
 I 

 

 

 

 

Sede Amministrativa: Università degli Studi di Padova 

 

 

Dipartimento di Territorio e Sistemi-Agroforestali 

 

 

SCUOLA DI DOTTORATO DI RICERCA IN: Territorio, Ambiente, Risorse e Salute 

INDIRIZZO: Medicina ambientale: Nutrizione e Inquinamento  

CICLO: XXV 

 

 

TITOLO TESI 

 

Enzymatic characterization of two plant coagulants:   

Cynara cardunculus L. and Ficus carica L. 

 
Caratterizzazione enzimatica di due coagulanti vegetali:  

Cynara cardunculus L. e Ficus carica L. 

 

 

 

Direttore della Scuola:  Ch.mo Prof. (Mario Aristide Lenzi) 

Coordinatore d’indirizzo: Ch.mo Prof. (Giovanni Battista Bartolucci) 

Supervisore: Ch.ma Dott.ssa (Giovanna Lomolino) 

 

 

 

 

       Dottoranda:  Giovanna Di Pierro 



 I 

Acknowledgements 

 
Firstly I would like to thank my supervisor, Doct. Giovanna Lomolino, for giving me the 

opportunity to carry out this PhD. I also wish to thank Prof. Anna Lante for her help in any 

situations. Similarly, I would like to acknowledge Mara Vegro and Stefania Zannoni for their 

friendly and technical assistance at multiple occasions, and the students who participated in 

my research: Alvise da Schio and Alice Quaresima. I would like to express my gratitude to 

Prof. Gianfranco Gabai for getting me in contact with my Irish supervisor Prof. Richard J. 

FitzGerald, who allowed me to join the research on bioactive peptides. My special words of 

appreciation are for his helpful and valuable discussions about the experiments, and his 

critical review of part of this manuscript. To the entire staff of the “Department of Life 

Sciences” of the University of Limerick (Ireland), where I spent 10 wonderful months. Thank 

to Martina O’Keefe and Orla Power for their scientific support and my Irish collegues and 

dear friends: Roseanne Norris, Tara Flaherty, Elizabeth Finnegan, Bryan Hunt, for sharing 

with me the best moments of this adventure. The time spent in Limerick and around would 

definitely have been less pleasant and joyful without you. To the other people of the lab, 

Adriana, Tanya, Charlie Pigott and his brilliant music. A special thank to my Irish mum, 

Annette Norris, for taking care of me. To all the other PhD students and colleagues that 

shared with me these three years: Lucia Fiorin, Lucia Michelini, Chiara Rasotto and 

Federica Tinello. This list would not be complete without all the most important people 

around me: my big family and friends, in particular Laura, Silvia & Silvia and Valentina. 

Last but not least, a special thank to Andres for his love and his priceless support in every 

moment. 



 II  

Thesis summary 

 
The present thesis aims to enhance current knowledge of plant coagulants, whose interest is 

increasing because of the limited supply of calf rennet and the recent food trends. At this 

purpose, Cynara cardunculus L. and Ficus carica L., two crops widely distributed in 

Mediterrean countries, were selected and characterized in their enzymatic activity. At first, the 

presence of lipases in these crude plant extracts was investigated by employing agar plate and 

chromogenic assays as well as the zymogram analysis. Secondly, proteolytic activity was 

studied with the azocasein assay. Then, the hydrolysis of bovine αs and β-caseins was 

examined by eletrophoretic gels and densitogram analysis in order to assess the contribution 

of each plant enzyme to the overall proteolytic specificity. Finally, both plant extracts were 

evaluated for their potential release of antioxidant peptides/hydrolysates from bovine milk 

casein. The results suggested the use of Cynara cardunculus L. and Ficus carica L. crude 

extracts in cheese making as sources of lipases, proteinases and bioactive peptides. 
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Riassunto 

 
La presente tesi di dottorato intende approfondire le attuali conoscenze scientifiche in 

relazione ai coagulanti vegetali, il cui interesse è in continuo aumento a causa della limitata 

disponibilità di caglio animale e i correnti trend alimentari. A tale scopo, Cynara cardunculus 

L. e Ficus carica L., due specie vegetali largamente diffuse nei paesi mediterranei, sono state 

scelte e caratterizzate nelle loro attività enzimatiche. Dapprima, si è verificata la presenza di 

lipasi in questi estratti vegetali attraverso test in piastra su agar, substrati cromogenici ed 

analisi zimografica. Successivamente, si è caratterizzata l’attività proteolitica con il saggio 

dell’azocaseina. Al fine di studiare il contributo di ciascuna di queste proteasi vegetali sulla 

specificità proteolitica, l’idrolisi dell’αs- e β-caseina è stata monitorata attraverso gel 

elettroforetici e l’analisi densitometrica. Infine, questi stessi estratti vegetali sono stati valutati 

per il loro potenziale rilascio di peptidi/idrolizzati antiossidanti da caseine bovine. Pertanto, 

gli estratti di Cynara cardunculus L. e Ficus carica L. possono trovare impiego nel settore 

lattiero-caseario come fonti di lipasi, proteasi e biopetidi attivi. 
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CHAPTER 1 
 

Plant coagulants: an overview 
 

 

 

 
ABSTRACT 

The use of plant coagulants in cheese production is known since ancient times. Many 

plant extracts have milk-clotting activity, such as cardoon (Cynara cardunculus L.), fig (Ficus 

carica L.), papaya (Carica papaya) and pineapple (Ananas comosus). Despite the limitations 

deriving from their use in cheese-making (bitter taste and texture defects), recently there is a 

growing interest in vegetable coagulants as an alternative to traditional calf rennet. Moreover, 

current food trends, due to dietary (vegetarian) and religion restrictions (Islamism and 

Judaism), are leading to the use of these plant extracts. Therefore, further studies need to be 

carried out to enhance current knowledge of plant coagulants. 

 

Keywords: animal rennet, microbial coagulants, plant coagulants, Ficus carica L., Cynara 

cardunculus L. 

 

INTRODUCTION  

Rennet and coagulants are preparations of proteolytic enzymes, some of which have 

been used in cheesemaking for thousands of years, and they seem to be the oldest known 

application of enzymes (Harboe et al., 2010). The first name for the milk-clotting enzyme was 

chymosin, derived from the Greek word for gastric liquid chyme, given by Deschamps (1840) 

to the main enzyme from the fourth stomach of the calf. In 1890, the name rennin, derived 

from the word rennet, was suggested for the same enzyme, and for many years it was adopted 

in English-speaking countries (Foltmann, 1966), as well as in international enzyme 

nomenclature. Due to confusion with the related proteolytic enzyme renin, the main milk-

clotting enzyme was again named chymosin (International Union of Biochemistry and 

Molecular Biology – IUBMB, 1992). Cheese is produced by milk-clotting enzymes of 

different origin. The active milk-clotting enzymes in all rennet and coagulants, which have 
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been found successful for cheesemaking, are aspartic proteinases having the IUBMB number 

EC 3.4.23, which specifically cleave the Phe105-Met106 bond of bovine κ-casein. The original 

rennet preparation is, by definition, an extract of ruminant abomasum (Andrén, 1998), which 

is commonly called animal rennet. This definition is now generally accepted, and it is agreed 

that the name rennet should be reserved for enzyme preparations from ruminant stomachs, 

whereas other milk-clotting enzymes should be named coagulants. The common group names 

are microbial and vegetal coagulants, respectively. It is also generally accepted that chymosin 

produced by a genetically modified organism (GMO) is called fermentation-produced 

chymosin (FPC).  

The present chapter gives an overview of the relevant enzymes in cheesemaking, with special 

emphasis on plant coagulants. The main important plant coagulants are described in their 

enzymatic composition along with their research background. A historical overview is also 

given. Furthermore, the impact of these plant coagulants on cheese yield, texture and sensory 

properties as well as their ethical and religious influence are discussed in detail. Due to the 

increasing demand for alternative sources of animal rennet and current food trends, the 

presents thesis intends to characterize the two plant coagulants, Ficus carica L. and Cynara 

cardunculus L, respectively. Finally, the scientific objectives of the thesis are defined in order 

to enhance the scientific information on these plant coagulants and promote their use in 

cheesemaking.  

 

1. TYPES OF RENNET AND COAGULANTS  

Rennet and coagulants are most efficiently categorised according to their sources, 

which are animal, microbial and genetically engineered chymosin as well as plant-derived 

clotting enzymes. The types of rennet and coagulants as well as their characteristics have been 

reviewed by several authors (Harboe, 1992a; Guinee and Wilkinson, 1992; Garg and Johri, 

1994; Wigley, 1996, Jacob et al., 2011). The following paragraphs describe the predominant 

types of coagulant used for cheesemaking today, with special emphasis placed on plant 

coagulants. 

 

1.1 ANIMAL RENNET 

Most of cheeses are traditionally manufactured by rennet extracted from the 

abomasum, the fourth stomach of young ruminants. Among the products of animal origin, calf 

rennet is regarded as the ideal enzyme product for cheesemaking; this extract consists of two 

proteolytic enzymes: chymosin (EC 3.4.23.4, 88-94% milk clotting activity MCA) and pepsin 
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(EC 3.4.23.1, 6-12% MCA). The relative proportion of these enzymes varies with 

individuality and age of the animals, the type of feed, the method of rennet separation and the 

conditions and pH values at which the milk clotting activity is measured (Guinee and 

Wilkinson, 1992; Andrèn, 1982). As previously defined, the main role of chymosin in 

cheesemaking is to coagulate milk by specifically hydrolysing the Phe105-Met106 bond of the 

micelle-stabilising protein, κ-casein, which is more susceptible to chymosin than any other 

bond in milk proteins and leads to the coagulation of the milk (Fox et al., 2000); whereas 

pepsin is much less specific and hydrolyses bonds with Phe, Tyr, Leu or Val residues 

(Agudelo et al., 2004; Papoff et al., 2004). The traditional product, calf rennet, is, still now, 

the reference product used as control when other coagulants are tested. Adult bovine rennet is 

the most widely used alternative to calf one, which is not surprising as it contains the same 

active enzymes. The high pepsin content in adult bovine rennet gives the product a high 

sensitivity to pH, and a higher aspecific proteolytic activity. Several other products exist, of 

these lamb/ovine and kid-caprine/caprine rennet are very similar to calf/adult bovine rennet, 

but they are best suited for clotting milk of their own species (Foltmann, 1992). Buffalo, 

chicken, rabbit and swine have also been found to be sources of rennet (Dewane, 1960). 

 

1.2 M ICROBIAL COAGULANTS  

A large number of microorganisms are known to produce milk clotting enzymes. Most 

of the coagulants from microbial sources seem to be extracellular (Garg and Jhori, 1994) and 

since their action is similar to chymosin, they are suitable for cheese production. These 

enzymes show, however, high proteolytic activity during cheesemaking, which may lead to a 

loss of protein degradation products into the whey and thus negatively affect cheese yield 

(Jacob et al., 2011). At present the main important microbial coagulants are of fungal and 

bacterial origin. 

  

1.2.1 FUNGAL COAGULANTS  

Microbial coagulants of fungal origin, which have been used in commercial 

cheesemaking since the 1960s, and are considered of great importance. More than 100 fungal 

sources were reported by Garg and Johri (1994), which points out the high scientific interest 

in alternative coagulants for cheese production. Fungi producing milk clotting proteinasess 

are ubiquitary and may easily be isolated from various environments (Tubesha and Al-

Delaimy, 2003). Three species, Mucor mihei (Rhizomucor miehei), Mucor pusillus 

(Rhizomucor pusillus) and Endothia parasitica (Criphonectria parasitica), have been tested 
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on large scale production. In general, the rennet produced by fungi is an acid-aspartate 

proteinase with a single polypeptide chain. The aspartic proteinase produced by R. miehei has 

a high similarity to chymosin (Chitpinityol and Crabbe, 1998) and is the most commonly used 

microbial coagulant for cheese production and commercially available at different levels of 

thermostability and purity. The R. pusillus coagulant is similar to the R. miehei product; it was 

used in the past, but has no advantages rather than R. miehei coagulant, and is no longer 

produced commercially (Harboe et al., 2010). Cryphonectria parasitica proteinase is less 

characterised, but it is well known that its general proteolytic activity is higher (Tam and 

Whitaker, 1972; Vanderporten and Weckx, 1972) toward β-casein (Ustunol and Zeckzer, 

1996; Awad et al., 1998, 1999; Trujillo et al., 2000; Broome et al., 2006).  

 

1.2.2 BACTERIAL COAGULANTS  

Besides enzymes from other fungal species, enzymes of bacterial origin have gained 

increasing importance (Jacob et al., 2011). However, most of the bacterial proteinases have 

been found to be unsuitable in cheese production, because of the invariably strong and non 

specific proteolytic action of the milk-clotting enzymes, resulting in loss of fat and nitrogen in 

the whey, reduced yield and poor quality of the aged cheese (Garg and Jhori, 1994). In 

addition, many of these bacteria are known to be pathogenic. Many studies were carried out 

on bacterial proteinases (Srinivasan et al., 1962; Orosin et al., 1970; Sardinas, 1972; Puhan 

and Irvine, 1973; Reps et al., 1974). Bacillus prodigiosus was one of the first identified 

bacteria to produce milk clotting enzymes (Gorini, 1892, 1893, 1930; Wahlini, 1928). 

Bacillus polymyxa, B. subtilis, B. cereus and B. mesentericus were mentioned as other sources 

of proteinases, but all of them produced defects on texture and flavor of final cheese. At 

present there is no commercially available bacterial coagulants which substitute animal 

rennet. They are applied for particular cheeses or as partial substitutes in mixture with other 

enzymes, such as pepsin, animal rennet, or with other microbial rennets (Garg and Jhori, 

1994). 

 

1.2.3 GENETICALLY ENGINEERED CHYMOSIN  

 In 1990 the recombinant version of calf chymosin, usually denoted as fermentation 

produced chymosin (FPC), was the first proteinase, obtained by recombinant DNA, applied 

by FDA in USA (Flamm, 1991). At the beginning, was used in the United States, but later 

other countries showed increasing acceptance. FPC is chymosin produced by fermentation of 

a genetically modified organism (GMO). The products contain chymosin identical to the 
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animal source, which has with the same amino acid sequence as chymosin from the 

corresponding animal stomach, but it is just produced by more efficient means. The main 

FPC, which contains bovine chymosin B, is today considered to be the ideal milk-clotting 

enzyme against which all other milk-clotting enzymes are compared. The production and 

application of bovine-type FPC has been reviewed by several authors (Harboe, 1992b, 1993; 

Repelius, 1993).  

 

1.3 PLANT COAGULANTS  

Plant coagulants can be an interesting alternative to the animal rennet for several 

reasons. Firstly, the worldwide increase in cheese production, a greater tendency to slaughter 

“mature” calves along with high costs and the limited supply of calf rennet, have led to an 

increase in the demand for alternatives sources of milk coagulants (Green, 1972; Cavalcanti et 

al., 2004). Secondly, the incidence of bovine spongiform encephalopathy has further on 

reduced the demand for bovine rennet (Roseiro, et al., 2003). Finally, plant coagulants can 

contribute to improve the nutritional intake of people whose the use of animal rennets is 

restricted (Gupta and Eskin, 1977).  

 

Table 1 Sources of plant coagulants. 

Plant source Common name References

Cynara cardunculus Cardoon Veríssimo et al., 1995, 1996
Cynara scolymus Artichocke Sidrach et al., 2004
Ficus carica Fig tree Devaraj et al., 2008
Carica papaya Papaya Veringa, 1961
Ananas comosus Pineapple Bruno et al., 2002, 2010
Albizia julibrissin Silk tree Otani et al., 1991
Calotropis procera Sodom apple Ibiama and Griffiths, 1987
Lactuca sativa Lettuce Lo Piero et al., 2002

 

 

Therefore, these reasons have encouraged a search for new rennet sources, like plant 

coagulants. In this regard, many enzymes from plants have been found to coagulate milk 

(Table 1) and several authors have been investigated their use in cheese production 

(Padhmanabhan et al., 1993; Cattaneo et al., 1994; Teixeira et al., 2000; Fadyloglu, 2001; 

Patil et al. 2003; Llorente et al., 2004; Moharib, 2004; Libouga et al., 2006; Low et al., 2006; 

Senthilkumar et al., 2006; Chazarra et al., 2007; Egito et al., 2007; Raposo and Domingos, 

2008; Vairo Cavalli et al., 2008; Duarte et al., 2009). These enzymes seemingly ubiquitous in 
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plant structure. They are present in buds, flowers, fruits, latex, leaves, roots, sap and seeds 

(Garg and Jhori, 1994).   

 

1.3.1 HISTORICAL OVERVIEW  

Since ancient times, milk clotting enzymes have been used for the manufacture of 

cheese. Historically, most enzyme preparations used for cheese have been extracted from the 

stomachs of ruminants, but coagulants from microbes and plants were also used at very early 

dates. Vegetable rennets are mentioned in the first work of European literature; Homer (c. 

eighth century BC) implies the use of fig rennet in the Iliad (‘. . . as when fig juice is added to 

white milk and rapidly coagulates, and the milk quickly curdles as it is stirred, so speedy was 

his healing of raging Ares.’ Iliad 5) (Fox and McSweeney, 2004), while in the Odyssey, he 

describes the Cyclops, Polyphemus, making curds using ‘fig juice’ (Ficus carica L.) 

(Salvadori del Prato, 1998). Cheese manufacture was well established in the Roman Empire 

and many writers, e.g., Cato the Elder, Varro, Columella and Pliny the Elder, described 

cheese manufacture and quality and the culinary uses of cheese. Varro (116-27 BC) 

mentioned fig latex as an alternative rennet in De re pecuaria. However, the most complete 

ancient description of cheesemaking is given by Lucius Junius Moderatus Columella, a 

Roman soldier and author from Gades (moder Cadiz) (Fox and McSweeney, 2004). He 

discusses different types of rennets in his treatise De Re Rustica (50 AD), by describing in 

detail their use, doses and technology production of cheese (Salvadori del Prato, 1998). 

Furthermore, he recommends coagulation using rennet from lamb or kid but states that milk 

can also be coagulated using flowers of certain thistles (perhaps Cynara cardunculus), seeds 

of the safflower (Carthamus tinctorius), or sap from the fig tree (‘. . . though it can also be 

coagulated with the flower of the wild thistle or the seeds of the safflower, and equally well 

with the liquid which flows from a fig-tree.’) (Fox and McSweeney, 2004; Robinson and 

Wilbey, 2008). Interestingly, Columella recommended that the smallest amount of rennet 

possible be used to ensure high quality cheese. This may be related to the excessive 

proteolytic activity of plant proteinases used as rennets which often produce bitter cheese 

(Fox and McSweeney, 2004). According to Roman writers, plant coagulant such as the latex 

of fig (Ficus carica L.), flowers and flowers heads of thistle (Cynara cardunculus L.) and in 

particular way inflorescences of gallium (Gallium verum, a plant of Family Rubiaceae) were 

more suitable for the production of soft cheese; while rennet (obtained from the stomach of 

ruminants) was more suggested for the production of formaticum or hard cheese. In the 

Middle Ages plant coagulants were used largely, such as thistle flowers, fig latex, pumpkin, 
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drops of balsam and calin thistle (Carlina aucalis). In XVII century, Ignazio Malenotti 

recommended in the Handbook of shepherd to leave the use of animal rennet in favour of 

presura, the curd obtained by the flower of wild artichoke (Salvadori del Prato, 1998). 

Nowadays, cheeses made with vegetable coagulant can be found mainly in Mediterranean, 

west African and southern European countries. Spain and Portugal have the largest variety 

and production of cheeses using Cynara sp. as the vegetable coagulant (Roseiro et al., 2003). 

 

1.3.2 CYNARA CARDUNCULUS L. 

Cynara cardunculus L. is a perennial herb native to the Mediterranean region, grown 

since ancient times as a vegetable using intensive management techniques. It belongs to the 

family of the Asteraceae-Cardueae, containing eight species and four subspecies, including 

the well-known globe artichoke and the cardoon. The adult plant of Cynara cardunculus in its 

natural growth cycle exhibits vigorous growth; a single plant can reach a height of 3 m and 

spread over an area of 1.5 m in diameter (Roseiro et al., 2003; Fernández et al., 2006). The 

clotting properties of cardoon extracts were first studied by Christen and Virasoro (1935), 

who established that the enzymatic activity was only present in the flower and it was 

maintained at temperatures up to 70°C. Subsequent investigations confirmed these results 

(Vieira de Sá and Barbosa, 1972; Tsouli, 1974), the enzyme activity being traced to the stylets 

and stigmae of the inflorescence (Faro, 1991; Ramalho-Santos et al., 1997). The aqueous 

extract of flowers of C. cardunculus was further shown to possess three active proteinases 

(once termed cynarases or cyprosins, and currently termed cardosins) which have been 

isolated, purified and partly characterized in terms of activity (Heimgartner et al., 1990; 

Cordeiro et al., 1992)  and specificity (Macedo et al., 1993; Macedo, 1993; Pires et al., 1994) 

toward pure bovine caseins. More recently, two additional aspartic proteinases were isolated 

from the fresh stigmae of a standard variety of C. cardunculus L. Based on the structural and 

kinetic properties of these enzymes, it was concluded that they result from different genes and 

are different from the previously reported proteinases of the same plant; hence, they were 

named cardosin A and cardosin B (Faro et al., 1995; Verissimo et al., 1996). Each cardosin 

consists of two subunits with apparent molecular weights of 31 and 15 kDa for cardosin A 

and 34 and 14 kDa for cardosin B (Verissimo et al., 1995, 1996). Esteves (1995) showed that 

cardosin A appears to be similar to chymosin; in fact it cleaves the bond Phe105-Met106 in 

bovine κ-casein, whereas cardosin B closely resembles pepsin. However, other authors  

reported the purification of three milk clotting enzymes from dried flowers of Cynara 

cardunculus L. (Heimgartner et al., 1990; Cordeiro et al., 1992). These enzymes were named 
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cynarases and subsequently cyprosins and were assumed too have been derived from a 

common precursor by different processing (Cordeiro et al., 1994). Cyprosins have been 

showed to differ significantly from any of the cardosins (Veríssimo et al., 1996). Overall, the 

aspartic proteinases of wild cardoon are the most studied enzymes in vegetable kingdom, 

because of their excellent and clotting properties; moreover, they have a specific proteolytic 

action. This could be one of the reasons for which the extracts of cardoon have been used for 

centuries in traditional artisanal production of ewe milk cheeses, such as Serra da Estrela, 

Manchego, La Serena or Serpa in Portugal and Spain. However, the availability of plant 

material is seasonal, presents a considerable variability in enzyme concentration, largely 

depending on the harvesting region and on the climatic conditions of the year (Pais, 2002). 

 

1.3.3 CYNARA SCOLYMUS L. 

Cynara scolymus L., also known as the globe artichoke, is another variety belonging to 

the family of Asteraceae. It is often confused with Cynara cardunculus L. and it is widely 

distributed in the Mediterranean regions. Globe artichokes are perennial, frost sensitive, 

thistle-like plants with edible flower buds, which sprout from the terminal portion of the main 

stem and on lateral stems. Each unopened flower bud resembles a deep green pine cone, 7–10 

cm in diameter, round, but slightly elongated. Several pointed, leathery green bracts fold 

around a purple-blue flower. The base of each bract is the fleshy edible portion, along with 

the fleshy centre of the artichoke on which the flower and bracts are borne (Sidrach et al., 

2005). The extracts of the flowers of this specie have been claimed to be effective as rennet 

(Silva and Malcata, 2000; Veríssimo et al., 1998), but because the flowers of this plant are 

usually consumed as a vegetable, the properties and possible applications of these cynarases 

are less known Recently, Chazarra et al. (2007) have purified three proteinases of Cynara 

scolymus L. (cynarase A, B and C) with milk clotting activity. All three cynarases are 

glycoproteins and are composed of one large and one small subunit (Sidrach et al., 2005). 

 

1.3.4 FICUS CARICA L. 

Fig (Ficus carica L.) is a fruit crop species that is particularly well suited for the 

different environmental conditions of the Mediterranean basin countries, and more 600 

cultivars are locally grown and called varieties. Ficus carica L., the common fig, is a species 

of great commercial importance, comprising numerous varieties with significant genetic 

diversity (Salhi et-Hannachi et al., 2006). Other notable species of Ficus are Ficus religiosa 

L. (the Bo tree which sheltered the Buddha as he divined the “Truths”), Ficus elastica Roxb. 
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ex Hornem. (the rubber tree), Ficus benghalensis L. (the banyan tree) and Ficus racemosa L. 

(syn. glomerata, the giant cluster tree). All Ficus spp. possess latex-like material within their 

vasculatures, affording protection and self-healing from physical assaults (Lansky et al., 

2008). Ficus carica L. is known to coagulate milk and its latex constitutes an important 

source of many proteolytic enzymes known under the general term of ficin (EC 3.4.22.3). The 

name ficin was coined by Robbins in 1930 and it regarded a protein powder he prepared from 

the latices of fig trees of the genus Ficus. Ficin, which belongs to the cysteine proteinases, 

contains two groups of proteolytic enzymes; the first group includes high milk clotting 

activity but low proteolysis, and the second encloses high proteolytic effect (Whitaker, 1972). 

In several research studies (Sgarbieri et al., 1964; Devaraj et al., 2008; Azarkan et al., 2011) 

proteinases from Ficus carica have been purified and characterized, confirming the existence 

of multiple ficin forms in its latex. However, only a limited number of investigations have 

reported on the use of this plant coagulant in dairy technology and scientific information 

about fig latex applications on cheesemaking is very limited. Veringa (1961) reviewed studies 

using vegetable coagulants and rennet and observed that, after 8 months ripening, Cheddar 

cheese made with Ficus carica extract showed no difference from a control cheese made with 

animal rennet. Some authors (Rifaat et al. 1970; El-Shibiny et al. 1973a, b; Oner and Akar, 

1993) analysed the use of purified ficin in cheese making and organoleptic tests, 

demonstrating that no definite differences existed in taste, flavor or body texture. Nouani et 

al. (2009) examined the aptitudes of milk coagulation, stability during conservation and the 

physic-chemical properties of purified coagulases extracted from the fig tree latex. Although, 

the use of ficin in traditional cheese production presents a certain reticence since scarces 

studies exist (Nouani et al., 2009); in the Eastern part of Turkey, ficin is used in a milk 

product called teleme. Teleme has a yogurt like texture with sweet taste and is traditionally 

prepared by adding a few drops of ficin to milk. Akar and Fadýloğlu (1999) compared 

purified and unpurified ficin in teleme production. Fadýloğlu (2001) related the properties of 

free and immobilized ficin (optimum temperature and pH, effect of enzyme and substrate 

concentration) and their chemical and sensory properties on teleme cheese. Even in Italy there 

is the tradition to use caprifig latex (Ficus carica sylvestris) for producing Cacioricotta 

(Italian National Research Council, 1996). Faccia et al. (2012) employed in their research 

caprifig latex and calf rennet, respectively, for manufacturing Cacioricotta and comparing 

their profile of proteolysis. The results of this study showed that caprifig latex exerted a 

strong proteolyitic activity. Other authors (Scott Blair and Burnett, 1963) reported that the 

curd made with ficin was only slightly softer and of slightly less weight than curds made with 
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rennet. Moreover, the use of ficin for milk clotting in the preparation of cheese has been 

showed to lead to greater bitterness in young cheese. Further hydrolysis of the bitter peptides 

leads to the disappearance of bitterness on prolonged aging of cheese (Krishnaswami and 

Johar, 1961). 

