
ABSTRACT 

DESAI, NEERJA TARAK. Sensory Properties and Drivers of Liking for Greek Style 

Yogurts. (Under the direction of Dr. MaryAnne Drake.) 

 

         Yogurt is the most common dairy product consumed around the world wherein its 

sensory properties have a large effect on consumer acceptability. Greek yogurt is currently 

the most growing sector in the dairy industry. Sensory properties and drivers of liking for 

Greek / Greek style yogurt have not been reported. Since there is no standard of identity for 

Greek yogurts in U.S. and they can be made by a variety of methods, variability in sensory 

properties is expected. Knowledge of consumer perception and specific drivers of liking will 

be useful information for product developers. 

         The objective of this study was to document the sensory properties of commercial 

Greek yogurts and to determine drivers of liking through descriptive profiling and consumer 

testing. Flavor and texture attributes of commercial Greek yogurts (n = 26) were evaluated in 

triplicate by a trained descriptive sensory panel. Experimental bench top Greek style yogurts 

were made using spray dried ingredients from commercial suppliers. Consumer acceptance 

testing (n = 155) was then conducted on commercial Greek yogurts (n =10). Univariate and 

multivariate statistical analyses including penalty analyses and external preference mapping 

were used for data analysis. There were differences in yogurt with fat content and 

manufacture (Greek vs. Greek-style).  Full fat yogurts were characterized by firmness and 

denseness whereas low and nonfat yogurts lacked firmness, denseness, cohesiveness and 

after stirring viscosity. Greek style yogurts had more surface shine, jiggle and denseness 

compared to traditional Greek yogurts. Fewer flavor differences were observed among 

yogurts compared to texture differences. Full fat yogurts had distinct milk fat flavor and 



nonfat and low fat yogurts exhibited higher potato, soapy, dairy sour and free fatty acid 

flavors compared to full fat yogurts. Greek Style yogurts have higher burnt / beefy flavors 

compared to the Greek yogurts. Consumer preferred yogurts with firm, dense texture, 

moderate sweet, milk fat flavor and moderate dairy sour and sour taste.  

       This study establishes sensory properties of Greek and Greek-style yogurts, changes in 

sensory properties that occur with substitution of dried dairy ingredients in Greek-style 

yogurt manufacture, and consumer perception of these products.  
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A. Introduction 

            There is evidence of cultured milk products as far back as 5000 BC (Kosikowski and 

Mistry, 1997). The earliest yogurt was probably fermented accidentally by Mesopotamians 

when they carried milk in an animal stomach; this stomach naturally contained an enzyme 

chymosin which formed a gel when added to milk at warm temperatures.  Fermentation 

changed the flavor of fresh milk and extended the shelf life, people eventually realized the 

health benefits of eating yogurt.  

            The Code of Federal Regulations (CFR 131.200) definition of yogurt is ‘‘Yogurt is 

the food produced by culturing one or more optional dairy ingredients with a characterizing 

bacterial culture that contains the lactic acid-producing bacteria, Lactobacillus delbrueckii 

subsp. bulgaricus and Streptococcus thermophilus (CFR, 2008a). Optional ingredients must 

be added prior to culturing, before the addition of bulky flavors the yogurt should contain a 

minimum of: 3.5 % milk fat, 8.25 % milk solids not fat, titrable acidity of 0.9 which is 

expressed as lactic acid. The food base should be homogenized as well as pasteurized and 

ultra pasteurized before adding the bacterial culture. Yogurt maybe heat treated after 

culturing to destroy potential microorganisms”. The CFR 131.203 definition of low fat 

yogurt includes ‘‘Low fat yogurt is the food produced by culturing one or more of the 

optional dairy ingredients with a characterizing bacterial culture that contains the lactic acid-

producing bacteria, Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus 

thermophilus (CFR, 2008b).  
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It contains the same titrable acidity and milk solids not fat as the regular yogurt, but the milk 

fat should be more than 0.5 % and less than 2 %.  The CFR  defines non fat yogurt the same 

way the only thing that changes is that the milk fat should be less than 0.5 %. USDA 

specifications define that “Yogurt shall possess a clean, acid flavor and be free from 

undesirable flavors such as: bitter, rancid, oxidized, stale, yeasty and unclean” (USDA 2001). 

USDA also specifies that yogurt “shall possess firm custard like body with a smooth 

homogenous texture” (USDA 2001). 

           The Codex Alimentarius Commission of the Food and Agriculture Organization 

(FAO) and World Health Organization (WHO) set broader international standards for yogurt 

in the Codex Standard for Fermented Milks (2003). This document simply requires that 

yogurt be the result of fermentation by Streptococcus thermophilus and Lactobacillus 

delbruekii ssp. bulgaricus cultures, and contains a minimum of 2.7% milk protein, less than 

15% milk fat, and at least 0.6% titratable acidity. If a claim regarding live microorganisms is 

made on the package, the Codex specifies that at least 10
6
 colony forming units (CFU) per 

gram must be present (Codex standard 2003). 

           Greek yogurt is also called strained yogurt. The difference between regular yogurt 

and traditional Greek yogurt is that the yogurt is concentrated overnight by straining through 

a cheese cloth. This leads to the removal of whey and an increase in the total solids from 14 

% to 21 – 23 % (Tamime and Robinson, 1999; Robinson, 2003). This concentration step 

results in a texture in between yogurt and cheese, and increases solids and fat. 
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 The fat and higher total solids moderate the sour taste yet maintain a  distinct yogurt flavor 

and contribute to the smooth texture. Greek yogurts generally have a fat content of 7 – 10 % 

and solids not fat of 10 – 12 %. Due to the labor and time intensive method of straining, the 

concentration step maybe skipped and the yogurt formulated with a higher fat or by addition 

of other dried ingredients. Such yogurts are called “Greek style yogurts” and they may not 

necessarily have the increased protein content of traditional Greek yogurts.   

B. Ingredients  

1. Milk  

Milk is the primary ingredient in yogurt manufacture. The choice of the dairy 

ingredients used in yogurt formulation has an impact on yogurt characteristics (acidification, 

flavor and texture).  Chemical composition of fresh milk fluctuates depending on species, 

breed and season of the year; this affects the fermentation as well as the yogurt properties 

(Muir and Tamime, 1993). 

2. Cream 

In modifying the physical properties of food including mouthfeel, appearance (gloss, 

opacity and color), structure (melting profile, consistency and texture), heat transfer and non 

sensory effects (satiety), fat plays a key role (Drewnowski, 1992). Fat acts as an important 

flavor pre cursor, flavor carrier and flavor release modulator affecting the temporal 

perception of flavor in foods (Tuorila et al., 1995; Plug and Haring, 1994). Carbohydrates, 

proteins and other components present in yogurt can bind with flavor but cannot act as 

solvents; hence fat removal causes quality changes and also affects flavor release during  
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consumption (Stampanoni et al., 1996). Yogurt can have a fat content ranging from 0 % - 10 

% w/v. The effect of cream addition on yogurt texture is linked to the integration of the fat 

globules into the gel structure; this integration doesn’t occur if the cream is added after 

fermentation (Schkoda et al., 2001a). Addition of cream decreases the viscosity of yogurts as 

milk globules act as structure breakers. Small particles found in full fat yogurts represent the 

small droplets present, while the medium / large particles in low fat yogurt are protein 

aggregates. The small particles in full fat yogurts have a large surface area and act as flavor 

reservoirs (Brauss et al. 1999). 

3. Milk Powders 

  Milk powders are skim milk, whole milk or buttermilk with water removed and all of 

their original constituents present in the same ratio. Non fat dry milk powder (NFDM) is the 

product obtained by removal of water only from pasteurized skim milk. It contains not more 

than 5% by weight moisture and not more than 1.5% by weight milk fat unless otherwise 

indicated (21 CFR 131.25). Whole milk powder (WMP) is the product resulting from the 

removal of water from pasteurized milk and contains by weight not less than 26%, but less 

than 40% milk fat and not more than 5% by weight of moisture. It contains lactose, milk 

proteins, milk fat and milk minerals in the same proportions as the milk from which it was 

made (21 CFR 101.4 (b) (4)). They are used as a replacer if fluid milk is not available and is 

also used to enrich the protein content of the milk before fermentation and to increase the 

viscosity of yogurts. This step can help to standardize the protein content of milk and 

maintain a constant quality.  
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To adjust the fat content cream should be used, while for protein content it is best to use skim 

milk powder as it does not have any impact on the fat content. Addition of milk powder 

determines the viscosity, gel strength and ability to retain the whey of the yogurt.  Several 

studies have shown a relationship between the addition of milk powder and the rheological 

properties of yogurt (Becker and Pulhan, 1989; Harwalker and Kalab, 1986; Rohm, 1993; 

Watcher-Rodarte et al., 1993). A low heat powder is also usually recommended for yogurt 

fortification (Tamime and Robinson, 1999) as it does not impart the scorched / burnt flavor 

and also helps reduce syneresis. 

4. Condensed milk  

Condensed milk is cow’s milk obtained after removal of water; generally it is 

sweetened to extend the shelf life without refrigeration. Fresh liquid condensed skim milk 

can be used in place of skim milk powder to enrich the milk in yogurt manufacture. 

Incorporating condensed milk in a liquid form is much easier compared to dissolution of 

skim milk powder. Both the methods are effective however it depends upon the factory to 

decide the easier available ingredient. The disadvantage for usage of condensed milk is that it 

requires specific equipment for storage and blending (Guzman-Gonzalez et al.1999). 

5. Buttermilk Powder  

Buttermilk powder is obtained by removing water from liquid buttermilk derived 

from the churning of butter. It shall contain not less than 4.5% milkfat and not more than 5% 

moisture, and a protein content of not less than 30% (21 CFR 101.4 (b) (6)). Buttermilk 

powder has been successfully used to replace skim milk powder for milk fortification in 
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 yogurt manufacture (Guin´ee et al., 1995; Trachoo and Mistry, 1998). No significant 

differences were seen in the water holding capacity as well as the viscosity of the low fat 

stirred yogurt made using either of the ingredients. On comparing the sensorial properties of 

the two yogurts, the yogurt fortified with buttermilk yielded a smoother product compared to 

the one fortified with skim milk powder. 

6. Milk Proteins    

Milk proteins belong to primarily two main categories which can be separated on the 

basis of their solubility at pH 4.6, 20
o
C. Under these conditions the proteins which precipitate 

out are caseins which form 75 – 80 % of the proteins in milk while the proteins which remain 

soluble are whey or serum proteins which comprise of the remaining 20 – 25 % of the 

proteins. Milk proteins are not heat labile which permits the manufacture of high range heat 

sterilized concentrated and dehydrated products without the change in the sensory properties 

of milk (P.F.Fox, 2001). Milk proteins are extensively being used in the manufacture of 

yogurt to increase the protein content. 

i. Milk Protein Concentrate:   

Milk protein concentrate is made by ultra filtering the milk and removing lactose and 

minerals until desired protein content is achieved. Generally MPC’s have a protein content of 

42 – 85 % (dry basis). Skim milk powder has been replaced in yogurt manufacture by milk 

protein concentrates. When the protein content of the yogurt was kept the same the 

substitution of skim milk powder by MPC did not change the firmness (Mistry and Hassan, 

1990; Modler et al., 1983b), the viscosity (Guzman-Gonzalez et al., 1999; Rohm, 1993), 
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 the syneresis (Modler et al., 1983b), the texture (Mistry and Hassan, 1992), or the flavor of 

the yogurts (Mistry and Hassan, 1992; Modler et al., 1983b). This substitution allowed the 

reduction of the amount of powder being used for fortification as the protein content of MPC 

is 50-85 % compared to 34 – 36 % for a typical SMP. Yogurts made from ultra-filtered milk 

had a higher protein content and more viscosity and firmness compared to the one prepared 

from skim milk powder (Becker and Puhan, 1989; Biliaderis et al., 1992; Lankes et al., 

1998). 

7. Whey Powder  

The use of whey powder is limited in yogurts as it can affect the flavor, texture and 

appearance (Shah et al. 1993). Its usage has been extensively studied as it is an inexpensive 

product. A yellowish color and syneresis proportional to the whey added was observed in 

yogurt when whey powder was added (Gonzalez-Martınez et al. 2003). When whey powder 

was used to replace skim milk powder on a dry weight basis a significant difference was seen 

in the viscosity of the control yogurt which was lowered due to the low protein content 

(Bhullar et al., 2002; Dave and Shah, 1998). 

i. Whey Protein Concentrates   

WPC are products derived from cheese whey by removal of minerals and lactose. 

Lactose, minerals and non protein nitrogen compounds are removed by high pressure 

ultrafiltration thereby concentrating the protein fraction to have at least 25 % protein. 

Commonly used to replace skim milk powder, WPC 80 is inexpensive compared to SMP.  
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Contrary to whey powder, WPC can contribute water binding properties thereby 

reducing syneresis and giving a firmer product (Augustin et al., 2003; Cheng et al., 2000; 

Greig and Harris, 1983).WPC is also used as a functional protein source. On a dry basis 

WPC generally contains 35 %, 50 % or 80 % protein. Compared to the caseins present in 

SMP whey proteins lack opacity and white appearance. Casein and whey protein powder 

were used in yogurt and on comparison with a control it was concluded that this addition 

reduced the fermentation time, decreased viscosity and graininess, and the structure of gel 

was more open and less branched when observed microscopically (Sodini et al.2005). 

8.  Fruit in yogurt  

The popularity of yogurts has been propelled due to the addition of fruit (Chandan, 

1982; Chandan and Shahani, 1993; Tamime and Robinson, 1999). The addition of fruit 

flavors, fruit purees and flavor extracts improves the versatility of color, taste and texture for 

consumers. Ideally the fruit pieces are dispersed throughout the body of the yogurt without 

the fruit settling on the bottom which is called Swiss style or stirred yogurt.  The sensory 

attributes of the finished product depend on the pH, flavor, and texture of the fruit 

preparation.  The fruit on the bottom style (FOB) also called sundae - style, which constitutes 

8 % of total yogurt sales, the fruit preparation stays on the bottom while the yogurt mass is 

put on the top. In Swiss style yogurt, the fermented base in blended with fruit preparation to 

disperse the fruit throughout and then packaged. Viscous custard like texture is formed on 

cooling with the help of stabilizers.  
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9. Sweeteners 

Sweetening agent is added to the yogurt base; sucrose is used for this purpose in 

either liquid (60 – 67 % solids) or granulated form (Chandan et al., 2006).The total solids 

content of the resulting product should be considered to avoid the dilution of the total solids 

of the yogurt mix. Sugar has an inhibitory effect on the yogurt starter culture; hence the level 

of sugar added should not exceed 10 – 11 %. The production of acetaldehyde is suppressed at 

8 % sucrose level (Chandan, 2004). 

  The CFR specifies (21CFR131.200) the permissible nutritive sweeteners to be used in 

yogurt. Generally a 50:50 blend of sugar and High fructose corn syrup (HFCS) is used for 

sweetening the yogurt mix. Other nutritive sweeteners which can be used are crystalline 

fructose, fruit juice concentrate, tapioca or rice syrup, honey, maple syrup or agave.  The 

choice of these sweeteners depends on the marketing considerations and the labeling 

requirement. The level of artificial sweetener added into the yogurt mix depends on the 

acidity and the relative sweetness of the fruit added in it. The effect of sweeteners is 

determined by pH and temperature (Yaygin, 1999). The sweeteners added into yogurt mix 

may affect the metabolic activity of yogurt starter bacteria, with an increased sweetness level, 

the activity of the starter bacteria is weakened leading to low viscosity and acidity 

development in the final product (Kim et al., 1995). The inhibitory effect of sweeteners is 

directly related with the water activity and osmotic pressure of the environment (Fennema, 

1985) as the sugar molecules replace the free water molecules within the food lowering the 

water activity.  
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The function of artificial sweeteners is not limited to the contribution to the aroma/ 

flavor of the yogurt, but they also play an active role in modifications and size of casein 

micelle during acidification of the milk thereby helping in casein precipitation (Haque et al., 

2002). Crystalline fructose provides more sweetness and a cleaner flavor release compared to 

sucrose but at a higher price. Several high intensity / non nutritive sweeteners are used of 

which the ones approved by FDA are Aspartame (APM), Sucralose, Acesulfame K (ACE-K). 

These can be used alone or in combination with other nutritive sweeteners. Aspartame 

(APM) is unstable and lacks sweetness when breaks down at very high temperatures. 

Presently APM is used in combination with crystalline fructose, HFCS, ACE-K in yogurt.  

