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ABSTRACT

An experiment was conducted done outdoors in the area of the Wet Laboratory of Faculty of Marine Science
and Fisheries, HasanuddinUniversity to examine the influence of several light intensity ranges on carotenoid
content and weight gain of the seaweed Caulerparacemosa. Filtered seawater and styrofoam boxes were the
cultivation medium and container, used respectvely. Carotenoid content and the weight gain was analyzed
in the Water Productivity and Quality Laboratory of FIKP, UNHAS. Carotenoid content was determined
spectrometrically, the weight gain, carotenoids content and water quality parameters were statistically and
descriptively analyzed, respectively. Low light intensity of 200 — 300 lux was lower than the saturation point
resultedlow weight gain due to photoinhibitionand decreased chlorophyll synthesis, greater respiration activity
than photosynthesis.Light intensity range of 500 — 600 lux was exceed the saturation point causecarotenoid
damage, low weight gain due to photorespiration, decreased nitrate reductase activity, cell damage and death,
reducephotosyntheisi and reduce cell size. Light intensity range of 400 — 500 lux was the optimum and
saturation point light intensityresultedhigh weight gain. The range of temperature, salinity, pH, ammonium
concentration, and magnesium water media during the study was suitable the growth of C.racemosa.

Keywords : Carotenoid, Caulerparacemosa, Low Light Intensity, Photoinhibition, Photorespiration, Weight
Gain

I.  INTRODUCTION Mass production of C. racemosa through cultivation

has not been carried, and there is no method or

Currently, seaweeds are used worldwide formany
different purposes. The human consumption of
seaweedis common in Asian countries, mainly
Japan,China,Korea,Vietnam, Indonesia and Taiwan
1981).

seaweeds that is consumed directly as a vegetable by

(Dawes, Caulerpa racemosa is one of the
people in these countries. These species are known as
valuable sources of protein, minerals, dietary fibers,
vitamins, essential aminoacids, essential fatty acids

and carotenoids.
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standard cultivation technique has been found out
yet. People still rely on extraction from nature for
consumption of this species. Recent C. racemosa
cultivation experiment in Indonesia is done by
plugging it
brackishwater fishpond.

down to the sediment of the

This green alga are autotrophic organisms contain
various pigments that absorb certain intensity of light

energy to synthesize such kind of biocompounds.
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One of the such pigments is carotonoid. Carotenoid
also act to protect chlorophyll from photo-oxidation.

Algae exposed to light with different intensities will
show differences in photosynthetic activity and
chemical composition. Hence, light intensity is
possible variable whose manipulation might enhance
growth and carotenoid production of C. racemosa.
Therefore some light intensity is tried to be exposed
to tallus of C. racemosa outdoor and analyze their
effect on growth and carotenoid content the species

of algae.

The article presented here provides a brief and
funfamental study of the influence of different low
light intensity ranges on the weight gain and

carotenoid content of C. racemosa.

II. METHODS AND MATERIAL

STUDY SITE AND TIME

The experiment was carried out for 2 months during
the transition of dry season to rainy season (May -
July 2015) with a period of 45 days of seaweed growth
at the open area, outside the Wet Laboratory, Faculty
and Fisheries, Hasanuddin

of Marine Science

University (FIKP, UNHAS), Makassar, Indonesia

SEAWEED SEED

Seaweed used in this research was C. racemosa
(Figure 1) obtained at the location of cultivator
seaweed cultivation on the coast of Puntondo Village,
Mangngara Bombang District, Takalar Regency,
South Sulawesi Province, Indonesia. The seeds were
then transported to the Wet Laboratory, Fisheries
Department, Faculty of Marine and Fisheries,
Hasanuddin University. Selected healthy seaweed

seedlings were cleaned of sticky dirts.
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Figure 1. The Seaweed Caulerpa racemosa studied

MEDIA AND CONTAINERS

The physical and biological filtered water and a series
of styrofoam boxes (Figure 2) were the cultivation

medium and container, respectvely were used.