 

1.3.5 OTHER COAGULANTS  

Other many proteolytic preparations from plants have also been identified as vegetable 

rennets. Carica papaya is a tropical plant belonging to the family of Caricaceae. The papaya 

plant contains a milky latex which is source of proteolytic enzymes: papain and chimopapain. 

This sap, when dehydrated, is called crude papain. Although all parts of the plant contain 

latex, only the green, immature fruits are used for latex extraction, because exudations from 

unripe fruits are much vigorous than from any other part of the plant (Becker, 1958). The use 

of Carica papaya has also been used for long time, even though flavour defects, such as 

bitterness, have been reported (Veringa, 1961). Nevertheless, despite this drawback, an 

experiment conducted by Adentunji and Salawu (2008) showed that Carica papaya processed 

cheese was a good supplement for Fe and Mn in food deficient of minerals. Bromeliaceae is 

another plant family whose members usually produce large amounts of peptidases. To date, a 

number of proteinases from species belonging to this family have been isolated and 

characterized: stem and fruit bromelain, ananain and comosain, obtained from Ananas 

comosus (Lee et al., 1997; Murachi, 1976; Napper et al., 1994; Ota et al., 1985; Rowan and 

Buttle, 1994; Rowan et al., 1988, 1990). Many studies (Bruno et al., 2002, 2010) have been 

conducted on the purification and biochemical characterization of these enzymes, as well as in 

milk clotting experiments. However, there is a little information on cheeses obtained with 

these extracts, due to their excessive proteolytic activity, which affects the sensory profile and 

the final yield. Calotropis procera is another plant, whose crude latex has been used to 

manufacture Wara, a traditional cheese of Nigeria and the Republic of Benin. Dubey and 

Jagannadham (2003) purified a proteinase from the latex of this medicinal plant. The enzyme 

named procerain belongs to the cysteine proteinases, like papain and ficin. Even the Albizia 

julibrissin, an ornamental plant of the family of Mimosaceae, is known for its clotting 

properties. Otani et al. (1991) purified a cysteine proteinase from its seeds and they 

demonstrated that the cheese made with the enzyme was comparable to that obtained with 

chymosin. In addition, this proteinase did not develop any bitterness in the cheese after three 

months of ripening. Further studies have been identified other plants sources of for milk-

clotting enzymes: Opuntia phylloclades, Cereus triangularis, Euphorbia caducifolia, E. hista 
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(Umar Dahot et al., 1990), Lactuca sativa (Lo Piero et al., 2002), seven papilionoideae 

species (Eriosema shirense, E. ellipticum, E. pauciflorum, E. gossweilleri, E. psoraleoides, 

Adenolichos anchietae e Droogmansia megalantha; Lopes et al., 1998) and Helianthus 

annuus (Park et al., 2000).   

 

1.3.6 ENZYMATIC COMPOSITION  

In recent decades, interest in plant natural products has grown rapidly. The number of 

industrially employed enzymes of plant origin is still small but growing fast. In this respect, 

proteinases are the most commercially important enzymes due to their multiple applications in 

the food, pharmaceutical and detergent industries, as well as in the preparation of leather and 

wool (Doran, 2002). One of the most important applications of proteinases in the food 

industry is the use of rennet in cheese making. Milk-clotting enzymes have been found in 

almost all kinds of plant tissues and it appears to be a general rule that all proteolytic enzymes 

possess the ability to clot milk under proper conditions (Tamer and Mavituna, 1997). All 

enzymes employed for cheese belong to the family of aspartic proteinases (APs), with acidic 

optima pH and two aspartic acid residues in the catalytic site (Szecsi, 1992; Foltmann, 1993; 

Chitpinityol and Crabbe, 1998).  These two aspartic residues, which are responsible for the 

catalytic activity, preferentially cleave peptide bonds between residues with hydrophobic 

side-chains (Domingos et al., 2000). The most widely used AP is rennet, which has chymosin 

as its active component (Vioque et al., 2000). Some plant APs have shown to possess similar 

characteristics to calf-derived rennet and hence have attracted attention in cheese industry. As 

previously described, Cynara cardunculus (cardoon) produces cardosin A and cardosin B, 

which have been shown to share specificity and kinetic parameters with chymosin and pepsin 

(Verissimo et al., 1995, 1996). Therefore, it appears that the enzyme composition of cardoon 

coagulant is similar to that of calf rennet. However, the presence of APs with milk-clotting 

activity has been reported in a variety of plant species belonging to the family Asteraceae, i.e., 

artichoke (Cynara scolymus L.), milk thistle (Silybum marianum (L.) Gaertn.) (Vairo-Cavalli 

et al., 2005), Onopordum turcicum (Tamer, 1993), a thistle related to cardoon (Centaurea 

calcitrapa), (Domingos et al., 2000). Although APs are the most employed enzymes for 

cheese-making, there are some other plant enzymes that belong to the the cysteine proteinases 

(CPs) family. These proteinases have in their catalytic mechanism a cysteine group in the 

active site and can also be take into account for dairy industry. Ficin, papain and related plant 

proteinases such as chymopapain and bromelain belong to this family of enzymes (Turk et al., 

1997). As mentioned before, ficins isolated from the latex of different Ficus trees possess 
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certain characteristic properties,  such as the capacity to digest casein, suggestive of a milk-

clotting property (Devaraj et al., 2008). 

Finally, the progress towards the commercial-scale use of these plant proteinases can be 

useful for dairy industry. Therefore, further and deeper studies on plant proteinases and their 

families are suggested. 

 

1.3.7 IMPACT ON CHEESE YIELD , TEXTURAL AND SENSORY PROPERTIES 

Cheese yield is expressed as the quantity of cheese of a given dry matter produced 

from a given quantity of milk with a defined protein and fat content (kg/100kg milk, Fox et 

al., 2000). However, the yield of cheese can vary depending on several factors, i.e., milk 

composition (fat and casein), species (e.g. cow, goat or sheep), breed, stage of lactation and 

animal health. Cheese yield is also influenced by technological interventions, i.e., 

standardization, low concentration factor ultrafiltration and pasteurization as well as rennet 

type. In this regard, the influence of rennet type on cheese yield is due to its specific and 

general proteolytic activity. The specific proteolytic activity is also known as clotting activity, 

which is the ability of the rennet to hydrolyze only the Phe105-Met106 bond of κ-casein. The 

general proteolytic activity is defined as the overall proteolyitc action of the rennet on milk 

proteins. A high ratio of clotting activity to proteolytic one is an essential requirement for calf 

rennet substitutes. Therefore, the various rennets used in cheesemaking differ in relation to 

this ratio. For instance, calf chymosin is the least proteolytic of the gastric protinases, the 

proteolytic activity of which decreases in the following general order: chicken pepsin > 

porcine pepsin > ovine pepsin > bovine pepsin > calf rennet (chymosin) ≈ fermentation-

produced chymosin. Microbial rennet are also more proteolytic than calf chymosin, with 

proteolytic activity being in the following order: Endothia parasitica > Mucor miehei > 

Mucor pusillus > calf chymosin (Fox et al., 2000). Plant coagulants are known to possess a 

high proteolytic activity and for this reason they are not employed for commercial 

cheesemaking. An exception to this general rule is represented by the aqueous extract of 

Cynara cardunculus flowers which have been used for centuries in traditional manufacture of 

sheep milk cheese in several areas of Portugal and Spain (Macedo et al., 1993). Therefore, it 

is a special feature of cheeses processed with plant coagulants that proteolysis is more 

pronounced (Chen et al., 2003; Prados et al., 2007; Galan et al., 2008; Pereira et al., 2008; 

Pino et al., 2009). This enhanced proteolytic activity is responsible for a lower cheese yield, 

but also affect negatively the sensory quality of cheese by producing bitterness. Bitterness 

results from the accumulation of bitter-tasting peptides released by the action of proteolytic 
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enzymes on caseins (Sullivan and Jago, 1972; Creamer, 1978; Stadhouders et al., 1983), 

which release peptides containing hydrophobic amino acid residues. Ney (1971) reported that 

peptides with hydrophobicity (Q) values > 1400 cal per mole and molecular masses < 6 kDa 

display bitterness. Therefore, medium sized (tri- to hexa-) peptides (Biede and Hammond, 

1979) and peptides < 6 kDa having a high content of Leu, Pro, Phe, Tyr, Ile and Trp residues 

are likely to be bitter (FitzGerald and O’Cuinn, 2006). Matoba and Hata (1972) subsequently 

reported that the presence of internally sited hydrophobic amino acid residues led to greater 

bitterness than when the hydrophobic residues were located at either the N- or C-terminus in 

peptides. The presence of internally sited Pro residues was shown to be a major and distinct 

contributor to peptide bitterness due to the unique conformation associated with this imino 

acid (Ishibashi et al., 1988). The production of bitter peptides during the process of enzymatic 

digestion is not always unfavourable; indeed, a bitter taste is one of the important components 

of cheese taste quality (Shinoda et al., 1985; 1986). However, when bitter peptides 

accumulate, their concentration may exceed the flavour threshold for bitterness and can limit 

acceptance of the cheese (Visser et al., 1983a, b). In this regard, the majority of plant rennets 

have been found to be unsuitable because they produce extremely bitter cheeses due their 

excessively proteolytic activity. On the contrary, the aqueous extracts of cardoons (Cynara 

cardunculus L.) are an exception to this general behaviour of plant coagulants (Pires et al., 

1994; Trujillo et al., 1994; Vieira de Sá and Barbosa, 1972). The high proteolytic activity of 

plant proteinases also affect textural properties, leading to accelerated softening on the cheese 

body as well as liquefaction and shape loss. Chesees made with plant rennets, in fact, are 

softer and creamier compared with calf rennet and microbial clotting enzymes (Chen et al., 

2003). A possible way to avoid this excessive proteolysis and contemporary reduce bitterness 

and weakness of cheese body, is to use milk-clotting enzymes in immobilized systems. The 

major advantage of immobilization is that the enzyme is “fixed” in order to retain it in a 

continuous process (Garg and Johri, 1994). Fadyloglu (2001) used immobilized ficin in 

teleme production, which gave better results in terms of sensory properties in comparison 

with teleme made by free enzyme. However, further studies on immobilization of plant 

coagulants need to be carried out in order to enhance current knowledge of it. Although 

cheeses made with vegetable coagulants can present quality defects (bitter taste and loss of 

consistency), they are normally produced on an artisanal scale, in a farmhouse or small dairy. 

Therefore, they have an important socio-economical contribution to the dairy sector at local 

and regional areas of each country and thus play an important part in the local agricultural 

economy (Roseiro et al., 2003). 
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1.3.8 RELIGIOUS AND ETHICAL INFLUENCE  

At present, particular attention has been directing toward natural rennet extracted from 

plants for several reasons. As mentioned before, one of these reasons is related to the 

contribution of plant coagulants in improving the nutritional intake of people whose use of 

animal rennets is restricted (Gupta and Eskin, 1977). In this regard, plant proteinases can meet 

the needs of those people who avoid consuming animal-derived products due to diet (vegan 

and/or vegetarians) and/or religious reasons (e.g., Judaism and Islamism). Both Judaism and 

Islamism have guidelines about food preparation and diet set forth in their holy books. 

According to the Jews, in fact, a food is Kosher, or acceptable to eat, when prepared in 

accordance with the conditions set by Judaic law. In this regard, dairy products must come 

from animals that are fit to be Kosher. Just as Kosher is used in Judaism, Halal, when used in 

relationship to food or drinks, means “permissible for consumption by Muslim”. Any food 

that the potential to or actually causes a bad effect on the mind, body or spirit is “haram”: 

"unauthorized or illicit." Enzymes such as rennet used in the coagulation of cheese must be 

the product of Halal animal slaughtered in the zabihah manner, while enzymes from plants are 

acceptable (Eliasi and Dwyer, 2002).  Therefore, coagulants extracted from plants can find the 

agreements of particular markets, encouraging contemporaneously scientific investigations on 

this topic.  

 

2. SCIENTIFIC OBJECTIVES OF THE THESIS 

The present work aims to enhance current knowledge of plant coagulants, whose 

interest is increasing because of the need of innovation in cheese productions and the recent 

food trends. Cynara cardunculus L. and Ficus carica L., two well known plant coagulants 

largely distributed in Mediterrean countries, were at first investigated in their lipolytic 

activity. The lipolytic activity was characterized by agar plate and chromogenic assays as well 

as zymogram analysis. The final aim of this step was to assess wheter these plant extracts 

were sources of lipases, which could give a potential contribution in developing flavour 

during cheese ripening. The second goal was to evaluate the proteolytic activity of these two 

plant coagulants. After a preliminary proteinase assay with azocasein, the hydrolysis of 

bovine milk αs and β-caseins was studied by eletrophoretic gels in order to assess the 

contribution of each plant enzyme to the overall proteolytic specificity. The degradation 

pattern of each bovine casein was also examined quantitatively by densitometric analysis. 

Finally, both these plant proteinases were investigated for their ability to produce antioxidant 

peptides/hydrolysates from bovine milk casein (sodium caseinate and β-casein). Therefore, 
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this work intends to promote the use of Cynara cardunculus L. and Ficus carica L. as 

potential plant rennets in cheese production as sources of lipases, proteinases and bioactive 

peptides. In this regard, plant coagulants can contribute to the growing commercial interest in 

the context of natural and health-promoting functional foods, which can meet the needs of 

specific target of consumers, i.e., vegetarians and/or vegans. In future, the detailed 

understanding of plant coagulants will gradually increase and it is expected that the 

development and the use of these new milk-clotting enzymes will continue. 
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CHAPTER 2 
 

Characterization of lipolytic and esterolytic activity 
 

 

 

 

ABSTRACT 

Esterase/lipase activity of Cynara cardunculus L. and Ficus carica L. was evaluated. 

These plant coagulants possessed esterase and not lipase activity with major affinity for 

acetetate, propionate and butyrate esters. At first, the enzymatic activity was characterized by 

an agar plate assay. In this assay it was demonstrated that the clear supernatant (CS) and the 

gummy material (GM) of Ficus carica expressed a similar enzymatic activity. Thus only CS 

was considered for the next biochemical characterization. The temperature and pH profiles 

were also determined. It was found that Cynara cardunculus and Ficus carica displayed 

optimal activity in a range temperature of 40-60°C and neutral-alkaline pHs (7.5-8.0). Finally, 

the study of these esterases by zymography revealed the presence, in CS, of several isoforms 

differing in substrate specificity and electrophoretic mobility, indicating a high level of 

polymorphism. 

 

Keywords: esterase, lipase, Cynara cardunculus L., Ficus carica L., zymography, 2D 

 

INTRODUCTION  

Lipolytic enzymes are widely distributed in animals, plants and microorganisms 

(Bornscheur, 2002). They can be classified as esterases (E.C. 3.1.1.1, carboxyl ester 

hydrolases) or lipases (E.C. 3.1.1.3, triacylglycerol hydrolases). Esterases catalyse the 

cleavage of ester bonds of short chain length fatty acids, while true lipases have marked 

preference for long chain fatty acid substrates (Jeager et al., 1999). These enzymes are mostly 

used in the processing of fats and oils, detergents, production of cosmetics, pharmaceuticals 

and food industry (Kazlauskas and Bornscheuer, 1998). In dairy industry, lipases are involved 

in the development of flavour by the catabolism of fatty acids known as lipolysis. Lipolysis is 

an important biochemical event occurring during cheese ripening, which releases free fatty 

acids (FFA) that contribute directly to cheese aroma. In this regard, long-chain FFA (> 12 
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carbon atoms) are considered to play a minor role in cheese flavour due to their high 

perception thresholds. Short and intermediate-chain, even-numbered fatty acids (C4:0–C12:0) 

have considerably lower perception thresholds and each gives a characteristic flavour note 

(Molimard and Spinnler, 1996). Lipases originate in cheese from different sources such as the 

type of rennet. It has been showed that commercial rennets are normally free from lipolytic 

activity. However rennet paste, used in some kind of hard Italian cheeses (e.g., Provolone, 

Romano), contains a potent lipase, pregastric esterase (PGE), which is responsible for the 

extensive lypolysis and in the characteristic “piccante” flavour of such varieties (Fox et al., 

2000). In this respect, lipases from plant coaugulants could be also considered as potential 

source of flavour. Despite the fact that plant rennets and their milk-clotting enzymes have 

been well documented and studied (Cattaneo et al., 1994; Teixeira et al., 2000; Fadyloglu, 

2001; Llorente et al., 2004; Chazarra et al., 2007; Egito et al., 2007; Raposo and Domingos, 

2008; Vairo Cavalli et al. 2008; Duarte et al., 2009), little information (Sousa and Malcata, 

1997) is available on their esterases/lipases and their potential contribution to cheese flavour. 

To our knowledge, no previous investigations report on the biochemical characterization of 

lipases/esterases belonging to Cynara cardunculus L. extract and Ficus carica L. latex. 

Cynara cardunculus L. is a perennial herb native to the Mediterranean region and its flowers 

extract has been used for years in the manufacture of several traditional Portuguese and 

Spanish cheeses (Silva et al., 2002); while Ficus carica L. latex, a fruit crop species well 

suited for the environmental conditions of the Mediterranean countries (Salhi et-Hannachi et 

al., 2006), has been employed in a milk product that is called teleme in the Eastern part of 

Turkey (Fadyloglu, 2001).  

In the present chapter it is given an overview of milk lipids, the main important agents of 

lypolysis in cheese and their contribution to flavour. Thus, the work aims to characterize 

esterases/lipases of Cynara cardunculus and Ficus carica in some of their biochemical 

properties, i.e., substrate specificity, optimal pH and temperature, which might be helpful for 

a possible industrial application such as cheesemaking.  

 

1. M ILK L IPIDS 

Bovine milk typically contains, ca. 3.5-5 g fat 100mL-1 in the form of emulsified 

globules ranging from 0.1 to 10 mm in diameter (McPherson and Kitchen, 1983; Jensen et al., 

1991). The main lipids of milk are triacylglycerides, which may represent up to 98% of the 

total lipids (Christie, 1983; Jensen et al., 1991; Gunstone et al., 1994). The remaining 1-2 g 
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100 g−1 consists of phospholipids (0.8 g 100 g−1), diacylglycerols, sterols (0.3 g 100 g−1) and 

trace quantities of carotenoids, fat-soluble vitamins and traces of free fatty acids (FFA) 

(Jensen, 2002; Huppertz et al., 2009). The fat in milk exists in the form of dispersed globules, 

surrounded by a lipoprotein membrane called the milk fat globule membrane (MFGM) 

(Keenan and Maher, 2006). Ruminant milk fats contain a wide range of fatty acids and 437 

distinct acids have been identified in bovine milk fats. The major free fatty acids (FFA) found 

in milk fat are butanoic (C4:0), hexanoic (C6:0), octanoic (C8:0), decanoic (C10:0), dodecanoic 

(C12:0), tetradecanoic (C14:0), hexadecanoic (C16:0), octadecanoic (C18:0), cis-9-octadecenoic 

(C18:1), cis, cis-9,12-octadecadienoic (C18:2), and 9,12,15-octadecatrienoic acids (C18:3) (Jensen 

et al., 1962; Banks, 1991; Jensen et al., 1991). The shorter chain fatty acids (C4:0 to C12:0) are 

present in lower quantities on a weight basis, they are primarily responsible for the piquant 

flavour of hard Italian cheeses, such as Parmesan and Romano, or the sharp goaty/sheep-like 

flavours of soft goat milk cheeses (Guinee and O’Brien, 2010). The structure of 

triacylglycerides is illustrated in Fig. 1.  

 

 
 

Fig. 1 Triacylglyceride structure (Fox et al., 2000). 
 

Triacylglycerides are esters of glycerol composed of a glycerol backbone with three fatty 

acids attached (Stryer, 1988). Positioning of fatty acids on the triacylglyceride is non-random; 

the sn-position of a fatty acid denotes its position on the triacylglyceride. Fatty acids may be 

esterified at positions 1, 2 or 3 as shown in Fig. 1. C4:0, and C6:0 are predominately located at 

the sn-3 position and the sn-1 and sn-3 positions, respectively. As chain length increases up to 

C16:0, an increasing proportion is esterified at the sn-2 position. C18:0 is generally located at the 

sn-1 position, while unsaturated fatty acids are esterified mainly at the sn-1 and sn-3 positions 

(Balcao and Malcata, 1998). 
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2. AGENTS OF L IPOLYSIS IN CHEESE 

Many authors have reported that cheeses made from skim milk, or milk in which milk 

fat had been replaced by other lipids did not develop correct flavour (Foda et al., 1974; El-

Safty and Isamil, 1982; Wijesundera et al., 1998). Therefore, milk fat is an essential source of 

flavour in cheese during ripening. Lipids, in fact, are source of fatty acids, especially short-

chain fatty acids, which have strong and characteristic flavours. In this regard, fatty acids are 

released by the action of lipases in a process referred to as lypolisis (Fox et al., 2000). In 

some varieties, the fatty acids may be converted to other sapid and aromatic compounds, 

especially methyl ketones and lactones. The enzymatic hydrolysis of triacylglycerides to fatty 

acids and glycerol, mono- or diacylglycerides (lipolysis) is essential to flavour development 

in some cheese varieties (McSweeney and Sousa, 2000). As mentioned  before, lipolysis in 

cheese is due to the presence of lipolytic enzymes, which are hydrolases that cleave the ester 

linkage between a fatty acid and the glycerol core of the triacylglyceride, releasing FFA, and 

mono- and diacylglycerides (Deeth and Touch, 2000). Lipolytic enzymes may be classified as 

esterases or lipases, which are distinguished according to three main characteristics: (1) length 

of the hydrolysed acyl ester chain, (2) physico-chemical nature of the substrate and (3) 

enzymatic kinetics. Esterases hydrolyse acyl ester chains between 2 and 8 carbon atoms in 

length, while lipases hydrolyse those acyl ester chains of 10 or more carbon atoms. Esterases 

hydrolyse soluble substrates in aqueous solutions while lipases hydrolyse emulsified 

substrates. The enzymatic kinetics of esterases and lipases also differ; esterases have classical 

Michaelis–Menten type kinetics while lipases, since they are activated only in the presence of 

a hydrophobic/hydrophilic interface, display interfacial Michaelis–Menten type kinetics 

(Chich et al., 1997). Unfortunately, the terms ‘‘esterases’’ and ‘‘lipases’’ are often used 

interchangeably in the scientific literature. Free fatty acids are released upon lipolysis and 

contribute directly to cheese flavour, especially short- and intermediate- chain FFA (Bills and 

Day, 1964). In general, lipolytic enzymes are specific for the outer ester bonds of tri- or 

diacylglycerides (i.e., sn-1 and sn-3 positions) (Deeth and Touch, 2000).  Lipases in cheese 

originate from three possible sources: (1) the milk, (2) rennet preparation (rennet paste), (3) 

starter and non-starter bacteria and, possibly, (6) their addition as exogenous lipases (Deeth 

and Fitz-Gerald, 1995; Fox and Wallace, 1997; McSweeney and Sousa, 2000). 
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2.1 M ILK L IPASES 

Milk contains a very potent endogenous lipoprotein lipase (LPL), which is well 

characterized (Olivecrona and Bengtsson-Olivecrona, 1991; Olivecrona et al., 1992). The 

enzyme is present in milk due to leakage through the mammary cell membrane from the 

blood where it is involved in the metabolism of plasma triacylglycerides. Bovine milk 

contains 10–20 nM L-1 lipase which, under optimum conditions (37°C, pH 7) with addition of 

an apolipoprotein activator, apo-CII, could theoretically release sufficient FFA acids within 

10 s to cause perceptible hydrolytic rancidity. Hydrolysis of as little as 1-2% (w/ v) of the 

milk triacylglycerides to fatty acids gives a rancid or ‘‘lipolysed’’ flavour to the milk 

(Olivecrona and Bengtsson-Olivecrona, 1991). This does not occur under normal 

circumstances as LPL and fat are compartmentalized; ca. 90% (w/v) LPL in milk is associated 

with the casein micelles and the fat, occurring in globules, is surrounded by a lipoprotein 

membrane (MFGM). If the MFGM is damaged, e.g., due to agitation, foaming, 

homogenization, inappropriate milking or milk-handling techniques, significant lipolysis may 

occur resulting in off-flavours in cheese and other dairy products (Darling and Butcher, 1978; 

Deeth and FitzGerald, 1978; Fox et al., 2000). LPL displays a preference for hydrolysis of 

medium-chain triacylglycerides (MCT) with a 2 fold increase in the rate of hydrolysis of 

MCT emulsions containing C6:0, C8:0, C10:0 or C12:0 esterified FA compared to long chain 

triacylglyceride (LCT) emulsions containing esterified C16:0, C18:0, C18:1, C18:2, C18:3, or C20:0 

(Deckelbaum et al., 1990). LPL has been shown to be relatively non-specific for fatty acid 

type, but is specific for the sn-1 and sn-3 positions of mono, di- and triacylglycerides 

(Olivecrona et al., 1992). Therefore, short- and medium-chain fatty acids are preferentially 

released by LPL. LPL is of more significance in raw milk cheeses than in cheeses made from 

pasteurized milk, since its activity is not reduced by pasteurization. According to Deeth and 

FitzGerald (1983), it is generally accepted that high-temperature short-time (HTST) treatment 

(72°C for 15 s) inactivates the enzyme very extensively. However, it is still thought to 

contribute to lipolysis in pasteurized-milk cheese, as 78°C x 10 s is required for its complete 

inactivation (Driessen, 1989).  

