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Abstract 
UV-B radiation poses a major impact on microalgal physiology and productivity. The continuing degradation 
of the Earth's ozone layer by atmospheric pollutants has generated concern about the influence of increasing 
solar UV-B radiation on living being. Haematococcus pluvialis Flotow is one of the potent fresh water green 
algae, for the production of astaxanthin, a high value anti-oxidant, ketocarotenoid. Astaxanthin is 
accumulated in thick walled cyst cells of H. pluvialis, known for its anti-oxidant activity. It is widely used in 
cosmetics and dietary supplements. In this study, the effect of UV-B radiation (280-320 nm) with different 
intensities and durations on the growth, photosynthetic pigments such as chlorophylls and carotenoids 
including astaxanthin accumulation, total protein, total carbohydrate and total lipid were investigated on  
H. pluvialis isolated from the water bodies of Himachal Pradesh. It was observed that the duration of UV-B 
exposure, the level of photosynthetic pigments such as chlorophyll a and b were found to be inversely 
proportional. The test organism H. pluvialis was found to withstand higher exposure period of radiation due to 
the accumulation of ketocarotenoid, astaxanthin. The results were compared with those from H. pluvialis 
control cultures incubated with photosynthetically active radiation.  
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Introduction 
Many unique substances are produced by microalgae, 
such as pigments, proteins, fatty acids and vitamins. 
Carotenoids are the most important bioactive compound 
which is of commercial application in industrial market. 
Astaxanthin is a ketocarotenoid (3,3’-dihydroxy-β,  
β-carotene 4,4-dione), biologically active substance 
useful in many applications and also exhibits higher 
antioxidant property than β-carotene or vitamin E  
(Guerin et al., 2003). Among the microbial sources, the 
microalga Haematococcus pluvialis Flotow is known to 
accumulate high amount of astaxanthin in its red 
aplanospores stage under stress conditions (Margalith, 
1999). The adverse environmental conditions, such as 
nutrient depletion, salinity, low temperature and  
high solar radiation, were known to enhance the 
synthesis and accumulation of astaxanthin (Schroeder 
and Johnson, 1995). Haematococcus pluvialis also 
accumulates astaxanthin in response to the oxidative 
stress produced by UV radiation (Jahnke, 1999). 
Depletion of the stratospheric ozone leads to the 
enhanced level of UV-B radiation in the earth’s surface. 
Enhancement in UV-B radiation (280-320 nm) is of 
particular interest in view of its adverse effects on 
biological systems. The impact of increasing UV-B 
irradiation on growth, motility and pigmentation has been 
investigated in cyanobacteria and algae (Hader and 
Hader, 1989).  
 

UV-B radiation shows to have both positive and negative 
effects on the viability of microalgae cultures. Moreover, 
increased carotenoid accumulation in microalgae has 
been reported to occur when they are exposed to  
low-intensity of UV-B radiation (White et al., 2002). 
In the present investigation, effect of UV-B radiation on 
the green alga, Haematococcus pluvialis Flotow isolated 
from the fresh water bodies of Himachal Pradesh was 
investigated. The alga was exposed to three different 
intensities of UV-B radiation at different durations and 
observed its survival, chlorophyll a and b, total 
carbohydrates, total protein, total lipids, total carotenoids 
and astaxanthin were analyzed under laboratory 
conditions. 
  
Materials and methods 
Algal culture: Different fresh water samples were 
collected from the fresh water bodies of Himachal 
Pradesh in March 2012. It was inoculated in Bold Basal 
Medium (BBM) and kept under laboratory condition: 30 
µE m-2s-1 light intensity, 25 ± 1C and 12/12 light/dark 
photoperiod. After 15 days, the cells of Haematococcus 
pluvialis in the samples were was isolated and made 
unialgal condition by serial dilution followed by spread 
plate technique on 2% agar amended in BBM. 
The isolated microalga was inoculated in the BBM 
medium and kept under laboratory conditions for further 
study. It was identified based on its morphological 
features (Fig. 1). 
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Fig. 1. Haematococcus pluvialis Flotow. 
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Mode and source of UV-B radiation: About 10 mL of 
optimally grown culture was transferred into a sterilized 
lower lid of Petri plate (17 x 2.5 cm) and exposed directly 
to the artificial UV-B radiation. The UV-B radiation 
system comprised of an array of UV-B lamps 280-320 
nm (Philips TL 20W/12, Philips Gleolampenfabriken, 
USA). The alga culture was exposed to different 
intensities of 1 Wm-2, 3 Wm-2 and 5 Wm-2 for 10, 15, 30, 
45 and 60 min durations respectively. The UV-B exposed 
cells were then transferred to 90 mL of BBM medium, 
kept for 30 d. The survival rate (LD50), based on 50% of 
algal population was also recorded by Rai et al. (1995). 
At 3 d intervals recorded different parameters such as 
Chlorophyll-a, Chlorophyll-b and total carotenoids 
(Lichtenthaler et al., 1987), Astaxanthin (Davis, 1956), 
Total carbohydrates (Dubois et al., 1956), Total proteins 
(Bradford, 1976), and Total lipids (Folch et al., 1957) 
were recorded. 
 

