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 ABSTRACT 
In the present study total phenolic compounds (TPC), Total flavonoids 
content (TFC), α-amylase inhibitory activity, and antioxidant activity were 
measured by the DPPH test of methanol and ethyl acetate extracts of the 
leaves and flowers of Ruta chalepensis L were evaluated. The extraction 
yield using methanol for the flower and leaves were about 25%, while 
those for ethyl acetate were about 3.4%. TPC of the methanol extracts for 
the flowers and leaves of the Ruta was around 1150 mg GAE /100 g dried 
Ruta, while TPC of ethyl acetate extract of the Ruta leaves and flowers 
were 760 and 290 mg GAE /100 g dried Ruta. The methanolic extracts of 
Ruta leaves and flowers exhibited the strongest DPPH radical scavenging 
activity. The IC50 for both extracts were about 12 mg TPC/mL). However, 
the ethyl acetate extract of flowers showed the lowest DPPH radical 
scavenging activity (IC50 = 96.7 mg TPC/ ml) and it was significantly 
different than that of leaves (IC50 = 62 mg TPC/ml). The inhibitory effect 
of methanolic extracts of leaves on the α-amylase was the lowest (42.2%) 
followed by ethyl acetate of flowers (53.9%). Whereas, the ethyl acetate 
extract of leaves showed the highest inhibitory effect against α- amylase 
(63.7%) followed by methanolic extract of flowers (57.9%). The results 
obtained in this study clearly indicate that R. chalepensis L has a 
significant potential to use as a natural antioxidant as well as an 
antidiabetic agent. 
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1. Introduction  

The use of different types of synthetic 
antioxidants such as Butylated Hydroxyanisole 
(BHA) and Butylated Hydroxy Toluene (BHT) 
in the food industry has raised many potential 
risks, and recent studies have shown the 
susceptibility to different types of cancer when 
using these antioxidants, thus recent research is 
moving towards the use of natural sources of 
antioxidants (Li et al., 2014). Moreover, there 
is a global interest in the use of herbs and 
aromatic plants in food preservation and in folk 
medicine (Christaki et al., 2012). Recent 
research has focused on the properties and 
characteristics of the extracts of the aromatic 

plants as well as their essential oils, as they 
resemble and acquire antimicrobial in addition 
to antioxidant activities (Chouhan et al., 2017). 
Antioxidant and antimicrobial activities of 
aromatic plants are attributed to many potent 
compounds, including flavonoids, eugenol, 
coumarins, carvacrol, and cinnamaldehyde 
(Khameneh et al., 2019). Active research has 
grown rapidly to look for more effective and 
safer plant-based hypoglycemic compounds 
(Saleh et al., 2013), despite the fact that these 
plants have been used since ancient times 
(Subbulakshmi and Naik, 2011). Many drugs 
used nowadays are from plant sources, as they 
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are considered as their primary sources, for 
example, the plant Galega officinalis is the 
primary source of glucophage (metformin), 
which is a hypoglycemic drug (Kumar and 
Nandi, 2017).  

Ruta graveolens L, Ruta chalepensis L, and 
Ruta montana L are species from Ruta, which 
is a genus of the Rutaceae family (Pollio et al., 
2008). Ruta graveolens L (also known as 
garden Rue)is a dicot herb grown mainly in 
many parts of the world, native to the 
Mediterranean region(including Jordan),  it is 
also grown in southern Europe, northern 
Africa, India, and other tropical regions 
(Asgarpanah and  Khoshkam, 2012), it’s used 
by different populations (including the 
Jordanian population) for many beneficial 
purposes, especially in traditional medicine for 
its antirheumatic activity, analgesic and 
antispasmodic effects (Soare et al., 1997), it is 
also used as anticancer, anti colic,  antiseptic, 
abortifacient, anthelmintic and antihypertensive 
(Ahmad et al., 2010). 

Its aerial parts are mainly used in Jordan for 
locally produced ghee to enhance its color and 
flavor (Ahmad et al., 2010). 

