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A method based on microwave-induced combustion (MIC) was applied for medicinal plants digestion allowing further 

chlorine determination by potentiometry using ion-selective electrode (ISE). Sample masses ranging from 500 to 1000 

mg were evaluated for MIC digestion. Water and 10, 25, 50, and 100 mmol L-1 NH4OH were investigated as absorbing 

solutions. The accuracy of the proposed method was evaluated by using certified reference materials (CRMs), by 

recovery experiments (500 µg g-1), and also by comparison with the results obtained by inductively coupled plasma 

optical emission spectrometry (ICP-OES) after microwave-assisted alkaline extraction (MAE). Using water or NH4OH 

solutions (10 to 100 mmol L-1), recoveries close to 100% and relative standard deviation lower than 5% were obtained. 

Results were in agreement with CRMs values (better than 95%) and also with those values obtained by using the MAE 

method. The main advantage of the proposed method was the complete combustion of high sample mass (1000 mg) 

resulting in low quantification limit (12.5 µg g-1) and chlorine determination at low concentration by ISE. Another 

advantage of the proposed method was the high chlorine stability in digests (up to 30 days of storage) even using water 

as absorbing solution, which is in agreement with green analytical chemistry recommendations. Finally, the proposed 

MIC method was applied for commercial medicinal plants and the chlorine concentration was in the range of 59.4 ± 1.4 

to 2038 ± 70 µg g-1. The proposed MIC method was considered suitable for quality control for chlorine determination in 

medicinal plants. 
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Introduction 
 

It is known that the use of plants for medicinal purposes 

date approximately 60 000 years ago. Nowadays, their use 

still have an important role in traditional medicine, being 

widely employed as raw material in the pharmaceutical 

industry (1). The medicaments from plants have been well 

accepted by consumers once they assumed that natural 

products present less toxicity (2). However, plants are not 

completely free from toxic metabolites, metals, and 

halogens from environmental, soil, pesticides, among 

other sources (3).  

Chlorine is considered an auxiliary micronutrient in 

photosynthesis processes on plants development (4). 

However, when absorbed in large amounts, can be toxic to 

plant tissues (4). Concerning to the human intake, 

generally it is associated with sodium in many types of 

food and is well known that chlorine plays an essential 

role in cells of organism (5, 6). In this way, the World 

Health Organization (WHO) has been recommended the 

intake ranging from 125 to 550 mg of chlorine per day (7). 

However, some studies have reported that chlorine may be 

more effective than sodium for increasing blood pressure 

(6), but these mechanisms are still unclear. Taking into 

account the chlorine importance for plants and human 

organism, its determination in medicinal plants is essential 

to ensure a safe product, as well as to provide relevant 

information about its concentration to consumers. 

Among the available techniques, inductively coupled 

plasma optical emission spectrometry (ICP-OES) (8), 

inductively coupled plasma mass spectrometry (ICP-MS) 

(9), ion chromatography (IC) (10), and potentiometry 

using an ion-selective electrode (ISE) are commonly used 

for chlorine determination (11). Among these techniques, 

potentiometry using ISE has low cost-effective and is 

simpler to use than others (11). However, for the 

measurements using this technique, chlorine ions must be 

quantitatively recovered in an appropriate solution. In this 

sense, sample preparation methods allowing this condition 

are necessary (5, 12). 

The Association of Association of Official Agricultural 

Chemists International (AOAC, 928.04A method) 

recommends a method based on extraction of chlorine 

from plants by using a 5% Na2CO3 solution followed by 

calcination at ≤ 500 °C, and solubilization of residue in a 

2.8 mol L-1 HNO3. The chlorine determination can be 

performed by using gravimetry or volumetry (928.04B and 

915.01 methods) (13). However, this method is subject to 

some drawbacks, such as losses of chlorine species 

through volatilization and also contamination since acids 

and open vessels are used (5, 11). 

