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Abstract

At present, the major body of research is focused on weaning the world from fossil fuels. The problem is that the world is
running out of fossil fuel. Therefore, an alternative source must be identified. The biofuels are promising alternatives. In the
case of petrodiesel, a promising alternative is biodiesel production from algae. The ability of microalgae to generate large
quantities of lipids with a fast growth rate made them superior biodiesel producers. An important factor of determining optimal
microalgal activity is the bio response to changes in ions concentration and quantity. The effects of the addition of the following
chemicals were investigated: ammonium carbonate (NH4)2CO3 with a concentration of 72 mg/L, monocalcium phosphate
Ca(H2P04)2 with a concentration of 14 mg/L, potassium carbonate (K2CO3) with a concentration of 4.5 mg/L, and calcium
carbonate (CaCO3) with a concentration of 2 mg/L. Further treatment is a mixture of all additives with the same listed
concentrations. According to the results of this study, it was found that nitrogen, phosphorous, potassium, and calcium
concentration have great influence on the algal growth and lipid production. Furthermore, the mixture of all additives yielded
the highest lipid (2.488 g/L) and the highest biodiesel production (114.39mg/L) among all treatments followed by the treatment
of ammonium carbonate yielded 1.596 g/L lipids and 74.38 mg/L biodiesel.

Keywords: Biofuels; Biodiesel production; Lipid production; Chemical additives; Microalgae.

1. Introduction

Over recent years, the fast-increasing consumption
and the expected depletion of fossil fuel reserves led
to the classification of dependence of energy on fossil
fuels as a kind of future challenge [1], and thus the
increasing need for sustainable energy calls for the
development of renewable and cost-effective
alternative energy sources to reduce the use of fossil
fuels. Phytoplankton cultivation in the best conditions
and species are strongly improved lipids quantity and
quality, through different factors to target the
preferable designs to enhance the production from
microalgae-based biodiesel [2].

They are recognized for CO, emission mitigation,
fast growth rate and non-arable land usage for
cultivation. These qualities present microalgae as

beneficial over several or different other feedstocks
[3]. There is a major reason, or the main advantage of
microalgae makes it an interesting alternative to the
most popular feedstock of food crops is that algae do
not compete with food crops [3]. To circumvent the
‘food vs fuel’ problem which has strongly coupled
with first generation biofuel [4]. The biological
treatment of lignocellulosic non crop biomass comes
as the base for the improvement of second-generation
biofuel techniques [5].

Microalgae of the genus Chlorella are a likely
source of biologically effective materials. Chlorella
biomass contains a large amount of polyunsaturated
fatty acids [6]. Moreover, these fatty acids can be
transformed into biodiesel.
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Biofuels such as bioethanol, biohydrogen, and
biodiesel are considered as alternative for petro-based
fuels. Among the various biofuel options proposed,
biodiesel came to be extremely promising fuel
alternative [7, 8] . According to research findings,
biodiesel was identified as a potential resource that can
satisfy the world's energy needs whereas it can be used
in diesel engines (blinded by 20%) without requiring
any changes to the engine as their combustion
properties are nearly like the petro-based diesel [9].

The acuteness of the greenhouse effect led
researchers to look up alternatives for reducing
greenhouse gas emissions to the atmosphere. Energy
effectiveness plays the main essential role in the
problem of climate change due to emission of
greenhouse gas from power consumption [10].

In synthetic conditions, enhancement of lipid
content can be done through several strategies, like
response surface methodology [11].

At pH 9.2 and above, free ammonia become the
dominant species. Although C. sorokiniana can
tolerate ammonia concentration up to 96.3 mg.L™* NH;
[12].

Algae strains require specific nutrients, which are:
nitrogen (N), phosphorus (P) and potassium (K).
Additionally, algae require some further nutrients like
calcium (Ca), magnesium (Mg), manganese (Mn), iron
(Fe), boron (B), and zinc (Zn) which are required for
good growth of the algae [13]. Thus, some of the
above-mentioned nutrients will be prepared in form of
metal carbonates and phosphate to treat the algal cells.

The research gap can be elucidated as follows: (1)
the use of different chemical additives was not
thoroughly investigated, and (2) more research is
needed to cover the biodiesel production from algae to
fulfil the world fuel demand. The major objective of
this research was to increase lipid production from
algal biomass using chemical additives. The general
objectives can be further elaborated in terms of the
following specific objectives: biostimulating algae
using chemical additives for enhancing lipids
accumulation of algae and, therefore, increasing oil
production; and cultivating the algae in
photobioreactors exposed to Light Emitting Diodes
(LEDs), after being treated with metal carbonates and
phosphate.

2. Experimental
2.1. Microalgae strain

The microalgal species employed in this research
was Chlorella sorokiniana SAG 211-8k produced by
the Marine Toxin laboratory at the Egyptian
Agriculture Research Institute. This oleaginous strain
was selected to be exposed to white LED light as a
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photobiostimulant, as described by [14 — 16], that
could increase the lipids accumulation in the alga
which have low oil contents (25 - 35%). Generally,
Chlorella sp. is mainly preferred in biodiesel
production by researchers because of its lipid
concentration and composition.

