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Abstract

This study aimed to isolate and identify the pathogens responsible for root and stem rot disease in durian trees
within the rhizosphere zone. Samples were collected from trees exhibiting symptoms of root and stem rot, as well as
from affected fruits and stem barks in growing area of the lower northern region, specifically Uttaradit and Sukhothai
provinces. Morphological and molecular methods were employed to identify the causative agent of durian root and
stem rot. A total of 21 fungal isolates were obtained using baiting and tissue transplanting techniques, comprising 16
isolates from soil and 5 isolates from infected stem barks and fruits. Upon inoculation onto healthy durian leaves, 9
fungal isolates demonstrated pathogenicity. Through morphological characterization and analysis of the ITS-nrDNA
Region, four species of the fungi and organisms resembling fungi were identified as Phytophthora palmivora, Pythium

splendens, Fusarium solani and Mortierella chlamydospora

Keywords: Root and stem rot disease, Durian, Phytophthora palmivora, Fusarium solani, Mortierella chlamydospora,

Pythium splendens
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Figure 1 Symptoms of root and stem rot disease on durian trunk (A) and fruit rot (B).
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nalsana 9 lalaandt azgnih l@nsansensdugu
InpwazianeAaauiuaaiauialusgan ITS-nrDNA
daly

Table 1 Fungal isolate names and lesion sizes (mm) after inoculation and incubation for 7 days.
Isolate average lesion 1sizes Isolate average lesion sizes Isolate average lesion sizes
(mm  SD) (mm = SD) (mm £ SD)

RS1 13.20 £ 1.25 RS8 - RS15 12.25 £ 2.75
RS2 17.05 £ 2.25 RS9 11.75 £ 2.45 RS16 -

RS3 - RS10 - RT1 18.75 £ 2.05
RS4 - RS11 - RT2 7.45+1.25
RS5 - RS12 - RT3 11.05 £ 2.45
RS6 - RS13 - RT4 18.15 £ 2.25
RS7 - RS14 - RT5 11.15 £ 2.75

'(-) indicated no lesion.

Figure 2 Lesion appearance after 7 days of inoculation
of isolates RT1, RS16, RT2 and agar (control).

3. msﬁnmé’nﬂmzmeéfmg'mﬁﬂmmauﬁasq
WarnnsAnsanumenedugIwingves

Bon iflaidsauuamsiasate PDA L 7-14 T

sansnduunidaaaniiu 4 UbEY il

naufl 1 'lalaan RT1 fansuenadugiwineg
= A v a a aA v 1 Ced
fa Siduloadywuuinenns laladiden idulelaidut
s ldwunsas ades vuarwsiaesia (Figure 3A)

nguf 2 laloian RS1, RS2 uaz RS15 Aanume
naFwinnde Sansaclalail iduloigyouams

Taladigarn Wodwlounfids dlouunduiaiu 1ns
Tolemanwusis Macroconidia Eﬂws:%'uﬂﬁém 15 0 24
\BAR uazin3aTe Microconidia 3119 naafflanssnszuan
aoslita uasdl 1-2 1mad Sunnldiflwia Fusarium sp.
(Figure 3B, 3E and 3F)

néjwﬁ 3 lalwian RS9, RT2 uay RT4 fianwms
nMiduguIneae Sanwuclalaiifon duloaigy
unawns uasiilanbuunlaladt duleladusians
fimssisdefusniounsnay nuluussgleaded
(Zoospore) tadaufile swuunldiiwia Pythium sp.
(Figure 3C and 3G)

néjwﬁ 4 lalmian RT3 waz RT5 Januaenig
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wuloigyuuenns lalafidan dulofuionu Jauled
nyinan slaslilFuaslimadide mibsadasnuuazin
sofillunmy Sunnléiiwde Mortierelia sp. (Figure
3D and 3H)
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Figure 3 Morphological characteristic of isolate RT1, RS15, RT2 and RT5 colony (A, B, C and D, respectively) after 5 days
of inoculation. Macroconidia (E) and microconidia (F) of RT1, Sporangium contains zoospore (G) of RT2 and thick-walled
sporangium (H) of RT5 observed under compound microscope. (Scale bar = 10 pm)
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Table 2 DNA sequence analysis of the ITS-nrDNA region of the fungus isolates from durian and soil from the lower
northern region of Thailand.
identification

isolate specimen place accession : o

number Molecular accession %o
number identity

RT1 trunk bark Nakhon Thai District, Phitsanulok Province = PP267701 Phytophthora palmivora OP765505 99
RS1 soil Nakhon Thai District, Phitsanulok Province  PP267711 Fusarium solani MN637863 99
RS2 soil Mueang District, Uttaradit Province PP267702 Fusarium solani MNG637863 99
RS15 soil Mueang District, Uttaradit Province PP267705 Fusarium solani MN637863 99
RS9 soil Den Chai District, Phrae Province PP267710 Pythium splendens AB780581 98
RT2 fruit Laplae District, Uttaradit Province PP267712 Pythium splendens AB780581 98
RT4 trunk bark Si Satchanalai District Sukhothai Province PP267713 Pythium splendens AB780581 98
RT3 trunk bark Den Chai District, Phrae Province PP267714 Mortierella chlamydospora OL620104 100
RT5 trunk bark Laplae District, Uttaradit Province PP267715 Mortierella chlamydospora OL620104 100

lag L‘%T 8 Fusarium solani W8z Pythium splendens
aunsausnige ldanaulusmuiimsszinaveslse Flw
Fwigans 2 a’mﬁunfa'lmsnmé'ﬂa%ﬂuauvlﬁ %aNAN
‘ifu Phytophthora palmivora \\a¢ Mortierella chlamydospora
Amuninandoagluduldizunu laslunsfinsvas
Santoso et al. (2015) swm'm'j’n,%amLﬁ@IﬁﬂiﬁﬂLﬂﬂIﬂ%Lﬂﬁ
fnwuludszinadulafide Taun L%@‘Lumjw Phytophthora
W8z Pythium Wianansnandoa dludnldiduszozinauu
Sodikov et al. (2022) swmm'j']L%aﬁWL%quﬂluﬁuﬂwumzi'u
Ao L% mﬂuaqa Fusarium, Sclerotinia sclerotiorum,
Verticillium dahlia, Rhizoctonia solani LLazL% 8 Pythium
spp. ENNNIAUWITTLNALAzREENIUAY LazidYinaeND
ﬂgnmoi:ummﬁaumuﬁuq lui1398u89 Ozimek and
Hanaka (2021) Wy \#o Mortierella sp. wula sl
Tuuminainsa wazaunInTIBnIzduNTITYIs
N'ley

TunsfinnansmemMIsugIwin sUa9LTaTILeN
Iof uasfianuaunsalumsialsntin wdspitleanun
Tudusnuazveslalad midvtelidmituvoaduly
uazmsaates wuinanwuslalafiuas Phytophthora,
Pythium Wae Mortierella fanuaRunfInG

Pythium sp. isolate RT2
Pythium sp. isolate RT4
Pythium sp. isolate RS9
Pythium splendens AB780581
Pythium splendens AB780645
Pythium splendens AY269993
Pythium splendens AB796293
Pythium splendens DQ381808
Pythium insidiosum JN126308
Pythium aphanidermatum MW566587
Pythium aristosporum MK420046
Pythium dissotocum MG799204
56 Pythium myriotylum KX671106
Phytophthora palmivora OP765505

55 Phytophthora palmivora KP985657
66 Phytophthora palmivora OK349485
Phytophthora sp. isolate RT1
Phytophthora gloveri MG865500
Phytophthora pseudolactucae MG865573
35 Phytophthora trifolii MG865594
48 Phytophthora parasitica OM090171

Phytophthora parasitica OR690800

63 Phytophthora nicotianae MW892400
Saccharomyces paradoxus NR138272

72

=
o

99

100

Figure 4 Phylogenetic tree obtained from the analyses of
ITS-nrDNA sequence data, representing the identification of
Pythium sp. Isolate RT2, RT4 and RS9 as Pythium
splendens and Phytophthora sp. isolate RT1 as
Phytophthora palmivora, the numbers above the nodes are
the percentage of the trees from bootstrap analysis.
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Fusarium sp. isolate RS2
Fusarium sp. isolate RS15
100~ Fusarium sp. isolate RS1
Bl Fusarium solani MN637863
Fusarium solani ON820183
Fusarium solani ON820183.1
Fusarium solani ON416888
Fusarium solani MIN880218
Fusarium incarnatum MT560278.1
Fusarium equiseti OR616754.1
Fusarium setosum MW827634.1
Fusarium setosum MW827633.1
Fusarium nurragi MW827610

100 Fusarium sinense MH863232.1

Figure 5 Neighbor-Joining phylogenetic tree obtained from the analyses of ITS-nrDNA sequence data,

representing the identification of Fusarium sp. isolate RS1, RS2 and RS15 as Fusarium solani,
the numbers above the nodes are the percentage of the trees from bootstrap analysis.

[ Mortierella sp. isolate RT3
100

Mortierella sp. isolate RT5

75
71

100

54

— Moirtierella chlamydospora JX975927
Mortierella chlamydospora OL620105
Mortierella chlamydospora OL620104
Mortierella calciphila KT964845.1

| Mortierella alpina HQ637325.1
100 Mortierella alpina KF561137
Mortierella macrocystis JQ272448.1

Figure 6 Neighbor-Joining phylogenetic tree obtained from the analyses of ITS-nrDNA sequence data,
representing the identification of Mortierella sp. isolate RT3 and RT5 as Mortierella chlamydospora,
the numbers above the nodes are the percentage of the trees from bootstrap analysis.
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Abstract

Fermented fish dip (Jaew Bong) is a food product whose main ingredients are fermented fish, garlic, shallots, dried
chilies, galangal and lemongrass. All ingredients are stir-fried and mixed until fragrant with the general characteristics
being semi-solid. The objective of this study was to investigate the results of hot air drying on chemical properties,
physical properties and sensory qualities of fermented fish dip (Jaew Bong) with added cricket powder. Jaew Bong
crickets were dried in a hot air oven at temperatures 60°C, 70°C and 80°C. The drying rates at 60°C and 70°C were
not different (p>0.05) but 80°C resulted in the highest drying rate. Jaew Bong cricket powder at 70°C for 240 min
provided 13.79+0.68% of moisture content, 0.56+0.31 of a and 26.4 g of protein. All three samples of Jaew Bong

cricket powder products had a levels in the range of 0.51 - 0.58 (p<0.05) and moisture content in the range of 3.63-
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3.99 (p<0.05). The L* value of dried Jaew Bong cricket powders at 60°C and 70°C were higher than that of dried
Jaew Bong cricket at 80°C (p<0.05). The a* b* and C* values of dried Jaew Bong cricket powder at 70°C had the
highest (p<0.05). All three of rehydrated Jaew Bong cricket products had the range of 0.79-0.80 in a and the highest

rehydration ratio was presented at 80°C (p<0.05). The 50 untrained panelists gave the liking scores (9-Point Hedonic

Scale) of color, texture and overall liking of rehydrated Jaew Bong cricket at temperatures of 60°C and 80°C was not

statistically different (p>0.05), while at 70°C the liking scores of all attributes were the highest (p<0.05). In conclusion,

70°C is appropriate temperature for drying the product.

Keywords: Cricket, Jaew Bong, Fermented fish dip, Dried fermented fish dip powder, Hot air drying, Drying rate

UNUI
ﬂmqﬂ'umiuﬂnﬂLLNmL'flu‘*?'iUau%'uﬁv'ﬂuﬂs:mml,az@m
Uszine mnﬁu‘[wmanwmmmém%’uwﬁﬂﬁm%uﬂigﬂ
ﬁ]'mLmaﬁaﬁLLmIﬁuqaﬁuasm@iaLﬁaa 284 lshanunw
é’nmﬁmmmemaﬁﬂﬁgﬁimmaﬂmﬁ@mm%’a e
om1sTiaEInLIznanaNUIas (Sogari etal, 2019) 391
L'%f'aaﬁ'aamsqmm‘vmimmmi‘ﬁ"aUszmﬂlﬁmwaﬂalu
ﬂﬁaﬁ”ﬂamﬁuj’ua:ﬁmﬂaL%ammﬁmﬁ'um‘mﬁﬂmmm
Mjaninzesnoslomidufeddgy awiliguilnaues
AN ALAVINILNAY 1 NITUR (Trend) V8981¥NT
LLazLﬂ%a\‘lau 1utl 2020 31 Food Ingredients Asia Wi
Tsauasvia Lﬂu‘[ﬂsﬁuﬁ;ju‘%‘[mlﬁmmau%’uu‘ﬂﬂmﬁa
Ienaunulysauiiosns %@ﬁgaﬁﬂummﬂﬁa@ﬁuﬂizmm
6,725 81uu1n lapwuinuilaannuaad 100 niuazlwySunm
lihs@ugsfisiauaz 50 annnildsdiuanitedaiaus Ald
UsunauiNsosaz 30 (7w, 2562)

%a%’%'@Lflul,madﬁﬂqmmmﬂnmmmiga lag
fsnulisdugefisasaz 70 ahmsnuy) wasdsiinge
axdilufiddn ndi NIANGANKNA a8% AU uasiilaezaniin
\Jueiw (Yi et al,, 2013) ﬁﬂﬁaﬁdﬁﬁunummam‘i‘ﬁ R e9
olFnan i Fliawddesmiwennsmadeatosni
Uqaad nudduves Jino etal. (2021) leanaldsdwidutu
fewasawinesnIswIa 3 auWug leun e
NOILAIANY SIRIANBINNAT Wazaslnss wudn Yo
ls@uaglutieianar 17.51-22.20 giwinidon) uas
%@Iﬂéaﬁﬂ%uﬂmiﬂiaugaﬁq@ FOAARDINLINUIVLVDS
Hanboonsong et al. (2001) WU1N Semaadusunalysan
wapsonas 21.5 el adysanannniuussinldsia
Sug AinsTouas 15.3 1w wuawldli (Yhoung-Aree
& Viwatpanich, 2005) h34 USanmlsaunasmsanad
Lmﬂemﬁ'uﬁwammnmwLmn@hwaamﬂﬁuﬁm’%@
2117 LAz IITIALTUN (Chen et al., 2009) 8T
Iﬂiﬁuﬁgamaa‘%&w‘%m?ﬁaﬁmsﬁﬂﬂsaummﬂ‘%m‘%@ml‘*ﬁtﬂu
*?mqﬁulumsﬁ’@um mmil,l,ﬂigﬂl,a%uiﬁi?m Tt Le3a9a

di3a3u NAAAUIALLLNES Ann Aun3sy Twin iudn
9% LﬁaLﬁugaﬂ'waqwﬁmﬁmﬂmmﬂﬂiaumuﬁaﬂ LAz
iwiugudnelnsmnnsliunnianusiannis

wiued WWundanmyinTanuIlnafionsuy
ﬂszmuaimLst"mmﬂﬁmﬂgﬁmﬂmaaﬂi:mﬂ"lmm B9
fudsznaunanvaduiiued ldun dand (Waiwense
‘L{Tﬂaﬁw) A3zBY BaNLad WINUAS 11 wazazlas /u
miﬁ@wauﬂqﬂLﬂﬁﬂﬁrﬁ'}ﬁmmﬁ@ﬂﬁumu (NBIIBUAL
ﬁ'@umq@lm%mmﬁ@lfﬁm 2558) luﬂaqﬁu NRUNBATNT
LLﬂigﬂwﬁmﬁmﬁﬁmfﬁwmmLﬁml,awm@ﬂ'aumamﬂ
mi’uaaﬂL%immﬁaa‘hmumﬂwamLLahuaaﬁv'aLLuuquax
LuURUes g SsnRenmaiusuassmanTauLsann
v 2 wfia loud wdrveswiauulnauazuiivainiau
ﬂ‘g\‘l Namﬁmsv‘illmuaaw’fauﬂ;o WNBEY WIIUeIRrIL
myeuwiIud desdininfanuazauliidriuianuilng
Fondasmriomsuisiuanusounsn ladusoznm
win aannmugauasilasmumuaiydulavesfunid
falsald (Fellows, 2009) agndlsianundaiuad wiruad
wuuuisgsfinesming ldanninuassaduiidasnmsves
fuslna lasannaadmsarmuiisunsndaszasaa
maAuine ldunin asanddranuiudiazan
181A83uan#iIf kit 0.66 (Ulloa et al,, 2015) uazgiianu
8=antun3USlaa Pongdanai and Somsamorn (2020)
ﬁﬂmwamaaqmugﬁmsﬁmﬁaﬁaUﬁauau%u@iaqmmw
PoINFaAIMINIIUBaULA 3 grunndl ldur 40, 60 waz
80 9ALTALTIR WU 'ﬁqmmﬁ 40 Uaz 60 DIFLTALTR
Wz mMSUMIanLAILeILas Wlesnnnae s meiaana
niuazen L* Aenganinadniliudaanyniaia (p<0.05)
SnrananInageunsdszamaudaldTuazunuwan
Auilnaunnit lasminuqunizuauntsndalasnis
Twanufeusuiuiledvadniidinadansiiad nau
wazsamafasuudasluesnias maiusiuoseuuis
dan1saniuvasuilng



Vol 44. No 2, 2 March-April 2025

(2
v AA e

WL R @]ﬂﬂi“’ﬁdﬂﬂ%ﬂ’]iﬁﬂﬂ’]Na‘llﬂdﬂ'ﬁ

9

MuRIcI8ausandanmNINNLadNENINTILIILBY

q
(2

auLLﬁaﬁﬁa’mwawaﬁm’%wmﬁaLa’%uqmmmmima
Tusén NI U MW RURRYI8IWNT

LﬁalﬁﬂuwﬁmﬁmﬁﬁﬁqmmwLLaxmdmwmﬂmammg
vilnauazisgaadunmInanasnnaan o ulng o 1%

LLﬁﬁjﬂi:naumﬁmﬂamiavlﬂ

A5N1INaaad

—\

RG]
= £ ] = liq/ 1
nouuad nIzfioy azlas 11 wWindnulu Ty
uzn3a hazuienanamaenani lWATTINI NTINNY
HOANTNANTATHA BRZIIRIANIINNIIUIINIALA DI
PO JIRIAVOWLAL

2. NMINAAUI LB InTA (aaudagann w37, 2565)
innauuas nzfion waeniddensanudvin
RANLAY (60 NIN) NI=fBN (70 n3W) azla (120 n3w)
21 (60 N3W) Lﬂu%ul,ﬁﬂﬂ AmouuaILaznziauss v
§aUgIWNA 90 B4FLTALTUE Wt 10 W1 auqnﬁﬂ’éu
wou tluluanmuruasladuszinldazdue nansonia
W9 (200 NSH) Imaniﬁﬁwﬁ'u’[dw%n%%uuﬁdﬂu (45 N3W)
Ty Zngaza (70 nu) ﬂsammsmwmmﬂ 8N (30 N34)
waziheane (45 ni) w2 ldusadiomse

