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Effect of Different Substrates on Growth and Protein Content of Caulerpa Racemosa

Seto Windarto*, Angga Hendra Prastiwahyudi, Titik Susilowati, Alfabetian H. Condro Haditomo,
Dicky Harwanto

Department of Aquaculture, Faculty of Fisheries and Marine Science, Universitas Diponegoro, Semarang, Indonesia

Abstract: Caulerpa racemosa is a green seaweed commonly found in several locations in the Indo-Pacific
ocean, including along the coast of Indonesia, especially in Jepara, Central Java. This study aims to determine the
best type of substrate to increase the growth of C. racemosa and its protein content. Utilizing the suitable substrate
is expected to increase the growth, production, quality improvement, and protein content of C. racemosa. Research
on the substrate on the growth and protein content of C. racemosa from Jepara has never been carried out. The
treatments used in this research were: A (bamboo woven); B (coral fragments); C (sandy mud); and D (net). Data
collected included Absolute Growth, Specific Growth Rate (SGR), the protein content of C. racemosa, and the
water quality of the media. Results showed that the values of absolute growth and SGR in each treatment from
highest to lowest were C (0.58 = 0.14), B (0.53 + 0.14), D (0, 32 = 0.14), and A (0.24 £ 0.05); SGR were C (3.94 +
0.60% / day), B (3.77 £ 0.61% / day), D (2.57 £ 1.14% / day) and A (2.05 + 0.28% / day). The difference in the type
of substrate gives a significant effect (P <0.05) on C. racemosa. The type of sandy mud substrate is the best
substrate in this study for C. racemosa growth (absolute growth rate values of 0.58 = 0.14 g and SGR values of 3.94
+ 0.60% / day). On the other hand, the bamboo woven substrate was observed the best for C. racemosa protein
content (5.87%). The water quality in maintenance media is in a feasible range for the maintenance of C. racemosa.
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1. Introduction

Caulerpa racemosa is a green seaweed commonly
found in several locations in the Indo-Pacific Ocean,
including along the coast of Indonesia. Initially, C.
racemosa was discovered on the Red Sea coast [1].
This species is one of the seaweeds that can be used as
food. Tastes of C. racemosa like the taste of Caviar fish
eggs, so it is known as "green caviar." In addition,
because the shape is similar to grapes, C. racemosa is
also known as "sea grape." As a food material, C.
racemosa provides many benefits. These species are a
source of minerals such as calcium, potassium,
magnesium, sodium, copper, iron, zinc, vitamin E, and
peptides [2, 3] and several types of essential, low-fat
amino acids polyunsaturated fatty acids [4, 5]. C.
racemosa can ward off free radicals because this type
of algae contains folic acid, thiamine, and ascorbic
acid. Caulerpa sp. also contains caulerpenyne, which
shows bioactivity to human cell lines and has
anticancer, antitumor, and antiproliferation properties
[5].

During this time, international demand for seaweed
continues to increase but is still dominant in the group
Eucheuma/Kappaphycus and Gracilaria sp., While in
the Chlorophyceae class Caulerpa, it is still only
utilized and traded locally [6]. C. racemosa’'s high
demand in the international market occurs in the
territory of Japan [7]. In Indonesia, especially on Java,
this species is commonly found in Jepara, Central Java,
and local people know it as "Latoh."

The availability of C. racemosa is still very lacking
because it still relies on wild products. The C.
racemosa is still rarely cultured. If there is culture, the
technology is still not optimal. In Indonesia, the culture
technique of C. racemosa is done by immersing it in a
soil substrate such as a system of planting rice in the
area/land of the former pond. The C. racemosa is
phytobenthos, where algae live on the seabed substrate,
such as dead coral, coral fragments, sand, and mud [8].
The distribution of marine algae C. racemosa and its
density in water depends on the type of substrate,
season, and species composition [9].

Culture with the right technology is required To
fulfill the increasing market demand. A critical factor in
the culture of C. racemosa is the determination of the
substrate. The various types of substrates have different
characters, which undoubtedly influence the growth of
C. racemosa.

