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Abstract
Herbal medicinal plants have a crucial role in health and social concepts worldwide. The quality
of these products affects the expected remedies when using them. There are several analytical
methods used for identifying the composition and following these products shelf life. The
objective of this study is to use an electronic tongue (ET) for quality control of a local herbal
medicinal plant product called Relax. Two multivariate data analysis (MVDA) techniques,
namely principal component analysis (PCA) and hierarchical cluster analysis (HCA), were used
to analyze the signals of measured samples. ET was able to follow the shelf life of the product
and could identify when there was a change in its ingredients and this help in the benchmarking
of the product. The obtained results may suggest the use of ET as a useful tool for herbal
medicinal plant quality in the future.
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1. Introduction:
Herbal medicinal plants play an essential role in the treatment of several diseases throughout
history. There is recently an international interest in the issue of quality of these types of
products. Since the quality will influence the effect of these plants on the human, the research
has focused on the active ingredients and quality of herbal medicinal plants related to
antimicrobial resistance and antioxidant activity effects [1].
For the antimicrobial resistance research, Silva et al. [2] tested the antimicrobial resistance
against many herbal plants. The results showed potential antibiotic inhibition effect of the
pomegranate (Punica granatum) fruit extract against twenty-two of the thirty-eight
Staphylococcus aureus strains being tested. Moreover, a noticeable antimicrobial effect of
ginger (Zingiber officinalis) oil against Staphylococcus aureus, while Escherichia coli was
greatly affected by both clove (Caryophyllus aromaticus L.) and Cinnamomum zeilanicum
Blume oils [2].
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At the same time, inhibition effect was observed toward one of the tested bacteria including
Staphylococcus aureus, Enterococcus faecalis, Escherichia coli, Klebsiella pneumoniae,
Proteus mirabilis, Enterobacter cloacae, Morganella morganii and Pseudomonas aeruginosa.
The antibacterial effect was due to at least using eleven plant species originated in Argentine
[3]. The phenolic compounds presented in chamomile were found to have antimicrobial
activity against Staphylococcus aureus [4].
Regarding the antioxidants activity, a group of aromatic plants in Greece were tested for their
oxidation capacity, total phenolic contents, reducing power and stability through oxidation
and showed consistent results [5].
Sabbobeh et al. [6] studied both antimicrobial resistance and antioxidant activity for the
popular Palestinian plant Salvia palaestina (Lamiaceae) leaves. A disc diffusion method was
used to estimate the antimicrobial activity of essential oils against two bacterial strains
Staphylococcus aureus and Staphylococcus coli compared to gentamicin. The effect of
essential oils on aureus was greater than that of gentamicin, while the essential oils and
gentamicin had nearly the same activity on Escherichia coli. Moreover, there was an increase
in the antioxidant activity with time and with increasing concentration of the essential oils.
Several types of equipment can be used for the quality control of herbal medicinal plants, e.g.
gas chromatography (GC), gas chromatography-mass spectrometry (GC-MS), thin-layer
chromatography (TLC), high-performance liquid chromatography (HPLC), capillary
electrophoresis (CE), and liquid chromatography-mass (LC-M) [7, 8]. These techniques have
long analytical success. On the other hand, they also have some limitations; including long
analytical duration, high-cost analysis, complex sample preparations and the need to have a
skilled person [9].
An electronic tongue (ET), which is a chemical sensor, can be a good alternative for analyzing
the quality of herbal medicinal plants [10]. ET is composed of an array of chemical sensors
with nonspecific, low selective, high stability and cross-sensitivity to different species in
solution. Multivariate data analysis (MVDA) can be used for identification and quantification
of analyzed samples. There are several techniques for MVDA, e.g. principal component
analysis (PCA) [10,11], hierarchical cluster analysis (HCA) [12], discriminant function
analysis (DFA) [13] and artificial neural network (ANN) [14].
ET has received increased attention across several domains compared to other analytical
methods. Since it is fast with rapid sample preparation, reliability, useful in identifying and
quantifying of several liquid compounds, acceptable accuracy and relatively low cost [15]. It
has been used in many applications, e.g. biotechnology, agriculture and environment [16-28].
Moreover, ET was used for quality assessment of some taste chemicals that influence the tea
[29] and herbal medicinal plants mixtures quality [30].
This work aims to investigate the possibility of using ET, as fast and reliable quality control
equipment, to study the quality and stability (i.e. benchmarking) of a local herbal medical
product called Relax, during one year of production. This research can open a wide window
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for using ET for further quality control applications in agricultural and biological sectors to
serve the community.
2. Materials and Methods
2.1.

Relax herbal medicinal product

The Relax granules product is produced by a local company called Bajjora Company,
Tulkarm, Palestine. The product is used as food complement to improve gastrointestinal tract
functions (i.e. herbal mixture used as a laxative), and it could influence positively in
antimicrobial and antioxidant resistance. Moreover, it can be used in weight loss programs
and lower cholesterol as well as harmful lipids levels. The ingredients of the product are oats,
wheat germs, flax seeds, fennel, mint, caraway, anise, coriander and mahaleb cherry (Prunus
mahaleb L.).
2.2.

Benchmarking of Relax granules

Twelve different samples were collected randomly in December month (i.e. end of 2017)
from Bajjora Company in Tulkarm, Palestine. Taking into consideration that each sample was
produced in a different batch during the year, and there was one batch of production for this
product each month (i.e. the samples covered one year of production). The manufacturing
company had changed in the composition of the product, since they stopped using one of the
herbs ingredients in the mixture (i.e. mahaleb cherry) from the end of February month. Table
1 shows the production date of each sample.
Table 1. Samples of Relax granules batches and their production month /2017.
Sample Nr.