 

2.2 L IPASES IN RENNET 

Commercial rennets are normally free from lipolytic activity. However rennet paste, 

used in the manufacture of some hard Italian varieties (e.g., Provolone, Romano), contains the 

lipase, pregastric esterase (PGE), which is responsible for the extensive lypolysis in and the 

characteristic “piccante” flavour of such varieties (Nelson et al., 1977). PGE, also called 
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lingual or oral lipase, is secreted by glands at the base of the tongue. Suckling stimulates the 

secretion of PGE, which is subsequently washed into the abomasa by milk and saliva (Fox et 

al., 2000). PGE is highly specific for short chain acids esterified at the sn-3 position (Nelson 

et al., 1977; Fox and Stepaniak, 1993). Rennet paste is prepared from the abomasa of calves, 

kids or lambs slaughtered after suckling. The specificity of calf, kid and lamb PGEs differ 

slightly, and consequently the flavour characteristics of cheese differ slightly, depending on 

the source of PGE (Fox et al., 2000). 

 

2.3 M ICROBIAL L IPASES  

Lactic acid bacteria (LAB), especially Lactococcus and Lactobacillus spp., are 

generally considered to be weakly lipolytic in comparison to species such as Pseudomonas, 

Acinetobacter and Flavobacterium (Stadhouders and Veringa, 1973; Fox et al., 1993; Chich 

et al., 1997). However, in the absence of strongly lipolytic agents and when present at high 

numbers over a long period, as in ripening cheese, lipases and esterases of lactococci and 

lactobacilli are probably the principle lypolitic agents in Cheddar and Dutch-type cheeses 

made from pasteurized milk. The  lipases and esterase activity of LAB appears to be 

exclusively intracellular. Cell-free extracts of various dairy LAB are most active on tributyrin 

at pH 6-8 and at 37°C. They have little or no activity on triglycerides of long-chain fatty acids 

(e.g., > C10). Extensive lipolysis occurs in mold-ripened cheese, particularly Blue varieties. 

Lipolysis in mold-ripened varieties is due primarily to the lipases of Penicillium roqueforti or 

Penicillium camemberti, which secrete potent, well-characterized extracellular lipases 

(Gripon, 1993). Penicillium camemberti appears to excrete only one lipase, which is 

optimally active at around 9.0 and 35°C. Penicillium roqueforti excretes two lipases, one with 

a pH optimum at around 8.0, the other at around 6.0. The acid and alkaline lipases exhibit 

different specificities (Charton et al., 1992; Sidebottom et al., 1991). 

 

3. CATABOLISM OF FATTY ACIDS 

In cheese, FFA released as a result of lipolysis, especially short- and medium- chain 

fatty acids directly contribute to cheese flavour. FFA also act as precursor molecules for a 

series of catabolic reactions leading to the production of flavour and aroma compounds, such 

as methyl ketones, lactones, esters, alkanes and secondary alcohols (Gripon et al.,1991; Fox 

and Wallace, 1997; McSweeney and Sousa, 2000). Pathways of fatty acid catabolism are 

outlined in Fig. 2. 
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Fig. 2 Catabolism of free fatty acids (FFA) (Molimard and Spinnler, 1996). 

 

Methyl ketones (alkan-2-ones) are important fatty acid catabolites which are formed in cheese 

due to the action of mould lipases, e.g., Penicillium roqueforti (Urbach, 1997), Penicillium 

camemberti and Geotrichum candidum (Lawrence, 1966; Lamberet et al., 1982; Cerning et 

al., 1987; Molimard and Spinnler, 1996). Spores, as well as vegetative mycelia, have been 

shown to produce methyl ketones (Chalier and Crouzet, 1998). Methyl ketones are the most 

important flavour components present in Blue cheese and they are present at the highest 

concentrations. The pathway by which methyl ketones are formed is referred to as β-

oxidation. The steps include: release of FFA by lipases, oxidation of the released FFA to α-

ketoacids, decarboxylation of keto acids to alkan-2-ones, of less carbon atom, followed by the 

reduction of alkan-2-ones to the corresponding alkan-2-ol. Furthermore, it has been suggested 

that fatty acids are not the only methyl ketone precursors (Dartey et al., 1973; Kinsella and 

Hwang, 1976a). It has been shown that methyl ketones can be formed also by mould cultures 

from the ketoacids naturally present at low concentrations in milk fat or by oxidation of 

monounsaturated fatty acids (Kinsella and Hwang, 1976b). The rate of production of methyl 

ketones in cheese is affected by temperature, pH, physiological state of the mould and the 

concentration of fatty acids.  
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Esters and thioesters are other products of fatty acid catabolism, and are common components 

of cheese volatiles (Urbach, 1997). A great diversity of esters is present in cheese (Molimard 

and Spinnler, 1996). Esters are highly flavoured and are formed when FFA react with 

alcohols. Esterification reactions resulting in the production of esters occur between short- to 

medium chain fatty acids and the alcohols derived from lactose fermentation or from amino 

acid catabolism. Ethyl esters arise from esterification of ethanol with acetylcoenzyme A 

(Yoshioka and Hashimoto, 1983). For example, Geotrichum candidum is able to produce 

esters, some of which have a very pronounced melon odour (Jollivet et al., 1994). 

Pseudomonas fragi hydrolyses milk fat and esterifies certain of the lower fatty acids with 

ethanol, producing fruity flavours. Similar esters have been identified in some lactic cultures 

used in the manufacture of Cheddar cheese (Molimard and Spinnler, 1996). Ethyl, methyl, 

propyl and butyl esters of even C2:0 to C10:0 fatty acids have been reported in various cheese 

varieties (Meinhart and Schreier, 1986). Instead, thioesters are formed when FFA react with 

free sulphydryl groups (Molimard and Spinnler, 1996).  

Secondary alcohols can be formed in cheeses by enzymatic reduction of methyl ketones 

(Engels et al., 1997). Penicillium spp. are responsible for the production of secondary 

alcohols (e.g., 2-pentanol, 2-heptanol and 2-nonanol) in blue-veined cheese due to reduction 

of methyl ketones (Martelli, 1989).  

Lactones are cyclic compounds (Fox et al., 1993) formed by the intramolecular esterification 

of hydroxy fatty acids (Christie, 1983), through loss of water, and the resultant formation of a 

ring structure (Molimard and Spinnler, 1996). Basic studies of lactone formation in milk fat 

have showed that lactones are produced by heat, in the presence of water, from their precursor 

hydroxyacids (Eriksen, 1976). α- and β-lactones are highly reactive and unstable in cheese 

(Fox and Wallace, 1997). In contrast, however, γ- and δ-lactones are stable and have been 

identified in cheese; they have 5- and 6- sided rings, respectively. The precursors of lactones, 

hydroxyacids, in freshly drawn milk are formed in the mammary gland by oxidation of fatty 

acids (Eriksen, 1976). It has been reported that the mammary glands of ruminants have an δ-

oxidation system for fatty acid catabolism (Fox et al., 2000). It has been reported that lactones 

may be formed from keto acids after reduction to hydroxyacids (Wong et al., 1975). γ- and δ-

lactones can also be formed spontaneously from the corresponding γ- and δ-hydroxyacids 

following their release from triacylglycerides by lipolysis (Eriksen, 1976); the concentration 

of these lactones in cheese should, therefore, correlate with the extent of lipolysis. C12:0 

lactones may be formed by P. roqueforti spores and vegetative mycelium from long-chain 

saturated fatty acids (C18:1 and C18:2) (Chalier and  Crouzet, 1992). Hydroxylation of fatty 
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acids can also result from normal catabolism of fatty acids. Lactones may also be generated 

from unsaturated fatty acids by the action of lipoxygenases or hydrolases (Dufossé et al., 

1994). The potential for lactone production depends on such factors as feed, season, stage of 

lactation and breed (Fox et al., 2000).  

Finally, aldehydes are formed from amino acids by transamination, resulting in the formation 

of an imide that can be decarboxylated. It is also proposed that aldehydes are originated by 

Strecker degradation of amino acids (Keeney and Day, 1957). Aldehydes may also be formed 

microbially. It has been reported that Streptococcus thermophilus and Lactobacillus 

delbrueckii subsp. bulgaricus possess the enzyme, threonine aldolase, which can catalyse the 

direct conversion of threonine and glycine to acetaldehyde (Marshall and Cole, 1983; Wilkins 

et al., 1986). However some straight-chain aldehydes, e.g., butanal, heptanal and nonanal, 

may be formed as a result of the boxidation of unsaturated fatty acids. Straight-chain 

aldehydes are characterized by ‘‘green grass-like’’ aromas (Moio et al., 1993). 

 

4. CONTRIBUTION OF L IPOLYSIS AND METABOLISM OF FFA TO CHEESE 

FLAVOUR  

The flavour of mature cheese is the result of a series biochemical changes that occur in 

the curd during ripening, caused by the interaction of starter bacteria, enzymes from the milk, 

enzymes from the rennet, residual lipase activity and secondary microbial flora (Urbach, 

1997). Lipid hydrolysis results in the formation of FFA, which may, directly, contribute to 

cheese flavour and also serve as substrates for further reactions producing highly flavoured 

catabolic products. As well as being a source of flavour compounds, it has been proposed that 

the fat in cheese provides a fat-water-protein interface for flavour forming reactions to occur. 

Fat also acts as a solvent for fat-soluble flavour compounds, allowing their retention in cheese 

and release during consumption (Manning, 1974; Olson and Johnson, 1990; Lawrence et al., 

1993; Wijesundera and Drury, 1999). In this respect, the physical presence of fat in cheese is 

important for flavour development. Long-chain FFA (> 12 carbon atoms) are considered to 

play a minor role in cheese flavour due to their high perception thresholds (Molimard & 

Spinnler, 1996).While short and intermediate-chain, even-numbered fatty acids (C4:0-C12:0) 

have considerably lower perception thresholds and each gives a characteristic flavour note. 

Butanoic acid contributes ‘‘rancid’’ and ‘‘cheesy’’ flavours. Hexanoic acid has a ‘‘pungent’’, 

‘‘blue cheese’’ flavour note, octanoic acid has a ‘‘wax’’, ‘‘soap’’, ‘‘goat’’, ‘‘musty’’, 

‘‘rancid’’ and ‘‘fruity’’ note. Depending on their concentration and perception threshold, 
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volatile fatty acids can either contribute positively to the aroma of the cheese or to a rancidity 

defect. The flavour effect of FFA in cheese is regulated by pH. In cheeses with a high pH, 

e.g., surface bacterially ripened cheese, the flavour effect of fatty acids may be affected by the 

neutralization (Molimard & Spinnler, 1996). The release of secondary metabolites is of great 

importance to cheese flavour. Given suitable conditions of maturation, these compounds will 

enhance the flavour complexity (Nicol and Robinson, 1999). The secondary metabolites 

resulting from lipolysis include: methyl ketones, lactones, esters and secondary alcohols. 

Methyl ketones are responsible for the unique flavour of Blue cheese, especially, heptan-2-

one and nonan-2-one (Jolly and Kosikowski, 1975). Fatty acids and secondary alcohols are 

also major flavour components (Arnold et al., 1975; King and Clegg, 1979). Octan-2-one, 

nonan-2-one, decan-2-one, undecan-2-one and tridecan-2-one are described as having 

‘‘fruity’’, ‘‘floral’’ and ‘‘musty’’ notes, heptan-2-one has a blue cheese note (Rothe et al., 

1982). The mushroom and musty notes of methyl ketones are important contributors to the 

flavour of Camembert cheese (Molimard & Spinnler, 1996). According to Eriksen (1976) 

lactones possess a strong flavour. Although the aromas of lactones are not cheeselike, they 

may contribute to overall cheese flavour (Fox et al., 1993; Fox and Wallace, 1997; Fox et al., 

2000) and have been reported to impart a buttery character in cheese (Dirinck and De Winne, 

1999). δ-Lactones have low flavour thresholds compared to other volatile flavour compounds 

(O’Keefe et al., 1969) and are generally characterized by very pronounced, fruity notes 

(‘‘peach’’, ‘‘apricot’’ and ‘‘coconut’’) (Dufossé et al., 1994). δ-Lactones have generally 

higher detection thresholds than those of γ-lactones. Thresholds are relatively low for γ-

octalactone, γ-decalactone and γ-dodecalactone (0.7–1.1 mg 100 g-1 in water) and even lower 

for shorter chain lactones (Dufossé et al., 1994). It has been reported that esters are important 

contributors to the flavour of Parmigiano-Reggiano cheese (Meinhart and Schreier, 1986). In 

a survey of various cheese varieties, Engels et al. (1997) found high concentrations of ethyl 

butanoate in cheeses with a ‘‘fruity’’ note such as Gruyere, Parmesan and Proosdij. This 

fruity flavour, which arises due to esters, is considered undesirable in Cheddar cheese 

(Urbach, 1997; McSweeney and Sousa, 2000). Thioesters often have characteristic aromas in 

many foods, e.g., in onions, garlica nd some fruits (Cavaille-Lefebvre et al., 1998) and Law 

(1984) reported that thioesters have a ‘‘cheesy’’ aroma. Arora et al. (1995) analysed the 

odour-active volatiles in Cheddar cheese headspace and found that most of the esters 

separated had a ‘‘buttery’’ to ‘‘fruity’’ aroma. However, thioesters formed by the reaction of 

esters of short-chain fatty acids with methional imparted the characteristic ‘‘cheesy’’ aroma to 

Cheddar cheese. According to Lamberet et al. (1997), S-methyl thioesters contribute a 
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characteristic strong flavour to various smear-ripened soft cheeses (e.g., Tilsit, Limburger and 

Havarti). Secondary alcohols, also resulting from lipolysis, may contribute to cheese flavour 

(Arora et al., 1995). Propan-2-ol, butan-2-ol, octan-2-ol and nonan-2-ol are encountered in 

most soft cheeses and are typical components of the flavour of Blue cheeses (Engels et al., 

1997).  

 

5. MATERIALS AND METHODS 

5.1 STANDARD AND REAGENTS 

 Triton X-100, p-nitrophenyl-acetate (pNa), p-nitrophenyl propinate (pNp), p-

nitrophenyl butyrate (pNb), p-nitrophenyl caprate (pNc), p-nitrophenyl laurate (pNl), p-

nitrophenyl myristate (pNm), p-nitrophenyl palmitate (pNpa), p-nitrophenyl stearate (pNs), β-

naphthyl acetate (βNa), β-naphthyl propionate (βNp), β-naphthyl butyrate (βNb), β-naphthyl 

laurate (βNl), β-naphthyl myristate (βNm), β-naphthyl palmitate (βNPa), β-naphthyl stearate 

(βNs), β-naphthyl oleate (βNo),  fluorescein dyacetate (FDA), glycine, trizma base, sodium 

dodecyl sulphate (SDS), glycerol, ammonium persulphate (APS), N,N,N’,N’-

tetramethylethylenediamine (TEMED), N,N’-methylene bis-acrylamide, and acrylamide (all 

electrophoretic grade), were supplied by Sigma Aldrich (Milan, Italy). Fast Blue BB salt and 

fluorescein sodium salt were obtained from Fluka (Buchs, Switzerland); fluorescein 

dibutyrate (FDB), fluorescein dicaproate (FDC) and fluorescein dilaurate (FDL) were 

supplied by ICN Biomedicals Inc (Aurora, Ohio). Disodium N-Lauryl Iminodipropionate 

(Deriphat 160) was purchased by Cognis S.p.A. Care Chemicals (Fino Mornasco, Como).  

 

5.2 PLANT MATERIALS  

The extract of Cynara cardunculus L. (CC) was purchased by Prodor (Bobbio, 

Piacenza, IT). To obtain a representative sample, latex was collected from Ficus carica L. 

trees, under the same environmental and soil characteristics, in the Puglia region (Foggia, 

Italy). All samples were harvested manually at the same stage of maturation (August 2010), 

by incising the stalk of the green fruit from the main branch. Several drops of the latex from 

the fig were allowed to drip into the test tubes. It was clarified by centrifugation at 14000g at 

4°C for 15 min. The clear supernatant (CS) was separated from the gummy material (GM) 

and stored at –20°C until further use.  
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5.3 PROTEIN DETERMINATION  

Protein concentration was determined by the dye binding method of Bradford (1976). 

Bovine serum albumin (BSA) was used as the standard protein. 

 

5.4 DETECTION OF L IPASE AND ESTERASE ACTIVITY ON PLATES  

 Lipase/esterase activity on solid media was detected according to the method of 

Lomolino et al. (2012), with some modifications. Fluorescein acetate (FDA), fluorescein 

dibutyrate (FDB), fluorescein dicaproate (FDC) and fluorescein dilaurate (FDL) were used for 

the visualization of enzymatic activity. Plates were filled with 2% (w/v) agarose dissolved in 

tris buffer saline (TBS) at pH 7.2. The solution was cooled to 70°C and 20 mg of each 

fluorescent substrate, dissolved in 1 mL of acetone, was added. A volume of 25 mL of this 

buffer solution was transferred into the plates and cooled at room temperature. Wells of 3 mm 

of diameters were obtained using a cork borer with a volume per well of approximately 20 

µL. To obtain calibration curve, increasing amount of fluorescein (0.3, 0.45, 0.6 and 0.75 µg), 

dissolved in TBS, were loaded in each well. Similarly, plant samples were loaded into each 

well and heat-inactivated enzyme was used as control. Plates were closed by lids, sealed with 

parafilm, and incubated at 40°C for 5 h in dark conditions. Circular areas, surrounding each 

well, were visible under UV light. The images of enzymatic activity were acquired by a UV 

transluminator (Gel Logic 112 Imaging System). Fluorescent diameters were taken using 

Carestream Molecular Imaging Software (Mac & PC) v5.0.2. Data collected were converted 

in arbitrary units (A.U.): µg fluorescein formed/5 h/µg of protein. 

 

5.5 L IPASE AND ESTERASE ACTIVITY ASSAY 

Lipase and esterase activity was determined according to the method of Lomolino et 

al. (2003), with some modifications. Activity was measured using p-nitrophenyl and β-

naphthyl esters with different chain lengths as substrates. 10% (w/v) and 20% (w/v) of Triton 

X-100 were used to dissolve the required amount of p-nitrophenyl and β-naphthyl esters, 

respectively. The reaction mixture containing 1.350 mL tris buffer saline (TBS) pH 7.2, 0.05 

mL of synthetic ester and 0.1 mL of enzymatic extract was incubated at 37°C for 60 min. 

Blank was prepared by adding heat-inactivated enzyme to the standard mixture. After 

enzymatic reaction, 0.2 mL of a solution 2 mg/mL of Fast BB salt was added, as dye coupler, 

to the mixture containing β-naphthyl esters at 25°C for 15 min. The released p-nitrophenol 

and β-naphthol were spectrophotometrically monitored at 400 and 500 nm, respectively, using 

a Varian Cary 50 Bio UV/VIS spectrophotometer. Standard curves were obtained with a 
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known concentration of p-nitrophenol and  β-naphthol dissolved, respectively, in 10% (w/v) 

and 20% (w/v) of Triton X-100 and treated as for the samples. Results were expressed in 

arbitrary units (A.U.): µg p-nitrophenol or β-naphthol formed/60min/µg of protein under the 

assay conditions.  

 

5.5.1 EFFECT OF pH AND TEMPERATURE ON L IPASE AND ESTERASE ACTIVITY  

The effect of pH on lipase and esterase activity was determined at 37°C within the 

range of pH 3.0-10.0. The buffers used were 100 mM acid sodium citrate (pH 3.0-6.0), tris 

buffer saline (pH 7.2), 100 mM Tris-HCl (pH 8.0-9.0), 100 mM Na-carbonate (pH 10.0). 

Similarly, an analysis of the effect of temperature on the lipase and esterase activity of the 

plant enzymes was carried out to determine the temperature optimum. Enzyme samples were 

incubated at different temperatures in the range of 20-80°C at their optimal pH. Activity 

measurements were performed as described above. 

 

5.6 ELECTROPHORETIC ANALYSES 

All electrophoretic procedures were carried out at room temperature in a Mini-Protean 

II apparatus (Bio-Rad Laboratories, Milano, Italy).  

SDS-PAGE was performed according to Laemmli (1970) with a total polyacrylamide 

concentration of 12% (w/v). Samples to be electrophoresed were treated with denaturing 

buffer 1.33 M Tris (pH 7.4), glycerol 40% (v/v) and SDS 8% (w/v). SDS-PAGE was carried 

out at 100 V until the tracking dye bromophenol blue ran off the gel. Gels were used to detect 

esterase activity. 

Native-PAGE (N-PAGE) in 10% (w/v) total polyacrylamide gels was performed as SDS-

PAGE, but the detergent SDS was omitted from both the gel and the running buffer. Samples 

were added of glycerol, bringing the glycerol to a final concentration of 10% (w/v), and 

loaded on the gel. N-PAGE was carried out at 80 V. Gels were used for esterase activity 

detection. 

Deriphat-PAGE (D-PAGE) was performed  (Rizzi et al., 2003) as N-PAGE, but in the 

presence of 0.1% (w/v) disodium N-Lauryl Iminodipropionate (Deriphat 160) in the cathodic 

buffer (12.5 mM Tris, 96 mM glycine). D-PAGE was carried out at 80 V. Gels were used for 

zymographic analysis. 

For two dimensional-PAGE (2D-PAGE), a lane of gel, in which the serum of Ficus carica 

(CS) had been separated by D-PAGE, was cut out and heated at 100°C for 5 min in a buffer 

made of 8% (w/v) of SDS, 5 mL glycerol and 1 mL of 1.33 M Tris pH 7.4, containing 8% 
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(w/v) SDS. After cooling at room temperature, the gel was inserted horizontally on the top of 

a 12% (w/v) SDS-PAGE gel and electrophoresed as described for SDS-PAGE.  

 

5.7 ZYMOGRAM ANALYSIS  

After electrophoresis, gels were washed exhaustively two times for 15 min in TBS, pH 

7.2. Lipase/esterase activity was detected by incubation in 5 mL of 20% (w/v) Triton X-100 

containing 25 mg of β-naphthyl acetate, propionate, butyrate and Fast Blue BB salt at 40°C 

for 45 min. The activity was observed as deep red bands over a yellow background. 

 

5.8 STATISTICAL ANALYSIS  

ORAC data are presented as means ± SD. Statistical analysis was carried out using 

statistical package Statgraphics Centurion XVI (StatPoint Technologies Inc., USA, 2010) 

program and significance of each group was verified with the analysis of the One-way 

ANOVA followed by the Tuckey test at p < 0.05. 

 

6. RESULTS AND DISCUSSION 

In the present study esterase/lipase activity of Cynara cardunculus L. and Ficus carica 

L. was characterized. Several methods have been developed for the measurement of lipases in 

crude or purified lipase preparations (Hasan et al., 2009). For example, agar plate assays, 

which are useful for studying and quantifying enzymes present in biological extracts (Zocca 

et al., 2008), are an interesting alternative to other methods. At first, esterase/lipase activity of 

these two plant extracts was studied by using an agar plate method (Lomolino et al., 2012) in 

presence of fluorescein acetate (FDA), dibutyrate (FDB), dicaproate (FDC) and dilaurate 

(FDL). As described previously, Ficus carica latex was clarified by centrifugation to separate 

the clear supernatant (CS) from the gummy material (GM). Both two phases were employed 

only in this preliminary test to detect similarities and differences in their enzymatic activity. 

Fig. 3, 4, 5 show esterase activity of Cynara cardunculus (CC) and Ficus carica in its liquid 

(CS) and gummy material (GM) on FDA, FDB, FDC and FDL. The enzymatic activity in the 

presence of these fluorescent substrates revealed that plant extracts possessed esterase and not 

lipase activity. Esterases would be defined as enzymes having optimum activity on esters 

containing C2 to C4 fatty acids while lipases are those enzymes with optimum activity on 

esters containing fatty acids with six or more carbons (Kilcawley et al., 1998). In particular, 

the catalytic activity was observed for short chain substrates (acetate and butyrate) (Fig. 3) but  
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Fig. 3 Esterase activity on plates containing fluorescein diacetate (FDA, plates A and B) and 

fluorescein dibutyrate (FDB, plate C) in presence of Cynara cardunculus (CC), clear supernatant 

(CS) and gummy material (GM) of Ficus carica. The calibration curve was obtained with 

increasing doses of fluorescein (FL) in the same plate.  

 

 

 
 

 
Fig. 4 Esterase activity on plates containing fluorescein diacetate (FDC, plates A) and fluorescein 

dilaurate (FDL, plate B) in presence of clear supernatant (CS) and gummy material (GM) of Ficus 

carica. The calibration curve was obtained with increasing doses of fluorescein (FL) in the same 

plate. 
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Fig. 5 Esterase activity on plates containing fluorescein diacetate (FDC, plates A) and fluorescein 

dilaurate (FDL, plate B) in presence of Cynara cardunculus (CC). The calibration curve was 

obtained with increasing doses of fluorescein (FL) in the same plate. 
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Fig. 6 Standard curve between the fluorescence units (F.U.), expressed by the measure of the 

height of the peaks, and the increasing doses of fluorescein (0.3, 0.45, 0.6, 0.75 µg). 
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Table 2 Specific activity of Cynara cardunculus (CC), clear supernatant (CS) and gummy material (GM) of 

Ficus carica in presence of fluorescein diacetate (FDA) and fluorescein dibutyrate (FDB). *The activity was 

expressed as arbitrary  units (A.U.): µg fluorescein formed/5 h/ µg of protein. The results are as the means ± 

SD (n = 3). 

Esterase

Acetate Butyrate Caproate Laurate

CC 0,0097 ± 0,00035* - - -
CS 0,00526 ± 0,00035* 0,00572 ± 0,00029* - -

GM 0,00463 ± 0,00023* 0,00491 ± 0,00010* - -

Fluorescein of:

 

 

not for long chain ones (caproate and laurate) (Fig. 4-5). The quantification of esterase 

activity was possible by using the intensity of fluorescence converted into counts 

(Fluorescence Units, F.U.). Therefore, the realization of a calibration curve between F.U. and  

increasing doses of fluorescein in the same plate (Fig. 6), allowed to calculate the specific 

activity of these esterases, expressed as arbitrary units (A.U.): µg fluorescein formed/5 h/µg of 

protein (Table 1). Overall, the esterolytic activity of Ficus carica (CS and GM) was 

significantly higher than Cynara cardunculus, which only hydrolyzed FDA. Although CS and 

GM are two distinct  phases of Ficus carica latex, separable by centrifugation, they reported 

approximately the same enzymatic activity in this assay. For example, the esterolytic activity 

of CS and GM in presence of FDA was 0.00526 and 0.00463 A.U., respectively. These data 

were slightly lower than those one obtained in the hydrolysis of FDB. However, these results 

seem to support the concept that, as CS and GM esterases acted similarly, they can be 

considered the same enzyme with the same biochemical characteristics. Therefore, only CS 

was chosen for the next enzymatic characterizations.  

