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component of Phk medium affecting biomass production of C. salina. The predicted

optimum levels of the screened variables for high growth of C. salina were used to pre-

Igg:::;jsm lina. pare a verification medium. The biomass production was determined as dry weight bio-
Microalgae, mass after 14 days incubation period. The verification medium supported about
Brachionus plicatilis, 104% increase in dry weight (0.521 g 1'1) of C. salina compared to the control Phk me-
Rotifers dium (0.255 g 1'1). The results, suggested that the best composition (mg l'l) of Phk me-

dium for maximum biomass production of C. salina is MgC12.2H20 (1.33), KCl
(0.924), NaNO, (0.25), NaH,PO, (0.01323), NaHCO, (0.0825), CaCl, (0.125),
Na SO, (4.323), Na,MoO,.2H,0O (0.00023), Fe Citrate (0.027), Citric acid (0.081),
ZnCl (0.0011), MnCl 4H,0 (0.00087), CoCl 6H 0O (0.000024), Na EDTA (0. 006),
H, BO (0.0069), FeCL 6H 0 (0.000876), CuCl (0 00396), Na,SeO, 5H ,0(0.00132)
and 5011 extract (60 ml I ) Substantial 1ncrease in protein content and omega 3 and
omega-6 fatty acids was recorded for C. salina grown in modified Phk medium and un-
der field conditions. Field trials for culturing the rotifer Brachionus plicatilis were car-
ried using living C. salina cultivated on modified Phk medium. A parallel rearing ex-
periment on baker’s yeast was run as control. Very high significant (p < 0.001) increase
in total individual numbers and in females carrying eggs was recorded for B. plicatilis
fed on living cells of Chlorella. These results may indicate the promise of Chlorella sa-
lina for mass production of the rotifer B. plicatilis that represents potential live food for
larvae of marine fishes.
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1. Introduction

The ever increasing human population is creating a
towering demand for high quantities of high quality ani-
mal protein. Fish is considered the most important
source of animal protein as it provides about 16% of the
total animal protein consumed by the world’s population
(FAO, 1997). Many epidemiological studies have dem-
onstrated the role of fish consumption in the prevention
of coronary heart disease, which is attributed, mainly, to
the high content of polyunsaturated fatty acids (Kris-
Etherton et al., 2003). The development of novel tech-
nologies for fish farming to increase fish productivity
and quality is urgently needed (Chullasorn et al., 2011).
Nutrition is one of the dominant factors influencing
growth and survival of fish larvae (Marshall et al.,
2010). The challenge in fish nutrition is to produce live
or dry feed with high levels of health-promoting long
chain omega-3 fatty acids for the consumer. It has be-
come evident that microalgae represent a potential
source of human functional food and feed. The nutri-
tional contents of algae are rapidly gaining importance
as a renewable source to substitute the conventional in-
gredients in aquaculture/animal feed (Yaakob et al.,
2014). Some of the most important microalgae that have
been used for aquaculture feed are the species of Chlo-
rella, Nannochloropsis, Isochrysis, Tetraselmis, Chaeto-
ceros and Skeletonema (Borowitzka, 1997; Muller-
Feuga, 2000; Brown, 2002). The feed value of these mi-
croalgae arises from the fact that their biomass is a very
rich source of high quality protein (Gatrell et al., 2014),
carbohydrates (Roy and Pal, 2014), vitamins (Brown et
al., 1999), pigments, e.g. chlorophylls and carotenoids
(Barra et al., 2014), long-chain poly unsaturated fatty
acids (Mourente et al., 1993), in addition to the relative
ease of mass culture (Ye et al., 2008).

Traditionally yeasts are more economical as live
food for aquatic animals than microalgae; however they
contain insufficient amounts of unsaturated fatty acids,
which are essential for the growth of rotifers (Kim et al.,
2009). Meanwhile, feeding on microalgae substantially
improves the nutritional composition and value of zoo-
plankton that are commonly used as live food for fishes,
including the species of Artemia, rotifers and Daphnia

(Zaki and Saad, 2010; Guedes and Malcata, 2012).
Therefore, the constant and feasible production of mi-
croalgae with high nutritional value is needed for suc-
cessful and economic fish hatcheries (Yaakob et al.,
2014). One of the big challenges in mass production of
microalgae is the optimization of the nutrient medium to
attain high growth rates of the preferred species (Haque
et al., 2012). In line with this, the main objective of the
present work was to evaluate the efficiency of the Plack-
ett-Burman experimental design in screening medium
components that might affect biomass production of the
alga Chlorella salina. Also, this work aims to study the
efficiency of using Chlorella salina biomass as live
food for culturing the rotifer Brachionus plicatilis. The
effect of Chlorella salina, as live food, on growth rate
and egg production of Brachionus plicatilis is compared
to Baker’s yeast.

