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Abstract: Nowadays, a circular economy is one of the main strategies for developing a sustainable
economy. The objective of this work was to increase the value of Caulerpa lentillifera waste and
use it efficiently as a resource for lipid extraction. A crude lipid yield of approximately 27.69% of
the dry weight was obtained under the following optimized conditions that consisted of a three-
stage extraction with 15 min/stage using a ratio of 1:10 (w/v) at room temperature. The crude
extracts contained a total fatty acids (TFA) content of approximately 58.60% of the weight of the
extracts, which consisted of 10 types of fatty acids. The proportion of palmitic acid (16:0) as the main
component was above 70% of the TFA content. Moreover, it also contained chlorophylls a and b
and carotenoids at approximately 1.77, 0.91, and 0.70 ug/mg of the extract, respectively. The total
phenolic and flavonoids content, including 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) and
1,1'- diphenyl-2-picrahydrazyl (ABTS and DPPH, respectively) scavenging activities, showed that the
lipid extracts had high potential for antioxidant activity. Moreover, the extracts also demonstrated
a-glucosidase inhibitory activity with an ICsq value of 8.97 mg/mL. Thus, this extract could be used
as an alternative product in a circular economy for preventing diabetes disease.

Keywords: Caulerpa lentillifera; lipid; anti-diabetic; circular economy

1. Introduction

Caulerpa lentillifera is consumed as food in Asia—Pacific regions, such as Vietnam,
the Philippines, Malaysia, Indonesia, and Japan. It has become a famous ingredient for
food during the last five years in Thailand. Many farms in the southern region along the
coastlines of the Gulf of Thailand produce this food. C. lentillifera is a marine macroalgae
known as sea grapes or green caviar. It is rich in minerals, essential amino acids, and
fibers and includes several bioactive compounds, such as polysaccharides (20-64% of dry
weight) and lipids (0.86-1.57% of dry weight) [1-3]. Even though the lipid content is low,
many studies have reported that lipids from C. lentillifera have potential for a wide variety
of biological activities, such as antioxidant, antibacterial, antifungal, and antidiabetic
activities [4-7].

Production of Caulerpa and its qualities, such as nutritional value, the erect fronds,
and ramuli and stolon fragments depend on salinity, light (irradiance and daylength), and
temperature, all of which are parameters that fluctuate seasonally [8-10] and can affect
agricultural income because the price of food-grade C. lentillifera product depends upon
the physical qualities of the fronds, such as their size, length, number of branches, density,
and color and/or appearance. Therefore, farmers will select the high-quality fronds for the
food market (Figure 1). Normally, around 60-70% of C. lentillifera biomass that is selected
is low quality with about 20-25% that are reused as propagules for the next crop, and then
the remaining (useless) biomass becomes landfill on their farms. Moreover, a limitation
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of C. lentillifera is its short shelf life (only 5-6 days), after which it is discarded as waste.
Due to the fact that C. lentillifera is a salt-containing marine alga, the management of waste
by landfill may cause high saline levels in the soil. According to a study by Chaiklahan
et al. [11], it was found that the nutritional values of C. lentillifera waste were not different
from food-grade products although the color was yellow-brown. Therefore, the waste
could be used as a material for extraction of bioactive compounds, such as polysaccharides
and lipids, in order to increase the value of C. lentillifera waste and transform poor-quality
material to new products with high value-added.

Figure 1. Caulerpa lentillifera products (A,B), food grade (C), and waste grade (D).

Bio-, circular, and green economies (BCG) models play an important role in the eco-
nomic development of many countries in order to add value to agricultural products,
efficiently use resources, and reduce waste to zero. These efforts are a key strategy for sus-
tainable economic development because significant losses and waste in the production pro-
cesses are becoming a serious nutritional, economical, and environmental problem [12,13].
Large amounts of agro-industrial waste are removed from the production process as un-
desirable material since these compounds have a great potential for being transformed
into energy, bio-based products, or functional compounds, such as antioxidants that pro-
vide health benefits because they are cheap sources of these antioxidants [14-16]. Many
scientists are researching this concept. For example, Munir et al. [17] extracted bioactive
compounds from waste onion skin, and Ferri et al. [16] validated possible routes of using
winery waste to produce bioactive substances via two procedures: (1) solvent-based extrac-
tion and (2) pressurized liquid extraction, which yielded products with strong antioxidant
properties. In addition, our previous study [11] found that the polysaccharide extracts
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from C. lentillifera waste showed potential for preventing diabetes through x-glucosidase
inhibitory activity.

