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Introduction
Amino acids (except for glycine) have a chiral carbon 
atom adjacent to the carboxyl group and form two 
enantiomers that are mirror images of each other. 
L-Amino acids are present in the body as a component of 
proteins and nutrients in large quantities. On the other 
hand, D-Amino acids are extremely low, but it is drawing 
attention in various �elds such as ingredient analysis of 

fermented foods, physiological function analysis in the 
cranial nervous system and biomarker search, as well as 
health and beauty. Here we developed the method that 
be possible to analyze chiral amino acids with high 
sensitivity in just 10 minutes using a chiral column 
without derivatization and con�rmed ratio of L/D amino 
acids in fermented foods.

Methods
Separation was achieved within 10 min using 
CROWNPAK CR-I(+) / CR-I(-) (3 mmI.D. x 150 mmL, 5μm, 
DAICEL corp.) maintained at 20°C on a HPLC system 
(Prominence, Nexera X2, Shimadzu corporation, Kyoto, 
Japan). Data acquisition was performed on triple 
quadrupole mass spectrometer LCMS-8050 / 8060 
(Shimadzu Corporation, Kyoto, Japan). The mobile phase 
consisted of a mixture of acetonitrile, ethanol, water and 
TFA (80/15/5/0.5) and the �ow rate was set to 0.6 

mL/min in isocratic condition. 
We investigated automatically analysis system using valve 
switching unit (Figure 2) for continuously analyzing 
CROWNPAK CR-I(+) and CR-I(-). A mixture of 22 amino 
acids was diluted to working concentrations in mobile 
phase. The fermented food samples treated with 
liquid-liquid extraction by water, methanol and 
chloroform *1 (Figure 1).

Table 1  Analytical condition

Mobile Phase : ACN/EtOH/H2O/TFA = 80/15/5/0.5

Column : CROWNPAK CR-I(+) / CR-I(-)

  (3 mmI.D. x 150 mmL., 5 μm, DAICEL corp.)

Flow Rate : 0.6 mL/min

Column Temperature : 20 ºC / 25 ºC

Injection Volume : 1 μL

HPLC (Prominence / Nexera X2)

Probe position : + 3 mm

Ionization : ESI positive

Nebulizing Gas Flow : 3.0 L/min

Drying Gas Flow : 15 L/min

Heating Gas Flow : 5.0 L/min

Interface Temperature : 250 ºC 

DL Temperature : 250 ºC 

HB Temperature : 300 ºC

MS (LCMS-8050 / 8060)
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Figure 1  Pretreatment protocol

Mix 100 μL of sample, 350 μL of MeOH and 50 μL of water

Mix with vortex and centrifugation at 10,000 rpm for 10 min at 4 ºC

Mix 360 μL of supernatant, 180 μL of water and 360 μL of chloroform

Mix with vortex and centrifugation at 10,000 rpm for 10 min at 4 ºC

Mix 50 μL of supernatant with 200 μL of mobile phase.

CR-I(+)
Pump A

Solvent

Auto sampler

CR-I(-)

LCMS

Pump B

Guard Column

wasteFCV FCV

Figure 2  Chiral amino acid analysis system using valve switching unit 
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Table 2  Ratio of D/L amino acids in black vinegars and yogurts
Result
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Figure 3 Ratio of 7 D/L amino acids in black vinegars and yogurts.
 Blue bar is D amino acids and red bar is L amino acids.

Table 2 shows the ratio of D/L amino acids in black 
vinegars and yogurts. All sample contained D-amino 
acids. In 2 yogurts, D-Glu was included 40 times larger 
than L-Glu. Figure 3 shows the ratio of 7 D/L amino 
acids found in relatively large amounts of D-form in 

black vinegars and yogurts. D-Ala is exists in all sample. 
2 yogurts contained D-Glu, but L-Glu was not 
contained. Especially, Yogurt D includes large amount of 
D-Ala and D-Lys.

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

Vinegar A Vinegar B Vinegar C Yogurt D Yogurt E

Alanine

D-Ala L-Ala

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

Vinegar A Vinegar B Vinegar C Yogurt D Yogurt E

Arginine

D-Arg L-Arg

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

Vinegar A Vinegar B Vinegar C Yogurt D Yogurt E

Asparagine

D-Asn L-Asn

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

Vinegar A Vinegar B Vinegar C Yogurt D Yogurt E

Aspartic acid

D-Asp L-Asp

0.0 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 

Vinegar A Vinegar B Vinegar C Yogurt D Yogurt E

Glutamic acid

D-Glu L-Glu

0.0 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 

Vinegar A Vinegar B Vinegar C Yogurt D Yogurt E

Lysine

D-Lys L -Lys

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

Vinegar A Vinegar B Vinegar C Yogurt D Yogurt E

Serine

D-Ser L -Ser



High-throughput comprehensive analysis of trace 
D- and L- amino acids using extra-facile chiral separation 
and column switching

6
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Figure 4 (A) LC Time Program
 (B) Pretreatment Program (SIL-30AC)

Figure 5 (A) MRM chromatogram of D-Threonine and D-allo-Threonine
 (B) MRM chromatogram of 22 D/L amino acids.

Valve position of 2 FCV units and �ow rate can change 
by LC Time Program in 9 minutes (Figure 4A). In 19 
minutes, �ow rate changes initial conditions. Using 
Pretreatment Program (SIL-30AC), we can inject sample 
twice during one analysis (Figure 4B). It is possible to 

quantify and identify all D/L amino acids in one data �le. 
And it is clear that 2 sample injected from same vial. The 
method using these programs can support continuous 
analysis in batch analysis.
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Conclusions
• The automatically analysis system using valve switching is useful for the D/L amino acids analysis by LC-MS/MS.
• Using LC Time Program and Pretreatment Program of SIL-30AC, the system can support high-throughput comprehensive 

analysis of D/L amino acids.
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Thr and allo-Thr have very similar physicochemical 
properties. Therefore, almost the same MRM transition 
was obtained in the triple quadrupole-type mass 
spectrometer and it could not be possible to separate 
because it co-eluted. However even when co-eluting at 

the same retention time in CR-I(+), separation could be 
con�rmed by switching to CR-I(-) (Figure 5A). A mixture 
of 22 amino acids can be detected with suf�cient 
sensitivity using this method (Figure 5B). The analysis 
results using 2 columns could be compiled in one data.


