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Abstract

We report the study of the microencapsulation processes of a protein isolate from Cordyceps militaris using spray
drying technique. Maltodextrin (MD), B-cyclodextrin (ﬁ-CD) and maltodextrin mixed with B-Cyclodextrin (MD:ﬁ-CD)
at ratio of 1:1, 1:2 and 2:1 (weight/weight) and the ratio of protein isolate to wall material of 1:4 (weight/weight) were
used as experimental variables. Physicochemical properties of microencapsulated powder, i.e., yield percentage, color
value, water activity, encapsulation efficiency, solubility, chemical composition, total phenolic content, DPPH and ABTS
radical activities were investigated. Protein isolates encapsulated with MD1:[3-CD2 had the highest yield percentage
and protein content of 73.89% and 16.75%. However, B-CD encapsulated had the highest encapsulation efficiency
and solubility of 89.44% and 95.67%, respectively. In addition, all treatments of microencapsulated powder had water
activity, lightness (L*), redness (a*) and yellowness (b*), and total color difference (AE*) values in the range of
0.21-0.25, 74.74-79.20, 7.32-8.65, 35.59-41.52 and 38.94-46.21, respectively. B-CD encapsulated protein isolate
powder had the highest total phenolic content of 101.45 mg GAE/g sample, but MD1:[3-CD2 encapsulated protein
powder had the highest ABTS radical scavenging activities of 1536.49 pmol Trolox equivalent/g sample,

respectively. Therefore, the protein isolate encapsulated with MD1 :ﬁ-CDZ with its high yield percentage and antioxidant

activity, represents an optimal microencapsulation process for Cordyceps militaris.

Keywords: Microencapsulation, B—Cyclodextrin, maltodextrin, cordyceps militaris
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7R NA Lmzﬁﬁmsmmiﬁma%aﬁmz@iavl,iJ

3. msAazviansmeilsng (appearance)
fnwuzdinguasndlulasiounadgalsdu

"LaIsnLaWQWﬂLﬁ@ﬁ"aL“ﬁwﬁﬂaaI@Ui“ﬁmiﬁaﬁmﬁ@@iw 9

5 TANNINARBIIZYNENLIUMINABITNUNINGING (X-AS3,

Fujifilm, Tokyo)

4. MINATIATOUALHANAR (% yield)
Jauaznanfavatnlulasionuadoalysdun
laloiananiRadan@nad ewIInaunsn (1)

NAWAR (%) =  IABNINRIURS (W) x 100

(1

fRBNSUAL (NTN)

5. mMydaniilszAnSnMnnIsraiu (encapsulation
efficiency; EE)
wldsanlaloiaaaniianstsianasnlezns
] @ a ' a & 1a a 2; g ad
vedusfiade 9 dienzidinullsdunmuadisis
= A a a ' . v &
lugiSa tamdSunalusdunawnisvedy aniu
a & 1a a 2( a > ] ¥ e
Aenzitiainullsduuuiuiondsnnnisteiudaudas
MuIDVBI Magsoudlou et al., (2020) ‘Ii’mdLauLLmJ:Ijm
TU56ulalrananAa i aNada 1w 100 N5U WA
Aulwunai@ouwaswatiWmwasidudn 0.1 Tuans Aen
T 7 USH107 1 388807 launaulwidnnw waiwiun
Aenedie3TlugisaanaiTues (Robinson and Hogden,

1940) AnwrmslszEnInwnvaiunaunIh (2)

Usz@nSmwmIviavin (%) = (A - B) x 100 )
A

Umnalstiuieuvedu (lulasnsuiiadses)

lay

(o8]
1

nallsiunismaiu (lulamniudiadaag)
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6. MYATEHAINTINDIRIBETE (water activity; a )

5’@1@iﬁﬁanﬁmaaﬁﬁmzmaawavlulﬂsLauLLﬂﬂsga
Iﬂiﬁuvla‘[mammm,ﬁ@ﬁ;aL“ﬁwﬁwaﬂ@ﬂlfawsﬁaﬁwﬂﬁﬁm@i"]a
9 felaasTanansINIasuINDasy (Series 3 TE, Aqua
LAB, U.S.A) laglddasng 1 n3u laasluimasuasiaios

'
a

JaUSH1 U BRIZAOUILATIERANNANITHVRIUWNBRIEN
NN 25 a9ALTALTON

7. MINATIAAMAEINIIOMNITALATY (solubility)
ANEININlUNITATABY NIl uLAL YA
Iﬂi?\%vLaISﬁLﬂ@]ﬁlﬁﬂLﬁ@ﬁdL“ﬁ’laﬂa\‘lI@Ul%ﬁﬁiﬁaﬁwﬁﬁﬂ
@9 9 daulasauAduas Loksuwan (2007) Fedotng
0.5 N3 HENALTNAWAYZIN AT 50 Tadans udasiluiln
WAIRANEY 8,000 soumnd luiaan 15 Wit 3
miazmUﬁh%hﬁ"L@TLﬁNﬂﬂ%ﬁﬁﬁagﬁl,ﬁwﬂ%mm 10
fadaas mn&mﬁﬂﬂauﬁqm%qﬁ 105 asenalTus 1
e 12 2l frwmenusansalumIssaBInaNy

@ )

aNENINIalwANTAZANY (%) = (A — B) x 100 3)
A

lag A = Wrhnalaginaway (nJu)
B = WMHNA0L19naIay (NTN)

8. MIILATITAANR (L%, a*, b* and AE¥)
wnslulasieunadgalisiulaloaaainida
numanaslaslfasieiusfiadng 9 inTadddiniaios
Hunter Lab (Color Flex EZ, Hunter Lab, U.S.A) luszuy
CIE laodn L* Ifmnuadanuaing a* limnuaazuad/
a lﬂ‘ A A A ' U
0 e (+) unuAFUAd (-) wnuanFden uazen b* 1F
MABAATLARDI/UIU LTD (+) UNUATLARDI (1) UNt
A % a ' 1 a o
AFUIIU wazAIANNA9VRIR AE* lasa1wIanann

N3N (4)

AE =\ (ALY + (Aa) + (AbY (4)

Taon AL* Aa* uaz Ab* fia @NNEIITERING
WITLADTRUDIFIDLNI HAZWIINTLADTRUDIRLAUANSA
§U711 (L* = 93.59, a* = -0.98 uaz b* = 0.35) GalTiwuein

Background
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9. mTIAanzvasdlsznauneiai
J1a¥SouazUSunmAI1udn (moisture)
| (fat) 151 (ash) wazlys6@u (protein) muITva9 AOAC,
(2000) 530157 927.05, 984.13, 942.05 Uz 920.38 A4
aou fudSunmanslulanse (carbohydrate) AnuIm
97N 100 — (%Aun + %Ly + %idn + %lusdu)

10. MmhanzlSanaiineannonan

Sla5K S B ue AnTInNAdI85% Folin-
Ciocalteu colorimetric @1u32a4 Kosasu et al., (2015)
uhm"Lu‘[mmmmﬂgaiﬂiﬁﬂﬂhmmﬂﬂﬂLﬁmfﬁL°ﬁ"1§=naa
lavldmierdusiiadne 9 5 fadnTw azanelutiingu
10 §adaes wavlidduuadidassazarodlatnemn
1 UaR8NT WENNUR1I8ZA18 Folin-Ciocalteu reagent
WuTuIasas 10 U3u16as 5 Uadany LalANRITazae
ldonasuamadudusonas 7.5 USN1a3 4 HaRaas
inlualudidadunm 2 2lus arndin il iadn1iga
nanussdeesasainlasnladined (VIS-732G, Rayleigh,
China) fiszduausnnan 765 wilwauas lagldiun
uaatduuuasd (blank) uszia3sunwanasgiulaslinie
unaanAnNuTuT 25-400 lulasan/adans 9%
Usinmansdsznaufuednionualunsiigwes mg GAE/g

sample

11. M3I@TITANINITANIABONNA DI

11.1 faNsuMIcwauaadasz DPPH (DPPH
radical scavenging activity)

fanssumaduanyadssz DPPH Jianzilas
daulasaaiTuas Wu et al., (2003) inslulasiauuata
‘[ﬂsﬁu"l,aimammmﬁ@ﬁaL“ﬁw?maﬂ@nlﬂﬁmsﬁaﬁmﬁ@@m 9
5 faansu azanslutingn 10 Saddas nauliidriuud
Tulassazaradiagnidiunas 1.5 Jaddas LAuadlu
maw@aaaﬁﬁmsazmm DPPH (2,2-diphenyl-1-picrylhy-
drazyl) L 9NT% 0.15 Had lwans USunas 1.5 Fasaas i ly
vulufigadunm 30 wf mnﬁuﬁﬂﬂi’wﬁmsg@ﬂﬁu
wasdaedasanlasinlafiineAssduanueninau 517
wnlwes IFihndwiuwoasd uaseTounmwanasgu
Tagld Trolox iiudu 10-60 Tulasluans uaunaluniig

a3 ymol Trolox equivalent/g sample
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11.2 fINIsuMIcwauaadasz ABTS (ABTS
radical scavenging activity)

flanssumIduauyadasz ABTS Jahlas
daulasanituas Binsan et al., (2008) siwndlulasian
LLﬂﬂégaIﬂsﬁu‘laTmLammnLﬁ@ﬁatﬁwﬁwaaiﬂﬂlﬁaWSﬁaﬁu
THAANN ¢ 5 UaENTY azanelutingu 10 Sadan Haw
Iwdnmuudrthidassazansmatnadiunas 150 lulasias
NEUNLUENINZAN8 ABTS (3-ethylbenzothiazoline-6-sulfon-
ic acid) WWudu 7.4 Fadluans YSuas 2,850 lulasaas
valufifiodwnan 2 2l 9nii ildiadnsganiu
usashsiadasmnlasilafinofAssduanueInan 734
wluwes Tapldindwduuuasd uaztadounsiw
wasgulasls Trolox iiudu 10-600 lulaslusnd :oam
NALWAUIE pmol Trolox equivalent/g sample

12. MFIAZHANIERG
a 6 v va A
';mﬂ:ﬁmmLLﬂsﬂsaumaamagaIﬂ o455
ANOVA 103 anuanensvasaass lag3s Duncan’s
multiple range test (DMRT) Muuaa N Taauni9snan

