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The effect of reducing sodium chloride in Cheddar cheese was 

studied. Milled curd from a split-lot was salted at selected NaCl 

concentrations and analyzed through aging by sensory and rheological 

tests. Estimation of differences in compositional analysis, lactic 

acid populations, degree of proteolysis, water activity, and pH were 

also determined. 

Consumer panel analysis of the cheese on a hedonic scale over 

seven months aging showed no significant differences in overall 

desirability between cheese containing 1.75 - 0.88% NaCl. At 0.75% 

NaCl in cheese, ratings were lower, but flavor and texture scores 

were considered acceptable. Addition of even a small amount of salt 

(0.38 - 0.44%) significantly improved sensory characteristics rela- 

tive to an unsalted cheese. 

Regression analysis of trained panel evaluations to predict 

consumer response showed that "fineness" and "adhesiveness" were 



the most important attributes for favorable consumer ratings of 

texture. Trained panel determination of "Cheddar intensity" and 

"unpleasant aftertaste" were found to be the two most inportant 

factors for determining consumer panel flavor scores. These four 

attributes, as rated by the trained panel, correlated with salt 

concentration in cheese. 

Instron evaluation of reduced sodium Cheddar cheese showed a 

decrease in firamess, chewiness, and gunminess and an increase in 

determinations showed an increase in proteolysis and water activity 

and a decrease in pH of the finished cheese. Lactic acid bacterial 

populations were significantly higher in the cheese containing 

reduced NaCl concentrations with the highest population differences 

observed through one month of age. 
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SENSORY, MICROBIOLOGICAL, CHEMICAL, AND RHEOLOGICAL 

PROPERTIES OF REDUCED SODIUM CHEDDAR CHEESE 

INTRODUCTION 

The sodium ion has been linked to the development of essential 

hypertension afflicting 18-20$ of the U.S. population. Reduction 

of sodium in foods may help prevent this disease.  Increased con- 

sumer awareness of the relationship between sodium and hypertension 

may be a limiting factor in the future consumption of many foods 

with added salt for perservative and functional affects including 

cheese.  Cheddar cheese typically contains 1.5 - 1.75$ added salt. 

Therefore, the possibility exists to eliminate or reduce a signifi- 

cant amount of sodium from this food source.  However, reduction of 

sodium chloride in Cheddar cheese manufacture reduces product 

acceptability. Salt strongly determines the rate, intensity, and 

quality of flavor development and influences body and texture of 

cheese. 

The principle aim of this study was to evaluate acceptability 

and sensory characteristics of reduced sodium Cheddar cheese. 

Additionally, the effect of reduced levels of salt on rheological 

properties, microbiological and compositional analysis, and degree 

of proteolysis was studied.  This work also briefly examined the 

effect of several processing variables which might be feasibly 

utilized to manufacture an acceptable reduced sodium Cheddar cheese. 



REVIEW OF LITERATURE 

Chemistry of Flavor Development 

The flavor of Cheddar cheese is described as a pleasant, 

slightly sweet, aromatic, walnut-like sensation, without any out- 

standing single flavor note (Margalith, 198l). Most authorities 

agree that typical Cheddar cheese flavor is explained by a "component 

balance" theory (Mulder, 1952; Kosikowski and Mocquot, 1958) whereby 

the flavor results from a blending of a variety of specific chemical 

compounds in the proper proportions- These aromatic compounds are 

produced as the result of proteolysis, lipolysis and lactose decom- 

position (Schormuller, 1968; Sandine and Elliker, 1970; Webb et al., 

197^1  McGugan, 1975; Schmidt et al., 1976; Adda, 1982) 

Degradation of Protein 

Protein degradation begins with the action of chymosin or other 

milk clotting enzymes which cleave the Phe 105-Met 106 bond of kappa- 

casein; this step induces clotting. Rennin action continues during 

the ripening period releasing large molecular weight peptides of 

alpha-casein. Apparently alkaline protease is also responsible for 

the breakdown of casein to large peptides. 

Many attempts have been made to elucidate the role of proteolysis 

in the development of flavor.  Enzymes from starter and non-starter 

bacteria, milk proteases, and residual coagulants catalyze proteolysis 

in cheese which releases a complex mixture of decomposition products 

during ripening, including proteoses, peptones, peptides, amino acids. 



amines, and ammonia. These compounds are important for flavor, 

especially aroma, or serve as aroma precursors (Mabbit, 196l). 

Several peptides have been shown to contribute to bitterness 

in Cheddar cheese (Harwalker and Elliot, 1971; Richardson and 

Creamer, 1973; Hamilton et al., 197U). Two hypotheses have been 

proposed for bitterness development in Cheddar cheese. The first 

hypothesis proposed by Czulak (1959) suggested that all bitter 

peptides were produced by residual rennet. Starter bacteria then 

hydrolyzed the bitter peptides to non-bitter components. Green (1977) 

supported this hypothesis when he showed that the action of rennet 

results in the formation of eight different bitter peptides. The 

second hypothesis proposed by Lowrie and Lawrence (1972) suggests 

that rennet hydrolysis of casein produces high molecular weight 

peptides that are mostly nonbitter. These peptides serve as sub- 

strates for starter organisms, which subsequently liberate low 

molecular weight bitter peptides. The formation of bitter peptides 

may be due to cleavage of one or two peptide bonds in the nonbitter 

fraction while degradation of a bitter peptide may require cleavage 

of 20 or more bonds (Jago, 197*0 • Bitter peptides have been found 

to contain relatively large amounts of aliphatic, acidic, and hydroxy- 

amino acids but small amounts of basic and aromatic acids (Edwards 

and Kosikowski, 1983). 

Milk Fat Hydrolysis 

Ohren and Tuckey (1969) emphasized that milk fat is essential 

to the development of flavor.  Cheese made from skim milk or low fat 

milk does not develop a typical cheese flavor. The balance of free 



fatty acids and acetic acid have been found to be related to typical 

Cheddar flavor, the finest flavor score had a concentration of FFA/ 

acetate between 0.55 and 1.0. According to Forss and Patton (1966) 

acetic, butyric, and caproic acids appear to be indispensable for 

the formation of good flavored Cheddar, suggesting an optimal ratio 

of 8:1:0.3 (or 990 acetic/110 butyric/35 caproic acid, ppm). Other 

fatty acids up to C-l8 saturated and unsaturated, also appear in 

Cheddar cheese and contribute to flavor. Kristoffersen and Gould 

(i960) viewed a ratio of FFA/hydrogen sulfide (umoles/g/umoles/lOOg) 

of 12 to 17 an important determinant for quality cheese flavor. 

Lactose Decomposition 

Lactose is converted to lactic acid during the early stages of 

cheese manufacture and continues throughout ripening. The rate of 

acid development during Cheddar cheese manufacture critically affects 

cheese quality (Pimblett, 1962; Kosikowski, 1978).  Excessive acid 

production during the early stage of manufacture generally results 

in poor quality cheese with an intense acid flavor and crumbly tex- 

ture. Kosikowski (1966) ascribes these defects to the solution, and 

loss in the whey, of collodial calcium phosphate during rapid pH 

decline, with consequent loss of buffering capacity in later manu- 

facturing stages. The ultimate pH of cheese is dependent upon treat- 

ment of the curd in the whey (Czulak, 198l). Lactic acid production 

is regulated by amount of starter, ripening period and temperature. 



Rheological Properties of Cheddar Cheese 

Definition of Cheese Rheology 

The desired body and texture of Cheddar cheese is "that which 

yields a full, solid, close-knit plug possessing smoothness, meati- 

ness, waxiness, and silkiness and which is entirely free from gas 

holes," (Nelson and Trout, 1964). Body refers to the consistency of 

the cheese and is that quality which is perceptible to the touch and 

includes such factors as firmness, springiness, or elasticity and 

smoothness. Texture includes those qualities related to appearance 

(Emmons, 1980). 

Measurement of the Rheological Properties of Cheese 

Rheological characteristics of Cheddar cheese are important 

for quality and acceptability of the final product. Refinement of 

quantitative analysis of cheese rheology using force compression 

measurements on the Instron Universal Testing Machine (UTM) and 

sensory evaluation have allowed study of variables affecting cheese 

body and texture (Szczesniak, 1966; Finney, 1969; Breene, 1975; 

Culioli and Sherman, 1976; Imota et al., 1979). 

Chen et al., (1979) investigated the relationship between 

composition and cheese rheology measuring six textural characteris- 

tics: hardness, cohesiveness, adhesiveness, elasticity, gumminess, 

and chewiness of 11 different cheese using.the Instron UTM. Objective 

measurements were correlated with sensory panel assessment. Multiple 

Linear Regression Analysis showed textural contribution of the 

independent variables followed this sequence:  protein, NaCl, water. 



pH, and fat showing the least significance. 

Proteolysis has been found to be related to texture and quality 

of cheese (Weaver and Kroger, 1978).  Rheological and electrophoreti- 

cal evaluation of a number of Cheddar cheese samples showed depen- 

dence upon moisture content, pH, and extent of alpha-casein proteo- 

lysis (Creamer and Olson, 1982). These results support a model of 

cheese microstructure (Lin et al., 1972) whereby the alpha sl-casein 

network is weakened by chymosin cleavage.  Low pH cheese had the 

lowest content of alpha sl-casein at each age. 

Investigation of the relationship between composition and cheese 

rheology has shown high water contents decrease the viscoelasticity 

of cheese (Prentice, 1972; Shama and Sherman, 1973).  Casein alters 

its configuration from spherical micelles to a filamentous structure. 

A procedure was described whereby corrections could be applied to 

correct stress relaxation caused by intermolecular van der Waal's 

attraction forces between protein chains in the network. 

Study of the interrelationship among composition, texture and 

microstructure in full-fat and reduced fat cheese and in reduced-fat 

cheese made from milk receiving different degrees of homogenization 

showed reduced-fat cheese (17$ fat, hk%  moisture) were considerably 

firmer and more elastic than full-fat cheese (35%  fat, 35%  moisture) 

(Emmons et al., 1980). Homogenization of cheese milk increased the 

moisture content and decreased firmness and elasticity slightly. 

A recent manufacturing variation used to control cheese body 

and texture involves production of cheese with milks concentrated to 

different extents (Green et al., 1981).  Results showed firmness. 



cohesiveness, and force of compression increased as the concentration 

factor of the milk increased. Textural differences were related to 

reduced fat content, lower levels of proteolysis, stronger links in 

the protein matrix and reduced capacity of the fat and protein phases 

to move relative to each other. 

Microbiological Content of Cheddar Cheese 

Extensive work has been done on the relationship of microflora 

and chemical aspects of ripening on flavor development in Cheddar 

cheese (Franklin and Sharpe, 1963; Marth, 1963; Fryer, 1969; Rieter 

and Sharpe, 1979). Non-starter lactic acid flora consists mainly 

of Lactobacillus, Pediococcus, and Micrococci. A blend of these 

may be necessary to achieve the best flavor. 

Lawrence and Gilles (1969) confirmed starter characteristics 

play a dominant role in cheese flavor, however, more recent studies 

have indicated starter Streptococci have only a passive function in 

producing compounds directly responsible for typical Cheddar flavor 

(Law, Castanon and Sharpe, 1976; Law and Sharpe, 1978).  Law et al., 

(1979) showed high viable starter populations in the curd led to the 

development of bitterness, whereas cheese with fewer starter micro- 

organisms produced cheese with less off-flavor development. 

Functions of Salt in Cheese 

Salt is added to Cheddar cheese curd after milling. The salt 

serves to enhance flavor, aids in removal of whey from the curd, 

influences the rate of acid production, helps determine cheese 

rheology, activates proteolytic enzymes, and affects the proportion 



of bound versus free water.  Salt in cheese also has the function of 

suppressing the growth of unwanted organisms and, in conjunction with 

acidity, lack of oxygen and low temperatures, of regulating the growth 

of lactic acid producing and other beneficial microorganisms (Davis, 

1965) 

Salting Concentration 

Unsalted cheese breaks down rapidly resulting in a' pasty weak 

body, open texture, and abnormal ripening with development of off- 

flavors.  Over salting produces a harsh body, slow ripening, and 

close texture (Tustin, 19^6). According to Van Slyke and Price (19^9)» 

the salt content of Cheddar cheese should approximate 1.5$ for 

optimum cheese quality.  Gilles (1976) associated optimum cheese 

quality with k.Q - 6.0%  salt-in-moisture (S/M), reporting cheese with 

above k.9%  S/M would likely have good flavor and no bitterness. 

01Conner (191^)  obtained quality cheese with salt contents that 

varied from 1.2 to 1.8$. The optimum salt content within this 

region was determined by the condition and composition of the cheese 

curd. Knox (1978) salted curd at rates of 0.5 to 6.0$ to assess the • 

effects of varying salting rates on chemical, composition and average 

grade scores.  Cheese salt contents of 1.2 to 1.8$ were found to 

exhibit optimum cheese quality. 

Salt Absorption 

As dry salt is placed on freshly milled curd, a portion of it 

dissolves on the moist curd surface.  Some of the salt solution 

diffuses into the curd but does not penetrate deeply. The salted 

curd shrinks in volume and more whey is released to dissolve more 



salt. Breene, Olson, and Price (1965) studied the absorption of 

salt "by Cheddar cheese curd. Absorption was influenced directly by 

factors which affect diffusion rates in simple systems.  Increases 

in salt absorption were noted with increases in the ratio of surface 

to volume of curd, the concentration of salt used and the temperature 

and duration of exposure. 

Salt Distribution 

Hoecker and Hammer (19^3) studied salt migration in Cheddar 

cheese and its affect on moisture content, pH and bacterial content. 

Since water is the continuous phase, the salt content tends to 

equalize throughout the entire mass by a diffusion of the salt and 

moisture. At 72 hours after hooping, the differences in moisture 

and salt contents and the pH values at the surfaces and centers were 

negligible and further equilization of the moisture, salt, and acid 

in the curd occurs early in the ripening period. 

The salt content of finished cheese desired by most cheesemakers 

is difficult to attain due to variation in the technique of salt 

distribution. To achieve uniform ripening, equal distribution of 

salt is most important.  Considerable variation may exist in salt 

and moist\are contents of samples taken from different cheese in the 

same vat. This variation could lead to defects with the possibility 

of a lower grade score.  Irvine (l96l) showed Cheddar cheese lacked 

uniformity in salt content to a considerable degree. Morris (l96l) 

in a survey of Australian Cheddar found very large differences in the 

salt content of blocks from the same vat. Due to the possibility of 

an entire vat of cheese being assigned a low grade due to the effect 
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of too high or too low salt content, it is quite necessary from a 

commerical viewpoint to devote greater attention not only to the 

selection of the optimum salting rate, but to the proper distribution 

of the salt throughout the curd as well. 

0'Conner (1968) found that application of salt by fully automatic 

systems gave the smallest variation in salt distribution within a vat 

of cheese compared to hand salting or semi-automatic systems. 

Fox (197*0 analyzed within-block and within-vat variation in salt 

concentration from four commercial Cheddar cheese factories. 

Mechamically automated salting systems were found to give considerably 

better salt distribution than manual salt application.  Both workers 

agreed, however, that the method of salting, whether manual or 

mechanical is ineffipient and unreliable and the cheesemaker should 

be fully aware of the problems associated with the important stage 

of salting the cheese. 

Control of Salt-in-Moisture 

Methods of controlling salt-in-moisture levels in Cheddar cheese 

include:  extent of dry-stirring, salting rate and level of addition, 

titratable acidity at salting, curd temperature, salt particle size, 

dimensions of milled curd at salting, depth of curd, size of curd 

block during Cheddaring, flow during Cheddaring, and holding time 

between salting and pressing (Sutherland, 197^; Gilles, 1976). The 

most important variable is the moisture of the curd prior to adding 

salt and the salting rate.  Cooking temperature has a definite effect 

on moisture expulsion from cheese curd. However, a variation of more 

than 1.1 C (2 F) is necessary to bring about a significant change 



11 

in the rate of moisture expulsion.  Cooking temperature in excess of 

100 F are of use in deliberately checking starter activity. Any 

positive effect on expulsion tends to be negated by a lower rate of 

acid development which delays moisture expulsion (Whitehead and 

Harkness, 195k). 

Determination of Salt in Cheese 

The current procedures used for measuring salt in cheese are 

two titration methods, i.e. Mohr and Volhard analyses using titration 

of the chloride ion (C1-) with silver nitrate or back titration of 

silver nitrate with potassium thiocyanate respectively. The methods 

of salt analysis of cheese recommended as the standard by Wilster 

et al., (1980), Kosikowski (1978), and AOAC (1975) are adaptations 

of the Volhard technique.  In order to circumvent the obvious disad- 

vantages of the traditional methods for measuring sodium in cheese, 

i.e. large amounts of highly toxic fumes, the elaborate procedures 

and the use of expensive AgNO^, several potentiometric methods have 

been developed. McNaught (1981) demonstrated the use of the chloride 

ion selective electrode for measuring salt in cheese and a chloride 

analyzer developed by Coming has also been applied to measuring salt 

concentration in cheese. Another convenient method for determining 

salt in cheese is the use of the Quantab Chloride Titrator (Ames, Co., 

Division of Miles Laboratories, Inc.). 

All the methods listed above are specific for chloride and do not 

measure sodium originating from other sources such as sodium phos- 

phates naturally present in the milk. Atomic emission, flame emis- 

sion and atomic absorption spectrometry can measure sodium directly. 
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but these methods are time consuming and require expensive equipment. 

Recently Kindstedt et al., (1983) have developed a method for measur- 

ing sodium in cheese using a selective sodium ion electrode. 

Effects on Flavor, Body and Texture Development 

Salt concentration plays a critical role in the development of 

flavor and texture in cheese.  Low salt levels have been implicated 

in excessive proteolysis leading to development of bitter flavor. 

Studies have shown proteolytic activity of rennin and other enzymes 

present in cheese is very much dependent on the physical state of 

the casein, on the experimental conditions of pH, temperature, and 

ionic strength. Davies et al., (1937) studied the effect of chemi- 

cal substances on the ripening process and found the concentration of 

salt as one of the most important factors controlling the character- 

istics of a cheese.  Cheddar cheese made with no salt and 6%  salt 

addition showed a' 50%  increase and decrease respectively in the rate 

of protein breakdown relative to that in cheese made with 2%  salt 

addition.  These workers concluded the chief factors in the rate of 

chemical ripening were the concentration of rennet, salt, and free 

water. 

Thakur et al., (1975) studied the ripening of unsalted Cheddar 

cheese. The unsalted Cheddar exhibited a higher moisture, a lower 

pH and more fat hydrolysis than controls. Additionally, soluble 

nitrogen was higher than controls. Sensory panel judgements every 

four weeks during ripening indicated unsalted cheese was bitter, acid, 

fruity, fermented, flat, and/or unnatural and were criticized as having 

a weak, pasty and open body.  Qualitative results showed identical 
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fatty acids fqr unsalted and salted control cheese, but generally 

quantitative changes were much more rapid in the unsalted cheese. 

Gel electrophoresis analysis has shown that alpha sl-casein 

is completely degraded to the primary degradation product alpha sl-I 

in mature cheese, but beta-casein undergoes very little proteolysis 

during ripening (Ledford et al., 1966). The susceptibility of alpha 

sl-casein to proteolysis was not significantly affected by changes in 

salt concentration within the range of 0.26 - 2.2%,  but beta casein 

underwent slightly greater proteolysis as the amount of salt was 

reduced. 

Stadhouders (1962) observed that sodium stimulates rennet action, 

the greatest activity occurring with 5%  NaCl at pH 5.2. This suggests 

that salt either has a purely physical effect due to bound moisture 

in the curd or an anti-bacterial action. 

Fox and Walley (1971) studied the inhibitory effect of sodium 

chloride on the proteolysis of casein by rennet and by pepsin and 

found complete inhibition at 10%  NaCl and significant reduction at 

5%>  NaCl. . Electrophoretograms showed beta-casein proteolysis was 

directly correlated to moisture content and showed an inverse rela- 

tionship with total protein concentration. These workers suggested 

a concentration-dependent physical change (polymerization or con- 

formational change) in the casein molecule which rendered the beta- 

casein inaccessible rather than enzymatic activity because both 

enzymes were still active on alpha sl-casein and with beta-casein. 

The inhibitory effect was identical for rennet and pepsin. 

Creamer (1971) has shown that high concentrations of sucrose 

inhibit beta-casein degradation and has suggested that low water 
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activity of cheese (O.96) is responsible for the resistance of 

beta-casein in cheese to proteolysis.  Phelan, Guiney and Fox (1973) 

also found beta-casein highly resistant to degradation in Cheddar 

cheese.  A decrease in NaCl concentration reduced its resistance, but 

even in the absence of salt the amount of proteolysis of beta-casein 

was slight. Proteolysis in the cheese increased when the moisture 

level was raised by adding water. These workers also concluded 

incubation temperature which has been shown to influence the relative 

susceptibility of alpha si- and beta-caseins is unlikely to be a 

major influencing factor in Cheddar cheese since the normal ripening 

temperature (5-8 C) favors proteolysis of beta-casein. 

Creamer (1975) studied beta-casein degradation in Gouda and 

Cheddar cheese. He suggested the milk protease which is stable to 

high temperature and resistant to pasteurization slowly degrades 

beta-casein in ripened cheese which is probably determined by the 

moisture content and pH of the cheese. 

Very little quantitative research has been done to study the 

effect of salt concentration on Cheddar cheese body and texture. 

The direct and indirect effect of salt on cheese composition makes 

variation of salt concentration alone impossible.  Weik (196U) studied 

the effect of variation in the Cheddar cheese manufacturing procedure, 

amount of NaCl, and Ca content on cheese hardness during ripening and 

showed an inverse relationship exists between total calcium content 

and cheese hardness. A lower pH attained during manufacture resulted 

in a harder cheese. Experimental cheese made with higher salt 

contents were harder. The harder cheese with high salt content 

contained less Ca/g of solids than the softer, normal salt cheese. 
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Creamer and Olson (1982) have shown up to 0.5$ (weight/weight) 

added salt did not effect the force-time curves of cheese. 

Effect on Quality 

Lawrence and Gilles (1980) discussed factors that determine the 

quality of Cheddar cheese:  chemical composition, of which moisture 

in the non-fatty substance and salt-in-moisture level, are the two 

most important factors, rates and extent of acid production, type 

of curd matrix before salting and temperature of the curd during 

curing. The two basic attributes of Cheddar cheese, flavor profile 

and physical structure, are determined mainly by the chemical compo- 

sition and temperature at which the cheese is cured. 

Effect on Microflora 

The level of salt in cheese is a critical factor on the growth 

of microorganisms in cheese. Barker and Kashket (1977) has shown the 

concentration of cations such as Na+ alters the poise of the proton 

electrochemical gradient across the Streptococcus lactis cell membrane 

and non-growing cells cannot fully compensate for the energy demand 

of the transport system.  Such a carrier would be presumed present 

in Streptococcus cremoris cells also.  Salt exerts a selective action, 

permitting some bacteria and their enzymes to act during the curing 

process while at the same time preventing off-flavor producing 

organisms from developing. Dawson and Feagan (1957) noted the per- 

sistance of starter bacteria was correlated with salt tolerance and 

chain length. 

