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ABSTRACT 

The objective of this research was to utilize fluid 

cottage cheese whey as the main ingredient in an organolep-

tically acceptable fermented yogurt-type product. Whey 

protein concentrate (WPC) and/or non-fat dry milk were used 

for fortification (8.5%). Stabilization was at 1.0 or 1.2% 

concentration using xanthan gum, microcrystalline cellulose, 

and gelatin. Chemical, physical, and sensory evaluation 

tests were conducted using a 2 x 3 experimental design. 

Fifty subjects rated the products using a Hedonic rating 

scale and the Food Action Rating Scale (FACT). Analysis of 

sensory data by multiple analysis of variance showed 

significant interaction (p=.05) between the solids fortifi

cation and stabilization. The stabilizer concentration of 

1.2% was preferred over 1.0% in all attributes (appearance, 

consistency, flavor, overall acceptability, and FACT Scale) 

where 50 and 100% WPC solids were used. All whey yogurts 

met legal standards for labeling purposes, except for the 

use of whey as the initial ingredient. 

viii 



CHAPTER 1 

INTRODUCTION 

Whey is the serum or aqueous fraction of milk that 

separates from the curd during the cheese making process. 

It is the largest by-product of the U. S. dairy industry 

and represents the most troublesome disposal/utilization 

problem due to its composition and the volume produced. 

Whey is mostly water (93%) with a solids content ranging 

from 6-7%. Lactose makes up the majority of the solids 

content with protein, ash and a small amount of fat forming 

the remainder. If whey is unused, its organic nutrients 

make it a costly pollutant in the nation's sewage systems 

and waterways. For example, the Biological Oxygen Demand 

(BOD) values for cottage cheese whey range from 30,000 to 

45,000 mg/1. A load of 1,000 gallons of whey discharged 

into a sewage treatment plant has been calculated to equal 

the domestic load imposed by 1,800 people (Gillies, 1974). 

During manufacturing, each pound of cheese produces 

nine pounds of sweet whey, and a pound of cottage cheese 

produces six pounds of acid whey. It has been estimated 

that only 50-60% of the nation's whey is currently being 

utilized either in human foods or animal feeds. The other 
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40-50% becomes industrial waste which contributes to 

higher cheese prices due to the fee that is assessed 

the producer for the disposal of whey (Gillies, 1974). 

In 1983 the U. S. Federal Water Pollution Control 

Act went into effect with the intent of eliminating the 

discharage of pollutants into the waterways (Anonymous, 

1981) . This is the predominant motive for the improve

ment of whey processing and utilization to lessen the 

environmental problem of whey disposal. 

Of the two types of wheys, sweet whey has been the 

most extensively utilized. It has been used in ice cream, 

cheese foods, cattle feeds, and as a "starter media" for 

cheese production replacing non-fat dry milk (NFDM). The 

utilization of acid whey is more difficult. Usually the 

volume of acid whey at a cottage cheese plant is smaller, 

not making it advantageous for the producer to install 

extra equipment for this acid whey utilization 

(Schingoethe, 1976). Acid whey also has a very high 

acidity (low pH), but this can be adjusted by neutraliza

tion with potassium hydroxide (KOH). The high lactose 

content of acid whey makes it detrimental to lactose 

intolerant individuals and affects the texture of certain 

foods. It is possible to utilize a lactose hydrolyzing 

enzyme which renders the lactose digestible and tolerable 

to most lactose intolerant individuals and also produces a 
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sweeter product. Currently, acid whey has been used in 

sherbets and other frozen desserts. It has also been used 

as a replacement for nonfat milk and as a natural 

acidulant in the manufacturing of Ricotta Cheese 

(Singleton, 1972). 

It was found that when the cost of NFDM increased, 

the demand for whey solids also increased. Almost 600 

million pounds of dry whey were used in human foods during 

1979 and another 500 million pounds in animal foods 

(Anonymous, 1981). This demonstrates the dependency of the 

economic incentive to use whey in food products on the 

relative NFDM price. The higher the price of NFDM in 

relation to dried whey, the more pressure there will be to 

find ways to substitute whey products for NFDM. At the 

present time, while NFDM is 3-4 times the price of whey, 

bakeries which can use whey and whey-blended products as a 

very satisfactory NFDM substitute are switching to the whey 

products for economic reasons (Groves, 1972). 

There is one distinctive attribute of high quality, 

naturally acid whey; this is, its cultured dairy acid flavor 

which would be desirable in specialty cultured products 

(Gillies, 1974 and Singleton, 1972). Sweet whey solids or 

neutralized cottage cheese whey solids and fluid acid whey 

have been used in yogurt products experimentally (Hartman, 

1975 and Jelen, 1974) . The whey solids were used at the 
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rate of 1-2% to replace an equivalent amount of NFDM 

without affecting body, provided total milk-solids-not-fat 

(MSNF) are not below 9.5% (Hartman, 1975). The fluid 

cottage cheese whey was found acceptable at 60% concentra

tion in a final yogurt product with 29% homogenized milk 

and 11% NFDM (Jelen, 1974). 

One problem that arises with the use of whey in a 

yogurt product is the "whey" off-flavor, not typical of 

yogurt made from fresh milk ingredients. This flavor is 

not necessarily objectionable. If the product is 

introduced as a fermented dairy product with a flavor 

totally different from "regular" yogurt, the possibility 

of increasing the amount of whey used becomes more 

realistic. Also, since the standard of identity is not met 

for yogurt, calling the product a fermented yogurt-type 

product would be technically correct (FDA, 1983) . 

Another problem that occurs in the production of 

whey-type yogurt is the weak body resulting from the low 

fat and protein content of whey. This can be compensated 

for by the addition of stabilizers which would increase 

the viscosity of the whey "yogurt" with a simultaneous 

reduction in calories, due to a decreased amount of fat. 

It is imperative that practical methods for 

turning whey from a liability as an effluent to an asset 

as a food supplement for men and animals be further 
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developed (Gillies, 1974). This research was undertaken to 

produce a fermented yogurt-type product utilizing whey to 

a maximum portion of the formulation. The objectives 

included: (1) formulation of a yogurt product that 

optimally utilizes fluid cottage cheese whey and other non

fat milk products or constituents, (2) developing the 

optimum processing and culturing conditions for the produc

tion of fluid-whey-based yogurt, and (3) evaluating the 

finished products for their physical, compositional, and 

sensory properties. 

Definition of Terms 

The following are a list of terms as they are used 

throughout this thesis: 

NFDM - Non-fat dry milk 

WPC - Whey protein concentrate 

MCC - Microcrystalline cellulose 

Maxilact enzyme - Saccharomyces lactis, p-galactosi-
dase 

MSNF - Milk solids-not fat 

L. bulqaricus - Lactobacillus bulqaricus 

S. thermophilus - Streptococcus thermophilus 

SNF - Solids-not-fat 

MANOVA - Multiple analysis of variance. 



CHAPTER 2 

REVIEW OF LITERATURE 

Whey Composition and Properties 

Whey is the serum or watery part of milk that 

separates from the curds in the process of making cheese 

(Gillies, 1974). The main constituent of fluid whey is 

water, making up 93% of total volume as seen in Table 1 

(Kosikowski, 1977). 

Table 1. Composition of fluid wheys. 

% 

Water Total Lactose Protein Ash Fat Lactic 
Solids Acid 

Cheese 93.5 6.5 4.9 .75 .80 .04 .40 
Whey 
(Acid) 

Casein 93.7 6.35 4.85 .80 .50 .50 .05 
Whey 
(Sweet) 

Lactose makes up the largest fraction of the total 

solids present. Acid whey is somewhat richer in calcium 

(.05%) and phosphorus (.04%) than sweet whey owing to the 

solvent action of hydrogen ions on the calcium phosphate of 

6 



casein (Schingoethe, 1976 and Webb, 1970). When comparing 

the composition of skim milk and acid whey (Table 2), it 

can be seen that they differ basically in protein content. 

Table 2. Composition of skim milk and acid whey.* 

Amount/100 gm. Skim Milk Acid Whey 

Water (gm.) 90.5 93.1 

Food Energy (kcal.) 36 26 

Protein (gm.) 3.6 0.9 

Fat (gm.) 0.1 0.3 

Lactose (gm.) 5.1 5.1 

Ash (gm.) 0.7 0.6 

Calcium (mg.) 121 51 

Phosphorous (mg.) 95 53 

Iron (mg.) trace 0.1 

Sodium (mg.) 52 — 

Potassium (mg.) 145 — 

Vitamin A (IU) trace 10 

Thiamine (mg.) 0.04 0.03 

Riboflavin (mg.) 0.18 0.14 

*Webb, 1970 
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The protein content in whey is lower than that of 

skim milk, however it is one of the highest quality proteins 

naturally occurring, having a Protein Efficiency Ratio 

(PER) of 3.0 to 3.2 compared to casein at 2.5 

(Schingoethe, 1976). This is due to its high content of 

essential amino acids which also gives whey its high 

nutritive value (Werner, 1981). 

Table 3 shows the Average Biological Value for whey 

protein as compared to other common protein sources. As 

can be seen in Table 3, whey protein has a higher value 

(104-124%) than even that of the standard whole egg 

protein (100%). Thus, whey proteins could increase the 

nutritive value of other proteins, particularly casein. 

Table 3. Average Biological Protein Value.*. 

Renner Jekat 

Whole Egg Protein 100 100 

Milk Protein 92 88 

Casein 73 72 

Whey Protein 104 124 

Beef Protein 78 * 

Potato Protein 69 

Wheat Protein 45 

*Werner, 1981 
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Unless whey has been strongly heated or otherwise 

treated to separate the proteins, it contains p-lacto-

globulins, a-lactalbumin, serum albumin, serum globulins, 

and other heat-denaturable proteins (Webb, 1970) . While 

whey proteins are sensitive to heat they are not sensitive 

to rennet or acid (Werner, 1981) . 

With the increase in cheese production there has 

been a subsequent increased in dried whey powder production. 

Condensed whey, partially delactosed whey, demineralized 

whey, and whey protein concentrates have all been 

developed for both human and animal use (Gillies, 1974). 

Three examples of whey concentrates are given in Table 4. 

Table 4. Whey concentrates. 

Product Dry 
Matter 

Crude 
Protein 

% 

Lactose Ash Ca P 
Lactic 

Fat Acid 

Dried 
Whey 
Product 
Type B 88.2 26.2 37.0 22 1.3 2.0 

Whey 
Protein 
Concen
trate (b) 95-96 34 48-52 8 3-4 

Acid 
Whey 
Powder 
(c) 96 12.5 67.4 11.8 0.6 4.2 

(b) Ridge-Tech Technical Sheet, 1982 
(c) Kosikowski, 1977 
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The dried whey product Type-B usually is produced 

when phosphates are added to whey prior to removing 

lactose by crystallization. This process allows a larger 

proportion of the lactose to be removed leaving a whey 

product containing higher concentrations of protein and 

minerals, especially phosphorus (Schingoethe, 1976). The 

Ridge-Tech whey protein concentrate (WPC) has a higher 

protein content which allows a build up of the protein 

content of the product. The WPC also provides a 40% cost 

savings when compared to non-fat dry milk (NFDM) (Ridge-

Tech, 1982) . 

Much of the economic incentive to use whey concen

trates in food products will depend on the NFDM market. 

When the cost of NFDM increases, the demand for whey solids 

also increases (Anonymous, 1981; Groves, 1972). 

