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ABSTRACT 
  

This study was carried to evaluate the effect of drought and salt dtress on accumulation of phenolic, 
flavonoids and flavonols compounds in in vitro cultured sprouts of garden cress plant. Drought stresses were 
induced by supplementation of culture medium with different levels of polyethylene glycol (PEG) and mannitol 
and NaCl was used in various concentrations as salt stress. Extraction yield was clearly influenced by different 
concentrations of PEG, mannitol and NaCl added to culture medium using methanolic extract. The highest 
extraction yield from the cultured sprouts (48.4%) was observed with 40 g/l PEG. All treatments were better 
than the control in their phenolic compounds extracted by methanol. The amount of total phenolic varied in the 
different treatment, ranging from 1.66 mg galic acid /g dry weigh with 8% mannitol to 2.63 mg galic acid /g dry 
weigh with 20 g/l PEG. Cultured sprouts showed best results of flavonoids contents of methanolic extract at 
level of 60 mM NaCl followed by addition of mannitol at levels 6 and 8%. On the other hand, the highest 
flavonols content was observed in methanolic extract without any additions (control). Otherwise, among various 
drought and salinity treatments, the methanol extract of 90 mM NaCl showed the highest antioxidant activity 
determined by the DPPH or ABTS (57.2% and 73.4%, respectively) assays. The same treatment exhibited 
antioxidant activity higher than of BHA (49.0% and 65.8%, respectively).   
 
Key words:  Garden cress, PEG, mannitol, NaCl, antioxidant activity, total phenolic, flavonols and flavonoids. 
 
Introduction 

 
Garden cress (Lepidium sativum L.,) is an edible and a fast growing annual herb belonging to family 

Brassicacease and it is native to Egypt and west Asia. The seeds are wildly consumed as salad and spice. It 
recommend in the treatment of hypertension, diabetes and renal disease. (Aburjae et al., 2001;Kassie et al., 2003 
;Gokavi et al., 2004 ;Tahraoui et al., 2007; Diwakar et al., 2010). Garden cress, like other cruciferous plants, 
contains glucosinolates. These compounds are attracting considerable interest in research because they can be 
hydrolyzed by the myrosinaseenzyme and form isothiocyanates, which is considered an important group of 
compounds associated with cancer chemo-preventive activity (Fowke et al., 2003). Garden cress is one of the 
most complete and nutritional foods and provide proteins, carbohydrates, fiber, minerals, and vitamins. 
Although traditionally garden cress considered to be antiscorbutic, depurative, and a stimulant, it is also 
attractive food with connotations of freshness and lightness and is nutritious and easy to digest. It can be 
consumed as components of salads, soups, and sandwiches, adding texture, a pleasant appetizing flavor, and 
visual interest to the dishes (Vidal-Valverde et al., 2002 and Conforti et al., 2009). 

Changes in the environment may represent so-called stress situations in plants (Schwarzlander et al., 2008). 
Different mechanisms are involved when plants respond to salt stress, namely defenses against the ion toxicity. 
(Badzinski and Stewart, 1983 and Misraa and Guptab, 2005). Crude extracts of many herb species and other 
plant materials rich in phenolic are increasing of interest in the food industry because they retard oxidative 
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degradation of lipid peroxidation and thereby improve the quality and nutritional value of food (Ramarathnam et 
al., 1995). 

Free radical which have once or more unpaired electrons are produced in normal or pathological cell 
metabolism. Reactive oxygen species (ROS) react easily with free radicals to become radicals such as 
superoxide anion radicals (O2

