
 

EFFECT OF INCORPORATING ENCAPSULATED AND NON-ENCAPSULATED 

PROBIOTIC CULTURES ON CULTURE SURVIVAL AND CHEESE QUALITY OF 

GOUDA CHEESE 

By  

Yi-Chun Liu 

 

A Thesis  

Submitted to the Faculty of Graduate Studies of  

The University of Manitoba  

In Partial Fulfilment of the Requirements for the Degree of  

 

MASTER OF SCIENCE 

 

Department of Food Science 

University of Manitoba 

Winnipeg, MB, R3T 2N2 

 

Copyright © 2012 by Yi-Chun Liu 

 



ii 
 

I hereby declare that I am the sole author of this thesis.  

I authorize the University of Manitoba to lend this thesis to other institutions or 

individuals for the purpose of scholarly research.  

 

Yi-Chun Liu 

 

 

 

 

 

I further authorize the University of Manitoba to reproduce this thesis by photocopying 

or by other means, in total or in part, at the request of other institutions or individuals for 

the purpose of scholarly research.  

 

Yi-Chun Liu 

 

 

 



iii 
 

The University of Manitoba requires the signatures of all persons using or photocopying 

this thesis. Please sign below and give address and date.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 
 

ABSTRACT 

Gouda is a semi-hard, high fat cheese and was investigated here as a food vehicle for 

probiotic bacteria.  

The purpose of this study was to incorporate non-microencapsulated and 

microencapsulated probiotic cultures (L. helveticus and B. longum) into Gouda cheese. 

Lactococcus lactis, Lactococcus cremoris, Lactococcus lactis subsp. diacetylactis and 

Streptococcus thermophilus were used as starter cultures. Each batch was evaluated 

for its chemical, microbial, textural, and also sensorial properties after 3 and 4 months of 

aging.  

The experimental Gouda cheeses with the addition of probiotic cultures did not alter the 

chemical properties of the aged cheese. Furthermore, the final levels of both probiotic 

strains incorporated were meeting the recommendation level suggested by health 

organizations which is higher than 107 cfu/g. Moreover, the addition of probiotic strains 

and maturation time did not alter the texture of the cheese. Overall, the result from the 

sensory test also did not show any differences.  
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1.  INTRODUCTION 

Cheese is widely consumed and one of the most ancient foods around the world. 

The main purpose of processing milk into cheese is to preserve a perishable food 

and to extend the variety of products (Walther et al., 2008). Cheese is made 

based on the coagulation of casein and the separation of whey from milk 

(Agriculture and Agri-Food Canada, 2006). Cheese is a suitable protein source 

since it includes most amino acids by having casein as the main protein (Scott, 

1986). However, cheese also consists of fat, water, minerals and vitamins. 

Lactose, the main sugar in milk is rarely present in cheese due to its removal in 

whey and lactic acid formation (Walther et al., 2008). Cheese can be categorized 

by the milk used, the manufacturing method, texture, fat content, fermentation 

type, surface, and interior (Walther et al., 2008). Cheeses also differ in their 

flavours due to the ripening time when lactose, protein and fat are broken down 

by fermentation, proteolysis and lipolysis (Walther et al., 2008). The main 

reasons for consumption of cheese are to supply essential nutrients and 

enjoyment (Walther et al., 2008).  

Cheese consumption has increased over the years in North American and 

European countries. United States is the largest producer of cheese with 24% of 

total production in 2005 (Agriculture and Agri-Food Canada, 2006). However, 

Canada ranked ninth in 2005 for cheese production (Agriculture and Agri-Food 

Canada, 2006). One of the main companies which dominates cheese production 

in Canada is Kraft (Agriculture and Agri-Food Canada, 2006). Canadian cheese 

consumption has increased to 12kg per capita in 2005 from 10kg per capita in 
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1980s (Agriculture and Agri-Food Canada, 2006). Moreover, there was a 6.8% 

increase for retail sales of cheese between 2001 and 2005 (Agriculture and Agri-

Food Canada, 2006). On the other hand, there was a decline in sales of 

processed cheese, which dropped by 2.5%, and the reason for this was due to 

the nutritional concerns of the consumers (Agriculture and Agri-Food Canada, 

2006).  

The word “probiotic” has been introduced into the food industry and the sales of 

probiotic foods have been increasing over the years. Most consumers are not 

fully educated on this term. Probiotics are defined as “live microorganisms that, 

when administered in adequate amounts, confer a health benefit on the host” 

(Food and Agriculture Organization of United Nations/World Health Organization 

– FAO/WHO, 2001). This means that their viability must be maintained 

throughout all processing steps up to ingestion by the consumers and also must 

survive in the gastrointestinal tract in the hosts (Gomes da Cruz et al., 2009). 

Research shows that different strains of probiotic bacteria confer different health 

effects on hosts (Santosa et al., 2006).  

It is estimated that there are 80 probiotic-containing products in the world 

(Champagne et al., 2005). Most probiotic products on the shelf in the dairy 

section are yogurt. However, cheese may be a better delivery vehicle for 

probiotics than yogurt. As cheese has a higher pH, it may provide a more stable 

environment to support the survival of probiotic strains, and its higher fat content 

and higher buffering capacity may protect probiotic strains during passage 

through the GI tract (Champagne et al., 2005). However, the low pH in the 
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stomach and some processing steps will decrease the level of probiotic in the 

food matrix. Recently, research showed that encapsulating probiotic cultures can 

minimize processing effects by maintaining high viability during storage, good 

growth during the manufacturing process and also preventing the acid in the 

stomach from destroying the probiotic before arrival in the gut where the most 

benefits occur. Until recently, the technique of encapsulating probiotic strains has 

been applied to dairy products such as yogurt, frozen dairy desserts and cheese. 

Although much research has been conducted on the probiotic cheese, more is 

needed to understand the whole concept of incorporation of probiotic into cheese. 

This study is focused on the enumeration of probiotic strains as well as the 

texture and sensorial characteristics in the presence of encapsulated and non-

encapsulated probiotic strains in Gouda cheese during the aging process.   

The specific objectives include: 

 Enumeration of micro & non-microencapsulated probiotic strains in Gouda 

cheese.  

 Evaluation of the chemical composition of cheese samples throughout the 

aging process.  

 Analysis of texture of cheese samples throughout the aging process.  

 Analysis of sensorial attributes (flavour and texture) of cheese samples 

throughout the aging process. 
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2. LITERATURE REVIEW 

 

2.1 Cheese  

2.1.1 Introduction 

Cheeses on the market are mainly produced with cow’s milk. Cheese is one type 

of food which can be consumed by lactose-intolerant individuals; approximately 

70% of adults of the global population exhibit some level of lactose-intolerance 

(Walther et al., 2008). Consumption of milk can result in abdominal pain, diarrhea, 

nausea, flatulence, and other symptoms for lactose-intolerant individuals 

(Walther et al., 2008). However, all types of cheese except fresh ones are free of 

lactose (Walther et al., 2008). Therefore, if one were lactose-intolerant it would 

be unnecessary to avoid cheese products. Moreover, cheese can provide all the 

essential amino acids except methionine and cysteine and one portion of full-fat 

cheese can provide about two-thirds of the recommended daily intake of fat 

(Walther et al., 2008). For full-fat cheese, the amount of free fatty acid is usually 

1 – 5 g per kg of cheese (Renner, 1987). Cheese is also a good source of protein. 

The protein content of cheese usually ranges between 20 – 35% and the protein 

content varies with the fat content (Renner, 1987). The most important mineral in 

dairy products is calcium. Generally, hard and semi-hard cheeses contain 6 to 11 

g of calcium per kg of cheese (Walther et al., 2008). However, cheeses produced 

by rennet coagulation usually contain higher amounts of calcium than those 

made from acid-coagulated milk (Renner, 1987). Moreover, phosphorus, zinc, 

magnesium, vitamins A, B2, B6, and B12 can also be found in cheese, although 
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the amount of vitamins present in cheese depends on the fat content (Walther et 

al., 200; Renner, 1987). The medicinal benefits of consuming cheese include 

improved bone and dental health, weight management, anti-hypertension, and 

anti-carcinogenic compounds (Walther et al., 2008).  

 

2.1.2 Types of cheese 

There are at least 500 varieties of cheese throughout the world. The types of 

cheese are classified based on the manufacturing methods. They can either be 

grouped by texture (very hard, hard, semi-hard/semi-soft and soft) or method of 

milk coagulation (rennet-coagulation, acid-coagulation, heat/acid coagulation or 

concentration/crystallization) (Fox et al., 2000). Most of the cheeses produced in 

the world are coagulated by rennet; these include Parmesan, Cheddar, Gouda, 

and Mozzarella. Parmesan is a very hard cheese which is characterized by high 

cooking temperature. Cheddar, a hard cheese, is ripened by internal bacterial 

action without the production of eyes. However, there are types of cheese that 

are ripened by internal bacteria that do produce eyes. Examples are Emmental 

(big eyes) and Gouda (small eyes) where numerous eyes are created by CO2 

caused by the fermentation of lactate by Propionibacterium freudenreichii subsp. 

shermanii or fermentation of citrate by the starter culture (Fox et al., 2000). From 

the Canadian Dairy Products Regulations (Department of Justice, 2011), there 

are 46 types of cheese being regulated in Canada each of which has a 

standardized maximum percentage of moisture and minimum percentage of fat.  
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2.1.3 Gouda cheese 

Gouda is a type of semi-hard, high fat cheese. The cheese is made from cow’s 

milk and it originated in Holland (Rukure & Bester, 2001). Gouda is exported as 

red or orange waxed wheels that generally weigh 2.5kg (Kosikowski & Mistry, 

1999). The cheese is usually yellow from color added in the manufacturing 

process, and has a mild nutty flavour (Kosikowski & Mistry, 1999). Gouda is 

renneted cheese with a sweet curd, prepared from partially skimmed or whole 

milk (Kosikowski & Mistry, 1999). The quality of milk used must be top-grade 

since the cheese is made from high pH curds (pH 5.4) without the growth 

restriction of lactic acid against spoilage organisms (Kosikowski & Mistry, 1999). 

The ripening period for Gouda is at least 40 days (Bertola et al., 2000). Gouda 

cheese is traditionally ripened within its own packaging at 10°C for 5 to 7 days, 

turned daily, until the rind changes color. The cheese is then moved to another 

chamber at 14 – 18°C for 40 days to complete its aging process (Bertola et al., 

2000). The maximum percentage of moisture and minimum percentage of fat for 

Gouda are 43% and 28% respectively, which is regulated in the Dairy Products 

Regulations from the Canada Agricultural Products Act (Department of Justice, 

2011).  
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2.2 Probiotic 

2.2.1 Introduction 

According to the Canadian Food Inspection Agency, “Probiotics are 

microorganisms that are beneficial to human health” (Canadian Food Inspection 

Agency, 2009). Probiotic strains have been reported to treat or prevent diarrhea, 

gastroenteritis, irritable bowel syndrome, inflammatory bowel disease, cancer, 

depressed immune function, inadequate lactose digestion, infant allergies, 

hyperlipidaemia, hepatic disease, Helicobacter pylori infections, and constipation 

(Parvez et al., 2006). However, the certainty of the health benefits from the 

probiotic cultures still needs more research to support them. The desired 

characteristics of probiotic organisms are that they are of human origin (if 

intended for human use), have acid and bile stability, can adhere to human 

intestinal cells, are competitive and colonize in the human gut, produce 

antimicrobial substances, are competitive against carcinogenic compounds and 

pathogenic bacteria, are safe in food and clinical use, have clinically proven 

health effects and can be produced on a large scale (Salminen et al., 1998; 

Ouwehand et al., 2010). The two genera most commonly used as probiotics are 

Lactobacillus and Bifidobacterium (Bruhn et al., 2002). Table 1 shows the 

common species used as probiotics. The Fermented Milks and Lactic Acid 

Bacteria Beverages Association in Japan stated that the level for probiotic strains 

necessary to confer health effects on humans should be at least 107 per gram or 

millilitre (Gardiner et al., 1999). These organisms are incorporated into the 
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fermented food products, especially dairy products. Probiotic products on the 

market include yogurt, ice-cream, cheese, and pharmaceuticals.  

Table 1. Commonly used probiotics 

Lactobacilli Bifidobacteria 

Lactobacillus acidophilus1 Bifidobacterium bifidum1 

L. delbrueckii (subsp. bulgaricus)1 B. adolescentis1 

L. brevis1 B. animalis1 

L. cellobiosus1 B. infantis1 

L. curvatus1 B. longum1 

L. fermentum1 B. thermophilus1 

L. plantarum1 B. breve1 

L. casei1 B. essensis2 

L. rhamnosus1 B. lactis2 

L. reuteri1 
 

L. gasseri1 
 

L. crispatus2 
 

L. johnsonii2 
 

L. lactis2 
 

L. paracasei2 
 

L. salivarius2 
 

1: Vijaya Kumar et al. (2005) 
2: Champagne et al. (2005) 

One probiotic formulation which is a combination of Lactobacillus helveticus and 

Bifidobacterium longum showed beneficial effects on gastrointestinal (GI) tract 

symptoms in patients dealing with chronic disease (Diop et al., 2008). Moreover, 

Messaoudi et al. (2011) reported that the consumption of probiotic formula 

containing both L. helveticus and B. longum relieved psychological distress 

without showing any negative reactions. Therefore, the probiotic combination 

used in this study is L. helveticus with B. longum to see the quality and sensory 

effects on cheese from these organisms.  
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2.2.2 Lactobacilli 

Lactobacilli are generally characterized as Gram-positive, non-spore forming, 

tolerant to salt and acid, catalase-negative, non-motile anaerobic rods or 

coccobacilli, and chain formation is common (Gomes & Malcata, 1999; Kandler & 

Weiss, 1986). It is a diverse genus that is comprised of at least 87 species 

(Slattery et al., 2010). They are microaerophilic, so surface growth on solid media 

is generally enhanced by anaerobiosis or reduced oxygen pressure and 5 – 10% 

CO2 (Gomes & Malcata, 1999; Kandler & Weiss, 1986). Lactobacilli belong to a 

group of organisms known as lactic acid bacteria (LAB), which produce lactic 

acid from their metabolism of carbohydrates (Slattery et al., 2010). Lactobacillus 

helveticus is one of the probiotic cultures used in this project. L. helveticus is one 

of the most used starter cultures in the industry, mostly for cheese manufacture 

(Frece et al., 2009). However, L. helveticus was selected as a probiotic strain 

based on in vitro selection criteria (Frece et al., 2009). L. helveticus has good 

growth at 45°C and maximum growth temperature at 50 – 52°C and may be 

proteolytic (Kandler & Weiss, 1986; Slattery et al., 2010). The optimum growth 

pH is between 5.5 and 5.8, and it has complex nutritional requirements for growth 

(Slattery et al., 2010). The requirements of growth factors include calcium 

pantothenate, niacin, riboflavin, pyridoxal or pyridoxamine (Kandler & Weiss, 

1986). This species is characterized by its ability to produce significant levels of 

bioactive tripeptides that can inhibit the angiotension converting enzyme (ACE) 

and this action is associated with reducing blood pressure (Slattery et al., 2010). 

