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ABSTRACT 

Spodoptera litura is one of the major pests on red chili peppers (Capsicum annuum). Larvae 

damage crops by biting, chewing, and then eating the lower surface of the leaves. The leaves 

became transparent white, and severe damage only leaves the leaf’s midrib and veins. Papaya 

latex (Carica papaya) could be used as a pesticide because it contains cysteine protease, which 

is a substance that can inhibit the insects from eating the leaves or even kill the pests. The 

purpose of this study was to produce an organic pesticide from the cysteine protease extracted 

from papaya latex that is effective against Spodoptera litura. A completely randomized design 

was used with latex from papaya leaves, papaya rind, and papaya fruit. The methods used were 

blending and tapping. The blending method was conducted via a chemical extraction using 

buffer phosphate and ammonium sulfate. The tapping method was conducted via a chemical 

extraction using acetone. These methods were compared by using an enzyme activity test and 

efficacy test. The enzyme activity test used a UV-Vis spectrophotometer and the efficacy test 

was done on Spodoptera litura larvae, which were given red chili pepper leaf covered with an 

organic pesticide from cysteine protease. 
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1. INTRODUCTION 

Horticultural crops, such as peppers and tomatoes, are some of the many vegetables that have 

been developed as commodities as they are some of the basic foods needed. These plants can be 

planted in high-temperature areas, in the low plains, or in land that is dry, even in former rice 

fields. According to a report from the Directorate General of Horticulture (Taufik, 2015), the 

capsicum harvest of Indonesia in 2015 was from 120,847 hectares and had a total production of 

1,045,182 tons, with an average yield of 8.65 tons per year. This value is still much lower than 

for the crops produced in other countries, such as the United States and China, among others. It 

is caused by the presence of impaired organism bullies (IOBs) of plants that can derail the red 

chili crop. One of the many IOBs that attacks capsicums is the Spodoptera litura. Spodoptera 

litura, the Oriental leafworm moth, is a noctuid moth which is considered to be an agricultural 

pest. It is also known as the cluster caterpillar, cotton leafworm, tobacco cutworm, or tropical 

armyworm. Armyworms are the main object of this research because of their fast lifecycle, they  
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are polyphagous, and they breed easily (Mursyahadah et al., 2015). They are found in the Indo-

Australian tropics, and they are also established on most Polynesian islands, where they occurs 

in a variety of island forms. The stricken plants are characterized by the presence of leaves that 

have been eaten to the extent that only the leaves’ midribs and veins are left behind. One way to 

eradicate grubs is by using pesticides. 

Pesticides are chemical substances used to kill or control a range of pests (Djojosumarto, 2008). 

Organic pesticides are pesticides derived from plants, to control the population of the optimum 

population trust (OPT) (Syakir et al., 2012). Organic pesticides are readily degraded in nature 

(biodegradable), so there is no significant residue from organic pesticides on the plant and or in 

the environment. One of the active ingredients that is widely used in a biopesticide is cysteine 

protease. A protease or peptidase, also known as a proteinase, is an enzyme that will break 

down the protein-a molecule into something that is simpler, such as short or oligopeptide amino 

acids, through the hydrolysis reaction of peptides in bonding (Bauer et al., 1996). Protease has 

the potential to be a pesticide, due to the activity of proteolytic enzymes. The proteolytic 

activity of enzymes can damage tissue and protein is important for insects. A protease derived 

from plants can invade insect herbivores. Proteases are instrumental in the spread of microbial 

pathogens that are highly pathogenic to the cells of the insect. Proteases are also found in the 

venom of the arthropods that are predators of insects. In addition, the microbial pathogens that 

are present in the body of the insect will experience a growth spurt. 

 

2. METHODOLOGY 

2.1. Materials 

This research was conducted at the Bioprocess Laboratory, Chemical Engineering Department, 

Engineering Faculty, Universitas Indonesia, Depok. The rind, leaves, and fruit of the papaya 

that were used in this research were aged for 2–3 days. The Spodoptera litura were purchased 

from Bogor Agricultural University, and the tyrosine, casein, and trichloroacetic acid (TCA) 

(technical grade) were purchased from PT Pasifik Kimia, Indonesia. 

