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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 carisbergensis 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/t was achieved with 4% (w/v) lactose from skim milk, 4% (w/v) yeast
extraét, initial pH 5.5 and initial amounts of L. kefiranofaciens JCM 6985 and S. cerevisiae IFO
0216 of 2.1x10 and 4.0x106cfufm!, 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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Table 1. Yeasts found in kefir grains.

Strains

Reference

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

Candida inconspicua
Candida maris

Candida lambica

Candida tannotelerans
Candida valida

Candida kefyr

Candida holmii

Pichia fermentans

Koreleva (1991): Lin et af. (1999); Ottogalli et 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 ef al. {1992)

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

Engel et al. {1986)

Rohm et al. (1992)

Ottogalli er al. (1973)

Ottogalli et al. (1973)

Simova et al. (2002)

Simova et al.(2002)

Engel er 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 ez al. (1993)

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

f1: autiadnin Famworth (2005)



Table 2. Bacteria found in kefir grains.
Strains Reference
Lactebacilli

Lactobacillus kefir
Lactobacillus kefiranofaciens
Lactobacillus kefirgranum
Lactobacillus parakefir
Lactobacillus brevis
Lactobacillus plantarum
Lactobacilius 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
Streptocoeccus thermophilus
Enterococci
Enterococcus durans
Leuconostocs
Leuconostoc sp.

Leuconostoc mesenteroides

Koreleva (1991); Pintado et al. (1996); Simova et al. {2002)
Fujisawa et al (1998); Takisawa et 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 ef al. (1999); Simova et al. (2002)
Ottogalli et al. (1973); Santos et al. (2003); Angulo e1 al. (1993)
Koreleva (1991); Simova et al. (2002) Santos ef al. (2003)
Koreleva (1991); Angulo er al. (1993)

Simova et al. (2002)

Santos et al. (2003}

Yoshida and Toyoshima (1994)

Yoshida and Toyoshima (1994)

Angulo ef al. (1993)

Angulo et al. (1993)

Koreleva (1991); Pintado ef 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 e al. (2004); Simova et al. (2002)

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

Angulo et al. (1993)

Koreleva (1991); Lin er al. (1999); Ottogalli et al. {1973}




Table 2. (cont.)

strains Reference

Acetic acid bacteria

Acetobacter sp. Garrote et af. (2001)
Acetobacter pasteurignus  Ottogalli et al. (1973)
Acetobacter aceti Koreleva (1991); Ros1 (1978)

Other bacteria

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

11: 9ALa391n Farnworth (2005)
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Table 3. Typical composition of sweet whey and acid whey.

Amount (g/1)

Element
sweet whey acid whey
Total sohd 63-70 63-70
Lactose 46 - 52 44 - 46
) Protein 6-10 68

Phosphate 1-3 12-16
Lactate 2 2-45
Chloride 1.1 6.4
Calcium 04-06 1.1

N1 Telen (2003 9131A6 Panesar et a/., 2007)
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Figure 6. Process of making cheese.
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(HPLC) (Fau1lainiudt Olano-Martin et al., 2000)
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- 1ASBAN AT (stirrer) 1 ST5 U3HY FinePCR, Korea
- I.ﬂ%l‘malﬁﬂ:lm%’ﬂu (hot plate) ;"u HS115 V54N Tka Labotechnic, Germany
- UMM AN (magnetic stirrer) ‘iu RO 5 158 Ika Labotechnic, Gemmany
- m?aﬁ']mﬁmmmuqmﬂgﬁ (Centrifuge) TH 5203 UFHN Hitachi, Japan
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- m?mwh 'q'u Contomate MOII USEM  B. Braun Biotech International, Germany
- flandin ';'u Biostat B 134 B. Braun Biotech International, Germany
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- IN3DIFAnLBuANeiion 2 AU 33 HF-1200 UM A&D Company, Ltd, Japan
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Table 5 wniﬁﬁﬁnﬂmoﬁuis:mmsn“l%’mmmﬂﬁmﬂmmﬁam%‘uau"lﬁ’um"iu Z. rowxii TIS 4
5044 100 S. cerevisiae IFO 0216 Hubadnaunioldnsanandnlddfaane 6.23 niunoans
@ ot & 4 ~ = 3 4
9909110 S, exiguus TISTR 5081 (2.46 niusndas) Famsl¥nsauaninvestarazitaiuile
a o a v o a o ") o P
moluszuviifeansanandnbunrasmiveu Tavdadaiuso loniauanfnldTaomsitao
wasagiiiulwgion (pyruvate) iminIngnmezgnilaeuiiuoeny TaoBina (oxaloacetate) Tav
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fioulad Inginmfuendiad (pywvate  carboxylase) 1P udusW{AT1 nouhiezidhy
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¥
18093 L. kefiranofaciens JCM 6985 Tumswaniidaiuainviiauy

