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Abstraet

The Cyanobacteria Spiruding 1s an attrac-
tive target for its pigments, proteins, vitamins
and other high-value cell components. Also, it
can be easily and cheaply harvested by filtra-
tion from the cultivation medium. In this study
a simple protocol was developed for Spirulinag
production by using different types of nitro-
gen in ammonium (urea and (NH_),SO,) and
nitrate (KNO,, NaNO,) forms in combination
with NPK fertilizer. Results demonstrated
high amount of nitrogen in both forms inhib-
ited Spirudina growth, Ammonium showed a
stronger inhibitory role than nitrate in biomass
production while increased phycocyanin con-
tent. Best phycocyanin content occurred in
high ammonium or low nitratc conccntration.
[n media based on 1% Urmia lake salt and |
L NPK. a combination of low conccntra-
ton (0.1 -0.5 g/L) of urea and (NH4) 8O, ob-
tained best results in biomass production. 1.2
g/L biomass durmg 14 days wilhout any cur-
bon source can be compared with Zurroul/2
medium. This composition can be used eco-
nomically lor Spiruling production smee hitle
amount of cheap matenual make the possibility

of Spirulina production.

Keywords: Ammonium, Fertibizer, Nitrogen,

Reeeived and Aceepted: 2017-10-19

NPK. Spirulina

Introduction

The current environmental conditions dete-
riorations, mental and physical stress, changes
in the diet have been serious risk factors for
the humans, increased the death rate and fatal
diseases. These are the obvious reasons why
new progressive trends are being extensively
developed in modern medicine, pharmacology
and biotechnology and more effective harm-
less medicaments are being sought for to treat
and prevent various diseases. One of the trends
in biotechnology is associated with blue green
microalgae Spirudina platensis which have
been widely employed as food and feed ad-
ditives in agriculture, food industry, pharma-
ceuticals and perfume industry, (Saranraj and
Sivasakthi, 2014).
Microalgac are a diverse group of microorgan-
isms that have different morphological, physi-
ological and genctie traits that have the poten-
tial to ofier a varictv of ditterent biologically
active metabolites hike protems, lipids, carbo-
hydrates, carotcnoids or vitamins for health,
nutrient rich food and foed additives, cosmet-
1es and [or energy production (Pnyadarsham
and Rath, 2012).

In general, microalgae 1s able 0 provide a

1- Industrial Microorganism Biotechnology Department. Academic Center for Education, Culture and Research(ACECR),

Khorasan Raravi. Mashhad, Tran
*email address: Ma.ameri&8i@gmail com



Journal of Phycological Rescarch, Vol. 2, No. 1, March 201 8

grear variety of sccondary metabolites, which
do not happen in other organisms. The fun-
damental advantage of using microalgae for
industrial production of valuable food ingredi-
cnts depends on the tact thar, for the majority
of the specics, cultivation is casy and growth is
tast (El Baky ct al., 2015).

The cyanobuctenia Spirulina 15 widely com-
mercialized as nulritonal supplement for hu-
mans and as animal fced additives. Spirulina
was approved by the Food Drug Admimistra-
tion (FDA) by the 1ssuuance ol a generally rec-
ognized as sale (GRAS) certificale. Spirulina
cun be legally marketed as a [ood or ood sup-
plement without risk (o human health (Costu
and de Morais, 2013). Tt could be considered a
luxury health food and a panacea for malnutri-
tion since it is an excellent content of proteins
(Colla etal., 2007), polyunsaturated fatty acids
(PUTA) (Sajilata et al.. 2008), pigments (Mad-
hyastha and Vatsala, 2007), vitamins and phe-
nolic (Oghonda et al., 2007). Moreover, phy-
cobiliproteins as a special group of pigments

that are water-soluble occur only in cyanobac-

teria and Rhodophyta act as photosynthetic ac-
cessory pigments. C-phycocyanin (C-PC) s a
blue pigment of phycobiliproteins with strong
antioxidative and anti-inflammatory activitics.
Now a days. Spirulina is considered as the
major source of phycocyanin with 20% of its
dry weight (Benedertti ct al., 2006). Spirulina
15 easy o culture and harvest in lurge- seale.
Hence, these desired microalgue can be em-
ployed for commereial interest. Therefore, in
lhis project, vanous Lypes ol nitrogen sources
(urea, KNO,, NaNO,, (NH,),50,) m composi-
tion with fertilizer (NPK) were studied to im-
prove the biomass production and reduce the

cosls.