(MD) (p-co)

(MD1: B-cD1)

seduanuBaiuiasas 95 (p<0.05) lagl3lusunsy SPSS
(statistical package for the social science for windows
version 29.0) (SPSS Inc., Chicago, USA)

WanIInaaadnazanlIngna

anwmweilsng

mvl,uiﬂﬂaul,mﬂga‘[ﬂs?m"tahmwmnLﬁ@]ﬁ"mm
fnaslavldansredu laud vaalniandniu wer-lolaa
LANTNTU WATNOA INANTNTUHNINAULLG-Lrlaaiand
MIuludasain 1:1 1:2 uaz 2:1 (ﬁmﬁfﬂ/fi'mﬁn) WU
fnemenemonwseindlulaseuuadgalisduleloan
mmﬁ@ﬁ"mﬁﬂ%ﬂaahUl%msﬁaﬁmﬁ@@m 9 (Figure 1)
fnadiwdassaniiazidon Lﬁaaaﬁnlﬁqmgﬁﬁgaluﬂ']sﬁ']
LLﬁ’aLmuw'charJﬁwiﬁwavluiﬂsLammﬂégaﬁ"vlé‘hiﬁuﬁ’;ﬁu
WDuiau ‘é‘nﬁy'asl,umuaumsﬁaﬁu*’ﬁnﬁm:ﬁ’mﬁﬂﬁ
Iﬂsm‘i"]waﬂu‘[mmmmﬂﬁgaLﬁﬂmwm@hLﬁ'umﬂ%u
Lﬁﬂgwwsl,u‘[ﬂiaaﬁ"ﬂﬁaawa@iawavluiﬂiLauLLﬂﬂigaﬁvl@Tﬁ
AuTL uazUSinamindassfian (Suyalek et al., 2020)

(MD1: B-cD2) (MD2: B-cD1)

Figure 1 The appearance of microencapsulated protein isolate from Cordyceps militaris

Jouaznandauazlz@nsawnisvena

nsfnmsasaznaniazaindlulasianualsa
Iﬂiﬁuvl,ahmmmLﬁ@ﬁ;\wﬁﬂﬁmﬂ@ﬂsl,%msﬁaﬁmﬁmha 9
(Table 1) Wuin mIvarudBuaalmandrIu wen-lo
1ARLANTYISH WaTNEA INANTNIUHINALILM- ko laaian
TN3u F3ouazHaNAaInUTasas 65.51 68.57 LAz 72.31-
73.89 aNa1GU lasuaalniandnIunaunuiud-lolas
wndniu JuTunnsovaznaniagigaatniiiosdny
(p<0.05) fi%ouay 72.31-73.89 ﬂ%mmwawamﬁgwao
m&ma*‘ummﬁnﬁlﬂum Falunaunanmsniadiasng
Taweatfanuis (drying crust) saedlasiulaling
ims@afiniiafiaauuis (drying chamber) (Escobar-Avello
et al., 2021)

nmsfinmdszdniaiwmavedunslulasian
LLﬂﬂsgaIﬂiﬁuvlaIsma@mﬂLﬁ@ﬁ"aLﬁﬁ%ﬂaaaglu‘*ﬁaﬁaﬂa:
86.52-89.44 (Table 1) wui1 wilulasiauuailgalsiule
Ima@mﬂLﬁ@ﬁl'ol,ﬁﬂ?maaﬁﬁaﬁuﬁamuﬁﬂ-vlsﬂﬂamﬂsfﬂ%u
Lﬁﬂ{lamaLﬁmﬁﬂsz%w%mwmiﬁaﬁugaﬁz@ﬁa Touas
89.44 tasnnud-lolaaendniwduaslulaiase
Uszanlaalnudnenlsaiiinanmssesuildaoion ol
lalaatandrsulnaladaninuineisa (cyclodextrin glyco-
syltransferase) Usznaudionglas 7 luiana Mdanin
A1uWWDe Ol-1,4-glycosidic (Siva et al., 2020) lasf
Imm‘%’ﬂmﬂugﬂwLLmuﬁﬂizﬂauﬁa vlalasiau uazngla
%ﬁﬂaaﬂs’fmuagmﬂlﬂmmqa ﬁqmauﬁaleimuifﬁoﬁﬂ
ﬂﬁﬁ%mﬁ'ﬂuLaqamiﬁuﬂ%ﬁﬁrﬁwmswﬁa wattu
ayUsznouTatand ﬁﬂﬁﬁﬂmauﬂ'ﬁiumﬁﬁmﬁumi
ﬁﬂﬁmﬂﬁﬁ (Quan et al., 2020)
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Table 1 Yield, encapsulation efficiency, water activity and solubility of microencapsulated protein isolate from Cordyceps

militaris using different types of wall materials

Yield EE Solubility
Treatments a
(%) (%) W (%)

MD 65.51 + 0.97°" 86.52 + 0.22° 0.25 + 0.01° 84.13 + 0.68°
B-co 68.57 + 1.14° 89.44 + 0.25° 0.23 + 0.02* 95.67 + 0.75°
MD1:[3-CD1 72.31 + 1.24° 88.17 + 0.10° 0.23 +0.01% 88.99 + 0.41°
MD1:3-CD2 73.89 + 0.54° 88.20 + 0.13° 0.22 +0.03° 93.88 + 0.72°
MD2:[3-CD1 72.48 + 0.74° 87.59 + 0.46° 0.21 +0.02° 92.75 + 0.33°

* Values are given as means = SD (n=3)

** Different with letters (*°) in the same column indicate significant differences (p < 0.05)

MD: Maltodextrin
B-CD: |3-cyc|odextrin

MD1:[3-CD1: Maltodextrin mixed with ﬁ-cyclodextrin at ratio of 1:1, (weight/weight)
MD1:[3-CD2: Maltodextrin mixed with ﬁ-cyclodextrin at ratio of 1:2, (weight/weight)
MD2:[3-CD1: Maltodextrin mixed with ﬁ-cyclodextrin at ratio of 2:1, (weight/weight)

luauideuas Escobar-Avello et al., (2021) @nt
nszuaumslulasieuuadmadumsaniavasanslsznay
WuaAnanduain Zaazanslulamuosiianain 30:70
Wnavaiinas) vedudiswd-lolesiandviniasas
2.2 (lagwninasaia) Waufuyealnandnsud
aaIdIwIas 10 (ﬁmﬁfﬂ/ﬂ’%mm) Wud U¥eeas
NAKWRALYINNU 83.80 S‘E'ag(mdwﬁaamd"?‘llvl,&iﬁm'sﬁaﬁuﬁd 2
win wazlldszEnTaiwnisiedugefiefeuaz 80.50
Dobroslavi¢ et al., (2023) 1uiuwi lulasieuuadgaves
sIafefnadnfistaainlunsziu (Laurus nobilis L.)
Weruduaalniandriunsuiviud-lolasandriulu
daTEINIDLAT 50:50 (ﬁﬁﬂﬁﬂ/{é’mﬁﬂ) ludanaiuans
snadamIvieRu 1:2 (ﬁmﬁﬂ/ﬁmﬁn) laglfinafiarinuwis
LLUMWuNaﬂﬁqmﬂgﬁmvﬁwﬁ 180 a9ALTALTHE WU
HARAA AMUEINTElNNTAZANY USHNmANT uasdl
UseRnEnmnsveviugitafasas 78.96, 59.47, 2.51 uaz
74.41 UAAL

A9NIITNYBIRNBATLUALAMNEINNTAINANT
azany

AaNTINvedindasfiannii 0.6 ﬁ?ﬂﬁ@a’]ﬂqﬂ’]‘i
funwvesenwis iesaniifanssuvesindassil
zaNdanIRIYYeadunid wasljisemeduad
(Mahdi et al., 2020; Valkova et al., 2022) Las&1HNI%

nasgunsaiusigazmnyuldnmuafianssnven

daTrvIRananIanIELTgY (UKT. 862/2013) dadias
N1 0.6 (Thai Industrial Standards Institute, 2013) G'f%\‘i'ti]’m
miﬁﬂmﬁmﬂﬁmaaﬁhaa‘sz*‘nmmvluiﬂﬂaul,t,ﬂﬂﬁga
Iﬂiﬁu"l,aisma@mﬂLﬁ@ﬁaLﬁwﬁﬂaJI@ﬂ“ﬁmiﬁaﬁmﬁmm 9
WU ﬁﬁamsmao{fﬁm:ag’lumﬁ:m’m 0.21-0.25
Fadaeglunasionudarmuasasunasgiunaadi e
T

fauaNNEaNIaluINTaza8vaIma ulas
LauLmﬂsgaIﬂsﬁuvlaPma@mﬂl,ﬁ@ﬁ"wﬁ'l'ﬁﬂauﬁﬁm‘sﬁaﬁu
dowd-loleaiandriu fanusansalunsazaug
ﬁq@‘ﬁ"ﬁgaﬂa: 95.67 (0<0.05) (Table 1) &In3xLINMITN
LLﬁ\‘lLLuuw'mJaUe'mwa@iamnﬁﬂgw;ﬂﬂmm%wadm
lulasiauuatgadneay

a1

HavaITiamIeRNGReNT (L*, a*, b* uaz AE¥)
vasud lulasienuadoallsiuleloan matomanasou
LAZNIRTINUTLENTANWNINTUDATINTILLRUUIVD I
S A .
BLITINNUY FradsNTaInNaNTadue-lolaaan
€ a v ' dld € a & ' v
snmua:mﬂvl,mmmuwaa‘[mwnmmuMumwm&u (Foo
et al., 2020; Pudziuvelyte et al., 2019) ROAANDINUIH
33uv04 Villela-Castrejon et al., (2017) in1n13@n®
ﬂi:mumﬂuimmmmﬂgamsquwmﬁ NNVBIRLAN
Iﬁdd’mLLﬂigﬂ“ﬂ"YﬂW@ (corn wastewater; nejayote) W31