Standardization of Whey Acidity 

Neutralization of acid whey is necessary to improve 

flavor, minimize milk protein coagulation and for activation 

of the p-galactosidase enzyme. Potassium hydroxide (KOH) is 

the preferred neutralizer, based on most chemical, physical 

and sensory considerations, as well as ease of use. KOH may 

be more expensive and corrosive than other neutralizers, but 

it was found to be more acceptable in a final product by 

Young, Stull, Taylor, Angus, and Daniel (1980). The 

potassium ions in KOH have been shown to enhance the activity 



of the p-galactosidase enzyme (Guy, 1978; Oiling, 1972), 

while sodium ions in sodium hydroxide have been shown to 

interfere with the enzyme. 

Enzymatic Hydrolysis of Lactose 

A barrier to full whey utilization in food products 

has been lactose, the main solid component of whey. It 

causes grainy texture in food products due to its low 

solubility as well as causing physiological problems for the 

lactose intolerant individual (Nickerson, 1978; Okos, 

Grulke, & Syverson, 1980). 

With the hydrolysis of lactose into glucose and 

galactose some problems are solved. Several physical and 

checmical properties of interest to the dairy manufacturer 

are also changed. These changes include reduced lactose 

content, prevention of lactose crystallization, increased 

carbohydrate solubility, increased sweetness, and more 

readily fermentable sugars. This hydrolysis can be done by 

using strong mineral acids, ion exchange resins, or enzymes. 

The use of hydrolyzing enzymes has the advantage of lowering 

the lactose content without adversely affecting the proteins 

and other components in whey (Lin & Nickerson, 1977; 

Holsinger, 1978; Newcomer & Douglas, 1984; Nickerson, 1978; 

Okos et al., 1980; Shukla, 1975; Vujicic, Lin, & Nickerson, 

1977). The use of p-galactosidase (lactose hydrolyzing 
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enzyme) to hydrolyze lactose in milk prior to product 

manufacture has received considerable attention over the 

past years (Holsinger, 1978) . 

In regard to the lactose intolerant individual, it 

has been found that the normal state of human beings is to 

become lactase-deficient by the first or second decade of 

life. The normal decline in lactose activity is determined 

by an autosomal recessive mechanism and is not influenced 

by dietary lactose. The range of tolerance for lactose is 

extremely wide among persons with lactase deficiency 

(Newcomer & Douglas, 1984). Lactase deficiency has been 

associated with two overlapping and ill-defined syndromes, 

the irritable bowel syndrome and recurrent abdominal pain. 

One way to combat this problem is to pretreat milk with 

commercial lactases (Newcomer & Douglas, 1984; Sandine & 

Daly, 1979). 

Work has been done to determine whether or not 

lactose ingested in the form of yogurt is absorbed better 

than lactose ingested in milk (Kolars, Levitt, Mostafa, & 

Saviano, 1984). The microorganism used for fermentation 

of milk in the production of yogurt converts the lactose to 

lactic acid. The amount of residual lactose in fermented 

dairy products will vary, depending on the process used. 

For example, British yogurts were analyzed, and it was 



found that more than 50% of lactose was fermented 

(McLaughlin & Brand, 1980) . 

Kolars et al., (1984) also demonstrated that 

lactose is more efficiently absorbed from yogurt, apparently 

as a result of the lactase activity in yogurt. They found 

that those who ingested yogurt made fewer reports of diarrhea 

or flatulence than did those who ingested a similar quantity 

of lactose in milk or a water solution. The enhanced 

absorption of lactose in yogurt appeared to result from the 

intraintestinal digestion of lactose by lactase released 

from the yogurt organism. 

Kilara and Shahani (1976) revealed that cultured 

yogurt contained p-galactosidase activity from an dndo-

enzyme of Lactobacillus bulgaricus and Streptococcus thermo-

philus in the yogurt culture, resulting in a decrease in 

lactose in the final product and an increase in Galactose. 

It was felt that ,cultured yogurts would be beneficial to 

individuals suffering from lactose intolerance not only 

because of reduced lactose but also because of the lactase 

activity. Research has shown that the viable cultures aid in 

lactose digestion by the release of the lactase enzyme which 

continues to break down lactase in the intestine (Goodenough 

& Kleyn, 1976; Kilara & Shahani, 1976). Speck (1977), 

however, found no specific evidence showing the yogurt 

cultures' ability to remain viable in the intestinal tract. 
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To combat lactose intolerance in children, some 

physicians in developing countries have used curds or yogurt 

as the first line of treatment (McLaughlin & Brand, 1980). 

Kolars et al. (1984) have also suggested the use of yogurt 

to aid the lactose intolerant. These studies have shown 

the hydrolysis of lactose in yogurt by the microorganisms, 

but this hydrolysis was not close to the maximum amount 

(100%) which is desired for all lactose intolerant 

individuals. With the hydrolysis of milk prior to fermen

tation, maximum hydrolysis can be attained. 

Aside from the benefits of the lactose intolerant 

there are other advantages to the utilization of an enzyme 

for lactose hydrolysis in a yogurt product. For example, 

an enhanced rate of lactic acid development in lactose-

hydrolyzed milk was reported as compared with controls, 

and hence a reduction of the incubation period was required 

(Tamine & Deeth, 1980). O'Leary and Woychick (1976), also 

found that more lactic acid was produced by a mixed yogurt 

starter culture consisting of S. thermophilus and L. 

bulgaricus in yogurts prepared from lactose hydrolyzed milk. 

Their data also indicated that lactose treatment of milk 

to be used in the manufacture of cultured dairy products^ 

may result in changes in the flavor profiles of the resulting 

products. 

Technologically, it is feasible to manufacture 

yogurt from lactose-hydrolysed milk. The process of 
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hydrolysis can take place during overnight storage of cold 

milk, or before heat treatment and fermentation if the 

milk is tempered to the optimum temperature of the enzyme 

(Ismail, Mogensen, & Poulsen, 1983), or simultaneously 

during fermentation (Ismail et al., 1983; Hilgendorf, 1981). 

In any event, only slight disruption in factory routine 

occurs. 

Hilgendorf (1981) used a fungal lactose along with 

the yogurt culture for the simultaneous hydrolysis and 

fermentation of yogurt. This produced a sweeter low lactose 

yogurt without increasing the caloric content of the product 

The milk coagulated faster in this process than in the con

ventional yogurt production, with 20-80% lactose hydrolysis. 

Kosikowski and Wierzbicki (1971) found that simultaneous 

lactose hydrolysis and acid development at 42°C during fer

mentation of yogurt produced abotu 60-80% reduction in 

lactose in 4-6 hours, and almost equally and significancly, 

increase in the monosaccharides, glucose, and galactose. 

Ismail, Morgensen and Poulsen (1983), also 

experimented with lactase enzymes added to yogurt mixes. 

The treatments used were hydrolysis before fermentation and 

hydrolysis during fermentation. They found that simul

taneous lactose hydrolysis during fermentation seemed more 

convenient, but a larger amount of enzyme was required 

and the degree of hydrolysis was difficult to control. 



With hydrolysis before fermentation it was easier to reach 

complete hydrolysis of the lactose. Thompson-and 

Gyuricsek (1974), achieved 90-95% hydrolysis of yogurt milk 

mix when Saccharomyces lactis was added to milk at 

0.3 g/liter. They also saw a reduction in fermentation time 

due to the increased rate of acid development by bacterial 

cultures. The product was "sweeter" or "less acid" than 

the control and had a more acceptable flavor to persons 

who normally do not eat yogurt. 

From these studies (Hilgendorf, 1981; Ismail, et 

al., 1983; Kosikowski & Wierzbicki, 1971; Thompson & 

Gyuricsek, 1974), another advantage of yogurt manufactured 

from lactose-hydrolyzed milk can be seen. A milder and 

sweeter flavor due to the presence of the resulting 

monosaccharides was produced which was particularly suitable 

for production of flavored yogurt. Kosikowski and 

Wierzbicki (1973) showed that flavor qualities, other than 

sweetness, of raw or pasteurized milks were not disturbed 

by lactase activity. Treated lots scored excellent along 

with the controls without any off-flavor. However, in some 

earlier trials, the S. lactis enzyme preparation, particu

larly when 100% lactose hydrolysis was attained at 30-37°C 

for five hours, produced a slight but not noticeable 

chemical-like flavor for reasons unknown to the authors. 
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The crucial factor that can influence commercial 

production of yogurt from lactose-hydrolyzed milk is the 

cost of the enzyme compared with the price of sugar. This 

cost can be reduced with the use of immobilized enzymes 

(Giacin, Jakubowski, Leeder, Gilbert, & Kleyn, 1974; 

Pitcher, 1975; Weetall, Havewala, Pitcher, Detar, Vann, & 

Yaverbaum, 1974; Wierzbicki, Edwards & Kosikowski, 1974). 

The cost could also be reduced with the simultaneous 

hydrolysis and fermentation of the yogurt product by 

reducing the operational costs (Ismail, Morgensen, & 

Poulson, 1983; Kosikowski & Wierzbicki, 1971; Milgendorf, 

1981). But, when the question of cost is of secondary 

importance, for example in the production of yogurt for 

therapeutic purposes, hydrolysis may prove ideal for 

production of sweeter low-lactose yogurt (Smith & Bradley, 

Jr., 1984; Tamime & Deeth, 1980). 

One by-product of lactose hydrolysis, galactose, 

might pose a problem to the galactosemic individual. Popov 

and Zakhariev (1976) , reported that galactose accumulated 

in fermented milk because S. thermophilus showed a tendency 

to utilize only glucose while L. bulgaricus metabolized 

both glucose and galactose. There have also been reports 

about the incidence of induced cataracts in rats and 

kangaroos due to high intake of galactose. But, Tamime 

(1978) states that a human being fed a healthful diet could 



not possibly consume that quantity of milk sugars during 

their lifetime, so the fear of yogurt eaters developing 

cataracts, in his opinion, "is out of the question". 

Other by-products of lactose hydrolysis are 

oligosaccharides which range in degree of polemirization 

from 3 to 11 depending on the enzyme and concentration of 

lactose. For example, the action of the "lactase" from 

Saccharomyces fragilis on lactose in pure solution 

yielded 11 different oligosaccharides (Tamine & Deeth, 

1980). Wierzbicki, Edwards and Kosikowski (1973b) found 

five benzidine-positive carbohydrates, other than lactose, 

galactose and glucose, which were formed after p-galactosi 

dase action on 4% lactose at pH 4.5. These oligosaccha

rides comprised 1-2% of the total lactose in acid whey. 

Researchers have found that oligosaccharides increased as 

the concentration of lactose increased (Oiling, 1971; 

Tamime & Deeth, 1980; Wierzbicki, Edwards & Kosikowski, 

1973b). The oligosaccharides produced posed a potential 

problem because of their indigestibility in humans (Shukla 

1975). This potential obligosaccharide production problem 

could be prevented by the use of multi-enzyme systems, 

which would convey the oligosaccharides to monosaccharides 

(Wierzbicki, Edwards & Kosikowski, 1974). 

The question of whether to pasteurize before or 

after hydrolysis has been raised by researchers. Wendorff 



Amundson and Olson (1970b) suggested that changes occurring 

in the milk system during pasteurization treatments have a 

major effect on the ability of yeast lactase to hydrolyze 

lactose in concentrated milk products. They found that for 

maximum lactose hydrolysis, skim milk should be pasteurized 

at 85°C for 30 minutes. In 1971 the same authors found that 

unpasteurized milk products contained some material which 

suppressed enzyme activity. This enzyme suppressor was 

inactivated with a heat treatment of 74°C for 30 minutes. 