.) and hydroxyl radicals (OH.), as well as non-free radicals species (H2O2) and the 
singled oxygen (1O2). ROS can cause lipid peroxidation in foods, leading to their deterioration. In addition, 
these ROS can easily initiate the peroxidation of membranes lipids, leading to the accumulation of lipid 
peroxidation. The peroxidation products and their secondary oxidation products such as malondialdehyde and 4-
hydroxyinonenal can react with biological substrates such as protein, amines, and deoxyribonucleic acid. As a 
result of this, much attention has been focused on the use of antioxidants, especially natural antioxidants to 
inhibit lipid peroxidation and to protect from damage due to free radicals. A great number of aromatic and other 
medical plants contain chemical compounds that exhibit antioxidant properties. Sources of natural antioxidants 
are primarily, plant phenolics that may occur in all parts of plants such as fruits, vegetables, nuts, seeds, leaves, 
roots and barks. (Squadriato and Peyor, 1998; Yildrim et al., 2001; Robinson et al., 1997; Mathew and 
Abraham, 2006). The role of antioxidants is to protect all biomolecules from the oxidative damage of free 
radicals; therefore antioxidants can delay the progress of degenerative diseases. Human body can produce some 
antioxidants especially many enzymatic (superoxide dismutase, catalase and glutathione peroxidase) and can 
obtain some low molecular weight antioxidants from foods, in particular vegetables and fruits (vitamin C, 
vitamin E, carotenoids and phenolic compounds), which can scavenge some reactive species (superoxide anion 
and hydrogen peroxide) and inhibit a chain reaction.(Swatsitang and Wonginyoo, 2008). 

Synthetic antioxidants such as butylated hydroxyl anisole (BHA), butylated hydroxyl toluene (BHT) and 
tert-butyl hydroquinone (TBHQ) are widely used in the food industry because they are more effective and less 
expensive than natural antioxidants. Their safety, however, has been questioned. BHA and BHT are reported to 
be carcinogenic. Hence research into safer and more effective natural antioxidants. Several natural sources are 
being examined. Antioxidants such as flavonoids, tannins, coumarins, curcumanoid, xanthons, phenolics, 
lignans,andterpenoids are found in various plant parts (e.g. fruit, leaves, seeds and oils (Pin-Der and Gow-Chin, 
1997; Jeong et al., 2004). For this reason, there is growing interest in separating these plant antioxidants and 
using them as natural antioxidants. 

Several naturalantioxidants have already been isolated from different plant materials i.e., such as seeds, 
fruits, leaves, roots (Ramarathnam et al., 1995). Typically, when discussing phenolics in plant foods, flavonoids 
are the predominant class described, because they account for approximately two-third of the dietary phenols. 
Their role as dietary antioxidants that has received the most attention in recent literature (Rice-Evans et al., 
1997and Scalbert and Williamson, 2000). Therefore, the aim of this investigation was to evaluate the content of 
in vitro cultured sprouts of  garden cress of phenolic, flavonoids, flavonols and antioxidant activity affected by 
polyethylene glycol and mannitol as drought and NaCl as salt stresses.   
 
Materials And Methods 
 
Plant material: 

 
Seeds of Garden cress were surface disinfected with 70 % ethanol for 1 min, followed by 10 min in 15 % 

sodium hypochlorite (v/v) and rinsed with sterile water for four times. Disinfected seeds were kept for sprouting 
in MS (Murashige and Skoog, 1962) basal medium (pH 5.7) with 3 % sucrose, 8 g/l agar and grown at 23± 2°C 
with 16 h photoperiod. Seedlings (2 cm in length) from 10 days old sprouted seeds were used as explants. 
 
Experimental procedures for drought and salinity treatments: 

 
Drought was simulated by the addition of polyethylene glycol (PEG) (molecular weight 6000, Sigma) at 

concentrations of 10, 20, 30 and 40 % (w/v) and mannitol (Sigma) at concentrations of 2, 4, 6 and 8 g/l to 250 
ml Erlenmeyer flasks included 50 ml solid MS medium with 3 % sucrose. Salinity was simulated by the addition 
of Sodium Chloride (NaCl, Sigma) at concentrations of 30, 60, 90 and 120 mM to 250 ml Erlenmeyer flasks 
included solid MS medium with 3 % sucrose. Each treatment included 10 flasks and each flask contained 5 
explants. The cultures were grown in the growth chamber with 16 h photoperiod and maintained at 23±2°C. The 
cultures were kept for six weeks to study their growth parameters, total phenolics, total flavonoids, total 
flavonols and antioxidant activity (DPPH and ABTS) 
 
