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INTRODUCTION 

Thrombosis or fibrin aggregation in blood vessels leading to myocardial infarction or other cardiovascular diseases (CVDs) 

are the leading cause of death today1. One of the anti-thrombolytic therapies is fibrinolytic enzymes, for example, tissue 

plasminogen activator (t-PA), urokinase, streptokinase, and bacterial plasminogen activator2. Fibrinolytic enzymes belong 

to the group of proteases that can degrade fibrin3. Fibrinolytic enzymes are distinguished into two categories: the first is 

plasminogen activator (PA), which acts indirectly, and the second, which directly degrades fibrin into fibrin degradation 

product4. The first category is urokinase and streptokinase types, which convert plasminogen into plasmin and cause fibrin 

hydrolysis. The second category of examples is nattokinase, which directly hydrolyzes fibrin and breaks down the 

thrombus5. However, some fibrinolytic enzymes have several limitations, such as higher cost of production and side effects, 

including bleeding complications, gastric bleeding, and allergies6,7. It forces the researcher to find alternative and safer 

fibrinolytic enzymes for CVD treatment. 
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 Abstract 

In the entire world, cardiovascular diseases (CVDs) are the main 
cause of death. For the treatment of CVDs, microbial fibrinolytic 
enzymes are highly regarded as novel therapeutic candidates. This 
study was purposed to determine the fibrinolytic protease activity 
produced by fungus source, which is Rhizopus microsporus var. 
oligosporus FNCC 6010 in fermented sunflower (Helianthus annuus) 
seed and common bean (Phaseolus vulgaris) seed. Fermentation was 
carried out by solid-state fermentation method at an initial pH of 5, 
incubation temperature of 33±1°C, and incubation time of 24 hours. 
The fermented seed was extracted to obtain supernatant as the crude 
enzyme. The proteolytic activity assay was done by the skimmed 
milk agar (SMA) plate method to obtain the proteolytic index, and 
the fibrinolytic activity assay was conducted by the fibrin-agarose 
plate method to get the fibrinolytic index. The results show that 
crude enzymes from fermented H. annuus and P. vulgaris seeds by 
R. microsporus have fibrinolytic protease activity with proteolytic 
index 2.64 ± 0.01 and 2.23 ± 0.04, respectively. The fibrinolytic index 
is 2.40 ± 0.06 and 1.64 ± 0.06, respectively. Therefore, the crude 
enzyme has the potential to be further researched as a candidate for 
thrombolytic agents. The purification, characterization, and in-
depth research are needed to develop enzymes into preparations for 
preventing and treating CVDs. 
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Fibrinolytic enzymes can come from macroorganisms such as plants, snake venom, earthworms such as Lumbricus rubellus1, 

sponges, and also come from microorganisms including bacteria such as Bacillus subtilis DC271 Stenotrophomonas sp.8, algae 

such as Ulva pertusa, Arthrospira platens, parasites Rhipicephalus microplus1, and fungus such as Rhizopus sp.9-12. There are some 

fermented foods by microbes that have been shown to produce fibrinolytic enzymes, such as natto, a traditional Japanese 

food derived from soybeans fermented by B. subtilis, douchi from China, chung kook jang from Korea, and tempeh from 

Indonesia1. Various sources of fibrinolytic enzymes from microbes have recently attracted attention due to their relatively 

low cost and can be produced on a large scale over plant and animal sources. In general, the enzymes produced by microbes 

are extracellular and secreted into the fermentation medium, making them easy to extract13. 

Rhizopus sp. has been reported to produce fibrinolytic proteases, including R. oryzae9; R. chinensis10,12; R. microsporus var. 

tuberosus14; and R. oligosporus. Rhizopus microsporus var. oligosporus is a fungus from Rhizopus sp. commonly used to 

manufacture tempeh15. Rhizopus oligosporus NRRL 2710 and NRRL 2549 show faster growth of mycelium. Rhizopus oligosporus 

can grow at 25-37°C in rice or cassava media16. Fermentation of R. oligosporus produces a wide variety of enzymes, including 

proteases17. Rhizopus oligosporus has been studied to produce protease enzymes in wheat bran, rice bran, and soybean media 

in solid-state fermentation (SSF) methods3. Tempeh fermentation of black soybeans by R. oligosporus produces fibrinolytic 

enzymes and has thrombolytic activity12. 

Fermentation is the process of breaking down large organic molecules with the help of microorganisms into simpler 

molecules18 that are used to produce microbial metabolites5. The SSF process is carried out on a solid substrate with certain 

environmental conditions19. Substrate selection is essential in maximizing enzyme production from the fermentation 

process2. The substrate functions as a growth medium, a source of nutrients including nitrogen, carbon, minerals as 

activators, and vitamins20. Through the mycelium, the fungus penetrates the substrate to convert it into bioactive 

components21. 