Rasic (1962) studied the resistance of lactic acid bacteria to 
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sodium chloride.  Streptococcus cremoris was very susceptible to NaCl 

showing a strong depression of acid production at k%.     Irvine and 

Price (l96l) have shown that acid production by typical commercial 

lactic cultures was stimulated by small amounts of salt but was 

definitely inhibited at levels of 2.5%  salt and greater. Thunnel 

(1983) also studied the salt tolerance patterns for various lactic 

strains by measuring growth in milk as measured by the pH attained. 

Streptococcus cremoris strains showed a sharp decrease in acid 

production in the range of 1.5-2.5%.    Salt content therefore affects 

the growth of lactic acid bacteria and the rate of conversion of 

lactose into lactic acid. 

0'Conner (1970) identified the sugars in 9-week-old Cheddar 

cheese made with various concentrations of salt added. Examination 

of thin layer chromatographic plates showed lactose was present 

in cheese salted at rates from 3.0 - 6.0%,  indicating lactic acid 

production was inhibited. 

Turner and Thomas (1980) examined the inhibition of starter 

strains by salt and studied the influence of S/M levels and the 

ripening temperature on the rate of lactose utilization in Cheddar 

cheese.  In cheese with low S/M levels (about k%)  lactose was 

completely utilized in about eight days with L-lactate as the 

major end product from starter bacteria. With high S/M levels, 

starter metabolism was inhibited and lactose concentrations remained 

high for several weeks and was slowly utilized by nonstarter bacteria 

to D-lactate as a major end product. 

In an effort to produce an acceptable cheese containing lower 

sodium levels, Lindsay et al., (1982) prepared Cheddar cheese with 
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a mixture of NaCl/KCl.  Results showed cheese with a 1:1 mixture 

received acceptable flavor and texture scores, however, a bitter note 

was associated with the KC1 salt and consumers preferred the fuller 

salty note of the cheese made with 100$ NaCl. 

Dietary Sodium and Hypertension 

The sodium ion is necessary for many physiological functions, 

including water balance, transmission of nerve impulses, heart action, 

maintenance of blood volume and is essential for activating certain 

enzymes for the metabolism of carbohydrates and proteins. About 

200 mg of sodium or 0.5 g of salt per day is adequate to maintain 

physiological balance (NAS, 1980). Average sodium chloride intake 

by adults in the United States is estimated at about 10-12 g per day, 

which is equivalent to h  g of sodium. This consumption rate is 

10-20 times that necessary for physiological balance in humans (WAS, 

1980). 

The sodium ion seems to be closely linked to human hypertension. 

To promote optimum health, the Surgeon General of the United States 

and the American Heart Association have recommended that Americans 

decrease their salt intake (Anonymous, 1980).  In the development 

of dietary goals for the United States, the Senate Select Committee 

on Nutrition and Human Needs recommended that salt consumption be 

reduced to approximately 3.0 g per day.  Later, the recommendation 

was raised to 5.0 g per day (Fregley, 198l). The Select Committee 

on GRAS Substances stated that the amount of salt in processed foods 

should be restricted (National Food Processors Association Informa- 

tion letter, 1978). The FDA and USDA have urged the food industry to 
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reduce salt in processed foods and have called for volunteer sodium 

labeling and have proposed regulations requiring declaration of sodium 

on food labels to increase consumer awareness.  Certain sodium- 

related terms, "sodium free", "low sodium", "moderately low sodium", 

and "reduced sodium", have been defined to ensure understanding and 

consistency (Anonymous, 1979). 
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MATERIALS AND METHODS 

Cheese Manufacture 

Cheddar cheese was manufactured at the Tillamook County Creamery 

Association (TCCA), Tillamook, Oregon.  Flash heated (150° F, 15 sec) 

milk (3.7$ fat) was inoculated (l%)  with a six-strain culture of 

Streptococcus cremoris species (Cultech, Corvallis, OR). Rennet 

(3-5 oz/1000 lbs) and annatto bean extract (3 oz/1000  lbs) were added 

to the ripened milk (20-30 min). After approximately 30 minutes, 

the coagulum was cut. The curd was allowed to rest (heal) for 15 

minutes, then the temperature was raised to 38.3 C (101 F) over a 

30-U0 minute interval.  Cheddaxing by the Wilson method was conducted 

in the vat or on a Cheddaring table. The curd was milled at a titrat- 

able acidity of 0.k5%   lactic acid. 

Four lots of the milled curd, 20.9 kg (U6 lbs) each were pulled 

from the line immediately following milling and curd washing and 

salted in a vat 35.6° C (96° F) at a concentration of 2.50, 1.86, 

0.95, and 0.hh%  (weight/weight). One fourth of the total salt for 

each lot was added, mixed thoroughly for one minute, left unstirred 

one minute, and the procedure repeated three times to obtain uniform 

distribution of the salt in the curd. The cheese was pressed over- 

night at ambient temperature, sealed into 18.1 kg (ho  lb) blocks, 

boxed, and stored at h.k    C (hO    F). For eight days the blocks were 

turned twice daily to allow the salt to equilibrate prior to cutting 

into eight 2.3-kg (5-lb) blocks used for study. Aging of cheese was 

continued at h.k    C (U0 F) until samples were removed at appropriate 
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times for analysis. 

This procedure was repeated three months later to obtain a 

second set of experimental cheese.  Five lots of milled curd, 20.9 kg 

(U6 lbs) each, were pulled from the line and salted at concentrations 

of 1.92, l.S1*, 0.77, 0.38, and 0.00$ (weight/weight) . The cheese was 

manufactured as stated above except the curd was triple cut to help 

reduce moisture content in the finished cheese. Analyses on the first 

lot of cheese showed the treatment receiving the lowest salt level 

retained too much moisture to produce a legal Cheddar cheese (less 

than 39$ water). 

Experimental Manufacturing Treatments 

Two attempts were made to modify the manufacture of Cheddar 

cheese to improve the qualities of a reduced sodium cheese. One 

experiment involved the addition of calcium chloride to modify the 

textural properties of the finished cheese. A second experiment 

involved an effort to reduce the temperature of the cheese immediately 

following pressing to suppress microbial growth. Details of these 

experiments are described below. 

Calcium Chloride Addition 

Milk for cheese manufacture was obtained from Sunnybrook Dairy, 

Corvallis, Oregon.  Cheese was made from pasteurized 3.3$ fat milk. 

Five lots of cheese 15.U kg (3*+ lbs) milk/lot were made.  Calcium 

chloride and sodium chloride levels were varied within each lot as 

follows:  Lot 1 - 0.0125$ CaCl2, 1.5%  NaCl, Lot 2 - 0.0125$ CaCl2, 

0.00$ NaCl, Lot 3 - 0.015$ CaClp, 0.75$ NaCl, Lot k  - 0.03$ CaCl2, 
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0.75$ NaCl, and Lot 5 - 0.06? CaClg, 0.75? NaCl. The manufacturing 

procedure followed was as previously described.  Calcium chloride 

addition immediately preceded addition of the rennet. The cheese 

was triple cut, pressed over night at ambient temperature, dried at 

7.2 C (U5 F) for seven days, wrapped in plastic wrap, waxed, and 

held at 7-2 C (Uo F).  Sensory evaluation of the cheese was made 

by three judges at 30 days of age. Total solids and mineral deter- 

minations for Na, K, and Ca were made on the whey samples from each 

lot. All microbiological, chemical (except percent protein and water 

activity) and rheological tests as described below were run on the 

cheese at 30 and 60 days of age. 

Temperature Reduction 

Four kk  kg (97-lb) lots of cheese curd were pulled from the line 

at the TCCA cheese plant and manufacture as previously outlined. 

Immediately after washing, the curd was salted at rates of 1.92, 1.3^, 

0.77, and 0.00? salt and divided into eight 18.2 kg (UO-lb) blocks, 

pressed, and boxed.  One set of four cheese (one at each salt level) 

was placed immediately into cold storage at 3-3 C (38 F) receiving 

a wind velocity of 1750 cfm. The second set was randomly stacked 

with the rest of the blocks in storage 7.2 - 10° C (U5 - 50° F). 

Compositional Analyses 

Moisture 

Triplicate moisture determinations were made on 2-3 g grated 

cheese samples by calculating percent weight lost following drying 

in a 100 +_ 2 C vacuum oven for eight hours, described by Standard 
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Methods for the Examination of Dairy Products (1978). 

Fat 

Triplicate fat determinations were made on 9 g of grated cheese 

samples using the modified Bahcock test for natural cheese described 

in Standard Methods for the Examination of Dairy Products (1978). 

Protein 

Duplicate protein determinations were made on 1-g samples of 

grated cheese using the macro-Kjeldahl method of analysis (AOAC, 1975) 

EM 
The pH of the cheese were measured as described in Standard 

Methods for the Examination of Dairy Products (1978) using a Corning 

■ 

130 pH meter equipped with a standard combination electrode. The 

cheese samples were allowed to come to room temperature and the 

electrode immersed in the cheese for 1+5 sees to obtain each pH 

measurement. 

Water Activity 

Water activity (A^) measurements were made using a Beckman Model 

HMP-1 Laboratory Moisture Measuring System located at the Oregon 

State Department of Agriculture in Salem, OR.  Cheese samples were 

grated immediately prior to placement in the sample container to 

avoid dessication. Readings were taken once the instrument 

equilibrated, approximately 25 min. A standard of saturated NaCl 

was run at the time of analysis. 
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Mineral Determinations 

Atomic Absorption Spectroscopy 

Sodium, potassium, and calcium concentrations were measured 

using a Perkin Elmer Model Number 303 Atomic Absorption Spectro- 

photometer. Absorptions for Na, K, and Ca were measured at 211, 295» 

and 383 nm, respectively, using single element hollow cathode lamps. 

Mineral concentrations were read directly in ppm using the micro- 

processor unit. Standards were prepared for each mineral by a suit- 

able dilution of 1000 ppm stock solutions obtained from VWR Scientific 

Product s. 

One to three gram samples were ashed in a muffle furnace over- 

night at 550 C and 15 ml of halogen-free 20$ nitric acid was added 

to cooled crucibles to solubilize the minerals. All crucibles were 

policed to free any matter clinging to the interior of the crucible. 

The contents of each crucible were quantitatively transferred and 

filtered through Whatman No. kk  filter paper. Appropriate dilutions 

were made for each mineral analyzed using deionized distilled water 

containing either 1500 ppm lithium chloride for Na and K determina- 

tions or 1000 ppm lanthium oxide for Ca determinations. 

Volhard Analysis 

The Volhard procedure. Standard Methods for the Examination of 

Dairy Products (1978), was used to determine percent sodium chloride 

in each of the cheese. Two to four gram samples of grated cheese 

were ground in a mortar and pestle to facilitate adequate dispersion 

of the cheese. This slurry was rinsed into an erlenmeyer flask for 

digestion of the samples with 10 ml of halogen free nitric acid and 
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five ml 5$ potassium permanganate.  The hot solution was filtered 

through Whatman No. k2  filter paper and cooled to room temperature. 

Addition of 2 ml of ferric ammonium sulphate was followed by titra- 

tion of the excess silver nitrate with 0.1 N potassium thiocyanate to 

a red-brown end point. A blank was obtained using distilled water 

in place of the cheese sample and subtracted in the calculation of 

percent NaCl. Measurements were made in triplicate. 

Microbiological Content 

Lactic Population 

Medium MIT (beta-glycerophosphate Medium) (Terazughi and Sandine, 

1975) was used for isolation and enumeration of lactic acid bacteria 

from the experimental cheese.  Samples of cheese used for enumeration 

of bacteria were prepared according to Standard Methods for the 

Examination of Dairy Products (1978). A representative sample was 

obtained by blending aseptically drawn 11-g plugs from five different 

parts of a 1-lb block of each lot of cheese. The cheese sample was 

transferred to a sterile 1-pint Oster blender jar containing 99 ml 

of 2%  sodium citrate blank warmed to Uo C.  Each sample was blended 

for two minutes at high speed to emulsify the sample.  Further dilu- 

tions were made immediately into 9-ml phosphate-buffered distilled 

water blanks. Appropriate dilutions were plated onto selective 

media within 20 minutes of blending. Total counts were made and 

reported as lactic acid bacteria count per gram of sample. 
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Direct Microscopic Count 

Three 1-gram samples of each cheese were ground to a smooth 

paste in a sterile mortar and pestle with 0.2 g sodium citrate and 

0.5 ml of distilled water warmed to 50 C. One ml of this 1:10 

dilution was added to a 99 ml quantity of 50$ ethyl alcohol solution 

containing a drop of phenolphthalein and kept alkaline by addition of 

a few drops of 0.1 N NaOH as necessary. This dilution was capped and 

shook vigorously 25 times. A loop calibrated to contain 0.01 ml was 

used to deposit the cheese dilution over a square cm area marked by 

a wax pencil on a glass slide. The film was allowed to dry, heat 

fixed, treated with xylol 30 sec and fixed with 9%  ethyl alcohol 

containing a few drops acetic acid (5 drops/100 ml). The slides were 

dried and stained by the Gram method.  Duplicate smears were made 

from each of the three samples taken aseptically from a 1-lb block 

of each lot of cheese. At least 1*0 fields were examined in each smear 

to observe'the morphology and Gram stain characteristics of the micro- 

organisms present in the cheese. 

Degree of Proteolysis 

Soluble protein was determined by measuring the absorption of 

a hydrochloric acid filtrate pH it.U of a sodium citrate-cheese solu- 

tion developed by Valkaleries-Price (1959) as modified by Lin et al., 

(1982). A 5-gram sample of each cheese was slurried in a mortar and 

pestile with 20 ml of sodium citrate at 50 C, rinsed into a jar using 

U0 mis distilled water and blended on a Vertis for seven minutes at 

high speed. The milky solution was quantitatively transferred to a 

100-ml volumetric flask, allowed to cool and brought up to volume with 
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distilled water. Ten mis of l.Ul N hydrochloric acid were added 

along with 15-ml of distilled water. The mixture was adjusted to 

pH k.h  and filtered through Whatman No. k2  filter paper. A 25 ml 

aliquot of this cheese extract was diluted with an equal volume of 

distilled water. A Perkin-Elmer spectrophotometer Model 550 was 

used to read absorption of the cheese extracts at 270 and 285 run. 

Samples were tested in triplicate.  Soluble protein was calculated 

as soluble tyrosine and tryptophan, mg/lOOg cheese. The two equations 

used to determine concentrations of soluble tyrosine- and tryptophan 

in mixtures of the two for the spectrophotometer were derived by 

applying Vierorts1 method (Holiday, 1936).  Standard solutions of 

tyrosine and tryptophan were conducted for each analysis. 

Rheological Analysis 

Textural characteristics were measured using an Instron Universal 

Testing Machine (UTM), Model 1132 with a 200-lb load cell, range 

0-10 kg. The bite test used by Lee et al., (1979) was used to measure 

hardness, adhesiveness, cohesiveness, gumminess, chewiness, and elas- 

ticity of the cheese.  Cheese cubes (2.5*+ sq cm) were prepared with a 

wire cutting device.  Samples were placed in air-tight containers and 

kept under refrigeration (7.2 C) until ready for testing, approxi- 

mately 1 hr. A plunger with a 0.6U cm diameter was attached to a 

moving crosshead set a 2.7 cm/min and the chart speed was set at 

50.8 cm/min. The cheese sample was secured for testing under a flat 

holding plate. Two consecutive bites were taken for each cheese cube. 

One bite was one cycle down and up with the plunger penetrating 1.91 
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cm. The temperature of all samples was measured with a thermocouple 

immediately before measurement. Measurements were made in tripli- 

cate for each cheese sample.  Hardness was measured by the height 

of the curve on the first bite downward. A ruler marked in incre- 

ments of 0.01 cm was used to measure the heights. A line area meter 

Model 3100 was used to measure the area of the compression curves to 

within 0.001 sq cm.  Cohesiveness was calculated as the ratio of the 

area of the second bite and first bite down.  Gumminess was determined 

by multiplying the values for hardness and cohesiveness. Adhesive- 

ness was measured by integrating the area of the first bite upward. 

Four meter readings for each area were taken and averaged for the calc- 

ulations.  Elasticity was measured by the ratio of the sample heights 

before and after 1%  compression using a flat plate.  Cubes (1.25 sq 

cm) were prepared for this measurement.  Crosshead speed was 20 cm/ 

min.  Chewiness was calculated as the product of elasticity and 

gumminess. 

Sensory Analysis 

Preparation and Serving of Samples 

Cheddar cheese was cut into standard bite-size pieces (1.25 sq 

cm) using a wire cutting device. The cut samples were placed in 

paper cups coded with 3-digit random numbers. The cheese were wrapped 

with plastic wrap and refrigerated at 10 C until sampled. 

The cheese were placed in random order on serving trays and 

presented to panelists seated in individual booths equipped with 

indoor fluorescent lighting. Unsalted soda crackers and water were 
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available for cleansing and rinsing between samples. Each panelist 

received a total of four or five cheese samples ( Lot I and II 

respectively) to evaluate. 

Consumer Panel 

All consumer panelists were students, faculty or staff of Oregon 

State University. The approximate age distribution was 50%  under 30 

and 50%  over 30. Each group was composed of approximately equal 

numbers of males and females.  Consumers rated the samples on a 

9-point hedonic scale ranging from like extremely (9) to dislike 

extremely (l) for three attributes of the cheese: texture, flavor, 

and overall desirability (Figure l). All panelists were regular 

consumers of cheese.  Forty to fifty observations were obtained 

every 30 days through the aging period beginning at 60 days of age. 

Lot I was followed up to four months of age. Lot II for up to seven 

months.  Consumer panelists were selected randomly on their avail- 

ability and interest. 

Trained Panel 

A trained panel was also used to evaluated the cheese every 30 

days through the aging period beginning at 30 days of age. The 

trained panelists were presented samples in a manner similar to the 

consumer panel. Panelists were oriented through several training 

sessions on the flavor and textural properties of Cheddar cheese. 

Initial training sessions involved exposure to a variety of cheese 

flavors by tasting and discussing in group sessions many cheese 

samples, including several brands, sharp and mild, an unsalted cheese, 

and Monterey Jack to provide extreme contrasts for the judges serving 
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Product: Cheddar Cheese Name: 

Please write the sample number in the 
space following the statement which best 
describes your opinion of the sample. 

Female: Male: 

Age: Under 30  Over 30 

TEXTURE FLAVOR 
OVERALL 

DESIRABILITY 

9 - Like extremely 

8 - Like very much 

7 - Like moderately 

6 - Like slightly 

5 - Neither like nor 
dislike i 

4 - Dislike slightly 

3 - Dislike moderately 

i 
2 - Dislike very much 

1 

1 - Dislike extremely 

which sample do you prefer? 

Figure 1.     Consumer panel ballot, 
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on each panel. 

Eight characteristics were selected to best describe the cheese 

through the ripening period.  Each was evaluated on a 9-point scale 

anchored at each end with terms the panelists selected to best 

represent opposite extremes of the characteristic being evaluated. 

The descriptors chosen to evaluate the texture and flavor of the 

cheese were:  firmness, adhesiveness, cohesiveness, acidity, salti- 

ness, Cheddar intensity, sulphide, bitterness, and unpleasant after- 

taste (Figure 2). Firmness was described as solidness or resistance 

to pressure.  Panelists determined firmness on the first bite and/or 

early in finger manipulation by squeezing a cheese cube between the 

thumb and forefinger. Adhesiveness was described as the ability to 

adhere to objects, i.e., the roof of the mouth or fingers. Pasty, 

sticky or gummy were terms used to describe a high degree of adhesive- 

ness.  Waxy was used to describe the opposite extreme for adhesive- 

ness. Waxy cheese can be shaped into a ball and bounce without 

sticking.  Cohesiveness was defined by the terms curdy, rubbery or 

springy at one end which describes the typical characteristics for 

a young cheese and was described as malleable (shape retention when 

pressed in several shapes) at the other extreme to describe the 

properties of a cheese with a high degree of cohesiveness. Acidity, 

a primary taste sensation was defined as a sharp biting sensation 

on.the front tip of the tongue.  Saltiness, another primary taste is 

quickly perceived on the sides of the tongue.  Cheddar intensity 

was described as a nutty or filbert-like flavor present in a well- 

balanced ripened Cheddar cheese.  Degree of bitterness was also 
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Sample Code No. Name: 

Please circle one score for each factor to measure intensity.  Words at each end 
of the scale (1-9) represent the extremes. 

BODY 

Firmness Soft 

Adhesiveness Waxy 

Cohesiveness Curdy, rubbery 
springy, crumblj 

brittle 

FLAVOR 

Acid (sour) Absent 

Saltiness Absent 

Cheddar 'intensity  Absent 

Bitter Absent 

Sulfide Absent 

Unpleasant Absent 
aftertaste 

123456789 

123456789 

123456789 

Hard 

Pasty,sticky,gummy 

Malleable, holds 
together 

1  2 3 5 6 7 8 9 Pronounced 

1  2 3 5 6 7 8 9 Pronounced 

1  2 3 5 6 7 8 9 Pronounced 

1  2 3 S 6 7 8 9 Pronounced 

1  2 3 5 6 7 8 9 Pronounced 

1  2 3 5 6 7 8 9 Pronounced 

Figure 2. Descriptive trained panel ballot 
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measured and is perceived as a delayed sensation at the base of 

the tongue.  Unpleasant aftertaste was described as an aromatic, 

pxongent aftertaste in the oral cavity which does not clean-up 

rapidly, lingering as an unpleasant sensation after swallowing or 

expectoration. 

The trained panelists judged each set of samples twice 

entailing evaluation of four (Set I) or five (Set II) cheese samples 

with selected NaCl concentrations at each session. Eighteen trained 

panelists were used in evaluating the first set of cheese and ten 

judges were used for the second set.  Panelists were screened first 

on the basis of attendance and secondly on variability between repli- 

cations. Panelists demonstrating the highest consistency on 

saltiness, bitterness, firmness and Cheddar intensity evaluations 

were retained as judges on the trained panel. 

Statistical Analysis 

The results of the sensory evaluation and the physical and 

chemical analyses were analyzed statistically using a combination 

of the following:  SPSS (Statistical Package for the Social Sciences) 

for analysis of variance, correlations, and regression and SIPS 

(Statistical Interactive Programming System), Department of Statistics, 

Oregon State University, for additional analysis of variance. Means 

were compared by Tukey's test. 

Analysis of Variance for trained panel scores included NaCl 

treatment and age as main effects, treatment by age an interactive 

effect using the sum of panelist by treatment, panelist by age, and 

panelist by treatment by age for this error term to combine the error 
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associated with treatment and age, panelist by replicate an 

interactive effect using the sum of panelist by treatment by 

replicate, panelist by age by replicate and panelist by treatment 

by age by replicate for the error term to combine the error 

associated with panelists' judgements.  The remaining terms, panelist, 

treatment by replicate, age by replicate, and treatment by age by 

replicate were not of interest in this study. 