This study aimed at investigating the total 
phenolic content of methanol and ethyl acetate 
extracts of the leaves and flowers of Ruta 
chalepensis L., their antioxidant activity, and 
their effect on the activity of α-amylase used in 
the hydrolysis of starch. health has been 
determined. Yoghurt, which is suitable for 
lactose intolerant individuals, is also easy to 
digest (Dewit, 2010; Pochart and Desjeux, 
1988).  
 
2. Materials and methods  
2.1. Materials 
    The plant material of the present study Ruta 
chalepensis L. was collected from the north 
region of Jordan (Bani Kenana district) and 
purchased in the spring season of 2018. Folin-
Ciocalteu Reagent and sodium was from 
AppliChem, GmbH (Darmstadt, Germany). 2-
chloro-p-nitrophenyl-α-D-maltotrioside, 
Quercetin, Gallic acid, α-Amylase, and 
Aluminum Trichloride were from Sigma-

Aldrich (Steinheim, Germany), 2,2-Diphenyl-
1-picrrylhydazyl was from (ICN, Biomedical 
INC, USA). Sodium carbonate was from Merck 
(Darmstadt, Germany). The used solvents were 
of HPLC grade.   
2.2.1. Preparation of methanol and ethyl 
acetate extracts of leaves and flowers of Ruta 
chalepensis L. 

The fresh leaves and flowers of Ruta 
chalepensis L were dried in an electrical oven 
at 40ºC. The dried samples were grinded using 
a domestic coffee grinder. Four extracts were 
prepared by boiling 10 g of the grinded leaves 
and flowers in 100 ml of ethanol or ethyl 
acetate. The methanol and ethyl acetate extracts 
were filtered in a 250 and 100 ml volumetric 
flask, respectively and the volume was made to 
the mark with the corresponding solvent. 
2.2.2. Determination of the yield of extracts  

To determine the yield of extraction, 20 ml 
(in duplicates) from each extract was placed in 
a previously weighed Petri dish, and the extract 
was evaporated at 80⁰C in an oven for 3 hrs.  
2.2.3 Determination of Antioxidants 
2.2.3.1. Determination of total phenolic 
compounds (TPC)  

The phenolic compounds in the 4 extracts 
of the ground flowers and leaves of Ruta 
chalepensis L were determined by the Folin-
Ciocalteu reagent (FCR) according to the 
method of Al-Ismail et al (2006). Briefly, 0.1 
ml of methanol extracts (10 mg/ml), ethyl 
acetate extracts (3.3 mg /ml), and standard 
solution (gallic acid) were mixed with 0.5 ml of 
Folin-Ciocalteau reagent. After 3 min, 2 ml of 
10% (w/v) of sodium carbonate solution was 
added. The final mixture was shaken and then 
incubated for 1 h in dark at room temperature. 
The absorbance of all samples was measured at 
650 nm using a spectrophotometer (Labomed 
spectrophotometer, model UVD-2900, 
Labomed, USA).  and the results are expressed 
in mg gallic acid equivalents (GEA) per 100g 
dry weight of plant material 
2.2.3.2. Determination of total flavonoid 
content (TFC) 

The content of flavonoids in the 4 extracts 
of the ground flowers and leaves of Ruta 
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chalepensis L were determined according to the 
method reported by Miliuskas et al., (2004).  
0.5 ml from each extract or standard (quercetin) 
was mixed with 1 ml of 2 % aluminum 
trichloride in ethanol solution; the mixture was 
diluted with water into a 25-mL volumetric 
flask and allowed to stand for 40 min at room 
temperature. The absorbance of the sample was 
then measured at 415 nm using a 
spectrophotometer (Labomed 
spectrophotometer, model UVD-2900, 
Labomed, USA). Flavonoids content was 
expressed in mg of quercetin equivalent (QE) 
per 100g dry weight of plant material 
2.2.3.3. Determination of Diphenyl-1-
picrryylhydazyl (DPPH) free radical 
scavenging activity of the extracts. 