Some substrates that can be used as a medium for metabolite production are sunflower (Helianthus annuus) and common 

bean (Phaseolus vulgaris) seeds. Helianthus annuus seed is a source of protein with a protein content 21%22. Carbon content is 

as much as 35.8%23, nitrogen content is as much as 3.33-3.70%24, and are rich in other valuable compounds25,26. Previous 

studies have shown that H. annuus seed extract produces several enzymes, including proteases27. Helianthus annuus meal 

has been reported as a growth medium for R. oligosporus to produce protease enzymes28. Phaseolus vulgaris seed is a source 

of protein, carbohydrates, vitamins, and minerals, unsaturated fatty acids29. The protein content varies between 16-33%. The 

organic content of carbon is 38.90% – 45.01%. The nitrogen content is 3.79-4.96%. Carbohydrates content in P. vulgaris seed 

is about 50-60%, and fat loss is 2.20-5.03%. Approximately nine peptides have been identified in P. vulgaris seed having 

protease activity30,31.  

To our knowledge, there has yet to be a study on the production of protease fibrinolytic from R. microsporus var. oligosporus 

with H. annuus and P. vulgaris seeds substrates in the SSF method. Both substrates contain substances that have protease 

activity27,30 because fibrinolytic enzymes are inducible enzymes, so the incorporation of protease-rich substances induces the 

yield of enzymes produced20. Based on the problem, this study was purposed to determine the activity of a microbial 

protease fibrinolytic that was produced by R. microsporus var. oligosporus Food and Nutrition Culture Collection (FNCC) 

6010 in H. annuus and P. vulgaris seeds substrate as novel therapeutic candidates as thrombolytic agent for CVDs treatment. 

The proteolytic activity of the crude enzyme produced was examined by the skimmed milk agar (SMA) plate method, and 

fibrinolytic activity was determined by the fibrin plate method. 

 

MATERIALS AND METHODS 

Materials 

Rhizopus microsporus var. oligosporus FNCC 6010 was bought from Universitas Gadjah Mada, Indonesia. Phaseolus vulgaris 

seed (Figure 1a) was bought from CV. Aura Seed Indonesia, Bunut, Bringin, Badas, Kediri, East Java, Indonesia. Helianthus 

annuus seed (Figure 1b) was bought from House of Organix, Cilincing, North Jakarta, Jakarta Capital Special Region, 

Indonesia. Other materials including Potatoes Dextrose Broth (PDB) Himedia®, phosphate buffer 0,1 M (pH 5-7), skimmed 

milk powder Nutrifood Indonesia, Nattokinase Swanson®, fibrin bovine Sigma®, distilled water, agarose, and methylene 

blue. Instruments used include Autoclave electric HL-340 Series, Vertical Type Steam Sterilizer, Memmert Incubator, 

https://portal.issn.org/resource/ISSN/2621-4814
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Genesys-20 Spectrophotometer, Sartorius Type BP 221S Digital Scales, Laminar Air Flow Cabinet, magnetic stirrer, 

Samsung refrigerator, ultracentrifuge HERMLE Z36HK, Hettich Zentrifugen EBA 20 centrifuge, Vortex Thermolyne Maxi 

Mix, Fisher Versamix pH-meter, micropipette, Eppendorf, Eppendorf tube rack, and Philips juicer. 

 

 
a    b 

Figure 1. (a) Phaseolus vulgaris and (b) Helianthus annuus seeds. 

 

Methods 

PDA slant media and enrichment of R. microsporus 

A potato dextrose agar (PDA) slant was used as media for the enrichment of R. microsporus. PDA slant was made by 

weighing 2.9 g of PDB powder and 1.5 g of agarose. One hundred mL of distilled water was added to the mixed powder, 

and then the solution was heated until soluble and homogenous. Twelve mL of solution was put into each tube and 

sterilized by autoclave at 121°C for 15 minutes, then left until compact. Rhizopus microsporus was enriched by inoculating the 

culture stock into a PDA slant and incubating it at 30±2°C for 72 hours. 

Preparation of R. microsporus var. oligosporus suspension 

A total of 10 mL of 0.1 M phosphate buffer pH 5.00 was added to R. microsporus var. oligosporus in PDA slant media, then 

vortex until the spores were separated from the medium and let stand for a few moments until the suspension was clear 

and the sediment was separated (±15 minutes). The optical density was then measured with a spectrophotometer to obtain 

a transmittance of ±25% (λ 580 nm). 

