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ARTICLE INFO ABSTRACT

Avrticle History: Chlorella vulgaris is a natural feed that plays an important role in
Received: Sept. 23,2024  cultivation due to its ease of cultivation and high nutritional value.
Accepted: Oct. 25, 2024  However, its production is hindered by the high cost of the culture media,
Online: Oct. 30, 2024 which makes the overall production expensive. One potential solution is to
use a medium made from fermented mother liquor (FML) enriched with

NaNOs, as its nitrogen-phosphorus (N/P) content is beneficial for the
growth of C. vulgaris. This study aimed to assess the impact of FML and
NaNOs substitution as a culture medium for C. vulgaris and to determine
the optimal dose. The treatments used in this study were P1 (Walne, serving
as the control with an N/P ratio of 17:1), P2 (10:1), P3 (15:1), P4 (17:1), and
P5 (20:1). The results demonstrated that media with FML substitution
enriched with NaNOs; can not only replace Walne fertilizer but also
outperform it. The optimal dose of FML substitution enriched with NaNO3
for maximizing chlorophyll-a, chlorophyll-b, and carotenoid content in C.
vulgaris on a laboratory scale was found to be the N/P ratio of 15:1, with a
population density of 10.92 x 10° cells/ml (day 7), a growth rate of 25 x 108
cells/ml (day 3), chlorophyll-a content of 0.49ug/ ml, chlorophyll-b of
0.46pg/ ml (day 7) and carotenoids of 0.16ug/ ml (day 7).
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Chlorella vulgaris plays an important role in fish and shrimp cultivation due to its
function as live feed (Ahmad et al., 2020). C. vulgaris has advantages over other
phytoplankton, such as being easy to cultivate and reproducing quickly
(Thirugnanasambantham et al., 2020). It also contains various essential nutrients
required by cultivated species, including protein, carbohydrates, unsaturated fatty acids,
vitamins, chlorophyll, enzymes, and high fiber (Mtaki et al., 2021). Nutrients like
nitrogen (N) and phosphorus (P) are crucial factors in the culture of C. vulgaris, enabling
its large-scale production and use in aquaculture (Kumari et al., 2021).
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C. vulgaris culture on a laboratory scale generally uses a medium with a practical
fertilizer named Walne (Trinh, 2023). The use of Walne culture media promotes the
growth of green microalgae more effectively than other media, such as Guillard, due to
its more complete nutritional content (Putri & Alaa, 2019). However, Walne culture
media is relatively expensive, making it challenging to achieve high production quantities
of C. vulgaris (Putri & Alaa, 2019). This is because Walne fertilizers contain a mix of
macro and micronutrients derived from various sources such as animal manure, compost,
bone meal (Hidayati et al., 2022). Walne fertilizer can also leach into water bodies,
causing eutrophication and harming aquatic ecosystems (Jwaideh et al., 2022).
Therefore, alternative media or substitutes with nutrient content equivalent to Walne are
needed.

One approach is to substitute alternative materials like FML (Fermented Mother
Liquor) in the C. vulgaris culture medium. FML is a liquid byproduct from the
production of monosodium glutamate (MSG), obtained through the fermentation of
molasses or sugarcane. It contains high levels of nutrients, such as nitrogen (0.49g/ L),
phosphorus (13.69g/ L), protein (22.98%), and amino acids (3-5%) (Urry et al., 2017).
FML is also relatively inexpensive, making it a viable culture medium for C. vulgaris
(Yulanda et al., 2021). However, FML-based media must be enriched with NaNOs to
enhance the productivity of C. vulgaris. FML typically does not contain significant levels
of nitrates, as it is primarily composed of crude protein, amino acids, and minerals
(Kananurak, 1987). The addition of NaNOs increases the N/P ratio, making the nutrient
content comparable to that of Walne's medium, as NaNO:s is rich in nitrates and nitrogen
(Kilroy et al., 2020). Various studies on FML and NaNOs have been conducted on other
phytoplankton, such as Nannochloropsis sp. and Galdieria sp. (Kurniawan et al., 2023;
Wiryadi & Witono, 2018). However, research on the potential of FML as a substitute
medium for C. vulgaris remains limited, and the combination of FML with NaNOs has
not been widely explored. This study aimed to assess the impact of substituting FML and
NaNO:s as a culture medium for C. vulgaris, focusing on its productivity and nutritional
content.

