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ABSTRACT

Production of vitamin B 12 by Propionibacterium freudenreichii TISTR

446 immobilized in calcium alginate gel was studied using seafood wastewater.

The results were as follow : the optimized of medium contained : 10 g glucose ,

10 g yeast éxtract » 2 g acid hydrolysate of casein , 3 g pancreatic digést casein,
1.6 g NaH:,_'PO4 , 1.6 g K,PO,-3H,0, 04 g MgCL; 6H,0 , 10 mg FeSO,-7H ,0,
12 mg CoSO,-7H,O, 2 mg pantothenic acid , 0.15 mg biotin , 10 mg vitamin B 2
, 150 mg methionine , 3 g glycine and 1,000 ml wastewater from the seafood
industries. The initial pH of medium was 7.0 incubated at 30°C. The experiments
were fed in 2,000 ml stationary flask and the batch fermenter (400 ml of working
volume ) at the agitation speed of 100 rpm. The maximum production of
intracellular vitamin B 12 should be 2.608 and 3.002 mg/kg gel , respectively .
While those of extracellular vitamin B 12 were about 0.347 and 0.398 mg/l,
respectively, after 72 hours of incubation. When the medium was increased (1,500
ml of working volume ) , the maximum yields of intracellular vitamin B 12 was
3.943 mg/kg gel while that of extracellular vitamin B 12 was 0.487 mg/l, after 72
hours of incubation. :

For the inon-supplemented waste, up to 39 percent reduction of 5-day BOD
was aéhieved (}i'om 5,700 mg/1 to 3,440 mg/l) while that of supplemented waste,
up to 28 percent reduction of 5-day BOD was achieved ( from 37,250 mg/l to
26,763 mg/l).
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121 iefnylSinamsaie q luhiienn TsanugamnnI suemamzia
. . v
122 1HOANYUNAITIADING FiiHaAeSAI N30T YUBUY Propionibacterium
y ¥
freudenreichii TISTR 446 JunisHaadaiuD 12 9IMimelsanugAaMAITNeIMIINZIA
meldanizvatad liimswe
123 iednusanmsesyinzamsriadmiiud 12 NOUsD  Propionibacterium
freudenreichii  TISTR 446 JupnRhnGIEIImAsge TSNz Ty nold
P (] '
anmraned liins e
P a a A oA Ia A A 9
124 ifteRnynSinuasedadiaiud 12, YA NI TIAZIFANNYNATIAAY
y ¥ '
unaFouieadiunue s complete medium GasianANIMaIE ATl TN
o s ] (K% o o o
au luszaudalans MmN ZAUIIAIUUIY

4 a L4 .” A” A a o
125 iieTinsaiunwihimienitldnnmaaie

13 weUIUAYaINHIY

miseihmsiinamimyinaumaan 9 °lummmnquuuﬂﬁmnﬂiinmmi
nzia n%?mynma'wwlam1inuwaﬂaeﬂﬂmsmsmua~miwammuuu 12 voude
Propionibacterium freudenreichii . TISTR 446 ‘ﬁ’lﬂ’]ilﬂeiUﬂlﬂﬁuﬂiﬂ'lﬂlﬂ‘\'iﬂﬁﬂ’)ﬂ'muu 12
YpuradEtIzInzIradNATIdaTIRAIEINLEATIMY Ty®1113 complete medium 1A
ifsfAuumdesgemsUTinamnzay Juszaumand hidmswdiuszdudanin

k4 v Y v
YUY mﬂuummmﬂﬂ:ﬁﬂmmwﬁwﬁamw'lﬁ'mnmsma

14 Uslpminmaiazlasy

141 wWedluruamanisfinyuaziann msnaadniudl 12 TuszAugaa ATy

. y ¥
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v

aaa
‘Yl‘é]‘H{]‘i’lLﬂEl'JsU'e)\‘i

51 UseFanazanudmdnveimind 12 |

Janfiud 12 ﬂu‘vmﬂsmiﬂ‘luﬂ o 1926 1Ay Minot 1Az Murphy WuI113n
pernicious anemia cmrﬂuTsﬂmwusamﬂiuﬁnauu mm'smﬂyﬂmwmimﬂmmﬂw
dihous Inadud Lm%mﬂ‘mmﬂuﬁmﬂnNaclumsiﬂuﬂiﬂu'n Antipernicious Anemia
Factor Y138 APF (Clastle , 1975)

Rickes taany anaaaiud 12 SGundanlull ae. 1948 (UREINY Smith

ar o 1 a a a a :‘ S o = -1
(1948) TaserAnaeindy Wyl 12 Ausafiufiazaioiy dansuzdiusdngtdy

A (el be & a A P A
wieSauduniadn gaslmana Ao CgHgN,,0,,PCo uFOMUANN 3, 6 - dimethyl
benzimidazole cobamide cyanide w5 g1 Tulaunaidiy (cyanocobalamin) (Harris , 1968)
"Sﬂ'lﬁUﬁ 12 'ﬂﬁﬂﬂ lﬂmﬂﬂunﬂimmuaﬂmﬂ"lmwanamwmi‘mﬂwmammuuu 12 llﬁl

o

indersadaiudl 12 fddyidnnuuaice naziend Iuluda fuidendiud 12

a

a 91‘ -1 ad 3 o o - a’/l [} s 9
1uﬁiiﬂ‘ﬁ1ﬂ‘lﬂﬂ1ﬂliJll‘l’l‘lJE]ﬂ‘IﬂJ‘U@\ii]ﬁ‘lﬂ’l‘iEJWI'\‘U‘H ﬁmuazwwum"lummmmmﬁzw 1@1

.
4

Fandiudl 12 wwum"lﬂ“lwuﬂwaﬂmmmmﬂmnnauwwwmﬁaaa‘lumqmummi %30910
Fadailusmsiiaudly frmﬂuw&ﬂflummmsafrmmmmaw"‘lmmmuuu 12
o
gAunsdlumuAusMITduaIe WU (Perlman , 1959)
~a a ° " v dto a a v o da g A 9
Fandiudl 12 nmmmﬂmumﬁmmmmmmmu‘[wmnmmmwﬂﬂmumm f1ue
s
a a s ° o d. a a o 1 ° A
Seniiud 12 luszeziimlddadinmeiydylad sasimaniegs Tuwan Ha la ldd
9/ s d J ; (] o 9 o A A o
yutles 1efimuamsilad muiugﬂqﬂmﬂwmmmﬂ Aanilane1l (Mcdonald Lo
@ o 4 4 o ~ o o [
aQle , 1973 ; Maynard uazAus , 1979) Tudainanfoadediaiui 12 Ianudnyas
mmmaamwaqanwawTauﬂ & Taou ludlandiud 12 ummmﬂm‘lumﬂﬂaau methyl-
malonyl CoA 'liliflu succinyl CoA Tagnsalnsilaiin mlfluwanawaﬂmnmmm‘lu
AszizAIUgINY fB szilaowuiiy propionyl CoA 1@z methylmalonyl CoA AR
Franadmdud 12 s ldifan1sazauyued methylmalonyl CoA uaznsalnsdiledinlusene
uazdueenumsilaanz inlddaionmdesns  SanaseSgaaas.  dw

P t
(1{990Ull® (Maynard HasAUT 1979)



LAY a a =
2.2 aUUAYBIIMAUY 12

221 autAmamemwvesindind 12
a a 4 o a o < o [ A
Sanitud 12 Fwu Tl ugd lro TuTaunaniudundngidy hifindu  sa
weg sd & a - o a
gunsaazatwldlutil (1.2 wWesiTua Nguugl 25 o IYnILY) eanagoanaziysa
ot P} 4 =1 J P4 a s oA P =
ueluazangluezdTau  aaslsvesunazdisas  wWANUEIIMUUY 12 venaetudan

uuil 210 - 220 eeruAifon azvaeuTigUNYE 300 BIRUBAITEN (Ellenbogen HAE

Cooper , 1991)

2.2.2 aniamaniivesdmiiud 12
Hodgkin uazanz (1955) dnmilaseadreveddaniiud 12 1av35 Xeray
. . [ A a o o g = 4 o v
diffraction nu31 3eiud 12 WuTuanadudeu ununatadilaveanidugudnaisden
TUAIY tetrapyrrol ring (porphyrin) fi19i] N-atoms 1¥9UAY  Co-atom uazil 6 side
chains (acetamide 3 n’cju {ay propionamide 3 ﬂ’q'iJ) giuniSeniiundsanssy (corin
3/ 1Y
nucleus)  (Hududifguedaiiuil - ynaTusIe1Ten Sendiud 12 1eSuses
I'd =Y a @ 1
(corrinoids) oz Taveaniuilundes suSonfuTasna ldudulaueavinesuesd
(cobalt corrinoids)
= i &' ¥ L) ' % v 18 aa A
snununaeesinsududreuy Sond upper ligand daudehiinuugunsly
v 3
o r'd v 4 °
singquinaelaueast Fond1 lower ligand fiszneudasthaialsTuaeaa uas
v 14
organic base YNMNAUBY lower ligand #5971 nucleotide moiety f3eiiud 12 Udau
. o s [l ~ a o o A .
Us5£AeY nucleotide moiety ATUAITISAUTENI Fedull 12 auysallyy (vitamin B,
L d' Al \I 1] t
complete type) 93U upper ligand BIVUNUARWAITA 9 au U 1y CN,OH, CH, N30
[} =] ~ & v s L= s . .
5" - deoxyadenosyl UAITITYATOIAN Ay Tmaqaﬂasuaawﬂﬂﬁ%m nucleotide residues
J a . . o v o
Sgndn Tadumiie (cobinamide) %38 uWAMBL (factor B) uevinlumnaneiuesd
(% v M ~ 1 a - . o t < N
§anA1IMAIRMIZAIY base (39A91 Inumila (cobamide) et Tumnadnaiinnagy

14 )
FIUTAGY 5, 6-dimethylbenzimidazole (380 TaLa1iiu (cobalamin) HEAAIAINTWA 2.1



dob&mide

: 1 R ’ Designation
-CN Vitamin B,
(Cyanocobalamin)
-OH Vitamin B,
) (Hydroxocobalamin)
s .
'E - CH, Methylcobalamin
3
3 oH OH
—ciy Coenzyme B,
° <]© (5' - Qcoxyadcnosylcobalamin)
Al
d {

—_— S.6 —D'-mdhylbcnzi— :e NHy
HO-CH, 07 o —} midarole ’

mwn 2.1 muﬂsvnaumnmaﬂﬂsqﬁﬁﬂﬂmmuu

F41 : @au/adnin Florent s Ninet (1979)

