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 R E S E A R C H  A R T I C L E

Jelan Mofeed 

EFFECTS OF SALINITY AND L IGHT INTENSITY ON PRODUCTION OF ß-
CAROTENE AND GLYCEROL FROM THE HALOTOLERANT ALGA DUNALIELLA 
SALINA  (CHLOROPHYTA) ISOLATED FROM ZAR ANIK NATURE RESERVE, 
NORTH SINAI,  (EGYPT) 

ABSTRACT:  
The halotolerant green alga Dunaliella salina  
(isolate SEA003) recently isolated from salt 
march at Zaranik nature reserve,  North Sinai , 
(Egypt) was cultivated in the arti ficial 
seawater medium (ASW) with di fferent 
sal ini ty levels (0.5, 1, 2, 3,  and 4 M), under 
continuous i llumination of two dif ferent li ght 
intensities: 50 and 200 µmol m -²s- 1,  during 30 
day of incubation. The maximum growth 
density as number of cell  was recorded in 
media contained 2M NaCl  under the high li ght 
intensity,  while Chlorophyll a giving its 
maximum values at 1 M salinity under high 
l ight intensity.  Anent values of β carotene 
produced by Dunalie lla salina  revealed that,  2 
M salinity had the superiori ty in enhancing β 
carotene production during the 30 days of this 
study, especial ly under high light intensity.  In 
contrast with β carotene product ivity,  
Dunalie lla sa lina gave i ts maximum glycerol  
values at the high sal ini ty (4M). This result  
revealed that,  the algal  productivit y can be 
control led, as wel l  as directed to produce a 
particular substance (such as carotene and 
glycerol) on a wide scale by controll ing the 
growth conditions. Adjusting sal ini ty and li ght 
intensity is li kely the best strategies to 
achieve optimal  β-carotene or glycerol 
production in mass cul tures.  
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INTRODUCTION:  
The halotolerant,  unicel lular,  

bi flagel late alga Dunal ie l la is dist inguished 
morphologicall y by absence of  rigid cell  wall  
(Ben-Amotz, 2009; Tran et a l. ,  2013; Rad et  
al. ,  2015), however i t shows a remarkable 
degree of adaptat ion to a variety of salt  
concentrations (from 0. 1 to 5.0 M NaCl) in 
the aquati c environments (Al izadeh et al. ,  
2015). Thus,  this organism is unique in i ts 
abi li ty to adapt in harsh environmental  
condit ions.  Dunalie lla  species has the abi l ity 
to accumulate signif icant amounts of  
carotenoids (Hadi  et a l. ,  2008; Mingazzini  et  
al. ,  2015), proteins, vi tamins (Ghoshal et al. ,  
2002) and i t  was also recommended as a 
good source for glycerol  product ion (Ben-
Amotz, 2003) under st ress condit ions.  
Current ly,  the best commercial  source of  
natural  β -carotene (with economic value)  
among all  organisms in the world is 
Dunal ie l la salina  (Ben-Amotz, 1995; Rad et  
al. ,  2015),  which contains β -carotene up to  
14% of i ts dry weight (Aasen et al. ,  1969).  
Therefore, product ion of β -carotene by 
mass cul t ivat ion of D. sa lina has being 
masterful  in many count r ies including China,  
USA and Australia (Rad et al. ,  2015).  

The mechanism by which Dunal ie lla  
cel l  adapted to broad sal ini ty range based 
on the abi l ity of the algal  cel l  to change i ts 
internal  concentrat ion of carotenoids 
especial ly β-carotene and glycerol  (Raja et  
al. ,  2007). Where, signi ficant amounts of β -
carotene accumulated in the plast id as 
droplets to prevent the photo-damage of  
chlorophyl l under stress condit ions "include 
high temperature, l ight intensi t ies,  salinity 
and def iciency of  nutrient" (Ben-Amotz and 
Shaish, 1992; Ben-Amotz, 2003). Beta-
carotene accumulates within the l ipid 
globules in the spaces between thylakoids 
located in chloroplast (Ben-Amotz, 2003).  
Thus, i t  has been proposed that the increase 
in fatty acid content under stress condi t ions 
can be part ially attributed to the increase in  
β-carotene (Mendoza et a l. ,  1999).  

