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Determination of some short chain carboxylic acids in
food by headspace gas chromatography

Biruté Bugelyté,

Headspace gas chromatographic analysis is suggested for the determination of

acetic and propionic acids in aqueous media. Derivatization of the acids was ac-
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complished by tributyl borate. The derivatization and headspace extraction were

coupled into a single step. Analytical characteristics of the suggested technique at
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the optimized derivatization/headspace extraction conditions were determined.

The technique was applied for the analysis of bakery products, ketchup, tomato
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paste and kefir.
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INTRODUCTION

Short chain carboxylic acids occur naturally in a number
of foods, mainly in fermented products as a result of ani-
mal metabolism, hydrolysis and microbial activity during
manufacture and storage. Also, organic acids are often
added as food preservatives as they reduce bacterial growth
by lowering the pH of food and thus demonstrate the an-
timicrobial effect [ﬂ]. For example, propionic acid serves
as a preservative for bakery products and for some cheese
products [E]. Propionic acid and sodium propionate are
currently authorised food additives in the European Union
for use in several food categories (bakery and cheese prod-
ucts) up to 3000 mg kg™'. The quantities of most other acids
(acetic, lactic, malic, citric) are not limited and are allowed
quantum satis [E].

Even if the quantities of the most short chain organic
acids are not regulated, determination of carboxylic acids
is important as the acids affect flavour, texture, aromatic
properties and bacterial growth, they show antimutagenic
effects, and can serve as authenticity and ageing mark-
ers [E—ﬂ].

There are many methods to determine short chain or-
ganic acids in foods. If the total content of carboxylic ac-
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ids is of interest, traditional procedures based on titration,
spectrophotometry or distillation can be employed [8]. In-
dividual short chain carboxylic acids are determined using
liquid chromatography, capillary electrophoresis and gas
chromatography [EI, E, E] .

Sometimes gas chromatographic determination of some
short chain carboxylic acids is accomplished directly, how-
ever this method often suffers from poor efficiency and
reproducibility and results in a rapid ageing of a chroma-
tographic column. A much more common way is derivati-
zation of the acids before the GC analysis. Derivatization
reactions are alkylation, acylation and silylation [H—@].
Derivatized carboxylic acids are less polar compounds and
thus exhibit a better gas chromatographic behaviour. More-
over, derivatization products are more volatile.

As a rule, food is a complex mixture, thus analytes
should be isolated from a matrix prior to the injection to
a gas chromatograph. The analytical techniques, that are
applied for isolating volatile compounds, include simulta-
neous distillation—extraction, solvent extraction, dynamic
purge and trap and headspace (HS) methods [@—@].
Headspace sampling followed by gas chromatographic
analysis is the fastest and cleanest method for analysing vol-
atile organic compounds in solid or liquid matrices [E, E,
@]. Headspace gas chromatography (HS-GC) allows one to
simplify the determination of volatile compounds by their
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isolation in the headspace of a sample vial and the subse-
quent automatic delivery of an aliquot of vapour to the GC
system for separation [@].

The aim of the present work was to develop a simple,
solvent extraction-free procedure of simultaneous derivati-
zation and headspace gas chromatographic determination
of some carboxylic acids.

EXPERIMENTAL

Reagents and solutions

Acetone (>99.9%), hexane (>98.5%), acetic acid (=99%),
oxalic acid (=299%), propionic acid (299.5%), succinic acid
(299%), tributyl borate (299.0%) and hydrochloric acid
(36.5-38.0%) were purchased from Sigma-Aldrich (Ger-
many). Stock solutions of carboxylic acids (acetic, oxalic,
propionic and succinic acids) (1 mg ml™ each) were pre-
pared in distilled water. Working solutions of carboxylic
acids were prepared by dilution of the stock solutions with
distilled water.

For the investigation of non-derivatized acids, working
standard solutions of the acids were prepared in acetone
(1 mg ml™ each).

