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INTRODUCTION

Microalgae are highly abundant microorganisms {vin aquatic ecosystems of plant earth. They
excellent sources of biological products of higHueathat have many industrial and health benefitsese
products include lipids, polyunsaturated fatty ac{fUFAS), proteins, minerals, vitamins, pigmeatsd many
others of great potential. In contrast to highe@mgd and crops, microalgae can be cultivated iarg@as or lands
unsuitable for agriculture, posing no direct contpmat or threat to food and/or feed cultivation. rGequently,

microalgae are an innovative and dynamic areadtebhnology where microalgal biomass is attracétigntion

www.tjpre.org editor @jprc.org

Electronic copy available at: http://ssrn.com/abstract=2835412



514 Reham M. El-Bahbohy, Farida Shokry, Shady A. Mottaleb,
Essam Darwish, Gehan Safwat & Naguiba Elghamrawy

to meet an increasing worldwide demand (Borowit2Ra3; Christaki et al. 2013). Several edible mitgaa are already
commercialized and have biotechnological uses,udioh green algae (Chlorophyta), red algae (Rhogaph and

blue-green algae (Cyanobacteria) (Mulders et al4P0Blue-green algae, for example, are a widelserdie group of
microalgae, both morphologically and geneticallypducing a wide range of natural products with iplét industrial

applications such as biofuel production of (e.gdi@sel, ethanol, and butanol) or food, food adéd#j and single-cell
protein. Blue-green algae can be commercially grawtarge scale (i.e. mass culturing) using natgrailight, making
their cultivation significantly economic. Furthermg they fix carbon dioxide and many have the gbilo also fix

atmospheric nitrogen, making the natural produnty {oroduce sustainable. Also, many species offpeen algae grow
in seawater or are salt tolerant, giving a considleradvantage in reducing the use freshwatereiin tlulture. In addition,
growing blue-green algae under extreme conditioeygnts infections by other organisms allowing @bkt long-term

cultivation (Sharma et al. 2013).

An important condition for microalgae culture to @eonomically feasible, is for them to produce higbmass
using the lowest (and/or cheapest) possible infBitsnass is a term given to any organic, non-fassiterial of biological
origin. If the biomass is derived from terrestaald aquatic environments resources, it is callégtggmass”. Biomass is
categorized into primary, secondary, and terti@nymary biomass is a direct product of photosynthbarvested and/or
collected from the field (or forest) where it isoduced. This category includes grains, grassesdveoops, and crop
residues. Secondary biomass consists of residwdgproduct from food, feed, fiber, wood, manurasgd materials
processing plants (e.g. sawdust, dairy byprodustis,). Tertiary biomass sources comprises residunes wastes of
post-consuming such as fats, greases, oil, woodisdélom construction sites, packaging wastes, amohicipal solid
wastes. Microalgae belongs to the first categorpiofmass and, recently, a very important resednehis dedicated to

investigate the means of increasing algal biomasgyleconomic and sustainable methods (Sharma20H3).

A noticeable characteristic of microalgae is thator thanks to their pigments content which arg pétheir
photosynthetic system. These pigments are groumtedtliree classes: carotenoids, chlorophylls, amgtqbiliproteins.
Pigments from microalgae are currently in high dedhaby the market as renewable natural colorants
(which are strong dyes even at very low levels)fémds and feeds, and provide several health keregfithe same time.
These pigments also have important applicationshé pharmacy such as bioindicators and as bioclaniacers.
Furthermore, many uses have been described focabmetic industry as well such as in their use rimdpction skin
creams to stimulate collagen synthesis (Gouve#. é2008). Chlorophyll is a green pigment thathsiredantly present in
nature because it is a crucial component of photb&gis, and can be easily extracted from the migad biomass.
Nowadays, there is an increasing interest in comiaéy producing chlorophyll as a natural pigmemthe food and feed
industries, and cosmeceuticals (Hosikian et al020for example, chlorophylls are used in colohgnarmalade, candy
sweets and soft drinks. Moreover, it is also reged in the European Union under E-number E-140di@sartal et al.
2012). Regarding its medicinal use, chlorophyll¥ehghown to play possible beneficial roles in bimgsthealth and
preventing diseases. In processed vegetable foddf@lowing ingestion by humans, chlorophyll is eented into
pheophytin, pyropheophytin and pheophorbide. Thesaponents show antimutagenic effect and may plagle as
anticancer agent. (Chernomorskgl.e1999). Another commercially valuable group afmmalgal pigments are
carotenoids, which are yellow to red colored isopié molecules. Carotenoids are required in thé afichumans and

animals due to their incapability of synthesizihgr in their bodies (Latowski et al. 2014). Certeémotenoids such as