Substrate preparation and fermentation process 

Helianthus annuus and P. vulgaris seeds were used as substrates in controlling conditions. Each seed was thoroughly washed 

three times and boiled in distilled water for 25 minutes. The epidermis was removed, rinsed, and soaked in distilled water 

1:3 (w/v) for 12 hours. Then, the mixture was re-boiled for 15 minutes. The mixture was left to dry at room temperature for 

two hours, and the water content was tested. The fermentation process was done by weighing 30 g of each prepared seed, 

adding 500 µL of R. microsporus var. oligosporus suspension, and spreading it on the seed. Incubated at 33±1°C for 24 hours. 

Extraction process obtaining crude enzyme and crude extract 

The crude extract was obtained from unfermented seeds, while crude enzyme was obtained from fermented seeds by 

weighing 20 g of each seed or fermented seed and adding 50 mL of 0.1 M phosphate buffer pH 7.00. The mixture was 

blended for two minutes and centrifuged for 30 minutes at 6000 rpm. The supernatant was used as a sample. 
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Skimmed milk agar media preparation and proteolytic activity assay 

Skimmed milk agar media were prepared by dissolving 3 g skim milk in 30 mL distilled water and 3 g agar in 100 mL 

distilled water and pouring skimmed milk solution into agar solution and heated. A total of 20 mL media was put into each 

tube and then sterilized at 121°C for 15 minutes. The SMA media was put into a sterilized petri dish. The proteolytic activity 

assay was done by adding a 40 µL sample or control to each hole of an SMA plate and incubating the plate at 33±2°C for 20 

hours. Nattokinase (100 g/10 mL) was used as the positive control (K+), and 0.1 M phosphate buffer pH 7.00 was used as 

the negative control (K-). If there was a clear zone around the hole, it showed proteolytic activity, as shown in Equation 1. 

 

𝑃𝑟𝑜𝑡𝑒𝑜𝑙𝑦𝑡𝑖𝑐 𝑖𝑛𝑑𝑒𝑥 =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑙𝑒𝑎𝑟 𝑧𝑜𝑛𝑒 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 (𝑚𝑚)

𝑀𝑒𝑑𝑖𝑎 ℎ𝑜𝑙𝑒 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 (𝑚𝑚)
  [1] 

 

Fibrin media preparation and fibrinolytic activity assay 

Fibrin plate media was prepared by dissolving 1.5 g agar in 60 mL heated distilled water and pouring 0.5 g fibrin into agar 

solution. One drop of methylene blue was added to the fibrin medium, then pasteurized for three minutes at 80±2°C. A total 

of 20 mL was poured into a sterile petri dish using a modified method from Poernomo et al.32. A fibrinolytic activity assay 

was done by putting a 40 µL sample or control in each hole of fibrin media on the petri dish and incubating it at 37±2°C for 

24 hours. Nattokinase (100 g/10 mL) was used as the positive control, and phosphate buffer 0.1 M pH 7.00 was used as the 

negative control. The clear zone around the hole indicated fibrinolytic activity, as shown in Equation 2. 

 

𝐹𝑖𝑏𝑟𝑖𝑛𝑜𝑙𝑦𝑡𝑖𝑐 𝑖𝑛𝑑𝑒𝑥 =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑙𝑒𝑎𝑟 𝑧𝑜𝑛𝑒 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 (𝑚𝑚)

𝑀𝑒𝑑𝑖𝑎 ℎ𝑜𝑙𝑒 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 (𝑚𝑚)
  [2] 

 

Data analysis 

Microsoft Excel (Microsoft Office 2016) was used to calculate the average and standard deviation of the proteolytic and 

fibrinolytic indexes. Proteolytic and fibrinolytic indexes from the data were analyzed by SPSS statistical software version 

25.0 (SPSS Inc., US). Each data analyzed variance at 5% probability to know if there was a significant difference from the 

index value. The Tukey test was performed at a 5% probability if there was significance. 

 

RESULTS AND DISCUSSION 

In this study, the crude enzyme was supernatant obtained from fermented H. annuus and P. vulgaris seeds extraction by R. 

microsporus var. oligosporus FNCC 6010. In the production of enzymes by the SSF method, the fermentation product can be 

used directly as a source of crude enzymes33. Based on the proteolytic activity assay, data were determined that crude 

enzymes from the fermentation of H. annuus and P. vulgaris seeds both showed clear zones around the hole (Figure 2). 

