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Abstract

Vanillin is the most popular flavor in the world. It is conjugated to a glucose residue to form a
complex molecule of glucovanillin, performing odorless. Natural vanillin is obtained by curing of vanilla
beans. The content of vanillin may be influenced by many factors such as glucovanillin content, the activities
of key enzyme during curing process and type or population of microorganisms in the surface of bean. The
previous studies indicated that B—glucosidase (B—glu) plays a major role in the conversion of glucovanillin to
vanillin during bean curing. However, some microorganisms could produce B—glu and cellulase enzymes.
Therefore we proposed to study the relationship between B—glu activities, the types and population of
microorganisms and vanillin content in vanilla at each step throughout the curing process. Eleven months-old
vanilla beans after hand pollination were collected and dipped in 65°C hot water for 3 min (killing step), and
held in a closed wooden box for 24 h at RT (27+2 °C). Thereafter, the treated beans were put into hot oven at
65°C (sweating step) for 4 h during 7 consecutive days. The sweated beans were placed in ambient condition
to be slow dried (drying step) for 10-20 days before keeping in a wooden box for 3 months (conditioning step)
at RT. The results showed that fresh beans exhibited the highest levels of glucovanillin content and B—glu
activity (126.21 mg g 'dry weight; and 1,305.02 pmol 4-nitrophenol.min 'mg protein’, respectively). B-glu
activity decreased significantly after hot water dips during the killing step. Surprisingly, the B-glu activity in
treated beans was recovered to the initial level as found in fresh beans after incubating in a wooden box for
24 h. B-glu activity decreased nearly five times of fresh bean (avg. 240.32 pmol 4-nitrophenol. min’
mg protein_l) during the sweating, drying and conditioning steps. On the orther ha other enzyme such as
cellulase and peroxidase are increased activities to the highest levels after killing and held in a closed wooden
box for 24 h with significantly higher than the fresh beans. Whereas vanillin content in cured beans was
highest (90.50 mg g_]dry weight) after incubating killed bean in a wooden box for 24 h and after sweating
step.  The results showed that almost all of the bacteria isolated from fresh bean was Bacillus spp.
Immediately after the killing step was finished, the population of all yeasts and molds decreased more than 1
in 3 of the initial population of fresh beans but they were not detected in the killed beans kept in wooden box
for 24 h, whereas the total bacteria increased to the same numbers as in fresh beans and constant after
sweating and conditioning. However, the results also showed that the population of total bacteria was
correlated with B-glu activity. This result suggested that bacteria correlated with enzyme associated with
vanillin production. However, B-glu activity might not be one enzyme for glucovanillin hydrolysis during the
curing processes.

Key words: curing, vanillin, B—glucosidase, microorganisms
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Qﬁﬁ'lﬂﬂﬁﬁﬂﬂ?ﬂﬁ\uﬂi']gﬂﬁ'ﬁ vanillin 910 by-product UBNYATINNITIUINHAT Roling et al. (2001)

o

=2 a a a A ' o . 3 a a ~ A J a ad
MMIANEIUNIAINYIVDITAUNTYTSHINNITINI curing nuvauanlulszmaoulatige NUINYaUNITY

=

' 1 g A A A A v 1A . Vo A a o
WW‘]Jﬁ'JuELWQ‘JLﬂHLL‘]JﬂT]ﬁfJ bacilli NFDUHIDNUIOU LAZTWUITNL isolate LT]'IHHT]?Jﬂ'IﬁW@G]LE)uUl“IﬂJ
{ A Y @ 1 Y J 1 . . 1 4
NNeIT0INUNTI0oFAINTUFAA NY 15U protease, cellulase, hemicellulase n30 pectinase AUF031
1T A (;

= S FY 9 4 1 dy Y P 1
L!,a3EJ’dG]‘V]!Lﬂﬂhlﬂinﬂﬂﬁﬂﬂaﬂx‘iﬁ'iNlﬁlu]’l%NL‘I’iﬁ1u1mm1lﬂi]ﬂ‘iiiﬁﬂ (weak activities) LLﬁZ‘W‘U’NHﬂ

a A ] A @ A ] 09: v = U a dy a S J s
maamumiuﬂuﬁmuwmqﬂumaumuazﬂﬂﬂu NNﬁﬁ@ﬂiNW‘ml“K@i}.ﬁuﬂiﬂ ’O\‘lﬂ‘]Ji%ﬂ’O’UﬂJ’E]\‘I