Natural sources for a-glucosidase inhibitors are plants and macroalgae, and many candi-
dates for this inhibitor are secondary metabolites, including alkaloids, flavonoids, phenols,
and terpenoids [18-20]. Moreover, nojirimycin and fagomine were the first natural iminosug-
ars to be discovered from a microbe (Streptomyces) and plant (Fagopyrum esculentum) [18].
Diabetes mellitus is a very serious, chronic metabolic disorder that is characterized by
high blood glucose levels [21]. Type 2 diabetes mellitus (T2DM) is more prevalent than
type 1 and affects around 90% of diabetic patients. This disease is caused by an imbalance
between blood sugar absorption and insulin secretion. Carbohydrates are normally con-
verted to glucose by x-glucosidase enzymes for later intestinal absorption, which leads to
an increase in blood glucose levels. The capability of a drug or diet to delay the produc-
tion of glucose by inhibiting carbohydrate hydrolyzing enzymes is one of the therapeutic
approaches for decreasing hyperglycemia [22,23]. However, Yen et al. [24] reported that
a-glucosidase inhibitor (AGI) use was associated with higher risks of all-cause mortality
and non-cardiovascular deaths in insulin-treated patients with T2DM. Therefore, giving
AGIs to insulin-treated patients may not be appropriate.

According to Bhatia et al. [25], methanolic extracts from plant (Cornus capitata) showed
potential for the treatment of hyperglycemia. Likewise, Xiancui et al. [19] reported that lipid
extracts from macroalgae, such as Rhodomela confervoides (Huds.) Silva, Gracilaria textorii
(Suringar) DeToni, Plocamium telfairine Harv., and Enteromorpha intestinal (L.) Link, showed
strong inhibitory activity toward o-glucosidase. To increase the value of C. lentillifera waste,
lipid extraction is an alternative route for new products with high value-added. The aim
of this work was to optimize the extraction process by investigating the effects of the
sample-to-solvent ratio, extraction time, and repetition number of extractions on the yield
of lipid. The characteristics of the lipid extracts and their antioxidant properties were also
studied to develop a guideline for applications.

2. Materials and Methods
2.1. Materials

C. lentillifera was cultivated and collected at Phetchaburi Coastal Aquaculture Research
and Development Center in Phetchaburi Province, Thailand. The cultivation, collection,
and preparation for C. lentillifera material were described in our previous study [11]. Dried
C. lentillifera powder was obtained after drying in a hot-air oven at 65 °C for 24 h and
milling the product with a blender.

2.2. Lipid Extraction Conditions

Ethanol was used as a solvent for lipid extraction because it is safe for applications.
To determine the effect of the sample-to-solvent ratio on the lipid yield, dried C. lentillifera
powder weighing 30, 15, 10, 7.5, and 5 g was added to 150 mL of ethanol in order to prepare
mixtures with solid-to-ethanol ratios of 1:5, 1:10, 1:15, 1:20, and 1:30 (w/v), respectively.
The extraction process was performed in a single stage at room temperature for 30 min
under continuous mixing using a stirrer at 300 rpm.

To determine the optimum extraction time, a ratio of 1:10 (80 g of dried biomass in
800 mL of ethanol) was used at room temperature, and extraction times ranged from 15
to 180 min. For investigation of the repetition number of extractions, the extraction was
performed using a biomass/ethanol ratio of 1:10 (w/v) for 15 and 30 min in the first stage.
The residue was separated by filtration and then re-extracted with fresh ethanol at each
extraction stage (up to six stages).

The lipid solution was separated from the algae residue using filter papers (Whatman
no. 4). The solvent in the lipid solution was then removed with a vacuum rotary evapora-
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tion to obtain crude lipids, which contained fatty acids and pigments. The yield of crude
lipid extracts was measured as the percentage of dry weight using Equation (1):

Yield (% dry weight) = (weight of lipids/dried sample weight) x 100 1)

2.3. Analyses

Lipid content was determined using a mixture of chloroform, methanol, and water
(2.5:1.25:1 v/v/v) following the procedures described by Sato and Murata [26] with slight
modifications. For partial purification, the crude lipid sample was dissolved in 30%
methanol/water and then partitioned with hexane. The hexane fraction was collected and
evaporated. The aqueous methanol phase was then sequentially partitioned with ethyl
acetate and methanol, and each fraction was collected and evaporated.

