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Abstract

Background and Objective: Sargassum polycystumis a brown seaweed species that contains organic biostimulants and might serve as
an exogenous osmoprotectant. The application of exogenous osmoprotectants is expected to increase the production of indigenous
osmoprotectants in plant cells to alleviate the detrimental effects of vegetable crops experiencing drought stress. This research aimed
to identify the content of bioactive compounds and pigments of S. polycystum seaweed. Materials and Methods: Samples of brown
seaweed were harvested from Teluk Sepang Beach, Bengkulu City, Indonesia. Determination of biochemical compositions of S. polycystum
was addressed in terms of amino acids, ash content, water content, carbohydrates, total fat, protein and total phenol as well as its pigment
properties (total chlorophyll, chlorophyll a, chlorophyll b and carotenoids). Results: Results indicated that Sargassum polycystumhad
the highest proximate composition, namely carbohydrate content of 57.75% and the lowest proximate content, namely total fat
content of 0.06%. Additionally, Sargassum polycystum has other proximate content, such as water content of 14.80%, ash content of
18.43% and protein content of 8.96%. The research results showed that 15 types of amino acids were detected in Sargassum polycystum.
The L-glutamic acid contentin Sargassum polycystum had the highest content, namely 5.09%, while the L-methionine content
had the lowest content at 0.19%. Conclusion: It is concluded that 15 amino acids were detected, of which 7 were essential amino acids
(L-histidine, L-threonine, L-arginine+tyrosine, L-methionine, L-valine, L-phenylalanine and L-isoleucine) and 8 of them are non-essential
amino acids (L-aspartic acid, L-glutamic acid, L-serine, L-glutamine, L-glycine, L-alanine, L-leucine and L-lysine).
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INTRODUCTION

Vegetable production worldwide is increasingly subjected
totheimpact of global climate change. Global climate change
has a significant impact on vegetable production activities
because increasing temperatures can change the pattern of
the growing season, change the physiological responses of
plants (flowering, fruiting, tuber filling), change the behavior
of pathogens and even increase the area of land susceptible
to drought in coastal areas’. According to Salinger?, there are
three main impacts of global climate change on the
agricultural sector, including changes in rain patterns,
increasing incidence of floods and droughts and increasing air
temperatures and sea levels. Drought stress on coastal land
can interact with salinity stress because groundwater
evaporation leaves salt ions in the soil and causes double
stress on plants®. It is, therefore, essential to develop
innovative agronomical inputs to increase the ability of plants
to adapt to drought stress by exploiting the local potential in
coastal areas and applying it as exogenous osmoprotectants
during crop growth and development.

There are four essential physiological responses for plants
to survive under drought stress conditions, including osmotic
adjustment to maintain cellular turgor by accumulating
compatible solutes (osmoprotectants); partial closure of
stomata to reduce water loss through transpiration; synthesis
of protective proteins such as dehydrins and activation of
antioxidant systems to counteract oxidative stress*. According
to Hammad and Ali®, for plants to withstand drought stress,
free amino acids are crucial osmotic molecules. Producing an
abundance of various kinds of suitable osmolytes in plants is
one of the most prevalent stress tolerance mechanisms. These
osmolytes, which include proline, glycine betaine, mannitol,
sorbitol and others, are typically non-toxic, tiny, non-reactive
molecules that shield plants from stress by aiding in osmotic
adjustment, detoxifying reactive oxygen species, stabilizing
membranes and preserving the natural structures of proteins
and enzymess$.