Kefir ‘Naminis™ (Rokiskis), ketchup ‘Felix’ (Austria), to-
mato paste ‘Favorit’ (Lithuania), bread ‘Ajery’ (Lithuania),
croissant ‘7 days’ (EU) and biscuits ‘Plikyti’ (Lithuania) were
purchased from the local supermarket.

Instrumentation and gas chromatographic

conditions

The direct gas chromatographic analysis was performed on
a Shimadzu GC-2010 Plus series gas chromatograph (Shi-
madzu, Japan) equipped with a flame ionisation detector.
The GC system was equipped with the HP-5 capillary col-
umn (30 m x 0.25 mm id, 0.25 pm film thickness) (Agilent,
USA). Helium was employed as carrier gas with a constant
flow of 3 ml min™. The injector and detector temperature
was held at 250°C. Injection was performed in the split
mode (split 10:1). The oven temperature was programmed
as follows: 40°C for 1 min and from 40 to 250°C at 5°C min™".

The headspace gas chromatographic analysis was per-
formed on a PerkinElmer Clarus 580 series gas chromato-
graph (PerkinElmer, USA) equipped with a flame ionisa-
tion detector. The GC system was equipped with the Elite
200 capillary column (30 m x 0.25 mm id, 0.25 pm film
thickness) (PerkinElmer, USA). Headspace extraction and
sample introduction was performed on a PerkinElmer
Headspace Sampler Turbomatrix 16 (PerkinElmer, USA)
equipped with a balanced pressure system.

A headspace vial with the sample and the reagents was
positioned in the HS autosampler and equilibrated for
30 min at 95°C. The needle temperature was 110°C. The set-
tings of the headspace sampler were 2 min for pressuriza-
tion and 0.03 min for injection. Helium was employed as

carrier gas with 15.3 psi column head pressure. The injec-
tor temperature was held at 110°C. The detector tempera-
ture was held at 250°C. The GC oven temperature was pro-
grammed as follows: 40°C for 1 min and from 40 to 250°C
at 10°C min™".

RESULTS AND DISCUSSION

Gas chromatographic determination of carboxylic
acids

There are some works on the direct GC determination of
short chain carboxylic acids without their derivatization [E,
@]. Zenkevich et al. [@] suggest that derivatization is
desirable or necessary for simple dicarboxylic acids but
could be omitted for monocarboxylic acids. Thus, to verify
the possibility of gas chromatographic determination of
the analytes of interest (acetic acid, propionic acid, oxalic
acid and succinic acid) without their derivatization, the so-
lutions of the acids in acetone were directly injected into
the GC system.

The results obtained (Fig. ﬂ] and Table 1) demonstrated
that the peak shapes were not acceptable. For acetic acid
the peak asymmetry at 10% height was 0.561, the peak of
propionic acid was even more asymmetric (0.022). The peak
of oxalic acid was also of a bad shape. Moreover, it was split
so it was not possible to assess its symmetry. The peak of
succinic acid was not observed at all. This preliminary ex-
amination demonstrated that derivatization of the acids
was indispensable.

6 7 7 8 9 10 11 12 min

Fig. 1. Chromatograms of non-derivatized acetic (1), propionic (2) and oxalic (3)
acids. Chromatographic conditions are described in the Experimental Section

Since the aim of our work was to prepare a simple, sol-
vent extraction-free determination technique of carboxylic
acids in food, the derivatization technique had to be water-
insensitive. Pervova et al. for aliphatic acids derivatization in
aqueous media suggested tributyl borate as a derivatization
reagent and hydrochloric acid as a catalyst [@].We expected
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Table 1. Peak symmetry at 10% height

Non-derivatized Derivatized
Acetic acid 0.561 1.033
Propionic acid 0.022 0.870
Oxalic acid - 0.792
Succinic acid - 0.913

that butyl esters of the acids obtained during the derivatiza-
tion process should be sufficiently volatile for headspace gas
chromatographic determination.

