
52

www.marmarapharmj.com

© 2017 Marmara University Press, All Rights Reserved

Research Article

http://doi.org/10.12991/mpj.2018.40
Marmara Pharm J 2018;22(1): 52-58

How to cite this article: Qneibi M, Jaradat N, Zaid AN, Abu-Khalaf N, 
Natsheh A, Hussein F. Evaluation of taste, total phenols and antioxidant for 
fresh, roasted, shade dried and boiled leaves of edible Arum palaestinum 
Bioss. Marmara Pharm J. 2018; 22 (1): 52-58.

Received: 04.10.2017 /      Accepted: 29.11.2017
Corresponding Author: Mohammad Qneibi
E-mail: mqneibi@najah.edu
Phone: +970 (9) 2345113
ORCID No: https://orcid.org/0000-0002-0702-7834

ABSTRACT: Arum palaestinum is one of the famous wild plants that have been used since the ancient time in the Palestinian folk 
food and medicine. However, it needs particular cooking steps to decrease its numbing taste. We investigated the impact of cooking, 
measures on taste, total phenols and antioxidant activity of wild A. palaestinum by using an Alpha-Astree Electronic tongue (ET), 
which is used for food taste assessment. In this study, the A. palaestinum was cooked in different ways. We used Folin Ciocalteu’s 
process to compare total phenols, where radical scavenging assay was used to evaluate the antioxidant activity using 2, 2-diphenyl-
1-picrylhydrazyl-hydrate (DPPH). Our results showed that a very significant discrimination of the samples with different distances
between groups (p-values < 0.001) in the ET results coupled with the principal component analysis (PCA). The samples were in the
following order in term of numbing taste: Fresh > dried > cooked. Moreover, the pattern discrimination index between (A and C),
(B and C) and (A and B) were 88%, 96.36%, and 98%, respectively, which suggests that C and A are the most similar preparations in
term of taste, while B is the worst one. Our results reveal that the cooking and dried A. palaestinum showed a lower numbing taste by 
ET, while the antioxidant activities showed a marked correlation with the total phenolic contents. As a result, we concluded that the
oven dried preparing method (home roasting) for A. palaestinum is the most efficient method for consumption or preparing bioactive 
supplements for nutraceutical and pharmaceutical supplements.
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formulations manufacturers, and recent trends of adequate 
nutrition with specific health effects is raising [1].

Edible wild herbs have always played a significant role in the 
folk traditions of the Mediterranean region [2]. In the past 
decade, numerous scientific experiments have evaluated the 
gathering and consumption of edible wild plants in several 
countries in the Mediterranean region [6] such as Cyprus [3], 
Greece [4], Spain [5], Italy [7], Turkey [8], and France [9].

Around 31 species of plants that belong to genus Solomon’s lily 
were classified in nature. One of the most traditional ones is Arum 
palaestinum Boiss. (Solomon’s lily). This species is a perennial 
herbaceous plant belonging to the Araceae family. This family has 
about 1000 members distributed mainly in the Mediterranean 
regions. A. palaestinum (Life in Arabic) is also known as 
Solomon’s Lily, Black Calla, Priest’s Hood and Palestinian Arum. 
This plant grows wildly in Palestine, Jordan, Lebanon, and Syria 
[10]. Various species of Solomon’s lily was and still used as food 
and as folk medicine in the Mediterranean Sea Regions [11].

1. InTRoduCTIon
High daily consumption of plants which are rich in active 
antioxidant compounds mainly phenols has been assured 
to be correlated with lower mortality rate and incidence of 
several degenerative diseases such as diabetes, cardiovascular 
diseases, and cancer [1, 2].

Phytochemicals as phenols are commonly founded in both edible 
and non-edible plants, and they have been reported to have 
various pharmacological activities, including antioxidant [3, 4].

Edible plants crude extracts plentiful in phenols are increasing of 
interest in the food and pharmaceutical industrial supplements 
because they slow oxidative degradation of fats and oils thereby 
improve the healthy nutritional value and the quality of food [5].

The value of the antioxidant components of edible plants 
that improve health style and prevent cancer and coronary 
heart disease is also increasing the interest among 
consumers, scientists, food supplements and pharmaceutical 
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In Palestine, a large number of wild edible herbals are widely 
distributed throughout the country and consumed in various 
ways. For example, the leave of Arum palaestinum, which is 
used by herbal practitioners and local rural healers in the 
treatment of several diseases such as a cough, constipation, 
heartburn, urinary tract infections, cancer, diabetes, 
hemorrhoids, atherosclerosis, ameba and kill worms in the 
gastrointestinal tract [12, 13].

