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 Quality of plain set yoghurt was investigated by varying levels of ultrafiltration 

concentration of cow skim milk (1-without ultrafiltration, 1.5 and 2 folds) and inoculum 

(2, 2.5 and 3%) of yoghurt culture (Lactobacillus delbrueckii subsp. bulgaricus and 

Streptococcus thermophilus 1:1). Titratable acidity development and pH reduction were 

significantly faster during incubation of yoghurt with increasing ultrafiltration 

concentration level and inoculum level. Increased ultrafiltration concentration level 

decreased spontaneous whey syneresis, but increased water holding capacity and 

firmness of the product significantly. Body & texture and overall acceptability scores 

were significantly better in yoghurts prepared from 1.5 fold concentrated milk 

irrespective of the inoculum level studied. Inoculum level did not show any significant 

effect on the quality of yoghurt, but higher inoculum level decreased the incubation 

period significantly. Optimized product was obtained with 1.5 fold concentrated skim 

milk standardized to 3.3% fat and incubated with 2% inoculum level in about five and a 

half hour of incubation. Optimized product had 13.60±0.02% total solids, 3.31±0.01% 

fat, 5.27±0.04% protein, 4.20±0.03% lactose and 0.82±0.02% ash. Whey syneresis, 

water holding capacity and firmness in optimized product were nil, 63.49% and 1.89 N, 

respectively. Thus, high quality plain yoghurt could be prepared by employing 

ultrafiltration, without addition of stabilizers, which is otherwise widely used 

commercially for the manufacture of yoghurt to control its wheying off and body.   
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Introduction 

Yoghurt is a popular fermented dairy product 

produced by bacterial fermentation of milk. Global 

yoghurt market expands rapidly over the years due to the 

growing consumer demand for convenient and health 

promoting products. TechNavio's analysts forecast that 

the global yogurt market is growing at a Compound 

Annual Growth Rate (CAGR) of 6.72% over the period 

from 2013-2018 (Anon, 2014). Among the different 

forms of yoghurt, set yoghurt is very popular in some 

countries of the world. Set yoghurt is produced by 

packaging the yoghurt mix into individual containers 

before fermentation.  

Quality and consumer satisfaction are vital for the 

popularization of any product including set yoghurt. Set 

yoghurt should have a curd with sufficient hardness to 

stand up to the impact caused by shaking during 

transportation (Horiuchi et al., 2009). Whey Syneresis is a 

major defect of set-style yoghurt (Lucey, 2001). Factors 

influencing yoghurt texture and whey syneresis include 

total solids (TS) content, milk composition, 

homogenization, type of culture, acidity resulting from 

growth of bacterial cultures and heat treatment of milk 

(Harwalkar and Kalab, 1986). 

Increasing the TS content in the milk base increases 

visco-elastic properties and water holding capacity 

(WHC) of yoghurt proportionately (Sodini et al., 2004), 

which leads to reduced whey syneresis. The nature and 

relative proportions of the different proteins in the dry 

matter of a yoghurt mix have a significant impact on the 

texture of the final product (Modler et al., 1983). 

Ultrafiltration (UF) is a technique which selectively 

concentrates milk in favour of proteins. Hence, it can be 

used to manufacture various cultured dairy products 

including set yoghurt. Even though, UF offers several 

benefits to yoghurt formulations, increase in protein and 

mineral content give rise to an increase in the buffering 

capacity of the retentates (Mistry and Kosikowski, 1985; 

El-Gazzar and Marth, 1991; Salaun et al., 2005) hence, 

slows down the fermentation of yoghurt mix or even 

hinder that the target pH of the final product is reached 

(El-Gazzar and Marth, 1991).  Mistry and Kosikowski 

(1985) reported that, high buffering capacity places more 

demands on the starter culture to produce more lactic acid 

(LA) for the reduction of pH during fermentation of 

yoghurt. In general, starter bacteria growth is influenced 

by many factors such as chemical composition of milk 
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base, the amount of inoculum, milk temperature, 

incubation time and cooling time of the milk (Mahdian 

and Tehrani, 2007). No studies have been reported in the 

literature to investigate the effect of inoculum level of 

yoghurt culture on physico-chemical, textural and sensory 

characteristics of plain set yoghurt made employing 

ultrafiltered milk. Therefore, present investigation was 

undertaken to see the effect of UF concentration level 

(UFCL) of cow skim milk and inoculum level (IL) of 

yoghurt culture on physico-chemical, textural and sensory 

characteristics of plain set yoghurt.  

