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Abstract 

The effects of varying the ratio of ice cream mix to whole milk yogurt on 
the characteristics of the mixes and the resulting frozen products including 
their ice cream and frozen yogurt controls were investigated. Ratios of ice 
cream mix to yogurt included 100% yogurt for the frozen yogurt control, 
25% ice cream mix and 75% yogurt, 50% ice cream mix and 50% yogurt, 
75% ice cream mix and 25% yogurt, and 100% ice cream mix for the ice 
cream control. The resulting mixes were sampled for analysis of total solids 
content, fat content, pH, and viscosity and then frozen in a batch freezer. 
The frozen products were analyzed for MRS lactobacilli counts, rate of 
meltdown at 21˚C (volume after 1 h and time for 15 mL to melt), and sen-
sory properties (flavor and body/texture). The total solids contents ranged 
from 11.89% to 39.65%, and the fat contents ranged from 2.8% to 12.6% for 
the 100% yogurt and 100% ice cream mixes, respectively. The pH ranged 
from 4.55 for the 100% yogurt to 6.77 for the 100% ice cream mix. The 
100% yogurt sample had the highest viscosity. As expected, the 100% yogurt 
and the 75% yogurt samples had the highest MRS lactobacilli counts. The 
rate of meltdown increased with the increasing proportion of ice cream in 
the yogurt ice cream. The frozen products consisting of 75% and 100% ice 
cream received the highest flavor scores and body/texture scores. Yogurt ice 
cream made from 75% ice cream usually had more desirable meltability and 
sensory properties than yogurt ice creams made from either 25% or 50% ice 
cream and provides an opportunity for delivering a desirable product that 
has a healthy image. 
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1. Introduction 

Yogurt consumption may provide many health benefits [1] justifying the healthy 
image of yogurt, and ice cream is a very popular dairy product. Mixing yogurt 
with ice cream to produce yogurt ice cream should provide an opportunity to 
improve the healthy image of ice cream and possibly lead to increased utilization 
of dairy products. Yogurt ice cream has been receiving much attention in Europe 
and Asia [2] [3] [4]. 

There are various ingredients and cultures that can be added to yogurt ice 
cream. Prebiotics such as fructooligosaccharide and chicory root extract and 
probiotics such as Lactobacillus acidophilus can be added to yogurt ice cream [5] 
[6] [7]. El-Nagar et al. [8] produced an acceptable reduced-fat yogurt ice cream 
by incorporating 5% inulin into the formulation. Otero et al. [9] reported that 
adding a 4% inoculum of 1:1 ratio of L. acidophilus and Bifidobacteria bifidum 
during manufacture of yogurt ice cream was adequate to reach levels greater 
than 105 cells per gram. Use of various sweeteners such as sucrose, honey, and 
stevia in yogurt ice cream has been studied [10]. Gums, including mastic gum, 
have been added to yogurt ice cream [11]. Various flavors of yogurt ice cream 
including chocolate, orange, blackberry, raspberry, black mulberry, and straw-
berry have been prepared [3] [12]. 

Westerbeek [13] described the procedure for manufacturing yogurt ice cream 
containing more than 70% yogurt as adding dry ingredients to cold yogurt, pas-
teurizing and homogenizing the resulting mix, cooling and ripening the mix, 
adding active cultures and possibly fruits, freezing and whipping within a conti-
nuous freezer, packaging and storage. Although the lactic acid bacteria are killed 
by pasteurization, lactic acid bacteria can be added to the mix immediately after 
the pasteurization and homogenization steps to obtain active cultures in the fro-
zen product. Improper mix pasteurization and homogenization leads to a rela-
tively low and variable overrun and likely shrinkage in the frozen product [13]. 

