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(Abstract) 

The objective of this study was to compare products fermented with two culture 

systems to two endpoints for the following characteristics: survival of the culture 

bacteria, changes in protein, lactose and galactose concentrations and sensory changes. 

Frozen yogurt was produced using a standard lowfat ice cream mix formulation, 

fermented with supplemented and traditional culture systems, and stored for 11 weeks at 

-20°C. 

Three methods of recovery were employed: Bifid Glucose Agar with the Repair 

Detection System and Roll Tubes, Bifid Glucose Agar with the Repair Detection System 

on plates incubated in an anaerobe jar with a GasPak™, and Maltose/Galactose 

Reinforced Clostridial Agar incubated in an anaerobe jar with a GasPak™. 

Statistical analysis indicated that the Repair Detection System provided 

significantly (p<.05) enhanced recovery of Bifidobacterium longum. Recovery of B. 

longum on BGA Plates and M/G RCA plates was approximately one-half log lower than 

recovery on BGA in roll tubes. 

Culture bacteria in both systems survived at approximately 5x10° cfu/mL during 

frozen storage. Lactose and protein levels showed no significant changes or differences



between the two culture systems. Generally, galactose levels were significantly higher 

(p<.05) in the traditional culture system fermented to pH 5.6 compared to the 

supplemented system fermented to the same endpoint. 

The manufactured products (supplemented and traditional) were not different 

from the commercial product with respect to flavor intensity of yogurt flavor, vanilla, 

sweetness and freshness. Acid flavor was usually more intense when product was 

fermented to a pH of 5.6. The commercial product was more smooth than the 

manufactured products. Consumers indicated a “like slightly” to “like moderately” 

response for the supplemented and traditional inoculated frozen yogurts. 

The study concluded that the culture bacteria do survive the environment well 

enough to meet proposed standards of identity for frozen yogurt. The presence of 

probiotic bacteria in the supplemented system seemed to cause little to no difference in 

such attributes as protein and lactose levels, and sensory evaluation.
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CHAPTER I 

INTRODUCTION 

Frozen yogurt is a very successful dairy product. For example, frozen yogurt 

sales have increased eight-fold since 1986 and seen a 68% increase in sales between 

1989 and 1990 (Kimbrell et al., 1991). Unfortunately, without a standard of identity, 

defining frozen yogurt is difficult. A variety of frozen dairy products, all called frozen 

yogurt, are currently manufactured; however, the relationship to the defined product, 

yogurt, may be vague. Frozen yogurt has no standard of identity, so the inferred 

relationship, by virtue of the name, may not exist. The importance of bacterial levels in 

frozen yogurt has become a controversial topic in the dairy industry, but the importance 

of culture-bacteria in frozen yogurt is well-defined. 

For yogurt cultures containing the traditional strains, Lactobacillus delbrueckii 

ssp. bulgaricus and Streptococcus salivarius ssp. thermophilus, the environment of 

frozen yogurt may cause a significant decrease in viable numbers of bacterial cells. 

Adjunct bacteria such as Lactobacillus acidophilus and Bifidobacterium longum, which 

are sometimes added to frozen yogurt, may also have difficulty surviving in the frozen 

product (Hekmat and McMahon, 1992). 

The advantage of maintaining viable culture and adjunct bacteria in the product is 

related to nutrition and health (Rogers, 1991). The bacteria have a lactose-cleaving 

enzyme, beta-galactosidase, which is present only if bacterial cells are viable. Action of 

this enzyme hydrolyzes lactose to its component monosaccharides, glucose and galactose



(Fennema, 1985). These monosaccharides are more readily digested by many people 

than the disaccharide, lactose. Other potential benefits, such as decreased risk of certain 

types of cancer, and a hypocholesterolemic effect, can only occur when cells in the 

product are viable and active (Dellaglio and Torriani, 1992). 

Another important factor in frozen yogurt is the perception of certain sensory 

attributes by the consumer. The high-acid flavor of the fermented frozen yogurt products 

manufactured in the 1970's was unacceptable to most consumers and product sales 

declined after the initial burst of success (Lieb, 1988). Other flavor characteristics 

developed in fermented yogurt may not be compatible with a variety of flavoring 

options. The presence of the active cultures cause an alteration of certain flavor 

attributes and the perception of these changes is important. 

There were several objectives to this research. First, three methods of recovering 

cells of B. jongum from a frozen yogurt product fermented with a mixed culture 

containing L. acidophilus and other culture bacteria were compared. Second, recovery 

of the three strains of bacteria found in the mix in addition to B. longum were also 

compared. Third, changes in lactose, galactose and protein concentration were 

monitored during the frozen-storage period. Fourth, evaluation of sensory changes in the 

frozen yogurt during frozen-storage was conducted, as well as an evaluation of consumer 

response to the products.



CHAPTER I 

REVIEW OF LITERATURE 

Based on the large increase in frozen yogurt sales, the number of new frozen 

yogurt products and outlets, no one can dispute the popularity of frozen yogurt. The 

national chain TCBY (The Country's Best Yogurt), opened new shops at the rate of one 

per day between the years 1986 and 1990 (Kimbrell et al, 1990.). Many ice cream 

manufacturers have entered the frozen yogurt market due to the huge popularity and high 

profitability of the snack. Ingredient supply companies have facilitated this option by 

providing complete flavoring and stabilization systems for the manufacturer. Some 

companies utilize a process known as the 'total yogurt program’ offered by the 

BlankeBaer & Boweykrinko Corporation of Fenton, Missouri. An ice cream 

manufacturer who wishes to utilize this program to produce frozen yogurt is supplied 

with fruit bases, stabilizers, flavors, and formulations for the frozen yogurt mix. 

BlankeBaer & Boweykrinko also provides technical and plant production assistance as 

well as promotional and marketing support material (Anonymous, 1991). Other methods 

of marketing and selling frozen yogurt have evolved. The concept of selling frozen 

yogurt in glass-fronted vending machines has been tested (Levandoski, 1993). Initial 

trials with vending machines in the United States have been successful. Trends indicate 

that by 1997, the number of such vending machines will increase from 200, in 1993 to 

20,000 and will generate $221 million in annual sales. The machines will be located in 

schools, hospitals, colleges, airports and factories.



The reasons for the popularity of frozen yogurt are varied. Frozen yogurt has less 

fat than ice cream, yet still provides a sweet, pleasant-tasting snack. Also, frozen yogurt 

contains, or supposedly contains, bacteria which are considered to be healthful to the 

consumer. Still some consumers believe that the key to longevity is the regular 

consumption of yogurt, whether it be frozen or otherwise. 

One aspect which is questioned among those who consume this product 1s, 

"Exactly what is frozen yogurt?" Frozen yogurt currently has no definition because it 

has no standard of identity. Development of a standard of identity for frozen yogurt is 

needed to insure safety and uniformity. Standards of identity are designed to bring 

integrity to the marketplace (Dryer, 1988). Unfortunately, federal agencies responsible 

for developing a standard have not been able to reach a consensus. The National Yogurt 

Association (NYA) and the International Ice Cream Association (IICA) have presented 

the FDA with criteria they consider important for the definition and identity of frozen 

yogurt. While the suggested criteria from these two organizations are not identical, they 

are somewhat similar. Both groups identify levels and types of bacteria which should be 

present and active in order for the product to be called frozen yogurt. The term "active" 

is a very important stipulation. In order for bacteria to be beneficial to the consumer, 

they must be living organisms. Such aspects as anti-tumor activities, increased immune- 

response and other suggested, but unsubstantiated, health claims, require live frozen 

yogurt bacteria (Rogers, 1991; Ishibashi, 1993). Pasteurization or heat-treatment of



yogurt after the fermentation process will cause bacterial injury and death, and result in 

loss of the presumed health-benefits of frozen yogurt. 

The need for a federal standard of identity is important so that, " we {may} put a 

halt to the bastardization of yogurt and its standard of identity" (Dryer, 1988). Although 

there is no federal standard of identity, many states have adopted standards for frozen 

yogurt. However, incompatibility of standards for frozen yogurt between the states have 

resulted in some problems regarding the sale of frozen yogurt between states with 

differing standards (Childs, 1994). 

History of Frozen Yogurt 

Since the early 1970's when frozen yogurt was first introduced to the American 

marketplace, it has undergone many changes. Frozen yogurt made its debut in Boston in 

1972 when H. P. Hood formulated a soft-serve product for a Massachusetts health-food 

restaurant (Lieb, 1988). The product was considered trendy and many people did not 

like its tart and tangy taste. During the seventies, frozen yogurt was generally regarded 

as a fad which never really caught on. Furthermore, it was reported that frozen yogurt 

was either too gummy or too icy and did not taste enough like ice cream. 

Many different forms of frozen yogurt entered the marketplace in the 1970's. A 

product known as yogglace was developed by Aries International as an alternative form 

of frozen yogurt. Natural enzymes were used in the place of culture bacteria, to 

hydrolyze milk proteins and milk sugar and provide emulsifying and stabilizing effects



without additives. Yogglace, was a product which contained less than 1% milk fat, 8% 

sucrose, and an overrun which approaching 100% (Anonymous, 1978). Frozen yogurt 

has also been sold with a relatively high degree of success in the form of Bon Bons in 

California. The dessert consists of frozen strawberry yogurt surrounded by a chocolate 

coating (Anonymous, 1977). 

Ironically, the frozen yogurt produced twenty years ago contained higher 

numbers of bacteria than the frozen yogurt produced today. Generally, however, it was 

not received well by consumers (Vedamuthu, 1991). 

Frozen Yogurt Today 

Manufacturers have strived to provide the health-conscious public with a dessert 

they can feel good about eating Frozen yogurt manufacturers maintain that the low-fat 

qualities of the frozen yogurt, combined with the activities of the starter culture, provide 

a dessert which is not only enjoyable, but also healthful. Frozen yogurt sales increased 

eight-fold between 1986 and 1991 and realized a 68% sales increase between 1989 and 

1990 (Kimbrell et al., 1991). In 1993 frozen yogurt sales reached $2.8 billion and 

accounted for over 26% of all frozen dessert sales (Anonymous, 1994). 

Frozen yogurt can be divided into three major categories: soft-frozen, hard-frozen 

and mousse yogurt (Tieszen et al., 1989; Tamime, 1985). Soft-frozen yogurt usually 

contains an 80% yogurt base (cold), 20% fruit syrup base and a stabilizer/emulsifier. 

The mix is frozen in an ordinary ice-cream freezer with an outlet temperature of -6°C.



The product is then packaged and stored at 0 to -6°C. Hard-frozen yogurt usually 

contains 65% yogurt base (cold), 35% fruit-syrup base and stabilizer/emulsifier. The 

mix is frozen in an ice-cream freezer and stored at -25°C. Mousse yogurt involves 

mixing the yogurt with a hot mousse-base mixture (skim milk, sugar and 

stabilizer/emulsifier). The mix is cooled, whipped in an ice-cream freezer, packaged and 

stored below 0°C. 

An Identity for Frozen Yogurt 

While it is true that a federal standard of identity for frozen yogurt is non-existent 

at the present time, regular, non-frozen yogurt does have a standard of identity. The 

main ingredient is specified as cow's milk and all countries who have a standard agree 

that a compulsory fermentation by simultaneous addition of fermenting bacteria to the 

milk is necessary. The Code of Federal Regulations (21 C.F.R. S 131.200) states: 

“yogurt is the food produced by culturing one or more of the optional dairy ingredients 

specified below with a characterizing bacterial culture that contains the lactic acid- 

producing bacteria, Lactobacillus bulgaricus and Streptococcus thermophilus. Yogurt, 

before the addition of bulky flavors, contains not less than 3.25% milkfat and not less 

than 8.25% milk-solids-not fat, and has a titratable acidity of not less than 0.9%, 

expressed as lactic acid” (Hui, 1993). In the United States, two strains of bacteria must 

be used for the fermentation process, L. bulgaricus and S. thermophilus.



The Search for a Standard 

Frozen yogurt lacks a federal standard of identity. This allows manufacturers to 

produce what could, essentially, be called yogurt- supplemented ice milk and market the 

product as frozen yogurt. For example, nineteen commercially available brands of 

frozen yogurt were tested for bacterial levels as well as fat, protein, total solids and ash 

(Tieszen, 1989). Fourteen of the nineteen samples tested were well below the advised 

levels of bacteria (5x10°-7x10° cfu/gm) as recommended by the NYA and IICA. Levels 

of fat and other attributes also varied significantly among brands tested. 

In another study, seventeen of twenty commercial brands of frozen yogurt were 

found to contain lactic organisms at a concentration greater than 1x10° cfu/gm 

(Whitehead et al., 1993). The titratable acidity of all fruit-flavored frozen yogurt was 

found to be greater than 0.4%; however, only 43% of frozen yogurts which were not 

fruit-flavored had a titratable acidity greater than 0.3%. The results indicate that, of the 

brands tested, all contained levels of viable bacteria and had titratable acidities which 

were in compliance with proposed standards of identity for frozen yogurt in the state of 

Oregon (Whitehead et al., 1993). However, without a federal standard, compliance 

between states, which can have differing standards, can be a difficult task for 

manufacturers. 

Many manufacturers are striving to produce frozen yogurt with viable bacteria 

counts of 100,000 to 200,000 per milliliter (Honer, 1991). Some products incorporate 

only traditional yogurt cultures such as S. thermophilus and L. bulgaricus. Other



manufacturers incorporate additional bacteria, such as L. acidophilus and 

Bifidobacterium, into the cultures. The fermentation process only requires the presence 

of S. thermophilus and L. bulgaricus. B. longum and L. acidophilus are included as 

adjunct organisms for the perceived health benefits and are not required for fermentation. 

The titratable acidity of frozen yogurt varies widely among many brands, as 

previously described. Also, some manufacturers add lactic or other organic acids to 

provide the characteristic acidity and to increase the developed titratable acidity (Honer, 

1991). 

Specific standards proposed by the IICA for identification of a product as frozen 

yogurt are as follows: 

-product must be frozen under agitation 

-must contain "safe and suitable" ingredients 

-contain live S. thermophilus and L. bulgaricus 

-titratable acidity of .30% in mix, or a .15% increase 

due to action of bacteria 

-food-grade acids may not be used for the purpose 

of meeting titratable acidity level 

-must not undergo chemical preservative addition, 

which reduces live culture fermentation 

-contain 3.25% milkfat, 8.25% milk solids, 1.3 Ibs. 

total solids/gallon, and weigh 4 Ibs./gallon



-contain 0.5-2% milkfat to be called low-fat 

-contain <.05% milkfat to be called no-fat 

(Kimbrell et al., 1990.) 

This standard, and one of a similar nature, has been proposed to FDA for consideration 

by IICA and NYA. No indication has been given as to if, or when, a standard will be 

accepted for federal regulation of frozen yogurt. 

The Starter Culture 

The starter culture may be defined as a mixture of microorganisms having a 

physiological relationship and dependence on one another, (Driessen, 1992) which also 

inhibits the growth of any microorganism which isn't a starter organism. It also has 

specific characteristics responsible for defining the final fermented product (Driessen, 

1992). The starter culture makes yogurt unique by fermenting the milk mix and causing 

numerous changes in the physical make-up of the milk (Speck, 1983). The bacteria 

contained in the starter culture usually include S. thermophilus and sometimes L. 

acidophilus and/or a human strain of Bifidobacterium. Species of Bifidobacterium are 

separated into human and animal categories. Those in the human category include: B. 

bifidum, B. infantis, B. longum, B. breve and B. adolescentis (Ishibashi and Shimamura, 

1993). 

The starter culture imparts certain characteristics into the yogurt which allow 

consumers to identify it as yogurt. For example, L. bulgaricus and S. thermophilus are 

10



able to produce a polysaccharide from galactose which can act as a thickener. This 

attribute can eliminate the need to add such stabilizers as gelatin and alginates which 

may act to reduce the overall quality of the product. Z. bulgaricus also produces 

acetaldehyde which gives yogurt its characteristic fermented flavor (Keogh, 1978). 

The starter culture used in frozen yogurt manufacture also has the ability to 

inhibit the growth of such food-borne pathogens as Salmonella and Listeria. Live 

bacteria can also limit the time that these disease-causing bacteria can survive in the 

intestine, thereby limiting the pathogen's ability to cause disease symptoms (Anonymous, 

1989). Specifically, L. acidophilus has also been found to suppress pathogenic bacterial 

growth and growth of Escherichia coli in the human intestine (Keogh, 1978). 

Various bacterial strains are chosen to be used in the starter culture based on their 

ability to coagulate milk and improve milk-product taste (Hunger and Pietersen, 1992). 

The bacteria in the starter culture mix use certain nutritive aspects of the milk to survive 

and form a symbiotic relationship. Nitrogen is obtained from the milk protein. L. 

bulgaricus alters the globular structure of casein sufficiently so that S$. thermophilus can 

initiate early growth. Alteration of the protein by the starter culture allows for easier 

digestion by humans (Speck, 1983). S. thermophilus also produces formic acid which is 

a factor required for growth by L. bulgaricus (Keogh, 1978). Lactose or milk sugar is 

also used as an energy source by the bacteria. 

11



The Fermentation Process 

Fermentation of lactose, which is found in milk, is used for energy production by 

lactic acid bacteria (Tamime and Robinson, 1985). Actual catabolism of the lactose 

takes place inside the cell, so a transport mechanism is necessary to bring the lactose into 

the cell. The enzyme galactoside permease is thought to be responsible for this transport 

in L. bulgaricus and S. thermophilus. 

Once inside the cell, the lactose is cleaved into its monosaccharides, D-glucose 

and §-D-galactose. The specific enzyme responsible for this cleavage is B- 

galactosidase(($-gal)which has been found to be present in L. bulgaricus, or BPgal which 

is not present in the L. bulgaricus but is present in Lactobacillus lactis. Regardless of 

which enzyme is responsible, glucose, with the help of the hexokinase enzyme becomes 

glucose-6-phosphate, which is then transformed to glyceraldehyde-3-phosphate. 

Glyceraldehyde-3-P then enters the Embden-Myerhof Parnas Pathway where, in the 

presence of lactate dehydrogenase, it becomes lactic acid (Tamime and Robinson, 1985). 

The exact pathway of galactose catabolism is not as well understood as that of 

glucose. Three theories predominate: the first hypothesizes that galactose, in the 

presence of galactokinase, becomes glucose 1-6 and subsequently glucose 1-6 phosphate, 

where it will follow the same pathway as glucose for metabolism to lactic acid. The 

second theory is that lactose is cleaved by B-Pgal to D-glucose and galactose-6-P; 

galactose-6-P will enter the D-tagatose-6-P pathway and become dihydroxyacetone-P 

which will be further metabolized to glyceraldehyde-3-P which can then be metabolized 

12
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�(�T�a�m�i�m�e� �a�n�d� �R�o�b�i�n�s�o�n�,� �1�9�8�5�)�.� 

�T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �l�a�c�t�i�c� �a�c�i�d� �c�a�n�n�o�t� �b�e� �o�v�e�r�s�t�a�t�e�d� �i�n� �t�h�e� �m�a�n�u�f�a�c�t�u�r�e� �o�f� �f�r�o�z�e�n� 

�y�o�g�u�r�t�.� �L�a�c�t�i�c� �a�c�i�d� �c�o�n�v�e�r�t�s� �t�h�e� �c�o�l�l�o�i�d�a�l� �c�a�l�c�i�u�m�/�p�h�o�s�p�h�a�t�e� �c�o�m�p�l�e�x�,� �c�o�n�t�a�i�n�e�d� �i�n� �t�h�e� 

�m�i�c�e�l�l�e�,� �t�o� �a� �s�o�l�u�b�l�e� �c�a�l�c�i�u�m�/�p�h�o�s�p�h�a�t�e� �f�r�a�c�t�i�o�n�,� �d�i�f�f�u�s�i�b�l�e� �i�n�t�o� �m�i�l�k�'�s� �s�o�l�u�b�l�e� �p�h�a�s�e�.� 

�F�u�r�t�h�e�r�,� �t�h�e� �d�e�p�l�e�t�i�o�n� �o�f� �t�h�e� �m�i�c�e�l�l�e�s� �o�f� �c�a�l�c�i�u�m�,� �r�e�s�u�l�t�s� �i�n� �a� �c�o�a�g�u�l�a�t�i�o�n� �o�f� �c�a�s�e�i�n� �a�t� �p�H� 

�4�.�6�-�4�.�7� �a�n�d� �t�h�e� �s�u�b�s�e�q�u�e�n�t� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �y�o�g�u�r�t� �g�e�l� �(�T�a�m�i�m�e� �a�n�d� �R�o�b�i�n�s�o�n�,� �1�9�8�5�)� 

�H�e�a�l�t�h� �C�l�a�i�m�s� 

�T�h�e� �v�a�l�u�e� �o�f� �t�h�e� �s�t�a�r�t�e�r� �c�u�l�t�u�r�e� �g�o�e�s� �b�e�y�o�n�d� �t�h�e� �p�h�y�s�i�c�a�l� �a�n�d� �c�h�e�m�i�c�a�l� �c�h�a�n�g�e�s� �i�t� 

�c�a�u�s�e�s� �i�n� �t�h�e� �m�i�l�k� �m�i�x�.� �T�h�e� �b�a�c�t�e�r�i�a�,� �t�h�e�m�s�e�l�v�e�s�,� �s�u�p�p�o�s�e�d�l�y� �h�a�v�e� �m�a�n�y� �h�e�a�l�t�h�f�u�l� 

�b�e�n�e�f�i�t�s� �(�I�s�h�i�b�a�s�h�i� �a�n�d� �S�h�i�m�a�m�u�r�a�,� �1�9�9�3�)�.� �S�t�u�d�i�e�s� �h�a�v�e� �r�e�v�e�a�l�e�d� �t�h�a�t� �d�i�e�t�-�i�n�d�u�c�e�d� 

�c�h�a�n�g�e�s� �i�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �m�i�c�r�o� �f�l�o�r�a� �o�f� �h�u�m�a�n� �b�e�i�n�g�s� �m�a�y� �p�l�a�y� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� 

�c�a�r�c�i�n�o�g�e�n�e�s�i�s� �o�f� �t�h�e� �c�o�l�o�n� �(�B�a�r�t�r�a�m� �e�t� �a�l�.�,� �1�9�9�4�)�.� �F�o�r� �e�x�a�m�p�l�e�,� �L�.� �b�u�l�g�a�r�i�c�u�s� �p�r�o�d�u�c�e�s� 

�g�l�y�c�o�p�e�p�t�i�d�e�s� �w�h�i�c�h� �h�a�v�e� �a�n�t�i�t�u�m�o�r� �a�c�t�i�v�i�t�y� �a�g�a�i�n�s�t� �S�a�r�c�o�m�a� �1�8�0� �(�S�p�e�c�k�,� �1�9�8�3�)�.� �O�t�h�e�r� 

�s�t�r�a�i�n�s� �w�h�i�c�h� �a�r�e� �s�o�m�e�t�i�m�e�s� �u�s�e�d� �i�n� �s�t�a�r�t�e�r� �c�u�l�t�u�r�e�s� �a�r�e� �h�u�m�a�n� �s�t�r�a�i�n�s� �o�f� 

�B�i�f�i�d�o�b�a�c�t�e�r�i�u�m�,� �i�n�c�l�u�d�i�n�g� �B�.� �l�o�n�g�u�m�.� 
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�B�i�f�i�d�o�b�a�c�t�e�r�i�a� 

�B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �i�s� �a� �G�r�a�m�-�p�o�s�i�t�i�v�e�,� �b�i�f�u�r�c�a�t�e�d� �r�o�d� �w�h�i�c�h� �i�s� �s�t�r�i�c�t�l�y� �a�n�a�e�r�o�b�i�c�.� �I�t� 

�d�e�g�r�a�d�e�s� �g�l�u�c�o�s�e� �b�y� �t�h�e� �f�r�u�c�t�o�s�e�-�6�-�p�h�o�s�p�h�o�k�e�t�o�l�a�s�e� �s�h�u�n�t�,� �p�r�o�d�u�c�e�s� �a�c�e�t�i�c� �a�n�d� �l�a�c�t�i�c� 

�a�c�i�d� �i�n� �a� �3�:�2� �m�o�l�a�r� �r�a�t�i�o�,� �p�r�o�d�u�c�e�s� �n�o� �C�O�,� �i�s� �b�e�t�a� �a�n�d� �a�l�p�h�a�-�g�a�l�a�c�t�o�s�i�d�a�s�e� �p�o�s�i�t�i�v�e� �a�n�d� 

�f�r�u�c�t�o�s�e�-�6�-�p�h�o�s�p�h�o�k�e�t�o�l�a�s�e� �p�o�s�i�t�i�v�e� �(�D�e�l�l�a�g�l�i�o� �a�n�d� �T�o�r�r�i�a�n�i�,� �1�9�9�2�)� �S�i�n�c�e� �i�t� �w�a�s� �f�i�r�s�t� 

�i�s�o�l�a�t�e�d� �i�n� �1�8�9�9� �b�y� �T�i�s�s�i�e�r�,� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �h�a�s� �b�e�c�o�m�e� �t�h�e� �s�u�b�j�e�c�t� �o�f� �i�n�t�e�r�e�s�t� �a�n�d� �s�t�u�d�y� 

�p�e�r�t�a�i�n�i�n�g� �t�o� �i�t�s� �p�e�r�c�e�i�v�e�d� �h�e�a�l�t�h� �b�e�n�e�f�i�t�s�.� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �i�s� �o�n�e� �o�f� �t�h�e� �f�i�r�s�t� �b�a�c�t�e�r�i�a�l� 

�g�r�o�u�p�s� �t�o� �e�s�t�a�b�l�i�s�h� �i�t�s�e�l�f�i�n� �t�h�e� �c�o�l�o�n�.� �B�a�b�i�e�s� �w�h�o� �a�r�e� �b�r�e�a�s�t�-�f�e�d� �a�p�p�e�a�r� �t�o� �h�a�v�e� �a� �o�n�e�-� 

�l�o�g� �a�d�v�a�n�t�a�g�e� �i�n� �i�n�t�e�s�t�i�n�a�l� �b�i�f�i�d� �n�u�m�b�e�r�s� �c�o�m�p�a�r�e�d� �t�o� �b�o�t�t�l�e�-�f�e�d� �b�a�b�i�e�s� �(�I�s�h�i�b�a�s�h�i� �a�n�d� 

�S�h�i�m�a�m�u�r�a�,� �1�9�9�3�)�.� �T�h�i�s� �i�s� �n�o�t� �d�u�e� �t�o� �a� �n�u�t�r�i�t�i�o�n�a�l� �a�s�p�e�c�t� �o�f� �h�u�m�a�n� �m�i�l�k�,� �b�u�t� �r�a�t�h�e�r� 

�h�u�m�a�n� �m�i�l�k� �h�a�s� �a� �l�o�w�e�r� �p�r�o�t�e�i�n� �c�o�n�t�e�n�t� �a�n�d� �l�e�s�s� �b�u�f�f�e�r�i�n�g� �c�a�p�a�c�i�t�y� �t�h�a�n� �b�o�v�i�n�e� �m�i�l�k� 

�(�H�o�o�v�e�r�,� �1�9�9�3�)�.� 

�B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �l�e�v�e�l�s� �d�e�c�r�e�a�s�e� �w�i�t�h� �a�g�e�,� �d�u�e� �t�o� �d�i�e�t�,� �s�t�r�e�s�s� �a�n�d� �o�t�h�e�r� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �f�a�c�t�o�r�s�.� �O�t�h�e�r� �b�a�c�t�e�r�i�a� �s�u�c�h� �a�s� �c�o�l�i�f�o�r�m�s�,� �s�o�m�e� �e�n�t�e�r�o�p�a�t�h�o�g�e�n�s� �a�n�d� 

�C�l�o�s�t�r�i�d�i�a� �b�e�g�i�n� �t�o� �r�e�p�l�a�c�e� �b�i�f�i�d�o�b�a�c�t�e�r�i�a� �a�n�d� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�h�e�s�e� �o�t�h�e�r� �b�a�c�t�e�r�i�a� �m�a�y� 

�p�r�e�s�e�n�t� �a� �t�h�r�e�a�t� �t�o� �c�o�l�o�n�i�c� �h�e�a�l�t�h� �(�H�o�o�v�e�r�,� �1�9�9�3�)�.� 

�B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �i�s� �c�o�n�s�i�d�e�r�e�d� �p�r�o�b�i�o�t�i�c� �b�y� �m�e�e�t�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�r�i�t�e�r�i�a�:� 

�-�n�o�r�m�a�l� �i�n�h�a�b�i�t�a�n�t� �o�f� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� 

�-�s�u�r�v�i�v�e�s� �p�a�s�s�a�g�e� �t�h�r�o�u�g�h� �t�h�e� �u�p�p�e�r� �d�i�g�e�s�t�i�v�e� �t�r�a�c�t� 

�-�i�s� �c�a�p�a�b�l�e� �o�f� �s�u�r�v�i�v�i�n�g� �a�n�d� �g�r�o�w�i�n�g� �i�n� �t�h�e� �i�n�t�e�s�t�i�n�e� 

�-�p�r�o�d�u�c�e� �b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t�s� �w�h�e�n� �i�n� �t�h�e� �i�n�t�e�s�t�i�n�e� 

�1�4



�-�m�a�i�n�t�a�i�n� �v�i�a�b�i�l�i�t�y� �a�n�d� �a�c�t�i�v�i�t�y� �i�n� �t�h�e� �c�a�r�r�i�e�r� �f�o�o�d� �p�r�i�o�r� �t�o� �c�o�n�s�u�m�p�t�i�o�n� 

�(�G�i�l�l�i�l�a�n�d�,� �1�9�8�9�)� 

�B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �h�a�s� �b�e�e�n� �f�o�u�n�d� �t�o� �h�a�v�e� �a�n� �a�n�t�i�d�i�a�r�r�h�e�a�l� �e�f�f�e�c�t� �i�n� �c�h�i�l�d�r�e�n� 

�(�N�i�s�h�i�h�a�r�a�,� �1�9�6�9�)�.� �T�h�e� �b�a�c�t�e�r�i�u�m� �s�e�e�m�s� �t�o� �h�a�v�e� �o�t�h�e�r� �b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t�s�.� �A� �s�t�u�d�y� �b�y� 

�T�a�k�a�n�o� �(�1�9�8�6�)� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �B�.� �J�o�n�g�u�m� �i�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�o�t�a�l� �I�g�A� 

�a�n�t�i�b�o�d�y� �l�e�v�e�l� �i�n� �m�i�c�e�,� �w�h�i�c�h� �m�a�y� �i�n�h�i�b�i�t� �b�a�c�t�e�r�i�a�l� �i�n�f�e�c�t�i�o�n� �i�n� �t�h�e� �m�i�c�e�.� �A�n�o�t�h�e�r� �b�e�n�e�f�i�t� 

�i�s� �a� �p�o�s�s�i�b�l�e� �h�y�p�o�c�h�o�l�e�s�t�e�r�o�l�e�m�i�c� �e�f�f�e�c�t� �i�n� �h�u�m�a�n�s�,� �t�h�u�s� �m�a�k�i�n�g� �t�h�e� �b�a�c�t�e�r�i�u�m� �u�s�e�f�u�l� �t�o� 

�t�h�o�s�e� �w�i�t�h� �p�r�o�b�l�e�m�s� �m�a�i�n�t�a�i�n�i�n�g� �a� �s�a�f�e� �l�e�v�e�l� �o�f� �b�l�o�o�d�-�s�e�r�u�m� �c�h�o�l�e�s�t�e�r�o�l� �(�D�e�l�l�a�g�l�i�o� �a�n�d� 

�T�o�r�r�i�a�n�i�,� �1�9�9�2�)�.� 

�A�t� �t�h�e� �p�r�e�s�e�n�t� �t�i�m�e� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �i�s� �n�o�t� �u�s�e�d� �w�i�d�e�l�y� �i�n� �t�h�i�s� �c�o�u�n�t�r�y�.� �A�l�t�h�o�u�g�h� 

�t�h�e� �b�a�c�t�e�r�i�u�m� �h�a�s� �b�e�e�n� �l�i�n�k�e�d� �t�o� �m�a�n�y� �p�o�s�s�i�b�l�e� �h�e�a�l�t�h� �b�e�n�e�f�i�t�s�,� �a�n� �i�n�s�u�f�f�i�c�i�e�n�t� �n�u�m�b�e�r� �o�f� 

�c�o�n�t�r�o�l�l�e�d� �a�n�d� �d�e�f�i�n�i�t�i�v�e� �s�t�u�d�i�e�s� �h�a�v�e� �b�e�e�n� �d�o�n�e� �t�o� �p�r�o�v�e� �o�r� �d�i�s�p�r�o�v�e� �t�h�e� �u�s�e�f�u�l�n�e�s�s� �o�f� 

�t�h�i�s� �b�a�c�t�e�r�i�u�m� �i�n� �h�u�m�a�n� �g�u�t� �h�e�a�l�t�h� �(�R�o�g�e�r�s�,� �1�9�9�1�)�.� �T�h�e� �o�r�g�a�n�i�s�m� �i�s� �r�e�c�e�i�v�i�n�g� �m�u�c�h� 

�a�t�t�e�n�t�i�o�n� �i�n� �J�a�p�a�n� �w�h�e�r�e� �t�h�e� �J�a�p�a�n� �B�i�f�i�d�u�s� �F�o�u�n�d�a�t�i�o�n� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �i�n� �1�9�8�1� �t�o� �s�e�r�v�e� 

�a�s� �a� �c�e�n�t�r�a�l� �o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �b�i�f�i�d�u�s� �r�e�s�e�a�r�c�h�.� �R�e�s�e�a�r�c�h� �i�n�c�l�u�d�e�s� �e�x�a�m�i�n�i�n�g� �t�h�e� 

�b�i�o�c�h�e�m�i�s�t�r�y�,� �e�c�o�l�o�g�y�,� �t�a�x�o�n�o�m�y�,� �p�h�y�s�i�o�l�o�g�i�c�a�l� �e�f�f�e�c�t�s� �a�n�d� �o�t�h�e�r� �f�a�c�t�o�r�s�.� �A�n�o�t�h�e�r� �f�o�c�u�s� 

�o�f� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �i�s� �t�o� �s�u�p�p�o�r�t� �h�e�a�l�t�h� �c�l�a�i�m�s� �w�i�t�h� �i�n� �v�i�v�o�,� �i�n� �v�i�t�r�o� �s�t�u�d�i�e�s�,� �o�r� �c�l�i�n�i�c�a�l� �t�e�s�t�s� 

�a�n�d� �u�s�e� �t�h�e�s�e� �t�e�s�t�s� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�a�t� �r�o�l�e� �t�h�e�s�e� �b�a�c�t�e�r�i�a� �p�l�a�y� �i�n� �h�u�m�a�n� �h�e�a�l�t�h� �(�I�s�h�i�b�a�s�h�i� 