10.  Effect of textural properties and Stabilizers 

In food products, fat acts as a structuring material and as a solvent for flavor 

compounds which are mostly hydrophobic. With the modification of fat content in food the 

structure, texture and flavor perception of food changes (Tuorila et al., 1995, Hess et al., 

1997, Brauss et al., 1999). The absence of fat changes the distribution of flavor molecules in 

a product hence, fat replacers / thickeners and their amounts and storage have a significant 

effect on physical, chemical, textural and sensory properties of strained yogurts (Yazici and 

Akgun, 2004). Modification of flavor release by the fat replacing agent pectin can be 

explained by a decrease in aroma perception with increasing pectin concentration and gel 

firmness (Roberts et al., 1996). The presence of starch in yogurt decreased the aroma 

compounds in head space, while the addition of guar gum increased the flavor release 

(Decourcelle et al., 2004).  
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Seven different stabilizers pectin, guar gum, carboxyl methyl cellulose, carrageenan, 

sodium alginate, corn starch and gelatin were used at different levels in milk for yogurt 

manufacture. The best result for yogurt in terms of flavor was obtained with a combination of 

0.4% corn starch and 16.6% total solids (Mohammad, 2004).In case of a sodium caseinate 

(1.4% w/w) enriched yogurt, the flavor intensity and the fruity notes were found to be less 

intense compared to the whey protein (1.4 % w/w) enriched yogurt (Saint-Eve et al., 2006a). 

         Stabilizers increased the shelf life of the product and provide a more stable product 

from batch to batch by minimizing whey separation thereby increasing the viscosity and 

binding free water, lowering the water activity providing an inhibitory action for 

microorganisms (Keogh et al., 1998). Stabilizers form a three dimensional gel network by 

increasing the water binding capacity of milk components (mainly proteins) and thus increase 

the stabilization of protein molecules in the gel network (Jung, 2002). Stabilizers should not 

impart any flavor, be stable at low pH and should be readily dispersed at normal 

temperatures. The most common stabilizer used in FOB as well as in blended yogurts is 

Modified food starch (MFS), usually derived from corn (Chandan, 2006). It is easy to handle 

during processing and is cost effective. The only disadvantage is that it may mask flavor 

release. Pectin is also used as a popular stabilizer in products which require a natural label 

perception. However pectin is expensive and may be used along with locust bean gum as a 

stabilizer in many FOB (Hoefler, 2004). Locust bean gum is characterized as a 

galactomannan and is used for its ability to increase viscosity and prevent fruit flotation and 

syneresis (Hoefler, 2004).  
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Gelatin is also used as a stabilizer in yogurt. However, if gelatin is added above 0.35 % w/w 

it may gives yogurt a lump like appearance upon stirring (Chandan, 2006). The maximum 

amount of pectin that can be added to yogurt is 0.20 % w/w, as higher concentrations could 

result in a chalky or sandy texture and reduced viscosity in stirred yogurt (Hoefler, 2004).   

11. Acidulants 

  Fruit preparations are acidified to ph 3.4 – 4.0. The most commonly used acidulant is 

citric acid however for natural and organic products lemon juice concentrate is used. Sodium 

citrate is also used as a buffering agent in fruit preparations.  

C. Ingredients and composition effects  

A variety of ingredients can be added to stabilize, sweeten, color, fortify and extend 

the shelf life of yogurt. Skim milk powders increase the protein content of the yogurt and can 

increase the viscosity, gel strength, and ability to retain the whey of the yogurt (Sodini and 

Tong, 2006). Flavors such as cooked, sweet aromatic, cereal, animal/wet dog, brothy/potato 

and cardboard flavors can be contributed by milk powders (Drake et al., 2003). Some skim 

milk powders also showed flavors like caramelized, burnt, animal/barny, vitamin/rubbery, 

free fatty acid, earth/musty, bitter and sour (Drake et al., 2003). Cheaper alternatives like 

whey and soy proteins can also be used; however they cause deleterious effects in flavor, 

texture and appearance at higher levels, higher animal/wet dog, brothy and cardboard were 

reported in whey proteins and caseinates compared to skim milk powders (Drake et al., 

2003). Isleten and Karagul-Yuceer (2006) related that sodium caseinate fortified yogurts had 

higher animal flavor than the control with no added caseinate.  
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A study conducted by Drake et al. (2000) showed that yogurts fortified with soy 

proteins imparted soy aroma, chalkiness and soy flavor. Yogurts with soy proteins were also 

less sweet compared to the treatments which were not fortified with soy proteins (Drake et 

al., 2000). Dried milk powders, whey proteins and starch based stabilizers were reported to 

cause stale or storage off flavors in yogurt (Tribby, 2009). Additional calcium fortification 

has not been shown to affect sensory characteristics of yogurt (Singh and Muthukumarappan, 

2007). Potassium sorbate is used to increase the shelf life of products by inhibiting the yeast 

and mold growth, but it is known to cause objectionable flavors in yogurt (Tribby, 2009). 

D. Yogurt Processing 

Yogurt processing primarily consists of milk procurement, reception and storage, 

separation, mix preparation, pasteurization, homogenization, inoculation and incubation, 

cooling and packaging. For Strained yogurts an additional straining step is to be added after 

the cooling process. 

1. Milk procurement, storage, separation and mix preparation   

  Grade A milk procurement from dairy to the processing plant is done in insulated 

tanks, avoiding unnecessary agitation of milk to prevent lipolytic deterioration of milk flavor. 

Storage temperature of milk should not exceed 7 
o
C and quality control checks should be 

performed on the milk. Skim milk and cream should be separated, sedimentary matter should 

be removed and milk should be standardized to the % fat level according to the type of 

yogurt being made. For mix preparation, ingredients should be mixed together to achieve a 

desired formulation with the help of an agitator. 
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 In most yogurt formulations standardization of milk for fat and solids not fat (SNF) results in 

fat reduction and a possible increase of 30 – 35 % in lactose, protein, mineral and vitamin 

content (Chandan and Shahani, 1993, 1995; Chandan, 1997, 2004). Physical properties of 

yogurt are impacted by the addition of sweeteners and stabilizers.  

2. Pasteurization  

Yogurt mix is pasteurized (80 – 85 
o
C for 30 min or 90 – 95 

o
C for 10 min) to destroy 

pathogens but the time temperature exceeds the legal pasteurization and is for texture 

development (CFR 1240.61). Whey proteins undergo a physical change due to the heat 

treatment thereby affecting the yogurt viscosity (Shah, 2003). Whey protein denaturation of 

70 – 95 % improves water absorption capacity helping create smooth consistency, high 

viscosity and less whey separation. The other desirable outcomes which occur are 

inactivation of nonpathogenic organisms, production of stimulatory / inhibitory factors for 

starter cultures and inactivation of enzymes (Tamime and Robinson, 1999). During heat 

treatment of milk, some substances formed like cysteine, glutathione or thiogluconate can 

stimulate the growth of yogurt starter bacteria (Tamime and Robinson, 2007). Heat treatment 

also has a significant effect on the textural properties of yogurt; the holding time of milk at a 

temperature above 75 C causes 99 % denaturation of β-lactoglobulins which gives the 

characteristic yogurt gel due to the aggregation of casein micelles which occur as a result of 

the heat treatment (Dannenberg and Kessler, 1988). 

3. Homogenization 

A number of physical / chemical changes occur in yogurt due to homogenization of  
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the milk or the mix. The adsorption capacity of the newly formed fat globules onto the casein 

micelles increases, which leads to an increase in the total volume of the suspended matter 

thereby making it more viscous. Yogurt consistency also improves, providing greater 

stability against whey separation (Chandan, 2006). Homogenization is conducted at 

temperatures ranging between 55 C and 80 C with homogenization pressures between 100 

and 250 bar (Schkoda et al., 2001).Homogenization reduces the size of the milk fat globules 

to prevent cluster formation and surface aggregation (<2 µm) (Chandan, 2006).  Due to the 

increased surface area of the fat globules, homogenization induces interactions between milk 

proteins, most importantly between casein and fat (Cano-Ruiz and Richter, 1997). 

4. Inoculation fermentation and gel formation 

 S. thermophilus is a gram positive, facultative homofermentative bacterium 

exhibiting optimum growth at 39 – 46 
o
C (Chandan, 2006).  Some strains produce 

exopolysaccharides (EPS) which impart a ropy texture to the yogurt (Mediedo et al., 2002). 

Blended or stirred style yogurt is a result of both acid aggregations of casein micelles and 

production of exopolysaccharides by ropy strains during incubation (Cerning, 1995). L. 

delbrueckii spp. Bulgaricus is a gram positive non sporing homofermentative bacterium. The 

optimum temperature for growth is between 40 – 47 
o
C, some of these strains are also 

capable of producing exopolysaccharides (EPS). These two bacteria are added to the cooled 

pasteurized yogurt mixes (40 – 44 
o
C).  

In the initial stage of fermentation, S. thermophilus grows faster than L.bugaricus, 

fermenting the lactose and producing lactic acid. Lactic acid is also formed from other  
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volatiles present in the milk (Rasic and Kurmann, 1978). When the pH reaches 5 growth of 

S.thermophilus goes down and L.bulgaricus grows at a faster rate (Chandan, 2006). Gel 

formation in yogurt occurs as a series of chemical, biological and physical actions. Microbial 

growth causes the mix pH to decrease from 6.8 – 5.0 which as a result solubilizes colloidal 

calcium ions (Lee and Lucey, 2004a). A further pH decrease from 5.0 – 4.6 causes the 

physical aggregation of the casein micelles. At pH 4.6, the isoelectric point of casein, the 

charges of the casein micelles are neutralized. Below the isoelectric point, rearrangement and 

aggregation of casein micelles leads to protein gel formation and thus a particle gel structure 

(Tamime and Robinson, 1999). Yogurts are also defined as acid casein gels or particle gels 

formed by the aggregation of casein micelles (Ozer, 2004; Dickson, 1994). The properties of 

such acid casein gels are closely related to the casein concentration, enthalpic nature of the 

gel, the extent of attraction / repulsion between the casein particles and the gelation 

mechanism, size and distribution of casein micelles and the number of protein contact points 

also influences the structure of gel (Ozer, 2004).  

Yogurt gels with compact structures can be obtained by increasing starter culture 

inoculation rates (0.5 – 4 %) and incubation temperature (40 – 45 
o
C); which increases the 

acidification rate which in turn decreases the time to reach the isoelectric point of casein; the 

elevated incubation temperature increases hydrophobic interactions which contribute to a 

more dense conformation within the gel as well as more contractions of the casein particles 

(Lee and Lucey, 2004b). Lactic acidification is a result of lactose fermentation by the 

associative growth of the lactic acid bacteria, Streptococcus thermophilus and L.bugaricus, it  
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is also influenced by the quality of milk (Torriani et al., 1996), the strains used (Kneifel et al., 

1993) and the incubation temperatures (Bael et al., 1999). If acidification occurs after the 

incubation time, it is mainly due to the strains used; the storage temperature and the storage 

time (Dave and Shah, 1997). Yogurts made at a lower temperature are less shear thinning due 

to a greater number of interactions between bacteria, proteins and EPS (Schellhaass and 

Morris, 1985).  

5. Cooling, fruit incorporation and packaging 

 Yogurt is cooled and stored below 5
o
C to prevent microbial activity and with a view 

of extending the shelf life. A fruit feeder or flavor tank is used to incorporate the desired 

level of fruit and flavor. The blended product is then packed.  

For manufacturing of traditional Greek yogurt an additional step which needs to be included 

in the manufacturing is: 

6. Straining 

After the milk is cultured, it needs to be strained for removal of whey and to give it a 

thicker and creamier consistency. This straining step improves the texture of the yogurt and 

reduces syneresis which is often found in other yogurt types. Greek yogurts are becoming 

increasingly popular as the straining step removes water and by volume it has twice the 

protein of regular yogurt and less carbohydrates, sugar and sodium (Dairy Management Inc).  

Certain food companies also double boil the milk to make it thicker and add cream or dried 

dairy ingredients to achieve the right consistency thereby avoiding this additional straining 

step.  
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A strainer requires a huge investment and hence to cut down on the manufacturing 

cost an alternative method can also be employed such as addition of hydrocolloids along with 

dried dairy ingredients and proteins. Greek style yogurts do not have the straining step, 

instead thickening agents are added to the yogurt mix to enhance the texture. 

7. Distribution and Storage 

  The concentration of the flavor compounds acetaldehyde, ethanol and Diacetyl 

produced by fermentation change during storage depending on the temperature of storage and 

duration (Vahcic and Hruskar, 2000). Vahcic and Hruskar, (2000) revealed that acetaldehyde 

content decreased at 4
o
C, 20

o
C and 37

o
C during 25d storage and diacetyl and ethanol 

contents increased. A 50 consumer sensory evaluation test conducted showed that the 

probability of the whole yogurt being accepted after 91 d at 10
o 
C was 40 % whereas for non 

fat yogurt it was only 15 % as it developed certain negative attributes, making the storage of 

skimmed yogurt a potential challenge (Salvador and Fiszman, 2004). Saint Eve et al. (2008) 

observed that with decreasing fat percentages (0%), the effect of packaging materials 

increased, which implied that a higher percentage of fat in yogurt helped in resistance against 

the influence of packaging material.  

Rychlik et al. (2006) observed that with an increase in free fatty acids a simultaneous 

increase in cheese like off flavor was seen during storage of pasteurized yogurt and 

synergistic sensory behavior was believed to have caused this off flavor.  The decrease in 

lactose concentrations was generally accompanied by a proportional increase in lactic, acetic 

and propionic acid concentration (Laye et al., 1993). Distribution of yogurt involves storage,  
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transportation and marketing. Typically the shelf life of yogurt is between 30 – 50 days 

depending on the storage temperature while from a consumer point of view an opened 

container should be consumed within 7 days once opened (NDC, 2009).  

E. Fermentation products of yogurt bacteria 

Yogurt bacteria L.bulgaricus and S.thermophilus have a β galactosidase system to 

hydrolyze lactose to glucose and galactose (Ray, 1996). Galactose is partly metabolized by L 

delbrueckii subsp. bulgaricus strains while most strains of S. thermophilus do not have the 

enzymes for metabolizing galactose. Therefore galactose and lactic acid are accumulated in 

the yogurt. After hydrolysis of lactose, the products contributing to flavor are as follows. 

Lactic acid is the major metabolite of what which inhibits the growth of other 

microorganisms by decreasing the pH levels and this acid forming activity is dependent on 

the strains (Facklam, 2002). Acetaldehyde at levels of up to 40 mg kg
-1 

is considered to be 

the main flavoring compound of yogurt (Robinson et al., 1997), with a desired acceptable 

level of 25 ppm (Ray, 1996). Acetaldehyde is produced from threonine which is produced by 

proteolysis in milk (Chaves et al., 2002). Yogurt made from goat’s milk had lower 

acetaldehyde content when compared to that made from cow’s milk due to the higher glycine 

level in goat’s milk, which acts as an inhibitor of threonine aldolase (Rysstad et al., 1990). 

Acetic acid is also another flavor compound produced from pyruvate by S.thermophilus. 

Beshkova et al. (1998) examined the free volatile fatty acids in plain yogurt and reported that 

acetic acid had the highest concentration and the production of acetic acid by L.bulgaricus 

was higher compared to that of S.thermophilus. Increased concentration of acetic acid in  
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yogurt causes harshness in the product imparting a vinegary taste and thereby lowering the 

consumer acceptability (De Vuyst, 2000). Diacetyl produced via pyruvate metabolism is 

considered to be a major aroma and flavor component of butter. Discrepancies in the role of 

yogurt bacteria in producing diacetyl were observed in some studies (Beshkova et al., 1998). 

F. Aroma Components of yogurt  

The odor and taste of soured milk products are characterized by various volatile 

bacterial metabolites produced as by products of lactic acid fermentation or by other reaction 

mechanisms. Lactic acid is considered to be one of the prime compounds significantly 

imparting yogurt its flavor (Beshkova et al., 1998). Aroma and taste of yogurt is mainly 

because of the presence of volatile acids, carbonyl compounds and non volatile acids present. 

Carbonyl compounds are believed to have a significant influence on the final yogurt aroma 

(Imhof et al., 1994; Kaminarrides et al., 2007). A high concentration of acetaldehyde is 

necessary to produce a desired yogurt flavor. If the yogurt producing strains lack the alcohol 

dehydrogenase enzyme, which helps to convert acetaldehyde into ethanol, it leads to a low 

utilization of acetaldehyde (Chaves et al., 2002). Diacetyl is also one of the major aroma 

compounds of yogurt (Guerra Hernandez et al., 1995). Nilsson, (2008) illustrated that lactose 

and citrate are precursors of diacetyl. Over 90 compounds were found to influence the final 

aroma of yogurt, some of them were 2,3-butanedione, 2,3-pentanedione, dimethyl sulfide and 

benzaldehyde (Imhof et al., 1994). Ott et al. (1997) reported six compounds (1-octen-3-one, 

1-nonen-3-one, methional, 2-methyltetrahydrothiophen-3-one, 2-E-nonenal and guaiacol) 

with intense odor that impacted yogurt flavor. Acetaldehyde is an important but not the sole  
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contributor to yogurt aroma, as the net aromatic effect is the result of the combined effect of 

all the aromatics present (Routray et al., 2011). A study carried out to characterize the 

sensory properties of traditional acidic and mild, less acidic yogurts by descriptive analysis 

showed that the important flavor differences among 2 samples of yogurt were mainly due to 

difference in the acidity and not due to the different concentrations of the 3 aroma 

compounds acetaldehyde, 2, 3-butanedione and 2, 3-pentanedione (Ott et al., 2000). 