Various ratios of yogurt to ice cream mix have been reported in the literature. 
Westerbeek [13] claimed that only 5% to 30% of fresh yogurt was typically added 
to the ice cream mix by most producers in the US, leading to a pH of approx-
imately 5.5 to 6.5 and to the absence of viable lactic acid bacteria after mix pas-
teurization. However, the required amount of yogurt to obtain a yogurt ice 
cream with adequate yogurt character is likely 40% to 50% [13]. In an early pa-
per, Dulova [14] described yogurt ice cream as being made by mixing yogurt and 
ice cream mix in a 1:1 ratio before freezing in an ice cream freezer. Marshed et 
al. [15] reported that up to 50% of fresh milk can be substituted with ABT fer-
mented milk and still obtain an acceptable quality product. Li [16] reported that 
the optimal formulation for yogurt ice cream as determined by a central compo-
site design combined with response surface analysis was 51% yogurt, 10.8% 
cream, 15.6% sucrose, and 0.71% stabilizer. Singh et al. [4] used between 0% and 
60% yogurt in their yogurt ice cream and found the highest overall acceptability 
scores for products containing 25% yogurt. The entire range of ratios from 0% 
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yogurt and 100% ice cream mix to 100% yogurt and 0% ice cream mix was used 
in the present study. 

The properties of yogurt ice creams need to be compared to the properties of 
an ice cream control and a frozen yogurt control to determine which formula-
tions that would lead to a desirable product. The objective of the present study 
was to compare the mix properties and the microbiological, melting, and sensory 
properties of yogurt ice creams containing various ratios of ice cream mix and 
yogurt to each other and to ice cream and frozen yogurt controls. 

2. Material and Methods 
2.1. Ice Cream Manufacture 

Ice cream mixes were made in 7.57 L batches in 17 L stainless steel pails. The 
formulation is provided in Table 1. Whole milk, heavy whipping cream, instant 
nonfat dry milk, and sugar were purchased from a local grocery store. Stabilizer 
CC-452 (Continental Custom Ingredients, Inc., West Chicago, IL) was also used. 
The dry ingredients were weighed and mixed with the milk and cream mixture. 
The mixes were heated to 60˚C before homogenizing in a two stage Gaulin ho-
mogenizer (Manton-Gaulin Manufacturing Company, Inc., Everett, MA, USA) 
at 10.34 MPa first stage and 3.45 MPa second stage. Vat pasteurization was per-
formed at 69˚C for 30 min. The mixes were cooled to 4˚C and aged overnight. 
Ice cream mixes were flavored with 12 mL of double-fold vanilla extract (Vir-
ginia Dare, Brooklyn, NY, USA) per 3.785 L (1 gallon) of mix. 

2.2. Set-Style Yogurt Manufacture and Storage 

Plain yogurt mix was manufactured with 13.25 L whole milk in 17 L pails. The 
mixes were preheated to 60˚C, homogenized at 10.34 MPa first stage and 3.45 
MPa second stage in a Gaulin homogenizer (Manton-Gaulin Manufacturing 
Company, Inc., Everett, MA, USA), batch pasteurized at 85˚C for 30 min, and 
cooled to 40˚C. An inoculum of 7.7 mL of the yogurt culture CH-3 (a Redi-Set 
frozen culture consisting of Streptococcus thermophilus and Lactobacillus del-
brueckii subsp. bulgaricus) (Chr. Hansen, Inc., Milwaukee, WI, USA) was added 
as a direct vat set to each mix. After mixing, yogurt mixes were incubated at  
 
Table 1. Composition of ice cream mix. 

Ingredient (%) 

Milk 71.66 

Cream 3.65 

Nonfat dry milk 3.69 

Sugar 20.50 

Stabilizer 0.50 

Total 100.00 
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40˚C in the 17 L pails to pH 4.7 to 4.8 before breaking and cooling to 4˚C. The 
set-style yogurt samples were stored at 4˚C until mixed with ice cream mix. 

2.3. Preparation of Yogurt Ice Cream 

Yogurt ice cream was prepared by mixing ice cream mix and yogurt in ratios of 
0% ice cream mix and 100% yogurt (100% yogurt control), 25% ice cream mix 
and 75% yogurt, 50% ice cream mix and 50% yogurt, 75% ice cream mix and 
25% yogurt, and 100% ice cream mix and 0% yogurt (100% ice cream control) 
and frozen in a batch freezer (Emery Thompson Machine & Supply Co., Brooks-
ville, FL). Samples were collected into 355 mL containers and stored frozen at 
−29˚C until analysis. 

