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ABSTRACT

Optimization of nitrogen sources for lactic acid production by calcium alginate
immobilized Lactobacillus casei ATCC 10863 was studied. Seven nitrogen sources were
organic as yeast extract, peptone and urea and inorganic as ammonium sulphate and sodium
nitrate. L. casei ATCC 10863 was fermented at 37 'C, pH 6.5 in stationary state. The result
showed that the suitable nitrogen source was 5 g yeast extract mixed with 10 g peptone. The
lactic acid concentration was 31.67 ¢/l at 60 hr fermentration time, yield and productivity rate
were 0.81 g/p substrate and 0.53 g/lhr, respectively. The cfficiency of lactic acid production in
2 liters flask and 2 liters tfermentor were investigated. The result presented that the
fermentration in 2 liters fermentor showed higher yield of lactic acid than 2 liters flask. The
lactic acid concentration. yield and productivity rate were 29.57 g/1. 0.81 g/g substrate and

0.75 g/lhr, respectively at 36 hr fermentration time.
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n151/A6ug1u09 D () lactic acid uaz L (+) lactic acid 1iAINN1THYUVDIIBTOU
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200 TwA1TAT (cthylene oxide bridge) 3¥MINAITUDUDEABUNVH LA DEADUNADI lauiTiA
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tuatomeric  shift ﬂlﬂﬂﬁiﬂﬂ.ﬁﬂﬁﬂﬂﬂfﬁ (hydroxyl group) VUM Uoueznounane lhiuny

o

o o 3 = = 3 = = '
A15uniia (carbonyl group) ¥DINISUBNTA (carboxyl) nIAMANANRNAIWUT N Ive ludl
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astwilou nsauananainisnazaloti oniuea ez lau Sines uazluazatelu
o o = =1 I'4 o Qs o
aaolswoiy Ulndoudimes mivoudalda (Narayanan unzame. 2004)
WODANANURER (polylactic acid) 1AAIINAIALANANSIWAUMAI8Y TLiana Ralaaa

Tuglfi 2.2

T
C—C—0
CHs

5UN 2.2 Tassadravmaniivoansaneduanfnuedn

i : http://www.chemheritage.org/EducationalServices/faces/poly/readings/grecn.htm
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2.1.3 NIZUIUMIHAANSANANADN
2.13.1 DszUIUMHAARSANINANMAAS Usznoudau 4 Supou
Sumoud | W1l Tasioulao1lud (hydrogen  cyanide) B3 o L
oedian 1ad (acetaldehyde) 1¥uanin'lulas (actonitile) MUFATIRANUINUSIOINIA

fauaadluaunisn 2.1

CH,CHO + HCN +»  CH,CHOHCN e (2.1)

acetaldehyde  hydrogen cyanide lactonitrile

duaoui 2 Wwanlnlulas udesdronsalelasnansn nsonsadanasn
[ = " - £ o a 2 o P
wldnsananan wazndsueuTufion Tuiuveundons dsuansluaunisf 2.2
CH,CHOHCN + H,0 + % H,S0, —————— CH,CHOHCOOH + % (NH,),SO, ........ (2.2)

lactonitrile  water sulphuric acid lactic acid ammonium salt
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wiauanea Yuuhauaneauinay udnimigessz 1dnseuanin diuwmivea lalaseowu

o 3y 4 o o o ] ] ar a
L1 TuA (hydrogen eyanide) nazasUudleudug vrgniriaeen Tnvihriuduiusiud uaz

Fouaniaoulesou (ionexchange) Aauaasluaunish 2.3 uaz 2.4

CH,CHOHCOOH, + H,0  ......... (2.3)

CH,CHOHCOOH + CH,0H >
lactic acid methanol methyl lactate water
TUROUTN
CH,CHOHCOOH, + H,0 » CH,CHOHCOCH +CH,OH ........... (2.4)
methyl lactate water lactic acid methanol

ﬁ‘m : Narayanan il Atue (2004)
= &y 3 ol =
2.1.3.1 N3ZUIUMSHARANIALANANALITNIITININ
= o e [ =y a & = =) o s
unIonlslunmandansauaninil 2 wiia Ao laluuanfnuuniise
o' = .\ . 2 :
(Homolactic bacteria) LaZigviNog3 15UaNANLLANIY (Heterolactic bacteria) ¥99umnoulunis
Ed ¥ ]

NAANTALANANVBILUATIS N9 2 wHAN uaasluaun1sh 2.5 wag 2.6 (Muller, 2001)

Homofermentative
CH,.O > 2 CH,CHOHCOOH reennnn(2.5)

677126

A

Heterofermentative
CH,.0, > 2 CH,CHOHCOOH + CH,OH + CO, e (2.6)

N3 : Muller (2001)

dy o = Ao = Y [} = o &
UBNINT NIAUANANGITITONER MMIINLUATIE srtdaduq 151 Wa'le uazded &
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TIUTIDHUNLUUNE (batch fermentation) LUUNING (Fed- batch fenmentation) LHASHUUADILDS

. . @ el o t o t 1
(Continuous fermentation) Jadondrdgylumsnan Ao urasmisuou unaslulasou ussig

Wow gungl 91N
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Rukas 110% Kotzckidou (1998) ANBINIHANNIAUANANINGIS LAULTD Lactobacillus
¥
' s o=
casei Wag Lactobacillus luctis WUNMSHUALUDAE Q00U A 00 a5 Lactobacillu casei
LTS = = Qs 1A = o @ J
THSumnsauanangafis 20 nSuAeling Lactobacillus casei IAUTumnsAuan@n 25 niuse
a w ! dy o = @ " a
das aelunat 24 2109 uazlodouv v adnauNSALANANIZTINT 45 NSuADARS
Pauli LAz Fitzpatrick (2002) Anwwmas lulasmuimiuizeay uaziisinigaulduny
' s ool = = ] - = 1 =) o Qs
wrashulasnudunsevnlisnung lasdmaduuva s luTasournediee 1dun daaarda
[ o v =; 9 o = 9 a o
wagasanainueanad 1l uvadluleswuilddundananassldainlssnunanvoad
=] ] o o ¢ w o t.:’ = . . ' ' & o ¥vq 3/
wWivuRsunuoaRana laeedase Lacobacillu casei WUIMYad 1 Iasiountimun 19 1¥ina
a =i [ | o o vy § = Il n!'i Qy = = r=' 3 1
naamouhiuBaaade ualideide Ao iWeduganszudumswia wandai lass lulini
a q' 3 o ] 8 o 3 a A = =
V3gns wazapsadoaldnogalumsi inananinnuuigns
= = v o = [ [
Yun (ATAMY (2003) ANEINIINAANTALANANTINUUAIAIT UBUSHRAAI 1ALA
o S = 4 5 dy
nglad Wynlaa venladg uanlada ndwesen wlaw 138 uazndls lnoi¥e Enerococus