Total fatty acid (TFA) in the samples was determined using the transesterification
protocol proposed by Lapage and Roy [27] with modifications. Lipid extract (50-100 mg)
was directly trans-methylated in 2.5% HCI in methanol at 85 °C for 90 min using hene-
icosanoic acid (C21:0; Sigma-Aldrich) as an internal standard. Fatty acid methyl esters were
analyzed with gas chromatography (GC 17-A; Shimadzu, Japan) using capillary columns
of fused silica glass (60 m x 0.25 mm, BPX70, SGE, USA) and a film thickness of 0.25 pm.
The split ratio was 1:50, and the column temperature was initially set at 170 °C, which
was increased to 205 °C at a rate of 1 °C per minute. The injector and flame ionization
detector temperatures were 250 and 260 °C, respectively. Identification was carried out by
co-chromatography with authentic standards (Sigma-Aldrich).

Pigments were determined using methanol and measured at 470, 666, and 648 nm for
carotenoids and chlorophylls 2 and b, respectively [28]. Total phenolic content was esti-
mated using the Folin-Ciocalteu reagent, and the absorbance was measured at 765 nm [29].
The content was calculated based on the standard curve of gallic acid, and the results were
expressed as mg gallic acid equivalents (mg GAE) per gram of sample.

Total flavonoids content was determined using the aluminum chloride colorimetric
method described by Pallab et al. [30] with slight modifications. The lipid solution was
mixed with 1.5 mL of methanol, 0.1 mL of 2% aluminum chloride, and 0.1 mL of 1 M
potassium acetate solution. Distilled water (2.8 mL) was added, and the solution was
mixed well. After a 30 min incubation period, the absorbance of the reaction mixture was
measured at 415 nm. The total flavonoid content was calculated based on the standard
quercetin curve, and the results were expressed as mg quercetin equivalents (mg QE) per
gram of extract.

DPPH radical scavenging activity was measured using DPPH (Sigma Chemical Co.,
St. Louis, MO, USA) with a modification of the method reported by Li et al. [31]. Briefly,
0.1 mM DPPH solution in ethanol was added to the lipid solution. After incubation in
the dark for 30 min, the absorbance was measured at 517 nm. In the same way, ABTS
decolorization scavenging activity was measured using ABTS (Sigma Chemical Co., St.
Louis, MO, USA) following the procedure reported by Zheleva-Dimitrova et al. [32] with
some modifications. ABTS* radicals were prepared by mixing 7 mM ABTS in water and
2.45 mM potassium persulfate (1:1, v/v) and kept in the dark at room temperature for 16 h
before use. The ABTS-solution was then diluted with methanol to obtain an absorbance
of 0.700 at 734 nm. Next, 2 mL of ABTS:solution was added to the lipid solution. After
incubation in the dark for 7 min, the absorbance was measured at 734 nm. Trolox was used
as a standard for both DPPH and ABTS.

The «-glucosidase inhibitory activity of the lipid extracts was determined using
the procedures described by Alam et al. [33] with some modifications. The formation
of p-nitrophenol that resulted from the cleavage of p-nitrophenyl-a-D-glucopyranose
was estimated for the evaluation of x-glucosidase inhibitory activity. The enzyme, o-
glucosidase (Sigma-Aldrich, Steinheim, Germany), and the substrate, p-nitrophenyl-«-D-
glucopyranose (Sigma-Aldrich, Buchs, Switzerland), were dissolved in 50 mM phosphate
buffer (pH 6.5) and incubated at 26.8 °C for 15 min. The optical densities were read at
415 nm in a multi-detection micro-plate reader, and acarbose was used as a standard.
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2.4. Statistics
The results are expressed as the mean =+ standard deviation (SD) of triplicate datasets

from independent experiments. Statistical analysis was performed through an analysis of
variance (ANOVA) with a confidence level of 95% (p < 0.05).

