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Abstract

Residue of rhizomes of galangal, kra chai dum, plai, and lemongrass from extracting
processes were individually studied as alternative raw material to pulping and paper production.
Effectiveness of crude galangal extract (200 ppm) to control Aspergillus flavus and Aspergillus
niger was significantly greater than other crude extracts. Pulp yield of galangal and lemongrass
residues were 25 and 11%, respectively. Whilst, pulp yields of kra chai dum and plai were lower
than 3%. Paper made from bleached galangal and lemongrass pulp showed higher tensile
strength and elasticity than non-bleached pulp. However, strength and elasticity of bleached
lemongrass pulp paper were significantly higher than paper made from bleached galangal pulp.
Bleached- and non-bleached pulp paper of galangal and lemongrass were coated with 50-70%
of galangal crude extract before being tested in PDA medium to control growth of A. flavus and
A. niger. All paper treated with at least 60% concentration of extract significantly inhibited growth
of A. flavus and A. niger compared to paper coated with either water or ethanol (control groups).
Galangal extract absorbed to bleached lemongrass pulp paper higher than other paper. Afterward,
fresh and dry chilli were wrapped with bleached lemongrass pulp paper coated with galangal
extract at 60-70% concentration before being packed in plastic bags (for fresh chilli) and
aluminium foil bags (for dry chilli) to determine the contamination of fungi, aflatoxin B1 and
colour deterioration during 1 and 4 weeks storage, respectively. The papers did not affect to
colour and fungus growth in wrapped fresh chilli comparing to chilli without paper wrapping.

Whilst, dry chilli wrapped with paper coated with at least 60% galangal extract significantly



contained lower concentration of aflatoxin B1 and caused small deterioration of colour compared
to chilli wrapped with uncoated paper and without wrapping paper (foil bag alone).
Keyword galangal, kra chai dum, lemongrass, medicinal plant residue, paper, plai, plant extract

pulping process
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- mniayulng oA Mnwmde wilne winseye wae duszlad
- Lﬁ?}laiﬁ Aspergillus flavus Waz Aspergillus niger
- W'%ﬂ%wwaam LLazw'%ﬂ%wLLﬁa
- Leanua 95% v/v
- lwdsulansenlyn
- lelasiauaseanlan 30% v/v
- leRsudang
- winil@pudain
_ @wnsiasadies Potato Dextrose Agar (PDA)
~ ToufhgaAuiu (Desiccator)
- PZUNTIAWULAE YWIRLEUUANENaNS 9 i
- pzknssEeuea dvsukenaglad
- WiledmuLad
- m’%iamé"uwmaamwumu (Rotary Evaporator) S Buchi ﬁu Rotavapor R-3

- wlianusaumeludn (Hot Plate)
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- ndestiufingungiuazautudusing Bve Testo fu 174H

- wSeainanuviun (Dial Thickness Gauge) §%a Moore and Weirht

- ipdestunsiunszmuLuUSalulR e Xell

- ipdosdnusiunsEIwIUUSATUR B PTI Austria Ju P40140

- Lﬂ%wmaaummufﬁqLLimﬁa@quaLuﬂﬂizmﬁ 8o Instron U 3345

- Lﬂ?f@ﬁ@ﬂ'wms%"whumaqmmmmﬂismwéhaqﬂﬂiai Gurley (Gurley Type
Densometer) Bt Yasuda U 323-Auto

- inesgeaneansiadisnlusii (Auto Pipette)

- nsvanwduih Blotting Paper) 250+10 LAY

- geegilidlsuneyd Yun 5.5x8.0 i
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- Uiand (Pipette Tips)

- YARTIRERUAITLENAIMENTU DOA ELISA Test Kit
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Feoniboursildanninfiviflinandniegs (Total pulp yield) titeludugunszay 60 unsu Tngldide
W 1.26 n¥u wthinliviau (Usgana 100-150 S0880%) wiuvszana 12 dalus andundefiudinld
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1).ANUATULIFIA (Tensile Strength) MuNIRSgIU ASTM D 828-97 (Standard Test
Method for Tensile Properties of Paper and Paperboard Using Constant-Rate-of-
Elongation Apparatus)
2). M38ARI a4 A9 (Elongation at Break) »1uu195§1u ASTM D 828-97
3). Alundavesanindameu (Modulus of Elasticity) wieranuiduivilyandad
e AUNIRNIFIU ASTM D 828-97
4). AMNTTUNIUVDI8INA (Air Permeability) Ane Gurley Type Densometer m1l
1193514 TAPPI T460 om-96 (Air Resistance of Paper (Gurley Method))
5). ANuUnUN (Thickness) AMu1M351U TAPPI T410 om-89
6). AU (Moisture content) ANUNIN 91U TAPPI T411-om-89
7). 511/1137%1@3@%@%33@1@ (Basis Weight) AnLUa9suunsgIunan s
M&InnITU Won.170-2550