Figure 2. The container used to Culture C.racemosa

As a substrate for the growth of seaweed, the base of
the research container is spread with 5 cm
brackishwater pond soil sediment, then filled with
filtered seawater as high as 30 cm.. Previous to
planting the seaweed, the water allowed to stand for
24 hours to precipitate suspended clay particles to get
culture media that is free of clay particles causing the

turbidity.
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SEAWEED CULTIVATION METHOD, TREATMENT
AND EXPERIMENTAL DESIGN

The initial weight of 30 g of seedlings were placed in
each container filled with water. The seaweed the
seaweed is then exposed to direct sunlight with some
light intensity being tested. = Through setting the
number (1 to 3 layered sheets) of the net and the

distance above the top of the container the range of

desired light intensities were obtained (Figure 3).
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Figure 3. Top of the Containers were covered with

net to obtain the light intensity range needed

The range of light intensities tested consisted of: 500
- 600 lux, B: 400 - 500 lux, 300 - 400 lux, and 200 -
300 lux, which were measured using Lux Meter. The
determination and measurement of light those
intensities were carried out twice a day, which is at
11.00 am, then set and measured again at 14.00 noon,
when the intensity of sunlight and photosynthesis
takes place maximally. All the treatments were
designed with Complete Randomized Design (CRD)
CRD with three replicates each. Each treatment and

replication are placed randomly.

The range of light intensity tested is based on the
findings that light intensity range of 380-720 lux is
feasible for algae photosynthesis (Dring, 1971), that

optimal light intensity for seaweed growth ranges
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from 333-1000 lux (Wood, 1989), and the maximum
growth rate of seaweed is achieved at a light intensity
of 600 lux (Mairth etal, 1986). The standard
irradiance of 400 — 500 lux had substantially higher
amounts of carotenoid (Walsh et.al., 1997).

WEIGHT GAIN MEASUREMEN

Seaweed wet weight gain was measured at the end of
the study using the following formula:

W =Wt - W0; OW = weight gain (g) ; Wt = the final
weight of seaweed (g)

WO = the initial weight of seaweed (g)

CAROTENOID CONTENT

Carotenoid content was determined at the end of the
study spectrophotometrically with a 480 nm
wavelength (Kirk and Allen (1965, by Thirumaranand
Anantharaman, 2009) in the Water Productiity and
Quality Laboratory of the Fisheries Department,
Hasanuddin

Faculty of Marine and Fisheries,

University and calculated by the following formula:

Carotenoid:(pg/g.FW)=AA.480+ (0,114xAA.663)—
(0,638xAA.645) ;
AA= wave length at absorbant

WATER QUALITY PARAMETERS

Water quality parameters consisted of salinity, pH,
and  temperature = were  monitored  daily.
Carbondioxide, ammonia, and magnesium, were
analysedat the beginning, middle and end of the
study at the Water Quality Laboratory, Department
of Fisheries, Faculty of Marine and Fisheries,

Hasanuddin University.

DATA ANALYSIS
The weight gain of Clracmosa was statistically

analyzed using analysis of variance (ANOVA)(Steel
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and Torrie, 1993), while caratenoids content and

water quality parameters were descriptively analyzed.

III. RESULTS AND DISCUSSION

RESULTS

There was a consistent increase in the carotenoid
content of the seaweed C.racemosa when the light
intensity increased, at light intensity of 200 — 300 lux,
300 — 400 lux, and 400 — 500 lux, that was 2.98%, 4.04,
4.48%, respectively. However, lower carotenoid
content (3,62%) was recorded when the plant was
exposed to further higher low light intensity (500 —
600 lux), some higher than at lowest light intensity
(200-300 lux) wich results 2.98% carotenoid content.

Analysis of variance (ANOVA) showed that the
average weight gain of C. racemosa exposed to light
intensity was not significantly different (p> 0.05).
However, the light intensity range of 400 -500 lux
seems to be the optimal light intensity for this
seaweed species because it provides a relatively high
weight gain (8-50+3.58 g) compared to light with
high intensity (500 — 600 lux with 4.40+0.98 g weight
gain) and to lower light intensity (300 — 400 lux with
5,60+1,63 g weight gain; 200 — 300 luxwith 4.40+0.98
g weight gain) (Table 1). Havauxet.al (2000 cited
by Xuet.al (2016) also noted a decrease in macro

algae biomass at high light intensity.