MATERIALS AND METHODS

1. Experimental design

The Chlorella vulgaris inoculant used in this study was obtained from BBPBAP
Situbondo (Indonesia) while fermented mother liquor (FML) was sourced from PT
Ajinomoto Indonesia in Surabaya. NaNOs was obtained from the Faculty of Fisheries and
Marine (Airlangga University). This study employed an experimental design, substituting
FML enriched with NaNOs to evaluate its effect on the productivity of C. vulgaris. The
results were compared with Walne medium to assess performance. The study followed a
completely randomized design (CRD), with the treatment involving the addition of
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nitrogen (N) to the FML, creating different N/P ratios. The experiment included 5
treatments with 4 replications, as shown in Table (1).

Table 1. Formulation of N/P used as treatment

Treatment N/P ratio
P1 (control) Walne 17:1
P2 FML + NaNOs 10:1
P3 FML + NaNOs 15:1
P4 FML + NaNOs 17:1
P5 FML + NaNQOs 20:1

2. Ethics statement

The necessary ethical approvals were obtained from the Department of
Aquaculture, Faculty of Fisheries and Marine, Universitas Airlangga, and the guidelines
outlined in the Laboratory Code of Animal Care were strictly followed. No animals or
fish were harmed or improperly treated during this study.

3. FML preparation

FML was tested for nitrogen and phosphorus content. Furthermore, FML was
filtered using filter paper, then put into an erlenmeyer flask and sterilized in an autoclave.
FML was put into an erlenmeyer flask covered with cotton and gauze, then wrapped in
aluminum foil. Furthermore, it was sterilized by autoclaving at a temperature of 121°C
and a pressure of 1 atm for 15 minutes to kill any remaining microorganisms (Nikhilesh
et al., 2013). After sterilization, FML was continued with the addition of NaNOs with
different concentrations so that FML had N/P that was in accordance with the treatment
and was confirmed by testing its content. The addition of NaNOs was in accordance with
the procedure detailed in a previous study (Hidayati et al., 2020).

4. Algal materials and culture condition

The medium used was seawater which was then added with a nutrient source of
Walne fertilizer, NaNOs, and the addition of FML. The inoculant was spread after the
medium was given fertilizer with a dose of 1ml/ L of culture media water (Aulia et al.,
2021). After determining the desired initial density, the initial step taken was to calculate
the density of the pure C. vulgaris seed or starter stock. The initial density used in this
study refers to previous study of Brautovic (2000), which was 1.25 x 10° cells/ml of
inoculant volume. Inoculant seeds were taken for treatment culture using the percentage
method of 20% inoculant and 80% media. The inoculant was spread after the media was
given FML enriched with NaNOs for the growth of phytoplankton to be cultured. The
container for microalgae culture is a glass jar with a volume of 2.5 liters. In this study, the
environmental factors were as follows: salinity ranged from 25 to 35ppt; pH levels varied
between 4.5 and 9.3; temperatures ranged from 25 to 35°C, and light intensity was



2326 Samara et al., 2024

between 500 and 5000 lux, with a light period of 16 hours and a dark period of 8 hours
(Selvika et al., 2016; Deniz, 2020; Febrieni et al., 2020; Lamadi et al., 2022).

The algae culture process was carried out for 11 days in a closed room to determine
the density and growth rate of C. vulgaris from the adaptation phase to the decline
(Wang et al., 2023).

