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ABSTRACT

Kefiran is an exopolysaccharide produced by lactic acid bacteria, Lactobacillus
kefiranofaciens JCM 6985. Due to the accumulation of lactic acid produced by lactic acid
bacteria could inhibit cell growth and kefiran production. The aim of this study was to perform
the mixed culture of lactic acid bacteria with yeasts that are able to reduce lactic acid and
promote kefiran production. And also to evaluate the feasibility of producing kefiran industrially,
lactose from skim milk, a by-product from dairy industry, was used as carbon source and the
suitable nitrogen source was investigated. Six strains of yeasts were examined: Torulaspora
delbruekii IFO 1626, Saccharomyces cerevisiae IFO 0216, Debaryomyces hansenii TISTR 5155,
Saccharomyces exiguus TISTR 5081, Zygosaccharomyces rouxii TISTR 5044 and
Saccharomyces carlsbergensis TISTR 5018. The results showed that the mixed culture of L.
kefiranofaciens JCM 6985 and S. cerevisiae IFO 0216 gave the highest kefiran production. The
kefiran production was increased from 0.58 g/l in the pure culture to 0.81 and 0.94 g/l in the
mixed culture under static and shaking conditions, respectively. This study also showed that
lactose from skim milk and yeast extract could be a low cost carbon source and a suitable
nitrogen source, respectively, for kefiran production. The maximum kefiran production by the
mixed culture of 1.07 g/l was achieved with 4% (w/v) lactose from skim milk, 4% (w/v) yeast
extract, initial pH 5.5 and initial amounts of L. kefiranofaciens JCM 6985 and S. cerevisiae IFO
0216 of 2.1x10’ and 4.0><1060fu/ml, respectively, for 120 h of fermentation time. The scale up of
mixed culture in fermentor with aeration control at 5% dissolved oxygen and pH control at 5.5

gave of 2.58 g/l kefiran production in batch culture and 3.25 g/l in fed-batch culture.
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Figure 2. Structure of exopolysaccharide from S. themophilus S3.
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Figure 3. Structure of exopolysaccharide from L. delbrueckii. subsp. bulgaricus NCFB 2074.
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Table 1. Yeasts found in kefir grains.

Strains

Reference

Kluyveromyces marxianus
Saccharomyces sp.
Saccharomyces cerevisiae
Saccharomyces unisporus
Saccharomyces exiguus
Saccharomyces turicensis
Saccharomyces delbrueckii
Saccharomyces dairensis
Torulaspora delbrueckii
Brettanomyces anomalus
Issatchenkia occidentalis
Candida friedrichii
Candida pseudotropicalis
Candid tenuis

Candida inconspicua
Candida maris

Candida lambica
Candida tannotelerans
Candida valida

Candida kefyr

Candida holmii

Pichia fermentans

Koreleva (1991); Lin et al. (1999); Ottogalli ez al. (1973)
Garrote et al.(2001)

Koreleva (1991); Rosi (1978); Dousset and Caillet (1993)
Pintado et al. (1996); Wyder and Puhan (1997); Engel et al. (1986)
Iwasawa et al. (1982)

Wyder and Puhan (1997)

Rosi (1978)

Rohm et al. (1992)

Koreleva (1991); Wyder and Puhan (1997); Angulo ef al. (1993)
Wyder and Puhan (1997);

Engel et al. (1986)

Rohm et al. (1992)

Ottogalli et al. (1973)

Ottogalli et al. (1973)

Simova et al. (2002)

Simova et al.(2002)

Engel et al. (1986)

Dousset and Caillet (1993)

Dousset and Caillet (1993)

Koreleva (1991); Engel et al. (1986); Rohm et al. (1992)
Engel et al. (1986); Angulo et al. (1993)

Lin et al. (1999); Angulo et al. (1993); Rohm et al. (1992)

A11: aauadn1n Farnworth (2005)
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Table 2. Bacteria found in kefir grains.

Strains Reference
Lactobacilli
Lactobacillus kefir Koreleva (1991); Pintado et al. (1996); Simova et al. (2002)

Lactobacillus kefiranofaciens

Lactobacillus kefirgranum
Lactobacillus parakefir
Lactobacillus brevis
Lactobacillus plantarum
Lactobacillus helveticus
Lactobacillus acidophilus
Lactobacillus delbrueckii
Lactobacillus rhamnosus
Lactobacillus casei
Lactobacilli paracasei
Lactobacillus fructivorans
Lactobacillus hilgardii
Lactobacillus fermentum
Lactobacillus viridescens
Lactococci

Lactococcus lactis subsp.
lactis

Lactococcus lactis subsp.
cremoris

Streptococci
Streptococcus thermophilus
Enterococci
Enterococcus durans
Leuconostocs
Leuconostoc sp.

Leuconostoc mesenteroides

Fujisawa et al.(1998); Takisawa ef al. (1994); Santos et al. (2003)
Takisawa et al. (1994)

Takisawa et al.(1994); Garrote et al. (2001)

Ottogalli et al. (1973); Simova et al. (2002); Santos et al. (2003)
Garrote et al. (2001); Santos et al. (2003)

Koreleva (1991); Lin et et al. (1999); Simova et al. (2002)
Ottogalli et al. (1973); Santos et al. (2003); Angulo et al. (1993)
Koreleva (1991); Simova et al. (2002) Santos et al. (2003)
Koreleva (1991); Angulo et al. (1993)

Simova et al. (2002)

Santos et al. (2003)

Yoshida and Toyoshima (1994)

Yoshida and Toyoshima (1994)

Angulo et al. (1993)

Angulo et al. (1993)

Koreleva (1991); Pintado et al. (1996); Dousset and Caillet (1993)

Ottogalli et al. (1973); Simova et al. (2002); Garrote et al. (2001)

Koreleva (1991); Yuksekdag et al. (2004); Dousset and Caillet

(1993)

Yuksekdag et al. (2004); Simova et al. (2002)

Rosi (1978); Yuksekdag er al. (2004)

Angulo et al. (1993)

Koreleva (1991); Lin et al. (1999); Ottogalli ez al. (1973)
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Table 2. (cont.)

strains Reference

Acetic acid bacteria
Acetobacter sp. Garrote et al. (2001)

Acetobacter pasteurianus Ottogalli et al. (1973)

Acetobacter aceti Koreleva (1991); Rosi (1978)
Other bacteria

Bacillus sp. Angulo et al. (1993)

Bacillus subtilis Ottogalli et al. (1973)
Micrococcus sp. Angulo et al. (1993)
Escherichia coli Angulo et al. (1993)

A11: aauadnn Farmworth (2005)
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Table 3. Typical composition of sweet whey and acid whey.

Amount (g/1)
Element
sweet whey acid whey
Total solid 63-70 63-70
Lactose 46 - 52 44 - 46
Protein 6-10 6-8
Phosphate 1-3 1.2-1.6
Lactate 2 2-45
Chloride 1.1 6.4
Calcium 0.4-0.6 1.1

1N: Jelen (2003 91918 Panesar et al.,2007)
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Figure 6. Process of making cheese.

ETRY mmﬁmmm (2004)



Aadl o A
IBAUUUMIT

ada a d
1. IEMIUANTH

1.1 myamniey

mesveIasazaeia lasinse oy

= U ng A‘ v

1.2 MIATBNHAUBDLINAY
= A
. UUANLIY

1 a a aa @ 4 A g
88 L. kefiranofaciens  JCM 6985 Y3113 1 Haaans nviuseinylu

A A

naesoa Ngungil -20 oA uxaIEed a3luo1115gas MRS (Hi-media) NN#t0% 5.5 131105 9
a aa o oA a S [ o
Hadans hluuigamgl 3022 esrusaiea 1Wuna 48 419

a o
V. yaa

' '
1 Y <] = a =

4 4 1 o I =
ﬂ1ﬂ1’i?L%§J?Jﬁ@]LLGIﬁ%ﬁ?ﬂ‘wu‘ﬁ‘mﬂﬂi‘Hﬂmcﬁﬂiﬂﬁ NYUNNN -20 DI BALBY

a a gY

]
a

5115 1 daddas asluemsgas  YP filifiter 5.5 15was 9 Haddaas v liunguigl

u

= Y < 1 A o M
30£2 DNANUYALFYT  LVIIRIYAITNLTI 200 TOUADUIN UJ‘L!L'J@'] 24 GIf'JTlN

[ a a dJ
1.3 ﬂ1§3ﬂﬂ1§!%§€g‘ﬂ§)ﬂﬂqﬁuﬂ%ﬂ
- wuAise L. kefiranofaciens JCM 6985
A @ 1 dy dy 9 1 9 = 4
ADIWAIVYIWDIHTLAYIULTDIINUD 1.2 . 10 N mamiazmﬂmmamaa%ﬂ
9 o o ' A A A A o
I08ne 0.85 u’lul‘lJ'Jﬂﬂ'lﬂ'liﬂﬂﬂﬁu!Lﬁﬂ‘VlG]f'Nﬂ'ﬂllfJTJﬂau 660 1!1111!!’3“5]5 (OD660) NIvMIIvIA
o 9 ax [ 1 a = ] dy d‘ a Y
1UIUAIYIT drop plate (ﬂﬂllfﬂaﬂﬁ]'lﬂ FUAT HAUITYFV, 2546) Tﬂﬂmsmmzmwuwuuwmm
I 1 @ 1 dy Aa A A Yy Y A
911115 MRS-agar WU NaIULaEHIAR 10819 T LUANITINITD VA TNAN VUV U NN VT TN

Ysmas 10 lulasans aswurmihe s Taouaazdrunoaa1saga1efi0e1931uIU 5 99 50

=1

=< o 1 a = dy A s
FITATAYFUAIIUD1MT UWIIﬂUMVIQﬂ!WQN 3042 DAL aLsee mﬂ“luia@ﬂmm%ummi

= A o w I~ ) v o A A A ]
yarfiou luiefsaoimanmelulo Wunar 72 ¥1lus asrviudwaulalafinwSyuurimii

