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r INTRODUCTION

Amino acids serve as the nitrogen source for yeasts during the
fermentation of wine. Hernandez-Orte et all have reported that
amino acids are also a mark of the quality of wine because they
contribute to the wine’s taste, aroma and color. Besides scientifically
determining the quality of wine, analysis of amino acids can also
classify a wine based on its amino acid concentrations rather than

relying solely on the human palate.

Previously, methods for analyzing amino acids in wine have taken
anywhere from 46.5 minutes on a Luna C,g bonded silica column
(4.6 x 250 mm, 5 um) protected by a 4.6 x 20 mm sentry guard
column' to 25 minutes on a narrow bore C,, HP Amino Acid Analysis

column (2.1 x 200 mm) protected by a 2.1 x 15 mm guard column?.

The Waters® UPLC® Amino Acid Analysis Solution performs this
separation in only 8.5 minutes on an AccQeTag™ Ultra Column
(2.1 x 100 mm) with an in-line filter, which is 4.8 and 2.6 times fast-
er, respectively, than previous HPLC methods, while still maintaining

baseline resolution of a 17 standard amino acid mixture (Figure 1).

The Waters UPLC Amino Acid Analysis Solution.

r EXPERIMENTAL

Materials

Twenty wines, four of each variety (shiraz, chardonnay, cabernet,
sauvignon blanc and merlot) were purchased from a local liquor
store. All samples were stored at room temperature until analysis.
Amino acid standard solution, AccQeTag Ultra borate buffer, and
AccQeTag Ultra reagent were all included in the UPLC Amino Acid
Analysis Application Solution. Water was purified with a Milli-Q
system (Millipore, Billerica, MA).

UPLC conditions

The Waters ACQUITY UPLC® System consisted of a Binary Solvent
Manager (BSM), a Sample Manager fitted with a 2 pL loop, and a
Tunable UV (TUV) detector. The system was controlled and data
collected using Empower™ 2 Software. Separations were performed
ona 2.1 x 100 mm ACQUITY UPLC AccQeTag Ultra Column with an
in-line filter at a flow rate of 0.70 mL/min.

Column temperature was set at 55 °C and injection volumes for all
samples and standards were 1.0 pL. Water/acetonitrile (95:5) was
used as the weak needle wash solvent and water/acetonitrile (5:95)
was used as the strong needle wash solvent. Mobile phase compo-
nents and gradient conditions are outlined in Table 1. Detection was
set at 260 nm using a sampling rate of 20 points per second and a

time constant of 0.4 seconds.

Sample preparation

An 80 pL aliquot of AccQeTag Ultra borate buffer was added to a
total recovery vial. Wine (20 pL, previously diluted 1:8 with water)
was added along with 20 pL of reconstituted AccQeTag Ultra reagent
into the vial. The vial was placed on a vortex mixer for 5 seconds and
then allowed to stand at room temperature for 1 minute before being
placed in a heating block at 55 °C for 10 minutes. After 10 minutes,
vials were removed and analyzed using the ACQUITY UPLC System.

All wine samples were prepared and analyzed in triplicate.



Calibration Time (min) % A % B Curve
A standard solution of 17 amino acids, included as part of the 0.0 99.9 0.1 -
AccQeTag Ultra Chemistry Package, was prepared. The standard 0.54 99.9 01 6
consisted of a one point calibration curve with standard concentra- 5.74 90.9 9.1 I
tions of 50 pmoles/pL for all amino acids except cystine, which had a r.r4 8.8 21.2 6
concentration of 25 pmoles/plL (Figure 1). 8.04 404 9.6 6
8.64 40.4 59.6 6
8.73 999 0.1 6
95 99.9 0.1 6
Table 1. The Waters UPLC Amino Acid Analysis Solution
gradient separation conditions.
Solvent A = AccQ®Tag Ultra Eluent A:Water (5:95)
Solvent B = AccQ®Tag Ultra Eluent B
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Figure 1. Separation of 50 pmoles of amino acid hydrolysate standard
(25 pmoles cystine) with the UPLC Amino Acid Analysis Solution.