Osmoprotectants are bioactive compounds produced by
plant cells under stress conditions in the form of highly
soluble, non-toxic and compatible solutes with low molecular
weight or amino acid compounds (proline), amines, sugars
and alcohols’. Increasing osmoprotectants in plant cells will
increase the plant’s ability to overcome abiotic stress caused
by drought. Providing exogenous osmoprotectants based on
natural sources is expected to increase the production of
indigenous osmoprotectantsin plantcells to mitigate drought
stress during crop growth and development. Seaweed is one
of the flora resources in coastal ecosystems that can be used
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as a source of exogenous osmoprotectants because itisa
biostimulant for plant growth® Seaweed extracts contain
various biostimulating compounds in the form of
carbohydrates, amino acids, phytohormones,
osmoprotectants and proteins®. Recently, there are four
reasons to use seaweed extracts as biostimulants: Including
work at very low concentrations, increase abiotic stress
resilience in many crops, enhance protein production in
protein-rich crops and offshore seaweed cultivation does not
compete with land use for food production'. In addition,
seaweeds are classified into three major classes: The brown
Phaeophyta, the red Rhodophyta and the green Chlorophyta.
Brown seaweed of Sargassum polycystum has the potential
as an organic biostimulant and serves as an exogenous
osmoprotectant in crop production due to its bioactive
compounds. These substancesinclude protein, carbohydrate,
lipid, fiber and ash'". In addition, this species also contains
chlorophyll a, chlorophyll ¢, B carotene, fucoxanthin,
pheophytin and xanthophyll>. The primary chemical
composition of secondary metabolites of S. polycystum is
reactive saponins, alkaloids, flavonoids and phenol
hydroquinone'. The use of seaweed extracts from
Sargassum sp. as biofertilizers has been practiced, increasing
crop growth and yield'*'¢. Nevertheless, using S. polycystum
extracts as an osmoprotectant has been less evaluated. This
study aimed to determine the biochemical compositions of
S. polycystum in terms of amino acids, ash content, water
content, carbohydrates, total fat, protein and total phenol, as
well as its pigment properties (total chlorophyll, chlorophyll a,
chlorophyll b and carotenoids).

MATERIALS AND METHODS

Study area: This research was carried out in the laboratory
Agronomy of the Faculty of Agriculture, University of
Bengkulu, Indonesia and the Laboratory Integrated Research
and Testing at Gadjah Mada University Indonesia, from August
to October, 2024.

Sample collection: Samples of fresh brown seaweed of
S. polycystumwere collected in July, 2024 from Teluk Sepang
Beach, Kampung Melayu (3°56'23.6"S and 102°16'43.2"E)
Bengkulu City, Indonesia. Hand-picking collection was
conducted while the sea water was receding. Fresh seaweed
was placed into a cooling box filled with ice and transported
to the laboratory immediately.

Waterand ash contentanalysis: Both waterand ash contents
of S. polycystum were determined by using the gravimetric
method". The steps are as follows: A weighing the empty
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crucible (A), weighing the homogeneous sample, put itin
a porcelain crucible (B), heat in the oven at 105°C for 3 hrs
until constant weight, add the desiccator, weight (C), close the
porcelain crucible, put it in the furnace, then heat it at 600°C
for 8 hrs (turns to ash) until the weight is constant, Add the
desiccator, weight (D), Calculate water content using the
formula (F):

W x100%

and calculating the ash content using the formula (g)':

x100%

(b-A)
B

Protein content analysis: The total protein content of
S. polycystum was determined using the automatic Kjeldahl
method?®. The first step was the destruction of the sample,
starting with inserting 1 g of the sample into the Kjeldahl's
tube, then adding 3.5 g of K,SO,, 0.1 g CuSO,.5H,0 and 12 mL
of H,SO,(c). Heat this mixture in the acid storage cabinet using
the Automatic Digestion Unit’s instrument. Once destruction
is finished, distillation and automatic titration steps are
continued. The result of destruction was removed to the
Automatic Distillation and Titration System. Before conducting
distillation and titration analysis, ensure all reagents H;BO; 4%,
NaOH 35%, HCl 0.2 N and distilled water are available.

Calculate the N (%) using formula:

14.007 x (T - B) x Nx100
1000x mL

Liquid sample=

The sample calculates % protein (total) by multiplying the
conversion factor with %N?'.

Fat content analysis: The total fat content of S. polycystum
was determined using the gravimetric method. The sample
was homogeneously crushed and a 5 g sample was added
with 10 mL of concentrated HCI. The hydrolysis was doneina
water bath at 80°C for 90 min while shaking. After cooling the
samples, the extraction using 25 mL diethyl ether, vortex it for
1 min 25 mL petroleum benzene and then vortexitforanother
minute. Dry the extract, then oven at 100°C until constant
weight (1-2 hrs). Calculation of total fat was determined by
using the formula?:

Beaker weight + fat ) — empty beaker weight y

Totafat (%) = ( Sample weight

100
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Carbohydrate contentanalysis: The carbohydrate content of
S. polycystumwas determined based on the difference in the
calculation?:

Carbohydrate (%) = 100-(moisture+ash+crude fiber+crude
protein-+fat (%))

Determination for total phenol content (TPC): The phenolic
content of S polycystum is estimated using the
Folin—Ciocalteu method with modifications?*. Folin-Ciocalteu
solution consisting of 160 mL of purified water, 10 mL of
Folin-Ciocalteu reagent (10%) and 20 mL of Na,CO; (10%) was
mixed with S. polycystum extract and incubated for 30 min.
The absorbance of the sample was measured at a wavelength
of 750 nm using a microplate reader. The TPC was defined as
mg gallic acid equivalent per gram of extract (mg GAE/qg).

