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ABSTRACT: Adding a proteolytic enzyme extraction from Jack Fruit (Artocarpus integrifolis) in 
combination with fermentation process in yoghurts manufacture was tried to improve yoghurt flavour and 
rheological properties as a functional food. Four experimentals with different levels of plant proteinase 
(control, 3.9 (T1), 7.8 (T2) and 11.7 (T3) units of plant proteinase /ml milk) were evaluated. The pH of the 
product treated with plant proteinase was lower than that of the control. However, The rate of acidity 
development during storage slightly increased with increasing the addition of plant proteinase level and 
progress of storage period of yoghurt. The proteolytic activity in all yoghurt samples gradually increased 
until the end of storage period (15 days). Yoghurt made from milk treated with plant proteinase preparations 
were less firm compared with control at all storage periods, whereas T3 showed the lowest firmness after 15 
days of storage being 20.17 g/100g. Generally, increasing units of plant proteinase preparations decreased the 
firmness. On the other hand, yoghurt made from milk pretreated with plant proteinase had higher syneresis, 
and apparent viscosity than the untreated product. The greatest viscosity was observed in T2 and T3 of 433 
and 479 mPa.s, respectively, compared with the control of 299 mPa.s, at 15 days storage. The results 
indicated that there is an inverse relationship between the amount of added plant proteinase and susceptibility 
of yoghurt to syneresis. The T2 treatment gained the highest of total scores (85 points) followed by the 
control (81.5 points) after 15 days of storage, whereas yoghurt of T3 showed the lowest score (75 point). 
From the foregoing results, it is recommend to use Jack Fruit (Artocarpus integrifolis) as a source of plant 
proteinases (7.8 units/ml milk) to develop a high quality yoghurt. 
 

INTRODUCTION 
Proteolytic enzymes have been found in both dicotyledonous and 

monocotyledonous plants. Representative of the former are the fig (Ficus carica), papaya 
(Carica papaya L.), milkweed (Asclepias speciosa), and euphorbian (Euphorbia lathuris); 
of the latter, the pineapple (Ananas comosus L.), Cardosin B (Cynara cardunculus) and 
cereals (Goodenough and Owen, 1987; Maksimenko et al., 1990; Zimacheve et al., 1994; 
Silva and Malcata, 1999). It appears that there are two major groups of these proteinases, 
one requiring free SH groups for activity, having their optimum pH at ∼7.0 and strong 
milk-clotting activity; the other group lack active SH groups, have a more alkaline 
optimum pH, and an inferior milk-clotting power. Both groups of plant proteinases are heat 
resistant, often maintaining their activity at temperature of 60 to 70°C (Maksimenko et al., 
1990). Proteinases produced by psychrotrophic bacteria can withstand pasteurization (72oC
for 15 s), and treatment at ultra high temperatures (138oC for 2 s), with important 
implications on the quality of milk and heat-treated dairy products (Cousin, 1982). Ismail 
et al. (1999) has found in Jack fruit (Artocarpus integrifolis) which planted recently several 
important enzymes for dairy field such as proteinase, β-galactosidase. Proteinase also can 
be produced from the seeds of this fruit as a source of an enzyme suitable for use with 
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some dairy products (El-Tanboly, 2003). Certain of the plant proteinases have a number of 
food technological and medical usages. Plant proteinases are interesting because they are 
natural products which can be easily extracted by aqueous infusion, no legal barriers and 
low cost. A part from flavour, quality of yoghurt and other fermented milk is largely 
dependent on its texture (Lankes et al., 1998 and Savello and Dargan, 1995, 1997). Texture 
is defined as group of physical properties of food influenced by its structural elements and 
perceived by human senses. Ultrafiltration of milk for yoghurt production is one of several 
valuable techniques used to increase milk dry matter content, necessary to obtain compact 
coagulum and appropriate viscosity of yoghurt (Domagaіa and Kupiec, 2003). Of special 
interest, protein hydrolysates by protinase are mainly used for medical purposes, as 
medical diets for human breast cancer cells and colon cancer (Parodi, 1998). To achieve 
desirable flavor as well as texture properties in yoghurt, it was tried to produce it from milk 
enriched by adding suitable proteolyic enzyme besides the action of yoghurt starter 
bacteria. 

The aim of this study was to determine the influence of a novel plant proteinase 
from Jack fruit (Artocarpus integrifolis) on fermentation activity, proteolysis and 
rheological properties of yoghurt. 
 

