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INTRODUCTION 

Milk is a complex, aqueous mixture of proteins, lactose, fats, 

vitamins and minerals. The lactose and minerals are in true solution, 

the proteins are in colloidal solution, and the fat exists as an emul-

sion. Among these constituents, proteins have received considerable 

attention because of their high nutritional value and their effect on 

yield of milk products. Milk proteins are complete in their amino acid 

composition. They are therefore an important source of the essential 

amino acids that cannot be syr:thes i zed by the human body and must be 

obtained from the diet. Milk prot2ins are among the chief constituents 

of various products such as cheeses, dry milk, evaporated and concentrated 

milk. They a.re also important additives in other foods for their con-

tr·ibution to nutritional value, texture, and quality. 

Since milk proteins are important nutritionally and as constituents 

of other food products, it i~ 0ssential to develop improved methods of 

proc1:;ssing so that maximum quc.dity is retained. A method for processing 

milk that has received considere1b1e attention in recent years is ultra-

high-temperature (UHT) processing. By this method, high temperatures 

are used for extremely short periods of time. Temperatures of up to 

149 C are commonly employed with holding times me::J.sured in hundredths of 

a second, as opposed to conventional methods of processing at 62.7 C 

for 30 minutes, or 71.6 C for 15 seconds. Reported data indicates that 

improved flavor, odot, color and texture has been observed in milk 

processed by UHT methods. However, these data have mainly concerned 

milk processed by direct UHT methods, which are limited to fluid 
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products. Little information is available for indirect methods of UHT 

processing, which are suitable for either fluid or viscous products. 

It has been reported that serum protein denaturation in milks 

processed by UHT proced•ires is lower than in mil ks processed by conven-

ti ona 1 methods. However, conflicting data exists concerning denaturation 

of these proteins by equivalent processing temperatures. This is partly 

due to variations in the methods used for analysis and the different 

types of UHT processing units used. 

Methods commonly employed for protein denaturation analysis in milk 

are the Kjeldahl procedure for tot,11 nitrogen, electrophoretic separa-

tion of the proteins for quantitative and qualitative analysis, and 

various methods for determin·ing sulfhydryl content. Free or reactive 

sulfhydryls in milk are closely related to the degree of serum protein 

denaturation. ~ride variations, however, in sulfhydryls in milk processed 

at equivalent temperatures have been reported. These variations appear 

to be due primarily to the different methods used for measuring sulf-

hydryl levels. 

A fluorometric method of analysis for su1fhydryls in suspensions 

of pruified serum proteins, skimmilk, and cottage cheese has been recently 

reported. Based on the quenching of the fluorescence of (FMA) by sulf-

hydryl compounds, this method offers speed, accuracy, and sensitivity 

in parts per bi 11 ion. Fl uorometric measurement of sul fhydryl s appears 

to have good possibilities for determining the amount of denaturation, 

for estimating equivalent heat treatments, and for studying flavor changes 

produced in milk by UHT methods. 
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The objectives of this research were (1) to develop a fluorometric 

procedure for determ'ining sulfhydryl content in milk serum; (2) to 

determine by this fluorometric procedure the amount of undenatured 

protein in the serum of indirect UHT processed whole milk; and (3) to 

relate these results to percent serum protein denaturation as determined 

by electrophoretic analysis. 



REVIE\iJ OF LITERATURE 

The protein fractions of bovine milk have received considerable 

attention for many years. Recognized as an important constituent of a 

normal diet, many methods have been devised for studying and utilizing 

these proteins. In recent years, with the advent of modern technology 

and improved analyticq.1 procedures, a greatey· understanding of the 

potential and complexity of these proteins is being realized. 

The proteins of milk are grouped into three distinct fractions 

casein, serum proteins and proteose-peptoncs with each differing in its 

individual subgroups (37). Jenness and Patton (22) have defined these 

·as follows. The colloidal fraction that precipitates at pH 4.7 is 

classified as casein and accounts for 79.5 percent of total protein. 

It has been further fractionated into three distinct groups; a, ~' and 

y casein according to their motility in an electric field (37). Those 

proteins remaining in solution after casein precipitation are classi-

fied as serum proteins and account for 11.5 percent of total proteins. 

Characterized by their sensitivity to heat, it has been determined that 

eighty percent are changed by heat and will precipitate with the casein. 

In this study, serum protein denaturation is defined as heat induced 

changes that render these proteins precipitable with the caseins by 

acid, salt, or rennin. 

The third revision of nomenclature of the proteins of cow's milk 

(37) divides serum proteins into three distinct classes. The albumiris 

containing a-lactalbumin and B-lactoglobulin; the immunoglobulins which 

include all molecules that have antibody activity, and proteose-peptones 

4 
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tha,t are defined as that portion of the protein system not precipitated 

by heating at 95 C to 100 C for 20 minutes and subsequent acidification 

to pH 4.7 (37). They are polymers of amino acids and compose three 

percent of total protein. 

Other protein fractions are present in milk. One that is different 

from other we 11 characterized proteins can be i so 1 ated from the surface 

of the fat globule where it exists in close association withphospho-

lipids. Prior knowledge concerning this membrane did not acknowledge 

the presence .of a true.protein. Jenness and Patton (22) reported the 

presence of the enzynies alkaline phosphatase and xanthine phosphatase, 

but it was only in the recent work of Swap~ and Brunner (41) that a 
-protein, or lipid-p'.otein complex was shown to exist. 

In the native .state, the prote·lns of milk are stable and relatively 

unreactive (22).· They are, however, susceptable to alteration by various 

chemical or phys·ical agents wh·ich disrupts the original configuration· 

of the molecules and ~hanges their chemical and physical properties. 