' a a & 1<
faecalis RKY1 wunisuimnsauaninizguileldnglna Winlaa uazuealaa fuais

¥
v ¥

Aanu
¥
Bulut uazAME (2004) ANBIMISHAANIALANANIINAISAIAUTHAA19Y TAun glnse
@ u'z o 9 = 4” , e PN g
nglaa Tuaia Hndawazs 1919018 laudo Rhizopus orvzae @nIsanaansaLanan 1a iu
Psmmguieldng lna
o & = < 3 o

Wee tazamy (2004) 1asi Tuaadelglasmiuesndsznovunldlss Toad lae
° 3| ::‘ a = a 4 . ] a
mmtﬂum‘:mﬁu u'lu'lNﬁﬂﬂ‘iﬂuﬁﬂﬂﬂiﬂm%’E) Enterococeus faecalis WU NTIUITOHANNTA

= 9 = a toa - g
uandn TAgene 95.7 nsusoans wiedovay 94.9
' k4
Huang (2005) Anwinsnaansauananainuilaiudis Taode Rhizopus oryzae L0e
3 ¥
Rhizopus arrhizus WUINTonageswiaausandansauananlaludiuimgs dszuim 0.85-
¥
as 1 Y] a 9

-0.92 PiuABNTUESAIY

Oh uazAmy (2005) AnwINIswiansanananaIniaanismsineasiiisiaign lTAun

4 ¢ 9 = 9 d’, . . ' a =
IL3a0 V118 ezt Ina lauke Enterococcus faecalis RKY' wuNUsuimnsaLanan

b 4

Wee UATAMNE (2006) NAADIANYINIINAANIALANANIZHVII1389 (Pilot-scale) Tneido

. 9/ Y] s = ' & a4 Y
Lactobacillus sp. RKY2 f8003¥UNYUIA 2.5, 30 Uay 300 oA wunUsuansauanani 1Al

PSinagalndifvediu



2.1.4 mstszgnalinsauanin
2.1.4.1 2AHNIINDINIG (Food industry)
- ﬁmﬁumwmﬂunm (acidulants)

- {1mﬁumsLﬂ“awﬁawmamim@ (mincral fortification)

’ujﬂqﬁu!ﬁﬂ (preservatives)

o = a0 R . . R
ﬂsuﬂgaqmquaumv (improving microbial quality)

s IMnausE (flavours)

’c‘fTiﬂl'UﬂiJﬁié]‘b’ (pH regulators)

2,14.2 AM¥NIINE (Pharmaceutical industry)

- ﬂ’mﬁ]umﬁﬂamﬂa’aummm:uuﬂwdam (controlled drug delivery systems)
- Tvivazaw {surgical sutures)

- mﬁm?u:um'ﬁwg (mineral preparations)

- p39221M83 (prostheses)

- WARYIA (tablettings)

2.14.3 qﬂamnsimﬂémﬁmn {Cosmetic industry)
- ﬁﬁﬂ’mﬂ‘uﬁm‘v (pH regulators)

- msflesiunmaifianiuyy (anti - tartar agents)

- ms’lﬁmwmjwﬁu (moisturizers)

- ﬁﬁ@ﬂﬂ)m‘ﬁu {(humectants)

- 5AYIAD (anti - acne agents)

- ﬂ?uﬂﬁd?ﬂ (skin - hightening agents)

- ﬂ?ﬁmmﬁﬂué’?iﬂﬂ (skin - rejuvcnating agents)
2.1.4.4 @AAINNTINAN (Chemical industry)

- s lFifunans (neutralizers)

- msdsenoulavFadou (metal complexing agents)
- AITUIANT I (descaling agents)

- ms%a@msm‘%anm (slow acid release agents)

- ASAILUAUMDY (pH regulators)

- MINPNUTZDIA (cleaning agents)

. = 1 o PV 3/
- msﬂ"lunJuwuﬂummaa@u (green solvents)



2.1.4.5 amdszneuguaz d15nNlugAaIHnI N (Chemical feedstock)
- 2.3 - pentanedione

- poly (lactic acid)

- propylene oxide

- ethyl lactate

- acctaldchyde

- propanoic acid

- acrylic acid

131 : Wee LIavAUL (2006)

o =) -:'d' a =,
2.2 Qaumuﬁl%‘lum5waﬁn‘muanﬁn
= A o a + e o
wuantsauanmn (Lactic acid bacteria; LAB) ﬂﬂﬂg”l,uuﬂm Lactobacilliceae 11114
=t 1 o ] =]
puanFounsuuan luadueulminyasiaa (catalase negative) ladramlas 1l lalalasu
¥
NUABEN1IZAUBINIA (acrotolerant) NUNIA HNadnymzg1ls19vou uazgs19nan (Salminen,
1998) TumsiaTyldwd11unnnszuun s vl (fermentation) 1Hianariinn1ia lasmmnis
ny = o o s P a o
Wenanglng 1nuA0INI8MISHaNYsal (complex medium) Anymzidrfguewuniise
a N ' Y ¥ @ e I 9 = aady & e e
ran@n Aennuanso lunsoesthmaldidunsa i Idifesanaidesns lunaad s
= ] Y [ a o W ) 4
DIMITHFUA 19U ANADI oL uuaRisouanandunuinlunismiinems uasinsosdn
= 1 ar [} .:1‘, o ' a =g =3 o o
MawTdAA WU 190 Ha/Se7 wewiiaen Bn uazwa ldaos 1dnsen ifios naasus
J Y] = ] = A = 3 1 = -4 [} =)
meninyian199 uuniisouananasinmsunaslulasoulugdmsdunid wu nineziilu
td »
= = o o = =Y ) ) a
uaziindle Ind weonviniifsdosnisiaiu wazinfausdavarsrialuniswSydnnu
¥
1 ' 1 o o w o R
ABINMIATOIM5A199 inarifiszuansiariu laiueiia Loz e ewus (Priest LAz Campbell,
=] a o a =] a t ) as
1996) Orla-Jensen (1919)) WugiGudnaynsuIsmwmuafiSouananesiuduizun Tavedu
> ¥
ANEHENNAUTIN ANNEIT0 Iumsmimitaariaa199 FTAYINTEUIUMTHININA