L. helveticus can be isolated from sour milk, cheese starter cultures and 
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Emmental and Gruyere cheeses (Kandler & Weiss, 1986). Moreover, they can 

also be isolated from intestinal microflora, one of the criteria for being a probiotic 

strain.  

Studies have shown that L. helveticus has the ability to survive GI tract 

conditions, is resistant to bile, has antimicrobial activity against some 

enteropathogenic and spore-forming bacteria, adheres to epithelial cells in vitro, 

and has been proposed to be a potential probiotic candidate (Beganovic et al., 

2011). L. helveticus displays a pattern of antimicrobial activity which is similar to 

other probiotic Lactobacillus species such as L. johnsonii, L. acidophilus, L. casei 

and L. rhamnosus (Atassi et al., 2006). Studies have shown that L. helveticus 

was more effective than L. rhamnosus in interfering with Campylobactor jejuni 

invasion into intestinal epithelial cells and also was more effective in inhibiting 

Escherichia coli O157:H7 (Wine et al., 2009). Moreover, in vitro studies 

completed on L. helveticus have shown that it has the ability to lower serum 

cholesterol in the presence of bile (Frece et al., 2009). The reason L. helveticus 

has such great potential as a probiotic strain is due to the protective role of its S-

layer protein during passage through GI tract (Frece et al., 2009). Furthermore, 

the S-layer proteins from L. helveticus have proven to be resistant to pepsin and 

pancreatic juice in humans (Frece et al., 2009).  
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2.2.3 Bifidobacteria 

The family Bifidobacteriaceae consists of 7 genera, and there are 36 species of 

bifidobacteria that are included within the genus Bifidobacterium (Nakajo et al., 

2010; Champagne et al., 2005). Nine species have been found in the intestine of 

man and 20 can be isolated from fermented milk and in the intestinal tract of 

various animals (Champagne et al., 2005). Bifidobacteria compose 5 – 10% of 

the total colonies of microflora in humans (Champagne et al., 2005). 

Bifidobacteria are generally characterized as Gram-positive, non-sporeforming, 

catalase-negative, non-motile anaerobic rods with various shapes (Gomes & 

Malcata, 1999). The key enzyme used to identify this genus is fructose-6-

phosphate phosphoketolase (F6PPK) (Gomes & Malcata, 1999). It utilizes 

galactose, lactose and fructose as carbon sources (Gomes & Malcata, 1999). 

The optimum pH for growth is 4.5 – 8.5 and optimum growth temperature is 37 – 

41°C (Gomes & Malcata, 1999 & Rokka & Rantamaki, 2010). In general, 

bifidobacteria grow better in rich synthetic media such as de Man, Rogosa, 

Sharpe (MRS) broths (Gomes & Malcata, 1999). They can utilize ammonium 

salts to produce nitrogen (Scardovi, 1986). Bifidobacterium longum is the 

probiotic strain also used in this project. It is usually found in human feces and 

can also be found in the digestive tract of infants, adults and elderly subjects. It is 

very closely related to Bifidobacterium infantis (Scardovi, 1986; Silva et al., 2004). 

It can grow well over a wide pH range (Nakajo et al., 2010). It ferments D-ribose, 

L-arabinose, lactose, melezitose, fructose, galactose, sucrose, maltose, 

melibiose and raffinose (Scardovi, 1986).  
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The oxygen tolerance of B. longum is a technological advantage for biomass 

production when compared to more strict anaerobes such as B. bifidum and B. 

adolescents (Silva et al., 2004). B. longum has been considered as a probiotic 

culture as it produces organic acids which reduce the colon pH to a level that 

inhibits pathogenic bacteria (Kiviharju et al., 2005). They also adhere to the colon 

mucosa to prevent pathogen adherence as well as colon cancer induction 

(Kiviharju et al., 2005). Research has also shown that bifidobacteria are 

considered more adequate probiotics for prevention and/or treatment of human 

intestinal disorders than lactobacilli (Silva et al., 2004). Therefore, it is important 

to have both genera incorporated into the experiment.  

 

2.2.4 Probiotic cheese 

Foods that contain probiotics are categorized as “functional foods” which are 

defined as “foods claimed to have a positive effect on health” (Stanton et al., 

1998). The incorporation of probiotics into cheese would only result in a 

functional food if the cultures remained viable during processing and storage and 

there are no alterations of the texture, sensory, shelf-life and composition of the 

product (Stanton et al., 1998). As more probiotic foods are marketed, a more 

competitive environment is created and consumers have more choices when 

selecting the most suitable product for their daily lives. The development of 

probiotic cheese would fit well in the marketplace.  
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Research has shown that probiotic bacteria are unable to survive salt 

concentrations greater than 3.5% (Montoya et al., 2009). Moreover, studies 

suggest that a high level of inoculation (up to 10 – 20%, based on the volume of 

yogurt) of probiotic culture in cheese is recommended (Kailasapathy & Chin, 

2000). A ratio of 1:1 of bifidobacteria and lactobacilli has been considered 

adequate for optimum growth to result in symbiosis between these strains 

(Gomes & Malcata, 1999). However, when adding probiotic strains into cheese, 

the concern of co-survival with conventional lactic acid bacteria (e.g. starter 

cultures) is a challenge (Tamime, 2005). Strain survival also depends on pH, the 

presence of other competing microorganisms, storage temperature, and the 

presence of inhibitors in the food (Gomes & Malcata, 1999). Cases of lost 

probiotic viability in dairy products during refrigerated storage at low pH have 

been reported (Gomes & Malcata, 1999). However, Ross et al. (2002) suggested 

that to keep the probiotic culture alive in cheese, the cheese needs to be stored 

in a cool place to ensure high survival rate and stability of the product. In addition, 

bifidobacteria survive well in low-acid products such as cheese (Gomes & 

Malcata, 1999). Therefore, proper strain selection for probiotic application into 

cheese is important. In general, it is necessary to consume probiotic products on 

regular basis in order to maintain the effect of these microorganisms on the 

intestinal microflora (Gomes & Malcata, 1999).  

 

 



14 
 

2.2.5 Effects of processing on probiotics 

The addition of starter culture, salting, and other ingredients may influence the 

level of probiotics in food. Starter cultures are added for acidification, texture, and 

flavour development in fermented dairy products. However, studies showed that 

these starter cultures may slow the growth of probiotics (Champagne et al., 

2005). In addition, Vinderola et al. (2002) showed that antagonistic interaction 

may exist between probiotic and starter cultures. Also, when fast starter culture 

growth occurs, acidification develops more quickly with shortened fermentation 

time, resulting in limited growth of probiotics during processing (Champagne et 

al., 2005).  

Heat is commonly used during the manufacture of fermented dairy products and 

it serves two purposes. High temperatures (over 65°C) can destroy unwanted 

microorganisms and low temperatures (36 – 39°C) contribute to texture and 

flavour development (Champagne et al., 2005). However, temperatures below 

45°C do not have an effect on probiotics (Champagne et al., 2005). 

The maturation time of cheese also affects the viability of probiotic cultures 

where most ripened cheeses may have maturation times up to 24 months 

(Ouwehand et al., 2010). Survival of probiotics during storage must also be taken 

into consideration.  

Since many food components and processing steps may interfere with the 

bioactivity of probiotics, it may be beneficial to encapsulate the probiotic culture 

to protect it throughout processing, transport and storage (de Vos et al., 2010). 
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However, the survivability of the probiotic cultures still depends on the species 

used.  

 

2.3 Microencapsulation 

2.3.1 Introduction 

Microencapsulation is a chemical or mechanical process that can protect and 

control release of the active ingredients by covering them with a layer of another 

material (Chen et al., 2005). Other benefits of microencapsulation include 

preventing bacteriophage invasion, increasing survival rate during freeze drying 

and freezing, providing greater stability during storage, and protecting the active 

content from environmental stresses such as acidity and gastric conditions (e.g. 

stomach) (Krasaekoopt et al., 2003; Rokka & Rantamaki, 2010). Researchers 

usually refer to microencapsulation when discussing encapsulation of a probiotic 

as the size of the encapsulated probiotic is around 1 – 5µm (de Vos et al., 2010). 

A microcapsule consists of a semi-permeable, spherical, thin, and strong 

membrane surrounding a solid/liquid core (Anal & Singh, 2007). Microcapsules 

can be designed to release active ingredients by heat, salvation diffusion and 

pressure and the coating may also be designed to release active components in 

specific areas of the body (Anal & Singh, 2007). However, for probiotic 

encapsulation, the membrane of the microencapsulated system must provide 

permeability for nutrients to pass through while preventing entry of molecules that 

may destroy the live bacterial cells (Islam et al., 2010). There are various 
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methods of microencapsulating probiotic bacteria to increase the survival rate up 

to 80 – 95%; these include extrusion, formation of oil emulsions and spray-dying 

(Krasaekoopt et al., 2003; Champagne et al., 2010). Research showed an 

improved viability of > 105 cfu/g for encapsulated probiotic organism when 

incorporated into frozen dairy desserts when compared to counts < 103 cfu/g with 

non-encapsulated organisms (Tamime, 2005). However, to act as capsules it is 

essential to select a suitable material that can be incorporated into the foods 

without interfering with the texture and taste of the food (de Vos et al., 2010).  

 

2.3.2 Extrusion 

Extrusion is used to create capsules with hydrocolloids by preparing a 

hydrocolloid solution, adding microorganisms and then extruding the cells 

through a syringe needle to form droplets (Krasaekoopt et al., 2003). The size 

and the shape of the droplets are dependent on the needle (Krasaekoopt et al., 

2003). This method is simple, low cost, and uses gentle formulation to ensure 

high cell viability (Krasaekoopt et al., 2003). The most common material used for 

extrusion encapsulation is alginate (Krasaekoopt et al., 2003). Talwalkar & 

Kailasapathy (2003) have shown that encapsulating bacteria in alginate improved 

survival rates by one log when compared to free cell counts when stored in skim 

milk for 24 h.  
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2.3.3 Emulsion formation 

In the second method, an emulsion is formed by adding a small volume of the 

cell-polymer suspension to a large volume of a vegetable oil and then 

homogenizing to form a water-in-oil emulsion (Krasaekoopt et al., 2003). The 

bead of suspended cells can then be harvested by filtration (Krasaekoopt et al., 

2003). Bead size is controlled by the speed of agitation and the presence and 

type of emulsifier (Krasaekoopt et al., 2003). For this type of encapsulation, a 

mixture of κ-carageenan and locust bean gum is most often included 

(Krasaekoopt et al., 2003). The benefit of the emulsion method is that it is easy 

for large scale production and can produce smaller size beads than extrusion 

(Krasaekoopt et al., 2003). However, this technique is fairly new and can result in 

higher costs than extrusion due to the need for vegetable oil (Krasaekoopt et al., 

2003).  

 

2.3.4 Spray drying 

The third common method for microencapsulation is spray drying. It is 

economical and flexible, and produces good quality products (Kailasapathy, 

2002). The process is done by dissolving the encapsulated substances in a 

dispersion of a polymer solution to form an emulsion or dispersion (de Vos et al., 

2010). This is followed by atomizing in heated air for fast removal of the solution 

that contains active ingredients (Kailasapathy, 2002). The advantages of this 

process are that it can be operated on a continuous basis, has a low cost, and is 
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easy to operate (de Vos et al., 2010; Kailasapathy, 2002). However, the 

disadvantage is that the high temperature used during processing may not be 

compatible with the survival of all types of probiotics. The limited applications for 

these techniques imply that some bioactive components maybe exposed (de Vos 

et al., 2010; Kailasapathy, 2002). Nevertheless, it is still a valuable process as it 

is cost-effective, efficient and uses equipment that is available in the food 

industry (Kailasapathy, 2002). Furthermore, Gardiner et al. (2002) showed that 

when L. paracasei culture was spray-dried with skim milk, it remained stable in 

Cheddar cheese during storage for at least 7 weeks.  

 

2.3.5 Microencapsulated probiotics 

Microencapsulation can protect the viability of probiotics during processing and 

storage, but the release of probiotics into the GI tract must also be considered if 

they are to provide benefits. In the upper intestinal tract the pressure is fairly low 

due to the large amount of fluid in the stomach and small intestine (de Vos et al., 

2010). Microencapsulates used for probiotics can withstand this level of pressure, 

although they will break when the pressure in the lumen increases thereby 

releasing the bioactive compounds in the lower gastrointestinal tract (de Vos et 

al., 2010). Another approach for releasing bioactive compounds is based on pH 

(de Vos et al., 2010). By using pH sensitive polymers when encapsulating the 

probiotic they can remain intact in the stomach. They are, however, not resistant 

to digestive enzymes, so the probiotic can be released in either the small or large 

intestine (de Vos et al., 2010).  
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There are two ways of incorporating microencapsulated probiotic into cheese. 

