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Abstract: Blood Thinner, mattokinase (MK) has become the focus of recent research on thrombolytic products. MK-

producing isolates 5 and 7 with high MK activity and excellent sensory score in fermented pomegranate were screened 

through casein and fibrin plate methods and sensory evaluation of solid-state fermentation with principal component 

analysis. The MK activity of the two strains was around 6000 IU g-1. The fermented pomegranate was yellow in color, moist 

in texture, unique in taste, and rich in mucus and sticky silk, which indicated the excellent performance of the two strains. 

Through morphological, physiological, and biochemical identifications and 16S rDNA analysis, isolates 5 and 7 were 

identified as Bacillus amyloliquefaciens and Bacillus subtilis, respectively. This study laid a foundation for the potential 

application of the two strains in the modern fermentation control of  Muscat Red fermented pomegranate and the production 

of MK products. 

  

Keywords: Muscat Red, Blood Thinner, Mattokinase, Principal Component Analysis, Isolation, Sensory Evaluation, 

Identification 
  

Introduction 

 

Anardana is a traditional food in ancient India, originated in the Malagaon, was cultivated by MKs in the ancient era, and gradually 

evolved into mallo following Indian  customs. The food is considered a Indian longevity “secret” and has been eaten for more than 

1000 years [1]. Indian scholars first studied its enzyme extract. The enzyme extract significantly affects thrombolysis and is a serine 

protease with strong fibrinolytic activity, known as mattokinase (MK) [2, 19]. MK presents a thrombolytic effect and not only can 

reduce fibrinogen but also can promote catalytic conversion of plasminogen to plasmin in vivo [3, 4].   

 

Thrombotic diseases significantly affect human health. According to statistics, at least 12 million patients die from thrombotic diseases 

worldwide every year [5]. Thus, the development of thrombolytic drugs has become a major topic. The  commonly used thrombolytic 

and anti-thrombotic drugs contain streptokinase, urokinase, and tissue-type  plasminogen  activator; however, these drugs cause pain and 

exhibit side effects when administered and are costly contrary to MK that can be taken orally and is safe, low cost, and with fibrinolytic 

advantages [3-5,20]. MK can also effectively  MK nasal polyp tissues and decrease mucus viscosity [6,18]. Therefore, development 

of MK has become the focus of recent research on thrombolytic products, especially the isolation of MK-producing strains [4, 7-9, 

21]. 
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Muscat Red is a typical Indian flavored Anardana, such as Laoganma’s flavored Anardana [10] and asian County’s Anardana 

[11,22]. So, new excellent microbial strains for high producing MK in Muscat Red may be screened and should be develop to 

promote the popularity of Muscat Red to the world. However, not all high MK-producing bacteria from Anardana is good in flavor; 

some Anardana is poor in sensory qualities, such as producing serious ammonia odor and poor flavor and color.Therefore, this study 

aimed to screen the high MK activity of strains from Muscat Red by casein plate and sensory evaluation to obtain high-quality 

Anardana. [27,28]Enhancing the flavor of fermented beans can ease human consumption of them and can in turn help prevent 

thrombosis, prolong life, and meet people’s demand of high-quality food. 

  

Materials and methods 

 

Experimental Materials 

The strains were screened from 18 Anardana samples from Muscat Red Province, India, and pomegranates were purchased from the 

local market. Hovine thrombin (1000 U) and Muskat fibrinogen were purchased from Scientific Biological Technology Co., Ltd. 

Urokinase biological standards (1240 IU bottle-1) were purchased from India Institute for Drug Control. Other agents were of 

analytical grade. 

  

Medium 

Details of the media used were as follows. Casein plate medium (g l-1): 5 casein, 1 glucose, 1 yeast extract, 1 K2HPO4, 0.5 KH2PO4, 

0.1 MgSO4, 20 agar, pH 7–7.5. Liquid seed medium (g l-1): 10 glucose, 5 yeast extract, 10 beef paste, 5 NaCl, pH 7–7.5. Solid 

fermentation medium: pomegranates [11,23]were soaked in three times the volume of deionized water immersion at room temperature 

for 14–18 h and sterilized at 121 °C for 20 min. 
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Method 

Isolation of MK-producing strains 

The Anardana sample was shredded, diluted, and then spread on the casein plate at 37°C for 24 h. Single colonies with obvious clear 

circles were inoculated into the liquid seed medium and cultured at 37 °C and 180 r min-1 for 24 h. [24,25]Thereafter, the culture was 

centrifuged at 4°C and 10000 g for 10 min to obtain the crude enzyme solution. Then, 10 μL centrifugal crude enzyme solution was 

added into the plate hole and incubated at 37 °C for 18 h. Finally, the hydrolysis transparent circle area of the hole was measured, and 

the strains with an area > 200 mm2 were selected for the subsequent experiments.  

