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ABSTRACT 
 

In the present research, ficin is extracted from the fig tree latex of the species Ficus carica from its two varieties: 
Marseillaise and Dauphine. Enzymatic characterization’s is carried out according to: protein content, clotting time, milk 
clotting activities, proteolytic activity and specific activity essays. Then enzymatic activity is tested at different 
temperatures (40, 50, 60 and 70oC) and different pH levels (6.0, 7.0 and 8.0). Obtained results show that ficin extracted 
from the Marseillaise variety has a proteolytic activity of 1455, 09 U. Which is superior to that of the Dauphine variety: 
1298, 23 U. However, ficin has a similar coagulating activity for the two varieties which is 1110 UAC. Optimum 
enzymatic activity of ficin is at 60°C for both varieties, at pH range of 7 to 8 for the Marseillaise variety and only at pH 
7 for the Dauphine variety. 
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INTRODUCTION 

 
Latex is an important source of proteases, it is widely 

used for the extraction of proteolytic enzymes, mainly ficin 
(Sandhya et al., 2004; Raskovic et al., 2016). ROBBINS 
(1930) gave the name ficin to the purified white powder 
with antihelmintic activity, obtained from latex of the 
genus Ficus (Singleton and Buttle, 2013). Ficin (EC 
3.4.22.3) is a cysteine endopeptidase with 210 amino acids 
and a molecular weight between 20 and 35 KDa (Devaraj 
et al., 2011; Shah et al., 2014). According to other studies, 
the molecular weight of ficin is estimated to 25-26 KDa 
(Payne, 2009). Active site of ficin consists of two amino 
acids: cysteine (Cys-25) and histidine (His-159) (Katsaros 
et al., 2009). Uses of ficin are much diversified, 
traditionally this enzyme is used in the treatment of gout, 
ulcers and warts (Oliveira et al., 2010). In addition to textile 
industry, pharmacological industry and cosmetology, ficin 
is used in immunohematology for the detection of irregular 
antibodies (Bruneton, 2009). Ficin is mainly used in the 
food industry for tenderizing meat and coagulation of dairy 
products, like the cheese industry (Ben Amira et al., 2017). 
This enzyme may have different properties depending on 

its origin, in this context, this study aims to characterization 
ficin extract from fig tree latex of two varieties: 
Marseillaise and Dauphine of the species Ficus carica. 
Proteolytic and milk clotting activities are carried out. The 
enzymatic activities were tested at different temperatures 
and pH levels. The effect of substrate concentration on the 
enzymatic activities is also realized. 
 

MATERIALS AND METHODS 

 
Ficin extraction’s 

Fresh latex is collected from two varieties of Ficus 
carica fig tree: Marseillaise and Dauphine, in May and 
August period respectively. An incision in the trunk of the 
fig tree, gives flow white viscous liquid which is distributed 
in test tubes. It is centrifuged at 14,000 g at 4°C for 15 min 
to remove debris. The supernatant contains the crude 
extract of ficin (DI pierro et al., 2014).  
 
Determination of protein content 

The protein content is determined according to LOWRY 
method (Lowry et al., 1951). It is based on a two-step 
process. The first is the reduction of copper (Cu2+ to Cu+) 
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by the proteins in an alkaline solution. The second is the 

reaction with Folin-Ciocalteu reagent, wich reacts with the 

amino acids tyrosine and tryptophan and to a lesser extent 

with cysteine and histidine to give a characteristic blue 

coloration with maximum absorbance at 750 nm (Noble 

and Bailey, 2009). Results were referring to the standard 

curve of BSA (Bovin Serum Albumin). 

 

Proteolytic essay 

Proteolytic activity is carried out according to Anson's 

method (Anson,1938), using casein as a substrate. It is 

based on the estimation of the amount of single peptides 

and free amino acids formed by the hydrolysis of a 

substrate protein under the action of one or a mixture of 

proteases. The enzymatic reaction is stopped by the 

addition of trichloroacetic acid (T.C.A.), which causes 

precipitation of the non-hydrolysed proteins. The 

proteolytic activity is demonstrated by colorimetric 

determination of tyrosine groups with the Folin-Ciocalteu 

reagent, using casein as substrate under adapted conditions. 

