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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 10° 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

1



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

2



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.

e Evaluation of the chemical composition of cheese samples throughout the
aging process.

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

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

throughout the aging process.



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



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 CO,
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.



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).



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 10’ per gram or

millilitre (Gardiner et al., 1999). These organisms are incorporated into the



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 acidophilus® Bifidobacterium bifidum®
L. delbrueckii (subsp. bulgaricus)* B. adolescentis®
L. brevis® B. animalis®

L. cellobiosus* B. infantis®

L. curvatus® B. longum’

L. fermentum’ B. thermophilus*
L. plantarum® B. breve®

L. casei’ B. essensis?

L. rhamnosus* B. lactis?

L. reuteri’

L. gasseri*

L. crispatus®

L. johnsonii?

L. lactis?

L. paracasei’

L. salivarius?

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 (Gl) 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.



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%
CO; (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



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 Gl 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 Gl 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).
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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.qg.
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 — 5um (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 > 10° cfu/g for encapsulated probiotic organism when
incorporated into frozen dairy desserts when compared to counts < 10° 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 k-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 Gl 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 th