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RINGKASAN 

Bioaktivitas Ekstrak Polisakarida dari Konsorsium Mikroalga Strain Glagah 
dan Mikroalga Spirulina Platensis sebagai Imunostimulan 

Mikroalga merupakan salah satu kelompok mikroorganisme fotosintetik di 
wilayah perairan laut. Biomassa dari mikroalga dianggap 10 kali lebih efisien 
dibandingkan dengan tumbuhan pada umumnya. Pada perairan laut di wilayah 
Pantai Glagah, Provinsi Daerah Istimewa Yogyakarta (DIY), telah ditemukan 
konsorsium (komunitas mikroorganisme) mikroalga strain Glagah. Penelitian 
terkait konsorsium mikroalga Glagah di Indonesia yang sudah ada sejauh ini adalah 
tentang potensi mikroalga sebagai produsen biofuel. Komponen bioaktif lain dari 
konsorsium mikroalga Glagah belum pernah diteliti sebelumnya di Indonesia, 
terutama bioaktivitas dari komponen polisakarida. 

Komponen bioaktif mikroalga meliputi, pigmen, hidrogen, lipid, 
hidrokarbon, karbohidrat, vitamin, protein hingga polisakarida. Polisakarida 
termasuk biomakromolekul yang terdapat pada struktur dinding sel dari mikroalga, 
selama beberapa tahun terakhir menjadi daya tarik dalam bidang farmaseutikal 
khususnya pada aktivitas imunomodulator dan antioksidan. Salah satu mikroalga 
yang luas penggunaannya, baik dari segi kesehatan hingga untuk dikonsumsi adalah 
Spirulina platensis. Mikroalga S. platensis diketahui mampu meningkatkan respon 
imun seluler dan juga sebagai antioksidan. Polisakarida mikroalga S. platensis 
(PSP) dapat dijadikan sebagai pembanding terhadap polisakarida dari konsorsium 
mikroalga Glagah (PKG). 

Penelitian ini bertujuan untuk mengetahui dan menganalisa aktivitas biologis 
dari PKG sebagai imunostimulan dan antioksidan, dibandingkan dengan PSP. 
Polisakarida didapat dengan metode ekstraksi air panas dalam keadaan alkali (lye 
extraction method). Nilai kadar ekstraksi adalah perbandingan dari berat kering 
polisakarida dengan berat kering mikroalga. Nilai total karbohidrat dari ekstrak 
PKG dan PSP dianalisa menggunakan metode phenol sulphuric acid, sementara 
protein dengan metode Bradfrord. Aktivitas antioksidan dari PKG dan PSP 
diperiksa menggunakan uji free radical scavenging activity dengan DPPH. 
Proliferasi sel splenosit, menggunakan sel splenosit dari organ lien dari mencit 
sehat, kemudian dicuci dengan RPMI 1640, lalu dikultur dalam microplate dengan 
medium RPMI 1640, kepadatannya 3x105 sel per 100 μl tiap sumuran. PKG dan
PSP ditambahkan ke tiap sumuran dengan dosis bertingkat  0; 0,625; 1,25; 2,5; 5; 
10 dan 20 mg/ml. Lalu dilanjutkan deteksi sitokin IFN-ɣ dan TNF-α menggunakan
ELISA. Selain itu dilakukan uji MTT untuk menilai aktivitas proliferasi dari sel 
splenosit setelah dilakukan pemberian PKG dan PSP. 

Pada penilitian ini didapatkan serbuk kering polisakarida PKG dan PSP, 
extraction rate dari PKG adalah 5,475% dan PSP sebesar 6,35%. Kemudian 
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kandungan karbohidrat yang didapatkan pada ekstrak PKG sebesar 1,2 mg/ml, 
sedangkan PSP 13,33 mg/ml. Adapun kandungan protein yang diperoleh adalah 
2,23 mg/ml pada ekstrak PKG dan 0,67 pada ekstrak PSP. Nilai aktivitas 
antioksidan pada dosis ekstrak tertinggi 200 µg/ml, didapati bahwa ekstrak PKG 
nilainya lebih tinggi (55,65%) dari ekstrak PSP. Hasil hitung IC50 menunjukkan 
ekstrak PKG diketahui memiliki aktivitas antioksidan sedang dengan nilai 125,21 
µg/ml, sedangkan ekstrak PSP menunjukkan aktivitas antioksidan rendah dengan 
nilai IC50 sebesar 171,82 µg/ml. 