ﬂ?iﬁﬂLLﬁdLL'U‘LJ‘IN"H,NaUﬁ’llﬁLﬁﬂal&ﬂ’]ﬂmdlﬂu“ﬂ‘idﬂa&lﬁﬁ
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from Cordyceps militaris with Maltodextrin and ﬁ-CycIodextrin

miﬂszmwawm@Lmﬂ@mﬁu"ﬁuag’ﬁumsﬁaﬁuﬁi"ﬁ lag
Ndﬁvlﬁ%’lﬂﬂ’]ﬂfLuﬁ’]-vL‘ﬁIQGL(ﬂﬂsﬁrﬂ%ul,ﬂua‘léﬂ’]ﬂﬁﬁﬁ’s
wihi3oy fanwoefwdlodoniu WaziUwIAaANALAN
nihmslduealnendnin sevn R AR FudaRuann
I snsaazansldanin lagdenviiutesss 78.1-80.0
NNAdITNENes (Table 2) WU Fananwaing (L¥)

atlut4 74.74-79.20 Fam arfulisduleloaaaniia
SognamasdsuealniandnIuieainadon sonal
mmad’mﬁ@hgaﬁq@ dranuduiuas @) aglugae
7.32-8.65 dumanuduindas (b%) aglutig 35.50-
41.52 uazenanuasuass (AE*) ag’lwﬁ'sd 38.94-46.21

Table 2 Color values of microencapsulated protein isolate from Cordyceps militaris using different types of wall

materials
Color values
Treatments
L* a* b* AE*

MD 79.20 + 0.01%" 7.32 £ 0.01° 35.59 + 0.01° 38.94 £ 0.01°
B-co 75.61 £ 0.03° 7.57 £ 0.02° 41.27 £ 0.01° 45.51 £ 0.02°
MD1:[3-CD1 76.96 + 0.02° 8.65 £ 0.01° 38.29 + 0.01° 42.27 + 0.02°
MD1:[3-CD2 75.92 + 0.01° 8.65 + 0.01° 40.67 + 0.01° 45.07 + 0.00°
MD2:[3-CD1 74.74 £ 0.01° 8.25 + 0.01° 41.52 + 0.01° 46.21 + 0.01°

* Values are given as means + SD (n=3).

** Different with letters (*°) in the same column indicate significant differences (p < 0.05).

MD: Maltodextrin
ﬁ-CD: f)-cyclodextrin

MD1:[3-CD1: Maltodextrin mixed with ﬁ-cyclodextrin at ratio of 1:1, (weight/weight)
MD1:[3-CD2: Maltodextrin mixed with ﬁ-cyclodextrin at ratio of 1:2, (weight/weight)

MD2:[3-CD1: Maltodextrin mixed with ﬁ-cyclodextrin at ratio of 2:1, (weight/weight)

dranuaing (L) wlulasuadgandvaalmand
a 1 s 1 d’d v 6 A
riugenitludadnnfiivd-lolasendnin lasannz

v A @ o Aa ¢ a A ' a P
atnsdsludraganlnaalnandnIuiosatnaae) (e
a 1 1 ) a ' AadAa ‘l’
L@en) danan NN IuFLas LazANNLANANIaIRIA N
figa W8N (Table 2) ugadliiAni lulasuadgaiiaion
v v 6 a Aaa v 1 dl =
draud-lalasiandnIwiauaaduninninieilIoy
WguAuNaalnandnIs soan8aInuITniIdTeva
Sharayei et al., (2020) 31897431 MIANUINIMUBIRNT
wermwe-lolaaiandriuuaznaalniandriusosas 5
way 10 lumzmumi"lﬂmLammﬂsgm%um‘saﬁ@mﬂ
waanniufia (pomegranate peel) §9WaN A L* uaz b*
°uaawo"LwIﬂiLauLLﬂﬂﬁgaﬁmLﬁuﬁuua:msﬁaﬁmﬁzmaa
INandNINTFINA LR TAIANNETI WazAIA NN WE
mﬁaugan’j’mﬁﬁaﬁuﬁumuéﬁ-vl,sniﬂamﬂﬁﬁﬂ%u FAIUAN
d' ] v v € Aa
a* v lulasauuadgsiivierudouaalniandniu uas
2 € Aa A

wan-lolaatangnin Ja1aaad

wanani Sarabandi et al., (2019) NBINWINNNT
WngAHuLENn 140 1w 170 asmiTalTos T

nszwaumsllasenualmatuasananndianuzda
islaglduaalniandniudosas 10 (lasimiin) iuas
ﬁaﬁuﬁmumiﬁﬂLLﬁuLLuqu\lamﬁmaﬁﬂﬁm L* gu"‘ﬁu
FIUAT a* uaz b* VA1aaad é’dﬁufuqnmgﬁm%iﬂumsﬁw

v ' 2 A VA a @ 6
UWAILLUAN N AINNRADRVDINE AN DU

asadsznauniaLadl

ssrdsznaumaaizanlulaseuuadgallsdiu
"LaIsmammLﬁﬂﬁl'amw%mﬂ@ﬂ%miﬁaﬁw"nﬁmm 9
(Table 3) Wuin ﬁﬂ%mmmw%ﬂuwﬁ@ﬁmﬁag’lu‘*ﬁw
Souaz 2.19-2.41 f'ﬁu@nuﬂ‘s:mﬂn‘s:m’mmm’smqmlu
naaF T sfunnwiaiy T atufl 4252021 mnua
TwiUsinmenutuwlifuioss: 10 (lagsiwiin) 3adn
mm%umadwdvl,aﬂmt,ammﬂsgaiﬂiﬁuvlaiﬁma@mﬂLﬁ@fﬁ
i &nadaglunuyiunasgiu (Ministry of Public Health,
2021) dntSanmludu i uazanslulaasavasnlulas
LauLLﬂﬂsgaIﬂsﬁu"laiﬁmaﬂmﬂLﬁﬂfﬁLﬁwﬁﬂaﬂ@ﬂfmsﬁa
wurfiadne 9 aglutasionaz 0.56-0.72 0.15-0.45 uaz
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80.17-84.55 AINAGTL uaﬂmnﬁﬁﬂ%mm‘[ﬂiﬁuaglifl,wﬁ’m
Jouaz 12.31-16.75 WU é’aaa’wﬁﬁﬂ'ﬁﬁaﬁuﬁwwaa‘[w
anSnIuHaNAULL- lrlaaiandniuludangiun 1.2 §
ﬂ%uwmlﬂiﬁugdﬁq@whﬁ'u%aﬂaz 16.75
I@Uﬁ"’svl,ﬂLLﬁaﬂizﬁwﬁmwlumw’a‘v}”m:uﬁs
unAuindTualdsduludagnsazifiuin niedu
Tsaulelnanannifindadnanasdoiwd-lolasiand
MR sImaedadUszanTawlunv aﬁwﬁga (Table
1) %aﬁwlﬁﬁnéuwaaugﬁﬂmvliﬂué'@mﬁmndwiaﬂ%mm
Iﬂsﬁu’[ué”aaz}wﬁﬂ%mmﬁaﬂﬂdwﬁ'samdﬁﬁmmaﬁw
Fovoalnandrswdssdiden defiadszansawle
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nmaedutaandt wisfitSumwedudnanlsdlunva
ﬁuiﬂiau"l,@?ﬁayﬁﬂﬁﬁﬂ’%mmiﬂiﬁuﬁﬁ'ﬂvlﬁﬁmgm AU
e mﬁ@Lmzé’m’]muﬁ@mﬁmaamiﬁaﬁwﬁwaﬁﬂﬁaaﬁ
Usznaumaadiuanensin Ussansanwuesnmsyui
niovsunmanadmdududssdyiifioadaslunis
MAUAR NN Lm:mﬂqmnﬁu%'mmmaawﬁmﬁmeﬁﬁﬂu
B Lﬁaamﬂﬂ%mmmw%uﬁgamaLﬂumlmﬂ,ﬁl,ﬁ@m’m
wilealuayninvasndasiut (Pudziuvelyte et al., 2020)
vaalniandvisu uaziud-lolaaendniudliiiuaniva
ﬁuiuawuﬁﬁuﬁﬁqmauﬁaﬁaﬂﬂaaﬁums@mmm%mﬁu

val
9219

Table 3 Chemical composition of microencapsulated protein isolate from Cordyceps militaris using different types of

wall materials

Moisture Fat Ash Protein Carbohydrate

Treatments

(%) (%) (%) (%) (%)
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MD2:[3-CD1 2.19 + 0.03* 0.72 £ 0.07° 0.45 + 0.05° 15.46 + 0.17° 81.18 + 0.29°

* Values are given as means + SD (n=3).

** Different with letters (*°) in the same column indicate significant differences (p < 0.05).

MD: Maltodextrin
[3-CD:-cyclodextrin

MD1:3-CD1: Maltodextrin mixed with 3-cyclodextrin at ratio of 1:1, (weight/weight)
MD1:3-CD2: Maltodextrin mixed with 3-cyclodextrin at ratio of 1:2, (weight/weight)
MD2:[3-CD1: Maltodextrin mixed with 3-cyclodextrin at ratio of 2:1, (weight/weight)
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Figure 2 Total phenolic content of microencapsulated
protein isolate from Cordyceps militaris using different
types of wall materials. Values are expressed as
means + SD (n=3). Different lowercase letters indicate

statistically significant differences (p < 0.05).
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Figure 3 DPPH radical scanning activities of
microencapsulated protein isolate from Cordyceps
militaris using different types of wall materials. Values
are expressed as means = SD (n=3). Different
lowercase letters indicate statistically significant

differences (p < 0.05)
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Abstract

The purpose of this research was to study the growth and bioactive compounds of one-year-old Dendrobium
friedericksianum Rchb.f. cultured under different LEDs light conditions. The pseudobulb of orchid extracts was used
to study edible coatings. No significant differences of plant height and diameter were found when culturing under
different LEDs light conditions for 6 months. The analysis of bioactive compounds from the pseudobulb of Dendrobium
friedericksianum Rchb.f. incubated under different light conditions for 7 months found that the IC50 value of extract of
orchid grown under purple light was statistically significantly lower than that of other light colors, corresponding to the
total phenolic content of orchid extracts and the total flavonoid content from the orchids extracts from the purple light

cultured. The results for culturing orchids under the LEDs to control the required amount of active ingredient were
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generally better compared to the natural planting. Edible coatings were studied from orchid extracts with the objective

of finding ways to delay changes in quality and to extend the shelf life of Kluai Khai and lime. It was found that there

were no significant differences for the application of coating agent to delay the color change of Kluai Khai and lime,

and delay changes in firmness, sweetness, pH value and the acid content of Kluai Khai. This information provides

guidelines for further development of Kluai Khai and lime of coating formulations in future.