There are several factors like processing parameters, source of milk, microbial factors 

and chemicals and additives used which affect the aromatic properties of yogurt (Routray et 

al., 2011). Different sources of milk affect the consistency of the end product formed after 

fermentation.  Goat milk was unsuitable for yogurt production as the milk was low in solids 

and the yogurt formed had low firmness and significantly low sensory properties compared 

to others (Stelios and Emmanuel, 2004). Kaminarides et al. (2007) revealed that full fat plain 

yogurt received the highest liking scores for flavor and texture compared to the low fat and 

non fat yogurts.  

Processing techniques of yogurt change over time. High pressure applications maybe 

used to improve firmness, reduce syneresis (Ancos et al., 2000; Needs et al., 2000), preserve 

yogurt and function as a good carrier for probiotics (Jankowska et al., 2005). Pressurization 

at 100 – 300 MPa was found to cause slight off flavor in the yogurts, whereas pressure 

treatment at 400 – 1000 MPa resulted in undesirable changes in the flavor, consistency and 

appearance of most of the yogurts (Jankowska et al., 2008). Similar results were observed by 

Serra et al. (2009) when ultra pressure homogenization was used to prepare yogurts.  
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Reps et al. (2008) studied the effects of high pressure application on the properties of yogurt 

prepared from milk mixed with stabilizer and concluded that the viable numbers of Lb. 

bulgaricus decreased and the number of S.thermophilus was decreased by 1 to 2 orders 

without causing a significant impact on the taste and aroma. Alakali et al. (2008) produced 

yogurt from thermized milk, by heating at 65, 75 and 85 
o
 C respectively, of which the one 

made at 85
o
C was more acceptable to consumers and had a longer shelf life making 

thermization an alternative treatment of milk to obtain yogurt with longer shelf life.  

G. Potential Health Benefits   

Increased yogurt production and consumption are due to yogurts perceived health 

benefits and wide consumer appeal (Chandan, 2006; Lucey and Singh, 1998). 

1. Probiotics and Prebiotics 

Probiotics are classified as live microorganisms that when administered in adequate 

amounts confer a health benefit on the host, and they have been studied extensively for 

human as well as animal application (FAO/WHO, 2001; Shelke, 2003). The addition of 

various probiotic strains has not shown to affect the flavor or consumer perception of dairy 

products (Hekmat and Reid, 2006) but contributes to an improvement in the balance of 

microbiota in the human body which can result in physiological benefits (Fuller, 1991). 

Prebiotics are also added along with probiotics to enhance the benefit. Prebiotics are 

nondigestible food ingredients that benefit the host by assisting the microbiota to grow and 

flourish (Gibson and Roberfroid, 1995). Supplementation of probiotics with prebiotics can be 

a very effective functional food (Shah, 2001). For example, prebiotic fructooligosaccharide  
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(FOS) is exclusively used by a few strains of Bifidobacterium bifidum and Lb. 

acidophilus. Thus a combination of FOS along with these cultures will induce the 

proliferation of these cultures in preference to other microflora in the gastrointestinal tract. 

This combination is termed as synbiotics. Several dietary fibers (inulin and pectin) which are 

known to have prebiotic effects like induced metabolism and increased resistance to invading 

pathogens are included in dairy products to work in unison with probiotics and stimulate their 

health effects. 

Probiotics mainly assist in preventing or treatment of diarrhea and irritable bowel 

syndrome (McFarland, 2006), enhance the immune system (De simone et al., 1993), lactose 

digestion and cause an alteration of intestinal microbiota whereas prebiotics help stimulate 

the function of probiotics and serve as an additional source of fiber (Routray et al., 2011). 

Probiotics improve the efficiency of the digestive tract especially when the bowel function is 

poor, yogurt supplemented with probiotics helps to reduce travelers’ diarrhea (Fernandes et 

al., 1992; Elmer et al., 1996). Probiotics have been reported to be useful in the treatment of 

acne, psoriasis, eczema, allergies, migraine, gout, rheumatic and arthritic conditions, cystitis, 

candidiasis, colitis and irritable bowl syndrome, and some forms of cancer (Shah, 2001). 

Lactobacilli predominate in the healthy vagina and a lack of lactobacilli is a risk factor for 

vaginosis increasing susceptibility to aids infection (Gregor and Alan, 2003). Since efficacy 

of a probiotic is directly related to the number of active cells consumed, it is important to 

specify potency (cfu) of the culture per unit weight or volume of the product.  
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The incorporation of prebiotics can increase the mouth feel attributes of the product 

while providing an adequate sweetness level (Guggisberg et al., 2009). The addition of 

probiotics in a yogurt drink with prebiotics can also provide further acceptability of the 

beverage, possibly by altering the texture. Prebiotics not only play a protective role within a 

symbiotic but also provide a source of fermentable energy to the probiotic, thereby 

improving its storage stability (Capela et al., 2006). 

2. Yogurt cultures 

Cultures associated with health benefits are yogurt bacteria (Streptococcus 

thermophilus and Lactobacillus delbrueckii spp. bulgaricus), other lactobacilli, and 

bifidobacteria (Salminen et al., 1998). Currently even Bacillus laterosporus and Bacillus 

sphaericus and other little-known probiotics are fortified with enzymes, anti-inflammatory 

compounds, specific amino acids, colostrum, and chelated minerals in probiotic preparations 

(Gilliland, 2003). Yogurt contains bacteria which are acid tolerant, survive stomach acidity 

and secrete lactic acid in the human intestine (Tamime and Robison, 1999). Bioactive 

compounds are also produced by probiotic bacteria which have an anticarcinogenic, 

antistress, antihypertensive, immunostimulants, antithrombotic and mineral transportation 

effects (Chandan, 2006; Zsivkovits et al., 2003; Wollowski et al., 2001; Kawase et al., 2000; 

Wollowski et al., 1999). Although yogurt cultures are not natural inhabitants of the human 

intestine, current theories suggest that they offer health benefits such as improved protein 

digestibility, alleviate lactose-intolerance, enhanced mineral absorption, controlled intestinal 

health and enhanced immunity (Shah, 2007). The buffering action of the milk proteins keeps  
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the probiotics active during their transit through the gastrointestinal tract.  

3. Milk Proteins  

Protein availability is defined as the amount of protein available to be absorbed and 

utilized in the human body, to the protein intake. Casein and whey proteins are the two major 

types available in milk in a ratio of 80 to 20. Whey proteins (20 % in milk) digest rapidly 

compared to casein proteins thus providing greater quantities of essential amino acids 

(Hoffman and Flavo, 2004; Haug et al., 2007). Evidence suggests that whey proteins found 

naturally in milk increase muscle protein synthesis which in combination with physical 

activity can enhance skeletal muscle (Tipton et al., 2004). Alpha lactalbumin is a calcium 

binding protein enhancing calcium absorption and also supports biosynthesis of lactose 

which is an important energy source for newborn babies (De Wit, 1998). In addition, to that 

alpha lactalbumin is also an excellent source of the essential amino acids tryptophan and 

cysteine. Tryptophan helps to regulate the pain perception and appetite. Serum albumin binds 

free fatty acids in blood exhibiting immunoenhancement (De Wit, 1998).  

Milk proteins (caseins) also have various physiological roles as ion carriers, lactose 

synthesis in mammary glands, immune modulation, immune protection, antimicrobial, 

antiviral, antioxidative and anticarcinogenic agents (Saxelin et al., 2003). Due to increasing 

free amino groups in yogurt and activity of proteolytic enzymes, the bacterial predigestion of 

milk proteins in yogurt makes this product more easily digested than milk proteins. Yogurt 

also provided higher feed efficiency and a better growth compared to milk and other 

fermented milk products in rats (Hargrove and Alford, 1978). On a test conducted on 16  
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humans it was observed that proteins from both milk and yogurt were rapidly hydrolyzed and 

well digested, but the gastric emptying rate of yogurt was much slower than milk, which 

means that compared to milk it provided a higher satiety (Gaudichon, 1995). 

4. Lactose  

Lactose in milk has comparatively lower glycemic index compared to glucose or 

sucrose thereby making it suitable for diabetic people (Chandan, 2006). It also helps in the 

absorption of calcium and magnesium and is less carcinogenic compared to other sugars. 

Lactose prevents infection by stimulating bifidobacterium in the colon thus improving colon 

health (Adolfson et al., 2004). Active cultures in yogurt help digest lactose thereby making it 

suitable for lactose intolerant people (Kolars et al., 1984). 

5. Milk Fat  

Milk fat is a concentrated form of energy and protects the body by insulating it 

against temperature and environmental changes. Milk fat is a carrier for fat soluble vitamins 

and essential fatty acids. Conjugated linoleic acid is an unsaturated fatty acid, containing 

isomers of linoleic acid found in the milk of cows, sheep and goats. Conjugated linoleic acids 

(CLA) are found in yogurts, they help to prevent colon and breast cancer as they are strong 

antioxidant constituents of milk fat (Hennessy et al., 2007). CLA also helps reduce the risk of 

heart disease by reducing the levels of prostaglandin PGE -2 (Harris et al., 2003).  

H. Therapeutic Properties of yogurt 

  Bacteria in the large intestine produce phenolic compounds which damage the liver 

tissue and are known to be a possible cause of cancer in the lower intestine (Sellers, 1991).  
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Lactic acid suppresses their growth / metabolism thereby eliminating the putrefactive 

bacteria. A hypocholesterolaemic action has been attributed to yogurt; the exact reason 

behind this action is unclear (Marteau, 1996). Consumption of yogurt inhibited the growth of 

tumors in certain mice and rats (Gilliand, 1991). It is difficult to deduce whether these results 

can be replicated in humans but this can be regarded as a potential benefit of yogurt 

consumption. Normal micro flora of the gut gets stimulated by the regular consumption of 

yogurt and the lysing cells of the starter cultures release vitamins or other growth factors 

which encourage the development of L.acidophillus. Lactobacillus delbrueckii spp. 

bulgaricus and Streptococcus thermophilus are gut dominant bacteria thereby decreasing 

other putrefactive organisms and producing a variety of therapeutic compounds such as 

bioactive peptides like casooxins, lactoferroxins and casein phosphopeptides which help in 

giving antistress, anticarcinogenic, antithrombotic, antihypertensive, immunostimulants and 

mineral transportation (Chandan, 2006; Zsivkovits et al., 2003; Wollowski et al., 2001; 

Kawase et al., 2000; Wollowski et al., 1999). 

I. Fortification of yogurt with health promoting additives, benefits and their 

organoleptic effect: 

 

Yogurt is an excellent source of calcium and high quality protein but contains very 

little iron which is common in most dairy products (Blanc, 1981). Fortification of yogurts 

with iron is gaining popularity and is expected to fulfill all nutritional needs, as typically 

people who consume more dairy products consume less iron. Several studies indicate that 

iron fortified dairy foods have relatively high iron bioavailability (Routray et al., 2011).  
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Lactic acid bacteria do not require iron for growth and iron addition in yogurt disturbed the  

balance between lactic acid bacteria and other bacteria that do require iron for growth 

(Jackson and Lee, 1992). Oxidized flavor scores were higher in yogurts fortified with iron 

compared to the control samples however an increase in metallic, bitter or off flavors was not 

observed (Hekmat and McMahon, 1997). No significant difference was reported in the 

appearance, mouthfeel, flavor or overall quality of fortified or unfortified yogurts, implying 

the successful fortification of yogurt with iron (Hekmat and McMahon, 1997).   

Fortification of plain low fat yogurt with calcium gluconate for calcium fortification 

(Fligner et al., 1988) is reported to be possible with very few physical and chemical changes 

and no effect on sensory properties (Pirkul et al., 1997).  The increasing need of having a 

“clean label” and use of natural additives in the diet has lead to the promotion of use of 

honey as a sweetener because of its wholesome image (Chick et al., 2001; Ustunol and 

Gandhi, 2001). Honey has a low pH (about 3.9) and a good ability to decrease sourness of 

solutions which makes it an attractive additive for acidic yogurts. However combinations of 

yogurt with honey are rare (Brown and Kosikowski, 1970; Roumyan et al., 1996) because it 

is said to have inhibitory effects on the growth of lactic starter cultures (Curda and Plockova, 

1995). Antimicrobial activities are reported in yogurt due to high sugar content, limited water 

availability for proper growth of microorganisms, relatively high acidity, the presence of 

organic acids and the presence of low concentrations of hydrogen peroxide (Taormina et al., 

2001). 
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On yogurt fortification with whey protein isolates (WPI), sodium caseinate (NaCn) 

and  milk protein-based yogurt texture improver (TI), it was observed that yogurt with WPI 

had the lowest fermented flavor attribute and undesirable sensory properties compared to the 

other two yogurts (Isleten and Karagul – Yuceer, 2006). A consumer acceptance test 

indicated that yogurt with WPI did not have desirable sensory properties but the yogurts 

fortified with TI and NaCn had better physical and sensorial properties compared to the 

control sample made from reconstituted skim milk powder. Yogurt enrichment with fish oils 

has received growing interest because of the findings which portray their valuable health 

benefits (Nielsen et al., 2006). Many studies have demonstrated that eicosapentaenoic acid 

(EPA) and docosahexaenoic acid (DHA) have a positive effect on myocardial infarction and 

on immune and eye functions (Schmidt et al., 1992; Werkman and Carlson, 1996; Marchioli 

et al., 1999) and in neurological diseases, for instance depression and Alzheimer’s disease 

(Morris et al., 2003). The healthy benefits of EPA and DHA and the wide consumption of 

dairy products such as yogurt promote the use of yogurt as a vehicle for increasing 

consumption of fish oil. However, due to the presence of high content of polyunsaturated 

fatty acids, foods with fish oil are prone to oxidation that might lead to the development of 

undesirable fishy and rancid off-flavors and may even promote cardiovascular diseases 

(Jacobsen, 1999; Let et al., 2003; Shimoni et al., 2003). To fortify yogurts with vitamin C, 

cashew apple, which is a rich source of vitamin C, was used during a study (Aroyeun, 2004)  
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and a higher content of vitamin C was observed compared to a commercial plain nonfat 

yogurt. This leads to a conclusion that yogurt is not a significant source of vitamin C, unless 

fortified with rich sources of vitamin C.  

J. Effect of Prebiotics and Probiotics on Yogurt aroma 

The term probiotic refers to microorganisms which when administered in sufficient 

quantities confer a health benefit to the host. Several research studies carried out display that 

the presence of probiotics in yogurt does not affect its flavor or consumer acceptance 

(Hekmat and Reid, 2006). Lb. Acidophilus, Bifidobacterium lactis, and Lb. Casei (Aryana et 

al., 2007a), Lb. reuteri and Lb. rhamnosus (Hekmat et al., 2009) are also added to yogurt in 

addition to Lb. bulgaricus and S. thermophilus. Krasaekoopt and Tandhanskul (2008) 

encapsulated probiotics in alginate beads coated with chitosan and added these beads to plain 

and strawberry flavored yogurt. They conducted a consumer acceptance survey in Thailand 

to know the acceptance of the product and evaluated the sensory attributes of the product 

using descriptive analysis. Results from the acceptance test indicated that a potential market 

does exist for yogurts containing probiotic beads. 

  Prebiotics are used symbiotically with probiotic. A prebiotic used extensively in 

yogurt is inulin (Aryana and Mc-Grew, 2007; Aryana et al., 2007b; Allgeyer et al., 2010). 

Inulin was found to affect the taste and the sensory properties of yogurt making it more 

preferred compared to the yogurts without inulin (Spiegel et al., 1994). Prebiotic components 

like fructooligosaccharide (Gonzales et al., 2011) soluble corn fiber and polydextrose  
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(Allgeyer et al., 2010) and inulin from different sources have shown acceptable results in 

yogurt.  

There is discrepancy among the interaction of prebiotics and probiotics in the final 

yogurt product. In certain cases, a prebiotic is reported to have a positive effect on probiotics 

assisting in growth and survivability of microorganisms (Ozer et al., 2005; Aryana and 

Mcgrew, 2007; Aryana et al., 2007b), but does not show any remarkable positive effect on 

sensory properties (Daniel, 2009; Allgeyer et al., 2010). However the impact of probiotics 

and prebiotics on human health is having a strong impact on the yogurt market and addition 

of these in optimum amounts and ways can bring about an increase in consumer preference 

for these products (Allegeyer et al., 2010). 