Table 1.
Content at Different Light Intensity

Average Weight Gain and Carotenoid

Light Intensity Range Carotenoid Content Average Weight Gain
(lux) (%) (g)

500 — 600 3.62 4.40+0.98
400 - 500 4.48 8.50+3.58
300 — 400 4.04 5.60+1,63
200 - 300 2.98 4.08+4.55

Water temperature recorded at the range of 27 to
310G, salinity 30 to 35 ppt, pH 7 to 8.1, magnesium

concentration was 4804.8 - 5505.5 ppm, ammonium
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0.003 - 0.016 ppm. Free carbon dioxide concentration

was undetectable.
DISCUSSION

Light intensity affects the chemical composition,

pigment content (including carotenoids) and
photosynthetic activity of algae. Therefore light
intensity affects the growth and composition of algal
biomass (Wahidin et al,, 2013). The increase in
biomass and carotenoid content depends on the
intensity of light (Gross, 1991). his change in
carotenoid content in seaweed is a physiological
response (photoaclimation) triggered by variations in
light intensity (Anderson, 1986). Carotenoid content
changes with light intensity, and tends to vary
according to species in the same way (Goericke and
Montoya 1988; Schulteret al., 2000 cited by Grant,
2011) as a mechanism for protecting tissue cells active
in photosynthesis from damage caused by the quality

and quantity of light that cannot be tolerated.

This photoprotecting pigment concentration increases
in order to prevent photoinhibition of the plant
tissues ( Grant, 2011) which was occurred both at low
light intensity (200-300 lux) and high light intensity
(500-600 lux). Under low ligh tconditions, carotenoid
on the one hand serve as accessory pigments,
harvesting light energy and transferring it to
chlorophyll a molecules), while underhigh
light conditions, they protect chlorophyll a of
C.racemosa from photo-oxidation (Siefermann-
Harms,1980). On the other, when the cells of plant
exposed to very high ligh intensity (500 — 600 lux),
damage or drop of photosynthetic receptor
(carotenoid in addition to chlorophyll) was occurred.

According to Dawes (1981) algae can grow well in the
presence of sufficient light. In addition to chlorophyll
and several other

photosynthetic  pigments,

carotenoids are supporting pigments in seaweed in
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capturing light energy at certain wavelengths that
cannot be captured by chlorophyll. The light is then
transferred to chlorophyll for photosynthesis
(Zigmantas et. Al., 2002). Photographs of pigment
adaptation to light sources lead to changes in growth
in addition to cell composition (including the
carotenoid pigment content (Riidigerand Lépez-
Figueroa, 1992). According to Geider (2006), the
amount and quality of light is very influential in
photosynthesis (Geider, 2006; Gammanpila et. Al,
2015), so that it influences cell division and cell

enlargement that causes growth.

The condition of light intensity determines biomass
productivity and cell growth (Kumar et.al, 2015)
because the amount of light received and stored by
seaweed has a direct effect on carbon fixation
capacity (Kumar etal, 2015). The solar energy
captured then converted into chemical energy (ATP
and NADPH) in the process of photosynthesis (Taiz
and Zeiger, 2002).

metabolism of these algae depends on the efficiency

Therefore the growth and

of the conversion of light into chemical energy
(Richmond, 2004).
intensities compared to biomass at low light intensity
(Iwamoto et. Al., 1955; Gammanpila et. Al., 2015).
Increasing the weight of C.racemosa seaweed from
the light intensity range of 200 - 300 lux to 300 - 400
lux then maximum at optimal light intensity 400 -
500 lux.

Biomass is higher at high light

Light provides energy to transfer electrons from
NADP  and NADPH

(nicotinamideadeninedinucleotidephosphate) and

water  to forms
produces ATP (adeninetriphosphate) (Salisbury and
Rose, 1969). Low light intensities ranging from 200 -
300 lux are beyond the saturation point (Sorokin and
1958 2013) and

unfavorable intensities (Van Oorschoot 1955) results

Krauss, cited by YingYang,

in  photoinhibition, thus limiting biomass
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accumulation (Sorokin and Krauss, 1958 quoted by
2013). At light
photosynthesis occurs slowly because only a small
amount of ATP and NADPH is produced by light-

dependent reactions. In addition, a decrease in light

YingYang), low intensities,

intensity results in a greater increase in respiratory
activity than photosynthesis (Iwamoto et al. 1955),
which can reduce its weight (Gardner, 1995). The
reduction in biomass is also caused by a decrease in
chlorophyll synthesis (Pisal and Catfish, 2004; Kumar
et al. 2011; Xu et al. 2016).