WS UM UANURNTEATURARLYRANSADRNANNIBLY 95% (P=0.05)
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nssAsf 1 nswavldiedeuansataveny fuihndu

nnAsT 2 nsvanuslilindeuasatinveny fuevuea Wy 100%
NSRS 3 nsvmwadeuasatane1u 50% U3ues 1.0 fadans
n5AET 4 nsTewedeuasatnveny 50% USunes 1.5 Sadans
55337 5 NIEAUIARUATANANEIU 50% USUns 2.0 Haaans
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NSRS 8 nsvmwmaReuansataneIu 60% U3uns 2.0 Siadans
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N33 10 nszmwAReuasaNaneNy 70% Usuas 1.5 fadans

ASSIASN 11 ASEAWAARUANSANANEIU 70% USU1ms 2.0 Aadans
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NeUNY NAaauneds disc diffusion method laglyununsgaiwiliaisvaisaiaivauin 1.0 x 1.0
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° g v 44 o A Y YA
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Fusnwnudune 4 §Unsi figamgiivies (Uszanal 33:1°C) Jnauniwwaaminusis ng
n319¥0d nisuutlouveation Aspergillus spp. uazansueiamanduseyansI9dey DOA ELISA
Test Kit
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1. a1saiaie

IFansafaneudn nszaea lna wazezladfiatadaieniuoa (Fisure 1) iotuivagau
Uszﬁw%mwmmmsaﬁ’mLwiawﬁmiumsmuqumim%m‘umL%@iw A flavus wag A. niger Wu3n
a1sanane1uL 200 ppm (mmﬁu%’uﬁwqm) mmiammumsLﬂ%zymam%/aﬁﬁgq 2 ¥iiala 100%
sesaaldud ansatavenulna Widu 9,000 ppm Fudsmsiaiaues A flavus 86% wa A. niger 78%
A13aNANEIUATZBIBANTUTY 9,000 ppm Ut A flavus 84% uaw A. niger 719% vauzdiansarinueny
nzlad ’d’]ﬂJ’ﬁﬂETUqu,jﬂmiLﬁ]%QJfUE]\‘lL%aiﬁﬁgﬂ 2 gfaldiies 9% way 0% muddu eraissanansatane1u
arladfiatindeionueaiiansddy citronellal uaz linalool ludSunasidlewfisufuindunenssne
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aglad viliusednsamlunmsmiuaumsiasyueadonanad B@onndeaiusenuUNITANYIve NUNNS

LY 4

(2555) uay srygsuLazAME (2560) NnuinUszandnmassansanaveunglaiaiamisioanageonlu

1

Nsgugates A flavus uag Aspergillus tamari aglugnsavse Wanunsadudla
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Figure 1 Ethanol crude extracts of (a) galangal, (b) kra chai dum, (c) plai, and

(d) lemongrass



2. nszmwanionniiy

Hnnmign fnwiinsznes nmaumilna wasninezlad Gidesnnisade) laluasazane
Toweulansonlas (gall) wazlinudou Weazaredniy (@ sidoudulylimetu) Wodulonie
Howsneanainiu dalealwuardrudulefeiazern auduleliduio Genlignuzdisly)
wdrneuwiadulousasadefildasidnvassuusnidudinmaiaimaty fndudanenu (Table 1)

Yudeannindwazagladumensndivaisazatlslasiaueseonlas (H,0,) [Wudu 30%
waztdlefondaing (Na,Sioy) Usuna 2% Tastnwiingaogausis tieransann pH wagyinlwiin
ANALEDes H,0, Jeldaatssidte wasifusunii@eudainn (MgSO,) 0.05 % Tneimiingnogneuis il
il H,0, aglusy Inactive form lalvinujisendulanssingg waziievhausauiu Na,Sio; 9xdiuan
n1saanesves H,0, é’ﬂ‘wmzLﬁuiaﬁuaqmﬂayulwﬁﬂ/\laﬂﬁw H,O, Usues 10 whveshmingnogn s
fignwaruandestu @uleannnming feuiedu veu @udeudhdng dimindulediladszuna
24.10% 91nNAWAS 100 N3 Mnnszanesuazninlnalinanandinit 3% vesimtinninuis ule

U 1 ¥

Tnaldudaroudimeny uitoonindulonssveduasidulon vagiidulsannineglad fduloen
Gudn dedudayuniuduleeiindu (Table 1) nsiduledn nszeesn waglnadvuady Wesinnis
m'%auﬁﬁuﬁy’ﬂmmﬁmﬁaumsaﬁmmsﬁﬁﬁ@ mi’wﬁ%%gmﬁuﬁu%uaammq dielwanunsoainansddy
oonunldnniian mnfeghasneumsuendulefrugvieruaunueudule iassililady

