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ABSTRACT: Kappaphycus alvarezii is one of the main seaweeds cultivated in
Indonesia. Its use as a raw material for the kappa-carrageenan industry has increased its
cultivation activities. However, standard cultivation protocol for Kappaphycus alvarezii
has yet to be well-documented, particularly on strain selection for kappa-carrageenan
production. There are various strains of Kappaphycus alvarezii grown in Indonesia,
specifically in Serang, Banten such as green, red, and yellowish green strains. In this
study, growth rate, carrageenan yield, and gel strength from different strains of
Kappaphycus alvarezii were investigated. It was observed that the specific growth rate of
green type (4.14% /day) differed significantly from the other two types (red; 3.41% /day
and yellowish green; 3.47% /day). The red type had the highest yield of carrageenan
(45.16%) followed by yellowish green (36.66%) and green strain (33.67%). Gel strength
was not significantly affected by the strain variations where the observed values for
yellowish green, green, and red strain were 344.46, 31691 and 313.10 g/cm?
respectively. Green Kappaphycus alvarezii had the highest biomass (0.27 g/cm/d) and
carrageenan productivity (0.012 g/cm/d). It can be concluded that the green strain of
Kappaphycus alvarezii is the most suitable for cultivation in Serang, particularly for the
kappa-carrageenan industry.

ABSTRAK: Kappaphycus alvarezii adalah sebahagian daripada rumpai air yang dituai di
Indonesia. Penggunaannya sebagai bahan dasar kepada industri kappa-carrageenan telah
menambah kepada aktiviti penuaian. Walau bagaimanapun, protokol penuaian biasa bagi
Kappaphycus alvarezii adalah tertakluk pada dokumentasi penuh terutama dalam
pemilihan strain pada penghasilan kappa-carrageenan. Terdapat pelbagai jenis strain
Kappaphycus alvarezii yang tumbuh di Indonesia, terutama di Serang, Banten seperti
hijau, merah, dan strain hijau kekuningan. Kajian ini, kadar pertumbuhan, hasil
karaginan dan kekuatan gel daripada pelbagai strain Kappaphycus alvarezii telah dikaji.
Didapati bahawa kadar pertumbuhan tertentu pada jenis hijau (4.14% /hari) berbeza
ketara berbanding dari dua jenis lain (merah; 3.41% /hari dan hijau kekuningan; 3.47%
/hari). Jenis merah mempunyai hasil karaginan tertinggi (45.16%) diikuti oleh hijau
kekuningan (36.66%) dan strain hijau (33.67%). Kekuatan gel adalah tidak ketara
mempengaruhi kepelbagaian variasi di mana nilai yang dipantau pada strain hijau
kekuningan, hijau dan merah adalah 344.46, 316.91 dan 313.10 g/cm?, masing-masing.
Kappaphycus alvarezii hijau mempunyai biojisim tertinggi (0.27 g/cm/d) dan
penghasilan karaginan (0.012 g/cm/d). Kesimpulannya strain hijau Kappaphycus
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alvarezii adalah lebih sesuai untuk disemai di Serang terutamanya pada industri kappa-
karaginan.

KEYWORDS: Kappaphycus alvarezii; carrageenan yield, gel strength; productivity,
specific growth rate

1. INTRODUCTION

Kappaphycus alvarezii belongs to the Rhodophyta group and its growing habitat is
generally located at the top of the sub-territorial zone beneath the seawater tidal line on the
rock or sand with moderate or medium speed ocean waves [1]. K. alvarezii has several
strains that are distinguished mainly because of the difference in their color. It is the main
source of kappa-carrageenan, a hydrocolloid that has been used extensively as an additive
in various industries such as food, cosmetics, and pharmaceutical industries [2,3].
Carrageenan is a linear sulfated polysaccharide made up of a repeating disaccharide
sequence of a-D-galactopyranose linked 1,3 called the A residue and B-D-galactopyranose
residues linked through positions 1,4 (B residues) that can be extracted from K. alvarezii

[4].

