty
N9@df (p > 0.05) uaslAruwanaeg Nl TudAgynsana
(p < 0.05) funguAIUAL
MnnsAnsnisasugiduiulaenisiaiundaounin
Tuowsnuan snsnsiasydule AuSunaiadenunsen
Wiy wavAweuRveR lmmediuTy wandiiduinndaet
dswaroszuugiduiuiesainndetiiuseneudaeinngy
waz w3579 laglangdnnliug wealdey uundidey weaeda

wazlnuvadey (Wall, 2006; Palintorn et al., 2019) uanand
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Table 3. Antibody titer of Rana rugulosa after exposure to various dosage of

Musa ABB CV. Kluai “Namwa”

Antibody titer (log,,)
Concentration
(Means * SD)

(feed %)
weeks 3 weeks 6
0 0.5641 + 0.233° 0.581 + 0.178°
5 2.618 + 0.137° 3.230 + 0.137°
10 2.588 + 0.152° 3.210 + 0.146°
15 2548 + 0.192° 3.170 + 0.155°

* Means in each column followed by different letters are significantly

different at p < 0.05
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Maraschin, 2015; Singh et al., 2016) WWuULAEIAUNIIANYIVOS
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Research article

The effective of banana (Musa ABB CV. Kluai “Namwa”)
supplementary diets on immune response against aeromonas
hydrophila in lowland frog
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ARTICLE INFO
Article history ABSTRACT

Recgived: 14 February 2021 The effective of banana (Musa ABB CV. Kluai “Namwa”) supplementary diets on
Revised: 10 August 2021

Accepted: 10 October 2021 immune response against Aeromonas hydrophila in lowland frog, Rana rugulosa,
Online published: 15 December 2021 having an average body weight of 62.134 + 2.60 g was studied. The frogs were daily
;ﬁfa%?cv Kluai “Namwa” fed at 5% body weight for 6 weeks with banana supplemented diets containing

Rana rugulosa 0, 5.0, 10.0 and 15 % (w/w). The first hematocrit values (week 3) of dietary
Immune Response supplementation of banana in various groups mentioned above were
38.600 + 0.200, 39.466 + 1.501, 41.800 + 0.058 and 42.666 + 0.461%, respectively.
The second hematocrit value (week 6) were 40.733 + 0.416, 59.333 + 0.503, 59.666
+ 0.416 and 58.333 + 0.230 %, respectively. In addition, the first antibody titer
values were 2.618 + 0.137, 2.578 + 0.152 and 2.538 + 0.192, respectively. The
second antibody titer values were 3.230 + 0.137, 3.210 + 0.146 and 3.170 + 0.155,
respectively. The frogs fed diets containing 15 % w/w had highest average daily

growth at 1.275 + 0.007 g/day.

“Corresponding author E-mail address: puttachat.im@rmu.ac.th (P. imjai)
Online print: 15 December 2021 Copyright © 2021. This is an open access article, production and hosting by Faculty of Agricultural
Technology, Rajabhat Maha Sarakham University. https://doi.org/10.14456/paj.2021.22
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AAN8AUNTA UAYSIENITANNUATBULATRINSU DAY LA
WeliliauURdminiummnzausentsiauduomsileidu
(Lee et al, 2015) Faeulmsinalaledidunildluniudendia
dwsunistosaatslusiu esarnranlalesiusznaudae
uledlusfloaaesviin Ao toulawufina (Endopeptidases)
wag onlunUiitag (Exopeptidases) Faannsadovaansiusy
wdlnglgnaneluaonazvarsansvedusiu demhunldan
mvvesldsiulalaslawm wulvleliiusiuidnding
vadnuaznsneziludasyluuinagean iesnieulydid
s mzseashtuLar fevildnanlusiulslaslaennis
Gonldvinvenouleduasnnenistosdasivunzauazyinly
lelusiulalaslamiiinaunn (Clare et al, 2000) Fsn1sudn
Wsaulalaslawndenisldeuledduizad ussansamuan
Wesnndlilalusiuiifindndaumdnuaznsnesiludass
Tud3inags annsagadulusiudigsnaniegldediesinss 8n
ilnuAsenuinnnindanmdumiidesaansdetoulssivian
Mlagivililusaulalaslawniiauaiunsalunisgeslussiu
Wutufovay 51.8 wasivnalusiufiavarsdiiiviudosas

23.9 W atSeurisununinA1ad ua bl N 1unsyeadane

o
o

(Limjutitham et al., 2021) sisdun19398d3saulafnvinaves
anududuveseulesinaleivazsiandessaanasnaaudinig
wil - nenmwedldsiulalaslawnainnindInniduaiuay

nsUszendldlundndueilushuniyems

L1 ac a o

aunsaluazItn1sIe
N15IeSEUNINGINIBUAIAL AT ITRIAUTENOUN 1AL

d1n1naIaniduaanusen daley AesUaisty 911n
o o ' v ¥ A a v v P
Janiaeodlval unduluiidien 20 ul uareulugdeuauioud
gl 55 esangaided Luian 8 Talus iemdnniu
Yuenyongputthakarn et al. (2017) unalwiagidennlgiaIosun
(3% SG - 400 - 03, Dxfill Machine, China) wazaialaenI1suy
Tuansavareianiau (Food grade 30 — 50%, STN Chemical
Co.,Ltd., Thailand) 8@51d7Un1n8 318 UAIRBEITAZANEY

Ay 1:10 (nSu/8addns) vJuan 24 F2lue nsaeenu

nsgA1ENIoUes 1 neldnnizayqyinia (afngrdn 1 ads
viiounsyiadiluiiumdedovay 1) uazsvnuatsazaleLeniey
gonanmndanduaiuie 24 $alus (Laohakunijit et al.,
2011) 9ntuthmndanmdumiiunsasaintuasousiu

£UNTIUIN 80 Wy ussyldneegilideunesdneliaiiey

"
ayanasaziiulifioumgd - 20 sarwadea uninay

o o ]

o

ru1dmsigriesrdsenaumaadl town Aanudu Tusiu Tusy

wulevieu 10 wag aslulawse 1neds AOAC (1)

nsdagaatelusiulalaslaamninganiiduaidaeieulaiviar
Talasd
18n1svevaarslusiulalaslatendaudatuiain
Laohakunjit et al. (2011) TngnindaniBuadiniunisade
ity 10 n3u Wnthnduiiiunsishdeseniesiimanus
lovh (Awdty 15 - 20 Yeudsonnsneii fgamail 121 o
wadea Wuan 25 uil) Ysuns 100 fadans Ysuilieudu
7 (iq' U CyberScan pH 510, Eutech Instruments Pte Ltd.,, Singapore)
fensalelnsransn 0.1 Tuas wazdesaansluginiauam
gaumgil Agaumgd 50 ssanvadea \unan 5 uni i els
wSousonsiaureaeulainalalesd (Flavourzyme® 8o
Sigma 91NUSEM Siema — Aldrich) anntunIeueyledwaila
Tfeudududesar 5, 10, 15 waz 20 (netminvoseules]
fouminnIndanaduan) asluvingyvusy Unrhwanuas e
1uﬁmﬁwmuamqquﬁ flgumadl 50 ssrwaldoa wusiaan
Tunisgesaasil 0.5, 3, 6 waz 12 $2lus ngaUfAsenves
wuledaleninuieu (95 ssanaaidod) 1Wuial 15 udl
Jumdpeiioiad oy umdBs (3u UNIVERSAL 320 / 320R,
Hettich Singapore (S.E.A.) Pte Ltd., Singapore) fima1uisa
6000 50U gl 4 esriwadea Wulian 20 unil
nyevansazanefildmsnsyaunsenued 1 Wiusnwd - 20
psAgaldoa auninazurluTiasigiaudinieniand -

Aenmsald

NaTIeviananaai - nenn
1. A& (The color value)
ilusfulalaslainainnindaniduanlddlsuds
Uszanal 1/4 ety vieaundndieguaseunqu ity Jam
dma81A309¥nd Colorimeter (Hunter Lab 3u ColorFlex EZ,
Hunter Associates Laboratory, Inc., USA) Tusguu CIE L*a*b*
wag hue angle lagAn L* fie Armduadng denegsendng 0 (a

A1) B9 100 (83199717) A1 a* AD ANSEMINSALAY (+) wazlded ()

#uA1 b* Ap ANSEwIedudes (+) waztldu () wathaile
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ATUININAIALWANANSY89E (AE) Wisunulusaulelaslain

ldlddosaarameieulediduiegeniunudvaunis
AE = [(AL*Y + (Aa*)* + (AD*)7]V?