2.2. Extraction using the Blending Method 

The papaya fruit, leaf, and rind were sliced into small pieces, and a phosphate buffer (pH 7), 

and 0.1% solution b/v NaCl and NaHSO3 (1:1) were added into each sample. The extraction 

process was continued by blending and filtering with nylon filter steps. The samples were then 

centrifuged at 4,000 rpm for 30 minutes and precipitated with ammonium sulfate 60%. The 

filtered juice was then deposited for 24 hours. The samples were then centrifuged for a second 

time at 1,000 rpm for 10 minutes, and lastly were filtered with a nylon filter to remove any 

impurities. 

2.3. Extraction using the Tapping Method 

An amount of 4 g of papaya latex from rind was dissolved in 40 mL of 0.1 M phosphate buffer 

solution (pH 7). The mixture was left for 2 hours at 4°C, then centrifuged at 4,000 rpm for 15 

minutes. The filtrate was obtained using a precipitation process with 50% acetone, and the 

filtrate was centrifuged at 1,000 rpm for 10 minutes. Last, the solution was filtered with a nylon 

filter to remove any impurities. 

2.4. Enzymatic Activity Determination 

The definition of protease activity is the production of 1µg tyrosine by hydrolyzing casein at a 

certain temperature. The following steps were used to determine protease activity. Both 2 ml of 

crude extract and 2 ml phosphate buffer (pH 7) were mixed and then the solution was incubated 

for 5 minutes at 37°C. Next, 2 ml of 2% casein was added to 2 ml phosphate buffer 0.05 M (pH 

7), then the solution was incubated for 10 minutes at 37°C. The assay was stopped by adding 4 

ml of 0.4 M TCA (Qiao et al., 2009). The color reaction was observed by pouring 2 ml of the 
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extracted casein-TCA solution with 6 ml of biuret and 0.3 ml of Folin-Ciocalteu reagent. Then, 

the solution for a control group was used to adjust the extinction, and the absorbance at 750 nm 

was measured. The absorbances were compared with the free tyrosine standard curve, which 

was created by checking the absorbance of free tyrosine at 20, 40, 60, 80, and 100 ppm. The 

formula of protease activity calculation is as follows: 

 

  (1) 

 

where Ct is the concentration of free tyrosine in crude extract (ppm), Cstd is the concentration of 

free tyrosine in standard curve (ppm), At is the crude enzyme absorbance, and Astd  is the 

tyrosine standard absorbance. 

2.5. Odor and Lifetime Test 

Odor and lifetime tests were conducted to observe if there were any physical changes during the 

storage time and specified conditions. The odor test was done every day for a week, while the 

lifetime test was done on the 7
th

 and 14
th

 days. Crude extracts were placed in different 

temperature storage areas (at 10°C, 27°C, and 37°C) and observed for their smell. 

2.6. Efficacy Test 

The efficacy test was the major test used in this research, which observed the correlation 

between dipped leaves and the leaves remaining uneaten. The test was conducted by dipping 

three leaves into each variation of the crude extract plus a negative control. Each day for seven 

days, the leaves were observed. 

 

3. RESULTS AND DISCUSSION  

3.1. Protease Activity Assay 

The protease activity is provided in Table 1 and given as a visual representation in Figure 1 for 

a better comparison. The result shows the rind of papaya extract has the highest enzyme 

activity.  

 

Table 1 Protease activity 

No. Source Protease Activity (ppm) 

1. Leaf 21.69 

2. Fruit 26.44 

3. Rind 98.11 

4. Tapped Rind 77.13 

 

 

 

Figure 1 Protease Activity 
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It is because the rind of the papaya produces more latex than any other part of the papaya, such 

as the leaves or fruit. Therefore, its protease content is much higher as well. Various methods of 

extraction were conducted in this research to find the best way to obtain the rind’s papaya latex; 

those methods were tapping and blending. 

The latex extracted from the papaya rind using the blending method has a higher activity than 

latex extracted from the rind with the tapping method. From the previously data, we can assume 

the tapping method is harsher and less controlled than the blending method. On the other hand, 

the tapping method caused a decrease in enzyme activity compared to the blending method. 