4 9
o113 MuduazsnuRalInaFenaualugy cfum

26



27

=) 4

- Bad

A @ 1 dy dy 9 1 Y = J

199919106190 1115 1 ReUT0INTO 1.2 4. 10 111 aleasazals Ixdounae 15a
Y o [ U A 4' 1 d‘ A (%
fovaz 0.85 il iammsganaunasizgrennue1Inau 660 u1lumas (OD,,) #30A357930
o A @ 1 ~ s 1
$1UIURWAT spread plate TasHeATITaLa18AI0619UBTAANIIOINMNANMINTUAHINT AW
U511a3 0.1 Hadans VUAINIIOIMIT YP-agar 11013 spread plate UFIMTI0 M5 11T

a =

1 { < o v o A a a
UuNgangl 3022 esrusarFod 1unar 48 #2Tus asraduduiulalaiinnSayuuiini

U

o a { & o 3 o g’
RN (NP ﬂ’]u’JﬂlllagﬁWﬂﬂwuwaﬂiuwml%@ﬂﬂﬁNﬂiugﬂ cfu/ml Tﬂﬂﬂ’]ﬂ’]i“ﬂﬂa@ﬂ!ﬂu%’]u?u 3 %1

a d Ia (% ..
1.4 mswnnzridSunanmlesu (Cheirsilp et al., 2001)
Ysnanmesunsisnuegluglvewasivszrinvameiuludiulavesninis
dy dy v A v A 4 a A a
1889150 (broth kefiran) NUAWBTUANIZTOUIFAA (capsular kefiran) VouLiUANITENTALAAAN
Y Y
a. mMmydalsunafmesuluarulaveemisi@eade (broth kefiran)
o 1 d' 9 y d' d (a a aa 2 (% 9
thaulanldnnmsilumisaenradlsuias 1 1aaans anazneudmeasudle
Y v
PMUDAANNITUTUT DA 95 (-20 DarnaiFee) Tudasiaiu 1:1 1ana 1A 30 w1 lil
~ < 1 A A a I~ =1 [l
189828A W15 10,000 SOURDUIN Nguugl 4 esrniaaidea 1iunar 10 Wi vendaule
d‘ J Y g‘ o'; a a Aaa o [ 1 o'/
20NNAZADU azalgazNoUN laalaiiinaulsuias 1 Naaans Mhaisazareaanain laiu
4 1 < 1T A [l [ 5’ 3
H89NANWSITOVNUANUIY 10 U1N uenaulassndinaznon anazneuaIuladionass

Y A Y o ! T a 2 vy A o Y Ay
AYIDNIUDANUANWVNVULALDATITIUINUAUY mmﬂuﬂunm 30 4N mmfﬂugmmmﬂ

< 1 a ~ 1 ! 3’ o
ANUIITOULNUANUIN 10 UIN Llﬂﬂﬁgﬂ@u@@ﬂﬂ1ﬂ53u1ﬁ azawmmuﬁ"lﬁjﬁlwmﬂau

a Aa Aaa @ [} [} ] { i a d a
Usuas 1 Haaans Wevasmeenlnlianududueglurreinzauio s iznlsua
v 2
atanimuaa1e3suou Insulaggadisazaisnied19llsuins 0.1 iaaans ldaslunaon

I a o a a
naavIvIAN IANEIsazaleaTazaeon Insulunsadaysndudu (conc.H,80,) 15mas

a aa o Y :’ A A o PR v Ao 1 A 1
1.0 Hagaas thlddulwiudeauiu 10 wiil Mldsuiuidammsganaunaslugiennuen
d‘ o a =S o = ~ P Ao Y o
aau 620 w1lwwas wazdnulsnanimesulasnlseuiounnialanunivuasgiuves
v 1
Wmauan Iaananuaies awaaslumanuin v. 1
@ a o { 4
v. mydadTinaflesuiimesouaaa (capsular kefiran)
s 9 1 9 g’ o a a aa o 9
azaneaznouaanuen laanaiuusnaleriinauydsuas 1 dadans 11 lddulu

a

J = y 4 = < ' ~

duaeauu 30 Wit Yumdesarswauin 1ddren2152500 10,000 50UADUITN Ngungil 4
= I~ ~ = 1y s &

oaraLsed 1Juan 10 W19 nenaIsazaeloTUeNMINAZNOUIFAE TINTANAZNOULAY

a Jd a [ 1 o a = o

amswﬂﬂimmﬁufdasuiumumm capsular kefiran TﬂEJVHWTN’J%ﬂ1i!ﬂﬂﬂ]ﬂﬂﬂ1§¢]ﬂ¢l$ﬂ@uua§i

Aaszrilsunadmesuludiula (broth kefiran) ludo n.



28

a d A e a a 1 a
1.5 mynnzrilsmnanihmesainlaes Nelson-Somogyi (5131 1A 193 g, 2546)

y § @ 1 a a aa < [
fﬂul‘ﬁ%ﬂﬂﬁ1ﬁa$ﬁ1ﬂﬁ’mEJ'N‘lIﬁiJWlﬁ 1 yanaas é{wmmwaiau 10,000 i’é]‘ll@]f’)’l«ﬂﬁ

J

a = I )=} o 1 ~ 9 a 4 a g‘ aa
UNYY 4 DIAUFALHY Wual 10 un mmu“lﬁ‘n"lﬂunmswwmﬂsmmmmasm«ﬁ

=h.

A @

Y v
Tageanasmoedeldianududuveuivasglussiiuzay gamidiedlsnneg 0.5
a aa ] a 7 a a aa (] Y Y o
Uaaang ‘l’g’fcluﬁﬁ@ﬂﬂﬂﬁﬂﬂﬂ]uWﬂﬂaNmuﬁWﬁﬁ%ﬁ"lﬂﬂ@ﬂlﬂ@ﬁﬂilﬂﬁﬁ 0.5 yaaans !ﬂlﬂ?iﬁﬂﬂﬂu
o 9 g’ A A o Y3 v A Aa o a Aa aa Y
m"lﬂmﬂummmum 10 U ‘1/1flwwuﬂu‘mmumiazmmuaﬁuﬂsmm 0.5 Waaans Wﬁlllﬂ

Y o 2 P a gy | A A o =KX a g‘ o a a aa
L"UTﬂU'JWQVIQll'JVIQﬂ!ﬂﬂhﬂ@ﬂ!ﬂumﬁ1 15 N weasumruaduauiinaulsuiag 5 daaans

u

peru i dunaz adimsganduuaaneenueInau 520 11 lumas (OD,,) HazduIw

520)
a g’ Y 4 = =1 Y] g’ ~ Yy 9 1 [
ﬂﬁuimu1ﬁiﬁﬁﬂ’)“ﬁiﬂEJL‘]JifJ‘UL‘I/]EJ‘Uﬂ‘UﬂﬁW\Ill”l@lﬁﬁiu‘UENLlWﬂﬁ!.mﬂi@]ﬁ‘lﬂﬂ’ﬂmsllﬂﬂluﬂﬁ‘] Al

uea IuMANLIN . 2

a Jd A a a
1.6 m3ranzhdSnansaaninlaamatin High Performance Liquid Chromatography
(HPLC) (fau1adn133F Olano-Martin et al., 2000)
Y ! @ ' a a aa < 1
‘ﬂulﬂ%ﬂiﬁ?iﬁ%ﬁ?ﬁlﬁﬁ]@ﬁﬂﬂﬂih“ﬂi 1 yaaansg g]}'z]ﬂﬂﬂ]'lllli'z]i@‘ﬂ 10,000 59UMD
A A a ~ < ~ 1
HUIN NYUNIN 4 DIAUFAUTFYT Wunan 10 U Llﬂﬂﬁﬁuiﬁ’@ﬂﬂﬂ1ﬂﬁ$ﬂ@u HERNGRPIGHRE]
Y 4
é’faamwmﬂimmﬂim”luaawuum 0.2 hliJIﬂﬁLll@lﬁ“ﬁ'"l%ﬂﬂ%\? Llﬁgﬁﬂﬁ’JﬂﬂWQﬂﬁiﬂﬁﬁ 20
a 1 @ Jd
"luTﬂsamL%ﬁqﬂaauu (BIO-RAD Aminex HPX-87 H Ion Exclusion column Y419 300 mm x 7.8
H ) Aa J I v o 4 4 .
mm) meldanziinsadaysnanududu 0.005 Twars iudriazarsndoun (mobile
A v a Aaa 1 = o a a = = Y]
phase) Tﬂflil’l’)ﬁi1ﬂ1ﬁklﬁa 0.6 YaaamIABdUIN Aurnlsuansatanan Iﬂmﬂiﬂﬂ!“lflfl‘llﬂ‘ll

dy Aq ¥ a A Yy 9 ' v
‘Wu‘1/I155]ﬂiTV\lsllfNﬁﬁlﬂﬁs‘li;ﬁTwllfNﬂiﬂ!!ﬁﬂ@lﬂﬂﬂﬂuﬁmﬂlu@n\i”} ﬂ\iuﬁﬂﬂuﬂWﬂNuﬂﬂ 9.3

a d 1Y a
1.7 myranzridSinaddsau @audasmuds Lowry e al, 1951)
[ 1 d' A Y 1 1 9 9 d' a
Aaa1Iaza18dlIed1anIede Ine g lurinnutnIuimzaulsuiag 0.1
A aa 1 3 a o 4 4 .
iaaans laasluvaeanaassvuiadn inaisazaredan lavine1iles (alkaline copper
fovaz 1, 10y NaKC,H,0,4H,0 3ooaz 2) lu

reagent) (1/52NOUA10 Na,CO, $080% 2, CuSO,

oas1dau 100:1:1)  USwas 3 Haddas 1enePBgangides 10 il i@uasazars TWau
v Y '
(Folin-Ciocalteu' phenol reagent) Mvevedshindulusasidiul:1 Usuasg 0.3 Tadans waw
Y Y o Qy Y ~A o J = d' 1 d' [ a
Tridndueneld 30 wiil fammsganaunasignnanueaau 750 uilumas sAvuoulsua
Tilsau TaonlFoumeudunsWuIasgIuYeIa1Taza19N1AT§1U bovine serum albumin (BSA)

