shod

av
I

m
2

v

L L

-
)

. |

SRt ytIint nAa
¥ idid O W 6w

r‘e?u
24
ﬁ !li A.E

nelaanrey
MBS Il

of



W o Q'.l v y& ﬂ'u o
ﬂ‘liﬂﬂnﬂﬂi3‘1]’31!ﬂ'l‘SNﬁﬂﬂ’Jmﬂﬂtﬂ‘”ﬂﬂﬂﬁuﬂﬂﬂmﬂﬂ

o 4
WUNIA Iavena

a a 0’4’ v a waq Y o ] P
Inniinusi lduRnsaneyddlmiudiudunilvesmsiom
aunangaslsygInemaasunitiadg

AVNFIFIING

a a d a a a Jd
AUTNITUMIADUINIUNUS ﬂmzmwmmﬂ?nun‘nmuwuﬁ

(

Sl (R @
219150NY5nYIman

] 4 @ a 4 1 4 o
Avaumans1nsd as. endo yiesdlsnd  dsomansionsd as. s Sumdssags

%j/ P '
0191580151152

..................................

] o o ' o o o d
é‘]")ﬂﬁ'\ﬂﬂi’]ﬂ’]iﬂ AT NIYITIWU IUNITIUNI éﬁf’lﬂﬂ‘lﬁﬂﬁ’]ﬂ]iﬂ AT. NITY NYAUSWUTY

.......................................... AITUMT

] o @ o ¢
éﬁf’)ﬂﬂ'\ﬁﬂi"ﬂ'ﬁﬂ AT. NIYY INYAUSHUTY

........................................ NITUNII

{) o a o
A¥IuMans 19158 As. Bl Aszgan?

17 HueNeu 2553

a Aa A‘ a v o i/
© avansvesu Ingnamyaalnu



prAnssudszma

9

a ' o Y ol
AvsUvDYOUNIZAR §8mMaRI1058 A3, MayIsTE UNIsIRGS 010130TTNN
a a 4 [ { ° a a 4 -1
Inerimusituedingeii lddaunganimivso aasasuasoudlvineriinudouads

t4
auysal

' o o v @ ot a a o
‘lJE]‘U'E)UWSxﬂm é"lf'.ltlﬁ']ﬁﬂi'ﬁ]'lﬁﬂ 3. NIYY SW%ﬁUSWN‘Q mmsu‘nﬂ?ﬂyn‘nmuwuﬁ

N

v y
w Ainganliuusiiiaveuuziamsmsudlvilym uazdounwsealumsianiisiu

yad &
WAz

=,

] a ) @ ] [ 4
UDUDUNITANU ﬁﬂf’wﬂ1ﬁﬁﬂ%’liﬂ( AT, Y3V ATTNANI uag él‘lf’wﬂ‘lffﬂi‘l‘ﬂ'liﬂ 3.

9 Y
]

@ =y a < 9 a a G YA ‘3
1Yo Pesa lsnd Anganasroud luineiinus 1asegy
o a aq ¥ Y A Y o
YovoUNsEAM 019130 A3, Wy yayilszan AlanunanldinTeseuudandenu
a o o ° { 1 av : y
umomad ansnvu i umsihnduilse Tomidenusiselun e
' "y ° a4 ° dq ¥ '
vovounuthuas uazaquiuitiunyasnId AR 1. amu Nldanveyns 1z
< @ (] o ] a o ' 1 ' a o ] [ (] ]
TuMmsinu@ILE196 3T LazMISTUSIDE1g uaznguuUtudnand i 0. wiusy 9. Hoelny
P v v (] o []
nianuoyATIzAIt198 N
YBYBUAMNY 1099 aziouq Turea§iiants 2704 NMAIVIFIINGT AL
a ¢ a o n’: o ° ao o o {
mnmans nldsSavuaziruenus WMUssOMAsuAlumshauiselddusvgaas
IR
= d' 9 Y3 ao z dy
VovounM Ay, mamile Almsmiveyuyumsiselunssil

