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(ABSTRACT) 

Commercial creamers that did and did not demonstrate feathering defect showed 

differences in feathering test, phospholipid proportion, and protein patterns of surface 

material of homogenized fat globules. Creams that did not feather were stable pH at in 

acetate buffer as low as 5.00; creams that did exhibit feathering defect were stable in 

acetate buffer at pH of 5.45 and higher. The proportion of phosphatidylethanoamine in 

feathering cream was higher than in stable cream while the proportions of 

phosphatidylinositol and phosphatidylserine in feathering cream were slightly less than in 

stable cream. Feathering cream had more caseins associated with milk fat globule than 

stable cream and more protein bands were observed in feathering cream than in stable 

cream. 

Feathering test with a series of acetate buffer solutions of different pHs revealed 

that papain treatment of cream (0.075 EU/ml) induced feathering defect near pH of 5.60 

while phospholipase C treatment of cream (0.75 EU/ml) did not cause coagulation of 

protein and fat globules at pH 5.09. Papain-treated cream flocculated in coffee with pH



4.56 at 85°C but phospholipase C-treated cream did not. Small activity (0.075 EU/ml) of 

sulfhydryl protease (papain) in cream degraded most casein associated with newly 

formed membrane into small peptides when incubated at 4° and 21°C for 1 day. One of 

milk fat globule membrane proteins (butyrophilin) was hydrolyzed by papain while B- 

lactoglobulin was not degraded in papain-treated cream About 65-70% of phospholipid 

in the membrane material was degraded when 0.75 EU of phospholipase C was inoculated 

to 11% homogenized UHT processed cream and incubated at 4 and 21°C for 14 days. 

Major phospholipids (phosphatidylcholine, phosphatidylserine, phosphatidylinositol, 

and phosphatidylethanolamine) were hydrolyzed by phospholipase C while 

sphingomyelin remained intact. Heat treatment of whey protein at 80°C for 7 minutes to 

cover newly formed fat globule did not prevent the feathering problem in papain-treated 

cream.
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CHAPTER I 

INTRODUCTION 

When homogenized cream is added to hot coffee, the cream sometimes flocculates. 

This phenomenon is known as "feathering" and may be described as the formation of 

unpleasant curd-like particles floating on the surface of coffee. The appearance of cream 

“feathers” in the coffee may suggest to the consumer that the cream has spoiled, resulting 

in a negative attitude toward the product and the retail establishment at which the product 

was purchased. Two manufacturers of ultra high-temperature (UHT) creamers, Ultra 

Products Corp. (Tempe, Ariz) and Shenandoah's Pride (Winchester, VA), have reported 

incidence of feathering in UHT creamers processed in their plants. The problem has been 

reported in 13 different states and in many other dairy manufacturing countries as well 

(Lopez, 1991). 

Investigation of feathering in UHT and homogenized cream has shown that various 

factors are related to the incidence of the defect. They can be categorized into three 

groups according to sources such as creamer, coffee solution, and processing condition. 

Factors in creamer consist of calcium, fat, and protein content of the milk product. 

Acidity of coffee solution, hardness of water, and temperature of coffee solution are also 

involved. Conditions in processing for feathering defect can be listed as homogenization 

pressure, heating treatment, addition of stabilizer, and aging (Anderson et al., 1977a; 

Towler, 1982; Geyer and Kessler, 1989a). 

In addition to the factors mentioned above, other factors, such as heat resistant 

enzymes present in milk and degree of denaturation of whey protein, are suspected in 

causing feathering (Geyer and Kessler, 1989b; Shimizu et al., 1980). Heat stable enzymes



present in milk could hydrolyze the components of milk fat globule surface material 

surrounding the milk fat in UHT cream. The breakdown of this protective membrane 

could affect stability of the proteins and phospholipids toward changes in acidity, 

temperature or ionic charges, thus predisposing the cream to feathering when the cream is 

added to hot acidic coffee. Complete coverage of fat globules by denatured whey protein 

has been shown to prevent the proteins from participating in flocculation process and in 

forming flocks (Geyer and Kessler, 1989b). 

Preliminary research was conducted to examine differences in the membrane protein 

layer surrounding milk fat in stable homogenized UHT processed commercial creams and 

those demonstrating the feathering defect on addition to coffee. Differences in the 

proportion of phospholipids in fat globule membrane and the protein patterns of surface 

material surrounding fat globules for normal creamer and feathering creamer have been 

noted. Since microbial enzymes such as phospholipase C, lipases and proteinases are 

stable at high temperatures and survive pasteurization and UHT treatment (Stepaniak and 

Serhaug, 1995), heat-stable phospholipase C and papain will be added aseptically to 

cream processed under UHT conditions in a pilot plant to determine if these enzymes 

could contribute to feathering, and to observe the enzymatic changes within the cream. 

The mechanism of attachment of denatured whey protein in preventing the feathering 

defect is not clearly understood, although denatured whey proteins contribute to reduced 

incidence of feathering (Geyer and Kessler, 1989b). The high number of sulfhydryl 

groups in whey protein may be involved in adhesion of the denatured protein to proteins 

in milk fat globule membrane. The association of denatured whey protein with 

homogenized fat globule surface material was examined. 

Heat resistant enzymes present in milk may contribute to incidence of feathering 

defect in UHT processed cream stored at room temperature (21°C). The first objective of



this study is to determine the ability of phospholipase and papain to predispose cream to 

feathering by altering protein and phospholipid composition in milk fat globule membrane 

(MFGM) and by denaturing casein proteins adsorbed on fat globule surface. The second 

objective is to determine the ability of denatured whey protein to provide an effective 

coating of the surface of fat globules which prevents feathering in cream.



CHAPTER II 

LITERATURE REVIEW 

Coffee cream, 1.e., homogenized cream with a fat content between 10 and 20%, has 

been a popular dairy product for more than 50 years (Buchheim et al., 1986). Coffee 

cream has been used to provide an attractive appearance to coffee with increased mildness 

and smoothness in flavor and texture. High quality functional characteristics of coffee 

cream usually requires that 1) the particulate constituents, i.e., fat and protein, remain 

homogeneously dispersed, 2) a high whitening effect is necessary, and 3) a coffee cream, 

after being added to a coffee solution, forms a homogeneous "milky" mixture irrespective 

of the composition, the brewing conditions and the temperature of the coffee (Buchheim 

et al., 1986). Initially, a prolonged shelf-life of several months had been achieved by an 

in-bottle heat sterilization. In the past 15-20 years UHT treatment, followed by aseptic 

packaging, has been used increasingly. Ultra Product Corporation (UPC) has produced 

UHT-treated coffee creamer since 1987. The product is aseptically packed, extending 

shelflife to 90 days (Mans, 1994). A strongly increasing demand for this product exists 

especially in small portion packs. Eighty million creamer cups were produced in a month 

at UPC in 1994 (Mans, 1994). However, creams sometime show changes in stability on 

storage, especially with homogenized UHT aseptically-packed creams. These changes 

eventually are sufficient to cause feathering when the creams are added to hot coffee. To - 

understand how these changes may contribute to instability of the product, a review of 

milk composition and structure is beneficial.



A. BOVINE MILK COMPOSITION 

Gross Composition 

General composition of bovine milk is 87% of water, 3.2% of protein, 3.9% of fat, 

4.6% of lactose, and smal] amounts of minerals (Jenness, 1985). However, the 

composition of milk can be different from individual cows and 1s affected by stage of 

lactation, number of lactations, diet, breed of aminal, and other environmental factors. 

Protein Composition 

Milk proteins are of two distinct types, caseins and whey (serum) proteins. Caseins 

comprise over 80% of the total protein of milk, although the relative proportion of whey 

proteins to casein varies according to the stage of lactation. Milk fat globule membrane 

proteins, enzymes and other proteins are also found in milk (Swaisgood, 1985). 

Caseins are the most abundant proteins in milk. They are defined as the 

phosphoproteins that precipitate from raw skim milk by acidification to pH 4.6 at 20°C 

(Jenness et al., 1956). The caseins in milk are subdivided into four classes: O, -caseins, 

O,.,-caseins, B-caseins, and «-casein. All caseins exist with calcium phosphate in a 

unique, highly hydrated spherical complex known as the micelle. These complexes vary 

in size from 30 to 300 nm in diameter. These micelles consist of submicelles, which are 

smaller spherical complexes of caseins ranging from 15 to 20 nm in diameter (Swaisgood, 

1985). 

Submicelles appear to be formed by hydrophobic interaction among individual 

caseins. Calcium ions interact with the orthophosphate groups in the casein and the 

resulting calcium phosphate interaction, which connects submicelles, is considered to be 

important to micelle structure in milk. The polar domain of k-caseins also seems to be



significant in building micelles, since removal causes association of micelles and formation 

of a gel structure (Swaisgood, 1985). 

Among numerous models proposed for the micelle, Slattery's model and Schmidt's 

model are known to fulfill the requirments for calcium ions, phosphate in casein and polar 

domain of K-casein (Slattery, 1976; Schmidt, 1980). Although both models suggest that 

the submicelle is held together by hydrophobic interaction among the individual caseins, 

and that there is a nonuniform distribution of «-casein, the difference in the models is the 

corresponding significance of hydrophobic interactions and tertiary calctum phosphate in 

binding the submicelles together. 

In Slattery's model (Slattery, 1976), the amphiphilic submicelle aggregates and 

produces micelles with most of «K-casein's polar domain on the micelle surface. The 

primary role of calcium phosphate is to neutralize the repulsive negative charges of the 

orthophosphate groups on Os1-, Os2- and B-caseins, thus enabling submicelles to interact 

by hydrophobic association. 

In Schmidt's proposal (Schmidt, 1980), the entire surface of submicelle is hydrophilic, 

composed of polar domains of all the caseins. Orthophosphate groups from polar 

domains of Os1-, Og2- and B-casein can form salt bridges with calcium, thereby binding 

submicelles together. Therefore, submicelles with such caseins rich in polar domains are 

inclined to locate inside of micelle. Because k-caseins do not contain orthophosphate in 

their polar domain, they cannot form salt linkages. Consequently, submicelles rich in «- 

casein are likely to be on the outer surface of the micelle. 

Whey proteins are described as the group of milk proteins that remain soluble in “milk 

serum" or whey after precipitation of caseins at pH 4.6 and 20°C (Jenness et al., 1956). 

Whey proteins contain appoximately 20% of the total protein found in bovine milk. This 

fraction includes B-lactoglobulin, «-lactalbumin, serum albumin, and several classes of



immunoglobulins. A number of minor proteins and numerous milk enzymes are contained 

in the serum fraction (Swaisgood, 1985; Jelen and Rattray, 1995). Minor proteins in the 

serum fraction are proteose-peptones, transferrin, lactoferrin, 82-microglobulin; milk 

enzymes found in the serum fraction are lysozyme, lipase, xanthine oxidase, plasmin, acid 

and alkaline phosphatases (Jelen and Rattray, 1995). 

The major proteins in whey are B-lactoglobulin (B-lg) and o-lactalbumin (c-la). The 

B-lg constitutes about 50 % of total serum proteins and the o-la is about 20 % of serum 

fraction. B-Lg functions in transfering vitamin A from maternal milk to neonate via 

specific receptor in the intestine (Papiz et al., 1986). The a-la functions in lactose 

synthesis as a cofactor for the enzyme, lactose synthetase (Jelen and Rattray, 1995). The 

structure of the two major whey proteins, B-lactoglubulin and o-lactalbumin, are compact 

and globular with a rather uniform sequence distribution of nonpolar, polar, and charged 

residues. Most of hydrophobic residues of these proteins tend to interact together in the 

interior of globular structure. Therefore, extensive self-association or interaction with 

other proteins are not likely to occur (Swaisgood, 1985). The presence of both a 

sulfhydryl group and disulfide bonds in B-lactoglobulin characterizes its functionality, 

since the available sulfhydryl group can interact with other functional groups (Swaisgood, 

1985). 

Lipid Composition 

Milk fat, which is one of the major components of cream, is dispersed in the aqueous 

medium as an emulsion. In bovine milk, approximately 3~5% of the milk is lipid, of 

which about 1~2% of the total lipid is in the milk fat globule membrane (MFGM). Most 

milk fat exists as lipid globules suspended in aqueous phase. These globules vary in size 

and are composed mostly of tnacylglycende. The individual fat globules are protected



by MFGM (Towler, 1982). About half of the MFGM lipid consists of phospholipids 

(McPherson and Kitchen, 1983). 

Jensen et al. (1991) reported the average composition for milk lipids: Triacylglycerol 

(95.8%), 1,2- diacylglycerol (2.3%), phospholipid (1.1%), cholesterol (0.5%), free fatty 

acid (0.3%), monoacylglycerol (0.08%), and cholesteryl ester (0.02%). The 

triacylglycerol, with about 20 major fatty acids, are present in globules 0.1-10 ium in 

diameter (McPherson and Kitchen, 1983). The fatty acids are identified based on degree 

of unsaturation; 62.8% of total fatty acids are saturated acid, 30.8% are monoenoic acids, 

2.8 % are dienoic acids and 0.9% are polyenoic acid (Swaisgood, 1985). The 

concentration of unsaturated fatty acids can be increased by consuming unsaturated fatty 

acids coated with denatured protein (Jensen et al., 1991). Despite different fatty acid 

compositions of milk triacylglycerol among species, a high proportion of the palmitic acid 

in position sn-2 is a common characteristic for almost all species (Christie, 1986). 

About 60% of phospholipids in milk are present in lipid globules and the remainder 

are in skim milk (Huang and Kuksis, 1967; Patton and Keenan, 1971). The major 

phospholipids present in milk are sphingomyelin (22%), phosphatidylcholine (36%), 

phosphatidylethanolamine (27%), phosphatidylinositol (11%), and phosphatidylserine 

(4%) (Patton and Keenan, 1975). Some minor components, such as lyso-derivatives of 

phosphatidylcholine and phosphatidylethanolamine, are found in MFGM when fresh 

samples are prepared with minimized lipolytic activities (Keenan et al., 1988).



B. MILK FAT GLOBULE MEMBRANE (MFGM) 

Origin of the Membrane 

The formation of milkfat occurs in the mammary gland secretory cells. Milk lipid 

globules are surrounded by a membrane which is known as MFGM. Small lipid droplets 

originate from endoplasmic reticulum within the cell and the core lipid droplets enlarge 

during migration to the apical region of the lactating cell (Dylewski et al., 1984b; Deeney 

et al., 1985; Zaczek and Keenan, 1990). The small lipid droplets first appear in the 

cytoplasm with diameters <0.5 um. These lipid droplets grow larger by fusion with each 

other. Triacylglycerols are the major lipid class. Surface layer of the droplets consists of 

proteins, cholesterol, phospholipids and gangliosides (Dylewski et al., 1984a; Deeney et 

al., 1985). These components appear to be derived from endoplasmic reticulum 

membrane, with which the surface of intracellular lipid globules are associated during 

formation (Keenan et al., 1988). 

Lipid droplets are transfered from basal regions of the cell to apical cell region. A 

theory for movement of lipid droplets was developed by Mather and Keenan (1983) that 

microtubules and microfilaments are involved in transit. Other cell types use lipoprotein 

in transfering triacylglycerol to the cell surface. 

Once intracellular lipid droplets arrive at the apical region of the mammary cell, lipid 

droplets are enveloped by the apical plasma membrane and secreted into the lumen 

(Patton and Keenan, 1975; Mather and Keenan, 1983; Keenan et al., 1988). The theory 

that the MFGM originates from the apical plasma membrane is supported by some 

results of experiments. The envelopment of fat globules in the apical plasma membrane 

was observed first by Bargmann and Knoop (1956). Similar fatty acid compositions in 

phospholipids and cholesterol esters were found between MFGM and plasma membrane 
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(Keenan et al., 1970). Also Patton and Keenan (1975) reported the similarity in 

distribution of phospholipids between MFGM and plasma membrane. 

An alternative mechanism for secretion lipid globule has been described by Wooding. 

(1971), who observed fat droplets in the apical plasma membrane in which secretory 

vesicles surrounded fat droplets. These secretory vesicles were thought to fuse together 

and with plasma membrane, resulting in secretion of the lipid globule from the cell. This 

observation supported the theory that MFGM originates partly from the Golgi 

apparatus (Wooding, 1971; McPherson and Kitchen, 1983; Keenan et al., 1988). Further 

support of this theory was provided when enzymatic activity associated with Golgi 

apparatus was detected in MFGM (Powell et al., 1977). However, morphological 

analysis of mammary epithelial cells did not support the fusion of seretory vesicles for 

lipid droplet secretion (Dylewski and Keenan, 1983). The leading theory for secretion of 

milk lipid globules is direct envelopment of lipid droplet in plasma membrane. 

Isolation of the Membrane 

Fat globule membranes can be obtained by separation of lipid globules from the serum 

milk, removal and collection of the membrane (Patton and Keenan, 1975). Separation of 

fat globules from milk serum is the first step to isolate the membrane. Globules are easily 

isolated by centrifugation due to lower density of lipid globules than that of water. Speed 

of centrifugation is not critical; a few thousand g forces for a 10 min is sufficient. In order 

to remove entrained milk serum constituents, washing cream with water or buffered 

solutions is necessary (Patton and Keenan, 1975). From this washed cream, MFGM 

constituents can be dissociated by chemical or physical methods. 

As a chemical method, sodium dodecyl sulfate has been used to extract membrane 

proteins for electrophoretic analysis (Mather and Keenan, 1975). Solvents such as 
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chloroform/methanol have been applied to extract membrane phospholipids (Patton and 

Keenan, 1971). Physical methods used to separate the membrane from the globule 

include churning, freezing-thawing, and sonication (Patton and Keenan, 1975). Churning 

can be achieved by agitation with a hand mixer or blender or with butter churns. Slow 

freezing and thawing is effective for dissociation of the membrane from the globule. 

Sonication also can be used, but is time-consuming with large volumes. The mechanism 

for lysis of lipids involves destabilization of the lipids, coalescence of the core lipids, and 

separation of membrane materials from lipid. The membrane materials can be obtained by 

centrifugation as a pellet; centrifugation at 100,000 x g for 60-90 min was found to be 

adequate to isolate the membrane materials (Keenan, 1974). Other methods to separate 

the membrane constituents, such as lowering pH or addition of ammonium sulfate have 

been developed as an alternative to ultracentrifugation (Kitchen, 1974). 

The amount of membrane material is determined by the lipid content of the milk. The 

lipid content of cows’ milk varies with breed, diet and stage of lactation; the average lipid 

content for the common domesticated breeds is 2.5-6.0% (Jenness, 1974). With a 

constant fat content, fat with small diameter globules contains more membrane material 

than that with globules of larger diameter. Not only the size of lipid globules but also the 

age, the degree of agitation, or temperature manipulation of the milk are known to affect 

the yield of membrane material (Jenness, 1974). 

Composition of the Membrane 

Composition of MFGM is widely variable, depending on the method used for 

separation of membrane from milk fat. However, generally MFGM consists of proteins, 

phospholipids, glycolipids, triacylglycerols, cholesterol, enzymes and other minor 

components. Proteins and lipids comprise over 90% of the dry weight of membrane 
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material. The relative proportion of protein varies from 25 to 60 % or more of the dry 

weight (Kobylka and Carraway, 1972; Huang and Kuksis, 1967; Swope and Brunner, 

1970). Phospholipid content of the membrane averages about 0.25 mg/mg protein 

(Swope and Brunner, 1970; Keenan and Huang, 1972). Protein- and lipid-bound 

carbohydrate are found in fat globule membrane fractions. About 55 nmol of protein- 

bound sialic acid and 6 nmol of ganglioside-bound sialic acid per mg protein were found in 

the membrane (Keenan, 1974; Keenan and Huang, 1972; Keenan et al., 1972). 

Glycerides, especially triacylglycerol, are the most abundant constituents of the total 

membrane lipids; triacylglycerol comprises over 90% of lipid and diglycerides and 

monoglycerides account for the remainder (Thompson et al., 1961). The triacylglycerol is 

tightly bound in and localized along the inner face of the membrane (Newman and 

Harrison, 1973). The major phospholipids in milk fat globule membrane are. 

sphingomyelin, phosphatidylcholine and phosphatidylethanolamine; low amounts of 

inositol and serine phosphatides also are found (Huang and Kuksis, 1967; Keenan and 

Huang, 1972; Thompson et al., 1961). The plasma membrane is the only mammary 

cellular membrane with a phospholipid distribution pattern similar to the fat globule 

membrane. Intracellular membranes have a lower sphingomyelin and higher 

phosphatidylcholine content compared to these two membranes (Keenan et al., 1972; 

Keenan and Huang, 1972; Huang and Keenan, 1971) 

Proteins in the membrane has been characterized by polyacrylamide gel 

electrophoresis. The presence of 9 polypeptides was revealed by Keenan et al. (1970); 

these 9 membrane polypeptides were found to show identical electrophoretic patterns 

with proteins from plasma membrane. Subsequently, treatment of the proteins with 

sodium dodecyl sulfate and 2-mercaptoethanol increased the number of polypeptides 

known to occur in milk fat globule membrane (Mather and Keenan, 1975). Twenty-one 
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�c�o�o�m�a�s�s�i�e� �b�l�u�e�-�p�o�s�i�t�i�v�e� �p�o�l�y�p�e�p�t�i�d�e�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �w�i�t�h�i�n� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �r�a�n�g�e� �o�f� 

�2�4�0�,�0�0�0� �t�o� �a�b�o�u�t� �1�5�,�0�0�0� �d�a�l�t�o�n�s�.� �T�h�r�e�e� �m�a�j�o�r� �p�o�l�y�p�e�p�t�i�d�e�s� �o�f� �a�b�o�u�t� �1�5�5�,�0�0�0�,� �6�3�,�0�0�0� 

�a�n�d� �4�4�,�0�0�0� �d�a�l�t�o�n�s� �w�e�r�e� �f�o�u�n�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �P�e�r�i�o�d�a�t�e�-�S�c�h�i�f�f� �p�o�s�i�t�i�v�e� �g�l�y�c�o�p�r�o�t�e�i�n� 

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

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

�s�t�a�i�n�i�n�g� �m�e�t�h�o�d� �(�K�o�b�y�l�k�a� �a�n�d� �C�a�r�r�a�w�a�y�,� �1�9�7�2�;� �M�a�t�h�e�r� �a�n�d� �K�e�e�n�a�n�,� �1�9�7�5�)�.� �T�h�e� �s�a�m�e� 

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

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

�a�c�t�i�v�i�t�i�e�s� �h�a�v�e� �b�e�e�n� �f�o�u�n�d� �i�n� �b�o�v�i�n�e� �m�i�l�k� �f�a�t� �g�l�o�b�u�l�e� �m�e�m�b�r�a�n�e� �(�K�i�t�c�h�e�n�,� �1�9�7�4�;� �D�o�w�b�e�n� 

�e�t� �a�l�.�,� �1�9�6�7�)�.� �I�n� �g�e�n�e�r�a�l�,� �t�h�e� �e�n�z�y�m�e�s� �a�r�e� �f�o�u�n�d� �t�o� �b�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �p�l�a�s�m�a� �m�e�m�b�r�a�n�e� 

�f�r�o�m� �v�a�r�i�o�u�s� �t�i�s�s�u�e�s� �(�M�o�o�r�e� �e�t� �a�l�.�,� �1�9�7�4�;� �S�o�l�y�o�m� �a�n�d� �T�r�a�m�s�,� �1�9�7�3�)�.� �M�i�l�k� �f�a�t� �g�l�o�b�u�l�e� 

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

�a�q�u�e�o�u�s� �p�h�a�s�e� �o�f� �m�i�l�k� �(�M�c�P�h�e�r�s�o�n� �a�n�d� �K�i�t�c�h�e�n�,� �1�9�8�3�)�.� �M�a�t�h�e�r� �a�n�d� �K�e�e�n�a�n� �(�1�9�7�5�)� �a�l�s�o� 