This change, or deriatur~tion, may occur due td application of heat, 

organic solvents, high or low pH,. radiatibn or application of.high 

pressures or forces~ A significant decrease in the solubility of the 

protein, loss of biological activity, change in the size and shape of 

the molecule, and a change in the reactivity of the constituent groups 

of the protein is evident when denaturation occurs (22). 

Of major significance in the denaturation of milk proteins, and 

one that has been extensively studied, is the formation of sulfhydryl 

groups. In the native state, the protein molecules are maintained in 

their configuration by hydrogen bo.nds, hydratibn and secondary va 1 ence 
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forces, salt bridges ,and disulfide bonds (47). With denaturation, these 

bonds are broken and the protein uncoils from its original configuration. 

The sulfhydryls are then liberated as either volatile or soluble sulf-

hydryls and are available for reaction (22). 

All fractions of milk proteins contain sulfur groups, either in 

the form of the amino acids cysteine, cystine or methionine, or as disul-

fide bonds, or as inorganic sulfur. Since the reactive group of 

methionine is a thioether, it is not considered a contributor to free or 

reactive sulfur groups. Cystine, whose reactive group is a disulfide, 

is present in all fractions of milk proteins. However, a very low 

percentage exists in the casein and proteose,...peptone fractions. Cystine 

is therefore largely ~onfined to tbe serum prote'ins. In milk, cysteine 

exists only in the serum proteins and is especially prevelant in B-

lactoglobulin. This protein compr'ises approxfo1ately 50 percent of the 

serum proteins (22), and is the predominant source of sulfhyd'ryls in milk 

(20,49). Due to their dependence upon denaturation, sulfhydryl groups 

mainly arise from the heat denaturable serum proteins. Casein and 

protease;..peptones do not lend themse 1 ves to alteration by heat treat-

ments that denature other proteins (22,37). Reported work has shown 

that the fat gl obulc membrane is a source of sul fhydryl groups ( 3 ,20 ,42), 

but it is insignificant when compared to the serum proteins. 

It is generally accepted that denaturation of serum proteins and 

production of sulfhydryls occur at approximately 60 C (22). However, 

these data are based on a time-temperature relationship involving holding 

times of up to 30 minutes. Boyd and Gould (3) indicate that relatively 

small amounts of volatile sulfhydryls are produced at temperatures of 
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90 C without holding times, and in fact, require extensive holding times 

before maximum formation is observed. It was also noted that once 

volatile sulfhydryl formation began, its major portion was created 

quickly. However, soluble sulfhydryls were found to form essentially 

at the time 90 C was reached, and this amount decreased with extended 

holding times. This suggested that the soluble sulfhydryls acted as 

precursers for volatile sulfhydryls. 

Sulfhydryl formation in milk is influenced by many factors. Boyd 

and Gould (3) indicated that low temperature preheating to a tempera.-

tu.re of approximately 50 C has a definite effect in decreasing both 

volatile and nonvolatfle sulfhydryls. It was also observed that the 

addition of copper; calcium chloftde and disodium phosphate are influen-

tial in retardation when added to milk either before or after heating. 

Low pH values, or pH values above .9, sugars, formaldehyde, cysteine, 

sodium chloride, hydrogen peroxide and various metals were reported by 

Townley and Gould (42) to be influential in decreasing sulfhydryl libera-
. . ( 

tion. An increase in the amount of heat labile sulfhydryls was observed 

with increasing pH values between 6.5 and 9, the addition of ethyl 

alcohol, sodium sulfate and cysteim~ hydrochloride. 

The significance of protein denaturation and the subsequent forma-

tion of sulfhydryls is related to many changes in the characteristics of 

milk. Most notable are heated odor and cooked flavor. Many observa-

tions have been made in conjunction with studies of cooked flavor (20, 

21 ,24,36). It has been demonstrated that this off flavor occurs when 

milk is heated momentarily to about 75 C, or at somewhat lower tempera-

tures when holding periods are employed (20). Associated with protein 
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denaturation is a characteristic impairment of casein coagulation. When 

denatured, the serum proteins prec·ipitate with the casein, resulting in 

a decreased sedimentation rate of the casein and subsequent formation 

of a weak curd which is detrimental to cheese making (22,36,44). Con-

comitant with the formation of sulfhydryls is a marked reduction in the 

oxidation-reduction potential of the milk (20). Boyd and Gould (3) 

postulated that if the exposure time of milk to a high temperature was 

sufficiently well controlled, a maximum of soluble sulfhydryl would be 

produced with no appreciable loss due to volatilization. This would 

res ult in a product wHh tr:aximum antioxidant properties. 

Many methods for measurement of sulfhydryls have been devised. 

However, uniformity has not bE}en achieved between laboratory tests. 

Some authors reported an increase in sulfhydryl content after heating 

milk for times up to 30 minutes (3,8,20,26,34,45,46}, while others reported 

a decrease under similar conditions (28,38,48). Still others found 

initial increases followed by a decrease with increasing temperatures 

and/or holding times (9,16,21,17~49). These variations are due to dif-

ferences in techniques used in determining sulfhydryl levels and in the 

sensitivity of the various analytical methods employed. 