3. wazasgmrpdvalgauanianaadnliGnioad
AEATNYBINTIVDIDINTANS

Wudvesdanialuda 2 andesiaudn
(Moisture content) ﬁ’mm’éad Moisture analyzer ('E'iﬁa
Mettler Toledo 3% LP16 szineaiaimasuaud) $1uau 3 i
ﬁu‘ﬁn@hmﬁmLLa:dmLﬁmLuummgm ntwhuIUeg
SandaUsanm 100 n3u indadaetnsliiinnununua s
Wi 3 Hadwas auusisenudauauian (% Binder I
ED56 Uvzinelgava) Iﬂmmuquqmmgﬁmsauuﬁaﬁ 3
3201 el 60, 70 LAz 80 aIALTALTE ANEGL YIS
nasas 2 1 Tufinmaasuudsswesimiinuazenutu
289708 9NN 60 WAl UNIEINLUW LN aIN1Ta L
wAngan1zaiei painminuazTagalnnuTu (i
WHNWAY) Hoanindasas 10 (UKD onc/lodde ; NI
NATPUHIAN U AATANTIN, 2557) aaaua@msmaaa
mnuummasmLmuawmmvlﬂmLﬂummmmaam
(3% JGY-2005B fi%a JING GONG YI Uszindin) Ul
anam@Tﬁﬁmigﬂaaﬂ%mu (oxygen absorber) Tagene
\P3e9FagryanNe (34 DZQ-400TE fi%o BESPACKER
dyzinedn) waiih ldiemnzdaudanmaainmannuas

Effects of hot air drying on the physicochemical properties of fermented fish

dip (Jaew Bong) with added cricket powder

ﬂi:LﬁuQmmwmaﬂi:mﬂﬁuﬁa@iavhJ

4. MTAASRENTANISAR NMEATNIT B T ARS

ﬁLﬂi’mﬁm’l&J%u @Twm’%"aa Moisture analyzer
(H%a Mettler Toledo U LP16 dszinasimizaiuanud)
Aeneidnataaiueniiic (a ) FuLa389 a_ analyzer
(ﬁﬁa Novasina T;uLabTouch-aw with CM-3 Sensor Uvzine
FARTIIUAE) AT TELA3aIIATZRE LA
(E'iﬁ/a HunterLab iq'u Miniscan EZ Ui:mﬂawﬁmaﬁm)
fBTEUY CIE (L* a* b* Uaz L* C* h°) Munasriniiiauss
D65 lasFnanuaing (L*) fien 0-100, + a* wmﬂﬁﬁmq
fifuas,-a* wineieiagiimdon uaz + b* wineiieiand
fnd09,-b* %mﬂﬁﬁ@qﬁ%ﬁ’nﬁu, C* P8 TNANUTUT
ez h° MaNETIyuTeIR Suin 3 d1 Tufindiadous:
dudsauuinaTgu

"3ms'l:ﬁqmdﬂn’ﬁmmsmm’i%msmaa AOAC
(1993) uaz AOAC (2023) oA Fnwasaw ludu Tusdn
aslulaese sinena wazlaaey

5. msﬁugﬂudmaﬁ”\m%m
Tunsuslnausiuassowia sdoaniuiives
%qmmmmﬂmﬂ lavldAsnsduglanummasasnis
ﬁugﬂNa@mmsmmwsﬂaaammmgﬂmaaumws LRZATUS
(2555) ﬁaﬁmﬁhuaaauLLﬁaNauﬁuﬁWQM%nﬁﬁ 60 846N
LOALTOE LWaaINEIn 1: 1 Wiw 2 Wfl uadaunanlian
Auazldudvasssnzansonuilng
NnsdlaneineLaefaniia (a) Feiesa
a analyzer (Ll‘vm Novasina 'su LabTouch- aw with CM-3
Sensor ﬂswmﬂmamanmu@) LAz am’m'mmmﬂu Ewan
3 41 Tufindadsuas mummmummmu) lasd3ou
mUum‘mﬂﬂLﬂamuu,ﬂmmnmm%ummaﬂauﬂmﬂLL@W
m%uﬂmugﬂum (Smith et al., 1985) &35t
mfmﬁﬂﬁﬁugﬂuﬁa (n3W)

Rehydration = R =
IRUNUAT (NTX)

6. M 3Uszinaan NNl sTEMANHEUDD UDIIINIA
HIAIL

‘1,1’1LLﬁ?UQG%&V\%@NOﬁ%Eﬂﬁ’]%’J% 3 a9 1
mumsauuﬁaﬁqmﬁgﬁ 60, 70 WAz 80 AIALTALTHE
AN USuow 5 A58 lalewaa@nawea 2 saud
Yaehwaadnla Lﬁuﬁqmﬂgﬁﬁaaﬁaummmau 150
ﬁnmﬂsmﬁuqmmwmaﬂi:mﬂﬁuﬁaﬁmﬁﬂﬁﬂumu
ANTBU (9-Point Hedonic Scale) luduansmzilsing
% naw 38118 snwaiiasuds wazanusevlassiw 14

117



118 Jiraporn Burakorn, Pran Pinthong, Songporn Kraisit,

Nattacha Siriwarin and Montakan Aimkaew

Qmaauﬁvlajmumsﬂmlu F1WIN 50 AU NARAUAIDEN
fiaz 1 18819 M INnIzRIIaagawIn 15 wf lu
szwmmimaaﬂﬁg}”ﬂ@aauauﬁwﬁwmnﬁaummmau
fagnne b

7. MINATILANNFDA

JianzranuudssIuds3 s Analysis of variance
(ANOVA) JlsfanauLanaITesaaeas Duncan's
Multiple Range Test (DMRT) lagfmuannuizagums
§8a7 p<0.05 laglslsunsudiagy spss oSt 24

NanIInaaadnazanlIngua

1. MIHAAUTIUBITINTA UALUTIUBIDINIANS UL
uaimm%ﬁm’%@mﬁugﬂ

W§IWesaIMTA (T 2) Ssnwoea | dudhmason
Funiia wazfienninuiu pihwminden) iy 70.2540.04
(Figure 1) iovnldilunsanaudsdo 3 wazshanaugLany
2598 5 WU ﬁqmmgﬁ 70 asenioalToa 1Juwaan 240
wift sxddinanady Wasiuazdoa (Figure 2) uaziile

T »

Figure 2 Dried fermented fish dip with added cricket powder

J Sci Technol MSU

Figure 3 Rehydrated fermented fish dip
with added cricket powder
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Figure 4 Relationship between moisture content and time
of Dried fermented fish dip with added cricket powder using
hot air oven
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Effects of hot air drying on the physicochemical properties of fermented fish

dip (Jaew Bong) with added cricket powder
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Table 2  Physical and chemical properties of Dried fermented fish dip with added cricket powder
Treatments
Items
60°C 70°C 80°C
Moisture content before drying (%) 70.25+0.04™ 70.25+0.02"™ 70.25+0.03™
Moisture content after drying (%) 3.99+0.24° 3.68+0.29" 3.63+0.21°
Drying rate (g water/g dry matter h™) 0.11%0.00° 0.11%0.00° 0.33+0.00°
L* 30.44+0.48° 30.80+0.20° 27.15+0.44°
a* 8.31+0.23" 8.85+0.10° 8.62+0.22"
b* 21.27+0.53° 22.96+0.38° 18.85+0.88°
c* 22.83+0.58" 24.610.37° 20.730.90°
he 68.67+0.05° 68.93+0.24° 65.41+0.44°
a 0.570.03" 0.55+0.04° 0.55+0.01°

w

Means within a row with different superscripts are significantly different (p<0.05)

ﬁ'm,ahuaﬁvw%@mmﬁugﬂmﬁ%msi@ 5 U&7
pIGrabr e a LLaWé'mwmsmﬁ']ﬁu WU uiUe93swIa
Mﬂmﬂum a aﬂlumo 0.79-0.80 (p>0.05) LLmuaa
mm@mﬂmﬂamwnw 80 B3I TALTH uamwmm@m

AugInii 60 uaz 70 aseialBos (p<0.05) aiTayalu
Table 3
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J Sci Technol MSU
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LAY 70 DIFLTALTER LRUWIENELNTN 80 BIALTRLTYE
Lﬁaoﬁnnl"ﬁqnmgﬁv‘hLLﬁw‘i'm’hLLammmun'j'] (Figure 4)

Table 3  Physical and chemical properties of rehydrated fermented fish dip with added cricket powder
Treatments
Items
70°C 80°C
a, 0.80+0.02™ 0.800.03™ 0.79£0.03™
Rehydration ratio 0.94%0.02™ 0.92+0.01% 0.96+0.01°

Means within a row with different superscripts are significantly different (p<0.05)

" within a row is not significantly different (p>0.05)
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N3 UKL

Nutritional values of Dried fermented fish dip with added cricket powder

Items (Amount/100g)

Treatments at 70°C

Total Energy (Kcal) 377
Total Fat (g) 12.3
Protein (Nx6.25) (g) 26.3
Total Carbohydrate (g) 40.29
Total Sugar (g) 13.7
Sodium (mg) 5,948
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Table 5 Means of 9-Point Hedonic Scale on sensory characteristics of rehydrated dried fermented fish dip with
added cricket powder
Treatments
Attributes
60°C 70°C 80°C
Appearance 7.00+0.67° 7.60£0.52% 6.50+0.71°
Color 6.40£0.52° 7.00£0.47° 5.50£0.85"
Odor 7.200.42° 7.400.52° 6.10+1.20°
Flavor 7.20£0.42° 7.80+0.42° 5.60+0.84°
Texture 6.80£0.42° 7.40£0.70° 6.70£0.48"
Overall liking 6.6020.52° 7.60£0.52° 6.10£0.74°
Means within a row with different superscripts are significantly different (p<0.05)
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Effects of freeze-drying on qualities and acceptance of kao tom mud snack
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Abstract

The objective of this research was to evaluate the effects of freeze-drying on the qualities and acceptance of a new
Kao Tom Mud snack product using three varieties of bananas: Khai, Namwa, and Hom. Ripened bananas, indicated
by yellow peel color, were selected, peeled, sliced, placed on top of coconut cream-cooked sticky rice, and then
freeze-dried at -56°C and 0.1 Pa pressure for 72 hours. Results showed that freeze-drying significantly deteriorated
the yellow color (b* values) of all banana varieties, especially the Khai variety. The volume of sliced Namwa and Hom
bananas increased by 64.72% and 69.94%, respectively, due to their porous microstructure under Scanning Electron
Microscope. The hardness, as determined by breaking forces, of Hom banana slices was lower than that of Namwa
and Khai bananas (p < 0.05). However, when the banana slices and sticky rice components were combined as the
Kao Tom Mud product, the hardness of the Kao Tom Mud snacks with the three different banana varieties was not
statistically different (p < 0.05), showing forces ranging from 11,656.26 to 15,189.87 g. The product’s moisture content
and water activity (aw) were in the range of 2.35-2.40% and 0.169-0.181, respectively. Freeze-dried Kao Tom Mud

snacks made with Hom and Namwa bananas were preferred by the sensory panel (p < 0.05).

Keywords: Kao tom mud, Snack, Freeze-drying
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aUURI nadpany nadwauuy nawil uilindrs ndaln
ﬁWL%awmsﬁgﬂszﬂaa NN NEIUAN HONINTHIT
mylUyszneuamsenmmuau ndeden auunaay
I1AUNA

msrhuisdunitsluitfineuldilosanaansa

v
aad

ANUSINHANNTULALANIBLABSHEANAAVBINRAN DATTAND I

J Sci Technol MSU

S:ﬁuﬁmmmEj’uﬁt\ammﬁrgﬁmimaaqau‘n’%ﬁ fanssw
pasanlad mufadfiseuaieneg uaztsiaaigns
Ausnwn egnglsiamsvnuanunasdalasldauiousin
ﬁwaﬁﬂﬁﬁamnﬁauamwaaﬂmmwmamﬂmwua:
LATE  LTU NRIBLAANTRAA) m@n’mﬂamumuaamn
ﬂgmmmsm@amma aawamammamwamuﬂm
VUM IR IFNUAILDD T L o NUTIRI DN THUAS
LUUI2L#AA (Freeze drying or lyophilization) %uL‘ﬁlasL“ﬁjLu
st uRIRaaA e Seiitafnanulszmaan ag
nguansusnIlEanauRRLAzgMiIlnTwINTg
AnIMINUILUUR LG 'lﬂﬁaolﬁqmﬂﬁﬁgﬂumiﬁﬂ
WAd HRAA MR TALTAE luaA Iz IuA s laun
1 e (Krokida et al., 2001 ; Shukla, 2011)

ﬁ'«aﬁ;ﬂ'umiﬁwLLﬁaLLUULLﬁLﬁamLﬁﬁdgﬂﬁmﬂ%
Tusudnuasualdwanesfia ww nioldWss uasen win
W Wnnes vz@eme uatida 15 snsalued uzazne
wuaaLUas sulzie wzane ndan Wndw ATANWULAE
Qmé’nwmzmadN’ﬁ@ﬁmsﬁﬁmﬁaLLuuLL“ﬁLﬁanmﬁoLﬂuNa
Tgassunanmsiasuulssauiamaadnmonn wmu
1as98314 ANUIUINTY ANURIILLL \loduia & MiAa
Fuluszwinonssuum st ansviatassfifisades
Aumswisnuuusidanudaiinansads 5w gunnd
AMUAT (pressure chamber) AN IUTLUDY (freezing
rate) 3x812L3ANNIANLAY (Nowak & Jakubczyk, 2020 ;
Bhatta ef al., 2020 ; Serna-Cock et al., 2015) Krokida
etal. (1998) AN msynustouunusifanudaundiswa
Lﬁumﬂuﬁﬂma 20 HadLuas AU 8 adtuas e
MsutudeR -35 °C wiw 48 v, nuwslaglfanudn
3-300 thana gmnnil 50 19 -8 °C Wk 24 70 WU
mwmﬂmwswnawuﬂmuumaaa@mmﬂnu -50 °C
Luaammmwwu mﬁwmuuwawunm BN LRI LI
\enuTafisnaaadain 1900 tia 400 AlanFu/gninaiiuas

gnefilglunsiudsuuoutionudsfing
domalasuulasiuasnary manuislagldanuei
8 1hama gannil -40 °C wn 72 T AUTuNEI
W1 3 DaRINAT NHIWMIUTUTN -24 °C W 72 7.
Alwend L iinds daudn a* uaz b* aqaad(Valentina
etal., 2016) Jiang et al. (2010) 13puifisUFuasEUNE Y
NI 5 Jasiuasluiuaauasnisutudenionnis
¥uks -30 °C uazmenaImMIuRsuuuutienud i
amwnnil -40 °C AUAUBITUNAIDFANUIN FaITUNAIY
TuusazduaawAnnsiaswelasdnd L* a* b* 1initay
FaziauutasiaanlunsdinsvinuisTundrouuy
uridanudelasldlalasian (microwave freeze drying)
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$268 nanINAS IR TUNE M RaIMIuILAa
MINAIAY (shrinkage) LN MIUFULTInNINNS
mumwiazsutadaminisasndemansnldlasms
YSURMWARIBEI8ATNNTA 9 L MTlEnIauaanasia
LaAITLaa (Milani et al., 2020)
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ADANRIT

1. MIAIBNIADAY

ﬂé’hﬂﬁ'}’?’l [Musa (ABB group) “Klaui Nam Wa”]
nal8%ay [Musa (AAA group) “Klaui Hom Thong” ﬂﬁqi&l
tiagl Gros Michel] Laznae'ld [Musa (AA group) “Kluai
Khai natas Sucrier] Zaanaanaln wnialnumi
I@ULﬁan%awaﬂﬁaﬂsl,mwmaqﬂﬁmﬁaﬂﬁawaﬁﬁmﬁao
ﬂa”'aimamm:ﬂﬁmm{ﬁﬁ:ﬂ:miqﬂﬁ 6 ANNIATIIN
Peel Color Index (PCI) (CSIRO, 1972) gunaqslaszes
miqnﬁ 4 (IUON FAIEIITE, 2541) LLa:LﬁanNaﬁﬁgﬂin
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wazmaFinLENe §19rhenusza1a Yanaen uasin
aaunaduiivamannunul 3 Iadluas Na8RadIan
ﬁuuﬁm:gnﬁﬂﬂ%ﬁuﬁ

Janaudnniisussluinonay Fonaaaln
wniadnuni ﬁnmﬁy'sLﬂuiTnmﬁmﬁutfﬂm 6 111
Uszante 4 1han mu’?@]qau’é"uvlﬁl,l,ri nefi 1nda shena
ikall %amniaﬁasgma?miﬁm

2. N1FTTIIANTABULAL VAW I
urLdanude

annafiavesnde 3 3iialdun ndaoirh ndae
oy waznayl ﬁﬁ@iaqmmwmaﬁnﬁuﬁmmﬁvmﬁ'}
whsuouusifonuds msvihdndusauuisiuksuoy
whifanudsfauneunsvinesit ihdhmites 150 n3u
"?'imumsa”mﬁwmma:m@LLa:LLﬁﬁwﬁgmﬁgﬁﬁad W
8 7luy andanauiunsd 200 n3W siluee 50 3
WaLINAa 5 N3N W% 30 w1f ﬁqmvxgﬁ 90 °C lawld
Lﬂaﬂwé’mﬂahmﬁ@qm%nﬁ

Woasunaduiimanse 75 niu uaziavie
a5 wd sinielliiulagaaie 139
punnAiaIu 30 wifl anlaiarinsanauwiamanga
mumﬁumquﬁﬂma 2.5 Ty, nawez 5 NI inaglid
AMURBUYINNWU Tz 7 TaALNAT ANNsh 3 NTunLaa
MIUUEUMINTIT R TEE? NS T
WU 3 UAALNAT IRIA U ﬁﬁﬁwwﬂﬂLLﬁLLﬁﬂmij@a
ﬁgm%gﬁ 20 °C W% 48 T nawmItuAnuuLdan
wislagldinsasruisuunugdanuds (Freeze dryer) 3%
Freezone 6 plus (Labconco, USA) Ifaauwn 72 ou lag
s:mﬂamiﬁwLLﬁaLﬂéaaa:ﬁwmuﬁqmv&gﬁﬂs:mm -56 °C
AMNAK 0.1 Uaana

2.1.1 @ATNNNILNIN

1) 6N CIE L* a* b* 1aA&289T1201NA
Aouuaznasnmsrnusuuuusifionuds laosaauosdu
naBuazIN RIS 893 AF (color meter) (Minolta,
Japan) ULgaINaLIuAN L* ugaiflannuaing a1 a* Laas
fsanuduiuas (+a*) uazanuduiden (-a*) 61 b*
waasisnnuuinaes (+b%) uazanuduiingu (-b%)