Fendiudl 12 ﬁwu‘lu‘ﬁsm‘mm“mmaﬂuTﬂiﬂu wionsaeziiluldne 40 wila
daulnajeglugll active form 759091 cobamide coenzyme 24 2 yiiefidwauaziuiu
apsume  Ae  wmBalauiaiiu (methylobalamin) ﬁwﬁmw%’amlmuwﬂg"lcnm"luﬂ
uae ﬂaaﬂmauﬂTucﬁaTﬂmmuu (deoxyadenosylcobalamin) nwmaan%azmu%mlmuﬂﬁﬂ
Yo ludt Jumsanygafuianiiul 12 feu 1 laeTuTauimiu msvrﬂﬂmaﬂaw

=} [] = v A ~ = a
([@oesIaTYNIY mﬂmiﬁnywmamaanmamTumaTﬂmmnu paziunialauianiiy ¥

ﬂmﬁnﬁmﬂé’xﬁmﬁu"lcﬁaﬂuiﬂmmﬁu (Friedman 102 Cagen, 1970)

23 wihfiwedmaud 12

Faraud 12 ‘nmumrﬂuTﬂmu'lcvn"luﬂgﬂsmﬂmﬂwmwuﬂ Tagegluzll
vaalaumiiaTaeulasl (cobamide coenzyme) fo feondoy vaTuFalaaniiv  uazt
v5a-Tayanilu %1nmﬂaau"lcmﬂuTﬂummu"lmf]uTmau"lw ﬂzaﬂziqﬂﬁﬁ%‘aﬂﬂa
seppyeupu leiianiiud Liamulsi@ufima (vitamin B,, coenzyme synthetase) wu'l@
°1uuua~nﬁwmﬂwmmﬂummaaﬁm 1Jgﬂsmm\mmsmmaTﬂmamu (azod luda-
Tﬂmmuu LﬁuTmau"lcnwmﬂwmﬂma‘u"lqmmq q (Ellenbogen UAZ Cooper , 1991)

llﬁﬂ\i?ﬂﬂ@ﬂi%ﬁ’l 2.1 llﬁ“’ﬂ'\i'\\i‘ﬂ 2.2 audIdy

|
!




y aan 4 a a 4
M519N 2.1 1Jgnsmﬁﬁaaﬂ1ium'ﬁaTﬂmamuﬁJuTﬂmu'lcun

ol Y{nsm

5 .
1. N -Methyltetrahydrofolate homocysteine CH3'THFA+HSCH2CHZCH(NH2)COOH

methyltransferase (methionine —> CI{3SCHZCHZCH(NHZ)COOHH‘HFA

synthetase)
2. Methane synthetase 2CH,0H + H, — CH,+2H,0
3. Acetate synthetase 2C0, +4H, —> CH,COOH+ 2H,0

B

THFA = Tetrahydrofolic acid

17 : Ellenbogen g Cooper (1991)
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" aaa 4 = a a o
A19197 2.2 ﬂgnsmﬁﬁ’aqmiamTumaTﬂu1muulflu1ﬂmu"lqm

3 aaa
ool Ygnsen
| b
1. Glutamate mutase HOOC-C-CH,-CH-COOH — HOOC-CH-CH-COOH
L |
H NH, NH,
. )
2. Methylmalonyl - CoA mutase Hoocclcuzc-scm — HOOC-CH-C-SCoA
H
H ?H3
3. OC - Methylene glutarate mutase HOOC{|I—CH2CI—COOH - Hooccnclﬂcoon
H CH, £H,
j
4. a. Dioldehydase cnz»(’:u-c-ou — CH,CH,-CH-OH+H,0
OH H
i
b. Dioldehydase f”f’OH =}, CRCHOLO
OHH
H
5. Glyceroldehydase ?H{f“é'ﬂ by < (l?Hz'CHzCHOH{zO
OHOH H OH
!
6. Ethanolamine ammonia lyase CH,C-H ~ —>  CH,-CHO+NH,
|
NH, OH
¥
7. L-B - Lysine mutase ?Hzccuzc'ucrxzcoon = CH3-(‘ZH—CH2—(IIH-CH1—COOH
[
NH, H.. NH, NH, = NH,
i
8. D-oc - Lysine mutase CIJHZ-C-CI{Z-CH{Ilﬂz—COOH——)CH-Clﬂ—CH2CH<IIH2COOH
|
NH, H NH, NH, NH,
g
9. Ornithine mutase clﬂz{fa{z{‘:ucnzcoou o5 Cchlncnzclﬁcuzcow
NH,H  NH, NH, NH,
oy, o <
10. L - B - Leucine aminomutase CHCH,-C-COOH  —> /CHZ-CHNHZCHZCOOH
|
CH, NH, CH,

147 : Ellenbogen t1az Cooper (1991)



2.4 mswanIaniul 12

AsHAadaiud 12 sedugammasTiluse voznsnilunawasyldninnszuiuns
HAnaTURTIuL 19U mmﬂhﬁwuua“ﬂaammaxsﬂﬂauﬂmt‘mmmﬂhuwﬁ uAIAU
‘vxwaﬂ‘lﬂﬂsn1mﬂeuwmaﬂmmumiﬂr‘]‘muwmaﬂu v’iﬂﬂmmniumsmhqmnu
u?mﬁ ua‘"s‘hlflumsmmu'ﬂumwaﬂ (Noyes , 1969) co'l’emmmwuu’numwmmam
A3sMTHARReTBFIUNGZ s fiaudaadiuTinadaiiug 12 mn*uu"lumuamau
(sludge) Tﬂﬂmmzamwamaumsmumaahuaaﬂus”wQNﬂi:mumimﬂﬂmms
(Casida, 1968)

Hoover liazAny (1951)  wudraaiiuil 12 ﬁllﬁmnns:mumsﬁvﬁ”mivnﬁa adu
’111nui'e'1gﬂugﬂmiﬂsxﬂauﬁﬂﬁ’w?mﬁuﬁ 12 %ammmnizé’fumm?agvmqﬁuw‘?e‘fud‘lﬂ
aunsalfldlununsedad (Mervyen 1oz Smith, 1964) CIsnenmsszneufindiuimiiu
12 113"'15&11141:"1%1111‘1%mwﬁuﬁui%ﬁunuqaﬁﬂﬁ?@1ﬂuﬁ 12 $151ANS (Hoover LAz

,1951) shdaiinsfadonyiuns diaunsondaiaiuil 12 18Sinmge Taonns
mafﬂﬂUmwiaﬂﬂwmﬂmsnmﬂwu'ﬁ FU M3 faenaIuNUEeY  Propionibacterium
W3 Propionibacterium yameiu s araada il 12 1¢1fSmgana 25,000
\yTnsnsu/ans  (Hastings , 1971) mnmmmaamaumtmmmiammﬂ Saamul 12
nmymswnﬂmaumﬂmummuu 1 %A wuedice eadTuiodd Sad LA INIY

’?fl%ﬂ'lllﬂilﬁ'lldu (Darken , 1953) %au'ﬂiammumwuﬂmmuﬂmmsnwammnuu 12

Rgaiivaneluszaugaannsa Fauaas B luanseii 23



a a A

! a a ad a '
A5197 2.3 mseaaIaiiud 12 TaggaunssrianI

meiiug A1 IS VO Y YSanadaniing 12
(ladnFu/ans)
Micromonospora sp. Glucose 11.5
Nocardia rogusa Glucose-cane molasses 14.0
Propionibacterium freudenreichii Glucose 26.0
Propionibacterium shermanii Glucose 23.0
Propionibacterium shermanii Glucose 28.0
Propionibacterium shermanii Glucose 39.0
Propionibacterium vannielli Glucose 25.0
Pseudomonas denitrificans Beet molasses 59.0
Streptomyces olivaceus Glucose-lactose 8.5
Mixed methanogenic bacteria Methanol 35.0
Bacterium FM-02T Methanol 2.6
Methanobacillus omelianskii Methanol 8.8
Protaminobacter ruber Methanol 2.5
Corynebacterium and n-Paraffins A
Rhodopseudomonas
Nocardia gardneri Hexadecane 4.5

137 : Florent 1iay Ninet (1979)
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aoAa ~ = s o d’l o A
sraadeiiug 12 fhieacmassy  TuilvgiiuidnnmswinTaodenuanise
b . ¥
Propionibacterium 0% Pseudomonas M1UU (Perlman , 1978) Janiiud 12 ﬁwaﬂmm%a
4y a o o = '
UUATISY Propionibacterium  freudenreichii diedmanasninles Tasinlans il wun
' o a [ d o COR]
g0 nlefifudeglugilvedlsaienlalamiaiiu daudn 20 wosigudnglugy oo Tu-
R 2 - d il _
Tap1aniiu  (Leviton 1Az Hargroe , 1952) nazideyiatannsalhimalsaanud iy
uadlyTedunaznsaunu Iniitin ierdadaniud 12 18" (Yongsmith 1@z Apiraktivonge ,
1983)
aa a { o o '
IuammsssuaIaiud 12 fidunsizd ldneluwadues Propionibacterium 0y
TugivesTaeulend 12 &9 Barker uazAmz (1960) g daniiud 12 Awenlden
Jd ' o v d A v v 4 ‘5 "o
[¥aaYBS Propionibacterium ﬂxag‘lugﬂwa"lamanlcnmﬁaauwuwmlcnm"luﬂ Yusgnu
o 's ' L4 s
asuandavedlneu lalssnienszrIuMTIINANTeRNANIYAA - Yongsmith  HASAMS

vy Y] < o o P A P A a a a
(1982) lﬂﬂﬂsﬂuﬂWﬂ‘Iﬁ&’U‘UﬂﬁﬁiQl‘ﬁﬁﬂllﬂﬂﬂ!iUTW‘i‘WTﬂ'Nﬂ WOHARIAUUD 12

Tugilvealanienlalnunaiiiu

2.5 aﬂym‘vua*Vﬂmawmau%a Propionibacterium  freudenreichii
Propionibacterium- freudenreichii dunuafiGonnsuuan hlﬁi’l\i’(’\’ﬂﬂi "lmﬂaau
wusﬂﬁwmmmu Taun n‘mwmm“luﬂma""l%'mmmw jinnay yadana1 0.5
Tuaseou Liﬂqmﬁ]uﬂmamﬂﬁu | muwawmm"lﬁﬂuﬁmamnmnwuaﬂuaﬂfnvmﬂsw
Huvieumiloulinszues  (club  shape) niouveus aunsanfasuas Tu'leawsa
Tsdu ‘Iwgrm wieianan Munsalusiiledin nIABEFAN uaxm'fuau"lﬂaaﬂ"lmﬁ 1N
ww*mnauﬂuwammmuu uAue s vaAUitazdal  (Buchaman LAz , 1974)
ﬂmanuﬂwmﬂmﬂa TR Tl AT ER AR R TATS I AW 'hﬂimmmwavm““l‘mamﬂumsﬂﬂﬂ
‘Iuﬁma:'ﬂ"lnummﬁ (anaerobic) manmmﬁmnuaﬂ (microacrophilic) (Noyes , 1969 ; Rudy
HaraAMe , 1963) S ludesimrnueimeasludenlin (931U, 2526)
LmﬂmiUTWinaun"lﬁmnmaaﬂmaumﬂﬁfﬂi“h‘w mammmimmnmﬂwm

b4
wﬂﬁmmsnﬁmnumiﬂutﬂau (contamination) 91ngAUNIEOWH Taoinde TnsfiTenmdl

b
@ o

a J ' s 1 ° 9 ~ A’l‘ A 4‘ g v
lﬂﬂ‘UUitﬂTNﬂ'l?'Hllﬂiu’dﬂ‘l‘wvhlllﬂ'lﬂ'lﬁﬂxﬂ'lﬁu'l‘vlﬂ‘ljtl\il‘lfﬁ)ll‘l]ﬂﬂl'iﬂ LHAagINvU 9 e 111