Notable among the methods devised for measurement of sulfhydryl 

groups in milk are the amperiometric titration, ferricyanide, thiamine 

disulfide, iodometric titration, P-chloromercuribenzoate-dithizone and 

fluorometric methods. Amperiometric titration has been widely used for 

sulfhydryl measurement (l ,20,27 ,49). It has been reported, howe\1er, that 

amounts measured by this method are high in relation to actual content 

(49). The ferricyanide method as reported by Chapman and McFarlane (7} 
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is basically a spectrophotometric method for measurement of color pro-

duced by reductfon of ferricyanide to ferric ferricyanide (Prussian 

Blue) by sulfhydryl groups. Thiamine disulfide was reported by Harland 

and Ashworth (16) in 1945 to be reduced by reduction substances in milk 

and related to sulfhydryl conttrnt. In 1950, Larson and Jenness (28), 

reported the determination of protein sulfhydryl groups with iodine and 

0-iodosobenzoate, an amperiometric titration method where the oxidizing 

action of iodine on protein sulfhydryl groups is measured by the depolar-

ization of a poladzed electrode. This method was a modification of the 

procedures of Hess and Sullivan (19) for the dr:?term'ination of cysteine, 

cystine and methionine content of proteins. In i952, Hutton and Patton 

(20) modified the amperiometr:ic t"itration method of Kolthoff and Harris 

(27) and reported observations on sulfhydryl content in milk. Sas sago, 

et al. (38) in ·l963 reported determinations on sulfhydryl and d·isulfide 

groups in milk made by the chloromecuribenzocxte-dithizone method. In 

this procedure, the sulfhydryl :Jroups are blocked in the chloromecuri-

benzoate dithizone in an amperiometric titration. This method of analysis 

is a further modification of the procedures of Fridovich and Handler (13) 

for the assay of -SH group reaction w"ith organic mecurials. In 1968, 

Vakalaris and Pofahl (45) reported a fluorometric method for sulfhydryl 

determination in milk proteins. This method is based on the quenching 

action of sulfhydryls on the fluorescent properties of fluorescene mecuric 

acetate, as reported by Ka rush, et a 1 . ( 25). 

Of the above mentioned methods for sulfhydryl determination, the 

fluorometric method of Vakalaris and Pofahl is the most recent and 

appearsto offer better reliability and sensitivity. Determinations 
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in parts per billion were reported possible, which is a thousand times 

more sensitive than other tests. Methods for fl uorometri c determination 

have presently been reported for determining the sulfhydryl content of 

protein systems (45), of skimmilk (34), and of cottage cheese (4~). 

The greatest application of fluorometry has been in clinical work. 

It is only within recent years that practical application of fluorometry 

has been made in quantitative analysis of duiry products. Pioneering 

work was done in the early l940's by Jenness and Coulter (23) who studied 

the effects of ri bofl avi n breakdown, 1 i pi d-ami ne-a ldehyde interaction and 

the interaction of protein and sugar on the blue fluorescence of milk. 

It was felt that a study of fluorescence would provide an ·index for 

determining the breakdown of~ product in storage .. Pierce (33) studied 

the effects of the quality of dairy products on fluorescence in 1946. 

He also did considerable work at this t·ime on the fluorescence of dried 

egg powder. This ~arly work proved to be of little significance and 

further work was not reportt:?d . until recent years. 

Basically, fluorometry is the measurement and use of fluorescence 

( 43). The phenomenon being. measured; fluorescence, is essentially the 

instantaneous emission of light from a molecule or atom which has absorbed 
. . 

light. In the brief period befo-re emission can occur, some energy is 

lost, so the emitted light (fluorescent light) is of a longer wavelength 

than the light that was absorbed (exciting light). Any given fluorescent 

molecule in a given environment has two characteristic spectra. These 

are the excitation spectra, which causes fluorescence, and the emission 

spectra. Each molecule also has a characteristic number, the quantum 
I ' 

efficiency, which is the ratio of total emitted light to absorbed light. 
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The great sensitivity of fluorescence could not be used if it were 

not that fluorescence offers specificity as we 11. The speci fi city is 

derived from several factors. The first factor is that all fluorescent 

compounds absorb light, and not all compounds that absorb light emit 

light, there are fewer fluorescent compounds than absorbing ones. A 

second factor is that two compounds absorbing at the same wavelength need 

not necessarily emit at the same wavelength, and third, it is often 

possible to avoid interfering substances by the single expedient of 

using wavelengths that are somewhat removed from the activation or emis-

sion maxima. 

This combinatfon of sensitivity and specif-icity makes the use of 

fluorometric analysis for su'l}hydryl measurement in milk and milk products 

practical due to the complexity of the product and the small amounts of 

sulfhydryl s that are present. 

Although many i:1ethods have been devised for protein evaluation, 

electrophoretic separation has been ::;uccessfully used for qualitative and 

quantitative anal~sis, and is recognized as a standard procedure for 

separation and evaluation. The principle of electrophoresis, as applied 

to serum protein analysis, involves the use of buffer solutions which 

cause the proteins to become negatively charges. Thus, in an electrical 

field, the protein migrates toward the ~node at a characteristic rate 

of travel (47). 

Electrophoresis has been used widely in studying milk proteins. 

Identification and classification of the various milk proteins have been 

made almost exclusively by this method (37). Also, extensive use has 

been made of this method for studying the effects of heat on milk proteins 
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(4,39,41). 

In most electrophoretic analyses of milk proteins, separation of the 

casein and serum protein fractions must be made becduse of overlapping 

peaks (5). Basically this involves the removal of the casein fractions, 

either by acid or enzymatic precipitation. The procedure of Brown, 

et al. (4) for removal of the casein fractions by rennin coagulation 

was simple and efficient. 

After separation of proteins by paper electrophoresis, various 

methods for quantit<xting them are used. The most common method is the 

application of heat to coagulate the proteins on the supporting media 

and subsequent dying with an appropriate dye. Amounts of dye absorbed 

by the proteins as determined c,olormetrically or with a den:;itometer 

reflect levels of prote"in. Th·is procedure (2) offers re·J·iability and 

simp"Jicity in quantitating various protein fractions. 

The modern trend toward ultra high temperature processing of milk 

started in the late 1940's (5)~ Higher processing temperatures with 

correspondingly shorter holding times gave a product of higher bacterio-

logical qualityvrith less change in color, flavor, and nutritive value. 