Results 
The test organism, Haematococus pluvialis isolated from 
the fresh water bodies of Himachal Pradesh at different 
days under laboratory condition are depicted in Fig. 1. 
When the alga was exposed to UV-B radiation of 
different intensities and durations revealed the following 
observations. In order to select a lethal dose (LD50), 
cultures of H. pluvialis were exposed to 1, 3 and 5 Wm-2 
UV-B radiation for different time periods such as 10, 15, 
30, 45 and 60 min. After 15 d, there was 50% survival at 
1 Wm-2, 3 Wm-2, 5 Wm-2 of UV-B radiation after 30 min, 
15 min treatment and therefore while higher duration of  
5 Wm-2 for 15 min  was  chosen as Lethal dose (LD50) for 
H. pluvialis (Table 1). Table 1 shows the percent survival 
based on colony counts after UV-B treatment for different 
periods. There was 50% killing at 5 Wm-2 for 15 min 
whereas, complete killing occurred after 60 min of UV-B 
exposure (Fig. 2). 

 
 

Fig. 2. Effect of 5 Wm-2 UV-B radiation at different  
intensities on Haematococcus pluvialis. 

 
Control, a-10 min, b-15 min, c-30 min, d-45 min, e-60 min 

 
 
Effect of 1 Wm-2 

UV-B radiation at different durations on 
Haematococcus pluvialis: The test alga H. pluvialis 
exposed to UV-B radiation at an intensity of 1 Wm-2  
UV-B radiation with varying durations showed that the 
levels of the chlorophyll a content was  decreased, with 
increasing durations of UV-B radiation. At 10 min 
duration of exposure, the reduction of chlorophyll a 
content was up to 27.2% after 15 d (Fig. 3). Similarly, 
Chlorophyll-b was reduced gradually as compared to 
control in H. pluvialis after 15th d (Fig. 4).  
 
 

Table 1. Percent survival based on colony counts after  
UV-B treatment for different periods. 

Exposure time (min) Percent survival 
1 Wm-2 3 Wm-2 5 Wm-2 

0 100 100 100 
10 90 81 78 
15 71 62 53 
30 58 48 32 
45 33 33 21 
60 29 27 10 

a 

b 

c 

10 m 

10 m 

10 m 

 Control      a            b            c            d             e 
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Fig. 3. Effect of UV-B radiation on the chlorophyll a content 
of Haematococcus pluvialis. 

 
 

Fig. 4. Effect of UV-B radiation on the chlorophyll b content 
of Haematococcus pluvialis. 

 
 

Fig. 5. Effect of UV-B radiation on total carotenoids 
of Haematococcus pluvialis. 

 
 

There was a notable increase in total carotenoids content 
up to 13.3% when exposed to 15 min exposure to UV-B 
radiation followed by decrease after 60 min of exposure 
time (Fig. 5). Therefore, it inhibited the synthesis of 
pigments. The total protein and carbohydrate was 
maximum up to 30 min showed decrease compared to 
control (Fig. 6 and 7). The influence of UV-B radiation did 
not show any adverse effect on astaxanthin up to 30th d 
(Fig. 8). When the alga exposed to 1 Wm-2 of UV-B 
radiation, the lipid content was reduced to a significant 
extent up to 35% at 60 min on 30th d when compared to 
control (Fig. 9). 

Fig. 6. Effect of UV-B radiation on total protein content 
of Haematococcus pluvialis. 

 
 

Fig. 7. Effect of UV-B radiation on total carbohydrate content 
of Haematococcus pluvialis. 

