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ABSTRACT: Borage (Borago officinalis L.) It is an important vegetable crop which cultivated in some 
countries including Iran. The effect of accelerated aging (AA) was studied in Borage seeds. The Borage 
seeds were exposed to high temperature (40ºC) and humidity (100% relative humidity) for 24, 48, 72, 
and 96 hours. Results for treated and untreated seeds were compared using various vigor tests. The 
levels of fat acidity peroxidase levels in the seeds were analyzed. The germination percentage, root and 
shoot length decreased with AA. The leachates, free fatty acid and peroxidase contents and electrical 
conductivity of seeds increased linearly according to the AA period. 
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INTRODUCTION 
 

 Borage (Borago officinalis L.), is an annual herbaceous plant and native to Europe, North Africa, and 
Asia Minor. It is an important vegetable crop which cultivated in some countries including Iran. Also it is a\ 
medicinally important plant which has more than 20% gamma linolenic acid (GLA) in the seed oil. The 
leaves of borage are reportedly used as diuretic, demulcent, emollient, expectorant, etc. (Leung, 1996). In 
Iranian traditional medicine, the aerial parts of borage are reportedly used for treatment of a variety of 
ailments. Therefore, identification/determination chemical composition of aerial parts of this plant during 
growth cycle can be suggested the medicinal value of borage. 
 The drug consists of dried leaves of Borago officinalisLinn. (Boraginaceae). An erect, spreading 
hispid annual biennial plant. The plant found mostly in Mediterranean region, Europe, Northern Asia, it is 
also report to be planted in Indian gardens. The plant occurs during November to January. In India plant 
is sparsly distributed in Northen estern Himalayas from Kashmir to Kumaon at altitudes of 3,500-4,500m 
(Martina, 2002). 
 Seeds deteriorate during storage. This aging is apparent as a reduction in percentage germination, 
while those seeds that do germinate produce week seedlings. During aging, seeds lose their vigor, 
viability for germination and ultimate feasibility (Maity, 2000). Losses in seed quality occur during field 
weathering, harvesting and storage. The losses are exacerbated if seeds are stored at high temperatures 
and/or high relative humidity conditions.   
 Borage seed is one of the most sensitive agronomic seeds as significant deterioration occurs after 
just one year of storage.  
 Membrane disruption is one of the main reasons for seed deterioration; as a result, seed cells are not 
able to retain their normal physical condition and function. The major causes of membrane disruption are 
increased free fatty acid levels as well as free radical productivity by lipid per oxidation (Grilli, 1995).   



Intl J Farm & Alli Sci. Vol., 3 (4): 358-361, 2014 

 

359 
 

 A protective mechanism that could scavenge the harmful peroxidase produced free radicals within 
the seed, thus minimizing their detrimental effect, has been identified in soybean and sunflower (Dhakal 
and Pandey 2001). This protective mechanism involves several free radical- and peroxide-scavenging 
enzymes such as catalase, peroxidase and superoxide dismutase and ascorbic acid. 
 The rate at which seeds lose vigor during storage is affected by environmental factors such as 
temperature, moisture and O2/CO2 concentrations. Harrington, (1972) suggested that within normal 
ranges of moisture and temperature for stored seeds, each 1% reduction in seed moisture or each 5ºC 
reduction in temperature doubles the storage life of the seeds. Using such “rules-of thumb” and assuming 
that the effects are additive, it can be assumed that seed vigor would deteriorate 500 times more rapidly 
at 40ºC and 18% moisture content than it would at 20ºC and 8% moisture. Thus accelerated aging has 
been developed as a self-aging technique. To study the physiological and biochemical changes in seeds 
during aging, accelerated aging has been widely used. In accelerated aging, the seeds are self-aged by 
subjecting them to high relative humidity (>90%) and temperature (≥40ºC). The seeds aged in this way 
are compared for morphological, physiological, biochemical and genetic changes with controls. The 
present study has aims to research the physiological and biochemical aspects of seed deterioration in 
Borage seeds during accelerated aging (Sveinsdottir, 2009). 
 

MATERIALS AND METHODS 
 

 Borage (Borago officinalis L.) seeds were obtained from Gorgan medicinal plants Research Center. 
The experiments were carried out at the Seed Research Laboratory of Gorgan University, Iran. 
 
Accelerated aging 
 Accelerated aging of seeds was performed in a plant growth chamber at 40ºC and 100% relative 
humidity for the following periods: T0 = 24 hours; T1 = 48 hours; T2 = 72 hours and T3 = 96 hours. After 
aging, seeds were forced air dried to establish their original weight. All the seeds were stored at 20ºC in 
sealed plastic containers until used for vigor and enzyme studies. 
 
Germination 
 Germination assays were performed in a germination laboratory. Twenty five seeds for each 
treatment were placed on moistened two-layered germination paper. The papers were watered whenever 
required. They were considered germinated when their radical length was approximately 2 mm or more. 
Germination count, root and shoot length, cotyledon area, numbers of normal and abnormal seedlings, 
and numbers of secondary roots were observed after 7th day of sowing (Basra, 2003). 
 
