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ABSTRACT

The aims of this study were to screen and select the lactic acid bacteria (LAB) having
probiotic properties, study the appropriate condition for growing the selected LAB in soybean meal
by solid-state fermentation, and study the effect of drying temperatures and kinetics of hot-air drying
process. Firstly, bacteria were screened from the intestinal tract of healthy chicken. Among these
bacteria, the isolate A028, A040, and A046 bacteria were screened from the intestine and B0O15 and
B020 bacteria were screened from the liver. These bacteria were gram-positive bacteria and presented
a negative result of catalase test which was the basic properties of a LAB. These LABs were further
investigated on the in-vitro probiotic properties. The cell viability of LAB was determined under the
simulated gastric juice containing 3 mg/mL pepsin at 41°C for 2 hours. Under this condition, the
isolate A028 and A040 survived while isolate A046, BO15, and B020 did not. The isolate A028 and
A040 presented the viable cell number for 5.372 and 5.146 log CFU/mL with 65.97 and 63.23 % of
survival, respectively. Moreover, these five isolates could tolerate 1.0 % (w/v) bile salt condition at
pH 8.0. The nutrient digestions were investigated and found that all isolates could digest protein, but
they had no ability to digest lipid and starch. In addition, all isolates could tolerant the penicillin V,
tetracycline, and chloramphenicol and showed the antimicrobial activity against Staphylococcus

aureus, Escherichia coli and Aeromonas sp. Moreover, the isolate A028 and BO15 could inhibit

)



Salmonella typhimurium. Consequently, all isolates (A028, A040, A046, BO15, and B020) were
identified as Enterococcus faecium with over 99% identity.

According to the investigation of in vitro probiotic properties, nutrient digestion, antibiotic,
and antimicrobial activity, E. faecium A028 was selected as the potential probiotic strain for studying
solid state fermentation (SSF). Soybean meal (SBM) and molasses were used as the main substrate
of SSF. The results showed that bacterial viability depended on the ratios of SBM-to-water and
molasses concentration. The highest viable cell number of 9.82 log CFU/g and maximum specific
growth rate of 0.677 1/h were obtained at 5% molasses and a 1:1 ratio of SBM-to-water.

Hot air-drying was used to decrease the moisture content of fermented soybean meal
(FSBM). The effect of drying temperature on probiotic viability and moisture content was examined.
Increasing the drying temperature resulted in a rapid decrease of the moisture content. The viable cell
number of E. faecium A028 slightly decreased at drying temperatures lower than 50 °C and was
greatly decreased at 55 °C. At 50°C, cell viability of E. faecium A028 was slightly decreased to
96.41% and the moisture content lowered than 10%. Seven mathematical models were further applied
to study the drying kinetics. The results demonstrated that Modified Page model was the best fit model
for explanation of FSBM drying kinetics, with a coefficient of determination (R°) of 0.9996.
Moreover, the Modified Page model provided the lowest root mean square error (RSME) and chi-

square (X°) and the highest modeling efficiency (EF).

Keywords:probiotics, soybean meal, solid state fermentation, hot air-drying process, drying kinetics
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Chiang et al. [70] 1831891 Lactobacillus johnsonii x-1d-2 & Lactobacillus mucosae
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‘1J'§$f!ﬂﬁiﬂflﬂ1!@1ﬁ?iﬁﬁ’) Gluf‘ﬂﬁﬂﬂHTﬂﬁQullmsﬁﬂTﬂﬂ’Jlﬁﬁﬂﬂ mﬂmmauazMm&mwmmwa

EX A a A a a dy
T lumsmuilsz@nsn s s uan 1nueuse L. johnsonii x-1d-2 8% L. mucosae x-4w-1 19g
° Y Y  ax A 2 A o Y A A ' o
‘I/]'llﬂ’i\‘lﬂ"]ﬂ')‘ﬁﬂ'l‘il!f]fl;fl@ﬂl!,"lNLm$N’ﬁllﬁchu’f]'lﬂ'liell@ﬁ’(,jﬂﬁ'LW’EJHWllﬂleQﬂf,‘;fﬂi‘i/]LW\W‘iEJ'luﬂJ LAz e
ANYINAVDY L. johnsonii x-1d-2 Q& L. mucosae x-4w-1 Gif]ﬂ’ﬂhﬁﬁﬂ’iﬂcluﬂ1ili]§'ﬂlulaﬂiﬁ
' o j’

Naﬂ131/lﬂﬁ@ﬂWU?T%TH?HL%BLLUﬂﬁGﬂ L. johnsonii x-1d-2 U L. mucosae x-4w-1 ﬁﬂ'J"IﬂJﬁUJTiﬂ