In this context, other sample preparation methods, such as 

microwave-assisted alkaline extraction (MAE) (9), oxygen 

flask (12, 14), combustion bomb (15), and pyrohydrolysis 

(11) can be used for this purpose. However, disadvantages 

associated to interferences due to the high carbon content 

in solution (MAE), the use of relatively low sample mass 

(oxygen flask), and low throughput (pyrohydrolysis, 

oxygen flask and combustion bomb) (11) can be cited. 

In order to overcome these drawbacks, microwave-

induced combustion (MIC) has been proposed for an 

effective digestion of several matrices (16-18). The MIC 

method involves the use of quartz holder containing a 

sample pellet, a disc of filter paper, and the use of 50 µL 
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of 6 mol L-1 NH4NO3 igniter solution, which is introduced 

inside a quartz vessel. After, the vessel is closed, fixed in a 

rotor, pressurized with oxygen, and the ignition of 

combustion is performed by applying microwave 

irradiation (11, 19). After sample combustion, the analytes 

are retained in a suitable absorbing solution for further 

analytes determination by using a several techniques (5, 

11, 20). One of the main advantages of the MIC method is 

the possibility of burning a high sample mass, allowing the 

analytes determination at low concentration. Other 

advantages, such as low risk of contamination, high 

throughput, and the possibility to the use of water or 

diluted alkaline solutions to absorption of the chlorine 

avoiding losses by volatilization, can be mentioned (11, 

19). 

In this context, the purpose of the present study was to 

demonstrate the suitability of the MIC method for 

medicinal plants digestion for further chlorine 

determination by potentiometry using a simple and 

inexpensive technique as ion-selective electrode (ISE). 

Water and NH4OH solutions were evaluated for analytes 

absorption after the MIC method. Additionally, a study 

was performed during a period of thirty days in order to 

evaluate the stability of chlorine in the investigated 

absorbing solutions. The accuracy of MIC method was 

evaluated by using certified reference materials (CRMs), 

by recoveries experiments and, by comparing with those 

results obtained after the MAE method and chlorine 

determination by ICP-OES. Additionally, a method 

recommended by AOAC (928.04A) was applied in order 

to evaluate its adequability for further chlorine 

determination in medicinal plants by ISE. 

 

Experimental section 
 

Instrumentation 

 

The MIC and MAE methods were performed by using the 

same microwave oven (Multiwave 3000, Microwave 

Sample Preparation System, Anton Paar, Austria) 

equipped with eight high-pressure quartz vessels with 80 

mL of internal volume. The maximum temperature and 

pressure allowed using this system were 280 °C and 80 

bar, respectively. The software version used was v1.27 

(previously modified to run with a maximum pressure rate 

of 3 bar s-1 and not the original 0.8 bar s-1 value). For MIC 

method, commercial quartz holders (Anton Paar, part 

number 16427) were used to support the filter paper and 

the sample inside of the quartz vessels. A muffle furnace 

(LF0913, Jung, Brazil) was used for the AOAC method 

and platinum crucibles (capacity of 50 mL) were used for 

this sample preparation method. 

Before the use of MIC, MAE, and AOAC methods, 

samples and CRMs were ground using a mill (Model A 11 

B, IKA®, China), dried in an oven at 105 °C, for 120 min 

and pressed as pellets (diameter of 13 mm) using a 

hydraulic press set at 3 ton (Specac, England). An 

analytical balance (model AY 220, max. 220 g, 0.0001 g, 

Shimadzu, Japan) was used for sample weighing. 

Chlorine determination was carried out using a 

potentiometer (Model 7.1 pH/Ion meter, Metrohm, 

Switzerland) equipped with an ion-selective electrode 

(Model 6.0502.120, Metrohm) and reference electrode of 

Ag/AgCl (Model 6.0726.100, Metrohm). An inductively 

coupled plasma optical emission spectrometer with axial 

view configuration (Spectro Ciros CCD simultaneous 

spectrometer, Spectro Analytical Instruments, Germany) 

was used for chlorine determination in solutions obtained 

after the MAE method, which was used for comparison of 

results. 