2. Materials and methods

2.1. Test alga

The microalga isolate Chlorella salina (Butcher,
1952) was obtained from the culture collection of Uni-
versiti Sains, Malaysia and maintained by regular sub-
culturing on Walne's medium (Walne, 1970).

2.2. Growth characteristics of the test microalga

2.2.1. Selection of growth medium

The growth was estimated as cell count per unit vol-
ume of different nutrient media was assessed. In order
to determine the most suitable medium for biomass pro-
duction, the test microalga was cultured on four differ-
ent nutrient media. These media were Walne's (Walne,
1970), F/2 (Guillard, 1975), Navicula medium (Starr,
1978) and Phk (Rukminasari, 2013). The chemical com-
ponents of each nutrient medium were dissolved in GF/
C filtered well water with 28 gl'1 salinity, obtained from
a well located at El-Matareyya Research Station, El-
Matareyya, Dakahlia, Egypt (the National institute of
Oceanography and Fisheries). The culture flasks were
inoculated with 5 day old cultures to obtain an initial
density of 50000 cell ml™! and incubated at 25+3 °C un-
der continuous light intensity of 2.789 w/ m® for 16
days. Cool white fluorescent tubes were used as light

40



Journal of Environmental Sciences, 2016, Vol. 45, No. I : 39-52

source to avoid any drastic temperature changes. During
the incubation period, the average cell count was deter-
mined every 2 days, following the procedure described
in APHA (2005) using a haemocytometer. The growth
rates of the algal cultures were calculated according to
the following equations (Guillard, 1973): u = In X2 -In
X1 / (t2 - tl); G =0.6931 / u; where u = growth rate, Xl

= cell count at time t . X .= cell count at time t2 and G =

2
Generation time.

2.3. Optimization of growth medium using Plack-
ette-Burman experimental design

The Plackett-Burman experimental design was used
to screen the components of Phk medium affecting bio-
mass production of C. Salina. Nineteen different vari-
ables were screened and included: MgClz.ZHZO, K(l,

NaNO3, NaH2P04, NaHCO3, CaClz, NaZSO4,
NazMOO " 2H20, Fe citrate, citric acid, ZnClz, MnC]Z.
4H20, C0C12. 6H20, NazEDTA, H3BO3, FeCL3.6H20,
CuClz, NaZSeO3. 5H20 in addition to soil extract. Each
factor was tested at three levels; low (-1), medium (0)
and high (+1) at concentrations shown in Table 1. The
level (0) means that the studied variables were at the
original concentration of the control Phk medium. The
(-1) means that 50% of chemical concentration of the
variables in the Phk medium was used and (+1) means
that 150% of chemical concentration of the variables in
the Phk medium was used. The soil extract was pre-
pared by autoclaving 1.0 kg garden soil mixed with 2.0 1
glass distilled water for 10 min at 121°C. The soil ex-
tract was then removed by filtration and re-autoclaved
and kept aseptically in a refrigerator.

Table 1. The screened variables of Plackett-Burman design at their different concentrations of the Phk growth medium

Designation Variable Zero level (0), gl’1 Low level (-),gl’1 High level (+),gl'1
X1 MgCL.2H,0 2.66 1.33 3.99
X2 KCl1 0.616 0.308 0.924
X3 NaNO; 0.5 0.25 0.75
X4 NaH,PO, 0.02646 0.01323 0.03969
X5 NaHCO; 0.165 0.0825 0.2475
X6 CaCl, 0.25 0.125 0.375
X7 Na,SO4 2.882 1.441 4.323
X8 Na,Mo004.2H,0 0.00046 0.00023 0.00069
X9 Fe Citrate 0.054 0.027 0.081

X10 Citric acid 0.054 0.027 0.081
X11 ZnCl, 0.000728 0.000364 0.001092
X12 MnClL,.4H,0 0.00174 0.00087 0.00261
X13 CoCL.6H,O 0.000048 0.000024 0.000072
X14 Na,EDTA 0.012 0.006 0.018
X15 H;BO; 0.0138 0.0069 0.0207
X16 FeCL;.6H,O 0.000584 0.000292 0.000876
X17 CuCl, 0.00264 0.00132 0.00396
X18 Na,Se0;.5H,0 NC 0.00132 0.00395
X19 Soil extract NC 20 ml 60 ml