The derivatization procedure suggested in [@] was slightly
modified and carried out at 95°C instead of 100°C in order to
adapt the derivatization method to the headspace gas chroma-
tographic analysis. The maximum allowable sample heating
temperature in headspace gas chromatography depends on
the solvents nature as the solvent’s vapour mainly determines
the pressure in the headspace. If the pressure is too high, some
instrumental problems may occur, the vial may cause leakage
or even break [E] . As the main solvent in foods is usually wa-
ter, in order to not exceed solvent’s vapour pressure the sample
heating temperature should not exceed 95°C.

Derivatization conditions were examined using
the aqueous solutions of the analytes. For the derivatiza-
tion, 0.1 ml of an aqueous analyte solution, 1 ml of tribu-
tyl borate and 0.1 ml of concentrated HCl were sealed and
heated at 95°C temperature for 40 min. Then the derivati-
zation products were extracted with 1 ml of hexane and
the hexane phase was injected into the Shimadzu GC for
analysis.

The results presented in Fig. E and Table 1 demonstrated
that the shapes and symmetry of derivatized acids signifi-
cantly improved.

Optimization of headspace gas chromatographic
conditions

The next step of the work was to examine the possibility to
determine the analytes of interest by headspace gas chro-

matography. This method seems to be especially attractive
due to the possibility to couple derivatization and head-
space extraction steps.

A derivatization procedure was carried out in a sealed
headspace vial placed in a headspace sampler oven at 95°C
temperature. Simultaneously a transfer of volatile derivati-
zation products to the headspace occurred. The equilibrium
distribution of the compounds between the sample phase
and the gas phase is defined by the temperature dependent
partition coefficient. Samples should be prepared to maxi-
mize the concentration of volatile components in the head-
space (i.e. to minimize the partition coefficients). The par-
tition coeflicient can be lowered (i.e. the concentration of
analytes in the headspace can be increased) by increasing
the temperature at which the vial is heated. In our case
the maximum allowable temperature that did not exceed
the boiling point of the main matrix component (water)
was applied.

Unfortunately, the peaks of oxalic and succinic acids
butyl esters were absent in the chromatograms. Probably
their volatility at the selected temperature was too low to
be detected by headspace gas chromatography. Thus, fur-
ther investigation was carried out on two acids — acetic and
propionic.

The time necessary to derivatize the carboxylic acids
and to simultaneously reach the equilibrium of the derivat-
ized analytes between the sample and the headspace was
determined. The derivatization/equilibration time up to
40 min has been investigated. As seen in Fig. E, the peak
areas of the analytes levelled off after 30 min. The optimum
derivatization/equilibration time of 30 min was therefore
chosen to achieve the maximum sensitivity without extend-
ing the time of analysis.

For the aqueous solutions containing acetic and propi-
onic acids, quality parameters such as linearity, limits of de-
tection and repeatabilities were determined under the opti-
mized conditions. The calibration curves were drawn with 7
calibration points with three replicate injections. The limits
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Fig. 2. Chromatograms of tributyl borate derivatized acetic (1), propionic (2), oxalic (3) and succinic (4) acids. Chromatographic conditions are described in the Experi-

mental Section
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Fig. 3. The influence of extraction time on the headspace extraction efficiency of
acetic (1) and propionic (2) acid derivatives. Extraction temperature 95°C, pres-
surization time 2 min, injection time 0.03 min

Table 2. Analytical characteristics

of detection (LOD) were defined as three times the base-
line noise. The repeatabilities were determined by five repe-
titions analysis of the analytes. The linear ranges, correlation
coefficients, limits of detection and relative standard devia-
tions are presented in [Table 2.