 

Materials and Methods 

 

Materials 

Raw cow skim milk and cream (about 50-55% fat) 

was obtained from Experimental Dairy of National Dairy 

Research Institute, Karnal, Haryana, India. Well reputed 

brand of commercial yoghurt containing Streptococcus 

thermophilus and Lactobacillus delbrueckii subsp. 

bulgaricus was used as the starter culture for the 

production of yoghurt. All the chemicals used were of 

analytical grade.   

 

Ultrafiltration of Cow Skim Milk and Production of 

Yoghurt 

Cow skim milk was heated to 80°C without holding, 

cooled to 55-60°C and transferred to the balance tank of 

pilot UF plant {Tech-Sep, France with tubular module 

(channel diameter, 6 mm) having ZrO2 membrane 

(membrane surface area, 1.68 m
2
 and membrane 

molecular weight cut off, 50,000 Dalton)} and 

ultrafiltered at 50-55°C to 1.5 and 2 fold UFCL s. Cow 

skim milk and UF cow skim milk retentates were 

standardized to 3.3% fat by adding calculated amount of 

cow milk cream. Resultant standardized milks were pre-

heated to 65-70°C; homogenized in a two-stage 

homogenizer (M/s Goma Engineers, Mumbai) at 140 and 

35 kg/cm
2
 at 1

st
 and 2

nd
 stages, respectively; heat treated 

at 85°C/30 min in a thermostatically controlled water bath 

(NAVYUG, India); cooled immediately in an ice water 

tub to 42-45°C; inoculated with varying quantities (2, 2.5 

and 3%) of activated (in 12% sterilized reconstituted skim 

milk) yoghurt culture; mixed; filled in clean polystyrene 

cups; covered with lids and incubated at 42±1°C until 

about 0.8% LA was developed. Yoghurts were then 

immediately transferred to a refrigerator maintained at 

4±1°C.  

 

Physicochemical Analysis  

A pH meter (PHAN LABINDIA Model, Labtek Eng. 

Pvt. Ltd. India) was used to determine pH of yoghurt 

during incubation. Titratable acidity (TA) during 

incubation of yoghurt, fat content of skim milk and UF 

cow skim milk retentates were determined as per the 

methods given in BIS (1981a). Fat content in cream and 

yoghurts were determined as per the methods given in 

BIS (1977) and in BIS (1981b), respectively. Protein 

content of yoghurt was determined by semi micro 

Kjeldhal method (Menefee and Overman, 1940). Lactose 

content in yoghurt was determined by Lane-Enyon 

method described in BIS (1981b). Ash content in 

yoghurts was determined as per the method given in BIS 

(1981b). Total solids of yoghurts were determined 

according to Anon (2005). 

 

Spontaneous Whey Syneresis (SWS) 

Siphon method described by Amatayakul et al. (2006) 

was used with slight modifications (Narayana and Gupta, 

2013) to determine the SWS of yoghurt. A cup of yoghurt 

(100 ml) was tilted immediately after removing from the 

refrigerator at an angle of 45° to collect the surface whey. 

The collected whey was siphoned out with a graduated 

syringe to which a needle was attached. The siphoning 

was performed within 10 s to avoid forced leakage of 

whey from the yoghurt. The volume of siphoned whey 

was directly expressed as the percentage of spontaneous 

whey syneresis. 

 

Water Holding Capacity  

The WHC was measured by a centrifugation method 

given by Supavititpatana et al. (2009). Within 12 h of the 

production of yogurt, a 10 g sample was centrifuged at 

2,000 g for 60 min at 10±1°C. The supernatant was 

removed within less than 10 s and the wet weight of the 

pellet was recorded. The WHC was expressed as follows. 

 

WHC (%)  =
Pellet weight  (g)

Sample weight (g)
x100 

 

Textural Attributes 

Texture analysis was carried out according to the 

method given by Kumar and Mishra (2003) with slight 

modifications (Narayana and Gupta, 2013), using a TA-

XT2i Texture analyser (M/s Stable Micro Systems, UK) 

fitted with a 25 kg load cell and was calibrated with a 5 

kg standard dead weight prior to use. For determining the 

textural attributes, the pasteurized and cooled 

standardized milk was filled up to 80 ml in the 100 ml 

pre-sterilized glass beaker and incubation was carried out. 