Toneazlfnandmiauiniu

Table 1 Appearances of fiber extracted from residues of rhizomes of galangal, kra chai dum,

plai and stalk of lemongrass

Residues Fiber appearance Fiber appearance Total

before bleaching after bleaching pulp yield (%)
Galangal rhizome ; 24.10%
Kra chai dum 1.41%
rhizome
Plai rhizome 2.98%
Lemongrass stalk 11.19%




fisandadenniniieilvinandnde (Total pulp yield) gegesguduwsn taua NN waznn
nzlad o lundnnszawiunsll Tnstdidulovsodadivien d1ldven azladven wazezlaslunen
Turunszuunstu waithllauguiieLas o uLHUN SE A B KAZIATRITANTEAY LAFIaE19NTEA1 WA

Won ¥ liven ngladen waznglaslivien (Figure 2)

Figure 2 Paper from pulps of (a) non-bleached galangal, (b) bleached
galangal, (c) non-bleached lemongrass and (d) bleached

lemongrass

3, aUURANTEAY
naaevanURAnszawdodliven (NG) ¥ven (BG) axlashiven (NL) wazmzlaswen (BL)
oA AIANNAIULIIRVIN NTEART B VA ATLUARAVRIANINEANEY AINITTUNIUYBIDINIA AL

¥ o : e o ¥
VN UNTINIATIIN WagAIANT anan1svegey (Table 2) fiail
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Table 2 Properties of pulp paper of non-bleached galangal (NG), bleached galangal (BG), non-

bleached lemongrass (NL), and bleached lemongrass (BL)

Types of  Tensile  Elongation Modulus of  Thickness Weight — Moisture Air

paper strength  at break elasticity (mm) (9) content  permeability
(kgf.cm?) (%) (MPa) (%) (um/Pa.s)

NG 35.0 2.199 554.0 0.2020 12086 10486 796

BG 64.0 1.360 981.0 0.1760 1.1892  9.211 19.2

NL 216.3 3.209 1,641.0 0.1440 1.2374  8.642 122.9

BL 196.1 2.591 1,903.0 0.1280 1.1158  8.564 119.8

LSDg 05 42.54 0.5289 189.62 0.01499 0.04375 0.4163 44.64

CV (%) 20.8 14.9 111 6.9 2.7 34 30.8

ANANUAULTIAUIA (Tensile strength) vasnsemwaINNINAglaTiAEIndNszAI¥aINNIN

Pegsfitdedrrnieaia uillolssuiisunseawannidefneniazldnenv1n (NG wWisuiiisuiu BG

Y

way NL WSsuiieuiiv BL) nMsvenynilifinadennusiuniusieusafanaenseay vaeiin1sgndm o 90

. = s & & A @ & A v '
919 (Elongation at break) n3ailasiduinisdnadivesnszawiy nsea1vainiganglasiiAngandn
NIEA19AINLE U8 NI Tud1AYNEDR LazillollSouisuszuinadennenanuazlinen wuin

= & = v A4 o~ s & & A o v | A &y o

nszauirlanyInsanigenslasuazige dwesidudnisiadidosniinszatwainidenlinenyin
(Table 2) awwnddyuanuavesasniinazanuiouildvaznensnvilimuudusuazusidaves
\Hoanas FeaenrdesiuTeuNanIsAnwauaudivestanseawUianluleaivanmeansialisngg

(e wazUsewiiag, 2550)

A Y

Arlunaavesanmiangu nisaruAuniviliiandada (Modulus of elasticity) 1Uuan

q

UaNITAUANLDINIIWRITaR Fanseawbensladaunsanunsusuduldginiinszaulouiogid

Hod1Agyyneana (Table 2) waziilsiUisuiisussninabonszauentaz linena11 wWuInAIANLALT

A v

vTﬂﬁi’amEJmmﬁuaqmzmw\laﬂmaﬁqaawﬁmqmdwmmmﬁhngmn

q

ALY (Thickness) wagumitin (Weight) Yaensea1uiiadigeniinseatvainianylag
! IS o U d‘ dl = 90J U %4 ! d‘ dl 1 5 d’J iQ/ U
agaditdd1Aty nszawInEenneny AU Ymtndesniinseawaintedlinen vistuinin

A Ay o a a a d' o & o A a v o«
LLaﬁﬂ’NlIVIUW“U@QLEJ@V]I&IW’EJﬂE)W%lI']"U’]ﬂ‘lJill']mﬁﬂu‘LlLLagﬁqiElua] NYIVUUDUNULED (QRAUUNLATANY,