Later Woychik and Wondolowski (1973) compared the lactose 

hydrolysis rates in raw and pasteurized acid wheys, skim 

milk, and whole milks and found no inhibition of enzyme 

activity in the raw samples when compared with those 

pasteurized at 65°C for 30 minutes prior to hydrolysis. 

Kosikowski and Wierzbicki (1973) also found that lactose 

hydrolysis of raw milk was only 3-6% less than that in 

pasteurized milk. Pasteurization after hydrolysis would 

also be beneficial for the inactivation of the enzyme and 

hydrolysis would cease. 

There are many factors which can interfere with 

lactose hydrolysis. For instance, milk solids other than 

lactose were found to either inhibit or suppress the p-

galactosidase activity in milk products (Wendorff, Amundson 

& Olson, 1971; Woychik & Wondolowski, ±973). For the 

enzyme Saccharomyces lactis activity is enhanced by 
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potassium, ammonium, magnesium, and manganese ions and 

diminished or inhibited by sodium or calcium ions. Heavy 

metals like copper destroy the enzyme activity (Guy & 

Bingham, 1978; Oiling, 1972). 

The temperature and pH are also important factors 

for enzyme action and they vary between different lactases 

(Guy & Bingham, 1978; Oiling, 1972; Holsinger, 1978; 

Pomeranz, 1964; Tamime, 1978; Young et al., 1980). For 

Saccharomyces lactis (Maxilact) the optimum conditions for 

lactose hydrolysis in a neutralized whey mixture were found 

to be 33°C for 4 hours with pH 7.0. The enzyme was 

denatured at 70°C and activity was also irreversibly lost 

below pH 5.0 (Young et al., 1980). While Oiling (1972) used 

Maxilact enzyme at pH 6.8-7.0 and found that it was 

inactivated at 40°C with an optimum activity at 35°C. 

Young (1978) found a lactose concentration of 600 mg. 

Maxilact per liter of whey resulted in 95% lactose 

conversion (approximately 5% lactose solution). 

Measuring Lactose Hydrolysis 

The amount of lactose before hydrolysis is not 

difficult to measure since lactose is the only significant 

carbohydrate present. After hydrolysis the direct measure

ment of lactose becomes a problem due to the interference of 

the other sugars produced. Glucose, galactose, and lactose 
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all contain a free aldehyde group, and undergo the same 

type of reduction reactions. Thus, interference results 

when all three are present after lactose hydrolysis, since 

the reducing reagent reacts with all three sugars 

(Shukla, 1975) . 

The degree of lactose hydrolysis has been measured 

directly using various techniques (Marier & Boulet, 1959; 

Nickerson, Vujicic & Lin, 1976; Nijpels, 1980). In the 

cases where direct measurement is not a possibility (due 

to lack of equipment or reagent availability) lactose could 

be measured before hydrolysis and either glucose or 

galactose after hydrolysis, using an enzymatic procedure 

which recognizes only one of the sugars. In measuring the 

extent of hydrolysis, many researchers have shown that one 

mole of lactose produces one mole each of glucose and 

galactose and that the degree of hydrolysis can be 

calculated from the appearance of glucose from a measured 

amount of lactose (Weetall et al., 1974). 

Yogurt: Composition and Physical Properties 

Yogurt consumption in the United States has 

increased spectacularly during the last decade (Kroger, 1976) . 

This could be due to the interest in yogurt's possible 

therapeutic or health benefits. 



Ilya Metchnikoff was the first to isolate the 

bacterium Lactobacillus bulgaricus from fermented milk 

(yogurt) while working in Bulgaria. He studied this strong 

strain of lactic acid producing bacterium, named after 

Bulgaria, for its therapeutic value. He attributed the 

long life span of the Bulgarians (high percentage of 

centenarians) to their daily consumption of yogurt. 

Metchnikoff also used yogurt successfully to help arrest 

infantile diarrhea (Steinberg, 1979) . 

Presently a mixed culture of L. bulgaricus and 

Streptococcus thermophilus is used in the manufacture of 

yogurt (Food and Drug Administration, 1983; Kosikowski, 

1977; Tamime & Deeth, 1980). The two lactic acid bacteria 

complement each other. The Streptococcus grow first, 

removing oxygen and acidifying the mixture to favor the 

growth of the Lactobacilli. These bacteria produce diacetyl 

and other compounds that give yogurt some of its flavor. 

The Lactobacilli, growing at the lower oxygen level caused 

by the Streptococcus, produce more lactic acid, acetaldehyde 

and other products that give yogurt its sharp flavor. If 

the ratio of Streptococcus to Lactobacillus varies greatly 

from the desired 1:1 ratio, poor consistency or flavor may 

result (Hankin & Shields, 1980; Singh & Sharma, 1982; 

Tamime & Deeth, 1980). 
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Other factors which affect various characteristics 

of yogurt are the total solids, lactose contents, 

stabilizer, protein content, fat, and other yogurt 

components to a lesser degree. The various components of 

plain lowfat commercial yogurt are shown in Table 5. 

Table 5. Components of plain lowfat yogurt, containing 
12 grams of protein per 8-ounce serving. 

Component Amount in 100 grams, edible portion 

Water (g) 85.07 (a) 

Calories (kcal.) 63 (a) 

Protein (Nx6.38) (g) 5.25 (a) 

Carbohydrate (g) 7.04 (a) 

Fat (g) 1.55 (a) 

Fiber (g) 0 (a) 

Ash (g) 1.09 (a) 

Total Solids (g) 14.93 (a) 

Stabilizer .3-2% (b) 

Titrable Acidity .9-1.5% (b) 

Culture 2.5%(c) 
(1.25% L. bulgaricus and 
1.25% S. thermophilus) 

(a) USDA, 1976 
(b) Kosikowski, 1977 
(c) Tamime & Deeth, 1980 
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The level of total solids in the milk is significant 

for both the consistency and flavor of the manufactured 

yogurt. An increase (to a degree) in total solids will 

enhance these properties; levels have ranged anywhere from 

9-20% but the recommended range is 14-18%, with most low-

fat yogurt falling within the range of 14-15%. Levels in 

excess of 25% adversely affect the availability of moisture 

and hinder starter activity. An increase in total solids 

results in an increase in the titratable acidity and a 

reduction in the coagulation time (Kosikowski, 1977; 

Tamime & Deeth, 19 80). 

The main carbohydrate constituent in yogurt is 

lactose with galactose, glucose, and oligosaccharides 

produced during fermentation. Goodenough and Kleyn (1976), 

found that the average lactose content of a yogurt mix was 

8.5% and decreased during fermentation to 5.7 5%, while 

Toba, Watanabe and Adachi (1982) found a lactose range of 

2.11-3.13% in their final yogurt products. Galactose varied 

from 1.11-1.52%, allolactose and 6-0-p-D-galactopyranosyl-

D-galactose were detected at low concentrations (0.30-0.09%) 

and glucose was found in trace amounts (0.0-0.3%). 

Goodenough and Kleyn (1976) also found that the initial 

galactose content of the mix to be only a trace but it 

increased to 1.20% during fermentation, with the glucose 

content remaining a trace throughout fermentation. They also 
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analyzed several brands of coitvmercial yogurt from local 

markets for carbohydrate content. The lactose ranged from 

3.31-4.74%, galactose varied from 1.48-2.50%, and glucose 

was only a trace in all samples. 

The JB-galactosidases of lactic acid bacteria also 

forms oligosaccharides during hydrolysis of lactose, 

making up a small percentage of the carbohydrate content. 

These oligosaccharides are produced by transgalactosylation 

of lactose from p-galactosidase by the lactic acid bacteria 

(Kilara & Shahani, 1976; Toba, Watanabe & Adachi, 1982). 

From these studies it can be seen that a Standard 

of Identity for yogurt would be very difficult to define. 

The Food and Drug Administration (FDA) has set up legal 

standards for the yogurt manufacturer to follow for 

labeling purposes for their yogurt products. The technical 

definition of yogurt is "that food produced by culturing one 

or more of the optimal dairy ingredients specified, (cream, 

milk, partially skimmed milk, or skim milk, used alone or in 

combination), with a characterizing bacterial culture that 

contains the lactic acid-producing bacteria, L. bulgaricus 

and S. thermophilus." Specifically, lowfat yogurt should 

contain not less than 0.5% nor more than 2% milk-fat and not 

less than 8.25% milk solids-not fat (MSNF), and have a 

titratable acidity of not less than 0.9%, expressed as 

lactic acid (FDA, 1983) . 
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Yogurt Culture Requirements 

Some of the major nutrients that are essential for 

the growth of yogurt organisms are protein, carbohydrates, 

folic acid, vitamin and biotin. Researchers have 

determined which nutrients are essential by their decrease-

in the final yogurt product when compared with the yogurt 

mix. Pray (1941) and Redley, Shahani and Kulkaroni (1976) 

saw a decrease in biotin during fermentation. Redley, 

Shahani and Kulkaroni (1976) also saw folic acid and vitamin 

B^2 decreases (29 and 60% respectively in cultured yogurt 

and 48 and 54% respectively in acidified yogurts) due to 

the culture utilization of these nutrients. 

As mentioned earlier, S. thermophilus can utilize 

the disaccharides lactose and sucrose without prior 

hydrolysis into their constituent monosaccharides. Also, 

in a study of the nitrogen source it was found that S. 

thermophilus could not utilize simple nitrogen compounds. 

The source of nitrogen is, therefore, a complex one and 

involves protein hydrolysis and amino-acid synthesis. 

Proline, hydroxyproline, glutamic acid, and threonine are 

all essential amino acids for the growth of S. thermophilus 

(Pray, 1941) . 

L. bulgaricus has been found to be more tolerant 

than S.thermophilus under higher fermentation temperatures 

and lower acidity. L. bulgaricus is also inhibited at a 

total solid content above 21% (Tamime & Deeth, 1980) . 
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Conflicting evidence exists, but at some stage 

during the incubation period L. bulgaricus provides the 

essential amino acids required by S. thermophilus and the 

latter provides formic acid-like compounds stimulatory to 

L. bulgaricus (Hankin & Shields, 1980; Tamime & Deeth, 1980). 

These reactions show the importance of a 1:1 ratio of 

S. thermophilus to L. bulgaricus rather than a single strain 

culture for the desirable commercial yogurt products. There 

are many benefits to the 1:1 ratio of the starter cultures, 

one being the increased (rapid) acid development in mixed 

cultures when compared to the acid development in the single 

strain cultures (Khanna & Singh, 1979; Singh & Sharma, 1982; 

Tamime & Deeth, 1980). 

The incubation temperature is one of the most 

important environmental factors that influences the 

biochemical performance of lactic cultures. Variations 

in production of acid and acetaldehyde and proteolytic 

activity by pure and mixed cultures of S. thermophilus 

and L. bulgaricus in response to incubation temperature 

were determined using cow and buffalo milk by Singh, 

Khanna and Chandler (1980) . S. thermophilus and the mixed 

culture produced more acid and acetaldehyde at 37°C than 

42°C, while with L. bulgaricus 42°C was better for 

production than 37°C in both types of milk. In 1979, 

Khanna and Singh, found the optimum temperature for 



stimulation to be 37°C in buffalo and cow's milk. This 

temperature is closer to the growth optimum for S. 

thermophilus than for L. bulgaricus. In commerical 

production of yogurt 42°C is the most commonly used 

temperature during incubation with an inoculum of 2.5% 

for 3-4 hours or until the pH has reached 4.5 (Kosikowski, 

1977) . 