Nattokinase as positive control showed the same result, while a 0.1 M phosphate buffer of pH 7.00 as negative control did 

not show a clear zone. The clear zone showed proteolytic activity per unit time calculated every 24 hours. The higher the 

protease activity, the higher the clear zone formed20. The SMA plate method determined protease activity using casein as 

substrate34. Casein hydrolysis is used to demonstrate the hydrolytic activity of proteases that catalyze casein degradation by 

breaking the CO-NH peptide bond and releasing amino acids35. 

 

 
Figure 2. Proteolytic activity of crude enzyme fermented H. annuus seed in three replications (S1, S2, and S3) and P. vulgaris seed in 

three replications (B1, B2, and B3) on SMA plate. 
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Proteases from the fermentation of each seed can be formed during the fermentation process by R. microsporus var. 

oligosporus FNCC 6010. Related research states that the fermentation of soybeans by R. oligosporus produces a variety of 

enzymes, of which one is protease17. The enzyme proteases were produced during the fermentation of soybeans by R. 

oligosporus as a source of energy for growth and metabolism through protein hydrolysis. Fermentation degrades cell 

structures, including proteins, into amino acids and peptides36. 

The recent study revealed that R. oligosporus grown on H. annuus meal media or seed oil extraction residues produced 

protease enzymes28 with a maximum activity of 215.75±2.33 PU/g. Another study stated that the SSF method by Aspergillus 

spp. in French beans substrate has also been found to produce proteases37 in the highest is 62±9.89 μg/mL. 

The proteolytic index value of the fermentation seed can be seen in Table I. The proteolytic index of the fermented crude 

enzyme H. annuus seed was higher than that of P. vulgaris seed with 2.64±0.01 and 2.23±0.04, respectively, which were 

statistically shown to differ significantly (α = 0.05). This suggests that differences in substrate or medium in the fermentation 

process produce protease enzymes at different activity levels. Other research explained that the production ability of 

proteolytic enzymes differs depending on the medium used, where the media degraded by R. oligosporus produces different 

proteolytic enzyme activity12. A study of the fermentation of black soybeans had the highest proteolytic index among the 

five R. oligosporus fermented seeds, including komak beans, soybeans, kidney beans, and tholo beans38. The difference in the 

diameter of the clear zone in the SMA plate result supported this finding. Another study showed that R. oligosporus grown 

on various media, wheat bran, rice bran, and soybean media in the SSF method produced proteases with the highest activity 

of 3.9x105. In addition, R. arrizhus in whey and cottonseed media produces proteolytic enzymes with a maximum value of 

up to 170 U/mL. 

 
Table I. Proteolytic index of crude enzyme fermented H. annuus and P. vulgaris seeds. 

Sample / control Mean clear zone diameter±SD (mm) Mean proteolytic index±SD 
Positive control (K+) 15.17±0.29 2.17±0.04 
Negative control (K-) 0.00±0.00 0.00±0.00 
Crude enzymes fermented H. annuus seed 18.45±0.04 2.64±0.01 
Crude enzyme fermented P. vulgaris seed 15.62±0.31 2.23±0.04 

 

In this study, crude extract, which is the extraction of unfermented seeds and the subsequent taking of supernatant, and the 

suspension of R. microsporus var. oligosporus used for the fermentation process was also tested for proteolytic activity (Figure 

3) to prove the difference in proteolytic activity between fermented and unfermented seeds or against the suspension of 

spores used for fermentation. A crude extract from an unfermented H. annuus seed showed protease activity at low values 

(Figure 3a). So does the crude extract of P. vulgaris seed (Figure 3b). The activity is likely to come from the seeds themselves. 

Previous research has shown that H. annuus seed extract produces several enzymes, including protease27. Phaseolus vulgaris 

seed is also reported to contain the enzyme protease, so there is a clear zone around the hole30. Suspension R. microsporus 

var. oligosporus also exhibits proteolytic activity. Related research states that Rhizopus and Mucor from soil-derived produce 

fibrinolytic protease enzymes1. In addition, proteases can be formed during the culture enrichment process, which involves 

fungus growth on PDA media. A similar study stated that the suspension of R. oryzae had protease activity, even though it 

was relatively lower than the fermentation results of soybean tempeh. 

The results showed that the proteolytic activity shown with the mean value of the clear zone and standard deviation in the 

crude enzyme of fermented seeds was more remarkable compared to the suspension of R. microsporus var. oligosporus and 

crude extract of unfermented seeds (Figure 4), so do the proteolytic index (Figure 5). The ANOVA One-way statistical test 

stated a significant difference between each proteolytic index with a value of α = 0.05, followed by the Tukey HSD posthoc 

test. From the results of statistical tests, it is concluded that the proteolytic index, from the highest to the lowest, is a crude 

enzyme from fermented seed; suspension R. microsporus var. oligosporus, crude extract from the unfermented seed. The 

proteolytic activity assay is one of the initial tests against fibrinolytic enzymes. Fibrinolytic enzymes belong to the group of 

proteases that can degrade fibrin 38. For example, one of the proteases derived from Pergularia extensa latex has been studied 

to act similarly to thrombin in releasing fibrinopeptides A and B from fibrinogen acting as thrombolytic agents3. 

