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Abstract : The influence of carboxypeptidases on cocoa storage protein, free amino acids and peptides pattern in under-fermented cocoa beans was carried out.  Under-fermented cocoa beans were obtained from 2 days of fermentation. Carboxypeptidase B from pancreas porcine and carboxypeptidase Y from baker’s yeast were used for digestion. The results showed that carboxypeptidase activity decreased during the prolonged incubation. Using SDS-PAGE,  three bands protein were detected in all of the samples and  were assumed as globulin fraction (band I and II) with the molecular weights of 47 kDa and 31 kDa, whereas, band III were assumed as albumin fraction with the molecular weight of 19 kDa. 
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I.  INTRODUCTION

In order to assess the degree of fermentation, cocoa beans can be divided into three categories, i e., fully fermented, under-fermented and unfermented.  Under-fermented bean are characterized by low cocoa aroma and  have been inadequately fermented.  The lack of fermentation is indicated by the presence of slaty and purple beans and an excessive taste of bitterness and astringency.  During fermentation, cocoa beans undergo a series of complex chemicals changes which produce specific aroma precursors such as amino acids, peptides and reducing sugars, Voigt et.al [1,2]. There is much evidence regarding the involvement of cocoa storage proteins in the formation of specific cocoa aroma. As fermentation proceeds, the selective degradation of cocoa storage  protein  is  evident,  O'Connor et al. [3].  A combination of endegenous proteases cleave the seed storage protein, resulting in the production of specific short-chain peptides and amino acids, Voigt and Biehl [4]; two endegenous proteases  are an aspartic endoprotease and a carboxypeptidase, Biehl et al.[5].  The carboxypeptidase can be substituted by porcine pancreatic carboxypeptidase A (CPA), Bytof et al.[6]. Replacement of the endogenous aspartic protease with pepsin also leads to retention of some aroma potential whereas replacement with chymortrypsin abolishes it [2]. 

The degradation of cocoa storage protein is caused by the action of aspartic endoprotease which split  the protein chains to form hydrophobic oligopeptides [1,2]. The action of carboxypeptidase on hydrophobic oligopeptidases at their carboxyterminal ends produces oligopeptides which are mostly hydrophilic oligopeptidases and hydrophobic free amino acids [1]. The hydrophilic oligopeptidases and amino acids are considered as specific aroma precursors [2]. Therefore, a study on the influence of carboxypeptidases on degradation of cocoa storage protein in under-fermented cocoa beans was carried out.

II.  EXPERIMENTAL

2.1  Materials

Cocoa pods of PBC 140 clone obtained from Golden Hope Plantation Berhad, Perak, Malaysia were used in this study. 
2.2  Sample preparation

The ripe cocoa pods were collected, split and the beans were extracted by hand.  The beans (45 kg, 25-cm depth) were fermented in wooden box of  size 0.50 m x 0.50m x 0.40 m for 2 days and turned every 24 h. The resultant under-fermented cocoa beans were then air-dried at 40(C to residual water content of  7% and then stored at -20(C for further analysis.

2.3   Preparation of dry cocoa powder

The dry cotyledons were crushed and portions of 10 g each were extracted in a soxhlet apparatus with 250 ml of petroleum ether (bp 40-60(C) for 8 h.  After solvent evaporation, the dry cotyledon was powdered using a ZK 100 blender (Braun, Kronberg, Germany). Defatted dry cocoa powder were suspended in 100 ml of 0.2M McIlvaine buffer (0.2 M Na2HPO4 adjusted to pH 5.8 by addition of citric acid).  The suspension were incubated at 45(C in an orbital shaker incubator (YEH-DER Intruments, Taiwan) for different periods (6, 12, 24 and 48 h).  After incubation, the suspension were freeze-dried and stored at -20(C until further analysis.  

2.4   Enzyme preparation 

The enzyme solution was prepared using a modified method of, [6]. Dry powder (2 g) and polyvinylpyrolidone (PVPP, 1 g) were suspended in 100 ml 0.02M Na2HPO4 and adjusted to pH 6.8 by addition of citric acid.  The suspension was homogenised for 10 min at 0 - 3(C and then centrifuged (Kubota 7800,  Japan) at 10000 x g for 30 min at 4(C.  The enzyme solution was pre-incubated in an ice bath in the presence of 10 mM pepstatin A (Sigma Chemicals, USA) for 1 h to inhibit the aspartic endoprotease activity.