Subsequently, esterolytic/lypolitic activity of Cynara cardunculus and Ficus carica was 

tested in vitro by screening two different chromogenic compounds as substrates. The aim of 

this characterization was to examine the substrate specificity of these enzymes at different 

pHs and temperatures. A commonly used procedure for investigating esterase and lipase 

activity makes use of synthetic substrates, such as p-nytrophenyl and β-naphthyl esters with 

aliphatic acyl chains of various lengths. The hydrolysis of these carboxylic esters leads to the 

release of alcohols that can be monitored continuously and quantitatively using a 

spectrophotometric method (Stuer et al., 1986; Vorderwülbecke et al., 1992). The cleaveage 

of p-nitrophenyl esters releases p-nitrophenol, a yellow product of reaction, while the red one 
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of β-naphthol derived from β-naphthyl esters can be monitored after complexing the solution 

with a diazonium salt (Fast Blue BB salt). The enzymatic activity in presence of these 

substrates again revealed that CC and CS possessed esterase and not lipase activity (Tables 3 

and 4). The temperature optimum of esterases/lipases is regarded as one of the most important 

characteristics for industrial purposes. Therefore, the enzymatic characterization was studied, 

at first, in terms of temperature optimum. The effect of temperature on CC esterase on p-

nitrophenyl and β-naphtyl esters, in the range of 20-80°C, are shown in Fig. 7 and 8. It was 

found that the enzyme hydrolyzed ester bonds of acetate rather than propionate, with greater 

affinity for β-naphthyl esters than p-nitrophenyl esters. For example, esterase activity on β-Na 

and p-Na was 22.6 and 5.37 A.U., respectively, at 50°C. Therefore, the hydrolysis of β-Na, at 

this temperature, was 17.2 % higher than p-Na. However, no activity was detected on the 

other fatty acids with four (butyrate) or more carbons, confirming the previous agar plate 

assay. Overall, CC showed optimum temperature at 50°C for both synthetic esters, but also at 

40°C on p-nitrophenyl esters. Above and below these temperatures, CC esterase was not 

particularly active, which suggested that this enzyme was inhibited at high and low 

temperatures.  

 

Table 3 Esterase activity of Cynara cardunculus (CC) and the clear supernatant (CS) of Ficus carica on p-

nitrophenyl esters.  

Esterase

Acetate Propionate Butyrate Caprate Laurate Myristate Palmitate Stearate

CC + + - - - - - -
CS + + + - - - - -

p-Nitrophenyl-esters of:

 

 

 

Table 4 Esterase activity of Cynara cardunculus (CC) and the clear supernatant (CS) of Ficus carica on β-

naphtyl esters. 

Esterase

Acetate Propionate Butyrate Laurate Myristate Palmitate Stearate Oleate

CC + + - - - - - -
CS + + + - - - - -

β-Naphtyl-esters of:
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Fig. 7 Effect of temperature on Cynara cardunculus (CC) esterase activity. Esterolytic activity 

was measured using p-nitrophenyl acetate (pNa) and propionate (pNP) as substrates. The results 

are the means ± SD (n=3). 
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Fig. 8 Effect of temperature on Cynara cardunculus (CC) esterase activity. Esterolytic activity 

was measured using β-naphtyl acetate (β-Na) and propionate (βNP) as substrates. The results are 

the means ± SD (n=3). 

 

Although in literature no studies report on esterase of Cynara cardunculus L. or any other 

species belonging to Compositae family (Asteraceae), these results could be comparable to 

those reported for other plants species. The temperature profile exhibited by CC esterase is 

similar to that determined in the case of Jatropha curcas L. (Staubmann et al., 1999) and 

other plant esterases (James and Smith, 1974; Daood and Al-Ani, 1988; Rajeshwaran and 

Prakash, 1995). On the basis of these findings, the CC esterase can be considered as an 

enzyme with medium temperature optimum.  
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Fig. 9 Effect of temperature on Ficus carica L. (CS) esterase activity. Esterolytic activity was 

measured using p-nitrophenyl acetate (pNa), propionate (pNp) and butyrate (pNb) as substrates. 

The results are the means ± SD (n=3). 
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Fig. 10 Effect of temperature on Ficus carica L. (CS) esterase activity. Esterolytic activity was 

measured using β-naphtyl acetate (βNa), propionate (βNp) and butyrate (βNb) as substrates. The 

results are the means ± SD (n=3). 

 

The results obtained in the evaluation of the temperature optimum of Ficus carica (CS) are 

reported in Fig. 9 and 10.  Ficus carica showed a greater specificity for p-nitrophenyl esters 

than β-naphtyl esters. In particular, CS reported the highest activity with butyric acid esters. 

The maximum value was obtained from the hydrolysis of βNb (351.5 A.U.) at 50°C, followed 

by pNb at 50°C and 60°C with values of 245.7 and 230.7 A.U., respectively. Besides, CS had 

the temperature optimum in the range from 50 to 60°C and, high and low temperatures 
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inhibited the esterolytic activity. Scientific information about fig latex esterases is very 

limited. To our knowledge a previous study carried out by Visco (1924), reports on the 

esterases of Ficus carica L. The author tested these enzymes by titration of trybutyrin and 

monobutyrin. Nevertheless, our data could be compared with those of other laticiferous plant 

species. In this regard, Giordani et al. (1991) and Villeneuve (1997) have demonstrated the 

presence of lipases in the latex of some species of Asclepiadaceae, Euphorbiaceae, and 

Caricaceae. Although the physiological role of these lipases in the latex has not yet been 

demonstrated, it was proposed that lipases are involved in both the synthesis and in the 

hydrolysis of terpenic esters during the formation of latex particles (Giordani et al., 1991). 

Caro et al. (2000) found maximal activity at 45°C for Euphorbia characias latex lipase, using 

tributyrin as substrate. Other authors (Dhiuque-Mayer et al., 2001; Abdelkafi et al., 2011) 

carried out lipolysis reactions by involving Carica papaya latex lipase, which had optimum 

temperature at 50°C. In general, thermal profiles exhibited by CC and CS were nearly similar 

to those of esterases used for flavor formation of cheeses from different species of 

Pseudomonas spp. with a temperature optimum ranged from 30 to 70°C (Stead, 1986), as well 

as Lactococcus lactis subsp. lactis with maximum activity at 55°C (Chich et al., 1997) 

Therefore, esterases present in these plant coagulants could become very important for 

improving flavor characteristics of dairy products.  

Together with temperature, pH is another important parameter capable of altering and 

modulating enzymatic activity in aqueous solution. In this regard, biochemical properties of 

CC and CS were also studied within the range of pH 3.0-10.0, in order to identify the best 

buffered conditions of these enzymes. Fig. 11 reports the effect of pH on CC esterase on pNa, 

pNp, βNa and βNp. It was generally observed that these esterases act at neutral pH values. CC 

esterase showed maximum activity at pH 7.5 on pNa and pNp, while in range between 7.5 

and 8.0 on βNa and βNp. Furthermore, the esterolytic activity is higher on acetate esters rather 

than propionate, confirming the results obtained with the thermal profiles. The optimum pH 

for CS esterase on p-nitrophenyl and β-naphtyl esters are showed in Fig 12 and 13. Optimum 

conditions for Ficus carica esterase were set at pH 7.5 for propionate and butyrate esters, 

while at pH 8.0 for acetate esters. The hydrolysis for p-nitrophenyl and β-naphtyl esters 

proceeded in this way: pNb > pNp > pNa and βNb > βNp and βNa, respectively. Besides, 

these results were similar to those showed by the esterases of J. curcas L. (Staubmann et al., 

1999) and rice bran (Prabhu et al., 1999). Finally, the optimum pHs for different plant lipases 

have been generally reported in the basic pH values (7.0–9.0), and these ranges change 

depending on enzyme source and substrate (Isbilir, 2008).  
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Fig. 11 Effect of pH on Cynara cardunculus L. (CC) esterase activity. Esterolytic activity was measured using p-nytrophenyl acetate (pNa), p-nytrophenyl 

propionate (pNp), β-naphtyl acetate (β-Na) and β-naphtyl propionate (β-Np) as substrates. 
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Fig. 12  Effect of pH on Ficus carica L. (CS) esterase activity. Esterolytic activity was measured using p-nytrophenyl acetate (pNa), propionate (pNp) and butyrate 

(pNb) as substrates. 
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Fig. 13 Effect of pH on Ficus carica L. (CS) esterase activity. Esterolytic activity was measured using β-naphtyl acetate (β-Na), propionate (β-Np) and butyrate 

(β-Nb) as substrates.
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Moreover, some species of Pseudomonas spp., used for flavor formation of cheeses, has 

showed a pH optimum ranged from 7 to 9 (Stead, 1986). A similar range of pH (7-8) was also 

reported for Lactococcus lactis subs. lactis esterase (Chich et al., 1997). In this regard, the 

esterolytic activity of these plant samples could be considered during cheese ripening when 

pH begins rising.  

A common analytical technique for protein identification is its electrophoretic separation and 

subsequent detection on polyacrylamide gels (Singh et al., 2006). In this regard, zymography 

is one of the widely used techniques to study the functionality of enzymes. Thus, protein(s) 

responsible for the esterolytic activity were identified, at first, by SDS-PAGE, then by native 

PAGE. SDS-PAGE, which normally allows the proteins separation in function of their 

molecular weight, can be successfully used for the activity staining of lipase after removing 

SDS from the gel (Sommer et al., 1997). However, it works best for monomeric enzymes. 

Some SDS-sensitive proteins and enzymes with multisubunits can be denatured irreversibly. 

This may lead to the loss of activity of the enzyme (Saminathan, 2008).  

 

 

                               

Fig. 14 Esterase activity of Ficus carica L. (CS) after SDS-PAGE and detected with different 

substrates: β-naphthyl acetate (lane 1), propionate (lane 2) and butyrate (lane 3).   

 

1 2 3 
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In this regard, several attempts were made to detect the esterolytic activity of CC on SDS-

PAGE but without results. This seems to support the concept that CC is denaturated by SDS 

or it is formed by multisubunits. On the other hand, zymography of CS esterase showed that 

the activity of the resolved enzyme was preserved even in presence of SDS. Fig. 14 reports 

the zymogram obtained performing SDS-PAGE of CS esterase in presence of βNa, βNp and 

βNb. The arrows indicate the bands of proteins corresponding to the esterase activity. The 

eletrophoretic pattern displayed by this esterase is different in relation to the substrate used. 

For example, the use of β-naphtyl acetate and propionate (lane 1 and 2) generated activity 

profiles differing from those obtained with the β-naphtyl butyrate. In particular, CS showed 

three different bands with a similar intensity and eletrophoretic migration in presence of βNa 

and βNp, while it displayed four bands with βNb. This result suggests the presence of 

enzymes acting specifically on esters with different chain lenghts, therefore it appears to 

confirm the hypothesis that CS esterase has more isoforms. Furthermore, the zymogram 

analysis validates the previous assay with β-naphtyl esters and, in particular, the finding that 

CS had more affinity and activity on βNb. The zymographic technique was also performed in 

native conditions. Traditional native electrophoresis is limited in its applicability to native 

protein analysis because of high or low operative pH which may adversely affect proteins. 

Another drawback in native gel electrophoresis is the need for separate acidic and basic gels 

for resolution of enzymes. Traditional native gel electrophoresis is limited by its 

incompatibility with native samples that aggregate (Shuen-Fuh, 1996). In the present study, 

the native eletrophoresis of esterase proteins of Cynara cardunculus were not detected, 

perhaps for the small dimension of the enzyme or for its particular chemical nature that 

prevents it from maintaining its activity during electrophoresis. Whereas, Ficus carica 

generated aggregates which produced vertical streaking. Other authors (Rizzi et al., 2003) 

reported the same trouble with the membrane-bound esterase of Saccharomyces cerevisiae, 

whose enzymatic proteins appeared at the top of the gel. This could be due to the absence of a 

detergent within the electrophoretic system, causing the insolubilization of the enzyme 

molecule, when it had just entered the gel. Thus, it seems that these esterases presented 

insoluble parts or idrophobic aminoacids and/or lipids which, in the aqueous electrophoretic 

conditions, were difficultly separable. Some authors have developed methods to solve 

aggregation of lipases seen in native PAGE, i.e., Saminathan et al. (2008) which modified 

blue native polyacrylamide gel electrophoresis (PAGE) protocol. However, in the present 

study it was necessary the use of a surfactant in order to find the conditions allowing the 

enzyme to remain soluble during the electrophoretic migration. In this regard, Markwell et al. 
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(1979), Gregory et al. (1982), Rizzi et al. (2003) obtained satisfactory results by including 

Deriphat in the electrophoretic system. Deriphat 160 (disodium N-Lauryl Iminodipropionate) 

is a zwitterionic detergent which dissolves hydrophobic proteins without denaturation. 

Therefore, Deriphat was included in the gel and cathodic buffer as well as it is normally done 

for sodium dodecyl sulfate during SDS-PAGE. This method allowed to detect CS esterase 

activity. In a first attempt, CS sample was electrophoresed in presence of Deriphat, but the 

strong activity of the enzyme, did not allow a good visualization and resolution of the esterase 

isoforms. For this reason it was necessary to dilute the sample. The zymogram of CS esterase 

(Fig. 15) on βNa displayed a marked band and another one less intense; thus, the enzymatic 

activity was the expression of two isoforms.  

 

 
Fig. 15 Esterase activity of Ficus carica L. (CS) after Deriphat PAGE (D-PAGE) and detected 

with β-naphthyl acetate.   

 

Finally, SDS-PAGE and D-PAGE were also used as the first electrophoretic system in 

bidimensional PAGE (2D-PAGE), allowing the resolution of single bands into several spots 

and the detection of isoforms. As shown in Fig. 16, the main and the minor bands detectable 

in native and denaturing conditions were not divided into additional isoforms.  
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Fig. 16 Esterase activity of Ficus carica L. (CS) after bidimensional PAGE (2D-PAGE) and 

detected with β-naphthyl acetate. First dimension (top side): Deriphat PAGE. Second dimension 

(right side): SDS-PAGE. 

 

Therefore, it can be assumed that the main isoform represents a protein with a strong 

enzymatic activity. This study could be a preliminary work and starting point for further 

isolation and sequencing of the enzyme. 

 

7. CONCLUSIONS 

In summary, this chapter reports on the characterization of esterase/lipase activity of 

Cynara cardunculus L. and Ficus carica L. The biochemical properties of these esterases, i.e., 

substrate specificity, pH and temperature, are useful for exploring the potentials applications 

of these plant esterases in dairy industry. In this regard, further studies need to be carried out 

to assess the use of Cynara cardunculus and Ficus carica esterases in cheese making and 

their contribution on lypolysis and development of flavour.  
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CHAPTER 3 
 

Characterization of proteolytic activity 
 

 

 

 
ABSTRACT 

Crude extracts of cardoon flowers (Cynara cardunculus L.) and fig latex (Ficus carica L.) 

were investigated as a source of proteolytic enzymes to be used in cheese making as an alternative 

to calf rennet. Cynara cardunculus and Ficus carica expressed maximum activity at pH 5.0 and 7.0, 

respectively, and an optimal temperature at 60°C. The proteolytic activity of the plant enzymes 

towards bovine caseins was investigated using sodium dodecyl sulphate polyacrylamide gel 

electrophoresis (SDS-PAGE) and densitogram analysis. The extent of enzyme-mediated proteolysis 

was much higher for ficin than cardosin and depended on the type and specificity of proteinase, 

enzyme concentration, type of substrate as well as time of hydrolysis. Finally, the study of fig 

proteinases by zymography revealed the presence of several isoforms, indicating a high level of 

polymorphism. 

 

Keywords: proteinase, Cynara cardunculus L., Ficus carica L., proteolysis, densitometry, 

zymography 

 

INTRODUCTION  

Proteolytic enzymes are widely distributed in animals, plants and microorganisms and 

catalyse hydrolytic reactions in which protein molecules are degraded to peptides and amino acids. 

According to the Nomenclature Committee of the International Union of Biochemistry and 

Molecular Biology, proteinases belong to group 3 (hydrolases), and sub-group 4 (which hydrolyse 

peptide bonds) (International Union of Biochemistry, 1992). They can be also subdivided into two 

major groups based on their ability to cleave N- or C- terminal peptide bonds (exopeptidases) or 

internal peptide bonds (endopeptidases). While aminopeptidases cleave the N-terminal peptide 

linkage, carboxypeptidases cleave the C-terminal peptide bond (Sumantha et al., 2006). Based on 

the functional group present at the active site, proteinases are further classified into four prominent 

groups, i.e., serine proteinases, aspartic proteinases, cysteine proteinases, and metalloproteases 

(Hartley, 1960). Proteinases have a large variety of applications, mainly in the detergent and food 
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industries. In dairy industry, they are involved in the hydrolysis of Phe105-Met106 bond in κ-casein 

(milk clotting reaction) as well as in the development of flavour by the catabolism of free amino 

acids (FAA). Proteolysis, in fact, is the most complex and important biochemical event occurring 

during cheese ripening for several reasons. Proteolysis plays a vital role in the development of: (i) 

textural changes in the cheese curd, due to breakdown of the protein network, decrease in aw 

through water binding by liberated carboxyl and amino groups and increase in pH (in particular in 

surface mould-ripened varieties); (ii) direct contribution to flavour and perhaps to off-flavour (e.g., 

bitterness) of cheese through the formation of peptides and free amino acids (FAA); (iii) liberation 

of substrates (amino acids) for secondary catabolic changes (e.g., deamination, decarboxylation, 

transamination, desulphuration, catabolism of aromatic compounds); and (iv) changes to the cheese 

matrix, which facilitate the release of sapid compounds during mastication (McSweeney and Sousa, 

2000). Proteinases originate in cheese from different sources such as type of coagulant, i.e., 

chimosin, pepsin, microbial or plant proteinases. In this respect, when a potential rennet substitute is 

studied, it is important to evaluate the degradation patterns of the caseins because of their effect on 

the yield, consistency, and flavor of the final cheese (Fox, 1989). Cynara cardunculus L. and Ficus 

carica L., two crop species widely distributed in Mediterranean countries, are sources of proteolytic 

enzymes. Although the properties of the crude enzyme preparation may well be derived from a 

combination of proteins, characterization of these crude extracts was regarded as essential due to 

their potential use in cheese technology. Therefore, the effects of pH and temperature, the 

proteolytic activity of these plant extracts were investigated. Moreover, the work aimed to 

characterize the hydrolysis of of bovine αs- and β-caseins by SDS-PAGE and densitogram analysis. 

Finally, in the present chapter it is also given an overview of milk proteins, the main important 

agents of proteolysis in cheese and their contribution to flavour. 

 

1. M ILK PROTEINS 

The properties of milk and most dairy products are affected more by the proteins they 

contain than by any other constituent. The nitrogenous fraction of bovine milk consists of casein, 

whey protein and non protein nitrogen (urea, proteose-peptones, peptides) at levels of ~78, 18 and 4 

g 100 g−1, respectively, of total nitrogen. Casein, which is typically present at a level of 2.5 g 100 

g−1 in cows’ milk, is the main structural protein of both rennet- and acid-induced milk gels. The 

casein is heterogeneous, comprising four main types: αs1, αs2, β and κ, which represent ~38, 10, 35 

and 15 g 100 g−1 of the total casein, respectively (Fox and McSweeney, 1998; Fox, 2003; 

Swaisgood, 2003). Model studies in dilute dispersions indicate that the individual caseins vary in 

the content and distribution of phosphate; the respective number of (serine) phosphate residues per 
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mole of casein are ~8, 10-13, 5 and 1 for αs1, αs2, β and κ-caseins, respectively. The serine 

phosphates bind calcium and calcium phosphate, and consequently, different caseins have different 

calcium-binding properties. Casein in milk exists in the form of spherical-shaped colloid particles 

(~40-300 nm diameter), known as casein micelles (Fox and Brodkorb, 2008; McMahon and 

Oommen, 2008). The arrangement of casein within the micelle is such that the interior is mainly 

occupied by the calcium-sensitive caseins (αs- and β-) and κ-casein is principally located at the 

surface, with its hydrophilic C-terminal region (caseinomacropeptide) oriented outwards toward the 

serum phase in the form of protruding negatively charged hairs, which create an electrokinetic 

potential of ~-20 mV and confer stability to the micelle by electrostatic repulsion, Brownian 

movement and a consequent steric repulsion (de Kruif and Holt, 2003; Horne and Banks, 2004). 

Moreover, the C-terminal region of the κ-casein is glycoslyated to varying degrees (Saito and Itoh, 

1992; Mollé and Leonil, 1995; Fox and McSweeney, 1998; Mollé et al., 2006), containing 

galactose, N-acetylgalactosamine (GalNAc) and/or N-actetylneuraminic (sialic) acid (NANA) 

(Dziuba and Minkiewicz, 1996). These may further enhance the ability of κ-casein to increase 

micelle stability by steric impedance and electrostatic repulsion via their contribution to increase in 

water binding (to carbohydrate moieties) and to negatively charged carboxylic groups (on the 

NANA molecule). O’Connell and Fox (2000) found that the level of glycosylation of κ-casein and 

protein surface hydrophobicity increased as a function of micelle size. While a predominant surface 

location of κ-casein confers stability to the casein micelle in native milk, it renders it susceptible to 

aggregation/flocculation by processes which reduce the solvency of (and collapse/flatten) the κ-

casein hairs or remove them, and thereby enable contact between the more hydrophobic micelle 

cores. However, the interactions between the micelle cores are modified by many factors, including 

pH, composition of the serum phase, ionic strength, protein concentration and conditions to which 

milk is subjected (heat, acidification, ultrafiltration/diafiltration homogenisation, shearing). On the 

other hand, whey protein in cows’ milk is typically~0.6-0.7 g 100 g−1vand consists of four main 

types - β-lactoglobulin (β-Lg), α-lactalbumin (α-La), immunoglobulin(s) (Ig) and bovine serum 

albumin (BSA) at levels of ~54, 21, 14 and 6 g 100 g−1 of total. The properties of the individual 

whey proteins have been extensively reviewed (Mulvihill and Donovan, 1987; Brew, 2003; Fox, 

2003; Hurley, 2003; Sawyer, 2003). In milk, they exist as soluble globular proteins and are 

characterised by a relatively high level of intramolecular disulphide bonding, and β-Lg and BSA 

each contain one cysteine residue per mole. On heat-induced denaturation, the whey proteins can 

interact via thiol–disulphide bonds with other whey proteins and with κ-casein. The latter results in 

the formation of κ-casein/ β-Lg aggregates either at the surface of the casein micelle or in the serum 

phase or both. The size and location (serum/micelle surface) of these aggregates are affected by 
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severity of heat treatment of milk, pH at heating, ionic strength, calcium level and casein-to-whey 

protein ratio. The degree of interaction and size/location of aggregates have a profound effect on the 

structure and physical properties of rennet- and acid-induced milk gels, and hence on cheeses.  

 

2. AGENTS OF PROTEOLYSIS IN CHEESE 

During ripening, proteolysis in cheese is catalysed by enzymes from (i) coagulant (e.g., 

chymosin, pepsin, microbial or plant proteinases), (ii) milk (plasmin and perhaps cathepsin D and 

other somatic cell proteinases), (iii) enzymes from the starter, (iv) nonstarter, or (v) secondary 

cultures (e.g., P. camemberti, P. roqueforti, Propionibacterium sp., B. linens and other 

coryneforms) and (vi) exogenous proteinases or peptidases, or both, used to accelerate ripening 

(Sousa et al., 2001).  

 

2.1 M ILK PROTEINASES 

Milk contains several indigenous proteinases. Plasmin (fibrinolysin, EC 3.4.21.7) is the 

dominant indigenous milk proteinase and it has been the subject of many reviews (Grufferty and 

Fox, 1988; Bastian and Brown, 1996; Kelly and McSweeney, 2001). Plasmin is a component of 

blood, where its physiological role is solubilisation of fibrin clots. Moreover, plasmin is a 

component of a complex system consisting of the active enzyme, its zymogen (plasminogen), and 

activators and inhibitors of the enzyme. Plasmin is a trypsine-like serine proteinase with a pH 

optimum at about 7.5 and a high specificity for peptide bonds containing lysine at the terminal side. 

It is active on all caseins but especially on αs2- and β-caseins (Fox et al., 2000). Milk contains low 

level of another indigenous acid proteinase: cathepsin D (EC 3.4.23.5). Cathepsin D is an aspartic 

proteinase with an optimum pH of 4.0 on haemoglobin and optimum temperature of 37°C 

(Kaminogawa and Yamauchi, 1972; Barrett, 1972). It is relatively heat labile (completely 

inactivated by 70°C x 10 min) and it has specificity similar to that of chymosin; however, its milk 

clotting potential has been reported to be very poor (McSweeney et al., 1995; Larsen et al., 1996). 

The level of cathepsin D present (around 0.4 mg/mL) in milk, in fact, is far too low to be of 

significance with respect to milk coagulation. In addition to cathepsin D, other proteolytic enzymes 

are present in milk, including thrombin, a lysine aminopeptidase, and poteinases from leucocytes, 

but they are considered not to be significant in cheese (Grufferty and Fox, 1998; Fox et al., 2000). 

 

2.2 PROTEINASES FROM RENNET 

Majority of cheeses produced around the world are manufactured traditionally, using an 

enzymatic coagulant extracted from the abomasa of milk-fed calves. This extract, known as calf 
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rennet, consists of two proteolytic enzymes: chymosin (EC 3.4.23.4), the major component (88–

94% milk clotting activity, MCA) and bovine pepsin (EC 3.4.23.1; 6–12% MCA). The relative 

proportion of these enzymes varies with individuality and age of calves, the method of rennet 

separation and the conditions and pH values at which the milk clotting activity is measured (Guinee 

and Wilkinson, 1992).  Chymosin is an aspartic proteinase which coagulates milk by specifically 

hydrolysing the Phe105-Met106 bond in κ-casein. Most of the coagulant activity added to the milk is 

lost in the whey; only 0-15% of the rennet activity added to the milk remains in the curd after 

manufacture, depending on factors including type of coagulant, ratio of different enzymes in blends, 

cooking temperature, the cheese variety and the moisture level of the final cheese (Guinee and 

Wilkinson, 1992). Pepsins are more sensitive to denaturation by pH than chymosin and hence the 

amount of activity of these coagulants retained in the curd is very strongly dependent on the pH of 

the milk at setting and shortly thereafter (Fox and McSweeney, 1996). The heat stability of rennet at 

the temperature used during cooking of curds and whey also has a large effect on the level of rennet 

activity remaining in the curd. 