1 2 1
Tunssgan Tamny 8.90 1ag 9.30 log CFU / mL aua1ay ieiaeslue1visimanz au

] 9
Usznoudi1en1nN0Mana 5.5 % (W/v) PIAUIATA 1.0 % (W/Vv) 1ag lyinguesFine
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¥
A

1 Yy 2 A A o Y] s 3
1.0 % (W / V) ENNaiﬂﬁunuﬂj’E]Qm“rﬂimfm%ﬂaﬂm 96 % LN@L%&UﬂUﬂ1§1%@1W15ﬁ“5ﬂ MRS

9

= o Y ~ =Y 9 a J v 1 1 1" A o Y .

vihmsldemsieSuarelns luledndnugngnsndiunae T wuniiiminga (weight
. A 49! Y a a 4 2 o g o

gain) (AU M3 TemmsasyIns luTedAndea s oy 1uIuve Lactobacilli Hagansiuiy

. Y 1 <3 Y o A o a ~ o = dy Y 1
E. coli ulﬂ@ﬂNLWuﬂﬂ%miJﬂ“VﬂﬂWiﬁ3ﬂﬂﬂqauﬂiﬂﬁlu@%%'ﬁgﬂlﬂﬂgﬂfjﬂﬁ ﬂ']ﬁﬁﬂ‘bl"lullﬁﬂﬂﬂlﬁlﬁu’ﬂ

o

I a
L. johnsonii x-1d-2 Wag L. mucosae x-4w-1 Hanenmlumslailuaisiaivomnslugaamnssuy
2 aa 2 o oA a P o A 3
M5IA09NT HazLUANG N 2 Menuguausonsy laaluningaumass niniiaiauay
LETCEGER R

< ]

.. = d' [ G d‘ = 9 a a o
Cristina et al. [71] ﬁﬂ’]&l%ﬂﬂ’)ﬂ‘ﬂll’f)ﬁﬂiilﬂm’iNﬂ?ﬂiWiUl‘UT’ﬂ@ﬂff AINNTUIYVDINTUIY

q 9

v 9
de ldleansuditimaaiuIns luleand Tasldmarhmailuis luTedand Salddnuqauaunia
vosInsluTedndudazaoiugnannsaidiaogluloansu Tasimamionloansusiuan

o ] 9 2 [ 9 % < 9 o 2
5 GI'J’E]EJ’I\“I@'JEJQ‘@ﬁLﬂEJfJﬂUI@ﬂi%ﬂ’lﬂu’lﬁ’lﬁlﬂuﬁ"liiﬁﬂ?’lll’ﬂ')’]u “lmmimwmﬂﬂu

v
I o A

TnsluTeandnuandrany TaeTns luleandan140aeH Lactobacillus plantarum Bifidobacterium

=]

Y4
infantis ABN Lactobacillus casei 4BN Bifidobacterium breve 4BN LQZT1YNUT WENYDAULLATNITY
Y

{ ] g‘; [ I o ¢ 1 J
NNANIUININUA WU L. plantarum HOATINITVEI10A VD UFDAVULAL A1ORUTHANTI NS

Y
A o ' 90'

a a { I (A a a a
wigeauTaanga lumsanmudmunmnibmadludauaiumsasyaulaves L plaarum

Yy Y
B.infantis L. casei l9g B. breve laadnaae

a o = g =) < o o Y I
PAIFYY HazAn [72] MMIAnYINaveInIntaatazmnsaadaad syl fnilugas
~ a = a 4
pImsizan lunsHaauuANGenIALAAANA18WUT Lactobacillus acidophilus TISTR1338
9 2 P v 2 e o S
TaglE¥niniuiaianasniniyand@aununls 1901%151a891% MRS 110150 sA U5 U
3 ~ o oA ' ~
A1NUINIAN 58 AL 11 % (WA) LALNINIFAadaaN 0.5 1.5 UAT 2.5 % (w/v) WUIAA1ILN
] a Bol
MU TUABNTINI WD L. acidophilus TISTR1338 710 1AM UTW 11 % (w/v) 4agnn
o 4 1 a (] 1 [}
adoaAvuIY 0.5 % (w/v) TA8WUI L. acidophilus TISTR 1338 d@1u150533a0g Iy
d' ] I~ < [ a a o [y [ <
9.330 log CFU / ml 1M13tailuma 22 52 T4 603 1m3nsaan Tad uwiznny 0.39 aos 1aa
' ) Y P 9 EO |
AHANTNAADINU NI IFMNIIIALAZMNEAATTAA1UNTD IFUNUDINITIA8UFD MRS U