K. alvarezii was firstly reported to be cultivated in the Philippines back in 1970 [5].
Then in the year 1985, with the increasing global demand for carrageenan, the cultivation
of K. alvarezii made a debut in Indonesia [6]. Several factors, such as climate and weather
conditions, ease, and low costs required for its cultivation have contributed to the vast
amount of cultivation activities in Indonesia [7]. The three strains commonly cultivated in
Serang, Indonesia are red, green, and yellowish green strains. However, there is still a lack
of reports regarding the characteristics of carrageenan produced from these strains. This
study aimed to determine the effect of strain variations towards the yield and gel strength
of the extracted carrageenan. The results would assist the local community in selecting a
strain yielding a good quality of carrageenan to be cultivated in Serang, Indonesia.

2. MATERIALS AND METHODS

2.1 Cultivation of K. alvarezii

The cultivation of K. alvarezii was carried out at Desa Lontar, Kecamatan Tirtayasa,
Kabupaten Serang, Banten, Indonesia using the off-bottom method. The cultivation period
in this study was set similar to the common practice in the field, namely 45 days. The
cultivation parameters were: salinity of sea water ranging between 30 ppt - 33 ppt; average
water temperature of 32°C; sea water pH of 7.9-8.3; depth of sunlight penetration of 13.75
cm and received light intensity ranging between 59,100 — 62,400 lux. The shoots of
vegetative growth of green, red, and yellowish green strains were obtained from Desa
Lontar, Serang. About 30 g of seaweed fragments were tied on polyethylene (PE) ropes
and the spacing between those fragments were 5, 10, and 15 cm, respectively (Fig. 1). The
rope was then mounted on the pile horizontally.
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Fig. 1: Schematic diagram of K. alvarezii strains cultivation (a) green (b) yellowish
green and (c) red with different spacing of seaweed fragments (5 cm, 10 cm and 15
cm).
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The fresh weight of each K. alvarezii strain was recorded every 7 days during the 45
days period of cultivation. The seaweed was then harvested after 45 days and the fresh
weight was again measured. The growth rate (Eq. (1)) was then calculated according to
Lignell and Pedersen [§].

1
Growth Rate (%) = I(%)n -1

2

x 100 (1

where W; = fresh weight after 45 days (g); W; = initial fresh weight (g); n = cultivation
period (45 days).

2.2 Carrageenan Extraction

Each strain of 45 days old K. alvarezii was sun-dried for 3 days until the water
content reached 20-25%. Extraction was carried out by adding 3 g of dried K. alvarezii to
4% NaOH solution [9]. The process was carried out for 2 hours at 80 °C with continuous
stirring. The extract was vacuum-filtered and the carrageenan was recovered from the
solution by precipitation with 5% KCI solution. The precipitate containing carrageenan
was then again immersed in a 5% KCI solution prior to washing with water. The extracted
carrageenan was dried in an oven at 105 °C until a constant dry weight was achieved. The
yield of carrageenan extract was calculated using Eq. (2).

Dry weight of extracted carrageenan (g)

Yield (%) =

X 100% )

Dry weight of K.alvarezii
2.3 Carrageenan Extract Analysis

The gel strength of extracted carrageenan was determined by dissolving 1.5% on a
weight basis (w/w) of carrageenan in an aqueous solution at 90 °C. The solution was then
poured into a plastic tube (15 mm in diameter) and left at the room temperature for 3 hours
[10]. The gel strength was analyzed using a TA-XT Plus Texture Analyzer (Stable Micro
Systems, England) by applying a 2 kg maximum force using a 1 cm (diameter) cylindrical
probe. The probe pressed the gel at a rate of 2 mm/s. Maximal penetration strength was
considered as the gel strength, which was registered by the Texture Expert software
(Stable Micro Systems Ltd., England). All analyses were conducted in triplicates.

2.4 Estimation of Carrageenan Productivity

The productivity of the cultivation process and carrageenan yield were determined
based on the data of 10 cm cultivation spacing, 45 days cultivation time, as well as the
growth rate and carrageenan yield for each K. alvarezii strain (Eq. (3)).

P=W,-W)/ (Lxy 3)

where P = biomass productivity (g/cm/d); W; = the final weight of biomass (g), W; =
weight of initial biomass (g), L = length of cultivation distance (cm), ¢ is the cultivation
time (d).