2) PWNALFUHGUINAIUAZANUAWT (N4.)
YITNFUNATBULRZARINTFWAILL LT anuds Taw
Saluguvasdundruasdmieafidiunsisng 9 28950
nfBuazTImiesuan 2 duniidatude Vernier
Caliper (Mitutoya, Japan) At Apwus s dun
ARINAIUAZAINAW (%) (NTITT0h NAIAT, 2550)
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X -
% change = ——— x 100

i
X = Lz?umgmﬁnmm'%ammﬁmﬁ AUNNIFINLRAS

X = Lﬁumgluﬁnmm%amﬂwmwéﬁm‘sﬁwLWT&

3) Y301a3 (10°) 29T aNUANabULAZARINTT
vuksuuuunfonuds Tasusnialugiuuasundious:
Franitenlfinafianisunuil (displacement techniques)
fwimnadaouudasasSanas (%) (Swasdisevi et al.,
2007)

L x 100
7

% volume change =

V= JIuasnonnsrinuwis

V = Y3010 a9mIinuig

) Iﬂidﬁ%’ﬂdi}iamﬂ (microstructure) PIGEREY

Imaaé”w'ganmmadﬂﬁau%é’an’]iﬁum‘”\ummvﬁ
\anuds laslgndasganiseiBianasenuuusasnna
(Scanning Electron Microscope, SEM) i'u JEOL
JSM-5410LV (Jeol Ltd., Japan) Lmyumamﬂmmmama
FundrpidamuumunudalUfnssun stub (mounting)
aunasifaceatalagldiniosanuiia (Sputter Coater)
Polaron SC7640 (1kV, 10 mA 1181 4 #171) (Quorum
Technologies, UK) ‘Ii’]ﬂaq”sUﬁﬂ’mﬂﬂﬂﬂﬁﬂd@lﬂidﬁ%’m
Tawld Accelerating voltage 15 kv fanwimasene
50 Lyintkaz 150 L¥in

5) \{Hoduda (Texture) Sailadudalagsa
AU (irmness) Y8Tundnaaldiata Pr2 W2
AANTINTZUANUUIA 2 U3, IAUIING (Compression) K0
adldludatngszazng 6 vy, drwanud 1 unAwi
LAZIAAULDY (hardness) PITNIANNAIUAIN LD W
Banudsuazdnaasdundrsuazdrmiles lasmsnn
981989 Crisp Fracture Support Rig (HDP/CFS) SlIIK]
nafivhlddragrafansuanasnlagldinia P0.25S
NIINANVING Y% B neadluludregnaszeznng 6 au.
fpanusy 1 wu.Aui 1ie3e9 Texture analyzer B
TA.XT. Plus (Stable Micro Systems, UK) ¥inn131aa28¢14
8% 5 i

2.1.2 QUANINN9LAN

1) Water activity (a ) ?Jﬂd‘ll’]’)ﬂ%JﬁJﬂﬂ@%LLa”
ARINITNUAILLUTLE BN I@] sialusinuastundae
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v @
o o

TINRBEY WAZTNIANNANITY @
(Decagon, USA)

@ Aqualab Series 2

2) S mnnaTu (% moisture content) U84
TdusanauuaznaimsiuAswuuutitanuds lasda
TuEI NI UNEE T1RRe7 LazdduTaradn
(AOAC, 2000)

3) dranutdunia-a1d (pH) vavTIdNTa
AaULAZRAINITURILUULTHanuds lapdalugiu
PoITUNEIY Tl uasdaduTan I PR
nieusztmissrnmsiuliazBuadioeiasiin
nay dustaswiiluvesunaniatilusadr pH ere
pH meter (Eutech instrument, USA)

4) Y3nnmvasudninuanazaisla (Total
soluble solid) waindrsuaziwiien lagld Digital

refractometer (Atago, Japan)
2.1.3 aunnelseamaNa

NARAUNITLANTUNIIUIZRINTUN AV
FduTaruAsAdwn i usTBanud i
anwozdng & NA% NAUIR AMUNTOU UAZANTEL
33 I%Qﬂﬂaauﬁdﬂm\luﬁ’]mu 20 At I@m;jmaamwiaz
ﬂmzvl,@?ﬁ"samal,Lumimuaz 3 ﬁaaﬂwaﬁﬁsﬁmﬂummq&u
3 wan Wazuuumsveansulagldananmssansunuy 9
aU (9-Point Hedonic Scale) (9 = mauuﬁﬂﬁqﬂ fi91=
"Lai"ﬁaumﬂﬁqﬂ)

3. MINANTANANIADH

MNUNWMINARBILULFNFUYTDL (Completely
Randomized Design) a%m%’uqmmwmamﬂmw 113}
AMMINIELAE MIUNUNIINARBILULFNANY TTEUUAERA
(Randomized Complete Block Design, RCBD) &1#3U
Amnndamaudaiianzidayalasniened
AUl TUTIUNIILAL2 (One-way ANOVA) Li3suLiiey
dnadolagld Duncan's New Multiple Range Test 831
MIUSBUAB A RN WLAZRRINSTUAISLLLLTLE BN
1% Independent Sample T-test lagfinwuaanuLdoawms
g6 p<0.05

Wan1Inaaadnazanlingna

ATATNNNILNN
@& CIE L* a* b*
mMyduAsiuuutibenulslinadefuastindula

Faludtugniansaiin 2 s1ude s1uvesdunaae

FUUBLAE IR0 WIS Ind T TN T

wundveandron 3 sfiadendely niesih uszndae
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a A Ao v . A A A
naNNAN U RULLURINFINA eLauTafAe AF b* Wie
aranudnFnaIveInaIung 3 siada1anadntnl
WOFANNENG (p<0.05) (Table 1) §IUAE L* uazen&
a* iianstdasuudadaniias @1 L* @nuaineuadinais
: v A QI J 4 = I = £ A
I NTANANYY A a* anuduFuasvasnarunanian

I ° o LA It A A
AABIRAINIIVIUAIULLUTLEDNUDY (p<0.05) &NLINY
darnuavaItuna lilfauwnnfniosduilaowiu
FrR0IB0

fundmetiNussndenendiasuanndinaes
P I uFV1RE0909 Figure 1 0AAREINL Valentina
etal. (2016) WAz NTITIB NI (2550) fAnwHaTaIMS
v‘imﬁumumj'l,ﬁaﬂLLﬁoﬁﬁ@iaqmﬁnwmwamﬁm Valentina
etal. (2016) wuih msvnuisnuuwtfenudaduariliile
ndefiFmasseansnandaswiuivinaes lasens
b* AARIANN 34.10 LAAE 20.39 AT a* aaadan 10.37
AR 6.92 (p<0.05) FIUANANEING L* {PRTETIIIEY,
317ITIH Qgﬁm (2550) 3189IWIN n&BwHRAThaINN§e
wouilashanauuilas 9 mausisuuuntidenudaesd
fFa3waanTa
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FuasndruunwinunuuuTanudsfivien
na”'aan%aﬂﬁ'aﬂ“?'imummﬂumsa:mwgimaﬁaumi
Fudsuuuutidonudseziiamadfsuulsswesiias
WawSsusunumshuiondodiedtoug ndeves
gafauLA UL AN Mo ULRILULMATaIIW
fuleihseudeeaa MIBUUAIUL LRI ATINALTIF
Sunssa v ldndsuruiimmasadudy THihans
ﬁaﬁwmmmwﬁu (737 Qf,ﬁm, 2550) Krokida et al. (2001)
¥ ndrefisnunsrhuksuuusasluda (osmotic dehydration)
lussazanoglass 50% #i 40 °C amﬁﬂuﬁauaﬁauﬁ
70 °C w1 10 78 Aawin lvinukawuuusidanuds wuin
FU0INAILANYRRINITHIASLL LT L anuDAan1T
Wasnudsadniesdafiouivitsaug wu mysuuie
UWULBIMATEU MIBULAILLUFYYINA MIauuIlay
1#lulasin Taofien L* vosndaimaifnduintosud
Aaudnanaf §amen a* LANTWANTDY 1 b* [iaTuie
"?'iqmﬁmﬂ%ﬂmﬁﬂuﬁ'ﬁ%ﬁuﬂ finsufiwudnd L* 2z
AARININ Lfluwammnﬂﬁﬁ’%ﬂfmfmﬁﬂﬁmfwma

Table1 CIE L*a*b* of banana and sticky rice components of Kao Tom Mud snack before and after freeze drying
L* a* b*
Component
Before After Before After Before After

Banana

Khai 65.94+2.23" 68.38+2.44 -10.931.05™ -11.671.65 46.20+2.13° 31.79+2.15°
Nam wa 78.13+2.06° 82.45+1.46° -15.270.85™ -15.620.34 26.50+2.16° 20.13+0.67°
Hom 76.18+2.31" 78.98+4.59 -17.3720.47° -15.57+1.53" 32.21+2.29° 22.81+1.56°
Rice

Sticky rice 51.96+2.00° 64.21+2.68° -14.990.42" -14.860.23 8.83£0.62° 16.74£0.49°

® Means in the same row with different letters are statistically different (p<0.05)

" Means in the same row are not statistically different (p>0.05)

Figure 1 Kao Tom Mud snack made with ‘Khai’ ‘Namwa’ and ‘Hom’ banana (a) before freeze dying (b) after freeze drying
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Krokida et al. (2001) nsnainanaziildluns
vussuuuuidanudsfarinlwiAamyszifavessiiuds
Lﬂuam's:ﬁﬁﬂ%mmaaﬂ%mu@ima:qmwgﬁﬁ@ﬁwmnfﬂz
Froilosiumafiad§Asendhaandnifeduluszning
NITLIBMIWAT Jiang et al. (2010) ansnaaouudag
AMMWATNENWIBINTIBAIIUAT (Cavendish) uHnlas
MIRLASLL LB NUDILaz M IFUAILUDLTLE anwD
saunvlulasian fwudn mswaswulaswesddanms
Auwsuuuutifenudsfndutesuiniieioy
Aun1situAsnuuugidanudslasls lulasian
asannwasanululasanaansarildAasiians
suitasnandfisenansnualaodutuls

dmmaaﬂnmﬁmﬁagiﬁwudwamaa%uwﬁmﬁmeﬁ
iﬂaﬁuﬁ@wudﬁiﬂmﬁmﬁauﬁ’mﬁﬁaL'flui'nmﬁmqﬂ
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fanwodwdendanuls nasanmsvhuiadaswin
anﬂmﬁ@ﬁﬁmmmnﬂguﬁuLLaquﬂn%uLLazﬁﬁLwﬁaaL‘ﬁu%u
WEnstan v lWAnE L* uazdnd b* 1iiaiu (p<0.05) (Table
1) mim%uLﬁUumimﬁﬂmmaaﬁmaaﬁnmﬁmgu
NOUURZARINITALAY LL'UULLﬁLﬁaﬂLL‘ﬁu"lajﬁ“iTaHa‘swmu
fu,ﬁmmsiﬂmmm%maa“ﬁnmﬁmywé’amsﬁmﬁaﬁaﬁ
STATINNUA IALOUN WAZAME (2565) WUl Fuasinmiledyu
‘ﬁaQ’ﬁmmwaaﬂﬁu%amﬁmgunL%ﬁ%ﬂ%amwuﬁﬁwmniﬂ’a
wilgayu 300 nfunusineAludSandna g f 100 150
WA 200 WA. AN L*84.34-84.63 A1 a*-0.75 119 -0.79 LA
AN b*7.69-7.96 FeSleNuanNIINHAMINARDILHEIININ
fhaghausNssBeIEng anasilElumsauukuuuns
Wanudilnnuuandan

Table 2  Diameter (mm) and thickness (mm) of banana and sticky rice components of Kao Tom Mud snack before
and after freeze drying and diameter and thickness changes (%)
Diameter (mm) Diameter Thickness (mm) Thickness
Component

Before After changes (%) Before After changes (%)
Banana
Khai 23.5+0.7 21.6£0.9 -8.07" 3.3£0.4 3.840.5 +5.47"™
Namwa 29.8+0.5 27.6+1.2 -7.71 4.120.4 4.410.3 +7.11
Hom 32.240.3 30.1£0.4 -6.65 4.1%0.6 4.5%0.2 +9.64
Rice
Sticky rice 29.7:0.6 27.81.3 -6.36 6.910.6 7.0£1.0 +1.45

" Means in the same column within the group (i.e. Banana group) are not statistically different (p>0.05)

2) PWIALEBHIEWTNAIUAZANARN

muﬁmﬁumﬂuﬁﬂmo (W) URZAMURW (UW.)
maa%uﬂéﬁsJLm:ifnmﬁmgﬂfﬂﬁauua:%ﬁdmiﬁmﬁumu
Lmil,ﬁaﬂLL‘ﬁdLﬁaﬁﬂmmmsmﬁ'muﬂawauﬁumquﬁﬂma
LRZAIUNRW (3088T) wuhBundaen 3 siiaduwnadu
Nﬂﬂugﬂaﬁdﬁa@]adﬂ’lﬁﬁﬁdﬂ’]iﬁ'm,ﬁ{lLLUULL‘ﬁLﬁﬂﬂLL‘ﬁdI@U
ﬂﬁaﬂ"lﬂjﬁmil,ﬂ'éﬂuLLﬂawm@Lﬁumguﬁﬂmag\aﬁzgcﬂwhﬁ'u
Sounz -8.07 uazndenemianUasuulssasrwe
Lﬁumg{uﬁﬂmw‘iﬂﬁqmﬁﬂﬁ'ﬁasa: -6.65 at9lsAaw
mim?iwuﬂawawm@Lﬁumguﬁﬂmwmﬂﬁaﬂﬁv'a 3
sRansadanuitlifianuuandranu (p>0.05) (Table
2) fnpastnisfiiAans A wulasasuwaLEn
ingudnanauiulasuwaaasiiosss -6.36

y a A PN A
FauaNunnnamIUaswidaslufianien
maﬁ‘uﬁwﬁummmLﬁumguﬁnmo lasTFunalIun3 3 THa

MerasmMsvuiILuuLiS anudsanunuiadu
ﬂﬁamauLﬁﬂmiuﬂ'ﬁ'muﬂawmmwwmmmﬁq@%ﬁma:
9.64 anudandetinuaznianlfesas 7.1 uaz 5.47
e lIIANNLANAINIEDE (p>0.05) saudniend
ANURWANTWANITDHGI Table 2 HamTNAnasle
ARMUNAUNL 172550 N6 (2550) finuh masuwhinievew
LU usuuuus S enudevinlidundasiiannsna s
PMITUANIAW uazduIadATungudnana laavild
ANNRUIRANTRLAY 25.55 TadlnadiTasas 1.80 Lol
L%qwaiﬁnﬁ'smmuﬁamLﬁw‘Tw"TﬁLLumm 9 INDIVUAY
wupusifenudsinaziiamsmadieuanurIINNIa
fusadiftasannmssmovessinfaluiianisninurm
1NNIAN wansauuiInuuusdenudawuinvinldiia
mi%@éﬁﬁaﬂﬁzgmLﬁaL'ﬁﬂuﬁ'umiauLLﬁaLLuummﬁ%w
st mMasoutiuiuleinieudsene myay
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Table 3  Volume (cm®) of banana and sticky rice components of Kao Tom Mud snack before and and freeze drying
and volume changes (%)
Gomponent Volume (cm’) Volume changes

Before After (%)

Banana
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* Means in the same column within the group (i.e. Banana group) with different letters are statistically different (p<0.05)
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Figure 2 SEM Micrograph of microstructure of freeze-dried banana (a) “Khai” banana (magnification of 35x) ; (b) “Khai”
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Table 4  Firmness and hardness of Freeze-dried Kao Tom Mud snack and its components
Firmness (g force) Hardness (g force)
Component
Before After
Banana
Khai 39.5515.85° 524.49+88.90°
Namwa 90.56+11.10° 507.13£137.95®
Hom 39.03+4.09° 358.13£98.52°
Rice
Sticky rice NA 6005.40£1978.54

Kao Tom Mud snack

Khai NA 12571.61+£3258.15™
Namwa NA 15189.87+£1591.94
Hom NA 11656.26+1303.58

°® Means in the same column within the group (i.e. Banana or Kao Tom Mud snack group) with different letters are statistically different (p<0.05)

" Means in the same column within the group (i.e. Banana or Kao Tom Mud snack group) are not statistically different (p>0.05)
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Table 5  Water activity (aw) and moisture content (%) of Kao Tom Mud snack and its components before and after
freeze drying
Moisture content (%) a
Component
Before After Before After
Banana
Khai 71.46£0.71° 2.720.02° 0.978+0.002" 0.197+0.009™
Hom 76.78+0.86° 2.18+0.13° 0.976+0.002" 0.173+0.013
Namwa 76.890.37° 2.43£0.10° 0.980+0.001° 0.193+0.018
Rice
Sticky rice 34.50+1.16 1.48+0.07 0.941+0.002 0.422+0.004
Kao Tom Mud Snack
Khai 47.60+0.43™ 2.35+0.13™ 0.965+0.001° 0.173+0.022"
Namwa 49.68+1.89 2.400.03 0.968+0.001° 0.181+0.033
Hom 48.68+0.31 2.37+0.09 0.973+0.001° 0.169+0.001

 Means in the same column within the group (i.e. Banana or Kao Tom Mud snack group) with different letters are statistically different (p<0.05)

" Means in the same column within the group (i.e. Banana or Kao Tom Mud snack group) are not statistically different (p>0.05)

Table 6 pH of Kao Tom Mud snack and its components before and after freeze drying

pH Brix
Component
Before After

Banana
Khai 4.94%0.01° 5.32+0.01° 28.80+0.2°
Namwa 4.63£0.02° 4.82+0.03° 28.10£0.1°
Hom 4.92+0.02° 4.9120.02° 23.130.1°
Rice
Sticky rice 6.07+0.01 6.3620.13 NA
Kao Tom Mud snack
Khai 5.310.01° 5.410.01° NA
Namwa 5.11£0.01° 5.12+0.04° NA
Hom 5.35+0.01° 5.15+0.02" NA

* Means in the same column within the group (i.e. Banana or Kao Tom Mud snack group) with different letters are
statistically different (p<0.05)

