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ABSTRACT 

 
Halophytes are well adapted in extreme environmental conditions, regulation of secondary metabolism is one of the 
keys of their success. In this study five coastal halophytes i.e. Atriplex stocksii, Cressa cretica, Heliotropium 
bacciferum, Ipomea pes-caprae and  Salsola imbricate, which are well known for their therapeutic properties were 
investigated for their antioxidant activity and polyphenol composition. Medicinal halophytes showed considerable 
antioxidant activity in terms of DPPH (14.4-64.8 I%), ABTS (22.6-230.6 µMol TE g-1), FRAP (0.5-5.6 mMol Fe+2 g-1) 
and TAC (17.6-36.1 mg AsA g-1). Results indicated that these plants also contained high amount of total phenols (7.7-
29.6 mg GAE g-1), flavonoids (4.2-17.3 mg QE g-1) and proanthocynadins (0.2-0.6 mg CE g-1). Among these, I. pes-
caprae and C. cretica had the highest antioxidant activity and polyphenolic contents. High correlation among 
antioxidant activity assays (r = 0.877-0.999) indicated the radical scavenging and reducing power abilities of these 
plants. Similarly, strong correlations (r = 0.654-0.953) among antioxidant activity measurements and polyphenolic 
composition suggested that phenolic compounds contributed mainly to the antioxidant activity of these plants. Present 
study reveals coastal halophytes as rich sources of natural antioxidants, which could be used in herbal formulations, 
pharmaceuticals/ nutraceuticals, food additives and cure for ailments related to oxidative stress. Furthermore, these 
plants could be grown using saline resources and provide bioactive raw material with high industrial and economic 
value. 

 

Keywords: Arabian Sea, Karachi coast, Marginal lands, Medicinal plants, Salt tolerant species, Secondary 
metabolites 
 

INTRODUCTION 

 
The Karachi coast extends over 100 Km on the Arabian Sea, including several islands and beaches (Shameel 

and Tanaka, 1992). The diversity of halophyte various sub types (Xerohalophytes, hydrohalophytes) have been 
established in coastal areas of Pakistan (Khan and Qaiser, 2006; Khan and Gul, 2002). These halophytes are well 
known for multiple economic usages like fuel wood, food,  fodder,  medicines, oilseed, landscaping, chemicals 
(Abideen et al., 2011; Khan et al., 2009; Qasim et al., 2011; Weber et al., 2007) and considered as potential 
candidates to fulfill as secondary source for basic needs of growing population.  
 Plants distributed at coastal regions exposed to various abiotic stress such as fluctuating salinity, temperatures, 
light, nutrient, and water (Ksouri et al., 2010). These stresses can cause over production of reactive oxygen species 
(ROS). Although ROS, at low concentration, are essential messengers for vital plant functions (Salganik, 2001), 
their higher quantities can trigger cell and tissue injuries by damaging membranes and molecules (Abdi and Ali, 
1999; Karuppanapandian et al., 2011; Zhu, 2001). However, tolerant plants like halophytes are adapted to harsh 
environments and can protect deleterious effects of ROS by enzymatic and non-enzymatic antioxidant systems (Gill 
and Tuteja 2010). For instance, production of antioxidant compounds contribute significantly to plant stress 
resistance and is often associated with plant survival (Gupta and Huang, 2014). Halophytes can produce large 
quantities of secondary metabolism including phenols, flavonoids, proanthocyanidins, tannins and other antioxidant 
compounds (Alhdad et al., 2013; Dixon and Paiva, 1995; El Shaer, 2010). Hydrogen atom or electron donation 
capacity/ metal chelating ability of polyphenols is associated with their antioxidant activity (Anchana et al., 2005; 
Tsao and Deng 2004). Besides providing antioxidant defense, these compounds also possess a broad range of 
biological and Bouayed pharmacological potential and can be used to treat health care issues based herbal 
formulations (Qasim et al., 2011, 2014). In addition, phenolic compounds are also known for their beneficial health 
effects for humans (Cicerale et al., 2010; Huang et al., 2009) including anti-cancerous, anti-coagulant and hypo-
glycemic properties (Meira et al., 2012) and are used in different food, pharmaceutical and cosmetic products 
(Maisuthisakul et al., 2007). Recently, interest is shifted towards find natural herbal product alternate to synthetic 
antioxidants known to possess harmful health effects (Hu et al., 2000). Moreover, natural compounds have better 
antioxidant activity and lesser side effects than synthetic ones (Maisuthisakul et al., 2007).  
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Numerous studies have been conducted related to taxonomy, distribution, and morpho-ecology of coastal plants, 
but data about their active compounds and secondary metabolite constituents is scanty (Rizvi and Shameel, 2001). 
Few reports, which incorporated eco-physiological approach in medicinal plant studies, suggested that in search of 
natural sources of antioxidant compounds, halophytes are the better candidates to focus (Abideen et al., 2015; Qasim 
et al., 2017). Keeping in mind the above mentioned scenario, this study evaluated the antioxidant activity of five 
coastal halophytes i.e. Atriplex stocksii, Cressa cretica, Heliotropium bacciferum, Ipomea pes-caprae and Salsola 
imbricate, that are commonly used in traditional medicines. Composition of polyphenols including total phenols, 
flavonoids and proanthocynadins and their correlation with antioxidant activity of medicinal halophytes was also 
determined. 
 