Determination for amino acid contents: Amino acid
contents of 5. polycystum were determined using the
high-performance liquid chromatography (HPLC) method.
Sample preparations included weighing the sample carefully,
adding 2 mL of HCI 6N, vortexing and hydrolysis at 110°C for
12 hrs. Cool the sample at room temperature, then neutralize
it with 6 N NaOH. Clear this sample with 5 mL Pb-Acetate, 40%
and 2-mL oxalic acid, 15% and correct 10 mL using aqua
bidest. Take the sample as much as =3 mL and filter it with
Millex 0.45 pm. Setting the autosampler program with a
mix ratio of 10% sample size in OPA, react it for 3 min and
inject 20 pL sample into the HPLC. Standards of amino
acids, including L-asparagine (Asn), L-glutamic acid (Glu),
L-alanine (Ala), L-leucine (Leu), L-serine (Ser), L-isoleucine (lle),
L-aspartic acid (Asp), L-arginine (Arg), Glycine (Gly), L-valine
(Val), L-methionine (Met), L-cystine (CyS-SC), L-cysteine (Cys),
L-phenylalanine (Phe), L-threonine (Thr), L-glutamine (GIn),
L-proline (Pro), L-histidine (His), L-tyrosine (Tyr), L-lysine (Lys)
obtained from Sigma (Sigma-Aldrich, St. Louis, MO, USA), were
of analytical grade (> 99% purity)?>%.

Identification and calculation of content of amino acid: The
identification of amino acids was performed according to their
hold-up time (using standards as a reference). The quantitative
contentofamino acids is calculated fromthe value of the peak
area of the amino acids. The content of bound amino acids
was determined by subtracting the content of free amino
acids from their total content?%,

Pigment analysis: Pigment contents (Chlorophyll a, b and
total chlorophyll) and carotenoid. A sample of S. polycystum
(0.5 g of fresh samples) was extracted using 80% acetone™.
Using a UV/Visible Spectrophotometer, the absorbances of
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this extract were measured at 480 nm (A480), 645 nm (A645)
and 663 nm (A663). As advised by Vijay et al*' the
concentrations (umoL/L) of chlorophyll a, chlorophyll b and
total carotenoid were calculated using the following
equations:

Total carotenoid = (A480+0.114*A663-0.638*A645) *1*1000/112.5*0.3
Chlorophyll a (Ca) = (12.72¥A663-2.59*A645)

Chlorophyll b (Cb) = (22.9*A645-4.67*A663)
where, Ca+ Cb calculated the total chlorophyllin plant tissues.

Data analysis: Proximate analysis of bioactive compounds
was descriptively presented, meanwhile pigment analysis was
conducted in triplicate and the results are presented as
Mean=Standard Deviation.

RESULTS AND DISCUSSION

Sargassum polycystum proximate composition: The
research showed that Sargassum polycystumhad the highest
proximate composition, namely carbohydrate content of
57.75% and the lowest proximate content, namely total fat
content of 0.06%. Additionally, Sargassum polycystum has
other proximate content, such as water content of 14.80%, ash
content of 18.43% and protein content of 8.96% (Fig.1).

The most significant proximate composition in Sargassum
polycystum is carbohydrates, namely around 57.75%. The
carbohydrate contentin Sargassum polycystum is a source of
hydrocolloids that play a role in the food and non-food
industries®2. In Sargassum polycystum, carbohydrates are
generally fucoidan, laminarin, cellulose and alginate®. The
water content of Sargassum polycystumis 14.8%, indicating
that it has a relatively high amount of water content. The
high-water content can cause damage, making the shelf life
short. Therefore, one way to maintain quality and extend shelf
life is by carrying out the drying process.