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

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

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

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

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

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

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

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

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

�m�i�l�k� �s�e�r�u�m� �(�J�e�n�s�e�n� �e�t� �a�l�.�,� �1�9�9�1�)�.� 

�T�h�e� �f�a�c�t�o�r�s� �w�h�i�c�h� �a�f�f�e�c�t� �t�h�e� �M�F�G�M� �c�a�n� �b�e� �c�a�t�e�g�o�r�i�z�e�d� �i�n�t�o� �t�h�r�e�e� �g�r�o�u�p�s�:� �c�o�w�,� 

�p�r�o�c�e�s�s�i�n�g�,� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �f�a�c�t�o�r�s� �(�M�c�P�h�e�r�s�o�n� �a�n�d� �K�i�t�c�h�e�n�,� �1�9�8�3�)�.� �I�n� �c�o�w� �f�a�c�t�o�r�s�,� 
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�t�h�e� �b�r�e�e�d�,� �t�h�e� �d�i�e�t�a�r�y� �c�h�a�n�g�e� �b�e�t�w�e�e�n� �s�u�m�m�e�r� �a�n�d� �w�i�n�t�e�r� �f�e�e�d�s�,� �a�n�d� �l�a�c�t�a�t�i�o�n�a�l� �s�t�a�g�e� �a�r�e� 

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

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

�E�s�p�e�c�i�a�l�l�y� �i�n� �h�e�a�t�i�n�g� �e�f�f�e�c�t�s�,� �h�i�g�h� �p�r�o�c�e�s�s�i�n�g� �t�e�m�p�e�r�a�t�u�r�e� �c�a�n� �c�a�u�s�e� �l�o�s�s�e�s� �o�f� �M�F�G�M� 

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

�c�o�m�p�l�e�x�e�s�.� �H�o�m�o�g�e�n�i�z�a�t�i�o�n� �t�r�e�a�t�m�e�n�t� �i�s� �k�n�o�w�n� �a�s� �t�h�e� �m�o�s�t� �s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� �o�n� �t�h�e� 

�M�F�G�M� �d�u�e� �t�o� �4�~�6� �f�o�l�d� �i�n�c�r�e�a�s�e� �i�n� �s�u�r�f�a�c�e� �a�r�e�a� �w�h�e�r�e� �s�k�i�m� �m�i�l�k� �p�r�o�t�e�i�n� �a�r�e� �a�b�s�o�r�b�e�d�.� 

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

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

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

�(�W�o�l�f�g�a�n�g� �e�t� �a�l�.�,� �1�9�8�6�)� �a�n�d� �t�h�e� �s�t�r�u�c�t�u�r�e� �c�h�a�n�g�e� �i�n� �M�F�G�M� �m�a�y� �i�n�f�l�u�e�n�c�e� �t�h�e� �i�n�c�i�d�e�n�c�e� �o�f� 

�f�e�a�t�h�e�r�i�n�g� �.� 

�C�.� �S�U�R�F�A�C�E� �C�O�M�P�O�S�I�T�I�O�N� �O�F� �H�O�M�O�G�E�N�I�Z�E�D� �M�I�L�K� 

�H�o�m�o�g�e�n�i�z�a�t�i�o�n� �o�f� �M�i�l�k� 

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

�s�e�p�a�r�a�t�i�o�n� �i�n� �m�i�l�k� �a�n�d� �c�r�e�a�m� �(�K�e�s�s�l�e�r�,� �1�9�8�1�)�.� �T�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �m�i�l�k� �a�f�t�e�r� 

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

�s�u�r�f�a�c�e� �t�e�n�s�i�o�n� �a�n�d� �w�h�i�t�e�r� �a�p�p�e�a�r�a�n�c�e� �(�B�r�u�n�n�e�r�,� �1�9�7�4�)�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �h�o�m�o�g�e�n�i�z�e�d� �m�i�l�k� 

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

�(�B�r�u�n�n�e�r�,� �1�9�7�4�)�.� �D�u�r�i�n�g� �h�o�m�o�g�e�n�i�z�a�t�i�o�n�,� �m�i�l�k� �i�s� �f�o�r�c�e�d� �t�h�r�o�u�g�h� �v�e�r�y� �n�a�r�r�o�w� �s�l�i�t�s� �a�t� �h�i�g�h� 

�p�r�e�s�s�u�r�e� �a�t� �h�i�g�h� �f�l�o�w� �r�a�t�e�s� �w�h�i�c�h� �c�a�u�s�e� �l�i�p�i�d� �g�l�o�b�u�l�e�s� �t�o� �b�e� �d�i�s�r�u�p�t�e�d� �t�o� �d�i�a�m�e�t�e�r�s� �o�f� �1� 

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

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

�t�e�m�p�e�r�a�t�u�r�e� �d�u�r�i�n�g� �h�o�m�o�g�e�n�i�z�a�t�i�o�n� �(�K�e�e�n�a�n� �e�t� �a�l�.�,� �1�9�8�8�;� �W�a�l�s�t�r�a�,� �1�9�7�5�)�.� 
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�A�s� �t�h�e� �s�i�z�e� �o�f� �f�a�t� �g�l�o�b�u�l�e�s� �i�s� �d�e�c�r�e�a�s�e�d� �d�u�r�i�n�g� �h�o�m�o�g�e�n�i�z�a�t�i�o�n�,� �s�u�r�f�a�c�e� �a�r�e�a� �i�s� 

�i�n�c�r�e�a�s�e�d� �f�o�u�r�-� �t�o� �t�e�n�-�f�o�l�d� �(�D�a�r�l�i�n�g� �a�n�d� �B�u�t�c�h�e�r�,� �1�9�7�8�)�.� �T�h�e� �i�n�c�r�e�a�s�e�d� �s�u�r�f�a�c�e� �a�r�e�a� �o�f� �f�a�t� 

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

�w�h�e�y� �p�r�o�t�e�i�n� �(�D�a�r�l�i�n�g� �a�n�d� �B�u�t�c�h�e�r�,� �1�9�7�8�)�.� �V�a�n� �B�o�e�k�e�l� �a�n�d� �W�a�l�s�t�r�a� �(�1�9�8�9�)� �r�e�p�o�r�t�e�d� 

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

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

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

�B�u�t�c�h�e�r�,� �1�9�7�8�)�.� �W�h�e�y� �p�r�o�t�e�i�n�s� �a�r�e� �l�o�o�s�e�l�y� �b�o�u�n�d� �t�o� �f�a�t� �s�u�r�f�a�c�e�;� �h�o�w�e�v�e�r� �w�h�e�n� �h�e�a�t� 

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

�t�i�g�h�t�l�y� �t�o� �t�h�e� �f�a�t� �g�l�o�b�u�l�e� �s�u�r�f�a�c�e� �(�D�a�r�l�i�n�g� �a�n�d� �B�u�t�c�h�e�r�,� �1�9�7�8�)�.� 

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

�h�o�m�o�g�e�n�i�z�e�d� �m�i�l�k� �(�K�e�e�n�a�n� �e�t� �a�l�.�,� �1�9�8�3�)�.� �M�a�j�o�r� �M�F�G�M� �p�r�o�t�e�i�n�s� �(�x�a�n�t�h�i�n�e� �o�x�i�d�a�s�e� �a�n�d� 

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

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

�m�i�l�k� �t�h�a�n� �g�l�o�b�u�l�e�s� �f�r�o�m� �u�n�h�o�m�o�g�e�n�i�z�e�d� �m�i�l�k� �(�K�e�e�n�a�n� �e�t� �a�l�.�,� �1�9�8�3�)�.� �T�h�e� �i�n�c�r�e�a�s�e�d� �a�m�o�u�n�t� 

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

�a�l�.�,� �1�9�8�3�)�.� 

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

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

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

�h�o�m�o�g�e�n�i�z�a�t�i�o�n� �c�l�u�s�t�e�r�s� �(�W�a�l�s�t�r�a�,� �1�9�8�3�)�.� �F�a�t� �c�o�n�t�e�n�t� �i�s� �o�n�e� �o�f� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r�s� 

�i�n�v�o�l�v�e�d� �i�n� �f�o�r�m�a�t�i�o�n� �o�f� �h�o�m�o�g�e�n�i�z�a�t�i�o�n� �c�l�u�s�t�e�r�s�.� �P�r�o�d�u�c�t�s� �c�o�n�t�a�i�n�i�n�g� �l�e�s�s� �t�h�a�n� �8�%� �o�f� �f�a�t� 

�a�r�e� �n�o�t� �l�i�k�e�l�y� �t�o� �f�o�r�m� �c�l�u�s�t�e�r�s� �d�u�r�i�n�g� �h�o�m�o�g�e�n�i�z�a�t�i�o�n� �(�v�a�n� �B�o�e�k�e�l� �a�n�d� �W�a�l�s�t�r�a�,� �1�9�8�9�)�.� 

�H�o�w�e�v�e�r�,� �w�h�e�n� �f�a�t� �c�o�n�t�e�n�t� �o�f� �c�r�e�a�m� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �1�8� �%�,� �h�o�m�o�g�e�n�i�z�a�t�i�o�n� �c�a�n� �n�o�t� 

�p�r�e�v�e�n�t� �c�l�u�s�t�e�r� �f�o�r�m�a�t�i�o�n� �(�v�a�n� �B�o�e�k�e�l� �a�n�d� �W�a�l�s�t�r�a�,� �1�9�8�9�)�.� �H�i�g�h� �p�r�e�s�s�u�r�e� �d�u�r�i�n�g� 
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�h�o�m�o�g�e�n�i�z�a�t�i�o�n� �a�n�d� �l�o�w�e�r� �h�o�m�o�g�e�n�i�z�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �i�n�c�r�e�a�s�e� �h�o�m�o�g�e�n�i�z�a�t�i�o�n� 

�c�l�u�s�t�e�r�i�n�g� �(�M�u�l�d�e�r� �a�n�d� �W�a�l�s�t�r�a�,� �1�9�7�4�)�.� �P�r�e�h�e�a�t�i�n�g� �m�i�l�k� �d�e�n�a�t�u�r�e�s� �s�e�r�u�m� �p�r�o�t�e�i�n� �a�n�d� 

�c�a�u�s�e�s� �a�n� �i�n�c�r�e�a�s�e� �i�n� �c�l�u�s�t�e�r�i�n�g� �(�M�u�l�d�e�r� �a�n�d� �W�a�l�s�t�r�a�,� �1�9�7�4�)�.� �T�h�e� �f�o�r�m�a�t�i�o�n� �o�f� 

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

�v�i�s�c�o�s�i�t�y� �o�f� �t�h�e� �m�i�l�k� �a�r�e� �i�n�c�r�e�a�s�e�d� �(�W�a�l�s�t�r�a�,� �1�9�8�3�)�.� �C�l�u�s�t�e�r�s� �c�a�n� �b�e� �d�i�s�r�u�p�t�e�d� �b�y� 

�a�p�p�l�y�i�n�g� �t�w�o�-�s�t�a�g�e� �h�o�m�o�g�e�n�i�z�a�t�i�o�n� �(�K�e�s�s�l�e�r�,� �1�9�8�1�)�.� 

�H�e�a�t� �E�f�f�e�c�t� �o�n� �M�i�l�k� �P�r�o�t�e�i�n�s� 

�H�e�a�t�i�n�g� �m�i�l�k� �c�a�u�s�e�s� �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�n� �m�i�l�k� �p�r�o�t�e�i�n�s� �a�n�d� �M�F�G�M� 

�c�o�m�p�o�n�e�n�t�s� �(�v�a�n� �B�o�e�k�e�l� �a�n�d� �W�a�l�s�t�r�a�,� �1�9�9�5�)�.� �T�h�e�s�e� �c�h�a�n�g�e�s� �i�n�v�o�l�v�e� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� 

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

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

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

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

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

�1�9�9�5�)�.� 

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

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

�a�t� �8�5�°�C�;� �a� �m�a�x�i�m�u�m� �v�a�l�u�e� �w�a�s� �f�o�u�n�d� �w�i�t�h�i�n� �4� �m�i�n� �a�f�t�e�r� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �h�a�d� �r�e�a�c�h�e�d� 

�8�5�°�C� �(�D�a�l�g�l�e�i�s�h� �a�n�d� �B�a�n�k�s�,� �1�9�9�1�)�.� �I�n� �t�h�e� �S�D�S�-�P�A�G�E� �p�a�t�t�e�r�n�s� �o�f� �s�a�m�p�l�e�s�,� �a�t�t�a�c�h�m�e�n�t� �o�f� 

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

�f�a�t� �g�l�o�b�u�l�e�s� �(�D�a�l�g�l�e�i�s�h� �a�n�d� �B�a�n�k�s�,� �1�9�9�1�)�.� 

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

�i�n� �p�h�o�s�p�h�o�l�i�p�i�d�s� �(�v�a�n� �B�o�e�k�e�l� �a�n�d� �W�a�l�s�t�r�a�,� �1�9�8�9�)�.� �M�e�m�b�r�a�n�e� �p�r�o�t�e�i�n�s� �r�e�l�e�a�s�e� �s�u�l�f�h�y�d�r�y�l� 

�c�o�m�p�o�u�n�d�s� �a�b�o�v�e� �7�0�°�C� �a�n�d� �t�h�e� �a�c�t�i�v�e� �c�y�s�t�e�i�n�e� �r�e�s�i�d�u�e�s� �i�n� �m�e�m�b�r�a�n�e� �p�r�o�t�e�i�n�s� �m�a�y� �r�e�a�c�t� 
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�w�i�t�h� �w�h�e�y� �p�r�o�t�e�i�n� �b�y� �f�o�r�m�i�n�g� �d�i�s�u�l�f�i�d�e� �b�o�n�d�s�.� �T�h�u�s�,� �w�h�e�y� �p�r�o�t�e�i�n�s� �b�e�c�o�m�e� �a�s�s�o�c�i�a�t�e�d� 

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

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

�d�u�r�i�n�g� �h�e�a�t�i�n�g� �(�v�a�n� �B�o�e�k�e�l� �a�n�d� �W�a�l�s�t�r�a�,� �1�9�8�9�)�.� 

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

�O�s�1�-�,� �O�l�g�2�-�,� �B�-� �a�n�d� �K�-� �c�a�s�e�i�n�.� �E�a�c�h� �c�a�s�e�i�n� �p�r�o�t�e�i�n� �p�r�o�p�o�r�t�i�o�n�a�t�e�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�8�%�,� 

�1�0�%�,� �3�6�%� �a�n�d� �1�3�%�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�S�i�n�g�h�,� �1�9�9�5�)�.� �E�f�f�e�c�t�s� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �t�h�e�s�e� �c�a�s�e�i�n�s� 

�i�n� �t�h�e� �r�a�n�g�e� �o�f� �0�-�7�0�°�C� �a�r�e� �d�i�s�t�i�n�c�t� �f�r�o�m� �t�h�o�s�e� �i�n� �7�0�-�1�5�0�°�C�.� �B�-�C�a�s�e�i�n� �f�o�r�m�s� �m�i�c�e�l�l�e�s� 

�c�o�n�t�a�i�n�i�n�g� �4�0�-�5�0� �m�o�n�o�m�e�r�s� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �b�u�t� �e�x�i�s�t�s� �a�s� �a� �m�o�n�o�m�e�r� �a�t� �0�-�4�°�C� 

�(�K�a�j�i�w�a�r�a� �e�t� �a�l�.�,� �1�9�8�8�)�.� �W�h�e�n� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �r�a�i�s�e�d� �t�o� �7�0�-�1�5�0�°�C�,� �c�a�s�e�i�n� �m�i�c�e�l�l�e�s� �u�n�d�e�r�g�o� 

�p�h�y�s�i�c�a�l� �c�h�a�n�g�e�s�.� �M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �k�-� �C�a�s�e�i�n� �i�n�c�r�e�a�s�e�s� �w�h�e�n� �h�e�a�t�e�d� �a�t� �9�0�°�C� 

�(�K�r�e�s�h�e�c�k� �e�t� �a�l�.�,� �1�9�6�4�)�.� �D�e�p�h�o�s�p�h�o�r�y�l�a�t�i�o�n� �o�f� �c�a�s�e�i�n� �o�c�c�u�r�s� �d�u�r�i�n�g� �h�e�a�t�i�n�g� �a�t� 

�t�e�m�p�e�r�a�t�u�r�e� �1�1�0�-�1�5�0�°�C� �(�G�u�o� �e�t� �a�l�.�,� �1�9�8�9�)�.� �C�a�s�e�i�n� �a�n�d� �w�h�e�y� �p�r�o�t�e�i�n�s� �i�n�t�e�r�a�c�t� �a�t� �h�e�a�t� 

�t�r�e�a�t�m�e�n�t�s� �a�b�o�v�e� �6�5�°�C�.� �«�-� �C�a�s�e�i�n� �a�n�d� �B�-�l�a�c�t�o�g�l�o�b�u�l�i�n� �(�B�-�l�g�)� �f�o�r�m�e�d� �a� �c�o�m�p�l�e�x� �d�u�r�i�n�g� �h�e�a�t� 

�t�r�e�a�t�m�e�n�t� �(�Z�i�t�t�l�e� �e�t� �a�l�.�,� �1�9�6�2�)�.� 

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

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

�1�9�7�7�a�)�.� �A�n�d�e�r�s�o�n� �e�t� �a�l�.� �(�1�9�7�7�a�)� �a�n�d� �G�e�y�e�r� �a�n�d� �K�e�s�s�l�e�r� �(�1�9�8�9�a�)� �a�l�s�o� �s�u�s�p�e�c�t�e�d� �t�h�a�t� 

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

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

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

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

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

�m�a�i�n�l�y� �B�-�l�a�c�t�o�g�l�o�b�u�l�i�n�,� �i�n� �M�F�G�M�,� �w�a�s� �f�o�u�n�d� �w�h�i�l�e� �h�e�a�t�i�n�g� �r�a�w� �m�i�l�k� �a�t� �8�0�°�C� �f�o�r� �2�.�5�-�2�0� 

�m�i�n� �(�H�o�u�l�i�h�a�n� �e�t� �a�l�.�,� �1�9�9�2�)�.� �S�a�w�y�e�r� �e�t� �a�l�.� �(�1�9�6�3�)� �c�o�n�c�l�u�d�e�d� �t�h�e� �i�n�v�o�l�v�e�m�e�n�t� �o�f� �t�h�i�o�l� 
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�g�r�o�u�p� �i�n� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �c�o�m�p�l�e�x� �b�e�t�w�e�e�n� �B�-�l�g� �a�n�d� �k�-�c�a�s�e�i�n� �b�y� �e�x�p�e�r�i�m�e�n�t�i�n�g� �w�i�t�h� �N�-� 

�e�t�h�y�l�m�a�l�e�i�m�i�d�e� �a�n�d� �2�-�m�e�r�c�a�p�t�o�e�t�h�a�n�o�l�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� �m�o�i�e�t�y� �o�f� �k�-� 

�c�a�s�e�i�n� �a�p�p�e�a�r�s� �t�o� �b�e� �i�n�v�o�l�v�e�d� �i�n� �f�o�r�m�i�n�g� �t�h�e� �c�o�m�p�l�e�x� �a�s� �w�e�l�l� �a�s� �d�i�s�u�l�f�i�d�e� �i�n�t�e�r�a�c�t�i�o�n� �1�s�.� 

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

�1�9�8�1�)�.� �S�e�v�e�r�i�t�y� �o�f� �h�e�a�t� �t�r�e�a�t�m�e�n�t� �a�f�f�e�c�t�s� �t�h�e� �t�y�p�e� �o�f� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �B�-�l�g� �a�n�d� �«�-� 

�c�a�s�e�i�n�.� �B�e�l�o�w� �7�5�°�C�,� �m�a�i�n�l�y� �n�o�n�c�o�v�a�l�e�n�t� �i�n�t�e�r�a�c�t�i�o�n�s� �a�r�e� �i�n�v�o�l�v�e�d� �i�n� �c�o�m�p�l�e�x� �f�o�r�m�a�t�i�o�n� 

�(�J�a�n�g� �a�n�d� �S�w�a�i�s�g�o�o�d�,� �1�9�9�0�)�.� �H�o�w�e�v�e�r�,� �a�t� �h�i�g�h�e�r� �t�e�m�p�e�r�a�t�u�r�e�s�,� �i�n�t�e�r�m�o�l�e�c�u�l�a�r� �d�i�s�u�l�f�i�d�e� 

�b�o�n�d�s� �a�r�e� �t�h�e� �m�a�i�n� �f�o�r�c�e� �o�f� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �B�-�l�g� �a�n�d� �«�-�c�a�s�e�i�n� �(�S�m�i�t�s� �a�n�d� �v�a�n� 

�B�r�o�u�w�e�r�s�h�a�v�e�n�,� �1�9�8�0�)�.� 

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

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

�(�L�o�n�g� �e�t� �a�l�.�,� �1�9�6�3�)�.� �W�i�t�h� �a� �1�:�1� �m�i�x�t�u�r�e� �o�f� �B�-�l�g� �a�n�d� �k�-�c�a�s�e�i�n�,� �m�a�x�i�m�u�m� �i�n�t�e�r�a�c�t�i�o�n� �w�a�s� 

�o�b�s�e�r�v�e�d� �b�y� �h�e�a�t�i�n�g� �a�t� �8�5�°�C� �f�o�r� �2�0� �m�i�n�;� �h�o�w�e�v�e�r�,� �t�h�e� �d�e�g�r�e�e� �o�f� �i�n�t�e�r�a�c�t�i�o�n� �w�a�s� �r�e�d�u�c�e�d� �a�t� 

�h�i�g�h�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �(�L�o�n�g� �e�t� �a�l�.�,� �1�9�6�3�)�.� �W�i�t�h� �i�n�c�r�e�a�s�e�d� �p�r�o�p�o�r�t�i�o�n� �o�f� �B�-�l�g� �,� �m�o�r�e� 

�i�n�t�e�r�a�c�t�i�o�n� �w�i�t�h� �K�-�c�a�s�e�i�n� �o�c�c�u�r�s�.� �W�h�e�n� �m�i�x�t�u�r�e� �o�f� �B�-�l�g� �a�n�d� �«�-�c�a�s�e�i�n� �w�a�s� �h�e�a�t�e�d� �a�t� �8�5�°�C� 

�f�o�r� �2�0� �m�i�n� �u�s�i�n�g� �e�x�c�e�s�s� �B�-�l�g�,� �a�p�p�r�o�x�i�m�a�t�e�l�y� �t�w�o� �m�o�l�e�s� �o�f� �B�-�l�g� �r�e�a�c�t�e�d� �w�i�t�h� �o�n�e� �m�o�l�e� �o�f� �«�-� 

�c�a�s�e�i�n� �(�L�o�n�g� �e�t� �a�l�.�,� �1�9�6�3�)�.� �H�a�q�u�e� �e�t� �a�l�.� �(�1�9�8�7�)� �f�o�u�n�d� �t�h�a�t� �t�h�r�e�e� �m�o�l�e�c�u�l�e�s� �o�f� �B�-�l�g� �c�o�u�l�d� 

�a�s�s�o�c�i�a�t�e� �w�i�t�h� �o�n�e� �m�o�l�e�c�u�l�e� �o�f� �k�-�c�a�s�e�i�n� �i�n� �h�e�a�t�i�n�g� �a�t� �7�0�°�C� �i�n� �a� �1�:�1� �m�i�x�t�u�r�e� �o�f� �B�-�l�g� �a�n�d� �k�-� 

�c�a�s�e�i�n�.� 

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

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

�7�2�°�C� �f�o�r� �2�0� �s�e�c� �o�r� �a�t� �7�5�°�C� �f�o�r� �1�5� �s�e�c� �w�h�i�l�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�4�-�3�0�%� �o�f� �w�h�e�y� �p�r�o�t�e�i�n� �w�a�s� 