9
mamnz@esIns luTeAnd Iaiflued1ed Mumsaadunumsnda nazansai hllszygndld

Tuszaugaavnssuse 1U'1d
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a =

o ¥ 1 o J @
Ni et al. [73] ‘V]'lﬂ1§ﬁﬂ']&ﬂ LAB 1agn1nu1N1aa8 31U IUIAUNTILUAZAUNNNTHUNUDY

q

Y ] A 1 ' A a a
ﬂ’lﬂﬂjl‘ﬂﬁ@\i WUIINITINY LAB 1azn1ni1a1azsamudssansninued Lactobacillus 101%

a A Jd1

ATUNTUADYAUNITEND 15 15U Clostridia 110 Enterobacter Wag WD UNADINUNTADATN
2
U

1 14 a a [ 4
Audisio et al. [74] ﬁﬂymammgmmmﬁuauiumsmitgmuTmmzmsmmiww

=\

LUALNDS 10F UV E. faecium WU E. faecium CRL1385 a1u150193atan lalanindl

a,

a s ' %,’ 901 901 o
Wdiul‘UI@ﬁﬂﬁ IFH HIATANIIYUAT UIATANTIIUT1T HagNINUIATA LL‘Uﬂ“ﬁGfJﬁWJW‘L!‘I}

v Y Y P Y
Enterococcus ﬁVITﬂTiLWTSLaEJ\‘W%}?EJlHGITﬁVIiTEJLLﬂQﬁ%ﬂﬂWﬂHTﬂWafﬁNTiﬂﬂ‘Uﬂﬂ Salmonella

[ k2
pullorum Fuduenalsaluun

' 1 % v { % 1 Q
Jian et al. [75] 1M5ANEIHAVOININIIAIAADANHUZNITHINVOINT 1N NITNTINAY
Wed msuidndnealitesdusunuvahluaziueeniesldue iy Minsnaasslaoyan
A ' A A 3 = = 3 = "
1 Aenguadugy gah 2 Aeniniiaiai 2.5 % yah 3 Mniaiai s % wan1sNAasIND A1
I ' @ 2 4 { o @
Ailunsa - ANUBIMIMITNNANNINUARAANIT B 9 AINTZozAINTINMTHIN onduns
@ 2 a 2 49! di ! Y d‘ = v !
wingasaruan USnunsatananmuiuiGes q lusgnitemsvin ienlSeumfouiungu
: . B WIS AN, .
ARUWNDNMININAIeNIMDIAad 2.5 % tazmmimiai s % somugauniwlunsvinld

I [
Fluee1aa
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UNA 3

A NUUNMTIVY

¢ A A
3.1 a9 Qﬂnimuazm‘smm

U

a

o)

[ [

o Y ( VA Y ~ o o =) ~
1. 114 wazanIn Nawdrnnaaamsognes amadaludunosnijs sanialnusiil

~ J

2. uuaiisena Isanl¥lunmsnageaufe Staphylococcus aureus Escherichia coli 311

A =

a a a 4 a 1%
291 1AMIFIIMe angInsmaasiazmalulag ynImerdoma lulagssuena

e

v

4 o Aa o o o a
W13 Salmonella typhimurium 10 819158 NTINA 11AYY 8191591 52T1819132IINN
4 a 4 a @ [
Uszgna anzInendaiuazmalulas umanerdoma lulagsvuena SyYs uag
Aeromonas sp.
3. NNDIHABY (Soybean male)
Y
4. P1NUINIA (Molasses)
S {
5. 91M150YUTD
Y
- U (Agar) de man Rogosa and Sharpe (MRS)
- de man Rogosa and Sharpe (MRS)
- Nurtrition broth
=
6. 415101

=

A A 9 a3 a a d o o =\ =} A A a
-aswndnlniuduammesd sy lalativuaniGenUn15Waansa Bromocresol
purple
A o [ == 4
-gsidmsudenunsuuuniise Useneudie 1teanoaod 95 % Safranin Crystal
violet LAY @1382018 lodine
- Na¥eI0a (Glycerol)
<3
-inanleToAu
A Yo .
- INADUIANN (Bile salt powder)
4 a
- 1ou laysiina)Fu (Pepsin)

-TaiReunanlsd (Sodium chloride, NaCl)



-lalasinunleseonlad (Hydrogen peroxide, H,0,)
- Skim milk
- Tributyrin

- Soluble starch

7. 811l vIus

- Penicillin V
- Tetracycline

- Chloramphenicol

8. 1ou'lary]

-1y (Pepsin)

ginsal

1.

2.

10.

11.

12.

13.

14.

15.

16.

Aa A J v 3
ﬂizmyegmuﬂuwgaﬁ (Aluminium foil)
N52U0NAN (Cylinder)

9 Jd a [ {
na mqamiﬁu%umauaﬂizﬂau (Compound microscope)
ﬂl?ﬂgﬂ%uwz (Erlenmeyer flask)

o o 4 <4
VIAFINTUINTINDINT1D891%0 (Glass bottle)
IATDIFINVVALIDEA 2 FINUG (Precision balance)
IATDIFINUVALIDEA 4 NI (Precision balance)
CEGREIM (Stomacher)
1A3099A18E5 (Dispenser)

IA309E1E15 (Vortex mixer genie2)

A Y I 1
1A5093aMANUIUNTA-A19 (Butech pH 700)

C .