K. Sensory studies with yogurt  

Sensory specific satiety is a relative change in liking for a food due to consuming it; this 

could serve as a faster method for measuring long term acceptability. In a typical sensory 

specific satiety test the subjects taste and rate their liking of several foods including the test 

food. They taste the test food and rerate their liking of the rating set foods (Rolls et al., 

1981a; Rolls, 1986). A slight but non-significant trend was observed for less liked meals to 

drop more in liking compared to well like meals (Johnson and Vickers, 1992). This finding 

was similar to that from long term acceptability (food monotony) studies which showed that 

well liked foods did not drop their liking scores with repeated eating as compared to less 

liked foods which showed a significant drop in liking scores (Schutz and Pilgrim, 1958).  
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Satiety of yogurts was directly correlated to sweetness level. Serving equal fixed amount of 

yogurts was a theory used in a lot of studies which received a lot of criticism as it was not the 

same amount a panelist would choose to eat (Johnson and Vickers, 1993; VandeWater and 

Vickers, 1996). Liking for chocolate bars and peaches dropped after panelists were served 

yogurt with a high sweetness level. The reason behind this decrease in liking was found to be 

the overwhelming sweetness which masked the characteristic yogurt sour taste. To deduce 

that sweetness of yogurt is directly proportional to satiety requires further research and more 

clarity in the findings. 

          Conventional yogurt is characterized by a smooth viscous gel with a delicate walnut 

like flavor (Kosikowaski, 1982) that is achieved through a symbiotic bacterial relationship 

and influenced by mild acid concentration. Acetic acid and diacetyl contribute to the mild 

yogurt flavor that is different from other fermented foods (Pederson, 1979). The richer flavor 

and texture is a result of yogurt being made from full fat milk.   

Very few research papers have reported on the sensory characteristics of yogurts. 

Muir and Hunter (1992) examined unflavored fermented milks in Europe and generated a 

lexicon describing yogurt products and determined that 8 odor, 12 flavor, 4 after taste and 8 

texture attributes were important in describing these products. 17 Commercial American 

yogurt samples were analyzed by (Barnes et al., 1991 and Harper et al., 1991) who agreed 

upon 14 taste descriptors which described and differentiated these samples. A descriptive 

panel was set up at Mississippi State University to generate a sensory language to describe 

and differentiate yogurts. The panelists were trained using the spectrum method for 72 hours  
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and generated 61 attributes that described plain yogurts. A lexicon for plain yogurt has been 

developed, but there is no extensive work done on the lexicon development for Greek / Greek 

style yogurt, which is one the primary objectives of this project to develop a comprehensive 

lexicon and carry out descriptive analysis for the same on commercially available Greek as 

well as Greek style yogurts. Several sensory attributes such as powdered milk, cream, cooked 

rancid, whey; sweetness and sourness were present in the yogurts but were not helpful in 

distinguishing between the yogurts.                 

To develop a deeper understanding of food products, preference mapping studies with 

multivariate analysis were carried out (Meullenet et al., 2007). Preference mapping gave an 

idea of how the competitor’s products were positioned in these maps and where new products 

should be introduced. Internal preference mapping relies on consumer hedonic responses to 

determine the multidimensional representation of products and consumers in a common 

space. External preference mapping makes use of sensory and/or instrument characterization 

to provide a multidimensional representation of sensory characteristics, products and 

ultimately consumers in a common space. Products in close proximity on the 

multidimensional representation are similar in sensory characteristics, whereas products that 

are not in close proximity exhibit different sensory characteristics. The preference mapping 

techniques also found interactions between the level of sweetener and the amount of added 

flavor in yogurts which suggest that with the increase in the added flavor the sweetness level 

also increased.  
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L. Conclusion 

        With increasing consumer health awareness, yogurt sales have increased. Greek 

yogurt has been received greater attention due to its increased protein content. The consumer 

demands and expectations change with the changing health trend hence the manufacturers 

have to alter the processing conditions / methods as well as substitute the ingredients to 

maintain the same flavor / texture but deliver a healthier product. Sensory properties and 

drivers of liking for Greek / Greek style yogurt have not been reported. Since there is no 

standard of identity for Greek yogurts and they can be made by a variety of methods, 

variability in sensory properties is expected. The list of permissible ingredients is vast and 

the choice of the ingredient used can affect sensory properties.  Knowledge of consumer 

perception and specific drivers of liking will be useful information for product developers 

and will aid the dairy industry whether the dried dairy ingredients can be successfully used.  
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N. Tables 

 

Table 1.  Health effects of probiotics 

 

Effects corroborated by scientific evidence Effects of Potential Nature  

Assisting lactose digestion Controlling candida and bacterial 

infections (vaginitis) 

Treatment of Rota viral diarrhea Alleviating constipation 

Treatment of infant gastroenteritis Antimutagenic/anticarcinogenic 

effects 

Treatment of antibiotic related diarrhea Lowering cholesterol and blood 

pressure 

Modulating intestinal (microbiota) ecology Alleviation of microbial 

overpopulation in 

small intestine 

Reducing harmful fecal enzymes, 

biomarkers of cancer initiation 

Alleviation of dermatitis and skin 

allergies 

Enhancing/modulating immune system Prevention and treatment of Crohn’s 

disease 

Positive effects on cervical and bladder 

cancer 

Treatment of Clostridium difficile 

diarrhea 

 

Adapted from: Fonden et al., 2003; Shah, 2001, 2004. 
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    Table 2. Potential nutritional and health benefits of fermented foods 

Beneficial Effect Possible Causes and Mechanisms  

Improved digestibility  Partial breakdown of proteins, fats and 

carbohydrates 

Improved nutritional value  

 

Higher levels of B-vitamins and certain 

free amino acids, viz .methionine, 

lysine and tryptophan 

Improved lactose utilization   Reduced lactose in product and further 

availability of lactase 

Antagonistic action toward enteric 

pathogens 

 

Disorders such as diarrhea, mucous 

colitis, ulcerated colitis; prevention of 

adhesion of pathogens 

Anticarcinogenic effect  

 

Reduction of carcinogen-promoting 

enzymes; inhibitory action toward 

cancers of the gastrointestinal tract by 

degradation of precarcinogens; 

stimulation of the immune system 

Hypocholesterolemic action  

 

Production of inhibitors of cholesterol 

synthesis; use of cholesterol by 

assimilation and precipitation with 

deconjugated bile salts 

Immune modulation  

 

Enhancement of macrophage 

formation; stimulation of production of 

suppressor cells and interferon 

    Source: Gomes and Malcata, 1999 
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Table 3. Yogurt sensory lexicon 

Term  Definition                                                                                                    Reference  

Color                            Appearance, actual name of color Very white (0) to brown (15) 

Color intensity Appearance, strength of color from light 

to dark 

 Light (0) to dark (15) 

Brightness Appearance, chroma of color: dull to 

pure bright 

Fire engine red 

Color evenness Appearance, evenness of color Uneven/blotchy (0) to even 

(15) 

Thickness Appearance, viscosity of product Thin (0) to thick (15) 

Graininess Appearance, irregularity, grains or 

bumps on the surface of the product 

Smooth (0) to rough / grainy 

(15) 

Particle interaction Appearance, amount of stickiness 

among particles or the amount of 

agglomeration of small particles 

None (0) to clumpy/sticky 

(15) 

Evenness Appearance, degree of uniformity of 

particles 

Non uniform (0) to uniform 

(15) 

Gloss Appearance, amount of light reflected 

from the product to the surface 

Triscuit crackers (0.25), 

Heinz turkey gravy (4), maple 

syrup (10) 

ExtViscosity 

handfeel 

Texture, thickness and flow ability of 

the product 

Evaporated milk (4), maple 

syrup (7), condensed 

milk (14) 

ExtSlipperiness 

handfeel 

Texture, ease of moving fingers/spoon 

across product 

Gerber Baby food Beef (2), 

vanilla yogurt (7), Miracle 

Whip (13) 

Firmness mouth 

feel 

Texture, force required to compress 

between tongue and palate 

Aerosol whip cream (3), 

Cheese whiz (8), Miracle 

Whip (13) 

Density mouth 

feel 

Texture, internal mouth or tongue 

perception of compactness of the cross 

section 

Aerosol whip cream (1), 

3 Musketeers center (4.5), 

Fruit jellies (14) 

IntViscosity 

Mouth feel 

Texture, internal rate of flow across 

tongue or force used to draw sample 

from spoon between lips 

Evaporated milk (4),maple 

syrup (7),condensed milk (14) 

IntSlipperiness 

Mouth feel 

Texture, internal amount of slip or drag 

when product slides across the tongue 

Gerber Baby food Beef (2), 

vanilla yogurt (7), Miracle 

Whip (13). 

Aroma intensity Aroma, intensity of overall product 

aroma 

Yogurt 

Source: Coggins et al., 2007 

 

 



 

55 

 

 

   Table 3. Yogurt sensory lexicon (Continued) 

Term Definition Reference 

 Yeast Aroma, aromatics associated with 

fermenting yeast 

Raw yeast dough, yeast in 

3% warm sucrose water 

Powdered 

milk 

Aroma, aroma associated with powdered 

milk 

Carnation instant dry milk 

(2–3) 

Band-Aid Aroma, aroma associated with adhesive 

bandages 

Yogurt (4), capric acid 

Milk 2% Aroma, aroma associated with milk Milk (2–3) 

Buttermilk Aroma, aroma Associated with buttermilk Barber’s aroma intensity (4) 

Potato Aroma, aroma associated with potatoes Prestige canned potatoes (4) 

Acetone Aroma, aroma associated with nail polish 

remover 

Acetone (1 mL) 

Lactic acid Aroma, aroma associated with sour milk Lactic acid (0.5 mL) 

Sweaty Aroma, aroma associated with sweat  Propionic acid (1 mL) 

Flavor 

intensity 

Flavor, intensity of overall product flavor Yogurt 

Sour cream Flavor, flavor associated with sour cream Kroger brand (6) 

Cream cheese Flavor, flavor associated with cream cheese Super Brand Neufchetel (6 

Buttermilk Flavor, flavor associated with buttermilk Barber’s buttermilk (5) 

Potato Flavor, flavor associated with potato Methional (20 ppm), canned 

potato (2–3) 

Plastic Flavor, flavor associated with plastic bags Hefty brand plastic bags (2–

3) 

Baby vomit Flavor, flavor associated with baby vomit Butyric acid 

Starchy Flavor, flavor associated with cereals Fresh corn, wheat starch (3–

4) 

Milky Flavor, flavor associated with cooked milk Whole milk heated to 85C 

for 

30 min (4) 

Oily Aroma, flavor associated with oils obtained 

from animal fats 

Goat-like 

Fruity Aroma, flavor associated with fruity flavors Valeric acid (1 mL) 

Astringent Feeling factor, sharp and penetrating; 

pungent or severe 

Grape juice 

   Source: Coggins et al., 2007 
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Abstract 

 

          Yogurt is the most common dairy product consumed around the world wherein its 

sensory properties have a large effect on consumer acceptability. Greek yogurt is currently 

the most growing sector in the dairy industry. Sensory properties and drivers of liking for 

Greek / Greek style yogurt have not been reported. Since there is no standard of identity for 

Greek yogurts in U.S. and they can be made by a variety of methods, variability in sensory 

properties is expected. Knowledge of consumer perception and specific drivers of liking will 

be useful information for product developers. 

          The objective of this study was to document the sensory properties of commercial 

Greek yogurts and to determine drivers of liking through descriptive profiling and consumer 

testing. Flavor and texture attributes of commercial Greek yogurts (n = 26) were evaluated in 

triplicate by a trained descriptive sensory panel. Experimental bench top Greek style yogurts 

were made using spray dried ingredients from commercial suppliers. Consumer acceptance 

testing (n = 155) was then conducted on commercial Greek yogurts (n =10). Univariate and 

multivariate statistical analyses including penalty analyses and external preference mapping 

were used for data analysis. There were differences in yogurt with fat content and 

manufacture (Greek vs. Greek-style).  Full fat yogurts were characterized by firmness and 

denseness whereas low and nonfat yogurts lacked firmness, denseness, cohesiveness and 

after stirring viscosity. Greek style yogurts had more surface shine, jiggle and denseness 

compared to traditional Greek yogurts. Fewer flavor differences were observed among 

yogurts compared to texture differences. 
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 Full fat yogurts had distinct milk fat flavor and nonfat and low fat yogurts exhibited higher 

potato, soapy, dairy sour and free fatty acid flavors compared to full fat yogurts. Greek Style 

yogurts have higher burnt / beefy flavors compared to the Greek yogurts. Consumer preferred 

yogurts with firm, dense texture, moderate sweet, milk fat flavor and moderate dairy sour and 

sour taste.  

        This study establishes sensory properties of Greek and Greek-style yogurts, changes 

in sensory properties that occur with substitution of dried dairy ingredients in Greek-style 

yogurt manufacture, and consumer perception of these products.  

Introduction 

        Yogurt is a popular food and is believed to be one of the oldest fermented foods, 

originating in the Middle East and Asia (Tamime and Robinson, 1999). Yogurt production in 

1980 was close to 240 million kg and increased to 2 billion kg in 2010 (Mintel, 2011). 

According to Nielsen, yogurt dollar sales rose 7 % to $5.2 billion in the food/ drug / mass 

channel at the end of May 2011 (
1
Anonymous, 2012). The U.S. Census Bureau 2012 survey 

revealed that per capita yogurt consumption increased more than 400 % during the past 30 

years (
2
Anonymous, 2012). Increased yogurt consumption and production were attributed to 

the perceived health benefits of yogurt and consumer appeal (Chandan, 2006; Lucey and 

Singh, 1998). The U.S Food  and Drug administration (2009) defines yogurt as, “the food 

produced by culturing one or more of the optional dairy ingredients cream, milk, partially 

skimmed milk or skimmed milk, used alone or in combination with a characterizing bacterial 

culture that contains the lactic acid producing bacteria, Lactobacillus bulgaricus and  
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Streptococcus thermophilus (21CFR131.200|a). Different types of yogurt are defined based 

on fat content. All yogurts regardless of the fat content must have a titratable acidity of at 

least 0.9 % and 8.25 % milk solids not fat. Conventional yogurt is characterized by a viscous 

gel with a flavor imparted by bacterial fermentation and influenced by acid concentration 

(Kosikowski, 1982). 

           Concentrated yogurt or Greek yogurt, known as strained yogurt in Europe, is a 

fermented semi solid product derived from yogurt by draining away part of its water and 

water soluble components. Strained yogurt is traditionally produced by straining yogurt in 

cloth bags until the desired level of total solids is achieved, however modern manufacturing 

methods include the use of centrifugation, ultrafiltration and recombination technology 

(Nsabimana et al., 2005). Greek yogurt may also be manufactured using the addition of dried 

ingredients, including dairy protein ingredients or other hydrocolloids to provide a thick 

texture. According to the Codex Standard for Fermented Milk (243 - 2003) strained yogurt 

has to have increased protein content prior to or after fermentation to a minimum of 5.6% 

compared to regular yogurt which has a protein content of minimum 2.7 %. There is no U.S. 

legal standard or definition for Greek or Greek style yogurt. The increased health awareness 

associated with the consumption of diets rich in protein has fueled the consumption of Greek 

yogurt (Jaoude et al., 2010).  Greek style yogurt accounted for about 25 % of all segment 

sales, more than doubling the figures from the previous year (Mintel, 2012). There is a 

significant difference in the % protein content of Greek vs. Regular yogurt; a 170 gm serving  
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of Greek yogurt contains 15 – 20 g of protein while a serving of regular yogurt contains 

about 9 g of protein. 

             Sensory properties of yogurts have been documented. Muir and Hunter (1992) 

examined unflavored fermented milks, including yogurts and concluded that 8 odor, 12 

flavor, 4 aftertaste, and 8 texture attributes were important for the sensory description of 

these products. Barnes et al. (1991) and Harper et al. (1991) applied 14 attributes which 

differentiated and described these products. More recently, Coggins et al. (2008) conducted 

descriptive profiling of 12 commercial yogurts and concluded that sensory properties of 

yogurts were not differentiated by fat level or by the source of milk used. However they 

concluded that descriptive analysis of texture and basic taste attributes was more helpful in 

differentiating yogurts compared to aroma, flavor and appearance. 

            Yogurt is the most common dairy product consumed around the world and its sensory 

attributes have a large effect on consumer acceptability (Saint Eve et al., 2006). Flavor plays 

a critical role in the acceptance of products. Strawberry remains the most popular yogurt 

flavor, followed by other fruit flavors (Thompson et al., 2007). Allgeyer et al. (2010) 

concluded that for flavored yogurt drinks, a medium level of sweetness and a high viscosity 

drove consumer liking. Thompson et al. (2007) concluded in his study that strawberry flavor, 

aroma and sweetness were the three main drivers of liking for drinkable strawberry flavored 

yogurts.  

           Preference mapping is used to establish relationships between descriptive panel 

results and consumer acceptance data (Meilgaard et al., 2007). Drivers of liking for many  
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dairy products including drinkable strawberry yogurt (Thompson et al., 2007), Cheddar 

cheese (Drake et al., 2008; Drake and Yates, 2006; Drake et al., 2009), and cottage cheese 

(Drake et al., 2009) have been examined using preference mapping. Sensory properties and 

drivers of liking for Greek / Greek style yogurt have not been reported. Since there is no 

standard of identity for Greek yogurts and they can be made by a variety of methods, 

variability in sensory properties is expected. The list of permissible ingredients is vast and 

the choice of the ingredient used can affect sensory properties.  Knowledge of consumer 

perception and specific drivers of liking will be useful information for product developers. 