Samples preparation and extract yield: 

 
Six weeks old in vitro sprouted cultures exposed to different levels of PEG, mannitol and NaCl were 

harvested and immersed in liquid nitrogen to prevent phenolic compound volatilization and then followed with 
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freeze-drying. The lyophilized samples were grounded by flint mill (Retsch, Germany) (20000 rpm, 2 min) to a 
fine powder. Ground samples (1g) were extracted with methanol (10ml) overnight in a shaker at room 
temperature followed by filtration though whatman No.1 filter paper. The residues were re-extracted under the 
same conditions. The combined filtrates were evaporated in rotary evaporator below 40oC. The extracts obtained 
after evaporation were weighed to determine the extract yield and stored at – 20oC until further use. 
 
Determination of total phenolic: 

 
Total phenolic content of extracts from cultured sprouts of Garden cress exposed to different levels of PEG, 

Mannitol and NaCl was determined by the Folin-Ciocalteu micro method (Saeedeh and Asna, 2007). A 20 μl 
aliquot of extract solution was mixed with 1.16ml of distilled water and 100 μl of Folin-Ciocalteu reagent 
followed by 300 μL of 200gL-1 Na2 CO3 solution. The mixture was incubated in a shaking incubator at 40oC for 
30 min and its absorbance at 760 nm was measured. Gallic acid was used as standard for the calibration curve. 
Total phenolic contents were expressed as gallic acid (mg gallic acid g -1 dry weight).  
 
Determination of total flavonoids:-  

 
Total flavonoids content of extracts from cultured sprouts of  Garden cress  with different levels of (PEG, 

mannitol and NaCl was determined by the method of Ordon et al., (2006). A 0.5 ml aliquot of 20 g L-1 
AlCl3ethanolic solution was added to 0.5 ml of extract solution. After 1 h at room temperature, the absorbance at 
240 nm was measured. A yellow color indicated the presence of flavonoids. Extract samples were evaluated at a 
final concentration of 0.1mg ml-1, Total flavonoids content expressed as QE (mg QE g-1 dry weight). 
 
Determination of total flavonols: 

 
Total flavonoids content of extracts exposed to different levels of PEG, mannitol and was determined by the 

method of Kumaran and Joel, (2007). 2ml of extracts solution, 2ml of 20 g l-1 AlCl3 ethanolic solution and 3ml 
of 50g l-1 sodium acetate solution were prepared. The absorbance was read after 2.5 h at 20oC at 440nm. Extract 
samples were evaluated at a final concentration of 0.1mg ml-1, Total flavonoids content was expressed as QE 
(mg QE g-1 dry weight). 
 
Antioxidant Activity:- 
 
Free radical scavenging activity (DPPH test) 

 
The DPPH method of Lee et al., (2003) was used with some modifications. The stock reagent solution (1x 

10-3 mol L-1) was prepared by dissolving 22mg of DPPHin 50 ml of methanol and stored at – 20oC until use. 
Extract samples and synthetic antioxidant (BHA) solutions of different concentrations (0.1ml of each) were 
vortexes for 30 s with 3.9 ml of DPPH solution and left to react for 30 min, after which the absorbance at 515 
nm was recorded. A control with no added extract was also analyzed. Scavenging activity was calculated as 
follows: 

DPPH radical scavenging activity (%) = [ (Abs control – Abs sample) /  Abs control ] x 100 
Abscontrol  =The absorbance of DPPH radical + methanol  
Abs sample    = The absorbance of DPPH radical + extracts / synthetic antioxidant 

 
Free radical scavenging activity (ABTS test): 

