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Abstract
The carrageenophyte Kappaphycus alvarezii seaweed is known to have
neuritogenic activities. Post-harvest treatment of seaweed affects its biological
activities. Five drying treatments of K. alvarezii, including oven-drying, sun-
drying, freeze-drying, shade-drying, and salting followed by shade-drying, were
evaluated for their effects on neuritogenic activities. We also evaluated the
neuritogenic activity of different parts of K. alvarezii thalli and its carrageenan
waste. Neuron cells of the 19th day pregnant rat fetuses were collected from the
hippocampus by brain dissection. Neuron cells were isolated by dissociation
of the hippocampal tissue. Cells were plated onto poly-DL-lysine-coated glass
coverslips in 24-well plates and treated with extracts.  All tested extracts were
obtained from maceration using 95% ethanol. Freeze and shade-drying extracts
exhibited significantly higher neuritogenic activities (p < 0.05) compared to
that of the vehicle control. Carrageenan waste also significantly promoted the
neuritogenic activities (p < 0.05) with an optimal dose at 1 µg mL-1. Old and
young thalli showed insignificant differences in neuritogenic activities. The
carrageenan waste extract retained neuritogenic activities. Thus, the utilization
of carrageenan waste for neuritogenic material provides added value to the
waste in the carrageenan industry. Freeze and shade dried  K. alvarezii can be
used as a neuritogenic agent to provide optimum biological activity.

Keywords:  Hippocampal neurons, Kappaphycus alvarezii, Neuritogenic
     activity, Drying treatments, Carrageenan waste

Introduction
The carrageenophyte Kappaphycus alvarezii

(formerly known as Eucheuma cottonii) is a member
of Rhodophyta. K. alvarezii is a commercial seaweed
and widely found in 11,109 km2 of cultivation areas in
Indonesia (Mulyati & Geldermann, 2017). K. alvarezii
in Indonesia is classified into different strains based
on their color phenotype, such as green, red, and
yellowish-green. It has been reported that different
strains produced different carrageenan yields (Zakaria.,
2019). Risjani and Abidin (2020) identified two
morphotypes, brown and green of K. alvarezii, from
three areas in Indonesia that showed high similarity.
The seaweed K. alvarezii is a rapidly growing seaweed,
and its biomass can grow 4-7 times in 40 days (Kasim
& Mustafa, 2017). The cultivation of K. alvarezii for
carrageenan production has spread all across Indonesia
due to its simple process. The production of

carrageenophytes in Indonesia was 10.4 million tonnes
in 2016, up by three percent from the previous year
(FAO, 2018). K. alvarezii is well-known not only as a
carrageenan source but also as a potential source of
bioactive metabolites. Various bioactivities of K.
alvarezii have been reported, i.e., antioxidant
(Chakraborty & Raola, 2017), anti-obesity (Wanyonyi,
du Preez, Brown, Paul, & Panchal, 2017), antidiabetic,
and anti-inflammatory (Makkar & Chakraborty, 2017),
and neuritogenic (Tirtawijaya, Mohibbullah, Meinita,
Moon, & Hong, 2018) activities.

Some studies revealed that the bioactivity of
seaweed extracts is affected by different thallus parts.
The antimicrobial activity of Caulerpa species from
the stolon part showed higher activity than those of
the apical and basal parts (Freile-Pelegrin & Morales,
2004). Stipes of Sargassum vulgarae exhibited higher
antioxidant activity than that of the blades part
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(Arunkumar, Raj, Raja, & Carvalho, 2021). The
receptacle parts of Ascophyllum nodosum exhibited
higher antioxidant activity than those of the others
(basal, median, and apical). In contrast, S. muticum
and Laminaria hyperborea showed no differences in
antioxidant activity across the seaweed parts (Connan,
Delisle, Deslandes, & Gall, 2006). The thalli of K.
alvarezii consist of the main thallus and branch (Fadilah,
Alimuddin, Pong-Masak, Santoso, & Parenrengi,
2016). The main thallus is older than the branches and
has a larger diameter. To date, the different parts of K.
alvarezii are rarely investigated for their biological
activities. In Indonesia, commonly, the farmers use
the whole part of K. alvarezii thalli.