 

2.3 PROTEINASES FROM PLANT COAGULANTS  

The worldwide increase in cheese production along with the limited supply of calf rennet 

have led to an increase in the demand for alternatives sources of milk coagulants (Green, 1972; 

Cavalcanti et al., 2004). In this regard, plant proteinases have been investigated as source of milk-

clotting enzymes, but only a small number of aspartic proteinases from plant origin have been 

isolated and partially characterised (Tavaria et al., 1997; Sousa, 1998). Many plant coagulant 

preparations were reported to have an excessively low ratio of milk clotting to proteolytic activity, 

which results in bitter peptides in ripened cheese, or to an excessively low clotting power that 

causes a low cheese yields. The difficulties experienced with these preparations result mainly from 

the unique composition of the plant extracts, which contain a complex cocktail of enzymes whose 

activity is difficult to control. An exception from the other plant proteinases is the proteinases from 

dried flowers of Cynara cardunculus, which have milk-clotting activity and have been employed 

successfully for many centuries in the Iberian Peninsula for the manufacture of traditional cheeses, 

e.g., Serra da Estrela (Roseiro, 1991; Macedo et al., 1993), La Serena (Nuňez et al., 1991; Roa et 

al., 1999), Guía (Fernández-Salguero et al., 1991) and Los Pedroches (Carmona et al., 1999; 

Fernández-Salguero and Sanjuán, 1999; Vioque et al., 2000). In the last years, the specificity of 

proteinases from Cynara cardunculus were studied in solutions of bovine (Faro et al., 1992; Sousa, 

1993; Macedo et al., 1996) ovine and caprine caseins (Sousa and Malcata, 1998b), as well as 

primary proteolysis in cheeses manufactured from ovine milk and from ovine or caprine milk 
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(Sousa and Malcata, 1997a, b; 1998a; Sousa, 1998). Extracts from C. cardunculus were reported to 

contain two proteinases, cardosin A and cardosin B (Sousa, 1993; Veríssimo et al., 1995; Veríssimo 

et al., 1996). Studies showed that cardosin A has a cleavage specificity similar to chymosin, 

whereas cardosin B resembles pepsin (Faro et al., 1992; Veríssimo et al., 1995; Ramalho-Santos et 

al., 1996).  

 

2.4 PROTEOLYTIC ENZYMES FROM STARTER  

The starter cultures commonly used in cheese manufacture include mesophilic Lactococcus 

and Leuconostoc species, thermophilic Lactobacillus species and Streptococcus thermophilus. The 

principal role of the starter culture is in the production of lactic acid, causing a decrease in pH. 

Although lactic acid bacteria (LAB) are weakly proteolytic, they possess proteinase and a wide 

range of peptidases, which are responsible for the formation of small peptides and amino acids in 

cheese (Fox et al., 2000; Sousa et al., 2001). The proteolytic system of Lactococcus has been 

studied thoroughly at the molecular, biochemical and genetic levels. The system of Lactobacillus 

spp. is less well characterized but the systems of both genera are generally similar. Sc. thermophilus 

is less proteolytic than Lactococcus or Lactobacillus and has been the subject of little research. The 

proteolytic systems of LAB have been extensively reviewed by many authors (Kunji et al., 1996; 

Law and Haandrikman, 1997, Monnet et al., 1993; Tan et al., 1993; Thomas and Pritchard, 1987 

and Visser, 1993). 

 

2.5 PROTEOLYTIC SYSTEM OF NON STARTER M ICROFLORA  

During the ripening of many cheeses, the starter lactococcal population declines and the 

initially small population of adventitious non-starter lactic acid bacteria (NSLAB) ultimately 

becomes the dominant bacterial population in the maturing cheese (Peterson and Marshall, 1990; 

Martley and Crow, 1993; Fox et al., 1998). The NSLAB microflora is dominated by a few species 

of mesophilic lactobacilli (Lb. casei, Lb. paracasei, Lb. plantarum and Lb. curvatus). Some authors 

have reported the presence of pediococci in cheese, but recent studies have failed to find them in 

significant numbers (Fox et al., 2000). NSLAB, although present initially at low numbers (<50 

cfu/g), grow rapidly to reach ~107 cfu/g within 4 weeks and this number remains relatively constant 

thereafter (Folkertsma et al., 1996). The proteolytic activity of NSLAB appears to supplement that 

of the starter, producing peptides with generally similar molecular weights, and free amino acids 

(Lane and Fox, 1996; Lynch et al., 1997; Williams and Banks, 1997; Williams et al., 1998; 

Muehlenkamp-Ulate and Warthesen, 1999). Peptidolytic strains of NSLAB may therefore be 

considered for use as adjuncts in cheese-making both to manipulate the overall flavour profile of the 
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cheese and to accelerate the rate of flavour formation (Fox et al., 1998; Fox and Tobin, 1999; 

Madkor et al., 2000). 

 

2.6 PROTEINASES FROM SECONDARY STARTER  

Most cheese varieties have a secondary microflora. The principal secondary microflora is 

characterized by Penicilium roqueforti (Blue mould cheese), Penicillium camemberti (surface 

mould cheese, such as Camembert and Brie), Brevibacterium linens, Propioni-bacterium 

freudenreichii subsp. shermanii (Swiss-type cheese) and several species of yeasts (Fox et al., 2000). 

In many cheese varieties, secondary cultures are added intentionally and/or encouraged to grow by 

controlling environmental conditions. The surface microflora of smear-ripened cheese has two 

important functions: (i) production of enzymes (lipases, proteinases and peptidases) and (ii) 

deacidification of first the cheese surface and then the cheese body. For many years, B. linens have 

been known to be important bacteria growing on the surface of smear ripened cheeses; for this 

reason it is commonly used as ripening starter. B. linens secretes an extracellular proteinase and an 

aminopeptidase, possess a number of intracellular peptidases, which may be released on cell lysis 

(Rattray and Fox, 1997, 1999) and the specificity of the extracellular proteinases from B. linens on 

αs1- and β-caseins has been determined (Fox et al., 1995; Rattray et al., 1996, 1997). B. linens is 

essential for smear cheese because of its aromatic and proteolytic properties and its bright orange 

pigments (Bockelmann et al., 1997a, b; Bockelmann et al., 1998). P. roqueforti and P. camemberti 

secrete aspartyl and metalloproteinases, which have been well characterised, including their 

specificity on αs1- and β-caseins (Gripon, 1993). Propionibacterium spp. are weakly proteolytic but 

strongly peptidolytic and they are particularly active on proline-containing peptides during the 

ripening of Swiss-type cheeses, which may contribute to the characteristic flavour of these cheeses.  

 

3. CATABOLISM OF AMINO ACIDS 

Catabolism of free amino acids (FAA) can result in a number of compounds, including 

ammonia, amines,  aldehydes, phenols, indole and alcohols, all of which may contribute to cheese 

flavour (Fig.. The first stage in amino-acid catabolism involves decarboxylation, deamination, 

transamination, desulphuration or perhaps hydrolysis of the amino-acid side-chains. The second 

stage involves conversion of the resulting compounds (amines and α-ketoacids), as well as amino 

acids  themselves, to aldehydes, primarily by the action of deaminases on amines. The final stage of  

amino-acid catabolism is the reduction of the aldehydes to alcohols, or their oxidation to acids. 

Sulphur-containing amino acids can undergo extensive conversion, leading to the formation of a 

number of compounds, including methanethiol and other sulphur derivatives. Amines, including 
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biogenic amines, are produced in cheese by enzymatic decarboxylation of FAA (Joosten and 

Stadhouders, 1987); the relative concentration of each amine depends on the cheese variety and the 

non-starter microflora. The principal amines in most cheeses are tyramine and histamine produced 

by decarboxylation of Tyr and His, respectively (Fox et al., 1995, Sieber and Lavanchy, 1990). 

Histamine when present at high levels can result in food poisoning (Santos, 1991), and some cases 

of histamine poisoning have occurred subsequent to the consumption of cheese (Taylor et al., 

1982). No relationship has been found between the concentration of FAA and the production of 

amines in cheese (Smith, 1981), probably due to differences in the rates of decarboxylation of 

individual amino acids or in the rate of deamination of resulting amines (Polo et al., 1985). Simple 

decarboxylation can explain the formation of most amines found in cheese, but there is no readily 

available explanation for the formation of secondary and tertiary amines in cheese (Adda et al., 

1982). On the other hand, deamination of FAA leads to the production of ammonia and α-keto acids 

(Hemme et al., 1982). α-Keto-3-methylbutanoic and α-keto-3- methylpentanoic acids have been 

reported to have an intense cheese-like odour (Muller et al., 1971), but the concentrations of these 

acids vary widely between cheeses. Ammonia is an important constituent in many cheeses such as 

Camembert, Gruyère and Comté (Fox et al., 1995), and P. camemberti, G. candidum and Br. linens 

play a major role in ammonia production (Karahadian and Lindsay, 1987). Amines can be subjected 

to oxidative deamination, yielding aldehydes (Molimard and Spinnler, 1996). Enzyme-catalyzed 

transamination of FAA results in the formation of an intermediate imide that is subsequently 

degraded by decarboxylation or by the Strecker reaction (Molimard and Spinnler, 1996; Urbach, 

1995), forming an aldehyde (Fox et al., 1995; Polo et al., 1985). At the beginning of cheese 

ripening, with a lower pH, amino acids are decarboxylated to amines. In the later stages of ripening 

when there is an increase in pH, these amines are subsequently oxidized to aldehydes via the 

Strecker degradation (Barbeiri et al., 1994). Aldehydes do not accumulate to high concentrations in 

cheese because they are rapidly transformed to alcohols or to the corresponding acids (Dunn and 

Lindsay, 1985; Lemieux and Simard, 1992). Phenylacetaldehyde, isobutanal, 3-methylbutanal and 

methional can be formed by this mechanism from Phe, Leu/Ile, Val and Met, respectively (Adda et 

al., 1982) ; while acetaldehyde can be derived from threonine with the help of a threonine  aldolase, 

and ethanal can be produced by yeasts when alcohol dehydrogenase is less active than pyruvate 

decarboxylase (Molimard and Spinnler, 1996). Benzaldehyde may be produced from the α-

oxidation of phenylacetaldehyde or from β-oxidation of cinnamic acid (Casey and Dobb, 1992; 

Sieber et al., 1995).  Sulphur compounds are found in cheese must originate principally from 

methionine, as there are higher concentrations of Met in  aseins than cysteine (Cys residues in the 

caseins are present at low levels only in αs2- and κ-caseins). Low molecular weight sulphur 
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compounds in cheese include methanethiol (CH3SH), hydrogen sulphide (H2S), dimethylsulphide 

(DMS; CH3SCH3), dimethyldisulphide (DMDS; CH3SSCH3), dimethyltrisulphide (DMTS; 

CH3SSSCH3) and carbonyl sulphide (O = C = S). Sulphur compounds are thought to interact with 

each other and with other compounds in cheese, generating other volatile flavour compounds (Kim 

and Olson, 1989). Although the exact pathway for the non-enzymatic formation of CH3SH has not 

been established, a mechanism proposed by Manning (1979a, b), in which a reducing agent 

produces H2S from cystine/cysteine, which then reacts with methionine to produce methanethiol, is 

accepted by many investigators (Adda et al., 1985; Fox et al., 1995; Hemme et al., 1982). The 

concentration of H2S in cheese increased during ripening, and initially no correlation was found 

between its concentration (or those of other sulphur compounds) and flavour development (Aston 

and Douglas, 1983), although Barlow et al. (Barlow et al., 1989) found a high correlation between 

the concentration of H2S and flavour, particularly when the value for H2S was combined with either 

the concentration of water-soluble nitrogen (WSN) or lactic acid. These authors suggested that these 

parameters (H2S and WSN/lactate) were better predictors of the future quality of young cheeses 

than their flavour or composition at an early age. The presence of H2S in fresh curd indicates that 

some may also be formed during pasteurization of cheese milk (Law et al., 1976). DMS, DMDS 

and DMTS are thought to be important contributors to cheese flavour (Barbeiri et al., 1994; Bosset 

and Liardon, 1985). DMS is a product of the metabolism of propionic  acid bacteria formed from 

Met, and is a component of Swiss cheese flavour (Adda et al., 1982) .  DMS and DMDS could be 

produced directly from methanethiol, but it is unclear how DMTS is produced in cheese. Several 

other volatile sulphur compounds have been identified in cheese. Methional, which can be produced 

by Strecker degradation (Aston and Dulley, 1982), contributes positively to cheese flavour when 

present at low concentrations, while at high levels, a sweet corn-like off-flavour is detectable 

(Barbeiri et al., 1994) . Methional, which has been reported to have the odour of raw potatoes 

(Muller et al., 1971). S-Methylthioacetate can be produced under certain conditions by strains of Br. 

linens (Ferchichi et al., 1986a,b). 3-Methylthiopropanal is presumably formed by transamination of 

methionine followed by decarboxylation of an intermediate imide (Barbeiri et al., 1994) . The 

concentration of carbonyl sulphide increases throughout ripening and is less variable than other 

sulphur compounds (Aston et al., 1983), but no correlation has been found between its 

concentration and cheese flavour. Catabolism of Trp produces indole pyruvate, which can be 

catabolised further to indole lactic acid, indole acetic acid, indole aldehyde and benzaldehyde (Gao 

et al., 1997; Hummel and Kula, 1984). Catabolism of Phe results in the formation of 

phenylpyruvate by the action of an aminotransferase (Gao et al., 1997). Phenylpyruvate, phenyl 

lactate and phenyl acetate have been reported to be detected as metabolites of lactococcal Phe 
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catabolism (Yvon et al., 1997). Also, nonenzymatic breakdown of phenylpyruvate to benzaldehyde 

and phenethanol has been reported (Kong, et al., 1996). Flavour compounds originating from Phe 

which have been identified in cheese (Adda et al., 1982; Dunn and Lindsay, 1985) or in model 

systems (Jollivet et al., 1992)  include phenylmethanol, phenylethanol, phenylpropanone, 

methylphenyl hydroxyacetate, phenylacetaldehyde, phenylpyruvate and phenylethyl acetate. 

Catabolism of Tyr results in the formation of p-hydroxy-phenylpyruvate. Tyr serves as precursor for 

3 compounds in cheese: tyramine formed by decarboxylation, and p-cresol and phenol formed by 

atypical Strecker degradation (Elsden et al., 1976). A major concern to the dairy industry is the 

occurrence of off-flavours. Compounds like p-cresol, phenethanol, phenylacetaldehyde and indole 

have been associated with these unclean flavours, which are believed to be formed via catabolism of 

aromatic amino acids. Tyramine is a biogenic amine that is frequently detected in cheese (Voight et 

al., 1978), and is the most common cause of monoamine intoxication. Monoamine intoxication is 

characterized by an increase in blood pressure, resulting in palpitations, severe headaches, 

hypertension, nausea and vomiting, and has been associated with the consumption of cheese 

(McCabe, 1986). Three different Asp catabolic pathways have been reported (Christensen et 

al.,1999); however, the details and distribution of these pathways are still not well understood. The 

pathways of Glu catabolism produce α-ketoglutarate by the action of an aminotransferase or 

dehydrogenase, or γ-aminobutyrate (GABA) by the action of a decarboxylase (Christensen et 

al.,1999). GABA production is known to occur in cheese, and Zoon and Allersma (Zoon and 

Allersma, 1996)  have reported a correlation between the production of CO2 and GABA in cheese 

with an increasing number of eyes. Thr catabolism converts Thr to acetaldehyde and Gly (Marshall 

and Cole, 1983); acetaldehyde is the flavour compound typical of yogurt flavour (Tamine and 

Deeth, 1980). Catabolism of branched-chain amino acids is most likely initiated in L. lactis by an 

aminotransferase, converting Leu, Ile, and Val to α-ketoisocaproate, α-keto-β-methylvalerate and α-

ketoisovalerate, respectively. Catabolism of branched-chain amino acids is typically associated with 

the generation of compounds having a detrimental effect on product aroma or flavour in the 

production of fermented dairy products (Christensen et al.,1999). The aldehyde and alcohol 

products from catabolism of branched-chain amino acids are known to cause defects in cheese. 

Cheeses containing 18-90 ppm 3-methylbutanal and 9-45 ppm 3-methylbutanol, also produced by 

the catabolism of branched-chain amino acids, were graded lower for flavour quality and were 

maltier than the control cheeses (Braun and Olson, 1986) . Additionally, flavours described as harsh 

and dull were correlated with elevated concentrations of 3-methylbutanal and 2-methylpropanal 

(Dunn and Lindsay, 1985). 
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4. MATERIAL AND METHODS 

4.1 STANDARD AND REAGENTS 

Azocasein, trichloracetic acid (TCA), Bradford reagent, αs-casein, β-casein, β-

mercaptoethanol, glycine, trizma base, sodium dodecyl sulphate (SDS), glycerol, ammonium 

persulphate (APS), N,N,N’,N’-tetramethylethylenediamine (TEMED), low-molecular weight 

marker proteins, N,N’-methylene bis-acrylamide, and acrylamide (all electrophoretic grade) were 

supplied by Sigma Aldrich (Milan, Italy).  

 

4.2 PLANT MATERIALS  

The extract of Cynara cardunculus L. (CC) was purchased by Prodor (Bobbio, Piacenza, 

IT). To obtain a representative sample, latex was collected from Ficus carica L. trees, under the 

same environmental and soil characteristics, in the Puglia region (Foggia, Italy). All samples were 

harvested manually at the same stage of maturation (August 2009), by incising the stalk of the green 

fruit from the main branch. Several drops of the latex from the fig were allowed to drip into the test 

tubes. It was clarified by centrifugation at 14000g at 4°C for 15 min. The clear supernatant (CS) 

was separated from the gummy material (GM) and stored at -20°C until further use.  

 

4.3 PROTEIN DETERMINATION  

Protein concentration was determined by the dye binding method of Bradford (1976). 

Bovine serum albumin (BSA) was used as the standard protein. 

 

4.4 PROTEINASE ACTIVITY  

Proteinase activity was determined according to the method of Kilcawley et al. (2002), with 

some modifications. Enzyme solution (35 µg of protein) was added to a final volume of 600 µL of 

different buffers (pH 3.0-6.0). Azocasein substrate (0.5%) was prepared in Milli-Q water and added 

to the enzyme solution to the final volume of 1 mL. The same mixture of reagents without enzyme 

and heat-inactivated enzyme was used as blank and control, respectively. After incubation for 30 

min at 37°C, the reaction was stopped by addition of 100 µL of 2 M TCA, mixed and centrifuged at 

10000 g for 5 min. A sample (750 µL) of supernatant was transferred to a cuvette to which 250 µL 

of 0.5 M NaOH were added. The dye of the sample was measured spectrophotometrically at 440 

nm, using a Varian Cary 50 Bio UV/VIS spectrophotometer. The proteinase activity was defined as 

the increase in absorbance units per minute (∆abs/min) and expressed as arbitrary units on µg of 

protein (AU/ µg protein/30 min); 1AU = 0.001 ∆abs/min. All the experiments were performed in 

triplicate.  
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4.4.1 EFFECT OF pH AND TEMPERATURE ON PROTEINASE ACTIVITY  

The effect of pH on proteinase activity was determined at 37°C within the range of pH 3.0-

10.0. The buffers used were 50 mM Na-acetate (pH 3.0-5.0), 50 mM Na-phosphate (pH 6.0-7.0), 50 

mM Tris-HCl (pH 8.0-9.0), 50 mM Na-carbonate (pH 10.0). Similarly, an analysis of the effect of 

temperature on the proteinase activity of the plant enzymes was carried out to determine the 

temperature optimum. Enzyme samples were incubated at different temperatures in the range of 20-

90°C at their optimal pH. Activity measurements were performed as described above. 

.  

4.5 HYDROLYSIS OF BOVINE CASEIN 

Commercial bovine αs-casein (αs-CN, αs1-CN with a small proportion of αs2-CN) and β-

casein (β-CN) were dissolved up to 2 mg mL-1 in 100 mM sodium phosphate buffer (PBS) pH 6.5. 

Cynara cardunculus L. extract (CC) and the clear supernatant (CS) of Ficus carica L. latex were 

added (3 and 30 µg of protein) to each casein solution and hydrolyses were carried out at 37°C in a 

thermostated reaction vessel. At defined time intervals from 5 to 90 min, aliquots of α-CN and β-

CN hydrolysates were removed and heated at 100°C for 10 min to stop proteolytic reaction. 

Samples were stored at -20°C until further analyses. 

 

4.6 ELECTROPHORETIC CHARACTERIZATION OF HYDROLYSATES  

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS–PAGE) was carried out 

to examine the time-dependent proteolysis of bovine caseins by plant extracts. SDS-PAGE was 

performed in a vertical gel apparatus Mini-Protean II (Bio-Rad Laboratories, Milan, Italy) on 18% 

(w/v) according to the procedure of Laemmli (1970). Hydrolysate samples containing 

approximately 10 µg of protein were treated with loading buffer (0.5 M Tris-HCl pH 6.8, 20% 

glycerol, 4.4% SDS, 10 mg/mL bromophenol blue and 300 mM β-mercaptoethanol) and heated at 

100 °C for 5 min. then boiled for 5 min before SDS-PAGE. Electrophoresis was run at 100 V until 

the tracking dye bromophenol blue disappeared from the separating gel. After electrophoretic 

separation, the gels were stained with 2 g Coomassie brilliant blue R-250 (in a 10:40:50 solution of 

acetic acid: methanol: water) and de-stained with a 10:40:50 solution of acetic acid: methanol: 

water. The molecular mass standards (Bio-Rad Laboratories, Milan, Italy) were bovine serum 

albumin (66.0 kDa), ovalbumin (45.0 kDa), glyceraldehyde-3-phosphate dehydrogenase (36.0 kDa), 

bovine carbonic anhydrase (29.0 kDa), bovine trypsinogen (24.0 kDa), trypsin inhibitor (20.0 kDa); 

bovine α-lactalbumin (14.2 kDa) and aprotinin (6.5 kDa). 
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4.7 DENSITOMETRIC ANALYSIS  

Analysis of each electrophoresis was performed by capturing the image of each gel using a 

scanner (Gel Logic 112 Imaging System) and saving it as a graphic file in TIF format. 

Densitometric analysis was performed by Carestream Molecular Imaging Software (Mac & PC) 

v5.0.2. Quantification was based on the measurement of the areas of each peak of α-casein and β-

casein or their generated peptide fragments as relative percentages of the total casein. 

 

4.8 GELATIN SDS-PAGE 

Enzyme activities of plant extracts were detected by zymography. A volume of 40 µL of 

each extract was loaded into SDS-PAGE gels containing 0.1% gelatin (w/v). Electrophoresis (SDS-

PAGE) was performed with a 4.9% (w/v) polyacrylamide stacking gel in 0.125M Tris-HCl buffer, 

pH 6.8 and with a 10% (w/v) polyacrylamide resolving gel in 0.38M Tris-HCl buffer, pH 8.8 

containing 0.1% (w/v) SDS, for 220 min at 80 V. After electrophoretic migration, the gels were 

washed three times in tris buffer saline (TBS) pH 7.2 for 30 min. The hydrolysis reaction then 

proceeded inside the gel during incubation at 37°C for 24 h. The active enzymes were revealed as 

translucent bands after incubation of the gels, first in Coomassie Brilliant Blue for 60 min, and 

second in a destaining solution.  

 

4.9 STATISTICAL ANALYSIS  

ORAC data are presented as means ± SD. Statistical analysis was carried out using statistical 

package Statgraphics Centurion XVI (StatPoint Technologies Inc., USA, 2010) program and 

significance of each group was verified with the analysis of the One-way ANOVA followed by the 

Tuckey test at p < 0.05. 

 

5. RESULTS AND DISCUSSION 

Proteinases, also called as proteolytic enzymes or proteinases, refer to a group of enzymes 

whose catalytic function is to hydrolyze peptide bond of proteins. Proteinases are the most 

commercially important enzymes due to their multiple applications in the food, pharmaceutical and 

detergent industries (Doran, 2002). One of the main applications of proteinases in the food industry 

is the use of rennet in cheese making. Milk-clotting enzymes have been found in almost all kinds of 

plant tissues and it appears to be a general rule that all proteolytic enzymes possess the ability to 

clot milk under proper conditions (Tamer and Mavituna, 1997). In this regard, plant proteinases, 

i.e., Cynara cardunculus L. and Ficus carica L., could stimulate an interest in local cheese 

production and be a valid alternative to the traditional calf rennet. The objective of the current study 
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was (i) to characterize the biochemical properties (pH and temperature) of proteinases from Cynara 

cardunculus L. (CC) and Ficus carica L. (CS) in order to assess their potential use in cheese 

making, and (ii) to evaluate the effect of their enzyme concentration on the profile of hydrolysis of 

bovine αs- and β-caseins, which can be fruitful as source of biologically active peptides. Several 

plant proteinases have been purified and characterized by many authors (Lo Piero et al., 2002;  

Bruno et al., 2002; Sidrach et al., 2004; Devaraj et al., 2008; Azarkan et al., 2011). In this study, 

however, Cynara cardunculus L. and Ficus carica L. proteinases were not isolated; thus crude 

extracts were employed for the experiments. Although the properties of the crude enzyme 

preparation may well be derived from a combination of proteins, characterization of crude extracts 

is regarded as essential due to their potential use in cheese technology (Chazarra et al., 2007).  
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Fig. 1 Effect of pH on Cynara cardunculus L. (CC) proteinase activity. Proteolytic activity was 

measured using azocasein as substrate. 

