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Screening of Conjugated Linoleic Acid Producing Lactic Acid Bacteria from
Fecal Samples of Healthy Babies
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ABSTRACT : This study was carried out to obtain conjugated linoleic acid (CLA ) producing lactic acid bacteria for further study on
the enzvimes related to the production of CLA which has gained considerable attention and on the development as a probiotic culture.
Total 34 lactic acid bacteria were 1solated from 19 feces samples of healthy babies. CLA fonming ability was measured
spectrophotometrically by the modification of linoleate 12-¢1s, 11-trans-1somerase activity measuring method, and CLA of the cultures
were extracted, methylated, and examined by HPLC analysis. CLA methy] ester of only one culture showing the highest value of CLA
forming abilitv could be detected by HPLC analysis. The culture was found to be Gram positive, rods and catalase negative. It grows at
45°C but not at 13°C, and was identified to be Laciobacillies fermentunt on the basis of the biochemical characteristics and the utilization
of substrates. These results provide an efficient experimental method to screen CLA producing lactic acid bacteria. (dsian-Aust. J.

Anim. Sci. 2002. Vol 13, Neo. 7: 1031-1033)
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INTRODUCTION

Conjugated linoleic acid (CLA) is a general term for
positional and geometrical isomers of linoleic acid (LA).
¢is-9. cis-12 octadecadienoic acid. in which the double
bonds are conjugated instead of being in the tvpical
methyvlene intermipted configuration CLA has gained
considerable attention because of its anticarcinogenic (Ha et
al., 1987. Ip et al.. 1991:. Pariza and Hargraves. 1983),
antioxidative (Parodi. 1994). cholesterol-depressing (Huang
et al.. 1994). and growth-promoting (Chin et al., 1994)
properties.

Of the individual isomers of CLA. cis-9. trans-l1-
octadecadienoic acid (¢9. t11-18:2) has been suggested to
be the most important in terms of biological activity
because it is the major isomer. CLA can be produced by
alkaline isomerization, but there are as many as 16 isomers
which are not fully characterized (Nichols et al.. 1951.
Sehat et al.. 1998). Therefore. there is increasing interest in
CLA producing microbes and enzymes.

CLA has been shown to be produced from
polvunsaturated fat by certain rumen microorganisms such
as Butvrivibrio species (Forgety et al.. 1988). More recently,
it was reported that Propionibacterium freudenreichii.
commonly used as a dairy starter culture. was able to
produce CLA from free linoleic acid (Jiang et al.. 1998).
Pariza and Yang (2000) screened 45 cultures from whole
intestinal tract of two conventional rats by measuring the
conversion of linoleic acid to CLA with HPLC and GC. and
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developed the method of producing CLA with the selected
strain in Tris-HC] buffer However. Ogawa et al. (2001)
insisted after 4 days of reaction with washed cells of L.
acidophilus transformed more than 95% of the added
linoleic acid into CLA. and cells themselves could be used
as sources of CLA. Because of its beneficial physiological
effects. there is a potential demand for CLA and CLA
producing lactic acid bacteria as a starter culture for making
milk products. a source of enzyme systems for the
production of CLA, or a probiotic culture.

To obtain a lactic culture which can produce CLA. lactic
acid bacteria were isolated from feces of healthy babies. and
were compared CLA forming ability by the modification of
the method of linoleate 12-cis, Ll-trans isomerase activity
test. The experiment described here sought to provide
screening method for CLA producing lactic acid bacteria.

MATERIALS AND METHODS

Isolation of lactic acid bacteria from the feces of healthy
babies

Isolation of lacic acid bacteria was carried out by
inoculating one loop of the feces samples into De Man-
Rogosa-Sharpe (De Man et al, 1960) broth (Difco
Laboratories. USA) containing 0.02% sodium azide. After
incubation at 37°C for 1 day. one loop of culture was
streaked on MRS agar plate containing 0.02% NaN;. and
then colonies were picked up and grown on MRS agar slant.

