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Abstract

Project Code : MRG 5180302
Project Title : Applications of allicin, chitosan and allicin-chitosan complexes as
antimicrobial agent in low fat pork sausage

Investigator: Dr. Tantawan Pirak, Department of Product Development, Faculty of
Agro-Industry, Kasetsart University
Mentor: 1. Assoc.Dr. Anuvaj Jangchud, Department of Product Development,
Faculty of Agro-Industry, Kasetsart University

2. Assoc.Dr. Pantipa Jantawat, Retired Government Officer

E-mail Address : fagitwk@ku.ac.th, tantawan.k@hotmail.com

Project Period : 2 years 1 month (Including the extension period)
Abstract:

The application of allicin, chitosan and allicin-chitosan complexes as
antimicrobial agent in low fat pork sausage as expressed in term of antimicrobial
inhibition activity, product quality (physical and chemical properties), sensory
characteristics and shelf life of low-fat pork sausage was studied in this research. The
optimum condition and process for producing allicin-chitosan complexes was also
studied. Chitosan was prepared with 2 different deacetylation steps in our laboratory.
The obtained chitosan possessed molecular weight more than 106 Dalton and %degree
of deacetylation (%DD) at 78 (sample 1) and 88% (sample 2), respectively. Allicin was
extracted from fresh garlic and freshly used or kept in refrigerator at 4°C for using within
24 hours. The concentration of allicin in allicin solution was 13.5-14.2 mg/ml. The allicin-
chitosan complexes were prepared using the optimum process at the weight ratio of
allicin:chitosan at 1:1, 2:1 and 3:1. The result showed that the obtained complex
solution possessed 20-21% total soluble solid with pH at 4.5-4.8. Among four drying
methods, freeze drying, spray drying, vacuum drying and tray drying, freeze drying gave
the highest yield at the optimum ratio at 1:1. The obtained complex had light cream
color (L*87.3, a*-0.45, b*16.82) and can dissolve in water with the wide pH range. The
disk diffusion test showed the ability of complex to inhibit E. coli and S. aureus with the
minimum inhibition concentration at 6.25 mg/ml. Scanning electron microscope revealed
the round shape structure of complexes with diameter at 5-15 ym. FT-IR spectra of all
complexes were not significantly different, exhibited that most of functional groups were

similar. The result from XRD showed that crystal type of complexes was amorphous.



The application of allicin-chitosan complexes into low fat pork sausage resulted in
increasing of lightness and reducing of water holding capacity (pS0.0S). Moreover, the
addition of the allicin-chitosan complexes also resulted in significant increase of
hardness, cohesiveness, gumminess and chewiness (pS0.0S), while springiness and
adhesiveness was not significantly difference (p=0.05). The sensory results using 9-
point hedonic scaling test exhibited that overall liking score of low fat pork sausages
with allicin or chitosan alone was less than control. The highest score was found in
sausage with 0.5% allicin-chitosan complex produced with 88% DD chitosan sample
with the weight ratio of allicin to chitosan at 1:1. After keeping at 4°C for 15 days, all of
sensory scores were found to be not acceptable by consumer. Retardation of bacterial
growth and inhibition of yeast and mold growth in low fat pork sausage were received;

moreover, the shelf life of low fat pork sausage was extended to 15 days at 4°C.

Keywords : allicin, chitosan, allicin-chitosan complexes, antimicrobial agent, low

fat pork sausage
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A3ANE12849 Grohs WAz Kunz (2000) ﬁawamaamﬂ%m;u"lwmmmﬁ@wau
ﬁuLﬁaﬁ’JUI%ﬂWSLﬁU%ﬂH’]LL&&LﬁﬂJﬂ’J’]&JﬂGﬁ’JTax‘]Lﬁa%%Jﬁﬂ lawuinaseunasiiasng o
o A a v A a o o a A a =
TANALNNTAAN I RO NLRE NI BRLAZNAL LA 6 uwazfemoandIinousegauniduas
% g: 1 v a AI J w £
gusd L lndimaedgiiadnlaandas
Nattress, Yost uae Baker (2001) la¥innmsansnanuainnsaved uduuasla
a J a A dl o v A dll a dl‘y o ¢ a
Isﬁvlsnﬂuﬂ’ﬁmuquﬂmmzymadL°1iaLLUﬂwmemlmﬂﬂﬂﬁLaauLamluLuaa@’g 2 e
léun Brochothrix thermosphacta B2 8y Carnobacterium sp. 845 WATWUIIANTLE LT
w3a lalolod wialdniaassiaiinnu ludSuna 250 pg/ml of APT broth azl#walunns
fUHINILA3EY V8 Brochothrix thermosphacta B2 laiflwiaan 10 % 71 2 asenaaifos
WARINIUMIHUET Carnobacterium sp. 845 I%Lﬁaﬂaﬂ%’ﬁu (lean pork) Wuin lales
¢ A A A ' v EVe o o, o A = A ~ A A = o
larainesriadanlaisnansnguasle dasltsaunulugu wia lwduwNeIThaLasR Ha
Tunne9e9 la TN
v o =< . ™ . ™
Lemay Llazatuwe (2002) lavinmsansnnavas Microgard 100, Microgard
.. ™ ™ . ¥ o ')
300, nisin, Alta 2002, Perlac 1902, sodium lactate LA UURDNUIZLRYINNURAA
(essential oil of mustard) lunAan st ldnsanannLiia i mechanically deboned LazwLin
MU URBNTLRINNNFNANSITRALG LY N lRUSanTauuafiiSus1wIn aerobic
mesophilic LLag lactic acid bacteria AARI LG
Fernandez-Lépez uazAmsz (2005) l@vinnsAnsHaueIgnsanaanlsanyd
(rosemary) &  LAZNZUI sl,uﬂ'mﬂumsﬁma%aﬁmma:msﬁwm%aqﬁuﬁﬂu
a e 6 Y = . ' g A & A
HAAAUMANTULUURILAL (Swedish-style meat-balls) LRZWUINRIIRNAIN LIRLNTNIN
aﬁ@ﬁam‘l’nLLaz'ﬁnﬁulﬁwa‘l,uﬂ’lsa@m’mﬁu"lﬁaﬁq@ AnnaalnluniIdulTasanan lactic
acid bacteria Wz Listeria 9N618 S1AITUNA MWL TERINFNNE 8IIFNAINNIIFLUTUAL
o o o Aa g A 'Y
RIIRNAINFN IFNaNALwNyauTy
=1 IS LY o =4 = g’ b
MIANBIUEY Oussalah Wazamke il 2006 eViInIIANBANINATEI1NNY
. . A 1 o a c‘d 1 o 6‘; d‘i/
WaNTLNY (essential oil) mﬂwm&qmvlwsma 9 I 60 Tha NUdanITUOIT
Pseudomonas putida snawuiniwuluienyaa lasvhnsudsenududwduszaueng o
A9ud 0.003 — 0.8% (W/v) INMINARBIFGWLTN HNURaNIZABINN  Corydothymus
capitatus lvinandnge Waltlulianadngada 0.025 Swiuihdunanszinedu 9 8n 7
e leun Cinnamomum cassia, Origanum compactum, Origanum heracleoticum,
Satureja hortensis, Satureja montana, Thymus vulgaris carvacroliferum W8 Thymus
vulgaris thymoliferum RIAHANAIWNITUSINMTIIWVDI P. putida \TWN% LAGaI bl
U v dl 1 =1 o Q :/ Q dl a a v 1
ANUTNTUNNINNIIAE  0.05% nTUNAWAeNIIAEAY 9 Ban 10 wha laud
Cinnamomum verum (leaf and bark), Eugenia caryophyllus, Cymbopogon martinii var.

motia, Cymbopogon nardus, Melaleuca linariifolia, Origanum majorana, Pimenta dioica,



Thymus satureoides, Thymus serpyllum ﬁlﬁwahmsﬁusjv'omsl,ﬁﬁmumaal,%aé'aﬂdn
iuie uadaslFluUSunamnndwiluszwing 0.1% uas 0.4%

MIANEVD Theivendran, Hettiarachchy L8 Johnson (2006) ladnsnalu
M3SuSade Listeria monocytogenes vasianTUsaudnassfinaumsaiasassiade
"Lu%uﬁ'ummﬁ'mnmﬁ@a\ju vio luSuiussaneanaidsr wod1 (Henesaandeu
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el luduwidutu 10,000 1U HwnusnEnanndaaiwitamssnam e ndudn 1%
Tosfnarnldd i ndaanasanniBonsduis 2 log cycle waIMTALIIINA 4 asem
LAl LAWK 28 1%

PNANUIILVEY Sofia WazAME (2007) FEWUTIN miaﬁ'@mﬂaguvlmﬁﬁlu
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83w lw3 Origanum majorana L. 1Wna@lunsdnunwaa Escherichia coli lWHAaA AN |&
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Microorganism Foods References
Bacteria Aeromonas hydrophila Sausage Park and others (1999), Youn and others (2000)
Seafoods Tsai and others (2002)

Bacillus cersus

Bacilius licheniformis
Bacilius subtilis

Bifidobacterium bifidum
Brochothrix thermosphacta

Clostridium historyticum
Clostridium perfringens
Coliform

Enterobacter asromonas
Enterococcus faecalis
Escherichia coli

Lactobacillus curvatus

Lactobacillus fructivorans
Lactobacillus plantarum

Lactobacillus sakei
Lactobacillus viridescens

Lactobacillus sp.
Leuconostoc mesenteroides
Leuconostoc sp.
Listeria innocua

Listeria monocytogenes

Micrococci

Micrococeus varians
Pediococcus acidilactici
Pediococcus pentosaceus
Photobacterium phosphoreum
Pseudomonas aeruginosa

Pseudomonas fluorescens
Pseudomonas fragi
Pseudomonades
Pseudomonas sp.

