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Abstract 

Propionic acid production from molasses with coconut water as a nutrient supplement by 

Propionibacterium acidipropionici ATCC 4965 has been studied. The results showed that the 

suitable medium to produce propionic acid contained 40 g/1 concentration of molasses, 10 g/I 

yeast extract and coconut water as a solvent. Among 3 neutralizing agents, calcium carbonate 

(CaCO3), sodium bicarbonate (NaHCO3) and potassium carbonate (K2CO3), Calcium carbonate 

gave the highest propionic acid concentration. Production of propionic acid in a 5 liter fermentor 

using optimal medium and pH control (20 g/1 CaCO3  incombination with KOH) yielded 9.88 g/I 

of propionic acid with production rate 0.063 g/l/h. Therefore, this study proved that by-product 

from agricultural Industry can be used as cheap raw substrate for propionic acid production in 

laboratory scale fermentor. 
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f1113Ji111411,1^MI 0.99 

f1111111111 2.4 ii 20 Olfiltelfa17110V 

ni5M,'fl10114V15m,-a10 al'fl1611.19-i-)viia.-,a-lo6uyiiti 

V1111:11A1 52 01ff1VISflAtlVf 

p19.1101^1114L01 495 0111111fAEJ1I 

6V15111155n110 1115f illtl 

f1"311.1 f116") ilf1T11.1f116'3 

rni-hAfrnAajol fryiulou tila-)IvIttannidllAlool 

diyi(iniltiu11114 rurrteLliu toofiv vn5115;na1Je1imu6911J911-d V115001P1SU1f 

ati1lo,51 lam vrifiFiTAtillt151 

:ap 	61,10 5 ma nfilliarvi 

f15f1I1N5VVIailniif1111JlMoolioluni5141uonn51413i146-rnam-rmalilliiurIlep 

itlilvalimuilthnnyitninnafi-millimIurprpiinwo14146A luNamitucrialowin 

111141,411,1113J1W111q1litiild 3,000 il"dfli'lldOlnIfli11011115 1 Fiiflfli)J (111115, 2546) 

6hI15ctiNaol-Tarvh151,inw11d1m1l1 unrimulliiiituvrAollitriu 2,000 ilflani'aidallimitt 

011415 1 fIldfli)J (9J51'111f1115n1511VM15t11411 TIM. 2527 	84 tinliviqaulullmi1115) 

uonwIndij510111,1t11514f154115171101111111t-mhalt-mditirua”aucvlit16'1i4" 
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Vandegraft tma;f111R,' (1975) 51t14114f115191f154115indiflfnlkl166.41-1i'Dt.M 0.1 611 

13.1041')IiNgliiif1113J41-1110t1M.: 28 OlflO0f115110flO1 29 aliM1111.4■111f1151iii111FIlliq1101 

tifD51 Aspergillus parasiticus 611 Aspergillus ochraceus troa;11111■1111501AlfliT1Dfl'TSVI Bi  f1112115 

ion5-niancisoutdo 

Buchanan idea Ayres (1976) TRIllifilf11514f1W1I115171IDIlf1149141.1 0.1 f153Ni0100a05 
v 	A 	 21' 

Ila10111151VIDTV1195ME111150c1f111111095 4.5 ril3J15t1(1116f1151titIglIJIM1D11,95051 A. parasiticus 

015V1I15anAla11'ianciulfillirrw 11M1
v 

 11741111_1
A

1) 0.2 	100 37MSSVI5Th1500'1101 

fl5diftliFIIJI9111 0111i05-1/1dt;f115VffllonAln-rumniuUTOtillVf3J1J541115f,t1tilffl 7 

Racker 	(1992) 510\911d11154.1AIVRIallaat1M,'0.5 V11.115001JEllt11519itl1 
q 	 g 

161JIATD119f05111-ITY1111A111.1f1113J9f1450f1dt 26.8 !AM,' 29.6 11491flD0f115-VlqnD1 42 AIJW111 

Filya 1,1fl`',flittl' (2004) 51011611115191 P. acidipropionici LiA1011511Mh-11110Nrill 

Lactobacillus plantarum 9t1INadon5nnuf115143Thitfltrfil 1-)2.;01514olfirrualli-) 

VIA 4111'314 11"dn111IIN 411`LILIO11115fi'Vri'lltril f11514 14D P. acidipropionici Libl9filAt;11 0-1 

„'3111-15V1111115011/15inai,1111Fdtf150MA171f11145T,irlicitclfl'ilf11514141D L. plantarutn 

6it11i1attilDrsivr9nnvi14 P. acidipropionici fhl L. plantarum V.,',VLIUNavi0111561RT4f19fl5511 

ITTY1111 

2.2 fllf,11111fIllaVIDU1111517110iitl 

ir15171I0fiflfill115t1PAVIll 2 "Th 

2.2.1 illn1-1111115149111101115i110"111141EllitIllalif151,41111tflij 

luil9pictim5N&-m5oImiiiutIniutilliAritinstiiitailnfl15Altf15-ff,111111tflii 

1140A91t11911-M-111.4f115NffilfflIttd14GMNSM113J91011115 IAt1199Pdfl5t1100flciflAill'UO1 

Ivu5clinuoa
A b

1 d0
e
19f1111 01 40- 50 alfliTfliiStlrf 6'1V11157  (1) ttflt' (2) 

CO 	+ 	H, + C21-14 	►  CH3CH2CHO 	(1) 

tili'1101.111111,100f11916 IdiO5t911 tainu 	 Irmiiovaaailoi 

citcH2cHo + 1/202 	. CH3CH2COOH 	(2) 

I1N5inouaflano4 annim 	 moiralloiln 

2.2.2 1-15.,11111111Jac1115011151i1Oilf141EJTif11511i111111slih,f111,1 

115.11111015rAlaqfl5011/15iiiallflAt1)111151111fl1rI13ih51lIA11101111insottuf1riCioluatp 
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Propionibacterium 	D61115110111 Thltilil E?I'DiliiflaiD,N1f1PMFISVIV.1114V11.11411illil'Oflifltlii 

51011141115i1f1111T11110TUD1fl11.4 

Woskow 	Glatz (1991) 510111lNaf115NSV1115flir151711. 01.1flifleJ14f1QifiriLLM,' 

LMfliVrefTlf11111143ALItilidlfilillJOU I0t.11,4D P. acidipropionici cl JVl dl P9 UM; 200910 YibJn 

1i9J3lfltilM143.7f1111111A1M,' Midi& P. acidipropionici V110141-1,li 200910 14NflNSP1f15411513- 

Iailflifillifld 47 flilldd&15 vfl'ilNflNSA14tifirnervhif P9 li,MIITNaNSAf1501,9V11.310191 

Illiflffrilllitildlfili'1101111affialf115111iflt1111111111a.' 

Quesada-chanto 1,1:0`1:f1itit,' (1994) Tfld1fl'il1Tnil1113JitV11111011.1fn P. acidipropionici 1U 

1-115N&11-15fliciA1513I011fItift`Aliltill 12 tifIltifl5V(1111-illfilllar1101 FeSo4 .7H20 1.5 

blqif11.10'06?  0.75 1JidS&15 	5,6 14111111fIffitiFTSijAdiclffl 0.3 

i'1111111dOillVicriotintaidlluImml iAlartrlai'vr 	 it11140111151101i4D 11.4d11-1 

11D191 ifl5V111153J1ill 30 81 170 fl5'3Jd0aA5 

fmNSvi1.ilal 4f15 	5 fiT 	114144011111,14 ff /1 Tt,' "6;  1ij 1 ill ft 11 GIS 6.5 9.  till)! 

37 OlfrliclifflitiVf '`)1.111-15N -'6V15V1fill-lcil 12 	 40 91101Yilicurryn -niiiiimfrnifpltiaujii  

6.5 

Paik 	Glatz (1994)11f111111,11d1f11i'9JMA141141115NaVif15flI3I5131011f1 

tid.1,11,flfliVIM111 corn steep liquor (CSL) Ifltll'11140 P. acidipropionici rflOvii-di P9 nr5t_111A1IJ 

5nri111.404,fldilAtIliflairlIJ6ALIVILM,"14DOMALIVID111f115111.7ffillillf12," tivalm.;uti 

3lltilf115113Thi61111flt:AYINDNSV1f15f11115inDfifITIVM111i1D1 36 ih11.11 f115197 

rimnivinin 

triflitil 11 	'-19Yi2a11131'111.411.4 250 i')I3.11 trillItlif1547451741017Mill4V1f1fl1514npo itIViiri1611 
.4 4  9/ 	e  

57 fli)JdD'V1511fl'ilf1151illtffllAVITliqr-IM-10f15fl 45.6 fl5lido'05 

LillUilntM1LIJUViOLVd01 na&At-Inglilk-mtaiaL;0116flitl-NM1iIrlaN'91t1Will5ccAnailnvirl 
do 

Ramsay 	tlflvfltlly (1998) ilfrfilf152AMIf115L1J&11111,1141(1-11qnf11rit11011_1&111 

LOcitclfaQifl'e11111/i150I1151700fifl 1111115r1f11.1114a0 P. acidipropionici iilf115113Tf11146,91,11°111 

I1U10 2 &15 	 i'DtMf, 60 (11i111Mdalri/J1915) ith_liWid 5 

n53JPiDo5 Lif-ffVfiwrfimmilva 2.5 il511P10805 nimfmn5owl,q6ofnutillitium5t6t-tailiiA 

TOALT50 l'IJ60511115titlJilt`VI -Mila 0.1 	ti,fl,/ii&151f115V1&111WITIAI5inDiin CO
0 0.23 
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Ricker ttM,Iltla (1980) afIlflf115491cnSP.thoenii 	P 20 4-IfittflaglfEJ1J6dirtN1 

191nlifirowniafitoorluttlidlfiliC11011 

1N 1J21111151J1f1tfl~~flc~tlllflll 75 fl51l1aa915 tt=tat-lloo 42 fli)JimaA5t2,1111NaNa91f1W 

nailfltflqqii 34 IITIJ91Oa915 UM,' 22 fl51J9lOS915 91111619lf1i16051111514flpu ifrattM,115 

H
0

Vlf1WIT■15`1
0

IOC1/1ryli11lt095 6.0 itdNflNa0c1114;q:AtilafflilfOLDIStTilfill 7.0 

Himmi 	(2000)1(111115kIl1f115NaAf15S91I1N51NID9dfliqr.nflqiflatiMat9S050 

1`1.11.4111'61fllil'IJOVILIEJ191,40 P. acidipropionici UlI P.freudenreichii spp.shermanii 111.1i1 L118 

tilat9S05DDr111AtIldlfili'l_101490111PONaVMSflI115131011f141V1 IAEJ P.acidipropionici 

f1-3111V111.15t114V115i:101-110t5-311"-il AD 0.64 fl5lJah'05d0Gif'")13J1 tiD2',3169151f115NS71115A41 

nil 40 0.42 fI5IJ91oa915910fAlt3tt9itilDi9cfllif1VIAldttlidlf11511W1111161 tilafil5Nant150 

Ot',i611 9IS1A,INflIM001491nn15GJa9m5Airmiia11ni111r51J1taid14 Iouifiintutalnw 

Ot,41V1fIci149 ,1J1f1fl'ilf115191at95050"draLITIttildlflli'llfflall 2 till rhlitila P.freudenreichii 

19Wmfo5oariJurn5hAnArtrilllii111-3111i3JIANi5vvrilln1514ano5aatillfl15di'llNdNa71 

91f111151r10 flaldtiMIlliftliu -ilnvisD5oActutvidlfni'uouiritvanl'rru4-nlTul4lcuni5Nao 

IM1I115111'011f19111t9s0 P. acidipropionici 

Martinez - Campos UM; Tone (2002)4111111115NaV1f1Wi1l51Nialflifl014tiala1ariff 

31t1151F13JfIlifl'att'nf,LtflfltM1 tflflpu iflVfitflt,' 

tiAfItVIVI9n1f119111-111i3J1ftliiitl&ii0161411151951flpo ifieNt=tflflt910inlfilani66051f115NaVI 

(P/A)tMt,'6411,111 -15r1713JrHUTO1V19flli'l101-1VITIlii'lfil;%1',1,1111_114111f115 

HaViihInfl NflNa9PUNITA15inDt1191d00t4ifI tMitTiltill 7.6 1,31019IttDfltVIMMtfllitIVINfflIfTWV1 

6051v'111 4 IIJW4 6051&31-111115i001,1191via0,4iL917111(1161.1 1.34 1,11.' 014LIMVIVIDtillt3ity) 

1.85011 0141-19,IVIVRVINOthx16181 

Suwannakham 11:0,1,' Yang (2005) 411141f115NaAfM11.1151700ilfliflEllMOValTV1161  

P. acidipropionici ATCC 487511110116/101.152.11'illf11514tIMS5V1'5,611t9fdatlf1V11111461111T11 

trIFIJ fibrous bed 114M091/1VIAtTilf511.1 71.8 ± 0.8 fl51.l91D005 ctlt_11.491i1Jitliii14 41fl'ilf1151,1afl 

1150iMinDilfliflt1191VISflaV15`,t,'691i'DOM; 20-59 

JSfllflli (2550) iitililf115Na91f1WI115171i0fif191flicliD6?11011,40 P.freudenreichii 

TEIR 446 iitlflA1111-11114119fTh Ilfi iiJ21 31115Na f15qi1^1513Infinpanum0nmo 

(1.54 111If1511i)JOildaaA5) 11111fri111119:1D (1.24 111If15fl51Jdail0SaV15) 0611311.ThglKill1111 

25 161 (P <0.01) 1filniumoliV511ia1inr491l91luo11i15 complete medium 11141AcrilliAlF11.1 
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b1q011115 111A)119flflIti7/1511.1611011115 complete medium 111`11i3J1illill allfild ll'n'11-1114119f111 

~fl 1Jf1in if 1J 1.89 1.52 	 0.67 Illifl5f1TiniDalaSV15 011.161&I (1141,0111d1161,10(.111 

trvitiTvai (2550) IffrEnni5 NSvinwimiiaiinTimilluLiotillstilDrAmi5ncill 

P. acidipropionici ATCC 4865 i -)11611/451D Lactococus lactis TISTR 1401 1̂11.fil ifilflanTT'110 

y 

P. acidipropionici trillittlIDElM',' 5 LIM' 

Lactococus lactis irbilita0E1M, 5 Ifltlf1151;11.1q-11,40TT1 2 "OlId11.0111-15tgrillifTWV4I011 

tiVIIADLIY1111151MD1 LijOYT111151117flItltillithAllTh 2 am ilf115f1-)1113TrAitOrtiii 6.5 T1111/131 