 
For the ABTS test the method of Re et al., (1999) was adopted. The stock reagent solutions were (7 mM 

ABTS solution. and 2.4mM potassium per sulfate solution). The working reagent solution was prepared by 
mixing the two stocks reagent solutions in equal quantities and allowing them to react for 12-16h at room 
temperature in the dark. Extract and synthetic antioxidant (BHA) solutions of different concentrations (1.0 ml of 
each) were allowed to react with 1ml of ABTS .solution for 7 min, after which the absorbance at 734nm was 
recorded. A control without extract was also analyzed. Scavenging activity was calculated as follows: 

ABTS radical scavenging activity (%) =[ ( Abs  control – Abs sample) /  Abs control ] x 100 
Abscontrol  =The absorbance of ABTS radical + methanol  
 Abs sample    = The absorbance of ABTS radical + extracts / synthetic antioxidant 

 
Statistical analysis: 

 
Data were expressed as the mean + standard error (SE) of three replicates (Adedapo et al., 2009). 
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Results and Discussion 
 
Growth parameters: 

 
Shoot length, leaves number, root length and root number were measured after six weeks of sprout culturing 

on different levels of mannitol, PEG and NaCl are presented in (Table l). Mannitol was found to be more 
effective on shoot length than PEG as a drought stress but without a significant difference in comparison with 
the control. Moreover, PEG concentrations at 30 and 40% significantly gave lower shoot length compared to 
control. On the other hand, the stress with 30 mM NaCl significantly increased the shoot length (11.10 cm) 
compared to control (7.60 cm). Leaves number decreased significantly compared to control regardless drought 
and salinity stress levels. The same was true with root number. For root length, data showed that no significant 
differences between NaCl, mannitol and the control treatment. While PEG treatments showed low significant 
differences compared with the control. These results agreement with those obtained by Anber (2010), who 
found that mannitol was found to be more efficient than polyethylene glycol (PEG) as osmotic agent for drought 
stress on growth parameters of pelargonium.  

 
Extracts yield: 

 
The yield extracts from cultured sprouts of Garden cress with different concentrations of PEG, mannitol and 

NaCl using methanol are shown in Fig (1).  As appeared, extracts yield varied between 27.2 % (2% mannitol) to 
48.4% (40 g/l PEG). The highest extraction yield was observed in extracts from cultured sprouts of exposed to 
40 g/l PEG (48.4%) followed by 30 and 20 g/l PEG (46.8 % and 46.4%) and then cultures stressed by 60 mM 
NaCl (44.0 %). It could be seen that, yield extracts of cultured sprouts of Garden cress were clearly influenced 
by with different concentrations of PEG, mannitol and NaCl.  
 
Table 1: Effect of PEG, mannitol and NaCl on growth parameters of sprouts garden cress after six weeks of culturing. 

Treatment Shoot length (cm) Leaves number Root length (cm) Root number 
Control 7.60 ±0.673 11.50±1.612 10.65±1.18 2.85±0.30 
10% PEG 6.85± 2.31 6.70± 0.35 7.25±0.30 2.05±0.10 
20% PEG 6.40±0.71 4.75±0.47 5.00± 1.01 1.70±0.12 
30% PEG 3.70±0.48 3.70± 0.42 6.05±0.34 1.85±0.10 
40% PEG 3.30 ±0.26 3.45± 0.41 4.45± 0.57 1.50±0.12 
2 g/l mannitol 7.85±0.612 6.55±1.10 7.65±0.19 1.85±0.10 
4 g/l mannitol 7.40±0.4 6.35±0.66 7.90±0.74 2.10±0.53 
6 g/l mannitol 8.10 ±1.09 5.40±0.63 9.40±1.08 1.75±0.10 
8 g/l mannitol 6.35±1.01 4.40±0.57 7.70±1.18 1.85±0.34 
30 mM NaCl 11.10±0.50 5.75±0.91 8.85±1.62 1.55±0.25 
60 mM NaCl 5.10±0.50 6.20±0.59 7.65±2.09 1.55±0.25 
90 mM NaCl 7.10±0.93 6.15±1.03 10.55±1.57 1.70±0.20 
120 mM NaCl 5.45 ±1.38 4.00±0.28 9.65±0.55 1.35±0.10 

Means of three replicatses.  ± Standard Error. 