Pasteurization 

The heating treatment of milk affects growth and 

activity of lactic cultures. Pasteurization is done, 

usually before the milk or milk mixture is innoculated 

with the yogurt culture, primarily to destroy micro

organisms which may be pathogenic or which may adversely 

affect the quality of the product. Almost all organisms, 

with the exception of the spore formers in the vegetative 

forms, are destroyed during pasteurization of the yogurt 

mix (Tamime & Deeth, 1980). 

Singh, Khanna and Chandler (10 80) found the largest 

amount of acid was produced by S. thermophilus in both 

cow's and buffalo milk heated at 65°C for 30 minutes, while 

L. bulgaricus produced the maximum amount of acid in milk 

heated at 85°C for 10 minutes. In the mixed culture 

increased acid and acetaldehyde production were noted in 

milk that was steamed for 30 minutes. In regard to 
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acetaldehyde production in cow's and buffalo milk, L. 

bulgaricus and the mixed cultures produced the most 

acetaldehyde in milk heated at 65°C for 30 minutes. 

Commercially, temperatures of 85°C for 30 minutes 

or 90-95°C for 5-10 minutes are frequently used 

(Kosikowski, 1977; Tamime & Deeth, 1980). The whey proteins 

are more sensitive to heat than the casein of milk products. 

The immunoglobulins are precipitated at a temperature a 

little higher than the low pasteurizing condition (72°C for 

15 seconds), whereas the beta-lactoglobulin, the. alpha-

lactalbumin, and bovine serum albumen are precipitated at 

different temperatures up to the boiling point (Werner, 

1981). When care is taken during pasteurization minimal 

syneresis and maximal firmness of the yogurt coagulum will 

result (Tamime & Deeth, 1980). 

Homogenization 

Homogenization is mainly carried out to stabilize 

the fat emulsion against gravity separation and to produce 

a homogenous dispersion of the milk mix constituents. 

During this process the normal characteristics of milk are 

profoundly altered (Tamime & Deeth, 1980; Webb, Johnson & 

Alford, 1974). Homogenized milk is whiter in appearance, 

bland in flavor, less heat-stable, more sensitive to light-

induced deterioration, less susceptible to copper-induced 
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oxidative changes, and has a greater foaming capacity and 

lower curd tension than nonhomogenized milk. Also, a 

decrease in syneresis and an increase in viscosity 

(depending on temperature and pressure of homogenization) 

can be seen in homogenized milk. 

Abrahams and Holmen (1981) found that yogurts made 

from ultrafiltered homogenized goat's milk gave the best 

flavor and viscosity of goat's milk tested. Cow's milk 

yogurt prepared in the same way was improved to an even 

greater extent by homogenization. They also found that 

homogenization increased the flavor and aroma of stirred 

yogurts. Homogenization of the cow's milk also resulted 

in a higher increase in both curd tension and viscosity. 

They concluded that homogenization of concentrated goat's 

milk gave consistently better products than the non-

homogenized milk. 

The physical state and concentration of the fat 

phase at the time of homogenization contribute to the size 

and dispersion of the resulting fat globules. For example, 

homogenization of cold milk, in which the fat is practically 

solidified, is virtually ineffective while processing at 

temperatures conducive to partial solidification of milk 

fat (i.e., 30 to 35°C) results in incomplete dispersion of 

the fat phase, which is frequently accompanied by extensive 

clumping and a "chalk-like" flavor defect. Thus, 
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homogenization is most efficient when the fat phase is in 

the liquid state (45°C) and in conncetrations normal to 

milk (not greater than 4% fat) (Webb, Johnson & Alford, 

1974) . 

Homogenization is also an essential step when milk 

powders are used for fortification in yogurt milks. 

Homogenization disrupts powder particles and even casein 

micele aggregates. High pressure homogenization is 

required to disrupt normal-sized casein micelles 

(Tamime & Deeth, 1980). 

Chemical Properties of Yogurt 

Production of lactic acid is one of the most 

important chemical processes which occurs during yogurt 

manufacture. The lactic acid helps to destabilize the 

casein micelle and thus leads to coagulation of the milk 

protein and formation of the yogurt gel as shown in 

Figure 1." The lactic acid also gives the sharp, acid taste 

to yogurt and contributes to the typical "aromatic" 

flavor (Tamime & Deeth, 1980). 

S. thermophilus produces the L (+) form of lactic 

acid, while the D (-) form is produced by L. bulgaricus. 

The percentages are again affected by the temperature of 

incubation, starter culture inoculum rate, ratio between 

cocci and rods, age of the yogurt, and the level of lactic 

acid produced. 



Ca-caseinate-phosphate Ca-lactate 
complex 

+ Protein 
' ' Complex 

Lactic Acid Ca-phosphate 

Figure 1. Chemical formation of yogurt gel. 



33 

The level of D (-) lactate in yogurt increases 

progressively during storage due to the activity of L. 

bulgaricus, which is more tolerant than S. thermophilus. 

The higher the level of D (-) lactate the sharper the flavor 

of yogurt. Good yogurt is considered to be one having a 

ratio of 2 or less of D (-) to L (+). D (-) lactic acid is 

less readily metabolized in the human body than the L (+) 

isomer and may be expected to cause some disturbances in 

extremely unbalanced diets. If necessary, the percent of 

D (-) lactate in yogurt can be decreased by using a smaller 

inoculum and incubating at a lower temperature (Tamime & 

Deeth, 1980). If a mixed culture with a 1:1 ratio is used 

there should not be a problem with D (-) lactate building 

up. This again shows the importance of a mixed culture 

ratio of 1:1 on the final yogurt product. 

Yogurt Flavor 

The flavor of yogurt is due to the production of 

lactic acid, trace amounts of acetaldehyde, diacetyl and 

acetic acid. The typical yogurt flavor can only be 

detected in plain yogurt (Kroger, 1976; Law, 1981; Tamime & 

Deeth, 1980). The lactic acid imparts an acidic flavor or 

"sharpness", bacteriological stability, and refreshing 

taste, while the remaining carbonyl compounds are associated 

with the aroma and flavor of yogurt (Law, 1981; Tamime & 

Deeth, 1980). Once again, a high-quality yogurt with a 
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pleasant taste depends on the ratio of the two bacterial 

species. The ratio should be 1:1 and not above 3:2 

(Kroger, 1976) . 

As can be seen, acid development and development 

of yogurt flavor go hand in hand. After inoculation, the 

Streptococci grow rapidly until a pH of about 5.5 is reached. 

Then the growth of Lactobacilli is progressively favored 

until a pH of 4.0-4.4 is reached. Below pH 4.0 a product is 

produced which is too sour (Kroger, 1976) . 

It has been demonstrated that flavor components can 

arise from fat, protein, and lactose, with the important 

components arising from the microbial fermentation of 

lactose (Tamime & Deeth, 1980). In the case where the 

flavor is weak, Webb, Johnson and Alford (1974) have 

suggested the possibility of adding acetaldehyde to a 

product for a better "yogurt" flavor. 

Body and Texture of Yogurt-
Yogurt Stabilization 

The viscosity or body of yogurt is an important 

attribute in the final assessment of the product. For 

example, wheying-off or syneresis may be indicative of 

faulty fermentation and off-flavors. Syneresis can be 

caused by a protein content below 3.4%, low fat content, 

wrong acidity, insufficient heat treatments of the milk, and 
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general mishandling of the yogurt product. Syneresis is 

prevented by doing the opposite for each of the conditions 

listed above (Kroger, 1976) . 

A final pH of 4.1-4.4 after normal souring is 

desired; above 4.5 a weak coagulum is obtained. Commercially 

the incubation temperature is 43°C, while a slightly lower 

temperature of 40-42°C will result in a better body within 

an incubation time of a few hours (Kroger, 1976). Davies, 

Shankar, Brookes, and Hobbs (1978) also showed the 

importance of heat treatment of milk on the resulting 

coagulum. The filamentous appendages of micelles in heated 

milk appeared to inhibit coalescence giving rise to a 

firmer curd with a lower tendency to syneresis. The heat 

treatment of milk resulting in denaturation of p-lactoglob-

ulin and the association of this protein with the micelle 

surface is an important determinant of micelle fusion and 

gel strength. 

Modler, Larmond, Lin, Froehlich, and Emmons (1983) 

found that with the addition of increasing amounts of protein 

the gel firmness increased and syneresis decreased. Their 

gelatin control (0.5%) had the least syneresis followed by 

sodium caseinate (1.5%). The casein-based proteins, 

particularly sodium caseinate, produced yogurts that were 

generally inferior to gelatin for smoothness and appearance. 

Problems arise with increased use of milk solids. Whey 
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powders impart undesirable flavor and fortification with 

skim milk powder or whole milk powder can cause excessive 

acid production and taste deviations (Modler et al., 1983). 

An alternate choice for increasing gel firmness is 

the use of hydrocolloids or stabilizers in the yogurt mix. 

These act to increase gel formation and body. They have 

been used extensively in food product development and 

processing for the purpose of imparting desirable 

functional properties. These materials have been shown to 

play an important role in the eating quality and final 

sensory acceptance of food. Hydrophilic colloids are 

primarily used for texture control, water control, prevention 

of settling, and emulsification (Frost, Megedus & Glicksman, 

1984). There are many different types of colloids that are 

used in the Food Industry; Table 6 shows some of 

importance and their origin. 

Research is ongoing to develop new and improve old 

stabilizers. By combining known stabilizers better gel 

conditions may result depending on the type of media in 

which they are utilized (Frost, Megedus & Glicksman, 1984) . 

In another instance, Emmons, Beckett and Larmond (1972) found 

when small amounts of carrageenan replaced some of the 

modified starch in a pudding product the predominant 

characteristics changed from viscous to a soft gel and spoon-

ability improved, which is desirable in a yogurt product. 
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Table 6. Hydrophilic colloids used in the food industry. 

Plant Exudates Other 

Gum tragacanth Pectin-low methoxylpectin 

Gum Arabic Seaweed Extracts 

Plant Seed Gums Carrageenan 

Locust bean gum Furcellaran 

Guar gum Agar 

Algin-propylene glycol 
alginate 

Synthetics 

Sodium carboxymethyl-
celluloses Fermentation Products 

Hydroxypropyl cellulose Xanthan Gum 

Methylcellulose 

_______ 

Carrageenan, alginate, carboxymethylcellulose (CMC), 

locust bean gum, gelatin, xanthan gum, and other gums have 

all been found to be suitable stabilizers in yogurt 

production. All of these stabilizers are approved food 

additives by the Food and Drug Administration (FDA, 1983). 

These stabilizers can be used singly or in combination 

depending on the desired effect. When properly chosen, they 

play an important role in improving the body, texture, 

mouthfeel, and appearance of yogurt (Kroger, 1976; Modler 

et al., 1983) . A yogurt without stabilizers is more 

vulnerable to a number of stress factors than one that has 

been properly stabilized. 
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Gelatin is used in foodstuffs as a processing aid 

because of its unique physical properties rather than for 

its nutritional value as a protein. It is produced when 

tissues which contain collagen are subjected to mildly 

degradative processes, usually involving treatment with 

alkali or acid followed or accompanied by some degree of 

heating in the presence of water. The systematic fibrous 

structure of the collagen is then broken down irreversibly. 