I t  is of interest to mention that,  liver 
enzymes oxidized β-carotene compound 
producing vi tamin A, which plays a vi tal  role 
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in increasing the eff i ciency  of the immunity 
system and  act  as ant ioxidants agents  
beside of that  i t  is necessary for many 
important physiological  functions (Mishra 
and Jha, 2011). Hence, Dunalie lla 's  β-
carotene can be used as health dietary 
supplements for both human and animals 
(Pulz and Gross, 2004), cosmetic and also in 
several  promising pharmaceutical  industries  
(Borowi tzka, 1999; Chidambara-Murthy et 
a l. ,  2005),  reducing the r i sk of 
cardiovascular diseases (Törnwal l  et al. ,  
2004) and control li ng cholesterol .  In addit ion 
β-carotene can prevent or even inhibi t  
various types of tumors (Hallmann,  2007; 
Chattopadhyay et a l. ,  2008). I t  is wel l  known 
that,  all  the β-carotene's therapeut ic effects  
related to i ts protect i ve abi l i ty against 
potent iall y harmful f ree radicals and 
st imulatory affects to the immunity system 
(Gotz et a l. ,  1999). Al though, natural  β -
carotene can be obtained from many other  
sources l ike frui ts,  green leafy vegetables 
and fungi (Pulz and Gross, 2004) or even 
synthet ical ly produced (Mayer and Isler,  
1971), the Dunal iel la 's β-carotene has more 
therapeutic effects, where concerning  
isomers composit ion, the synthet ic β -
carotene only contains al l -t rans i somers. 
While, natural β -carotene present in fruits 
and vegetables composed mainly of a 
mixture from 9-cis and trans β-carotene 
(Ben-Amotz and Shaish, 1992) and i t  is 
highly di fficult  in purification and obtained by 
relat i vely low concentrat ion. It  is wel l  known 
that, the 9-cis isomer is more eff icient as 
ant ioxidant than all -trans, where i t is 
signif i cantl y more soluble in l ipid and thus i t  
may be more effect ively accumulated in  
human t issue (Ben-Amotz et al. ,  1989). 
Hence, the higher the 9-cis concentration, 
the higher is the ant icancer and ant ioxidant  
eff iciency (Hu et a l. ,  2008). In comparison,  
among all  natural  sources,  Dunal ie l la sal ina  
produce the greatest amount of 9-cis isomer 
(more than 50% of al l  i ts isomers).  In 
addit ion, a Dunalie lla  cel l  can accumulate β -
carotene, thousands of t imes more than a 
carrot cell  (Klausner, 1986). In summary, 
Dunalie lla  sal ina is considered as the best-
known β -carotene natural  source (Ben-
Amotz, 2003; Rad et al. ,  2015),  because i t  
has high commercial  value where the 
cul t ivation of microalgae and puri ficat ion 
with organic solvents i s economicall y cheap.   
Indeed, the natural  β -carotene has a market 
pr ice approximately double or tr iple more 
than that of  the synthet ic products (Pulz and 
Gross, 2004).  

On the other hand, glycerol  i s a vital 
commercial  organic chemical act in  
osmoregulat ion beside using in  food,   
cosmetic and pharmaceutical  industr ies, as 
wel l  as it  is also used as ant i -drying agent  
(Shariati ,  2003). Under stress ci rcumstances 
of high sal init y,  glycerol  accumulated (up to  

40% of the cel l  dry weight) by  Dunalie lla  
(Ben-Amotz, 1990). Nowadays, the price of  
glycerol  is depended on the pri ce of crude 
oi l,  where i t  is mostly produced from 
petrochemical sources. Therefore, recent ly 
advancing algal  biotechnology and mass 
cul ture cul t ivation of Duna lie lla  sp. for  
glycerol  and carotenoid product ion and other  
biotechnological  purposes i s of great  
interest.  The abi l it y to induce,  modify and 
scale up Dunaliel la sp. to produce a series 
of uncommon carotenoids of high nutrit ional  
and medical  value and glycerol ,  also opens a 
new f ield in the area of Dunalie lla  
biotechnology. I t  is necessary to mention 
that,  among di fferent strains of D.  sa lina ,  
there is no predictable unique condit ion for 
reaching the maximum β-carotene or  
glycerol  contents per uni t  time and per uni t  
volume for al l  strains. Where, there are great  
physiological  variations in response to  
di fferent induct ive growth factors.  