] E4
uazvovounszAmfune uazfuuw Midh lwaz Iiidalvgaauiiouenn

Wumar 1uzna



)

d’ a a J @ a o 1 alay oo
YAULIDIINYIUNUD mswmmﬂsxmumwammmﬂﬂﬂhmawﬁw ﬂmﬂﬂ
YA v o

Rlvay HIYWUNWIA lvena

Wyan Inmaasuiugia F3no1)
:i a a J
AMZITNM NS A Ineniinusg

Y S 2 o

HA. A3, MIYITIU IUNIITUYT 010135MTnymdn

o v J A 1R [}
HWA. AT, WIYY INPAUSHUY ﬂ'lil'ﬁﬂ‘ﬂlliﬂﬂ'lﬁ?ll

UNAAEe
[ S a 9 L4 1 Y] [ o ]
NMsnAuEnUUANG oI Nades IunguYs Bacillus spp. 91NAI0E19S UM @I
@ 4" ilo’: ° v A 4{ v daa wa 9
Aauene ldnanua 56 lelaan uagshasiadenide 4 muwugwuﬂmanumiumiﬁsn
woulmi T1)s@oaqa (8. subrilis MCGS) mmsnaswmsaaﬂqmmwmmmwmumsmm
‘Umwaqaumunakﬂ‘lum«ﬂummwmﬂumwuﬂ (B. subtilis MHS1 11ag KMB2) uag
MWSORARINTUDTUAOIG (B. megaterium B39) ﬁmﬂmi‘luﬁ’awaﬁqwﬁiumswﬁﬂ
J v [ .
o1 TasiinisAnuisasidruvesdenauiimugau Tasnseenuu NI NARBILL Y
1 ~ alq'/ A a J U kY a a a dAaa v
aunan Nldomihindadugaaimia lnsunisd i TusauuasSniuiquass uazauss
@ M ] a a ad a a
vosmsananndmhlumsdumsinsyveaydunidne Tsnlumaduemsvesanuisia
¥ 4 v Y
9 18uni %0 B. cereus Uz Staphylococcus aureus MMM ISORTTTAanua uaze pH
& [ [l Ay a Ay v a o k%
FIVINNITNATDVOAT 1T IUVBUFBNAUIN AN TR 105 Ias 12 Ta 1 1 sunsy
v
Design-Expert (ver. 6.0.2) WU9AS10IUVDUTONAN MCGS (13%), MHS1 (64%), KMB2
Y ' 1 {a o ¢ 1.4 a & a
(15%) uaz B39 (8%) Wudandmveusonauiiaiiqa Taomldsanhiinaaduiisinn
158U (306.99 mg/g wet weight) Smiuilduans (3.66 ng/g wet weight) JUUIAEURIU
L4 [ q’;‘ dy ' o Af Adaa n’:‘
guinasyesnlalunsduiufenslsn s aureus (14.67 mm) $SIMTORTTIaanwaly
] . J [} g J [ o A
WU log cfu/g wet weight (10.76) tagiia pH (8.34) 9619 15Amunu msadaninduii
a J Yo ] ay @ [ 1 ) a,: 4” 1 Yy
Hanulav1densdmveaudenaudanananse Wannsadususenolsa 8. coreus 13
v p & ° =< v 9 a A P ) A U 9 ~ yy
avuuNBIIMIsANEI Vi un1sHaAn Ao e lFusdunasenoun1Idy na1ilddy

a

o A a A da ' o q ¥ o dq ¥
Dundes Ysmannaeiduluszninimsnsin gungiflflunswin uazszoznaildly