Later, it was shown that this improvement was due to a greater increase 

in spore destruction with increasing temperatures as compared with the 

increase in the rate of chemical change in the milk (14,40). 

Few countries have legal definitions for UHT milk. In the United 

States and Canada, UHT processing was previously taken to be any heat 

treatment at a higher temperature than conventional pasteurization (32). 

Standards have been published by the United States Public Health Service 

establishing minimum pasteurization conditions between 1.0 second at 



13 

88.3 C and 0.01 second at 100 C (35). However, there is an increasing 

tendency to adapt the European view of ultra-high tempan:tures and to 

look upon UHT processing as a sterilization process. 

Many types of UHT heat treatment proc::sses have become available 

in recent years. The heat exchangers can be divided into direct and 

indirect heated systems. With indirect heating, the milk is heated via 

a heat-conducting barrier~ usually of stainless steel, which separates 

the heating medium from the mi'lk. The heating surface may be either a 

plate, or a tube of relatively s~:ill diameter. Turbulence, eith.er 

natural or induced, increases the rate of heat transfer. 

With direct heating processes, the milk is mixed with saturated 

steam under pressure to give rapid heating of the milk as the steam con-

denses. Steam may be injecb~d into milk through a suitably designed 

nozzle, or milk may be sprayed into an atmosphere of steam at the 

required processing temperature in a vessel sometimes called an 11 infuser 11 • 

In both cases, milk is cooled after a short holding time by injection 

through an orifice into a vacuum vessel. The vacuum is so controlled 

that excess vrnter added to the mi 1 k as condensate is removed as vapor. 

During evaporation, milk is cooled rapidly to about the same temperature 

it had before mixing with steam. A special requirement for direct heat-

ing systems is that the steam must be .of high quality, containing no -

toxic compounds. 

Reported works on the chemical and biochemical effect of UHT process-

ing milk are many and varied. Variations are due to different types of 

heat exchangers used, and methods of analyses employed. 
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The vitamins of milk are little affected by exposure to UHT process-

ing. The fat soluble vitamins are reasonably stable and show less than 

10% loss as reported by Ford (12). t\lso, pantothenic acid, nicotinic 

acid and biotin were found to not be affected by UHT processing, nor are 

they affected by direct or indirect sterilization. The losses of thiamine 

vary somewhat with reports, ranging from 20% to negligible losses (6,15, 

18). Riboflavin, considered to be extremely stable to heat, was shown 

to have 10% loss, both from direct and indirect sterilization methods (5). 

Gregory and Burton (15) found a negligible loss of vitamin B6 after 

treatment by indirect heat'ing, but up to 35% loss with direct heating. 

The effects of heat treatments on ascorbic acid, folic acid and vitamin 

B12 are complicated by the influence of changes in the ascorbic acid on 

the losses of the other two vitamins ("12). It was found, however, that 

for both direct and indirect processes there was a complete destruction 

of the dihydroascorbic acid, which represents about 25% of the original 

content of the vitamin 2 and 20% loss of the reduced ascorbic acid. Folic 

acid was reported to rw stable on processing and storage as long as the 

reduced ascorbic acid s present in the milk. Vitamin B12 losses tend 

to vary with the type of UHT processing, but less than 10% loss of the 

vitamin was found with both direct and indirect methods. 

Severe heat treatment causes considerable denaturation of the serum 

proteins of milk. Brown, et al. (4) studied the whey proteins of milk 

heated by steam injection to 150 C and found that s-lactoglobulin was 

the most affected. This form of sterilization affected the milk less 

than autoclaving. Dill, et al. (10) reported an upper limit of approxi-

mately 80% to the amount of serum protein denaturation, with a-lactalbumin 
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the most resistant of the fractions. Direct heating methods appeared 

to cause less denaturation than indirect methods. Melachouris and Tuckey 

(31), using polyacrylamide gel electrophoresis, found that 60% of the 

serum proteins were denatured by UHT processing, and confirmed that the 

effects were intermediate between those of pasteurization and in-bottle 

sterilization. 

Evidence has been produced that s-lactoglobulin complexes with casein 

(5). The casein particles are also changed in size and co~position. 

Electrophoresis has shown that the casein peaks become broader and less 

well defined. Also observed is a change in the immune propertiE:~:; and the 

sugar content of the casein (5). 

In spite of these changes in the serum proteins and caseins of milk, 

changes in the amino acid content are apparently negligible. Ford (12) 

determined the availability of the essenti a 1 anrl no acids both m'icrobi o-

1 ogi cal ly and chemically and found no significant changes. Apparently, 

no change in biological value or true digestability is incurred in milk 

as a result of UHT processing. 



! . 

EXPERIMENTAL PROCEDURES . 

UHT Processing of Milk 

Six, 200 pound lots of composite whole milk were obtained from the 

University herd and held at 4 C not to exceed 60 minutes. The samples 

were heat treated in a 1aboratory model, helically coiled tube, heat ex-

changer (Fig. l). Each lot of milk was heated at 5.5 degree increments 

from 65.6 C to 148.9 C. The processing~procedure consisted of six steps: 

(l) deaerating, (2) pumping, (3) preheating, (4.) heating, (5) cooling, 

and (6) sample collecting. 

Deaeration in the product vat was accomplished insofar as possible 

by subjecting the milk to a vacuum of 20 ·ind1es under constci.nt ag1tation. 