1159 UINIBININIGIFY (Centrifuge)

1399011 lu TAsman (Biochrom EZ read 800)
Y

UL (Petri dish sterile)

] a ay 9

AUUBANIUANGUNY 1A (Incubator)

ﬁauau%’au (Hot air oven)
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17. é’ﬂaam% (Biological safety cabinet, BSC)
18. §99A W% Y (Desiccator)
19. luTastha (Micropipette)
4 X
20. IALUVYLYD (LOOp)
21. nifoilannudulo (Autoclave)
22. Ha9aNAaod (Tube)
23. iaen 11 1A57 (Microtube)

24. 96 well microplate

3.2 35MINAag

Y
3.2.1 ﬂWELLEJﬂ!G’lﬂfE]LLUﬂﬁGEJﬂﬁmmﬂ?’]ﬂiﬂﬂﬂ/ﬂ\‘lmuﬂﬁﬂivlﬂ

(3

hdedeaiud lduazdvuedla $1uau 10 g laasluasazane Imdsunas
4 ao' v 1 o 4
156 (NaCl) AN 0.85 % Tagimiinael3uas (wiv) Y5195 90 mL Mduadens 04
[ Y
Stomacher ¥1@15a2a19% 141111715199919001 Ten-fold dilution A28@15a2a18 NaCl DNATA
Y] 1 1 YA o dy A ng o w ] A A Y o
Tuoasiaiu 1 a9 9 IHNUIWFMHVIZEN 1NNUUTIA0819NT991918 8171 Pour plate 11
A A ° oA A o) ]
91117 MRS agar N Bromocresol purple aely 0.02 % m"lﬂqumwgm 41 °C a1 24 ¥ 109
v o dy AAn A A ?:I/ ) 9 @ o 9 3 = A
uummuwmmﬂmLiﬂmﬂitymwmmﬂa1"lﬁuamuua$1m°lwmmﬁ MRS na1ailudiaes
° 1 1 Y dy A a £ 2 o dy Ay Y I
Wiu1010a91101%15 MRS agar “lwmu”lm%a‘vmiqm AUt ueN launaaeunsiilu
= A a 4 J . 9 = A a a
wuANiGensauanan (Lactic acid bacteria, LAB) 1agdou@unsuiuaiize 1ag LAB 92AndLATY
= (% Yy 9 4 9 d 1 9
UIN uazﬁﬂymﬂymzmﬂ%ﬂamgamiﬁu nageuMsai1ueu lainzaziadg las LAB luadis
4 I da' == A a Y Aa A
U lrinzazaanaznudesuuaiidonsatanfniuen1a 1311491115 MRS broth NinA1seI0a
"9y A = A [ wa 1 a 4 g}/
0YAIYN -20 DIAUYALFHH [76] Lw'em1ms‘vmﬁammﬁummﬂﬂuiwskluTaﬁﬂaslusuumu
o 11/
1 4 a
3.2.2 nagsuanuasa lumsnuaensauazeu lainllsu

a

° ¥ 1 oA <
Wure LAB wum1zaea11ue1113 MRS broth  taztiuiigumgil 41 °C 1ilurnan
' Y H H
24 %3 T34 910U LAB 711955y 11 MRS broth 1 mL 8182411 microtube 151105 1.5 mL fiW11
v dy Y X A 4 ~ <3 =} a 0 I
MyuuFaLAINTWMIsenyaa LAB 7 213157 10,000 501/41% gl 4 °C iflunan
a o % Ay v J ! Y s Y 9 9
10 W17 uwad LAB 71 ldvinmsthumissnndiasad 2 n5edrea15aza1e NaCl anuaudu

o J a . a
0.85 % wiv iiuinaasuauaINIsalunisnunsauazeu laiiilUdu (Pepsin) Taotay
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21582818 NaCl AUty 0.85 % wiv NSuanudunsaaia (pH) M7 2.5 3.0 wag 3.5

a

wioun @Ao' la Pepsin 3 mg/ mL) a1/ lurad LAB USu1as 1 mL i 11 iufiqaivigil

u

fe) IS o o o Aa a a J
41 °c Wunan 2 2 Tua [76] waziir 1Uein pour plate 891191115 MRS agar NiANdUAIAIADS
1 = @ 9 9 [ v o A A o Aa 1
IFURYINUNIINADIVINAY VI1ﬂ'li‘L!llﬁ]TL!']‘L!IﬂIﬂulWﬂﬂ'lu’Ju‘Vﬂﬂ'lii@ﬂ"]f'W]‘Uﬂﬂ LAB G]@Vlﬂ