2.2. Culture medium

The medium was Blue-Green (BG-11) media
composed of: 240 mg/ | nitrogen (NaNOs 1.5 g/L),
K2HPO4.3H,0 0.0314 g/L, MgS04.7H,0 0.036 g/L,
CaCl,.2H,0 0.0367 g/L, Na,CO3 0.02 g/L, citric acid
0.0056 g¢/L, Na;Mg (EDTA) 0.001 g¢g/L, ferric
ammonium citrate 0.0071 g/L, Trace metal mix
A5+Co 1 ml was sterilized at 121°C for 15 min with
pH adjusted at 7.4 [17, 18].

2.3. Chemicals

Chemicals additives were provided from sigma
Aldrich: Ammonium carbonate, >30.0% NHs basis,
Monocalcium phosphate, >95%, Potassium carbonate,
>99.0% and Calcium carbonate, >99.0%, powder.

2.4. Experimental setup

The experimental setup can be elaborated as
follows: designing an array of photobioreactors,
identifying the appropriate chemical additives, and
selecting the microalgae strain. Generally, there are
three stages to biodiesel production from algae as
illustrated in Figure 1.

| Production of Algal Biodiesel

&)

First Stage

/A
Growth ch_ulture %ié

Second Stage - Harvesting
Concentration

Drying

Fig. 1. Process flow chart for biodiesel production.
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2.5. Culture condition

The implemented Lab-scale model is a closed
photobioreactor (PBR) which consists of Erlenmeyer
flask, an air pump (Shengzhe Bs-410, China), and
sample purification filters (NY 0.45 pm, China).
Microalga was grown in the laboratory [as shown in
Figure 2] and was used as an experimental setup for
Chlorella sorokiniana growth. Under sterilization
conditions, using 2 L Erlenmeyer flask culture
photobioreactor, 100 ml microalgal suspension
(Chlorella sorokiniana) was inoculated into 900 ml of
BG-11 media at 30 £ 5 °C with continuous stirring [5],
pumping CO- and pH adjusted at 7.4. The experiments
were carried out at the Department of Agricultural
Engineering at the Faculty of Agriculture, Cairo
University.

Air Filter

A Air Outlet

Erlenmeyer Flask Algae

Air Bubbles < ! ,

L 552

Stirrer Q

Fig. 2. Closed photobioreactor (PBR) system.

2.6. Biostimulation setup

An important factor of determining optimal
microalgal activity is the bioresponse to changes in
trace metal concentration and quantity [5]. The
biostimulation was conducted at the Biofuel
Laboratory at the Department of Agricultural
Engineering, Faculty of Agriculture, Cairo University.

In this study, the effects of the addition of the
following chemicals were investigated: ammonium
carbonate (NH,)>COs with a concentration of 72 mg/L
as recommended by [19], Monocalcium phosphate
Ca(H2P0.), with a concentration of 14 mg/L as
recommended by [20], potassium carbonate K,COs
with a concentration of 4.5 mg/L as recommended by
[13], and calcium carbonate CaCOz with a
concentration of 2 mg/L as recommended by [13].
Further treatment is a mixture of all aforementioned
additives with the same listed concentrations.

Algae were treated with the abovementioned
chemicals then cultivated in the photobioreactors and
exposed to Light Emitting Diodes (LEDs) source
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(Alobeidi, China) which irradiate the algae with a
white light of complete spectrum (wavelength: 400-
700 nm).

The hydraulic retention time (HRT) of the algae in
photobioreactors was twenty-one days. All
experiments were conducted in triplicate.

2.7. Experimental design

In order to investigate the effect of different
chemical additives on lipid production, 100 ml algal
biomass were inoculated into 2 L Erlenmeyer flask
where the respective chemical additive was added with
continuous stirring and were irradiated by white LEDs
source (Fig. 3) compared with the control where no
chemicals were added.

2.8. Oil extraction and analysis

Lipids were extracted from harvested microalgae
biomass. The microalgae were harvested after twenty-
one days of cultivation by centrifugation at 4500 rpm
for 10 min. The algal biomasses were dried at 85 °C
for 24 h before the extraction process. Total lipids
were extracted using a Soxhlet Reflux Extractor with
chloroform: methanol (2:1 v/v) from dried algae and
was then gravimetrically quantified as described by
[21].

The peroxide value was determined using the
official method of the AOAC (1990). The acid value
was determined using the official method of the
AOAC (2000).

2.9. Transesterification

The transesterification of extracted oils and
characterization of resulting biodiesel were conducted
in this research according to [22]. The
transesterification of the extracted oils was conducted
using methanol (CH;OH) and potassium hydroxide
(KOH) and stirred for 3 h at 60 °C. The mixture was
kept at room temperature for 18 h for separation of
biodiesel and glycerol using a flask separator.