3. Results and Discussion
3.1. Optimum Conditions for Lipid Extraction
3.1.1. Sample-to-Solvent Ratio

The results showed that an increase in volume of ethanol used for extraction led
to an increase in the lipid yield from 7.7% to 16.9% of dry weight (Figure 2). Although
the lipid yield from a ratio of 1:30 (w/v) was highest, a high volume of ethanol may not
be economically feasible based on the price and energy input needed for evaporation.
The lipid yield from a ratio of 1:10 (w/v) was 42.8% higher than that at 1:5 (w/v), but no
significant differences between ratios of 1:10 (w/v) and 1:15 (w/v) or ratios of 1:15 (w/v)
and 1:20 (w/v) were observed. The lipid yield from a ratio of 1:20 (w/v) was only 28%
higher than that of a ratio of 1:10 (w/v), but twice the volume of ethanol was needed for
extraction. Hence, a ratio of 1:10 (w/v) was considered a suitable extraction condition
based on the lipid yield and the volume of solvent.
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Figure 2. Effect of sample-to-solvent ratio on lipid yield.

3.1.2. Extraction Time

The lipid yield was approximately 13—-15% of the dry weight when the extraction was
performed with a ratio of 1:10 (w/v) at room temperature for 15 to 180 min (Figure 3).
Although the extraction times of 30 to 120 min showed no differences in the lipid yield, the
lipid yield at 15 min (13.0% of dry weight) was significantly lower than at 45 min (14.0%
of dry weight). Consequently, extraction times of 15 and 30 min were selected for further
investigations of the extraction process.
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Figure 3. Effect of extraction time on lipid yield.

3.1.3. Repetition Number of Extractions

The results showed that the lipid yields at 15 and 30 min for the first extraction
(a single stage) were approximately 16.6% and 17.2% of the dry weight. These values
decreased by 50% and 75% in the second and third extractions, and after that, the lipid
yield was around 2% of the dry weight (Figure 4). The lipid extract resembled a gummy
solid rather than dried power, which may have resulted in slightly higher lipid yields in
this experiment. When total time of extraction, total volume of ethanol, and total lipid
yields were considered, it was found that the lipid yield of two-stage and three-stage
extractions increased by around 48% and 70%, respectively, compared to a single-stage
extraction (Table 1).
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Stage of extraction

Figure 4. Effect of number of extractions on lipid yield.
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Table 1. Lipid yields under different conditions.
Number Total Time of Extraction (min) Total Volume of Ethanol (mL) *  Total Yield (% dw)
of Stage 15 30 15 30 15 30
1 15 30 150 150 16.62 17.23
2 30 60 300 300 24.28 26.04
3 45 90 450 450 27.69 30.00
4 60 600 30.18

* Each stage used 150 mL of ethanol.

When a three-stage extraction and equal volumes of ethanol (450 mL) were used, the
lipid yield at the 15 min/stage (27.69% of dry weight) was slightly lower (10% less) than
that extracted at the 30 min/stage (30.00% of dry weight), but the total extraction time
was reduced by 50% (from 90 to 45 min). Therefore, the three-stage extraction with the
15 min/stage was considered a suitable condition based on the short time for extraction.

3.2. Compositions of Lipid Extracts

The crude lipid was extracted using ethanol as a solvent, and therefore, the lipid yields
were higher than the lipid content in the raw material (C. lentillifera: around 2% of dry
weight) [11]. The lipid content in the algae material was determined using a mixture of
chloroform, methanol, and water, and after homogenization, more chloroform and water
were added to obtain two separate phases: (1) a methanol/water phase (upper phase) and
(2) a chloroform phase (lower phase). The total lipids remained in the chloroform, and
the polar molecules (proteins, salt, and impurities) partitioned into the methanol /water
phase. Moreover, the intermediate fluff layer was withdrawn and discarded, resulting in
low impurities in the lipid extracts.

To demonstrate the reason, the crude lipid was re-extracted following the method
of Sato and Murata [26] using the same mixture of solvents. The result showed that the
lipid yield decreased from 27.69% to 3.13% of the dry weight (Figure 5). Furthermore, the
crude lipid was also partially purified by liquid-liquid partition using solvents of polarity
(hexane 0.1, ethyl acetate 4.4, and methanol 5.1) to obtain the hexane-, ethyl acetate-, and
methanol-soluble fractions, respectively, as shown in Figure 5. Most of the lipid was
dissolved in the ethyl acetate fraction, which accounted for 82.1% of the total lipid, whereas
the proportions of lipid in hexane and methanol were 0.8% and 17.1%, respectively.