Research on the substrate in C. racemosa has been
done by Tanduyan [10]. This research was conducted in
Cebu, Philippines. The substrate used was mud, sand,
and rock with off-bottom culture in the waters of San
Francisco, Cebu, Philippines. Dahlia [11] also studied
substrate on C. racemosa, sandy mud, and dead coral
fragments. The study was conducted at the Jepara
Coastal Development Laboratory (LPWP), Central
Java. Information about the ideal substrate for C.
racemosa is still needed, especially for local farmers.

Research on the growth substrates and protein content
of C. racemosa from Jepara is still rarely done. The
difference in the substrate used is thought to affect the
growth and protein content of C. racemosa. Therefore,
this research needs to be carried out to determine the
type of substrate that is most suitable for optimal
growth of C. racemosa originating from the waters of
Jepara, Indonesia.

2. Materials and Methods

2.1.Materials

This research was conducted at the Central Office of
Brackish Aquaculture Fisheries (BBPBAP) Jepara. The
seaweed used was from the Caulerpa racemosa species
or commonly known as sea grape. The seed of C.
racemosa, which was around 30 days old, originating
from the natural waters of Jepara. The Pond Culture
used was a two-meter diameter round tarpaulin pond
with a one-meter pond height. This tarpaulin pond was
used an iron frame and had no outlets. This study was
used several types of substrates as a place of
attachment for C. racemosa, i.e., bamboo, coral
fragments, sandy mud, and net.

The treatments were Treatment A (Culturing C.
racemosa on a bamboo woven substrate), Treatment B
(Culturing C. racemosa on coral fragments), Treatment
C (Culturing C. racemosa on sandy mud substrate, and
Treatment D (Culturing C. racemosa on the net
substrate).

Choosing bamboo woven substrate was based on
Yudasmara [12], C. racemosa can grow optimally with
the final growth result reaching twice the initial weight.
The selection of coral fragments and sandy mud
substrate based on C. racemosa's natural habitat as
revealed by Atmadja [13], which C. racemosa is
phytobenthos, and its growth is epiphytic. In
comparison, net (traditional rectangular cage) substrate
was chosen because local farmers widely use this
substrate for seaweed culture, other than C. racemosa.

2.2.Preparation and Culture of C. Racemosa

The study began with the preparation of a culture
pond. The culture pond used an iron tarpaulin pond.
The water had filled the pond up to a height of 80 cm.
After the pond was filled, the substrate was placed at
the bottom of the pond.

The substrate used was woven bamboo, coral
fragments, sandy mud, and net. All of these substrates
had been washed to be clean. The prepared substrates
were then put into each wooden box, measuring 50 x
50 x 10 cm. The substrate was placed at the bottom of
the pool and then given a ballast not to change its
position. The arrangement between the substrate boxes
was spaced to avoid contact between the media when
C. racemosa growth.

The final step taken in the preparation of the pond
was the application of fertilizers using nitrates and
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phosphates in a ratio of 8: 1 to the culture media as C.
racemosa nutrition. It gave a higher N value than P
because the N element is a limiting factor in the growth
of these aquatic organisms in saline waters.
Fertilization used NaNOs; and KH:PO4, weighed of
0.068 and 0.0136 g / L seawater. The material was
diluted using distilled water with a ratio of 1 mL
distilled water equal to 1 L of seawater in the pond,
where the pond had a volume of = 2500 L. Fertilizer,
that has been diluted with distilled water, was then put
into the pond.

After the ponds and the system were ready to use,
250 g of C. racemosa seed was planted on each
substrate by clamping using small bamboo slits so that
their position did not change on each substrate.

2.3. Absolute Growth

Absolute growth calculation was calculated based
on Hasbullah [13]:

W = W;— W,

where:
W = absolute growth (g)
W, = weight at the start of culture (g)
W, = weight at the end of culture (g)

2.4. Specific Growth Rate

SGR value was calculated based on the Effendi
[13]:

SGR = ((Ln W;— Ln Wo)/t)) x 100%

where:
SGR = Specific growth rate (% / day)
W, = weight at the end of the culture (g)
W, = weight at the beginning of the culture (g)
t = Length of culture (days)

2.5. Protein Analysis

Protein analysis was carried out using Kjeldahl
methods at the Central Java Agricultural Technology
Development Center. This analysis was carried out
twice, at the beginning and end of the study.

