Mansoura Journal of Chemistry, Vol. 32 (2), December, 2003,

OPTIMIZATION AND SIMULTANEOUS DETERMINATION
" OF ORGANIC ACIDS BY NON-SUPPRESSED ION
CHROMATOGRAPHY AND ITS APPLICATION
ON SOME MEDICINAL PLANTS (PART I)

Shaker J. Azhari
Department of Chemistry, Faculty of Applied Sciences,
Umm Al-Qura University , P.O.Box 76035, Makkah,
Saudi Arabia
(Received: 1976/ 2003)

ABSTRACT

A non-suppressed ilon chromatography for the
determination of some organic acids is proposed. Eight
organic acids including, formic, acetic, ascorbic, succinic,
lactic, citric, tartaric and oxalic acids were separated and
identified. The separation was achieved on an anion
exchange column (Shim pack 1C Al, 4.6 mm IDX 100mn)
with a mobile phase consisting of 2.45 mM phthalic acid,
2.35 mM of tis- {(hydroxymethy!l-) aminomethane and 0.2
mM of N-{{ (ethylamino) thioxomethyl]
hydrazinocarbonylmethyl) trimethyl ammonium chloride
(ETHTC). The purpose of this work is to improve the
analytical parameters and to characterize the simultaneous
determination of organic acids by non-suppressed ion
chromatography to routine analysis. The proposed method
has numerous advantages over the other widely used: shorter
analysis time, lower quantization and detection limits. The
performance characteristics of the method were established
by determining the following validation parameters:
precision, accuracy, linearity, detection and quantization
limits.

Also, the proposed method was successfully applied
for the separation of some organic acids from some medicinal
plants including mentha vridis, mentha longivolia, origanum
majorana and cymbopogon winterianus which are existing in
different places at Saudi Arabia.
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1. INTRODUCTION

The determination of organic acids in medicinal leaves is very
important. Their presence and relative ratio, in fact, can affect the
chemical and sensorial characteristics of the matrix (e.g., pH, total acidity
and microbial stability) . In this context, organic acids are measured
[Timpa & Burke (1986); Gansedo & Luch (1986); Wilson et al.,
(2002); Palmer & List (1973); PaLMER, (1955); Bengtsson &
Samuelson (1972); Bengtsson & Samuelson (1971) and Saccani et al,,
(1995)] using enzymatic methods or liquid chromatographic techniques.
Also, it has been reported that the negative peak influences the
determination of acetic and lactic acids for alcoholic drinks [Ding et al.,
(1991)] or ascorbic acid for tea samples. In order to resolve these
problems, a mixed eluent of 2.7mM of phthalic acid and ( 2.2mM tris +
0.2 m M of ETHTC) was used in our studies. The traditional HPLC
techniques with rejection index or UV detector not always allow the
separation of minor organic acids [Timpa & Burke (1986) and
Gansedo & Luch (1986)].

The prime goal in this paper is to develop a simple and
reproducible HPLC method for rapid separation and quantification of a
group of some major organic acids. Also, this method is applied for the
separation and determination of these organic acids in some medicinal
leaves.

2- EXPERIMENTAL

2-1 Apparatus :

The ion chromatographic measurements were carried out using
HIC-6A (Shimadzu, Japan) consisting of an LC- 10 AD liquid delivery
pump, a DGU- 12 A Degasser, Rheodyne (77251) injection value with a
20 pl sample loop, CTO - 10 AVP column oven, CDD-6A conductivity
detector and SCL 10 AVP system controller. The anion exchange column
(Shim pack Ilc Al, 4.6 mm IDX 100 mm), was purchased from
Shimadzu. The column oven was maintained at 40°C. Data acquisition
and treatment were accomplished using a Shimadzu data system C-R7A
chromatopac.
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2-1-1 Reagents :

All the organic acids used in this study were of analytical reagents
grade. All chemicals were purchased from BDH chemicals Ltd poole

England.

' N-{[(ethylamino)  thioxomethyl]  hydrazinocarbonylmethyl}
trimethyl ammonium chloride (ETHTC) was prepared in our laboratory
[Mostafa, unpublished results]. Double distilled deionized water was
filtered through 0.2 um Whatman membrane . A stock solution of 1000
mg 1" was prepared for each organic acid

All standard solutions, eluents, and reagents were prepared in
double distilled deionized water and filtered through 0.2 pm Whatman
membrane filter.

2-1-2 Sample preparation :

20 g of each one of the four medicinal samples under
investigation namely, mentha longifolia (laniaceae) mint (mentha),
labjatea (origznum mujorane) and gramineae (cymbopogon witerianus),
was placed in a flask containing 70 ml double distilled deionized water.
The mixture was heated at different temperatures (60, 70, 80, and 90 °C)
for 5,10, 15, 20, 25 and 30 min. After cooling, the solution was filtered
through a 0.2 pm Whatman membrane fiiter and then the filtered solution
was transferred to 100ml flask and double distilled deionized water
added to 100ml. This sample solution was injected into the ion
chromatograph directly. Each sample was run ten times.