Li et al. [34] reported that the ethyl acetate-soluble fraction of crude ethanol extract
from C. recemosa exhibited the strongest antioxidant activity because the phenolic com-
pounds of medium polarity and antioxidant capacity were distributed in this fraction.
Similarly, Chirasuwan et al. [35] also found that sulphoquinovosyl diacylglycerol (SQDG),
an active antiviral agent against herpes simplex virus type 1, was distributed in the ethyl
acetate-soluble fraction of the crude lipid from Spirulina platensis. The polarity of ethanol is
4.3, which is almost the same as that of ethyl acetate and chloroform (4.4 and 4.1, respec-
tively). Therefore, it was expected that lipid extract from C. lentillifera waste would contain
bioactive compounds and present an antioxidant capacity.

The lipid extracts contained 58.60% TFA by weight, which consisted of 10 types
of fatty acids. Palmitic acid (16:0) was a major component that accounted for around
74.48% of the TFA and resulted in a high proportion of 82.56% saturated fatty acids (SFA).
The proportions of monounsaturated and polyunsaturated fatty acids (MFA and PFA,
respectively) were approximately 12.68% and 3.09%, respectively (Table 2). This result
corresponded to those of Ratana-arporn and Chirapart [1], who reported that C. lentillifera
harvested from Phetchaburi Province, Thailand, contained palmitic acid (67.83%) as a
main component.
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Figure 5. Diagram for purification of lipid extracts.

Table 2. Composition of lipid extracts.

Compositions Value
Chlorophyll a (ng/mg of extract) 1.77 £0.25
Chlorophyll b (1g/mg of extract) 0.91 £ 0.09

Carotenoids (ug/mg of extract) 0.70 + 0.09
Total fatty acid (TFA; % weight of lipid extract) 58.60 £ 4.95

Fatty acid compositions (% mol.)

Myristic acid (14:0) 4.89 + 0.36
Palmitic acid (16:0) 7448 +3.24
Palmitoleic acid (16:1n7) 6.82 +0.38
Stearic acid (18:0) 2.50 +0.28

Vaccenic acid (18:1n7) 3.03£0.28

Oleic acid (18:1n9) 292 +0.39

Linoleic acid (18:2) 2.69 £ 0.38

Linoleic acid (18:3) 0.93 + 0.13
Arachidonic acid (20:4) 0.95 + 0.09
Eicosapentaenoic acid (20:5) 1.01 +0.34
Saturated fatty acids (SFA) 82.56 £ 2.37
Monounsaturated fatty acids (MFA) 12.68 + 0.44
Polyunsaturated fatty acids (PFA) 3.09 + 0.69

Stearic acid (18:0) and palmitoleic acid (16:1) accounted for 11.1% and 6.08% of the TFA,
respectively. However, the content of fatty acid and distribution of SFA, MFA, and PFA
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depend on seasonal changes [36]. In addition, the crude lipid also contained chlorophylls a
and b and carotenoids, accounting for 1.77, 0.91, and 0.70 pg/mg of the extracts, respectively.

3.3. Antioxidant Properties and Applications

Antioxidant activity can be determined both quantitatively and qualitatively. Total
phenolic and flavonoid contents were tested in the qualitative analysis using a colorimet-
ric assay. The crude lipid extracts from C. lentillifera waste contained total phenolic and
flavonoid contents of around 2.07 mg GAE/g sample and 5.40 mg QE/g sample, respec-
tively. These values increased to 17.46 mg GAE/g sample and 55.48 mg QE/g sample,
respectively, when the sample was purified lipid (ethyl acetate fraction; Table 3).

Table 3. Antioxidant properties of lipid extracts.

Characteristic Crude Lipid Purified Lipid
Total phenolic (mg GAE/g sample) 2.07 £0.34 17.46 £ 2.24
Total flavonoids (mg QE/g sample) 5.40 £0.76 5548 £7.78
ICs9 ABTS (mg/mL) 1.67 +0.09 0.21 £ 0.06
IC59 DPPH (mg/mL) 3.55 £0.53 0.43 +0.11

ICs59 x-glucosidase (mg/mL) 8.97 +0.19 Not determined

ICs5y ABTS and DPPH of trolox were 0.036 and 0.515 mg/mL, respectively. ICs5y x-glucosidase of acarbose was
0.28 mg/mL.