The phytochemical screening of Solomon’s lily plants 
showed that these plants contain alkaloids, polyphenols, 
glycosides (flavonoids, saponin, and cyanogenic groups), 
proanthocyanidins, 2-heptanone, indoles, p-cresol, (E)-
caryophyllene, monoterpenes, and two unidentified 
sesquiterpenes and lectin [14, 15]. Isoprenoids or terpenoids 
consist mainly of isoprene units and have antibacterial, 
antifungal, antiviral and antiprotozoal activities [16]. Also, 
the isolation and structural elucidation of a novel pyrrole 
alkaloid were investigated and showed it has anticancer 
activity against breast carcinoma cells, hepatocarcinoma, and 
lymphoblastic leukemia [17, 18].

However, this plant has a strong and fastidious numbing 
taste. As a result, the Palestinian folk food dried the Solomon’s 
lily and cooked to minimize this drawback. Nonetheless, 
this step may negatively impact the phytochemical and 
therapeutic outcome of this plant. In this study, we attempted 
to assess the phytochemical activities of Solomon’s lily 
before and after being cooked, where the taste of the tested 
samples has been evaluated using Alpha-Astree electronic 
tongue (ET). The taste of Solomon’s lily plays a significant 
role in patient compliance and consequently therapeutic 
effectiveness. Traditionally, the taste assessment of a food 
product is usually conducted on human panelists, yet this 
may be costly and time-consuming. Since then many reliable 
and predictive methods have been developed to evaluate 
food tastes in vitro [1-5, 7]. ET is considered one of the most 
useful and precise methods for this purpose. It consists some 
low-selective and cross-sensitive sensors and uses advanced 
mathematical procedures for signal processing based on the 
multivariate analysis, e.g., pattern recognition (PARC) and 
artificial neural networks (ANNs) [6, 8-10]. Also, it does 
not need sample preparation, where the same samples can 
be measured several times since there is no change in their 
characteristics after the first trial of measurements [11-13]. 
ET has been used in: (i) biotechnology applications, (ii) 
food industry, (iii) olive oil authentication and adulteration, 
(iii), and most importantly, oral pharmaceutical product 
evaluation [12, 14-23].

2. ReSulTS
In the entire world, tremendous resources are being invested 
in diagnosis, prevention, and treatment of cancer and 
degenerative cardiovascular disease by using safety edible 
and medicinal plants [2].

Discovering and screening for potential anticancer and 
antioxidant agents from natural edible plants still in the 
recent time is the main scope for many of the nutraceutical 
and pharmaceutical institutions [3].

2.1. Total phenols screening results for four Solomon’s lily 
prepared samples

Phytochemical phenols are class of secondary metabolic 
compounds found in the plants and have been approved 
that they have various physiological and biological activities 
including antibacterial, antiviral, anti-inflammatory, 
antiallergenic and antioxidant activities [24, 25].

The absorbance of standard compound (Gallic acid) at λmax 
=765 nm in Arum palaestinum presented in Table 1 and 
Figure 1. 

Table 1. Absorbance of standard compound (Gallic acid)

Absorbance at λmax =765nm Gallic acid concentration (mg/ml)
0.051 0.1
0.099 0.2
0.168 0.3
0.231 0.4
0.287 0.5
0.544 1

Figure 1. Standard calibration curve for gallic acid

Solomon’s lily leaves four extracts (fresh, boiled, shade 
dried and oven dried) exhibited high phenolic contents as 
presented in Table 2. The highest total phenolic contents were 
in the fresh, and oven-dried Solomon’s lily leaves were 53.07 
mg GA/g extract, while the total phenolic contents in boiled 
Solomon’s lily leaves was 24.05 mg GA/g extract and the 
contents in shade dried Solomon’s lily leaves was the lowest 
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(17.14 mg GA/g extract) as shown in Figure 2. These results 
showed that the boiling process and shade drying methods 
of preparations damaging most of the phenolic contents in 
Solomon’s lily leaves.