Analysis of Variance for consumer panel ratings included 

NaCl treatment and age as main effects, treatment by age an inter- 

active effect, and panelist within age effect. 

Analysis of Variance for Instron measurements included treat- 

ment and age as main effects and treatment by age an interactive 

effect.  Analysis of Variance for mineral determinations included 

treatment, age, and replicate main effects, treatment by age, treat- 

ment by replicate, and age by replicate as interactive effects. 

Analysis of Variance for water, pH, soluble nitrogen and lactic 

acid bacteria counts included treatment and age as main effects and 

treatment by age an interactive effect. 
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RESULTS AND DISCUSSION 

Mineral Content of Commercial Cheddar Cheese 

Sodium, potassium, and calcium concentrations were measured 

by Atomic Absorption Spectroscopy in several commercial Cheddar 

cheese including an unsalted, low sodium cheese (Table 1). These 

values compare closely with data reported by Wong (1978) and 

Feeley et al., (1972).  In this study, calcium and potassium values 

were relatively constant between samples. However, for salted 

cheese, sodium concentrations showed a variation of from approxi- 

mately 350 - 560 mg/100 g on a wet weight basis. This is equivalent 

to O.89 - l.h2%  NaCl in cheese.  The unsalted Cheddar cheese con- 

tained less than U0 mg/lOOg on a wet weight basis. 

Moisture content of the commercial cheese ranged from 32 - 35$ 

for the salted cheese; the unsalted cheese contained 39$ water. 

Compositional Analysis 

Moisture determinations were made throughout the cheese 

ripening period by AOAC specifications for the experimental cheese 

(Figures 3 and k).    Analysis showed significantly higher levels for 

cheese with lower NaCl levels while illustrating the dessicating 

effect of added salt. These data concur with the results of 

0'Conner (197M and Morris (1962) who studied the effect of various 

rates of salt addition on the composition of Cheddar cheese. 

The apparent low moisture contents of cheese samples for Set II 

(four months of age) was probably due to moisture loss during 



Table 1.  Mineral and water content of several commercial Cheddar 
cheese . 

Cheese Brand 
mq/lOO g wet weight 

Ca Na 
% K '2° 

36. 18 0. 53 

35. .84 0. .91 

35. .29 0. .21 

34. .52 0. .25 

34. .46 0. .05 

32 .61 0, .48 

33 .03 0. .80 

39 .09 0 .05 

Bandon 

Boston Cobblestone 

Crater Lake 

Darigold 

New York State 
Hoffman Dudo 

New York State 
Sharp 

Tillamook 

Tillamook (unsalted) 

848.20 ± 3.74 

656.03 t 6.23 

784.59 ± 29.05 

804.85 ± 38.08 

760.31 t 2.60 

781.66 t 4.12 

828.66 1 1.04 

817.87 t  13.24 

100.05 ± 21.90 

93.26 ± 4.72 

123.78 ± 1.07 

119.81 t  19.76 

86.59 t  8.09 

163.10 ± 60.22 

80.76 ± 14.10 

78.99 ± 0.17 

538.66 t 39.51 

546.54 ± 11.37 

350.53 t 22.90 

428.13 ± 33.21 

560.18 t 34.05 

466.26 t 38.06 

545.41 t 16.06 

37.59 t  6.16 

Atomic Absorption Spectroscopy 

"Mean + standard deviation 

U) 
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Figure 3. Water content of Cheddar cheese. Set I, with 
selected NaCl concentrations through the ripening 
period. 
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- 0.00 

Figure k.    Water content of Cheddar cheese.  Set  II, with 
selected NaCl concentrations through the ripening 
period. 
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storage in plastic film, which does not provide as adequate a 

barrier against dehydration as vacuum sealed commercial packaging 

materials for cheese. This problem was usually circumvented by 

opening a factory-sealed cheese immediately prior to compositional 

analysis. 

Milk fat and protein content of the experimental cheese are 

summarized in Table 2. The fat content tended to decrease as the 

NaCl level was decreased which reflects the common problematical 

higher moisture content of reduced sodium cheese.  The experimental 

cheese exhibited an average protein content of approximately 2h%; 

no significant differences were observed between NaCl treatments. 

pH Determination 

Measurements of pH throughout the ripening period for the 

experimental cheese generally reflect a lower pH for those cheese 

that contain lower amounts of NaCl (Figures 5 and 6).  Close 

examination of pH values versus time, basically suggest no consistent 

trends or patterns and hence this parameter was of questionable 

value in this study (See Appendix, Tables 7-10). The high content 

of milk fat and protein in Cheddar cheese interfered with attaining 

reliable pH readings when a standard combination was used during 

this study. A recommendation for measurements of pH in cheese in 

any future research would incorporate the use of a gold electrode 

which is reported to provide more reliable pH measurements for 

Cheddar cheese. 
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Table 2.  Compositional analysis of Cheddar cheese manufactured 
with selected NaCl concentrations. 

NaCl Treatment           % Fat % Protein 

1.75% 36.55 ± 0.00 25.07 ± 0.73 

1.50% 35.23 ± 0.25 24.78 ± 0.09 

1.31% 35.19 ± 0.02 24.85 ± 0.21 

1.13% 35.07 ± 0.21 24.56 ± 0.11 

0.88% 35.02 ± 0.01 25.21 ± 0.14 

0.75% 34.70 ± 0.70 24.12 ± 0.10 

0.44% 34.68 ± 0.04 24.14 ± 1.14 

0.38% 34.53 ± 0.15 24.10 ± 0.29 

0.00% 33.33 ± 0.29 24.21 ± 0.29 

Mean + standard deviation 
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Figure 5- pH of Cheddar cheese. Set I, with selected NaCl 
concentrations through the ripening period. 
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Figure 6.  pH of Cheddar cheese. Set II, with selected NaCl 
concentrations through the ripening period. 
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Water Activity 

For the 2-month-old experimental cheese with varied concen- 

trations of NaCl, water activity measurements are presented in 

Table 3.  There is an inverse relationship of water activity and 

NaCl concentration in cheese, thus indicative of NaCl either directly 

or indirectly serving as a primary determinant of water activity in 

cheese.  Since water activity is effected by the aqueous concentra- 

tion of solutes, the concentration of NaCl present in the aqueous 

phase would be expected to play a significant role in the deter- 

mination of water activity values. However, other factors which 

may affect water activity in cheese that contain less .than h0% 

moisture are:  percent water, pH and non-protein nitrogen (Marcos, 

1979). Non-protein nitrogenous compounds of low molecular weight 

that are released as a result of proteolysis contribute to a 

depression of water activity by increasing the bound water content. 

Salt is usually present as the major component of total ash in 

cheese and serves to inhibit the proteolysis of beta-casein (Fox 

and Walley, 1971; Phelan et al., 1973). The pH affects enzymatic 

activity as well as solubility of various components present in 

ripening.cheese. 

Mineral Content of Experimental Cheese 

Sodium, potassium, and calcium concentrations were measured 

by Atomic Absorption Spectroscopy.  The Volhard analysis was also 

used to determine percent NaCl in the cheese. Potassium and calcium 

values did not vary significantly between cheese receiving varied 
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Table 3. Water activity of experimental Cheddar cheese 
with selected WaCl concentrations. 

NaCl Treatment A w 

1.75% 0.94 

1.50% 0.95 

1.31% 0.96 

1.13% 0.96 

0.88% 0.96 

0.75% 0.97 

0.44% 0.97 

0.38% 0.97 

0.00% 0.98 
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salt levels. Analysis of random samples throughout the cheese 

showed the salt was equally distributed throughout each block, an 

important factor for further chemical and sensory testing of the 

cheese (See Appendix, Tables 11-26). 

Microbiological Profile- 

Populations of lactic acid bacteria were monitored throughout 

the aging period for the experimental cheese that received various 

NaCl treatments. Ml? (beta-glycerophosphate media) was used for the 

isolation and enumeration of the starter Streptococci from the cheese. 

Although MIT is not a selective media, it also supports the growth 

of non-starter microflora which generally multiply to higher levels, 

as the starter Streptococci population decreases during cheese 

maturat ion. 

Counts of the lactic microflora for the cheese ripening period 

are shown in Figures 7 and 8. The first month of age showed signifi- 

cant population differences between NaCl treatments (See Appendix, 

Tables 27-30). The cheese that received the lowest NaCl treatments 

generally supported higher numbers -of lactic acid bacteria. Bacterial 

counts were generally lowest during the second and third month of 

aging followed by a slight increase, which probably reflects the 

decline of the starter bacteria population and the subsequent out- 

growth of secondary or non-starter bacteria. Distinction between 

starter and non-starter microflora was not attempted in this study. 

Dawson and Feagan (1957) in studying the trends of starter 

bacteria populations during the manufacture and maturation of Cheddsir 

cheese reported that maximum bacterial populations ranging from 
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Figure 7. Lactic acid bacteria/g x 10 in Cheddar cheese. 
Set I, with selected NaCl concentrations through 
the ripening period. 
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Figure 8. Lactic acid bacteria/g x 10 in Cheddar cheese. 
Set II, with selected NaCl concentrations through 
the ripening period. 
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27-9000 million/gram were obtained at 18 hours after pressing.  The 

starter microorganisms remained the predominant microflora of the 

cheese up to one month of age followed by a rapid decrease in their 

numbers with further aging and nearly complete disappearance by 

eight weeks of age.  These results support the observations found 

in this study. Dawson and Feagan (1957) also noted that the persis- 

tance of the starter bacteria appeared to correlate with salt 

tolerance and bacterial chain length.  Observations from this study 

seem to indicate that Streptococcus cremoris populations appear to 

decrease and disappear with increased salt level. 

Direct microscopic counts on cheese slurries taken asceptically 

throughout aging showed a predominance of Gram+ cocci. The Strep- 

tococci were gradually replaced by Gram+ cocci in pairs, tetrads or 

clusters presumed to be species of Micrococcus, Pediococcus or 

Staphylococcus. Very few Gram+ rods were found, which is indicative 

that Lactobacillus species were not a predominate proportion of the 

secondary bacteria in the cheese after the elapse of seven months 

aging. 

Proteolysis 

The Valkaleries-Price procedure as modified by Lin et al., (1979) 

was used to determine soluble nitrogen levels in the cheese samples 

throughout the aging period. As recommended, the equations used to 

determine concentrations of soluble tyrosine and tryptophan in cheese 

were derived for the Perkin-Elmer spectrophotometer used in this 

study. Table k  shows the absorbances for known concentrations of 

tyrosine and tryptophan at 270 and 285 run. The molar extinction 



Table k.     Absorbances for known concentrations of tyrosine 
and tryptophan and percent recovery using a 
Perkin Elmer spectrophotometer. 

Absorbance 
%  Recovery Concentration 

E 
270 m 

(tyrosine) 

100.8 0.72 1.224 0.881 

101.2 0.60 1 .227 0.736 

100.7 0.48 1.223 0.587 

97.9 0.24 1.229 0.295 

99.8 0.12 

(tryptophan) 

1.225 0.147 

98.9 0.20 5.070 1.014 

98.9 0.16 5.025 0.804 

99.8 0.12 5.008 0.601 

100.4 0.08 5.013 0.401 

102.5 0.04 4.975 0.199 

285 nm 

0.264 0.367 

0.220 0.367 

0.176 0.367 

0.094 0.392 

0.045 0.375 

0.870 4.350 

0.694 4.338 

0.523 4.358 

0.350 4.375 

0.177 4.425 
4^ 
Co 
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coefficients at 270 and 285 nm for tyrosine and tryptophan deter- 

mined from these data are 1,226, 37^ and 501, ^,369 respectively. 

The two equations used to determine soluble tyrosine and tryptophan, 

derived by applying Vierort's method are as follows: 

M (trp) = (Abs 285)(0.352)  - (Abs 270)(0.107)  x 103 

M (tyr) = (Abs 270)(1.7256)  -. (Abs 285)(l.W+2) x 103 

The percent recovery of known concentrations of tyrosine and 

tryptophan using the modified wavelengths of 270 and 285 nm a.re shown 

in Table k.    The recovery of tyrosine ranged from 99.8 - 100.8% and 

that of tryptophan ranged from 98.9 - 102.5%. 

The rate and  extent of proteolysis in Cheddar cheese containing 

different NaCl levels are presented in Figures 9 -12.  Soluble 

nitrogen steadily increased in all the samples through time.  Signifi- 

cant differences in soluble tyrosine and tryptophan levels were 

observed between experimental cheese with different salt concentra- 

tions (See Appendix, Tables 31-38).  Soluble tryptophan values 

showecl only small differences between NaCl treatments for Set I. 

Soluble tryptophan values for Set II showed significantly higher 

values for the lower NaCl treated cheese within two months of age. 

Soluble tyrosine values for Set I showed significant differences 

between NaCl treatments by one month of age but results were not con- 

sistent with NaCl concentration.  Soluble tyrosine values for Set II 

showed significant differences at time zero, no differences at one 

month of age, and significantly higher levels throughout the 

remaining six months of aging for cheese with lower concentrations 



50 

# 

%  NaCl 

- 1.75 

- 1.31 

- 0.88 

- O.UU 

166 
98 
86 

o 70 
o 

60 
UJ z 50 
CO 
o 40 
> 
1— 30 
o s. 20 

10 
0 ■\ L 

2     3      4 
MONTHS OF AGE 

Figure 9- Soluble tyrosine content of Cheddar cheese. Set I, 
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of NaCl.  The rates of proteolysis, as determined by tyrosine and 

tryptophan concentrations tended to-increase with the lower salt 

levels, and the distinctly highest rate of proteolysis was observed 

in the unsalted cheese.  Comparison of the rates of proteolysis 

shows that protein degradation was more than twice as extensive 

for the unsalted cheese than the cheese with the highest salt 

concentration. The relatively higher soluble nitrogen and the 

higher rate of proteolysis, with decreased salt content of cheese, 

can most likely be attributed to a higher moisture content and the 

reduced bacterostatic effect of NaCl. 

Rheological Properties 

Force deformation curves obtained by an Instron Universal 

Testing Machine (UTM), which employed the bite test as described 

by Lee et al., (1979) was used in an attempt to compare six textural 

properties of experimental Cheddar cheese with selected concentra- 

tions of added sodium chloride.  Two "bites" were taken to obtain 

a typical curve as shown in Figure 13. The textural parameters 

derived from the curves were:  cohesiveness, adhesiveness, chewiness , 

elasticity, gumminess, and hardness.  For the purpose of this study 

a combination of experimental conditions were selected that could 

produce the largest differences among samples, i.e., Q0%  deformation, 

12.7 cm/min crosshead speed, 50.8 cm/min chart speed, and thermal 

equilibration at 7.2 C. 

A review of the Instron instrument results showed differences 

were obtained between cheese with different salt levels for each 



55 

CO 

LU 
O 

DISTWCE (CM) 

Figure 13. Typical force deformation curve using the Instron 
bite test. 



56 

time tested (See Appendix, Tables hi - 6h).    However, comparisons 

with respect to time are inappropriate due to inability to maintain 

control of the following:  l) precise adjustment of Instron bite 

depth, 2) precise size of cheese cube, 3) lack of a constant tempera- 

ture throughout testing, and h)  other possible unknown factors that 

confounded reliable rheological measurements. 

Results are reported as averages over all testing periods to 

compare the effect of NaCl treatment. Figures lU-19. Firmness was 

greatest for the higher salted cheese and is directly related to 

moisture content of the cheese. Elasticity showed no significant 

differences between salt treatments. However, Prentice (1972) has 

reported decreased elasticity with increased moisture content.  It is 

reasonable to suggest, therefore, the particular testing method 

used in this study was not sensitive enough to detect small 

differences in elasticity between the treatments.  Chewiness and 

firmness increased with higher levels of salt. (Figures ll+ and 17). 

Adhesiveness as measured by the Instron showed a negative correlation 

with trained panel results (Figure 15). This may indicate that the 

Instron is unable to perform this measurement satisfactorily and 

other possible methods to determine adhesiveness in cheese should 

be employed and evaluated.  Chen et al., (1979) suggested the use of 

a flat plate technique to measure adhesiveness. The coefficients of 

correlation between texture evaluation and Instron measurements are 

summarized in Table 111.  "Firmness" judgements by the trained 

panel correlated significantly (p = 0.01) with Instron hardness 

ratings. No significant correlation was observed between the Instron 
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Figure 15. Adhesiveness of Cheddar cheese containing selected 
NaCl concentrations as measured by Instron. 
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Figure 17. Chewiness of Cheddar cheese containing selected 
NaCl concentrations as measured by Instron. 
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Figure 18. Gumminess of Cheddar cheese containing selected 
NaCl concentrations as measured by Instron. 
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Figure 19.    Elasticity of Cheddar cheese containing selected 
NaCl concentrations as measured by Instron. 
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measured elasticity, chewiness or gumminess measurements and the 

trained sensory panel results. 

Sensory Evaluation of Reduced Sodium Cheddar Cheese 

Consumer Panel 

Consumer flavor, texture, and overall desirability ratings for 

the experimental cheese are illustrated in Figures 20 - 25•  Consumers 

showed no significantly different ratings for texture in cheese in 

Set I containing 1.75, 1.31, and 0.88$ NaCl and cheese in Set II 

containing 1.50 and 1.13%  NaCl (See Appendix, Tables 65-76). The 

lowest NaCl treated cheese received the lowest flavor, texture and 

overall desirability scores.  Flavor scores were not significantly 

different between cheese one or two and three or four in Set I and 

five or six in Set II. This corresponds to 1.75, 1.31, 0.88 and 0.hk% 

NaCl in Set I and 1.50 and 1.13$ NaCl in Set II. The lower salt 

cheese (0.kk%  NaCl) received the lower ratings and the unsalted cheese 

received the lowest score. Addition of 0.38$ salt to the cheese 

resulted in a significant increase in consumer panel scores for . 

flavor, texture, and overall desirability. Overall desirability 

ratings showed no significant difference in the top three levels of 

NaCl in Set I and top two in Set II. A 50$ reduction in salt in 

cheese from 1.50 to 0.75$ was scored significantly lower for flavor 

and texture but was rated significantly higher for overall desir- 

bility than the unsalted cheese and cheese containing 0.38$ NaCl. 
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Figure 20. Consumer panel ratings for flavor of Cheddar 
cheese. Set I, with selected NaCl concentrations 
based on a 9-point hedonic scale through the 
ripening period, where 1 = dislike extremely and 
9 = like extremely. 
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Figure 21. Consumer panel ratings for flavor of Cheddar 
cheese. Set II, with selected NaCl concentrations 
based on a 9-point hedonic scale through the 
ripening period, where 1 = dislike extremely and 
9 = like extremely. 
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Figure 22. Consiimer panel ratings for texture of Cheddar 
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based on a 9-point hedonic scale through the 
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Trained Panel 

Generally, trained panelists were very consistent, i.e. were 

able to repeat themselves in replications for any given cheese with 

varied NaCl treatments. No significant difference was observed for 

the main effect of replicate and interactive effect of panelist by 

replicate in the Analysis of Variance for the cheese properties 

evaluated.  These results indicate the panel members were "trained" 

to identify and quantify the cheese characteristics tested. Panel 

monitoring such as this is important to establish reliable results 

and valid conclusions from a study such as this one. 

Trained panel evaluation of all selected product characteristics 

on a 9-point scale for the experimental cheese maturation time are 

illustrated in Figures 26-^2.  "Firmness" was significantly different 

between all treatments within each set of cheese. The highest salt 

content cheese were determined more firm than lower salt cheese 

(See Appendix, Tables 77-78 and 95-96).  "Firmness" ratings tended 

to decrease with advancing cheese age.  "Adhesiveness" properties 

were significantly greater in the lower salted cheese and tended 

to increase with time of aging (See Appendix, Tables 79-80 and 97-98). 

"Cohesiveness" was also judged to be greater in the cheese treated 

with the lower salt levels and it also tended to increase with time 

(See Appendix, Tables 81-82 and 99-100).  "Acidity" scores increased 

with age and were highest in the low salt cheese (See Appendix, 

Tables 83-8U and 101-102). The trained panelists were able to rank 

each set of experimental cheese according to salt level. Results 

showed no consistent trends to indicate perception of a fuller salty 

note at any particular age (See Appendix, Tables 85-86 and 103-10M. 
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Figure 26. Trained panel observations for firmness of Cheddar 
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point interval scale, where 1 = soft and 9 = hard. 
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Figure 27.    Trained panel observations  for firmness of Cheddar 
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Fig-ure 30. Trained panel observations for cohesiveness of 
Cheddar cheese. Set I, with selected NaCl con- 
centrations evaluated through the ripening period 
on a 9-point interval scale, where 1 = curdy and 
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Figure 31. Trained panel observations for cohesiveness of 
Cheddar cheese. Set II, with selected NaCl con- 
centrations evaluated through the ripening period 
on a 9-point interval scale, where 1 = curdy and 
9 = malleable. 
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Figure 32. Trained panel observations for acidity of Cheddar 
cheese. Set I, with selected NaCl concentrations 
evaluated through the ripening period on a 9- 
point interval scale, where 1 = absent and 9 = 
pronounced. 
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Figure  33.    Trained panel observations for acidity of Cheddar 
cheese.  Set  II, with selected NaCl concentrations 
evaluated through the ripening period on a 9- 
point  interval scale, where 1 = absent  and 9 = 
pronounced. 
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Figure 35. Trained panel observations for saltiness of 
Cheddar cheese. Set II, with selected NaCl con- 
centrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = 
absent and 9 = pronounced. 
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Figure 36. Trained panel observations for sulphide of 
Cheddar cheese. Set I, with selected NaCl con- 
centrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = 
absent and 9 = pronounced. 
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Figure 37.    Trained panel observations for Cheddar intensity 
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Figure kO.    Trained pajiel observations for bitterness of 
Cheddar cheese.  Set  II, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point  interval scale, where 1 = 
absent and 9 = pronounced. 
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The judges were not able to perceive differences in "Cheddar inten- 

sity" in Set I of the experimental cheese.  However, significant 

differences were found in Set II with the cheese containing the 

two highest levels of NaCl receiving the highest rating for "Cheddar 

intensity" (See Appendix, Tables 87-88 and 105-106).  "Sulphide" 

flavor note, recorded only for Set I, showed a tendency for the 

higher salted cheese to have a slightly higher "sulphide" note 

indicated by panelists (See Appendix, Tables 91-92). 

Trained panelists detected more "bitterness" in the cheese • 

containing less NaCl and they reported more bitter intensity as the 

cheese matured (See Appendix, Tables 89-90 and 107-108). These 

results compare well with earlier research on salt level and off- 

flavor development, in cheese.  "Unpleasant aftertaste" followed a 

similar trend with unfavorable ratings given to cheese with:  l) low- 

est concentrations of salt and 2) an increased intensity proportional 

to amount of aging (See Appendix, Tables 93-9^ and 109-110). The 

strongest "bitter" and "unpleasant" notes were generally observed to 

be associated with the unsalted cheese. 