]

a A d W a 4 a A 1 dy A
aumﬂwammzmmmmm1uﬂ15wamLau"lmmammmiﬂ TReWUI T B. subtilis (type 2) Nugn

oD

LY a A . = a A A aa 4 .
MniNNTaa I INNIg curing Tuuna YszimaduTaiiide UAvnssuveseuls B -glucosidase 110y
P2 A A 9 Y] 1 o 4 3 Y1 dy a dy va
ey laidus Mneadesnumsdesdmemivaad  szmu lanlszmnade suaveoudouazguaniia
o LY a A 9 1 dy A = 1 v KX o & 9 = = ) dy
u el lulnnidaaiitula lundaziuioniinnuuanaiesdiu 3eduiludesimsAnyideyaiugiu
4 a o Ly a y { A o U ] o 4 :
vouou latinazyaunidlullnnidaar luiuinfeziimsansudonounaziir g s Towd dalu
Y o 4 a o
Pagiumsansinisldlse Teminnou lsinsegaunidlunisnszqunsaseans vanillin vosiln
a I a
niaalinnmiuly1dge1uFan15A1 (Sreedhar et al., 2009)
Q' a d‘ [ Y a 9 d‘ J [ a =
nauNHaanananinntaa Uszneualgluanamsnuandanulszuna 200 siia uall
@15711adY (vanillin) MnNge Uszaa 85% 599091170 @15 4- hydroxybenzaldehyde 8.5% (Wnon, 2551)
LY a = 3,' 9 1 A =& A A
Tuflnnilamaaiiarsasduoglugil glucovanillin 30 glycosides &9'lulinaunoy mIazauvesas
e @ ~ A = @ s A dg’ A o A A
glucovanillin WUHAINNAINATING 3-4 1ADU HAZILINITUATIEHINVLINTY WoknNoIY 7-9 1ADU
Anunidied 1 glucovanillin az@ueg 10-15% HAIWIUNTZUIUMSUUNWMIA192] vanillin maoie 1-2%
1 g’ Y 9 | [ 3 . A ] o Y =
aormiingaiieuosiln (Joel et al., 2003) ANIUNTZUIUMT curing N Iimangay o1 ldlimsgade

a S J

1 ] ] ] 1 o 4 { A
@13 vanillin 3¥UINNITUY ﬁ?@ﬁﬂWWﬂ'lﬁUiJubJLWN1$ﬁ3J@]’f]ﬂTﬁ‘ﬂTQWHmﬂQL@uUlWNLLﬁ%ﬂau‘ﬂiﬂﬁ!ﬁﬂ?"ﬁjﬂﬂ

9 i l

@ @ A LY a c?/‘ (Y . Yy A = o A o w A
ﬂ‘]Jﬂ’]ﬁWﬂJu'lﬂausluF\lﬂ'ﬁ’]uaa']élluﬁ@uﬂ']iﬂmp\lﬂ (curmg) Glﬁi]ﬂau'ﬁ@ll G]fﬂuu’)’]iﬂuﬂ]u@’f]u%ﬁ1ﬂfg‘ﬂq@

AeRAMAINHIoNITHAUIa1sN 1 nauanAe vanillin (4-hydroxy-3-methoxybenzaldehyde)

Q

a o Jd . & A . . { <
130N ITUATILHHIY phenylpropanoid  pathway FUTUAUN 4-cumaric  acid (1) )aewiilu



4- hydroxybenzaldehyde (2) 3,4- dehydroxybenzaldehyde (3) 118% vanillin (4) AUAIAY AIUUAIT vanillin

=2 v g a o 4 . A A
mgﬂ%mﬂuwammmmﬂ secondary metabolism UYDIWY (NIWN 1)

OH OH OH
1 2 3 4
Fig. 1. Proposed vanillin biosynthetic pathrray, from 4-coumaric
acid (1) wia £-hydrosybenzaldehyde (2) and 3 4-dehvdroxy-
benzaldehyde (3) to vanillin (4).

H [ I'd LY a ] a
MNA 1 MITUATICHATS vanillin Tuiln1Haa1 WIUID phenylpropanoid

31 Joel et al. (2003)

'
A o W

Tuflnniaairiumstunda Jarsldnausa (flavor compound) wazasdsznouidinny laun
vanillin, vanillic acid, p-hydroxybenzoic acid, p-hydroxybenzaldehyde 12 glucovanillin (Sreedhar et al.,
2007)