Table 2. Total phenolic contents in the fresh, boiled, shade 
dried and oven dried (roasted) Solomon’s lily leaves

Figure 3. IC50 Value for Trolox and different A. palaestinum 
extract

2.3. ET assessment

Three prepared Solomon’s lily products were included in this 
study. Principal component analysis (PCA) showed a clear 
discrimination of the samples as shown in Figure 4. Two 
major components were sufficient for describing the total 
variation of the data. The first principal component (PC1) 

A. palaestinum extract Total phenolic contents 
(mg GA/g extract), ±SD

Fresh Solomon’s lily extract 53.07±0.12
Roasted (oven dried) Solomon’s lily extract 53.07±0.12
Boiled Solomon’s lily extract 24.05±0.32
Shade dried Solomon’s lily extract 17.14±0.22

SD stands for standard deviation

Figure 2. Total phenolic content of different A. palaestinum 
extracts

2.2. In vitro antioxidant properties of the extraction

DPPH has been utilized widely as a free radical to evaluate 
reducing compounds and it is a useful reagent for estimating in-
vitro free radical scavenging activities of the phytochemicals. 
As shown in (Figure 2), all the four Solomon’s lily prepared 
samples exhibited ratable scavenging properties against 
DPPH radicals and it was clear that the oven dried Solomon’s 
lily leaves (roasting method of preparation) were proven to 
be the most powerful antioxidant with IC50 value 14.55±2.06 
µg  /ml (Table 3 and Figure 3), as their radical-scavenging 
activities were significantly different from any other kinds of 
Solomon’s lily prepared methods. However, the shade dried 
samples exhibited the lowest radical scavenging activity with 
IC50 value 63.09±2.38 µg /ml comparing to Trolox standard 
compound which had IC50 value 2.1±2.03 µg /ml.

Table 3. IC50 value of different A. palaestinum leaves extracts

A. palaestinum extract IC50 value (µg /ml), 
± SD

Fresh Solomon’s lily leaves extract 45.7±1.47

Boiled Solomon’s lily leaves extract 31.62±3.52

Oven dried (roasted) Solomon’s lily leaves extract 14.55±2.06

Shade dried Solomon’s lily leaves extract 63.09±2.38

Figure 4. In vitro taste assessment of cooked and fresh 
Solomon’s lily using ET and principal component analysis
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explained 79.4% and the second principal component (PC2) 
explained 20.4%. The two PCs explained about 100%.

3. dISCuSSIon
In the entire world, tremendous resources are being invested 
in diagnosis, prevention and treatment of cancer and 
degenerative cardiovascular disease by using safety edible 
and medicinal plants.

Discovering and screening for potential anticancer and 
antioxidant agents from natural edible plants still in the 
recent time the main scope for many of the nutraceutical 
and pharmaceutical institutions [26, 27]. In a study which 
was conducted by Jaradat and Abualhasan, they found that 
various Solomon’s lily species such as A. Dioscorides, A. 
elongatum, and A. hygrophilum have more potent antioxidant 
activity in comparison with the studied Solomon’s lily species. 
Their values were 6.7, 4.7, and 6.9 µg /ml, respectively [28], in 
comparison with fresh, boiled, oven dried, and shade dried 
Solomon’s lily species, they were 45.7, 31.6, 14.5, and 63.1 µg 
/ml, respectively. In another study which was conducted by 
Al-Mustafa and Al-Thunibat [20], they found that the IC50 of 
the methanolic extraction of A. palaestinum was 24.3±1.0 ug/
ml, while our results were 45.7, 31.6, 14.5, and 63.1 µg /ml for 
the fresh, boiled, oven dried, and shade dried A. palaestinum 
species, respectively. These results showed that the boiled and 
shade dried methods were less potent, while the oven dried 

method was more potent as an antioxidant in comparison to 
previous studies [20].

Evaluation of taste by ET revealed a significant difference 
between these products (p-value < 0.05). The following test 
describes three parameters, which are distance, p-value, and 
pattern discrimination index (%). The lower the distance 
between samples the lower the difference in the taste between 
them (Figure 4). Moreover, the ET calculates the % pattern of 
discrimination between the tested samples. This index takes 
into account the difference between the centers of gravity and 
dispersion of each group. The closer the index to 100%, the 
greater the distance between the centers of gravity and the 
smaller the dispersion within groups (Alpha MOS, 2009). As 
it can be seen from the results in Figure 4, the distance between 
groups was different. In fact, the distance between A and C 
was 73.85, while between B and C it was 156 and between A 
and B it was 195. This may indicate higher taste similarity 
between the first two products (A and C) than between B and 
C or between A and B. Moreover, the pattern discrimination 
indexes between A and C, B and C and between A and B were 
88.16%, 96.36%, and 98%, respectively, which suggests that A 
and C are the closest taste since they had the shorter distance 
and the lowest % index of discrimination pattern. All these 
comparisons were statistically significant since the p-values 
were < 0.05 in all cases. Therefore, the cooking method would 
be a suitable tool to minimize the numbing taste of Solomon’s 
lily, but it may negatively impact the phytochemical and 
therapeutic outcome of this important plant. In fact, it may 

Table 4. Percentage inhibition activity by Trolox and different A. palaestinum Extracts