Therefore, it  was very important  to  
determine the opt imal  condit ions of salinity 
and i rradiance enhancing the product ion of  
both β-  carotene and glycerol  f rom this strain 
of D. salina ,  recent ly isolated from  salt  
march at Zaranik nature reserve, North 
Sinai ,  (Egypt),  as wel l as determine its 
product ivi ty at di fferent stress conditions for 
mass cultivat ion.  

MATERIAL AND METHODS:  
The marine microalga Dunalie lla salina  

(Eukaryota, Viridiplantae, Chlorophyta,  
Chlorophyceae, Chlamydomonadales,  
Dunal iel laceae, Duna lie lla ,  Speci es: D.  
sa lina)  isolated from sal t march at  Zaranik  
nature reserve,  North Sinai ,  (Egypt),  was 
generously donated by doctor:  El tanahy E.  
G.,  f rom the Culture Col lect ion of Botany 
Department ,  Faculty of Science, Mansoura 
Universi ty,  Egypt.  The test isolate was 
ident i fied by morphological  and genetic  
analyses. Dunalie lla sal ina i solate SEA003 
was deposited in the GenBank under the 
accession number JX220893.1 (El tanahy et  
al. ,  2015).  
Growth Conditions:   

Dunalie lla sal ina  was cul t ivated in the 
arti ficial  seawater medium (ASW) which 
contained: 4.5 mM MgCl 2.6 H2O, 3 mM 
CaCl2.  2H2O, 1.5 mM NaVO 3,  5 mM KNO3,  
0.13 mM K2HPO4,  0.5 mM MgSO 4.  7 H 2O,  
0.02 mM EDTA, 0.02mM FeCl 3,  1 mg l - 1 t race 
el ement stock with 10 mM MnCl 2.4H 2O,  
CuSO4.5H2O, 25 mM NaHCO 3, 50 mM 
H3BO3,  2mM NaMoO 4.2H2O, 0.8 mM 
ZnSO4.7H2O,  0.2 mM CoCl2.6H2O. Different  
NaCl concentrat ions (0.5, 1, 2, 3 and 4 M)  
were added to one l itter of medium.  The pH 
value was adjusted at 7.5 by addition of 40 
mM of Tris -buffer.  Al l stock solutions were 
ster i l ized separately for 30 minutes and 
pool ed asept ically,  in order to avoid 
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precipi tation of certain compounds (Hejazi  et 
a l. ,  2003). After autoclaving,  the cul ture 
flasks were lef t  to cool at room temperature 
for one day to al low for pH stabi lizat ion at 
7.5 (Olmos et al. ,  2000). To achieve an 
initial cel l densi ty of 4000 cel l  ml - 1, 10 ml of 
act i vely growing vegetat ive inoculums of 
Dunalie lla sal ina  cel ls were inoculated into 
ster i lized f lasks containing 250 ml of ASW 
medium.  Flasks were incubated at 28 ± 1°C 
under cont inuous i l luminat ion (24 h light) of 
two di f ferent l ight intensi t ies: 50 µmol m -²s - 1 
( low light intensi ty) and 200 µmol m -²s - 1 
(high l ight intensi ty) by cool -white 
fluorescent lamps (Phi lips, 50 w).  To ensur e 
a uni form i lluminat ion of the cel ls,  the media 
were shaked manual ly twice a day.  The 
experiment was performed in tr ipl icate for 30 
days, and al l  experiments were repeated at  
least twice.  
Growth Estimation: 

Cell  number was determined by di rect 
count ing under a l ight microscope 
(magnification × 40) by using a 0.1 mm deep 
count ing chamber "haemocytometer" (James 
and Al -Khars, 1990) .  Once in every 5 days 
the samples were col lected and cel l  count ing 
was performed. Since the alga is moti le, one 
drop of Lugol ’s iodine solut ion was added to  
arrest the motili t y.  
Estimation of Chlorophyll  a:  