ANUTNTUA19 FavaaalumaNuIn . 4



29

a d A Z a
1.8 MsImnzHviahmanemata Thin-Layer Chromatography (TLC)
@ar)asnuds Aladssa lvees, 2551)
v 1
yamsazaeasgIuvetiananlad nglad nuaalad 1azAI0819nIIUNA

FUATIAS 81LE 29U HIHY TLC ¥9A TLC aluminium sheet siliga gel 60 F254 1 19usia 1111/
[ AN v o A = 4 .
urlunrmuesniartiazarsnaeuilsznouaie isopropyl alcohol:ethyl acetate:H,O Tu
4 o

OATITIU 3:3:1 LiJfJ@]’J‘ﬁWﬁ%ﬁ18!»?]5@14%!»?]3@14?]5\15%fJg‘VlNﬁﬁgljﬂﬂﬂﬁ‘Uu!LNlu TLC WY TLC

4 1 1 v a 7
ponnnuruies 1whlvuds quasludiiingigrnyszneudie N-(1-naphthylethylene diamine)

a =

0.3 nsuludesas 5 nsadayinluumueanazeugmgil 105 seruaaTod WU 15 Wi

@

= = A ~ ' o =& ° v Y g
!,1]ifn_]ﬁ/]EJU5$831/]1\1ﬂ’]ilﬂa@umm@\1ﬁ’]iuﬁa$ﬁj (Rt) G]f\j/d’]1]’]iﬂﬂ’]u’gmhlﬂﬁ1uﬁu’]ﬂ’]ﬁﬂ\1ﬁ@llﬂu

< A4 A
R; = TLYSNWNATLAADUN

A

sTggN NGz aandeun

ad =
2. IBMIANEN

(Y] o d Ja o (Y] 2 L]
2.1 MIfa@eNMeWUEaAIINZaN S UIBEIND L. kefiranofaciens ICM 6985 Tums
wannmesu

e ¢ ¢

o a d v
2.1.1 anuaansalumsliinmasadvesdanunazaenusg
1 o dy = A Y A = Y a a aa
e uredaasuAuIMIoNINGe 1.2 v. 1U51as 1 Jaddas  asluonisgas
{ gz a J [ 1 J
modified MRS-skim milk reducing sugar Wiaasadnnmeuniesas 2 Wuundemsveu

Taelifiomsuanveseninsminy 5.5 Usuas 9 dadans hluunguvgl 3022 eeruaaiFod

1y 1< 1 A J ) < o ' a 7 (a 5‘ Aa A
UYINIIAITNNLTI 60 TOUADUIN Lﬂu!ﬂﬁ'] 48 GB’JT?JQ Lﬂ‘llﬁ')i’)fJ'N'JLﬂinﬁ‘]Jﬁll']ﬂ!u']@l"laﬁﬂ'J“ﬁVl

J

A g9 ad . = ~ a Y :‘ aa J = 4 1 19
119972897 Nelson-Somogyi L‘IJ3fJ‘]JL‘VIEI‘]JﬂSiﬂﬂlfﬂiSL%HWH@iﬂ?cﬁ‘ﬂﬂiﬂﬁmmagﬁiﬂ‘WU‘ﬁ

v A o I s 1 9/3’ Aaa A o = quz’ 1
ﬂﬂm@ﬂfﬁEI‘WL!T;EI’EWI‘VllliJﬁnﬂiﬂﬁlﬁlf‘HWI1@3ﬂ’JG]fl‘Wﬂ‘VHﬂﬁ?fﬂl&ﬂﬁmﬁl"uuﬂﬂqﬂ

a d v d
2.1.2 anuaansalumsl¥nsauanfnvestanunazaanus

Q

@ dy A Y ~ A @ = 9 a Aa Aaa 1
AN AFBITUAUVDITTANHIUMTAAIAONIINTD 2.1.1 YTNIAT 10 Uadans 01eaq

QU

Y
a o o 0 a 1<
TueIM15gAT modified MRS - lactic acid Ninsauandnioeas 2 Tastiminaelsuiasiiu
4 == A 9 " v Aa Aa aa o VoA =
pentlsznou tazlifiesvee T uAMINY 5.0 1511a5 90 Tadans 1 lidunguigil 3012
) A < 1 A o o 3 o 1A J (a
parIsaIFe  19811A215 200 seUARN 1TUA148 Falue 1NUAIB819IATIEHT I
a d' A9 a ax = = a 9 a
nIAUaAANtMaDAIBMALA HPLC a3 lumanuan 4.3 ulssumeulsinamslsnsauanan

J v A

= 4 [ o o o d’d’d 9 a d' o = wag 1
VDNYAALAASTIYNUT ﬂﬂlﬁ@ﬂﬁ?ﬂwuﬁﬂﬁﬂ%3Jﬂ”|§1“b’ﬂiﬂl!ﬁﬂ@lﬂLW@ﬂWﬂWiﬁﬂH?ﬁNUﬁﬂJuﬁﬂqﬂ

a



30

a a [ d v
2.1.3 anuannsalumsasasumsnannladuvesianunaz aeivg
4 9
@ a Aa aa o Y] 4 1
AANUID L. kefiranofaciens JCM 6985 311015 0.5 adans waufun uredaaa

a

o A @ a aa 1
a%ﬁWﬂ‘WHﬁ“ﬂN1ﬂﬁﬂﬂ!§@ﬂﬁﬂﬂ%}@ 222 U5uas 0.5 Haadas 019991115995 modified MRS-

a =

skim milk reducing sugar ALY 5.5 Usuas 9 dadans 1hlUdungungil 3042 esruzadod

v

~ o a J

I ) (= 1 < @ ' Aa

WHunar 120 $27u9 Taglailimsiven 1Auded1en 60 uay 120 $11ue Aaszimsiay Inves
d’l 9 [ 1 A 1 d’ a a [ d'
ONANAIBNITIAAINTgANaULAIUEIININE1IAAN 660 U1 THNaT tazlTuaflasun
Wan 1R8 L. kefiranofaciens JCM 6985 Tunaazyaminaasd feumeunan1inaanisening

2 & Y v @ Aa Y -4 5
ﬂ]ﬁlaﬂ\ucﬁ@Nﬁuﬂ']ﬂi@]ﬁﬂ']’ggllﬁﬂ']ﬂ']ﬁﬂﬂﬁﬂ']?gﬂ3Jﬂ1icl1’i@’]ﬂ’]ﬁiﬂﬂﬂ’]ﬁlmﬂ]ﬂ’)ﬂﬂj'luﬁj 60 39U

I A %

1 @ [y o a o a a
Aol Aatdendlewutoaaniauliaduasuli L kefiranofaciens JCM 6985 Hminan

=) (2 d‘ o =2 09: 1
Amlosugaga roiimsanduae il

(v} =) U d' o w a A w ng
2.2 msfamenuvad lulasuiminzandmsumanannlaSulaeonay
edadonurad luTasouimingay w3009 I1M15gns modified MRS-skim milk
lactose 1UMADANAADIVUIANAN (16x150 mm) USHIAT 10 HaaanT NO¥UDIDINITITUAY
Y
i 5.5 Tasluunazgaminaneslszneudlonnas luTasnustiauazdlsmuaien deae liil
A
Ao
v Y
MInaaedn 1 szaeuale N3 Tausesasz2, 1ifeana (Meat extract)
9y = J o Y :‘ Y] [ a
$ooaz 2 uazdananaiosaz 1 laehmiinaelsuas
A 9 = J o Y g‘ Y] [ a
MINAADIN 2 1lszneudie Baaanasosay 5 lasimiinasllsunasg
v v
MINAavIN 3 sznoudies n3dlaudesay 5 TamhminaolTuas
= k4 dy o Y 3’ o 1 a
MINAADIN 4 szneudiy ieanadssas 5 Tasimiindsilsuias
1 o’d' ] [
818 L. kefiranofaciens JCM 6985 uazda@nmumsaaaanainde 2.1 aslueims

1 o a a ¢ A
ufazyAnIsNAaed laedmualSuanuafiGensauananuazdaasuaulszuim 2.1x10’

v i
= a

cfu/ml 1az 4x10° cfwml mudey hlliufgungii 3022 eeruwaiFoa aeldanznll
9 < %] [} ~ o a 4 a dy 9
ANMHINZAUAINUD 2.1.3 1N VUAIDI19N 60 18120 H1 113 JATIzHMIAD TV uFoNaNAIY
[ ' A 1 A a 2 v A a
nMsdaaimsganaunadlugIanueInan 660 w1 luuas uazllsunafmesunnanlaey L.
kefiranofaciens  JCM 6985 Tuu@azgamsnaaes aadenyiaveuriad lulasnuimngay