30 OlffitclIalitlV 100114'1MM-1ff 11916n5-1f115flnl 150 5011vi01-11M4Ifillittlf15flI115171IWCIfl 

3J1f1i4V1t1-0 17.27 fli'llviDSVIS 145VR,Tld1111fl15141ifl 168 9T-III.J1 14rMN91fl5AIII5131. 0c111 

0.443 	 11605-1f115Na911M11115iniiacIfl 0.103 f151NiD&̀15dOihI1J1 ita2,11411.1-11-1VIcd 

i1̂ lIATalt1 2.90 x 107  InIdlliDijaS915 69111 3.50 x 	 lijOglAV1f1151/N1fl0,1 

/51 15f1 (2550) 4f1111f115Nh'Af15flill5iiailf1T1flaifltliii1115113.410,1111f1V1101140 

Propionibacterium acidipropionici ATCC 4965 Y11_ '11V150111151,14 011Maliviaf115FISAfM1 

lltiaillrldvirriimriantui'Dowf 1 llf1Mciftlklflli'uortallimati'ma, 1 

	

liW,.,11111/6iblq '11115 	 K2 HPO4  0.25 fl51Jv10SVI5 MnSO4.4H20 0.05 fli"WiD 

115 MgSO4.7H20 0.2 f151J00SA5 Ti101511311fWiltitillikifl'UVN 2 SVI5 Y 1 t1VI1511J 30 Nil] 

fin141011_401116A51 100 5011dnal LLM.,11-nflkliii0G1fill  6.5 Vf13115f1N01115flIVITii-

I0c1f1141131.1t11 15.5 fl51Jv1DSA5 114-JIIJA 300 14filNONSVInwiri5iiipiin liM,'69151f115 

0.39 flew 3.21 flTiniOSO5d0i-0111 V11111$1'11 li10111f1501115i4101.1614 NSVII4 

1/1flrfailf11561)E1:11,4051Illitlinill tlittittil5flIVITiAlialflifi Na9111104-MTiY111/fli11111-il 054115iti-

I0f111174491191E1)191-11ihf111Aliiffl11M11115f1114n -nriiitiltifo5-114ticutaialt-Tunwiymliailnii 

NSo-)E,--511-111011 

	

mirryti(2551) 	anv,11115117,111NflNSAf1541A15170011f1 tqfillSO Propionibacterium 

acidipropionici ATCC 4965 ililfldilAtlitflflain6dill191 ifl0141111111A1971.1V0,9150 11161 

11,1011115tgUlgali11411111411irttliktf101itlafl iFilitifidAtalfili"IJORMfounf, 1 11161111:ifl 2 

Smilqtuvtsgi 30 Olint9SflaS0Vf 5t1.1a,TM1f11511thl 216 ilill4V111J15t1P1S011541/1513i8fiftla 

15.16 fl5'1ldaA5 tIttjatit'l115011VliflS11311115f1")1191J5tt1f,11111mJffltref1e1011ilitldatlVf15 

M5ftfffItMflTit11(̀,71)11191161101V-15M-'Wetilflfliqwlfflfl01541Itt11541q1111flilfl 1145nit,' 4 '691  6 

19514F111H11 flT1J13.1&1511115111D'1101111Mfl 7 laid 111010011111tiialLIFJ116101JVVONSOf150 
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V(13J150111Tflf15fl11151711. 0i,111101)  2 5D1Jfl1511 if1 1411i9Jitlifl5f111151310ilf1111.1 

29.24 fli1Jo1DS015 (1li9J1t1,0-15011115171iailflailfill 15.85 LM2,' 13.39 fli)JoiDSAS 11-11115111.Tf11011 

Yl 1 UM,' 2 0111141k1J)1.11f1fl'ilt'liaaaltilIZOn'01 216 ilI3J11:vilfil1 

2.3 111.1d11411119-ifiliPiifilfl1GIIVIilloiln 

Propionibacterium 1:10fl'ilti4111 Propionic - 

acid bacteria (Quesada-Chanto, 1994)1^111f1510,5fliflO6tflf11491fILT-Mffiff 4111-,015t,'WM115111ifl 

w,:illtiliff114uniAlqannIT1,111111:6A6nlitia'avivulludntlaalA GuiluttunClotliiktt1511 

inn VI'llf15t1111ADIIii1411igfilffilarlatli11911M001111141,1Si 21JillflnlYi01,1011 Vif115diql, 

0,1.11J61,14fThalciVILLDIALLOISIJ (facultative anaerobe) nj11111,,Iiiii1,119JTI,'VflIfillf115t9iipt,1:11-1/h1 30- 

37 OsIfnVISMit1ff V1-11.15tIVI&MWITISindifl 	 una;niiunulq0D111914 91f1f115 

min 114;11_1W1 0,11friiii011Inflirldiit11111q1fTillY111411191V111f15511 Ifl0f19:11fittitynialtN 

fit-114113J 140,fi Propionibacterium freudenreichii, P. cyclohexanicum, P. acidpropionici, P. 
A 	_9m 

jensenii UM,' P. coccoides 91,9f19,111-1 k tlIVIV111)01553JNaOlkl-101,61.9 1-115NSAi911cruil 12 1115NSA 

11 5S 11151i10 	Vill fifl 	,101
s)  
1.1 flfThilit11051.`1f0 Propionibacterium UVI'AN91'11111A1111 2.3 una,-1n1ef115 

NS01115fli1151711. 011f1k001.9fD Propionibacterium ?Il01ANIV1119 Urf N4:9011511'71 2.2 

, 	0/  
ITI 2.3 A I-M 	D Propionibacterium sp. 

(A) 111561011F101R0f153J111f111011,40 Propionibacterium sp. 

(B) Propionibacterium sp.`11141f1f14019p15501,161Af1011014 
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V11511i1 2.2 f115r491f154115`111017111IAtd0 Propionibacterium Vf1tilii-didllT1(411AD1 70 9T-111.11 

Species Strain reference Propionic acid 

(70 h) fl53,191"aA5 

pH 

P. acidipropionic ATCC 4965 9.8 4.65 

CNRZ 287 7.5 4.67 

CNRZ 721 2.0 5.67 

CNRZ 733 0.0 4.40 

P. thoenii ATCC 4870 8.0 4.62 

P. freudenreichii subsp. freudenreichii NCIB 5959 0.0 5.82 

CNRZ 89 3.1 5.03 

CNRZ 725 2.6 5.29 

CNRZ 726 3.0 5.36 

CNRZ 727 3.2 5.10 

CNRZ 728 3.2 5.24 

CNRZ 729 3.2 5.31 

P. .freudenreichii subsp. shermanii NCIB 3.7 5.15 

CNRZ 2.3 5.18 

CNRZ 4.5 4.73 

CNRZ 0.0 5.81 

SO-STANDA 6.0 4.51 

2908-STANDA 6.2 4.45 

2910-STANDA 1.92 5.67 

7916-STANDA 0.55 5.90 

PSI-BOLL 0.82 5.20 

P. jensenii ATCC 4870 0.0 5.82 

CNRZ 87 2.0 5.10 

ATCC 4867 0.0 5.10 

CNRZ 731 0.0 4.11 

: Colomban 	(1993) 
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2.4 'iilfingilcin501111517110iin 

fil5NSO n 54115iiinlInVII3J1501.6941,11411010564"ThfillINONliellalaintoilill 
1. 	a 

fp19111111,-IfilitiiilltirdfIMMILLIM1111`111-INWZO AOUL910 Propionibacterium 

2.4.1 111C11.1f1101115fAnOilf1011M1511ilf1191firfIlDtglAtitG1G1 

Iootimmrnwi-10011cifivhfituga 11111t J11 ODflcIflIflOVTILOO 	 01114.1AVil 

Liaminf-Nifirmio 0,dfltAO (Papoutsakis Itat Meyer, 1985) it11111ASI 2.4 

1 5 Glucosa 
3 NAD 

3 NADH2   

3 PEP 

3 NAP' 3 NADH i NAD.  _efi  2 	 NADH 

3 Lactate 	lo. 3 Pyruvate  \—, 	2  10. Acetate 4111--- 

2 Oxaloacetate 

2 NADH2  

2 NAD* 
2 Malate 

2 NADI12  

2 NAD' 

2 Succirxate 

2 Propionate 

CO)  

2.4 5611151,6O115OI115i4I01.151f111151nTflf19,IfirittOtaffltOO tOritifD Propionibacterium 

: Papoutsakis Ltat,' Meyer (1985) 

2.4.2 1111111111-11111311Milldifftill-WHIMAIIIM019-011G1M115014A1411011000flical 

015dfilVf Ilatainni5Aloarrininacihomifltlfl151111fili%11D141oDan191611Itiii 

111126'31f1 vtlo113(fi13rlorrivr6ti0fll1i5t-J1'l ttanp1F1-)414/111,HADa-1110VIIM-1151/11111-11101 

t01.119SJI1J1f13116IA511-1rf 	 IO0O5O3J1`&1i114t,c3 ngAloonimoullili 

(3iflFisioidelimA'ul4) 

imoulls1;y\olult5olintvm ifviamv9Juvbn0i1lun51i21ln15 Ifluit-rTimott'vhilVioiriu 

todhanammiunAlat5rr 14inc-TsilnImo itylifiaifita,-nAuulilt'iJuoii`-arvifit1311IM7,01n0 IOU 



PEP OH  
CO2  

13 

cii6mf1iftnaniwithuali'-tuyiiim11imIDIfItalau 

ton'1111/1frinFlidifliflta fili'llOWUNLDVNLIalcrinlidiflifltD2VIETIEW0f11115U6111112nirl 

diafllieUDLIVIA014610001111hni-1111141115fAIIMIdif11,0 

tmt-hickrIA'fiw 

Tvnitiidin 6',IttM1111-0111111 2.5 

0 

*
0 	CH3-- Cf:.°  

CH2  - CH2-- C 	 PYR OH 
PR ÒH 

t(6)  A.o 
043-CH2-c 

PR-CA S—CoA 

t (9) 

O 943 o 
(9) 

, HO H  s-CoA 
SMM-CoA 

t (8) 
O H 	0 I. (4) 

HO 	

H C  = C\°  OH 

Li 3  S— CoA 

RMM-CoA 

(7)t 
O 	H H 	O FA DH2 Fum ATP

ES) FAD 	ADP 
HO 	H H S —CoA 

SUCC-CoA 

SUCC 

f11111/1 2.5 1115i'l1 61'fIcirtlOttailAIAID11491Ifltifl159111filicIJOUU100111914 

: Daniel (1995) 

2.4.3 liionlltan (a c ryla t e) 11011115d41.11115f11061-01 

f15S1i1N51Nieallfl vl  

tNtiod-adfiFiaintaionqf15t1vuoltoulcianfito1151urviat5d ttOfl-tMfaiflifltOnlithrlAyli 

fM1011JLM-10156"nifIkaiqtYLI610111011.01,1191313'11 1dfl5ltIrIVIOncIfFIflifli0 

tIA01111JtMAIII5iiimItlifltO IAtini5t-11t11'loobAno5mnaliAlaii-OIJ5;i1t 

timiumtpinro1114UD"0-ktffltIl@Aaffi'llita-tifflhifILD tkflf.t6otNn5qIcon. iiiofin6m...; 

StM:f11i?9_101.11qD0111-1fAnflOWAltifillf115V111111/15iii0L1,191 6'15111Alii 2.6 

(1) 	 ( 1 ) 

*0  
0 

..4.C— CH2—C— C 
 

HO
, 	8 \OH 

OAA 
NADH + .+A(3) 

NAD" 
OH c) 

Ctif 
HO

/  I OH 
MAL 

0 	I-1 	(:) 

HO/  



H 
I 42 

CH3—C—C 

OH "OH  
B-LA C 

HAD' 

NADH 
(5_ 

0 
••<3' 

CH3 — 
 

,C--0
0 

 
PYR "OH (9) 

(6)  

	 CO, 

C 
CcA 

A C-CoA 

(7) r—PC)31-1 2 

v COA 

CH3—C/  
OPO,H 2  

ACP 

ADP 
ATP 

Yro 
CH,—  

O 
AC

H 
 

OH 0  

	 CH3— 
4 "OH 

L-LAC 

OH 

CHr- 
•• 3—CoA 

L-LAC-CoA 

"-ErF  (3),fr H• 0 

fr • s$—COA 

ACR-Co 
(4.) 