The objective of this study was to document the sensory properties of commercial Greek 

yogurts and to determine drivers of liking through descriptive profiling and consumer testing. 

A category survey of commercial Greek yogurts was conducted followed by a consumer 

survey, acceptance testing and preference mapping.       

Materials and Methods 

Yogurt 

Plain commercial Greek / Greek style yogurts (n = 24) and conventional (n = 2) 

yogurts were collected from across the United States. Yogurts were selected based on market 

share as well as fat content (full fat = 5, light = 5 and fat free = 16). National, regional and 

store brands were included. Samples were purchased from the store at least 30 days prior to 

their expiration date. Products were stored in the dark at 4
o
C. Each product was evaluated no 

later than 21 days before expiration date. Triplicate lots of each brand were obtained 

approximately 20 days apart. 
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Composition Analysis 

            Proximate analysis was conducted on all the yogurts (n = 26 + 7 bench top).  They 

were analyzed for total solids by vacuum drying oven (AOAC, 2000; method number 

990.20; 33.2.44). Ph measurements were conducted with a Mettler – Toledo GmbH 

(Schewezenbach, Switzerland), probe (Comination Electrode, BNC, Corning, NY, USA) at 

4
o
C. Protein content was determined using the Sprint™ Rapid Protein Analyzer (CEM, 

Matthews, NC). Titratable acidity was measured using a method from Wehr and Frank 

(2004).All measurements were taken in duplicate.   

Descriptive Analysis 

          Sensory testing was conducted in compliance with the NCSU Institutional Review 

Board for Human Subjects approval. Yogurts (30 grams) were scooped (30 gram, scoop, 

Shebogyan, W.I., USA) into lidded 60 mL soufflé cups with random 3 digit codes. Yogurts 

were tempered to 12
O
C for tasting. Each sample was served monadically with deionized 

water and unsalted crackers. 

         A trained descriptive sensory panel (n=8, females, ages 24 – 50 y) evaluated the 

samples using a 0 – 15 point intensity scale consistent with the Spectrum
TM 

method 

(Meilgaard et al., 1999; Drake and Civille, 2003). Each panelist had more than 200 h of 

previous experience with the descriptive analysis of flavor and texture of foods, and 

approximately 100 h of experience with descriptive analysis of dairy products including 

cheese, sour cream and milk powders.  Yogurt attributes were generated in consensus across 

3 2-hour sessions during which panelists tasted an array of yogurts along with other cultured  
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dairy products (sour creams and buttermilks). The lexicon generated for yogurts included 10 

flavor, 4 taste, 2 appearance and 8 texture attributes (Table 2 and Table 3). Seven 3 hour 

sessions were subsequently conducted to allow the panel to calibrate and consistently identify 

and score the attributes. Each sample from each lot (26 samples from triplicate lots) was 

evaluated in duplicate by each panelist. Paper ballots or Compusense Five
TM 

version 4.8 

(Compusense, Guelph, ON, Canada) were used for data collection. 

Bench top yogurt manufacture 

        Pasteurized and homogenized skim milk, 4.5kg, was received from the North 

Carolina State University Dairy Education Unit, Raleigh, NC.  Seven bench top yogurts were 

manufactured using different procedures and varying ingredients (Table 1). Three Greek 

style yogurts were made by addition of spray dried milk protein concentrate (MPC) obtained 

from commercial domestic suppliers to fluid milk prior to fermentation.  Milk was preheated 

to 30
o
C and MPC was added (Table 3). Rehydration with constant agitation was carried out 

for 30 min at 30
 o
C using a water bath (Model 89032-224, VWR International LLC, Radnor, 

Pa). The rehydrated mix was then heated to 95
o
C for 6 min. For treatments which required 

homogenization, the mixture was heated to 69
o
C and then the mix was homogenized (Model 

Panda 2k, Niro Soavi Inc, Columbia, MD) at 80 bar pressure (70 bar 1
st
 stage and 10 bar 2

nd
 

stage). Homogenized mix was then pasteurized at 95
o
C for 6 min. Mix was inoculated using 

a freeze dried lactic acid starter culture (20 DCU / 104 kg mix, Dairy Connection Inc, 

Madison, WI) at 40
o
C. Yogurt mixes were incubated at 42

 o
C and pH was monitored every 

hour until the desired pH 4.6 was achieved. Yogurts were then stored at 4
o
C. For strained  
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control yogurts, the yogurt was strained using a sieve lined with cheese cloth for 2h until the 

desired (% TS) was achieved. These experiments were replicated three times. Descriptive 

analysis of flavor and texture of each treatment replication was conducted as for commercial 

samples.  

Online Consumer Survey 

          An online consumer survey (n = 518) was conducted to determine how to best 

present yogurts for a consumer acceptance test and to gain further information on consumer 

knowledge of Greek yogurt. The survey was launched using SSI Web
TM

 (Sawtooth Software 

version 7.0.22, Orem, UT). The survey link was sent to a database of 4300 consumers 

managed by the Sensory Service Center (NCSU, Raleigh, NC).  Female consumers, greater 

than 18 y of age, who consumed Greek yogurt at least once within the last 3 months, were 

qualified to participate in the survey.  Consumers were asked to indicate which stores they 

shopped at, flavors, brands, fat content and size of yogurt container typically consumed and 

purchased. They were also asked how often they consumed Greek yogurt and how they 

typically used it. Participants were asked to rate the importance of Greek yogurt attributes 

and how well one serving size satisfied them compared to other food items. A drawing was 

conducted and 15 participants who completed the survey were rewarded with a $ 20 gift card.   

Consumer Acceptance Testing 

         Commercial yogurts (n = 10) were selected for consumer acceptance  testing based on 

examination of product mean attributes, principle component biplots and market share. 

Consumers were served the samples in the same manner as for descriptive analysis with the  
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exception that samples were served at 4
o
C. Consumer acceptance testing (n = 175) took place 

over two days. Greek yogurt consumers, females (n=175) with an equal age distribution (18 – 

65 y) were recruited from an online database maintained by the Sensory Service Center, 

North Carolina State University. The database consisted of 4300 individuals from the 

Raleigh, NC area recruited by magazine, newspaper and online web advertisements. Self 

reported Greek yogurt consumers were females who consumed Greek yogurt at least once a 

month. All consumers were the primary shoppers in their households and purchased as well 

as consumed yogurt.  Consumers who participated were compensated with $ 15 Target gift 

card. 

         For each session, participants signed a consent form for human subject approval 

followed by a ballot consisting of a few brief demographic questions and questions about 

yogurt. Products were then evaluated. Each treatment was scooped as the participant arrived. 

Yogurts (50 g) were served in soufflé cups (118 mL) with a 3 digit code. Data was collected 

using Compusense five
TM

 or paper ballots. Along with each yogurt, strawberry fruit prep 

(Fruit Crown Products Corporation, Farmingdale, NY ) was served (18g) in a 29 mL soufflé 

cup and was served at 6
o
C. The participants were instructed to consume the fruit prep with 

the yogurt if they desired and however they wanted.  

            Participants were first asked to evaluate the overall appearance and color of the 

sample. The appearance of each sample was scaled using a 1-9 point hedonic scale where 1 = 

dislike extremely and   9 = like extremely.  They were then asked to taste the sample and 

evaluate their overall impression using a 9 point hedonic scale. Consumers were than asked  
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to evaluate flavor, sour taste, texture, thickness and smoothness liking using a 9 point 

hedonic scale.  This was followed by Just About Right (JAR) questions for sour taste, 

texture, creaminess and smoothness, where 1 and 2 = not sour enough, 3 = just about right, 

and 4 and 5 = too sour; 1 and 2 = too thin, 3 = just about right, and 4 and 5 = too thick; 1 and 

2 = not creamy enough, 3 = just about right, 4 and 5 = too creamy; and 1 and 2 = not smooth 

enough, 3 = just about right, 4 and 5 = too smooth, respectively. Consumers were then asked 

if the sample met their expectations of Greek / Greek style yogurt where 1 and 2 = doesn’t 

meet expectations, 3 = meets expectations, 4 and 5 = exceeds expectations.  Consumers were 

then asked how likely they would be to purchase this product. A 5 point scale was used to 

answer this question where 1 and 2 = definitely would not buy, 3 = may or may not buy, 4 

and 5 = definitely would buy.       

          Twelve consumers were randomly selected for a brief interview after their consumer 

test. A questionnaire was prepared to further probe their preferences and awareness of Greek 

yogurt (Table 4). The interviews were carried out in a conference room on an individual basis 

and lasted approximately 20 min. The chosen consumers were compensated with an 

additional $5 Target gift card.  

Statistical Analysis 

All statistical analysis was conducted with XLSTAT version 2010.3.09 (Addinsoft, 

New York, NY).Descriptive analysis and liking scores were evaluated by analysis of 

variance ANOVA with Fisher’s least significant difference (LSD) post hoc test. Just About 

Right scores were evaluated using penalty analysis and Chi-square. Purchase Intent was  
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evaluated using Kruskal – Wallis with Dunn’s post hoc test. All statistics were calculated to 

95% confidence level. Consumer cluster analysis was conducted using k means. Clusters 

were validated using discriminant analysis. To produce the external preference map, first a 

principal component map was generated from the descriptive panel profiles, thus placing the 

products and attributes on biplots.  Overall acceptance ratings of the consumers obtained by 

cluster analysis were regressed onto the plot. PLS regression was used to conduct the 

external preference mapping.  

Results and Discussion  

Compositional Results 

The amount of protein present in each Greek yogurt was consistent with the label as 

expected (Table 5). Full fat yogurts had lower protein content compared to the low fat and 

non fat Greek yogurts. Treatment 248 had significantly lower protein content compared to 

other treatments (Table 5). Treatment 145 had the highest total solids content compared to 

other treatments and was made by addition of whey protein concentrate and milk protein 

concentrate to boost total solids rather than by straining. Treatments 247 and 920 had the 

lowest total solids and were Non Greek yogurts.  Sour taste is characteristic of fermented 

dairy products (Neta et al., 2009). The sour taste of organic acids is related to both pH and 

titratable acidity (Neta et al., 2009). Treatment 357 had the highest intensities of sour taste 

(Table 6), highest titratable acidity (Table 5) and a relatively high pH.  

Descriptive Analysis 

 

         Thirty – two sensory attributes were identified and defined for Greek yogurts. The  
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sensory lexicon developed included 4 visual, 10 aromatics, 3 basic tastes, 2 chemical feeling  

factors and 10 textural attributes (Tables 2 and 3). All yogurts had the following attributes: 

overall aroma intensity, cooked, dairy sour, astringent, sweet, sour and overall aftertaste 

intensity. 

       Principle component analysis explained 64 % of the variability on 3 PC’s (Figure 1). 

Principle component 1 (29%) was comprised of sour, dairy sour, burnt / beefy, astringent and 

sweet (Figure 1). Principle component 2 (19%) was comprised of cooked, soapy, and FFA 

(Figure 1).Principle component 3 (16%) was comprised of overall aroma intensity, milk fat 

and fruity / other (Figure 2). Greek style yogurts were characterized by cooked, burnt / beefy, 

brothy / potato, dairy sour, and astringency (Figure 1 and 2). Traditional Greek strained 

yogurts were characterized by FFA; cardboard, sweet and soapy (Figure 1 and 2). Full fat 

yogurts loaded negatively on overall aroma intensity (Figure 2) probably due to higher fat 

content allowing for longer persistence of volatiles (Routray and Mishra, 2011).  

        Full fat Greek yogurts, treatments 517, 126, 266, 248, 145, had the highest intensities 

of milk fat followed by reduced fat treatments 590, 815,250 and 357. For non fat yogurts, 

with the exception of treatment 163, milk fat was not detected in any of the treatments (Table 

6). Treatment 222 and 112 had the lowest intensity of dairy sour possibly due to the food 

starch and pectin added reducing the concentration of aroma compounds in the headspace 

(Decourcelle et al., 2004). Greek style yogurt treatments 729,145, 357 and 015 which 

contained added WPC and or MPC exhibited higher intensities of burnt / beefy flavor. It can 

be deduced from previous research that heat treatment of yogurt mix with added protein may  
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contribute (Wright et al., 2009, Childs et al., 2007) to formation of additional sulfur 

compounds which imparted the beefy flavor. Fruity flavor was detected in treatments 222 

and 694, out of which 222 was vanilla flavored whereas treatment 694 was labeled as plain 

non fat Greek style yogurt. Brothy / potato, soapy and cardboard flavor compounds were 

detected in a few non strained  treatments, possibly due to differences in processing 

conditions, or other ingredients (Carunchia Whetsine et al., 2005a).  

          Sour taste was the predominant sensory attribute in yogurts ranging from 2.5 – 11.2 

on a 15 – point spectrum universal scale, which is a characteristic of fermented dairy 

products. Treatment 357 had the highest intensity of sour taste and dairy sour flavor 11.2 and 

4.2 respectively. Treatment 222 had the highest intensity of sweet taste 7.1 and it was vanilla 

flavored. Treatment 250 had detectable bitter taste intensity. Vanilla flavored yogurts have a 

high mouthfeel and after taste scores as seen in the case of treatment 222 (Routray and 

Mishra, 2011). Full fat treatment 517 was higher in milk fat flavor compared to other 

samples and it also had a higher fat content than the other samples (Table 6). 

           On comparing the descriptive analysis results for Greek strained vs. Greek style 

yogurts (Table 6), burnt / beefy flavor attributes were not detected in the Greek strained 

yogurts but were a characterizing attribute in the Greek style yogurts. Dried dairy ingredients 

were added to the Greek style yogurt to increase the protein content, gel strength, viscosity 

and ability to retain the whey of the yogurt (Sodini and Tong, 2006).  However due to the 

processing of these dried dairy ingredients, flavors such as cardboard, animal / barny, burnt, 

potato/ brothy, caramelized, sweet, salty and astringent can arise (Drake et al., 2003).  
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 Cardboard and potato flavor attributes were detected in Greek strained yogurts, a possible 

reason explaining this would be source of milk, heat treatment or impact of other ingredients 

like skim milk powder or cream. No significant flavor differences were observed in the 

Greek style yogurts (dried dairy ingredients) vs. Greek style yogurts (hydrocolloids). 

Treatment 112 and 248 were the only Greek style yogurts which did not show any burnt / 

beefy flavor, as they contained only pectin and no dried dairy ingredients; further suggesting 

dairy protein ingredients as the source of this flavor. 

         Texture and visual appearance principle component analysis explained 63 % of the 

variability among treatments (Figure 3). Principle component 1 (47%) was comprised of 

firmness before stirring (B.S), firmness after stirring (A.S), denseness (B.S), denseness (A.S), 

viscosity, slurp viscosity, cohesiveness, melt-away and mouth-coating (figure 3). Principle 

component 2 was comprised of surface shine, jiggle and graininess. Strained Greek yogurts 

were characterized by denseness (A.S and B.S), firmness (A.S and B.S), cohesiveness and 

viscosity (Figure 3).  

          Greek style yogurts were characterized by surface shine, jiggle and meltaway. 

Treatments 729 and 222 had the highest intensity of surface shine (Table 7). Treatment 207 

had the highest intensity of spoon grainy and surface grain, 10.9 and 9.0 respectively (Table 

7). Treatment 163, a non Greek yogurt, was characterized by spoon ropy (Table 7). Greek 

strained yogurt had higher firmness and denseness scores compared to the Greek style 

yogurts due to the presence of more total solids (Table 7). Denseness in the Greek style 

yogurts could also have been contributed by the addition of dried ingredients, stabilizers or  
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starch. Regular non Greek treatments 157 and 163 had the lowest slurp viscosity (Table 7). 

There was no consistent pattern in the jiggle attribute regarding the type of yogurt. Full fat 

treatment 517 had the highest intensity of viscosity, slurp viscosity, cohesiveness and the 

lowest intensity of Meltaway (Table 7). Treatments 112, 145, 157 and 163 were 

characterized by ropy. Ropy and spoon ropy attribute were not seen in any of the Greek 

strained yogurts (Table 7). Processing treatments, treatments, storage intervals and 

ingredients used significantly affected the texture and color of the yogurt samples 

(Mohammad, 2004). Regular non Greek treatments 157, 163 had the lowest attribute scores 

in firmness, denseness, cohesiveness, residual mouth-coating, and viscosity (Table 7).   

There was no significant texture differences between Greek strained and Greek style 

yogurts as well as among Greek style yogurts which had dried dairy ingredients and / or 

hydrocolloids added to them.  Hence it can be said that the choice of ingredients affects the 

flavor of Greek style yogurts more so than the texture.          

Bench top yogurts  

          Principle component analysis explained 62 % of the variability on 3 PC’s. Principle 

component 1 was comprised of dairy sour, astringent, sweet and sour attributes (Figure 4). 

Principle component 2 was comprised of overall aroma intensity, tortilla and overall 

aftertaste intensity attributes (Figure 4). Attributes cooked, FFA and soapy were a part of 

principle component 3 (Figure 4). Commercial Greek style yogurts were characterized by 

burnt/ beefy, sour aromatic, brothy / potato flavors and sour taste. The bench-top Greek style 

yogurts were characterized by tortilla and cardboard flavors and higher aftertaste intensity.  
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Commercial strained Greek yogurts as well as the bench top strained Greek yogurts were 

characterized by soapy, FFA, dairy sour and astringent (Figure 4 and Figure 5). These 

samples had a lower aroma intensity compared to the Greek style treatments (Figure 4). 