2.5  Carboxypeptidase assay 

Aliquot (60(l) of homogenates prepared from dry powder were added to 0.8 ml of 0.2 M sodium phosphate buffer (adjusted to pH 5.8). Volume of 100(l of 5 mM of  N-CBZ-Phe-Leu (Sigma Chemicals, USA) was added to the mixture; the substrate was prepared from 125 mM stock solution in methanol. The mixture were incubated at 45(C for 3 h according to, Hansen et al [7].  To terminate the reaction, 0.2 ml of 25% (w/v) chilled trichloroacetic acid  (TCA) solution was added to the mixture, before it was kept at room temperature for 15 min.  The precipitated protein was removed by centrifugation using a centrifuge (Kubota 2100, Tokyo, Japan) at 3500 x g for 20 min.  A volume of 400 (l of the supernatant was mixed with 400 (l of  the ninhydrin reagent, then the mixture was incubated for 15 min in a boiling water bath and cooled to 4( C using ice.  
The absorbance was measured at 570 nm using spectrophotometer (Shimadzu UV-1601 PC, Japan). One unit carboxypeptidase was defined as the amount of enzyme needed to liberate 1 (mol amino groups at the above conditions.  L-leucine (Sigma Chemicals, USA) was used as a standard.

2.6 Digestions with carboxypeptidases  B and Y
Defatted dry cocoa powder (containing polyhydroxyphenol) was suspended in 0.2M McIlvaine buffer (0.2M Na2HPO4 adjusted to pH 5.8 by addition of citric acid).  The suspensions were added with 10% of carboxypeptidase B from porcine pancreas (200 units mg-1 protein) (Sigma Chemical, USA) and incubated at 45(C in an orbital shaker incubator (YIH-DER Intruments, Taiwan) for different periods (6, 12, 24 and 48 h).  After incubation, the suspensions were lyophilized using a freeze-drier and stored at -20(C until further analysis.  Digestion using 10% of carboxypeptidase Y from beaker's yeast (12 U/mg)  (Fluka Chemie, Switzerland) was performed using the same procedure.  

2.7  SDS-PAGE of cocoa proteins

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was performed on a Mini Protein Electrophoresis Cell Unit (Bio-Rad Laboratories, CA, USA) using the method by, Laemli [8].  Samples of incubated dry powder (0.2 g) were added with 1 ml of sample buffer (5 ml sodium phosphate buffer, 0.1 M, pH 7.2), 0.5 ml sodium dodecyl sulphate (SDS, 10% w/v) and 0.2 ml mercaptoethanol); the mixture were then heated for 5 min in a boiling water bath.  
Vertical slab SDS-PAGE gels (12.5% w/v acryamide, 2.7% cross linking) were prepared and run using the method of [8].  The molecular weight (Mr) of the major cocoa proteins was estimated by SDS-PAGE using bovine albumin (66kDa, egg albumin (45kDa), trypsinogen (24kDa), (-lactoglobulin (18kDa) and lysozyme (14kDa) as standard marker proteins. 
III.  RESULTS AND DISCUSSION

3.1  Carboxypeptidase activity

The carboxypeptidase  of the ungerminated cocoa seeds has been shown to be involved in the generation of the cocoa-specific aroma precursors [1,2].  The activity of carboxypeptidase of under-fermented (2 days of fermentation) beans during incubation is presented in Figure 1.  The  initial activity of carboxypeptidase  was found to be 0.30 units; the activity  decreased to 0.13 units at the end of incubation (48 h). The rate of the reduction of carboxypeptidase activity  from 6, 12, 24 and 48 h were 17%,  27%, 44% and 57%, respectively.   
The decrease in carboxypeptidase activity was affected by the incubation and the pH of the cotyledon optimum for this enzyme.  [1] found the optimum pH for carboxypeptidase activity during fermentation was 5.8, whereas, Biehl and Passern [9] for that of protease  was  pH 4.5 - 5.5.     
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Figure 1    

Carboxypeptidase activity of under-fermented dried   cocoa beans  ( 2 days  of fermentation) during incubation at 45(C, pH 5.8.
3.2 Effect of carboxypeptidases on cocoa storage protein

The SDS-PAGE patterns of protein bands of under-fermented beans, which were untreated and those of treated with carboxypeptidase B  from porcine prancreas and Y from Beaker’s Yeast ) at 45 (C and pH 5.8 during different period incubation  are shown in Figure 2, 3 and 4, respectively.  Three bands protein with molecular weight (MW) of 47, 31 and 21 kDa were detected in all of the samples.   Band I and II were found to be globulin fraction with the molecular weights of 47 and 31 kDa, whereas band III was albumin fraction with the molecular weight of 19 kDa.  The same fractions were obtained by, Voigt et al.[10].  Both polypeptides were important in the formation of specific cocoa flavour precursors during fermentation of cocoa beans [1,2].