�d�e�n�a�t�u�r�e�d� �w�i�t�h� �m�o�r�e� �s�e�v�e�r�e� �p�a�s�t�e�u�r�i�z�a�t�i�o�n� �p�r�o�c�e�s�s� �a�t� �8�0�°�C� �f�o�r� �2�0� �s�e�c� �o�r� �7�5�°�C� �f�o�r� �6� �m�i�n� 

�(�L�a�w�r�e�n�c�e�,� �1�9�9�1�)�.� �U�H�T� �t�r�e�a�t�m�e�n�t� �(�1�4�0�°�C� �f�o�r� �3�-�8� �s�e�c�)� �w�i�t�h� �a� �d�i�r�e�c�t� �h�e�a�t�i�n�g� �s�y�s�t�e�m� 
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�r�e�s�u�l�t�e�d� �i�n� �5�0�-�7�5�%� �d�e�n�a�t�u�r�a�t�i�o�n� �o�f� �w�h�e�y� �p�r�o�t�e�i�n�s� �a�n�d� �7�0�-�9�0�%� �d�e�n�a�t�u�r�a�t�i�o�n� �w�i�t�h� �a� 

�i�n�d�i�r�e�c�t� �h�e�a�t�i�n�g� �s�y�s�t�e�m� �(�B�u�r�t�o�n�,� �1�9�8�8�)�.� 

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

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

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

�u�l�t�r�a�-�f�i�l�t�r�a�t�i�o�n� �(�U�F�)� �o�f� �w�h�e�y� �w�a�s� �u�s�e�d� �t�o� �m�o�d�i�f�y� �t�h�e� �n�a�t�u�r�a�l�l�y� �o�c�c�u�r�i�n�g� �r�a�t�i�o� �o�f� 

�c�a�s�e�i�n�:�w�h�e�y� �p�r�o�t�e�i�n� �a�t� �c�o�n�s�t�a�n�t� �t�o�t�a�l� �p�r�o�t�e�i�n� �c�o�n�t�e�n�t�,� �t�h�e� �w�h�o�l�e� �p�r�o�t�e�i�n� �s�y�s�t�e�m� �i�n� �m�i�l�k� 

�p�r�e�c�i�p�i�t�a�t�e�d� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �s�t�a�b�i�l�i�z�i�n�g� �e�f�f�e�c�t� �o�f� �c�a�s�e�i�n� �w�a�s� �a�l�t�e�r�e�d� �(�P�a�t�o�c�k�a� �e�t� �a�l�.�,� �1�9�9�3�)�.� 

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

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

�1�9�9�3�)�.� �I�n� �c�o�n�t�r�a�s�t�,� �u�s�i�n�g� �d�r�i�e�d� �w�h�e�y� �p�r�o�t�e�i�n� �c�o�n�c�e�n�t�r�a�t�e� �(�W�P�C�)� �f�o�r� �s�t�a�n�d�a�r�d�i�z�a�t�i�o�n� �o�f� 

�t�h�e� �f�l�u�i�d� �m�i�l�k� �p�r�o�t�e�i�n� �c�o�n�t�e�n�t� �w�a�s� �f�o�u�n�d� �e�f�f�e�c�t�i�v�e� �u�p�o�n� �a�d�d�i�n�g� �3�%� �w�h�e�y� �p�r�o�t�e�i�n�.� �A�s� 

�w�h�e�y� �p�r�o�t�e�i�n� �i�n�c�r�e�a�s�e�d� �t�o� �4�%�,� �v�i�s�c�o�s�i�t�y� �i�n�c�r�e�a�s�e�d�;� �g�e�l� �f�o�r�m�a�t�i�o�n� �o�c�c�u�r�r�e�d� �u�p�o�n� �h�e�a�t�i�n�g� �a�t� 

�9�0�°�C� �f�o�r� �5� �m�i�n� �w�h�e�n� �a�d�d�i�n�g� �a�b�o�u�t� �5�%� �w�h�e�y� �p�r�o�t�e�i�n� �(�J�e�l�e�n�,� �1�9�9�2�)�.� 

�D�.� �U�L�T�R�A�-�H�I�G�H�-�T�E�M�P�E�R�A�T�U�R�E� �(�U�H�T�)� �P�R�O�C�E�S�S�I�N�G� 

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

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

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

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

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

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

�c�o�n�d�i�t�i�o�n� �(�B�u�r�t�o�n�,� �1�9�8�8�)�.� 
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�A�n� �U�H�T� �s�t�e�r�i�l�i�z�i�n�g� �s�y�s�t�e�m� �m�u�s�t� �h�a�v�e� �a� �h�e�a�t�i�n�g� �u�n�i�t� �t�o� �h�e�a�t� �m�i�l�k� �t�o� �a� �t�e�m�p�e�r�a�t�u�r�e� �o�f� 

�1�3�5�-�1�5�0�°�C�,� �a� �h�o�l�d�i�n�g� �u�n�i�t� �f�o�r� �k�e�e�p�i�n�g� �p�r�o�d�u�c�t� �a�t� �t�h�a�t� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �a� �f�e�w� �s�e�c�o�n�d�s�,� �a�n�d� 

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

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

�c�o�m�p�a�r�e�d� �t�o� �i�n�-�c�o�n�t�a�i�n�e�r� �s�t�e�r�i�l�i�z�e�d� �p�r�o�d�u�c�t� �(�B�u�r�t�o�n�,� �1�9�8�3�)�.� �T�h�e� �t�i�m�e�-�t�e�m�p�e�r�a�t�u�r�e� 

�c�o�n�d�i�t�i�o�n�s� �f�o�r� �U�H�T� �s�t�e�r�i�l�i�z�a�t�i�o�n� �a�r�e� �1�3�5�-�1�5�0�°�C� �f�o�r� �a� �f�e�w� �s�e�c�o�n�d�s�;� �h�o�w�e�v�e�r�,� �i�n�-�c�o�n�t�a�i�n�e�r� 

�s�t�e�r�i�l�i�z�a�t�i�o�n� �r�e�q�u�i�r�e�s� �1�0�5�-�1�2�0�°�C� �f�o�r� �1�0�-�3�0� �m�i�n�.� �I�n� �t�h�e� �P�a�s�t�e�u�r�i�z�e�d� �M�i�l�k� �O�r�d�i�n�a�n�c�e�,� �t�h�e� 

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

�p�r�o�c�e�s�s�i�n�g� �a�t� �o�r� �a�b�o�v�e� �1�3�8� �°�C� �f�o�r� �a�t� �l�e�a�s�t� �2� �s�e�c�o�n�d�s�,� �e�i�t�h�e�r� �b�e�f�o�r�e� �o�r� �a�f�t�e�r� �p�a�c�k�a�g�i�n�g� 

�(�P�M�O�,� �1�9�9�3�)�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �U�H�T� �p�r�o�c�e�s�s� �c�a�u�s�e�s� �f�e�w�e�r� �c�h�e�m�i�c�a�l� �c�h�a�n�g�e�s� �t�h�a�n� �d�o� 

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

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

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

�c�o�n�t�a�m�i�n�a�t�i�o�n� �w�i�t�h� �s�p�o�i�l�a�g�e� �b�a�c�t�e�r�i�a� �i�n� �t�h�e� �h�e�a�t�-�t�r�e�a�t�e�d� �p�r�o�d�u�c�t� �(�B�u�r�t�o�n�,� �1�9�8�8�)�.� 

�B�a�c�t�e�r�i�o�l�o�g�y� 

�S�i�n�c�e� �U�H�T� �t�r�e�a�t�m�e�n�t� �c�a�n� �e�a�s�i�l�y� �i�n�a�c�t�i�v�a�t�e� �v�e�g�e�t�a�t�i�v�e� �b�a�c�t�e�r�i�a�,� �t�h�e� �s�p�o�r�e� �c�o�n�t�e�n�t� �o�f� �t�h�e� 

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

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

�a�n�d� �C�o�l�l�i�n�s� �(�1�9�7�2�)� �a�n�d� �D�a�v�i�e�s� �(�1�9�7�5�)� �r�e�v�e�a�l�e�d� �t�h�a�t� �t�h�e� �s�p�o�r�e�s� �h�a�d� �a� �l�o�w� �h�e�a�t� �r�e�s�i�s�t�a�n�c�e�.� 

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

�r�e�p�o�r�t�e�d� �(�S�h�e�h�a�t�a� �a�n�d� �C�o�l�l�i�n�s�,� �1�9�7�2�;� �D�a�v�i�e�s�,� �1�9�7�5�)�.� 

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

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

�t�r�e�a�t�m�e�n�t� �i�t�s�e�l�f� �(�A�d�a�m�s� �e�t� �a�l�.�,� �1�9�7�5�)� �o�r� �d�u�r�i�n�g� �p�o�s�t� �s�t�e�r�i�l�i�z�a�t�i�o�n� �s�t�o�r�a�g�e� �(�B�e�n�g�t�s�s�o�n� �e�t� �a�l�.�,� 
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�1�9�7�3�;� �W�h�i�t�e� �a�n�d� �M�a�r�s�h�a�l�l�,� �1�9�7�3�;� �L�a�w� �e�t� �a�l�.�,� �1�9�7�7�)�.� �A� �h�e�a�t� �r�e�s�i�s�t�a�n�t� �p�r�o�t�e�a�s�e� �f�r�o�m� 

�P�s�e�u�d�o�m�o�n�a�s�,� �w�h�i�c�h� �i�s� �k�n�o�w�n� �t�o� �c�a�u�s�e� �g�e�l�a�t�i�o�n� �i�n� �m�i�l�k�,� �w�a�s� �h�e�a�t� �l�a�b�i�l�e� �a�n�d� �i�n�a�c�t�i�v�a�t�e�d� �i�n� 

�m�i�l�k� �b�y� �h�e�a�t�i�n�g� �f�o�r� �o�n�e� �h�o�u�r� �a�t� �5�0�°�C� �o�r� �b�y� �c�h�e�l�a�t�i�o�n� �(�B�a�r�a�c�h� �e�t� �a�l�.�,� �1�9�7�6�a�;� �B�a�r�a�c�h� �e�t� �a�l�.�,� 

�1�9�7�6�b�;� �L�a�w� �e�t� �a�l�.�,� �1�9�7�7�)�.� �D�u�e� �t�o� �t�h�e� �e�f�f�e�c�t� �o�f� �h�e�a�t� �r�e�s�i�s�t�a�n�t� �e�n�z�y�m�e�s� �i�n� �t�h�e� �q�u�a�l�i�t�y� �o�f� 

�U�H�T� �m�i�l�k�,� �B�u�r�t�o�n� �(�1�9�7�7�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �r�a�w� �m�i�l�k� �w�h�i�c�h� �h�a�s� �b�e�e�n� �s�t�o�r�e�d� �f�o�r� �a� �l�o�n�g� �p�e�r�i�o�d� 

�o�f� �t�i�m�e� �s�h�o�u�l�d� �n�o�t� �b�e� �u�s�e�d� �f�o�r� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �U�H�T� �m�i�l�k�.� 

�C�h�e�m�i�c�a�l� �a�n�d� �P�h�y�s�i�c�a�l� �C�h�a�n�g�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� �o�c�c�u�r� �i�n� �m�i�l�k� �a�s� �a� �r�e�s�u�l�t� �o�f� �U�H�T� �t�r�e�a�t�m�e�n�t�.� �C�o�l�o�r� �o�f� 

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

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

�m�e�a�s�u�r�e�m�e�n�t� �(�B�u�r�t�o�n�,� �1�9�5�5�)�.� �H�e�a�t�e�d� �m�i�l�k� �b�e�c�o�m�e�s� �w�h�i�t�e�r� �d�u�e� �t�o� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �s�i�z�e� 

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

�(�R�u�e�g�g� �a�n�d� �B�l�a�n�c�,� �1�9�7�8�)�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �w�h�i�t�e�n�i�n�g� �w�h�e�n� �h�e�a�t�e�d� �a�b�o�v�e� �6�0�°�C�,� �t�h�e� �c�o�l�o�r� �o�f� 

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

�l�y�s�i�n�e� �a�n�d� �l�a�c�t�o�s�e� �i�n� �m�i�l�k� �(�P�a�t�t�o�n�,� �1�9�5�5�)�.� �U�H�T� �t�r�e�a�t�m�e�n�t� �c�a�u�s�e�s� �o�n�l�y� �w�h�i�t�e�n�i�n�g�,� �w�h�i�l�e� 

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

�1�9�5�5�)�.� 

�C�a�s�e�i�n� �m�i�c�e�l�l�e� �s�t�r�u�c�t�u�r�e� �c�h�a�n�g�e�s� �w�i�t�h� �h�e�a�t� �t�r�e�a�t�m�e�n�t�.� �M�o�r�e� �s�e�v�e�r�e� �h�e�a�t� �t�r�e�a�t�m�e�n�t� 

�t�h�a�n� �p�a�s�t�e�u�r�i�z�a�t�i�o�n� �c�a�u�s�e�s� �a�n� �i�n�c�r�e�a�s�e� �i�n� �c�a�s�e�i�n� �m�i�c�e�l�l�e� �s�i�z�e� �(�H�o�s�t�e�t�t�l�e�r� �e�t� �a�l�.�,� �1�9�6�5�)�.� 

�C�r�e�a�m�e�r� �a�n�d� �M�a�t�h�e�s�o�n� �(�1�9�8�0�)� �e�x�p�l�a�i�n�e�d� �t�h�a�t� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �s�i�z�e� �i�s� �r�e�l�a�t�e�d� �t�o� �s�e�r�u�m� 

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

�m�a�y� �a�l�s�o� �o�c�c�u�r� �d�u�r�i�n�g� �s�t�o�r�a�g�e� �o�f� �m�i�l�k� �(�A�n�d�r�e�w�s� �e�t� �a�l�.�,� �1�9�7�7�)�.� 

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

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

�2�1



�U�H�T� �t�r�e�a�t�m�e�n�t�.� �T�h�e� �p�r�o�t�e�i�n�s� �i�n�v�o�l�v�e�d� �i�n� �d�e�n�a�t�u�r�a�t�i�o�n� �a�r�e� �s�e�r�u�m� �a�l�b�u�m�i�n�,� �B�-� 

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

�d�e�n�a�t�u�r�a�t�i�o�n� �w�e�r�e� �f�o�u�n�d� �t�o� �b�e� �c�o�m�p�l�e�x� �s�h�o�w�i�n�g� �d�i�s�t�i�n�c�t� �a�l�t�e�r�a�t�i�o�n� �a�t� �9�0�-�1�0�0�°�C� �(�H�i�l�l�i�e�r� 

�a�n�d� �L�y�s�t�e�r�,� �1�9�7�9�)�.� �M�e�a�s�u�r�e�m�e�n�t� �o�f� �t�h�e� �w�h�e�y� �p�r�o�t�e�i�n� �n�i�t�r�o�g�e�n� �c�o�n�t�e�n�t� �b�y� �n�i�t�r�o�g�e�n� 

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

�(�M�o�t�t�a�r� �a�n�d� �N�a�u�d�t�s�,� �1�9�7�9�)�.� 

�C�h�e�m�i�c�a�l� �a�l�t�e�r�a�t�i�o�n� �o�f� �U�H�T�-�t�r�e�a�t�e�d� �m�i�l�k� �p�r�o�t�e�i�n�s� �a�n�d� �l�i�p�i�d� �m�a�y� �r�e�s�u�l�t� �f�r�o�m� �a�c�t�i�v�i�t�y� 

�o�f� �h�e�a�t� �r�e�s�i�s�t�a�n�t� �e�n�z�y�m�e�s�.� �E�n�z�y�m�e�s� �i�n� �m�i�l�k� �a�r�e� �u�s�u�a�l�l�y� �t�w�o� �k�i�n�d�s�;� �e�n�z�y�m�e�s� �p�r�e�s�e�n�t� 

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

�e�n�z�y�m�e�s� �i�n� �m�i�l�k� �a�r�e� �a�c�i�d� �p�h�o�s�p�h�a�t�a�s�e�,� �a�l�k�a�l�i�n�e� �p�h�o�s�p�h�a�t�a�s�e�,� �x�a�n�t�h�i�n�e� �o�x�i�d�a�s�e�,� �p�e�r�o�x�i�d�a�s�e�,� 

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

�p�r�o�t�e�i�n�a�s�e� �a�n�d� �a�m�i�n�o�-�p�e�p�t�i�d�a�s�e� �(�R�e�i�m�e�r�d�e�s� �e�t� �a�l�.�,�1�9�8�1�a�;� �R�e�i�m�e�r�d�e�s� �e�t� �a�l�.�,� �1�9�8�1�b�;� 

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

�f�o�r� �p�r�o�p�e�r� �p�a�s�t�e�u�r�i�z�a�t�i�o�n� �o�f� �m�i�l�k�.� �M�o�s�t� �n�a�t�i�v�e� �p�r�o�t�e�a�s�e�s� �a�r�e� �h�e�a�t� �l�a�b�i�l�e� �b�u�t� �s�o�m�e� �n�a�t�i�v�e� 

�p�r�o�t�e�a�s�e�s� �a�r�e� �f�o�u�n�d� �t�o� �b�e� �h�e�a�t� �r�e�s�i�s�t�a�n�t� �a�n�d� �s�u�r�v�i�v�e� �d�u�r�i�n�g� �U�H�T� �p�r�o�c�e�s�s�i�n�g� �(�D�r�i�e�s�s�e�n� �a�n�d� 

�v�a�n� �d�e�r� �W�a�a�l�s�,� �1�9�7�8�;� �S�n�o�e�r�e�n� �a�n�d� �B�o�t�h�,� �1�9�8�1�)�.� 

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

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

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

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

�t�e�m�p�e�r�a�t�u�r�e�s� �a�n�d� �l�o�n�g� �t�i�m�e�s� �o�f� �a�n� �i�n�-�c�o�n�t�a�i�n�e�r� �p�r�o�c�e�s�s�.� �A�d�a�m�s� �(�1�9�7�9�)� �s�h�o�w�e�d� �t�h�a�t� 

�b�a�c�t�e�r�i�a�l� �e�n�z�y�m�e�s� �a�r�e� �i�n�a�c�t�i�v�a�t�e�d� �a�t� �t�e�m�p�e�r�a�t�u�r�e�s� �o�f� �5�0�-�6�0�°�C� �f�o�r� �6�0� �m�i�n�.� �B�u�c�k�y� �e�t� �a�l�.� 

�(�1�9�8�7�)� �f�o�u�n�d� �t�h�a�t� �h�e�a�t� �t�r�e�a�t�m�e�n�t� �a�t� �5�5�-�8�5�°�C� �f�o�r� �3�-�5� �m�i�n� �a�f�t�e�r� �U�H�T� �p�r�o�c�e�s�s� �i�n�a�c�t�i�v�a�t�e�d� 

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



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

�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�.� �T�h�e� �M�a�i�l�l�a�r�d� �r�e�a�c�t�i�o�n� �i�s� �a� �c�o�m�p�l�i�c�a�t�e�d� �s�e�r�i�e�s� �o�f� �r�e�a�c�t�i�o�n�s� 

�(�H�o�d�g�e�,� �1�9�5�3�)�.� �I�n� �m�i�l�k�,� �a� �c�o�n�d�e�n�s�a�t�i�o�n� �r�e�a�c�t�i�o�n� �f�i�r�s�t� �t�a�k�e�s� �p�l�a�c�e� �b�e�t�w�e�e�n� �t�h�e� �h�y�d�r�o�x�y�]� 

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

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

�H�y�d�r�o�x�y�m�e�t�h�y�l�f�u�r�f�u�r�a�l� �(�H�M�F�)� �a�p�p�e�a�r�s� �i�n� �t�h�e� �e�a�r�l�y� �s�t�a�g�e� �o�f� �t�h�e� �r�e�a�c�t�i�o�n� �a�n�d� �t�h�i�s� 

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

�B�a�s�s�e�t�t�e�,� �1�9�5�9�)�.� �H�o�w�e�v�e�r�,� �s�i�n�c�e� �H�M�F� �i�s� �a�n� �i�n�t�e�r�m�e�d�i�a�t�e� �i�n� �t�h�e� �M�a�i�l�l�a�r�d� �r�e�a�c�t�i�o�n�,� 

�v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �l�e�v�e�l� �o�f� �H�M�F� �f�o�r� �s�i�m�i�l�a�r� �h�e�a�t� �t�r�e�a�t�m�e�n�t� �i�s� �i�n�e�v�i�t�a�b�l�e� �(�B�u�r�t�o�n�,� �1�9�8�3�)�.� �A� 

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

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

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

�(�A�n�n�a�n� �a�n�d� �M�a�n�s�o�n�,� �1�9�8�1�)�.� �T�h�i�s� �c�o�m�p�o�u�n�d� �h�a�s� �b�e�e�n� �f�o�u�n�d� �i�n� �s�i�g�n�i�f�i�c�a�n�t� �l�e�v�e�l�s� �i�n� �i�n�-� 

�c�o�n�t�a�i�n�e�r� �a�n�d� �U�H�T�-�s�t�e�r�i�l�i�z�e�d� �m�i�l�k� �a�n�d� �c�r�e�a�m�s�.� 

�E�.� �F�E�A�T�H�E�R�I�N�G� 

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

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

�a�m�o�n�g� �m�i�l�k� �p�r�o�t�e�i�n�s� �(�c�a�s�e�i�n�s�,� �w�h�e�y� �p�r�o�t�e�i�n�s�)�,� �f�a�t� �g�l�o�b�u�l�e�s�,� �M�F�G�M�,� �a�n�d� �c�a�l�c�i�u�m� �i�n� �m�i�l�k� 

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

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

�p�r�o�c�e�s�s�i�n�g� �c�o�n�d�i�t�i�o�n�s�.� 
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�C�r�e�a�m�e�r� 

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

�G�e�y�e�r� �a�n�d� �K�e�s�s�l�e�r� �(�1�9�8�9�a�)�.� �W�h�e�n� �c�a�l�c�i�u�m� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n� �c�r�e�a�m� �d�e�c�r�e�a�s�e�d�,� �t�h�e� 

�s�t�a�b�i�l�i�t�y� �o�f� �U�H�T� �p�r�o�c�e�s�s�e�d� �1�2�%� �f�a�t� �c�r�e�a�m� �t�o� �f�e�a�t�h�e�r�i�n�g� �i�n�c�r�e�a�s�e�d�.� �T�h�e� �h�i�g�h� �c�o�n�t�e�n�t� �o�f� 

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

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

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

�c�a�s�e�i�n� �a�n�d� �h�i�g�h� �l�e�v�e�l�s� �o�f� �c�a�s�e�i�n�/�g� �f�a�t�.� �T�o�w�l�e�r� �(�1�9�8�2�)� �a�l�s�o� �r�e�p�o�r�t�e�d� �t�h�a�t� �r�e�d�u�c�t�i�o�n� �o�f� 

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

�s�t�o�r�a�g�e� �l�i�f�e�.� 

�H�a�m�b�o�y�a�n� �a�n�d� �P�i�n�k� �(�1�9�9�0�)� �a�n�d� �G�e�y�e�r� �a�n�d� �K�e�s�s�l�e�r� �(�1�9�8�9�a�)� �f�o�u�n�d� �t�h�a�t� �t�h�e� �f�a�t� �c�o�n�t�e�n�t� 

�o�f� �t�h�e� �c�o�f�f�e�e� �c�r�e�a�m� �a�f�f�e�c�t�e�d� �t�h�e� �d�e�g�r�e�e� �o�f� �f�e�a�t�h�e�r�i�n�g� �i�n� �c�o�f�f�e�e�.� �H�a�m�b�o�y�a�n� �a�n�d� �P�i�n�k� �(�1�9�9�0�)� 