 
 

Fig. 8. Effect of UV-B radiation on astaxanthin content 
of Haematococcus pluvialis. 

 
 
Effect of 3 Wm-2 

UV-B radiation at different durations  
on Haematococcus pluvialis: Effect of 3 Wm-2 UV-B 
radiation on chlorophyll-a content showed subsequent 
decrease as the time of exposure increased, on 15th d 
the reduction was 50% up to 30 min and the reduction 
was 81.82% as compared to control after 60 min of 
exposure to 3 Wm-2 UV-B radiation (Fig. 3). In addition, it 
was revealed that, UV-B exposure caused reduction in 
chlorophyll-b content. On 15th d, the reduction was 
82.87% compared to control after 60 min at 3 Wm-2 of 
UV-B radiation (Fig. 4).  
 



 
Journal of Academia and Industrial Research (JAIR) 
Volume 3, Issue 11 April 2015                        584 
 

©Youth Education and Research Trust (YERT)                         jairjp.com                                                                Kavitha et al., 2015 
 

Fig. 9. Effect of UV-B radiation on total lipid content 
of Haematococcus pluvialis. 

 
 
The total protein and total carbohydrate content was 
reduced gradually up to 60 min, but the reduction rate 
was moderate up to 30 min of UV-B radiation after 15th d 
(Fig. 5). At 3 Wm-2 of UV-B radiation, the carotenoid 
content was increased up to 45 min decreases after  
60 min while similarly, astaxanthin content was increased 
up to 5% that of control up to 30 min followed by 
decease in subsequent exposure time on 30th d (Fig. 5 
and 8). There was a notable decrease in total lipid 
content up to 30 min exposure to UV-B radiation followed 
by decrease after 60 min of duration after 15th d (Fig. 9). 
 
Effect of 5 Wm-2 

UV-B radiation at different durations  
on Haematococcus pluvialis: Exposure to 5 Wm-2 
induces decrease in chlorophyll content more than  
1 Wm-2 and 3 Wm-2 of UV-B radiation. After 15th d, the 
chlorophyll-a and chlorophyll-b content was reduced up 
to 50% at 5 Wm-2 up to 15 min of exposure time and 
decreased gradually (Fig. 3 and 4). With regard to 
carotenoid content after UV-B exposure, it can be 
observed that, in cells exposed to 5 Wm-2 of UV-B 
radiation enhanced carotenoid production at all exposure 
time intervals. The increase in carotenoid content was of 
17.7, 20.5, and 13.3% as compared to the control after 
30, 45 and 60 min of exposure in the same intensity on 
30th d (Fig. 5). UV-B exposure led to reduction in the total 
protein (Fig. 6). The reduction was 63.8% below the 
control after 60 min at 5 Wm-2, respectively. Exposure to 
UV-B radiation revealed highly significant effect on total 
protein at all the exposure times. Exposure to UV-B 
radiation stimulated the synthesis of total carbohydrates 
due to UV-B radiation exposure. Exposure to 5 Wm-2 
resulted in stimulation of total carbohydrate content 
(15%) after 30 min as compared to control, then 
exposure of 45 and 60 min resulted in inhibition by 3.6% 
and 9.4%, respectively, as compared to control (Fig. 7). 
The ketocarotenoid content astaxanthin, the unique 
group of carotenoid as found in the test organism, H. 
pluvialis is shown in Fig. 8. The amount of astaxanthin 
increased up to 20% after 15 min of exposure to 5 Wm-2 
of UV-B radiation as compared to control whereas, it was 
found to decrease after 60 min.  

The effect of UV-B radiation on astaxanthin content was 
found to have significant change at intensity of 5 Wm-2, 
15 min of duration as compared to control. This may be 
due to the induction of carotenoid at higher intensity with 
minimum duration. In H. pluvialis, after 60 min, the total 
lipid content get reduced by 64.7% after 5 Wm-2 UV-B 
exposure followed by decrease with increase in duration 
of UV-B exposure (Fig. 9). Among the different intensities 
and durations of UV-B treatments to 5 Wm-2 of UV-B 
radiation exposure for 15 min enhanced the level of 
astaxanthin up to 20% when compared to control. 
However, the concentration of chlorophyll a and b was 
reduced by 20% and 30%, whereas, the total protein and 
total carbohydrate content decreased by 10% and 25% 
followed by total lipid. 
 