Experiments were carried out by compression tests that 

generated plot of force (N) versus time (s). A 25 mm 

perplex cylindrical probe was used to measure texture of 

yoghurt samples at a temperature of 10±0.5°C performing 

four repetitions. During analysis the samples were 

compressed up to 20 mm of their original depth. The 

speed of the probe was 0.5 mm/s during the compression 

and 2 mm/s during pre-test and relaxation of the samples. 

From the resulting force-time curves, firmness, i.e., the 

force for compression, stickiness, i.e., the negative peak 

force during withdrawal, work of shear and work of 

adhesion were calculated using the Texture Expert 

Exceed software (version 2.55) supplied by the 

manufacturer along with the instrument.  

 

Sensory Evaluation 

On the basis of desirable attributes for good quality 

yoghurt, the 100 point score card suggested by 

Ranganadham and Gupta (1987) was used for the sensory 

evaluation of yoghurt. The values of 100 point score were 
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divided for flavour, body & texture, acidity, colour & 

appearance and container and closure viz., 45, 30, 10, 10 

and 5, respectively.  Overall acceptability score is the 

collection of the other sensory scores. Yoghurts were 

sensory evaluated at 10±1°C by a panel of 8 trained 

judges at National Dairy Research Institute, Karnal. 

 

Statistical Analysis 

Factorial arrangement of treatments in complete 

randomized design was used. Study was repeated 3 times. 

SPSS version 16.0 for Windows software (SPSS South 

Asia (P) Ltd., Bangalore, India) was used to analyse the 

data. Mean separation was performed by Tukeys’ test. 

Mean ± SE (Standard Error) was calculated for the 

compositional data using MS-Excel software (version 

2007), wherever required.   

 

Results and Discussion 

 

Chemical Composition of Optimum Quality Yoghurt 

Chemical composition of plain yoghurt made using 

1.5 fold UFCL at 2% IL, which was observed to be 

optimum, is shown in Table 1.  

 

Table 1 Chemical composition* of optimum quality plain 

yoghurt made employing UF process 

Component Percentage 

TS 13.60±0.02 

Fat  3.31±0.01 

Protein 5.27±0.04 

Lactose 4.20±0.03 

Ash 0.82±0.02 
*Mean±SE (n=3) 

 

The best yoghurt is probably made from milk 

containing 15-16 g/100 g TS and most commercial 

yoghurts contain 14-15 g/100 g TS (Tamime and 

Robinson, 1999). Total solids % of the optimum quality 

yoghurt obtained in the current experiment was observed 

to be less compared to the reported values of TS% of 

normal market set yoghurt. Therefore, good quality 

yoghurt can be manufactured with less TS using UF 

technique without the addition of stabilizers. This could 

be due to the high protein% observed in the experimental 

yoghurt which gives strong gel network giving good body 

and texture with low whey syneresis. Market plain 

yoghurt normally contains around 3.5% protein. Hence, 

the plain yoghurt made employing UF process is a higher 

protein product. 

 

Titratable Acidity and pH Profile During Incubation 

of Yoghurt 

Table 2 and 3 shows the changes in TA and pH, 

respectively, during incubation of plain yoghurt at each 

UFCL and IL. It was observed that, there was a 

significant (P<0.05) interaction effect between UFCL, IL 

and incubation period (IP) for TA development and pH 

reduction of yoghurt. Rate of acidity development and pH 

reduction in yoghurt during initial periods of incubation 

was observed to be slow as expected, followed by a faster 

acidity development and pH reduction during the middle 

of the IP. Again slow rate of acidity development and pH 

reduction was observed towards the end of the IP 

irrespective of the UFCL and the IL used in the yoghurt 

production (Table 2 and 3). Further, it was observed that, 

time to reach final desired acidity (i.e. IP) of plain yoghurt 

decreased with increasing both UFCL and IL. Plain 

yoghurt prepared with 1 fold UF concentrated milk at 2% 

IL took 9 h to reach desired titratable acidity of 0.8% LA 

(data shown up to 6 h only), while 1.5 and 2 fold UFCLs 

took 5.5 and 5.25 h, respectively. 