1 1 H
323 ‘wﬂﬁafummmmiaiummuﬁemmazmﬁema

a

o Y 4 ' H <
W u¥o LAB uuw1z1ae91u01%13 MRS broth  taziuguugil 41 °C iflunan

U

a3 9 9

< g 1 ¥ { @ '
18 2 T3 91 U0181%® LAB a1lu911151%a7 MRS NUINATUATIEHANUATUTY 0 0.3 0.6

4
g A

~ [ I 1 T 9 o A an o
uag 1 % (wiv) nlsuanuiunsaais (pH) 10U 8.0 NUUATIVINUIUFONTOATIA LAY
{a a a Jd v o v o
pour plate aalue1m1s MRS agar ﬁmuaumﬂmaiwmﬁmﬂumimam%’wﬁu MNIUUINUIU
= d‘ o aa 1 = -4 ti‘ 1 A gol =
TaTadNoAIUIUKHINITTOATIAVDY LAB @I@llﬂ TﬂﬂmﬂﬂﬁTﬂW‘uﬁ LAB nnuaainasuianig
ndugage [28]

3.2.4 nagouanuangalumsgesTalsan Tvaiu uazuils

=

P v
° ' a <
Wure LAB W uW1ziaea1ue1m1s MRS broth taziuiguwgil 41 °C iJunan

a

v Y
18 92139 1NUUINMITNATU
1 = dy = a
-nageumsdossau Tasveade LAB 1511035 10 lulasansasuu
2 M B o4 ~ o
911151009130 MRS agar 1AW 2 % Skim milk 11 11/uuNqungh 41°C
[ 9
a1 24 ¥ 1w diimsdesTUsauazinatalasens Inlative e LAB [77]
1 (<%} &l =Y =)
-nagoumsges luiiu Tasneare LAB 151105 10 lulasaasasuu
Y4 = WV ) .4 ~
914151089150 MRS agar N1AN 1 % Tributyrin 111 11 uugungil 41 °C
o Y ' o a ~ &
nan 24 ¥ 109 $raimsges luiuezinarelaseus lnlativeause LAB [77]
9
-naaoumsoounile Tasreays LAB USu1as 10 luTasansasuu

=

9 Y H 1
914151009150 MRS agar MAY 2 % Soluble starch 11111 UuNgangd 41 °C

a1 24 1Ty nsnageumsdosuililasnisvealo Todu vinnanisdos

uilalo Toduas lunlasud [78]
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3.2.5 nadaUANUMUNIUABIT§TINY

ﬁwmﬂﬁ%uz ¥HA Penicillin V Tetracycline 18¢ Chloramphenicol wlsuany

Yy Y (9 1Y an . . .
iy uTAsNANAVO 1115 MRS broth A2872F half-fold serial dilutions TagHaua 11 96 well
microplate 1#0a AU UV T 0z 0gh 256 - 0.25 luTasnsuaeliadans uazliSuias

1 [ Y a g 4 i\ a 3
swlunaagnquininy 180 lulasans mintiuniee LAB Na3nylue1m1s MRS broth iiunan

a

24 51 Tua1f511a5 20 luTasaasaslunaazvgu unigauugil 41 °C na 24 $2Tus il e

Y

AWMU (Optical density) NATWB1INAY 660 U1 TUIWAT A281ATD Microplate reader (EZ Read

~

(] H 9 k4
2000 Microplate Reader) a1 1AM NI Ui gauesol§sive namsodudusonuniiise
Yo C e . J T an = !
ulﬂ (Minimum inhibition concentration, MIC) uazmmmwmumqﬂsumfnﬂ;]cmuzﬂmmmm

dy A A Y .. .. ) o dy ti‘ (]
Wouuanise e (Minimum bactericidal concentration, MBC) Tae1iae LAB mﬂwqw'luwumﬁ

a

19311 Streak A9UUDINIT MRS agar NAN indicator 11 1) UiuNgungil 41 °C a1 24 ¥ Tug

U

[76]

Y 9 2
3.2.6 NAABUNMITUIUFOLUANG8ND 13AVDUFD LAB

=

k4 Y
EHEJLG?)'@ LAB 1IN 1212831U81115 MRS broth tazyui Wy

a

(6] I o o dy Ao oA Y A a
41 °c Wunan 18 ¥ 1w du¥e LAB Nnadon ladSuias 10 lulasansuivenasuueimis

a =

AAa a a J o A 0 3 < EA A =
MRS agar NOUDUAIALAD T u']ulﬂﬂilﬂqmﬁﬂll 41 °C L‘]Jul']a’] 18 G]f’JTlN AMNUUDIYLYDLULUANLITY

