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Abstract: The objective of the study was to determine the role of aging on maize seed germination characteristics and 

enzyme activity. Maize seeds were incubated in completely covered plastic boxes for the aging experiment. Accelerated 

aging regimes were performed by maintaining the maize seeds at 40°C and 90 % relative humidity for 0, 2, 4, 6 and 8 

days in triplicates. When aging period increased, the germination characteristics and production of enzymes showed a 

reducing trend. The effect of the treatments on the germination characteristic parameters such as percentage of 

germination, general normal seedling percentage, germination index, enzyme producing capacity and mean time to 

germination, under conditions provided for aging were significant (P < 0.05) with accelerated aging of maize seeds. 

Biochemical and enzymatic changes that occur inside the seed and reduction of seedling growth are consequences of 

deterioration of maize seed. Germination characteristics and enzyme activity of the maize seeds were higher at the initial 

stages of aging while the same were lower towards the final stages of the aging. 
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INTRODUCTION 

Generally seeds are very susceptible and 

sensitive to the adverse environmental conditions. The 

natural oil inside the seeds will undergo diverse 

biochemical changes and this will lead to the 

deterioration and damage of the seed, during the period 

of storage [14]. Seed aging is one of the major issues in 

the storage of seeds and the storage condition of seeds 

influences the germination characteristics and vigor 

potential of the seeds [20]. Temperature during seed 

producing stage, pests and diseases, seed oil and 

moisture content, mechanical damages, storage time 

and relative humidity of store are some of the important 

environmental conditions that may affect the vigor of 

seeds [17]. Seed aging is one of the important 

unavoidable process in seed’s life time and influenced 

mainly by temperature and moisture content [7].  

 

The storage environment where the seeds are 

stored greatly influences the time period of the survival 

of the seeds [6, 7]. Seed deterioration leads to the 

reduction in the germination capacity and quality, 

viability and vigor either due to aging or role of adverse 

environmental conditions [13, 19, 25]. Decrease in seed 

vigor may be due to decrease in the germination 

characteristics or indices, and also it can increase the 

susceptibility of seeds to environmental stress [27]. The 

oxidative damages cause the major deterioration 

changes observed in aged seeds [9]. Free radical 

oxidations, enzymic dehydrogenation and oxidation of 

aldehydes of protein molecules might influence the 

progress of seed quality. Acceleration of aging of seeds 

of diverse crops is a treatment that is widely used to 

determine the seed storage quality, germination 

characteristics induced by natural aging conditions [8, 

23]. 

 

Maize is one of the nature’s treasures that gathered a 

diverse reputation. Maize is a staple food that provides 

almost everything to people in many countries of this 

planet[25,26]. Corn intake is often associated with good 

overall fiber intake [18]. Plentiful seeds of corn are very 

popular for the health benefits from head to toe. Corn is 

highly preferred for its richness in antioxidant 

phytonutrients such as anthocyanins, beta-carotene, 

caffeic acid, coumaric acid, ferulic acid, lutein, syringic 

acid, vanillic acid, protocatechuic acid and zeaxanthin 

[25, 27]. The percentage of amylose starch found in 

corn may be related to its antioxidant capacity. Higher 

amylose corn varieties have shown higher antioxidant 

capacity [19, 20]. The ability to provide many B-

complex vitamins including vitamins B1, B5 and folic 

acid, and its notable protein content, corn is a food that 

provides blood sugar benefits. Consumption of corn in 

ordinary amounts has been shown to be associated with 

better blood sugar control in both type 1 and type 2 

diabetes. Amylase enzyme in maize improves the 

efficiency and environmental footprint of biofuels [4]. 

There are numerous studies going on in examining the 

ability of corn to improve overall nourishment, 

especially when combined with legumes. Corn is also 

highly preferred for its potential role in anti-HIV 
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activity. Corn oil (maize oil) is extracted from 

the germ of corn. The main use of corn oil is usage in 

cooking, where its high smoke point makes refined corn 

oil a valuable frying oil. Corn oil is a key ingredient in 

some margarine types. Corn oil is generally less 

expensive than most other types of vegetable oils. High-

oil varieties have been developed from corn. Corn oil is 

also a feedstock used for biodiesel [29]. Other industrial 

usage of corn oil includes production of soap, salve 

and paint, rust proofing for metal surfaces and 

production of inks, textiles, nitroglycerin 

and insecticides. Corn oil can also be used as a carrier 

for drug molecules in pharmaceutical preparations. 

 

Accelerated aging of maize seeds is done by 

placing the seeds at high temperature and relative 

humidity. This is associated with a progressive decrease 

in the germination capacity of the maize seed. How 

aging influences the germination properties, production 

and activity of the seed enzymes and the rate of 

germination of the corn seeds have not been completely 

determined yet. What happens to the enzymes and 

antioxidants and the oil store in the seeds can be 

determined for improved vigor and germination 

potential of the corn seeds. Therefore, this study was 

aimed to determine the effect of aging on germination 

characteristics and enzyme production of maize seeds. 