Table 111 summarizes the correlation and significance of 

several cheese attributes between consumer panel, trained panel, 

Instron measurements, and chemical analyses for the experimental 

cheese. 

Consumer texture ratings correlated highly with trained panel 

assessments of "firmness", "adhesiveness", and "cohesiveness". 

Consumer flavor ratings showed a high degree of association with 

"saltiness", "Cheddar intensity", and "unpleasant aftertaste". 
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"Sulphide" ratings were shown to be nonsignificant for consumer 

flavor ratings in cheese of Set I and was therefore not determined 

for cheese in Set II.  "Overall desirability" ratings by consumers 

showed highest linear correlation with firmness and saltiness. 

"Saltiness" was the one most important attribute for consumer "over- 

all desirability", however, due to such a high degree of correlation, 

regression analysis showed "Cheddar intenstiy" and "unpleasant after- 

taste" to be the two most important characteristics to predict 

consumer response. 

Instron measurements of cheese showed poor correlation with 

panel assessment. The trained panel was much more sensitive to 

the textural attributes of the experimental cheese than was the 

Instron UTM. This may be due in part to inadequate testing with 

the Instron and also because more factors are associated with oral 

evaluation of cheese, thus the two evaluation methods may not give 

the same ratings. 

Correlation of the trained panel judgements on "saltiness" and 

the salt analyses (Volhard Analysis and Atomic Absorption Spectro- 

scopy) was very high and showed a high degree of significance 

indicating panel members were able to determine salt concentration 

differences. "Bitterness"scores by the trained panel also correlated 

well with soluble tyrosine and tryptophan indicating the panel was 

able to perceive an  increase in bitterness with increased proteolysis. 

Statistical analysis showed a breakdown of the responses 

for each characteristic within the various NaCl treatments usually 

did not change relative to one another over any of the months tested. 
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Preferably, studies on changes in cheese flavor should include a 

control cheese to be used as a point of reference for judges to 

better demonstrate relative changes in sensory characteristics 

between treatments through the aging period. A 30-day-old Cheddar 

might best serve as a control or reference point for trained flavor 

panelists. 

Effect of Processing Variables 

Small experimental lots of Cheddar cheese were manufactured 

with varied levels of calcium chloride to study the effect of 

concentration of calcium ions on Cheddar cheese hardness.  Sensory 

evaluation of the experimental Cheddar cheese by three of the trained 

panelists showed a softer texture and bitter flavor with increased 

addition of this salt. This evidence suggested opposite attained 

characteristics or properties desired to obtain an acceptable reduced 

sodium Cheddar cheese and further research efforts with calcium 

chloride were abandoned. 

Attempts were made to rapidly cool Cheddar cheese immediately 

after pressing to suppress growth of starter bacteria and limit 

enzymatic activity.  Facilities were not available to adequately 

cool the experimental cheese and research efforts were abandoned. 
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SUMMARY 

Cheddar cheese that contained reduced concentrations of sodium 

chloride were manufactured to study the effect of salt on the quality 

and maturation characteristics of the cheese.  A consumer panel and 

a trained panel (for descriptive flavor and texture profiles) were 

used to evaluate acceptability and sensory characteristics of cheese 

throughout aging. The microbiological content, mineral content, 

soluble nitrogen, pH, water activity, and rheology measurements were 

monitored at appropriate intervals throughout the aging period. 

The following conclusions were drawn from the results of 

this research: 

1) A consumer panel employing a 9-point hedonic scale indicated 

no significant difference for "overall desirability" between 

several Cheddar cheese manufactured with 0.88 - 1.75% NaCl 

in the finished product. 

2) Addition of a small amount of salt to Cheddar cheese (0.38 - 

0.hh%)   serves to significantly improve sensory characteristics, 

and therefore, potential consumer acceptance in contrast to an 

unsalted cheese which is generally perceived as unacceptable. 

3) Sensory evaluation of the experimental cheese by a trained panel 

reflected an increase in adhesiveness, cohesiveness, acidity, 

sulphide, bitterness, unpleasant aftertaste, and a concommitant 

decrease in firmness and saltiness in those cheese that contained 

less NaCl. 
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U)  Only at 30 days of age were significant differences in lactic 

bacteria populations of cheese observed with respect to the salt 

content of the cheese; the lower salt level treatments exhibited 

higher starter microflora. 

5) The rate and extent of proteolysis was higher in cheese that 

contained less NaCl and highly correlated with bitterness as 

perceived by the trained flavor panel. 

6) Water activity in cheese samples decrease with an increased salt 

level in cheese. 

7) The pH of the cheese decreased with reduced salt. 

8) Calcium and potassium values were not significantly affected 

by NaCl treatment of the cheese. 

9) With a reduced salt content of cheese, moisture content increased, 

the milk fat content was lower, and the protein content remained 

unchanged. 

10) Instron measurements showed that firmness, chewiness, and 

cohesiveness increased, but adhesiveness and gumminess decreased 

with higher salt levels of cheese.  Elasticity of cheese over a 

range of 0.00 - 1.75$ NaCl remained unchanged. 

Based on the results of this study, the cheese industry could 

potentially reduce salt concentrations in cheese to 0.88% without 

deleteriously affecting acceptability of the flavor and texture 

characteristics of the final product. Additionally, a Cheddar cheese 

with a 75% reduction (0.38% NaCl) in added salt could be manufactured 

and designated as a "reduced sodium" food and provide a more 

acceptable product relative to the unsalted cheese currently available. 
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Table 5. MOVA for water content of Cheddar cheese, Set I, 
with selected NaCl concentrations through the 
ripening period. 

100 

Source of Variation Degrees of Mean Square 7   Value P Value 
Freedom 

3 69.037 428.54 <0.001 

, 5 4.176 1,038.15 <0.001 

15 0.277 62.78 <0.001 

48 0.067 

71 3.315 

Treataent 

Ageb 

Treataent x age 

Error 

TOTAL 

Milled curd salted at levels to obtain 1.75, 1.31, 0.88, or 0.44% NaCl in the finished cheese. 

Stored at 40° C and analyzed at monthly intervals. 

Table 6. Means for water content of Cheddar cheese. Set I, 
with selected NaCl concentrations through the 
ripening period. 

Months of aoe 

Overall 

means 

NaCl treatment 0 

(A) 

1 

(B) 

2 

(c: 
3 

!0) 

4 5 

<F> 

Order 
of 

means8 

1.75% 34.71* 

35.71b 

37.67c 

39.29d 

36.85 

34.75a 

35.69b 

37.80C 

39.SI3 

36.89 

34.90* 

36.07b 

38.04i: 

39.59d 

37.15 

35.43* 

36.24* 

37.99b 

39.84C 

37.38 

34.48* 

35.53b 

37.23C 

36.41 

33.86* 

34.43* 

36.4Sb 

38.17C 

35.73 

34.78 

35.52 

37.53 

39.10 

D C B A E F 

1.31* 

0.38* 

B C ft 9 5. F 

C 0  B A  E  F 

0.44* D C  B A E F 

Overall means 

a.b.cd, Means within the same age bearing a coomon superscript are not significantly 
different by Tukey's test (p > 0.05).  n • 3. 

eMeans within a NaCl treatment underscored by a common line are not significantly 
different by Tuicey's test (p > 0.05).  n • 3. 
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Table 7. MOVA for water content of Cheddar cheese. Set II, 
with selected NaCl concentrations through the 
ripening period. 

source of Variation 

Age 

Traataant x age 

Error 

TOTAL 

aKiliad curd salted at levels to obtain 1.5C, 1.13, 0.7S, 0.38, or 0.00% NaCl in the finished cheese. 

b. 

Degrees of Mean Square F Value ? Value 
Freedom 

4 33.0S3 133.04 <0.001 

7 10.170 40.93 <0.001 

28 0.3SS 1.42 <0.111 

79 0.248 

118 1.984 

Stored at 40° C and analyzed at monthly intervals. 



Table 8. Means for water content of Cheddar cheese. Set II, 
with selected NaCl concentrations through the 
ripening period. 

 Months of age 

MCI treatment     0       1       2       3-4       5       6 7 Overall         Order 

(A)     (D)     (C)     (D)     (E)     (?)     (G) (H) seans           °f f 
 means  

1.50*       3S.33   35.67   35.59   34.20   33.61   34.66   34.54 35.53 34.89* 

1.13%       36.53   36.15   36.99   35.80   33.20   36.07   35.38 36.57 35.79b 

0.75%        37.30    37.66    37.34    36.49    34.61    36.92    36.16 37.59 36.76° 

0.38*        37.88    37.82    37.77    36.76    36.23    37.SI    36.47 37.62 37.26d 

0.00*       38.44   38.39   38.35   37.35   36.81   38.23   37.13 38.53 37.89° 

Overall means    37.10   37.14   37.22   36.10   34.89   36.57   35.94 37.17 C H B A F O G E 

a,b,c,d,e0verall aieana  for NaC1 treatment bearing a common superscript are not significantly 
different by Tukey's test (p > 0.05).  n - 3. 

Overall means for age underscored by a common line are not significantly 
different by Tukey's test (p > 0.05).  n - 3. 

O 
ro 
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Table 9. MOVA for pH of Cheddar cheese. Set I, with 
selected NaCl concentrations through the ripening 
period. 

Source of Variation 

Treataent 

Age 

Treatment x age 

Error 

TOTAL 

Milled curd salted at levels to obtain 1.75, 1.31, 0.38, or 0.44% NaCl in the finished cheese. 

Degrees of Mean Square ? Value ? Value 
Freedom 

3 0.170 147.39 <0.001 

5 0.039 33.42 <0.001 

15 0.014 12.28 <0.001 

48 0.001 

71 0.014 

Stored at 40° C and analyzed at monthly intervals. 

Table 10. Means for pH of Cheddar cheese. Set I, with 
selected NaCl concentrations through the ripening 
period. 

Months of aee 

Overall NaCl treatment 0 1 2 3 4 5 Order 

iA) (B) ic; !3> (E) (P) means of d 
neans 

1.75% 5.52" 5.45* 5.42* 5.24* 5.22* 5.23* 5.35 A_B C D F E 

1.31* 5.22b 

5.15b 

S.ll5 

5.22= 

5.2^ 

5.IT* 

5.29** 

5.37" 

5.1*= 

5.26* 

5.22* 

5.07* 

5.19* 

5.22* 

5.07*> 

5.22* 

5.22* 

5.08^ 

5.23 

5.24 

5.11 

C  D  B   A  F   E 

0.88% C  B  D E  F A 

0.44% B C A F  D  E 

Overall means 5.25 5.28 5.31 5.20 s.ie 5.18 

a,b,c Means within the same age bearing a cotmon superscript are not significantly 
different by Tukey's test (p > 0.05). n - 3. 

Cleans within a HaCl treatment underscored by a common line are not significantly 
different by Tukey's test (p > 0.05).  n - 3. 



101+ 

Table 11.    ANOVA for pH of Cheddar cheese.  Set  II, with 
selected NaCl concentrations through the ripening 
period. 

Source of Variation Degrees Of Mean Square F Value P Value 
Freedom 

4 0.282 164.02 <0.001 

7 0.027 15.88 <0.001 

28 0.312 6.97 'O.OOl 

77 0.002 

116 0.015 

Treataent 
,  b 
Age 

Treatsant x age 

Error 

TOTAL 

Milled curd salted at levels to obtain 1.50, 1.13, 0.75, 0.38, or 0.00% NaCl ir. the finished cheese. 

Stored at 40* C and analyzed at monthly intervals. 



Table 12.  Means for pH of Cheddar cheese. Set II, with 
selected NaCl concentrations through the ripening 
period. 

'laCl treatment U 

(A) 

I 

(D) (C) 

Months of &qe 

3                  4 5 6 

(D)               (E) (F) (0) 

7 Overall 

(H) means 

Order 
of 

means8 

1.50* 

1.13* 

0.75% 

3.38* 

0.00% 

5.41" 5.38" 5.51" 5.51 

S^l*"      5.27* 5.35b 5.34b 5.33^      S.SS315      5.30* 5.30* 

5.22bc       5.23*"      5.20*°      5.25bC S.Sl*"       5.30*"      5.20*"      5.34* 

5.12C    S.07b    5.17C    5.14cd    5.34*"  5.32^   - "*b 

c b d d 
5.12 5.10 5.05 5.03 

5.12 5.27" 

5.17b S.25b 5.21b 5.10b 

5.41 

5.32 

5.26 

5.20 

5.13 

c D E F  A  B G H 

F c P E  A  H  G  B 

H E F C  0  B  A G 

E F H C  D G A B 

F G 6. A   B  H  C D 

Overall neans    5-24    5.21    5.27    5.28     5.32    5.33    5.23    5.26 

a.b.cd, 
Means within the same age bearing a consnon superscript are not significantly 
different by Tukey's test (p > 0.05).  n • 3. 

Means within a NaCl treatment underscored by a common line are not significantly 
different by Tukey's test (p > 0.05).  n - 3. 

O 
VJ1 



Table 13. MOVA for sodium chloride (percent dry weight) 
in Cheddar cheese. Set I, with selected NaCl 
concentrations measured by Volhard Analysis. 
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Source ot  Variation 

Treatment 

Age" 

Replicate'" 

Treataent x age 

Treatacnt x repl: .cate 

Age x replicate 

Error 

TOTAL 

Degrees of .■tear. Square F Value ? Value 
freedoa 

3 6.697 6 78.03 <0.001 

1 0.020 2.06 0.201 

2 0.059 6.00 0.037 

3 0.017 1.67 0.270 

6 0.019 1.93 0.220 

2 0.003 0.33 0.731 

6 0.010 

23 0.890 

Milled curd salted at levels to obtain 1.75, 1.31, 0.88, or 0.44* NaCl in the finished cheese. 

b 
Stored at 40° C and analyzed at 0, 2, and S sor.ths of age. 

Triplicate samples analyzed within a randomly selected 5-lb block of each treataent. 

Table Ik.    Means for sodium chloride (percent dry weight) 
in Cheddar cheese, Set I, with selected NaCl 
concentrations measured by Volhard Analysis. 

NaCl treatment 0 

(A) 

Months of age 

(B) 

5 

(C) 

Overall 

means 

Order 
of 

aeans8 

1.75* 2.97 3.01 .93 2.97" 

1.31% 2.60 2.52 2.67 2.60 

0.88% 1.28 1.30 

0.44% 0.73 0.68 

Overall means 1.90 1.88 

1.44 

0.71 

1.93 

1.34- 

0.71 

a,b,c,d Overall means for NaCl treatment bearing a coooon superscript are not significantly 
different by Tukey's test (p > 0.05).  n « 3. 

Ho significant age effect present. 



Table 15. ANOVA for sodium (mg/lOOg dry weight) in Cheddar 
cheese. Set I, with selected NaCl concentrations 
measured by Atomic Absorption Spectroscopy. 
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Source or Variation Degrees of Mean Square F Value P Value 
Freedom 

3 1,200,000.000 2,435.53 <0.001 

2 1,524.069 3.10 0.082 

2 1,512.945 3.07 0.083 

6 3,002.117 6.10 0.004 

6 1,171.988 2.38 0.094 

4 1,597.173 3.25 0.050 

12 491.513 

35 

Treatment 

Age3 

Replicate 

Treatment x age 

Treatment x replicate 

Age x replicate 

Error 

TOTAL 

Milled curd salted at levels to obtain 1.75, 1.31, 0.88, or 0.44* NaCl in the finished cheese. 

Stored at 40* C and analyzed at 0, 2, and 5 months of age. 
e-.. 'riplieata samples analyzed within a randomly selected S-lb block of each treatment. 

Table 16. Means for sodium (mg/100g dry weight) in Cheddar 
cheese. Set I, with selected NaCl concentrations 
measured by Atomic Absorption Spectroscopy. 

NaCl treatment 

Months of aae 

0 2 5 Overall Order 

(A! (B) (C) means 
of 

neans? 

1,043.51* 1,095.lO3 1,099.15* 1,079.25 AS? 

873.71b 907.84b 951.74b 911.10 ABC 

546.81C 496.48C 533.98= 525.76 .8 C A 

294.42d 273.76d 257.98d 275.39 c a A 

689.61 693.30 710.71 

.31* 

0.38* 

0.-14* 

Overall neans 

a' 'Means within the same age bearing a common superscript are not significantly 
different by Tukey's test (p > 0.05).  n » 3. 

eMeans within a NaCl treatment underscored by a common line are not significantly 
different by TuXey's test (p > 0.05).  n - 3. 



Table 1?. MOVA for calcium (mg/lOOg dry weight) in Cheddar 
cheese. Set I, with selected NaCl concentrations 
measured by Atomic Absorption Spectroscopy. 
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Source of Variation 

Treatment 

Ageb 

Replicate 

Treatment x age 

Treatment x replicate 

Age x replicate 

Error 

TOTAL 

Degrees of Mean Square F Value P Value 
Freedom 

3 3,134.173 0.43 0.735 

2 68,326.956 0.26 0.005 

2 5,937.397 0.80 0.474 

6 11,345.902 1.53 0.261 

6 3,903.429 0.53 0.775 

4 6,314.222 0.85 0.522 

10 7,378.330 

33 10,490.164 

Milled curd salted at levels to obtain 1.75, 1.31, 0.83, or 0.44\ NaCl in the finished cheese. 

Stored at 40" C and analyzed at 0, 2, and 5 months of age. 

c-*. riplicate samples analyzed within a randomly selected 5-lb block of each trsatnent 

Table 18. Means for calcium (mg/l00g dry weight) in Cheddar 
cheese. Set I, with selected NaCl concentrations 
measured by Atomic Absorption Spectroscopy. 

Months of age 

NaCl treatment 0 2 5 Overall 

(A) :B) (C) means8 

1.75* 1,217.07 1,209.50 1,108.61 1,178.39 

1.31* 1,322.22 1,222.37 1,096.14 1,228.26 

0.88* 1,213.81 1,300.63 1,092.25 1,200.78 

0.44% 1,119.09 
\ 

1,266.20 1,115.97 1,167.08 

Overall means 1,218.43 1,249.67 1,103.89 

Order 
of 

means*1 

aNo significant NaCl treatment effect present. 

Overall means for age underscored by a conmon line are not significantly 
different by Tukey's teat   (p  > 0.05).     n • 3. 
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Table 19. MOVA for potassium (mg/lOOg dry weight) in Cheddar 
cheese, Set I, with selected NaCl concentrations 
measured by Atomic Absorption Spectroscopy. 

Source of Vari>irion 

Treatment 

Age* 

Replicate" 

Treatatent x age 

Treatxent x replicate 

Age x replicate 

Error 

TOTAL 

Degrees of Mean Square F Value ? Value 
Fraedom 

3 461.an 0.83 0.503 

2 2.433.365 4.39 0.040 

2 186.192 0.33 0.722 

6 199.731 0.36 0.889 

6 368.526 0.66 0.680 

4 26.364 0.04 0.995 

11 554.199 

34 497.994 

Milled curd salted at levels to obtain 1.75, 1.31, 0.88, or 0.44% NaCl in the finished cheese. 

Stored at 40° Z  and analyzed at 0, 2, and 5 months of age. 

Triplicate sasples analyzed within a randomly selected 5-lb bloeJc of each treataent. 

Table 20. Means for potassium (mg/100g dry weight) in Cheddar 
cheese. Set I, with selected NaCl concentrations 
measured by Atomic Absorption Spectroscopy. 

NaCl treatment 0 

(A) 

Months of age 

2 

(B) (C) 

Overall 

maans* 

Order 
of 

aeans5 

1.75% 

1.21% 

128.08 

123.74 

147.38 

127.25 

100.08 

105.78 

125.18 

120.56 

0.38% 118.25 126.20 89.82 111.43 

0.44% 105.38 120.08 103.47 109.64 

Overall means 118.86 130.22 99.24 

different by Tukey's teat   (p > 0.05).     n » 3. 

B A C 

^o significant NaCl treatment effect present. 

Overall means for age underscored by a common line are not significantly 
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Table 21. MOVA for sodium chloride (percent dry weight) 
in Cheddar cheese. Set II, with selected NaCl 
concentrations measured by Volhard Analysis. 

Source of Variation Degrees of 
Freedom 

Mean Square F Value P Value 

Treacntonc 4 4.431 1603.33 <0.001 

A<jeb 1 0.002 0.71 0.427 

Replicate0 2 0.007 2.65 0.139 

?reat»ont x aqe 4 0.001 0.36 0.829 

Treatment x repU .cate 3 0.003 1.16 0.42S 

Aqe x replicate 2 0.009 3.34 0.096 

Error 7 0.003 

TOTAl 28 0.636 

Milled curd salted at levels to obtain l.SO, 1.13, 0.75, 0.38, or 0.004 NaCl in the finished cheese. 

Stored at 40" C and analyzed at 0 and 8 months of aqe. 

triplicate samples analyzed within a randomly selected 3-lb block of each treatment. 

Table 22. Means for sodium chloride (percent dry weight) 
in Cheddar cheese. Set II, with selected NaCl 
concentrations measured by Volhard Analysis. 

Months of aoe 

Had raataant 0 a Overall Order 

(A) (B) means 0f^ aeanff 

1. .50* 2.25 2 .22 2.24* 

1. .13* 1.76 1. .76 1.76b 

0.75* 

0.38% 

1.15 

0.61 

1.17 

0.57 

1.16 

0.59 

0.00* 0.09 0.11 0.11 

Overall means 1.18 1.17 

a.b.cd.e 
Overall means for NaCl treataent bearing a common superscript are not significantly 
different by Tukey's test (p > 0.05). n - 3. 

No significant age effect present. 



Table 23. ANOVA for sodium (mg/lOOg dry weight) in Cheddar 
cheese, Set II, with selected NaCl concentrations 
measured by Atomic Absorption Spectroscopy. 

Ill 

Source of Variation 

Troatment 

Ace 

Replicate" 

Treatment x age 

Treatment x replicate 

Age  x replicate 

Error 

TOTAL 

Degrees of Mean Square ? Value P Value 
Freedom 

4 491,396.643 1688.09 <0.001 

1 306.275 1.05 0.339 

2 928.225 3.18 0.104 

4 3,345.303 11.49 0.003 

a 597.791 2.05 0.179 

2 50.128 0.17 0.845 

7 291.095 

28 78,975.423 

Milled curd salted at levels to obtain 1.50, 1.13, 0.75, 0.38, or 0.00% "aCl in the finished cheese. 

b 
Stored at 40° c and analyzed at 0 and 8 months of age. 

'Triplicate samples analysed within a randos-.ly selected 3-lb block of each treatment. 

Table 2h.    Means for sodium (mg/100g dry weight) in Cheddar 
cheese. Set II, with selected NaCl concentrations 
measured by Atomic Absorption Spectroscopy. 