The same equipment was used for carbon determination in 

final solutions obtained after MIC, MAE and AOAC 

methods. This spectrometer was operated with a cross-

flow nebulizer (TQ-30-A3, Meinhard, USA) and a Scott-

type double pass spray chamber (Glass Expansion, 

Australia). The argon flow rate (with 99.998%, White 

Martins-Praxair, Brazil) used for plasma, auxiliary, and 

nebulization gas was set to 14.0, 1.0 and 1.00 L min-1, 

respectively. Radiofrequency power was set to 1550 and 

1400 W for chlorine and carbon determination, 

respectively. The monitored wavelength for chlorine, 

carbon, and yttrium (used as internal standard during 

carbon measurements) were 134.724, 193.091, and 

371.029 nm, respectively. 

 

Samples, reagents, and reference solutions 

 

In this study, nine commercial Brazilian medicinal plants 

(Achyrocline satureioides – “macela”, Aesculus 

hippocastanum- “horse chestnut”, Baccharis halimifolia – 

“carqueja”, Illicium verum – “star anise”, Melissa 

officinalis – “Melissa”, Rhamnus purshiana – “cascara 

sagrada”, Tilia cordata- “tilia”, Trigonella foenum-

graecum – “fenugreek”, and Zingiber officinale – 

“ginger”) were purchased in a local drugstore. For the 

accuracy evaluation, CRMs of apple leaves (NIST 1515) 

and peach leaves (NIST 1547) from National Institute of 

Standards and Technology were used. 

All the reagents used in this work were of analytical grade. 

Water obtained from a Milli-Q system (18.2 MΩ cm) was 

used to prepare all standard solutions. The HNO3 (65%, 

Merck, Germany) used in the AOAC method was purified 

by using a sub-boiling distillation system (DuoPur, 

Milestone, Italy). Concentrated nitric acid (P.A, 65%, 

Merck, Germany) was used for cleaning step of quartz 

vessels and holders. A stock solution containing 10000 mg 

L-1 of chlorine was prepared by the dissolution of KCl salt 

(Merck,) in water and used for to prepare the calibration 

solutions of ISE and ICP-OES equipment. Calibration 

solutions for chlorine determination by ISE and ICP-OES 

(in the range of 250 to 10000 µg L-1 and 1 to 10 mg L-1, 

respectively) were prepared by serial dilution of the stock 

standard solution in water (ISE) and 10 mmol L-1 NH4OH 

(ICP-OES). For chlorine measurements by ISE, standards 

and sample solutions were diluted (1:1) with 1.0 mol L-1 

KNO3 (Merck) (used as an ionic strength adjuster). 

In order to evaluate the digestion efficiency for MIC, 

carbon in solution was determined by ICP-OES (21). For 

carbon determination, calibration solutions (5 to 500 mg L-

1) were prepared by dilution using a stock solution of 1000 

mg L-1 of C from citric acid (Dinâmica, Brazil) in water. 

Yttrium (1 mg L-1) was used as internal standard (Spex 

https://www.sciencedirect.com/topics/chemistry/hydraulics


Nascimento MS et al. / Drug Anal. Res., v. 5, n. 1, p. 19-25, 2021 

21 

CertiPrep, 1000 mg L-1, Metuchen, USA) in blanks, 

standards, and samples. Before analyses, volatile carbon 

species were removed using Ar flow 0.1 L min-1 for 2 min, 

as recommended in previous study (21). 

As igniter for the MIC method, 50 µL of 6 mol L-1 

NH4NO3 solution were used and this solution was 

prepared by the dissolution of the respective salt (Merck) 

in water. A small disc of filter paper (15 mm diameter, 

14.8 ± 0.4 mg) with low ash content (Black Ribbon 

Ashless, Schleicher & Schuell GmbH, Dassel, Germany) 

was used as aid for the combustion process. The filter 

paper was previously cleaned with ethanol in an ultrasonic 

bath (P120H, 37 kHz, 330 W, Elma Sonics, Germany) for 

40 min, rinsed with water, and dried in a class 100 laminar 

flow bench (CSLH-12, Veco, Brazil) for 2 h. Absorbing 

solutions were prepared by dilution of NH3 (25%, Merck) 

in water to prepare 10 to 100 mmol L-1 NH4OH solutions. 