The gelatin produced forms a solution of high viscosity in 

water which sets to a gel on cooling. Its chemical compo

sition is very similar to that of its parent collagen. The 

amino acid content of gelatin is dependent on the 

collagen source (skin, bone, etc. of pig, ox, horse, or 

other mammals) and the method of manufacture. Gelatin has 

been prepared by dilute acid solution, alkaline solution, 

a combination of both, and finally by autoclaving bone 

(Ward & Courts, 1977). 

The main variables affecting the viscosity at a 

selected gelatin concentration are temperature, pH, and 

added salts. As the temperature is raised above 40°C the 

viscosity decreases exponentially. With pH, the viscosity 

is a minimum at the isoionic point, and there are maxima at 

pH 3 and pH 10.5, approximately. Addition of salts 

decreases the viscosity of concentrated solutions of gelatin 

at all values of pH. 
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The physical property which principally determines 

the value of a commercial gelatin is the rigidity of the 

gel which it forms under standard conditions. This gel 

rigidity is measured and labeled Bloom strength 

commercially, and with increasing rigidity the (commercial) 

value increases. 

Gelatin has been used commercially in foods as a 

jellying agent, stabilizer, emulsifier, thickener, foaming 

agent, water binder, crystal growth modifier, glaze, 

adhesive, and binder. It has also been used with other 

colloids (Ward & Courts, 1977). 

Xanthan gum is one of the most recently developed 

hydrophilic colloids. It was approved by the FDA for use 

as a stabilizer, emulsifier, thickener, suspending agent, 

bodying agent, or foam enhancer in foods in 1969. It is 

produced by fermentation, using a pure culture of 

Xanthomonas campestris with glucose as a substrate, followed 

by purification and recovery with alcohol. It has a very 

high molecular weight, estimated to be on the order of 

several million, with D-glucose, D-mannose and D-glucuronic 

acid residues making up the building blocks in a ratio of 

3:3:2 in this heteropolysaccharide (Rocks, 1971). 

Temperature has very little effect on viscosity, a property 

distinguishing xanthan gum from most other hydrocolloids. 

Solution viscosity is also essentially independent of pH 

value and the presence of salts. 
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Due to xanthan gum's pseudoplastic nature it is an 

excellent suspending agent even at very low levels. In 

addition, xanthan gum is compatible with most other 

hydrocolloids. Its incompatibilities are few and are not 

generally encountered in food systems (Rocks, 1971). 

Kovacs (1973) found that the combination of xanthan gum and 

galactomannan (locust bean gum) resulted in a highly 

significant viscosity increase at low concentrations and, as 

the colloid concentration is increased, a thermoreversible 

and highly cohesive gel is obtained. One problem with this 

combination is that the two together are not pH stable. 

Xanthan alone is stable over the entire pH spectrum. If 

xanthan gum is combined with a pH stable colloid, for 

example gelatin or microcrystalline cellulose, a better 

gel may result. 

Microcrystalline cellulose (MCC) is a purified 

naturally occurring cellulose. It is produced by converting 

fibrous cellulose to crystalline cellulose or a 

redispersable gel. This is accomplished by a simple acid 

hydrolysis, drying, and/or co-processing with various 

hydrophilic dispersants. MCC is stable to temperature 

change, stabilizes foam, thickens, whitens, stabilizes 

emulsions, and suspends solids. MCC is a carbohydrate, but 

it cannot be metabolized by the human body, thus it is an 

ideal source of functional and non-nutritive solid for use 

in special dietary foods (FMC Corp. Bulletin, 1982). 
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Yogurt-Health Advantages 

It has been speculated that yogurt has other health 

advantages in addition to its benefits for the lactose 

intolerant individual. For example, Hepner, Fried, Jeor, 

Fusetti, and Morin (1979) determined the effect of milk 

products on serum cholesterol, triglycerides, and diet. 

Serum cholesterol was significantly reduced by 5-10% after 

one week of supplementation with either non-pasteurized or 

pasteurized yogurt. Dietary intake studies confirmed that 

intake of other nutrients remained relatively stable 

throughout the study. They concluded that supplementation of 

diet with yogurt may have a helpful hypocholesterolemic 

effect. 

Rossouw, Burger, Van Der Vyver, and Ferreira (1981) 

had differing results, however, in testing the hypothesis 

that certain milk products contain a cholesterol-lowering 

"milk factor", they found that all serum lipids fell during 

a precomplementation week and serum total cholesterol and 

low-density lipoprotein cholesterol continued to fall on 

skim milk. In contrast, total cholesterol rose for the 

first two weeks on yogurt or full cream milk. High-density 

lipoprotein, cholesterol and the percentage of high-density 

lipoprotein per total cholesterol rose transiently in all 

three groups (yogurt, skim milk, full cream milk), with the 

highest levels being recorded on full cream milk. Serum 
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triglycerides tended to decrease in all groups. They 

concluded that no convincing evidence of a milk factor could 

be found, but skim milk appeared to have a cholesterol-

lowering effect, perhaps partly due to its low-lipid 

content. 

These conflicting results may be due to the fat 

content of the yogurts used in each experiment; neither 

author specifies the fat content. A high fat content would 

result in high cholesterol or no change, while a low fat' 

content might result in lower cholesterol levels. 

Okonkwo and Kinsella (1969) attributed the decrease 

in cholesterol levels to the utilization of orotic acid. 

During the preparation of commercial yogurt from milk, the 

mean concentration of orotic acid decreased from 8.2 to 

4.6 mg./lOO ml. This decrease was attributed to the 

metabolic activity of the Lactobacillus species used in the 

yogurt culture. They stated that orotic acid possesses 

significant therapeutic properties; however, it also 

interferes with lipid transport and causes fatty liver when 

ingested in small quantities. 

Another potential health benefit was researched by 

Singh, Adarsh, and Chander (1979) . They studied the anti

bacterial activity of the yogurt culture of S_. thermophilus 

and L. bulgaricus in cow and buffalo milk. A culture 

filtrate from S. thermophilus exhibited no antagonistic 
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action against any of the test organisms, irrespective of 

the type of milk used and the period of incubation. On the 

other hand, culture filtrates from L. bulgaricus and the 

mixed culture caused pronounced inhibition of all the test 

organisms used. Antibacterial activity of yogurt culture 

was greater in buffalo than in cow's milk. From these 

results, they postulated the possible benefits of utilizing 

yogurt to help fight gastrointestinal disorders caused by 

other microorganisms. 

Whey Yogurt 

The use of whey in yogurt has been studied in the 

past by Jelen and Horbel (1974) , Hartman (1975) , Peng 

(Perry, 1978) , and Lindsay, Hargett, Wesson, and Bradley, Jr., 

(1981). Jelen and Horbel (1974) used fluid cottage cheese 

whey to reconstitute nonfat dry milk with or without fresh 

homogenized milk. A taste panel indicated acceptability of 

plain and Swiss-style flavored yogurts made from 60% 

cottage cheese whey, 29% homogenized milk and 11% NFDM. 

Hartman (1975) utilized fluid cottage cheese whey, 

spray dried sweet whey, spray dried cottage cheese whey from 

two sources and cottage cheese whey concentrated by reverse 

osmosis to 25-26% total solids. He found that sweet whey 

solids or neutralized cottage cheese whey solids can be used 

in yogurt at the rate of 1-2% to replace an equivalent amount 

of NFDM without affecting body, providing total milk 
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solids-not-fat are not below 9.5%. He also found the 

quality factors which limit the use of whey in yogurt to be 

the "whey" off-flavor (not typical of yogurt made from fresh 

milk ingredients) and weak body. The weak body could be 

compensated for by the addition of stabilizers while the 

"whey" off-flavor noted was not really an objectionable 

flavor. Some judges liked this flavor and suggested a new 

line of yogurt with usage of high levels of whey. 

Peng (Perry, 1978) , combined glucono-delta-lactone 

(GDL), soy milk and cheese whey powder in a water solution. 

The proteins precipitated and came together in a creamy white, 

opaque, bland-tasting gel. The product could be flavored, 

colored and sweetened to make it appear more yogurt-like. 

His product could then be used as a pie filling, pudding, or 

a yogurt-like product. 

Most recently, Lindsay, et al. (1981) tested frozen 

yogurt prepared with acid whey. Their main interest was in 

the descriptive analysis and directional preference results 

in sensory evaluation areas. They tested whether acid whey 

as an ingredient in frozen yogurt could provide considerable 

economic benefits yet not detract from the product. Their 

data indicated that the incorporation of fluid and dried 

acid whey solids (both at 3%) into a lemon chiffon-flavored 

frozen yogurt was quite successful. These experiments show 

the possibility of utilizng whey in a fermented yogurt-type 

product. 
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Sensory Evaluation 

Assessment of yogurt quality is usually made about 

24 hours after production and should include sensory 

evaluation (taste, aroma, visual appearance, body and 

texture) titratable acidity and pH measurement, compositional 

analysis (fat, protein, and total solids), and shelf-life 

test after four days of storage at 15°C (Kroger, 1976) . 

Sensory evaluation would help determine the acceptability of 

the whey yogurt produced. 

The value of sensory techniques in identifying 

characteristics influencing consumer preferences has been 

shown by Lindsay et al. (1981) and Ellis (1969). Preference 

and acceptance testing is a most important approach in 

sensory evaluation since it represents the summation of all 

sensory perception and judgement evaluation on the part of 

the consumer. Some specific techniques for consumer 

acceptance testing include ranking, paired comparison, 

rating scales, and semantic differential tests (Ellis, 1969). 

One of the most meaningful sensory tests for 

indicating general levels of preference is the hedonic 

rating scale. Basically, the essential features of the 

hedonic scale are its assumption of a continuum of preference 

and the direct way it defines the categories of response in 

terms of like and dislike (Peryam & Pilgrim, 1957) . 

Generally the preference rating scales should not have less 
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than five categories and the points on the scale should be 

equidistant and clearly successive. The questionnaire 

design must be brief, simple, and unambiquous (Sensory 

Evaluation Division of IFT, 1981) . 

Although normally the hedonic method calls for 

presentation of stimuli one at a time, rating scales may be 

used in test situations where all samples of the series are 

presented together. However, when this is done, the order 

in which the samples are tested should be randomized within 

instruction group and the number of samples presented should 

not exceed 18. Other physical requirements include the 

actual booth set-up, lighting, sample presentation, size and 

temperature of the sample (prell, 1976 and Sensory Evaluation 

Division of IFT, 1981) . 

Preference panelists are randomly selected (if 

possible), untrained and need only be representative of the 

target population. Generally, a minimum of 24 panelists is 

considered for rough screening of products, while 50-100 

panelists is considered adequate if selection bias is 

avoided (Prell, 1976 and Sensory Evaluation Division of 

IFT, 1981). 

The Food Action Rating Scale (FACT) is another 

effective rating test that evaluates preference and acceptance 

or opinions of a product. This scale is not applicable for 

rating specific characteristics but is a measure of general 
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attitude toward a food product. It has the same 

requirements as the hedonic rating scale. This additional 

information gives a better overall view of the panelist's 

general attitude toward the product as a whole (Sensory 

Evaluation Division of IFT, 1981). 

Ellis (1969) states that statistical design should 

be arranged to utilize each piece of data more than once 

so that the final results are analyzed completely. Thus 

conclusions are more generally applicable because each 

result leads to more than one conclusion. 

4 



CHAPTER 3 

MATERIALS AND METHODS 

Six whey containing yogurt-like products were 

prepared with fluid cottage cheese whey with varying levels 

of stabilizers and milk solid fortification. Solid fortifi

cation was maintained at 8.5% with either whey protein 

concentrate and/or non-fat dry milk solids. 