 
Determination of total phenolic: 

 
Total phenolics content of methanolic extract of cultured sprouts of Garden cress exposed to different 

concentrations of PEG, mannitol and NaCl is shown in Fig (2). The amount of total phenolics varied in the 
different treatment ranging from 1.66 mg galic acid /g dry weigh with 8% mannitol to 2.63 mg galic acid /g dry 
weigh with 20 g/l PEG comparison with control. The highest amount of total phenolic was observed in 
methanolic extract from Garden cress cultured with 20 g/l PEG followed by 120 and 90 mM NaCl and then with 
10 g/l. Whereas, cultures exposed to 8% mannitol and 40 g/l PEG were showed the lowest amount of total 
phenolic. The results also revealed that, all treatment were better than the control at extracting phenolic 
compounds by methanol extraction. Finally, the addition of 20 g/l PEG was more effective on total phenolics 
content. These results are agreement with (Mohdaly et al., 2009). However, phenolics content of red pepper 
seeds 0.291 mg galic acid /g for ethanolic extract (Sin and Sil 2008) and of tomato seeds 0.220 mg galic acid /g 
for acetone extract (Toor and Savage, 2005) were reported that all were lower than that of Ocimum basilicum, 
Apium graveolens and Lepidium sativum seeds extracts (Aydemir and Becerik, 2011) 
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Fig. 1:The extraction yield of extracts from cultured sprouts of garden cress after 6 weeks of subculture on  
           different concentrations of PEG, mannitol and NaCl using methanol. 
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Fig. 2: Total phenolics content of methanolic extract from cultured sprouts of Garden cress after six weeks of  
             subculture on different concentrations of PEG, mannitol and NaCl. 

 
Determination of total flavonoids: 

 
Total flavonoids content of methanolic extract of sprouts Garden cress cultured on different concentrations 

of PEG, mannitol and NaCl are shown in Fig (3). Extract of 60 mM NaCl had the highest total flavonoids (0.60 
mg QE/ g) followed by 8% mannitol (0.59 mg QE/ g). On other hand, addition of 6% mannitol was mostly like 
control in total flavonoids. From the same Fig, it could be observed that sprouts cultures with NaCl improved 
the total flavonoids contents of methanolic extract and followed by addition of mannitol and then PEG in 
compression with control sample. In this respect, Miliauskas et al., (2004) observed that the amount of 
flavonoids in 12 medicinal and aromatic plant extracts showed only low correlation with the total amount of 
phenolics. However, Chen et al., (2007) found that Comelliasinensis (GABA tea) had a low level of flavonoids. 
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Fig. 3: Total flavonoids content of methanolic extract of cultured sprouts of Garden cress after 6 weeks of  
            subculture on different concentrations of PEG, mannitol and NaCl. 

 
Determination of total flavonols :- 

 
The total flavonols content of methanolic extract of Garden cress sprouts cultured on different 

concentrations of PEG, mannitol and NaCl are shown in Fig (4). The total flavonols ranged between 0.24 mg 
QE/ g (40 g/l PEG) to 0.71 mg QE/ g (4% mannitol). The highest flavonols content (0.89 mg QE/ g) was 
observed in methanolic extract of Garden cress cultures without any addition. On other hand, the addition of 4% 
mannitol was in closed to control sample, followed by 90 mM NaCl. From the same figure, it could be seen that 
the total flavonols content of Garden cress decreased as the concentration of PEG increased in culture medium. 
The results confirmed a previous report that flavonols represent the main group of phenolic compound with 
different concentrations of NaCl followed by mannitol and finally PEG. 