Nguyen et al. [3] reported that the ethanolic extract from C. lentillifera contained a total
phenolic content of approximately 1.3-2.04 mg GAE/g sample. Similarly, Yap et al. [37]
found that methanolic extracts from C. lentillifera contained a total phenolic content of
4.52 mg GAE/g sample and a total flavonoid content of 4.93 mg QE/g sample, whereas
extracts from C. racemosa contained total phenolic and total flavonoid contents of 10.33 mg
GAE/g sample and 24.52 mg QE/g sample, respectively. Osuna-Ruiz et al. [38] found that
methanol extracts of C. sertularioides contained total phenolic and total flavonoid contents
of 0.68 mg GAE/100 mg sample and 14.6 mg QE/g sample, respectively. Tanna et al. [39]
reported that aqueous-methanol extracts of Caulerpa spp. had total phenolic contents of
around 23.8 to 29.2 mg GAE/g sample and total flavonoid contents of approximately 523
to 769 mg QE/g sample.

ABTS and DPPH are tested in the quantitative analysis based on the capability of
redox molecules in natural products to scavenge free radicals, which is expressed as the
concentration with 50% ABTS and DPPH radical scavenging effect (ICsg). The ICs values
of ABTS and DPPH were approximately 1.67 and 3.55 mg/mL for the crude lipid and 0.21
and 0.43 mg/mL for the purified lipid (ethyl acetate fraction), respectively. Crude lipid
extracts also exhibited «-glucosidase inhibitory activity with an ICsy value of 8.97 mg/mL,
which could potentially be used in food supplements for preventing diabetes. This result
corresponds to those of Sharma and Rhyu [5] and Sharma et al. [6] who found that ethanolic
extract from C. lentillifera has anti-diabetic potential by causing significant decreases in
dipeptidyl peptidase-IV and «-glucosidase enzyme activities. Furthermore, this extract
has the potential to cause an increase in insulin secretion from rat insulinoma cells and
stimulate the glucose uptake in 3T3-L1 adipocytes.

Sabirin et al. [7] reported that the methanolic extract from C. lentillifera possessed an-
tibacterial activity against common causative agents for oral infections, Staphylococcus aureus
and Streptococcus mutans. Sharma et al. [40] found that the ethanolic extract of C. okamurae
was effective in preventing body weight gain and fat accumulation and reduced plasma
and hepatic lipid profiles. Likewise, Rahman et al. [41] reported that the ethanolic extract of
C. recemosa could potentially be used as a hypolipemic agent since it exhibited a significant
hypolipemic effect at a dose of 200 mg/kg body weight. Based on this information, lipid
extracts from Caulerpa have the potential as a food supplement or agent for good health
that might be beneficial for aging societies and people with diabetes or hyperlipidemia.
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Results from this work demonstrate a possible route for sustainable development, and
the value of C. lentillifera waste can be increased by transformation to a new product, such
as a bioactive substance with market value. In addition, the process of lipid extraction
from C. lentillifera waste is possible for scaling-up in commercial production for three
reasons: (1) the extraction uses a simple technique; (2) the crude lipid has potential as an «-
glucosidase inhibitor; thus, it does not need future purification; and (3) ethanol as a solvent
for extraction is safe for human consumption and can be recycled. For the production of
C. lentillifera biomass in Thailand, the capacity of fresh biomass in Phetchaburi Province is
approximately 25 tons/month based on information from personal communication with
the Caulerpa entrepreneur. In case 70% of biomass is a useless (waste) product, and only
25% can be reused as propagule, useless biomass is around 11.25 tons/month. Of note,
fresh Caulerpa biomass contains approximately 95% moisture; thus, 562.50 kg of dried
material/month allowed for lipid extraction. Based on these amounts and a 27% lipid
yield, crude lipids of around 150 kg dried extract/month were obtained. Selling crude
lipid as a food supplement could result in more income for farmers.

4. Conclusions

The optimum conditions for lipid extraction from C. lentillifera waste consisted of a
three-stage extraction (15 min/stage) using a dried algae-to-ethanol ratio of 1:10 (w/v) at
room temperature. Under these conditions, a crude lipid yield of around 27.69% of dry
weight was obtained. Since the crude lipid shows the potential for preventing diabetes, it
could increase the value of C. lentillifera waste and the utilization of algae resources, which
could lead to sustainable development.
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