NC= Not an original component of the medium.
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Twenty different media combinations shown in Ta-
ble 2 were prepared in triplicate, using the Design-
Expert® Version 9 (Stat-Ease, Inc. USA). The experi-
ments were carried out in 100 ml Erlenmeyer flasks,
each containing 40 ml of each medium along with con-
trol Phk media in parallel. To avoid the precipitation of
media, the stock solutions were sterilized separately and
the medium combinations were prepared under aseptic
conditions. Three culture flasks were used for each me-
dium combination. Flasks were inoculated with 5 day
old cultures to obtain an initial concentration of 50000
cell mI™. The culture flasks were incubated at 25+3 °C
under continuous white fluorescent light (2.789 w/ mz)
for 14 days. At the end of the incubation period, the av-
erage cell count for each of the different growth media
combinations was determined using a haemocytometer

(APHA, 2005). The entire experiment was repeated to
make sure of the results and the mean results of both ex-
periments were recorded.

2.4. Data analysis

The data obtained from the different combinations
were analysed using the equations of Fossi et al. (2005)
and the main effect of each variable was determined
with the following equation: Exi = (ZIHXi - Zin) / N;
where Exi is the variable main effect, Hxi and Lxi are the
concentration of the variable at high level and low level
of the same variable, and N is the number of trials divid-
ed by 2. The main effect with a positive sign indicates
that the high concentration of this variable is nearer to
optimum and a negative sign indicates that the low
concentration of this variable is nearer to optimum.

Table 2. Plackette-Burman experimental design with the effect of 20 different combinations of the Phk medium on growth of Chlo-

rella salina.

Mean cell 3% E E
Media combinations | X1 | X2 [ X3 [ X4 | X5 | X6 | X7 | X8 | X9 | X10 [ X11 | X12 | X13 | X14 | X15 | X16 | X17 | X18 | X19 ‘_‘“.mbe' § § E EE
(millions/ml) 4 sE[ 22
NEE
0 (control medium) ojojJofofojojofo]o 0 0 0 0 0 0 0 0 0 0 9.907

1 B B 1 1 L -1 1]-1 1 -1 -1 1 1 1 1 -1 1 1 10.29 3.89 NS
2 -1 1 1 1 1 1 1] -1]1 1 1 1 1 1 1 1 -1 -1 -1 8.747 -11.712 | NS

3 1 1] -1]1 1] -1 1] 1 1 1 1 -1 1 1 1 -1 -1 -1 -1 11.93 20.40 *
4 -1 1] -1 1 1] -1 1] -1 1 1 1 -1 1 1 1 -1 -1 -1 -1 10.81 9.08 NS
5 -1 1] -1]1 1 1 1 1 1 1 1 1 1 1 1 1 -1 1 -1 9.964 0.577 NS
1 1] -1 1 1] 1 1] -1]1 1 1 -1 1 1 1 1 -1 1 -1 6.391 -35.49 **

7 -1 1] -1 1 1 1 1] 1 1 1 1 1 1 1 1 -1 1 -1 1 11.07 11702 [ NS
8 1 111 1]-1]1 1] -1 1 1 1 1 1 1 1 -1 -1 1 1 13.58 37.09 *x
9 1 1] 1 1] 1 1 1] -1 1 1 1 -1 1 1 1 -1 1 1 1 11.04 1143 NS
10 1 1 1] -1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1 11.02 11.25 NS
11 B I B 1] -1 1 1 1 1 1 1 -1 1 1 1 1 1 -1 1 13.58 37.07 **

12 -1 1] -1]1 1 1 1] -1]1 1 1 1 1 1 1 1 1 1 1 7413 2517 *

13 1 1] 1 1] -1 1 1 1 1 1 1 1 1 1 1 -1 -1 -1 1 8.124 -17.99 *
14 1 1] -1]1 1 1 1 -1]1 1 1 -1 1 1 1 1 1 -1 1 9.493 -4.178 NS
15 1)1 1 1 1 1 1] -1]1 1 1 -1 1 1 1 -1 1 1 -1 9.156 -7.59 NS
16 1 -1 -1]1 1 1 1 1 1 1 1 1 1 1 -1 1 1 -1 8.778 -11.40 NS
17 1 1 1 1 1] -1 1] -l 1 1 1 1 1 1 1 1 -1 -1 1 13.78 39.07 **
18 -1 1 1 1] -1]1 1 1 1 1 1 -1 1 1 1 -1 -1 1 1 112 13.05 NS
19 -1 1 1 1 1] 1 1] -l 1 1 1 1 1 1 1 -1 1 -1 -1 11.24 13.45 NS
20 1 1 1 Ity 1r-t]1]-1f - -1 -1 1 1 1 1 1 -1 -1 16.18 63.29 rx