Mistry and Kosikowski (1985) studied the growth of 

mesophilic lactic cultures in highly concentrated UF cow 

skim milk retentates (2.3, 2.6, 4.3 and 5.8 UF folds)  and 

observed a higher rate of LA production with increasing 

UFCL of milk. Earlier studies (Mistry and Kosikowski, 

1986; El-Gazzar and Marth, 1991) showed that UF milk is 

a better growth medium for lactic acid bacteria. In the 

current study also, it was noted that the acidity 

development is faster in yoghurt milk which was 

ultrafiltered. Premaratne and Cousin (1991) studied the 

pH reduction due to starter culture growth in UF milk 

retentates and observed that the pH of retentates were 

higher than those of skim milk. This observation can be 

correlated with the buffering cpacity of UF milk. El-

Gazzar and Marth (1991) reported that buffering effect of 

UF milk is mainly due to the retention of proteins and 

calcium phosphates. Mistry and Kosikowski (1985) 

catagorized starter cultures as fast, medium and slow 

depending on the time requred to attain pH of 4.6 in UF 

concentrated milk at 32°C. Further, they reported that 

fermented products made from UF milk retentate 

demands more starter culture to produce more LA for the 

reduction of pH than necessary for optimal operational 

levels due to high buffering capacity. However in the 

current study, 2-3% IL reduced the pH of plain yoghurt 

made using 1.5 fold UFCL, nearly up to 4.6, within 5-5.5 

h without difficulty. Fast pH reduction was not observed 

with the yoghurt milk which was not concentrated by 

ultrafiltration. Further, the reduction of pH was observed 

to be proportional to the increase of acidity in ultrafiltered 

as well as normal yoghurt milk. Some yoghurt culture 

strains might have capability of reducing pH of UF 

retentates faster. Further, ultrafiltration at lower 

concentration levels as used in this study might have 

created more favourble nutrient balance for the growth of 

starter culture used and hence, a faster acidity 

development and pH reduction in yoghurt milk. These 

results could be attributed to variations in the metabolic 

activities that existed in strains of the same species of 

microorganisms. However, further studies are needed to 

confirm the current findings. 

 

Spontaneous Whey Syneresis and WHC of Yoghurts 

Whey syneresis is the appearance of whey on the 

surface of a gel and is a common quality defect of 

fermented dairy products like yoghurt, which influence 

the appearance (Abrahamsen and Holmen, 1980; Lucey, 

2002). In current study, SWS was not observed in plain 

yoghurt made using ultrafiltered milk, whereas in the 
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yoghurt made from milk which was not subjected to UF, 

showed significantly (P<0.05) higher SWS (Table 4). 

Savello and Dargan (1997) mentioned that the 

concentration of milk by UF for yoghurt making 

significantly diminishes susceptibility of yoghurt to whey 

syneresis. El-Khair (2009) reported that the yoghurts 

made with added skim milk retentate displayed minimal 

free whey, whereas the control yoghurt made from added 

skim milk powder was criticized for whey separation. 

Further, they mentioned that, skim milk retentate served 

as a stabilizer in yoghurts to improve texture and reduce 

whey separation. During gelation, casein micelles 

aggregate to form a 3-dimentional network, which, under 

the microscope looks like a sponge, trapping milk serum 

and fat (Hassan, 2008). Increase of the density of the 

protein matrix of yoghurt due to the use of UF 

concentrated milk, leads to more trapping of milk serum 

leading to no/less whey syneresis. 

 

 

Table 2 Titratable acidity*development of yoghurt during incubation at different UFCL and IL  

UFCL 
IL 

(%) 

Incubation period (h) 

0 1 2 3 4 5 6 

1 

2 0.16±0.01
aA

 0.18±0.01
aB

 0.22±0.00
aC

 0.33±0.00
aD

 0.42±0.00
aE

 0.49±0.00
aF

 0.54±0.00
aG

 

2.5 0.16±0.01
aA

 0.18±0.00
aB

 0.22±0.00
aC

 0.35±0.01
bD

 0.45±0.00
bE

 0.52±0.01
bF

 0.57±0.02
bG

 

3 0.17±0.01
aA

 0.18±0.00
aB

 0.24±0.01
bC

 0.37±0.00
cD

 0.48±0.00
cE

 0.55±0.02
cF

 0.60±0.00
cG

 