Months of itre 

Overall NaCl treatment 0 8 Order 

(A) (3) means of . 
means" 

l.S0» 797.31* 802.01* 799.19 B A 

1.13* 614.73b 691.59b 653.16 B A 

0.75* 400.77* 359.92" 380.35 A B 

0.38* 211.06 182.04 196.55 A S 

0.30* 31.13 52.57 44.84 

Overall means 411.00 391.45 

a,b,c,d,eMeans a^^in ^e 3aae  aqe bearing a common superscript are not significantly 
different by Tukey's test (p > 0.05).  n » 3. 

Cleans within a NaCl treatment underscored by a coraon line are not significantly 
different by Tukey's test (p > 0.05).  n ■ 3. 



Table 25. MOVA for calcium (mg/lOOg dry weight) in Cheddar 
cheese. Set II, with selected NaCl concentrations 
measured by Atomic Absorption Spectroscopy. 
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Source of Variation 

Treatment' 
b Aqe 

Replicate0 

Treatment x age 

Treatment x replicate 

Aqe x replicate 

Error 

TOTAL 

Decrees of Mean Square F Value P Value 
Freedoa 

787.434 1.52 0.324 

21,603.779 41.73 <0.001 

1,038.043 2.00 0.229 

1,555.251 3.00 0.129 

844.405 1.63 0.305 

1,511.359 2.92 0.144 

5 517.595 

25 2,729.901 

Milled curd salted at levels to obtair. 1.50, 1.13, 0.75, 0.38, or 0.00* NaCl in the finished cheese. 

Stored at 40* C and analyzed at 0 and 8 months of age. 

triplicate sacples analyzed within a randomly selected 5-lb block of each treatsent. 

Table 26. Means for calcium (mg/100g dry weight) in Cheddar 
cheese. Set II, with selected NaCl concentrations 
measured by Atomic Absorption Spectroscopy. 

Months of aqe 

NaCl treataent 0 

(A) 

8 

1.50* 1132.48 1204.17 

1.13* 1119.OS 1208.92 

0.75* 1135.11 1230.13 

0.38* 1092.09 1193.79 

0.00* 1142.97 1177.74 

Overall means 1123.01 1205.71 

Overall Order 

1161.16 

1163.98 

1182.62 

1132.77 

1160.35 

A 8 

No significant NaCl treats>ent effect present. 

b 
Overall means for age underscored by a eommon line are not significantly 
different by Tukey's test (p > 0.05).  n • 3. 
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Table 2?. MOVA for potassium (mg/lOOg dry weight) in Cheddar 
cheese. Set II, with selected NaCl concentrations 
measured by Atomic Absorption Spectroscopy. 

Source of V.iri.-ifcion Degrees of Mean Square F Value P value 
Freedom 

Treatment'1 4 529.153 8.56 0.005 

A,eb 1 270.781 4.38 0.070 

Seolicatec 2 12.034 0.19 0.827 

Troatoent x age 4 266.076 4.30 0.038 

Treatment x replicate 8 87.931 1.42 0.315 

Age x replicate 2 4.813 0.07 0.926 

Error 8 61.779 

TOTAL 29 161.485 

Milled curd salted at levels to obtain 1.50, 1.13, 0.75, 0.38, or 0.00% SaCl in the finished cheese. 

Stored at 40° C and analyzed at 0 and 8 months of age. 

"Triplicate samples analyzed within a randomly selected 5-1& block of each treatment. 

Table 28.    Means for potassium (mg/100g dry weight)  in Cheddar 
cheese,  Set II, with selected NaCl concentrations 
measured by Atomic Absorption Spectroscopy. 

Months of age 

Overall NaCl treatoent 0 8 Order 

(A) (S) means 
of 

means 

1.50* 93.32a 117.19a 105.25 * B 

1.134 102.36* 97.62* 100.46 B A 

o;73» 100.90 103.00 101.74 

0.33* 88.17° 103.77" 94.41 A  B 

0.00* 123.93 116.91 119.72 B A 

Overall means 100.68 108.53 

'Cleans within the same age bearing a common superscript are not significantly 
different by TuXey'a test (p > 0.05). n • 3. 

Seans within a NaCl treatment underscored by a coamon line are not significantly 
different by Tukey's test (p > 0.05).  n « 3. 



Table 29. AKOVA for lactic acid bacteria/g x 10 in Cheddar 
cheese. Set I, with selected NaCl concentrations 
through the ripening period. 

Ill* 

Source of Variation Degrees of 
Freedom 

Mean Square F Value ? Value 

Treatment 

Age3 

Treatment x age 

Error 

TOTAL 

3 1,360,000.000 31.44 <0.001 

5 5,620,000.000 130.03 <0.001 

15 891,920.671 20.62 ♦O.OOl 

94 43,252.642 

117 426,029.947 

Milled curd salted at levels to obtain 1.75, 1.31, 0.88, or 0.44% NaCl in ths finished cheese. 

Stored at 40° C and analyzed at monthly intervals. 

Table 30. Means for lactic acid bacteria/g x 10 in Cheddar 
cheese.  Set I, with selected NaCl concentrations 
through the ripening period. 

Months of aqa 

NaCl treatment 0 

;A) 

I 

(ai 

2 

(C) 

3 

(o: 
4 

(E! 

5 

(F) 

Overall 

means 

Order 
of 

meansc 

1.75* 563.80 91.98 33.72 20.88 17.28 16.76 124.07 

1.31* 495.80a 80.66* 28.16* 20.78* 20.04* 17.76* 110.53 

0.88i      1634.00b  212.80*  119.30*  38.58*   58.98*  114.25*   364.00 

A B C D E F 

A 3 C P E F 

A B C F E D 

0.441      2784.00b  240.20*  120.16*  30.02*   99.66*  119.80*   580.25 A B C F 5 0 

Overall means   1369.40   156.41    75.46   27.57    48.99    67.14 

a,b, 
Means within the same age bearing a common superscript are not significantly 
different by Tukey's teat (p > 0.05).  n » 5. 

c 
leans within a NaCl treatment underscored by a comion line are not significantly 
different by Tukey's test (p > 0.05).  n • 5. 
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Table 31. AWOVA for lactic acid bacteria/g x 10 in Cheddar 
cheese. Set II, with selected NaCl concentrations 
through the ripening period. 

Source of Variation Degrees of        Mean Square        F Value        F Value 
Freedom 

Age 

Treatment x age 

Error 

TOTM, 

Millad curd salted at levels to obtain 1.50, 1.1J,  0.7S, 0.<53, or 0.30% NaCl in the finished cheese. 

Stored at 403 C and analyzed at monthly intervals. 

4 119,785.607 31.73 <0.001 

7 1,850,000.000 489.80 <0.001 

28 100,391.388 26.59 <0.301 

155 3,774.777 

194 86,916.478 



Table 32. Means for lactic acid bacteria/g x 10 in Cheddar 
cheese. Set II, with selected NaCl concentrations 
through the ripening period. 

NoCl treatment     0       1 

(A)      (0) 

Months of age 

2 3                  4 

(C) (D)                (E) 

5 

(F) 

6 

(G) 

7     Overall 

(H)      means 

1.50% 343.20* 2.56a 2.23a 1.98a 7.78*   53.96*  64.78* 60.32* 79.81 

1.13* 579.80b 5.80* 2.56* 5.62* 46.36*   48.85*  70.28* 61.51* 117.44 

0.75* 796.80C 74.62* 3.98* 24.72* 48.76*   64.78*   78.12* 113.42* 164.04 

0.38* 1001.60d 115.92* 4.12* 30.02* 53.98*   70.75* 100.82* 118.74* 176.81 

0.00% 1386.00® 118.75* 9.80* 36.22* 83.52* 102.16* 101.58* 147.88* 231.96 

Overall means 821.48 63.53 4.54 19.71 48.08    68.10   83.12 100.37 

a.b.cd.e. 
Means within the same age bearing a conmion superscript are not significantly 
different by Tukey's test (p > 0.05).  n » 5. 

Means within a NaCl treatment underscored by a comnon line are not significantly 
different by Tukey's test (p > 0.05).  n "-S. 

Order 
of „ 

AGHFEBCD 

A G H F E B D C 

A H G 8 F E D C 

A H B G F E D c 

A H -5. F G E D c 

H 
ON 
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Table 33.    MOVA for soluble tyrosine content  of Cheddar 
cheese. Set I, with selected NaCl concentrations 
through the ripening period. 

Source of Variation Degrees of       Maan Square        T  Value        P Value 
Freedom 

Treataent 

Age 

Treatsent x aga 

Error 

TOTAL 

aMilled curd salted at levels to obtain 1.75, 1.31, 0.38, or 0.44% NaCl in the finished cheese. 

'a 
Stored at 40* C and analyzed at monthly intervals. 

3 2,607.130 22.99 <0.001 

5 9,382.636 82.74 <0.001 

15 2S7.341 2.27 0.017 

46 113.396 

69 927.377 

Table 3^.    Means for soluble tyrosine content of Cheddar 
cheese. Set I, with selected NaCl concentrations 
through the ripening period. 

Months of age 

2        3 4 

(c;     (0) (E) 

NaCl treatcent     0       1       2        3       4       S     Overall       Order 

(A)       CB)       (C!       (0)       (E)       (F)     means 0f - 
neanar 

1.7S»       92.73*  110.74ab  135.55*"  130.05a  135.Oe4*  157.06*  128.87     F C E D B A 

1.31*       96.30*   91.89*  137.03*   132.27*  126.38*  171.76**  125.94     F CPE A B 

0.88*       79.96*  112.33**  157.96ab       139.63*  154.99** 166.47**  138.47     F C E D B A 

0.44%       95.18*  130.71*  170.07*   151.09*  167.89*  197.50*  152.07     F C E D B A 

Overall aeans     91.04   111.42   150.15    138.26   146.09   173.20 

' Means within the same age bearing a eomnon superscript are not significantly 
different by Tukey's test (p > 0.05).  n ■ 3. 

Means within a NaCl treatment underscored by 
different by Tukey's teat (p > 0.05) .  n ■ 3. 

cMeans within a NaCl treatment underscored by a coonon line are not significantly 



Table 35. MOVA for soluble tryptophan content of Cheddar 
cheese. Set I, with selected NaCl concentrations 
through the ripening period. 
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Scuxsa of Variation Degrees of 
Freedom 

Mean Square F Value ? Value 

T-eatnent 

Age1* 

treatmant x age 

Error 

TOTAL 

3 147.417 7.83 <0.001 

5 2,409.436 128.01 <0.001 

IS 50.897 2.70 0.005 

46 18.822 

69 204.688 

Milled curd salted at levals to obtain 1.75, 1.31, CSS, or 0.44* NaCl in the finished cheese. 

b. 
Stored at 40* C and analyzed at monthly intervals. 

Table 36. Means for soluble tryptophan content of Cheddar 
cheese. Set I, with selected NaCl concentrations 
through the ripening period. 

treatment 

Months of age 

Overall 

means 

MaCi 0 

(A) 

1 

(8) 

2 

(C) 

3 

(D) 

4 

(Z) 

5 

(PI 

Order 
of 

oeansc 

1.75% 

1.31* 

0.38% 

29.82* 

30.84* 

31.40* 

15.96* 

11.51* 

9.37* 

28.36* 

38.44* 

33.90* 

34.37* 

36.21* 

42.00* 

38.67* 

38.54* 

42.36* 

ab 
54.21 

44.64* 

59.05b 

33.79 

33.36 

36.64 

F ? D A C, B 

• F E C 0 A 8 

F E D C A B 

0.44% 32.51*   11.22*   38.22*   44.03*   49.06*   62.03b    39.51 F E 0 C A B 

Overall means 31.14    12.02    34.73    39.15    42.16 54.98 

a,b Means within the same age bearing a common superscript are not significantly 
different by Tukey's test (p > 0.05). n - 3. 

CMeans within a NaCl treatmant underscored by a common line are not significantly 
different by Tukey's test (p > 0.05).  n - 3. 



Table 37- ANOVA for soluble tyrosine content of Cheddar 
cheese. Set II, with selected NaCl concentrations 
through the ripening period. 
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Source of Variation Degrees of 
Freedom 

Mean Square F Value P Value 

Treataent 
,     b Age 

Treataent x age 

Error 

TOTAL 

4 8,103.480 77.55 ■. <o.oo: 

7 31.249.610 299.07 <0.001 
28 219.208 2.09 <0.006 
76 104.486 

115 2,358.128 

Milled curd salted at levels to obtain l.SO, 1.13, 0.75, 0.38, or 0.00* NaCl in the finished cheese. 

Stored at 40* Z  and analyzed at monthly intervals. 

Table 38. ANOVA for soluble tryptophan content of Cheddar 
cheese. Set II, with selected NaCl concentrations 
through the ripening period. 

Source of Variation Degrees of 
Freedom 

Mean Square F Value P Value 

Treataent 
.  b 
Age 

Treataent x age 

Error 

TOTAL 

4 1,098.041 44.93 <0.001 

7 5,630.597 230.42 <0.001 

28 107.671 4.40 <0.001 

76 

.15 

24.436 

441.078 

Milled curd salted at levels to obtain 1.50, 1.13, 0.75, 0.38, or 0.00% SaCl in the finished cheese. 

Stored at 40* C and analyzed at monthly intervals. 



Table 39.  Means for soluble tyrosine content of Cheddar 
cheese. Set II, with selected NaCl concentrations 
through the ripening period. 

NaCl treatnent 0 

(A) 

1 

(D) (C) 

Months of age 

3                  4 5 6 

(D)               (E) (F) (0) 

7     Overall 

(H)      means 

Order 

of 

means0 

1.50% 31.49 33.35 55.91 56.82 55.07"       68.81 68.80 67.72 55.76 F G H D C E 8 A 

1.13% 

0.75» 

0.38% 

25.06* 4S.00a 54.11a 53.75* 60.24* 77.66*" 72.83^ 74.85ab 57.03 

20.68* 46.25* 60.62ab 70.11*b 66.31*b 79.43*" 91.20b 86.8S*b 64.24 

19.60*   50.88*   72.92ab  eg^e**5  73.34*b  93.00b  81.92*"  77.92ab    67.42 

F H G E C D 8 A 

HGFEDCBA 

HGFEDCBA 

0.00% 21.64*   45.84*   76.07b   77.88b  84.83b  92.65b  86.46**" 88.21b 
72.82 HGFEDCBA 

Overall means    23.69   44.26   63.93   65.66   67.96   82.31   80.24   79.11 

*' Means within the sane age bearing a common superscript are not significantly 

different by Tukey's test (p > 0.05).  n « 3. 

Means within a NaCl treatment underscored by a common line are not significantly 

different by Tukey's test (p > 0.05).  n » 3. 

ro 
O 



Table hO.     Means for soluble tryptophan content of Cheddar 
cheese. Set II, with selected NaCl concentrations 
through the ripening period. 

lad  treatment U 

(A) 

1 

(D) 

Months of age 

2 3                  4 S 

(C) (D)              '(E) (Ft 

6 

(G) 

7     Overall 

(H)      means 

Order 
of . 

1.50% 60.74*  95.32*   106.20*  136.53*  146.56*  159.07*  159.09*° 196.34*     135.60 H G F E D C B A 

1.13» 45.20*" 100.87*  123.31*b 148.04ab 177.72ab 163.77*b 155.29* 202.54*b   140.30 HEFG0CBA 

0.75% 70.50*bC112.88*       135.23abC150.03*b   164.93*b   178.48*bC:189.75bC  222.48*b 150.02 HEFGDC8A 

0.38% aa^^  118.28*       146.67bc 167.10*b 172.61*b 194.ea"0  197.06^°  236.SO1*0 164.75 H E F G D C B A 

0.00% 94.70c     120.79*       165.71C     180.08b    183.llb    211.42°    213.16C    265.55° 181.86 H E F G D C B A 

Overall means    71-88  109.63   135.42  156.36  168.99  181.48  182.87 

a.b.c. 
Means within the sane age bearing a common superscript are not significantly 
different by Tukey's test (p > 0.05).  n - 3. 

Cleans within a NaCl treatment underscored by a coranon line are not significantly 
different by Tukey's test (p > 0.05).  n - 3. 

ro 
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Table 41. MOVA for firmness of Cheddar cheese. Set I, with 
selected NaCl concentrations as measured by Instron. 

Source of Variation Degrees of Mean Square r Value P Value 
Freedom 

3 1.170 36.67 <0.001 

4 o.aee 27.76 <0.001 

12 0.607 19.00 <0.001 

39 0.032 

58 0.270 

Treatment 

Ageb 

Treatnent x age 

Error 

TOTAL 

Milled curd salted at levels to obtain 1.75,  1.31,  0.88, or 0.44% KaCl in the finished cheese. 

Stored at 40* C and analyzed at sonthly intervals. 

Table 42. Means for firmness of Cheddar cheese. Set I, with 
selected NaCl concentrations as measured by Instron. 

NaCl trndcmfn*. 1 

Months of age 

2 

(B) 

3 

(C) 

4 

(0) 

5 

IE) 

Overall 

means 

Order 

1.75 1.94" 2.28 1.98 2.61 2.09 2.18 D B E C A 

1.31% 1.86 1.99 2.00 2.67 
ab 

2.09 2.04 D S C B A 

0.38% 1.38 1.55 1.54 
be 1.82 

be 
1.53 1.56 D B C E A 

0.44% 1.17" 1.32 1.58 1.36 1.75 D E C B A 

Overall means 1.58 1.79 1.69 2.07 2.26 

*'b*cMeans within the sasie age bearing a coitnon superscript are not significantly 
different by Tukey's test (p > 0.05).  n - 3. 

dHeans within a NaCl treatment underscored by a cosnon line are not significantly 
different by Tukey's test (p > 0.05). n - 3. 



Table k3. ANOVA for adhesiveness of Cheddar cheese. Set I, 
with selected NaCl concentrations as measured by 
Instron. 
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Source of Variation Oegreas of 
Freedom 

Mean Square F Value ? value 

Treatment 

Ageb 

Treataent x age 

Error 

TOTAL 

4 

12 

39 

58 

4.428 6.51 <0.001 

2.590 3.81 0.010 

0.701 1.03 0.441 

0.680 

0.989 

Milled curd salted at levels to obtain 1.75,  1.31,  0.88,  cr 0.44% NaCl in the finished cheese. 

Stored at 40* C and analyzed at monthly intervals. 

Table hk. Means for adhesiveness of Cheddar cheese. Set I, 
with selected NaCl concentrations as measured by 
Instron. 

NaCl   trcat;%?iit 1 

(A) 

Months of age 

2 

(B) 

3 

(C) 

4 

(D) 

5 

(E). 

Overall 

means 

Order 
of 

near, s 

1.75t 4.77 5.44 5.01 6.79 5.02 5.41 

1.31* 4.84 5.22 6.56 6.08 5.58 5.59 

0.88% 4.84 5.08 5.22 5.05 4.64 4.97 
ab 

0.44% 4.25 4.58 4.87 4.96 3.31 

Overall means 4.68 5.08 5.31 5.72 4.64 D C B A E 

a'bOverall means for NaCl treatment bearing a consen superscript are not significantly 
different be Tukey's test (p > 0.05).  n - 3. 

cOverall means for age underscored by a connon line are not significantly 
different by Tukey's test <p > 0.05).  n - 3. 



Table U5. MOVA for cohesiveness of Cheddar cheese. Set I, 
with selected NaCl concentrations as measured by 
Instron. 

12U 

Source of Variation 

Treatment 

Age3 

Treatment x age 

Error 

TOTAL 

Milled curd salted at levels to obtain l.?S,   1.31,  0.38,  or 0.44% KaCl in the finished cheese. 

Stored at 40° C and analyzed at aonthly intervals. 

Degrees of Mear. Square F Value P Value 
Freedom 

3 0.06S 12.15 <0.001 

4 0.027 4.71 0.003 

12 0.011 1.87 0.069 

39 0.006 

58 0.011 

Table 1+6. Means for cohesiveness of Cheddar cheese. Set I, 
with selected NaCl concentrations as measured by 
Instron. 

Months of aefe 

NaCl   treatment 1 2 3 4 5 Overall Order 

(A) (B) !C> (D) (E) means 
mear.s 

1.75% 0.40 0.40 0.42 0.42 0.39 0.41* 

1.31% 0.46 0.44 0.54 0.44 0.43 0.46^ 

0.88% 0.59 0.57 0.58 0.46 0.50 0.54 

0.44% 0.70 0.58 0.58 0.52 0.37 0.55 

Overall means 0.54 0.50 0.53 0.46 0.42 E D B C A 

a'b'cOverall means for NaCl treatment bearing a connon superscript are not significantly 
different be Tukey's test (p > 0.05).  n • 3. 

Overall means for age underscored by a common line are not significantly 
different by Tukey's test (p > 0.05).  n • 3. 



Table kf.    MOVA for chewiness of Cheddar cheese. Set I, 
with selected NaCl concentrations as measured by 
Instron. 
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Source of Variation Degrees of 
Freedoa 

Mean Square F Value P Value 

Treatzent 

Ago 

Treatment x age 

Error 

TOTAL 

0.029 i.es 

4 

12 

31 

50 

0.191 

0.081 4.66 0.005 

0.042 2.43 0.023 

0.017 

0.029 

Milled curd salted at levels to obtain 1.75, 1.31, 0.88, or 0.44% NaCl in the finished cheese. 

Stored at 40° C and analyzed at monthly intervals. 

Table 1+8. Means for chewiness of Cheddar cheese. Set I, 
with selected NaCl concentrations as measured by 
Instron. 

NaCl   tre.itnvjnt 1 

(A) 

Months of age 

(B) 

3 

(C) 

4 

(0) 

5 

(E) 

Overall Order 
of ,_ 

1.751 0.64 0.88 0.96 0.76 

1.31% 0.71 0.76 1.04 0.79 

0.88% O-'O 0.75 0.84 0.58 

0.44% 0.71 0.56 0.75 0.59 

Overall means 0-69 0.74 0.90 0.67 

0.72 

0.79 

0.70 

1.07 

0.82 

0.77 

0.81 

0.70 

0.75 

No significant NaCl treatment effect present. 

DMeans within a NaCl treatment underscored by a comnon line are not significantly 
different by Tukey's test (p > 0.05).  n • 3. 

C B D E A 

C E  D B  A 

c BEAD 

E   C A D B 
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Table 1*9. MOVA for gumminess of Cheddar cheese. Set I, 
with selected NaCl concentrations as measured by 
Instron. 

Source of Variation Degrees of Mean Square F Value ? Value 
Freedom 

3 0.025 0.86 0.466 

4 0.031 1.06 0.387 

12 0.05S 1.90 0.064 

39 0.029 

58 0.034 

Treatsent 

Ageb 

Treatment x age 

Error 

TOTAL 

Milled curd salted at levels to obtain 1.75, 1.31, 0.88, or 0.44% NaCl in tile finished cheese. 

Stored at 40° C and analyzed at nonthly intervals. 

Table 50. Means for gumminess of Cheddar cheese. Set I, 
with selected NaCl concentrations as measured by 
Instron. 