They can be added with the starter culture or sprinkled on the milled curds to 

maximize the viability in an end product (Champagne et al., 2005). The reason 

for adding microencapsulated probiotics with the starter culture is to ensure the 

incorporation of beads into the curds. The disadvantage of this is that some of 

the encapsulated probiotics may be drained with the whey since the beads do 

not readily dissolve in the milk. This leads to the other approach, which is to 

sprinkle the probiotic on the milled curds so that it minimizes losses of bacterial 

cells to whey. However, studies have shown that the probiotic cells were not as 

well incorporated into the curd mass when added at this step. The recovery of 

probiotics in the cheese curds was almost double when the probiotics were 

added with the starter culture in the milk despite losses in the whey (Fortin et al., 

2011). The value of microencapsulation has been established as studies have 

shown differences for the level of viability between non-microencapsulated 

probiotics (decreased to <103 cfu/g for L.acidophilus and bifidobacteria) and 

encapsulated probiotics (>105 cfu/g) (Shah, 2000).  

However, microencapsulation may have adverse effect on the sensory quality of 

a food. Particle size usually alters the texture of foods, but when the diameters of 

the capsules are under 10 µm this should not affect the mouthfeel of most foods 

and the sizes of encapsulated probiotic are usually 1 – 4 µm (Rokka & 

Rantamaki, 2010). Also, the color of the capsules may affect the appearance of a 

food where spray-dried capsules may have color defects due to the Maillard 

reaction (Rokka & Rantamaki, 2010).  
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2.4 Texture of cheese 

2.4.1 Introduction 

The texture of foods, also known as the “eating quality of foods”, includes sight, 

touch, and sound (Gunasekaran & Ak, 2003). The International Organization for 

Standardization (ISO) defined texture of a food as “all the rheological and 

structural (geometric and surface) attributes of the product perceptible by means 

of mechanical, tactile, and, where appropriate, visual and auditory receptors” 

(Gunasekaran & Ak, 2003). Consumers expect each food to have its unique 

texture, so the manufacturer needs to know the texture that is being expected by 

the public to carefully formulate their products and also to develop quality control 

criteria (Gunasekaran & Ak, 2003).  

Cheese is analyzed as a soft solid material composed mainly of protein, water, 

and lipid (Foegeding & Drake, 2007). Texture is a primary attribute for cheese 

(Gunasekaran & Ak, 2003). Many terms have been used to describe the texture 

of cheese, such as adhesiveness, brittleness, creaminess, crumbliness, 

chewiness, cohesiveness, crustiness, curdiness, firmness, graininess, hardness, 

stretchability, lumpiness, mouthfeel, rubberiness, shortness, slipperiness, 

smoothness, spreadability, springiness, stickiness, stiffness, and thickness 

(Gunasekaran & Ak, 2003). However, the attributes that are commonly measured 

for cheese products are firmness, rubberiness, crumbliness, graininess, and 

mouth-coating (Muir et al., 1997). Cheese sensory texture is done by descriptive 

analysis and mechanical texture based on rheological and fracture testing 

(Foegeding & Drake, 2007).  
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2.4.2 Factors affecting cheese texture 

Textural properties of cheese are affected by numerous factors such as 

properties of milk, cheese making procedures, cheese composition and post 

manufacturing processes (Gunasekaran & AK, 2003). The breed of cattle, stage 

of lactation, milking season, and feeding all affect the composition of milk which 

directly alters the properties of cheese (Gunasekaran & AK, 2003). During the 

manufacturing of cheese, the addition of a starter culture and a coagulant, 

cooking temperature, and amount of whey removed affect the final texture of 

cheese curds (Gunasekaran & AK, 2003). Sodini et al. (2002) reported that by 

adding different strains of starter culture, the acidification process and the texture 

are different. They showed that a mixture of starter cultures, composed of S. 

thermophilus and L. bulgaricus permitted shorter fermentation time when 

compared to when single culture of S. thermophilus. Longer fermentation times 

can lead to a grainy texture. A longer fermentation time also leads to a longer 

milk heating time, and as a result, the pH of milk would become lower due to 

more acid production from the starter cultures. Again this results in undesirable 

texture in cheese.  

Casein is the most important factor in affecting the texture of cheese where water 

or serum fills the matrix formed by fat globules that are trapped in the casein 

protein matrix (Gunasekaran & Ak, 2003). The casein network structure is 

affected by the moisture of the curd, the fat content, acidity, pH and the scalding 

temperature of the curd (Gunasekaran & Ak, 2003). For example, during the 

production of Emmental cheese, the curd scalding temperature needs to be high 
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in order to create a springy and rubbery curd (Gunasekaran & Ak, 2003). For 

harder cheese, the pH of milk during the addition of enzyme or the pH of curd 

during milling needs to be low to result in a harder cheese curd (Gunasekaran & 

Ak, 2003). Yates & Drake (2007) documented that fat reduced Gouda cheeses 

were generally characterized by decreased adhesiveness, cohesiveness and 

degree of breakdown compared to full-fat Goudas. Other researchers reported 

that an increase in fat content resulted in smoother and softer cheese, and an 

increase in casein content resulted in firmer cheese (Chen et al., 1979; 

Gunasekaran & Ak, 2003).  

The texture of cheese continues to change during storage due to aging 

(proteolytic breakdown) and ripening (pH and temperature changes, casein 

hydrolyzation) (Gunasekaran & Ak, 2003). Yates & Drake (2007) reported that 

Goudas that had been aged more displayed higher fracturability and were firmer. 

The texture differences between young and aged Cheddar cheese was 

documented by Brown et al. (2003) and Watkinson et al. (2001) where longer 

aging time led to enzymatic breakdown of the casein matrix, which resulted in a 

crumbly, less cohesive and more fracturable texture.  

 

2.4.3 Analytical methods for cheese texture  

Texture of cheese can be measured either by subjective or instrumental methods. 

The subjective method requires training panellists to perform sensory evaluations. 

For instrumental texture analysis, there are three approaches: empirical, imitative, 
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and fundamental (Gunasekaran & AK, 2003). Examples of empirical methods are 

penetration, puncture test, and ball-compressor test (Gunasekaran & AK, 2003). 

The imitative method measures texture by attempting to mechanically mimic the 

sensory evaluation of human evaluators. Texture profile analysis (TPA) is the test 

most widely used in this approach (Gunasekaran & AK, 2003). For fundamental 

methods, data are independent of the test instrument used. Tests used are 

uniaxial compression, bending, and torsion tests (Gunasekaran & AK, 2003). 

However, fundamental instrumental techniques do not do as good a job of 

predicting consumer responses to food texture as imitative methods do.  

 

2.5 Flavour analysis of cheese 

2.5.1 Flavour compounds in cheese 

The flavour of cheese is a key parameter for consumer acceptance and 

marketing, and is affected by many factors including the quality of the milk, 

processing parameters, lactic acid formation, proteolysis of casein, breakdown of 

amino acids, and lipolysis of triacylglycerols (McGorrin, 2007; Tunick, 2007). 

Volatile components are the major contributors to the flavour of cheese and they 

are also formed by lipolysis, proteolysis and metabolism of lactose, lactate and 

citrate (McGorrin, 2007; Van Leuven et al., 2008). There are many volatile 

compounds that contribute to the flavour of cheese; different varieties of cheese 

have different signature compounds. Studies showed that bifidobacteria produce 

acetic and lactic acids during fermentation that may result in a vinegar-like taste 
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and aroma in products (Gomes & Malcata, 1999). The important flavour 

components in Gouda cheese are expressed in Table 2.  

Table 2. Key and other important flavour components in Gouda cheese with the 
flavour description (Smit et al., 2005 & Singh et al., 2003) 

Probable origin Flavour compound Description 

Amino acid 

3-Methylbutanal Dark chocolate, malt,  

3-Methylbutanol Fresh cheese, breathtaking, alcoholic 

Methanethiol 
Rotting cabbage, cheese, vegetative, 

sulphur 

Dimethylsulphide  

2-Methylpropanol Banana, malty, chocolate like 

Dimethyltrisulphide  

Sugar Diacetyl Buttery, strong 

Fat 

Butyric acid Sweaty, butter, cheese, strong, acid 

Butanon  

Hexanal  

Pentanal  

Others 
Ethyl butyrate Fruity, buttery, ripe fruit 

Limonene  

 

2.5.2 Sensory evaluation methods 

2.5.2.1 Introduction 

Sensory evaluation is a science that combines psychophysics, statistics, and 

other factors that relate to the product of interest (Young et al., 2004). It 

comprises several methodologies that stimulate subjects to measure their 

responses, analyze the data, and interpret the results with minimum bias from 

other factors except product variability. The definition of sensory evaluation is 

defined by the Sensory Evaluation Division of the Institute of Food Technologists 

as “scientific discipline used to evoke, measure, analyze and interpret reactions 
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to those characteristics of foods and materials as they are perceived by the 

senses of sight, smell, taste, touch and hearing” (Stone & Sidel, 1993). Sensory 

evaluations are used for product development, marketing research, and also 

quality control.  

Table 3 demonstrates a list of lexicons that have been used for cheese. Sensory 

languages or lexicons are sets of words used to describe the flavour (taste and 

aroma) of a product (Drake, 2004).  

Table 3. Basic cheese flavour language (Drake, 2004) 

Descriptor Definition 

Cooked/milky Aromatics associated with cooked milk 

Whey Aromatics associated with Cheddar cheese whey 

Diacetyl Aromatic associated with diacetyl 

Milkfat/lactone Aromatics associated with milkfat 

Fruity Aromatics associated with different fruits 

Sulfur Aromatics associated with sulphurous compounds 

Free fatty acid Aromatics associated with short-chain fatty acids 

Brothy 
Aromatics associated with boiled meat or vegetable soup 

stock 

Nutty 
The sweet roasted aromatic associated with various nuts, 

wheat germ, unsalted wheat thins 

Mothball/feed 
Aroma associated with mothballs or protein catabolism, 

sometimes reminiscent of silage or grass compost 

Sour Fundamental taste sensation elicited by acids 

Salty Fundamental taste sensation elicited by salts 

Sweet Fundamental taste sensation elicited by sugars 

Bitter Fundamental taste sensation elicited by caffeine or quinine 

Umami 
Chemical feeling factor elicited by certain peptides and 

nucleotides 

Vinegar Aromatics associated with vinegar 

Cheesy/butyric acid Aromatics associated with butyric acid 

Metallic  
Chemical feeling factor elicited by metallic objects in the 

mouth 
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2.5.2.2 Descriptive sensory analysis 

Descriptive tests are categorized as analytical-laboratory tests where the results 

provide complete information about the differences of products. The steps 

required to complete these tests are recruiting panellists, developing descriptive 

terms, training the panellists, evaluating their performance, conducting the test, 

analyzing the data, interpreting results, and presenting the results (Young et al., 

2004). A descriptive test involves only 10 to 20 panellists as they are all highly 

trained. Once a panel is formed then the sensory language used needs to be 

developed by consensus of the panel. Since descriptive analysis requires training 

and effort, it gives the most precise analytical results by human subjects. There 

are various descriptive methods that have different advantages and 

disadvantages. The different methods include: Flavour Profile, Quantitative 

Descriptive Analysis, Texture Profile, Spectrum Method, Free Choice Profiling, 

and Flash Profiling. All these tests give sophisticated and scientific perceptions of 

the product that were tested. Van Leuven et al. (2008) and Yates & Drake (2007) 

performed descriptive sensory analysis on Gouda cheese for flavour and texture 

attributes.  

 

2.5.2.3 Affective test 

Affective tests focus on the response of the consumer and the results represent a 

market response used in product development and quality control of foods. This 

method refers to acceptance, preference or consumer testing and it is usually 
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measured by a paired-comparison or nine-point hedonic scale. However, the 

number of panellists should be greater than 50 in order to represent the 

population. This type of test is very cost-effective and it gives results that show 

the potential success of a product. The main objective of this test is to determine 

consumer likes and dislikes. Yates & Drake (2007) performed consumer tests on 

Gouda cheese for texture attributes.  
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3. PRELIMINARY EXPERIMENT 

 

3.1 Introduction 

The preliminary experiment was designed to have an adequate amount of data 

for two years’ experiments. However, the results of the preliminary experiment 

were questionable due to some of the choices made in developing the 

experiment. Therefore, a main experiment was designed to support the 

preliminary experiment and also to prove the validity of the result. In addition to 

the uncertainty of the preliminary experiment result, the result from the main 

experiment could not be combined with the result from the preliminary 

experiment due to differences during processing and data collection.  

 

3.2 Materials 

Most starter cultures that are in use today originate from lactic acid bacteria and 

generally belong to the genera Lactococcus, Streptococcus, Leuconostoc and 

Lactobacillus (Ouwehand et al., 2010). The starter culture added for Gouda 

cheese was CHOOZIT MA 4001 LYO 5 DCU (Danisco Culture Unit) obtained 

from Danisco (Scarborough, ON). This culture is composed of Lactococcus lactis, 

Lactococcus cremoris, Lactococcus lactis subsp. diacetylactis, and 

Streptococcus thermophilus. The probiotic cheeses were made by incorporating 

non-microencapsulated and microencapsulated Lactobacillus helveticus and 
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Bifidobacterium longum provided by Institut Rosell-Lallemand (Montreal, QC). 

The milk used to produce cheese was purchased from Dairy Farmers of 

Manitoba and was produced locally (near Winnipeg, Manitoba). A liquid rennet 

(microbial vegetarian rennet – Marzyme D.S., Glengarry Cheesemaking and 

Dairy Supply Ltd., Lancaster, ON., Canada) of microbial origin was used to 

coagulate. All chemicals were obtained from Sigma-Aldrich Chemical Co. 

(Milwaukee, Wis., U.S.A.) and Fisher Scientific Co. (Fair Lawn, N.J., U.S.A.) and 

were of analytical grade.  