MATERIALS AND METHODS 

 

Collection of plant material  

Leaves of five medicinal halophytes i.e. Atriplex stocksii, Cressa cretica, Heliotropium bacciferum, Ipomea 
pes-caprae and Salsola imbricate, were collected from their natural habitats along the coast of Karachi. Taxonomic 
description of selected halophytes is given in Table 1. Mean monthly temperatures (maximum 28-36 ºC, minimum 
9-29 ºC), precipitation (0-9.9 cm) and humidity (25-64%) during 2014 (Fig. 1). 
 

Sample preparation 
Leaves were dried under shade condition and ground to finely powdered using ball mill (Retsch MM-400). 25 

mg of powdered plant material was extracted in 80% methanol (10 mL) at 40 oC for 3 h using a shaking water bath 
(GFL-1092; Abideen et al., 2015; Qasim et al., 2016). Extracts were centrifuged and supernatant was recovered for 
further analysis. 
 

Quantification of secondary metabolites 

Estimation of secondary metabolites was based on calorimetric method, total phenolic content (TPC) was 
carried out using the Folin–Ciocalteu method (Singleton and Rossi, 1965). Calorimetric methods of Chang et al. 
(2002) and Sun et al. (1998) were also used for the quantification of total flavonoids (TFC) and proanthocyanidins 
(PC), respectively. 
 

Determination of Antioxidant capacity  

Four different tests were employed to determine the antioxidant activity of medicinal halophytes. DPPH 
(Brand-Williams et al., 1995) and ABTS (Re et al., 1999) assays are based on radical scavenging ability while, 
ferric reducing antioxidant power (FRAP; Benzie and Strain, 1996) and total antioxidant capacity (TAC; Prieto et 
al., 1999) methods were used to determine the reducing potential of plant extracts. 
 

Soil analysis  

Soil samples were collected from the root zone (up to 12 cm deep) of medicinal halophytes and analyzed for 
moisture content, electrical conductivity (EC) and pH (AOAC, 2005). 
 

Statistical analyses 

The study was based on a minimum of 5 biological replicates using 5 technical replicates. SPSS (version 20) 
was used for LSD post-hoc test and Pearson Correlation Coefficient (r). All graphs were plotted using Sigma Plot 
(version 12.5). Results are presented as means (± standard error). 
 

RESULTS AND DISCUSSION 

 
Antioxidant activity and polyphenolic composition of five medicinal halophytes distributed in coastal areas of 

Karachi were studied. Selected species were either perennial shrubs or herbs, belongs to 3 botanical families (Table 
1). Data revels that the rhizosphere soil was mostly saline (22-27 dSm-1) and dry (0.6-3.5% moisture) with pH 
ranging 6.8-8.3 (Table 2), which reflects in the xerohalophytic nature of most of the plants (Table 1). Traditionally 
these plants are used as a folk remedy in nearby communities and some of them are also reported with profound 
biological activities (Table 2).  

Antioxidant activity relies not only on the constituents present in the plant extract but also on the testing 
method. Hence, cannot be completely assessed by single method rather multiple antioxidant assays are used to 
harness various antioxidant action mechanisms (Wong et al., 2006). Antioxidant activity of medicinal halophytes 
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were evaluated using four antioxidant assays i.e. DPPH, ABTS, FRAP and TAC. The DPPH and ABTS estimates 
the radical scavenging ability of plant extracts using 1,1-Diphenyl-2-picrylhydrazyl (DPPH) and 2,2′-Azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid (ABTS) free radicals, respectively. The ferric-reducing antioxidant power 
(FRAP) and total antioxidant capacity (TAC) methods estimate the ability of plant extract to reduce iron and 
molybdenum ions, respectively. These are simple, reliable, less expensive and easily reproducible methods which 
reflect the different rationales of antioxidant activity measurements (Cai et al., 2004; Li et al., 2008).  