5. Analysis parameter
The biological indices (density and growth rate) of C. vulgaris were evaluated by
the following formula (Hidayati et al., 2020):

nA+nB+nC+nD+nE

6
5x4 x10

Phytoplankton cell density (cells/ml) =

Note :

nA = number of phytoplankton cells in blocks A (cells/mL)
nB = number of phytoplankton cells in blocks B (cells/mL)
nC = number of phytoplankton cells in blocks C (cells/mL)
nD = number of phytoplankton cells in blocks D (cells/mL)
nE = number of phytoplankton cells in blocks E (cells/mL)

Growth rate is a parameter that describes the speed of cells in dividing themselves
per unit of time. The calculation formula used refers to Paes et al. (2016):

Growth rate (cells/day) = Ne-@e1)

Note :

Nt = number of cells at a specified time (cells/day)

Nt-1 = number of cells in the 24 hours before the specified time (cells/day)
At = cell calculation time difference (days)

Other parameters measured in this study included the chlorophyll and carotenoid
content, assessed daily until C. vulgaris reached the death phase. The analysis of pigment
levels was conducted following the method described by Pisal and Lele (2005). A UV-
Vis spectrophotometer was employed to obtain absorbance at wavelengths of 470, 646.8,
and 663.2nm. Pigment levels were calculated using the formula provided by
Lichtenthaler and Buchmann (2001):

Ca =12.25 A663.2 — 2.79 A646.8

Cb  =21.50A646.8-5.1 A663.2

Cx+c = (1000 A470 —1.82 Ca— 85.02 Cb) /198
Note :

Ca = chlorophyll a content (ng/mL)

Cb = chlorophyll b content (pg/mL)

Cx+c = total carotenoid content (ug/mL)
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Temperature was measured using a thermometer; pH was measured using a pH
meter; salinity was measured using a refractometer, and light intensity was measured
using a lux meter as described by previous studies (Hidayati et al., 2020; Santanumurti
et al., 2023). Measurement of supporting parameters was carried out once a day during
maintenance.

6. Statistical analysis

The data obtained are quantitative and show the density parameters and growth rate
of C. vulgaris with FML substitution. The effect of treatment on parameters was analyzed
using the analysis of variance (ANOVA) test. If the analysis results show a significant
difference, the calculation is continued with Duncan's multiple range test (Bahar et al.,
2022). As a tool for implementing statistical tests, laptop software was used with the
SPSS program.

RESULTS

1. Population density of C. vulgaris

Table 2. Average results of C. vulgaris density with different N/P ratios (x10° cells/ml)

Day(s) P1 P2 P3 P4 P5
0 1.25#0.00  1.25+0.00  1.25+0.00  1.25+0.00  1.25+0.00
1 1.33+0.14*  1.75+0.25°  2.00£0.25"  1.25+0.00*  1.25+0.00°
2 1.58+0.14*  2.75+0.25°  4.00+0.50°  2.08+0.14*  1.83+0.14?
3 2.58+0.38°  3.33+0.14°  6.25+0.90°  2.75+0.25°  3.00+0.50°
4 417+1.04°  3.91+0.14°  7.08+0.38"  3.42+0.29°  4.33+0.38%
5 4.25+1.15°  4.41+0.14°  7.83+0.28">  3.92+0.38°  3.830.14°
6 4.17+0.95°  533+052°  8.67+0.29°  3.50+0.43°  3.830.14°
7 6.42£0.94°  6.75:0.90°  10.92+1.13" 6.75+1.25°  6.17+0.52°
8 8.42+1.18%  8.42+0.63*  9.50+0.75°  8.08+1.01°  8.41+0.38°
9 7.33+0.58%  8.00+0.50°  8.33+0.80*°  7.42+0.52*  7.17+0.52°
10 3.67+0.52%°  2.75+0.25%  4.42+0.95°  2.58+0.80%  1.67+0.72

Note: Different letters indicate the significant differences between treatments.