NS= Non- significant, * = significant, ** = high significant, *** = very high significant
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2.4.1. Verification experiments

In order to evaluate the accuracy of the applied
Plackett-Burman design, the predicted optimum levels
of the screened variables for high growth of Chlorella
Salina, were used to prepare a verification medium. The
prepared medium was inoculated with five day old fresh
culture to obtain an initial concentration of 50000 cell
ml"! and incubated at the conditions described above. A
control Phk media was run in parallel. The production
was determined as dry weight biomass (gl'l) after 14
days of incubation. The verification experiment was car-
ried out in triplicate.

2.5. Outdoor mass production of Chlorella Salina

Porcelain basins (2.4 x 0.7 x 0.7 m) were used for
cultivation of C. Salina. The functional volume of algal
culture was approximately 0.5 m°>. The functional sur-
face area was 1.68 m>. Glass containers (0.70 x 0.30 x
0.20 m) were used for preparation of inoculum from C.
Salina, for inoculation of the porcelain basin. The alga
was cultured in Phk medium modified by Plackett-
Burman design. The well water used for mass culturing
was sterilized by filtration through 50 um mesh filter,
chlorinated at the rate of 5 ppm chlorine for 48 h and
then dechlorinated by an equivalent molar solution of
sodium thiosulfate. At the beginning of the biomass pro-
duction process, a volume of 100 1 medium was added
to the basins then inoculated to obtain an initial cell den-
sity of approximately 50000 cell ml"! and incubated
under field conditions of temperature 28.57+5.3 °C
and light energy of 74.13=16.18 w/m?. The modified
Phk medium was gradually added every two weeks
until the culture volume reached 0.5 m>. To ensure mix-
ing of the culture, a continuous air current was intro-
duced into the culture. After 14 days, about 80% of the
culture volume was drained to settling tanks and then
the original culture volume of basins was restored us-
ing fresh modified Phk medium. The algal biomass was
harvested by raising the pH to 11 using 0.5 M NaOH,
left to settle for 2 hours (Vandamme et al., 2012). The
supernatant was then decanted and algal biomass slurry
was washed several times with chlorine sterilized well
water, until pH 7 — 8. Then, the fresh algal biomass was

collected and stored in the refrigerator at 4 °C until use
for rotifer feeding experiments. The algal biomass har-
vesting process was repeated every 14 day and the
dry weight of biomass production was recorded. The
mass production of C. salina was continued for four
months started from September 01, 2014 to December
30, 2014.

2.6. Mass production of the rotifer Brachionus
plicatilis

Trials for growing the rotifer Brachionus plicatilis
under field conditions (22 + 5°C) were done using living
cell of Chlorella salina cultivated on the modified Phk
medium, a parallel rearing experiment on Baker’s yeast
was used as control. The effect of living cells of C. sali-
na and Baker’s yeast as feed on growth and egg produc-
tion of B. plicatilis were compared.

2.6.1. Stock culture of rotifer

The stock culture of the rotifer B. plicatilis was ob-
tained from El-Matareyya Research Station and was
stocked in 60 L aquaria at density of 30 individual ml”!
on Baker’s yeast. Baker’s yeast was obtained from The
Egyptian Starch Yeast and Detergents Co., Alexandria,
Egypt. B. plicatilis was cultivated in semi-continuous
cultures for one month (October 15, 2014 to December
15, 2014) using chlorine sterilized well water (28 gl_l
salinity) at a temperature of 27+2 °C and continuous
light of 1.46 w/ m’ intensity. The cultures were aerated
and maintained in suspension by air bubbling. During
the cultivation period, the water pH was regularly mon-
itored and kept between 7.0 and 7.8 using 0.5 M NaOH.