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

�a�n�d� �K�e�s�s�l�e�r� �(�1�9�8�9�a�)� �s�h�o�w�e�d� �t�h�a�t� �t�h�e� �d�e�g�r�e�e� �o�f� �f�e�a�t�h�e�r�i�n�g� �i�n� �a� �s�t�a�n�d�a�r�d� �c�o�f�f�e�e� �i�n�c�r�e�a�s�e�d� 

�w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �f�a�t� �c�o�n�t�e�n�t� �(�0�%� �t�o� �3�0�%�)� �o�f� �t�h�e� �m�i�l�k� �o�r� �c�r�e�a�m�.� 

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

�(�G�e�y�e�r� �a�n�d� �K�e�s�s�l�e�r�,� �1�9�8�9�a�)�;� �c�h�a�n�g�e� �i�n� �p�r�o�t�e�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n� �u�n�h�o�m�o�g�e�n�i�z�e�d� �c�r�e�a�m� 

�h�a�r�d�l�y� �a�f�f�e�c�t�e�d� �t�h�e� �d�e�g�r�e�e� �o�f� �f�e�a�t�h�e�r�i�n�g�.� �H�o�w�e�v�e�r�,� �t�h�e� �d�e�g�r�e�e� �o�f� �f�e�a�t�h�e�r�i�n�g� �o�f� 

�h�o�m�o�g�e�n�i�z�e�d� �U�H�T� �c�r�e�a�m� �i�n�c�r�e�a�s�e�d� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �t�o�t�a�l� �p�r�o�t�e�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �f�r�o�m� 

�0�.�3�1�%� �t�o� �3�.�2�9�%� �(�G�e�y�e�r� �a�n�d� �K�e�s�s�l�e�r�,� �1�9�8�9�a�)�.� �E�f�f�e�c�t� �o�f� �w�h�e�y� �p�r�o�t�e�i�n�s� �i�n� �f�e�a�t�h�e�r�i�n�g� �d�e�f�e�c�t� 

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

�a�n�d� �c�a�s�e�i�n�-�c�o�n�t�a�i�n�i�n�g� �c�r�e�a�m� �d�i�d� �n�o�t� �f�l�o�c�c�u�l�a�t�e� �i�n� �h�o�t� �c�o�f�f�e�e�.� �H�o�m�o�g�e�n�i�z�a�t�i�o�n� �o�f� �c�r�e�a�m� 

�c�h�a�n�g�e�d� �t�e�n�d�e�n�c�y� �t�o� �f�e�a�t�h�e�r�i�n�g�.� �H�o�m�o�g�e�n�i�z�e�d� �c�a�s�e�i�n�-�f�r�e�e� �c�r�e�a�m� �s�h�o�w�e�d� �a� �h�i�g�h�e�r� �d�e�g�r�e�e� 

�o�f� �f�e�a�t�h�e�r�i�n�g� �i�n� �c�o�f�f�e�e� �t�h�a�n� �t�h�a�t� �o�f� �h�o�m�o�g�e�n�i�z�e�d� �c�a�s�e�i�n� �c�o�n�t�a�i�n�i�n�g� �c�r�e�a�m�.� �H�o�w�e�v�e�r�,� �t�h�e� 

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

�2�4



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

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

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

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �f�r�o�m� �t�h�e� �n�o�r�m�a�l� �c�o�f�f�e�e� �c�r�e�a�m�;� �G�e�y�e�r� �a�n�d� �K�e�s�s�l�e�r� �(�1�9�8�9�a�)� �s�h�o�w�e�d� �a� 

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

�C�o�f�f�e�e� �S�o�l�u�t�i�o�n� 

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

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

�e�x�a�m�i�n�e�d� �t�h�e� �s�t�a�b�i�l�i�t�y� �t�o� �f�e�a�t�h�e�r�i�n�g� �w�i�t�h� �c�o�f�f�e�e� �s�o�l�u�t�i�o�n�s� �o�f� �p�H� �4�.�7� �t�o� �5�.�6� �a�n�d� �c�r�e�a�m� 

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

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

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

�K�e�s�s�l�e�r�,� �1�9�8�9�b�)�.� 

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

�s�a�m�p�l�e� �(�B�u�c�h�h�e�i�m� �e�t� �a�l�.�,� �1�9�8�6�)�.� �A�t� �6�0�°�C�,� �t�h�e� �c�r�e�a�m� �d�i�s�p�e�r�s�e�d� �h�o�m�o�g�e�n�e�o�u�s�l�y�,� �r�e�s�u�l�t�i�n�g� 

�i�n� �a� �h�i�g�h� �w�h�i�t�e�n�i�n�g�.� �H�o�w�e�v�e�r�,� �a�s� �t�e�m�p�e�r�a�t�u�r�e� �i�n�c�r�e�a�s�e�d� �u�p� �t�o� �8�0� �°�C�,� �t�h�e� �f�l�o�c�c�u�l�a�n�t�s� 

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

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

�f�e�a�t�h�e�r�i�n�g�.� �C�o�f�f�e�e� �p�o�l�y�p�h�e�n�o�l�s� �s�u�c�h� �a�s� �c�h�l�o�r�o�g�e�n�i�c� �a�c�i�d� �(�1�,�3�,�4�,�5�-�t�e�t�r�a�h�y�d�r�o�c�y�c�l�o�h�e�x�a�n�e� 

�c�a�r�b�o�x�y�l�i�c� �a�c�i�d�-�3�-�[�(�3�,�4�)� �d�i�h�y�d�r�o�x�y�c�i�n�n�a�m�a�t�e�]�)� �d�e�s�t�a�b�i�l�i�z�e�d� �a�g�g�r�e�g�a�t�e�d� �m�i�c�e�l�l�e�s�,� �w�h�i�c�h� 

�c�o�a�g�u�l�a�t�e�d� �w�i�t�h� �a�c�c�o�m�p�a�n�y�i�n�g� �r�e�l�e�a�s�e� �o�f� �f�r�e�e� �f�a�t� �(�V�a�r�n�a�m� �a�n�d� �S�u�t�h�e�r�l�a�n�d�,� �1�9�9�4�)�.� 
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�P�r�o�c�e�s�s�i�n�g� �C�o�n�d�i�t�i�o�n�s� 

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

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

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

�H�o�m�o�g�e�n�i�z�a�t�i�o�n� �t�r�e�a�t�m�e�n�t�s� �c�a�u�s�e�d� �t�h�e� �m�o�s�t� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e� �i�n� �M�F�G�M� �(�K�i�n�s�e�l�l�a�,� 

�1�9�7�0�)�.� �W�i�t�h� �c�h�a�n�g�e� �i�n� �t�h�e� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �M�F�G�M� �a�f�t�e�r� �h�o�m�o�g�e�n�i�z�a�t�i�o�n�,� �t�h�e� �s�t�a�b�i�l�i�t�y� �o�f� 

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

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

�1�9�6�7�)�.� �T�w�o�-�s�t�a�g�e� �h�o�m�o�g�e�n�i�z�a�t�i�o�n� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �p�r�e�f�e�r�a�b�l�e� �t�o� �a� �s�i�n�g�l�e�-�s�t�a�g�e� �p�r�o�c�e�s�s�.� 

�H�o�u�l�i�h�a�n� �e�t� �a�l�.� �(�1�9�9�2�)� �a�l�s�o� �f�o�u�n�d� �t�h�a�t� �h�e�a�t�i�n�g� �r�a�w� �m�i�l�k� �a�t� �8�0�°�C� �f�o�r� �2�.�5�-�2�0� �m�i�n� �i�n�c�r�e�a�s�e�d� 

�p�r�o�t�e�i�n� �c�o�n�t�e�n�t� �o�f� �t�h�e� �M�F�G�M�,� �d�u�e� �t�o� �a�d�s�o�r�p�t�i�o�n� �o�f� �s�k�i�m� �m�i�l�k� �p�r�o�t�e�i�n�s�,� �e�s�p�e�c�i�a�l�l�y� �B�-� 

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

�s�h�o�w�i�n�g� �l�o�s�s�e�s� �o�f� �t�r�i�a�c�y�l�g�l�y�c�e�r�o�l� �o�n� �h�e�a�t�i�n�g� �(�H�o�u�l�t�h�a�n� �e�t� �a�l�.�,� �1�9�9�2�)�.� �D�a�l�g�l�e�i�s�h� �a�n�d� �B�a�n�k�s� 

�(�1�9�9�1�)� �a�l�s�o� �r�e�p�o�r�t�e�d� �t�h�a�t� �h�e�a�t�i�n�g� �c�o�u�l�d� �c�h�a�n�g�e� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �M�F�G�M�,� �a�l�l�o�w�i�n�g� �t�h�e� 

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

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

�s�t�a�b�i�l�i�z�e� �c�r�e�a�m� �a�g�a�i�n�s�t� �f�e�a�t�h�e�r�i�n�g� �(�G�e�y�e�r� �a�n�d� �K�e�s�s�l�e�r�,� �1�9�8�9�a�)�.� 

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

�s�t�a�b�i�l�i�t�y� �t�o� �f�e�a�t�h�e�r�i�n�g� �o�f� �c�o�f�f�e�e� �c�r�e�a�m� �w�a�s� �e�x�a�m�i�n�e�d� �(�G�e�y�e�r� �a�n�d� �K�e�s�s�l�e�r�,� �1�9�8�9�b�)�.� �G�e�y�e�r� 

�a�n�d� �K�e�s�s�l�e�r� �(�1�9�8�9�b�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �h�o�m�o�g�e�n�i�z�a�t�i�o�n� �b�e�f�o�r�e� �h�e�a�t� �t�r�e�a�t�m�e�n�t� �r�e�s�u�l�t�e�d� �i�n� �a� 

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

�K�e�s�s�l�e�r� �(�1�9�8�9�b�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �c�r�e�a�m� �h�o�m�o�g�e�n�i�z�e�d� �t�w�i�c�e�,� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �h�e�a�t� �t�r�e�a�t�m�e�n�t�,� 

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

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

�a�p�p�e�a�r�e�d� �t�o� �h�e�l�p� �t�o� �b�r�e�a�k� �u�p� �a�l�l� �f�a�t� �g�l�o�b�u�l�e� �c�l�u�s�t�e�r�s� �a�n�d� �f�o�r�m� �s�m�a�l�l� �f�a�t� �g�l�o�b�u�l�e�s� �c�o�v�e�r�e�d� 
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�b�y� �a� �l�a�y�e�r� �o�f� �d�e�n�a�t�u�r�e�d� �w�h�e�y� �p�r�o�t�e�i�n�s�.� �H�e�a�t� �t�r�e�a�t�m�e�n�t� �b�e�l�o�w� �1�3�5�°�C� �d�e�n�a�t�u�r�e�s� �o�n�l�y� 

�w�h�e�y� �p�r�o�t�e�i�n�s�,� �b�u�t� �a�b�o�v�e� �1�3�5�°�C� �s�o�m�e� �c�a�s�e�i�n�s� �a�l�s�o� �a�r�e� �a�f�f�e�c�t�e�d� �a�n�d� �f�o�r�m� �a�g�g�r�e�g�a�t�e�s� �w�i�t�h� 

�t�h�e� �f�a�t� �g�l�o�b�u�l�e�s� �(�F�o�x� �a�n�d� �M�o�r�r�i�s�s�e�y�,� �1�9�7�7�)�.� �F�o�x� �a�n�d� �M�o�r�r�i�s�s�e�y� �(�1�9�7�7�)� �a�l�s�o� �r�e�p�o�r�t�e�d� �t�h�a�t� 

�a� �s�t�a�b�l�e� �U�H�T� �t�r�e�a�t�e�d� �c�o�f�f�e�e� �c�r�e�a�m� �c�o�u�l�d� �b�e� �p�r�o�d�u�c�e�d� �w�i�t�h� �p�r�e�h�e�a�t�i�n�g� �a�t� �9�5�°�C� �f�o�r� �a�b�o�u�t� �7� 

�m�i�n� �a�f�t�e�r� �t�h�e� �f�i�r�s�t� �h�o�m�o�g�e�n�i�z�a�t�i�o�n�.� �F�o�x� �a�n�d� �M�o�r�r�i�s�s�e�y� �(�1�9�7�7�)� �a�l�s�o� �c�o�n�c�l�u�d�e�d� �t�h�a�t� 

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

�A�n� �a�l�t�e�r�n�a�t�i�v�e� �t�o� �c�o�n�t�r�o�l�l�i�n�g� �r�a�w� �m�i�l�k� �q�u�a�l�i�t�y� �(�e�n�z�y�m�e� �a�n�d� �o�t�h�e�r� �b�i�o�c�h�e�m�i�c�a�l� �c�h�a�n�g�e�s�)� 

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

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

�T�h�e� �u�s�e� �o�f� �s�t�a�b�i�l�i�z�i�n�g� �s�a�l�t�s� �i�s� �r�e�c�o�m�m�e�n�d�e�d� �f�o�r� �p�H� �a�d�j�u�s�t�m�e�n�t� �o�f� �m�i�l�k� �(�F�o�x�,� �1�9�8�2�)�.� 

�A�n�d�e�r�s�o�n� �e�t� �a�l�.� �(�1�9�7�7�a�)� �s�t�u�d�i�e�d� �t�h�e� �e�f�f�e�c�t� �o�f� �c�i�t�r�a�t�e� �o�r� �c�a�r�b�o�n�a�t�e� �i�n� �s�t�a�b�i�l�i�z�i�n�g� �c�r�e�a�m� �a�n�d� 

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

�a� �l�o�w�e�r� �c�a�s�e�i�n�:�c�a�l�c�i�u�m� �r�a�t�i�o� �w�i�t�h� �a�d�d�i�t�i�v�e�s�.� �H�o�w�e�v�e�r�,� �a�f�t�e�r� �1�0� �w�e�e�k�s� �a�t� �r�o�o�m� 

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

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

�w�a�s� �f�o�u�n�d� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�7�7�a�)�.� 

�S�t�o�r�a�g�e� �e�f�f�e�c�t�s� �o�n� �s�t�a�b�i�l�i�t�y� �a�n�d� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �U�H�T� �t�r�e�a�t�e�d� �a�s�e�p�t�i�c�a�l�l�y� �p�a�c�k�e�d� �c�r�e�a�m� 

�h�a�v�e� �b�e�e�n� �s�t�u�d�i�e�d� �(�W�o�l�f�g�a�n�g� �e�t� �a�l�.�,� �1�9�8�6�;� �A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�7�7�b�)�.� �A�n�d�e�r�s�o�n� �e�t� �a�l�.� 

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

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

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

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

�t�h�e� �f�a�t� �g�l�o�b�u�l�e� �w�e�r�e� �f�o�u�n�d� �i�n� �c�r�e�a�m� �s�t�o�r�e�d� �a�t� �4�°�C� �c�o�m�p�a�r�e�d� �t�o� �c�r�e�a�m� �s�t�o�r�e�d� �a�t� �r�o�o�m� 

�t�e�m�p�e�r�a�t�u�r�e� �(�1�6�-�2�5�°�C�)� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�7�7�b�)�.� �W�o�l�f�g�a�n�g� �e�t� �a�l�.� �(�1�9�8�6�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �a� 

�d�i�s�t�i�n�c�t� �i�n�c�r�e�a�s�e� �i�n� �v�i�s�c�o�s�i�t�y�,� �w�h�i�c�h� �c�a�u�s�e�d� �a� �s�t�e�a�d�y� �d�e�c�r�e�a�s�e� �i�n� �c�o�f�f�e�e� �s�t�a�b�i�l�i�t�y� �d�u�r�i�n�g� 
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�s�t�o�r�a�g�e�,� �w�a�s� �f�o�u�n�d� �f�o�r� �c�r�e�a�m�e�r�s� �w�i�t�h� �p�H�-�v�a�l�u�e�s� �6�.�9�-�7�.�3� �w�h�e�r�e�a�s� �c�r�e�a�m�e�r�s� �w�i�t�h� �p�H�-�v�a�l�u�e�s� 

�6�.�6�-�6�.�8� �r�e�t�a�i�n�e�d� �t�h�e�i�r� �o�r�i�g�i�n�a�l� �v�a�l�u�e�s� �o�f� �c�o�f�f�e�e� �s�t�a�b�i�l�i�t�y�.� 

�E�n�z�y�m�e�s� 

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

�s�u�s�p�e�c�t�e�d� �t�o� �a�f�f�e�c�t� �f�e�a�t�h�e�r�i�n�g�.� �W�h�e�n� �1�1�%� �c�r�e�a�m� �i�s� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �l�o�c�a�l� �m�i�l�k� �d�i�s�t�r�i�b�u�t�o�r�,� 

�c�r�e�a�m� �h�a�s� �b�e�e�n� �s�e�p�a�r�a�t�e�d� �a�n�d� �h�e�a�t� �t�r�e�a�t�e�d�.� �T�h�e� �c�r�e�a�m� �m�i�g�h�t� �b�e� �s�t�o�r�e�d� �f�o�r� �1�-�2� �d�a�y�s� �a�n�d� 

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

�r�e�f�r�i�g�e�r�a�t�e�d� �c�o�n�t�r�o�l� �p�r�o�d�u�c�t� �w�a�s� �r�e�p�o�r�t�e�d� �i�n� �c�r�e�a�m� �f�r�o�m� �U�l�t�r�a� �P�r�o�d�u�c�t�s� �(�p�e�r�s�o�n�a�l� 

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

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

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

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

�s�o�m�e� �p�r�o�t�e�a�s�e�s� �u�s�u�a�l�l�y� �a�r�e� �h�e�a�t� �r�e�s�i�s�t�a�n�t� �a�n�d� �c�a�n� �s�u�r�v�i�v�e� �p�a�s�t�e�u�r�i�z�a�t�i�o�n� �a�n�d� �U�H�T� 

�t�e�m�p�e�r�a�t�u�r�e�s� �(�C�h�o�i� �e�t� �a�l�.�,� �1�9�9�4�;� �G�r�i�f�f�i�t�h�s�,� �1�9�8�3�;� �A�d�a�m�s� �e�t� �a�l�.�,� �1�9�7�5�;� �G�e�b�r�e�-�E�g�z�i�a�b�h�e�r� �e�t� 

�a�l�.�,� �1�9�8�0�;� �C�o�g�a�n�,� �1�9�7�7�)�.� 

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

�n�a�t�u�r�e�.� �P�h�o�s�p�h�o�l�i�p�a�s�e�s� �a�r�e� �c�l�a�s�s�i�f�i�e�d� �i�n�t�o� �4� �c�l�a�s�s�e�s� �b�a�s�e�d� �o�n� �t�h�e�i�r� �s�i�t�e� �o�f� �a�t�t�a�c�k� �(�W�a�i�t�e�,� 

�1�9�9�1�)�.� �P�h�o�s�p�h�o�l�i�p�a�s�e� �A� �a�r�e� �a�c�y�l� �h�y�d�r�o�l�a�s�e�s� �w�h�i�c�h� �b�r�e�a�k� �d�o�w�n� �1�-�a�c�y�l� �e�s�t�e�r� 

�(�p�h�o�s�p�h�o�l�i�p�a�s�e� �A�,�)� �o�r� �2�-�a�c�y�l� �e�s�t�e�r� �(�p�h�o�s�p�h�o�l�i�p�a�s�e� �A�)�.� �P�h�o�s�p�h�o�l�i�p�a�s�e� �B� �h�y�d�r�o�l�y�z�e�s� 

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

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

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

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

�e�i�c�o�s�a�n�o�i�d�s� �(�W�a�i�t�e�,� �1�9�9�1�)�.� 
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�P�r�o�t�e�i�n�a�s�e�s� �o�r� �p�r�o�t�e�a�s�e�s� �a�l�s�o� �a�r�e� �w�i�d�e�l�y� �d�i�s�t�r�i�b�u�t�e�d� �i�n� �n�a�t�u�r�e�,� �f�u�n�c�t�i�o�n�i�n�g� �i�n� 

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

�p�r�e�s�s�u�r�e� �(�B�r�a�n�d�e�n� �a�n�d� �T�o�o�z�e�,� �1�9�9�1�)�.� �A�l�l� �p�r�o�t�e�a�s�e�s� �b�e�l�o�n�g� �t�o� �o�n�e� �o�f� �f�o�u�r� �f�a�m�i�l�i�e�s�:� �s�e�r�i�n�e�,� 

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

�m�o�s�t� �p�r�o�m�i�n�e�n�t� �f�u�n�c�t�i�o�n�a�l� �g�r�o�u�p� �i�n� �t�h�e� �a�c�t�i�v�e� �s�i�t�e� �(�B�r�a�n�d�e�n� �a�n�d� �T�o�o�z�e�,� �1�9�9�1�)�.� �S�e�r�i�n�e� 

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

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

�p�h�e�n�y�l�a�l�a�n�i�n�e�,� �a�n�d� �t�r�y�p�t�o�p�h�a�n� �(�W�i�l�l�i�a�m�s� �a�n�d� �L�a�n�s�f�o�r�d�,� �1�9�6�6�)�.� �C�y�s�t�e�i�n�e� �p�r�o�t�e�a�s�e�s� �o�r� 

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

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

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

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

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

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

�a�c�t�i�v�i�t�i�e�s� �a�n�d� �h�a�v�e� �b�r�o�a�d� �s�p�e�c�i�f�i�c�a�t�i�o�n� �f�o�r� �t�h�e� �p�e�p�t�i�d�e� �b�o�n�d� �(�W�i�l�l�i�a�m�s� �a�n�d� �L�a�n�s�f�o�r�d�,� 

�1�9�6�6�)�.� 

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

�(�C�o�g�a�n�,� �1�9�7�7�;� �S�h�i�m�i�z�u� �e�t� �a�l�.�,� �1�9�8�0�;� �G�r�i�f�f�i�t�h�s�,� �1�9�8�3�;� �S�e�r�h�a�u�g� �a�n�d� �S�t�e�p�a�n�i�a�k�,� �1�9�9�1�;� 

�S�t�e�p�a�n�i�a�k� �a�n�d� �S�e�r�h�a�u�g�,� �1�9�9�5�)�.� �M�i�c�r�o�b�i�a�l� �e�n�z�y�m�e�s� �a�r�e� �k�n�o�w�n� �t�o� �e�f�f�e�c�t� �t�h�e� �q�u�a�l�i�t�y� �o�f� 

�d�a�i�r�y� �p�r�o�d�u�c�t�s� �(�S�t�e�p�a�n�i�a�k� �a�n�d� �S�g�r�h�a�u�g�,� �1�9�9�5�)�.� �H�e�a�t�-�s�t�a�b�l�e� �b�a�c�t�e�r�i�a�l� �p�r�o�t�e�i�n�a�s�e�s� �f�r�o�m� 

�p�s�y�c�h�r�o�t�r�o�p�h�s� �i�n�d�u�c�e� �c�h�a�n�g�e�s� �i�n� �t�a�s�t�e� �a�n�d� �t�e�x�t�u�r�e� �o�f� �d�a�i�r�y� �p�r�o�d�u�c�t�s� �(�S�e�r�h�a�u�g� �a�n�d� 

�S�t�e�p�a�n�i�a�k�,� �1�9�9�1�)�.� �P�h�o�s�p�h�o�l�i�p�a�s�e� �a�c�t�i�v�i�t�y� �i�n�f�l�u�e�n�c�e�s� �t�e�x�t�u�r�a�l� �c�h�a�n�g�e�s� �o�f� �m�i�l�k� �o�r� �c�r�e�a�m� 

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

�S�t�e�p�a�n�i�a�k�,� �1�9�9�1�)�.� �P�r�o�t�e�i�n�a�s�e�s� �f�r�o�m� �p�s�y�c�h�r�o�t�r�o�p�h�s� �a�l�s�o� �c�a�u�s�e� �g�e�l�a�t�i�o�n� �o�f� �U�H�T�-�t�r�e�a�t�e�d� 