	

II 	40 CH3— C 
5—CoA 

PR-CoA 	(2) 

C1-13—CL—C4.°  
1 • 'OH 

PR 

0) 

11114 2.6 iiia‘‘t;filtnotalf115rfi'llirl5illartAV1 

i/1111 : Daniel (1995) 

2.5 caatliiikInGiail1114911M111151110iin 

e 
2.5.1 11,11.6.1i11411014 

1~lElGlYlrld~9J~1r1d5U~gN51N~e71~f1~11J15f1~1f~Y~11167~c~1Y1159Je~11~~1 V11-1 vriA5n)au6uviirl 

11501,MfIFIn f11c1f050fl tat4i1YIDfl 	 nqinv uoaivirf 

6dcif1L1ff IL15V111dn19I1 (Prescott ttfl`',.v, Dunn, 1959) 

111Jf1r165f1 Propionibacterium acidipropionici  rf11.115t1LIMOUnlIfIV11011n5G1i1M5filalln 

11V(1.1f115 

1.5C:6141206  	 ►  2CH3CH2COOH + CH3COOH + CO2  + H2O 

(fll1r1V0 	 (1150I1A15fiiacm) (1M10°A11) 

Propionibacterium 	acidipropionici iTAA'111150t1JEJ14t15flttffIFIfIlIJA-df1W1 

illTvlialInttflt-I5o9 ,TsFia)'1V1111115 

3CH,CHOHCOOH 	 ►  2CH7CH2C00H+ CH7COOH + CO2  + H2O 

(n5qtmnin) 	 (t-noo,',716'n) 

14 
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aki 	 d 
Lewis UM Yang (1992(a)) ilf11(1NMt10,941'11V(t0501,169f t111115NSflf150TINTWIDfifl t flU t150 

Propionibacterium acidipropionici ATCC 4875 11 fl n 

1_15,110u4-10 unflivm npo ifirtitM,ltflfltM1 	 ttantoo 

Paik llfla Glatz (1994) lifitilt115i1JMAILI101n1110f1111111ATOIALlf150I115ciAnDi1111101 

P. acichpropionicillff15`.','ItTh1115111.1tIttiturriUmlimam-il 0.1 viO4--111.1114n5oiyncitlidin 

30 fl53.1d0S05 FlaTINflr1SA 0.36 — 0.45 fli'llf15901^15illafifNiDfli'lrif iflIV UW.4'101111-16051 

f1151i1oNaNSol4 3 fl5'1JG1aSfl5d0G1f'").1111 11-11115k911111M11.1fMiTIJD1Matl f1V111IflOilf115 

Illifltt1111M19TPropionibacterium acidipropionici P200910 1111i1 f115NSflf150I1115iiiat-111-1 
A 	_ 	A d 

5011111 10 	 50 - 70 TD,1501_11/11111 k00 t1S
9? 
0111151/11f11 

Quesada - Chanto 	(1994) PfflITIViltil Propionibacterium shermanii PZ-3 0wo-, 

Propionibacterium acidipropionici NRRL B3569 Tilrf01er-ityvNivr-thi5019191If15VILA011114 

NflftSotMln5ohniiipiiniAttl1ili1llIttiff115t111til1qUi11VIM5V11111f21fl -1111143J414 30 - 170 

Yang U 	Huang (1995)9t10001111f1151111flUIJIJ recycle batch Alta Propionibacterium 

acidipropionici 	 11161 NaNSvvuO1f-150111111109100AMOODf., 

90 1101NflNSVIY11111f1114 

Barbirato 	(1997)14111111f115NSOMflill5i11011M1flat9S05Dff11181.161011611 
9) 

IlliflrittM,115flttfl f1F1f1 fl Et Vli t'110 3 rf MTV 	i19 0 Propionibacterium acidipropionici 

Propionibacterium acnes ttMt; Clostridium popionicium 1/111115141.ifIUM_IMAGItAtTD5DA_I1J 

chlrit91591(41.14111ri1flat 20 f151JdO&15 Narl&l"Cht4111f1R11 14 gDf1”111151711011t1 (0.844 11Jad0 

trocZtAhvimArno0 	 (0.055.111Miaild)115flatcT16'fl (0.023I1MdDIITO) 

8501,10Af1 (0.020I11adO11Jfl) slga n-propanol (0.036111M10II.M)111161 X1014411ifirftiM,115fl 

U'dnFinvilwis'1.1V11,9150TfIhri1J1t111154115illailf141 	17 tt-M,'IDUM' 13 011.1616'Ut1 

°,;"g-lfil`191111,9(050fltM.1411V11,05M ummi-111 111DtlilifY)111t41.141.111D1fI6V1S050a1.1711.1VcL,' 

2i1Nd111%151f115NSA1150 tall (0.36 	fli'1.19inV15i1I1.11) UM'IA-1111.1t4114116U01f150 

1l45Y iDilfIg0 42 fl51JdD6915 

Himmi 	(2000) 14411111015091115011/151711. 011fMflatclf'050M0n1lifIVIIM1 

VISO Propionibacterium acidipropionici UM' Propionibacterium freudenreichii ssp. shermanii 111 

rmillimuunzAwfm-A1111101010 Uf1501115.14iofinAmmhinulvitt; uat14r100rst0 
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001 1 	fl5fl ir6 fl 115 fl 45'fl 	fl ttm', n-propanol 

2.5.2 1191&1141011Ti-d 

11,11 (2537) 11AnD14f1111011iTia110■1011 dell119151914d 01115itiVID AID 

Propionibacterium sp. Arl AKU 1251 Vill'ililVfilrifiWNfldafil5LiitrUallgOlilfliflE1114011115 

ill !fn. ] nariliN17.1 rarifi'fl 140 T1,1 	 011-1611tiniit NI pancreatic digest of casein 1110 acid 

hydrolysate of casein tif'DellflAiA151f115Ltif11 0dctiri1J1f11195fl&VVP-11f111tlfiliTliD 11115 

Prescott UM: Dunn (1959) lArlfilt11 ,9111L15LTLOT61/1i1T09106915111151117flttat49151Villl 

TO1f15flir1517110ilildDf15910 '<'n'TSF111 Propionibacterium shermanii V(11115t1193110111111i915M114 

1fiDWIST7N1 	 41.-3Vri'4 ITTAINfl 

Colomban 	(1993) 144111.11NWL101011d111-di9151Alli1; 371d01115NaM1541A151711. 0 

1A11 1̀f1JY1Y1NGl 	0r3 (141111114 IN Iri 1 ti10101V16?  

tri 
Yang ttflt'flillt (1994) Inifill1NM10 1011 	 tUr10 t 014110 

Propionibacterium acidipropionici ATCC 4875 0,11111lio5tIcuill4 g Dr) VaVf 	ttfl 

0115 011 	 0115 

10 UM 20 fli)JVIOS915 

Yang Itflf, Huang (1995) f11,11111511 	LIAM VUO1 Propionibacterium acidipropionici 

1A ld111JOtil3JilVarriTqfOOM: 1 fl111.10-11115046051f115(491 0.68 fli'1iVIOS915d 04-A111 Ctl 

mnfrimmiAllitFluilrarrtiq 

I 
2.5.3 U41.91,11Selgi 

Gebgardt 	(1970) iiilliTIT1Vilit1110Mili61/1ilAlfld0f115tit11910 169Sni1-1011115 

v 

316:10 Propionibacterium shermanii 
y 	v• 

i'Otinc°', 55 - 60 11011ITHIrntt12T1 ttdd111.40111151,FiAtif'DiibillIf11_10fllii'111566i1Jtalticl aT,t;flON 

Quesada—Chanto LL 1 rt; fl 	t'  (1994) 11 11 "i t j iJ' fl .1 13J ql 	Vi fl 1 1 	frli 0 

Propionibacterium shermanii IqUtilDt:6'11 FeSO4.7H20 2.5 ilflh'fl5lid005 11A011111WAI4 

ffl-11A)1141.11.11ntAtvilmrfulunl5t9iti, 
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2.5.4 1.111&-Illili-d 

Thompson (1943)1/10141114.11111'i1 

015 itru Propionibacterium shermanii tt l Propionibacteriumjensenii 

2.5.5 tifiDatlIJO1411011-01(CaCO3) 

timcisowniuotuoriJurniii-mimndifAitols (tilAnylai)Iouttfiagsufnivatuotilaiii 

qiiitniiiinwimiiimInw,14tnSottminicon-WiortivittanTrisfiiiuoulqDonlca LI_Juem 

i-m-ffnidtliu1015tiutilaoiqtlflWITIAIDiltIcilrAlaA141,1,D°g6clifIli?1J0141q0of119satridu 

flOrffil'h1113101f11014V1111J5ildiklifIC-1 (Altaf LLM,11ild`f, 2006)11.1815NS01154141 

5iiiafinehlaif1155-ml-runi514ttflfflitaltlli'110)3M twiluni5Naon5otmn6'n1411510111-11115 

141tfroastlinlli'vot1dnati13uvi51Jn1t, 

Kurosawa (Mt:flail' (1988) 4111111115NaMf15q(lat16M1fIttilliqt.119111fflS9111110119fONVf3J 

5 Will Aspergillus awamori -33,11i1J Streptococcus lactis Y11111511 	fyi 9, at vis)171 30 Olft1V1I"OlitM 

114191501111511141f1151131'116hitflfflik11ifi1ifIlallallii1l1iti 30 fli'1JviDafl5 	 5 101 

f11511-3343f16051 150 — 190 50119i01.11ill  1?1/F,MNa91115fltil 50 fli'llViDaV15 

Arasaratnamt(M:flilit: (1996) eff1111f115NaMI5OLMil6fliflEnT50 Lactobacillus delbrueckii 
' 	A 

LFthnlifinannidlluionwunlAdill 	 lo5 

011115i1f1151FalttflfflAE13.1fllillalln11141113.11t11 30 f15'1,19i0:8915 	(3.1D191111If1V13_151J141 20 

f153,1dOafl5 (MailVfkrt-Tmrimill 3 fl5ln1011915 

Kadam ttflaf1t1 (2006) 411111f1l5Fla91115fl(MtlF1fltflE1)950 Lactobacillus delbrueckii 

fT1511110111,iltYllillid111,1IMIA1-15,11-ill cane sugar ii0t1M-,' 10 fillik4VIIMOUW1,' 1661J 

liflfflis't13.1fllir3J0)14911?00= 5 11,11^1fllrffi'lltilq 250 ilinaaM Ii1111511)rf)iiqt1,11,113) 42 Olfil 

fAiLDIS 7 fri1442Elf1"313.1)1") 150 501A 	Viv) 11153137'ff91)--)El cane sugar 14NM4aA 

f15011Vp1 

Michelson 66M.,'flalt' (2006) gatilf115Na011”ll6M16111. 0t1t40 Bacillus coagulans SIM-

7DSM 14043 ariuutilouhaso Lactobacillus delbrueckii ssp. lactis DSM 20073 011115i1111341 

f115313:1'fl )001,410 Lactobacillus delbrueckii ssp. lactis DSM 20073 l611(6fla6it13.1t115`110114A 

,i_rium 50 115'3.1d0`&15 1iTliiii09S1M1 6 VflJ 1 Lactobacillus delbrueckii rISVIf15qttrd(161-114 52 

fli'119i0a05 11-115'')I1,11ii 24 ltanISO Bacillus coagulans (491115011df1F1111456 115'3A015 114 

10 
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Altaf ILD`.",flila,' (2006) ilf1111f115PlaOlf15fltiatqlfl tqtRifa Lactobacillus amylophilus GV6 

lilf115111Th11,1011115[41 1411,11d11111415L9u5inicintanuthllouttatirrht-TA lualvti5ii199511( 

1115111TilLF13.10,f1Mcis011fililJOLLIVI vilatativf15flttMl '6f1111141f1SOLtMlISM6tflnii ltlf 

f1111.101A1OD11114fil ttlq41.4141141,6flVI'ill'r,laila -mifiliTr(3,1115i4111f141-1 fl11A1411,1111511110 

giDilLOGIS 6.5 qt-inifiii 37 nliliFfdtqlt1d1;1111-drfill-rf,11;i100flitT14 1/11'ilNSOf150LLMIFIflb21)  

i'DEJD`', 96 (fli'llf1541ttffaifliiGstag114dafli'llii1VIU156"11411_1) 

2.5.6 111015110101i111 

111,09f11010111-15i1;fti3J1Valtifif115N1 4,10d5nl'ill 6.5 —  7.0 (Tittster, 1940 ; Champagne 

1989 ; Crespo 	1990 ; Yang ttaf,t1t11y, 1994) LIALiittflail;Vpiiiit09f 7.0 

(Prescott 	Dunn, 1959) ill fAILDI 4.0 va 	Propionibacterium acidipropionici 13:m111150 

ttm;ti'ALDIfIlfl'il 7.0 11151t5ttlWAqfll0E1115"10t1"3 (Seshadri 	Mukhopadhyay, 

1993) 

Colomban 	 (1993)144f1V1PO'llalill tDifiiildaf115N6'0115fli11511I0i,Ifl 

14-1f1154flIffil;VILOGIS 5.5 6.0 6.5 7.0 U11 7.5 tialifilf1111f1D Propionibacterium acidipropionici 

Propionibacterium jensenii, Propionibacterium thoenii, Propionibacterium freudenreichii subsp. 

1111i1a0 Propionibacterium acidipropionici ii`14111-15113Thi0019Mtalf1111414 6.5 111NflN&11150 

Quesada -  Chanto 	(1994) 14411111NMOTWID9fillid01115NS0115411511Thill 

tflf1L95D Propionibacterium acidipropionici NRRL B3569 	 6.5 W,.,111_15,',Filililli11114 

fil5N&If1541,15171IM1f1141'irli q0 

2.5.7 

IflEJTIVilitd-Nildlifliiiii111111alltLfif115dit119101 Propionibacterium sp. Ot.15:;11-ill 30-35 

olfrinalitm 

Seshadri UM!, Mukhopadhyay (1993) TIflfl014111-11ND110,99. i111101d0f115Niill 

N&lf1591I1A1514I0f11111-dfillilif11101V1f0 Propionibacterium acidipropionici111616V1511115titti 
„ 

iiront.''Ualt4S'OtnYHJI1'111.1-vi9j111111:ii 34 Olf(119cdrie_M Itdoltfuliqamir,iiitrAfl'il 37 n1intcli11tilt1V( 

Quesada -  Chanto 11M,f1t1g-,'  (1994) ~~l~Tf1~1GJc191~5~t1tY9111J11~1~1~f115Fi~t91f15~1~1^J5l^liti fl 

1qt1VISD Propionibacterium acidipropionici NRRL B3569 cvnyiiiiqtuvii1S1 37 01ftiVISfltqitiV1  Zvi 
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115 a', 	 40 81111191atifElff ti'..1119,f1,111,1131f11  

1Viina;ffulunimao-Inifilfil 12 
-A, 

Yang Lia,ttlfla (1994) 1071111111^1a91019,0311ful3J113J01011151-1a01f11flIVIlinallfl 10181950 

Propionibacterium acidipropionici ATCC 4875 1919,an9i-jii 25, 30 Una:35 0.1111191a1R1t1 

2.5.8 111515101f1111 

Shaposhrikow 	Vorob'eva (1963) 	Propionibacterium jensenii r(13J 15 fltii 

_, 	A 
Menon 1,1aa,' Shemin (1967) 141111111JOIV111910 Propionibacterium shermanii 811614 

r(111'hila1f1115160151fillAalf15011115311011flta:0i1fl'i1131. 01it1A11.1M11141/1i101fliff 