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

MR S-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 21.50x=0.11 434 +0.1°
Saccharomyces cerevisiae IFO 0216 2527 t1.12 0.97+0.5"
Debaryomyces hansenii TISTR 5155 2593 +1.83 0.31£05"
Saccharomyces exiguus TISTR 5081 26.97 £ 0.90 0.00 +0.0°
Zygosaccharomyces rouxii TISTR 5044 2595+£1.09 0.29+0.3"
Saccharomyces carlsbergensis TISTR 5018 2548 +£0.33 0750.1°

" 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 MRS-lactic acid

medium at 48 h under shaking condition at 200 rpm.

Strain Residual lactic acid Amount of utilized
(g/1) lactic acid (g/1)
Saccharomyces cerevisiae IFO 0216 143105 6.2+05°
Debraryomyces hansenii TISTR 5155 19.2:+0.5 1.2405"°
Saccharomyces exiguus TISTR 5081 17.9+0.7 25+0.7"
Zygosaccharomyces rouxii TISTR 5044 20109 00+09"
Saccharomyces carlsbergensis TISTR 5018 186116 18£16"

" 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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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 6983
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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 ICM 6985
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Figure 10. Effects of reducing sugar concentration from skim milk on cells growth of L.
kefiranofaciens JCM 6985 {(a} and §. cerevisiae IFO 0216 (b) and total kefiran
production {c) in the mixed cuiture under stiming condition at 120 rpm at room
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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 IFQ 0216 (b) and total kefiran production (c) in the mixed culture

under stirring condition at 120 rpm at room temperature.
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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 17. Effects of initial pH 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 18. Effects of initial pl on Y, and productivity of kefiran by L. kefiranofaciens JCM 6985

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,
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Figure 21. 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.
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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 °

Toom 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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Figure 24. Yield and productivity of kefiran by L. kefiranofaciens JCM 6985 in the mixed culture of

batch culture at room temperature.
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Celis growth ot L. kefiranofaciens JUM 6985 {a) and . cerevisiae 1FQ U216 (b) and

total kefiran production (¢) 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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Figure 30.  Standard curve of lactic acid analyzed by HPLC method
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Figure 31.  Standard curve of bovine serum albumin analyzed by Lowry method.



85

MANHIN £

Han1INAaD

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 440
Culture
At60h At 120h

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

534+0.13 7.51 £0.36
S. exiguus TISTR 5081
L. kefiranofaciens JCM 6985 and

532023 6.56 £ 0.34
S. cerevisiae IFO 0216
L. kefiranofaciens JCM 6985 and

5.18+0.27 6.60 £ 0.62
5. carlsbergensis TISTR 5018
L. kefiranofaciens JICM 6985 and

5.22+0.16 6.43 £0.46
Z. rouxii TISTR 5044
L. kefiranofaciens JICM 6985 and

5371037 8.07 +£0.21

D. hansenii TISTR 5155







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.
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Total kefiran (g/1)

NO.
At60h At120h

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

0.51 00 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
Nitrogen source =
At60h At120h

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 6171033 7.37 £0.11




Table 11.
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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 60h 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 £ 0.01 720+ 00
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 £0.01 838 +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 B.68 £ 0.05 871 £0.05 8.51£0.09 8.51 +0.03




