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ABSTRACT

Clostridium butyricum is a kind of anaerobic badgrso de-aeration is extremely important durindtue. In this
paper, adding sodium thiosulfate and cysteine dbasemixed culture with Saccharomyces cerevisiagvadopted

in de-aeration during Clostridium butyricum cultur€he experimental results showed that the optideshge of
sodium thiosulfate was 0.004g/mL, where the bionmhsSlostridium butyricum reached 3.53>*16ells/mL; the
optimal dosage of cysteine was 0.004g/mL, wheritteass of Clostridium butyricum reached 4.46%dlls/mL;
during mixed culture with yeast, when the inocullmomass ratio between Clostridium butyricum and
Saccharomyces cerevisiae was 0.521, the biomas€ladtridium butyricum reached the maximum volume
5.428x10 cells/mL with the yeast biomass of 1.87%t6lls/mL. When inoculum biomass ratio between the
Clostridium butyricum and Saccharomyces cerevigias 1.217, the biomass of yeast reached the maxirolume
2.4x10 cells/mL with the Clostridium butyricum biomas$df75x10 cells/mL.
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INTRODUCTION

Clostridium butyricumis a typical microorganism which produced butya@id can be separated from the soil and
intestines of healthy animals. As the main metadslofClostridium butyricumbutyric acid is a kind of short chain
fatty acids with many significant physiological fitions [1-3]. Since 1944 when Japan officially pihe
Clostridium butyricunformulation into clinical application as the Bdgdl preparation, th€lostridium butyricum
has been cultured in large amount [4, 5]. Howe@ostridium butyricumis a kind of strict anaerobic bacteria
which is very sensitive to oxygen. So for a longej the anaerobic bioreactor was relied on or gddalucing
agent such as glutathione salt reduction methodadtiuring Clostridium butyricumIn the study, combining with
the reality of Clostridium butyricumactual production in the livestock breeding indug6, 7], the biological
de-aeration culturing method was adopted as arnvatiom. The yeast of high nutritional value witlshriprotein
which had a long history of application in the bteck husbandry was mixed wi@lostridium butyricunfor culture.
The products of mixed culture would not only pravidutrition for breeding animals, but also for metion and
treatment of intestinal damage.

EXPERIMENTAL SECTION
Srains
Clostridium butyricunmand Saccharomyces cerevisiaere used in the present study. These strains sugnglied by
Guangdong Provincial Institute of Microbial Cultu@ellection Center and maintained on slants ofuswdthylation
agar and YPG agar atGrespectively.

Culture medium
Liquid sulfur ethylation culture media, tryptonegtd -Cystine 0.5g; Glucose 5g; Yeast extract 5atiwm chloride
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2.5g; Sodium thinobycliate 0.5g; Resazurin 0.00Agar 0.75g; methylene blue 0.05g; distilled waté0QmL;
pH7.1.

YPG (Yeast Extract Peptone Dextrose): Peptone Bgstyextract 19; Glucose 2g; methylene blue 0.65gjled
water 100mL; pH 7.0.

Deter mination of the growth curve of Clostridium butyricum

The prepared test tubes containing 9mL liquid sulthylation culture media were randomly dividedoin
experimental and control groups. 1%(v/v) of inocware picked in the experimental group, meanwhile,equal
volume of sterile water was added in the contralugr They were incubated at ‘8and the Olg value of
experimental group and control group were measuespectively in every 8 hours (fully shaked before
measurement); Ofg, value in the experimental group was subtracte®Dbyy, value in the control group and @
value of bacteria was obtained, then, the growtkiecof Clostridium butyricuntould be drawfs].

To establish the relationship curve between ODgy value of Clostridium butyricum and Saccharomyces
cerevisiae (yeast) and biomass of them in mixed culture

In order to facilitate the determination of the rmss of yeast an€lostridium butyricumin mixed culture,
combination of Hemocytometer counting with ggvalue determination was adopted in this paperstabdish a
calculation methodClostridium butyricumand yeast suspension of different concentratioasevprepared. The
hemocytometer was used to calculate the cell cdrat@n and the spectrophotometer was adopted tsune the
ODsgo value. Then mix bacteria with different known centrations, measure the @pvalue and establish a fitted
curve.

De-aeration capacity measurement of inorganic reduction matter (methylene blue indicator method)

0.000g/mL, 0.002g/mL, 0.004g/mL, 0.006g/mL, 0.008g/ and 0.010g/mL inorganic compounds of sodium
thiosulfate reduction were added to the test tulmaining 9 mL liquid sulfur ethylation culture mech. After
high-temperature sterilizatioiGlostridium butyricumwas incubated with 1%(v/v) inocula at ‘87 The height of
blue liquid was observed and recorded in every 12h.

