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ABSTRACT: This study investigated the effects low temperature 15C on antioxidative properties in two 
cultivar maize (Zea Mays L. S. C. 704 and 206). Experiments show that MDA accumulate under cold. 
Other parameter such as anthocyanin change is not significant but flavonoids and antioxidative enzymes 
activity (CAT & POX) increased under low temperature. Phenolic compounds in SC 206 increased but in 
SC 704 declined. Generally anthocyanin, phenolic compounds, flavonoids and CAT &POX activity in SC 
206 was more than the SC704. 
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INTRODUCTION 
 

 Plants are frequently subjected to low temperature, one of the most important environmental factors that 
greatly influence growth, development, survival, crop productivity, and species distribution (Lyons 1973; Levitt 
1980). Many plants can acquire tolerance in response to low temperatures, which is known as cold acclimation 
(Thomashow 1999), including cool acclimation and freezing acclimation. Chilling (0–15ºC) or freezing (0≤ºC) 
temperatures can cause injury and reduce growth depending on the cold tolerance of the species (Schneider et al. 
1995; Pearce 1999, Xia, 2009).  
 Maize, as is characteristic of many tropical and subtropical species, is susceptible to chilling injury at low non-
freezing temperatures below 12ºC (Stamp 1984). The chilling sensitivity of maize is particularly notable during 
germination and early seedling growth (Stamp 1984) but varies depending on genotype. Numerous physiological 
changes occur in plants in response to low temperature, particularly with cellular membranes. Membrane 
permeability in particular increases with chilling stress (Markowski, 1990). During cold stress, cellular membranes 
can be attacked by free radicals, resulting in membrane lipid peroxidation (Elste 1982). Malondialdehyde (MDA) is 
a major component of thiobarbiturate-reactive substances and is used as an indicator of lipid peroxidation (Elste 
1982, Gao, 2009).As the results of chilling are leading the synthesis of the functional and regulatory proteins 
required for biosynthesis of certain osmolytes (sugers, polyamines, amino acids etc.) for the protection of 
membranes or macromolecules, or to stimulate the activity of antioxidant enzymes (Shinozaki and Yamaguchi-
shinozaki 1997). 
 All plants produce an amazing diversity of secondary metabolites. One of the most important groups of these 
metabolites is phenolic compounds. Phenolic compounds are characterized by least one aromatic ring (C6) bearing 
one or more hydroxyl groups. They are mainly synthesized from cinamic acid. They are broadly distributed in the 
plant kingdom and are the most abundant secondary metabolites of plants, with more than 8,000 phenolic 
structures currently known, ranging from simple molecules such as phenolic acids to highly polymerized 
substances such as tannins. Plant phenolics are generally involved in defense against (biotic & abiotic) stresses 
(Ennajeh, 2009; Upadhyaya, 2008).The basic flavonoid structure is the flavan nucleus, containing 15 carbon atoms 
arranged in three rings (C6-C3-C6), which are labeled as A, B and C. These compounds are found in a variety of 
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plant materials (Kong, 2003). It is well known that flavonoids possess antioxidant properties in vitroand in vivo. The 
flavonoids contain a number of phenolic hydroxyl groups attached to ring structures, which confer the antioxidant 
activity. Flavonoids are themselves divided into six subgroups: flavones, flavonols, flavanols, flavanones, 
isoflavones, and anthocyanins, according to the oxidation state of the central C ring. Anthocyanins are one of the 
six subgroups of the large and widespread group of plant phenolics known as flavonoids. While there are six 
common anthocyanidins, more than 540 anthocyanin pigments have been identified in nature (Anderse and 
Francis, 2004). 
 Maize S.C.704 cultivate in tropical region and maize S.C. 206 till in cold region in Iran. In this study investigate 
that changes of some physiological parameters in tow maize seedlings (Zea Mays L. S. C. 704 and 206) under low 
temperature (10-15ºC).  
 The aims of the present work were: (1) to investigate the effect of low temperature (10-15ºC) on the maize; (2) 
to induce cold tolerance and what antioxidant properties were changed. For this aim anthocyanin content, flavonoid 
content, phenolic compounds content, H2O2 concentration and GPX, CAT enzymes have been measured. 
 