�2�9



�m�i�l�k� �w�h�e�n� �c�o�l�d� �r�a�w� �m�i�l�k� �c�o�n�t�a�i�n�i�n�g� �m�o�r�e� �t�h�a�n� �1�0 �� �c�f�u�/�m�l� �o�f� �G�r�a�m�-�n�e�g�a�t�i�v�e� �b�a�c�t�e�r�i�a� �i�s� 

�u�s�e�d� �f�o�r� �p�r�o�c�e�s�s�i�n�g� �(�S�t�e�p�a�n�i�a�k� �a�n�d� �S�e�r�h�a�u�g�,� �1�9�9�5�)�.� 

�E�n�z�y�m�e�s�,� �s�u�c�h� �a�s� �p�h�o�s�p�h�o�l�i�p�a�s�e� �C� �a�n�d� �p�r�o�t�e�a�s�e�,� �p�r�e�s�e�n�t� �i�n� �p�a�s�t�e�u�r�i�z�e�d� �p�r�o�d�u�c�t�s� �c�a�n� 

�c�a�u�s�e� �b�i�o�c�h�e�m�i�c�a�l� �c�h�a�n�g�e�s� �i�n� �m�i�l�k� �p�r�o�t�e�i�n�s�,� �l�i�p�i�d�s� �a�n�d� �M�F�G�M�.� �D�e�g�r�a�d�a�t�i�o�n� �o�f� 

�p�h�o�s�p�h�o�l�i�p�i�d�s� �i�n� �t�h�e� �M�F�G�M� �b�y� �p�h�o�s�p�h�o�l�i�p�a�s�e� �C�,� �w�h�i�c�h� �i�s� �p�r�o�d�u�c�e�d� �b�y� �B�a�c�i�l�l�u�s� �s�p�p�.�,� 

�w�a�s� �o�b�s�e�r�v�e�d� �a�n�d� �s�u�s�p�e�c�t�e�d� �t�o� �c�a�u�s�e� �f�e�a�t�h�e�r�i�n�g� �d�e�f�e�c�t� �i�n� �c�r�e�a�m� �(�S�t�o�n�e�,� �1�9�5�2�;� �S�h�i�m�i�z�u� �e�t� 

�a�l�.�,� �1�9�8�0�)�.� �P�r�o�t�e�i�n� �d�e�g�r�a�d�a�t�i�o�n� �b�y� �p�r�o�t�e�a�s�e� �c�a�n� �a�l�t�e�r� �t�h�e� �c�h�a�r�a�c�t�e�r� �o�f� �M�F�G�M� �a�n�d� �l�i�p�i�d� 

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

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

�l�a�b�o�r�a�t�o�r�y� �w�i�t�h� �p�h�o�s�p�h�o�l�i�p�a�s�e� �C� �(�1�.�5� �E�U�/�m�l� �o�f� �c�r�e�a�m�)� �w�i�t�h�i�n� �f�o�u�r� �h�o�u�r�s� �u�p�o�n� �i�n�c�u�b�a�t�i�o�n� 

�a�t� �3�7�°�C�;� �p�h�o�s�p�h�a�t�i�d�y�l� �c�h�o�l�i�n�e� �a�n�d� �p�h�o�s�p�h�a�t�i�d�y�l� �e�t�h�a�n�o�l�a�m�i�n�e� �i�n� �M�F�G�M� �w�e�r�e� �a�l�m�o�s�t� 

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

�s�p�h�i�n�g�o�m�y�e�l�i�n� �w�e�r�e� �h�y�d�r�o�l�y�z�e�d� �(�C�h�u�n�g� �a�n�d� �D�u�n�c�a�n�,� �1�9�9�2�,� �u�n�p�u�b�l�i�s�h�e�d� �d�a�t�a�)�.� �T�h�e�s�e� 

�r�e�s�u�l�t�s� �a�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�o�s�e� �o�f� �O�'�M�a�h�o�n�y� �a�n�d� �S�h�i�p�e� �(�1�9�7�1�)� �e�x�c�e�p�t� �t�h�a�t� �a�n� �a�l�m�o�s�t� 

�c�o�m�p�l�e�t�e� �h�y�d�r�o�l�y�s�i�s� �o�f� �s�p�h�i�n�g�o�m�y�e�l�i�n� �b�y� �p�h�o�s�p�h�o�l�i�p�a�s�e� �C� �w�a�s� �o�b�s�e�r�v�e�d� �b�y� �O�'�M�a�h�o�n�y� 

�a�n�d� �S�h�i�p�e� �(�1�9�7�1�)�.� �T�h�e�s�e� �c�h�a�n�g�e�s� �i�n� �p�h�o�s�p�h�o�l�i�p�i�d�s� �a�n�d� �p�r�o�t�e�i�n�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� 

�M�F�G�M� �m�a�y� �p�r�e�d�i�s�p�o�s�e� �t�h�e� �c�r�e�a�m� �t�o� �f�e�a�t�h�e�r�i�n�g� �w�h�e�n� �t�h�e� �c�r�e�a�m� �i�s� �a�d�d�e�d� �t�o� �c�o�f�f�e�e�.� 

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

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

�S�h�i�m�i�z�u� �e�t� �a�l�.� �(�1�9�8�0�)� �r�e�p�o�r�t�e�d� �s�u�l�f�h�y�d�r�y�l� �p�r�o�t�e�a�s�e� �(�p�a�p�a�i�n�)� �d�e�c�r�e�a�s�e�d� �t�h�e� �e�m�u�l�s�i�o�n� 

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

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

�a� �s�i�g�n�i�f�i�c�a�n�t� �d�e�c�r�e�a�s�e� �i�n� �e�m�u�l�s�i�o�n� �s�t�a�b�i�l�i�y� �a�l�t�h�o�u�g�h� �a�b�o�u�t� �5�0�%� �o�f� �M�F�G�M� �p�r�o�t�e�i�n� �w�a�s� 

�r�e�l�e�a�s�e�d� �f�r�o�m� �m�i�l�k� �f�a�t� �g�l�o�b�u�l�e�s�.� �S�h�i�m�i�z�u� �e�t� �a�l�.� �(�1�9�8�0�)� �a�l�s�o� �t�e�s�t�e�d� �e�f�f�e�c�t� �o�f� �p�h�o�s�p�h�o�l�i�p�a�s�e� 

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

�3�0



�h�e�a�d� �g�r�o�u�p�s� �o�f� �m�o�s�t� �o�f� �p�h�o�s�p�h�o�l�i�p�i�d� �w�i�t�h� �p�h�o�s�p�h�o�l�i�p�a�s�e� �C�.� �T�h�e�y� �e�x�p�l�a�i�n�e�d� �t�h�a�t� �9�0�-� 

�9�5�%� �h�y�d�r�o�l�y�s�i�s� �o�f� �p�h�o�s�p�h�o�l�i�p�i�d� �c�a�u�s�e�d� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�e�c�r�e�a�s�e� �i�n� �c�r�e�a�m� �s�t�a�b�i�l�i�t�y�.� �T�h�e�y� 

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

�p�h�o�s�p�h�o�l�i�p�a�s�e� �C� �w�e�r�e� �f�o�u�n�d� �t�o� �e�f�f�e�c�t� �f�a�t� �s�t�a�b�i�l�i�t�y� �(�S�h�i�m�i�z�u� �e�t� �a�l�.�,� �1�9�8�0�)�.� 

�W�h�e�y� �P�r�o�t�e�i�n� 

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

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

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

�r�e�m�o�v�e�d� �t�h�a�n� �a�r�e� �t�h�e� �c�a�s�e�i�n� �c�o�m�p�o�n�e�n�t�s� �(�D�a�r�l�i�n�g� �a�n�d� �B�u�t�c�h�e�r�,� �1�9�7�8�)�.� �H�o�w�e�v�e�r�,� �a�f�t�e�r� 

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

�r�e�m�o�v�e�d� �b�y� �w�a�s�h�i�n�g� �(�D�a�r�l�i�n�g� �a�n�d� �B�u�t�c�h�e�r�,� �1�9�7�8�)�.� 

�G�e�y�e�r� �a�n�d� �K�e�s�s�l�e�r� �(�1�9�8�9�b�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �d�e�g�r�e�e� �o�f� �d�e�n�a�t�u�r�a�t�i�o�n� �o�f� �w�h�e�y� �p�r�o�t�e�i�n�s� 

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

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

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

�e�v�e�n�t�u�a�l�l�y� �w�i�t�h� �f�a�t� �g�l�o�b�u�l�e�s�.� �G�e�y�e�r� �a�n�d� �K�e�s�s�l�e�r� �(�1�9�8�9�a�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �a� �p�a�r�t�i�a�l� �c�o�v�e�r�a�g�e� 

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

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

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

�s�o�l�u�t�i�o�n�s� �w�a�s� �n�e�a�r� �t�h�e� �i�s�o�e�l�e�c�t�r�i�c� �p�o�i�n�t� �o�f� �m�i�l�k� �p�r�o�t�e�i�n�s� �(�c�a�s�e�i�n� �m�i�c�e�l�l�e�s�)� �w�i�t�h� �h�i�g�h� 

�t�e�m�p�e�r�a�t�u�r�e� �o�f� �c�o�f�f�e�e� �s�o�l�u�t�i�o�n�;� �i�s�o�e�l�e�c�t�r�i�c� �p�o�i�n�t�s� �o�f� �c�a�s�e�i�n� �m�i�c�e�l�l�e�s� �a�r�e� �b�e�t�w�e�e�n� �4�.�9� �a�n�d� 

�5�.�6� �a�n�d� �t�h�o�s�e� �o�f� �w�h�e�y� �p�r�o�t�e�i�n� �a�r�e� �f�r�o�m� �5�.�2� �t�o� �5�.�4� �(�F�o�x�,� �1�9�8�2�)�.� �G�e�y�e�r� �a�n�d� �K�e�s�s�l�e�r� 

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

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

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

�g�l�o�b�u�l�e�s� �h�a�s� �b�e�e�n� �i�n�v�e�s�t�i�g�a�t�e�d� �b�y� �M�o�h�a�m�m�a�d� �a�n�d� �F�o�x� �(�1�9�8�7�)�.� �T�h�e�y� �f�o�u�n�d� �t�h�a�t� �h�e�a�t�i�n�g� 

�c�a�s�e�i�n� �m�i�c�e�l�l�e� �s�u�s�p�e�n�s�i�o�n�s� �t�o� �1�3�0� �o�r� �1�4�0�°�C� �c�a�u�s�e�d� �B�-�l�a�c�t�o�g�l�o�b�u�l�i�n� �t�o� �b�e� �p�r�e�f�e�r�e�n�c�i�a�l�l�y� 

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

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

�F�o�x�,� �1�9�8�7�)�.� �E�l�e�c�t�r�o�n� �m�i�c�r�o�g�r�a�p�h�s� �o�f� �U�H�T� �c�r�e�a�m�s� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �f�e�a�t�h�e�r�i�n�g� �d�e�m�o�n�s�t�r�a�t�e�d� 

�c�l�u�s�t�e�r�i�n�g� �o�f� �f�a�t� �d�r�o�p�l�e�t�s� �a�n�d� �c�a�s�e�i�n� �m�i�c�e�l�l�e�s� �(�C�h�u�n�g� �a�n�d� �D�u�n�c�a�n�,� �1�9�9�2�,� �u�n�p�u�b�l�i�s�h�e�d� 

�d�a�t�a�)�.� 

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

�s�u�c�h� �a�s� �p�h�o�s�p�h�o�l�i�p�a�s�e� �C� �a�n�d� �p�r�o�t�e�a�s�e�s� �a�r�e� �f�o�u�n�d� �t�o� �a�f�f�e�c�t� �t�h�e� �M�F�G�M� �c�o�m�p�o�n�e�n�t�s� �w�i�t�h� 

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

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

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

�s�t�u�d�i�e�d� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�7�7�b�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �e�f�f�e�c�t� �o�f� �d�e�n�a�t�u�r�e�d� �w�h�e�y� �p�r�o�t�e�i�n� �i�n� �U�H�T� 

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

�I�n� �t�h�i�s� �r�e�s�e�a�r�c�h�,� �e�n�z�y�m�e�-�t�r�e�a�t�e�d� �(�p�h�o�s�p�h�o�l�i�p�a�s�e� �C� �o�r� �p�a�p�a�i�n�)� �U�H�T�-�a�s�e�p�t�i�c�a�l�l�y� 

�p�a�c�k�e�d� �c�o�f�f�e�e� �c�r�e�a�m� �w�a�s� �s�t�o�r�e�d� �a�t� �4�°�C� �a�n�d� �2�1�°�C� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �f�e�a�t�h�e�r�i�n�g� �w�o�u�l�d� �r�e�s�u�l�t�.� 

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

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

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

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

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

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

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

�r�e�d�u�c�i�n�g� �t�h�e� �i�n�c�i�d�e�n�c�e� �o�f� �f�e�a�t�h�e�r�i�n�g�.� 
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�C�H�A�P�T�E�R� �I�l� 

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

�P�r�e�p�a�r�a�t�i�o�n� �a�n�d� �H�o�m�o�g�e�n�i�z�a�t�i�o�n� �o�f� �1�1�%� �C�r�e�a�m� 

�R�a�w� �m�i�l�k� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �d�a�i�r�y� �f�a�r�m� �a�t� �t�h�e� �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� �&� 

�S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�.� �R�a�w� �m�i�l�k� �w�a�s� �h�e�a�t�-�t�r�e�a�t�e�d� �a�t� �6�2�.�8�°�C� �f�o�r� �1�0� �m�i�n� �u�s�i�n�g� �a� �c�a�n� �i�n�c�u�b�a�t�o�r� 

�(�m�o�d�e�l� �F�2�.�1�,� �C�h�e�s�t�e�r�-�J�e�n�s�e�n� �C�o�.�,� �I�n�c�.�,� �C�a�t�t�a�r�a�u�g�u�s�,� �N�Y�)� �t�o� �i�n�a�c�t�i�v�a�t�e� �l�i�p�a�s�e�s� �t�h�a�t� �a�r�e� 

�p�r�e�s�e�n�t� �n�a�t�u�r�a�l�l�y� �i�n� �m�i�l�k� �(�J�e�n�n�e�s�s� �a�n�d� �P�a�t�t�o�n�,� �1�9�5�9�)�,� �t�h�e�n� �s�e�p�a�r�a�t�e�d� �i�n�t�o� �s�k�i�m� �m�i�l�k� �a�n�d� 

�c�r�e�a�m� �(�3�0�%� �-� �3�5�%�)� �u�s�i�n�g� �a� �p�i�l�o�t� �p�l�a�n�t� �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�,� �6�4�0�0� 

�r�p�m�,� �B�o�n�a�n�z�a� �I�n�d�u�s�t�r�i�e�s�,� �I�n�c�.�,� �C�a�l�g�a�r�y�,� �A�l�b�e�r�t�a�)�.� �S�k�i�m� �m�i�l�k� �w�a�s� �s�t�o�r�e�d� �a�t� �3�°�C� �u�n�t�i�l� �u�s�e�d� 

�f�o�r� �s�t�a�n�d�a�r�d�i�z�a�t�i�o�n�.� �T�h�e� �f�a�t� �c�o�n�t�e�n�t� �o�f� �t�h�e� �c�r�e�a�m� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �a� �m�o�d�i�f�i�e�d� �B�a�b�c�o�c�k� 

�p�r�o�c�e�d�u�r�e� �(�M�a�r�s�h�a�l�l�,� �1�9�9�3�)�.� �T�h�e� �c�r�e�a�m� �w�a�s� �s�t�a�n�d�a�r�d�i�z�e�d� �t�o� �1�1�%� �m�i�l�k� �f�a�t� �b�y� �a�d�d�i�n�g� �s�k�i�m� 

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

�m�e�t�h�o�d� �(�M�a�r�s�h�a�l�l�,� �1�9�9�3�)�.� 

�T�h�e� �s�t�a�n�d�a�r�d�i�z�e�d� �c�r�e�a�m� �w�a�s� �h�e�a�t�e�d� �t�o� �4�8�.�9�°�C� �a�n�d� �h�o�m�o�g�e�n�i�z�e�d� �a�t� �a� �t�o�t�a�l� �p�r�e�s�s�u�r�e� �o�f� 

�2�0�0�0�/�5�0�0� �P�S�I� �(�t�h�e� �f�i�r�s�t� �s�t�a�g�e� �=� �2�0�0�0� �P�S�I� �(�1�3�.�6� �M�P�a�)�,� �t�h�e� �s�e�c�o�n�d� �s�t�a�g�e� �=� �5�0�0� �P�S�I� �(�3�.�4� 

�M�P�a�)�)� �u�s�i�n�g� �a� �l�a�b�o�r�a�t�o�r�y� �h�o�m�o�g�e�n�i�z�e�r� �(�A�P�V� �G�a�u�l�i�n�,� �I�n�c�.�,� �M�o�d�e�l� �1�5�M�R�,� �E�v�e�r�e�t�t�,� 

�M�a�s�s�a�c�h�u�s�e�t�t�s�)�.� 

�U�l�t�r�a�-�H�i�g�h�-�T�e�m�p�e�r�a�t�u�r�e� �P�r�o�c�e�s�s�i�n�g� �o�f� �1�1�%� �C�r�e�a�m� 

�I�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r� �h�o�m�o�g�e�n�i�z�a�t�i�o�n�,� �t�h�e� �h�e�a�t�-�t�r�e�a�t�e�d�,� �h�o�m�o�g�e�n�i�z�e�d� �1�1�%� �c�r�e�a�m� �w�a�s� 

�p�r�o�c�e�s�s�e�d� �a�t� �1�4�3�.�9�°�C� �f�o�r� �4� �s�e�c�o�n�d�s� �u�s�i�n�g� �a� �l�a�b�o�r�a�t�o�r�y� �U�H�T�/�H�T�S�T� �p�r�o�c�e�s�s�o�r� 

�(�U�H�T�/�H�T�S�T� �L�a�b�-�2�5� �D�H�,� �M�i�c�r�o�T�h�e�r�m�i�c�s�,� �I�n�c�.�,� �R�a�l�e�i�g�h�,� �N�C�)�.� �T�h�e� �s�t�e�r�i�l�i�z�e�d� �c�r�e�a�m� �w�a�s� 

�c�o�l�l�e�c�t�e�d� �i�n� �a� �s�t�e�r�i�l�i�z�e�d� �v�o�l�u�m�e�t�r�i�c� �f�l�a�s�k� �(�1�0�0�0� �m�l�)� �a�n�d� �c�o�o�l�e�d� �t�o� �3�°�C�.� �T�h�i�s� �c�o�l�l�e�c�t�i�o�n� �w�a�s� 
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�c�o�m�p�l�e�t�e�d� �a�s� �a�s�e�p�t�i�c�a�l�l�y� �a�s� �p�o�s�s�i�b�l�e� �i�n� �a� �p�o�s�i�t�i�v�e� �p�r�e�s�s�u�r�e� �h�o�o�d� �(�A�t�m�o�s�.� �T�e�c�h� �I�n�d�u�s�t�r�i�e�s�,� 

�O�c�e�a�n�,� �N�J�)� �p�r�o�v�i�d�i�n�g� �s�t�e�r�i�l�e� �a�i�r� �f�l�o�w�.� 

�P�r�e�p�a�r�a�t�i�o�n� �o�f� �E�n�z�y�m�e� �S�o�l�u�t�i�o�n� �a�n�d� �I�n�o�c�u�l�a�t�i�o�n� �o�f� �C�r�e�a�m� 

�P�h�o�s�p�h�o�l�i�p�a�s�e� �C� �(�B�o�e�h�r�i�n�g�e�r� �M�a�n�n�h�e�i�m� �C�o�r�p�.�,� �I�n�d�i�a�n�a�p�o�l�i�s�,� �I�N�)� �a�n�d� �p�a�p�a�i�n� �(�S�i�g�m�a� 

�C�h�e�m�i�c�a�l� �C�o�m�p�a�n�y�,� �S�t�.� �L�o�u�i�s�,� �M�O�)� �f�i�r�s�t� �w�e�r�e� �d�i�s�s�o�l�v�e�d� �i�n� �1�0�m�M� �T�r�i�s� �b�u�f�f�e�r� �s�o�l�u�t�i�o�n� �a�t� 

�t�h�e� �o�p�t�i�m�u�m� �p�H�s� �f�o�r� �e�a�c�h� �e�n�z�y�m�e� �o�f� �7�.�3� �a�n�d� �6�.�2�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�G�r�i�f�f�i�t�h�s�,� �1�9�8�3�)�.� �T�h�r�e�e� 

�e�n�z�y�m�e� �t�r�e�a�t�m�e�n�t�s� �w�e�r�e� �u�s�e�d�:� �c�o�n�t�r�o�l� �(�n�o� �e�n�z�y�m�e� �a�d�d�e�d�)�,� �p�h�o�s�p�h�o�l�i�p�a�s�e� �C� �(�0�.�7�5� 

�e�n�z�y�m�e� �u�n�i�t�s� �(�E�U�)�/�m�l�)� �c�r�e�a�m�,� �a�n�d� �p�a�p�a�i�n� �(�0�.�0�7�5� �E�U�/�m�l�)� �c�r�e�a�m�.� �T�e�n� �m�i�l�l�i�l�i�t�e�r� �o�f� �e�n�z�y�m�e� 

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

�s�t�o�r�e�d� �i�n� �s�e�p�a�r�a�t�e� �v�o�l�u�m�e�t�r�i�c� �f�l�a�s�k�s�,� �a�n�d� �c�o�o�l�e�d� �t�o� �4�°�C�.� �T�h�e� �c�o�n�t�r�o�l� �r�e�c�e�i�v�e�d� �1�0� �m�l� �o�f� 

�b�u�f�f�e�r� �s�o�l�u�t�i�o�n� �w�i�t�h�o�u�t� �e�n�z�y�m�e�.� �T�h�e� �e�n�z�y�m�e�-�t�r�e�a�t�e�d� �c�r�e�a�m�s� �w�e�r�e� �s�t�i�r�r�e�d� �f�o�r� �5� �m�i�n�u�t�e�s� 

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

�(�1�6� �m�l�)� �w�e�r�e� �d�i�s�p�e�n�s�e�d� �a�s�e�p�t�i�c�a�l�l�y� �i�n�t�o� �s�t�e�r�i�l�e� �t�e�s�t� �t�u�b�e�s� �u�s�i�n�g� �a�n� �a�u�t�o�m�a�t�i�c� �d�i�s�p�e�n�s�e�r� 

�(�U�n�i�s�p�e�n�s�e� �I�J�,� �W�h�e�a�t�o�n� �I�n�s�t�r�u�m�e�n�t�s�,� �M�i�l�l�v�i�l�l�e�,� �N�J�)�.� �C�r�e�a�m� �s�a�m�p�l�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �a�t� 

�4�°�C� �a�n�d� �2�1�°�C�,� �a�n�d� �c�r�e�a�m�s� �w�e�r�e� �e�v�a�l�u�a�t�e�d� �f�o�r� �f�e�a�t�h�e�r�i�n�g� �o�n� �d�a�y�s� �1�,� �7�,� �a�n�d� �1�4�.� �P�r�o�t�e�i�n� 

�a�s�s�a�y�,� �S�D�S�-�P�A�G�E�,� �l�i�p�i�d� �c�o�n�t�e�n�t�,� �p�h�o�s�p�h�o�l�i�p�i�d� �a�n�a�l�y�s�i�s� �a�n�d� �p�h�o�s�p�h�o�r�u�s� �a�s�s�a�y� �w�e�r�e� 