3.2. Odor Test 

The odor test is a qualitative test, which was measured subjectively by the author’s nose. 

Parameters were used so that the qualitative data could be quantified. The parameters and 

scoring are as follows. 

 

Table 2 Parameters for the odor test 

No. Value Smell Parameters 

1. 5 Fresh and Strong 

2. 4 Fresh, less strong 

3. 3 Fresh 

4. 2 Acidic 

5. 1 Highly acidic 

 

The results of the odor test is shown in Tables 3 to 5. Based on the data in these tables, we can 

conclude that the protease obtained using the blending method has a less fresh odor than 

protease from the tapping method. The odor of the protease extracted using the tapping method 

is caused by the oxidation reaction that occurred when the latex was tapped from the tree. The 

crude extracts that were stored at 27°C and 37°C only lasted for two days before their smell and 

color got worse. The changes in smell identified through this test indicate the denaturation 

process occurring in each extract. The odor of the extracts stored at 10°C lasted for seven days 

in general. 

Table 3 Odor test at a storage temperature of 10°C 

Sample 
Day 

1 2 3 4 5 6 7 

Leaf 5 5 5 5 5 5 5 

Fruit 5 5 5 5 5 5 5 

Rind 5 5 5 5 5 5 5 

Tapping Rind 5 4 4 4 3 3 3 
 

Table 4 Odor test in at a storage temperature of 27°C 

Sample 
Day 

1 2 3 4 5 6 7 

Leaf 5 5 4 4 4 4 4 

Fruit 5 5 4 4 4 4 4 

Rind 5 5 5 5 5 5 5 

Tapping Rind 4 4 4 4 3 3 3 
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Table 5 Odor test at a storage temperature of 37°C 

Sample 
Day 

1 2 3 4 5 6 7 

Leaf 5 5 4 4 4 4 4 

Fruit 5 5 4 4 4 4 4 

Rind 5 5 4 4 4 4 4 

Tapping Rind 4 4 4 4 3 3 3 

 

3.3. Lifetime Test 

The lifetime test was conducted to determine the lifetime of the crude papain extract. The data 

was obtained on the 7
th

 and 14
th

 days of the test. The results of the lifetime test are revealed in 

Figures 2a, 2b, and 2c. From the test, the crude papain with the longest lifetime the one stored 

at 10°C. However, the optimum condition for enzymes is at a temperature of 37°C because 

there was a decrement in enzymatic activity when stored at temperatures of 10°C and 27°C. 

 

  
 (a) (b) 

 
(c) 

Figure 2 Lifetime test in storage temperature of: (a) 10°C; (b) 27°C; and (c) 37°C 

3.4. Efficacy Test 

The results of the efficacy test are given in Table 6. Based on the observations made, leaves 

that were dipped into various sources of crude papain extract were eaten by the Spodoptera 

litura with 100% mortality. This indicates that crude papain extract is powerful enough to kill 

third and fourth instar Spodoptera litura, especially when the leaves are in a wet condition and 

the skin of the Spodoptera litura was exposed to the extract. 

 



1460 Production of a Biopesticide based on a Cysteine Protease Enzyme from Latex 

and Papaya (Carica Papaya) for Spodoptera Litura in Red Chili Peppers (Capsicum Annuum) 

Table 6 Efficacy test 

No. Source Mortality Rate (%) 

1. Leaf 100 

2. Fruit 100 

3. Rind 100 

4. Tapped Rind 100 

5. Negative Control 0 

 

4. CONCLUSION 

The protease activity assay of the crude papain extracts revealed that the greatest activity was 

observed in an extract from the rind of the papaya conducted through the blending method. 

Furthermore, the odor test showed that the crude papain extract was best stored at 10°C. The 

protease activity of papain extract reached up to 98 ppm. This high protease activity resulted 

from papain extract that was stored at a temperature of 37°C. The efficacy test showed that the 

papain extract was powerful enough to kill Spodoptera litura, especially in wet conditions. 
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