Quesada - Chanto 	 (1994) 1071111,1114a1101f11511101111110i011151^1a0111501 

I0It.1140 Propionibacterium acidipropionici NRRL B3569 111.1i1n31115a,ficVlif1111113 

f115Na01f1500115131. 031flIAlifir,(01111V(111-1a,1313101f1111131a1333J60151f11511101f1111 111.61f115 

tiif1161.1101611alllfaSf11514a0111501anTIF111 1115140150113Jall  12 w;rri1J3,11f1411 

2.6 	 (molasses) 

ti_1131104111a1111118'3411?(11111a41 0i1111141ii 2.7 113a9iNamool9siV1f1f1151401311011a 
9) 	A 	 , 

1/5109111a 0611,101q1flf15511Tif1151,1a011,1°1011a1151091fl60011-13 63.191flf1151114001,6111111.1 
g 

1,11datlf15DAta1f11flaaf111,a11f18`1131008q1,114141161101111011a3/151891f101tflallaafli.11 tkonr4Sn 
3) A _4 A 	 s).4 

131011a1151601-101111"0.111111W101 (centrifuge) NaNaVIVIaaa 1011/411af1191flfl151-1a011,11011a11510 

41811d103111111 Mall1011a 401a:flail (filter cake) 11,aa,'111f1408 (bagasse) 10180141J511allei-111 

111 fliilalf11111.11011a qa.,4111111011alia5afillj0111N811 (A1131/9101, 2544) 

11114 2.7 111f1111011a (molasses) 
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2.6.1 ifid0110,9fllf11.41014 

Association of America Feed Control Officials (1982) Ltill`11171WUDAfIlf111101fl00f4J11 5 

1. Cane molasses 

I.J11NANWIAM0f114 (by-product) unni1N-̀ 6ovtion-ninfivnamitn-m4aolvTuirpig 

flinch-mia9silwililcdivitiniiomfinum (total sugar) i'DUM,' 46 tfAIIVNIADOMJ111.42+101 

ilf1")111411500flt,' 27 0:nliiefi11e0T1.l 21,141V(13J15f1iflfril1J11211114115nJ1i1,1 75.5 

01F119Jifl4 

2. Beet molasses 

vficuNSVINMAMOULY1fM15NVII,119-11flTlf1111/1 filf1111A1M511011111filJlt111.11VIMIT11411A 
3
'DFMZ'48 tlUrfq,100113J111.4211910111101fl6111.ii1/1 Ufl11111011091•9 2 ailV113J15t1IWY313J11-111114 

thccanat 79.5 alfmlincil'  

3. Citrus molasses 

rilu&neuaAj-iNallilitil'hlt11115P4a71P411JZ.,-141') fllt11.11911a1517wrwlillrillltIlliviVFM 
9/ 	A 	 d 	 eA 

111113J9150tW, 45 citAWCIOADDf111111,1a1111011,11911f1011t-ITVI LLW,,q3JMOV-11 2 ailV11111505AW-311.1 

11211)141J5n11ild 71 01f11115114 

4. Hemicellulose molasses 

t'NrsiSoNmAmoulA1nn15N1A1.3% 

ni5149,tiaiftiltMn1111.16urp ioucr'laiiin1519In5fl Gl15 11lDinSolun5,- in11n15r1So 

illf11.-110Thlfrn1111.15n101JA0 I1I1ITVIV1 LEfflITVI 	f115l1.11Eft059111,19r51J1i111111100f1'ilf001l55 

5. Starch molasses 

L'illINSONMAM001410111INS91111911MA4III5MintiflA4-1-Arm 
1.) 	A 	si 	 .=1 	d 

ItuAtI,M1119111,f1d00AMDIA1,911°11110f1141 fllf111101a9SUAU u5f,1109JA-30 141V11M0191500M.',43 

thtd0100f11J111-1211611011-11VIML0f14IY15V1 iiiritH1011-11A149111.1fli'DOD,' 50 

TeJ1oAt1l ill011111500at' 77 

2.6.2 4194111tDOMIJOAflifl1alWID 

Liurntivii,littaf,n5511T1uni5 

rZothom tql:i1J1i1M15D-11115d1A1113111t110ib19501 

; traq16'191151A171 2.3, 2.4 tt 1 2.5 011116311 
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VI15111/1 2.3 1.13111illilib19501151710d111 11,1f111111101Th 

tiney a1 Cane Beet- 

Coppn ni ,  k9 36 13 30 
Iron. in*_- .1.4! 249 11 7  100 
Nlangtinese. ing.kg  35 10 20 
Line. nit! 1,:; 13 10 --- 

1111 : Association of American Feed Control Official (1982) 

051311 2.4 VITITHU:f1D1111W,,-di3.11illa-1501111159i119 11@lfilf11-1101d 

Itcan Cane Reel Citrus Extract Starch 

Brix 79.5 79.5 71.0 65.0 78.0 
f oink Solids 1",t) 75 0 77.0 65 0 65.0 73.0 
Specific Gravity 1.11 0 .11 i .36 1.32 1.40 
Total Supp-,. t",0 46.0 48.0 15.0 55.0 50,0 

Crude Protein 1°o 3.0 0.0 1.0 0.5 0.1 

Ninogen Free Extiact i''oi 03.0 0 7.0 55,0 55.0 65.0 
Total Fat t" ,0 0 0 0.0 0? 0.5 050 

Total .Filtei to o t 0.0 0.0 0.0 0.5 0.0 

Ash I -3 to 8.1 8.7 6.0 5.0 6.0 

( alcnnn. k') ,t) 0 0.2 1.3 0.8 0.1 

Phosphoins. took 008 0.03 0,15 0.05 0.2 

Poikissium 	t 6 0) 2 	1 1.7 0.1 0.01 0.02 
Sodium. t° (.4 0.2 1.0 0.3 --- 2.5 
( Inonne. kr01 1 1 0.9 0.07 3.0 
Stant]. i,Li,I 

erey tkeal kin 

0.5 0.5 0.17 0.05 

Swine ils.1Fk 2341 '320 2261 2231 

Poulti y k \117.,: k 1902 1962 

111.11 : Association of American Feed Control Official (1982) 

VI15 1411 2.5 sdiulat5Mill-1111-ad141 111111f11-1101fl 

-Vitamin Cane Beet Citrus 

inLY:kp 0.36 0.46 

Choline. 111g'k2 7,15.0 716.0 
Pantothenic Acid, tug lit 21.0 7.0 1 011 

Riboflavin. 012 kci 1.8 1.4 11.0 

Thiamine_ 102•-k2 0.9 

Y1111 : Association of American Feed Control Official (1982) 

2.6.3 W11/11`111417111110111111111010 

tiltai-iininjimaii0A4115n1DUcAt1115a,101111dDn15tiifipolvmrlitilnnum ttd 

lt_ili.i' Vfl5i1V1-11.115fltititilf1151iii1J14-111191g110101,11,11Eladelj-Al 4'-1OtilA1,1'511 iat1^lp5lqoan191 
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(sulfurdioxide)1E1M0flitsaIMIDiFnaa (hydroxymethyl furfural) IIAILLTIVIVisE1116ilIA104-0134- 

11H1 (potassium imidodisulphonate) f1501i11ill (fatty acid) LIT0114D6ill (melaniodin)1,1,W.",b191 

immin 	irlDlitAl 

A 
1:3101.11fIlf1111911WirlIgLIkN111I51411111191Td n.11411.1119,t11110J -70 011111,91DtiEJVc6Mt 

ii1113(1111.4 6U011,12M-)111.1M1111r3W1 24 4111.11 910111-44f1111111Alalll 700 

1i111M5 5 S915 f11,114NMILMALLillEnfilA itii1V15d1'1UfIlf1111V1ThIJTVIlf115fili4W112.111-1f1 

c,,inalcdu 

1. 0151JTuilmtuirmiotMtvihntannAtrulao01-111-311 (Cation exchange resin) 

(Roukas, 1998) 

1111,5ilitMINIAMAIDOOMY)11111 20 fl51J tFaM111.1V115MA1011111111911D 100 iia'aVI5 

1,11V(15,'Mr_111111161fllilii1J9J146f11 OlicItililf1TIllt1-35D11 250 rpm. 9, 	S-071 30 

04011,9la6tlff69l1Jnai 6 Gfi11J1 

t1501t5lf1100fli1014f15nI1lif1501 

11.1V115MA10111111-11MakIlliftliit0141-1 5.5 4T1I'lltiit1111605Of1195 10 1105'1l0fl (10N 

NaOH) 

A 
111V115,'flltlf1111141V11Athillli'lla0M9f01(19,t111107 121 01f111,91airlrl 	15 

1111 ,1  

2. f11511T111111flilifITIAIAUfl5q4aihifl (Sulphuric acid treatment) (Roukas, 1998) 

- tilrfl5flt,-010111f1141flifl3J1 1 S115 liTiffilf1"3111rilldfl5A d11 (pH) 61114 0.3 	1201-15A 

id711116411414 1 1-10i"1.10 fl (1N NaOH) 

- 1711V(1510111f1111VITacilITI.JildalittA)-niliillitvqtuvis]ii1101 (28 OlffitqffltrJVf) 

1111,11,-)D1 24 

111d15W,.,'fl1t1f11111110M/JA14011014')ElfM111t115011 5000 g (8000 rpm.) 	15 

11111 tflinflrhtlilttElflOnlalallili'lliA11.0951111f11J 5.5 ?I'MV(15fl,1-A-109403J1dA5011 

1c14.41.141,1 10 la 	(ION NaOH) 

tould15M.-010f1111111VildtdVillilllaDonsoviqamoji 121 010119iDtitsEJV VilI16TO1 15 

14Th 

3. f1151JTIAIllilin1114'361A5LtflnAtalVIOVIAVI (Tricalcium phosphate treatment) 

(Roukas, 1998) 
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- 111-0-15MD-le_11,110M3J1 1 SV15 	 7.0 Ar1V(15M,'flitliclitaltAllff15Dfl 

114141.141,1 1 1.10i"1.1Dfl (1 N Na0H) 

Tilllielik11141T13Jf DI-Slqi1114fil 100 011111,9ffltiSFJ LM,16"-ID1 15 1,1"111 

- 111V(15flf,D1Ofilf1111911M1113i1,111-119nufiatiumAlovrrlonikrtiv 0.03 ivali'luTtufthil 

- 111V15fl:,'"dltlflif11110T0'11111141,111t1U'D1 (28 Dlilligfaaft.1V0 (fILIM1 24 9f 4~1J1 

- 1-11V(15d,'Mr_111111111A1MJ1111,11,111E114-3t1f1111.1111501J 5000 g (8000 rpm.) 111141'1111 15 

tiliii111141inlIfilitrifIV12.;f1D1-13J11JTIJilt1DIST(541_11-1 5.5 4'-it_1M511'flltii1Iflii0111g050f1194 

41141 5 14851.10fl (5N NaOH) 

- 1.11V(15"da,-01E1f11f1111911dIthili411'00flVisoffi q ualigi 121 0113 1190L'ilEM 1111.411fl1 15 

1.11i71 

4. 	 tt l1  b7117110 (Potassium 

ferrocyanide EDTA treatment) (Roukas, 1998) 

- 1-11d15M1fl10111V1103J1 1 1115 ili'llti1111,09ft`Vilfill 5.5 112111" 15M,'ME.M5fllE11q5f11111f1 

1411411 5 1.44110 (N HC1) 

- 1,11111411141111i'014`Aqtumjil 100 0111119ffl111111.1141- 11 15 11111 

- 111V115Da;altlfllf11-1101a1.111F0JIY11,11/1dat1111ADI519suilou6Ulto Aim% 1000 ppm 

1149itilla141J1la14 

li)V115=a1t.lf1111111A-M-1111filqi1F1111.3111TD1 (28 Olft111SflArJr) ifh.4170-1 24 17-1I/J1 

- 111Vf15M,'1l111f11f11-1101M11171.11111(114T1f1-311111 15011 5000 g (8000 rpm.) 11}(11"-M1 15 

1111111141&311i1111,E1f1M'fl011l11i1l1111flW140111 9j1,111il1i 121 010111SNAti1 1111-11-M1 15 

T4 Th 

5. f1151.1T111111 fl /1 TIN NA ti11,163J1illi (Activated carbon) (Kotzamanids 110 

2002) 

9) 

d1116/J 1-Tla 15 	fiTh llail5flfdltlfllf11,7101d1113J1J53J1i111,71911fl151JV114 10% 

1ii1.11i11 200 371615 

- 141 J14FJ1~1J1410~1))111f1111J5e~U 1,1fl,'11T1-40d0flt"-Jffl`VI 50 011111'11fltiSl UVII111,11-3D1 15 

11501N1d11-160144Dfli0E11191f15111111501 what man 11405 1 

- 14141191-1frilV(15D,'flitll'a 
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111VflTilf150,91411.1115lltiliAll,D9S1111-1 7.0 Iflt)191V11t'flltlic111,iit.1111E1050f119S41.43J41-1 1 

LialJafl (1 N Na0H) 

21 A 
1:11015fl ,talrifilf11-11V111111(1111IlkDflIliallgillililiJ' 121 alf111,9Maft.l'ef 1M-11,701 15 

1-11ift' 

2.6.4 111111511.111t1111-1t111111M4101U 

illr.,ItnrtlitlAinfinlilniniiimaiil lfiflUltil.110191ifillfl111911d115t110114T.1 Jima , 

ttinq 11.,,lensTlifirrnAlCotni51 tit! 141149,ornvin551A-111 11411115N101 

tiaanogarhili'llfil5NSAVIllimn-n5NSoLoTimamlalAlluirruNrruluni5Naviut-laicnia6(  

qVIr1111115511N1P,Illpv wiff-rrin5lurri5NSoDivii5r791-i'9,041111155111115a9111'Vfil' 

Satyanarayana 	(1992)Iflllf115NSAIIIIrIfflilallf11111101N,MnINVIlf1
A  
1 

LLM'6161GUf11111,11rild111,119111,14100195V150 Eremothecium ashbyii 

Liakopoulou-Kyriakides Ltfltfliln,' (1999) iimilf1150OLLTIALL3114fil19111111flifiVIldi0E1 

1911`110 Xanthomonas campestris ATTC 1395 116111-25,1'n'f1151111f1 24 if'-311.11 V1111150NSfl 

119111111(11-hfl3J14 53 fl53JdD&15 I0E114fIlfaN11Wirifif1T11.1141141,111101All 175 ni'l1d0&15 