Keywords : LEDs light, dendrobium friedericksianum Rchb.f., antioxidant activity, coating, edible coating
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Table 1 Effect of different color of light on plant growth
of Dendrobium friedericksianum Rchb.f. after

cultured for 6 months

Light Plant Pseudobulb  Number of
condition height diameter leaves
(cm) (cm)
white 23.47 0.61 11.75°
orange 23.22 0.78 8.90°
purple 20.43 0.67 8.10°
pink 20.64 0.74 3.20°

Means with different letter within column are significantly
different at (p<0.05).
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Table 2 Yield and properties of bioactive compounds of Dendrobium friedericksianum Rchb.f. stem extracts cultured

different light conditions for 7 months

Light conditions

Phytochemical content

white orange purple pink
Yield of crude extract (percentage) 8.31+0.25 8.06+0.79 7.89+0.37 8.44+0.17
Total phenolic content (MgGAE.g") 9.100.20° 9.01+0.06" 9.71+0.06" 9.23+0.07°
Flavonoid content (mgQE.g'1) 188.44+3.87" 180.07+3.63° 194.38+2.32° 174.56+2.32°

IC50 DPPH radical scavenging (mg/mL)

IC50 ABTS radical scavenging (mg/mL)

1456.39+27.35"

801.06+20.65°

1496.72+6.37° 1128.58+25.84° 1189.57+7.35°

823.81£32.44™ 639.41£14.96° 868.13£28.94°

Means with different letter within row are significantly different at (p=<0.05).
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Table 3 Color value of coated bananas and stored at

room temperature (3012 °C) for 7 days

Orchid Color value
extract (%) L* a* b*
Control 60.43+1.48 10.93+1.80 40.73+2.25
0 63.17+1.46 10.97+3.00 42.63+2.31
0.5 59.00£5.25 4.90+6.97 38.57+4.74
1.0 58.831+6.26  4.60+8.70  40.57+5.99
1.5 59.50+3.91 5.23+6.09 40.73+4.73

Table 4 Color value of coated lime and stored at room

temperature (30+2 °C) for 7 days

Orchid Color value
extract (%) L* a* b*
Control 56.13+2.44 0.8711.86 44.17+21.47
0 55.17+5.81 -0.3316.47 46.57+6.90
0.5 52.3314.08 -2.13+2.50 39.9048.73
1.0 50.67+5.59 -2.67+3.65 39.231+9.67
1.5 50.63+1.69 -2.10+0.96 37.97+3.89
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Table 5 Results of firmness, %brix, pH value and %total acidity of bananas stored at room temperature (30+2 °C) for

7 days
Orchid extract Firmness pH % Total
(%) (Kglem?) % Brix value acidity
Control 3.90+0.23 11.67+9.43 5.45+0.42° 1.27+0.96
0 4.10+0.58 11.754+9.00 5.64+0.37%° 1.33+0.79
0.5 4.11+0.50 11.7948.31 5.630.37%° 1.45+0.98
1.0 4.16+0.53 10.46+7.84 5.66+0.39% 1.54+0.83
1.5 3.87+0.27 13.25+9.86 5.76+0.68° 1.44+0.95

Means with different letter within column are significantly different at (p=<0.05).

mﬂwamiﬁ@umm’smﬁauﬁ’;m’rmﬁmnnﬁngﬂ
nanunadelsy Lﬁaﬁcﬂmﬂqmﬂﬁu%'ﬂmnﬁaﬂ“ﬂua:mu’n
F9nad wumsldansiedauiinanasananaqs e
IuT 1.0-1.5% Suwilingiaseaanm sl aswilaazuas
naneliuazuzunla laaseaamItfauilasrnanuaing
1A A A =) 1 (=3 a s
AT LILAZAN TR IUITRININITAUTNEN 1-7 %
- vd 1 a v o -
amaawavlumﬂauumJaaLummﬂluwavlumammqLLﬂI‘iﬂ
wagvinfivanalsilasiuasalinanad analignaaals
Waﬁa:amﬂéhl,wiLmEﬁuLLazLLEnuIﬁWaéﬁxﬂ'omag'u,az
Unngfduta MlddFmtsaduawiouduiona (e
qmmﬁma, 2547) &N 3TzaoMItU skl asnnuninh
L8 ANEINK ANULTUNTAANS wazUSumnIaTaINaE
lafanuduRusiuaaNurIL wazanuunIadnanas
dWasnnnamsduldnadszianlaawunmasn (climacteric
fruit) 1lafinsgnazifounsliibumens Gnsmgl
£ ad n' :3 a dl L 6
LRZANTRIILANDRULANTU FNTURouuUaIvaINTSLTas
ﬁﬁ’ﬂﬁl,ﬁaa'au@ummnmsﬁ’mwuadLauvlﬁﬁﬁ LRSLAANNT
A A A A A & A A 8L ad
wWasuwlasgvasdfonwanngdpndugintes TIRHS
azifludidsananuungn (aus) Iunsysol, 2548)
dwnTuuzmndunaliszianueu-laauuninadn (non-
climacteric fruit) §8ammImeladaudnsnsfiuazzaniaue
wiadanmimelaazanasatinedi g wianiuiinaldeas g
' a v =) lﬂld 3
&N wazsaNiFely wan1sldasafaunidanisveas
y N a4 A e
mMatdfsuuilaidnd g Aneduainaun sstedauEadn
@ A o v A« A A oA . @ A
m@‘nm%m‘nLﬂuLawaumamanmulum‘sﬂsmﬂam
UsstMa lagaadamanisla nsuanilauuwmg uas
FAINNITNN00NTLATY TINDINITTERONTLRONRAIN
a a X A A€ .
LLa:mimqum'ﬂmzymﬂmaama@aumm (Rojas-
Gral et al., 2009; Trevino-Garza et al., 2015)

ajﬂwami‘nﬂaaauazﬁaLa%mm:

msﬂgmgmﬂﬁaﬂvl,ﬁmw%'uwgsmﬂlﬁamwum
AUANEITH A0 WEIEID, URIRAY, LEIFNIY UATUAS
Fouw (uszoziom 6 Wan wohmaeiydulamasdiu
ANFY °nm<ﬂLﬁumug{uﬁﬂmwaaﬁ'@nﬂﬁayvl,mwm@m
AUNIEHa ﬁﬂ'smgua'é‘aa%islwﬁw 20.43 19 23.470
rudtas Sruraidudiuguinans 0.61 s 0.78
wudwas wasdavindrelifiiumanassnoldussd
VIENAMIUSNIUNARRATITIAAREIY WATILATIEA
Punaiuednmu USinaa huesd wazdn IC_ wudns
Lémﬂﬁ'sﬂvl,ﬁmﬁaﬁuﬂgimﬂlﬁLLaaﬁmﬂﬁwaﬁﬂimm%
39 TnoUSinafinednmuuazsunmnahussdsanlu
FIFNANNE? alvlaj"q?‘il,gméhmmﬁahaﬁﬂ’%mmgaqﬂ uae
wamsﬁmawaamwaamsaﬁ'@ﬁﬂdwmsaﬁ'@ﬁtgmﬁm
LEIFEUY LTUAT FIUNIIRAWENILARELINEIETR
nae LU nRaMIRMMEN TR LM BRIRNAINN
ﬂé}”’;U"Lmﬁaﬁ@mﬁqﬂmﬁu%'ﬂumﬁ'ssvl:*}jl,mzmunﬁaﬂﬁm
wui1 msiuSnsnaasuazuzung 1-7 u lasmsls
saadeufinnasafiandiolinnzduanudntuld
naliuandrsiunesia damslemsedouiuwaliuln
nrdaengmiainuinm Frpmraansilasunasd
ypindldnazuzud wazluwildnlunisvzaans
Wagsulasanuuiniite anuww anudunsasg
waz3unamnsapasndels annanInesesianIasin
Tl duuwanslunsiamgasamaadaundioliuae
vzwnlududaly



276 Pornpan Sukhumpinij et al.

naanssnlsznie
mu”‘a%’sﬁ”lﬁ%‘umiaﬁumguﬂamludaLa‘%u
INeEEas ITVUATUIANTIN (3I%.) FIHNITBAIE
NITNNITFILEIVINDATAS ITOUALUIANTIN (FNFD.)
Ysvdszunm 2565 fAduveveuqmamzinalula
MINBAT AANDFENTADTIWNITE SmTuaouA
Tumsendiumsiseluaseit

LN&NTD19D9

SA5INITI WAN. (2550). MITWILUEAUAINIZLALY
aiBanaaely awInndinsasenaas.

Ay ynenfiesd. (2547). n1gnvadna laf lugars=nay
nN13L3yuN1I8a %I Postharvest physiology
horticultural course. AMALLNHATANRAS NWIINLRE
Bl

el 'a;aiw‘ﬁ‘f. (2559). MINAFIUFTIINNIHAL uaznnﬁ%w
%amwwamannﬁaywmgwTzz/ Bnenfinusine
MEATUNTIANA, VRIINLINUYINI]. UR1ANRD
YW,

AUALNDY WILaRUNIA waziiTen Sauduwur. (2562). Waw
ﬁlﬂ?ZNWIZ@qf https://www.foodnetworksolution.com/
wiki/word/0666/edible-film.

Tunwn suysainIwd, WrTen yynaum uazyuiRaw
WNBUNITNE. (2558). navodlaloailsusdanisiiia
srwnlslanafulaveavesndrelimnelofode
8NA. MIUEPUITIN IV INNAUNBATAIFAT a3
71 35 (1. 675-680). WATAINLNALINHATANTAS.

Naw Usznide, Suaasd waklasing wazfnddng
TBAnLaTI W3R, (2561). miﬁnmnnfi;uaamiwnny
indlundrelithuszunaniensverswusa1niv
TUTU. http://cmruir.cmru.ac.th/handle/123456789/
12667locale=th

ouant Inones. (2549). naag laidaslng (0397 12). 1m
USRI,

aum FunIyInl. (2548). LanmIlsznaumsisuunIaan
girnannslana. ameInNseaas aandu
waluladnousnaine e,

Chidambara M. K.N., Jayaprakasha G.K. & Singh R.P.
(2002). Studies on antioxidant activity of pomegranate
(Punica granatum) peel extract using in vivo models.
Journal of Agricultural and Food Chemistry, 50, 4791-
4795.

