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EFFECT OF MICROORGANISMS ON THE D-AMINO ACID CONTENT OF MILK 
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ABSTRACT 

In the course of our experiments it was established that certain microbe 
species causing mastitis (inflammation of the udder) (Streptococcus 
dysgalactiae, Streptococcus uberis, Escherichia coli, Staphylococcus aureus, 
Pasteurella multocida, Corynebacterium bovis, Arcanobacter pyogenes and 
Pseudomonas aeruginosa) contributed to the D-aspartic acid, D-glutamic acid 
and D-alanine contents of milk to a different extent. However the examination of 
amino acids was only partially suitable for identification of pathogen microbe 
species causing mastitis. Out of D-amino acids of peptidoglycann the D-glutamic 
acid content provides the possibility for identifying the microbes. Based on the D­
aspartic acid content only Mastitest-negative milk sample and the species 
Staphylococcus aureus can be identified. On the basis of the D-alanine content 
microbes examined by us, with the exception of the species Escherichia coli, 
Streptococcus aureus and Pseudomonas aeruginosa could be identified. The 
free amino acid contents of milk derived from mastitic udder with mastitis caused 
by the individual bacterial species did not differ significantly. There are, however, 
such free amino acids whose proportion is characteristic of the given microbe 
species. The species Streptococcus uberis produces the least glycine, for the 
Escherichia coli is typical the very high phenylalanine content. Milk derived from 
mastitic udder with mastitis caused by Pseudomonas aeruginosa contained most 
of the free lysine. 
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INTRODUCTION substantial quantity of D-amino acids (Gandolfi et 
al., 1992; Bruckner and Hausch, 1990; Fuse et al., 
1984). Several publications have reported on D­
amino acids in milk and dairy products making it 
clear that they are mainly result of microbia 

Our foodstuffs can contain, due to either 
technological interventions or to changes in the 
microbiological conditions of the foodstuff a 
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activity and that the technological intervention 
plays here only a minor role. 

It appears proven that D-amino acids present 
in traces in a mixed milk drawn from healthy cows 
are the result of a bacterial infection evolved during 
subclinical mastitis and they get Into the milk as 
metabolism products of bacteria. 

Earlier we already examined the changes 
occuring in milk composition due to mastitis and 
worked out a method for determination of the 
proportion of milk of abnormal composition drawn 
(o the healthy milk (Csap6 et al., 1986). We
decided to examine the D-amino acid contents of
milk derived from the udder infected according to
different degrees of Mastitest. In this series of
examinations it was established that the D-amino
acid content of commercially obtainable milk could
be caused by the first milk flows rich in bacteria to
the mixed milk on the one hand, and the presence
of bacteria causing inflammation of the udder on
the other hand, their metabolism products, and
after death of the bacterium the D-amino acid
contents of peptidoglycans being in the cell wall. It
was also established that according to the degrees
of the Mastitest the quantity of total free and free O­
amino acids increased in the milk (Pohn and
Csap6, 2002).

Based on our earlier investigations in this 
experiment we aimed at establishing whether 
microbe species causing mastitis could be 
identified on the basis of the free amino acid and 
free D-amino acid content of milk as this would 
provide the possibility for introducing a new 
diagnostic method for identification of 
microorganisms causing mastitis. 

Conditions of the sampling 

Milk samples derived from the mastitic udder 
were obtained from Holstein-Friesian cows of three 
cow farms (Lajoskomarom, Mosd6s, Kaposvar). 
Samples are taken into sterilized 2·1 o cm_3 pots. For 
Mastitest-negative cows a sample was taken from 
the mixed milk of the completely milked out udder, 
while in case of Mastitest-positive cows first two 
milk flows (around 10-12 cm3 each) were 
separately drawn and the Mastitest was carried out. 
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For amino acid analysis only samples with + + + 
and + + + + were used. Half of the samples was 
cooled immediately after sampling in iced water, 
placed into a deep freeze within 2 hours and stored 
at -25 °C until preparation for the analysis. The 
other half of the samples was stored in a 
refrigerator at +4°C, and was forwarded to the 
National Veterinary Hygienic Station for 
bacteriological examination within 12 hours. 

Preparations of milk samples for amino acid 
analysis 

Sample preparation as well as analysis are 
carried out at the University of Kaposvar, Faculty of 
Animal Science, Department of Chemistry and 
Biochemistry. After defrosting and warming to 30 
0

c milk samples were centrifuged at 8.000 g for 1 O 
min in order to remove the figural elements and 
milk fat. Subsequently, to 50 cm3 of sample 50 cm3 

of 25% trichloroacetic acid were added, left 
standing for 20 min, and centrifuged at 10.000 g for 
10 min. The pH of the supernatant was adjusted to 
be 7 with 4.0 M NaOH for the determination of both 
the free amino acid and free D-amino acid 
contents. The obtained solutions were lyophilized 
at 1 O °C, and the dried remainder was solved for 
the determination of free amino acid content in 1 o
cm3 sodium acetate buffer (pH=?). and for the 
determination of the free D-amino acid content in 1 
ml bidistilled water, respectively. Prepared samples 
were stored at -25 °C until being analyzed. 