Electrolyte leakage  
 To determine electrical conductivity (E.C.) in the seed leachates 5 g of seeds from each treatment 
were rinsed for a few seconds with distilled water. The seeds were soaked in 20 ml distilled water. The 
E.C. of seed leachates was determined with a digital conductivity meter after 15, 30, 45, 60 and 120 
minutes of soaking. 
 
Biochemical Analysis 
 Oil from the seeds was extracted by Soxhlet`s extractor using n-hexane as the solvent. The oil was 
analyzed for free fatty acid percentage and peroxides (a scavenging enzyme) activity according to 
A.O.A.C. (1984) 
 

RESULTS AND DISCUSSION 
 

 Increased accelerated aging significantly decreased the germination viability of Borage seeds (Fig1. 
a). The maximum shoot length was recorded for untreated seeds (cm) (Fig1. b). 48 hours of aging 
decreased the shoot length. However no germination occurred after further aging. Similar trends were 
seen in cases of root length (cm) (Fig1. c) and root shoot ratio (cm) (Fig1. d). The decreases in both root 
and shoot lengths and seed germination by accelerated aging may be a result of progressive loss of seed 
viability and vigor, which is evident through the results of the present study (Jain, 2006). These 
observations showing declination in seed vigor are in accordance with earlier works on Artiplex 
cordobensis (Aiazzi, 1996) and soybean (Filho, 2001). 
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Priestley (1986) concluded that free fatty acids have deleterious effects on membranes probably because 
they are detergents. Isolated plant mitochondria showed swelling and uncoupling of oxidative 
phosphorylation in the presence of free fatty acids (Verma, 2003). Sveinsdo´ttir, (2009) showed that an 
addition of free fatty acids increased fusion of plant vesicles which led to an increase in membrane 
leakage. Copeland and McDonald (1995) reported that continual accumulation of free fatty acids 
culminates in a reduction of cellular pH and is detrimental to normal cellular metabolism. Furthermore, it 
denatures enzymes resulting in their loss of activity. 
 Individual Borageseeds containing 1% or more of free fatty acid will not usually germinate. 
The E.C. of seed leachates increased with time in all cases. However, E.C. was significantly more with 
aging. Slightly less E.C. with three days of AA than the control was observed (Fig1. f). This trend sports 
the idea of slow/controlled imbibitions during early period of AA. Low E.C. is an indication of improvement 
in seed vigor. However, with a further increase in the AA period, there was a linear increase in E.C. 
Increased electrolyte leakage with aging confirmed the inferior quality of the aged seeds (Slddiqui, 2008). 
The increased seed leakage is believed to be associated with aging induced changes in cellular 
membranes of imbibed seeds. Decreased percentage germination and root and shoot lengths were 
associated with AA. 
 Many biochemical investigations have proven that lipid per oxidation and fat acidity (free fatty acid 
percentage) is a major cause of seed deterioration, including cellular membrane disruption. As seed 
quality declined there was a concurrent increase in the level of free fatty acids (Fig2. a). Elevated levels of 
free fatty acids, which are toxic to most cells, are not found in healthy seed tissue (Trawatha, 1995). In 
the present study with increased free fatty acid content there was a concurrent rise in seed leachate and 
E.C. suggesting that membrane integrity had declined (Mumtaz khan, 2004). 
 During aging, changes to peroxidase may be the major cause of seed deterioration (Goel and 
Sheoran, 2003). Protective mechanisms that could scavenge the produced free radicals and peroxides 
have been reported in soybean (Sung, 1996). These protective mechanisms involve several free radical 
and peroxide scavenging enzymes like superoxide dismutase, catalase, ascorbate peroxides and 
peroxides. The peroxide value increased up to two days of AA. However, with further increase in AA 
activity values of peroxides decreased as shown in Fig. 2b. These results are in agreement with most of 
the previous reports (Goel, 2003). These results indicated that with increased AA period the seeds were 
unable to host the scavenging enzymes. 
 There was a decreasing trend in germination percentage, normal seedling (%) and root and shoot 
lengths in T0 in comparison with T1, T2 and T3. It might have been the result of reduction on subsequent 
seed reserve utilization rate and conversion efficiency of mobilized reserves during aging. Another reason 
might be the slow hydration of seeds membrane disruption due to increased free fatty acid levels during 
AA that reduced imbibitional injury (Mohammadi, 2011). 
 

CONCLUSION 
 

 Borage seeds require longer periods of treatment for accelerated aging. The main cause of 
decreased vigor of seeds is cell There was no indication of any presence of a  
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Figure 1. Changes in germination (a), shoot length (b), root length (c), root shoot ratio (d), cotyledon area (e) and E.C. (f) of 

Borage seed affected by accelerated aging 

 
Figure 2. Changes in free fatty acid % (a) and peroxidase activity (b) in Borageseed affected by accelerated aging 
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