A Rc~eves positive'."'displacernt~nt sanitary pump was used to remove 

the mi 1 k from the product vat, and to provide a desl ra.b l c.~ rate of fl ow 

through the heating system. An inlet pressure of 100 pii was used which 

provided an outlet flow rate of l liter per minute. This flow rate, 

for whole milk, gave a Reynolds number of 5416, which is well within 

the turbulent flow range~ 

The milk was preheated to 48. 9 C by indirect transfer of heat from 
" 

hot water that was thermostatically controlled. Thjs water was circu-

lated in the stainless-steel jacket containing 41 feet of coiled 1/4 

inch O.D. stainless-steel product tube. The preheat temperature was 

measured by an in-line copper-constantine thermocouple (t1) located 

immediately after the preheater. Thi.s temperature was recorded by a 

Leeds and Northrop multiple recorder. 

16 
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There was a continuous flow of milk to the heating section which 

also consisted of a stainless steel jacket containing 41 feet of coiled 

1/4 inch O.D. stainless-steel tubing. Heating was accomplished by 

indirect transfer of heat from steam in the heating jacket to the milk 

as it flowed through the tubing. The milk temperature was measured by 

an in-line copper-constantine thermocouple (t2) located immediately after 

the heating chamber. This temperature was controlled by impulses from 

thermocouple (t3) to a Leeds and Northrop solid-state electromax con-

troller. Impulses (in millivolts) from t 3 activated the temperature 

controller, which in turn regulated a pneumatic steam valve located on 

the influent steam line. The valve allowed, or restricted, the entrance 

of steam into the heating jacket containing the product tube, and thereby 

regulated the temperature of the product. Time of product in the heat-

ing section was seven secondsl and accuracy of temperature control was 

±1 c. 
Calculated time for the product to flow from the heating chamber 

to the cooling chamber w.as r'L 05 seconds. Milk was coo 1 ed by i ndi re ct 

transfer of heat from the milk to refrigerated water. The cooling chamber 

consisted of 52 feet of 1/4 inch O.D. stai less-steel tubing submerged 

in circulated refrigerated water. The milk was sampled after cooling 

to 3 C in seven seconds. 

Subsurface collection of the milk samples was used to reduce aera-

tion and agitation. Samples were collected in 16 ounce polypropylene 

containers, tightly sealed, and refrigerated at 4.4 C, for not more than 

4 hours until the analyses were made. 
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Fluorometric Analysis for Sulfhydryls 

Equipment 

1. TurnerMode"l 111 fluorometer 

2. Mettler type B-6 Semimicro-balance 

Reagents 

1. Fluorescene rnecuric acetate: 100 µM stock solution: 8.5 mg 

dissolved in 100 ml of 0.1 M sodium hydroxide. 

2. Cysteine: 100 µM stock solution: 1.212 mg dissolved in 100 ml 

triple glass distilled water. 

3. Glutathione (oxidized): 100 µM stock solution: 6.126 mg dissolved 

in 100 ml triple glass distilled water. 

4. Glutathione (reduced): 100 µM stock solution: 3.073 mg dissolved 

in 100 ml triple glass distilled water. 

5. Tris (hydroxyrnethyl aminomethane) buffer: 0.05 M so'lution. 

6. Sodium hydroxide: l.O M 

7. Sodium hydroxide: O.l M 

Standard curves for determining the quenching effect of -SH and 

-SS- + -SH groups on the fluorescence of FMA were established using oxi-
\ 

dized glutathione as a source of -SS- 9roup, and cysteine as a source 

of -SH group (Fig. 2,3). A stock solution of sulfhydryls was made by 

dissolving 6.126 mg of oxidized glutathione and 1.212 mg of cysteine in 

triple glass distilled water and making up to 100 ml volume. This gave 

a solution of 100 µM each of -SS- and -SH groups, or a solution contain-

ing 200 µM total sulfhydryl. A 100 µM stock solution of FMA was made 

by dissolving 8.5 mg of FMA in 0.1 M sodium hydroxide and bringing this 

to .100 ml volume. 
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To determine the optimum concentration of FMA for use with the 

Turner fluorometer, various dilutions of the stock solution of FMA were 

made with 0.1 M sodium hydroxide. One ml of these dilutions was mixed 

with 1 ml of glass distilled water and 8 ml of either Tris buffer or 

1.0 M sodium hydroxide to simulate actual sulfhydryl reaction conditions. 

It was found that a dilution of 1:20, containing 0.05 µM of FMA per ml, 

gave an optimum amount of fluorescence using minimum sensitivity on the 

fl uorometer. 

Determination of -SS- + -SH and -SH concentrations that would give 

linearity in reaction with the 0.05 µM of FMA was made by placing l ml 

of various dilut·ions of the oxidized glutathfone-cysteine solution in 

a borosilicate cuvette and reacting it with 1 ml of FMA and 8 ml of l M 

sodium hydroxide. The -SH determination was made by the same procedure, 

except 8 ml of 0.05 M Tris buffer was used instead of the 1.0 M sodium 

hydroxide. The reaction was allowed to occur in the dark at room tempera-

ture for one hour .. Fluorescence of the samples was then determined with 

a Turner Model 111 fluqrometer using excitation wave-lengths of 415 to 

436 Mµ, and 510 Mµ for measurement. Percent quenching was determined 

by comparing the fluorescence of the samples with a control (zero quench-

ing) which contained comparable reacting materials with the exception 

that l ml of glass distilled water was substituted for the test sample. 

Percent quenching was then plotted against sulfhydryl content of 

the sample and linearity was found to occur between 0.01 and 0.06 µM of 

total sulfhydryl per ml of sample, and between 0.005 a·nd 0.03 µM of -SH 

per ml of sample. 
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Reduced glutathione was used as a source of the -SH group in deter-

mining a standard curve, but was not found to be as satisfactory as 

cysteine. A greater degree of linearity was obtained with cysteine. 

The procedures of Brown, et al. (4) was used for milk serum separa-

tion from the fat and casein. Fluorometric analysis for sulfhydryls 

in the milk serum was made by a modi fi ca ti on of the procedures of 

Vaka 1 ari s and Pofha 1 ( 45). 