Real sample analysis
The prepared headspace gas chromatographic technique was
applied for the determination of acetic and propionic acids in
food samples. Kefir, ketchup, tomato paste, and three bakery
products have been analysed. 0.2-0.37 g of the sample were
weighted for the analysis, the sample was placed into a head-
space vial, 1 ml of tributyl borate and 0.1 ml of concentrated
HCI was added, the vial was sealed and the analysis were car-
ried on as described above.

The chromatograms of non-derivatized and derivatized
kefir evidenced the appearance of the peaks of acetic acid
and propionic acid butyl esters after derivatization (Fig. H).

Analyte Linear range, g I R

LOD, mg I! RSD, % (at 0.05 mol I-')

Acetic acid 0.002-0.5 0.997

0.9 25

Propionic acid 0.005-0.5 0.995

3.0 3.4

A

20 24 28 32 36 40 44 48 52 56 60 64 68 72 7.6 80 84 88 92 100 min

16 Acetic acid b

— L

Propionic acid

20 24 28 32736 40 44 48 52 56 60 64 68 72 76 80 84 88 92

10.0" min

Fig. 4. The chromatograms of non-derivatized (a) and derivatized (b) kefir. Chromatographic conditions are described in the Experi-

mental Section.
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The results of the analyses are presented in Table 3. Ace-
tic acid was determined in all the examined samples. In
the European Union the amount of acetic acid is not regu-
lated, the allowable amount should be sufficient to reach
the required pH. Propionic acid was present in kefir, crois-
sant and biscuits. The biggest amount of propionic acid was
detected in the croissant sample. The croissant was the only
product for which the concentration of calcium propion-
ate was indicated by producers (<0.1%). This is consistent
with the results obtained. The biscuit label says that calcium
propionate has been added, but its content is not indicated.
Anyway, its content does not exceed the permissible rate of
2000 mg kg™ for confectionery [E].

Table 3. Results of real sample analysis, g kg™ (n=3)

Aceticacid Propionicacid

Kefir 1.8+0.1 0.14+0.01
Ketchup 7.8+0.4 -
Tomato paste 2.4+0.1 -
Bread 3.9+0.2 -

Croissant 1.2+0.1 0.83+0.05

Biscuits 1.1£0.1 0.49+0.03

CONCLUSIONS

The investigation revealed that the peaks of non-derivatized
carboxylic acids were asymmetric, thus before the gas chro-
matographic analysis derivatization of the acids is indispen-
sable. The derivatization with tributyl borate was selected
as it was reported to be water-insensitive and thus suitable
for food samples without pre-extraction of the acids to
the organic phase. Moreover, derivatization conditions are
compatible with headspace extraction conditions, thus it is
possible to couple derivatization and headspace extraction
steps. The simultaneous derivatization/headspace gas chro-
matographic method was successfully applied for the de-
termination of acetic and propionic acids in kefir, ketchup,
tomato pasta and some bakery products. Unfortunately,
butyl esters of oxalic and succinic acids were not detected
probably because their volatility at the selected temperature
was too low to be transferred to the headspace.

Further work is underway, changing the derivatization
reagent and operating conditions in order to accomplish
the simultaneous derivatization/headspace extraction step
of dicarboxylic and tricarboxylic acids.
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KAI KURIY KARBOKSIRUGSCIUY

NUSTATYMAS MAISTO PRODUKTUOSE DUJU
CHROMATOGRAFINES VIRSERDVES ANALIZES
METODU

Santrauka

Acto ir propiono rag$tims vandeninéje terpéje nustatyti pasitlyta
dujy chromatografiné virSerdves analizé. Ragstys buvo derivati-
zuotos tributilboratu. Derivatizacija buvo sujungta su ekstrakcija
i virSerdve. Optimizuotomis derivatizacijos / virSerdvés ekstrak-
cijos salygomis buvo nustatytos pasiiilyto metodo analizinés cha-
rakteristikos. Metodas pritaikytas analizuoti kepinius, kec¢upg,
pomidory pastg ir kefyra.
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