2. sziun1sdaeaaiy (Degree of hydrolysis)

ihlusulalaslatsmainnindianidumainynnioznns
gogaauuIlAT TR ovassEAuNstauaaslnefaLUaaInic
284 Kaewka et al. (2009) Tngiilusiulalaslamanninda
AIBUAINYNAIEMTERYAMEINRE WAy 1 Hadans ldvaen
Juwies anazneulusiulneiiudosas 20 veansalasaaslsos
g@n (Trichloroacitic acid: TCA) 1 daddns tug1lWid1du
Uszuas 2 unit Jund sasdasaands 10,000 seusound
figavgd 4 ssmuwadoa uiy 15 uii idruveunadla
Fruvuindnnsiusinalulasiauianundie3s Keldaht

method wagthaflanewImmugasaail

sesunsepeaEane (5euay) = Seuay 20 TCA soluble — N x
100 Total = N
Tnefl TCA soluble - N e Sepazlulnsauiiazaslaly Sovas

20 TCA wag Total - N Aafasazlulasiauluingfiu

3. wangs (Yield)

nMsAsEiUsunusesazvewmananlusiulalaslaian
nnINaIndual Tnefaulata1nisues Songsaeng (2007)
TnefunUsinudesazvewananainuminvedusiu
lelaslaiemainnindannidumils annisszmenislagld
\A3 BINAUTTIMEENTWUUYLY (FU R100, BUCHI Labortechnik
AG., Switzerland) ifisufiuthutinnindaamduaisusiuniuges

o

JU

USunadeuarnanan= hwiinlusiulalaslawnduniinile/

YINTNUBININAIATIDUANSUAY) X 100

4. pnuanansatunsazanslusiu (Protein solubility)

g niegazauansalunsazanslusAuveslusiu
lalaslawnainnindanniduailaedaulasisves Laohakunjit
et al. (2011) wagAIWINIINDATIEIUTENINNUTUIUlUSAY
Wanuad azareludovas 20 v0insalnsnaslsesdin
wazUsualusiutanunlunsaziaeg1e aunsadiuim
armatusolunisazaslusiu Tnoldgnsdedl Youay
Anuamisalunisazatelusiu = (USuruldsiuazaiy

TuSesay 20 TCA/USUNUlUSAURIUAlUAIDE19) x 100

5.auausalunisteslusiu (Protein digestibility)

AAsgRTearauaInisalun1syeulusAuainnis
frassnsdeslunasnnnass (Fraeen1seesdruanldlan)
gremsioulvimUBulas Uy lnensinsieiinuUasain
33904 Xia et al. (2012) lnerhlusiulelaslawnainnin danmn
Bue 1 ndu ldluwaguay Wismhndu 100 fadaes Uiufiey
Ju 1.5 wazifneuledinududelusiulelaslawndidnsdiu
1:100 (Iagunin) ldaslugaunauquaungdl 37 agen
wardea Wuna 120 vt vidsniungaufiseouleide
ANuSau 95 ssrwaldea Wuad 15 i wazmulialusiu
#1875 Kjeldahl method (Fo8azlusiuAuIniINTooay
lulmsiau x 6.25)

6.UsuaiansUszneuiluednitenun (Total phenolic
content)

nsnTeEeUmMUIInaasUsEneuTlueanTaadaulas
91775904 Faller et al. (2009) lnwihansanndlot19UsuINS
30 lailasans Auasaraelndudle-inyFioluddauieanae
vindu (Fnsrdruldusoniindu 50 : 50) Usuins
10 lulasans wdwndudnasazanelefounsusiunna
Wududovaz 20 Usuns 75 lulasans Aearsazane
Ifgamgiivies Wuna 30 wiit deuazthluiadnisgandu
wAsA e ag UV microplate spectrophotometer (EPOCH2,
BioTek Instruments, USA ) 71 A27u819ad Y 750 ualuiuns
lagldarsazanensaunadn (Gallic acid) \Juansuinsgu
ﬂ%mm?f\luaﬁﬂﬁwmmlﬁmﬂmiﬁﬂﬂ'wmiamﬂﬁuuawaﬂms
afafoge Wisuifsuiunsmiiasg i Uinailduanamag

TaansuvasnsawnadnlulutnsisgnawisuSunu 1 sy

7.UseAnEanmnnseueuyadase (Antioxidant efficacy)

N130593Us2ANE NN U YY ABATEA1875 DPPH
faLUa391n75999 Fukumoto et al. (2000) Tasinsa9e 14
Usung 22 lulasdns wauduansazaie DPPH (DPPH azany
Tuumusaiovay 80) mnutudu 150 lulaslua Usuias 200
lulasans udhaswanilaAulfluidafigaumgiveadunan
30 U9l mmfmfﬂﬂfﬂﬂ'wmsqmﬂﬁuuaaﬁwLﬂ?laa uv
microplate spectrophotometer (EPOCH2, BioTek Instruments, USA )
fimnugandu 517 uiluwes diAn1sganaunasi laun
Muaumesaznsfud uuTsuifisuiunsmuinsguves
ansazareInsaond fnnududu 0.01 - 1.28 fiadlua s189u
navdhuiiealuaveddnsaend lushedraiminuie 100 n3u

N13n539UsEANS MmN ue YL ABaTYA1875 FRAP

AnLUaI91n35 Ve Benzie et al. (1999) lnainsaug1sazany
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FRAP reagent siagniswanlgifauazdinaUninesanuaudu

S aa

300 fiadlua AUANLEY 3.6 ansazaefinfingn (TPTZ) Ay

v

Wudu 10 fadlua Avaisazansleseu (1) raslsnAutudy
20 fadlua Tudndiu 10:1:1 (UsumsraUinins) muaiau
ntuthansuanilausunns 150 lalasans wuadluansadn
f0819 U313 20 lulasdns wawliidadu dhluduluiie
fgumgiivieadunan 8 und %Wﬂﬁuﬁﬂlﬂfﬂﬁ’lmi@ﬂﬂﬁuLLaﬁ
fauiaies WV microplate spectrophotometer (EPOCH2,
BioTek Instruments, USA ) 71 A2131817A8 W 600 u1luiuns
AINITRANAULAIYBIANTANAR DL NMUIAILINMIAY FRAP
TogtU3auligununstnuInsgIueesansazatelnsaond
(Trolox) fieududu 6.25 - 1000 lulasiua Usunasdilduans

mhelulasluavednsasnd Tudregrsiwminuis 1 nsy

MITUATISIRAY NGRS
MIlesgiesAUszneumuAiiveinIndInIduaLay
auvaniaed - nnenwveslusAulelaslanaiuinunig
NAaddkuU Completely Randomized Design (CRD) naaad
3 47 Anady daud BauunIgIu LazAIAULY UL
(ANOVA) Awnaulaglalusingu SPSS 18.0 (SPSS Inc., Chicago,
IL, USA) wW3euiisuaadalagld Duncan’s Multiple Range
Test fiszauildfaySovas 95 nMsnadeu T - test Wdmsu
mﬁmeﬁmiéfﬂua%a@aiwaamﬂﬁ"’mnﬁumﬁiﬂﬁhumi
govaasuazlusiulalaslamainnindinniduan Tnefiay

o W a

| | AW a A
LANANBENHUBFAYNNEDALLD p < 0.05

NaLALITAINANITIVY

NWANITIATILIDIAUTENOUNNLATIVBININNINIDUAT

P o

fAuunsguIunsanalusiueenselenieu (Table 1) wuinnin
§aa8unUsznausaernudu WWsiu ety duleweiu
i wagAnslulewnsn Seeay 4.09, 74.19, 0.48 7.56, 5.03 Lay
8.64 (lngrmiiuie) audsu Tnanndaamduniilaiivsuna
TWsfugs wangdmsunsiluldiduundslsfudsduluns
wanlusiulelaslan osmnunadusiuseiuiivmnganiian
Tumsisnwaadulusaulalaslawnaisiesduseneulusiull
Fnindesay 30 UssnaufuiiUSunaledus (Ussanadosas 1)
LﬁaqmﬂimﬁuamWiaﬁwﬂﬁﬁ%‘mﬁmwﬂimﬁmaégu e du
ansUszneuldedounazannznevld uanand lusudanuse
\AnUATereendindy JainliiAnnd uiiuld (Zheng et al,,

2015)

Table 1 Proximate compositions of defatted Sacha inchi pressed cake

Compositions (%) Defatted Sacha inchi pressed

cake
Moisture 4.09+0.05
Protein 74.19+0.59
Fat 0.48+0.06
Crude fiber 7.56+0.17
Ash 5.03+0.10
Carbohydrate 8.64+0.79

These results were expressed as mean + standard deviation (SD) from

triplicatedetermination.