A wide variation among antioxidant activity of five selected species was recorded. It is important to notify that 
all test species were collected from the same study area to ensure similar edaphic, climatic, and developmental 
influences on the growth and antioxidant activity. DPPH radical scavenging activity (% inhibition) of curative 
halophytes ranged between 14.3% (H. bacciferum) to 64.7% (C. cretica) indicating a 3.5 fold variation. The 
antioxidant activity using FRAP system (mMol Fe+2 g−1) showed a 13 fold variation from 0.48 (H. bacciferum) to 
5.6 (I. pescaprae). The ABTS (µMol TE g-1) values ranged from 22.6 (A. stocksii) to 230.6 (C. cretica), while TAC 
values (mg AsA g-1) ranged from 17.6 (H. bacciferum) to 36.1 (I. pescaprae). In general, medicinal halophytes 
represent powerful radical scavenging and reducing oxidant activities (Fig. 2), which is related to their bioactive 
secondary metabolites which make them better than antioxidant rich plants like herbs, medicinal plants, edible 
plants, and some halophytes (Bourgou et al., 2008). Our results verify previous studies based on equivalent or higher 
antioxidant activity of coastal medicinal plants (Falleh et al., 2012; Medini et al., 2014; Qasim et al., 2017). 
 
Table 1. Taxonomic detail of medicinal halophytes used in this study. 

Species  Families Habit  Plant type Flowering period 

Atriplex stocksii Boiss Amaranthaceae Shrub Xerohalophytes December-January 

Cressa cretica L. Convolvulaceae Herb  Hydrohalophyte Year round 

Heliotropium bacciferum 
Forssk. Boraginaceae Shrub Xerohalophyte July-September 

Ipomoea pes-caprae (L.) R. 
Br. Convolvulaceae Herb Psammophyte July-September 

Salsola imbricata Forssk. Amaranthaceae Shrub Xerohalophyte August-October 

 

Table 2.  Soil EC, pH and moisture content collected from rhizosphere of medicinal halophytes. 
Species EC (dS m

-1
) pH Moisture (%) 

Atriplex stocksii 27.04 ± 1.341 7.6 ± 0.01 0.93 ± 0.02 
Cressa cretica 27.12 ± 3.671 6.8 ± 0.07 3.54 ± 0.42 
Heliotropium bacciferum 24.85 ± 2.431 6.9 ± 0.33 2.85 ± 0.65 
Ipomoea pes-caprae  25.52 ± 2.511 8.3 ± 0.23 0.56 ± 0.26 
Salsola imbricata 22.03 ± 1.351 7.1 ± 0.35 1.36 ± 0.56 

 
Table 3.  Medicinal uses of halophytes used in this study. 

Species  
Common 

name 

Plant 

part  
Preparation  Medicinal uses

*
 

Atriplex stocksii  Phurki val Leaf Infusion Fever, jaundice, dropsy, liver disease 

Cressa cretica  Bukkan Whole 
plant 

Decoction, 
paste 

Antiinflammatory, Antioxidant, Antiviral 
and for treatment of Sores  

Heliotropium 
bacciferum  

Markondi Leaf Decoction Antihyperlipidemic, antitumor, antidiabetic, 
antioxidant, and antimicrobial 

Ipomea.pes caprae Beach Morning 
Glory  

Leaf Decoction Diarrhea, pains, vomiting, inflammation of 
legs, piles 

Salsola imbricata Lana Fresh 
twig 

Infusion Insecticidal, vascular hypertension  

*Qasim et al., 2011, Qasim et al., 2014, Ahmad et al., 2014 
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Table 4. Correlation coefficient (r) of different antioxidant parameters studied. 
 

 TPC TFC PC DPPH ABTS FRAP TAC 

TPC 1       
TFC 0.610 1      
PC 0.643 0.865 1     
DPPH 0.740 0.839 0.852 1    
ABTS 0.654 0.735 0.862 0.930 1   
FRAP 0.710 0.950 0.936 0.957 0.888 1  
TAC 0.721 0.953 0.942 0.950 0.877 0.999 1 

1,1-Diphenyl-2-picrylhydrazyl (DPPH), 2,2′-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) free radicals, ferric-
reducing antioxidant power (FRAP), total antioxidant capacity (TAC), total phenolic content (TPC), total flavonoids (TFC) and 
proanthocyanidins (PC) 
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Fig. 1. Mean annual temperatures, rainfall, humidity and wind speed of study area 2014 (Pakistan Meteorological Department). 
 