Farmers dry the fresh seaweed thalli completely
after harvest to reduce the water content and microbial
growth. The post-harvest immediate drying of seaweed
lengthens the storage, maintains their qualities, and
facilitates the transportation process (Gupta, Cox, &
Abu-Ghannam, 2011). Sun-drying is the most common
drying method in Indonesia due to its simplicity and
low cost. Besides sun-drying, several common
methods applied in seaweed drying treatments are
freeze-drying, oven-drying, and shade-drying.
Different drying methods have been known to affect
the nutrient and phytochemical compositions of
seaweed (Badmus, Taggart, & Boyd, 2019;  Silva,
Abreu, Silva, & Cardoso, 2019), and their antioxidant
activities (Norra, Aminah, & Suri, 2016; Amorim,
Nardelli, & Chow, 2020). Salting can preserve
seaweeds for a short-term period, especially when they
cannot be immediately dried due to weather conditions.
The addition of high salt amounts creates osmotic
conditions in the tissue that leads to the reduction of
water content in seaweed (Gallagher, Turner, Adams,
Dyer, & Theodorou, 2016). According to Del Olmo,
Picon, and Nunez (2019), salt preservation of L.
ochroleuca prevented undesirable microbial
contamination.

Natural sources of neuritogenic potential have been
sought to develop new medication candidates to treat
neurodegenerative diseases. Our previous studies
reported that the K. alvarezii has potential neuritogenic
activities by increasing the number of primary neurites,
length of neurites (Tirtawijaya, Mohibbullah, Meinita,
Moon, & Hong, 2016), and axodendritic maturation
(Tirtawijaya et al., 2018). Hence, we investigated the
effect of drying treatments of this seaweed as a future
neuritogenic agent source. Many studies showed that
the bioactivities of the seaweed related to the drying
treatments, but none have evaluated its neuritogenic
activities. In the present study, the effects of five
different drying treatments of K. alvarezii were

evaluated for their neuritogenic activities. The
treatments applied to K. alvarezii were as follows: oven-
drying, sun-drying, freeze-drying, shade-drying, and
pre-salted shade-drying.

K. alvarezii is known as the most common
carrageenan-producing seaweed widely used in
industries. Hence, we also observed the neuritogenic
activity of carrageenan waste resulted from carrageenan
extraction. During carrageenan separation, more than
15% of the raw materials become waste or residue.
Several works have evaluated the carrageenan waste
for bioethanol production (Meinita, Marhaeni, Jeong,
& Hong, 2019; Chong et al., 2020), but its bioactivity
studies are still lacking. The utilization of carrageenan
waste will increase its economic value. Thus, we also
evaluated the neuritogenic activities of carrageenan
waste to provide added value to it.

Material and Methods

Chemicals

Ethanol 95% for seaweed extraction was purchased
from Samchun Chemical Co., Ltd (Seoul, Korea). The
reagents for hippocampal neuron cell culture were
supplied by Invitrogen (Carlsbad, CA, USA) and Sigma-
Aldrich (St. Louis, USA). Trypsin inhibitor, poly-DL-
lysine, boric acid, glutamate, DMSO, ACS reagent
99.9% and all other chemicals were of analytical grade
and were acquired from Sigma-Aldrich (St. Louis,
USA). Hank’s balanced salt solution (HBSS), trypsin
EDTA, -mercaptoethanol, glutamax I, penicillin-
streptomycin, B27- supplement, HEPES (1 M), sodium
pyruvate, neurobasal medium, fetal bovine serum of
analytical grade were purchased from Gibco, Invitrogen
(New York, USA).

Seaweed Materials

Fresh thalli of brown color K. alvarezii were
obtained from the Ternate farm, North Maluku,
Indonesia, in August 2016. Thalli were rinsed twice in
seawater followed by distilled water to remove debris
and salt. After drying, tissues were ground using a
grinder (HMF-340, Hanil Co., Seoul, Korea) and kept
in the dark at room temperature (RT) for further use.

Separation of Different Thalli Parts

The thallus size of K. alvarezii ranged between 24
to 48 cm. The branches were cartilaginous and pliable,
ranging from 8 to 12 cm in length with unilateral to
irregular branching types. The diameter of the branch
was ranging from a few mm at the branch tips to greater
than 1 cm in older tissues. We divided the thalli into
two parts: the main stem and the new branches. The



main stem was considered as the old thalli, and the
new branches less than 5 mm diameter were considered
as the young thalli (Figure 1). Both old and young thalli
were sun-dried prior to grinding and extraction.
Ethanolic extracts from each part were prepared using
the procedure described in section of extract
preparation.