) 1Y a A [ dy d‘ o = 3 1
?H‘HTUﬂ?iNﬁﬁﬂLWﬂﬁuIﬂmGﬁ@NﬁNLW@ﬂ1ﬂ1§ﬁﬂy1ﬂluﬁﬂllﬂ



31

= d' o U a A (% &,
2.3 msAnanziminzansimsumseanneSulaasonas
A v d d'
2.3.1 unammasmsveuimanzay
=) . . . . Aa (a g‘ aa J
159011 19gAT modified MRS-skim milk reducing sugar nNdFnaheaias
A 9y 9 g’ @ ' a I ' 4 9 [
NN WUMTUAUT 0L 2, 4, 6 uaz 8 lagimiinaolsuias iuurasmsveu Taeldunas
lulasouiitmunzanainde 2.2 $ovaz 5 1U511a5100 Tadans luvaiagusuvuia 100 Jaaans
U S [ 1
010 L. kefiranofaciens JCM 6985 azda@nri1UmMsAaaonaInde 2.1 aslueimsunazyans
o a A A a ~ S A
naaed lashruadTinauuaiiGensanananuazdadisududszuna 2.1x10” cfu/ml tag 4x10°
o w o oA a ~ ] 3 ' A &
cfml mwdray i liufigaungil 3042 essuwadea nIUAI8ANEY 120 souRRUIR 11U
M 3 o 1 M o a
181 120 $2 109 1AUAI0619909 24 $2 108 a9 UM AV TAY0A L. kefiranofaciens ICM 6985
~ J 9 ag o w a Jd a = o 3’ Aa  da
HAZIaA M85 drop plate 1A% spread plate MNAIAY  AATIZHUTINUAWBTU WmaTaIEn
Y v
e uazfinimiln Mutarandadoniedumasnily (v, ) muanms
A a o o
vy =( dsmanmeiunviua
ps X 100
A 3’ Aa  JAq Y
YSuanihaasaignly

wazdseansmmmsnanlosuvos L. kefiranofaciens JCM 6985 1agms¥IANNTUV0INS
a = (% 1 u'/ d‘ 1 v A d‘
nanddosulurrayaTuan 0-48 voauAazyANITNARDY ARLAONYANITNAADIN L.
1 Y
kefiranofaciens JCM 6985 1#ilszanimmmswannosugagaiiorh 15 lumsdnumduae 11
2.3.2 PBnawmaslulasousuauiiminzau

IATONOINITEAT modified MRS-skim milk reducing sugar NHuwad luTasioun

J a Y g’ o 1 a 9/5‘ Aa o
mugaunde 2.2 Usuwsooas 2, 4, 5 uaz 6 lasiminaelsuas lagldiasaisan

a 1 I 1 4 1
maunludsmnaimunzeauaiude 2.3.1 \uunaamsuen 010 L. kefiranofaciens JCM 6985 11az
A A v A ] o T Aaa A g A
BAANAIUNTAARDNNTD 2.1 a9 U IMITAINAN NN N YV9I1MITISUAY 5.5 UTuas 100
anans MIMInAapuFUREINULD 2.3.1 AAdoNYANINAADIN L. kefiranofaciens JICM 6985
[ Y
Trlszansmumsnaanlosugega ot T4 lumsAnyduseli)
2.3.3 Mersuauitanzau
v v

IA3ONDINITYAT modified MRS-skim milk reducing sugar N15znoUAIBIIAIA
aa 4 1 a d’ 9 a
FAdvineaunnazuvas lulasnululsunafmungaunnde 2.3.1 vag 2.3.2 U5u1as 100
Hadans Taelifo¥uea01MTITUAUN 4.5, 5.0, 5.5 1AL 6.0 MUAIHY H1NTNAADUFUIATINY

U9 2.3.1 AAAONYANIINANDIN L. kefiranofaciens ICM 6985 Insza@nimumsnanfloiu

aaaa wioi 115 umsdnuvuse 11

QU q



32

= H d Y
2.3.4 YSunasyetanimuzay
v Y
IA3ONDINITPAT modified MRS-skim milk reducing sugar N1/5znoUAIB1IA1A
aa 4 1 d‘ 9 A
SAF NI uuLazurad luIas UMz annie 2.3.1 uag 2.3.2 1asl#ioyuoi911is
Q‘ d' a Aa aa 1 4
Guduimmnzaumude 2.3.3 Y5103 100 Tadans 819 L. kefiranofuciens JICM 6985 uavdad
Y v
adlueimisaanaln TassmualSuandeuuanGensauanfnTudumiiy 2.1x107  cfu/ml
Aa 2 a A A 9 "W 6 6 6
TuvaengaalSuauseT Uy 1.6x10° cfu/ml, 4x10° cfu/ml  uag 9.1x10° cfu/ml
aud1au SinsnaasurwAeInude 2.3.1  1ssuilsuraniinaaosuAazgAnIINAAD
v A d' Y a A a A [ d'
AAABNYAMINAADIN L. kefiranofaciens ICM 6985 THisz@nFammsnannvasugagaiive

1115 umsdndusae Tl

2.4 mswanaasuludanin
2.4.1 MIKANUVUNE
v Y
IA38UD1MITGAT modified MRS-skim milk reducing sugarisznoudieiiaia
aAa o 1 a ~ 9 a a
saanmauuuazuviad lu TasmululSuaimmngauande 2.3.1 uay 2.3.2 151105 1 a3
adludaniinuuin 2 aas  Taelifieyuede 1 vIsTUAUNIMINEaAUAINYD 2.3.3 018 L.
. A o ) ° A A Ja Y]
kefiranofaciens JCM 6985 uazddanadluteniin lasmvualsuadaanmuzauandes 2.3.4
< %] 1 o a 4 a = 4 a
AUAI0819NNY 12 $2 103 AAIIEHMIAY T0V03 L. kefiranofaciens JCM 6985 azaaa Usua
= o a :’ aa S A ~ 5’ Y =\ ~ 1
Alosu Usmanhanaidrdinmas wewtihmiln wisuneusaminaassluigazyanisnaaoy
£ v
F91sznouAY
~ v < ' ~
MINAARIYAN 1 NIUAIBAINGI 100 5DUADUIN

H Y
ﬂﬁ“l/]ﬂﬁ’t’)\i“ljﬂﬁ 2 ﬂ?ﬂﬂllﬂﬁll?ﬂ!ﬂﬂﬂ%i%ﬂﬁ%ﬁ?EJﬁ"I%}E]EJﬁ$ S UYDDDNHLAIUASAY

Y
o A v a [~

MBudINgungl 30 aarsaFed (1aafMuAdnIINIINIY

u

aaaa lunu 500 5oUADUIN)

Q- a

H Y
ﬂﬁ“l/]ﬂﬁ’t’)\i“ljﬂﬁ 3 ﬂ?ﬂﬂllﬂﬁll?ﬂ!@@ﬂ%i%ﬂﬁ%ﬁ?EJ‘Ij"I%)’E]EJﬁ$ S UYBDDNHLAIUASAY
Y

i
v A

WvudNgungil 30 esrsaided (Tasimuadasinsniu
qaga ldiAu 500 soudeud)  FAAUMIAIVAUTIEFAINN

4 4

5.5 Tagl¥asazaneTaden laason leannududu 5 Tuas

(% A d' . Y a A a A (% d'
AADONYANIINAROIN L. kefiranofaciens ICM 6985 Tdsz@nimmmsnanflosugagaiie

Y
mmsanyTuae i



33

242  MInIAMUDNeNG
v v
IA3ONDINITPAT modified MRS-skim milk reducing sugar N1/5znoUAIB1IA1A
aAa o 1 a ~ 9 a a
Fagnnsuutazuvad u lasnuludSunaimingauaude 2.3.1 nag 2.3.2 - USwas 1 aas
v v Y
adludandnuuia 2 das Taelifitervese1visisuduiminzauaiude 2.3.3 aoiye L.

% o o ° a S
kefiranofaciens JCM 6985 uazdadaeludaniin lassvuadsunatadnmuneanainde 2.3.4

Y
1 o

[ o d' a { a 4
adludandn meldanznmingauands 2.4.1 taz@ua1ie1ms IuninasaItaInnia

a Y] a a Aana Ao ~ o a d = v 9
uplTua 30 n5U U5u95 250 Uaaans NI TuaN 24 1az 48 KIMTAUATICHIFUALINUYD 2.4.1

= ~ A P o ' A £
!,‘1_]ifﬁJWIElﬂﬂﬁll']ﬂ!ﬂ?iWﬁﬂﬂ!V\l@iuﬁzﬁfnﬂﬂ']iWﬁ@lLLll‘Uﬂgllﬁ$ﬂ\1ﬂ$

U

J
aquazginsal

% o (%

agAvd UM INannasy

).—l

4 k4
WIUUAA (skim milk powder) 39%DIN31UATAINTD luaaaaavau1anz Tl
A Y [ a -4 = [ a o [ g’
DIUNNUHIUANT LW@i‘ﬂfLﬂu’JWQﬂULLWULrJfJ mﬁﬂﬂJﬁ]ﬂQﬂ‘UTﬂfJﬂNﬂ?ﬂuuWﬂ 20 NIY azmﬂblum

o a a aa 1% I~ a
aaulSuas 100 Haaans dSufieyasazawilu 45 drensalalasnasinanududu s Ty

=1

7 ) ¥ A ~ & ~ v < o Ay ¥
anq Lm$11’?ﬂ’3'llli@u1/l’l’]mﬁﬂ 121 231ty aLes e L‘ﬂunm 15 U i@i‘ﬁlﬂu u']’dWiﬁganlVlllﬂ

E] @

hl y A 9 < 1 = ~ ' A g g’ Aa I A
ﬂﬂmmmmﬂmmm 10,000 sDUMBDUIN uJunm 10 4N LLﬂﬂﬁﬂuiﬁﬂ!ﬂuuiﬁiaﬁﬂ’J% LN