U

v Y
no15A Salmonella typhimurium Escherichia coli Staphylococcus aureus W0¢ Aeromonas sp. QY

a

U 1% 150105 5 mL Heliguigi

£

9 Y v
Tuorvirswiadlsuas 10 lulasansaslusivisaeuyend

Re ol

e} Y Y o Y @ dg} A a ' J 2 Y
Uszanm 45 °C marnliinuudumnuasuuvoIsneuyo Nl LAB 3 yoguazilasena 13
4 [~ o ] A A o @ a
dszanm 30 wd e ldeisudedn i ldduluguuglinmunzaudimsunmsnsyues
A ' a g @ a 2 a A
nuanGene Isauaazyiailumal 24 ¥ 1u9 a5999U50% la (Clear zone) HUAAIINAITAN
o) a 9 v & a A A ' Y v Y v J
HUANEINIALAAANTTINETTUIINTITYVDWVANG D 13ANTONTAVIAFURIUEUINAI
[7]

3.2.7 MIAUIN

8A31M1330ATIN (%) = NUINFAANTOATIA (log CFU/ML) x 100

UIMHAAFUAY (log CFU/mL)
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3.2.8 mIwsyia Tnvoauanizensauanaan (Growth curve of lactic acid bacteria)

a

Y ;4 9 v
Wmswiziaeana e LAB W9 5 loTaianlue1115 MRS broth Nguwngi

U

0 < 1] ] I v o s A 9 Aaxy 1
41 °C 1M1 UITE o2 VIANUIULAANNTINAIYITNS Pour plate Glummi MRS agar YU

A a 0 I @ g}/ o = ti’ A a
Nogungl 41 °C \Wuna 24 ¥ 1ug ntuiulalativeuds LAB NI UUDINIT MRS agar
] d’d a dy
AFIWIANTMIAIYBOUFD LAB gaga
v J A o 9 Aax ~
3.2.9 Myszyaenug LAB finausn 14 Tag35n1®a Tuana
) A o k4 a d o w a =1 [ 9
111 LAB finauen ldundmsgiaduia usim 16s DNA tiisunugiudoya
a 4 a 4 Aa o
110819 1nA 11 Genbank #283F BLASTa 11191 156 https://www.ncbi.nlm.nih.gov (U3 HN
Macrogen Inc.) Yszmamnald
3.2.10 msAnwIEN Mz Iz auaemMINI aan1ave3 £, feacium A028 A20M15HIIN
Y] % A
nuuure lumnaumaes
o dy Y dy \ ~ A
WINITINILIA8INANUYD E. feacium A028 1191115 MRS broth N n il
lo) < ] g X 1 v A = X |a
41 °c Wwnan 24 ¥ Tue 10U E. feacium A028 laasluninnuvassndasaredIuia
& @ H A & < A ] 3
300 ¢ FwdsHUYTIAMNIIAIEN 0 5 1Az 10 % ANNFU LazMNNARABIALTIANINUINIG

a

1 (%] 1 1 1 a 9 ay [ zél d'
MINU 1 a0 05 1ap a1 a2 Tﬂﬂmuﬂmwaaﬂﬂ 10 % (v/w) MNILWIZLAINYUT DY

QU

s
an [

fe) S o <3 o ] I A A J A S A o
41 °c MM uAIeIuius e 1IN0 AATIEHUST IR AN UTIANIHUA LAZAIUINK
oATIMITuaY Iad um Aoy 119)
= A @ A £y @ 9 >
3.2.11 ANYINMIIWNIZIA0Y E. feacium A028 TUnInDuHanIalen1snainuuunieluseauy
VIBUUIA
° = & oy ] A < A A
hanneimunzandgalannmsnaasslude 3.2.10 vusTeuninouraesi
2 9 4 1 Y
Uren¥e1/3u103 3 ke Miminaenande LAB ae I luiSmanmuzay mmsmnz@eslu
= v o 9 L o < @ 1 I A a < A S
AAMZIAINUN VYD 3.2.10 1NUUIIIMTINUAIBe1uTusLee 1ens 1zl ausaaison

Y
U

FIANIMUA LAZAUIUIBATIMIDIYAY TaT UM (AD%57 119) V03 E. feacium A028
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32.12 m3fnugamgifimung auvesnseuuienindundesiining o £ feacium

A028
NI HTNNINGUNE0ITIMAY E. feacium A028 Tuenngfimungern 11
puunsludouanion (Awynialasdszuim 6.8 kg/m’ N319 0.45 m 1Aze12 0.65 m) Iaeus

%

A g’/ <3 @ 1 ] 4
AUgUUQIN 45 50 uaz 55 °C 1INHWNVAI9619909 2 92 TuInaeATZeZIAINITOUIRIND
A P I ~ RPN
AAT1EHUTINAUYAA LAB N509%)9
<3 @ 1
3.2.13 MINUAIDE
° ' 4 o Y Y o A 9 s <
mmswantazveInnnmEn lugalvnny melvesnlszneuveining?
A o = o EA) < o ' Y & a ° 9
maeandn lugalianuaiiaue MnUuguNUAI819nIzelHNIuT e W ldluns
Mnszviae i
3.2.14 daunacmans
ki
- MIUIDATIAIUANUFU