1.5 

2 0.18±0.01
aA

 0.23±0.01
aB

 0.30±0.07
aC

 0.48±0.01
aD

 0.64±0.01
aE

 0.76±0.01
aF

 0.83±0.01
aG

 

2.5 0.19±0.01
aA

 0.24±0.01
aB

 0.33±0.02
aC

 0.52±0.01
bD

 0.67±0.00
bE

 0.78±0.00
bF

 0.85±0.02
bG

 

3 0.19±0.01
aA

 0.25±0.01
aB

 0.35±0.01
aC

 0.58±0.01
cD

 0.72±0.00
cE

 0.80±0.00
cF

 0.87±0.00
cG

 

2 

2 0.18±0.01
aA

 0.24±0.01
aB

 0.33±0.03
aC

 0.55±0.02
bD

 0.71±0.01
bE

 0.80±0.01
bF

 0.85±0.01
aG

 

2.5 0.19±0.01
aA

 0.24±0.01
aB

 0.33±0.01
aC

 0.52±0.01
aD

 0.67±0.00
aE

 0.78±0.00
aF

 0.85±0.00
aG

 

3 0.19±0.01
aA

 0.25±0.00
aB

 0.35±0.01
aC

 0.58±0.01
cD

 0.72±0.00
bE

 0.80±0.0
bF

 0.87±0.00
bG

 
*mean of 3 trials; abcmean±SD in the same column and UFCL with a different superscript differ significantly (P<0.05); ABCDEFGmean±SD in the same 
row and UFCL with a different superscript differ significantly (P<0.05) 

 

 

 

Table 3 pH* reduction of yoghurt during incubation at different UFCL and IL  

UFCL 
IL 

(%) 

Incubation period (h) 

0 1 2 3 4 5 6 

1 

2 6.69±0.01
bF

 6.67±0.01
aF

 6.35±0.01
bE

 5.71±0.01
cD

 5.39±0.01
cC

 5.03±0.03
cB

 4.87±0.02
cA

 

2.5 6.69±0.01
abF

 6.67±0.01
aF

 6.31±0.03
bE

 5.63±0.01
bD

 5.19±0.07
bC

 4.89±0.01
bB

 4.74±0.01
aA

 

3 6.67±0.01
aF

 6.66±0.01
aF

 6.23±0.01
aE

 5.54±0.01
aD

 5.02±0.01
aC

 4.76±0.02
aB

 4.70±0.02
aA

 

1.5 

2 6.70±0.01
aE

 6.27±0.02
bD

 5.87±0.27
aC

 5.08±0.13
aB

 4.81±0.02
bAB

 4.68±0.01
bA

 4.55±0.01
bA

 

2.5 6.68±0.03
aE

 6.25±0.01
bD

 5.67±0.01
aC

 4.99±0.30
aB

 4.78±0.01
abAB

 4.62±0.00
aA

 4.53±0.02
abA

 

3 6.67±0.03
aF

 6.20±0.03
aE

 5.60±0.01
aD

 4.77±0.01
aC

 4.74±0.02
aC

 4.60±0.02
aB

 4.51±0.01
aA

 

2 

2 6.69±0.02
bF

 6.24±0.04
aE

 5.70±0.14
bD

 5.01±0.01
cC

 4.84±0.06
bB

 4.63±0.00
bA

 4.54±0.02
bA

 

2.5 6.70±0.00
abF

 6.20±0.09
aE

 5.19±0.13
aD

 4.93±0.05
bC

 4.70±0.01
aB

 4.57±0.02
aAB

 4.48±0.01
aA

 

3 6.66±0.01
aE

 6.08±0.15
aD

 5.13±0.01
aC

 4.83±0.02
aB

 4.72±0.00
aB

 4.55±0.03
aA

 4.46±0.01
aA

 
*mean of 3 trials; abcmean±SD in the same column and UFCL with a different superscript differ significantly (P<0.05); ABCDEFmean±SD in the same 

row and UFCL with a different superscript differ significantly (P<0.05) 

 

 

 

Table 4 Physical properties* of plain yoghurt as affected by IL and UFCL 

IL (%) UFCL 
Parameter 

SWS (%) WHC (%) Firmness (N) Stickiness (N) WOS (N.s.) WOA (N.s.) 