Figure 2. Separation of
sauvignon blanc with
the UPLC Amino Acid
Analysis Solution.

Figure 3. Separation of
cabernet with the UPLC
Amino Acid Analysis
Solution.
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Using the Waters UPLC Amino Acid Analysis Solution, each of the
17 amino acids was baseline resolved in less than 10 minutes.
The analysis time of 8.5 minutes was significantly faster than the
previous reported times of 45 minutes and 26 minutes. Figures 2
and 3 show the chromatograms of sauvignon blanc 2 and cabernet
4, respectively.

Area counts from injections of derivatized amino acids in the wine
samples were compared to the response from the derivatized amino
acid standard solution for each amino acid. Concentrations (in ug
amino acid per mL) were calculated using Empower 2 Software. All
17 of the amino acids present in the standard solution were found in
all of the wine samples, with the exception of cystine, which was not
found in one of the chardonnay samples. The total amino acid content
(sum of the 17 amino acids in the standard) for each wine can be seen
in Figure 4.

A cursory examination of the data set (Table 2) showed proline to
be the most abundant amino acid throughout all 20 different wine
samples with the exception of sauvignon blanc 1, which contained
slightly more arginine than proline (367 and 339 pg/mL respective-
ly). Concentrations of proline ranged from 158 pg/mL in sauvignon
blanc 2 (42% of the total amino acid content for that wine) to
3,178 pg/mL in merlot 1 (94% of the total amino acid content for
that wine). Results can be seen in Figures 5 and 6.

After proline, analysis of Table 2 becomes rather complicated. Further
analysis of the data is aided by using multivariate statistical methods
(SIMCA-P+ version 11.5 from Umetrics® ), i.e. Partial Least Squares
Discriminate Analysis (PLS-DA) and Orthogonal Partial Least Squares
(OPLS). As shown in Figure 7, PLS-DA clearly shows the variance
between the wines, differentiating not just red from white but also
the individual varietals. Figure 8 indicates that high proline is the
distinguishing feature in red wines while higher arginine, aspartate

and glutamate concentrations are indicative of a white wine.
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Figure 4. Total amino acid content in wine samples (n=3).



Shiraz 1
Shriaz 2
Shiraz 3
Shiraz 4
Cab 1
Cab 2
Cab 3
Cab 4
Chard 1
Chard 2
Chard 3
Chard 4
S. Blanc 1
S. Blanc 2
S. Blanc 3
S. Blanc 4
Merlot 1
Merlot 2
Merlot 3
Merlot 4

Amino acids in wine, pg/mL

Arg Gly Asp
6.2 6.1 22.9 1.3 9.1 16.3 54 19.5
1.1 1.2 46.2 21.7 19.5 34.6 10.5 38.8
3.5 14.2 76.2 21.9 17.0 36.0 1.9 477
4.9 9.1 8.7 18.1 17.1 27.5 9.9 353
39 7.4 6.3 13.2 10.5 17.3 6.5 32.8
2.4 6.2 5.5 11.6 10.1 14.2 5.4 20.5
1.0 8.4 449 16.1 13.5 19.4 7.8 325
16.7 18.4 130.1 30.6 481 46.2 20.6 59.5
13.9 20.1 94.0 24.4 38.2 50.9 17.5 63.3
8.1 13.4 48.8 15.8 30.8 23.3 10.0 30.6
18.3 30.4 258.8 20.6 26.1 76.3 233 148.1
16.7 16.2 91.6 15.6 38.9 42.2 12.2 58.6
6.8 14.8 367.6 14.3 27.3 45.6 13.2 87.6
5.4 8.7 48.4 7.4 20.2 36.4 6.2 36.0
12.5 12.3 297.1 15.7 18.2 54.0 9.0 76.4
8.0 8.2 95.4 12.5 19.1 315 7.1 38.2
9.9 8.6 49.6 18.4 10.8 24.9 7.4 29.3
5.9 6.9 25.7 14.8 10.0 18.2 6.2 21.4
4.6 10.1 28.1 17.1 15.7 25.6 8.7 30.6
8.3 10.2 35.6 18.8 15.5 25.0 9.6 375