The 5% Na2CO3 solution (used in the AOAC method) was 

prepared by dissolution of respective salt (Merck) in 

water. Tetramethylammonium hydroxide (TMAH, 25%, 

Merck) was used in the MAE method. 

 

Sample preparation methods 
 

Microwave-induced combustion (MIC) method 

 

For the development of the proposed MIC method, initial 

experiments were performed using Zingiber officinale. 

Sample pellets with mass ranging from 0.5 to 1.0 g were 

prepared in order to evaluate the maximum sample mass 

that could be efficiently digested by the MIC method. 

Samples were placed on the quartz holder containing a 

filter paper with 50 µL of 6 mol L-1 NH4NO3, used as 

igniter solution. Then, the quartz holders were introduced 

into the respective quartz vessels containing 6 mL of 

absorbing solution. After, vessels were closed, placed on 

the rotor, and pressurized with oxygen at 20 bar as initial 

pressure. The rotor containing the vessels was placed 

inside of the microwave oven and the following 

microwave-heating program was applied: i) 1400 W for 5 

min (reflux step) and ii) 0 W for 20 min (cooling step). 

Final digests were diluted with water up to 25 mL. After 

each run, cleaning of vessels and holders was performed 

with 6 mL of concentrated HNO3 under microwave 

irradiation for 10 min at 1400 W (reflux step) and 20 min 

at 0 W (cooling step) and the same microwave irradiation 

program was applied using 6 mL of water. 

 

Microwave-assisted alkaline extraction (MAE) method 

 

In order to compare the results obtained after the MIC 

method, chlorine extraction was performed according to 

previous studies (9, 22). The Zingiber officinale sample 

was used and sample masses (0.25 mg) were weighed and 

placed on the quartz vessel and 10 mL of water and 10 mL 

of 25% TMAH were added. After, vessels were closed and 

placed in the rotor. The rotor was placed inside of the 

microwave oven and the following microwave-heating 

program was applied: i) 1400 W for 15 min (ramp of 10 

min) and ii) 0 W for 20 min (cooling step) (22). After 

microwave heating program, resultant solutions were 

diluted with water up to 25 mL, before chlorine 

determination by ICP-OES. Before measurements, extracts 

were filtered through 0.45 µm of polyvinylidene difluoride 

(PVDF) membrane (Millex-HV, Millipore) and diluted 

with water. After each run, the cleaning of vessels was 

performed using 6 mL of concentrated HNO3 under 

microwave irradiation for 10 min at 1400 W (reflux step) 

and 20 min at 0 W (cooling step). After the cleaning the 

vessels holders with water, the same microwave irradiation 

program was applied using 6 mL of water. 

 

AOAC method 

 
In this study, the method recommended by AOAC 

(928.04A method) was applied (13). Thus, 5.0 g of the 

Zingiber officinale sample were weighed, placed in 

platinum crucible and 20 mL of 5% Na2CO3 solution were 

added. Thereafter, the samples were placed in a muffle at 

≤ 500 ºC for about 2 h. After, the residue was washed with 

hot water, filtered (filtrate 1) and again placed in a muffle 

at ≤ 500 ºC. The remaining ashes were dissolved using 2.8 

mol L-1 HNO3 and filtered (filtered 2). The solutions 

corresponding to filtrates 1 and 2 were mixed, filled to 50 

mL in volumetric flasks and then chlorine determination 

was performed by ISE. The cleaning of the platinum 

crucible was performed using 20 mL of 5% HNO3 and 

heating at about 100 ºC during 2 h at 100 ºC in hotplate 

and, posteriorly, rinsed with water. 