SuryfunuaiizoTngi lotin (Noyes , 1969)
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% y a a A a A A
26 fosufifnadomninuaznsHaAAIMIUY 12 VOIN0 Propionibacterium

freudenreichii

2.6.1 UL
Qmwgumnﬂu1~au1uﬂ1imim &9 15 - 40 BAFUYAITUT Taoia I 1Fquugiiluns
wifniszanm 30 BaFUYRIFYT cmﬂuama:mmﬂmiUummﬂﬂﬂ pazinzanlunisnaa

Jendiudl 12 @10 (Prescott 1Az Dunn, 1959 ; Noyes, 1969)

2.6.2 AARFUDILIMT (pH)

arfieyminzaulumsioTediznan 68 -7.2 xwim?ﬂﬂ@’fﬁﬁqwﬁmﬁm‘v 7.0
(Prescott 1ta Dunn, 1959) %qam'i%’ﬂy1ﬁ1ﬁm‘wma1mﬂﬁ'e§i'swin 4-9 msizanIeY
qw?m’hﬂdﬁ: einiiRanatodvesdaiing 12 EaaganTaiaiiu linadanseqn
sinane 1l (Noyes , 1969)

Perlman HAZANL- (1960) nanraes azmsranIaiiu 12 YO IUIANITY

a a o d 1
Twsi leHnMaoagnug wuﬂﬁ’mmimunqiﬂﬁuawﬂsuwm‘wammﬁmmnsaiu 18 7.0

4 g ' g ° I a aa a
ZouenTaniion leason laa (NH,OH) oteanumessh Ifiyadiinng v gL HazINAY

512 azawegluwadySineigadag

2.6.3 UHAIFIADIHIT

2.6.3.1 Lmd\mﬁuau (carbon source)

Jseinnifumanailulamsa 1w @nalaer nglae wsalan lelad
denasuein aefulefd uanlad glave mntma wazudl Yszinniifiuans
ﬂixnauﬁuﬂ‘%‘ééuq 91 AIAIANAN nsang1atin asadasn nazAtiyesen (Baron ,
1962)

Field nay Lichsteine (1955, 1957, 1958) %’kﬂmwanmmiﬁmn%a
naTﬂﬁﬂ‘ummaﬂumw15%1005n1imqnummim?mnmumﬁﬁﬂTWiﬁTaﬁn WU21INT
wﬁuﬂaiﬂﬁaﬂﬂ"luemmatmwanauuz’{mquamwa ﬁxﬁﬂﬁ'tmﬂ’v’lﬁﬂTwsﬁTeﬁnm?mllﬁa
mwms‘hmaTﬂ'dwuwwaiﬂmmﬂmnawmsmuau 9 ummmuaﬂumnﬁmtmaﬂﬂﬂ‘hf
Mﬂﬁﬂwﬂﬂﬁmm‘m

Speedie 11az Hull (1960) 2aynsruauMsHaIAIUD 12 oAy
Twsi 1oin Tﬂﬂ‘lﬁﬁﬂmmu“lnmmm (batch process) wmumaummmeuﬁmm:ﬁnﬁ

v
440 thanangna wiouanlad



12

2632 twassglulasiou (nitrogen source)
n%unsm:mumemiﬂumnmmam #1218a T1aa 91 Tna fodad
' ot < . o "

Wilau Yot 63ty qnEathe , yeast extract , tryptic digest of casein , pancreatic
digest of casein , meat extract , blood meal protein , corn steep liquor Q% lactalbumin

o o J " i 9 '
(Baron , 1962) mmuLmaaﬁm"lﬂmmuﬁmm:auﬁqﬂ 1QuA yeast extract (Prescott lag
Dunn , 1958)

Kucheras (1972) ﬁnyﬁwiwammﬂma:mudanﬁNﬁﬂﬁmﬁuﬁ 12 94

A =1 dad

P. shermanii WU AsapeiiTupeedn i Inadu umﬂauu qﬁu AaMIiu BT TN
HazeraIiy ez 2015 amsHaaIAIudl 12 umaﬂam‘"ﬂmwmumsu

Bukin (142 Pronyakova (1960)- WU umﬂauwmmwnmamﬁm?mﬁuﬁ 12

v a a a d
Tﬂmﬂumwmaqgamma‘lﬁmaqmmuuu 12 Tus 1IN UAT 1A
. . a Ad e ¢ '
Promageot 1% Chaix (1937) WU TsapsiluntiFames dudainlsznoy
1 ] _ _ o A ~ -

ﬂx‘mtjmm'smtgmﬂmmummmTwszauﬂ

2633 UMAdNADIT

1
A

us'mwummﬁﬁnﬁiamsm?m,ua:mmﬁﬁ?mﬁuﬁ 12 &ud Tauean

(Co) 'l lud (CN) man (Fe) uuniigen (Mg) nazHeaia (PO,)

Taupavgatiiurandndaiul 12 mamnaﬂua1msw1‘maﬂax‘mamu
Iugd5ana hiifu 20 fladniuAedas iad i Taueav vsmaguiu leziluiivae
90 s fuasiina lSansadiadaiinl 12 am"mﬂuaaﬁ“luiﬂmmma"aﬁaxmmﬁyﬂﬁ' 15U
ﬂaa”liﬂ Famde lwain memaaTﬂnaa‘n auq (Baron , 1962)

Yymlud  saodfunanandaiiuil 12 doduadluemsszdeudnlu
U3 Tty 0.1-100 Tadniudeaas ﬁ1q4ﬂi1ﬁﬂxnﬂuﬁu¢iaqﬁuﬁn tazinianluglinge
yoaenTuiioy TwAgy Tnimnaiaoey (Baron , 1962)

d

Osman {lag Chenouda (1968) WU'J”llﬂﬂﬂllﬂ'J'IlJfT'lﬂi‘Uﬁﬂﬂﬁli]iiUlm“ﬂ'ﬁ

o '

wAad@a1iud 12 Y84 P. shermanii ﬂ'auuuﬂuwauummmﬂﬂgmmmsmﬂmqaumﬂ
Barker 112 Lipman (1949) WU vlaﬁwlwummﬁﬁmimumuaﬁc?wm
lmﬂﬁx‘s’UTw5ﬁTaﬁn1uﬂ§ﬁ?mmu"\mumqq uanmnusmi‘]umuﬂi“ﬂauwmﬂm"lums
ﬁlx'ilﬂﬂ::ﬂ{ ATP WeaIWaila (phospholipids) RNA 1A DNA
2.6.3.4 UMAIMIATY
lmdmm151ﬁ?u°7'\‘1ims'qmim?ﬂguazmswﬁﬂ?mﬁuﬁ 12 14un nsauwu-

Ininn (pantothenic) luTe@au (biotin) uaﬁmﬁuﬁ 2 (riboflavin)
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Thomson (1943) 11ag Delwiche (1949) wusnsalnsiledin uaz luTeau
rﬂui‘]nnsmuﬂuﬂamimsmmuuwanwszaun

Zodrow HAZAME (1963) MU paaEsunwu N uag »'luTeAuvzll
YAz lumarasuau (synergistic action) mmmsmua~n1swaﬁﬂaisuaaﬂ (eorciitoid) &
Suasisudu (precursor) TunisFangiziaaiiull 12 yaauuanisoInsHiein

Renz (1970) wuaiaiuil 2 Grofimanaadaiiud 12 Tagansols

duU

Saniiudl 2 unu 5, 6-dimethylbenzimidazole 2 ufumsGuduiiddyveadaiiug 12

26.4 N3IHINA
Speedie t1az Hull (1960) anyrvuaumanaaiaiuil 12 yaauuaniaoTus1eiin
1 =1 ' ] (14
wud dleg 2 ¥ $rausnlsulifedluanwhitienn i@ Tasmarumes lulasiou
A s v vy < vy
niemiueulaeen laaasluemis 11sasﬂms:ﬂunwnmammﬂﬂﬂlwaamumsw:%:
1 s v R a } v '
Sumsieendinuazatgluems s el lasen ladunaulnNmsniInIzyIY
Zayranw 111NIAYDI911IS ‘1u‘maw‘ﬂuﬂmmn'ﬁimm‘namwmJ 30 pasIvaTYd
14amnnnia 120 2134 dau‘ﬁawﬁaﬂ?ﬂlwamﬁfmwaﬂua1mﬁ Tuann
9 a = = gk | o A a a a
microaerophilic Tﬂtm”lnaaﬂmwmmmﬂuamﬂunm 70 - 80 F2 1314 IWUHANAAIANY
12 1dn uﬁﬂ151waenmmumﬂmu‘lﬂe:wﬂwwawammuuu 12 vooad
Riley HazAN (1961) wmmmwmﬂmnunaﬁwumammuuu 12 ndunTIed
"lﬂmﬂmsﬁmg1wm11mﬂwsUTwszaunwmsm'iuamw Yaifie ez dans1ey  cobinamide

(incomplete cobinamide) azanluead ma"lwmmﬁummaamuNaulaau motihmide 11U

55 6-dimethylbenzimidazole cobamide

27 nszaumsFuATIERaIMaN 12 Tnsgaunsd

Msdansiaaiiud 12 ruelay Boreti uazfni (1960) SuneuIsniGNAD
s ad192aMaUADRS 3 U (corrin ring) NS uAuFnFiialame (succinyl CoA) AT
Tnadu (glycine) squfnldnsamaateziiTudgdadin (6 - aminolaevulinic acid) Taoiing
aludaugy q s A, B, C uag D Tavfusazduisondn wesvedaluou
(porphobilinogen) Fansufulaoeu laidendiiua (deaminase) waz'leTamelsd (isomerase)

&5y T3 13 Trou 111 (urophyrinogen I1D) nafalfisnane g
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Glylcine
Succinyl-CoA 8-Amino- x2 Porpho-
y N -
Levulinic acid bilinogen
x4 l
Urogen III
|
CHj, units
e —
2+
v Co
Coprogen 111 Cobyrinic acid
aminopropanol
>
A4 NH,
Protoporphyrin IX Cobinamide
T o
5 -Deoxyadenosine
y. in -~
Fe'' 5'-Deoxyadenosylcobinamid
e -Deoxyadenosylcobinamide
<+— y R
2
_Mg+_,’ guanosine triphosphate
Heme
¢ 5'-Dcoxyadenosylcobinamide
Hemoglobin Y guanosine diphosphate
Cytochromes Chlorophylls
Catalase

