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Summary

Three HPLC methods have been tested in order to com-
pare their separation of apple and cider organic acids. Op-
timum results for simultaneous determination of malic, cit-
ric, quinic, succinic, lactic and shikimic acids have been ob-
tained using an RP—18 column with phosphate buffer as
the mobile phase.

This method was applied to organic acids monitoring during
the ripening of apples and throughout the fermentation pro-
cess. After filtration and degasification the organic acids in
the sample were separated, and quantified by using a diode
array detector.

Recovery studies show good results for all solutes

(88%—106%). The coefficients of variation show excellent
precision (5%).

introduction

Carboxylic acids are important constituents in many foods,
either present in the raw material as in apples and in apple
juice or as a result of fermentative processes as in cider.
Their concentration determines pH and may affect the
flavour and taste of the cider and susceptibility to microbial
spoilage.

The nature of the processes carried out in the making of
cider is affected by the quantity and the kind of acids pre-
sent in the apples. For example, the concentration of malic
and quinic acid in ripening apples is an important factor in
determining the time of harvest because their concentration
decreases during ripening. The ciders manufactured from
the early apples where there is a high concentration of
these two acids have a fresh green taste. Furthermore,
these acids are metabolized by the lactique bacteria so that
great decrease or absence of malic acid and the presence
of lactic acid in a cider indicates that a secondary bacterial
fermentation (malolactic fermentation) has occurred, confer-
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ring microbial'zstability on the cider and a less marked taste.
Citric acid is metabolized to acetic acid and the shikimic and
quinic acids are transformed into single phenols (cathecol,
ethylcathecol) and other compounds [1]. Finally, the en-
zymatic activity and the chemical alterations are also influ-
enced by the acidity.

Because carboxylic acids occur in natural products as mix-
tures with similar chemical properties the estimation of any
particular acid normally requires a separation step before
quantification. Organic acids in foods and beverages may be
analyzed by several different chromatographic techniques.
The applicability of a specific method to routine analytical
practice is determined by the simplicity and rapidity of the
determination, including the sample preparation.

Gas chromatography {2] has been used for the determina-
tion of organic acids. However, since most organic acids are
not sufficiently volatile, the preparation of suitable volatile
derivatives is required (the conversion of carboxylic groups
into methyl esters or trimethyisilyl esters) and these
chromatographic technique does not meet the simplicity re-
guirement because of the complicated preparation of sam-
ples.

High performance liquid chromatography (HPLC) affords a
rapid and simple technique for analyzing certain mixtures of
organic acids. Many analytical methods have been reported
for the separation and determination of organic acids [3—9].
According to some authors [10], four main methods are
commonly used, namely ion-exchange chromatography, ion-
exclusion chromatography, ion-pair chromatography and re-
versed-phase chromatography.

The choice of method depends on the nature of the acids
to be analyzed and of the matrix in which they are present
as well as their relative concentration in the sample.

This paper is concerned with the application of HPLC
methods to the organic acids monitored in the course of the
ripening of apples, and the fermentation of ciders. It de-
scribes a rapid procedure for quantifying malic, quinic, citric
and shikimic acids in apple extracts using a column packed
with octadecyl silica (C~18) with a phosphate buffer as
eluent. This method has also been used for the determina-
tion of the compounds, mentioned above, and of lactic and
succinic acids which are formed in the course of the
malolactic fermentation and as sub-product of the
glyceropyruvic fermentation, in apple juices and ciders [11].
Some alternative column packings for organic acid analysis
are also presented.
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Typical analytical results are reported for five varieties of ap-
ples in different stages of ripening and two apple juices in
several stages of fermentation.

Experimentai

A LKB (Bromma, Sweden) Liquid Chromatograph was used.
The chromatograph was equipped with a Model 2150 pump,
a Rheodyne Model 7125 injection valve equipped with a
20 wl loop, a LKB Model 2140 rapid spectral detector and an
[BM data station. Column effluents were monitored at a
wavelength of 206 nm. Analyses were performed isocrati-
cally at a flow rate of 0.5 ml/min and a temperature of 25°C.
Quantification was based on peak area measurements.

The HPLC columns were a 200 X 7.8 mm i.d. (Interaction
[ON—-300) packed with a cation exchange resin in the hy-
drogen ion form; a 250 X 4 mm i.d. 5 pm Spherisorb NH,;
and a 250 X 4 mm i.d. 5 um Spherisorb ODS-2 (C 18).

Column temperature was raised by placing the columns in &
thermostat regulated by a circulating water bath.