11151g3J K,HPO4  4 115119i0a915 ttaaciAILDIS111J41,AUfldll 

1. 	21 
Carvalho 11Dtflitff, (2003) 41114 -1111516911D1/1111D'd91f1filf11-J1911fldati tW_111f0 

Saccharomyces cerevisiae 11-1VfilIT,1115113rfullialflt IfS14MN&19101101/111-10flIAVIOL9hl 

16.9 fl511G1DSVI5 

g 	A , 
Shoda (2004) rifIlilf115NSVI Bacterial cellulose qlf1111f1111MMIG1114f1-1511111'fl (treat) 

1/7111,11A-111W1i3J4111101 Bacterial cellulose tf5i155Dt1M 76 l8111f1f1-il 

010111911fliilliFiThf115111110 (untreat) 

Wee (2004) ilf1111111511-15fl11Df16'fl (L (+)- lactic acid) 9111111111,101fl kflE1161SD 

Enterococcus faecalis lurrnyy.-.015 11 3111U1111f1 11161131Vf "3.1' f115 VI aril ii01111109a11 7.0 

N491115911,1Di1gf114 95.7 	 11ND14 (yield) kfitAatia 94.9 

(productivity) LM-1 4.0 fli'11d0`15d04")I3J1 

Dumbrepatil 	LM'c,'flild`ct.,' (2007) rff1111f115N&lf1”111M1F1flUflf11111MOM tqf.119f0 

Lactobacillus delbrueckii subsp. Delbrueckii Mutant Uc-3 	 119J21Lii0117 

illillhOMM-11.11411414/1691 190 flTliviD&11 V111111t1PA'Af15061DfIF1f)Li 166 ili'ld1O-̀ 0'05 LUntij 

jA51il1INSfl (productivity) r911.1 4.15 fl51.lv1DS059.iai-)I3J1 



25 

Buenaventurada 	Tokiwa (2007) lif1111c115Na0f15011flf1F1f1 (D-lactic acid) 1G1E11110 
4 9) 	v 

Lactobacillus delbrueckii tlf1111111-310 TO (sugarcane molasses) ,111Nfl alt1f1D0E1 (sugarcane 

juice)11,W1,'111N-d 13.11f11111 (sugarcane beet) f1-311.11&150011 6.0 ttalf1111113i140 013111,93flfitlVf 

NflNa0g110105011006fitlfM150A01,100 	u'imallitina'aollW,'111Nflbiit1fl`11311f11.3 

107 fli'3100a05 120 fl53,100a915 UM'', 84 fl51100a05 013A1111 

Dong-Hua ttatfitut (2007) Iff11111115Na010011a10050fl (Ergosterol) -111111f11,3101fl 
A z,s 	0, 

L001910 Saccharomyces cerevisiae 113.1111500111A1111,411f355111Aill'il 31f111Na0100If1V110050d 

52.6 1Jflafl51JC1Dfl5)J t111111514111f111101A310-3131141115114 60 f1T3J0Da05 315tn'f115113Th 30 

Iflorflvti51Lm,49J9A1mdt-nuni5tEutii 

V 

2.7 II1M,'11N11 

4-amtl iji-3i1A'nlitulxihnaltvifl-fIrracif11611INMI nAli'1") ii'311115,-'0011-616t1A101511 

'Ii 2.6 ifl1/316111111111t3Ali)13d01.4 	 tirtaliondiFnAli'Otidcf, 2.5 (11111111100 

1131105) '--1141,̀113.1f,31i'lllifilltfitlli'DE10a,' 1.45 (1711111111001ri3J105) 

tf11111,1111111fi lt11113.11tUttal,15110110111101fl 0fl093913110111111111111110/1101114-nin1512t91-1131 

ni5t1J'Au1anlalltki-m 
, 

11111t1A15111111 1 	3.100fl05 115n10114-30101illard1Utc,10 t`141 f350il1f111i111 0.64 

1150311113115f1 0.52 11JI05fli'9J 1100;1% 0.2 	 111101451514 0.01 

131105053J 160n15011/151f1 0.52 111105fl5l9 1150110M105e1Jfl (50137.1`A)1113.11ill 0.7-3.7 

11W,:,11:9115f,f10111114-30V11510i1431 11:1J1,015i111'31111"1111/1V11111Juriluivitii 

t9hmflimininiuttondilti11114419eua19AN 

1MnlVidli11190 f43-31rafl 

2' 
11111a1Ali)1-16114Na0NflIMDE114t1011151111105 IV_1111101111flairMini5.11-miliniittft- 

, v 	0 
11141J 'ff1,10 011015Na0f1,11,'91101r4111f115Gi1ciff13.1n15111,1

A
10111113011t3A1I1-3111Na0f1f,11951131 

3,  A 9, 	 g ‘,1 	91 A 
11t1351-30100D1111111)1111iviuni511111114115titnsirkluanTin5t 111f1YIAVIV1111"10D03.193101 

Afiltioninrom Jd iwyjmnii)1")V111115flf15,414fl15tIliltlifl411rIllit'llflStt`ittitFilJIMMntlil 

193flS0d1152011 1311011f11/111n\li'lliiilib1911fltd15011115ilwaminipiel t1f1131517111,1vi 

uninedrilltnohu jiutrin-nnillii'OvacitiltrE55maittitiAnio11406115-10L1 D41111 

U1031i11311iNt 1'30 40110131311 
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A 	
V1
, 	 5, 

0 

91151111 2.6 7111_15n101_1g1101111R1151-) 

iLIVIT15,- 1DU 
v 	, 

1111.111■151-)ttn (%) 
g 	v 

viun15-noau (%) 
.., d 	
v 6110111 	/111111111M 5.4 6.5 

50' 	.,:, 	c(- 
1.1101MA")VIIN 0.2 4.4 

ttiywgilll 0.5 0.6 

iii5F11.1 0.1 0.01 

16111ra1 0.1 0.01 

t-1509111l (mg) 60.0 120.0 

pH 5.2 4.5 

Potassium (mg) 247.0 290.0 

Soduim (mg) 48.0 42.0 

Calcium (mg) 40.0 44.0 

Magnesium (mg) 15.0 10.0 

Phosphorous (mg) 6.3 9.2 

Iron (mg) 79.0 106.0 

Copper (mg) 26.0 26.0 

clan : Coconut Development Board (2012) 

111115v1111111VIAInTtfill11411M11151011,1"  tlfld 

11,1115nTlftdiA:Ini tilITIMIA111n1111111Y110116601115WIMMDIA 

111115nTlf(61.4th ttal'ITIMVISEJ 1111113Jn111113J1t'illfef15 coagulant lat Latex 

- 114115n1r1fW`LIThla 	 Ifltitif% Acetobacter rances 111n15 

min tlinlTlnjllJnAli'l'nllriklltlIljlqlMuSif15ndIJln 

- 11,1115Z;t1rIfflYIEliii115N911'ing.111-nioulillfillnAli'l-HcilltD111151gtiltilDiqt1141, 4D 

Acetobacter xylinum t'llUd'NZVIailt111L901I0V1 

tidlualv, iitIn1513-alunil--nn14115 ,109ciltiliin'fllitIR,',1101111514111.1171iltinatFla 

ala,nineinmimpt1151/W014011111011611D11115111715y114Villl 11M111_1Altiltn401 

YlVt101Jiil1 1,1L1 'VIVO TiltTh 1 d Ili ltdvflatioui'uodiltriAlivialtri- jmnin-3 

VihttrIld1011115i1;11tiVfl5D11115lantingiiYM1f1VM1E1 0119f1F1, 2545) 



1.11111 3 

111011111151a 

3.1 mloAllallaf,ItInItinillu 

tf15a32Od1f11590f1111tIrfl (Spectrophotometer) T011iii`fl HACH Su DR/4000 

tfll 01High Performance Liquid Chromatography (HPLC)11DAlliTTY1SHIMADZU 

ilA C-R7 Ae plus 

tilqf15ailf1111111110 5 AM 
A 

91J1ILMJ1tIfO'Vlqadliflii 30 alftli'llOiEJVI110111iiril Phytotron climate simulator 

tf1101111,1011t11 (centrifuge)51,1 Falcon 6/300 

tf11 alillfill141,110 (autoclave) 11011_13-1:61 Hirayama 5u HA-300 HIV 

11110101M3Jii01,1 110111iIrri1 Binder 

tf110143 2 41tO11-i5 6110111i1:41SHIMADZU 	 EB-40000 H 

tflialiA 4 41m1:11 Toluithri Sartorius analytic ill A 200 S 

0150111:015 (pH meter) 110111111Y1 Denver Instrument 51d Model 215 
9)=1 

qvut1t950 (Lamina flow)11D1111141ISSCO 5u BVT 123 

I09,flfl111.11f14 
g 

fl`Nlt'U
A 
 ffilf0 (loop) 

VUIVU
A 

 EJVISD (niddle) 

11W2IJISIJI1 (Erlenmeyer flask) TO11111IVI PYREXR  

1/MOWV1qflO1 (test tube) IlD1161,1"1/1 PYREXR  

f15,110110-11 (cylinder)11D11131,11/ PYREXR  

TifttflOi?  (beaker)611011111:41 PYREXR  

(pipette) 

A 
ql1n5attannIalunloui M11111,111-1015M011.910=1115-Itf151n2f 

3.2 ffillfliblat',11G1f111M1101 

011115kMJ1V110 Nutrient Agar 
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rri5Vfil'q9-111i1V14" (yeast extract) 

f- ou IfIVI (glucose) 

1-1111M1 

(K2HPO4) 

111.11f11ila1MA191(MnSO4) 

1111fIcilit13lint1^1911d11M.,'Id1q50 (MgSO4  .7H20) 

111.1111TiiVicif1161 (MnSO4  . 4 H2O) 

1/flatifEll1f1-4110111V1 (CaCO3) 

iclitakalf1411011.1q (NaCO3) 

(KCO3) 

V115n'diftill.10'd 5% 

N1114 

ILM1r1 

3.3 ii1001,1111E1 

3.3.1 1.40014111tichinldillIWEJ 

VISO Propionihacterium acidipropionici ATCC 4965 91f1VitTlITIliit19Y1t11111M1i"  

61M'1Yltliltiaittli13ha,111411t1 (n.) 

3.3.2 111111111i'flillgOilL11711,1111534i1 

191411614 04014140411.1111 1 111 tt1113J (stab) M11401111411 MRS (il1flt11l111 11.) 

1111thi1J11.4eilikil;qatiliglii 30 alffitcliflArleill-Idill'11',1111`111-11-1"01 4J11 91f1111-1193115AAlild 

9flqa3lMilfillflaq'Vlqa01111trt:111 1,11111111-141,r11,671;qtlillilil 4 Olffittlfflactlrf I,Lanfif115t110 

1`110"01111D11)0511111 (subculture) 1/111 2 atIOTtc 

91 
3.3.3 11151011.1110011%01511011 

t11019109111111 2 11M111-1011115111n-1 MRS (f11flt111-111 11.) If51.11915 150 fiflaVI5 

ii1;41111AVnldfi'llt1Th 250 i'lfl`15 allikillilqt11111g 30 Olffit9Sfll'''lltl'ef 1.11,11-1d1 4 AA) 

141.11111150filf115011"6'1111V111741-113.1tinfl zAlt 660 1111111,11A5 (11i'IM-11116lict1110411111)TflliNfil 

fl1Wpal-IttVflt`Vilfill 0.5 4'10011115111M951,41611.14i11411159,iltTiatt4-1) 
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3.4 fillilfrillfilM1411414110Af111111101Di1111/.11A1J114AllaG1115014111741017-M1f1a0 

Propionibacterium acidipropionici ATCC 4965 

Y  tFallial501?00M,'  5 N11.10111151g01140iCIM511,'Ilikl5f10114-V1 V115df1fllflij'at91 10 

flTIJVid&15 IAIVILLTIVIIciff11JldIMMIVIDVII1̂10 (1(21-1PO4) 0.25 fl5lld0aV15 

(MnSO4) 0.05 fli'liVi0V15 11,1fflU61fMATMIVItd110f10605VI (MgSO4.7H20) 0.20 fli'llVMV15 

tttlfflq1011filifilatINI50t= 2 Ifltllilf115ttlhalltl-313Jt ElY141111-10-Mili0i9111.11anDfl-cialfifl 

(Dubois, 1956) 	20, 30, 40 ttar.", 50 fl51id0&15 L911011D11115tidaf,1915111Y1fl1VI'A1_N1 

500 1JnSaVI5 1_11111051̂1fl1V1.4. 350 fidAS915 Ii51lfiliit09111,114 6.5 (+ 0.1) ilfl1114')Elf71 

thlth119.i11404-IrmatvisIii 121 OlfiltqfflafEJV W-111414 15 11DiAiD9115111.1"11,M411D1 15 1.11V1 
9, 	9, 

lfl et10 3.3.3 50tMt,'  5 N1140-111151tda ,' / V15 141111511 qflD1 3 911 111 
==,. 	9 9) 	.=1 

30 OlfflrlfflatlVf 	 t9SttflMftilJfili'IJMNALIV115f1TLITJ111,09i tfillihOtilA11111thl 

4=1 
f151M,'  4 coSa05 llf11 24 i'3I1.11 tM-11,1d1 9 ill Yilf115V15"-All'ULTflDY11.19n91Mtln plate count 

(AOAC, 1997) 50i110151111n3J1i1df15flill51Ni0llfliOritf1101 HPLC (111f1NInfl 91) ttcla lGlfl 111J 

111
9) 

 1111
9)  

1.111011,11V11flY1111flOOT115111) 	-9TWIA,011f1 (51MNI-nil 91) 66flf ii111-153tfl5lni"Nfl IO Vll 

11J5ufn3J1rmr(66 

3.5 f115iiDEVISE11111.11.11rilllildfl5011"15111017-hAanlatlf1111114f111111ii111114110A 
9/ 	 .4 	

91 9c: 