9

v v o

2561) YUz NNenvILaITY NSEUIUNISNENYNNUDNINILYNIFANTULAsoUAa) S9nndnaniiy
wazansau 9 lWeedwmalidsusnmoesnaniularuasunnesniiid@ulauiany daniziuniniu
U3u1auA1udu (Moisture content) lulganseanwiniiszauganitanuduluidenseany

Y [

azlasognaived1Aun1Enn witlaUSsuisuserinuianseawinnentas liinenvni wWenseawi b

o
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wonv12 fUsumnutuganit wWesanlevesdnfiarmmuininienslad uasiiusuadniuuay
dauﬂaznau%"m Plalaidoly 6‘?41Lﬂudauﬁmmsmﬂm%’umm%ul”i (nruavUseiiios, 2550) dmsuiie
arladivenuarliivoniivsunannudullunnanafumeena
uonaniifensyamuindiautiniseeulernsiu (Air permeability) qm’j%?jaﬂsmw
plad atlonfunannlasasadeloveniedriinaianiunazdiusznoudu 4 Yty (aituriuas
Ay, 2561) F9e19luvnlsiidesingfiennianiusiuiutiesniniofisufuidensgawainaglani

P9919aULaNe HUNiu BIvaTUsznauau Yuleuiiitetssningi (Figure 3)

Non-bleached lemongrass paper Bleached lemongrass paper

Figure 3 Structure of pulp paper made from non-bleached and bleached galangal

pulp and non-bleached and bleached lemongrass pulp

4. YsAnEn1nuein e uiAdauanTaia lun1sAIuANYeT)

Mnuan1snaaevaNtRveInszay laun audinusdewsds danudavgu gaduaisaialad
wazUSunamandnidegs Juinseaubeiiuaznszawdenslasinenvnuiedovasaiaivusazviia
ldwd a1sadnn arsadansened wazarsadalna (nuan1sneaeste 1. arsadanzlaslid
UsgAnsnnaiuAudiasn) NanududuiasUsuinsvesarsanaunnaneiy lUnagaunIuauLyes,
A. flavus way A. niger 1ngilnnszauilAdaua@Nsaia v das1g 9 vu1n 1.0 x 1.0 WURIAT 119U

g & det o & 6 m an o
9IM3AET0 PDA NINISINGEA1THUINAREVRIAYDTLHDTIANNINYN 10° alos/iaddns wavuud

gamniivies (Ussunas 33+1°C) Wunan 3 Tu wWisuileuiunszaeiiliiedevansaiaiiay wuiinseae

12



Lﬁlaszjm/\laﬂéunm%auéhEJmiaﬁmﬂwﬁﬂszﬁw%mﬂumimu@m?ﬁya'i'] A. flavus uay A. niger 1§ @15ann
Pnaaiinuauidesiiaesiald fo arududu 50% Ve 1.0-2.0 faddns uwilseaniaine
nivdefivuavesdnlaiiieslianuisaaiald (Zone of inhibition) desniinssuisansada 60 uay
70% veedifedmean vasfinrududu 60% Usinns 1.0 fiaddns aunsadudinmsiaiagues A
flavus waz A. niger Tneiflvunndulawds 9.883 uay 7.920 fadiuns muasu diawSeufousening
AILILTY 60 LAz 70% wazU3uinsas 1.0 1.5 uag 2.0 Jadans wuinluuanaiseg1efidediAagig

aal & o & A Y v a a aa < A A
aamiumimuqumas’l AIUUNAILVUIU 60% hazgUu1m5 1.0 4adans BUUNILADNVILAUIEEL

WHipsnlta1sanatesnIINgsuisau (Table 3)

Table 3 Growth inhibition zone of A. flavus and A. niger on the PDA medium resulting from use
of bleached galangal (BG) paper coated with galangal extract in various concentrations

and amounts after 3 days of incubation

BG paper: Appearance of Inhibition zone Appearance of Inhibition zone

coating conditions | A. flavus atday 3 (mm) A. niger at day 3 (mm)

Coated with 0.000 0.000
sterile distilled

water 2.0 ml

Coated with 100% 0.000 0.000

ethanol 2.0 ml

Coated with 3.894+0.197 4.565+0.214

galangal extract

50% conc., 1.0 ml

Coated with 4.297+0.201 4.422+0.628

galangal extract

50% conc., 1.5 ml

Coated with 4.355+0.213 5.247+0.604

galangal extract

50% conc., 2.0 ml

Coated with 9.883+0.288 7.920+0.144
galangal extract

60% conc., 1.0 ml
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Coated with 9.833+0.282 SE 8.600+0.769
S

galangal extract m i g

60% conc., 1.5 ml wa

Coated with 10.197+0.144 s, 8.821+0.721
oy

galangal extract §;§ @ %

60% conc., 2.0 ml s b

Coated with 9.750+0.250 g 8.424+0.144
el

galangal extract %*’E ;?

