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Abstract 
High performance liquid chromatographic analysis revealed that Mougeotia sp. Agardt green algae 
originating from the collection of the Institute of Biological Researches Cluj Napoca contains five 
provitamin A carotenoids: 5,6-epoxy-β-carotene, β-carotene, β-carotene, 9Z-β-carotene and 15Z-β-
carotene, the main contributor for the provitamin A activity being β-carotene (more than 80%). This 
research proved that the provitamin A activity of the studied matrix is highly dependent of the light  
irradiation, having a maximum at  1500 �mol.m-2.s-1 and being inhibited by high light irradiation. 
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_____________________________________________________________________________________ 
1. Introduction 

Carotenoids are a family of over 700 
natural lipid-soluble pigments that are 
primarily produced within phytoplankton, 
algae, plants, some fungi and bacteria 
(Britton, 2004). Carotenoids are the most 
widespread within the classes of natural 
pigments, being responsible for a wide 
variety of colors - from brilliant yellow to 
red colors of fruits, vegetables and leaves. 
In combination with proteins, carotenoids 
also contribute the wide range of blue, 
green, purple, brown and reddish colors of 
fish, insect, bird and crustaceans species.  

Carotenoids protect cells against light 
damage, but these pigments have broader 
functions in various organisms as precur-
sors to vitamin A, antioxidant activity in 
quenching oxygen radicals, immune 
enhancement, hormone regulation, and 
additional roles in growth, reproduction 
and maturation (Demming-Adams, 2002; 
Fraser, 2004; Johnson, 2002; Stahl, 2005).  

Nowadays, green algae are one of the most 
exciting and promising source of carote-
noids. However, for a proper and efficient 
use of algal carotenoids it is necessary to 

 understand properly how carotenoid 
biosynthesis can be controlled in order to 
obtain a maximum yield of the desired 
final products. The aim of the presented 
research was to study the effect of a high 
light stress on the provitamins A content 
in Mougeotia sp. Agardt. Chemical 
analysis was achieved using high 
performance liquid chromatography 
(HPLC), provitamins A being extracted 
from the algal matrix after its direct 
saponification. 
 
2. Materials and methods 
The green algae Mougeotia sp. Agardt 
(strain AICB 560) originated from the 
collection of the Institute of Biological 
Researches Cluj Napoca.The AICB 560 
strain was grown in a Bold nutritive 
solution that was mixed by introducing air 
containing 5% CO2, under continuous 
illumination (300 µmol.m-2.s-1, measured 
with a Hansatech Quantum Sensor QSPAR), 
at an average temperature of 20°C, for 15 
days.  

The algal suspension samples (5 ml) were 
saponified directly for ten hours, using 10 
ml solution 30% KOH in methanol, at  
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room temperature. Carotenoids were 
extracted using diethyl ether; the etheric 
layer was separated and washed repeatedly 
with brine, then with distilled water until 
free of alkali. The aqueous layers were re-
extracted with small volumes of diethyl 
ether until colorless, then the organic layers 
were combined, washed several times with 
distilled water and evaporated to dryness 
under reduced pressure. The saponified 
extract was dissolved in 10 ml ethyl 
acetate, being then subjected to HPLC 
analysis. HPLC analysis was performed 
using an Agilent 1100 system, consisting in 
a degasser, an Agilent G1311A quaternary 
pump system, a Rheodyne injector 
equipped with a 20 µl loop, an Agilent 
MWD G1365B detector upgraded to 
G1315B DAD, using a Nucleosil 120-5C18 
column (250 x 4.6 mm, 5 �m particle 
size). Carotenoids were separated at room 
temperature, at a flow rate of 1 mL/min, 
under gradient conditions: initial conditions 
were 90% A, 10%B, then from 0 – 20 min. 
30%A, 70% B, from 16 to 40 min. 90%A, 
10%B. A is a mixture of acetonitrile: water 
(90:10, v/v) and B is ethyl acetate. The 
separations were monitored at 450 nm. 
Chemstation Agilent software was used for 
data acquisition and processing. 
Carotenoids identification was completed 
based on HPLC co-chromatography with 
authentic standards and by comparison of 
the on-line visible absorption spectra with 
those of reference carotenoids (Britton, 1996; 
Haugan 1995). For confirmation of the 
individual carotenoids’ identity whose 
spectra were not in the library, the 
published maximum absorbance values 
(Britton, 1996) were used. Quantification 
of the provitamins A was achieved by the 
external standard method (Hart, 1995); 