�a�n�d� �S�h�i�m�a�m�u�r�a�,� �1�9�9�3�)�.� 

�T�h�e� �e�f�f�e�c�t�s� �o�f� �c�o�n�s�u�m�i�n�g� �B�.� �J�o�n�g�u�m�-�e�n�r�i�c�h�e�d� �y�o�g�u�r�t� �(�5�0�0� �m�L�/�d�a�y� �f�o�r� �3� �w�e�e�k�s�)� 

�o�n� �v�a�r�i�o�u�s� �f�a�c�t�o�r�s� �w�i�t�h�i�n� �t�h�e� �c�o�l�o�n� �o�f� �1�2� �h�e�a�l�t�h�y� �v�o�l�u�n�t�e�e�r�s� �w�a�s� �r�e�p�o�r�t�e�d� �b�y� �B�a�r�t�r�a�m� �e�t� 
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�a�l�.�(�1�9�9�4�)�.� �T�h�e� �s�t�o�o�l� �o�f� �t�h�e� �s�u�b�j�e�c�t�s� �i�n�d�i�c�a�t�e�d� �a�n� �o�b�v�i�o�u�s� �i�n�c�r�e�a�s�e� �i�n� �e�x�c�r�e�t�i�o�n� �o�f� �B�.� 

�l�o�n�g�u�m� �a�f�t�e�r� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �t�h�e� �y�o�g�u�r�t�;� �h�o�w�e�v�e�r�,� �c�o�u�n�t�s� �o�f� �i�n�t�e�s�t�i�n�a�l� �a�e�r�o�b�e�s� �a�n�d� 

�a�n�a�e�r�o�b�e�s� �d�i�d� �n�o�t� �c�h�a�n�g�e� �s�i�g�n�i�f�i�c�a�n�t�l�y�.� �B�r�e�a�t�h� �h�y�d�r�o�g�e�n� �l�e�v�e�l�s� �i�n� �t�h�e� �s�u�b�j�e�c�t�s� �s�h�o�w�e�d� 

�a�n� �i�n�c�r�e�a�s�e� �a�f�t�e�r� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �t�h�e� �t�e�s�t� �y�o�g�u�r�t�,� �a�n�d� �m�o�u�t�h�-�t�o�-�c�a�e�c�u�m� �t�r�a�n�s�i�t� �t�i�m�e� �w�a�s� 

�a�c�c�e�l�e�r�a�t�e�d�.� �G�e�n�e�r�a�l�l�y�,� �t�h�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �g�o�o�d� �s�t�a�b�i�l�i�t�y� �o�f� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �m�i�c�r�o� �f�l�o�r�a� 

�a�f�t�e�r� �t�h�e� �u�s�e� �o�f� �a� �d�i�e�t�a�r�y� �b�a�c�t�e�r�i�a�l� �a�d�j�u�n�c�t� �a�n�d� �o�n�l�y� �a� �s�l�i�g�h�t� �i�n�c�r�e�a�s�e� �i�n� �g�a�s� �p�r�o�d�u�c�t�i�o�n� 

�d�u�e� �t�o� �l�a�c�t�o�s�e�-�f�e�r�m�e�n�t�i�n�g� �b�a�c�t�e�r�i�a� �i�n� �t�h�e� �c�o�l�o�n� �(�B�a�r�t�r�a�m� �e�t� �a�l�.�,� �1�9�9�4�)�.� 

�A�n�o�t�h�e�r� �s�t�u�d�y� �u�s�i�n�g� �a� �d�o�u�b�l�e�-�b�l�i�n�d� �p�l�a�c�e�b�o�-�c�o�n�t�r�o�l� �w�a�s� �c�o�m�p�l�e�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� 

�t�h�e� �e�f�f�e�c�t� �o�f� �i�n�g�e�s�t�i�o�n� �o�f� �m�i�x�t�u�r�e�s� �o�f� �l�a�c�t�i�c� �a�c�i�d� �b�a�c�t�e�r�i�a� �a�n�d� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �o�n� �g�u�t� 

�m�i�c�r�o� �f�l�o�r�a� �(�N�i�e�l�s�e�n� �e�t� �a�l�.�,� �1�9�9�4�)�.� �T�h�e� �e�f�f�e�c�t�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �m�i�c�r�o�b�i�o�l�o�g�i�c�a�l� 

�e�x�a�m�i�n�a�t�i�o�n� �o�f� �f�e�c�a�l� �s�a�m�p�l�e�s� �a�n�d� �j�e�j�u�n�a�l� �a�s�p�i�r�a�t�e�s�.� �S�i�x�t�e�e�n� �f�e�m�a�l�e�s� �a�n�d� �e�i�g�h�t� �m�a�l�e�s�,� 

�a�g�e�d� �1�9�-�5�9� �y�e�a�r�s�,� �w�h�o� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �i�n� �g�o�o�d� �h�e�a�l�t�h�,� �w�e�r�e� �g�i�v�e�n� �e�i�t�h�e�r� �a� �p�l�a�c�e�b�o�,� 

�a� �p�r�e�p�a�r�a�t�i�o�n� �c�o�n�t�a�i�n�i�n�g� �E�n�t�e�r�o�c�o�c�c�u�s� �f�a�e�c�i�u�m� �a�n�d� �B�.� �l�o�n�g�u�m� �(�6�.�4�x�1�0�*� �c�f�u�/�d�a�y�)� �o�r� �a� 

�p�r�e�p�a�r�a�t�i�o�n� �c�o�n�t�a�i�n�i�n�g� �L�.� �a�c�i�d�o�p�h�i�l�u�s�,� �B�.� �l�o�n�g�u�m�,� �L�.� �d�e�l�b�r�u�e�c�k�i�i� �s�s�p�.� �b�u�l�g�a�r�i�c�u�s� �a�n�d� �S�.� 

�t�h�e�r�m�o�p�h�i�l�u�s� �(�9�x�1�0�°� �c�f�u�/�d�a�y�)�.� �U�p�o�n� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �j�e�j�u�n�a�l� �a�s�p�i�r�a�t�e�s� �b�y� �m�i�c�r�o�b�i�o�l�o�g�i�c�a�l� 

�m�e�t�h�o�d�s�,� �i�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �m�i�c�r�o�b�i�o�l�o�g�i�c�a�l� �c�o�u�n�t�s� �o�f� �m�o�s�t� �s�p�e�c�i�e�s� �o�f� �b�a�c�t�e�r�i�a� �w�e�r�e� 

�b�e�l�o�w� �t�h�e� �d�e�t�e�c�t�a�b�l�e� �l�i�m�i�t�.� �T�h�e� �p�r�e�p�a�r�a�t�i�o�n� �w�h�i�c�h� �c�o�n�t�a�i�n�e�d� �t�h�e� �E�.� �f�a�e�c�u�m� �a�n�d� �B�.� 

�l�o�n�g�u�m� �s�i�g�n�i�f�i�c�a�n�t�l�y� �(�P�=�.�0�3�)� �r�e�d�u�c�e�d� �t�h�e� �a�n�a�e�r�o�b�e�:�a�e�r�o�b�e� �r�a�t�i�o� �i�n� �t�h�e� �c�o�l�o�n� �b�y� �a� �f�a�c�t�o�r� 

�o�f� �t�h�r�e�e� �d�u�r�i�n�g� �i�n�i�t�i�a�l� �t�r�e�a�t�m�e�n�t� �a�n�d� �t�h�e�n� �i�n�c�r�e�a�s�e�d� �i�t� �b�y� �a� �f�a�c�t�o�r� �o�f� �3�0� �d�u�r�i�n�g� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �w�e�e�k� �(�P�<�.�0�2�)�.� �T�h�e� �s�t�u�d�y� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e� �o�r�a�l� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �b�a�c�t�e�r�i�a� 
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�s�u�c�h� �a�s� �t�h�o�s�e� �f�o�u�n�d� �i�n� �f�r�o�z�e�n� �y�o�g�u�r�t� �m�a�y� �h�a�v�e� �a� �d�i�s�t�i�n�c�t� �e�f�f�e�c�t� �o�n� �d�i�s�t�a�l� �i�n�t�e�s�t�i�n�a�l� �m�i�c�r�o� 

�f�l�o�r�a�.� 

�F�u�j�i�w�a�r�a� �e�t� �a�l�.� �(�1�9�9�0�)�c�o�n�d�u�c�t�e�d� �a� �s�t�u�d�y� �t�o� �o�b�s�e�r�v�e� �t�h�e� �i�m�m�u�n�o�p�o�t�e�n�t�i�a�t�i�n�g� 

�e�f�f�e�c�t�s� �o�f� �B�.� �J�o�n�g�u�m� �S�B�T� �2�9�2�8� �i�n� �a�n�i�m�a�l�s� �w�h�i�c�h� �h�a�d� �e�x�p�e�r�i�m�e�n�t�a�l� �t�u�m�o�r�s�.� �T�h�e� �s�p�e�c�i�f�i�c� 

�s�t�r�a�i�n� �o�f� �B�.� �J�o�n�g�u�m� �(�B�L�2�9�2�8�)� �u�s�e�d� �w�a�s� �s�e�l�e�c�t�e�d� �b�y� �m�i�t�o�g�e�n�i�c� �a�s�s�a�y� �a�s� �a� �p�o�t�e�n�t� 

�i�m�m�u�n�o�m�o�d�u�l�a�t�i�n�g� �s�t�r�a�i�n�.� �T�h�e� �s�t�u�d�y� �f�o�u�n�d� �t�h�a�t� �w�h�e�n� �a�d�m�i�n�i�s�t�e�r�e�d� �s�y�s�t�e�m�i�c�a�l�l�y�,� 

�B�L�2�9�2�8� �s�h�o�w�e�d� �s�i�g�n�i�f�i�c�a�n�t� �a�n�t�i�-�t�u�m�o�r� �a�c�t�i�v�i�t�y� �i�n� �b�o�t�h� �a�l�l�o�g�e�n�e�i�c� �a�n�d� �s�y�n�g�e�n�e�i�c� �t�u�m�o�r� 

�m�o�d�e�l�s� �(�F�u�j�i�w�a�r�a� �e�t� �a�l�.�,� �1�9�9�0�)�.� 

�L�a�c�t�o�b�a�c�i�l�l�u�s� �a�c�i�d�o�p�h�i�l�u�s� 

�L�.� �a�c�i�d�o�p�h�i�l�u�s� �i�s� �a� �b�a�c�t�e�r�i�u�m� �w�h�i�c�h� �i�s� �s�o�m�e�t�i�m�e�s� �a�d�d�e�d� �t�o� �t�h�e� �s�t�a�r�t�e�r� �c�u�l�t�u�r�e� �f�o�r� 

�f�r�o�z�e�n� �y�o�g�u�r�t�.� �L�.� �a�c�i�d�o�p�h�i�l�u�s� �i�s� �a� �G�r�a�m�-�p�o�s�i�t�i�v�e�,� �m�i�c�r�o�a�e�r�o�p�h�i�l�i�c�,� �l�a�c�t�i�c� �a�c�i�d�-�p�r�o�d�u�c�i�n�g� 

�r�o�d� �o�f� �t�h�e� �f�a�m�i�l�y� �L�a�c�t�o�b�a�c�i�l�l�a�c�e�a�e� �(�T�a�m�i�m�e� �a�n�d� �R�o�b�i�n�s�o�n�,� �1�9�8�5�)�.� �M�a�n�y� �s�t�u�d�i�e�s� �h�a�v�e� 

�d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �a� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� �p�o�t�e�n�t�i�a�l� �h�e�a�l�t�h� �b�e�n�e�f�i�t�s� �e�x�i�s�t� �d�u�e� �t�o� �c�o�n�s�u�m�p�t�i�o�n� �o�f� 

�f�r�o�z�e�n� �y�o�g�u�r�t� �b�a�c�t�e�r�i�a�,� �i�n� �g�e�n�e�r�a�l�,� �a�n�d� �L�.� �a�c�i�d�o�p�h�i�l�u�s�,� �s�p�e�c�i�f�i�c�a�l�l�y�.� �S�o�m�e� �i�m�p�o�r�t�a�n�t� 

�p�o�s�s�i�b�l�e� �h�e�a�l�t�h� �b�e�n�e�f�i�t�s� �w�h�i�c�h� �h�a�v�e� �b�e�e�n� �d�o�c�u�m�e�n�t�e�d� �a�r�e� �i�m�p�r�o�v�e�d� �l�a�c�t�o�s�e� �d�i�g�e�s�t�i�o�n� �d�u�e� 

�t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�h�e� �l�a�c�t�a�s�e� �e�n�z�y�m�e� �i�n� �c�e�l�l�s� �o�f� �L�.� �a�c�i�d�o�p�h�i�l�u�s� �a�n�d� �d�e�c�r�e�a�s�e� �i�n� �s�e�r�u�m� 

�c�h�o�l�e�s�t�e�r�o�l� �l�e�v�e�l�s�.� �A�l�s�o�,� �a�n� �i�n�c�r�e�a�s�e� �i�n� �v�i�t�a�m�i�n� �B� �c�o�n�t�e�n�t� �o�f� �f�o�o�d� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �o�f� 

�e�n�t�e�r�o�h�e�p�a�t�i�c� �c�i�r�c�u�l�a�t�i�o�n� �o�f� �b�i�l�e� �a�c�i�d�s� �t�h�r�o�u�g�h� �d�e�c�o�n�j�u�g�a�t�i�o�n� �r�e�a�c�t�i�o�n�s� �h�a�v�e� �b�e�e�n� 

�d�o�c�u�m�e�n�t�e�d�.� �T�h�e� �b�a�c�t�e�r�i�a� �h�a�s� �a�l�s�o� �b�e�e�n� �s�h�o�w�n� �t�o� �i�n�c�r�e�a�s�e� �w�e�i�g�h�t�-�g�a�i�n� �i�n� �l�a�b� �a�n�i�m�a�l�s�,� 

�p�r�e�s�u�m�a�b�l�y� �d�u�e� �t�o� �i�m�p�r�o�v�e�d� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �n�u�t�r�i�e�n�t�s� �a�t� �t�h�e� �c�e�l�l�u�l�a�r� �l�e�v�e�l� �(�W�e�l�c�h�,� �1�9�8�7�)�.� 
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�S�t�a�r�t�e�r� �C�u�l�t�u�r�e� �S�u�r�v�i�v�a�l� �i�n� �F�r�o�z�e�n� �Y�o�g�u�r�t� 

�I�n� �o�r�d�e�r� �f�o�r� �t�h�e� �b�a�c�t�e�r�i�a� �t�o� �e�x�e�r�t� �e�f�f�e�c�t�s� �o�n� �t�h�e� �c�o�l�o�n� �o�r� �o�t�h�e�r� �s�y�s�t�e�m�s� �w�i�t�h�i�n� �t�h�e� 

�b�o�d�y�,� �i�t� �m�u�s�t� �f�i�r�s�t� �s�u�r�v�i�v�e� �i�n� �t�h�e� �f�r�o�z�e�n� �y�o�g�u�r�t� �i�t�s�e�l�f�.� �T�h�e� �e�n�v�i�r�o�n�m�e�n�t� �o�f� �f�r�o�z�e�n� �y�o�g�u�r�t� 

�c�a�n� �b�e� �e�x�t�r�e�m�e�l�y� �h�a�r�s�h� �t�o� �t�h�e� �s�t�a�r�t�e�r� �c�u�l�t�u�r�e�.� �S�i�n�c�e� �f�r�o�z�e�n� �y�o�g�u�r�t� �i�s�,� �b�y� �d�e�f�i�n�i�t�i�o�n�,� �f�r�o�z�e�n� 

�t�h�i�s� �e�x�t�r�e�m�e� �i�n� �t�e�m�p�e�r�a�t�u�r�e� �c�a�n� �c�a�u�s�e� �i�n�j�u�r�y� �t�o� �t�h�e� �c�e�l�l�s� �o�f� �t�h�e� �s�t�a�r�t�e�r� �c�u�l�t�u�r�e�,� �t�h�u�s� 

�r�e�d�u�c�i�n�g� �t�h�e�i�r� �n�u�m�b�e�r�s� �a�n�d� �t�h�e�r�e�b�y� �d�e�c�r�e�a�s�i�n�g� �t�h�e�i�r� �h�e�a�l�t�h�f�u�l� �a�t�t�r�i�b�u�t�e�s�.� �A�f�t�e�r� �t�w�o� 

�w�e�e�k�s� �o�f� �f�r�o�z�e�n� �s�t�o�r�a�g�e� �a�t� �-�2�8�.�9�°�C�,� �l�e�v�e�l�s� �o�f� �L�.� �b�u�l�g�a�r�i�c�u�s� �d�r�o�p�p�e�d� �a�n� �a�v�e�r�a�g�e� �o�f� �o�n�e�-� 

�a�n�d�-�o�n�e�-�h�a�l�f� �l�o�g�s� �a�n�d� �l�e�v�e�l�s� �o�f� �S�.� �t�h�e�r�m�o�p�h�i�l�u�s� �d�e�c�r�e�a�s�e�d� �a�n� �a�v�e�r�a�g�e� �o�f� �o�n�e�-�h�a�l�f� �l�o�g� 

�(�M�i�l�e�s� �a�n�d� �L�e�e�d�e�r�,� �1�9�8�1�)�.� �T�h�i�s� �s�t�u�d�y� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �f�r�o�z�e�n� �s�t�o�r�a�g�e� �h�a�d� �l�i�t�t�l�e� �e�f�f�e�c�t� �o�n� �t�h�e� 

�m�a�i�n�t�e�n�a�n�c�e� �o�f� �h�i�g�h� �n�u�m�b�e�r�s� �o�f� �b�a�c�t�e�r�i�a�.� �O�t�h�e�r� �v�a�r�i�a�b�l�e�s�,� �s�u�c�h� �a�s� �v�a�r�y�i�n�g� �l�e�v�e�l�s� �o�f� 

�d�e�x�t�r�o�s�e�,� �c�o�r�n� �s�y�r�u�p� �s�o�l�i�d�s�,� �m�i�l�k� �s�o�l�i�d�s� �n�o�n�-�f�a�t� �a�n�d� �T�w�e�e�n� �8�0�,� �w�e�r�e� �t�e�s�t�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� 

�T�h�e� �a�v�e�r�a�g�e� �d�e�c�r�e�a�s�e� �i�n� �l�e�v�e�l�s� �o�f� �b�a�c�t�e�r�i�a� �r�e�m�a�i�n�e�d� �r�e�l�a�t�i�v�e�l�y� �c�o�n�s�i�s�t�e�n�t� �n�o� �m�a�t�t�e�r� �w�h�a�t� 

�t�h�e� �v�a�r�i�a�b�l�e�,� �w�i�t�h� �o�n�l�y� �T�w�e�e�n� �8�0� �a�p�p�e�a�r�i�n�g� �t�o� �m�a�k�e� �L�.� �b�u�l�g�a�r�i�c�u�s� �m�o�r�e� �c�o�l�d�-�t�o�l�e�r�a�n�t� 

�(�M�i�l�e�s� �a�n�d� �L�e�e�d�e�r�,� �1�9�8�1�)�.� 

�A�n�o�t�h�e�r� �s�t�u�d�y� �e�x�a�m�i�n�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �c�o�l�d�-�s�t�o�r�a�g�e� �(�-�2�9�°�C�)� �o�n� �c�e�l�l�s� �o�f� �L�.� 

�a�c�i�d�o�p�h�i�l�u�s� �a�n�d� �B�.� �l�o�n�g�u�m� �i�n� �i�c�e� �c�r�e�a�m�.� �T�h�e� �s�t�a�n�d�a�r�d� �i�c�e� �c�r�e�a�m� �m�i�x� �w�a�s� �f�e�r�m�e�n�t�e�d� 

�w�i�t�h� �t�h�e� �t�w�o� �b�a�c�t�e�r�i�a�,� �f�r�o�z�e�n� �i�n� �a� �b�a�t�c�h� �f�r�e�e�z�e�r� �a�n�d� �s�t�o�r�e�d� �a�t� �-�2�9�°�C�.� �B�o�t�h� �s�p�e�c�i�e�s� �o�f� 

�b�a�c�t�e�r�i�a� �w�e�r�e� �f�o�u�n�d� �t�o� �e�x�h�i�b�i�t� �s�o�m�e� �l�o�s�s� �i�n� �v�i�a�b�l�e� �n�u�m�b�e�r�s� �a�f�t�e�r� �s�e�v�e�n�t�e�e�n� �w�e�e�k�s� �o�f� 

�c�o�l�d�-�s�t�o�r�a�g�e�.� �A� �t�w�o� �l�o�g� �l�o�s�s� �w�a�s� �n�o�t�e�d� �f�o�r� �t�h�e� �a�c�i�d�o�p�h�i�l�u�s� �a�n�d� �a� �o�n�e� �l�o�g� �l�o�s�s� �w�a�s� 

�o�b�s�e�r�v�e�d� �f�o�r� �t�h�e� �b�i�f�i�d� �p�o�p�u�l�a�t�i�o�n�.� �B�-�g�a�l�a�c�t�o�s�i�d�a�s�e� �a�c�t�i�v�i�t�y� �w�a�s� �a�l�s�o� �m�o�n�i�t�o�r�e�d� �a�n�d� �t�h�e� 

�a�c�t�i�v�i�t�y� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �1�8�0�0� �t�o� �1�3�0�0� �u�n�i�t�s�/�m�L� �(�H�e�k�m�a�t� �a�n�d� �M�c�M�a�h�o�n�,� �1�9�9�2�)�.� 
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�H�o�l�c�o�m�b� �e�t� �a�l�.�(�1�9�9�1�)� �s�t�u�d�i�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �c�o�l�d�-�s�t�o�r�a�g�e� �a�n�d� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �o�f� 

�f�r�o�z�e�n� �y�o�g�u�r�t� �o�n� �L�.� �a�c�i�d�o�p�h�i�l�u�s� �a�n�d� �B�.� �l�o�n�g�u�m� �s�u�r�v�i�v�a�l�.� �T�h�e� �f�r�o�z�e�n� �y�o�g�u�r�t� �c�o�n�t�a�i�n�i�n�g� 

�t�h�e�s�e� �b�a�c�t�e�r�i�a� �w�a�s� �p�r�o�d�u�c�e�d� �a�n�d� �t�h�e�n� �f�r�o�z�e�n� �a�t� �-�5�°�C� �f�o�r� �s�i�x� �h�o�u�r�s�.� �U�p�o�n� �t�h�a�w�i�n�g� �o�f� �t�h�e� 

�f�r�o�z�e�n� �y�o�g�u�r�t�,� �t�h�e� �b�a�c�t�e�r�i�a� �s�h�o�w�e�d� �n�o� �e�v�i�d�e�n�c�e� �o�f� �f�r�e�e�z�e� �i�n�j�u�r�y�.� �F�r�e�e�z�i�n�g� �d�i�d� �n�o�t� �a�l�t�e�r� 

�t�h�e� �b�i�l�e� �o�r� �a�c�i�d� �t�o�l�e�r�a�n�c�e� �o�f� �e�i�t�h�e�r� �c�u�l�t�u�r�e�.� �A� �s�t�u�d�y� �w�a�s� �a�l�s�o� �c�o�n�d�u�c�t�e�d� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� 

�t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �s�t�a�b�i�l�i�t�y� �o�f� �t�h�e� �m�i�c�r�o�o�r�g�a�n�i�s�m�s� �t�o� �t�h�e� �a�c�i�d�i�c� �e�n�v�i�r�o�n�m�e�n�t� �o�f� �t�h�e� 

�s�t�o�m�a�c�h�,� �i�.�e�.� �h�o�l�d�i�n�g� �f�o�r� �2� �h�r� �i�n� �0�.�0�1� �H�C�l�.� �T�h�e� �L�.� �a�c�i�d�o�p�h�i�l�u�s� �s�t�r�a�i�n� �w�a�s� �a�b�l�e� �t�o� �s�u�r�v�i�v�e� 

�t�h�e�s�e� �c�o�n�d�i�t�i�o�n�s�;� �h�o�w�e�v�e�r�,� �B�.� �J�o�n�g�u�m� �w�a�s� �u�n�a�b�l�e� �t�o� �s�u�r�v�i�v�e� �t�h�e� �a�c�i�d�i�c� �c�o�n�d�i�t�i�o�n�s� 

�(�H�o�l�c�o�m�b� �e�t� �a�l�.�,�1�9�9�1�)�.� 

�T�h�e� �g�r�o�w�t�h� �a�b�i�l�i�t�i�e�s� �o�f� �B�.� �J�o�n�g�u�m� �i�n� �a� �f�r�o�z�e�n� �y�o�g�u�r�t� �e�n�v�i�r�o�n�m�e�n�t� �w�i�t�h� �l�o�w� �a�n�d� 

�h�i�g�h� �l�e�v�e�l�s� �o�f� �d�e�v�e�l�o�p�e�d� �a�c�i�d�i�t�y� �w�a�s� �t�e�s�t�e�d� �b�y� �M�o�d�l�e�r� �a�n�d� �V�i�l�l�a� �G�a�r�c�i�a� �(�1�9�9�3�)�.� �A� �w�h�e�y�-� 

�b�a�s�e�d� �m�e�d�i�u�m� �w�a�s� �i�n�i�t�i�a�l�l�y� �p�r�o�d�u�c�e�d� �f�o�r� �t�h�e� �l�a�r�g�e�-�s�c�a�l�e� �g�r�o�w�t�h� �o�f� �B�.� �J�o�n�g�u�m�.� �M�e�d�i�u�m� 

�w�a�s� �p�r�e�p�a�r�e�d� �b�y� �r�e�c�o�n�s�t�i�t�u�t�i�n�g� �d�e�m�i�n�e�r�a�l�i�z�e�d� �w�h�e�y� �p�o�w�d�e�r� �t�o� �6�%� �s�o�l�i�d�s�,� �c�o�n�c�e�n�t�r�a�t�i�n�g� 

�t�o� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�0�%� �s�o�l�i�d�s� �a�n�d� �t�h�e�n� �f�r�o�z�e�n�.� �T�h�e� �m�e�d�i�u�m� �w�a�s� �t�h�e�n� �t�h�a�w�e�d�,� �d�i�l�u�t�e�d� �t�o� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �1�1�%� �s�o�l�i�d�s� �a�n�d� �g�r�o�w�t�h� �o�f� �B�.� �l�o�n�g�u�m� �(�A�T�C�C� �1�5�7�0�7�)� �w�a�s� �m�o�n�i�t�o�r�e�d� �i�n� �t�h�e� 

�m�e�d�i�u�m�.� �G�r�o�w�t�h� �s�e�e�m�e�d� �t�o� �i�m�p�r�o�v�e� �w�h�e�n� �.�0�5�%� �L�-�c�y�s�t�e�i�n�e� �a�n�d� �.�2�3�%� �y�e�a�s�t� �e�x�t�r�a�c�t� �w�e�r�e� 

�a�d�d�e�d� �t�o� �t�h�e� �g�r�o�w�t�h� �m�e�d�i�u�m� �(�M�o�d�l�e�r� �a�n�d� �V�i�l�l�a� �G�a�r�c�i�a�,� �1�9�9�3�)�.� 

�M�o�d�l�e�r� �a�n�d� �V�i�l�l�a� �G�a�r�c�i�a�(�1�9�9�3�)� �a�l�s�o� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �B�.� �J�o�n�g�u�m� �g�r�o�w�n� �i�n� �w�h�e�y�-� 

�b�a�s�e�d� �m�e�d�i�u�m� �s�h�o�w�e�d� �p�o�o�r� �s�u�r�v�i�v�a�l� �i�n� �h�i�g�h�-�a�c�i�d� �y�o�g�u�r�t� �w�h�i�c�h� �h�a�d� �a� �d�e�v�e�l�o�p�e�d� �a�c�i�d�i�t�y� 

�o�f� �0�.�4�5�%� �(�p�H� �4�.�4�7�)�.� �H�o�w�e�v�e�r�,� �w�h�e�n� �t�h�e� �b�a�c�t�e�r�i�a� �w�e�r�e� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �y�o�g�u�r�t� �w�h�i�c�h� 

�h�a�d� �l�o�w�-�t�i�t�r�a�t�a�b�l�e� �a�c�i�d�i�t�y� �(�0�.�2�1�5�%�)� �a�n�d� �a� �p�H� �o�f� �5�.�8�5�,� �t�h�e� �l�o�s�s� �o�f� �b�a�c�t�e�r�i�a� �o�v�e�r� �a�n� �e�l�e�v�e�n� 
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�w�e�e�k� �c�o�l�d�-�s�t�o�r�a�g�e� �p�e�r�i�o�d� �w�a�s� �o�n�l�y� �o�n�e� �l�o�g�.� �U�p�o�n� �r�e�-�f�r�e�e�z�i�n�g�,� �a�n� �a�d�d�i�t�i�o�n�a�l� �o�n�e� �l�o�g� 

�d�e�c�l�i�n�e� �i�n� �t�h�e� �n�u�m�b�e�r�s� �o�f� �b�a�c�t�e�r�i�a� �w�a�s� �o�b�s�e�r�v�e�d�.� �A�n� �a�t�t�e�m�p�t� �w�a�s� �m�a�d�e� �t�o� �p�r�o�t�e�c�t� �t�h�e� 

�b�a�c�t�e�r�i�a� �f�r�o�m� �f�r�e�e�z�e�-�d�e�a�t�h� �b�y� �m�i�l�k�f�a�t� �e�n�c�a�p�s�u�l�a�t�i�o�n�;� �h�o�w�e�v�e�r�,� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� 

�e�n�c�a�p�s�u�l�a�t�i�o�n� �d�i�d� �n�o�t� �p�r�o�t�e�c�t� �o�r� �i�m�p�r�o�v�e� �t�h�e� �s�u�r�v�i�v�a�l� �o�f� �t�h�e� �b�a�c�t�e�r�i�a� �(�M�o�d�l�e�r� �a�n�d� �V�i�l�l�a� 

�G�a�r�c�i�a�,� �1�9�9�3�)�.� 

�A�n�o�t�h�e�r� �p�r�o�b�l�e�m� �w�i�t�h� �f�r�o�z�e�n� �y�o�g�u�r�t�,� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �B�.� �J�o�n�g�u�m� �s�u�r�v�i�v�a�l�,� �i�s� �t�h�e� 

�o�x�y�g�e�n� �c�o�n�t�e�n�t� �o�f� �t�h�e� �m�i�x� �w�h�e�n� �o�v�e�r�r�u�n� �i�s� �a�d�d�e�d�.� �O�x�y�g�e�n� �i�s� �p�a�r�t�i�c�u�l�a�r�l�y� �d�e�t�r�i�m�e�n�t�a�l� �t�o� 

�B�.� �l�o�n�g�u�m�,� �s�i�n�c�e� �t�h�i�s� �o�r�g�a�n�i�s�m� �i�s� �s�t�r�i�c�t�l�y� �a�n�a�e�r�o�b�i�c�,� �a�n�d� �i�t� �t�e�n�d�s� �t�o� �i�n�j�u�r�e� �t�h�e� �c�e�l�l�s� �o�f� �B�.� 

�l�o�n�g�u�m�.� �C�e�l�l�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �i�n�j�u�r�e�d� �w�h�e�n� �t�h�e�y� �w�i�l�l� �n�o� �l�o�n�g�e�r� �g�r�o�w� �o�n� �m�e�d�i�u�m� �w�h�i�c�h� 

�i�s� �s�e�l�e�c�t�i�v�e� �f�o�r� �t�h�e�m� �(�A�r�a�n�y�,� �1�9�9�2�)�.� �F�o�r�t�u�n�a�t�e�l�y�,� �i�f� �g�i�v�e�n� �t�h�e� �p�r�o�p�e�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� 

�c�o�n�d�i�t�i�o�n�s�,� �t�h�e� �i�n�j�u�r�e�d� �c�e�l�l�s� �a�r�e� �a�b�l�e� �t�o� �r�e�p�a�i�r� �t�h�e�i�r� �i�n�j�u�r�y� �a�s� �t�h�e�y� �m�i�g�h�t� �d�o� �i�n� �t�h�e� �c�o�l�o�n� 

�a�n�d� �b�e�c�o�m�e� �v�i�a�b�l�e� �c�e�l�l�s� �a�g�a�i�n� �(�A�r�a�n�y�,� �1�9�9�2�)�.� 

�O�n�e� �f�i�n�a�l� �h�u�r�d�l�e�,� �w�h�i�c�h� �t�h�e� �b�a�c�t�e�r�i�a� �m�u�s�t� �o�v�e�r�c�o�m�e�,� �i�s� �t�h�e� �h�a�r�s�h� �e�n�v�i�r�o�n�m�e�n�t� �o�f� 

�t�h�e� �h�u�m�a�n� �s�t�o�m�a�c�h�.� �I�n� �o�r�d�e�r� �t�o� �e�x�e�r�t� �h�e�a�l�t�h�-�b�e�n�e�f�i�t�s�,� �b�a�c�t�e�r�i�a� �m�u�s�t� �s�u�r�v�i�v�e� �a� �w�i�d�e� �r�a�n�g�e� 

�o�f� �s�t�o�m�a�c�h� �p�H� �d�e�p�e�n�d�i�n�g� �o�n� �w�h�e�t�h�e�r� �o�r� �n�o�t� �t�h�e� �p�e�r�s�o�n� �i�s� �f�a�s�t�i�n�g� �(�p�H� �1�.�5�)� �o�r� �h�a�s� �j�u�s�t� 

�e�a�t�e�n� �(�p�H� �4�.�5�)�.� �T�h�e� �b�a�c�t�e�r�i�a� �w�i�l�l� �p�r�o�b�a�b�l�y� �s�p�e�n�d� �o�n�e� �t�o� �t�w�o� �h�o�u�r�s� �i�n� �t�h�e� �s�t�o�m�a�c�h� �s�o� 

�c�e�l�l�s� �m�u�s�t� �b�e� �a�c�i�d�-�t�o�l�e�r�a�n�t� �o�r� �s�u�r�v�i�v�e� �i�n� �s�u�f�f�i�c�i�e�n�t� �n�u�m�b�e�r�s� �t�o� �e�x�e�r�t� �b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t�s�.� 

�O�n�c�e� �p�a�s�t� �t�h�e� �s�t�o�m�a�c�h�,� �t�h�e� �b�a�c�t�e�r�i�u�m� �m�u�s�t� �t�h�e�n� �b�e� �a�b�l�e� �t�o� �a�d�h�e�r�e� �t�o� �t�h�e� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� 

�o�f� �t�h�e� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e� �u�s�i�n�g� �a�d�h�e�s�i�n�s�.� �A�l�s�o�,� �b�i�f�i�d�s� �n�e�e�d� �v�i�t�a�m�i�n�s� �a�n�d� �O�,� �r�e�m�o�v�a�l� �i�n� �o�r�d�e�r� 