Samples of raw and UHT processed milk were removed from refrigerated 

storage and warmed to 32 C. One hundred ml aliquotes were then taken 

and mixed with l ml of 9 x 10-l molar calcium chloride and 0.5 ml of 

commercial 11 cheese coagulator" containing rennin. The milk was then 

gently agitated to disperse the additives, and allowed to set for 15 

minutes in the 32 C water bath. When a firm coagulation of the casein 

was observed, the curd was cut and allowed to further solidify. The 

milk serum was then decanted ar.d filtered by gravity through #40 Whatman 

filter paper. The serum samples were then refrigerated at 4 C until 

analyses were made. All analyses were made from these samples. 

Si nee a 11 of the milk serum proteins of raw mi 1 k remained in the 

serum, it was used to determine the appropriate dilutions for fluoro-

metric analysis for -SH and -SS-+ -SH groups. A 1:100 dilution of the 

serum was necessary for -SH analysis, and a 1:500 dilution was necessary 

for -SS- + -SH analyses. Fluorometric determinations for sulfhydryl 

content were made using these dilutions. 

A control sample of serum for determining sulfhydryl groups present 

from sources other than heat denaturable proteins was prepared by boiling 

a quantity of milk serum for 30 minutes to remove a 11 heat denaturab le 
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s~rum proteins. After precipitation of the. de:hatured proteins, the 

boiled serum was further clarified by filtration through #40 Whatman 

filter paper. 

The -SS- + -SH determinations for each heat treatment were made by 

mixing 1 ml of the 1:500 dilution of milk serum with 1 ml of FMA (0.05 

µM/ml) and 8 ml of 1.0 M sodium hydroxide. A control saOlple was prepared 

by using l ml of a 1:500 dilution of the boiled serum. Total fluorescence 

{zero quenching) was determined by substituting 1 ml of glass distilled 

water for the serum sample. The reacting mixtures were allowed to stand 

for one hour at room temperature in the dark for hydrolysis of the 

proteins and reaction of the sulfhydryls with the fluorescene mecuric 

acetate. The fluorescence of the samples was then dete-rmined with the 

Turner fluorometer and the percent quenching calculated by the following 

equation: 

% Quenching = lOO% _ fluorescence of sample x 100 
total fluorescence 

The content of -SS- + -SH was then determined from the standard curve 

by relating the percent quenching of the sample to the µM concentration 

of -SS- + -SH giving a similar amount of quenching. 

The -SH content of the samples was determined in a similar manner, 

substituting 0.05 M Tris buffer for the 1.0 M sodium hydroxide in the 

reacting mixture. 

Since the denatured serum proteins were precipitated with the casein, 

there was a lower amount of sulfhydryl in heat treated milk serum than 

in serum from unheated milk. Therefore, percent denat.urati on of the 
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serum proteins by the various heat treatments was calculated by the 

following equation: 

Electrophoretic Analyses 

Electrophoretic separation of serum proteins into their component 

parts is widely used as a method for qu~ntitative and qualitative anal-

yses. As a standard for comparison of results by fluorometric determina-

tions, electrophoretic analyses were made using an LKB electrophoretic 

unit and veranol buffer, pH 8.6 and ionic strength of 0.1. LKB filter 

paper strips, 40 x 140 mm, were the supporting media for the serum 

proteins in the electric field. 

Fifty 1 ambda volumes W(~re applied, and eight hour separati ans were 

made us ·1 rq 0. 5 ma of current for each lO mm width of fi 1 ter paper used. 

The actual step-by-step setting up of the electrophoresis equipment 

was omitted, since detailed instructions are iri the manufacturer's oper-

ating manual (30). The procedure in the manual was followed except that 

sample application was made With a 50 lambda pipette instead of an 

applicator. 

At the end of the eight-hour separation period, the paper strips 

were removed from the electrophoretic unit and processed for color 

development and analysis with a Beckman Model RB analytrol. A bromphenol 

blue dye was used, and the step-by-step procedure for color development 

and analytrol operation was followed as outlined in the manufacturer's 

manual (2). 
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Qualitative evaluation of the protein fractions was made according 

to the procedures outlined by Jenness and Patton (22), in which the 

proteins are identified by rate of travel in the electric field. Quanti-

tative analysis was made by computing total area under the curves resulting 

from the analytrol measurements. The amount of serum protein denatura-

tion at each processing temperature was expressed as percent denatured 

by relating the area of the curves at each temperature to the correspond-

ing areas of the unheated milk. 



RESULTS AND DISCUSSION 

Fl uorometri c Analysis 

Fluorometric analysis of milks that were given heat treatments 

from 65.6 C to 148.9 Care shown in Table 1. Total sulfhydryl content 

(-SS- + -SH) and -SH group were expressed as µ-moles per ml of milk 

serum. Analyses of variances were run and means were grouped by Duncan's 

new multiple range test. 

Milks heated at 65.6 C, 71.l C, and 76.7 C d·id not show significant 

differences in total sulfhydryl content. Slightly different levels 

of sulfhydryl were obtained at temperatures of 82.2 C to 110 C. However, 

within this range progressive decreases in sulfhydryl content did not 

occur with progressive increases in heat treatments. 

The first significant decrease (P < .OE5) in total sulfhydryl occurred 

at 121 .1 C. This decrease represented a loss of l 8~b. Heat treatments 

from 121.1 C to 148.9 C gave progressive decreases in sulfhydryl content 

with progressive increases in heat treatment. The greatest decrease in 

total sulfhydry1 occurred w·ithin this range. At 148.9 C, a 29% lower 

sulfhydryl content was obtained than in the raw serum (Fig. 4). · 

A significant difference (P < .05) was found for series of tests, 

interaction, and temperatures. The greatest effect was due to tempera-

ture, and between 12'1.l C and 148.9 C, fluorometric measurement for total 

sulfhydryl in milk serum could be used as an index to heat treatments. 