MATERIALS AND METHODS 
Jack  fruit (Artocarpus integrifolis)

Jack fruit was obtained from the Horticulture Institute, Agric. Res. Centre, Ministry 
of Agriculture, Cairo, Egypt. 
Extraction of enzyme 

For maximum extraction of enzyme it was prepared according to the method 
described by El-Tanboly (2003). 
Yoghurt culture 

Combined yoghurt culture, Streptococcus. thermophilus (EMCC 1225) and 
Lactobacillus delbrueckii subsp. bulgaricus (EMCC 1322) were obtained from the 
Egyptian Microbial Culture Collection of Cairo MIRCEN (EMCC), Faculty of Agriculture, 
Ain-Shams University, Egypt. 
Yoghurt culture preparation 

The culture was prepared by inoculation at 4% into sterile 11.5% reconstituted non-
fat dry milk. It was subcultured at least twice for 8 hrs at 42oC for uniform coagulation, 
then stored overnight at 4 ±1oC, at which time the yoghurt to be prepared. 
Yoghurt preparation 

Low fat yoghurt was prepared according to Tamime and Robinson (1985). Yoghurt 
mix consisted of 11.5% reconstituted non-fat dry milk with 2% added culture and 
incubation temperature at 42oC for 3 hrs. Before addition of culture, levels of crude 
extracts of plant proteinase of 3.9 (T1), 7.8 (T2) and 11.7 (T3) units of plant proteinase /ml 
milk, or no enzyme (control) were added. The resulting yoghurt was kept in the refrigerator 



El-Tanboly, E. E. 

J. Saudi Soc. for Food and Nutrition., Vol. 2, No. 1; 2007 

72

at 4 +1oC when their pH was between 4.8-4.9 and was analyzed at 1, 3, 7 and 15 days. All 
treatments were carried out in three replicates. 
Chemical analysis 

In Yoghurt samples, pH was measured by pH-meter 646 with glass electrodes 
(Ingold, Knick, Germany). Titratable acidity (oSH) was done with Soxhlet Henkel method 
as described by Scotte (1981). The proteolytic activity (PA) was measured according to 
Otani et al. (1991) using tyrosine as standard as suggested by Greenberg (1957). 
Rheological properties analysis 
The curd tension (firmness) 
 Curd tension of yoghurt was estimated as described by Chandrasekhare et al. 
(1957). 
Susceptibility to syneresis 

Syneresis (whey separation) was determined by using the drainage whey (ml/100 
ml yoghurt) as described by Hassan et al. (1999). 
Viscosity 

Viscosity was measurement using Hoepler viscometer at 20oC according to 
Їbikowska and Їbikowski (1996). 
Sensory evaluation 

The yoghurt was evaluated organoleptically by a trained panel of 5 judges from 
staff members of N.R.C at 1, 3, 7 and 15 days of yoghurt during storages. 
Statistical analysis 
 All Statistical analysis were done using statistical analysis system (SAS program, 
1979). 
 

RESULTS AND DISCUSSION 
 
Titratable acidity and pH of yoghurt during storage 

Figures 1 and 2 show the changes in pH and titratable acidity of yoghurt during 
storage. One day after manufacture, the mean pH of the yoghurts ranged from 4.65 to 4.70 
with no differences effect of treatments. While, the pH of treatment samples decreased to 
3.70-3.81 after 15 days of storage. When data from all sampling periods were combined 
for each treatment, the mean pH of the product treated with plant proteinase was lower 
than the control. The greater proteolysis that occurred in this product may have stimulated 
acid production during storage. However, the acidity range was 1.11-1.26% after 15 days 
of storage of the proteinase yoghurt treatments. This result is similar to that observed by 
Cousin (1982) and Farrag (2002). 
Proteolysis of yoghurt during storage 

Data for Proteolytic activity measured as liberated tyrosine/ml/min of the reaction 
mixture shows continuation of proteolysis of different proteinase yoghurt treatments during 
storage (Fig. 3). The proteolytic activity of all yoghurt treatments slightly increased until 
the end of the storage period (15 days). 



Effect of Plant Proteinase from Jack Fruit (Artocarpus integrifolis) on Rheological 

J. Saudi Soc. for Food and Nutrition., Vol. 2, No. 1; 2007 

73

Proteolytic activity values of treated yoghurt were higher as compared to those of 
the control. Yoghurt treatment (T3) continued to exhibit a higher rate of proteolysis than 
the other treatments (T1 and T2). Significant differences in proteolytic activity were at 
level of 0.05. This result is in agreement with that obtained by El-Tanboly et al. (2001) 
who reported that yoghurt fortified with increasing level of fortification to 15% protein 
hydrolysates from different sources (rice bran, soybean, sesame) showed greater positive 
effect on proteolytic activity. 
 