This investigation was conducted in the food 

processing pilot plant of the Nutrition and Food Science 

Department, The University of Arizona. A small scale level 

of production was used but the methods could be easily 

adapted to large scale (commercial plant) level. 

Basic ingredients were fluid cottage cheese whey, 

WPC, NFDM, p-galactosidase enzyme, xanthan gum, MCC, 

gelatin, yogurt culture, coconut oil, and emulsifier. 

Ingredients and sources are shown in Table 7. Final mix 

compositions are shown in Table 8. 

48 
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Table 7. Basic ingredients and sources. 

Ingredient Source 

Fluid cottage cheese whey 

WPC 

NFDM 

p-galactosidase enzyme 
(Maxilact) 

Xanthan gum 
(Keltrol) 

MCC 
(Avicel) 

Gelatin 
(275 Bloom Strength) 

Yogurt culture 
(Hanson-CHI) 

Coconut oil 

Emulsifier 
(Myvatex, Food emulsifier 
type 8-20E) 

Shamrock Food Co., Phoenix, 
Arizona 

Ridge-Tech Inc., Co., LaCrosse, 
Wisconsin 

Carnation Co., Los Angeles, 
California 

Enzyme Development Corp., 
New York, New York 

Kelko, Division of Merck and Co., 
Inc., Chicago, Illinois 

FMC Corporation, Westminster, 
California 

United Chemical and Organic 
Products, Division of Wilson 
& Co., Inc., Chicago, Illinois 

CHR Hanson Laboratory, Inc., 
Milwaukee, Wisconsin (supplied 
by the La Corona Co., 
Glendale, Arizona) 

Hain Pure Food Co., Inc., 
Los Angeles, California 

Eastman Chemical Products Inc., 
Kingsport, Tennessee 



50 

Table 8. Composition of final mix. 

Components 
(grams) 

1 2 3 

Sample 

4 5 6 

Neutralized 
Whey 2000 2000 2000 2000 2000 2000 

NFDM 200 200 100 100 0 0 

WPC 0 0 100 100 200 200 

Gelatin 10 15 10 15 10 15 

MCC 7 7 7 7 7 7 

Xanthan gum 7 7 7 7 7 7 

Fat 22. 25 22 . 25 22 .25 22. 25 22 . 25 22 . 25 

Emulsifier 1. 78 1. 78 1 

00 r-

1. 78 1. 78 1. 78 

Enzyme-
Maxilact 2. 4 2. 4 2 .4 2. 4 2. 4 2. 4 

Yogurt culture 110 110 110 110 110 110 

Yogurt Treatment 

Variables 

Each of the six experimental yogurts contained fluid 

cottage cheese whey which had been treated in two ways: 

(1) milk solid buildup by NFDM and/or WPC, and (2) 

stabilization of the coagulum at 1.0 and 1.2% stabilizer 

addition. Three levels of NFDM, three levels of WPC, and 



two levels of gelatin were used as can be seen in Table 8. 

All other ingredients were held constant. The conditions 

for neutralization, hydrolysis, homogenization, 

pasteurization, and fermentation of the products were the 

same for all. 

Solid Fortification 

The total solids range desired in the final product 

was 14-16%. Pre-testing showed that both NFDM and WPC were 

capable of producing a fermented-type yogurt product. The 

various levels of NFDM/WPC were designed to determine which 

type of milk solid fortification (at 8.5%) would give the 

best overall results and whether a complete whey-type 

yogurt product could meet consumer acceptability (mean 

scores of 7 or greater). Fat was added to the level of 1% 

to each sample to improve the mouthfeel of the final product. 

Stabilization 

From initial experimentation it was found that a 1:1 

ratio of xanthan gum and MCC resulted in the best dispersion 

of the solid particles in solution, while gelatin produced 

the desired gel. Thus, the amounts of xanthan gum and MCC 

were the same in each product, while the gelatin was varied. 

The two levels of gelatin (0.4 and 0.6%) were used to 

determine whether consumers would prefer a loose or a firm 

gel. 
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Whey Supply and Pretreatment 

Fresh, fluid cottage cheese whey was supplied by a 

commercial plant and was shipped by refrigerated truck in 

six-gallon, plastic-lined, plastic milk containers. Cartons 

were held at 5-l°C (41°F) in a walk-in cooler until use. 

Whey was 7-10 days old when processing began. 

At processing, approximately 8 gallons (67 pounds; 

30 kgs.) were transferred to a 10-gallon milk can. The can 

was left undisturbed in the walk-in cooler for two hours to 

allow the fine curd particles to settle to the bottom. 

Sanitary rubber milk tubing was introduced down the inside 

of the can to within six inches of the bottom, a siphon was 

started, and the gravity-clarified whey was decanted into 

a new clean 10-gallon milk can for neutralization. 

Neutralization 

The neutralization of the whey was carried out in 

the 10-gallon milk can. A stainless steel high-speed 

mixer (Lightnin Mixer Model 10, Mixing Equipment Co., 

Rochester, New York) and a pH electrode (Fisher Scientific 

Co., Pittsburgh, Pennsylvania) were introduced directly 

into the can to allow constant monitoring of the pH. With 

slow agitation, small aliquots of 6N KOH were added to the 

whey until the pH was steady at 7.0. 
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Solid Fortification and Hydrolysis of Yogurt Mix 

Solid fortification immediately followed neutrali

zation. Two kilograms of neutralized whey were placed in 

autoclaved stainless steel 3h quart Bain Marie pots. The 

milk solids and the enzyme Maxilact (40,000 ONPG vi/gm) were 

added slowly with constant agitation by the high speed mixer 

at medium speed for 10 minutes. The pots were covered with 

aluminum foil and placed in a cheese culture cabinet 

(Cherry-Burrell) at 33°C (91.4°F). The samples were allowed 

to reach the desired temperature of 33°C, then hydrolyzed 

continuously for four hours. The samples were stirred with 

stainless steel spatulas for 30 seconds each every 15 minutes. 

Stabilizer Addition 

After hydrolysis the temperature of the mix was 

raised to 63°C (145°C) by the addition of steam to the cheese 

culture cabinet in order to denature the enzyme. The 

stabilizers, fat, and emulsifier were then added to the 

heated mix using the high speed electric mixer at high 

speed, for 10 minutes. The mixes were returned to the 

cabinet prior to homogenization. 

Homogenization 

Homogenization of the mixes was done after 

stabilizer addition when the yogurt mixes were at the 

desired temperature of 63°C (145°F). A Gaulin Laboratory 
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Homogenizer (Manton-Gaulin Manufacturing, Inc., Everett, 

Mass.) was used at 2,000-2,500 psi. 

Pasteurization 

The yogurt mixes were sealed with foil and returned 

to the culture cabinet at the constant temperature of 63°C 

for 30 minutes (the temperature of a blank was determined 

at this time and during the final steps of production 

to avoid contamination of the final products). The mixes 

were cooled to 45°C (113°F) by addition of ice and water to 

the drained cheese culture cabinet. 

Fermentation 

A frozen yogurt culture (Hanson CHI) of Lactobacillus 

bulgaricus and Streptococcus thermophilus in a 1:1 ratio was 

used in this study. Prior to the production day, a mother 

culture of the frozen culture was made by thawing and then 

inoculating the culture at 0.1% into a 9% milk solid 

solution of sterilized skim milk. The mother culture was 

incubated at 42°C (107.6°F) for four hours until a firm 

coagulum resulted, then refrigerated. The mother culture 

was transferred routinely (weekly) to flasks containing 

sterilized skim milk to keep the yogurt microorganisms 

viable. 

On the day of production, seven flasks containing 

110 ml. of yogurt culture were held at room temperature for 



two hours to activate the yogurt microorganisms. The 

cultures were then warmed in a 45°C water bath before their 

addition to warmed 45°C pasteurized yogurt mixes. The 

resulting mixtures were stirred with sterilized stainless 

steel spatulas, resealed, and placed into a water-jacketed 

laboratory incubator at 42°C (107.6°F). The fermentation 

was followed by monitoring the pH of the control blank 

until 4.5 was reached. The products were transferred 

carefully to avoid agitation, to a walk-in cooler at 

+ + 
5-l°C (41-1°F) until testing (approximately 24 hours). 

Chemical and Physical Tests 

Mixture Tests 

Lactose. The procedure of Teles, et al. (1978) was 

used to determine lactose on duplicate samples of whey plus 

milk solids before hydrolysis. A 1:50 dilution of whey 

fortified with milk solids was made and was compared with a 

standard solution of lactose (1.052 g. of lactose 

monohydrate to 1000 ml. with distilled water). Color 

intensity was measured at 5 20 nm with a Bausch and Lomb 

Model 20 spectrophotometer (Bausch and Lomb, Rochester, 

New York). 

Glucose. The Raabo and Terkildsen procedure 

described in the Glucostat Reagent Set (Sigma Chemical 

Company, St. Louis, Missouri) was used to colorimetrically 
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analyze glucose liberated by hydrolysis of lactose in 

duplicate samples of whey with added milk solids mixtures. 

An undiluted deproteinized sample was used and compared 

against a glucose standard solution (500mg/dL). Color 

intensity was measured at 440nm with the spectrophotometer 

described previously. 

Percent Hydrolysis. At the completion of 

hydrolysis, the percent hydrolysis of lactose was determined 

colorimetrically. The concentration of lactose was 

determined on the mixture before hydrolysis and the amount 

of glucose liberated following hydrolysis was measured 

using the methods described previously. The amount of 

galactose produced was assumed to be the same as that of 

glucose produced. For 100% hydrolysis the amount of glucose 

and galactose produced should equal the initial concentration 

of lactose present. Thus, percent hydrolysis was calculated 

by dividing the concentration of glucose and galactose by 

the initial amount of lactose present and multiplying by 100. 

Final Product Tests 

pH. A Fisher Model 22 0 pH meter with combination 

electrode (Fisher Scientific Co., Pittsburg, Pennsylvania) 

was used in all pH determinations. The instrument was 

standardized at room temperature (25°C; 77°F) with pH 4.0 

standard buffer solution (VWR Scientific Inc., San Francisco, 
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California) . Determination of pH on final products was 

made 24 hours after production. 

Fat and Solids. Fat in the yogurt products was 

determined in duplicate by the Mojonnier modification of 

ether extraction, as described by Goss (1953, pp. 297-325). 

Total solids were also measured with the Mojonnier milk 

tester (Mojonnier Brothers, Chicago, Illinois). Since no 

methods were listed for yogurt testing, the sample sizes 

used were the same as called for in ice cream mix 

evaluation due to the similarity in solids concentration. 

In these tests samples must have the same consistency as 

milk for accurate results. 

Solids-Not-Fat. Solids-not-fat were calculated by 

subtracting the amount of fat from the total solids content. 

Moisture. Moisture was calculated by subtracting 

the total solids from 100. 

Protein. Protein in the yogurt products was 

determined in duplicate by the Kjeldahl method (micro). 

The Kjeldahl determination was a modification of the 

Association of Official Analytical Chemists procedure for 

dry samples (AQAC, 1980, Sees. 47.021-47.023). In the 

modification approximately 150 mg of the freeze-dried sample 

was added to 30 ml Kjeldahl flasks along with a boiling 

stone, a few crystals of catalyst, and 5 ml of I^SO^-H^PO^ 

mixture. Flasks were heated at a very low heat (2 on a 
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scale of 1 to 7) for 30 minutes until rapid foaming 

decreased and then gradually increased in temperature and 

the procedure continued as in a normal determination. 