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 6.581£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 7151018
48 7.2010.07 7.26+0.18 7.17 £ 0.06 7.19+0.17
72 7.13+£0.01 7.131+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 7.0510.08 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 1021
48 0.64 £0.08 0.81+0.14 0771010 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 0.50+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/l)
Time (h)
2% 4% 6% 8%
0 2975+ 147 4473 +4.33 5822 +11.22 75251425
24 24.49 + 1.60 42771340 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 4266 £6.75 5719 +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 30.8512.52 4583+ 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.

pH of broth
Time (h)
2% 4% 6% 8%
¢ 5.50+0.00 5.50 £ 0.00 5.50£0.00 5.50 £ 0.00
24 4591013 4.77+03.19 487 +0.15 5.01+0.09
48 395+ 0.04 4.03+0.04 4.09 +0.05 432+0.13
72 3821008 3.83+0.07 3.89 £ 0.08 3.97+£0.06
96 3.72£0.04 3.65%0.06 3.71 £0.04 3.74 £0.03
120 3.68+0.08 3.54 +£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. kefiranafaciens JCM 6985 in the mixed culture under stirring condition at 120 rpm

at room temperature.

Whey lactose concentration (Yow/v) Y, (Yow/w) Productivity of kefiran (mg/l/h)

2 39+04 11.6+1.5
4 43+04 151 1.8
6 38+04 146 1.5
8 34302 144+1.7
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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 0.1710.00
24 0.2610.11 048 £0.14 0.59+£0.04 0.57+0.02
48 0.4010.12 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 0461 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 42172013 41.98 +0.27 41.79 £0.05 4198 +0.27

24 35.28 £ 5.51 36.88£2.40 36.08 £ 0.04 37.27+£3.11
48 25831391 24791252 29.24 £0.02 2651 £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 + 0.0} 1453 +147
120 1272 £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 4.671£0.10 4,81 £0.07 491+0.19
48 3.78 £ 0.04 390+ 0.05 3.97+£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 3.660.01
120 3.46 £ 0.01 35712001 3.53+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 (%w/v) Y, (Yow/w) Productivity of kefiran (mg/l/h)
2 301091 50£35
4 3.6 +0.23 152+ 1.8
5 37+0.03 166+1.4
6 3.7+£0.04 15.8%1.5

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 4 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 8.6110.00 8.84 £ 0.00 3.46 = 0.0}
96 8.01 £0.02 8.77 £ 0.06 8.93£0.20 8.50£0.03

120 3.05+0.02 8.84 £0.02 8.86 £0.16 8.52£0.05
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Table 25. Effect of initia! pH 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)
pH4.5 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£0.03 721 £0.16 7.3110.03
72 6.96 £ 0.01 6.98 + 0.00 7.23x+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 6.90x0.03 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/l)

Time (h)
pH4.5 pH5.0 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 £ 0.04 048 +0.14 0.54 £0.01
48 0.48 £ 0.01 0.66 1 0.02 0.86 £ 0.13 0.62 £ 0.09
72 0.51 £0.02 0.75+0.02 0.95 £ 0.06 0.70x0.01
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 pH5.5 pH 6.0

0 44.52 £1.09 44.52 £ 1.09 41.98+0.27 44.52 £1.09
24 38.22+1.26 34.95 1 0.67 36.88 +2.40 36.91 £ 1.60
48 3412 +1.51 3043 +6.89 2479+ 252 33.76 +£2.19
72 27.64+1.09 28.35%5.46 19.44 +0.17 2818 £ 1.77
96 2550+£0.92 2526 +0.42 13.88+0.04 25.26 £ 042
120 24.01 £0.67 21.52+2.02 11.41 £0.50 2330+ 0.50