70% conc., 1.0 ml et

Coated with 9.917+0.381 S 8.771+0.380
3‘3’;@% o %&,

galangal extract ;‘;‘% 3§

70% conc., 1.5 ml Lo ]

Coated with 10.407+0.140 8.910+0.388

galangal extract

70% conc., 2.0 ml

DMRT 05 0.7688 0.8740

nszauidanglasanv1AaaUMIBETANAINNANTNTY 50 60 waz 70% wazUsuing
1.0 1.5 uag 2.0 1adans a1unsamiuaunIsiasyveatas A flavus uag A niger ¢ lagansainidudy

50% Y3119 1.0-2.0 §8dans JUduyas1919a809900 LA wedUsEANS ANeNNINNTEANWLARRUANSAN AN

o w a

60-70% oeslitvd1AYI9Ena lagWuITInTsNs 60% Usuias 1.0 Tadans Jvundiulaluemsides

e A. flavus way A. niger lade 10.583 wag 9.333 Jaawns (Aua1eu) Fenieindunssuisildansana

'
o

frgniifiuszansainlunisdudinnaaiyvendes A flavus uas A niger ilaaainansaiagiainy
i 60-70% uarU3uns 1.0-2.0 faddns Liflnanisadalunisfiuyszansamnisniunudosi
aosniin egnlsfinunszauiensladiedouasatainfivsyavsnmlunismunmies aessiafniy
nszawmiernadouasataviegaituddynada wuiunvesdldluauiiende A flavus uay

A. niger Mdnszmuibonzladindauansannn (60-70%) dfady 11.79 uag 9.51 fafluns muasu

YueNaulalue 1SRN IoIINITNTLATEUINARAY 10.07 WAy 8.40 UAALAT MUAIRU (P =

v
v A

0.05) Matloadunszlunszawmienzlad dlassasradelenlnaisadianszatelauinnin ot luld

1%
=) o

AIANERIT YinlransdnAgyluansainaunsneengnssudinIsasyrenteslanndl
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Table 4 Growth inhibition zone of A. flavus and A. niger on the PDA medium resulting from use

of bleached lemongrass (BL) paper coated with galangal extract in various concentrations

and amounts after 3 days of incubation

BL paper:

coating conditions

Appearance of

A. flavus at day 3

Inhibition zone

Appearance of

Inhibition zone

Coated with
sterile distilled

water 2.0 ml

Coated with 100%
ethanol 2.0 ml

Coated with
galangal extract

50% conc., 1.0 ml

Coated with
galangal extract

50% conc., 1.5 ml

Coated with
galangal extract

50% conc., 2.0 ml

Coated with
galangal extract

60% conc., 1.0 ml

Coated with
galangal extract

60% conc., 1.5 ml

Coated with
galangal extract

60% conc., 2.0 ml

Coated with
galangal extract

70% conc., 1.0 ml

(mm) A. niger at day 3 (mm)
0.00 0.00
0.00 0.00
4.052+0.188 5.000+0.091
3.825+0.213 5.254+0.215
4.250+0.292 5.650+0.227
10.583+0.38 sk, 9.333+0.381
b, ':.’..0"‘-.'““
5"-& ';.
. -
et 4
11.333+0.52 _ -a‘ 9.417+1.010
- J
T
12.250+0.87 9.250+0.433
11.917+0.58 9.833+0.288
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Coated with 11.783+0.14 wid i 9.581+0.382
galangal extract

70% conc., 1.5 ml

Coated with 12.983+0.38 9.666+0.288
galangal extract
70% conc., 2.0 ml

DMRTg 05 1.2811 1.1950

ﬁm%’umiaﬁﬂﬂizmwﬁLLasmiaﬁ’mlwaﬁmmsamwuL%@iw A. flavus wag A. niger Tu
9IS aTa PDA fiannududu 9,000 ppm (0.9%) wridlethansadansesnaduararsatalnanii
it 60-70% indounsznudetuarnszmuienyled uazilumuamdoslunuendsade
aoniin wuhnseauadevansatanszmesuaransadalia ldansamuaunsaigiulavesdes
Fogefivszansnin ewnsidsadelunssuitnszmuietiadovasatanszae 70% U3uns 2.0
fiaddns liusngaulanieduiidosldannsnasyiviald dmsunseauadoumsadalna iWudu
70% 2.0 fiaddns fawiusngaula wadvuiaiies 0.5 Tadwng (Table 5) agslsinuansainduag
dnszanwdenzlafionvnldd Mnszauiledevarsadnliuas ukindnszauveinduiindevasarn
v & o= o oA

Aaiudadadennszawdengladnenviadeumgaisanadi ieldnaaauaiuauteslundnxanig

ASLNEnIHalU

Table 5 Growth inhibition zone of A. flavus on the PDA medium resulting from use of bleached
galangal (BG) paper coated with Kra chai dum and Plai extracts at concentration of 70%

with 2.0 ml after 3 days of incubation

BG paper/ coating condition Appearance of A. flavus at day 3 Inhibition zone (mm)
BG paper/ 0.000