dnwairUsinguazamdveslusiulalaslaennindannduniil
gogangagioulosinailalal
deTinmesiadvedusiulelaslaiemnindanaduan
fidosaanesaouledvalaled (Table 2) wuinArAILETNs
(L) Adune (%) wagArd@wmides (b*) dA108 5817919 84.66,
§9 89.97 - 0.88 fi9 — 1.57 uay 1.89 09 7.17 @1uaau
Fepnududuveaeuledalaleduazinanlunisdosaans
A9IHARDAIANETINE ANALAY uazAdInd a9l Ty d Aty
(p < 0.05) TngArnruaIuarAdnaees i Tusmancas
anauilonainisdesaatsuiudu Wethdn Lr, a* way b*
WfunAINsUisuLlamesd (AE) laewisuainnindan
sumiiliigosaansseioulssl (No enzyme hydrolysis) wuin
ANuLtureeulviva i letduazialunisdesaatsdna
Aof1N15UA sulUasuesd wazAnand (Hue angle) o814l
WedAny (p < 0.05) Fudlonanstesaaeudunandiivi
faArnsidsunUaesdiiiniundaandanas Seaunsa
uansdusnglasusiessandnand fleglutisszming 97.75 -
116.56 wansdawandvaslusivlalaslawmainnindaniiduean
asefutaeEmdes v nsdesaanedisrouleddwalilusiiu
lelaslagmnindannadunifmiesduninnindanaduandily
govaaosigtovley Wil esannavesnsiaiussiwylng
voueulminallediianunsadaldtanislunaydarsansves
Wsdu lvlanseesiiludase (ladu lnadu niulawu wag
Tvilsdw) femasonsiasuuladihmavedusaulalaslam
(Hellwig et al., 2014) #5 091917 A91nUA A5 81 Maillard
reaction futmasaagidussdusznaulunindannidum

v

dwalilaansiddimadautu (Eskin et al, 2013)

seAUNITdosaatguaz Usuamananyelusaulalaslawmnin

sanmdumsaeieulainadlilad
szuNstosaateuanitsdndrudosasvonndnanilesu

nnstesaasreUsualusautmualulusiaulelaslaim

Anudutuveteulsiuarsrezanlunisdesaavdinananis
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o

MNTUTeITEAUNTEodaukaz S I uNaNAnag sl dadAgy
(p < 0.05) Insnsepsaatenetoulgdinailaledlugae 0.5
6 Tlas denalvisziunseesaanalindued eTimsnanansly

Figure 1 wag Figure 2 1f19431n83A118UAITTUTAUSaYTUT

=

Wuldsfuussandazaneunldd @ lusiud azanevle
fluguna 1 lu 3 veslusiuludannduntoms fefunings
Aduadsgpeaanglaeg19saasalurisszeviiaiusn 9
yesnaAnUfien (Su et al, 2011) Tasfinngamnududures
wuladnalaleidosar 20 dAseiunisdevaansuazUune
NANARgaTian fo Souar 43.7 uaz 62.8 mMuAy uenaniifie
Teuluivalaledanududuiosay 20 dovaaeuningan
suaduan 6 9lus audls 12 92l nudAUSIaNanan
voslusiulalaslaemBuiuunliund Wesnnguuedlusiui
azaneildAfdumsdsiuluufasengndesanefoioulsd
quvua fuiueulufidiansadesaanaldsnsiliansdadu

Tuunseluiiesnenoulyinioiinn1sdudawdndua

(Product inhibition) danalwa1sziunise seaatsnad
(Haslaniza et al,, 2014) n13goaaarslusfiunindaniadunn
faaeulednalaledfinzanududuiosas 20 1Wwnan
6 Hlas ﬁﬁﬁaaazms&iaaamaLLazU%mmmamamﬁzﬂa iosan
puleivanlalesdidwenladvdanausynane Endo -
exo peptidases Fsannsagosaaeiuszinulnglaianiely
aouazUatsaguedlusiu vlilseaunisgesaats twdlng
aroduquiensnogiiludasegenyneuley Midy
Endopeptidases fidovaasneluasifisseguien aonndes
U413 T899 Thongimpong et al. (2016) i Ainwinise oe
aangninmuagiunseulednalalel wuarlugaanainig
goufl 08 6 99lus ArszAuNIstesaasLazUSIUNaNER
Wudued1asinE wavisunsfingaain 6 9lus louds 18
Falus Fafunnzanudududesar 20 Wuian 6 Falus
Fumnraudmsunisgesaaslusiuainnindanniduandie

wulasinallaw

Table 2 Color values of Sacha inchi pressed cake hydrolysate from various enzymatic hydrolysis conditions

Concentration of Color
Flavourzyme enzyme Time (h.)
L* a* b* AE h*
(%)
0.5 89.94+0.06° -0.89+0.02° 1.89+0.16" - 115.50+1.26°
0
( 3 89.94+0.05° -0.88+0.03° 1.9120.15° - 114.4922.90°
No enzyme
o) 6 89.95+0.08° -0.90+0.03° 1.89+0.14° - 116.56+0.70°
ydrolysis
12 89.97+0.04° -0.89+0.02° 1.91+0.22f - 114.71+2.512
0.5 87.52+0.23° -1.100.15° 3.45+0.07° 2.97+0.52 108.92+0.07°
3 86.62+0.29° -1.34+0.04° 3.26+0.02¢ 3.66+0.70° 114.11+0.21°
5
6 85.70+0.31¢ -1.40+0.01¢ 4.55+0.03° 5.10+0.14¢ 107.16+0.01%°
12 84.72+0.17° -1.40+0.02¢ 4.96+0.03° 6.21+0.10° 105.58+0.01°
0.5 88.15+0.18° -1.17+0.10° 2.75+0.13¢ 2.06+0.52¢ 111.29+0.03*
3 87.46+0.26° -1.250.04" 4.73+0.03 3.88+0.42° 107.11+0.06™
10
6 86.65+0.11¢ -1.36+0.02° 4.63+0.02° 4.39+0.14¢ 106.14+0.06°
12 85.72+0.12¢ -1.57+0.04° 4.92+0.06° 5.38+0.22¢ 105.52+0.06°
0.5 87.32+0.21¢ -1.17+0.12° 2.91+0.01¢ 2.87+0.52 110.38+0.02°
3 86.35+0.08° -1.17+0.01° 3.74+0.03¢ 4.09+0.51° 107.51+0.01%°
15 6 85.84+0.10° -1.38+0.05 5.75+0.03° 5.7540.19° 103.47+0.05°
12 85.25+0.09° -1.47+0.11¢ 7.17+0.03 7.25+0.21° 97.75+0.06°
0.5 87.52+0.32° -1.19+0.04° 4.45+0.11° 2.87+0.52 104.93+0.05°
3 87.23+0.16° -1.25+0.03" 5.45+0.02° 4.09+0.51° 102.83+0.04
20
6 85.60+0.23¢ -1.36+0.02° 5.84+0.05° 5.75+0.19° 103.80+0.46°
12 84.66+0.29" -1.53+0.05¢ 5.27+0.05° 7.25+0.21° 98.74+0.07¢

The results are given as mean + SD from triplicate determination. * ~¢ Means followed by different letters within the same column indicate means significant

differences (p < 0.05).
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Degree of hydrolysis (%)
60 5% Flavourzyme

50 A4

3B.2e3B.6e
37.5f

a0 4

26.8g25
25 51 225.8h

C

200 A
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0% Flavourzyme 15% Flavourzyme || 20% Flavourzyme

_'42.9i3
a0.6d 41_.:c41..-c

Figure 1 Effect of Flavourzyme enzyme concentration & hydrolysis time on degree of hydrolysis of Sacha inchi pressed cake protein hydrolysate. Line on data

bars show SE of the mean while data bars with different letters show significant difference (p < 0.05) as determined by DMRT.

Yield (%)

80 5% Flavourzyme
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Figure 2 Effect of Flavourzyme enzyme concentration & hydrolysis time on yield of Sacha inchi pressed cake protein hydrolysate. Line on data bars show SE

0% Flavourzyme 15% Flavourzyme . 20% Flavourzyme

62.8a
60.5a 5g 0L

56.1b 54_%55.813

Time (h)
6 12

of the mean while data bars with different letters show significant difference (p < 0.05) as determined by DMRT.

aruaInsalunsazarelusiuyedusiulelnslamningnr
oum
anuanansalumsazaeiduandAnisviauiidfadian
yoslusiulalaslam esnaudRidmihiidulng duius
AuAuaiunsalunisavane n1siUssufisunisazatadnsu
Tsulelaslalgmninganidunfianud uduve sowules
sgwinedesay 5 19 20 waglianlunisyesaalsyas 0.5 o9 12
§lus (Figure 3) LLammmmmmmiumiasmaqﬁmﬁa
audutureseulsitasnanduiu lnefinzanududy
voaeubasinalalesfidesas 20 wasiian 6 $alus SA1n1s

azanglusiugagn fie Seuaz 69.9 Tauansnan1Izdu o og1all

HodAg (p < 0.05) Anuasalunsazaelushuveslusiu
iaimslameﬂﬁamaﬁumﬁﬂmﬁuawLi‘;luml,wgmmﬂmisjaa
aansvosouluiililuanalusAuadoenuazeraaiianuse
Telasiauruinl@fdu (Paraman et al, 2007) Iaeii oAy
Wuduveseuluiuarnainisdosaaeiiiniy sydurenistes
aansuasUSinanandnvziiiuiudmalidinuannsalunis
avanelusiugetu Famadalndifsstunuidoves Yuwanti et
al. (2020) AfAn1sazaslusiuainnisyesaatanind wlea
Soray 69 finmznvay fe mudutueulsinalaleddey
az 20 1981 6 92l 1l eeannszuIunisesuaaislusiu

AU15080@15A1ULATUINT LU WIURY, 91 lUNY wagnse
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Wifn Judu Teednezdiegluemsussiandauay Sywifvia
7199 Fedanananisazatslusiululiwazanuainisalunig
goslusiuluanld delunrnuaiuisalunisazatslusiuees