[ @ a A o [ a [ [
Thiuingausududmsumsnaanlosu (Aauasnin Shene and Brovo, 2007)

a =
2. QauUNsY

=1

< ~ a o o
Lactobacillus kefiranofaciens JCM 6985 Wunuaiisensavandanil¥dvsums
a a [ @ 4 1<} @ 4 A A~
nanAtlosu Fade9n Japan Collection of Microorganisms o ez udulundisesoaiil

a = 1

1 J o o wa A
anudndusosaz 25 meoldguugi 20 esruyaFea drudaadimsumsaneiauiange

@

E4
A

duaiumswanfouvesuuniiSonsauananisznoudleaioiuiaieg aedeliil Ae
Torulaspora delbruekii 1IFO 1626, Saccharomyces cerevisiae IFO 0216, Debaryomyces hansenii
TISTR 5155, Saccharomyces exiguus TISTR 5081, Zygosaccharomyces rouxii TISTR 5044 uag
Saccharomyces carlsbergensis TISTR 5018 fadonnaaniiioinemnaniiazima TuTasums
Uszinalne (12.) Lﬁuﬁ'wﬁeﬁuéfnmaa%ﬁudazmﬂﬁuﬁiuﬂﬁgmaﬁaaﬁﬁﬂ31m%’u%’u%’eﬂax 25

moldgainigil 20  essnaiFod



34

-
3. 91H19agNLye

3.1 91IsEMSuReeTIYe
v Y
- PIMIAOUFOTNSTY L. kefiranofaciens ICM 6985 A1001115gAT Man-Rogosa
& [ dy = d @ { Y]
Sharpe (MRS) #adigiutsznovdeneliil lulausesay 1, dadanaiosay 0.5, Wieanaios
0 0.2, ﬂgiﬂﬁ%@ﬂaz 2, KZHPO4%J?381@$ 0.1, triammonium citrate {ouvay 0.2, sodium acetate fouaz
0.5, Polyrorbate 80 $0vaz 0.1, MnSO,-4H,0 $08az 0.005 Hag MgSO,-7H,0 508az 0.01
d” 4 o [ o ~
- 01M13ReuF M VTAA AP INITEAT  Yeast-Peptone (YP) M1l5znoudie
~ Jd v
nglaadovaz 1, InanlTaudosay 1 nazdadanaiosas 1
o U a A U
3.2 ;vmsdnsunannlesy
mswdanoiulde1misgasMRS  dauilas  (Cheirsilp er al, 2003) #4)
1 Y] dy a LY { @
dalsgnoudsae il nSiUlaudesas 2, dadanaiooas 1, ileanaiosas 2, K,HPO,Soonz
0.2, triammonium citrate %} 80 0.4, sodium acetate %’@ﬂaz 0.5, Tween 80 %’@ﬂaz 0.1, MnSO,4H,0
v
) a 4
§ouaz 0.028, MgSO,-7H,0 508z 0.058, CaCl,-H,0 S08az 0.074 uaziiiinaiardoinniauu
9 I 1 o
Fovaz 2 Wuunasmsueunnung Ind
° U % a a d
3.3 omsdmsuasiumsiiulavesgaunad
{ A 14
- 91¥15 MRS-agar (Difco, USA) MiaylasTnatana lud (cyclohexamide) ouas
v
0.0005 §1MTUATIVHULYD L. kefiranofaciens JCM 6985
~ = LY
- 91M15 YP-agar Nsznovudle nglaaiosaz 1, Inanlllaudosas 1, dadana
Y Yy Y o [ v A 4
fovay 1 uazniudovay 1.5 dmsuasniudad

o v A d U dJ v d
34 61‘H15ﬁ1ﬂ5‘1j’3!ﬂ‘51$ﬁﬁuﬂﬂﬂlﬂﬂﬁﬁﬂ!!ﬂ'ﬁg’,ﬁ1ﬂw1—!ﬁ

Q

e

4

d,; dy o v A 4 vAa Y o ana a = 4 [

P IMTRBUF AT VAN IR aNTANI 1Hima3AsIaznIaLanAn Vo B TALA
v J v ! g’

ATHYNUF ﬁ@mﬂﬁijﬂi MRS Aatlad modified MRS-skim milk reducing sugar N

a J { a 1

FA5300az 2 11AZ0INITYAT modified MRS-lactic acid NNnsAUAAANI0YAZ 2 HNULWAY

amsveuiiilung Ina

4. Mal

A o [

a J 1a g’ a o .

. ﬁﬁLﬂﬂJﬁTﬁiUﬁi’Jﬂ’J!ﬂiW$ﬁﬂﬁﬂmuWﬂﬁgﬂﬁ“}f (Nelson-Somogyi method)

A o o a Jd a =
V. A15ANdMTUAT9 A1 nl5ua TUSAY (Lowry method)

Y
9 1% a Jd a o .

A. MsANdIMTUATARTIEHYHATINE (Thin-Layer Chromatography)

A o o a Jd a = [
4. MseldmsTuas T IzHlsnanlesu (Anthrone method)

q 9 ¢ e 4
2. msalnlfnduesddsznouluoms@eaio



35
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touleilngianisuondiaa (pyruvate  carboxylase)  11uA1591JAse1 nouazidn
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AALADNYTANI 4 mﬂwu‘qwdm1531%5?\uaﬂﬂmﬂmmmmiuau"lﬂ ﬂﬁgﬂ@‘ﬂﬂﬂ]ﬂ S. cerevisiae
IFO 0216, D. hansenii TISTR 5155, S. exiguus TISTR 5081 t4ai& S. carlsbergensis TISTR 5018 41
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Q895 IUAY L. kefiranofaciens JCM 6985 Tumsnaaninosuanmauu

Table 4. Residual reducing sugar and amount of reducing sugar utilized by yeasts in modified

MRS-skim milk lactose medium at 48 h under shaking condition at 60 rpm.

Residual reducing* Amount of reducing sugar
Strain

sugar (g/1) utilized (g/1)
Torulaspora delbruekii IFO 1626 21.90+0.11 434 £0.1"
Saccharomyces cerevisiae IFO 0216 2527 +1.12 0.97+0.5"
Debaryomyces hansenii TISTR 5155 2593 +1.83 031405°
Saccharomyces exiguus TISTR 5081 26.97+0.90 0.00+0.0°
Zygosaccharomyces rouxii TISTR 5044 25.95£1.09 029+0.3°
Saccharomyces carlsbergensis TISTR 5018 25.48 £0.33 0.75+0.1"

" Initial reducing sugar concentration was 26.24 + 0.41g/1.

Different letters in the same parameter studied indicate significant differences (p < 0.05).
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Table 5. Residual lactic acid and amount of lactic acid utilized by yeasts in modified MR S-lactic acid

medium at 48 h under shaking condition at 200 rpm.

Strain Residual lactic acid’ Amount of utilized
(g/) lactic acid (g/1)
Saccharomyces cerevisiae IFO 0216 143 +£0.5 6.2+0.5"
Debraryomyces hansenii TISTR 5155 19.240.5 12+05"
Saccharomyces exiguus TISTR 5081 17.9+£0.7 25+0.7°
Zygosaccharomyces rouxii TISTR 5044 20.1+0.9 0.0+0.9"
Saccharomyces carlsbergensis TISTR 5018 18.6+ 1.6 1.8+1.6"

" Initial lactic acid concentration was 20.4 + 1.8 g/l.

Different letters in the same parameter studied indicate significant differences (p < 0.05).
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Cells growth (a) and total kefiran production (b) of the pure culture and the mixed
cultures at 60 h and 120 h under static condition at room temperature. Different letters
(A-B, a) in the same parameter studied indicate significant differences (p < 0.05).

: pure culture of L. kefiranofaciens JCM 6985

: mixed culture of L. kefiranofaciens JCM 6985 and S. exiguus TISTR 5081

: mixed culture of L. kefiranofaciens JCM 6985 and S. cerevisiae IFO 0216

: mixed culture of L. kefiranofaciens JCM 6985 and S. carlsbergensis TISTR 5018

: mixed culture of L. kefiranofaciens JCM 6985 and Z. rouxii TISTR 5044

: mixed culture of L. kefiranofaciens JCM 6985 and D. hansenii TISTR 5155



Figure 8.

6985

6985+5081
6985+0216
6985+5018
6985+5044

6985+5155

41

12.0
A AB
10.0 [ (a) AB AB B .
ab ab a
8.0 b
g C
a2 6.0
=)
4.0 |
2.0
0.0
1.2
_ 1.0 - (b A
S B
Z 08 | ®
s BC BC
g 06, 2
2 b a b bc c
£ 04t
ot
02
0.0

2 D o S M )
x@"o x@Qoo @} 49\ 6Qb‘ cj\e

X X X X
&

Oac60 h @ at 120 \

Cells growth (a) and total kefiran production (b) of the pure culture and the mixed
cultures at 60 h and 120 h under shaking condition at 60 rpm at room temperature.
Different letters (A-B, a) in the same parameter studied indicate significant differences
(p <0.05).

: pure culture of L. kefiranofaciens JCM 6985

: mixed culture of L. kefiranofaciens JCM 6985 and S. exiguus TISTR 5081

: mixed culture of L. kefiranofaciens JCM 6985 and S. cerevisiae IFO 0216

: mixed culture of L. kefiranofaciens JCM 6985 and S. carlsbergensis TISTR 5018

: mixed culture of L. kefiranofaciens JCM 6985 and Z. rouxii TISTR 5044

: mixed culture of L. kefiranofaciens JCM 6985 and D. hansenii TISTR 5155
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shaking condition at 60 rpm at room temperature. Different letters (A-B, a) in the same

parameter studied indicate significant differences (p < 0.05).
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Figure 10.  Effects of reducing sugar concentration from skim milk on cells growth of L.
kefiranofaciens JCM 6985 (a) and S. cerevisiae IFO 0216 (b) and total kefiran

production (c¢) in the mixed culture under stirring condition at 120 rpm at room

temperature.
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Figure 11. Effects of reducing sugar concentration from skim milk on reducing sugar (a) and pH

(b) in the mixed culture under stirring condition at 120 rpm at room temperature.
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Figure 13. Effects of yeast extract concentration on cells growth of L. kefiranofaciens JCM 6985 (a)

and S. cerevisiae IFO 0216 (b) and total kefiran production (c) in the mixed culture

under stirring condition at 120 rpm at room temperature.
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Figure 14. Effects of yeast extract concentration on reducing sugar (a) and pH (b) in the mixed

culture under stirring condition at 120 rpm at room temperature.
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kefiranofaciens JCM6985 in the mixed culture under stirring condition at 120 rpm at

room temperature.
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Figure 16. Effects of initial pH on cells growth of L. kefiranofaciens JCM 6985 (a) S. cerevisiae IFO

0216 (b) and total kefiran production in the mixed culture under stirring condition at 120

rpm at room temperature.
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Figure 19. Effects of yeast amount on cells growth of L. kefiranofaciens JCM 6985 (a) and S.
cerevisiae IFO0216 (b) and total kefiran production (c) in the mixed culture under

stirring condition at 120 rpm at room temperature.
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Figure 20. Effects of yeast amount on reducing sugar (a) and pH (b) in the mixed culture under

stirring condition at 120 rpm at room temperature.