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

temperature.
pH of broth
Time (h)
pH 4.5 pH 5.0 pH5.5 pH 6.0
0 4.50%0.00 5.00 £ 0.00 5.50+0.00 6.00+0.00
24 4.04 £ 0.01 424+ 0.01 4.6710.10 4.53+0.01
48 3.60 £ 0.06 3.67+£0.01 350+0.05 393 +£0.01
72 3491005 3.65£0.06 3.69£0.04 391001
96 3520 3.69£0.06 3.59%0.02 391003
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 YP,s (Yow/w) Productivity of kefiran {mg/1/h)
4.5 29401 06+04
5.0 38104 11.7+£0.7
5.5 36102 152+1.2

6.0 34+05 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) . 6 6
1.4X10 cfu/ml 4.0X10 cfu/ml 9.1X10 cfu/ml

0 7.33+£0.15 7.33+0.15 733015
24 7.79 + 0.04 7.9710.01 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 8.931+020 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

stirfing condition at 120 rpm at room temperature.

Cell growth (Log cfu/mi)

Time (h) . p p
1.4X10 cfu/ml 4.0X10 cfu/m] 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 7.21x0.16 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
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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.

Total kefiran (g/1)

Time (h) p : .
1.4X10" cfu/ml 4.0X10 cfw/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 0.8610.13 0.89 £ 0.04
72 0.86 £ 0.01 0.95+£0.06 1.02 £0.04
96 0931003 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) . P 5
1.4X 10 cfu/ml 4.0X10 cfu/ml 9.1X10" cfu/m!

0 41.37 £0.59 41.37 £0.59 41.37 +0.59
24 36.67 £ 4.62 3519+ 1.68 33.8212.77
48 24.19+2.10 26.57£1.93 2479+ 1.09
72 2033+1.34 19.32+2.27 17.77 £ 1.26
96 18.84+1.09 13.851£0.92 14.21 +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) . . p
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 4.52+0.07 4671+0.10 4.59+0.04
48 4.18 £0.03 3.80+0.05 3.99+0.02
72 3.9710.01 3.691+0.04 3.88+0.01
96 3.83£00! 3.59+0.02 3.75+0.0!
120 3.7510.01 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/m}) Y (Yow/w) Productivity of kefiran (mg//h)
1.4%10° 3.0:4 0.1 99108
4.0%10° 3.6+0.2 15.2+1.2
9.1%10° 3.8400 153+ 1.3

Table 36. Effect of acration 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 7.851+0.03 7.90 £ 0.08 7.62 4 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
56 7.97 +0.05 8.47+0.03 8.60+0.12

120 7.89 £0.08 846 £ 0.03 8.52 £ 0.04
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Table 37. Effect of aeration on cells growth of 8. cerevisiae IFO 0216 of the mixed culture n 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
926 6.78 £ 0.03 7.65+0.07 8.00 £ 0.02
120 6.7010.08 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% of DO and
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 1+ 0.03 42 1.16 £0.05 36 1.321+0.04
96 1.24 + (.08 64 1.56 £0.02 48 1.61 £ 0.00
120 1.221+0.02 72 1.71 £ 0.01 72 2.01 £0.27
96 1.82 +£0.00 96 240+ 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
. . , o .

Time (h) No aeration Time (h) 5% of DO control  Time (h) pH control
0 4217177 0 42171202 0 44.09 £0.30
24 33.29+0.34 16 33.35 £ 0.76 12 4047 £ 0.41
48 2627 +£1.01 24 26.15+0.17 24 32.47 £0.88
72 20.21 £0.17 42 22.23+0.67 36 7.78 £0.03
96 1575 +£0.92 48 15.39+0.92 48 2.87+0.34
120 1510+ 1.01 64 12.13 £ 0.67 60 2.54 +0.41

72 8.98+1.43 72 1.82+0.27
56 8.14 +1.09 96 1.51+£0.24
120 7431210 120 041017

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 (U] 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
86 3.5 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







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

room temperature.