 due to the lack of 9Z- and 15Z-β,β-carotene 
standards, the quantifi-cation of these 
carotenoids were based on the calibration 
curve for β-carotene, as they have very 
similar spectra and chromatographic 
properties with that of β,β-carotene. 
The provitamin A concentrations were 
expressed in retinol equivalents (RE), 
according to the requirements of 
FAO/WHO (FAO/ WHO, 1988): 
1 RE = 6 µg β-carotene = 12 µg of other 
provitamins A. 
 
3. Results and discussions 

The HPLC pattern of carotenoids extrac-ted 
from Mougeotia sp. Agard - strain AICB 
560 is presented in figure 1, revealing lutein 
as the major carotenoid. Besides, four 
carotenes (β-carotene, β-carotene, 9Z-β-
carotene and 15Z-β-caro-tene) and four 
xanthophylls (viola-xanthin, antheraxanthin, 
zeaxanthin and 5,6-epoxy-β-carotene) were 
also identified. From these, only β-carotene, 
β-carotene, 9Z-β-carotene and 15Z-β-
carotene and 5,6-epoxy-β-carotene are 
provitamins A, their concentration being 
listed in table 1. 

During the growing experiments it was 
observed that the provitamin A content of 
Mougeotia is highly dependent by 
illumination conditions, the best results being 
obtained using an irradiation of 1500 
µmol.m-2.s-1; comparing with the control 
sample (exposed to 300 µmol.m-2.s-1), 
excepting the 5, 6-epoxy-β-carotene whose 
concentration decreased, the concentration of 
the other provitamin A carotenoids 
increased, leading to an almost three fold 
increase of the retinol equivalent of the algal 
suspension. 

 
Table 1: The carotenoid concentrations in algal samples [µg/ ml algal suspension] 

 

Carotenoids Control 
sample 

Irradiation with 1500 
µmol.m-2.s-1

Irradiation with 4500 
µmol.m-2.s-1

5,6-epoxy-β-carotene 0,04 0,02 0,00 
α-carotene 0,04 0,15 0,01 
β - carotene 0,19 0,71 0,03 
9Z - β - carotene 0,04 0,13 0,01 
15Z - β - carotene 0,01 0,05 traces 
RE/ ml suspension 0.043 0.148 0.007 
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Figure 1: HPLC chromatogram of carotenoids from the Mougeotia sp. control sample. Peak identities are:  
1: violaxanthin, 2: antheraxanthin, 3: lutein, 4: zeaxanthin, 5: 5,6-epoxy-β-carotene, 6: α-carotene, 7: β-

carotene, 8: 9Z-β-carotene, 9: 15Z-β-carotene. 
 

When the algal culture was exposed to an 
excessive high light irradiation (4500 
µmol.m-2.s-1), the provitamin A carotenoid 
content diminished drastically, while 5, 6-
epoxy-β-carotene disappeared.  
 
4.Conclusions 

The studied Mougeotia strain contains five 
provitamin A carotenoids: 5,6-epoxy-β-
carotene, α-carotene, β-carotene, 9Z-β-
carotene and 15Z-β-carotene, the main 
contributor for the provitamin A activity 
being β-carotene (more than 80%).  
Provitamin A activity is highly related with 
the illuminating condition; the best results 
were obtained using an irradiation of 1500 
µmol.m-2.s-1, while using excessive light 
lead to a strong concentration degrease of 
provitamin A carotenoids. 
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