Fig. 3. Irradiation of algae using white LEDs source for
twenty-one days.
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2.10. Statistical analysis

The statistical analysis aimed at evaluating the
effects of chemical additives on microalgae growth.
Each experiment was conducted in three replicates.
The statistical significance of difference was evaluated
by one-way analysis of variance and KruskalWallis
Test (P <0.05) using SPSS Software (IBM, v. 20). The
statistical analysis was conducted using the statistical
package Origin (version 8, MA, USA). Data are
represented as Standard Error (SE) of mean values.
Analysis of Variance (ANOVA) and Fisher test as a
post hoc one was performed to compare the DW of
biomass, total lipid and biodiesel produced after
variable microalgae treatments by visible light.

P-value < 0.05 was set as the significant level. For
all results of statistical analysis, Sig equals to 1
indicates that the mean difference is significant at the
0.05 level, and Sig equals to 0 indicates that the mean
difference is not significant at the 0.05 level.

3. Results and Discussion

3.1. Results
3.1.1. Effects of chemical additives on algal biomass

The effects of different chemical additives on the
growth of microalgae were evaluated by using
ammonium  carbonate  ((NH4).COs3) with a
concentration of 72 mg/L, triple superphosphate (Ca(
H2PQ4)) with a concentration of 14 mg/L, potassium
carbonate (K2CQs) with a concentration of 4.5 mg/L,
and calcium carbonate (CaCOs) with a concentration
of 2 mg/L.

Further treatment is a mixture of all additives with
the same listed concentrations. The control, where no
additives were used, was operated in the same
conditions for the microalgae conditions for the
microalgal growth. As shown in Table 1 and Table 2,
the mixture significantly produced the highest
amounts of fresh and dry weights of microalgal
biomass, followed in descending order by (NH4).COs3,
Ca(H2:P0O.), Ko.CO3, and CaCOs. However, the lowest
amount was delivered by the control.

TABLE 1
Fresh weights of algal biomass FW (g/L), after the addition of chemicals.
; Standard SE of
Sample Size Mean Deviation Mean
Control 3 0.771 0.006 0.003
(NH,),COs 3 1.895 0.033 0.019
Ca(HzPOy); 3 1.786 0.048 0.028
K>COs3 3 1.590 0.035 0.020
CaCoO; 3 1.450 0.052 0.030
Mixture 3 2.985 0.039 0.022
Fisher Test
Mean Diff SEM t Value Sig LCL UCL
Mixture/Control 2214 0.031 70.521 1 2.146 2.283
Mixture/(NH,),COs 1.090 0.031 34.725 1 1.022 1.159
Mixture/ Ca(H,PO,), 1.199 0.031 38.185 1 1.131 1.267
Mixture/ K,CO3 1.395 0.031 44.438 1 1.327 1.464
Mixture/ CaCOs 1.535 0.031 48.876 1 1.466 1.603

3.1.2. Effects of chemical additives on moisture
content of algal biomass

The effects of different chemical additives on the
moisture content of algal biomass were evaluated.
Table 3 shows the moisture content of algal biomass
after the addition of chemicals compared with the

Egypt. J. Chem. 66 No. 8 (2023)

control, where both mixtures of all additives as well as
the ammonium carbonate delivered the lowest
moisture content of the algal biomass and, however,
the control significantly delivered the highest moisture
content.
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TABLE 2.
Dry weight of biomass (g/L), after the addition of chemicals.
Sample Size Mean Standard SE of
P Deviation Mean
Control 3 0.196 0.022 0.013
(NH,),CO3 3 1.110 0.013 0.007
Ca(H2POy); 3 0.922 0.009 0.005
K,CO; 3 0.629 0.028 0.016
CaCO; 3 0.637 0.008 0.005
Mixture 3 1.724 0.020 0.011
Fisher Test
Mean .
Diff SEM t Value Sig LCL UCL
Mixture/Control 1.528 0.015 103.261 1 1.496 1.560
Mixture/(NH4),COs 0.615 0.015 41.539 1 0.582 0.647
Mixture/ Ca(H,PO4), 0.802 0.015 54.199 1 0.770 0.834
Mixture/ K,COs 1.095 0.015 74.000 1 1.063 1.127
Mixture/ CaCOs 1.087 0.015 73.481 1 1.055 1.120
TABLE 3.
Moisture content of algal biomass after the addition of chemicals.
- Standard SE of
Sample Size Mean Deviation Mean
Control 3 74513 3.003 1.734
(NH,),CO3 3 41.427 0.490 0.283
Ca(H2POy); 3 48.323 1.895 1.094
K,CO; 3 60.413 1.466 0.846
CaCO; 3 56.053 1.046 0.604
Mixture 3 42.233 0.518 0.299
Fisher Test
Mean .
Diff SEM t Value Sig LCL UCL
(NH,),COs/Control -33.087 1.348 -24.542 1 -36.024 -30.149
Ca(H2PO,),/Control -26.190 1.348 -19.427 1 -29.127 -23.253
K2COs/Control -14.100 1.348 -10.459 1 -17.037 -11.163
CaCOs/Control -18.460 1.348 -13.693 1 -21.397 -15.523
Mixture/Control -32.280 1.348 -23.944 1 -35.217 -29.343

3.1.3. Effects of chemical additives on total lipid

The effects of different chemical additives on the
total accumulated lipids were evaluated. Table 4
shows the total lipid after the addition of chemicals
compared with the control, where the mixture of all
additives significantly delivered the highest total lipid
and, however, the control delivered the lowest total
lipid.