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 24010.23 325011
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 3247 +£0.88 27.26+£0.74
24 32472088 4392 £0.95
36 7.78 £0.03 26.40 £ 1.01
48 287034 12.27+0.20
48 2871034 290.88+1.08
60 2541041 9.88x0.20
72 1.821+0.27 9.12+0.61
96 1.51 +£0.24 6.59 +0.54
120 0.41 +1.17 520+1.15
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Whey lactose is a waste product from cheese production that
represents & major pollution problem for countries depending on
the dairy economics. It can be used as a carbon source for micro-
organisms because it contains high amount of lactose [13-15]. The
utilization of whey lactose as a substrate for kefiran production has
been of interest as they are inexpensive energy rich resources and
also eliminate large-scale accumnulation. In this study, a co-cuiture
system of kefiran producing L. kefiranofaciens with lactic acid
assimilating yeast was created to improve the yield and the pro-
ductivity of kefiran by removing lactic acid from the medium.
Firstly, the non-lactose-assimilating yeast strains that could reduce
lactic acid in the medium were screened. Secondly, the mixed
cultures of L. kefiranofaciens with the screened yeast strains under
anaetobic and microaerobic conditions were performed to select
the suitable yeast that could enhance kefiran production. Then the
optimal culture conditions for kefiran production by the mixed
culture including whey lactose concentration, nitrogen source and
its concentration, initial pH and ratio of L. keftranofaciens to yeast
were determined. Furthermore, the fed-batch fermentation tech-
nique was applied to enhance the kefiran production by the mixed
cuiture.

Materials and methods

Microorganisms

Lactobacillus kefiranofaciens JCM 6985, which was used to produce
kefiran in this study, was obtained from Japan Collection of
Microorganisms (JCM), RIKEN, Japan. The cultures were stored
at —20°C in 20% glycerol until required and were reactivated in
commercial Man-Rogosa Sharpe (MRS) broth medium at 30 + 2°C
and an initial pH of 5.5 for 48 h.

For the mixed culture, six species of yeasts were examined.
Torulaspora delbruekii 1FO 1626 and Saccharomyces cerevisiae IFO
0216 were obtained from the collection at the Institute for Fer-
mentation Osaka (IFQ), Japan. Debaryomyces hansenii TISTR 5155,
Saccharomiyces exiguus TISTR 5081, Zygosaccharomyces rouxii TISTR
5044, and Saccharomyces carlsbergensis TISTR 5018 were obtained
from the culture collection at Thailand Institute of Scientific and
Technological Research (TISTR}, Thailand. The cultures were
stored at —20°C in 20% glycerol until required and were reacti-
vated in Yeast-Peptone (YP) medium at 30 + 2°C and initial pH of
6.0 for 24 h.

Medium

MRS medium was composed of 2% glucose, 2% tryptone, 1% yeast
extract, 2% meat extract, 0.2% KHPQ,, 0.4% triammonium
citrate, 0.5% sodium acetate, 0.1% Tween 80, 0.028%,
MnSQ,4-4H,0, 0.058% MgSO,7H;0, and 0.074% CaCl,-2H,0
and with an initial pH of 5.5. YP medium was composed of 1%
glucose, 1% polypeptone and 1% yeast extract and initial pH at 6.
The medium for kefiran production was a modified MRS-whey
lactose medium in which glucose was replaced by whey lactose.
The main compositions (%, w/w) of the whey lactose powder
employed in this study were lactose, 76.5 and protein, 0.2.

Cultivation

The pre-cultured cells were separated by centrifugation at
10,000 rpm, 4°C for 10 min and then inoculated into 100 mL of
fresh medium {(modified MRS-whey lactose medium) at an initial

optical density at 660 nm of about 0.2. Cultivation was performed
anaerobically in 100-mL screw capped bottles filled with 100 mlL. of
medium which were slowly stirred by a magnetic stirrer. The
cultivation under microaercbic condition was performed in
250 mL flasks containing 100 mL of medium which were shaken
at 60 rpm. '

Assays

Cell concentration was measured based on an optical density at
660 nm {ODggp). In the mixed culture, the viable-cell count of
bacteria was determined as the number of colony forming units
(CFUs} on a selective agar medium. This was commercially avail-
able MRS containing 0.0005% cycloheximide and 1.5% agar. The
viable-cell count of yeast was determined as the number of CFUs
on the agar medjum, which contained 1% glucose, 0.5% poly-
peptone, 0.5% yeast extract and 1.5% agar.