Jd o { o w ' ! i1y ! .
ulsivannliunuindrnylumsdesaaionazianilasoas vanillin - 1dun B-glucosidase
:’l v A A A Y] 1 o 4 1
(B-Glu) wennmiudelieu lyinneivesiumsdesaaismiiasas 1AuA cellulase (CEL) 1ag peroxidase
% { [ a [ST=! 31 =~ a a . 4
(POD) Funevesnumsasuutauiudrimavesarsdsznoviluedn 1438 phenyl-propancid 4
4 a v A o dy a (% o’dg’ Y 9 A v Yo a =~
ulyigosrianasdaduazi¥osunriaduniziinla uazannsonszquniossInidnntdaaiing
Y
a < 1 Aa v
#519@15 vanillin_ YSanVuazisanNnUnalusenInanszuIums curing (Sreedhar et al., 2009)
d' . = (% a dy d' 1 [ 1 Iy a a
1199910 1UNTEUIUNIS curing NszAUQAUIMYUUATANUFUNLANAINY danalidriatazlTuaves
a P 1 o 1 Qle g 1 anl
90UN3INIoYTA1Y cellulose 1A% hemicellulose  tanANUlULARZTUADY INNITHINFONUIVO
Y a A . dy A o Ao v o Jdo o 4
HnniaaNWIu3 curing WUIFD Bacillus viaediia Alanuduiussumsmauveseulesy B-Glu
= a 1 4 dy A A A 9 [ . .
esveInen lsiveadeunniises 91908 UATLUIUMS hydrolysis V04 flavor glycoside 14
#niiaan (Réling et al., 2001)
Y
o J F
Tunszuaunsduns1zWaTs vanillin 31nHanaos lAUpIgAaIMNITUNEAT HIONITIAEY
o Y a va = 9 dy ==t A A 4 a A a a e 1 Aaaa
waaludesdfians imsliiyenuaiife smiedaauieyila Almsnaaeu lailunsiselfnse
Y
ﬂ”liﬁﬂiﬂiﬂﬁ%ﬁﬂimaQaﬁﬁﬁ\i{gfi& 1&un ferulic acid, euglenol, isoeuglenol N30 glucose T@IUAT
A a Ao 4 e LY J a o @ 4 A 9
HadUNFUATIEHN glucovanillin Tulnunvesitaat Taemsmiauvesiueu lei B-Glu Nedie

2 A A A A A
GUT!IﬂEJWGIf‘Wi’E]LL‘UﬂV]ﬁfJ (NINN 2)
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stilbane dicxyganases from

Pseudomaonas pavamobilis

TMY 1009

(Kamoda and Saburi 1903)

) l T-a bactsria, fungi i‘-
(g ~
7 ome ~
o ey T-u:u
eugenol et
{essential oil of the clove tree) " 1
L
- -
T vanillin
T:?OH " bactera, fungi
J NH,
B
L-phenylalanine B-glucosidase, bacterial
or plant origin
THCI
Il
HO | e
0 1
LT
e
OH OH
luzovanillin
[mature beans of Vanilla sp.)
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i
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N1 : Gabor (2004)
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o < . . . ' . .
wos1dnaniunuInidu bioconversion fungi Tun15danilasesas ferulic acid luninves

g

vy

Au sugar beet waz$1vaa laun Aspergillus niger W0& Pycroporus cinnabarinus Tagnisaiia

@ & 4
mu"lclm xylanase 1¥DI1DU

L2 p % o o { . .
Sfluorescence UGL¥® P. cinnabarinus 8319101 191] laccase “ﬁﬁﬁﬂ%ﬂTﬂﬁ]ﬂﬂﬂUﬂﬁlﬂaﬂu ferulic acid

1fun1iladu (Thibault et al. 1998)

[

d‘ ogjl 9 a AdA A
MNN 2 ATNAUUASTAUNTINNYIVDIN

{spruce bark) HIJ -

“COOH
plant call culturas, J
sarial roots, fungi, yaasts, || |
cactaria (Rosazza et al, 1905) - = e
o [
- - OH
- ferulic acid
T (sugar beet,
- wood, grass)

Y
.0 Aspergilus niger *

Py vanillic acid
a.g. Pyonoporus

, cinnabarinus

h (Lasage-Masassan at al.,
- 1006)