2-1-3 The optimum conditions :

The optimum analytical condition have been established to
separate eight organic acids simultaneously using Shim pack IC Al
column, with 2.45 mM phthalic acid and 2.35 mM tris- (hydroxymethyl)
aminomethane at pH=3.40; flow rate 1.5 ml / min and at 40°C. The data
obtained was then compared with the eluent solution containing a
mixture of 02 mM of N {[ethylamino) thioxomethyl)]
hydrazioncarbonyl methyl} trimethyl ammonium chloride (ETHTC) in
addition to the above mentioned eluent at pH = 3.63 and a flow rate 1.5
ml/min.
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3- RESULTS AND DISCUSSION

3-1 Effect of phthalic acid concentration.

The effect of phthalic acid concentration on the retention volume
(Vr) of the organic acids was investigated. Fig.1 shows that the Vg
values of organic acids increase with increasing the acid concentration.
The data show that the background of eluent concentration increases with
increasing the concentration of phthalic acid. The best concentration was
found to be 2.45 mmol.

3-2 The effect of flow rate on the retention time.

The effect of flow rate on the retention time was carried out at
different flow rates ranging from 0.9 to 1.5 ml/min (table 1) and
represented graphically in Fig.2. The data obtained indicates that the
resolution time decreases by increasing the flow rate. Also, the results
show that the most efficient separation of organic acids under
investigation is obtained using a flow rate of 1.5 ml/min. On increasing
the flow than 1.5 mi/min., we observed that the separation process
becomes difficult and overlapped.

3-3 Effect of eluent pH on the retention behaviour of organic acids.

Different pH values in the 2.82-4.84 range (table 2) were used in
order to achieve the optimum resolution time. Fig.4 shows that the
retention volume of organic acids decreases with increasing the pH of the
eluent strength for phthalic acid by promoting the degree of dissociation
(pka = 2.95 and pk; = 5.41 for phthalic acid). The results indicate that an
excellent separation for the species under investigation is obtained by
using pH = 3.4 . Also, the peaks overlap has been obtained on using pH
above 3.4 and the overlap reaches its maximum at pH=4.84 more than
that observed at pH=3.73. The degree of resolution of organic acids is
improved by adding  N- {[(ethylamino)  thioxomethyl]
hydrazinocabonylmethyl} trimethylammonium chloride (ETHTC).
Different concentrations of ETHTC (0.2 mmol- 2.0 mmol) were used.
The results indicate that the efficiency of separation process is increased
with decreasing the concentration of ETHTC.
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Table (1): The effect of flow rate on retention time (min R )

investigated organic acids.

54

of

Flow Ascorbic | Succinic | Lactic | Formic | Citric | Tartaric | Oxalic
rate | Acetic acid acid acid acid acid acid acid
ml/ acid
| min
0.9 1.61 1.713 3,125 4775 6.219 | 8.453 | 10.856 | 11.979
1.1 1.578 1.672 2.937 4,122 | 5738 | 7455 | 9.113 | 10.885
1.2 1.535 1.63 2.789 3925 | 5236 | 6928 | 8312 0.99
1.3 1.5 1.61 2.335 3.567 | 4,736 | 6.236 | 7.537 9.535
1.35 | 1.498 1.583 2,153 3.125 | 4253 | 5839 | 6932 8.986
1.45 1.479 1.563 1.983 2.785 | 3.856 | 5.231 | 6.395 8.452
1.5 1.438 1.537 1.798 2.172 3.54 4.713 5.951 7.87

Table (2): The effect of the eluent pH on retention behavior (Vg ) of
investigated organic acids.

Acetic Ascqrbic Succ'inic Lac}ic Forr_nic Citfic Tart?ric qulic
pH acid acid acid acid acid acid acid acid
—2.82 3.5 3.65 3.78 4.26 --- --- — ---
296 | 3.2 3.54 3.56 4,13 589 | 7312 --
314 3.1 3.25 3.4} 3.85 552 6952 | 8346 --
34 | 2938 | 3.073 3298 | 3.672 | 504 | 6.213| 7451 9.37

373 | 2.65 2.69 275 3.16 | 476 | 5.86 6.12 7 W
484 | 2.11 2.14 2.24 ] 2.78 \;1.33 L5.47 5.7 6

3-4 Effect of column temperature and eluent strength on the
retention time.
The effects of column temperature and eluent strength on the

retention time are shown in Fig.4 and represented in Table 3.

The

retention times of organic acids increase with increasing the eluent
concentration form 2.0 upto 2.45mM and with decreasing the

temp

erature.
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Also, the retention times for the six eluent strength decrease when
the column temperatures increase from 25 to 40°C. The results on (Fig.4)
show that the resolution at 40°C and concentration 2.45 mM, gives the

shortest retention time. On comparing our results with Qiu’s method
 [Qiu & Jin (2002)], we observed that the process of selection of
temperature and eluent strength is very easy. In addition, our results of
the optimum conditions enable us to reduce the resolution time for the
eight organic acids from 16.59 to 7.87 min .