MATERIALS AND METHODS 
 

Plant growth and treatments 
 Maize seeds (SC.704 & SC.206) were surface sterilized in 0.5% NaOCl for 5 min (Joseph, 1992) and 
germinated for 4 days in incubator at 25 ºC on paper moistened with water. Then same four days seedlings were 
transferred to hydroponic condition (Hoagland's nutrition) and divided to for groups: G1: SC.206 (control), G2: SC. 
206 (cold stress),G3: SC. 704 (control), G4: SC. 704 (cold stress). Then G1 and G3 groups transferred to Growth 
chamber (14/10 & 25 ºC /22 ºC day / night ) and G2 & G4 groups were placed to low temperature in Growth 
chamber (14/10 & 15 ºC /10 ºC day / night ) for one week. Finally the necessary samples of shoots were taken for 
each experiment.  
 
MDA content 
 Malondialdehyde (MDA) contents were measured using a thiobarbituric acid reaction (Heath and Packer, 
1968). About 0.5 to 1.0 g of tissue was homogenized in 5 ml of 5% (w/v) tricloroacetic acid and the homogenate 
was centrifuged at 12000g for 15 min at room temperature. The supernatant was mixed with an equal volume of 
thiobarbituric acid (0.5% in 20% [w/v] trichloroacetic acid) and the mixture was boiled for 25 min at 100 °C, followed 
by centrifugation for 5 min at 7500g to clarify the solution. Absorbance of the supernatant was measured at 532 nm 
and corrected for non-specific turbidity by subtracting the A600. MDA contents were calculated using an extinction 
coefficient of 155 M

-1
 cm

-1
. 

 
Determination of  phenolic compounds content 
 The amount of total phenolics in the extracts was determined with the Folin- Ciocalteu reagent according to the 
method of Gao, (2000) using gallic acid as a standard. Briefly, 0.5 mL of each extract (1:10 g/mL) or gallic acid  
(standard phenolic  compound) was mixed  with 5 mL of Folin Ciocalteu reagent (1:10 diluted  with distilled water)  
and  4 mL of aqueous Na2CO3 (1 M). The mixtures were allowed to stand for 15 min and  the  total phenols were  
determined by colorimetry at 765  nm. The standard curve was prepared using 0, 50, 100, 150, 200 and 250 mg/L 
solutions of gallic acid in methanol: water (50:50, v/v). Total phenol values are expressed in terms of gallic acid 
equivalent (mg/g of fresh weight), which is a common reference compound. 
 
Determination of total flavonoid content 
 The flavonoid contents in the extracts were determined by Krizek, (1998). About 0.1 to 0.5 g of tissue was 
homogenized in 5 ml of acidic ethanol (99:1 Ethanol: Glacial Acid Acetic) and the homogenate was centrifuged and 
stored in warm water (80ºC) for 10 min. Then Absorbance of the supernatant was measured at 270, 300 and 330 
nm.  
 
Determination of  Anthocyanin content 
 The  anthocyanin  contents in  the  extracts were  determined  by Wanger (1976). About 0.1 to 0.5 g of tissue 
was homogenized in 5 ml of acidic methanol (99:1 methanol: HCl ) and the homogenate was stored in dark for 24 h 
at room temperature. Then the homogenate was centrifuged at 4000 rcf for 15 min. Absorbance of the supernatant 
was measured at 550 nm. Anthocyanin contents were calculated using an extinction coefficient of 33000 M

-1
 cm

-1
 . 
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Preparation of enzyme extract 
     The 0.5 g FW was homogenized at 4°C in 1 mL of extraction buffer (0.05 M Tris-HCl buffer, pH 7.5, 3 mM 
MgCl2, 1 mM EDTA and 1.5% w/v PVPP) with mortar and pestle. The extraction buffer used for the APX assay 
contained 0.2 mM ascorbate. The homogenate was then centrifuged at 25000 g for 20 min and the supernatant 
was used as the crude extract for the assays of antioxidant enzyme activity (Kang and Saltveit, 2002). 
 