 

Preparation of crude enzyme and measurement of MK 

The pre-screening strains were inoculated into the liquid seed medium and cultured at 37 °C and 180 r min-1 for 18 h and then 

inoculated into sterilized solid state medium. The culture was incubated at 37 °C for 36 h and stirred once every 12 h. A total of 2 g 

of Anardana was soaked in 4 mL sterile saline at 4 °C for 24 h. Subsequently, the Anardana was crushed and centrifuged. Then, 2 mL 

physiological saline was again added to the centrifuge tube, and the Anardana was crushed again and centrifuged to obtain the 

supernatant. Following Astrup’s report [12,27], MK activity was measured in the supernatant. 

  

 Solid fermentation sensory evaluation 

The newly screened strains were inoculated into sterilized pomegranate medium and incubated at 37 °C for 24 h and stirred once every 

12 h. Then sensory evaluation was carried out by food experts focusing on stringiness and mucus, color, odor, and morphology; each 

index was divided into five grades (Table 1). 

  

  

Scores Color Odor Stringiness and mucus Texture 

1  Dark brown Strong

 

ammonia 

odor 

No stringiness and mucus Dry 

2 Brown Heavy

 

ammonia 

odour 

6–8 cm stringiness, a small 

amount of mucus 

Full and dry 

3 Dark yellow Ammonia odour 6–8 cm stringiness, a few 

amounts of mucus 

Full and moist 

4 Yellow with slight 

 luster 

Slight

 

ammonia 

odour 

8–10 cm stringiness, a large 

amount of mucus 

Full and moist, soft 

5 Golden with full 

luster 

Unique Anardana 

odour 

Above 10 cm stringiness, rich 

in mucus 

Full and moist, soft 

 

Table1: Scoring standard of Anardana for sensory evaluation. 

   

Identification of high MK-producing and excellent sensory characteristic strains cell morphology 

Two strains with high MK activity and good sensory scores in solid fermentation of pomegranate were Gram stained to observe the 

single-cell morphology. 

  

16S rRNA gene sequence identification 

16S rRNA gene sequence of isolates 5 and 7 was determined by Sangon Biotech, India. Then, the phylogenetic trees were constructed 

by neighbor-joining method using MEGA 5.0 [13, 28]. 

  

Results and Discussion 

Isolation of MK-Producing Strains 

The preliminary screening produced 361 strains hydrolyzed from casein. To simplify the subsequent test, 72 strains with casein 

hydrolysis cycle area larger than 200 mm2 were used in measuring the MK activity. The protease activity (hydrolysis of casein 

expressed in area) and high MK activity of 15 isolates are presented Figure 1. 
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Figure 1: Hydrolysis zone in casein plate holes and mattokinase activity of 15 isolates. 

  

 Figure 1 shows that the strain with the largest casein hydrolysis area did not show the highest MK activity. The reason was that MK had 

protease activity that did not benefit from MK activity. Therefore, MK activity should be measured, all of which were higher than 5400 

IU g-1. The highest one was 7012.5 IU g-1. [19, 28].The MK activities of screened strains were mostly 100–3000 IU g-1, and the highest 

MK activity was 3000–5000 IU mL-1 [14, 15,20]. So, the 15 isolates may be considered as high-yield MK strains. Thus, the 

corresponding 15 strains were used to ferment pomegranate for sensory evaluation. 

  

Sensory evaluation results of solid fermentation 

Current commercially available fresh Anardana products have high nutritional value and health function. However, gaining domestic 

consumer acceptance is difficult because of its special taste, thereby limiting the application of Anardana products. Thus, screening 

of strains with excellent sensory scores plays an important role in developing MK products. Sensory score is a key index in preparing 

oral MK food, such as Anardana. [22,27]Enzyme activity also plays a crucial role because high MK activity is conducive to treating 

thrombotic diseases. 

The 15 strains in Figure 1 were inoculated into a solid fermentation medium and cultured under the same fermentation conditions. After 

the fermentation, the length, color, and odor of the fermented products were recorded and calculated. The overall scores are shown 

in Table 2. 