I—P a-ribazole-5" -phosphate —p»

5,6-Dimethyl- 5’-Deoxyadcnosylc0balamin

benzimidazole phosphate

Riboflavin

v

5'-Deoxyadenosylcobalamin

(coenzyme B,)

M 22 uaaddand ldmsumsduasizaaiud 12

117 : Florent @Y Ninet (1979)



P P

dihydrotrimethyl
_ Me

lisobacteriochlo
- HO,C

andi 23 Tassddemsdirgludumemsadadandivil 12

§111 : Florent 1a¢ Ninet (1979)
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agi/leead
571 FosideureIzninaun (rng) 1ABATI TN A taz D TaolfAse
d LY . v < . s .
TeTasuusu (hydrogenation) uazloTeme' sy (isomerization)

579 Ranmaas (methylation) TAsim3 Tofiu (methionine) TuBMMTIANTY
(CH,) Aufiunsuaneiiu 7 9a msfilimjumsa (methyl dosor) denanervilummiTetiu
Tadu (choline) W30 1UNZBY (betaine)

273 1iji301 decarboxylation M29mau C nldgu A 910 CH,-COOH ilu CH,

group
¢ Y 1 s 2 o da = a ¢ & oy
2.7.4 Taeanozitn lUsuigudnany DauNUAAQIANDITUITTUYIW Yuda 11
A 1 . ' ! ¥ .
Huns¥envesaiu upper ligand 15U 5 -deoxyadenosyl vt lthilu upper ligand U8
v N .
.Y o g . o g v
Tuanalasaeiylaveayt Fugahoifiumsden lower ligand 171 Aoy TauBaRfIdIM
] . b4 .
aaTagrunszUIHAITRTNTad19AeA199 Aedl 1151581 nucleotide residue ATAIN

5,6-dimethylbenzimidazole riboside (DMR - riboside) HASAITAS NS Y AINTHA 2.2 uay

AN 2.3
Renz (1970) sisanuduasamsadniandiug 2 lumsdaduves  DBI (5, 6-di-

methylbenzimidazole) Fuihdaau lower ligand uaﬂmaf]a‘imﬁuﬁ 12

a a a o =< 13
2.8 MINANIMHUUY 12 Tﬂﬂizwmawaa

t
dat

281 anassnsuazlsziAveuwadqaunidngnais

ada A adea |

d a o .
l‘]faﬁﬂﬁu‘ﬂiﬂ“ﬂﬂﬂgﬁ 'Hlnﬂa\i l%ﬂﬁ%ﬁu‘ﬂiﬂ‘ﬂﬂﬂﬂﬂﬂﬂﬂﬂtﬂﬁ ﬂ?ﬂﬁﬂ’]u'ﬁ‘ﬂ’m

“ . o

- 1 _ é ° ~ 1 = a Al °
Wﬁﬂf?“lﬁ'ag’hmmtucmm"lﬁ’qauw%’tﬂuqmumammmmmhmﬂﬂumtsa uazemnymi

vy S . A ol < ' ddo o A s
llﬂ‘b"lﬂvlﬂﬂﬁ'lEJﬂ'i\i@ﬂNﬁE]lU'é)\i TﬂUl"lfﬂﬁ'ﬂQﬂﬂiQB109§1Uﬁﬂ'\Wl‘Bﬂﬁ‘Vlﬂ1ﬁdmiiUu FAQISUS

o o .
Wn MSeraana1o1dl (Chibata ATAMY, 1978)

mslfiradefunidfignase1dinsAnummnuuds Taolull ae. 1823 Schuet-

a

° a : ] 4 H Aa ' 4
senbach IdvhnswAmdumeuusaaga  Taoldidudegauniinaaoguuey liide

v . .
wianniuliddauly  sunszinlszinad e 1971 918G uinsauloediaesadeen
n’/’ & ° | o @ :’ _
afania surunsminnldlumeganmassu gy msidaiudsnuy activated sludge 1Az
¥ . .
rickling filter vanvInHFaiN1F unsfdaus i mwar lumiioaus (Abbott , 1977)
d . < o o o a
% @ 1973 Chibata W@y Tosa anpuazldsuanuduislumsnaa nsa

sa A o v o a =2 g
wea-temhianuuuasiiiosluszdugaamnssulaolsead Escherichia coli NNAIIAIY



T -~

o~ — g e e,
S inHomIanaIy WITIoMNAINERTILY

—a— 17
a3 Tndezasamiia (polyacrylamide) ﬁmﬂuqﬁﬂmniiuuﬁquinuaﬂanﬁ"l%’waﬁﬂgﬂﬂ?q
(Chibata 1az Tosa , 1977)

Jd a

Tuilagiiv mwmumsﬁnynnmmJmﬂ‘mcmaqaummmnma"lummaﬁms
giiaa1e 9 8e1andevae agilsza warmdselFlussdueanmassunda U MIRGA
asaupa-ueai1sAn (Nishida azAne, 1979) nsHAaNTALBA-N1AN (Takata AZAME, 1979)

asuaansnlaa (Bucke , 1982) 11AZA15HAA prednisolone (Ohlson HAZAME , 1980) Hudu

du a d‘!
2.8.2 n1snﬂ%mmﬁau%’aﬁnm:ﬂ’fm?rmlaamsm?azcuaanmﬁau 9 (Cheetham, 1980)
s 4 o o a a a & Aa o W Ay QY (&
mfammﬂmwmflumnamd‘mmwuﬂwumummm Wy naziive laTou
wmaatmmanwunumxsqmm'ﬁau q 0
2.8.2.1 mszUumUunumlimnmuwaamnmawa &l3vuidiediou
o o 1 = A . aana
fudsamunil - Ao mmsnmﬂf‘]nsm‘lﬂmﬂ‘lﬂﬁnnzﬂﬂﬂ iasldudanudr  UgaTed
° “a P o = S 9 1 P
anusnzazinansidsumlasdugasigy fymmsfieranzitios  uasaangn
&KX A Y =t =1 9 a vy ' g a
afaidameunlszms fie AesmamslszneumeY 15U Tailamasag q lunisina

Ujnsn Haziinuae eI IRaLE aNAil

=<

=) = @ d A Ia dA gy A
2.8.2.2 aslSeufeuduadvienu laianse [raangnA3t Aoy
[ s A Ia A 9 d o = [ aana - 9
auradsrieeulmidasy Ae aunsalfiyaddmaninn 9 ﬁnyﬂumﬂgmawmman"lﬂ
“lunﬁwﬁﬂﬂmﬂuﬂﬁﬁ?m‘lﬁ'iw suhsaugnnananeen ldazaan  uaz lifilynin
ﬂwﬁaumnnaumaau waamnmmmmﬂmum aunsoindumnldndld silvoa
AunUNIIHAA Taun uﬂﬂﬁ‘I‘xﬂcraavmnmqmamUﬂa Aeldgelunisasuwad 1aze1s

~

qmumtjmmmmins:m’nmsma"lﬂ
o P sa
2823 msnfsudiouivienlaingnais ms Ifiradngnasaiide 14
=1 ' P < A a 3 9 g/ 4 a
WSsunineu lmingnass “lunsmmmumswawuuﬂaﬂ‘vswumu"lcnwmwuﬂ
Taudawes ua“mswaummauq uamnﬂums"l‘mcnaavmnma"lnﬂm‘l‘wmumi'cmﬂ
° 9/ _ n g
pazyinlfieu laiuTans Funaliioulaiseniidszantnings m‘lnwawamwuﬁwu
v q Y Y] ' Y] s a ada 2 Ay A

tazSlumsaamldsiedis  uamslfyadgauniongnaswivelay Ao waalsznaudy
4 a & a P 'y o .’f a s 2 o
mu"lcnwmwuﬂcmmﬁnwaﬂmm‘lnﬂmmmanmﬂuawawaﬁ"lﬁ HazIFaaNgnAIIi
Qﬂﬂ°1ﬁﬂmi‘lﬂlmunﬂﬂﬂﬂ‘Ui’Nﬁ'UiTlﬂiﬂllﬁ:’,NﬁNﬁﬁTﬂﬂ’miﬂcl‘lfﬂiQl‘]fﬁﬂ (Abbott , 1977 ;
Chibata 1aZAME , 1978 ; Cheetham , 1980) uanmnuamwumiﬂutfleweawawamm
Fran n?amiﬁ'ﬁuaaﬂmnwaaﬂnﬂmq ‘1unsm°nmfaamﬂmsUaaﬁmﬂmmqmawmmaa

Qn“l‘i‘s'rf]unmmuw?awaa%ﬁ"lﬂammmmqmawgnmmmsmmujmnmmu (Cheetham

azAMe , 1979; White (a2 Portno, 1978)

43066
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2.8.3 nﬁwa1smmﬂmanmmmm"aﬂun1smqwaa

1ummnmsmsauwaamnmawawn muuﬂmﬁuummmiwmmmuiums

m‘?amaﬁudaﬁ%ﬁaﬁi’faxmnmmu"lﬂ uﬂTﬂﬂm"hJum’ﬂthmﬂm"lumswmsmmv

aauiianefldnd aammumu

v

ﬂmaﬂaqnu fio ﬂmﬁnmmwﬂa"lﬂ (mechanical propertics) f]
aoanminadeumailand siniiiaznstesaaio Taogaunsd Ao U
(hydrophilicity) ~ A11&NI (permeability) sauaznsveniy (s 2524)
ﬁmi"um'iﬁmﬁaﬂmmmm:ﬂuiunwmamaammmmmwnuu Takata 1102
Ame (1977) "l@’\'ﬁqﬂn5n°lumiﬁmstmlli'ﬁaﬁ fio
2831 guautialunsazais paseziimsazany azHarad gy

S Y Ay Yy o ' =
193 IA41Y AT ATHTUN | &iiawneeg luannzifluveanan

A15ALA10UBIAT INTL
ay v P ° 9y a
2832 AuAuLAluASHanD asrauitldassezgniniigninhiinana
&eiidwa  moldannzded@ uaz hmﬂmnﬂnmﬂanuuﬂaﬂﬂimNﬂlmmu‘lmn U350

[radgauNi o
e ~ (<4 o
2833 AUANTAYBUIA anddaas 9 iA NNV AAZAINAIAITY

a v (=4 ~ o o XY
il'lJ'lﬂ‘UBQz'ﬂ'ﬂgﬂ'\ﬂiumﬂﬂ??‘i]:ilﬁﬂﬂﬂ'ﬂﬂﬁﬁﬂﬂﬂuﬂ'l‘i"i']ulﬂaﬂl@ﬂ‘ﬁﬂmﬁ/ AT UaIRINIUATHA

a 4a Z = ] 9 g a
waﬂmﬂﬂ‘uummiwumuwman"lﬂammﬂs:

2.8.4 qmauumaqwaaqaumwgnma
2.8.4.1 mmmmwvmmﬂﬂs ﬂamxaqmmsﬂ%"luﬂwwaﬂ raangn

ﬁ?xﬂi]"ﬁﬂ’ﬂllﬁ'llW'l‘"ﬁﬂENﬂlli'"ﬂﬂU‘lJE)QE)1ﬂ15ﬂ1‘lflﬁU~3uﬂﬂﬂ%lil'lﬂl‘]fﬁﬁ@ﬂi" lLliN 9INE13A7
unﬂuﬂﬂfﬁiﬂﬂﬂﬂ’li‘lmﬂ'llu‘ll'l?]ﬂﬂ‘l]ﬂd’d'l‘iﬂ1“'lillﬁ$ﬂﬂﬂﬂﬂ ‘luﬂiﬂlﬁﬂﬂﬂixﬂﬂﬂﬂlﬂdﬂn‘lﬁ

1’11‘IﬂﬂU\uﬂmﬁﬂﬁ’c'Nﬂ'J'Iilﬁnlﬁi\\!ﬂ\!lﬂuul‘]ﬂmﬂﬂﬂiQllﬂﬂuﬂﬂﬂ'\ﬂiﬂ?t’l (Chibata iagAM,

1978)
2.8.4.2 ﬂ’J’qu'ldJUﬂ5ﬂlﬂﬂﬂ'\ﬂ‘ﬂlﬁﬂ'\“ﬂ“‘\]ﬂﬂl‘lﬂﬁﬂ%ﬂﬂﬂ‘N lﬁﬂlﬂ?ﬂﬁlﬁﬂu

ﬂ'J'llllﬂ'Llﬂ‘iﬂﬂ"lsi“ﬁlﬁu'1“‘?111‘\1E)\il‘]fﬂﬂ‘ﬂﬂﬂﬂisiﬂ‘l]l‘ﬁﬂﬁﬂﬁi“ wmnmaamnmqmmﬂauu

ﬂaﬂﬂmamummlﬂumﬂ R tULIATa RN nsa%tﬂauuuﬂaema

2.8.43 Qﬁl'ﬂﬂu‘nmll'luﬁn‘llf]ﬂl‘lfﬁﬁﬂﬂﬂﬂii waamﬂmaunummﬂwu

' ' Ja
aonamdeuldaniuynaease muuqmnqummmzﬁwaqwaamgﬂmmnumﬁamwaa
Gl b
o Sa = =1 9 ' 'd
2844 AIMAINAFAANYNAT fiaamaamulums1dauldgeniugaa
a A ° o ] dy ' s <2 A 1
E)ﬁi:iﬂﬂﬂ'\ll'ﬁﬂu'lﬂﬂllll'ﬂ‘fﬂﬂunlﬁ uaﬂ'i]'muWU'J'll‘lfﬂﬁ‘ﬂQﬂﬂiQllﬂ'l”lllﬁ‘]ll']iﬂﬂuﬂﬂﬁ'ﬁ

= A a A Ja
mmm:msmauﬁmwmﬁlanﬁé’amwmaas: (Cheetham 11aZANT , 1979)
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ad =< 13 v
2.8.5 IENIAIUBAAUUUAN 9
ad =< Jd a adaad 9 o ad = L4 ] ad '
'Hiﬂ'liﬂi\il‘lfﬁﬂQﬁlﬁ’liUll')ﬁﬂﬂ'lﬂﬂﬂ')ﬁﬂ15ﬁi\1[ﬁ]uvl‘lfll umaam‘ﬂu 3 'JﬁL]'HiUu 9
Taun ms'éﬂé’wﬁam (carrier-binding method) mu%ammu‘lﬁu*ﬁ' (cross-linking method)
HAZN131 01N (entrapping method) FaaaalunInd 2.4 (Chibata llazAME , 1978)

o o . L. = 4 s
2.8.5.1 mstaaluanih (carrier-binding method) YH1Y0Y MI¥euNI¥an

a S J

@ @ o Ay v : . . & adda kY v yﬂ
ﬂau‘ﬂiﬂiﬂtjﬂﬂﬂnﬂ’mm lua:awm (water-insoluble carriers) qmwuﬁu“l‘nuuwaﬂ"lm U

& @

ad ) < 9 Jd 3 §
2795 A NMIAAYY (adsorption) ua:mmﬂmausﬂmnaum (covalent binding)

o A, J v @ ~
) msgady fuTimsaiavad Taghfivadgaduivasiudy

° Y .

2211 930 ionic bond n3o hydrogen bond (Cheetham , 1980) Tﬂnmﬁ"tmﬁ'mmmsu‘ma
" A o o s A A o Y o . o . .
AifteanmissadveuAiiGe  wIevae  13gnauAIy  diaminopimelic acid Az
hexosamines F9911130INA ionic interaction fudnimiyla (Koshcheenko , 1981) Tﬂtjuidﬂﬂ
o 4 X o s & o \A A y v < ¢y aaa
Futivzduivvinanazegueasadsauialededuy g MAeIveInly  AIIATUFAAAILITY
Add‘ ' i L% ' 9 U ~ S Y A'i = d' =1 ” .
3TN uANsIYAFUADUTINEIU aziimsgudoad IdOadielinisiasuitiey ionic
: a 4 T Jd o n’: a, dy ]
strength 113 Inaveuir msifarlete ima naziileiin1suuuyad R TR R EATORR PURTPUREASSY
n o = P ady a a 3 o e o
smiunsasuradlunsdindesmsnandandsignauiiouveusad uanewyivlauss
Y
s ° & s o o s
aadulfqaiiuTaomsi cross-linking M9 INQAFUITAANAT (Cheetham , 1980) tiazlums

v v
Uftaeniderduiinidils: TonT1&Tau desorption wadiivuandmazaeenludige-

= o

o P vy ~ Ly =< BIA SR & kS pt s =&
%Ul‘ﬁaﬁqlﬂm"lnmlmuﬂ uaﬂﬁnﬂlﬁr‘iﬂiqlmaﬁﬂ’)ﬂ’)ﬁuuanﬂlﬂﬂﬂﬂﬂi:ﬂ'ﬁ“uq f19 BAI-

o PR % ' S, | b Jue H ' o aa
mIgaFuIradAsu i IsvesA niAe g ngernlsusandly 18 Tasldmsniigngu
Hludrgad (Kosheheenko , 1981) dmivmsnldiiufaaduraddieis 1auf modified
cellulose , glass beads , anthracite , ion-exchange resin (182 wood pulp Hudu

< v s ax =< St A %
2) mstadlsusslmuaud Wudtmsasuradideuisad lay
@ . ~ ﬁJd'l 3 " @ 1 Aa J 9/ '
A3 activated support  Tagmsh ISiFaaniuaunsosedudatlssneuiidasad  1dud

1 a ' 4 a L.% a 1 a T a a L=
aquezilu nQuAITUBNTa nqudarleasa nquleasenda nguanianlya nisnguuen

Y a A

a adda o A to A Y o o ' . =1 v a
UENT'LISGIU FTUNVDA AD l‘]faﬁﬂzl‘lﬂ‘)uggﬂ'ﬂN'J'HU]‘U@QQTN‘]@U]Q?TN’HTTU@ UANUAIAIA

'
P &

o 1o ad
asiin1s i naveusad 1810 (Cheetham , 1980) udfiidoidoIiea91AMIAT uBAdAIIT

2 v 'ﬂ a Hq ¥ o q ¥ o = Y o i
Uﬂﬂuq\lNiull'ﬂ HagaAUL UWH‘Uﬂ\iﬁ‘li‘ﬂ‘l‘lfﬂ'm'ﬂ11ﬁl°ﬁﬂaﬂmlﬁﬂﬂ11“ﬂ1u15ﬂ‘1ﬂ ANUU

w o

1
o AR

A o o < I ady @ a o S 9
'Jﬁui]\1!1111'13'(T1!ﬁ'l1151]¢\5§l‘h’ﬁfﬂUﬂ?m'ﬂﬂﬂﬂﬂ'lilﬂuvl‘]ﬁll'w{lﬂ‘lfuﬂlﬂﬂ’l uazmu"lwmmms
.’1 o s & Yy v @ @ aa 1 = ° o
uuli‘lumu"lcmmﬂutma ‘INVhWIEN'(’ﬂ.lNﬁﬂﬂﬂ]ilﬂuﬂql‘i’ﬂu‘i:ﬂ'J'Nﬂ'lilﬂiﬂll amsuans
Hq ¥ o <2 d ﬂd‘: S . . o % -
AFdumdaraadindsil @A titanium , zirconium hydroxides , activated carboxymethyl

cellulose , activated porous , glass beads (Navarro 11a% Durand,, 1977) Hudu
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A Y L < P s

2.8.5.2 mmsauuuullm (cross-linking method) WHUDY NITIFBUITAQA

a o . " . 1 d o 14

gaunsdithdroiulasldasnan bi- nie multifunctional reagents U naNIiTan lea

(glutaraldehyde) , 1MQdU (toluene) nazla'le Yo loeuun (diisocyanate) (Chibata HAZAME ,
1970) 1Hudu

pry ¢y ada A A o "y < ‘o &

Tsaturasdiiiiiaeniiou q  fe  wad lildgnaTeegivaih

[ @ A ' ) ' A . l;] & J Y

lﬂumﬂmumagnwauuatﬂuma nseolu semipermeable membrane (AIUUNIFOUITAAIVT

=1

@ a v ° 14
SoiuTanldasnimoldannsideudiszguiss  slfiwadgy@enmannsalunis
v v 1 4 )
fssiiaeg 14 sniuadignasidaoistivamnzdmivldhnlisondafos  (single
v
reaction) IN111U (Cheetham , 1980)
1 tY . P J Y Addy ¢ty
2.8.5.3 N1318WN (entrapping method) mimawaammwumlmf]u2
A R v = . v 9 ' .
Hyyne MTHINNUUL hﬂﬂillﬂ‘ﬂ‘gﬂ (mlcroencapsulatxon) HAZAITHON NI U I NN (lattice
type)
N EY Y < ' 9 JY
1)-mzverunuy lnlasumlga  nuede MIveYIEAAAID
ad . . . _
Tt uan 14 (scmipermeable membrane) - (1~ ABANDIALY (collodian) M3®
aa e é o =t . 9 ¥ ' 9 o a & ] v
Falau (silicone) Fefloeiunsdiuriivewnd 16 uagen i dumeINIasHanaATuEIL 1A
] a =< Y Adnsy ad W\ or o< P LY
stsasy  mInruraaarndTsuItae e liudesaweiez g 1R luszaugaamns Ty
=) Jd a J o :;l 9 iR Ao w a
uaxmﬂnﬂﬁgmmsﬂﬂﬂ:nawmwaammuﬁ'w gaiums 19l Tomivaiidna fonldlu
a o a o
SumsnaanTalsanazanuding i 1y (Cheetham , 1980)
"9 0 =< =< o ' EY
2) maHeuUUTNY el msasdsadlaonisveny
1 1 aa P ° 4 1a J E, a 4
wadAmelugeing 3 ia lumavesas Indnesnsmihfdunifu (matrix) (Hu3sanld
o a o O d‘ A s d A a Aad
fuarmiisuiazlszana s wnndina. Wiswnidldnumaddeuyariia Tuyuends
A - ° g <t 3 < Iy ad N
mssuilanusurzaz Yoo sunInn2T (Cheetham , 1980) N13ATUTATNAIYITNITND
y da v L . - i:] o 9 Y a 2
Wutitioy19swan biochemically inert  hydrogel | uaaveny Taslgnanmsinanadil
Y a . aa n:‘dw _a I‘II - -~
Wifalases1e 3 ia ananvuzdugnsu Tesnalnlumsfaeaiuivawuuuae
. o L) = L4 ‘s =
2.1) covalent binding  I%U s Inawe lssves Indevas-
= .
21MA (polyacrylamide)
2.2) ionic force WU 1DAUN (alginate)
i3 - < - - a o
2.3) precipitation 1aviiey guvgl nemsnlasuilasi
o . 4 a
¥i1aza1y (solvent change) 1%U ABAAUIU (collagen) ANTIIVIUU (carrageenan)uﬁxTWﬁ’cT"lﬁéu
(polystyrene)
o o o a Y o 1Y o o o v
dmdvmsiionlfiudnierty nazdszananuduivluseaugadmnssuum