[3-carotene and astaxanthin, have strong antioxidativity, counteracting the detrimental effects fadfe radicals by
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protecting from peroxidation of lipids and by scagimg reactive oxygen species (ROS) produced updetooxidation
(Pangestuti and Kim 2011). Overall, dietary intaiecarotenoid antioxidants derived from microaldees shown the
ability to protect organisms against various chrordisorders including cancer, atherosclerosis, a@betes
(Cadoret et al. 2012). Furthermore, the effecthese antioxidants was positive against coronamagis, ischemic brain
development, liver, metabolic syndromes, gastreiimal maladies (Riccioni et al. 2011). Furthermomome
neurodegenerative diseases such as Alzheimer diseasl Parkinson disease responded positively ad wel
(Gouveia 2014; Martins et al. 2014).

In order to reducing production costs of microalgaemass as well as chlorophyll-a and total camitin
contents, it is mandatory to improve microalgalvgio rate, nutrient use efficiency, and reduce thst< of construction
operation, and maintenance of bioreactors. Althoitigls difficult to increase cell growth rates apdoductivities in
photoautotrophic cultures, many species and strafnmicroalgae respond positively to growth undetehotrophic
conditions using, for example, various organic oarbsources. When compared with photoautotrophiduias,
heterotrophic and mixotrophic conditions show higbellular biomass production, with consequent o#ida in the cost
of downstream processing. Consequently, heteroicopiitures have a high potential in reducing tbstwf microalgal
biomass production. The aim of this work is, thiesexamine different mixotrophic growth conditioefects, by altering
the nutrient media composition and method of celtan increasing biomass, chlorophyll and carotéicontents of an
Egyptian blue-green microalga isolateAsfabaena ambigualo achieve this goal, we subjected the microakyahte to
different altered BG11 medium compositions (BG1lldimm 4X concentration), with additional inorganirioon source
(calcium carbonate), additional nitrate sourceijnggl stress (50 mM NacCl). The effect of culture thed, batch or

semi-continuous, was investigated as well.

MATERIALS AND METHODS

The present study was carried out during Januaml-2016 in the Plant Physiology division, Departmef
Agricultural Botany, Faculty of Agriculture, Caitdniversity, Egypt.

Microalgal Isolate

In the this study, a filamentous heterocystousateobf cyanobacteriddnabaena ambiguavas obtained from
Department of Agricultural Microbiology, Soils, Weatand Environment Research Institute, Agriculti®asearch Center
(ARC), Giza, Egypt.

Culture Medium and Growth Conditions

The cyanobacteriumnabaena ambiguavas cultured in nitrogen-free BG-11 medium (Bglaccording to

Allen and Stanier (1968) at pH 7.2, temperaturet2/C and continuous light intensity of 1QE mi” s* provided by a

white fluorescent lamp. All chemicals used in thidudy were of analytical grade from Sigma Aldrich
(St. Louis, MI, USA).

Treatments

The physiological effect of semi-continuous culbgrisystem, 4 times increased media concentratid), (4
sodium nitrate (7 mM), calcium carbonate as inoigaarbon (50 mg/l), sodium chloride (50 mM) wenwéstigated.

