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Screening and Characterization of Lactate Dehydrogenase-producing
Microorganism

Ha Guyn Sung"*, Jae Heung Lee’ and Hyung Tai Shin" *
'Dept of Food Biotechnology. Sungkyunkwan University. 300 Chunchun-dong. Jangan-gu. Suwon 440-746. Korea

ABSTRACT : The objective of this work was to isolate a microorganism, able to produce high lactate dehvdrogenase (LDH) activity,
for use as a microbial feed additive. The LDH is an important enzyme for lactate conversion in the rumen, thereby possibly overcoming
lactic acidosis owing to sudden increases of cereal in the diets of ruminants. In the present study, various bacterial strains were screened
from a variety of environments. Among the 1selated microorganisms, stram FFy 111-1 isolated from a Korean traditional fenmented
vegetable food called Kimcfif showed the highest enzvime activity, along with retaining strong enzyvme activity even in rumen tluid in
vitre. Based on morphological and biochemical characteristics as well as compositions of cellular fatty acids plus API analyvses, this
strain was identitied as Laciobacifins sp. The optimum temperatire and pH for growth were found to be 30°C and pH 6.5, respectively.
A maximum cell growth of 2.2 at Ay, together with LDH activity of 2.08 UJ per mL was achieved after 24 h of incubation. Initial
characterization of FFyv 111-1 suggested that it could be a potential candidate for use as a direct-fed microbial in the ruminant animals.

(Asian-Aust J. Anim. Sci. 2004. Vol 17, No. 10 1411-1416)
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INTRODUCTION

The rumen is a complex anaerobic microbial ecosystem.
with many microbes and reactions. Although rumen
microorganisms facilitate fiber digestion. domestic
ruminants are often fed diets with high levels of energy
source for promoting rapid growth or maintaining high
levels of milk vield and meat production. Ingestion of large
amounts of cereal concentrates provides carbon sources for
rapid proliferation of rumen bacteria. such as Streptococcus
bovis and Lactobacitius sp.. which produce large amounts
of lactic acid (Russell and Hino. 1985). An accumulation of
lactate in the rumen results in a decline of pH in the rumen
and, therefore. decreases in fiber digestion, dvsfunction of
the mumen, and in some case infectious diseases (Slyvter.
1976; Russell and Rychlik. 2001) in ruminants may occur.

Direct-fed microbials have been studied as feed
additives for improvement of health and production of
livestock (Martin and Nisbet. 1992; Bae et al., 2003: Lee et
al.. 2003). Rumen manipulations with microbial additives
have been attempted to reduce lactate accumulation in
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ruminants fed high density diets (Aslan et al. 1995:
Chaucheyras et al., 1996). Kung and Hession (1995)
previously reported the possibility of inoculating ruminal
fermentations with lactate-utilizing organisms such as

Megasphaera elsdenii to overcome an accumulation of

lactate. Although these attempts may improve the rumen
function to some extent. there is a room for further
improvement by exploiting lactate dehvdrogenases (LDHs)
responsible for a reversible reaction between lactate and
pyruvate in rumen bacterial metabolismi.

Baldwin and Milligan (1964) firstly reported the
purification of pyvridine nucleotide independent LDH from
the anaerobic rumen bacterium A/ elsdenii (formerly known
as Peptostreptococcus elsdenii). Generally. microbial LDHs
(Garvie. 1980) have two types of LDHs which are classified
into nLDH (NAD linked) and iLDH (NAD independent).
These LDHs have been identified in some microorganisms
including Lactobacillus sp.. Bacillus sp.. Saccharomyvces
cerevisiae, and E. coli as well as rumen bacteria such as A/
elsdenii, Selenomonas ruminantivm and Streptococeus bovis
(Scheifinger et al.. 1975; Garvie. 1980: Hino and Kuroda.
1993). Some rumen bacteria are associated with lactate
metabolism and have different LDHs (Hino and Kuroda.
1993; Gilmour et al.. 1994). It was evident that their LDHs
play an important role in the balance of lactate, which is the
main culprit in the low muminal pH (<6.0) and dysfunction
of the rumen.