Screening of CLA producing lactic acid bacteria

After subculturing twice in MRS broth (pH 6.0). the
lactic acid bacteria were cultured in 3 mL MRS broth
containing 9.12 linoleic acid (5 mg/mL) (Sigma Chemicals)
with 1% between 80. The cells of a 4 mL culture were
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harvested by centnfugation (3,000 g for 10 mun) and
washed twice with 0.1 M potassium phosphate buffer (pH
7.0). After addition of 1.3 mL buffer. the cell suspension
was disrupted by 3 min exposure to somc oscillation. The
disrupted cell mixture was centrifuged at 10.000 g for 15
min. and used as crude enzvime solution. CLA forming
ability was assaved spectrophotometrically (Shimadzu
UV160L. Japan) by measuring the highest appearance of the
conjugated diene system at 233 nm according to the method
described in Kepler and Tove (1969). An optically clear
solution of 24 uM linoleic acid is prepared by mixing 0.1
mL of the linoleic acid substrate solution with 2.7 mL of
phosphate buffer and 0.2 mL of 1.3-propanediol in a silica
cuvette. After preincubation at 35°C for 5 min. the reaction
1s mutiated by the addition of 0.01 mL of enzvme solution,
and the highest optical density at 233 nm was recorded. The
HPLC analysis of CLA was based on the method described
by Chin et al. (1992), sample preparation by Jiang et al.
(1998). A | mL culture and 2 mL isopropanol were mixed
vigorously: 1.5 mL of hexane were then added and the
mixture was shaken for 3 min before being centrifuged at
2,520 g for 5 min at room temperature. The upper layver was
then collected. The lower layver was extracted with 1.3 mL
of hexane. twice. and the supematant fluids were pooled
with previous hexane laver in a screw-capped test tube. The
extracted hpids were hvdrolysed to free fatty acid by adding
2 mL of 2 mol KOH in ethanol and heating at 30°C for 30
min. Methyl esters were prepared with 2 mL of 3 N
hvdrochlonc acid in methanol at 60°C for 20 mun. The
methylated sample was mixed with 1 mL water and 1 mL
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hexane. and centrifuged at 2,520 g for 15 min. The organic
laver was dried under a stream of nitrogen at room
temperature and the residue was redissolved m 1 niL
methanol. The CLA methyl ester in methanol (30 ul) was
directly injected into HPLC (HP Chemstation). Separations
were performed on a reversed-phase analytical column
(Eclipse XDB-C18. 250x46(i.d). ZORBAX) The
isocratic mobile phase (95% acetonitril:3% water) was
delivered at a flow rate of 1.2 mL per minute. Eluent were
monitered at 243 nm.

Identification of the CLA producing lactic acid bacteria

After a microscopic (Amarel CliniGold. USA)
examination of the isolates. 49 kinds of substrates were
tested for utilization by using APl S0CHL kit(API
bioMerieux. France). The colony on MRS agar was picked
and transferred to filter paper. and fixed with 8%
paraformaldehyde and 3% glutaraldehvde 1n cacodylate
buffer overmight. After washing and dehydration. sample
was coated with gold and observed under a Philips SEM
(XL30CP). Genus and species of the lactic acid bacteria
was determmed by the API LAB PLUS system
(BioMerieux. France).

RESULTS AND DISCUSSIONS

34 lactic acid bacternia were isolated from 19 feces
samples. and CLA forming ability of them are presented in
figure 1. The value was based on the linoleate 12-cis. 11-
trans 1somerase activity. and was ranged from 0.02 to 0.24.
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Figure 1. Absorbance at 233nm after the addition of disrupted cell into phosphate buffer containing linoleic acid.
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According to Kepler and Tove (1969). the reaction was very
rapid and reached equilibrium in a few minutes. However.
the value showed rapid or slow decrease according to
microbes. It was thought an undesired reductase activity of
the microbes might convert CLA to other compounds. A
unit of linoleate 12-cis, 11-trans isomerase enzyme is the
amount that catalyzes the isomerization of 1 millimicromole
of linoleic acid per minute, equivalent to a change in optical
density of 0.008 per minute in a 1 ¢m cuvette (Kepler and
Tove. 1969). The vield of enzyme from twelve liters of B.
fibrisohens culture was about 5.500 units with a specific
activity of about 20 units per milligram of protein (Kepler
and Tove, 1969). The enzvme needs to be purified and
characterized for cloning and further utilization.