The cyanobacterium cultures were inoculated witfnagulum, with an optical density of 0.2 at 678,nimflasks of 1000
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ml capacity containing 700 ml of nitrogen-free BG4iquid medium. All inoculated flasks were maimadl at 27 + 2C
under continuous illumination of white fluorescdnt 28 days. The growth curve for biomass accunatnd cell
increment in term of cell concentration were deddcat 3 day intervals while both of chlorophyll acdrotenoids

production were evaluated at 21 and 28 days ofiitige. All treatments were replicated three times
Measurement of Algae Optical Density

An increase in optical density (O.D), percent traission for a growing cell suspension, was deteechiat 3 day
intervals along the incubation period accordingStrokin (1973) using spectrophotometer at 678 nhe ihcrease in

turbidity of the algal suspension is measured hevis:
T=1/l,
Where;
| = the transmission of the sample in percent efttansmission of the blank.
I, = latter adjusted to read 100 %.
Transmission, T, is then converted into opticalsityn
O.D=log (L/1).
Measurement of Algae Biomass

Biomass yield (mg 1) of A. ambiguawas carried out at 3 day intervals along the iatioln period as adopted by
Sorokin (1973) with some modifications. A sampleswathdrawn and centrifuged at 4000 rpm for 10 nAifter that, the
algal pellets were transferred into a pre-weighedgydish. Samples were dried in an oven at 6% 7til two successive
weightings of the dish, done at intervals, giveoastant weight. Weighting on sensitive balance @@ after cooling in
a desiccator overnight. Biomass weight of algalsoebs determined for each replicate by subtradtiegobtained weight
of dried sample from the glass dish’s weight angressed per unit volume. Biomass productivity (myd") was

calculated by multiplying biomass yield (mg)Lby specific growth rate ).
Specific Growth Rate, Divisions per day and Gener&in Time

Specific growth rate i), divisions per day and generation timEgY were calculated from standard curves

according to Levasseur et al. (1993) using the¥alhg equations:

_ In{NZ/NL)
=
Divisions day—2 - ®

¥ In2

1

.=
Dhivisions day 2

E

Where

L is the specific growth rate in'd
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N2 andN1 (in g) are the biomass at timdsandt2 (in d) in exponential phase of growth
Chlorophyll-a and Total Carotenoids Pigments Analyss

Both of chlorophyll a and carotenoid pigments wdetermined according to Burnison (1980) using ditylet
sulfoxide (DMSO) and 90 % acetone with some modifans. A representative aliquot of algae was wiladh into falcon
tube and 1 ml of 0.01 % MgGGolution was added. Algal samples where centrduge4000 rpm for 10 min where
supernatant medium was decanted carefully. Samy#es washed with distilled water and centrifugediagt 4000 rpm
for 10 min. Then, distilled water was decanted ftdigeand algal cells were resuspended into 4 mI S Algal cells
were homogenized at 1000 rpm for 1 min and incubaiewater bath at 68C for 10 min. Afterwards, 6 ml of 90 %
acetone were added to the DMSO-extracted algas eeldl mixed very well. Extracted algal samples wearpt in a
refrigerator for 24- 48 hr in dark conditions. Eadted samples were centrifuged at 5000 rpm for I© winere the
supernatants were transferred into new falcon tubesally, absorbance of extracted pigments wassorea using
spectrophotometer at 630, 647, 664 and 691 nmhiloraphyll-a and at 468 nm for carotenoids. Coneditn (pg/ml) of
chlorophyll a and carotenoids were calculated atingrto Ritchie (2008) and Davies (1976), respetyivFinally results
were expressed in pg/mg dry weight of algal sarbglenultiplying by the solvent volume divided by salmdry weight.

Chlorophyll-a or total carotenoids productivitiedg( mg* d*) were calculated by multiplying chlorophyll-a or abt

carotenoids contentgig mg®) by the specific growth rate 1
Statistical Analysis

Differences among means were tested by a one-walysis of variance (ANOVA) followed by Duncan pdstc
test. Differences were considered statisticallyigicant when P<0.05 in all analyses. Graphs aatistical analysis were
carried out using Microsoft Office Excel 2007 aBiM SPSS Statistics V. 20, respectively.

RESULTS

This study evaluated the effects of method of calt(batch or semi-continuous) as well as alterihg t
composition of BG1dmedium (4X medium concentration, 7mM NajlG0 mg CaCg and 50 mM NaCl) on enhancing
biomass, chlorophyll-a and total carotenoids of Esgyptian Anabaena ambigudlue-green isolate under controlled
conditions (Figure 1).