Three treatments were included in this experiment. They were control (no 

addition of probiotics), addition of non-microencapsulated probiotic cultures and 

addition of microencapsulated probiotic cultures. For each treatment, two 

batches of Gouda cheese were produced resulting in 6 batches in total. All 

Gouda cheeses were made at the Dairy Facility in the Department of Food 

Science. 

 

3.3 Methods 

3.3.1 Production of Gouda cheese 

Cheese making was carried out on a pilot plant scale, adapting a method from 

the University of Guelph (2011) with modifications for Gouda cheese. Each batch 

of cheese was made a week apart. Raw milk was received and pasteurized at 

76°C for 20 sec. The temperature and time of the pasteurizer was set to meet the 

standards for Canadian Food Inspection Agency (CFIA). Raw milk composition 
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can be found in Appendix A. Ten DCU of starter culture (Lactococcus lactis, 

Lactococcus cremoris, Lactococcus lactis subsp. diacetylactis, S. thermophilus) 

were added to a small amount of milk to dissolve and then added to the vat 

(200L cheese vat) when milk reached 31 – 32°C. Rennet was added at a 

concentration of 11 mL per 100 L of milk (rennet was diluted in 1 L of cold water 

prior to adding) while stirring the milk. The milk was then allowed to ripen for 35 – 

40 min. When curds cut cleanly, the curds were cut into cubes with vertical and 

horizontal knives (stainless-steel box framed with stainless-steel wires 

horizontally and vertically). The curds healed for 5 – 10 min without agitation and 

were then stirred for 20 – 30 min with slow agitation. One-third of the whey was 

drained off and water (at 60 – 71°C) representing 25% of the whey removed was 

added to the vat. The final temperature was between 37 and 39°C. Curds were 

stirred for 30 – 45 min until the curds were firm and the whey was drained. Curds 

were filled into 2.5 – 3 kg plastic hoops and pressed for 2 h with occasional 

turning. The pressure was gradually increased over time until 30 psi was reached. 

Cheese blocks were removed from the hoops and stored in 30% (w/v) brine 

solution for 2 days at 12°C. Cheese blocks were removed from brine and air 

dried for 2 days at 12°C. Cheese blocks were washed with sanitizer (XY-12 liquid 

sodium hypochlorite, EcoLab, Mississauga, ON) before cutting and packaging. 

Blocks were vacuum packed and incubated at 12°C for 3 and 4 months. The 

packaging material was moderate barrier polyamide/polyethylene pouches (stock 

vacuum pouch, WinPak, Senoia, GA., U.S.A.). Oxygen and moisture 

permeabilities of the bags were not measured.  
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For probiotic cheese batches, 5 g of non-microencapsulated probiotic powder or 

30 g of microencapsulated probiotic powder were added with the starter cultures. 

These levels were designed to achieve 2×109 cfu/g in cheese. 

  

3.3.2 Chemical analysis 

All chemical analyses (moisture, salt, and fat content) for Gouda cheese were 

done at 3 and 4 months of maturation.  

 

3.3.2.1 Moisture content 

Cheese moisture content was assessed using the AOAC Moisture Method 

(926.08 and 948.12) with modifications (AOAC, 2002). This method involved 

drying 2 g of grated cheese (10 g of cheese from the core of the cheese were 

transferred into a grater with a knife) in pre-dried aluminum weighing dishes 

(Fisher Scientific Co., Fair Lawn, N.J., U.S.A.) at 100°C for 16 to 18 h in a 

preheated air oven (Blue M Electric Co., Blue Island, IL., U.S.A.). Samples were 

weighed and weights were recorded. Triplicate samples were analyzed for each 

batch of cheese. Moisture content was calculated using the following formula.  

            (  
          

          
)      
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3.3.2.2 Salt content 

Cheese salt content was assessed using the method adapted from Marshall 

(1992). Two grams of grated cheese samples were weighed into a 250 mL flask 

then 100 mL of distilled water was added and brought to a boil. Samples were 

cooled to room temperature and 6 drops of 25% potassium chromate (Sigma-

Aldrich Chemical Co.) were added as indicator. Samples were titrated with 0.171 

N silver nitrate (Sigma-Aldrich Chemical Co.) to a very faint orange colour. 

Duplicate samples were done on each batch of cheese. Salt concentration was 

calculated using the following formula.  

     (               )   
                           

                
 

 

3.3.2.3 Fat content 

The method used for fat analysis was the Babcock test adapted from Marshall 

(1992). Nine grams of each grated cheese sample were weighed into 50% Paley 

cheese bottles (Kimble Kimax brand Babcock bottle for cheese testing, Fisher 

Scientific Co.). Ten mL of water at 55 – 60°C were added and then the stopper 

was inserted. Sulphuric acid (sulphuric acid for Babcock tests, Fisher Scientific 

Co.) (17.5mL of 0.01 N) was added 3 consecutive times. Samples were mixed on 

a shaker (New Brunswick Scientific Co., New Brunswick, N.J., U.S.A.) with a 

speed set at 6 for 5 min until a chocolate brown color was reached. Samples 

were then centrifuged (The Jalco Motor Co., Union City, Ind., U.S.A.) for 5 min at 
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759 rpm, and water at 55 – 60°C was added until the water reached the base of 

the reading tube. The sample was centrifuged for 2 min. Additional hot water was 

then added until the fat column was within the graduated portion of the reading 

tube and centrifuged for 1 additional min. The bottles were placed in a water bath 

at 55 – 60°C (Blue M Electric Co., Blue Island, IL., U.S.A.) for 5 min. Two to 3 

drops of glymol were added and the height of the fat column was read using 

callipers. Duplicate samples were done on each batch of samples.  

 

3.3.3 Microbial analysis 

3.3.3.1 Enumeration of starter cultures 

Diluents of peptone were prepared by dissolving 0.1% of trypticase peptone 

(Becton, Dickinson and Company, Sparks, MD, U.S.A.) in distilled water and 

autoclaving 90 mL and 9 mL portions at 121°C for 15 min. For each cheese 

batch, 10 g of cheese from the core of the cheese were transferred into a sterile 

stomacher bag (sterile filtra bag, Fisher Scientific Co.) using sterilized utensils 

under aseptic conditions and homogenized in 90 mL of sterile peptone solution 

for 1 – 2 min using a stomacher (Lab-Blender 400, Intersciences Inc., Markham, 

ON. Canada). Serial dilutions from 10-2 to 10-7 were prepared by successively 

adding 1 mL of the diluted stomached samples into glass tubes containing 9 mL 

0.1% sterile peptone water. Enumeration was carried out using an Autoplate 

4000 Spiral Plater (Spiral Biotech, Bethesda, MD. U.S.A.). Enumerations of 

starter cultures were done at 1 week, and after 3 and 4 months of maturation. L. 
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lactis subsp. lactis, L. lactis subsp. cremoris, and L. lactis subsp. lactis biovar. 

diacetylactis were counted in M17 (Oxoid) and the agar used to enumerate S. 

thermophilus was Streptococcus thermophilus agar (Dave & Shah, 1996). 

Duplicate plates were incubated aerobically at 37°C for 48 h using a Mechanical 

Convection Incubator (GCA Co., Chicago, IL., U.S.A.). Plates containing 25 to 

250 colonies were enumerated and recorded as colony-forming units per gram of 

culture.  

 

3.3.3.2 Enumeration of non-encapsulated and encapsulated 

probiotic cultures 

Enumeration of probiotic cultures were done after 3 and 4 months of maturation. 

The method by Ahmarani (2010) was used. Diluents of phosphate buffer were 

prepared by dissolving 0.1% soy peptone (Oxoid), 0.121% potassium phosphate 

dibasic (Fisher Scientific Co.), and 0.034% potassium phosphate monobasic 

(Fisher Scientific Co.) in distilled water. Portions of 99mL and 9mL were sterilized 

for 20 min at 121°C. One gram of cheese from the core of the cheese block was 

transferred to a sterile mason jar (using sterile utensils) containing 99 mL of 

phosphate buffer under aseptic conditions and homogenized for 1 min with a 15 

sec break between each 30 sec homogenization step using a blender (Osterizer 

Galaxie, Sunbeam Co., Boca Raton, FL., U.S.A.). The homogenized samples 

were incubated at 37°C for 15 min in a Mechanical Convection Incubator (GCA 

Co.) prior to serial dilution. Serial dilutions were prepared by adding 1 mL of 
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homogenized sample into glass tubes containing 9 mL sterile phosphate buffer 

until a 10-9 dilution was obtained. Enumeration was carried out by pour plating 1 

mL of each dilution into petri-dishes (Fisher Scientific Co.) then liquid agar was 

added and allowed to solidify. The agar used for enumeration of L. helveticus 

was MRS agar (de Man, Rogosa, Sharpe Agar, Oxoid) and the agar used for 

enumerating B. longum was RCA agar (Reinforced Clostridial Agar, Oxoid). 

Triplicate plates were incubated anaerobically in Oxoid jars (Oxoid) with gas 

generating packages (Pack-CO2, Mitsubishi Gas Chemical Company Inc., N.Y., 

N.Y., U.S.A.) and dry anaerobic indicator strips (Becton, Dickinson and Company, 

Sparks, MD., U.S.A.) at 37°C for 48 h. Only plates containing between 25 and 

250 colonies were counted and recorded as colony-forming units per gram of 

culture.  

 

3.3.4 Texture analysis 

Texture analysis was done with a Zwick/Roell texture analyzer (Zwick/Roell, 

Kennesaw, GA., U.S.A.) using a Warner-Bratzler blade (BBL-TOFOWBT 002, 

Zwick/Roell, Kennesaw, GA., U.S.A.) in compression mode. Cheese slabs were 

cut into 15 cm width and laid across the platform underneath the centre of the 

blade. Test conditions for compression included a preload of 1kN, and a pre-load 

speed of 1 mm/min. Force was zeroed after pre-load, cycle speed was controlled 

at 14 mm/min, with standard travel set to 19 mm. The upper force limit was set at 

1000 N and maximum test duration was 2 min. The resulting curve was 
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evaluated using testXpert II v1.41 software to measure the maximum force (N). 

Triplicate slabs were evaluated from one block of cheese from each batch.  

 

3.3.5 Sensory analysis 

For the sensory analysis, a discriminatory test with a semi-trained panel was 

used. Further training was not possible due to the short time frame between 

receiving ethics approval and the 3-month storage time. As a result, attributes 

were assigned and panellists trained to identify these attributes. The attributes 

tested for the sensory evaluations were saltiness, bitterness, high acid, flat/lack 

of flavour, and texture (rubbery/crumbliness). A consent form was made for the 

signature of the panellists prior to the sensory panels to ensure they understood 

the purpose of the study and the confidentiality of their information. Examples of 

the sensory ballots as well as ethics approval forms may be found in Appendices 

B, C, & D. Thirty panellists were recruited; the results of the 26 which were 

completed were analyzed. There were 2 training session prior to the sensory 

panels. They were trained by using store-bought samples and after the training 

sessions it was assumed that they understood each attribute that was being 

tested during the sensory panel. Each panellist completed a questionnaire 

(Appendix C) prior to the training session to provide information on their cheese 

consumption frequency and cheese type preference. For each sensory panel, 

instructions were provided with the ballots for the panellists to complete the 

sensory panels properly. There were 3 samples (one without probiotic, one with 
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non-microencapsulated probiotic, and one with microencapsulated probiotic) and 

1 standard (store bought Gouda cheese) presented at each session. The 

assessors were presented cubes of coded (3 digit random number) cheese 

samples, equilibrated to room temperature. They assessed the intensity of the 5 

attributes using a 9-point hedonic scale (1 – dislike extremely to 9 – like 

extremely). When all sessions were completed, each panellist got a $20 giftcard 

from the University of Manitoba bookstore. For data analysis, mean scores for 

each attribute were calculated. Individual responses were destroyed upon 

completion of the analyses due to the rules of Research Ethics Boards of the 

University of Manitoba.  

 

3.3.6 Statistical analysis 

Cheeses were evaluated for significant difference at p<0.05 and p<0.1 (only for 

microbial analysis) using ANOVA with Statistical Analysis Software (SAS, version 

9.1) and differences located using a Tukey test. The results were recorded as an 

average with standard deviation (S.D).  
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3.4 Results and discussion 

3.4.1 Chemical analyses 

All significant (p<0.05) main effects and interactions between effects on the 

characteristics of treatment and time are summarized in Table 4. Statistical 

analyses confirmed that the interaction between month and treatment was 

significant for salt content (Table 4). However, only cheese treatments had 

significant differences for moisture and fat content.  

Table 4. The p-value1 of the main factors and their interactions on treatments and 
time  

Factor Moisture Salt Fat 

Month 0.8935 0.0096 0.1773 

Treatment <0.0001 0.0275 0.0277 

Month*Treatment 0.7728 0.0453 0.3086 
1 p-value < 0.05 is significantly different 

Table 5 shows that the control cheeses at 3 months of aging were less salty than 

rest of the batches. In addition, moisture content for the control treatment was 

lower than the both probiotic treatments (Table 6). Furthermore, the fat content 

had an inverse relationship when compared to moisture content where lower 

moisture in the control treatment (26.0%) resulted in a higher fat content (31.1%) 

(Table 6). Gomes et al (1998) reported similar results in which reduced moisture 

content was associated with increased fat content. For microencapsulated 

treatments, the salt, moisture, and fat contents were similar to non-

microencapsulated treatments. Differences in chemical components may be due 

to variation during processing of cheese as much as the effect of adding of 

probiotic cultures. For example, McBrearty et al. (2001) reported that the addition 
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of B. longum in Cheddar cheese had no adverse effect on the cheese 

composition. During processing, efforts were made to keep processing variation 

to a minimal. However, the temperature of the room, the speed of firming of 

curds, and volume of milk used varied from batch to batch. Wang et al (2011) 

reported higher moisture (44 – 45%) and similar fat contents (31 – 33%) for their 

Gouda cheese. However, their method of manufacturing Gouda cheese was 

different from the one used in this study and these differences could alter the 

cheese composition.  