 

In addition to being costly, the overall process of purification is rather slow and cumbersome; 

hence, it is hardly appropriate when large quantities of those enzymes are sought (Silva et al., 

2002). The enzymatic action of crude extracts of Cynara cardunculus L. and Ficus carica L. was 

firstly spectrophotometrically characterized in vitro at different pHs and temperatures. Several 

colourimetric methods have been described to detect and quantify proteinase activity (Rollema et 

al., 1989). Some of them measure the degradation of natural milk substrates due to the action of the 

proteolytic enzymes through the determination of the concentration of acid-soluble amino acids and 

peptides. However, there are other types of assays which specifically and directly measure the 

proteolytic activity of the samples by using synthetic substrate which, when hydrolyzed, releases 

coloured products. Azocasein (Charney and Tomarelli, 1947; Christen and Marshall; 1984) is one 

of these substrates; thus it was employed in the biochemical characterization. At first, proteolytic 
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activity was studied in terms of pH optimum in order to identify the best buffered conditions of 

these enzymes. The pH-activity profile of Cynara cardunculus L. (CC) crude extract is shown in 

Fig. 1. The plant extract exhibited optimum activity at pH 5.0 (Fig. 1). This result seems to support 

the concept that, as the optimum pH falls within the range of the pH acid, CC is an aspartic 

proteinase. The pH optima of aspartic proteinases, in fact, normally lies between 1.5 and 5.0. In the 

case of Cynara cardunculus L. crude extract, the optimum pH was similar to that found by other 

authors (Heimgartner et al., 1990; Llorente et al., 2004; Sidrach et al., 2005). On the contrary, Ficus 

carica latex exhibited a broad pH activity profile (Fig. 2). The maximum activity was observed 

between pH 6.0 and 9.0, and its optimum was shown at pH 7.0., revealing that the enzyme was 

more active in the neutral range. The lowest activity was detected in the acidic range, indicating the 

liable nature of ficin in acidic conditions. Similar findings were reported earlier by Kramer and 

Whitaker (1964), who showed that the different ficin fractions from Ficus carica were more active 

in the neutral pH range, while Englund et al. (1968) remarked the acidliable nature of ficin from 

Ficus glabrata.  

 

0

2

4

6

8

10

0 1 2 3 4 5 6 7 8 9 10

pH

A
rb

itr
a

ry
 U

ni
ts

Azocasein

 
Fig. 17 Effect of pH on Ficus carica L. (CS) proteinase activity. Proteolytic activity was measured 

using azocasein as substrate. 

 

Recently, Devaraj et al. (2008) observed a similar pH-profile for a purified ficin from Ficus carica 

latex. Finally, to study the influence of temperature on proteolytic activity of these plant extracts, a 

temperature range from 20 to 90°C was selected. Fig. 3 and 4 show that the proteolytic activity both 

for cardosin and ficin was optimal at 60°C, using azocasein as substrate. However, at higher 

temperatures there was a rapid decline in the enzymatic activity. 
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Fig. 3 Effect of temperature on Cynara cardunculus L. (CC) proteinase activity. Proteolytic 

activity was measured using azocasein as substrate. 

 

The thermophilic nature of other plant proteinases was reported differently by Sidrach et al. (2005) 

and Chazarra et al. (2007) on cynarase (70°C), Raposo and Domingos (2008) on the proteinase of 

Centaurea calcitrapa (52°C), Lo Piero et al. (2002) on the lettucine from Lactuca sativa (50°C).  
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Fig. 4 Effect of temperature on Ficus carica L. (CS) proteinase activity. Proteolytic activity was 

measured using azocasein as substrate. 

 

Nevertheless, these results are comparable to earlier reports. Yadav et al. (2006) characterized a 

serine proteinase from Euphorbia milii with a maximum activity around 60°C. A similar optimum 

temperature was showed by Ficus racemosa (Devaraj et al., 2008). Overall, such pH and 

temperature profiles can make these plant proteinases excellent enzymes for dairy industry. 

Furthermore, Ficus carica latex exhibited a higher and broader proteolytic activity than the crude 
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extract of Cynara cardunculus. This different pattern could be related to the proteinase specificity 

of these plant extracts. Therefore, it is very important for cheese manufacture to minimize the 

general non-specific proteolysis and prevents excessive proteolysis during ripening, ensuring the 

correct ratio between protein and peptides (Duarte et al., 2009). Hence, when a potential rennet 

substitute is studied, it is important to evaluate the degradation patterns of the caseins because of 

their effect on the yield, texture, and flavor of the final cheese (Fox, 1989). This purpose was 

achieved by assessing the hydrolysis of αs- and β-caseins by Cynara cardunculus and Ficus carica 

qualitatively and quantitatively. Proteolysis of bovine caseins by the crude plant extracts was 

characterized qualitatively by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-

PAGE) technique; while quantification of intact casein fractions was examined using densitometry. 

At this purpose, experimental conditions similar that parallel milk (pH 6.5) were employed to 

monitor the evolution with time of the breakdown patterns of bovine caseins. Furthermore, a 

comparison of both crude extracts was carried out at two different enzyme concentrations (3 and 30 

µg), as preliminary study of casein breakdown in model systems. As expected, the extent of 

degradation of αs- and β-caseins by both plant extracts depended on the dose of enzyme used as 

well as the time of hydrolysis. The proteolytic activity, in fact, increased rapidly at higher enzyme 

concentration, producing a major hydrolysis as time elapsed (Fig 5, 6, 7, 8). In particular, Cynara 

cardunculus and Ficus carica showed to hydrolyze αs-casein faster than β-casein. Therefore, the 

bonds in αs-casein appeared to be more susceptible to degradation than β-casein. This observation is 

consistent with published data encompassing actual cheeses manufactured with extracts of Cynara 

cardunculus as rennet (Carretero et al., 1994; Mora and Marcos, 1981; Mulvihill and Fox, 1977; 

Sousa and Malcata, 1996; Tavaria et al., 2001; Silva et al., 2002). The hydrophobic nature of β-

casein probably made it more resistant to the hydrolysis than αs-casein. When cardosin was 

employed as proteinase, an extensive degradation of αs-CN occurred by 15 and 5 min at the enzyme 

concentration of 3 and 30 µg, respectively. Furthermore, this casein fraction was hydrolyzed to a set 

of bands of higher electrophoretic mobility and poorly stained at the bottom of the gel, which may 

correspond to short and medium peptides released during the catalytic reaction (Fig. 5a, b). A 

similar pattern was observed in solutions of bovine αs-casein incubated with extract from flowers of 

Cynara cardunculus (Sousa, 1993). Other authors (Sousa and Malcata, 1998b), who employed 

aqueous extract of Cynara cardunculus flowers on ovine and caprine Na-caseinate at 30°C at pH 

6.5, obtained the same bands. Also Ficus carica latex showed to hydrolyze extensively and 

completely αs-casein. In particular, 3 µg of ficin broke down αs-casein in 5 min of enzymatic 

reaction and no bands were detected after this time of hydrolysis (Fig. 6a, lanes 4-9). However, the 

proteolytic activity of ficin was higher with 30 µg of the catalytic protein, leading to the immediate 
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Fig. 518 SDS-PAGE electrophoretograms illustrating the degradation of bovine αs-casein by the 

crude extract of Cynara cardunculus (CC) at (a) 3 µg and (b) 30 µg of enzyme concentration. 

Lane 1 contains molecular weight proteins markers (the same for the two gels). Lanes 2 contains 

the intact α-casein. Lanes 3-9 correspond to the hydrolysis of α-casein at different times of 

incubation: (3) 5 min; (4) 15 min; (5) 30 min; (6) 45 min; (7) 60 min; (8) 75 min; (9) 90 min. 
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Fig. 6 SDS-PAGE electrophoretograms illustrating the degradation of bovine α-casein by the 

crude extract of Ficus carica (CS) at (a) 3 µg and (b) 30 µg of enzyme concentration. Lane 1 

contains molecular weight proteins markers (the same for the two gels). Lanes 2 contains the intact 

α-casein. Lanes 3-9 correspond to the hydrolysis of α-casein at different times of incubation: (3) 5 

min; (4) 15 min; (5) 30 min; (6) 45 min; (7) 60 min; (8) 75 min; (9) 90 min. 
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hydrolysis of αs-casein within 5 min (Fig. 6b). On the contrary, it was noteworthy that β-CN was 

less sensitive to the action of both proteinases than αs-CN (Fig. 7, 8). Bovine β-casein was still 

present within 90 min of hydrolysis with 3 µg of cardosin (Fig. 7a). In the specific, the breakdown 

of this casein fraction yielded four bands in 5 min of hydrolysis. At 15 min, however, the first three 

bands markedly disappeared, whereas traces of the fourth one still remained and seemed to vanish 

as time elapsed. Simultaneously a new band appeared (molecular weight ca. > 20 kDa), increasing 

its intensity gradually. A different pattern of hydrolysis and a major number of bands were observed 

when β-casein was incubated with 30 µg of cardosin. In addition to the main two bands detectable 

with a low concentration of the same crude extract, other bands with lower molecular weight (ca. < 

20 kDa) came out within 60 min (Fig. 7b, lanes 2-6). Also in this case new peptides appeared as a 

consequence of caseins hydrolysis, detectable by a set of bands of higher electrophoretic mobility 

which became more intense as reaction time elapsed (Fig. 7b, lanes 3-9).  

On the other hand, the hydrolysis of β-casein with 3 µg of ficin yielded five major bands, which 

remained intact for up to 45 min (Fig. 8a, lanes 2-6). Besides, a higher dose of ficin (30 µg) 

determined an extensive hydrolysis of β-casein within 5 min (Fig. 8b). These general observations 

were confirmed by the densitometric analysis, which allowed to quantify the rate of hydrolysis of 

caseins for each enzyme concentration used. The kinetics of caseins digestion by Cynara 

cardunculus and Ficus carica, expressed as relative percentages of the total casein, are shown in 

Fig. 9-10-11-12-13. Bovine αs-CN was hydrolyzed by cardosin within 30 min at both 

concentrations: the residual amount of αs-CN within 30 min was 10.75 and 5.2% at 3 and 30 µg, 

respectively (Fig. 9). This result remarked the effect of the concentration on the rate of hydrolysis. 

On the other hand, 3 µg of Cynara cardunculus degraded up β-CN to 40.51% within 5 min; while 

the residual β-CN was 11.79% at the end of enzymatic reaction (90 min) (Fig. 10). A different 

proteolysis pattern was noted with the increase of the enzyme concentration up to 30 µg:  β-CN 

decreased by 94.9% after 60 min of incubation. As described previously, β-CN was also hydrolyzed 

to a set of bands of higher electrophoretic mobility at the bottom of the gel, whose kinetic is shown 

in Fig. 11. Contrary to the other densitograms, the kinetic and the intensity of these bands increased 

as time elapsed. This degradation pattern could correspond to short and medium peptides released 

during the catalytic reaction. The generation of these peptides was approximately of 12.63 and 

60.81% at 5 and 90 min of incubation, respectively. Therefore, this result could encourage the 

research on peptides with biologically activity. Also the densitograms of ficin confirmed the 

previous observations (Fig. 12-13). Ficus carica latex did not show a gradual proteolytic action on 

bovine caseins. In particular, α-casein was degraded up to 11.27% in 5 min of hydrolysis with an 

enzyme dose of 3 µg, whereas no residual casein was quantified within 5 min at the increased 
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Fig. 7 SDS-PAGE electrophoretograms illustrating the degradation of bovine β-casein by the 

crude extract of Cynara cardunculus (CC) at (a) 3 µg and (b) 30 µg of enzyme concentration. 

Lane 1 contains molecular weight proteins markers (the same for the two gels). Lanes 2 contains 

the intact β-casein. Lanes 3-9 correspond to the hydrolysis of α-casein at different times of 

incubation: (3) 5 min; (4) 15 min; (5) 30 min; (6) 45 min; (7) 60 min; (8) 75 min; (9) 90 min. 
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Fig. 8 SDS-PAGE electrophoretograms illustrating the degradation of bovine β-casein by the 

crude extract of Ficus carica (CS) at (a) 3 µg and (b) 30 µg of enzyme concentration. Lane 1 

contains molecular weight proteins markers (the same for the two gels). Lanes 2 contains the intact 

β-casein. Lanes 3-9 correspond to the hydrolysis of α-casein at different times of incubation: (3) 5 

min; (4) 15 min; (5) 30 min; (6) 45 min; (7) 60 min; (8) 75 min; (9) 90 min. 
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Fig. 9 Degradation of αs-casein by Cynara cardunculus at 3 and 30 µg (,pH 6.5, 37°C). Time-course of 

digestion: 5 min, 15 min, 30 min, 45 min, 60 min, 75 min and 90 min. Values come from the 

corresponding densitograms of SDS-PAGE. 
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Fig. 1019 Degradation of β-casein by Cynara cardunculus at 3 and 30 µg (pH 6.5, 37°C). Time-course of 

digestion: 5 min, 15 min, 30 min, 45 min, 60 min, 75 min and 90 min. Values come from the 

corresponding densitograms of SDS-PAGE.  
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Fig. 11 Degradation of β-casein by Cynara cardunculus (30 µg, pH 6.5, 37°C). Time-course of 

digestion: 5 min, 15 min, 30 min, 45 min, 60 min, 75 min and 90 min. Values come from he 

corresponding densitograms of SDS-PAGE.  
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Fig. 12 Degradation of αs-casein by Ficus carica at 3 and 30 µg (pH 6.5, 37°C). Time-course of 

digestion: 5 min, 15 min, 30 min, 45 min, 60 min, 75 min and 90 min. Values come from the 

corresponding densitograms of SDS-PAGE.  

 



 89 

0

20

40

60

80

100

0 15 30 45 60 75 90

Hydrolysis time (min)

%
 R

e
si

du
a

l c
a

se
in

3 µg 30 µg

 
 

Fig. 13 Degradation of β-casein by Ficus carica at 3 and 30 µg (pH 6.5, 37°C). Time-course of 

digestion: 5 min, 15 min, 30 min, 45 min, 60 min, 75 min and 90 min. Values come from the 

corresponding densitograms of SDS-PAGE. 

 

 

Fig. 1420 Gelatin zymogram analysis performed by sodium dodecyl sulphate polyacrylamide gel 

electrophoresis (SDS-PAGE) of Ficus carica latex (CS). 

 

enzyme concentration (Fig. 11). Also ficin showed to hydrolyze slowly and gradually β-

casein with the dose of 3 µg. In comparison to the first 5 min of hydrolysis, β-CN was 

digested up to ca. 9 and 23.6% at 45 and 90 min, respectively. On the contrary, the digestion 

of β-CN with 30 µg of ficin proceeded fastly, reporting ca. 10% of residual casein at 15 min 

(Fig. 13). From these results, it was concluded that both the source of proteolytic enzymes and 
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the nature of the substrates yielded significant effects in the percent degradation of bovine 

caseins. As observed with the azocasein assay, Cynara cardunculus exhibited a specific and 

lower proteolytic activity than Ficus carica.  This result agrees with that of Nouani et al. 

(2009), who found that the proteolytic activity of Ficus carica had a more marked kinetic on 

casein compared to Cynara scolymus, another variety belonging to the family of Asteraceae. 

To better study the broad specificity of Ficus carica proteinase, zymogram in denaturing 

conditions was carried out.  

Zymography is a simple, sensitive, and quantifiable technique that is widely used to detect 

functional enzymes following electrophoretic separation in gels (Leber and Balkwill, 1997; 

Kim et al., 1998). Such methods use sodium dodecyl sulfate (SDS)–polyacrylamide gels, 

which are copolymerized with a substrate degraded by the enzymes during incubation after 

electrophoretic separation. Activity in zymograms is visualized as clear bands, and at this 

purpose, gelatin was used as substrate to detect enzymatic activity of Ficus carica latex. 

Gelatin zymography, in fact, has the advantage of distinguishing different species of enzymes 

due to their mobility difference (Raser et al., 2005). The zymogram of Ficus carica proteinase 

towards gelatin displayed three major proteolytic bands and other ones less intense (Fig.14). 

Moreover, ficin activity was detected mainly in the stacking portion of the gel, indicating that 

the enzyme aggregated extensively. Therefore, the enzymatic activity of this plant proteinase 

was the expression of many isoforms electrophoretic mobility, indicating a high level of 

polymorphism. 

 

6. CONCLUSIONS 

In summary, this chapter reports the proteolytic activity of Cynara cardunculus L. and 

Ficus carica L. crude extracts on bovine casein. The biochemical properties of these 

proteinases, i.e., pH and temperature, are useful for exploring the potentials applications of 

these plant extracts in dairy industry. The proteolytic activity of both plant crude extracts 

appears to be related to the type and specificity of proteinase, enzyme concentration, type of 

substrate as well as time of hydrolysis. Moreover, the densitometric analysis is a useful 

technique to quantify proteolytic activity. Further studies need to be carried out to assess the 

use of Cynara cardunculus and Ficus carica proteinases in cheese making and their 

contribution on proteolysis, development of flavour as well source of bioactive peptides. 
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CHAPTER 4 
 

Antioxidant activity of hydrolysates of bovine casein 
 

 

 

 
ABSTRACT 

The antioxidant activity of bioactive peptides can be attributed to their radical 

scavenging, inhibition of lipid peroxidation and metal ion chelation properties. Cynara 

cardunculus L. and Ficus carica L. proteinases were investigated for their ability to produce 

antioxidant hydrolysates/peptides from bovine casein (CN). Since Cynara cardunculus 

protease reported low degree of hydrolysis (DH) on Na-CN, this plant extract was not 

considered as a good source of bioactive peptides. On the contrary, Na-CN and β-CN 

hydrolysates obtained with Ficus carica protease had a final degree of hydrolysis (DH) of 

18.49 and 21.24%, respectively, after 6 and 4 h digestion. Consistent with the changes in DH, 

the hydroxyl radical scavenging activity increased with increasing DH. The Oxigen Radical 

Absorbance Capacity (ORAC) values of Na-CN and β-CN hydrolysates varied and ranged 

from 6506 to 18081, and from 50722 to 118977 µmol Trolox/100g of protein, respectively. 

Gel permeation HPLC showed that the 21.24 % DH  β-CN hydrolysate had 64.88 % of 

peptide material with MW < 500 Da. Analysis of β-CN hydrolysate by UPLC/MS allowed 

identification of 12 peptide sequences with potential antioxidant properties due to their high 

level of His, Leu, Pro residues and other hydrophobic amino acids. The results suggested that 

the antioxidant activity of bovine casein hydrolysates and, especially β-CN digests, were 

related to their degree of hydrolysis (DH) as well as to the amino acid composition and 

sequence, the size of peptides produced at different stages of digestion. 

 

Keywords: Cynara cardunculus L., Ficus carica L., sodium caseinate, β-casein, degree of 

hydrolysis, bioactive peptides, antioxidant activity, ORACFL assay, mass spectrometry. 

 

INTRODUCTION  

The role of proteins in the diet is widely recognized, not only as a source of essential 

amino acids but also of biologically active peptides (BAPs). Bioactive peptides have been 
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defined as specific protein fragments that have a positive impact on body functions or 

conditions and may ultimately influence health (Kitts and Weiler, 2003) by affecting the 

cardiovascular, digestive, immune and nervous systems. These peptides are not active within 

the parent protein but can be released and activated following enzymatic hydrolysis 

(FitzGerald and Meisel, 2003; Gobbetti et al., 2002). The activity of these peptides is based 

on their inherent amino acid composition and sequence. The size of active sequences may 

vary from two to twenty amino acid residues, and many peptides are known to contain 

multifunctional properties (Meisel and FitzGerald, 2003). In this regard, milk proteins are 

considered the most important source of bioactive peptides as reviewed in many articles 

(FitzGerald and Meisel, 2003; Korhonen and Pihlanto, 2003a, b; Silva and Malcata, 2004; 

Korhonen and Pihlanto, 2006; Hartmann and Meisel, 2007; Korhonen, 2009; Phelan et al., 

2009a).  

This chapter focuses on casein-derived peptides, with particular emphasis on antioxidant 

peptides for three main reasons. At first, the identification of antioxidative BAPs, which could 

interact with free radicals and other reactive oxygen species (ROS) by preventing oxidative 

damage in the body and in foodstuffs, is highly desirable. Therefore, research focusing on this 

area is beneficial. Secondly, recent studies have shown that antioxidative peptides can be 

released from caseins during hydrolysis by digestive enzymes and during fermentation of 

milk with proteolytic LAB strains (Korhonen and Pihlanto, 2003b). At present, most of 

antioxidative casein derived-peptides have been generated by enzymatic hydrolysis with 

pepsin and trypsin (Suetsuna et al., 2000; Rival et al., 2001b), and fermentation of milk with 

Lactobacillus delbrueckii subsp. bulgaricus (Kudoh et al., 2001). However, there is a lack of 

studies on the use of plant proteinases and/or coagulants in the release of antioxidant peptides 

from casein. Hence, further investigations are needed to enhance the availability of bioactive 

peptides and, in particular, to promote the production of antioxidants using natural sources, 

such as plant proteinases. Finally, the commercial use of proteinases of plant-origin has 

gained increased popularity due to their unique functions and cost-effectiveness (Hogan et al., 

2009). In this regard, the use of plant-derived proteinases to generate plant-derived bioactive 

peptides can meet the needs of people who avoid consuming animal-derived products due to 

diet (vegetarians) and/or religious reasons (e.g., Judaism and Islamism).  

Ficus carica L. and Cynara cardunculus L. are mainly known to produce proteinases which 

coagulate milk. Several studies have purified and characterized proteinases from the latex of 

Ficus carica L. (Sgarbieri et al., 1964; Devaraj et al., 2008; Azarkan et al., 2001) and the 

aqueous extract of Cynara cardunculus L. (Lo Piero et al., 2002;  Bruno et al., 2002; Sidrach 
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et al., 2004). However, to our knowledge no previous studies appear to report on the use 

Ficus carica and Cynara cardunculus- derived proteinases in the release of antioxidative 

BAPs. The objective of the current study was to evaluate the antioxidant activity of bovine 

sodium caseinate (Na-CN) and β-casein (β-CN) hydrolysates generated using these two plant 

extracts.  

 

1. GENERATION OF BIOACTIVE PEPTIDES  

Biologically active peptides can be produced from precursor milk proteins in the 

following ways: (a) enzymatic hydrolysis by digestive enzymes, (b) fermentation of milk with 

proteolytic starter cultures, and/or (c) proteolysis by enzymes derived from microorganisms or 

plants. In many studies combinations of (a), (b) and (c) have proven effective in the 

generation of biofunctional peptides (Korhonen and Pihlanto, 2003a). 

 

1.1 ENZYMATIC HYDROLYSIS  

Enzymatic hydrolysis of whole proteins is the main approach used to produce 

bioactive peptides. Digestive enzymes, such as pepsin, trypsin and chymotrypsin, have been 

shown to release bioactive peptides from various proteins. In addition, enzyme combinations 

including AlcalaseTM, chymotrypsin, Pancreatin, trypsin and thermolysin as well as enzymes 

from bacterial and fungal sources can be used to generate various bioactive peptides from 

different intact protein molecules (FitzGerald et al., 2004; Kilara and Panyam, 2003; 

Korhonen and Pihlanto, 2003b). 

 

1.2 M ICROBIAL FERMENTATION  

Many dairy starter cultures are highly proteolytic. Lactic acid bacteria (LAB), such as 

Lactococcus lactis, Lactobacillus helveticus and Lactobacillus delbrueckii var. bulgaricus, 

can generate bioactive peptides when used in the manufacture of fermented dairy products.  

Many authors have reported the release by microbial fermentation of various bioactive 

peptides from milk (Nakamura et al., 1995; Pihlanto-Leppälä et al., 1998; Yamamoto et al., 

1999). 

 

1.3 HYDROLYSIS USING ENZYMES OBTAINED FROM M ICROORGANISMS  

Proteolytic enzymes isolated from LAB have also been successfully used to release 

bioactive peptides from milk proteins. For example, Yamamoto et al. (1994) studied the 
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angiotensin-I-converting-enzyme (ACE) inhibitory activity of peptides derived from αs1- and 

β-casein by employing a proteinase from Lactobacillus helveticus CP790. Other authors 

purified and characterised an endopeptidase from Lactobacillus helveticus CM4 and 

demonstrated that this peptidase can generate anti-hypertensive peptides using synthetic pro-

peptides as substrates (Ueno et al., 2004). The use of commercially available microbially-

derived food grade proteinases to hydrolyse casein is advantageous as these enzymes are low-

cost and safe (Mao et al., 2007). 

 

2. BIOLOGICAL ACTIVITIES OF CASEIN HYDROLYSATES  

 A growing interest has focused on biologically active casein-derived peptides as 

regulators of specific physiological functions in the body. These peptides are inactive within 

the sequence of the parent protein molecule and can be liberated by digestive enzymes during 

gastrointestinal transit or by fermentation or ripening during food processing (Kitts and 

Wailer, 2003). The beneficial health effects may be attributed to numerous known peptide 

sequences exhibiting antimicrobial, antioxidative, antithrombotic, antihypertensive, 

immunomodulatory and opioid activities (Korhonen, 2009). Moreover, some peptides are 

multifunctional and can exert more than one of these activities (Meisel, 2004). 

 

2.1 HYPOTHENSIVE (ACE INHIBITORY ) PEPTIDES   

Angiontensin-I-converting enzyme (ACE), a zinc-dependent carboxypeptidase, has 

been associated with the rennin-angiotensin system which regulates peripheral blood pressure. 

The enzyme catalyzes the conversation of angiotensin I to the potent vasoconstrictor 

angiotensin II with a consequent increasing of blood pressure. ACE can also catalyze the 

degradation of bradykinin, a vasodilatory peptide, and enkephalins. It is evident, therefore, 

that inhibition of ACE may exert an anthihypertensive effect as a consequence of a decrease 

in angiontensin II and a concomitant increase in bradykinin activity (FitzGerald and Meisel, 

2003). A great number of ACE inhibitory peptides have been identified from the digestion of 

milk proteins and in particular from caseins. Casokinin sequences, casein-derived peptide 

inhibitors of ACE (Meisel and Schlimme, 1994), have been found in αs1 , β- and κ-caseins. 

The IC50 value (inhibitor concentration leading to 50% inhibition) is used to estimate the 

effectiveness of different ACE inhibitory peptides (Hartmann and Meisel, 2007). For 

example, potent casokinins include αs1-CN (f 25-27), β-CN (f 74-76), β-CN (f 169-174), κ-

CN (f 108-110) which have ACE IC50 values of 2, 5, 5 and 5 µmol/l, respectively (FitzGerald 

and Meisel, 2003). 
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2.2 OPIOID PEPTIDES 

 Opioid peptides are defined as peptides such as enkephalins, which have an affinity for 

an opiate receptor as well as opiate-like effects. These opioid peptides are opioid receptors 

ligands with agonistic or antagonistic activities. Opioid receptors are located in the nervous, 

endocrine and immune systems as well as in the gastrointestinal tract of mammals. The 

physiological effect of these peptides depends on receptor type, e.g., µ receptors are linked to 

the control of intestinal motility and emotional behaviour, δ receptors control emotional 

behaviour and κ receptors are linked with analgesia and satiety (Höllt, 1983). The common 

structural motif of opioid peptides is an N-terminal tyrosine residue (except α-casein opioids) 

and another aromatic residue in the third or fourth position from the N terminus (Phe or Tyr) 

(Meisel, 1998).  