2.4. Determination of Fat and Total Solids Content 

The fat contents of the mixes were measured by the Pennsylvania modified 
Babcock Method [17]. Total solids contents of mixes were determined by heat-
ing the mixes on a steam bath for 12 min and then drying in an oven at 100˚C 
for 3 h [17]. 

2.5. Measurements of pH 

The pH of the mixes of yogurt ice creams including the controls was measured 
with an UltraBasic pH/mV Meter (Denver Instrument Co., Arvada, CO, USA) at 
approximately 5˚C. The electrode was calibrated with pH 7.00 and 4.00 buffer 
solutions (VWR International, West Chester, PA, USA) prior to use. 

2.6. Apparent Viscosity Measurements 

The apparent viscosities of the unfrozen mixes were measured by a modification 
of the procedure of Olson and Aryana [18] at approximately 5˚C in a 946 mL 
(32-oz) container with a Brookfield viscometer (Brookfield Engineering Labs, 
Inc., Stoughton, MA, USA) on a helipath stand descending at 0.3875 mm/s. An 
RV-3 spindle was rotated at 5 rpm. The Wingather program (Brookfield Engi-
neering Labs, Inc., Stoughton, MA, USA) was used to collect the data every 0.3 s 
and calculate the apparent viscosities. Two hundred measurements were aver-
aged and reported. 

2.7. Determination of Lactobacilli Counts 

Lactobacilli counts of yogurt ice cream samples diluted to the appropriate dilu-
tion with 99 mL of sterilized Butterfield buffer in pre-filled dilution bottles 
(Weber Scientific, Hamilton, NJ, USA) were performed by the pour plate me-
thod using Difco Lactobacilli MRS agar (Becton, Dickinson and Co., Sparks, 
MD, USA). Petri dishes were placed into BBL GasPaks (BBL, Becton, Dickinson 
and Co., Cockeysville, MD, USA) and incubated anaerobically at 40˚C for 72 h. 
A Quebec Darkfield Colony Counter (Leica Inc., Buffalo, NY, USA) was used to 
assist in enumerating the colonies. The counts were performed at 0, 4, and 8 
weeks of storage. 
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2.8. Meltability 

The meltability of the yogurt ice creams was measured as a modification of 
Aryana and Summers [19]. An approximately 100 g sample of yogurt ice cream 
or their controls was weighed on a wire gauze containing 6 wires per cm2. The 
sample on the wire gauze was placed on a funnel that was set on top of a gradu-
ated cylinder and then put into a freezer for 5 min. Next, the samples still on the 
graduated cylinder were placed into a 21˚C incubator. Both the time needed to 
collect the first 15 mL of melted product and the volume in mL of melted prod-
uct collected after1 h were determined. The meltability was determined in dup-
licate at 0, 4, and 8 weeks of storage. 

2.9. Sensory Evaluation 

Sensory evaluation of the yogurt ice creams was performed with a five-member 
expert panel at 0, 4, and 8 weeks of storage. Yogurt ice cream samples were ran-
domly presented to the panelists in the original 355 mL containers, and these 
containers were coded with a random three-digit number. The official American 
Dairy Science Association intercollegiate dairy products evaluation contest score 
card was used. Flavor was evaluated on a 1 to 10 scale where 10 meant no de-
fects, and body and texture were evaluated on a 1 to 5 scale where 5 meant no 
defects. Defects in flavor and body and texture were recorded on the score cards. 

2.10. Statistical Analysis 

A one-way analysis of variance for total solids content, fat content, pH, and vis-
cosity of the mixes containing various ratios of ice cream mix to yogurt was per-
formed. The experimental design for log lactobacilli counts and meltability was a 
split-plot in time design (ice cream to yogurt ratio as whole plots and storage 
times as subplots) in a randomized block design, and the experimental design for 
sensory (flavor and body/texture) scores was a split-split-plot in time design (ice 
cream to yogurt ratio as whole plots, storage times as subplots, and panelists as a 
sub-sub plot) in a randomized block design. The data were analyzed with SAS 
version 9.4 for Windows (SAS Institute, Inc., 2002) using PROC MIXED. Repli-
cate was a random factor for log lactobacilli counts and meltability, and replicate 
and panelist were random factors for the sensory scores. Differences of least 
squares means were used to determine significant differences at P < 0.05 for the 
main effects (ice cream to yogurt ratio and storage time), for a specific ice cream 
to yogurt ratio at various storage times, and for a specific storage time for vari-
ous ice cream to yogurt ratios. Three replications were performed. 