The activity is calculated by reference to a calibration curve 

established using tyrosine as standard. One protease unit 

(U) corresponds to the equivalent of 1 μg of tyrosine 

released in 1 hour of digestion per 1 ml of enzyme extract 

with either casein or hemoglobin as substrate (Mechakra et 

al., 1999). 

 

Milk clotting activity 

Milk clotting activity was expressed according to the 

Berridge method at 37°C (Berridge, 1955). It is an 

appearance assessment of the first visible clotting. 

Berridge’s substrate is composed of milk powder at 12 g 

in 100 ml of CaCl2 (0,01 mole).The milk clotting activity is 

calculated according to the following formula: 

A.C = 10 x V/ T x v 

 

Specification: 

V: volume of milk 

T: clotting time in seconds 

V: volume of enzyme extract 

Milk clotting activity unit (UAC) is defined by the quantity 

of enzyme contained in 1ml of enzymatic solution which 

can coagulate 10 ml of milk.  

 

Specific activity 

The specific activity is calculated according to the 

formula: Enzymatic activity/mg of protein. 

 

Determination of the optimal temperature and pH 

Effect of temperature is studied by measuring 

proteolytic activity at temperatures: 40, 50, 60 and 70°C. 

Effect of pH is also investigated using buffer phosphate at 

pH 6.0, 7.0 and 8.0. 

 

Effect of substrat concentration 

Enzymatic activity is measured at 60°C and pH 7, at 

three different concentrations of casein (1%, 2% and 3 %) 

using the same method sited above (Gagaoua et al., 2014). 

 

Statistical analysis 

Statistical analyses were performed using software 

(Excell. Stat. 2019). The data obtained from the average of 

three replicate measurements were analysed for statistical 

significance using ANOVA for testing the effects of 

temperature and pH on proteolytic activity. Student’s test 

is applied to determine the significance between the two 

varieties of ficin. 

 

RESULTS 

 

Enzymatic characterizations 

Enzymatic activities of crude ficin extract of both 

Dauphine and Marseillaise varieties are mentioned in Table 1. 

 

Proteolytic activity at different temperatures and pH 

Ficin activities of the crude extract at different 

temperatures and pH of the two varieties of latex are 

presented in Fig. 1 and Fig. 2. 

According to figure 1, enzymatic activity is at its 

optimum at temperatures 60°C for both Marseillaise and 

Dauphine varieties. However, the proteolytic activity is 

higher for the Marseillaise variety (1455, 09 U) than the 

Dauphine variety (1298, 23U) Proteolytic activity of the 

ficin begins to decrease at 70°C for both varieties. Results 

in figure 2 show that optimal ficin activity for the 

Marseillaise variety extends over a range pH 7 to 8. But, 

for the Dauphine variety, it is only at pH 7. The 

Marseillaise variety has always a proteolytic activity much 

higher than the Dauphine variety, especially at pH 8. 

Statistical analysis shows that the difference between the 

two varieties is significant (p < 0,05), (Table 2, Table 3). 

 

Proteolytic activity at different substrat concentration 

Proteolytic activity at different concentrations of 

substrat gives a maximum at 3 % of casein for the two 

varieties. However, the ficin of the Marseillaise variety 

always has a higher value than that of the Dauphine variety: 

1494,31U and 1453,09U respectively. The difference 

between the two varieties is significant (p =0,002) (Table 

4, Table 5). 

 

DISCUSSION 

 

Obtained results of this study show that ficin crude 

extract of Ficus carica fig tree latex has biochemical 

characteristics of significant agri food industry value. 

Beginning with the clotting time which is 90 seconds with 

milk clotting activity of 1110 UAC for both Marseillaise 

and Dauphine varieties. This value is much higher than that 

found by other studies (William Donald et al., 1938). But 

it is approximate to that found by Nouani et al., (2009). 

Ficus carica latex appears to be a promising alternative 

coagulant for curdling bovine and sheep milks (Liburdi et 

al., 2019). It is mentioned that the use of the immobilized 

ficin in milk coagulation gave coagulation yields of 19, 24 

and 27 % for 10 mg/g, 30 mg/g and 85 mg/g of ficin 

respectively, while free ficin gave a yield of about 20 % at 

similar ficin concentrations (Siar et al., 2020). 