" Means in the same column within the group (i.e. Banana or Kao Tom Mud snack group) are not statistically
different (p>0.05)
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UNAALa

v
aw A

nuddsildunmenunsnsueilelniuszddlownsuanasguvasianlwauw (Monopterus albus) inuludine
unayd Sniagiund lwndualna foudulavasduiifanuidymaassgiveding lagldmunudadiig
F1mIn 10 67 (weEl 5 3 uaziwelilo 5 6) winpulaslulouszaziuniaanidaiiela faudlestuloudansdon
WOLFLUUBTTNALAZLULKES Hanmsanswuin dan wamdswulasiulondnasss (2n) vinny 24 und (uadia
nTalun3nnanue ﬁa‘hmuiﬂﬂuisnuﬁugm (NF) winnu 24 ﬁu'ﬂul,wmju,anwmﬁﬂ waslanddsznaumesiiainla
IUNINUINALATL 8 UV PINANENY 14 UHY LRSTWIALEN 2 uvi mafnassiidunnonuaiuniinudunsa
uad 1 dunid (MR Tutawiiadl uuiﬂﬂwisnugjﬁ 3 (3a3b) ﬁdiuLWﬂﬁLLa:meﬁﬂ faNIDEUgaILa3

lalnilddaii 2n 24) = L' + M + 8
mdag:  ueslalnd, 8alaunsw, Umlvaw, danfuuusssven, dowunvFuuuuas

Abstract

The karyotype and idiogram of swamp eel (Monopterus albus) found in Chumphonburi district, Surin Province, belongs
to the family Synbranchidae. It is a local fish species that is of economic importance in Thailand. Ten specimens (5
males and 5 females) were collected. The metaphase chromosomes were directly prepared from the kidney tissues
and were stained using conventional staining and Ag-NOR banding techniques. The results showed that diploid num-
ber (2n) of the M. albus was 24 chromosomes, all of which telocentric chromosomes. The fundamental number (NF)
was 24 in both sexes and the karyotype was composed of 8 large, 14 medium, and 2 small telocentric chromosomes.
This is the first report of polymorphism of NORs in M. albus, with pair 3 (3a3b) that showed one position of a clearly
observable satellite chromosome in both males and females. The karyotype formula for M. albus is as follows: 2n
(24) = L‘8 + Mt14 + S‘2

Keywords: Karyotype, Idiogram, Monopterus albus, Conventional straining, Ag-NOR banding
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UNUI
Ualwaad Synbranchidae Jatj 3 wfia ldun Ualnaw
[Monopterus albus, Zuiew (1973)] ﬁ%amﬁty swamp eel,
Asian swamp eel Uavana [Ophisternon bengalense,
Mcclelland (1845)] ﬁ%amﬁ'zy Bengal eel Wazllan liauadnie
Uanwaat [Macrotrema caligans, Cantor (1849)] Uszineing
wuﬂmvl,mmﬁa“qﬂmﬂ udaniszdan (native species)
finvl@lwaaion (tropical area) wunszangaghanneans
ANUINAENT 9 LT Bualdie I tﬁﬂu WuaTe duladiide
LAZUIARINA (Talwar & Jhingran, 1992 ; Froese & Pauly,
2010 ; Guan et al, 1996) Snondauuanlaauid
mnﬁmmzmné’mﬁunﬂaﬂazawag %%au‘%nmﬁﬂﬂﬂgu
fesRe (357 S2unew, 2551) §11n0 TUNSYT 2INTQ
giund Duunasinulan maluamwuasourialduss
Tuundinsssuma (BTN LBOTENNT URZATY, 2564 ;
ufinn udled wazame, 2563) ansmzrialuvestanlna
WILEAIGI Figure 1 ANHALAIAINANINIATLY FIUAI
LuwmMsguingGeuazauninguiitues lifinga
THthnuwrneguIauEings endeudnadn inkngy
(Nichols, 1943 ; Jayaram, 1981 ; Talwar & Jhingran, 1992
- Kottelat, 1998) eNuuUBETITFINAS FIuewan9T
Eﬁﬂmaéauﬁamaﬁqm‘i'nﬁnq Frudade) L9RTINL
FNUaNIVINAI (Inger & Kong, 1962) anunsamelalasld
WAEEANTLAUIINDIMNA bA bAEATd (Nelson, 1994) 4anan
TMSInUMInz Suanvasuensm awdmnans uazawimld
(Nelson, 1994 ; Collins et al., 2002) aszmnsluuoudl
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ﬁ%'m%‘uﬂszmﬂvlﬂﬂﬂmvlmamLﬂuﬁm’?ﬁﬁmmgﬁaﬁﬁqmm
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wisiupasiwaulaslulaugs (Supiwong et al., 2019
. oWk 03813216, 2556 ; D17 ABUANA UALILTYT
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ARINDUINTUFIATIZA 15 lulouana5iduia (ibosomal
RNA) 7iia 18S uaz 288 atj nafildannmsinunasaias
Lﬂuiaga’l,umiﬁﬂﬂﬂszqnm"t%’luﬁmﬁuqmamﬁuga
AN HRES Saumyvasdan lnawnfinuluwaed
Synbranchidae ludsniagiuns daznelny WoNANIE
Lﬂumsﬁmmﬂ%zaLwnﬁwuﬁwLmuaua%ﬁﬁﬁnmmzm'szwg
FTU31% (polymorphism) ﬁdﬁﬁagaé’andnmmmﬁm%ﬂu
ﬁa;&aﬁugﬁmﬁaﬁ'@ummiﬂ%'uﬂ‘gaﬁuﬁf MIHaNTUNUT
waznIauInELE Ludu (aainaa unuaaumad, 2554)
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NTIIVTINAIDEN9

TuTuamsgUanlnanianduanImise
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daunanas 7 Tu lasldatadaniwed 5 67 (awaana
ENIEGALAY 55-60 IWALNAT) Waziwelly 5 67 (VW@
ANNPIRGT 1aRY 35-50 LIuALNAT) Lagazdanaan
snwauzgliswdis lasluda Inawagaziidraan
BEamunInunels danineloasiansmei1aiaiu
§9% WazANNEETIE uazwananiulan lnauwnead
snuuzainIzwaLandany lapinagasiiansuza ooz
Wi U853 Figure 2 (A) uaziweloaziianunizun
fiunsda Figure 2 (B) nuwindratstan lnauda
iwinuaziuiinus

Figure 1 Characteristics of the swamp eel
(Monopterus albus).
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Figure 2 Swamp eel (Monopterus albus) breeding parents that have perfect sexual characteristics male
(A) and female (B), arrows indicate sexual characteristics.
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WN1YiNIT MIMURNa (AVMA, 2020) wazrndaLiaLfiy
nsawla ihldueudlvezBoaluasazans Tnunaden
analsd (KCl) anuidudi 0.075 Tuan§ ansindhadadng
waslaaslunasnilwniss (centrifuge tube) Twia 15
fadaay Uuliiduan 30 wf ﬁqm%nﬂﬁﬁaa KR TEY
TosTuloudoimadia lalninfefniodu-uoi-ameds
(hypotonic-fixation-air-drying) Ma35uas@asue INTaEUaT
wazdszdsnl gwistkddn (2561) lapnuaasazaLmas
wnaeuaILLE laanazene Usasslasliuisluonme

nsdanalastalass
{nl' & v 1 v v o

Fladnnuasisazasrraanadaoslwirg i
INTaNeuFINTIANNTNTY Tasa: 20 lauaTauain
stock giemsa’s solution l14 Sorensen buffer pH 6.8 w11

a g: U = a v :' v

30 W NBuaFEINIAReanaIntnYzU lWRzaa
falildudenigunnivas uinihluamasevlaslulaw
muldndasgansrestuoulfuas (light microscope) s
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NAG WNUaaNned (2554) muunavhavadlaslalouin
LUNILTWNIN (metacentric, m), FULNNILG® N3N
(submetacentric, sm), 82lA3LTUNIN (acrocentric, a) WA
wlalrunin (telocentric, t) &uawialasialay fuue
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voswsulaslulaunngdioldusmaneiifius (vemier)
Jarnwnadalauniudisaaiiiees laanmshaaas
anuenvadlaslulouudazguaionmulasldlsunsy
Microsoft excel XP/2003 l¥unuas (Y) iduanusnivas
laslulauudaze wazunuuau (X) iludauaslasiulo
' Al LA A e A

dnlwgngalumdnianige

Naﬂ"‘iﬁﬂﬂqllagaﬁﬂi'\ﬂwa
msanslaslulouvasdanlrnanianndne
WAL Janiagiuni laansdandlaslulouuunsysum
(Figure 3) wuin S51wulasiulondwassd 2n = 24 uns
HulasTulousiamlamunsnianue swimlaslulay
ﬁyugm (NF) ¥inny 24 ﬁamag}”ua:mmﬁy waslani
Usznauislasluloupmalng 8 uris pwIanany 14 uns
W UWNALEN 2 urid (Figure 3) S9F0AARDINUNTANSN
Ualnaw lausis aausna uaziiBos sndu (2539) ;
MWD n3atl923@ (2556), L Supiwong et al., (2019)
wuda lnalunmaasiueanidoanitevesdszmnalng
fwnlaslulondwassd 2n = 24 Usznavumelasiulsy
shaazlastaursniinue snuauuawlasTulauringy 24
Falaslulouniinazlasimursniulaslulsunia@aain
mulaslulawsfiamlarmunsniinsnwasait lasmssuun
shevaslaslulouamansnsuunldranustves Levan
etal., (1964) (Iunwnafialaslaulaniilu m, sm, st, ait) uaz
Turpin & Lejeune, (1965) (31uunaialasiuloudu m, sm,

a, t) uazuannuunanuuaile indisadsonmonawery

wazinadpfidofialeslulouuuuidoiuninue snwus
ganannduanwous ldauunas (asymmetrical karyotype) lag
laslulmudssrfiadsn falaslulousiainlaemunin
e uazfalludnuaieandussw (ancestral) Ss§oina
wuleludafissaiAniawinie (Molina & Galetti, 2004)
ananu'laludainzia Pomacentrus coelestis (Arai &
1980)
waz C. multilineata (Molina & Galetti, 2002) #3awy ¢ b
Uainda win wuldludanisdannse (Notopteridae)
\Tu Uaaedany (Chitala blanci) (F17 AOUATA LAz
AT mﬂ@ju, 2533 ; Maneechot et al., 2014) Uagana
(Notopterus notopterus) (Rishi & Singh, 1983 ;
Khuda-Bukhsh & Barat, 1987 ; Rishi & Thind, 1994 ;

Inoue, 1976), Chromis chromis (Alvarez et al.,

Silawong et al., 2012) Awuswiulasluloy awaasd

ludanaesaawinny 42 uns wazidushamnlaiwunin
& A Ao

NI7NA (Maneechot et al., 2014) Gafianwouzlaslalaw
WUY asymmetrical karyotype LRZUHANAINT Supiwong

et al, (2019) ; 3YT AAENA UAITYT ANGK (2539)
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ganudmaulasiuloy dnasuavasdan bialunianans
ga3dsznalng 2n = 18 Usznavdqulaslulaysia
LNLTUNIN 6 W9 BazazlATownINIIwIm 12 WHd $9%I%
wunlasiulourinny 24 agnsbRaudasiadeinn
weddmInlaslulauAnaosduandInw e Niuizd
anvflasunnaninuadenfitaanduaguandianiu
= ° v a A a £
g0 litianmlfuuudasiulasiulonfiodu a1
e INTTH (fission) waan1sWAITH (fusion) N
Id (537 aausna uaz Aoy an6u, 2539 ; Getlekha
et al., 2016 ; Supiwong et al., 2019) a1 lnaannnie
azinaanidusnitaanaazlusanindan nalunianans
< X Aa A A
nitUannilaslulonwawdsr uunlasuwninezlas
Wunsn) anndnazlunannnindanfidleslalsauuy
®23LLVW (Denton, 1973)

v = v v a 6
nsfandlaslaulaudisnisdenuauduuunes
FoduuSrmwnaefTufodinniinasvesfiiniloas
(nucleolus) wusuniswas 1 dunis uulaslulough 3
(3a3b) NUwUI9817 (q) (Figure 4) USIbnadunbsian
N (pericentromeric region) mlumﬂmm sweLile
mmﬂmmumﬂmwmmmaLLiﬂmaam‘swummeuai
1 Und eﬁaLﬂuaﬂﬂmzm’szwqamgm (polymorphism)
Tudanlwauw Tsuandrsanaeawnsdnsaes Supiwong
et al., (2019) Anuduniinasvaslalna 1 g’u'%nm
Y o 1 a 6 .d’ :i o
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Figure 3 Metaphase chromosome plates and karyotypes of the swamp ell (M. albus) male (A) and female (B),
2n (diploid) = 24 by conventional straining technique (scale bar indicates 5 ym).
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Figure 4 Metaphase chromosome plates and karyotype of the swamp ell (M. albus) male (A) and female (B),
2n (diploid) = 24 by NOR banding techniques. Arrow indicate the respective different heteromorphic secondary
constriction of chromosome pair 3a3b. Scale bars indicates 5 pm.
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wahzidulslonldonduinsainsfinudonalve mepsfiidaduwidsmdgdansvawuaziandugainy
w1 NEUENRBIFa i wiainuas seBuvasiasegiagwsnuadinalusmaadaly

Table 1 Mean length of short arm chromosome (Ls), length of long arm chromosome (LI), length total arm
chromosome (LT), relative length (RL), centromeric index (CI) and standard deviation (SD) of RL and

Cl, from 30 metaphase cells of male and female swamp eel (M. albus), 2n=24.

Pair no. Ls LI LT RL*SD CI+SD Size Type
1 0.00 133.59 133.59 0.1164+0.0066 1.0000+0.0000 Large telocentric
2 0.00 116.58 116.58 0.1015%0.0032 1.0000+0.0000 Large telocentric
3* 0.00 110.96 110.96 0.0966+0.0028 1.0000+0.0000 Large telocentric
4 0.00 106.64 106.64 0.0929+0.0035 1.0000+0.0000 Large telocentric
5 0.00 99.71 99.71 0.0868+0.0010 1.0000+0.0000 Medium telocentric
6 0.00 94.96 94.96 0.0827+0.0022 1.0000+0.0000 Medium telocentric
7 0.00 93.51 93.51 0.0815+0.0017 1.0000+0.0000 Medium telocentric
8 0.00 89.28 89.28 0.0778+0.0020 1.0000+0.0000 Medium telocentric
9 0.00 84.10 84.10 0.0733+0.0027 1.0000+0.0000 Medium telocentric
10 0.00 79.09 79.09 0.0689+0.0033 1.0000+0.0000 Medium telocentric
11 0.00 73.50 73.50 0.0640+0.0018 1.0000+0.0000 Medium telocentric
12 0.00 66.15 66.15 0.0576+0.0060 1.0000+0.0000 Small telocentric

Remark * NOR-bearing chromosome 1 position
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Figure 5 Idiogram of the swamp eel (M. albus), 2n=24, by conventional straining technique (A) and
Ag-NOR banding technique (B). Arrow indicates polymorphism of NORs on pairs 3 (3a3b).
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Abstract

Paper packaging for food is contaminated with microorganisms, particularly Staphylococcus aureus. Therefore, the
extracts from mangosteen peels are utilized for their antibacterial properties. Additionally, durian rind fibers, a form
of agricultural waste, can be used to produce food packaging. This research aimed to develop a paper from durian
rind fibers combined with mangosteen peel crude extract to inhibit S. aureus. Dried mangosteen peels were extracted
using the maceration method with 95% ethanol. The antibacterial activity of the crude extract was tested against
S. aureus using the agar disc diffusion method, which demonstrated its inhibitory properties. The minimal inhibitory
concentration (MIC) and minimal bactericidal concentration (MBC) of the extract were 0.24 mg/ml and 0.98 mg/ml,
respectively. Therefrom, durian rind fibers were then prepared and combined with 65 mg/ml of mangosteen peel
crude extract, both with and without tapioca flour, to produce paper samples. The paper samples inhibited the growth

of S. aureus. Furthermore, the physical properties, including thickness, water absorption, and tensile strength, were
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Crude mangosteen peel extracts inhibit Staphylococcus aureus

in durian peel-based paper

tested. Among all formulations, the third formula exhibited lower water absorption and tensile strength compared to

the other samples. In conclusion, paper made from durian rind fibers combined with mangosteen peel crude extract

demonstrated antibacterial properties and could be developed as food packaging material for prolong food shelf life

and reduce spoilage.

Keywords: Crude extracts from mangosteen peel, Durian peel, Staphylococcus aureus
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enterotoxin v‘iﬂvxgiuﬂizmum@mmiﬂauvla ERIENY
93w uezasqlutesrias uazdaunasld (Radan
luaTdszauad uazamz, 2563) ludagdunisniugy
viadudugeunefise S. aureus sananlsisayuwlng

Aa & a . £
Aflasrdsznaumanwgnadl (phytochemicals) WazanD
9817 W (biological activity) LH#ada1nans iunvalar

n@8nil (secondary metabolites) ﬁqmauﬁagugaﬂﬁiLﬂ%m
18998un S lasiawzifanuadsgaimngausulni laun
alpha-mangostins (Ol-mangostin) ﬁqnﬁﬁwm%mmmﬁﬁm
WouwhendfBme (3335 sudlla uszame, 2560)
uamnnf:mil’ﬁi‘a@;ﬁﬁuma‘lumia%”wmﬁ;
ﬁ'msvﬂﬂslmwwzmifg‘ﬁmﬁﬁugﬂmnLﬁﬂﬂiiﬂqﬁmﬁawmwi
siaﬁamle,ﬁmﬁfamwLLazmiqﬁ'msvT%'mﬁmmﬁau
1% uddvedlsznunes lasiad (2560) lduda
migﬁ'msvﬁﬁam:mw%ugﬂmni’aqmﬁa'ﬁamnmﬂ
MINEAT (Fuiadlaie AUNRAIY WazAwnIziin
é’afumsﬁwLﬂﬁaﬂnL’%ﬂuéfidLﬂumﬁaﬂwavlﬁﬁmﬁaﬁd
VIRNUNTELIWSLA aﬁugﬂmsqﬁmﬁﬁﬂi:mw WAy