HO "
Ty -]?:'_*0 ? H

7 ~H
LI
glucose

UMIFUATIEH AT NaaY

atunumludnuaziferny 18un Trichoderma viride, Penicillium
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=Y A Y a dy ~ d o
mas uinmsa 1 AanveIlnlszn 10-15 uawas anulaslgnluiungudnaunInsans
o o [ o o a a [~ Y 1o
MNaYUIN W Tarealnil ddnndaaiussylugananadneizy utiaily 5 999 ag 30 Hn vudailn
a = Y a wa a = @ <3 Py a o = Y
NiaawnAny luvesliamsarsdisuna luTagnainisnuned unInedema luTagnszoouna
~ = ) 1% <3 A
FUYT vnyuwdnsy el 24 92719 wasInmsnung?
o o a [} . 9 a va 1 < o [l o a A
2. HANTaamIHINNIZUIUMS curing Turel §ifans quinudledalnniaanionts
a L [ [ dy
ATIVIATIZH MUTLILAN ) ATl
1. Handiaaneumsilfiiiien killing) n3eHnniaa il 1ums curing (Fresh)
Y
2. Anmilaamdens killing A20msguin¥ou 65 eeruwaltod WU 3 WA (AFkilling)
LY a U o Y a A . A o a A [ .
3. damdasneumsm1vdinamie (sweating) wiednNHaan lurums sweating (BFSW)
Iy A o o 9 a A . ~ a 2 o
4. Handaamaimsmlamnamie (sweating) N 65 09FUFALTIT AIUTU 85% WU 4 B2 119
T W I o
@031 11ua1 7 34 (AFSW)
LY a (% [} d' = dy A
5. daniaaraimsUSuann (conditioning) N1 27 oeAIFATIA ANUFU 60% UIU 3 1ADU
(AFcon 3M)
[ Y/ a 09/' LY 09/' oy o o d‘ 9 | a 4 [ dy
quinnaaiasiaz 12 Annarue 3 41 Iuinilsmeasesn 300 Hn asa9nsIzring Aail
1) msulaguudasnanmeninvesiln
1.1 msnlasulasvesdnlasn
1 2 Y
WilnniaaaauazslnUNNAIUTHABUMTUNAIE 9 31UIU 3 19 a2 5 Hnurdaad
A181n5099AF colorimeter (Model DP-301, Minolta Japan) Iaguaadnansnaasdlum L* v A1ny
[ 1 H 09/ ° 1 { oa} a I
e a* Aeanslasuudasdannd@en ldd@ihead b* A Arnslasuulasd@aniihidudlumaes
1z Hue 893191A1 Hue angle autaad Inuavosiln
=) dsj | .
1.2 dsuaanuasuiln (moisture content)
v ' v Y
1dleg19inNTaanIadannde 1.1 UMWV T suAmas Faiviinaa

a

[ [ 1 1 a A o [ dy A 9 ] 4 a A o A
3-5 NTUADAIDY Glﬁium%uzagn!,usmmmummmwuma“lmmuﬂaﬂﬂ’e‘)amuﬂn ‘LHUIJJE]‘U‘V]QiMWﬂiJ

U U
Y

a o o d oy o /2 o e y .
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a 4 a qul A a
2) WnsznmlFnamsadunaz msszme linauniiaan
o a I'd o o [ I ag
anauazaNzrasszenninaanazilnuy Taediul39191nn55075U09  Sreedhar et
' v v [
al. (2007) 11920819HNNHAAHUAINVINE1D | UAINAT Fadded1iiabalinatiaal 5 nTuse
d10613 uadl08191u U Taswumal Fadiedanuaudd 1 NSy 19U 3 @I0819 ANENTIURANTUTN
Yy 9 a a aa oA a = < ) @
ANUINIY 44% UTu1a3 10 Haaans UuNguugll 45 sarusaiFea 1Junal 48 ¥ 1w nazisu
a [ a Jd
YTIA5AI8 1BNTIUDA 36% LATNTBIATHIM filter membrane (Millipore, 0.45um) IATIEHATAY
1309 HPLC Shimazu 31 LC-20AT 1% Diode array detector AD@W3 Inertsil 1 ODS-3 ¥u1a 5 lunsou
4.6x250 HAAWAT §1582A18 mobile phase AD INNTIUOA N acetic acid ANMTUTU 1.25% ludasrdaiu
1 9 o A Aaa v ~ = A A 9 [ Y
10% ¢0 90% l¥oa51m15 1va 1.5 Jaaaasaou1i 1K 40 w1i anuenaaunlylumsasiniaminy
a o 1 d‘ 9 a ~ =) Y
254 W Twwas Usuasarsaiedrsnld 20 lulasans wSeueununsiuiassiuvesas uinsigu
vanillin, 4-hydroxybenzoic acid, 4- hydroxybenzaldehyde t4¢ vanillic acid (Sigma) ANUAUTY 1-100
Uaaasnoans
[ v Aa S A 9 [ [ a
3) msanauazianingsuveausy lrinneveaiunszuIumsLninntam
3.1 maadaeu lsianalesailinniiaa
o da’ d‘ f = =) %3 1 =) =) =
duiegelniidaal Usviar 3 asulaluvaoanaradn tauaisazale laiaew
a Y o . . A = .
Fiasatinilos (0.1 M sodium citate, pH 5.0) H5od15aza10 InundiFeunodiia (0.1 M Potassium
Ad o 0 a a aa y = 9y A .
phosphate buffer, pH 7.0) "auda (4 °C) Ysu1as 12 Haaans Juazidean2181AT09 homogenizer
y (%] 1 3’ < ~
(ULTRA-TURRAX model IKA T25, USA) vasziluugdindraluiiuia uazieasazais’3n 4 oaen
warFoa udni l)dumIsadrenTeeilumies (centrifuge; SORVALL model RC5C Plus, UK) Ngaivigil
= < =] AN YA [V A o v A
4 99RaEEE ANMSITOU 12,000 rpm WM 15 W1 aulanldaearsadaeu lsiniiildSananssu
9 Qdd‘ [ [ dy
A18 UV-spectrophotometer 114N33135N1/311/59910 Sreedhar et al. (2007) Gl
a 4 a
3.2 nanssueu lwiiuding Indad (B-glucosidase; B-glu)
11esazaly pNPG (5.5 mM p-nitrophenol-B-glycopyranoside) U513 100 lulnsans
9
(substate) AN E1TazA18 THABUEATA (0.1 M sodium citate, pH 5) 31134 100 luTnsans mniuldens
[ Jd a a 1 a [ 4 ] Qy {
anatonladisuias 100 TuTasaas warasnnyialidinudreniouvd (vortex  mixer) 19130