�t�o� �e�n�h�a�n�c�e� �t�h�e�i�r� �g�r�o�w�t�h� �i�n� �t�h�e� �i�n�t�e�s�t�i�n�e� �(�H�u�n�g�e�r� �a�n�d� �P�i�e�t�e�r�s�o�n�,� �1�9�9�2�)�.� 
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�H�y�d�r�o�l�y�s�i�s� �o�f� �L�a�c�t�o�s�e� �b�y� �B�-�G�a�l�a�c�t�o�s�i�d�a�s�e� 

�L�a�c�t�o�s�e� �i�s� �a� �d�i�s�a�c�c�h�a�r�i�d�e� �c�o�n�s�i�s�t�i�n�g� �o�f� �t�h�e� �m�o�n�o�s�a�c�c�h�a�r�i�d�e�s� �D�-�g�l�u�c�o�s�e� �a�n�d� �D�-� 

�g�a�l�a�c�t�o�s�e� �(�F�e�n�n�e�m�a�,� �1�9�8�5�)� �a�n�d� �i�s� �o�n�l�y� �f�o�u�n�d� �i�n� �p�r�o�d�u�c�t�s� �o�f� �m�i�l�k� �o�r�i�g�i�n�.� �F�o�r� �m�o�s�t� 

�p�e�o�p�l�e�,� �t�h�e� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �l�a�c�t�o�s�e�-�c�o�n�t�a�i�n�i�n�g� �p�r�o�d�u�c�t�s� �p�o�s�e�s� �n�o� �d�i�g�e�s�t�i�v�e� �p�r�o�b�l�e�m�s�.� 

�H�o�w�e�v�e�r�,� �f�o�r� �p�e�o�p�l�e� �w�h�o� �l�a�c�k� �t�h�e� �e�n�z�y�m�e� �l�a�c�t�a�s�e�,� �o�r� �B�-�g�a�l�a�c�t�o�s�i�d�a�s�e�,� �w�h�i�c�h� �i�s� �f�o�u�n�d� �i�n� 

�c�e�l�l�s� �o�f� �t�h�e� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e�,� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �l�a�c�t�o�s�e� �i�n� �t�h�e� �d�i�e�t� �c�a�n� �l�e�a�d� �t�o� �s�u�c�h� �u�n�p�l�e�a�s�a�n�t� 

�s�y�m�p�t�o�m�s� �a�s� �f�l�a�t�u�l�e�n�c�e�,� �b�l�o�a�t�i�n�g� �a�n�d� �a�b�d�o�m�i�n�a�l� �p�a�i�n�s� �(�L�e�r�e�b�o�u�r�s�,� �1�9�8�9�)�.� �T�h�e�s�e� 

�p�h�y�s�i�c�a�l� �s�y�m�p�t�o�m�s� �o�c�c�u�r� �b�e�c�a�u�s�e� �t�h�e� �l�a�c�t�o�s�e�,� �w�h�i�c�h� �i�s� �n�o�t� �c�l�e�a�v�e�d� �i�n�t�o� �i�t�s� �c�o�n�s�t�i�t�u�e�n�t� 

�s�u�g�a�r�s�,� �r�e�a�c�h�e�s� �t�h�e� �l�a�r�g�e� �i�n�t�e�s�t�i�n�e� �w�h�e�r�e� �i�t� �i�s� �f�e�r�m�e�n�t�e�d� �b�y� �b�a�c�t�e�r�i�a� �w�h�i�c�h� �i�n�h�a�b�i�t� �t�h�e� 

�c�o�l�o�n�.� �F�e�r�m�e�n�t�a�t�i�o�n� �o�f� �l�a�c�t�o�s�e� �i�n� �t�h�e� �l�a�r�g�e� �i�n�t�e�s�t�i�n�e� �l�e�a�d�s� �t�o� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �l�a�c�t�i�c� �a�n�d� 

�a�c�e�t�i�c� �a�c�i�d�s� �w�h�i�c�h� �b�i�n�d� �w�a�t�e�r� �i�n� �t�h�e� �c�o�l�o�n� �a�n�d� �c�a�u�s�e� �d�i�a�r�r�h�e�a�,� �w�h�i�c�h� �i�s� �a�n�o�t�h�e�r� �s�y�m�p�t�o�m� 

�o�f� �l�a�c�t�o�s�e� �m�a�l�a�b�s�o�r�p�t�i�o�n� �(�F�e�n�n�e�m�a�,� �1�9�8�5�)�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �o�b�s�e�r�v�a�t�i�o�n� �o�f� �p�h�y�s�i�c�a�l� �s�y�m�p�t�o�m�s�,� �a�n�o�t�h�e�r� �w�a�y� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �a� 

�p�e�r�s�o�n� �i�s� �a� �l�a�c�t�o�s�e� �m�a�l�a�b�s�o�r�b�e�r� �i�s� �t�o� �m�e�a�s�u�r�e� �b�r�e�a�t�h� �h�y�d�r�o�g�e�n� �l�e�v�e�l�s�.� �W�h�e�n� �u�n�c�l�e�a�v�e�d� 

�l�a�c�t�o�s�e� �i�s� �f�e�r�m�e�n�t�e�d� �b�y� �t�h�e� �b�a�c�t�e�r�i�a� �p�r�e�s�e�n�t� �i�n� �t�h�e� �c�o�l�o�n�,� �t�h�i�s� �f�e�r�m�e�n�t�a�t�i�o�n� �l�e�a�d�s� �t�o� 

�p�r�o�d�u�c�t�i�o�n� �o�f� �h�y�d�r�o�g�e�n� �g�a�s�,� �w�h�i�c�h� �i�s� �a�b�s�o�r�b�e�d� �i�n�t�o� �t�h�e� �b�l�o�o�d� �s�t�r�e�a�m� �a�n�d� �r�e�l�e�a�s�e�d� �i�n�t�o� 

�t�h�e� �l�u�n�g�s�,� �w�h�e�r�e� �i�t� �m�a�y� �b�e� �e�x�p�e�l�l�e�d� �d�u�r�i�n�g� �e�x�h�a�l�a�t�i�o�n�.� �T�h�e� �e�x�h�a�l�e�d� �a�i�r� �m�a�y� �b�e� �a�n�a�l�y�z�e�d� 

�f�o�r� �i�n�c�r�e�a�s�e�d� �h�y�d�r�o�g�e�n� �l�e�v�e�l�s� �t�o� �d�e�t�e�r�m�i�n�e� �l�a�c�t�o�s�e� �m�a�l�a�b�s�o�r�p�t�i�o�n� �(�W�e�l�c�h�,� �1�9�8�7�)�.� 

�I�n� �d�a�i�r�y� �p�r�o�d�u�c�t�s�,� �t�h�e� �e�n�z�y�m�e� �1�s� �f�o�u�n�d� �o�n�l�y� �i�n� �p�r�o�d�u�c�t�s� �t�h�a�t� �c�o�n�t�a�i�n� �a�c�t�i�v�e� 

�b�a�c�t�e�r�i�a�l� �c�u�l�t�u�r�e�s�.� �S�.� �t�h�e�r�m�o�p�h�i�l�u�s� �a�n�d� �L�.� �b�u�l�g�a�r�i�c�u�s� �p�r�o�d�u�c�e� �b�e�t�a�-�g�a�l�a�c�t�o�s�i�d�a�s�e� 

�e�n�d�o�g�e�n�o�u�s�l�y� �a�n�d� �t�h�e� �e�n�z�y�m�e� �i�s� �e�x�p�o�r�t�e�d� �f�r�o�m� �t�h�e� �c�e�l�l�.� �S�.� �t�h�e�r�m�o�p�h�i�l�u�s� �p�r�o�d�u�c�e�s� �t�h�r�e�e� 
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�t�i�m�e�s� �a�s� �m�u�c�h� �b�e�t�a�-�g�a�l�a�c�t�o�s�i�d�a�s�e� �a�s� �L�.� �b�u�l�g�a�r�i�c�u�s� �g�r�o�w�n� �u�n�d�e�r� �i�d�e�n�t�i�c�a�l� �c�o�n�d�i�t�i�o�n�s� 

�(�K�h�e�d�k�a�r� �e�t� �a�l�.�,� �1�9�9�4�)�.� �F�r�o�z�e�n� �y�o�g�u�r�t� �c�o�n�t�a�i�n�i�n�g� �a�c�t�i�v�e� �a�n�d� �v�i�a�b�l�e� �s�t�r�a�i�n�s� �o�f� �b�a�c�t�e�r�i�a�,� 

�c�o�n�t�a�i�n�s� �t�h�e� �e�n�z�y�m�e�.� �A�c�t�i�v�i�t�y� �o�f� �t�h�i�s� �e�n�z�y�m�e� �h�y�d�r�o�l�y�z�e�s� �t�h�e� �B�-�1�,�4� �l�i�n�k�a�g�e� �o�f� �l�a�c�t�o�s�e� �t�o� 

�i�t�s� �c�o�m�p�o�n�e�n�t� �m�o�n�o�s�a�c�c�h�a�r�i�d�e�s� �w�h�i�c�h� �c�a�n� �t�h�e�n� �b�e� �u�s�e�d� �b�y� �t�h�e� �b�a�c�t�e�r�i�a�l� �c�e�l�l�s� �f�o�r� �e�n�e�r�g�y�.� 

�T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �c�u�l�t�u�r�e�s� �i�n� �h�y�d�r�o�l�y�s�i�s� �o�f� �l�a�c�t�o�s�e� �a�n�d� �t�h�e� �a�s�s�o�c�i�a�t�e�d� �b�e�n�e�f�i�t�s� �t�o� �l�a�c�t�o�s�e� 

�m�a�l�a�b�s�o�r�b�e�r�s� �i�s� �w�e�l�l�-�d�o�c�u�m�e�n�t�e�d�.� �O�n�e� �s�t�u�d�y� �t�e�s�t�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�n� �s�u�b�j�e�c�t�s�,� �p�r�e�v�i�o�u�s�l�y� 

�i�d�e�n�t�i�f�i�e�d� �a�s� �l�a�c�t�o�s�e�-�m�a�l�a�b�s�o�r�b�e�r�s�,� �w�h�o� �c�o�n�s�u�m�e�d� �e�i�t�h�e�r� �e�i�g�h�t�e�e�n� �g�r�a�m�s� �o�f� �l�a�c�t�o�s�e� �i�n� 

�m�i�l�k� �o�r� �e�i�g�h�t�e�e�n� �g�r�a�m�s� �o�f� �l�a�c�t�o�s�e� �i�n� �y�o�g�u�r�t�.� �T�h�e� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �l�a�c�t�o�s�e� �i�n� �t�h�e� �y�o�g�u�r�t� 

�r�e�s�u�l�t�e�d� �i�n� �o�n�l�y� �1�/�3� �a�s� �m�u�c�h� �b�r�e�a�t�h� �h�y�d�r�o�g�e�n� �r�e�l�e�a�s�e� �a�s� �t�h�e� �l�a�c�t�o�s�e� �i�n� �m�i�l�k�.� �A�l�s�o�,� �f�e�w�e�r� 

�s�u�b�j�e�c�t� �r�e�p�o�r�t�s� �o�f� �d�i�a�r�r�h�e�a� �a�n�d� �f�l�a�t�u�l�e�n�c�e� �w�e�r�e� �n�o�t�e�d�,� �p�r�e�s�u�m�a�b�l�y� �d�u�e� �t�o� �b�a�c�t�e�r�i�a�l� 

�e�n�z�y�m�a�t�i�c� �h�y�d�r�o�l�y�s�i�s� �o�f� �t�h�e� �l�a�c�t�o�s�e� �(�K�h�e�d�k�a�r� �e�t� �a�l�,� �1�9�9�4�)�.� �T�h�i�s� �s�t�u�d�y� �p�r�o�v�i�d�e�s� 

�c�o�m�p�e�l�l�i�n�g� �e�v�i�d�e�n�c�e� �o�f� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �l�a�c�t�a�s�e� �e�n�z�y�m�e� �f�o�u�n�d� �i�n� �f�e�r�m�e�n�t�e�d� �d�a�i�r�y� �f�o�o�d�s� 

�t�o� �l�a�c�t�o�s�e� �m�a�l�a�b�s�o�r�b�e�r�s�.� 

�A�n�o�t�h�e�r� �s�t�u�d�y� �b�y� �L�i�n� �e�t� �a�l�.� �(�1�9�9�1�)� �o�b�s�e�r�v�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �S�.� �t�h�e�r�m�o�p�h�i�l�u�s�,� �L�.� 

�a�c�i�d�o�p�h�i�l�u�s�,� �a�n�d� �L�.� �b�u�l�g�a�r�i�c�u�s� �p�r�e�s�e�n�t� �i�n� �a� �n�o�n�-�f�e�r�m�e�n�t�e�d� �d�a�i�r�y� �p�r�o�d�u�c�t�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� 

�t�h�e� �s�t�u�d�y� �w�a�s� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�h�e� �b�a�c�t�e�r�i�a� �p�r�e�s�e�n�t� �i�n� �t�h�e� �n�o�n�-�f�e�r�m�e�n�t�e�d� �m�i�l�k� �w�o�u�l�d� �s�t�i�l�l� 

�b�e� �a�b�l�e� �t�o� �e�x�e�r�t� �b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t�s� �o�n� �t�h�e� �l�a�c�t�o�s�e� �m�a�l�a�b�s�o�r�b�e�r�.� �T�w�o� �p�e�r�c�e�n�t� �l�o�w�f�a�t� �m�i�l�k� 

�i�n�o�c�u�l�a�t�e�d� �w�i�t�h� �1�x�1�0 �� �o�r� �1�x�1�0�*� �o�f� �t�h�e� �a�f�o�r�e�m�e�n�t�i�o�n�e�d� �b�a�c�t�e�r�i�a� �(�h�e�r�e�a�f�t�e�r� �r�e�f�e�r�r�e�d� �t�o� �a�s� 

 ��y�o�g�u�r�t� �m�i�l�k�"�)� �w�a�s� �r�e�f�r�i�g�e�r�a�t�e�d� �i�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r� �i�n�o�c�u�l�a�t�i�o�n�,� �a�n�d� �t�h�e�n� �4�0�0� �m�L� �a�l�i�q�u�o�t�s� 

�o�f� �t�h�e� �d�i�f�f�e�r�e�n�t� �m�i�l�k� �s�a�m�p�l�e�s� �w�e�r�e� �c�o�n�s�u�m�e�d�.� �T�h�e� �y�o�g�u�r�t� �m�i�l�k� �w�h�i�c�h� �c�o�n�t�a�i�n�e�d� �1�x�1�0�°� 

�c�f�u�/�m�L� �o�f� �b�a�c�t�e�r�i�a� �s�h�o�w�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h� �l�e�v�e�l�s� �o�f� �l�a�c�t�a�s�e�.� �T�h�i�s� �l�e�v�e�l� �r�e�m�a�i�n�e�d� 

�2�2



�s�t�a�b�l�e� �f�o�r� �u�p� �t�o� �1�4� �d�a�y�s� �a�t� �r�e�f�r�i�g�e�r�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e�s�.� �T�h�e� �m�e�a�s�u�r�e�d� �b�r�e�a�t�h� �h�y�d�r�o�g�e�n� 

�l�e�v�e�l�s� �a�f�t�e�r� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �t�h�e� �y�o�g�u�r�t� �m�i�l�k� �s�h�o�w�e�d� �a� �d�e�l�a�y�e�d� �i�n�c�r�e�a�s�e�.� �T�h�e� �i�n�c�r�e�a�s�e� 

�t�h�a�t� �e�v�e�n�t�u�a�l�l�y� �d�i�d� �o�c�c�u�r� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r� �t�h�a�n� �c�o�n�t�r�o�l� �v�a�l�u�e�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �a�l�l� 

�p�h�y�s�i�c�a�l� �s�y�m�p�t�o�m�s� �o�f� �l�a�c�t�o�s�e� �i�n�t�o�l�e�r�a�n�c�e� �w�e�r�e� �e�l�i�m�i�n�a�t�e�d�.� �Y�o�g�u�r�t� �m�i�l�k� �c�o�n�t�a�i�n�i�n�g� 

�l�e�v�e�l�s� �o�f� �1�x�1�0 �� �c�f�u�/�m�L� �s�h�o�w�e�d� �i�n�t�e�r�m�e�d�i�a�t�e� �b�r�e�a�t�h� �h�y�d�r�o�g�e�n� �l�e�v�e�l�s�,� �w�h�i�c�h� �w�e�r�e� 

�m�a�r�g�i�n�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �c�o�n�t�r�o�l� �b�r�e�a�t�h� �h�y�d�r�o�g�e�n� �l�e�v�e�l�s�.� �T�h�e�s�e� �r�e�s�u�l�t�s� 

�i�n�d�i�c�a�t�e� �a� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �l�e�v�e�l� �o�f� �b�a�c�t�e�r�i�a� �p�r�e�s�e�n�t� �a�n�d� �t�h�e� �l�e�v�e�l� �o�f� �p�o�s�i�t�i�v�e� 

�e�f�f�e�c�t�s� �g�e�n�e�r�a�t�e�d� �f�r�o�m� �t�h�e� �l�a�c�t�a�s�e� �e�n�z�y�m�e�.� 

�S�t�u�d�i�e�s� �(�L�i�n� �e�t� �a�l�.�,� �1�9�9�1�;� �K�h�e�d�k�a�r� �e�t� �a�l�.�,� �1�9�9�4�)� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �f�e�r�m�e�n�t�a�t�i�o�n� �o�f� 

�f�o�o�d�s� �c�a�n� �i�m�p�r�o�v�e� �t�h�e� �n�u�t�r�i�t�i�o�n�a�l� �v�a�l�u�e� �o�f� �f�o�o�d� �p�r�o�d�u�c�t�s�.� �F�e�r�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �f�o�o�d� 

�i�n�c�r�e�a�s�e�s� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y�,� �d�i�g�e�s�t�i�b�i�l�i�t�y� �a�n�d� �a�s�s�i�m�i�l�a�b�i�l�i�t�y� �o�f� �c�e�r�t�a�i�n� �n�u�t�r�i�e�n�t�s�.� �B�-� 

�g�a�l�a�c�t�o�s�i�d�a�s�e�,� �w�h�o�s�e� �p�r�o�d�u�c�t�i�o�n� �i�n�c�r�e�a�s�e�s� �d�u�r�i�n�g� �f�e�r�m�e�n�t�a�t�i�o�n� �o�f� �y�o�g�u�r�t�,� �i�s� �r�e�s�p�o�n�s�i�b�l�e� 

�f�o�r� �t�h�e� �i�n�c�r�e�a�s�e�d� �d�i�g�e�s�t�i�b�i�l�i�t�y� �o�f� �y�o�g�u�r�t� �f�o�r� �p�e�o�p�l�e� �w�h�o� �l�a�c�k� �t�h�e� �e�n�z�y�m�e�.� �L�a�c�t�a�s�e� �a�c�t�i�v�i�t�y� 

�s�e�e�m�s� �t�o� �p�e�a�k� �a�f�t�e�r� �i�n�c�u�b�a�t�i�n�g� �f�o�o�d� �f�o�r� �f�o�u�r� �h�o�u�r�s�.� �A� �s�t�u�d�y� �w�h�i�c�h� �r�e�a�c�h�e�d� �t�h�i�s� 

�c�o�n�c�l�u�s�i�o�n� �r�e�g�a�r�d�i�n�g� �r�a�t�e�s� �o�f� �l�a�c�t�a�s�e� �p�r�o�d�u�c�t�i�o�n� �i�n� �f�e�r�m�e�n�t�e�d� �f�o�o�d�s� �a�l�s�o� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� 

�i�n� �v�i�t�r�o� �d�i�g�e�s�t�i�o�n� �e�n�h�a�n�c�e�d� �t�h�e� �q�u�a�n�t�i�t�y� �o�f� �l�a�c�t�a�s�e� �r�e�l�e�a�s�e�d� �f�r�o�m� �t�h�e� �y�o�g�u�r�t� �c�u�l�t�u�r�e� 

�(�K�h�e�d�k�a�r� �e�t� �a�l�.�,� �1�9�9�4�)� �.� 

�T�h�e� �p�r�e�s�e�n�c�e� �a�n�d� �a�c�t�i�v�i�t�y� �o�f� �B�-�g�a�l�a�c�t�o�s�i�d�a�s�e� �i�n� �f�r�o�z�e�n� �y�o�g�u�r�t� �b�a�c�t�e�r�i�a� �i�s� �o�f� 

�o�b�v�i�o�u�s� �i�m�p�o�r�t�a�n�c�e� �t�o� �t�h�o�s�e� �w�h�o� �a�r�e� �l�a�c�t�o�s�e� �i�n�t�o�l�e�r�a�n�t�.� �H�o�w�e�v�e�r�,� �t�h�e� �e�f�f�e�c�t�s� �o�f� �c�o�l�d�-� 

�s�t�o�r�a�g�e� �o�n� �t�h�e� �B�-�g�a�l�a�c�t�o�s�i�d�a�s�e� �e�n�z�y�m�e� �a�r�e� �n�o�t� �f�u�l�l�y� �k�n�o�w�n�.� �S�p�e�c�k� �a�n�d� �G�e�o�f�f�r�i�o�n� �(�1�9�7�9�)� 

�s�t�u�d�i�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �c�o�l�d� �s�t�o�r�a�g�e� �a�n�d� �h�e�a�t� �t�r�e�a�t�m�e�n�t� �o�n� �a�c�t�i�v�i�t�y� �o�f� �B�-�g�a�l�a�c�t�o�s�i�d�a�s�e�.� �T�h�e� 
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�s�t�u�d�y� �i�n�v�o�l�v�e�d� �t�h�e� �h�e�a�t� �t�r�e�a�t�m�e�n�t� �o�f� �m�a�r�k�e�t� �s�a�m�p�l�e�s� �o�f� �y�o�g�u�r�t� �f�o�r� �v�a�r�i�o�u�s� �t�i�m�e�s� �a�n�d� 

�t�e�m�p�e�r�a�t�u�r�e�s�.� �T�h�e� �l�a�c�t�a�s�e� �e�n�z�y�m�e� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �a�p�p�r�e�c�i�a�b�l�y� �i�n�a�c�t�i�v�a�t�e�d� �i�n� �t�h�r�e�e� �m�i�n� 

�a�t� �6�0�°�C� �a�n�d� �w�a�s� �c�o�m�p�l�e�t�e�l�y� �i�n�a�c�t�i�v�a�t�e�d� �i�n� �t�w�o� �m�i�n�u�t�e�s� �a�t� �6�5�°�C� �a�n�d� �o�n�e� �m�i�n�u�t�e� �a�t� �7�0�°�C�.� 

�N�o� �r�e�a�c�t�i�v�a�t�i�o�n� �o�f� �t�h�e� �e�n�z�y�m�e� �w�a�s� �n�o�t�e�d�.� �U�n�h�e�a�t�e�d� �y�o�g�u�r�t�,� �s�t�o�r�e�d� �a�t� �1�°�C� �f�o�r� �e�i�g�h�t� 

�w�e�e�k�s� �s�h�o�w�e�d� �a� �d�e�c�r�e�a�s�e� �i�n� �B�-�g�a�l�a�c�t�o�s�i�d�a�s�e� �a�c�t�i�v�i�t�y�.� 

�N�i�e�l�s�e�n� �a�n�d� �G�i�l�l�i�l�a�n�d� �(�1�9�9�2�)� �s�t�u�d�i�e�d� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �B�-�g�a�l�a�c�t�o�s�i�d�a�s�e� �o�b�t�a�i�n�e�d� �f�r�o�m� 

�L�.� �a�c�i�d�o�p�h�i�l�u�s� �N�C�F�M�,� �L�.� �a�c�i�d�o�p�h�i�l�u�s� �L�A�-�1�,� �a�n�d� �L�.� �a�c�i�d�o�p�h�i�l�u�s� �R�A�M�-�1� �g�r�o�w�n� �i�n� 

�p�e�p�t�o�n�i�z�e�d� �m�i�l�k� �n�u�t�r�i�e�n�t� �b�r�o�t�h�,� �T�h�e� �e�n�z�y�m�e� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �b�a�c�t�e�r�i�a� �b�y� �l�y�s�i�n�g� 

�t�h�e� �c�e�l�l�s� �w�i�t�h� �l�y�s�o�z�y�m�e�.� �P�u�r�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �e�n�z�y�m�e� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �b�y� �a�m�m�o�n�i�u�m� 

�s�u�l�f�a�t�e� �p�r�e�c�i�p�i�t�a�t�i�o�n� �a�n�d� �i�o�n� �e�x�c�h�a�n�g�e� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�.� �A�c�t�i�v�i�t�y� �o�f� �t�h�e� �e�n�z�y�m�e� �w�a�s� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �t�h�e� �r�a�t�e� �o�f� �o�-�n�i�t�r�o�p�h�e�n�y�l�-�6�-�D�-�g�a�l�a�c�t�o�p�y�r�a�n�o�s�i�d�e� �(�O�N�P�G�)� 

�h�y�d�r�o�l�y�s�i�s�.� �T�h�e� �m�a�x�i�m�u�m� �r�a�t�e� �o�f� �e�n�z�y�m�e� �a�c�t�i�v�i�t�y� �w�a�s� �o�b�s�e�r�v�e�d� �w�h�e�n� �t�h�e� �e�n�z�y�m�e� �i�s� 

�i�n�c�u�b�a�t�e�d� �w�i�t�h� �m�a�g�n�e�s�i�u�m� �i�o�n�s� �a�n�d� �m�e�r�c�a�p�t�o�e�t�h�a�n�o�l� �a�t� �p�H� �6�.�6�.� �T�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� 

�o�f� �t�h�e� �B�-�g�a�l�a�c�t�o�s�i�d�a�s�e� �e�n�z�y�m�e� �i�s� �5�.�7�x�1�0�°� �(�d�a�l�t�o�n�s�)� �w�h�e�n� �m�e�a�s�u�r�e�d� �b�y� �g�e�l� �f�i�l�t�r�a�t�i�o�n� 

�m�e�t�h�o�d�s�.� �A�l�s�o�,� �t�h�e� �s�t�u�d�y� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�e� �e�n�z�y�m�e� �i�s� �a�c�t�i�v�a�t�e�d� �b�y� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� 

�l�a�c�t�o�s�e� �a�n�d� �g�a�l�a�c�t�o�s�e�,� �b�u�t� �n�o�t� �b�y� �g�l�u�c�o�s�e�.� �S�t�o�r�a�g�e� �o�f� �t�h�e� �e�n�z�y�m�e� �a�t� �5�°�C� �f�o�r� �1�2� �d�a�y�s� 

�r�e�s�u�l�t�e�d� �i�n� �g�r�e�a�t�e�r� �t�h�a�n� �5�0�%� �r�e�t�e�n�t�i�o�n� �o�f� �t�h�e� �e�n�z�y�m�e�'�s� �o�r�i�g�i�n�a�l� �a�c�t�i�v�i�t�y�.� �L�.� �a�c�i�d�o�p�h�i�l�u�s� 

�R�A�M�-�1� �c�e�l�l�s�,� �w�h�i�c�h� �w�e�r�e� �l�y�s�e�d�,� �h�a�d� �a� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �m�e�a�s�u�r�e�d� �B�-�g�a�l�a�c�t�o�s�i�d�a�s�e� 

�a�c�t�i�v�i�t�y� �v�a�l�u�e� �t�h�a�n� �t�h�e� �o�t�h�e�r� �t�w�o� �s�t�r�a�i�n�s� �e�v�a�l�u�a�t�e�d� �(�N�i�e�l�s�e�n� �a�n�d� �G�i�l�l�i�l�a�n�d�,� �1�9�9�2�)�.� 
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�S�e�n�s�o�r�y� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �F�r�o�z�e�n� �Y�o�g�u�r�t� 

�T�h�e� �p�r�e�s�e�n�c�e� �o�f� �l�i�v�e� �a�n�d� �a�c�t�i�v�e� �b�a�c�t�e�r�i�a� �i�n� �f�r�o�z�e�n� �y�o�g�u�r�t�,� �w�h�i�c�h� �a�r�e� �c�a�p�a�b�l�e� �o�f� 

�m�e�t�a�b�o�l�i�z�i�n�g� �a�n�d� �p�r�o�d�u�c�i�n�g� �e�n�d�-�p�r�o�d�u�c�t�s�,� �c�a�u�s�e�s� �r�e�a�d�i�l�y�-� �p�e�r�c�e�p�t�i�b�l�e� �c�h�a�n�g�e�s� �w�i�t�h�i�n� �t�h�e� 

�p�r�o�d�u�c�t�.� �T�h�e� �a�c�t�i�v�e� �b�a�c�t�e�r�i�a� �p�r�o�d�u�c�e� �l�a�c�t�i�c� �a�c�i�d�,� �w�h�i�c�h� �i�s� �a�n� �e�n�d�-�p�r�o�d�u�c�t� �o�f� �l�a�c�t�o�s�e� 

�m�e�t�a�b�o�l�i�s�m�.� �T�h�e� �l�a�c�t�i�c� �a�c�i�d� �g�i�v�e�s� �t�h�e� �y�o�g�u�r�t� �i�t�s� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �s�h�a�r�p�,� �a�c�i�d�i�c� �o�r� �o�t�h�e�r�w�i�s�e� 

�"�n�u�t�t�y�"� �a�n�d�/�o�r� �"�a�r�o�m�a�t�i�c�"� �f�l�a�v�o�r� �(�T�a�m�i�m�e� �a�n�d� �R�o�b�i�n�s�o�n�,� �1�9�8�5�)�.� 

�A�l�l� �o�f� �t�h�e� �p�r�o�d�u�c�t�s� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �s�t�a�r�t�e�r� �c�u�l�t�u�r�e� �c�a�n� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� �f�o�u�r� �m�a�i�n� 

�c�a�t�e�g�o�r�i�e�s�:� �1�)� �n�o�n�-�v�o�l�a�t�i�l�e� �a�c�i�d�s�:� �l�a�c�t�i�c�,� �p�y�r�u�v�i�c�,� �o�x�a�l�i�c� �o�r� �s�u�c�c�i�n�i�c�;� �2�)� �v�o�l�a�t�i�l�e� �a�c�i�d�s�:� 

�f�o�r�m�i�c�,� �a�c�e�t�i�c�,� �p�r�o�p�i�o�n�i�c� �o�r� �b�u�t�y�r�i�c�;� �3�)� �c�a�r�b�o�n�y�l� �c�o�m�p�o�u�n�d�s�:� �a�c�e�t�a�l�d�e�h�y�d�e�,� �a�c�e�t�o�n�e�,� 

�a�c�e�t�o�i�n� �o�r� �d�i�a�c�e�t�y�l�;� �4�)� �m�i�s�c�e�l�l�a�n�e�o�u�s� �c�o�m�p�o�u�n�d�s�:� �c�e�r�t�a�i�n� �a�m�i�n�o� �a�c�i�d�s� �a�n�d�/�o�r� �c�o�n�s�t�i�t�u�e�n�t�s� 

�f�o�r�m�e�d� �b�y� �t�h�e�r�m�a�l� �d�e�g�r�a�d�a�t�i�o�n� �o�f� �p�r�o�t�e�i�n�,� �f�a�t� �o�r� �l�a�c�t�o�s�e� �(�T�a�m�i�m�e� �a�n�d� �R�o�b�i�n�s�o�n�,� �1�9�8�5�)�.� 

�M�a�n�y� �s�t�u�d�i�e�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �a�c�e�t�a�l�d�e�h�y�d�e�,� �w�h�i�c�h� �i�s� �p�r�o�d�u�c�e�d� �p�r�i�m�a�r�i�l�y� �b�y� �L�.� �b�u�l�g�a�r�i�c�u�s�,� 

�i�s� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �a�r�o�m�a� �c�o�m�p�o�u�n�d� �i�n� �y�o�g�u�r�t� �a�n�d� �t�h�a�t� �t�h�e� �l�e�v�e�l� �o�f� �a�c�e�t�a�l�d�e�h�y�d�e� 

�s�h�o�u�l�d� �b�e� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �t�o� �p�r�o�d�u�c�e� �a� �"�b�e�s�t� �o�r� �h�i�g�h�"� �r�a�t�i�n�g� �b�y� �a� �s�e�n�s�o�r�y� �p�a�n�e�l� �(�T�a�m�i�m�e� 

�a�n�d� �R�o�b�i�n�s�o�n�,� �1�9�8�5�)�.� 

�T�h�e� �c�h�e�m�i�c�a�l� �r�e�a�c�t�i�o�n� �w�h�i�c�h� �p�r�o�d�u�c�e�s� �a�c�e�t�a�l�d�e�h�y�d�e� �i�s� �a�s� �f�o�l�l�o�w�s�:� 

� � �C�H�,�;�,�C�H�O�H�C�H�N�H�,� �*� �C�O�O� �>� �_� �C�H�,�;�C�H�O� �+� �C�H�,�N�H�;� �*� �C�O�O� 

�T�h�r�e�o�n�i�n�e� �-� �P�y�r�o�x�i�d�a�l� �A�c�e�t�a�l�d�e�h�y�d�e� �G�l�y�c�i�n�e� 
�p�h�o�s�p�h�a�t�e� 

�T�h�i�s� �r�e�a�c�t�i�o�n� �i�l�l�u�s�t�r�a�t�e�s� �t�h�a�t� �i�n�c�r�e�a�s�e�d� �l�e�v�e�l�s� �o�f� �t�h�r�e�o�n�i�n�e� �c�a�n� �l�e�a�d� �t�o� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� 

�a�c�e�t�a�l�d�e�h�y�d�e� �l�e�v�e�l�s� �(�T�a�m�i�m�e� �a�n�d� �R�o�b�i�n�s�o�n�,� �1�9�8�5�)�.� 
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�K�n�e�i�f�e�l� �e�t� �a�l�.�,� �(�1�9�9�2�)� �s�t�u�d�i�e�d� �4�7� �c�o�m�m�e�r�c�i�a�l�l�y� �a�v�a�i�l�a�b�l�e� �y�o�g�u�r�t�s� �a�n�d� �s�t�a�r�t�e�r� 

�c�u�l�t�u�r�e�s� �a�n�d� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�e� �a�c�e�t�a�l�d�e�h�y�d�e� �l�e�v�e�l�s� �r�a�n�g�e�d� �f�r�o�m� �5�.�5�-�2�0�.�7� �p�p�m�.� �O�t�h�e�r� 

�c�o�m�p�o�u�n�d�s� �s�u�c�h� �a�s� �d�i�a�c�e�t�y�l�,� �e�t�h�a�n�o�l�,� �b�u�t�a�n�o�n�e� �a�n�d� �a�c�e�t�o�n�e� �w�e�r�e� �a�l�s�o� �p�r�e�s�e�n�t�,� �b�u�t� �a�t� 

�l�o�w�e�r� �l�e�v�e�l�s�.� �S�e�n�s�o�r�y� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �y�o�g�u�r�t�s� �r�e�s�u�l�t�e�d� �i�n� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �a�l�l� �o�f� 