The objectives of this study were to isolate an LDH-
producing microorganisin able to be activated in fluid of
rumen acidosis practically. and to investigate culture
conditions for its optimal growth together with its high
LDH activity in view of an application as a microbial
supplement in ruminants,
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MATERIALS AND METHODS

Experiment 1

Sereening of LDH-producing strains . Three hundred
and twenty microorganisms isolated from various sources
such as foods. plant roots. mumen contents. animal feces.
and soils in Korea were tested for their abilities to produce
acids. The isolates were spread onto acid detection agar
medium (TSY) containing 17 g of tryvptone, 3 g of sovtone,
6 g of veast extract. 2.5 g of glucose, 3 g of NaCl, 0.5 g of
KH-PO,. and 0.5 g of K-HPO,in | L of distilled water (pH
6.5). together with adding 0.4 g of bromocresol green. and
then incubated for 16 h at 39°C. Yellow colonies were
selected and were grown separately in a basal medium by
incubation at 33°C. The composition of a basal medium
(g/L) was veast extract (3). malt extract (3). glucose (10)
and peptone (3). The selected isolates were used to screen
LDH-producing strains by confirming zymogram analysis
in cell extracts separated by non-denaturing PAGE (see
section for zvmogram analvsis). In addition, to compare
LDH activities under acidic in virro rumen condition. the
cell-free extract (0.3 mg protein per 0.2 mL) was treated
with the acidic rumen fluid (1.8 mL). The acidic rumen
fluid was obtained from /s virro mmen fermentation by
using a method as reported previously (Kung and Hession,
1993). After enzvme reaction at 37°C for 20 min. the
remaining lactate in the reaction mixture was measured by
HPLC (Varian 9012, Optimize Technologies Inc.. USA).
equipped with an UV detector, using a carboxyvlic acid
column (23 cmx4.6 mm. Supelco. USA). Two hundred mif
of phosphoric acid was used as the mobile phase at a flow
rate of 0.8 mL/min.

Preparation of cell-free extract and enzvine assav .
Cells were harvested after 20 h of incubation and
centrifuged at 10.000 g at 4°C for 10 min The bacterial
pellets were washed twice in 30 mif Tris-HCI1 buffer (pH
7.0) and centrifuged again. Cells were resuspended in Tris-
HCl buffer and then sonicated (VCX 400. Sonic &
Materials Inc.. USA) at 4°C for 10 min (pulse on 3 s. pulse
off 3 5, 20 kHz and pulse 40%). It was found by means of a
light microscope (Olympus ABX-50. Japan) that
approximately 80% of cells were disnipted by sonication.
After removing the cell debris by centrifugation (12.000 g,
10 min). the supernatant was used as the cell-free extracts.
The protein concentration was determined by the method as
reported previously (Bradford, 1976). The LDH activity
was measured using the same method as reported
previously (Bergmever, 1974). An assay solution (1 mL)
consisted of 30 mA/ Tris-HCI (pH 6.5). 12.53 mi/ DL-lactate
(sodium salt). and 1.5 m3/ NAD. Depending on the activity
of extracts, 30-100 mg of protein was added to the reaction
assay solution and then the enzyme reaction was carried out
at 37°C for 3 min. The enzvme reaction was stopped by
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heating and the reduction of NAD resulting from the
enzyme reaction was determined by measuring AAsy,
(Specord S100. Analytik Jena. Carlzeiss Technology.
Germany) per min in a range of between 0.005 and 0.05.
One unit (1 U) of LDH activity was defined as the reduction
of 1 pmol of NAD per nin.

Zvmogram analvsis for LDH activity in cell-free
extracts © The cell-free extracts (10 pL) were applied on
native non-denaturing gels. For the native non-denaturing
PAGE. both SDS and 2-mercaptoethanol were omitted from
the 10% gel (Laemmli. 1970) and protein samples were not
heated before loading (Garfin, 1990). For staining the LDH.
the gel after electrophoresis was equilibrated in 50 mif
Tris-HC1 buffer (pH 6.5) at 4°C for 10 min and then
incubated at 37°C for 30 min with a substrate solution of 2
mi/ DL-lactate. Thereafter, the gel was transferred to the
LDH staining solution (Sigma kit 705 A) and was incubated
until dark-brown bands developed. For comparative
purposes. two commercial enzymes (Sigma L 5273, 15.000
U and Sigma L 2011. 2.500 U) were also used as indicators
of LDH activation.