11101aMillif/MVIBU-61UUKB/1111514111nAllitilliviiii-wnmilueild 

iinInarioutilumfikriturnflivuinafinfli rd'Ao141119:05D11115ciiifY)111166J4119101 

lifIlf • A1M

• 	

A

1 1113J1 'MJ

A  

V1911115MMD1

A  
 3.4 eintilUtlfilif115

q v
1  ,

t' 
11.t115 1111

A

a 191T V

. 
Thtd1E1 

., .4 
1outnilv9Jurni511o101 A11-1 

A 	 1'  A .., 

V,19151r1 1 tilf1111911fl + 111 + eirrovrflfltMfiLiblq 
4 	3, . w 	9) 	.=i d a, 

IOW 2 filfILIWIld +11111f1A151.1+ t1M1rfflOttflntiblq 

4 	3, 
o 

9, 	
9) 

4011 3 illf11.41A -M +iivriivrtiq + 1.1=11113 

1115W11 011011111ttd0 1511-FIALdirffi'll111fl 500 ITO 11 G1 I 1111.11051IMVffiflt,'  350 

9) 

ildafl5 d̀i'llfiliit09f1414 6.5 (+ 0.1) 1IMfl4"IrAl 11111117119:111104-H1qtliVillil 121 
9) 	d 	 9,  

alfillqiflafrJd f1-311.41/ 15 1101,141M11514171-) Clint-MI 15 14111 tF114-a'091f140 3.3.3 i'00 M,'  5 

allwomi5ltdat'vyn 111f115110 ;001 3 clfl 111 11_11:1361141 30 DAftillMlitlV1 cilVfill "),1711 119; 

ttflflt''itilfflli'llatIMIIII,Iffl5t111Jfpill taqf telli6'-)0(.111111111TilfIllflf 4 371n6'605 11111 24 4-)1114 
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ti11t')D1 9 J1d Iiif11505')91.11JVICOSililli914')Ent plate count iwild89f 113.11i1lf1541151V1a11fl 

IOffifltal HPLC 11.M'iqtrY1111,43J411i1DA11101fli11 611D4')ElThill-10d-ciflififl1Ma,'1410-15itt-151f1)1 

Nflf1-1511flaolel'-mlihtif151J11 11d66'  

3.6 111540}11167106U01D15iiyhicNtilunailiinilmerupian-nciamnoliAniiiocin 

1.11V1 f1151/Afla41113JMAJL111.11tVOTV1V191f1111A910111/1 3.5 IMJNiiti3J01141511114"01fffi 

611111q 500 1iflSSVI5 tri1117151A1.01V1fi'M.; 350 37mSq5 cdi'lid-riltD95111U911  6.5 (+ 0.1) `11M114T1 
y 

11Th 1.11111i119.111,i104-Mgilillf,,lil 121 111ff1115flac011 fl'I11J6'11 15 1.101-16daq1511ih 1`111M101 15 

11111 thiTTIOT1f111'0 3.3.3 	5 fl111.4D11115 ii1f1151/WM04 3 41 ii11,911i3Jiigill1111371 30 

Iii1015M1V1011f1113J1.111.M'ValtD1d15Y1111
9 
 011,1_11.1f1D11 3 

CaCO3, NaHCO3  1,1.flf K2CO3  IflElii1f1151/191VMUill f111111411/111.400Wf, 1 iorm-)a (wily) ttiu 

-1'--3ati111-11113:(flfli'xIM.,' 4 1la'611fl5 1/1t11 24 ih13.11 iNt--3a1 9 	17i'Th15M5-)91.11JitlfD&Y13J91-N1 

4"-Arn plate count iOill tOlf 1111_11111t111150IINTWID1111IM111104 HPLC 

Li91olailnApo'-)0757Aluafl-imifin ttanilt11511f15 1 ,-'11rslflf1151(WD14-301115t6115111(114Vfi71 

3.7 015ilflii11)15PAMM-111^11A101-411945t:auilldhfl5ileal,f1111111410 5 it 15 
g 

Yilf1151NflOWEJ11,950 Propionibacterium acidipropionici ATCC 4965 11464 fl5 

qs1/11119.11-110 5 &15Ifltlilf1151.1fitY1ILiitiliiiVi 

1 19%105 D11115 	Vf3JiiVIM11111"140 3.5 5'11.1611 V115 ii14111M11.4fM1A 

Ifl011111015f1-31_11.1fill011 

ti'41%1;  2 GIGkV15 0 11115 i11 1191J 1f, V1111A1rM 91111q-Pil)0 3.5 -33J fill 015 	fli 	101a1 6.51110 

I11011V1i01111ff15011119S4 (KOH) 

61411 3 lf015011114191J1'Villiil'flTillITTA 3.5 i -nifiuni5frilifpifiiiimsci 6.5 100 

ITU/Vidal 01.11M1501119f6"  (KOH) tta2,'ai5ivillaunailiitviuitrmilqq 

y 
V1111151111'flttill1flt.,' ehtJVffYlTt,'1°441.Mtlkiijf1151401f11ff lir011115C6'filtis'Oiri3J1ild 3.5 

11133 ( 2100'n 	ifillfiliAlL09111i14 6.5 viiTdillIiiviso4-Hiquaujii 121 01f(119Sa1f0r1 f1-111.1611 
v  

15 1.101.avi0V11511J-1 L'1.11-111D1 15 lag 1111111411.114 tFlIJITT`TIOi'atnf 5 flillf,11J111111,iJ'  30 

°AOI -lin/AU( tf1114111111c141111 12 	tVi11:Thl 216 4- 111. f11505'19111111fddi iis)?1 
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?li'HY)5 plate count iM11,011111ifillitlifl5AIVI51711011fliA0tf1101 HPLC lt,', -3"Of1-)11J11I1J41,11101 

4-m-milL11ga1-JuTicivan-iacifin LM`fAlf11531f151111Nafil5VNI0014-mithumuyrkm66' 

3.8 DiTMAI011^15`11‘110cifl el1f..11flt04 HPLC 
0 	I' 	0,111  

111141MJ111101501FinIFIMpu iflritiallIJ514 111-11G1 0.45 I3Jif15LIJA5 14 Inertsil C8-3 

column it m,111 cola earlA ITIAlt1^101 (1NL09f 3)141J41,1 20 il4"Oill'ali' ll_11.16'Tvil`n'il;6V151f115111d 1 

1JaSho5do1l11r1 (510Dn'60Mbf115141f1401HPLC ii1i11f1N1-nfl 11) 

3.9 f111111M-11115110D0111D'a111111151:-.41111a6 

f11594011-1111"1 61Y0 3.4 ell 3.7 liff115-INUNI-11115Y1W0016LIJIJ CRD 	(Completely 
v 

Randomized Design) Y711115`VNIDO1 3 11 tian15-AV(01.1f1-311JUM1711161101filtPUM_IIJ Duncan's 
.4 	., 	A ., 3/ 

new multiple range test 1,15Allf1-31111,9501.11450f.W.', 95 (p < 0.05) 



eian-nTibumit-nal 

" so 	A 
4.1 iiiThIlf11111161111161114110A141911414f11111410aM111.1111601115fianflIGITVIIATOcifl 

Tlflf1154f1111f11111rif11.11V1E111f115NSAf15flI1151711011flifltitif0 Propionibacterium 

acidipropionici ATCC 4965 iii1115143:.(f1111011115thltilDihtf151,11 Iflt1 ilf115iit1111f1-113J 

141141P1101flif11,1101fl ilf11111143J151'W 20, 30, 40 1M 50 fli'lldoSo5 rilioutilenifilittvidnliom 

1f1fIlif1V1f1T13J1'1113J 61911,1 40 fli'llviDSVI5(1pfl-)1J111) lialqamigi 30 0101191filit1r1 

1411.111111111111f11 24 IT-A3J1 Ilhdr0-1 216 9f'`)11.11 GMf1151M0161111M11114015111tM,'1111^1371;  4.1 

1A111'i1 Ii1014111V11D119,If1V1f1-3111/411414 40 fli'lADSVI5 (`1fqtrI1113J)11-.161,11d1fili'l1OUluf115 
4' 

Mt1111f0 Propionibacterium acidipropionici ATCC 4965 V111115i1N&lfl5flIVITWIDilf114tflVp 

11.81 n51sidoao5 ciii-Am 192 119itaj0191flif111101fltfril1ng6J411 40 tt'n' 50 fli)JviDS05 111 

1.111d1fli1101.4 al3J15f1N&11154TI5i'liOildf11441Vyl 8.585 Holy 8.215 f15'9JG10&15 G111J ii u 1l 

1f")1. 3.J1 192 cifliTTPIWZMIOtlfl-j1f11514flqifldfl'JAJIII.Vtild 40 fli)JviDa915VAMI3O rhuiriknui 

fIWIT151"11DilfANSOIAlflf111111101fl'iiilfrillit43J41,1611811.1191Thailfiu 201M.`2,' 30 f15'1Jda&15 

W,',141f51J1i1ifMITI15i1I01.1fIl3'eplilf-A3J5 144 3.27 111,' 3.82 n51JdoSo5 fl13J416'11 ct160 

'ilLcifl4W-3111t6641111D1f111LAlflirlilitVilM,'Mldanim&m5oimiliaiin 

fl1511i1;  4.1 111511101413 01J1.133J1i111154115inallflIlDlIA Propionibacterium acidipropionici 

ATCC 4965 11j0199411111.1101Milf1")13JAJ41-19i1.91 

fl-I11114141411011.11VIM 

(n51iv1oSo5) 

IfillelfldfM1I115iiiallf1114fl 

(n51JtiD5915) 

ihil419111.4f115111:111 

l', 
111111-11911fl 	20 3.27` 144 

g 
fllfIU1nTh 30 3.82' 144 

g 
fllf11,11911O 	40 8.58b  192 

g 
fllf1111911i 	50 8.22b  192 

g 
i1Gticafllifirr 40 11.81a  192 

	 vi--)6r1u51'111ondilfilalmaalii6'E1'Jticu 

p < 0.5 
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0 24 48 72 06 120 144 168 102 216 240 

ohiu4) 

4.1 f1-151111111.11,110111fillit1111541^15inflilf1611DAD Propionibacterium acidipropionici 

ATCC 4965 111016§11101fl9111filf1410114f1-313J1,66J41,10i111: 	fi1f-11110191 20 19i'lloiDS015 

-45-- filf11-11Alfl 30 f15Wia015 	f111111101fl 40 fli'lloiDS915 ---141911flflqiflVf 40 flfIlviD 

S015 11oce ' fl1f11,11111 50 11511ADM15 

13101^1915t1.411f11511JMYLIttflaltiii691 no5aoN91alifivnfl t1M;i1UTLIMM1119590 

/101tilMial-M1171' 	W 1V1:',11d1.96-1 t111.11il4f111"111 4.2 	filill,DIf1111,19ifltf1111,11,43J494 61101 

q vg 
14191T09111f11111,10 	OAT.V1f1-311f1119f16 61f141fliflflqififffIMJ1,43J41-1 40 fl59loiDS015 

1IJE111111184t1l1N10111AfIlIDt191f1153J41.1 (iAltDif = 6.5) i±11111511Af1146t1M111141,1,14 -31111AWN 

1/VM111,IiltViill  4.2 (A) tI,M;f11c11,0931,1,1Af115111A01.41111fl111J3J1t1A13J`dii.litlif1501ilri^111CI 

11.10Atlfl 111115161111fla071011flliUD11,101a111.11i4Of1111t13JtiliA1109111113114311f15nl'il\lf15f,VIIPT15 

911111114110 4.2 (B) t1V(04t111115flflflAilDA11911"doiDt-M1T15t11:',FM101111 G1f11111'all'lflIplf115 

TlflflOAFI1115191111ATaTI-11i140`1111300i4119ii')I3J1ii 168 64 192 	 4.2 (C) 

4114 -YLVIMSilf1151i1114140d115-1q174Tr41I3J1 96 1IF141411111flf011I1I6 MS113Jflflfllill ik-0111 

144 ati1,15") TlailVprit1616I3J1 216 41192.,1111-6141W-11,11,9fflS31f1-313Ji1141-di'6146111_113J1f1.1 
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L141 ,1lino 

firieicill  4.2 f11511110`trhildlithOt (A) f115111"Aell-IttliflAIJD1111911fliitilID (B) 

(C)1101111511thlf1W1IllninDiiflIqUVISO Propionibacterium acidipropionici ATCC 4965 

ti.1014(11f111101TOV131finkRITIA 20, 30, 40, 50 ni),191Da915 ttn`,04111Ainfl1f1Vf 40 fli3AOSVI5 

fllf1111V111 20 fl51,J9i0A95, 	ffif1111011fl 30 fl5  1l9i0A015, 	flif11-11VM 40 fl51Joi0 

S1915, ---111911M1pu lflri 40 flillvia915 	fl1f1111011a 50 f15lloiDS015 

1fIrAIM1151,1Gl 01 	niniiim-miiiifyinitGiiiapAiiiintiallondiitinna;raniani5 
NSAmoicmiiiailn ;i0 filf1111011dclijfITM)4141-1 40 fli'lloinh'015 )11D191f1V113J15f1NSOlf1”1 

iclAninailf114,1 t110-MnIOtlfrilf11514fIliflrftY)11114111% 40 fth.WID'A4151111,03191,11iilariA 

tArnlao witilaurityntilmnifritaAnincLmtia-wrmnqifIrat41 1^1161111f11110116151filtr 
vi  4  

l'"91.11411,1f115TWO161illviDlihltSaf1191111111,11V11flfring4111111.4 40 fliiNiaS915111141,111d1 

flli"IJDWUDA011115tgOlt40 cillAWAWIT11111-1111511i'milln-m4imatAalitilviurosnoilv 
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4.2 filliintiVirif11.1610111B1110,415011A15A10finilaG11641nn11141f1119.111v1114141101 

.91f1f115T1A -00111.440 4.1 vi11111(15111-ilf1T111t43J41-Italf11111&11-0171 40 flillviDS15i1 

fn1111.111112;rfaq011.4015Na011541615fliactin 411A1vhfinctiwinalciablilIqull-niiunidynn14 

Mr11,11.1inAi411411%ADVITO1f115t010110111151L11140 1fl061111,1413( 
A 	Ai 

f1151(W011111 1 fl0 fllfr1dv°101fl +111 -Frivarttiottantinq 
A 9) 

