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Abstract

This application note presents a method using high performance
liquid chromatography on NUCLEODUR C,g Gravity-SB for the de-
termination of organic acids in the most important fruit juices and
white wines in food samples. Usage of HPLC phases that are stable
in 100 % aqueous mobile phase systems helps to reduce the costs.
Stationary phases with 5 um particle size make the method suitable
for simple HPLC-systems. The robustness and the stability of the
method are tested by repeated sample injection. The influence of
alcohol content in wine samples is also described.

Introduction

The determination of organic acids is essential for quality control
as well as for evaluating product authenticity [1, 2]. In addition the
use of organic acids in fruit juices is regulated in many countries
[3]. The analysis of organic acids in fruit juices and wines is a basic
control parameter to ensure the quality and the authenticity of these
products. In particular, the determination of organic acids using
HPLC with UV detection is a low-cost and quick alternative method
to the enzymatic quantification methods. The use of HPLC phases
that are stable in 100 % aqueous mobile phase systems is important
to reduce the costs. No amount of work and of time is required for
the sample preparation necessary for the determination by HPLC.
It was also our goal to develop a HPLC method with backpressure
lower than 200 bar to make simple HPLC-systems usable for that
method. That was the reason to choose a NUCLEODUR® C,q
Gravity-SB with 5 um particle size. The combination of RP 18 pha-
ses with polystyrene-divinylbenzene phases is no longer necessary.
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Figure 1: Organic acids in fruit juices and white wines.

Sample preparation
= dilute 1 ml fruit juice or 1 mL wine with eluent to 5 mL

= filter sample solution through a syringe filter CHROMAFIL® Xtra
PET-20/13 pore size 0.2 pm, (REF 729222)

Chromatographic conditions
Column:

EC 250/4.6 mm NUCLEODUR® C,g Gravity-SB, 5 um,
(REF 760619.46)

Eluent:

50 mmol NaH,PQO,, pH 2.7 (addition of 6.0 g NaH,PO, and of
850 yL concentrated phosphoric acid to 1 L eluent)

Gradient: isocratic (25 min)

Flow rate: 0.4 mL/min
Temperature: 30 °C

Detection wavelength: UV: 205 nm
Injection volume: 10 pL
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Standard solution of target analytes of fruit juices
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Figure 2: Chromatogram of aqueous standard solution of organic
acids; UV at 205 nm.
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Table 1: Elution order of organic acids in aqueous standard solution.
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Figure 3: black: chromatogram of agueous standard solution of
organic acids, UV at 205 nm; blue: chromatogram of
apple juice, UV at 205 nm; orange: chromatogram of
spiked apple juice, UV at 205 nm.

standard addition method

= add 0.6 mL of an aqueous solution of target analytes (250 ug/mL
citric acid, 1.25 mg/mL lactic acid and 10 mg/mL malic acid) to

1 mL apple juice
= fill up with eluent to 5 mL

peak number analyte

1 malic acid
2 lactic acid
3 citric acid

quantification with  quantification with
calibration curve standard addition

(QEX)] method (n=3)
6.41 £ 0.03 g/L 6.50 + 0.03 g/L
0.1+0.0g/L 0.1 £+0.0g/L

59.25 + 0.03 mg/L 60.25 + 0.03 mg/L

Table 2: Elution order and quantification of organic acids in apple

juice.
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Figure 4: black: chromatogram of aqueous standard solution of
organic acids, UV at 205 nm; blue: chromatogram of
orange juice, UV at 205 nm; orange: chromatogram of
spiked orange juice, UV at 205 nm.

standard addition method

=add 0.6 mL of an aqueous solution of target analytes (15 mg/
mL citric acid, 150 pg/mL isocitric acid, 1.25 mg/mL lactic acid,
5 mg/mL malic acid and 500 ug ascorbic acid) to 1 mL orange
juice

= fill up with eluent to 5 mL

peak number analyte quantification

with calibration

quantification
with standard
addition method
(n=3)

curve (n=3)

1 malic acid 2.04 £0.24 g/L 2.08 +0.24 g/L
2 isocitric acid 108 £ 0.0 mg/L 111 +0.0 mg/L
3 ascorbic acid 63 + 2 mg/L 78 +2mg/L
4 lactic acid 0.2+0.0g/L 0.2 £+0.0g/L
5 citric acid 9.52 +0.00 g/L 9.69 +0.00 g/L