3. Results and Discussion 
3.1. Fat and Total Solids Content 

The fat and total solids contents of the mixes are presented in Table 2. Both the 
fat content and the total solids content were highly significant (P < 0.0001). The 
fat content progressively increased from 2.8% for the 100% yogurt to 12.6% for  
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Table 2. Composition (fat and total solids contents), pH, and apparent viscosity of the 
mixes containing various ratios of ice cream mix (icm) and yogurt (yog). 

Ratio 
Fat Content Total Solids 

pH 
Apparent Viscosity 

(%) (%) (cP) 

0 icm:100 yog 2.8e 11.89e 4.55e 12,110a 

25 icm:75 yog 5.3d 18.88d 5.03d 1098b 

50 icm:50 yog 7.6c 25.87c 5.71c 594b 

75 icm:25 yog 10.1b 32.69b 6.27b 456b 

100 icm:0 yog 12.6a 39.65a 6.77a 702b 

abcdeColumn means containing a common letter are not significantly (P < 0.05) different 
from each other. 
 
the 100% ice cream with significant (P < 0.05) differences between each product. 
Likewise, the total solids content progressively increased from 11.89% for the 
100% yogurt to 39.65% for the 100% ice cream also with significant (P < 0.05) 
differences between each product. The fat content and total solids content for 
the 100% ice cream in the present study are typical for ice cream that is found on 
the market. 

Composition of ice cream and yogurt ice cream has also been reported in oth-
er studies. The total solids content of the ice cream control in the present study 
was higher than the total solids content (35.51%) of the ice cream control in the 
Hassan and Barakat study [20]. Mangsi et al. [21] prepared yogurt ice cream 
containing 30% yogurt and reported a mean total solids content of 32.79% and a 
mean fat content of 4.84%. Ozdemir [12] reported a total solids content of 
37.25% and a fat content of 8.10%. Kanta et al. [22] manufactured various yogurt 
ice creams with a total solids content of 33.5% and fat contents ranging from 
1.79 to 6.00%. 

3.2. The pH 

The pH values of the mixes are presented in Table 2. Similar to the fat and total 
solids contents, the pH values were also highly significant (P < 0.0001). The pH 
values progressively decreased from 6.77 for the 100% ice cream to 4.55 for the 
100% yogurt and each decrease in proportion of ice cream led to a significant (P 
< 0.05) decrease in pH. 

The lower pH values for the formulations with progressively higher yogurt 
content were caused by lactic acid production during the yogurt formation. Lac-
tose is broken down into lactic acid by the starter cultures during yogurt forma-
tion. 

The pH values of frozen dairy products were also often found to decrease with 
increasing content of probiotics or with storage in other studies. Aryana and 
Summers [19] prepared a probiotic, fat-free, no sugar added ice cream and re-
ported that the pH of their product containing 0.2% probiotic cultures was lower 
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than their control product without probiotics. Özdemir et al. [3] reported pH 
values decreasing from 4.62 at 1 day of storage to 4.06 at 30 days of storage for 
their plain yogurt ice cream. However, changes in the pH of ice cream type of 
frozen yogurt during 6 months of storage were small in the Inoue et al. [23] 
study. 

3.3. Apparent Viscosity 

The apparent viscosities of the mixes are presented in Table 2. Similar to the fat 
and total solids contents and pH values, the apparent viscosities were also highly 
significant (P < 0.0001). Although the apparent viscosity of the 100% yogurt was 
significantly (P < 0.05) higher than the remaining products, there were no sig-
nificant (P > 0.05) differences between the apparent viscosities of any of the re-
maining products. 