a9 I = Y aaa ) = 4 o
QUNNNHTOI Wuan 30 un ua’mmeJ;]ﬂsmmﬂmiazmﬂmmaumsuamm (1M Na2CO3) 1UIU 600

Y L

a ] a Y Y o 9 d‘ L] . o d' Y 1 A d'
lllliﬂifmi L“]JEJ"Iﬁ'”Iﬁ‘Iqﬂ%uﬂiﬂﬂﬂﬂuﬂ?ﬂlﬂiﬂﬂmm (vortex mixer) uiﬁ"liagaiﬂﬂllﬂﬁﬂﬂ"lﬂﬁﬂﬂﬂﬁuuﬁﬂﬂ

ANVEIAAY 400 U1 TUINAT (nm) AIBLATBY spectrophotometer (Shimazu UV-1601, Japan) 1A laun

A y

~ o . Yy o ' s A

LVIEJ‘]Jﬂ“]Jﬂi"IWZJW]i”@TH 4-nitrophenol NUANMUNVIUAILA 0 - 100 ]llljﬂiillaﬁ (uM) (qﬁ“].]ﬂ?ﬂﬂl!?]ﬂ‘ﬂ 2)
3 o [ 4 a 4 a = 9 an "V Ao Y ] I~

vintuhasanaeu lydudnszindSnallsaudeitunsge andaladuiiedu TulasTy

4 1 1 A a o
213994 4-nitrophenol aounolaansuldsau (uM 4-nitrophenol/min.mg protein)



11

3.3 nnssuen ladivagiae (Cellulase ; Cel)
iasazetensuenFuniia tvaglad (1% carboxymethyl cellulose) U3u1at 1.0
A Aaa 1 a = a o 4 .
1aaans (substrate) laasluriaoanaasy (test tube) tANaIsaza1e lsaausasatiNives (0.1 M sodium
Y
a A aa o 1 o J (a A Aaa 1
citate buffer, pH 5.0) 51105 0.75 daaaas nniuldarsanaeu lsidiuies 0.25 Tadaas weraisnn

a S

wiia TR UAI8IAT03981 (vortex mixer) nasanaaosldludon Nguugl 50 esrusarBod u1u 30
=} Y aaa 9 aaa Yy 9 o a Aaa
wii udmgalfnsedisaisazatelalulaeasan anududu 1% (1% DNS) $1wau 3 Hadaas
(1% DNS $113% 100 §adans Usznouaua1s 3, 5 dinitrosalicylic acid (DNS) 1 5% Wuoa (phenol) 0.2

o 4 [ o ogj oy M o a Aaa
n5u Tandey lansenlad (sodium hydroxide) 1 A5 1MasNrNAAZA10ALUINAY $1UIU 100 Hadans)
Aa " Y o Y J A A o 2 '
aslunasanlimsazaenduog nanimasanaaed llauluindes wiu 5 i hvasaduunelueis
A J & a o 2 vy A Ay Y} ' o Y Y o
NUIIPIWA WY 5 N ihrasavun R IBuNgugires uduvirdrsazalsnavua IRInud e
4 , . du w0 (o o “ o 4 v
IAT04 vortex mixer W1A1TAZA18N 18 1 TaAINITgAnaULAINALEIAAY 632 W1 TUINAT (nm) A2Y
d‘ o VoA 9 =l ~ a g’ A a dgl [
1A504 spectrophotometer 11117 lau LT s dTaihmainaluiuns1Mu1InI15 11 D-glucose
Yy 9 a A 4 ~ 3 o @ 4 a J a
ALY 0-140 Fad Tuans (mM) (gUammuand 2) nntuharsanaeu laininnginliu
a 1 { o [ I Aa A 4 [ T A Aa o
Tdsaudreisuasgin mndaldaimihaiuiaaluaisvesng Inadeuriideiaansullsau (mm
D-glucose /min.mg protein)
a 4 4 a .
3.4 nanssueu lminloseendiaa (peroxidase, POD)
ihasazare Inundigeuvoawa pH 7.0 (0.1 M Potassium phosphate buffer, pH 7.0)
U191 2.8 Uadans (substrate) laaslunaoanaaed (test tube) IANTITAZAWINEADA (0.018 M Guaiacol)
a A Aaa 1 4 4 o a aa
Y51 0.05 Hadans ldasazatelalaswuleseonlad (30% hydrogen peroxide) 31124 0.05 Hadans
09/' ) [ d a Aa Aaa ] a o 4 ] )
nintwhasanaeu leidiua 0.10 Jadans warasnnyia lidinudlenTo e (vortex mixer) 1
AN Yo A A A v A @
msaza1ef laTanimsganauudnanue1Inan 436 11 TumaAs (nm) AI8IATOY spectrophotometer 39
' P4 v P4 4
MINVUUVDIAINTAANAUL AT tetraguaiacol NNATU (extinction coefficient 25.5 cm/pmol) 91NUU
o [ 4 a L4 a = 9 an v Ao YA ] I a A 4
Wmsanaey lsinimsigimdsnallsduaiedifmasgin aidalainuiniu TadTuaisves
tetraguaiacol aouInaelaansyllsau (1M tetraguaiacol /min.mg protein)