2.7. Determination of the nutritional value of
Chlorella Salina and Baker's yeast

The nutritional value of the biomass of Baker's yeast
and C. Salina cultivated on control and modified Phk
medium were determined by means of water content,
dry matter, ash, lipids, carbohydrates, protein, crude fi-
ber and ash content in addition to fatty acid composi-
tion. Water content, dry matter and ash were determined
according to the standard official methods of analysis
(1990), lipid content was determined by the exhaustive
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soxhlet method with (dichloromethane: methanol) (2:1;
v/v) (Folch et al., 1957), protein content by Bradford
(1976), total carbohydrates by anthrone method (Hedge
and Hofreiter, 1962) and crude fibers (Maynard, 1970).
The fatty acid composition of the total lipids extracted
from C. Salina and Baker's yeast were determined using
gas chromatography- mass spectroscopy (GC-MS). For
analysis of the fatty acid profile, lipids were transesteri-
fied using the method of Mc Donough et al. (1999) to
convert fatty acids to fatty acids methyl esters (FAME)
and analysed by GC-MS.

2.8. Effect of feeding with C. salina on B. plicatilis
growth rate and egg production

The rotifer B. plicatilis was cultivated in 60 1 aquaria
containing 10 1 chlorine sterilized well water. The initial
density of rotifers was 32 + 3 individuals ml™. The ini-
tial cell density of C. salina and Baker's yeast was 5 x
106 cell mI™'. The cultivation period was for 10 days.
Water temperature was adjusted to 22 + 2 °C and pH to
7.5 - 71.8. Three aquaria replicates were used for each
feed type including C. salina and Baker’s yeast. A vol-
ume of 1.0 1 culture was filtered from each culture on a
daily basis and 0.1 ml sub-samples were used for count-
ing of rotifer population density and eggs ratio under a
stereo microscope. Also, the remaining cells of C. salina
and Baker’s yeast were daily counted. The growth rate
(w) and generation time (G) in days of the B. plicatilis
cultivated on C. salina and Baker’s yeast was deter-
mined according to the Guillard (1973) equations men-
tioned before. The egg ratio (ER; eggs indV.'l) was cal-
culated according to Kobayashi (2009) equation; ER =

Table 3. Effect of different growth media on specific growth
rate (W) and generation time (G) of Chlorella salina.
Results were obtained after 16 days and are the aver-
age = SD (n=3).

Growth medium 1 G

Phk medium 0.380+£0.046 | 1.82+0.195

Walne's medium 0.269+0.095 | 2.57+0.209
/2 medium 0.275+0.097 | 2.52+0.891

Navicula medium 0.366+0.134 | 1.89+0.248

eggs (ml'l)/ rotifers (ml'l).

2.9. Statistical analysis of data

Values of each measurement represent the mean of
three replicates + SD (Standard Deviation). All data ob-
tained were analysed using STATGRAPHICS (STSC,
ver. 5.1) program.

3. Results and Discussion

Chlorella is the most cultivated eukaryotic green mi-
croalga for commercial purposes in the food, feed, aqua-
culture, pharmaceutical and cosmetics industries (Shar-
ma et al, 2011). In the present study, the growth
characteristics of Chlorella salina in four different nutri-
ent media were studied (Figure 1 and Table 3). Chlorel-
la salina was able to grow well and to build-up biomass
in different growth media, with the highest cell count
(10.25 x 10° cell ml'l) recorded after 14 days of culture
in Phk medium (Figure 1). The highest growth rate
(u=0.38) was also recorded for C. salina cultured in Phk
medium (Table 3). The production of microalgae bio-
mass for aquaculture must be economically feasible and
cost competitive with traditional feed. It is well known
that, media composition (Haque et al., 2012) and
growth conditions (Liang, 2011) influence the growth
and thus biomass production of microalgae. In this con-
text, the Plackett-Burman design was employed for
screening the nutritional variables of the Phk medium
affecting biomass production of Chlorella salina. Most
of the experimental combinations maintained non-
significant to significant (P =< 0.05) increase or decrease
in cell count, however, the experimental combinations
=8, =11 and =17 maintained high significant (P <
0.01) increase in cell count (Table 2). Meanwhile,
only, the combination =20 showed very high signifi-
cant (P = 0.001) increase in cell count. In general, the
cell count in different media combinations fluctuat-
ed between 6.39 x 10° cell/ml (combination =6) and
16.18 x 10° cell/ml (combination =20) (Table 2). The
cell count of the control Phk medium was 9.91 x 106
cell ml’! (Table 2).