Chlorophyl l  extract ion was carried out 
according to Pistal  and Lele (2005).  Four ml 
al iquots sample from each cul ture medium of 
Dunalie lla  salina  cul tures were centr i fuged 
at 5,000 rpm for15 min. The precipi tated 
pel lets were washed wi th dist ill ed water,  
then suspended in an acetone/water solut ion 
(80:20 v/v) for 30 min. after that i t  was 
thoroughly vortexed for 5 m in. to ensur e 
complete extract ion and then cent ri fuged 
again for 5 m in at  5000 rpm to extract 
pigments unt i l  the pel lets turned clear/white. 
The amount of ext racted pigments in the 
solvent phase was spectrophotometric 
quant i f ied using method described by 
Lichtenthaler and Wel lburn (1985) :  

Chl a (µg ml- 1) = 11.75 (A662) – 2.35 (A64 5) 
Determination of β-Carotene Content:   

Contents of β -carotene in each sample 
were det ermined spectrophotometrically.  
Four ml from the aqueous phase of each 
Dunalie lla  cul ture medium was centr ifuged at  
4000 rpm for 15 min, discarding supernatant  
and then, each precipi tated pel let  was added 
to 4 mL (75%) acetone solut ion , shacked 
unt il  separat ion .  The above processes 
repeated t i l l  the ext ract turned to white, then 
1/10 volume of  60% KOH was added at  
49°C, to 10  ml volumetri c f lask, the 
supernatant without chlorophyll  was 
transferred and 2ml acetone was added to  
the volume.  After determining the A453 value,  
the concentrat ion (A453) of  the β -carotene 

solution could be found from the standard 
curve. Standard curve was prepared by 
dissolving di fferent concentrat ions of  
standard β -carotene in pure acetone and 
measured at 453 nm which is the 
characterist ic absorpt ion for β -carotene.  
Graph was constructed by plotting the -
carotene concentrations on X axis and OD 
values on Y-axis (Semenenko and 
Abdul laev, 1980).  
Determination of Glycerol Content:   

Four ml  of the growth cul ture of D.  
sa lina  was centr i fugated at 1500 rpm for 10 
min at room temperature, and then the 
precipi tated pel lets were washed twice in a 
solution of  1.5 M NaCl and 5 mm phosphate 
buffer at pH 7.5. One ml of periodate 
reagent and 2.5 ml of acetylacetone reagent  
were added to 200 µl  of precipi tated pel lets, .  
The mixture was incubat ed at 45oC for 20 
min.  After that,  opt ical  densi ty was 
determined at 410 nm. Results were 
compared with the standard curve prepared 
by using known amount of glycerol  (Chitlaru 
and Pick, 1991).  
Statistical Analysis:  

The data obtained are represented as 
Mean ± Standard deviat ion (mean ± SD).  
The signi ficance of the di fference between 
the groups was calculated by one-way 
analysis of variance (ANOVA) using the 
SPSS-PC computer software package 
version 10. 

RESULTS:  
The effect of different salt  

concentrations on cell  number of  Dunaliel la  
salina  under both high (200 µmol m -²s- 1)  and 
low (50 µmol m -²s- 1)  light intensi ties were 
studied. Inspection of Fig.1 revealed that,  
growth density as number of cell,  reached its 
maximum (8.97 cell  X106 ml - 1)  after 30 days 
of incubation in media contained 2M NaCl 
under the high light intensity.  Meanwhile, the 
same sample under low light  intensity gave 
lower cell  number (2.68 cell  X106 ml - 1),  
however the maximum density gained under 
the low light intensity was considered during 
enti re period of investigation. In contrast to 
the above,  low cel l  density were recorded in 
0.5 M salinity,  fol lowed by that values 
recorded within 1M and 4M respectively.  
Concerning the incubation period, it  is 
noticeable that,  the fi rst  ten days had 
convergent the lowest  cell  number (Fig. 1) in 
al l  parameters. General ly,  compared with the 
other salt  concentrations, the 2 M sal inity 
supported the Dunaliella  growth during the 
enti re period of investigation under the two 
light  intensi ties after the fi rst  ten days. Also it  
is of  interest to mention that,  2M sal ini ty 
significantly+ enhanced growth of D. salina  
over the other NaCl concentrat ions under 
high l ight intensi ty during the incubation 
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period,  however in case of low light intensity; 
the growth was higher but with values closely 
to that recorded in 3 M salinity.  
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Fig. 1. Effect of different salinity concentrations on 
Dunaliella salina cell number (cell X106 ml-1) under 
high and low light intensity during 30 days 