60

6 20
5t =
$ % 115 £
4 N <
S T e g
23 ¥ 110 2%
- z E
> ) | =
15 2
L g
=W
0 0
1.6x10° 4.0x10° 9.1x10°
Yeast amount (cfu/ml)

1 Yp/s —— Productivity
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6985 in the mixed culture under stirring condition at 120 rpm at room temperature.
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Figure 22. Effects of aeration on cells growth of L. kefiranofaciens JCM 6985 (a) and S. cerevisiae

IFO 0216 (b) and total kefiran production (c) of the mixed culture in batch culture at

room temperature.
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Figure 23. Effects of aeration on reducing sugar (a) and pH (b) of the mixed culture in batch

culture at room temperature.
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batch culture at room temperature.
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Cells growth of L. kefiranofaciens JCM 6985 (a) and S. cerevisiae IFO 0216 (b) and
total kefiran production (c) of the mixed culture in batch and fed batch culture. Arrows

indicated lactose addition time in fed-batch culture at room temperature.
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Figure 26. Reducing sugar of the mixed culture in batch and fed batch culture. Arrows indicated

lactose addition time in fed-batch culture at room temperature.
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Table 6. Cells growth of the pure culture and the mixed cultures at 60 h and 120 h under static

condition at room temperature.

OD 660
Culture
At60h At 120h

L. kefiranofaciens JCM 6985 5.05+0.41 6.83 +£0.63
L. kefiranofaciens JCM 6985 and

53410.13 7.51+£0.36
S. exiguus TISTR 5081
L. kefiranofaciens JCM 6985 and

5.3210.23 6.56 £ 0.34
S. cerevisiae IFO 0216
L. kefiranofaciens JCM 6985 and

5.18+0.27 6.60 £ 0.62
S. carisbergensis TISTR 5018
L. kefiranofaciens JCM 6985 and

522 +0.16 6.43 £0.46
Z. rouxii TISTR 5044
L. kefiranofaciens JCM 6985 and

5.371+0.37 8.07 £0.21

D. hansenii TISTR 5155
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Table 7. Total kefiran production of the pure culture and the mixed cultures at 60 h and 120 h

under static condition at room temperature.

Total kefiran (g/1)
Culture
At 60 h At120h

L. kefiranofaciens JCM 6985 0.45 +0.03 0.57 £0.03
L. kefiranofaciens JCM 6985 and

0.39 £0.01 0.77 £0.05
S. exiguus TISTR 5081
L. kefiranofaciens JCM 6985 and

0.51£0.08 0.81 £0.02
S. cerevisiae IFO 0216
L. kefiranofaciens JCM 6985 and

0.45 £0.03 0.79 £0.03
S. carlsbergensis TISTR 5018
L. kefiranofaciens JCM 6985 and

0.41 £0.00 0.74 £0.02
Z. rouxii TISTR 5044
L. kefiranofaciens JCM 6985 and

0.39 £0.03 0.72 £0.05

D. hansenii TISTR 5155

Table 8. Cells growth of the pure culture and the mixed cultures at 60 h and 120 h under shaking

condition at 60 rpm at room temperature.

OD
Culture o0
At60h At 120 h

L. kefiranofaciens JCM 6985 3.96 £0.25 6.27+0.11
L. kefiranofaciens JCM 6985 and

8.04 £ 0.30 9.07 £0.07
S. exiguus TISTR 5081
L. kefiranofaciens JCM 6985 and

7.34+£0.11 9.27+0.15
S. cerevisiae IFO 0216
L. kefiranofaciens JCM 6985 and

8.01 £0.44 8.67£0.27
S. carlsbergensis TISTR 5018
L. kefiranofaciens JCM 6985 and

8.71 £0.35 9.90 £ 0.00
Z. rouxii TISTR 5044
L. kefiranofaciens JCM 6985 and

7.83 £0.30 9.60 £ 0.38

D. hansenii TISTR 5155
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Table 9. Total kefiran production of the pure culture and the mixed cultures at 60 h and 120 h under

shaking condition at 60 rpm at room temperature.

Total kefiran (g/1)
NO.
At60h At 120 h

L. kefiranofaciens JCM 6985 0.49+0.00 0.54 +£0.02
L. kefiranofaciens JCM 6985 and

0.51£0.01 0.69 £0.06
S. exiguus TISTR 5081
L. kefiranofaciens JCM 6985 and

0.55+£0.02 0.94 £ 0.01
S. cerevisiae IFO 0216
L. kefiranofaciens JCM 6985 and

0.50£0.01 0.80 £ 0.02
S. carlsbergensis TISTR 5018
L. kefiranofaciens JCM 6985 and

0.49 £ 0.00 0.61 £0.04
Z. rouxii TISTR 5044
L. kefiranofaciens JCM 6985 and

0.46 £ 0.01 0.63 £0.01

D. hansenii TISTR 5155

Table 10. Cells growth by the mixed culture in a modified MRS-skim milk lactose medium with

various nitrogen sources at 60 h and 120 h under shaking condition at 60 rpm at room

temperature.
. OD 660
Nitrogen source
At 60 h At 120 h
2% Tryptone, 2% Meat extract
6.43 +£0.23 7.16 £0.00
and 1% Yeast extract
5% of Yeast extract 7.39 +£0.00 10.21 £0.49
5% of Meat extract 6.99 £0.51 8.02£0.42
5% of Tryptone 6.17+0.33 7.37+0.11
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Table 11. Total kefiran production by the mixed culture in a modified MRS-skim milk lactose
medium with various nitrogen sources at 60 h and 120 h under shaking condition at 60

rpm at room temperature.

Total kefiran (g/1)
Nitrogen source
At 60 h At120h

2% Tryptone, 2% Meat extract

0.57+0.01 0.79+£0.01
and 1% Yeast extract
5% of Yeast extract 0.57 £0.00 0.84 +£0.02
5% of Meat extract 0.29 £0.01 0.62 +0.02
5% of Tryptone 0.16 £0.02 0.57 £0.00

Table 12. Effect of reducing sugar concentration from skim milk on cells growth of L.
kefiranofaciens JCM 6985 in the mixed culture under stirring condition at 120 rpm at

room temperature.

Cell growth (Log cfu/ml)

Time (h)
2% 4% 6% 8%
0 7.20 +£0.01 7.20 £ 0.01 7.20 £0.01 7.20 £0.01
24 7.51£0.01 7.46 £0.07 7.47£0.02 7.46 £ 0.06
48 8.37+£0.01 8.02 £ 0.07 8.36 £ 0.01 8.38 £0.02
72 8.56 £ 0.01 8.38 £ 0.01 8.57+£0.01 8.53£0.01
96 9.05£0.15 8.83+0.17 8.95£0.06 8.76 £ 0.00

120 8.68 £0.05 8.71 £0.05 8.51£0.09 8.51+£0.03
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Table 13. Effect of reducing sugar concentration from skim milk on cells growth of S. cerevisiae IFO

0216 in the mixed culture under stirring condition at 120 rpm at room temperature.

Cell growth (Log cfu/ml)

Time (h)
2% 4% 6% 8%
0 6.58 £0.04 6.58 £0.04 6.58 £0.04 6.58 £0.04
24 7.16£0.08 7.23 £0.12 7.03 £0.05 7.15£0.18
48 7.20 £0.07 7.26 £0.18 7.17£0.06 7.19+0.17
72 7.13£0.01 7.13£0.02 7.11£0.01 7.14£0.10
96 7.06 = 0.05 7.14 £0.03 7.11+£0.01 7.09 £0.03
120 6.91£0.10 7.10+0.03 7.05 £ 0.08 7.09 +0.03

Table 14. Effect of reducing sugar concentration from skim milk on total kefiran production by L.
kefiranofaciens JCM 6985 in the mixed culture under stirring condition at 120 rpm at

room temperature.

Total kefiran (g/1)
Time (h)
2% 4% 6% 8%
0 0.13+£0.06 0.13 £0.05 0.13 £0.05 0.14 £ 0.04
24 0.50+0.14 0.58 £0.13 0.60 £0.18 0.57+0.21
48 0.64 +0.08 0.81+0.14 0.77 £0.10 0.74 £0.10
72 0.78 £0.10 0.86+£0.12 0.91+0.17 0.84+£0.17
96 0.85+0.12 0.91£0.13 0.96 £ 0.08 0.96+0.17

120 0.90 £ 0.07 1.01 £0.07 1.03 £0.03 1.00£0.12
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Table 15. Effect of reducing sugar concentration from skim milk on reducing sugar in the mixed

culture under stirring condition at 120 rpm at room temperature.

Reducing sugar (g/1)
Time (h)
2% 4% 6% 8%
0 29.75+1.47 4473 £4.33 58.22+11.22 75.25+4.25
24 24.49 £ 1.60 42.77+£3.40 53.36 £0.95 70.88 +2.99
48 14.30 + 2.65 3531 £0.67 48.59 +£4.92 66.96 + 4.44
72 9.54 £3.66 27.58+0.34 42.66 £ 6.75 57.19 £ 2.84
96 7.34£0.97 23.51+0.71 34.86 £2.65 51.40 £4.10
120 6.66 £ 1.34 18.43 £ 1.60 30.85+2.52 45.83 £ 1.64

Table 16. Effect of reducing sugar concentration from skim milk on pH in the mixed culture under

stirring condition at 120 rpm at room temperature.

Time (b) pH of broth
2% 4% 6% 8%

0 5.50£0.00 5.50£0.00 5.50£0.00 5.50%£0.00
24 4.59+0.13 4.7710.19 4.8710.15 5.01 £0.09
48 3.95+0.04 4.03 £ 0.04 4.09 £0.05 432+0.13
72 3.82£0.08 3.83+0.07 3.89£0.08 3.97£0.06
96 3.72£0.04 3.6510.06 3.71£0.04 3.74£0.03
120 3.68 £0.08 3.541+0.07 3.63£0.01 3.67£0.03

Table 17. Effects of reducing sugar concentration from skim milk on Y , and productivity of kefiran
by L. kefiranofaciens JCM 6985 in the mixed culture under stirring condition at 120 rpm

at room temperature.