�y�o�g�u�r�t�s� �i�n�t�o� �o�n�e� �o�f� �t�h�r�e�e� �c�a�t�e�g�o�r�i�e�s�,� �m�i�l�d�-�s�o�u�r�i�s�h�,� �s�o�u�r� �o�r� �v�e�r�y� �s�o�u�r�.� �T�h�u�s�,� �t�h�e� �a�c�i�d�i�t�y� �o�f� 

�f�r�o�z�e�n� �y�o�g�u�r�t�,� �w�h�i�c�h� �w�o�u�l�d� �c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� �s�o�u�r�n�e�s�s�,� �w�a�s� �d�e�e�m�e�d� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� 

�a�t�t�r�i�b�u�t�e� �o�f� �y�o�g�u�r�t�s� �i�n� �t�h�i�s� �s�t�u�d�y�.� 

�S�p�e�c�k� �(�1�9�8�3�)� �e�v�a�l�u�a�t�e�d� �f�r�o�z�e�n� �y�o�g�u�r�t�s� �f�l�a�v�o�r�e�d� �w�i�t�h� �v�a�n�i�l�l�a�,� �c�h�o�c�o�l�a�t�e� �o�r� �c�o�f�f�e�e� 

�a�t� �v�a�r�i�o�u�s� �a�c�i�d�i�t�i�e�s�.� �S�e�n�s�o�r�y� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�d�u�c�t�s� �w�a�s� �p�e�r�f�o�r�m�e�d� �b�y� �t�h�r�e�e� 

�p�r�o�f�e�s�s�i�o�n�a�l� �j�u�d�g�e�s�.� �T�h�e� �j�u�d�g�e�s� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �f�r�o�z�e�n� �y�o�g�u�r�t�s� �w�i�t�h� �l�o�w� �t�i�t�r�a�t�a�b�l�e� 

�a�c�i�d�i�t�y� �(�0�.�2�8�-�0�.�3�8�%�)� �h�a�d� �t�h�e� �h�i�g�h�e�s�t� �o�v�e�r�a�l�l� �q�u�a�l�i�t�y�,� �w�h�i�l�e� �h�i�g�h� �a�c�i�d�i�t�y� �f�r�o�z�e�n� �y�o�g�u�r�t�s� 

�(�.�7�6�-�1�.�2�4�%�)� �w�e�r�e� �r�a�t�e�d� �t�h�e� �l�o�w�e�s�t�.� �T�h�e� �s�t�u�d�y� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �a�l�l� �o�f� �t�h�e� �f�l�a�v�o�r�s� �t�e�s�t�e�d� 

�w�o�u�l�d� �r�e�c�e�i�v�e� �h�i�g�h�e�r� �s�e�n�s�o�r�y� �q�u�a�l�i�t�y� �s�c�o�r�e�s� �w�h�e�n� �t�h�e� �a�c�i�d�i�t�y� �w�a�s� �k�e�p�t� �r�e�l�a�t�i�v�e�l�y� �l�o�w�.� 

�S�t�e�i�n�s�h�o�l�t� �a�n�d� �A�b�r�a�h�a�m�s�e�n�(�1�9�7�8�)� �t�e�s�t�e�d� �d�i�f�f�e�r�e�n�t� �p�r�o�d�u�c�t�i�o�n� �m�e�t�h�o�d�s� �t�o� 

�d�e�t�e�r�m�i�n�e� �w�h�i�c�h� �w�o�u�l�d� �e�n�h�a�n�c�e� �t�h�e� �r�e�c�o�v�e�r�y� �o�f� �L�.� �b�u�l�g�a�r�i�c�u�s� �a�n�d� �S�.� �t�h�e�r�m�o�p�h�i�l�u�s�.� 

�O�r�g�a�n�o�l�e�p�t�i�c� �e�v�a�l�u�a�t�i�o�n� �o�f� �f�i�n�a�l� �p�r�o�d�u�c�t�s� �w�a�s� �a�l�s�o� �c�o�m�p�l�e�t�e�d� �a�n�d� �c�o�n�c�l�u�s�i�o�n�s� �s�u�g�g�e�s�t�e�d� 

�t�h�a�t� �a� �f�i�n�a�l� �p�H� �o�f� �4�.�7� �w�a�s� �p�r�e�f�e�r�r�e�d� �t�o� �o�t�h�e�r� �s�a�m�p�l�e�s� �w�h�i�c�h� �h�a�d� �l�o�w�e�r� �p�H�.� �T�h�e� �e�x�a�c�t� 

�v�a�l�u�e� �o�f� �t�h�e�  ��l�o�w�e�r �� �p�H� �v�a�l�u�e�s� �w�e�r�e� �n�o�t� �s�u�p�p�l�i�e�d� �i�n� �t�h�i�s� �a�r�t�i�c�l�e�.� �|� 

�K�a�n�k�a�r�e� �a�n�d� �A�n�t�i�l�a� �(�1�9�7�8�)� �e�v�a�l�u�a�t�e�d� �a� �p�r�o�t�e�i�n�-�e�n�r�i�c�h�e�d� �f�r�o�z�e�n� �y�o�g�u�r�t� 

�o�r�g�a�n�o�l�e�p�t�i�c�a�l�l�y�.� �A� �f�r�o�z�e�n� �y�o�g�u�r�t� �w�i�t�h� �a� �p�H� �o�f� �5�.�1�7� �r�e�c�e�i�v�e�d� �a� �h�i�g�h� �o�r�g�a�n�o�l�e�p�t�i�c� �r�a�t�i�n�g� 
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�(�4�.�1�5�/�5�)� �f�o�r� �t�e�x�t�u�r�e� �a�n�d� �4�.�3� �f�o�r� �f�l�a�v�o�r�.� �T�h�e� �s�a�m�p�l�e� �w�a�s� �n�o�t� �c�o�m�p�a�r�e�d� �t�o� �a�n�y� �o�t�h�e�r� 

�s�a�m�p�l�e�.� 

�H�a�u�g�e� �e�t� �a�l�.� �(�1�9�8�1�)� �t�e�s�t�e�d� �3�3� �f�l�a�v�o�r�i�n�g� �i�n�g�r�e�d�i�e�n�t�s� �u�s�e�d� �i�n� �f�r�o�z�e�n� �y�o�g�u�r�t� �b�y� �u�s�i�n�g� 

�o�r�g�a�n�o�l�e�p�t�i�c� �a�s�s�e�s�s�m�e�n�t� �p�a�n�e�l�s�.� �T�h�e� �p�a�n�e�l�s� �f�o�u�n�d� �t�h�e� �f�o�l�l�o�w�i�n�g�:� �c�o�f�f�e�e�,� �b�l�a�c�k� �c�u�r�r�a�n�t�,� 

�a�p�p�l�e�,� �c�l�o�u�d�b�e�r�r�y�,� �g�r�a�p�e�f�r�u�i�t�,� �p�e�a�r� �a�n�d� �b�a�n�a�n�a�/�v�a�n�i�l�l�a� �f�l�a�v�o�r�s� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� 

�u�n�s�u�i�t�a�b�l�e�.� �P�e�a�c�h� �f�l�a�v�o�r�i�n�g� �r�e�c�e�i�v�e�d� �t�h�e� �h�i�g�h�e�s�t� �o�v�e�r�a�l�l� �o�r�g�a�n�o�l�e�p�t�i�c� �s�c�o�r�e�,� �w�i�t�h� �p�l�a�i�n�,� 

�c�h�e�r�r�y� �a�n�d� �s�t�r�a�w�b�e�r�r�y� �f�o�l�l�o�w�i�n�g� �T�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �s�u�i�t�a�b�i�l�i�t�y� �o�f� �c�e�r�t�a�i�n� 

�f�l�a�v�o�r�s� �o�v�e�r� �o�t�h�e�r�s� �t�o� �t�h�e� �p�H� �w�a�s� �n�o�t� �e�s�t�a�b�l�i�s�h�e�d� �b�y� �t�h�i�s� �s�t�u�d�y�.� 

�T�h�e� �s�t�u�d�y� �w�h�i�c�h� �i�s� �b�e�i�n�g� �c�o�n�d�u�c�t�e�d� �w�i�l�l� �c�o�n�t�r�i�b�u�t�e� �t�o� �k�n�o�w�l�e�d�g�e� �r�e�g�a�r�d�i�n�g� �t�h�e� 

�r�e�c�o�v�e�r�y� �o�f� �b�a�c�t�e�r�i�a�l� �c�e�l�l�s� �i�n� �a� �f�r�o�z�e�n� �y�o�g�u�r�t� �e�n�v�i�r�o�n�m�e�n�t�.� �A�l�s�o�,� �i�m�p�o�r�t�a�n�t� �b�i�o�c�h�e�m�i�c�a�l� 

�d�a�t�a� �w�i�l�l� �b�e� �c�o�l�l�e�c�t�e�d� �w�h�i�c�h� �c�a�n� �a�i�d� �i�n� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �e�n�z�y�m�e� �a�c�t�i�v�i�t�y� �i�n� �f�r�o�z�e�n� �y�o�g�u�r�t� 

�b�a�c�t�e�r�i�a�.� �S�e�n�s�o�r�y� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�d�u�c�t� �w�i�l�l� �p�r�o�v�i�d�e� �i�n�f�o�r�m�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� �s�e�n�s�o�r�y� 

�e�f�f�e�c�t�s� �o�f� �b�a�c�t�e�r�i�a�l� �a�c�t�i�v�i�t�y�.� �F�i�n�a�l�l�y�,� �a� �c�o�n�s�u�m�e�r� �s�t�u�d�y� �w�i�l�l� �a�l�l�o�w� �a� �d�e�t�e�r�m�i�n�a�t�i�o�n� �t�o� �b�e� 

�m�a�d�e� �r�e�g�a�r�d�i�n�g� �o�v�e�r�a�l�l� �l�i�k�i�n�g� �o�f� �t�h�e� �p�r�o�d�u�c�t�s�.� 
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�L�I�T�E�R�A�T�U�R�E� �C�I�T�E�D� 

�A�n�o�n�y�m�o�u�s�.� �1�9�7�7�.� �L�o�w�-�f�a�t� �f�r�o�z�e�n� �y�o�g�u�r�t� �B�o�n�-�B�o�n�s� �i�n�t�r�o�d�u�c�e�d� �a�s� �c�o�m�p�a�n�i�o�n� �t�o� �l�o�n�g�-� 

�f�a�m�o�u�s� �i�c�e� �c�r�e�a�m� �B�o�n�-�B�o�n�s� �i�n� �C�a�l�i�f�o�r�n�i�a�.� �S�o�u�t�h�e�r�n� �D�a�i�r�y� �P�r�o�d�s�.� �J�.� �9�7�(�6�)�:�1�2�.� 

�A�n�o�n�y�m�o�u�s�.� �1�9�7�8�.� �Y�o�g�g�l�a�c�e�,� �a� �f�r�o�z�e�n� �y�o�g�u�r�t�.� �G�o�r�d�i�a�n� �7�8�(�3�)�:�6�7�.� 

�A�n�o�n�y�m�o�u�s�.� �1�9�8�9�.� �A� �y�o�g�u�r�t� �a� �d�a�y�.� �D�a�i�r�y� �F�o�o�d�s�.� �9�0�(�9�)�:�1�7� 

�A�n�o�n�y�m�o�u�s�.� �1�9�9�1�.� �F�o�r�a�y� �i�n�t�o� �f�r�o�z�e�n� �y�o�g�u�r�t�.� �D�a�i�r�y� �F�o�o�d�s� �9�2�(�2�)�:�7�3�.� 

�A�n�o�n�y�m�o�u�s�.� �1�9�9�4�.�T�h�e� �M�a�r�k�e�t� �f�o�r� �F�r�o�z�e�n� �Y�o�g�u�r�t�.� �F�i�n�d�/�S�V�P�,� �A� �W�o�r�l�d�w�i�d�e� �C�o�n�s�u�l�t�i�n�g� 

�a�n�d� �R�e�s�e�a�r�c�h� �F�i�r�m�.� �N�e�w� �Y�o�r�k�,� �N�e�w� �Y�o�r�k�.� 

�A�r�a�n�y�,� �C�.�B�.� �1�9�9�2�.� �E�n�h�a�n�c�e�d� �r�e�c�o�v�e�r�y� �o�f� �i�n�j�u�r�e�d� �a�n�d� �n�o�n�i�n�j�u�r�e�d� �c�e�l�l�s� �o�f� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� 

�s�p�e�c�i�e�s� �f�r�o�m� �w�a�t�e�r� �a�n�d� �d�a�i�r�y� �p�r�o�d�u�c�t�s�.� �M�.�S�.� �T�h�e�s�i�s�.� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� 

�I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�v�e�r�s�i�t�y�,� �B�l�a�c�k�s�b�u�r�g�,� �V�A�.� 

�B�a�r�t�r�a�m�,� �H�.� �P�.�,� �S�c�h�e�p�p�a�c�k�,� �W�.�,� �G�e�r�l�a�c�h�,� �S�.�,� �R�u�c�k�d�e�s�c�h�e�l�,� �G�,� �K�e�l�b�e�r�,� �E�.�,� �a�n�d� �K�a�s�p�a�r�,� �H�.� 

�1�9�9�4�.� �D�o�e�s� �y�o�g�u�r�t� �e�n�r�i�c�h�e�d� �w�i�t�h� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �l�o�n�g�u�m� �a�f�f�e�c�t� �c�o�l�o�n�i�c� 

�m�i�c�r�o�b�i�o�l�o�g�y� �a�n�d� �f�e�c�a�l� �m�e�t�a�b�o�l�i�t�e�s� �i�n� �h�e�a�l�t�h�y� �s�u�b�j�e�c�t�s�?� �A�m�.� �J�.� �C�l�i�n�.� �N�u�t�.� 

�5�9�(�2�)�:�4�2�8�-�4�3�2�.� 

�C�h�i�l�d�s�,� �J�.� �1�9�9�4�.� �A�n� �i�d�e�n�t�i�t�y� �f�o�r� �f�r�o�z�e�n� �y�o�g�u�r�t�.� �C�u�l�t�.� �D�a�i�r�y� �P�r�o�d�.� �J�.�2�9�(�1�)�:�1�8�-�2�1�.� 

�D�e�l�l�a�g�l�i�o�,� �F�.� �a�n�d� �T�o�r�r�i�a�n�i�,� �S�.� �1�9�9�2�.� �S�p�e�c�i�f�i�c� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �m�i�c�r�o�o�r�g�a�n�i�s�m�s� �u�s�e�d� �f�o�r� 

�n�e�w� �f�e�r�m�e�n�t�e�d� �m�i�l�k�s�.� �B�u�l�l�e�t�i�n� �o�f� �t�h�e� �I�D�F� �2�7�7�:� �4�-�5�,� �B�r�u�s�s�e�l�s�,� �B�e�l�g�i�u�m�.� 

�D�r�i�e�s�s�e�n�,� �F�.� �M�.� �1�9�9�2�.� �N�e�w� �t�e�c�h�n�o�l�o�g�i�e�s� �f�o�r� �f�e�r�m�e�n�t�e�d� �m�i�l�k�s�.� �B�u�l�l�e�t�i�n� �o�f� �t�h�e� �I�D�F� 

�2�7�7�:�2�8�-�3�8�.� �B�r�u�s�s�e�l�s�,� �B�e�l�g�i�u�m�.� 
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�D�r�y�e�r�,� �J�.� �1�9�8�8�.� �L�e�t�'�s� �n�o�t� �l�o�s�e� �o�u�r� �i�d�e�n�t�i�t�y�.� �D�a�i�r�y� �F�o�o�d�s�.�8�9�(�7�)�:�1�1�.� 

�F�e�n�n�e�m�a�,� �O�.�R�.� �1�9�8�5�.� �F�o�o�d� �C�h�e�m�i�s�t�r�y�.� �2�n�d� �e�d�.� �M�a�r�c�e�l� �D�e�k�k�e�r�,� �I�n�c�.�,� �N�e�w� �Y�o�r�k�.� 

�F�u�j�i�w�a�r�a�,� �S�.�,� �K�a�d�o�-�o�k�a�,� �Y�.�,� �H�i�r�o�t�a�,� �T�.�,� �N�a�k�a�z�a�t�o�,� �H�.� �1�9�9�0�.� �I�m�m�u�n�o�p�o�t�e�n�t�i�a�t�i�n�g� �e�f�f�e�c�t�s� 

�o�f� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �l�o�n�g�u�m� �S�B�T� �2�9�2�8� �(�B�L�2�9�2�8�)� �s�h�o�w�i�n�g� �m�i�t�o�g�e�n�i�c� �a�c�t�i�v�i�t�y� �i�n� 

�v�i�t�r�o�.� �J�.� �J�a�p�a�n�e�s�e� �S�o�c�.� �N�u�t�r�.� �a�n�d� �F�o�o�d� �S�c�i�.� �4�3�(�5�)�:�3�2�7�-�3�3�3�.� 

�G�i�l�l�i�l�a�n�d�,� �S�.�E�.�,� �K�i�m�,� �H�.�S�.� �1�9�8�4�.� �E�f�f�e�c�t� �o�f� �v�i�a�b�l�e� �s�t�a�r�t�e�r� �c�u�l�t�u�r�e� �b�a�c�t�e�r�i�a� �i�n� �y�o�g�u�r�t� �o�n� 

�l�a�c�t�o�s�e� �u�t�i�l�i�z�a�t�i�o�n� �i�n� �h�u�m�a�n�s�.� �J�.� �D�a�i�r�y� �S�c�i�.� �6�7�:�1�-�6�.� 

�H�a�u�g�e�,� �B�.�,� �S�t�e�i�n�s�h�o�l�t�,� �K�.� �a�n�d� �A�b�r�a�h�a�m�s�e�n�,� �R�.� �K�.� �1�9�8�1�.� �F�l�a�v�o�u�r�s� �i�n� �f�r�o�z�e�n� �y�o�g�h�u�r�t�.� 

�M�e�i�e�r�i�p�o�s�t�e�n� �7�0�(�2�1�)�:�6�6�5�-�6�6�8�.� 

�H�e�k�m�a�t�,� �S�.� �a�n�d� �M�c�M�a�h�o�n�,� �D�.� �J�.� �1�9�9�2�.� �S�u�r�v�i�v�a�l� �o�f� �L�a�c�t�o�b�a�c�i�l�l�u�s� �a�c�i�d�o�p�h�i�l�u�s� �a�n�d� 

�B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �b�i�f�i�d�u�m� �i�n� �i�c�e� �c�r�e�a�m� �f�o�r� �u�s�e� �a�s� �a� �p�r�o�b�i�o�t�i�c� �f�o�o�d�.� �J�.� �D�a�i�r�y� �S�c�i�.� 

�7�5�:�1�4�1�5�-�1�4�2�2�.� 

�H�o�l�c�o�m�b�,� �J�.�.�E�.�,� �F�r�a�n�k�,� �J�.� �F�.� �a�n�d� �M�c�G�r�e�g�o�r�,� �J�.� �U�.� �1�9�9�1�.� �V�i�a�b�i�l�i�t�y� �o�f� �L�a�c�t�o�b�a�c�i�l�l�u�s� 

�a�c�i�d�o�p�h�i�l�u�s� �a�n�d� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �b�i�f�i�d�u�m� �i�n� �s�o�f�t�-�s�e�r�v�e� �f�r�o�z�e�n� �y�o�g�u�r�t�.� �C�u�l�t�.� �D�a�i�r�y� 

�P�r�o�d�.� �J�.� �2�6�(�8�)�:�4�-�5�.� 

�H�o�n�e�r�,� �C�.� �1�9�9�1�.� �B�e�t�w�e�e�n� �a� �r�o�c�k� �a�n�d� �h�a�r�d� �p�l�a�c�e�.�D�a�i�r�y� �F�i�e�l�d�.� �1�7�4� 

�H�o�o�v�e�r�,� �D�.� �G� �1�9�9�3�.� �B�i�f�i�d�o�b�a�c�t�e�r�i�a�:� �A�c�t�i�v�i�t�y� �a�n�d� �p�o�t�e�n�t�i�a�l� �h�e�a�l�t�h� �b�e�n�e�f�i�t�s�.� �F�o�o�d� 

�T�e�c�h�n�o�l�.�4�7�(�6�)�:�1�2�0�-�1�2�4�.� 

�H�u�i�,� �Y�.� �H�.� �1�9�9�3�.� �D�a�i�r�y� �S�c�i�e�n�c�e� �a�n�d� �T�e�c�h�n�o�l�o�g�y� �H�a�n�d�b�o�o�k� �2�:� �P�r�o�d�u�c�t� 

�M�a�n�u�f�a�c�t�u�r�i�n�g� �V�C� �P�u�b�l�i�s�h�e�r�s�.� �N�e�w� �Y�o�r�k�.� 
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�H�u�n�g�e�r�,� �W�.� �a�n�d� �P�e�i�t�e�r�s�e�n�,� �N�.� �1�9�9�2�.� �N�e�w� �t�e�c�h�n�i�c�a�l� �a�s�p�e�c�t�s� �o�f� �t�h�e� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �s�t�a�r�t�e�r� 

�c�u�l�t�u�r�e�s�.� �B�u�l�l�e�t�i�n� �o�f� �t�h�e� �I�D�F� �2�7�7�.�1�7�-�2�1�.� �B�r�u�s�s�e�l�s�,� �B�e�l�g�i�u�m�.� 

�I�s�h�i�b�a�s�h�i�,� �N�.� �a�n�d� �S�h�i�m�a�m�u�r�a�,� �S�.� �1�9�9�3�.� �B�i�f�i�d�o�b�a�c�t�e�r�i�a� �:� �R�e�s�e�a�r�c�h� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �i�n� 

�J�a�p�a�n�.� �F�o�o�d� �T�e�c�h�n�o�l�.� �4�7�(�6�)�:�1�2�6�-�1�3�4�.� 

�K�a�n�k�a�r�e�,� �V�.� �a�n�d� �A�n�t�i�l�a�,� �V�.� �1�9�7�8�.� �M�a�n�u�f�a�c�t�u�r�e� �o�f� �f�r�o�z�e�n� �y�o�g�h�u�r�t�.� �K�a�r�j�a�n�t�u�o�t�e� �6�1�(�5�)�4�.� 

�K�e�o�g�h�,� �B�.� �1�9�7�8�.� �M�i�c�r�o�o�r�g�a�n�i�s�m�s� �i�n� �d�a�i�r�y� �p�r�o�d�u�c�t�s�-�f�r�i�e�n�d�s� �a�n�d� �f�o�e�s�.� �A�u�s�t�r�a�l�i�a�n� �J�.� �D�a�i�r�y� 

�T�e�c�h�n�o�l�.� �3�3�:�4�1�-�4�5�.� 

�K�h�e�d�k�a�r�,� �C�.� �D�.�,� �M�a�n�t�r�i�,� �J�.� �M�.� �a�n�d� �K�h�e�d�k�a�r�,� �G� �D�.� �1�9�9�4�.� �N�u�t�r�i�t�i�o�n�a�l� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� 

�l�a�c�t�o�s�e� �h�y�d�r�o�l�y�s�i�s� �i�n� �f�e�r�m�e�n�t�e�d� �d�a�i�r�y� �p�r�o�d�u�c�t�s�:� �A� �r�e�v�i�e�w�.� �C�u�l�t�.� �D�a�i�r�y� �P�r�o�.� �J�.� 

�2�9�(�2�)�:�1�3�-�1�8�.� 

�K�i�m�b�r�e�l�l�,� �W�.�,� �L�e�v�i�t�t�,� �A�.� �a�n�d� �R�o�g�e�r�s�,� �P�.�,� �S�t�u�b�e�,� �C�.� �1�9�9�0�.� �M�a�s�s� �a�p�p�e�a�l�.� �D�a�i�r�y� 

�F�o�o�d�s�.�9�1�(�2�)�:�4�3�-�4�7�.� 

�K�n�e�i�f�e�l�,� �W�.�,� �U�l�b�e�r�t�h�,� �F�.�,� �E�r�h�a�r�d�,� �F�.� �a�n�d� �J�a�r�o�s�,� �D�.� �1�9�9�2�.� �A�r�o�m�a� �p�r�o�f�i�l�e�s� �a�n�d� �s�e�n�s�o�r�y� 

�p�r�o�p�e�r�t�i�e�s� �o�f� �y�o�g�u�r�t� �a�n�d� �y�o�g�u�r�t�-�r�e�l�a�t�e�d� �p�r�o�d�u�c�t�s�.� �M�i�l�c�h�w�i�s�s�e�n�s�c�h�a�f�t� �4�7�(�6�)�:�3�6�2�-� 

�3�6�5�.� 

�L�e�r�e�b�o�u�r�s�,� �E�.� �1�9�8�9�.� �Y�o�g�u�r�t� �a�n�d� �f�e�r�m�e�n�t�e�d�-�t�h�e�n�-�p�a�s�t�e�u�r�i�z�e�d� �m�i�l�k�:� �E�f�f�e�c�t�s� �o�f� �s�h�o�r�t�-�t�e�r�m� 

�a�n�d� �l�o�n�g�-�t�e�r�m� �i�n�g�e�s�t�i�o�n� �o�f� �l�a�c�t�o�s�e� �a�b�s�o�r�p�t�i�o�n� �a�n�d� �m�u�c�o�s�a�l� �l�a�c�t�a�s�e� �a�c�t�i�v�i�t�y� �i�n� 

�l�a�c�t�a�s�e�-�d�e�f�i�c�i�e�n�t� �s�u�b�j�e�c�t�s�.� �A�m�.� �J�.� �C�l�i�n�.� �N�u�t�r�.� �4�9�:�8�2�3�-�7�.� 

�L�e�v�a�n�d�o�s�k�i�,� �R�.� �C�.� �1�9�9�3�.� �S�e�e�k� �o�u�t� �a�n�d� �d�e�l�i�v�e�r�.� �D�a�i�r�y� �F�i�e�l�d�.� �1�7�6� �(�9�)�:�2�2�-�2�3�,� �2�6�-�3�1�.� 

�L�i�e�b�,� �M�.�E�.� �1�9�8�8�.� �T�h�e� �r�e�t�u�r�n� �o�f� �f�r�o�z�e�n� �y�o�g�u�r�t�.� �D�a�i�r�y� �F�o�o�d�s�.�8�9�(�1�)�:�2�3�-�2�6�.� 
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�L�i�n�,� �M�.�,� �S�a�v�i�a�n�o�,� �D�.� �a�n�d� �H�a�r�l�a�n�d�e�r�,� �S�.� �1�9�9�1�.� �I�n�f�l�u�e�n�c�e� �o�f� �n�o�n�f�e�r�m�e�n�t�e�d� �d�a�i�r�y� �p�r�o�d�u�c�t�s� 

�c�o�n�t�a�i�n�i�n�g� �b�a�c�t�e�r�i�a�l� �s�t�a�r�t�e�r� �c�u�l�t�u�r�e�s� �o�n� �l�a�c�t�o�s�e� �m�a�l�d�i�g�e�s�t�i�o�n� �i�n� �h�u�m�a�n�s�.� �J�.� �D�a�i�r�y� 

�S�c�i�.� �7�4�:�8�7�-�9�5�.� 

�M�i�l�e�s�,� �J�.� �J�.� �a�n�d� �L�e�e�d�e�r�,� �J�.� �G� �1�9�8�1�.� �S�t�a�r�t�e�r� �c�u�l�t�u�r�e� �v�i�a�b�i�l�i�t�y� �i�n� �f�r�o�z�e�n� �y�o�g�u�r�t�.� 

�C�u�l�t�u�r�e�d� �D�a�i�r�y� �P�r�o�d�u�c�t�s� �J�o�u�r�n�a�l�.� �1�6�(�3�)�:�1�2�-�1�4�.� 

�M�o�d�l�e�r�,� �H�.� �W�.� �a�n�d� �V�i�l�l�a�-�G�a�r�c�i�a�,� �L�.� �1�9�9�3�.� �T�h�e� �g�r�o�w�t�h� �o�f� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �l�o�n�g�u�m� �i�n� �a� 

�w�h�e�y�-�b�a�s�e� �m�e�d�i�u�m� �a�n�d� �v�i�a�b�i�l�i�t�y� �o�f� �t�h�i�s� �o�r�g�a�n�i�s�m� �i�n� �f�r�o�z�e�n� �y�o�g�u�r�t� �w�i�t�h� �l�o�w� �a�n�d� 

�h�i�g�h� �l�e�v�e�l�s� �o�f� �d�e�v�e�l�o�p�e�d� �a�c�i�d�i�t�y�.� �C�u�l�t�.� �D�a�i�r�y� �P�r�o�d�.� �J�.� �2�8�(�1�)�:�4�-�8�.� 

�N�i�e�l�s�e�n�,� �J�.� �W�.� �a�n�d� �G�i�l�l�i�l�a�n�d�,� �S�.� �E�.� �1�9�9�2�.� �T�h�e� �l�a�c�t�o�s�e� �h�y�d�r�o�l�y�z�i�n�g� �e�n�z�y�m�e� �f�r�o�m� 

�L�a�c�t�o�b�a�c�i�l�l�u�s� �a�c�i�d�o�p�h�i�l�u�s�.� �C�u�l�t�.� �D�a�i�r�y� �P�r�o�d�.� �J�.� �2�0�-�2�7�.� 

�N�i�e�l�s�e�n�,� �O�.� �H�.�,� �J�o�r�g�e�n�s�e�n�,� �S�.�,� �P�e�d�e�r�s�e�n�,� �K�.� �a�n�d� �J�u�s�t�e�s�e�n�,� �T�.� �1�9�9�4�.� �M�i�c�r�o�b�i�o�l�o�g�i�c�a�l� 

�e�v�a�l�u�a�t�i�o�n� �o�f� �j�e�j�u�n�a�l� �a�s�p�i�r�a�t�e�s� �a�n�d� �f�a�e�c�a�l� �s�a�m�p�l�e�s� �a�f�t�e�r� �o�r�a�l� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� 

�B�i�f�i�d�o�b�a�c�t�e�r�i�a� �a�n�d� �l�a�c�t�i�c� �a�c�i�d� �b�a�c�t�e�r�i�a�.� �J�.� �A�p�p�l�.� �B�a�c�t�.� �7�6� �(�5�)�:�4�6�9�-�4�7�4�.� 

�N�i�s�h�i�h�a�r�a�,� �K�.� �1�9�6�9�.� �S�t�u�d�i�e�s� �o�n� �t�h�e� �a�n�t�i�b�i�f�i�d�u�s�.� �J�.� �J�a�p�a�n�e�s�e� �P�e�d�i�a�t�r�i�c� �S�o�c�.� �7�3�:�1�1�4�3�-�1�1�4�9�.� 

�R�o�g�e�r�s�,� �P�.� �1�9�9�1�.� �B�a�n�k�i�n�g� �o�n� �b�i�f�i�d�u�s�.� �D�a�i�r�y� �F�o�o�d�s� �9�2�(�5�)�:�5�2�-�5�7�.� 

�S�p�e�c�k�,� �M�.�L�.� �a�n�d� �G�e�o�f�f�r�i�o�n�,� �J�.� �W�.� �1�9�7�9�.� �L�a�c�t�a�s�e� �a�c�t�i�v�i�t�y� �a�n�d� �s�t�a�r�t�e�r� �c�u�l�t�u�r�e� �v�i�a�b�i�l�i�t�y� �i�n� 

�h�e�a�t�e�d� �a�n�d� �f�r�o�z�e�n� �y�o�g�u�r�t�.� �J�.� �D�a�i�r�y� �S�c�i�.� �6�2�(�S�u�p�p�l�.�1�)�:�5�3�.� 

�S�p�e�c�k�,� �M�.� �a�n�d� �H�a�n�s�e�n�,� �A�.� �1�9�8�3�.� �P�r�o�p�e�r�t�i�e�s� �o�f� �f�r�o�z�e�n� �n�o�n�-�f�r�u�i�t� �y�o�g�h�u�r�t�.� �C�u�l�t�.� �D�a�i�r�y� �P�r�o�d�.� 

�J�.� �1�8�(�4�)�:�6�-�9�.� 

�S�p�e�c�k�,� �M�.� �L�.� �1�9�8�3�.� �E�v�i�d�e�n�c�e� �o�f� �v�a�l�u�e� �o�f� �l�i�v�e� �s�t�a�r�t�e�r� �c�u�l�t�u�r�e� �i�n� �y�o�g�u�r�t�.� �C�u�l�t� �D�a�i�r�y� �P�r�o�d�.� 

�I�l�.� �1�8�(�1�)�:�2�5�.� 

�3�1



�S�t�e�i�n�s�h�o�l�t�,� �K�.� �a�n�d� �A�b�r�a�h�a�m�s�e�n�,� �R�.� �K�.� �1�9�7�8�.� �T�h�e� �g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�e� �s�t�a�r�t�e�r� �i�n� 

�y�o�g�h�u�r�t� �i�c�e�s� �a�s� �a� �b�a�s�e� �f�o�r� �a� �m�o�d�i�f�i�e�d� �m�a�n�u�f�a�c�t�u�r�i�n�g� �p�r�o�c�e�s�s�.� �M�e�l�d�i�n�g�e�r�-�f�r�a�-� 

�N�o�r�g�e�s�-�L�a�n�d�b�r�u�k�s�h�o�g�s�k�o�l�e� �5�7�:�4�7�.� 

�T�a�k�a�n�o�,� �K�.�,� �H�a�s�e�g�a�w�a�,� �M�.�,� �T�o�m�i�z�a�w�a�,� �S�.� �a�n�d� �S�a�k�a�i�,� �K�.� �1�9�8�6�.� �A�c�t�i�o�n� �o�f� �i�n�t�e�s�t�i�n�a�l� 

�m�i�c�r�o�o�r�g�a�n�i�s�m�s� �o�n� �h�u�m�o�r�a�l� �i�m�m�u�n�i�t�y� �i�n� �t�h�e� �d�i�g�e�s�t�i�v�e� �t�r�a�c�t�.� �P�e�d�i�a�t�r�i�c�s� �o�f� �J�a�p�a�n�.� 

�2�7�(�8�)�:�1�0�8�1�-�1�0�8�6�.� 

�T�a�m�i�m�e�,� �A�.� �Y�.� �a�n�d� �R�o�b�i�n�s�o�n�,� �R�.� �K�.� �1�9�8�5�.� �Y�o�g�h�u�r�t� �S�c�i�e�n�c�e� �a�n�d� �T�e�c�h�n�o�l�o�g�y�.� �P�e�r�g�a�m�o�n� 

�P�r�e�s�s�,� �N�e�w� �Y�o�r�k�.� 

�T�h�o�m�p�s�o�n�,� �L�.� �D�.� �a�n�d� �M�i�s�t�r�y� �A�.� �N�.� �1�9�9�4�.� �C�o�m�p�o�s�i�t�i�o�n�a�l� �c�h�a�n�g�e�s� �i�n� �f�r�o�z�e�n� �y�o�g�u�r�t� �d�u�r�i�n�g� 