Treatment 311 had the highest intensity of tortilla and overall after taste intensity, while 

treatment 222 had fruity as it was vanilla flavored (Figure 5). Only treatment 311 did not 

have the FFA attribute. Control bench top treatments 247 and 920 had the highest intensity of 

dairy sour flavor and cardboard, tortilla and brothy / potato attributes were not detected in 

these treatments (Table 8).  

Principle component analysis explained 67 % of the texture variability on 2 PC’s. 

Principle component 1 was comprised of firmness (Before Stirring (B.S) and After stirring 

(A.S)), denseness (B.S and A.S), cohesiveness, viscosity, slurp viscosity, spoon grainy, melt 

away and mouth coating (Figure 6). Principle component 2 was comprised of surface shine, 

surface grain, jiggle and graininess (Figure 6). Bench top Greek strained yogurts were 

characterized by surface grain; graininess and spoon indent (Figure 6), while the bench top 

Greek style yogurts were characterized by higher graininess, surface grain and firmness 

(Figure 6 and Table 9). Treatments 802, 630, 311,320 and 333 had significantly higher 

intensities of viscosity, slurp viscosity, mouth coating, and cohesiveness compared to 

treatments 920 and 247. Treatment 311 has the highest intensity of surface grain. 

         Treatments 802 and 630 were bench top non fat strained Greek yogurts and were 

comparable in sensory properties to the commercial strained non fat yogurt treatments 101, 

207,209, 214, 266 and 426 (Table 6 and Table 8). Strained yogurts lacked the tortilla flavor  
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this was associated with the dried MPC ingredients. Strained bench top yogurts were 

characterized by spoon ropy, an attribute which was not detected in the commercial ones. 

One of the reasons for ropiness could be exopolysaccharide production contributed by the 

specific starter culture used in the bench top yogurts.  Commercial Greek style yogurts 729, 

222, 145 and 357 contained milk protein concentrate added to them of which only 729 and 

222 were non fat. Bench top Greek style yogurts 311,320 and 333 were comparable to the 

Greek style commercial ones. The bench top Greek style yogurts were characterized by the 

presence of cardboard and tortilla flavors, while these flavors were not detected in the 

commercial Greek style yogurts. This was the main factor differentiating the bench top 

yogurts from the commercial ones in terms of flavor attributes. Variance in the quantity of 

milk protein concentrate added, heat treatment, processing conditions, source of milk protein 

concentrate, and / or role of other added ingredients can be attributed to these differences. 

Bench top Greek style yogurts had higher significantly higher firmness, cohesiveness and 

graininess scores compared to the commercial Greek style yogurts.  

In general, in both commercial and bench top yogurts, there were significant 

differences in the flavor of Greek strained yogurts compared to Greek style yogurts. Addition 

of dried dairy ingredients (milk protein concentrate, whey protein concentrate), hydrocolloids 

(gelatin, pectin) and the straining process play an important role in these significant flavor 

differences.  
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Consumer Survey 

A consumer survey (n = 518) was conducted to determine the best way to present 

yogurts for the consumer acceptance test and to gain further information on consumer 

knowledge of Greek yogurt. Ninety five percent of consumers (n = 492) surveyed consumed 

yogurt at least once a month, of which ninety percent of consumers (n = 466) consumed 

Greek yogurt.  Most consumers (54 %) consumed low fat yogurts; twenty six percent 

consumed non fat yogurts and twenty percent consumed full fat yogurts (Table 10). Eighty 

one percent of consumers preferred to purchase single serving sizes of yogurt as opposed to 

nineteen percent that bought 8 or 16 oz tubs (Table 10).  Greek yogurt was primarily used as 

a snack, then, part of a meal and then as a meal. Fifty seven percent of the consumers knew 

that they consumed Greek yogurt, while twelve percent said they consumed Greek style and 

the remaining thirty one percent did not know whether they consumed Greek or Greek style 

(Table 10). Strawberry flavor was rated as the most consumed yogurt flavor which was 

consistent with previous studies (Thompson et al., 2007).  

Consumer Acceptance Testing 

           Ninety eight percent of consumers surveyed purchased Greek yogurt at least once a 

month. Ninety percent of consumers (n = 140) consumed Greek yogurt at least a few times a 

month (Table 11).  Most consumers (52%) consumed low fat yogurts, nineteen percent 

consumed non fat and twenty nine percent consumed full fat yogurts. Seventy seven percent 

of consumers preferred to purchase single serving sizes of yogurt as opposed to twenty three 

percent that bought 8 or 16 oz tubs (Table 11). Consumers were asked to rank the importance  
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of the factors that influenced their purchase of Greek yogurt. Flavor was the top factor 

followed by price, brand, availability and coupons. Greek yogurt was used primarily as a 

snack, then, part of a meal and then as a meal (Table 11). Online consumer survey results 

were consistent with the results obtained during the consumer acceptance testing.  

            Treatment 694 had the highest overall appearance liking score as well as the highest 

color liking score (p<0.05). Treatment 517 received the highest overall impression score 

along with the highest flavor liking score (Table 12). Consumers scored samples 517 and 112 

the highest in sour taste liking (Table 12). Sample 517 received the highest score for texture 

and smoothness liking (Table 12). Treatments 236, 420, 517, 694, 729 and 815 received the 

highest score for thickness liking (Table 12). Sample 517 and 112 were the only treatments to 

receive 50% or more for all categories of JAR questions (Table 12). Treatment 517 received 

the highest scores for meeting product expectation and purchase intent (Table 12). 

Treatments 517 and 815 which were traditional strained yogurts received higher liking scores 

along with treatment 112 which was a Greek style yogurt compared to other treatments. 

However treatment 112 did not have any dried dairy ingredients added to it, it was a non 

strained treatment with added hydrocolloids. Treatments 015 and 357 which received the 

lowest liking scores had added WPC and MPC.  

        The collected data from the interviews suggested that consumers mostly preferred 

flavored Greek yogurt, they also thought that it was more satisfying than regular yogurt. Also 

the consumers had no idea if Greek yogurt was made differently or had different ingredients 

than regular yogurt, but they had a perception that since it suggested higher protein content 
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and had a thicker texture the manufacturing process was different.  The factors primarily 

influencing consumer yogurt purchase were brand, flavor and texture.  

           Consumer segmentation was used to investigate specific consumer preference and 

drivers of liking for Greek yogurts.  Three clusters were identified (Table 13). Cluster 1 (n = 

40) was comprised of consumers that liked moderately firm texture, higher meltaway and 

mouthcoating and higher sweet taste and overall aroma intensity. Sour taste, dairy sour, 

cooked and burnt / beefy taste were drivers of dislike for C1 consumers. C2 consumers (n = 

45) liked higher dense, firm and cohesive texture along with milkfat and sweet. Cluster 3 

(C3) consumers (n = 70) liked Greek yogurts with high sour taste, milkfat flavor, dairy sour, 

viscosity and low surface grain while they disliked sweet over powering yogurts. For all 

three clusters the treatments ranked significantly higher, was an equal distribution among 

Greek strained yogurts as well as Greek style yogurts (which did not have dried dairy 

ingredients added) which suggests that consumer preferences for traditional strained versus 

yogurts with added ingredients are not apparent. This also leads to a conclusion that as long 

as atypical flavors were not present, the manufacturing process did not seem to influence the 

consumer liking. Cluster analyses were confirmed by assessing product attributes and liking 

of each product by clusters.  

       Sample main effects and sample * cluster interactions (F = 23.60, p < 0.05) were 

observed. The sample * cluster interaction suggests that clusters liked samples differently. 

Treatment 517 was highly ranked among clusters 2 and 3 and was not ranked as high by 

cluster 1 (Figure 8 and table 13) (p<0.05). Treatment 517 was characterized by sweet,  
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cohesiveness, firmness, denseness and viscosity (Figure 8). Treatments 112, 236, 357, 694 

and 989 received higher liking scores from cluster 2 compared to clusters 1 and 3. The higher 

scores for these samples were possibly due to the combination of sweet, denseness, 

cohesiveness and lack of FFA. The lower scores from consumers in cluster 3 for treatment 

015 were possibly due to combination of over powering sweet taste, low sour taste, low 

viscosity and cohesiveness (Table 5, Table 13). Treatment 517 was relatively liked by all 

clusters; this may be due to this product having a moderate amount of sweet and sour taste, 

high milk fat flavor as well as high firm and dense texture (Figure 8, Table 6). Treatment 357 

was liked by cluster 2 and not liked as much by clusters 1 and 3 (Table 13). Treatment 357 

was characterized by brothy / potato, cooked and burnt beefy flavors and lower firmness 

compared to other yogurts (Figure 7).  Treatment 517, 815 and 420 were liked by cluster 3 

consumers probably because of sour taste, milkfat flavor and viscosity scores (Table 6 and 

Table 7). 

          Partial least squares regression was conducted to determine the drivers of liking for 

each consumer cluster. Drivers of liking were identified using the variable importance 

projection (VIP) scores. For cluster 1, the drivers of liking were moderate sweet taste, overall 

aroma intensity, meltaway, mouthcoating, overall aftertaste intensity and firmness. This 

explains why cluster 1 scored samples 729 and 989 as their top choices for Greek yogurt as 

these samples had relatively high overall aftertaste intensity, mouthcoating and firmness. 

Drivers of liking for cluster 2 were sweet taste, milk fat, denseness, cohesiveness and 

firmness. Samples 112, 694, 517 were the top choices for cluster 2 as they had highest  
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amounts of milk fat, sweet taste and firmness (Table 6 and Figure 8).  Drivers of liking for 

cluster 3 were milkfat flavor, viscosity, sour taste, dairy sour and low surface grain; these 

findings confirm that yogurts 420, 517 and 815 as the top choices for consumers in cluster 3.  

         Drivers of dislike can also be determined from PLS. Drivers of dislike for cluster 1 

consumers were sour taste, dairy sour, cooked, burnt / beefy, milk fat and brothy / potato. 

Samples 815, 357 and 236 had a combination of dislike drivers present at higher 

concentrations and thus, the liking scores for these samples were lower for cluster 1. Drivers 

of dislike for cluster 2 were brothy / potato flavor, spoon grainy and jiggle. Sample 729 had 

the highest amount of brothy / potato and jiggle therefore this sample received lower liking 

scores for cluster 2. Drivers of dislike for cluster 3 were sweet, burnt / beefy and soapy. 

Samples 015 and 112 had the lowest scores for cluster 3, as both had high scores for 

sweetness and relatively higher scores for beefy and soapy attributes. Sample 015 received 

lower liking scores from all three clusters.  

Conclusions  

Greek strained yogurts were characterized by free fatty acid flavor (FFA), sweet, 

firmness, denseness, cohesive and viscosity while Greek style yogurts were characterized by 

jiggle, surface shine, meltaway, burnt / beefy, astringent and dairy sour. Consumers were 

aware of the increased protein content of Greek yogurts but generally unaware of differences 

between strained versus Greek style yogurts and a strained Greek as well as a Greek style 

yogurt received the highest overall liking scores in blinded acceptance testing. These results 

suggest that successful Greek style yogurts can be manufactured using addition of dried dairy 
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 ingredients or by traditional straining and centrifugation. External preference mapping 

demonstrated consumer preferences for a Greek yogurt having a moderate amount of sweet 

and sour taste, high milk fat flavor as well as high firm and dense texture. Burnt / beefy 

flavor was a consistent driver of dislike across all three consumer clusters; this particular 

flavor was detected only in Greek style yogurts with added dried dairy ingredients suggesting 

that careful selection of dried ingredients and processing parameters does play an important 

role in manufacture of Greek style yogurts with consumer appeal.  
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Table 1. Bench top yogurt treatments 

 

Treatments Processing Steps Ingredients Straining 

Control(1) Heat treatment till 67
o
C , 

homogenized at 80 bar, 

pasteurized at 94
o
C / 6 

Skim milk + starter 

culture 

Strained for 

2h  

Control(2) Heat treatment till 67
o
C , 

homogenized at 80 bar, 

pasteurized at 94
o
C / 6 

Skim milk + starter 

culture 

No straining  

Control(3) Directly pasteurized at 95
o
C / 6 

min, no homogenization 

Skim milk + starter 

culture 

Strained for 

2h  

Control(4) Directly pasteurized at 95
o
C / 6 

min, no homogenization 

Skim milk + starter 

culture 

No straining  

MPC(1) 

MPC80 

Rehydration of MPC at 30
 o
C 

,heat treatment till 67
o
C , 

homogenized at 80 bar, 

pasteurized at 94
o
C / 6 

Skim milk + MPC  

(6.5 % w/v)+ starter 

culture 

No straining  

MPC (2) 

MPC80  

Rehydration of MPC at 30
 o
C + 

Directly pasteurized at 94
o
C / 6 

min, no homogenization 

Skim milk + MPC 

(6.3% w/v)+ 

starch(1.2% w/v) + 

starter culture 

No straining  

MPC(3) 

MPC85  

Rehydration of MPC at 30
 o
C + 

Directly pasteurized at 94
o
C / 6 

min, no homogenization 

Skim milk + MPC 

(5.0% w/v)+ 

starch(2.5% w/v) + 

starter culture 

No straining  

Modified food grade starch (commercial supplier) 
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Table 2.  Flavor attributes for Greek yogurts 

Descriptor Definition Reference Preparation 

Overall Aroma The overall orthonasal 

aroma impact 

N/A Evaluated as the lid is removed from the cupped 

sample  

Cooked Aromatics associated with 

cooked milk  

Cooked milk 30 mL of heated milk in a 60-mL soufflé cup. 

Dairy sour Aromatics associated with 

fermented dairy products 

Plain yogurt A 225 – mL amber sniff jar with 100 ppm of 

acetaldehyde 

Free Fatty acid 

(FFA) 

Aromatics associated with 

short chain fatty acids 

Feta cheese, 

butyric acid 

A 225 – mL amber sniff jar with 100 ppm of butyric 

acid 

Burnt / Beefy Aromatics associated with 

sulfurous compounds and 

/ or beef broth 

Boiled mashed egg 

or struck match, 2-

methyl-3-

furanthiol 

Eggs were boiled and mashed and 10 g placed in a 

58 mL soufflé cup. A 225 – mL amber sniff jar with 

10 ppm of 2 – methyl -3- furanthiol 

Milkfat Aromatics associated with 

milk fat 

Fresh coconut 

meat, heavy 

cream, or δ-

decalactone 

A 225 –mL amber sniff jar with 500 ppm of δ-

decalactone 

Cardboard / 

Fatty oxidized 

Aromatics associated with 

cardboard 

Wet cardboard Soak 2 cm square of cardboard in water for 30 min 

Fruity Aromatics associated with 

fruit or vanillin 

  

Brothy / Potato Aromatics associated with 

canned potato 

Methional at 100 

ppm 

A 225 – mL amber sniff jar with 100 ppm methional 

Soapy Aromatics associated with 

soap / dishwashing liquid 

Ivory soap flakes  

Flavor attributes were scored using a 0 to 15 - Point Universal Intensity Scale (Meilgaard et al., 1999; Drake and Civille, 2003; Drake et al., 2010). Most 

dairy product flavor attributes fall between 0 – 5 on this scale (Drake et al., 2008; Drake et al., 2009, 2010; Wright  et al., 2009). Terms were adapted from 

Drake et al., 2010, Drake et al., 2008). 
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Table 2 continued.  Flavor attributes for Greek yogurts  

Astringent 

mouthfeel  

Drying or puckering of 

oral tissues 

Black tea Soak 6 tea bags in hot water for 10 min 

Sweet Basic taste associated with 

sugars 

Sucrose 5 % sucrose solution  

Sour Basic taste associated with 

acids 

Citric acid 0.08 % citric acid solution 

Bitter Basic taste associated with 

caffeine and alkaloids 

Caffeine 0.5% caffeine solution 

Overall aftertaste 

intensity 

The intensity of any after 

taste  

N/A Upto 1 min after expectoration or swallow 

Flavor attributes were scored using a 0 to 15 - Point Universal Intensity Scale (Meilgaard et al., 1999; Drake and Civille, 2003; 

Drake et al., 2010). Most dairy product flavor attributes fall between 0 – 5 on this scale (Drake et al., 2008; Drake et al., 2009, 

2010; Wright  et al., 2009). Terms were adapted from Drake et al., 2010, Drake et al., 2008). 
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Table 3. Texture and visual attributes for Greek yogurts  