A - B P <

Figure 1: Anabaena Ambigua Grown under A) BG11, Batch Culture, B) BG11, Semi-Continuous
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Culture, C) BG11, 4X Concentration, D) BG11 + 7 mM NaNQ, E) BG11 + 50 mg
CaCOg;, and F) BG11 + 50 mM NacCl
Growth Curves
Growth curve phases &f. ambiguawere studied by measuring optical density of défe treatments at 678 nm,
taking samples every 3 days along the incubatiaiogeResults illustrated in Figure 2 revealed ttrad six different

media compositions exhibited different growth cucharacteristics.

4.5 A
4 - Batch o ——
: ~—
3.5 Semi-cont. /
_ i) ™alCl
= MNald O3
B 25 A
g CaCO3
g5 2
= 154
1 -
0.5 4
04— :
] 3 6 9 1z 15 18 21 24 28
Days

Figure 2: Growth Curves of A. Ambigua Grown under the Six different
Media Compositions (10QUE m? s?, 27 °C)

Four characteristic phases of the growth curve weoegnized; the lag phase started immediately ftoen
inoculation time up to 6 days of culture age. Theeteration phase started from 6 days of incubaigniod up to 15 days
of incubation with very little difference among &leatments. On the other hand, differences ammanents became
apparent during the exponential phase (15 up tdag4 of culture age) and during the stationary @t{as up to 28 days
of culture age) as well. For these, growth undell BGnedium 4X concentration as well Nahl@d CaC@Q treatments

positively and stimulated. ambiguasolate's growth compared to the remaining treatmen
Biomass and Specific Growth Rate

To further investigate the detected differencethexgrowth curves, we statistically analyzed bicsna®duction
under six treatments at 21 and 28 days of cultgee Bata in Table 1 show the biomass yield andipgrowth rate of
the A. ambiguasolate after being incubated with the six differsedia compositions.

Table 1: Biomass (mg [%), Specific Growth rate (d%), Divisions per day and Generation Time (9 of
A. ambigua Grown under the Six Different Media Compositions {00uE m? s*, 27 °C)

Biomass 21 d | Biomass 28 d u Div. d* Tq
(mg L™) (mg L™ (d? (d)

BG11, (Batch Culture) 566 + 33° 833 + 33 0.049+0.008 | 0.07+0.012 | 14.43+28
BG11, (Semi- 1499+168 | 1700+33 | 0.095+0.07% | 0.14+0.11% | 20.99 + 16.3
continuous Culture)
BG11, (4X 2050 + 150 | 3000+100 | 0.204+0.018 | 029+0027 | 3.42+0.3%
Concentration)
BG11 (+NaNO;) 899 + 33 1033 + 38 0.066 + 0.003 | 0.09+0.00%5 | 10.49+0.49
BG11, (+CaCOs) 1400 + 0 1600 + 6 0.079+0.000 | 0.12+0.000 | 8.67 +0.00
BG11, (+NaCl) 533 + 66 666 + 66 0.082+0.002 | 0.12+0.003 | 8.43+0.19

Each value represents the mean + standard er@relicates. Means with identical letters in thense column
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are not significantly differentR > 0.05) according to Duncan test.

Results revealed that the increment in biomass ydehsiderably varied depending upon media conatoir,
nitrate supplementation and carbon source addowell. As indicated in Table 1, obtained restdigealed that highest
biomass production at 21 days culture age (lat@maqtial phase) was obtained using Bgtiedium 4X concentration
(ca. 2050 mg ) followed by CaC@ treatment ¢a. 1400 mg ') and NaNQ (ca. 899 mg L%). Using semi-continuous
culture €a. 1499 mg [Y) also proved to give significantly more biomassewtcompared to batch culturing method.
Similar results of biomass yield at 28 days cultage (stationary phase) were obtained showing sdi®ets of treatments
at 21 days culture age.

Biomass Productivity

Figure 3 shows data of biomass productivithombiguaunder the different six treatments. The obtairesalits
illustrated that biomass productivity Af ambiguaincreased with time from 21 to 28 days of incutratin all treatments.
Culture of 28 days age, thus, responded betten tm@eased incubation time compared to that ol old, a finding

observed with all applied treatments.