�f�e�r�m�e�n�t�a�t�i�o�n�,� �f�r�o�z�e�n� �s�t�o�r�a�g�e� �a�n�d� �s�o�f�t� �s�e�r�v�e� �f�r�e�e�z�i�n�g� �C�u�l�t�.� �D�a�i�r�y� �P�r�o�d�.� �J�.� �2�9�(�3�)�:�1�2�-� 

�1�6�.� 

�T�i�e�s�z�e�n�,� �K�.� �M�.� �a�n�d� �B�a�e�r�,� �K�.� �J�.� �1�9�8�9�.� �C�o�m�p�o�s�i�t�i�o�n� �a�n�d� �m�i�c�r�o�b�i�a�l� �q�u�a�l�i�t�y� �o�f� �f�r�o�z�e�n� 

�y�o�g�u�r�t�s�.� �C�u�l�t�u�r�e�d� �D�a�i�r�y� �P�r�o�d�u�c�t�s� �J�o�u�r�n�a�l�.�2�4�(�4�)�:�1�1�.� 

�V�e�d�a�m�u�t�h�u�,� �E�.� �1�9�9�1�.� �T�h�e� �y�o�g�u�r�t� �s�t�o�r�y�-�p�a�s�t�,� �p�r�e�s�e�n�t� �a�n�d� �f�u�t�u�r�e�:� �P�a�r�t� �V�I�I�I�.� �D�a�i�r�y�,� �F�o�o�d� 

�a�n�d� �E�n�v�i�r�o�n�.� �S�a�n�i�t�.�1�1�(�1�2�)�:�7�2�9�-�7�3�3�.� 

�W�e�l�c�h�,� �C�.� �1�9�8�7�.� �N�u�t�r�i�t�i�o�n�a�l� �a�n�d� �t�h�e�r�a�p�e�u�t�i�c� �a�s�p�e�c�t�s� �o�f� �L�a�c�t�o�b�a�c�i�l�l�u�s� �a�c�i�d�o�p�h�i�l�u�s� �i�n� �d�a�i�r�y� 

�p�r�o�d�u�c�t�s�.� �C�u�l�t�.� �D�a�i�r�y� �P�r�o�d�.� �J�.� �2�2�(�2�)�:�2�3�.� 

�W�h�i�t�e�h�e�a�d�,� �W�.� �E�.�,� �B�o�d�y�f�e�l�t�,� �F�.� �W�.� �a�n�d� �S�a�n�d�i�n�e�,� �W�.� �E�.� �1�9�9�3�.� �E�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� 

�m�i�c�r�o�b�i�o�l�o�g�i�c�a�l� �q�u�a�l�i�t�y� �o�f� �f�r�o�z�e�n� �y�o�g�u�r�t� �p�r�o�d�u�c�t�s�.� �C�u�l�t�.� �D�a�i�r�y� �P�r�o�d�.� �J�.� 

�2�8�(�3�)�:�2�1�,�2�2�.� 
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�C�H�A�P�T�E�R� �I�I�I� 

�C�O�M�P�A�R�I�S�O�N� �O�F� �T�H�R�E�E� �M�E�T�H�O�D�S� �F�O�R� �R�E�C�O�V�E�R�Y� �O�F� 
�B�I�F�I�D�O�B�A�C�T�E�R�I�U�M� �L�O�N�G�U�M� �F�R�O�M� �F�R�O�Z�E�N� �Y�O�G�U�R�T� �I�N� �A� �M�I�X�E�D�,� 

�P�R�O�B�I�O�T�I�C�-�E�N�H�A�N�C�E�D� �C�U�L�T�U�R�E� 

�A�B�S�T�R�A�C�T� 

�T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �s�t�u�d�y� �w�a�s� �t�o� �c�o�m�p�a�r�e� �t�h�r�e�e� �m�e�t�h�o�d�s� �o�f� �r�e�c�o�v�e�r�y� �f�o�r� 

�B�i�f�i�d�o�b�a�c�t�e�r�i�u�m�:� �a� �r�o�l�l�-�t�u�b�e� �m�e�t�h�o�d� �u�s�i�n�g� �a�n�a�e�r�o�b�i�c� �m�o�d�i�f�i�e�d� �b�i�f�i�d� �g�l�u�c�o�s�e� �a�g�a�r� 

�(�M�B�G�A�)� �w�i�t�h� �t�h�e� �R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� �S�y�s�t�e�m�,� �a�n�a�e�r�o�b�i�c� �p�l�a�t�e�s� �u�s�i�n�g� �M�B�G�A� �w�i�t�h� �t�h�e� 

�R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� �S�y�s�t�e�m�,� �a�n�d� �p�l�a�t�e�s� �w�i�t�h� �M�a�l�t�o�s�e�/�G�a�l�a�c�t�o�s�e� �R�e�i�n�f�o�r�c�e�d� �C�l�o�s�t�r�i�d�i�a�l� 

�A�g�a�r�.� �T�h�e� �R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� �R�o�l�l� �T�u�b�e� �S�y�s�t�e�m� �w�a�s� �u�s�e�d� �t�o� �a�i�d� �i�n� �r�e�c�o�v�e�r�y� �o�f� �i�n�j�u�r�e�d� 

�c�e�l�l�s�.� �A�l�l� �m�e�t�h�o�d�s� �w�e�r�e� �u�s�e�d� �t�o� �r�e�c�o�v�e�r� �t�h�e� �b�a�c�t�e�r�i�a� �o�n� �a� �b�i�w�e�e�k�l�y� �b�a�s�i�s� �f�o�r� �1�1� �w�e�e�k�s�.� 

�A�n�a�l�y�s�i�s� �o�f� �b�a�c�t�e�r�i�a�l� �c�o�u�n�t�s� �f�r�o�m� �e�a�c�h� �m�e�t�h�o�d� �w�e�r�e� �c�o�m�p�a�r�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �m�e�t�h�o�d� 

�b�e�s�t�-�s�u�i�t�e�d� �f�o�r� �r�e�c�o�v�e�r�y� �o�f� �a�l�l� �m�e�t�a�b�o�l�i�c�a�l�l�y�-�a�c�t�i�v�e� �c�e�l�l�s�.� �T�h�e� �r�o�l�l�-�t�u�b�e� �m�e�t�h�o�d� �w�i�t�h� 

�M�B�G�A� �a�n�d� �t�h�e� �R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� �S�y�s�t�e�m� �p�r�o�v�i�d�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �(�p�<�.�0�5�)� �e�n�h�a�n�c�e�d� 

�r�e�c�o�v�e�r�y� �o�f� �B�.� �l�o�n�g�u�m�.� �T�h�e� �B�G�A� �p�l�a�t�e�s� �a�n�d� �M�/�G� �R�C�A� �p�l�a�t�e�s� �r�e�c�o�v�e�r�e�d� �B�.� �l�o�n�g�u�m� �a�t� 

�s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�m�i�l�a�r� �l�e�v�e�l�s� �a�n�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �o�n�e�-�h�a�l�f� �l�o�g� �l�e�s�s� �t�h�a�n� �r�e�c�o�v�e�r�y� �o�f� �a�n�a�e�r�o�b�i�c� 

�r�o�l�l� �t�u�b�e�s�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �a�n�a�e�r�o�b�i�c� �r�o�l�l� �t�u�b�e�s� �w�e�r�e� �p�r�o�b�a�b�l�y� �t�h�e� �r�e�a�s�o�n� �f�o�r� �t�h�e� �e�n�h�a�n�c�e�d� 

�r�e�c�o�v�e�r�y�.� 
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�I�N�T�R�O�D�U�C�T�I�O�N� 

�B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �l�o�n�g�u�m� �i�s� �a� �G�r�a�m�-�p�o�s�i�t�i�v�e�,� �a�n�a�e�r�o�b�i�c�,� �b�i�f�u�r�c�a�t�e�d� �r�o�d�.� �I�t� �h�a�s� 

�b�e�e�n� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�i�s� �o�r�g�a�n�i�s�m� �a�i�d�s� �i�n� �t�h�e� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �i�n�t�e�s�t�i�n�a�l� �a�n�d� �g�e�n�e�r�a�l� �h�e�a�l�t�h� 

�o�f� �h�u�m�a�n�s� �(�D�e�l�l�a�g�l�i�o� �a�n�d� �T�o�r�r�i�a�n�a�i�,� �1�9�9�2�;� �I�s�h�i�b�a�s�h�i� �a�n�d� �S�h�i�m�a�m�u�r�a�,� �1�9�9�3�)�.� 

�B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �i�s� �p�a�r�t� �o�f� �t�h�e� �n�o�r�m�a�l� �m�i�c�r�o�f�l�o�r�a� �o�f� �t�h�e� �i�n�t�e�s�t�i�n�e�.� �W�h�e�n� �a� �h�u�m�a�n� 

�i�s� �a�n� �i�n�f�a�n�t�,� �l�e�v�e�l�s� �o�f� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �a�r�e� �a�t� �t�h�e�i�r� �h�i�g�h�e�s�t�;� �h�o�w�e�v�e�r�,� �l�e�v�e�l�s� �b�e�g�i�n� �t�o� �d�r�o�p� 

�a�s� �a�g�e� �i�n�c�r�e�a�s�e�s�.� �T�h�e� �l�e�v�e�l�s� �o�f� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �i�n� �t�h�e� �i�n�t�e�s�t�i�n�e� �d�e�c�r�e�a�s�e� �w�i�t�h� �a�g�e� �d�u�e� �t�o� 

�d�i�e�t�,� �s�t�r�e�s�s� �a�n�d� �o�t�h�e�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� �f�a�c�t�o�r�s�.� �A�s� �n�u�m�b�e�r�s� �o�f� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �d�e�c�r�e�a�s�e�,� 

�b�a�c�t�e�r�i�a� �i�n�c�l�u�d�i�n�g� �e�n�t�e�r�o�p�a�t�h�o�g�e�n�s�,� �c�o�l�i�f�o�r�m�s� �a�n�d� �C�l�o�s�t�r�i�d�i�a� �b�e�g�i�n� �t�o� �p�r�o�l�i�f�e�r�a�t�e� �a�n�d� 

�m�a�y� �p�o�s�e� �a� �t�h�r�e�a�t� �t�o� �c�o�l�o�n�i�c� �h�e�a�l�t�h� �(�H�o�o�v�e�r�,� �1�9�9�3�)�.� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �h�a�d� �b�e�e�n� �f�o�u�n�d� �t�o� 

�h�a�v�e� �a�n�d� �a�n� �a�n�t�i�d�i�a�r�r�h�e�a�l� �e�f�f�e�c�t� �i�n� �c�h�i�l�d�r�e�n� �(�N�i�s�h�i�h�a�r�a�,� �1�9�6�9�)�.� �T�a�k�a�n�o� �(�1�9�8�6�)� 

�d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �B�.� �J�o�n�g�u�m� �i�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�o�t�a�l� �I�g�A� �i�n�t�i�b�o�d�y� �l�e�v�e�l� �i�n� 

�m�i�c�e�,� �a�n�d� �D�e�l�l�a�g�i�o� �a�n�d� �T�o�r�r�i�a�n�i� �(�1�9�9�2�)� �f�o�u�n�d� �t�h�a�t� �B�.� �J�o�n�g�u�m� �m�a�y� �h�a�v�e� �a� 

�h�y�p�o�c�h�o�l�e�s�t�e�r�o�l�e�m�i�c� �e�f�f�e�c�t� �i�n� �h�u�m�a�n�s�.� 

�T�h�e� �e�f�f�e�c�t�s� �w�h�i�c�h� �h�a�v�e� �b�e�e�n� �d�o�c�u�m�e�n�t�e�d� �o�n�l�y� �o�c�c�u�r� �w�h�e�n� �b�a�c�t�e�r�i�a� �a�r�e� �v�i�a�b�l�e� �a�n�d� 

�a�c�t�i�v�e�.� �M�a�n�u�f�a�c�t�u�r�i�n�g� �o�r� �s�t�o�r�a�g�e� �p�r�o�c�e�s�s�e�s� �t�h�a�t� �c�a�u�s�e� �d�e�a�t�h� �t�o� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �c�e�l�l�s� �w�i�l�l� 

�e�l�i�m�i�n�a�t�e� �t�h�e� �b�e�n�e�f�i�t�s�;� �h�o�w�e�v�e�r�,� �i�n�j�u�r�y� �t�o� �c�e�l�l�s� �m�a�y� �n�o�t� �h�a�v�e� �a�s� �g�r�e�a�t� �a� �d�e�t�r�i�m�e�n�t�a�l� 

�i�m�p�a�c�t�.� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �i�s� �f�r�e�q�u�e�n�t�l�y� �s�u�p�p�l�e�m�e�n�t�e�d� �i�n�t�o� �t�h�e� �d�i�e�t� �i�n� �f�r�o�z�e�n� �y�o�g�u�r�t�.� 

�U�n�f�o�r�t�u�n�a�t�e�l�y�,� �s�i�n�c�e� �t�h�e� �b�a�c�t�e�r�i�u�m� �i�s� �s�t�r�i�c�t�l�y� �a�n�a�e�r�o�b�i�c�,� �t�h�e� �a�e�r�o�b�i�c� �e�n�v�i�r�o�n�m�e�n�t� �o�f� 

�f�r�o�z�e�n� �y�o�g�u�r�t�,� �i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �t�h�e� �f�r�e�e�z�i�n�g� �p�r�o�c�e�s�s�,� �c�a�n� �c�a�u�s�e� �i�n�j�u�r�y� �w�h�i�c�h� �c�a�n� 

�a�f�f�e�c�t� �r�e�c�o�v�e�r�y�.� �I�n�j�u�r�e�d� �b�a�c�t�e�r�i�a� �a�r�e� �u�n�a�b�l�e� �t�o� �g�r�o�w� �o�n� �m�e�d�i�a� �w�h�i�c�h� �a�r�e� �s�e�l�e�c�t�i�v�e� �f�o�r� 
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�t�h�e�m�,� �e�v�e�n� �t�h�o�u�g�h� �t�h�e�y� �a�r�e� �m�e�t�a�b�o�l�i�c�a�l�l�y� �a�c�t�i�v�e� �(�A�r�a�n�y�,� �1�9�9�2�)�.� �H�o�w�e�v�e�r�,� �i�f� �g�i�v�e�n� 

�a�d�e�q�u�a�t�e� �t�i�m�e� �a�n�d� �p�r�o�p�e�r� �c�o�n�d�i�t�i�o�n�s� �t�h�e�y� �c�a�n� �r�e�p�a�i�r� �t�h�e�i�r� �i�n�j�u�r�y�.� �R�e�c�o�v�e�r�y� �o�f� �i�n�j�u�r�e�d� 

�c�e�l�l�s� �i�s� �i�m�p�o�r�t�a�n�t� �i�n� �f�r�o�z�e�n� �y�o�g�u�r�t� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �n�u�m�b�e�r� �o�f� �c�e�l�l�s� �w�h�i�c�h� �m�a�y� �b�e� 

�a�v�a�i�l�a�b�l�e� �t�o� �i�n�h�a�b�i�t� �t�h�e� �i�n�t�e�s�t�i�n�e�.� 

�A� �m�e�t�h�o�d� �o�f� �r�e�c�o�v�e�r�y�,� �k�n�o�w�n� �a�s� �t�h�e� �R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� �S�y�s�t�e�m�,� �i�n� �c�o�m�b�i�n�a�t�i�o�n� 

�w�i�t�h� �t�h�e� �R�o�l�l� �T�u�b�e� �M�e�t�h�o�d� �h�a�s� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �t�o� �a�i�d� �i�n� �r�e�c�o�v�e�r�y� �o�f� �i�n�j�u�r�e�d� �c�e�l�l�s� 

�(�H�o�l�d�e�m�a�n�n� �e�t� �a�l�.�,� �1�9�7�7�)�.� �T�h�e� �m�e�t�h�o�d� �i�n�v�o�l�v�e�s� �a�n�a�e�r�o�b�i�c� �i�n�o�c�u�l�a�t�i�o�n� �o�f� �a� �n�o�n�-�s�e�l�e�c�t�i�v�e� 

�l�a�y�e�r� �o�f� �m�e�d�i�u�m�,� �f�o�l�l�o�w�e�d� �b�y� �a� �t�w�o� �h�o�u�r� �r�e�p�a�i�r� �p�e�r�i�o�d� �a�n�d� �t�h�e�n� �a�n�a�e�r�o�b�i�c�a�l�l�y� �o�v�e�r�l�a�y�i�n�g� 

�w�i�t�h� �a� �s�e�l�e�c�t�i�v�e� �l�a�y�e�r� �o�f� �t�h�e� �s�a�m�e� �m�e�d�i�u�m� �c�o�n�t�a�i�n�i�n�g� �s�e�l�e�c�t�i�v�e� �a�g�e�n�t�s�.� �A�r�a�n�y� �(�1�9�9�2�)� 

�d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �i�n�j�u�r�e�d� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �c�o�u�l�d� �b�e� �r�e�c�o�v�e�r�e�d� �f�r�o�m� �w�a�t�e�r� �a�n�d� �m�e�l�t�e�d� 

�f�r�o�z�e�n� �y�o�g�u�r�t� �i�n�o�c�u�l�a�t�e�d� �w�i�t�h� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �a�n�d� �L�.� �a�c�i�d�o�p�h�i�l�u�s� �b�y� �t�h�i�s� �m�e�t�h�o�d�.� �T�h�i�s� 

�m�e�t�h�o�d� �p�r�o�v�i�d�e�s� �a�n� �e�n�v�i�r�o�n�m�e�n�t� �f�o�r� �c�e�l�l�s� �t�o� �r�e�p�a�i�r� �i�n�j�u�r�y� �a�n�d� �c�a�n� �b�e� �u�s�e�d� �a�s� �a�n� 

�a�l�t�e�r�n�a�t�i�v�e� �t�o� �c�o�n�v�e�n�t�i�o�n�a�l� �m�e�t�h�o�d�s� �o�f� �r�e�c�o�v�e�r�y� �w�h�i�c�h� �d�o� �n�o�t� �a�c�c�o�u�n�t� �f�o�r� �i�n�j�u�r�e�d� �c�e�l�l�s�.� 

�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�S�o�u�r�c�e� �o�f� �B�a�c�t�e�r�i�a� 

�A� �s�t�a�r�t�e�r� �c�u�l�t�u�r�e�,� �w�h�i�c�h� �c�o�n�t�a�i�n�e�d� �s�e�l�e�c�t�e�d� �s�t�r�a�i�n�s� �o�f� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �l�o�n�g�u�m�,� 

�L�a�c�t�o�b�a�c�i�l�l�u�s� �a�c�i�d�o�p�h�i�l�u�s�,� �S�t�r�e�p�t�o�c�o�c�c�u�s� �s�a�l�i�v�a�r�i�u�s� �s�s�p�.� �t�h�e�r�m�o�p�h�i�l�u�s� �a�n�d� �L�a�c�t�o�b�a�c�i�l�l�u�s� 

�d�e�l�b�r�u�e�c�k�k�i�i� �s�s�p�.� �b�u�l�g�a�r�i�c�u�s� �w�a�s� �u�s�e�d�.� �T�h�i�s� �m�i�x�,� �s�o�l�d� �u�n�d�e�r� �t�h�e� �n�a�m�e� �B�A�T�L�-�1� �(�S�a�n�o�f�i� 

�B�i�o�-�I�n�d�u�s�t�r�i�e�s�,� �W�a�u�k�e�s�h�a�,� �W�i�s�c�o�n�s�i�n�)� �w�a�s� �u�s�e�d� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �a�n�o�t�h�e�r� �c�u�l�t�u�r�e� �m�i�x�,� 

�B�A�-�6�1� �(�S�a�n�o�f�i� �B�i�o�-�I�n�d�u�s�t�r�i�e�s�,� �W�a�u�k�e�s�h�a�,� �W�i�s�c�o�n�s�i�n�)� �w�h�i�c�h� �c�o�n�t�a�i�n�e�d� �B�.� �J�o�n�g�u�m�-�6� �a�n�d� 
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�L�.� �a�c�i�d�o�p�h�i�l�u�s�-�1� �o�n�l�y�.� �T�o�g�e�t�h�e�r�,� �t�h�e�s�e� �c�u�l�t�u�r�e� �m�i�x�e�s� �w�e�r�e� �u�s�e�d� �t�o� �p�r�o�d�u�c�e� �t�h�e� �f�r�o�z�e�n� 

�y�o�g�u�r�t� �w�h�i�c�h� �w�a�s� �t�e�s�t�e�d� �d�u�r�i�n�g� �t�h�i�s� �s�t�u�d�y�.� �T�h�e� �c�u�l�t�u�r�e�s� �w�e�r�e� �s�h�i�p�p�e�d� �o�n� �d�r�y� �i�c�e� �a�n�d� 

�s�t�o�r�e�d� �a�t� �-�8�0�°�C� �i�n� �a�n� �u�l�t�r�a�-�l�o�w� �t�e�m�p�e�r�a�t�u�r�e� �f�r�e�e�z�e�r�.� �T�h�e� �s�a�m�p�l�e�s� �w�e�r�e� �s�t�o�r�e�d� �f�o�r� �n�o� 

�m�o�r�e� �t�h�a�n� �t�h�r�e�e� �w�e�e�k�s� �p�r�i�o�r� �t�o� �u�s�e� �i�n� �y�o�g�u�r�t� �p�r�o�d�u�c�t�i�o�n�.� 

�F�r�o�z�e�n� �Y�o�g�u�r�t� �M�a�n�u�f�a�c�t�u�r�e� 

�R�a�w� �m�i�l�k�,� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �b�u�l�k� �t�a�n�k� �a�t� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� 

�U�n�i�v�e�r�s�i�t�y� �(�V�P�I�&�S�U�)� �d�a�i�r�y� �f�a�r�m�,� �w�a�s� �s�e�p�a�r�a�t�e�d� �i�n�t�o� �c�r�e�a�m� �a�n�d� �s�k�i�m� �p�h�a�s�e�s� �i�n� �a� �p�i�l�o�t� 

�p�l�a�n�t�-�s�c�a�l�e� �s�e�p�a�r�a�t�o�r� �(�E�l�e�c�r�e�m� �S�e�p�a�r�a�t�o�r� �M�o�d�e�l� �1�G�,� �B�o�n�a�n�z�a� �I�n�d�u�s�t�r�i�e�s�,� �C�a�l�g�a�r�y�,� 

�C�a�n�a�d�a�)�.� �L�o�w�f�a�t� �i�c�e� �c�r�e�a�m� �m�i�x� �(�4�%� �f�a�t�)� �w�a�s� �m�a�n�u�f�a�c�t�u�r�e�d� �w�i�t�h� �1�1�5�7�.�7� �g� �c�r�e�a�m�,� �1�1�9�8�.�6� 

�g� �n�o�n�-�f�a�t� �d�r�y� �m�i�l�k�,� �1�2�0�7�6�.�4� �g� �s�k�i�m� �m�i�l�k�,� �1�8�4�7�.�8� �g� �g�r�a�n�u�l�a�t�e�d� �s�u�c�r�o�s�e�,� �1�5�3�9�.�1� �g� �c�o�r�n� 

�s�y�r�u�p�,� �a�n�d� �1�4�0�.�7� �g� �s�t�a�b�i�l�i�z�e�r�.� �T�h�e� �i�c�e� �c�r�e�a�m� �m�i�x� �w�a�s� �m�i�x�e�d� �u�n�t�i�l� �n�o� �c�l�u�m�p�s� �w�e�r�e� 

�p�r�e�s�e�n�t�,� �b�a�t�c�h� �p�a�s�t�e�u�r�i�z�e�d� �a�t� �5�5�°�C� �f�o�r� �3�0� �m�i�n�,� �c�o�o�l�e�d� �t�o� �3�.�3�°�C� �a�n�d� �s�t�o�r�e�d� �f�o�r� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �2�4� �h�r�.� 

�C�o�o�l�e�d� �m�i�x� �w�a�s� �h�e�a�t�e�d� �t�o� �4�0�°�C� �i�n� �a� �h�o�t�-�w�a�t�e�r� �b�a�t�h� �p�r�i�o�r� �t�o� �i�n�o�c�u�l�a�t�i�o�n�.� �W�h�i�l�e� 

�m�i�x� �w�a�s� �h�e�a�t�i�n�g�,� �c�o�n�t�a�i�n�e�r�s� �o�f� �b�o�t�h� �y�o�g�u�r�t� �c�u�l�t�u�r�e�s� �w�e�r�e� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �f�r�e�e�z�e�r� �a�n�d� 

�t�h�a�w�e�d� �i�n� �2�5�°�C� �w�a�t�e�r� �b�a�t�h�s� �u�n�t�i�l� �t�h�o�r�o�u�g�h�l�y� �l�i�q�u�e�f�i�e�d�.� �W�h�e�n� �t�h�e� �m�i�x� �r�e�a�c�h�e�d� �t�h�e� 

�d�e�s�i�r�e�d� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �4�0�°�C�,� �f�o�u�r� �3�2�4�6�.�1� �g� �a�l�i�q�u�o�t�s� �w�e�r�e� �w�e�i�g�h�e�d� �i�n�t�o� �c�h�l�o�r�i�n�e�-� 

�s�a�n�i�t�i�z�e�d�,� �s�t�a�i�n�l�e�s�s� �s�t�e�e�l� �c�a�n�s�.� �Y�o�g�u�r�t� �c�u�l�t�u�r�e�s� �w�e�r�e� �a�d�d�e�d� �t�o� �t�w�o� �o�f� �t�h�e� �c�o�n�t�a�i�n�e�r�s� 

�(�B�A�T�L�-�1� �C�u�l�t�u�r�e� �a�n�d� �B�A�-�6�1�,� �.�2�%� �o�f� �m�i�x� �w�e�i�g�h�t� �a�n�d� �.�0�2�%� �o�f� �m�i�x� �w�e�i�g�h�t�,� �r�e�s�p�e�c�t�i�v�e�l�y�)� 

�a�n�d� �t�h�o�r�o�u�g�h�l�y� �m�i�x�e�d�.� �T�h�e� �c�o�n�t�a�i�n�e�r�s� �w�e�r�e� �t�h�e�n� �p�l�a�c�e�d� �i�n� �a� �4�0�°�C� �i�n�c�u�b�a�t�o�r� �u�n�t�i�l� 
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�t�i�t�r�a�t�a�b�l�e� �a�c�i�d�i�t�y� �o�f� �o�n�e� �o�f� �t�h�e� �c�o�n�t�a�i�n�e�r�s� �w�a�s� �.�1�5�%� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �i�n�i�t�i�a�l� �t�i�t�r�a�t�a�b�l�e� 

�a�c�i�d�i�t�y� �v�a�l�u�e� �(�e�n�d�p�o�i�n�t� �1�)�.� �T�h�e� �s�e�c�o�n�d� �c�o�n�t�a�i�n�e�r� �w�a�s� �i�n�c�u�b�a�t�e�d� �u�n�t�i�l� �t�h�e� �p�H� �w�a�s� �5�.�6� 

�(�e�n�d�p�o�i�n�t� �2�)�.� 

�F�r�o�z�e�n� �y�o�g�u�r�t� �w�a�s� �m�a�n�u�f�a�c�t�u�r�e�d� �i�n� �a� �p�i�l�o�t� �p�l�a�n�t� �b�a�t�c�h� �f�r�e�e�z�e�r� �(�E�m�o�r�y� �T�h�o�m�p�s�o�n� 

�F�r�e�e�z�e�r� �2�H�S�C� �A�,� �E�m�o�r�y� �T�h�o�m�p�s�o�n� �M�a�c�h�i�n�e� �a�n�d� �S�u�p�p�l�y� �C�o�.�,� �N�e�w� �Y�o�r�k�)� �w�i�t�h� �a�n� 

�o�v�e�r�r�r�u�n� �o�f� �5�5�-�6�0�%�.� �P�r�o�d�u�c�t� �w�a�s� �f�r�o�z�e�n� �a�n�d� �s�t�o�r�e�d� �a�t� �-�2�0�°�C� �u�n�t�i�l� �a�l�l� �a�n�a�l�y�s�e�s� �w�e�r�e� 

�c�o�m�p�l�e�t�e�d�.� 

�E�n�u�m�e�r�a�t�i�o�n� �o�f� �B�a�c�t�e�r�i�a� 

�B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �w�a�s� �e�n�u�m�e�r�a�t�e�d� �a�f�t�e�r� �t�h�e� �p�r�o�d�u�c�t� �r�e�a�c�h�e�d� �t�h�e� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� 

�e�n�d�p�o�i�n�t�s� �a�n�d� �w�a�s� �f�r�o�z�e�n�,� �a�n�d� �t�h�e�n� �o�n� �a� �b�i�w�e�e�k�l�y� �b�a�s�i�s� �f�r�o�m� �f�r�o�z�e�n� �s�t�o�r�a�g�e�.� �T�w�o� �m�e�d�i�a� 

�w�e�r�e� �u�s�e�d�.� �T�h�e� �f�i�r�s�t� �m�e�t�h�o�d� �u�s�e�d� �a� �m�o�d�i�f�i�e�d� �M�a�r�a� �a�n�d� �O�r�a�g�u�i�'�s�,� �(�B�i�f�i�d� �G�l�u�c�o�s�e� �A�g�a�r�,� 

�B�G�A�)� �m�e�d�i�u�m� �(�A�r�a�n�y�,� �1�9�9�2�)�.� �T�h�i�s� �m�e�d�i�u�m� �c�o�n�t�a�i�n�e�d� �(�g�/�L� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r�)�:� �g�l�u�c�o�s�e� �1�0�,� 

�p�o�l�y�p�e�p�t�o�n�e� �1�0�,� �y�e�a�s�t� �e�x�t�r�a�c�t� �2�0�,� �c�a�s�a�m�i�n�o� �a�c�i�d�s� �8�,� �s�o�d�i�u�m� �c�h�l�o�r�i�d�e� �3�.�2�,� �a�n�d� �L�-�c�y�s�t�e�i�n�e� 

�0�.�5�.� �D�y�e�s� �w�e�r�e� �a�d�d�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �a�m�o�u�n�t�s�:� �3� �m�L� �m�e�t�h�y�l�e�n�e� �b�l�u�e�,� �4�0� �m�L� �p�h�e�n�o�l� 

�r�e�d�.� �T�h�e� �m�e�d�i�u�m� �w�a�s� �d�i�s�p�e�n�s�e�d� �i�n�t�o� �2�5� �x� �1�4�2� �m�m� �r�o�l�l� �t�u�b�e�s� �i�n� �7� �a�n�d� �1�0� �m�L� �a�l�i�q�u�o�t�s� 

�u�s�i�n�g� �a�n�a�e�r�o�b�i�c� �r�o�l�l� �t�u�b�e� �e�q�u�i�p�m�e�n�t� �(�B�e�l�l�c�o�,� �I�n�c�.�,� �V�i�n�e�l�a�n�d�,� �N�e�w� �J�e�r�s�e�y�)� �f�o�l�l�o�w�i�n�g� 

�p�r�o�c�e�d�u�r�e�s� �o�u�t�l�i�n�e�d� �i�n� �t�h�e� �A�n�a�e�r�o�b�e� �L�a�b�o�r�a�t�o�r�y� �M�a�n�u�a�l� �(�H�o�l�d�e�m�a�n�,� �e�t� �a�l�.�,� �1�9�7�7�)�.� 

�G�r�a�n�u�l�a�t�e�d� �a�g�a�r� �(�.�0�2� �g�/�m�L�)� �w�a�s� �d�i�s�p�e�n�s�e�d� �i�n�t�o� �e�a�c�h� �r�o�l�l� �t�u�b�e� �(�B�e�l�l�c�o�,� �I�n�c�.�,� �V�i�n�e�l�a�n�d�,� 

�N�e�w� �J�e�r�s�e�y�)� �b�e�f�o�r�e� �t�h�e� �m�e�d�i�u�m� �w�a�s� �a�d�d�e�d�.� �M�e�d�i�u�m� �p�H� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� �7�.�1� �(�+�/�-� �0�.�1�)�,� 
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�u�s�i�n�g� �1� �N� �N�a�O�H�,� �p�r�i�o�r� �t�o� �a�u�t�o�c�l�a�v�i�n�g� �a�n�d� �t�u�b�e�s� �w�e�r�e� �s�u�b�s�e�q�u�e�n�t�l�y� �s�t�o�r�e�d� �i�n� �t�h�e� �d�a�r�k�.� 

�P�r�e�p�a�r�e�d� �m�e�d�i�a� �w�a�s� �u�s�e�d� �w�i�t�h�i�n� �t�w�o� �w�e�e�k�s�.� 

�A� �s�o�l�u�t�i�o�n� �o�f� �s�e�l�e�c�t�i�v�e� �a�g�e�n�t�s� �w�a�s� �p�r�e�p�a�r�e�d� �(�g�/�1�0� �m�L� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r�)� �n�a�l�i�d�i�x�i�c� 

�a�c�i�d� �(�.�0�5�6�)�,� �k�a�n�a�m�y�c�i�n� �m�o�n�o�s�u�l�f�a�t�e� �(�.�0�8�5�)� �a�n�d� �p�o�l�y�m�i�x�i�n� �B� �(�.�0�0�2�1�5�)� �f�o�r� �u�s�e� �w�i�t�h� �t�h�e� 

�R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� �S�y�s�t�e�m�.� �T�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �f�i�l�t�e�r�-�s�t�e�r�i�l�i�z�e�d� �u�s�i�n�g� �a� �G�e�l�m�a�n� �S�c�i�e�n�c�e�s� 

�S�t�e�r�i�l�e� �0�.�2� �m�i�c�r�o�m�e�t�e�r� �A�c�r�o�d�i�s�c� �a�n�d� �a� �3�0�c�c� �s�y�r�i�n�g�e�.� �T�h�e� �s�t�e�r�i�l�i�z�e�d� �s�o�l�u�t�i�o�n� �w�a�s� �t�h�e�n� 

�p�l�a�c�e�d� �i�n� �t�h�e� �f�r�e�e�z�e�r� �a�t� �-�4�°�C� �u�n�t�i�l� �u�s�e�d�.� �P�r�i�o�r� �t�o� �u�s�e�,� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �p�l�a�c�e�d� �i�n� �t�h�e� 

�r�e�f�r�i�g�e�r�a�t�o�r� �(�4�°�C�)� �f�o�r� �2�4� �h�r� �t�o� �a�l�l�o�w� �p�r�o�p�e�r� �t�h�a�w�i�n�g�.� 

�T�h�e� �s�e�c�o�n�d� �m�e�d�i�u�m�,� �m�a�l�t�o�s�e�/�g�a�l�a�c�t�o�s�e� �r�e�i�n�f�o�r�c�e�d� �c�l�o�s�t�r�i�d�i�a�l� �a�g�a�r� �w�a�s� �a�l�s�o� �u�s�e�d� 