Descriptor Definition Reference 

Surface shine Degree to which the sample 

reflects light 

Jell- O pudding (chocolate ) and 

Gelatin (strawberry) = 13  

Surface grain The amount of particle which can 

be seen on the surface of the 

product 

Jell – O pudding = 1 and  

Philadelphia whipped cream cheese 

= 12  

Spoon 

indentation 

Indentation made by the spoon in 

the sample  

 Jell- O pudding = 12 and Gelatin = 

15 

Spoon ropy Visible Threading off the spoon 

as the product is spooned  

Brown cow plain yogurt = 4 

Surface grain 

on spoon 

The amount of particles which 

can be seen on the surface of the 

product 

Jell-O pudding = 1.5 and   Skippy 

peanut butter = 9   

Jiggle Gelatin like movement of a 

product on the spoon while 

holding its shape 

Jell – O pudding = 8 and Jell – O 

gelatin = 15  

Firmness Force required to compress the 

product between tongue and 

palate 

Jell – O pudding = 3 and Jell-O 

gelatin = 10 

Denseness Compactness of the cross section, 

absence of air perceived as the 

tongue is moved through the 

sample 

 Kraft Marshmallow fluff = 2.8, 

whipped cream cheese = 5, Jell – O 

pudding = 9 and Philadelphia cream 

cheese = 13  

Viscosity Force required to move the spoon 

back and forth 

Water = 1 and Jell-O pudding = 10  

Viscosity 

slurping off 

spoon 

Force required to slurp the sample 

off the spoon from in front of lips 

Water = 1, Hershey’s choc syrup = 6 

and Jell-O pudding = 12  

Cohesiveness Amount of product which sticks 

together during compression 

Jell-O = 1, Jell-O pudding = 3 and 

cream cheese = 12 

Graininess Perceived particulates of product 

in the mouth  

Jell-O pudding = 0 and 

marshmallow fluff = 12  

Melt away Rate at which the sample 

dissolves or melts 

 Peanut butter = 2.5, whipped cream 

cheese = 6.5 and Jell-O pudding = 

10.5 

Mouth 

coating 

Degree to which any sample 

residue remains on the mouth 

surface after swallowing 

Whole milk = 4, Jell-O pudding = 9 

and peanut butter = 15   

Texture attributes were scored using a 0 to 15 – point product - specific scale (Meilgaard et al., 1999; 

Drake and Civille, 2003; Drake et al., 2010). Terms were adapted from (Foegeding and Drake, 2007; 

Yates and Drake, 2007). 
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Table 4. Questions asked to consumers during in depth interview  

 Questions   

1 Do you consume more of regular yogurt or Greek yogurt? 

2 Do you generally prefer plain yogurt or flavored 

3 Which factor primarily influences your yogurt purchase 

4 Which brand do you commonly purchase 

5 Why do you consume Greek yogurt 

6 Is it more satisfying than regular yogurt (if yes why)? 

7 Do you think Greek yogurt is made differently or has different ingredients 

than regular yogurt? 
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Table 5. pH, Protein content, total solids and percent lactic acid of Greek yogurts 

Treatment pH Protein content 

(%) 

Total solids (%) Lactic acid 

(%) 

101
3
 4.65 7.3 15.9 5.0 

207
3
 4.70 10.6 16.2 4.5 

989
3
 4.80 10.0 16.2 5.0 

426
3
 4.73 10.6 16.0 4.9 

590
3
 4.85 10.0 16.3 4.3 

517
3
 4.87 9.0 20.1 3.8 

236
3
 4.81 10.0 16.8 4.8 

126
3
 4.75 7.1 17.0 4.0 

815
3
 4.30 9.7 18.2 4.6 

197
3
 4.59 10.0 17.1 5.2 

209
3
 4.69 10.6 15.2 4.7 

214
3
 4.41 10.1 15.9 4.8 

222
3
 4.85 7.1 22.0 5.0 

250
3
 4.75 10.6 16.4 4.5 

266
3
 4.78 4.0 21.4 3.0 

802
3
 4.70 8.5 15.0 4.0 

630
3
 4.65 9.0 14.5 4.0 

248
4
 4.75 3.5 23.2 3.5 

729
4
 4.90 10.0 17.7 5.3 

420
4
 4.71 8.8 16.9 4.3 

112
4
 4.90 5.8 17.5 3.8 

145
4
 4.73 8.0 23.8 4.7 

357
4
 4.74 9.7 18.6 5.8 

100
4
 4.80 8.7 16.4 4.6 

694
4
 4.72 8.2 16.5 4.0 

015
4
 4.51 4.0 17.5 4.0 

311
4
 4.80 9.7 15.2 3.4 

320
4
 4.80 8.4 15.6 4.8 

333
4
 4.72 8.8 14.0 4.2 

157
5
 4.62 5.2 14.0 5.8 

163
5
 4.65 4.4 13.8 6.0 

247
5
 4.65 4.5 11.5 3.9 

920
5
 4.60 4.8 11.0 4.0 

LSD
1
 0.030 1.90 0.50 0.30 

              LSD
1
 = Least significant difference value. Means in a column that differ by the LSD are   

                different (p < 0.05). 3 = Greek strained sample, 4 = Greek style sample and 5 = Non Greek 

                 samples 
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Table 6. Descriptive flavor attribute means for Greek yogurt
1 

Treatment Overall 

aroma 

Cooked Dairy 

sour 

FFA Burnt / 

beefy 

Milk 

fat 

Cardboard Fruity / 

other 

101
3
 3.2 3.2 3.4 0.9 ND ND ND ND 

207
3
 3.3 3.7 3.6 1.1 ND ND ND ND 

989
3
 3.0 3.2 3.7 1.2 ND ND ND ND 

426
3
 3.1 2.9 3.8 1.1 ND ND 1.0 ND 

590
3
 2.9 3.2 2.9 0.7 ND 2.3 1.2 ND 

517
3
 2.8 3.4 2.7 0.5 ND 3.5 0.7 ND 

236
3
 2.6 3.2 3.6 ND ND ND ND ND 

126
3
 3.1 3.4 3.1 ND ND 2.9 0.6 ND 

815
3
 3.0 3.7 3.3 ND ND 2.8 ND ND 

197
3
 3.0 2.8 3.1 ND ND ND ND ND 

209
3
 3.3 3.2 3.5 0.7 ND ND 1.1 ND 

214
3
 3.1 3.1 3.4 1.4 ND ND ND ND 

250
3
 3.1 3.3 2.9 ND ND 1.1 1.3 ND 

266
3
 3.2 3.6 2.9 ND ND 3.3 ND ND 

248
4
 3.1 3.6 2.9 ND ND 3.3 ND ND 

729
4
 4.1 3.7 3.5 ND 2.7 ND ND ND 

420
4
 3.4 3.2 3.5 ND 0.8 ND 1.4 ND 

112
4
 2.9 3.0 2.6 ND ND 1.9 1.4 ND 

222
4
 4.7 3.0 1.9 ND ND ND ND 4.4 

145
4
 3.3 3.9 3.7 ND 1.8 3.0 ND ND 

357
4
 4.0 4.0 4.2 ND 2.5 1.1 ND ND 

100
4
 3.1 3.4 3.7 0.8 0.9 ND ND ND 

694
4
 4.5 3.5 4.0 ND 0.5 ND ND 2.1 

015
4
 3.3 3.4 3.3 0.6 1.4 ND ND ND 

157
5
 3.0 3.0 3.4 ND ND ND 0.9 ND 

163
5
 2.6 3.0 2.5 ND ND 1.0 ND ND 

LSD
2
 0.27 0.26 0.23 0.24 0.22 0.18 0.22 0.10 

1
Flavor intensities were scored using a 0 to 15- point Spectrum

TM
 intensity scale where 15 = high 

intensity of an attribute and 0 = absence of attribute (Meilgaard and others, 1999; Drake and Civille, 

2003). LSD
2
 = Least significant difference value. Means in a row that differ by LSD are different (p < 

0.05). 3 = Greek strained sample, 4 = Greek style sample and 5 = non Greek samples 
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Table 6 (continued). Descriptive flavor attribute means for Greek yogurt
1   

 

1
Flavor intensities were scored using a 0 to 15- point Spectrum

TM
 intensity scale where 15 = 

high intensity of an attribute and 0 = absence of attribute (Meilgaard and others, 1999; Drake 

and Civille, 2003). LSD
2
 = Least significant difference value. Means in a row that differ by 

LSD are different (p < 0.05). 3 = Greek strained sample, 4 = Greek style sample and 5 = non 

Greek samples 

 

 

 

 

 

 

 

 

Treatment Brothy / 

Potato 

Soapy Astringent Sweet Sour Bitter Overall 

after 

taste 

101
3
 1.0 0.8 3.9 1.3 8.5 ND 1.3 

207
3
 0.9 ND 3.8 1.3 7.6 ND 1.5 

989
3
 ND 1.2 3.6 1.6 6.2 ND 1.3 

426
3
 0.7 1.3 3.9 1.4 8.1 ND 1.4 

590
3
 ND ND 3.3 1.8 3.6 ND 1.0 

517
3
 ND ND 2.9 2.1 3.3 ND 0.9 

236
3
 0.9 ND 3.7 1.5 6.4 ND 1.3 

126
3
 1.0 ND 3.1 2.0 4.9 ND 1.3 

815
3
 ND ND 3.5 2.0 8.6 ND 1.2 

197
3
 ND 1.0 4.5 1.2 8.4 ND 1.6 

209
3
 0.7 ND 3.5 1.4 5.8 ND 1.3 

214
3
 ND 1.0 3.4 1.5 4.3 ND 1.3 

250
3
 1.8 0.7 3.8 1.4 6.6 0.9 1.2 

266
3
 0.8 ND 2.7 2.2 4.6 ND 1.4 

248
4
 1.1 ND 2.9 2.0 5.2 ND 1.1 

729
4
 2.0 0.7 3.8 1.3 10.3 ND 2.0 

420
4
 0.5 1.0 4.0 1.4 6.8 ND 1.3 

112
4
 0.5 ND 3.2 2.4 3.7 ND 1.2 

145
4
 0.8 ND 3.5 1.5 10.0 ND 1.5 

357
4
 1.2 ND 4.0 1.3 11.2 ND 1.5 

222
4
 ND ND 2.9 7.1 2.5 ND 2.5 

100
4
 1.4 ND 3.9 1.4 6.5 ND 1.5 

694
4
 ND ND 4.0 1.4 9.4 ND 1.7 

015
4
 ND 0.8 3.5 2.2 6.3 ND 1.1 

157
5
 0.9 0.7 3.1 1.6 3.7 ND 1.0 

163
5
 ND ND 2.8 2.1 3.1 ND 0.9 

LSD
2
 0.23 0.21 0.21 0.27 0.52 0.14 0.25 
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Table 7. Descriptive texture attribute means for yogurts
1       

 

Treatment Surface 

shine 

Surface 

grain 

Spoon 

indent 

Spoon 

ropy 

Spoon 

grainy 

Jiggle Firmness 

(B.S) 

Densen

ess 

(B.S) 

101
3
 12.3 6.2 10.5 ND 9.9 6.0 5.1 10.0 

207
3
 10.9 9.0 11.9 ND 10.9 5.1 4.7 9.0 

989
3
 12.5 3.9 12.0 ND 10.2 5.1 5.0 9.5 

426
3
 13.3 2.8 12.8 ND 10.7 5.4 5.0 9.2 

590
3
 11.5 2.2 12.9 ND 10.5 3.6 4.7 8.8 

517
3
 10.2 2.4 13.6 ND 9.8 3.9 5.1 8.9 

236
3
 12.7 2.1 12.1 ND 9.2 7.6 5.9 9.8 

126
3
 13.3 1.6 11.4 ND 7.9 6.6 4.9 8.7 

815
3
 11.5 6.6 12.4 ND 9.9 6.0 5.1 9.0 

197
3
 11.7 3.1 13.6 ND 10.7 3.9 5.6 7.7 

209
3
 12.1 6.0 10.5 ND 8.1 5.0 3.5 8.3 

214
3
 12.4 3.5 13.0 ND 10.6 4.4 4.0 8.2 

250
3
 12.3 2.8 11.7 ND 9.8 7.7 4.8 9.0 

266
3
 10.9 5.5 13.3 ND 8.4 7.0 4.0 6.7 

248
4
 11.6 0.9 13.8 ND 5.9 6.3 5.5 6.2 

729
4
 14.0 0.5 12.0 ND 4.4 7.0 4.6 9.3 

420
4
 13.4 3.7 10.9 ND 9.5 7.3 3.9 8.4 

222
4
 14.0 0.5 12.0 ND 4.4 7.0 4.6 9.3 

112
4
 12.7 2.3 13.6 ND 6.1 5.3 5.1 7.1 

145
4
 12.9 1.4 12.5 ND 8.4 8.4 4.1 8.5 

357
4
 13.1 1.5 6.9 ND 6.6 7.8 3.1 8.4 

100
4
 12.4 4.8 11.1 ND 9.6 6.8 4.5 9.0 

694
4
 12.0 6.1 12.0 ND 8.7 5.8 3.7 7.5 

015
4
 12.8 5.6 12.2 ND 8.7 6.8 3.1 5.0 

157
5
 13.1 5.2 13.0 ND 7.3 5.9 2.5 4.7 

163
5
 13.3 3.3 11.3 1.9 8.9 6.9 2.4 7.0 

LSD
2
 0.64 1.24 1.10 0.19 1.35 0.91 0.81 0.85 

1
Texture intensities were scored using a 0 to 15- point Spectrum

TM
 intensity scale where 15 = high intensity of 

an attribute and 0 = absence of attribute (Meilgaard and others, 1999; Drake and Civille, 2003). LSD
2
 = Least 

significant difference value. Means in a row that differ by LSD are different (p < 0.05). 3 = Greek strained 

sample, 4 = Greek style sample and 5 = Non Greek sample
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Table 7. (Continued) Descriptive texture attribute means for yogurts
1       

 

Treatment Visc-

osity 

Ropy Slurp 

viscosity 

Firm-

ness 

(A.S) 

Dense-

ness 

(A.S) 

Cohes- 

iveness 

Grain-

iness 

Melt-

away 

 Residual 

mouth 

coating 

101
3
 11.2 ND 14.0 5.0 9.6 5.8 ND 8.8 9.4 

207
3
 11.5 ND 13.7 4.4 9.2 4.0 1.1 9.6 9.2 

989
3
 12.2 ND 14.0 4.8 9.5 6.1 0.6 8.5 8.8 

426
3
 12.3 ND 14.4 4.9 9.5 5.1 ND 8.7 9.7 

590
3
 12.7 ND 14.5 4.8 9.3 6.1 ND 8.1 10.1 

517
3
 13.1 ND 14.6 5.4 9.3 7.3 0.7 6.7 10.5 

236
3
 12.1 ND 14.3 5.8 10.0 5.3 0.6 7.8 10.4 

126
3
 11.7 ND 13.7 4.8 9.5 5.2 ND 9.0 9.7 

815
3
 12.0 ND 14.2 5.0 9.4 5.1 ND 9.3 9.8 

197
3
 13.0 ND 14.7 6.0 8.3 7.0 3.7 6.1 11.0 

209
3
 10.0 ND 12.7 3.5 8.2 4.2 0.5 9.8 9.0 

214
3
 12.1 ND 14.0 4.1 8.5 4.9 ND 8.4 9.5 

250
3
 11.3 ND 13.7 4.3 9.2 4.6 ND 9.2 10.0 

266
3
 9.5 ND 11.2 2.9 7.4 2.9 ND 11.3 8.4 

248
4
 11.0 ND 12.6 4.5 6.9 4.5 0.7 9.3 9.1 

729
4
 11.6 ND 13.7 4.7 9.6 4.9 ND 9.6 10.0 

222
4
 11.6 ND 13.7 4.7 9.6 4.9 ND 9.6 10.0 

420
4
 11.2 ND 12.9 4.1 9.1 4.5 ND 9.9 9.5 

112
4
 11.1 2.8 12.3 3.5 8.2 4.3 0.5 9.7 9.2 

145
4
 9.4 1.0 11.8 3.6 8.6 3.4 0.5 10.1 9.6 

357
4
 8.6 ND 10.7 2.4 8.2 2.6 ND 10.5 8.4 

100
4
 11.6 ND 13.7 4.9 9.5 5.2 ND 8.8 10.5 

694
4
 10.8 ND 12.9 3.5 7.7 3.5 2.6 9.9 9.9 

015
4
 9.2 ND 10.6 2.6 5.4 2.5 1.3 10.8 8.2 

157
5
 9.1 1.5 10.3 2.0 5.4 2.1 1.4 11.0 7.6 

163
5
 8.0 8.2 7.9 1.9 6.6 1.8 0.8 11.4 7.3 

LSD
2
 0.80 0.50 0.74 0.78 0.80 0.83 0.47 0.82 0.75 

1
Texture intensities were scored using a 0 to 15- point Spectrum

TM
 intensity scale where 15 = high 

intensity of an attribute and 0 = absence of attribute (Meilgaard and others, 1999; Drake and Civille, 

2003). LSD
2
 = Least significant difference value. Means in a row that differ by LSD are different (p < 

0.05). 3 = Greek strained sample, 4 = Greek style sample and 5 = Non Greek samples
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Table 8. Descriptive flavor attribute means for bench-top greek yogurt
1    