 

MATERIALS AND METHODS 

Sampling method 

Corn seeds were treated with different 

accelerated aging periods of 0, 2, 4, 6 and 8 days at 

40°C in sealed plastic boxes with 100% relative 

humidity. Standard germination tests were done after 

that at 25°C for 8 days [3] in triplicates of 50 seeds in a 

completely randomized design plan. 

 

Analytical approach 

The germinated corn seeds (based on the 

emergence of germ tube) were counted everyday to 

calculate the germination rate. At the end of the 

germination period, germination percentage, normal 

seedling percentage, germination index and mean time 

to germination were calculated. All extraction 

procedures were carried out at 4 °C. The seed samples 

were homogenized with 3 ml of Tris buffer (PH 7.8), 

followed by centrifugation of 20000 g for 20 min using 

Beckman J2-21M/E refrigerated centrifuge equipped 

with a JA-20 rotor (Beckman Coulter, Brea, CA, USA) 

[4, 5]. The supernatants were used to determine the 

enzyme activities of Catalase and Ascorbate peroxidise. 

Catalase (CAT) activity was determined 

spectrophotometrically following H2O2 consumption at 

240 nm. Ascorbate peroxidase (APX) activity was 

determined by the method explained by Johnson and 

Cunningham [12]. The activities of APX and CAT were 

expressed per mg protein, and one unit represented 1 

μmol of substrate undergoing reaction per mg protein 

per min.  

 

Statistical analysis 

Statistical analyses were performed using R 

2.15.3 statistical software at α = 0.05 confidence level. 

The data sets were checked for the parametric 

assumptions of normality (Shapiro-Wilk and 

Kolmogorov-Smirnov tests) and homogeneity of 

variances (Bartlett's test). Box plots were used for 

identifying outliers from the data set that were removed 

before the statistical analysis. When necessary to meet 

the assumptions of normality and homogeneity of 

variance, the data were transformed, either by log 

transformation or square root transformation. The data 

were analyzed using ANOVA. Tukey's multiple 

comparison test was used to determine significant 

differences at p ≤ 0.05 [30].  

 

RESULTS AND DISCUSSION 

The effect of priming treatments on the 

parameters such as percentage of germination, 

germination index, general normal seedling percentage 

and mean time to germination, under conditions 

provided for aging were significant (P < 0.05). This 

finding supports the previous studies done in different 

oil seeds [4, 10, 19, 25]. This confirms the seed 

treatment results in negative affect on the characteristic 

features of germination. The highest percentage of 

germination (Figure 1), germination index (Fig- 2), 

normal seedling percentage (Figure 4) were obtained 

under 0 and 2 day of aging of the seed, and the 

minimum, mean germination time (Fig-3) was achieved 

under 3 days of aging of the seed.  

 

 
Fig-1: Effect of aging on the percentage of 

germination in the maize seeds 
 

 
Fig-2: Effect of aging on the germination index of 

maize seeds 
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Fig-3: Effect of aging on the mean time of 

germination of the maize seeds 

 

 
Fig-4: Effect of aging on the percentage of normal 

seeding of the maize seeds 

 

When the duration of aging period was 

increased, these traits reduced. Therefore 8 days of 

aging period was chosen and minimum traits were 

attained. Number of seeds germinated was reduced with 

increasing seed age and similar trend was obtained by 

JanMohammadi et al. [11] and [9] in rape seed, by 

Bhattacharjee et al. [5] in common bean and by Saha 

and Sultana, [24] in soybean. Negative effect of aging 

was observed in parameters such as seed performance, 

germination percentage and seedling indices showed 

negative effect of aging [4, 10, 19, 21, 25]. Decreasing 

in the percentage of germination might be due to the 

chromosomal aberrations that take place under long 

term storage conditions of seeds [2, 26]. Aged seeds 

show a decreasing trend in germination percentage and 

this may be due to the reduction of enzyme (α-amylase 

and other hydrolytic enzymes) activity and the amount 

of carbohydrate storage [4, 28] or the tendency of 

proteins undergoing denature during long term storage 

[22]. When barley and pea seeds were treated with 

different combinations of accelerated aging treatments, 

it was able to find out that the amount of genetic 

damage was mainly due to a function of loss of viability 

[1]. After 8 days of deterioration, germination 

percentage of seeds was very low. Increase in aging 

time significantly decreases percentage of germination. 

 

The enzyme activity started to decrease in the 

corn seeds after aging (Fig-5). Lost or decrease in the 

enzyme activity in the aged seeds of similar seeds were 

reported [4, 10, 16]. During the priming process, 

catalase is the enzyme that plays major role in the 

recovery of seeds from aging [15]. 

  

 
Fig-5: Effect of aging period on the catalase and 

ascorbate peroxidise enzyme activities that are 

accumulated in the maize seeds 

 

CONCLUSION 
The decline in the characteristics of 

germination in response to aging is a consequence of 

decline in enzyme activity in maize seeds. The highest 

germination characteristics and enzyme activity were 

attained in the initial stages of aging and the lowest at 

the final stage of the aging experiment.  
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