Instrument, chemicals 

For determination of the free amino acid and 
free D-amino acid content derivatization and 
analysis were carried out using a Merck-Hitachi 
HPLC apparatus, for collecting and evaluating the 
measured data D-7000 HPLC System Manager 
software was used. Chemicals used in sample 
preparation, derivatization and analysis were of 
analytical grade (p.a.). O-phthaldialdehyde (OPA) 
and 1-thio-J3-D-glucose tetra-acetate (T ATG) were 
obtained from Sigma (St. Louis, USA), and 2-
mercapto-ethanol from Merck (Darmstadt, 
Germany). Solvents (acetonitrile, methanol) used 
for the analysis were purchased from Merck and 
were of HPLC gradient grade quality. Eluent buffers 
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were prepared from sodium dihydrogen 
phosphate, di-sodium hydrogen phosphate and 
sodium acetate. The pH was adjusted with 4.0 M 
NaOH. 

Determination of free D-amino acids 

During derivatization from amino acids 
enantiomers diastereomer pairs were formed using 
o-phthaldialdehyde (OPA) and 1-thio-p-D-glucose
tetra-acetate (TATG) as per the method of
Einarsson et al. (1987). The reaction was carried
out in a , 1.5 cm3 vial. 465 µI of sample were
dissolved in 205 µI of borate buffer (0.4 M; pH=9.5)
and mixed with 25 µI of the reagent (8 mg OPA and
44 mg TATG solved in 1 cm3 of methanol) and left
standing for 6 min. 20 µI of this mixture were
injected onto the analytical column. The derivatives
were detected with a fluorescence detector (ex.:
325 nm, em.: 420 nm). For the separation of the
enantiomers Superspher 60 RP-Se analytical
column (C8, 125x4 mm, 4 µm) and a three­
component gradient system (consisting of
methanol, acetonitrile and phosphate buffer) were
used. Flow rate was 1 cm3/min.

Determination of free amino acids 

During derivatization from amino acids cyclic 
derivatives were formed with o-phthaldialdehyde 
(OPA) and 2-mercapto-ethanol as per the 
following: 465 µI of sample were dissolved in 205 µI 
of borate buffer (0.4 M: pH=9.5) and was mixed 
with 105 µI of the reagent (100 mg OPA were 
dissolved in 9 cm3 methanol and 1 cm3 of borate 
buffer, and to this solution 100 µI 3.0 M 2-
mercapto-ethanol was added) and left standing for 
3 min. 20 µI of this mixture were injected onto the 
analytical column. The derivatives were detected 
with a fluorescence cfetector (excitation 
wavelength: 325 nm, emission wavelength: 420 
nm). Separation of the free amino acids was 
performed with a LiCrospher RP analytical column 
(C18, 125 x 4 mm, 4 µm) and a two-component 
gradient system (consisting of methanol and 
sodium acetate buffer). Flow rate was 1 ml/min. 
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Statlstlcal evaluation of the results 

Statistical evaluation of the results was carried 
out using SPSS 10.0 statistical software. Difference 
in free the D-amino acid contents of the bacterial 
groups was examined one-way analysis of 
variance. Precondition of variance analysis was 
met as no significant difference was found in 
variance of data of species examined (p>0.01). For 
comparison of mean values of bacterial species a 
Student-Newman-Keuls test was used. 

RESULTS 

Bacteriological examination of milk samples 

In the milk samples originating from mastitic 
udder eight bacterial species were identified in the 
bacteriological examination. The identified, in our 
country typical mastitis pathogen microbes are as 
follows: Streptococcus dysgalactiae, Strepto­
coccus uberis, Escherichia coli, Staphylococcus 
aureus, Pasteurel/a multocida, Corynebacterium 
bovis, Arcanobacter pyogenes and Pseudomonas 
aeruginosa. 

Examination of amino acid enantiomers 

Enantiomer pairs of aspartic acid, glutamic 
acid and alanine were measured in milk samples 
derived from mastitic udders with Mastitest degree 
of + + + and + + + + where mastitis was caused by 
the above eight bacterial species (Table 1). Since 
in peptidoglycans of cell walls of bacteria and in 
metabolism products of bacteria these three amino 
acids are present in the highest concentration their 
quantities can be evidenced without any doubt. 
Free 0-amino acid and free amino acid content of 
samples with + + + and + + + + do not differ 
significantly, therefore they are suitable for 
examination of amino acid content jointly. 
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