' d a a
18un TnAezaTainia A15310UUY taziAAIFeuIDATIUN (Bucke , 1982)
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. v
286 uoasium Fumsniadaldnnamsweiitaia ldnvuglasadamuaiidu

THELB 99184 D-manuronate (M) 1132 L-guluronate (G) residues t@asiumaunsnfaiiu
W ' H 'd [ a 3+
mallﬁnﬁ'aag’lumsazmaﬁﬁ%aawaﬂaﬂﬂwﬁanawn wu egindioylessu (Al ) uaz

oy 2+ = ¢y a a o Y ¥ ¢
unaisonloseu (Ca ) msasuwaddasuaaFouieasunild Tasnayadaslumsazaiy
Pl a 4 a a
ToEoueasiun udaveaaslumsazarsunaifounaelsd szifavaveAFBNIBATIUN
d o oa o o ' u @ “ n o g g a4
Furud nasngsnmiuasugiea BlumsazaisunaFounne 1sAaen 8g191ey 20 W 1WD
a ' . wa 4 g (K
TiRamastiaanysal (complete gelation) (Bucke , 1982) AuauiiAvousai Idvziuegiu
a =Y =y d' 9/ a d'd . ° Y a d‘d
siauazdSuaveaeasiuniily  TasueaBuniill G residues  gavzdi lviinaaniin
[~ 9 dyw dy "o a 9y Y v a
ndansagaday vennnidavuegiuyiamazamduduyes leoouveslanzuazlima
JHq Yy
Faan 19836 (Graham , 1977 ; Cheetham llazAMe , 1979)
g/ P a = Y A - ° Y b4
aslsunaidenueatiumlumsasusadivearatetszams  As i lddwnield
a < . Lo i % = dadaa e <
anzdnd azaan uazsaasa  aaiitioyldlunsasuyadniaia  uenINUNTAI
d Y = “ [ ndd‘ o 4' a d'l (] a
wasdsunasoueasumiuiuiinasans tiesninueasisiiuas i hidluniyuazven
o o s P
Al Tagfetuluems (food additive) Muflummunuida  nazwadngnas iy
=1 a ] 9 ° v o A '
unaeueasma s aayad lWmelea hliaamaunsalumsiiudas dledilu
L Jd ' o u s ° 9y a 3 a
Ny udadusdIneInaasaeenueniald  shldifansdudleulurandauazlu
) ~ a < s a WA
yuanazms 1funamsuieadunlumsasuradoivnailam 18 Taginwizet1eoalu

I S

.
Asfifiansaanag (chelating agents) 154 mssznoudoma  way dANwe (EDTA ;

2+

5t ¢ 2 2 = Y o
cthylenediamine-tetraacetic acid) —FIAIMNIDAY Ca 80N9IN100 19 ua:mq*nuﬂs:qmﬂ

a ' 2% i Sl 1 2+ ° ' v a
(cations) V19¥iia 15U Mg siay K~ Fsannsadldmmud ca - 18 i lvia liasduia
9 1 o wa g ‘: a ° 9 'L <
mrazawld  edwlsfiamguaniadeiiveweadumannsmimnlflszTonilurmsann
@ a d A
asaoriunsesyveraaniolumald (Kierstan uag Bucke , 1977, Cheetham tazAME |
o W A A P 22 .y v P
1979)  dwmdumsud lvilymmisazarsvevadisiinsfianaaivii 1d Taglfaasoudon
wiouuSey unuaaFoy s linamaniinnuas@unndl (Paul 1A Vignais , 1980)

uaoz liifufivensulunsainnanaan ldinertesnunsisluemis

a ~

Hoytunnadumeasumgminnlfifumsdnilunsaiueulsl wadydunsd

v .
aaslswana lulaneuess (Kierstan 11ag Bucke , 1977) aziiloigofiy (Brodelius (azAME ,
' A Jd a oA < ~ a a 9L a a
1979) Taginwized1uduraayauns sngnassdisunadouteauniionlsanylszansnm
J ) o o * ' a
vosszuueu laraeriialuwadiumn  wu  msgesameiuea  mIkAAIBANeEed

a L4
mslfiauy mansesd Hudu
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@) carrier -binding method @) cross-linking method

lattice type microcapsule type

(A1) entrapping method

.:; = d a A d
WA 2.4 7UHVUNIATUFAALAUNTY
{311 - Chibata HazaMe (1978)

v ia <
287 msldiradignasslunisgamunaa
a da % A Ja
2891 mswaansaiea-tentian (L-aspartic acid) nsaue@ian
gy Tsauazemisiasy -1 A, 1973 o vt Tyerg Tutlszmediu 1815
' A & a o a ' v ¢
\0f Escherichia coli NQNATN0GININABLATAIMIAIND Sunnaseaoulanineaihina
a Ia & a 4
(aspartase) Junisnaansauea-tomhifn (Chibata DAL , 1974) 21PN AATIZHAUNY
a ' Ja a d a 1
Tunswan wmmwi"l‘l’f's:unwaaﬁgnﬁ?ﬂ%’é’unu"lummamﬁm 60 1WoFFUAYDIITIA
4'( o/ ' 91 " o 1 A e @ =) 1 9/ o
Haannsendanilging Mmaase AT toznisfsaveude aoinldinaimly
o a a .3 o d A
izunmm‘?awaaiﬁﬁﬂimmnwmmuuTﬂUWﬂﬂﬂ:miswuuu (kappa carrageenan) 1%
A o A o o A s a a a
mummmmewauuuu‘h’?nungmmaﬂ'laﬂua:lacxszmmaau'lﬂa:uu (hexamethy-
° o 1
lenediamine) ¥ 1HIAIINAMNTDNATAIMAINIZIVU
a a - . a a [ 4
872 MIHAANTALBA-HAN(L-malic acid) nsamanunsadunsd ¥
- e w1 A& dAa dda a o o - a
fianwdfyaeionssulugaadaizia T 1974 v3vm vt lyong Tdvinseaa
a 9 S < . d @ a da a ada
nIAIBA-11AN TﬂU"l‘lﬁ:uuwaa'ngnmwummnumswaﬂnsmma-ueﬁﬂwmn YAUNI o
' 4 1 4
2 uunaaewlsiyanise (fumarase) 1AUR Brevibacterium ammoniagencs TTIGERLEL
=) d -~ dv d’l -dy a A' c; v 9 -~ v o Aaa 99y o :1’
TndezaTaMila mmmm‘mumuwnwaﬂmsamﬂuﬂmmsﬂaﬂimmun%mn faru

<2 9 ° P =1 [l o :'d . A o n’: 9 v aa
iNﬂENU'll‘lfﬁﬂ'VlQﬂﬂi\l“ﬂﬁcl'Uﬁ'liﬁﬂﬂu'lﬂ (bile extract) lWE)EJUfJ\'lﬂ'ﬁﬁi'l\lﬂiﬂ‘b’ﬂ‘]f'Llﬂ 1ag
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Fusasmsnaansaueaandn aomludl aa. 1977 1dinsdiudgeansznaumsndalmi
9/ L4 & < l d a
Tao14iwad Brevibacterium flavum  4nATIBYIU A-AITTIVUY MU (Takata HOZAUL
1979) riipanniideaniimsldInderaiamiia fe 55msasei lansluannzlng Tiwa
raage nazasi 16 iy
2873 NsHAAATINTAT 19 1au (prednisolone) msadi Ty Tawilues
Tapspodaiantiisnums iunguiuia tazassziunsdnay dszmeadinu

a

a e g S a o ¢ ada =
runsandaasiilugamunssuvnamn - Al A 1978 Taoldiradgaunigngnass

a o aaa v L4 a & a d(: a < 9 = =
yiunsHane ol fAsoweueu 9l 2 ¥ta  AIAUNTIN 2 $lingNAIIAIY INTBZAT-
P= ¢ o 2 o Ada i e & gy a ' v A gy e
e wadmondansassdaiaiaed dniutsannsmiunlduiaoduderiies]d udao
smenddlginslfulseiinirasurad laslfunaidouneadiunimu  (Ohlson  HazAMZ,
1980) tieenniduatide azan Iinandage wazansn 1 iy
< Yy a v s < o o
seifindmsnaans laoldsznuiradngneiduszavgamunnssy Tuilegiu
& 4 ' o a 1 & 4 0
Wradngnasaiteiiumaweueu lalifivriiaio) daumsIfiradngnasuitediuumas
o a :z’ o (0% o/ 9/ @ '
youeu lyimaeyiany delifinsnuns1dlussdugaamnasy UINMINANBINUBYI
' a & < a a a
3130219 19U ATHAANTTUBATINTAANNATY (Wada HAZAME , 1979) MIHAAIAMIUL
4 A a a 4 < . a a o 4
12 DnsaauuanGE e TnTf 18inAignas e (Yongsmith , 1982) AZNIIHAANTABUNIUIINIFAD

uuafis o Tus i lefingna3 (lordan lAZAMY , 1980) 1y

ada da a 4
2.9 AFANTITHIMIUD 12
a a a N ¥ ad 9 1 Aad =) a Jd
Saiut 12 Sinrei ldwa1e3t dun ITmaniuaziland (Spalla uazane , 1989)
= d'a 9 =t U o d‘
Hasn e FIn R AT 2T ldazdoanit AlaasluaINn 2.4

gy a

Microbiological assay ~ (Humafinvnaga¥adneriigyaunisiiiudmaaonmnas
' = o g a e 9 LY ‘ o’a‘ 9 = 9 ° v
11 q Tagiindninaaian yauvidie: 1udananeinszdedinnudesmsiunizaoms
:;’ a a 9 (=Y o n’/’ 9 a S :4’ ] a a v v
Filumsosyeieq  dmnliimsdniunds gdunsiiesbivunsaniydulaldng