Ash is an important component in food that influences
mineral levels. Sargassum polycystumhas arelatively high ash
content, approximately 18.43%. This high ash contentis linked
to the way mineral nutrients are absorbed and serves as an
adaptation to the environmental conditions in marine waters,
which contain various minerals in high concentrations.
Unlike many plants that absorb nutrients through their roots,
S. polycystum absorbs mineral nutrients through the entire
surface of its thallus, making the absorption process more
effective. The quantity of mineral nutrients absorbed directly
impacts the ash content in the seaweed’s tissue, resulting
in a high ash content for this species. Additionally, the ash
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content of S. polycystum reflects the mineral content it
contains. Therefore, 5. polycystum can be considered an
alternative source of minerals34%,

This study obtained total fat content at 0.06% (Fig. 1).
Sargassum polycystumcontains very little fat. The fat content
in S. polycystum is relatively low, ranging between 1-5%7%.
Seaweed and plants generally store their food reserves in
carbohydrates, especially polysaccharides. Meanwhile, animals
store their food reserves as fat in adipose tissue. This
difference in the form of storage of food reserves causes
vegetable fats to have a low percentage generally, while
animal fats have a high percentage. Meanwhile, the protein
content obtained by S. polycystum was 8.96%. Thiswasin line
with the opinion of Dawczynski et a/* that S. polycystum
contains protein levels in the range of 3-9% wet weight, while
red seaweed and green seaweed contain 6-20% protein levels.
Even though the fat and protein content s low, S. polycystum
has a relatively complete essential amino acid content and is
rich in good unsaturated fatty acids®. It was also added
that S. polycystum contains alanine, glycine and glutamic
acid®,

Amino acid content profile of Sargassum polycystunr. The
amino acid profiles of Sargassum polycystum were
determined using the high-performance liquid
chromatography (HPLC) method. Injection of a mixture of
standard amino acids produces a chromatogram, where each
peak indicates a particular type of amino acid. Amino acid
chromatogram of the sample. The type of amino acid in the
sample is obtained by comparing the peaks of the sample and
the amino acid standard. Calculation of the concentration of
each amino acid is based on the area of each peak. The
Glycine type amino acid showed the highest peak value with
an area of 3364.9878 at a retention time (RT) of 14.700 min.
Meanwhile, Histidine-type amino acids showed the lowest
peak value, with an area of 702.9330 and a retention time of
10.775 min, as per the standard HPLC chromatogram results
of amino acids (Fig. 2). The HPLC chromatogram of amino
acids of Sargassum polycystum shows that the highest
peak value is for the amino acid type Glutamic Acid with an
area of 1050.9751 at a retention time of around 5,466 min.
Meanwhile, Tryptophan amino acids showed the lowest peak
value with an area of 1.8830 at a retention time of around
24.570 min (Fig. 3).

Thetypesofaminoacids foundin Sargassum polycystum
were obtained by comparing the retention time (RT) of
standard amino acids with the retention time (RT) of the
samples tested. Retention time is the time the sample
requires from the time of injection until the sample
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Fig. 2: HPLC chromatogram of amino acids standard

reaches its maximum peak®. The amino acid peaks tested
will have the same retention time value as the standard
retention time value (Table 1). Testing for amino acids in
Sargassum polycystum produces almost all essential and
non-essential amino acids except tryptophan, cysteine,
proline and asparagine. This occurs due to damage to the
amino acid tryptophan during amino acid hydrolysis. The
non-identification of other amino acids is thought to be due
to damage at the protein hydrolysis, drying and derivatization
stages.

The results of the chromatogram of amino acids in
Sargassum polycystum based on retention time show that
nine peaks are close to the retention time of standard amino
acids (Fig. 2, Table 1), including aspartic acid, glutamic acid,
threonine, glycine, alanine, arginine+tyrosine, tryptophan,
valine and phenylalanine namely 4,179; 5,46; 14,126; 14.55;

Time (min)
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18.052; 24.570; 25.288; and 26.060 min, respectively.
Meanwhile, the amino acid L-alanine showed the highest
retention factor (RF) value of 265.44644 and L-tryptophan
showed the lowest retention factor value of -45.53599. The
retention factor (RF) value for L-asparagine showed no results
at all or could be said to be undetectable.