2 

1 1.37±0.15
b
 45.27±0.27

a
 1.35±0.03

a
 -0.38±0.02

a
 40.27±1.19

a
 -2.30±0.12

ab
 

1.5 0
a
 63.49±1.20

b
 1.88±0.06

b
 -0.31±0.01

a
 54.47±2.32

b
 -1.47±0.15

b
 

2 0
a
 68.93±0.10

c
 2.40±0.17

c
 -0.53±0.16

a
 58.55±2.89

b
 -3.60±1.36

a
 

2.5 

1 1.33±0.21
b
 45.56±0.56

a
 1.35±0.07

a
 -0.31±0.07

b
 40.87±3.21

a
 -1.94±0.31

b
 

1.5 0
a
 64.15±0.09

b
 1.91±0.07

b
 -0.41±0.05

b
 55.21±2.85

b
 -2.39±0.52

ab
 

2 0
a
 70.00±0.22

c
 2.40±0.21

c
 -0.61±0.10

a
 58.88±1.76

b
 -4.32±1.46

a
 

3 

1 1.27±0.21
b
 45.38±0.40

a
 1.33±0.03

a
 -0.37±0.07

b
 39.54±0.95

a
 -1.76±0.37

b
 

1.5 0
a
 66.10±2.87

b
 1.81±0.10

b
 -0.40±0.09

ab
 53.88±0.53

b
 -2.25±0.72

ab
 

2 0
a
 66.90±2.26

b
 2.42±0.18

c
 -0.59±0.08

a
 59.52±1.91

c
 -3.82±1.04

a
 

*Mean of 3 trials; a,b,c mean±SD within each column and IL with different superscripts differ significantly (P<0.05) 
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According to Lee and Lucey (2004), another factor 

affecting SWS of yoghurts is the acidification rate. A 

longer fermentation time allows more structural 

rearrangements, which leads to formation of weak 

structure with increased SWS in yoghurts. In the current 

study also, acidification rate was lowest in plain yoghurt 

made from milk concentrated to 1 UF fold (without UF) 

and whey syneresis was observed. Spontaneous whey 

syneresis of plain yoghurt was not affected by IL. Lee and 

Lucey (2004) reported that the combined effect of 

inoculation rate (0.5-4%) and incubation temperature (40 

and 45.7°C) had a significant effect on whey separation of 

yoghurts. However, according to the above authors, 

dominant factor affecting whey separation of yoghurts 

was incubation temperature and not the inoculation rate.  

WHC of plain yoghurt increased significantly 

(P<0.05) with increasing UFCL of milk, while, IL did not 

affect. Significant (P<0.05) interaction effect was found 

between UFCL and IL for WHC of plain yoghurts (Table 

4). At 2 and 2.5% IL, WHC of yoghurts increased 

drastically with increasing UFCL, while, at 3% IL did not 

differ in between 1.5 and 2 fold UFCLs. Several studies 

reported that increasing milk concentration resulted in 

higher WHC of yoghurt due to increase of the protein 

matrix density (Harwalkar and Kalab, 1986; Sodini et al., 

2004; Doleyres et al., 2005). The WHC of yoghurt made 

from reconstituted non fat dry milk was proportional to 

TS content (Harwalkar and Kalab, 1986). The 

composition of solid-non-fat changes in favour of proteins 

with UF (Becker and Puhan, 1989), leading to increased 

WHC of yoghurts. Sodini et al. (2004) reported that effect 

of inoculation strength has a minor effect on yoghurt 

texture including WHC.  

 

Textural Attributes of Yoghurts 

Values of textural attributes {firmness, stickiness, 

work of shear (WoS) and work of adhesion (WoA)} of 

plain yoghurt prepared with milk concentrated to different 

UFCLs and ILs increased significantly (P<0.05) with 

increasing UFCL (Table 4). Firmness (the peak force 

obtained during the penetration of the probe) of yoghurt at 

1.5 fold UFCL, which had an average value of 1.89 N was 

observed to be optimum. The textural properties of 

yoghurt including firmness are affected by TS content of 

the product and protein- protein interactions (Tamime and 

Deeth, 1980; Penna et al., 2001; Kristo et al., 2003). 