700 - A m 2] days
—_ =28 days
T 600 -
o
e 500 -
= 5
ot
2 400 A
=
-
_g B
2 300 -
i b
= 200 A
£ b B
(<]
o B - i
, | il N il
BGI11* (Batch) BGI11*(Semi- BGII*(4X BGII(+ BGII*+ BGII*(+

contin.) Conc.) NaNO3) CaCO03) NaCl)

Figure 3: Biomass Productivity (mg L* d™) of A. Ambigua Grown under the Six Different Media
Compositions (1qQQE m?s?, 27 °C). Each Value Represents the Mean * StandaEtror of 3

Replicates. Means with Identicdletters (Small Letters for 21 Days and Capital Leters for
28 Days) are Not Significantly Different (P > 0.05fccording to Duncan Test
Among the six treatments, the BG14X media concentration treatment recorded theifségntly highest
biomass productivity of 400 and 600 myd™ at 21 and 28 days of incubation period, respegtiv@n the other hand,
different types of culturing (batch and Semi-contins culture), adding nitrogen source (7 mM NaN@ inorganic
carbon source (50 mg CagQer liter), as well as subjectity. ambiguato moderate salinity stress (50 mM NacCl)

recorded a biomass productivity not exceeded 200'ndd, and not significantly different from each other.
Chlorophyll-a and Total Carotenoids Content

Results in Table 2 shows chlorophyll-a and totabtsmnoids contents of thenabaena ambiguisolate after being

incubated with the six different media compositions
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Table 2: Chlorophyll-a and Total Carotenoids {1g mg* Dry Weight) of A. ambigua
Grown under the Six Differenbedia Compositions (L0QUE m™ s*, 27 °C)

Chlorophyll-a Carotenoids Carotenoids
Ch'ozr;’%h%’:"?nc‘?l;‘tem content content content

oM 28d @gmg’) | 21d@gmg") | 28d g mg?)

BG110 (Batch Culture) 7.50 + 0.13 8.03 + 0.28 1.57 £ 0.04 1.46+0.10
Eﬁ%&?egsem"com'”“ous 3.36 + 0.06 3344028 | 067001 0.53+0.14
BG110 (4X Concentration) 3.03 £ 0.07 3.22+0.04 0.65 +0.02 0.78 +0.02
BG11 (+ NaNO3) 7.91 + 0.60 9.44 + 0.5 1.59 + 0.07 1.78 + 0.04
BG110 (+ CaCO3) 4.33+0.160 8.29 + 0.66 0.87 +0.02 1.73+0.10
BG110 (+ NaCl) 10.45 + 0.07 10.13+0.3% 2.09 +0.02 2.37+0.08

Each value represents the mean + standard er@relicates. Means with identical letters in thense column

are not significantly differentR > 0.05) according to Duncan test.

Regarding culture age, the obtained results redehb chlorophyll-a increased with the incubatiemniod for the
4X media concentration and batch culture in additm both nitrate and calcium carbonate treatmédtsthe other hand,
semi-continuous and NaCl treatments exhibited alainaalues in chlorophyll-a at 21 and 28 days uiture age. As for
total carotenoids, results shown in Table 2 in@idatn increase in contents with increasing culigee under all treatments
except the batch and semi-continuous culturesneats, where the contents of total carotenoidsledrti 28 days were

similar.

With respect to the effect of six different medarpositions, the use of 50 mM NaCl significantlgrieased both
chlorophyll-a and total carotenoids at 21 and 2@sdailture age. Moreover, NaN@nd CaC@ treatments proved to be
beneficial to enhance chlorophyll-a and total camotds,

respectively. Nevertheless, the type oftuciulg

(batch or semi-continuous) seemed to have velg &ffect on both pigments contents and produ@ivit
Chlorophyll-a and Total Carotenoids Productivity

Chlorophyll-a and total carotenoids productivitiesults, at 21 and 28 days culture age, are itltestrin Figures
4 and 5, respectively. Results revealed that biments productivities . ambiguaincreased significantly from 21 to
28 days of incubation in the calcium carbonatettneat, while the remaining media treatments shosiedlar values at

both 21 and 28 days of culture age.