a

o - o 9 Y 1 o ~
4) asviagaunsduaztivilszannside ludlewelnniiaan

9
[ ' v

9 [ 9
¥iniaavdennMIuTUABY curing MY 2 datilardeilniiaal Aureneuenaiey

Y
[ a a 4 . . . Q &
IU2ANDID ﬂﬂsmmqaum%im (total microorganism) Sg]}’JEJ Nutrient agar muum%imazuuﬂiwmi

q
4
3
dy 9 o dy A A 9 9 =
(5] Iﬂﬂi%”ﬂ?ﬂ”ﬁ Potato Dextrose Agar (PDA) Uag3WUN Gram UDUTDLUUANITY Iﬂﬂﬂ"lif]ﬂllllﬂllﬂﬁ]ﬂﬁ
Y
Crystal violet 11a% safanin O L1ag3UIUN Genus vouseuuAise 1as Biochemical test
a <Y 9 [ ~ = = [l

N13NIITHVBYA ll@ll,ﬂ ANURDY Wssumeuanuulsdsiv UAZNATDUAIULANAINUD

AN 1AeIT Duncan’s Multiple Range Test (DMRT) Least Significant Difference (LSD) tag T-test 7

JELAUANUADITY 95% A28 1151ATY Statistical Package for the Social Science (SPSS) q'u 11.5
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d‘ % a 1 (3/1 1 %
) msuasuulasnmeameninvesinniaanluszrnnetuasumsUuin
1.1 @laenin
1 3 ] = d' o/ =) 1
Tusgnindupoumsunimadasundasddnniaaanslagar L* a* b* uaz Hue angle
@ dy lel @ Y o o a ] 1 Y o
Al TumpuNaIn killing (AFkilling) udidnitaat vnlunaedldtaduiu 24 $21ue (BFSW)
A1 L* faaeh lduanaesiunsadadienSouifieunuilnga (Fresh) 1AN18WA3910 sweating (AFSW) 3

A o

1 1 o aa Y [ P~ = = ST :’ 1 @ o
ManaedNtsdAynaa aeandostumandsudnldenidlumihea uanendannmsUsuaniv
v 4 4
3 @ou naulial L* induedelivedingnieana dimsua a* wunimasauluilnas Juseou
e L Ao = A o I A =2 A A ' o a
AFkilling #aianvazinnguesdnlaenidniudiverdaveronmiaos ualuduaou BESW a1 a*

A g a 1 v o o 1 A -4 I 1 ] [ 09/’ .
L'W1]Eﬁuﬁ?ﬂﬁﬂﬁﬂﬁﬂﬂﬁﬂ@ﬂ?ﬁﬁﬂﬂﬁ"lﬂiy LlﬁgﬁﬂTLWMﬂ?UﬂulﬂuﬂWU’Jﬂ MY ANINHTIUUVUADU sweating
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A o =

& aa A Y I A o v A o A =1 A Y = I = g'
(AFSW) aaiidlaendlndudiiieianed@a uaiolsuaninuiu 3 weu alasnim/aswiludiieia
v Y v

gouuaziial a* anasedelusdiagniana WenlSeufeunuduasu AFSW (@15 19manuani 1)

o [ L:' U = U 9 L:' 0911 ] ] 9 O d‘
dvisumsasundasvesa b* nunimaeut19asn ITuTuaaUNISUNFIIAY (AFkilling, BFSW) il