With increasing light intensity, more ATP and
NADPH are made, thus increasing the rate of
photosynthesis. However, when the light intensity is
above the saturation point for this algae species,
photorespiration occurs, which occurs at the same
time as photosynthesis (Salisbury and Rose, 1969),
where much oxygen is built (oxygen production
exceeds CO: production during photosynthetic light
reactions), so the amount of oxygen exceeds the
amount of carbon dioxide produced. Thus, the
RuBisCO enzyme oxidizes RuBP (RuBP receives
oxygen instead of fixing CO2) during photosynthesis,
causing some of the energy produced by
photosynthesis to be in vain (ATP is only spent). The
range of light intensity 500 - 600 lux is classified as a
saturation point that causes light inhibition (Van
Oorschoot 1955; Pulz, 2001), which reduces plant
1955;

Stigum, 2002), which inhibits growth rates due to

photosynthesis capacity (Iwamoto et.al.,
damage cells, reduce cell size (diameter) and cause
cell death (Loera-Quezada et al., 2011). The barriers
of vegetative growth (thallus) from seaweed can also
be caused by a decrease in the activity of nitrate
reductase (an enzyme that reduces nitrate to
ammonium) at high light intensities (Peni et al, 2003)
so that ammonium which is a form of nitrogen
directly enters the protein metabolism process (Syrett

, 1962) concentration is limited in supporting the
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growth of Clracemosa. The range of light intensity
400 - 500 lux is the optimal light intensity (saturation
point) which is a remarkable effect for biomass
production and storage. This optimal level of light
intensity expresses its photosynthetic ability to fully
maximize photographic results in high biomass
2015). So the light

saturation point, the light conditions for maximum

content (Gammanpilaet.al.,
biomass storage fall within the range of light intensity
400 - 500 lux.

The recorded water temperature range is considered
to support Growth of C.racemosa. This is consistent
with the opinion of Afrianto and Liviawaty (1993),
which states that seaweed grows and develops well
below the water temperature range of 26-33°C. The
range of salinity is suitable for the growth of
C.racemosa (Carruterset. Al., 1993; Azizah, 2006).
The pH of the water medium is within optimal limits
to support the growth of C.racemosa. This was
confirmed by Setiajiet al. (2012), that the pH of sea
water with a range of 8.0 to 8.7 is feasible for the
growth of C.racemosa. The range of magnesium
concentration was optimal for the growth of C
racemosa in the range of 135.11-1652-0.42 ppm
(Anonim, 2006). The function of magnesium is for
cell metabolism and phosphate energy transfer. The
ammonium concentration is in the high category.
According to Andarias (1992), good ammonium levels
for the growth of marine algae are in the range of
0.01-0.03 ppm. The undetectable concentration of
carbon dioxide does not mean that there is no carbon
source for photosynthesis. Seawater with high
carbonate content becomes a source of carbon dioxide,
although the concentration is directly used in
photosynthesis and the rest in water is very low and

cannot be detected by the analytical method used.
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IV.CONCLUSION

Carotenoid content of C.racemosa increases to
prevent photoinhibition the plant tissues both at
low light intensity (200-300 lux) and high light
intensity (500-600 lux). When plant exposed to
very high light intensity of 500 - 600 lux,

damage or drop of carotenoid was occurred.

Low light intensity ranges of 200 — 300 lux was
the
photoinhibition

beyond saturation point resulting in

and decreased chlorophyll
synthesis so that the respiration rate increases
and exceedsphotosyn thesis, , ultimately reduced
the biomass. Light intensity range of 500 — 600
lux was above the saturation point which causes
photorespiration and light inhibition, reduce
photosynthetic capacity of the plant, cell damage,
penurunanaktifitasnitrat reduktase, reduce cell
size, and finally inhibiting the growth rate and
causes cell death. Light intensity range of 400 —
500 lux was the optimum light intensity express
the photosynthetic ability to fully utilize the
photoenergy, favourable effect for biomass
production resulting in high weight gain. The
range of temperature, salinity, pH, ammonium
concentration, and magnesium water media were
considered to support the growth of C. racemosa.
Seawater media with high carbonate content is a
source of carbon dioxide that is utilized in the

photosynthesis.
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