¢

ulsiinalledifisasar 20 Wuan 6 47lus Faduniie

Mz aunan

AuaInsolunsgeglusiulunasnmeassyealusiulalasla
LW9INNING I 7IBUA
awuanunsalunisgesldlunasanaaesweinindinidu
muazlusivlalaslamnindannduadesziiunalusiiu
Protein solubility (%)
100

80
60
40

20

0.5 3

auisees Kjeldahl fanaiinandlily Figure 4 Armnuause
TunnsdoaTusAuneddusiulalaslawn nndanaduaiain
auduiussenieemududuveseulyiifosay 5 81 20 uay
nalunsgesaansd 0.5 89 12 Falus nudildfiauuansing
fu (p > 0.05) Tnanmefivnzauvesiusiulslaslawnainnin
fanBuen e fieudududesas 20 e 6 Falus Feldien
Anuaunsalunisteslusiugean (Fovas 96.2) luwmei
franansesiusivlunasanaasivenindan1adun wuid

Luileuuans1aiu (p > 0.05) uasiligeaaisesay 52.7

E‘S% Flavourzyme u 10% Flavourzyme \\' 15% Flavourzyme . 20% Flavourzyme

69.9 66.3c
¢ 65.0d 66.9c67.1b

Figure 3 Effect of Flavourzyme enzyme concentration & hydrolysis time on protein solubility of Sacha inchi pressed cake hydrolysate. Line on data bars show

SE of the mean while data bars with different letters show significant difference (p < 0.05) as determined by DMRT.
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Figure 4 Effect of Flavourzyme enzyme concentration & hydrolysis time on protein digestibility of Sacha inchi pressed cake & Sacha inchi pressed cake
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hydrolysate. Line on data bars show SE of the mean while data bars with different letters show significant difference (p < 0.05) as determined by DMRT.
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Table 3 Total phenolic contents & antioxidant activities of Sacha inchi

pressed cake & Sacha inchi pressed cake protein hydrolysate

Antioxidants Sacha inchi pressed Sacha inchi pressed cake

values cake protein hydrolysate
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(umolTE/100g)
FRAP (umol 794.89+0.88° 2,834.46+2.78°
TE/100g)

The results showed mean + standard deviations of triplicate determination.
2-PMeans followed by different letters within the same row indicate means

significant differences (p < 0.05).
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ABSTRACT
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The objective of this research was to study the effect of Flavourzyme concentration
and hydrolysis time on physico—chemical properties of Sacha inchi pressed cake
protein hydrolysate. The moisture, protein, fat, crude fiber, ash and carbohydrate of
Sacha inchi pressed cake after oil extraction were 4.09%, 74.19%, 0.48%, 7.56%,
5.03% and 8.64%, respectively. The enzyme concentration for hydrolysis of Sacha
inchi pressed cake was varied at 5, 10, 15 and 20% (w/w) & hydrolysis time was
varied at 0.5, 3, 6 and 12 h. The optimal condition for producing protein hydrolysate
from Sacha inchi pressed cake was 20% Flavourzyme concentration (w/w) and
hydrolysis time of 6 h. The Sacha inchi pressed cake protein hydrolysate at this
hydrolysis condition showed the lightness (L*) redness (a*) & yellowness (b*) of
87.60— 1.36, & 5.84, respectively. Including the degree of hydrolysis, yield, protein
solubility and protein digestibility were 43.7%, 62.8%, 69.9% and 96.2%,
respectively. Moreover, the total phenolic content and antioxidant activity by FRAP
and DPPH of the Sacha inchi pressed cake protein hydrolysate were 340.79 mg
GAE/100g, 2,834.46 umolTE/100g and 808.16 umolTE/100g, respectively. In
addition, the antioxidant activity of the Sacha inchi pressed cake protein hydrolysate
was higher than Sacha inchi pressed cake. Thus, the Sacha inchi pressed cake protein
hydrolysates will be developed to protein drink mix products in the future.
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Tuillianueusigungd 70 esrneadea Wuszesiom
5

oA

{ a o o & | |
il Wieawseudmsuludunausaly

3. MsMIgnIHARS ST
N15ANEIEAEIUT MU FUR DAIUTOUVDINE A5 ]
Tuugidoukusunsautasulusiuainuuas 910 3 Jade
Ao Usunawedunvidedonar 30 - 50 USunmannd aide
NouAsaN8saar 30 — 50 WasUSuuasEaln1E s oan39aY

Tiarumesy (wadud1uzngd) Savaz 20 - 40 ANUEIFU
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IANTIUIBNTNAABILUY Mixture design (Table 1) nasannuu
W luTugudumeuaunn 7 x 15 x 0.1 1uRiuns wazeuuwid
9ruunil 65 sarwaldua Wuszezian 4 Falus

il U

nsnadevanvaenUszamduda lnsdnwiniseeusu
vaguslaadendnduelunzidour uounsoulasulusAuain
wiawiievgnsfiafian 1guslnaialuoigiaud 18 - 60 9
971U 100 A laeld 9-point Hedonic Scale TAAIAZ LU
anuveunndnyuzaneg liun dnvususing d ndu savid
oduianazanuveulngsy ArAgLLLANNTOU 9 S2dU

(9-point hedonic scale) il (Nicolas et al,, 2010)

9 e Founiign

8  wwneds FOUNIN

7 wneds FoUUIUNAN

6 e vpuldntios

5 neia e

4 e lalveuidntio
3 yneia Taloutunans
2 e Tuouan

1 wnei Liiweusnniign

d519@un150A008Y quadratic canonical polynomial
wuy Scheffe aalusunsudniaguni19ai @ Design expert
version 6 mﬂﬁ?uﬁ’mﬁaﬂqmﬁmmzamimya%’wmwl contour
plot vaAAmTEUMUsTamALalaedongnsilvazas

NgAUDIHAN 0

Table 1 Variables (factors) used for mixture design

Coded- variable levels Natural-variable levels

X, (Eggplant X, (Cricket,  X; (Binder,

o % & leave, %) %) %)

0.00 0.50 0.50 30.00 40.00 30.00
1.00 0.00 0.00 50.00 30.00 20.00
0.00 0.00 1.00 30.00 30.00 40.00
0.67 0.17 0.17 43.30 33.40 23.40
0.50 0.00 0.50 40.00 30.00 30.00
0.17 0.17 0.67 33.40 33.40 33.40
0.33 0.33 0.33 36.60 36.60 26.60
1.00 0.00 0.00 50.00 30.00 20.00
0.00 0.00 1.00 30.00 30.00 40.00
0.50 0.50 0.00 40.00 40.00 20.00
0.00 1.00 0.00 30.00 50.00 20.00
0.00 0.50 0.50 50.00 40.00 30.00
0.00 0.67 0.17 30.00 43.40 23.40
0.00 1.00 0.00 30.00 50.00 20.00

4. NIIMIAUNINYBIHEA N GATTATIR
4.1 MTUATERgUESNISULYYADATE

N33R NS Aueyyadasead835 DPPH radical

scavenging assay Imaqmmiazaw DPPH (2, 2—diphenyl-l-
1-picrylhydrazil) mnududu 0.1 fadluans Usung 3 faddns
Auarsannanndndugiluugifoldusunsautasulusiuain
wuasFunng 150 lalasang nanliidiuuasuaiionmgiivies
Tuifadunan 30 wifl ndsanduiadinisgandunasdae
Lﬂ%‘laﬁi’mﬁﬁmi@]ﬂﬂauuaﬂ (UV-visible spectrophotometer)
AINE1IAE U 515 WIlwiuns (Mokbel Hashinaga, 2005)

AU % radical scavenging 91N@NATT
% radical scavenging = [1-(Asample/Acontrol)] x 100

A & ' a o '
e Asample AB AINTINANAULTIVDINIBYN

Acontrol fia fAN13ANGULEYEY DPPH

4.2 ATIEAAUATNVNNIEAN

n3TiAsIzviAddaeiai 0aTad 8o Hunter lab fu
COXE/SAV-2 Yaluszuu CIE L*, a* uag b* 91 L* fe A
AnuaallAdaus 0 — 100 A +a* Al ANFLAS A1 —a* Ao AA
e A +b* e Admdes A —b* e Ay Taevinisdu
§208193 3 91 wazyn1sIIATIYRANEuRUAE 3 Fiunia
(Pathare et al., 2013)

4.3 NFIATIERRUNINTALAL

n1sTiAsIg A anInInad lagvinn1sdiasnea
sAUsznaUmMaATfiugIu (Proximate) éin Usinaanuiu

Tshu oty i anslulawmss wazleanmis (AOAC, 2002)

NANSIUUAZITAUINA
ASANINITHAUINAAA I UL LT DL U UNTOULESY
Tusfuanuuas agunanmsideldfaelud
1. msAnwignsimnsauvesnansusiluyzidousuounsey
sulUsAuRINUIAS
N15ANWIdREIUT LMNNZ ALA DALTOUTDINE AT
TungWoukusunsaulasnlusauanuuas lngltlunzilesosay
30 - 50 US1m91n3 s Anesuntanadesar 30 - 50 uaz
Usuwuarsdainizus earstaslianunsdisesas 20 - 40
AUy mansAnwmuInilefinusunaldsiueini ada
vosuasarsuazanUsuialuugid oagylind ndaeivLa
mmsuauiﬂaimqﬁu drunsiiulSunuansdanienioans
Frelimunsiafiud uagvinlinansasidaunseuifiuiu
duldandrmeunaduilodudaifigaiofisiun
a138anizus eansvaeliniumsda (Table 2 way Figure 1)
aanAdoefun15ANYIT8Y Deepunya (2012) Aldvin1sAnu
nswaLandueiltiuy namsAnwmuindedinnsiiens