3.1.4. Effects of chemical additives on peroxide value
The effects of different chemical additives on the

peroxide value were evaluated. Table 5 shows the
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peroxide value after the addition of chemicals
compared with the control, where the mixture of all
additives significantly delivered the highest peroxide
value and, however, the control delivered the lowest
peroxide value.

3.1.5. Effects of chemical additives on acid value

The effects of different chemical additives on the
acid value were evaluated. Table 6 shows the acid
value after the addition of chemicals compared with
the control, where both mixture of all additives as well
as the ammonium carbonate significantly delivered the
highest acid value and, however, the control delivered
the lowest acid value.
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TABLE 4.
Total Lipid (g/100g) after the addition of chemicals.
. Standard SE of
Sample Size Mean Deviation Mean
Control 3 0.352 0.037 0.021
(NH,),CO3 3 1.597 0.072 0.042
Ca(H,PO,), 3 0.899 0.018 0.010
K,CO3 3 0.431 0.030 0.017
CaCO; 3 0.509 0.020 0.011
Mixture 3 2.488 0.049 0.028
Fisher Test
Mean .
Diff SEM t Value Sig LCL UCL
Mixture/Control 2.136 0.034 62.520 1 2.062 2.210
Mixture/(NH,).CO; 0.891 0.034 26.089 1 0.817 0.966
Mixture/ Ca(HPOys), 1.589 0.034 46.519 1 1.515 1.664
Mixture/ K,CO3 2.057 0.034 60.198 1 1.982 2.131
Mixture/ CaCO; 1.979 0.034 57.934 1 1.905 2.054
TABLE 5.
Peroxide values after the addition of chemicals.
- Standard SE of
Sample Size Mean Deviation Mean
Control 3 0.189 0.022 0.013
(NH,),CO3 3 0.802 0.030 0.017
Ca(HzPOy), 3 0.563 0.016 0.009
K,COs 3 0.199 0.026 0.015
CaCO; 3 0.310 0.033 0.019
Mixture 3 1.355 0.056 0.032
Fisher Test
M sem t Value sig LcL ucL
Mixture/Control 1.167 0.027 43.444 1 1.108 1.225
Mixture/(NH,),CO3 0.553 0.027 20.605 1 0.495 0.612
Mixture/ Ca(H,PO,), 0.792 0.027 29.505 1 0.734 0.851
Mixture/ K,CO, 1.157 0.027 43.072 1 1.098 1.215
Mixture/ CaCOs 1.046 0.027 38.939 1 0.987 1.104
TABLE 6.
Acid values after the addition of chemicals.
- Standard SE of
Sample Size Mean Deviation Mean
Control 3 0.599 0.053 0.031
(NH,4),CO3 3 1.230 0.039 0.022
Ca(HzPOy), 3 1.107 0.094 0.054
K,COs 3 0.919 0.028 0.016
CaCO; 3 1.060 0.049 0.028
Mixture 3 1.342 0.025 0.014
Fisher Test
Mean .
Diff SEM t Value Sig LCL UCL
Mixture/Control 0.743 0.043 17.124 1 0.648 0.838
Mixture/(NH,),CO3 0.112 0.043 2.574 1 0.017 0.206
Mixture/ Ca(H,POys), 0.235 0.043 5.408 1 0.140 0.329
Mixture/ K,CO3 0.423 0.043 9.749 1 0.328 0.518
Mixture/ CaCO3 0.282 0.043 6.499 1 0.187 0.377
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3.1.6. Effects of chemical additives on biodiesel
yield

The effects of different chemical additives on the
biodiesel yield were evaluated. Table 7 shows the
biodiesel vyield after the addition of chemicals
compared with the control, where both mixture of all
additives as well as the ammonium carbonate
significantly delivered the highest biodiesel yield and,
however, the control delivered the lowest biodiesel
yield.

3.1.7. Effects of chemical additives on algal cell
count

The effects of different chemical additives on the
algal cell count were evaluated. Table 8 shows the
algal cell count after the addition of chemicals
compared with the control, where the mixture of all
additives significantly delivered the highest algal cell
count and, however, the control delivered the lowest
algal cell count.

