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Western Dairy Center 
Project Report 

Reporting Period January 1, 1998-December 31, 1998 

Princdpal Investigators: 
Co-l mvestigators: 

Projecct Title: 

InstittUtion's Project #: 

Donald J. McMahon, Utah State University 
Jeffery Broadbent 
Craig Oberg 

Characterization of proteolytic enzymes from 
thermophilic lactic acid bacteria and their influenc( 
on Mozzarella cheese functional properties 

98092 

Proje<d Completion Date: December 31, 1999 

Natiomal Research Plan (1997): Priority: Goal: Tactic: 
Underrstand role of moisture and protelysis on physical and functional 
properties of cheese. 

Modiffications to Project/Budget: 
None 

Projec:t Objectives: (Include any revisions to objectives) 
Overalll Objective: Understand the influence of microbial proteolytic systems 

wlhich have variable effects on the rheological properties of Mozzarella 
ch,eese. 

ObjectJive 1: Characterize proteolyti c enzymes in thermophilic Mozzarella 
ch•eese starter cultures. 

Objectiive 2: Investigate the influ ence of different distinct proteolytic enzyme 
sy§tems on Mozzarella cheese functionality. 

Projectt Summary: (Suitable for inclusion in Center documents released to the 
public) 

The putrpose of this project is to control the functionality of Mozzarella cheese 
by undlerstanding the role of starter culture proteolysis in the development of 
melting properties. This project will investigate (1) the diversity that exists in 
the pr01teolytic systems of important thermophilic starter cultures, and (2) 
how these differences may influence Mozzarella cheese functionality. Strains 
of lactobacilli and Streptococcus thermophilus will be screened for proteinase 
activity, specificity toward a,,-casein (f 1-23) and their ability to degrade 
individual intact caseins. Strains found to represent distinct proteinase 
enzymes within lactobacilli species will then be added to cheese slurries and 



Mozzarella cheese to investigate the effect of these enzymes on proteolysis 
and cheese functionality. Knowing characteristics of starter culture 
proteolytic systems would provide a sound basis for starter culture selection; 
so that functionality can be customized to meet customer requirements. This 
information would then make it possible to develop starter culture systems 
for optimum manufacture of both full and lower fat Mozzarella cheese. 

1. Significant Progress against Objectives: 

Objective 1, Step 1 - Thirty three lactobacilli strains have been characterized 
for cell morphology, Gram stain and sugar production (API characterization), 
and are currently being evaluated for membrane fatty acid analysis . Twenty 
additional strains of lactobacilli have just been received and preliminary 
charactierization has started. Forty strains of 5. thermophilus have also been 
screened and characterized . These strains are currently being tested for 
proteinase activcity levels. 

Objective 1, Step 2 - Eighteen strains of lactobacilli (Lactobacillus helveticus 
and Lactobacillus de/bruekii ssp. bulgaricus) have been characterized for 

proteolysis using the a ,1-casein (f 1-23) method. Analysis for the remaining 
charactierized strains is underway . 

Objective 1, Step 4- OPA analysis for total proteolysis has been started with 
the characterized strains. 

2. Significant Conclusions: 

Preliminary data for the a ,1-casein (f 1-23) method indicates two possible types 
of proteolysis can be found in lactobacilli and differences in a preferential 

cleavage pattern of the a ,1-casein (f 1-23) for various strains into the final 
peptide products can be used for strain characterization. 

3. Anticipated Problems/Delays: 

Many of the lactobacilli cultures at the Weber State Culture Collection were 
lost due to a freezer malfunction and it has taken some additional time to 
obtain new cultures. 

Publications: 

None at present. 

Theses: 

None 



Publis>h edl Abstract 
None at present. 

Presemtatiiollls: 
None at present. 

Patentt/I m•ention Disclosures: 

Techntology Transfer Activities 
For inlfornna tion on licensing contact: 

Visitorrs Hosted: 
None 



Western Dairy Center 
Project Report 

Reporting Period January 1, 1997- December 31,1998 

Princi:ipal Investigators: 
Co-Innvestigators: 

Projecct Title: 

Instihlution's Project #: 

Donald J. McMahon, Utah State UnivErsity 
Craig J. Oberg, Weber State Universi1y 
Jeff Broadbent, Utah State University 
Rajiv Dave, Utah State University 
Understand the role of proteolysis on tunctional 
properties of Mozzarella cheese 

98093 

Projecct Completion Date: December 31, 2000 

Natiounal Oleese Research Plan (1997): Priority: 2 Goal: 2 Tactic: 1 
Establ•lish knowledge matrices relating the effects of processing parameters on 
cheesee functionality by 12/31/01: Understanding role o: moisture and 
protecolysis on functional properties of cheese. 