Extracellular kefiran in the supernatant named as broth kefiran
was precipitated by the addition of the same volume of cold
ethanol (—20°C) as that of the sample and then centrifuged at
10,000 rpm, 4°C for 10 min. The precipitate was re-dissolved in
distilled water. To remove any remaining undissolved materials,
the solution was centrifuged (at the same speed as above) and the
clear supernatant was again precipitated in the same way. The
resulting precipitate was re-dissolved in distilled water. Broth
kefiran was then quantified calorimetrically by adding 1 mL of
anthrone reagent to 0.1 mL of the broth kefiran solution. The
reaction mixture was incubated for 10 min at 100°C and cooled to
room temperature. The absorbance at 620 nm was measured. The
concentration of broth kefiran was calculated using the standard
curve of lactose.

The kefiran surrounding the cells named as capsular kefiran was
extracted from the cells by boiling in distilled water at 100°C for
30 min. The mixture was centrifuged, the clear supermnatant was
decanted, and the amount of capsular kefiran in the supernatant
was measured using the same method as that for broth kefiran. The
total kefiran was the sum of broth and capsular kefiran.

The residual lactose was determined by high-pressure liquid
chromatography (HPLC) method under the following conditions:
Column, Zorbax Carbohydrate 4.6 x 150 mm, 5 pum; mobile
phase, acetonitriie:water (70:30); flow rate, 1.5 m] min~'; column
temperature, 35°C; Refractive Index Detector (Agilent 1100 series
HPLC). The amount of lactic acid was determined by HPLC
equipped with an Arminex HPX-87H column (Bio-Rad Labora-
tories, Richmond, CA). The column was eluted with 0.005 M
H,50, at a flow rate of 0.6 mL/min. All the data presented in this
paper under various conditions were the means of at least dupli-
cates, Appropriate tests of significance, analysis of variance
(ANOVA) and confidence of difference at the 5% level were used
for evaluating the data.

Results and discussion

Screening of yeast strains for the mixed culture with

L. kefiranofaciens

A strong inhibitory effect of lactic acid concentration on the
growth of L. kefiranofaciens JCM 6985 was observed by Cheirsilp
etal. [16). Therefore, in this study the removal of lactic acid by a co-
culture with yeast strain was attempted in this study to overcome
the inhibition by lactic acid. To avoid whey lactose competition
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TABLE 1

Growth and lactose consuming ability of yeasts in modified MRS-whey lactose medium compared with growth and lactic acid
consuming ability of yeasts in modified MRS-lactic acid medium at 48 h under shaking condition at 200 rpm

Strain Modified MRS-whey lactose medium Modified MRS-lactic acid medium
ODgsg Lactose consuming ability ODgso tactic acid consuming ability
T. delbruekii IFO 1626 198 £ 0.01° 189 £ 03° 7.09 + 0.23° 00 +0.2°
S. cerevisiae IFO 0216 1.82 £ 0.01° 08+ 07° 7.89 + 0.1 62 £ 05°
D. hansenii TISTR 5155 4,80 & 0.03° 04 +0.1° 9.24 + 033" 124057
S. exiguus TISTR 5081 159 + 0.02f 09+ 05° 804 + 0,15 25+ 0.7°
Z rouxii TISTR 5044 5.14 + 0.02° 00+03" 16.41 =+ 0.09° 0.0+ 0.9°
S. carishergensis TISTR 5018 247 £ 001° 06+ 01" 842 £ 047 18 4 06"

Initial ODgg was 0.2. Different letters within the same column indicate significant differences (P < 0.05).

with L. kefiranofaciens JCM 6985, yeast strains that do not assim-
ilate lactose were selected. The ability of six yeast strains for
consuming lactose or lactic acid was tested by cultivation in a
modified MRS medium in which glucose was replaced by whey
lactose or lactic acid. It was found that all yeast strains could grow
in either a modified MRS-whey lactose medium or a modified MRS-
lactic acid medium (Table 1). Considering the amount of lactose
consumed at 48 h, only T. delbruekii IFO 1626 was a lactose-
consuming strain, whereas the other strains were not. Among
the lactic acid-consuming strains, 5. cerevisiae IFO 0216 was the
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most effective one for lactic acid removal from the culture med-
ium, whereas T. delbruekii IFO 1626 and Z. rouxii TISTR 5044 were
not lactic acid-consuming strain.