Materials and methods

Spiruling was oblained [rom algae collec-
l1on of research mshtute ol apphed science ol
ACECR, Tehran, Tran. Spirulina was cultivat-
ed at the Zarrouk medium and used as inocu-
lum in the experiments. Various culture media

were prepared according to various nitro-

Table 1. Nifferent combination of nitrogen sources in media

Na. Llrea® NPK* KNQ;* NaNO:*
1 1.5 1.0 - -
2 15 25 - -
3 1.5 5.0 - -
4 1.5 1.0 () -
3 1.5 1.0 25 5
6 T3 1.0 3.0 -
E 1.3 1.0 1.0 1.0
8 1.5 1.0 - 1.0
9 15 1.0 - 2.5
[ |3 1.0 - 5.0
11 1.0 1.0 = 2
k. 0.5 1.0 - -
13 0.1 1.0 - -
14 Zarouk'2

1-14 Ditferent combinations on nitrogen
#
l
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gen sources (NH,) SO, urca, KNO,, NaNO,
and NPK fertilizer (with 12:12:36 ratio) and
followed the growth process for 2 weeks. In
addition, C-phycocyanin content (C-PC) was
cvaluated on the [0th day growth (Wyman
and Fay, 1986). The phycocvanin content (C-
PC) was calculated according to the following
equation:

C-PC—(A620 0.474* A652)/5.34

where A is the absorbance of the substance at
620 und 652 nm.

The expenmments were camed oul m three
steps as follow: initially, in order to select in-
dustrial cullure media, we vsed distilled waler,
1% Urmia lake salt solution and breeding fish
eMuent in combmation with 1 2/1. NPK, (.32
g/L KNO, and 2.5 — 5.0 g/L urea. In the next
step, various nitrogen sources with different
concentrations were combined in 1% Urmia
lake salt as follows to determine the type of ni-
trogen and their amounts for Spirulina growth.
Different combination compared to find the
best medium near to Zarrouk/2 medium pro-
duction (Table 1).

Finally, new source of nitrogen ((NIL),SO)
helped urea to provide ammonium in media.
Different amounts of NPK (2.5 and 0.5 g/L)
in combination with urea (0.1 and 0.5 g/L) and
(NIL,),SO, (0.5 and 2 g/L) in 10 treatments
(numbers 15 to 24) were evaluated (Table 2).
The concentration of 0.5 g/L of KNO, and 1%
Urmia lake salt was considered in all experi-
ments.

Experiments were carried out in 3 liters con-
tainers included 1 liter media, 29 + | tempera-
turc, 8/16 photoperiod and permanent central

aeration system. Zarrouk2 medwm (hall’ of
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the total Zarrouk composition) was also used
for all tests as an indicator to compare biomass
production. For each treatment 30 ml of inoc-
ulum added to | L of media and the final pH
adjusted to 9.2 £0.3. The cultivation volume
was | liter. which was maintained through the
daily addition ot distilled watcr to replace wa-

ler loss by evuporalion.

Results

Spirulina didn't grow in mcdia bascd
on distilled water and breeding fish cffluent
while 1% Urmia lake salt solution demon-
strated Spirulina growth. Theretore, suitable
substrate [or growlh ol desired microul-
gae was considered as 1% sea sall. Among
the vanous types ol milrogen sources in
Table 1, which were mostly prepared on the
basis ol 1.5 ¢/L urea and 1 g/L NPK, the re-
sult showed a negative effect of NaNO, and
KNO, on growth in different concentrations,
somehow after one week, all the samples
were wasted, but treatments containing dif-
ferent levels of NPK and urea were able to
grow for up to 2 weeks ([Fig. 1). The amount
of urea in the media is a very important factar
because a significant reduction for urea from
1.5 to 0.1 g/LL has led to enhance in growth.
Lower amount of NPK (with higher amount
of nitrate than ammonium) increased growth;
inhibition effect of nitrate observed after 10
days where 1 g/L NPK produce more biomass
(1.2 g/L) than 2.5 g/L NPK (1.03 g/L). Re-
ducing the amount of nitrogen in the environ-
ment (0.1 g/L urea, 1.0 g¢/L NPK) has resulted
in the highest biomass production to 1.2 g/L.
Although low total nitrogen levels have been
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Table 2. Ammonium combination in media