Only the CLA methyl ester of L7-2 culture which
showed the highest value in figure 1 was detected by HPLC
(figure 2). and others was not. Consistent retention time of
CLA methyl] ester cannot be obtained by the HPLC analysis
condition described in Chin et al. (1992). It may be caused
from difference of column. Mobile phase (85%
acetonitrile: 13% water) was changed to 93% acetonitril:3%
water with consistent columm temperature (40°C), 2 mL of
flow rate was changed to 1.2 mL because of high pressure.
The retention time of CLA methyl ester was about 8.2 under
the condition. The L7-2 culture was found to be Gram
positive, rods (figure 3). and catalase negative, and grown at
43°C but not at 13°C. It was identified to be Lacrobacillits
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fermentum (96.1%. API LAB PLUS) on the basis of the

biochemical characteristics and the utilization of substrates
(table 1). There are few reports on CLA producing lactic
acid bacteria. Pariza and Yang (2000) isolated L. reuzeri
(ATCC 55739) from conventional rats after being fed 5%
linoleic acid for 4 to 8 weeks. L. reuteri is related to L.

fermentum. and can be distinguished by G+C content.

Pariza and Yang (2000) developed a method for forming
CLA by the grown cells in 0.1 M tris-HC1 buffer (pH 8.5).
In addition to Ogawa et al. (2001) insisted that after 4 days
of reaction with washed cells of L. acidophilus transformed
more than 953% of the added linoleic acid (5 mg/mL) into
CLA in 100 mM potassium phosphate buffer (pH 6.3) with
microaerobic condition. and cells could be used as sources
of CLA because it was accumulated as intracellular or cell-
associated lipids in free form. CL A production by microbes
may more expensive but more safe than by alkali
isomerization. Lactic acid bacteria is more easy to grow
than B. fibrisolvens and bifidobacteria (Yoon. 2001) which
are strictly anaerobes. CLA producing lactic acid bacteria
can be useful as a starter culture for making milk products.
a source of enzyme systems for the production of CLA. ora
probiotic culture. However. one of the most important
requirement for the use as a probiotic culture is human
origin. since some effects can be only species specific
(Brassart and Schiffrin. 2000).
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A: Standard (CLA methyl ester) B: Blank (MRS broth) C: Blank (MRS broth+linoleic acid) D: 7-2 culture
Figure 2. HPLC analysis of CLA methy] ester.
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Figure 3. SEM micrograph of the CLA producing culture (A: x4,000, B: x8.000).

Table 1. Utilization of carbohydrate substrates

Glycerol - Mannitol - D-Raffinose

Ervthritol - Sorbitol - Amidon +

D-Arabinose - w-Methyvl-D- - Glycogen -
Mannoside

L-Arabinose - o«-Methyl-D- - Xylitol -
Glucoside

Ribose - Nacetyl - B-Gentiobiose -
glucosamin

D-Xvlose - Amvgdalin - D-Turanose -

L-Xylose - Arbutin - D-Lyxose -

Adonitol - Esculin - D-Tagatose -

B-Methyl-D- - Salicin - D-Fucose -

xyloside

Galactose + Cellobiose - L-Fucose -

D-Glucose + Maltose + D-Arabitol -

D-Fructose + Lactose - L-Arabitol -

D-Mannose - Melibiose + Gluconate -

L-Sorbose - Saccharose  + 2-keto-gluconate -

Rhamnose - Trehalose - S-keto-gluconate -

Dulcitol - Inulin -

[nositol - Melezitose -

This study demonstrated that screening method of CLA
producing lactic acid bacteria from feces samples. Although
the selected culture needs to be measured CLA production

in tris-HC1 or potassium phosphate buffer. and G+C content.

it can be applicable as a CLA producing probiotic culture.
The pathway and enzvme svstems related to CLA
production need to be studied further.