The mobile phases were buffer solutions consisting of
1072M or 7.5 1072 M potassium dihydrogen phosphate (KH,
PO,), adjusted to different pHs with phosphoric acid
{(HsPO,); H,SO, (0.02N to 0.005N) prepared by diluting
reagent grade sulfuric acid with MilliQ water (Millipore).

The solvents used for the mobile phases were of HPLC
grade and were employed as supplied.

Analytical grade organic acids without further purification
were used as standards: malic, guinic, lactic, citric, succinic
and shikimic acids were purchased from Sigma (St. Louis,
MO, USA) and Merck (Darmstadt, FRG).

Apple extracts were prepared as described by Richmond et
al, [12] with some modifications in order to ensure the ex-
traction of other components present in apples [13]. Before
injection, apple extracts, apple juice and cider were filtered
through a 0.45 pm Millex membrane to remove impurities
that might be present. The carbonated ciders were first de-
gassed for five minutes in an ultrasonic bath. Complete trip-
licate analyses were performed on all samples to enable cal-
Culation of average deviations which were useful as a means

of Mmeasuring the extraction and chromatographic reproduc-
ibility,

Results and Discussion

Standards of the acids were prepared individually in ultra
Pure water and chromatographed separately in order to de-
termine the retention time for each acid. The acids were
then chromatographed as a mixture and chromatographic
tonditions were altered to maximize peak resolution.

Three different columns were used for the analysis. One
Was packed with an Interaction cation exchange resin in the
hydrogen form. The separation mechanism is largely by
Donnan exclusion of the acids and hydrophobic interactions
ad steric effects also influence retention. Acids of inter-
Mediate strength (such as most carboxylic acids) are par-
tially ionized, The degree of dissociation, and therefore re-

tention, can be controlled by adjusting the pH of the acid
eluent,
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On resin columns operated in the hydrogen form, fructose
and malic acid can co-elute, which is a potential problem in
the analysis of organic acids in apple juice unless detection
at a longer wavelength (220 to 230 nm) is used.

This column, ION—300, operated at elevated temperatures
(45°C—-90°C) using dilute sulphuric acid (0.005N—0.02N)
as eluent at flow rates of 0.3—0.4 ml/min with UV detection
at 206 nm.

Initial separation was performed at 45°C with 0.005 N
H,80, mobile phase and 0.3 ml/min flow rate. The
chromatogram showed poor separations of components with
a large overlapping of malic and quinic acids and co-elution
of succinic, shikimic and lactic acids. Changes in
chromatographic conditions (acid concentration ineluent, in-
creasing column temperture to 90°C and increasing eluent
flow-rate) failed to improve the resolution. An aqueous stan-
dard chromatogram containing a mixture of organic acids is
illustrated in Fig. 1. Another column used in this separation
was Spherisorb NH, with buffer solutions of KH,PO,/H;PO,
as mobile phase. As a result of optimization studies (pH
from 3.0 to 4.5; ionic strength from 1072 M to 7.5 1072 M;
and temperature from 15°C to 55°C) the experimental condi-
tions were fixed as: pH = 4.25; ionic strength 7.5 1072 M;
temperature 25°C and flow rate 7 ml/min. Fig. 2 shows the
results obtained with this column. As can be seen, overlap-
ping of the quinic and lactic acid appears and the succinic
acid is not well resolved. Furthermore, the later peaks show
a great broadening which makes quantification difficult. Fur-
thermore, this stationary phase showed a slight solubility in
the mobile phase, resulting in a reduced stability. Therefore,
the use of an RP—18 bonded phase that was more stable
and withstood buffer salt changes and high temperature
without suffering a loss of column efficiency was consi-
dered.
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Fig. 1:

Chromatogram of a standard organic acid mixture. Column: ION—SQO
200 x 7.8 mm i.d. Mobile phase: H;SO, 0.0 N; flow rate 04 ml/m!n;
temperature; 55°C. 1 = quinic acid; 2 = malic acid; 8 = shikimic acid;
4 = lactic acid; 5 = citric acid; 6 = succinic acid.
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The relative retention time of organic acids by reverse-
phase HPLC is critically dependent on pH in the pH 2—3
range. Although this means that pH control and buffering
capacity for a given separation must be closely controlled, it
does also offer the potential for optimising separation ac-
cording to the sample being analysed.

Conditions were optimized by changing one parameter at a
time while keeping the others constant in order to improve
the separation. As a result of the optimization studied the
operating conditions for the HPLC system, using an RP—18
column, were as follows: flow rate 0.5 mi/min; pH 2.25;
temperature 25°C and ionic strength 1072 M.