Theimpact of inorganic and organic reduction matter on Clostridium butyricum culture

The certain amount of inorganic reducing compouadiwsn thiosulfate(or organic reducing compound eiyet)
was added into sulfur-ethylation culture mediumtise final concentration would respectively be 0@@iL,
0.002g/mL, 0.003g/mL 0.004g/mL, 0.005g/mL and 0.006g/m. After high-temperature sterilizati@ach
concentration randomly was divided into controligrand experimental group. 1%(v/v) of inocula weieked in
the experimental group, meanwhile, the equal volwmsterile water was added in the control groupeyl were
incubated at 3T for 48h. The Olgy, value of experiment group and control group weeasaired respectively and
the bacterial biomass was calculated.

Theimpact of biological de-aeration on Clostridium butyricum culture

The prepared test tubes containing 9mL YPG cultneglium were randomly divided into experiment greunal
control group. 1%(v/v) of inocula were picked inetlexperimental group according to the volume ratio
Clostridium butyricumand yeast in the Table 1 respectively, meanwtiikegqual volume of sterile water was added
in the control group. Then the @gvalue of inoculum liquid was determined and thenfss ratio o€lostridium
butyricumand yeast was calculated. They were incubate@°@tfdr 48h. The Olgy value of experiment group and
control group were measured respectively. At thrreséime, the hemocytometer was used to calculateyéast
number [9, 10].

Table 1 Theinoculation ratio of Clostridium butyricum and Saccharomyces cerevisiaein mixed culture

Group 1 2 3 4 5 6 7 8
Inoculum  volume Clostridium  butyricum Volume ratio 1:9 2:8 3!7 4:6 55 6:4 7:3 8:2
Saccharomyces cerevisjae Biomass ratio 0.134 0.302 0.521 0.804 1.217 1.81082® 4.830

RESULTSAND DISCUSSION

Thegrowth curve of Clostridium butyricum

The growth curve o€lostridium butyrateon the sulfur-ethylation culture medium was shamwifrig.1, and data in
the Fig.1 was the determination value of cultuciiti after diluted for 10 times (same as below)nfrthe
Clostridium butyrategrowth curve the log phase Gfostridium butyrategrowth at about 2h-10h, which reached to
the late logarithmic phase and the equilibratioriqueafter 16h. The biomass could reach to the mari volume
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at about 40h.
0.4 1
0.3 F

0.25
0.2 r

0D (600nm)

0.1 1
0.05

0 10 20 30 40 50 60

Time (h)
Fig.1 The growth curve of Clostridium butyricum
Therelationship between ODgy value and biomass (cell concentration) of yeast
The analysis of corresponding relation betweengalue of yeast suspension and biomass was shoWwiyip,
where regression equation (1) was obtained by ssgme analysis.
Y =0.680X - 0.02 L
R?=0.9700

Where Y is the yeast biomass(X&@lls/mL), X is the Ol value.

0.25 F y = 0.68 x - 0.02
R* = 0.9700
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Fig.2 Therelationship between ODgy value and biomass of yeast

Therelationship between ODgy value and biomass (cell concentration) of Clostridium butyricum
The analysis of corresponding relation betweendlue ofClostridium butyricunsuspension and biomass was
shown in Fig.3, where regression equation (2) vidained by regression analysis.

Y =14.43 X-0.93 (2
R2 =0.9800

Where Y is theClostridium butyricumbiomass, (x1fells/mL), X is the ORyo value ofClostridium butyricum
suspension.

Therelationship between biomass of Clostridium butyricum, yeast and mixed suspension ODgy value
The Clostridium butyricumand yeast with different concentration was mixed ¢he OLRyvalue of the mixed
suspension was determined. The result was showigia and equation (3) was obtained from the figure

Mixed Suspensio®Deo= yeastODBoot-butyricunODeoo o

2
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Fig.3 The relationship between ODgy vValue and biomass of Clostridium butyricum
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Fig.4 Therelationship between biomass of Clostridium butyricum, yeast and mixed suspension ODggy value

Analysis of de-aeration effect (methylene blueindicator method)

The analysis result of methylene blue de-aeratifecewas shown in Fig.5, which indicated that dgriinitial

culture, the additive volume of sodium thiosulfatas positively correlated with the de-aeration @ff@he height
of blue layer was smaller, which indicated that gty removal effect was better, the m@lestridium butyrateto

grow. With the culture time extending and the oxygmntering continuously, the height of blue layecreased
gradually to 50h. During the late culture, the heigf blue layer was almost identical to 8cm whiee additive
volume of sodium thiosulfate was 0-6mg/mL, while timeight of blue layer were 5cm and 6cm respegtivéien

the additive volume of sodium thiosulfate were 8mig/and 10mg/mL. It showed that the additive voluofe
sodium thiosulfate(0-6mg/mL) would not influencee tde-aeration effect during the late culture, amg high
concentration of sodium thiosulfate(>6mg/mL ) wésdive for oxygen removal.