 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

T
ot

al
 F

la
vo

no
ls

 (
m

g 
Q

E
 g

-1
 d

ry
 w

ei
gh

t 
)

Zero 10 20 30 40 2 4 6 8 30 60 90 120

Control(%) PEG g/L Mannitol % Nacl mMol  
 
Fig. 4: Total flavonols content of methanolic extract of cultured sprouts of Garden cress after 6 weeks of  
            subculture on different concentrations of PEG, mannitol and NaCl.             

 
Antioxidant Activity: 
 
Free radical scavenging activity (DPPH test): 
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DPPH radical scavenging activities of methanolic extract of sprouts of Garden cress cultured on different 
concentrations of PEG, mannitol and NaCl are represented in Fig (5). The results showed that methanolic 
extract of sprouts of Garden cress cultured on 90 mM NaCl gave the highest antioxidant activity (57.2%) 
determined by the DPPH assay and same treatment exhibited antioxidant activity higher than of BHA(49.0%), 
which had the highest antioxidant activity among the other treatment and control sample. On other hand, extract 
of sprouts cultured on 60 mM NaCl was a mostly like BHA. However, all treatment extracts showed lower 
DPPH radical scavenging activity when compared with BHA except methanolic extract of sprouts on 60 and 90 
mM NaCl. Similarly, several authors reported that some plant extracts showed lower activity against the DPPH 
radical compared with BHA (Ramarathnam et al., 1995; Duh et al., 1999). Finally, the extracts showed that 
relatively high antioxidant activity (those treatments 60 and 90 mM NaCl) as strong as that of BHA contained 
the highest amount of total phenolic compounds. It has been proven that the antioxidant activity of plant extracts 
is mainly an ascribable to concentration of phenolic compounds in plant (Heim et al., 2002). In this connection, 
Souri et al., (2004) reported that the methanolic extracts of savory, radish leaf, garden cress, spirmint, leek, 
lettuce and dill showed antioxidant activity comparable to those of α tochopherol and quereetin, determined by 
the inhibition of linoleic acid peroxidation. 
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Fig. 5: DPPH radical scavenging activity of methanolic extract of cultured sprouts of Garden cress after 6 weeks  
            of subculture on different concentrations of PEG, mannitol and NaCl. 
 
Free radical scavenging activity (ABTS test): 

 
Although the DPPH .free radical is ubiquitously used to estimate the potential free radical scavenging 

activity of natural products the ABTS .free radical is commonly used when issues of solubility or interference 
arise and the use of DPPH .based assay becomes in appropriate (Dorman et al., 2004). Proton radical scavenging 
is an important attribute of antioxidants. ABTS, a protonated radical, has a characteristic an absorbance 
maximum at 734nm that decrease with the scavenging of proton radical (Mathew and Abraham, 2006). In this 
study, ABTS radical scavenging activity of methanolic extract of sprouts of Garden cress cultured on different 
concentrations of PEG, mannitol and NaCl are assayed.  Data presented in Fig (6) showed that extract of 90 mM 
NaCl (73.4%) treatment was fast and effective scavenging of the ABTS radical and this activity was comparable 
to that BHA (65.8%). The same treatment exhibited higher activity than BHA but control sample (64.0%) and 
extract taken from sprouts cultured on 60 mM NaCl (62.8%) were closely to that BHA (65.8%). Finally, the 
scavenging of the ABTS .radical by the extracts was found to be much higher than that of DPPH .radical. Wang 
et al., (1998) found that some compounds which have ABTS Scavenging activity did not show DPPH 
scavenging activity. This is not the case in our study. This further shows the capability of extracts to scavenging 
different free radicals in different system indicating that they may be useful therapeutic agents for treating 
radical – related pathological damage. 
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Fig. 6: ABTS radical scavenging activity of methanolic extract of cultured sprouts of Garden cress after 6 weeks  
           of subculture on different concentrations of PEG, mannitol and NaCl. 
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