�t�o� �e�n�u�m�e�r�a�t�e� �B�.� �J�o�n�g�u�m�.� �T�h�e� �i�n�g�r�e�d�i�e�n�t�s� �w�e�r�e� �a�s� �f�o�l�l�o�w�s� �(�g�/�L� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r�)�:� 

�T�r�y�p�t�i�c�a�s�e� �p�e�p�t�o�n�e� �1�0�,� �b�e�e�f� �e�x�t�r�a�c�t� �1�0�,� �g�a�l�a�c�t�o�s�e� �5�,� �m�a�l�t�o�s�e� �5�,� �s�o�d�i�u�m� �c�h�l�o�r�i�d�e� �5�,� �y�e�a�s�t� 

�e�x�t�r�a�c�t� �3�,� �s�o�d�i�u�m� �a�c�e�t�a�t�e� �8�,� �s�t�a�r�c�h� �1�,� �L�-�c�y�s�t�e�i�n�e� �.�5�,� �g�r�a�n�u�l�a�t�e�d� �a�g�a�r� �1�3�.�5�.� �T�h�e� �m�e�d�i�u�m� 

�p�H� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� �5�.�4� �(�+�/�-� �0�.�1�)� �u�s�i�n�g� �a� �1� �N� �H�C�l�,� �a�n�d� �d�i�s�p�e�n�s�e�d� �i�n�t�o� �1�5�0� �m�L� �s�c�r�e�w�-�c�a�p� 

�b�o�t�t�l�e�s� �a�n�d� �a�u�t�o�c�l�a�v�e�d� �(�1�2�1�°�C�,� �2�0� �p�s�i�,� �2�0� �m�i�n�)�.� �M�e�d�i�u�m� �w�a�s� �s�t�o�r�e�d� �i�n� �t�h�e� �d�a�r�k� �u�n�t�i�l� 

�u�s�e�d�.� 

�D�i�l�u�t�i�o�n� �B�l�a�n�k�s� 

�T�w�o� �t�y�p�e�s� �o�f� �d�i�l�u�t�i�o�n� �b�l�a�n�k�s� �w�e�r�e� �p�r�o�d�u�c�e�d�.� �T�h�e� �f�i�r�s�t� �w�a�s� �a�n� �a�e�r�o�b�i�c�a�l�l�y�-� 

�p�r�o�d�u�c�e�d� �p�r�e�-�r�e�d�u�c�e�d� �p�e�p�t�o�n�e� �d�i�l�u�t�i�o�n� �b�l�a�n�k�.� �T�h�e� �d�i�l�u�t�i�o�n� �b�l�a�n�k�s� �c�o�n�t�a�i�n�e�d� �.�0�1�%� �(�w�/�v�)� 

�p�e�p�t�o�n�e� �(�D�i�f�c�o�-�B�a�c�t�o� �P�e�p�t�o�n�e�,� �D�i�f�c�o� �L�a�b�o�r�a�t�o�r�i�e�s�)� �a�n�d� �.�0�5�%� �L�-�c�y�s�t�e�i�n�e� �(�S�i�g�m�a� �C�e�l�l� 

�C�u�l�t�u�r�e� �R�e�a�g�e�n�t�s�)�.� �T�o� �5�0�0� �m�L� �o�f� �d�i�s�t�i�l�l�e�d�,� �d�e�i�o�n�i�z�e�d� �w�a�t�e�r�,� �.�5�0� �g� �o�f� �p�e�p�t�o�n�e� �a�n�d� �.�2�5� �g� 
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�o�f� �L�-�c�y�s�t�e�i�n�e� �w�e�r�e� �w�e�i�g�h�e�d� �a�n�d� �a�d�d�e�d�.� �S�o�l�u�t�i�o�n� �p�H� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� �7�.�0� �u�s�i�n�g� �I�N� 

�N�a�O�H�.� �N�i�n�e� �m�L� �a�l�i�q�u�o�t�s� �w�e�r�e� �d�i�s�p�e�n�s�e�d� �i�n�t�o� �1�5� �m�L� �s�c�r�e�w�-�c�a�p� �t�u�b�e�s� �u�s�i�n�g� �a�n� �O�x�f�o�r�d� 

�d�i�s�p�e�n�s�e�r� �(�M�o�n�o�j�e�c�t�,� �I�n�c�.�)�.� �T�u�b�e�s� �w�e�r�e� �t�h�e�n� �c�a�p�p�e�d�,� �s�t�e�r�i�l�i�z�e�d� �(�1�2�1�°�C�,� �2�0� �p�s�i�,� �2�0� �m�i�n�)�,� 

�c�o�o�l�e�d� �a�n�d� �s�t�o�r�e�d� �i�n� �t�h�e� �d�a�r�k� �u�n�t�i�l� �u�s�e�d�.� �T�h�e�s�e� �d�i�l�u�t�i�o�n� �b�l�a�n�k�s� �w�e�r�e� �u�s�e�d� �i�n� �c�o�n�j�u�n�c�t�i�o�n� 

�w�i�t�h� �M�/�G� �R�C�A�.� 

�A� �s�e�c�o�n�d� �s�e�t� �o�f� �d�i�l�u�t�i�o�n� �b�l�a�n�k�s� �w�e�r�e� �u�s�e�d� �w�i�t�h� �t�h�e� �R�o�l�l� �T�u�b�e� �M�e�t�h�o�d� �a�n�d� �R�e�p�a�i�r� 

�D�e�t�e�c�t�i�o�n� �S�y�s�t�e�m�.� �T�h�e� �i�n�g�r�e�d�i�e�n�t�s� �w�e�r�e� �i�d�e�n�t�i�c�a�l� �t�o� �a�e�r�o�b�i�c�a�l�l�y�-�p�r�o�d�u�c�e�d� �b�l�a�n�k�s�;� 

�h�o�w�e�v�e�r�,� �m�e�t�h�y�l�e�n�e� �b�l�u�e� �(�.�3� �m�L�/�5�0�0�m�L�)� �w�a�s� �a�d�d�e�d� �a�s� �a�n� �o�x�y�g�e�n� �i�n�d�i�c�a�t�o�r�.� �T�h�e� �b�l�a�n�k�s� 

�w�e�r�e� �p�r�o�d�u�c�e�d� �f�o�l�l�o�w�i�n�g� �t�h�e� �V�P�I� �A�n�a�e�r�o�b�e� �M�a�n�u�a�l� �i�n�s�t�r�u�c�t�i�o�n�s� �(�H�o�l�d�e�m�a�n�n� �e�t� �a�l�.�,� 

�1�9�7�7�)�.� �T�h�e� �m�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �t�o� �p�r�o�d�u�c�e� �t�h�e� �a�n�a�e�r�o�b�i�c� �b�l�a�n�k�s� �i�n�v�o�l�v�e�d� �t�h�e� �i�n�j�e�c�t�i�o�n� �o�f� 

�C�O�,� �i�n�t�o� �t�h�e� �t�u�b�e�s� �t�o� �f�a�c�i�l�i�t�a�t�e� �t�h�e� �r�e�m�o�v�a�l� �o�f� �t�h�e� �o�x�y�g�e�n�.� �T�h�e� �s�o�l�u�t�i�o�n�s� �w�e�r�e� �d�i�s�p�e�n�s�e�d� 

�i�n�t�o� �s�m�a�l�l� �r�o�l�l� �t�u�b�e�s� �w�h�i�c�h� �w�e�r�e� �s�t�o�p�p�e�r�e�d� �a�s� �o�p�p�o�s�e�d� �t�o� �s�c�r�e�w�-�c�a�p�p�e�d�.� 

�R�e�p�a�i�r�-�D�e�t�e�c�t�i�o�n� �P�r�o�c�e�d�u�r�e� �w�i�t�h� �R�o�l�l�-�T�u�b�e�s� 

�T�h�e� �R�o�l�l� �T�u�b�e� �M�e�t�h�o�d� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �f�o�l�l�o�w�e�d� �p�r�o�c�e�d�u�r�e�s� �o�u�t�l�i�n�e�d� �i�n� �t�h�e� 

�A�n�a�e�r�o�b�e� �L�a�b�o�r�a�t�o�r�y� �M�a�n�u�a�l� �(�H�o�l�d�e�m�a�n�n� �e�t� �a�l�.�,� �1�9�7�7�)�.� �M�o�d�i�f�i�e�d� �B�G�A� �w�a�s� �p�r�e�p�a�r�e�d� 

�w�i�t�h�o�u�t� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �s�e�l�e�c�t�i�v�e� �a�g�e�n�t�s�,� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �V�P�I� �A�n�a�e�r�o�b�i�c� �M�a�n�u�a�l� 

�(�H�o�l�d�e�m�a�n�n� �e�t� �a�l�.�,� �1�9�7�7�)� �a�n�d� �d�i�s�p�e�n�s�e�d� �i�n�t�o� �2�5� �x� �1�4�2� �m�m� �r�o�l�l� �t�u�b�e�s� �(�B�e�l�l�c�o�,� �I�n�c�.�,� 

�V�i�n�e�l�a�n�d�,� �N�e�w� �J�e�r�s�e�y�)� �i�n� �1�0� �a�n�d� �7� �m�L� �a�l�i�q�u�o�t�s�.� �T�h�e� �s�e�v�e�n� �m�l�.� �t�u�b�e�s� �w�e�r�e� �u�s�e�d� �t�o� 

�i�n�o�c�u�l�a�t�e� �t�h�e� �d�i�l�u�t�i�o�n� �o�f� �f�r�o�z�e�n� �y�o�g�u�r�t� �a�n�d� �t�h�e� �t�e�n� �m�l�.� �t�u�b�e�s� �w�e�r�e� �u�s�e�d� �a�s� �t�h�e� �o�v�e�r�l�a�y�.� 

�T�u�b�e�s� �w�e�r�e� �a�u�t�o�c�l�a�v�e�d� �a�n�d� �s�t�o�r�e�d� �f�o�r� �n�o� �l�o�n�g�e�r� �t�h�a�n� �t�w�o� �w�e�e�k�s� �p�r�i�o�r� �t�o� �u�s�e�.� �P�r�i�o�r� �t�o� 
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�i�n�o�c�u�l�a�t�i�o�n�,� �t�u�b�e�s� �w�e�r�e� �s�t�e�a�m�e�d� �(�1�0�0�°�C�,� �1�0� �m�i�n�)� �t�o� �f�a�c�i�l�i�t�a�t�e� �m�e�l�t�i�n�g� �o�f� �m�e�d�i�a� �a�n�d� 

�t�e�m�p�e�r�e�d� �i�n� �a� �4�7�°�C� �w�a�t�e�r� �b�a�t�h�.� �A�n�a�e�r�o�b�i�c� �d�i�l�u�t�i�o�n� �b�l�a�n�k�s� �w�e�r�e� �u�n�s�t�o�p�p�e�r�e�d� �u�n�d�e�r� �C�O�,� 

�c�a�n�u�l�a� �a�n�d� �s�e�r�i�a�l� �d�i�l�u�t�i�o�n�s� �w�e�r�e� �m�a�d�e� �t�o� �t�h�e� �h�i�g�h�e�s�t� �d�i�l�u�t�i�o�n� �r�e�q�u�i�r�e�d�.� �N�o�n�-�s�e�l�e�c�t�i�v�e� 

�(�7�m�L�)� �t�u�b�e�s� �w�e�r�e� �u�n�s�t�o�p�p�e�r�e�d� �u�n�d�e�r� �C�O�,� �c�a�n�u�l�a� �a�n�d� �i�n�o�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �a�n�a�e�r�o�b�i�c� 

�d�i�l�u�t�i�o�n� �b�l�a�n�k� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �d�e�s�i�r�e�d� �d�i�l�u�t�i�o�n�.� �T�u�b�e�s� �w�e�r�e� �t�h�e�n� �s�t�o�p�p�e�r�e�d�,� �s�p�u�n� �u�n�t�i�l� 

�s�o�l�i�d�,� �i�n�v�e�r�t�e�d� �a�n�d� �t�h�e�n� �i�n�c�u�b�a�t�e�d� �f�o�r� �2� �h�r� �a�t� �3�7�°�C� �t�o� �a�l�l�o�w� �i�n�j�u�r�e�d� �c�e�l�l�s� �t�o� �r�e�p�a�i�r�.� �O�n�c�e� 

�t�h�e� �i�n�c�u�b�a�t�i�o�n� �t�i�m�e� �p�a�s�s�e�d�,� �t�h�e� �t�u�b�e�s� �w�e�r�e� �r�e�-�o�p�e�n�e�d� �a�n�d� �p�l�a�c�e�d� �u�n�d�e�r� �t�h�e� �c�a�n�u�l�a�.� �A� �1�0� 

�m�L� �t�u�b�e� �o�f� �t�e�m�p�e�r�e�d� �M�B�G�A� �w�a�s� �t�h�e�n� �o�p�e�n�e�d� �u�n�d�e�r� �C�O�,� �c�a�n�u�l�a�,� �.�1� �m�L� �s�e�l�e�c�t�i�v�e� �a�g�e�n�t� 

�w�a�s� �a�d�d�e�d�,� �a�n�d� �t�h�e� �c�o�n�t�e�n�t�s� �o�f� �t�h�e� �t�u�b�e� �w�e�r�e� �a�d�d�e�d� �t�o� �t�h�e� �u�n�s�t�o�p�p�e�r�e�d� �7�m�L� �t�u�b�e�.� 

�O�v�e�r�l�a�y�e�d� �t�u�b�e� �w�a�s� �t�h�e�n� �s�t�o�p�p�e�r�e�d�,� �s�p�u�n� �u�n�t�i�l� �s�o�l�i�d�,� �i�n�v�e�r�t�e�d� �a�n�d� �i�n�c�u�b�a�t�e�d�,� �a�t� �3�7�°�C� �f�o�r� 

�u�p� �t�o� �9�6� �h�r�.� 

�R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� �S�y�s�t�e�m� �w�i�t�h� �P�l�a�t�e�s� 

�M�B�G�A� �w�a�s� �a�l�s�o� �u�s�e�d� �w�i�t�h� �p�l�a�t�e�s� �w�h�i�c�h� �w�e�r�e� �i�n�o�c�u�l�a�t�e�d� �u�s�i�n�g� �a�n�a�e�r�o�b�i�c� �d�i�l�u�t�i�o�n� 

�b�l�a�n�k�s�.� �T�u�b�e�s� �w�h�i�c�h� �c�o�n�t�a�i�n�e�d� �t�h�e� �m�e�d�i�u�m� �w�e�r�e� �s�t�e�a�m�e�d� �a�n�d� �t�e�m�p�e�r�e�d� �a�s� �d�e�s�c�r�i�b�e�d� 

�a�b�o�v�e�.� �T�h�e� �7� �m�L� �t�u�b�e�s� �w�e�r�e� �t�h�e�n� �u�n�s�t�o�p�p�e�r�e�d� �u�n�d�e�r� �c�a�n�u�l�a�,� �i�n�o�c�u�l�a�t�e�d� �a�n�d� �p�o�u�r�e�d� �o�n�t�o� 

�p�l�a�t�e�s� �(�n�o�n�-�s�e�l�e�c�t�i�v�e� �l�a�y�e�r�)�,� �a�l�l�o�w�e�d� �t�o� �s�o�l�i�d�i�f�y� �a�n�d� �p�l�a�c�e�d� �i�n� �a�n� �a�n�a�e�r�o�b�e� �j�a�r� �w�i�t�h� �a� 

�G�a�s�P�a�k� �a�n�d� �a�n� �i�n�d�i�c�a�t�o�r� �s�t�r�i�p�.� �T�h�e� �j�a�r� �w�a�s� �t�h�e�n� �i�n�c�u�b�a�t�e�d� �a�t� �3�7�°�C� �f�o�r� �2� �h�r� �t�o� �a�l�l�o�w� 

�r�e�p�a�i�r� �o�f� �i�n�j�u�r�e�d� �c�e�l�l�s�.� �A�f�t�e�r� �i�n�c�u�b�a�t�i�o�n�,� �t�h�e� �j�a�r� �w�a�s� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �i�n�c�u�b�a�t�o�r� �a�n�d� 

�o�p�e�n�e�d�.� �T�e�n� �(�1�0�)� �m�l� �M�B�G�A� �t�u�b�e�s� �w�e�r�e� �u�n�s�t�o�p�p�e�r�e�d� �u�n�d�e�r� �c�a�n�u�l�a�,� �.�1�m�l� �s�e�l�e�c�t�i�v�e� �a�g�e�n�t� 

�w�a�s� �a�d�d�e�d� �a�n�d� �t�h�e� �c�o�n�t�e�n�t�s� �w�a�s� �p�o�u�r�e�d� �o�v�e�r� �t�h�e� �i�n�o�c�u�l�a�t�e�d� �p�l�a�t�e�s� �(�s�e�l�e�c�t�i�v�e� �o�v�e�r�l�a�y�)�,� 
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�a�l�l�o�w�e�d� �t�o� �s�o�l�i�d�i�f�y�,� �p�l�a�c�e�d� �i�n� �a�n�a�e�r�o�b�e� �j�a�r� �w�i�t�h� �a� �f�r�e�s�h� �G�a�s�P�a�k� �a�n�d� �i�n�d�i�c�a�t�o�r� �s�t�r�i�p� �a�n�d� 

�r�e�t�u�r�n�e�d� �t�o� �t�h�e� �i�n�c�u�b�a�t�o�r� �f�o�r� �u�p� �t�o� �9�6� �h�o�u�r�s�.� 

�M�a�l�t�o�s�e�/�G�a�l�a�c�t�o�s�e� �R�e�i�n�f�o�r�c�e�d� �C�l�o�s�t�r�i�d�i�a�l� �A�g�a�r� 

�B�o�t�t�l�e�s� �o�f� �m�e�d�i�a� �w�e�r�e� �s�t�e�a�m�e�d� �(�1�0�0�°�C�,� �1�0� �m�i�n�)� �a�n�d� �t�e�m�p�e�r�e�d� �a�t� �4�6�°�C� �p�r�i�o�r� �t�o� 

�u�s�e�.� �S�e�r�i�a�l� �d�i�l�u�t�i�o�n�s� �w�e�r�e� �m�a�d�e� �u�s�i�n�g� �l�i�q�u�e�f�i�e�d� �f�r�o�z�e�n� �y�o�g�u�r�t� �i�n� �a�e�r�o�b�i�c� �d�i�l�u�t�i�o�n� �b�l�a�n�k�s�.� 

�T�h�e� �p�l�a�t�e�s� �w�e�r�e� �t�h�e�n� �i�n�o�c�u�l�a�t�e�d� �u�s�i�n�g� �1� �m�l� �o�f� �d�i�l�u�t�i�o�n� �a�n�d� �t�h�e� �p�o�u�r�-�p�l�a�t�e� �m�e�t�h�o�d�,� �1�.�e�.� �1� 

�m�L� �o�f� �d�i�l�u�t�i�o�n� �w�a�s� �p�l�a�c�e�d� �o�n� �t�h�e� �p�l�a�t�e�,� �a�n�d� �t�e�m�p�e�r�e�d� �m�e�d�i�a� �w�a�s� �p�o�u�r�e�d� �o�v�e�r� �i�t� �u�n�t�i�l� �t�h�e� 

�b�o�t�t�o�m� �o�f� �t�h�e� �p�l�a�t�e� �w�a�s� �c�o�v�e�r�e�d�,� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0� �m�l�s� �o�f� �m�e�d�i�a�.� �T�h�e� �p�l�a�t�e� �w�a�s� �s�l�o�w�l�y� 

�s�w�i�r�l�e�d� �t�o� �f�a�c�i�l�i�t�a�t�e� �m�i�x�i�n�g�,� �m�e�d�i�a� �w�a�s� �t�h�e�n� �a�l�l�o�w�e�d� �t�o� �s�o�l�i�d�i�f�y�,� �p�l�a�t�e�s� �w�e�r�e� �i�n�v�e�r�t�e�d� �a�n�d� 

�t�h�e�n� �p�l�a�c�e�d� �i�n� �a�n� �a�n�a�e�r�o�b�e� �j�a�r� �w�i�t�h� �a� �G�a�s�P�a�k� �a�n�d� �i�n�d�i�c�a�t�o�r� �s�t�r�i�p�.� �T�h�e� �j�a�r� �w�a�s� �t�h�e�n� 

�p�l�a�c�e�d� �i�n� �a� �4�0�°�C� �i�n�c�u�b�a�t�o�r� �f�o�r� �7�2� �h�o�u�r�s� �a�n�d� �c�o�l�o�n�i�e�s� �w�e�r�e� �c�o�u�n�t�e�d� �s�u�b�s�e�q�u�e�n�t� �t�o� 

�r�e�m�o�v�a�l� �o�f� �p�l�a�t�e�s�/�t�u�b�e�s� �f�r�o�m� �t�h�e� �i�n�c�u�b�a�t�o�r�.� 

�S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s� 

�D�a�t�a� �a�n�a�l�y�s�i�s� �w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� �l�o�g� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �b�a�c�t�e�r�i�a�l� �c�o�u�n�t�s�.� �A� �m�o�d�e�l� 

�w�a�s� �d�e�v�e�l�o�p�e�d� �t�o� �e�v�a�l�u�a�t�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �r�e�c�o�v�e�r�y� �o�f� �B�.� �l�o�n�g�u�m� �f�r�o�m� �f�r�o�z�e�n� �y�o�g�u�r�t� 

�f�e�r�m�e�n�t�e�d� �t�o� �t�w�o� �e�n�d�p�o�i�n�t�s� �b�y� �t�h�r�e�e� �r�e�c�o�v�e�r�y� �m�e�t�h�o�d�s�.� �A�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �o�n� �S�A�S� 

�(�S�t�a�t�i�s�t�i�c�a�l� �T�r�e�n�d� �A�n�a�l�y�s�i�s� �S�y�s�t�e�m�,� �C�a�r�y�,� �N�.�C�.�)� �w�a�s� �u�s�e�d� �t�o� �a�n�a�l�y�z�e� �t�h�e� �d�a�t�a�.� 
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�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�T�h�e� �R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� �R�o�l�l�-�T�u�b�e� �M�e�t�h�o�d� �(�R�D�R�T�)� �o�f�f�e�r�s� �e�n�h�a�n�c�e�d� �r�e�c�o�v�e�r�y� �o�f� �B�.� 

�l�o�n�g�u�m� �(�p�<�.�0�5�)� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �B�G�A� �p�l�a�t�e�s� �a�n�d� �M�/�G� �R�C�A� �p�l�a�t�e�s� �a�t� �b�o�t�h� �e�n�d�p�o�i�n�t�s� 

�(�F�i�g�u�r�e� �3�-�1�)�.� �T�h�e� �R�D�R�T� �s�y�s�t�e�m� �r�e�c�o�v�e�r�e�d� �c�e�l�l�s� �a�t� �l�e�v�e�l�s� �f�r�o�m� �o�n�e�-�q�u�a�r�t�e�r� �t�o� �o�n�e�-�h�a�l�f� 

�l�o�g� �h�i�g�h�e�r� �t�h�a�n� �t�h�e� �B�G�A� �a�n�d� �M�/�G� �R�C�A� �p�l�a�t�e�s�.� 

�R�e�c�o�v�e�r�y� �o�f� �B�.� �l�o�n�g�u�m� �o�n� �B�G�A� �P�l�a�t�e�s� �a�n�d� �M�/�G� �R�C�A� �p�l�a�t�e�s� �w�a�s� �n�o�t� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �(�p�>�.�0�5�)�f�o�r� �b�o�t�h� �e�n�d�p�o�i�n�t�s� �e�a�c�h� �w�e�e�k�,� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� 

�E�n�d�p�o�i�n�t� �1�,� �W�e�e�k� �5� �d�a�t�a�.� �F�u�r�t�h�e�r�m�o�r�e�,� �n�o� �d�e�c�r�e�a�s�e� �i�n� �b�a�c�t�e�r�i�a�l� �n�u�m�b�e�r�s� �w�a�s� �o�b�s�e�r�v�e�d� 

�o�v�e�r� �t�h�e� �s�t�o�r�a�g�e� �p�e�r�i�o�d� �f�o�r� �a�n�y� �o�f� �t�h�e� �t�h�r�e�e� �m�e�t�h�o�d�s� �o�f� �r�e�c�o�v�e�r�y�.� �T�h�e� �R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� 

�S�y�s�t�e�m� �p�r�o�v�i�d�e�d� �t�h�e� �c�e�l�l�s� �w�h�i�c�h� �w�e�r�e� �i�n�j�u�r�e�d� �a�n� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �o�p�p�o�r�t�u�n�i�t�y� �t�o� �r�e�p�a�i�r� 

�t�h�e�i�r� �i�n�j�u�r�y�,� �t�h�u�s� �m�a�x�i�m�i�z�i�n�g� �b�a�c�t�e�r�i�a�l� �c�o�u�n�t�s�.� �T�h�e� �i�n�g�r�e�d�i�e�n�t�s� �i�n� �t�h�e� �m�e�d�i�u�m� �m�a�y� �o�r� 

�m�a�y� �n�o�t� �h�a�v�e� �b�e�e�n� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�i�s� �i�n�c�r�e�a�s�e� �i�n� �r�e�c�o�v�e�r�y�;� �b�u�t� �r�a�t�h�e�r�,� �t�h�e� �m�e�t�h�o�d� �i�t�s�e�l�f� 

�m�a�y� �b�e� �t�h�e� �r�e�a�s�o�n� �f�o�r� �e�n�h�a�n�c�e�d� �r�e�c�o�v�e�r�y� �d�u�e� �t�o� �t�h�e� �c�o�n�s�t�a�n�t� �a�n�a�e�r�o�b�i�c� �e�n�v�i�r�o�n�m�e�n�t�,� �i�.�e�.� 

�f�r�o�m� �d�i�l�u�t�i�o�n� �b�l�a�n�k�s� �t�o� �i�n�o�c�u�l�a�t�i�o�n�.� 
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�L�e�a�s�t� �S�q�u�a�r�e� �M�e�a�n�s� �o�f� �L�o�g� �C�o�u�n�t�s� 

� � 
�F�i�g�u�r�e� �3�-�1�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �m�e�t�h�o�d�s� �o�f� �r�e�c�o�v�e�r�y� �o�f� �B�.� �l�o�n�g�u�m� �f�r�o�m� �f�r�o�z�e�n� �y�o�g�u�r�t� 

�f�e�r�m�e�n�t�e�d� �w�i�t�h� �t�o� �t�w�o� �e�n�d�p�o�i�n�t�s� �a�n�d� �s�t�o�r�e�d� �f�o�r� �a�n� �e�l�e�v�e�n� �w�e�e�k� �p�e�r�i�o�d�.� �-�:�-�-�-� �B�G�A� 

�r�o�l�l� �t�u�b�e� �m�e�t�h�o�d�,� �e�n�d�p�o�i�n�t� �1�;� �-�|�-�|�-� �B�G�A� �p�l�a�t�e� �m�e�t�h�o�d�,� �e�n�d�p�o�i�n�t� �1�;� �-�*�-�*�-� 

�M�a�l�t�o�s�e�/�g�a�l�a�c�t�o�s�e� �R�C�A� �p�l�a�t�e� �m�e�t�h�o�d�,� �e�n�d�p�o�i�n�t� �1�;� �-�C�-�C�-� �B�G�A� �r�o�l�l� �t�u�b�e� �m�e�t�h�o�d�,� 

�e�n�d�p�o�i�n�t� �2�;� �-�x�-�x�-� �B�G�A� �p�l�a�t�e� �m�e�t�h�o�d�,� �e�n�d�p�o�i�n�t� �2�;� �-� �@�-� �#�-� �M�a�l�t�o�s�e�/�g�a�l�a�c�t�o�s�e� �R�C�A� 

�p�l�a�t�e� �m�e�t�h�o�d�;� �e�n�d�p�o�i�n�t� �2�.� 
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�C�O�N�C�L�U�S�I�O�N�S� �A�N�D� �F�U�T�U�R�E� �R�E�S�E�A�R�C�H� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�t�u�d�y� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �u�s�e� �o�f� �t�h�e� �M�B�G�A� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� 

�t�h�e� �R�o�l�l� �T�u�b�e� �M�e�t�h�o�d� �a�n�d� �R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� �S�y�s�t�e�m�,� �p�r�o�v�i�d�e�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�m�p�r�o�v�e�d� 

�b�a�c�t�e�r�i�a�l� �r�e�c�o�v�e�r�y� �c�o�m�p�a�r�e�d� �t�o� �o�t�h�e�r� �m�e�t�h�o�d�s� �t�e�s�t�e�d�.� �A�r�a�n�y� �(�1�9�9�2�)� �a�l�s�o� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� 

�t�h�e� �R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� �S�y�s�t�e�m� �w�i�t�h� �R�o�l�l� �T�u�b�e�s� �p�r�o�v�i�d�e�d� �s�u�p�e�r�i�o�r� �r�e�c�o�v�e�r�y�,� �i�n� �t�e�r�m�s� �o�f� 

�b�a�c�t�e�r�i�a�l� �c�o�u�n�t�s�,� �f�o�r� �e�n�u�m�e�r�a�t�i�o�n� �o�f� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �s�s�p�.� �i�n� �w�a�t�e�r� �a�n�d� �f�r�o�z�e�n� �y�o�g�u�r�t�.� 

�T�h�e� �B�G�A� �p�l�a�t�e�s� �a�n�d� �t�h�e� �M�/�G� �R�C�A� �p�l�a�t�e�s� �s�h�o�w�e�d� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�m�i�l�a�r� �r�e�s�u�l�t�s�.� 

�T�h�i�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �u�s�e� �o�f� �t�h�e� �R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� �S�y�s�t�e�m� �w�i�t�h�o�u�t� �t�h�e� �R�o�l�l� �T�u�b�e� �M�e�t�h�o�d� 

�m�a�y� �n�o�t� �p�r�o�v�i�d�e� �e�n�h�a�n�c�e�d� �r�e�c�o�v�e�r�y� �o�f� �i�n�j�u�r�e�d� �c�e�l�l�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e�s�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e�d� 

�t�h�a�t� �t�h�e� �M�B�G�A� �m�e�d�i�u�m� �m�a�y� �n�o�t� �b�e� �t�h�e� �r�e�a�s�o�n� �f�o�r� �e�n�h�a�n�c�e�d� �r�e�c�o�v�e�r�y� �o�f� �i�n�j�u�r�e�d� �c�e�l�l�s� 

�s�i�n�c�e� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �w�a�s� �o�b�s�e�r�v�e�d� �b�e�t�w�e�e�n� �M�B�G�A� �a�n�d� �M�/�G� �R�C�A� �p�l�a�t�e�s�.� �T�h�e� 

�m�o�s�t� �l�o�g�i�c�a�l� �c�o�n�c�l�u�s�i�o�n� �w�o�u�l�d� �b�e� �t�h�a�t� �t�h�e� �R�o�l�l� �T�u�b�e� �M�e�t�h�o�d� �w�i�t�h� �t�h�e� �R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� 

�S�y�s�t�e�m� �w�a�s� �t�h�e� �k�e�y� �t�o� �e�n�h�a�n�c�e�d� �r�e�c�o�v�e�r�y� �o�f� �i�n�j�u�r�e�d� �c�e�l�l�s� �o�f� �B�.� �J�o�n�g�u�m�.� �T�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� 

�M�B�G�A� �p�l�a�t�e�s� �a�n�d� �t�h�e� �M�/�G� �R�C�A� �p�l�a�t�e�s� �r�e�c�o�v�e�r�e�d� �t�h�e� �s�a�m�e� �n�u�m�b�e�r� �o�f� �c�e�l�l�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� 

�t�h�e� �m�e�t�h�o�d� �o�f� �e�n�u�m�e�r�a�t�i�n�g� �c�e�l�l�s�,� �i�t�s�e�l�f�,� �m�a�y� �b�e� �t�h�e� �r�e�a�s�o�n� �f�o�r� �c�e�l�l� �i�n�j�u�r�y�.� �T�h�i�s� �m�a�y� �b�e� 

�c�o�n�c�l�u�d�e�d� �b�e�c�a�u�s�e� �t�h�e� �R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� �S�y�s�t�e�m� �w�i�t�h�o�u�t� �r�o�l�l� �t�u�b�e�s� �p�r�o�v�i�d�e�d� �s�i�m�i�l�a�r� 

�r�e�c�o�v�e�r�y� �r�e�s�u�l�t�s� �a�s� �t�h�e� �M�/�G� �R�C�A� �w�i�t�h�o�u�t� �t�h�e� �r�e�p�a�i�r� �d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m�,� �w�h�i�c�h� �m�a�y� 

�i�n�d�i�c�a�t�e� �t�h�e�r�e� �w�e�r�e� �n�o� �i�n�j�u�r�e�d� �c�e�l�l�s� �t�o� �r�e�c�o�v�e�r�.� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�t�u�d�y� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� �S�y�s�t�e�m� �i�n� �c�o�n�j�u�n�c�t�i�o�n� 

�w�i�t�h� �t�h�e� �R�o�l�l� �T�u�b�e� �M�e�t�h�o�d� �w�a�s� �v�i�t�a�l� �t�o� �e�n�h�a�n�c�e�d� �r�e�c�o�v�e�r�y� �o�f� �i�n�j�u�r�e�d� �c�e�l�l�s� �o�f� �B�.� �J�o�n�g�u�m�.� 

�H�o�w�e�v�e�r�,� �o�n�e� �a�r�e�a� �o�f� �f�u�t�u�r�e� �s�t�u�d�y� �c�o�u�l�d� �b�e� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �M�/�G� �R�C�A� �m�e�d�i�u�m� �w�i�t�h� �t�h�e� 
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�R�o�l�l� �T�u�b�e� �M�e�t�h�o�d� �a�n�d� �R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� �S�y�s�t�e�m� �f�o�r� �c�o�m�p�a�r�i�s�o�n� �t�o� �B�G�A� �R�o�l�l� �T�u�b�e�s� �a�n�d� 

�t�h�e� �R�e�p�a�i�r� �D�e�t�e�c�t�i�o�n� �S�y�s�t�e�m�.� �T�h�i�s� �w�o�u�l�d� �a�l�l�o�w� �u�s� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� 

�c�o�n�t�e�n�t�s� �o�f� �e�a�c�h� �m�e�d�i�u�m� �i�s� �t�h�e� �c�a�u�s�e� �o�f� �e�n�h�a�n�c�e�d� �r�e�c�o�v�e�r�y�.� �T�h�i�s� �k�n�o�w�l�e�d�g�e� �c�o�u�l�d� �s�h�e�d� 

�l�i�g�h�t� �o�n� �a� �t�y�p�e� �o�f� �m�e�d�i�u�m� �w�h�i�c�h� �c�o�u�l�d� �p�r�o�v�i�d�e� �t�h�e� �m�a�x�i�m�u�m� �r�e�c�o�v�e�r�y� �p�o�s�s�i�b�l�e� �f�o�r� 