TABLE 7.
Biodiesel yield after the addition of chemicals.
- Standard SE of
Sample Size Mean Deviation Mean
Control 3 15.727 1.001 0.578
(NH,).COs 3 74.383 1.668 0.963
Ca(H.PO,), 3 62.073 1.870 1.080
K,CO3 3 32.647 1.316 0.760
CaCOs 3 38.277 1.691 0.976
Mixture 3 114.390 2.899 1.674
Fisher Test
Mean .
Diff SEM t Value Sig LCL UCL
Mixture/Control 98.663 1.501 65.735 1 95.393 101.934
Mixture/(NH,;),CO; 40.007 1.501 26.654 1 36.736 43.277
Mixture/ Ca(H,PO4), 52.317 1.501 34.856 1 49.046 55.587
Mixture/ K,CO3 81.743 1.501 54.462 1 78.473 85.014
Mixture/ CaCO; 76.113 1.501 50.711 1 72.843 79.384
TABLE 8.
Algal cell count after the addition of chemicals.
. Standard SE of
Sample Size Mean Deviation Mean
Control 3 8.317 0.021 0.012
(NH,).CO; 3 13.840 0.104 0.060
Ca(H:POy), 3 12.450 0.385 0.222
K>CO; 3 9.467 0.117 0.067
CaCOs 3 11.523 0.356 0.205
Mixture 3 19.947 0.150 0.087
Fisher Test
Mean .
Diff SEM t Value Sig LCL UCL
Mixture/Control 11.630 0.189 61.463 1 11.218 12.042
Mixture/(NH,).CO3 6.107 0.189 32.273 1 5.694 6.519
Mixture/ Ca(H2POa), 7.497 0.189 39.619 1 7.084 7.909
Mixture/ K,COs 10.480 0.189 55.386 1 10.068 10.892
Mixture/ CaCO, 8.423 0.189 44.516 1 8.011 8.836
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3.2. Discussion

The results of this study show that the nitrogen
concentration has a great influence on the algal growth
and lipid production. This could be attributed to that
the growth of all organisms depends on the availability
of nitrogen which is required in large amounts as an
essential component of peptides, proteins, enzymes,
chlorophylls, energy-transfer molecules (ATP, ADP),
genetic materials (RNA, DNA), and other cellular
constituents [19]. However, excessively high, or low
nitrogen concentration in the culture medium has
inhibitory effect on the growth and lipid production of
microalgae.

Nitrogen depletion causes a decrease in growth and
protein content. though, mild nitrogen depletion (0.22
mM NaNOs) causes maximum lipid yield [23, 24].

Also, the comparative content of starch increased
obviously [25].

Nitrogen decreasing during growth led to increase
the oil content. It is clear that under stress conditions,
the entirety of carbon produced are changed to oil [26].

The results of this study show that phosphorus, like
nitrogen, is a critical nutrient required for algae. The
most common form of phosphorus used by biological
organisms is phosphate (PO4), which plays major roles
in the formation of DNA, cellular energy, and cell
membranes and cell wall [20]. However, excessive
concentration of phosphorous can cause increased
growth of algae, which can result in decreased levels
of dissolved oxygen, a process called eutrophication.
High levels of phosphorus can also lead to algae
blooms that produce algal toxins.

The present study showed that the addition of
potassium has an important positive effect on the
growth of microalgae, which agrees with the statement
of [13] who stated that potassium is essential for algal
growth and mentioned that algae deficient in
potassium could be stunted in their growth and lipid
accumulation.

The outcome of this study indicates that calcium
plays an important role in the growth of microalgae.
This could be ascribed to that calcium starvation
hinders cell division, thereby decreasing the cell
concentration [13]. Thus, the addition of calcium had
positive effect on algal growth.

The methodology of this study agrees with Khalifa
etal. (2022) [27] who applied similar methodology but
used different chemical additives.

The quality of biodiesel is related to carbon and
nitrogen, an indicator of the quality of fuel in an engine
(Stournas et al., 1995) [28]. The lower content of
saturated fatty acids (SFAs) in Chlorella oil. Indeed,
polyunsaturated fatty acids (PUFAs) which have at
least four double bonds are led to oxidation, emit more
nitrogen oxides, and have a thermal efficiency lower
than biodiesel rich in SFAs, Such a biodiesel have low
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oxidative potential. So PUFAs are less acceptable for
biodiesel production (Chisti, 2007) [29].

In addition, the ratio between SFAs and UFAS is
remarkable when using microalgal oils for biodiesel
production. Future research will focus on the
biostimulation of microalgae using trace metals in
form of nanomaterials as well as photoactivated
nanomaterials using laser radiation, where the
nanotechnology was implemented in biogas and
biohydrogen production [30 - 37] but not yet in
biodiesel production.

Another issue is the use of white LEDs in this
study, where the amount of light produced from LEDs
is the same amount of light produced from other
energy sources, but LEDs use less energy. Further,
heat generated during this process is almost null,
which  supports energy  conservation  [38].
Accordingly, in several different sectors, the LEDs
topped instead of conventional light lamps owing to
their low energy requirements, which makes it an
environmentally friendly light source which agrees
with [39], and the implementation of LEDs in
microalgal cultivation affects the quantity and quality
of the produced biomass. This happens primarily
owing to the light’s mono-chromaticity with effective
control of photosynthetic photon flux density, a
property not found in sunlight that agrees with [40].

