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Abstract 

Rosmarinus officinalis L. is an important plant due to its chemical constituents, medicinal 

properties and commercial use. The present study was carried out to determine the change in 

concentration of chemicals in salt stressed R. officinalis. Plants were treated with 50, 100 and 

150mM NaCl to determine the change in moisture content level and concentrations of 

carbohydrates, alkaloids, flavonoids and phenols. Results revealed that moisture content and 

carbohydrates decreased with increased salinity. Maximum values of moisture content (60.39%), 

insoluble carbohydrates (2.25 g) and soluble carbohydrates (24.5 ml), found in control treatment, 

while the minimum values of moisture content (48%) and 1.47 g and 21 ml for insoluble and 

soluble carbohydrates respectively were recorded for 150 mM NaCl treatment. Maximum values 

for alkaloids 0.9 g and flavonoids 0.82 g were recorded for 50 mM NaCl treatment while 

minimum values, alkaloids 0.76 g and flavonoids 0.32 g were recorded for 150 mM NaCl 

treatment. Quantitative analysis of phenols expressed that phenols increased with increased 

salinity i.e for control lowest 3.02% and for 150 mM NaCl highest value 4.24% obtained. It 

concluded that phenols might release the oxidative stress caused by NaCl applications but their 

increase is also beneficial because they are natural antioxidants.                      
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Introduction   

Salinity is now becoming threatens 

environmental issue and its adverse effects 

are more on agriculture [1]. As  more  than  

25%  of  the  total  area  of  the terrestrial  

land  is saline also the fresh water supply is 

becoming a major problem and 97% water is 

saline, this necessitates investigation into 

use of saline  areas   for  agricultural  

cultivation as salinity causes changes in 

plant growth, resistance to environmental 

conditions and yield of carbohydrates, 

protein and fatty acids as well as proline and 

phenols [2]. It was found that salt stressed 

plants had higher concentrations of phenolic 

compounds and antioxidants, but lower 

levels of photosynthetic pigments [3]. In 

Rosmarinus officinalis salt stress decreased 

leaf water content but increased oxidative 

stress [4]. 

Rosmarinus officinalis commonly known as 

rosemary has important chemical 

constituents, like alkaloids, flavanoids, 

phenols, rosmarinic acid, mineral 
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constituents, vitamin A, C and others [5]. Its 

main  importance  is  due  to  its  antioxidant  

property  given  by  antioxidants i.e  

phenols. Phenols are natural antioxidants. 

Antioxidants are the compounds that finish 

or reduce the oxidative stress. Oxidative 

stress in organisms is very dangerous 

because it cause tumors of different kinds. It 

has a number of uses as a fragrance in 

perfume and seasonings. From medicinal 

point of view it is used to strengthen the 

circulatory system and nerves system. 

Furthermore it is use to control cancer, and 

regulate blood pressure etc [5]. The aim of 

the study was to investigate the change in 

chemical constituents that is moisture 

content, carbohydrates (soluble and 

insoluble) alkaloids, flavonoids and phenols 

in salt stressed rosemary plants. This was 

done in order to determine the cultivation of 

Rosmarinus officinalis under saline 

conditions.  

Materials and methods 

Sample collection  
One-Year old rosemary (n=24) plants were 

randomly selected from botanical garden of 

SBK Women’s University Quetta 

(Pakistan). These selected plants were 

treated with different molarities of NaCl 

from May to August 2012. Arranged these 

24 plants in Randomized Complete Block 

Design in 4-plots, with three replications. 

Treatments included, Control (no treatment, 

2 L water per plant per week), 2 L 50 mM 

NaCl per plant per week, 2 L 100 mM NaCl 

per plant per week and 2 L 150 mM NaCl 

per plant per week. 

Sample preparation 
For the determination of moisture content 

fresh leaves were taken. For all other 

quantitative tests air dried leaves (grounded 

to a fine powder using an electrical grinder) 

were used. 

Methods used for quantitative analysis of 

chemicals  

Moisture content was determined by the 

AOAC (2003) method, used by Gul & 

Safdar, (2009) [6]. Determination of 

carbohydrates concentration was performed 

using the method described by Ali et al., 

(2003) [7]. Alkaloids were quantified by the 

method of Okwu & Josiah, (2006) [8]. The 

concentrations of flavonoids and phenols 

were determined by using the methods used 

by Edeoga et al., (2005) [9]. 

Statistical analysis  
Statistical analysis was carried out to find 

whether the different treatments (salt stress 

levels) have significant (different) or non-

significant effects on the concentration of 

investigated chemicals. For this purpose 

standard error bars were added to the graphs 

after calculating the standard error of the 

means for each quantitatively analyzed 

chemical. The bars are also helpful in 

finding that how much uncertainty there is 

in the data [10].   