Discussion 
This study was aimed to reveal the influence of UV-B 
radiation on the growth as well as different metabolic 
activities of the green alga Haematococcus pluvialis.  
The present results pronounced inhibitory effects of  
UV-B on growth and survival of H. pluvialis where the 
inhibition increased with increasing of UV-B intensity and 
exposure time. In accordance with our results, lethal 
effect of UV-B radiation inhibited the relative growth rates 
of P. subcordiformis and N. closterium declined under 
UV-B radiation as compared with controls, which was a 
similar to the findings of Nielsen and Ekelund (1993). 
The present investigation clearly demonstrated that,  
UV-B irradiation at 1, 3 and 5 Wm-2 significantly 
decreased chlorophyll a and b contents of H. pluvialis. 
However, the effect of 5 Wm-2 was more significant than 
that of other two intensities of UV-B radiation. This is due 
to the damaging effect at higher intensities and exposure 
time where the photoinhibition and photodamage is 
mediated by chlorophyll (Greenberg et al., 1996).  
The decrease in chlorophyll contents by UV-B radiation, 
observed here, may result in the damage of PS-II 
through their effect on the composition and structure of 
the light harvesting complex causing a disturbance in the 
chloroplast architecture (El-Shintinawy, 2000). But our 
report was in contrast to the report of Grobe and Murphy 
(1994) who found that the synthesis of chlorophyll and 
total carotenoid was not reduced by ambient solar UV-B 
radiation. In the present study, total protein content 
decreased at all exposure times under 5 Wm-2 UV-B 
radiation intensities and reduction of total protein 
depends on duration of UV-B dose. Bhargava et al. 
(2007) reported that UV-B radiation decreased catalase 
activities of Anabaena doliolum. The results revealed 
that, small duration of UV-B radiation stimulated the 
synthesis of carbohydrates in H. pluvialis. The previous 
results were generally in agreement with the results of 
Ehling-Schulz et al. (1997) who studied the effect of  
UV-B irradiation on the production of carbohydrates in 
Nostoc commune. In addition, the production of 
carbohydrates was decreased in Chlorella 
stigmatophora, a green alga monitored by Kaplan et al. 
(1987).  
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Results indicated that, UV-B irradiation (1, 3 and 5 Wm-2) 
significantly increased carotenoids at low UV-B doses. 
This is due to the fact that UV-B radiation given during 
adaptation was only for a short duration and the intensity 
was strong enough to induce adaptive mechanisms, 
without causing any significant damage to the organism. 
Also the fact that dark conditions given immediately after 
the UV radiation have significantly reduced the 
immediate light repair thereby providing favorable 
conditions for the organisms to adapt (Latha Prabha and 
Kulandaivelu, 2002). The rapid increase in carotenoids 
possibly represents a photoadaptive response against 
UV-B radiation, as a major fraction of the pigments 
belonging to this group are photoprotective in nature and 
have been reported to prevent degradation of the 
chloroplast in cells subject to very high light intensities 
(Prezelin et al., 1981). Our results are similar to the study 
of Skerratt et al. (1998) where UV-B treatments induced 
species to species changes in lipid content and 
composition. The sterol fatty acid and total lipid content 
of O. weisfloggi changed little under low UV-B when 
compared with control but showed a decrease in the lipid 
content per cell under high UV-B treatment. In contrast, 
when P. antarctica was exposed to low UV-B irradiance, 
storage lipids were reduced and structural lipids 
increased indicating that low UV-B enhanced cell growth 
and metabolism. 
 
Conclusion 
It is very important to focus research to find solutions for 
the alleviation of the negative effects of the climatic 
changes at global level. It is suggested that microalgae 
have evolved ways of protecting themselves against  
UV-B damage either by producing carotenoids. Results 
indicate that there is cumulative increase in the 
carotenoid content with increase in the astaxanthin 
content of H. pluvialis. Resistance induced by UV-B 
radiation in the microalgae is of commercial significance 
i.e., H. pluvialis that have the potential to serve as source 
of antioxidants. Considering the need of a potential 
pharmaceutical drug in the global market, there is an 
urgent need to evaluate the potential of these algae in 
the production of bioactive compounds that act as 
lifesaving agent is need of the hour in the current 
scenario. 
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