Drying Treatments

After rinsing, 2 kg of whole fresh thalli were divided
into five groups for drying treatments. Figure 1 shows
the various drying treatments, including oven-drying
at 38 oC, sun-drying, freeze-drying, shade-drying, and
salting, followed by shade-drying. Duration of drying
treatments were 48 h for oven-drying, sun-drying, and
freeze-drying, while that of shade-drying was 72 h.
The salting shade-drying treatment at RT was
conducted using 30% (w/w) dry salt of seaweed
materials. After seven days, salted materials were rinsed
with tap water three times and dried under shade for
72 h. All the dried tissues were crushed into powder
and extracted using 95% ethanol.

Extract Preparation

Five grams of seaweed powder was mixed with
95% ethanol (1:50 w/v) and extracted in RT and was
shaken at 200 rpm for 24 h. The extract was filtered
using Advantec No.2 filter paper before being
concentrated using an evaporator. Salt was removed
from the extract by washing with 100% ethanol,
followed by evaporation and N2 drying repeatedly. Dried
extracts were concentrated to 8 mg mL-1 by DMSO
and kept at -20 oC in the dark-airtight vials for the next
experiments.

Carrageenan Waste Materials

The carrageenan waste material was obtained from
the sun-drying treated seaweed. Fresh thalli were used
for carrageenan extraction. Thalli were sun-dried for
72 h, and then 25 g of dried thalli were soaked in 1 L
of distilled water. After soaking for 1 h, tissues were
pulverized into a pulp and mixed with 20 mM calcium
hydroxide solution (pH 9) by 1:50 (v/v). The extraction
was performed in a shaking-water bath at 90 oC for 2
h (Manuhara, Praseptiangga, & Riyanto, 2016). The
solid materials (hereafter referred to as “carrageenan
waste”) were separated from the viscous filtrate by
layered gauze. After filtration, the carrageenan waste
was oven-dried at 60 oC overnight. Dried carrageenan
waste was ground into a powder and extracted with
95% ethanol, as mentioned previously. Extracts of
carrageenan waste were tested in three different
concentrations of 1, 10, and 20 µg mL-1.

Primary Hippocampal Neuron Cultures and
Treatments

Primary cultures were observed in a 24-well
polystyrene plate. The isolation of hippocampal neurons
and primary culture methods followed those of
previous studies (Goslin, Asmussen, & Banker, 1998;
Hannan, Mohibbullah, Hong, & Moon, 2017). The
hippocampi were obtained from fetuses of 19-day
pregnant rats (Sprague-Dawley) and dissociated to
provide neuronal cells. Neuron cells were distributed
onto poly-DL-lysine-coated glass coverslips in 24-well
culture plates at a density of 1-2 x 104 cells cm-2.
Neurobasal media (serum-free) with B27
supplementation were added into the culture plates.

Figure 1. Schematic illustration of the experimental design in this study.
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The plates were incubated under 95% air and 5% CO2
at 37 oC for two days. Extracts of K. alvarezii at the
concentration of 1 µg mL-1 from drying treatments
and from different thallus parts were added to each
culture media prior to cell plating. DMSO with a final
concentration of less than 0.5% was used as vehicle
control (Tirtawijaya et al., 2016).

Image Acquisition

Images (1,388 x 1,039 pixels) were acquired from
a Leica Research Microscope DM IRE2. The
microscope was equipped with I3 S, N2.1S, and Y5
filter systems (Leica Microsystems AG, Wetzlar,
Germany) and a high-resolution CoolSNAPTM CCD
camera (Photometrics Inc., Munchen, Germany). The
images were taken using Leica FW4000 program. The
digital images were processed using Adobe Photoshop
7.0 software.

Image Analysis and Quantification

The quantification and morphometric analysis of
the neuron cells were observed with a software
program from ImageJ, ver. 1.48 (http://imagej.nih.gov/
ij). Morphometric parameters were measured on the
cells that were not intermingled with the processes of
adjacent neurons. A minimum of 50 neuron cells were
observed for morphometric analysis. The
morphometric analysis included measurement of the
number of primary neurites (NPN; neurites that
originated directly from the soma), the total length of
primary neurites (TLPN; a sum of the length of primary
neurites), and the length of the longest neurite (LLN).
The entire measured cell in extract-treated cultures was
compared with vehicle control (cultures with DMSO)
to evaluate the effect.