Regarding the contribution of the tested variables to
biomass production, some variables exhibited positive
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11000000

—&— Phk medium
10000000 | _¢— Wwalne medium =

9000000 { |—#— f2 medium
—%— Navicula medium v

Cell count (ml)

Chlorella salina
T T T T T T

0 2 4 6 8 10 12 14 16

Time (Days)

Fig. 1. Growth curves of Chlorella salina grown in different

growth media.

and others negative effects on growth of Chlorella sali-
na (Figure 2). The positive main effect of the variables;
KCl, NaZSO " citric acid, ZnClz, FeCL3.6H20, CuCl2
and soil extract indicated that the maximum biomass
production of C. salina requires 1.5 fold concentrations
of these components compared to that of control stan-
dard Phk medium. The negative main effect of
MgClz.ZHZO, Na2N03, NaH2P04, NaHCO3, CaClz,
Na MoO 2H O, Fe Citrate, MnCl 4H O, CoCl
6H O Na EDTA H BO and Na SeO 5H O 1ndlcated
that the tested alga requlred half concentratlons of the
control standard Phk medium, for attaining the highest
biomass production (Figure 2). These results agreed
with many studies which reported that some nutrients
greatly affect biomass production of microalgae such as
nitrogen limitation (Illman ez al., 2000), phosphate limi-
tation (Reitan et al., 1994) and iron content (Liu et al.,
2008).

In order to evaluate the accuracy of the applied
Plackett-Burman design, a verification media for high
biomass production was applied to compare the pre-
dicted optimum levels of the screened variables. As seen
from Figure 3, the verification Phk medium supported
about 104% increase in dry weight biomass (0.521
gl'l) of C. salina compared to that of control medium
(0.255 gl'l). The results, suggested that the best compo-
sition of Phk medium for maximum biomass produc-
tion of C. salina is as follows (gl'l): MgClZ.ZHZO

(1.33), KCl (0.924), NaNO3 (0.25), NaH2P04

(0.01323), NaHCO3 (0.0825), CaCl2 (0.125), NaZSO4
(4.323), NaZMoO 4.2H20 (0.00023), Fe Citrate (0.027),
Citric acid (0.081), ZnCl2 (0.0011), MnC12.4H20
(0.00087), C0C12.6H20 (0.000024), NazEDTA (0.000),
H3BO3 (0.0069), FeCL3.6H20 (0.000876), CuCl2

(0.00396), NaZSeO3. 5H20 (0.00132) and soil extract
(60 ml).

20000004 | 10 oi bbb
100000 | i b0 b
+Ve A
10000004 « + . . -
woood L

500000
Ve
-1000000 |

-1500000 —

Main effect
o

PLL PP OLP -\9+ oS +”+”“+* +" RS +”°’
Screened variables
Fig. 2. Elucidation of the main effect of the secerned medium
variables on growth of Chlorella salina.

0.55

0.50
0.45
0.40 -
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

Control phk medium Verification phk medium

Culture Media

Dry wt. biomass (g L)

Fig. 3. Dry weight biomass of Chlorella salina grown for 10
days in control and verification Phk nutrient medium .

It has been widely reported that the biochemical
composition of microalgae influences their nutritional
value (De Pauw and Persoone, 1988; Fernandez-Reiriz
et al., 1989, Dhert et al., 2001). In the present study, the
modified Phk medium was used for semi-continuous
outdoor mass production of Chlorella salina for four
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months. As seen in Figure 4, the general main biochemi-
cal composition of Chlorella salina cultivated on con-
trol and modified Phk medium is comparable and only
slight non-significant (P < 0.05) changes in lipids and
protein content were detected. However, a very high sig-
nificant (P < 0.001) increase in biomass production from
0.60 to 0.79 gl'1 dry weight biomass was recorded for
the outdoor cultures grown in control and modified Phk
media respectively. This result may indicate the feasibil-
ity of using the modified Phk medium for large scale
mass production of Chlorella salina to be used as live
food in aquaculture. The major chemical composition
(total proteins, lipids, carbohydrates, ash content and
crude fibers) of Chlorella salina grown in standard and
Plackett-Burman - selected media are illustrated in Fig-
ure 4A and Figure 4B, respectively. The major chemical
composition of Baker’s yeast, which is traditionally
used for feeding rotifers in aquaculture, is included (Fig-
ure 4C) for comparison.