Table 5. Effect of treatment and time on the salt content (%) of the cheese (n=4)  

Month Treatment Mean ± S.D. 

3 Control 3.49 b ± 0.39 

3 NME 4.33 a ± 0.35 

3 ME 4.21 a ± 0.38 

4 Control 4.36 a ± 0.25 

4 NME 4.41 a ± 0.29 

4 ME 4.38 a ± 0.20 

 Different letters within a column indicates significant difference (p<0.05) 
NME – non-microencapsulated 
ME – microencapsulated  

 

Table 6. Chemical analysis of different treatments 

 Control NME ME 

Moisture (%) (n=6) 26.00 b ± 2.38 29.56 a ± 1.17 29.67 a ± 1.56 

Fat (%) (n=4) 31.12 a ± 1.60 29.31 a ± 2.30 28.75 b ± 1.07 

Different letters within a row indicates significant difference (p<0.05) 
NME – non-microencapsulated 
ME – microencapsulated  
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The effect of storage time on the chemical constituents of cheese samples as a 

function of time is shown in Table 7 and, as was indicated by the analysis of 

variance, fat and moisture contents were unaffected by storage time. The effect 

of storage time on salt concentration (Table 5) showed an increase in the amount 

of salt in the control between 3 and 4 months. Gomes et al. (1998) reported that 

salt from the outer layer diffuses towards the inner layers of the cheese, 

eventually reaching equilibrium throughout the whole cheese by the 9th week of 

ripening. The fact that the only difference for salt content was for the control may 

be an indication that salt migration differs in the presence of probiotics. Overall, 

when comparing the results of Gomes et al. (1998) to ours, our moisture was 

lower, salt content was higher and fat contents were similar. According to the 

Dairy Products Regulations (Department of Justice, 2011), the maximum 

percentage of moisture and minimum percentage of fat are 43% and 26%, 

respectively and as a result, all treatments were within the regulation.  

Table 7. Chemical changes during aging 

 3 month 4 month 

Moisture (%) (n=6) 28.4 a ± 2.7 28.5 a ± 2.2 

Fat (%) (n=4) 30.2 a ± 2.3 29.3 a ± 1.5 

 Different letters within a row indicates significant difference (p<0.05) 

It is also important to be aware of the salt level as it has been suggested that 

there is a positive relationship between the death rate of microorganisms and salt 

concentration (Gomes et al., 1998). Montoya et al. (2009) reported that probiotic 

bacteria are unable to survive salt concentrations greater than 3.5%. The salt 

concentrations in our cheese were all above 3.5% (Table 5). Therefore, in future 
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experiments, the salt concentration needs to be reduced to give probiotic cultures 

a better chance of survival. Moreover, it is important to analyze the survival rate 

of starter and probiotic cultures to confirm this hypothesis.  

 

3.4.2 Microbial analyses 

All significant (p<0.05) main effects and interactions between treatments and 

time are summarized in Table 8. There was an interaction effect for L. helveticus, 

but not for Lactococcus strains, S. thermophilus and B. longum, where there 

were no significant differences due to the treatment or storage time. Therefore, 

the results of L. helveticus have been presented as interaction effect while only 

main effects have been reported for the others. The survival of the Lactococcus 

strains in the cheeses appeared to have an increasing tendency with the addition 

of probiotic cultures (Figure 1). This may due to the competition for survival 

between starter cultures and probiotic cultures causing the starter cultures to 

grow better and compete with the probiotic cultures. The lack of significant 

difference for these values suggests that this trend needs to be further 

investigated.  

Table 8. The p-value1 of main factors and their interactions from microbial 
analysis on treatment and time 

Factor Lactococcus S. thermophilus L. helveticus B. longum 

Treatment 0.7341 0.5023 < 0.0001 0.1662 

Month 0.2516 0.5375 < 0.0001 0.4770 

Treatment*Month 0.6364 0.3113 < 0.0001 0.6066 
1 p-value < 0.05 is significantly different 
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Figure 1. Changes in microbial numbers in treated cheeses (n=4 – 
Lactococcus & S. thermophilus; n=6 – B. longum). Different letters within 
each organism indicates significant difference (p<0.05) 

With respect to non-microencapsulated and microencapsulated treatment in that 

the number of microencapsulated cultures resulted to be lower than the non-

microencapsulated cultures (Figures 1 & 2). This may due to enumeration 

technique where not all capsules were broken for microbial to be enumerated 

accurately and it may also be caused by the competition with the starter cultures. 

Again this requires further investigation. 

Levels of Lactococcus, S. thermophilus and B. longum at different storage times 

are shown in Figure 2. Starter cultures were enumerated at 1 week, 3 months, 

and 4 months, whereas B. longum was only enumerated at 3 and 4 months. 

While differences were not significant, the survival of Lactococcus increased 

initially, then dropped between 3 and 4 months of maturation (Figure 2). This 

may indicate that the bacteria did not adapt to the environment, and therefore the 

level of bacteria dropped after a period of time. In contrast, the number of the 

1.0E+06

1.0E+07

1.0E+08

1.0E+09

1.0E+10

1.0E+11

Lactococcus S. thermophilus B. longum

lo
g
 c

fu
/g

 

Control

NME

ME
a 

a a 

a 

a 

a 

a 

a 



43 
 

Streptococcus thermophilus starter culture steadily increased during the 4th 

month of maturation. This suggests this organism is a stronger competitor in the 

presence of the probiotic cultures; clearly S. thermophilus  adapted to the growth 

environment (5.64×109 cfu/g and 1.14×1010 cfu/g for 3 and 4 month, respectively). 

The viability of the B. longum was similar to the results reported by Phillips et al. 

(2006) where Bifidobacterium sp. was able to survive at 108 cfu/g after 12 weeks 

in Cheddar cheese.  

 

Figure 2. Changes in microbial numbers during aging (n=4 – Lactococcus 
and S. thermophilus, n=6 – B. longum). Different letters above columns 
within each organism indicates significant difference (p<0.1) 

Pavunc et al. (2011) reported that the loss of microencapsulated cells of L. 

helveticus in yogurt was slower than the decline rate of free cells of L. helveticus 

where microencapsulated cells decreased by only 1 log and the free cells 

decreased by 2 log after 28 days of storage. However, the viability of 

microencapsulated cells of L. helveticus in our experiment tended to be lower 
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than the free cells of L. helveticus (4.34×107 cfu/g and 5.84×108 cfu/g, 

respectively) (Figure 3). The lower number of microencapsulated cells detected 

may due to poor release of the probiotic cells from the capsules. Therefore, 

additional experimentation to examine the viability of probiotic cultures is required. 

However, if we assume consumption of a nominal one serving (30g) of cheese 

per day, the intake of L. helveticus and B. longum would be between 108 and 109 

per day with the cheese that has been aged for 4 months and that is well above 

the levels of 107/g suggested as providing therapeutic benefits. While there were 

no significant differences between the two probiotic treatments at 3 and 4 months 

of aging in this study, increased sample size in future experiments may be 

necessary to see if any statistical difference exists due to treatments.  

 

 

Figure 3. Changes in microbial numbers for L. helveticus using MRS agar 
in treated cheese (n=2). Different letters within each organism indicates 
significant difference (p<0.05).  
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As was the case with B. longum, the levels of L. helveticus were not significantly 

different after 3 and 4 months of aging (Figure 3). Results previously reported on 

L. helveticus strains used in dairy products have varied with the type of dairy 

products and strains used. Wang et al. (2011) reported that there was a 

decrease in cell numbers (approximately 2 log reductions) of L. helveticus in 

Gouda cheese over a 6-week maturation period. It is difficult to compare the rate 

of decline when we do not have week 1 data. The need for these initial values in 

further work is clear.  

Research has shown that probiotic cultures do not survive well with salt content 

that is greater than 3.5% (Montoya et al., 2009). However, our probiotic cultures 

survived a salt content of 4% which shows that the strains selected have good 

level of salt tolerance. No protective effect due to microencapsulation could be 

seen in this experiment.  
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3.4.3 Texture analysis 

All significant (p<0.05) main effects and interactions between treatment and time 

on cheese for texture analysis are summarized in Table 9. The table showed that 

there was only a treatment effect on cheese texture.  

Table 9. The p-value1 of main factors and their interactions on texture analysis of 
cheese.  

Factor Texture 

Month 0.1709 

Treatment 0.0041 

Month*Treatment 0.8059 
1 p-value < 0.05 is significantly different 

The maximum forces to cut through the probiotic and control cheeses are shown 

in Tables 10 and 11. The control treatment (34.50 N) required significantly more 

force when compared to probiotic treatments (23.26 N and 21.71 N for non-

microencapsulated and microencapsulated treatments, respectively). This may 

be due to the fact that the control sample had lower moisture compared to the 

probiotic treated cheeses and generally lower moisture content foods tend to be 

harder than higher moisture foods and require more force to compress. However, 

large standard deviations were noted for these data. Therefore, the number of 

samples for evaluating texture needs to be increased for subsequent 

experiments. When comparing these results to the literature, Bertola et al. (2000) 

reported Gouda cheese matured at 10°C for 70 days (> 2 month), required 

breaking force of 37 N which is similar to our control result. Therefore, we could 

conclude that probiotic cultures have an effect on texture of cheese, possibly 
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related to moisture level within the cheese. Sensory evaluation is required to see 

if this difference is detectable by consumers.  

As noted in Table 9, storage time had no effect on cheese texture. The actual 

values are reported in Table 11. Again, the large standard deviations are a 

concern and further experimentation is needed. 

Table 10. Changes in cheese texture with different treatments (n=6) 

 Control NME ME 

Texture (N) 34.50 a ± 12.79 23.26 b ± 8.46 21.71 b ± 3.00 

Different letters within a row indicates significant difference (p<0.05) 

Table 11. Changes in cheese texture during aging (n=6) 

 3 month 4 month 

Texture (N) 28.69 a ± 10.72 24.29 a ± 10.07 

Different letters within a row indicates significant difference (p<0.05) 

 

3.4.4 Sensory analysis 

Sensory attributes evaluated were flavour and texture. The results for 3 and 4 

month old cheese are given in Tables 12 and 13. Generally, the addition of 

probiotic bacteria should not have an adverse effect on the taste and aroma of a 

product (Ross et al., 2000). The results showed there were no significant 

differences between treatments and aging time in terms of texture and flavour. 

This was comparable to the results obtained by Zomorodi et al. (2011) who 

reported Iranian white cheese that contained high levels of probiotic bacteria 

(either free or microencapsulated) showed no adverse effect on sensory criteria. 

This indicates that the panellists did not pick up the difference in salt levels that 
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was observed with the chemical analysis. Moreover, the texture differences 

between probiotic and control cheese that was seen by the texture analyzer were 

also not noticed by the panellists. This means that with the addition of probiotic 

cultures did not alter the taste and texture of the cheese from a consumer’s 

perspective which is the goal of product development. In addition, there were 

positive comments with respect to flavour and texture for the cheeses which 

indicated panellists would consider purchasing them if the cheeses were 

available in the market. However in this study, panellists had only limited training 

and may need more training to pick up any differences. Also the number of 

panellists was too low for an untrained evaluation.  

Table 12. Sensory evaluation of treatments (n=26 panellists) 

 Control NME ME 

Salty 5.45 a ± 0.74 5.68 a ± 0.71 5.12 a ± 0.99 

Bitter 4.58 a ± 0.39 4.46 a ± 0.38 4.43 a ± 0.37 

Acid 5.02 a ± 0.94 5.28 a ± 0.87 5.10 a ± 0.86 

Flavour 5.97 a ± 0.80 5.56 a ± 0.95 6.25 a ± 0.23 

Texture 5.33 a ± 1.18 5.28 a ± 1.15 6.17 a ± 0.32 

Different letters within a row indicates significant difference (p<0.05) 

Table 13. Changes in sensory scores during aging (n=26 panellists) 

 3 month 4 month 

Salty 5.37 a ± 0.93 5.46 a ± 0.68 

Bitter 4.42 a ± 0.32 4.56 a ± 0.40 

Acid 5.26 a ± 0.85 5.00 a ± 0.84 

Flavour 5.79 a ± 0.81 6.07 a ± 0.67 

Texture  5.68 a ± 1.00 5.50 a ± 1.03 

Different letters within a row indicates significant difference (p<0.05) 
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Overall, this preliminary work indicated that introducing probiotics in Gouda 

cheese does not alter the flavour and texture of cheese, but advantages 

associated with using encapsulated probiotic were not evident.  
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4.  MAIN EXPERIMENT 

 

4.1 Introduction 

The main experiment was designed to repeat the preliminary experiment. 

However, some modifications were made in the main experiment to have better 

control on the process and salt level to prevent death of probiotic cultures. In 

addition, the level of probiotic cultures added was increased to result in a higher 

level of probiotics in the end product. All tests done on the probiotic cheese were 

completed at week 1, and 3 and 4 months of aging. Moreover, techniques for 

enumerating probiotics were improved by using more agars to confirm the level 

of viable probiotic cells. For sensory evaluation, a consumer panel was added 

while a trained panel was also used to obtain more data to understand the 

change of flavour and texture attributes of probiotic cheese.  

 

4.2 Materials 

Raw milk was collected at the Glenlea Research Centre and then transported 

back to the Fort Gary campus. The compostion of milk can be found in Appendix 

E. The starter culture (CHOOZIT MA 4001 LYO 25 DCU) was supplied by 

Danisco (Scarborough, ON). The culture was composed of Lactococcus lactis, 

Lactococcus cremoris, Lactococcus lactis subsp. diacetylactis, and 

Streptococcus thermophilus. The probiotic cheeses were made by incorporating 

non-microencapsulated and microencapsulated Lactobacillus helveticus and 



51 
 

Bifidobacterium longum provided by Institut Rosell-Lallemand (Montreal, QC). 

Rennet was supplied by Glengary Cheesemaking and Dairy Supply Ltd.  