% inhibition by Trolox, 
±SD

% inhibition by fresh 
Solomon’s lily leaves 
extract, ±SD

% inhibition by 
Solomon’s lily leaves 
oven dried extract, 
±SD

% inhibition by 
Solomon’s lily
leaves shade dried 
extract, ±SD

% inhibition by 
Solomon’s lily leaves 
boiled extract, ±SD

Conc.
µg/ml

1 38.62 ±1.23 30.86±1.22 32.3±2.33 28.98±2.22 29.93±1.1
2 49.53±1.78 32.93±1.32 32.69±2.12 28.98±2.35 29.93±1.71
3 59.81±1.36 32.93±1.36 34.93±2.22 31.3±2.65 29.93±1.33
5 78.81±2.25 38.76±1.55 34.93±1.98 33.62±2.56 34.47±1.22
7 88.16±2.21 38.76±1.84 35.26±1.52 34.2±2.31 34.47±1.35

10 97±2.01 43.12±1.55 41.34±2.51 34.2±2.65 34.47±2.01

20 97±2.33 43.12±1.51 45.19±2.1 34.2±2.67 46.49±2.31
30 97.5±2.12 48.32±1.09 48.39±2.21 41.1±2.69 46.49±2.36
40 98.76±2.14 48.32±1.52 53.84±1.98 42.31±2.35 52.2±2.37
50 98.76±2.11 51.23±1.33 71.32±1.77 51.01±2.13 52.2±1.74
80 98.76±2.35 51.34±1.58 77.42±1.68 51.01±1.99 60.11±2.39
100 98.76±2.41 51.34±1.74 88.56±2.28 56±2.02 60.11±2.33
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be a relationship between the taste and the antioxidant 
activity. Considering both A and C were subjected to harsher 
preparation conditions than C. This may cause a loss of 
phytochemical agents that are responsible for the antioxidant 
activity during the cooking and shade drying of the leaves; 
as a result, they showed closer antioxidant activity as can be 
shown in Table 4.

4. ConCluSIon
The cooked and dried Solomon’s lily showed lower numbing 
taste as revealed by ET. The antioxidant activities showed a 
marked correlation with the total phenolic contents. At the 
same time, total phenols and antioxidant activity depend on the 
cooking or the plant’s preparation method. However, the oven 
dried preparing method (home roasting) for Solomon’s lily is the 
most efficient method for consumption or preparing bioactive 
supplements for nutraceutical and pharmaceutical supplements.

5. MATeRIAlS And MeThodS

5.1. Collection and preparing plant materials
Arum palaestinum leaves were collected in March 2015 
from the mountains of Bethlehem and Jerusalem regions 
of the West Bank/Palestine. The plant was botanically 
identified in the Department of Pharmacy at An-Najah 
National University. A voucher specimen was deposited 
in the Herbarium of the Pharmaceutical Chemistry and 
Technology Division (Laboratory of Pharmacognosy). The 
Arum palaestinum herbarium code is (Pharm-PCT-246).

5.2. Solomon’s lily leaves experimental samples preparing

5.2.1. Shade dried Solomon’s lily leaves
The leaves were washed several times using distilled water 
and then dried in the shade at room temperature until all 
the plant’s parts became well dried. After drying, the plant 
materials were powdered well by using a grinder and placed 
into a well-closed container.

5.2.2. Fresh Solomon’s lily leaves

The leaves were washed several times using distilled water, 
cut in small slices and kept in the refrigerator for further use.

5.2.3. Roasted Solomon’s lily leaves (oven dried method)

The leaves were washed several times using distilled water 
and then dried in the oven at 150 ºC for 5 minutes, then it 
was powdered well by using a grinder and placed into a well-
closed container.

5.2.4. Boiled Solomon’s lily leaves

The fresh Solomon’s lily leaves were prepared and cooked in the 
same way as for consumption. In brief, the fresh green leaves 
were cleaned and washed several times using distilled water, 
and then cut into small pieces. 10 grams of them placed in the 
beaker with 100 ml milli-Q water and boiled for 30 minutes, 
the produced mixture kept under the hood until it dried. Then 
it maintained in a well-closed container for further use.

5.3. Instrumentation

An alpha-Astree (Alpha MOS, Toulouse, France) was used 
to assess the taste. It is composed of seven sensors. The ET 
was equipped with a 16-position auto-sampler, an automatic 
stirrer, and an Ag/AgCl reference electrode. For multivariate 
data analysis a software package (chemometrics) (Alpha 
MOS, Toulouse, France), which also automatically collected 
and stored the sensors’ outputs signal (Alpha MOS, 2009) 
was used.