 

Validation of the MIC method 

 

The validation of the proposed MIC method was 

performed according to the International Conference on 

Harmonization (ICH) recommendation (23). The accuracy 

of the MIC method was evaluated by using two CRMs 

(NIST 1515 and NIST 1547), and by recovery experiments 

performed by adding an equivalent concentration of 500 

μg g-1 of chlorine on the solid sample before the 

combustion (corresponding to 50 μL of a 10000 mg L-1 

solution). Furthermore, the accuracy was also evaluated by 

comparing the results obtained after the MIC method with 

those results obtained after the MAE method and chlorine 

determination by ICP-OES. The limit of quantification 

(LOQ) for ISE was estimated as follows: LOQ = x + k∙SD 

(were x corresponds to the mean of the blank measured, k 

corresponds to numerical factor according to the 

confidence level required (k = 10) and, SD is the standard 

deviation of ten blank measurements. The linearity was 

expressed as related coefficients (R2) of analytical curve. 

The robustness was evaluated by the variations of 

important method parameters, as e.g., sample mass, type 

and concentration of absorbing solution. Regarding to 

repeatability and the intermediate precision of the 

proposed MIC method, they were evaluated based on the 

relative standard deviations (RSDs) by analyzing each 

solution sample for three days (inter day precision) and 

with three replicated analysis per day (intra-day precision). 

The statistical calculations were performed using 

GraphPad InStat (GraphPad InStat Software Inc, Version 

3.00, 1997) software and a confidence level of 95% was 

used. 
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Results and Discussion 

 

Evaluation of the sample mass for the MIC method 

 

Initial experiments were carried out to evaluate the 

maximum sample mass to be digested using the proposed 

MIC method in order to obtain suitable LOQs. Thus, 

Zingiber officinale sample masses from 500 to 1000 mg 

were burned and the maximum pressure achieved during 

the combustion was monitored. These experiments were 

performed using 50 µL of 6 mol L-1 NH4NO3 solution (as 

aid for combustion) and 20 bar of oxygen (as initial 

pressure). The maximum pressure value achieved during 

the combustion using 500, 600, 700, 800, 900, and 1000 

mg of sample was 32.1, 32.9, 33.8, 35.7, 37.1, and 38.2 

bar, respectively. Using higher sample masses (1000 mg), 

the maximum pressure achieved during the combustion 

corresponded around 48% of the limit recommended by 

the manufacturer for routine operation (80 bar). When 

compared with the other sample preparation methods (as 

combustion bomb and oxygen flasks), the proposed MIC 

method presented many advantages, such as the possibility 

of digestion of higher sample masses and high throughput 

(eight samples can be simultaneously digested). The 

system used for MIC method contains temperature and 

pressure control allowing to apply a reflux step after the 

combustion assuring quantitative recoveries of the analytes 

(11, 19). An important aspect is that even using relatively 

high sample mass, the digests obtained after the MIC 

method presented low carbon content (lower than 25 mg 

L-1). Low carbon content in solutions is important to avoid 

possible interferences in the chlorine determination by 

ISE. In addition, it was not needed to apply a dilution step 

before chlorine measurements by ISE, allowing the 

chlorine determination by ISE at low concentration. 

Furthermore, due to the combustion of a relatively high 

sample mass (1000 mg), it was possible to determine 

chlorine at low concentration using ISE, an analytical 

technique relatively simple and of low cost when 

compared to plasma-based techniques or ion 

chromatography (8, 9, 12). 

 

Evaluation of the absorbing solution for the MIC method 

 

It is well known that the type and the concentration of the 

absorbing solution for halogen absorption after the MIC 

method must be carefully evaluated to ensure quantitative 

results (11, 19). Previous studies have reported that the use 

of water or diluted alkaline solutions can be suitable for 

halogen absorption after the combustion in a variety of 

samples (10, 11, 17). 

In order to investigate the suitability of absorbing solution 

for chlorine determination in medicinal plants by ISE, 

water and 10, 25, 50, and 100 mmol L-1 NH4OH solutions 

were used. Experiments were carried out using 1000 mg of 

Zingiber officinale, 20 bar of oxygen as initial pressure, 

and the volume of absorbing solution was set at 6 mL. 

Recovery experiments were performed by spike of 500 μg 

g-1 of chlorine (corresponding to 50 μL of a 10000 mg L-1 

solution) on solid samples before the combustion using 

optimized conditions. The results are shown in Figure 1. 