Kra chai dum extract:

70% conc. 2.0 ml

BG paper/ 0.500

Plai extract:

70% conc. 2.0 ml

5. MIAUANEITUNEANANYAT LAlA WINVNUNAER UaskAne LAl WINUNULIS
nstinseawmbenslad (Wanv17) wdevansainy1finuduty 60 wag 70% Usu1ng 1.0-2.0

faddns Wiinasenisamuauesiluninivynaan linuesingy Aspergillus spp. bavdueansnuny
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veriumenszaundIniusne 1 d&amii 13°C lduansnsannninivyilivierusanszany waz

Y 9

linuasozramenduludevluninivyanlunismaaeunsail
dmsuninivyuisivierfunssarudonslad (anum) indouasatatiierundudu 60 uae
70% Usuns 2.0 Taddns (Figure 4) ussqlugeegiliflounasdUaniln geaz 40 n3u (Figure 5) waziiv
Snwnfigaumniivies (Uszanas 33:1°0) Wuan 4 danvi wud Tuduil 0 vesmsaiiudnw (ewldqe) Ll
fnsuumdoudos winudimaasesamondu (Midesndu Aspergillus win) 7.14 Talasndu/
Alan$u (ppb) iawfiusnwasu 4 dUav hiwumiﬂmﬁaumau%aima;m Asperaillus vauzdiansesvan
NoNTFULUITUIUANALUED 5.10 ppb dIMTUNAVRINITUBYUAILNTTATULATBUATANANYHON1TVLAD
naBsuulasivasinduyuis wuiilutudl 0 vesmaiiuinumindvyusia ArFiuden (hue angle:
h°) 1dewiniu 8.34 (Figure 6) &0 4 dUawi winfAulugeegillonvlesdilsidinsyanuvioriy &y
d) 196 he Lade 356.95 uandlidiuinnSnuieiAunsnd iiunniuainiuil 0 (h anas 11.39) Fediaa
uansansadioIndninlunssnisdug maviefuninduyuisinenseambonslaiiliindovaisadin
(& o) wdeuasannYuIuty 60% (1du a) Lagiafaualsanaynluty 70% (& b) dnasednsnly
uanenevnaadn Tneslrniade he vdsanfuinw 4 dawiiiiu 3.16 4.58 uay 587 mudidu dmsu
Aadsauaing (Lishtness: L*) vaandnuiislutufl 0 Ao 30.50 ndsannismeass 4 §Uaiv wuia L*
yesdnillivioriunszmviaziverunszuwilliindevasatnanauvde 27.90 uag 29.68 Muawy B
Lane190E 19l NEdAYIINNINNITUTTNRNUMIENTEATWATRUANTAINY1 60% WaLNTEATYATOUANT
afinvn 70% 7ilsien L* TudUn1idl ¢ winfu 30.86 wag 30.20 mudIfu anran1svaaesuandlyiiiui
nsvievumEndRenszamadouasatminuenindisanmstuiourentoruaransfivainidesudi
HaamnsntyaoninUdsuutasdvesnntuyuiald iWethwinuisanussiusidnaanvaaounay
uazsari nuindlodageagldnaudndntes nauiiazmgllidledngilssasuils asadaniiadou

NsEANE I TNARNAULALTATIAVDINI NWIAS

Bleached lemongrass paper Bleached lemongrass paper

coated with galangal extract coated with galangal extract
at 60% concentration at 70% concentration

Figure 4 Bleached lemongrass paper coated with 2 ml of 60 and 70% galangal extract
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Figure 5 Dry chilli wrapped with paper either coated or uncoated with galangal extract

before being packed in aluminium foil bags and stored at ambient air for 4 weeks

OO

(d) __(c)(aXb) Day ¢

Figure 6 Chilli colour (hue angle) wrapped with (a) lemongrass paper coated with 2 ml of
60% galangal extract, (b) lemongrass paper coated with 2 ml of 70% galangal
extract, (c) lemongrass paper without coating compared to (d) dry chilli without

paper wrapping. Every treatments were packed in aluminum foil bags for 4 weeks

6. AununsHAnNIsEAsBanglainenuAfouasainre UL
NHANTANYINUIINTEAEIINEenElATHanuIAGeUMEaTaineIUY18E1991 60% i

UszAngnmlunisauaudesuazansiwainidesmslueimside udouazTunsnunyuna WeoAuin

¥ a U ! a ¥ a ! U = 1 a a L d’l
PUNUNTINARNTSATEANNATI UAUNUNTINAANINY 11.501 vn/n3emuylAaay 1 WNU US18a8La8nnaLU
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6.1 N1SLAADUAITANAYY 60% UUNTEATE 1 WK lda15aiane1ul 1.5 nSu n1sieseu
ansatane1udn 1 ass Iansafniede 15 n¥u dfunusin 130.9632 vm wie 8.730
uw/ndu fadunseany 1wy Sfunuanansatndt 13.181 v lnefuiaan