»
nglaa uuald 2 aiie Al

v
S o

2.2.1 Toluuan@nesmunsys (Homolactic fermentation) 1 UN5 £ ULAS HITNT¥A

b4 = = o ' [ i =1
Wldwandaqadiofeniauanamfludiuivg Tavndulaluodivuimin
. = = =) a =] = =
(homofermentative) ~ 1agna lnnisifiansauandn fe n1sildvunglnadulnginueda
(pyruvic acid) Iﬂﬂ!ﬂ‘uul“]fﬁaulﬂﬂ‘ﬁmﬁ(dehydrogenase) a3t lnalelodga (glycolysis)

3/ P = a oo = o P
uduldounginuedailunsaunnan dagai 2.3



a < o o
2.2.2 wnnelinanAnWeSINuNT Y (Heterolactic fermentation) 131N52UIUNS
o A oa a [ o o =y o
MUNTNANIALANAN 1oN1UBa Mansuou laoen lua Laznsaezdan Taunszuiunisuiin
3 ] = o =] . @ =
Tdvnnguisnime lsuanfniesiuumfin (Heterofermentative) 3311 2.4
a w o o = o '
PogiulainmsdadwunuuafiSsuananoenilu 12 ana (Saiminen, 1998) 1dun
Streptococcus, Enterococcus, Lactococcus, Vagococcus, Aerococcus, Pediococcus, Oenococcus,
Tetragenococcus. Leuconostoc, Weissella, Lactobacillus Wae Carnobacterivm WaRIaNE ML LAY
ANUUANAIIVBULANGBUANANUS Az ANE LAAIRIATTIIN 2.2
. o o a ' VA = o
Lactobacillus sp. sUnuuansouandnnguivngfge Ianunainvaivvesdnyue
= | ey = = ! | o o o
Wulnd auandaneFunl nazmsed sz o anuusna1sso s Tuanaesidud e
avluanageaseninedovns 32-53 (BdTm)  amsoaswldlusisgungd 22-53

a

parualtua uaznsy 1AANgUMAT 3040 Berur Ao MeshivuizauaonIses oy

] 1 ¥
Tu195.5-6.2 n5os gy lannes 5.0 nSed1nillé
a 1 3 o ' . a c!yd
Lactobacillus sp. daua Ay 3 AL (Stiles 1Dy Holzapfel, 1997) A3UAD
Obligately homofermentative
Facutative heterofermentative

Obligately heterofermentative

ANBULANULANANVDILARLNGN LTAIAINITIN 2.3



Glucose

l Commmm e Hexokinase

Glucose — 6 - phosphate

l Cormmemano o Phosphotransicrase

Fructose - 6 - phosphate

l Grmmmmmmm Fructosel,6- diphosphate aldolase

Fructose - 1,6 - diphosphate

| «---- Triose-phosphate isomerase

Glyceraldehydes ~ 3 -phosphate

Dihydroxy acetone phosphate e T~

Glyceraldehydes — 3 — phosphate dehydrogenase
1,3 - diphosphoglycerale

<----- Phosphoglycerate kinase
3 - phosphoglycerate

i <----- Phosphoglyceromutase

2 phosphoglycerate

l AGEEEEE Enolase
Phosphoenolpyruvate
- 1 <----- Pyruvale kinase
B E— fﬂill‘i&’ﬂ@li‘ﬂlﬂﬂ‘Uuﬂ"lU‘luﬂ‘iS']J'JuﬂTi
o= o [ama Pyruvic
¢---- iy laiRdinl§Rse
l <----- Lactate dehydrogenase

Lactic acid

311 2.3 nalnmiswaanseuandn #2030 Inalalaga laouuniis sngule TuiWeswumiiv

N7 : Salminen LAZANE (1998)
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Glucose
€----=- Hexokinase

Glucosce - 6 - phosphate

€ ----- Glucose - 6 —phosphate dehydrogenase

v

6 - phosphogluconic acid

co. "_/ €----- 6 — phosphogluconic acid dehydrogenase

Y

Pentose phosphate

P Phosphoketolase

1 |

Glyceraldchyde - 3 - phosphate

Acetyl phosphate

Glyceraldchydes - 3 -
< - - Phosphotrans acetylase Cmmmmmmmn s
phosphate dehydrogenase

3 —diphos Ceric aci
Acetaldehyde 1.3 — diphosphoglyceric acid

€------ Phosphoglycerate kinase
l < -~ Alcohol dehydrogenase reducing power

3 - phosphoglyceric acid
Ethanol

I €------ Enolase
Phosphoenolpyruvate
l €------ Pyruvate kinase
4 4
«~— isznoviinavuniolunssuIung Pyruvic
I.rl n‘c; 9 o Uqag
€----  1IOU BUNUIIUYNTEN Cmmmen Laclate dehydrogenase

Lactic acid

d' = = = = r - o =]
31 2.4 nalnmandansauanin TaonuafiGenguenme Tsmesmminm

ﬁm : Salminen HAaZAME (1998)



A1519N 2.2 UAAIANHNUSAIIUUANA YD ILUANLS oLanan

113 19mau Jis1anay
anyMue Camnob. | Lacnob. | Aaeroc. | Enteroc. | Lactoc. | Leucon. | Pedioc. | Streptoc. | Tetragenoc, | Weissella
Vagoc. | Oenoc.
¢ ow o I
L syaanonuilu 4 g - - + - - - + . + _
2. Waa Co, 1nng laa - + - - - + - - - +
3. 5N 10 DA NTAIT + + + N + + £ - ¥ +
4. @500 45 ARNFAITYT . + - + - - + + . ;
a - Vv oy a '3
5. wsghanuwdudu lndounaa lsa ND £ + - - + + - + +
6.5%
P Yy o s
6. 93ynANuINd Y Imasunaa lsa - - - - - - - - + -
18%
o ='| =A
7. TYNWLOY 4.4 ND + - + + + + - - +
8. AT YNHIDY 9.6 - - + + - - - - + ;
9. FUAVDINIALANAN L D,L.DL L L L D D.DL L L D.DL

NN ; Salminen LAZANE (1998)
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MITNN 2.3 ANHUSADVUANRVYDN Lactobacilius sp.