1 = 2] days

0.3
0.2

': 0.9 =28 days i
T
E 0% AB AB
g o7 ab -
g 0.6 : g
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0.1

o A

BG11* (Barch) BG11* (Semi- BGI1*(4X Cone.) BGII (+ NaNO3) BG11%(+ CaC03) BGII1*(+ NaCl)
contir

Figure 4: Chlorophyll-a Productivity (g mg® d™) of A. ambigua Grown under the Six Different Media
Compositions (100uE m-2 s-1, 27 °C). Each Value Represents the MearStandard Error of 3 Replicates.
Means with Identical Letters (Small Letters for 14Days and Capital Letters for 21 Days) are
Not Significantly Different (P > 0.05) According toDuncan Test
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Figure 5: Total Carotenoids Productivity (Ug mg* d™) of A. ambigua Grown under the Six Different Media

Compositions (10QUE m? s?, 27 °C). Each Value Represents the Mean # StandaEtror of 3.
Replicates Means with Identical Letters (Small Leters for 14 Days and Capital Letters for
21 Days) are Not Significantly Different (P > 0.05pccording to Duncan Test

Regarding the effect of different treatments oroaphyll-a productivity (Figure 4), the NaCl treant recorded

the significantly highest productivity when compéte batch culture, giving value ef. 0.9 Ug mg* d* at 21 days of
culture age. This, however, was not the case ata®8, were no significant differences were detebiteveen NaCl and
batch culture treatments. On the other hand, Na@kment showed significantly higher chlorophyfaductivity when
compared with semi-continuous culture method, dh &1 and 28 days of culture age. Regarding BGfhédium 4X
concentration as well NaNOGand CaC@ treatments, chlorophyll-a productivities were heit significantly neither
different from batch culture nor semi-continuoudture treatments. The abovementioned differenceee ve@milarly
present among. ambiguatotal carotenoids productivities subjected to ghetreatments, as well (Figure 5). However, in
the case of total carotenoids productivity underCN&eatment, differences were significant with tbdiatch and

semi-continuous culture treatments at both 21 éhda¥s of culture age.
DISCUSSIONS

The semi-continuous method of culture proved toease biomass yields compared to batch cultureléTHhbat
21 and 28 days of culture age. This could be duthdéofrequent replenishing of nutrients essentafjtowth, that are
consumed and becoming deficient in the case ofhbatdturing. The method of culture, however, hatelieffect on
pigments contents and productivities because, agioned earlier, these pigments are enhanced bgsstr by additional
nitrogen.

It is well documented that nitrogen is an essent@hponent of structural and functional proteinsalgae,
making approximately 7%—20% of dry weight of c€litu 2004). Nitrogen fulfills many important physigjical roles in
algal cells (Raven and Giordano 2016) and, theeefds deficiency limits many important functions algal cells
(Li et al. 2008). Among these functions, nitrogenain essential component of chlorophyll and, tipmtosynthetic
productivity of algae, especially in oceans, is epftlimited by the availability of combined nitrogen
(i.e. nitrogen covalently bonded to one or morenglets other than nitrogen such assNONH,", and NQ"), where its
concentration is usually below 10 mmofrtFalkowski and Raven 2007). Nevertheless, in opegments, the presence
of recommended concentration of NajN® BG11 medium as formulated by Allen and Stafl€68) had minor effect on

biomass yield (Table 1) and biomass productivitigFe 3) ofA. ambiguawhen compared to control BGg df batch
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culture treatment. This is due to the fact thaambiguacyanobacterium is capable of diazotrophy, i.e.pgtaduction of
ammoniacal nitrogen (NJ{NH,) from atmospheric molecular nitrogen,jNZehr 2011). In the case of cyanobacteria, the
limiting factor is usually phosphorus, which is tbase in freshwater in contrast to oceans, as higtexipitation of
phosphorus in insoluble complexes occurs in fresbmizabitats (Falkowski and Raven 2007). In fdus is corroborated
by results of Biomass yield (Table 1) and produsti¢Figure 3) which are significantly enhancedwititrogen free 4X
concentrated BGhlmediumtreatment, where it contains four-fold concentragioof phosphorus and other nutrients
important for growth such as potassium, among sth@n the other hand, adding NajNt© BG11 medium had a major
effect in increasing both chlorophyll-a and totaratenoids contents oA. ambigua(Table 2) and productivities

(Figures 4 and 5) when compared to control BGffbatch culture treatment.