The mixed cultures of L. kefiranofaciens JCM 6985 with each yeast
strain were performed under anaerobic and microaerobic condi-
tions using a modified MRS-whey lactose medium. Fig. 1a showsthe
optical density at 660 nm and kefiran production by the pure
culture and the mixed culture of L. kefiranofaciens JCM 6985 with
each yeast strain under anaerobic condition at 60 h and 120 h. The
optical density of the mixed cultures with D. hansenii TISTR 5155
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Celt growth and totai kefiran production of the pure culture and the mixed cultures at 60 h and 120 h under anaerobic condition (a) and microaerobic (b)
condition. 6985: pure culture of L. kefiranofaciens JCM 6985; 6985 + 5081: mixed culture of L. kefiranofaciens JCM 6985 and S. exiguus TISTR 5081; 6985 + 0216:
mixed culture of L. kefiranofaciens JCM 6985 and S. cerevisiae IFO 0216; 6985 + 5018: mixed culture of L. kefiranofaciens JCM 6985 and S, carlsbergensis TISTR 5018;
6985 + 5044: mixed cuiture of L. kefiranofaciens JUM 6985 and Z. rouxii TISTR 5044; 6985 + 5155: mixed culture of L. kefiranofaciens JCM 6985 and D. hansenii TISTR
5155; 6985 + 1626: mixed culture of L. kefiranofaciens JCM 6985 and T. defbruekii IFO 1626.
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was not significantly affected by increasing the whey lactose
concentration. The total kefiran production increased when the
whey lactose was increased up to 4% and beyond this level there
was no significant increase. One explanation could be that kefiran
production was inhibited at high concentration of whey lactose.
In the pure culture of L. kefiranofaciens JCM 6985, it was reported
that the lactose concentration beyond 2% inhibited cell growth
and kefiran production [16].

The effect of the concentration of yeast extract was examined.
AsshowninFig. 3, thecell growth of L. kefiranofaciens JCM 6985in
the mixed culture increased with the increase in the amount of
yeast extract. The highest total kefiran production of 1176 mg/L
was achieved from the mixed culture with 6% yeast extract.
Howevet, this was not significantly different from that with 4%
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Effect of yeast extract concentration on cell growth of L. kefiranofaciens JCM
6985 (LAB} and S. cerevisioe IFO 0216 {yeast) and production of total kefiran by
the mixed culture.

yeast extract (1091 mg/L). Lo et al. [20] reported that a higher
yeast extract concentration gave a higher cell growth but lower
production of metabolites. However, in this study there was no
significant effect of yeast extract concentration on the cell growth
of yeast.

The effect of the initial pH on kefiran production by the mixed
culture was investigated as shown in Fig. 4. The optimum cell
growth and kefiran production of L. kefiranofaciens JCM 6985 in
the mixed culture were obtained at an initial pH of 5.5. The
maximum concentration of kefiran was 1140 mg/L. [t was reported
that cell growth and kefiran production of lactic acid bacteria were
optimized at pH 5.5 [21]. This study has showed that this pH was
also optimal for kefiran production by the mixed culture. At a low
initial pH, the inhibitory effect of lactic acid would become more
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Effect of initial pH on cell growth of L. kefiranofaciens JCM 6985 (LAB) and 5.
cerevisiae IFO 0216 (yeast) and production of total kefiran by the mixed
culture. .
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severe than that at a higher initial pH. Although the optimum cell
growth of yeast was observed at pH 6.0, at this pH L, kefiranofaciens
JCM 6985 grew more slowly than that at pH 5.5, resulting in lower
kefiran production.