Amino acids are divided into essential amino acids and
non-essential amino acids. Essential amino acids are
amino acids that cannot be formed by the human body
(nutritive food) and non-essential amino acids are amino
acids that the human body can form“. The research results
showed that 15 types of amino acids were detected in
Sargassum polycystum. The detected amino acids consisted
of 7 and 8 non-essential amino acids. The essential amino
acids in Sargassum polycystum are histidine, threonine,
arginine+tyrosine, methionine, valine, phenylalanine and
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Fig. 3: HPLC chromatogram of amino acids of Sargassum polycystum

Table 1: Retention time and retention factor value of amino acids from Sargassum polycystum

Retention time (min)

Retention factor

Type of amino acid Standard* Results** Standard* Results**
L-aspartic acid 4.364 4.179 118.16547 123.08752
L-glutamic acid 5.489 5.466 109.18034 108.71372
L-asparagine 9.210 - 126.79339 -

L-histidine 10.775 11.509 4411243 54.06209
L-serine 11.319 11.821 139.46216 150.95817
L-glutamine 11.608 13.071 152.54290 162.62506
L-threonine 14.161 14.126 72.62967 163.19070
L-glycine 14.700 14.555 208.32837 99.69808
L-alanine 15.049 14.744 130.34252 265.44644
L-arginine+L-tyrosine 18.421 18.052 106.22463 112.58561
L-tryptophan 25.508 24.570 53.54256 -45.53599
L-methionine 24.796 25.198 128.42957 156.17192
L-valine 25418 25.288 163.37864 199.62026
L-phenylalanine 26.088 26.060 80.67932 81.35079
L-Isoleucine 28.355 28.554 142.68971 156.97584
L-leucine 28.962 29.235 129.90158 133.27392
L-lysine 32.548 33.246 63.12580 59.23136

*Amino standard reference and **Sample test result value

isoleucine. Meanwhile, the non-essential amino acids foundin
Sargassum polycystumare aspartic acid, glutamicacid, serine,
glutamine, glycine, alanine, tryptophan, leucine and lysine.

Validation analysis procedure of the amino acid content:
The validation method and analysis procedure for the
amino acid content followed the validation guidelines
set forth by EURACHEM for analytical methods. To assess
the sensitivity and linearity of the signal about
concentration, linear calibrations were established for each
amino acid. Five different concentrations of standards
were used to determine the linearity, specifically 0.1,0.3, 0.6,

1.3 and 3.3 mg/100 g. The correlation coefficients (R
varied from 0.98599 to 0.9981, as presented in Table 2.
L-histidine showed the highest correlation coefficient (R?)
value of 0.99981 with an area of around 18.3959 and content
of 0.23%in Sargassum polycystum. Meanwhile, L-threonine
showed the highest correlation coefficient (R?) value of
0.98599 with an area of around 148.1907 and a content
of 0.57% in  Sargassum polycystum. The amino acid
content of L-asparagine and L-tryptophan was not detected
in Sargassum polycystum. The highest amino acid content
is L-glutamic acid at 5.03% and the lowest is L-methionine at
0.19%, which is found in Sargassum polycystum.
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Table 2: Performance parameters of the method for determining amino acids and area

Area

Type of amino acid Standard Results Correlation coefficient R? Content (%)
L-aspartic acid 1833.9484 312.0727 0.99917 1.28
L-glutamic acid 1762.2497 1050.9751 0.99733 5.09
L-asparagine 2011.6701 - - not detection
L-histidine 702.9330 18.3959 0.99981 0.23

L-serine 2197.0300 346.7892 0.99937 113
L-glutamine 2434.0014 95.6021 0.99967 0.29
L-threonine 1136.5817 148.1907 0.98599 0.57
L-glycine 3364.9878 117.0001 0.99832 0.61
L-alanine 2050.0018 336.3342 0.99834 1.31
L-arginine+L-tyrosine 3371.1225 296.4565 0.99969 0.45
L-tryptophan 849.4649 1.8830 0.99976 not detection
L-methionine 2034.8555 64.0042 0.99866 0.19

L-valine 2593.8433 189.5508 0.99887 0.77
L-phenylalanine 627.1704 138.6887 0.99871 0.86
L-isoleucine 2262.7583 126.6243 0.99967 0.40
L-leucine 2058.0263 297.9581 0.99971 1.12

L-lysine 1031.1630 82.8405 0.99953 0.69

L- asparagine and L-tryptophan were not detected, Detection limits of L-asparagine (4.48 ppm) and L-tryptophan (0.1 ppm)