A 2 g a a FUR Y o ' 9 Y
wiedeldfns Ay Taldennnouiiuninmand i Idediaunisa
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:; ada da a
AN 2.4 TAUATIZHIANUUY 12

gaun3dnaaey aneiug Ems | gdieandind 12 1BNTN501994
Jinnzle

wuAnisy

Lactobacillus lactis (Domer strain) T,A Cobamides Shorb (1947,1948)

L.. leichmannii ATCC 4797 T,A Skeggs HAaZAME(1948)
ATCC 7830

Escherichia coli ATCC 9637 Cobinamides Davis (1a% Mingiola
Tauaunaioiug 113-3 Cobamides

Tsladn

Euglena gracilis Coenzyme B, Hutnertiazne (1949)

Ochromonas malhamensis Coenzyme B, Ford (1953)

winuma T = JAANYUYINIINITY (wrbidity)

A = JalsunnTainne (acidity)

2.9.1 MSIaNaMInNAaeL
psihy 2 dszoning Ao
vd X -
201.1 Tube method 1¥Asu¥BIUNADANAADY BIUHAIN
Ay S . v 4 Y
1) Turbidimetric method  BIUNAVINANINYUVBILTAQ HINAT
v .
NAABVIDT YAINT U TN AguRNAIY fsrutieensesyayiaaadns A
Juysdiradnaansam 11Uaae

a o Jd

2) Titration method éﬂ«lﬂﬂ‘iﬂﬂﬂ??ﬂmﬂiﬂﬁﬂﬁﬂﬂﬁﬂ%ﬂ’dﬂ‘u

k)

= a

y & v o s v o ‘e ad o
ATNVUNT DNTAUNNUAANUATIINATBUNN ‘ﬁ’”lﬂiﬂuBﬂﬂllﬁﬂ\i?'li}ﬂu‘}’ﬁ{ll%iﬂlum Tadn
b4 9
AINWNIAUDY
a o 4 X Py
2.9.1.2 Plate method M38158021 cup-plate method oo lus e

;4
1o gWa9In growth zone

2% J a =S 4:; < LY a a A
2.9.2 YouanaiaviadszmsvesgdunsgndudmaaeumImiivg 12
2.9.2.1 Lactobacillus
.g a ado a a da a A A
@oyaunstmausaitlFlunsTinswiiaiiug 12 fe Lactobacillus lactis
Dormor (LLD) ipaninnuinaeuaussdemsiaia lavindu uaaeu 1811 L. leichmannii
(ATCC 4797) W30 L. leichmannii (ATCC 7830) nlFaszinaaiiui 120y fies

g/ = ] =1 4 ° Y a Y a
9519 L. lactis Domor UY8asInInIIziimsuanaaigyausan W ldifateranaialu
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a ¢ ad a s a 9 o s P &g . N
1555 Sinsiinsiaion]EmiY Lactobacillus 10 turbidimetric method  TA8 1M
' ¢ o 1 o A y L
ravInAuveunandsnIntmderiiunal 18-40 $alus 130 1agn13 InmIa (titration
b4 ' .
method) ¥11/S1aAsANAnANINTBTIOTY 1A 72 F3Tue
2.9.2.2 Escherichia coli (mutant type)

v
a l’l

TaonAgauni duiiail hidesnsdaiiudl 12 dmiumaniy HAADNN
° a Y] o 4 1

Davis 18 Mingioli (1950) 1d1duerag slfifansnaeiuf idmoiug £ coli NdoanIsm
wiTetiunazdaniud 12 Jumsiniy  @uNInABUAUBAB Factor B WiomsniadonAis
a a A 1 [ 1 ~ 4 a 9 o d’l dy 9
Saniiuil 12 ualinevaussdeneendlsTuled donldtumanacenlunudouye o
maiinlifie191Aa back mutation 1Al

2.9.2.3 Euglena gracilis

&2 dvy a a o =1 ° ' a & 9

Boiidosmsdimiud 12 walseziv-umsiuiudonsniy @1y

. v .

Saviiud 12 18TugUfidudassminiud ndaniui 12 daanuTdsAauldhild msasiom
a a a A o 1 9 1 ' d 9 o 1w = :::l A
Jsinadariug 12 118 1areuraInA N HYRUTAR  HAABITEIANI L IUNLUIFOOU

& ' A ¢ £ = P v = o A ' vy
Juileudw ileanndiFogndur Tad dealdnaninus e 8 Ju-Taazdunald
2.9.2.4 Ochromonas malhamensis
v ¥
@oilladedaniiud 12 TugdvedlsmTulanariiv nazTaeulsmi s
Illvn P 9 1 4’(’ o v o o Ay “a A 9/
difiomitesnnlfnalumstndewy 57 Ju  uazduiusnyiFeusanilduinmiizezgn

b N
Yudleusnyaunidsiindnladig (Sebrell lag Harris , 1968)
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Un3niazInN133I0Y

a =54

3.1 aunay
3.1.1 Propionibacterium freudenreichii TISTR 446 1%’1ummﬁ¢ﬁmﬁuﬁ 12 185v9n
aaiasuinnmaasiazmalulavuvalsy vmslng  Tuenin Lyophilization siniudafiulu

AN stock culture BANYI 4 BaFANIYAFUA 11 MRS agar TAB3T stab (MARUIN N.)

a 4 a a a o w v
3.1.2 Lactobacillus leichmannii TISTR 785 1 un1sTinsiysinadaniiud 12 14
'S'”umﬂﬁmﬁu?ﬁﬁmmmm?uaxmﬂuTaﬁmhﬂs:ma‘lm {1an1 - Lyophilization 9101U9@

fuluanm stock culture 11 Bacto B, Culture Agar USP 484 Difco 1as3T stab

32 mﬂmaa‘l%

'li’l“VNi]'lﬂTiN'luﬂﬂﬁ'mﬂiil!ﬂ'nﬂﬁ’l“lﬁ 1(31’5'Ui]'lﬂ UiH‘VI‘:’\WU')u‘HtJ‘ﬁgnﬂﬂ'lﬂﬂ lﬁ‘U‘v’\ 696

qseﬁmﬁmaﬁuuﬁ AUUNNT ﬂ'\‘UﬁU“JT‘Uﬂ ﬂ'llﬂﬂlllﬂsl 'Dsiﬂ’)ﬂ‘lfﬁl‘li

o o J
33 msEHiUaIULsad

TRoueasiun HanlaouIET Sigma Chemical Co., Ltd.

A A ¢
3.4 1A3esdlouazglnsns

lﬂ?awuum%m JU ZK 380 494 Hermle

n3oeiatior 91 SA 520 493 Orion

(A3 DIFAULUMIY su B 31008 Y89 Sartorius
(A3BeFILAZIBYA TU A 2008 Y94 Sartorius
[m3pLiARINIIAARAUITY U DR/4000V Y89 Hach
AipuudManaRauas U G-S60E vo4 Scientific Industries, Ing.
1A3849ABINA U SKH36KN 193HT ~ ¥®8d GE Mortors
wieitanudu - 5U HA-3D 494 Hirayama mfg. corp.

-& M Lo .
(n3pedelisau JUTT Y94 Gerhardt
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inFeandulysiu U
gou'lulasnv U TRX-2601
ﬂ:'ﬂm%a U B 60
ﬁdwﬁ;a U

91N JU 502D
Tn@ﬂmm%u JU GL 32
Founnmiounis U ED 53
1ASDIAIVLIY U IME 6

i Il
P EARGI I

o 4 A
[VUIVYLTD

Vapodest 30

BIO48M 359

U SP 46920-26

27

Y94 Gerhardt

Y99 Turbora

Y94 Memmert

Y84 Faster

¥4 LH Fermentation
Y94 Glaswerk Wertheim
Y93 WTC binder

994 Electromantle ME

Y93 Barmnstead/Thermolyne

A5£AINID4 Whatman (185 1 HUAUGUINAN 7.0 I3uAGs

Aseamnsoelonfa Whatman GF/C (UATUGUENAN 4.7 15UANIAT

' ' o ' o a @ a
wreada Idun Manadgyng fdnnes dasa  Tnla aszuenads vIndnlinas

. N c:l d’l b I I
Hﬁ@ﬂﬂﬂﬂ@\ld“ﬂﬂﬁ? ll‘l’l\‘illﬁ”l IUWIZIAGNTD  VIANUNAY 1101l 1o

MAeAMNSLIATEANUINAYI gNUAY AIINTBY NTILIYN LAZRIUTZING

° (% [y 04
ﬁﬁi’n‘ﬂiﬂ!ﬂ%ﬂﬂﬁ1ﬂ1§!!ﬁ$lﬂﬁﬂﬂ&‘ﬂ

o Tuidlouane 1s@ (NH,CD
(Ammonium chloride)
weyTaiion'leasen lod (NH,0H)
(Ammonium hydroxide)

Bacto B, Assay Medium USP
Bacto B,, Culture Agar USP
luTedu (Biotin)

nsAueIn (H,BO,)

(Borric acid)

unaiFounas lsaueuleaia (CaCl)

(Calcium chloriede (anhydrous))

Vo

VB

U

YD

UBN

UB

VB

Merck Co., Ltd.

USHN sy 91n0a
Difco

Difco

Fluka Chemical Co., Ltd.

J.T. Baker Inc.

Merck Co., Ltd.



TaveaviFama (CoSO, - 7H,0) 494 Fluka Chemical Co., Ltd.
(Cobolt sulphate)
aplnlesdania (Cuso,) Y94 J.T. Baker Inc.

(Copper sulphate)

laTwunaGoulalasnudeaa (K,HPO,) Y93 Merck Co., Ltd.
(Dipotassium hydrogen phosphate)

laTwdonlalasioudemna (Na,HPO, - 7H,0) 484 Mallinckrodt Co., Ltd.
(Disodium hydrogen phosphate)

meTnezdy (FeNH, (SO,), * 12H,0) 494 Merck Co, Ltd.

(Feric alum)

esauouTuiloudamla (Fe(NH,),(S0,), - 6H,0) %84 Fluka Chemical Co., Ltd.

(Ferrus ammonium sulphate)

nglaaueulania (CH,0,) 499 Merck Co., Ltd.
(Glucose (anhydrous))

Tnadu (Glycine) Y94 Sigma Chemical Co., Ltd.
nsalalasaapin (HCI) 489 J.T. Baker Inc.

(Hydrochloric acid)

uuntiFougama (MgSo, - 7H,0) Y93 J.T. Baker Inc.
(Magnesium sulphate)

wesaTdaa (HgSO,) FHAK 494 Merck Co., Ltd.
(Mercury sulphate)

N3 1oy (Methionine) 9849 Fluka Chemical Co., Ltd.
MRS agar Y94 Difco

nsa luasn (HNO,) 499 J.T. Baker Inc.