A glance on figure 2 reveal that 
Chlorophyll "a"  giving i ts maximum values in 
1 M sal ini ty under both high and low light 
intensity (0.26 - 4.88 mg l - 1 - 0.07 -2.2 mg l - 1,  

respectively),  followed by that values 
recorded at 2 and 3 M of sal ini ty respectively 
during the ent ire period of investigation. In 
this context,  the high intensi ty of  li ght 
enhanced chlorophyl l  "a" production more 
than the low l ight intensity.  However, both 0.5 
and 4 M NaCl suppressed the chlorophyll  a 
production in tested Dunaliel la salina .  It  is 
noticeable that,  generally the chlorophyll  "a" 
values under the high light intensi ty were 
higher than that  recorded under low light 
intensity.  
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Fig. 2. Effect of different salinity concentrations on 

chlorophyll "a" (mg l-1) in Dunaliella salina under high 
and low light intensity during 30 days 

 Anent values of β carotene produced 
by Dunalie lla sa lina the results showed that,  
2 M salinity had the superiority in enhancing 
β carotene production during the 30 days of  
this study, giving significant high values 
especial ly under high light intensity (2.41 - 
34.62 mg l -1)  followed by that values recorded 
with 3M sal ini ty (1.41- 18.91 mg l - 1)  and then 
1M (0.77- 17.02 mg l - 1)  under the same 
conditions (Fig. 3).  Nevertheless, general ly 
low l ight intensity enhanced β carotene 
productivity at al l NaCl concentrations but  
with lower rate from that recorded at high 
light  intensity,  however at low intensity the 
di fference between the recorded values with 
al l NaCl concentrat ions were convergent,  
where it  produced 14.2, 12.48, 10.03, and 
9.92 mg l - 1 af ter 30 days with 2M, 3M, 1M and 
4M, respect ively. 
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Fig. 3. Effect of different salinity concentrations on β-

carotene (mg l-1) yield of Dunaliella salina under high 
and low light intensity during 30 days 
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In contrast with β carotene product ivity, 
Dunalie lla sa lina gave i ts maximum glycerol  
values (48.49 - 31.7 mg l - 1 under both, high 
and low light intensity,  respecti vely) within 
the high salinity (4M). Compared with this 
high values (4.06- 48.49 mg l - 1)  of  glycerol 
related to high salinity concentration, the 
recorded values in 0.5M (0.12 - 2.91 mg l - 1)  
are very low.  Again, comparable to β 
carotene,  the maximum values of glycerol 
were recorded under high light intensity 
especially within the highest NaCl 
concentrations (Fig. 4).   
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Fig. 4. Effect of different salinity concentrations on glycerol 

(mg l-1) yield of Dunaliella salina under high and low 
light intensity during 30 days 
The considerable variation between β  

carotene,  Chlorophyl l  a and glycerol 
production within the dif ferent tested salinity 
concentrations during the period of 
investigation, reflect  the importance of  
focusing on the ratios between β carotene 
and both of Chlorophyll a and glycerol. As 
regard in figure 5,  the β carotene/Chlorophyl l 
ratio under both high and low light intensities 
following the same approach of high values, 
where i t f luctuated from 9.82 to 5.49 under 
high light intensity and from 9.66 to 6 under 
low light intensi ty with high salinity (2,  3, and 
4 M). However, within lower salinity 
concentrations (0.5 and 1 M) it  tended to give 
lower values. Nevertheless, the situation was 
reversed in case of β carotene/Glycerol  ratio,  
where the cited results revealed that low 
NaCl concentrations gained the maximum β 
carotene/Glycerol  rat io (Fig. 6).  Meanwhile, 
minimum values were related to the high 
NaCl concentrat ions,  under both, high and 
low l ight intensity,  during the investigat ion 
period. 
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Fig. 5. Ratio of β-carotene : chlorophyll "a" in  Dunaliella 

salina under high and low  light intensity during 30 
days 
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Fig. 6. Ratio of β-carotene : glycerol in  Dunaliella salina 

under high and low  light intensity during 30 days 
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DISCUSSION:  
On the contrary to other chlorophyta, 