e 300 n3u (Fangnan 1 Alandu s1aededlansuas 24.00 vm)
Levuea 1.5 3ns :9A0 105.00 UM (dsanndussmeanunsadindunldlungle)
“And1UszUeds 10 a5 51A18ATa 0.0095 UM 53 0.095 UM (8198951A197N
N15UseUNUATAAIN hitps://web.mwa.co.th/ewt news.php?nid=303)
Alnifeds 1 e siaudisas 1.8632 UM 530 1.8632 UM (5198951A1990A15
TuAsuaas https:/ienergysuru.com/iknow)
6.2 MuAnnszamanidonylairleny 60 unsu 1 ade 1inseas 6 wku SFunuTIN 16,626
um videAnu 2.771 vn/nsyane 1 uru (ifud 188.60 ms1awuiums) Tneduamein
mzladuis 100 ndu (Mganmzladan 0.5 Alansy s1Aneds 18 un/1 Alandw)
394 9.0 um
an9tadl AuYUTIN 6.6 U leun
lonenlansanlan 40 nSu 57A1 1.8 UM
lalasiauiaseanlan 30 4addns 51A1 3.0 UM
T ABNTANA 2 ASY 591 1.76 UM
wunilil@sndaa 0.05 NSy $1A1 0.04 UM
_AUsyUn 10 Ans 59A7 0.095 U

-l 0.5 e 51A1 0.9316 U

9. d3UNaANIINARRILATTaLAUBLUE ;

nMNNTINIUNTEUINNSaNRaTaAoan LAY Taln nnmingl nszee Iwa wazazlad (e
HIunTEUINNIsenakdInINuiduazazlasiiuSunabageds 24 wag 11% (MUa16U) vugibe
nsz1eaLazlwaliusuiunini 5% Jdndawmivinazazladluvauindnnszaiy IngudoNias
yianauunenyMuazlinenrININEnn Tz NuNELTRTRINIZATYAINIERsERsTiiainanu1l Al
ANUANULTIRIIARA A lUFAvRsEN N EATEY aandinseauilivien uilawWSeuiieusenineiia

- ! =~ yal < ] ! = vy =~ | ' A o
Y04n1NAY WU NszaTsbanslasinunlusindt nusousdelan danudavdugendt Wetinseany
NiaotlnuAdauaTanaiy WulnTemubelwaznsza1udonslasiiade ua1sadaundudu 60%
Usums 1-2 Jadans anunsadudenisiasiaulnveains A flavus wag A nicer Tupmsidsaiiola
1 = a a = < Y v ° a a dy F% 1 | 1 a
9¢135lUs8aNEA N FadumnudududianiaiunsaniuaunNITITYIewTes e lgliunnmngegned
HodAyMsaiAINNTTLIsnTzAmBIARRUANTANA 70% usansanaviaunsaduaslunszmubonslasle

Fannlunseawiann vinlnnseawiiuilliieeziay Jinszauaslasanvnluneasuindavans
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https://web.mwa.co.th/ewt_news.php?nid=303

AfnUANUTNTY 60 WAy 70% VBNUNINUVUNAAARAENINTNYLIAY LagvieiunS nINUNAaANUUTIY
Tugawanafinuaziiusnui 13°C 1Wunan 1 dUanii uazvieriunininywiineuussylugeegiieuvesd

[ d' a v [ [y 6 2 A 1% [ 1 1l 1
PNUINWINYUNUVIDNY Wuan 4 duanu ‘W‘U’J'Wﬂi%@?@@%lﬂiwaﬂm’]’lLF"laE]‘UG]’JHﬁﬂiﬁﬂﬁﬂﬂlﬂﬂwamaﬂﬁi

'
a

Wiyrentesuazdveminivynadn vnsfianunsntistrasnaiUdsudvominuie uazanyTua
asevwamendu J1 Ifediiduddynsadfdlowisuiiouiugamunu egslsfinuszansnmues
nsgmmibonglaiindevansadniiiidesanududulunismunudion asesrlamondu T1 uazns
WasuuUasivesm3nuis Waaluumnsetunisadd drdunsihnsganvanidenyledindeudeansardn
fiwdn 60-70% SsrAnBamgslunsmuaudesingy Aspergillus ansnsautludesanlivusslopily
gnamnssuinunsfidessndnidssnsldanaiflunsmuauiien wWu mandnnszniuiaie (Cooling
pad) dsulsudsedn Hudu fudfuyunisndanseaudonsladonanundouansatane vl