Whey lactose concentration (%ow/v) Y (Y%ow/w) Productivity of kefiran (mg/1/h)
2 39+04 11.6x1.5
4 43+04 15.1£1.8
6 38+0.4 146+1.5
8 34+0.2 144+1.7
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Table 18. Effect of yeast extract concentration on cells growth of L. kefiranofaciens JCM 6985 in the

mixed culture under stirring condition at 120 rpm at room temperature.

Cell growth (Log cfu/ml)
Time (h)
2% 4% 5% 6%
0 7.22 £0.09 7.22 £0.09 7.21£0.01 7.21£0.09
24 7.87£0.07 7.97 £0.04 7.46 £0.07 8.02 £0.03
48 8.15+0.02 8.27+£0.05 8.02 £ 0.07 8.40 + 0.00
72 8.20+0.03 8.84 £ 0.71 8.38 £ 0.01 9.24 £0.02
96 8.06 £ 0.06 8.93£0.20 8.85+£0.17 9.15%0.03
120 8.21+£0.02 8.86 £ 0.16 8.71 £0.05 9.09 £0.00

Table 19. Effect of yeast extract concentration on cells growth of S. cerevisiae IFO 0216 in the

mixed culture under stirring condition at 120 rpm at room temperature.

Cell growth (Log cfu/ml)
Time (h)
2% 4% 5% 6%
0 6.61 £0.02 6.61 £0.02 6.58 £0.04 6.61 £0.02
24 7.05+£0.04 7.00 £0.13 7.23 £0.12 7.09 £ 0.06
48 7.22 £0.05 7.21 £0.16 7.28 £0.18 7.25 £0.07
72 7.23£0.01 7.23 £0.16 7.13 £0.02 7.22+£0.10
96 7.12+0.01 7.19£0.18 7.14 £0.03 7.20 £ 0.05

120 7.06 £ 0.02 7.17 £0.08 7.10 £0.03 7.12+£0.03
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Table 20. Effect of yeast extract concentration on total kefiran production by L. kefiranofaciens JCM

6985 in the mixed culture under stirring condition at 120 rpm at room temperature.

Total kefiran (g/1)
Time (h)
2% 4% 5% 6%
0 0.17 £0.00 0.17 £0.00 0.17 £0.00 0.17 £0.00
24 0.26+0.11 0.48£0.14 0.59 £0.04 0.57 £0.02
48 0.40 £0.12 0.86 £0.13 0.96 £ 0.04 0.86 £0.17
72 0.44 £0.11 0.95 £0.06 0.98 £0.10 1.08 £ 0.07
96 0.46 £0.14 0.98 £0.09 1.09 £ 0.00 1.10 £ 0.05
120 0.53+0.11 1.07 £0.13 1.14 £ 0.01 1.19£0.02

Table 21. Effect of yeast extract concentration on reducing sugar in the mixed culture under stirring

condition at 120 rpm at room temperature.

Reducing sugar (g/1)
Time (h)
2% 4% 5% 6%
0 42.17+0.13 41.98 £ 0.27 41.79 £0.05 41.98 £0.27
24 3528 £5.51 36.88 +£2.40 36.08 £ 0.04 37.27+3.11
48 25.83 +£3.91 2479 £2.52 29.24 +0.02 26.51 £ 1.85
72 20.77 £ 6.01 19.44 £ 0.17 19.85 £ 0.01 18.60 + 1.18
96 15.75 £ 4.62 13.88 £ 0.04 14.21 £ 0.01 14.53 + 1.47
120 12.72 £ 5.04 11.41 £ 0.50 10.88 +£0.02 12.84 +3.87
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Table 22. Effect of yeast extract concentration on pH in the mixed culture under stirring condition at

120 rpm at room temperature.

pH of broth
Time (h)
2% 4% 5% 6%
0 5.50 £0.00 5.50£0.00 5.50£0.00 5.50 £ 0.00
24 4.66 £ 0.25 4.67+0.10 4.81+£0.07 491+0.19
48 3.78 £0.04 3.90£0.05 3.974+0.08 3.99£0.01
72 3.63 £0.07 3.69£0.04 3.77£0.08 3.77£0.01
96 3.50£0.01 3.59+£0.02 3.63+0.04 3.66 £0.01
120 3.46 £0.01 3.57£0.01 3.534+0.01 3.66 £0.03

Table 23. Effects of yeast extract concentration on Y  and productivity of kefiran by L.

kefiranofaciens JCM6985 in the mixed culture under stirring condition at 120 rpm at room

temperature.
Yeast extract concentration (%ow/v) Y, (Y%ow/w) Productivity of kefiran (mg/1/h)
2 3.0+ 0.91 5.0x£35
4 3.61£0.23 152+1.8
5 3.7+0.03 16.6 £ 1.4
6 3.7+£0.04 15815

Table 24. Effect of initial pH on cells growth of L. kefiranofaciens JCM 6985 in the mixed culture

under stirring condition at 120 rpm at room temperature.

Cell growth (Log cfu/ml)
Time (h)
pH 4.5 pH 5.0 pH 5.5 pH 6.0
0 7.20 £0.00 7.20 £0.00 7.22 £0.00 7.20 £0.00
24 7.62 £0.04 7.85£0.04 7.97 £0.01 7.93 £0.05
48 7.81 £0.02 8.06 £0.73 8.27 £ 0.04 8.10 £ 0.09
72 7.91 £0.01 8.61£0.00 8.84 £ 0.00 8.46 £0.01
96 8.01 £0.02 8.77 £ 0.06 8.93+0.20 8.50 £ 0.03
120 8.05 £0.02 8.84 £0.02 8.86 £0.16 8.52 £0.05
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Table 25. Effect of initial pH on cells growth of S. cerevisiae IFO 0216 in the mixed culture under

stirring condition at 120 rpm at room temperature.

Time (h) Cell growth (Log cfu/ml)
pH 4.5 pH 5.0 pH 5.5 pH 6.0

0 6.39 £ 0.00 6.39 £ 0.00 6.39 £0.02 6.39 £ 0.00
24 6.96 £ 0.07 7.14£0.04 7.00 £0.13 7.25£0.06
48 7.00 £ 0.00 7.19 £0.03 7.21£0.16 7.31 £0.03
72 6.96 + 0.01 6.98 £0.00 7.23 £0.16 7.28 £0.06
96 6.89 £ 0.03 6.91£0.02 7.19£0.18 7.24 £0.01
120 6.89 £0.07 6.90 £ 0.03 7.17 £0.08 7.02 £0.03

Table 26. Effect of initial pH on total kefiran production by L. kefiranofaciens

mixed culture under stirring condition at 120 rpm at room temperature.

JCM 6985 in the

Total kefiran (g/1)
Time (h)
pH 4.5 pH 5.0 pH 5.5 pH 6.0
0 0.09 +0.04 0.09 £0.04 0.17£0.00 0.09 = 0.04
24 0.39 £0.02 0.58 £0.04 0.48+0.14 0.54 £ 0.01
48 0.48 £ 0.01 0.66 = 0.02 0.86 £0.13 0.62 = 0.09
72 0.51 £0.02 0.75 £0.02 0.95 £ 0.06 0.70 £ 0.01
96 0.58 £0.04 0.77 £0.03 0.98 £0.09 0.72 £0.06
120 0.60 £ 0.01 0.86 £ 0.01 1.07 £0.13 0.72 £0.08
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Table 27. Effect of initial pH on reducing sugar in the mixed culture under stirring condition at

120 rpm at room temperature.

Reducing sugar (g/1)
Time (h)
pH 4.5 pH 5.0 pH 5.5 pH 6.0
0 44.52 +1.09 44.52 +1.09 41.98+0.27 4452 +1.09
24 3822+ 1.26 34.95£0.67 36.88 £2.40 36.91£1.60
48 3412+ 1.51 30.43 +£6.89 2479 £ 2.52 33.76 £2.19
72 27.64 £ 1.09 28.35+5.46 19.44 £ 0.17 28.18 £ 1.77
96 25.50£0.92 2526+0.42 13.88 £ 0.04 252610.42
120 24.01 £ 0.67 21.52+2.02 11.41 +£0.50 23.30+0.50

Table 28. Effect of initial pH on pH in the mixed culture under stirring condition at 120 rpm at room

temperature.
Time (b) pH of broth
pH 4.5 pH 5.0 pH 5.5 pH 6.0
0 4.50+0.00 5.00 £ 0.00 5.50£0.00 6.00 = 0.00
24 4.04£0.01 4.241+0.01 4.6710.10 4.531+0.01
48 3.60 £0.06 3.67+0.01 3.90 £0.05 3.93+£0.01
72 3.49£0.05 3.651+0.06 3.69£0.04 3.91£0.01
96 3.52+0.11 3.69 £ 0.06 3.5940.02 3.91£0.03
120 3.58+0.13 3.70 £ 0.02 3.57£0.01 3.90%0.03

Table 29. Effects of initial pH on Y and productivity of kefiran by L. kefiranofaciens JCM 6985 in

the mixed culture under stirring condition at 120 rpm at room temperature.

Initial pH Y, (Y%ow/w) Productivity of kefiran (mg/l/h)
4.5 29+0.1 9.6+0.4
5.0 3.8+0.4 11.7£0.7
5.5 3.6£0.2 152112

6.0 3405 10.7£1.7
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Table 30. Effect of yeast amount on cells growth of L. kefiranofaciens JCM 6985 in the mixed

culture under stirring condition at 120 rpm at room temperature.

Cell growth (Log cfu/ml)

Time (h)
1.4X10° cfu/ml 4.0X10° cfu/ml 9.1X10° cfu/ml

0 7.3340.15 7.33+0.15 7.3340.15
24 7.79 +0.04 7.97+0.01 8.30 +0.04
48 8.01 £0.05 8.27 +0.04 9.02 +0.05
72 8.70 + 0.04 8.84 +0.00 9.28 +0.04
96 8.67 £0.05 8.93 +0.20 9.36 % 0.05
120 8.64 +0.02 8.86 £ 0.16 9.24 +0.02

Table 31. Effect of yeast amount on cells growth S. cerevisiae IFO0216 in the mixed culture under

stirring condition at 120 rpm at room temperature.