Enzyme assay 
 Catalase (CAT) activity was assayed by measuring the rate of disappearance of hydrogen peroxide using the 
method of Maehly and Chance (1959). The reaction mixture contained 2.5 ml of 50 mM phosphate buffer (PH 7.4), 
0.1 ml of 1% hydrogen peroxide and 50 μl enzyme extract diluted to keep measurement within the linear range of 
the analysis. The decrease in hydrogen peroxide was followed as a decline in absorbance in 240 nm.   
 Peroxidase (POX) activity was calculated according to Kochba, (1977). Peroxidase activity was investigated 
with the determination of guaiacol oxidation (extinction coefficient 26.6 mmoll

-1
 cm

-1
) at 470 nm by H2O2. The 

reaction mixture contained 100 mM potassium phosphate buffer (pH 6.0), 8 mM guaiacol and 8 µl 2.75 mM H2O2 in 
240 µl volume. The reaction was initiated by adding plant extract and was observed for 2 min. Changes in 
absorbance values were presented as ∆A470 min-1 mg-1 protein. 
 
Statistical Analysis 
 Each biochemical indicator was replicated for three times. All results were reported as the mean ± standard 
error (SE) and were analyzed by an analysis of variance (ANOVA). If significance was found in ANOVA, group 
means were compared using Duncan's test.  Differences were considered significant when p≤0.05 
 

RESULTS AND DISCUSSION 
 

Results 
 The exposure of maize seedlings to low temperature enhances peroxidation of lipids. MDA content were 
showed that low temperature increased MDA in two cultivar 206 & 704 (Figure: 1). Data of MDA show that in Sc. 
206 accumulation of  MDA is 121%, but in Sc. 704 accumulation of MDA is 157%. Compare MDA content in G1 
and G3 (controls) show that MDA in G3 is lower than G1. Different value between controls (G1 & G3) and cold 
stress (G2 & G4) are significant (p≤0.05). 
 

 
 

Figure 1. Effect of treatments in four groups on malondialdehyde content in maize leaves (Means ± SE). Same 
letter indicated not significant (p≤0.05) based on Duncan's test 

 
 Anthocyanin content under low temperature increased (G2&G4) but this is not significant at p≤0.05. 
Anthocyanin content in SC 206 dramatically is higher than SC 704. In normal condition Anthocyanin content in SC 
206 & 704 are 4.798 ×10

-4
, 2.520 × 10

-4
 (µM/gfw) respect (Figure: 2).  
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Figure 2. Effect of treatments in four groups on Anthocyanin content in maize leaves (Means ± SE). Same letter indicated not 
significant (p≤0.05) based on Duncan's test 

 
 Measuring of flavonoids revealed that at 270 nm absorbance increased under cold stress. Different of means 
between all groups (G1, G2, G3 and G4) are significant. Data G1 and G3 or data G2 and G4 are show the 
absorbance in SC 206 is higher than SC704 both in normal and cold conditions. Study of flavonoids absorbance at 
300nm and 330nm shows that absorbance increased under low temperature and these are same absorbance in 
270nm. Different values between groups are significant (Table: 1). 
 

