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Table 1  Physiological and biochemical characteristics of strain L9 and Selenomonas ruminantium

Identification L9 Sele_nomo_nas Identification L9 Sele_nomo_nas Identification L9 Sele_nomo'nas
ruminantium ruminantium ruminantium
Cellobiose + + Lactose + + Sulfur hydride - +-
Raffinose + + Aesculin + + Dextrin +-
Salicin + + Arabinose + Gelatin - -
Sucrose - - Galactose - + Nitrate Disoxidation - +/-
Mannitol + + Fructose - + Dulcite - +
Inulin - +/- Fucose - +/-
““+7?means positive; ““—7”means negative.
223 L9 L9 16S L9
rRNA GenBank
L9 97% 33 27 L9 L9
(S. ruminantium)  16S rRNA 4h 12 h
3 L9 oD
99% L9 L9
S. ruminantium L9 2 h 6~8 h
2.3 EHRBIKEIFE L9
2.3.1 4

© PERZRMEDARAATIKSHES http://journals. im. ac. cn



1574

Liming Long et al. /Acta Microbiologica Sinica (2008) 48(12)

53

Bacterium RA2074 (AY445132)
Bacterium RA2107 (AY445133)
Bacterium RA2083 (AY445134)

Bacterium RAZ108 (AY445135)

M multiacidus (X81878)
82 Mistsuokella jalaludinii strain M9(AF479674)
90 L Mitsuokella sp. TM-10(AB218694)
Sel, sp. WG (EF139191)
Sel i ium strain 65 (EF112197)
Selenomonas ruminantium L9 (EU327401)
% Selenomonas ruminantium GA192 (M62702)
52

Unidentified rumen bacterrium RFN3 (ABO0O9188)
Selenomonas ruminantium L14 (AY685141)
Selenomonas ruminantivm (AB003379)
Selenomonas ruminantium M12 (AY685144)

Rumen bacterium RC-11 (AB239492)

0.02

Escherichia coli EDL933 (AED05174)

B3 L9 H#J 16S rRNA EEFFIRGFH K S
Fig.3 Phylogenetic tree of strain L9 based on 16S rRNA gene sequence. The numbers at the nodes indicate the levels of bootstrap
support (%) based on 1000 resample data sets. The scale bar corresponds to 0.02 substitutions per nucleotide position.
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Fig. 4 The growth curve of strain L9 growing on different
carbon source.
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Fig. 5 The curve of lactic acid concentration (A) and lactic
acid and glucose concentration (B)after incubation.
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Fig.6 The curve of lactic acid concentration of strain L9
growing on different carbon source and fermentation time.
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Table 2 Effect of different carbon source on the acetate, propionate and butyrate production of strain L9

Sample Cellobiose Lactose Maltose Glucose Llactic acid Glucose+lactate
Acetate/(mmol/L) 26.260.59 28.38+0.35  20.60+0.20  10.76=0.49 33.280.82 17.260.91
Propionate/(mmol/L)  32.774-0.61 46.5140.72  27.9140.03  24.832-0.43 65.68=1.53 37.41%0.59
Butyrate/(mmol/L) 0.46=20.06 0.48+0.01 0.33%0.03 - 0.18+0.03 -

“—"means it was not detected.
24 RSMERISMRPERETRMEKR L9 NES = OmL L9—A—4mlL L9——8§ mL L9
MRS & B B 220
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pH 3h 6h T,
To pH 506 519 Tg 5.48
T, To P<0.01 9~18 h 6.5
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18h  Tg pH T, To 6.01
3 To 18h s
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32.3% P<0.01 63.7% P<0.01 5.0
11.0% P<0.01 17.1% P<0.01
23.6% P<0.01 33.9% 431 =
P<0.01 0.45 P<0.01 0 6 I 18
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x3 HINL9M TVFA REEME S LRI
Table 3  Effect of strain L9 addition on the concentration of TVFA and its composition
Sample TVFA /(mmol/L) Acetate ratio/% Propionate ratio/% Acetate/Propionate
To (0 mL L9) 58.47+3.92° 56.96+0.86° 36.16+0.71° 1.58+0.05%
T, (4 mL L9) 77.37+4.63° 50.68+0.70° 44.69+0.64° 1.13+0.03°
Tg (8 mL L9) 95.73+2.79° 47.21+£1.29° 48.43+1.23° 0.96+0.05°
Values in the column with different superscripts differ significantly (P<0.05).
3 Wi ‘
& F X M
[1] Russell J B, Rychlik J L. Factors that alter rumen microbial
[16] ecology. Science, 2001, 292: 1119-1122.
[2] Huntington G B, Britton R A. Effect of dietary lactic acid on
0H~510
22%~51% rumen lactate metabolism and blood acid-base status of lambs
1%

16S rRNA
L9
97%
L9
12 h
24 h

90 mmol/L
98.67%

[24]

L9 Jeef

L9

L9

L9
pH

L9
L9

TVFA
L9

L9

(3]

[4]

[5]

(6]

(71

(8]

[9]

[10]

[11]

switched from low to high concentrate diets. Journal of Animal
Science, 1979, 49(6): 1569-1576.

lwamoto M, Asanuma N, Hino T. Ability of Selenomonas ru-
minantium,\eillonella parvula, and Wolinella succinogenes to
reduce nitrate and nitrite with special reference to the suppres-
sion of ruminal methanogenesis. Anaerobe, 2002, 428: 209-215.
Counotte G H, Prins R A, Janssen R H, et al. Role of Megas-
phaera elsdenii in the fermentation of DL-[2-'3C] lactate in the
rumen of dairy cattle. Applied and Environmental Microbiology,
1981, 42: 649-655.