Experiment 2

Tdentification and characterization of isolated strain: In
order to identify the isolated strain. morphological and
physiological characteristics were examined according to
the methods described previously (Collins and Lyne. 1976:
Gerhardt et al., 1981 Peter et al.. 1986). Carbon utilization.
optimum pH and temperature for growth. hemolysis test.
homo-hetero fermentation test, and Gram staining were also
investigated. To determine the fatty acids composition of
the strain. twenty mg of the dried cells at 1053°C for 3 h was
directly methyl-esterified with 7% HCI in methanol (Hirano
et al., 1990). Fatty acids composition of isolated strain was
then measured by gas chromatography (Hewlett Packard HP
6890, USA). equipped with a capillary column (HP-
Innowax. USA) under the column temperature of 210°C.
Fatty acid methyl ester (FAME) analyses were carried out
by using the Microbial Identification System (MIS.
Microbial ID Inc. Newark. DE). Identification of the
FAME and subsequent data management were done as the
method described previously by Moore et al. (1994). Also
the isolate was tested for its sugar utilization by using an
API kit 50 CHL (bioMerieux, Inc., France) together with
the API identification software and analytical profile index
(Fleet et al.. 1984).

Experiment 3

Optimization of growth medium for obtaining high LDH
activiry : The composition of a fermentation medium per L
for cultivation of the isolated strains was as follows: 10 g of
peptone, 1 g of veast extract. 10 g of glucose and 1.0 g of
KH-PO,. Unless otherwise specified, the medium was



SCREENING OF LACTATE DEHYDROGENASE-PRODUCING MICROORGANISM

Table 1. Isolated strains and their lactate dehvdrogenase (LDH)
activities in bacterial cell-free extracts

Strain Oriein Protein LDH activity
s (mg/mL) (U/mg)
C21-1 Rumen fluid 5.88+1.20 (.260.03
W 24-2 Soil 6.10+0.70 0.01+0.00
FF 29-3 Sovbean paste 4.974).90 0.0240.01
Fd48 Animal feces 1.53£0.45 (.353H).11
V 38-1 Green bean spout 6.7440.70 0.03+80.02
V96-1 Grape 3.38+1.20 0.12+0.06
S 108 Soil 1.774).36 0.060.03
Ry 4 Garlic 4.81).22 (.030.01
Iv 12-2 Soil 3814031 0.02+0.01
Fy 110-4  Animal feces 10.46+1.34 0.01+0.00
Fv 110-8  Animal feces 2.73H).33 (0.27£0.03
FFy 111-1 Kimchi 1.80£).16 (.570.04

adjusted to pH 6.3 before sterilization. In order to optimize
the medium for a selected strain (FFy 111-1). various
carbon sources (glucose. fructose. galactose. maltose.
mannose, lactose, cellobiose, sucrose. soluble starch,
sodium acetate. pyruvic acid. butyric acid. salicine. D-
lactate and L-lactate). nitrogen sources (NH,Cl. NH,NO;.
NaNO;, (NH,)-HPO,. (NH,)~SO; and KNO;), and minerals
sources (NaCl. CoSQ,. KH-PO, MgSO, Ca(Cl.. KCL
BaCl., CuSO, and MnSO,) were tested. To choose best
carbon. mitrogen, and minerals. only the corresponding
component (glucose. peptone. and KH-PO,) was replaced in
the fermentation medium. Forty-mL test mbes containing
10 mL of the fermentation medium were emploved and all
incubations were perfonmned in triplicate.

Optimization of environmental conditions: Temperature
optima for growth of strain FFy 111-1 together with its
LDH activity using an optimized medinum was examined at
different temperatures ranging from 20 to 50°C. pH optima
was also studied at different pH values ranging from 3.0 to
7.0. Unless otherwise specified. shaking incubation was
carried out at 35°C for 20 h. Bacterial growth was
determined by measuring the increase in absorbance at 630
nm in a spectrophotometer (Specord S100. Analytik Jena,
Carlzeiss Technology. Germany).

Time-course batch growth under optimal conditions ;| A
typical batch culture kinetics of strain FFy 111-1 on 2%
fructose medium containing 4% veast extract and 0.05%
KH-PO, at 30°C and pH 6.5 was carried out for 32 h to
investigate maximum growth and LDH activity.