DPPH radical scavenging effect was 
determined according to the method of Al-
Ismail et al (2006). A 0.2 ml of ethanol solution 
of DPPH (2,2-Diphenyl-1-picrylhydrazyl) (50 
mg/ 100 ml) was mixed with different levels of 
each extract, and the mixture was brought to a 
total volume of 4.0 ml with the corresponding 
extracting solvent. The mixture was mixed 
thoroughly and was allowed to stand for 45 min 
in a dark place. The absorbance was then 
measured at 515 nm and the radical scavenging 
activity of the tested samples was expressed as 
%inhibition according to the following formula 
(Brand-Williams et al., 1995),  

Inhibition (%) = [(Abs. control –Abs. 
sample)/ Abs. control] x 100 

IC50 is the concentration of extract in mg/ml 
needed to scavenge 50% of the DPPH radical, 
which was calculated from their concentration-
response curves. 
2.2.3.4. Determination of α-amylase inhibitory 
activity by CNP-G3 Assay of the extracts. 

According to the method of Suganuma, et 
al. (1997), the release of 2-chloro-4-nitrophenol 
(CNP) from CNP-G3 by porcine pancreas α-
amylase was determined, where a 450 µl 
reaction mixture containing a solution of 0.2 M 
potassium thiocyanate and 0.15 mM CNP-G3 
dissolved in 0.05 M phosphate buffer solution 
with a pH of 7.0 and an aqueous solution of the 
extract at a concentration of 3.3 mg/ml was pre-

incubated for 5 minutes at 25ºC, which was 
followed by the addition of a volume of 20 µl of 
a freshly prepared α-amylase solution (1 
mg/ml) in a phosphate buffer with a pH of 7.0.  

During the reaction, the absorbance of the 
mixture was read at 405nm, and the increase in 
the absorbance determined the release of CNP 
from CNP-G3as follows, 
The inhibitory activity% = [(A-B)/A] x 100  
Where A is the increase in absorbance during 
the reaction when the extract is absent, and B is 
the increase in absorbance during the reaction 
when the extract is present.  
 
2.3. Statistical Analysis 

Statistical analysis was performed using 
(SPSS for Windows, Rel. 22.0, 2013, Chicago, 
SPrSS Inc.). Data were presented as mean ± 
SD, Significance was tested by ANOVA at P-
value ≤0.05, and mean differences were 
determined by Duncan’s multiple range test.  
 
3. Results and discussions  
3.1. Extraction yield 

There are many steps to obtain 
phytochemicals from plants such as milling, 
grinding, homogenization, and extraction. 
Among these steps, extraction is the main step 
for recovering and isolating phytochemicals 
from plant materials (DO et al. 2014). In this 
study flowers and leaves of Ruta graveolens 
extracts were obtained by using methanol and 
ethyl acetate. Extraction yields of leaves and 
flowers using methanol (ca 25% w/w) were 
significantly greater than the corresponding 
extract using ethyl acetate (ca 3.4% w/w) 
(Table 1). It can be concluded that the more 
polar solvent will produce more extraction 
yield. The higher yield of methanol extract 
could be due to compounds other than 
phenolic, such as pigments, carbohydrates, and 
proteins, that may have been extracted by 
methanol (Zieli_nski and Kozłowska, 2000). 
The results of this study agree with the 
extraction yields of Limnophila aromatic (Do, 
2014) and some medicinal plants (Sultana et. 
al. 2009). 
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3.2. Total polyphenolic compounds (TPC) and 
flavonoids contents (TFC)  