Hasil uji proliferasi sel splenosit dari kedua ekstrak, dengan pemberian ConA 
sebagai mitogen menunjukkan pada ekstrak PKG terjadi interaksi antara pemberian 
ConA dengan dosis polisakarida (p < 0,05). Nilai proliferasi sel dari pemberian 
ekstrak PKG dosis tertinggi (20 mg/ml) mencapai 123,64% pada penambahan 
ConA dan 117,7% tanpa penambahan ConA. Pada ekstrak PSP juga terjadi interaksi 
antara pemberian ConA dengan dosis polisakarida (p , 0,05). Nilai proliferasi sel 
dari PSP pada dosis ekstrak polisakarida tertinggi (20 mg/ml) mencapai 129,2% 
(dengan penambahan ConA), dan 128,0% (tanpa penambahan ConA).  

Pada deteksi produksi sitokin menggunakan uji ELISA, ekstrak PKG dengan 
dosis 0,625; 2,5 dan 20 mg/ml mampu bertindak sebagai imunostimulan karena 
dapat meningkatkan produksi sitokin TNF-α, melampaui nilai konsentrasi pada
Kontrol dan ConA dengan perlakuan ConA (-). Ekstrak PKG dengan dosis 5 mg/ml, 
baik pada perlakuan ConA (+) maupun ConA (-), nilai konsentrasi TNF-α masih
belum dapat melampaui nilai Kontrol dan ConA; dinyatakan memiliki aktivitas 
imunosupresif. Sementara efek pemberian ekstrak PSP terhadap TNF-α, pada dosis 
ekstrak PSP 1,25; 2,5 dan 10 menunjukkan aktivitas imunosupresif karena lebih 
rendah terhadap nilai Kontrol dan ConA. Pada perlakuan dengan ConA (+) dosis 
ekstrak PSP 1,25 dan 10, mampu mendukung aktivitas imunostimulan. Efek ekstrak 
PKG terhadap produksi sitokin IFN-ɣ, menunjukkan bahwa pada dosis ekstrak 
PKG 0,625 dan 10 mg/ml dengan ConA (-) mampu menunjukkan aktivitas 
imunostimulan dengan meningkatkan konsentrasi sitokin dibandingkan nilai 
konsentrasi pada Kontrol dan ConA. Pada dosis ekstrak PKG 0,625 dan 5 mg/ml, 
perlakuan ConA (+) mampu mendukung aktivitas imunostimulan dengan 
meningkatkan konsentrasi IFN-ɣ. Sementara pada ekstrak PSP, hanya dosis 0,625 
dengan ConA (+) yang mampu meningkatkan produksi sitokin terhadap Kontrol 
dan ConA. 

Kesimpulan dari penelitian ini adalah ekstrak PKG dan PSP mampu 
meningkatkan presentase sel secara signifikan, khususnya pada dosis ekstrak 20 
mg/ml. Produksi sitokin TNF-α dan IFN-ɣ dengan uji ELISA didapati ekstrak PKG 
bersifat sebagai imunostimulan dengan dosis rendah, sementara pada dosis tinggi 
bersifat imunosupresif. Hal yang sama juga ditunjukkan ekstrak PSP. Peningkatan 
proliferasi sel tidak diikuti dengan peningkatan produksi sitokin TNF-α dan IFN-ɣ. 
Berdasarkan uji proliferasi sel dan produksi sitokin ekstrak PKG dan PSP dinilai 
memiliki sifat imunomodulator. Ekstrak PKG dan PSP mampu berperan sebagai 
antioksidan, dengan nilai aktivitas antioksidan dari ekstrak PKG lebih tinggi 
dibandingkan dengan ekstrak PSP 
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SUMMARY 

