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Separation modes such as anion-exchange, ion-
exclusion, and reversed-phase have been used in the 
analysis of organic acids by HPLC . In recent years, more 
and more cases have been analyzed using ion-exclusion 
modes with columns dedicated to organic acids.

However, in order to improve the separation in ion 
exclusion mode, it is necessary to lengthen the analysis 
time.

In this study, an ion exchange column was used.
Analyses were conducted using a combination of "ion 
exclusion mode" and "hydrophobic interaction mode" 
with a reversed-phase column. The use of two general-
purpose-size columns with different separation modes 
(250 x 4.6 mm I.D.) enables the rapid simultaneous 
analysis of 8 components including phosphoric and 
organic acids.

Comparison with the previous report (Technical 
Note No. 1)

The data in Technical Note No. 1 showed that the separation of 
citric acid, tartaric acid, lactic acid, and formic acid was difficult, 
but improvement was made.

** Benefits **

1. Combining the ion exclusion mode with 
reversed-phase mode allows the separation of 8 
organic acids!
2. Postlabelling with BTB (bromothymol blue) 
reagent  eliminates contaminants!
3. Two columns of general purpose size (4.6 x 250 
mm I.D.) are used for the separation, which is 
inexpensive and  offers fast to analysis!

Sample (standard sample)
1. Phosphoric acid (phosphate) (1 mg/mL)
2. Tartaric acid (tartaric acid)(1mg/mL)
3. Malic acid (malate) (1 mg/mL)
4. Formic acid (formic acid) (1 mg/mL)
5. Citric acid (citric acid) (1 mg/mL)
6. Lactic acid (lactic acid) (1 mg/mL)
7. Acetic acid (acetic acid) (1 mg/mL)
8. Succinic acid (succinate) (1 mg/mL)
9. Pyroglutamic acid (pyroglutamic acid) (1 mg/mL)

HPLC conditions 
Mobile phase : 3mM HClO4
Reaction solvent       : 0.1mM BTB + 30mM Na2HPO4
Columns : Inertsil Ph-3 (250× 4.6 mm I. D.)

+ Inertsil CX (250 × 4.6 mm I.D.)
Mobile phase flow rate          : 0.5 mL /min
Reaction solvent flow rate    : 0.5 mL / min
Temperature                             : 35 ˚C
Detector                                     : UV-Visible at 440 nm
Injection volume                      : 10 μL
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*Detection Lower Limit and Calibration Curve*
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Compound Concentration (µg/mL) R2

Phosphoric acid 12 0.998
Tartaric acid 16 1.000

Malic acid 13 0.999
Formic acid 10 0.999
Citric acid 15 1.000
Lactic acid 27 1.000
Acetic acid 19 0.995

Succinic acid 15 0.999
Pyroglutamic acid 43 0.999
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		Report		Channel		# Records

		面積		UV		8

		Date		Time		Sample Id		File Name		Method Name		User Name		Vial		Volume		Autosampler Program		1		2		3		4		5		6		7		8		9

		10/28/05		10:36:40		1ppm　EX360 0.5%-086		C:\岸山\有機酸\標品　食品 4\2mM 800g 003.dat		C:\岸山\有機酸\解析.met		System		192		10		800		823760		898145		855896		1280107		895449		490516		943912		1027926		461764

		10/28/05		10:05:25		1ppm　EX360 0.5%-086		C:\岸山\有機酸\標品　食品 4\2mM 800g 002.dat		C:\岸山\有機酸\解析.met		System		192		10		800		808432		932793		856770		1287225		886433		504761		923443		1026002		437375

		10/28/05		9:34:04		1ppm　EX360 0.5%-086		C:\岸山\有機酸\標品　食品 4\2mM 800g 001.dat		C:\岸山\有機酸\解析.met		System		192		10		800				827813		861394		1318790		896965		507768		949715		1036586		464909				1.3333333333

		10/28/05		11:39:11				C:\岸山\有機酸\標品　食品 4\2mM 600g002.dat		C:\岸山\有機酸\解析.met		System		193		10		600		560717		636594		629822		948815		665197		369717		674485		756583		336601		745753.61

		10/28/05		11:07:54				C:\岸山\有機酸\標品　食品 4\2mM 600g001.dat		C:\岸山\有機酸\解析.met		System		193		10		600		560950		624289		633460		952007		657467		367673		696754		766392		350766		746063.5

		10/28/05		12:41:32				C:\岸山\有機酸\標品　食品 4\2mM 400g002.dat		C:\岸山\有機酸\解析.met		System		194		10		400		302156		411377		416830		630471		435263		243114		444966		497134		210164		315246

		10/28/05		12:10:21				C:\岸山\有機酸\標品　食品 4\2mM 400g001.dat		C:\岸山\有機酸\解析.met		System		194		10		400		315973		415593		425058		643331		447863		245903		447211		522146		228573		342859.5

		10/28/05		13:12:52				C:\岸山\有機酸\標品　食品 4\2mM 200g001.dat		C:\岸山\有機酸\解析.met		System		195		10		200		9354		210501		211724		323084		218321		117704		224396		252522		101729		122074.8