�c�o�m�p�l�e�t�e�d� �o�n� �a�l�l� �c�r�e�a�m� �t�r�e�a�t�m�e�n�t�s� �o�n� �d�a�y� �1� �a�n�d� �w�h�e�n� �e�a�c�h� �c�r�e�a�m� �s�h�o�w�e�d� �f�e�a�t�h�e�r�i�n�g� 

�d�e�f�e�c�t�.� 

�E�n�z�y�m�e� �A�s�s�a�y� �o�n� �C�o�n�t�r�o�]� �C�r�e�a�m� �a�n�d� �E�n�z�y�m�e�-�T�r�e�a�t�e�d� �C�r�e�a�m� 

�E�n�z�y�m�e� �a�c�t�i�v�i�t�i�e�s� �i�n� �n�o�r�m�a�l� �c�r�e�a�m� �a�s� �w�e�l�l� �a�s� �e�n�z�y�m�e�-�t�r�e�a�t�e�d� �c�r�e�a�m� �w�e�r�e� �m�e�a�s�u�r�e�d�;� 

�p�h�o�s�p�h�o�l�i�p�a�s�e� �C� �a�c�t�i�v�i�t�y� �w�a�s� �m�e�a�s�u�r�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �G�r�i�f�f�i�t�h�s� �(�1�9�8�3�)� �a�n�d� �G�r�i�f�f�i�t�h�s� �e�t� 

�a�l�.� �(�1�9�8�1�)�.� �B�l�o�o�d� �a�g�a�r� �b�a�s�e� �(�O�x�o�i�d�)� �w�a�s� �s�t�e�r�i�l�i�z�e�d� �a�t� �1�2�1�°�C� �f�o�r� �1�5� �m�i�n� �(�A�M�S�C�O� �3�0�2�1�-�S�,� 

�A�m�e�r�i�c�a�n� �S�t�e�r�i�l�i�z�e�r� �C�o�m�p�a�n�y�,� �E�r�i�e�,� �P�A�)� �a�n�d� �d�i�s�t�r�i�b�u�t�e�d� �i�n� �2�0�0� �m�l� �v�o�l�u�m�e�s� �i�n�t�o� �s�t�e�r�i�l�e� 
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�b�o�t�t�l�e�s�.� �B�l�o�o�d� �a�g�a�r� �b�a�s�e� �w�a�s� �c�o�o�l�e�d� �t�o� �4�5�°�C� �a�n�d� �1�0� �m�l� �o�f� �e�g�g� �y�o�l�k� �e�m�u�l�s�i�o�n� �(�O�x�o�i�d�)� �a�n�d� 

�2� �m�l� �o�f� �a� �1�%� �s�o�l�u�t�i�o�n� �o�f� �t�h�i�m�e�r�o�s�a�l� �w�e�r�e� �a�d�d�e�d� �t�o� �2�0�0� �m�l� �o�f� �t�h�e� �b�l�o�o�d� �a�g�a�r� �b�a�s�e�.� �A�f�t�e�r� 

�c�o�m�p�l�e�t�e� �m�i�x�i�n�g�,� �1�9�.�8�6� �m�l� �o�f� �t�h�e� �a�g�a�r� �w�a�s� �p�o�u�r�e�d� �i�n�t�o� �p�e�t�r�i� �d�i�s�h�e�s� �t�o� �m�a�k�e� �a�n� �a�g�a�r� �w�i�t�h� 

�3�.�5� �m�m� �d�e�p�t�h�.� 

�A�s�s�a�y�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �b�y� �m�a�k�i�n�g� �w�e�l�l�s� �(�4� �m�m� �d�i�a�m�e�t�e�r�)� �i�n� �t�h�e� �a�g�a�r� �w�i�t�h� �a� �c�o�r�k� �b�o�r�e�r� 

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

�C� �e�n�z�y�m�e� �s�t�a�n�d�a�r�d� �s�o�l�u�t�i�o�n�s� �(�0�.�5� �E�U�,� �0�.�7�5� �E�U� �a�n�d� �1�.�0� �E�U�)� �w�e�r�e� �t�e�s�t�e�d� �i�n� �t�h�e� �s�a�m�e� 

�p�l�a�t�e�.� �T�h�e� �p�l�a�t�e�s� �w�e�r�e� �c�o�v�e�r�e�d� �a�n�d� �i�n�c�u�b�a�t�e�d� �a�t� �3�0�°�C� �f�o�r� �u�p� �t�o� �7� �d�a�y�s�.� �P�h�o�s�p�h�o�l�i�p�a�s�e� �C� 

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

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

�z�o�n�e� �r�a�d�i�u�s�,� �1� �(�i�n�c�l�u�d�i�n�g� �t�h�e� �d�i�a�m�e�t�e�r� �o�f� �t�h�e� �w�e�l�l�)�.� �O�n�e� �u�n�i�t� �o�f� �p�h�o�s�p�h�o�l�i�p�a�s�e� �a�c�t�i�v�i�t�y� 

�w�a�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �a�m�o�u�n�t� �o�f� �e�n�z�y�m�e� �p�r�o�d�u�c�i�n�g� �a�n� �o�p�a�q�u�e� �z�o�n�e� �w�i�t�h� �r� �o�f� �1�7�.�0� �a�f�t�e�r� �5� �h�r� 

�i�n�c�u�b�a�t�i�o�n� �a�t� �3�0�°�C� �i�n� �e�g�g� �y�o�l�k� �a�g�a�r� �o�f� �3�.�5� �m�m� �t�h�i�c�k�n�e�s�s� �(�G�r�i�f�f�i�t�h�s�,� �1�9�8�3�)�.� 

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

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

�f�r�e�e� �a�m�i�n�o� �g�r�o�u�p�s� �(�S�t�a�u�f�f�e�r�,� �1�9�8�9�)�.� �T�h�e� �r�e�a�g�e�n�t� �w�a�s� �p�r�e�p�a�r�e�d� �b�y� �m�a�k�i�n�g� �0�.�3�1�M� 

�N�a�,�H�P�O�,� �-�1�0�H�,�0�O�,� �0�.�4�4� �4� �K�H�,�P�O�u�,�,� �0�.�0�2�8� �M� �n�i�n�h�y�d�r�i�n� �a�n�d� �0�.�0�1�8� �M� �f�r�u�c�t�o�s�e� �i�n� �a� �t�o�t�a�l� 

�v�o�l�u�m�e� �o�f� �1�0�0� �m�l�,� �p�H� �6�.�6� �t�o� �6�.�8�.� �F�o�r� �t�h�e� �r�e�a�c�t�i�o�n�,� �2� �m�l� �o�f� �s�a�m�p�l�e�,� �w�h�i�c�h� �w�a�s� �d�i�l�u�t�e�d� �5�0�0� 

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

�b�o�i�l�i�n�g� �w�a�t�e�r� �b�a�t�h� �f�o�r� �1�5� �m�i�n� �a�n�d� �c�o�o�l�e�d� �t�o� �2�0�°�C�.� �T�h�e� �c�o�o�l�e�d� �m�i�x�t�u�r�e� �w�a�s� �d�i�l�u�t�e�d� �w�i�t�h� �5� 

�m�l� �o�f� �w�a�t�e�r�/�e�t�h�a�n�o�l� �6�0�:�4�0�.� �T�h�e� �a�b�s�o�r�b�a�n�c�e� �a�t� �5�7�0� �n�m� �w�a�s� �r�e�a�d� �w�i�t�h�i�n� �3�0� �m�i�n�.� 

�D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �a�c�t�i�v�i�t�y� �w�a�s� �b�a�s�e�d� �o�n� �a� �s�t�a�n�d�a�r�d� �c�u�r�v�e� �w�h�i�c�h� �w�a�s� �m�a�d�e� �u�s�i�n�g� �2� �-� �2�0� �u�g� 

�o�f� �g�l�y�c�i�n�e�.� 
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�A�e�r�o�b�i�c� �P�l�a�t�e� �C�o�u�n�t� �o�n� �t�h�e� �U�H�T� �P�r�o�d�u�c�t�s� �a�n�d� �E�n�z�y�m�e�-�A�d�d�e�d� �C�r�e�a�m� 

�P�l�a�s�t�i�c� �f�i�l�m�s� �w�i�t�h� �a� �d�r�y�,� �r�e�h�y�d�r�a�t�a�b�l�e� �m�e�d�i�u�m� �c�o�a�t�e�d� �u�p�o�n� �t�h�e�m� �(�P�e�t�r�i�f�i�l�m� �S�M�)� �w�e�r�e� 

�u�s�e�d� �(�M�a�r�s�h�a�l�l�,� �1�9�9�3�)� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�h�e� �c�r�e�a�m� �w�a�s� �s�t�e�r�i�l�e� �a�f�t�e�r� �a�d�d�i�t�i�o�n� �o�f� �e�n�z�y�m�e�.� 

�P�e�t�r�i�f�i�l�m� �a�e�r�o�b�i�c� �c�o�u�n�t� �(�P�A�C�)� �p�l�a�t�e� �w�a�s� �p�l�a�c�e�d� �o�n� �a� �f�l�a�t� �s�u�r�f�a�c�e�.� �T�h�e� �t�o�p� �f�i�l�m� �w�a�s� �l�i�f�t�e�d� 

�a�n�d� �t�h�e� �s�a�m�p�l�e� �(�1� �m�l�)� �w�a�s� �i�n�o�c�u�l�a�t�e�d� �o�n�t�o� �t�h�e� �c�e�n�t�e�r� �o�f� �t�h�e� �b�o�t�t�o�m� �f�i�l�m�.� �T�h�e� �t�o�p� �f�i�l�m� 

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

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

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

�t�o� �p�e�r�m�i�t� �t�h�e� �g�e�l� �t�o� �s�o�l�i�d�i�f�y�.� �T�h�e� �p�l�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �a�t� �3�2�°� �+� �1�°�C� �f�o�r� �4�8� �+� �3� �h�o�u�r�s� 

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

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

�F�e�a�t�h�e�r�i�n�g� �T�e�s�t�s� �o�n� �S�a�m�p�l�e�s� 

�T�h�e� �c�r�e�a�m�e�r�s� �w�e�r�e� �a�d�d�e�d� �t�o� �0�.�0�1�2� �M� �a�c�e�t�a�t�e�-�b�u�f�f�e�r� �s�o�l�u�t�i�o�n� �t�o� �d�e�t�e�r�m�i�n�e� �a�t� �w�h�a�t� �p�H� 

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

�m�i�g�h�t� �b�e� �o�b�t�a�i�n�e�d� �w�i�t�h� �c�o�f�f�e�e�.� �T�h�e� �p�H� �r�a�n�g�e� �o�f� �t�h�e� �b�u�f�f�e�r� �s�o�l�u�t�i�o�n�s� �w�a�s� �p�H� �4�.�7� �t�o� �5�.�6� 

�m�a�k�i�n�g� �1�1� �d�i�f�f�e�r�e�n�t� �p�H� �s�o�l�u�t�i�o�n�s� �i�n� �t�h�e� �r�a�n�g�e�;� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�7�7�a�)� �(�A�p�p�e�n�d�i�x� �8�)�.� 

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

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

�n�u�m�b�e�r�e�d� �+�5� �t�o� �0� �t�o� �-�5�;� �t�h�e� �t�u�b�e� �o�f� �t�h�e� �l�o�w�e�s�t� �p�H� �w�a�s� �d�e�s�i�g�n�a�t�e�d� �a�s� �+�5� �a�n�d� �t�h�e� �h�i�g�h�e�s�t� 

�p�H� �a�s� �-�5�.� �T�h�e� �p�H� �o�f� �e�a�c�h� �t�u�b�e� �f�r�o�m� �-�5� �t�o� �0� �t�o� �+�5� �w�a�s� �4�.�7�0�,� �4�.�7�5�,� �4�.�8�1�,� �4�.�8�6�,� �4�.�9�2�,� �5�.�0�0�,� 

�5�.�0�9�,� �5�.�2�0�,� �5�.�3�1�,� �5�.�4�5�,� �a�n�d� �5�.�6�0�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �O�n�e� �m�l� �o�f� �c�r�e�a�m� �a�t� �2�5�°�C� �w�a�s� �a�d�d�e�d� �t�o� �e�a�c�h� 

�t�u�b�e� �o�f� �a�c�e�t�a�t�e�-�b�u�f�f�e�r� �s�o�l�u�t�i�o�n� �a�n�d� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �t�h�e� �b�u�f�f�e�r� �s�o�l�u�t�i�o�n�s� �w�a�s� �8�5�°�C�.� �T�h�e� 

�t�u�b�e�s� �w�e�r�e� �t�h�e�n� �e�x�a�m�i�n�e�d� �f�o�r� �t�h�e� �f�e�a�t�h�e�r�i�n�g� �d�e�f�e�c�t� �a�f�t�e�r� �a� �b�r�i�e�f� �v�o�r�t�e�x�i�n�g� �a�n�d� �2�-�3� �m�i�n� 

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

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

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

�c�r�e�a�m� �t�o� �f�e�a�t�h�e�r�.� �T�h�e� �f�e�a�t�h�e�r�i�n�g� �t�e�s�t� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �e�n�z�y�m�e�-�t�r�e�a�t�e�d� �c�r�e�a�m�s� �a�n�d� 

�c�o�n�t�r�o�l� �a�t� �d�a�y� �1�,� �d�a�y� �7�,� �a�n�d� �d�a�y� �1�4� �a�f�t�e�r� �p�r�o�c�e�s�s�i�n�g�.� 

�F�l�o�c�c�u�l�e�n�t� �i�n� �b�u�f�f�e�r� �a�n�d� �c�o�f�f�e�e� �w�a�s� �c�o�l�l�e�c�t�e�d� �b�y� �f�i�l�t�r�a�t�i�o�n� �(�W�h�a�t�m�a�n� �#�1�,� �c�u�t�o�f�f� �<�1�0� 

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

�p�a�p�e�r�s� �w�a�s� �d�r�i�e�d� �i�n� �v�a�c�u�u�m� �o�v�e�n� �f�o�r� �4� �h�o�u�r�s�,� �w�e�i�g�h�e�d� �a�n�d� �s�t�o�r�e�d� �i�n� �a� �d�e�s�i�c�c�a�t�o�r� �u�n�t�i�l� 

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

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

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

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

�C�h�e�m�i�c�a�l� �C�o�m�p�o�s�i�t�i�o�n� �o�f� �E�n�z�y�m�e�-�t�r�e�a�t�e�d� �1�1�%� �C�r�e�a�m� 

�P�r�o�t�e�i�n� �a�n�d� �f�a�t� �c�o�n�t�e�n�t�s� �o�f� �e�n�z�y�m�e�-�t�r�e�a�t�e�d� �a�n�d� �c�o�n�t�r�o�l� �1�1�%� �c�r�e�a�m�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �a�t� 

�d�a�y� �1� �a�n�d� �w�h�e�n� �e�a�c�h� �c�r�e�a�m� �d�e�m�o�n�s�t�r�a�t�e�d� �a� �c�h�a�n�g�e� �i�n� �p�H� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �a�s� �e�v�i�d�e�n�c�e�d� �b�y� 

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

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

�c�r�e�a�m� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �a� �m�o�d�i�f�i�e�d� �L�o�w�r�y� �a�s�s�a�y� �(�L�o�w�r�y� �e�t� �a�l�.�,� �1�9�5�1�)� �u�s�i�n�g� �D�C� �B�i�o�-�R�a�d� 

�P�r�o�t�e�i�n� �A�s�s�a�y� �(�B�i�o�-�R�a�d� �L�a�b�o�r�a�t�o�r�i�e�s�,� �H�e�r�c�u�l�e�s�,� �C�A�)�.� �P�r�o�t�e�i�n� �i�n� �s�k�i�m� �p�h�a�s�e� �c�o�l�l�e�c�t�e�d� 

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

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

�f�o�r� �c�r�e�a�m� �(�M�a�r�s�h�a�l�l�,� �1�9�9�3�)�.� 
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�T�r�a�n�s�m�i�s�s�i�o�n� �E�l�e�c�t�r�o�n� �M�i�c�r�o�s�c�o�p�y� �t�o� �D�e�t�e�r�m�i�n�e� �M�o�r�p�h�o�l�o�g�y� �o�f� �F�a�t� �G�l�o�b�u�l�e�s� 

�O�n�e� �v�o�l�u�m�e� �(�1� �m�l�)� �o�f� �c�r�e�a�m� �a�n�d� �a�b�o�u�t� �8� �v�o�l�u�m�e�s� �o�f� �2�.�5�%� �g�l�u�t�a�r�a�l�d�e�h�y�d�e� �i�n� �0�.�1� �M� 

�c�a�c�o�d�y�l�a�t�e� �b�u�f�f�e�r� �(�p�H� �7�)� �w�e�r�e� �m�i�x�e�d� �g�e�n�t�l�y� �a�n�d� �r�e�f�r�i�g�e�r�a�t�e�d� �(�7�°�C�)� �u�n�t�i�l� �f�u�r�t�h�e�r� 

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

�w�e�r�e� �i�m�m�o�b�i�l�i�z�e�d� �i�n� �4�%� �a�g�a�r�o�s�e�.� �T�h�e� �m�i�x�t�u�r�e� �o�f� �l�i�p�i�d� �g�l�o�b�u�l�e� �a�n�d� �a�g�a�r�o�s�e� �w�a�s� �c�h�o�p�p�e�d� 

�i�n�t�o� �1� �m�m �� �p�i�e�c�e�s� �a�n�d� �w�a�s�h�e�d� �t�h�r�e�e� �t�i�m�e�s� �w�i�t�h� �0�.�1� �M� �c�a�c�o�d�y�l�a�t�e� �b�u�f�f�e�r�.� �C�h�o�p�p�e�d� 

�s�a�m�p�l�e� �w�a�s� �f�i�x�e�d� �w�i�t�h� �1�%� �o�s�m�i�u�m� �t�e�t�r�o�x�i�d�e� �a�n�d� �w�a�s�h�e�d� �w�i�t�h� �t�h�r�e�e� �c�h�a�n�g�e�s� �o�f� �d�i�s�t�i�l�l�e�d� 

�w�a�t�e�r�.� �S�a�m�p�l�e�s� �w�e�r�e� �d�e�h�y�d�r�a�t�e�d� �t�h�r�o�u�g�h� �a� �g�r�a�d�e�d� �e�t�h�a�n�o�l� �s�e�r�i�e�s� �(�1�0� �m�i�n� �o�r� �l�o�n�g�e�r� �i�n� �e�a�c�h� 

�c�h�a�n�g�e�)�:� �3�0�%� �e�t�h�a�n�o�l�,� �5�0�%� �e�t�h�a�n�o�l�,� �7�0�%� �e�t�h�a�n�o�l�,� �9�0�%� �e�t�h�a�n�o�l�,� �1�0�0�%� �e�t�h�a�n�o�l� �w�i�t�h� �t�h�r�e�e� 

�c�h�a�n�g�e�s�,� �5�0�%� �e�t�h�a�n�o�l�/�S�0�%� �a�c�e�t�o�n�e�,� �a�n�d� �1�0�0�%� �a�c�e�t�o�n�e� �w�i�t�h� �t�h�r�e�e� �c�h�a�n�g�e�s�.� 

�A�f�t�e�r� �d�e�h�y�d�r�a�t�i�n�g�,� �t�h�e� �s�a�m�p�l�e� �w�a�s� �f�i�x�e�d� �i�n� �E�p�o�n� �8�1�2�.� �T�h�e� �d�e�h�y�d�r�a�t�e�d� �m�a�t�e�r�i�a�l� �w�a�s� 

�i�m�m�e�r�s�e�d� �i�n� �5�0�%� �E�p�o�n� �8�1�2�/�5�0�%� �a�c�e�t�o�n�e� �f�o�r� �t�h�r�e�e� �o�r� �m�o�r�e� �h�r�,� �t�h�e�n� �i�m�m�e�r�s�e�d� �i�n� �7�5�%� 

�E�p�o�n� �8�1�2�/�2�5�%� �a�c�e�t�o�n�e� �f�o�r� �s�i�x� �t�o� �e�i�g�h�t� �h�r�.� �F�i�n�a�l�l�y�,� �t�h�e� �s�a�m�p�l�e� �w�a�s� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �1�0�0�%� 

�E�p�o�n� �8�1�2� �a�n�d� �h�e�l�d� �f�o�r� �t�h�r�e�e� �h�r� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e� �p�i�e�c�e�s� �o�f� �c�h�o�p�p�e�d� �s�a�m�p�l�e� 

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

�1�0�0�%� �E�p�o�n� �8�1�2�.� �T�h�e� �f�i�x�e�d� �m�a�t�e�r�i�a�l� �w�a�s� �m�o�v�e�d� �t�o� �t�h�e� �b�o�t�t�o�m� �o�f� �t�h�e� �t�u�b�e� �b�y� �e�i�t�h�e�r� �b�n�e�f� 

�c�e�n�t�r�i�f�u�g�a�t�i�o�n� �o�r� �b�y� �p�u�s�h�i�n�g� �t�h�e� �m�a�t�e�r�i�a�l� �d�o�w�n� �w�i�t�h� �a� �t�h�i�n� �w�i�r�e�.� �T�h�e� �p�l�a�s�t�i�c� �(�E�p�o�n� �8�1�2�)� 

�t�h�e�n� �w�a�s� �h�e�a�t�-�t�r�e�a�t�e�d� �i�n� �a�n� �o�v�e�n� �a�t� �7�0�°�C� �f�o�r� �2�4� �h�r� �f�o�r� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�.� 

�T�h�e� �m�a�t�e�r�i�a�l� �w�a�s� �c�u�t� �i�n�t�o� �s�l�i�c�e�s� �a�n�d� �t�h�i�n� �s�e�c�t�i�o�n�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �i�n� �a� �J�E�O�L� �1�0�0� �C�X�-�I�I� 

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

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

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

�E�n�z�y�m�e�-�t�r�e�a�t�e�d� �a�n�d� �c�o�n�t�r�o�l� �c�r�e�a�m�s� �w�e�r�e� �c�e�n�t�r�i�f�u�g�e�d� �f�o�r� �6�0� �m�i�n� �a�t� �2�°�C� �a�t� �1�7�6�,�0�0�0� �x� �g� 

�(�3�2�,�0�0�0� �r�p�m�)� �i�n� �a� �B�e�c�k�m�a�n� �L�2�-�6�5�B� �U�l�t�r�a�c�e�n�t�r�i�f�u�g�e� �(�B�e�c�k�m�a�n� �I�n�s�t�r�u�m�e�n�t�s� �I�n�c�.�,� �P�a�l�o� 

�A�l�t�o�,� �C�A�)� �u�s�i�n�g� �a� �B�e�c�k�m�a�n� �S�W�-�4�0�T�i� �r�o�t�o�r�.� �T�h�e� �c�r�e�a�m� �w�a�s� �s�e�p�a�r�a�t�e�d� �i�n�t�o� �c�r�e�a�m� �p�l�u�g� 

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

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

�c�e�n�t�r�i�f�u�g�e�d� �a�s� �a�b�o�v�e�.� �T�h�e� �s�k�i�m� �p�o�r�t�i�o�n� �a�n�d� �w�a�s�h�i�n�g� �e�l�u�e�n�t� �w�e�r�e� �s�t�o�r�e�d� �a�t� �3�°�C� �f�o�r� �p�r�o�t�e�i�n� 

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

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

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

�f�r�e�e�z�e�-�d�r�i�e�d� �i�n� �a� �l�a�b�o�r�a�t�o�r�y� �f�r�e�e�z�e� �d�r�i�e�r� �(�F�r�e�e�z�e�m�o�b�i�l�e� �1�2� �S�L�,� �V�i�r�t�i�s� �C�o�.�,� �I�n�c�.�,� �G�a�r�d�i�n�e�r�,� 