Salmonelia Enteritidis

Salmonella Typhimurium

Serratia iguefaciens
Serratia marcescens
Shigelia dysenteriae
Staphylococeus aureus

Fruits and vegetables
Meat

Seafoods

Bread

Bread

Meat

Sausage

Milk

Fruits and vegetables
Meat

Sausage

Sausage

Meat

Soybean sprouts
Fruits and vegetables
Bread

Bread

Meat

Sausage

Seafoods

Soybean curd

Fruits and vegetables
Meat

Mayonnaise

Fruits and vegetables
Kimchi

Meat

Fruits and vegetables
Meat

Sausage

Kimahi

Kimchi

Kimchi

Meat

Sausage

Fruits and vegetables
Meat

Sausage

Seafoods

Meat

Meat

Fruits and vegetables
Meat

Fruits and vegetables
Meat

Sausage

Seafoods

Fruits and vegetables
Milk

Meat

Meat

Meat

Seafoods
Mayonnaise

Meat

Sausage

Bread

Meat

Sausage

Seafoods

Meat

Bread

Seafoods

Eread

Meat

Sausage

Seafoods

Devlieghere and others (2004)

Rao and others (2005)

Tsai and others (2002)

Lee and others (2002k)

Lee and others (2002b)

Darmadji and lzumimoto (1994a)

Park and others (1999), Youn and others (2000)

Lee and Lee (2000b)

Devlieghere and others (2004)

Lee and others (2003)

Youn and others (2001b)

Youn and others (2001b)

Darmadji and lzumimoto (1994b)

Choi and others (2000)

Devlieghere and others (2004)

Lee and Lee (1997)

Lee and Lee (1997)

Darmadji and lzumimoto (1994a), Lee and others (2003,
Rao and others (2005)

Park and others (1999), Youn and others (2000, 2001b)

Cho and others (1998a), Tsai and others (2002)

Chun and others (1997, 1998)

Devlieghere and others (2004)

Lee and others (2003)

Roller and Covill (2000)

Devlieghere and others (2004)

Lee and Cho (1998), Lee and Jo (1998}, Son and others (1996),

Yoo and others (1998)
Darmadji and lzumimaote (1994a), Lee and others {2003)
Devlieghere and others (2004)
Sagoo and others (2002)
Youn and ethers (2001b)
Jang and Jeong (2005)
Yoo and others (1998)

Lee and Cho (1998), Lee and Jo (1998), Son and cthers (1996)

Lee and others (2003), Sagoo and others (2002)

Park and others (1999), Youn and others (2000)
Devlieghere and others (2004)

Lee and others (2003)

Park and others (1999), Youn and others (2000)

Tsai and others (2002)

Darmadji and lzumimoto (1994b)

Darmadji and lzumimoto (1994a)

Devlieghere and others (2004)

Darmadji and lzumimoto (1994a), Lee and others (2003)
Devlieghere and others (2004)

Lee and others (2003)

Park and others (1999), Youn and others (2000)

Tsai and cthers (2002)

Devlieghere and others (2004)

Ha and Lee (2001)

Darmadji and lzumimoto (1994a), Lee and others (2003)
Darmadji and lzumimoto (1994b)

Rao and others (2005)

Lépez-Caballere and others (2005)

Roller and Covill (2000)

Lee and others (2003)

Park and others (1999), Youn and others (2000, 2001b)
Lee and Lee (1997)

Lee and others (2003)

Park and others (1999), Youn and others (2000, 2001b)
Tsai and others (2002)

Lee and others (2003)

Lee and others (2002b)

Tsai and others (2002)

Lee and Lee (1997)

Darmadji and lzumimoto (1994a), Rao and others (2005)
Park and others (1999), Youn and others (2000)

Tsai and others (2002)

(continued on next page)
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Microorganism Foods References
Staphylococel Meat Darmadji and lzumimoto (1994b)
Vibrio cholerae Seafoods Tsai and others (2002)
Vibrio parahaemolyticus Seafoods Tsai and others (2002)

Yeast Candida albicans Seafoods Tsai and others (2002)
Candida lambica Fruits and vegetables Devlieghere and others (2004)

Cryptococcus humiculus
Saccharomyces cerevisiae

Saccharomyces exiguus
Saccharomycodes ludwigii

Schizosaccharomyces pombe
Zygosaccharomyces barlii

Mald Aspergillus fumigatus
Aspergillus niger
Aspergillus parasiticus
Botrydiplodia lecanidion
Botrytis cinerea

Cladosponum sp.
Fusarium oxysporum
Penicillium chrysogenum
Peniciflium digitatum
Penicillium expansum
Penicillium italicum
Penicillium notatum
Rhizopus nigricans
Rhizapus stolonifer
Rhizopus sp.

Fruits and vegetables
Bread

Juice

Milk

Juice

Juice

Meat

Juice

Juice

Seafoods

Bread

Seafoods

Fruits and vegetables
Fruits and vegetables

Fruits and vegetables
Seafoods

Bread

Fruits and vegetables
Bread

Fruits and vegetables
Bread

Bread

Fruits and vegetables
Fruits and vegetables

Devlieghere and others (2004)

Lee and Lee (1997}, Lee and others (2002b)
Raller and Covill (1998)

Ha and Lee (2001)

Roller and Covill {(1998)

Roller and Covill (1998)

Sagoo and others (2002)

Roller and Covill (1998)

Roller and Covill (1998)

Tsai and others (2002)
Lee and Lee (1997), Lee and others (2002b)
Tsai and others (2002)

Chien and Chou (2006), Chien and others (2007a)
Chien and Chou (2006}, Chien and others (2007a),

El Ghaouth and others (1992a)
Park and others (2005)
Tsai and others (2002)
Lee and Lee (1997)

Chien and Chou (2006), Chien and others (2007a)

Lee and others (2002b)

Chien and Chou (2006), Chien and others (2007a)

Lee and Lee (1997)

Lee and Lee (1997)

El Ghaouth and others (1992a)
Park and others (2005)

ﬁm: No, Meyers, Prinyawiwatkul and Xu, 2007
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Outtara WRAzATHE (2000b) ladAnmndsmawes balamuianlunsaanis
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Pranoto, Rakshit Waz Salokhe (2005) la@ANENDINALUANTEIE
& a ag A€ A S a ~ A A &
Feyduritvasiananlalawlensuihdunszifion  wialnunsdoy  @efiun

. A a A ' a6 A :, Lo =

(potassium sorbate) %38 MEW Tawuin  Wananlalaomwlenansiiawniziioaly
USanmw 100plg wialwunaidon wasiunludSunm 100 mg/g w3 ludwludSunm 51,000
IU/g ﬁlxlﬁwasl.uﬂﬁﬁml,%mﬁuﬂ%ﬁ Staphylococcus aureus, Listeria monocytogenes Lhae
Bacillus cereus laduatingg

Rao, Chander Waz Sharma (2005) la¥inmsAnsfemINRanaan i
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L%aqﬁuw’%‘rﬁmaaWﬁumn%‘[wmuwawﬁwﬁwam:mumnagﬂws 4 e laun anise,
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MIAn®La9 Zheng uaz Zhu Tl 2003 wut lalasnuniivnsinluans
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ﬁqm%{]mmuvl,éf I@Uﬂ%mmﬁiﬁwaﬁﬁq@ﬁa 3% lagiiinin
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suilaulsiIvy
1. MILGILNAIDEN
1.1 988%U: FIFENASAATUINNNITUALY IGNIINNNTENASRATUINNNTUALUFN
lukesfiamuas Taudredeisananas Curtis et al (2004) Dagnsanadldazyinanls
NARBIGNUA %%amﬂlumtﬁﬁhi"lé’lﬁﬁuﬁa:Lﬁuvlﬂunﬁmu:ﬂ@ﬁﬁuLLaﬂuqm%{]ﬁ 4°C
uazldnaaasnmele 24 T2 lug
1.2 lalaanu: VLﬂImmw?'iﬁl:1°ﬂumu’3%’af'ﬁ@§wvlﬁmﬂLﬂﬁaﬂﬁaﬁuﬁma:azm@ 7
Houn91n VSN dwmde Lawaadlnsg e (aynIanas) laodridsmuiTnaeiuaved
Tolaimate WazAmz (2003) Was Kachanechai uszams (2008) whalwlalalaanufis
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aan'll (degree of deacetylation, DD) ol
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festnauanla balamund pH unans
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Mlwuislaansaun 45 aseraldas wan 24 T,

a3 %DD vaslalaanufieIowlddess
first derivative ultraviolet spectrophotometry
289 Muzzarelli W8z Rocchetti (1997) LLa:m’Jﬁﬁ'@ﬁwﬁﬂImaqa
#1873 Gel permeable chromatography (GPC)
lae198933v09 Terbojevich waz Cosani (1997)

> 4=; ad s A U d' a2 o a [
LLNHIN 2 ’J‘Eﬂ']iﬁﬂ@vl:ﬂi(ﬂﬂﬂu'ﬂﬁﬂL'ﬂaaﬂf;lx‘lﬂﬁ']NW?ﬂﬂ’JUﬂ&JUiNWﬂ&ﬂW?ﬂWﬁ]@VSH

azinfia (%DD)uazihntinluanavadlalamuldamundasnis



2. MILeT8NRNTUTZNBUTITo U aTU- LA lAa
2.1 @nmannznnanzanlumaesouansdsznaudetauoaadu- 1o laann
= o , \ v aa A
2.1.1 @nwaanaiuvad lalaoudesadduiruz

ada = a 3 e AAn a e dw

DTN FITUTENO LTI T o UBRRDU- la Ll uidnd P
8198901035 U89  Takeuchi WazAtwe (2000) lasudsaasiaulasiinminvadlalaoiu
dooaaTwdn 1:1 1:2 uaz 1:3 uazyimsanmalatndlalaoyu 2 dratrsnilan degree
of deacetylation (%DD) wan@9n® 2 32y (lauranidmsieIondiuuw) 1w 70-
85%DD (sample 1) Laz 85-100%DD (sample 2) ¥inlidlaree19nvinnsansn (treatment)

aauRaIluanaaa bl

A13191 1: A108INYINMIANEN IWNIANBIDATIEIBTLRNNZFUVDI kA LAT UG DD R RD

Treatment chitosan:allicin (weight ratio)
Complex 1 (C1) Sample 1:allicin = 1:1
Complex 2 (C2) Sample 1:allicin = 1:2
Complex 3 (C3) Sample 1:allicin = 1:3
Complex 4 (C4) Sample 2:allicin = 1:1
Complex 5 (C5) Sample 2:allicin = 1:2
Complex 6 (C6) Sample 2:allicin = 1:3

lunnasasis a:ﬂ’;uqulﬁam’szmuﬁﬂﬂauLwﬁﬂsﬁlﬂuan’nz

Ao aa a

naaaTulianuniiIngana dAnnudunie-eng (pH) 4.5 aawni 37 adeniTalTus Laz
: v Aa = 6 1 a [ < d' a

niliinenauwdndadnauysallumouzdniasiuusandunm 48 u. Ngunnid 4
perTalSeE  NHBUwIgdNaLenaTUIEnauITITauaI8LAI8d  centrifuge LA