(Nitric acid)

N3 ﬂllqu‘Vl‘ﬁﬁﬂ_ (Pantothenic acid calcium salt) 989 Fluka Chemical Co., Ltd.
HWusa (C,H,OH) Y94 Merck Co., Ltd.
(Phenol)



Twimaioulalasmwa (K,Cr,0,)

(Potassium dichromate)

Twimaidon lalaasinudeaila (KH,PO)

(Potasium dihydrogen phosphate)

TnumadenleTasnululeleea (KHIO,),)

(Potassium hydrogen biiodate)
TnummEoudeaa (K,PO,)
(Potassium phosphate)
Janiiuil 2 (Riboflavin)
Fanes lumsa (AgNo,)
(Silver nitrate)

Fanesdama (AgS0,)
(Silver sulphate)
Tandguie lod (NaN,)
(Sodium azide)
Tmdounaelsd (NaCl)
(Sodium chloride)
Tadonleasonlad (NaOH)
(Sodium hydroxide)
TaiaonloTe lad (Nal)
(Sodium Iodide)

TwRouda Iaueuleaia (Na,SO)
(Sodium sulphite (anhydrous))
TwdenInledamla (Na,sS,0, - SH,0)
(Sodium thiosulphate)
asagayIn (H,S0,)
(Sulfuric acid)

= d  w
gaaana (Yeast extract)

U

VB

U

VB

U

VBN

UBY

VB

U

U3

UB

U

UB

UDY

Ul

Fluka Chemical Co., Ltd.

J.T. Baker Inc.

Merck Co., Ltd.

J.T. Baker Inc.

Fluka Chemical Co., Ltd.

Farmitalia carlo erba

Farmitalia carlo erba

Merck Co., Ltd.

Farmitalia carlo erba

Merck Co., Ltd.

Serva Co., Ltd.

Merck Co., Ltd.

Merck Co., Ltd.

Lab - Scan Asia Ltd.

Difco

29
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3.6 YUADUMIAUHUIY

3.6.1 msm‘s’tmamwﬁm%’mémﬁ;aqaungé
3.6.1.1 91113 MRS agar ﬁwni"m‘éw“f?e Propionibacterium freudenreichii
TISTR 446 tiioilu stock culture (NAKUIN AL 1)
3.6.1.2 ©1113 Complete medium ﬁ1ﬂ§’m§ﬁdl‘§6 Propionibacterium
freudenreichii TISTR 446 HenAaiaiud 12 (MaruIn 0. 2)
3.6.1.3 813 Bacto B, Culture Agar USP %3 Difco ﬁm%”mﬁyﬂwﬁa
Lactobacillus leichmannii TISTR 785 lﬁ@l‘ﬂu stock culture
3.6.1.4 113 Bacto B, Inoculum Broth USP %@ Difco ﬁnﬁm’ﬁyﬁwﬁfa
Lactobacillus leichmannii TISTR 785 iteiliniaide
3.6.1.5 ©1113 Bacto B, Assay Medium USP %84 Difco dmsudiaazim
USinadaniull 12
3.6.1.6 m‘%Uuiiyﬁ\yuﬁa“l%ﬂ]ua1n1sﬁyﬂa1‘§aﬁ1n§uw8ﬂ3mﬁuﬁ 12
1) ﬁuiyw?yaﬂ?mﬂs 5 4a3  VUBNDIAZNBUIYIUADYD BN
2) TNTEATNNTOY Whatman 1103 1 I@UFIUGUINDIL 7 15UANIAT
aslunsasiinedriumnisigaeinid
3) IhinsuEanszanaseiifleniie i Aauiuiuns 2y
4) mﬁ’v?xyavhuﬂs:mynsaﬂﬂumﬁ"ﬂtm@ﬂmnm?aaﬂﬁmmﬂ
5) tﬁmmdaﬁwgmmiﬁﬁ’aqmnﬁﬁfwm
6) dsuaierld 7.0 (@womsazarvionTuiioy loasenlod
At 15 Weisud wiemsazawnsalelasaassn anmdudus WosiFud)

-~ ~

£ dv a ad & o
7) U UYBYAUNTY NYWUUNY 121 s9fuyalsea AUAU lo 15

L] B

gt : =
JauaRaa1T 19Ul UM 15 UM

3.62 mamnzvimiTinaman q lnhis
3621 moamngimmSallsdy TasiTvaania (keldahl method)
add
A1MITU9 AOAC (1995)
¥y ¥
D Unladime YSuas 1 Hadaas Tdlunasades AFiunuaan)

2) muTwmaFoudema 5 a3 nazaetilessama 0.1 n3u
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3) unsadarzndudu Jsinas 10 Hanang ‘qunﬁmﬁaﬂeqﬁu
MSIABATULT

4) dovTilsTavlfinseacon gaqmwgﬁ 420 DIAUTATEA YU
1 #2714

5) faliidu (uﬁi‘himsqﬁvaWlﬁumuxﬁu"lﬂmswmﬂﬁﬂ'ﬁ'mﬁa
annannazlias fewdu lumazewih mifal§isoguis) @uihndudsuas 75 dodaas

6) Gumsazaelzdonleasenled  arwdudu 40 wesigua
Y5115 50 dladaas

7 i lindunslumsazatsnsanein anududu 4 nesidua
JS1as 50 sianans 1auld screened methyl red Fusufnmes 2 -3 1o

8) atsazanaauldesiimve e FAEu udin 1y Inmsadiy

o a Y 9 o AR a o a P
asadasn AuduYY 0.1 HeTNeA iefegagavzidnasla wfSinasinidlunsnmsa

9) Srmanaitsuadlsay anuan V. 1)

3622 miamsimdanuni lulaase Tasn1siatsuin  reducing

sugar &28 dinitrosalicylic acid (DNS) @113TU89 Chaplin (1986)

1) ﬂtﬂmmmmmmsu11Jimiuu1ma d511a3 1 ndans ldas
Tunasananed (191 ndunieriiesifuuuasr)

2) (Auasazals DNS Usinas 1 iiadans a1ty

3y guhiniden iffunal 10 widl Tuszuieduais Igauding
yuihanasanAned LWE]ﬁﬂﬂﬁi“’MU‘U’e)\ﬂIT

4) ylfiduaedsagy TﬂtJﬂ15umaaﬂmaaqmwﬂumtmm
azawn?ﬂ“lﬁ"luém‘iyﬁ'xﬂﬂ"lﬁﬁﬂnamaﬂnm

5) @ingusines 10 Tadaas e lidiiu

6) 111U IaA1n1sganaues (optical density ; OD) Froinsesailn-
Tns T Tadines (spectrophotometer) Fanuenanaunds 520 w1 lunas e a5 suidouiy

asinasguvesEsazatong Iad

ﬂ"l‘ilﬁ? ﬂllﬁ'l'iaZﬁWﬂﬁTﬂﬂll 13U (standard curve)

6.1) awum1awu5am“lumﬂaﬂﬁ"lﬂmmmuw 1 esisud
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sd do A
D mlefiFuariuielu B)

5. DISAIMITATIUNHaLINY

¥
Yesiunaztitu @afnsuGas) = (B-A) X 10°

JSiasdedunly @aaaas)

t4

TV IUTLINEABUMIAATIEE (ATN)

v

Q as o a o 1Y
PN UAVDINUTUUNINAINTAUATIEN (ns)

&
e A

B
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o Y A
6. mMsmuIumilsinounae

(A —B)x 5845

% (Nfe = 7100
X

Fs A = USinasvesensazaredanes lwasa anududu 0.1 wosuea 14
(iaaaas)
B = YSinasvesmsazaouenTuiflewls Tolweuua aududu 0.1
wesuea #1Fluns'nmsa @addas)

v = 15uasaeg1en ¥ (Hadnas)

7. msearndSinanmaudl 12

USuadaniiud 12 = aunasdIediud 12 X ORI NIV

a0® lnsnfudediadfas)  USwasdaedudld (daddas)
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HANUIN f.

:; [ o o o ad = as 1 :’
ATN A.-1 ‘If’J\iﬂTUTE]ﬂﬂ‘lJ’Jﬁﬂ'l'il‘il@%'l\i‘ll@\iﬂ'J@ﬂ'lx‘ill’l

Tae3T100919 Tﬂﬂ"l%’ﬁ'sadmufﬂﬂﬂma
% A8 ¥4iiTof faRaATveEIngINtin gafi Tod
0.01 20,000 - 70,00o 0.02 30,000 - 105,000
0.02 10,000 - 35,000 0.05 12,000 - 42,000
0.05 4,000 - 14,000 0.10 6,000 - 21,000
0.10 2,000 - 7,000 0.20 3,000 - 10,500
.0.20 1,000 - 3,500 0.50 1,200 - 4,200
0.5 400 - 1,400 1.0 600 - 2,100
1.0 200 - 700 2.0 300 - 1,050
20 100350 5.0 120 - 420
5.0 40 - 140 10.0 60210
10.0 20-70 20.0 30-105
20.0 10-35 50.0 12-42
50.0 4-14 100.0 6-21
100.0 0-7 300.0 0-7

f17 : Sawyer Uag Mc Carty (1978)
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MANUIN .

[} 3
a o [ a
ﬂ]ﬁ"lﬁﬁ 2.-1 ﬂ'l'i'.]lﬂi151’1?]'3'1“1!1‘5'1.]5'Ju‘il@ﬁ@ﬁi’lﬂ’lilﬂiﬂg‘u@ﬁl%@ Propionibacterium
y ¢ .
freudenreichii TISTR 446 Typmnstimadluszesna 144 Falus aeld

’ c’d' [ 2= t
anzdatadd ludinisen

Source of Degree of Sum of Mean of ~ F
Variation Freedom Square . Square Value
Rows 6 6.656995 | 1.109499 12207.83*
Columns 3 0.006508 0.002169 23.87017*
Error 18 0.001636 9.09E-05
Total 27 6.665139

NIGNY  Rows szovam (§2109)

Columns  wwuInditiauagluleu

* nanafuegesd Rty

t:} 1y = . d' s - Ay
M15197 9.-1  WSsuMeUAuRaegATINTSIETYYBUYD Propionibacterium ~ freudenreichii
s v [
TISTR 446 Iuemsihfsfimunny Initinuaz luTeaudafiu fuszezina

144 $2Tuq ngldanmedatann iTnse

—
gaTBTIIITIS sundesannsinTaueude (0D,
aauwu Iniinuaz luTeau ' 1168657

yauwu Iniin 1105971°

vialuTedu 1204929
GunwuTnfifiauaz luTedu 1206814

winemg  Aundgiawdaedadnysaiy flarnmandwiueduihivd vy Weld DMRT

i o 4 o Sl o
ﬁizﬂummx%auu 95 o5 FUA (Gomez UAE Gomez, 1984)