�N�Y�)� �e�q�u�i�p�p�e�d� �w�i�t�h� �a� �d�r�y�i�n�g� �c�h�a�m�b�e�r� �(�1�0�-�M�R�-�S�M� �V�a�c�u�u�m� �S�t�o�p�p�e�r�i�n�g� �a�n�d� �M�a�n�i�f�o�l�d� 

�D�r�y�i�n�g� �C�h�a�m�b�e�r�,� �V�i�r�t�i�s� �C�o�.�,� �I�n�c�.�,� �G�a�r�d�i�n�e�r�,� �N�Y�)�.� �T�h�e� �f�r�e�e�z�e�-�d�r�i�e�d� �p�e�l�l�e�t� �f�r�o�m� �e�a�c�h� �c�r�e�a�m� 

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

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

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

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

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �M�M�.� �F�o�r� �t�h�e� �d�i�r�e�c�t� �m�e�t�h�o�d�,� �1�0� �m�g� �o�f� �t�h�e� �f�r�e�e�z�e�-�d�r�i�e�d� �a�n�d� �p�o�w�d�e�r�e�d� 

�M�M� �p�e�l�l�e�t� �w�a�s� �s�o�l�u�b�i�l�i�z�e�d� �i�n� �1�0� �m�l� �o�f� �0�.�1�%� �s�o�d�i�u�m� �d�o�d�e�c�y�l� �s�u�l�f�a�t�e� �(�S�D�S�)� �a�n�d� �0�.�0�5� �M� 

�N�a�O�H�.� �P�r�o�t�e�i�n� �c�o�n�t�e�n�t� �o�f� �t�h�e� �s�o�l�u�b�i�l�i�z�e�d� �p�e�l�l�e�t� �w�a�s� �m�e�a�s�u�r�e�d� �u�s�i�n�g� �t�h�e� �D�C� �B�i�o�-�R�a�d� 

�P�r�o�t�e�i�n� �A�s�s�a�y� �(�B�i�o�-�R�a�d� �L�a�b�o�r�a�t�o�r�i�e�s�,� �H�e�r�c�u�l�e�s�,� �C�A�)�.� 

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

�a�m�o�u�n�t� �o�f� �p�r�o�t�e�i�n� �i�n� �s�e�r�u�m� �a�n�d� �w�a�s�h�i�n�g� �e�l�u�e�n�t� �w�a�s� �m�e�a�s�u�r�e�d� �u�s�i�n�g� �D�C� �B�i�o�-�R�a�d� �P�r�o�t�e�i�n� 

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

�4�0



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

�c�r�e�a�m�.� 

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

�T�e�n� �m�g� �o�f� �p�o�w�d�e�r�e�d� �M�M� �m�a�t�e�r�i�a�l� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �1� �m�l� �o�f� �0�.�1�%� �S�D�S� �a�n�d� �0�.�0�5� �M� 

�N�a�O�H�.� �T�w�o� �p�a�r�t�s� �o�f� �s�a�m�p�l�e� �a�n�d� �o�n�e� �p�a�r�t� �o�f� �t�r�i�p�l�e� �s�t�r�e�n�g�t�h� �(�3�X�)� �s�a�m�p�l�e� �b�u�f�f�e�r� �w�e�r�e� 

�m�i�x�e�d�.� �T�h�e� �3�X� �s�a�m�p�l�e� �b�u�f�f�e�r� �w�a�s� �p�r�e�p�a�r�e�d� �a�s� �f�o�l�l�o�w�s�;� �2�.�2�5� �g�r�a�m� �T�r�i�z�m�a� �B�a�s�e�,� �6� �g�r�a�m�s� 

�S�D�S�,� �1�5� �m�l� �B�-�m�e�r�c�a�p�t�o�e�t�h�a�n�o�l�,� �3�0� �m�l� �g�l�y�c�e�r�o�l�,� �a�n�d� �6�0� �m�g� �B�r�o�m�o�p�h�e�n�o�l� �B�l�u�e� �w�a�s� 

�d�i�s�s�o�l�v�e�d� �i�n� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r�,� �a�d�j�u�s�t�e�d� �t�o� �p�H� �6�.�8� �w�i�t�h� �1�M� �H�C�l�,� �a�n�d� �b�r�o�u�g�h�t� �t�o� �f�i�n�a�l� �v�o�l�u�m�e� 

�o�f� �1�0�0� �m�l� �w�i�t�h� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r�.� �T�h�e� �m�i�x�t�u�r�e� �o�f� �s�a�m�p�l�e� �a�n�d� �3�X� �s�a�m�p�l�e� �b�u�f�f�e�r� �w�e�r�e� 

�v�o�r�t�e�x�e�d� �a�n�d� �h�e�a�t�e�d� �a�t� �9�5�-�1�0�0�°�C� �f�o�r� �5�-�1�0� �m�i�n� �t�o� �d�e�n�a�t�u�r�e� �p�r�o�t�e�i�n�s�.� �T�h�e� �h�e�a�t�e�d� �s�a�m�p�l�e�s� 

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

�P�r�o�t�e�i�n�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �M�M� �w�e�r�e� �s�e�p�a�r�a�t�e�d� �b�y� �S�D�S�-�P�A�G�E� �(�s�o�d�i�u�m� �d�o�d�e�c�y�l� 

�s�u�l�f�a�t�e�-�p�o�l�y� �a�c�r�y�l�a�m�i�d�e� �g�e�l� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s�)� �i�n� �1�2�.�5�%� �a�c�r�y�l�a�m�i�d�e� �s�l�a�b� �g�e�l� �w�i�t�h� �t�h�i�c�k�n�e�s�s� 

�o�f� �0�.�7�5� �m�m� �o�r� �1�.�5� �m�m� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �L�a�e�m�m�i�l�i� �(�1�9�7�0�)�.� �G�e�l� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �w�a�s� 

�p�e�r�f�o�r�m�e�d� �i�n� �t�h�e� �S�E� �6�0�0� �V�e�r�t�i�c�a�l� �S�l�a�b� �G�e�l� �E�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �U�n�i�t� �(�H�o�e�f�e�r� �S�c�i�e�n�t�i�f�i�c� 

�I�n�s�t�r�u�m�e�n�t�s�,� �S�a�n� �F�r�a�n�c�i�s�c�o�,� �C�A�)� �w�i�t�h� �a� �c�o�n�s�t�a�n�t� �c�u�r�r�e�n�t� �o�f� �3�0� �m�A� �f�o�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �5�-�7� 

�h�r�s�.� 

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

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

�c�o�n�t�a�i�n�i�n�g� �p�h�o�s�p�h�o�r�y�l�a�s�e� �b� �(�9�7�,�4�0�0� �d�a�l�t�o�n�s�)�,� �b�o�v�i�n�e� �s�e�r�u�m� �a�l�b�u�m�i�n� �(�6�6�,�2�0�0�)�,� �o�v�a�l�b�u�m�i�n� 

�(�4�5�,�0�0�0�)�,� �c�a�r�b�o�n�i�c� �a�n�h�y�d�r�a�s�e� �(�3�1�,�0�0�0�)�,� �s�o�y�b�e�a�n� �t�r�y�p�s�i�n� �i�n�h�i�b�i�t�o�r� �(�2�1�,�5�0�0�)�,� �a�n�d� �l�y�s�o�z�y�m�e� 

�(�1�4�,�4�0�0�)� �w�a�s� �u�s�e�d� �(�B�i�o�-�R�a�d� �L�a�b�o�r�a�t�o�r�i�e�s�,� �H�e�r�c�u�l�e�s�,� �C�A�)�.� �A� �s�t�a�n�d�a�r�d� �f�o�r� �M�F�G�M� 

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

�f�a�t� �g�l�o�b�u�l�e�s� �a�n�d� �d�o�n�a�t�e�d� �f�r�o�m� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �o�f� �D�r�.� �T�h�o�m�a�s� �W�.� �K�e�e�n�a�n� �(�D�e�p�a�r�t�m�e�n�t� �o�f� 

�4�1



�B�i�o�c�h�e�m�i�s�t�r�y� �a�n�d� �A�n�a�e�r�o�b�i�c� �M�i�c�r�o�b�i�o�l�o�g�y�,� �V�I�P�&�S�U�)�,� �w�a�s� �u�s�e�d�.� �F�o�r� �m�i�l�k� �p�r�o�t�e�i�n� 

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

�M�O�)� �w�e�r�e� �m�i�x�e�d� �i�n� �t�h�e� �s�o�l�u�t�i�o�n� �o�f� �0�.�1�%� �S�D�S� �a�n�d� �0�.�0�5� �M� �N�a�O�H�.� 

�Q�u�a�l�i�t�a�t�i�v�e� �a�n�a�l�y�s�i�s� �a�s� �w�e�l�l� �a�s� �q�u�a�n�t�i�t�a�t�i�v�e� �a�n�a�l�y�s�i�s� �o�n� �m�i�l�k� �p�r�o�t�e�i�n�s� �a�n�d� �t�h�e� �m�a�j�o�r� 

�M�F�G�M� �p�r�o�t�e�i�n�s� �i�n� �p�o�w�d�e�r�e�d� �M�M� �w�a�s� �b�y� �d�e�n�s�i�t�o�m�e�t�r�y� �(�U�n�i�s�c�a�n� �V�i�d�e�o� �D�e�n�s�i�t�o�m�e�t�e�r�,� 

�A�n�a�l�t�e�c�h�,� �N�e�w�a�r�k�,� �D�E�)�.� �T�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �t�h�e� �p�r�o�t�e�i�n�s� �w�a�s� �o�b�t�a�i�n�e�d� �b�y� �d�i�v�i�d�i�n�g� �t�h�e� 

�a�r�e�a� �o�f� �p�e�a�k�s� �o�f� �i�n�t�e�r�e�s�t� �b�y� �a� �t�o�t�a�l� �a�r�e�a� �o�f� �a�l�l� �p�e�a�k�s�.� 

�A�m�o�u�n�t� �o�f� �P�h�o�s�p�h�o�l�i�p�i�d� �A�s�s�o�c�i�a�t�e�d� �w�i�t�h� �L�i�p�i�d� �G�l�o�b�u�l�e�s� 

�L�i�p�i�d� �w�a�s� �f�i�r�s�t� �e�x�t�r�a�c�t�e�d� �f�r�o�m� �1�0� �m�g� �o�f� �t�h�e� �p�o�w�d�e�r�e�d� �M�M� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�p�h�o�s�p�h�o�l�i�p�i�d� �c�o�n�t�e�n�t� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �l�i�p�i�d� �g�l�o�b�u�l�e�s� �(�B�l�i�g�h� �a�n�d� �D�y�e�r� �1�9�5�9�)�.� �P�h�o�s�p�h�o�r�u�s� 

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

�e�t� �a�l�.�,� �1�9�6�6�)� �a�n�d� �p�h�o�s�p�h�o�l�i�p�i�d� �c�o�n�t�e�n�t� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �b�y� �m�u�l�t�i�p�l�y�i�n�g� �t�h�e� �c�o�n�t�e�n�t� �o�f� 

�p�h�o�s�p�h�o�r�u�s� �b�y� �2�5� �(�A�n�d�e�r�s�o�n� �e�t� �a�l�.�,� �1�9�7�7�a�)�.� 

�T�y�p�e�s� �o�f� �P�h�o�s�p�h�o�l�i�p�i�d� �A�s�s�o�c�i�a�t�e�d� �w�i�t�h� �L�i�p�i�d� �G�l�o�b�u�l�e�s� 

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

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

�t�h�e�n� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n�t�o� �5�0� �u�l� �o�f� �c�h�l�o�r�o�f�o�r�m�.� �S�o�l�v�e�n�t� �s�y�s�t�e�m� �f�o�r� �t�h�e� �s�e�p�a�r�a�t�i�o�n� �o�f� 

�p�h�o�s�p�h�o�l�i�p�i�d� �w�a�s� �p�r�e�p�a�r�e�d� �b�y� �m�i�x�i�n�g� �m�e�t�h�y�l� �a�c�e�t�a�t�e� �(�2�5� �m�l�)�,� �n�-�p�r�o�p�a�n�o�l� �(�2�5� �m�l�)�,� 

�c�h�l�o�r�o�f�o�r�m� �(�2�8� �m�l�)�,� �m�e�t�h�a�n�o�l� �(�1�0� �m�l�)�,� �a�n�d� �0�.�2�5� �%� �K�C�l� �(�7� �m�l�)�.� �A�b�o�u�t� �4�0�-�5�0� �m�l� �o�f� �t�h�e� 

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

�|� �h�r� �p�r�i�o�r� �t�o� �r�u�n�n�i�n�g� �s�a�m�p�l�e�s�.� 

�E�a�c�h� �t�h�i�n� �l�a�y�e�r� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�T�L�C�)� �p�l�a�t�e� �(�T�L�C� �p�l�a�t�e�,� �W�h�a�t�m�a�n�,� �C�l�i�f�t�o�n�,� �N�J�)� 

�c�o�n�t�a�i�n�e�d� �t�w�o� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �s�t�a�n�d�a�r�d�s� �a�n�d� �s�a�m�p�l�e�s�.� �T�h�e� �s�t�a�n�d�a�r�d�s� �f�o�r� �p�h�o�s�p�h�o�l�i�p�i�d� 
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�w�e�r�e� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �S�i�g�m�a� �C�h�e�m�i�c�a�l� �C�o�m�p�a�n�y�,� �(�S�t�.� �L�o�u�i�s�,� �M�O�)� �a�n�d� �w�e�r�e� �p�r�e�p�a�r�e�d� �b�y� 

�m�i�x�i�n�g� �2� �m�g� �e�a�c�h� �o�f� �s�p�h�i�n�g�o�m�y�e�l�i�n� �(�S�)�,� �p�h�o�s�p�h�a�t�i�d�y�l�c�h�o�l�i�n�e� �(�P�C�)�,� �p�h�o�s�p�h�a�t�i�d�y�l�s�e�r�i�n�e� 

�(�P�S�)�,� �p�h�o�s�p�h�o�a�t�i�d�y�l�i�n�o�s�i�t�o�l� �(�P�I�)�,� �a�n�d� �p�h�o�s�p�h�a�t�i�d�y�l�e�t�h�a�n�o�l�a�m�i�n�e� �(�P�E�)� �i�n� �1� �m�l� �o�f� 

�c�h�l�o�r�o�f�o�r�m�.� �T�w�o� �a�n�d� �f�o�u�r� �m�i�c�r�o�l�i�t�e�r� �o�f� �s�t�a�n�d�a�r�d� �a�n�d� �2� �o�r� �3� �u�l� �o�f� �e�a�c�h� �s�a�m�p�l�e� �w�e�r�e� 

�s�t�r�e�a�k�e�d� �i�n� �t�i�g�h�t� �0�.�5� �c�m� �b�a�n�d�s� �a�t� �a�p�p�r�o�x�i�m�a�t�e�l�y�,� �o�n�e�-�h�a�l�f� �i�n�c�h� �f�r�o�m� �t�h�e� �b�o�t�t�o�m� �o�f� �T�L�C� 

�p�l�a�t�e�.� 

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

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

�a�c�e�t�a�t�e� �(�v�/�w�)�,� �8�%� �p�h�o�s�p�h�o�r�i�c� �a�c�i�d� �(�v�/�v�)� �f�o�r� �2�-�3� �m�i�n�.� �T�h�e� �p�l�a�t�e� �t�h�e�n� �w�a�s� �h�e�a�t�e�d� �i�n� �a�n� 

�o�v�e�n� �(�B�l�u�e� �M� �E�l�e�c�t�r�i�c� �C�o�m�p�a�n�y�,� �B�l�u�e� �I�s�l�a�n�d�,� �I�L�)� �a�t� �1�5�0� �°�C� �f�o�r� �2�0� �m�i�n� �t�o� �c�h�a�r� �l�i�p�i�d�s�.� 

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

�t�h�e� �p�l�a�t�e� �w�i�t�h� �a� �d�e�n�s�i�t�o�m�e�t�e�r� �(�U�n�i�s�c�a�n� �V�i�d�e�o� �D�e�n�s�i�t�o�m�e�t�e�r�,� �A�n�a�l�t�e�c�h�,� �N�e�w�a�r�k�,� �D�E�)�.� �T�h�e� 

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

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

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

�A�s�s�o�c�i�a�t�i�o�n� �o�f� �D�e�n�a�t�u�r�e�d� �W�h�e�y� �P�r�o�t�e�i�n� 

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

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

�I�n�i�t�i�a�l�l�y�,� �c�r�e�a�m�s� �(�1�1�%� �f�a�t�)� �w�i�t�h� �1�0�0�%�,� �5�0�%� �a�n�d� �2�0�%� �w�h�e�y� �p�r�o�t�e�i�n� �w�e�r�e� �p�r�e�p�a�r�e�d�.� 

�E�l�e�v�e�n� �p�e�r�c�e�n�t� �c�r�e�a�m� �w�i�t�h� �2�0�%� �w�h�e�y� �w�a�s� �m�a�d�e� �b�y� �m�i�x�i�n�g� �c�r�e�a�m� �a�n�d� �s�k�i�m� �m�i�l�k�.� �T�h�e� 

�s�k�i�m� �p�o�r�t�i�o�n� �w�a�s� �o�b�t�a�i�n�e�d� �b�y� �s�e�p�a�r�a�t�i�o�n� �o�f� �c�r�e�a�m� �f�r�o�m� �w�h�o�l�e� �m�i�l�k�.� �C�r�e�a�m� �(�1�1�%�)� �w�i�t�h� 

�5�0�%� �w�h�e�y� �w�a�s� �p�r�e�p�a�r�e�d� �b�y� �m�i�x�i�n�g� �w�a�s�h�e�d� �c�r�e�a�m� �a�n�d� �t�h�r�e�e� �p�o�r�t�i�o�n�s� �o�f� �1�0�0�%� �w�h�e�y� 

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

�p�r�o�t�e�i�n�s� �i�n� �w�h�i�c�h� �a�b�o�u�t� �8�0�%� �o�f� �p�r�o�t�e�i�n� �1�s� �c�a�s�e�i�n�,� �t�h�r�e�e� �v�o�l�u�m�e�s� �o�f� �1�0�0�%� �w�h�e�y� �s�u�f�f�i�c�e�d� 
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�a�s� �t�h�e� �a�m�o�u�n�t� �o�f� �w�h�e�y� �n�e�c�e�s�s�a�r�y� �t�o� �o�b�t�a�i�n� �e�q�u�a�l� �p�r�o�p�o�r�t�i�o�n�s� �o�f� �c�a�s�e�i�n� �a�n�d� �w�h�e�y�.� �T�h�e� 

�1�0�0�%� �w�h�e�y� �s�o�l�u�t�i�o�n� �w�a�s� �m�a�d�e� �b�y� �d�i�s�s�o�l�v�i�n�g� �w�h�e�y� �p�r�o�t�e�i�n� �c�o�n�c�e�n�t�r�a�t�e� �(�W�P�C�)� �(�C�a�l�p�r�o� 

�8�0�,� �C�a�l�p�r�o� �i�n�g�r�e�d�i�e�n�t�s�,� �C�o�r�o�n�a�,� �C�A�)� �i�n�t�o� �w�h�e�y� �o�b�t�a�i�n�e�d� �f�r�o�m� �m�a�n�u�f�a�c�t�u�r�i�n�g� �a�n� �a�c�i�d� 

�c�o�t�t�a�g�e� �c�h�e�e�s�e� �(�W�e�s�t�o�v�e�r� �D�a�i�r�y�,� �L�y�n�c�h�b�u�r�g�,� �V�A�)�.� �T�h�e� �1�1�%� �c�r�e�a�m� �w�i�t�h� �1�0�0�%� �w�h�e�y� �w�a�s� 

�p�r�e�p�a�r�e�d� �b�y� �m�i�x�i�n�g� �w�a�s�h�e�d� �c�r�e�a�m� �a�n�d� �1�0�0�%� �w�h�e�y� �s�o�l�u�t�i�o�n�.� �A�n� �1�1�%� �c�r�e�a�m� �w�i�t�h� �1�0�0� �%� 

�w�h�e�y� �p�r�o�t�e�i�n� �w�a�s� �o�b�t�a�i�n�e�d� �b�y� �m�i�x�i�n�g� �1�0�0� �%� �w�h�e�y� �s�o�l�u�t�i�o�n� �a�n�d� �w�a�s�h�e�d� �c�r�e�a�m� �a�n�d� 

�s�t�a�n�d�a�r�d�i�z�e�d� �t�o� �1�1�%� �f�a�t�.� �W�a�s�h�e�d� �c�r�e�a�m� �m�i�g�h�t� �c�o�n�t�a�i�n� �s�o�m�e� �c�a�s�e�i�n� �p�r�o�t�e�i�n�s� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �M�F�G�M�;� �h�o�w�e�v�e�r�,� �m�o�s�t� �c�a�s�e�i�n�s� �w�e�r�e� �r�e�m�o�v�e�d� �d�u�r�i�n�g� �t�w�o� �w�a�s�h�i�n�g� �s�t�e�p�s�;� �t�h�e� 

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

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

�B�e�f�o�r�e� �h�o�m�o�g�e�n�i�z�i�n�g�,� �t�h�e� �1�1�%� �c�r�e�a�m�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �p�o�r�t�i�o�n�s� �o�f� �w�h�e�y� �w�e�r�e� 

�p�r�e�h�e�a�t�e�d� �t�o� �8�0�°�C� �f�o�r� �7�-�1�0� �m�i�n� �t�o� �d�e�n�a�t�u�r�e� �w�h�e�y� �p�r�o�t�e�i�n� �(�H�o�u�l�i�h�a�n� �e�t� �a�l�.�,� �1�9�9�2�)�.� �T�h�e� 

�s�t�a�n�d�a�r�d�i�z�e�d� �c�r�e�a�m� �w�a�s� �c�o�o�l�e�d� �t�o� �4�8�.�9�°�C� �a�n�d� �h�o�m�o�g�e�n�i�z�e�d� �a�t� �a� �t�o�t�a�l� �p�r�e�s�s�u�r�e� �o�f� 

�2�0�0�0�/�5�0�0� �P�S�I�.� 

�T�h�e� �h�o�m�o�g�e�n�i�z�e�d� �1�1�%� �c�r�e�a�m�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �w�h�e�y� �p�o�r�t�i�o�n�s� �w�e�r�e� �p�r�o�c�e�s�s�e�d� �a�t� 

�1�4�3�.�9�°�C� �f�o�r� �4� �s�e�c�o�n�d�s� �u�s�i�n�g� �a� �l�a�b�o�r�a�t�o�r�y� �U�H�T�/�H�T�S�T� �p�r�o�c�e�s�s�o�r� �(�U�H�T�/�H�T�S�T� �L�a�b�-�2�5� 

�D�H�,� �M�i�c�r�o�T�h�e�r�m�i�c�s�,� �I�n�c�.�,� �R�a�l�e�i�g�h�,� �N�C�)�.� �T�h�e� �p�r�o�d�u�c�t�s� �f�r�o�m� �t�h�e� �U�H�T� �u�n�i�t� �w�e�r�e� �c�o�l�l�e�c�t�e�d� 

�i�n� �s�t�e�r�i�l�i�z�e�d� �v�o�l�u�m�e�t�r�i�c� �f�l�a�s�k�s� �(�1�0�0�0� �m�l�)� �a�n�d� �c�o�o�l�e�d� �t�o� �3�°�C� �t�o� �c�o�n�t�r�o�l� �t�h�e� �i�n�i�t�i�a�l� 

�t�e�m�p�e�r�a�t�u�r�e� �o�f� �t�h�e� �p�r�o�d�u�c�t�.� �P�a�p�a�i�n� �(�0�.�0�7�5� �E�U�/�m�l� �o�f� �c�r�e�a�m�)� �w�a�s� �a�d�d�e�d� �a�s�e�p�t�i�c�a�l�l�y� �t�o� 