No. NPK* Urea* (NH,).S0.*
15 25 0l 240
16 24 .1 0.5
17 25 0.5 2.0
1% 2.5 b5 (.5
19 5.0 0.1 2.0
20 5.0 0.1 0.5
21 54 .3 2.0
22 540 0.5 0.5
23 1.0 0.1 0.5
24 Zarrouk/2
15-24 Different combination of ammonia
* g/l

1.5
14
P — —_—1
% : —tr— 3
& 14 f/ altensengasy
E BLagindad T - =11
£ ~ P
g & Iil‘_.?ll 12
=-m=]3
— = zarrouk,’2

Fig. 1. Spirulina blomass production in different mitrogen sources.
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able 1o stimulatc growth as well as increase
in phycocyanin levels there were some cases
which along with an increase in the amount of
nitrogen in the media (1.5-2.5 ¢/L urca or 1.0
g NPK), the production of phycocyanin also
increased.

Results of the last cxperiment showed com-
bination of urea und NPK could be merease
the production of Spiruling and phycocyan-
in simultancously. In the final experiment, the
combinalion of lwo recent salts with (NH,),S0,
exhibited that the amount of nitrogen 1 the
media played a significant role in the biomass
production ol Spiruling. The highest growth
rule of microalgae occurs in the combmation
of 1.0 to 2.5 g/l. NPK, (.1 to 5.0 g/l urea,
and 0.5 g/L (NH4) 50, which produced even
higher biomass than Zarrouk/2 medium (Fig-
ure 2). The amount of phycacyanin in low
nitrogen treatments was high and the maxi-
mum amount of phycocyanin was observed
in treatment of 0.1 g/I. NPK along with 0.1
g/L urea and 0.5 g/lL (NH,),50.,.

Discussion

The resulls ol the first parl ol the exper-
iment showed that 1.0 g/l NPK, 0.32 g/L
KNO, along with 2.5 g/L urea could be ef-
fective for Spirulina cultivation with 1% of
Urmia lake salt solution while combination
of above mixture with breeding fish efflu-
ent treatment and distilled water showed no
growth. Stimulation of Spirulina growth in
the composition of 1% salt of Urmia lake, in
comparison with distilled water, due to the
presence of mineral elements, even in low
amounts of tracc clement in media but cx-
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cess amount of ammonium in breeding fish
effluent (Ilargreaves and Tucker, 2004) se-
verely inhibited the Spirulina growth.
Scveral investigations report inhibitory cf-
fcet of ammonium in diffcrent ranges (2
mM tll 15 mM) from various source of ni-
trogen like urca, (NH,),SO,, (NH,)CI, (NH,)
NO, (Costa et al., 2001; Danest el al., 2002,
Suassano el al., 2007; Rodrigues et al., 2010).
The sccond experiment showed that in inter-
vals less than 2.5 g/L urea (0.1 o 1.5 g/L),
betler growth could be seen bul nol more
than Zarrouk/2. Zarrouk/2 contains nitrogen
(1.25 g/L sodium nitrale) and 8g/L NaHCO,
while we didn’t include any carbon source
except air aeration in our freatments. So
the biomass production in our media (1 g/L
NPK, 0.1 g/I. urea and 0.5 g/I. (NH,).SO,)
can be considerable.

In the third experiment. increasing the ni-
trate concentration (NPK) up to 5.0 g¢/L in-
hibited the Spirulina growth. Therefore, Spi-
rulina concentration less than 2.5 g/L could
keep on growing for up to 2 weeks. Decreas-
ing the nitrate concentration in NPK up to
1.0 g/L could increase the level of Spirulina
growth even more than Zarrouk/2, but less
amount of (NII,),50,(0.5 g/L) and urea (0.1
g/L) should be included in media composi-
tion. As mentioned before, due to the lack of
carbon source in desired mixture, the Spiru-
lina growth was significant.