NaCl trc-.tuiin.iit I 

1/0 

Months of aae 

2 

(B) 

3 

(C) (D) (E) 

Overall Order 
a 

means of 
means 

1.75* 0.78 0.91 0.83 1.09 0.82 0.88 

1.31% 0.86 0.87 1.07 1.00 0.90 0.93 

0.88% 0.81 0.38 0.89 0.83 0.84 

0.44% 0.82 0.77 0.79 0.83 1.25 0.89 

Overall seans 0.82 0.86 0.88 0.94 0.93 

aNo significant NaCl treatsent effect present. 

No significant age effect present. 



Table 51. MOVA for elasticity of Cheddar cheese. Set I, 
with selected NaCl concentrations as measured by 
Instron. 
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Source of Variation Degrees of Mean Square F Value P Value 
Freedom 

3 0.001 1.09 0.366 

4 0.059 48.76 <0.001 

12 0.002 1.64 0.130 

31 0.014 

50 0.001 

Treatment 

Ageb 

rreatment x age 

irror 

TOTAL 

Milled curd salted at levels to obtain 1.75, 1.31, 0.88, or 3.444 NaCl in the finished cheese. 

Stored at 40" C and analyzed at monthly intervals. 

Table 52. Means for elasticity of Cheddar cheese. Set I, 
with selected NaCl concentrations as measured by 
Instron. 

NaCl   ti'i-tiuik'-nt 

Months of age 

1 2 3 4 5 

(M (B) (C) (0) <E> 

Overall Order 
of 

1.75*. 0.32 0.85 0.92 0.73 0.86 0.84 

1.31» 0.84 0.83 0.97 0.88 0.86 

0.88% 0.86 0.83 0.95 0.70 0.84 

0.44* 0.86 0.82 0.98 0.72 0.85 0.84 

Overall means 0.85 0.83 0.95 0.74 0.88 C E A B 0 

Mo significant NaCl treatment effect present. 

bOverall means for age underscored by a cosmon line are not significantly 
different by Tukey's test (p > 0.05).  n • 3. 



Table 53. ANOVA for firmness of Cheddar cheese. Set II, 
with selected NaCl concentrations as measured by 
Instron. 

128 

Source of Variation Degrees of Mean Square F Value P Value 
Freedom 

4 2.404 25S.16 <0.001 

7 1.972 209.27 <0.001 

28 0.123 13.08 <0.001 

80 0.009 

119 0.232 

Traataant 
, b 
Age 

Treatment.x age 

Error 

TOTAL 

:-U.lled curd salted at lavels to obtain l.SO, 1.13, 0.7S, 0.38, or 0.00* HaCl in the finished cheese. 

b. 
Stored at 40° C and analyzed at monthly intervals. 

Table 5k.    Means for firmness of Cheddar cheese, Sei II, 
with selected NaCl concentrations as measured by 
Instron. 

NaCl treatment 

(A) 

Months of age 

1 2 3       4 5 6 

13) (C) ;D)   (EI (F) (G) 

7  Overall   Order 

(H)  means       d 

1.50* 2.56* 2.80* 2.05* 2.43* 1.66* 1.61* 1.33* 1.23*      1.96 3 A S C E F G H 

0.75% 

0.38% 

2.20b 2.09b 1.82* 2.46* 1.56* 1.47* 1.46* 1.01*"    1.76 DABCEFGH 

1.73C 1.3BC 1.49b 2.09b LAI**       1.33*b       1.2^       0.91b       1.47 D A C  E G  B  F  H 

1.60c 1.43e 1.34b 1.76C 1.36*b       1.13b 1.20*b       0.83b      1.33 DABECGFH 

0.00% 1.27d 1.28e 1.29b 1.57c 1.18b 1.06b 1.06b 0.77b      1.19 DCBAEFSH 

Overall means 1.87    1.79    1.60    2.06    1.44    1.32    1.29    0.95 

a,t,c Means within the same age bearing a conmon superscript are not significantly 
different by Tukey's test (p > 0.05). n - 3. 

Sttans within a NaCl treatment underscored by a common line are not significantly 
different by Tukey's test (p > 0.05).  n - 3. 
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Table 55.    MOVA for adhesiveness of Cheddar cheese,  Set II, 
with selected NaCl concentrations as measured by 
Instron. 

Source of Variation Degrees of Mean Square F Value ? Value 
Freedom 

4 7.812 43.21 <0.001 

7 11.340 62.72 <0.001 

28 0.415 2.29 0.002 

30 0.181 

119 1.149 

Treatment 

Ageb 

Treatment x age 

Error 

TOTAi 

aMiiled curd salted at levels to obtain 1.50,   1.13,  0.75,  0.38,  or 0.00% NaCl in the finished cheese, 

b. Stored at 40° C and analyzed at monthly intervals. 

Table 56. Means for adhesiveness of Cheddar cheese. Set II, 
with selected NaCl concentrations as measured by 
Instron. 

0 

(A) 

1 

(tl) 

Months of age 

NaCl  treatnent 2 

(C) 

3 

(D) 

4 

(E) 

5 

(F) 

6 

<G) 

7     Overall         Order 

(K)     means              of  = means = 

1.50% 5.16a 

5.30* 

4.36^ 

4.38^ 

3.74b 

4.59 

6.39a 

5.32** 

4.11b 

4.30b 

3.98b 

4.82 

4.47* 

5.39^ 

4.30^ 

3.69i, 

3.34* 

4.24 

6.83a 

6.22* 

5.88ab 

5.50^ 

4.79b 

5.84 

4.80a 

4.55a 

4.76a 

4.38a 

3.86a 

4.47 

4.37a 

4.03a 

4.09a 

3.72a 

3.03a 

3.84 

2.88* 

3.60a 

3.10a 

2.87a 

2.30a 

2.95 

4.30a 

3.97a 

3.22a 

3.33a 

3.12a 

3.59 

4.90   DBA E C  F  H  G 

1.13% 4.80   CCBAEFHC 

0.75% 4.23   DEACBFHC 

0.38% 4.02   DEABFCHC 

0.00% 3.52   DB  E  A  C   H  P  r. 

Overall neans 

a'sH»anB  within the same age bearing a eonmon superscript are not significantly 
different by Tukey's test (p > 0.05).  n • 3. 

cMeans within a NaCl treatment underscored by a eonmon line are not significantly 
different by Tuicey's test (p > 0.05). n ■ 3. 



130 

Table 57. MOVA for cohesiveness of Cheddar cheese. Set II, 
with selected NaCl concentrations as measured by 
Instron. 

Source of Variation Degrees of Mean Square F Value P Value 
Freedom 

4 0.046 6.97 <0.001 

7 0.1S2 23.0B <o.oor 

28 0.009 1.39 0.126 

80 0.007 

119 0.017 

Treatment 

Age" 

Treatment x age 

Error 

TOTAL 

aKilled curd salted at levels to obtain 1.50, 1.13, 0.75, 0.38, or 0.30% NaCl in the finished cheese. 

Stored at 40° C and analyzed at monthly intervals. 

Table 58. Means for cohesiveness of Cheddar cheese. Set II, 
with selected NaCl concentrations as measured by 
Instron. 

Months of age 

werall lad  treatment 0 1 2 3 4 5 6 7   C Order 

(A; (B) (C) ■;D) (E) !F) (G) !H) means of 
meansc 

1.50'. 0.33 0.39 0.37 0.45 0.46 0.47 0.34 0.60 0.43a 

1.13% 0.40 0.44 0.50 0.42 0.46 0.48 0.41 0.69 0.47 

0.73t 0.42 0.47 0.47 0.47 0.34 0.54 0.38 0.63 0.47*" 

0.38* 0.47 0.50 0.46 0.54 0.47 0.57 0.40 0.70 0.S2ab 

0.00% 0.51 0.53 0.43 0.51 0.49 0.52 0.37 0.94 0.54b 

Overall means 0.43 0.47 0.45 0.48 0.44 0.52 0.38 0.71 F 0 B C E A G 

' Overall means for NaCl treatment bearing a common superscript are not significantly 
different be Tukey's teat (p > 0.05).  n • 3. 

Overall means for age underscored by a common line are not significantly 
different by Tukey's test (p > 0.05). n - 3. 



Table 59. MOVA for chewiness of Cheddar cheese. Set II, 
with selected NaCl concentrations as measured by 
Instron. 
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Source of Variation Degrees of Keen Square F Value P Value 

Freedom 

4 0.163 18.23 <0.001 

7 0.259 29.02  ' <0.001 

28 0.016 1.77 0.026 

75 0.009 

114 0.031 

Treataent 
b 

Age 

Treatoent x age 

Error 

TOTAL 

Milled curd salted at levels to obtain 1.50. 1.13, 0.75, 0.3S, or 0.00% NaCl in the finished cheese. 

Stored at 40° C and analyzed at aionthly intervals. 

Table 60.    Means for cheviness o'f Cheddar cheese. Set II, 
with selected NaCl concentrations as measured by 
Instron. 

0 

(A) 

Months of age 

:verall 

means 

NaCl treatment 1 

(B) 

2 

(C) 

3 

(3) 

4 

(E) 

5 

(?) 

6 7  ( 

(H) 

Order 

of c 
means 

1.504 0.86* 

0.81° 

0.70* 

0.75* 

CSS" 

0.73 

0.92a 

0.77** 

o.ss" 

0.60b 

0.58b 

0.68 

0.69* 

0.84^ 

ab 
0.66 

0.57^ 

0.50b 

0.65 

1.02a 

0.95a 

0.90S 

0.88a 

0.70a 

0.89 

0.70a 

0.65a 

0.45a 

0.58a 

0.50a 

0.58 

0.69a 

0.61a 

0.64a 

0.56a 

0.47a 

0.59 

0.41a 

0.53a 

0.48a 

0.44a 

0.36a 

0.44 

0.62a 

0.60a 

0.49a 

0.48* 

0.62a 

0.56 

0.73 DJB_ 

0.71 D C 

.A E C F H G 

1.13% A B E F H G 

0.7S»- 0.60 D_A. 

0.60 2_a. 

C F B -H G E 

0.381 f» 5 ,? F H G 

0.00% 0.53 D H 3 A C E F G 

Overall means 

Means within the same age bearing a comon superscript are not significantly 
different by Tukey's test (p > 0.05).  n • 3. 

cMeans within a NaCl treatment underscored by a comon line are not significantly 
different by Tukey's test (p > 0.05). h • 3. 



Table 6l. ANOVA for gumminess of Cheddar cheese, Set II, 
with selected NaCl concentrations as measured by 
Instron. 
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Source of Variation Degrees of 
Freedom 

Mean Square F Value P Value 

4 0.190 18.15 <0.001 

7 0.304 29.03 <0.001 

28 0.019 1.85 0.017 

80 0.010 

119 0.036 

Treataent 

AgS
b 

Treatnent x age 

Error 

TOTAL 

Killed curd salted at levels to obtain 1.50, 1.13, 0.75, 0.38, or 0.00% HaCl in the finished cheese. 

Stored at 40° C and analyzed at monthly intervals. 

Table 62. Means for gumminess of Cheddar cheese, Set II, 
with selected NaCl concentrations as measured by 
Instron. 

"iaCI treatment 0 

(A) 

1 

(3) 

Months of age 

(C) 

3 

(D) (E) 

5 

(F) 

6 

(Cl 

7   Overall 

(K)    means 

Order 
of  . 

1.50% 0.85" 1.10* 0.75° 1.10* 0.70a 0.77* 0.46* 0.74*   0.82   0 B A F C H E G 

1.13% 0.88*        0.91b 0.91*b       1.03* 0.72* 0.71* 0.59* 0.69*    0.81   D B C A E F H 3 

0.75% 0.72*        0.65b O.?!*15      0.98* 0.49* 0.72* 

0.38% 0.76* 0.72b O-ei**"      0.96* 0.63* 0.65* 0.48* 0.58*    0.67   DABFECHG 

0.00% 0.65 0.68 0.56b 0.80* 0.57* 0.56" .39* 0.73*    0.62   D H B A E C F C 

Overall means 0.77    0.81    0.71    0.98    0.63    0.68    0.49    0.66 

*'0Means within the same age bearing a comnon superscript are not significantly 
different by Tukey's test (p > 0.05).  n • 3. 

CMeans within a NaCl treataent underscored by a contnon line are not significantly 
different by Tukey's test (p > 0.05).  n « 3. 
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Table 63. MOVA for elasticity of Cheddar cheese. Set II, 
with selected NaCl concentrations as measured by 
Instron. 

Source of Variation Degrees of Mean Square F Value P value 
Freedoa 

4 0.002 3.12 0.020 

7 0.017 27.70 <0.001 

28 0.001 0.96 0.530 

75 0.001 

114 0.002 

Treacaent 
b 

Age 

Treatser.t x age 

Error 

TOTAL 

Killed curd salted at levels to obtain l.S'J, 1.12, 0.75, 0.38, or 0.3C* NaCl in the finished cheese. 

Stored at 40° C and analyzed at monthly intervals 

Table 6k.    Means for elasticity of Cheddar cheese. Set II, 
with selected NaCl concentrations as measured by 
Instron. 

NaCl troaument 0 

;A) 

I 

(B) 

Months of age 

2 

(C) 

3 

(D) - 

4 5 

(F) 

6 

.(5) 

7  Overall 

(H)  meansa 

Order 
of 

1.50% 3.96    0.84    0.92    0.92 0.92 0.89    0.90    0.84   0.90 

1.13\ 0.95    0.84    0.91    0.92    0.91    0.86    0.89    0.86   0.89 

0.75* 0.94    0.85    0.92    0.91    0.91    0.89    0.92    0.86   0.90 

0.38\ 

0.00* 

Overall means 

0.94 0.84 0.93 0.91 0.92 0.87 0.92 

0.94 0.85 0.88 0.87 0.88 0.84 0.92 

0.94    0.84    0.91    0.91    0.91    0.87    0.91 

0.83   0.89 

0.84   0.87 

0.85 A C G D E F H 

^ significant NaCl treatment effect present. 

Overall means for age underscored by a common line are not significantly 
different by Tukey's test (p > 0.05).  n • 3. 



Table 65.  MOVA for consumer panel ratings for flavor of 
Cheddar cheese. Set I, with selected NaCl concen- 
trations based on a 9-point hedonic scale through 
the ripening period, where 1 = dislike extremely 
and 9 = like extremely. 

131* 

Source o£  Variation 

rreatment 

Ace~ 

Treatment x age 

Panelist within age 

"rror 

TOTAL 

Degrees of Mean Square F Value P Value 
Freedom 

3 151.160 88.92 <0.001 

3 5.435 

9 1.525 0.89 0.527 

156 5.265 1.03 0.380 

468 1.670 

639 

Killed curd salted at levels to obtain 1.75,   1.38,  0.38,  or 0.44% NaCl in the finished cheese. 

^Evaluated at monthly intervals beginning at two months of age. 

Consumer panelists,  n ■ 40. 

Table 66. Means for consumer panel ratings for flavor of 
Cheddar cheese. Set I, with selected NaCl concen- 
trations based on a 9-point hedonic scale through 
the ripening period, where 1 = dislike extremely 
and 9 = like extremely. 

NaCl treatment 

(A) 

Months of aga 

3 4 

(C) 

5 

(D) 

Overall 

means 

Order 

of ^ 

1.75% 6.70 6.75 6.23 6.65 6.58 

1.31% 7.00 7.13 6.60 6.35 

0.88% 

0.44% 

Overall means 

6.30 

4.70 

6.30 

6.13 

4.73 

6.18 

6.28 

4.53 

5.91 

6.68 

5.00 

6.29 

6.47 

4:74 

a.b,c 
Overall means for NaCl treatment bearing a common superscript are not significantly 

different by Tukey's test (p > 0.05).  n • 40. 

dNo significant age effect present. 
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Table 67. MOVA for consumer panel ratings for texture of 
Cheddar cheese. Set I, with selected NaCl concen- 
trations based on a 9-point hedonic scale through 
the ripening period, where 1 = dislike extremely 
and 9 = like extremely. 

Source of Variation Degrees of 
Freedom 

Mean Square r Value ? Value 

Treatment 3 48.027 36.98 <0.001 

Age" 3 0.210 

Treatment x age 9 4.596 3.53 •eO.OOl 

?anelist within age 156 5.S79 0.04 0.990 

Crror 468 1.299 

TCTAL 639 

"Milled curd salted at levels to obtain 1.75,  1.38,  0.88,  or 0.44* NaCl in the finished cheese. 

Evaluated at monthly intervals beginning at two months of age. 

Consumer panelists, n ■ 40. 

Table 68. Means for consumer panel ratings for texture of 
Cheddar cheese. Set I, with selected NaCl concen- 
trations based on a 9-point hedonic scale through 
the ripening period, where 1 = dislike extremely 
and 9 = like extremely. 

(tenths of age 

Overall 

means 

NaCl treatment 2 

(A) 

3 

(3) 

4 

(C) 

5 

(D) 

Order 
of 

aeansc 

1.75% 6.68* .  7.13' 6.88" 6.48* 6.79 B C A D 

1.31* 7.15" 7.13 6.95 6.73 6.99 A_a_£j? 

0.88% 

3.44% 

6.93- 

5.55" 

6.38 

5.53" 

6.83 

5.63" 

6.93 

6.38 

6.76 

5.77 

A D C B 

P C A B 

Overall means 6.58 6.54 6.57 6.63 

a,b Means within the same age bearing a comnon superscript are not significantly 
different by Tukey's test (p > 0.05).  n • 40. 

: Means within a NaCl treatment underscored By a comnon line are not significantly 
different by Tukey's test (p > 0.05). n - 40. 
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Table 69. ANOVA for consumer panel ratings for overall 
desirability of Cheddar cheese. Set I, with 
selected NaCl concentrations based on a 9-point 
hedonic scale through the ripening period, where 
1 = dislike extremely and 9 = like extremely. 

Source of Variation Degrees of 
Freedom 

Mean Square F Value ? Value 

Treatment0 3 134.31B 85.79 <0.001 

Age
b 3 4.289 

Treatment x age 9 2.460 1.57 0.121 

Panelist within age 156 S.300 0.80 0.490 

Srror 468 1.566 

TOTAL 639 

Milled curd salted at levels to obtain 1.75,  1.38,  C.38,  or 0.44% NaCl in the finished cheese. 

Evaluated at monthly intervals beginning at two months of age. 

Consumer panelists, n • 40. 

Table 70. Means for consumer panel ratings for overall 
desirability of Cheddar cheese. Set I, with 
selected NaCl concentrations based on a 9-point 
hedonic scale through the ripening period, where 
1 = dislike extremely and 9 = like extremely. 

Months of age 

Overall 

means 

NaCl treatment 2 

(A) 

3 

(B) 

4 

(C) 

5 

(D) 

Order 
of 

neansc 

1.75% 

1.31% 

6.65 

6.95 

6.93 

6.90 

6.18 

6.63 

6.58 

6.75 

6.58* 

6.81a 

0.88% 6.78 6.00 6.30 6.53 6.40 

0.44% 4.70 4.78 4.55 5.15 4.79 

Overall means 6.27 6.15 5.91 6.25 

overall means for NaCl treatment bearing a comon superscript are not significantly 
different by Tukey's test (p > 0.05).  n ■ 40. 

cNo significant age effect present. 
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Table 71.  MOVA for consumer panel ratings for flavor of 
Cheddar cheese. Set II, with selected NaCl concen- 
trations based on a 9-point hedonic scale through 
the ripening period, where 1 = dislike extremely 
and 9 = like extremely. 

Source of Variation Degrees of 
Freedom 

Mean Square F Value P Value 

Treatment.'1 4 532.546 264.27 <0.001 
Age* 5 6.520 

Treatncnt x age 20 1.543 0.76 0.758 
Panelist within agee 234 4.859 1.34 0.247 
Error 936 2.015 

TOTM. 1199 

Killed curd salted at levels to obtain 1.50.   1.13,  0.75,  0.38,  or 0.00% NaCl  in the  finished cheese. 

Evaluated at nonthly intervals beginning at two nonths of age. 

Consumer panelists,  n • 40. 

Table 72. Means for consumer panel ratings for flavor of 
Cheddar cheese. Set II, with selected NaCl concen- 
trations based on a 9-point hedonic scale through 
the ripening period, where 1 = dislike extremely 
and 9 = like extremely. 

N.iCl  trcitnunt 

Months of Age 

(A) 

3 

IB) 

4 

(C) 

5 

(0) 

6 

(E) 

7 Overall 

neans 

Order 
of 

means6 

1.50\ 

1.13'. 

0.75* 

0.38% 

6.30 6.60 6.55 6.78 6.18 6.60 6.50° 

6.65 7.15 6.70 6.98 6.55 6.68 6.7Ba 

5.60 5.70 5.95 6.33 5.93 5.70 5.87b 

4.33 4.55 5.10 4.78 4.25 4.60 4.60° 

0.00% 3.30 2.98 3.53 3.28 2.93 3.13 3.19 

Overall means 5.24     5.40     5.57     5.63     5.17     5.34 

a,b,c,d 
Overall means for NaCl treatment bearing a cosmon superscript are not significantly 
different by Tukey's test (p > 0.05).  n ■ 40. 

9No significant age effect present. 
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Table 73.  ANOVA for consumer panel ratings for texture of 
Cheddar cheese. Set II, with selected NaCl concen- 
trations based on a 9-point hedonic scale through 
the ripening period, where 1 = dislike extremely 
and 9 = like extremely. 

Source cf Variation 

Treatment" 

Age* 

Treatment x aqe 

Panelist within age 

Error 

TOTAL 

Degrees of Mean Square F Value P value 
Freedara 

4 166.530 103.19 <0.001 

5 S.341 

20 2.273 1.40 0.108 

234 6.347 1.31 0.258 

936 1.614 

1199 

^Milled curd salted at levels to obtain 1.50,   1.13,  0.75,  0.38,  or 0.00% NaCl in the finished cheese. 

Evaluated at monthly intervals beginning at two months of age. 

Consumer panelists n ■ 40. 

Table 7^. Means for consumer panel ratings for texture of 
Cheddar cheese. Set II, with selected NaCl concen- 
trations based on a 9-point hedonic scale through 
the ripening period, where 1 = dislike extremely 
and 9 = like extremely. 

Months cf Age 

Overall NaCl treatment 2 3 4 5 6 7 Order 

(A) (B) (C) (D) (2) (F) means 
of 

r.ear.s e 

l.SOi 6.55 6.95 6.65 7.00 6.55 7.10 6.80* 

1.13% 6.85 6.85 6.83 7.05 6.68 6.75 6.83* 

0.75» 5.93     6.58     6.45     6.83     6.63 6.05 6.41" 

0.38*        5.03     5.65     6.15     5.98     5.58     5.45 

COO*        4-80     4-98     5.23     5.05     4.95     4.40 

5.64" 

Overall means 5.83 6.20 6.26 6.38 6.08 5.95 

a' 'c' Overall means for NaCl treatment bearing a cimmon superscript are not significantly 
different by Tukey's test (p > 0.05).  n - 40. 

3No significant age effect present. 