Under-fermented samples treated each with carboxypeptidases B and Y at different times of incubation produced  very similar protein bands with that of the  untreated samples.  Band  I (47 kDa) and II (31 kDa) of untreated samples were lost during incubation; however, band I (47 kDa) of samples treated with carboxypeptidase B  and Y were still present during incubation at 6, 12, 24 and 48 h.  
The lost of globulin was probably due to a selective digestion by endoproteases, which split the protein chains to form oligopeptidases, [4].   The optimal level of flavour precursors was produced when vicillin-class globulin was completely degraded by endoproteases during fermentation [10].  Therefore, it could be postulated that increment of protein bands could be due to the fact that vicillin-class globulin (47 kDa) did not degrade completely to specific oligopeptides.   

Under the same conditions, band III (19 kDa) polypeptide as an albumin fraction was not completely degraded as compared with those of band I (47 kDa) and II (31 kDa) (Figure 2, 3 and 4). Considerable amounts of the 19 kDa albumin were still observed after incubation.  The presence of band III in all of the untreated and treated samples could be due to its inhibitory behavior towards cocoa proteases.  
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Figure  2

SDS-polyacryamide gel showing separation of cocoa proteins inunder-fermented beans  with incubation at pH 5.8 for (A) 6 h, (B) 12 h, (C) 24 h and (D) 48 h.
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Figure  3

SDS-polyacryamide gel showing separation of cocoa proteins inunder-fermented beans treated  with 10% of carboxypeptidase Bduring incubation at 45(C, pH 5.8  for  (A) 6 h, (B) 12 h, (C) 24 hand  (D) 48 h.
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Figure  4

SDS-polyacryamide gel showing separation of cocoa proteins in under-fermented beans treated  with 10% of carboxypeptidase Y during incubation at 45(C,   pH 5.8  for  (A) 6 h, (B) 12 h, (C) 24 hand (D) 48 h.
IV.  REFERENCES

[1]  
Voigt, J., B. Biehl, H. Heinrichs, S. Kamaruddin, G. Marsoner and A. Hugi. (1994a), In-vitro formation of cocoa specific aroma precursors: aroma-related peptides generated from cocoa seed protein by co-operation of an aspartic endoprotease and a carboxypeptidase. Journal of Food Chem. 49: 173-180.

[2]  
Voigt, J., H. Heinrichs, G. Voigt and B. Biehl. (1994b), Cocoa specific aroma precursors are generated by proteolytic digestion of the vicilin-like globulin of cocoa seeds. Journal of Food Chem.  50: 177-184.

[3]  
O’Connor, J., K.E. Masters, D.F. Revell. (1993), Molecular characterisation of cocoa storage proteins and proteinases. In: Seed Storage Compounds: Byosynthesis, Interactions and Manipulation, eds Shewry P R & Stobart K. OUP, London, UK, pp 169-174.
[4]  
Voigt, J. and B. Biehl, (1995), Precursors of the cocoa specific aroma components are derived from the vicilin-class (7S) globulin of cocoa seeds by proteolytic processing. Botanica Acta. 108: 11-17.

[5] 
Biehl, B., H. Heinrichs, H.Ziegleder-Berhausen, S. Srivastava, Q. Xiong, D. Passern, V.I. Senyuk, and M. Hamor, (1993),. The proteases of ungerminated cocoa seeds and their role in the fermentation process. Angew. Bot. 67: 59-65.
[6]  
Bytof, G.,  B. Biehl, H. Heinrichs and J. Voigt, (1995),  Specificity and stability of the carboxypeptidase activity in ripe, urgerminated seeds of  Theobroma cacao L.  Food Chem. 54: 15-21.

[7]  
Hansen, C.E, M. de. Olmo and C. Burri,          (1998),  Enzymes activities in cocoa beans during fermentation. J. Sci. Food Agric. 77: 273-281.

[8]  
Laemli, U.K., (1970), Cleavage of structural proteins during assembly of the head of bacteriophage T4. Nature 227: 680-685. 

[9] 
Biehl, B. and D. Passern, (1982a), Proteolysis during fermentation-like incubation of cocoa seeds. J. Sci. Food Agric. 33: 1280-1290.

[10]  
Voigt, J., B. Biehl and H. Heinrichs.,(1993),. Proteolytic formation of cocoa flavour precursors.  In Schreier, P. and Winterhalter (eds) Progress in flavour precursors studies analysis, generation, biotechnology. USA:Allured Publishing Corp. Wheaton, pp 213-216.
































































*)   Department of Food Technology, Faculty of Engineering , Pasundan University, Bdg. Indonesia


**) Department of Food Science,, Faculty of food Science and By Biotechnology UPM  Malaysia








83
94
93

_1204776336