Q a a U { a J o = v a { v

annadTunmanssznauistauiiiiatunaziwinndusosaznanini la Uag
USunaaadunadnieluasazansladinuu @230 Spectrophotometric Assay ¢
Un381989 4-mercaptopyridine NU Thiosulfinates (Miron et al., 2002) kazlRaNAIIRIU
v048naGuda lalamulmanzauigaandainasosaznanfanld  wazdSanmdaddun

AdrRanasnNMINarIUIEnauLTitan

2.1.2 AN T MITIUAIRITUTENaUITIT oD ARTU- 1A LATIUNL AN FY
WNAaE1IN ke WaIIINNNINL LRt AasNTU s nauTetanating
suyIniudrmnasiaiadn pH waztSunavasudefazans lansnae (total soluble solid,
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WAINIARNA 4 AT A MINULRIAILAIY spray drier freeze drier vacuum drier W

tray drier lagfignglumsrinuiedieitde 9 asdalu

Lﬂ’%lad spray drier (BUCHI 190 Mini Spray Dryer)

0 sihdasnaftlaudulwSUsinawesuded
azmﬂvl,ﬁﬁgmma%ﬂwﬁaa 15-30%

O ey feed WASas spray drier @2g
§a71157 2mimin  UATENNIZVANLASaIRA 1T
gagia it

®  Inlet temperature 130 °c

®  Qutlet temperature 100 °c

®  Flow indicator 600
Lﬂ%lad freeze drier (Dura-TOP TMpP/Dura-STOP
MP/Dura Dry MP)

O Pre-freeze GTaaziN@T’mm%aa freezer ﬁ
gDl -18 samsiraldow Lunan 48 T34

0 shoaldmedadaias freeze drier wazvhn
Ltﬁoﬁaﬂmiiuﬁ@ﬁ%ﬁaﬁqmwgﬁmafl,u -80
psrados 1 uszpzingn  24-48  Talug
%ua%iﬁ'uﬂ%mméhamo

Lﬂi}a\‘] vacuum drier

0 whdasefilalaaslunaauawas  tnaglad
ANURU bl AR 1 DaRiuas

0] ﬁ’]LLﬁaﬁqmﬂgﬁ 40 24FLTALTERIDULIAN 48-
72 Talag %ua%iﬁ'uﬂ%mmé’aaﬂn
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0 theetnafildlaasluana indulwng 9
0] ﬁ’]LLﬁoﬁqmﬂgﬁ 40 a9LTalToaiduaan 72-

< J 1 2 a 1
84 °H’J<[3J\‘] muagﬂuﬂimmmamo
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aa6ia b



“ AaAa
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° v o aa A = & . o a . A =
iassnadadduniagludininasan homogize duLaTas homogenizer in11N3701
11,000 rpm W% 10 U7
ARy 9 KOANIAZANY 1A LA UAIRRDARLARI WA TRNADARDTY
(Uudr8a0L59580 11,000 rpm datitasaunsznineassazans lalaauannae
(Uvzanmh 10 w1))
tudiadn 30 Aun

|

o a L% c.l' 1 A =1
IRITAZ A8V TUTENAULEITaUN Lo baad LA Tustla NULRS

.

Au'lin 4°c luam 48 Tlus iialiiRassdsznaustaulaoauy ol
L A A v v an [ A . @
W TurauenasUsznauiTeto uaaadu- lalaaualsiaIad centrifuge laals

AMNLIITAL 12,000 rpm LTuwaan 10 win

WwanaIwbaadblw Tl ﬁmmmauﬁuﬁiﬁ 4°C {Wa3aNMIATINIALSU I AR TUNA
maaa%iﬁa 83T Spectrophotometric Assay @281 jn38189 4-mercaptopyridine fil
Thiosulfinates (Miron et al., 2002)
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vaIudan o ldasluanaaIonalatnsuaaaiad freeze dry Livasin lUugitanudan
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(optimum process)

dw =) o v dl Y a dl v
I%ﬂﬁiﬂ@m@\‘]% %Laanamaxmimmelmaﬂamawa@ﬂ@

. a A 41' ~ % . ' ae & g o
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LANANTZNINNALAREVILAREAI8E19628 Duncan’s new multiple range test @
1U5unINAATZANNIREA SPSS version 11.5 (SPSS, 2002)

22 Anmamansmzlazanian Mo uwazsudaniiadvesanisznay
\TITOUDNRDW- LA LAT%
ihasUsznauBetousaasu-lalamuiadoulansvua il gk
A3 700 UANBIZAIUEN 9 FNTANWIMBNN wazandanmaafidng 9 ldun
- RUBINBNNANT GBI chroma meter (Macdougall, 1994)
- gﬂ‘h\‘l"na\‘lﬂamwﬁﬂﬂ@ﬂ“ﬁﬁ% Scanning electron microscopy (SEM)
(Gomez-Guillén et al., 2005)
- anuuclaIaIveInaNnang @235 Fourier-Transform Infrared
Spectroscopy (FT-IR) (Umemura and Kawai, 2007)
- dnanudundn (crytallinity) vasnaNIwang @283 X-ray Diffraction
(XRD) (Wang, Du and Liu, 2004)
- dnanuaansalumsazanpiin (Takeuchi et al., 2000)
lu%u@auﬁaziﬁﬂwsﬁmezﬁ“ﬁaga oS U EUAINULANAITEHININENT
NARBIVBILARZAIBENIRIBlUTUNTIA TN 98EH SPSS version 11.5 (SPSS, 2002)
lagldniiezinmeanuudsduwuuy ANOVA  uazidSeuifisuanuuanensvas

ANLARUVBINANITNARDILARLAIDEN19A28 Duncan’s new multiple range test

= Lo & & a A6 A o v an
2.3 ?fﬂ‘]&]”]ﬂqiaaﬂf]"ﬂﬁﬂl]ﬂ\?Lﬁa'ﬂqauqﬂiﬂmE]ﬂa’]iﬂiz‘nﬂULﬁﬂsﬁﬂuaaasﬁu-vLﬂI@leﬁ’]u

Lo & &

ﬁﬂmiﬁﬂmmﬁaaﬂqmwmL%aqﬁuﬂ"’iﬁmaomsﬂs:ﬂam%dsﬁauﬁaﬁ%w
lalamuiinaaldrnonue daitauuafisy 4 wiia |§un Esherichia coli  Staphylococcus
aureus Streptococcus faecalis Wae Salmonella typhimurium lasmsnagauaNy
"L’maaqﬁu‘n’%ﬁ@iamsﬁmﬁaqﬁuﬂ%ﬁﬁw%% Disk diffusion test (Kirby-Bauer) G93analag
MIINVWIAVBY clear zone %3d zone of inhibition LLazﬁﬂH’lﬂ%mmm‘iﬁﬁQﬂﬁﬁgﬂ‘ﬁaaﬂ
qm%rﬁml,%aqﬁuﬁﬁ (Minimum Inhibitory Concentration, MIC) LLazﬂ‘%mmmsﬁﬁayﬁq@ﬁ
aanqw%‘ﬁﬁm‘%al,mﬂﬁﬁﬂ (Minimum Bactericidal Concentration, MBC) @3873% Broth

dilution method
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U dq’ a r=| =Y Qs v a ol =4 s 1 dld 1
mwﬁai‘;aumﬂuwa@nmﬂ&m@nmﬂmuum LRTANHINAVAIRITAINAINUAD
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nNgnnildn (4 aseniTalbow) maawﬁmﬁmmﬁlﬁmaﬂ%yhﬁm‘h



3.1 gmuaz‘i%ﬂ’ﬁm‘%mu"lﬁmaﬂﬂ%lvlmﬁm‘hwaué’aﬁ%u wIalalaan  wiIe
817U NAULTITa U8 RTU- LA Laa1s

muaiowlansannylududiland198435289 Georgantelis uaz

Atz (2007b) lasfgasuazdiunsndinnsnUnngluameduansi wazudssunm

DNRTW bALATIH LRZDAATU- kA LATIUADNINANT 11I% 2 T2AUAD 0.5 UL 1% laginnn

s 1 d'd 1 :’ [ J o =1 = =1 % > 1 d' 1

(Matandnmdaintinitenas)  lasvinsfinsudisuifisuiudeteaugui b

MILANRIIAINA

r Y .
A19199 2 qmmaavlaﬂsaﬂ%gvlwum

AANHEN Control gmﬁ 1 gmﬁ 2
(9) (9) (9)