Figure 1. Effect of different plant proteinase levels on 
changes in pH of yoghurt during storage
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Figure 2.. Effect of different plant proteinase levels 
on changes in acidity of yoghurt during storage
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Figure 3. Effect of different plant proteinase level on
changes in proteolysis of yoghurt during 
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Rheological properties analysis of yoghurt during storage 
The curd tension (firmness) 

The curd tension (firmness) of plant proteinase treated yoghurt is shown in Figure 
4. Yoghurts made from milk treated with plant proteinase preparations were less firm 
compared with control at all storage periods. T3 showed 20.17 g became less firm after 15 
days of storage. Generally, increasing units of plant proteinase preparations decreased the 
firmness. These results are in agreement with those reported by Gassem and Frank (1991) 
and by Domagaіa and Kupiec (2003). 
Susceptibility to syneresis 

Syneresis (whey separation) in yoghurt is an important parameter, on which the 
quality of yoghurt is evaluated. The results in Figure 5 reveal that the greatest syneresis 
was found in T3 at 1 and 3 days of storage being of 34.90 and 33.50 ml/100 ml, 
respectively, compared with control being 25.10 and 24.80 ml/100ml in the same order. 
The lowest syneresis was found in T2 and T3 after 7 and 15 days storage of (20.00, 20.25) 
and (23.10, 20.0) ml/100 ml, respectively. These findings agree with that report by 
Chawala and Balachandran (1993). 
Viscosity 

Figure 6 shows the effect of added plant proteinase on the viscosity (mPa.s) of 
yoghurt after storage for 1, 3, 7 and 15 days. Yoghurts made from milk treated with plant 
proteinase preparations had greater viscosity than the control. The viscosity values were 
279, 347, 417 and 453 mPa.s at the first day which increased after 15 day storage to 299, 
380, 433 and 479 mPa.s for control, T1, T2 and T3, respectively. Moreover, the greatest 
viscosity was found in T2 and T3 of 433 and 479 mPa.s respectively, compared with the 
control of 299 mPa.s at 15 days storage. The development of acidity may be contribute to 
this increase (Farrag, 2002). These results are similar to those reported by Gassem and 
Frank (1991) and by Domagaіa and Kupiec (2003). 
Sensory evaluation 

Table 1 shows the sensory evaluation of plant proteinase yoghurt treatments 
during 15 days storage. Yoghurt treatments showed no marked difference in 
appearance. 

Consistency scores for all treatments decreased during storage up to 15 days. With 
regard to flavour, it was gradually decreased in all yoghurt treatments. The differences 
between the scores of treatments were not statistically significant (P≤0.05) in 
appearance. 

The T2 gained the highest of total score at the end of storage period (15 days) being 
85 point followed by the control (81.5 point). On the other hand, T3 showed the lowest 
score point being 75. The results had the same trend as El-Tanboly et al. (2001). 
 

CONCLUSION 
 

From the foregoing results, it could be recommended to use Jack Fruit (Artocarpus 
integrifolis) as a source of plant proteinases in order to improve yoghurt quality with a 
level of 7.8 units /ml milk. 
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Figure 4. Effect of different plant proteinase level on changes 
in curd tenion of yoghurt (g/100g) during storage
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Figure 5. Effect of different plant proteinase level on changes in 
syneresis of yoghurt (mPa.s) during storage
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Table 1. Effect of different levels of plant proteinase on scores of yoghurt during storage. 
 

Total (100)Consistency 
(30) 

Flavor 
(60) 

Appearance 
(10) 

Treatment Storage 
Period (days) 

95.0 285710Control 1
95.0 285710T1*
96.0 285810T2**
92.0 285410T3***
91.0 27559.0Control 3
88.0 27529.0T1
94.0 27.5579.5T2
85.0 26509.0T3
85.5 26518.5Control 7
83.5 26498.5T1
90.5 27.5558.0T2
80.0 25478.0T3
81.5 25488.5Control 15
78.0 24468.0T1
85.0 25.5518.5T2
75.0 22458.0T3

Control: yoghurt no enzyme;  T1*: yoghurt added with plant proteinase extracts (3.9 
units/ml);  T2**:  yoghurt added with plant proteinase extracts (7.8 units/ml);  
T3***: yoghurt  added with plant proteinase extracts (11.7 units / ml). 

Figure 6. Effect of different plant proteinase level on changes 
in viscosity (mPa.s) of yoghurt during storage
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