Cell growth (Log cfu/ml)
Time (h) - - -
1.4X10" cfu/ml 4.0X10" cfu/ml 9.1X10 cfu/ml
0 6.21£0.01 6.61 £0.02 6.96 £ 0.01
24 6.69 £ 0.01 7.00 £0.13 7.20£0.05
48 6.80+0.05 7.21£0.16 7.60 = 0.02
72 6.67 £0.01 7.23+0.16 7.59+£0.08
96 6.68 £ 0.05 7.19£0.18 7.62 £0.03

120 6.73 £0.03 7.17£0.08 7.54 £0.07




Table 32. Effect of yeast amount on total kefiran production by L. kefiranofaciens JCM 6985 in the

mixed culture under stirring condition at 120 rpm at room temperature.
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Total kefiran (g/1)
Time (h)
1.4X10° cfu/ml 4.0X10° cfu/ml 9.1X10° cfu/ml
0 0.17+0.00 0.17+£0.00 0.17+£0.00
24 0.41+£0.03 0.48+0.14 0.58 £0.02
48 0.65 £ 0.02 0.86 +0.13 0.89+£0.04
72 0.86 £ 0.01 0.95+0.06 1.02 £ 0.04
96 0.93 +£0.03 0.98 £0.09 1.05£0.02
120 0.90 £ 0.03 1.07+£0.13 1.15+0.03

Table 33. Effect of yeast amount on reducing sugar in the mixed culture under stirring condition at

120 rpm at room temperature.

Reducing sugar (g/1)
Time (h)
1.4X10° cfu/ml 4.0X10° cfu/ml 9.1X10° cfu/ml
0 41.37+£0.59 41.37£0.59 41.37£0.59
24 36.67 £ 4.62 35.19+1.68 33.82+2.77
48 24.19+2.10 26.57+1.93 24.79 £ 1.09
72 20.33+1.34 19.32 £2.27 17.77 £ 1.26
96 18.84+1.09 13.85+0.92 1421 £2.61
120 11.59 £0.92 11.06 + 0.34 11.12+1.43
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Table 34. Effect of yeast amount on pH in the mixed culture under stirring condition at 120 rpm at

room temperature.

pH of broth
Time (h)
1.4X10° cfu/ml 4.0X10° cfu/ml 9.1X10° cfu/ml
0 5.50 +0.00 5.50 +0.00 5.50 £ 0.00
24 4.5240.07 4.67+0.10 4.59+0.04
48 4.18 4£0.03 3.90 £ 0.05 3.99 £ 0.02
72 3.97+£0.01 3.69 + 0.04 3.88£0.01
96 3.83£0.01 3.59 +0.02 3.75+0.01
120 3.75+0.01 3.57£0.01 3.65 £0.03

Table 35. Effects of yeast amount on Y and productivity of kefiran by L. kefiranofaciens JCM 6985

in the mixed culture under stirring condition at 120 rpm at room temperature.

Yeast amount (cfu/ml) Y (Yow/w) Productivity of kefiran (mg/1/h)
1.4X10° 3.0+0.1 9.9+0.8
4.0X10° 3.6+0.2 152+1.2
9.1X10° 3.8+0.0 153413

Table 36. Effect of aeration on cells growth of L. kefiranofaciens JCM 6985 of the mixed culture in

batch culture at room temperature.

Cell growth (Log cfu/ml)

Time (h) No aeration 5 % of DO control 5 % of DO and pH control
0 7.02 £0.07 7.02 £ 0.06 7.02 £0.03
24 7.85+0.03 7.90 £0.08 7.62£0.03
48 7.96 £ 0.02 8.14 £0.05 8.16 £0.06
72 8.09 £0.02 8.34£0.03 8.66 £ 0.04
96 7.97 £0.05 8.47 £0.03 8.60 £0.12

120 7.89 £0.08 8.46 £0.03 8.521£0.04
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Table 37. Effect of aeration on cells growth of S. cerevisiae IFO 0216 of the mixed culture in batch

culture at room temperature.

Cell growth (Log cfu/ml)
Time (h) no aeration 5 % of DO control 5 % of DO and pH control

0 6.20£0.17 6.20 £0.01 6.20£0.03

24 6.65+0.07 7.61 £0.05 7.23 £0.05

48 7.14£0.07 7.90 £0.01 8.15+£0.02

72 6.84 £ 0.01 7.83 £0.00 8.05+£0.04

96 6.78 £0.03 7.65£0.07 8.00 £0.02
120 6.70 £ 0.08 7.58 £0.05 7.95+0.02

Table 38. Effect of aeration on total kefiran production by L. kefiranofaciens JCM 6985 of the mixed

culture in batch culture at room temperature.

Total kefiran (g/1)

Time (h) no aeration Time (h) > %of DO Time (h) 3% ofbOand
control pH control
0 0.10 £ 0.00 0 0.10 £ 0.00 0 0.16 £0.01
24 0.52 £0.01 16 0.51£0.01 12 0.88+0.05
48 0.77 £0.02 24 0.89 £0.01 24 1.03 £0.00
72 0.95£0.03 42 1.16 £ 0.05 36 1.32 £0.04
96 1.24 £ 0.08 64 1.56 £0.02 48 1.61 £0.00
120 1.22 £ 0.02 72 1.71 £0.01 72 2.01+0.27
96 1.82 £0.00 96 2.40£0.23

120 1.88 £0.06 120 2.58£0.03
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Table 39. Effect of aeration on reducing sugar of the mixed culture in batch culture at room

temperature.
Reducing sugar (g/1)
5 % of DO and
. . . 0 .

Time (h) No aeration Time (h) 5% of DO control  Time (h) pH control
0 4217 +1.77 0 42.17+2.02 0 44.09 £0.30
24 33.29+0.34 16 33.35+0.76 12 4047 £ 0.41
48 26.27+1.01 24 26.15+£0.17 24 3247 +£0.88
72 20.21+0.17 42 22.23+0.67 36 7.78 £0.03
96 15.75 £0.92 48 15.39+£0.92 48 2.87+£0.34
120 15.10+1.01 64 12.13 £0.67 60 2.54+£0.41
72 898+ 1.43 72 1.82+£0.27

96 8.14+1.09 96 1.51+£0.24

120 7.43+2.10 120 041+0.17

Table 40. Effect of aeration on pH of the mixed culture in batch culture at room temperature.

pH of broth
5% of DO 5 % of DO and
Time (h) No aeration Time (h) control Time (h) pH control

0 5.5 0 5.5 0 5.5
24 4.5 16 5.28 12 5.5
48 3.86 24 4.72 24 5.5
72 3.56 42 3.96 36 5.5
96 3.51 48 3.89 48 5.5
120 3.51 64 3.7 60 5.5
72 3.68 72 5.5

96 3.62 96 5.5

120 3.62 120 5.5
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Table 41. Y and productivity of kefiran by L. kefiranofaciens JCM 6985 in batch culture at room

temperature.
Conditions Y (Y%w/w) Productivity of kefiran (mg/1/h)
No aeration 45+0.1 14.5+0.6
5 % of DO control 54%03 16.5+£04
5 % of DO and pH control 59%0.1 20.3+0.6

Table 42. Cell growth of L. kefiranofaciens JCM 6985 of the mixed culture in batch and fed-batch

culture at room temperature.

Cell growth (Log cfu/ml)
Time (h)
Batch culture Fed-batch culture
0 6.93 £0.03 6.93 +£0.04
24 7.62 £0.03 8.00 £ 0.04
24 7.62£0.03 7.81 £0.02
48 8.16 £ 0.03 8.71 £0.05
48 8.16 £ 0.03 8.41 £0.03
72 8.66 £ 0.04 8.79£0.13
96 8.60 £0.12 9.01 £0.06

Table 43. Cell growth of S. cerevisiae IFO 0216 of the mixed culture in batch and fed-batch culture

at room temperature.

Cell growth (Log cfu/ml)
Time (h)
Batch culture Fed-batch culture
0 6.20 £ 0.03 6.16 £ 0.12
24 7.23 +£0.03 7.68 £0.06
24 7.23 £0.03 7.47+0.03
48 8.15£0.06 8.06 £0.06
48 8.15+0.06 7.63 £0.07
72 8.05£0.04 8.11 £0.01
96 8.00+£0.12 7.70 £ 0.06

120 7.95 +0.04 7.70 £0.02




Table 44. Total kefiran production by L. kefiranofaciens JCM 6985 in batch and fed-batch culture at

room temperature.
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Total kefiran (g/1)
Time (h)
Batch culture Fed-batch culture

0 0.16 £0.01 0.13£0.02
12 0.88+0.05 0.23£0.03
24 1.03 £0.00 0.70 £ 0.07
24 1.03 £0.00 0.34£0.02
36 1.32+£0.04 1.40 £0.02
48 1.61 £0.00 2.01£0.02
48 1.61 £0.00 1.69 £ 0.06
60 1.66 £ 0.00 2.68 £0.07
72 2.01 £0.27 2.86 £0.01
96 2.40+0.23 3.25+£0.11
120 2.58+£0.03 3.17£0.02

Table 45. Reducing sugar of the mixed culture in batch and fed-batch culture at room temperature.

Reducing sugar (g/1)
Time (h)
Batch culture Fed-batch culture
0 44.09 £0.30 42.06+0.61
12 40.47 £0.41 31.84+1.42
24 32.47 £0.88 27.26 £0.74
24 32.47+0.88 43.92 £0.95
36 7.78 £ 0.03 26.40 £1.01
48 2.87+0.34 12.27£0.20
48 2.87+0.34 29.88 £1.08
60 2541041 9.88£0.20
72 1.82+£0.27 9.12+£0.61
96 1.51£0.24 6.59 £0.54
120 041 +1.17 520x1.15
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