Future research will focus on the addition of the
trace metals, and chemical additives in form of
nanomaterials which should be photoactivated using
laser radiation to get better results. However, it is
essential to conduct a life cycle assessment [37, 41].
An important future application is to develop an air
purification system using algae to purify the exhaust
air from industries, factories, and buildings [42 - 45]
in order to replace current purification systems by an
environmentally friendly algal purification system.

4. Conclusions
According to the results of this study, it can be
concluded that:

1. Nitrogen plays a vital role in the growth of
microalgae and lipid production.

2. Phosphorus concentration has a large
influence on the algal growth and lipid
production.

3. Potassium addition has an important positive
effect on the growth of microalgae.

4. Calcium has an important positive effect on
the growth of microalgae.

5. The mixture of all additives yielded the, the
highest highest lipid and, therefore biodiesel
production among all treatments.

In addition, the use of mixture additives in
large-scale open cultivation of microalgae would
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be effective way for biofuel production in desert
areas in Egypt.

5. Conflicts of interest
Authors declare that there is no conflict of interest.

6. Formatting of funding sources

Science and Technology Development Fund
(STDF) of Egypt for funding this paper through
research project number 26272

7. Acknowledgments

The authors would like to acknowledge the Science
and Technology Development Fund (STDF) of Egypt
for funding this paper through research project number
26272.

8. References

[1] Al-Ameri, M., Al-Zuhair, S. (2019) Using
switchable solvents for enhanced, simultaneous
microalgae oil extraction-reaction for biodiesel
production, Biochemical Engineering Journal,141,
217-224.

[2] Morales, M., Aflalo, C., Bernard, O. (2021)
Microalgal lipids: A review of lipids potential and
quantification for 95 phytoplankton species,
Biomass and Bioenergy, 150:106108.

[3] Akubude, V.C., Nwaigwe, K.N., Dintwa, E.
(2019) Production of biodiesel from microalgae
via nanocatalyzed transesterification process: A
review. Materials Science  for  Energy
Technologies, 2, 216-225.

[4] Younis A. (2020) Assessment of Fuel Properties
Produced from Tamarix nilotica and Pluchea
dioscoridis Plants. Egyptian Journal of Botany,
60(1), 225-237.

[5] Faried, M., Samer, M., Abdelsalam, E., Yousef,
R.S., Attia, Y.A., Ali, AS. (2017) Biodiesel
production  from  microalgae:  Processes,
technologies and  recent  advancements.
Renewable and Sustainable Energy Reviews, 79,
893-913.

[6] Bazarnova Y., Kuznetsova T., Aronova E., Toumi
A. (2019) Use of lipids of Chlorella microalgae in
poultry meat marinades and sauces recipes. Agron.
Res., 17:1287-1298. doi: 10.15159/AR.19.097.

[7] krishnan, R.S., Incharoensakdi, A. (2018)
Microalgae as feedstock for biodiesel production
under ultrasound treatment — A review.
Bioresource Technology, 250, 877-887.

[8] Shomal, R., Hisham,H., Mlhem, A., Hassan, R.,
Al-Zuhair, S. (2019) Simultaneous extraction—
reaction process for biodiesel production from
microalgae. Energy Reports, 5, 37-40.

Egypt. J. Chem. 66 No. 8 (2023)

[9] Mohd-Noor, C.W., Noor, M.M., Mamat, R. (2018)
Biodiesel as alternative fuel for marine diesel
engine applications: A review. Renewable and
Sustainable Energy, 94, 127-142.

[10]Sun, B., Fan, X., Ye, H., Fan, J., Qian, C., Drie,
W.V.I., Zhang, G. (2017) A novel lifetime
prediction for integrated LED lamps by electronic-
thermal simulation. Reliability Engineering and
System Safety, 163, 14-21.

[11] Khanra, A., Vasistha, S., Kumar, P., and Rai, M.
P. (2020) Role of C/N ratio on microalgae growth
in mixotrophy and incorporation of titanium
nanoparticles for cell flocculation and lipid
enhancement in economical biodiesel application.
3 Biotech 10:331. doi: 10.1007/s13205-020-
02323-0.

[12]Rossi, S., Diez-Montero, R., Rueda, E., Castillo
Cascino, F., Parati, K., Garcia, J., (2020) Free
ammonia inhibition in  microalgae and
cyanobacteria grown in wastewaters: photo-
respirometric ~ evaluation and  modelling.
Bioresour. Technol. 305:123046. doi:
10.1016/j.biortech.2020.123046.

[13]Lam, M. K., Lee, K. T. (2014) Cultivation of
Chlorella vulgaris in a pilot-scale sequential-
baffled column photobioreactor for biomass and
biodiesel production. Energy Conversion and
Management, 88: 399-410.