2.6. Water Quality

Water quality measurement, i.e., DO, temperature,
pH, and salinity, was done every day (08.00) and
evening (16.00). The DO, temperature, and pH were
measured by a water quality checker (YSI 550A),
while a refractometer measured salinity.

3. Result

Based on the weight measurements carried out at
the beginning and end of the study for 30 days,
unlimited weight growth data were obtained on C.
racemosa (Table 1). The values of absolute weight
growth in each treatment from highest to lowest were C
(0.58 + 0.14), B (0.53 + 0.14), D (0, 32 + 0.14), and A
(0.24 £ 0.05). The SGR values of C. racemosa at each
treatment also can be seen in Table 1. As same as
absolute weight growth, the SGR values for each

treatment from highest to lowest were treatment C
(3.94 £ 0.60% / day), B (3.77 £ 0.61% / day), D (2.57 £
1.14% / day) and A (2.05 + 0.28% / day).

Table 1 Absolute growth and specific growth rate of C. racemosa
during the study (numbers with different superscript letters in the
same row indicate a significant difference of P<0.05)

. Treatment (Mean+SD)

Variable A B C D
Absolute

Growth 0.24+0.052  0.53+0.14> 0.58+0.14P 0.32+0.14%
Rate ()

Specific

gg""th 2.05+0.288 3.77+0.61¢ 3.94+0.60¢ 2.57+1.14%
(%.d%)

The results of protein analysis that have been
carried out observed that the highest content of C.
racemosa protein was shown in the treatment of
bamboo woven substrates with a value of 5.87% (Table
2). There was a decrease in the value of the protein
content of C. racemosa on each substrate used.

Table 2 Protein analysis results of C. racemosa
No.  Treatment Protein content (%)
(Substrate) Start End

1. A (bamboo woven) 7.20 5.87
2. B (coral fragments) 7.20 5.14
3. C (sandy mud) 7.20 5.13
4. D (Net net) 720 439

In general, all ponds' water quality showed that the
values were still suitable for C. racemosa culture. The
results of water quality during the study can be seen in
Table 3.

Table 3 Water quality

Parameter  Unit Range Suitable values
DO mg/l  3.02-9,12 > 5,0 mg/l [14]
pH 8,16 — 9,12 6,8 —9,6 [15]
Temperature °C 26,6 — 32,2 20-31[16]
Salinity mg/l  34-42 5—35[17]

4. Discussion

4.1. Absolute Growth of C. Racemosa

Research on the effect of using different substrates
on the growth and protein content of Caulerpa
racemosa in Jepara has never been done, so this
research is expected to provide information to increase
the production and nutritional content of C. racemosa.
Based on the study results, it was shown that the
different substrates used affected the growth and
protein content of C. racemosa.

Based on the analysis of variance that has been
done, the difference in substrate gives a significant
effect (p <0.05) on the growth of absolute weight of C.
racemosa. The results showed that treatments B (coral
fragments) and C (sandy mud) were not significantly
different but significantly different from treatments A
(woven bamboo) and D (net). Treatment B's absolute
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weight growth value was 0.53 + 0.14 g, and treatment
C was 0.58 £ 0.14. Both of these treatments had the
best absolute weight growth value. Still, when viewed
from its material availability and legality, sandy mud
substrate is considered better than coral fragments.
That is because the number of dead coral substrates is
limited to the shoreline. Using coral in the bottom
waters will violate the regulation of Indonesia's
minister of fisheries and marine affairs. According to
the Regulation of the Minister of Marine Affairs and
Fisheries [19], the protection of coral reefs is not to
disturb their habitat. Thus, the use of sandy mud
substrate is the best option.

The absolute weight growth value of C. racemosa,
which was planted with different substrates, got the
highest value in the treatment with sandy mud substrate
(treatment C), which was 0.58 + 0.14g. The lowest was
in the treatment with the bamboo woven substrate
(treatment A), which was 0.24 + 0.05 g. High absolute
growth value on sandy mud substrate due to C.
racemosa could utilize the content in the media through
its roots. The roots of C. racemosa attached to the
substrate also function to absorb the nutrients needed
for growth. Malta [20] reported that algae also had a
high ability to absorb nutrients from sediments through
the roots. C. racemosa depends on the availability of
nutrients, especially nutrients in nitrogen (N), for the
growth process and photosynthesis. According to
Roleda [21], an essential nutrient requirement of
seaweed is nitrogen.