Three treatments were also included in this experiment. They were control (no 

probiotic cultures added), with the addition of non-microencapsulated probiotic 

cultures and addition of microencapsulated probiotic cultures. For each treatment 

two batches were produced, resulting in 6 batches in total. 

 

4.3 Methods 

4.3.1 Production of Gouda cheese 

The procedure used was the same as in the preliminary experiment. However, 

there were minor changes such as: the amount of starter culture added was 

increased to 25 DCU, the amount of rennet added was 10 mL per 100 L of milk, 

and cheese blocks were stored in 20% (w/v) brine solution. Moreover, cheese 

blocks were incubated at 10°C.  

For cheese batches with non-microencapsulated probiotics, 7.14 g and 5.47 g of 

L. helveticus and B. longum, respectively were added. For the 

microencapsulated probiotic, 14.7 g and 38.6 g of L. helveticus and B. longum, 

respectively were added with the starter culture. These levels were designed to 

achieve 2.0×109 and 2.0×108 cfu/g for non-microencapsulated and 

microencapsulated probiotic counts in cheese, respectively.  

During the preliminary production of microencapsulated probiotic cheese, we 

noticed that some portion of the probiotic powder was being removed with the 
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whey since the powder does not dissolve in liquid. Therefore, the level of 

microencapsulated probiotic may be lower than the non-microencapsulated 

batches. Despite attempts to standardize the processing of the cheese, there are 

some processing variations between batches; these included coagulation time 

and titratable acidity of milk and whey. Therefore, all the processing log sheets 

are included in the Appendix (Appendix F).  

 

4.3.2 Chemical analyses 

4.3.2.1 Moisture content 

Moisture content was monitored for Gouda cheese at 1 week, and 3 and 4 

months of maturation. Composite cheese moisture content was assessed using 

the AOAC Moisture Method (926.08 and 948.12) with modifications (AOAC, 

2002). Samples of cheese were taken by cutting 2.5 cm from the edge of each 

side and grating the middle portion of cheese. This method involved drying 2 g of 

grated cheese in pre-dried aluminum weighing dishes (Fisher Scientific Co., Fair 

Lawn, N.J., U.S.A.) at 100°C for 16 to 18 h in a preheated air oven (Blue M 

Electric Co., Blue Island, IL., U.S.A.). Samples were weighed and weights were 

recorded. Triplicate samples were analyzed for each batch of cheese. Moisture 

content was calculated as follows 

            (  
          

          
)      
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4.3.2.2 Salt content 

Salt content was monitored for Gouda cheese at 1 week, and after 3 and 4 

months of aging. Cheese salt content was assessed using the method adopted 

from Marshall (1992) with modifications. Two grams of samples were weighed 

into a 250 mL flask then 100 mL of distilled water was added and brought to a 

boil. Samples were cooled to room temperature and 6 drops of 25% potassium 

chromate (Sigma-Aldrich Chemical Co.) solution were added as indicator. 

Samples were titrated with 0.171 N silver nitrate (Sigma-Aldrich Chemical Co.) to 

a very faint orange colour. Triplicate samples were done on each batch of 

cheese. Salt concentration was calculated as follows 

     (               )   
                           

               
 

 

4.3.2.3 Fat content 

Fat content was monitored for Gouda cheese at 1 week, and after 3 and 4 

months of maturation. The Babcock test from Marshall (1992) with modification 

was used for determination of percentage of fat in cheese. Nine grams of grated 

sample were weighed into 50% Paley cheese bottles (Kimble Kimax brand 

Babcock bottle for cheese testing, Fisher Scientific Co.). Ten mL of water at 55 – 

60°C were added and then the stopper was inserted. Sulphuric acid (sulphuric 

acid for Babcock tests, Fisher Scientific Co.) (17.5mL of 0.01 N) was added 3 

consecutive times. Samples were mixed on a shaker for 5 min until a chocolate 
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brown color was reached. Samples were then centrifuged for 5 min at 759 rpm, 

and water at 55 – 60°C was added until the water reached the base of the 

reading tube. The sample was centrifuged for 2 additional min, hot water was 

then added until the fat column was within the graduated portion of the reading 

tube and centrifuged for 1 additional min. The bottles were put in a water bath 

(Blue M Electric Co., Blue Island, IL., U.S.A.) at 55 – 60°C for 5 min. Two to 3 

drops of glymol were added and the height of the fat column was read using 

callipers. Triplicate samples were done on each batch of sample.  

 

4.3.3 Microbial analyses 

4.3.3.1 Enumeration of starter cultures 

Peptone for dilution was prepared by dissolving 0.1% of trypticase peptone 

(Becton, Dickinson and Company, Sparks, MD, U.S.A.) in distilled water and 

autoclaving 90 mL and 9 mL portions at 121°C for 15 min. Ten grams of 

culture/sample were transferred into a sterile stomacher bag (sterile filtra bag, 

Fisher Scientific Co.) under aseptic conditions and homogenized in 90 mL of 

sterile peptone solution for 1 – 2 min using a stomacher (Lab-Blender 400, 

Interscience Inc., Markham, ON., Canada) to achieve 10-3 to 10-7 serial dilution. 

Enumeration was carried by using an Auto-plate technique (Spiral Biotech, 

Bethesda, MD., U.S.A.). Enumerations of starter cultures were done at 1 week, 

and after 3 and 4 months of maturation. The agar used for enumerating L. lactis 

subsp. lactis, L. lactis subsp. cremoris, and L. lactis subsp. lactis biovar. 
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diacetylactis was M17 (Oxoid) and the agar used for enumerating S. 

thermophilus was Streptococcus thermophilus agar (Dave & Shah, 1996). 

Triplicate plates were incubated aerobically at 37°C for 48 h. Plates containing 25 

to 250 colonies were enumerated and recorded as colony-forming units per gram 

of culture/sample.  

 

4.3.3.2 Enumeration of non- and encapsulated probiotic 

cultures 

Enumerations of probiotic cultures were done at 1 week, and after 3 and 4 

months of maturation. The method by Ahmarani (2010) was used. Diluents of 

phosphate buffer was prepared by dissolving 0.1% soy peptone (Oxoid), 0.121% 

potassium phosphate dibasic (Fisher Scientific Co.), and 0.034% potassium 

phosphate monobasic (Fisher Scientific Co.) in distilled water. Portions of 99 mL 

and 9 mL were sterilized for 20 min at 121°C. One gram of sample was diluted in 

99 mL phosphate buffer and incubated at 37°C for 15 min and then serially 

diluted until a 10-9 dilution was obtained. Enumeration was carried by using an 

Autoplate 4000 (Spiral Biotech, Bethesda, MD., U.S.A.) for non-

microencapsulated cultures and pour plate technique for microencapsulated 

cultures. The agars used to enumerate L. helveticus were MRS agar (de Man, 

Rogosa, Sharpe Agar, Oxoid) and MRS agar containing 0.25 µg/mL of 

clindamycin hydrochloride (Sigma-Aldrich Chemical Co.)) and the agar used to 

enumerate B. longum was RCA agar (Reinforced Clostridial Agar, Oxoid) and 
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RAF 5.1 agar (method adapted from Ahmarani, 2010). Triplicate plates were 

incubated anaerobically in Oxoid jars (Oxoid) with CO2 gas generating packages 

(BD GasPak EZ anaerobe container system; Becton, Dicksinson & Co., MD., 

U.S.A.) and anaerobic indicator (Oxoid) at 37°C for 48 h. Only plates containing 

between 25 and 250 colonies were counted and recorded as colony-forming 

units per gram of culture.  

For microencapsulated probiotic cultures, one gram of culture was diluted with 99 

mL of phosphate buffer in autoclaved mason jar and blended using Osterizer 

Galaxie 8 blender (Sunbeam Corporation Canada Ltd., Mississauga, ON.) for 1 

min with a 15 sec break between each 30 sec prior to incubation at 37°C for 15 

min. Otherwise the protocol was the same.  

 

4.3.4 Texture analyses 

4.3.4.1 Warner-Bratzler blade test 

The Warner Bratzler blade test was done with a Zwick/Roell texture analyzer 

using a Warner-Bratzler blade in compression mode. Cheese slabs were cut into 

15 cm widths and laid across the platform underneath the centre of the blade. 

Test conditions for compression included a preload of 1kN, and a pre-load speed 

of 1 mm/min. Force was zeroed after pre-load, cycle speed was controlled at 14 

mm/min, with standard travel set to 19 mm. The upper force limit was set at 1000 

N and maximum test duration was 2 min. The resulting curve was evaluated 

using testXpert ǁ v1.41 software to measure the maximum force (N). Six slabs 



57 
 

from two different blocks (3 slabs per block) of cheese within one batch were 

tested.  

 

4.3.4.2 Penetration ball test 

A penetration ball test was included to mimic the interactions between the molars 

and a piece of cheese. This test was done with a Zwick/Roell texture analyzer 

using a penetration ball in compression mode. Cheese cubes were cut into 15 

cm width and laid in the middle of the platform underneath the centre of the ball. 

Test conditions for compression used a preload of 1kN, and a pre-load speed of 

1 mm/min. Force was zeroed after pre-load, cycle speed was controlled at 1 

mm/min, standard travel set to 19 mm, the upper force limit was set to 1000 N 

and maximum test duration was 1 min. The resulting curve was evaluated using 

testXpert ǁ v1.41 software to measure the maximum force (N). Six cubes from 

two different blocks of cheese (3 cubes from one block) from each batch were 

tested.  
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4.3.5 Sensory analyses 

4.3.5.1 Discriminative test 

For the sensory analysis, a discriminatory test with a trained panel was used. A 

consent form was made for the signature of the panellists prior to the sensory 

panels to ensure they understood the purpose of the study and the confidentiality 

of their information. Copies of the consent form and ethics approval form are 

included in Appendices G & H. A total of twelve panellists were recruited; but 

only eight panellists (three male, five female, aged between 20 and 60 years) 

completed the evaluation and their data were analyzed. There were seven 

training sessions prior to the sensory panels. They were trained by using store-

bought samples, experimental cheeses and samples prepared to demonstrate 

specific attributes that were identified and agreed upon by the panellists. During 

training sessions, the panellists developed a vocabulary of four flavour attributes 

and three texture attributes (Table 14). Using these attributes, panellists were 

trained until the results were consistent. The results from the training sessions 

were checked by using PanelCheck V1.4.0 to monitor the progress on variability 

of each panellist. The results of the PanelCheck can be found in Appendix J. 

There were variations from panellist, but the panels had to be conducted within 

the short time of research. All panellists were analyzed as random effects. 

Random effects were obtained by presenting the samples in random order and 

different order for each panellist. During the sensory sessions, each panellist sat 

at different seats. Each panellist completed a questionnaire prior to the training 

session to provide information on their cheese consumption frequency and 
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cheese type preference. A copy of the questionnaire can be found in Appendix H. 

For each sensory panel, instructions were provided with the ballots for the 

panellists to complete the sensory panels properly (Appendix I). There were six 

samples (two without probiotic, two with non-microencapsulated probiotic, and 

two with microencapsulated probiotic) and one standard for each attribute 

presented at each session. The cheese samples were presented as cubes of 

coded (3 digit random number) cheese samples, equilibrated to room 

temperature. The standards were presented with letter coded dairy products 

(Table 15), also equilibrated to room temperature. They assessed the intensity of 

the 7 attributes using a 15 mm score line with standards marked on the agreed 

spot. Sessions were conducted at the end of 3 and 4 month maturation of cheese. 

After sensory analysis, the scores were converted to numerical values. For data 

analysis, mean scores for each attribute were calculated. Individual responses 

were destroyed upon completion of the analyses as of Research Ethics Board. 

When all sessions were completed, each panellist got $60 ($50 visa gift card and 

$10 University of Manitoba bookstore gift card) as compensation for volunteering 

for the sensory evaluation. 

Table 14. Descriptive vocabulary of 7 attributes for descriptive sensory analysis 
of Gouda cheeses 

Flavour attributes Texture attributes 

Cheese flavour Firmness (First bite) 

Buttery/Creamy Crumbliness/Cohesiveness 

Acid/Tangy Creaminess/Smoothness of Mass 

Salty  
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Table 15. Standards Used for each of the attributes for descriptive sensory 
analysis of Gouda cheeses 

Attributes 
Letter 

code 
Type of sample of as standard 

Cheese flavour CR Third batch of Gouda cheese 

Buttery/Creamy BR 33% cream 

Acid/Tangy AR 
0.44% citric acid added to cream 

cheese 

Salty SR 0.88% salt added to cream cheese 

Firmness (First bite) RF Kraft Gouda cheese 

Crumbliness/Cohesiveness RC Kraft Gouda cheese 

Creaminess/Smoothness of Mass RS Safeway Gouda cheese 

 

4.3.5.2 Affective test 

For the affective test, a preference test with a consumer panel was used. The 

attributes being tested for the sensory evaluations were flavour liking, texture 

liking, and overall liking. A consent form was made for the signature of the 

panellists prior to the sensory panels to ensure they understood the purpose of 

the study and the confidentiality of their information. The consent form and 

sensory ballots are included in Appendix I. One hundred and twelve untrained 

panellists were recruited from the University of Manitoba, primarily from the 

Faculty of Agricultural and Food Science; the results of one hundred and eleven 

(55 females and 56 males; 65 panellists in age group 18 – 25, 30 panellists in 

age group 25 – 40, and 16 panellists in age group 40+) which were complete 

were analyzed due to incomplete ballot. The panellists were presented with one 

square of each of the cheese tested in a random order and coded with different 

colored toothpicks (red for control cheese, green for non-microencalsupated 

probiotic cheese and blue for microencapsulated probiotic cheese), which they 
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were asked to assess in a random order from left to right. Panellists did not know 

the treatment-color combination that was assigned for their sample. Panellists 

were given water and unsalted soda crackers to rinse their palate between 

tasting of different samples. Panellists rated the samples using 9-point hedonic 

scales where 1 equals dislike extremely and 9 equals like extremely. Volunteers 

were given a small snack as compensation for their time. In addition volunteers 

were included a draw for one of 3 of $20 gift cards from University of Manitoba 

bookstore.  