FaunzLiuTuaLyinlNan A e LeRANUNTOULRNLINTY
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Table 2 Organoleptic test of baked crispy snack of eggplant leaves fortified with protein from insects

Organoleptic test

Coded-variable levels

Appearance Color Flavor Taste Texture Overall
0.00 0.50 0.50 6.06 +0.84 5.46 £ 0.76 6.33 + 0.64 5.63 + 0.90 6.53 £ 0.74 6.63 +0.68
1.00 0.00 0.00 7.56 + 1.02 712 +0.82 6.98 +0.88 7.37 £ 0.66 7.40 + 0.96 765+ 1.14
0.00 0.00 1.00 6.12 £ 0.96 587 +0.75 5.93 + 1.06 5.40 + 1.04 527 £0.70 5.73 + 1.06
0.67 0.17 0.17 7.15+£0.72 6.89 +0.92 6.98 + 0.94 6.98 + 0.80 6.27 + 0.88 7.45+0.94
0.50 0.00 0.50 6.93 +0.80 6.97 +0.98 6.63 +0.96 6.61 £0.72 6.67 +0.92 6.78 + 0.64
0.17 0.17 0.67 6.35+0.78 6.78+0.76 6.94 + 0.82 6.32 +0.98 6.72 + 0.98 6.65 +0.92
0.33 0.33 0.33 7.02 +0.90 714 £0.72 6.94 +0.78 7.02 +0.88 6.76 + 1.02 6.83 + 0.86
1.00 0.00 0.00 7.64 £ 1.10 7.34+0.94 7.34 +0.86 7.24 +0.76 7.35+£0.90 7.72 £0.98
0.00 0.00 1.00 5.54 +0.64 6.23 +0.88 585+ 1.04 5.36 + 0.82 5.36 + 0.82 5.87 +0.88
0.50 0.50 0.00 6.82 +0.85 6.98 + 1.04 6.82 +0.98 792+ 1.12 6.28 +0.78 715+ 1.02
0.00 1.00 0.00 6.23 +0.70 6.03 £ 0.82 583+0.74 553+ 1.04 543 +0.96 682+ 0.76
0.00 0.50 0.50 6.77 £ 0.98 7.07 £0.96 7.06 +0.82 7.74 £ 0.96 6.03 + 1.06 7.12 +0.80
0.00 0.67 0.17 6.10 £ 0.90 6.72 £ 0.84 6.67 +0.98 6.12£0.78 573+0.84 6.93 = 1.06
0.00 1.00 0.00 6.34 + 0.86 6.26 + 1.05 594 +1.12 5.65 +0.98 5.48 + 0.90 6.12 +0.82

Note: Data is shown as mean values + standard deviation and was obtained from one hundred panelists

A: Eggplant leave
A: Eggplant leave 12200
1200

1.00 0.00 1.00 1.00 0.00 1.00

B: Cricket C: Binder B: Cricket C: Binder
Appearance Color
A: Eggplant leave A: Eggplant leave
12200 1200

1.00 0.00 1.00

) . 1.00 0.00 1.00

B: Cricket C: Binder B: Cricket C: Binder
Flavor Taste

A E lant leave
gg?zo A: Eggplant leave
1200

0.00 1.00

1.00
B: Cricket C: Binder 1.00 0.00 1.00
Texture B: Cricket C: Binder
Overall

Figure 1 Contour plot of organoleptic test of baked crispy snack of eggplant leaves fortified with protein from insect
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mMImdndiussdusenauiimunzanlun1snanudn S ael
Tuuzi@audusunseutasnlusiuanuuas ann1snaassly 3
U930 (eeFUsznev 3 wila) Tumsmilufinevauesvesany
Punnzaudielilaaimuveulnesuvewmdnsueiluside
unauNsUIESHIUTAUAINULAYGIan (Figure 1) nelagngean
YaaunUluN1IMUILAIIgAA1IAUTEUTINYB AR S Al LU
uziaunuaunsaulasulusAuInuuadlageaavindy 7.70
nuanisvaaedkanshiiiuIlunaildlunsiuedaiy
wanzau 1esnnuaildanaunisiuegasiaiigauazua
MnnmsUsziudnuazmadszamduianngnaae ugnsia
fgmfienlndiAsaty (Table 3) uazanansathluldlunsyiuneg
dndrufmunzaui el ldAinisseususinvesndn Sty
uzifaunuaunsouEiulUsAUINLLAIZIga (Table 4) il
Rrsandadiuinzausennureuvesdnsaeluuzide
wHuounseutasulusAuaInLuas laon1sussiuaneaenig
Uszamdulalds 9 - point hedonic scale Tunsfiansangns
Tunzaundiolundaseld nansinwinuingdeldusun
vadlunzidedovaz 50 Usunalusfiuanswinneunsaneses
ay 30 wazUSunauasainizuseansdglnanuasiiiesas 20

a1 |

MNEIRY T RARd el UTINGIEAMNAY 7.70

2. AUNINYBIHAN U GATNATIGN

a o I

NANA N UL DA UBUNTBULES LI USAUIINUNAIRN

ASNANER Ao 1T USUIMvesluyilasosay 50 Usuie

q

De e

JaveLaIaIsoas 30 LazUsuaasInNIE it a9
TPuARa5e8ay 20 MUAIAU KANISANYINUIN HARAUN
Tunzgi@ounusunsautasulusAudataaruadg (L) windu
22.82 fn a* WAL —3.21 uazAn b* Wity 11.53 Jandnsious

aa v

Pleaziidroudnanan 1Wae1ndves39ansanoaLasaIeRdugn

TUuaznmainuiasendthmalussminenssuaunswan (Yu et
al,, 2018) uazndnsueiddosnlundiliey - wdes diunue
nalnvuInITNUIHAR S i eSS alusiu Tusy i
Aty lsawns uavadlulewsn Wiy 16.24, 7.13, 4.07,
5.89, 6.79 uaz 59.88 nTuse 100 NN A1ua1A U (Table 5)
TuvaidgnsTunisduoyyadassingds DPPH radical
scavenging Wiy 64.82% Feannsndudsouyadasyldgendy
50% tfu3 il unuandrdalunisdudanisiinesndindu
visluszuvvesemns (food system) wags1eNenyee (human
body) Tusruuretemsivardiesrasnisinesndnduves
lysfulue1misuaraauienidneyyadaszaindgisen
sondindulutunfegd dsazdreinmamuamuese iy
#1991y ndusa Weduda auAmlavuinisazives
ownslusswhenisulsguasfiuinu uenanidseanns
\ineendintuvedlusiuunardunsnsen (interaction) 5E1319

TUsAu (Elias et al., 2008)

faa o

nyA1svetdareseyusaian
dmsulusnenisuyudiuagymifdestuanudsmenes
wadang 9 Mnnainoendindulasouyadaseiindulu
funeduduanngilififalsaris 4 uazauunvs
Nnnnsfnvnanddiifivindnsusigasinfiaadiusualusiu
roudnaga (16.24 n¥uste 100 n3u) ieFeuiutuiilodng
wWu vaneigduTunaldsau 1654 nsuse 100 nsu
(Thammapat et al., 2010) ilevyfusunalusiu 18.10 n¥y
Ao 100 N34 (Ahmad et al, 2018) v wi'u @auviuaa
mslulainsniiuiinareudiegs (59.88 niuse 100 ) usids
fusuasndwanfusivunvuAsaluiesnainiduiuo
ansluleiasmgendn 60% wHu vunvuiAeInuledndumsn
wazwladnaveifivsunansiulawmsn 68 - 87% (Kunna et
al., 2018)

Table 3 Predicted and observed values for response variables of the suitable formula of baked crispy snack of eggplant leaves fortified with protein from

insects

Response Critical values of independent variables Stationary point Predicted value Observed value®
variable Xy X, X,
(Eggplant leave, %) (Cricket, %) (Binder, %)
Overall 50 30 20 Maximum 7.70 7.74 £ 0.68
Note: ®Data is shown as mean values + standard deviation and was obtained from one hundred panelists
Table 4 Regression coefficients of predicted polynomial model for response variable
Organoleptic test Equation R
Appearance Y = 7.60X1 + 6.24X2 + 5.84X3 - 0.68X1X2 + 0.91X1X3 - 0.21X2X3 + 0.64X1X2X3 0.9243
Color Y = 7.16X1 + 6.17X2 + 6.09X3 + 1.26X1X2 + 1.15X1X3 - 2.13X2X3 + 16.73X1X2X3 09111
Flavor Y = 7.13X1 + 5.88X2 + 5.94X3 + 1.60X1X2 + 0.54X1X3 + 2.07X2X3 + 6.93X1X2X3 0.9177
Taste Y = 7.25X1 + 5.55X2 + 5.44X3 + 5.34X1X2 + 1.11X1X3 + 0.65X2X3 - 2.18X1X2X3 0.9566
Texture Y = 7.30X1 + 5.40X2 + 5.40X3 - 0.89X1X2 + 1.35X1X3 + 4.76X2X3 — 3.06X1X2X3 0.9087
Overall Y = 7.70X1 + 6.47X2 + 5.81X3 - 0.26X1X2 + 0.29X1X3 + 2.07X2X3 - 1.13X1X2X3 0.9313

