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Abstract This study his study examines the effectiveness of purification to increase protease activity extracted 

from paddy oats seed peels from three different maturity stages, namely immature, mature and ripe peel. 

Obtained crude protease extracts were purified using 60% ammonium sulphate. The highest activity of protease 

extract was 343 U/mg belong to ripe peel and differed significantly from those of mature peel and immature 

peel. Purification process using 60 percent ammonium sulphate, increasing protease activity (2.47; 2.53; 2.60 

fold purity) for immature, mature and ripe peel respectively. The ripe peel yielded the extract with the highest 

proteolytic activity of 893 U/mg. Protein patterns of the protease extracts under SDS-PAGE resulted in two 

major protein bands of 25 and 28 kDa. There was no difference of molecular weights among the three stages of 

peel maturity. In overall, the results revealed that purification using ammonium sulphate 60% effectively 

increases the purity of paddy oats seed peel protease. 
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Introduction 

Protease is enzyme that plays a vital role in the industry because it is widely used in the food and non-food 

industries. The need for enzymes continues to increase along with the development of industrial technology. In 

2015, sales of commercial enzymes in the world reached US $ 300-600 million, 60 percent of the total sales 

were protease enzymes. [1,2].  Some industrial processes rely on the ability of proteases to hydrolyze proteins. 

Proteins will be broken down by proteases into smaller fragments, namely peptides or even amino acids [3]. The 

role of the proteolytic enzyme almost dominates the processes in the industry that produce products for our daily 

needs. Industries that require large amounts of protease and continue to increase over time are the brewing, 

baking, cheese manufacturing, textile, detergent formulations and cosmetics as well as medical use industries 

[3,4].  

Currently more than 3000 enzymes are being used in various industrial process. However, the availability of 

protease is still not fulfilling the entire demand of industries.  This condition leads some researchers to continue 

to find sources of protease, especially from cheap raw materials and production processes. Protease from plants 

becomes the focus for new enzyme exploration. The advantage of extracting proteases from plant sources is that 

the process is simpler and cheaper than producing enzymes from microorganisms and especially from animal 

sources. There have been many previous papers which tried to explore proteases from plants both from latex and 

proteases from plant tissues.  Properties characteristic of plant protease enzyme is also advantageous for 

applications in the industrial field. Virtually, all plant native proteases remain stable at high temperatures, and 

stable in a wide pH range. Plants have enzymes with a variety of active sites; however, the active sites a 
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specialized to carry out specific activities. The active sites have the best function under its optimum pH, 

optimum temperature, and substrate specificity. On the basis of their acid-base behavior, proteases are classified 

into three categories mainly acid, neutral, and alkaline proteases [3]. 

The previous studies reported on various types of protease from plants that have varied properties and optimum 

conditions, making it possible to use for various processes with a variety of different conditions. Some 

researchers reported their works related proteolytic enzymes: protease was isolated from sprouts of Pleioblastus 

hindsii [5], stable serine protease isolated from Calotropis procera [6], cheese making with vegetable 

coagulants of Cynara L [7], the use of protease from kachri for tenderization of buffalo meat [8], protease for 

milk clotting from Euphorbia nivulia latex and from ginger [9,10]. Previous studies also reported that protease 

could be extracted from Cucumis trigonus [11], Cnidosculus chayamansa [12], rice seed [13], Botrytis cinera 

[14] and roots of sweet potato [15]. To the best of our knowledge, this is the first study that investigates the 

presence of protease in paddy oats seed peel. As agricultural waste, paddy oats seed peel is abundantly 

available, making it a cheap material for commercial protease production. In order to produce protease 

commercially, an in-depth study of the efficiency of the extraction and purification process is needed as well as 

study about the character of protease. 

The results of the study reported here are a continuation of the study of proteases from paddy oats that we have 

done before. We have proven that proteases extracted from paddy oats seed peel has good proteolytic 

performance which allows these proteases to be used in various types of industries. However, the extraction and 

purification process can cause protease damage due to autolysis and structural unfolding.  Therefore, this study 

emphasizes the efficiency of the purification process and also analyzes proteases that have the highest activity 

after the purification process. 

Material and Method 

Paddy Oats Peel and Chemicals 

Fresh paddy oats fruit peel was bought from a local market (Malang, East Java, Indonesia). Paddy oats fruits 

peel was selected based on size uniformity at the same stage of maturity and lack of visual defect. The green 

coloured (immature peel), yellow coloured peel (mature), and red coloured (ripe peel) were selected from paddy 

oats fruits respectively. The peel was kept in the laboratory at 4
o
C until used for the experiment. All the 

chemicals used in the experiment were analytical grade unless otherwise stated.  

Extraction of Protease 

Fresh paddy oats peel was cleaned with distilled water and drained. The peel was chopped into small pieces, and 

then they were blended (Philips HR-2011 Blender) with 0.1 M sodium phosphate buffer at pH 7.2 for 4 minutes. 