Theimpact of inorganic and organic reduction matter on Clostridium butyricum culture

The determination of impact on th€lostridium butyricumgrowth when using inorganic reducing sodium
thiosulfate and organic reducing cysteine (reduesd)xygen scavenger were shown in Fig.6 and Fégpectively.
The results showed that with the concentration adfiisn thiosulfate and cysteine increasing, the etation
efficiency was improved as well. when the concdittraof sodium thiosulfate and cysteine were 0.061g the
ODgqo Of Clostridium butyricunreached to the maximum 3.53%1¢klls/mL and 4.46xf0cells/mL respectively.
When the additive concentration exceeded 4mgApitld show toxicity during th€lostridium butyricurgrowth;

on the other hand, with the oxygen in the air corgd to dissolve, the added oxygen scavenger ecmdito be
oxidized and consumed, so the growttCtidstridium butyricumwould be limited during late culture.
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Fig.5 The oxygen removal effect of sodium thiosulfate with different concentration indicated by methylene blue indicator
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Fig.6 The impact of sodium thiosulfate as oxygen scavenger on Clostridium butyricum growth
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Fig.7 The impact of cysteine as oxygen scavenger on Clostridium butyricum growth

Theimpact of different inoculation ratio on growth of yeast and Clostridium butyricum in mixed culture
Combined with the actual situation @fostridium butyricumand yeast in feed industry, facultative anaerobic
growth and fast growth characteristics of yeashwiigh oxygen consumption rate were adopted in ghjser to
provide oxygen-free environment for the growthGddstridium butyricumand achieve a total growth of both[11,12].
The mix-cultured yeast andlostridium butyricunresults (Fig.8, Fig.9) showed that during thecalture period,
color blue did not appear in the culture liquid ¢oly blue appeared on the surface of culture difjut showed that

a good anaerobic environment could be ensuredéynik-cultured system of yeast a@Gtbstridium butyricumAt

the same time, the initial inoculation ratio of twe bacteria has a significant impact on the ghowft yeasts and
Clostridium butyricumWhen no yeast was picked @lostridium butyricumcould not grow in the YPG medium.
And when the inoculation ratio betweeélostridium butyricumand Saccharomyces cerevisiagas 0.521, the
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Clostridium butyricunbiomass reached to the maximum value 5.428s#ls/mL, and the yeast biomass now was

1.87x10 cells/mL. When the inoculation ratio was 1.21% fleast biomass reached to the maximum volume®x10
cells/mL, where th€lostridium butyricumbiomass was 5.175x1@ells/mL. The results showed that the growth of

Clostridium butyricumwould be inhibited by the excessive inoculatioryeést, and the reason needed to be further
studied.

Fig.8 The oxygen removal effect of mixed cultureindicated by methylene blue indicator
(a) YPG Medium before inoculation (blue)
(b) YPG Medium after mixed culture for 48h (no blue or only blue appeared on the surface of medium)
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Fig.9 Theimpact of different inoculation ratio on growth of Clostridium butyricum and Saccharomyces cerevisiae in mixed culture
CONCLUSION

The results of using inorganic reducing sodium ghifate and organic reducing cysteine (reducedpxagen
scavenger showed that when the additive volumediusn thiosulfate and cysteine were 0.004g/mL, @&, of
Clostridium butyricunteached to the maximum 3.53%1@lls/mL and 4.46xFcells/mL respectively.

Using YPG as the culture medium, test results fiéint inoculation ratios demonstrated that cartnspiracy
relations existed betwee@lostridium butyricumand yeast; when the inoculation ratio betwe@ostridium
butyricumbiomass and yeast biomass was 0.521Ctbstridium butyricunbiomass reaches to the maximum value
5.428x10 cells/mL, where the yeast biomass was 1.87%&0s/mL. When the inoculation ratio was 1.217, the
yeast biomass reached to the maximum value 2%ell8/mL, where the&lostridium butyricurbiomass reached
to 5.175x10cells/mL. But with excessive yeast inoculation, gnewth ofClostridium butyricunwould be reduced.

The preliminarySaccharomyces cerevisiaad Clostridium butyricunco-culture experiment demonstrated that the
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Clostridium butyricumand Saccharomyces cerevisiamuld be mixed cultured together with good growing
conditions. By optimizing culture conditions the xitaum biomass ofClostridium butyricumand yeast could be
further improved. Moreover, during the mixed cultyprocess, medium discoloration caused by oxygssoblied
permeability did not occur, which was significantlgtter than directly adding inorganic or orgamiducing oxygen
scavenger in the culture medium. Therefore, it rdided a new idea for production @fostridium butyricurmand
yeast so as to offer feed additives of good quality
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