The detection wavelength was 206 nm. This affords the pos-
sibility of detecting the succinic acid (which contributes to
sensorial characteristics of ciders) from the first stages of
fermentation because as can be seen in the isogram (Fig. 3)
the greatest sensitivity was observed here. Fig. 4 shows the
results obtained with this column. In comparison with the
previous columns good resolution was obtained for all the
acids studied, in addition to acetic acid, allowing its quantifi-
cation to be performed also.
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Fig. 2:

Chromatogram of a standard organic acid mixture. Column: Spherisorb
NH2, 250 X 4 mm i.d. Mobile phase: KH,P0,/HaPO, 0.075 M; pH 4.25;
flow rate: 1 ml/min; temperature 25°C. 1 = quinic acid; 2 = malic acid;
3 = shikimic acid; 4 = lactic acid; 5 = citric acid; 6 = succinic acid.
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Fig. 3:
Isogram of organic acids, shawing the isoabsorbance contours plotted in
the wavelegth-time plane.
Column: Spherisarb ODS-2 250 x 4 mm id. Mobile phase: 0.01 M
potassium dihydrogen phosphate (KH,PO,)/HsPOy, pH 2.25; flow rate:
0.5 mi/min; temperature 25°C. 1 =quinic acid; 2= malic acid;
3 = shikimic acid; 4 = lactic acid; 5 = acetic acid; 6 = citric acid;
7 = succinic acid.
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Fig. 4:

Chromatogram of a standard organic acid mixture. Acids and chromato-
graphic conditions as in Fig. 3.

Table 1. Evolution of organic acids in apples during the last three months of ripening.

Concentration in mg/g (* ng/g) ]
N 29/9/87 20/10/87 2/11/87 6/11/87 16/11/87 1/12/87 14/12/87
Qwrnc 123+0.06 041 +£007 0.38 £ 0.02 0.26 = 0.02 0.35 £ 0.17 0.19 +0.02 0.13£003
DURON Ma.I|<.: . 3.96 £ 0.1 2.78 £0.02 270+£0.2 3.72+0.28 231 £0.18 251 £0.05 1.71x0.16
ARROES Shikimic 510 %85 240 +21 425 +3.1 323 +49 250 +1.6 516 +49 354 34
Quinic 0.78 + 0.09 0.55 + 0.03 0.25 + 0.05 0.33 £ 0.03
' 55 £ 0. 25+ 0. 330 0384007 011£002 009*002
COLLAOS Ma)xg » 340 % 0.29 2.45 +0.28 2.28 + 0.1 3.42 + 0.09 2,61 £0.07 181 +011 1.28+005
Shikimic 420 +59 23.0 31 10.2 +£37 235 *+14 150 1.3 326 +3.0 235 =21
Quinic 0.25 +0.04 0.10  0.04 0.37 £ 0.05 002+0
: 10 £ 0. 37 + 0. .02 £ 0.05 0.49 £ 0.06
MEANA Ma‘llc.: . 5.65 + 0.09 4.90 £ 0.32 3.53 £ 0.22 4,50 + 0.61 3.31 £ 0.11
Shikimic* 8.0 *1.0 74 +£50 6.2 1.1 8.2 *04 77 541
Quinic 0.29 + 0.08 0.24 + 0.09 0.31 £ 041 0110
. 24 + 0. 31 +0. 11 £0.01 0.22 + 0.1
PICONA Mghg . 1.74 £ 0.23 46 *£019 2431043 214 £ 0.18 1.72 £ 0.156
RAYADA Shikimic* 320 +26 13.0 =40 33.0 1.1 490 %22 320 *£2.0
Quinic 0.16 = 0.07 0.15 £+ 0.05 0.13 £ 0.12 005+0
: 15+ 0. A3+ 0. .05 £ 0.01 0.08 £ 0.01
RAXAO Ma.lic.: ‘ 537 05 2.14 £ 0.01 3.62 £ 0.25 5.66 £ 0.66 341 +£0413
Shikimic* 11.0 =03 30.0 +26 9.0 £14 120 =04 300 +£1.8
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Quantification and Recovery

A typical chromatogram for an apple extract using the
operating conditions specified is shown in Fig. 5. The reso-
fution obtained for all acids allowed their quantification to be
carried out. The quantification of the acids was achieved by
using the external standard method. The calibration curve
data were generated by repeated injections of a fixed vol-
ume, 20 pl, of standard solutions of acids covering a broad
concentration range. The resulting peak areas were deter-
mined, plotted against concentration and stored in the data
module. [njection volumes of 20 ul were employed for all
quantitative evaluations and the amount of acids was directly
obtained from the data module. A recalibration was regularly
performed with standard solutions to obtain new response
factors. Typical results and standard deviations of triplicate
determinations for five varieties of apples extracts in five
stages of maturity are presented in Table | and Fig. 6. It can
be seen that the concentration of malic acid generally
shows a steady decrease although with some variaties of
apples it reaches a maximum and then decreases. The
quinic acid decreases quickly in the first phases of ripening,
and the shikimic acid — always present in very small quan-
tities — undergoes small changes. It was not possible to de-
termine the citric acid because this acid was present in
small concentration and it was only detected when the malic
acid was present in greater concentration, confirming that
both acids have a similar evolutive process [14]. Results and
standard deviations of triplicate determinations for two apple
juices in several stages of fermentation are presented in