Absolute weight growth in the treatment media C
(sandy mud) was also caused by the nutrient content
higher in sandy mud than in other media. Ain [16]
stated that the seaweed life in water is determined by
the environment and water substrate, where the
substrate is a place to attach seaweed or algae. The
difference in the substrate in the waters will affect the
density of seaweed. C. racemosa can grow optimally
by absorbing nutrients present in the media as its
energy source. The nutrient is an element needed by
plants as a source of energy used to arrange various cell
components during growth and development.

C. racemosa on sandy mud substrate got nutrients
from the waters and the substrate, sandy mud itself.
According to Xiao [22], seaweed in its metabolic
process requires water physical and chemical factors
such as water movement, temperature, salinity,
nutrients (such as nitrates and phosphates), and solar
lighting. Masyahoro and Mappiratu [23] explained that
the main nutrient content needed by seaweed, such as
nitrate and phosphate, is very influential on its
reproductive stage. When both nutrients are available,
the fertility of seaweed increases rapidly. The elements
N and P are nutrients that are needed by algae in their
growth. The P elements, which are few and compared
with the incompatible N elements, are often a limiting
factor for algal growth [24]. According to Alamsjah
[25], an increase in growth indicates that the growth of

seaweed has entered the stage of cell extension due to
the availability of nutrients sufficient for growth.

4.2. Specific Growth Rate of C. Racemosa

Based on the analysis, the substrate's difference has
a significant effect (p <0.05) on the C. racemosa SGR.
Similar to the absolute growth value, the SGR value of
C. racemosa was planted with sandy mud substrate
(treatment C). was the highest. It was possible because
the nutrients possessed by sandy mud were higher than
the substrate in other treatments to be absorbed and
used by C. racemosa to grow. According to Berame
[26] and Romano [27], Caulerpa is an epibenthic plant
that attaches to the mud substrate at the bottom of the
water. Sandy sludge substrates generally have higher
availability of N and P nutrients. The availability of N
and P nutrients in the substrate is related to particle size
and sediment thickness. The smaller the sediment size,
the greater the N and P nutrients in the substrate [28].

The C. racemosa is very dependent on the
availability of nutrients, especially nutrients in the form
of nitrogen (N), for the growth process and in the
process of photosynthesis. According to Roleda [20],
the essential nutrient requirement of seaweed is
nitrogen. Nitrogen is a macro element that is useful for
stimulating the growth of a plant so that it can develop
rapidly. Lack of element N will inhibit the growth of
seaweed because it is an element used in
photosynthesis. However, excessive nitrogen levels are
also not suitable for C. racemosa. Therefore, they need
the right nitrogen concentration according to their
needs. Higher nitrogen concentration causes the
seaweed to become weak and cause the thallus to break
easily so that its growth will be inhibited. It affects the
biomass, which in turn will affect the daily growth rate.
According to Luning [29], the range of nitrates that
support the life of seaweed is 0.0166 - 83.333 uM.
According to Effendi [30], a good phosphate
concentration value is 0.05-1.78 ppm, while the
Directorate General of Aquaculture [31] states that a
good phosphate value for seaweed growth ranges from
0.09 to 1.80 ppm.

The SGR value of C. racemosa in treatments B and
C, ie, 377 + 061 and 3.94 + 0.60% / day,
respectively, were classified as good. It is consistent
with the study of Kawaroe [32], who reported that SGR
of good seaweed was 3-5% per day. Meanwhile, the
value of SGR C. racemosa in treatments A and D,
although less than 3% per day, but still, more than 2%
per day, was quite good. It is based on Syahlun [33],
which states that a seaweed farming activity is
beneficial if it has a minimum SGR value of 2% per
day. Furthermore, Silea and Mashita [34] stated that if
the growth rate of seaweed reaches 3% / day, then
harvesting can be done faster, which is about 25 days.