Production month

1

January

2

February*

3

March

4

April

5

May

6

June

7

July

8

August

9

September

10

October

11

November

12

December

*: The manufacturing company had stopped adding mahaleb cherry to the ingredients after the
end of February.
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2.3. Sample preparation
Samples for herbal product testing were prepared according to previous studies [31]. For each
sample, nine grams (i.e. one teaspoonful) of the product were weighted and mixed with 200
ml of boiled deionized water, infused for about 10 minutes and filtered by white gauze pads.
Then the resulted solution was cooled to 25℃ (room temperature) before being submitted to
ET analysis.
2.4. Electronic tongue (ET)
Potentiometric electronic tongue produced by Astree II (Alpha MOS, Toulouse, France) was
used. The device consists of four parts including liquid auto-sampler with 16 bakers, a sensory
array, a data acquisition electronic unit and advanced software for analysis (Figure 1).
Sensors array is composed of seven solid potential sensors that are chemically modified fieldeffect transistors (ChemFET) and Ag/AgCl reference electrode. These sensors consist of two
parts: the sensitive layer and the transducer, and are coated with a specific membrane
(chemical compounds) to induce both cross-sensitivity and cross-selectivity. Product samples
were measured by ET according to the procedure from Alpha MOS. The average of three
measurements of each sample was considered for the data analysis [32], which was carried out
using PCA and HACA. Both methods are unsupervised classification methods and were used
successfully in many applications [33].

Figure 1. Alpha MOS Astree II parts: (A) liquid autosampler with a capacity for 16 bakers,
(B) electrochemical sensor array, (C) acquisition unit, (D) Astree Software V12.4 (Alpha
MOS, 2009).
3. Results and discussion
Two sensors of ET, namely ZZ and ET, were the most sensitive to Relax batches. The ET
signals were stable during measurement samples. The sensors showed good reproducibility,
i.e. values of standard deviation (SD) (5.6-10.4 mv) were less than 30 mv. Moreover, low
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values of the coefficient of variation (CV) (i.e. 0.31%-0.61%) represented good reliability
according to the manufacture of ET [32].
A PCA was carried out. Figure 2 shows the scores plot of PCA. The scores plot explains the
relation between samples. Two principal components (PCs) explain 100% of the variation of
the data, which indicates that the model can explain the whole variation of the original data,
without any significant loss in the information. It can be noticed that there are two main
groups in the scores plot. One of the groups is for samples which were taken in January until
February. The other group is for samples that were produced in March until December. The
classification is most likely due to the difference in the herbal ingredients, since the company
had decided to stop adding mahaleb cherry to the mixture ingredients from the end of
February month. The ET could identify the difference in the herbal medicinal constituents,
even though they usually added mahaleb cherry in a low quantity. This indicates that ET can
detect that small difference reflecting the high sensitivity of this taste sensor in predicting the
composition of samples.
It can also be noticed that all samples are relatively close to each other, indicating that the
storage time (shelf-time) have little or no effect on the analyzed batches ensuring the good
quality of this local product. Consequently, the products were kept in a suitable storage
condition.

Figure 2. Principal component analysis (PCA) scores plot of the Relax batches samples
(collected during months of 2017) measured by ET.
The data of ET was also analyzed using HCA. The dendrogram of HCA classifications is
shown in Figure 3. It can be noticed that HCA has mainly two groups (i.e. A and B). The first
group (i.e. A) represents the product in January-February and the second group (i.e. B) is for
batches of March-December months. It can also be noticed that there are subgroups (i.e. B1
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and B2). However, the distance between them is small, and this indicates that there is
homogeneity in the production and the shelf life has not much effect on the product quality.
The classification (two main groups in HCA) is expected to be due to the same reason that
PCA managed to classify the two groups, i.e. changing in the product composition, which is
due to stop adding mahaleb cherry to the mixture ingredients from the end of February month.
From data analysis viewpoint, it can be that both MVDA techniques managed to get the same
interoperation of results.

A

B1
B

B2

Figure 3. Dendrogram showing clustering of Relax herbal medicinal samples measure by ET. Two groups (A
and B) are presented. The group in which mahaleb cherry was added to ingredients (A: in pink colour), and the
group in which mahaleb cherry was not added to ingredients (B: in violet colour). Subgroups of B (i.e. B1 and
B2) have little differences between them, which indicates that the product is homogeneous and there is a little
effect of shelf life.

This study produced results which corroborate the findings of a great deal of the previous
work in using ET for herbal products, tea [9,29,31], biotechnology and pharmaceutical
applications [14,19,20,23,27]. Moreover, the present study extends the knowledge of using ET
for different applications.
4. Conclusion
In this investigation, samples of local herbal medicinal plant product called Relax were
measured by electronic tongue (ET) to check its quality and benchmarking during one year
(i.e. 2017) of production. From the results obtained, it can be concluded that:
1) ET was able to follow the herbal medicinal plant storage time (shelf life).
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2) The ET signals indicated that there was little effect of the storage time on the homogeneity
of the product, and this indicates the proper storage in the manufacturing plant.
3) ET was also successful in predicting the changing in the ingredients of the product (i.e.
benchmarking), even though the change was in one compound that usually added in a
small amount.
4)

Both PCA and HCA techniques were able to classify the samples according to the internal
characteristics (composition) of the herbal medicinal plant products.

ET showed high efficiency in quality control of Relax product. Further studies are needed to
develop innovative analytical methods using ET with other herbal medicinal plants/products
and other biotechnology applications.
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