�i�n�j�u�r�e�d� �b�a�c�t�e�r�i�a�l� �c�e�l�l�s�.� 
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�R�E�F�E�R�E�N�C�E�S� 

�A�r�a�n�y�,� �C�.�B�.� �1�9�9�2�.� �E�n�h�a�n�c�e�d� �r�e�c�o�v�e�r�y� �o�f� �i�n�j�u�r�e�d� �a�n�d� �n�o�n�i�n�j�u�r�e�d� �c�e�l�l�s� �o�f� 

�B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �s�p�e�c�i�e�s� �f�r�o�m� �w�a�t�e�r� �a�n�d� �d�a�i�r�y� �p�r�o�d�u�c�t�s�.� �M�.� �S�.� �T�h�e�s�i�s�.� �V�i�r�g�i�n�i�a� 

�P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�,� �B�l�a�c�k�s�b�u�r�g�,� �V�A�.� 

�D�e�l�l�a�g�l�i�o�,� �F�.�,� �T�o�r�r�i�a�n�i�,� �S�.� �1�9�9�2�.� �S�p�e�c�i�f�i�c� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �m�i�c�r�o�o�r�g�a�n�i�s�m�s� �u�s�e�d� �f�o�r� �n�e�w� 

�f�e�r�m�e�n�t�e�d� �m�i�l�k�s�.� �B�u�l�l�e�t�i�n� �o�f� �t�h�e� �I�D�F� �2�7�7�:�4�-�5�.� �B�r�u�s�s�e�l�s�,� �B�e�l�g�i�u�m�.� 

�H�o�l�d�e�m�a�n�,� �L�.� �V�.�,� �C�a�t�o�,� �E�.� �P�.� �a�n�d� �M�o�o�r�e�,� �W�.� �E�.� �C�.� �1�9�7�7�.� �A�n�a�e�r�o�b�e� �L�a�b�o�r�a�t�o�r�y� �M�a�n�u�a�l� 

�4�t�h� �e�d�.� �V�P�I� �&� �S�U� �A�n�a�e�r�o�b�i�c� �L�a�b�o�r�a�t�o�r�y�.� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� 

�U�n�i�v�e�r�s�i�t�y�,� �B�l�a�c�k�s�b�u�r�g�,� �V�A�.� 

�H�o�o�v�e�r�,� �D�.� �G� �1�9�9�3�.� �B�i�f�i�d�o�b�a�c�t�e�r�i�a�:� �A�c�t�i�v�i�t�y� �a�n�d� �p�o�t�e�n�t�i�a�l� �h�e�a�l�t�h� �b�e�n�e�f�i�t�s�.� �F�o�o�d� �T�e�c�h�n�o�l�.� 

�4�7�(�6�)�:�1�2�0�-�1�2�4�.� 

�I�s�h�i�b�a�s�h�i�,� �N�.� �a�n�d� �S�h�i�m�a�m�u�r�a�,� �S�.� �1�9�9�3�.� �B�i�f�i�d�o�b�a�c�t�e�r�i�a�:� �R�e�s�e�a�r�c�h� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �i�n� 

�J�a�p�a�n�.� �F�o�o�d� �T�e�c�h�n�o�l�.� �4�7�(�6�)�:�1�2�6�-�1�3�4�.� 

�N�i�s�h�i�h�a�r�a�,� �K�.�1�9�6�9�.� �S�t�u�d�i�e�s� �o�n� �t�h�e� �a�n�t�i�b�i�f�i�d�u�s�.� �J�.� �J�a�p�a�n�e�s�e� �P�e�d�i�a�t�r�i�c� �S�o�c�.� �7�3�:�1�1�4�3�-�1�1�4�9�.� 

�T�a�k�a�n�o�,� �K�.�,� �H�a�s�e�g�a�w�a�,� �M�.�,� �T�o�m�i�z�a�w�a�,� �S�.� �a�n�d� �S�a�k�a�i�,� �K�.� �1�9�8�6�.� �A�c�t�i�o�n� �o�f� �i�n�t�e�s�t�i�n�a�l� 

�m�i�c�r�o�o�r�g�a�n�i�s�m�s� �o�n� �h�u�m�o�r�a�l� �i�m�m�u�n�i�t�y� �i�n� �t�h�e� �d�i�g�e�s�t�i�v�e� �t�r�a�c�t�.� �P�e�d�i�a�t�r�i�c�s� �o�f� 

�J�a�p�a�n�.�2�7�(�8�)�:�1�8�0�1�-�1�8�0�6�.� 
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�C�H�A�P�T�E�R� �I�V� 

�R�E�C�O�V�E�R�Y� �O�F� �B�A�C�T�E�R�I�A�,� �B�I�O�C�H�E�M�I�C�A�L� �A�N�A�L�Y�S�I�S� �A�N�D� �S�E�N�S�O�R�Y� 
�E�V�A�L�U�A�T�I�O�N� �O�F� �F�R�O�Z�E�N� �Y�O�G�U�R�T� 

�A�B�S�T�R�A�C�T� 

�F�r�o�z�e�n� �y�o�g�u�r�t� �w�a�s� �p�r�o�d�u�c�e�d� �u�s�i�n�g� �a� �s�t�a�n�d�a�r�d� �l�o�w�f�a�t� �i�c�e� �c�r�e�a�m� �m�i�x� �f�o�r�m�u�l�a�t�i�o�n�,� 

�f�e�r�m�e�n�t�e�d� �w�i�t�h� �s�u�p�p�l�e�m�e�n�t�e�d� �a�n�d� �t�r�a�d�i�t�i�o�n�a�l� �s�t�a�r�t�e�r� �c�u�l�t�u�r�e� �s�y�s�t�e�m�s� �a�n�d� �s�t�o�r�e�d� �f�o�r� �1�1� 

�w�e�e�k�s� �a�t� �-�2�0�°�C�.� �T�h�e� �t�r�a�d�i�t�i�o�n�a�l� �c�u�l�t�u�r�e� �s�y�s�t�e�m� �c�o�n�t�a�i�n�e�d� �t�h�e� �s�t�r�a�i�n�s�,� �S�t�r�e�p�t�o�c�o�c�c�u�s� 

�s�a�l�i�v�a�r�i�u�s� �s�s�p�.� �t�h�e�r�m�o�p�h�i�l�u�s� �a�n�d� �L�a�c�t�o�b�a�c�i�l�l�u�s� �d�e�l�b�r�u�e�c�k�k�i�i� �s�s�p�.� �b�u�l�g�a�r�i�c�u�s�.� �T�h�e� 

�s�u�p�p�l�e�m�e�n�t�e�d� �s�y�s�t�e�m� �c�o�n�t�a�i�n�e�d� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �c�u�l�t�u�r�e�s� �i�n� �a�d�d�i�t�i�o�n� �t�o� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� 

�l�o�n�g�u�m� �a�n�d� �L�a�c�t�o�b�a�c�i�l�l�u�s� �a�c�i�d�o�p�h�i�l�u�s�.� �T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �s�t�u�d�y� �w�a�s� �t�o� �c�o�m�p�a�r�e� 

�p�r�o�d�u�c�t�s� �f�e�r�m�e�n�t�e�d� �w�i�t�h� �t�h�e� �t�w�o� �c�u�l�t�u�r�e� �s�y�s�t�e�m�s� �t�o� �t�w�o� �e�n�d�p�o�i�n�t�s� �f�o�r� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�:� �s�u�r�v�i�v�a�l� �o�f� �t�h�e� �c�u�l�t�u�r�e� �b�a�c�t�e�r�i�a�,� �c�h�a�n�g�e�s� �i�n� �p�r�o�t�e�i�n�,� �l�a�c�t�o�s�e� �a�n�d� �g�a�l�a�c�t�o�s�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�n�d� �s�e�n�s�o�r�y� �c�h�a�n�g�e�s�.� 

�C�u�l�t�u�r�e� �b�a�c�t�e�r�i�a� �i�n� �b�o�t�h� �s�y�s�t�e�m�s� �s�u�r�v�i�v�e�d� �w�e�l�l� �i�n� �t�h�e� �y�o�g�u�r�t� �d�u�r�i�n�g� �f�r�o�z�e�n� 

�s�t�o�r�a�g�e�.� �L�a�c�t�o�s�e� �a�n�d� �p�r�o�t�e�i�n� �l�e�v�e�l�s� �s�h�o�w�e�d� �s�o�m�e� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� �o�r� �d�i�f�f�e�r�e�n�c�e�s� 

�b�e�t�w�e�e�n� �t�h�e� �t�w�o� �c�u�l�t�u�r�e� �s�y�s�t�e�m�s�;� �h�o�w�e�v�e�r�,� �t�h�e� �t�r�e�n�d�s� �i�n�d�i�c�a�t�e�d� �n�o� �o�v�e�r�a�l�l� �c�h�a�n�g�e� �i�n� 

�l�e�v�e�l�s� �f�o�r� �p�r�o�d�u�c�t�s� �f�e�r�m�e�n�t�e�d� �w�i�t�h� �e�i�t�h�e�r� �c�u�l�t�u�r�e� �s�y�s�t�e�m� �d�u�r�i�n�g� �s�t�o�r�a�g�e�.� �G�e�n�e�r�a�l�l�y�,� �t�h�e� 

�g�a�l�a�c�t�o�s�e� �l�e�v�e�l�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �(�p�<�.�0�5�)� �i�n� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �c�u�l�t�u�r�e� �s�y�s�t�e�m� 

�f�e�r�m�e�n�t�e�d� �t�o� �p�H� �5�.�6� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �s�u�p�p�l�e�m�e�n�t�e�d� �s�y�s�t�e�m� �f�e�r�m�e�n�t�e�d� �t�o� �t�h�e� �s�a�m�e� 

�e�n�d�p�o�i�n�t�.� 
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�T�h�e� �m�a�n�u�f�a�c�t�u�r�e�d� �p�r�o�d�u�c�t�s� �(�s�u�p�p�l�e�m�e�n�t�e�d� �a�n�d� �t�r�a�d�i�t�i�o�n�a�l�)� �w�e�r�e� �n�o�t� �d�i�f�f�e�r�e�n�t� 

�f�r�o�m� �a� �c�o�m�m�e�r�c�i�a�l�l�y� �p�r�o�d�u�c�e�d� �f�r�o�z�e�n� �y�o�g�u�r�t� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �f�l�a�v�o�r� �i�n�t�e�n�s�i�t�y� �o�f� �y�o�g�u�r�t� 

�f�l�a�v�o�r�,� �v�a�n�i�l�l�a�,� �s�w�e�e�t�n�e�s�s� �a�n�d� �f�r�e�s�h�n�e�s�s�.� �A�c�i�d� �f�l�a�v�o�r� �w�a�s� �u�s�u�a�l�l�y� �m�o�r�e� �i�n�t�e�n�s�e� �w�h�e�n� 

�p�r�o�d�u�c�t� �w�a�s� �f�e�r�m�e�n�t�e�d� �t�o� �p�H� �5�.�6�.� �T�h�e� �c�o�m�m�e�r�c�i�a�l� �p�r�o�d�u�c�t� �w�a�s� �s�m�o�o�t�h�e�r� �t�h�a�n� �t�h�e� 

�m�a�n�u�f�a�c�t�u�r�e�d� �p�r�o�d�u�c�t�s�.� �T�h�e� �c�o�n�s�u�m�e�r� �s�t�u�d�y� �i�n�d�i�c�a�t�e�d� �a� �"�l�i�k�e� �s�l�i�g�h�t�l�y�"� �r�e�s�p�o�n�s�e� �f�o�r� �t�h�e� 

�s�u�p�p�l�e�m�e�n�t�e�d� �a�n�d� �t�r�a�d�i�t�i�o�n�a�l� �i�n�o�c�u�l�a�t�e�d� �f�r�o�z�e�n� �y�o�g�u�r�t�s�.� 

�T�h�e� �s�t�u�d�y� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e� �c�u�l�t�u�r�e� �b�a�c�t�e�r�i�a� �d�o� �s�u�r�v�i�v�e� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �a�n�d� 

�f�r�e�e�z�i�n�g� �e�n�v�i�r�o�n�m�e�n�t� �w�e�l�l� �e�n�o�u�g�h� �t�o� �m�e�e�t� �p�r�o�p�o�s�e�d� �s�t�a�n�d�a�r�d�s� �o�f� �i�d�e�n�t�i�t�y� �f�o�r� �f�r�o�z�e�n� 

�y�o�g�u�r�t�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� �p�r�o�b�i�o�t�i�c� �b�a�c�t�e�r�i�a� �i�n� �t�h�e� �s�u�p�p�l�e�m�e�n�t�e�d� �s�y�s�t�e�m� �s�e�e�m�e�d� �t�o� �c�a�u�s�e� 

�l�i�t�t�l�e� �o�r� �n�o� �d�i�f�f�e�r�e�n�c�e� �i�n� �s�u�c�h� �a�t�t�r�i�b�u�t�e�s� �a�s� �p�r�o�t�e�i�n� �a�n�d� �l�a�c�t�o�s�e� �l�e�v�e�l�s�,� �a�n�d� �s�e�n�s�o�r�y� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� 
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�I�N�T�R�O�D�U�C�T�I�O�N� 

�S�i�n�c�e� �i�t� �w�a�s� �r�e�-�i�n�t�r�o�d�u�c�e�d� �t�o� �t�h�e� �m�a�r�k�e�t�p�l�a�c�e�,� �f�r�o�z�e�n� �y�o�g�u�r�t� �h�a�s� �b�e�c�o�m�e� �a�n� 

�i�m�m�e�n�s�e�l�y� �p�o�p�u�l�a�r� �f�o�o�d�.� �I�n� �1�9�9�3�,� �f�o�r� �e�x�a�m�p�l�e�,� �s�a�l�e�s� �o�f� �f�r�o�z�e�n� �y�o�g�u�r�t� �r�e�a�c�h�e�d� �$�2�.�8� 

�b�i�l�l�i�o�n� �a�n�d� �a�c�c�o�u�n�t�e�d� �f�o�r� �o�v�e�r� �2�6�%� �o�f� �a�l�l� �f�r�o�z�e�n� �d�e�s�s�e�r�t� �s�a�l�e�s� �(�A�n�o�n�y�m�o�u�s�,� �1�9�9�4�)�.� 

�H�o�w�e�v�e�r�,� �w�i�t�h�o�u�t� �a� �f�e�d�e�r�a�l� �s�t�a�n�d�a�r�d� �o�f� �i�d�e�n�t�i�t�y�,� �t�h�e�r�e� �i�s� �n�o� �r�e�q�u�i�r�e�m�e�n�t� �t�h�a�t� �f�r�o�z�e�n� 

�y�o�g�u�r�t� �h�a�v�e� �a�c�t�i�v�e� �b�a�c�t�e�r�i�a�l� �c�u�l�t�u�r�e�s�.� 

�T�r�a�d�i�t�i�o�n�a�l� �y�o�g�u�r�t� �c�u�l�t�u�r�e�s�,� �L�a�c�t�o�b�a�c�i�l�l�u�s� �b�u�l�g�a�r�i�c�u�s� �a�n�d� �S�t�r�e�p�t�o�c�o�c�c�u�s� 

�t�h�e�r�m�o�p�h�i�l�u�s�,� �c�a�n� �b�e� �f�o�u�n�d� �i�n� �f�r�o�z�e�n� �y�o�g�u�r�t�.� �T�h�e�s�e� �b�a�c�t�e�r�i�a� �m�a�y� �b�e� �p�r�e�s�e�n�t� �f�o�r� 

�f�e�r�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �m�i�x� �o�r� �a�s� �a�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �m�i�x� �t�o� �m�e�e�t� �a� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �t�r�a�d�i�t�i�o�n�a�l� 

�y�o�g�u�r�t�.� �O�t�h�e�r� �s�t�r�a�i�n�s� �o�f� �b�a�c�t�e�r�i�a�,� �s�u�c�h� �a�s� �L�a�c�t�o�b�a�c�i�l�l�u�s� �a�c�i�d�o�p�h�i�l�u�s� �a�n�d� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� 

�l�o�n�g�u�m� �a�r�e� �s�o�m�e�t�i�m�e�s� �a�d�d�e�d� �t�o� �p�o�t�e�n�t�i�a�l�l�y� �i�n�c�r�e�a�s�e� �t�h�e� �h�e�a�l�t�h�f�u�l� �a�s�p�e�c�t�s� �o�f� �t�h�e� �p�r�o�d�u�c�t�.� 

�A�l�l� �h�e�a�l�t�h� �b�e�n�e�f�i�t�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �y�o�g�u�r�t� �(�f�r�o�z�e�n� �o�r� �o�t�h�e�r�w�i�s�e�)� �a�r�e� 

�n�o�t� �k�n�o�w�n�;� �h�o�w�e�v�e�r�,� �i�t� �i�s� �k�n�o�w�n� �t�h�a�t� �i�f� �a�n�y� �h�e�a�l�t�h� �b�e�n�e�f�i�t�s� �c�a�n� �b�e� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �f�o�o�d�,� 

�t�h�e� �b�a�c�t�e�r�i�a� �m�u�s�t� �b�e� �v�i�a�b�l�e� �a�n�d� �a�c�t�i�v�e�.� �T�h�i�s� �m�a�k�e�s� �t�h�e� �a�c�c�u�r�a�t�e� �r�e�c�o�v�e�r�y� �o�f� �b�a�c�t�e�r�i�a�l� 

�c�e�l�l�s� �w�i�t�h�i�n� �t�h�e� �y�o�g�u�r�t� �e�x�t�r�e�m�e�l�y� �i�m�p�o�r�t�a�n�t�,� �s�i�n�c�e� �p�r�o�p�o�s�e�d� �s�t�a�n�d�a�r�d�s� �o�f� �i�d�e�n�t�i�t�y� �c�a�l�l� �f�o�r� 

�l�e�v�e�l�s� �o�f� �b�a�c�t�e�r�i�a� �a�t� �o�r� �a�b�o�v�e� �5�x�1�0�°�-�7�x�1�0�°� �(�T�i�e�s�z�e�n�,� �1�9�8�9�)�.� �T�h�e� �f�e�r�m�e�n�t�a�t�i�o�n� �p�r�o�c�e�s�s� 

�i�t�s�e�l�f� �m�a�y� �b�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �d�e�c�r�e�a�s�i�n�g� �b�a�c�t�e�r�i�a�l� �n�u�m�b�e�r�s�,� �a�s� �w�a�s� �s�h�o�w�n� �b�y� �M�o�d�l�e�r� �a�n�d� 

�V�i�l�l�a�-�G�a�r�c�i�a� �(�1�9�9�3�)�,� �w�h�o� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�h�e� �d�e�v�e�l�o�p�e�d� �a�c�i�d�i�t�y� �(�p�H� �4�.�4�7�)� �o�f� �f�r�o�z�e�n� 

�y�o�g�u�r�t� �d�e�c�r�e�a�s�e�s� �v�i�a�b�l�e� �n�u�m�b�e�r�s� �o�f� �B�.� �J�o�n�g�u�m�.� 

�A�c�t�i�v�e� �b�a�c�t�e�r�i�a�l� �c�e�l�l�s� �c�a�u�s�e� �a�n� �i�n�c�r�e�a�s�e� �i�n� �l�a�c�t�i�c� �a�n�d� �a�c�e�t�i�c� �a�c�i�d�s� �w�h�i�c�h� �d�e�n�a�t�u�r�e� 

�t�h�e� �q�u�a�t�e�r�n�a�r�y�,� �g�l�o�b�u�l�a�r� �s�t�r�u�c�t�u�r�e� �o�f� �m�i�l�k� �p�r�o�t�e�i�n�.� �A�c�t�i�v�e� �b�a�c�t�e�r�i�a� �w�h�i�c�h� �m�a�y� �b�e� �p�r�e�s�e�n�t� 
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�i�n� �f�r�o�z�e�n� �y�o�g�u�r�t� �a�l�s�o� �c�o�n�t�a�i�n� �t�h�e� �e�n�z�y�m�e� �B�-�g�a�l�a�c�t�o�s�i�d�a�s�e�.� �T�h�i�s� �e�n�z�y�m�e� �i�s� �a�b�l�e� �t�o� 

�h�y�d�r�o�l�y�z�e� �t�h�e� �l�a�c�t�o�s�e� �b�e�f�o�r�e� �t�h�e� �p�r�o�d�u�c�t� �i�s� �c�o�n�s�u�m�e�d�,� �t�h�e�r�e�b�y� �e�l�i�m�i�n�a�t�i�n�g� �t�h�e� �u�n�p�l�e�a�s�a�n�t� 

�s�y�m�p�t�o�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �l�a�c�t�o�s�e� �m�a�l�a�b�s�o�r�p�t�i�o�n�.� 

�A�c�t�i�v�i�t�y� �o�f� �y�o�g�u�r�t� �b�a�c�t�e�r�i�a� �c�a�u�s�e�s� �s�p�e�c�i�f�i�c� �c�h�a�n�g�e�s� �i�n� �t�h�e� �c�h�e�m�i�s�t�r�y� �o�f� �t�h�e� 

�p�r�o�d�u�c�t� �w�h�i�c�h� �a�f�f�e�c�t� �s�e�n�s�o�r�y� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �p�r�o�d�u�c�t�.� �S�p�e�c�i�f�i�c� �c�o�m�p�o�u�n�d�s� �s�u�c�h� �a�s� 

�l�a�c�t�i�c� �a�n�d� �a�c�e�t�i�c� �a�c�i�d� �a�n�d� �a�c�e�t�a�l�d�e�h�y�d�e� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �v�e�r�y� �i�m�p�o�r�t�a�n�t� �t�o� �c�e�r�t�a�i�n� 

�s�e�n�s�o�r�y� �a�t�t�r�i�b�u�t�e�s� �i�n� �f�r�o�z�e�n� �y�o�g�u�r�t� �(�T�a�m�i�m�e� �a�n�d� �R�o�b�i�n�s�o�n�,� �1�9�8�5�)�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�h�e�s�e� 

�p�r�o�d�u�c�t�s� �c�a�n� �c�a�u�s�e� �s�e�n�s�o�r�y� �c�h�a�n�g�e�s� �w�h�i�c�h� �m�u�s�t� �b�e� �e�v�a�l�u�a�t�e�d�.� �L�a�c�t�i�c� �a�c�i�d� �g�i�v�e�s� �t�h�e� 

�y�o�g�u�r�t� �i�t�s� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �s�h�a�r�p�,� �a�c�i�d�i�c� �o�r� �o�t�h�e�r�w�i�s�e� �"�n�u�t�t�y�"� �a�n�d�/�o�r� �"�a�r�o�m�a�t�i�c�"� �f�l�a�v�o�r� 

�(�T�a�m�i�m�e� �a�n�d� �R�o�b�i�n�s�o�n�,� �1�9�8�5�)�.� �A�c�e�t�a�l�d�e�h�y�d�e�,� �w�h�i�c�h� �i�s� �p�r�o�d�u�c�e�d� �p�r�i�m�a�r�i�l�y� �b�y� �L�.� 

�b�u�l�g�a�r�i�c�u�s�,� �i�s� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �a�r�o�m�a� �c�o�m�p�o�u�n�d� �i�n� �y�o�g�u�r�t� �a�n�d� �t�h�e� �l�e�v�e�l� �o�f� 

�a�c�e�t�a�l�d�e�h�y�d�e� �s�h�o�u�l�d� �b�e� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �t�o� �p�r�o�d�u�c�e� �a�  ��b�e�s�t� �o�r� �h�i�g�h�"� �r�a�t�i�n�g� �b�y� �a� �s�e�n�s�o�r�y� 

�p�a�n�e�l� �(�T�a�m�i�m�e� �a�n�d� �R�o�b�i�n�s�o�n�,� �1�9�8�5�)�.� 

�F�i�n�a�l�l�y�,� �a�c�c�e�p�t�a�b�i�l�i�t�y� �o�f� �t�h�e� �p�r�o�d�u�c�t� �t�o� �t�h�e� �c�o�n�s�u�m�e�r� �i�s� �a�n�o�t�h�e�r� �i�m�p�o�r�t�a�n�t� 

�c�o�n�c�e�p�t�.� �I�f� �t�h�e� �p�r�o�d�u�c�t� �i�s� �n�o�t� �a�c�c�e�p�t�a�b�l�e� �t�o� �t�h�e� �c�o�n�s�u�m�e�r�,� �a�l�l� �p�r�o�d�u�c�t�i�o�n� �e�f�f�o�r�t�s� �a�r�e� �i�n� 

�v�a�i�n�,� �s�i�n�c�e� �t�h�e� �p�r�o�d�u�c�t� �w�i�l�l� �p�r�o�b�a�b�l�y� �n�e�v�e�r� �s�e�l�l�.� �I�n� �t�h�i�s� �s�t�u�d�y�,� �t�w�o� �c�u�l�t�u�r�e� �s�y�s�t�e�m�s�,� �a� 

�s�y�s�t�e�m� �w�i�t�h� �t�r�a�d�i�t�i�o�n�a�l� �y�o�g�u�r�t� �c�u�l�t�u�r�e�s� �a�n�d� �a� �p�r�o�b�i�o�t�i�c�-�e�n�h�a�n�c�e�d� �s�y�s�t�e�m�,� �w�e�r�e� �u�s�e�d� �t�o� 

�f�e�r�m�e�n�t� �l�o�w�f�a�t� �i�c�e� �c�r�e�a�m� �m�i�x� �t�o� �t�w�o� �e�n�d�p�o�i�n�t�s�.� �T�h�e� �o�b�j�e�c�t�i�v�e�s� �o�f� �t�h�e� �p�r�o�j�e�c�t� �w�e�r�e� �t�o� 

�e�v�a�l�u�a�t�e� �c�u�l�t�u�r�e� �s�u�r�v�i�v�a�l�,� �l�a�c�t�o�s�e� �h�y�d�r�o�l�y�s�i�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �c�u�l�t�u�r�e� �a�c�t�i�v�i�t�y�,� �a�n�d� �s�e�n�s�o�r�y� 

�c�h�a�n�g�e�s� �i�n� �t�h�e� �p�r�o�d�u�c�t�s� �s�t�o�r�e�d� �o�v�e�r� �1�1� �w�e�e�k�s� �a�t� �-�2�0�°�C�.� �C�o�n�s�u�m�e�r� �a�c�c�e�p�t�a�b�i�l�i�t�y� �o�f� �t�h�e� 

�t�w�o� �p�r�o�d�u�c�t�s� �f�e�r�m�e�n�t�e�d� �t�o� �t�h�e� �f�i�r�s�t� �e�n�d�p�o�i�n�t� �w�e�r�e� �a�l�s�o� �d�e�t�e�r�m�i�n�e�d�.� �P�r�o�d�u�c�t�s� �w�e�r�e� �n�o�t� 

�5�0



�t�e�s�t�e�d� �a�t� �t�h�e� �s�e�c�o�n�d� �e�n�d�p�o�i�n�t� �b�e�c�a�u�s�e� �t�h�i�s� �p�H� �w�o�u�l�d� �p�r�o�b�a�b�l�y� �b�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �a�c�i�d�i�c� �b�y� 

�c�o�n�s�u�m�e�r�s�.� 

�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�S�o�u�r�c�e� �o�f� �B�a�c�t�e�r�i�a� 

�A� �c�u�l�t�u�r�e� �s�y�s�t�e�m� �c�o�n�t�a�i�n�i�n�g� �s�e�l�e�c�t�e�d� �s�t�r�a�i�n�s� �o�f� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �l�o�n�g�u�m�,� 

�L�a�c�t�o�b�a�c�i�l�l�u�s� �a�c�i�d�o�p�h�i�l�u�s�,� �S�t�r�e�p�t�o�c�o�c�c�u�s� �s�a�l�i�v�a�r�i�u�s� �s�s�p�.� �t�h�e�r�m�o�p�h�i�l�u�s�,� �a�n�d� �L�a�c�t�o�b�a�c�i�l�l�u�s� 

�d�e�l�b�r�u�e�c�k�k�i� �s�s�p�.� �b�u�l�g�a�r�i�c�u�s� �(�B�A�T�L�-�1�,� �S�a�n�o�f�i� �B�i�o�-�I�n�d�u�s�t�r�i�e�s�,� �W�a�u�k�e�s�h�a�,� �W�i�s�c�o�n�s�i�n�)�,� 

�w�a�s� �u�s�e�d� �t�o� �f�e�r�m�e�n�t� �t�h�e� �f�r�o�z�e�n� �y�o�g�u�r�t� �(�s�u�p�p�l�e�m�e�n�t�e�d� �p�r�o�d�u�c�t�)�.� �T�h�i�s� �s�y�s�t�e�m� �w�a�s� 

�s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �a� �s�e�c�o�n�d� �c�u�l�t�u�r�e� �s�y�s�t�e�m� �(�B�A�-�6�1� �S�a�n�o�f�i� �B�i�o�-�I�n�d�u�s�t�r�i�e�s�,� �W�a�u�k�e�s�h�a�,� 

�W�i�s�c�o�n�s�i�n�)�,� �w�h�i�c�h� �c�o�n�t�a�i�n�e�d� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �l�o�n�g�u�m�-�6� �a�n�d� �L�a�c�t�o�b�a�c�i�l�l�u�s� �a�c�i�d�o�p�h�i�l�u�s�-�1� 

�o�n�l�y�,� �t�o� �i�n�c�r�e�a�s�e� �l�e�v�e�l�s� �o�f� �t�h�e�s�e� �p�r�o�b�i�o�t�i�c� �b�a�c�t�e�r�i�a�.� �A� �t�h�i�r�d� �c�u�l�t�u�r�e� �s�y�s�t�e�m� �c�o�n�t�a�i�n�i�n�g� 

�o�n�l�y� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �y�o�g�u�r�t� �c�u�l�t�u�r�e�s�,� �L�a�c�t�o�b�a�c�i�l�l�u�s� �d�e�l�b�r�u�e�c�k�k�i� �s�s�p�.� �b�u�l�g�a�r�i�c�u�s� �a�n�d� 

�S�t�r�e�p�t�o�c�o�c�c�u�s� �S�a�l�i�v�a�r�i�u�s� �s�s�p�.� �t�h�e�r�m�o�p�h�i�l�u�s� �(�U�l�t�r�a�G�r�o�,� �S�a�n�o�f�i� �B�i�o�-�I�n�d�u�s�t�r�i�e�s�,� �W�a�u�k�e�s�h�a�,� 

�W�i�s�c�o�n�s�i�n�)� �w�a�s� �u�s�e�d� �t�o� �f�e�r�m�e�n�t� �t�h�e� �c�o�n�t�r�o�l� �p�r�o�d�u�c�t� �(�t�r�a�d�i�t�i�o�n�a�l�)�.� �C�u�l�t�u�r�e�s� �w�e�r�e� �s�h�i�p�p�e�d� 

�o�n� �d�r�y� �i�c�e� �a�n�d� �s�t�o�r�e�d� �a�t� �-�8�0�°�C� �i�n� �a�n� �u�l�t�r�a�-�l�o�w� �t�e�m�p�e�r�a�t�u�r�e� �f�r�e�e�z�e�r�.� �C�u�l�t�u�r�e�s� �w�e�r�e� �s�t�o�r�e�d� 

�f�o�r� �n�o� �m�o�r�e� �t�h�a�n� �t�h�r�e�e� �w�e�e�k�s� �p�r�i�o�r� �t�o� �u�s�e� �i�n� �y�o�g�u�r�t� �m�a�n�u�f�a�c�t�u�r�e�.� 

�F�r�o�z�e�n� �Y�o�g�u�r�t� �M�a�n�u�f�a�c�t�u�r�e� 

�R�a�w� �m�i�l�k�,� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �b�u�l�k� �t�a�n�k� �a�t� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� 

�U�n�i�v�e�r�s�i�t�y� �(�V�P�I�&�S�U�)� �d�a�i�r�y� �f�a�r�m�,� �w�a�s� �s�e�p�a�r�a�t�e�d� �i�n�t�o� �c�r�e�a�m� �a�n�d� �s�k�i�m� �p�h�a�s�e�s� �i�n� �a� �p�i�l�o�t� 
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�p�l�a�n�t�-�s�c�a�l�e� �s�e�p�a�r�a�t�o�r� �(�E�l�e�c�r�e�m� �S�e�p�a�r�a�t�o�r� �M�o�d�e�l� �1�G�,� �B�o�n�a�n�z�a� �I�n�d�u�s�t�r�i�e�s�,� �C�a�l�g�a�r�y�,� 

�C�a�n�a�d�a�)�.� �L�o�w�f�a�t� �i�c�e� �c�r�e�a�m� �m�i�x� �(�4�%� �f�a�t�)� �w�a�s� �m�a�n�u�f�a�c�t�u�r�e�d� �w�i�t�h� �1�1�5�7�.�7� �g� �c�r�e�a�m�,� �1�1�9�8�.�6� 

�g� �n�o�n�-�f�a�t� �d�r�y� �m�i�l�k�,� �1�2�0�7�6�.�4� �g� �s�k�i�m� �m�i�l�k�,� �1�8�4�7�.�8� �g� �g�r�a�n�u�l�a�t�e�d� �s�u�c�r�o�s�e�,� �1�5�3�9�.�1� �g� �c�o�r�n� 

�s�y�r�u�p�,� �a�n�d� �1�4�0�.�7� �g� �s�t�a�b�i�l�i�z�e�r�.� �T�h�e� �i�c�e� �c�r�e�a�m� �m�i�x� �w�a�s� �m�i�x�e�d� �u�n�t�i�l� �n�o� �c�l�u�m�p�s� �w�e�r�e� 

�p�r�e�s�e�n�t�,� �b�a�t�c�h� �p�a�s�t�e�u�r�i�z�e�d� �a�t� �5�5�°�C� �f�o�r� �3�0� �m�i�n�,� �c�o�o�l�e�d� �t�o� �3�.�3�°�C� �a�n�d� �s�t�o�r�e�d� �f�o�r� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �2�4� �h�o�u�r�s�.� 

�C�o�o�l�e�d� �m�i�x� �w�a�s� �h�e�a�t�e�d� �t�o� �4�0�°�C� �i�n� �a� �h�o�t�-�w�a�t�e�r� �b�a�t�h� �p�r�i�o�r� �t�o� �i�n�o�c�u�l�a�t�i�o�n�.� �W�h�i�l�e� 

�m�i�x� �w�a�s� �h�e�a�t�i�n�g�,� �c�o�n�t�a�i�n�e�r�s� �o�f� �y�o�g�u�r�t� �c�u�l�t�u�r�e�s� �w�e�r�e� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �f�r�e�e�z�e�r� �a�n�d� 

�t�h�a�w�e�d� �i�n� �2�5�°�C� �w�a�t�e�r� �b�a�t�h�s� �u�n�t�i�l� �t�h�o�r�o�u�g�h�l�y� �l�i�q�u�e�f�i�e�d�.� �W�h�e�n� �t�h�e� �m�i�x� �r�e�a�c�h�e�d� �t�h�e� 