itonyuasdm 200.00 200.00 200.00

Tosiunyuds 18.39 18.39 18.39

uda 10.00 10.00 10.00

IN&8 4.60 4.60 4.60

RNI08ATH WID LALAT - 0.50 1.00

w3n AIUsznauLTITanaaadu- lalas

3.2 ANWINAVIENTUTENAULTITaUD A AT U- LA LAt Tunaduwa e
dgl/ a A a s (2 C ol
Lmagaumﬂuwammm"’lamaﬂmﬂwum
ﬁﬁmsm%ﬂuvl,ﬁmaﬂwvlmﬁu@‘h@nwgmﬁ’muu Y sansn
196 NUAI BE198NTUIZ N LT ITAUDARTU- bA LATIUNIANATINES L6 1% 6 G288
(C1-C6) NanudutuaaiansUsenauiTstononadu-alaau 0.5 uas 1% lagtinin
uﬁﬂmﬁUuﬁ'uéhaU'Nmuquﬁleiﬁmmaumiﬂi:ﬂauL%qﬂ?au lagyinnisasadadIunm
FeydurtnInualuniaiurinasaouada daw35 Total Plate Count (TPC) uaz
A3 AUSN LT TR RA LN N IR AILGTOULETD lapan9893Tua9 Kok and Park
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= @ Aaa a £ e aa
3.3 ANBINAT0I08ATH lalaau Lazr1TUIznaULTITandaatu- 1o laanuluwnny
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AN B UL TERIMENET LLa:mﬂqmﬂﬁu%'ﬂmﬁqmﬁgﬁéiﬂ 4 a4 TaLTUE) VB9
Namﬁmm‘ﬂlﬁmaﬂ%yvlmﬁuﬁﬁ Tagvmsansfianududuiimanzsailaants 3.2 uas
ﬁ’]ﬂﬁiﬁﬂml,ﬂ%wl,ﬁmuﬁuéffmmamuquﬁvl,&iﬁmnaumﬂ@ 9 %aqmé’nwmzma
AN 9 fasrntaficasaluit
3.3.1 maﬁ@qmé‘ﬂwmzmaLﬂﬁmaowamﬁmm‘ﬂlﬁmaﬂmﬁlvlmﬁm‘h
- mm%‘”u (Moisture content) I@Ulﬁ%&ﬂ@l‘ig’m“nm AOAC (1995)
3.3.2 m’mi'@@mé'ﬂwmzwmﬂ’]ym‘w*’naawﬁﬂﬁmﬂﬁman%ghﬁm‘ﬁ
- ﬁmaaé’aamﬂﬁmanmﬂmﬁm‘iﬂ §1816389 chroma meter
(Macdougall, 1994)
- Lf:aé’uﬁa ﬁamm'%'aa texture analyzer (Barbut, 2006)
- @i’lm’méj&lﬁ’] (water holding capacity, WHC) (Honikel and
Hamm, 1994)
3.3.3 ﬁﬂmqmﬁﬂumzmaﬂszmﬂ&mﬁaLLazmmaw%’waaﬁu‘ﬂmﬁﬁ@ia
Nﬁ@ﬁmmﬂﬁmaﬂmﬂmﬁm‘h
AN AN BN TZEMENAR LRZNIILANTUVDY
g}”u'ﬂmﬁﬁ@iawamﬁmm‘vlﬁmaﬂwvlmﬁu@‘iﬂ@ﬂ’L‘*ﬁLLuuaaumwmﬁmammu 9-point
hedonic scale NARALAMANBMUANI o) VOIHRAA AN I@]ﬂﬁﬂmimaauﬁumjuﬁuﬂmﬁ
fanuvavlumssudsenmulansanituin 30 au Lmzﬁwmsmaamﬁag}myqﬂ'mﬁu
NN 9 7 auniidatildnsanazione las@ainansuzlnnguazazuum
AnNTaulayIN ﬁ;jﬂ@aaulﬁ

a

3.34 ﬁﬂmLLa:ﬂszLﬁumqmnﬁﬁﬂmﬁaqm‘vﬁg&l 4 DIFLTALTUR
maawﬁmﬁmmﬂﬁmaﬂmﬂmﬁm‘h
mmi’@ﬂ%mm%aﬁﬁuw%ﬂumﬁmﬁmvﬁs:mﬁamnﬁu
%‘ﬂmﬁ'qmﬂgﬁ 4 parwaldus §185T Total Plate Count (TPC) uaz a31a3a5unmmie
NUaHEd KRN UNHAILATONLETD Lass198435ue9 Kok and Park (2007) lasvinms
m’ml,%anﬂ 95 aunmagslénsonaziFouds
Tummasasda 3 HezldmsnsunnnInaassuuy CRD LLﬂtﬁLﬂiﬂzﬁ“ﬁ’a%Ja e
3L SUANULANANITEA I RA DT BINANITNARDILAREAIBEN molysunsy
IATLAN9FDA SPSS version 11.5 (SPSS, 2002) lagldnsitanzimeanuudsysin
LU ANOVA Uazii/38uidfinuanataneniuasflafsuanan1snaasdudasaioginy

Duncan’s new multiple range test



HAaNIINAADY
1. MIAIVNADENS
1.1. 988D
“ o aan a [ a a L ad o A
RIIFNADAADTUINNNILNLVIZFNANINNNALNILNONFR TIIDINANLANIZTN
azldunanmsaautaidtanedevad Curtis et al. (2004) laswnasannmMsanainIziiay
win s lUnIesmere1IUNg 2 TULAZNTBIHINTEAI®NTES Whatman NO.4 37N
i lunywniesdaniaied centrifuge 1A1N3930L 12,000 rpm 1Hua1 10 W1l vuen
o dl PN o A o Al o, AV
Mmmywnisazauquannglling. 4°c nanywmisaiuiesiadiuaznaun’ll
@8dN08N WALLNLAIBLNANIZFIREITASANLA UG TIRITINADAATUINNNTENBUN
Idazliansouziiuvaanan findedls wazlifavaznanfanldaglugg 50-52% anuuih
o A o o a “ aa AaAa o . v  ad .
satanld lamaiadSinmdadduniiagludatng w35 Spectrophotometric Assay
ﬂ?ﬂﬂgﬂim“nad 4-mercaptopyridine nU Thiosulfinates (Miron et al.,, 2002) ©331NN13
naaedwud1  HUTIMEaRGuag iUt 135142 mgiml lasazdiuanadudulwil
USINUaRATUYINAL 13.5 mg/ml AewshuaNnuantazans lalaouluauaaunsiie
f15UsenauTItaulunInaaastude b

1.2. lalaann
lalamufiaioalukasfianns s1989nu3Tua Tolaimate wazATA (2003)
War Kachanechai uazeme (2008) lagiinmsaautsadnioy  vldldlalaanuid
AMANBIULATINNFDINNT NANAD lalaanudaasngd 1 ﬁm{mﬁfﬂimaqmmﬁu 1.10 x
10° Dalton wazd %DD agji“?i 78% uazlalaanudaagned 2 ﬁﬁmﬁh‘[maqmﬁwﬁh 1.02 x
10° Dalton uazi %DD agJ]"?'i 88% %aamaﬂumiﬁﬁwy;amﬂaalwﬁy’umau
deacetylation tatauuledminlalamiuazuandeni aouaasluanef 1

A1319N 3 i:U:L’Jmlwﬂ’u@]aumsﬁﬁwyia:mwaaaaﬂmﬂmﬂmaqamao"lﬂau

(deacetylation step) ﬁqm%ﬂﬁ@ha 9

Soaking time in 50%
Treatment Soaking time in 50% by weight NaOH at 90 DD
by weight NaOH (hr)  C (%)
(hr)

Sample 1 72 - 78

Sample 2 72 24 88




@13197 4 wavasshntinluanauaz %0D vedlalamuiiaiowldlukasfianis

Chitosan Sample Molecular weight %DD
(Dalton)
Sample 1 1.10x10° 78
Sample 2 1.02x10° 88

A

@13197 5 & (L* a* b*) va9aradslalamuiiadowlaluiasdjoans

Color
Chitosan L* a* b*
Sample
Sample 1 87.43° £+ 047  -0.02" + 0.01 10.98" + 0.18
Sample 2 88.98° +0.12  -0.75" + 0.05 10.72° £ 0.05

nnMmaaadnuin lalamuieIonldun Jdranuaing (L) wazafuad
1 e 1 a o a é v & 1 d [
(@) uandvnuadduedany  (p<0.05) TeusadlMAwin lalamuninsugle
a ¢ & =l o A vaa A & =
srazanslofonlaasenlod Wwnawudn winarildlalanunlaiznunde s
o ! oA a X A = A
laandnanuaineidiads  uaziienanuiduiuasanas  (p=<0.05) INTLINUVD
Lertsuriwong  URzAMAT  (2002) WU lalamufiieaSoudisnssuiumsanalusdn
.. . ' a A A ' . . . Aa A £
(deproteinization) riauanandalnfaus (demineralization) azldlalaanuniianuuigns
gandn uazlignanand  wenanfidaldinunuues Tolaimate wazamz (2003) ld
Nnenwihnuunmndalalamuiianumngay Sanuddganndequauitvadla
1a91 LAzNTZUIBININENNNTANER 16 lalamuiiiassnasoaiiny leduluan1izéy

a A

A o« Aa a a Aa wa
azfiadudunszuaunsniidininwlumndaduazlildlalomundqmandens g

Aaa o

LT mwmmmlumsa:m Ul%ﬂi@a%‘ﬂ%g NaanaIL



2. MIETUNRNTUIZNOULTIT OO R AT U- 1A LT
2.1 @AnRAIENANERN IS NRNTU S NAULEITa WO A RDU- LA Lot
2.1.1 ANBDATIFEINVDIDNRTUGD bA LAT1 LAATNIRNAIETUSENa
LTI T AU NATU- 1A LT NI F
=< & v A A aa ° o A aa o
INNIANB D BIFWNALRDNATASHIWAINRIIZEN NI
WAINIrNe 4 35 laun freeze drying, spray drying, vacuum drying L8 tray drying lagld
lalaauaiaien 2 Naaaiwlalas udadaddn ANy 1:1 WU NIIviuweang 4 33
IANAU09T 08T NANAAT IR TUIZNaULTITa WD R AT Y- 1A LATIRNLANAIINY  BLNILALLa
o & 0 1 Qs a g; LY o o v U =Y
T FINAYINAU 66.37, 37.84, 8.02, UL 5.11 @IHWIIAYNMIRONMIIUAIFILTT
. dll o v o 1 a v v an
freeze  drying e ltlumIvinuAIaaiezIUszne et audangu- ta lasuluns
1 A Qddq‘ Yy a lﬂl tﬁl v thﬂq‘y = v v
nasaddall Tauwanannishazliiasaznanfangangaus Sane9 LRIl TauTawl
M ldared1 iy Teacdinad i ldliamssaneuesasisznaudunidens o