Several researches (Becker and Puhan, 1989; Hess et al., 

1997; Trachoo and Mistry, 1998) quantified the yoghurt 

firmness and reported that it could be improved by 

increasing TS level, especially proteins. None of the 

textural attributes of plain yoghurts showed significant 

relation with ILs used which agrees with early reports 

(Sodini et al., 2004). Further, Rönnegard and Dejmek 

(1993) showed a lack of effect of inoculation strength (1 

to 5%) on linear viscoelastic properties of the yoghurt. 

 

Sensory Attributes of Plain Yoghurts 

Sensory evaluation scores for the plain yogurt 

prepared from 1.5 and 2 fold UF concentrated milk are 

shown in the Table 5. Yoghurts prepared using 1 fold UF 

concentrated milk were not up to the mark and hence, 

could not be given for the sensory panel. Body & texture 

and overall acceptability scores were significantly 

(P<0.05) better in plain yoghurts made from milk 

concentrated to 1.5 fold compared to plain yoghurts made 

from milk concentrated to 2 fold UFCL at all the ILs. 

Further, it was observed that the flavor score at 2.5 and 

3% IL; acidity score at 3% IL and colour & appearance 

score at 3% IL were significantly (P<0.05) better in plain 

yoghurts made from 1.5 fold UF concentrated milk 

compared to plain yoghurts made from 2 fold UF 

concentrated milk. 

A too soft yoghurt coagulum is one of the most 

common consistency defects of set yoghurt. However, too 

firm coagulum of yoghurt can also be considered as a 

defect, sometimes referred to as “pudding like” 

(Abrahamsen and Holmen, 1980). In current study, plain 

yoghurt made from 2 fold UF concentrated milk was 

criticized to be too firm. Even though, incubation was 

stopped nearly at similar acidity level, significantly 

(P<0.05) lower acidity scores obtained by plain yoghurts 

made from milk concentrated to 2 fold UFCL might be 

due to the buffering effect due mainly to concentration of 

proteins. This in turn reflected in flavour and overall 

acceptability scores giving less acceptability to the 

yoghurts made from 2 fold UF concentrated milk. 

However, none of the sensory attributes of plain yoghurt 

differ significantly with ILs studied.  

 

 

 

Table 5 Sensory scores of plain yoghurt as affected by IL and UFCL 

IL 

(%) 
UFCL 

Sensory score 

Flavour Body & texture Acidity 
Colour & 

appearance 

Overall 

acceptability 

2 
1.5 40.85±1.67

a
 28.15±1.10

b
 8.76±0.81

a
 9.04±0.66

a
 91.80±3.11

b
 

2 40.13±1.65
a
 25.46±1.10

a
 8.61±0.73

a
 9.06±0.59

a
 88.26±2.71

a
 

2.5 
1.5 40.83±1.44

b
 27.72±1.33

b
 8.48±0.69

a
 9.06±0.68

a
 91.09±2.65

b
 

2 39.28±2.36
a
 25.04±1.11

a
 8.57±0.47

a
 9.06±0.68

a
 86.94±3.32

a
 

3 
1.5 41.07±2.02

b
 28.65±0.94

b
 8.78±0.75

b
 9.17±0.55

b
 92.67±2.89

b
 

2 39.91±1.45
a
 25.35±1.34

a
 8.39±0.67

a
 8.69±0.71

a
 87.33±2.39

a
 

a,b, mean±SD (n=27) within each column and IL with different superscripts differ significantly (P<0.05) 
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Conclusions 

 

Ultrafiltration concentration level and IL had a 

significant influence on TA development and pH 

reduction during incubation of yoghurt. Yoghurt prepared 

from 1.5 fold UF concentrated milk standardized to 

minimum 3.3% fat gave an optimum quality product with 

any of the ILs studied. This yoghurt formulation having 

5.27% protein did not affect the fermentation step. Even 

though, 3% IL took less time than 2% IL to attain similar 

acidity of yoghurt made from 1.5 fold UF concentrated 

milk, considering the cost of Direct Vat Set cultures, 2% 

IL can be recommended either with UF concentrated milk 

or with milk, which is not concentrated by UF for yoghurt 

making. Spontaneous whey syneresis of yoghurt could be 

effectively controlled by applying UF process. Hence, 

additional stabilizers are not needed to control SWS, 

which is a common defect in set yoghurt.  
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