Table 1 shows the TPC of the extracts 
measured using Folin Ciocalteu method. TPC 
of the methanol extracts of the flowers and 
leaves of the Ruta were 1175 and 1131 mg 
Gallic acid equivalent/100 g dried sample and 
they were not significantly different (P> 0.05). 
Whereas TPC of the ethyl acetate extract of 
Ruta leaves was significantly (p ≤ 0.05) greater 
than that of flowers.  The TPC of ethyl acetate 
extract of the leaves was 2.5 times greater than 
those of the ethyl acetate extract of flowers. 
The methanol extract of leaves and flowers 
contains more phenolic content as compared to 
the corresponding ethyl acetate extracts. The 
TPC of methanol extracts (Leaves or flowers) 
were about 4 and 1.6 times greater than those 
of ethyl extracts of leaves and flowers, 
respectively. It was observed that the effect of 
solvents on TFC is similar to that of TPC 
(Table 1). The highest TFC was obtained in the 
methanol extracts, while ethyl acetate showed 
lower efficiency in extracting flavonoids. 
Furthermore, the amount of TFC of the 

methanol extract of flower (409 mg/100g) was 
slightly but significantly greater than that of 
leaves (383 mg/100g. However, no significant 
difference in TFC between Ruta flowers or 
leaves was found. The TFC in the ethyl extracts 
was low when compared to TPC. The results 
indicated that solvent polarity plays a vital role 
in increasing phenol solubility (Sultan et al. 
2009).  These results indicate that the polarity 
of the solvent used in the extraction influences 
extracting of different phenolic compounds 
from the leaves and flowers of Ruta. The TPC 
of the methanolic extract of Ruta chalepensis 
leaves in this study was comparable to those 
reported by Ouerghemmi et al (2017) (1190.6 
mg GAE/100 g), while those of the flowers 
were slightly greater (1688 GAE mg/ 100g. 
Mohammad et al. (2015) reported that there 
was no effect of methanol and ethyl acetate on 
the extraction level of polyphenols from Ruta 
chalepensis grown in Tunisia. On contrary to 
that, Athmouni et al. (2015) reported that the 
methanolic extract of Scorzonera undulata 
(Asteraceae) exhibited higher TPC than its 
ethyl acetate extract. 

 
 

Table 1. The yield of extraction, total phenolic content (TPC), and total flavonoids (TFC) 
of the methanolic and ethyl acetate extracts of leaves and flowers of Ruta chalepensis L 

Extract Yield% 
 

TPC 
(mg GAE /100 g dried 
Rutta) 

(TFC) 
(mg /100 g dried Rutta) 

Ethyl acetate flowers 3.2 ± 0.1b 290 ± 5c 22.6 ± 1.1c 
Ethyl acetate leaves 3.4 ± 0.2b 726 ± 13b 29.6 ± 1.4c 

Methanol flowers  25.8 ± 0.6a 1175 ± 46a 409 ± 12a 
Methanol leaves 25.4± 0.8a 1131 ± 17a 393 ± 13b 

• Different superscript within the same column are significantly different (P≤ 0.05) 
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3.3. Antioxidant activity 
Due to the presence of different antioxidant 

components in the crude extract and the 
complexity of the oxidation–antioxidation 
processes, no single testing method can provide 
a comprehensive picture of the antioxidant 
profile of a given sample. Several assay 
methods have been developed and applied to 
screen and evaluate the total antioxidant 
activity of plant extracts (Prabhakar et al., 
2006). In this study, the antioxidant activity of 
R. chalepensis L. extracts have been 
determined by α-diphenyl-β-picrylhydrazyl 
(DPPH). DPPH radical is a stable organic free 
radical with an absorption band at 517 nm. It 
loses this absorption when accepting an 
electron or a free radical species, which results 
in a visually noticeable discoloration from 
purple to yellow. The DPPH activity was 
expressed by IC50. The IC50 of a compound is 
inversely related to its antioxidant activity, as it 
expresses the amount of antioxidant required to 
decrease the DPPH concentration by 50%, 
which is obtained by 50%, which is obtained by 
interpolation from linear regression analysis 