Polyphenols are biologically active molecules with high antioxidant activity. Polyphenolic analysis of the 
studied plants showed considerable variation in total phenol (7.6-26.6 mg GAE g-1), total flavnoids (1.3-17.3 mg 
QAE g-1) and proanthocynadin (0.2-0.6 CE g-1) contents (Fig. 3). Among all test species, the highest collective 
polyphenolic content was 42.6 mg g-1, which was found in I. pes-caprae (TPC 24.7 mg GAE g-1 + TFC 17.3 mg QE 
g-1 + PC 0.6 mg CE g-1) followed by 40.6 mg g-1 in C. cretica (TPC 29.6 mg GAE g-1 + TFC 10.5 mg QE g-1 + PC 
0.5 mg CE g-1). A. stocksii (26.7 mg g-1), H. bacciferum (20.1 mg g-1), and S. imbricata (12.2 mg g-1) had relatively 
lower polyphenols and generally had non-significant differences in TPC, TFC, and PC contents (Fig. 3). 
Polyphenols of studied medicinal halophytes are comparable to or even higher than antioxidant rich medicinal plants 
such as Cetraria islandica and halophytes like Mesembryanthemum edule, Cakile maritima, and Limonium 
delicatulum (Falleh et al., 2012, 2013; Ivanova et al.,2005; Ksouri et al., 2007; Medini et al., 2014). 
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Fig. 2. Analysis of secondary metabolites total phenol (TPC), total flavonoids (TFC) and proanthocynadin content (P.C) in leaves 
of medicinal halophyte species. 
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Fig. 3. Variation in antioxidant activity (DPPH, ABTS, FRAP, TAC) of medicinal halophytes. 
 
 The correlation (r) of polyphenols (TPC, TFC and PC) and antioxidant activity (DPPH, ABTS, FRAP and 
TAC) of medicinal halophytes is presented in Table 4. The TPC, TFC and PC showed strong positive correlation 
with antioxidant activity measurements (DPPH, ABTS, FRAP and TAC). A positive correlation between the 
antioxidant assays also indicated that extracts of medicinal halophyte contained broad spectrum antioxidant 
compounds which enables free radicals scavanging and reducing harmful oxidants ability. Our results taken togather 
with previous studies indicating phenolic compounds are the significant contributors to the antioxidant activity of 
medicinal plants (Boulanouar et al., 2013; Djeridane et al., 2006, Lizcano et al., 2010, Ouchemoukh et al., 2012,). 
Antioxidant activity of phenolic compounds relies on number and orientation of OH groups, which either donate 
hydrogens or electrons (Bouayed et al., 2011a, b;  Rice-Evans et al., 1996) to neutralize free radicals or chelation 
metal ions (Li et al., 2008; Shan et al., 2005). Several studies indicate positive association between TPC and higher 
antioxidant activity (Kim et al 2003; Skotti et al., 2014). Several phenolic compounds have been reported, either 
individually or aggregated with profound antioxidant activity / health benefits (Lee and Lee, 2010; Owen et al., 
2000). Beside strong antioxidant activity, phenolic compounds are reported as antimicrobial, antiviral, antimalarial, 
anti-inflammatory, antiplaque-forming, hypotensive, hypoglycemic, hepatoprotective, antitumor, anticancer, and 
neuro and cardio protective effects (Nagao et al., 2005; Niggeweg et al., 2004).  
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Interestingly, studied medicinal halophytes that showed high antioxidant activity are being commonly used 
among local populations along coastal areas of Karachi and vicinity. For examples, I. pes-caprae is used as herbal 
tea against several health care issues like common cold and fever (Qasim et al., 2017). Leaf extract is used for 
treatment of jellyfish sting. This plant also possess antispasmodic, anticancer, antinociceptive, antihistaminic, 
insulogenic and hypoglycemic activities (Premanathan et al., 1996; Wasuwat, 1970). Higher radical scavenging and 
reducing power activity of I. pes-caprae demonstrated in this study agrees with the previous reports (Banerjee et al., 
2008; Thimnavukkamsu et al., 2010). The presence of catechin, gallic acid, chlorogenic acid, caffeic acid, syringic 
acid, ferulic acid, coumarin, naringenin, kaempferol, and derivatives of quercetin, isocoumarin, and isochlorogenic 
acid, supports its high antioxidant potency (Meira et al., 2012; Qasim et al., 2017).  

Cressa cretica is another important plant used as herbal remedy against several diseases and disorders (Qasim et 
al., 2017). It is a popular medicinal halophyte, used in folklore medicine for asthma, ulcers, diabetes, stomachic, 
expectorant, anthelmintic, and aphrodisiac purposes. It has properties to enrich blood, and very helpful in leprosy, 
constipation, and urinary problems (Priyashree et al., 2010). In-vivo and in-vitro biological testing highlights its 
efficacy as a potent antimicrobial, antituberculosis, antitussive, antibilous, anti-inflammatory, and anticancer agent 
(Priyashree et al., 2010; Rizk and El-Ghazaly, 1995). Animal trials proven that C. cretica extracts improves 
sexuality and testicular functions in rats (Priyashree et al., 2010). Our results reveled the powerful antioxidant nature 
of this plant are in line with previous studies (Pryianka et al., 2015; Sunita et al., 2011). Presence of scopoletin, 
syringaresinol, dicaffeoylquinic acid, creticane, cressatetratriacontanoic acid, cressatriacontanone, 
cressatetracosanoate, cressanaphthacenone, flavonol glycosides, chlorogenic acids, rutin, and derivatives of 
quercetin and kampferol in C.cretica could be are related to its antioxidant and other biological activities (Abdallah 
et al., 2017; Priyashree et al., 2010). 
 