The higher viscosity of the 100% yogurt formulation could be explained by the 
acid coagulation of the casein micelles. Acid coagulation involves formation of 
new protein particles with a different structure and composition resulting from 
micellar disaggregation by β-casein release and its reabsorption and by solubili-
zation of colloidal calcium phosphate as described by Heertje et al. [24]. 

Apparent viscosity of frozen dairy product mixes has also been measured in 
other studies. Aryana and Summers [19] reported that viscosity of their product 
containing 0.02% and 0.2% probiotic cultures was lower than their control 
product without probiotics in their probiotic, fat-free, no sugar added ice cream. 
Özdemir et al. [3] reported viscosities of 3150 cP at 20 rpm and 1950 cP at 50 
rpm for their plain yogurt ice cream. Şimşek et al. [11] reported that their yogurt 
ice cream mixes exhibited a pseudoplastic flow behavior and higher apparent 
viscosities in formulations containing mastic gum compared to their control. 

3.4. MRS Lactobacilli Counts 

The log MRS lactobacilli counts at 0, 4, and 8 weeks of storage are shown in Ta-
ble 3. Although the formulation as a main effect was highly significant (P < 
0.0001) and age as a main effect was not significant (P > 0.05), their interaction  
 
Table 3. Log MRS lactobacilli counts of the yogurt ice creams containing various ratios of 
ice cream mix (icm) and yogurt (yog) and the yogurt control determined at 0, 4, and 8 
weeks of storage. 

Ratio 
Age (Weeks) 

0 4 8 

0 icm:100 yog 9.38a 9.26a 9.22a 

25 icm:75 yog 9.22b 9.24a 9.26a 

50 icm:50 yog 9.09c 9.07b 9.05b 

75 icm:25 yog 8.74d 8.63c 8.69c 

abcdColumn means containing a common letter are not significantly (P < 0.05) different 
from each other. 
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was significant (P = 0.0137). The log MRS lactobacilli counts for the 100% yo-
gurt formulation as a main effect was not significantly (P = 0.1975) different from 
the log MRS lactobacilli counts for the 25% ice cream and 75% yogurt formulation 
as a main effect. Although week 0 log MRS lactobacilli counts for the 100% yogurt 
formulation were significantly (P = 0.0025) higher than the corresponding log 
MRS lactobacilli counts for the 25% ice cream and 75% yogurt formulation, the 
weeks 4 and 8 log MRS lactobacilli counts for the 100% yogurt formulation were 
not significantly (P > 0.05) different than the corresponding log MRS lactobacilli 
counts for the 25% ice cream and 75% yogurt formulation. The remaining log 
MRS lactobacilli counts for a given storage time significantly (P < 0.005) decreased 
as the percent of ice cream in the formulation increased. 

MRS lactobacilli and probiotic counts have also been measured in other stu-
dies. Özdemir et al. [3] reported lactic acid bacteria log counts of 3.87 for their 
plain yogurt ice cream. Rao et al. [7] found probiotic counts of 2.54 × 108 cfu/g 
in their yogurt ice cream containing 1% fructo-oligosaccharides. Şimşek et al. 
[11] found a gradual reduction in L. bulgaricus and S. thermophilus counts in 
their yogurt ice cream samples during 60 days of storage. Inoue et al. [22] found 
that lactic acid bacteria counts decreased during 6 months of frozen storage, es-
pecially during the first week, in ice cream type frozen yogurt. Likewise, Hekmat 
and McMahon [25] reported decreases in Lactobacillus acidophilus and Bifido-
bacterium bifidum counts in probiotic ice cream during 17 weeks of frozen sto-
rage. Although decreased lactobacilli counts were not shown in the present 
study, De Angelis and Gobbetti [26] reported that lactobacilli counts could de-
crease during storage with a decrease in pH because acid is an environmental 
stress to lactic acid bacteria. 