ARTUATNIILGTNENTUIZN O UL TITAUD N AT U- bR LATI I UI AL

[
= v an

f ’Lﬁwamﬂﬁ@miﬂizﬂwL%asﬁauaaaéﬁu-"l,ﬂiwmuluﬂ%mmﬁ@iauﬁwags AILFad laan
Sounsnanaaile  uazUSIN NI aATuARER I TATABAURaIM T AREN TS NaY
L%oeﬁaulmﬂauysnil,l,a:mimum’”s'ml,mﬂmsﬂs:ﬂaul,%aéﬁau (TR 6 uae 7) B9
namInasaswuilalamueragned 2 (ﬁmﬁfﬂimaqa 1.10x10° Dalton W&z 88% DD)
lﬁ%”aUazwawamlaamsl,ﬁ@miﬂizﬂauL%asﬁauqaﬁq@ uazE NN TONaRITUIZNOULTITo
ﬁ'umsé’aﬁ%u"lﬁmnﬁq@ (@597 6) Tasdanadwlagiminfimunzanie sansulag

'
v Aaa =

WrnnUadlalao 1 udadafdun 1:1 AILRAILANIIN 7

AN 6 USUIHRITONATUAILARA LLEIIRZ AU AUNRIINNNTAAETUIZNOULTITaN

(complexation) asmawyitﬁua:mumsﬂum%mLﬁ'aLmﬂmﬂhzﬂauL%osﬁaué”aﬁ%u-"l,ﬂi@

PIUDANITILTLUED
Sample Allicin:Chitosan Remained Allicin Content
(Weight ratio) (mg/ml)
allicin solution - 13.50
Complex 1 (C1) 1:1 215
Complex 2 (C2) 1:2 2.78
Complex 3 (C3) 1:3 3.12
Complex 4 (C4) 1:1 1.54
Complex 5 (C5) 1:2 2.01
Complex 6 (C6) 1:3 2.93




®1319N 7 Total soluble solid (%), pH uae TOURENANAS (%yield) AMYRFINTAUAY

83D Freeze drying Ua4@108198n7U52NaULEITOUDARNTU- bALATIUNG 6 G883

Treatment chitosan:allicin Total Soluble pH Yield
(Weight ratio) Solid (%) (%)

Complex 1 Sample 1:allicin = 17.2 4.5 51.98
(C1) 1:1

Complex 2 Sample 1:allicin = 23.5 4.75 46.08
(C2) 1:2

Complex 3 Sample 1:allicin = 26.2 5.5 42.38
(C3) 1:3

Complex 4 Sample 2:allicin = 18.0 4.5 64.98
(C4) 1:1

Complex 5 Sample 2:allicin = 23.6 4.75 48.39
(C5) 1:2

Complex 6 Sample 2:allicin = 26.0 5.5 43.27
(C6) 1:3

INANTNN 7 WUIN %total soluble solid VAIAIALNIRITAZANE

a 3 e Aan 1 PN J d ~ [ 1 3‘ %
PaIRITUIZNAULTITO U ARTU- A LATIU  AXUANNNIINTY  LHALNNDATIEIULALUIRIN
v o an & o o [ ] 1 A é/ [ A ~ é/ s ] Aa
YAIRNIANADARTH  NILINNATN AR pH DA AuTu Y TINANTUAINAIBNAA
A o an Aa ' A A
LWaINNaIN pH BavEIRzaIga8aaTs 18 pH §Ind1 pH agansazanylalaani tlawiy

& o & : : v an v A £
8@57ﬁ3%1® JWIRUNUYW ?Samwama pH TadﬁﬂiazaﬂUB&G%%A@I@I%’]%I%LW&I@EG“D% Mmmz

=)

NYauazNaNEaUaIaNTUTeNaUEITauN e 2xdananadlilalNuaaTIawlatinninas
R1SANADAATY LL@:é’@liﬁﬁh%ﬁﬁﬁﬁg@ ﬁlﬁ%aUamaNamaomiﬂizﬂauL%aéﬁaugaﬁq@ua:
A A o Aan A o A A @ . A A o ' a

ffnudaddueaviadinga fa  dradne C4 Aesuanlalamuaiatnen 2

v o '

(MW=1.02x10 Dalton, 88%DD) s damaiulalaanusdadaddu wiany 1:1

2.2 ?mmqmé'ﬂumma:awﬂ‘amamUmwuazauﬁamaLﬂﬁmaamiﬂizﬂam%d%aué‘aa
Fh- LA L AT
luiumauﬁ%ﬁ’mﬁm’mﬁ'@@;mé’ﬂwmz 3199 Qmawﬂ'ﬁmamﬂmw RS
a a a 3 @ AaAa d' A U ﬁ £2 1 a
QmauummaLﬂmJaamiﬂi:ﬂauLmsnauaaaeﬁu-vl,ﬂiwmuwmevl,@ F9laun Rvasnaw
\WANT daelATad chroma meter (Macdougall, 1994)  juUTvvadnauwinGlanlEis

Scanning electron microscopy (SEM) (Gémez-Guillén et al., 2005) anuzlaTIgsaua9d



AaNLWANT ¢183T Fourier-Transform Infrared Spectroscopy (FT-IR) (Umemura and
Kawai, 2007) e1anutduwdn (crytallinity) vesnaNiwans e283% X-ray Diffraction
(XRD) (Wang, Du and Liu, 2004) LLaz@hm’mmmm‘lumsa:mmfﬁ (Takeuchi et al.,
2000) lagnaminaaasazuaasldasdalus

221 FU95n3UszNa UL TITaud ARG W- L L@ A28LATaY chroma meter
8198975089 Macdougall (1994)

a =) a

813U NOULTIT OO ARTU- LA LATIUNHNEN 10 VFLRRAIWIN UazaNE

A A )

Qs d d 3 v a v IQ 1 ]
@x‘]LLﬁT@x‘lI%@l’ﬁ’Nﬁ 8 slix‘i’*i]‘éiL%%vL@’l’J'] mﬁlszﬂaumeauﬁwam%uaﬂmemaﬂuamdﬁ

Aa

woEANIRaa (p=0.05) lasartsznauiBidanalade C4 (HuaradenidFuanedns
nnasdszneniifaudiatvduinniige lasldianuaivgiiga Tusnznddiang
& A \ & A A o A A a o \ by o v an £ \
\uduas uazdranuduiniasinge wandanaiulasininvasdadduiu wui
' ! . . A £ A
AanuaIeaaad amanuiduFuasnazaanudumnioninin (p=<0.05) Tsdunaun
A © Aaa A o Ny Aaa o A A Ao \ & v a £
PNFVBIRIATANLARTUNENA be  NiFAeuTRe  Walsanaiulasshniniindn

WilnadaaFlauasd Iwpmenssazans lalamwiussazansls Tula

A19191 8 FvaIFTUTENAULEITOUDRATU- LALAT U (A28819N 1-6, C1-C6) iNaa la

Complex sample L* a* b*
c1 84.22" 0.84° 19.24°
c2 84.48° 0.59° 19.94°
c3 81.00° 2.18' 21.18°
c4 87.30° -0.47° 16.82°
c5 84.21° 0.98° 19.35°
cé 84.73" 1.12° 19.24°

222 JUhwesmsdznendifeudndidu-lalaau  lawld3T Scanning

electron microscopy (SEM) (Gomez-Guillén et al., 2005)
gﬂiwnadmiﬂizﬂaUL%aﬁﬁaué'aa%u-"LﬂImm INNAN  scanning
elentron micrograph (Mw#l 1) amdnlddn ssdsznevidsdanssddu-lalaoin §
snwauzidunsinay wansswe lasiiawieegluge 515 pm Fsnansnanasilad
ROAANBINUNRITUILVEY Mi Lazatwe (2002) LazdNIF8UDS Sankalia Wazase (2007)
%awudﬁﬂwngﬂiwwadmsﬂszﬂauL%asﬁamaavl,ﬂiwmu-é”a%Lu@l (chiotsan-alginate
complexes)  Hizdadunsanauisunu Lwiﬁmm@lmgﬂiwmiﬂi:ﬂauL%oeﬁauﬁwﬂu
WAl wenanilaeudsues Shu uar Zhu (2000) leéwudn anwoizgUInIves




f15UTenauLTatauszning  lalaauiazsodium tripolyphosphate ﬁgﬂiwtﬂumanaw

v ]

 da 6 a A
"I.I‘W]@sL%Z]Ju ﬂmaumuguﬂﬂmaﬂizmm 1.2-1.5 UBRLUAT

AN 1 Eﬂsﬁwaam‘sﬂizﬂauL%asﬁaué'aaé?m-vlﬂiwmuﬂamwﬁﬂsfﬁm’%mmnﬂ"lﬂimsmu
88197 2 (MW=1.02x10° Dalton, 88%DD) shedamadulasitwinveslalasudeasas
Fw Wity 11 amadadiee3es Scanning Electron Microscope (SEM) fifnasueng
3,500 Lin

223 é’ﬂﬂmziﬂiaai”ﬂaLLa:%g function UBIABNIWANT @2835  Fourier-
Transform Infrared Spectroscopy (FT-IR) (Umemura and Kawai, 2007)
mﬂmimaaaLﬁaﬁnma‘”ﬂwmz‘[maﬁw,l,a:%i functon U89
ylnauditansaasu-lalamuwuandldesn wdi 27 wuin FTIR Spectra 289
gIlsznauditausaadu-lalaanueianed 1-6 (C1-C6) Janwaslausinues spectra
flanuadoadsiuann  DReIU9dunIes spectra  WiiuATaNILANAIT LSS
snwarlasiasnes spectra FuANETMABENTEY HONINTSINUMS shift V89
spectra AGUAUILHUNG Y ALana9nw TevinliiAinin é’nwmﬂmm%wmmg function
Po9mTUsenouTatans 6 aasns luanananueteTaiam NiBIny function 19wy
Wt Auanenstn (@199 6) wanaNfiIwLin spectra BasELTENOULTITaA
wwspuanlalaanudiodefi 1 (%DD = 78) uaz 2 (%DD = 88) liflanuuandraruasng
Fuldda  uddlaudandiuwlasinninassaddu azlwarililny  function uaz
lawaiuandweaniidnies  lasfing  function ndwiiiafsuiudasneiles

sansulasthninveslalamuiuoaddunwinny (@uaaslua1nen 9)



A139N 9 é‘ﬂwmﬂmm%mawg function °1]E]dﬁ?ii_]izﬂallL%G‘ﬁ’ﬂué‘ﬂa%%-vlﬂ‘[@]sﬁ’]%

A18819 C1-C6 Ne1aa1897 FTIR

Sample NO.