3 v
‘Vi”lﬂﬁﬁWﬂﬁi']ﬁ’Juﬂ’Nll‘%u‘*llf)\‘]fﬂﬂﬂ’Jlﬁa’ﬂ\‘]ﬁllﬂ‘lJ’fNﬂﬁ%‘]J’Juﬂ']iﬂﬂllﬁlﬂllﬁﬂﬁjﬂﬂi%

Y
aumsae 11l
M.-M

t e

MR= (1)

My-M,

A o ' X A A A A g £
MR 910 951 d@UANUTY Taeh M, M, 1ag M, AoAINFUGTUAL (2yate/ ary basis)» HITUFU
Y dy @ @ d o W
voaa1 lumMIo NI (1 Zater Lary basis) WAEAIINFUTUNNT (2,10 vy o) AINAIAY TUNIT (1)

annsolSunlasudlugumsndenndaaasluaumsn 2) [79], [80]

M
MR = — 2)

g o 1 ! o o a J o 1 A
vnuhin MR 1 ldundunalunuuhiaemadiamans Tagihann ldnnmsnaasa
wanfeuduaiildanmsiueguinuuusiassnadiamaniimingauiigade duna

S ; . ; b . ;
dunswlidinulduniiga Tasunumainaunisi (3) 83 9) [67, 69] Fuilunnvusiansiaiig

a a 1

da! A o Y o = Y Jd o .
VHUUNINTUIYNTTDUUNIVDIIAY AU BUAAN N G]Ni%ﬁ\?ﬂ"]fu Solver ﬂl@ﬂiﬂillﬂiu Microsoft

=

a o w . o a 4
Excel 2010 TagldimatiadidsaoariooNga (least squares technique) Ia1iun 15 lunsimsiz

Q

=

P A o 9 Y q ¥
YayarmemMsUsuau Iae iz aunas

U q
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Lewis, MR = exp(-kt) 3)

Page, MR = exp(-kt") (4)
Modified page , MR = expl - (kt)"] (5)
Parabolic, MR = a+bt+cf’ (6)
Henderson and Pabis, MR = a exp(-k?) (7)
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1. MRS (de Man Rogosa and Sharp) broth

Usznoudie
Dextrose 20 3w
Proteose peptone 10 bty
Beef extract 10 3w
Yeast extract 5 n5u
Sodium acetate 5 n5u
Dipotassium phosphate 2 N3N
Ammonium citrate 2 U
Tween 80 1 n3U
Magnesium sulphate 0.1 N3
Manganese sulphate 0.05 N3

& t A o 9 ¥ < ° 2 0 X

FIDIHTLAYUF DYDY MRS 151195 55.15 NSU aza1ea811nal 1 L UWUITJUQGJHLGD'@

X @ =) . o g 2 <
memniieilanuaule (Autoclave) Aegumngil 121 °C Aanuau 15 Uoudasasratia funa

15w

2. MRS (de Man Rogosa and Sharp) agar

Usznouay
Dextrose 20 N3N
Proteose peptone 10 N3N
Beef extract 10 N3
Yeast extract 5 N3
Sodium acetate 5 N3
Dipotassium phosphate 2 N3
Ammonium citrate 2 N3
Tween 80 1 N3
Magnesium sulphate 0.1 N3
Manganese sulphate 0.05 N3
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Agar 15 bty

@ dy g <3 =y [ 9 ’.f < o & [l j’
FI01M1TAGUTDUYI MRS 151195 55.15 05U aza1ea291u1nau 1 L m'lﬂuwn%

kY 9 = [ Y a fo) ~ o d 2 I
mwuammmﬂu”la (Autoclave) AWPUNHN 121 "C nAaNNAU 15 Youanean151917 1uran

15 w1

3. Nutrient broth (NB)

szneuale
Peptone 5 N3N
Beef extract 3 N5

& Y, y ¥ o Y v
4 Peptone 5 g 1182 Beef extract 3 N34 aza1valvu1nau 1 L 11 lUHesinresronie

& [ 9 a o) P [ ARl Qs’ I =
mmwmu"l@ (Autoclave) AWPUNYN 121 C nANUAY 15 Houanon151917 Wunar 15 un

4. Nutrient agar (NA)

Usgnouadie
Peptone J N3
Beef extract 3 N3
Agar 15 N3

i 4 v
B3 Peptone 5 NTU Beef extract 3 NTN LAY Agar 15 NN a$a1ﬂi§|}’38u1ﬂﬁu 1 aag ‘Lﬂvl‘lj