Bioactivity of Polysaccharides Extract from Consortia of Glagah Strain 
Microalgae dan Spirulina platensis Microalgae as Immunostimulant 

Microalgae are one of the photosynthetic microorganisms in the ocean. 
Biomass from microalgae is ten times more resourceful than any other plant. On 
the coast of Glagah Beach, the Special Region of Yogyakarta Province, a 
consortium of microalgae named consortium Glagah has been discovered. 
Consortium Glagah in Indonesia has been explored as one of the biofuel sources. 
Other bioactive components from Consortium Glagah have not been explored 
before in Indonesia, most importantly the bioactivity from polysaccharides. 

Bioactive components from microalgae include pigments, hydrogen, lipid, 
hydrocarbon, carbohydrate, vitamins, proteins and polysaccharides. 
Polysaccharides as biomacromolecule placed in cell wall structure of microalgae, 
have become interest in pharmaceutical, especially in immunomodulator activity 
and antioxidant. One of microalga which commonly used in medicine and 
consumable food is Spirulina platensis. Spirulina platensis microalgae has ability 
to increase cellular immune responses and act as antioxidant. Polysaccharides of 
Spirulina platensis (PSP) compared with Consortium Glagah’s polysaccharides 
(PKG).  

This research aimed to understand and analize the biological activity of PKG 
as immunostimulant and antioxidant, compared to PSP. Polysaccharides were 
extracted with hot water extraction in alkaline condition (lye extraction method). 
The extraction rate is comparation between microalgae powder and polysaccharides 
powder. Total carbohydrate value from PKG and PSP extract were analyzed using 
phenol sulphuric acid method, the protein content were analyzed with Bradford 
method. Antioxidant activity of PKG and PSP were investigated using free radical 
scavenging activity DPPH assay. Proliferation of splenocyte cells, used splenocytes 
form healthy mice’s spleen then washed with RPMI-1640 medium, and cultured in 
microplate with RPMI-1640 medium, the cell density was 3x105/ 100 μl each well. 
PKG and PSP added to each well with dose increased gradually 0; 0,625; 1,25; 2,5; 
5; 10 and 20 mg/ml. Detection of cytokine IFN-ɣ and TNF-α were done using 
ELISA. Then cytotoxicity assay or MTT used to examine the metabolic activity of 
splenocyte after PKG and PSP added to the cells. 

In this research, the polysaccharides powder of PKG and PSP were obtained, 
with extraction rate of PKG was 5,475% and PSP was 6,35%. Total carbohydrate 
obtained from PKG only 1,2 mg/ml, while PSP 13,33 mg/ml. As for protein, 2,23 
mg/ml obtained from PKG and 0,67 mg/ml from PSP. The antioxidant value at the 
maximum extract’s dose 200 µg/ml, showed PKG was higher (55,65%) than PSP. 
The value of IC50 also calculated, PKG grouped as intermediate antioxidant 
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activity, the result was 125,21 µg/ml, while the PSP extract showed low antioxidant 
activity, the result was 171,82 µg/ml. 

Proliferation splenocyte assay form both extracts, which added with ConA as 
mitogen showed that from PKG extract there were interactions between ConA 
being added with the dose of polysaccharides (p < 0,05). The value of cell 
proliferation from PKG at highest dose of polysaccharides (20 mg/ml) reached 
123,64% combined with ConA and 117,7% without ConA. There was also an 
interaction from PSP extract between ConA added to the suspension with the dose 
of polysaccharides (p < 0,05). The value of cell proliferation from PSP at highest 
dose (20 mg/ml) was 129,2% (combined with ConA) and 128,0% without ConA 
being added. 