Shaker device (Memmert shaking incubator, Germany), 
rotary evaporator (Heidolph OB2000 Heidolph VV2000, 
Germany), spectrophotometer (Jenway 7135, England), 
grinder (Moulinex model, Uno, China), balance (Rad wag, 
AS 220/c/2, Poland), filter paper (Machinery-Nagel, MN 617 
and Whatman no.1, USA), were used for this study.

5.4. Chemical Reagents

5.4.1. For antioxidant evaluation:

Methanol was purchased from Lobachemie (India). 
(DPPH) 2, 2-Diphenyl-1-picrylhydrazyl was ordered from 
Sigma-Aldrich (Germany). Trolox (6-hydroxy – 2, 5, 7, 8 –
tetramethychroman-2 carboxylic acid) was purchased from 
Sigma-Aldrich (Denmark).

5.4.2 For total phenolic content:

Folin-Ciocalteu and NaHCO3 reagents were purchased from 
Sigma Aldrich(Germany), and methanol purchased from 
Lobachemie (India).

5.5. Preparation of plant extracts for antioxidant 
evaluation

About 10 g of the grounded plant was soaked in 0.1 Liter of 
methanol (99%) and put in a shaker device at 100 rounds per 
minute for 72 hours at room temperature, and then stored 
in the refrigerator for four days to minimize any potential 
degradation of the phytochemicals. The extracts were then 
filtered using filter papers and concentrated under vacuum 
on a rotator evaporator. The crude extract was stored at – 4 
ºC for further use.
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5.6. Antioxidant activity

A stock solution of a concentration of 1 mg/ml in meth-
anol was firstly prepared for the plant four samples 
extracts and Trolox. The working solutions of the following 
concentrations (1, 2, 3, 5, 7, 10, 20, 30, 40, 50, 80, 100 μg/
ml) were prepared by serial dilution with methanol from the
stock solution. DPPH was freshly prepared at a concentration 
of 0.002% w/v. The DPPH solution was mixed with methanol 
and the above-prepared working concentration in a ration
of 1:1:1 respectively. The spectrophotometer was zeroed
using methanol as a blank solution. The first solution of the
series concentration was DPPH with methanol only. The
solutions were incubated in the dark for 30 minutes at room
temperature before the absorbance readings were recorded
at 517 nm. The percentage of antioxidant activity of the
Solomon’s lily leaves four samples, and the Trolox standards
were calculated using the following formula [29]:

Percentage of inhibition of DPPH activity (%) = (A-B)/A 
×100%

Where:

A = optical density of the blank,

B = optical density of the sample.

The antioxidant half maximal inhibitory concentration (IC50) 
for the plant samples and the standard were calculated using 
BioDataFit edition 1.02 (data fit for biologist).

The antioxidant activity was reported as a percentage of 
inhibition. The inhibition of Solomon’s lily leaves four 
samples, and Trolox standard at different concentration was 
plotted and tabulated, and the IC50 for each of them was 
calculated using the BioDataFit fitting program in which the 
sigmoidal fitting model was the adapted model.

5.7. Determination of total phenolic content in the 
different plant extracts

Total phenolic content in the plant four samples methanolic 
extracts was determined using spectrophotometric method 
[30] with some modifications. 1 mg/ml aqueous solutions
for methanolic extract were prepared in the analysis. The
reaction mixture was prepared by mixing 0.5 ml of plant
extract from four samples solution, 2.5 ml of 10% Folin-
Ciocalteu’s reagent dissolved in water and 2.5 ml of 7.5% of
the NaHCO3 aqueous solution.

The four Solomon’s lily leaves samples were after that incubated 
in a thermostat at 45 ºC for 45 min then the absorbance was 
estimated using spectrophotometer at wavelength 765 nm. 
All the four plant samples were prepared in triplicate for each 
analysis, and the mean value of absorbance was obtained, and 
the same procedure was repeated for the standard solution 
of gallic acid, and the calibration line was construed. Based 

on the measured absorbance, the concentration of gallic acid 
equivalent expressed regarding (mg of GA/g of extract).

5.8. In vitro assessment of taste using ET

Based on the manufacturer’s recommendation, before 
samples were analyzed, the seven sensors were gone through 
conditioning, calibration and diagnostic process. Cleaning 
of the sensor array was done between each measurement 
using pure distilled water. Three samples of Solomon’s lily 
were mixed with sufficient volume of distilled water. Each 
sample was measured in triplicate. Data acquisition and 
data processing was achieved with AlphaSoft software. 
Multivariate data analysis was used to analyze data.
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