The SGR value varies from this study, possibly due
to the number of nutrients received by C. racemosa.
Bamboo and net woven substrates were not able to
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contribute to providing nutrients for C. racemosa.
Therefore, the supply of nutrients depends only on the
nutrients present in the waters. That was different from
the substrate of dead coral fragments and muddy sand,
which provided additional nutrition for C. racemosa.
According to Sangkia [35], seaweed production results
are influenced by internal and external factors. Internal
factors are the type and quality of seaweed used, while
external factors are the physical and chemical
environmental conditions of the waters that affect the
growth rate of seaweed.

The SGR value of C. racemosa on this sandy mud
substrate was higher than the research conducted by
Danesa [36], where the study has an SGR value of
3.85% per day. That might be caused by differences in
the substrate and depth used. The previous study used a
plastic tray substrate at a depth of 1.2 m in open water.
The use of plastic trays causes C. racemosa to only rely
on the absorption of nutrients present in the waters. The
depth used was too deep compared to the depth applied
in the present study. That causes photosynthesis carried
out by C. racemosa less than the maximum. According
to Darmawati [37], at a depth of 50 cm, seaweed can
utilize sunlight more optimally as an energy source for
photosynthesis and help seaweed obtain nutrients or
nutrients. Increased photosynthesis can increase the
ability of seaweed to obtain nutrients or nutrients. The
brightness of the seawater influences the amount of
sunlight absorbed. Therefore, the need for sunlight is
available in optimal amounts, the depth in cultivating
seaweed must be arranged. In addition, the low growth
rate of seaweed, with increasing depth, was also caused
by low oxygen circulation.

4.3. Protein Content of C. Racemosa

The protein content of C. racemosa samples at the
beginning of the study was 7.20%. However, after
going through the study period, protein values in all
treatments were decreased. It is assumed that nutrient
needs were not maximally fulfilled for C. racemosa
because nutrients can only be used for growth alone,
not increasing protein content. According to Pradhika
[1], seaweed increases because seaweed gets additional
N elements derived from solid and liquid fertilizers. N
will be absorbed by seaweed to compile the protein
needed to form the protein seaweed cells.

Furthermore, the protein value in C. racemosa
decreased compared to the beginning of the study,
presumably due to the lack of element N to carry out
the synthesis process into protein. According to Ladyba
[38], protein in plants or algae requires N to be
synthesized. The element N in fertilizer will affect the
amount of protein produced by algae. That is because
plants will absorb the N elements as constituents of
amino acids. Plants in the form of Nitrates absorb the N
elements. Then nitrate is reduced to amino acids (NH)
by the enzyme nitrate reductase, which requires cellular
energy metabolic activity. Ammonium assimilation is

swift, forming organic N compounds, glutamic acid.
Amino acids can then be arranged into plant proteins in
the ribosome.

The value of C. racemosa protein on coral
fragments and sandy mud substrate had a lower value
than the value of C. racemosa protein on bamboo
woven media. It was inversely proportional to the
higher growth results in the media of coral fragments
and sandy mud than bamboo-woven media. The high
protein value in woven bamboo could be caused by C.
racemosa on the substrate, which tends to be lower
because C. racemosa did not grow as much as in the
media of coral fragments and sandy mud. This lower
density leads to less competition in the absorption of
nutrients and a more optimal photosynthesis process.
The protein content of C. racemosa is obtained from
the N elements present in the water and the
photosynthesis process. According to Nasmia et al.
[39], nutrients in the waters, especially nitrogen

availability, affect seaweed's growth and protein
content.
Furthermore, Claire [40] explained that plant

spacing affects water traffic that carries nutrients for
the nutritional needs of Caulerpa sp. In addition, plant
spacing will affect the area of seaweed thallus exposed
to sunlight to affect the photosynthesis process
indirectly. Yuan [41] mentions that seaweed, as an
organism that carries out photosynthesis, its chemical
composition is influenced not only by the concentration
of aquatic nutrients but also by the depth of the waters.

The value of C. racemosa protein content in the net
substrate is the lowest. It could be caused by the net
being an inorganic/synthesis material. Therefore, there
iS no nutrient content in it that C. racemosa can absorb.
According to Soelistiyowati [42], nitrate is positively
correlated with thallus diameter, and phosphate content
is positively correlated with branching index. The roots
of C. racemosa attached to the substrate also function
to absorb the nutrients needed for growth [20].