Possible Structural Units and Functional group

Complex 1

. alkyl group- hydroxy or possibly amino substituent

. hydroxyl or amino compound general

Complex 2

w N

. alkyl group- hydroxy or possibly amino substituent
. hydroxyl or amino compound general

. Aliphatic alcohol with carbonyl substitution

Complex 3

w N

. alkyl group- hydroxy or possibly amino substituent
. hydroxyl or amino compound general

. Aliphatic alcohol with carbonyl substitution

Complex 4

. alkyl group- hydroxy or possibly amino substituent

. hydroxyl or amino compound general

Complex 5

. alkyl group general
. alkyl group- hydroxy or possibly amino substituent
. hydroxyl or amino compound general

. Aliphatic alcohol with carbonyl substitution

Complex 6

. alkyl group- hydroxy or possibly amino substituent

. hydroxyl or amino compound general




Scientific and Technological Research Equipment Centre Fourier Transform Infrared Spectrometer, PerkinElmer (Spectrum One)
Chulalongkorn University
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Chulalongkom University
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Scientific and Technological Research Equipment Centre

Chulalongkom University
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Scientific and Ty sgical Research Equip Centre Fourier Transform Infrared Spectrometer, PerkinElmer (Spectrum One)
Chulalongkom University
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AMWA 5 FTIR-spectra 284813032 nauiTiTaudandu- lalaauiiasauaintalaou

v an '

G089l 2 (MW=1.02x10" Dalton, 88%DD) shesanainlalamiudadasdn sy 1:1
(C4)



and Technol 1 R h Equi Centre Fourter Transform Infrared 5 PerkinElmer (Sp One)

Chulalongkom University
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ific and Technological Research Ex Centre Fourier Transform Infrared Spectrometer, PerkinElmer (Spectrum One)
Chulalongkorn University
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NINA 7 FTIR-spectra 189830 3enaULBITaudaadu- 1o lasuieIonannlalaoin

§r08n97 2 (MW=1.02x10° Dalton, 88%DD) drsdassinlalamiuaassadn vy 1:3
(C6)

FTIR-spectra 7116a1nMIneaaad wuin danugeandasnunuise lai
= d' s A % c.l' a
mydAnsufmiuamIdszneudsiauiiialasiszy (polyelectrolyte complex) vadlala
gunulalasreansud dnraIuuiIIL a7ty chitosan-carrageenan polyelectrolytes
complex (Hughert et al., 1997), chitosan-carboxymethyl cellulose complex (Rosca et al.,
2006), chitosan-alginate polyelectrolyte complex (Sankalia et al., 2007), chitosan-pectin
polyelectrolyte complex (Bigucci et al., 2008), chitosan-xanthan polyelectrolyte complex
(Argin-Soysal et al., 2009) WazWILNANIETUTZNOVLTITauvs lalas wnuaIDu
: . ] ao .
% §IWeN@L (Liu et al, 2004) uazlauaad (Ou et al, 2010) HINNIUITBNUT
ANWUT pattern V89 FTIR-spectra 189 balasiuazlansazianizinloun tusagld
A A A \ v A a A A v £ I o
3eddla FTIR Auandsnufany wasileiimaiassszneudetonds  axdunald
M oo d a = { o
FTIR-spectra N30 1Wasuudadliann spectra tenvadbalaay daiain spectra 284
810N U TouoaaTY- 1A LATIUAIBENIN 1-6 (AILFAIGIHUL) N NUSBUIREUALKE

MINaaaINWLlRIUITBAN  NILABIATAIN  AnmMMead pattern 289 &15UTEnay



\Betau Awuildsuutadllann FTIR-spectra vadlalaauatnaiAinlata waadliiann
! o ' ° o A . { o & g
mmJEimeawaﬂmaa‘mLLazwﬂﬁﬂmuwﬁ (functional group) NLAATUANERAINT
AamsUszneudaten uaztadladn lalamusunsasusseaadullauazlvmaluns
c.l' [ ] o v c.l' a U ,_-3’ =1 ) v a
LﬂJamuuﬂaﬂmomﬂoLLamgmsmﬁmﬁlﬂmm@u uwazdemanatiias  Jarilinmaia
miﬂszﬂauL%ﬁawﬂﬁ%ﬂﬁ%’ummﬁﬁﬂumﬂﬁummmmsnLLa:QmauﬁaLamwaa

lalasnannand

224  eanudundn (crytallinity) va9naNINanG 62835 X-ray Diffraction

(XRD) (Wang, Du and Liu, 2004)

NUAYE9 XRD ugaslunnd 8-13 vhldifinin AnumzIULDY
289 XRD patterns 28981313znauiBetandaddu-lalaaudiagsil  1-6 fizduuy
AENBARIN pattern 7116 UIUaNHIAN B MU UVBINANULLBFIZIU (Amorphous crystal) 9
aldanansmuzued patterns ArounIuuuLazNg %qé'ﬂwngﬂiﬁwawa@ (peak) 289
XRD pattern Ailfiads fiuanansann pattern va9lalamwieasagnadien (Ou et al., 2010)
99 nNWITHIE9 Ou Uar Ame (2010) na1d anwmevaslalaauezlinavassaad
20 WULWAL (narrow peak) tln 2 duntisie 71 9.85° waz 19.70° uanavagaRwlaTe
AunamMInaassfldvasssUsznenidstandaddu-lalaosn  AlWnsvessaandany
n31987N (broad peak) 7 20 1RgsdIRED Lazfaduiduniiszning 20-21°°ﬁ:ua§li
Ausandnlaginminessaddn  aufinlddn woawes XRD pattern 89620819
syUsznauiitausaadu-lolamuaiagnadl 1-3 (Ml 8-10) uazeragnef 4-6 (M
11-13) Fnsidawdnmdunisdi 20° 9 ndw waasliifinin maRusansulasiimnegn
Yps0aaTudalalasin 3 11w 211 war 311 ewdey b lesinalinnsiie
arlsznauBstowialdady  slsnouditanildzuaasdnwaassaafianlng
dunssvaslalamuannds  wssusassutamndwlalamuwinnis - UeBleimaiy
sanaulasinvinuessaddn Litelinsvilwiemsdsznaudetaulduniuinios
Tolstogusov (1997) l@nana1¥i1 msfessUsznauidedoniia axdsansiwvasss 2
TRAMANNZEY LREISATNFIWEL FIganndasnunuwIsoilituin S99 nnammanasdi
Hun fxaaadaanuNailfaIn XRD wuiu S9eznuin ssdnauidetonsaasu-la
1o ﬁ]xLﬁ@vl@Tﬁﬁq@ﬁamawaa sansulasinminuesssddudelalammw windu 1:1
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2-Theta - Scale
ElJPue: 523579-1 raw - Type: 2TIVTH locked - Start: 5.0000 * - End: 44.9959 * - Thata: 2.5000 * - Step: 0.0188 " - Step time: 144, s - Temp.: 25 “C (Room)
Operations: Smoath 0.080 | import

AWN 8 XRD-spectra 2898130z nauiTiTaudandu- lalamuiiasauaintalaou

r an

G188n971 1 (MW=1.1x10° Dalton, 78%DD) shesanawlalamiudadasdn 1:1 (C1)
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2-Theta - Scale

biuFile: S235TE-2 raw - Type: 2THTh locked - Start: 5.0000 * - End: 44 9650 * - Theta: 2 5000 ° - Step: 0.0163 * - Step time: 144, 8 - Temp.: 25 °C (Rocm)
Operations: Smocth 0.080 | kmpon

NINA 9 XRD-spectra  VaIaN3UTeNaULEITOUOAATY- LA LA 1UNLGTONANN Lo laon

§108197 1 (MW=1.1x10° Dalton, 78%DD) seaanainlalamudadaddu 1:2 (C2)
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2-Theta - Scale

biFibe: 5235793 raw - Type: ZTVTH locked - Start: $.0000 * - End: 44.9659 * - Theta: 2.5000 * - Step: 0.0184 * - Step tme: 144, 5 - Temp.: 24 °C (Room)
Operations: Smooth 0.080 | import

AINA 10 XRD-spectra  VaI8N3UTeNaULEITaUOAATH- 1A LA 1wAeToNaNN Lo laon

§108197 1 (MW=1.1x10° Dalton, 78%DD) smedanainlalamudadaddu 1:3 (C3)
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2-Theta - Scale

IluFile: 535794 raw - Type: 2ThTh locked - Start: 5.0000 ° - End: 44 858 * - Thata: 2.5000 * - Step: 0.0188 * - Step bme: 144 5 - Temp. 28 °C (Room)
Operations: Smaatn 0,080 | Impert

AN 11 XRD-spectra  2898n3U3enNauLEITaudaadu- balamuiiasunainlalaaiu

G089t 2 (MW=1.02x10° Dalton, 88%DD) seaanainlalamudadaddu 1:1 (C4)
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2-Theta - Scale

FiFite: 523579-5 raw - Type: ZTIVTh locked - Start: 8.0000 * - End; 44,9356 * - Thata: 2.5000 * - Steg: 0.0188 * - Siop time: 144. & - Temp.: 28 *C (Room)
Operations: Smodth 0.080 | import

AWN 12 XRD-spectra  284813U3znauiTiTaudandu- lalamuiiasauaintalaou

§r08n971 2 (MW=1.02x10° Dalton, 88%DD) srasamainlalamudadaadu 1:2 (C5)
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2-Theta - Scale

FsFile: S23579-8.raw - Type: 2ThTh kicked - Start: 5.0000 * - End: 44 8858 * - Thats: 2.5000 * - Steg: 00188 * - Slep lime: 144. & - Temp.: 25 °C (Room)
‘Operatens: Smeath 0.080 | Impor

AINA 13 XRD-spectra  Ua98N3UTeNaULEITaUOAATH- 1A Lo 1weIoNaNN Lo laon

§1081971 2 (MW=1.02x10° Dalton, 88%DD) smaaamainlalamudadaadu 1:3 (C6)