14

ngu 1 ngu I ngw I
anyae Obligately Facutative Obligately
homofermentative heterofermentative heterofermentative
3
ASHUNN RN Ina - + +
3 (14 o o
nsasefra1suou lason lod - - +
9Inng laa
5 o o o
AsasmManIsuou lnoan lud - + +
9I0ng I a
o
191 )37 FDP aldolase + + -
U lyivoa TWA Tamna - + +
»
fretuFauuanEouandin L. acidophilus L. casei L. brevis

L. delbruckii
L. helveticus

L. Salivarius

L. curvatus
L. plantarum

L. sakei

L. buchneri
L. fermentum

L. reuteri

37 : Salminen LUazAME (1998)

ﬂfj:il Obligately homofermentative lactobacilli Miinia1aen led (Minni1douas 85)

[~ ) Y- = = = o
Wunsauanan lasin Embden-Meycrhof-Parmas (EMP) @aumuwamau"lcnn Fructose-1,6-

] [ 4 = 9 : = ] as :
biphoaphate-aldolase st 1inAa©EU lyinoa IR Toaa Faiuda luausaviinbiaiamu lna

uazng lnmald (Wood 1z Holzapfel, 1995) #agifi 2.5

Y
NQU Facultative heterofermentative lactobacilli ‘Hﬁﬂﬁ1ﬂ1ﬁl6ﬂj°]iﬁlﬂuﬂiﬂlmﬂﬁﬂiﬂﬂ

bh Embden-Meyerhof-Parnas

= = = ar L3
(EMP) 3aun3dausonanoulyisalaad uaziou e

¥ L d
Woa IWd laaa aniuTaminibimaen Toe uazmu Taa 'l (Wood iag Holzapfel, 1995) $ag1)

2.6

14
NQY Obligately heterofermentative lactobacilli winWIs1aen laa tazinu Inawiuln

[~ o 4 4
WoalWng lawa iluuanianeniuea (nsaezddn) uaza1svoulaeenlog (Wood uae

Holzapfel, 1995) fiagi# 2.7
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glucose

ATP
ADP

glucose-6-phosphale
NAD
NADH,

6-phosphogluconic acid

NAD
NADM,
CO, pentose phosphate
+P,
glyceraldehyde-3-phosphate ecely] phosphate
NAD NADH,

xwa.D +P il GRS
1.3-diphosphoglyceric acid acelsldehyde

ADP NADH,

ATP NAD
3-phosphoglyceric acid ethano)

-#,0

phosphoenolpyruvic scid

ADP

ATP

]

pyruvic acid

NADH,

NAD
lactic acid

3UM 2.6 38 Embden-Meycerhof-Parnas (EMP) Tuniswaansauan@nuningu
heterofermentative lactobacilli
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1 J a

o = 1 = o ar ] ) =
5.2-6.0 nfuAoansAeT1 Tue nsauanani ldaaidiu 0.96 niuAoUraImSUBU NIsHARNTA
¥ W ¥ ¥
uanannmitaang Ina thatavyn lad Wenaven laa Tatde Enerococcus faecalis RKY 1
Y = a A
gusnldfsnmnsauandniga
a a i o =Y [ [ :
Bulut wasAme (2004) Anpidniwaveaunaimsususiaaisn 1aun haaglasa
: - u'a o 9 a1 1 Y = a
vmanglna Tuate Bnda unzirdaad wudinglaalinsauandnludiuiugs
1 = o o 9/ : LY o & [T = =2 @ [N
wudeiuh ldhaannleds FalduSunsauanangads 58 nfuanans
< a =N
Wee wazaniz (2004) AnyimsldlszTominnluaralumsndansauanin Taold
k4 .
(%0 Enterococcus faecalis RKY 1 8333 ndnuuung woniemviny 7.0 Tdsunmnsa
uanan 95.7 niuseans Aaludonnas 94.9
» ¥
Huang UagAme (2005) Anviniswannsauananainutlaludis Taude Rhizopus

oryzae Ua% Rhizopus arrhizus Wuha g nduvandlai 20 nfudedns Aot 6.0

¥
unnil 30 sarupaiue IS IMNsALENGN 0.92-0.85 NSuRBMIIALAY

e}

Oh uazAmME (2005) ANYINITHAANIALANANDINTAAN1INITNBATNNTIAIPN 1P
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in303F9 4 AUIN19 YDIUTEN Sartorius analytic Tu A 200 S

Lﬂ?@ﬁ JANLDY (pH meter) Y9IUIHN Denver Instrument 'g'u Model 215

Wuguvnl 4 oI usAUFEE VDIUTHN SANYO
¥

¥ 1
Mlﬁﬂdl“ﬁ@ﬂﬂﬂlﬂﬂﬂ 37 aamwaﬁmﬁ YOIUTEN Gallenkamp

El £
»

kY
%
¥
7
Ao (Lamina flow) ¥8IUTEN 1SSCO 1 BVT 123

fIHINUUIA 2 BAT

A5EUBNAIY (Cylinder) ¥03U5TM PYREX"

Mﬂgﬂmmj (Erlemeyer flask) Y9IUTHN PYREX"

Tinnes (Beaker) ¥09U38M PYREX"

NADANAADA (Test tube) VBIUSEN PYREX"

‘IQJL‘LJCV'IGT(Pichu)

ﬁ’JﬂL‘ﬂUL%’O (Loop)

ﬁﬂ Peristaltic pump YOIUTEN Heidolph ’:;;'u PD 5201
MouUIAEURIEHENIN10 1Y 0.89 @UAmAT YBIUTEN Cole-Parmer

Instrument Company ‘;:‘L! Tygon tubing 2-stop



30

3.2 sl
swsudeduiagy MRS
a5 e ADAR (Yeast extract)
wWilau (Peptone)
QL?U (Urea)
weu luilsugala (NH,).S0)
Twdon Tunsa (NaNO,)
nqiﬂa {Glucose)
Talwunmaesn lelasiauromna (K,HPO,)
nuanfieame (MnSO,4H,0)
uunfiFvudamagilaz lansa (MgsSO, 7H,0)
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1.1 211151123 (MRS broth) UYszneuan e

Meat extract 10 Iy
emana (Yeast extract) 5 A5Y
RUTAEAT (Peptone) 10 N3y
ﬁ-ﬂgiﬂﬁ (D-glucose) 20 nsu
Tween 80 1 n5u
Ta Tnunagonle Taswuoma (K,1PO,) 2 n3u
TaAunozHiam (CH,COONa) 5 N3
TasuouTuilivudian (CH,COONH,) 2 niu
nuniidvudamaeas lomsa(MgS0, 7H,0) 0.2 NIy
wuanagamn (MnSO,4H,0) 0.05 N3y
wM3
Frdmlszneutemuaudninnazawluindudiues 1,000 Taddes i luieei
wolugilennudnlefigungdl 121 serwaidoa anuduls Joudaens1aiia e 15

1.2 91115099 (MRS agar) Ysznoune

Meat extract 10 1FEY
Daaana (Yeast extract) 5 3
1)U 1au (Peptone) 10 N3y
ﬁ-ﬂ’giﬂﬁ (D-glucose) 20 N3N
Tween 80 1 N3y
laTwunaugou'laTasinuemve (K,HPO,) 2 NSy