Modiffications to Project/Budget: 
Salari€es/Benefits line items for postdoctoral fellow was modified to include 
housirng and travel expenses. No change to total personnel costs mcurred. 

Projecct Objectives: (Include any revisions to objectives) 
1. Dectermine the contribution of alphas1-casein hydrolysis on melting 

prcoperties of mozzarella cheese. 
2. Dettermine the contribution of beta-casein hydrolysis on melting properties 

of · mozzarella cheese. 

Projecct Summary: (Suitable for inclusion in Center documents released to the 
public) 

The pUlrpose of this project is to develop an understanding of ho1A· proteolysis 
during~ storage of mozzarella cheese influences cheese melting properties. In 
particu1lar, the proteolysis that occurs during storage of mozzarella cheese will 
be pro~filed so that changes in melt and stretch functiona:ity can be correlated 
with brreakdown of alphas1-casein and beta-casein into peptides. 
The prmject is designed to extend the knowledge of chee~e proteolysis in 
mozzaJrella cheese beyond that which is currently known by monitoring the 
disapp~earance of intact proteins during refrigerated storage, by making 
cheese§ that purposely have increased hydrolysis of alphasl-casein orb-casein. 
To avOJid the influence of s tarter culture bacterial enzymes on proteolysis, the 
cheese will be made using direct acidification (i.e. withm.: t any cultures being 
added to the milk). Various levels of chymosin and plas:nin will be added 



dunrring cheesemaking to modify the extent of proteolysis of alphasl-casein 
ancd:i beta-casein, respectively. The extent of proteolysis, as measured by the 
diss<appearance of the intact proteins and the appearance of peptides, will be 
cornrelated with melting, rheological and functional properties of the cheese. 

1. S)iignificant Progress against Objectives: 
Thee! preliminary trials were successfully completed by the end of September 
199~18. Methodologies for the manufacture of cheeses and analyses of variou5 
rha><ological and bio-chemical parameters were standariized during this time 
Tri<:alls for Objective 1, to study the role of alphaSl-case.n hydrolysis on 
meHttability and rheological properties of fat-free, redue2d fat and part-skim 
monzzarella cheeses, were commenced in October. Mozzarella cheeses with 0, 
10 camd 20% fat were made using direct acidification to test the influence of 
coa,gulant concentration on proteolysis, meltability and rheological propertie! 
of c:}heeses during 60 d storage periods at 4°C. 

NinHe batches of milk (at three fat levels) were acidified to pH 5.65 (using 
acettiic / citric acid combination) and then coagulated with 0.2x, lx, and 4x 
recco>mbinant coagulant at 37, 35 and 32°C, respectively. After cutting and 
heall.ing the curd, pH was further dropped by adding glKono-delta-lactone to 
the ~hey and the curd cooked to 44°C and salted. The curd was then hand 
strett.ched in 5% brine at 82°C, molded, cooled in cold water, cut into 4 pieces, 
vactutUm packed and stored at 4°C. The cheeses were sampled for fat, protein, 
moiisture, salt, and calcium analysis on d 1. Changes in pH, meltability (using 
a tulbe test in an oil bath at 90°C for 16 mins), extent of proteolysis (using an 
acidl-urea capillary electrophoresis and 12.5% TCA-solu)le nitrogen) and 
rheroJogical properties (stress sweep and temperature sweep tests) were 
mom:i tored at 1, 15, 30 and 60 d . Statistical analyses of thE collected data is 
exprected to be completed in the first half of 1999. 

2. Siignificant Conclusions: 
LoWiering fat content reduced the initial (d 1) meltability of the cheeses: 15.7, 
13.8 and 7.8 em of melt for the 20, 10 and 0% fat cheeses :nade using lx 
coag~ulant. Lowering the coagulant level to 0.2x reduced :1 1 meltability: 9.1, 8.5 
and 6.3 em, respectively, with the greatest decrease occu:ring with the 20% fat 
chee~se. During storage, meltability increased for the 0% ;at cheese, but 
decrreased for the 20% fat cheese after 15 d because increased stickiness of the 
chee~se reduced flowability of the cheese in the glass tubes. 

The 1time required to hydrolyze all intact alpha51-casein ·.vas about 15, 30 and 
60 d for cheeses made using 4x, lx and 0.2x coagulant, re~pectively. It appeared 
that little hydrolysis of beta-casein occurred until all inta::t alpha-51 casein 
was hydrolyzed. The higher the fat content, the softer the cheese, i.e. the 
chee!se had lower complex modulus yield values. Also, during aging, the 