Results 
Highest moisture content 60.39%, was noted 

in control treatment followed by the 50 mM 

NaCl treatment (57.64%). The lower 

moisture content 48% was found in 150 mM 

NaCl treatment (Figure-1). Highest 

carbohydrates amount of insoluble sugars 

(polysaccharides) 2.25 g and soluble sugars 

(monosaccharides and disaccharides) 24.5 

ml were determined from controlled plot 

(Figure-2 & 3). Maximum amount of 

alkaloids was 0.9 g calculated for the 50 

mM NaCl plot. The results showed that 

alkaloids increased at 50 mM NaCl salinity, 

they also increased up to some extent at 100 

mM NaCl treatment, but when salinity 

increased up to 150 mM NaCl, the alkaloids 

amount became  lower than that of  control 

one (Figure-4). The result for flavonoids 

was same as that for alkaloids. The 50 mM 

NaCl treated plants were have highest 

amount 0.82 g, while 150 mM NaCl treated 

rosemary plants have lowest amount 0.32 g 

of flavonoids (Figure-5). Increased salinity 
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caused increase in phenol concentration, 

highest phenol 4.24% found in 150 mM 

NaCl while the lowest phenol 3.02% was 

found in Control (Figure-6). 

Overlap standard error bars demonstrate that 

the two treatments on average do not cause 

different effects while the non-overlap bars 

revealed that two treatments have different 

effects. Error bars of moisture content 

indicated that 150 mM NaCl salinity 

treatment have entirely different effect 

(Figure-1). In case of polysaccharides two 

treatments (50 and 100 mM NaCl) denoted 

non-significant results while control and 150 

mM NaCl treatments showed significant 

effects. All the treatments produced 

significant effects in case of mono and 

disaccharides (Figure-2 & 3). For alkaloids 

highest salinity treatment (150 mM NaCl) 

expressed significant results (Figure-4). 

Significant results were obtained for 

flavonoids at 50 mM NaCl treatment 

(figure-5). In case of phenols all salinity 

treatments (50, 100 and 150 mM NaCl) 

produced significant effects as compared to 

control (Figure-6). Lengths of error bars 

show the concentration of means over the 

area. For almost all the treatments in all 

investigated chemicals, the obtained bars 

were of short length, indicated that the 

means were not so dispersed rather they 

were concentrated over the small area. 

Figure 1. Moisture content (mean with ± standard error bars “I”) 

Figure 2. Polysaccharides (mean with ± standard error bars “I”) 
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Figure 3. Monosaccharides and disaccharides (mean with ± standard error bars “I”) 

Figure 4. Alkaloids (mean with ± standard error bars “I”) 

 

 

 

 

 

 

 Figure 5. Flavonoids (mean with ± standard error bars “I”) 
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Figure 6. Phenols (mean with ± standard error bars “I”) 

Discussion 

A comparative analysis showed that 

moisture content decreased with increased 

salinity levels, similar results [11] on Thai 

jasmine rice and Rosmarinus officinalis 

were obtained. High salinity resulted high 

osmotic pressure which restricted plant cells 

to uptake water so decreased moisture 

content may be due to defect metabolism in 

plant cells [12]. Results showed that 

carbohydrates decreased with increased 

salinity levels, results were similar with 

studies [13] on Datura stramonium and 

Salvia officinalis. Decreased moisture 

content might reduce photosynthetic activity 

which in turn resulted decreased 

carbohydrates level.  

Salinity caused to increase the total 

alkaloids, similar results reported by Ali, 

[14]. But the alkaloids only highly increased 

at 50 mM NaCl salinity, also increased to 

some extent at 100 mM salinity but 

decreased at 150 mM salinity as compared 

to control one. Quantitative evaluation of 

flavonoids showed the same results like that 

for alkaloids. Highest found in 50 mM NaCl 

level and lowest calculated from 150 mM 

NaCl treatment. Flavonoids increased when 

salinity applied from 50 mM to below 100 

mM. Phenols increased with increased 

salinity levels and results similar with the 

results of Mehrizi et al., [15] and Abd – EL 

– Azim et al., [16] they investigated the 

effect of salts on Achillea fragratissima, 

Rosmarinus officinalis. Reduction in growth 

may have resulted in a new pattern of 

providing additional carbon skeleton for 

phenols indicating that salinity is more 

effective factor in increasing phenols, the 

natural antioxidants [17].   The study 

indicated that that rosemary can tolerate 

moderate applications of salinity. The 

increasing salinity caused increase in 

oxidative stress, and it may be a mechanism 

for protecting plants from salt stress rather 

than causing damage to plants. 

Conclusion  

Rosemary presents efficient mechanism for 

tolerating salinity. The moisture content and 

carbohydrates were decreased with the 

increased salinity. The alkaloids and 

flavonoids were highest at 50 mM NaCl 

salinity but decreased at higher salinity. On 

the other hand phenols increased when 
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salinity levels were raised. This increase of 

phenol may be due to release the oxidative 

stress caused by the applied salinity, because 

the phenols of rosemary have good 

antioxidant role. The findings suggested that 

rosemary can be cultivated under specific 

salinity for production of phenols 

(antioxidants), alkaloids and flavonoids. 
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