Tmasuosinn (CH,COONa) 5 N3
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lasuenTufioudinn (CH,COONH,) 2 Ny

uuniliBeudamaeias lawsn(MeS0, 7H,0) 0.2 NSy

wrmdagama (MnSO,4H,0) 0.05 a5

"g'u (agar) 15 AU
IBM3

o > 9

> o o & 1a a an o 4
mmuﬂi:naumﬁuﬂumummzaw“lumnauﬂ'smm 1,000 Lanaas 1—!11‘1J‘|nl~'l°ll'l

d’ ] Y a = I o o g ﬂ
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2. maad
asazawimiessdalnunadeunominaiines (phosphate buffer) A% 3.0
winuTaonaumsazaw A uaz B 14 laieraiudesnis
msazaw A« Inunadoulelasnuremua (K1,p0,) srantutu 0.1 Ty
a1 OeosaTmimadow e Tasioureamsla 137 niy azawluhindu 1,000 JadanT)
#15aza10 B : nsanaaiasn anmdudu 0.5 Tuar?) Taoannsaneadsa

» r
3.4 lanans aza1elulindy 100 Jadans)
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Gl
gunsal
A‘ [ ' -
1. 1ATea3AfINISgANaULAS
o 3/
2. AR

3, thla

=
CRR1NSE]]

1. psAanI3n (reagent grade 95.5 % , specific gravity 1.84)

8 - v L +
2. Huen 5% lastimiin wsou Taogsdluea 5 nFu udndurindudn 95 nSu

v ¥ v
3. msazaivng laaunsgid wioulassang Inaun 0.0400 nfu azareluiingu

Pudsumsgaieiiu 100 iaddes sz ldasazatong Inadudu 400 lulasniuaeiinadas

¥ ' L 4 1 4
ot sen e I danudududaua 0-80 lulasnSureinadns fail

oo msazaenglaa Vi asazaenglaasnnsgIn
400 lulnsnSusinaans) | (lulnsans) (lulnsnsw/iinaans)
1 0 1000 0
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3 50 950 20
4 100 900 40
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6 200 800 80
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1. Huledarsazatvdiedranieaisazarvnglaauiasgiu (anududu 0-80

Tulasnsunediadans) USuins 0.5 iadans ldluvasanaassduiviuea 5% asllos

Uanans
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o v = J S T 1 [ 4=i 5
wpsvunural lasasaesi msnautatu laaninisros Udowashiranasa
» ¥ ¥ ¥ 1
3, AIMADANARDIVRIRISHANIIT WA 10 IR IntTwmawaziwunlue1aim
AALNNRUNAT 25-30 parruaren (Juanlszaa 10-20 uhd
) [% v A 9/ u’ Y d' A'
4. h'lammsganduuas Taedufhuimaen Tyatafinnueiniu 490 unTu
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o ¥ - =4 Y d‘! g 3
5. hamsaaniuuasldifoudunsiduiasguiominnu uduvesng Inalu

A3azaed 19819 nseuIu 19910

¥ ' - = o A
anudutuvenglag = (AIN1IgANAUNASH 490 W1 TUWAT) X (§A5IN150DT19)
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e
&
3 _
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&
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=
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o d J Q‘.’l =
2. maaaneRfSnaveuvadnwrnalneds Total plate count (A.O.A.C., 2000)
ad = : N v
AIMsRseNunasiosas 0.85
o = L4 [ c, w |a o
1. %3 lmdounanlsa (NaCl) 8.5 n$w azaeluii wazdsySuinsidu 1 8as
mssumsazmeimmadonlslnsoueamia (KH,PO,) anudaty 0.1 Tuans
) ¥ .
1. ¥elnunaFonlalaswudemna 13.7 n$u azajedrothndu YSvdSuiasidu
1,000 Jaddas vindsulsuas
2. YSuResiny 7.420.2 da0'le lasnaesnanududududu 0.1 Tuans
Ay 5
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° ¢ o [ - r 9 @ o 9/ ¥
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miv'léae 1 Taddas TnoganuniuluaIrssaUALRe19NRS 2917
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3. AEmsmnzifSnaniadwn3es HPLC (Daywiint saznas, 2548)
3.1 Yumeumsiilanies HPLC
1. Power 19 309%NIN5BIUDI HPLC

2. 9 Sinker 19 11442AUD3I Mobile phase
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3. 11J@ Drain 199 Pump Lt‘g’}lﬂﬂﬂn Purge f Pump

4. Wdunaluemeves Sinker Tiosoimeagiular drdaliogling Purge Moy

NI BIDIMALHUA

5. eresomaluaioves Sinker 1uiiud219509u Pump nyaitawes nialing

Purge (W0 19 Pump Ak

6. 1@ Drain valve Pump

n’: P a o' o
7. #9 Flow rate, P max Uaz P min NA83013 1UN15A51297 1MAY Pump P max (9910

Pressure maximum Y89 Column)

]
Lt

¥ ]
8. fagauvpiinAeans 13N cro (i)

u

»
9. A9 Parameter 1ﬁ'ﬁu Detector

1

3

5,

6

'4

0. #91% Pump 197A N Condition 15 uNISUATIEHN

2 fumeumsnlign MOBILE PHASE

. 1l@ Pump HPLC

In Mobile phase "lmjaﬂuﬁﬂma{

. (1)@ Drain v04 Pump ngiﬂﬂﬂﬂ Purge ‘ﬁ Pump
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#2001 1) Buffer Solution — 1110dU HPLC — Polar Original Solvent

2) Non Polar Solvent — Iso-propanol Polar — Original Solvent

3.3 Yumeums INJECT #3e8ha

1. #3299 Wunileh LC oy luaoiug Ready

2. ﬂ‘j‘nilﬂﬂﬁ’uﬁh‘h Detector L11Z Autosampler El;,i"lufrmux Ready
3. 589U Baseline ADUS 31l

8

4. tavams1finTessuan Slope 1¥idonna s

¥ 1l o t

a 1 o o a’z’ o o s
5. 1 Baseline t9nghdumdagenguilandos awisonsgudds lula laona z

L]

6. YI1N17 Inject Sample

6.1 Rhecdyne Manual Injector
L 4
814 syringe 1 e291AA 2 solvent 5 A33

»

v } v .. <
014 syringe #1134 sample ¥ inject 3 A3

a@ sample 1nolufi e maly syringe 1

set Ysuras 19 1dmwnezfadiszun HPLC
unauidn 11y injector 1% gn 1Ay injector ABIBYA UMY INJECT
Ua injector lUNfuniis LOAD

e sample 19114l sample loop Y94 injector

(ﬁﬁé’l’mﬂ‘li fill sample Tid loop Apafn sample 11NN valumn Y93 loop 5 V1)