Dunalie lla 's cel ls have no rigid cell  wall ,  but 
only enclosed by an elastic plasma membrane 
covered by a mucus surface layer,  which 
faci litates rapid swell ing or  shrinking when 
subjected to hypotonic or hypertonic 
condition, (Ben-Amotz, 2003), then it  rapidly 
responds to any change in osmotic pressure 
by changing the volume of the cel l  (Rad et 
a l.,  2015). Hence, Dunaliella  species can 
physically resist  3 to 4 fold decreases or 
increases in osmotic pressure (which know as 
osmoregulation).  Nevertheless, more 
hypoosmotic stress will  lead to bursting of the 
cel l, while the hyperosmotic stress causes 
irreversible shrinkage (Ben-Amotz and Avron, 
1992; Prieto et  al. ,  2011; Suong et  al. ,  2014; 
Mingazzini  et al. ,  2015). In the present study, 
the maximum cell  number (8.97 - 4.05 - 2.68 - 
2.42 cell  X 106 ml - 1)  of   the recent ly i solated 
strain of Dunalie lla sa lina  recorded  within 
media contains 2M NaCl under both high (200 
µmol m -²s- 1)  and low (50 µmol m -²s- 1)  li ght 
intensity followed by that recorded in 3M 
NaCl concentration during  entire period of 
investigation. Meanwhile, the lower salinity 
(0.5 and 1 M)  responsible for the minimum 
growth, which ref lected that low sal ini ty,  was 
inappropriate for the growth of this strain of 
D. salina.  This agreed with Hadi et al.  (2008) 
results,  who reported that the optimal growth 
of Dunalie lla sa lina  was obtained at 2 M 
NaCl.  

Chlorophyll i s the pigment of life in the 
photosynthetic organisms, therefore this 
study interested with the influence of li ght 
intensity and sal ini ty on chlorophyl l "a" 
production. The ci ted results revealed that, 
Chlorophyll a giving its maximum values 
within 1 M salinity under both, high and low 
light intensity.  However 0.5 M NaCl 
suppressed the chlorophyll a production in 
Dunalie lla salina.  Previous studies have 
described that, salinity exerted inhibitory 
effects on the activities of plastid's thylakoid 
membrane and some soluble enzymes of 
Dunalie lla  (Finel  et al. , 1984). Rad et al.  
(2015) also reported that,  hypo-osmotic 
shocks st imulate a temporary inhibi tion of 
photosynthesis and then the main 
photosynthetic pigment (chlorophyll),  while 
hyper-osmotic shock induce a substantial 
inhibit ion of  photosynthesis, but st imulate the 
glycerol  synthesis.  Since li ght intensity is a 
major contributing factor for the pigment 
production, the present study demonstrated 
that,  high light  intensity enhance chlorophyl l 
a production than the low l ight intensity,  the 
result  which agreed with the results obtained 
by Liu and Shen (2004) in their study on D. 
salina .  

β-carotene considered as extra-
photosynthetic product, stored and accumulated  

 
 

to protect cells against chlorophyll catalyzed 
single reacti ve oxygen and possibly other 
excited chlorophyll  damaging agents, and 
also to protect the cell  against the deleterious 
ef fects of high radiation intensity  by acting 
as a light f ilter or a screen to absorb 
excessive i rradiation (Ben-Amotz and Avron, 
1992; Ben-Amotz, 2003 & 2009),  where the 
possible reasons for increasing the synthesis 
of β-carotene in Dunaliel la seems to be 
photo-protect ion through its absorption 
properties. The oily nature of the cup shaped 
chloroplast i s most efficient for this purpose. 
Prieto et  al.  (2011) also indicated that,  β -
carotene has various roles include acting as 
pro-vitamin "A",  absorbing light  energy, 
antioxidation activity,  oxygen transport and 
general  colorizing agent for many organisms.   