No significant decrease in measured amounts of -SH occurred between 

the unheated milk serum and heat treatments up to 104.4 C. At 104.4 C, 

27 
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Table l. µmoles of -SH and -SS-+ -SH per ml of milk serum. 

Heat treatment -SH -SS- + -SH 
(C) µM/ml µM/ml 

Unheated 0.26ab 2.89b 

65.6 0.27a 2.86a 

71. l 0.28a 2.95a 

76.7 0.27a 2.95a 

82.2 0.27a 2.82c 

87.8 0.25abc 2.59f 

93.3 0.24bcd 2.66e 

98.9 0.26ab 2.71d 

104.4 O. 2}cde 2.549 

110. 0 0. 22cdef 2.43h 

l'I 5.6 0.2ldef 2.559 

121. l 0.2lef 2.36; 

126.7 0.20ef 2.28j 

132.2 O. l9f9 2.21k 

137.8 0. l 6h 2.091 

143.3 O. l 9f9h 2.091 

148.9 0. l 7gh 2.05m 

a-mvalues in the same column with different letters are significantly 
different (P < .05). 
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and 11% decrease in -SH occurred. Decreases with increasing tempera-

tures occurred between 104.4 C and 132.2 C. Percent decreases in -SH 

content for 110 C, 115.6 C, 121.l C, and 132.2 C were 17%, 19%, 21%, 

and 25%, respectively (Fig. 5). 

A significant difference (P < .05) occurred between series of tests, 

interaction, and temperature, with the greatest effect being due to 

temperature. Du~ to these variations, fluorometric measurements of -SH 

in serum did not clearly reflect heat treatments of milk. 

Electrophoretic Separation 

Larson and Roller·! (29) identified by electrophoretic analyses the 

serum proteins in milk heated from 40 C to 100 C with a holding time of 

30 minutes, and reported that examinatfon of the serum proteins by 

electrophoresis gave an index to the degree of heat treatment. 

In this study, electrophoretic analyses were used to evaluate the 

effects of UHT treatments on the serum proteins of \"1ho 1 e milk, and as a 

standard for comparison of results obtained by fluorometric analyses. 

Analyses of variances were run and means were grouped by Duncan's new 

multiple range test. 

The effects of each heat treatment on the total area of the electo-

phoreti c patterns, and the area of each major heat denaturable serum 

protein are shown in Table 2, and in Figures 8 through 15. 

Heat treatments of 65.6 C, 71.l C, 76.7 C, or 82.2 C did not decrease 

total area under the electrophoretic curves as compared to the total area 

of unheated milk (Table 2). The first notable decrease occurred at 

87.8 C with a loss in total area of 12%. There was no further significant 



31 

40 

30 

QJ 
(/) 
co 
QJ s.. u 
<IJ 

'"O 20 
.µ 
c: 
QJ 
u s.. 
<IJ 

0.. 

10 

60 80 100 120 140 160 
UHT heat treatments (C) 

.. -

Figure 5. Percent decrease in -SH content of UHT treated milk. 



Table 2. Mean area (crn2) of electrophoretic curves for UHT heat treatments. 

Temp (C) Total area s-lactoglobulin a-lactalbumin Immunoglobulins 

Unheated ll.89abc 5.63ab 2.85a 3.36a 
65.6 12.22a 6 .11 a 2.93a 3. 18a 
71. l ll. 88abc 5.96a 2.93a 3. l 6a 
76.7 12.08ab 5.99a 3.00a 3.08ab 
82.2 ll.93abc 5.65ab 3. lOa 3.18a 

/ 87 .8 10.50bcd 4.98bc 2. 71 a 2. 81 abcd 

93.3 10. 54.abcd 4.79c 2.96a 2.88abc 
98.9 10.48bcd 4.68c 3.19a 2. 61 bcde w 

N 

104.4 10.34cd 4.60cd 3.38a 2.36cde 
110.0 9.46de 3.88de 3.22a 2.37cde 
115.6 9.00def 3.74ef 2.98a 2.24de 
121. l 8.42efg 3. 38efg 2.78a 2.26de 
126.7 8.49efg 2.98fgh 2.94a 2. 57bcde 

132.2 8. loefgh 2.78gh 2.92a 2.41cde 
137 .8 7.48fgh 2.36hi 2.78a 2.33cde 
143.3 7. l 9gh 2.32hi 2.74a 2.08e 
148. 9 6. 72h 1. 76 i 2.71a 2.25de 

a-ivalues in the same column with different letters are significantly different (P < .05). 
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change in total area between 93.3 C and 98.9 C, but at 110 C there was 

a 20% decrease. Higher heat treatments that gave changes in total area 

were 126.7 C, 137.8 C, and 148.9 C, with losses of 29%, 37%, and 44% 

respectively. 

Progressive decreases in total area occurred with increasing tempera-

tures at heat treatments of 98.9 C through 148.9 C (Fig. 6 ). 

Electrophoretic analyses showed that B-lactoglobulin was the most 

heat sensitive of the serum proteins. The decreases in area of the curves 

between heat treatments were significantly greater for this protein than 

for other serum protein components. Although experimental error and 

interaction between series was significant, electrophoretic analyses of 

this protein indicated more explicitly the effects of increases in UHT 

treatments than did electrophoretic analyses of other components. 