The percent protein was calculated by the following 

formula: 

Normality x mis titrated x 85.84 mg/ml _ 0 „ • / v ~ ? riOtcl 11 wt. (mg) 

Ash. Ash was determined in duplicate by the AOAC 

method for dairy products (AOAC, 1980, Sec. 16.035). A 

Temco furnace at 550°C was used for the l.Og freeze-dried 

samples. 

Calories. Calories were determined in duplicate 

using a Parr-adiabatic Calorimeter (Model 1710). A 1.0 g 

freeze-dried sample was used. The kilocalories per gram 

were calculated using percent solids (for calculating) and 

reported as calories per grams. 

Four Day Shelf-Life. The yogurt products' appeara.nce 

were examined for whey syneresis after four days of storage 

at 5-l°C (41-°F). 

Sensory Evaluation 

Panel and Test Procedures 

Acceptability of the yogurt products was 

evaluated by an untrained panel of 50 University faculty, 

staff, and graduate and undergraduate students. There were 
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an approximately equal number of males and females, varying 

in age from 18 to 60. The observers had no prior knowledge 

of the variables used in the yogurts. Information on 

frequency of both plain and flavored yogurt consumption, 

age, and sex was elicited from each panelist. The sensory 

test procedure was approved by the University Human Subjects 

Committee. 

A 9-point (1-9) hedonic rating scale (Peryam & 

Pilgrim, 1957) and the Food Action Rating Scale (FACT) 

(Schutz, 1965) were used to evaluate acceptance of the six 

yogurt products. 

Because of space restrictions and for panelist's 

convenience, the panelists were asked to meet on one of two 

days between 10:00 a.m.-4:00 p.m. Panelists were seated at 

individual booths containing a score sheet with instructions 

(sample symbols pre-coded on the sheets), pencil, spoon, 

napkin, and a cup of water at ambient temperature. They 

were given written instructions advising them of the 

validity of first impressions in making sensory judgments. 

Oral instructions were also given and any questions were 

answered. The score sheets with instructions used in the 

ratings are shown in Appendix A. 

Presentation of Samples 

Plastic 30g sample cups were labeled with geometric 

symbols (.A , O / 0 ' ̂ * -L , I" ) to avoid bias. On both days 
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of testing each yogurt product was assigned a symbol and 

presented in a random order to each panelist. 

Samples were kept at 5^1°C (41—1°F) until testing 

time (approximately 24 hours). All six samples of approxi

mately 15 g each, were presented to the panelist at the same 

time in the predetermined order with the score sheets 

provided in the same order. Panelists were allowed to rinse 

their mouth between samples if they so desired. 

Computational Procedures 

The sensory evaluation results were compiled and then 

analyzed in two separate repeated multiple analysis of 

variance (MANOVA) (Winer, 1962) . The independent variables 

of sex and yogurt consumption patterns were compared in these 

analyses. The subject's age was not considered due to low 

numbers in each category. Because of the complexity of the 

data, results for the consumption patterns of plain and 

flavored yogurt had to be analyzed separately. Thus, the 

results reported are for both attitude analyzed and are 

dependent on the subject's sex and/or yogurt consumption 

patterns. The attributes analyzed were appearance, consis

tency, flavor, overall acceptability and consumer preference 

using the Food Action Rating Scale (FACT Scale). All 

hypotheses were tested using the .05 significance level. 

Student's t-tests were used to determine which interactions 

were significant (Kuehl, 1984). 



CHAPTER 4 

RESULTS AND DISCUSSION 

Chemical and Physical Analysis 
of Yogurt Mixes 

Lactose and Glucose. Color intensity was translated 

into mgs/ml and is shown in Table 9. Galactose is included 

with glucose. 

Percent Hydrolysis 

The percent hydrolysis as determined after enzymatic 

hydrolysis of lactose can be seen in Table 9. 

Table 9. Hydrolysis of whey with added milk solids. 

Sample Lactose Glucose + % 
Number mg/ml Galactose Hydrolysis 

mg/ml 

1 103.89 84.39 81.23 

2 108.01 83.62 77.42 

3 101.95 83.62 82.02 

4 99.57 84.39 84.75 

5 107.36 85.92 80.03 

6 111.47 89.37 80.17 

61 
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As explained previously, the amount of glucose and 

galactose produced in 100% hydrolysis should equal the 

inivial concentration of lactose present. Complete 

hydrolysis was not achieved. Unfortunately, time did not 

permit verification of the final hydrolysis levels before the 

whey plus solids was used in the final production steps. 

Consequently, the problem of lower-than-expected conversion 

was not discovered in time to allow for additional 

hydrolyzing time. In preliminary testing, four hours was 

found to be the .preferred time for 99° hydrolysis on 200 ml 

samples of whey plus solids. In the final products the lower 

hydrolysis level could have been due to obligosaccharide 

formation. Vujicic, Lin and Nickerson (1977) explained a 

similar discrepancy in predicted degree of hydrolysis as 

being due to the formation of oligosaccharides. Also, the 

processing conditions used for the final products were not 

exactly the same as in preliminary tests due to batch size. 

This might explain the reduced hydrolysis levels. 

Chemical and Physical Analysis 
of Final Yogurt Products 

In this section, data are reported for the final 

composition and properties of the yogurts produced. 

Basic Composition 

The final compositions of the six yogurt products 

(pH, titratable acidity, fats and solids, SNF, moisture, 
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protein, ash, and calories) are listed in Table 10. When 

compared with the plain lowfat yogurt contents in Table 5, 

they appear very similar. One discrepancy is found in the 

ash concentration. The experimental ash range is 8.90-

9.36%, while the ash content of commercial samples average 

1.09%. This large difference could be due to the high 

ash concent of the milk solids (NFDM and WPC) and the 

stabilizers used. 

Table 10. Basic composition of final yogurt products. 

Analysis 

1 2 

Samples 

3 4 5 6 

Moisture (%)* 83. 74 83 .58 83 .96 83. 84 83 .82 83. 82 

Total Solids (%) 16 . 26 16 .42 16 .04 16. 16 16 .18 16. 18 

Fat (%) 0. 83 0 .84 0 .91 1. 01 1 .16 1. 02 

SNF (%)* 15. 43 15 .58 15 .13 15. 15 15 .02 15. 16 

Protein (%) 3. 76 4 .02 3 .91 4. 06 4 .12 4. 25 

Ash (%) 9. 36 9 .10 9 .17 8. 90 9 .20 8. 93 

Carbohydrates (%)* 2. 31 2 .46 2 .05 2. 19 1 .70 1. 98 

Calories (per 100 
grams) 65. 45 67 .24 66 .79 68. 10 68 .51 68. 83 

Titratable Acidity 
(as % lactic acid) 1. 42 1 .42 1 .51 1. 52 1 .31 1. 34 

pH 4. 28 4 .35 4 .17 4. 15 4 .26 4. 25 

*determined by difference 
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The protein content of the experimental products was, 

on the other hand, lower than the value for the commercial 

yogurts. The experimental range was 3.76-4.25% protein 

while the average commercial protein value is 5.25%. 

The fat content of the yogurts produced (0.83-1.16%) 

was also lower than the average value of commercial yogurts 

(1.55%). The desired fat content was 1%, but the final 

products may have varied from this due to the different milk 

solids' fat contents and also the measuring inaccuracies. 

The calories ranged from 65.45-68.83 per 100 grams 

which is higher than commercial yogurt at 63 calories per 100 

grams. This is probably due to the higher solids content of 

the experimental products. 

The final carbohydrate composition ranged from 

1.7 0-2.46%, while the average commercial lowfat yogurt 

product has a carbohydrate concentration of 7.04%. The main 

carbohydrate in commercial yogurt is normally lactose with 

glucose, galactose and oligasaccharides making up the 

remainder; (in the experimental products the concentrations 

of all of the saccharides are equal). 

The titratable acidity of the experimental yogurts 

was greater than the minimum amount in commercial yogurts 

which provides evidence that hydrolysis of any remaining 

lactose had taken place. The pH of the final products had 

reached the desired range. Kroger (1976) stated that the 
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most acceptable pH levels were found to be between 4.1 and 

4.4. 

Four-Day-SheIf-Life 

The yogurt products with the higher concentration 

of stabilizer (1.20%) were the only products showing whey 

syneresis after four days of refrigeration at 5-1°C 

(41-1 °F) . 

Sensory Evaluation of Yogurt Products 

The sensory evaluation results showed significant 

interactions between solids and stabilizers. These 

differences were dependent on the subject's sex and yogurt 

consumption patterns but varied with the attributes tested. 

The mean squares of each attribute are listed in Tables 11 

and 12 with significant interactions indicated. None of the 

mean scores (X) were high enough to be considered 

commercially acceptable at this time (Peryam & Pilgrim, 1957) . 

But these results still show some important interactions. 

Those samples which were preferred in the different 

attributes most often were samples 1, 4, and 6. Sample 

number 1 contained 0% WPC and 1.0% stabilizer; sample number 

4 contained 50% WPC solids and 1.2% stabilizer; and sample 

number 6 contained 100% WPC solids and 1.2% stabilizer 

concentration. 



Table 11. MANOVA results for plain yogurt consumption pattern. 

df Appearance Consistency Flavor Overall FACT Scale 
M.S. M.S. M.S. Acceptability M.S. 

M.S. 

Between Subjects 

Sex (A) 1 .0862 .0145 11 .4416 1 .9364 6.6431 

Consumption 
Pattern I (B) 2 8.2595 10 .6098 9 .3115 11 .4777 10.7318 

A x B 2 .8913 1 .6972 1 .0005 2 .6507 9.7881 

Subjects/cell 44 10.7152 8 .9220 13 .3779 12 .1913 11.0672 

Within Subjects 

Solids (C) 2 24.7582* 33 .7146* 18 .0218* 6 .8287 10.2909* 

Stabilizers (D) 1 6.3778 21 .0834* 35 .9943* 28 .4655* 18.1724* 

C x D 2 12.2972* 11 .2396* 29 .7862* 18 .9347* 12.4658* 

A x C 2 1.6983 .7753 1 .2369 .9440 1.6799 

A x D 1 .4661 1 .0175 .0920 1 .4711 2.2941 

A x C x D 2 1.8541 9 .4460* 13 .2568* 14 .5936* 6.4835* 

B x C 4 2.6957 2 .6308 4 .9258 4 . 1260 3.4929 

B x D 2 .4515 .8491 2 .1527 .4736 2.3863 

B x C x D 4 2.3681 .8590 3 .4733 6 .1919* 4.7417* 



Table 11—Continued 

df Appearance Consistency Flavor Overall FACT Scale 
M.S. M.S. M.S. Acceptability M.S. 

M.S. 

A x B x C 

A x B x D 

A x B x C x D 

4 

2 

4 

Subjects within 
groups (s ) 220 

1.6308 

3.3747 

.2688 

2.1112 

2.5710 

.2556 

.7608 

2.1599 

2.3506 

2.3981 

4.5532 

2.6755 

2.5531 

1.6715 

3.9825* 

1.8891 

2.4261 

.9924 

.8849 

1.4912 

(*p<.05) 



Table 12. MANOVA results for flavored yogurt consumption pattern. 

df Appearance Consistency Flavor Overall FACT Scale 
M.S. M.S. M.S. Acceptability M.S. 

M.S. 