= [] dal Y 9 & [ 9 a 0 ~ 19 Al ay
mmmﬁamwmmmmau% (Autoclave) PIYYUN Y 121 "C NaNuau 15 Youanean1319u7

I =
Wunal 15 wn

5. Protein hydrolysis agar

szneUAIY
MRS agar 900 laaans
. . S I o A aa
Skim milk (20 L‘].Ii’)'il"]fuﬁ) 100 uaaang
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2 }
WIMIIA300 MRS agar NAIUUTZNOVVDIDIMITABUFDININD 1000 JAAAAT LALAL

% < A Aaa o =3 1 t&l 9 Y <K [ 9 a e}
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! Y J 2 3 ° ! ] {
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Y & o Y a 0. a Y N 2 <
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~ Y . . ' Y o Y Y o
10 19 5811 MRS agar Haza15aa18 Skim milk (20 %) woguuaNHuIway v Inwmnasly

dy dy Y ax A dy
UDMITAUFDAIYITNUTIHNNTO

6. Tributyrin agar

Usznoudie
MRS agar 1000 Hanans
Tributyrin 10 N3

[ Y
WMMTIATeN MRS agar 1000 Hadans 1A8Ay Tributyrin 10 N5 31 11 esinyedeniie
& 1Y Y a (0] = Y I 2 <3| =
iannuanle (Autoclave) Arogmugd 121 °C fanuau 15 Jouansais1aild Wuna 15 uii

cf dy Y axa dy
mmﬂlumumwmaﬂqx%ammﬁﬂﬂﬂﬁmm%

7. Starch agar

sznoude
MRS agar 1000 Hanans
Soluble starch 20 N5y

a

) 9
MMIIEToN MRS agar 1000 3aaans 1aasa Soluble starch 20 N3 111 Hasiniode
9 & [ ) a o) ~ 1Y) EdR 2 I
wiotlanuanle (Autoclave) Aaegungil 121 °C fnnwau 15 doudaon1s1eiid dunar 15

~ X X 9 aad &
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1. msazanelamfennanlsa (NaCl) AT 0.85 %

o @ ¥ o a aa J Y 4 o
¥ NaCl 0.85 NT U azmﬂﬁ}aﬂmﬂau 100 Jaaans laviaunn g?ﬁ@ﬂﬂ?ﬁlﬂ%ﬂ%tﬁ@ﬂ?

=) dy A A Y o 1 a Aaa o =1 [} dy 9 Y =K
msenureuuanise i lavasanaaesasnas 9 Uanang m"lﬂu HUBDAIINUDU

[ Y a o) A @ 1 2 I =
ﬂ'ﬂllﬂuhl'ﬂ (Autoclave) AWYAUNYY 121 "C NANWAU 15 Youanens1eain Wunal 15 wn

2. el By (Pepsin)
Harou ol Ty (Pepsin) 3 TaanSuneiiadans laaslu NaCl aAnududu 0.85 %
Wew 2.5 3.0 uag 3.5 Nsannie wary iy

A oA ¢ .
3. InaavIAaINI 1T (Bile salt)

E 1
QLﬂﬁﬂMTﬁﬁQLﬂinﬁ (Bile salt) 0.3 0.6 Llag 1 NTN ABDIY1I4MAI MRS W% 8.0

Re-

9
U119 100 Hadans weau sy v ldiasinyeareniiotian1uau 1o (Autoclave) @28

a ! o J 2
gavgil 121 °C Nnuau 15 Youaaenis1atin Wuna 15 win

4. Bromocresol purple
& @ 1 [ A Aaa
%4 Bromocresol purple Y311015 0.02 51 @00 1%13449 MRS 131105 100 Hadans waw
T 2 [ ]
T i ldisainredensdeiianawanle (Autoclave) Arogmnil 121 °C Aanuau 15

J 2 g =
ﬂauﬂmminm Wunan 15 UM
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Bacillus coagulans
Bifidibacterium adolescentis
Bifidobacterium animalis
Bifidobacterium bifidum
Bifidobacterium breve
Bifidobacterium infantis
Bifidobacterium lactis
Bifidobacterium longum
Bifidobacterium pseudolongum
Enterococcus durans
Enterococcus faecium
Lactobacillus acidophilus
Lactobacillus crispatus
Lactobacillus gasseri
Lactobacillus johnsonii
Lactobacillus paracasei
Lactobacillus reuteri
Lactobacillus rhamnosus
Lactobacillus salivarius
Lactobacillus zeae
Propionibacterium arabinosum
Staphylococcus sciuri
Saccharomyces cerevisiae subsp.

Boulardii
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AMUN Production supervisor

USHN 181 181 7 SwmeiiuFuIIa S1dA WA, 2555
08-7161-2055

sirayaporn_f(@mail.rmutt.ac.th

sirayaporn.n@gmail.com
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