 
Figure 1. Influence of absorbing solution for chlorine absorption 

from medicinal plants using 6 mL of water, 10, 25, 50, and 100 

mmol L-1 NH4OH solutions, with reflux step of 5 min. 

Determination was performed by ISE (error bars represent the 

standard deviation, n = 3).  

 

As can be seen in Figure 1, recoveries close to 100% were 

achieved for chlorine using water or NH4OH solutions (10 

to 100 mmol L-1) and the RSDs were lower than 5% for all 

solutions investigated. The use of water or alkaline 

solutions provided negligible blank values. It is important 

to mention that the use of water or diluted solutions is an 

important aspect because can to reduce reagents 

consumption, as well as laboratory residues generation.  

In order to verify the stability of the chlorine in the 

absorbing solutions investigated, MIC digests were stored 

in closed polypropylene vessels at 4 °C for a period 

ranging from 1 to 30 days. Thus, chlorine was determined 

by ISE and results are presented in Figure 2. The reference 

values were the results obtained in the same day MIC that 

digestion was performed (Day 1). 

 

 
Figure 2. Concentration of chlorine in solutions after MIC. 

Conditions: (■) Water or (■) 10, (■) 25, (■) 50, and (■) 100 

mmol L-1 NH4OH as absorbing solution and 5 min of reflux step 

for 3, 7, 15, 20, 25, and 30 days of storage. Chlorine 

determination was performed by ISE (error bars represent the 

standard deviation, n =3). 

 

As can be seen in Figure 2, no losses of chlorine were 

observed up to 30 days of storage, independent on the 

absorbing solution used (ANOVA, confidence level of 

95%). This relatively long stability, even using water as 

absorbing solution, can be possible due to the pH of the 

final digested obtained after MIC method (about 6) that 

helps to keep the analyte in solution (17). Additionally, it 

is reported that the presence of some elements, such as Ca, 

K, and Mg (generally present in high concentration in 
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botanical samples), may contribute to maintain the 

halogens into a solution (17). In this way, according to the 

suitability of the water for chlorine absorption after the 

MIC method and the high analyte stability in solution, 

water was chosen as the absorbing solution for the 

subsequent chlorine determination in medicinal plants by 

ISE. 

 

AOAC method limitations 

 

The AOAC 928.04A method for chlorine determination in 

medicinal plants was evaluated in this study and compared 

to those using MIC (13). The results obtained for chlorine 

after the AOAC method agreed to those obtained after the 

MIC method in about 45% (630 ± 40 and 1145 ± 35 µg g-

1, respectively using the same medicinal plant). This low 

agreement can be partially explained due to losses of 

volatile chlorine species at 500 °C using an open system. 

Furthermore, it is important to emphasize that the use of 

acids is not recommended for further halogens 

determination due to possibility of formation of 

compounds easily lost by volatilization, as well as 

interferences during the measurements (5). According to 

the results, although the AOAC methods has been a 

common choice for botanical samples, it may not be 

accurate. This result reinforces the need to develop more 

accurate and precise sample preparation methods for the 

subsequent determination of chlorine in plants. 

 

Analytical figures of merit 

 

The accuracy of the proposed MIC method was evaluated 

by using two CRMs: apple leaves (NIST 1515) and peach 

leaves (NIST 1547). Results are shown in Table 1. 

 

Table 1. Results obtained for CRMs after the MIC method using 

water as absorbing solution. Chlorine determination was 

performed by ISE (μg g-1, mean ± standard deviation, n =3). 
Sample Reference values MIC method 

NIST 1515 579 ± 23 551 ± 28 

NIST 1547 360 ± 17 349 ± 12 

 