On detection of cytokines using ELISA, PKG extract with doses 0,625; 2,5 
and 20 mg/ml were able to act as immunostimulant because it could increase the 
production of TNF-α, exceeding the concentration values in Control and ConA with 
ConA (-) treatment. PKG extract with dose 5 mg/ml, both in treatments with ConA 
(+) and ConA (-), the TNF-α value still could not exceed the Control and ConA 
values; shown to have immunosuppressive activity. Meanwhile, the effect of PSP 
extract on TNF-αwith dose of 1,25; 2,5 and 10 showed immunosuppressive activity 
because they were lower than the Control and ConA values. In the treatmen with 
ConA (+), PSP extract with dose 1,25 and 10 mg/ml were able to support 
immunostimulant activity. The effect of PKG extract on the production of IFN-ɣ 
cytokine, showed that at dose of 0,625 and 10 mg/ml PKG extract with ConA (-) 
treatment was able to show immunostimulant activity by increasing the 
concentration of cytokines compared to the concentration values in Control and 
ConA treatments. At dose of 0,625 PKG extract and 5 mg/ml, ConA (+) treatment 
was able to support immunostimulant activity by increasing the concentration of 
IFN-ɣ. Meanwhile in PSP extract, only dose of 0,625 with ConA (+) treatment was 
able to increase cytokine production against Control and ConA. 

The conclusion of this study was, PKG and PSP extracts were able to 
significantly increase cell percentage, especially at 20 mg/ml extract. The 
production of TNF-α and IFN-ɣ cytokines by ELISA showed that PKG extract was 
able to act as an immunostimulant at low doses, while at high doses was 
immunosuppressive. The same goes with PSP extract. The increase in cell 
proliferation was not followed by the production of TNF-α and IFN-ɣ cytokines. 
Based on cell proliferation and cytokine production, PKG and PSP extracts were 
assessed to have immunomodulatory activity. PKG and PSP extract were able to 
act as antioxidant, with the value of PKG extract was higher than PSP extract. 
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ABSTRACT 

Microalgae are one of the photosynthetic microorganisms in the ocean. 
Biomass from microalgae are ten times more resourceful than any other plant. On 
the coast of Glagah Beach, the Special Region of Yogyakarta Province, a 
consortium of microalgae named consortium Glagah has been discovered. 
Consortium Glagah in Indonesia has been explored as one of the biofuel sources. 
Other bioactive components from Consortium Glagah have not been explored 
before in Indonesia, most importantly the bioactivity from polysaccharides. In 
recent discovered microalgae consortium Glagah, the antioxidant and 
immunostimulant value from its polysaccharides as bioactive component was 
investigated. This research aimed to understand and analize the biological activity 
of PKG (polysaccharides of microalgae consrotium Glagah) as immunostimulant 
and antioxidant, compared to PSP (polysaccharides of S. platensis). 
Polysaccharides were extracted with hot water extraction in alkaline condition.
Next, PKG and PSP extract were analyzed with phenol sulphuric acid to calculate 
the total carbohydrate and Bradford method to calculate the protein content. 
Antioxidant activity from PKG and PSP were analyzed with free radical 
scavenging activity with DPPH. Proliferation of splenocyte from healthy mice’s 
spleen were cultured in microplate with RPMI-1640, the cell density was 3x105/ 
100 μl each well. PKG and PSP added to each well with dose increased gradually 
0; 0,625; 1,25; 2,5; 5; 10 and 20 mg/ml. Detection of cytokine IFN-ɣ dan TNF-α 
were done using ELISA. Then MTT assay was used to examine the proliferation 
activity of splenocyte after PKG and PSP were added to the cells with ConA as 
mitogen. As result, PKG was able to showed a role as antioxidant and was higher 
than PSP extract. In proliferation assay, the PKG extract was able to increase the 
cell viability with or without combination of ConA significantly, especially at the 
dose of 20 mg/ml polysaccharides. PKG extract was able to act as 
immunostimulant at low doses, while at high doses PKG extract acted as 
immunosuppressive. The same goes with PSP extract. The increase in cell 
proliferation was not followed by the production of TNF-α and IFN-ɣ cytokines. 
Based on cell proliferation and cytokine production, PKG and PSP extracts were 
assessed to have immunomodulatory activity. 

Keywords: polysaccharides, microalgae, immunostimulant, antioxidant 
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