Hashizume KT, Takamitsu K, Yamada H, et al. Megasphaera
elsdenii JCM1772T normalizes hyperlactate production in the
large intestine of fructooligosaccharide-fed rats by stimulating
butyrate production. Journal of Nutrition, 2003, 133 (10):
3187-3190.

Jouany J P. Optimizing rumen functions in the close-up transi-
tion period and early lactation to drive dry matter intake and
energy balance in cows. Animal Reproduction Science, 2006, 96:
250-264.

Mackie R I, Gilchrist F M. Changes in lactate-producing and
lactate-utilising bacteria in relation to pH in the rumen of sheep
during stepwise adaptation to a high-concentrate diet. Applied
and Environmental Microbiology, 1979, 38: 422-430.

Owens F N, Secrist D S, Hill W J, et al. Acidosis in cattle: a re-
view. Journal of Animal Science, 1998, 76: 275-286.

Russell J B, Hino T. Regulation of lactate production in Strep-
tococcus bovis: a spiralling effect that contributes to rumen
acidosis. Journal of Dairy Science, 1985, 68: 1712-1721.
Limin K J, Hession A. Preventing in vitro lactate accumulation
in ruminal fermentations by inoculation with Megasphaera
elsdenii. Journal of Animal Science, 1995, 73(1): 250-256.
Wiryawan K G, Brooker J D. Probiotic control of lactate accu-

mulation in acutely grain-fed sheep. Australian Journal of Ag-

© HERFERMEMHARFATIESHELE http://journals. im. ac. cn



. (2008) 48(12) 1577

ricultural Research, 1995, 46: 1555-1568. [18] Kreg N R. Bergey’s Manual of systematic Bacteriology (Vol. 1).

[12] Iwamoto M, Asanuma N, Hino T. Effect of pH and electron do- Baltimore: The Williams & Wilkins Co, 1984, pp587-590.
nors on nitrate and nitrite reduction in ruminal microbiota. [19] Duncan S H, Louis P, Flint H J. Lactate-utilizing bacteria, iso-
Journal of Animal Science, 2001, 72, 117-125. lated from human feces, that produce butyrate as a major fer-

[13] Yoshii T, Asanuma N, Hino T. Number of nitrate- and ni- mentation product. Applied and Environmental Microbiology,
trite-reducing Selenomonas ruminantium in the rumen, and 2004, 70 (10): 5810-5817.
possible factors affecting its growth. Journal of Animal Science, [20] Shannon C, Wear W. A mathematical theory of communication.
2003, 74: 483-491. Urbana: University of Illinois Press, 1963.

[14] Asanuma N, Hino T. Prevention of rumen acidosis and suppres- [21] Martin S A, Streeter M N. Effect of malate on in vitro mixed
sion of ruminal methanogenesis by augmentation of lactate ruminal microorganism fermentation. Journal of Animal Sci-
utilization. Nihon Chikusan Gakkaiho, 2004, 75: 543-550. ence, 1995, 73(7): 214-215.

[15] Mackie R I, Heath S. Enumeration and isolation of lac- [22] , ,
tate-utilizing bacteria from the rumen of sheep. Applied and : , 1997, pp422-428.

Environmental Microbiology, 1979, 38(3): 416—421. [23] Zhu W'Y, Theodorou M K, Longland A C, et al. Growth and

[16] Flint H J, Bisset J. Genetic diversity in Selenomonas ruminan- survival of anaerobic fungi in batch and continuous-flow cul-
tium isolated from the rumen. FEMS Microbiology Reviews, tures. Anaerobe, 1996, 2(1): 29-37.

1990, 73: 351-360. [24] Jeff D, Evans S A, Martin S A. Factors affecting lactate and

[17] , . . : malate utilization by Selenomonas ruminantium. Applied and

,2001: 236-237. Environmental Microbiology, 1997, 63(12): 4853-4858.

Isolation and in vitro metabolic characterization of a
lactate-utilizing bacterium from goat rumen

Liming Long, Shengyong Mao’, Yong Su, Weiyun Zhu

(Laboratory of Gastrointestinal Microbiology, College of Animal science and Technology, Nanjing Agricultural
University, Nanjing 210095, China)

Abstract: [Objective] A lactate-utilizing, propionate-producing bacterium, strain L9, was isolated from rumen of goat fed
with high concentrate by utilizing modified Hungate technique and anaerobic culture technique. The effect of the strain L9
culture on the rumen fermentation was further studied. [Methods] According to the characteristics of morphology, physi-
ology, biochemistry tests and sequence comparison of 16S rRNA gene, strain L9 was identified as selenomonas ruminan-
tium. The influence of strain L9 culture on in vitro rumen fermentation was studied using mixed rumen micro-organisms
of goats as inoculums. [Results] The results of the metabolism experiment showed that it was capable of using lactate as
the sole carbon source, and 90mmol/L lactate in LH medium could be completely utilized after 24h incubation. As com-
pared with the control, strain L9 culture addition significantly increased the total volatile fatty acids ( TVFA) , the per-
centage of propionate and pH value, while reduced the ratio of acetate to propionate and lactate production (P<0.05).
[Conclusion] The results suggested that strain L9 can reduce lactic acid production and enhance the TVFA and propionate
production in in vitro fermentation, and thus could be beneficial for the fermentation of rumen microorganisms.
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