The results of Table (2) demonstrated the population density of Chlorella vulgaris
in this study. This study showed that the substitution of FML enriched with NaNOs gave
a significantly different effect on days 1 to 7 and day 10. The ANOVA results of this
study showed that the use of FML and NaNOsz with different N/P ratios had a
significantly different effect on the density of C. vulgaris. P3 with N/P 15:1 showed a
significantly different value, even with Walne fertilizer as control. This indicated that P3
was the treatment that gives the highest population density value. The highest density
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peak occurred on the seventh day, namely in P3 with a density of 10.92 x 10° cells/ml,
and was significantly different from all treatments. The differences between each

treatment are presented in Fig. (1).
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Fig. 1. Average results of C. vulgaris density with different N/P ratios (x10° cells/ml)

2. Growth rate of C. vulgaris

Table 3. Average results of C. vulgaris growth rate with different N/P ratios (x10°

cells/ml)

Day(s) P1 P2 P3 P4 P5

0 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
1 -0.08+0.14*  0.33+0.29"°  0.50+0.25°  0.00+0.00®®  0.00+0.00%
2 0.50£0.000  1.17+0.52°  1.58+0.14°  0.92+0.14®®  0.50+0.00?
3 0.92+0.38*  0.50+0.00*  3.25+0.50°  0.67+0.29°  0.83+0.14?
4 2.0840.52°  0.83+0.38%  1.42+0.52® 1.17+0.38%  1.58+0.29%
5 0.00+1.75*  0.50+0.00*  0.67+0.29*  -0.33+0.14*  -0.42+0.29?
6 -0.08+0.29*  0.58+0.78%  1.33+0.38"  -0.08+0.29%  0.00+0.43?
7 2.83+0.82 1.9240.14%  2.00+0.90°  3.08+0.72*  2.42+0.63?
8 1.25+0,43°  2.00+0.43°  -1.42+0.38% 0.92+0.29°  2.75+0.25¢
9 -0.42+2.02  -0.50+1.00* -0.75+0.25*  -0.75+0.00® -1.13+0.38?
10 -3.92+0.14%  -4.92+0.14*  -3.50+1.00°  -4.25+0.90® -4.75+0.43?

Note: Different letters indicate the significant differences between treatments.

The results of the growth rate values in this study are shown in Table (3).
Statistically, the results of the research analysis except on days 5, 7, and 9 showed that
the substitution of FML enriched with NaNOs had a significantly different effect on the
growth rate of C. vulgaris on days 1-4, 6, 8, and 10. P3 with N/P 15:1 showed
significantly different values, even with Walne fertilizer as the control. This indicated
that P3 was the treatment that provides the highest growth rate value. On day 3, P3 had
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the highest growth rate value of 3.25 x 108 cells/ml which was significantly different
(P<0.05) from all treatments. The differences between each treatment are presented in

Fig. (2).

Growth Rate (x10° cells/ml)
(=]

Days

P1

P3
P4
——P5

Fig. 2. Average results of C. vulgaris growth rate with different N/P ratios (x10° cells/ml)

3. Chlorophyll-a of C. vulgaris

Table 4. Average results of chlorophyll-a of C. vulgaris with different N/P ratios (ug/ml)

Day(s) P1 P2 P3 P4 P5
0 0.08+0.07¢  0.14+0.01*  0.06+0.05%  0.10+0.028  0.08+0.03?
1 0.10+0.08®  0.16+0.03°  0.07+0.05®  0.14+0.03®®  0.07+0.02?
2 0.22+0.06°  0.21+0.04®  0.10+0.04®  0.20+0.03°  0.13+0.03?
3 0.27+0.08°  0.24+0.03°  0.12+0.06®  0.20+0.04%®  0.20+0.07%
4 0.01+0.00°  0.05+0.00°  0.01+0.00°  0.01+0.00®®  0.03+0.00°
5 0.09+0.02°  0.07+0.01®®  0.06+0.00°  0.06+0.008  0.05+0.00?
6 0.24+0.13°  0.2740.01*  0.15+0.06%  0.24+0.04®  0.14+0.022
7 0.27+0.10°  0.2740.04*  0.49+0.10°  0.26+0.04®  0.24+0.08?
8 0.39+0.08%  0.39+0.072  0.24+0.14®  0.38+0.03*  0.32+0.052
9 0.53+0.07°  0.26+0.06*  0.21+0.11*  0.41+0.03°  0.19+0.042
10 0.35+0.16°  0.19+0.15®  0.09+0.05®  0.27+0.12%  (.12+0.03?