Statistical Analysis

Data obtained from at least three independent
replications and showed as means ± standard error
(SE). Normal distribution data were evaluated by a
Kolmogorov-Smirnov test prior to one-way analysis
of variance (ANOVA). Post-hoc analysis for multiple
comparisons of the experimental group’s differences
was analyzed at p < 0.05 using the Duncan test.
Statistical analysis was performed using the IBM SPSS
statistic 23.0 software program (IBM Corp., USA).

Results and Discussion

Our current work evaluated the effects of K.
alvarezii extracts on neuronal behavior. Accordingly,
we observed the neurite outgrowth based on NPN,
TLPN, and LLN in primary cultures of rat hippocampal

neurons. In our previous study (Tirtawijaya et al.,
2016), the ethanolic extracts from K. alvarezii showed
high neuritogenic activities in developing hippocampal
neurons at 1 µg mL-1. The development of neurites in
neurons cells with many branches provides an extensive
neuronal network (Hannan et al., 2019).

Effects of Thallus Parts on Neuritogenic
Activities

Seaweed K. alvarezii thalli were divided into two
parts; old and young thalli. The yield of the ethanol
extract from old thalli (1.0%) was higher than that of
young thalli (0.4%). Ethanolic extracts from each part
were prepared and tested for neuritogenic activities.
The activities of both old and young thalli were
significantly higher compared to that of the vehicle
control (p < 0.05). The old thalli exhibited
insignificantly lower values of NPN, TLPN, and LLN
(3.7, 11.7, and 6.8%, respectively) than those of young
thalli (Table 1).

Meristem part of the brown seaweed Laminariales
exhibited higher antibacterial activity than the blade and
stipe parts (Vlachos, Critchley, & Von Holy, 1999).
More antibacterial compounds in meristem than in other
seaweed parts might need to protect the meristem from
microbial attack during growth and reproduction. The
stolon part of Caulerpa, where the growth occurs,
also exhibited higher antibacterial activity than those
of basal and apical parts (Freile-Pelegrin & Morales,
2004). Arunkumar et al. (2021) reported that stipe of
Sargassum  showed higher antioxidant activity
compared to that of blade. This is probably because
the first contained more alginate and fucoidan than the
latter. Despite its higher yield, the old thalli comprised
less neurotrophic compounds than the young thalli. K.
alvarezii contained various kinds of neurotrophic
compounds; most were secondary metabolites, such
as phytosterol and oleic acid (Tirtawijaya et al., 2018).
Thus, after considering both activity and yield, we
decided to use the whole thalli of K. alvarezii for further
experiments.

Effects of Drying Treatments on Neuritogenic
Activities

The K. alvarezii is usually cultivated at the surface
for 45 d. Farmers commonly dry the thalli under the
sun after harvesting. In this study, we dried fresh thalli
by oven-drying, sun-drying, freeze-drying, shade-
drying, and pre-salted, followed by shade-drying. Then,
each dried thalli was measured for its changes in
neuritogenic activities. The K. alvarezii extracts from
various drying treatments showed neuritogenic effects
compared to that of the vehicle control. The neuron
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cells in all drying treatments showed longer neurites,
especially those of freeze- and shade-dryings. These
extracts increased the number of branching neurites
compared to those of the vehicle control (Figure 2).
NPN values of  K. alvarezii treated with different drying
methods varied, ranging from 5.7 to 6.2 neurites per
cell, with no significant differences between drying
treatments. The freeze-drying treatment showed the
highest yield (1.8%) and NPN values (1.3-fold higher
than control). On the other hand, salting followed by
shade-drying revealed the lowest NPN values (1.2-fold
higher than control). The number of neurites that
originated directly from the soma is represented by
the NPN value. Signal transmission between cells is
dependent on neurites, so a high number of neurites
enhances signal transmission between cells.