The present study gave considerable attention to fat-
ty acid composition of C. salina grown in standard and

Protein p
61.84% //' Lipids
4 8.35%
{
A
W\ N 7
\ . . ’ Ash
N, .. S
N 15.76%
S
Chlorella salina
(on control phk medium)
R Carbohydrates
Fig.4A e e 12.27%
Protein
72.7%
/
£
{
{
|
I}
i\
\“\\ . ; Lipids
NN i A 2.73%
{/ Ash
7.24%

Baker's yeast

Carbohydrates
Crude fibre 16.01%

1.32%

Fig.4C

modified Phk medium (Table 4). It became evident that
the increase in polyunsaturated fatty acids (PUFAs), and
in particular omega-3 and omega-6 fatty acids, substan-
tially increases the food and feed value of algal cells
(Simopoulos, 2002; Adarme-Vega et al., 2012). Al-
though marginal increase (only 2.59 wt %) of total lip-
ids of C. salina culture grown in modified Phk medium
(Figure 4), substantial increase in weight percent of PU-
FAs from 29.75% (control culture) to 56.97% (modified
Phk culture) was recorded (Table 4). The fatty acid
methyl esters (FAMESs) of C. salina cultivated on the
modified Phk were dominated by the polyunsaturated
fatty acid o-linolenic acid methyl ester (18:3, n-3)
(24.96%), 7,10,13-Hexadecatrienoic acid methyl ester
(16:3, n-3) (17.46%), linoleic acid methyl ester (18:2, n-
6) (7.93%) and 7,10-hexadecadienoic acid methyl ester
(16:2, n-6) (6.63%). It is perhaps relevant to mention
that the PUFAs comprised only 5.47% of the total lipids
of Baker’s yeast (Table 4). The FAMEs of Baker’s yeast
were mainly represented by methyl oleate (18:1, n-9)
(32.68%), 11(Z)- hexadecenoic acid, methyl ester

- ;. Lipids
Protein 11.3%

57.31%

Chlorella salina
(on optimized phk medium)

Carbohydrates

R Crude fibre o
Fig.4B lsey  14.88%

Fig. 4. Biochemical composition of Chlorella salina grown in control (Fig.4A) and in modified (Fig.4B)
Phk medium. The biochemical composition of Baker's yeast (Fig.4C) was included for compari-

son.
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(31.36%), palmitic acid, methyl ester (13.43%), 7, 10,
13-hexadecatrienoic acid, methyl ester (16:3, n-3)
(4.7%) and 5,8,11,14,17-eicosapentaenoic acid, methyl
ester (EPA, 20:5, n-3) (0.12%). The results obtained
clearly indicated that the lipids of C. salina grown in
modified Phk medium are substantially enriched in ome-
ga-3 and omega-6 fatty acids (Table 4). Accordingly,
the biomass of this alga may represent potential feed-

stock for feeding rotifers that are extensively used as
live food for economic fish larvae.

The results of feeding Brachionus plicatilis on Chlo-
rella salina culture grown in modified Phk and Baker’s
yeast are illustrated in Figure 5. It is clear from the fig-
ure that the cell count of C. salina (Figure 5A) and Bak-
er’s yeast (Figure 5B) declined substantially with in-
creasing feeding time. This result is expected due to

Table 4. Fatty acids profile of Baker's yeast and Chlorella salina grown in control and modified Phk media.

Peak area %
Identified pounds Ev § ‘é E § :-é E

e g : A g =

2 |82 |88
Tetradecanoic acid, methyl ester (Myristic acid, methyl ester) (14:0) ND 3.494 0.378
Pentadecanoic acid, methyl ester (15:0) ND 1.012 0.302
Hexadecanoic acid, methyl ester (Palmitic acid, methyl ester) (16:0) 13.42 14.218 23.73
9-hexadecenoic acid, methyl ester (Palmitoleic acid, methyl ester (16:1, n-7) 0.294 ND ND
11(Z)-Hexadecenoic acid methyl ester (Palmitvaccenic acid) (16:1) 31.35 ND ND
7,10-hexadecadienoic acid, methyl ester (16:2, n-6) ND 0.241 6.625
7,10,13-Hexadecatrienoic acid, methyl ester (16:3, n-3) 4.7 5.241 17.46
9-Octadecenoic acid, (E)- (trans-Elaidic acid) (18:1, n-9) 1.078 ND ND
Cis-9-Octadccenoic acid, methyl ester (Methyl oleate (18:1, n-9) 32.68 ND 0.388
9,12-Octadecadienoic acid, methyl ester (Linoleic acid, methyl ester) (18:2, n-6) ND ND 7.931
9,12,15-Octadccatricnoic acid, mcthyl cster, (Z,Z,Z)- (a-linolenic acid, mcthyl cster) 0.637 24.65 24.96
(18:3, n-3)
Octadecanoic acid, methyl ester (Stearic acid, methyl ester) (19:0) 2.499 0.988 ND
Eicosanoic acid, methyl ester (Arachidic acid, methyl ester) (20:0) ND 7.289 1.5
5.8,11,14,17-Eicosapentaenoic acid, methyl ester, (all-Z)- (EPA) (20:5, n-3) 0.12 ND ND
Sum. of fatty acids 86.78 57.68 83.27
Other lipid compounds other than fatty acids 13.22 42.32 16.73
> Saturated fatty acids 15.92 26.88 2591
> Monounsaturated fatty acids 65.41 1.048 0.388
Y Polyunsaturated fatty acids 5.457 29.75 56.97
>n-3 5.457 29.5 42.42
> n-6 ND 0.241 14.56
>n-7 0.294 1.048 ND
>n-9 33.758 ND 0.388