�d�e�s�i�r�e�d� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �4�0�°�C�,� �f�o�u�r�,� �3�2�4�6�.�1� �g� �a�l�i�q�u�o�t�s� �w�e�r�e� �w�e�i�g�h�e�d� �i�n�t�o� �c�h�l�o�r�i�n�e�-� 

�s�a�n�i�t�i�z�e�d�,� �s�t�a�i�n�l�e�s�s� �s�t�e�e�l� �c�a�n�s�.� �M�i�x� �i�n� �t�w�o� �o�f� �t�h�e� �c�o�n�t�a�i�n�e�r�s� �w�a�s� �i�n�o�c�u�l�a�t�e�d� �w�i�t�h� �B�A�T�L�-�1� 

�C�u�l�t�u�r�e� �a�n�d� �B�A�-�6�1� �a�t� �.�2�%� �o�f� �m�i�x� �w�e�i�g�h�t� �a�n�d� �.�0�2�%� �o�f� �m�i�x� �w�e�i�g�h�t�,� �r�e�s�p�e�c�t�i�v�e�l�y� �a�n�d� 

�t�h�o�r�o�u�g�h�l�y� �m�i�x�e�d�.� �M�i�x� �i�n� �t�h�e� �r�e�m�a�i�n�i�n�g� �t�w�o� �c�o�n�t�a�i�n�e�r�s� �w�a�s� �i�n�o�c�u�l�a�t�e�d� �w�i�t�h� �t�h�e� 

�t�r�a�d�i�t�i�o�n�a�l� �c�u�l�t�u�r�e� �s�y�s�t�e�m� �(�U�l�t�r�a�G�r�o�)� �a�t� �.�2�%� �o�f� �m�i�x� �w�e�i�g�h�t�.� �A�l�l� �c�o�n�t�a�i�n�e�r�s� �w�e�r�e� �t�h�e�n� 

�p�l�a�c�e�d� �i�n� �a� �4�0�°�C� �i�n�c�u�b�a�t�o�r� �u�n�t�i�l� �t�i�t�r�a�t�a�b�l�e� �a�c�i�d�i�t�y� �o�f� �m�i�x� �i�n� �a� �c�o�n�t�a�i�n�e�r� �f�r�o�m� �e�a�c�h� �c�u�l�t�u�r�e� 

�t�r�e�a�t�m�e�n�t� �w�a�s� �.�1�5�%� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �i�n�i�t�i�a�l� �t�i�t�r�a�t�a�b�l�e� �a�c�i�d�i�t�y� �v�a�l�u�e� �(�e�n�d�p�o�i�n�t� �1�)�.� �T�h�e� �m�i�x� 

�i�n� �t�h�e� �r�e�m�a�i�n�i�n�g� �t�w�o� �f�r�o�m� �e�a�c�h� �c�u�l�t�u�r�e� �t�r�e�a�t�m�e�n�t� �c�o�n�t�a�i�n�e�r� �w�a�s� �i�n�c�u�b�a�t�e�d� �u�n�t�i�l� �t�h�e� �p�H� 

�w�a�s� �5�.�6� �(�e�n�d�p�o�i�n�t� �2�)�.� 

�F�r�o�z�e�n� �y�o�g�u�r�t� �w�a�s� �m�a�n�u�f�a�c�t�u�r�e�d� �i�n� �a� �p�i�l�o�t� �p�l�a�n�t� �b�a�t�c�h� �f�r�e�e�z�e�r� �(�E�m�o�r�y� �T�h�o�m�p�s�o�n� 

�F�r�e�e�z�e�r� �2�H�S�C� �A�,� �E�m�o�r�y� �T�h�o�m�p�s�o�n� �M�a�c�h�i�n�e� �a�n�d� �S�u�p�p�l�y� �C�o�.�,� �N�e�w� �Y�o�r�k�)� �w�i�t�h� �a�n� 
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�o�v�e�r�r�r�u�n� �o�f� �5�5�-�6�0�%�.� �P�r�o�d�u�c�t� �w�a�s� �f�r�o�z�e�n� �a�n�d� �s�t�o�r�e�d� �a�t� �-�2�0�°�C� �u�n�t�i�l� �a�l�l� �a�n�a�l�y�s�e�s� �w�e�r�e� 

�c�o�m�p�l�e�t�e�d�.� 

�E�n�u�m�e�r�a�t�i�o�n� �o�f� �B�a�c�t�e�r�i�a� 

�S�.� �t�h�e�r�m�o�p�h�i�l�u�s� �w�a�s� �e�n�u�m�e�r�a�t�e�d� �u�s�i�n�g� �M�-�1�7� �a�g�a�r�.� �A�g�a�r� �w�a�s� �m�a�d�e� �o�f� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �(�g�/�l� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r�)�:� �p�h�y�t�o�n�e� �p�e�p�t�o�n�e� �5�,� �p�o�l�y�p�e�p�t�o�n�e� �5�,� �l�a�c�t�o�s�e� �5�,� �b�e�e�f� �e�x�t�r�a�c�t� 

�5�,� �y�e�a�s�t� �e�x�t�r�a�c�t� �2�.�5�,� �L�-�a�s�c�o�r�b�i�c� �a�c�i�d� �.�5�,� �s�o�d�i�u�m� �g�l�y�c�e�r�o�p�h�o�s�p�h�a�t�e� �1�9�,� �M�g�S�O�,�*�7�H�,�O� �1� �M� 

�S�o�l�u�t�i�o�n� �I�m�L�,� �a�g�a�r� �1�2�.� �M�e�d�i�a� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� �p�H� �5�.�4�,� �d�i�s�p�e�n�s�e�d� �i�n�t�o� �1�5�0� �m�L� �s�c�r�e�w�-�c�a�p� 

�b�o�t�t�l�e�s�,� �s�t�e�r�i�l�i�z�e�d� �(�2�0� �p�s�i�,� �2�0� �m�i�n�)� �a�n�d� �s�t�o�r�e�d� �i�n� �t�h�e� �d�a�r�k� �u�n�t�i�l� �u�s�e�d�.� 

�L�.�.� �b�u�l�g�a�r�i�c�u�s� �w�a�s� �e�n�u�m�e�r�a�t�e�d� �u�s�i�n�g� �R�e�i�n�f�o�r�c�e�d� �C�l�o�s�t�r�i�d�i�a�l� �A�g�a�r�.� �T�h�e� �m�e�d�i�a� 

�w�a�s� �p�r�e�-�p�r�e�p�a�r�e�d� �i�n� �g�r�a�n�u�l�a�t�e�d� �f�o�r�m� �(�B�B�L� �C�o�m�p�a�n�y�,� �C�o�c�k�e�y�s�v�i�l�l�e�,� �M�D�)� �a�n�d� �r�e�h�y�d�r�a�t�e�d� 

�i�n� �1�0�0�0� �m�L� �o�f� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r�.� �T�h�e� �m�e�d�i�a� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� �p�H� �5�.�4�,� �d�i�s�p�e�n�s�e�d� �i�n�t�o� �1�5�0� �m�L� 

�s�c�r�e�w�-�c�a�p� �t�u�b�e�s�,� �s�t�e�r�i�l�i�z�e�d� �(�1�2�1�°�C�,� �2�0� �p�s�i�,� �2�0� �m�i�n�)� �a�n�d� �s�t�o�r�e�d� �i�n� �t�h�e� �d�a�r�k� �u�n�t�i�l� �u�s�e�d�.� 

�L�.� �a�c�i�d�o�p�h�i�l�u�s� �w�a�s� �e�n�u�m�e�r�a�t�e�d� �o�n� �M�R�S� �B�r�o�t�h� �(�B�B�L� �B�e�c�t�o�n�-�D�i�c�k�i�n�s�o�n� 

�M�i�c�r�o�b�i�o�l�o�g�i�c�a�l� �S�y�s�t�e�m�s�,� �C�o�c�k�e�y�s�v�i�l�l�e�,� �M�D�)� �a�n�d� �1�.�2�%� �a�g�a�r�.� �T�h�e� �m�e�d�i�a� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� 

�p�H� �5�.�6�,� �d�i�s�p�e�n�s�e�d� �i�n�t�o� �1�5�0� �m�L� �s�c�r�e�w�-�c�a�p� �b�o�t�t�l�e�s�,� �s�t�e�r�i�l�i�z�e�d� �(�2�0� �p�s�i�,� �2�0� �m�i�n�)� �a�n�d� �s�t�o�r�e�d� 

�i�n� �t�h�e� �d�a�r�k� �u�n�t�i�l� �u�s�e�d�.� 

�P�l�e�a�s�e� �r�e�f�e�r� �t�o� �C�h�a�p�t�e�r� �3�,� �M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s�,� �f�o�r� �a� �d�e�t�a�i�l�e�d� �d�i�s�c�u�s�s�i�o�n� �o�f� �B�.� 

�l�o�n�g�u�m� �e�n�u�m�e�r�a�t�i�o�n� �m�a�t�e�r�i�a�l�s�.� 
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�B�i�o�c�h�e�m�i�c�a�l� �A�n�a�l�y�s�i�s� 

�T�h�e� �p�r�o�t�e�i�n� �c�o�n�t�e�n�t� �o�f� �t�h�e� �f�r�o�z�e�n� �y�o�g�u�r�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�r�i�c�a�l�l�y� 

�(�S�p�e�c�t�r�o�n�i�c� �1�0�0�1� �S�p�l�i�t� �B�e�a�m� �S�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r�,� �M�i�l�t�o�n� �R�o�y� �C�o�m�p�a�n�y�,� �R�o�c�h�e�s�t�e�r�,� �N�Y�)� 

�b�a�s�e�d� �o�n� �t�h�e� �B�r�a�d�f�o�r�d� �m�e�t�h�o�d� �o�f� �t�h�e� �B�i�o�-�R�a�d� �p�r�o�t�e�i�n� �a�s�s�a�y� �(�B�i�o�-�R�a�d�,� �H�e�r�c�u�l�e�s�,� �C�A�)�.� 

�S�e�e� �A�p�p�e�n�d�i�x� �A� �o�f� �t�h�i�s� �t�h�e�s�i�s� �f�o�r� �a� �d�e�t�a�i�l�e�d� �p�r�o�c�e�d�u�r�e�.� 

�L�a�c�t�o�s�e� �a�n�d� �D�-�G�a�l�a�c�t�o�s�e� �l�e�v�e�l�s� �i�n� �t�h�e� �f�r�o�z�e�n� �y�o�g�u�r�t� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� 

�s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�r�i�c�a�l�l�y� �(�S�p�e�c�t�r�o�n�i�c� �1�0�0�1� �S�p�l�i�t� �B�e�a�m� �S�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r�,� �M�i�l�t�o�n� �R�o�y� 

�C�o�m�p�a�n�y�,� �R�o�c�h�e�s�t�e�r�,� �N�Y�)� �b�a�s�e�d� �o�n� �t�h�e� �m�e�t�h�o�d�o�l�o�g�y� �f�o�r� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �l�o�w�f�a�t� �i�c�e� 

�c�r�e�a�m� �i�n� �t�h�e� �B�o�e�h�r�i�n�g�e�r�-�M�a�n�n�h�e�i�m� �L�a�c�t�o�s�e�/�D�-�G�a�l�a�c�t�o�s�e� �T�e�s�t� �K�i�t� �(�A�p�p�e�n�d�i�x� �B�)�.� 

�S�e�n�s�o�r�y� �E�v�a�l�u�a�t�i�o�n� 

�P�a�n�e�l�i�s�t� �T�r�a�i�n�i�n�g�:� �S�e�v�e�n� �p�a�n�e�l�i�s�t�s�,� �c�o�n�s�i�s�t�i�n�g� �o�f� �s�t�u�d�e�n�t�s� �a�n�d� �s�t�a�f�f� �a�t� �V�i�r�g�i�n�i�a� 

�P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� �f�r�o�m� �t�h�e� �F�o�o�d� �S�c�i�e�n�c�e� �a�n�d� �T�e�c�h�n�o�l�o�g�y� 

�D�e�p�a�r�t�m�e�n�t�,� �w�e�r�e� �s�e�l�e�c�t�e�d� �b�a�s�e�d� �o�n� �w�i�l�l�i�n�g�n�e�s�s� �t�o� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �t�h�i�s� �p�r�o�j�e�c�t�.� �P�a�n�e�l�i�s�t�s� 

�p�a�r�t�i�c�i�p�a�t�e�d� �i�n� �s�i�x� �o�n�e�-�h�a�l�f� �h�o�u�r� �t�r�a�i�n�i�n�g� �s�e�s�s�i�o�n�s�.� �D�u�r�i�n�g� �t�h�e�s�e� �s�e�s�s�i�o�n�s�,� �p�r�o�d�u�c�t� 

�d�e�s�c�r�i�p�t�o�r�s� �w�e�r�e� �s�e�l�e�c�t�e�d� �a�n�d� �d�e�f�i�n�e�d�.� �T�r�a�i�n�i�n�g� �i�n� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�n�d� �i�n�t�e�n�s�i�t�y� �r�a�t�i�n�g�s� �o�f� 

�e�a�c�h� �d�e�s�c�r�i�p�t�o�r� �w�a�s� �c�o�m�p�l�e�t�e�d�.� �S�i�x� �a�t�t�r�i�b�u�t�e�s� �(�a�c�i�d�i�t�y�,� �s�m�o�o�t�h�n�e�s�s�,� �y�o�g�u�r�t� �f�l�a�v�o�r�,� 

�f�r�e�s�h�n�e�s�s�,� �v�a�n�i�l�l�a� �f�l�a�v�o�r� �a�n�d� �s�w�e�e�t�n�e�s�s�)� �w�e�r�e� �s�e�l�e�c�t�e�d� �a�n�d� �d�e�f�i�n�e�d� �b�y� �g�r�o�u�p� �d�i�s�c�u�s�s�i�o�n� 

�(�A�p�p�e�n�d�i�x� �C�)�.� 

�P�r�i�o�r� �t�o� �i�n�i�t�i�a�t�i�n�g� �t�h�e� �p�r�o�d�u�c�t� �e�v�a�l�u�a�t�i�o�n�,� �p�a�n�e�l�i�s�t�s� �w�e�r�e� �t�e�s�t�e�d� �f�o�r� �t�h�e� �a�b�i�l�i�t�y� �t�o� 

�d�i�s�t�i�n�g�u�i�s�h� �a�t�t�r�i�b�u�t�e�s� �a�n�d� �r�e�p�e�a�t� �m�e�a�s�u�r�e�m�e�n�t�s�.� �P�a�n�e�l�i�s�t�s� �i�n�d�e�p�e�n�d�e�n�t�l�y� �e�v�a�l�u�a�t�e�d� �t�h�r�e�e� 
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�d�i�f�f�e�r�e�n�t� �s�a�m�p�l�e�s� �o�f� �l�a�b�o�r�a�t�o�r�y�-�m�a�n�u�f�a�c�t�u�r�e�d� �f�r�o�z�e�n� �y�o�g�u�r�t� �p�r�o�d�u�c�t�s�.� �T�w�o� �o�f� �t�h�e� 

�p�r�o�d�u�c�t�s� �w�e�r�e� �t�h�e� �s�a�m�e�.� �T�h�i�s� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �p�a�n�e�l�i�s�t�s� �c�o�u�l�d� �r�e�p�l�i�c�a�t�e� �t�h�e�i�r� 

�o�w�n� �j�u�d�g�e�m�e�n�t�.� �O�n�e�-�o�u�n�c�e� �s�a�m�p�l�e�s� �i�n� �p�l�a�s�t�i�c� �s�o�u�f�f�l�e� �c�u�p�s� �w�i�t�h� �l�i�d�s� �w�e�r�e� �c�o�d�e�d� �w�i�t�h� �3�-� 

�d�i�g�i�t� �r�a�n�d�o�m� �n�u�m�b�e�r�s�.� �S�a�m�p�l�e�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �s�u�c�h� �t�h�a�t� �e�a�c�h� �p�a�n�e�l�i�s�t� �r�e�c�e�i�v�e�d� �a�l�l� 

�s�a�m�p�l�e�s�,� �o�n�e� �a�t� �a� �t�i�m�e�,� �i�n� �a� �r�a�n�d�o�m� �o�r�d�e�r�.� �E�a�c�h� �s�a�m�p�l�e� �a�p�p�e�a�r�e�d� �i�n� �e�v�e�r�y� �p�o�s�i�t�i�o�n� �a�n� 

�e�q�u�a�l� �n�u�m�b�e�r� �o�f� �t�i�m�e�s� �a�c�r�o�s�s� �a�l�l� �p�a�n�e�l�i�s�t�s�.� �S�a�m�p�l�e�s� �w�e�r�e� �s�t�o�r�e�d� �a�t� �-�1�0�°�C� �i�n� �a� �c�o�u�n�t�e�r�-� 

�t�o�p� �f�r�e�e�z�e�r� �(�A�r�c�t�i�c� �S�t�a�r� �o�f� �T�e�x�a�s� �m�o�d�e�l� �A�S�3�,� �A�r�l�i�n�g�t�o�n�,� �T�X�)� �i�n� �o�r�d�e�r� �t�o� �m�a�i�n�t�a�i�n� �s�a�m�p�l�e� 

�i�n�t�e�g�r�i�t�y� �d�u�r�i�n�g� �s�e�n�s�o�r�y� �a�n�a�l�y�s�e�s�.� �P�a�n�e�l�i�s�t�s� �e�v�a�l�u�a�t�e�d� �o�n�e� �s�a�m�p�l�e�,� �t�h�e�n� �w�a�i�t�e�d� �a�t� �l�e�a�s�t� 

�3�0� �s�e�c�o�n�d�s� �b�e�f�o�r�e� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �n�e�x�t� �s�a�m�p�l�e�.� �P�a�n�e�l�i�s�t�s� �r�a�t�e�d� �e�a�c�h� �p�r�o�d�u�c�t� �f�o�r� 

�i�n�t�e�n�s�i�t�y� �o�f� �e�a�c�h� �a�t�t�r�i�b�u�t�e�,� �a�n�d� �m�a�r�k�e�d� �t�h�e� �p�e�r�c�e�i�v�e�d� �i�n�t�e�n�s�i�t�y�,� �w�i�t�h� �a� �h�a�s�h� �m�a�r�k�,� �o�n� �1�5� 

�c�m� �u�n�s�t�r�u�c�t�u�r�e�d� �l�i�n�e� �s�c�a�l�e�s� �w�i�t�h� �a�n�c�h�o�r� �t�e�r�m�s� �(�A�p�p�e�n�d�i�x� �D�)�.� �D�i�s�t�a�n�c�e� �(�c�m�)� �f�r�o�m� �t�h�e� 

�o�r�i�g�i�n� �t�o� �t�h�e� �h�a�s�h� �m�a�r�k� �w�a�s� �u�s�e�d� �a�s� �a� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �i�n�t�e�n�s�i�t�y�.� �E�v�a�l�u�a�t�i�o�n�s� �w�e�r�e� 

�c�o�m�p�l�e�t�e�d� �i�n� �i�n�d�i�v�i�d�u�a�l� �b�o�o�t�h�s� �u�n�d�e�r� �f�l�u�o�r�e�s�c�e�n�t� �w�h�i�t�e� �l�i�g�h�t�.� �P�a�n�e�l�i�s�t�s� �w�e�r�e� �i�n�s�t�r�u�c�t�e�d� 

�t�o� �r�i�n�s�e� �t�h�e� �p�a�l�a�t�e� �b�e�t�w�e�e�n� �s�a�m�p�l�e�s� �a�n�d� �w�a�i�t� �f�o�r� �o�n�e� �m�i�n� �b�e�f�o�r�e� �t�a�s�t�i�n�g� �t�h�e� �n�e�x�t� �p�r�o�d�u�c�t�.� 

�P�r�o�d�u�c�t� �E�v�a�l�u�a�t�i�o�n�:� �D�e�s�c�r�i�p�t�i�v�e� �a�n�a�l�y�s�e�s� �w�e�r�e� �c�o�m�p�l�e�t�e�d� �o�n� �f�i�v�e� �f�r�o�z�e�n� �y�o�g�u�r�t� 

�p�r�o�d�u�c�t�s�.� �P�a�n�e�l�i�s�t�s� �e�v�a�l�u�a�t�e�d� �e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �s�a�m�p�l�e�s� �o�f� �m�a�n�u�f�a�c�t�u�r�e�d� �p�r�o�d�u�c�t� �(�i�.�e�.� �t�w�o� 

�e�n�d�p�o�i�n�t�s� �o�f� �e�a�c�h� �o�f� �t�w�o� �t�r�e�a�t�m�e�n�t�s�)� �a�n�d� �a� �c�o�m�m�e�r�c�i�a�l� �b�r�a�n�d� �o�f� �f�r�o�z�e�n� �y�o�g�u�r�t� 

�(�C�r�o�w�l�e�y�'�s� �V�a�n�i�l�l�a� �F�r�o�z�e�n� �Y�o�g�u�r�t�)� �f�o�r� �i�n�t�e�n�s�i�t�y� �o�f� �e�a�c�h� �o�f� �t�h�e� �s�i�x� �a�t�t�r�i�b�u�t�e�s�.� �A�l�l� 

�p�a�n�e�l�i�s�t�s� �r�e�c�e�i�v�e�d� �t�h�e� �s�a�m�e� �s�e�t� �o�f� �s�a�m�p�l�e�s�,� �i�n� �r�a�n�d�o�m� �o�r�d�e�r�,� �d�u�r�i�n�g� �o�n�e� �s�e�s�s�i�o�n�.� 

�P�r�o�d�u�c�t�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �f�o�r� �e�v�a�l�u�a�t�i�o�n� �a�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d�.� �P�r�o�d�u�c�t�s� �w�e�r�e� 
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�e�v�a�l�u�a�t�e�d� �w�i�t�h�i�n� �4�8� �h�r� �a�f�t�e�r� �m�a�n�u�f�a�c�t�u�r�e� �a�n�d� �a�t� �t�w�o� �w�e�e�k� �i�n�t�e�r�v�a�l�s� �f�o�r� �a�n� �e�l�e�v�e�n� �w�e�e�k� 

�p�e�r�i�o�d�.� 

�C�o�n�s�u�m�e�r� �E�v�a�l�u�a�t�i�o�n�:� �F�l�a�v�o�r� �a�c�c�e�p�t�a�b�i�l�i�t�y� �o�f� �v�a�n�i�l�l�a� �f�r�o�z�e�n� �y�o�g�u�r�t� �f�e�r�m�e�n�t�e�d� 

�w�i�t�h� �s�u�p�p�l�e�m�e�n�t�e�d� �o�r� �t�r�a�d�i�t�i�o�n�a�l� �c�u�l�t�u�r�e�s� �t�o� �t�h�e� �f�i�r�s�t� �e�n�d�p�o�i�n�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d�.� �A� 

�c�o�n�s�u�m�e�r� �p�o�p�u�l�a�t�i�o�n� �(�n�=�5�0�)�,� �r�e�c�r�u�i�t�e�d� �b�y� �t�h�e� �i�n�t�e�r�c�e�p�t� �m�e�t�h�o�d� �i�n� �t�h�e� �s�t�u�d�e�n�t� �c�e�n�t�e�r� �a�t� 

�V�P�I� �&� �S�U�,� �e�v�a�l�u�a�t�e�d� �b�o�t�h� �p�r�o�d�u�c�t�s� �u�s�i�n�g� �a� �9�-�p�o�i�n�t� �h�e�d�o�n�i�c� �s�c�a�l�e� �(�1�=�d�i�s�l�i�k�e� �e�x�t�r�e�m�e�l�y� 

�a�n�d� �9�=�l�i�k�e� �e�x�t�r�e�m�e�l�y�)�.� �C�o�n�s�u�m�e�r�s� �w�e�r�e� �a�s�k�e�d� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �p�r�o�d�u�c�t� �b�a�s�e�d� �o�n� �h�o�w� 

�w�e�l�l� �t�h�e�y� �l�i�k�e�d� �t�h�e� �f�l�a�v�o�r�.� �E�a�c�h� �p�a�r�t�i�c�i�p�a�n�t� �w�a�s� �s�e�a�t�e�d� �a�t� �a�n� �i�n�d�i�v�i�d�u�a�l� �t�a�b�l�e� �i�s�o�l�a�t�e�d� 

�f�r�o�m� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n� �a�r�e�a�,� �d�u�r�i�n�g� �t�h�e� �e�v�a�l�u�a�t�i�o�n�.� �E�a�c�h� �p�a�r�t�i�c�i�p�a�n�t� �a�l�s�o� �c�o�m�p�l�e�t�e�d� �a� 

�d�e�m�o�g�r�a�p�h�i�c� �q�u�e�s�t�i�o�n�n�a�i�r�e� �w�h�i�c�h� �i�n�c�l�u�d�e�d� �s�e�v�e�r�a�l� �q�u�e�s�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �k�n�o�w�l�e�d�g�e� �a�n�d� 

�a�t�t�i�t�u�d�e� �t�o�w�a�r�d� �f�r�o�z�e�n� �y�o�g�u�r�t�.� 

�S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s� 

�T�h�e� �c�o�m�p�l�e�t�e� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �r�e�p�l�i�c�a�e�d� �t�w�i�c�e�.� �D�a�t�a� �a�n�a�l�y�s�i�s� �w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� 

�l�e�a�s�t� �s�q�u�a�r�e� �m�e�a�n�s� �o�f� �t�h�e� �v�a�l�u�e�s� �u�s�i�n�g� �a� �g�e�n�e�r�a�l� �l�i�n�e�a�r� �m�o�d�e�l� �p�r�o�c�e�d�u�r�e�.� �A� �m�o�d�e�l� �w�a�s� 

�d�e�v�e�l�o�p�e�d� �t�o� �e�v�a�l�u�a�t�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �b�a�c�t�e�r�i�a�l� �r�e�c�o�v�e�r�y�,� �b�i�o�c�h�e�m�i�c�a�l� �a�n�a�l�y�s�i�s� �a�n�d� �s�e�n�s�o�r�y� 

�v�a�l�u�e�s� �f�r�o�m� �f�r�o�z�e�n� �y�o�g�u�r�t� �f�e�r�m�e�n�t�e�d� �t�o� �t�w�o� �e�n�d�p�o�i�n�t�s�.� �A� �c�o�m�p�l�e�t�e� �b�l�o�c�k� �d�e�s�i�g�n� �w�a�s� 

�u�s�e�d� �f�o�r� �a�n�a�l�y�s�i�s� �u�s�i�n�g� �S�A�S� �(�S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s� �S�y�s�t�e�m�,� �C�a�r�y�,� �N�.�C�.�)� �t�o� �a�n�a�l�y�z�e� �t�h�e� 

�d�a�t�a�.� 
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�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�B�a�c�t�e�r�i�a�l� �S�u�r�v�i�v�a�l� 

�A�s�s�e�s�s�m�e�n�t� �o�f� �b�a�c�t�e�r�i�a�l� �s�u�r�v�i�v�a�l� �i�n� �f�r�o�z�e�n� �y�o�g�u�r�t� �i�s� �i�m�p�o�r�t�a�n�t� �f�o�r� �t�h�e� 

�i�m�p�l�i�c�a�t�i�o�n�s� �t�h�i�s� �m�a�y� �h�a�v�e� �o�n� �p�r�o�d�u�c�t� �q�u�a�l�i�t�y�,� �m�e�e�t�i�n�g� �p�r�o�p�o�s�e�d� �r�e�g�u�l�a�t�i�o�n�s� �f�o�r� �f�r�o�z�e�n� 

�y�o�g�u�r�t� �i�d�e�n�t�i�t�y�,� �a�n�d� �t�h�e� �p�o�t�e�n�t�i�a�l� �h�e�a�l�t�h� �a�s�p�e�c�t�s�.� �C�o�m�p�a�r�i�s�o�n�s� �w�e�r�e� �m�a�d�e� �t�o� �d�e�t�e�r�m�i�n�e� 

�t�h�e� �e�f�f�e�c�t� �o�f� �f�e�r�m�e�n�t�a�t�i�o�n� �t�o� �t�w�o� �d�i�f�f�e�r�e�n�t� �e�n�d�p�o�i�n�t�s� �b�y� �a� �t�r�a�d�i�t�i�o�n�a�l� �c�u�l�t�u�r�e� �s�y�s�t�e�m� 

�(�L�a�c�t�o�b�a�c�i�l�l�u�s� �b�u�l�g�a�r�i�c�u�s� �a�n�d� �S�t�r�e�p�t�o�c�o�c�c�u�s� �t�h�e�r�m�o�p�h�i�l�u�s�)� �a�n�d� �a� �c�u�l�t�u�r�e� �s�y�s�t�e�m� �w�i�t�h� 

�t�r�a�d�i�t�i�o�n�a�l� �c�u�l�t�u�r�e�s� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �B�i�f�i�d�o�b�a�c�t�e�r�i�u�m� �l�o�n�g�u�m� �a�n�d� �L�a�c�t�o�b�a�c�i�l�l�u�s� 

�a�c�i�d�o�p�h�i�l�u�s�.� �T�h�e� �f�e�r�m�e�n�t�a�t�i�o�n� �p�r�o�c�e�e�d�e�d� �t�o� �t�h�e� �s�u�g�g�e�s�t�e�d� �m�i�n�i�m�u�m� �f�o�r� �p�r�o�p�o�s�e�d� 

�s�t�a�n�d�a�r�d�s� �o�f� �i�d�e�n�t�i�t�y�,� �i�.�e�.� �i�n�c�r�e�a�s�e� �o�f� �t�i�t�r�a�t�a�b�l�e� �a�c�i�d�i�t�y� �o�f� �.�1�5�%� �a�b�o�v�e� �t�h�e� �i�n�i�t�i�a�l� �t�i�t�r�a�t�a�b�l�e� 

�a�c�i�d�i�t�y�,� �a�n�d� �t�o� �t�h�e� �s�e�c�o�n�d� �e�n�d�p�o�i�n�t� �o�f� �p�H� �5�.�6�.� �T�h�e� �s�e�c�o�n�d� �e�n�d�p�o�i�n�t� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �a�s� �a� 

�r�e�f�e�r�e�n�c�e� �t�o� �d�e�t�e�r�m�i�n�e� �e�f�f�e�c�t�s� �o�f� �i�n�c�r�e�a�s�e�d� �a�c�i�d�i�t�y�,� �b�e�y�o�n�d� �p�r�o�p�o�s�e�d� �s�t�a�n�d�a�r�d�s�,� �o�n� 

�b�a�c�t�e�r�i�a�l� �s�u�r�v�i�v�a�l� �a�n�d� �o�t�h�e�r� �a�t�t�r�i�b�u�t�e�s�.� �F�i�g�u�r�e�s� �4�-�1� �a�n�d� �4�-�2� �c�o�m�p�a�r�e� �f�r�o�z�e�n� �y�o�g�u�r�t� 

�f�e�r�m�e�n�t�e�d� �w�i�t�h� �t�h�e� �t�w�o� �c�u�l�t�u�r�e� �s�y�s�t�e�m�s� �o�n� �r�e�c�o�v�e�r�y� �o�f� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �f�e�r�m�e�n�t�a�t�i�o�n� 

�o�r�g�a�n�i�s�m�s�,� �L�.� �b�u�l�g�a�r�i�c�u�s� �a�n�d� �S�.� �t�h�e�r�m�o�p�h�i�l�u�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �f�o�u�n�d� �i�n� �b�o�t�h� �c�u�l�t�u�r�e� 

�s�y�s�t�e�m�s�.� �W�e�e�k� �s�e�v�e�n� �r�e�c�o�v�e�r�y� �o�f� �L�.� �b�u�l�g�a�r�i�c�u�s� �w�a�s� �t�h�e� �o�n�l�y� �w�e�e�k� �w�h�i�c�h� �s�h�o�w�e�d� �a� 

�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �r�e�s�u�l�t�s�.� �W�e�e�k� �f�i�v�e� �d�a�t�a� �w�a�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �d�u�e� �t�o� 

�a� �h�i�g�h� �d�e�g�r�e�e� �o�f� �v�a�r�i�a�t�i�o�n� �o�f� �t�h�e� �c�o�u�n�t�s� �w�h�i�c�h� �c�a�u�s�e�d� �o�v�e�r�l�a�p� �o�f� �t�h�e� �s�t�a�n�d�a�r�d� �e�r�r�o�r�s�.� �T�h�e� 

�s�u�p�p�l�e�m�e�n�t�e�d� �s�y�s�t�e�m� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �r�e�c�o�v�e�r�y� �o�f� �t�h�i�s� �b�a�c�t�e�r�i�a� �d�u�r�i�n�g� �w�e�e�k� 

�s�e�v�e�n� �a�t� �t�h�e� �f�i�r�s�t� �e�n�d�p�o�i�n�t� �o�n�l�y�.� �T�h�e� �S�.� �t�h�e�r�m�o�p�h�i�l�u�s� �s�u�p�p�l�e�m�e�n�t�e�d� �s�y�s�t�e�m� �h�a�d� �a� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �l�e�v�e�l� �o�f� �r�e�c�o�v�e�r�e�d� �c�e�l�l�s� �d�u�r�i�n�g� �w�e�e�k�s� �5�-�1�1� �f�o�r� �b�o�t�h� �e�n�d�p�o�i�n�t�s�.� 
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�L�e�a�s�t� �S�q�u�a�r�e� �M�e�a�n�s� �o�f� �L�o�g� �C�o�u�n�t�s� 

� � 
�F�i�g�u�r�e� �4�-�1�.� �R�e�c�o�v�e�r�y� �o�f� �L�a�c�t�o�b�a�c�i�l�l�u�s� �b�u�l�g�a�r�i�c�u�s� �f�r�o�m� �f�r�o�z�e�n� �y�o�g�u�r�t� �f�e�r�m�e�n�t�e�d� �w�i�t�h� 

�t�w�o� �d�i�f�f�e�r�e�n�t� �c�u�l�t�u�r�e� �s�y�s�t�e�m�s� �t�o� �t�w�o� �e�n�d�p�o�i�n�t�s� �a�n�d� �s�t�o�r�e�d� �f�o�r� �a�n� �e�l�e�v�e�n� �w�e�e�k� �p�e�r�i�o�d�.� 

�a�t�e� �T�r�a�d�i�t�i�o�n�a�l� �s�y�s�t�e�m�,� �e�n�d�p�o�i�n�t� �1�;� �-�|�-�|�-� �T�r�a�d�i�t�i�o�n�a�l� �s�y�s�t�e�m�,� �e�n�d�p�o�i�n�t� �2�;� �-�*�-�*�-� 

�S�u�p�p�l�e�m�e�n�t�e�d� �s�y�s�t�e�m�,� �e�n�d�p�o�i�n�t� �1�;� �-�C�J�-�L�-� �S�u�p�p�l�e�m�e�n�t�e�d� �s�y�s�t�e�m�,� �e�n�d�p�o�i�n�t� �2�.� 
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