RESULTS AND DISCUSSION

Experiment 1

Isolation  of  LDH-producing  bacreria:  Initially.
screening of LDH-producing bacteria was carried out based
on yellow zone appearance around their colonies on acid
detection agar plates since acids are the major end products
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Figure 1. Zvmogram for lactate dehvdrogenase (LDH) activity in
cell extracts separated by native non-denaturing polvacrylamide
gel electrophoresis. Lane 1: L-nLDH, Sigma L 3275 Lane 2: D-
nLDH, Sigma L 2011; Lane 3: Strain § 108; Lane 4: Strain Fv
110-8; Lane 5: Strain C 21-1; Lane 6: Strain FFy 111-1; Lane 7:
Strain T 48.

(pvruvate or lactate) by LDH. Among the 320 isolates. 184
strains gave yellow zones around their colonies. Some of
the primarily isolated strains were tested to compare their
abilities for LDH production. There was considerable
variation between the different strains, and data for strains
are shown in Table 1. Strain C 21-1. F 48. Fy 110-8. and
FFy 111-1 showed relatively high levels of LDH activity.
The levels of LDH activity were also confirmed by
zymogram analysis as shown in Figure 1. Accordingly, it
was possible to select better LDH-producing bacteria such
as Fy 110-8 and FFy 111-1 based on the levels of dark-
brown bands developed by LDH reaction in staining
solution.

Another consideration of strain selection for a ruminant
feed additive is its activity and stability under acidic nunen
fluid conditions. Therefore. various strains were tested to
compare their enzvme activity in the presence of acidic
rumen fluid (46 md< of lactate concentration) in vitro. When
strains were tested in the acidic rumen fluid. the relative
lactate concentrations with strain C 21-1. Fy 110-8. F 48
and FFy 111-1 were decreased to 91%. 89%. 84% and 78%.
respectively (results not shown). Thus, strain FFy 111-1 was
considered as the most suitable candidate strain for use as a
microbial feed additive.

Experiment 2

Tdentification and characterization of strain FFy 111-1
The morphological and physiological characteristics of
strain FFy 111-1 were investigated to identify it in detail.
An examination of colonies on TSY agar medium after
incubation at 39°C for 16 h showed a vellow-white
appearance. Strain FFy 111-1 was a rod-shaped. gram-
positive. non-motile. and non-spore forming bacterium. It
grew well between 25°C and 45°C. with an optimum pH in
a range of 6.0 to 6.5. Strain FFy 111-1 showed negative
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Table 2. Sugar utilization characteristics of isolated strain
FFy111-1

SUNGETAL.

Table 3. Eftects of fructose, veast extract and phosphate on
growth and lactate dehvdrogenase activity of strain FEyv 111-1 at

Compound Growth  Compound Growth 35°C and pH 6.5
Control - Esculin + . Specitic
Glyeerol - Salicin - . . ! Ot.al enzyvine
il - Concentration  Growth  enzyme .
Erythritol - Celobiose - Component 'y (Ausr) activity activity
D-Arabinose - Maltose + (%) o i (Uimg
L-Arabinose +  Lactose - (UmL) protein)
Ribose + Melibiose + Fructose (.00 0.34+0.00 0.06+0.02 (0.07+0.01
D-Xvlose +  Sucrose - 1.00 0.82£0.09  0.23:0.05  0.13+0.03
L-Xvlose - Irchalose - 2.00 0.87+0.03 0.28£0.04  0.16£0.02
Adonitol - Inulin - 300 0784002 0274005  0.13+0.02
p-Methyl-D-Xyloside +  Melezitose - 400 0694003 0264006 0.12+0.03
Galactose * KalGnose - 500 0604001 0.16£0.02  0.11£0.01
Glucose * Starch . Yeast 000  031+001 006£0.01  0.07+0.01
Fructose +  Glycogen - ) _
Y extract 1.00 0.73£0.05 0.31+005 0.29+0.03
Mannose - Xvlitol - . o o
Sorbose _ Gentiobiose _ 2.00 1042007 1.19£0.13  0.87+0.08
Rhamnose - D-lutanose ) 300 1293003 L330.09  0.61:0.03
Dulsitol - D-Lyxose . 4.00 1494004 1694007  0.30£0.04
Inositol - D-Tagatose - 3.00 1.5340.02 1.67+0.11  0.27+0.04
Mannitol - D-Fucose - KH-PO, 0.00 0.6520.01 023+0.02  0.23£0.02
Sorbitol - L-Fucose - 0.01 0.65+0.06 0.23+0.05 0.23+0.04
o-Methyl-D-Xyloside - D-Arabitol - 0.03 0.71£0.04 0254003 0244002
o-Methy1l-D-Glucoside +  L-Arabitol - 0.10 0.302£0.01  0.20£0.02  0.19£0.02
N-Acetvl-Glucosamine - Glucenate - 0.50 0465003 019504 0.17£0.03
Amygdalin - 2-Keto-Gluconate - 1.00 0443001 0.18+0.02  0.17£0.01
Arbutin - 3-Keto-Gluconate -
+ utilized. - not-utilized. (FAME) analyses as shown in Figure 2. The major FAMEs
were found to be long-chain fatty acids such as Cl4:0
% ) (4.37%). C16:0 (31.55%). and C18:1 (29.62%). Thus. it is
- - i concluded that strain FFy 111-1 was related to
Lactobacillus brevis as the most neighboring species with
" 98% similarity. 1t has been reported that Lacobacillus sp. is
LT one of the dominant microflora with Kimchi (Yun and Kim,
= “ § 1998. Hong et al.. 1999; Kim et al.. 2004).
E 51-
1 - d Experiment 3
"y . Effects of fructose, veast exitract, and potassium
. : il - | phasphate on cell growth and LDH activity © When strain
. =] 2 5 FFy 111-1 was cultured with various carbon. nitrogen, and
N g £ B . mineral sources. it was found that fructose. yeast extract.
i __L j i . . " and potassium phosphate showed relatively higher LDH
- g rrerererer ACtivities with good growth (data not shown). Therefore. the
2.6 1 LY MO 125 mo 1K nn