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

�c�r�e�a�m�s� �(�1�6� �m�l�)� �w�e�r�e� �d�i�s�p�e�n�s�e�d� �i�n�t�o� �s�t�e�r�i�l�e� �t�e�s�t� �t�u�b�e�s� �u�s�i�n�g� �a�n� �a�u�t�o�m�a�t�i�c� �d�i�s�p�e�n�s�e�r� 

�(�U�n�i�s�p�e�n�s�e� �I�]�,� �W�h�e�a�t�o�n� �I�n�s�t�r�u�m�e�n�t�s�,� �M�i�l�l�v�i�l�l�e�,� �N�J�)�.� �T�h�e� �t�e�s�t� �t�u�b�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �a�t� �4� 

�°�C� �a�n�d� �2�1�°�C� �a�n�d� �t�e�s�t�e�d� �f�o�r� �f�e�a�t�h�e�r�i�n�g�.� 
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�S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�e�s� 

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

�r�e�p�l�i�c�a�t�i�o�n�s� �o�f� �a�l�l� �t�r�e�a�t�m�e�n�t�s�.� �E�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y� �f�o�r� �c�o�n�t�r�o�l� �c�r�e�a�m� �a�n�d� �e�n�z�y�m�e�-�t�r�e�a�t�e�d� 

�c�r�e�a�m�s� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �t�w�o� �r�e�p�l�i�c�a�t�e�s�,� �a�n�d� �S�D�S�-�P�A�G�E� �f�o�r� �p�r�o�t�e�i�n� �a�s�s�o�c�i�a�t�e�d� �o�n� �n�e�w�l�y� 

�f�o�r�m�e�d� �M�F�G�M� �s�u�r�f�a�c�e� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �o�n� �t�w�o� �r�e�p�l�i�c�a�t�e� �s�a�m�p�l�e�s�.� �E�x�p�e�r�i�m�e�n�t�s� �t�o� �t�e�s�t� 

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

�s�t�a�t�i�s�t�i�c�a�l� �d�e�s�i�g�n� �u�s�i�n�g� �t�h�e�s�e� �e�x�p�e�r�i�m�e�n�t�s� �w�a�s� �a� �3� �x� �2� �x� �2� �(�E�n�z�y�m�e� �x� �T�e�m�p�e�r�a�t�u�r�e� �x� �T�i�m�e�)� 

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

�I�n�s�t�i�t�u�t�e�,� �I�n�c�.�,� �C�a�r�y�,� �N�C�)�.� 
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�C�H�A�P�T�E�R� �I�V� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

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

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

�f�o�u�n�d� �i�n� �U�H�T�-�p�r�o�c�e�s�s�e�d� �m�i�l�k� �p�r�o�d�u�c�t�s�,� �a�f�f�e�c�t�i�n�g� �t�h�e� �q�u�a�l�i�t�y� �o�f� �t�h�e� �p�r�o�d�u�c�t� �(�S�e�r�h�a�u�g� �a�n�d� 

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

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

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

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

�(�p�h�o�s�p�h�o�l�i�p�a�s�e� �C� �a�n�d� �p�a�p�a�i�n�)� �w�o�u�l�d� �i�n�d�u�c�e� �t�h�e� �f�e�a�t�h�e�r�i�n�g� �d�e�f�e�c�t� �w�i�t�h�i�n� �2� �w�e�e�k�s� �i�n� 

�U�H�T�-�p�r�o�c�e�s�s�e�d� �c�r�e�a�m� �s�t�o�r�e�d� �a�t� �4�°�C� �o�r� �2�1�°�C�.� �T�h�e� �s�e�c�o�n�d� �g�o�a�l� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� �w�a�s� �t�o� 

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

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

�w�a�s� �s�u�g�g�e�s�t�e�d� �a�s� �o�n�e� �w�a�y� �t�o� �p�r�e�v�e�n�t� �f�e�a�t�h�e�r�i�n�g� �(�G�e�y�e�r� �a�n�d� �K�e�s�s�l�e�r�,� �1�9�8�9�a�)�.� 

�A�.� �O�b�s�e�r�v�a�t�i�o�n�s� �o�f� �C�o�m�m�e�r�c�i�a�l�l�y�-�P�r�o�c�e�s�s�e�d� �C�r�e�a�m� �E�x�h�i�b�i�t�i�n�g� �F�e�a�t�h�e�r�i�n�g� �D�e�f�e�c�t� 

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

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

�s�u�r�f�a�c�e� �m�a�t�e�r�i�a�l� �o�f� �h�o�m�o�g�e�n�i�z�e�d� �f�a�t� �g�l�o�b�u�l�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �i�n� �s�t�a�b�l�e� �U�H�T�/�h�o�m�o�g�e�n�i�z�e�d� 

�c�r�e�a�m� �a�n�d� �c�r�e�a�m� �d�e�m�o�n�s�t�r�a�t�i�n�g� �f�e�a�t�h�e�r�i�n�g� �d�e�f�e�c�t� �w�h�e�n� �a�d�d�e�d� �t�o� �c�o�f�f�e�e�.� �U�H�T� �c�r�e�a�m� 

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

�P�r�o�d�u�c�t�s� �C�o�r�p�.�,� �T�e�m�p�e�,� �A�r�i�z�.� �C�o�n�t�r�o�l� �s�a�m�p�l�e�s� �w�e�r�e� �c�o�d�e�d� �J�u�n�e� �2�4�,� �1�9�9�4�,� �a�n�d� �f�e�a�t�h�e�r�i�n�g� 

�s�a�m�p�l�e�s� �w�e�r�e� �c�o�d�e�d� �A�p�r�i�l� �1�6�,� �1�9�9�4� �a�n�d� �J�u�n�e� �8�,� �1�9�9�4�.� �S�i�n�c�e� �c�r�e�a�m�s� �h�a�d� �n�a�t�u�r�a�l� �v�a�r�i�a�t�i�o�n� 
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�i�n� �c�h�e�m�i�c�a�l� �c�o�m�p�o�s�i�t�i�o�n�,� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �p�a�t�t�e�r�n�s� �o�f� �M�F�G�M� �a�n�d� �l�i�p�i�d�-�a�s�s�o�c�i�a�t�e�d� �p�r�o�t�e�i�n�s� 

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

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

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

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

�d�a�t�e�s� �o�f� �t�h�e� �s�a�m�p�l�e�s�.� 

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

�c�r�e�a�m� �w�a�s� �s�t�a�b�l�e� �t�o� �p�H� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �b�u�f�f�e�r� �s�o�l�u�t�i�o�n� �o�f� �v�a�r�y�i�n�g� �p�H� �(�r�a�n�g�e� �o�f� �4�.�7�0� �t�o� 

�5�.�6�0�)� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �8�5�°�C�.� �T�h�e� �l�o�w�e�s�t� �b�u�f�f�e�r� �p�H� �w�h�i�c�h� �d�i�d� �n�o�t� �c�a�u�s�e� �t�h�e� �c�r�e�a�m� �t�o� 

�f�o�r�m� �p�a�r�t�i�c�u�l�a�t�e� �w�a�s� �5�.�0�0�;� �h�o�w�e�v�e�r�,� �c�r�e�a�m�s� �w�h�i�c�h� �s�h�o�w�e�d� �f�e�a�t�h�e�r�i�n�g� �d�e�f�e�c�t� �w�e�r�e� 

�u�n�s�t�a�b�l�e� �a�t� �p�H� �l�e�s�s� �t�h�a�n� �5�.�4�5� �f�o�r� �A�p�r�i�l� �1�6�,� �1�9�9�4� �s�a�m�p�l�e� �a�n�d� �5�.�2�0� �f�o�r� �J�u�n�e� �8�,� �1�9�9�4� 

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

�c�o�d�e�d� �a�s� �A�p�r�i�l� �1�6�,� �1�9�9�4� �f�o�r�m�e�d� �l�a�r�g�e� �f�l�o�c�c�u�l�e�s� �w�h�e�n� �a�d�d�e�d� �i�n�t�o� �c�o�f�f�e�e� �w�h�i�l�e� �c�r�e�a�m� �o�f� 

�J�u�n�e� �8�,� �1�9�9�4� �s�h�o�w�e�d� �s�m�a�l�l� �p�a�r�t�i�c�l�e�s� �i�n� �c�o�f�f�e�e�,� �a�n�d� �c�o�n�t�r�o�l� �c�r�e�a�m� �(�J�u�n�e� �2�4�,� �1�9�9�4�)� �d�i�d� �n�o�t� 

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

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

�g�l�o�b�u�l�e� �i�n� �s�t�a�b�l�e� �c�r�e�a�m� �a�n�d� �c�r�e�a�m� �w�h�i�c�h� �s�h�o�w�e�d� �f�e�a�t�h�e�r�i�n�g� �d�e�f�e�c�t� �(�c�o�d�e�d� �A�p�r�i�l� �1�6�,� �1�9�9�4�)� 

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

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

�s�u�s�p�e�c�t�e�d� �t�o� �b�e� �g�l�y�c�o�l�i�p�i�d�s� �(�p�e�r�s�o�n�n�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n�,� �D�r�.� �K�e�e�n�a�n�,� �D�e�p�a�r�t�m�e�n�t� �o�f� 

�B�i�o�c�h�e�m�i�s�t�r�y� �a�n�d� �A�n�a�e�r�o�b�i�c� �M�i�c�r�o�b�i�o�l�o�g�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�)�.� �T�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �p�h�o�s�p�h�a�t�i�d�y�l�e�t�h�a�n�o�l�a�m�i�n�e� �(�P�E�)� �i�n� �f�e�a�t�h�e�r�i�n�g� �c�r�e�a�m� �w�a�s� 

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

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

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

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

�p�r�o�b�l�e�m�.� �P�h�o�s�p�h�o�l�i�p�a�s�e� �C� �i�s� �k�n�o�w�n� �t�o� �c�l�e�a�v�e� �t�h�e� �p�h�o�s�p�h�a�t�e� �g�r�o�u�p� �p�r�e�s�e�n�t� �i�n� 

�p�h�o�s�p�h�o�l�i�p�i�d� �s�t�r�u�c�t�u�r�e� �o�f� �P�C�,� �P�S�,� �a�n�d� �P�E� �(�O ��M�a�h�o�n�y� �a�n�d� �S�h�i�p�e�,� �1�9�7�1�)�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� 

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

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

�(�1�9�7�1�)�.� �C�o�m�p�l�e�t�e� �h�y�d�r�o�l�y�s�i�s� �o�f� �P�C� �a�n�d� �a�l�m�o�s�t� �c�o�m�p�l�e�t�e� �h�y�d�r�o�l�y�s�i�s� �o�f� �t�h�e� 

�s�p�h�i�n�g�o�m�y�e�l�i�n� �(�S�)� �a�n�d� �P�E� �w�e�r�e� �o�b�s�e�r�v�e�d� �b�y� �O �� �M�a�h�o�n�y� �a�n�d� �S�h�i�p�e� �(�1�9�7�1�)� �w�h�i�l�e� 

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

�p�r�o�p�o�r�t�i�o�n�s� �o�f� �P�E� �t�h�a�n� �i�n� �s�t�a�b�l�e� �c�r�e�a�m�.� �M�o�r�e�o�v�e�r�,� �b�a�s�e�d� �o�n� �t�h�e� �r�e�p�o�r�t�e�d� �i�n�v�o�l�v�e�m�e�n�t� �o�f� 

�p�h�o�s�p�h�o�l�i�p�a�s�e� �C� �i�n�  ��b�i�t�t�y �� �c�r�e�a�m� �(�S�e�r�h�a�u�g� �a�n�d� �S�t�e�p�a�n�i�a�k�,� �1�9�9�1�)�,� �a�n�d� �d�i�f�f�e�r�e�n�c�e�s� �i�n� 

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

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

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

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

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

�C�r�e�a�m� �p�l�u�g� �f�r�o�m� �f�e�a�t�h�e�r�i�n�g� �c�r�e�a�m� �h�a�d� �m�o�r�e� �p�r�o�t�e�i�n� �(�1�0�.�5�2� �m�g�/�m�l� �o�f� �c�r�e�a�m�)� �t�h�a�n� �i�n� �t�h�e� 

�c�r�e�a�m� �p�l�u�g� �o�f� �s�t�a�b�l�e� �c�r�e�a�m� �(�6�.�2�3� �m�g�/�m�l� �o�f� �c�r�e�a�m�)�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �p�e�l�l�e�t� �o�b�t�a�i�n�e�d� �f�r�o�m� 

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

�h�i�g�h�e�r� �p�r�o�t�e�i�n� �(�1�.�7�5� �m�g�/�m�l�)� �t�h�a�n� �t�h�a�t� �o�f� �s�t�a�b�l�e� �c�r�e�a�m� �(�0�.�7�3� �m�g�/�m�l�)�.� 

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

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

�a�n�d� �K�e�s�s�l�e�r� �(�1�9�8�9�a�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �h�o�m�o�g�e�n�i�z�e�d� �c�o�f�f�e�e� �c�r�e�a�m�s� �e�x�h�i�b�i�t�i�n�g� �f�e�a�t�h�e�r�i�n�g� �h�a�d� 

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

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

�4�9



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

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

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

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

�t�h�a�w� �p�r�o�c�e�d�u�r�e� �(�W�a�l�s�t�r�a�,� �1�9�8�5�)�.� �P�r�o�t�e�i�n� �p�a�t�t�e�r�n�s� �i�n� �s�u�r�f�a�c�e� �m�a�t�e�r�i�a�l�s� �s�u�r�r�o�u�n�d�i�n�g� �f�a�t� 

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

�u�s�i�n�g� �S�D�S�-�P�A�G�E�.� �T�h�e� �s�a�m�p�l�e�s� �w�e�r�e� �p�r�e�p�a�r�e�d� �f�r�o�m� �c�o�n�t�r�o�l� �c�r�e�a�m�e�r� �(�c�o�d�e�:� �J�u�n�e� �2�4�,� 

�1�9�9�4�)� �a�n�d� �f�e�a�t�h�e�r�i�n�g� �c�r�e�a�m�e�r�s� �f�r�o�m� �t�w�o� �c�o�d�e� �d�a�t�e�s� �o�f� �A�p�r�i�l� �1�6�,� �1�9�9�4� �a�n�d� �J�u�n�e� �8�,� �1�9�9�4�.� 

�O�n�e� �c�r�e�a�m�e�r� �w�h�i�c�h� �s�h�o�w�e�d� �f�e�a�t�h�e�r�i�n�g� �d�e�f�e�c�t� �(�c�o�d�e�:� �A�p�r�i�l� �1�6�,�1�9�9�4�)� �h�a�d� �m�o�r�e� �c�a�s�e�i�n� 

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

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

�s�a�m�p�l�e� �w�a�s� �n�o�t� �d�e�t�e�r�m�i�n�e�d�.� �A� �d�i�s�t�i�n�c�t� �p�r�o�t�e�i�n� �b�a�n�d� �a�t� �1�6� �k�d� �w�a�s� �o�b�s�e�r�v�e�d� �i�n� �o�n�e� 

�c�r�e�a�m�e�r� �(�c�o�d�e�:� �A�p�r�i�l� �1�6�,� �1�9�9�4�)� �w�h�i�c�h� �h�a�d� �t�h�e� �f�e�a�t�h�e�r�i�n�g� �p�r�o�b�l�e�m� �b�u�t� �t�h�i�s� �b�a�n�d� �d�i�d� �n�o�t� 

�a�p�p�e�a�r� �i�n� �p�r�o�t�e�i�n� �p�r�o�f�i�l�e� �o�f� �s�t�a�b�l�e� �c�r�e�a�m�e�r� �(�c�o�d�e�:� �J�u�n�e� �2�4�,� �1�9�9�4�)�.� �T�h�e� �o�t�h�e�r� �f�e�a�t�h�e�r�i�n�g� 

�c�r�e�a�m�e�r� �(�c�o�d�e�:� �J�u�n�e� �8�,� �1�9�9�4�)� �a�l�s�o� �d�i�d� �n�o�t� �s�h�o�w� �t�h�i�s� �b�a�n�d�.� �T�h�e� �p�r�o�t�e�i�n� �a�t� �1�6� �k�d� �i�n� 

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

�i�n� �a� �c�e�r�t�a�i�n� �b�r�e�e�d� �(�J�e�r�s�e�y�)� �o�f� �c�o�w� �(�p�e�r�s�o�n�n�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n� �f�r�o�m� �D�r�.� �E�i�g�e�l� �a�n�d� �D�r�.� 

�K�e�e�n�a�n�)�.� �S�i�n�c�e� �f�r�a�g�m�e�n�t�s� �o�f� �p�r�o�t�e�i�n� �w�e�r�e� �f�o�u�n�d� �i�n� �t�h�e� �c�r�e�a�m� �e�x�h�i�b�i�t�i�n�g� �f�e�a�t�h�e�r�i�n�g� 

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

�V�a�r�i�o�u�s� �p�r�o�t�e�o�l�y�t�i�c� �a�c�t�i�v�i�t�i�e�s� �a�r�e� �f�o�u�n�d� �i�n� �m�i�l�k� �p�r�o�d�u�c�t�s� �(�S�e�r�h�a�u�g� �a�n�d� �S�t�e�p�a�n�i�a�k�,� �1�9�9�1�;� 

�S�t�e�p�a�n�i�a�k�,� �1�9�9�1�;� �C�r�o�m�i�e�,� �1�9�9�2�)�.� �S�h�i�m�i�z�u� �e�t� �a�l�.� �(�1�9�8�0�)� �r�e�p�o�r�t�e�d� �e�f�f�e�c�t�s� �o�f� �p�r�o�t�e�o�l�y�t�i�c� 

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

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

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

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

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

�c�r�e�a�m� �i�s� �a�d�d�e�d� �t�o� �h�o�t� �c�o�f�f�e�e�.� 

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

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

�f�e�a�t�h�e�r�i�n�g� �c�r�e�a�m� �(�c�o�d�e�:� �A�p�r�i�l� �1�6�,� �1�9�9�4�)� �a�n�d� �c�l�u�s�t�e�r� �o�f� �c�a�s�e�i�n�s� �a�n�d� �f�a�t� �g�l�o�b�u�l�e�s�,� �a�s� �w�e�l�l� �a�s� 

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

�w�e�r�e� �l�a�r�g�e�r� �t�h�a�n� �t�h�o�s�e� �i�n� �c�r�e�a�m� �t�h�a�t� �s�h�o�w�e�d� �f�e�a�t�h�e�r�i�n�g� �d�e�f�e�c�t� �(�F�i�g�u�r�e� �1�b�)�.� �I�n� �c�o�n�t�r�a�s�t�,� 

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

�(�F�i�g�u�r�e� �1�b�)�.� �E�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y� �o�f� �a�c�t�u�a�l�  ��f�e�a�t�h�e�r�s �� �o�r� �f�l�o�c�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �c�r�e�a�m� �(�c�o�d�e�:� 

�A�p�r�i�l� �1�6�,� �1�9�9�4�)� �i�n� �c�o�f�f�e�e� �a�l�s�o� �c�o�n�t�a�i�n�e�d� �c�l�u�s�t�e�r�s� �o�f� �f�a�t� �g�l�o�b�u�l�e�s� �a�n�d� �c�a�s�e�i�n� �m�i�c�e�l�l�e�s� �(�F�i�g�u�r�e� 

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

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

�B�.� �P�r�e�l�i�m�i�n�a�r�y� �R�e�s�u�l�t�s� �f�r�o�m� �H�o�m�o�g�e�n�i�z�e�d� �a�n�d� �U�H�T� �P�r�o�c�e�s�s�e�d� �1�1�%� �C�r�e�a�m� 

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

�o�f� �i�n�c�u�b�a�t�i�o�n� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d�.� �F�o�r� �p�a�p�a�i�n� �l�e�v�e�l�,� �e�n�z�y�m�e� �u�n�i�t�s� �(�E�U�)� �o�f� �0�.�0�5�,� �0�.�1�,� �0�.�2�,� 

�0�.�3�,� �0�.�4�,� �a�n�d� �0�.�5� �p�e�r� �m�i�l�l�i�l�i�t�e�r� �o�f� �c�r�e�a�m� �w�e�r�e� �p�r�e�p�a�r�e�d� �a�n�d� �t�e�s�t�e�d� �(�F�i�g�u�r�e� �3�)�.� �C�r�e�a�m�s� �w�i�t�h� 

�p�a�p�a�i�n� �a�c�t�i�v�i�t�y� �o�f� �0�.�0�5� �E�U� �s�h�o�w�e�d� �f�e�a�t�h�e�r�i�n�g� �d�e�f�e�c�t� �a�t� �p�H� �l�e�s�s� �t�h�a�n� �5�.�0�9� �(�f�e�a�t�h�e�r�i�n�g� 

�s�c�o�r�e� �o�f� �-�2�)� �o�n� �d�a�y� �1� �a�n�d� �p�H� �l�e�s�s� �t�h�a�n� �5�.�0�0� �(�f�e�a�t�h�e�r�i�n�g� �s�c�o�r�e� �o�f� �-�1�)� �o�n� �d�a�y� �7� �a�t� �4�°�C�.� �N�o� 

�f�e�a�t�h�e�r�i�n�g� �d�e�f�e�c�t� �w�a�s� �o�b�s�e�r�v�e�d� �i�n� �c�o�f�f�e�e� �(�p�H� �4�.�9�6� �a�n�d� �p�H� �4�.�9�2�)� �o�n� �b�o�t�h� �d�a�y�s� �w�i�t�h� �t�h�e� 

�c�r�e�a�m�.� �H�o�w�e�v�e�r�,� �o�n� �d�a�y� �1�4� �t�h�e� �p�a�p�a�i�n�-�t�r�e�a�t�e�d� �c�r�e�a�m� �(�0�.�0�5� �E�U�)� �s�h�o�w�e�d� �t�h�e� �f�e�a�t�h�e�r�i�n�g� 

�d�e�f�e�c�t� �a�t� �p�H� �l�e�s�s� �t�h�a�n� �5�.�4�5� �(�f�e�a�t�h�e�r�i�n�g� �s�c�o�r�e� �o�f� �-�3�)� �a�t� �4� �a�n�d� �2�1�°�C� �a�n�d� �f�i�n�e� �p�a�r�t�i�c�l�e�s� �w�e�r�e� 

�a�l�s�o� �o�b�s�e�r�v�e�d� �i�n� �c�o�f�f�e�e� �(�p�H� �4�.�9�0�)�.� �M�e�a�n�w�h�i�l�e�,� �c�r�e�a�m� �w�i�t�h� �p�a�p�a�i�n� �a�c�t�i�v�i�t�i�e�s� �o�f� �0�.�1�,� �0�.�2�,� 

�0�.�3�,� �0�.�4�,� �a�n�d� �0�.�5� �E�U� �p�e�r� �m�i�l�l�i�l�i�t�e�r� �o�f� �c�r�e�a�m� �e�x�h�i�b�i�t�e�d� �a� �f�e�a�t�h�e�r�i�n�g� �d�e�f�e�c�t� �a�t� �p�H� �l�e�s�s� �t�h�a�n� 
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� � 
�F�i�g�u�r�e� �1�a�.� �E�l�e�c�t�r�o�n� �m�i�c�r�o�g�r�a�p�h�s� �o�f� �c�r�e�a�m� �e�x�h�i�b�i�t�i�n�g� �f�e�a�t�h�e�r�i�n�g� �d�e�f�e�c�t� �i�n� �c�o�f�f�e�e� �(�c�o�d�e� �A�p�r�i�l� 
�1�6�,� �1�9�9�4�)�.� �T�o�t�a�l� �m�a�g�n�i�f�i�c�a�t�i�o�n� �f�o�r� �f�e�a�t�h�e�r�i�n�g� �c�r�e�a�m� �w�a�s� �x�3�2�,�3�0�0�.� 
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