The estimation of carrageenan productivity was calculated using Eq. (4).
Cr=YxMy/t 4)

where Cp = carrageenan productivity (g/cm/d); Y = carrageenan yield (%) and My = mass
of dried K. alvarezii after extraction with 25% of water (g), ¢ is the cultivation time (d).
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2.5 Statistical Analysis

All experiments in this study were carried out using a Completely Randomized
Design with one main factor: variation of the K. alvarezii strain (green, red, and yellowish
green). Each treatment was repeated three times (randomly). The data was processed using
SPSS 23 for MacBook Pro at a 95% confidence level.

3. RESULTS AND DISCUSSION
3.1 The Growth of Different Strains of K. alvarezii

The rate of biomass accumulation for K. alvarezii green strain for various cultivation
spacing as shown in Fig. 2 implies that the spacing did not significantly affect its growth
rate (p> 0.05). Similar observations were recorded for the red and yellowish green strains.
Hence, 10 cm spacing was further used and discussed in this study since it is the common
distance used by the seaweed farmers in the Serang area. The growth rate calculated using
Eq. (1) was then compared with the strains grown in real conditions at Serang (Fig. 3). The
calculated and observed values were in a good agreement with each other and it indicates
that Eq. (1) can be used to estimate the rate of biomass accumulation of K. alvarezii.
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Fig. 2: Growth profile of K. alvarezii green strain at different cultivation spacing
between seaweed fragments.

The green strain of K. alvarezii had the highest growth rate (4.14 %/day) compared to
red (3.41 %/day) and yellowish green (3.47 %/day) strains (Fig. 4). The difference in
terms of growth rate between the green strain and the other two strains were significant (p
<0.05). This result is similar with what has been reported by Munoz et al. [11] that green
strain of K. alvarezii demonstrated a higher growth rate compared to the red strain.
However, it was also reported that the red strain (3.8 %/day) achieved a slightly higher
growth rate when compared to the green strain (3.4 %/day) [12]. Meanwhile for the red
strain in this study, the growth rate was lower than reported by Munoz et al. [12], which
ranged from 1.1 %/day to 3.8 %/ day but below the range that has been reported by
Hayashi et al. [2] (5.2-7.2 %/day). Overall, the values of K. alvarezii growth rate indicated
that the Lontar village area, Serang is a suitable place to cultivate K. alvarezii. This is
because its growth rate falls within the range of 3-5 %/day which is the standard value to
specify a suitable cultivation areas for K. alvarezii [1].
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3.2 Carrageenan Yield and Gel Strength

Carrageenan yield is one of the parameters observed in this study. This is because the
yield of carrageenan from the K. alvarezii extraction process would directly affect its
productivity and economic value. The yield of carrageenan extract for three strains of K.
alvarezii is depicted in Fig. 5. The highest yield of carrageenan was produced by the red
strain (45.16%) whereas the carrageenan yield from green and yellowish green strains
were 33.67% and 36.66%, respectively. These values were higher than reported by
Hayashi et al. [2] which ranged between 20-32% and were comparable with the range (8-
30%) reported by Valderrama et al. [13]. The difference in the yield of carrageenan for
each strain was obvious, especially between the green and red strains (Fig. 5). This is
possibly due to their pigment compositions. Each pigment has a different absorption rate
for the color spectrum, which will eventually affect the main product of photosynthesis
which is carrageenan [14]. The results of the ANOVA analysis suggest that strain
variations had a significant effect on the carrageenan yield ((p < 0.05).

Carrageenan properties, such as gel strength, have made carrageenan into an additive
in various industries. In this study, the gel strength varied from 313.10 - 344.46 g/cm?
(Fig. 6). The minimum gel strength was found in the carrageenan extracted from the red
strain (313.10 g/cm?) while the maximum one was produced by the yellowish green strain
(344.46 g/cm?). The results of the ANOVA analysis suggest that strain variations did not
have a significant effect on the gel strength ((p > 0.05).

The gel strength values were higher compared to the one reported previously which
ranged from 3 to 112 g/cm? [15]. However, carrageenan gel strength in this study was
lower compared to the carrageen quality standard set by the Food and Agriculture
Organization (FAO) which lies in the range of 900 and 1200 g/cm? [16, 17] as well as
from the values reported by Basmal et al. [18] which lie in the range of 1029-1243 g/cm?.
Variations in the reported gel strength values might be due to different carrageenan
extraction processes.