TLPN and LLN values showed significant
differences between drying treatments (p < 0.05). The
highest TLPN values was those of shade-drying and
freeze-drying processes (1.6- and 1.6-fold, respectively,
higher than control). LLN values showed that the
shade-drying treatment was the highest (1.6-fold higher
than control). The salting shade-drying extract had
significantly lower activities on both TLPN and LLN
compared to those of the other treatments (Table 2).
In general, these results indicated that freeze-dried and
shade-dried thalli had high neuritogenic activities. The
structural formation of neurons depends on the neurite
outgrowth (Poirazi & Mel, 2001; Cao, Xu, Xu, & Liu,
2005). The values of NPN, TLPN and LLN express
the growth of neuron cells. Neuron cells require neurites

(axon and dendrites) for signal transmission, whereas
the high-branched neurites improve information
reception from other neurons. The growing neurons
form new connections, increasing neural activities
(Houweling & Ooyen, 2009). Therefore, the higher
NPN, TLPN, and LLN values from the neuronal cell
body, the higher possibility of neuronal connectivity
formation. The morphology of dendrites is highly
correlated to neuronal function (Tavosanis, 2012). On
the contrary, the dendrites impairment is correlated to
the defective nervous system (Mu & Gage, 2011).

Freeze-drying and shade-drying treatments provided
extracts with neuritogenic activities and optimum yield.
Salting, oven, and sun-drying processes, involving heat
and light exposures, decreased the neurotrophic
activities, despite higher activities than that of control.
Freeze-dried extract retained the highest yield (1.8%)
because freeze-drying preserves the nutritional
components and qualities by preventing the fluid and
solutes migration (Robic, Sassi, & Lahaye, 2007).
According to Charles, Sridhar, and Alamsjah (2020),
the sun-dried K. alvarezii showed lower antioxidant
activities than that of the oven-dried seaweed due to
the lower contents of total phenolic and flavonoid.
Antioxidant activities of the brown seaweed
Himanthalia elongata decreased due to the high drying
temperature that led to the reduction of total phenolic
content (Gupta et al., 2011). Some brown seaweed
extracts did not show significant differences in radical
scavenging activities between freeze-drying and oven-
drying at 40 oC. Moreover, their activities decreased
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Figure 2. Representative phase-contrast photomicrographs of hippocampal neurons at 2 days of incubation. Neurons were
cultured with vehicle (control) and ethanol extracts from K. alvarezii after different drying treatments. Grown neurites (white
arrow) from the soma (black arrow) were evaluated for morphometric parameters.



significantly when the oven temperature was increased
to 60 oC (Badmus et al., 2019).

The salting of K. alvarezii with 30% NaCl induced
osmotic pressure on the tissues that led to water
removal. This condition might have caused the release
of compounds responsible for neuritogenic activities
from the tissue. Soufi, Romero, Motilva, Gaya, and

Louaileche (2016) reported that salting decreased the
antioxidant activity of olive because of the loss of
flavonoid compounds. Salting of Ulva rotundata with
25% NaCl and storing at RT decreased the yield of
ulvan extraction (Robic et al., 2007).

Neuritogenic Activities of Carrageenan
Wastes

To evaluate the neuritogenic activities of
carrageenan waste, we conducted carrageenan
extraction according to Manuhara et al. (2016)
procedure. Carrageenan is generally extracted from
samples that have been dried under the sun. Sun-drying
is the most common method used in the carrageenan
industry. After carrageenan extraction, the remaining
solid waste of K. alvarezii was separated from the
viscous filtrate of carrageenan. The yield of the solid
waste was approximately 15%. The carrageenan waste
exhibited significantly higher neuritogenic activities in
neurons at 1 µg mL-1 than that of control (p < 0.05;
Table 3).

The addition of the waste extracts increased NPN,
TLPN, and LLN by 1.6-, 2.0-, and 1.7-fold,
respectively, compared to vehicle control. At
concentrations of higher than 1 µg mL -1, the
carrageenan waste extract did not increase NPN,
TLPN, and LLN values. This condition suggested that
the neuritogenic compounds in the carrageenan waste
mediated the initial growth of neurites but inhibited
neurites elongation at 10 and 20 µg mL-1. In future
studies, the search of neuritogenic and neuroinhibitor
compounds should be investigated. Comparing to the
values of NPN, TLPN, and LLN (1.3-, 1.6-, and 1.4-
fold, respectively) from the K. alvarezi thalli
(Tirtawijaya et al., 2016), this waste might retained
most active compounds.