The usage of commerciallv available fertil-
izer and chemicals in the market for inor-
ganic nutrition of plants is also cconomical
for large-scale production of algac and could

be considered as an appropriate alternalive
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tor algal composition media in lab. Chemi-
cal fertilizers with various formulations and
with the abbreviation NPK, which indicate
the ratio of presence of nitrogen (N), phos-
phate (P), potassium (K) and sometimes
magnesium (Mg) arc casily available and
can be used not only to resolve the require-
ment of three basie elements ol alga culti-
vation, but also 15 @ suitable busis [or cul-
tivating algac as a cultivation medium in
combinalion with sea sall (in ollshore areas)
or seawaler (in coastal areas). Supplemen-
tary usage of other nitrogen sources can be
used Lo oplimize growth based on the avail-
abilily ol ammonium and nilrate sources.

Nitrogen in various forms (ammonium or
nitrate) along with other chemicals such as
phosphate, sodium bicarbonate (as a carbon
source), irradiance, etc. can play an important
role in the growth of algae or the production
of algal metabolites. Rodriguez et al. (2011)
reported that the application of two sourc-
¢s of nitrogen (nitrate and ammonium) in
the development of Spirulina showed more
positive effects compared to separate use of
nitrogen sources. The obtained results also
showed urea and (NH,),SO, in NPK-con-
taining medium exhibited significant effect
on growth. compared to the presence of
KNO, or NaNO, salts. Some reports also in-
dicate 25% nitrogen reduction in the Zarrouk
medium and show no change in the final
biomass (Colla ct al., 2007; El-Baky ct al.,
2008). Castro et al. (2015) were able to have
the highest amount ot biomass (3.27 g/L) in
concentration ot 1.23-2.5 g/L sodium nitratc
(Castro et al.. 2015). Danesi et al. (2002) also
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suggested using urca instcad of potassium
nitrate. Urea, which contains two ammoni-
um groups, was able to stimulate Spirulina s
growth by less energy consumption in com-
pare with other nitrogen sources, Also, it has
a cheaper price (Castro ct al., 2015).

High concentrations of nitrogen (either in the
torm of nitrates or ummonium) aren’t always
the reason ol growth increasing (Castro el
al., 2015; Gupta ct al., 2017) and its inhib-
Hory ellecls agaimsl Spirulina growlh were
observed. The inhibitory ellects ol ammo-
nium have been reported with regard to the
decomposition ol urea 1n alkaline conditions
in compare with nilrale consumplion in Spi-
rulina culture medium (Danesi et al., 2011;
Rodriguez et al.. 2011; Cruz-Martinez et al.,
2015).

Our results demonstrated the concentration
of 1.0 g/L nitrate in NPK and 0.5 g/L KNO,
was stimulated and higher concentration
was inhibited the growth. Costa et al. (2001)
showed that NaNO, stimulated algae growth
up to 50 mM and has reported the toxicity
effect of (NII )NO, and urea above 10mM
concentration.

Gupta et al. (2017) reported that higher
amount of nitrogen (up to 100 mM NaNO,)
decreases biomass production while max-
imum C-phycocyanin produces in 40mM
followed by 60, 80 and 100 mM NaNO,. In
sceond cxperiment, C-phyeocyanin amount
incrcased in higher amount of urca; while
in the third experiment we preferred to use
less amount of nitrogen to reduce inhibition
cttect. However, in ncw composition, higher

value of C-phycocyamin obtained in media
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Fig. 2. Ammonium sulfatc combination’s cffcet on Spirulinag production.

wilth lower nilrogen contenl.

According o the cribical important role ol
nitrogen in the microalgac growth and quick
consumption ol ammonium by mucroalgae,
1l 15 sugpested that ammonium could be add-
ed continuously in several steps to prevent
s aecumulative effect al the early phase ol
growth (Rodriguez et al., 2011). Urea is rap-
idly converted into ammonium and is evap-
orated; therefore, it could be suggested to
feed algae at intervals and dividing nitrogen
sources in the growth period to prevent am-
menium shortage (Danesi et al.. 2002).
Using NPK fertilizers, in combination with
urea and (NH,},SO, in 1% Urmia salt al-
lowed to produce Spirulina microalgae with
acceptable results similar to Zarrouk/2 medi-
um, The results of this study can be used in
wastewater treatment with different sources
of nitrogen along with generating microalgae

biomass.
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