Maximizing the product ion of  β-carotene 
per uni t  time in mass cul ture of the halo-
tolerant green algae Dunaliella ,  have been 
experimented by several  strategies. These 
strategies based on the hypothesis that,  
severe physiological  growth param eters, such 
as high li ght intensi ty (Coesel  et al. ,  2008),  
high salinity (Hadi et  al. , 2008), temperature 
(Ben-Amotz, 2009; Mingazzini et al.,  2015),  
and nutrient defi ciency (Shariati ,  2003; Aghaii  
and Shariati, 2007) induce the rate of  
synthesis and the accumulation of significant  
amounts of β-carotene (up to 14% of dry 
weight).  Anent,  values of β-carotene 
produced by the tested strain of Dunaliella  
salina  i n this study reveal  that, 2 M sal inity 
had the superiority in enhancing β carotene 
production during the 30 days of thi s study,  
giving significant high values especially under 
high light  intensi ty.  Pisal  and Lele (2005) also 
indicated that β-carotene can be great ly 
enhanced at higher irradiation. Hence, it was 
thought desirable to explore the possibi lity of  
using higher light stress for carotenogenesis.  
On the other hand, salinity affected the β  
carotene production as shown in cited results.  
Ben-Amotz (2009) indicated that,  the highest  
accumulation of anti-oxidant vitamin A (β-
carotene) in Dunalie lla sa lina was observed 
when i t subjected to high intensity of light in 
media containing high sal ini ty (30%). 

Beside, β-carotene and under stress 
conditions of salinity,  Dunaliella  species 
possess the ability to accumulate significant  
amounts of glycerol  (Hadi et al. ,  2008;  
Hosseini  Tafreshi  and Shariati, 2014). The 
mechanism by which Dunalie lla  cel ls can 
balance the ext racel lular osmotic stress by 
wide range of NaCl (from 50 mM up to 5 M 
NaCl) based on the abil ity of the microalga to 
modify its intracellular glycerol  concentration 
(Shariati,  2003, Raja et al.,  2007; Hadi  et al.,  
2008). In fact,  when Dunalie lla  cel ls grown at  
high salinity, the intracel lular concentrat ion of  
glycerol i ncreased up to 50% and is sufficient  
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to account for essentially all of  the osmotic 
pressure required to balance the extracellular 
osmolari ty,  while the internal NaCl 
concentrations remaining very low (Hosseini 
Tafreshi and Shariat i, 2014).  Some studies 
have confirmed that,  measurements of 
freezing point  depression in cel l  sap of D. 
salina  indicated that,  the internal osmotic 
concentration is higher than that expected 
due to the presence of the intracellular 
glycerol  (Liu and Shen, 2004; Chen et al.,  
2011), the phenomena known as 
osmoregulation.  In this condition,  glycerol 
acts as a ‘compatible solute’  that protects 
enzymes against both inhibi tion and 
inactivation (Hosseini  Tafreshi  and Shariati , 
2014). The maximum values of glycerol  in the 
present study related to high salinity (4M) 
under both, high and low l ight intensity.  
Generall y, the concentration of glycerol  in 
Dunalie lla sa lina increase with increasing 
sal ini ty,  which are consistent with the 
previous hypothesis.  

Glycerol produced in Dunaliella  ei ther 
by photosynthetic carbon dioxide fixation or 
by degradation of starch.  The contribution of 
these two metabolic pathways to glycerol 
synthesis mainly depends on the degree of 
sal ini ty stress, the availabili ty of l ight and the 
reserved starch. Hosseini  Tafreshi and 
Shariati  (2014) reported that,  both the 
glycerol  synthesis under hypertonic 
conditions and i ts elimination under hypotonic 
condition occur in the dark or light (Rad et 
a l.,  2015). In the dark, Dunaliella  produces 
glycerol by degradation of starch,  and the 
capacity of the cel ls to recover from 
hyperosmotic shock depends on the amount 
of reserved starch. However, in the li ght the 
hyperosmotic shock great ly encourage the 
production rate of glycerol  and also stimulate 
starch degradation, which indicate that,  in the 
light both the two metabolic pathways have 
significant  contribut ions in the production of 
glycerol  (Hosseini  Tafreshi and Shariati , 

2014; Tran et al.,  2014). This hypothesis 
great ly supported the results of this study 
where, the maximum values of glycerol  were 
recorded under high light intensity especial ly 
within high salinity concentrations. Meanwhile 
the minimum concentrat ions were obtained 
under low Light intensity. 