The names in parenthesis represent the common names of the identified compounds; ND, not detectable.
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Fig. 5. Semi-continuous culture of B. plicatilis fed on Chlo-
rella salina grown in modified Phk medium (Fig.5A)
and Baker's yeast (Fig.5B).

feeding activities of B. plicatilis in a constant population
size of live cells of Chlorella and Baker’s yeast. The
most pronounced and elegant results were the very high
significant (p = 0.001) increase in total individual num-
bers and females carrying eggs of B. plicatilis fed on liv-
ing cells of Chlorella (Figure SA) compared to those fed
on Baker’s yeast (Figure 5B). After 9 days of feeding
experiments, the density (total individuals number ml'l)
reached 440+60 ml™' and 132+8 ml"' and the number of
fertile females (carrying eggs) 225 ml™! and 18mlI"" of
cultures fed on C. salina (Figure 5A) and Baker’s yeast
(Figure 5B) respectively. Figure 6 indicates that the egg

ratio (number of fertile females/ number of total rotifer
individuals) was substantially higher for rotifer fed on
C. salina (56%) compared to those fed on Baker’s yeast
(5%). Moreover, the rotifer females fed on Chlorella
were much more fertile (mostly carrying 6 eggs) com-
pared to females fed on Baker’s yeast (Photo 1). The mi-
croscopic examinations revealed the number of eggs
carried by rotifer females fed on Baker’s yeast never ex-
ceed 3 eggs per single female. In concise quantitative
terms, Table 5 indicated that after 10 days feeding ex-
periments, the average rotifer densities were 440+60
ml™! and 132+8 ml"! for cultures fed on C. salina and

100 -
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—8— (. salina
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2 60 bt e Egg
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R 30{ g ./
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Fig. 6. Effect of feeding on cells of Chlorella salina and Bak-
er's yeast on egg ratio of B. plicatilis.

10un

Photo 1. Egg production of a female individual of B. plicatilis
fed on the living cells of Chlorella salina.
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Baker’s yeast, respectively. The substantial growth of
rotifer fed on C. salina was further assessed by higher
specific growth rate (0.261 = 0.011) and lower genera-
tion time (2.66 = 0.114 days) (Table 5).

Table S. Specific growth rate (u), generation time (G) and
density (ind./ml) of B. plicatilis fed for 10 days ei-
ther on Baker's yeast or Chlorella salina. Results are
the average = SD ( n=3).

rotifer density
(ind./ml) "

0.126 £0.004 | 5.49+0.174

Food type G (days)

Baker's yeast 132+£8

Chlorella salina 440 + 60 0.261+0.011 2.66+0.114

In conclusion, the results of this study clearly indi-
cated possible feasible biomass production of the micro-
alga Chlorella salina through Plackett-Burman screen-
ing design. The selected modified Phk media supported
not only a substantial increase in Chlorella biomass but
also significant increases in the omega-3 and omega-6
contents. In addition, significant increase in total indi-
vidual count and fertile females of the rotifer Brachion-
us plicatilis was only recorded for cultures fed on Chlo-
rella salina. These results indicated the promise of
cells of Chlorella salina as live food for mass produc-
tion of the rotifer B. plicatilis, which represents an ex-
cellent live food resource for the larvae of the economic
fish. This, of course, will maintain positive conse-
quences in production of economic fishes to a level that
cope with the ever-increasing demand for animal pro-
tein.
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