Peptides with opioid activity have been identified in various casein fractions hydrolyzed by 

digestive enzymes (Loukas et al., 1983; Xu, 1998; Perpetuo et al., 2003). The first exogenous 

opioid peptides discovered were β-casomorphins (Brantl et al., 1979), which are fragments of 

β-casein between (f 60-70) and were characterized as µ-type ligands (Meisel, 1986; 

Teschemacher and Brantl, 1994). Three αs-casein-derived exorphins, which correspond to 

bovine αs1-casein f 90–95, f 90–96 and f 91–96, were found to be δ-selective receptor ligands 

(Loukas et al, 1983). More rencently, Perpetuo et al. (2003) reported a new peptide from γ-

casein, Tyr-Pro-Val-Glu-Pro-Phe-Thr-Glu, possessing in vitro opiate-like activity, which was 

generated by tryptic hydrolysis of casein. Opioid antagonists have been found in bovine κ-

casein (Chiba et al, 1989). Two bovine casoxins are opioid receptor ligands of the µ-type, 

with relatively low antagonistic potency as compared with naloxone (Meisel, 1998). Casoxins 

A and B correspond to amino-acid sequences within bovine κ-casein; casoxin A corresponds 

to f 35–41 of κ-casein (i.e. Tyr-Pro-Ser-Tyr-Gly-Leu-Asn), whereas casoxin B is accounted 

for by f 58–61 of κ-casein (i.e. Tyr-Pro-Tyr-Tyr). Casoxin C is an opioid antagonist obtained 

from tryptic digests of bovine κ-casein; its sequence corresponds to f 25–34 (i.e. Tyr-Ile-Pro-

Ile-Gln-Tyr-Val-Leu-Ser-Arg), and possesses the highest biological potency (Xu, 1998). 

 

2.3 M INERAL BINDING PEPTIDES (CCPS) 

Tryptic digestion of the casein proteins yields caseinophosphopeptides (CCPs), which 

contains clusters of phosphorylated seryl residues (Cross et al., 2005). These phosphoseryl 

clusters have been hypothesized to be responsible for the interaction between the caseins and 

calcium phosphate that leads to the formation of casein micelles. The excellent bioavailability 

of minerals such as calcium from dairy products has been attributed, in part to the presence of 
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caseinophophopeptides (CPPs) which, due to their highly polar acidic domains, can binds and 

solubilise minerals (Kitts and Yuan, 1992; FitzGerald, 1998). CPPs have been found after in 

vitro and/or in vivo digestion of αs1 -, αs2  and β-casein (Kitts, 1994). However, until now, no 

evidence has been supplied for the effectiveness of CPPs in increasing passive calcium 

absorption in humans (Meisel, 2007).    

 

2.4 ANTIMICROBIAL PEPTIDES 

 The most well-studied antimicrobial peptides from milk are the lactoferricins, which 

derive from the whey protein, lactoferrin. However, a few antibacterial peptides have been 

identified from αs1 and αs2- casein (Rizzello et al., 2005; McCann et al., 2006). In particular, 

an antibacterial isracidin, αs1-CN (f 1-23), was significantly effective against lethal infection 

of mice by Staphylococcus aureus, but also Candida albicans. Furthermore, caseicidin, 

obtained by chymosin-mediated digestion of casein at neutral pH, was among the first defence 

peptides actually purified - it exhibited activity against Staphylococcus spp., Sarcina spp., 

Bacillus subtilis, Diplococcus pneumoniae and Streptococcus pyogenes (Lahov and Regelson, 

1996). Generally, antimicrobial peptides act against different Gram-positive and Gram-

negative bacteria (Escherichia, Helicobacter, Listeria, Salmonella and Staphylococcus), 

yeasts and filamentous fungi (Meisel, 2007). 

 

2.5 IMMUNOMODULATORY PEPTIDES 

 Immunomodulatory peptides can enhance immune cell functions, measured as 

lymphocyte proliferation, natural killer (NK) cell activity, antibody synthesis and cytokine 

regulation (Horiguchi et al., 2005; FitzGerald and Murray, 2006). Moreover, 

immunomodulatory peptides may reduce allergic reactions in atopic humans and enhance 

mucosal immunity in the gastrointestinal tract (Korhonen and Pihlanto, 2003). In particular, 

peptides obtained during hydrolysis of casein have been shown to modulate various aspects of 

immune function (Gill et al., 2000). Immunomodulatory peptides derived from bovine β-

casein (f 63–68 and f 191–193) and  αs1-casein (f 194–199) were isolated (Migliore-Samour 

and Jollès, 1988). These peptides were found to stimulate phagocytic activity of murine and 

human macrophages in vitro, and exert a protective effect against Klebsiella pneumoniae 

infection in mice in vivo (Migliore-Samour, Floch and Jollès, 1989). More recently, the pH 

4.6-soluble products from the hydrolysis of whole bovine casein by chymosin encompassed 

peptides possessing immunomodulatory activity, i.e. αs1-casein f 1–23 and β-casein f 193–209 

(Minkiewicz et al., 2000). A tripeptide from κ-casein significantly increased the proliferation 
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of human peripheral blood lymphocytes in vivo (Kayser and Meisel, 1996). The C-terminal 

sequence of bovine β-casein (f 193–209), containing β-casokinin-10, induced similar results 

in rats (Coste et al., 1992) 

 

2.6 CYTOMODULATORY PEPTIDES 

Cytochemical studies have provided increasing evidence that food-derived bioactive 

peptides modulate viability (e.g. proliferation, differentiation and apoptosis) of different cell 

types. Some milk-derived peptides, for example, have been shown to trigger apoptosis, 

especially in malignant cells, whereas normal cells seem to be less susceptible. 

Cytomodulatory peptides derived from casein fractions inhibit cancer cell growth or stimulate 

the activity of immunocompetent cells and neonatal intestinal cells (Meisel and FitzGerald, 

2003).  

  

2.7 ANTITHROMBOTIC PEPTIDES  

Antithrombotic peptides, casoplatelins, are derived from the C-terminal region 

(caseinoglycomacropeptide) of bovine κ-casein. These peptides inhibit blood platelet 

aggregation and fibrinogen binding (γ-chain). The main antithrombotic peptides of κ-casein 

correspond to κ-CN (f 106-116). The smaller peptides, (f 106-112) and (f 113-116), are less 

potent inhibitors of platelet aggregation and do not inhibit fibrinogen binding (Fiat and Jollès, 

1989; FitzGerald and Meisel, 2003). 

 

2.8 ANTIOXIDANT PEPTIDES 

2.8.1 OXIDATIVE DAMAGE  

Free radicals and other reactive oxygen species (ROS) contribute to oxidation 

processes in the body and in foodstuffs. Oxidative damage causes several age-specific 

diseases and neurodegenerative disorders. For example, many studies have shown increased 

oxidative damage to all the major classes of biomolecules in the brains of Alzheimer’s 

patients (Halliwell, 2001; Butterfield, 2002; Liu et al., 2003). Other diseases in which 

oxidative damage has been implicated include cancer, atherosclerosis, other 

neurodegenerative diseases and diabetes (Hagen et al., 1994; Chowienczyk et al., 2000; 

Halliwell, 2000; 2001; 2002a, b; Parthasarathy et al., 2000). Compounds which are 

responsible for destructive and lethal cellular effects are lipid peroxides and low molecular 

weight compounds produced during the late stage of oxidative reactions. The main targets of 

these reactions are lipids, proteins, DNA and enzymes (Halliwell et al., 1995). It is also well 
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known that oxidative reactions in food also lead to deterioration in quality, such as 

unacceptable taste or texture, colour, loss of nutritive value and shortening of shelf life. 

Therefore, it is important to inhibit lipid peroxidation to prevent the loss of quality in 

foodstuffs and to protect the body against age-specific diseases and neurodegenerative 

disorders. The use of synthetic and natural antioxidants can prevent and diminish oxidative 

stress and its deleterious effects. Synthetic antioxidants are cost-effective and efficient but 

display some toxic and hazardous effects (Ito et al., 1985), consequently their use in 

foodstuffs is restricted or prohibited in some countries. On the contrary, natural antioxidants 

have been the focus of growing interest for their potential health benefits with no or little side 

effects (Sarmadi and Ismail, 2010).  

 

2.8.2 ANTIOXIDATIVE PEPTIDES FROM CASEIN 

Proteins from certain food sources have been reported to have the ability to scavenge 

active oxygen species (Okada and Okada, 1998). Food proteins displaying antioxidant 

activity, include porcine myofibrillar protein (Saiga et al., 2003), soy and gelatin (Park et al., 

2005), potato (Pihlanto et al., 2008), milk proteins of which caseins (Rival et al., 2001a, b) 

and finally whey proteins (Hu et al., 2003a,b; Lajoie et al., 2011; Peña-Ramos and Xiong, 

2003). In addition, protein hydrolysates have also been found to exhibit antioxidant activity. 

In this regard, the antioxidant potential of proteins derived from dairy products is well known 

(Allen and Wrieden, 1982; Colbert and Decher, 1991; Stuchell and Krochta, 1995; Maté et 

al., 1996). Caseins have polar domains that contain phosphoseryl residues, and their 

characteristic sequences, –SerP– SerP–SerP–Glu–Glu, are effective cation chelators that form 

complexes with calcium, iron and zinc. Thus, phosphorylated caseins and/or their peptides in 

the aqueous phase could be a source of natural chelators to control lipid oxidation in food 

emulsions by binding and partitioning transition metals away from the emulsion droplet 

(Pihlanto, 2006). Cervato et al. (1999) have studied the antioxidant properties of milk casein 

subunits in liposomal models. All the subunits of casein inhibited Fe induced peroxidation of 

arachidonic derived liposomes. Antioxidant properties might, therefore not be uniquely 

attributed to whole caseins but also peptides generated from their digestion. Rival et al. 

(2001b) evaluated the effects of various types of bovine casein on the activity of soybean 

lipoxygenase in vitro and identified the domain within the protein responsible for the 

inhibitory activity. They found that a tryptic β-casein digest and clostripain and subtilisin 

digests of whole casein retained their inhibitory properties. Moreover, the highest inhibition 

of linoleic acid oxidation was observed in the fraction containing β-casein f (169–176) with a 
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trace amount of β-casein f (33–48). In another study, Rival et al. (2001a) assessed the 

structure-function relationship between the amino acid sequence, antioxidant capacity and 

effectiveness by using three different methods. They observed that casein-derived peptides 

inhibited enzymatic and non-enzymatic lipid peroxidation and concluded that the 

antioxidative feature was not lost with the dephosphorylation or on proteolysis of the proteins. 

Other authors (Kansci et al., 2004) reported that the β-casein tryptic peptide (f 1–25) may 

protect polyunsaturated fatty acid (PUFA)-rich phospholipid liposomes against long-term 

iron-induced oxidation, mainly due to iron chelation. Diaz et al. (2003) reported that casein 

hydrolysates were more effective inhibitors of lipid oxidation in oil-in-water emulsions than 

enriched CPPs at equal phosphorus content. Diaz and Decker (2004) compared the 

antioxidant activity of CPPs and casein hydrolysates in a cell membrane model system of 

phosphatidylcholine liposomes and in ground beef. They reported that iron-induced lipid 

oxidation was inhibited by both casein hydrolysates and CPPs, with casein hydrolysates being 

less effective than CPPs. Research on various casein hydrolysates has also shown that they 

also possess radical scavenging activities. Suetsuna et al. (2000) isolated and identified free 

radical scavenging activity from a peptic digest of casein. The peptide, Tyr-Phe-Tyr-Pro-Glu-

Leu from αs1-casein f(144–149), was found to possess a potent superoxide anion radical 

scavenging activity and it was showed that the C-terminal dipeptide Glu-Leu sequence played 

an important role in this activity. Furthermore, this peptide compared with the standard 

substances such as glutathione and carnosine, showed higher scavenging activity for hydroxyl 

radicals. Generally, antioxidant peptides have been identified from the major casein fractions, 

i.e., β-casein (Rival et al., 2001a, b;) and αs1-casein (Suetsuna et al., 2000; Srinivas and 

Prakash, 2010). However, a limited number of studies (Kudoh et al., 2001; Lόpez.Expόsito et 

al., 2007) have reported on the identification of antioxidant peptides from the minor caseins 

(κ or αs2-casein).  

 

2.8.3 HEALTH EFFECTS 

A limited number of researchers report on the health effects of antioxidative peptides 

from milk. The results of some animal and human studies suggest that fermented milk 

products have an antioxidative effect. A fermented milk product was found to exert an 

antiperoxidative action on rats fed a vitamin-E deficient diet. The lactic acid bacteria and 

whey proteins, particularly β-lactoglobulin, in the product contributed partly to the observed 

antiperoxidative action (Zommara et al., 1998). Kullisaar et al. (2003) noted that the 

consumption of fermented goat milk improved anti-atherogenicity in healthy subjects. This 
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was thought to be via prolonging the resistance of the lipoprotein fraction to oxidation, 

lowering the levels of peroxidized lipoproteins, oxidized LDL, 8-isoprostanes and the 

glutathione redox ratio, and enhancing total antioxidative activity (Pihlanto, 2006). More 

studies are needed to enhance current knowledge of the role of antioxidative peptides in the 

protection of humans and to demonstrate their potential health benefits. 

 

3. MATERIALS AND METHODS  

3.1 STANDARD AND REAGENTS  

Sodium caseinate (Na-CN) was obtained from the Kerry Ingredients (Listowel, Co. 

Kerry, Ireland). Sodium phosphate dibasic (Na2HPO4), sodium phosphate monobasic 

(NaH2PO4), Bradford reagent, β-casein, sodium lauryl sulphate (SDS), Trolox, 2,2’-Azobis(2-

amidinopropane) dihydrochloride (AAPH), fluorescein disodium, trifluoroacetic acid (TFA), 

L-tyrosine, L-leucine, β-mercaptoethanol, glycine, trizma base, glycerol, ammonium 

persulphate (APS), N,N,N’,N’-tetramethylethylenediamine (TEMED), low-molecular weight 

marker proteins, N,N’-methylene bis-acrylamide, and acrylamide (all electrophoretic grade)  

were supplied by Sigma Aldrich (Dublin, Ireland). 2,4,6-trinitrobenezene sulfonic acid 

(TNBS) was obtained from Medical Supply Co (Damastown, Co. Dublin, Ireland). HPLC 

grade acetonitrile, HPLC grade water and PTFE syringe filters (0.2 µm) were obtained from 

VWR (Dublin, Ireland). A microplate fluoroscence reader (Biotek Synergy HT) was used 

with fluorescence filters having an excitation wavelength of 485 nm and an emission 

wavelength of 530 nm. The plate reader was controlled by Gen 5 software (Biotek). Black 96-

well microplates were purchased from Thermo Fisher Scientific (Dublin, Ireland).  

 

3.2 PLANT MATERIALS  

To obtain a representative sample, latex was collected from Ficus carica L. trees, 

under the same environmental and soil characteristics, in the Puglia region (Foggia, Italy). All 

samples were harvested manually at the same stage of maturation (August 2011), by incising 

the stalk of the green fruit from the main branch. Several drops of the latex from the fig were 

allowed to drip into the test tubes. It was clarified by centrifugation at 14000g at 4°C for 15 

min. The clear supernatant (serum) was separated from the gummy material and stored at –

20°C until further use.  
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3.3 PROTEIN DETERMINATION  

Protein concentration was determined by the dye binding method of Bradford (1976). 

Bovine serum albumin (BSA) was used as the standard protein. 

 

3.4 HYDROLYSIS OF SODIUM CASEINATE  

Sodium caseinate (Na-CN), at protein concentrations of bovine milk 3.5% (w/v), was 

hydrolyzed, respectively, with the Cynara cardunculus L. crude extract and Ficus carica L. 

serum at 37°C in a thermostated reaction vessel. The enzyme-to-substrate ratios (E:S) used 

were calculated on the basis of protein content in the enzyme and the caseinate solutions. At 

defined time intervals, 250 mL of Na-CN hydrolysate were removed and the enzyme was 

inactivated by heating at 90°C for 20 min. Samples stored at -20°C were freeze-dryed for 

subsequent analysis. 

 

3.5 HYDROLYSIS OF Β-CASEIN 

β-casein (β-CN), at protein concentrations of bovine milk 1% (w/v), was hydrolyzed 

with the Ficus carica L. serum at 37°C in a thermostated reaction vessel. The enzyme-to-

substrate ratio (E:S) used, (1:10), was calculated on the basis of protein content in the enzyme 

and the caseinate solutions. At defined time intervals, 25 mL of β-CN hydrolysate was 

removed and the enzyme was inactivated by heating at 90°C for 20 min. Samples stored at -

20°C were freeze-dryed for subsequent analysis. 

 

3.6 QUANTIFICATION OF DEGREE OF HYDROLYSIS (DH) USING TNBS 

 Degree of hydrolysis (DH%), defined as the percentage of peptide bonds hydrolyzed, 

was determined using the trinitro-benzene-sulfonic acid (TNBS) method of Adler-Nissen 

(1979a). The TNBS reagent consisted of 0.1% (w/v) TNBS in methanol. All samples and 

standard solutions were prepared in 1% (w/v) SDS. Triplicate aliquots (0.125 mL) of test or 

standard solutions were added to test tubes containing 1.0 mL of sodium phosphate buffer 

(0.2125 M, pH 8.2). TNBS reagent (1.0 mL) was then added to each tube, followed by mixing 

and incubation at 50°C for 60 min in a covered water bath (to exclude light). After incubation, 

the reaction was stopped by the addition of 0.1 M HCl (2.0 mL) to each tube. Samples were 

then allowed to cool at room temperature for 30 min, before absorbance values were 

measured at 340 nm using a spectrophotometer. L-Leucine (0- 2.0 mM) was used to generate 

a standard curve. DH values were calculated using the following formula (Adler-Nissen, 

1979b): 
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DH% = 








Npb

AN  - AN
100 12  

 

where AN1 is the amino nitrogen content of the protein substrate before hydrolysis (mg g-1 

protein), AN2 the amino nitrogen content of the protein substrate after hydrolysis (mg g-1 

protein), and Npb the nitrogen content of the peptide bonds in the protein substrate (mg g-1 

protein). A value of 112.1 was used for casein protein (Adler-Nissen, 1979b). The values of 

AN1 and AN2 were obtained by reference to a standard curve of Abs at 340 nm versus mg L-1 

amino nitrogen (generated with L-Leucine). These values were then divided by the protein 

content of the test samples to give mg amino nitrogen per gram of protein. 

  

3.7 ELECTROPHORETIC CHARACTERIZATION OF HYDROLYSATES  

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS–PAGE) was 

carried out to examine the time-dependent proteolysis of NaCN by Cynara cardunculus 

protease extract. SDS-PAGE was performed in a vertical gel apparatus Mini-Protean II (Bio-

Rad Laboratories, Milan, Italy) on 16% (w/v) according to the procedure of Laemmli (1970). 

Hydrolysate samples containing approximately 10 µg of protein were treated with loading 

buffer (0.5 M Tris-HCl pH 6.8, 20% glycerol, 4.4% SDS, 10 mg/mL bromophenol blue and 

300 mM β-mercaptoethanol) and heated at 100 °C for 5 min then boiled for 5 min before 

SDS-PAGE. Electrophoresis was run at 100 V until the tracking dye bromophenol blue 

disappeared from the separating gel. After electrophoresis, the gels were stained with 2 g 

Coomassie brilliant blue R-250 (in a 10:40:50 solution of acetic acid: methanol: water) and 

de-stained with a 10:40:50 solution of acetic acid: methanol: water. The molecular mass 

standards (Bio-Rad Laboratories, Milan, Italy) were bovine serum albumin (66.0 kDa), 

ovalbumin (45.0 kDa), glyceraldehyde-3-phosphate dehydrogenase (36.0 kDa), bovine 

carbonic anhydrase (29.0 kDa), bovine trypsinogen (24.0 kDa), trypsin inhibitor (20.0 kDa); 

bovine α-lactalbumin (14.2 kDa) and aprotinin (6.5 kDa). 

 

3.8 CHARACTERIZATION OF ANTIOXIDANT ACTIVITY (ORACFL) 

 The antioxidant activity was determined by using the ORACFL assay according to the 

method of Zulueta et al. (2009) with some modifications. Briefly, the reaction was performed 

at 37°C in 75 mM phosphate buffer (pH 7.0) and the final assay mixture (125 µL) contained 

fluorescein (FL, 0.78 µM), 2,2´ -azobis(2-amidinopropane) dihydrochloride (AAPH) radical 



 116 

(221 mM), the standard Trolox (0- 120 µM) or sample at different concentrations. The plate 

was automatically shaken before the first reading and the fluorescence was recorded every 5 

min for 120 min, until the relative fluorescence intensity (RFI%) was less than 5% of the 

value of the initial reading. A microplate reader with fluorescence filters with an excitation 

wavelength of 485 nm and an emission wavelength of 530 nm was used. Black 96-well 

microplates were used. AAPH and Trolox solutions were prepared daily and fluorescein was 

diluted from a stock solution (1.17 mM) in 75 mM PBS (pH 7.0). The ORAC assay was 

performed with three independent trials (replications) and the measurements were taken in 

triplicate. ORACFL values were determined by using the area under the fluorescein decay 

curve (AUC): 

 

AUC = ∑
0

1)(

FI

FI
 …. 

0

)(

FI

FI n 5⋅  

 

where FI0 is the initial fluorescence and FIn is the fluorescence at time n. The net AUC 

corresponding to a sample was calculated as follows:  

 

Net AUC = AUC sample-AUC blank 

 

The final ORACFL values were expressed as µmol of Trolox equivalents per 100 grams of 

solid sample. 

 

3.9 GEL PERMEATION H IGH -PERFORMANCE L IQUID CROMATOGRAPHY (GP-HPLC) 

 Molecular mass distribution profiles of hydrolysed samples were obtained by gel 

permeation high performance liquid chromatography (GP-HPLC) using a Waters HPLC 

system, comprising a model 1525 binary pump, a model 717 Plus autosampler and a model 

2487 dual λ absorbance detector interfaced with a Breeze data-handling package (Milford, 

MA). Hydrolysate samples were prepared using mobile phase A to a final concentration of 

0.25% (w/v), filtered through 0.2 µm syringe filters and 20 µL applied to a TSK G2000 SW 

separating column (600 mm x 7.5 mm I.D.) connected to a TSKGEL SW guard column (50 

mm x 7.5 mm I.D., Smyth and FitzGerald, 1997). Separation was by isocratic elution with a 

mobile phase of 0.1% TFA in 30% acetonitrile at a flow rate of 1.0 mL min-1. Detector 

response was monitored at 214 nm. A calibration curve was prepared from the average 

retention times of standard proteins and peptides (0.25 g (100 mL)-1) (Smyth and FitzGerald, 
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1998). The void volume (Vo) was estimated with BSA (67500 Da), and the total column 

volume (Vt) was estimated with L-tyrosine HCl (218 Da). 

 

3.10 IDENTIFICATION OF ANTIOXIDANT PEPTIDES BY UPLC/MS 

Samples were diluted in HPLC grade water containing 0.1% (v/v) formic acid.  

Samples (250 µg) were filtered through a 0.2 µm syringe filter prior to loading onto a BEH 

C18 column, 1.0 x 150 mm, 1.7 µm and BEH Shield RP18 VanGuard Pre-column, 1.7 µm, 

2.1 x 5 mm (Waters, Dublin, Ireland).  Peptides were separated by gradient at a flow rate of 

0.3 ml/min.  Mobile phase A consisted of water, 0.1 % (v/v) formic acid while mobile phase 

B consisted of 80% (v/v) acetonitrile, 0.1% (v/v) formic acid. Separation was performed 

employing a linear gradient from 0% to 80% over 45 min. The MS and tandem MS 

experiments were controlled by MicroTOF control software (version 2.3, Buker Daltonics).  

Full scans were performed over a m/z range of 50-2500. Tandem MS determination was 

carried out with five automatically selected precursor ions present in the MS scan.  

Electrospray conditions were as follows: capillary temperature, 190˚C, dry gas (N2) flow, 8.0 

L/min, nebulizer, 1.0 Bar. All MS/MS spectra were initially analysed using Data Analysis 

software (version 4.0, Bruker Daltonics) and Biotools (version 3.1, Bruker Daltonics). Data 

was then searched against the SwissProt protein database.  

 

3.11 STATISTICAL ANALYSIS  

ORAC data are presented as means ± SD. Statistical analysis was carried out using 

statistical package Statgraphics Centurion XVI (StatPoint Technologies Inc., USA, 2010) 

program and significance of each group was verified with the analysis of the One-way 

ANOVA followed by the Tuckey test at p < 0.05. 

 

4. RESULTS AND DISCUSSION 

It is widely recognized that proteins are a source of BAPs. Food-derived BAPs have 

been identified from milk, egg, meat and fish as well as from soy and wheat  proteins (Lee et 

al.; 2006; Migueland Aleixandre, 2006; Vercruysse et al., 2005; Nagai et al., 2006; Kodera 

and Nio, 2006; Motoi and Kodama, 2003). At present, milk proteins are the most extensively 

studied source of bioactive peptides. Casein hydrolysates, mainly derived from αs1- and β-

casein, have been shown to display antioxidant properties (Korhonen and Pihlanto, 2003), 

free radical-scavenging activities and the ability to inhibit enzymatic and non-enzymatic lipid 



 118 

peroxidation (Suetsuna et al., 2000; Rival et al., 2001; Srinivas and Prakash, 2010). The 

objective of the current study was to evaluate the antioxidant activity of bovine caseinate 

hydrolysates generated using Cynara cardunculus L. and Ficus carica L. - derived 

proteinases. The classical approach to produce bioactive peptides is enzymatic hydrolysis of 

whole food proteins. Many factors affect the enzymatic hydrolysis of proteins, among them 

enzyme and substrate concentration. Depending on the specificity of the enzyme, 

environmental conditions and extent of hydrolysis, a wide variety of peptides can be 

generated. Hydrolysates may possess better functional properties than the original proteins 

(Panyam and Kilara, 1996). Sodium caseinate (Na-CN) and β-casein (β-CN) were chosen as 

model substrates since they are commercially available in large quantities and at reasonable 

cost. Digestion of NaCN with Cynara cardunculus L. proteinase resulted in low DH 

presumably due to the high specificity of enzymatic activity. The specificity of the proteinase 

used for hydrolysis, in fact, affects both the type of peptides produced, and the extent of 

hydrolysis achieved, due to the number and location of sites available for cleavage (Panyam 

and Kilara, 1996). After several trials, a low DH (1.37%) was also found at high E:S ratio 

(1:10) and time of hydrolysis increased up to 480 min (Fig. 1).  
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Fig. 1 Degree of hydrolysis (DH, %) of bovine sodium caseinate (Na-CN) hydrolysates obtained 

with Cynara cardunculus L. protease (Enzyme:Substrate = 1:10). 