J Sci Technol MSU

Hasan, M.M., T. Bashir, R. Ghosh, S.K. Lee, & Bae, H.
(2017). An overview of LEDS effects on the production
of bioactive compounds and crop quality. Molecules,
22(9), 1420.

Hossain, M.M. (2011). Therapeutic orchids: traditional
uses and recent advances-An overview. Fitoterapia,
82, 102-140.

Phanumas, K. & Kamplon, P. (2007). Lighting system for
growth enhancement of Thai orchids. Proceeding of
the 2007 ECTI International Conference.

Prommajak, T., Surawang, S & Rattanapanone, N. (2014).
Ultrasonic-assisted extraction of phenolic and
antioxidative compounds from lizard tail (Houttuynia
cordata Thunb. Songklanakarin Journal of Science
and Technology, 36(1), 65-72.

Rojas-Grali, M. A., Soliva-Fortuny, R., & Martin-Belloso,
0. (2009). Edible coatings to incorporate active
ingredients to fresh-cut fruits. Trends in Food Science
& Technology, 20(10), 438-447.

Singhatong, S., Leelarungrayub, D., & Chaiyasut, C.
(2010). Antioxidant and toxicity activities of Artocarpus
lakooha Roxb. heartwood extract. Journal of
Medicinal Plants Research, 4(10), 947-953.

Trevino-Garza, M. Z., Garcia, S., Flores-Gonzalez, M.S.,
& Arévalo-Nifio, K. (2015). Edible Active Coatings
Based on Pectin, Pullulan, and Chitosan Increase
Quality and Shelf Life of Strawberries (Fragaria
ananassa). Journal of Food Science, 80(8), 1823-
1830.

Yeow, L.C., Chew, B.L., & Sreeramanan, S. (2020).
Elevation of secondary metabolites production
through light-emitting diodes (LEDs) illumination in
protocorm-like bodies (PLBs) of Dendrobium hybrid
orchid rich in phytochemicals with therapeutic effects.

Biotechnology Reports, 27, 1-5.



le U A A Q = 1
E]‘I’Iﬁ(ﬂ’]%l,l,ﬂﬂ‘l’lLiﬂﬂﬂdﬂﬁiﬁﬂﬂ%ﬂﬂﬂ%gmiﬂau Ltaznﬁﬂs:qnm“lﬁ%aymm
Antibacterial activities of formulated plant ethanolic extracts and application in liquid

soap products

v Igng’, Imane nudu’, dagen auaudall’, THaT WaInan? uaz INATAN INLT87
Monton Visutthi", Chuthamat Nuchuen', Chatsuda Thanomsin', Chanattra Pluangnok® and Wimonrat Khuakkhiao®
Received: 3 September 2023; Revised: 16 October 2023; Accepted: 2 November 2023

UNAALD

ssfannfzsiulny fonifuduuefidounsaanlddniuuefidounsaay ‘me’i%‘mﬁ%’ﬂﬁﬁmsﬁwmgmwau
PBIRIINNAINND L‘ﬁlaiﬂﬂﬁgmiwﬁuﬂlﬂdﬁﬂiﬁﬁ@mﬂﬁ“ﬁﬁﬁﬂﬂ%ﬁu5\‘1LL‘Uﬂ‘ﬁL%EJLLﬂiSJU’JﬂLLa:LLﬂiNaUVLﬁ mydnmitle
ynmsdadanfionomun 4 w0 l6un luandudn (Tectona grandis L1.) twirandwlna (Zingiber cassumunar Roxb.)
imhandu i (Curcuma longa L.) WazHAINNGUNZaI9n 18U 4 (Carissa carandas Linn.) $17NN3La388R1S
8NAAIY 95% LaHON mnifu"l,é'fﬁﬂmm%wgmiwauﬁwm 15 §03 LaznaFaLnNsMILATISY Staphylococcus
aureus ATCC 29213 Waz Escherichia coli ATCC 25922 ¢183% Agar disc diffusion LLaz Broth microdilution Qmwm\l‘ﬁl
1ﬁqw’§€1’u5‘\1L%aﬁﬁa:gmﬁﬂﬂﬁiuﬁqu’ﬁfﬁu&n%aﬁ’mmﬂﬁ‘%mmiumﬂ WATUNTUAL TIWIU 8 ENBWUE wazsinly
'ﬂi:qﬂmﬂuagmmLﬁmﬂumiaanqw’ﬁfﬂmquL%aLLUﬂﬂL‘%ﬂ MM INARIUIZRNTNINMNTRAIWIBLTASLUATIS BUD
FULARIHNENENTINAFATHEN HANITNARBIWLIN miaﬁ’ﬂgmwawﬁ 4 ﬁqw%ﬁuﬁdLLUﬂﬁL‘%ﬂ"l@Tﬁndﬁgmwauﬁu 9 lagd
@1 MIC dauuafiizaunsuuan waziuafiBaunsuay iniu 0.6-2.5 mg/ml Laz 5.0-10.0 mg/ml ANa1GU Lazda1 MBC
FouUANBULNINLIN WazLUATIRULNINAL LYINNL 2.5-10.0 mg/ml U8z 10.0-20.0 mg/ml @IUAIAY WANIINANDI
ﬂizﬁw'ﬁmwmaaagmmﬁwaumiaﬁ@gmmau wmfﬂmajmmmmsﬂa@ﬁwmwﬁaﬁumﬂL‘%m"lﬁﬁaLmiumn LAZLNINAL
namsansnituaesliifini AIRNAFATHANITWININN Twa wiiw wazazanemanzwn W fussansanwlumsiudoge
wuAfisuunIuLIN wazunIay laa

f‘i/ =

AE1ATY: MIFNAFATHENNAT, NTAULLATIEY, FLUIRA7

Abstract

Many plant extracts are more effective against Gram-positive bacteria than Gram-negative bacteria. This research
aimed to develop a plant extract formula with antibacterial activity against both Gram-positive and Gram-negative
bacteria. Four distinct plant species, namely leaves of Tectona grandis L.f., rhizomes of Zingiber purpureum Roscoe,
rhizomes of Curcuma longa L., and fruits of Carissa carandas L., were extracted using 95% ethanol. A total of 15
different extract formulations were prepared and subsequently evaluated for their antibacterial efficacy against
Staphylococcus aureus ATCC 29213 and Escherichia coli ATCC 25922 using agar disc diffusion and broth microdilution

methods. The most promising formulation was further assessed against eight strains of both Gram-positive and
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Gram-negative bacteria. Additionally, the selected formulation was incorporated into a liquid soap, and its efficacy in
reducing bacterial cell counts was investigated. The results demonstrated that the fourth formulation exhibited superior
antibacterial activity with minimum inhibitory concentration (MIC) values ranging from 0.6 to 2.5 mg/ml against Gram-
positive bacteria and 5.0 to 10.0 mg/ml against Gram-negative bacteria. Minimum bactericidal concentration (MBC)
values of the formula against Gram-positive bacteria ranged from 2.5 to 10.0 mg/ml, while for Gram-negative bacteria,
MBC values ranged from 10.0 to 20.0 mg/ml. This study also revealed that the liquid soap containing the extract

formulation effectively reduced bacterial cell counts for both Gram-positive and Gram-negative bacteria. In conclusion,

this study highlights the efficacy of the extract formula in combating a wide spectrum of bacterial infections.

Keywords: Formulation plant extract, anti-bacterial activity, liquid soap
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Table 1 Extract formulation and the formula ratio of each

plant extract.

Plant extracts

Leaves Rhizomes Rhizomes Fruits

Formulation
of Tectona of Zingiber of Curcuma of Carissa

grandis  purpureum longa carandas

Formula 1 2 1 1 1
Formula 2 1 2 1 1
Formula 3 1 1 2 1
Formula 4 1 1 1 2
Formula 5 1 1 1 1
Formula 6 1 1 1 -
Formula 7 1 1 - 1
Formula 8 1 - 1 1
Formula 9 - 1 1 1
Formula 10 1 1 - -
Formula 11 1 - 1 -
Formula 12 1 - - 1
Formula 13 - 1 1 -
Formula 14 - 1 - 1
Formula 15 - - 1 1
Tectona grandis 1 - - -
Zingiber - 1 - -
purpureum

Curcuma longa - - 1 -
Carissa carandas - - - 1
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Table 2 Ingredients of liquid soap.

Ingredients Amount
Texapon N8000 330 g
Ammonium Lauryl Sulfate 30g
Sodium Chloride 30 g
Distilled water 550 ml
Prioly B-750D 30g
Glycerin 30 g
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lfgmiwauﬁ {MasiEouunfi3eu1sTiaonavsdas
709729 9§ MBC/MIC Lﬂumiﬂsuﬁmm%;ﬁm
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Table 3 Antibacterial activities of different formula extracts using agar disc diffusion.

Formulations and

Inhibition zone (mm=SD)

extracts S. aureus MRSA E. coli E. coliR
Formula 1 7.50+0.21 8.80+0.15 0.00+0.00 0.00+0.00
Formula 2 7.50+0.07 9.8010.17 0.0040.00 0.0040.00
Formula 3 7.50+0.07 10.70+0.15 0.0040.00 0.0040.00
Formula 4 8.50+0.07 9.30+0.10 0.00+0.00 0.00+0.00
Formula 5 8.00+0.00 9.50+0.07 0.0040.00 0.0040.00
Formula 6 7.00+0.00 10.3040.21 0.0040.00 0.0040.00
Formula 7 7.00+0.14 9.30+0.15 0.00+0.00 0.00+0.00
Formula 8 9.0040.00 8.50+0.07 0.0040.00 0.0040.00
Formula 9 7.00+0.00 9.0040.00 0.0040.00 0.0040.00
Formula 10 8.00+0.00 8.00+0.00 0.00+0.00 0.00+0.00
Formula 11 0.0040.00 0.0040.00 0.0040.00 0.0040.00
Formula 12 10.0040.00 10.00+0.00 0.0040.00 0.0040.00
Formula 13 8.00+0.00 9.00+0.00 0.00+0.00 0.00+0.00
Formula 14 8.00+0.00 7.0010.00 0.0040.00 0.0040.00
Formula 15 10.0040.00 10.00+0.00 0.0040.00 0.0040.00
Tectona grandis 10.704£0.12 15.804£0.30 0.00£0.00 0.00£0.00
Zingiber purpureum 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00
Curcuma longa 0.00+0.00 8.00%0.00 0.0040.00 0.0040.00
Carissa carandas 0.00+0.00 9.00+0.00 0.00+0.00 0.00+0.00
Antibiotic 28.00£0.17 21.7040.06 23.7040.32 10.3040.06

Table 4 MIC and MBC values of different formula extracts.