Figure 2. GC chromatogram of methyl-esterified fatty acids
obtained trom strain FFv 111-1. C14:0 (7.1 min), 16:0 (10.2 min),
and C18:1 (13.3 nun).

reaction in catalase, Voges-Proskauer. oxidase, urase. mnitrate
reduction, and gelatin liquefaction tests. As shown in Table
2. strain FFy 111-1 was able to ferment L-arabinose. ribose.

D-xylose. B-methyl-D-xyloside. galactose. glucose. fructose.

o-methyl-D-glucoside. esculin. maltose and melibiose.
Therefore, it was considered to belong to Lactobacillits
species. In addition. we performed fatty acid methyl ester

effects of fructose concentration. yeast extract concentration.
and phosphate concentration on cell growth and LDH
activity were studied in detail. Firstly. the effect of fructose
was studied in a range of 0 to 5%. The total enzyme activity
had optima between 2% and 4%. while an optimum
fructose concentration for growth was 2% (Table 3). The
cell growth gradually increased when a fructose
concentration was increased up to 2%, bevond which there
was a decline in growth probably due to the substrate
inhibition caused by a high concentration of fructose. In
contrast, the effect of fructose concentration on enzyme
activity indicated a broad range with an optimum of 2%.
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Table 4. Effects of pH and temperature on growth and lactate
dehvdrogenase activity of strain FFy 111-1

Specific
. Total enzyme  enzvime
Item Condition CE;O_M)II activity activity
ot (U/mL) (U/mg
protein)
Temperature 20 0624001 1244005  0.6610.03
(°C 23 141£0.10 1.7340.11  0.4040.08
30 1.900.06  1.840.07 0402004
35 1.87HL11T 110009 025005
40 1 46£0.04 0.68+0.06  0.27+0.04
43 024004  0.20x0.03 0.6840.03
30 GL130.00 011,02 0.9310.04
pH 5.0 0.331£0.17 0.90+0.07 1.7040.05
33 0.65£0.02 1024005 0.8710.08
6.0 070005 120008 0314007
6.5 0712001 1312004 0.4940.05
7.0 0.7140.02 1204006  0.50+0.04

Secondly, varving initial concentrations of veast extract in a
range of 0 to 4% on growth and LDH activity. showed
gradual increases in growth and total enzyme activity as
summarized in Table 3. However, a maximum specific
enzyme activity was obtained with 2% veast extract. This
means that the level of intracellular LDH activity was
relatively higher when strain FFy [11-1 was grown with an
optimal veast extract concentration. Finally, the effect of
potassium phosphate on cell growth and LDH activity was
studied. Unlike the effects of fructose and veast extract. a
broad optimum growth together with enzyme activity was
achieved within a concentration range of ) to 0.03% with a
maximum value at 0.05%. above which both growth and
enzyme activity dramatically decreased as concentrations of
potassium phosphate increased. Therefore when medium
compositions for growth and enzyme production were all
considered. optimum concentrations of fructose. veast
extract. and potassium phosphate were found to be 2%. 4%.
and 0.05%. respectively.