Note: Different letters indicate the significant differences between treatments.

The chlorophyll-a content values in this study are displayed in Table (4).
Statistically, FML substitution enriched with NaNOs had a significantly different effect
on the chlorophyll-a content of C. vulgaris, except on days 0, 6, and 8. P1 using Walne
fertilizer had a significantly different chlorophyll-a content value compared to other
treatments. The highest chlorophyll-a content value was found in P1 on day 9 with a
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value of 0.53 + 0.07pg/ ml. However, this value was not significantly different from P3
on day 7 (0.49 = 0.10pg/ ml). This indicated that P3 containing N/P 15:1 could produce
the same chlorophyll-a as Walne. The differences between each treatment are depicted in

Fig. (3).
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Fig. 3. Average results of chlorophyll-a of C. vulgaris with different N/P ratios (pug/ml)

4. Chlorophyll-b of C. vulgaris

Table 5. Average results of chlorophyll-b of C. vulgaris with different N/P ratios (ug/ml)

Day(s) P1 P2 P3 P4 P5
0 0.03:0.01%  0.11+0.01° 0.01#0.00°  0.04+0.01°  0.03+0.00%
1 0.05£0.047  0.10£0.05®  0.09+0.04®  0.13+0.02°  0.06+0.03%
2 0.10£0.01°  0.20£0.03"  0.10£0.05%  0.15+0.09%  0.08+0.03%
3 0.12+0.038  0.23+0.03°  0.15+0.10®  0.16+0.05%  (0.17+0.03%
4 0.01£0.00°  0.05£0.01°  0.02+0.00°  0.05+0.01°  0.02+0.01
5 0.04+0.01%  0.0740.01°  0.04+0.00®  0.05+0.01°  0.02+0.01°
6 0.21£0.02°  0.25+0.03*  0.19+0.09°  0.26£0.01°  0.260.05%
7 0.31+0.07°  0.27+0.01°  0.46+0.08°  0.29+0.04°  0.28+0.03
8 0.31£0.07°  0.44£0.07°  0.32+0.12°  0.40£0.04°  0.31+0.06%
9 0.33+0.02¢  0.24+0.08°  0.30+0.03*  0.30£0.04%  0.29+0.07°
10 0.24+0.12°  0.04+0.03%  0.17+0.03"  0.11+0.06%  0.16+0.04%°

Note: Different letters indicate the significant differences between treatments

The chlorophyll b value in this study is presented in Table (5). The results of the
analysis during the study showed that the substitution of FML enriched with NaNOs had
a significantly different effect on the chlorophyll-b content of C. vulgaris, except on days
6, 8, and 9. P3 produced the highest chlorophyll value on day 7 (0.46 £ 0.08ug/ ml)
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compared to all treatments. The differences between each treatment was presented in Fig.

(4).

Fig. 4. Average results of chlorophyll-b of C. vulgaris with different N/P ratios (pg/ml)
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5. Carotenoids of C. vulgaris

Table 6. Average results of C. vulgaris carotenoids with different N/P atios (pg/ml)