Auny 11.501 v/ueiy usivndinsiaunluseaunlngndmiesUfUANTs Wedndunuazanasee1eun

10. msdwanuidglulduselev :
mﬂwamﬁﬁﬂmﬁmmmﬁﬂﬂm'aaammsmémﬂszmwﬁm%’uqmmmmﬁéfmmsﬂﬁzmwﬁ'
DU @nsiAdeURIuMUReRILTY wazdudinsiindosild W nsnannsyauai (Cooling pad)
dwsulsudeedns Wudu

11. Avauam (f3) :

a a d 1

mamammmumws LG’]Q‘N QWUﬂﬁﬁﬁ LayUIU AMEFUATT AILBYN AUYIVN GUQJ‘U‘L! i’JiJ‘V]Q

q 9

[y

Lf\]WﬂUWWﬁ@QﬂQUWﬂWi?ﬁWiW‘HT\]’]ﬂL“UEJT] el mwmwwmﬂgummimsﬁmm% NONAUATAAIUINGINT

‘Viﬁ\‘iﬂ’]iLﬂ‘ULﬂEJ’JLLﬁ%LLUSEUNaG]NaLﬂ‘HGﬁ ASIATINITAEAT FIMSUANUNMILLURENABANITNNINY

12. 1@NE1581989
NUNNT Wawa. 2555, msé’J’Ué'ju’qm'il,auimLLazmswamzwgﬂmaﬂ%usuaqL%aiﬂuﬁ’aEmé’aamiaﬁﬂaqﬂws.
Useygivenmansumdudanaluladdinin avuvaluladiinin. unningiasinunseans,
ngamneL 111 v,

Y1 Jemna wagdnvun Buduns. 2560. MsRmUINEATMINTEATEIINYIUSREVRYLTUT YRR

[

W duanugay Snaula Jmindeee. 1enaIsUsenaunIsUsE TN IYINITULSAITIY

A3 13: JWeuazuInngsy TuindouATegAmazaIAd. fivadan. w1 916-925.

(% (% L3

fef13u Yianhisna anduaun vinided Rvensal gassugg war agaus a1aed. 2560.
UsgansnmvesansadaveuainiwayulnslunsduginisaSyveates Penicillium citrinum
Aspersillus flavus var. flavus Wag Aspergillus tamarii ALeALAINYNNITIUNY. 275577

InermIans 1. 45(2): 276-286.
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WA auyIaiuad gil JuATING wag ANTY dRAraTENa. 2558, N1sAnwUsEAnSamuesasanaivly
msmuUANELISUeste Aspersillus flavus wavanUiinamsLenaInendy. 197y
HA9 ISy T 2558 (18 1) neviseuas inuIineI1msanIsAuieuasuyssunanna
NEHT NTUIVINITNBAT. NTUNN. N1 185-199.

ywa1 adonsedn vuguy ioufinn ennua deadnwg Swvn ASuS way Usewisnsal Ssusea. 2554,
mMyiaUsTISaifledunadennnidulendedmivussqnaniasionnsdusagy. ans
walulagannssueans I Ine1denAlulagsyInansITUAs: NJANNC.

At o33AMIY3NY wagUsuiiios wadou. 2550. mandndenszawrlenuianidenluteade
nssuisanstueendiau. (FeadunisussamivinIsvesm inendeinvasmans A% 45:
a8 TInensSNMANTUAL IAINTIUAIENT A1VIMINYINTOTINTIFUALAIWIAGL. AFITINA,
1 795-802.

AU pevin $edin vany wae 8591 Inengar. 2561, manAnennneaistiduhiulagiEven
ymifiovhnszmwinanssy. sinerduinwnsmans, ngasme. [eeulay] uduain:
https://www3.rdi.ku.ac.th/?p=50315 (18 iqu1eu 2563).

ey Tsavdlwaes. 2561, mawan Ay Tagvduatoeilensee nuuuniissfudmiunnuds
Melue1A1s. 29587939INISUNTIINIWNEUT UNTINEIENINAUT. 5(3): 513-528.

A3ws 1A qUTen Auinwa nundnd aeuida way Ussys Wuann. 2556, Adouasiiamudulesn
nnfaquideldlugramnssuinuns. Ie9IuRaIIsesauduYss 1T 2556 dunddeuas
WAL IMTIRINISAUAY MBS FUNBANAA YRS, NSATINSINYAS. Wi 295-311.

A3ws 1Aee Uspys uann ufaas BeuTu nundnd aeslda guien munwy duanssa Tauideg
Tniua &me1ys AnNA NALYAT 1725901 SruanasTsl wag d1iSa P1eUselady. 2558 101U
TasamsideBorideuasimunussgsine Ranssuil 1). nsudrnisinees. duduan:
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