Effects of pH and temperature on cell growth and LDH
activity . The effect of pH on growth and enzyme activity
was studied in the pH range of 5.0 to 7.0 as shown in Table
4. Increase in the pH from 3.0 to 6.3 resulted in the
increased growth and the total enzyvme activity. Although
the growth was not changed above pH 6.5. however. the
total enzvme activity decreased to some extent. It is
interesting to note that a maximum specific enzvme activity
occurred at pH 3.0, bevond which the activity decreased
dramatically. Table 4 also shows the effect of temperature
on growth and enzyme activity in the temperatire range of
20°C to 50°C. The growth of FFy 111-1 was found to
increase steeply when incubation temperature increased
from 20°C to 30°C and remained constant until 35°C before
decreasing rapidlv. The optimum temperature for growth
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Figure 3. Time-course batch culture of strain FFy 111-1 at 30°C
and pH 6.5. Total lactate dehvdrogenase (LDH) activity (e),
specific LDH acuvity (o) and cell growth (A).

and LDH activity was found to be 30°C. and the maximum
growth of 1.90 at A4, together with a maximum enzyme
activity of 1.84 U per mL. Based on these results. it is
concluded that optimum environmental conditions in view
of growth and total enzyme activity were at pH 6.5 and
30°C,

Time-course batch growth under optimal conditions © A
typical batch growth on 2% fructose medium containing 4%
yeast extract and 0.05% KH-PQ, at 30°C and pH 6.5 is
shown in Figure 3. Exponential growth was evident at an
early phase of incubation and the growth was complete after
24 h with a maximum cell growth of 2.2 at Ags,. Total and
specific enzyme activities were found to be 2.08 U per mL
and 0.60 U per mg protein, respectively. After the
completion of growth due to the shortage of carbon source.
there was a loss in the total enzyme activity. It appears from
Figure 3 that the total enzyme activity of cell-free extract
was closely coupled to growth. suggesting that it is
necessary to control the feed rate during a fed-batch culture
with strain FFy 111-1 for further improvement of growth.



1416

CONCLUSION

In the current study. various bacterial strains were
screened from a variety of enviromments. Among the
isolated strains. Zacrobacillus sp. FFy 111-1 isolated from
Kimchi showed the highest LDH activity. Initial
characterization of strain FFy 111-1 in the present study
suggested that it could be a potential candidate for use as a
direct-fed microbial to reduce lactate accumulation in the
runen.

ACKNOWLEDGEMENT

This work was supported by a grant from the Ministry
of Agriculture and Forestry, Korea.

REFERENCES

Aslan, V., 8. M. Thamsborg, R. I. Jorgensen and A. Basse, 1993,
Induced acute ruminal acidosis in goats treated with veast
(Saccharonnces cerevisiae) and biocarbonate. Acta Vet. Scand.
36:63-77.

Bae. I 8., I R. Bvun and Y. H. Yoon. 2003. In vive antagonistic
etfect of Lacrobacillus helvericus CU 631 against Salmonella
enteritidis KU 101 infection. Asian-Aust. I. Anim. Sci. 16:430-
434.

Baldwin, R. L. and L. P. Milligan. 1964. The purification of a
pvridine nucleotide independent lactate dehydrogenase from
the anaerobic bacterium. Biochim. Biophys. Acta, 92:421-428,

Bergmever, H. U, 1974, Methods of Enzymatic Analysis, 3rd edn.
Verlag Chemie Weinheim Academic Press, Inc., New York.

Bradford, M. M. 1976. A rapid and sensitive method for the
quantization of microgram quantities of protein utilizing the
principle of protem-dve bmding. Anal. Biochem. 72:248-234.

Chaucheyras, F., G Fonty, G Bertin, J. M. Salmon and P. Gouet.
1996. Effects of a strain of Saccharonnces cerevisice
(Levucell SC1), a nicrobal additive for ruminant, on lactate
metabolism i vitro. Can. I. Microbiol. 42:927-933.

Collins, C. H. and P. M. Lyvne. 1976. Microbiological Methods.
Butterworths., London, pp.169-18().