Carbon is another essential element for algae ploggi. It is essential for photosynthesis and cqosetly
growth and reproduction. Atmospheric carbon fixgdhe algae will have three fates. It will either bsed for respiration,
as an energy source, or as a raw material in thmeafbon of additional cells (Berman-Frank et al9399 Carbon can be
utilized in the form of CQ carbonate, or bicarbonate for autotrophic groatid in form of acetate or glucose for
heterotrophic growth. Therefore, adding an inorgami organic carbon source to the medium (i.e. tndghic growth)
may enhance algal growth rates. In the case oérperiments, it was evident that adding of Ca(30 mg %) to BG1}
medium significantly shifted growth curve Af ambigua(Figure 2), directly in second place after 4X madlitteatment.
This holds true also regarding biomass yield (Tdhlend biomass productivity (Figure 3). Nevertks|ehis treatment
had little effect on chlorophyll-a and total cammé&ls contents ofA. ambigua (Table 2) and productivities

(Figures 4 and 5) when compared to control BGi#fbatch culture treatment.

The majority of liquid water on the Earth surfasecharacterized by rather high amounts of inorgamis, and
with the present problem of climate change andeiased world population, freshwater is becomingeasingly scarce
and valuable. Therefore, the ability to cultureagign brackish, saline, or diluted sea water isghly desirable trait to
screen for in algae. Salinity is an important fadtat alters the physiology and composition ofalgExposing algae to
lower or higher salinity levels than their nativablitat levels may change growth rate and alter omitipn. Some studies
reported that salinity may increase algal growtksdRao et al. 2007) while other authors repatftedcomplete opposite
(Vazquez-Duhalt and Arredondo-Vega 1991). In oyegiments, adding 50 mM (equivalent to approximateflO of
seawater) to BGhImedium did not negatively affect (nor enhancedyrzies yield (Table 1) or biomass productivity
(Figure 3), when compared to batch culture Bgtddium. This shows a good adaptability*ofambiguato moderate salt
stress, an important beneficial trait as mentiomedlier. Equally important, 50 mM NaCl significantincreased
chlorophyll-a and total carotenoids content®d\ofambigua(Table 2) over all other treatments. This resisltsnportant to
investigate in future studies to determine the k&l concentration to use to produce maximum hiesrand pigments
content.

CONCLUSIONS

This work’s objective is especially important besaunicroalgae could be a good source of value-agdsdlicts
such as carotenoids and chlorophyll-a which ararahaintioxidants and pigment that can replaceattiéicial colorants in
food and feed as well as cosmetics production emdsequently, having lower risk on human and animealth. Results
of the present work indicate that, although biomaskl under semi-continuous culture was signiftbahigher than batch

culturing method at both 21 and 28 days of culage, the method of culturing showed no effect @amiaiss productivity.
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Increasing BG14 medium concentration four times (4X treatment)vp very efficient in significantly increasing
biomass yield and productivity over all treatmemdso, although adding nitrate or carbonate soutcethe BG1}
medium increased biomass yieldsfofambiguathese had little effects on biomass productivitially, adding 50 mM
NaCl to BG1} mediumdid not hinder biomass yield or productivity Af ambiguawhen compared to normal batch
culture medium treatment. Moreover, and more ingraly, NaCl significantly increased both chlorogkgland total
carotenoids pigments contents and productivitiesr @ll other treatments. This result should proseuseful practical
application giving the possibility to culture thhs ambiguaisolate, and possibly other membersAofabaenagenus, with
brackish or diluted sea water, with no effect omniss productivity and with a beneficial effect enhancing

chlorophyll-a and total carotenoids pigments pragites.
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