Determination of proteolytic activity gives 1455, 09 U for 

the Marseillaise variety. This value is higher than that 

found with the Dauphine variety which presents activity of 

1298, 23 U. It could be related to the difference in protein 

content between the two varieties, which is 77, 3 mg/ml in 

Marseillaise variety and 68,9 mg/ml in the Dauphine 

variety. This distinction can be explained by the changes of 

proteins  content  in  latex.   It  is  the  consequence   of   dry 
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Table 1: Enzymatic activities of ficin extracted from the two varieties: Marseillaise and Dauphine 

Varieties Protein content (mg/ml) Clotting time (seconds) Milk clotting activity (UAC) Proteolytic activity (U) Specific activity (U/mg) 

Dauphine 68,9 90 1110 1298,23 18.84 

Marseillaise 77,3 90 1110 1455,09 18.82 

 

Table 2: Effects of temperature and pH on proteolytic activity by variance analysis.  

Source DDL Squares Sum Squares Averge F Pr > F 

Model 1 1046741,642 1046741,642 155,172 < 0,0001 

Error 33 222607,723 6745,689 
  

Total corrected 34 1269349,366 
   

 

Table 3:  Student’s test for paired simples to determine the significance between the two varieties of ficin. 

Difference t (observed value) |t| (critical value) DDL p-value Significant value p 

-144,76 -2,350 2,004 55 0,022 0,05 

 
Table 4: Enzymatic activities at different casein concentrations. 

Casein 

Concentrations 

1% 2% 3% 

Dauphine variety 

Enzymaticactivity (U) 1278,62 1376,66 1453,09 

Marseillaise variety 

Enzymaticactivity (U) 1455,09 1491,31 1494,31 

 
Table 5: Student’s test for paired simples to determine the 

significance between the two varieties of ficin at different substrat 

concentrations 

Difference t (observed 

value) 

|t| (critical 

value) 

DDL p-value Significant 

value p 

-102,038 -3,851 2,145 14 0,002 0,05 

 

 
 
Fig. 1: Relative activities at different temperatures. 

 

 
 

Fig. 2: Relative activities at different pH. 
 

conditions which is more pronounced moving from spring 

to summer, leading to increased macromolecules 

concentration (Gooding, 1952). Despite fig latex proteins 

were investigated in many studies, starting from 

commercial crude ficin preparation rather than collected 

latex, there is not much information about Ficus carica 

latex available for comparison. But it is known that protein 

concentrations in fig latices determined during ripening, 

that’s whye fig latex collected in the summer is one of the 

plant latices of highest protein content (Anusha et al., 

2013). However, in study of Chang et al. (2011) on Ficus 

carica latex, total protein concentration from the unripe 

fruit was estimated to be approximately 15 mg/ ml 

(Raskovic et al., 2016). 

Optimal activity of the ficin crude extract is at 60°C 

and pH 7 for both varieties. These results are according to 

other studies, where the optimum temperature and pH of 

the ficin in Ficus carica is 60°C and 6.5 respectively 

(Gagaoua et al., 2014). Other researches show that the 

optimum enzyme activity of Ficus pumila ficin is at 60°C, 

with a decrease at 75°C (Perello et al., 2000). This is 

explained that at high temperatures, ficin decreased its 

activity, probably because incurred damage on enzyme 

conformation, resulting in loss of catalytic activity (Soeka 

et al., 2011). On the other hand, according to other studies, 

optimum ficin activity is at 75°C and 82°C (Payne, 2009; 

Nouani et al., 2009; Siar, 2014). Ficin enzyme has very low 

activity at acidic pH levels (pH 3–6). That is because 

functional groups in the active site are disrupted by the 

excessive H+ ions. At pH 7–9 the enzyme activity is 

relatively maximum since the enzyme reaches the expected 

degree of ionization. Changes in pH affect the activity of 

enzymes and can change the structure or amino acid 

residues, charged to substrate binding functions. Varying 

pH levels can also cause conformational changes of 

enzymes, because the charged group (-NH3
+ or -COO-) 

away from the bound substrate region serves to maintain 

the tertiary structure of the enzyme (Wahyuni et al., 2015). 

Knowledge of the optimum pH of enzyme is necessary for 

the use of enzymes in different fields, such as diseases 

treatment (Sajuthi et al., 2010). 

 

Conclusion 

With this study, enzymatic characterizations of ficin 

crude extract of the Marseillaise variety are prominent 

compared with that founded for ficin extracted from the 

Dauphine variety. So, it could be better to use ficin 

extracted from Marseillaise variety in various 

biotechnological applications. 
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