The resulting blend was filtered using a cheese cloth and then centrifuged for 10 minutes at 10000g and 

temperature was kept at 4
o
C. The pellet was discarded and the supernatant (crude extracts) from the 3 types of 

peel (immature, mature, and ripe) were collected and stored at 4
o
C before purification.  

Ammonium Sulphate Precipitation 

 The crude extract was precipitated using ammonium sulphate and it was brought to 60% saturation with the 

gradual addition of powdered ammonium sulphate and stirred gently for 1 hour. The precipitate was collected by 

centrifugation at 10.000g for 30 minutes at 4
o
C, suspended in a minimum amount of buffer phosphate and then 

dialyzed against the same buffer for 24 hours at 4
o
C (OrDial D80-6000-8000, Cellulose Dialysis Tubing).  The 

dialysate was used for next experiments and analysis. 

Protease Activity Assay 

 Protease activity of the crude extract was measured according to the method described by Kunitz [16], using 

casein as a substrate.  Briefly, the crude extracts solution was added to substrate casein 1% (w/v) in 100 mM 

sodium phosphate, pH 7.2. The reaction was carried out at 37
o
C for 10 minutes and was stopped by 3 ml of 5% 

(w/v) TCA; the mixture was centrifuged at 5000g for 20 minutes.  The absorbance of the supernatants was 

measured at 280 nm using a UV/visible spectrophotometer (UVmini-1240, Shimadzu). A standard curve was 
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created using tyrosine solution. One unit of proteolytic activity (U) described the amount of protease that 

produced 1 microgram of tyrosine per minute under specified conditions.  

Sodium Dodecil Sulphate-Polyacrylamide Gel Electrophoresis 

SDS-PAGE was carried out for the determination protein molecular weight of crude extracts, according to the 

method of Laemmli [17], using 12.5% separating and 4% stacking gels. The sample was prepared by blending 

the protease extracts with the SDS-PAGE sample buffer.  The blend was then heated at 100
o
C for 5 mins before 

loading into the gel. Samples of the 3 different protease extracts were loaded into 3 different wells and subjected 

to separation (Mini-Protean II Gel System, Bio-Rad). After electrophoresis, the gel was coloured with 

Coomassie Brilliant Blue R-250 and de-stained with a methanol-acetic acid solution.  The molecular weight of 

the protease was estimated using a molecular weight calibration kit (Precision Protein Standard, All Blue, Bio-

Rad). To measure the molecular weight of the protein fractions in the crude extracts that have the highest 

proteolytic activity, the extracts were subjected to gel filtration on a Sephadex G-100 before separation with 

SDS-PAGE.  Previously column was equilibrated using buffer (Tris-HCl, pH 8.0, containing 0.05% Triton X-

100) and eluted with the same buffer at flow rate 20 ml/h.  The collected fractions were analyzed for proteolytic 

activity and protein content at 280 nm.  The highest proteolytic activity pooled fractions were analyzed using 

SDS-PAGE to estimate the protein molecular weight.    

Statistical Analysis 

The experiment in this study used three replications, and then the collected data was analyzed. ANOVA was 

conducted for statistical analysis. Differences between means were assayed by Least Significance Different 

(LSD) test with a significance level of 5%. 

Results and Discussion 

Crude Extract Characteristic 

pH and water content of fresh paddy oats fruit peel were measured, before the extraction process.  The crude 

extract was prepared by extracting the paddy oats fruit peel with cool buffer phosphate 0.1 M, pH 7.2 at a ratio 

of 1:3 (w/v) and then the volume extract, total protein, and proteolytic activity were measured, the results are 

shown in Table 1.  The crude extracts were then subjected to ammonium sulphate precipitation, and the results 

were presented in Table 2.  

Table 1 clearly showed that pH and water content of fruit peel and volume extract decreased with the increasing 

maturity of the paddy oats fruit peel, while the protein content of extracts increased. The pH and water content 

of the ripe peel showed the lowest value (5.54 and 70.82%) that was significantly different from those of mature 

peel and immature peel.  According to volume extract of the crude enzyme from 25 gram of paddy oats peel and 

75 mL buffer, the young paddy oats peel produced the highest volume (86.3 mL). This volume extract, however, 

reduced by 5% (to 81.8 mL) as it was extracted from mature peel. The ripe peel gave the lowest extract volume 

(79.7 mL), nevertheless the extract exhibit the highest total protein contents (675.2 mg) that was not 

significantly different from protein contents of mature peel extract (673.1 mg).  