Between Subjects 

Sex (A) 1 .2430 3 .9969 11 .0057 .7099 .7262 

Consumption 
Pattern II (B) 2 3 .1772 16 .4558 1 .5526 2 .0883 7 .7994 

A x B 2 6 .9922 10 .5104 13 .5387 7 .5418 9 .8147 

Subjects/cell 44 10 .5874 8 .1000 12 .9184 12 .2644 10 .9996 

Within Subjects 

Solids (C) 2 19 .6099* 19 .5333* 5 .0078 7 .6683* 3 .7610 

Stabilizers (D) 1 20 .4580* 16 .6696* 15 .6657* 21 .0507* 12 .5448* 

C x D 2 16 .5038* 1 .2451 42 .3432* 19 .0392* 16 .0578* 

A x C 2 .3788 .6030 .7938 .6077 1 .5468 

A x D 1 2 .7220 1 .0202 .8736 .5977 .0001 

A x C x D 2 1 .9809 2 .3333 34 .5636* 15 .7066* 4 .0127* 

B x C 4 2 .1158 1 .5798 .3636 .8452 1 .2807 

B x D 2 6 .5042 1 .2672 2 .6644 2 .5226 2 .4699 

B x C x D 4 1 .6640 .4506 5 .1150 1 .2658 2 .9706 

<Ti 
00 



Table 12—Continued 

df Appearance 
M.S. 

Consistency 
M.S. 

Flavor Overall FACT Scale 
M.S. Acceptability M.S. 

M.S. 

A x B x C 

A x B x D 

A x B x C x D 

4 

2 

4 

Subjects within 
groups (s ) 220 

2.7702 

5.2291 

2.6357 

1.9742 

2.3054 3.0020 

.4040 .7812 

3.8004 11.4926* 

2.1155 2.7012 

1.7907 

.2329 

4.1627* 

1.9578 

.7870 

1.8324 

2.8567 

1.5103 

(p<.05) 

<j\ 
KD 
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Females and males showed differing trends. Plain 

yogurt consuming females rated the stabilizer-concentration 

at 1.2% significantly higher (p=.05) over the 1.0% 

stabilization level when 50% WPC solids were used in every 

attribute tested. Also, these females scored the samples 

with 0% WPC and 1.0% stabilizer concentration significantly 

higher (p=.05) over the 1.2% stabilizer concentration in 

the overall acceptability and the FACT scale attributes. 

While plain yogurt consuming males rated the sample with 

100% WPC and 1.2% stabilizer concentration significantly 

higher (p=.05) in consistency, flavor, overall acceptability, 

and FACT scale attributes than when 1.0% stabilizer 

concentration was used. On the FACT scale these males also 

scored the sample containing 50% WPC and 1.2% stabilizer 

concentration significantly higher (p=.05) than the 1.0% 

stabilizer. 

With the flavored yogurt consumption pattern there 

was a significant interaction between the sex of the 

subject and solids and stabilizers on flavor, overall 

acceptability, and the FACT scale. For females significant 

difference (p=.05) could be seen between the samples 

containing 0 to 50% WPC solids. The 1.0% stabilizer 

concentration was significantly preferred with 50% WPC 

solids. For males the significant difference (p=.05) was 

seen between the 100% WPC with the 1.2% stabilizer 



concentration and 1.0% stabilizer. The 1.2% stabilizer 

was preferred in flavor, overall acceptability and the FACT 

scale attributes. 

When looking at the results of the solids and 

stabilizers interactions the yogurt consumption patterns 

of the subjects were divided and the significant differences 

calculated on the means (X) resulting, as seen in Tables 

13 and 14. The appearance and consistency attributes showed 

significant differences (p=.05) at the 50 and 100% WPC levels 

The higher stabilizer concentration of 1.2% was preferred 

in both cases of WPC levels with each yogurt consumption 

pattern. The flavor attribute also showed a significant 

difference (p=.05) with the same preference for the higher 

stabilizer concentration of 1.2% with 50 and 100% WPC 

concentration for each yogurt consumption pattern. There 

was also a significant difference (p=.05) between the samples 

with 0% WPC level in the flavored yogurt consumption means 

(X). The sample with the lower amount of stabilizer (1.0%) 

was rated significantly higher than the 1.2% stabilizer 

concentration. Similar results can be seen with the overall 

acceptability and the FACT scale attributes. In every case 

where 50 and 100% WPC were used the higher stabilization 

concentration of 1.2% was preferred significantly (p=.05) 

over the 1.0% stabilization level. While the 0% WPC level 

was used the 1.0% stabilizer concentration was significantly 



Table 13. Means (X) for the attributes for solids and stabilizers interactions of 
all plain yogurt consumers and significances. 

Sample Content 

Means (X) 

Appearance Consistency Flavor Overall FACT 
Acceptability Scale 

0% WPC: 1,0% 
[ Stabilizer] 

0% WPC: 1.2% 
[ Stabilizer] 

50% WPC:1.0% 
[ Stabilizer] 

50% WPC: 1.2% 
[ Stabilizer] 

100% WPC: 1.0% 
[ Stabilizer] 

100% WPC:1.2% 
[Stabilizer] 

4.4 

4.0 

4.9* 

5.5* 

4.3* 

5.0* 

4.2 

4.2 

5.0* 

5.8* 

4.2* 

5.2* 

4.6 

4.1 

3.4* 

5.1* 

3.2* 

4.1* 

4.5 

4.1 

3.8* 

5.1* 

3.4* 

4.5* 

4.3 

4.1 

3.8* 

5.0* 

3.5* 

4.2* 

*p<.05 (two-tailed t-test) 



Table 14. Means (X) for the attributes for solids and stabilizers interactions 
of all flavored yogurt consumers and significances. 

Sample Content Means (X) 

Appearance Consistency Flavor Overall FACT Scale 
Acceptability 

0% WPC: 1.0% 
[ Stabilizer] 

0% WPC: 1.2% 
[ Stabilizer] 

50% WPC: 1.0% 
[Stabilizer] 

50% WPC: 1.2% 
[Stabilizer] 

100% WPC: 1.0% 
[Stabilizer] 

100% WPC: 1.2% 
[Stabilizer] 

4.6 

4.3 

4.8* 

5.9* 

4.0* 

5.4* 

4.6 

4.7 

5.1* 

6 . 0 *  

4.4* 

5.5* 

5.3* 

4.1* 

3.4* 

5.3* 

3.0* 

4.6* 

5.1* 

4.4* 

3.6* 

5.4* 

3.2* 

4.7* 

4.8* 

4.1* 

3.8* 

5.0* 

3.4* 

4.5* 

*p<.05 (two-tailed t-test) 

to 
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preferred (p=.05) over the 1.2% stabilization when looking 

at the flavored yogurt consumption pattern means only, 

with respect to flavor, overall acceptability, and the 

FACT scale attributes. 

Overall the sample with 50% WPC and 1.2% stabilizer 

concentration scored the highest in every attribute for 

each yogurt consumption pattern. In every case there was 

a significant difference (p=.05) between the stabilization 

level at 50% WPC concentration. The 1.2% stabilizer 

concentration was preferred over the 1.0%. 

It should be mentioned that sample number 1, with 

no WPC solids, 100% NFDM solids, and 1.0% stabilizer had 

higher scores than the 1.2% stabilizer samples because the 

NFDM solids caused a speckled texture which was more 

apparent in the 1.2% concentration of stabilization. 

The flavor attributes mean scores might be lower 

due to the whey "off-flavor" which Jelen and Horbel (1974) 

also detected in their research. All attributes have an 

effect on the total acceptance of the product, thus the 

lower flavor scores resulted in lower overall acceptance 

and FACT scale results. Hartman (1975) showed similar whey 

off-flavor results, but this research can not be directly 

related because of the different sensory evaluation 

measures used. 



CHAPTER 5 

CONCLUSIONS 

The goal of this investigation was to develop and 

test the acceptability of a fermented yogurt-type product 

utilizing fluid acid whey and whey protein concentrate as 

a major ingredient in the formulation. It was hoped that the 

procedures could be profitably adapted for feasibility and 

practicality by commercial firms producing a relatively 

small amount of acid whey. It would appear that no unusual 

processing problems or major adjustments should arise in a 

scale-up of the procedures used. 

The high acidity or low pH of the acid whey was 

neutralized with KOH. Hydrolysis of the lactose with p-

galactosidase renders the product acceptable for lactose 

intolerant individuals and also appeared to add sweetness 

to the product. Stabilizers reduced syneresis (wheying-off) 

and contributed to a better body and texture or viscosity. 

Finally, the fermentation utilized the natural fermented 

flavor of whey which added to the final flavor of the product. 

None of the samples produced scored high enough 

means (X) (scores of 7 or greater) to be considered consumer 

acceptable or marketable. With further testing and 
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formulation the sample with the highest mean scores (50% WPC 

solids and 1.2% stabilizer concentration) could possibly 

become marketable. Chemical and physical attributes of the 

products could be considered acceptable. The use of whey 

as an initial ingredient in yogurt production presents 

labeling problems. To alleviate this the whey products 

could be labeled "a fermented yogurt-type product". 

Specific conclusions that can be made are: 

1. All whey yogurts were within the legal requirements 

for ingredients, fat, milk solids not fat, and 

titratable acidity, based on the legal standards for 

labeling purposes, except for the use of neutralized, 

hydrolyzed cottage cheese whey as the initial dairy 

ingredient. 

2. The stabilizer concentration of 1.2% was significantly 

preferred (p=.05) over 1.0% in all cases where 50 and 

100% WPC solids were used, while with 0% WPC solids 

the 1.0% stabilizer concentration was significantly 

preferred (p=.05) in flavor, overall acceptability 

and on FACT scale for the flavored yogurt consumption 

pattern (male and female) only. 

In summary, no one sample was found to be commercially 

acceptable in the sensory evaluation results. One sample, 

(50% WPC solids and 1.2% stabilizer) scored the highest in 



every attribute. This product shows promise and with 

further work might become commercially acceptable. The 

flavor might be improved with the addition of fruit flavors 

and/or fruit puree. The high cost of lactose enzyme would 

probably demand the use of an immobilized enzyme system in 

order to make the use of whey in a yogurt-type product 

economically feasible. 



APPENDIX A 

SENSORY EVALUATION DATA SHEET 

> 
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YOCURT TASTE TEST 
Judge No.: Test Date: 
Please circle the correct Information or fill in: 

Age range: 18-25, 26—30, 31-40, 41-50, 51 and over 
Sex: female, Male 
Sample: 
You are being asked to evaluate 6 yogurt samples. Evaluate the yogurt on each attri

bute. Overall acceptability should indicate your total evaluation of the sample. Greacesc 
accuracy and reproducibility can be expected if you base your evaluation on one taste of 
each sample. You may rinse your mouth with water from time to time. Draw a vertical slash 
(/) through the horizontal line at the point which reflects your judgement of the sample. 
If you have any questions, please ask the research technician. 

Dislike Neither like Like 
extremely nor dislike extremely 

Attribute: 123456789 

Appearance j j 
Consistency . . 
(Texture, body, viscosity, etc.) 
Flavor | | 
Overall acceptability | | 

Please place a check mark next to the one (.1) statement that best describes how you 
feel about the product. 

I would eat this every opportunity I had 
I would eat this very often 
I would frequently eat this 
I like this and would eat It now and then 
1 would eat this if available, but would not go out of my way 
I do not like it, but would eat it on occasion 
I would hardly ever eat this 
1 would eat this only if there were no other food choices 
I would eat this if I were forced to 

How often do you eat yogurt? 

Plain Flavored 
Frequently 
Occasionally 
Never 

Comments: 
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