Only one batch from each of the treatments was selected for sensory evaluation 

based on the desire to see differences between addition of 2 different probiotic 

cultures and control cheese. From the chemical and textural results, there were 

no batch variations.  

 

4.3.6 Statistical analysis  

Cheese samples were evaluated for significant differences at p<0.05 using 

ANOVA with Statistical Analysis Software (SAS, version 9.1). Six samples were 

used for chemical, microbial, texture and sensorial analyses and the results were 

recorded as an average with standard deviation (S.D.). The sensorial data was 

normalized upon statistical analysis.  
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4.4 Results and discussion 

4.4.1 Chemical analyses 

All significant (p<0.05) main effects and interactions of chemical analyses are 

summarized in Table 16.  

Table 16. Significant effects of the main factors and their interactions on chemical 
analysis of cheese  

Factor Fat Moisture Salt 

Treatment 0.6698 0.1578 < 0.0001 

Time 0.6491 0.0089 < 0.0001 

Treatment*Time 0.3340 0.5257 0.0042 

 

Statistical analyses confirmed that fat was unaffected by the treatment and 

maturation time, while moisture was affected by maturation time and salt was 

affected by an interaction between treatments and maturation time (Table 16). 

Therefore, the results of moisture and fat content were presented as main effects 

(Table 17 & 18). The lack of change in fat and moisture with the addition of 

probiotics has been reported previously. An Irish study found that when L. 

paracasei were spray-dried with skim milk, the composition of Cheddar cheese 

was not altered (Gardiner et al., 2002). However, there were significant effects 

due to maturation time for moisture content (Table 18). The moisture content of 

the cheeses aged for 1 week were highest, and dropped at 3 months maturation. 

However, the moisture content at 4 months maturation was not significantly 

different from the control or the 3-month samples. The fact that the 3-month 

sample had a lower moisture content may reflect the fact that not all blocks of 

cheese were pressed the same.  
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Table 17. Fat and moisture content of different treatments of cheese (n=18) 

 Control NME ME 

Fat (%)  29.0 a ± 1.5 29.0 a ± 1.1 29.3 a ± 0.6 

Moisture (%) 43.8 a ± 2.2 43.4 a ± 1.3 42.8 a ± 1.4 

 Different letters within a row indicates significant difference (p<0.05)  

Table 18. Fat and moisture content changes during aging (n=18) 

 1 week 3 month 4 month 

Fat (%) 29.2 a ± 1.2 29.3 a ± 1.1 28.9 a ± 1.2 

Moisture (%) 44.2 a ± 1.9 42.5 b ± 1.3 43.4 ab ± 1.2 

Different letters within a row indicates significant difference (p<0.05) 

For the salt content, the statistical analysis confirmed that the interaction 

between treatments and maturation time was significant (Table 19). The salt 

content of non-microencapsulated (NME) and microencapsulated (ME) cheese at 

1 week of aging were lower than the salt content of the control cheese (Table 19). 

However, at 3 and 4 months of aging, the salt content increased for the probiotic 

cheeses such that the results were the same as the control batch. This may 

reflect differences in salt migration from the outer layer to the centre portion 

where the sample for analysis was selected. Since Montoya et al. (2009) 

reported that probiotic strains do not survive salt content above 3.5%, the salt 

concentration in brine had been reduced from 30% (preliminary experiment) to 

20% for this experiment. This resulted in lower salt concentrations in the cheeses 

where the salt content of preliminary experiment was on average above 4% and 

for this experiment the salt content was reduced down to an average of 2.85%. 

As a result, the survival rate of microbes should be higher for this experiment 

when compared to the preliminary experiment.  
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Table 19. Effect of treatment and time on the salt content of the cheese (n=6) 

Time Treatments Mean ± S.D. 

1 week Control 3.11 a ± 0.99 

1 week NME 1.92 b ± 0.15  

1 week ME 1.44 c ± 0.24 

3 month Control 3.63 a ± 0.54  

3 month NME 3.23 a ± 0.45 

3 month ME 3.04 a ± 0.22 

4 month Control 3.17 a ± 0.51 

4 month NME 3.17 a ± 0.23 

4 month ME 2.95 a ± 0.20 

Different letters within a column indicates significant difference (p<0.05) 

 

4.4.2 Microbial analyses 

All significant (p<0.05) main effects and interactions for microbial contents are 

summarized in Table 20 

Table 20. Significant effects of the main factors and their interactions on 
microbial analysis of treated cheese and maturation 

Factor M17 ST MRS MRS w/ C RCA RAF 

Trt1 <0.0001 0.0792 <0.0001 0.0007 0.0001 <0.0001 

Time <0.0001 <0.0001 <0.0001 0.0002 <0.0001 <0.0001 

Trt*Time 0.0001 0.0481 <0.0001 0.0003 <0.0001 <0.0001 
1 Trt – Treatment  

Statistical analyses confirmed that the interactions between treatments and 

maturation time for all the microbial analyses were significant (Table 20). 

Therefore, all the microbial results were expressed as interaction effects.  

For the enumeration of Lactococcus strains (starter culture) with M17 agar, there 

was a significant drop of numbers of Lactococci from 1 week to 3 months of 

maturation (Figure 4). However, it stabilized from 3 months to 4 months of 
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maturation. Moreover, the numbers of lactococci were higher for the control 

batches at 3 and 4 months of maturation when compared to non-

microencapsulated and microencapsulated batches. This may due to the 

competition for survival between Lactococcus strains and probiotic cultures to 

cause a higher level of lactococci in control cheeses than the probiotic cheeses.  

 

 

Figure 4. Changes in numbers of Lactococcus strains (starter cultures) 
using M17 agar in treated cheese (n=6). Different letters within the graph 
indicates significant difference (p<0.05).  

When the levels of S. thermophilus was studied using ST agar, there was also a 

significant drop from 1 week to 3 months of maturation (Figure 5). However, the 

level also stabilized after 3 months of maturation. There were no significant 

differences in the level of S. thermophilus between treatments during 3 and 4 

months of maturation. This may mean that S. thermophilus was able to compete 
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better with the probiotic cultures than Lactococcus strains used. Therefore, the 

level of S. thermophilus in probiotic cheeses was the same as the control. 

Figure 5. Changes in numbers of S. thermophilus (starter cultures) using 
ST agar in treated cheese (n=6). Different letters within a graph indicates 
significant difference (p<0.05).  

For the probiotic cultures, there was a significant difference with respect to the 

NME and ME treatment in that the numbers of ME organisms were lower than 

the NME organisms (Figures 6, 7, 8 & 9). For both organisms and methods of 

evaluation, this difference was seen at week 1 of storage. As a result, this may 

be due to the removal of ME cultures with the whey during the processing of 

Gouda cheese. Microencapsulated probiotic powder did not dissolve well in the 

milk when it was added. Therefore, some of ME cultures could have been 

removed during whey removal and this appeared to be the case during the 

production of Gouda cheese. However, the level of NME cultures decreased after 

3 months of aging and remained at this level after 4 months (Figures 6, 7, 8 & 9). 
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In the study of Pavunc et al (2011), the decline rate of microencapsulated cells of 

L. helveticus in yogurt was slower than the decline rate of free cells of L. 

helveticus after 28 days of storage. This is similar to our result except the decline 

in encapsulated cells was not significant. Moreover, Adhikari et al. (2000) and 

Sultana et al. (2000) also reported that increased viability of encapsulated 

bifidobacteria in yogurt was observed. However, it should be noted that there 

were some issues during enumeration of B. longum using RAF 5.1 agar such 

that they would not grow at 4 months of aging on some plates. Therefore, the 

level of B. longum using RAF 5.1 agar is significantly lower than the level of B. 

longum using RCA agar (Figures 8 & 9). The levels of L. helveticus were similar 

using either MRS agar or MRS with clindamycin agar (Figures 6 & 7). However, 

regardless of the type of probiotic culture (either free cells or encapsulated), the 

number of viable cells of L. helveticus and B. longum decreased by 1 – 2 logs 

during storage.  

In this experiment, the amount of probiotic cultures (either free cells or 

encapsulated cultures) added was increased due to low level of probiotic bacteria 

in the preliminary experiment. Therefore, the initial level of both non- or 

microencapsulated cultures of this experiment was higher than in the preliminary 

experiment. Fortin et al. (2011) reported that the inoculation rate of probiotic 

population does not affect the rate of viability loss during storage. However, in 

this experiment, the final level of L. helveticus at 4 months of aging was higher 

than the preliminary experiment. On the other hand, the final level of B. longum 

was not as high as the preliminary experiment. On average NME had a level of 
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9.56×108 cfu/g and ME had a level of 3.51×108 cfu/g for the preliminary 

experiment, but on average NME had a level of 9.80×108 cfu/g and ME had a 

level of 8.60×107 cfu/g in the main experiment.   

  

Figure 6. Changes in numbers of L. helveticus (probiotic cultures) using 
MRS agar in treated cheese (n=6). Different letters within a column 
indicates significant difference (p<0.05). 
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Figure 7. Changes in numbers of L. helveticus (probiotic cultures) using 
MRS with clindamycin agar in treated cheese (n=6). Different letters within 
a column indicates significant difference (p<0.05). 

 

 

Figure 8. Changes in numbers of B. longum (probiotic cultures) using RCA 
agar in treated cheese (n=6). Different letters within a column indicates 
significant difference (p<0.05).  
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Figure 9. Changes in numbers of B. longum (probiotic cultures) using RAF 
5.1 agar in treated cheese (n=6). Different letters within a column indicates 
significant difference (p<0.05).  

If we assume consumption of a nominal one serving (30g) of cheese per day, the 

intake of L. helveticus and B. longum would be between 108 and 107 per day with 

the cheese that has been aged for 4 months and that is well above the levels 

suggested as providing therapeutic benefits which is levels higher than 107 per 

gram. Kurmann & Rasic (1991) recommended 105 – 107 bifidobacteria per g at 

the date of consumption, and the level in experimental Gouda was above thus 

recommendation.  
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4.4.3 Texture analyses 

All significant (p<0.05) main effects and interactions for textural analysis are 

summarized in Table 21. The only significant effect was for the blade test where 

there was a significant interaction between treatment and time; there were no 

differences for either main factors or interactions for the ball test.  

Table 21. Significant effect of the main factors and their interactions on textural 
analysis of treated cheese and maturation 

Factor Blade Ball 

Treatment 0.0101 0.8916 

Time 0.9225 0.0796 

Treatment*Time 0.0490 0.9850 

 

The maximum force to cut through the probiotic and control cheeses using the 

blade are shown in Table 22. The microencapsulated cheese at 4 months 

maturation (23.18 N) required more force to cut through when compared to the 

control cheese at 4 months maturation (17.21 N). As all samples had similar 

moisture contents, this difference may indicate that microencapsulated probiotics 

add to the overall structure. Alternately, sampling effects where some blocks of 

cheese may not have been pressed as well as others may have contributed to 

texture differences.  

However, when comparing our result from this main experiment to the 

preliminary experiment, the cutting force was lower in the main experiment. This 

may be due to the higher moisture content for cheese in the main experiment 

resulting in a softer cheese. Bertola et al. (2000) reported that ripening time and 

temperature can significantly effect the breaking force of Gouda cheese. It was 
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determined that as ripening time increased the breaking force decreased. In 

addition, the decreasing rate of breaking force increased with increasing ripening 

temperature. While we can conclude that moisture content does have an effect 

on the texture of the cheese, it is also possible that the lower temperature (10°C) 

during aging in the main experiment contributed to the change of texture. But 

during the storage period, the ripening temperature rose to 20°C for couple days 

due to technical problems with the ripening room. Therefore, that may also have 

had an effect on the texture of the cheese. In the end, time was not a significant 

factor in the main experiment; it appeared that conditions during aging could 

have an impact on the texture of the cheese.  

Table 22. Effect of treatment and time on texture from the blade test (N) of the 
cheese (n=12) 

Time Treatments Mean ± S.D. 

3 month Control 19.47 ab ± 7.48  

3 month NME 20.76 ab ± 2.33 

3 month ME 20.14 ab ± 2.46 

4 month Control 17.21 b ± 1.34 

4 month NME 20.24 ab ± 2.60 

4 month ME 23.18 a ± 2.64 

Different letters within a column indicates a significant difference (p<0.05) 

The compression forces from the ball texture test on the cheese samples are 

shown in Table 23 and 24, where there were no significant differences due to 

treatment and aging time. Lee et al. (1978) correlated instrumental compression 

force with sensory parameters such as hardness, chewiness, adhesiveness, and 

springiness. Therefore, sensory evaluation will determine if these similar textural 

properties are also seen during cheese consumption.  
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Table 23. Changes in cheese compression test with different treatments (n=24) 

 Control NME ME 

Texture (N) 5.36 a ± 1.12 5.50 a ± 0.89 5.46 a ± 0.07 

Different letters within a row indicates significant difference (p<0.05) 

Table 24. Changes in cheese compression test during aging (n=36) 

 3 month 4 month 

Texture (N) 5.65 a ± 0.86 5.23 a ± 1.09 

Different letters within a row indicates significant difference (p<0.05) 

 

4.4.4 Sensory analyses  

All significant (p<0.05) main effects and interactions for attributes evaluated by 

the trained panel are summarized in Tables 25 and 26. There were no significant 

interactions of treatment and time for any of the flavour attributes. However, the 

salty and buttery flavours were affected by both aging time and treatment. For 

textural attributes, there was a significant interaction between treatment and time 

for creaminess and significant treatment effects for both firmness and 

cohesiveness. Therefore, the results of flavour analysis, firmness and 

cohesiveness are presented as main effects while the creaminess data are 

presented as an interaction effect.  