Formulations and

MIC and MBC values (mg/ml)

extracts S. aureus MRSA E. coli E. coliR.
Formula 1 20/2.5 2.5/>20 20/20 >20/>20
Formula 2 20/0.6 20/0.6 20</20 >20/>20
Formula 3 10/0.6 20/0.6 20/20 20/>20

Formula 4 10/0.6 20/1.25 20/10 20/10

Formula 5 20/0.6 20/0.6 20/20 >20/>20
Formula 6 10/2.5 20</5 >20/>20 >20/>20
Formula 7 20/5 5/>20 20/20 >20/>20
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Formulations and

MIC and MBC values (mg/ml)

extracts S. aureus MRSA E. coli E. coli R.
Formula 8 20/10 20/2.5 20/20 20/20
Formula 9 10/10 5/20 20</10 20/>20
Formula 10 20</10 10/>20 >20/>20 >20/>20
Formula 11 20</5 2.5/>20 >20/>20 >20/>20
Formula 12 20</5 20</5 20/10 20/10
Formula 13 20/5 5/2.5 >20/>20 >20/>20
Formula 14 10/5 20/5 20</10 10/>20
Formula 15 20/5 10/2.5 10/>20 5/>20

Tectona grandis 5/5 1/2.50 20/>20 5/>20
Zingiber purpureum 2</100 10/>20 >20/>20 >20/>20
Curcuma longa 0.6/5 2</50 >20/>20 >20/>20
Carissa carandas 20/5 20/5 20/5 5/>20
Table 5 Antibacterial activities of formula 4 against other bacterial strains
Bacterial strains MIC values MBC values MBC/MIC ratio
(mg/ml) (mg/ml)
Acinetobacter baumannii NRRU 001 10 10 1
Escherichia coli ATCC 25922 10 20 2
Escherichia coli NRRU 001R 10 20 2
Chromobacterium violoceum DMST 21761 5 10 2
Klebsiella sp. NRRU 004 10 20 2
Salmonella enterica NRRU 002 10 20 2
Salmonella Typhi NRRU 003 25 20 8
Staphylococcus aureus ATCC 29213 0.6 10 16
Methicillin Resistant Staphylococcus aureus NPRC 001R 1.25 20 16
Staphylococcus epidermidis ATCC 12228 25 5 2
Staphylococcus epidermidis ATCC 35984 2.5 10 4
Staphylococcus intermedius TISTR 668 1.25 5 4

3. ﬂizanﬁmimu@uL%ﬂtLUﬂﬁL‘%ﬂmaaay:Lﬁa'maN
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wuaSele (Figure 2)
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Snsiems 4 ha AlFluedTeitlidanulufie wie
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VIR

Percent of bacterial cells

Control Water Soap MBC 2MBC 4MBC 8MBC

Figure 1 The effect of liquid soap mixed with various
concentration of extract formula 4 on reducing the
number of S. epidermidis cells. Data are presented as
the means + SD of three representative percent of
bacterial cells. The results showed statistically
significance (*, p < 0.05) of the differences between

the 4 formulas and soap control results.
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Figure 2 The effects of liquid soap mixed with various
concentration of extract formula 4 on reducing the
number of S. epidermidis cells. A; the initial amount of
bacteria, B-G; the amount of bacterial remaining after
washing with B, tap water; C, liquid soap; D-G, liquid
soap mixed with extract formula 4 at MBC (D); 2MBC
(E); 4MBC (F); 8MBC (G).
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Figure 3 The effect of liquid soap mixed with different
concentration of extract formula 4 on reducing the
number of E. coli cells. Data are presented as the

means + SD of three representative percent of bacterial
cells. The results showed statistically significance

(*, p < 0.05) of the differences between the 4 formulas

and soap control results.



Vol 43. No 4, July - August 2024

Figure 4 The effects of liquid soap mixed with various

concentration of extract formula 4 on reducing the
number of E. coli cells. A; the initial amount of bacteria,
B-G; the amount of bacterial remaining after washing
with B, tap water; C, liquid soap; D-G, liquid soap
mixed with extract formula 4 at MBC (D); 2MBC (E);
4MBC (F); 8MBC (G).

ﬁ‘éﬂwaﬂﬂiﬂﬂaaﬂLLR$‘?T§JL€“%§JLL%$
Tusuddoitldugasliifindodszansniwns
fJufiuazainmouUARZIUNITILIN URUNSUALTINEITD
59stﬁ%’su:‘uaamiaﬁ'@qmwammaﬂuﬁn wd b i
PRUEU HaNz9ANE M dadasEILNEY 1:1:1:2
gmwawﬁmmmlﬁ‘ﬂumiaaﬂqw‘ﬁrﬁwm%aLmﬂﬁﬁﬁlu
HAAAMITYINANAEz0R uazdszandlElunEad el

snTumugueuuailiFudug 1o

naaAnssnlsznie
mu‘i%‘ﬂf?l,ﬁ%unuq@mgums’i%‘mwmuﬂizmm
wHBan dszanthudszana w.a. 2566 uazwITuam:
Ingneaaiuazinalulad snAnenfuTAguasTEL
ﬁlﬁmmﬁum&mm’i%’waaﬁﬂﬁﬂm

LaN&15971989

uma Agnd. (2017). qw'f;ﬁww,l,mﬁl,%ﬂméw Staphylo-
cocci Ba9F13FAANATsfinussialuimnia
UATINTRNN. KKU Science Journal, 45(4), 805-816.

Antibacterial activities of formulated plant ethanolic extracts and application 285

in liquid soap products

WMa AgN3. (2019). Formulation of plant extracts for
some pathogenic bacteria inhibition. Progress in
Applied Science and Technology, 9(2), 125-135.

Candra, D. H., Eka, S. P., & Sinta, W. U. (2019). Acute
toxicity of Indonesian natural food colorant Tectona
grandis leaf extract in Wistar rats. Journal of Medical
Sciences, 19, 69-74.

Cieplik, F., Jakubovics, N. S., Buchalla, W., Maisch, T.,
Hellwig, E., & Al-Ahmad, A. (2019). Resistance
toward chlorhexidine in oral bacteria—is there cause
for concern?. Frontiers in Microbiology, 10, 587.

Gonzalez, N., Sevillano, D., Alou, L., Cafini, F., Gimenez,
M. J., Gomez-Lus, M. L., Prieto, J. & Aguilar, L.
(2013). Influence of the MBC/MIC ratio on the
antibacterial activity of vancomycin versus linezolid
against methicillin-resistant Staphylococcus aureus
isolates in a pharmacodynamic model simulating
serum and soft tissue interstitial fluid concentrations
reported in diabetic patients. Journal of Antimicrobial
Chemotherapy, 68(10), 2291-2295.

Jampa, O., Panthong, S., & ltharat, A. (2019). Phyto-
chemical constituents, anti-microbial, anti-inflamma-
tory and cytotoxic activities of Carissa carandas L.
fruit and seed extracts. Thammasat Medical Journal,
19(4), 654-666.

Kazimoto, T., Abdulla, S., Bategereza, L., Juma, O.,
Mhimbira, F., Weisser, M., Utzinger, J., von Miiller,
L., & Becker, S. L. (2018). Causative agents and
antimicrobial resistance patterns of human skin and
soft tissue infections in Bagamoyo, Tanzania. Acta
tropica, 186, 102-106.

Koontongkaew, S., Poachanukoon, O., Sireeratawong,
S., Dechatiwongse Na Ayudhya, T., Khonsung, P.,
Jaijoy, K., Soawakontha, R., & Chanchai, M. (2014).
Safety evaluation of Zingiber cassumunar Roxb.
rhizome extract: acute and chronic toxicity studies in
rats. International Scholarly Research Notices,
2014,632608.

Lachapelle, J. M., Castel, O., Casado, A. F., Leroy, B.,
Micali, G., Tennstedt, D., & Lambert, J. (2013).
Antiseptics in the era of bacterial resistance: a focus

on povidone iodine. Clinical Practice, 10(5), 579.



286 Monton Visutthi et al.

Misic, A. M., Gardner, S. E., & Grice, E. A. (2014). The
wound microbiome: modern approaches to examining
the role of microorganisms in impaired chronic wound
healing. Advances in wound care, 3(7), 502-510.

Neimkhum, W., Anuchapreeda, S., Lin, W. C., Lue, S. C.,
Lee, K. H., & Chaiyana, W. (2021). Effects of Caris-
sa carandas Linn. Fruit, pulp, leaf, and seed on oxi-
dation, inflammation, tyrosinase, matrix metallopro-
teinase, elastase, and hyaluronidase inhibition.
Antioxidants, 10(9), 1345.

Niamsa, N., & Sittiwet, C. (2009). Antimicrobial activity of
Curcuma longa aqueous extract. Journal of Pharma-
cology and Toxicology, 4(4), 173-177.

Prajuabjinda, O., Panthong, S., & Itharat, A. (2012). An-
timicrobial activity of Thai medicinal preparation of
Khampramong Temple used for cancer treatment
and its plant components. Journal of the Medical
Association of Thailand, 95, S159-65.

Soleimani, V., Sahebkar, A., & Hosseinzadeh, H. (2018).
Turmeric (Curcuma longa) and its major constituent
(curcumin) as nontoxic and safe substances. Phyto-
therapy Research, 32(6), 985-995.