3.5 Effect of ETHTC on tR and sensitivity .

The effect of addition of ETHTC to the mobile phase on the tR
shows that the retention time is slightly decreased on adding ETHTC.
The detection limits (S/N = 3 ) for various organic acids are given in
Table 4. The results show that the detection limits obtained by using a
mixture of 245 mM phthalic acid 235 mM N-hydroxy
methylaminomethan and 0.2 mM of ETHTC at pH = 3.63 are efficiently
lowered compared to those those obtained in the absence of ETHTC.
Also, the data shows that the conductivity of the mobile phase containing
ETHTC is 125.7 w/cm while the conductivity reaches 107.8 pw/cm in the
absence of ETHTC. Such increase in conductivity may be due to the
lowering in the background conductivity [Ding et al., (1997)] leads to the
increase in detection sensitivity. On the other hand , our results show
that the increase of background conductivity will led to increase. In
detection sensitivity. This is mainly attributed to the presence and
contribution of ETHTC in the' composition of the mobile phase. Table 4
shows the calibration graphs of the peak areas for all analytes. This table
also indicates the linearity of the peak area with regression coefficient
(r®) of (0.9990 - 0.9997).

3.6 Application :

The efficiency of extraction of each analyst differs by varying
temperature (60, 70, 80 and 90 °C) for the different time values (5,10
15,20, 25 and 30min ) with relative standard deviation (R.S.D.) below
3%. Table (5) shows that the most suitable temperature and time for
extraction of the organic acids under investigation are 90 °C and 30 min,
respectively. Also, the results show that sample numbers 1,3 and 4
contain eight organic acids. Meanwhile, sample (2) contains only six
organic acids with the absence of both formic and tartaric acids.
Moreover, the results indicate that sample (3) is stable for 3 days, sample
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(2) for 2 days while sample 1,4 are stable for only one day if kept in
refrigerator. The contents of organic acids start to decompose after the
stability period mentioned above. All samples show the obscure of
organic acid contents after six days except sample (1) which is totally
decomposed after five days. Moreover, the results indicate that both
ascorbic and lactic acids are unstable in comparison to the other six acids
and decomposed completely after four days for all sample. All the four
samples are precipitated after 7 days.

The chromatograms of the standard mixture of organic acids and
samples are shown in figs. 1 and 2, respectively .

Table . 4 . Detection limit (S/N=3),linear range of organic acids and regression coefficient.

Detection limit (mg /L Linearity | _ Regression |
Compound Phihalic_scid(uis) Ph(maligc acid)+(tris+L) Range(mg)/L) Coefficient (r°) |
Acetic acid 0.20 0.095 0.5-500 0.9991 '
Ascorbic acid | 0.14 0.017 0.5-3000 0.9998
Succinic acid | 0.32 0.07 0.5-5000 0.9991
Lactic acid | 0.23 0.075 0.5-1500 09998 .
Formic acid 021 0.067 0.5-1200 0.9993 |
Cirricacid | 0.63 0.065 1-2500 0.9991 !
Tartaric acid | 0.41 0.02 0.5-2000 0.9993
Oxalic acid | 0.10 0.025 | 0.5-3000 0.9991

Tris :( hydroxymethyl ) aminomethane
L :ETHTC
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Conductivity Response us/cm

— T — ¥ L]

Retention Time{min)

Fig . 5 . Typical resolution for a mixture of organic acids.
column , shim — pack IC Al, temperature 40°C, eluent mixture of
2.45 mM phthalic acids and 2.35 mM tris (hydroxymethyl)
aminomethane ( pH ) 3.40 ; flow rate 1.5ml/min .
peaks :1 = acetic acid ; 2 = ascorbic acid ; 3 = suceinic acid ;

4 = lactic acid ; 5 = formic acid ; 6 = citric acid ;7 = tartaric acid
8 = oxalic acid
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Fig . 6 . Typical resolution for a mixture of organic acids.
column , shim — pack 1C Al, temperature 40°C, eluent mixture
of 2.45 mM phthalic acids and 2.35 mM tris ( hydroxymethyl )
aminomethane +0.2mM N{{(ethylamino) thioxomethy! ]
hydrazinocarbonylmethyl} trimethyl ammonium chloride
( pH 3.63 ) ; flow rate 1.5ml/min .
peaks :1= acetic acid ; 2 = ascorbic acid ; 3 = succinic acid ;
4= Jactic acid ; 5 = formic acid ; 6 = citri¢ acid ;7 = tartaric acid
8 = oxalic acid .
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CONCLUSION

An IC method with non suppressed conductivity detection for
analyzing organic acids in some medicinal plants was developed and
optimized. The optimal conditions for separating organic acids by using
2.45mM phthalic acid, 2.35mM tris (hydroxymethyl) aminomethane, 40
°C, flow rate 1.5ml/min. and pH 3.40 were found to be favorable. In
order to increase the sensitivity the above eluent was used in addition to
0.2mM of ETHTC at pH 3.63. This new eluent gives more favorable
and excellent results in comparison to that mentioned above in absence of
ETHTC and that reported in literature. On using this ligand(ETHTC) a
typical analysis was completed in less than 8 mins.
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