Conclusions 

The antioxidant activity and polyphenolic contents of five coastal halophytes, which are commonly used in 
traditional herbal remedies, were evaluated. In general, medicinal halophytes showed strong antioxidant activity 
with considerable amount of phenols, flavonoids, and proanthocyanidins. Among these plants, I. pes-caprae and C. 
cretica were enriched in natural antioxidants, both in extraction as well as in antioxidant potential. A significant 
relationship between polyphenols and antioxidant activities indicated that phenolic compounds are the major 
antioxidants in these plants. A strong correlation between antioxidant activity assays also implied that extracts of 
medicinal halophytes were capable of reducing oxidants and quenching free radicals. This study highlights the 
importance of medicinal halophytes as promising sources of natural antioxidants, which can be used for multiple 
domestic and industrial applications. Moreover, these plants are adapted to saline coast lands and do not require 
prime agricultural lands and fresh water resources to grow. Sustainable development of saline/marginal lands with 
these medicinal resources can provide industrial raw material of bioactive natural products, which can be used to 
replace harmful synthetic derivatives from food, pharmaceutical and cosmetic industries. 
 

Acknowledgements  

We are thankful to Pakistan Meteorological Department for providing environmental data.  
 

REFERENCES  

 

Abdallah, H. M.I., A.I. Elshamy, A.E.N.G. El Gendy, A.M.A. El-Gawad, E.A. Omer, M. De Leo and L. Pistelli 
(2017). Anti-inflammatory, antipyretic, and antinociceptive effects of a Cressa cretica aqueous extract. Planta 
Medica, 83(17): 1313-1320. 

Abdi, S and A. Ali (1999). Role of ROS modified human DNA in the pathogenesis and ethiology of cancer. Cancer 
Lett, 142: 1-9. 

Abideen, Z., M. Qasim, A. Rasheed, M.Y. Adnan, B. Gul and M.A. Khan (2015). Antioxidant activity and 
polyphenolic content of Phragmites karka under saline condition. Pak J Bot, 47: 813-818. 

Abideen, Z., R. Ansari and M.A. Khan. (2011). Halophytes: Potential source of ligno-cellulosic biomass for ethanol 
production. Biomass Bioenerg, 35(5): 1818-1822. 

Ahmad, S., S. Ahmad, A. Bibi, M.S. Ishaq, M.S. Afridi, F. Kanwal, and F. Fatima (2014). Phytochemical analysis, 
antioxidant activity, fatty acids composition, and functional group analysis of Heliotropium bacciferum. Sci 
World J, 2014. 

Alhdad, G.M., C.E. Seal, M.J. Al-Azzawi and T.J. Flowers (2013). The effect of combined salinity and 
waterlogging on the halophyte Suaeda maritima the role of antioxidants. Environ Exp Bot, 87: 120-125. 

http://www.sciencedirect.com/science/journal/00988472/87/supp/C


480  SABA NAZIR ET AL., 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 15 (3): 473-482, 2018. 

Anchana, C., T. Aphiwat and R. Nuansri (2005). Screening of antioxidant activity and antioxidant compounds of 
some edible plants of Thailand. Food Chem, 92: 491-497. 

AOAC (2005). Official Methods of Analysis. 18th ed. Gaitherburg: AOAC International.  
Banerjee, D., S. Chakrabarti, A.K. Hazra, S. Banerjee, J. Ray and B. Mukherjee (2008). Antioxidant activity and 

total phenolics of some mangroves in Sundarbans. Afr J Biotechnol, 7(6). 
Benzie, I.F. and J. Strain (1996). The ferric reducing ability of plasma (FRAP) as a measure of “antioxidant power”: 

the FRAP assay. Anal Biochem, 239: 70–76. 
Bouayed, J., H. Deuber, L. Hoffmann and T. Bohn (2011a). Bio accessible and dialyzable polyphenols in selected 

apple varieties following in vitro digestion vs. their native patterns. Food Chem, 13:1466-1472. 
Bouayed, J., L. Hoffmann and T. Bohn (2011b). Total phenolics, flavonoids, anthocyanins and antioxidant activity 

following simulated gastro-intestinal digestion and dialysis of apple varieties: Bio accessibility and potential 
uptake. Food Chem, 128: 14-21. 