0151/M0111Mfl 2 fl0 	+1.1111VIA151-1+ OVIVIVIMIAnt51i19 

11151(1flD019p111 3 fm ninjwia + 1d11JvYV51a +rmvirffifl 

Rd11151/1q"001 X31.1M1111-101511i1;  4.2 LL•dt',1111Alc; 4.3 1/41_61 

11151r1flOAT1flIp1311")1111041F101fill Ifl0111p11-115110aolil 1 4114f1104-ma5-nifi1Jiim12ff10 

0,0ntillVIT::1111filllilifM1TIA15i1101111 8.43 fl51Jd0a05 11.4f31. 1.11V1 216 i510,0f1d1ADE111171 

ITOr1flflll111Vf F1F1 f11511ad 01171;  2 4114f11f1111011ai'M fill 1113J VV1 Tr:1115A viTvi a EJ 

0Y11111111A"1-1i-13JfilifierviatiALLMALinq lviViumf1WITITINIDfifltf AV) 9.34 tli'lJd'aA5 
0., 9, 9) 

ihT1J,Vill  192 0"0`,111,11V10151r1qaDTV1 3 9111,951.71101M100101,°n9lIninItili11111nAli)141.45W11161 

TtlIfirilllilifl5fli1/517110i1111,14fl 9.45 fli'lJd0 

A915 11-111"-JI1J1I1 192 

9 
V1511111 4.2 1131.11flifl5fllinitii0fifItlf11115 tlf1A11.1,n1f1T'illli"--)Y11010 

rnimmolii ctliuitunwirmiimInvqq (n51n10&15) i'lilAtirlurinvikin 

1 8.43 b  216 

2 9.34 a  192 

3 9.45 3  192 

mrioniq  -i"-36t- ki5i-riuonviillufloalndatnriuttvrolfryiuttondlludilcsiTtia169,1/111fl'1169  

p0.5 
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1111^1V1 4.3 f11511116116101111iintlifl5AIINAIDi'dfl n'll'illrf1151MONWilll 
A 	e4 	v . 	w „ 

f115MM047111 1 flO filf1111911fl --' 111 + OffOrffiflUM,11,it191 -4-- 
44 . 

fl5INMallprVI 2 fla filf1141V11fl ±1.711=1^1111±ikarffiquantitiq AD- 
A o 	

W 

f11511qflallpiirl 3 fla f1111141011d i- 1.111121411") + ilVfkifiq -**-- 

A 
unlit-Mtn e14f115111M1AttiThlf1lilskO9f f115flflfl1611D1111V11fl 

11011,1f0 Propionibacterium acidipropionici viluictITADTViill  4.4 YV1J f1 filiitO9f11414dOplf115 

YlflflalliitIVInviilfilallfraf1100%','flflaltAfraDdIATIF01.111flt1151,FalliflatileAlf1141101,14VIal 
G, 

111LADf11113Jfilitit0911141311111f15V14 -i11115VIIMMIVilifl A'AUM1111,1f111^1`ill  4.4 (A) f115flAD1 

GUD41,11A -Miat-aa-riri5vz,naloilA9 44111filirlfrplf115TWOlil'n15141iio-mtvutioucvaiwiltt9i 

4-1I3J4iri 168 el  192 19,f1r111151(1flflal i•96,I,VN1111-dill'ilii 4.4 (B) 1131.11f116'nSiiiii901611011,40 

Propionibacterium acidipropionici cvnrii 5a; 19JO11cflS91efl4`]fG1f115111G1cfleflSYl3Jf1151914112,"01 11-) 

i'D.Jtictimil'ffriOtn2,161199,11f11511ii111104111flAllfliicNI 01%i.1041.111flihtill9g1tf15-ff,lifil 

thtiti3•fleicdtMntit1991f11-1111VIAli'1"3 ttoill-4ril14IMf1151'1WOO4ir11  3 tfllan1151,huitiq 

A'Attivia;cfalli11141115flSfitilf11V13,115tIlAii111il'UI711414A019tflallmit-nliunqiin (coconut 

water) r1-111150flla:41,101flAllfrIfflStfiff1151,iilltFilli911.1An6111691flS0d115-M1111.Thf1WIll 6141.1 

fl5qD,i1114 f15fl61,11r1ielf15G)1.1l1l-A6n 	(purine) 11101fl 111V11MDflflagOS29113Jl4 Vil5 

ttaa,-b1901B15 	(0716111F1, 2545) 
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6 42 

1.991 i2imo 

/Mal 4.4 f1151,1rAMMI_Ifll111iii091(A) f115flAMI1O5IINITh (B) ilikIlildt'nSYlnif1916UOJD 

Propionibacterium acidipropionici ATCC 4965 (C) 	 11011,19-iM,191f1151/W01 

f115Y10flD1919-1ill  1 go flit-1111AM + 	+ r1rfil?fffiquantitiol 

2 tio flif114101fl -4- 1.1111:11111-1 	iVilVffifltantit -19 

1-1151,1Wd049pril 3 fip flit-114101a +1411g,'IllY) +1J'Vf9frffiA 

VONaf1151r1fl11D1 	Iplf115111flaDliiiif11514161,1Aifyai-m4-m11115flf1151/AflDA 

3v7 a,'114'Naf115Na91f1”11115171iDilfl 9.45 f1i119iDa915 	192 t13.1-111fl'ilr 0151,1flaDA 1 

1 4N0NaOlf1541/151Ni6J1df) 8.43 f151lv1oa915 	 216 tflIAS1f101110EllliJ'IMR1fitlIV114ViTh' 

ttVilf1011110111i10116upflillrlqflalii 3 tfli1'n-1514111=v11-rutaa,1Linqi-m&IONMJI1f101 

Vf11115t1P491f1541"15`ii1DIlf114 9.34 1151ld0a915 fliMIJI 192 tfAIIEJf1-)11J11111WilADdlliJ'  

1.1t1q1KillY1111T16' 	 11A2,"f1WIDa,iJILlativialtlti:41 14V(11.115f11111 

TlfltallAiLiblqii111141,F13Jalli)le; orviutili, 2545) ‘i'llf1111.111151/1qflDA4'1-101D11_1111,S0f1111110 
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f1111WMOli1 3 ililt115141,111.1nAiiiiNt011114011,1ttiblVIAVAitilDAllfllInqkaluluni5r4Soi 

4.3 n15Aningint19J6iinniiie91e4Cilliii'11GHilihMU14 

Tlf1f1154f111111110111,1181J111M101f115iltill`Wflfl11 3 Iffifl 'AD CaCO3, NaHCO3  

K2CO3  Iflullltronoivi-ncittniaamm,-ennimiirmqinfinilfmnii0 4.2 ttaa,-i-liaillunilmln 

192 	14Nflf11111gflOA011511ii 4.3 11161 tifiD1611CaCO3  fr11115t1NAAf15411113I0911114 

rgil V161 9.60 1,3101,1n61.1613U1_161J NaHC03 1.1,n K2CO3  tfIrlaAf15A1115cWidif11461161 1.96 Una', 

1.70 flii..1d0S0150113J61k11l'11.1,M1111411-11^1i11 4.5 

5_1 
01151,911 4.3 ifillliliMqi111411011M111f11114V1151/119101t1Alflflillfilfloilll 

rilwualrrafivillvtillmml ctfilinumoimillofintwfq (fli11910a911) 

CaCO3  9.60 a  

NaHCO3  1.96 b 

K2CO3  1.70 b 

111110111  0116t1•ncritMfldlltMINIDA1111(6enti14 

p < 0.5 

J 24 48 /2 !_ib 12U 144 R8 192 21b 24J 

..)li 12'01'441 

A.4 	 y 
fillAal 4.5 1115L11181114109.1f11111,015TIVLIMILL1INdDM111D1rMITMOTY111f115 t11 

• 	 CaCO3 	NaHCO3, 	K2CO3 
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(110111*15f111 iln-nriThouttcdflltiliitD9f f115fl9M1GUD11,11°1911fl ttaniiintumAiirt-lo 

1101111D Propionibacterium acidipropionici tlii11116:9,1111111 1 4.6 

7 

6 

4 

3 

2 

1 

0 
0 24 48 72 96 120 144 168 192 216 240 

nal 19011141 

0 24 48 72 96 120 144 168 192 216 240 
	

24 =8 72 06 120 144 168 192 216 240 

1111 1It9t$111 

4.6 f1151,1A6ldtt1M1fiTill,Olf(A) f115flANIM1111A1WB) iii3J15,1111fl4litiii190111DltilD 

Propionibacterium acidipropionici ATCC 4965(C) ilt`d&Y)))611fl1d01,W1611DArlfl1TVWDA`i1131 

f115191V15i11Y11111)61111flfllAtt9iM'Affifl : —4— CaCO3 	NaHCO3, 	K2CO3 

Ifi9J1itinfa0M119111.1rf1151/10 aDliiiif1151911,Lf1A011fIli?110)110111114V15ill illitilll 

risaSaln-miti,141iuinn-iiipm-mwaol'v1191191t;ioulufnicuatuoittm-,Imucnroin 

f115110611A 411f115dif11110114D11V191tTf1W(V1061d1cdMIlfil 72 4-)11.11 1,11DA9J191flVill'It'W)11.1 

Till'ilfilf4(09S110111flYIAa04illiltiflflAtalfIli1101,11M1111f115ill  

lini5tilouirdmkiitmAnctIou trjardloinciouticuritimiqaolii191 

iclithillilfIli'110614911,MIAINtalrfaSealf1411D(1,10 f4111411riliillilf115111'ACJUttlIN GUDAtilihD91 

fli 	48 IADMflttfidtieJlifili"IJO(1491111-11,`Illaillil;i111141.1fM1AcilliM:alt1 
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11.4r115D11115iillaDkilfMNS0111”111151711DilflOOMJ1UflfllitnlfIlillOtti91V2.1ff19J15flill 

MA111,1fillf1WIAM,Iilf111.1i'Llr(1111^1i1101141'61Vffil,13(31.1711A1111fl1114 (Huang um:fit-1ff, 2005) 

ri11015iivillit'ill4fMilhVINTrallInillV111115flflt:fl101411015D11115 Tfilirlimmouni5 

tviiouo-nimmaali'mAta95%;qn-anfiut-iinTIAltrlai'mfliilflunlATufAitalstiW.,14114tiitiliJi'll 

ffni-nlui-mt5nrvii& 	Yili,131L1.1011t1fliUglraltlf115,fl1011D1V115ilillIM111fMllill  

uondiltiu ctillgwi -nfivnairinihtmn_liwitum5NSonwd -1114Nani5maallilluvril 

(6'Enfiu -1'11,1,rN13lun -riAiii 4.6 til-dtalEnf11lf1151/NID 111D1 Hong-Wei 66fl`cL'fli1R-,' (2009) 1A1 

LtflMitillflli?1J01.1191111'N'd11.1f115111MATi111,9q1una-Aiivro 11AM5Nh'0115A1,MflgflifltilD 
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3. 415M',"diEltiflfli9141.11A5V1,1 LAtilliAriilit'aflIVIVII] 0.0400 	ft'fflt.111.11,71 

flhliiill_rill1V15/41TilEJLMA 100 ildaV15 Velkf15,`,'"OltlttaflIVIVILITIJ414 400 

9111111,11111.1-40111111AnTln9i3Ji-11,19‘1,9Mi 0-80 

luit-nni"DviDiiSS915 

11 flOO ii V115„,'0-101,1fflIAVI 

(400 11.11415fli'Mi037Mn015) 

(l1JIfi5So5) 

1' 	L 
1,11f1M-1 

(11,1Ifi5V15) 

V(15Mfl1UttaflIVIVI 

1,11A51114 (Illimniinio 

iiaSSo5) 

1 0 1000 0 

2 25 975 10 

3 50 950 20 

4 100 900 40 

5 125 875 50 

6 200 800 80 

ctl 

1. ilictimivn5dalt16'10t111111Ddl5M--010iMfliflVfIllAnill (f1T11,141,1411 0-80 

1.1A5 1 9JdSV15 	 thanillUad 5% fl1111 1 

liflSSV15 



y = 0.0078x - 0.0085 
R2  = 0.9957 

0.7 
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0.1 
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2. 16)Jf15qin1q^2ifI19i3J41,1 5 fiflWAV15 fl11110d11510111 IWYLID01150N111`11'  

r1-1141111gU01110101MIOW1519flill4f115NMJItifl41414`611'ilf115fiatillIdDEMA41111D0fl 

9) 
3. 91111flDMrlqf101GUDAff15NVIJIIINIJI,Itlfll 10 1-11V1 91111,11AVUOTRM1111111i1.1114 

dilalcrifyynquqtuNA 25-30 01f1111fnliEJV 1111-11"Thlth`o',1.115,1 10-20 VIA 

4. 1-111.1Jiffilf115TIIIAMIVN Ifltitill'illf111911MflicIfVfialf1113J01-)11111 490 111 

11411) c15 

5. Illfilf11590f131.41,1,VNTLIArlifillf15114111V1511111110111f1111JA41111D1HdflblVf 

11.4V115"dfl-ltNi"-IDEill VIlDfi'11.41t111,491f1 

f1-3111141.141.11161Lidfl1fla(f151JVIDaA5) = (filf115T1fla141,LVIlii 490 141IVILWIS)x(6A51fint16 911)  

(t-rmitrualn5-nAlanoni-mx(1,000) 

4111159041111ffslilf11114.111f1d1-1 490 1-1111,01.1911 

f111111.411J4114110 1111V11411Dfaciff (luifl5n5aniaiiaBk5) 

90 

1111111 11-1 urrolf1511411105.,i1141PA1MffiliOffIrlf1-3111411411 0 ell 80 13Jimniuviaiiddo5 

2. 1E111511f151A1.131.1101111c1115iiididallE1 HPLC 

2.1 MillRililid3tf1510°'Idit1501115iilailf141E1M101HPLC 

clbll 	 vff15011^151711011114Mf110A HPLC 1it:11014RJ 

Incrtsil C8-3 

rIAIVIttlA01417; : THOXIMi011140V1t1A19111'lltiAlai'ciil.091 3 f1'Illi1eli1J4d 20 1Jdi1Jfl11 
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69151f115111fl : 1 ilflSS9157i01,11`iri 

ili9J1915ihamilii11115'311151tvf : 2011JIMS915 

1"3a1111114f11516f15It'llivia 1 vi'10t1 	: 301.111'1 

6f15N915-AV1011 : 1f1101 UV visible frillIflUfln! 210 14111111105 

: 