Table 3: Total content chlorophyll and carotenoid Sargassum polycystum

Sample Chlorophyll a pg/100 g DW

Chlorophyll bp g/100 g DW

Total chlorophyll ug/100 g DW Carotenoid pg/100 g DW

Sargassum polycystum 10.39

248

12.87 6.37

Theresulting peak areadatais then used in concentration
measurements by multiplying the resulting peak area by
the standard amino acid concentration. The resulting
concentration is then converted into a percent by multiplying
the molecular weight of each amino acid divided by the
sample weight*. The research results showed that the
L-glutamic acid content in Sargassum polycystum had the
highest content, namely 5.09%, while the L-methionine
content had the lowest content at 0.19%. L-glutamic acid is
important in most metabolic reactions and influences
metabolic processes in the brain. L-glutamic acid is a source of
glucose and can maintain normal blood levels*>#3, The high
content of glutamic acid in the meat and innards of feather
clams is due to the analysis process using acid hydrolysis,
which has a higher degree of analysis. The L-aspartic acid
content in Sargassum polycystum is relatively high, 1.28%.
L-aspartic acid is the main component of antibodies,
immunoglobulin and the immune system. With this type
of amino acid, carbohydrates are converted into energy,
which helps the body to reduce ammonia levels. It has
hepatoprotective properties and is involved in reanimation
reactions and synthesizing methionine, threonine and
lysine#445,

The L-glycine is classified as a non-essential amino acid,
a substrate for synthesizing several biologically important
compounds and biomolecules. This amino acid plays a
crucial role in detoxification reactions and synthesizing the
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tripeptide glutathione and proteins. The L-glycine content
in S. polycystumis 0.61%. Additionally, L-glycine possesses a
broad spectrum of immunomodulatory, anti-inflammatory
and cytoprotective properties®. In S. polycystum, two types
of amino acids are present: Essential and non-essential.
Among the essential amino acids, L-phenylalanine has the
highest content at 0.86%, while L-methionine has the
lowest at 0.19%. L-alanine plays a key role as an
intermediary between protein catabolism and carbohydrate
synthesis. It is central to muscle protein metabolism and is a
significant factorin nitrogen metabolism, enabling muscles to
utilize the energy produced by other amino acids. L-alanine is
commonly used as an ingredient in infusion solutions, food
additives and as a precursor for pharmaceutical and chemical
products®.

Contents of total chlorophylls: Results for the major
photosynthetic pigments studied in Sargassum polycystum
are usually presented as the content of total carotenoids,
chlorophylls a and b and expressed as ug/100 g dry weight
(DW). The values for total carotenoids, chlorophyll a and
chlorophyll b content determined in the S. polycystum were
shown in Table 3. From the table, it may be observed that the
concentration of total carotenoids measured 6.37 ug/100 g
DW, whereas chlorophylla, chlorophyll b and total chlorophyll
contents measured 10.39, 2.48 and 12.87 ug/100 g DW,
respectively.
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CONCLUSION

Using the HPLC method, amino acids were identified
in S polycystum and their quantitative levels were
determined. The results of this study found that 15 amino
acids were detected, of which 7 were essential amino acids
(L-histidine, L-threonine, L-arginine+tyrosine, L-methionine,
L-valine, L-phenylalanine and L-isoleucine) and 8 of them
are non-essential amino acids (L-aspartic acid, L-glutamic
acid, L-serine, L-glutamine, L-glycine, L-alanine, L-leucine and
L-lysine). The amino acids L-asparagine and L-tryptophan
could not be detected in S polycystum. Meanwhile,
L-glutamic content has the highest content, 5.09% and
L-methionine has the lowest amino acid content at 0.19%.
Future suggestions would involve more research on the
precise functions of essential and non-essential amino
acids in  Sargassum  polycystum crop  physiological
processes. From an agronomical point of view, it is very
important to investigate their possible uses as
osmoprotectant substances for stress elimination of crops
grown under stressful conditions, such as drought and
salinity stresses.

SIGNIFICANCE STATEMENT

This study discovered the biochemical compounds in
brown seaweed (Sargassum polycystum) from the City of
Bengkulu, Indonesia, that can be beneficial for enhancing
vegetable crop tolerance to environmental stressors such
as drought and salinity. These compounds serve as
effective exogenous osmoprotectants, offering a sustainable
approach  to improving agricultural resilience in
climate-vulnerable regions. The application of 5. polycystum
extracts could revolutionize stress mitigation strategies,
ensuring higher crop yields and food security. This study will
help researchers uncover the critical areas of agricultural
biotechnology and stress physiology that many
researchers were not able to explore. Thus, a new theory on
seaweed-based osmoprotection in crop production may be
arrived at.
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