Boulanouar, B., G. Abdelaziz, S. Aazza, C. Gago and M.G. Miguel (2013). Antioxidant activities of eight Algerian 
plant extracts and two essential oils. Ind Crop Prod, 46: 85-96. 

Bourgou S., R. Ksouri, A. Bellila, I. Skandrani, H. Falleh and B. Marzouk (2008). Phenolic composition and 
biological activities of Tunisian Nigella sativa L. shoots and roots. CR Biologies, 331(1): 48-55. 

Brand-Williams, W., M. Cuvelier and C. Berset (1995). Use of a free radical method to evaluate antioxidant activity. 
LWT-Food Sci Technol, 28(1): 25-30. 

Cai, Y.Z., Q. Luo, M. Sun and H. Corke (2004). Antioxidant activity and phenolic compounds of112 traditional 
Chinese medicinal plants associated with anticancer. Life Sci, 74: 2157-2184.  

Chang, C.C., M.H. Yang, H.M. Wen and J.C. Chern (2002). Estimation of total flavonoid content in propolis by two 
complementary colorimetric methods. J Food Drug Anal, 10(3): 178-182. 

Cicerale, S., L. Lucas and R. Keast. 2010. Biological activities of phenolic compounds present in virgin olive oil. Int 
J Mol Sci, 11: 458-479. 

Dixon, R.A. and N. Paiva (1995). Stress-induced phenylpropanoid metabolism. Plant Cell, 7: 1085-1097. 
Djeridane, A., M. Yousfi, B. Nadjemi, D. Boutassouna, P. Stocker and N. Vidal (2006). Antioxidant activity of 

some Algerian medicinal plants extracts containing phenolic compounds. Food Chem, 97: 654-660. 
El Shaer, H.M (2010). Halophytes and salt-tolerant plants as potential forage for ruminants in the Near East region. 

Small Ruminant Res, 91: 3-12. 
Falleh, H., I. Jalleli, R. Ksouri, M. Boulaaba, S. Guyot, C. Magné and C. Abdelly (2012). Effect of salt treatment on 

phenolic compounds and antioxidant activity of two Mesembryanthemum edule provenances. Plant Physiol 
Biochem, 52: 1-8. 

Falleh, H., N. Msilini, S. Oueslati, R. Ksouri, C. Magne, M.  Lachaâl and N. Karray-Bouraoui (2013). Diplotaxis 
harra and Diplotaxis simplex organs: assessment of phenolics and biological activities before and after 
fractionation. Ind Crop Prod, 45: 141-147. 

Gill, S. S. and N. Tuteja (2010). Reactive oxygen species and antioxidant machinery in abiotic stress tolerance in 
crop plants. Plant Physiol Biochem, 48(12): 909-930. 

Gupta, B. and B. Huang (2014). Mechanism of salinity tolerance in plants: physiological, biochemical, and 
molecular characterization. Int J Genomics, 2014: 1-18. 

Hu, C., Y. Zhang and D.D. Kitts (2000). Evaluation of antioxidant and prooxidant activities of banboo Phyllostachys 
nigra var. Henon is leaf extract in vitro. J. Agric Food Chem., 48: 3170-3176. 

Huang, W.Y., Y.Z. Caiand and Y. Zhang (2009). Natural phenolic compounds from medicinal herbs and dietary 
plants: potential use for cancer prevention. Nutr Cancer, 62: 1-20. 

Ivanova, D., D. Gerova, T. Chervenkov, and T. Yankova (2005). Polyphenols and antioxidant capacity of Bulgarian 
medicinal plants. J Ethnopharmacol, 96 (1-2): 145-150. 

Karuppanapandian, T., H.W. Wang, N. Prabakaran, K. Jeyalakshmi, M. Kwon, K. Manoharan and W. Kim (2011). 
2,4-dichlorophenoxyacetic acid-induced leaf senescence in mung bean (Vigna radiata L. Wilczek) and 
senescence inhibition by co-treatment with silver nanoparticles. Plant Physiol Biochem, 49: 168-177. 

Khan, M.A., R. Ansari, H. Ali, B. Gul and B.L Nielsen (2009). Panicum turgidum, a potentially sustainable cattle 
feed alternative to maize for saline areas. Agricult Ecosys Environ., 129: 542-546.  

Khan, M. A. and B. Gul (2002). Salt tolerant plants of coastal Sabkhas of Pakistan. In: Sabkha Ecosystems: Volume 
1: The Arabian Peninsula and Adjacent Countries. (H. Barth. and B. Boer Eds.). Kluwer Academic Press, 
Netherlands. pp. 123 - 140.  