Furthermore, the fibrinolytic activity test was carried out using the fibrin plate method to prove the fibrinolytic activity of 

crude enzymes from fermented H. annuus and P. vulgaris seeds, which have been proven to have protease activity. 
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a     b 

Figure 3. (a) Proteolytic activity of crude enzyme from fermented H. annuus seed (S1, S2, and S3) and unfermented H. annuus seed (CS1, 

CS2, and CS3); (b) Proteolytic activity of crude enzyme from fermented P. vulgaris seed (B1, B2, and B3) and unfermented P. vulgaris 

seed (CB1, CB2, and CB3); and suspension of R. microsporus var. oligosporus FNCC 6010 (Ro1, Ro2, and Ro3). 

 

 
Figure 4. The clear zone diameter of crude enzyme fermented and crude extract unfermented both H. annuus and P. vulgaris seeds. 

 

 
Figure 5. Proteolytic index of crude enzyme fermented and crude extract unfermented both H. annuus and P. vulgaris seeds. 
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Based on the fibrinolytic activity assay result, it was known that crude enzymes from the fermented H. annuus and P. vulgaris 

seeds by R. microsporus var. oligosporus produce a clear zone around the well. Nattokinase, as the positive control, gave a 

similar zone, while a phosphate buffer, as the negative control, did not show a zone (Figure 6). The clear zone around the 

well indicates fibrinolytic activity in the fibrin plate media caused by the hydrolysis of fibrin into soluble amino acids9,20. 

Related research revealed the findings of fibrinolytic enzymes in the fermentation of black soybeans by R. oligosporus, which 

shows in vitro fibrinolytic and thrombolytic activity12. Another study found that using H. annuus oil cake as a growth 

medium for Candida guilliermondii NRRL Y-2075 by the SSF method produced fibrinolytic enzymes39. Bacillus 

amyloliquefaciens and B. subtilis have grown on agro-industrial substrates, chickpeas, produce enzymes that show 

thrombolytic activity40. 

 

 
Figure 6. Fibrinolytic activity of crude enzymes fermented H. annuus seed in triplicate (S1, S2, and S3) and P. vulgaris seed in triplicate 

(B1, B2, and B3) on fibrin-agarose plates. 

 

The fibrinolytic activity of crude enzymes fermented by H. annuus seed was greater than that of P. vulgaris seed with a 

fibrinolytic index of 2.40±0.06 and 1.64±0.06, respectively, significantly different (α=0.05). This is in line with the proteolytic 

activity test, which means that the fibrinolytic activity is sourced from the protease enzyme. The fibrinolytic index values 

can be seen in (Table II). Fibrinolytic enzymes are inducible enzymes, so the incorporation of protease-rich substances 

induces the production of enzymes20. Present results showed that fibrinolytic enzyme production depends on the substrate 

used in the SSF. As a substrate of Bacillus sp., fermented potato peel demonstrated the highest enzyme activity than corn 

husk and banana peel41. 

 
Table II. Fibrinolytic index of crude enzyme fermented H. annuus and P. vulgaris seeds. 

Sample / control Mean clear zone diameter±SD (mm) Mean proteolytic index±SD 
Positive control (K+) 19.50±0.28 2.79±0.04 
Negative control (K-) 0.00±0.00 0.00±0.00 
Crude enzymes fermented H. annuus seed 16.83±0.43 2.40±0.06 
Crude enzyme fermented P. vulgaris seed 11.46±0.45 1.64±0.06 

 

CONCLUSION 

The crude enzyme derived from fermented H. annuus seed and P. vulgaris seed by R. microsporus in the SSF method was 

shown to have protease fibrinolytic activity with proteolytic and fibrinolytic indexes of 2.64±0.01; 2.23±0.04, respectively, on 

SMA media and 2.40±0.06; 1.64±0.06 in fibrin-agarose media. The value is significantly greater (α=0.05) than neither 

fermented seeds nor spore suspensions. Therefore, the crude enzyme has the potential to be further researched as a 

candidate for thrombolytic agents. Thrombolytic activity, purification, characterization, and in-depth research are needed 

so that enzymes can be developed into preparations for the prevention and treatment of CVDs. 
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