Note: X1 (eggplant leave), X2 (Cricket), X3 (Binder)
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Table 5 Physical, chemical and antioxidant properties of the suitable

formula of baked crispy snack of eggplant leaves fortified with protein from

insects

Physical, chemical and Content

antioxidant properties

Physical properties

Color
L 2282 +1.12
a* -321+0.31
b* 11.53 + 1.30

Chemical properties
Protein (g/100g) 16.24 + 0.72
Lipid (g/100g) 713 + 145
Ash (g/100g) 4.07 +0.76
Moisture (g/100g) 5.89 + 0.26
Fiber (g/100g) 6.79 + 1.05
Carbohydrate (g/100g) 59.88 + 1.36

Antioxidant activity
DPPH radical scavenging (% inhibition) ~ 64.82+3.61

Note: Data is shown as mean values + standard deviation and was obtained

from triplicate samples

d3Unan13IY

oAl

HanduailunzieuiuaunsaulasulusAugnsiafan
Afuilanlinissensude Weldusinuvesluuidedosas 50
USinas sanesusianedesas 30 uazUSinauastanzmse
astglinuasiiipeas 20 agvhlvnanduaiidainugeu
Fggainiu 7.70 TaedA1mnuadna (L) windu 22.82 A1 a*
Wiy —3.21 uagAn b* windu 11.53 Jusunadusau ludu 10
Audu loowns wazanslulewmsn windu 16.24, 7.13, 4.07,
5.89, 6.79 wag 59.88 n3use 100 n3u muddy Tuvuedidigns
lunisdueuyadaselneds DPPH radical scavenging assay
Wity 64.829% Fadnfardlaiuinumslulawmsareudisgs
Faulunsiwauransasiduselumsiinisldasianizein
Suilausaanusunaaslulamsnaai owd undnsasivuy

YR ILTeaunnealy
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ABSTRACT
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The aim of this study was to develop the baked crispy edible eggplant leaves fortified
with protein from insects. The effects of 3 ingredient ratios including edible eggplant
leaves (Solanum melongena L.; 30-50%), crickets (Acheta domestica; 30-50%) and
a binder (Tapioca flour; 20-40%) on the qualities of baked crispy edible eggplant
leave product were studied. A mixture design was applied to examine the amount of
edible eggplant leaves, crickets and the binder on the overall preference of baked
crispy edible eggplant leaves. The results showed that the appropriate ratio for the
production of baked crispy edible eggplant leaves was the mixture of edible eggplant
leaves, cricket and binder at 50.00:30.00:20.00 ratio, respectively. This ratio gave
the highest overall preference with the value of 7.70. The final product, baked crispy
edible eggplant leaves showed the greenish color with L* a* b* value of 22.82, —
3.21and 11.53, respectively. The protein, fat, ash, moisture, fiber, and carbohydrate
content in the product were 16.24, 7.13, 4.07, 5.89, 6.79, and 59.88 g/100g,
respectively. The antioxidant activity measured by DPPH radical scavenging assay
was 64.82%.
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Table 1 Effect of inside air temperature ( T. ) solar intensity ( G )

inavg I, avg

and differential between inside air temperature and ambient temperature

( AT ) of 2 systems solar dryer

Type of solar heater Tin.avg Gl,avg AT
Co W/m?) ©o)
Passive system 478 £ 3.9 684.58 + 56.26 3.0-10.7
Active System 490+ 35 693.21 + 82.09 52-115
t 0.0001 0.0001 -
p-value 0.001 0.792 -

Note: The mean difference is significant at p-value < 0.05

080 —®—Passive system solar dryer
—a— Active system solar dryer

0.60 —&—Tray dryer H
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Figure 4 Drying curve during drying with passive system solar dryer, active

s system solar dryer and tray dryer
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Figure 5 The inside air temperature changes with time of the solar dryer

operating on both systems.
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Figure 6 Drying rate during drying with passive system solar dryer, active

system solar dryer and tray dryer

Table 2 The comparison of thermal efficiency, specific energy consumption

and %yield in different operating dryer.

Parameters Passive system Active system Tray dryer
solar dryer solar dryer
Initial ~ Moisture 459.14 + 70.16™ 444.05 + 60.15™ 420.90 + 39.02™

content (%d.b.)

Final  Moisture 10.60 + 0.85™ 11.43 + 0.82™ 11.61 + 1.07™

content (%d.b.)

Drying time (hr) 7 7 7
Thermal 8.77 + 0.22° 7.96 +0.15° 1.45 + 0.60°
efficiency

(nsys )

Specific  energy 3.86 +0.11° 4.25 + 0.21° 23.34 + 1.04°
consumption

(MJ/kg)

%Yield 20.72 + 0.04° 25.99 + 0.63° 21.50 + 0.50°

Note: a — c difference letter in same raw were significant difference

(p < 0.05) ns in same raw was not statistically significant (p > 0.05)

0.5

0.4

0.3

0.2

Water activity (a,)

0.1

Passive Active Tray dryer

Figure 7 Water activity (aw) of dried product from in different operating dryer

(a - b difference letters were significant difference (p < 0.05))



P. Inrirai et al. / (PRAWARUN AGRICULTURAL JOURNAL 2021) 18(2): 87 - 96 93

INNIVAFOUAMNNVBIHER U Inen1snadeuinad
YDINAN AU DULAIUAEYIINTTLUT BULT BUAMULANG 192N
NAAS U unse U R TS mnen LT asmann Fauansly
Table 3 way Figure 8 WU

FMFUAIAINETING (L) NTOULTIAIELAS BIDULAILUU

v lvdueardulANaIeuINNgn LAgLANA1931NLAS BY

q

o @ a

DUWAINA S UL ED TR og il dud1Ayn19adf (p < 0.05)
LAZLANANINY B9IRaIARY 1L TBd Ay n19ad@ (p < 0.05)
Fauansin1sindnsueilasunadnnseinanon1naieve

NARS M WATIHAIAIINAT 19DV UTULIAIN LA 1NLAS B9

a ¢

DUNAINS I ULEIDTIRG T8 UU Active lTAnuLanga193In

o a

Tiospained 19lvudAgyneads (p > 0.05) @msuen h (Hue)

]

v v v
o '

AuanIDWRnFYa VT UTY NUI1 v UTUN T 4 faag195iand

o
o

=~ v v aa U a Ay v ra
Wwiaedu lnen15ouniens 3 35 Alanduessiutuliinag

o a

wanseiuetNTTad1AYN9Eda (o > 0.05) LATANLLANFIY

Aundnd il utuainvesnained 19l ded1Ayn19ad s

(p < 0.05) dwmsuA1 C (Chroma) FILANITIATMAAIAUUTEANG

1
v
a

YB9E MU NSBULMIAIELATBIDULTILUURIA IiEvD vy

o o aa

TAnuusgvsvesdunniian lnsunnasegaitdedAynieads

o

4 a o 4

(p < 0.05) 9MN1A3 DsEUUTINF 1A TINE WanAn el
gfluduaniesnann fedvdutuildainiedesouuondaay
wasefingiis 2 svuu feuuiandvesdluunnsnsedied
dydAyn1eana (o > 0.05) Pnudasaviuiutoman
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Figure 8 Dried turmeric product (a) Passive system solar dryer (b) Active

system solar dryer (c) Tray dryer and (d) Dried product from market
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This research aims to study turmeric drying by solar energy. The dimension of dryer
was 1x0.8 m?, which has 2 systems were a passive system and an active system,
compare with tray dryer. The turmeric was prepared in 2 mm of thickness for drying.
By no products operation testing found that, an average inside air temperature in
dryer were 47.8 + 3.9°C and 49.0 + 3.5°C, respectively. So, this temperature was
suitable for turmeric drying. From the study of drying time found that the drying
time was 7 hours in all types of dryers (2 systems solar dryer, tray dryer), which a
moisture content of the product is according to a dried herb standard. The moisture
content of dried product was 10.60 + 0.85, 11.43 + 0.82 and 11.61 + 1.07 dry basis,
respectively. and a thermal efficiency of drying system was investigated. The passive
solar dryer had high thermal efficiency at 8.77 £ 0.22, so that, yield of drying product
of all drying types were 20.72 + 0.04, 25.99 + 0.63 and 21.50 + 0.50, respectively.
Moreover, a quality of drying product was studied. For aw parameter. The value was
less than 0.60 in all drying types and was according to the standard. For a color value
found that all four samples of dried turmeric were shades of yellow orange.
However, using an active system solar dryer can dry products with color L* and C

values are not different from products in the market.
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403 1/, MS 1@ BA 1udu 1.0 dadnsusiedns dueasulviuaada
wamnAndususazsinldgean luvaed Jang et al (2003)
519937 ansnsafiuuSinasenniuvesasldiniigauy
915805 /5 MS dulaudy Wudy 2.3 lulasluais A1 pH
5.5 uageMIans /5 MS i 1BA 0.5 lulasluans wanedwsu
nsdmiren Wesnrdamadeadunm 5 - 6 danm
nnsAnui wut muvesuassiuuliuduaulusde
nownd anid 091918 BIUUMITENT Y, MS, 15 MS uay
Y/, MS Y31A31n@13A3UANNTRT A Ule vituesdgaiu
Jang et al. (2003) AnwLUTeuLiBUaIMIIgAT MS ULagn15an
UTUUEIMDIMNTNANGAT /5 MS, /s MS g Yy MS wui
annsaindudlunazaueluvesniuvesuassladign
dennudsssennunesuasiuLemIsgns 1/, MS Hutchison
(1984) 51891UN15HANUTHUAUNTUMDILATIULMTEAT