118 HPLC system #5301 191iA injector WIAUIMLI INJECT

(n3&i713iT) Auto-start 19na1ju START #1 C-R7)

soUszunal 5-10 3u1# AR syringe 9BAIN injector
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» v
814 needle port AUTIINAH 5-10 AndaAT UAINUAILOINA 10-20 iadans lauls

syringe WATAANYUIA 5-25 Aaanns NAeA U needle port cleaner

a1edae syringe e sample A2 solvent 20-30 AT

3.4 Funeumstanies

1. #8999 inject sample gA101aT 9719 run mobile phase ABBAsZANG 30 UTH
2. ’ﬁt”d Off pump

3. ia power Y83 HPLC units 114200 Sinker 19WWU Mobile phase

ynenveg : Nsanznealy InTeaninnd 2 Judesiimsdeszuuneuilamses

o ) P aa o A V& -~
3.5 Juneumsiuaies (Nsdinevya lnseslumnu 1 1heu)
1. Run Mobile Phase 91 19971 30 11#
- g
2. Run Mobile Phase 19111 Column 30 1%
A 4 A
3. YanSeenuTUAD UM TANT 09

NINeINe
4 { = =3 Qs
1. M5:/38% mobile phase 111491101 mobile phase N1HIAY column doaszIanTs

» »
MU TN 19 mobile phase Hagroanmusanaud it wdudodordunio I 1l wrse
»
paud U 1AAA 04l mobile phase JUNABE1NAL 30 UIT

§ 9 s an 4 = AW ' A; o =
2. ﬂ‘]Sﬂ'Nﬁl‘]S flow rate 1 UAAARMTADUIN NIDUDUNNVUAUYUAUDI column

o Y 4 = . =q & a 4 . .
#28619 N13319AT04 1ALl mobile phase A 1% 1uN153iAT 129U buffer solution (1A% mobile

phase AU column (14 70% MeOH

Buffer solution 30 U191

¥ 1
a

111nAU HPLC 30 U

l

70% MeOH 30 U1

) E 1
YansosnuTunaun1sans g
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o v A A A ¥ A ' a
3.6 YuAouUMIAUATeIB (NTAUNITHYA 1F1ATOILINATD 1 1ADU)
1. Run Mobile Phase Aldam 30 WA
= d o
2. Run Mobile Phase 1 1#1A1 Column 1 #2114
-4 9 ] . ] o

3. viyA Pump 137094 column 88NVINTZULLAIAD pipe 1launuh wazila column
b 4 ky []
A0 plug 1AL

4. 1lfvu mobile phase (P4 70% MeOH 4d7 run Wiszvmilunat 30 wifi fa 1
7134

5. Off pump UAAIATOINA unit

6. 6 sinker BBNYINYIA mobile phase HAIMBAWTAnNazeHetloiudy

3.7 Aumeumsiau
1. nadfuiila Power M504 C-R7A Tuns@ififi 2 Drive I dusy System disk
14 Drive 1 uazusufudeyalu Drive 2 uns@AT Board dmiuiou HPLC fu c-R7A 14
v‘hmsﬁ’;ouz'fﬂvmvnmswiwm%wfmmTﬂuﬁuﬁ OPEN TRS 7 uaz ENTER nad91nilsing

I19DAINTH

C-R7A.

PERSONAL CHROMATOPAC
SYSTEM PROHTSM V

Copyright 1992,94 SHIMADZUCorp.

2. A WIN 192151011198 Menu ¥83 WIN 1 ifonviade 2 udnudau

ENTER 215109
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@don L iWoiSon Analysis File Junsalinoadna File ifiu1d

=i

] [] ¥
E lunsfifdeanisad1a Analysis File Inun3auflv File ignTnantuun g
o 9 ] [ [ R . = .é’ 3 '
R Tunsdindvanisud luarwnea1lu Analysis File # Inanduui 19auey
] »
A luns@indean1sI¥Tins Save 6 TuslA Analysis File 1u¥)n < AT 1w0IN157A
P138319 Analysis File 1nid
- 189N E 9215ngn11 190903 Analysis File
1
- ufi'lv Parameter #3701/l WIDTH 5
DRIFT(uV/min) 0

iaz T.DBL(min) 1000

- nA EXIT iWoane1nni19e 9215IngMA101m | Save FILE? Y:yes Numo| nAY

aw1lsing

Part 1I:

File Name 2:

- §1YUA Drive 1az¥®e Analysis File A1uAiR0IN5n5IA NI File Name A1uA70

ENTER 1%

Part 1:

File Name 2: ALCOHOL

MAI91NNT save 1ATDIVTNALINIZHEI Menu 983 WIN 1

¥
3. #3%e File #1155V Save *ﬁ’aga‘um Chromatogram i@ondo 3 AWAIL ENTER 9%

111ng)

Chromatogram Storage Mode [S:set R:reset C:cancle latest A:auto]

& A k4 u‘: A . o o
190N S WOADINITANYD File 115U Save ﬂzﬂ‘i']ﬂ{']

Directory Part 1:

Chromatogram File [1: @CHRM1.C00] # of run (0 or 1~99} [] (O:serial)

f¥us Drive Laz File A1UA78 “.C00” 12 ENTER $142U Chromatogram NA83n13

[] 1 4
Save Tu¥aiApariuil (gagn99) uaz ENTER 15U



63

Directory Part 1:

Chromatogram File [1:test-unk.C00] # of run (0 or 1~99) [] (0:serial)

a 4w - L
1aofn HORDINTTUALRNATTANIY DU

a 3/
ganNNIT Save Y89 Chromatogram gAY

4' 9 9 d’ o Qs d‘ dl d‘l ]
WDABINTT INIASDT Save 0R IULA IUTONIATDINYUA

e » O XA

4. @ondo 1 11nM190 Menu w8 WINT 1ntiusedanaiuidiy Bascline siouins
Fouviniuiins Zero Fyey101970 Detector 1auy5utlu Zero i Detector IUNTNEANISA
Set 0 ‘ﬁ Detector 17

5. ¥1A13 Test slope veadyg afidanlasnisna S Minses C-R7A 039z 1910a
yamreurlsEannt 10 Wueent Width 7Ra’1311 Analysis File HﬁdMﬂﬂﬁﬂﬂﬂﬂUé’tﬁjﬂﬂﬁ
Slope 71 1§92qn Save 11 Analysis File §n Tusfaddoan1sudlvIindudgmis