Analyses for decreases in area of the electrophoretic curves repre-

senting s-lactoglobulin showed that heat treatments through 82.2 C did 

not significantly denature this protein. A heat treatment of 87.8 C; 

however, caused a 12% decrease in area. Progressive decreases in the curve 

area'.:; rep res en ting 13-1 actogl obul in occurred with increases in heat treat-

ments from 87.8 C through 148.9 C, with significant changes (P < .05) 

occuring at 110 C, 126.7 C, and 137.8 C. Percent denaturation at these 

temperatures was 31%, 47%, and 58%, respectively. A heat treatment of 

148.9 C decreased the s-lactoglobulin curve 69%. As indicated in Figure 

7, decreases in area reflect the degree of heat treatment in the range 

of 87.8 C through 148.9 C. 

Results obtained by electrophoretic isolation of the a-lactalbumin 

protein indicated no change in the area of the curves for all UHT heat 
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treatments. This protein was found to be the most heat stable of the 

heat denaturable serum proteins. 

The immunoglobulin proteins of milk serum were shown by electro-

phoretic analyses to be sensitive to all UHT heat treatments from 65.6 C 

through 148.9 C. A 5.4% decrease in curve area occurred at 65.6 C, with 

increasing losses occuring with increasing temperatures. The maximum 

decrease in curve area occurred at 143.3 C with a loss in area of 38%. 

Interaction between series, effects of temperature, and experimental error 

were significant (P < .05) with the greatest effect due to interaction. 

Incremental increases in UHT temperatures in the range of 65.6 C to 

148.9 C did not give progressive decreases in curve area. 
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Figure 11. Electrophoretic patterns for serum proteins 
of milk heat treated 115.6 C. 
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CONCLUSIONS 

The fluorometric method that was developed for measuring sulfhydryl 

content of milk serum was rapid, accurate, and sensitive in parts per 

billion. Changes in level of total sulfhydryl in milk serum were used 

to calculate heat denaturation of the serum proteins in UHT treated whole 

milk. Progressive.decreases in sulfhydryl content occurred with incre-

mental increases in UHT heat treatments from 121.l C to 148.9 C, thereby 

permitting accurate evaluation of the heat treatments within this range. 

Fluorometric measurement of functional -SH in milk serum did not 

accurately indicate heat denaturation of the serum proteins. This was 

due to relatively high interaction. 

Patterns obtained by electrophoretic analyses of milk serum proteins 

shovJed the extent of heat denaturation by UHT heat treatment. s- lacto-

globul in was the most heat sensitive of the serrnn proteins, with 

progressive denaturation occuring v.1ith increasin9 UHT treatments between 

87.8 C and 148.9 C. Within this temperature range, percent denaturation 

of this protein could be used as a heat treatment index. 

Although part of the immunoglobulins were denatured by UHT heat 

treatments, inconsistency prevented using their electrophoretic patterns 

for evaluating heat treatment. The electrophoretic patterns of a.-

lactalbumin showed that this protein was not denatured by the heat treat-

ments of 65.6 C to 148.9 C. 

Total curve areas of the electrophoretic patterns, including s-
lactoglobulin, a.-lactalbumin, immunoglobulins, and the proteose-peptones, 

decreased due to denaturation by the UHT heat treatments of 87.8 C to 

41 
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148.9 C. However, progressive decreases did not occur within this range, 
I 

thereby preventing the use of these values as an index to heat treat-

ments. 
I 

When percent denaturation by UHT treatments was compared with 

published data on heat treatments involving holding times, percent 

denaturation by UHT treatments was considerably lower (Table 3). UHT 

treatments of 82 C, 110 C, 121 C and 149 C gave approximately the same 

percentage of serum protein denaturation as temperatures of 40 C, 66 C, 

70 C, and 74 C in the Rowland analyses when holding tim~s of 30 minutes 

were used. 
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Table 3. Denatured serum protein content of UHT treated 
milks in the electrophoretic analysis compared 
to the Rowland (29) analysis. 

Heat 
Treatment (C) 

40 
56 
62 
66 
70 
74 
77 
82 
87 
93 
96 
99 

104 
110 
116 
121 
127 
132 
138 
143 
149 

Percent serum protein denaturation 

Rowland analysi!) ... 
(30 min. holding) 

0 
l.8 
6.8 

15.2 
28.8 
49.3 
56. l 
76.4 

81.3 

UMT processed 
(no hold) 

0 
0 

.o 
0 

12 
ll 

12 
13 
20 
24 
29 . 
29 
32 
37 
40 
44 
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CHEMICAL AND PHYSICAL CHANGES RESULTING FROM 

UHT TREATMENT OF MILK 

Samuel D. Senter 

Abstract 

A continuous flow, hel"ically coiled tube, indirect heat exchanger 

was used to heat treat whole milk from 65.6 C to 148.9 C in 5.5 degree 

increments. Each total heat treatment consisted of 7 seconds. Samples 

of milk were taken at each heat treatment temperature. The serum was 

separated by rennin coagulation of the caseins and the heat denatured 

serum proteins. 

A fl uorometri c method of analysis for total sul fhydryl content of 

milk serum was developed that was rapid and sensitive to changes in parts 

per bil 1 ion. Quant·i ta ti ve changes "in total sulfhyclryl at the different 

ultra-high temperature (UHT) treatments were related to serum protein 

denaturation, and were used as an index to heat treatments. 

Electrophoretic patterns of UHT treated milk showed that ·s-lacto-

globulin was the most heat sensitive serum protein, and these patterns 

were used as an index to heat treatments. Alpha-lactalbumin was not 

denatured by the applied UHT treatments. The immunoglobulins were 

partly denatured, but a progressive increase in denaturation was not 

shown with increasing temperatures. 

Comparisons of these results with earlier work showed that less 

milk serum protein was denatured by UHT treatments than by correspond-

ing temperatures with 30 minute holding times. 
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