Linsmaier & Skoog (1965) w@ulatudu idudu 10 lulasluans
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way NAA Wud 0.5 lulastuand uwazsonudiinduii landiu
fiuszavsamlunsiiuSinaeeaniunesuastléinit benzyl
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wanzau Ae 5.7 MsanuUsunalulasiauluemsas lnenisan
USinasinemnandnasnsenianievieded vilruunausu
Tnifiarldanas Ssanunsanauwnusionsiuadulelaslaem
NNSANYINAYDIGATOMTHONTAATIN WU AN
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U51M1Na13AUANNISTIRTIYAULR d8RIIn1siiasinunnid
posidedlugmsoimnsfidinnaifiu BA u3ewfin BA $aufu NAA
d9mAd09A U Wongchaochant & Phumphothong (2015)
seeumsdnilfiAasnuesseniidsduemsgns MS ua

Y/, MS U517nansmivannisiasqiiulavesity d6nsinisiia

'
=

iﬂﬂmnm‘mamﬁLﬁymiuqmmmﬁﬁﬁmi@m BA Tuwug
Khamrit & Kanpoo (2018) i saiiewdeniunesuasan
Fudqulusou (Juran 90 Fu wusn Fudvlugeuvesniu
VRUUATUAAAUEIAAUUEATEIMT I/, MS ﬁﬂimmﬂmimmm
n1sasiAule Jilesidudnisiindu 100 WesLdud

W OUIAUNTUNBURATINUNIZLABIUNAATOINIT 1/, MS L

99

NAA Adudu 0.5 dadnfuredns Wuian 30 Ju wui
funumeswasuinsnlafafige Siuesidudnisiiasinsiifu

88.89 wWasidus s1uIusINREE 6.22 + 0.22 SINFORU
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nmsineil wud ndemihdundnuvesuasseen
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maaﬁuﬂé’wmﬂmmwLﬁyawummiqm 5 MS wag 1/, MS
WunTeluiin BA waz NAA luflmnuunnsnsiuegsdvodfy
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WU 100 Wesidud & Table 2 way Figure 2 Tuvauedi
Jang et al. (2003) 51891131 o WNITLIzd M uNsTIdIsIN
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Aemnvdmadsaduna 5 - 6 dUaw dredundroaneyuna
AN NUDALALNIIE §MT1EIU 1 s 1 18m51590 100

Wasidus

Table 1 Effect of medium supplemented with BA and NAA on growth and development of venus flytraps after 8 weeks culture

Shoot number Leaf number Leaf Root number
BA NAA Fresh weight Shoot Root
Medium (shoots/ (leaves/ length roots/
(mg/L) (mg/L) (mg) size (cm) length (cm)
explant) explant) (cm) explant)
/,MS - - 1,321.1¢ 2.96 "8 12.78° 82.56 4 1.32¢ 13.89" 1.11®
'/,MS 0.5 - 1,877.78%¢ 3.50%8 16.00" 45.55° 2.02"5¢ 0.78° 0.23°
/,Ms 0.5 0.1 982.22¢ 28748 4.11° 20.11¢ 1.33¢ 2.00° 0.39
YAV - - 1,534.45 5 325" 9.44° 75.894 1.715¢ 7.85° 1.63"
'/;MS 0.5 - 2,454.44"° 4.64" 16.56" 52.00® 2.58"® 211 0.54°
PAYS 0.5 0.1 971.11¢ 23368 4.55° 17.78¢ 1.22¢ 4.33¢ 1.27°
/,MS - - 1,755.83 & 3.40%° 9.11¢ 74.28" 1.78%¢ 11.47% 1.614
/,MS 0.5 - 2,707.78"* 4.78" 13.67"8 56.00° 2.88" 0.33° 0.00°
/,MS 0.5 0.1 1,694.45 5 3.83%8 5.67° 21.55¢ 1.85M8¢ 0.89° 0.00°
C.V.(%) 22.24 22.04 17.48 22.03 30.96 3335 25.12
FoTest * * * * * * *

* Significant difference at p < 0.05.

Means followed by the same letter within each column are not significantly different according to DMRT.

1/2MS
BA

1/2MS
05

1/2MS
0s

1/3MS

NAA - 01

Figure 1 Venus flytrap at 8 weeks after cultured on different medium

1/3MS
0s

1/4MS 1/4MS
0S5

01
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Table 2 Survival rate of venus flytrap plantlets from micropropagation

after 1 month acclimatization

Medium BA NAA Seedling  Survival  Survival rate
(mg/L)  (mg/L) Number (%)

Y/,MS - - 9 5 55.33%
1/,MS 0.5 - 9 3 33,338
1/,MS 0.5 0.1 9 5 55.558
/;MS - - 9 9 100.00%
DAV 0.5 - 9 8 88.88"
YAV 0.5 0.1 9 8 88.88"
PAYS - - 9 8 88.88"
PAYS 0.5 - 9 8 88.88"
/,MS 0.5 0.1 9 8 88.88"

C.V.(%) 2217
F-Test *

* Significant difference at p < 0.05.

Means followed by the same letter within each column are not significantly

different according to DMRT.

Figure 2 Venus flytrap plantlets from micropropagation after 1 month

acclimatization

GEIL

Sruanlusionavesnuvesuaseiuulialvidigsiigaile
amﬁymuummiqm 1/, MS /5 MS wag '/, MS U51@31na1s
AUANNISLT YA ULA wazlidnsinisiiasinuinningen
fidsdlugnsenmsiiiniaiiu BA nioifin BA Saufy NAA
NSLAN BA Wudu 0.5 Sadnsustedng iiesetadealuyngns
013 dwmaliiiuwalinduausen tviinan wazvunansa
yoIuveLLATINgsTign e1sTivanzdmiunsifis i
sununesuasiluanimuasnide Ao gas 1/, MS i BA ity
0.5 fadnfusedns aunsaifiusiuiugen tindnan wuiass

v o

Wi warauenluldn wavduldnnsentin 88.88 wWosliud

% A
nadauuna 1 18U

fnAnssuUszA
YBUAN ANLE1ITE WEe WnthiviesuuRnisnans
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Plant growth regulators of medium strength and plant growth regulators concentration on micropropagation

Micropropagation of venus flytrap were investigated to specify the optimum of them. The venus flytrap

plantlets were cultured on /> Murashige and Skoog medium (MS), /3 MS, and /4
MS medium supplemented with benzyl adenine (BA) at concentrations of 0 and 0.5
mg/L including Naphthalene acetic (NAA) at concentrations of 0 and 0.1 mg/L.
After 8 weeks culture, the results showed that the plantlets cultured on s MS
medium supplemented with 0.5 benzyl adenine (BA) have a tendency to produce the
highest fresh weight, shoot size, and leaf length. Besides, the plantlets cultured on
/3 MS medium supplemented with 0.5 mg/L of benzyl adenine (BA) have a
tendency to produce the highest shoot number. The plantlets have a survival rate at
88.88% after 1 month acclimatization.
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999 N - P,05 - K,0 Wwawamﬁaﬁuamaﬁﬂqqﬁ'qm
HANBULIUNAATEEAIINNSLEE Tnedasgsimyas

YaqUugnd (Net Present Value Method: NPV) 91nn154AU
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(Table 3)

Table 1 Effect of PGPR - 3 - BF, Cassava and fertilizer formula toward growth and yield of cassava on Korat soil, series