3.5. Meltdown Rate 

The meltdown rate (both the volume of meltdown after 1 h and the time for the 
first 15 mL of melted product to be collected) of each product at 0, 4, and 8 
weeks of storage are presented in Table 4. The formulation for both measures of 
meltdown rate as a main effect was highly (P < 0.0001) significant. The time re-
quired for the first 15 mL to melt at 21˚C decreased as the percent of ice cream 
mix increased since the required time ranged from 104.5 min to 115.2 min for 
the 100% yogurt formulation to 33.9 min to 44.8 min for the 100% ice cream 
formulation. This faster rate of meltdown for formulations with increasing con-
tents of ice cream mix can also be shown by no melting for the 100% yogurt after 
1 h to 37.2 mL to 51.3 mL for the 100% ice cream formulation. Age as a main ef-
fect was close to significance for both time for the first 15 mL of melted product 
to be collected (P = 0.0827) and for the volume of meltdown after 1 h (P = 
0.0518). There was a slight, but non-significant, tendency for a faster melt as the 
products aged. 

Various properties affect rate of ice cream meltdown. Ice cream meltdown is 
affected by its ice cream mix viscosity [27]. The slow meltdown rate of the 100%  
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Table 4. Rate of meltdown (volume (mL) after 1 h and time (min) for the first 15 mL to 
melt) of the yogurt ice creams containing various ratios of ice cream mix (icm) and yo-
gurt (yog) and the controls determined at 0, 4, and 8 weeks of storage. 

Ratio Parameter 
Age (Weeks) 

0 4 8 

0 icm:100 yog Volume (mL) after 1 h 0.0d 0.0c 0.0c 

25 icm:75 yog Volume (mL) after 1 h 5.4cd 6.7c 7.8c 

50 icm:50 yog Volume (mL) after 1 h 13.8bc 19.1b 30.3b 

75 icm:25 yog Volume (mL) after 1 h 18.7b 26.8b 23.8b 

100 icm:0 yog Volume (mL) after 1 h 37.2a 43.3a 51.3a 

0 icm:100 yog Time (min) for the first 15 mL 115.2a 109.2a 104.5a 

25 icm:75 yog Time (min) for the first 15 mL 72.7b 72.4b 70.7b 

50 icm:50 yog Time (min) for the first 15 mL 61.4c 55.2c 44.5d 

75 icm:25 yog Time (min) for the first 15 mL 57.1c 50.6c 55.5c 

100 icm:0 yog Time (min) for the first 15 mL 44.8d 38.7d 33.9e 

abcdeFor a given parameter, column means containing a common letter are not signifi-
cantly (P < 0.05) different from each other. 
 
yogurt formulation in the present study might be related to its high mix viscosi-
ty. Muse and Hartel [28] found the largest effects on melting rate were extent of 
fat destabilization and ice crystal size, and a lesser effect due to the consistency 
coefficient of the ice cream mix.  

Meltdown rates and effect of added ingredients have also been reported in 
other studies. The yogurt ice cream in the Mangsi et al. [21] study melted quick-
er than the yogurt ice creams in the present study as 93.19% of their yogurt ice 
cream was melted after 50 min. Aryana and Summers [19] did not find differ-
ences in time for 15 mL to melt or with meltdown volume after 60 min with 
various levels of probiotics added to their probiotic, fat-free, no sugar-added ice 
cream. Kumar et al. [6] delayed the first dripping time and complete melting 
time in their synbiotic yogurt ice cream by adding 3% and 6% chicory root ex-
tract. Şimşek et al. [11] was able to delay the first dripping time in their yogurt 
ice cream by increasing the mastic gum concentration in their formulation. 
Hassan and Barakat [20] reported that ice cream melting resistance can be in-
creased by adding pumpkin pulp and carrot pulp. 

3.6. Sensory Evaluation 

The sensory (flavor and body and texture) scores of each product at 0, 4, and 8 
weeks of storage are shown in Table 5. The formulation as a main effect was 
highly significant (P < 0.0001) for both flavor scores and body and texture 
scores. Sensory scores normally increased as the ice cream content increased 
within the formulation, indicating that ice cream was more desirable than yogurt  
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Table 5. Sensory evaluation (flavor and body/texture) scores of the yogurt ice creams 
containing various ratios of ice cream mix (icm) and yogurt (yog) and the controls de-
termined at 0, 4, and 8 weeks of storage. 