The yield and quality of carrageenan produced is not only influenced by the strains of
seaweed that are being cultivated but also by several biological and environmental
parameters such as plant age, light, nutrient, temperature, and salinity of the seawater [2,
19-24]. There could be other factors that contribute to the differences in the results
achieved in this study with other reported results from studies conducted in different
places.

3.4 Comparison of Biomass and Carrageenan Productivity

The biomass productivity was estimated based on the difference between the final and
initial weight of K. alvarezii during 45 days of cultivation on polyethylene rope with a 10
m spacing between seaweed fragments. The cultivation was carried out for 45 days
following the common practice in the field that the final weight of the biomass may have
reached up to 400% of its initial weight [25]. It has been reported in a previous study that
the highest biomass productivity of K. alvarezii was recorded after 44 days of cultivation,
after which it started to decline when the cultivation period was prolonged to 59 days [2].
In another study, it is also reported that K. alvarezii that was cultivated for 45 days had a
higher neutrophic activity than K. alvarezii that was harvested sooner (15 days) [26]. In
this study, the percentage of biomass increase varies for all the three strains with the green
strain having the highest percentage of biomass increase (496%) followed by the
yellowish green strain (349%) and the red strain (337%).
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Fig. 3: Actual and modelled biomass accumulation rate for various K. alvarezii
strain (a) green, (b) red, (c) yellowish green strains.
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Fig. 4: Growth rate of K. alvarezii for different strain variations.
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Fig. 5: Comparison of carrageenan yield for different strains of K. alvarezii.
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Fig. 6. Comparison of carrageenan gel strength for different K. alvarezii strains. There
is no significant difference for each strain type.

18



ITUM Engineering Journal, Vol. 20, No. 2, 2019 Zakaria et al.
https://doi.org/10.31436/iiume;j.v20i2.1062

In a previous study on the cultivation of K. alvarezii using a longline method in
Southwest Sulawesi, the biomass was cultivated for 40 days and recorded a percentage of
biomass increase of 350% [27]. The study also compared a different cultivation technique,
namely floating cage, and reported a higher percentage of biomass increase of 676%.
Several studies have reported the advantages of the floating cage method as compared to
the longline method because it provides a protection to the seaweed from various
herbivores and has a higher biomass productivity [27,28]. However, a longline method
was used in this study due to the low depth of the cultivation area in Serang. Moreover, the
longline method has been widely used by seaweed farmers in the Serang area for
cultivating K. alvarezii.

Overall, the productivity of the green strain in terms of biomass and carrageenan was
the highest among the strains (Table 1). The biomass productivity of the green strain was
0.27 g/cm/d while the red and yellowish green strains were 0.16 g/cm/d and 0.17 g/cm/d.
The results resemble the biomass productivity of 0.22 g/cm/d reported in a previous study
for the cultivation of K. alvarezii using a longline method in Southwest Sulawesi [27].
Based on the yield of carrageenan obtained in the previous section, the estimated
productivity of carrageenan in ascending order for yellowish green, red and green are
0.008, 0.01 and 0.012 g/cm/d, respectively. Although several studies have reported the
yield of carrageenan extraction process, studies that provide estimation on carrageenan
productivity are still very scarce. Hence, the estimated carrageenan productivity reported
in this study may provide useful information to produce carrageen from K. alvarezii.

Table 1: Productivity of K. alvarezii strains

Strain Productivity (g/cm/d)
Biomass Carrageenan
Green 0.27 0.012
Red 0.16 0.010
Yellowish green 0.17 0.008

4. CONCLUSION

In brief, variations of cultivation spacing between seaweed fragments did not affect
the growth rate of K. alvarezii. On the other hand, different strains of K. alvarezii showed
different growth rates and carrageenan yields. The green strain recorded the highest
growth rate (4.14% /day) while the highest carrageen yield (45.16%) was produced by the
red K. alvarezii strain. Green K. alvarezii had the highest biomass productivity (0.27
g/cm/d) as well as carrageenan productivity (0.012 g/cm/d) compared to the other two
strains. These observations can be used as a reference in selecting K. alvarezii strain to be
cultivated in the area of Serang, Banten.
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