Lfluvlﬂ"l,@‘fl,ﬁadmmﬂﬁaﬂnﬁyuﬁé’ﬂwm:mumﬂmwﬁ
WANTRY LEWLEIANNLTILTI ANNRATRET wazAINN
Hangu (Faoud Uauur uazamz, 2564) wenaNit
LfﬁulwaaLﬂﬁaﬂnL’%muﬂ'\m5’1Uﬁ'mﬁuslﬂﬁvlﬁmﬂvlmfrmﬁa
s uaziwadn vnlidumunisdusiuas lusu (aednd
\Weatuagy waziuatad waddidal, 2548) 33
Lﬂ%muLﬁUuqmauﬁaLmzamwﬁwﬁﬁam:uuWuwﬁﬂmm
nizmﬂﬁwa@mnLﬂﬁan“qL%zmﬁ'uﬁmauwamazﬁuﬁ:ﬁm
p1wUIRenITsuRBERIaUNa g ANIWAKA Y
°U’nLLaxqmmwmuﬁuﬁ%nuﬂixmwﬁaﬂ'jwLﬂﬁaﬂnﬁmu
wugriuo (et Audlaatow uszgoih wasiizfsg,
2550) LLa:mﬂm‘smaauﬁmﬁnmmgm USinannuiin
msg@%uﬁ:’] ANMNABUTIANVIA ANNAULIIRIV AR
mi3tiad anudusaunzguasnIzensnlowian
nasunaniudulsnfenySewlinanwudinizens
mﬂLﬂﬁEm"qL%ﬂuLmu"in*AIaﬂﬁqmauﬂ'aaﬂdwLLuuWaﬂ
(SaTud Aanun uacame, 2564)

a1 ;ﬁ%ﬂﬁau‘laﬁnmL?imﬁumiﬁﬁaq
wialfnmainsas fe wlanynEouuazilfandigaun
wandunszanwiiisdnsawlunssusageunaiizy
S. aureus 'mmaLﬂumaLaarﬂ,vxwaamwamnxmmm
ﬁ‘ssum@mﬂiviwu@auumua “FINARDY HANINH
mLﬂumswwmuawmuqmmmwmﬂsﬁssmmmag
lutlszinadnaae

ad =
DNIIFANTN

1. MIAIBAMagULazNTaNAa1sINILlAantIAn
(WA NIWIHND LLa“"daﬂ% 2AIBWNHDIA, 2553)
mmmﬂwuﬁwmuaa mﬂmummﬂ'svmm 120
T QIALINEIBTINALIU fuatn mmammm
aammwam mmu 24 Alaniu Lﬂaaﬂmﬂ@nﬂmmma
wasdaiauazawitaaan momﬂuummaummmu 60
ssraaides 1unawin 48 Talus LLﬂ’J%’]vLﬂU@llﬂawLE] Q)
s leimeinuskssiwam 6.60 Alansu aniwhanada
AIBRITRZALLATUIRNAMNTNTU 95% UIN19T 18 §e1Y
W% 7 1% LA EIRNANINIIAIUNIBIAILNTZA BN TE
Whatman® 1083 1 wdinasasangninaaanssLng s
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‘ﬁ’m:mEIBaﬂvjf’lULﬂ%aGi:mﬂﬂﬁﬂlﬁTﬁ;nyy’m’mﬁ?qu‘ﬁ{]ﬁ
50 avenaitos Wwaa 2 Talue auldasananny
nnfanligadtuin 0.41 Alanyu ﬁmﬂuﬁmﬁnqﬂ%
(percent yield) 10.99% 1nsinmsinusts v l3lunaus

v a A &l a a
ﬁNQQNL%UNWBUaY}QM%ﬂ“N 4 IALDTALDYUR

2. ﬂ1‘5°{lﬂﬂaﬂ§]°{l§gﬂgﬂl%ﬂ%ﬂﬂﬁl%il S. aureus V@9

s1sanaveIunfandan
ymmeseugnisusadenuafiie S. aureus

maamsaﬁwmummﬂﬁanﬁaq@ﬁy’wm 393

2.1 NMINAFIUMNUS M UIIED (inhibiting
zone) a2835 agar disc diffusion (Newberry et al., 2007)

\Houuafti3e S. aureus ldanmeimidaad
NAINGIRUINHATAIRAT INLUVAVLTU NN
Lgmuummﬂgmﬁa nutrient agar (NA) ﬂuﬁqm‘ﬂﬁﬁ
37 asmumaos (Hwasn 24 Tlus athanasey
ANUIINIIRBIRIIENan1uIINIRandIgalunis
fuiadauuailizy S. aureus launNIaaNULLMNINARES
Y completely randomized design (CRD) naasd 3 Sg’l
Tagudaznysuisvingn 5 4n NTINATALANLEIAL AB
inausiga LLazﬂﬁw%%mquL%amﬂ flo AU BTN
(clindamycin) ANUTNTW 2.5 TaanTudaNafaaT &I
nIATNased fa ssanansufesnlsgaa Nt
65 WAz 125 VRANTUAONARANT LAUMITRUARIIAINGT
Y3315 30 lulasdas asuu sterile paper disc IWALFH
Hgudnats 6 dafiuay (%o Whatman, England) &g
NNEWTaUUATRIZS. aureus ANUITUTW 1X10° CFU
dofladans Usuas 200 lulasdag Qﬂmﬁﬂaauumms
[Bo9tdia NA 751 5 wnfitiaWauiwihwesa i siaes
\Tausks nasanniung paper disc POIFTINN G TiaTea
Iefunenmsiaesida NA ﬂwﬁqm%gﬁ 37 adALTaLTuR
Dwnan 48 2las %é’amnifuf@Léfumugmﬁﬂmwaa
U%L’Jmﬂ"i_lfi‘l (inhibiting zone %38 clear zone) lasiiniag
Wuladiuas ﬁ'uﬁﬂwmm:"’;Lﬂi'}:ﬁ“ﬁagamaaﬁaﬁw%%
One-way ANOVA #aMailan@ N IanauaiudaznIsnis
#2835 Duncan’s multiple range test (DMRT) lasfinua
AU FaNUNNIEAaAT P<0.01

2.2 MIRANNTNTWANFAVBIFIANARLIL
A @ A o & & A a
nnufanivaanansndudadauuaiiise S. aureus
(minimal inhibitory concentration, MIC) A2835
Colorimetric broth micro-dilution (Coelho et al., 2021)
£ & o , )
lumsnaseugniidasdunuinasanansiuain
LﬂﬁaﬂﬁdqﬂmmmEj'uéTdL%aLLmﬁL'%ﬂ S. aureus §837n
ffu’%amaaummwLiﬂ‘ﬁuﬁ@hﬁqwaamiaﬁ’wmmnﬂ
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Lﬂﬁanﬁaqﬂﬁﬁué&u%aumﬁﬁﬂ‘ﬁ 96-well microplate
I@ﬂlﬁLL@ia:%quﬁL%aLmﬂﬁﬁﬂ S. aureus HiaNWANY
Wadu 1X10° CFU dafiadans Usnnas 100 lulasaas
lasnmviinmaidesansanansiuanidfendgaly
aﬁﬁﬁiLgﬂdL%a nutrient broth (NB) LUUSAURDY (2-fold
serial dilution) lumicrotiter plate AMNLTNTURE 3 5]?’1 lag
miaﬁwmmmLﬂﬁanﬁ’aq@mwLﬁwﬁugaq@ﬁmaau
atflug19 0.12-125 Hadnudaiindaas lu microplate
ﬁm%’ummﬁ%muqm%dau fo ihnausnie Teoudas
n33035 3 ﬁuﬁqmv\nﬁﬁ 37 asenialda Lwaan
24 2l LLé’ﬂﬁmia:mﬁ%m"ﬁu (resazurin) U3u1a3
50 "Lsf[m’ﬁ?q@smnfuﬁﬂﬂﬂuﬁqmmﬁ 37 2IALTALD R
Wunan 24 1lus Tufineaannisdasuudadves
LN fﬁLﬂﬁmm’m%i{ﬂﬁumuﬂuﬁwm wUanabein
fiauuafi3us00330 (bacterial viability)

2.3 msnmaaumm’;mﬁ'&ﬁ’u&f’rqﬂwaams
aﬁ'ﬂwy'mmmﬂﬁanﬁa@mﬁmwﬁmhgffzuumﬁﬁy
S. aureus (minimal bactericidal concentration, MBC)
(Coelho et al., 2021)

hasaza1unngalu 96-well microplate Al
we MIC %Q&Jﬁvl,&iflﬂ’lﬂﬂﬁU%LLUM%%‘H’]“Q%% (in13w)
ANRALUBMILAEILED NA U5inas 10 lulasaas ud
ﬁﬂﬂﬂuﬁqmwgﬁ 37 asenaldas Wuaduian 24
lus Taoudasnssudsvin 3 $1 Tuiinuamnassdann
anadutufimansnandauuaficeldus: inunmaaday
PoINUARITIURDIMITIREIETD NA aatiufindn MBC
wWinnnuduTw s sENanaINNTasL e ldan
MuomnAsaTed Widmaesudulavendeuuafisy

3. ms‘*’i’?ugﬂu,w'unsm'mmnLé{”uslmﬂﬁanm‘%ﬂuwau
nuasanane1untlaandian

ﬁmﬁﬁannL’%ﬂuLLﬁamﬂaaugﬁaﬁ fuaIsnie
§Lnaliiod PRTATUNT NFNAUIIAZAIY NaOH A
v 1 M 3113 10 TadaasdaifanniFouuis 1 ndy
LLéﬁﬁﬂLﬂﬁamqL’fimuLLﬁammaaLLazﬁwﬁwﬁwa:m@ 2N
sl duiussazans NaOH anwduds 1 M 8nase
w§InsesLazAITEREaNe LﬁuiyaﬁnLﬂﬁaﬂnL%ngn
ﬁﬂmﬁuua:aﬂﬁuﬁaﬁqmmgﬁ 60 avenLTaLSe s LHwan
Wt 24 219 laufanyiFouuis 1.99 Alaniu aansn
wnpuidlonszansldiminugs 071 Alansy e
ﬁmﬁﬂqw% 35.43% nUNwENU

ﬁ%ﬁusl,ﬂﬂsmwmﬂLﬂﬁaﬂnﬁym‘hmu 1.81 n3Y

PWFNUTI19T 364 Fadaas 1Duaan 24 Tala9 1asin
J 1 o v 1 d‘ U

N InFUUHBNIZAHIIWIL 4 g0 leun §a3f 1: L&wbe
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nazaERFNNUAIENanUINRandIgaa ULl
65 TaansW/Aaaans wa lulauilaiuddsnas qm‘ﬁ 2:
Lﬁuiﬂnszﬂwwmauﬁ'umsaﬁwmummﬂﬁaﬂﬁaqsﬂmm
Wty 65 Aaansu/Aanaasuazlaniliiudtznag gm“?‘i
3: Lﬁu’l,ﬂﬂ'sxmwvl,sjwaumsaﬁ'@%mummﬂﬁaﬂﬁaqmmx
Tailauiladudndenas LLazggmﬁ 4: wdulonyzans lanay
miaﬁ@mmummﬂﬁaniTaQ@Lmﬂmnﬂoﬁuﬁmwé’d
i lUmlguiRuniamennuei 25 loudiwes anunig
15 LTUALNAT LLazauﬁqm%Qﬁ 60 ad@iaalbaa LHuwaan
48 $7lya

4. nnadavlszansSanzasnszansannilaannisun
wauﬁummﬁ'mwmumnLﬂﬁanﬁaqm’lumiﬁuﬁami
W3YVAIBORUATILIY S. aureus
MILHHAIINARDILUY CRD lapudaznysuis

o g/ a ad L 1 ad ad A
1 3 1 ¥ 4 n3393T leud N3Nt nasas 3 n3INIT A
nizanENWReNBUREATN 1 §ATN 2 Wargash 3 d8u
ﬂiiu‘%%muqm Ao ﬂixmmwmﬂﬁaﬂnﬁwgmﬁ 4 Tagiin

6 A A v v 8
LTRALUIBADLVBILLATISY S. aureus ANULTNT 1X10
CFU @afiafans USu1a3s 100 bulasans v nnfounwa1nis
Wealda NA wdiihnszasanlfenniSsusaidu
ﬂuﬂnma 6 NaALNATLARZNITNITINIRILURINTNIWT
W ¥ X od o4 Mo . & A -
woaTa NA luanumwzaeniasoyll Uuirengmngil 37
AIFLTALTER LWIa1 48 Talag RAINUUIALERIY
ﬂuﬁnma“u 29U mwle Tuiin wmm:%msw:ﬁ“ﬁagamaaﬁa
#2895 One-way ANOVA #ANNLANGAIILARZNTINAD
#2875 Duncan’s multiple range test (DMRT) lasfnua
ANMULTONUNIRDAN P<0.01

5. ﬂﬂiﬂﬂﬁaﬂﬂmaﬂﬁaﬂﬂﬁﬂ’]Elﬂ']W?.la\‘)ﬂi‘”ﬂ']B‘\l'lﬂ
Lll'éli’)ﬂ‘ﬂﬁﬂ%‘ﬂﬂﬁ&lﬂﬂa’liﬁﬂﬂﬂEI’]‘.IJ’i]']ﬂLﬂaaﬂN\‘lﬂﬂ
MIMING[aILuy CRD I@]ULL@]R ¥n33WDY 3 ‘ﬁ’]

=

34 nyuis VLG]LLT'i ﬂi:mmwmﬂaanmmugmﬂ 1 ]9

N2 gmﬁ 3 LLazgmﬁ 4 I@ﬂﬂi:mmﬁmﬂﬁaﬂnﬁwﬁd
4 gmgﬂﬁwmmaauqmauﬁamamumw aatt

5.1 TAAMNURIVDINTEAHALLID TS

aavitas (vernier caliper) inthaiduiiafiuas
¥ 3 51 uazveLaaY

5.2 %ﬂlﬂﬂiﬁ%%ﬁﬂ’]igﬂ%u‘i’l ("aulasii

NNOAL IALAY, 2555) I@ﬂmsau%umvmu
anmnw 50°C 24 7 1a9 g aunsze o
winaw udihTunszen LT w8 wnd v\ad
NN AN 89T UNTZ AN BRI LTI NA RIIDINTE

o A

@‘hmmmLﬂaiﬁ'ﬁuﬁmi@@%uﬁmmawﬂﬁ A9%

Crude mangosteen peel extracts inhibit Staphylococcus aureus

in durian peel-based paper

wWasidudnsgaduiih = PW-PD/PD

a
(Y1)

(2
=< o

PW = ¥nminTunage UnaInsmanasgadaiin
PD = ﬁmﬁfﬂ%uﬂmauﬁaumsmaaa@@%uﬁ,’]

FAANNAUNILTIA (tensile strength) lag
\A389 Universal testing machine ¥LAKNIZANHABEN
YUIANTN 1.5 LTUALUAT 817 10 LTUGLUAT HRUaTZE
$UFUIIR 50 DadLwas Anuss 50 Tadtuasdewd
FNINagay 3 T1ud 1IN B IEIN ST

O =F/A

'
A

Wa
=) v =

O A9AMNFIUNIWLIIAI

F faussnouaninuinszvin

A AaNUNNNAAATININLITINTZYN

TuiinHag e @an1eInIsn WY aINIZaI BN
wlannBsunsunuasanangunilfandigauas
fil,ﬂﬁ:ﬁﬂagammﬁﬁﬁa 875 One-way ANOVA Lagh1au
LANAIVBILARZNITNIDA287D Duncan’s multiple range
test (DMRT) Tagmnuannudadunmegian P<0.01

NaN1IIYATN1ITanlsgNa

1. msﬂﬂaamm'ﬁﬁﬁné'?at%yattuﬂﬁL%ﬂ S. aureus 289
avanareunfandan

HANNTNAROUNNTTULILE 00898 TRAARHL
nnufenina wodnanududyu 65 uaz 125 Jaaniu/
85803 sansadusadouuafise S. aureus ¢ uaz
aIsnaneunfandigaanuidude 125 dadniu/
fadaas ﬁLﬁumuguﬂna']waw’i’smﬁu5@L%al,mﬂﬁﬁy
S. aureus UAN@NAUAIENAREILINLLIFANTIAAAIY
WNTW 65 FaANTW/AaRRAT aU1INRudEAYNIIRDA
(P<0.01) 1 Table 1 uaasinU3msusaToulsiuase
AUUIIN AN ULTUT U BIRIIFNARY

FwmSuNamMIMeUS LS BalumIasey
andifasduinasataneuiienumusadudadeldvia
i ﬂ&d%ﬂﬂﬁﬂﬂimaaummmLﬁuﬁu@‘iﬂqﬂmaaa7§aﬁ’@
‘IﬁUWU%WﬂLﬂaaﬂﬁdﬂﬂﬁﬁﬂu’]‘iﬂgﬁJgﬂL"%ﬁLLUﬂﬁL%U (MIC)
PosmIEnanguNLfeniisne Hanmmanaswuinden
MIC YN 0.24 UaANIN/ARRENT WAZNITNAFALHINIIW
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L?Tm”uﬁilﬂgma\immn”ﬂ%mﬂmmilﬁanw“b@@mmsmh
vaudauyaiisy (MBC) Han1snaaaswuinen MBC iy
0.98 URANIN/AAAAAT Lﬁaamsaﬁwmummﬂﬁanﬁ'@q@]
fsssulngjiduas xanthone Tunguuaanuuslnadu
(alpha-mangostin) w4817 tannin, flavonoid LHuans
Usznavuiuaa (phenolic compounds) asuaar Ll lnadn
faug@lunsdunIsnizuuazdunaaiyvesadunid
(antimicrobial) (R3NW WIAZIIUS LAZATH, 2563) lag
MIAN2BS Torrungruang et al. (2007) WUINRIIENG
ﬁnmﬂﬁanNaﬁaqﬂﬁqw'ﬁgﬁuﬂ%mﬂﬁmﬂm S. aureus, S.
epidermidis, Pseudomonas aeruginosa, Salmonella
Typhimurium, Enterococcus spp., Mycobacterium
tuberculosis W8 Propionibacterium Lﬁa\‘imﬂuaanmIﬂE{au
VIJJﬁ'uElv'aﬂﬁa%']ﬂﬂi?mslmmﬂﬁSmmzﬁwmmﬁaﬁmmﬁ
vosuuafiFofinadan gy dsasdlsznounolwesad
(Koh et al., 2013)

2. Usz@ndamvasnszasanuldaanisawnuans
aﬁ'ﬂﬁmummﬂﬁanﬁaqm’lumiﬁuﬁmﬁmmﬂﬁﬁa
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ﬂi:mmmLﬂﬁaﬂm’%ﬂuﬁwauﬁumiaﬁwmu
A o A o & X A A
mmﬂaanmqﬂiugmﬂ 1 WAZ 2 FINTNLULITDLLANLIE
S. aureus \HaINFINLITNOLVBINITZANBARITENARENL
mmﬂaanmq@quﬂumwuUdL‘ﬁ@LLUﬂ'ﬂLiﬂ S. aureus
a9 Figure 1

970 Table 2 WuinnzasaNRanTEwHE
ﬁ'umsaﬁ'wmummﬂﬁanﬁaqﬂlugmiﬁ 1 U8z 2 WALEW
muguﬁﬂmau‘%nmﬂhﬁy’a \Bauuaiide S. aureus inriu 3.5
URRLUAT LAz 4.0 URELUAT LLa:ﬂimwmwmﬂﬁaﬂvﬁﬂu
wauﬁ'umiaﬁ'wmummﬂﬁaﬂﬁoqﬂlugmﬁ 1 U8z 2 &
mLﬁumuﬂuﬁﬂmaﬁnmﬁuﬂu'al,%al,mﬂﬁf%ﬂ S. aureus
mﬂﬂd'mi:mmmLﬂﬁaﬂm’%wqmﬁ 3 U8z 4 g9l
wdAYNWEna (P<0.01) uaznszamaINLIanNySu
wauﬁ'umiaﬁ'wmummﬂﬁaﬂﬁoq@lugmﬁ 1 U8z 2
ﬁiﬂLﬁumuguﬁnmw%nmﬁusfly'al,%al,mﬂﬁf%sl S. aureus
Tduandranuagelinugagnieada (P>0.01) Wioums
ﬂs:mmwmﬂﬁaﬂnﬁwg@iﬁ 3 uaz 4 AFurnuguana
Vsnmdusadouuafile S. aureus liuanensiuagng
IpdAYNIEna (P>0.01)