4.4, Water Quality

Based on the results of water quality measurements,
it was obtained that the value of water quality still met
the feasibility of C. racemosa culture. The result of
temperature measurements during the study was ranged
from 26.6 to 32.2 °C. The temperature during the study
was still relatively optimal for the life of C. racemosa.
Following Piazzi [43], the optimal temperature range to
support C. racemosa growth ranges from 25-31°C.

Environmental temperature plays a vital role in
photosynthesis, where the higher the intensity of the
sun and the optimum temperature conditions, the more
systematic the results of photosynthesis. Water
temperature also affects several physiological functions
of seaweed, such as photosynthesis, respiration,
metabolism, growth, and reproduction.

Dissolved oxygen measured during the study
showed results in the range of 3.02 - 9.12 mg / L. The
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DO values were still within the limits of eligibility for
C. racemosa culture. According to Mamang [15], the
DO quality standard for seaweed is more than 5 mg / 1.
It means that if the dissolved oxygen in the waters
reaches 5 mg / | or more, then the metabolism of
seaweed can run optimally. The values of DO in C.
racemosa culture ponds indicate values above the
maximum oxygen saturation in salinity waters. The
highest DO value was 9.12 mg / L in the pond with a
salinity of 35 ppt and a temperature of 30°C. The
maximum oxygen saturation that the waters can
accommodate under the same conditions is 6.236 mg /
L [44]. Oxygen saturation of more than 100% can
occur because no biota uses the water DO and plants
that carry out photosynthesis.

Furthermore, Fondriest [44] states that 100%
oxygen saturation is the balance point for gases in
water. However, several factors can influence this.
Agquatic respiration and decomposition reduce DO
concentrations, while rapid aeration and photosynthesis
can contribute to saturation. During the process of
photosynthesis, oxygen is produced as a waste product.
That is what increases DO concentration, which has the
potential to bring it above 100% saturation.

The pH value obtained at the time of the study was
8.16 - 9.12. The results of these variables were still
within the limits of tolerance. According to llustrisimo
[45], C. lentillifera normally developed at pH 8 and
showed an increase in biomass at pH values ranging
from 7.7 to 8.3. Mamang [15] and Ain [16] supported
this, which stated that almost all algae like the pH
range 6.8 - 9.6.

Salinity values obtained at the time of the study
ranged between 33-35 ppt. The results of these
variables were also still within the tolerance limits for
C. racemosa's life. Dawes [18] reported that
macroalgae can still live on salinity between 5 - 35 ppt.
Furthermore, according to Perry [46], sublittoral algae
can tolerate salinity 0.5 - 1.5 times that of average
salinity (16 - 50 ppt), while intertidal algae can live in
the range of salinity of 0.1 - 3.5 times average salinity.
The salinity value of 35 in C. racemosa culture
produces a maximum growth rate. According to Guo
[3], C. lentillifera seaweed survives at the salinity of 20
- 50 %o, but growth can only occur at 20 - 45 %o. The
maximum specific growth rate of 2.038 + 0.465% / day
occurs at a salinity of 35 %o. According to the research
of Murillo [47], Caulerpa will have optimal growth in
the 20-30 ppt salinity range. This growth occurred in
terms of biomass growth and stolon length. Caulerpa
growth at 35 ppt salinity was less than the maximum
growth of biomass, but the growth of stolon length was
still quite good, where the yield was slightly below the
growth of Caulerpa stolon at 30 ppt salinity, which was
the best growth.

5. Conclusion

Research on the effect of using different substrates
on the growth and protein content of Caulerpa
racemosa in Jepara has never been done, so this
research is expected to provide information to increase
the production and nutritional content of C. racemosa.
The difference in the type of substrate gives a
significant influence (P <0.05) on the growth of C.
racemosa. The type of sandy mud substrate is the best
substrate in this study for C. racemosa growth
(absolute growth rate values of 0.58 + 0.14 g and SGR
values of 3.94 + 0.60% / day). On the other hand, the
bamboo woven substrate was observed the best for C.
racemosa protein content (5.87%).
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