The remaining neuritogenic compounds in
carrageenan waste still retained their bioactivities. Solid
waste can be utilized as an alternative source for
neuritogenic materials or the isolation of neuritogenic
compounds. The global production of carrageenan in
2015 was 57,500 tonnes and has grown continuously
2-3% annually (Porse & Rudolph, 2017). The amount
of carrageenan waste from semi-refined carrageenan
extraction of K. alvarezii is about 23.5% (Roldán et
al., 2017). Thus, the carrageenan waste globally was
estimated up to 13,512 tonnes with an increase of 2-
3% per year. Only a small proportion of the waste is
used as fertilizer. Meanwhile, most of it is discarded to
the environment, thus potentially creating pollution. In
our previous study, we found that lipophilic compounds
in K. alvarezii provide neuritogenic effects (Tirtawijaya
et al., 2018). The isolated phytosterol from K. alvarezii
increased NPN, TLPN, and LLN values and promoted
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Note: Values of the number of primary neurites (NPN), the total
length of the primary neurites (TLPN) and the length of the
longest neurite (LLN) are shown as means ± SE. Different lower-
case letters in each column indicate statistically significant
differences between treatments, according to the Duncan test (p <
0 .05).

Table 3. Neuritogenic activities of carrageenan waste extract at
2 days of incubation.

Extract dose 
(µg/mL) NPN TLPN (µm) LLN (µm)

Vehicle 3.8 ± 0.2a 119.2 ± 8.9a 53.0 ± 3.6a

1 6.1 ± 0.1b 234.7 ± 8.3b 90.6 ± 5.7b
10 5.9 ± 0.3b 189.0 ± 8.7c 68.1 ± 3.4c
20 5.9 ± 0.3b 190.9 ± 9.7c 67.1 ± 4.0c

Note: Values of the number of primary neurites (NPN), the total
length of the primary neurites (TLPN) and the length of the
longest neurite (LLN) are shown as means ± SE. Different lower-
case letters in each column indicate statistically significant
differences between treatments, according to the Duncan test (p <
0 .05).

Table 2. Neuritogenic activities of drying-treated K. alvarezii at
2 days of incubation.

Yield

(%, w/w DW)
Vehicle - 4.8 ± 0.2a 188.2 ± 10.2a 72.8 ± 4.9a

Oven-drying 01.04 5.9 ± 0.2b 283.3 ± 13.1bc 98.9 ± 5.8bc

Sun-drying 01.01 5.7 ± 0.2b 287.4 ± 17.8bc 106.8 ± 6.9bc

Freeze-
drying

01.08 6.2 ± 0.2b 294.8 ± 14.3c 101.1 ± 5.7bc

Shade-drying 01.00 6.1 ± 0.2b 305.6 ± 13.6c 114.4 ± 6.3c

Salting and 
shade-drying

01.01 5.8 ± 0.2b 248.4 ± 10.6b 89.1 ± 5.3ab

NPN TLPN (µm) LLN (µm)Treatment

Note: Values of the number of primary neurites (NPN), the total
length of the primary neurites (TLPN) and the length of the
longest neurite (LLN) are shown as means ± SE. Different lower-
case letters in each column indicate statistically significant
differences between treatments, according to the Duncan test (p <
0 .05).

Table 1. Neuritogenic activities of different thallus parts after 2
days of incubation.

Sample NPN TLPN (µm) LLN (µm)

Vehicle 4.1 ± 0.2a 118.4 ± 7.3a 44.0 ± 1.9a

Old thalli 5.4 ± 0.2b 162.34 ± 7.6b 65.3 ± 4.7b

Young thalli 5.6 ± 0.2b 181.41 ± 8.2b 69.7 ± 3.0b



spinogenesis and synaptogenesis of hippocampal
neurons (Tirtawijaya et al., 2019). Nzekoue, Alesi,
Vittori, Sagratini, and Caprioli (2020) reported that
phytosterols demonstrate heat stability up to 96% at
85 oC for 1 h. Thus, it is assumed that the neuritogenic
compounds in carrageenan waste were also lipophilic
and were insoluble during the carrageenan extraction
process. Uses of the carrageenan waste for neuritogenic
sources may add value to the waste and reduce the
pollutant risk.

Conclusion

This study demonstrated the effects of different
parts of thalli and the drying treatments of K. alvarezii
on neuritogenic activities. Different parts of thalli did
not affect neuritogenic activities of K. alvarezii. Freeze-
and shade-dried K. alvarezii showed higher
neuritogenic activities than those of the other
treatments. Freeze-dried K. alvarezii also provided the
highest yield (1.8%). After carrageenan extraction
process, we also found that carrageenan waste can be
reused as a source of neuritogenic extract material.
Further study is needed to identify neuritogenic active
compound(s) in K. alvarezii and its carrageenan waste
and to determine their stability.
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