S. aureus
Table1  Zone of inhibition observed for S. aureus
Compound Mean diameter of zone of inibition (mmSD)
Treatment 1: 2.5 mg/ml Clindamycin 41.5+0.34a’
Treatment 2: Sterilized water 0.00+0.00d
Treatment 3: 65 mg/ml mangosteen peel extracts 4.910.15¢
Treatment 4: 125 mg/ml mangosteen peel extracts 7.1£0.09b

'Means+SD followed by the same letter do not significantly different at P<0.01

Figure 1 Anti-Staphylococcus aureus by paper made from durian peel mixed with mangosteen peel extracts



Vol 44. No 2, 2 March-April 2025

Table 2

Crude mangosteen peel extracts inhibit Staphylococcus aureus

in durian peel-based paper

The antimicrobial activities of paper packaging from durian peel and mangosteen peel extracts

Paper formula

Mean diameter of the zone of inhibition

(mmxSD)
The first formula: durian rind fibers combined with 65 mg/ml of mangosteen peel crude 3.540.08a"
.5+0.08a
extract, without tapioca flour
The secondary formula: durian rind fibers combined with 65 mg/ml of mangosteen peel 4.0£0.07
.0+0.07a
crude extract, both with tapioca flour
The third formula: durian rind fibers only 0.00+0.00b
The fourth formula: durian rind fibers with tapioca flour 0.00+0.00b

"Means+SD followed by the same letter do not significantly different at P<0.01

3. amanlanngnINzaInIEAIBINAannTan
R R VRO R R TER L FATT
Lﬁuiﬁa'lnl,ﬂﬁanm’%summinﬁugmﬂmwm
nszanela LﬁaamﬂLﬂﬁaﬂm%ﬂuﬁmuﬂizﬂaumm
waRuzan liduaziaaglasgs s‘ﬁaLﬂumjmaaﬂﬁuans‘ﬁ
witnwaglasuazlmdouansvanfuiiawaglas (FFamusd
flauurl uazamz, 2564) lasnizamannidfennSun
IIUIN 4 §a3 fanunuzadntzans liuandrenuang
fugdmaneada (P>0.01) asuadlu Table 3 uaayld
Wnimansuansanareunifendgauazuilain
flsznaslifinadannummvasnszansnufany Sou
HimanndanLwIstues Leulee Nortoualee (2564) @nwm
LLN’um:mwﬂwﬁnﬁﬂ%’uﬂgomﬂa’uﬂdﬁuﬁwﬂ:%é’mm:
Talsutladudsznaslduandranuadreiivaimaynaada

(P>0.01) LLa:ﬂs:m'ﬂmnLﬂﬁanm%ﬂugmﬁ 4 fiasiBua
sl,umsg@%m‘iwLmﬂ@mmnmzmmmL'ﬂﬁaﬂnL%mugmﬁu
adIARURANIIEDAE (P<0.01) SannszanwaInilfan
m%auqmﬁ 3 flunszanwanilfenniFoulildnauas
qNA% m'uLﬂﬁanﬂ'@@;mmﬂ&imauuﬂuﬁuéwﬂmé’aﬁm
anudumuLdiasninzanRannSuugas
74 WunszansanulfenyiSounsuasananeuilaan
tsnauss hinauuiladuiiznasainalubiaynaada
(P<0.01) ugasimsnanuilaiuddznaslunszansain
wWiannGeulnadadianudunuusds iwnzuilaiu
éﬂﬂz%é’dﬁmwﬁmmwﬁwsjumﬂ%mﬁaammﬁ@ﬂ@ﬁ%m
M3 Cross-ink szwinauiliiudiznduazziduloimaglas
(Soykeabkaew et al., 2004)

Table 3 Physical properties of paper packaging from durian peel and mangosteen peel extracts

Physical properties

Paper formula
thickness (mmSD)

percent of water absorption (%£SD)

tensile strength (Ibf/in>£SD)

The first formula 0.73+0.06a’ 83.63+0.57b 4.17+0.95ab
The secondary formula 0.73+0.06a 86.87+1.34a 4.06+1.27ab
The third formula 0.70+0.10a 85.01+0.08ab 2.98+0.94b
The fourth formula 0.63+0.06a 81.28+0.60c 6.10+1.06a

Paper formula: the first formula: durian rind fibers combined with 65 mg/ml of mangosteen peel crude extract, without tapioca flour, the secondary

formula: durian rind fibers combined with 65 mg/ml of mangosteen peel crude extract, both with tapioca flour, the third formula: durian rind fibers

only and The fourth formula: durian rind fibers with tapioca flour

"Means+SD followed by the same letter do not significantly different at P<0.01

a;ﬂwams‘nmam
o @ ££6 o &
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Abstract

This study aims to evaluate the expenses of land and sea transportation from the case study company to Lao PDR
(Oudomxay province) and identify the most cost-effective modes of transportation to meet the target market's demands.
Utilizing the Industrial Logistics Performance Index (ILPI) and the Analytic Hierarchy Process (AHP), the research
was carried out utilizing the following five criteria: (1) unit cost ; (2) transit time ; (3) transportability ; (4) transportation
safety ; and (5) transportation frequency. The analysis indicates that the cost of shipping freight by road is more
expensive than shipping by sea freight. Case study companies should choose to ship by sea freight since they can

respond to all 5 choices criteria up to 77.2%.

Keywords: Transportation costs, Analysis Hierarchy Process (AHP), Transportation route selection
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Road Transport Transportation Sea Freight Information
Information (R3A) Cost Analysis (Mekong River)
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‘ Decomposition and Algorithm Design ‘

Comparative Discretion to calculate priorities

v
Synthesis for Overall Priorities ‘

!

‘ Summarize Decision Making ‘ !

Analysis Hierarchy Process

Summarize and propose guidelines for selecting

transportation routes

Figure 1 Steps for analyzing transportation and
decision-making for selecting transportation routes.
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Table 1 Risk assessment matrix.
Likelihood
Risk Assessment Matrix Very low Low Moderate High Very high
1 2 3 4 5
Very high 5 5 10 15 20 25
High 4 4 8 12 16 20
Impact Moderate 3 3 6 9 12 15
Low 2 2 4 6 8 10
Very low 1 1 2 3 4 5
Risk
Table 2  Risk level comparison matrix.
Risk level Level Meaning
Very high 17-25 Levels that are unacceptable require immediate risk management to bring them to an acceptable level.
High 10-16 Unacceptable levels must be managed to bring the risk to an acceptable level.
Moderate 4-9 Levels that are tolerable but need control to prevent the risk from escalating to an unacceptable level.
Low 1-3 Acceptable levels, without the need for risk control or additional management.
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Figure 2 Hierarchy structure of decision-making for
selecting construction material transportation routes.
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Table3 Baseline data used for evaluating
decision-making criteria.
Alternative (Route)
Symbol Criteria Unit
w1 w2

C Cost 1,625 2,035 Baht / Ton
T Time 48 7.75 Hour
E Efficient 30 13 Ton / Round
S Safety Good Poor -
F Frequency 23 30 Round / Week
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Table 4  Data on criteria scoring. Table 7  Decision criteria. (Saaty, 1980)
Likert Scale Score (Verbal Judgement) Decision criteria
Excellent 5 (Equal Importance) 1
Very Good 4 (Moderate Importance) 3
Good 3 (Strong Importance) 5
Fair 2 (Very Strongly Importance) 7
Poor 1 (Extreme Importance) 9
(Mean) 2,4,6,8
Table 5  Converting basic data into scores that can be ) .
. . o Table8 AHP basic scale data of each pair of
used to consider decision criteria. o ) o
decision-making criteria.
Alternative (Route)
Symbol Criteria Unit Criteria
w1 w2 Criteria Total
Cc T E S F
C Cost 1,625 2,035 Baht/Ton
C 1 117 1/3 1 1/3 2.810
T Time 48 7.75 Hour
T 7 1 1/3 3 13 11.667
E Efficient 30 13 Ton / Round
E 3 3 1 7 1 15.000
S Safety 3 1 -
S 1 113 117 1 117 2.619
F Frequency 23 30 Round / Week
F 3 3 1 7 1 15.000

1.1 ﬂ’lSLﬂ%UULﬁﬂU@J’ (Pairwise Comparisons)

amziaazimudioufisunaeilunsiaguls
luudaze @1 Table 6 Lﬁaﬁﬁmﬁu@ﬁaﬁﬁﬂ’mﬂ%w
WouudzltuanswnmsiSouiisude nanain
Yag1% AHP 1-9 @3 Table 7 lasynailIouifinuen
dninanuEGTaILdanl GiTable 8

1.2 M3 BTN (Weight Calculation)

Wuwnssauanueguaanmwrinsaadul
IanudagnumnasinsRaTanmaianudazng lu
Table 9 WU L1vaILSENNIdiAnE 6 IRAu&ATY
duanulaeadulumssudsanniiga Tagldimin
asi‘?'i 2.713 Aaillu Jouaz 40.4 sasasnniusnudunu
sigmhoFud "l,@m‘ﬁuﬂam 2.290 fenilu Sanaz 34.1
ntudw mdiinIzndtanusinTdaiuls

Table 6 Pairwise Comparisons. (Saaty, 1980)
Wisnifisuiumaiandsuaadleas Table 10 fs Table 14
Criteria c T E s F uazillofma AN NuEmAYIIN MM IR R
c 1 cIT CIE c/s CIF Lﬂ%ﬂﬂLﬁﬂUﬁ%luLWiﬂ:fj ﬁ\‘l Table 15
T TIC 1 TIE TS TIF
Table9  Weight Calculation.
E E/C ET 1 E/S EIF
s SIC SIT SIE 1 SIF Criteria
Criteria Total
F FIC FIT FIE FiS 1 c T E s F
c 1 17 113 1 13 2.810
T 7 1 113 3 13 11.667
E 3 3 1 7 1 15.000
s 1 13 17 1 17 2.619
F 3 3 1 7 1 15.000

Weight 2290 0.844 0437 2713 0437 6.721

Percent 0.341 0.126 0.065 0.404 0.065 1.000
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Table 10 Average Cost.
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Table 15 Weighted comparison of decision criteria within
each decision criterion.

Average cost w1 w2 Weight Percent
Criteria
w1 1.000 7.000 2.646 0.875 Criteria Total
w2 0143 1.000 0.378 0.125 ¢ T E S F
Total 3.024 1,000 c 0356 0051 0119 0356 0.119  1.000
T 0600 0.086 0029 0257 0.029 1.000
. E 0200 0200 0.067 0467 0.067 1.000
Table 11  Average Time.
s 0382 0127 0055 0382 0055 1.000
Average Time w1 w2 Weight Percent F 0.200 0.200 0.067 0467 0.067  1.000
w1 1.000 0.200 0.447 0.167 Average  0.348 0.133 0.067 0.386 0.067 1.000
w2 5.000 1.000 2.236 0.833
Total 2.683 1.000 1.3 msmnaaumwaa@ﬂﬁawaaqaUﬁﬁﬁ]
(Consistency Check) &131307A3AUANNNROAAR S
Table 12 Average Efficient. vadQapffiaudazgald 1nn1IdIuIMaaIIEIN
ANNFDAAREY (Consistency Ratio: CR) Tuusas
Average Efficient W1 w2 Weight  Percent WwnIng I@Uﬁ'ﬂﬂdﬁﬂqm:agﬁ 0.1 ugzasin Qasiiia
L. A VIR R £ e
Wi 1000 7.000 2646 0.875 wulivngatiatisnoenivled draas CR Auagnvawa
22 UNING NWIBATNUNNIAAFW0EN 5 LNAN A9
W2 0.143 1.000 0.378 0.125 PR o . PN
wudadwunsndiauwa 5x5 a1 CR 39lda7stAin 0.1 s
Total 3.024 1.000 furmaen CR sansadwiInldanaumsn 2 laghn = 5
161 RI = 1.12 lunsdmiauen CR
Table 13 Average Safety.
) CR=== (2)
Average Safety w1 W2 Weight Percent RI
WA 1.000 7.000 2.646 0.875
las
W2 0.143 1.000 0.378 0.125
CR = dgasIuANURaaAsad (Consistency Ratio)
Total 3.024 1.000 .
Cl = auuaNURaaAAaad (Consistency Index)
Rl = auHannn1IgN@28e19 (Random Index)
Table 14 Average Frequency. - :
WNNTU3N Table 16
Average
w1 w2 Weight Percent
Frequency
WA 1.000 0.200 0.447 0.167
W2 5.000 1.000 2.236 0.833
Total 2.683 1.000
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Table 16 Random Index. (Saaty, 1980) Table 17 Consistency Check.
RI 'E Criteria Sum for
1 0.00 S c T E s F average
2 0.00 C 0.348 0929 0201 0386  0.201 5.941
3 0-58 T 0.050 0.133 0201 0.129  0.201 5.371
4 0.90
E 0.116  0.044 0.067 0.055  0.067 5211
5 1.12
S 0.348 0.398 0469 0.386  0.469 5.367
6 1.24
7 132 F 0.116  0.044 0.067 0.055 0.067 5.211
8 1.41 = 5.420
9 1.45 Cl= 0.10503
10 1.49 CR= 0.094
o A o . o & Yo o o @
drflanumanafad (Consistency Index: Cl) 2. Msfaazhia v laaauanadinalag
ﬁ’]ll’]iﬂ%'lvlﬁ’fﬁ]’lﬂﬁilﬂ’]iﬁ 3 N

CI= ’1—1 (3)

Tasi

71 = VWIAVBIFLAITININTG WIDTUWIUVDILN U
A a ' ' .
FINNITNTAVUA 5x5 U9 71 I9IRANYINALY 5

ki
n L
i1y, . .
L ! S
A= = WiaAafuaInaTINda ARy
n

HANNIATIIROLANFAAAN D3RI N
FINTDUEAI AR Table 17 tHaNINTMIAT CR LaIWLTN
A . @ A A, o ' ' Aaa &
fidviiny 0.094 Heiatasndn 0.1 uaadin qasniiatl
ﬁmmu’nL%aﬁaagluﬁaaﬁﬂaw%'ﬂﬁ s doyany
Ansanasna luduwmaniadasmauanumenaaInig
\Rangiale

Rarsananiininildanuidyvesnmal
AirwRasonlunisdagula 9'ldan Table 9
LLETT&W"L‘]JQmﬁ‘m{’mﬁfﬂﬁlﬁmwé’nﬁry‘naamoLﬁan
Mhanfnsonlunmsaagulaluudaznaden d9ldan
Table f19 Table 14 MWV UM IAWIUUEAINT Table 18
Waduwmeanihninnisaaaulownin madaniiden
m{mﬁ?ﬂlumiﬁmsmmnﬁqﬂﬁa MIVUFIRUAINIT
(W1) Bsfiatimsnivindy 0.772 wanoaudn 11ves
VIHNNTHANY AITLRONNITVUFIRUAINGE LN
mansonouUauadainmnsaaauwlans 5 tnmai 1o
0.772 ®3930882 77.2 NANIR1WITUAY Table 19

Table 18 Suitable choices (Transportation Routes).

Suitable choices

(Transportation Routes)

Criteria Percent

(W1) (W2)

C 0.341 0.90 0.10

T 0.126 0.25 0.75

E 0.065 0.83 0.17

S 0.404 0.90 0.10

F 0.065 0.25 0.75
Total 100.00
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Table 19 Ranking of suitable transportation options.

Suitable choices

Criteria
(W1) (W2)
C 0.307 0.034
T 0.031 0.094
E 0.054 0.011
S 0.363 0.040
F 0.016 0.049
Weight 0.772 0.228
Ranking 1 2
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\aaszuaaLiouWaaWa (Tetracalcium phosphate, TTCP) L‘ﬂumsﬂiznauiunéwLmal,e'ﬁwwamW@ﬁgnﬁﬂﬂﬁﬂui’a@
nenaunng lasawizmaibh lulfidusndsznassesmaidiuudnizan (bone cement) mu’i’«‘j’mﬁﬁi’mqﬂizmﬁ
WadnedSsufisunssaeed TTCP anasdssnaunnaiduaasuaiua (CaCoO,) wlaunatdouaanlad (Cao)
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gouzuaInds (Solid-state reaction) miﬂizﬂauéiy‘aﬁmmzmiﬂi:ﬂauﬁéhmem‘ﬂlﬁgﬂﬁﬂﬂ%msw:ﬁmmmaﬁma:
mimzmsé’f’mawummgmﬂ@i’aalLﬂ‘éaﬁwmmaamgmﬂmm@mﬁ'ﬂﬁuuﬁ’;a‘»gmmmm{mﬁﬂmaqa (Particle size
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Abstract

Tetracalcium phosphate (TTCP) is one of the calcium phosphate materials currently used in medical
applications, especially for “Bone Cement”. This research aims to study the synthesis of TTCP using calcium carbonate
(CaCOS) or calcium oxide (CaQ), combined with dicalcium phosphate dihydrate (DCPD) though a solid-state reaction
process. The average particle size and particle size distribution of raw and synthesized compounds were examined
using particle size analyzer. The crystalline phase composition was examined using X-ray diffraction. Morphological
observation was done using scanning electron microscopy. The experimental results showed that no significant
difference in physical characteristics, microstructure, average particle size and particle size distribution of the
synthesized compounds from both CaCOSIDCPD and CaO/DCPD. The crystal structure of the compound derived from
CaCO3 and DCPD exhibited the major crystal structure of TTCP. It was different, from the synthesized compound
derived from CaO and DCPD exhibited the crystal structure of tricalcium phosphate (TCP) with other calcium phosphate
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forms, such as hydroxyapatite and TTCP. However, the coexisting compounds are the calcium phosphate materials

that can still be used in biomedical applications.

Keywords: Calcium carbonate, Calcium Oxide, Tetracalcium phosphate, Hydroxyapatite, Tricalcium phosphate
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Figure 1 Particle size distribution of the reactants
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Figure 2 X-ray Diffraction patterns of the reactants

Table 1

Particle size distribution ranges from 10-90%, and average particle size of the reactants.