Fleet, G. H., S. Lafon-Lafourcade and P. Ribercau-Gayvon. 1984,
Evaluation of vyeast and lactic acid Dbacteria during
fermentation and storage of Bordeaux wines. Appl. Environ.
Microbiol. 48:1034-10)38,

Garfin, D. E. 1990, One-dimensional gel electrophoresis. In:
Guide to protein puritication (Ed. M. P. Deutscher), Academic
Press, San Diego, USA. pp. 423-440),

Garvie, E. 1. 198(). Bacterial lactate dehvdrogenases. Microbiol.
Rev. 44:106-139.

Gerhardt, P, R. G E. Murrav, R. N. Costilow, E. W. Nester, W. A,
Wood, N. R. Krieg and G. B. Plullips. 1981, Manual of
Methods for General Bacteriology, Amernican Society for
Microbiology, Washington, USA, pp. 410-441.

SUNGETAL.

Gilmour, M., H. J. Flint and W. I. Mitchell. 1994, Multiple lactate
dehydrogenase activities of the rumen bacterium Sefenomonas
ruminanrinvm. Microbiology, 140:2077-2084,

Hino, T. and 8. Kuroda. 1993, Presence of lactate dehydrogenase
and lactate racemase in Megasphera elsdenii grown on glucose
or lactate. Appl. Environ. Microbiol. 59:255-259,

Hirano, M., H. Mon, Y. Miura, N. Matsunaga, N. Nakamura and T.
Matsunaga. 1990. v-Linolenic acid production by microalgae.
Appl. Biochem. Biotechnol. 24/25:183-191.

Hong, S. 1., Y. J. Kim and Y. R. Pvun. 1999. Acid tolerance of
Lacrobacilius plamtarunt, Lebensm.-Wiss. u.-Technol. 32:142-
148,

Kim. D. H.. H. P Song. H. 8. Yook. Y. G Ryu and M. W. Byun.
2004. Isolation of enteric pathogens in the fermentation
process of Kumchi (Korean fermented vegetables) and its
radicidation by gamma irradiation. Food Control, 153:441-4435.

Kim. D. H.. H. P Song. H. 8. Yook. Y. G Ryu and M. W. Byun.
2004. Isolation of enteric pathogens in the fermentation
process of Kimchi (Korean fermented vegetables) and its
radicidation by gamma irradiation. Food Control, 13:441-4435.

Kung, L. Ir. and A. O. Hession. 19935. Prevention i vitro lactate
accumulation in ruminal fenmentation with Afegasphaera
elsdenii. J. Armum. Sc1. 73:230-236.

Laemmli, U. K. 1970. Cleavage of structural protein during the
assembly of the head of bacteriophage T4. Nature (London),
227:680-785.

Lee, JH.Y B.Lim. K. M Park. 8. W. Lee. 8. Y Baig and H. T.
Shin. 2003, Factors affecting oxvgen uptake by veast
Issarchenkia  orientalis as microbial feed additive for
ruminants, Asian-Aust. J. Anim. Sci. 16:1011-1014.

Martn, S. A. and D. J. Nisber. 1992, Effect of direct-fed
microbials on rumen microbial fermentation. . Dairy Sci.
75:1736-1744.

Moore, L. V. H.. D. M. Boume and W. E. C. Moore. 1994.
Comparative distribution and taxonomic value of cellular fatty
acids in thirty three genera of anaerobic Gram-negative bacilli.
Int. J. Syst. Bacteriol. 44:338-347,

Peter. H. A, S.. 8. M. Nicholas, M. E. Harpe and 1. G. Holt. 1986.
Bergev's Manual of Systemetic Bacteriology, Vol. 2, Williams
and Willkins Co., USA. pp. 1104-1139.

Russell, T. B. and T. Hino. 1983, Regulation of lactate production
in Swreprococcus bovis: A spiraling effect that contributes to
rumen acidosis. J. Dairy Sci. 68:1712-1721.

Russell, 1. B. and I. L. Rychlik. 2001. Factors that alter rumen
microbial ecology. Science 292:1119-1122.

Scheifinger, C. €., M. J. Latham and M. I. Wolin. 1975.
Relationship of lactate dehvdrogenase specificity and growth
rate to lactate metabolism by Selenomonas vuminantium. Appl.
Microbiol. 30:916-921.

Slvter, L. L. 1976. Influence of acidosis on rumen function. J.
Anim. Sci. 43:910-929.

Yun, J. W and D. H. Kim. 1998. A comparative study of manmutol
production by two lactic acid bacteria, J. Ferment. Bioeng.
85:2003-208.