225 fANNEINNTALUMTAZAENN (Takeuchi et al., 2000)

fnanusanTalsmsazansinvesmslsznoulGitausaadu-
lalaanw finT123alasd3 spectrophotometric assay 71 pH 3-11 81989au3Tvas
Takeuchi WazAm (2000) UFAIAIANTIA 10 MNRAMINAFBINLI sanusansnlu
maranpinvesassznouistousaddu-lalaanuns 6 @819 Henuuanei
Taudagsmstsznauidstouiiasouanlalamudiagnefi 1 (C1-C3) azwuinilen
anumansalumsszapindnindainsaslsznanideton fassnanlalaau
fro8n9fi 2 (C4-C6) a8inTaLah Fanmud 14 andnldin nrwusesmIaouuyas
PasanuaInsalumsazaning pH 3-11 2asimatsssdsznauidetousasdu-lala
a0 §208797 1 (C1) azdndnenanefi 2 (C2) 3 (C3) 4 (C4) 5 (C5) uas 6 (C6)
ANEIAL LLazLLmIﬁwaommmmmmlumiazmm{wamﬂ 9 @aetaziuwliiy
aaadliia  pH  aaad s'ﬁoéha;J"mﬁﬁmmmmmlumia:mﬂﬁﬁgdﬁq@ﬁa A28819
ssUneuBidansaddu-lalamudiasefi 6 SmamInenssiigannsostiunans
nanasnldaninudspaad Bigucci Wazamz (2008) Avhmsdnsmsifasnsdsznay
Fetauvaslalamuiiinadn uaswuin Waudansulasinminveanafuie 93
Na¥in L@ In vitro swelling degree 7 pH 2-7 Lﬁ&lgd"'ﬁm“ﬁuﬁu
@597 10 aanwsansalumiszainaesasdszneuidtandaddu-lalaanu

#78819C1-C6 LLamaaﬂlugﬂmaa@h %Turbidity"?i pH 614 ¢ (pH 3-11)

% Turbidity (%T)
pH c1 c2 c3 ca c5 Cé
3 27.07 | 8240 | 72.87 | 4687 | 59.93 | 812
4 36.67 | 77.83 | 8313 | 7347 | 89.80 | 85.03
5 38.63 | 61.37 | 79.63 | 7833 | 8563 | 89.80
6 56.37 | 61.57 | 69.83 | 7323 | 89.93 | 90.17
7 58.83 | 79.17 | 73.73 | 7373 | 8960 | 91.23
8 62.73 | 703 | 89.27 | 7950 | 9247 | 93.60
9 69.6 | 6873 | 89.23 | 79.90 | 86.87 | 93.83
10 79.6 | 79.00 | 89.60 | 80.63 | 8350 | 93.27
11 66.93 | 69.63 | 88.70 | 86.10 | 82.33 | 92.37
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\FeFausaadu-lalamn (C1-C6) At pH 3-11

226 @1 pH VaIRITUTLNAULTITOUDARTU- b LA
PNNMINARBINLIN pH 2898 IUTeNaULTITauaaadu- tala
% VAWLANEINUEINTERATY (p=0.05) @99 11) Teallafinsasnginlas
iminvesansazansdaasuasiunalidn pH vesmsUznaudetousaasu-lalamud

v an 1

. & A { i . a
AFITH TID1HINNN pH ﬁi;(dﬂ')']“lladﬁﬂii‘wﬂ']Uﬂﬂﬂ‘ﬁ%ﬂﬂ%ﬂ"lﬂﬂﬂﬁ'ﬁﬂitﬂﬂﬂ

a

a v dl Al a 1 g’ g &/ =3 I v dl v
Fatan alNuaanaiulagiinninin ’ﬂx‘]LﬂJ%Nﬂl‘ﬁﬂ’lpH Y]W‘]JSJﬂ"]E}EG@I’]&IVLﬂ@nU

13191 11 é1 pH VIR TUTLNOULTIToUDARTU- LALATIU G8IN 1-6

Sample pH
C1 5.45a
c2 6.15b
C3 6.55¢c
Cc4 5.78a
C5 6.30b
C6 6.42bc
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2.3 ﬁﬂmmiaaﬂqw%ﬁummagauw‘%ﬁmaofsmﬂizﬂam%asﬁaué'aa%u-vl,ﬂ“[@sﬁ’m
& g . £ o & ¥ a
Iwuu@]auﬁﬁ]xmmiﬁnmmiaammmumL%aﬁ;auw%'ﬁmaamiﬂizﬂau
T T D ARTU- LA LATIWINE LANINNG dalTauuafSy 4 T9a A Esherichia coli
Staphylococcus aureus  Streptococcus faecalis Wae Salmonella typhimurium 1ag
minageuaw hvenduniddamidwsordunidenis Disk diffusion test (Kirby-
A o v . g ngs & v
Bauer) TITANALANNTIAUVUIAVDS clear zone WIB zone of inhibition T4 lANANINARES
& o ~ ° =< a A o A A £ o A a =
uanaaslua1sen 12 wazvimsanUSanaan e nganioangnsdwoadunad
(Minimum Inhibitory Concentration, MIC) AILFAI U190 13 TINKAVEI MIC WU
a U @ AaAa v Rt §; a a A a A
sydznauiitoudandu- lalamwlinalumsgugemaasyvesuuaiise 2 ofia fe
Esherichia coli Wz Staphylococcus aureus  lagldnalumsguginisias laue b
o & AaA o . 9uR ' ~ A o A ~ £
mmsnmmmsu,"ﬁaLmﬂwL'iﬂ@mﬂma"l,mo"lummmmﬂsmmmswuamq@ feangnd
MuLTaLUANLIY (Minimum Bactericidal Concentration, MBC) 6 Tananlomannaasny
NUIIVVBY Pranoto uazaAmaz (2005) AWLdN Mstdasihsiunssiisy (garlic oil) adslu
1 A 6 A % > g; dq’ (% gﬁ J
uHuAsuvasbalamu JnalAzunsadugase Staphylococcus aureus M TINNILTE
Listeria monocytogenes W8 Bacillus cereus ladndas  uwanandasdeuispved Rao
wazAmaz (2005) levmsdnsuazasialamuisudansdususeafunidluniasiud
WasaTuuy intermediate-moisture lasld Hurdle process $ha81k WU lalaoui
ANNENNNTD AN TEHUETa Esherichia coli Was Staphylococcus aureus  baluatna@an
ael
FNTLANUNTIVBY clear zone NIAINNNWILG (A13190 12) §1N15D
1 a? U & % d? a A 6 a % v AaAa
197 b6 mmmmsnlumimumsmuwafgaumwaamiﬂiznauLmsﬁauaaasnu-"l,ﬂim
' o ' ' [ ~ A @ { o ' {
TIRUGARZADLT HAMULANAIINY TIRITUTNaUITITaunLaIuNaN balaauwaiatinen
2 (C4-Ce) 7illen %DD gInin  (88%) a:lﬁwalums{mEl'al,%a'cgﬁuw%ﬂﬁﬁﬂ’h
ssUsnaudsiauieiouanlalamudiatnen 1 (C1-C3) fidlen %DD ot 78% Ntk
P en Aa a A e
2191448431270 qmaw‘umaavlﬂiwmmawwmmmmsnlumm:mUiuﬂsﬂauﬂsﬂw
oy N . - i R
9% ol %DD tANT LﬁJWﬂlﬁﬁﬂﬁLﬂ@aaﬂmaomﬂmaqa LLa:ﬁﬂyﬁﬁﬂ‘S:@qumﬂ
£ ° o PO o A = ASa o an o £ E Xe an & Aa
Y A IAFINITAANUTENURNITAN TIUNTAD 08RTH LENINTW NIRDAATTIURITN
£ dq, a =) a A U =S I3 v
anumanInlundwzadunidlasianzuuaiiielags Jadunaldlanumaninly
£ o ¥ a £ i
miaanqwmﬂumimm%aﬁ;au‘n’%ﬁmnmuumaa (Curtis et al., 2004)
'=n'mNam‘smaaumm"l:maagﬁuw‘%ﬁ@iamﬁmﬁaqﬁuﬂ%ﬁﬁasﬁ% Disk
Diffusion test %t WU &1IUT2NALLTIToUSARTU- bR LATIUA8E9N 4 (LeT8NN lala
o ' A Ao ' k4 v o aa ' @ [y o &
TIUAIBLN 2 NeanaIwlastininoaadudalalaou winnu 1:1) Mualwnsgues
& Aa o A v ) o oA =< Yo A a &
TFOUUANISENG 2 THhe LaanI’1TUIznauTItanal1at19a% 39 laaaRana1dLaI1zim

a { o { { £ o ¥ a - A .
Vnassniasfigaiieangniduiagawnid (Minimum Inhibitory Concentration, MIC)



~ a a v o an = AN v o a =
WallSuunsunuaaddn uazlalaow Sinan1inaaadn lotiduadlua1ien 13 G99
= X ' A v o ' { { £ o & . v
Wnladn @1 MIC 289813UTenauLTitauaiatnen 4 Neangndauide E. coli Saas
d' 1 % J 1 = 1 a a 3; d‘f [ d' d‘
figa (WihAu 6.25 mg/ml) Setisuaniivi danuamannlumsdususeldunniige e
WIURBUAURITOARTY (25 mg/ml) wae lalasiu (12.5 mg/ml) #1%5UTa S. aureus
WU @1 MIC 2890 9 dnadiidnriiy wsasliiiuin sanswuasmanndusaie
. [y ' = Ao I ' o '
E. coli 16@ni1 S, aureus TInNaNUITLVEY Jean UazAte (2001) AWLIN dlatndla
laauanua (chitooligosaccharides) &13N308ULITD E. coli iiuasned wanannites
leunziingqadn lalaaundangend ﬁﬁmﬁfﬂlmaqaﬁaamﬂﬂiﬁ 10,000 Dalton 3932
o v & X A = 9 A a Y ') a v ak A ae &
1ﬂwa1ummuml,°1iaﬁgaumﬂ@ LLa:mum%unImaqaum H9lANafUn TIluuIdnd
d by o 6 o & 6 o
I#lalamwnfiminlaanagaann (10 Dalton lasyszanm) asuu Iadulalasunly
v & X Py o & & A, v 4 & AN A v
AMNENNIDIUNNIE UL lea uazazduslrannalia ldaniigan lunalsndneay
(Jean et al., 2001; Qin et al., 2006)