AN
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Fig. 5:

Typical chromatogram of organic acids in an apple ext'ract. Colum'ns apd
chromatographic conditions as in Fig. 3. 1 = quinic acid; 2 = malic acid;
3 = shikimic acid,
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Table Il and Fig. 7. During the course of fermentation the or-
ganic acids undergo a number of changes due to bacterial
activity, which are controlled by pH value. It can be seen
that the malic and citric acid concentration decreases, while
the lactic and succinic acid concentration increases.
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Fig. 6:

Evolution of organic acids in “Collaos” apples during the last three
months of ripening. Column and chromatographic conditions as in Fig. 3.
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Fig. 7:
Evolution of organic acids in apple juice during three months of fermen-
tation. Column and chromatographic conditions as in Fig. 3.
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Table 2. Evolution of organic acids in apple juices during three months of fermentation.

Shikimic

Lactic

Citric

Succinic

DATE Quinic Malic

2/1/88 0.1278 % 0.009 2.3030 + 0.023

o 4/1/88 0.1327 £ 0.048 2.0999 + 0.37

W 14/1/88 0.1253 £ 0.020 1.3192 + 0.44

& O 19/1/88 0.0645 £ 0.011 1.0801 £ 0.11
<3 4/2/88 0.0724 £ 0.006 1.1194 £ 0.092
18/2/88 0.1014 £ 0.005 1.0399 £ 0.100
23/3/88 0.0549 + 0.006 0.0116 = 0.002
14/1/88 0.0637 £ 0.007 0.9809 + 0.018
W 'U_J 19/1/88 0.1157 £ 0.009 0.7817 = 0.015
80O  4/2/88 0.1470 + 0.011 0.0498 + 0.001
<=2 18/2/88 0.1201 £ 0.017 0.0193 + 0.002
23/3/88 0.1533 £ 0.019 0.0237 + 0.001

0.0145 % 0.0006
0.0144 £ 0.0013
0.0083 =+ 0.0004
0.0038 % 0.0002
0.0049 % 0.0003
0.0062 + 0.0003
0.0221 + 0.0001

0.0078 % 0.0005
0.0138 = 0.0010
0.0240 £ 0.0010
0.0239 * 0.0004
0.0247 + 0.0020

0.0257 + 0.010
0.1652 =+ 0.022
0.2391 % 0.069
0.2268 * 0.031
0.2690 = 0.078
0.3349 = 0.043

0.0654 =+ 0.017
0.1127 %+ 0.004
0.1506 % 0.015
0.1941 = 0.012
0.3769 * 0.051

0.1221 £ 0.012
0.1528 & 0.017
0.0591 % 0.003
0.0574 + 0.007
0.0518 £ 0.015
0.0390 + 0.021

0.0362 + 0.007
0.0688 + 0.004
0.0584 £ 0.009
0.0201 £ 0.005

0.2431 £ 0.051
0.2593 + 0.073
0.4350 £ 0.027
0.4405 + 0.043
0.6035 + 0.001
0.6209 + 0.049
0.9606 + 0.244

0.5108 £ 0.084
0.6970 £ 0.115
0.7359 £ 0.119
0.7721 £ 0.160
0.9707 + 0.174

In order to determine the accuracy of the method, recovery
studies were carried out. Known amounts of malic, citric,
succinic, quinic, lactic and shikimic acids were added to a
variety of samples and the resulting spiked samples were
subjected to the entire analytical sequence. Three different
concentration levels of spiked acids were analyzed. The re-
coveries were calculated based on the difference between
the total amount determined in the spiked samples and the
amount observed in the non-spiked samples. Complete
duplicate analyses were performed.

The recoveries of organic acids added to apple extracts and
apple juices were over 100% for all acids.

Conclusions

The method reported here appears to be a useful and ver-
satile procedure for research on the evolution of organic
acids in apple extracts, apple juices and ciders. [t does not
necessitate long and tedious clean-up, extraction or isola-
tion operations. The procedure is rapid, simple and econom-
ical. For juices, only a sample dilution is needed and ana-
lysis time is reduced to minutes at most. The proposed
method of analysis can probably be applied to other foods
and beverages.
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