Table 3: Elution order and quantification of organic acids in orange
juice.
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Figure 5: black: chromatogram of aqueous standard solution of
organic acids, UV at 205 nm; blue: chromatogram of
grape juice, UV at 205 nm; orange: chromatogram of
spiked grape juice, UV at 205 nm.

standard addition method

= add 0.6 mL of an aqueous solution of target analytes (500 pug/mL
citric acid, 5 mg/mL tartaric acid, 1.25 mg/mL lactic acid and
7.5 mg/mL malic acid) to 1 mL grape juice

= fill up with eluent to 5 mL

peak number analyte quantification

with calibration

quantification
with standard
addition method
(n=3)

curve (n=3)

1 tartaric acid 2.74+0.00g/L 2.70 +0.00 g/L
2 malic acid 427 +0.00g/L 4.14 +0.24 g/L
3 lactic acid 0.2+0.0g/L 0.2 £+0.0g/L

4 citric acid 0.27 £0.00 g/L  0.27 +0.00 g/L

Table 4: Elution order and quantification of organic acids in grape
juice.
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White wine standard
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Figure 6: blue: chromatogram of aqueous standard solution of or-
ganic acids with 2.5 vol% ethanol, UV at 205 nm; orange:
chromatogram of diluted white wine standard (with
2.5 vol% ethanol), UV at 205 nm.

peak number

analyte quantification with cali-

bration curve (n=3)

1 tartaric acid 2.27 +0.00 g/L

2 malic acid 2.53 +£0.01 g/L

3 shikimic acid 32.99 = 0.11 mg/L
4 lactic acid 3.70 £ 0.04 g/L

5 acetic acid 0.96 + 0.01 g/L

6 citric acid 1.19+0.01 g/L

7 fumaric acid 6.76 + 0.06 mg/L

Table 5: Elution order and quantification of organic acids in white
wine standard.

White wine, vitis: WeiBer Burgunder
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Figure 7: blue: chromatogram of wine, vitis: WeiBer Burgunder, UV
at 205 nm.

peak number analyte quantification with quantification with

standard addition
method (n=3)

calibration curve
(n=3)

1 tartaricacid  2.07 + 0.00 g/L 2.16 £ 0.00 g/L

2 malic acid 1.77 £ 0.00 g/L 1.87 £ 0.00 g/L

3 shikimic acid 9.66 + 0.11 mg/L  15.13 + 0.18 mg/L
4 lactic acid 2.72 +0.02 g/L 2.71 £ 0.02 g/L

5 acetic acid 1.15+0.01 g/L 1.25+0.01 g/L

6 citric acid 0.73+0.01 g/L 0.80 + 0.01 g/L

7 fumaric acid  n. q. n.g.

Table 6: Elution order and quantification of organic acids in white
wine, vitis: WeiBer Burgunder.

White wine, vitis: Chardonnay
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Figure 8: blue: chromatogram of wine, vitis: Chardonnay, UV at

205 nm.

peak number EQENC quantification with cali-
bration curve (n=3)

1 tartaric acid 1.85 +0.00 g/L

2 malic acid 2.45 +0.00 g/L

3 shikimic acid 17.89 + 0.13 mg/L

4 lactic acid 0.11 +£0.00 g/L

5 acetic acid 1.07 £+ 0.02 g/L

6 citric acid 1.91+0.24 g/L

7 fumaric acid n.g.

Table 7: Elution order and quantification of organic acids in white
wine, vitis: Chardonnay.

White wine, vitis: MUller-Thurgau
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Figure 9: blue: chromatograrTr;meo[?"l]/vine, vitis: Muller-Thurgau, UV at
205 nm.
peak number analyte quantification with cali-
bration curve (n=3)
1 tartaric acid 2.57 +0.01 g/L
2 malic acid 2.54 £ 0.01 g/L
3 shikimic acid 52.41 = 0.08 mg/L
4 lactic acid 1.26 £ 0.02 g/L
5 acetic acid 0.71 £ 0.02 g/L
6 citric acid 0.52 + 0.03 g/L
7 fumaric acid n.g.