Ratio Parameter 
Age (Weeks) 

0 4 8 

0 icm:100 yog Flavor 4.65c 4.73d 5.10d 

25 icm:75 yog Flavor 5.48bc 5.86c 5.76cd 

50 icm:50 yog Flavor 6.24b 6.35bc 6.31bc 

75 icm:25 yog Flavor 7.19a 7.45a 7.32ab 

100 icm:0 yog Flavor 8.06a 7.12ab 7.61a 

0 icm:100 yog Body/Texture 1.12c 1.04c 1.36b 

25 icm:75 yog Body/Texture 1.55c 1.40c 1.53b 

50 icm:50 yog Body/Texture 2.31b 2.51b 2.11b 

75 icm:25 yog Body/Texture 3.91a 3.86a 3.76a 

100 icm:0 yog Body/Texture 4.48a 4.39a 4.46a 

abcdFor a given parameter, column means containing a common letter are not significantly 
(P < 0.05) different from each other. 
 
in this type of frozen product. Yogurt frequently suffered from high acetalde-
hyde and high acid flavors. Low body and texture scores (1.04 to 1.36) for the 
formulations containing 100% yogurt were likely due to the low total solids con-
tent of the yogurt, leading to a course and icy texture. Unlike formulation, age 
(weeks) as a main effect did not significantly affect the flavor scores (P = 0.8538) 
or the body and texture (P = 0.9821) scores of the products. 

The normally higher flavor scores and body and texture scores for the formu-
lations containing higher percentages of ice cream mix were likely caused by 
their higher fat contents. Similar to the present study, Inoue et al. [23] also 
found that the ice cream type of frozen yogurt had a richer sensory character 
than the normal frozen yogurt. Also, Venkateshaiah et al. [29] reported that fla-
vor scores of frozen yogurts containing 1%, 2%, or 3% fat increased with in-
creasing fat content. Fat provides a desirable flavor and body and texture to 
dairy products. A major goal of developing nonfat and reduced fat products is to 
try to maintain the desirable properties provided by the fat [30], but this was not 
achieved in the present study. Attempts to improve the sensory properties of the 
frozen dairy products containing lower fat contents could include use of fat rep-
lacers within the formulation [31] or certain processing procedures such as mi-
crofluidization of the mixes [32]. 

Other studies have also reported results from sensory analysis for their frozen 
dairy products. Soukoulis et al. [33] blended probiotic yogurt at levels of 25% 
and 50% of the total into ice cream mix and found that the higher yogurt level 
imparted coarseness and wateriness, increased hardness, and decreased gummi-
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ness and creaminess perception of the product. Otero et al. [9] found that yogurt 
ice cream manufactured with a 4% inoculum of a 1:1 ratio of L. acidophilus and 
B. bifidum and flavored with lemon, orange, or strawberry had excellent sensory 
properties. Aryana and Summers [19] reported lower sensory scores in fat-free, 
no sugar-added ice cream containing 0.02% and 0.2% probiotic cultures com-
pared to their control product without probiotics. Product at a pH of 5.5 was 
judged as having superior sensory properties compared to products at other pH 
values in both the Hekmat and McMahon [25] and Inoue et al. [23] studies. 
Mangsi et al. [21] found that each of the sensory scores (appearance/color, 
taste/flavor, body/texture, and melting quality) increased from the time of being 
fresh to 3 months of storage. 

4. Conclusion 

This study examined how high of a level in which yogurt can be incorporated 
into ice cream mix and still obtain a desirable frozen product throughout 8 
weeks of storage. Although the 100% ice cream control had the most desirable 
meltdown and sensory properties, yogurt ice cream containing 75% ice cream 
mix and 25% yogurt still had desirable sensory properties. Except for high MRS 
lactobacilli counts, the 100% yogurt control and the yogurt ice cream containing 
25% ice cream and 75% yogurt did not have desirable sensory properties and 
suffered from a slow melting defect. Therefore, incorporating high amounts of 
yogurt into ice cream mix to enhance the healthy perception of the resulting 
yogurt ice cream is not recommended due to sensory and meltability problems. 
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