Vv



250458

Msnin ﬁﬁNamﬂmanymznmﬁanﬁﬂﬂu‘l%’msaammumsmaamuumq%wuh ety

AMuniswaniinadomswiounaswesSuna sy wnavenladedenslsn 5. aureus
uazA pH iJaaf';"mm“?iwﬁﬂi{uadnﬁﬁaﬁﬁm uANNMINAde Uiy MY mduda
Taemath s guillurdasusiianidanu Tesedumsnaadmiidnulunder it
Nadaﬂmﬁﬂymzmqﬁ'mﬂszﬁmﬁuﬁﬁmmﬁmﬁmdnﬁﬁuﬁﬁm Tasszavvesiledsdums
wandanifimngaegildnalumsdudamaes s $91us vmsuiindigungd s0°c i
913 U mmmLﬁ'nﬂ?mmTﬂs?muaz?mﬁuﬁﬁuamf-um{w’”mﬂuflu 371.84 mg/g wet
weight AT 4.86 ng/g wet weight M3ANYIIEA SR adnirufna Y Tao1En sy
Tasnmsainuaalaonss msv‘i1uﬁ'w’1’m¢1§"mauuﬁ’muuan%’auﬁamnﬂﬁ 60°C uazin3eq
PUUAINT I UL N wmwmsmummamimammamaamaqumwnu 60°C uaz
Fesoumtandsnumeenfindsansninysina Tusiy tazand a, lusgnamsnudeld
ﬂfmﬂ1smm1ﬂﬂumsmmmﬂTﬂummmwuumﬂty (P < 0.05) udna 3 35719 iAo
uananenulumsinuTinadmiiudduaesluszndmsiugs Tasmsiudedonies
ouuiandanuumaofiadiina 6 $2 1w aunsoaad a, “lumnmuwu'lﬂmnﬂqﬂ (0.75) &2
Lmuwuwwamwuﬂsmmiﬂmu (591.82 mg/g dry weight) LagImiuLFUA04 (1.76 ng/g dry
weight) iiierhnsiSouieusudauiumsunnumngwaa wazdnhurufinaneluesaaa

o w

' 1:; ' ] =1 a J a a a 4 ' IS
NWUN fmumwuﬂwamunﬂsu1miﬂiﬂuqqm1ammuumﬂq; (P<0.05)



Thesis Title Process Development in Production of Thua-nao Using

Selected Mixed Cultures

Author Mr. Punpong Lekhakula
Degree Master of Science (Biology)
Thesis Advisory Committee  Asst. Prof. Dr. Panuwan Chantawannakul Advisor
Asst. Prof. Dr. Pornchai Rachtanapun Co-advisor
ABSTRACT
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Screening and isolation of Bacillus spp. from T’ hua-nao; fermented soybeans in Northern
Thailand from total of 56 isolates, 4 strains of these (B. subtilis MCGS, B. subtilis MHSI1,
B. subtilis KMB2 and B. megaterium B39) were selected and used to formulate of the pure mixed
cultures in Thua-nao fermentation. The influence of the different mixtures of four strains on the
five responses of protein and vitamin B,, contents, antibacterial activity of Thua-nao extracts
against some intestinal pathogens (B. cereus and Staphylococcus aureus), viable cell counts and
PH values in Thua-nao were studied using the mixture design. The predictable compositions for
maximum of nutritional contents of protein, vitamin B,, and the inhibition zone against S. aureus
were tested in real experiments. The results suggested that the most excellent combination of four
Bacillus spp. strains were MCG8 (13%), MHS1 (64%), KMB2 (15%) and B39 (8%) with the
optimized contents of protein (309.66 mg/g wet weight), vitamin B,, (3.66 ng/g wet weight),
inhibition zone of S. aureus (14.67 mm), viable cell count in log cfu/g wet weight (10.76) and pH
value (8.34). Unfortunately, it was not found an inhibition of B. cereus of T] hua-nao extracts on
above-mentioned combination. The effect of production conditions on five parameters were
investigated using Taguchi design of experiment. Five parameters of Thua-nao production
processes including soaking time, boiling time, salt added, fermented temperature and fermented
time at four levels were selected and an orthogonal array of L16 (4°) were performed. It was

found that five parameters of Thua-nao production processes had the influence on protein
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contents, the inhibition zone against S. aureus and pH value. Unfortunately, none of these
production parameters were affected to organoleptic attributes of produced Thua-nao. The
optimal condition of Thua-nao production for nutritional contents of protein, vitamin B,, and the
inhibition zone against S. aureus was boiled for 6 hour and fermented at 30°C for 3 day. Under
these condition, protein and vitamins B,, contents increased to 371.84 mg/g wet weight and 4.86
ng/g wet weight, respectively. Finally, the different drying treatments; sun-drying, hot-air drying.
at 60°C and solar drying were applied to Thua-nao disc. Solar and hot-air drying at 60°C
significantly decreased in water activity (a,) and retained more protein content than sun-drying
method (P < 0.05), while not different in vitamin B, retention. The solar drying for 6 hour was
the most minimal in water activity; a, as 0.75 with protein and vitamin B,, contents were 591.82
mg/g dry weight and 1.74 ng/g dry weight, respectively. When compared in nutrition values of
protein and vitamin B, of produced Thua-nao and traditional Thua-nao products, our dried Thua-

nao shows the highest protein content significant (P < 0.05).
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