 
Treat 

ment 

Overall 

aroma 

Cooked Dairy 

sour 

FFA Burnt 

/ beefy 

Milk 

fat 

Card-

board 

Tortilla Brothy 

/potato 

Soapy Astrin

-gent 

Sweet Sour Bitter Overall 

aftertaste 

802
3
 2.9 3.0 3.3 0.8 1.1 ND 1.0 ND ND 0.6 3.5 1.2 4.6 ND 1.3 

630
3
 3.2 3.1 3.6 0.8 1.0 ND ND ND ND ND 3.5 1.2 4.9 ND 1.2 

311
4
 3.0 3.1 3.0 ND 0.7 ND 1.4 2.8 ND 0.7 2.9 1.3 3.9 ND 2.3 

320
4
 3.1 3.1 2.5 1.1 1.4 ND 0.9 1.7 1.7 ND 3.1 1.2 3.9 ND 1.7 

333
4
 3.4 3.3 3.1 0.9 1.9 ND 1.4 1.1 1.0 ND 3.4 1.2 4.2 ND 1.5 

247
5
 3.4 3.0 3.6 ND 1.1 ND ND ND ND 0.7 3.1 1.1 4.9 ND 1.1 

920
5
 3.3 3.2 3.7 0.8 1.6 ND ND ND ND ND 3.3 1.0 5.2 ND 1.2 

LSD
2
 0.30 0.20 0.25 0.11 0.24 0.00 0.15 0.18 0.12 0.13 0.20 0.17 0.56 0.00 0.20 

1
Flavor intensities were scored using a 0 to 15- point Spectrum

TM
 intensity scale where 15 = high intensity of an attribute and 0 = absence of attribute 

(Meilgaard and others, 1999; Drake and Civille, 2003). LSD
2
 = Least significant difference value. Means in a row that differ by LSD are different 

 (p < 0.05). 3 = Greek strained sample, 4 = Greek style sample(using MPC from various suppliers) and 5 = non Greek samples 
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Table 9. Descriptive textures attribute means for bench-top Greek yogurt
1 

 
Treat-

men    ment 

Surface 

shine 

Surface 

grain 

Spoon 

indent 

Spoon 

grain 

Jiggle Firm-

ness 

(B.S) 

Dense 

Ness 

 (B.S) 

Visc-

osity 

Ropy Slurp 

visc 

osity 

Firm-

ness 

(A.S) 

Dense- 

ness 

(A.S) 

Cohes-

iveness 

Graini 

ness 

Melt

away 

Mouth-

coating 

802
3
 9.8 7.2 11.4 8.6 5.2 4.5 8.1 10.0 0.7 12.9 3.8 7.9 4.5 0.7 10.0 8.2 

630
3
 11.3 5.4 11.7 6.4 4.8 3.3 8.0 9.4 1.9 12.1 3.0 8.0 3.2 1.0 9.8 7.9 

311
4
 9.3 11.2 13.7 4.7 5.2 5.7 6.7 10.5 0.0 13.0 4.1 6.4 4.5 4.5 8.1 6.3 

320
4
 10.3 8.7 14.2 10.2 2.3 5.6 7.0 11.9 0.0 13.9 4.7 7.6 5.9 4.2 7.1 8.3 

333
4
 12.6 4.0 14.2 9.2 2.4 5.0 8.4 11.3 1.2 13.7 4.6 8.8 6.2 2.4 8.0 8.9 

247
5
 12.7 4.2 10.4 2.7 4.7 2.0 6.8 4.4 0.8 4.2 1.5 6.3 1.6 1.1 12.1 4.7 

920
5
 13.3 1.4 10.4 5.1 5.2 1.8 5.5 4.8 0.6 4.3 1.3 5.6 1.6 0.8 11.8 4.8 

LSD
2
 0.48 0.61 0.40 0.53 0.36 0.34 0.43 0.44 0.32 0.36 0.32 0.40 0.44 0.52 0.42 0.41 

1
Texture intensities were scored using a 0 to 15- point Spectrum

TM
 intensity scale where 15 = high intensity of an attribute and 0 = absence of attribute 

(Meilgaard and others, 1999; Drake and Civille, 2003). LSD
2
 = Least significant difference value. Means in a row that differ by LSD are different  

(p < 0.05). 3 = Greek strained sample, 4 = Greek style sample (using MPC from various suppliers) and 5 = non Greek samples
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       Figure 1. Principle Component Analysis biplot (PC 1 and PC 2) of flavor attributes of   

     yogurts. Traditional Greek strained yogurts are numbers in bold. Greek style yogurts are   

     underlined numbers and Plain non fat yogurts are numbers. 
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      Figure 2. Principle Component Analysis biplot (PC 1 and PC 3) of flavor attributes of   

      yogurts. Traditional Greek strained yogurts are numbers in bold. Greek style yogurts  

      are underlined numbers and Plain non fat yogurts are numbers. 
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      Figure 3. Principle Component Analysis biplot (PC 1 and PC 2) of texture and visual  

      appearance attributes of yogurts. Traditional Greek strained yogurts are numbers in bold.  

      Greek style yogurts are underlined numbers and Plain non fat yogurts are numbers. 
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        Figure 4. Principle Component Analysis biplot (PC 1 and PC 2) of flavor attributes of    

        yogurts. Traditional Greek strained yogurts are numbers in bold. Greek style yogurts are    

        underlined numbers and Plain non fat yogurts are numbers. Bench top Greek style   

        yogurts are italic and underlined numbers, Bench top Greek strained yogurts are italic   

        and bold numbers.   
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     Figure 5. Principle Component Analysis biplot (PC 1 and PC 3) of flavor attributes of   

     yogurts. Traditional Greek strained yogurts are numbers in bold. Greek style yogurts 

     are underlined numbers and Plain non fat yogurts are numbers. Bench top Greek style   

     yogurts are italic and underlined numbers, Bench top Greek strained yogurts are italic 

     and bold numbers.   
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       Figure 6. Principle Component Analysis biplot (PC 1 and PC 2) of Texture and visual  

       appearance attributes of yogurts. Traditional Greek strained yogurts are numbers in bold.   

       Greek style yogurts are underlined numbers and Plain nonfat yogurts are numbers.  

       Bench top Greek style yogurts are italic and underlined numbers, Bench top Greek    

       strained yogurts are italic and bold numbers.   
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Table 10. Information obtained from online consumer survey  
Question Criteria % 

Gender Male 0.0 

Female 100.0 

Age 18 years or younger 0.0 

19-25 years old 10.0 

26-35 years old 29.9 

36-45 years old 23.6 

46-55 years old 20.7 

56-65 years old 14.3 

66 years old and over 1.5 

When was the last time you consumed 

regular yogurt ?(any fat content) 

Within the last week 82.4 

Within the last month 12.7 

Within the last 3 months 2.3 

Within the last 6 months 1.5 

More than 6 months ago 1.0 

When was the last time you consumed Greek 

yogurt? (any fat content) 

Within the last week 58.1 

Within the last month 32.2 

Within the last 3 months 9.7 
1
Where do you usually do your grocery 

shopping? (check all that apply) 

Harris Teeter 77.6 

Target 47.9 

Whole foods 31.5 

Wal-Mart 46.7 

Food lion 54.8 

Kroger 38.4 

Sams, Costco, BJ’s 27.6 

Other 21.8 
2
What fat content of Greek yogurt do you 

typically consume  

Fat free 26.1b 

Low fat (1% or 2% milk) 54.4a 

Full fat 19.5c 
2
What size container of Greek yogurt do you 

typically purchase 

Single serve 81.3a 

 8 0r 16 oz tub 18.7b 
12

How do you consume Greek Yogurt 

(Check all that apply) 

As a snack 79.5a 

As a meal 31.5c 

Part of a meal 48.5b 
12

How do you use Greek yogurt (check all 

that apply) 

Alone (consume as is) 94.0a 

Dip 25.7c 

Dressing / condiment 23.2c 

In a smoothie 40.5b 

Other  12.0d 
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    Table 10 (continued). Information obtained from online consumer survey  
Question Criteria % 
 

 

12
What brands of Greek yogurt do you 

consume? (check all that apply) 

 

 

Fage 

 

 

31.0e 

Chobani 75.7a 

Athenos 33.4e 

Yoplait 48.3c 

Store brand (Harris Teeter, 

food lion etc) 

40d 

Dannon Oikos 62.0b 

other 5.0f 
2
When you think of the Greek yogurt that you 

most often consume is it Greek yogurt or 

Greek style yogurt? 

Greek 57.0a 

Greek style 12.0c 

I don’t know  31.1b 

2
What flavors of Greek yogurts do you  

typically consume? 

 

Rank 1 Rank 2  Rank 3 

Strawberry 33.6a 26.3a 16.6b 

Blueberry 15.6c 22.0ab 25.3a 

Peach 9.1d 19.7bc 21.6a 

Honey 12.5cd 15.6c 12.0cd 

Plain 20.1b 7.9d 15.6bc 

other 9.1d 8.5d 8.9d 
1
Total percentage exceeds 100 % as consumers were able to select multiple responses  

  Data represents 518 consumers 
2
Statistical lettering was obtained from chi square analysis using k proportions. Different  

  letters in rows following means signify significant differences (P<0.05) 
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Table 11. Demographic information obtained from the consumer acceptance test 
Question Criteria % 

Gender Male 0.0 

Female 100.0 

Age 19 – 24 years old 16.4 

25 – 34 years old 23.2 

35 – 44 years old 22 

45 – 54 years old 21.3 

55 – 64 years old 17.4 

Education level High school diploma or equivalent 6.5 

Some college 30.3 

4 year degree 38.7 

Professional degree or masters 20.6 

PhD 3.9 

How often do you consume 

Greek yogurt? 

Everyday 11.0 

More than once a week 50.3 

2 -4 times a month 28.4 

Less than once a month (occasionally) 8.4 

Within the last 3 months 1.9 

What fat content of Greek yogurt 

do you typically consume? 

Fat free 19.4 

Low fat 51.6 

Regular ( full fat) 29.0 

When you purchase Greek 

yogurt what size do you 

purchase? 

Single serve 77.4 

8 or 16 oz tub (multiple servings) 22.6 

How frequently do you purchase 

Greek yogurt? 

Holidays and special occasions 0.0 

2-3 times a year 2.3 

4-5 times a year 7.7 

At least once a month 20.7 

A few times a month 38.7 

At least once per week 29.7 
1
How do you consume Greek 

yogurt (Check all that apply) 

As a snack 91.6 

As a meal 40.0 

Part of a meal 54.8 
1
What factors influence your 

purchase of Greek yogurt? 

(Check all that apply) 

Price 86.5 

Availability 57.4 

Brand 61.9 

Flavor 94.2 

Package 23.2 

Coupons 56.1 
1
Total percentage exceeds 100 % as consumers were able to select multiple responses  

       Data represents 155 consumers 
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Table 12. Overall liking attribute means from consumer acceptance testing of Greek yogurt 
 

Data represents 155 consumers 

Liking attributes were scored on a 9 point hedonic scale where dislike extremely = 1 and like extremely = 9 

JAR scales were scored on a 5 point scale where too little = 1 or 2, just about right = 3 and too much = 4 or 5 
percentage of consumers that selected these options 

Expectations was scored on a 5 point scale where does not meet expectations = 1 or 2, meets my expectations = 3, exceeds expectations = 4 or 5 

           Purchase intent was scored on a 5 point scale where would not buy = 1 or 2, maybe/maybe not = 3 and would buy = 4 or 5 
*5-point scale, statistical letterings were obtained from Kruskal – Wallis non parametric test 

Different letters in rows following means signify significant differences (p<0.05) 

All samples were spoon able, 1=Greek strained, 2= Greek style  

 0152 1122 2361 3572 4202 5171 6942 7292 8151 9891 

Appearance 4.6f 6.1e 6.8ab 6.7bc 6.6bc 6.2de 7.1a 7.0ab 6.4cd 6.4cde 

Color 5.3e 6.1d 7.1abc 6.9c 7.1abc 7.0abc 7.3a 7.2ab 7.0bc 7.1abc 

Overall impression 3.8e 6.0b 5.5c 3.9e 6.1b 6.8a 6.0b 5.0d 6.1b 5.9b 

Flavor 4.5d 6.1b 5.3c 3.6e 5.6bc 6.8a 5.7bc 4.4d 5.9b 5.6bc 

Sour liking 4.4cd 5.9a 4.8bc 2.9e 5.0b 6.2a 5.1b 4.0d 5.2b 5.2b 

Texture Liking 3.3e 5.9d 6.4bc 6.0cd 6.7ab 6.9a 6.4bc 6.5b 6.6ab 6.4bc 

Thickness 4.1c 5.9b 6.4a 5.8b 6.5a 6.6a 6.6a 6.3a 6.5a 6.2ab 

Smoothness 3.2e 5.9d 6.3bcd 6.1cd 6.4bc 6.9a 6.3bcd 6.4bc 6.5ab 6.4bc 

 
Sour 

Too weak 22.58%a 22.58%a 8.39%bc 0.00%e 5.81%cd 15.48%ab 9.68%bc 17.42%a 1.94%de 14.84%ab 

JAR 38.06%c 56.77%ab 41.94%c 10.97%e 39.35%c 60.65%a 45.81%bc 22.58%d 47.10%bc 39.35%c 

Too strong 39.35%d 20.65%e 49.68%bc 89.03%a 54.84%bc 23.87%e 44.52%cd 60.00%b 50.97%bc 45.81%cd 

 

Texture 

Too thin 32.36%a 13.55%bc 12.90%bc 37.42%a 9.68%bcd 0.65%e 7.10%cd 16.77%b 4.52%d 27.10%a 

JAR 29.03%e 59.35%cd 69.68%ab 58.71%d 70.97%ab 64.52%bc 78.06%a 72.26%ab 67.10%bc 62.58%bcd 

Too thick 38.71%a 27.10%bc 17.42%de 3.87%f 19.35%cd 34.84%ab 14.84%de 10.97%e 28.39%ab 10.32%e 

 
Cream-

iness 

Not creamy 75.48%a 43.23%b 25.16%c 26.45%c 23.87%c 18.71%c 23.87%c 18.71%c 20.65%c 26.45%c 

JAR 19.35%d 51.61%c 70.32%ab 63.87%b 67.74%ab 73.55%ab 71.61%ab 72.90%ab 74.84%a 66.45%ab 

Too 

creamy 

5.16%a 5.16%a 4.52%a 9.68%a 8.39%a 7.74%a 4.52%a 8.39%a 4.52%a 7.10%a 

 
Smooth-

ness 

Not smooth 81.29%a 32.90%b 25.16%bc 15.48%d 23.23%bc 18.06%cd 25.81%bc 12.90%d 20.00%cd 20.65%cd 

JAR 16.77%d 61.94%c 72.90%ab 70.32%bc 70.97%bc 77.42%ab 69.03%bc 80.65%a 77.42%ab 70.97%bc 

Too 

smooth 

1.94%d 5.16%bcd 1.94%d 14.19%a 5.81%bcd 4.52%bcd 5.16%bcd 6.45%bc 2.58%cd 8.39%ab 

Expectation* 1.7d 2.7b 2.6bc 2.0d 2.8b 3.3a 2.8b 2.4c 2.8b 2.6bc 

Purchase intent* 1.8e 3.0bc 2.9c 1.9e 2.9bc 3.7a 3.0bc 2.5d 3.2b 3.0bc 
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Table 13. Overall liking means for each cluster 

 

Sample Cluster 1 

(n=40) 

Cluster 2 

(n=45) 

Cluster 3 

(n=70) 

015 4.68Ca 4.38Da 2.80Db 

112 6.23Ab 7.36Aa 5.03Cc 

236 4.85Cc 6.18BCa 5.36BCb 

357 2.27Dc 6.58ABa 3.13Db 

420 5.28BCb 5.78Cb 6.73Aa 

517 5.90ABb 6.82ABa 7.33Aa 

694 5.88ABb 6.60ABa 5.81Bb 

729 6.05ABa 4.27Db 4.83Cb 

815 4.50Cc 6.22BCb 6.99Aa 

989 5.80ABb 6.20BCa 5.91Bb 

1Means in a column with a different letter are statistically different 

 (p<0.05)  

Liking attributes were scored on a 9-point hedonic scale where 

dislike extremely=1 and like extremely=9. 

2 Means in a row with a different lower case letter are statistically 

 different (p < 0.05)  
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                        Figure 7. Partial least squares correlation biplot of clusters for Greek yogurts explaining 62 % variability. Numbers represent the Greek   
                              yogurt treatments that were included in consumer acceptance tasting. C1 represents cluster 1 (n=40). C2 represents cluster 2 (n=45). 

                              C3 represents cluster 3 (n=70). Flavor, texture and visual attributes are included in this biplot. 
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Figure 8.Partial least squares correlation biplot of clusters for Greek yogurts explaining 28 % variability. Numbers represent the Greek 

yogurt treatments that were included in consumer acceptance tasting. C1 represents cluster 1 (n=40). C2 represents cluster 2 (n=45). C3 

represents cluster 3 (n=70). Flavor, texture and visual attributes are included in this biplots. 
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