[14] Faried, M., A.S. Ali, R.H. Ahmed, M.A. Moselhy,
E. Abdelsalam, R.S. Yousef, D.A. Marrez, M.
Samer (2021) Photobiostimulation of Chlorella
sorokiniana using light emitting diodes (LEDSs) for
increasing lipid and biodiesel production.
Egyptian Journal of Chemistry, 64(10): 5575—
5583.

[15] Faried, M., M. Samer, M.A. Moselhy, R.S.
Yousef, A.S. Ali, R.H. Ahmed, D.A. Marrez, A.
El-Hussein, E.M. Abdelsalam (2022a).
Photobiostimulation  of green  microalgae
Chlorella sorokiniana using He-Ne red laser
radiation for increasing biodiesel production.
Biomass Conversion and Biorefinery, DOI:
https://doi.org/10.1007/s13399-021-02220-3.

[16] Faried, M., A. Khalifa, E. Abdelsalam, Y. Attia,
M.A. Moselhy, R.S. Yousef, K. Abdelbary, M.
Samer. (2022b). Increasing biodiesel production
from microalgae using chemical additives.
Agricultural Engineering International: CIGR
Journal, 24(4): 101-110.

[17]Hueseman, M.H., Wagenen, J.V., Miller, T.,
Chavis, A., Hobbs, S., Crowe, B. (2013) A
screening model to predict microalgae biomass
growth in  photobioreactors and  ponds.
Biotechnology Bioengineering, 111, 1583-1594.

[18] Olasehinde, T.A., Odjadjare, E.C., Mabinya,
L.V, Olaniran, A.O., Okoh, A.l. (2019) Chlorella
sorokiniana and Chlorella minutissima exhibit
antioxidant potentials, inhibit cholinesterases and



56 M. Faried et.al.

modulate disaggregation of B-amyloid fibrils.
Electronic Journal of Biotechnology, 40, 1-9.

[19] Zarrinmehr, M.J., O. Farhadian, F.P. Heyrati, J.
Keramat, E. Koutra, M. Kornaros, E. Daneshvar
(2020) Effect of nitrogen concentration on the
growth rate and biochemical composition of the
microalga, Isochrysis galbana. The Egyptian
Journal of Aquatic Research, 46(2), 153-158.

[20]Hamouda, R.A.E., G.W. Abou-EI-Souod (2018)
Influence of Various Concentrations of
Phosphorus on the Antibacterial, Antioxidant and
Bioactive Components of Green Microalgae
Scenedesmus obliquus. International Journal of
Pharmacology, 14: 99-107.

[21]Kiran, B., Kumar, R., Deshmukh, D. (2014)
Perspectives of microalgal biofuels as a renewable
source of energy. Energy Conversion and
Management, 88, 1228-1244.

[22]Onay M, Sonmez C, Oktem HA, Yucel AM
(2014) Thermo-resistant green microalgae for
effective biodiesel production: isolation and
characterization of unialgal species from
geothermal flora of Central Anatolia. Biores
Technol 169:62—71.

[23] Almutairi, A.W. (2020) Improvement of
Chemical Composition of Tisochrysis lutea
Grown Mixotrophically under Nitrogen Depletion
towards Biodiesel Production. Molecules, 25:
4600.

[24] Almutairi, A., EI-Sayed, A., Marwa, R. (2021).
Evaluation of high salinity adaptation for lipid bio-
accumulation in the green microalga Chlorella
vulgaris. Saudi Journal of Biological Sciences.
doi.org/10.1016/j.sjbs.2021.04.007.

[25] Branyikova, 1., MarSalkova, B., Doucha, J.,
Branyik, T., BiSova, K., Zachleder, V., Vitova, M.
(2011) Microalgae—novel highly efficient starch
producers. Biotechnol Bioeng., 108:766-776.

[26] Lardon, L., Hélias, A., Sialve, B., Steyer, J.-P.,
Bernard, O. (2009). Life-cycle assessment of
biodiesel production from microalgae. Environ.
Sci. Technol. 43, 6475-6481.

[27]Khalifa, A., M. Faried, E. Abdelsalam, Y. Attia,
M.A. Moselhy, R.S. Yousef, M. Samer. (2022).
Effects of Fe;03, MnO2, MgO and ZnO additives
on lipid and biodiesel production from microalgae.
Egyptian Journal of Chemistry, 65(1): 511-519.

[28] Stournas, S., Lois, E., Serdari, A. (1995). Effects
of fatty acid derivatives on the ignition quality and
cold flow of diesel fuel. J. Am. Oil Chem. Soc. 72,
433-437.

[29] Chisti, Y. (2007). Biodiesel from microalgae.
Biotechnol. Adv. 25, 294-306.

[30] Abdelsalam, E.M., M. Samer (2019)
Biostimulation of anaerobic digestion using
nanomaterials for increasing biogas production.