Table 75. MOVA for consumer panel ratings for overall 
desirability of Cheddar cheese. Set II, with 
selected NaCl concentrations based on a 9-point 
hedonic scale through the ripening period, where 
1 = dislike extremely and 9 = like extremely. 
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Source of Variation Deorees of 
Freedom 

Mean Square F Value P value 

Treataent 

Age 

Treataent r.  age 
c 

Panelist within age 

Error 

TOTAL 

4 477.949 258.38 <q.ooi 

5 6.208 

20 1.782 0.96 0.505 

234 4.728 1.31 0.259 

936 1.850 

1199 

Milled curd salted at levels to obtain 1.50. 1.13, 0.75, 0.38, or 0.00* NaCl in the finished cheese. 

Evaluated at monthly intervals beginning at two months of age. 

Consumer panelists, n ■ 40. 

Table 76. Means for consumer panel ratings for overall 
desirability of Cheddar cheese. Set II, with 
selected NaCl concentrations based on a 9-point 
hedonic scale through the ripening period, where 
1 = dislike extremely and 9 = like extremely. 

N.^Ci   trcat.nK-Mt 2 

(AJ 

3 

(D) 

Months of Age 

4 

(C) (3) 

6 

(E) 

7 

(F) 

Overall 

means 

Order 
of 

means6 

1.50% 6.28     6.95 6.50 6.80     6.08 6.63 6.53 

1-13S       6.63     7.00     6.70     6.53     6.S3     6.58      6.66 

0.75*       5.50     5.80     5.95     6.10     5.75     5.68      5.80b 

0.38% 

0.00% 

4.33 

3.33 

4.68 

3.13 

5.13 

3.78 

4.68 

3.33 

4.38 

3.20 

4.60 

3.13 

4.63 

3.31 

Overall means    5-21     5.51 5.61 5.49 5.18 5.32 

a''c' Overall means for NaCl treatment bearing a common superscript are not significantly 
different by Tukey's test (p > 0.05).  n » 40. 

"No significant age effect present. 
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Degrees of Mean Square F Value P value 
Freedom 

3 367.617 133.68 <0.001 

4 18.899 4.05 0.003 

12 8.062 1.46 0.137 

Table 77. MOVA of trained panel observations for firmness 
of Cheddar cheese. Set I, with selected NaCl con- 
centrations evaluated through the ripening period 
on a 9-point interval scale, where 1 = soft and 
9 = hard. 

Source of Variation 

Treatment 

Age3 

Treatment x age 

Panelist x treatment 

Panelist x age 

Panelist x treatment x age 

Replicatec 

Panelist x replicate 

Panelist x treatment x 
replicate 

Panelist x age x replicate 

Panelist x treatment x age x 
replicate 

Panelist 

Treatment x replicate 

Age x replicate 

Treatment x age x replicate 

TCTAL 

303 

1 

17 

151 

17 

3 

4 

12 

719 

2.580 

2.450 

0.438 

0.636 

8.321 
0.876 

4.099 

0.812 

1.80 

0.32 

0.181 

0.995 

Hilled curd salted at levels to obtain 1.75, 1.31, 0.88, or 0.44% NaCl in the finished cheese. 

b 
Evaluated at monthly intervals beginning at one month of age. 

Judges participated in two sessions with all treatments served at each session. 

Trained judges, n - 18. 



Table 78.    Means of trained panel observations for firmness 
of Cheddar cheese.  Set I, with selected NaCl con- 
centrations evaluated through the ripening period 
on a 9-point  interval scale,  where 1 = soft and 
9 = hard. 

lUl 

NaCl treatment 

:A; 

Months of age 

2 

tS) 

3 

(c; 

4 

CD) 

5 Overall 

Beans 

Order 

1.75* 7.44 6.83 7.17 6.78 7.25 7.09" 

1.31% 7.17 6.11 6.47 5.25 6.03 6.21 

.33* 5.22 6.00 4.61 4.25 4.91" 

4.11 4.00 3.86 4.03 3.22 3.34 

Overall zear.s 5.99 5.74 5.53 5.13 5.19 ABC E D 

a,b,c,d, Overall means for NaCl treatment bearing a connon superscript are not significantly 

different by Tukey's test (p > 0.05).  n • 36. 

eOverall means for age underscored by a connon line are not significantly 

different by Tukey's test (p > 0.05).  n » 36. 
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Table 79.    MOVA of trained panel observations for adhesive- 
ness of Cheddar cheese.  Set I, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point  interval  scale, where 1 = 
waxy and 9 = pasty. 

Source of Variation Degrees of 
Freedom 

Mean Square F Value P Value 

Treatment 

,geb • 

Treatment x age 

Panelist x treatment 

Panelist x age 

Panelist x treatment x age 

Replicate 

Panelist x replicate 

Panelist x treataent x 
replicate 

Panelist x age x replicate 

Panelist x treatment x age x 
replicate 

Panelist 

Treatment x replicate 

Age x replicate 

Treatment x age x replicate 

TOTAL 

3 

4 

12 

303 

1 

IT 

151 

17 

3 

4 

12 

719 

299.909 

55.068 

9.779 

3.527 

0.313 

0.427 

0.874 

18.345 

0.772 

0.806 

0.672 

79.76 

14.64 

1.29 

0.16 

0.22 

<0.001 

<0.001 

0.219 

0.256 

0.999 

Milled curd salted at levels to obtain 1.75, 1.31, 0.88, or 0.44% NaCl in the finished cheese. 

Evaluated at sonthly intervals beginning at one month of age. 

cJudges participated in two sessions with all treatoents served at each session. 

Trained judges, n • 18. 



Table 80. Means of trained panel observations for adhesive- 
ness of Cheddar cheese, Sfcit I, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = 
waxy and 9 = pasty. 

1U3 

NaCi treatasnt 1 

(A) 

Months ofaoe 

2 

(B) 

3 

(C) 

4 

(D) 

5 

(E! 

Overall 

means 

Order 

aeans 

1.75% 2.67 2.72 2.92 3.72 3.03 3.02 

1.31* 2.94 4.22 3.47 5.08 4.00 3.94 

0.88% 4.28 3.61 S.36 6.06 5.81 5.02 

0.44% 

Overall means 

5.39 

3.82 

5.33 

3.97 

6.14 

4.47 

6.19 

5.26 

6.92 

4.95 

5.99 

B_E C B A 

a''c' Overall means for HaCl traatnent bearing a cumion superscript are not significantly 

different by Tukey's test (p > 0.05).  n • 36. 

"Overall means for age underscored by a cossaon line are not significantly 

different by Tukey's test (p > 0.05).  n • 36. 



Table 81. MOVA of trained panel observations for cohesive- 
ness of Cheddar cheese. Set I, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = curdy 
and 9 = malleable. 

1UU 

Source of Variation Degrees of 
Freedom 

Mean Square F Value P Value 

Treatment 

Ageb 

Treatment x age 

Panelist x treataent 

Panelist x age 

Panelist x treatment x age 

Replicate 

Panelist x replicate 

Panelist x treatment x 
replicate 

Panelist x age x replicate 

3 

4 

12 

303 

1 

17 

Panelist x treatment x age x 151 
replicate 

Panelist3 17 

Treatment x replicate 3 

Age x replicate 4 

Treatment x age x replicate 12 

TOTAL 719 

291.231 

77.505 

12.188 

3.557 

0.013 

0.789 

0.670 

19.743 

0.494 

2.009 

1.009 

76.80 

20.44 

1.60 

0.01 

0.55 

<0.001 

<0.00l 

0.089 

0.922 

0.925 

Milled curd salted at levels to obtain 1.75, 1.31, 0.88, or 0.44% NaCl in the finished cheese. 

D 
Evaluated at monthly intervals beginning at one month of age. 

'Judges participated in two sessions with all treatments served at each session. 

Trained judges. 18. 
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Table 82. Means of trained panel observations for cohesive- 
ness of Cheddar cheese. Set I, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = curdy 
and 9 = malleable. 

■Months of age 

NaCl traataent 1 

(A; (B) 

3 

(C) 

4 5 

(E) 

Overall 

means 

Order 
of . 

1.75% 2.50 3.00 3.92" 5.14" 3.78° 3.67 DCS  B  A 

1.215 3.94 4.44 S.86" 4.92" 4.59 DSC  A B 

0.38', 4.94 be 4.06 6.25 5.00" 6.94" 5.64 ECO A B 

0.441 6.50 6.08" 6.83" 6.47" 7.11" 6.60 E  C  A  D  B 

Overall means 4.47 4.23 5.36 5.87 5.69 

a,b,c 
Means within the same age bearing a common superscript are not significantly 
different by Tukey's test (p > 0.05).  n » 36. 

Means within a NaCl treatment underscored by a common line are not significantly 
different by Tukey's test (p > 0.05).  n - 36. 



Table 83. ANOVA of trained panel observations for acidity 
of Cheddar cheese, Set I, with selected NaCl con- 
centrations evaluated through the ripening period 
on a 9-point interval scale, where 1 = absent and 
9 - pronounced. 

Ik6 

Source of Variation Degrees of 
Freedom 

Mean Square ? Value P Value 

Treatment 

Age 

Treatment x age 

Panelist x treatment 

Panelist x age 

Panelist x treatment x age 

Replicate 

Panelist x replicate 

Panelist x treatment x 
replicate 

Panelist x age x replicate 

Panelist x treatment x age x 
replicate 

d 
Panelist 

Treatment x replicate 

Age x replicate 

Treatment x age x replicate 

TOTAL 

3 

4 

12 

303 

1 

17 

151 

17 

3 

4 

12 

719 

30.767 

9.884 

2.S02 

3.429 

0.089 

0.S98 

0.574 

14.256 

0.315 

0.370 

0.230 

8.41 

2.70 

0.34 

0.07 

0.48 

<0.001 

0.030 

0.980 

0.788 

0.956 

Milled curd salted at levels to obtain 1.7S, 1.31, 0.88, or 0.44* NaCl in the finished cheese. 

b 
Evaluated at monthly Intervals beginning at one month of age. 

Judges participated in two sessions with all treatments served at each session. 

Trained judges, n ■ 18. 
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Table 8k.    Means of trained panel observations for acidity 
of Cheddar cheese. Set I, with selected NaCl con- 
centrations evaluated through the ripening period 
on a 9-point interval scale, where 1 = absent and 
9 = pronounced. 

Months of aqe 

Overall NaCl treataent i 2 3 4 5 Order 

(A) (B) (C) CD) (E) means 
of = 

aeans 

1.7S* 4.61 4.33 4.82 4.97 4.78 4.70* 

1.31* 4.44 5.11 4.67 4.33 4.83 4.78* 

o.ast 4.67 5.22 5.39 5.11 5.58 5.19*" 

0.44* 4.83 5.42 5.94 5.69 6.08 5.59" 

Overall aeans 4.64 5.02 5.20 5.15 5.32 E C D B A 

*'bOverall means for NaCl treatment bearing a coauon  superscript are not significantly 
different by Tukey's test (p > 0.05).  n • 36. 

cOverall means for age underscored by a conmon line are not significantly 
different by Tukey's test (p > 0.05).  n • 36. 



Table 85. MOVA of trained panel observations for saltiness 
of Cheddar cheese. Set I, with selected NaCl con- 
centrations evaluated through the ripening period 
on a 9-point interval scale, where 1 = absent and 
9 = pronounced. 

1U8 

Source of Variation Degrees of 
Freedom 

Mean Square F Value P Value 

Treataent 3 348.559 128.39 <0.001 

,ge
fc 4 14.365 5.29 <0.001 

Treatment x age 12 8.5S1 1.57 0.973 

Panelist x treatnent 

Panelist x age 

Panelist x treataent x age 303 2.547 

Replicate 1 0.006 0.01 0.936 

Panelist x replicate 17 0.538 0.61 0.876 

Panelist x treataient x 
replicate 

Panelist x age x replicate 

Par.elist x treataent x age x 151 0.409 

replicate 
d 

Panelist 17 18.772 

Treataent x replicate 3 0.394 

Age x replicate 4 0.058 

Treatnent x age x replicate 12 0.206 

TOTAL 719 

aMilled curd salted at lavels to obtain 1.75, 1.31, 0.88, or 0.44% NaCl in the finished cheese. 

Evaluated at monthly intervals beginning at one month of age. 

cJudges participated in two sessions with all treataents served at each session. 

Trained judges, n 18. 



Table 86.    Means of trained panel observations for saltiness 
of Cheddar cheese.  Set  I, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point  interval  scale, where 1 = 
absent and 9 = pronounced. 

11+9 

NaCl trsautent 1 

(A) 

Months of age 

2 3 4 

B) (C) (0) 

5 

(E) 

Overall 

means 

Order 
of e 

T.eans 

1.75% 4.89 5.50 6.22 5.72 5.86 5.64° 

i..31» 4.67 4.67 5.61 4.97 5.47 5.07* 

0.38% 3.72 5.33 3.53 3.58 4.00 4.03 

0.441 2.00 2.78 2.42 2.36 2.81 2.47" 

Overall sieans 3.82 4.57 4.44 4.16 4.53 B E C D A 

a,b,c,d 
Overall means for NaCl treatment bearing a common superscript are not significantly 
different by Tukey's test (p > 0.05). n - 36. 

Overall means for age underscored by a conmon line are not significantly 
different by Tukey's test (p > 0.05). n • 36. 
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Table 87.    MOVA of trained panel observations for Cheddar 
intensity of Cheddar cheese.   Set  I, with selected 
NaCl concentrations  evaluated through the ripening 
period on a 9-point  interval scale, where 1 = 
absent  and 9 = pronounced. 

Source of Variation Degrees of 
Froedoa 

Mean Square F Value P Value 

Treataent 

Ageb 

Treataent x age 

Panelist x treatment 

Pa.-.elist x age 

Panelist x treatment x age 
. ■ c Replicate 

Panelist x replicate 

Panelist x treataent x 
replicate 

Panelist x age x replicate 

3 

4 

12 

303 

1 

17 

Panelist x treatment x age x 151 
replicate 

Panelist 17 

Treataent x replicate 3 

Age x replicate 4 

Treataent x age x replicate 12 

TCTAi 719 

2.017 1.S5 0.201 

49.892 38.44 <0.001 

0.793 0.30 0.988 

1.217 

0.672 

0.458 

0.334 

7.775 

0.446 

0.176 

0.316 

0.94 

0.64 

0.333 

0.854 

Milled curd salted at levels to obtain 1.75, 1.31, 0.88, or 0.44% NaCl in the finished cheese. 

b 
Evaluated at monthly intervals beginning at one month of age. 

Judges participated in two sessions with all treatments served at each session. 

Frained judges. IB. 
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Table 88.    Meauis of trained panel observations  for Cheddar 
intensity of Cheddar cheese.  Set I, with selected 
NaCl concentrations evaluated through the ripening 
period on a 9-point  interval  scale, where 1 = 
absent and 9 = pronounced. 

NaCl treacnanc 1 

(A) 

Months of age 

(B) 

3 

(C! 

4 

(0) 

s 

(E) 

Overall 

meansa 

Order 
of 

1.75* 

1.31% 

1.2S 

1.50 

2.00 

2.06 

2.44 

2.58 

2.78 

2.94 

2.39 

2.44 

2.17 

2.31 

0.38* 1.39 2.22 2.33 3.22 2.94 2.42 

0.44% 1.44 2.31 2.61 2.89 2.61 2.37 

Overall means 1.40 2.15 2.49 2.96 2.60 DEC  B  A 

NO significant Nacl treatment effect present. 

Overall means for age underscored by a eemmon line are not significantly 
different by Tukey's test   (p > 0.05).    n ■ 36. 



Table 89. ANOVA of trained panel observations for bitter- 
ness of Cheddar cheese. Set I, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = 
absent and 9 = pronounced. 
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Source of Variation Degrees of Mean Square T Value P Value 
Freedoa 

3 162.542 52.02 <0.00l 

4 93.912 30.05 <0.001 

12 8.715 1.39 0.169 

Treatsiant 
Age 

Treatment x age 

Panelist x treataent 

Panelist x age 

Panelist x treatment x age 

Replicate 

Panelist x replicate 

Panelist x treatment x 
replicate 

Panelist x age x replicate 

Panelist x treatnent x age x 
replicate 

Panelist*1 

Treatment x replicate 

Age x replicate 

Treatment x age x replicate 

TOTAL 

303 

i 
17 

151 

17 

2 

4 

12 

719 

2.931 

0.035 

0.870 

0.756 

19.324 

2.124 

0.017 

0.824 

0.02 

0.53 

0.883 

0.930 

Milled curd salted at levels to obtain 1.75, 1.31, 0.88, or 0.44% NaCl in the finished cheese. 

Evaluated at monthly intervals beginning at one month of age. 

cJudges participated in two sessions with all treatments served at each session. 

Trained judges, n • IB. 
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Table 90. Means of trained panel observations for bitter- 
ness of Cheddar cheese. Set I, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = 
absent and 9 ~ pronounced. 

Months of aoe 

NaCl -.reatffler.t 1 

!A) 

2 

(B) 

3 

(C) 

4 

(D) 

5 

(E) 

Overall 

means 

Order 
of  J 

1.75* 2.17 2.89 3.00 3.25 2.92 2.84" 

L.31« 2.06 4.00 3.06 3.67 3.44 3.24" 

3.38% 

3.44% 

2.17 

3.11 

3.39 

5.03 

4.17 

5.19 

5.08 

5.67 

4.56 

6.11 

3.87 

5.02 

Overall means 2.38 3.83 3.85 4.42 4.26 D E C B A 

Overall means for NaCl treatment bearing a conmon superscript are not significantly 
different by TuJcey's test (p > 0.05).  n • 36. 

Overall means for age vinderscored by a consen line are not significantly 
different by Tukey's test (p > 0.05).  n ■ 36. 
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Table 91. ANOVA of trained panel observations for sulphide 
of Cheddar cheese. Set I, with selected NaCl con- 
centrations evaluated through the ripening period 
on a 9-point interval scale, where 1 = absent and 
9 = pronounced. 

Source of Variation Degrees of Mean Square F Value P Value 
Preedoa 

3 68.359 29.59 <0.001 

4 16.579 7.17 <0.001 

12 1.020 0.22 0.997 

Traatsient" 
Ago* 

Treatoer.t x age 

Panelist x treatment 

Panelist x age 

Panelist x treatment x age 

Replicate 

ranelist x replicate 

Panelist x treaticant x 
replicate 

Panelist x age x replicate 

303 

1 

17 

Panelist x treatcent x age x 151 
replicate 

d 
Panelist 17 

Treatment x replicate 3 

Age x replicate 4 

Treatment x age x replicate 12 

TOTAL 719 

2.167 

4.050 

1.021 

0.627 

14.841 

0.061 

1.005 

0.484 

3.01 

0.76 

0.084 

0.735 

"Milled curd salted at levels to obtain 1.75, 1.31, 0.88, or 0.44% NaCl in the finished cheese. 

Evaluated at monthly intervals beginning at one month of age. 

Judges participated in two sessions with all treatments served at each session. 

Trained judges, n • 18. 



Table 92.    Means of trained panel observations for sulphide 
of Cheddar cheese, Set I, with selected NaCl con- 
centrations evaluated through the ripening period 
on a 9-point interval scale, where 1 = absent and 
9 = pronounced. 
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NaCl treatment 1 

(A) 

Months ofaoe 

2 

(B) 

3 

(C) 

4 

(D) 

S 

(E) 

Overall 

near.s 

Order 

means 

1.75* 

1.31* 

4.28 

4.33 

4.17 

4. SO 

4.78 

4.92 

4.92 

S.03 

4.67 

4.56 

4.56 

4.67 

3.884 3.44 3.83 3.97 4.61 4.42 4.06 

0.44% 2.89 3.14 3.28 3.89 3.39 3.32 

Overall means 3.74 3.91 4.24 4.61 4.26 DEC B A 

a,b,c. 'Overall means for HaCl treatment bearing a coranon superscript are not significantly 
different by Tukey's test  (p > 0.05).     n ■ 36. 

'overall means for age underscored by a cannon  line are not significantly 
different by Tukey's test   (p > 0.05).    n - 36. 
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Table 93.  MOVA of trained panel observations for unpleasant 
aftertaste of Cheddar cheese. Set I, with selected 
NaCl concentrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = absent 
and 9 = pronounced. 

Source of Variation Degrees of 
Freedom 

Mean Square F Value F Value 

Treataent 

Age 

Treataent x age 

Panelist x treatnent 

panelist x age 

Panelist x treatnent x age 

Replicatec 

Panelist x replicate 

Panelist x treatnent x 
replicate 

Panelist x age x replicate 

Panelist x treatnent x age x 
replicate 

d 
Panelist 

Treatnent x replicate 

Age x replicate 

Treatnent x age x replicate 

TOTAL 

3 131.872 34.96 ■cO.OOl 

4 73.738 19.54 <0.00 1 

12 5.247 0.69 0.758 

303 3.538 

1 3.613 1.87 0.172 

17 1.304 0.67 0.821 

151 

17 

3 

4 

12 

719 

0.900 

19.498 

0.279 
1.168 

0.548 

^Milled curd salted at levels to obtain 1.75,  1.31,  0.88,  or 0.44% NaCl in the finished cheese. 
b 
Evaluated at monthly intervals beginning at one month of age. 

Judges participated in two sessions with all treatments served at each session. 

drained judges,  n ■ 18. 
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Table 9k.    Means of trained panel observations for unpleasant 
aftertaste of Cheddar cheese.  Set  I, with selected 
NaCl concentrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = absent 
and 9 = pronounced. 

Months of age 

XaCl treatnent 

(A) 

2 

(B) 

3 

(C) 

4 

(D) 

S 

(E) 

Overall 

means 

Order 
of 

1. .75* 

1. ,31% 

0. .38% 

0. .44% 

Overall sear.s 

2.56 

2.22 

3.00 

3.78 

2.89 

3.61 

3.50 

3.28 

4.78 

3.79 

3.25 

3.47 

4.06 

5.28 

4.01 

3.92 

4.03 

5.28 

6.00 

4.61 

3.08 

3.72 

4.72 

5.89 

4.35 

3.28" 

3.39 

7* 4.0 

5.14 

p e C B A 

a,b,c, 
Overall neans for NaCl treatment beating a comoon superscript are not significantly 
different by Tukey's test (p > 0.05).  n • 36. 

d 
Overall Beans for age underscored by a common line are not significantly 
different by Tukey's test (p > 0.05).  n ■ 36. 
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Table 95. MOVA of trained panel observations for firmness 
of Cheddar cheese. Set II, vith selected NaCl con- 
centrations evaluated through the ripening period 
on a 9-point interval scale, where 1= soft and 
9 = hard. 

Source of Variation Degrees cf 
Freedom 

Mean Square F Value 

Treataer.t 

Age" 

Treatae.-.t x age 

Panelist x treataant 

Panelist x age 

Panelist x traatrent x age 

Seplicate 

fanalist x replicate 

Par.elist x treanser.t x 
replicate 

Panelist x age' x replicate 

Panelist x treatment x age x 
replicate 

. .    d r-inexist 

Traautent x replicate 

Age x replicate 

Treatment x age x replicate 

TOT.'C 

4 

6 

24 

276 

I 

9 

276 

9 

4 

6 

24 

699 

259.636 141.72 <o.oo: 
3.495 1.90 0.079 

1.475 0.80 0.730 

1.6S3 

0.516 

1.008 

0.838 

12.981 

1.319 

1.582 

0.369 

0.55 

1.08 

0.456 

0.373 

Milled curd salted at levels to obtain 1.50, 1.13, 0.75, 0.38, or 0.00% NaCl in the finished cheese. 