=) = Y 1 09/’ =S 1 (% = Q' d? :// o [
Wisumeunudnae waluduneu AFSW dmanas uanaulannuyuluduaey AFcond 3M 115V
A1 Hue angle #auaaana Inuavesilniniaal wudn waanmiilai killed ud2 i lunaes lflashuu

o'./ S o w = Q' d? [ [ LY A
24 ¥ 109 1Ay AFSW  Uf1aaain1ua1ay 1aeial Hue angle MuAUW vasandsuaninin 3 thou
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1.2 ANFUVDIHN
Y v [
nasnnguilnnidaa lushdouluduaou killing (Afkilling) ud1ih1lnd killed 1a2 l1unilnlu
' A v

naod 1IN 24 ¥21ua (BFSW) TiSuianiusuvesiln mae 77.42%  liuanaiadunieada

1 2 Y v
WewlSeuReunudnniaaans uanenasnnluduaeu sweating (AFSW) Hisuaanuiudninae

= 1 1 A w o w aa A = .. . | A
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~ (a - 4 4
ulSmannusuindrgaman 26.45% (0NN 4)
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a 4
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Y a J 1 1 a 4 [ Y
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Y
o w egqe o a t4 LY a ' v o w a
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mg protein AMUAIAY (AN 7)
a 4
3.2 Nonssuveeu Ll cellulase (cel)
o a 1 1 ] a 4 Y
Hnnilaaaanewdngnszuiumstn Inenssuveseulasd ce mvu37.23 lulasiua
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Sunou sweating (AFSW) 10w i 1uilnnfiaainenssuanasszina 3 1 Fatinanssaen e
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3 Aa dy ~ d'qgll
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Perason Correlation  vanillin 1.0 0.215 -1.08 0.058
B-glu 0.215 1.000 -0.647 0.297
bacteria -1.08 -0.674 1.000 -0.105
yeast&mold 0.058 0.297 -0.105 1.00
Sig. (1-tail)* vanillin . 0.196 0.334 0.409
B-glu 0.196 . 0.001 0.115
bacteria 0.334 0.001 . 0.340
yeast&mold 0.409 0.115 0.340
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MARUIN

MINMANUINN 1 Mslasuuasal L* a* b* uay Hue voddnaonilnniiaaiaa (Fresh) taziln

9
Nuam IusEHINTUADUMTLN

Bean’s peel color

Treatment
L* a* b* Hue
Fresh 31.05" -5.24° 9.75" 114.12°
AFkilling 28.86" -5.40" 9.21° 117.95"
BFSW 28.07" -1.22° 9.03" 85.40°
AFSW 22.74° 3.77" 4.02° 47.89°
AFconditioning 3 M 67.14° 1.22° 9.85" 85.46°
F-test * * * *
CV (%) 50.35 -291.78 29.37 31.26

9 [ =1 1 Aaa A o A o 4
* = "’Uﬂll‘,aclul,ma&’ colum UANUUANANNINTDN NTTAUANUYDUU 95% (P>0.05) Iﬂﬁlol‘]f DMRT
CV = coefficient of variation

o a {q ¥ [ ' 1 1
vanaig : Anntlaan1dlumsnaaes 01g 11 @eundimswanngs (A1 L* Ao ANUAINVOIE A1 a* Ao

{ 3, o 1 § :’ a 1< Y
wasuutasdnnden 1@ hanad a1 b* Ae malasuutasdnminduiumaes was Hue angle uaaaInudvesiln)
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] [ Y
AIMANUINT 2 fﬂlﬂaEJﬂiiﬂﬂ!ﬂ’)'ﬁJ%uﬂl@ﬂﬂﬂ’NuﬁﬁWﬁﬂ (Fresh) wazdnndaanlusening

9
TUADUMTUN 01g 11 ADUNAIMIHAUNAST (11 M)

Treatments Moisture Content (%)

Fresh 73.70°

AFkilling 74.79"

BFSW 74.73"

AFSW 49.24"

AFconditioning 3 M 26.45°
F-test *

CV (%) 36.11

]
aa a 19

* = foyaluudag colum IANWLANANMIEDA NIzAUANUTRIY 95% (P>0.05) Taald DMRT

CV = coefficient of variation

wnemg : inndaaildlunsnanes e1g 11 Houndsmskaunds

MINIMANUINT 3 ANRdelSuIwaNs Glucovanillin 1@ Vanillin (ng/g dry weight) Tuilnniaaiaa

Y
(Fresh) tazilnlusgninaduaoumsuy

Glucovanillin Vanillin
Treatment
(ng/g dry weight) (ng/g dry weight)

Fresh 126,215.83" 4,014.68°

AFkilling 130,601.1° 17,493.7°
BFSW 114,268.1° 39,691.61°
AFSW 77,217.14° 50,410.72°
AFconditioning 3 M 31,954.19° 14,323.82"

F-test * *
CV (%) 43.24 76.17

A o A

* = dayaluuaag colum aNuuAnANINADA NszAUANUFONY 95% (P>0.05) Tagld DMRT

CV = coefficient of variation

wnemg : innidaafldlunsnaaes o1g 11 Heunasmskaungs
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MINMANUINT 4 A1RAsUTUIUET5 4-Hydroxybenzoic acid, 4-Hydroxybenzaldehyde 118 Vanillic acid

v
(ng/g dry weight) Tullnniiaaiaa (Fresh) uazinniaar luserintunoumsuy

4-Hydroxybenzoic acid  4-Hydroxybenzaldehyde Vanillic acid

Treatment
(ng/g dry weight) (ng/g dry weight) (ng/g dry weight)