Amino acids in wine, pg/mL

Shiraz 1
Shriaz 2
Shiraz 3
Shiraz 4
Cab 1
Cab 2
Cab 3
Cab 4
Chard 1
Chard 2
Chard 3
Chard 4
S. Blanc 1
S. Blanc 2
S. Blanc 3
S. Blanc 4
Merlot 1
Merlot 2
Merlot 3
Merlot 4

Tyr Met
903.8 3.7 6.2 3.3 1.1 5.7 2.1 5.3 4.8
1272.2 2.2 25.7 8.8 3.8 11.5 4.9 15.7 12.2
1395.6 1.5 25.9 6.7 4.4 14.3 6.2 18.6 13.9
1064.7 1.3 18.6 3.7 2.4 10.0 3.7 11.3 11.4
1736.4 1.2 7.9 4.1 1.5 8.2 3.0 6.7 6.8
2294.4 2.6 9.8 2.8 1.5 6.3 2.4 6.4 6.1
2833.1 5.6 15.6 7.5 2.2 7.9 3.5 9.2 7.9
1760.7 3.0 35.5 9.5 6.5 21.9 9.8 24.9 22.3
1456.8 3.2 35.5 20.9 9.2 21.5 11.6 35.4 22.7
1062.6 0.0 27.5 8.3 5.5 10.1 5.8 20.7 12.4
1766.3 1.7 16.3 13.2 4.4 16.7 5.8 17.7 13.6
578.7 0.6 26.4 20.0 6.3 18.5 9.0 24.3 19.9
339.2 0.7 8.9 9.7 2.9 12.4 4.2 12.2 11.1
158.1 0.8 9.6 6.8 2.3 8.0 2.6 8.9 8.7
500.0 2.6 1.1 12.0 2.8 13.8 4.9 11.5 12.9
388.1 1.9 18.2 10.1 4.0 10.6 5.3 16.4 1.7
3178.4 3.3 7.8 5.7 1.5 5.7 2.0 5.9 6.7
2009.0 1.1 8.6 3.8 1.5 7.0 2.8 6.8 7.3
2569.2 7.8 14.5 4.3 2.3 9.9 4.1 10.4 9.9
2440.9 1.3 12.6 4.7 2.5 9.4 4.0 12.0 11.1

Table 2. Individual amino acid content in wines (ug/mL, mean of three replicates).
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Figure 6. Proline amount in each wine sample relative to total amino acids in sample.




30f ® Cabernet
@ Chard
® Merlot
20+
@ SBlanc
Cabernet ® (hard @ Shiraz
107 ° @ S Blanc
4 oo ° CharSdBlanc
~ er lo @ Shiraz
=0 % Pt @ Shiraz
104+ ©® Calfrtieg¥apdrnet @ Shiraz ® 3 Blanc
@ SBlanc
@ Shiraz
20t
-301

90 -80 -70 -60 -50 -40 -30 -20 -10. 0 10 20 30 40 50 60 70 80 90
t[1]

Figure 7. Amino acids in red and white wines: PLS-DA scores plot.
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Figure 8. Amino acids in red and white wines: OPLS s-plot.
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The Waters UPLC Amino Acid Analysis Solution provides
significantly reduced analysis time of amino acids and baseline
resolution of 17 different amino acids found in wine. The ability
to decrease analysis time while also providing baseline resolution
results in more productive and efficient laboratories. Applying the
Waters UPLC Amino Acid Analysis Solution will greatly benefit any

laboratory interested in analyzing amino acids.

Further data analysis using more advanced tools, such as Principal
Component Analysis (PCA) and Orthogonal Partial Least Squares
(OPLS), provides scientists with additional information from the

large, complex data sets in a simplified format.

According to Herbert et al?, “In order to have routine analysis for
wine certification” an amino acid method for wines must be able to

accurately detect and quantitate the most prominent amino acids in

wine, must have low detection limits for other amino acids and must
have a short analysis time. The Waters UPLC Amino Acid Analysis

Solution meets these demanding requirements and could be used for

Waters UPLC Amino Acid Analysis Solution.

wine certification, quality control or identification of adulteration.
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