"Evaluated at monthly intervals beginning at one month of age. 

c 
Judges participated in two sessions with all treatments served at each session. 

Trained judges, n ■ 10. 
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Table 96. Means of trained panel observations for firmness 
of Cheddar cheese. Set II, with selected NaCl con- 
centrations evaluated through the ripening period 
on a 9-point interval scale, where 1 = waxy and 
9 = pasty. 

Had  treatment 

(tenths 0* Age 

Overall 1 2 3 4 5 6 7 Order 

(A) (8) (C) (D) (E) (F) (S) scans 
of 

means 

7.06 7.13 7.15 7.05 6.81 6.40 6.78 6.91* 

6.00 6.19 7.00 6.30 6.63 5.80 6.00 6.27b 

5.00 4.94 5.05 5.32 5.13 5.35 5.00 5.12C 

1.50% 

1.13% 

0.75% 

0.38% 4.17 4.25 4.75 4.55 4.50 4.35 4.78 4.48 

0.00% 3.72 3.56 4.10 3.20 3.50 3.25 3.11 3.49 

Overall means   S.19    5.21    5.61    5.28    5.31    5.03    5.13 C E D B A G F 

a,b,c,d,e 
Overall means for NaCl treataent bearing a eonunon superscript are not significantly 
different by Tukey's test <p > 0.05).  n - 20. 

Overall means for age underscored by a common line are tot significantly 
different by Tukey's test (p > 0.05).  n • 20. 
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Table 97. ANOVA of trained panel observations for adhesive- 
ness of Cheddar cheese. Set II, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = 
waxy and 9 = pasty. 

source of Variation Degress of Mean Square F Value ? Value 
Freedoo 

4 190.8S4 83.06 <0.001 

6 10.560 4.59 <0.001 

24 1.545 0.67 0.376 

Treatsent 
Age" 

Treatment x age 

Panelist x treatKer.t 

Panelist x age 

Panelist x treatment x age 

Replicate 

Panelist x replicate 

Panelist x treataent x 
replicate 

Panelist x age x replicate 

Panelist x treatoant x age x 
replicate 

Fanelistd 

Treatment x replicate 

Age x replicate 

Treataent x age x replicate 

TOTAL 

276 

1 

9 

276 

9 

4 

6 

24 

699 

2.073 

0.368 0.31 0.576 

1.153 0.98 0.453 

1.057 

10.261 

0.748 

2.089 

0.846 

Hilled curd salted at levels to obtain 1.50, 1.13, 0.75, 0.38, or 0.00% NaCl in the finished cheese. 

b 
Evaluated at monthly intervals beginning at one month of age. 

Judges participated in two sessions with all treatments served at each session. 

Trained judges, n ■ 10. 
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Table 98. Means of trained panel observations for adhesive- 
ness of Cheddar cheese. Set II, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = 
waxy and 9 = pasty. 

Months of Age 

NaCl treatment    1 

(A) (B) 

3 

(C) 

4 

(D) 

5 

(E) 

6 

IT) 

7 

(G) 

Overall 

neons 

Order 
of 

L.SOt 3.28    3.31    3.85    3.55    4.19    3.90    4.00    3.78 

1.13% 4.00    4.38    4.35    4.25    5.13    4.60    4.33    4.42 

0.75* 4.83    5.63    5.60    5.58    5.31    5.25    5.56    5.39 

0.33* 

0.30% 

5.22 6.50 6.25 5.85 6.38 5.90 

5.88 6.50 6.90 6.45 6.69 6.20 

4.61 5.36 5.39 5.13 5.54 5.17 

6.50    6.07 

7.56    6.60 

5.59 G E C B F D A 

a,b,c Overall means for NaCl treatment bearing a common superscript are not significantly 
different by Tukey's test (p v 0.05).  n -20. 

Overall means for age underscored by a coaraon line are not significantly 
different by Tukey's test (p > 0.05).  n - 20. 
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Table 99.    MOVA of trained panel observations for cohesive- 
ness of Cheddar cheese.  Set II, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point  interval scale, where 1 = 
curdy and 9 = malleable. 

Source of Variation Degrees of Mean Square F Value ? Value 
Freedom 

4 146.041 71.91 <0.001 

6 19.485 9.59 <0.001 

24 3.370 1.65 0.029 

Treatment 
b 

«ge 

Treatment x age 

Panelist x treatrer.t 

Panelist x age 

Panelist x treatment x age 
« - ■   c Repxicate 

Panelist x replicate 

Panelist x treatment x 
replicate 

Panelist x age x replicate 

Panelist x treatment x age x 
replicate 

d 
Panelist 

Treatment x replicate 

Age x replicate 

Trautment x age x replicate 

TOTAL 

276 

1 

9 

276 

9 

4 

6 

24 

699 

1.832 

4.641 4.57 0.033 

1.502 1.47 0.155 

0.916 

27.382 

3.259 

1.745 

1.108 

d. 

Milled curd salted at levels to obtain 1.50,   1.13,  0.75,  0.38,  or 0.00% NaCl in the finished cheese. 
'a 
Evaluated at monthly intervals beginning at one month of age. 

'Judges participated in two sessions with all treatments served at each session. 

Trained judges,   n • 10. 
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Table 100. Means of trained panel observations for cohesive- 
ness of Cheddar cheese. Set II, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = 
curdy and 9 = malleable. 

treatment 

Months of Age 

Overall NaCl 1 2 3 4 5 6 7 Order 

(A) (B) (C) (D) (E) IT) (G) means of d 
means 

1.50% 3.00* 3.69S 4.15* 4.65* 5.19* 5.55* 5.17* 4.50 F F S  D  C B A 

1.13% 3.94^ 5.00^ 4.554b 4.42* 5.50*" 5.37* 5.44* 4.87 SS. f B S 5 * 

0.75% 4.72-* 5.94bC 6.10bC 5.68^ 5.69*b 6.00* e-se*" 5.82 <*-^ F B E D A 

0.38% S.83Cd 6.60bC 6.2Sb<: 6.10*" 6.07*b 6.55* 6.56* 6.29 B G F C D E A 

0.30% 6.S6d 7.31C 6.95= 7.10b 7.13b 6.75* 7.28b 7.01 B 5 E D C F A 

Overall means   4.77    5.70    5.60    5.61    5.91    6.05    6.20 

a' 'cMeans within the saae age bearing a comnon superscript are not significantly 
different by Tukey's test (p > 0.05).- n • 20. 

Means within a NaCl treatment underscored by a connon line are not significantly 
different by Tukey's test (p > 0.05).  n • 20. 



Table 101. ANOVA of trained panel observations for acidity 
of Cheddar cheese. Set II, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = 
absent and 9 = pronounced. 
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vanatior. Degrees of 
Freedom 

Mear. Square Value ? Vtiue 

?reat.■ne-t,• 4 

Age 6 

Treataar.t x age 24 

Panelist x treatment 

Panelist x age 

Panelist x treatment x age 276 

Replicate * 
raneiist x replicate 9 

Panelist x treataent x 
replicate 

Panelist x age x replicate 

Panelist x treataent x age x 276 
replicate 

d 
Panelist 9 

Treataent x replicate 4 

Age x replicate 6 

Treataent x age x replicate 24 

TOTAL 699 

26.281 11.69 < 0.001 

15.553 8.72 < 0.001 

0.875 0.38 0.996 

2.028 

0.966 1.05 0.305 

1.023 1.11 0.352 

0.828 

34.000 

0.834 

0.649 

0.721 

Milled curd salted at levels to obtain 1.50. 1.13, 0.75. 0.38, or 0.00% NaCl in the finished cheese. 

b 
Evaluated at monthly intervals beginning at one month of age. 

'Judges participated in two sessions with all treatments served at each session. 

Trained judges, n - 10. 



Table 102.    Means of trained panel observations for acidity 
of Cheddar cheese.  Set  II, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = 
absent and 9 = pronounced. 
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Months of Age 

NaCl treatment 1 

(A) 

2 

(B) 

3 

(C) 

4 

(D) 

5 

(E) 

6 

(F) 

7 

(GJ 

Overall 

means 

Order 
of 

l.SOt 3.56 5.00 4.70 4.55 4.S8 4.90 4.50 4.58" 

1.13% 3.94 4.56 4.60 5.15 5.00 4.70 4.83 4.69" 

0.75% 4.00 5.00 4.70 4.90 5.38 4.65 5.00 4.79" 

0.38% 4.11 4.63 5.20 5.20 5.00 4.90 5.50 4.95 

0.00% 4.72 5.56 5.80 5.95 5.69 5.75 6.17 5.6' 7* 

Overall means 4.07 4.95-        5.00 5.15 5.19 4.98 5.20 G E D C  F B A 

Overall means for NaCl treatment bearing a comaor. superscript are not significantly 
different by Tukey's test (p > 0.05).  n • 20. 

cOverall means for age underscored by a comon line are not significantly 
different by Tukey's test (p > 0.05).  n - 20. 
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Table 103. MOVA of trained panel observations for saltiness 
of Cheddar cheese. Set II, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = 
absent and 9 = pronounced. 

Source of Variatioi: Ocgrucs of 
Frecdon 

Xoan Square F Value 

Treatment 

Age" 

rreatr.ent x age 

Panelist x treatment 

Panelist x age 

Panelist x treataent x age 

Replicate 

Panelist :< replicate 

Panelist x  treatxer.t x 
replicate 

Panelist x age x replicate 

Panelist x treatac.-.t x age x 
replicate 

d 
Panelist 

Treatment ■'.  replicate 

Age x replicate 

Trearsent x age x replicate 

TOTAL 

4 

6 

24 

276 

1 

9 

276 

9 

4 

6 

24 

699 

35.787 223.13 <0.001 

8.250 5.14 <0.001 

1.142 0.71 0.838 

1.447 

0.091 0.14 0.703 

0.510 0.81 0.604 

0.566 

35.883 

0.177 

0.438 

0.782 

Milled curd salted at levels to obtain 1.50, 1.13, 0.75, 0.38, or 0.00% NaCl in the finished cheese. 

Evaluated at monthly intervals beginning at one month of age. 

"Judges participated in two sessions with all treatments served at each session. 
a-*. Trained judges, n ■ 10. 
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Table lOU. Means of trained panel observations for saltiness 
of Cheddar cheese. Set II, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point interval scale, vhere 1 = 
absent and 9 = pronounced. 

NaCl treatment 

Months of Aae 

1       2       3       4       5       6       7    Overall 

(A)     (B)     (C)     (D)     (E)     (F)     (G)    means 

Order 
of , 

1.50% 5.33    5.38    6.20    6.45    6.31    6.00    5.50    5.89 

1.13* 5.06    5.00    5.55    5.60    5.69    5.20    5.17    5.33 

0.75% 

0.38% 

3.38 

2.56 

3.56    3.95    3.85    4.44    4.60    3.33 

2.81    3.05 2.90 3.00 3.35    2.67 

3.88 

2.91 

0.00% 1.83    2.06    2.05    1.90    2.38    2.25    1.94    2.05 

Overall means   3.63    3.76    4.16    4.14    4.36    4.28    3.72 E F C 0 B G A 

a'b'c'd'"overall means for NaCl treatment bearing a cosmon superscript are not significantly 
different by Tukey's test (p > 0.05). . n ■ 20. 

Overall means for age underscored by a common line are not significantly 
different by Tukey's test (p > 0.05).  n - 20. 
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Table 105-  MOVA of trained panel observations for Cheddar 
intensity of Cheddar cheese. Set II, with selected 
NaCl concentrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = 
absent and 9 = pronounced. 

Source of Variation 

Treataant 
,  b Age 

Treatnent x age 

Panelist x trectaent 

Panelist x age 

Panelist »  treatment x age 276 

?.cpiicatcc 1 

Pinolist x replicate 9 

P&nelist x treatment x 
replicate 

Panelist x age x  nplicato 

Panelist x treatment x age :< 276 0.56* 
replicate 

Panelist3 9 66.340 

Degrees of Mean Square F Value P Value 
Freedom 

4 135.009 83.21 <0.001 

6 24.028 14.81 <0.001 

24 2.700 1.66 0.028 

1.463 

4.013 6.41 0.011 

0.587 0.94 0.491 

Treatment x replicate 

Age x replicate 

?ruatr.ent x age x replicate 

4 0.316 

6 0.360 

24 0.551 

699 

Milled curd salted at levels to obtain 1.50, 1.13, 0.75, 0.38, or 0.00* NaCl in the finished cheese. 

Evaluated at monthly intervals beginning at one month of age. 

"Judges participated in two sessions with all treatments served at each session. 

d 
Trained judges, n « 10. 
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Table 106. Means of trained panel observations for Cheddar 
intensity of Cheddar cheese. Set II, with selected 
NaCl concentrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = 
absent and 9 = pronounced. 

Months of Aqe 

Overall NaCl treatment 1 2 3 4 5 6 7 Order 

(A) (B) (C) (D) !£> (F) (G) means of 
near.s6 

1.50* 3.72a 4.13* 5.00* 4.95* 5.75* 5.35* 5.72* 4.95 E  G  F  C   D  B  A 

1.13» 4.00" 3.94* 5.10* 4.85*" 5.44* 5.20* 6.00* 4.95 G  E   r  C   D  A  B 

0.75% 3.39* 

2.88SC 

3.93* 

3.31** 

4.20b 

3.55= 

4.25b 

3.35= 

5.13* 

4.3^ 

4.75*b 

4.25b 

4.39*5 

3.61c 

4.29 

3.61 

E  F  G  D C  B A 

3.3B% E  F  G C  0  B A 

0.00% 2.501 

3.30 

2.7^ 

3.61 

2.4^ 

4.03 

2.40? 

3.96 

2.75= 

4.68 

2.BCF 

4.47 

2.5^ 

4.46 

2.59 F  B  E  G  A C  0 

Overall means 

a.b.c,d 
Hear; within the sane aqe bearing a common superscript are not significantly 
different by Tukey's test (p > 0.05)'.  n - 20. 

Means within a NaCl treatment vinderscored by a common line are not significantly 
different by Tukey's test (p > 0.05).  n • 20. 
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Table 107.    MOVA of trained panel observations  for bitter- 
ness of Cheddar cheese.  Set II, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point  interval scale, where 1 = 
absent and 9 = pronounced. 

Source of Variation Oeorces of 
Freedom. 

Mean Square F Value 

.i-aatrsnt 

Treame.-.t x age 

far.elist x treatment 

Panelist x age 

Panelist x treataent x age 

Replicatec 

Panelist x reoiicate 

6 

24 

276 

1 

9 

Panelist x treatment x 
replicate 

Panelist x age x replicate 

Panelist x treatnent x age x 276 

replicate 

r-anclistd 9 

Treatxent x replicate 4 

Age x replicate 6 

■Treatment x age x replicate 24 

TOTAL 699 

63.659 23.99 <0.001 

19.716 7.43 <0.001 

2.693 1.01 0.446 

2.393 

0.321 

0.969 

0.680 

55.563 

0.736 

0.598 

0.787 

0.42 

1.2B 

0.514 

C.244 

Milled curd salted at levels to obtain 1.50, 1.13, 0.75, 0.38, or 0.00* NaCl in the finished cheese. 

Evaluated at monthly intervals beginning at one month of age. 

'Judges participated in two sessions with all treatments served at each session. 

Trained Judges, n • 10. 
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Table 108. Means of trained panel observations for bitter- 
ness of Cheddar cheese. Set II, with selected NaCl 
concentrations evaluated through the ripening 
period on a 9-point interval scale, where 1 = 
absent and 9 = pronounced. 

Months of Age 

NaCl treatment    12       3      4      5       6 

(A)      (B)      (C)      (D)      (E)      (F) 

7    Overall 

(G)    means 

Order 
of 

1.50» 

1.13* 

2.72    3.13    2.60    3.05 

2.94    2.63    2.90    3.45 

2.94    3.25 

3.50    3.55 

2.44 

3.50 

2.88 

3.21 

0.75% 

0.38% 

2.89    3.53    3.35    3.70    4.20    4.25    4.39 

3.44    3.44    3.80    4.20    4.31    4.90    5.00    4.1 

3.75 

.be 

0.00* 3.56    4.00    3.95    4.75    4.75 5.00    5.78 4.55w 

Overall means    3.11    3.34    3.32    3.83    3.94    4.19 4.22 G F E D B C A 

Overall means for NaCl treatment bearing a comnon superscript are not significantly 
different by Tukey's test (p > 0.05). n » 20. 

d 
Overall means for age underscored by 
different by Tukey's test (p > 0.05).  n • 20. 

d > 
Overall means for age underscored by a comnon line are not significantly 
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Table 109.    ANOVA of trained panel observations for unpleasant 
aftertaste of Cheddar cheese.  Set II, with 
selected NaCl concentrations evaluated through 
the ripening period on a 9-point  interval scale, 
where  1 = absent  and 9 = ■nronounced. 

Source of Variaticr. 

Trc£t.Tier.t 
b Age 

Trcataer.t x age 

Panelist x treatment 

Panelist x ags 

Panelist x treatment x age 276 

Replicate ! 

Panelist x replicate 9 

Panelist x traatser.t x 
replicate 

Panelist x age x replicate 

Panelist x traaticr.t x age x 276 0.805 
replicate 

?anelistd 9 47.486 

Degrees of .Mean Square F Value ? Value 
Freedom 

4 102.s:6 34.78 <0.001 

6 28.863 9.79 <0.001 

24 1.641 0.55 0.955 

2.659 

2.520 2.82 0.094 

0.669 0.74 0.663 

4 1.195 

6 2.260 

Treataiant x replicate 

Age x replicate 

Treatment x age x  replicate 24 1.277 

TOTAL 699 

Milled curd salted at levels to obtain l.SO, 1.13, 0.75, 0.38, or 0.00% NaCl in the finished cheese. 

b 
Evaluated at monthly intervals beginning ac one month of age. 

Judges participated in two sessions with all treatments served at each session. 

d 
Trained judges, n - 10. 
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Table 110.    Means of trained panel observations  for unpleasant 
aftertaste of Cheddar cheese.  Set II, with 
selected NaCl concentrations evaluated through 
the ripening period on a 9-point  interval scale, 
where 1 = absent  and 9 = pronounced. 

NaCl treatment 1 

(A) 

2 

(B) 

Months of Age 

3 

(C) 

4 

(0) 

5 

(E) 

e 
(F) 

7    Overall 

(G)    means 

Order 
of 

mean^ 

1.50* 2.53    2.44    2.60    2.95    2.88 3.11 3.44   2.86 

1.13% 2.83    2.81    2.55    3.05    3.19    3.70    4.00   3.16 

0.75% 3.06    3.19    3.40    3.45    3.93 4.20 4.56   3.69 

0.38% 3.17    3.63     4.10     4.65     4.25     4.90     5.59    4.34 

0.00% 3.72    4.88    4.80    5.25    5.13 5.20 5.78   4.97" 

Overall means 3.07    3.39    3.49    3.87    3.87    4.23    4.66 G F E D C B A 

a.b.cd 
Overall means for NaCl treatment bearing a common superscript are not significantly 
different by Tukey's test (p > 0.05).  n • 20. 

Overall means for age underscored by a cdonon line are not significantly 
different by Tukey's test (p > 0.05).  n • 20. 



Table 111.  Correlations and significance levels between 
consumer and trained panel data, Instron 
measurements, and chemical analyses for reduced 
sodium Cheddar cheese. Sets I and II. 

Variables 
Set I Set II 

Consumer Texture Rating 

Consumer Flavor Rating 

Consumer Overall 
Desirability Rating 

Consumer Overall 
Desirability Rating 

Consumer Overall 
Desirability Rating 

Trained Firmness Rating 
Trained Adhesiveness 

Rating 
Trained Cohesiveness 

Rating 

Trained Acidity Rating 
Trained Saltiness 

Rating 
Trained Sulphide 

Rating 
Trained Cheddar Inten- 

sity Rating 
Trained Bitterness 

Rating 
Trained Unpleasant 
Aftertaste Rating 

Trained Firmness Rating 
Trained Adhesiveness 

Rating 
Trained Cohesiveness 

Rating 
Trained Acidity Rating 
Trained Saltiness 

Rating 
Trained Sulphide 

Ratine 
Trained Cheddar Inten- 

sity Rating 
Trained Bitterness 

Rating 
Trained Unpleasant 

Aftertaste Rating 

Consumer Texture Rating 

Consumer Flavor Rating 

0.6468 0.003 0.9024 0.001 

•0.5801 0.009 -0.8815 0.001 

0.5724 0.010 -0.8378 0.001 

0.7892 0.001 -0.7881 0.001 

0.8683 0.001 0.9246 0.001 

•0.1746 0.259     

0.7555 0.001 0.9028 0.001 

•0.8573 0.001 -0.7570 0.001 

•0.8375 0.001 -0.8445 0.001 

0.7808 0.001 0.9317 0.001 

0.7336 0.001 -0.8956 0.001 

0.7282 
0.7791 

0.001 
0.001 

-0.8782 
-0.795S 

0.001 
0.001 

0.8759 0.001 0.9277 0.001 

■0.1847 j.2':7 

0.7505 0.001 0.8938 0.001 

0.8504 0.001 -0.7782 0.001 

0.8382 0.001 -0.8539 0.001 

0.9271 

0.9943 

0.001 

0.001 

0.9730 

0.9962 

0.001 

0.001 

Consumer Texture Rating Instron Adhesiveness 0.04 25 0.050 0.4414 0.007 
Instron Firmness 0.3520 0.091 0.4886 0.003 
Instron Cohesiveness -0.4324 0.047 -0.3112 0.047 
Instron Gunminess 0.2892 0.139 0.3410 0.033 
Instron Elasticity 0.0416 0.439 0.2292 0.112 
Instron Chewiness 0.4183 0.053 0.3527 0.028 

Trained Adhesiveness 
Rating Instron Adhesiveness -0.4201 0.033 -0.4915 0.001 

Trained Firmness Rating Instron Firmness 0.2248 0.170 0.6329 0.001 
Trained Cohesiveness 
Rating Instron Cohesiveness -0.1488 0.266 0.3695 0.014 

Trained Acidity Rating pH -0.6662 0.001 -0.3216 0.030 

Trained Saltiness Rating Sodium, Atomic Absorp- 
tion Spectroscopy 0.9059 0.001 0.9724 0.001 

Trained Saltiness Rating Sodium, Volhard Analysis 0.9071 0.001 0.9730 0.001 

Trained Bitterness 
Rating Soluble Tyrosine 0.5891 0.001 0.7632 0.001 

Trained Bitterness 
Rating Soluble Tryptophan 0.7191 0.001 0.7709 0.001 