Khan, M.A. and M. Qaiser (2006). Halophytes of Pakistan: Distribution, Ecology, and Economic Importance In: 
Sabkha Ecosystems: Volume II. The South and Central Asian Countries. (M.A. Khan, H. Barth. G.C. Kust and 
B. Boer Eds.). Springer, Netherlands. pp.129 - 153.  

http://www.halophyte.org/pdfs/drkhan_pdfs/91.pdf
http://www.halophyte.org/pdfs/drkhan_pdfs/131.pdf


ANTIOXIDANT PROPERTIES AND PHENOLIC COMPOSITION OF COASTAL HALOPHYTES  481 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 15 (3): 473-482, 2018. 

Kim, D.O., S.W. Jeong and C.Y. Lee (2003). Antioxidant capacity of phenolic phyto chemicals from various 
cultivars of plums. Food Chem, 81(3): 321-326. 

Ksouri, R., W. Megdiche, H.W. Koyro and C. Abdelly (2010). Responses of halophytes to environmental stresses 
with special emphasis to salinity. Adv Bot Res, 53: 117-145. 

Ksouri, R.,W. Megdiche, A. Debez, H. Falleh, C. Grignon, C. Abdelly (2007). Salinity effects on polyphenol 
content and antioxidant activities in leaves of the halophyte Cakile maritima. Plant Physiol Biochem, 45: 244-
249. 

Lee, O.H. and B.Y. Lee (2010). Antioxidant and antimicrobial activities of individual and combined phenolics in 
Olea europaea leaf extract. Bioresour Technol, 101(10): 3751-3754. 

Li, H.B., C.C. Wong, K.W. Cheng and F. Chen (2008). Antioxidant properties in vitro and total phenolic contents in 
methanol extracts from medicinal plants. LWT-Food Sci. Technol, 41: 385-390. 

Lizcano, L.J, F. Bakkali, B. Ruiz-Larrea and J.I .Ruiz-Sanz (2010). Antioxidant activity and polyphenol content of 
aqueous extracts from Colombia Amazonian plants with medicinal use. Food Chem, 119: 1566-1570. 

Maisuthisakul, P., M. Suttajit and R. Pongsawatmanit (2007). Assessment of phenolic content and free radical-
scavenging capacity of some Thai indigenous plants. Food Chem, 100: 1409-1418. 

Medini, F., H. Fellah, R. Ksouri and C. Abdelly (2014). Total phenolic, flavonoid and tannin contents and 
antioxidant and antimicrobial activities of organic extracts of shoots of the plant Limonium delicatulum. J 
Taibah Univ Sci, 8: 216-224. 

Meira, M., E.P.D. Silva, J.M. David and J.P. David (2012). Review of the genus Ipomoea:  traditional uses, 
chemistry and biological activities. Revista Brasileira de Farmacognosi (Brazilian J Pharmacogn), 22:  682-
713. 

Nagao, T., Y. Komine, S. Soga, S. Meguro, T. Hase, Y. Tanaka  and I. Tokimitsu (2005). Ingestion of a tea rich in 
catechins leads to a reduction in body fat and malondialdehyde modified LDL in men. Am J Clin Nutr, 81: 122-
129. 

Niggeweg, R., A.J. Michael and C. Martin (2004). Engineering plants with increased levels of the antioxidant 
chlorogenic acid. Nat. Biotechnol, 22: 746-754. 

Ouchemoukh, S., S. Hachoud, H. Boudraham, A. Mokrani and H. Louaileche, (2012). Antioxidant activities of some 
dried fruits consumed in Algeria. LWT-Food Sci Technol, 49(2): 329-332. 

Owen, R. W., A. Giacosa, W.E. Hull, R. Haubner, B., Spiegelhalder and H. Bartsch (2000). The 
antioxidant/anticancer potential of phenolic compounds isolated from olive oil. Eur J Cancer, 36(10): 1235-
1247. 

Premanathan, M., H. Nakashima, K. Kathiresan, N. Rajendran and N. Yamamoto (1996). In vitro anti human 
immuno deficiency virus activity of mangrove plants. Indian J Med Res, 130: 276-279.  

Prieto, P., M. Pineda and M. Aguilar (1999). Spectrophotometric quantitation of antioxidant capacity through the 
formation of a phosphomolybdenum complex: specific application to the determination of vitamin E. Anal 
Biochem, 269: 337-341. 

Priyashree, S., S. Jha and S.P. Pattanayak (2010). A review on Cressa cretica Linn.: A halophytic 
plant. Pharmacogn Rev, 4(8): 161-166. 

Pryianka, S. Partap, M. Verma and K.K. Jha (2015). In vitro antioxidant activity of plant extract of Cressa Cretica. 
Der Pharmacia Lettre, 7(5): 28-32. 