As shown in Table 1, an agreement better than 95% (t-test, 

95% of confidence level) and RSDs below 5% for both 

CRMs were obtained. Additionally, the accuracy was also 

evaluated by comparison of results obtained by ICP-OES 

after the MAE method (Table 2) and no difference was 

observed by comparing with the proposed the MIC 

method (determination by ISE). The LOQ obtained for 

chlorine by ISE was 12.5 µg g-1. The relatively low LOQ 

can be partially associated to the negligible blank values 

obtained after the combustion as well as the use of high 

sample mass (1000 mg). The correlation coefficient (R2) of 

calibration curve was 0.990. This result indicated a good 

linear response for the evaluated concentration range (250 

to 10000 µg L-1). The proposed method was considered as 

robust since the results to small variations of the sample 

mass (950 to 1050 mg) and absorbing solution (water or 

alkaline solution) during measurements by ISE have 

changing less than 5%, showing no effect on experiments 

results. For repeatability and intermediate precision, the 

results obtained were considered suitable since it was also 

lower than 5%. 

 

Chlorine determination in medicinal plants by ISE after 

the MIC method 

 

After optimizing all conditions, the MIC method was 

applied for nine Brazilian medicinal plants and respective 

results obtained by ISE are shown in Table 2. For 

comparison, results obtained using the MAE method and 

determination by ICP-OES are also shown. 

 
Table 2. Concentration of chlorine in medicinal plants obtained 

by ISE after the MIC method and ICP-OES after the MAE 

method (mean and standard deviation, µg g-1, n = 3). 

Sample 
Cl concentration 

MIC     MAE 

Achyrocline satureioides 1120 ± 46 1130 ± 99 

Aesculus hippocastanum 281 ± 10 299 ± 25 

Baccharis halimifolia 1060 ± 48 1179 ± 55 

IIllicium verum  61.4 ± 2.5 63.4 ± 5.2 

Melissa officinalis 1644 ± 47 1688 ± 150 

Rhamnus purshiana 59.4 ± 1.4 60.3 ± 5.6 

Tilia cordata 313 ± 5 323 ± 28 

Trigonella foenum-graecum 2038 ± 70 2055 ± 180 

Zingiber officinale 1145 ± 35 1195 ± 99 

 

As shown in Table 2, the chlorine concentration in 

medicinal plants obtained by ISE after MIC method was in 

the range of 59.4 to 2038 µg g-1. The chlorine 

concentration in the samples investigated in the present 

study was in agreement to data found in the literature for 

samples of botanical origin (8, 9, 24). Results obtained 

after the MIC method presented no statistical difference (t-

test, 95% of confidence level) in comparison with those 

obtained after the MAE method (chlorine determination by 

ICP-OES). 

Regarding to MAE method, it was important to mention 

that the carbon present in final solutions was relatively 

high, about 6 g L-1. In this way, a filtration and a dilution 

step of around 5 times were required before the chlorine 

determination by ICP-OES, resulting in an increase of 

LOQ (62.5 µg g-1). Additionally, chlorine determination 

by ISE after the MAE method was not possible due to high 

carbon content in final solutions even after dilutions and 

filtrations. It is accepted that the presence of high carbon 

concentration in solution can result in deposition in the 

interface of electrode, changing its sensitivity and response 

time of sensor during the analytes measurements (25). In 

this way, special care should be taken for accurate chlorine 

measurements by ISE at low concentration, after 

extraction-based sample preparation methods. 

 

Conclusions 
 

The proposed MIC method was considered suitable for the 

decomposition of medicinal plants and further chlorine 

determination by ISE. The digests obtained after 

combustion presented low carbon content (< 25 mg L-1), 

avoiding interference by carbon deposits on the electrode 

membrane surface. Using the same conditions, high 

analyte stability was obtained (up to 30 days of storage). It 
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is important to note that the use of water for chlorine 

absorption, as well as its high stability are considered 

important advantages of the proposed method. The 

proposed method provided a good throughput when 

compared to the combustion bomb and oxygen flask, since 

up to eight samples were efficiently digested in only 5 min 

by MIC. Another advantage of the proposed method is the 

use of water or diluted absorbing solutions, which is 

according with the green analytical chemistry 

recommendations. Taking into account to the advantages 

obtained, the MIC method can be considered a suitable 

alternative for the subsequent determination of chlorine by 

ISE and can be used in routine analysis for quality control 

of medicinal plants. 
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