Height LAI Dry weight Starch Yield
Treatment
(cm.) (cm?/plant) (g./plant) (%) (kg./rai)
A. PGPR bio-fertilizer
Al=Non PGPR - 3 175.80° 162.84° 4,017° 20.91 5,221°
A2=PGPR -3 183.00° 213.23% 4,579° 21.67 5,946
F_test *x *x *x ns *x
CV (%) 6.67 4.68 34.21 10.61 9.41
B. Cassava Varieties
B1=Rayong 9 180.34 193.117 4,271 21.11 5,121°
B2=Kasetsart 50 178.46 182.96° 4,325 21.47 6,046%
F-test ns * ns ns **
CV (%) 7.49 29.28 22.25 8.14 19.21
C. Fertilizer
C1=Control 166.53° 132.7¢° 3,756¢ 21.52 4,490
C2=0rganic fertilizer 500 kg./rai 177.83° 152.14° 3,868 21.54 5,050°
3= N - P,0s- K,0 16 - 8 - 16 kg./rai 180.03° 187.76° 4,393 20.88 5,259°
Cd=N - P,0; - K,0 8 — 4 - 8 kg./rai 169.20° 174.49° 3,867 21.03 5,203°
C5=0rganic fertilizer 500 kg./rai+
N - P,0s - K,O 16 — 8 — 16 kg./rai 192.83° 245.14° 5114° 21.50 6,794°
C6=0Organic fertilizer 500 kg./rai+
N - P,0, - K,0 8 - 4 - 8 kg./rai 189.97° 235.93 4,790° 21.27 6,704
F_test *x *x "% ns *x
CV (%) 5.29 19.97 19.23 8.33 14.37
D. Interaction
F-test Ax B ns ns ns ns ns
CV (%) 6.43 8.99 26.87 16.75 7.39
F-test Ax C ns ** ns ns **
CV (%) 4.78 12.17 17.75 8.39 12.24
F-test Bx C ns * ns ns ns
CV (%) 5.21 20.16 19.68 11.93 8.60
F-test AxB x C ns * ns ns ns
CV (%) 5.21 20.16 19.68 11.93 8.60
*= Significantly different at p < 0.05 by DMRT, ** = Significantly different at p < 0.01 by DMRT,
ns =Non Significantly different at p < 0.05 by DMRT, LAI: Leaf Area Index
Table 2 Effect of the interaction between PGPR - 3 — BF and fertilizer formula toward Growth and Yield of cassava on Korat soil, series
Height LAI Dry weight Starch Yield
Treatment
(cm.) (cm?/plant) (g./plant) (%) (kg./rai)
PGPR - 3+ Fertilizer
Non PGPR - 3 + Control 158.87 121.643 3,830 21.40 4,490
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Height LAI Dry weight Starch Yield
Treatment
(cm.) (cm?/plant) (g./plant) (%) (kg./rai)
Non PGPR - 3 + Organic fertilizer 500 kg./rai 179.33 140.57% 3,756 21.45 4,908°
Non PGPR - 3 + N - P,05- K,0 16 — 8 — 16 kg/rai 178.17 175.07¢ 3,962 20.27 4,975%
Non PGPR - 3 + N - P,05— K,0 8 - 4 — 8 kg./rai 164.83 148.68%f 3,498 20.78 4,845¢
Non PGPR - 3 + Organic fertilizer 500 kg./rai
+ N=P,0;- K0 16 - 8 - 16 kg /rai 187.32 201.02° 4,417 20.62 6,167
Non PGPR - 3 + Organic fertilizer 500 kg./rai
+N = P,0s - K,0 8 - 4 — 8 kg./rai 186.27 190.08% 4,640 20.95 5,938
PGPR - 3 + Control 174.20 143.88° 3,684 21.63 4,489
PGPR - 3 + Organic fertilizer 500 kg./rai 176.33 150.33% 3,982 21.63 5,1929¢
PGPR -3+ N -P,05- K,O 16 - 8 - 16 kg./rai 181.88 200.45° 4,824 21.48 5,543
PGPR - 3 + N - P,05- K,0 8 — 4 - 8 kg /rai 17357 200.30° 4,237 21.28 5,562
PGPR - 3 + Organic fertilizer 500 kg./rai
+ N = P,0s- K,0 16 - 8 - 16 kg /rai 19833 289.27° 5812 22.38 7,420°
PGPR - 3 + Organic fertilizer 500 kg./rai
+ N -P,05- K0 8 -4 -8 keg./rai 193.67 281.78° 4,940 21.58 7,470%
F-test ns ** ns ns **
CV (%) 4.78 12.17 17.75 8.39 12.24

Significantly different at p < 0.05 by DMRT, ** = Significantly different at p < 0.01 by DMRT,
ns =Non Significantly different at p < 0.05 by DMRT, LAI: Leaf Area Index

Table 3 Beneficially Economic for PGPR - 3 - BF implementing with Cassava varieties and fertilizer formula on Korat Soil Series

Fertilizer Total cost? In come® Net profit

Yield
Treatment cost!

(kg./rai) (bath/rai) (bath/rai) (bath/rai) (bath/rai)
PGPR - 3 (A) + Varieties (B) + Fertilizer (C)
ALBIC1 4,173 0 4,704 9,181 4,477
A1B1C2 4,423 1,000 5,954 9,731 3,777
A1B1C3 4,427 886 5,842 9,739 3,897
Al1B1C4 4,377 443 5,369 9,629 4,260
A1B1C5 5,921 1,886 7,839 13,026 5,188
A1B1C6 5,613 1,443 7,211 12,349 5,138
A1B2C1 4,807 0 5,084 10,575 5,491
A1B2C2 5,393 1,000 6,536 11,865 5,329
A1B2C3 5522 886 6,499 12,148 5,649
A1B2C4 5313 443 5,931 11,689 5,758
A1B2C5 6,413 1,886 8,134 14,109 5,975

A1B2C6 6,263 1,443 7,601 13,779 6,178
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Vield Fertilizer Total cost? In come® Net profit
Treatment cost!

(kg./rai) (bath/rai) (bath/rai) (bath/rai) (bath/rai)
A2B1C1 4,155 80 4,773 9,141 4,368
A2B1C2 4,670 1,080 6,182 10,274 4,092
A2B1C3 4,962 966 6,243 10,916 4,673
A2B1C4 4,967 523 5,803 10,927 5,124
A2B1C5 6,810 1,966 8,452 14,982 6,530
A2B1C6 6,949 1,523 8,092 15,288 7,195
A2B2C1 4,823 80 5,174 10,611 5,437
A2B2C2 5715 1,080 6,809 12,573 5,764
A2B2C3 6,123 966 6,940 13,471 6,531
A2B2C4 6,157 523 6,517 13,545 7,028
A2B2C5 8,030 1,966 9,184 17,666 8,482
A2B2C6 7,990 1,523 8,717 17,578 8,861

Significantly different at p < 0.05 by DMRT, ** =

Significantly different at p < 0.01 by DMRT,

ns = Non Significantly different at p < 0.05 by DMRT Al=Non PGPR3, A2=PGPR3, B;=Rayong 9, B,=Kasetsart 50, C1= Control, C2= Organic fertilizer 500 kg. /rai, C3= N — P,Os —

K20 16 — 8 — 16 kg./rai, C4= N - P,0s — K,O 8 — 4 — 8 kg. /rai, C5= Organic fertilizer 500 kg./rai+ N — P,Os — K,O 16 — 8 — 16 kg./rai, C6= Organic fertilizer 500 kg./rai+ N — P,0s —

KO 8 - 4 - 8 kg./rai

! Price of chemical fertilizer; formula 46-0-0 = 10 baht/kg., formula 18-46-0=15 baht/kg., formula 0-0-60=13 baht/kg., chicken manure = 2 baht/kg. and PGPR - 3 = 40

baht/bag. (2 bags/rai)

2 Total cost is calculated from plot preparation cost 750 baht/rai, cassava stem cost 500 baht/rai, cassava stem preparation cost 150 baht/rai, labor cost for planting 200

baht/rai, labor cost organic fertilizer application 100 baht/rai, labor cost for chemical fertilizer application 100 baht/rai, cost of weeding 2 times 600 baht/rai and the cost of

harvesting and transportation 600 baht/ton.

® Income is calculated from the yield multiplied with the price of cassava per kilogram 2.20 baht. (price at October, 2019)
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ABSTRACT
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Korat soil series

This research objective is aimed at technological development appropriated fertilizer

management for cassava cultivation in Korat soil series (Kt). A split-split plot design
was carried out with 3 replications. Main — plot consists of non-applied PGPR — 3

bio — fertilizer (PGPR - 3 — BF) cassava cultivars: Rayong — 9 and Kasetsart — 50
assigned as sub — plot. The sub — sub plot comprises of 6 fertilizer formulas (FR).
Results found that PGPR — 3 — BF application treatment increased the tuber yield by
13.89% in comparison with non — PGPR — 3 — BF application treatment were
statistically significant (p < 0.01). The cassava cultivars Rayong 9 and Kasetsart 50
exhibited significant difference (p < 0.01) in the tuber yield. Kasetsart 50 produced
the higher tuber yield (18.06%) than Rayong 9. Fertilizer formulas gave a significant
difference (p < 0.01) in tuber yield. In addition, the organic fertilizers (OF) mixed
with chicken manure and husk (OF-mix—CH) at 500 kg/rai with chemical fertilizer
(CF) grade 16 — 8 — 16 kg/rai of N — P.Os — K20 gave the highest tuber yield 6,794
kg/rai. There were combination factors effects between PGPR — 3 — BF and FR, in
the present study fertilizer application of PGPR — 3 — BF with OF-mix—CH at 500
kg/rai with CF grade 8 — 4 — 8 kg/rai of N — P.Os — K2 O gave tuber yield as 7,470
kg/rai. This study indicates that fertilizing of PGPR — 3 — BF with organic fertilizers
(OF) combined with chicken manure and husk (OF — mix — CH) at 500 kg/rai can
be reduced chemical fertilizer (CF) by 50% of the recommendation in Korat soil

series.
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