Egypt. J. Chem. 66 No. 8 (2023)

Reviews in  Environmental Science and
Bio/Technology, 18(3): 525-541.

[31] Abdelsalam, E., M. Samer, Y. Attia, M. A. Abdel-
Hadi, H. E. Hassan, Y. Badr. (2019a). Effects of
laser irradiation and Ni nanoparticles on biogas
production from anaerobic digestion of slurry.
Waste and Biomass Valorization, 10(11): 3251—
3262.

[32] Abdelsalam, E., O. Hijazi, M. Samer, L.H.
Yacoub, A.S. Ali, R.H. Ahmed, H. Bernhardt.
(2019Db). Life cycle assessment of the use of laser
radiation in biogas production from anaerobic
digestion of manure. Renewable Energy, 142:
130-136.

[33] Abdelsalam, E.M., A. El-Hussein, M. Samer.
(2021).  Photobiostimulation  of  anaerobic
digestion by laser irradiation and photocatalytic
effects of trace metals and nanomaterials on biogas
production. International Journal of Energy
Research, 45:141-150.

[34] Attia, Y.A., M. Samer, M.A. Moselhy, A.H.
Arisha, A.A. Abdelgader, E. Abdelsalam (2021)
Influence of laser photoactivated graphitic carbon
nitride nanosheets and nickel nanoparticles on
purple non-sulfur bacteria for biohydrogen
production from biomass. Journal of Cleaner
Production, 299: 126898.

[35]Hijazi, O., E. Abdelsalam, M. Samer, B.M.A.
Amer, |.H. Yacoub, M.A. Moselhy, Y.A. Attia, H.
Bernhardt (2020a) Environmental impacts
concerning the addition of trace metals in the
process of biogas production from anaerobic
digestion of slurry. Journal of Cleaner Production,
243:118593.

[36] Hijazi, O., E. Abdelsalam, M. Samer, Y.A. Attia,
B.M.A. Amer, M.A. Amer, M. Badr, H. Bernhardt
(2020b) Life cycle assessment of the use of
nanomaterials in  biogas production from
anaerobic digestion of manure. Renewable
Energy, 148: 417-424.

[37] Samer, M., O. Hijazi, E.M. Abdelsalam, A. EI-
Hussein, Y.A. Attia, I.H. Yacoub, H. Bernhardt
(2021a) Life cycle assessment of using laser
treatment and nanomaterials to produce biogas
through  anaerobic  digestion  of  slurry.
Environment, Development and Sustainability,
https://doi.org/10.1007/s10668-021-01264-9.

[38] Abdelsalam, E., M. Samer, M. A. Abdel-Hadi, H.
E. Hassan, Y. Badr. (2018). Influence of laser
irradiation on rumen fluid for biogas production
from dairy manure. Energy, 163: 404-415.

[39] Duarte, J.H., Costa, J.A.V. (2018) Blue light
emitting diodes (LEDs) as an energy source in
Chlorella fusca and Synechococcus nidulans
cultures. Bioresource Technology, 247, 1242-
1245,



IMPACTS OF (NH4)2COs, CA(H2POs), K2CO3 AND CACOs ADDITIVES ON LIPID ACCUMULATION .... 57

[40]Schulze, P.S.C., Barreira, L.A., Pereira, H.G.C.,
Perales, J.A., Varela, J.C.S. (2014) Light emitting
diodes (LEDs) applied to microalgal production.
Trends in Biotechnology, 32, 422-430.

[41] Samer, M., E.M. Abdelsalam, S. Mohamed, H.
Elsayed, Y.A. Attia. (2021b). Impact of
photoactivated cobalt oxide nanoparticles addition
on manure and whey for biogas production
through dry anaerobic co-digestion. Environment,
Development  and Sustainability, DOI:
10.1007/s10668-021-01757-7.

[42] Samer, M., M. Fiedler, H.-J. Miiller, M. Glaser,
C. Ammon, W. Berg, P. Sanftleben, and R.
Brunsch. (2011). Winter measurements of air
exchange rates using tracer gas technique and
quantification of gaseous emissions from a
naturally  ventilated dairy barn.  Applied

Egypt. J. Chem. 66 No. 8 (2023)

Engineering in Agriculture, Vol. 27(6): 1015-
1025.

[43]Samer, M. (2013). Emissions inventory of
greenhouse gases and ammonia from livestock
housing and manure management. Agricultural
Engineering International: CIGR Journal, Vol.
15(3): 29 —54.

[44]1Samer, M., and M. E. Abuarab (2014).
Development of CO2 balance for estimation of
ventilation rate in naturally cross-ventilated dairy
barns. Transactions of the ASABE, Vol. 57(4):
1255-1264.

Samer, M., H.-J. Miiller, M. Fiedler, W. Berg, and R.

Brunsch (2014). Measurement of ventilation rate in

livestock buildings with radioactive tracer gas

technique: Theory and methodology. Indoor and Built

Environment, Vol. 23(5): 692—-708.