Qasim, M., S. Gulzar and M.A. Khan (2011). Halophytes as medicinal plants. In: Urbanisation, Land Use, Land 
Degradation and Environment. Daya (Ozturk, M., A.R. Mermut and A. Celik Ed.), Publishing House, Dehli, 
India, pp. 330-343. 

Qasim, M., Z. Abideen, M.Y. Adnan, R. Ansari, B. Gul and M.A. Khan (2014). Traditional ethnobotanical uses of 
medicinal plants from coastal areas of Pakistan. J Coast Life Med, 2(1): 22-30. 

Qasim, M., I. Aziz, M. Rasheed, B. Gul and M.A. Khan (2016). Effect of extraction solvents on polyphenols and 
antioxidant activity of medicinal halophytes. Pak J Bot, 48(2): 621-627. 

Qasim, M., Z. Abideen, M.Y. Adnan, S. Gulzar, B. Gul, M. Rasheed and M.A. Khan (2017). Antioxidant properties, 
phenolic composition, bioactive compounds and nutritive value of medicinal halophytes commonly used as 
herbal teas. S Afr J Bot, 110: 240-250. 

Re, R., N. Pellegrini, A. Proteggente, A. Pannala, M. Yang and C. Rice-Evans, (1999). Antioxidant activity applying 
an improved ABTS radical cation decolorization assay. Free Radic Biol Med, 26: 1231-1237. 

Rice-Evans, C.A., N.J. Miller and G. Paganga, (1996). Structure-antioxidant activity relationships of flavonoids and 
phenolic acids. Free Radical Bio Med, 20(7):  933-956. 

Rizk, A.M and G.A. El-Ghazaly (1995). Medicinal and poisonous plants of Qatar. In: Scientific and Applied 
Research Centre, University of Qatar. Doha, Qatar pp. 282-301. 



482  SABA NAZIR ET AL., 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 15 (3): 473-482, 2018. 

Rizvi M.A and M .Shameel (2001).Distribution of elements in marine algae of Karachi coast. Pak J Bot 33: 357-
363. 

Salganik, R.I. (2001). The benefits and hazards of antioxidants: controlling apoptosis and other protective 
mechanisms in cancer patients and the human population. J Am Coll Nutr, 20: 464-472. 

Shameel, M. and J. Tanaka (1992). A preliminary check-list of marine algae from the coast and inshore waters of 
Pakistan. In: Cryptogamic Flora of Pakistan, Vol. 1, (T. Nakaika and S. Malik Eds.) National Science Museum 
ser. Tokyo, pp.1-64. 

Shan, B., Y.Z. Cai, M. Sunand and H. Corke (2005). Antioxidant capacity of 26 spice extracts and characterization 
of their phenolic constituents. J. Agric. Food Chem., 53: 7749-7759. 

Singleton, V. and J.A. Rossi (1965). Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid 
reagents. Am. J. Enol. Vitic, 16(3): 144-158. 

Skotti, E., E. Anastasaki, G. Kanellou, M. Polissiou and P.A. Tarantilis (2014). Total phenolic content, antioxidant 
activity and toxicity of aqueous extracts from selected Greek medicinal and aromatic plants. Ind. Crops Prod, 
53: 46-54. 

Sun, B., J.M. Ricardo-da-Silva and I. Spranger (1998). Critical factors of vanillin assay for catechins and 
proanthocyanidins. J Agr Food Chem, 46: 4267-4274. 

Sunita, P., S. Jha and S.P. Pattanayak (2011). Anti-inflammatory and in-vivo antioxidant activities of Cressa cretica 
Linn. a halophytic plant. Middle-East J. Sci. Res, 8(1): 129-140. 

Thimnavukkamsu, P., L. Ramkumar, T. Ramanarhan and G. Silambamsan (2010). Anti oxidant activity of selected 
coastal medicinal plants. World, 2(2): 134-137. 

Tsao, R. and Z. Deng (2004). Separation procedures for naturally occurring antioxidant phytochemicals. J 
Chromatograph. B, 812(1-2): 85-99. 

Wasuwat, S. (1970). Extract of Ipomoea pes-caprae (Convolvulaceae) antagonistic to  histamine and jellyfish 
poison. Nature, 225: 758-59.  

Weber, D.J., R. Ansari, B. Gul, and M.A. Khan (2007). Potential of halophytes as source of edible oil. J. Arid 
Environ, 68(2): 315-321. 

Wong, S.P., L.P. Leong and J.H.W. Koh (2006). Antioxidant activities of aqueous extracts of selected plants. Food 
Chem, 99: 775-783. 

Zhu, J. K. (2001). Plant salt tolerance. 2001. Trends Plant Sci, 6:  66-71. 
 

(Accepted for publication June 2018) 
 
 
 
 
 

View publication statsView publication stats

https://www.researchgate.net/publication/327281058