																						リン酸 サン		酒石酸 シュセキサン		りんご酸 サン		ギ酸 サン		クエン酸 サン		乳酸 ニュウサン		酢酸 サクサン		コハク酸 サン		ピログルタミン酸 サン

																				800		746063		827813		861394		1318790		896965		507768		949715		1036586		464909

																				600		560950		624289		633460		952007		657467		367673		696754		766392		350766

																				400		315973		415593		425058		643331		447863		245903		447211		522146		228573

																				200		153492		210501		211724		323084		218321		117704		224396		252522		101729
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		Compound		Concentration (µg/mL)		R2

		Phosphoric acid		12		0.998

		Tartaric acid		16		1.000

		Malic acid		13		0.999

		Formic acid		10		0.999

		Citric acid		15		1.000

		Lactic acid		27		1.000

		Acetic acid		19		0.995

		Succinic acid		15		0.999

		Pyroglutamic acid		43		0.999
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*Ion Exclusion Mode*

*BTB (bromothymol blue) method*
Because detection using the BTB method is made using a visible wavelength at 440 nm,  samples such as crops, dressings, 
and soy sauce, which contain many contaminants, can also be analyzed
See Technical note No. 1 - Highly Selective Assays 

The use of BTB reagent results in  low 
absorption at 440 nm for weakly alkaline 
mobile phase only and a high 
absorption for weakly acidic samples.

This difference is used to detect the 
peaks of interest.

To reduce the total cost of organic acid analysis
The use of inexpensive silica columns reduces the 
cost of the separation columns.

High resolution
Inertsil CX is a silica gel-based column, the CX 

media has less diffusion with a greater number of 
theoretical plates per fixed volume than a polymer-
based column.

Reducing the analysis time
The time required for a single analysis can be reduced to 

25 minutes compared to the use of a typical organic acid-
only column.

Silica-based columns with higher pressure resistance can 
be used to shorten the analysis time by increasing the flow 
rate.

Features of organic acid analysis and introduction of analysis system

*Features

Cation exchange
packing m

aterial

The ion exclusion mode uses the strong and weak 
repulsive force of the ion exchange group on the packing 
material to separate the target analytes on the basis of 
ionic strength.
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PH9
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Column
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Determinants of separation time

1. [Penetration into the pores]
The penetration power into the pore is 

determined by the size of the charge (pKa value).

Higher pKa = greater penetration

2. [Electrostatic exclusion due to the negative charge of 
the packing material]

Molecules with a large negative charge (small pKa) 
and are subject to large electrostatic exclusion and elute 
more quickly.

Small pKa = fast elution

Penetration

Week 
repulsion

Strong 
repulsion 

Because molecules are separated by ionic strength,
The stronger the anionic strength, the faster the elution.

Elution order
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Example of Analysis
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Organic Acid Analysis 
in Red Wine
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Sample

Dilution

HPLC

filtration

1mL

H2O 10mL

0.45 μm GL Chromatodisk

Pretreatment

Sample

Dilution

HPLC

Filtration

1 mL

H2O 10 mL

0.45 μm GL Chromatodisk

Pretreatment

Organic Acid Analysis in Beer

1. Phosphoric acid (phosphate)
2. Tartaric acid (tartaric acid)
3. Malic acid (malate)
4. Formic acid (formic acid)
5. Citric acid (citric acid)
6. Lactic acid (lactic acid)
7. Acetic acid (acetic acid)
8. Succinic acid (succinate)
9. Pyroglutamic acid (pyroglutamic acid)

1. Phosphoric acid (phosphate)
2. Tartaric acid (tartaric acid)
3. Malic acid (malate)
4. Formic acid (formic acid)
5. Citric acid (citric acid)
6. Lactic acid (lactic acid)
7. Acetic acid (acetic acid)
8. Succinic acid (succinate)
9. Pyroglutamic acid (pyroglutamic acid)

Organic acids absorb at UV 210 nm, but when brewed foods such as red wine and beer are analyzed at low 
wavelengths using UV 210 nm, many contaminants are detected, making it difficult to quantify only the target analyte.

However, the BTB method allows selective detection of organic acids because it shifts the detection wavelength to 
440 nm.

Time （min）

Time （min）
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Aquatic 25A 0.45 µm filter
Cat. No. 5040-28512

Inertsil Ph-3 5 µm 250 x 4.6 mm I.D. Cat.No. 5020-01921
Inertsil CX 5 µm 250 x 4.6 mm I.D. Cat.No. 5020-07146

Analytical 
column

Pump
Column Oven (35 ˚C)

Pump

Eluent Reaction solvent

Autosampler

Built-in degasser

Flow diagram

0.5 mL/min

0.5 mL/min Inertsil CXInertsil Ph-3

Product 
name

Maternal silica gel Chemical Modification

Particle 
size

Surface 
area

Pore 
size

Bonded 
group

End-
capping

Carbon 
load

Ion 
Change 
capacit

y

P
h

Inertsil Ph-
3

5 µm 450 
m2/g

100 Å Phenyl 
group

Non 10 % -

C
X

Inertsil CX 5 µm 450 
m2/g

100 Å Benzenesulf
on-ic group

Non 14 % 0.5 
meqv/g

Detector
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