 

The SDS-PAGE profile of the generated Na-CN hydrolysates was in accordance with the 

observed DH (Fig. 2). After 1 min and for all the duration of enzymatic reaction, sodium 

caseinate hydrolysates eluted in 4 major bands at 29, 24, 20 and 14.2 kDa with over minor 

bands between 14.2 and 6.5 kDa (Fig. 2, lanes 4-7).  
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Fig. 2 SDS-PAGE electrophoretograms illustrating the degradation of bovine sodium caseinate 

(Na-CN) by the crude extract of Cynara cardunculus (CC) (Enzyme:Substrate ratio = 1:10). Lane 

1 contains molecular weight proteins markers. Lanes 2 contains the intact sodium caseinate. 

Lanes 3-7 correspond to the hydrolysis of NaCN at different times of incubation: (3) 1 min; (4) 

60 min; (5) 180 min; (6) 480 min. 
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Fig. 3 Degree of hydrolysis (DH, %) of bovine sodium caseinate (Na-CN) hydrolysates obtained 

with Ficus carica L. latex protease (Enzime:Substrate (E: S) = 1:10, 1:20, 1:30). 

 

Therefore, improvements in digesting Na-CN were not observed as time elapsed. On the basis 

of this result, it was concluded that Cynara cardunculus extract, due to its specificity and low 
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DH, could not generated peptides/hydrolysates with better functional properties than the 

original protein. Hence, Cynara cardunculus L. was excluded from the antioxidant 

characterization of its peptides/hydrolysates. 

On the other hand, the hydrolysis of Na-CN and β-CN allowed analysis of enzymatic action of 

Ficus carica latex. The enzymatic hydrolysis reaction was monitored over 6 h and 4 h for Na-

CN and β-casein, respectively. Initially, different E:S ratios were used to obtain bovine Na-CN 

hydrolysates having a range of DH values. Thus, after several trials, an E:S ratio of 1:10 was 

found to give the best results (Fig. 3). The rate of hydrolysis was very rapid initially giving a 

DH value of 9% in the first minute. After that, hydrolysis increases progressively reaching 

18% DH after incubation of 6 h. On the basis of these results, an E:S of 1:10 was chosen for 

the hydrolysis of β-casein in the next step (Fig. 4). 
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Fig. 4 Degree of hydrolysis (DH, %) of bovine β-casein (β-CN) hydrolysates obtained with Ficus 

carica L. latex protease (Enzyme:Substrate (E.S) = 1:10). 

 

The hydrolysis curve obtained under the experimental conditions, as expected, shows an 

increase in DH as a function of reaction time. Again, the rate of hydrolysis was very rapid for 

the first minute (15%), and the DH reached ~ 21% after 4 h hydrolysis (Fig. 4). The 

difference in the results between Fig. 3 and 4 may be due to differences in the composition of 

substrates used. In this regard, sodium caseinate contains αs1- αs2- β- and κ-casein, in the 

proportion of 3:0.8:3:1 by weight (Aoki et al., 1996). Among those proteins, β-casein has 

more surface-active properties than αs1-casein (Dickinson et al., 1988; Mulvhill and Fox, 

1989). Therefore, this property may account for the specificity and concomitant binding 

affinity of Ficus carica protease toward this casein fraction. 
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Subsequently, the casein hydrolysates were tested for their in vitro antioxidant activity using 

the ORACFL assay. The ORACFL assay measures antioxidant scavenging activity against 

peroxyl radical induced by 2,2’-azobis(2-amidinopropane) dihydrochloride (AAPH) at 37°C 

(Cao et al., 1993, 1995). The decrease in relative fluorescence intensity (RFI%), determined 

using a fluorescent probe (FL, 3’,6’-dihydroxyspiro[isobenzofuran-1[3H], 9’[9H]-xanthen]-3-

one), is an indication of the extent of oxidative damage from its reaction with the peroxyl 

radical. Furthermore, the ORACFL assay is the only method currently available that combines 

both inhibition time and degree of inhibition in a single quantification (Ou et al., 2001). The 

fluorescence was recorded every 5 min for 120 min, until the relative fluorescence intensity 

(RFI%) was less than 5% of the value of the initial reading. Fig. 5 shows the fluorescence 

intensity decay curves for Na-CN digests (E:S 1:10) at 0, 1 and 360 min of hydrolysis.  
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Fig. 5 Fluorescence intensity decay (RFI%) of fluorescein induced by 2,2’-Azobis(2-

amidinopropane) dihydrochloride (AAPH) in the presence of blank, standard Trolox (80 µM), 

unhydrolyzed sodium caseinate (Na-CN) (0 min) and its digests (1 and 360 min) at a 

concentration 0.5 mg/mL.  

 

The results demonstrate how the fluorescence inhibition percentage (RFI%) changes as the 

reaction takes place. The undigested Na-CN had a lower scavenging activity than its 

hydrolysates. During the reaction the antioxidant capacity of intact Na-CN decreased 

gradually, leading to a loss in fluorescence < 5 % after 60 min. On the other hand, the RFI% 

was greater for the digest at 360 min (DH = 18.49 %) than the digest at 1 min (DH = 9.06%), 

by preserving fluorescein from AAPH induced oxidation until 105 and 95 min, respectively.  



 122 

0

20

40

60

80

100

120

0 10 20 30 40 50 60 70 80 90 100 110 120

Time (min)

R
el

at
iv

e 
F

lu
or

es
ce

n
ce

 In
te

n
si

ty
 (

%
)

Blank

Trolox 80 µM

β-CN 0 min

β-CN 1 min 

β-CN 240 min

 
Fig. 6 Fluorescence intensity decay (RFI%) of fluorescein induced by 2,2’-Azobis(2-

amidinopropane) dihydrochloride (AAPH) in the presence of blank, standard Trolox (80 µM), 

unhydrolyzed β-casein (β-CN) (0 min) and its digests (1 and 240 min) at a concentration 0.05 

mg/mL.  
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Fig. 7 Oxygen radical absorbance capacity (ORAC) of bovine sodium caseinate (Na-CN) 

hydrolysates obtained with Ficus carica L. latex protease (E:S = 1:10) during in vitro hydrolysis. 

The activity was expressed as µmol Trolox/100g, and the results are plotted as the means ± SD (n 

= 3). Means with different letters differ significantly (p  > 0.05). The protein sample tested was at 

0.5 mg/mL.  

 

These observations could also be made for the β-CN samples (Fig. 6). However, it must be 

pointed out that the concentration used (0.05 mg/mL) in the ORACFL assay for β-CN digests 
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was ten times lower than the concentration employed for Na-CN hydrolysates. Hence, this 

difference marks the more potent antioxidant activity of β-casein digests compared to Na-CN 

hydrolysates. The plateau in RFI (%) was reached at 45 min for nondigested β-casein, 

whereas it occurred at 70 and 75 min for its hydrolysates at 1 and 240 min incubation, 

respectively. Hence, a significant difference was observed in the overall ability to scavenge 

the AAPH radical by bovine sodium caseinate and β-casein hydrolysates (Fig. 5 and 6). A 

different antioxidant activity is further demonstrated by Na-CN and β-CN samples in Fig. 7 

and 8, confirming the previous fluorescence intensity decay curves (Fig. 5 and 6). These 

samples exhibited strong dose-dependent antioxidant activity. The values of these antioxidant 

activity indexes, in fact, increased rapidly at low concentrations of Na-CN (0.5 mg/mL) and 

especially β-CN (0.05 mg/mL), suggesting that both had high antioxidant efficiency in dilute 

solution. These results agree with those of Zhu et al. (2008), who found that hydrolyzed zein 

was capable of antioxidant activity at low concentrations (< 5 mg/mL). Furthermore, the use 

of dilute samples was necessary since the ORAC assay is extremely sensitive (Huang et al., 

2002). The ORAC values of bovine Na-CN hydrolysates (E:S = 1:10) at 0.5 mg/mL 

concentration ranged from 6506 to 18081 µmol Trolox/100 g of protein (Fig. 7).  
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Fig. 8 Oxygen radical absorbance capacity (ORAC) of bovine β-casein (β-CN) hydrolysates 

obtained with Ficus carica L. latex (E:S = 1:10) during in vitro hydrolysis. The activity was 

expressed as µmol Trolox/100g, and the results are plotted as the means ± SD (n = 3). Means 

with different letters differ significantly (p > 0.05). The protein sample tested was 0.05 mg/mL.  

 

As expected, the scavenging activity of the unhydrolysed Na-CN (6506 µmol Trolox/100 g) 

was significantly lower than the hydrolysed protein. It is well documented that hydrolysates 
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generally possess higher biofunctional properties than the original proteins (Panyam and 

Kilara, 1996). Increasing the incubation time with Ficus carica L. protease, i.e., from 1 to 360 

min, led to negligible increases of antioxidant activity. In particular, no significant difference 

in antioxidant activity was observed over the next 240 min. However, in comparison to β-

casein digests, the effect of Na-CN hydrolysates to scavenge AAPH radical was significantly 

lower (Fig. 8). The β-CN samples tested in the ORACFL assay, although at lower 

concentration (0.05 mg/mL), had a higher antioxidant activity than the Na-CN samples (0.5 

mg/mL). The β-CN hydrolysate ORACFL values varied from 50722 to 118977 µmol 

Trolox/100 g of protein. The capability to scavenge the AAPH radical was also detectable in 

nondigested β-CN, whose antioxidant activity has been linked mainly to the five serine-

phosphate residues located in the N-terminal region of the molecule (Schmelzer et al., 2007). 

As described previously, caseins display natural scavenging activity due to their polar 

domains that contain phosphoseryl residues. Sequential digestion of β-casein with Ficus 

carica L. protease, from 0 to 240 min, produced hydrolysates with higher antioxidant 

properties than the original protein. The highest mean values were found at 138 and 240 min 

with 118977 and 118788 µmol Trolox/100 g of protein. These values were higher when 

compared with those found in a peptic hydrolysate of crude egg protein (0.381 µmol 

Trolox/mg of protein, Dávalos et al., 2004) or in an ovine αs2-casein hydrolysate obtained 

with porcine pepsin (0.78 µmol Trolox/mg of protein, Lόpez-Expόsito et al., 2007). However, 

this scavenging activity was lower than that reported for a hydrolysate from bovine κ-casein 

by porcine pepsin (7.07 µmol Trolox/mg of protein, Lόpez-Expόsito et al., 2007) and for α-

lactalbumin digests by Corolase PP and chymotripsin, respectively (2.954 and 2.528 µmol 

Trolox/mg protein, Hernández-Ledesma et al., 2005). Overall, the general increase of 

antioxidant activity observed for bovine Na-CN and β-casein digests can be attributed to 

various factors. As suggested by Zhu et al. (2008), with the increase of DH, electron-dense 

amino acid side chain groups, i.e., polar or charged moieties, become more exposed. 

Furthermore, an increased availability of free amino acids during digestion provides an 

additional source of protons and electrons to maintain a high redox potential. These 

physiochemical changes could also explain the enhanced radical scavenging capacity of 

bovine Na-CN and β-casein digests. These results seem to support the concept that, as the 

antioxidant peptides present in these bovine casein hydrolysates are of a different nature, they 

have different inhibition kinetics and scavenging activities. Moreover, these different 

scavenging patterns could be related to the structure (Saito et al., 2003) and configuration of 

peptides produced at different stages as well as to differences in their size, molecular weight 
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(Li et al., 2008) and amino acid sequence (Chen et al., 1996; 1998). Specially, peptides size is 

well known to be a significant factor in the overall antioxidant activity of hydrolyzed proteins. 

Gel permeation HPLC was therefore carried out to better understand the molecular mass 

distribution of β-CN hydrolysates obtained with Ficus carica latex. The molecular mass 

distribution is summarised in Table 1. Gel permeation HPLC showed that after 1 minute of 

hydrolysis, β-casein hydrolysates had approximately 52% more peptide material < 0.5 kDa 

than the intact casein (0 min). The β-CN hydrolysate only had 0.4% of peptide material > 10 

kDa after 1 minute hydrolysis. This demonstrates that the addition of Ficus carica protease to 

β-CN produces a rapid hydrolysis in the first minute, as previously observed in the DH curve 

(Fig. 5). After 60 min incubation, the hydrolysate again had much less peptide material in the 

molecular mass ranges 2-1 kDa, 2-5 kDa, 5-10 kDa and >10 kDa. Consequently, these 

hydrolysates had more peptide material 1-0.5 kDa and < 0.5 kDa. For example, the 60 min 

hydrolysate had 5% more material < 500 Da than the 1 min hydrolysate. After 138 and 240 

min, the percentage of the peptide material < 500 Da in the hydrolysates was much higher 

than the first hour of enzymatic reaction. For instance, the hydrolysate produced at 138 min 

had a DH of 19.94 % while 0.12 % of the peptide material was > 10 kDa, 0.44, 2.38, 7.78 and 

27.29 % of  peptide material was between 5-10, 2-5, 2-1 and 1-0.5 kDa, respectively. 

 

Table 1 Molecular mass distribution (determined by gel permeation HPLC) of unhydrolyzed β-casein (0 min) 

and its hydrolysates after 1, 60, 138, 240 min incubation with Ficus carica L. 

0 97.61 1.17 0.6 0.23 0.14 0.25

1 0.4 0.61 3.33 12.61 30.36 52.69

60 0.11 0.42 2.43 9.23 29.42 58.4

138 0.12 0.44 2.38 7.78 27.29 61.98

240 0.15 0.47 2.34 6.91 25.24 64.88

Hydrolysis                  
time (min)

Molecular mass                                                                                          
distribution (kDa)

<10 5-10 2-5 2-1 1-0.5 <0.5

 

 

The hydrolysate obtained at 240 min showed a DH of 21.24 % whereas 64.88% of peptide 

material was < 500 Da. Therefore, a strong relationship was observable between hydrolysate 
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Fig. 9 Gel  permeation HPLC profiles of unhydrolyzed β-casein (β-CN) (0 min) and its hydrolysates after 1, 60, 138, 240 min incubation with Ficus carica L. 
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DH and the apparent peptide molecular mass distribution (Fig. 4 and Table 1). The molecular 

mass profiles are showed in Fig. 9. These chromatograms emphasise the previous 

observations showing β-casein breakdown during in vitro hydrolysis. Overall, this result 

indicates that the β-casein hydrolysates contain a mixture of low molecular mass peptides. 

Many studies report that low molecular weight peptides showed high antioxidant activity 

(Rajapakse et al., 2005). For instance, Peña-Ramos and Xiong (2002) described that short 

peptides (MW 350-1500 Da) were responsible for the bulk of antioxidant activity in 

commercial whey protein hydrolysates in a liposome oxidizing system. Wu et al. (2003) 

demonstrated that a peptide from mackerel protein hydrolysate with MW of approximately 

1400 Da possessed stronger antioxidant activity than higher MW peptides.  

Table 2 Peptide sequences identified after 240 min incubation of β-casein preparation with Ficus carica protese 

at 37°C. 

No
β-casein    
fragment

Peptide sequence
m /z      

measured 
Charge

Mr     
calculated

Mr equivalent                            
(for multicharged)

1 f 47-53 (Q) DKIHPFA (Q) 414.227 2 827.441 827.454

2 f 60-69 (V) YPFPGPIPNS (L) 544.778 2 1088.541 1088.556

3 f 135-140 (H) LPLPLL (Q) 664.4523 1 665.46 -

4 f 146-154 (H) QPHQPLPPT (V) 507.773 2 1014.537 1014.546

5 f 169-176 (S) KVLPVPQK (A) 454.296 2 908.593 907.592

6 f 178-183 (A) VPYPQR (D) 380.212 2 759.415 759.424

7 f 184-188 (R) DMPIQ (A) 603.2902 1 603.281 -

8 f 203-209 (R) GPFPIIV (-) 742.447 1 742.45 -
 

 
1R E L E E L N V P G E I V E S L S S S E E S I T R I N K K I E K F Q S E E Q Q Q 

41T E D E L Q D K I H P F A Q T Q S L V Y P F P G P I P N S L P Q D I P P L T Q Y 

81P V V V P P F L Q P E V M G V S K V K E A M A P K H K E M P F P K Y P V E P 

119F T E S Q S L T L T D V E N L H L P L P L L Q S W M H Q P H Q P L P P T V M      

 157F P P Q S V L S L S Q S K V L P V P Q K A V P Y P Q R D M P I Q A F L L Y Q E 

196P V L G P V R G P F P I I V 

Fig. 10 Theoretically expected cleavage sites for Ficus carica protease on bovine β-casein along with the actual 

cleavages observed on incubation of the β-casein preparation with Ficus carica protease both at 37°C. Arrows 

represent the theoretical cleavage sites, residues in italics represent the cleavages observed at 37°C. 
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Other authors (Chen et al., 1995) reported that six peptides isolated from a soybean protein 

hydrolysate with 5–16 amino acid residues were highly effective in inhibiting the autoxidation 

of linoleic acid. In the present study, the final digest of β-CN (240 min) had 64.88% of 

peptide material with MW < 500 Da.  Amino acid composition and sequence also affect 

biopeptide activity (Chen et al., 1998; Pihlanto, 2000), i.e., antioxidant activity. During 

hydrolysis proteinase specificity is key as it dictates the amino acid sequence of the resultant 

peptides released and thus their biofunctional properties (Murray and FitzGerald, 2007). 

Therefore, the next step was to study peptides responsible for the antioxidant activity detected 

in the β-casein hydrolysates as well as the proteinase specificity  of Ficus carica by 

UPLC/MS. The peptide sequences, experimental mass and calculated mass of multicharged 

ions of β-casein hydrolysate, after 240 min incubation with Ficus carica protease, are given in 

Table 2. The primary structure of β-casein and the cleavages observed are reported in Fig. 10.  

Ficus carica protease showed a broad specificity toward neutral and basic amino acids, i.e., 

Gln, Val, Leu, His Ser, Ala, Asn and Arg. The peptide sequences observed in the 240 min 

hydrolysate corresponded mainly to the C-terminal region of β-casein. Theoretically a total of 

15 different cleavage sites exist in β-casein (Fig. 10). However, in our proteolysis conditions, 

the fragment 70-134 was not cleaved and was still present after 240 min of hydrolysis. 

According to Léonil et al. (1988) β-casein disappearance is strongly associated with the stable 

fragments 100-105, 170-176, and 177-183. Thus, these observations may also explain the 

resistance of this fragment to the proteolytic action of Ficus carica. Theoretically, the action 

of Ficus carica protease on β-casein should release one tetra-peptide SWMH (f142-145), one 

penta-peptide, TQSLV (f55–59), one esa-peptide, DMPIQA (f185–190), and three epta-

peptides, LPLPLLQ (f135-141), VPYPQRD (f178-f184) and GPFPIIV (f203-209). As 

reported by Chen et al. (1996; 1998), antioxidant peptides contain 5-16 amino acid residues. 

In this regard, peptides derived from the hydrolysis of Ficus carica proteinase on β-casein had 

> 5 amino acid residues. In addition, the antioxidant activity of these peptides could be related 

to their composition, structure and hydrophobicity. Some studies have established that Tyr, 

Lys, Cys, His and hydrophobic amino acids, i.e. Trp, Met, Pro, Ile, Leu, Val, Gly, Ala, are 

connected to peptide antioxidant potency (Peña-Ramos et al., 2004; Wang and De Meija, 

2005, Pihlanto, 2006). Hydrolysis can also increase or decrease this hydrophobicity which 

mostly depends on the primary sequence of the substrate protein (Calderón de la Barca et al., 

2000). In this regard, bovine β-casein is significantly more hydrophobic than the other caseins 

(Swaisgood, 2003) because of its large hydrophobic C-terminal domain its digestion can 

release even more hydrophobic fragments (Léonil et al., 1988). Consequently, peptide 
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sequences, identified after 240 min incubation of β-casein with Ficus carica proteinase, 

possessed high levels of hydrophobic amino acids. Therefore, a structure-function  

relationship between the amino acid sequence and the antioxidant capacity may be postulated. 

For example, the fragments DKIHPFA (f47-53), LPLPLL (f135-140) and GPFPIIV (f203-

209) comprised His, Leu, Pro residues and other hydrophobic amino acids, i.e., Ala, Gly, Phe, 

Val, which seemed to be linked with antioxidant activity. These observations are similar to 

those one of Chen et al. (1995; 1996), who showed that antioxidant activity was highly 

dependent on the His-His segment in Leu-Leu-Pro-His-His sequence. The antioxidant activity 

of this peptide was decreased by removing a His residue from the C-terminus. Moreover, the 

antioxidant activity of VPYPQR (f178-183) may be linked to the Tyr residue, which is potent 

hydrogen donor. Amino acids with aromatic residues can donate protons to electron deficient 

radicals (Rajapakse et al., 2005). This is in agreement with Rival et al. (2001a), who 

attributed the antioxidant activity of the β-casein fragment AVPYPQR (f177-183) to its Tyr 

residue. Finally, the β-casein derived peptide KVLPVPQK (f169-176) showed a discrepancy 

between the experimental and the calculated mass (almost 1 Da), therefore we cannot be 

confident of its existence in the hydrolysate. However, Rival et al. (2001b) obtained the same 

peptide fragment from a tryptic β-casein digest, which was found to be the most potent 

inhibitor of lipoxygenase activity. Even though release of the f169-176 was unexpected, the 

authors explained its formation by atypical cleavage due to chymotrypsin activity present in 

the trypsin preparation (Visser et al., 1995), to unusual enzyme activity, or even to unknown 

origin (Jones et al., 1991). In this regard, it might be asserted that Ficus carica latex contained 

an atypical proteinase activity, which hydrolyzed the Ser-Lys bond.   

Overall, from the results obtained, it was observed that degree of hydrolysis, specificity of 

Ficus carica proteinase, size, composition and hydrophobicity of peptides were some of the 

factors that affected the antioxidant activity of hydrolyzed bovine casein. Therefore, these 

findings can be useful to explain the results obtained in the present study.  

 

5. CONCLUSIONS 

In summary, this chapter reports for the first time the antioxidant activity of Ficus 

carica L. hydrolysates of bovine casein. The ability of Na-CN and β-CN hydrolysates to have 

antioxidant activity appears to be related to the nature and composition of peptides produced 

at different stages of hydrolysis. The peptide sequences, identified in β-casein hydrolysates, 

seem to confirm their antioxidant activity for the high levels of His, Leu, Pro residues and 
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other hydrophobic amino acids as well as the broad specificity of Ficus carica proteinase. 

These peptides need to be investigated for their effects on quality, taste and shelf-life of food 

products. Subsequently, further studies need to be carried out to assess the biological benefits, 

i.e., antioxidant, ACE-inhibitory, and immunomodulatory activity, in animal and human 

models in order to enhance current knowledge of plant proteinase release of bioactive 

peptides from food proteins as a source of natural antioxidants. 
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CHAPTER 5 
 

Conclusions 
 

 

 

 

This work aimed to characterize two plant coagulants, Cynara cardunculus L. and Ficus 

carica L., and improve their current knowledge.  

Firstly, the presence of lipases was investigated. Both plant extracts possessed esterase and 

not lipase activity with major affinity for acetetate, propionate and butyrate esters. Moreover, 

the temperature and pH profiles showed that Cynara cardunculus and Ficus carica displayed 

optimal activity in a range temperature of 40-60°C and neutral-alkaline pHs (7.5-8.0). In 

particular, the zymographic profiles of Ficus carica esterase revealed several isoforms, 

differing in substrate specificity and electrophoretic mobility. Besides, it was highlighted that 

the clear supernatant (CS) and the gummy material (GM) of Ficus carica, separated by 

centrifugation, expressed a similar enzymatic activity.  

In the second part of this thesis, the proteolytic activity of the two plant extracts was also 

characterized. Cynara cardunculus and Ficus carica expressed maximum activity at pH 5.0 

and 7.0, respectively, and an optimal temperature at 60°C. To assess the contribution of each 

plant enzyme to the overall proteolytic specificity, the hydrolysis of bovine αs and β-caseins 

was performed and examined by eletrophoretic gels and densitogram analysis. The extent of 

enzyme-mediated proteolysis was much higher for ficin than cardosin and depended on the 

type and specificity of proteinase, enzyme concentration, type of substrate as well as time of 

hydrolysis. Moreover, the study of fig proteinases by zymography revealed the presence of 

several isoforms, indicating a high level of polymorphism. 

Finally, Cynara cardunculus L. and Ficus carica L. proteinases were investigated for their 

ability to produce antioxidant hydrolysates/peptides from bovine casein (CN). Since Cynara 

cardunculus protease reported low degree of hydrolysis (DH) on Na-CN, this plant extract 

was not considered as a good source of bioactive peptides. On the contrary, Ficus carica 

proteinase showed broad specificity and satisfactory DH both on Na-CN and β-CN. The 

ability of Na-CN and β-CN hydrolysates to have antioxidant activity appeared to be related to 

the degree of hydrolysis (DH) and the nature and composition of peptides, i.e., sequence and 
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size,  produced at different stages of hydrolysis. In this regard, gel permeation HPLC showed 

that the antioxidant activity of β-CN hydrolysates depended on peptide material with MW < 

500 Da, while UPLC/MS analysis seemed to confirm that the antioxidant activity of these 

peptides depended on the high levels of His, Leu, Pro residues and other hydrophobic amino 

acids.  

In conclusion, main results of this thesis work suggest that the enzymatic characterization of 

these plant coagulants is useful for exploring their potentials applications in dairy industry. In 

this regard, further studies need to be carried out to assess the use of Cynara cardunculus and 

Ficus carica esterases and proteinases in cheese making and their contribution, respectively, 

on lipolysis and proteolysis, and development of flavour. Futhermore, health and biological 

benefits of antioxidant peptides originated by Ficus carica need to be investigated in depth. 

Finally, the use of these crude enzyme extracts in cheese technology might be perceived by 

customers as natural and healthy. On the other hand, dairy industries can promote the 

manufacture of artisanal and traditional cheeses in contrast to the “industrial” ones. 

 