6. Menu Y83 WIN1 130n9e 2 naziduud lv1u Analysis File

7. 110 Bascline fia17na Z 1iie Zero dryanas uazIviimsiamsniouna START

lunsfifimies C-R7A sunsaiFoussuaznIuguAIsHILYes HPLC dvzannsn

YDRAIA 9 YDAATBI HPLC HILIATDY C-R7A 1891nH11 Menu 499 WINI lasiden 7:LC

Monitor #1UA28 ENTER
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B = I oyt

w
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NARNUIN A

MINTHNNHaNMINAad

3 =y = o '4 q’: { 1 1
M3 1 aaalSnansauananluemisdunsigdne 7 gas Nlunaslulasouunnaig

14 ]
fiu 1Auie Lactobacillus casei ATCC 10863 igna3saounaifuusadiug

. . Binamiauandinfinaald (n3areans)
¥alasah . . . : : . .
gasn1 | gasn2 | gnsh3 | gaafid | gainis | gashie | gasi 7

0 0 0 0 0 0 0 0
12 8.64 1.05 5.14 1.87 1.65 7.60 1.89
24 13.86 1.40 6.31 2.50 3.57 991 3.02
36 19.90 1.67 8.84 422 7.88 14.52 4.69
48 26.17 1.89 11.10 5.13 1093 | 18.36 5.21
60 31.67 2.43 14.94 6.60 1508 | 2392 6.47
72 28.94 1.49 12.19 6.06 1232 | 2031 6.28
84 24.98 1.45 8.51 5.85 11.89 | 18.00 6.00
96 204 | 135 8.04 5.63 9.65 17.49 5.68
108 20.57 1.33 8.00 5.50 8.50 15.34 4.52
120 19.13 1.30 7.98 5.29 7.31 14.82 4.32
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» ]
uanaafy Tumskaansauan@nvedie Lactobacillus casei ATCC 10863 HignA3a

AuunaFENS adiue

Co ATAIBY

¥aluai ; : ; . . , .
gashil | gasfi2 | gasn3 | gasn4 | gashs | gasfie | gasfi7

0 6.5 6.5 6.5 6.5 6.5 6.5 6.5
12 5.0 6.5 5.7 5.9 5.7 5.5 5.9
24 4.9 6.3 5.5 5.5 5.5 5.4 5.6
36 4.8 6.3 5.5 5.3 5.5 5.2 5.6
48 4.7 6.3 5.4 5.2 5.2 5.2 5.5
60 45 6.2 5.3 5.1 5.1 5.1 5.3
72 4.6 6.3 5.4 5.1 5.2 5.3 5.3
84 4.7 6.3 5.5 5.1 5.2 5.4 53
96 4.8 6.3 5.5 5.2 5.3 5.4 5.3
108 4.8 6.3 5.5 5.2 5.3 5.4 5.4
120 48 6.3 5.5 5.2 5.3 5.4 5.4
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o = : - | [ f: o '
M13194N 3 Llﬂﬂﬂﬂﬁﬂ1ﬂl‘u1ﬂ1’ﬁﬂgiﬂﬁ‘ﬂl?’iﬁﬂiuﬂ'lﬁ'liﬁﬂlﬂﬁ'l:'ﬁ'ﬂﬂ 7 i.:'fﬂﬁ wmmaa"luimwu

1 4 4
uane1afiu Tunswaansauanfinuedilio Laciobacillus casei ATCC 10863 fignn34

Aruunnoudadiug

. . ﬂ‘%mmﬁmmngfﬂa (MSuABaAT)
¥aluan ; : . . : . .
gainl | gasni2 | gasni3 | gashn4 | gasns | gastie | gasn7
0 4000 | 40.00 | 40.00 | 40.00 | 40.00 | 40.00 | 40.00
12 2696 | 3331 | 2735 | 3145 | 2852 | 2872 | 31.29
24 2413 | 2707 | 2379 | 2839 | 2407 | 2564 | 2439
36 19.61 | 2572 | 1981 | 2239 | 2256 | 19.90 | 21.64
48 1524 | 2000 | 1545 | 1056 | 1560 | 1440 | 14.49
60 110 | 1565 | 848 | 13.00 | 931 6.66 | 1076
72 098 | 1464 | 1024 | 1014 | 8.44 6.52 9.30
84 0.97 | 1424 | 9.17 9.42 8.01 5.50 8.26
96 0.97 | 1407 | 937 9.06 7.48 5.47 8.26
108 054 | 1344 | 8.7 8.05 7.22 4.38 8.25
120 052 | 1324 | 867 7.02 7.19 4.28 7.24
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19199 4 uamsSinunsauandn haang Iaa Aoy wozsmauwad 1nMIANYINTG
14 v
SR Iauazmswaansauanan 1aoi¥e Lactobacillus casei ATCC 10863 igN

= 3 ) o o
ATIRIVUADIKUUD AU

Do 4 NSANANAN shaanglaa u ,
#3laad e oA iy CATRMTE LT
(P3UNBDNT) (R3UADANT)
0 0.00 40.00 6.5 4.80 x 10°
12 10.01 33.10 4.8 1.9x 10’
24 12.88 27.61 4.5 1.03x 10°
36 15.75 25.00 4.4 6.80 x 10°
48 21.34 5.22 4.2 540x 10"
60 24.54 2.49 39 6.23x 10"
72 21.38 1.96 3.9 3.10x 10"
84 18.36 1.51 4.0 2.87x10"
96 17.64 1.35 4.1 7.63x10"
108 17.43 1.04 4.1 8.17x10°
120 17.15 0.77 43 4.87 x 10°
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¥ L4
3NN 5 uaaSuunsauanan mang Iad uazies 9100 15ANYIENEAINMTHAANSA

wananluszauvaian uazdmdnuuie 2 ans

nIAIENAN shamangiaa u
L oy
¥ luan (nSunoans) (nSunoans)
fmiin | dead | dwmdin | deed | damdn | dean
0 0.00 0.00 40.00 40.00 6.5 6.6
6 13.62 12.41 35.99 36.42 6.5 6.0
12 17.58 16.62 23.68 34.26 6.5 42
18 20.29 18.88 12.83 25.91 6.5 3.7
24 22.54 21.56 2.96 23.13 6.5 3.7
30 26.63 23.20 1.13 18.97 6.5 3.7
36 29.57 24.93 1.07 17.27 6.5 3.8
42 26.97 25.01 1.06 8.36 6.5 3.8
48 25.55 25.63 0.99 5.58 6.5 3.8
54 25.17 26.34 0.88 4.44 6.5 3.9
60 24.97 26.80 0.84 1.99 6.5 3.9
66 24.32 26.28 0.76 1.84 6.5 3.9
72 24.12 24.46 0.71 1.07 6.5 3.9




1 a < aa = =
ﬂTiNﬁ 6 fﬂ‘;")Lﬂ‘iwﬁﬂ1ﬂ1\iﬁﬂﬂﬂﬂﬂﬂ‘iNTmﬂSﬂlLﬁﬂﬂﬂﬁ’JUIﬂiuﬂiﬂ SPSS 13.0 (Statistical
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. . t é =S o o ol aa
Package for Social Science) f1329TDUANULUANATY FIUTAINTITUUYTIATUNIIADA

LU Duncan New multiple range test nagouiszauaNU¥oiuiovas 95

Oneway
ANOVA
data
Sum of df Mean Square F Sig
Squares )

Between Groups 1969.888 6 328.315 | 48485.291 .000
Within Groups .095 14 007

Total 1969.983 20
Post Hoc Tests
Homogeneous Subsets

data
Duncan
dat N Subset for alpha = .05
aa 1 2 3 4 5

2 3 2.4300

7 3 6.4700

4 3 6.6000

3 3 14.9400

5 3 15.0800

6 3 23.9200

1 3 31.6700
Sig. 1.000 073 .056 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.