(Liu et al. 2009). A lower IC50 indicates a 
higher antioxidant activity of a compound. 
Table 2 shows the IC50 values of the DPPH 
radical scavenging activity assay of the 
extracts. It was found that the methanolic 
extracts of Ruta leave and flowers possess the 
strongest DPPH radical activity (IC50 = around 
0.0125 mg TPC/mL) and no significant 
difference between them. However, the ethyl 
acetate extract of flowers showed the lowest 
DPPH radical activity (IC50 = 0.242mg TPC/ 
ml) and it was significantly different than that 
of leaves (IC50 = 0.155 mg TPC/ml). 
Mohammad et al (2015) reported that 
methanolic extract of R. graveolens L showed 
higher DPPH activity than that of ethyl acetate 
extract which goes parallel with the results of 
this study. Generally, extracts that contain a 
high value of polyphenols exhibit high 
antioxidant activity (Srivastav et al., 2015).  

 
 
 
 

  
Table 2. DPPH scavenging activity evaluated by IC50 and inhibition% of α-Amylase activity of the 

methanolic and ethyl acetate extracts of leaves and flowers of Ruta chalepensis L    
Extract IC50 Inhibition% of α-Amylase 

activity 

mg TPC /ml  µl extract solution 

Ethyl acetate flowers 0.242 ± 0.011 832 ± 6.4a 53.9 ± 1.3c 
Ethyl acetate leaves 0.155 ± 0.013 213 ± 4.9b 63.7± 1.2a 
Methanol flowers  0.013± 0.006 27.1 ± 2.0c 57.9 ±0.6b 
Methanol leaves 0.012± 0.006 25.7 ± 1.0c 42.2 ± 1.9d 
*Different superscript within the same column is significantly different (P≤0 .05)   
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Figure 1. DPPH scavenging activity of methanol extracts of Ruta leaves and flowers 
 

 
 

Figure 2. DPPH scavenging activity of Ethyl acetate extracts of Ruta leaves and flowers 
 

3.4. α- Amylase Inhibitory Activity of Rut 
chalepensis L.  Extracts 

Alpha-amylase is a membrane-bound 
enzyme that is located on the brush border of 
the small intestine and is required for the 
breakdown of carbohydrates into 
monosaccharides (Lebovitz, 1997). Theα- 
amylase inhibitors act as an anti-nutrient that  

 

obstructs the digestion and absorption of 
carbohydrates and are potentially useful for the 
control of obesity and diabetes (Adesegun et 
al., 2013). The inhibitory effect of methanolic 
and ethyl acetate extracts on the α-amylase 
activity is reported in Table 2. The results 
indicated the inhibitory effect did not go 
parallel with those of antioxidant activity. The 
methanolic extracts of leaves with the highest 
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antioxidant and TPC showed the lowest 
inhibitory effect against α- amylase activity 
(42.2%) followed by ethyl acetate of flowers 
(53.9%) which had the lowest TPC and 
antioxidant activity.  Whereas the ethyl acetate 
extract of leaves showed the highest inhibitory 
effect against α- amylase (63.7%) followed by 
the methanolic extract of flowers (57.9%). The 
results indicate that the inhibition of α- amylase 
activity might be due to other compounds 
rather than phenolic compounds. 

4. Conclusions 
The results of the present study revealed 

that the higher polarity of the solvent, the 
higher extraction yields, and the higher TPC 
and flavonoids.  In the methanolic extracts, the 
distribution of TPC between flowers and leaves 
was equal. While it was not in the case of ethyl 
acetate extracts, since the TPC in leave extract 
was greater than that in flowers. Also, the 
results revealed that the higher TPC the higher 
antioxidant activity measured by the DPPH 
test. The inhibition effects the extract of α- 
amylase activity based on other factors than the 
amount of TPC, since the ethyl acetate extract 
of leaves showed the highest inhibitory effect 
followed by the methanolic extract of flowers. 
The positive results of this study may enhance 
the probability of using plant extracts to 
prolong the shelf life of many fat-based or oil-
based products and the possible effect of such 
extracts as hypoglycemic agents and 
antidiabetic agents with consequent health 
benefits. 
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