The β carotene/Chlorophyll  ratio under 
both, high and low l ight intensity following the 
same approach of high values, which reflect  
that β carotene production increase at that  
concentration. However, within lower sal inity 
concentrations (0.5 and 1 M) it  tended to give 
low values proving that the production of  β 
carotene was related to sal inity stress.  

On the other side, in case of β carotene 
/Glycerol  rat io,  where the cited results reveal  
that,  low NaCl concentrations gained the 
maximum β carotene/Glycerol  rat io.  
Meanwhile, minimum values were related to 
the high NaCl concentrations under both,  high 
and low light intensity during the investigation 
period, which reflect that the cell has shifted 
its activit y to produce glycerol by increase in 
salinity level.  Therefore logically,  from a 
commercial  point of view, the best strains of  
D. salina  for use in mass cultivation should 
have the maximum specific growth rate and 
the highest β-carotene and/or glycerol  
content per unit  time and culture volume 
under optimized conditions (Prieto et  al.,  
2011).  

CONCLUSION: 
In this context, the algal  product ivi ty 

can be controlled as well  as directed to 
produce a particular substance (such as 
carotene and glycerol) on a wide scale by 
control ling the growth condit ions. Adjusting 
salinity and li ght intensity is l ikely the ideal  
strategies to achieve optimal β-carotene or 
glycerol  production in mass cul tures of  
Dunalie lla salina .   
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 كاروتین والجلسرول من طحلب الدونیالیال -βتأثیر الملوحة وشدة االضاءة علي انتاج كال من 

  )الساللة المعزولة من محمیة الزرانیق، شمال سیناء، مصر(سالینا المقاوم للملوحة 
  جیالن مفید

 جامعة السويس، كلیة الثروة السمكیة، قسم البیئة المائیة، السويس، مصر

ة الساللة عند درجة الملوحة القصوي من الجلسرول لھذ
)4M .( و بھذا يمكن الجزم أنة يمكن توجیة انتاجیة الطحالب

بصفة عامة و ھذا الجنس بصفة خاصة  النتاج مواد مطلوبة 
 كاروتین  والجلیسرول على نطاق واسع من خالل -أمثلة البیتا

وال يغیب عن أذھاننا أن المناطق ذات . التحكم في ظروف النمو
ملوحة العالیة ھي مناطق فقیرة اإلنتاج علي جمیع األصعدة ال

و غیر مستغلة و بذالك نكون قد تمكنا من اإلستفادة منھا عن 
طريق إنتاج مواد حیوية ھامة من خالل إستغالل ھذا الجنس 

  .من الطحالب المقاومة للملوحة
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 المقاوم للملوحة احد المصادر Dunaliellaيعتبر طحلب 
 كاروتین والجلیسرول ھذا -الطبیعیة الھامة إلنتاج مركبات البیتا

 لذا فقد عنیت ھذة .باإلضافة الي مركبات حیوية اخري
الدراسة  بتحديد تركیزات الملوحة و كذا شدة اإلضاءة التي 

 كاروتین و الجلیسرول من ساللة -تعزز إنتاجیة كال من البیتا
 (isolate SEA003) تم عزلھا حديثاDunaliella salina لطحلب  

تضمنت . مصر– شمال سیناء -  من مالحات بمحمیة الزرانیق
یھا كال من عدد الخاليا و نسبة كلوروفیل أ النتائج المتحصل عل
 يوم من 30 كاروتین و الجلیسرول خالل -و كذالك تركیز البیتا

قد ) كعدد خاليا(أبرزت النتائج ان أعلي كثافة للنمو  . الزراعة
 تحت شدة االضاءة العالیة بینما 2Mسجلت عند درجة ملوحة 

 1Mوحة سجل أعلي معدل النتاج الكلوروفیل عند درجة المل
 3M ثم  2Mعند نفس شدة االضاءة تلیھا القیم المسجلة عند 

 كاروتین -في حین أعطت ھذة الساللة أعلي إنتاجیة للبیتا . 
عند  4Mثم  3M  تلیھا انتاجیتھا عند 2Mعند درجة ملوحة 

  وعلي النقیض فقد سجلت أعلي قیم . شدة االضاءة العالیة
 

 