Figures of total protein and proteolytic activity showed similar tendency to increase with the increasing maturity 

stage of paddy oats fruit peel. The highest proteolytic activity (343.5 U/mg) was found in the ripe peel crude 

extract, while proteolytic activity was lower in mature peel extract, and the lowest proteolytic activity was 

identified in immature peel extract, there was a significant difference among the three.  The ripening process is a 

unique phase which involves several stages such as fruit development, maturation, ripening and finally 

senescence. It is widely known that the physiological and biochemical characteristic changes throughout the 

ripening period of fruit. Generally, ripening is believed to be a modification of fruit compounds which occurs as 

a result of an increase in synthesis of several enzymes, organic acid, amino acid accumulation, and 

solubilization of the pectic substances that result in progressive loss of tissue firmness.  This mechanism may 

explain, the main reason for the  low  pH,  high  total  protein,  as  well  as  a  high  protease activity in ripe peel 

extract. Nevertheless, the decrease of extract volume by increasing stage of maturity might be due to the peel’s 

texture being too soft causing blockage in the filtration process. 
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Table 1: Characteristic of paddy oats peel and crude extracts 

Maturity pH Water content  

(%) 

Volume extract  

(ml) 

Protein 

 (mg) 

Proteolytic activity 

(U/mg) 

Immature 6.21±0.16a 73.38±0.81a 86.3±0.6a 639.4±8.3b 274±17c 

Mature 5.95±0.23b 71.79±0.62b 81.8±0.9b 673.1±6.5a 320±11b 

Ripe 5.54±0.12c 70.82±0.53c 79.7±0.3c 675.2±4.7a 343±14a 

Data are means ± SD from triplicate measurements 

Different letters in the same column indicate the significant differences (LSD 0.05). 

The crude extracts of paddy oats fruit peel containing the active protease were partially purified by 60% 

ammonium sulphate precipitation method. The yields of partial purification from 25 gram of paddy oats peel 

was presented in Table 2.  During this purification, they were purified up to 2.47; 2.53, and 2.60 fold for crude 

extracts of immature peel, mature peel, and ripe peel, respectively. As a result of this, proteolytic activity 

jumped to 677 U/mg, 811 U/mg, and 893 U/mg. This value was similar to previous studies that reported fold 

purity of 2.81 for bromelin, which was purified using 40-60% ammonium sulphate saturation [18]; fold purity of 

3.17 for protease extract from Caldicoprobacter guelmensis, which was purified by using ammonium sulphate 

40-70% [19].  However, protein denaturation due to structural unfolding might have occurred during 

precipitation and could have been the main reason for the low protein enzyme yield. Total protein from ripe peel 

crude extracts of 126.6 mg, and there was no significant difference among the three stages of maturity. 

Table 2: A summary of ammonium sulphate precipitation 

Maturity Protein 

 (mg) 

Total activity  

(U)  

Proteolytic activity  

(U/mg) 

Fold purity Activity yield  

(%) 

Immature 125.7±3.5a 85,009±102c 677±48c 2.47 48.57 

Mature 127.3±2.4a 103,204±87b  811±32b 2.53 47.86 

Ripe 126.6±4.9a 112054±114a 893±41a 2.60 48.74 

Fold purification calculated regarding the proteolytic activity of the crude extracts. 

 Data are means ± SD from triplicate measurements. 

 Different letters in the same column indicate the significant differences (LSD 0.05). 

 

Sodium Dodecil Sulphate-Polyacrylamide Gel Electrophoresis 

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) was employed to determine the 

molecular weight of partially purified protease from paddy oats peel extracts. The standard protein markers of 

different molecular weights and molecular weight of protein contain extracts are shown in Figure.  

The result showed that the main protein component in the crude protease extract migrated as several bands.  As 

can be seen in this figure, purification by concentrating proteins from all types of crude extracts (immature, 

mature, and ripe peel) with ammonium sulphate 60% resulted in four major proteins. They presented proteins 

with a molecular weight approximately 18, 23 and 25 kDa; another bigger protein presented molecular weight 

about 37 kDa. Further purification of crude extract, using Spadex G-100 showed that the fractions with the 

highest proteolytic activity presented two adjacent bands with a molecular weight of 25 and 28, respectively. 

These molecular weights of proteins from paddy oats fruit peel extracts were similar to those of bromelin 

extracted from pineapple’s stem and fruit which was 23.8 kDa and 23 kDa, respectively [20].  Another protease 

extracted from plant latex Calotropis procera had a molecular weight of 38 kDa [21]. Nevertheless, the 

molecular weights of protein from paddy oats fruit peel was smaller than that of another plant protease 

cucumisin (67 kDa) isolated from melon [22]. The findings in this study also showed that proteins present in the 

paddy oats peel extracts have the highest proteolytic activity with the same molecular weight of crude extracts 

from the immature, mature, or ripe peel. 
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Figure 1: Protein patterns of paddy oats fruit peel extracts. M: molecular weight of marker (kDa); A: extracts 

purified with ammonium sulphate (A1: immature peel extract; A2: mature peel extract; A3: ripe peel extract); 

S: the highest proteolytic activity fractions of Sephadex G-100 (S1: immature peel extract; S2 mature peel 

extract; S3 ripe peel extract). 

 

Conclusion 

Purification using ammonium sulfate could affect the stability of proteases due to autolysis and denaturation of 

enzyme proteins. The application of proteases in the food field does not really require very high protease purity. 

Therefore the use of precipitation methods with ammonium sulfate can be minimized in order to maintain the 

stability of the protease. 
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