Day(s) P1 P2 P3 P4 P5
0 0.06£0.02°  0.03x0.00®  0.01x0.00°  0.05+0.03°  0.03%0.02®
1 005:0.03ab 0.03+0.00®  0.02+0.00°  0.06£0.02°  0.030.02%
2 0.05£0.03®  0.04+0.00®  0.02+0.00°  0.07+0.02°  0.03+0.02%
3 0.07+0.028  0.04+0.01°  0.15+0.01°  0.07+0.02*°  0.06+0.01°
4 0.01:0.00%c 0.01+0.00°  0.01+0.00®  0.01+0.00°  0.02+0.00°
5 0.04+0.01°  0.02+0.00°  0.01x0.008  0.02+0.00*  0.02+0.00%
6 0.07+0.03°  0.08+0.02° 0.15+0.010° 0.10£0.02°  0.04+0.00°
7 0.09+0.022  0.09+0.02°  0.16£0.02°  0.09+0.03*  0.06+0.02°
8 0.17£0.06°  0.10£0.02®  0.05+0.010°  0.12+0.01°°  0.08+0.02%
9 0.1940.03°  0.05+0.03*  0.05:0.00°  0.04+0.01*  0.05+0.01°
10 0.11#0.07°  0.08+0.06®  0.02+0.00°  0.04+0.00®  0.01:+0.00%

Note: Different letters indicated the significant differences between treatments.

Carotenoid values in this study are demonstrated in Table (6). The results of
statistical analysis during the study showed that FML substitution enriched with NaNO3
had a significantly different effect on the carotenoid content of C. vulgaris. The highest
carotenoid value was found in treatment P1 on day 9 with a value of 0.19 + 0.03pg/ ml.
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However, this value was not different from P3 on day 7, with a value of 0.16 = 0.02ug/
ml. This showed that FML substitution enriched with NaNO3 could produce the same
carotenoid value. The differences between each treatment are exhibited in Fig. (5).

1
e L e e
[¥] £ (=3} [=-] (%)

P1
0.1 P2

0.08 P3

Carotenoids (pug/ml)

0.06 P4
—8—P5

Days

Fig. 5. Average results of C. vulgaris carotenoids with different N/P atios (ug/ml)

6. Water quality parameters

The results of water quality observations of C. vulgaris culture are illustrated in
Table (7). Based on the results of observations during the study, the data obtained were
water temperature of 26.6-28.7°C; salinity ranging from 25-35ppt, pH 8.5-9, and light
intensity ranging from 1,922-1,997 lux. The water quality values are within the optimal
range of C. vulgaris culture expected in the study.

Table 7. Water quality parameters in this study

No Parameter Value Standard
1 Temperature (°C) 26.6-28.7 25-35 (Lamadi et al., 2022)
2 Salinity (ppt) 25-35 25-35 (Selvika et al., 2016)
3 Light intensity 1,922-1,997 500-5,000 (Febrieni et al., 2020)
(Lux)
4 pH 8.5-9 4.5-9.3 (Deniz, 2020)
DISCUSSION

The results of the study showed that FML enriched with NaNOs can produce
better density and growth rates of Chlorella vulgaris than Walne fertilizer. This is
influenced by the provision of optimum nitrogen and phosphorus nutrients for the growth
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of C. vulgaris. The elements N and P are the main nutrients because they are limiting
factors that are needed in large quantities for phytoplankton growth (Prihardianto et al.,
2023). An increase in P and N in the growth medium can increase photosynthetic
pigments in microalgae (Martins et al., 2011). Based on research by Waluyo et al.
(2016), nitrate is one of the important elements in the formation of chlorophyll and amino
acids. The N element is absorbed by microalgae in the form of nitrate, then the nitrate is
reduced to amino acids (NH2) by the nitrate reductase enzyme, which requires energy for
cellular metabolic activities. These nitrate (NOs~) and nitrite (NO2") compounds can be
absorbed directly by microalgae to meet their nutritional needs. Nitrate (NOs~) and nitrite
(NO2") can be converted into ammonia (NH4") through the nitrogen assimilation process
in microalgae cells. Microalgae take a form of nitrogen that is easier to use as a source of
nutrition, namely in ammonia (NH4") (Prihardianto, 2023). Under normal conditions,
ammonium nitrogen is catalyzed by glutamate dehydrogenase to produce glutamine.
Glutamine will be formed by a-ketoglutarate to form amino acids (Xiao et al., 2016).
Then, these amino acids can be combined into proteins that are used for the growth and
metabolism of microalgae cells (Pozzobon et al., 2021). These amino acids are also used
to duplicate themselves so that their density increases (Liu et al., 2021). P3 with an N/P
value of 15:1 showed higher density and growth rates than other treatments. The optimal
N/P concentration can affect the density of C. vulgaris with the substitution of FML
enriched with NaNO3 menu. If the concentration is too low, the absorbed amino acids
cannot increase metabolism optimally (Pozzobon et al., 2021). Conversely, too high N
content can inhibit the growth of C. vulgaris (Pozzobon et al., 2021). The culture media
used can also affect the growth of microalgae. FML has a high nutrient content such as
nitrogen (0.49¢g/ L), phosphorus (13.69g/ L), protein (22.98%), and amino acids (3-5%)
so that it can be consumed by C. vulgaris for its metabolism (Urry et al., 2017).