Reactant Particle size distribution ranges from 10-90%. Average particle size (micron)
DCPD 4.47-22.79 10.74
CaCO3 11.57-39.23 21.70
CaO 10.09-39.25 22.19
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Figure 3 The Synthesized compounds from different
reactants A) DCPD+CaCO3 B) DCPD+CaO

Figure 4 Microstructure of the synthesized compounds:
A) DCPD+CaCO3 B) DCPD+CaO
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Figure 5 X-ray diffraction patterns of the synthesized compounds A) DCPD+CaCO3 B) DCPD+CaO
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Abstract

This study aimed to produce charcoal briquettes from the waste materials Sweet Basil (Ocimum basilicum L.)
extraction residue in the flavors and fragrances industry in Phra Nakorn Si Ayutthaya province. Materials were
introduced into the carbonization process at 500 °C and a heating rate of 10 °C/min. Charcoal briquettes were formed
by screw compression mixing with cassava starch in five-percent ratios. The mixing ratios consisting of charcoal
powder from the waste materials, cassava starch, and water are 13:1:20, 13:1:10, 10:1:10, 10:0.5:10, and 10:0.5:20.
Following three tests, the ratio of 13:1:20 was determined to have the highest impact resistance. Besides, the
performance tests of charcoal briquettes using boiling water showed the shortest ignition and boiling water times,
minimal ash, non-smoke, and non-explosion. The heating value was 5257.50 kcal/kg, 4.85% moisture content,
22.44% fixed carbon, 71.25 volatile matters, and 6.31% bottom ash, satisfying the Thai Community Standard Product
(238/2547). Therefore, charcoal briquettes from Thai basil extraction residue in the flavor and fragrance industries can
be used as renewable energy, increase income, and reduce the problem of agricultural waste management to promote

sustainability and minimize environmental impact.

Keywords: Charcoal briquette, Solid biomass fuel, Waste materials in the flavors and fragrances industry, Sweet

Basil (Ocimum basilicum L.) extraction residue
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Production of charcoal briquettes from Sweet Basil (Ocimum basilicum L.)

extraction residue in the flavors industry
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Table 1 Physical characteristics Charcoal briquette from Sweet Basil (Ocimum basilicum L.) extraction residue

Blended samples ratio i L. i
No. External physical characteristics and adhesion
Charcoal powder: cassava starch: water

1 13:1:20 Good adhesion, charcoal surface has no cracks
2 13:1:10 Good adhesion, charcoal surface has no cracks
3 10:1:10 Medium adhesion, charcoal surface has cracks
4 10 0.5: 10 Medium adhesion, charcoal surface has cracks
5 10:0.5:20 Adhesion is quite low, unable to form and the surface of the charcoal after baking has

cracks
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1 e 1 ' =2 g’ v ' o v a J
ATWaALLINITNNT nf‘mzm wazanndIvesinuiliesnin V]’]SL‘V\ﬂTSN RULNAVY

IINNTANEINDIN LU ANYTIUEITH 97N
AW 10:1:10 LT 13:1:20 waz 13:1:10 erawinng
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AU ARYIIINAIMITFIUNWUTINTERNNGEI AILEAI L1
Table 2
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FINga WAy 285 Naaan 13:1:20 MINAaTi

Table 2  Impact resistance testing of Charcoal briquette from Sweet Basil (Ocimum basilicum L.) extraction residue
Blended samples ratio IRI
No. Charcoal powder: cassava starch: Average of impact resistance index (IRI) = SD
water 1st 2nd 3rd
1 13:1:20 284.98 285.21 284.89 285.0320.17
2 13:1:10 250.55 250.20 249.66 250.1420.45
3 10:1:10 209.53 210.05 210.85 210.14£0.66
4 10:0.5:10 159.95 160.22 160.03 160.07+0.14
5 10:0.5:20 48.82 48.26 48.35 48.48+0.30

@ [ Y Y | Ae o . o AL o \
4. Naﬂﬁiﬂﬁﬁaﬂﬂ'\{lﬁﬂ’ﬂ&lia%ﬂ?Elﬂ'li@lN am{muﬂmmy IﬂUﬂ’]uﬂ@LL'ﬂG ﬂmugﬂluamﬂmu 13:1:20
%W lagsinin fszuznan@alni 6.09£0.04 w1l (F=868.40

nnnageuaaiaudmemasuih lagldtiudauris  uaz P=0.00) sunsavihliiiifonldiianga 20.40£.0.07

LARZAATIEIB WRHN 200 NTN AN 100 RARAAT LI
Galn ixﬂmmﬁﬁ’ﬂﬁﬁﬂmﬂqmﬁgﬁﬁaaLﬁﬁﬁg@Laa@ e
i:ﬂmmwa@ﬁugaq@ WUILARZDATIEIN HANNLANG

Wl (F=770254.61 uaz P=0.00) wazlvzeziianuanay
W% 40 W7l (F=21883.71 waz P=0.00) Gauaadlu
Table 3-5

Table 3  The ignition time testing of Charcoal briquette from Sweet Basil (Ocimum basilicum L.) extraction residue
No. Blended samples ratio 1st 2nd 3rd Average of ignition time * SD
Charcoal powder: cassava starch: water (min) (min) (min) (min)
1 13:1:20 6.10 6.05 6.12 6.09+0.04
2 13:1:10 6.08 6.13 6.03 6.08+0.05
3 10:1:10 5.12 5.23 5.18 5.18+0.06
4 10:0.5:10 7.02 7.13 7.09 7.08+0.06
5 10:0.5:20 5.03 5.06 5.1 5.07+0.04
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Table 4  Water-boiling testing of Charcoal briquette from Sweet Basil (Ocimum basilicum L.) extraction residue
Blended samples ratio

1st 2nd 3rd water-boiling time * SD

No. Charcoal powder: cassava starch:
(min) (min) (min) (min)

water

1 13:1:20 20.38 20.35 20.48 20.40+.0.07

2 13:1:10 30.35 30.42 30.38 30.38+0.04

3 10:1:10 35.20 35.15 35.12 35.1610.04

4 10:0.5:10 38.15 38.20 38.22 38.19+0.04

5 10:0.5:20 37.22 37.28 37.18 37.23%0.05

Table 5 Overall usage times testing of Charcoal briquette from Sweet Basil (Ocimum basilicum L.) extraction residue

Blended samples ratio

Average of overall usage

1st 1st 1st
No Charcoal powder: cassava starch: i i ) times + SD
(min) (min) (min) )
water (min)
1 13:1:20 70.05 70.10 70.03 70.06+0.04
2 13:1:10 75.03 75.00 75.09 75.04+0.05
3 10:1:10 78.10 78.02 78.01 78.04+0.05
4 10:0.5:10 75.10 75.05 75.03 75.06+0.04
5 10:0.5:20 70.02 70.00 70.07 70.03+0.04

MNMsanEnUsEnsnnaesanusansduin
uasinfinansmensaa lWaastruninlnsswnsauriad
DATIEIUAI ) FIUNTOURAIKA LAA3 Table 6 Fanzwuin
fisanan 13:1:20 lﬁwamimaauaﬁqﬂ Tagfeiady
ATHNITEIBNIBUIINIZUNN (IRI) LYINNY 285.03+0.17
fiszpznanlunsdialw 6.09:0.04w# waz suzaaminGen
L%ﬁﬁq@]ﬁ 20.40+.0.07 Wfl LAZLIA1NEAAU 70.06+0.04
Wil uaziaassm 13:1:10 Iuansnagauiasesaan

Tagfidasodninsauniuusanszunn (IRl) wihfiu
250.14£0.45 F3z8zaa lum3aa 1 6.08£0.05 Wl was be
IAN%NLE 00 30.38£0.04 WITt UALIANNBAY 75.04£0.05
wifl N9Iae F9ldiRandamaiu 13:1:20 &g
dnwdald Lﬁam’mﬁ@i’]é’fﬁummmﬂi:Lmﬂ“?'if,gaﬂd’]
wazaunIngafa lwldisindradnalideday lifinns
uaniazy uazlifiadu duaasly Table 6

Table 6 Combustion characteristics testing of Charcoal briquette from Sweet Basil (Ocimum basilicum L.) extraction
residue
Blended samples ratio ignition water-boiling Overall usage Charcoal Amount of
No. Charcoal powder: cassava time time times sparks Smoke
starch: water (min) (min) (min)
1 13:1:20 6.09+0.04 20.40+.0.07 70.06+0.04 No sparks No
2 13:1:10 6.08+0.05 30.38+0.04 75.04+0.05 No sparks No
3 10:1:10 5.18+0.06 35.16+0.04 78.04+0.05 sparks moderate
4 10 0.5: 10 7.08+0.06 38.19+0.04 75.060.04 sparks less
5 10:0.5:20 5.07+0.04 37.2310.05 70.03+0.04 sparks less
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Abstract

The objective of this research was to study the reed dye removal using Fenton oxidation process coupled with ultrasonic
method. The results showed that percentage of dye removal was increased by increasing Hzozand Fe®* concentration.
However, the higher amount of HZO2 and Fe” decreased the efficiency of dye removal due to the scavenging of
OH’ radicals by the excess Hzozand Fe®. When the initial dye concentration increased and the of HZO2 and Fe*
remained constant, the removal efficiency decreased because of the insufficient OH" radical for the degradation of
dye molecules. The maximum removal was 86.69+1.41% at 30 minutes and the concentration of HZO2 and Fe”* were
10 mL/L and 1.0 g/L, respectively. The presence of ultrasonic during the Fenton oxidation reaction pronounced the
efficiency of dye removal, on account of the abundance of H’, H02° and OH’ radicals from the degradation of water
molecules. However, the increasing of ultrasonic frequency raised the system temperature, leading the degradation

of HZO2 to water and oxygen. The results revealed that the use of four-point ultrasonic transducer with 80 KHz
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frequency, 90 W power, and 12-15 V electricity voltage decreased the color by 92.28+0.90%. The COD reduction was
52.51+0.69% and the remaining Fe** was 0.315+4.23 g/L.

Keywords: Ultrasonic, Reed dye, Fenton oxidation process
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Figure 1 Azo dye structure
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Figure 2 Ultrasonic treatment system circuit diagram and (b) real equipment
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Table 1
Table 2  Effect of initial dye concentration on dye
o i removal (n=3)
Table 1 Effect of HZO2 and Fe™ concentration on dye
removal (n=3) Initial dye concentration (g/L) % Removal
0.75 67.910.34°
[Fe?] [HO] (mLL)
(L) 25 5.0 10.0 20.0 150 88.1240.69"
0.1 36.20+0.08° 44.00+0.36° 61.10£0.67° 46.55+1.17° 3.00 70.68:0.21
] . The different superscript letters (% °) showed the significant
0.5 39.70+0.10° 55.20£0.21" 72.70£0.92° 55.37+0.43 )
differences (p<0.05)
1.0 49.20+0.20" 58.90:0.67' 88.20:0.45  65.96+0.81"
2.0 50.10+0.08' 62.60+0.11" 87.50+0.93  65.45+1.21"

a, b, c,

The different superscript letters (
differences (p<0.05)

") showed the significant

nEamMINasasiatinanududusas H O2
uaz Fe* $ounzuoadfimnaaldifindu (p<0.05) udiile
qumwmmwaa H.O, 1lu 20.0 Taddasdadias M3
fenddauanadiilasean H 0, ‘ﬂmmu"lﬂﬁ] m’maum
laasanda (OH") wniiuwe mavvlﬂfa‘unu H.O, mlam
MlAdsedintawmssdaddananas (Li et al., 2014)
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ANMIANBV84 Barbusinski (2005) AWL31 MIraagea
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Table 3  Effect of contact time on dye removal (n=3)
Time (min) % Dye removal
10 44,5912 49
20 66.8612.78"
30 86.6911.41°
60 87.1410.80°
90 87.6011.76°

a, b, c

The different superscript letters (
differences (p<0.05)

) showed the significant
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Figure 4 Effect of contact time on dye removal
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90 Jad sanInisadsanldSesas 14.84£0.52 iiaifiw
ANuR3osazIaIMsTNIaaaas Lissaniiannusaud
lmzuuﬁi'@vlﬁﬁagaﬂh 45 IFLTALTHE (BLTzNIN
45-47 asrimaidoa Waldanuiiiu 100 135ad) aa
FouiAndurinlw H.0, gaeen ladwinuazaondian
GAIFNNTT (9) MAUTzANTAIWNNTANR AR a AR
(Hashemian, 2013)

2H2022H20 + O2 9)
Table 4  Effect of ultrasonic frequency on dye removal
(n=3)
Frequency (KHz) Power (W) % Dye removal
60 68 5.8011.122°
70 100 12.5611.15°
80 90 14.8410.52°
100 108 14.3611.25°
200 80 12.381+1.39°
400 72 5.13+1.77°

The different superscript letters (* ™ °) showed the significant
differences (p<0.05)
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Table5 Percentage of dye removal, COD and
remaining Fe** using Fenton oxidation couple
with ultrasonic (n=3)

Before After %
Parameters )
treatment treatment Reduction
Dye (g/L) 1.5010.0 0.11611.3  92.2810.90
COD (mg/L) 336.21£0.39  159.6712.4 52.5110.69
Remaining Fe?" (g/L) 1.0£0.0 0.315+4.23 -
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Abstract

Latent fingerprints are important evidence to identify offenders at the crime scene. Detecting latent fingerprints by dusting
method is a simple and fast technique. This research studied the detection of latent fingerprints on non-porous surfaces using
Chaya powder (Cnidoscolus chayamansa Mc Vaugh), a natural product that is easily available and non-toxic to fingerprint
identification officers. We studied the particle size of Chaya powder and the weight range for fingerprint impressions. The
result showed that the Chaya powder that passed the sieve a particle size of 49 micrometers and a weight range of 300-500
grams produced the best quality of latent fingerprints on clear glass. Moreover, the quality of latent fingerprints was studied
on 10 types of non-porous surfaces. The results showed that the fingerprints were visible clearly and showed more than 45
unique characteristics of minutiae. This is sufficient to verify identity and to study the effect of time on latent fingerprints on
four types of non-porous surfaces. The periods of sample collection were set at 1, 7, 14, 21, and 28 days. The results

showed that more than 28 unique characteristics of minutiae were used in fingerprint identification.

Keywords: Latent fingerprint, Non-porous surfaces, Chaya, Mini AFIS

! ﬂ’]ﬂ'!’ﬁ’]’)ﬂﬂ’]ﬁ’]ﬁ@iﬂ’]?_lﬂ’]wLLNJJRG]W]ET@S ﬂ%ﬂﬂﬂﬂ’]ﬁ@]‘mﬂu’lﬂﬂ’]ﬂ’]ﬁﬂi um’mmammm‘smams AN UVATUNILE 3. %ﬂiﬂﬁ&l 73140

ﬂuﬂwawﬂanmu 1. ﬂaawm 2.ABINAI Q. l]‘YI&Iﬁ’]‘l«L 12120

Department of Physical and Material Sciences, Faculty of Liberal Arts and Science, Kasetsart University (Kamphaeng-Saen Campus),
Nakhon-Pathom 73140, Thailand.

Scientific Crime Detection Center 1 Khlong Nueng Subdistrict, Khlong Luang District, Pathum Thani Province 12120, Thailand.
Corresponding author. E-mail: Gedsirin.e@ku.th

2

*



190

UNUI
‘LuﬂagﬂumiﬁamqmmywnssuﬁLLmIﬁmﬁ'ugﬁuazha
Aailag miriamsq]moﬂ%y'aLﬁ@%ulumu%maﬁﬂﬁhjﬁwmu
qﬂﬂaﬁwuLﬁul,u@;ﬂ'lstﬁﬂﬂiﬂizﬁ'lﬂaﬁwﬁ@lffu e
aﬂwwgﬂi:ﬁﬁmmﬁ@qﬁ ﬂi:mumsqa'ﬁﬁuﬁﬂﬁmm
éﬁé’tyﬁui’mqwmuﬁmumsmnﬁgaﬁmﬁﬂmmam%
@¥nyla Bavadny, 2561) %&Wﬂﬂuué‘ngﬂuﬁwﬁmﬁgﬂi:ﬁﬂ
anuRaTNRITassasanmINam AT wTaslTe iy
uuﬁuﬁﬁ@]qmﬂﬁq@ Ao anofiaflouss
msmaaﬁq%ﬁmné’ﬂmﬁqﬂﬂaﬁmmUﬁmﬁﬁ's
foflanuindadaussiufivanivluszdusna (lanmn
&uvinag, 2558) lasmannamaanmenaasigastlaudai
mmﬁuﬁﬁ’aﬁamaaLwia:qﬂﬂaaﬂ&iﬁl‘%ﬁmmzvlajmﬁrJume
SaudLAnanATia ﬁﬂﬁmmim:qé'@é'ﬂmﬁqﬂﬂa
laadstannuazudninilugnisdunudignazyia
ANNAA LS (Eckert, 1997)
mMsasaAuasiadoudsidoiunaiess
01U Maanidu m3lsihead mysuaiugiileing

o 2

mssanaeiiafie uazmstnenw udu (Gvennsal
WY UIBUT, 2559) m‘nﬁaniﬁ%ﬁmmmuﬁuagﬁu
Uszinnvessesmeindoun LLazﬁVuﬁamaﬁmq |9 A1)
wmmﬂuﬂizmw%dLﬂuﬁvuﬁ'aﬁgwwmmmlﬁ%mﬂiﬁ
fsazanoiiulaasu Iudaumaaﬁuﬁamﬁgw?u RLIG S
WAD NI2IN WANEAN LANIZALNNTATIUAUGI8IDU AN
Au niodTwaiugilesng E%ﬁgﬂﬁwmmnmm piaile
LL&.Iamﬂﬁq@ fa Mt éawaﬂuﬁﬁﬂmlﬂuﬂagﬁuﬁ
ﬁy'amp"ilu@h HIE DT WIR RIS Ml LT
Taedsmdsznaumaniindsnansznusessuumelaves
JUiTRrmdmnsanefguimsfiniiafedegnlfid
3282w (Sodhi & Kaur, 2001) ﬁaﬁﬁ;ﬁ%ﬁwmumn
ldnpnumsfinsnmsbnsduannuiaduesin1a s
unlFlunnsasamsesanaindouds sndasnogy

2597 sl lunlnan (2555) ﬁﬂmmﬂumﬂmﬁu
I@]m‘hmﬂmnmmﬂwwﬁulumwm@agmmwiw 18-
153.8 lulasiuns Feanwaiuinvosnsiuiarnsdos
@1"3yﬂﬁaaﬁg‘amsﬂﬁ%Lﬁnmammuﬁaaﬂm (SEM) Wu1
Nwﬁuﬁmim:mﬂﬁwaaagmﬂwLm:ﬁ’ul,ﬂunsjwﬁau
SemunTamsinsasansindoudsuuiuialde anms
NAREINUF 10 lF 9D DN A IR NI VT WHEN BN IF
5% a:iﬁsaaa’mﬁ’sﬁmmaﬁﬁqmmwﬁuu‘ﬁuﬁﬁmqmﬁ@
¢99 loun nizan wasdnlauuudan wanadnlauuy
uia uindd munsziios wruazpiiiiioy azgiiilouwasd
nyEamafey wazdniagsns %am;ﬂ"l,ﬁ'j'l I UE5D