Taechowisan, T., Suttichokthanakorn, S., & Phutdhawong,
W. S. (2018). Antibacterial and cytotoxicity activities
of phenylbutanoids from Zingiber cassumunar Roxb.
Journal of Applied Pharmaceutical Science, 8(7),
121-127.

Temrangsee, P., Kondo, S., & Itharat, A. (2011). Antibac-
terial activity of extracts from five medicinal plants
and their formula against bacteria that cause chron-
ic wound infection. Journal of the Medical Association
of Thailand, 94, S166-71.

Visutthi, M. (2016). Anti-bacterial and anti-quorum sens-
ing properties of selected medicinal plants from
Nakhon Ratchasima Province, Thailand. Progress in

Applied Science and Technology, 6(1), 1-13.

J Sci Technol MSU



a A a

nsaaugnuuafiiafindaanlrdizagiaguazdSanasiaamisnaniuigaiagsnag
TN
The isolation of cellulase producing bacteria and macronutrient components in coconut
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Abstract

The purpose of this research was to isolate cellulase producing bacteria and study the amount of Macronutrient
components in 5 samples of coconut weevil feed. 22 of 108 bacterial isolates produced cellulase. Enzymatic
production efficiency was high in 15 bacterial isolates (13.89%) with HC value of 2.01-3.00. The isolate SA05, a
gram-positive, rod-shaped bacterium, produced the highest cellulase activity (HC value of 3.00). In addition, the
macronutrient components nitrogen, phosphorus, and potassium in samples were measured. The highest amounts of
nitrogen and potassium components were found in the SA sample, 2.20 + 0.00 mg/kg and 30.59 + 2.70 mg/kg,
respectively while the highest phosphorus component in the SB sample was 319.48 + 0.00 mg/kg. This study found
that coconut weevil feed contained cellulase producing bacteria and could be a source of plant nutrients especially
phosphorus. However, there should be further study in development of organic fertilizer production from waste

materials from coconut beetle farming.

Keywords: Cellulase, bacteria, macronutrient, coconut weevil
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Figure 1 Characteristics of isolated

bacterial colonies on CMC Agar
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Table 1 Cellulase enzyme production efficiency of isolated bacteria

Assessment of the level of

Isolate no. Gram staining Shape HC value
cellulase production
SA02 Gram positive Rod 1.83 >
SA05 Gram Positive Rod 3.00 i
SA07 Gram positive Rod 217 o
SA13 Gram positive Rod 2.00 *
SA21 Gram Negative Rod 2.36 o
SA22 Gram Negative Short rod 2.7 o
SBO03 Gram Negative Short rod 1.83 *
SBO05 Gram positive Rod 1.83 *
SB17 Gram positive Rod 217 o
SB19 Gram positive Rod 2.83 o
SC10 Gram Negative Rod 217 o
SC17 Gram positive Rod 1.67 *
SC21 Gram Negative Rod 2.50 o
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Table 1 Cellulase enzyme production efficiency of isolated bacteria (Contunue)

J Sci Technol MSU

Assessment of the level of

Isolate no. Gram staining Shape HC value
cellulase production
SDO1 Gram Negative Rod 2.20 o
SDO03 Gram Negative Rod 1.13 >
SDO7 Gram positive Rod 2.29 o
SD13 Gram positive Rod 242 o
SEO01 Gram positive Rod 1.67 >
SEO03 Gram positive Rod 2.07 o
SE04 Gram positive Rod 2.60 o
SE17 Gram positive Rod 214 o
SE23 Gram Negative Rod 2.33 o

* represent HC value < 1.00, ** HC value as 1.01 - 2.00 and *** HC value as 2.01 - 3.00
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magnification microscope and cellulase production
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Table 2 Nitrogen, Phosphorus and Potassium contents in Coconut weevil feeding material

Macronutrient contents in sample (n=5)

Sample Nitrogen Phosphorus Potassium
(mglkg) (mglkg) (mglkg)
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SD 0.28 + 0.00° 308.52 + 0.87° 22.94 + 2.70°
SE 0.59 + 0.00° 299.49 + 0.53° 25.23 +2.09°

Remark; > " ° Different letters indicates a difference statistically significant at p<0.05 (a, b, ¢ show the experimental

values in order from least to most)
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Abstract

This research developed soymilk ice cream (SMI) mixed with pulp from ripe Palmyra fruit (RPF) in amounts of 0.01,
0.1 and 1%, by weight of soymilk. Chemical compositions, physical properties and sensory quality (quantitative
descriptive analysis, QDA) of the ice cream samples were analyzed and compared with the control sample (without
RPF added). The results showed that an increase in RPF resulted in an increase in viscosity of SMI-RPF (p=<0.05).
The overrun of SMI-RPF samples was likely declined, thus resulting in an increase in their melting rate, hardness and
adhesiveness of SMI-RPF. Moreover, increased RPF promoted increases in a* and b* found in SMI-RPF. The results
from the sensory quality assessment showed that there were no statistical differences in colour, foul-smell, sweet taste,
texture and ice crystal size between all ice cream samples (p>0.05), whereas the SMI mixed with 1% of RPF had a
higher intensity of aroma from RPF when compared with SMI (p<0.05). Even though the statistical analysis showed
that foul-smelling was not statistically different in all ice cream samples, the average value of foul-smelling in SMI-RPF

was likely declined. This showed the possibility of the utilisation of RPF to mask the foul-smelling from SMI.

Keywords: Ice cream, soymilk, palmyra fruit
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Table 1 The ingredients of soymilk ice cream with and without RPF.

Ingredients (%) SMI SMI-RPF 0.01% SMI-RPF 0.1% SMI-RPF 1%

soymilk 70.75 70.74 70.65 69.75
pulp from RPF - 0.01 0.1 1
non-dairy whipping cream 17.15 17.15 17.15 17.15
white sugar 10 10 10 10
commercial stabilizer (SEP) 0.5 0.5 0.5 0.5
carboxymethyl cellulose (CMC) 0.15 0.15 0.15 0.15
corn starch 1.35 1.35 1.35 1.35
salt 0.1 0.1 0.1 0.1
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carbohydrate (%) = 100 - (moisture (%) + protein (%) +
lipid (%) + fiber (%) + ash (%)) (1)
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Figure 1 Characteristic of soymilk ice cream with RPF 0.01% (A), 0.1% (B) and 1% (C); SMI (D)

and pulp from RPF (E)
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@189 Quantitative descriptive analysis (QDA) Tag
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Table 2 Descriptions and references used for the sensory profiling of soymilk ice cream samples

Attributes Definition Anchor words with scales References
colour Pale yellow, evaluated from the white 38 soymilk (Fong Fong)
first sight on ice cream. yellow 86 toddy palm cake (EZY-Sweet)
RPF odour Aroma from natural ripe less 27 soymilk (Fong Fong)
Palmyra fruit, evaluated from strong 85 toddy palm cake (EZY-Sweet)
smelling.
foul-smelling Beany-like aroma, green aroma, less 14 soymilk (Fong Fong)
evaluated from smelling. strong 37 soymilk (local market)
sweetness Sweet taste from sugar, less 12 sugar solution 1%
evaluated from tasting strong 65 sugar solution 20%
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Table 2 Descriptions and references used for the sensory profiling of soymilk ice cream samples (Contunue)

Attributes Definition Anchor words with scales References

texture Hardness and softness from ice soft 6 coconut milk ice cream (Wall's)
cream texture, evaluated from traditional coconut milk ice cream
the first bite on ice cream hard 55 (local market)
sample.

ice crystal size Size of ice crystal in ice cream, small 7 coconut milk ice cream (Wall's)
evaluated from the first bite on traditional coconut milk ice cream
ice cream sample. large 68 (local market)

a 6 aa
3. NMINATTARANWADA

(1) miﬁﬂmadﬁﬂi:ﬂaumaLﬂﬁLLazqmauﬁa
MM EANL a9 laan3uazlnITINILHUAN TN AR aILLL

1 6 a a % @
guawysal (2) mydszfiugumwmadszandudaazls
mﬁ’mLqumiﬂmamumﬁuiuuﬁanawyiﬂ AR

aNuLysUsInveIaafnal83T

Table 3 Chemical compositions of soymilk ice cream with and without RPF

Chemical composition (%) SMI SMI-RPF 0.01%  SMI-RPF 0.1%  SMI-RPF 1%
moisture 75.02+0.41° 71.54+1.10° 69.09+0.34° 65.12+1.31°
protein 0.52+0.02° 0.46+0.20° 0.48+0.01° 0.60+0.02°
lipid " 2.49+0.15 2.32+0.07 2.43+0.03 2.36+0.23
fiber ™ 0.85+0.07 0.88+0.02 0.91+0.03 0.94+0.02
carbohydrate 17.6940.59° 22.55+0.84° 24.35+0.28" 28.29+1.55°
ash 2.1620.17° 2.7120.47° 2.7620.11° 3.38+0.18°

Data are presented as means + standard error.

Data with the different letter superscripts within each row are significantly different (p=<0.05).

ns means no significant difference between means (p>0.05).
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Table 4 Physical properties of soymilk ice cream with and without RPF

Physical properties SMI SMI-RPF 0.01%  SMI-RPF 0.1%  SMI-RPF 1%
viscosity (cP) 3,028+64° 3,247+74° 3,307+17° 3,759+5°
overrun (%) ™ 88.32+6.67 87.97+5.83 78.39+4.34 72.27+9.55
melting down (g/min) 0.480.01° 0.54%0.01° 0.530.01° 0.75+0.02°
L* " 96.77+0.61 96.65+1.12 97.43+0.69 97.18+0.92
a* 1.76+0.45° 3.01£0.1° 2.82+0.14° 5.14+0.37°
b* 3.13£0.38° 9.87+0.2° 10.72+0.09" 16.57+0.24°
hardness () 2,447+194° 3,408+91° 3,970+112° 6,798+92°
adhesiveness (mJ) 3.63+0.59" 4.83+1.91° 6.26+0.54™ 8.86+0.88°

Data are presented as means +* standard error.

Data with the different letter superscripts within each row are significantly different (p<0.05).
ns means no significant difference between means (p>0.05).
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Table 5 The intensity of attributes found in soymilk ice cream with and without RPF

Attributes sMI SMI-RPF 0.01% SMI-RPF 0.1% SMI-RPF 1%
colour ™ 25.1+10.8 25.5+10.5 27.2+10.1 52.8+11.2
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Data are presented as means +* standard error.