@13197 12 Auni9Le9 clear zone (mm) NldnmInaseuanuhvasnfunidda
aIeULTaRUNISAIL7T Disk diffusion test (Kirby-Bauer) Bais3UsznauiGifaudad
Fu-lalaon

Complex clear zone clear zone (mm) clear zone clear zone
sample (mm) against against (mm) against (mm) against
Esherichia Staphylococcus | Streptococcus Salmonell
coli aureus feacalis typhimurium
C1 11.5 8 - -
C2 15 7 - -
C3 15 7 - -
C4 17 9 - -
C5 16 9 - -
C6 15 9 - -
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A a A o A A £ o & A6 L. e
i 13 YSunanidesngafieangnsduwieddunsd  (Minimum  Inhibitory
Concentration, MIC) w83815U3=nauTiTouaaadu- lalaaualiagnen C4 Wisuiiay

AURNTOARTWLAL A laT1

Sample MIC against MIC against
Esherichia coli Staphylococcus aureus
(mg/ml) (mg/ml)
allicin 25 12.5
chitosan 12.5 12.5
C4 6.25 12.5
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3.2.1 MINARAIFINN 1

TUMINARBIFEINLIN  ALVNMINARAILNDAN ANV VT UL AN R
a U @ Aaa I U dly a =) a Q £
WAIFNITUTZNOULTITAUDARTU- bR LT ’Lumsmumimumagaumsﬂuwa@mmﬁvﬂa
ﬂiaﬂw"lmﬁ'mh TauvinnI@nEINUAaE9aITUINAUTITauNY 6  @1atenaw
WuT% 2 3AUAD 0.5 WAz 1.0%w/w) ¥ laniianaaad (treatment) AILEAILUAIIIN
14 uwazvimianaiadianandunidnimue (TPC) uazdszinubad-, naimaaiow
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NARDY WU MIANANULT U WY aIRITUTZ N ULTIT o aRTU- kA LAt TuRNalwn1T
1 QI v d? a A 6 1 o d' a d%’ a A 6
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niNe  (TPC) uastSunmbaduazin  vasdiateldnsanny lududinaumadsznoy
| T T UD AT U- LA LAT I ﬁmﬁaﬂﬂh@ﬁamamuquaaha%’mw LRA9 LA LAKIN
=) U @ A QFQ/ ¥ a =Y = v
R1IUTZNAULTIT OO RRTU- 1A LT mmmaaﬂqmmumm%agauw%ﬂuwa@mmwﬂﬂ
Wnaened lainanu Nt naasglsznauditanain 0.5% lassinnunidn 1.0%
: L= 1 a d%/ a d{d‘ > (% 1 ] > 1 =3 U = gﬁ
Tagiinnnn  wudn ﬂiu’lmmaﬁ;aumﬂmmm@v[@ lauane1anuatn ikt aANg
USuNmdREULAZINANINITANed  adnuIsaNnInaaaulatdananuitutwirazauln
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sudaautfdudng 9 vasldnsanny lusiue

Treatment Sample Concentration of Allicin-
explanation chitosan complex (%w/w)
1 control -
2 C1 0.5
3 C1 1.0
4 C2 0.5
5 Cc2 1.0
6 C3 0.5
7 C3 1.0
8 C4 0.5
9 C4 1.0
10 C5 0.5
11 C5 1.0
12 C6 0.5
13 C6 1.0
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WaaA e Ldnsanny lusdudnauaslznauBitoudaddu-lalamudiadnin 1-6 (C1-
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Treatment Sample Total Plate Count Yeast and Mold
Explanation (cfulg) (est. cfulg)
1 control 1.4x1 O2 <60
2 0.5%C1 4.0x10 <10
3 1.0%C1 3.5x10 <10
4 0.5%C2 7.0x10 <10
5 1.0%C2 6.2x10 <10
6 0.5%C3 1.0x10 <10
7 1.0%C3 1.0x10 <10
8 0.5%C4 <10 est.cfu/g <10
9 1.0%C4 <10 est.cfu/g <10
10 0.5%C5 7.0x10 <10
11 1.0%C5 6.0x10 <10
12 0.5%C6 1.0x10 <10
13 1.0%C6 1.1x10 <10
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sIUsznauiitaudandu-lalasudiatnen 1-6 (C1-C6) Nanuidudu 0.5% lapthwin lasanaiandiaisuaianufiuazaaiadaifiamn 9 5 T

a1 15 %

Day 0 Day 5 Day 10 Day15
Treat- Sample Total Plate Yeast and Total Plate Yeast and Total Plate Yeast and Total Plate Yeast and
ment explanation Count Mold Count Mold Count Mold Count Mold
(cfulg) (est. cfulg) (cful/g) (est. cfulg) (cful/g) (cful/g) (cfulg) (est. cfulg)
1 control 1.4 x10° <60 32x10° 10 cfulg 42 x10' 6.1x 10° 6.7 x 10’ 8.0 x 10°
2 0.5%allicin 1.25 x 10° <10 56x 10" <10 40x 10 <10 6.6 x 10’ <10
3 | 0.5%chitosan 12 x10° <10 2.4x10° <10 3.6 x 10° <10 8.5x 10° <10
4 0.5%C1 5.0 x 10 <10 2.4 x 10" <10 25x10° <10 1.2x 10" <10
5 0.5%C2 7.0 x 10 <10 2.9x 10" <10 9.2 x 10° <10 2.4 x 10" <10
6 0.5%C3 2.0 x 10 <10 59x 10" <10 8.7 x 10° <10 33x 10" <10
7 0.5%C4 1.0 x 10 <10 23x10° <10 1.8 x10° <10 1.8 x10° <10
8 0.5%C5 6.0 x 10 <10 15 x 10" <10 38x10° <10 6.1x10° <10
9 0.5%C6 1.0 x 10 <10 7.8x 10" <10 3.4x10° <10 32x10° <10




A1319N 18 m%maaéﬁaﬂﬂavlﬁmaﬂ%gvlmﬁu@‘hﬁamﬂ%aa chroma meter @hmmmmmhm‘;éfuﬁq (%) UWRZANIANNTU (%) F18ITNIATZINVEI AOAC

vasldnsanny lududnuaudaddu wialalamu wiaasdsznauiBitaudaddu-lalasudiatinen 1-6 (C1-C6) Nanwuidutu 0.5% lathmniin

Treatment Sample Color (Core) Color (Peel) Water Holding Moisture Content
Explanation L* a* b* L* a* b* Capacity (%) (%)
1 control 71.07a | 2.21de | 14.91b | 69.69a | 0.17a | 15.56a 90.12cd 70.57ab
2 0.5%allicin 71.22a | 1.45a | 15.59b | 69.12a | 0.85c | 15.77a 91.95d 72.23b
3 0.5%chitosan | 73.94e | 1.84b | 14.33a | 75.04c | 0.29ab | 14.92a 87.99a 69.01a
4 0.5%C1 71.81abc | 2.31e | 14.95b | 71.33ab | 0.70c | 15.54a 89.76bc 70.07ab
5 0.5%C2 71.33ab | 2.35e | 15.02b | 69.24a | 0.48bc | 15.00a 90.90d 71.77b
6 0.5%C3 72.04bcd | 1.95bc | 14.48a | 73.19b | 0.53bc | 15.11a 91.04d 69.12a
7 0.5%C4 72.85d | 1.87b | 14.61a | 73.06b | 0.37b | 15.20a 88.52a 69.18a
8 0.5%C5 72.33cd | 2.10cd | 14.83b | 71.19ab | 0.65bc | 15.23a 89.65bc 70.42ab
9 0.5%C6 72.69d | 2.08cd | 14.94b | 70.92ab | 0.58bc | 15.63a 90.58cd 69.69ab




@135197 19 anwaziladudavadldnsanny lududléan texture profile analysis deias texture analyzer vasldnsanny lusfudnnaudaddn nia

lalaou wiaanIUsenauiBITaudaaTu- A las ua18819 1-6 (C1-C6) NANUTNTY 0.5% lasiiwnin

Treatment Sample Hardness
Explanation (N) Cohesiveness | Springiness Gumminess Chewiness | Adhesiveness
1 control 48.85a 0.35a 7.40a 17.04a 0.11a 0.0008a
2 0.5%allicin 48.35a 0.33a 7.21a 17.39a 0.10a 0.0004a
3 0.5%chitosan 65.84b 0.35a 8.23a 23.95bc 0.22c 0.0004a
4 0.5%C1 48.70a 0.37a 7.94a 17.71a 0.14ab 0.0004a
5 0.5%C2 55.54ab 0.41ab 8.04a 22.63bc 0.18bc 0.0008a
6 0.5%C3 64.47b 0.40ab 7.54a 25.58¢ 0.20c 0.0008a
7 0.5%C4 50.50a 0.41ab 8.12a 20.64ab 0.17ab 0.0001a
8 0.5%C5 57.15ab 0.39ab 8.01a 22.17bc 0.18bc 0.0004a
9 0.5%C6 55.37ab 0.45b 8.16a 24.68bc 0.20c 0.0004a
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Color Odor Texture | Appearance Overall
Liking
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0.5% chitosan 5.73a 5.67a 5.53a 6.77a 5.83a
0.5%allicin-chitosan 7.03b 6.53b 6.75b 7.10ab 6.73b
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Treatment Sensory Characteristics
Color Odor Texture | Appearance Overall
Liking
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0.5% chitosan 5.10 4.33 4.93 6.07 5.37
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Treatment Sensory Characteristics
Color Odor Texture | Appearance Overall
Liking
Control 3.73 3.20 4.37 3.83 3.87
0.5% allicin 5.32 3.97 4.50 4.71 4.97
0.5% chitosan 5.23 412 4.67 4.40 5.02
0.5%allicin-chitosan 6.03 4.93 5.27 5.42 5.27
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