Table 8: Elution order and quantification of organic acids in white
wine, vitis: Muller-Thurgau.
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White wine, vitis: GrlUner Veltiner
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Figure 10: blue: chromatogram of wine, vitis: Grliner Veltiner, UV at
205 nm.

peak number

analyte quantification with cali-

bration curve (n=3)

1 tartaric acid 2.27 +0.00 g/L

2 malic acid 2.52 +0.01 g/L

3 shikimic acid 26.59 + 0.05 mg/L
4 lactic acid 1.26 £ 0.02 g/L

5 acetic acid 0.66 + 0.01 g/L

6 citric acid 0.83 +0.01 g/L

7 fumaric acid n. q.

Table 9: Elution order and quantification of organic acids in white
wine, vitis: Griner Veltiner.

Comparison of retention times after 10 times repea-
ted sample injection (orange juice)

2 3 4.5 §_ 1

0 5 10 15 20 25
Time [min]

Figure 11: black: chromatogram of orange juice, 1st injection, UV
at 205 nm; blue: chromatogram of orange juice, 5th in-
jection, UV at 205 nm; orange: chromatogram of orange
juice, 15th injection, UV at 205 nm.

peak number analyte

1 malic acid

2 isocitric acid
3 ascorbic acid
4 lactic acid

5 citric acid

Table 10: Elution order of organic acids in orange juice after 10
times repeated sample injection.

Recommended column reequilibration

= column should be rinsed with organic eluent after a sample se-
quence

= Eluent: 50 mmol NaH,PO,, pH 2.7 (addition of 6.0 g NaH,PO,
and of 850 uL concentrated phosphoric acid to 1 L eluent)

= Eluent B: methanol

= Gradient: 0-50% B in 5 min, 50% B for 10 min, 50-0% B in
5 min, 0% B for 15 min

Results and discussion

This work illustrates a cheap and quick method for the determina-
tion of important organic acids in fruit juices and in white wine by
HPLC. The chromatographic separation leads to sample-specific
acid profiles. In respect of the quantification method, it should be
noted that there was no significant difference between the standard
addition method and the quantification with external calibration cur-
ve. For the analysis of fruit juices, ascorbic acid was successfully
taken as analyte into the determination method. Because of less
stability of ascorbic acid the determination should be done by the
standard addition method. For all other organic acids the quantifica-
tion with an external calibration curve was successful. The compa-
rison of retention times show that after injection of 10 samples the
chromatographic results were unchanged. The alcohol content of
wine samples did not influence the separation of the organic acids
due to a 1:5 sample dilution with an aqueous eluent. With a series of
tests we confirmed that there was no significant influence of alcohol
content on HPLC between 0 to 12.5 % by volume in wine samples.
The results demonstrate that the determination of organic acids by
HPLC is a robust method that can be used for large sample num-
bers. For column maintenance a flushing step with organic eluents
(e.g., methanol) is recommended to remove non-polar compounds
of matrix from the HPLC column. The presented method is a sui-
table alternative to enzymatic determination procedures of organic
acids due to the low costs and the time-saving by simultaneous
determination of all organic acids in one run.
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Additional information

The following applications regarding “Determination of organic acids
in fruit juices and white wines” and further applications can be found
on our online application database at www.mn-net.com/apps:

MN Appl. No. 127440 (standard fruit juices)

MN Appl. No. 127450 (apple juice)

MN Appl. No. 127460 (orange juice)

MN Appl. No. 127470 (grape juice)

MN Appl. No. 127540 (standard white wine)

MN Appl. No. 127550 (weiBer Burgunder)

MN Appl. No. 127560 (Chardonnnay)

MN Appl. No. 127570 (Muller-Thurgau)

MN Appl. No. 127580 (Griner Veltiner)

MN Appl. No. 127590 (repeated sample injection)

Product information

The following MACHEREY-NAGEL products have been used in this
application note:

REF 729222, CHROMAFIL® Xtra PET-20/13

REF 760619.46, EC 250/4.6 NUCLEODUR® C,4 Gravity-SB, 5um
REF 702293, Screw neck vials N 9, 1.5 mL

REF 702107, N 9 PP Screw cap, yellow, center hole,

septum silicone white / PTFE red