Kessara Sukhong, Supawan Phansiw and Gedsirin EKsinitkun

J Sci Technol MSU

PII0LAN UﬁuﬁaLLBJ\muﬁuﬁavlaiﬁgwguvlﬁua:mmsnv"nm
Uz luminafi@ineangas e

39930 NITIINIG uaz 1357 Try iz (2562)
ﬁﬂmmsguﬁnﬂLLﬂ&Uﬁﬁéﬂﬁ%ﬂﬂﬂimiaaﬁwawUﬁaﬁaum
uuﬁuﬁ’aﬁyuvlsjﬁgww 3 Uszan laun n3zan wans@n
uazlane 1Fussnaisesin 300 niu wud maduanunaus
mminmnmmmﬁaﬁmmﬂﬁnnﬁuﬁa lagamizun
AuBnnI=an FaLnafinan U‘f:'aﬁaumvlﬁﬂu%@augszﬁﬁq@

Sri et al. (2019) AnmwidwIINUNNLTETIWG
auNAd19¢ I@UW@]:LmNLwnmmmmgmﬂﬁww 0.150,
0.149, 0.177, waz 0.250 W4. Uuﬁuﬁﬁ@lq 5 ol laun
azpfifloaand aladuiy fowaa@n uiuda uszwana@n
& wui munmﬁs?ﬁmmmgmﬂ 0.250 43, LAINZEAIL
anavnmeindeudsunaladuiussnanaanla wazuwna
auMA 0.125 WA, Unngmeiideudsldduuiuinge
WANEAN WHUDE LLa:a:gﬁLﬁwngﬁLﬁadﬁnﬂmuﬂmﬁﬂ%
mmsnﬂmﬂgmUffaﬁaumuuﬁuﬁﬁmqﬁuﬁaLLazvl,xiﬁ
swuldlasgmniwsansunud U%ﬁuagﬁwmmaa
mgmﬂmunmﬁm‘ﬁmauﬁm sl ANUINLAR
aenldae

FUNANY WL (2556) AnsNIuIINTNUAL
Mm‘smwmmﬂﬁaﬁauslauui’mqﬁuﬁavlajﬁgwgu ldun
N323N NTEANHARDLNY LAZUHNNAFAN WUIHITN AR
Avmaesouin ﬁ%ﬁ']maLLatzﬁmm@]a%mm:WjN 26
Tulaswas 59 154 lalasues danusuiugsauiisan
‘mU’Lﬁmﬁguﬁ@ﬁmanmuﬁ’;ﬁavlﬁﬁ%u WUIRINTNATIR
waneiioudsldaunRBaINTZINLAE NI AR a L
W LI w6

N9% °"°mwmwaulaﬁnmmsﬁwmQumnwa@lﬁmsﬁ

U
A £

M9sTINTd ae dnanen anlElumsass wawiaie
LLNouuﬁuﬁﬂsjﬁgwgu ForinmendTeinenaaniin
Cnidoscolus chayamansa Mc Vaugh No9et Euphorbiaceae
fausdialudszmadingln dssindlnaSoniunanse
Fo 1iu asiuingln dnanen nnugy Judu fnmen
dwliva dgnisuazaeenugldnad sduliansue
9919 LLﬁzﬁﬁﬂﬂN%ﬂﬂﬂg’ﬂﬂﬂM luvesioriiainsznay
dulihdu Aafin uisg ninexdlilu uaznialudu uaz
Jx15UsznauAuedn tasAuess oaAIRBHA WA
lenluanlnalalod (Pérez-Gonzalez et al., 2021)

losiagduiimahludnmenandnsnig diu
AMITURLINITAUNTUNN S Lﬁaamﬂﬁﬁunmﬁﬂumswam
wazanudaeady lasdnonumshinseanans
miﬂi:nauﬁaglﬂum L iNTETAD1MNT (Hutasingh



Vol 44. No 2, 2 March-April 2025

et al., 2023) Il INBNUMIluTIEINIRAIN
Lm:u,ﬂigﬂLﬂuwamﬁmﬁmm‘nﬁa@mw iisanlumen
fRnaldsiugemaninlinaunulsfiuanaa il
(Ramirez-Rodrigues et al., 2021) uaﬂaﬂﬂﬁﬁiﬁﬂdﬁuﬂﬁiﬁﬂ
Az WU Tomdnadunsunns iaiinlulsln
MINFLIATIH 13RI 13ATZUUMY LEHEIANT ke
flula (Avila-Nava et al., 2023)

Figure 1 A) Immature chaya leaf B)
Chaya shrub C) Chaya leaf

(Invsgaanlal, 2564)

RELER au‘lﬁ]ﬂi:qﬂm"lfﬁwﬁ@fﬁumsmwm
moihflauds asandnmndisulsznavaesensfiiana
Lt Li‘iaﬁﬁ"l,ﬂﬁﬂﬁl,l,ﬁwmmmgmﬂﬂuaamﬂummmﬁ@
aﬂﬁ‘umi%ﬂmaqauumUﬁaﬁmmﬂﬂ”ﬁ osunInin

"I,ﬂsl,%’l,umimnﬁgaﬁﬁuﬁué”;qﬂﬂaﬂ%amummﬁgaﬁ
NIRAINEENT LLa:?hm@ﬂa%’mﬁmﬁmwanszﬂudag

Ujianushumaraigaiasiaiialauaziduuuwing
Tunsidanbiung Quﬁﬁﬁunu@‘hLﬁaﬂmmuﬂﬁﬁwﬁnmﬂmm
fIYzne

TansraA899InIvY

1. Lﬁaﬁﬂmmm@mgmﬂmaamﬁﬂmmﬁmm:
auEmIUMIaTIamasiiaousds

2. 1ednmihminmInadssiuasiiafiadis
wa@iaqmmwm'smmmmﬂf:'aﬁaLu:Ja

3. LNBANEINITATIIR I LTI N O WHIL WA LA
laifigwyu 10 zila

Latent fingerprint investigation on non-porous surfaces using

chaya powder (Cnidoscolus chayamansa Mc Vaugh)

4. {NaANBHITTUZNIANFINAFADNITATITN
g & a i A
a umﬁauﬂuuuwum"tamgw;u

d' = = a A
5. LWaLleim_lLﬂﬂuqmn’lwmﬂu’mmmﬁ]’m
NGGTT]’D"]U'] Ndﬂuﬂﬂoﬂﬂiﬁﬂ LLa:%ﬁﬂﬁuﬁmUﬁ?ﬁa

Q

'3 aa

aﬂqi‘]‘ﬂﬂimuaz')ﬁﬂqiﬁﬂﬂﬁl

nmsassaalnsainmnaaes

WTBNATUNTIIAN 3 WA LUn VUAa%NTA 49,

A/ a =t a U 1
74 uaz 149 lulasuay uaziufalifigngu 10 oia loun
nazanla azA3Anla aza3andn wanadn lane azgfiiioy
a A 6 AA = Qs 6 a =1 U

azpflifloanand 46 luladane’ uaziia vandsldudsia
Ausunszsan 1@3eaue 0TI MNAIATIIG NaBIthENTW
(Cannon ju D700 Len EFS 18-55 mm.) LLa32UUAIIIRDL
MURNAIIN 200 [UIFUMIANANT (Mini-AFIS)

= 1

msmsﬂume!u

FFIULDAVBINNTILN A 1ANAINUFZDIALAS
MRk lasnITauwtd NUUAszLBuAGILLAIRILN
wi”ammﬂmm@mgmﬂ‘[@Umu@mm‘mau 3UUIA INNHY

' A o P= A o A o =

msﬁﬂamw:wLmaLLazumﬂ@mauﬂmmﬂ AALATHUN
cﬁumamiﬁwLLawﬁnﬁuﬁmﬂﬁaﬁa Warhuy3suney
Qmmwamﬁaﬁal,ma@iavlﬂ

nMIA3ENIBE9aEIa s

;ﬁffﬂﬁﬁmim%wﬁaasmawﬁaﬁaummﬂﬁa
Wnilladurnvasyaaawand 1 au a1y 27 1 (wes
HA9E winiw) Ta pyhnsefie Wazanadosyuazda s
(\sen 1mly uazamse, 2564) A9 liilluszaziaan 1 5alu
AaurnnmInasasaniulsziuihauuluwihusmmi
el riaun@ﬂs:ﬁ’uﬁ?’aﬁaaauuﬁuﬁﬂﬁﬁgw;uﬁa siwin
msnavssiuinadenidanlsd LLa:Lﬁu*?nmﬁmzmmmﬁaﬁa
LLNaluamﬂnwaammwy LN NARALAZNININARES
$1 3 A39 (LUATWAN RUNINT Uas WIS Fuaauan, 2564)

fi%'ﬂ'ﬁﬁnmuazﬂus'mﬁ'aga
;f;ﬁ'ﬂﬁﬂ'u@]aum‘sﬁnmnmm’mnm?aga A9%h

1) ﬁﬂmmmﬂagmﬂmaamﬁﬂmmﬁmmzau
fwsunsanamasiindauds Wesaneuiseile
m‘%‘wmaTﬂ‘*mmﬁmumumswmmmgmﬂ 49, 74 uaz
149 luTasiuas uasyimstasuueae s i douranm
AufINTzaN S0 3 e208ns lagvimnaassdn 3 a5s
(IINNA 9 1889) LRuSNetmeiindoudsd
gannTvad iuszsziian 3 1w udvhulssdansdnom
Arazonliauiey nasantwinmIsenwLazuin
et s uuaImeUaeRuindesaluiauma
WA (Mini-AFIS) Imﬁwn’]ﬁmsw:ﬁlﬁaLﬁanmummgmﬂ

191



192

o

A & oA AaA = ¥ o
wﬂmngqmmwmﬂmwaumm‘nqﬂ i l@nssinnin

mynadsznulumidadaly

2) Anwiarinmsnadssiumeindeidonade
Qmmwmimmmmﬂﬁqﬁaum ilosannamdspiliden
drsiminmInadssiuiaiiavsvua 3 99 ldun 300-
500 N33 600-800 N3N WAz 900-1100 NN YIMILAILN
fhagemnpiiiaudsuniniinszan $1wm 3 feghs
Tag¥nmImasastn 3 A% (IINNINUA 9 e288n9) LAY
%’nméf’samdmUfraﬁaumﬁqm%gﬁﬁaa Wuszaziaan
354 Waasurmualdudsstladonsinmeniiruwasnss
mmﬂmgmaﬁﬂswngqmmwmﬂﬁqﬁamJa"L@Tﬁﬁq@ a3l
HANINAREIT 1)

3) INeANHNIATIIAIN it auslsnuiuiia1aid
JWIW 10 Tii@ leur n3zan aza3anla aza3and wanadn
lanz axpfiflon azgfiflounend 56 lufiadainat uazla
ymstasuudainsansiiafiaudsunudasiui $1mam
AuRaz 1 70819 LAY TNARDIT 3 ASI (INNIRNA
30 208n9) Tagidenlfrinninnsnadssruingde auna
mMnaneaf 2) Lﬁu%’nmé’aamamﬂﬁaﬁautlaﬁaqmﬁnﬁ
Wos 1uszuznm 3 % AawinanaTamnaeingaurds
I@mlﬁmiaﬂmﬁalmti'mﬁmﬁmu@umswm@a%mﬂﬁ
ﬂﬁﬂgqmmwmﬂﬁaﬁauslﬂﬁﬁﬁqﬂ AUNAMINAREIT 1)

4) FnINTEUEMARINAGINTATIINAND N
ﬁauslauuﬁuﬂ’avl,&iﬁgw;u 4 ofia ldun nzan wanadn
Wan uazazpiiiiluuvond vmstassudaisansiage
WHSLILARZ YA ARAIRE 5 620819 Waz¥nmMINaaastn

AMNNI

Kessara Sukhong, Supawan Phansiw and Gedsirin EKsinitkun

J Sci Technol MSU

3 a3y I@ﬂLaaﬂlwm%unminﬂﬂsmumua AUNANT
nanash 2) mmﬂmmamamﬂmuaummmmmm
Wuszaziaan 1, 7, 14, 21 uae 28 1% RRINATUTZLL
nanfimnuelfudsatladersinmenfiruazunssamwe
mi,mﬂ“?'iﬂﬁﬂgqmmwmﬂf:aﬁaumvlﬁﬁﬁq@ ANUNA
nMInanasi 1)

5) L‘iﬁwLﬁwqmmwmUﬁaﬁmmaﬁvlﬁmnmﬁn
T HIEUNIINIA wazndnfiuwansiiafie Tauvinms
L@’%UN@T’Jazmmﬁf:’aﬁal,l,muuﬁuﬂam”aﬂ W% 3 A20819
LazFNMINARBITT 3 ASs (mum%m 9 @18a83) I@m
danlfiminnsnadsziufiagie anunammasasit 2)
mmﬂmmamamﬂmmaLLmﬁqmﬁQwaamm:mnm
3 5% Wensusrssnmfimnueldudsstladonsinmend
mu@ Lmiwm@aumﬂ‘nﬂﬁﬂgﬂmmwmUu’;uaLLNu"L@
@wa@muwamsmaam 1) uae mclumamsm‘nuwlﬂj
luﬂaﬁguu laun msjumuawmsjumnmﬂLLﬂiaﬂMumu
n3zsan NnwheSsufsuiundnfiadansiiaiie

ABmsAarzidoya

3Lﬂiﬂ:ﬁqmmwmﬂﬁqﬁamlﬂ@mmé'fwé‘nmi
LLﬂamﬂ:LLuuma'mjaaﬁ‘hmufgﬂﬁﬂwm:ﬁwﬁmﬁmwmau
sefiafiauds (Minutiae) Ainsrawuanneletaameiinga
LLNauuﬁuﬁavLaiﬁgwgu lasutsrieszaunzunnaantin
4 320U Lﬁaslia%mumwwmwaw:é’uqmmwmaa
mimwaaumUf:'sﬁaLLN@I@]uﬂan@i’mmmﬁ%’umao
TUNME aNaIUAN (2556) F9T3Ta 9

a‘hmm}@§'ﬂwmzﬁﬁﬁmﬁLﬂuﬁmnwugoq@-a‘hmm}@ﬁﬂwmzﬁwﬁmﬁLﬂwﬁmwwuﬁwq@

FAUIUTU

o &, @ : o & | s ' v
AL DINAMNUNINYDILGRLIEQAUTULNINY 8 mmmsmmm’mmmmﬂﬂm Table 1

Table 1 Criteria for grading the quality of complete clarity of fingerprint lines.
Minutiae Grade Description
53-60 A The clarity quality of the fingerprints is very high.
45-52 B The quality of the fingerprint clarity is high.
37-44 C The quality of the fingerprint clarity is average.
28-36 D The quality of the fingerprint clarity is low.
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Table 2  Experimental results on the particle size of Chaya powder affecting the quality of latent fingerprints.
Special Characteristics of Minutiae
Particle (um)
Test 1 Test 2 Test 3 X S.D. Grade
149 48 50 52 50 2.00 B
74 49 51 51 50 1.15 B
49 56 58 62 59 3.06 A

Figure 2 Particle size of Chaya powder A) 149 um B) 74 pm C) 49 um
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Table 3  Experimental results of the imprinting weight affecting the quality of latent fingerprints.
Special Characteristics of Minutiae
Weight (g)
Test1 Test 2 Test 3 X S.D. Rate
300-500 51 52 56 53 2.65 A
600-800 49 51 55 52 3.06 B
900-1100 43 45 48 45 2.52 B
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Table 4  Results of the experiment on the quality of latent fingerprints on non-porous surfaces.
Special Characteristics of Minutiae
Surface ~
Test 1 Test 2 Test 3 X S.D. Rate
Clear Glass 49 51 56 52 3.61 B
Plastic 59 59 61 60 1.15 A
Clear Acrylic 51 51 51 51 0.00 B
Black Acrylic 42 45 47 45 2.52 B
Aluminum 50 52 53 52 1.53 B
Steel 44 46 47 46 1.53 B
cD 53 55 55 54 1.15 A
Foil 51 54 54 53 1.73 A
Cutter Blade 50 50 51 50 0.58 B
Knife 49 52 56 52 3.51 A

Figure 3 The quality of latent fingerprints on non-porous surfaces. (A) Clear Glass (B) Plastic (C) Clear Acrylic
(D) Black Acrylic (E) Steel (F) Aluminum (G) Foil (H) CD (I) Cutter Blade (J) Knife
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Table 5 Results of the experiment on the quality of latent fingerprints on non-porous surfaces for a specified period.

Special Characteristics of Minutiae

Surface Time
(Day) Test 1 Test 2 Test3 % s.D. Rate

1 51 51 52 51 0.58 B

7 48 51 56 52 4.04 B

Glass 14 49 50 54 51 2.65 B
21 47 51 51 50 2.31 B

28 33 35 40 36 3.61 D

1 54 56 59 56 252 A

7 52 55 56 54 2.08 A

Plastic 14 43 44 46 44 153 c
21 44 44 45 44 0.58 c

28 35 37 45 39 5.29 c

1 45 47 46 46 1.00 B

7 46 47 50 48 2.08 B

Steel 14 41 46 48 45 3.61 B
21 30 30 32 31 115 D

28 19 31 33 28 7.57 D

1 52 54 53 53 1.00 A

7 52 52 56 53 2.31 A

Foil 14 51 53 52 52 1.00 B
21 53 55 56 55 1.53 A

28 46 46 50 47 2.31 B

Figure 4 Quality of LFPs on glass with Chaya powder A) 1 day B) 7 days C) 14 days D) 21 days E) 28 days

Figure 5 Quality of LFPs on plastic with Chaya powder A) 1 day B) 7 days C) 14 days D) 21 days E) 28 days
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Figure 6 Quality of LFPs on steel with Chaya powder A)
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Figure 7 Quality of LFPs on foil with Chaya powder A) 1 day B) 7 days C) 14 days D) 21 days E) 28 days
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Table 6 Comparing the quality of fingerprints with Chaya powder, Commercial dust, and fingerprint ink.
Special Characteristics of Minutiae
Powder/Ink
Test 1 Test 2 Test 3 X S.D. Rate
Chaya Powder 56 57 62 58 3.21 A
White Powder 53 55 55 54 1.15 A
Black Powder 53 58 58 56 2.89 A
fingerprint ink 56 57 61 58 2.65 A
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Figure 8 Detection of LFPs with fingerprint powder from (A) Chaya powder (B) White powder
(C) Black powder (D) fingerprint ink.
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