REFERENCES

Brassart, D. and E. I. Schiftiin. 2000. Pre- and probiotics. In:
Essentials of Functional Foods (Ed. M. K. Schnud] and T. P.

Labuza). Aspen publishers, Inc. Gaithersburg, Marvland. pp.
205-216.

Chin, S. F., W. Liu, J. M. Storkson. Y. L. Ha and M. W. Pariza.
1992, Dietary sources of conjugated dienoic isomers of
linoleic acid, a newly recogrized class of anticarcinogens. 1. of
Food Comp. And Analysis 3:183-197.

Chin, 8. F., I M. Storkson, W. Liu, K. I. Albright and M. W.
Pariza. 1994. Conjugated lincleic acid (9.11- and 10.12-
octadecadienoic acid) is produced in conventional but not
germ-free rats fed linoleic acid. I. Nutr. 124:694-701.

De Man, I. C., M. Rogosa and M. E. Sharpe. 1960. A medium for
the cultivation of lactobacilli. . Appl. Bacteriol. 23:130-135.

Fogerty, A. C..G. L. Ford and D. Svoronos. 1988, Octadeca-9.11-
dienoic acid in food stuffs and in the lipids of human blood
and breast milk. Nutr. Rep. Int. 38:937-944.

Ha, Y. L., N. K. Grimm and M. W. Pariza. 1987, Anticarcinogens
from fried ground beef: heat-altered derivatives of linoleic acid.
Carcinogenesis 8:1881-1887.

Huang. Y. C.. L. O. Luedecke and T. D. Shuliz. 1994, Effect of
cheddar cheese consumption on plasma comjugated Imoleic
acid in men. Nutrition Res. 14(3).373-386.

Ip, C, S. F. Chin, J. A Scimeca and M. W. Pariza. 1991.
Mammary cancer prevention by conjugated dienoic dervative
of linoleic acid. Cancer Res. 31:6118-6124.

Jiang, J.. L. Bjorck and R. Fonden. 1998. Production of conjugated
lmoleic acid by dairy starter cultures. J. Appl. Microbiol.
85:93-102.

Kepler, C. R. and S. B. Tove. 1969. Linoleate cis-12, trans-11
isomerase. In: Methods in Enzymology (Ed. J. M. Lowenstein).
Vol. XIV. Academic Press, New York. pp. 103-110.

Nichols, P. L., Ir. S. F. Herb and R. W, Riemenschneider. 1931,
Isomers of conjugated linoleic acid. I. Alkali isomerized
lmoleic acid. I. Am, Chem. Soc. 73:247-232,

Ogawa, J.. K. Matsumura, S. Kishimo, Y. Omura and S. Shimizu.
2001. Conjugated linoleic acid accumulation via 10-hvdroxy-
12-octadecaenoic acid during microaerobic transformation of
linoleic acid by Lacrobacillus acidophilus. Appl. and Environ.
Microbiol, 67(3):1246-1232.

Pariza, M. W. and W. A, Hargraves. 1985 A beef-derived



SCREENING OF CLA PRODUCING LAB 1035

mutagenesis modulator inhibits initiation of mouse epidermal
tumors by 7, 12-dimethylbenz[a]anthracene. Carcinogenesis
6:391-393.

Pariza, M. W. and X. Y. Yang. 2000, Method of preducmg
conjugated fattv acids. US Patent 6,060,304.

Parodi, P. W. 1994, Conjugated linoleic acid-A anticarcinogenic
fatty acid present m nulk fat, Aust. J. Dairy Technol. 49(2).93-
97.

Sehat, N., M. P. Yurawecz. I. A. G Roach, M. M. Mossoba, I. K. G
Kramer and Y. Ku. 1998. Silver-ion high-performance liquid
chromatographic separation and identfication of conmjugated
linoleic acid isomers. Lipids 33:217-222.

Yoon, C. S. 2001. Development and utilization of conjugated
linoleic acid producing dairy starter cultures. In: Proceedings
of the 28th Korean Society for Food Science of Animal
Resources Symposium. pp. 89-97.