11141q 

0.45 111If1513J05fial4f1151f15V.,'41131.11ilifl5q410 HPLC 

2.2 f115111,10011f1151151f150,9 HPLC 0111.1M,Ati0 

2.2.1 TIAGIOTH1151u00-11
A  

01 HPLC 

1. 611/f110,11,1f1Y4V1101 HPLC 

2. f_111 Sinker 1ri111911W1101 

3. tilq Drain 110111114-110111.1 Purge 11 111) 

4. billtno-iillffiinol Sinker raloloinlviadlitll ehtilllodill'nfl Purge 

IfT11114914161140101illi49n4IM 

5. LIJUND101111f111-1V11061101 Sinker 111i104-A1450914911111t1014-mutal criloictInq 

Purge t1A10111111111E101(71111.1 

6. 910 Drain valve i91171.1.1 

7. h4d160510151110, filn-mikutop two.:;d1W-J11.1114-ielo ilhln1511m15 

(din--11141,Korpfiot-yinauilflOahl1J15fli1114/1 

i1 1) 

8. 11A11151iliOailtillif110105-MD11 
9, 

9. if'111113JT11,111-1013JVISITR.411411111155tf1514 

2.2.2 111-N1014115Vii4094 triffU
A  
00

A  

1 1. T1-01-11 HPLC 

2. altrldttlA0111);1YiliD111A1111Di' 

3. 610 Drain 11011.1111")flA1)11 Purge `171911.1 

4. on Sinker pamintrldtaAauitfii 

5. 5091,111119,A1vIrflflAD`WilllikillAilfltflDilliTnflill 20 — 30 ii0SS05 

6. till Sinker 00f1911-111111fl05 4--36 A2I1tJ6Il01 Sinker Atif"M,'ATIAcilflilVf,t0N1 

6d-1111 Sinker ,I.M,111.111-1qq1D1 11AIVItil001411 112111 
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?„', 	A 	9) A 	0., 
7. 1145,`,1.11-11191119101-1111 1- 6 t111.13J1lqflY711-11,1 1411flij3J Purge Of1f111 

8. 1131)iill,f10 -i1V11E19104 Sinker ii1A10101f1114001101.1]&1 	 Purge [II thJ 

vill-naunirrIalolninnufl 

9. tiJD1AID101111011.1V118'1101 Sinker Iiiiitl,4161450TWIIIJIIE).0141111-11BA 111D111f10 

Purge rrlalaarritpillm 

10. iii Drain valve 

: imulAntylviAaviihli- 11614-10-i-urratt-AmiVitfiitim(lminii 

fillliff11115f1Nff1114-ifhp,Mallwiltnii111149i1O119111595cAlrliti9i-mifallfM11 

Iflt1 run 11,IVIfIADII1l 9i-HTSMJnailotiisnijou 20 11111 

9T-3061 1.) Buffer Solution 	1-1111i9i HPLC 	Polar Origanic Solvent 

2.) Non Polar Solvent 
	

Iso—propanol Polar 	Organic Solvent 

2.2.3 911-100311115 INJECT G710611 

1. M5-101V(t1111n1Dlif110,111M11RdilladlUM111-2,' Ready 

2. q5'390111,1,1j1TilifltO*15"-AffailOcrlIAffil111,' Ready 

3. 50v7 -l Baseline fia19411111 
dca 

4. Baseline illOtilviltrwijArrliviitrutiArraou ff -11115fItlipt1DA t111.1oflfl Z 

5. 1411115b'fl9i-mtill 

41061 1115b`of7-mtill9i1unta1  HPLC 

0,  
A)111,‘iallbfl9T1Ori1114M,'01flMt11-J1flall 5 f151 

	

d A <V , 	 CV , A 

cell t911.1PAfl'10011911t.191-100111/10D,11115W.",Zfl 3 f151 

9, flVT-10611IflE111.1111T1A1D101fllf(11141.1ZqVT-10t1111.14-1 

liillIri1J105113(14113Jili TAflt9TM-1111 HPLC 

1. 

tallVillit'6111111 injector 141p lot, injector el'Oladikltailil INJECT 

bIA sample 1911111% sample loop 9JO1 injector 



t-9111401f115 fill sample 11343J loop 401b'q sample 1J1f1flil valumm GUN loop > 5 tYll ) 

IUD HPLC system 1^1i'D3J11191A injector 3J141Ltiltil LOAD 

f156,61111;i1 Auto - start 11Iflq9j1l START 11 C - R7 ) 

50`115,1J1fli 5-10 91-11"1/111,441 Aafl9i1Otill Dafltifl injector 

1. 

411 injector Mr.11.41t1M1 5-10 ml 	"1 13.14-1001f1111 10-20 ml Iflt114411.1fivi-)OtillraldFlfl 

,5.1  
2.2.4 61110169-11115B0M10.1 

1. 11611fl`dfl4'18t1-114flifi-mt-e11%1, 	14 Run IlAkftflADItill  do`6f11J5nlild 30 

1,1114 

2. A411o& 

3. 1h1tf1101 HPLC 04-10f1 Sinker 113(A)rldtrirrtflA011i1 

19111f11119 : 	 tfil011J1fIfYil 2 il,1401Y11f115414511J1Ifi0111101A1 01 

2.2.5 4140014f1154141f1104 0156d4 i1Wlityllihf110,913.111419-1 1 !6'010 

1. RunlYIV16f1A01,64111911114 30 IAA 

2. Run ahrtfl
A  

011A1  
GI
t lfif

d  
i1f1031fi  30 14Th 

3. Ntfll 0*-113.11i1MOUt115Nifil 01 

111.11011iG1 

1. 1115111&111ITIVILfi .'Dliiri isfithimirtlutrIrrt6'octlifi ithltilut1061J1140152,—Tlf115 
A  2) 

NVf1ifil-15,126141.1^1rfttlA0111/1cvi1 2 im-19J15t1NVILIVilltiraDlall tritilai101ki tillliV111115fINVI3J 

A A A 
VITIfillInel'011itTIVIMOLIT1111111-0110Eill•M",' 30 

2. f115411146A51f115111fl 1 imn05d01,11i1 111 D11'00161 41-1111191171A9101f10Aid 

	 f1154111f1104 IfltIVJ HAIVIlf16. 011`;1 1l ,41111115=36f1511'1VJUV115flfflt11:111tYla ttanyla 

tnhuiiiitriiitm&s-alti 70% Me0H 
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II5DL'flltlthillAlOi.  30 1111'1 

A A 
1-11f1d1-1 (1.11d111flD1,111111,1fTh11) 301,11Y1 

70% Me0H 30 VA 

— A 	 A 
thltf15019111.1111,WW1151.1fltfl501 

2.2.6 111-1001411116111f1101910 ollarlitnikpllififANIMIflil 1 16'011) 

1. Run tI4VA01.4ill i1;1111 1U 30 14111 

2. Run IA diflA01.1i411411.1111f10611ii 1 TU. 

3. 11V1111.11lAt10flf106'3JADfl1115`t,1111 itAviD pipe l'LldlliT11,1iitiM'ilflt1063Jfi 

4-)El plug 

4. t`dt11-11,1^1rftflAolliiicilu 70% Me0H ll4"1 run 19115111111111.1 c1130 14TH ell  1 

4-)1.
9'  
111 

5. HPLC 
9 41 

6. rifl sinker 00f101111110 VIAIVRtlAD1,1i1;  ll4")1404-1Fild1I M,`,'01ALADf101fillrN 

2.2.7 61114061411151411.1114 C-R7A 

1. 1101)3JlTJOlf1101 C-R7A 111f156,1c)131 2 Drive 1111rittFild System disk 11.1 Drive 1 

ita.qtrAilltrimimpleu Drive 2 1111190WAT1f1,0 

-R 
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2. flO WIN 1 %'.,'1151f1[1111-1190 Menu 9101 WIN 1 1 90111))0 2 011J4-1E1 ENTER 9a,' 

1)5111,13 Chfl L 14011f1f1 Analysis File 111f15@tflEMill File 1f11111 

E 11-1115i11i1;h1f115Vfi'll Analysis File 11111111D111r111 File V1FlH Load 41-1111141111 

R 11411561i1;h11115ttfiltifi11111d1114 Analysis File VI Load 911,11.1114111-10d 

A 1110511,1e1)0411151111.4115 Save 611111171 Analysis File 61119.111f1511101f11A0 

Tiff513 Analysis  File ~IYeJ 

• E 911)5111n111311901101 Analysis File 

ich  
• tifill11A11511110 0501,510 ti

ig
al WIDTH 	5 

DRIFT(uV/min) 0 

11cD T.DBL(min) 1000 

• flg EXIT 1110'0Df191f111191190 91'11511101011J Save FILE? Y : yes N: no 
	110 Y 

Part 	1: 

File Name 	2: 

fi11111fl Drive 11-,'Glia Analysis File 91111i1;k1f115051i111141,i1 File Name 011.fi1"1f1 ENTER till 

Part 	1: 

File Name 2: ALCOHOL 

Val91f1f115 save kfll 019a:f1h141411111 Menu 9101 WIN1 

3. ?111f0 File '111511 Save 401p1101 Chromatogram 164 Df140 3 V111.1'1t1 ENTER 

Chromatogram Storage Mode [S:set R:reset C:cancel latest A:auto-
, 

A 9,  
(don 	 11J0q01111”11910 File ii111511 save 9t:1151111 

Directory Part 	1: 

Chromatogram File [I : 4,CIIRMLC00] # of run (0 or 1-99) [ (0:serial) 
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61111.10 Drive 11,fl,t TS0 File 0111410 " .000"1,1fl'o',' ENTER illInlif15111IALIf1511ill  

4011115 Save 114013118-161,1d (414o 99)1IM,'ENTER 

Directory Part 	1: 

Chromatogram File [1:test-unk.000] # of run (0 or 1-99) [ ] (0:serial) 

.L 1 Dt-1 R tilodiDln15fintSnni54''16t041141,! 

C 	tlf11111115 Save '1101If151,111011111511fli'lt1 

A 	LIJOel'011115111111101 save jAi1,13.1111-140i1101016-11)11d'a1 

L' 
4. t00f140 1 -11-1111.1'190 Menu 61101 WIN1 91111.41,150T1d1111011111111'11 Baseline 

d0IVIT1111t11.191111r1A-11115 Zero 	 Detector Iflt.11H1J1111 Zero 1/1 Detector 91,111"i19t 

V111.115 f1 Set 0 Yl Detector 14 
A , 	 n.t.  A 

5. 1/111115 Test slope 9101r1i1JilllillY1V111111W10151W1 S vIt1501 C-R7A10101%t14 

AtIA 
110111,1 11151/1flr1011115`,t,'1,11ill 10 lifill101fil Width 1/1q1 1-1111 Analysis file 14611f11.1111ThVIDIJ 

rflAqlfil Slope i111An1i1 Save 111 Analysis file 64111.11tI1401015ktfillilli'flIJ1414 11111 

6. Menu 9101 WINI 130f19J0 2 110Z:,'L'11)13J10,11161111,1 Analysis file 

7. MO Baseline i7,11111110 Z 1110 Zero A"fliftrlill 11,Mlifilf115b1 WC1151^1f01.1110 

START 

11111561iilf11 01 C-R7A d-111-1501403JOIMI'f1T119110151411-11,IGUD1 HPLC149d-11.115t1 

11001111c1101 101 01 HPLC rill-160101 C-R7A1491111141 Menu 9101 WIN1 IflO110040 7: 

LC Monitor V11114-30 ENTER 

2.2.8 KlOtillif111.111AIMI5IJ 

If15111Litlf15111101151.11V151111f15q110flifl 01,4is'6'11 T1N51NI01111 urrqsN11/111/1 91-2 

11V10114011-dfil retention time '1101115AttdMAS110 14-1 ✓ retention time %01115flIM01F111 f1100`,",-;igifl 

ktaf,11141151iiaciflicvilfill 5.81, 6.57 ul1 16.1 Mil 9.111.141GTI1 



1111Ai11 11-2 ttrfOlfil Retention time 1101f1501M1F111 115001''T5F1t1 11ft'115901"15flIdifl 

Ii15111IV111f15111101i1WIY15171I01.1fM110111151g01140T11115f,1101J4-)0 ntil,F13.Jr1M1'46A 

ilimad'auft' I tillttflMitalfili'1101,1)911filllilli'DOW,', 1 CAulflIvitting;ic'taluimtvnAloritylo 

025 fl51Jd0A5 111,11fi11afif'fltr191 0.05 fill910aV1511M113.1fIfitirJ1JiMAIVI1Erdn'IMMO 0.2 

105 1F114-114011541/15iiiailflii00flt: 5 likrifi flill 1:10 i3 30 011119fflAUrf 111ffi11")2.:111 V115''31111 
1. 

131JAIJ ttanf'"111J11/1 566 /140,M11111111 11-3 1.1'M,' 11-4 V111.11A'1_1 

60 

11-3 1f15111It110151J1101115qI1151Analf11'1G4M1f11T60 P. acidipropionici ATCC 4965 171 

4-31111611e111,1 
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C-• 

8000000 

7000000 

6000000 

5000000 

4000000 -1 

3000000 - 

2000000 

1000000 

2 4 6 8 	 10 

y = 632074x 

R2  = 0.9999 

A 
111111/1 11-4 If15111iOttfl53J11D1f15fl tiA151/ tnifilINMITIfIVISD P. acidipropionici ATCC 4965 111 

i;'111.11 566 

2.2.9 1-1151i1D111^11.11c15g194111011151110iifl 

1. tglitthal5=ffl0111051,,111,11M1115flicIAITWIDIlli15.411f1111,1111)1,41ni111 

2. f1501r411 N111191fllifl 	.-1 rft3J1JLIJ519.11-11q 0.45 I1JIf15t3JA5 

4. 51,f15-1,1'11' 36E1HPLC Hillt"6V)fillf115-11f111A6f-meill 

v 
5. atYllf15114111M11145,t1611M11.101/111))140t1111X) flITIAIWVIt91115111 011111Y) 

olimiliultunui(ntmaahas) 

61 

12 

1111/111 91-5 1151141J105pinalf1WiTaliffilflil5t4Ufn1111,43J411541Jcilll 
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