Fresh 500 46" 789.90" 54.10°

AFkilling 206.79" 1,361.96" 402.57°

BFSW 124.32° 1,106.51" 280.60"
AFSW 20.47 1,657.89" 2,826.54°

AFconditioning 3 M 37 85° 14,120.15° 77.71°

F-test * * *
CV (%) 111.68 151.66 162.27

a A Y

* = qoyaluuaas colum IANWUANANNNADA NIzAUANMTOIU 95% (P>0.05) Taold DMRT
CV = coefficient of variation

wnemg : inndaanfildlunmsnanes e1g 11 Houndsmskaunds

Al A 0’ o
AS1MANUING 5 NINTTUVOUOU los3] B — glucosidase (umol 4-nitrophenol/ min.mg protein) Tuiln

Y
Niaa1da (Fresh) tagilniaarlusernnaiuneunisuy

B — glucosidase

Treatment
(uM/min/mg protein )
Fresh 1,305.02"
AFkilling 986.85"
BFSW 1,437.08"
AFSW 414.40°
AFconditioning 3 M 1 50'53‘1
F-test *
CV (%) 65.07

aa A

* = dayaluuaag colum ANuuAnAINADA NszAUANUFONY 95% (P>0.05) Tagld DMRT
CV = coefficient of variation

wnemg : inndaanildlumsnanes eag 11 heundsmskaunds



4 a t4
m‘snmﬂwuanﬁ 6 ﬂ%ﬂiﬁuﬂlﬂﬂl@uul“ﬁll Cellulase

Y
(Fresh) tazilnniaarluserninatunounmsuy

34

(umol glucose /min.mg protein) Tudlnnilaanda

Cellulase activity

Treatment
(umol glucose /min.mg protein)
Fresh 37.23"
AFkilling 42.46"
BFSW 47.43"
AFSW 12.70°
AFconditioning 3 M 3_06d
F-test *
CV (%) 68.36

9 ' =) 1 aa A @ A o 9
* = "’U'E']ll‘,aclul,ma&’ colum UANULANANNNADN NTITAUANUTDNU 95% (P>0.05) Tagly DMRT

CV = coefficient of variation

wnemg : dnndaai1dlunmsnaaes 01y 11 @eunasmsHaunas

1 a 4 LY a
M51MANKINT 7 Nanssuveen lal peroxidase (unit/ mg protein) 1UHNIUAAIAA (Fresh)

F4
wazdnniaa lusenINTua UM UY

Peroxidase activity

Treatment
(unit / mg protein)
Fresh 51.99°
AFkilling 72.98"
BFSW 79.60"
AFSW 17.40°
AFconditioning 3 M 0_9101
F-test *
CV (%) 77.17

9 1 = 1 Aaa A [ A o 9
* = qayaluday colum UANNUANANINNADA NTLAUANNFOIU 95% (P>0.05) Tasls DMRT

CV = coefficient of variation

wnemg : inndaanildlumsnanes eag 11 heundsmskaunds
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d' A A oil ~ 4 zﬂy oaj LY a | A
AT NNANHING 8 TJ38%Wﬂiﬂlﬂﬁllﬂﬂﬂliﬂﬂﬂﬁuﬂlmﬁﬂﬁﬂlmzl”ﬁ@iWNWiJﬂ‘UL!FJﬂﬂ‘LmW Eﬂquﬂ 110U

v v
ArUnszUIUMIUN U URaUA19

Total bacteria & yeasts and molds (log 10 cfu /g)

Treatment Total bacteria Total yeasts and molds
(log 10 CFU/g) (log 10 colony/g)
Fresh 3.67 3.00°"
AFkilling 278" 1.00"
BFSW 3.98° 0.00"
AFSW 3.23" 0.00"
AFconditioning 3 M 3.56' 0.00°
F-test * *

CV (%) 13.34 162.98

aa 19

* = foyaluudas colum IANWLANANMIEADA NIzAUANUTBIY 95% (P>0.05) Taald DMRT

CV = coefficient of variation
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T1 Fresh bean ( Fresh)

l3 Ht‘fﬂl'l‘ S\\'l‘:lt il]g ( HFS“ ) T4 After S\\'t‘iltillg ( AFSW )

e S
I e g b B

T5 After Slow drying (AFSD) T6 After Conditioning for 1 mon.
(AFCond 1M)

H 14
smnwInh 1 anvazilinguesdnniiaat MendsnnrutuaeunT LN



Absorbance
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