The effect of the initial amount of §. cerevisiae IFO 0216 was also
investigated by increasing the amount of S. cerevisiae IFO 0216
from 1.4 x 10° CFU/mL to 4.0 x 10° CFU/mL and 9.1 x 10° CFU/
mL. It was found that increasing the amount of 5. cerevisiae IFO
0216 could enhance the cell growth of L. kefirancofaciens JCM 6985
(data not shown), However, there was no significant difference
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Ratch and fed-batch fermentation of the mixed culture of L, kefiranofaciens
ICM 6985 (LAB) and 5. cerevisiae IFC 0216 {yeast). No aeration: batch
fermentation with agitation speed at 100 rpm and without aeration; DO
control batch fermentation with DO control at 5% of saturation by changing
agitation speed and aeration rate; DO and pH control: batch fermentation
with DO control at 5% of saturation and pH control at 5.5; Fed-batch and DO-
ot control: fed-batch fermentation with DO control at 5% of saturation and
pH control at 5.5.

between the kefiran production by the mixed culture with an
initial amount of S. cerevisiae IFO 0216 at 4.0 x 10° CFU/mL and
9.1 x 10° CFU/mL.

Batch and fed-batch fermentation

To further increase the production of kefiran by the mixed culture,
batch fermentation was carried cut in a 2 L bioreactor equipped
with aeration and pH control systems (Fig. 5). The mixed culture in
which the dissolved oxygen (DO) was controlled at 5% of satura-
tion by changing agitation speed and aeration rate was compared
with the mixed culture without aeration. In the latter the agitation
speed was maintained at 100 tpm. The yeast grew faster under the
aerobic condition in which the DO was controlled at 5% compared
with that without aeration. Even though the DO fevel was con-
trolled at 5% of saturation, the DO concentration became quite
low {almost zero) during fermentation because of the consump-
tion by the higher yeast concentration and the limitations of the
apparatus. In the aerobic mixed culture, the stimulation of growth
and kefiran production of L. kefiranofaciens JCM 6985 by yeast
began in the early exponential growth phase. An increase in
kefiran production was mostly due to an increase in broth kefiran
(from 1210 to 1730 mg/L whereas capsular kefiran increased only
from 110 to 150 mg/L). Because of a high cell concentration of L.
kefiranofaciens JCM 6985 in this phase the production rate of
kefiran became significantly higher at the end of this phase.

Without pH control, the pH in the medium declined from 5.5 to
3.51 which indicated that the production of lactic acid by L.
kefiranofaciens JCM 6985 was higher than the consumption by
the yeast. When the pH was controlled by adding sodium hydro-
xide, there was a slight increase in the amounts of L. kefiranofaciens
JCM 6985 and yeast and resulting in increased kefiran production
up to 2580 mg/L which included broth kefiran, 2430 mg/L and
capsular kefiran, 150 mg/L. This could be because the inhibitory
effect of low pH was alieviated.

The fed-batch fermentation was performed to avoid substrate
inhibition and to enhance the production of kefiran by feeding
additional substrate. The culture with an initial working volume of
1 L was first operated at batch mode. Then 250 mL of whey lactose
and yeast extract were added after 24 h and 48 h of fermentation
time, The DO was controlled at 5% of saturation. The pH of the
culture was controlled at 5.5 throughout the fermentation process.
The feeding of the substrate increased kefiran production from
2580 mg/L in the batch mode up to 3250 mg/L (broth kefiran,
2951 mg/L. and capsular kefiran, 299 mg/L) in the fed-batch mode.

Conclusion

This study has shown that whey lactose could be used as a carbon
source for kefiran production. Because lactic acid is the main
inhibitor of kefiran fermentation, the stimulation of the kefiran
production of L. kefiranofaciens was successfully performed by the
mixed culture with lactic acid consuming §. cerevisiae IFO 0216.
The mixed culture under microaerobic condition gave higher
kefiran production than under anaerobic condition. The yeast
extract was considered as a suitable nitrogen source for kefiran
production by the mixed culture using whey lactose as carbon
source. Optimal conditions for kefiran production by the mixed
culture were obtained. Kefiran production by the mixed culture
was greatly improved by the fed-batch fermentation.
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