Data with the different letter superscripts within each row are significantly different (p=<0.05).

ns means no significant difference between means (p>0.05).
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Abstract

The objective of this research was to study the diversity of kratom subpopulation in the Southern Thailand using
morphological characteristics for classification. Study on kratom specimens in 9 provinces in the area of Southern
Thailand: Surat Thani, Nakhon Si Thammarat, Trang, Phatthalung, Krabi, Phang Nga, Chumphon, Prachuap Khiri
Khan and Ranong. Record of ecosystem and morphological characteristics. Data were analyzed and a dendrogram
using the UPGMA technique. It was found that kratom can be divided into 2 large groups: 1) Group of green petiole
includes green, yellow-green and green-yellow colors 2) group of red petiole includes red, red-orange, pink-orange
colors. Leaf shape can be classified into 3 types: lanceolate, obvate and obovate. Leaf base can be classified into 3
types: cuneate, obtuse and cordate. Leaf apex can be classified into 2 types: cuminate and cuspidate. Leaf margin
can be classified into 2 types: entire and dentate. Stipule color can be classified into 3 groups: green and yellow-green
group, orange-pink and pink-orange group and red-orange and red group. Therefore, it can be indicated that the

Southern Thailand has a wide variety of kratom population with morphological differences.

Keywords: Diversity, Kratom, morphology, Southern Thailand
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Figure 1 Research areas of kratom specimens

in Southern Thailand
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Table 1 Growth characteristics of 268 kratom plants in

Southern Thailand

Growth characteristics Max. Min. Average
Altitude above sea level 137.87 (m) 2.0 (m) 44.56 (m)
Age of kratom tree 100.0 (y) 0.5 (y) 13.3 (y)
Circumference 200.0 (cm) 6.0 (cm)  57.3 (cm)
Height of kratom tree 39.2 (m) 1.2 (m) 9.5 (m)
Canopy width 11.8 (m) 0.8 (m) 5.2 (m)
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Figure 2 Altitude above sea level (A), age (B), circumference (C) height (D), canopy width (E) and propagation
method (F) of 268 kratom plants studied in Southern Thailand

Table 2 Number of kratom plants separated according to characteristics from total of 268 plants

Characteristics Sub-characteristics Amount Percentage
Name according to appearance KKTK group 161 60.07
KKBP group 39 14.55
KKHK group 18 6.72
KDTK group 34 12.69
KDBP group 3 1.12
KDHK group 13 4.85
Leaf shape Lanceolate 140 52.24
Ovate 59 22.01
Obovate 69 25.75
Leaf base Cuneate 106 39.55
Obtuse 99 36.94

Cordate 63 23.51
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Table 2 Number of kratom plants separated according to characteristics from total of 268 plants (Contunue)

Characteristics Sub-characteristics Amount Percentage
Leaf apex Acuminate 160 59.70
Cuspidate 108 40.30
Leaf margin Entire 237 88.40
Dentate 31 11.57
Stipule color Green/Yellow-Green 156 58.21
Pink-Orange/Orange- Pink 34 12.69
Red/Orange-Red 78 29.10
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Figure 4 Samples of red petiole (Kan Daeng) group; KDTK (A), KDBP (B) and KDHK (C)
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Figure 5 Leaf shape of kratom; lanceolate (A), ovate (B) and obovate (C)
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Figure 7 Leaf apex of kratom; acuminate (A)

and cuspidate (B)
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Figure 8 Leaf margin of kratom; entire (A)
and dentate (B)
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Figure 9 Stipule color of kratom; green/yellow-green
color group (A), orange-pink/pink-orange color group

(B), orange-red/red color group (C)

Figure 10 Inflorescence color of kratom; light yellow

color (A), orange-pink color (B)
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Figure 11 Development of flower and fruit of kratom plants
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Figure 12 UPGMA dendrogram of kratom plants in Southern Thailand generated by morphological characteristics.
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Abstract

We present a smart control system for cultivation of orange man Japanese melon in greenhouses via IoT platform.
The study was performed at an organic complete farm. The objective of this research was to create a smart control
system and control the environment inside a greenhouse to provide optimal conditions for seedling growth. The designed
structure of the nursery greenhouse could accommodate a maximum of 360 seedlings, allowing the cultivation of
healthy and complete melon seedlings within an area of 600x1800x300 cm before transplanting them for actual
cultivation. This smart system design was divided into five parts: 1) seedling nursery design, 2) control system design,
3) photovoltaic system setup, 4) workflow design, and 5) user interface design; the user interface was designed by

using the Blynk IoT platform version 2.0 to monitor all results on web applications and mobile applications. The results
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in greenhouses via loT platform

showed that the developed system could effectively monitor and control according to the setting conditions. Additionally,
the system could increase germination rates and enhance the growth efficiency of Japanese organic melon seedlings.
The germination rate improved by 93.33% compared to traditional nursery cultivation methods. It was found that the
seedlings grown through this smart system had an average height of 6.5 cm, which indicated a growth rate increase

of 54.76% compared to traditional cultivation methods. It was concluyded that the developed system effectively enhanced

the germination rate and reduced damage to Japanese melon seedlings.

Keywords: Smart control system, seedling nursery, internet of things, Japan melon
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(b) (c)

Figure 4 The structure of the seedling nursery system. (a) Left side (b) Back side (c) Right side

()

Figure 5 Outside and inside of the seedling nursery at an organic complete farm research site.
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Table 1 Results of air temperature calibration

True value Measure value Emea %Error
Et
1 2 3 4 5 Average
25.2 256 254 256 252 254 25.44 0.95
27.3 273 277 276 273 274 27.46 0.58
29.1 29.3 291 295 295 292 29.32 0.75
31.2 305 312 315 307 312 31.02 0.57
33.1 327 335 332 334 328 33.12 0.24
Total average 0.62
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Figure 17 The results of correlation analysis
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Table 2 Results of soil moisture calibration

True value Measure value Em %Error
Et
1 2 3 4 5 Average
5.1 3.85 4.6 5.6 5.2 5.8 5.01 0.2
20.2 19.8 204 193 205 211 20.22 0.88
40.1 39.3 41.2 41.9 421 38.8 40.66 0.39
60.2 58.7 607 614 605 624 60.74 0.39
80.1 788 825 814 804 822 81.06 0.94
Total average 0.56
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Figure 18 The results of correlation analysis
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Figure 19 User interface design. (a) Web application Design. (b) Mobile application design. (c) Control design
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Table 3 Results of output device control testing

Number of Accuracy Accuracy
Control pattern times (times) (times) percentage
Web Application 10 10 100
Mobile Application 10 10 100
Automatic System 10 10 100
Average 10 10 100

Table 3 LLamNamimaaumsmuquqﬂmni
Lawﬁwmuumuaﬂ@ia;ﬁifmﬂ@m"[ﬁﬂﬂaaumuqums
ITUNIUWI VLU WELATY wazUBlNUIaLaUNRLATY
I 10 AT9 wadinghaudadedlianuns 2 &
mmsnmuqumiﬁwmﬁaLLuuﬂﬂaLLa:LLuuﬁﬂIuﬁa‘lﬁ

] ] o =1 U a I ' l!l £ dj
agsudngn Janugndasfadudnadoiaoas 100 39

1 U dl U U s g =1 a a
ﬂmavlmﬁzuuwma;pam"l,ﬂwwmmuwﬂimmmwmm:
snSumann lUlsnn

5. mamInagauAIUaaEMWLIna e lulseTan
muﬂ‘iﬁ]zLﬂuﬂﬁmaaumsmuqmmwLnﬂﬁau
lulssdeudaduwinlasdgueimsvamwszunluadoil
lunanaseufidnldigunsalisusailia SRNWINT
nagoUAMUfinIassnGaasmelulsdeuiildaonuuy
Vlﬁl,ﬁal,ﬁm‘l”ayja NnInasa UMY Nwesszuulagms
ffmu@ﬂ'ﬂumuaﬂ;ﬂ%mmﬁamuqumumwmm:au
yagnayuIadunddandiumoiuioatiuiuuu
%aﬁwqm%nﬁﬁmmmm:ay;i:mfw 25 - 30 24@n
AT UE FANNTUTURNE 50 - 70 % wazenanuzuli
ﬁuagﬁ 70 - 75 % lABATURAINANIIAILANAT Figure 20

B
S

—— AIr Temperature
—a—  Air Humidity
a0 | —w— Soll Humidity

0

Air Temperature(C) Air Humidity(%RH) Soil Humidity(%)

o
|
[

4 5 6 T 8 9 10
TIME (DATE)

Figure 20 Results of controlling the environment
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Table 4 Comparison of growth and germination rates

Type of planting

Attribute
Traditional Developed
Normal Seedlings
1.1 Seed germination rate 41 56
1.2 Percentage (%) 68.33 93.33
Dead Seeds 19 4
Height after planting 10 days(cm) 4.2 6.5
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Figure 21 Melon seedlings controlled by the developed

system

Figure 22 Complete melon seedlings before being

transferred to the greenhouse

Figure 23 Compare the growth of seedlings planted in

greenhouse on April 2, 2023
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Thermoelectricity from a grill stove's waste heat
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Abstract

This study constructed a charcoal grill stove with the half-cylinder shape (46 cm width, 80 cm length and 90 cm heigh).
The stove was made from 2 iron sheets fabricated into a curving cylinder with 2 layers, the space between the
cylinders was stuffed with heat insulation 4.6 cm thick. Electricity was the conductive heat transfer using thermoelectric
generator TEG SP1848SA-27145. A number of Peltiers were used for 1, 2, 4 and 10 modules connecting in a series
circuit and then a parallel circuit of 4 and 10 modules. Measurements of voltage and current of each module due to
its temperature difference between the hot side and cool side were performed. It was found that for the 4-pieces
module, that 2 pieces in series and 2 pieces in parallel connection resulted in the maximum power of 0.9 W according
to the homogenous temperature gradient, while the 10-pieces module generated the maximum power of 10 W. The
average generation efficiency was 4.3% and the electricity obtained in these modules was enough for supplying low

current loads demand.
Keywords: Electricity from heat wasted, thermoelectric, charcoal grill stove, heat transfer
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