3 = ¢ 1 aa o =
FI'IS'N;'I 7 MTUATICHATN NITDAVDINAHAAN TALANAN ﬁ?ﬂi‘l’ﬂlﬂiﬁ SPSS 13.0

.. . . ] &
(Statistical Package for Social Science) #3190 UATIUUANATI BIITAIN 1531

o o

Wed Ay 19a8ALUY Duncan New multiple range test NAXOUNTEAUAILF DU

o

Favaz 95
Oneway
ANOVA
data
Sum of df Mean Square F Sig
Squares ’

Between Groups 1.315 6 219 547.964 .000

Within Groups 006 14 .000

Total 1.321 20
Post Hoc Tests
Homogeneous Subsets

data
Duncan
Subset for alpha = .05
data N
1 2 3 4 5

2 3 .1000

4 3 .2200

7 3 .2200

3 3 4700

5 3 4900

6 3 7200

1 3 .8200

Sig. 1.000 1.000 241 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.
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z = a0 aa ar = =
ﬂ'l‘iNﬁ 8 NMTAATIEHAMNNADAVDIDATINITHNAANTALANAN F?l"JUT‘lJ‘iuﬂ‘ilJ SPSS 13.0
' P
(Statistical Package for Social Science) 5297 DVUANULANAT Faugraanisl

e =

Hud A YN ATALVY Duncan New multiple range test NATOUATEAUANUITOIY

$ouaz 95
Oneway
ANOVA
data
Sum of df Mean Square F Sig
Squares ’

Between Groups 460 6 077 191.464 .000
Within Groups .006 14 .000

Total 465 20
Post Hoc Tests
Homogeneous Subsets

data
Duncan
Subset for alpha = .05
data N
1 2 3 4 5

2 3 .0400

4 3 1100

7 3 1100

3 3 11700

5 3 1700

6 3 .2300

1 3 5300
Sig. 1.000 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.



1 = a1 e = < [ [ [ Y a -
ﬂ"l'i'l\iﬁ 9 ﬂ'l'i'JI.ﬂS']ZHﬂ'WINﬁﬂﬂﬁ]ﬂ\?ﬂ‘iﬂ'lmﬂ'iﬂllﬂﬂﬂﬂalui$ﬂ‘l.|ﬂﬂ1ﬁﬂ IIﬂSﬂQ‘HHﬂHUUﬁlUWﬂﬂ?‘H'UN']ﬂ 2 ﬂﬂSﬁ")UIﬂﬂlﬂiij SPSS 13.0 (Statistical

J A s w g aa Ai' al Y ;;
Package for Social Science) AT3TOUANUUANATN FUITAINTUUITIAYNNANALIUY Paired Sample T-Test naAAvURsZTALA NN

fouaz 95
T-Test
Group Statistics
group N Mean Std. Deviation | Std. Error Mean
Lactic 1 3 29.5687 1.07890 62250
2 3 26.7967 70631 40779
Independent Samples Test
Levene's Test for
Equality of Variances t-test for Equality of Means
95% Confidence Interval of
Std. Error the Difference
F Sig. t df Sig. (2-tailed) |Mean Difference| Difference Lower Upper
Lactic  Equal variances ’
727 .442 3.723 4 .020 2.77199 .74451 .70489 4.83909
assumed
Equal variances not
3.723 3.448 027 2.77199 .74451 .56769 4.97630
assumed

EL
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MINTA 10 MIVATEAMIIaIAveIranaanTauanan luszAuHanan azdminuuuluvanuvia 2 ansdaeTasunsy SPSS 13.0 (Statistical

o W o

- o a d o 4 o
Package for Social Science) A5190DUANUUANAI FILTAINTUUITAYNTOAUU D Paired Sample T-Test nagouNszAuANUIFEIY

fovaz 95
T-Test
Group Statistics
group N Mean Std. Deviation | Std. Error Mean
Yeid 1 3|  73.9226 269729 1.55728
2 31 66.9925 1.76579 1.01948

Independent Samples Test

Levene's Test for Equality of
Variances t-test for Equality of Means
95% Confidence Interval of the
Sig. (2- Mean Std. Error Difference
F Sig. t df tailed) Difference Difference Lower Upper
Yeid Equal variances

727 442 3.723 4 .020 6.93007 1.86131 1.76225 12.09788
assumed
Equal variances not 12.44090

3.723 3.448 027 6.93007 1.86131 1.41924

assumed

YL
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4 o Lol aa as a = a 4 o o o
ﬂ1'§1~1ﬁ 11 AITAURTICHAINIITDAVDIDATING Hﬁﬂﬂiﬂllﬁﬂﬂﬂiuixﬂﬂﬂﬂ—]ﬁﬂ llﬁzﬂﬁﬂﬁﬂlluuﬂlUWﬂﬂ'JU'ﬂu’]ﬂ 2 ﬁﬂﬁﬁ?ﬂiﬂillﬂin SPSS 13.0

. . . 1o o v as . 4 o
(Statistical Package for Social Science) #5300 UN NULANAN mauﬁﬂqmiﬁuumﬂﬂgmmﬂmsuu Paired Sample T-Test NAADUNTZAL

A o @
ANUFDINUITOEDY 95

T-Test
Group Statistics
group N Mean Std. Deviation | Std. Error Mean
producactivity 1 3 2.0534 07492 .04326
2 3 1.0388 14715 .08496

Independent Samples Test

Levene's Test for
Equality of Variances t-test for Equality of Means
95% Confidence Interval of
Sig. (2- Mean | Std.Error the Difference
F Sig. t df tailed) Difference | Difference Lower Upper
producactivity Equal variances

.681 .456 10.643 4 000 1.01462 .09534 .74993 1.27932
assumed
Equal variances not 1.31966

10.643 2972 .002 1.01462 .09534 .70958

assumed

SL
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