Table 25. Significant effect of the main factors and their interactions on sensory 
flavour analysis (trained panellists) of treated cheese and maturation 

Factors Salty Acid Buttery Flavour 

Treatment 0.0368 0.7699 0.0030 0.2424 

Time 0.0004 0.7028 0.0274 0.3490 

Treatment*Time 0.6150 0.1934 0.8483 0.6854 
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Table 26. Significant effect of the main factors and their interactions on sensory 
texture analysis (trained panellists) of treated cheese and maturation 

Factors Firmness Creaminess Cohesiveness 

Treatment 0.0003 <0.0001 0.0178 

Time 0.1244 0.0476 0.1457 

Treatment*Time 0.5057 0.0362 0.7255 

 

The effects of treatment for all flavour and textural parameters except 

creaminess for trained panellists are given in Table 27. Significant differences 

were seen for salty, buttery, firmness and cohesiveness but not for acid and 

cheese flavour. The significant differences for saltiness indicated the NME 

samples were saltier than the ME samples although salt levels (Table 19) for the 

two cheeses were not significantly different. This could have been due to 

processing variation and choice of sample or other factors (lower buttery scores) 

that influence panellists’ perception of salt. The panellists noticed a more buttery 

flavour for control cheeses than probiotic cheeses. It is possible that the probiotic 

cultures take away the buttery/creamy flavour in the cheese. In previous studies, 

probiotic cultures did not alter the cheese flavour in the cheeses even in studies 

that have shown that L. helveticus has the ability to decrease bitterness and 

accelerate flavor development in cheese (Broadbent et al., 2011). It can be 

concluded that, despite these differences, probiotic cultures did not give an 

unpleasant flavour to the Gouda cheese. This result is comparable to those 

obtained by Zomorodi et al. (2011) who reported Iranian white cheese that 

contained high levels of probiotic bacteria (either free or microencapsulated) 

showed no adverse effect on sensory criteria. Kailasapathy (2005) also reported 

that encapsulated bacteria did not affect the color, flavor, or aftertaste of yogurt. 
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Further, Gardiner et al. (2002) reported that the addition of spray dried L. 

paracasei to skim milk used in the production of Cheddar cheese gave sensory 

scores equivalent to those of commercial Cheddar cheese.  

Ong & Shah (2009) reported that there were no significant differences in the 

hardness of cheese following addition of probiotic cultures (B. longum, B. 

animalis, Lactobacillus casei, and/or Lactobacillus acidophilus). However, Table 

27 showed that there was a significant difference in firmness of the cheese with 

the addition of probiotics when compared to the control cheese. This may 

possibly have been due to the different strain combinations added which resulted 

in a different textural score. Moreover, Ong & Shah (2009) also reported that with 

the addition of probiotic cultures, the crumbliness of the cheese was significantly 

greater and the present results were similar. The addition of microencapsulated 

probiotic cultures resulted in a significant increase in the cohesiveness of the 

cheese when compared to the control cheese.  

Table 27. Sensory evaluation (trained panellists) of treatments (n=32) 

 Control NME ME 

Salty 7.63 ab ± 0.87 7.84 a ± 1.09 7.24 b ± 0.95 

Acid 7.84 a ± 0.85 7.99 a ± 1.18 7.84 a ± 0.91 

Buttery 8.50 a ± 0.78 7.92 b ± 0.92 7.78 b ± 0.93 

Cheese flavour 8.91 a ± 0.97 8.65 a ± 0.96 8.48 a ± 1.09 

Firmness 6.99 b ± 1.09 7.76 a ± 1.00 8.04 a ± 1.00 

Cohesiveness 7.18 b ± 1.45 7.76 ab ± 1.11 8.05 a ± 1.11 

Different letters within a row indicates significant difference (p<0.05) 

The interactions between time and treatment of creaminess scores are given in 

Table 28. The results showed that control cheeses had higher scores than 

probiotic cheeses, but only after 4 months of maturation.  
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Table 28. Effect of treatment and time on sensory scores (trained panellists) for 
the texture parameter of creaminess (n=16) 

Time Treatment Mean ± S.D. 

3 month Control 10.86 a ± 1.00 

3 month NME 10.16 ab ± 0.93 

3 month ME 10.28 ab ± 1.39 

4 month Control 11.19 a ± 1.05 

4 month NME 9.57 b ± 1.04 

4 month ME 9.21 b ± 1.01 

Different letters within a column indicates significant difference (p<0.05) 

The time effect results of the trained panel are shown in Table 29, where only 

salty and buttery parameters were significantly affected. Trained panellists 

detected saltiness differences between the 3 and 4 month matured cheese 

samples, where the 4 month old cheeses were saltier than the 3 month old 

cheeses. This may have been due to the salt migration from the outer to the 

inner layer of the cheese within 30 days of maturation since the cheese samples 

were taken from the centre. However, the panellists detected a significant 

decrease in the buttery flavour of cheese samples over the same time period. 

Therefore, it could be concluded that during the longer aging time the salt does 

migrate to the centre portion gradually and the buttery flavour in cheese 

disappears slowly.  

Ong & Shah (2009) reported that hardness of cheese decreased as ripening time 

increased possibly due to increased proteolysis with time. In addition, they also 

reported that a difference was seen in crumbliness with increasing ripening time. 

However, the trained panellists in the present experiment did not detect any 

textural differences between 3 and 4 months of aging. Therefore, it could be 
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concluded that the trained panellists could not detect the differences in firmness 

of the cheese that were seen by instrumental analysis.  

Table 29. Changes in sensory scores (trained panellists) during aging (n=48) 

 3 month 4 month 

Salty 7.23 b ± 0.98 7.92 a ± 0.88 

Acid 7.85 a ± 0.80 7.93 a ± 1.14 

Buttery 8.27 a ± 0.84 7.87 b ± 0.98 

Cheese flavour 8.78 a ± 1.02 8.58 a ± 1.01 

Firmness 7.76 a ± 1.21 7.43 a ± 0.99 

Cohesiveness 7.85 a ± 1.41 7.48 a ± 1.10 

Different letters within a row indicates significant difference (p<0.05) 

All significant (p<0.05) main effects and interactions between effects of 

treatments and time difference for consumer panel are summarized in Table 30. 

Data in Table 30 showed that there were no interaction effects between gender, 

age and treatments. Therefore, the results are presented as main effects since 

there were differences for age groups for all three parameters.  

Table 30. Significant effect of the main factors and their interactions on sensory 
analysis (consumer test) of treated cheese and maturation 

Factors Flavor liking Texture liking Overall liking 

Gender 0.6600 0.4047 0.6291 

Age 0.0043 0.0050 0.0023 

Trt 0.1489 0.8705 0.3634 

Gender*Age 0.5760 0.4941 0.7907 

Gender*Trt 0.9866 0.8825 0.9955 

Age*Trt 0.8422 0.8004 0.6528 

Gender*Age*Trt 0.3544 0.8999 0.6996 
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Summaries of the means and standard deviations of the sensory scores for the 

consumer test with gender, age, and treatment differences are shown in Tables 

31, 21, and 33. There were no significant differences between gender and 

treatments for all three parameters tested. However, there was a significant 

difference for age groups where older (40+) panellists (7.00 for overall liking) 

gave higher scores than younger (18-35) panellists (6.09 for overall liking). It is 

possible that older age groups had more experience in tasting cheeses and they 

happen to prefer the cheeses that were presented to them. Yates and Drake 

(2007) reported that consumers usually eat more young Gouda cheese (< 6 

month) than aged Gouda. However, the study also reported that most consumers 

eat cheese as a topping or in sandwiches and less was eaten alone or as a 

snack. When the main experiment was performed, the samples were presented 

alone. Therefore, the presentation style of the sample may have affected the 

scores in this evaluation. Moreover, when the main experiment was conducted, 

the number of panellists in the age group of 18 – 25 (64 panellists) was greater 

than the number of panellists aged 40+ (14 panellists). Overall, the probiotic 

cheeses were liked as much as the control cheeses (Table 33).  

Table 31. Sensory evaluation (consumer test) of different gender (n=111) 

 Male  Female  

Flavour liking 6.44 a ± 1.74 6.55 a ± 1.88 

Texture liking 6.25 a ± 1.55 6.44 a ± 1.85 

Overall liking 6.43 a ± 2.46 6.53 a ± 1.62 

Different letters within a row indicates significant difference (p<0.05) 
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Table 32. Sensory evaluation (consumer test) of different age (n=111) 

 18 – 25 25 – 40 40+ 

Flavour liking 6.06 b ± 1.85 6.41 ab ± 1.71 7.02 a ± 1.62 

Texture liking 5.92 b ± 1.60 6.34 ab ± 1.83 6.78 a ± 1.70 

Overall liking 6.09 b ± 1.59 6.35 ab ± 1.48 7.00 a ± 1.56 

Different letters within a row indicates significant difference (p<0.05) 

Table 33. Sensory evaluation (consumer test) of treatments (n=111) 

 Control NME ME 

Flavour liking 6.23 a ± 1.81 6.46 a ± 1.86 6.79 a ± 1.75 

Texture liking 6.37 a ± 1.73 6.40 a ± 1.69 6.26 a ± 1.72 

Overall liking 6.30 a ± 1.52 6.47 a ± 1.66 6.66 a ± 1.55 

Different letters within a row indicates significant difference (p<0.05) 
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5. CONCLUSIONS 

Probiotic cultures are added to foods to help consumers improve their health by 

adding value to food and giving them more choices in selecting healthy foods.  

The general aims of microencapsulation are to protect probiotic cultures from 

processing treatments and passage through stomach since free cells are usually 

unable to survive in the gastric environment, and then to release them in their 

target area (e.g. gut) in humans. On the other hand, the challenge in using 

microencapsulated probiotic cultures is that the quality of a food (flavour and 

texture attributes) to which microencapsulated probiotic cultures are added 

should not be changed. Many studies have been done on incorporating probiotic 

adjuncts into cheese and determining the effect of probiotics on sensory 

attributes and also the survivability of the probiotic cultures. Most of these studies 

were done on Cheddar and fresh cheese where the Cheddar was usually aged 

for 6 months and fresh cheeses were usually consumed within a month of their 

production. Therefore, the survivability of probiotics in cheese that was aged 

around 3 – 4 months needed to be studied.  

The chemical, microbial, textural, and sensory analyses were evaluated on 

Gouda cheese with and without the addition of non-encapsulated and 

microencapsulated probiotic cultures. The salt content was principally affected by 

the percentage of the brine solution and aging also increased the salt content of 

the cheese due to salt migration from the outer to the inner portion. It was noticed 

that initially the probiotic cheeses had lower levels of salt. However, with 
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increased ripening time, the salt level of probiotic cheeses reached the same 

level as the control cheese. Therefore, it could be concluded that probiotic 

cultures lowered the speed of salt migration into the centre of the cheese. The fat 

and moisture content were also affected by processing variables. In general, 

probiotic cultures (without or with microencapsulation) did not affect the chemical 

properties of the aged cheese. Moreover, the fat and moisture content of the 

Gouda cheese made in both experiments all met the limits set by the Dairy 

Products Regulations (Department of Justice, 2011).  

The enumeration of starter and probiotic cultures (with and without 

microencapsulation) was conducted. The results showed that higher level of 

Lactococcus strains occurred in the control cheese than in probiotic cheese after 

4 months of aging. This may have been due to nutrient competition between 

starter culture and probiotic strains. But the levels of S. thermophilus (starter 

culture) were similar in the control and probiotic cheese at 4 months of aging, 

suggesting S. thermophilus was better able to compete in the presence of 

probiotic cultures. The enumeration results from probiotic strains showed that the 

level of microencapsulated cultures did change significantly during aging, 

although there was a loss during processing. On the other hand, free probiotic 

cells, which were higher at week 1 decreased significantly after 3 months of 

aging. Overall, the final level of both probiotic strains incorporated (either free 

cells or microencapsulated) meet the requirements suggested by researchers 

and health organizations.  
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From the texture results, it has been concluded that treatment and aging time did 

not alter the cutting and compression resistance forces of the cheese. The lower 

force to break the control cheese with the blade test was not seen with the ball 

test or in the sensory evaluation. This may have been a sampling effect or an 

indication that the probiotics had some impact on the casein network.  

The findings obtained from the trained panel sensory result showed that probiotic 

cultures (whether non-encapsulated or microencapsulated) affected the 

perception of saltiness, where the non-encapsulated cheese appeared saltier. 

Buttery flavour was lower for the two probiotic cheese. Other flavour scores were 

similar to the control cheese. Addition of probiotic cultures made the cheese 

firmer and more cohesive. Additionally, the consumer panel sensory result 

concluded that there were no treatment and aging time differences between 

control and probiotic cheeses. The only significant differences found from the 

sensory result was that older (40+) panellists gave higher flavour, texture and 

overall liking scores than the younger panellists.  

Probiotics can be successfully incorporated into an aged Gouda cheese without 

adversely affecting quality. These cheeses can be used as a food ingredient in 

the preparation of ready-to-eat food, such as salad and sandwiches, making 

probiotic cheese a convenient food. However, the food industry still needs to 

promote and understand probiotic bacteria.  

The survival rate of probiotic bacteria after various processing and storage 

treatments has generally been studied by the plate count method and these tests 
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indicated there were sufficient levels of probiotic organisms after 4 months of 

aging to provide the health benefits associated with probiotics. However, growth 

on agar plates is not consistently accurate.  

This study focused on the viability of probiotic cultures and the changes resulting 

from incorporating probiotic cultures (chemical, textural, and sensorial) in Gouda 

cheese. In the future, research is needed to evaluate microencapsulated 

probiotics in terms of their viability through food processing, storage, and the 

delivery in the GI tract. Furthermore, methods for incorporation of 

microencapsulated probiotic into cheese needs more research as difficulty was 

observed when incorporating microencapsulated probiotic cultures into cheese 

because a portion of the capsules appeared to be lost during whey removal. 

Therefore, the technological aspects of the use of microencapsulated probiotics 

in cheese still needs investigation.  
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