The results showed that FML enriched with NaNOs could produce chlorophyll-a
and chlorophyll-b values of C. vulgaris that were comparable to those produced by
Walne fertilizer. The chlorophyll-a and chlorophyll-b content of P3 (N/P 15:1) showed
the same values as P1 (Walne fertilizer) on the 7th day (0.49 and 0.46pg/ ml). This is
because the FML substitution enriched with NaNOs has the main nutrient element N
which can meet the basic needs of C. vulgaris pigment biosynthesis. The main
component of chlorophyll is nitrogen (N) and chlorophyll synthesis begins with the entry
of basic nitrogen materials into the cells (Fathi, 2022). This is because nitrogen plays a
role in cell formation and as a basic material for chlorophyll production, specifically the
amino acid glutamate (Sabadel et al., 2022).

The results showed that FML enriched with NaNOs could produce carotenoid
content of C. vulgaris that was not different from Walne fertilizer. The carotenoid content
of P3 (N/P 15:1) showed the same value as P1 (Walne fertilizer) on the 7th day (0.16ug/
ml). This is thought to be because N from the media was absorbed and used for
chlorophyll. The reduction in N in the media and C. vulgaris itself is indicated by the
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onset of the death phase on the 8th day. This is in accordance with the opinion of
Kusumaningrum and Zainuri (2013), who stated that the production of C. vulgaris
pigments increases in line with the increasing age of the cells and will continue to decline
until reaching the cell death phase. Cell death is caused by reduced N content (N
deficiency). Based on research by Borowitzka et al. (1991), the increase in carotenoid
content occurs under certain conditions due to N deficiency conditions. This shows that
the N deficiency factor stimulates a rapid physiological response, which is then directed
into the secondary metabolite biosynthesis pathway including carotenoids. In microalgae
culture conditions with low N content, microalgae will use carbon (C) contained in cells
and media for carotenoid synthesis, while cultures rich in nitrogen use carbon as a
material for nitrogen assimilation. In general, N deficiency has a better effect than excess
N on carotenoid content (Moussa et al., 2017).

FML has advantages over Walne fertilizer as a medium culture for C. vulgaris.
FML has a cheaper price because the basic material of FML is the liquid that remains
after the fermentation process in MSG production (Aprilliza et al., 2023). In addition,
FML is a by-product of MSG production, and thus its use will help minimize waste in
fermentation processes, as it repurposes leftover liquid that would otherwise be discarded
(Yoshimura, 2001). With the same performance, or even better than Walne fertilizer,
FML can be a substitute option as a medium for C. vulgaris.

CONCLUSION

The results indicated that media substitution using FML enriched with NaNO3
could effectively replace Walne fertilizer for C. vulgaris culture, as it demonstrated
superior values. The optimal N/P ratio for the FML-enriched NaNO3 culture medium, in
terms of chlorophyll-a, chlorophyll-b, and carotenoid content of C. vulgaris on a
laboratory scale, was found to be 15:1. This condition yielded a population density of
10.92 x 10”6 cells/ml on day 7, a growth rate of 25 x 10”6 cells/ml on day 3, chlorophyll-
a content of 0.49ug/ ml, chlorophyll-b content of 0.46pg/ ml (both on day 7), and
carotenoids at 0.16pg/ ml (day 7).
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