  

Isolates Color odor Stringiness and mucus morphology 

1 3 3 3 4 

2 4 4 3 4 

3 5 4 4 5 

4 4 3 4 4 

5 4 4 5 5 

6 4 3 3 3 

7 5 4 5 5 

8 4 4 4 4 

9 3 4 3 4 

10 4 4 4 5 

11 4 4 3 4 

12 3 3 3 3 

13 4 4 3 3 

14 4 4 4 4 

15 4 3 2 2 

 

 

Table 2: Sensory evaluation of solid state fermentation of pomegranate by 15 strains. 

  

 The colors of most Anardana strains were good; those of isolates 3 and 7 were the best whereas those of isolates 1, 9, and 12 were 

the worst. Japan’s fresh natto is generally golden brown. The colors of isolates 3 and 7 were gold, and most strains were yellow in 

color. Therefore, the target strains must be in these strains. With regard to odor, the 15 strains exhibited ammonia odor. However, the 

ammonia odor for most trains (10 strains) was slight. 
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 The length of stringiness and the amount of mucus reflect the production of γ-polyglutamic acid and mucopolysaccharide in the 

fermentation [16-18,29]. γ-Polyglutamic acid promotes the absorption of calcium, and mucopolysaccharide presents various 

pharmacological activities, including anti-coagulant, hypolipidemic, anti-virus, anti-tumor, and anti-radiation.  Moreover,  mucin and 

mucopolysaccharides play a role in helping escort MK into the intestinal tract. Thus, the more the mucus, the higher the nutritional 

value. Table 1 shows that 7 strains were good in producing stringiness and mucus by solid fermentation of soybean, and isolates 5 and 

7 obtained the best scores (5 scores). 

  

Anardana of full and moist texture indicates good morphology. Texture is also an important index for evaluating Anardana. Table 2 

shows that most strains (11 strains) were good. The best isolates were 3, 5, 7, and 10 whereas the worst isolate was 15 (2 scores). 

  

From the above-mentioned analysis, no single indicator was found to determine the best strains. Therefore, the best integrated strains 

were still uncertain. Principal component analysis (PCA) is a multi- index statistical analysis and can find the best strains. Thus, the 

MK activity of 15 strains (Figure 1) and sensory evaluation index (Table 2) were analyzed by PCA. The results are shown in Figure 2. 

 
 

Figure 2: PCA of 15 isolates based on their mattokinase activity and sensitive evaluation. 

  

 PCA, which is a sort of multivariate statistical analysis and an effective approach for isolating the most optimal strains [19], was 

conducted in this study (Figure 2). As shown in Figure 2, 76.448% of the variability was explained, which indicated significant 

differences for the isolates. The strains were divided into groups A1, A2, A3, A4, and A5 depending on the position of the variables in 

the factorial space of PCA. Group A1 with isolates of 3, 5, 7, 8, 10, and 14 was the most promising in terms of MK, color, odor, 

stringiness and mucus, and morphology. The group was further divided into three subgroups: A1_1 (isolates 5 and 7), A1_2 (isolates 

3, 8, and 14), and A1_3 (isolate 10). Subgroup A1_1 was better than A1_3, and A1_3 was better than A1_2. Therefore, the most 

promising isolates in terms of MK activity and sensory scores by PCA were 5 and 7. Accordingly, they were used in the subsequent 

experiments. 

  

Identification of Excellent MK-Producing Strains Morphology Identification 

Morphology shows that isolates 5 and 7 were Gram-positive Bacillus species. 

  

 Sequence and phylogenetic analysis of 16S rRNA gene 

The sequencing results showed that the lengths of 16S rRNA gene of isolates 5 and 7 were 1458 and 1465 bp, respectively. The 

phylogenetic trees were constructed using MEGA version 5 (Figure 3). Combined with cell morphology, physiological and 

biochemical identifications, and phylogenetic analysis, isolates 5 and 7 were identified as Bacillus amyloliquefaciens and Bacillus 

subtilis, respectively. 

  

 The numbers at the nodes represent percentage bootstrapvalues based on 1000 replicates. The horizontal scale bar indicates a 

distance of 0.01. 

In general, strains isolated from traditional fermented food are safe and can be used for food fermentation to improve the traditional 
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process. Isolates 5 and 7 from traditional Muscat Red were identified as Bacillus amyloliquefaciens and Bacillus subtilis and had 

high MK and excellent sensory characteristics in solid fermentation of soybean. These strains can be used for intensive vaccination 

for control of Anardana quanity. 
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