Table 1. The Flavonoids content in maize leaves under four groups of treatments (Means ± SE). Same letter indicated not 
significant (p≤0.05) based on Duncan's test 

 
 
 
 
 
 Phenolic compound content under cold stress acclimated significantly in SC 206, however Phenolic compound 
content under cold stress reduced significantly in SC 704 (Figure: 3).  The highest value of  phenolic compounds 
belong G2 and the lowest value belong the G4 treatments. Different values between groups are significant. 
Phenolic compound in Sc206 at normal condition is lower than SC 704. Phenolic compound in Sc206 at cold 
condition is accumulated, while the in SC 704 is reversed. 
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Figure 3. Effect of treatments in four groups on Phenolic compounds content in maize leaves (Means ± SE). Same letter 
indicated not significant (p≤0.05) based on Duncan's test 

 
POX and CAT enzymes activity indicated to addition relative activity under cold stress in leaves of maize seedlings. 
Different values between groups are significant. Effects of cold display POX activity enhancement (Figure: 4) 
however the pox activity in SC 206 in normal and cold conditions is higher than SC 704. The same results have 
observed in CAT activity in maize seedlings (Figure: 5). 
 

 
 

Figure 4. Effect of treatments in four groups on relative activity of POX enzyme in dmaize leaves (Means ± SE). Same letter 
indicated not significant (p≤0.05) based on Duncan's test 
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Figure 5. Effect of treatments in four groups on relative activity of CAT enzyme in maize leaves (Means ± SE). Same letter 

indicated not significant (p≤0.05) based on Duncan's test 

 
Discussion 
 When exposed to different stresses, plants have different ways of dealing with it to compensate for their lack of 
mobility. Cold is an abiotic stress that has been intensively studied in plants because of its negative effects on plant 
growth and development. This is a limiting factor for growing because cold can lead to increased concentration of 
active oxygen species (AOSs) in tissues (Hodgson and Raison 1991). AOSs are known to damage cellular 
membrane by including lipid peroxidation (Rama and Prasad, 1998) they also can damage DNA, proteins, lipids 
and chlorophyll (Mittova, 2000). Hydrogen peroxide level is elevated in various tissues under cold stress. Elevation 
of hydrogen peroxide is an induction of state of oxidative stresses which lipid peroxidation and other deleterious 
effects on membrane (Jung, 2003). 
 Plant damage occurs when the capacity of antioxidant processes and detoxification mechanisms are lower 
than the amount of AOS production. Plants have evolved multiple defense lines that include both scavenging 
enzymes and non-enzymatic antioxidants. These mechanisms slow down or even stop the oxidation of 
biomolecules and block the process of oxidative chain reactions (Sgherri, 2003). 
 POX is one of most important antioxidant enzyme that catalyzed hydrogen peroxide. POX is a member of 
oxidoreductases and catalyzes the oxidation of a wide variety of organic and inorganic substances such as nitrite in 
the presence of hydrogen peroxide (Chen, 1992; Alokail and Ismael, 2005; Sat, 2008). POD has been implicated in 
a variety of physiological processes, such as plant growth and development as well as biotic and abiotic stress 
responses (Fang and Kao, 2000).  
 Recently, phenolics have been considered powerful antioxidants in vitro and proved to be more potent 
antioxidants than Vitamin C and E and carotenoids (Rice-Evans, 1995, Rice-Evans, 1996). The inverse relationship 
between oxidative stresses has been partially ascribed to phenolics (Scalbert, 2005; Hollman and Katan, 1999). It 
has been proposed that the antioxidant properties of phenolic compounds can be mediated by the following 
mechanisms: (1) scavenging radical species such as ROS; (2) suppressing ROS formation by inhibiting some 
enzymes or chelating trace metals involved in free radical production; (3) up regulating or protecting antioxidant 
defense (Cotelle, 2001). 
 

CONCLUSION 
 

 Generally anthocyanin, phenolic compounds, flavonoids and CAT &POX activity in SC 206 was more than the 
SC704. Cold stress accumulates phenolic compounds in SC 206 but decline in SC 704. Changes in anthocyanin in 
two SC 206 and SC 704 under cold stress are not significant. Therefore if antioxidant enzymes (such as CAT, 
POX, … )  and other oxidative parameters (such as phenolic compounds, flavonoids, anthocyanin, …) will be 
accumulated or enhancement, then seedlings or plant can be tolerant to cold stress.    
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