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Abstract

The object of this study was to investigate the difference in physical and sensory properties of various premium ice
creams. The physical properties of the various ice creams were compared by manufacturing brand. The water contents of
the samples differed, with BR having the highest value at 60.5%, followed by NT and CS at 57.8% and 56.9%, respectively.
The higher the water content, the lower Brix and milk fat contents in all samples. The density of the samples showed almost
similar values in all samples (p>0.05). The viscosity of each ice cream had no effect on the water content in any of the
brands. Before melting of the ice cream, the total color difference was dependent on the lightness, especially in the vanilla
ice cream, owing to the reflection of light on the surface of the ice crystals. The CS product melted the fastest. In the sensory
test, CS obtained a significantly higher sweetness intensity score but a lower score for color intensity, probably due to the
smaller difference in total color, by which consumers might consider the color of CS as less intense. From this study, the
cold chain system for ice cream distribution might be important to decide the physical properties although the concentration
of milk fat is key factor in premium ice cream.
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Introduction

Ice cream can be defined as a smooth, sweet, cold des-

sert food prepared from a frozen mixture of milk products

and flavorings, containing a minimum of 10% milk fat

(Karaman et al., 2014). The mixture is homogenized after

pasteurization and aged to improve the physical proper-

ties before the freezing process. Ice cream is a representa-

tive frozen dairy product enjoyed by people of all ages

due to its cooling effect in the mouth. Nowadays, manu-

facturers continue to develop formulations of ice cream

mixtures according to consumer demands, resulting in the

creation of various brand names (Sun-Waterhouse et al.,

2013). 

In the Korean ice cream market, there are a number of

ice cream names depending on the ice cream company,

each of which has their formulations as well. Many stu-

dies are present in the journal literature about the creation

of new ice cream formulations (Dervisoglu, 2006; Dervi-

soglu and Yazici, 2006; Karaman and Kayacier, 2012).

Nevertheless, vanilla ice cream has been the most repre-

sentative of the consumer’s preference for a long time

(Bodyfelt et al., 1988; Buck et al., 1986).

The grade of ice cream depends on the amount of milk

fat content. Generally, ice creams containing more than

12% are recognized as premium level. Milk fat is of

importance in qualifying ice cream because it is closely

related with the flavor and texture of the ice cream (Li et

al., 1997). Milk fat acts as a thermal insulator which

affects the melting process of ice cream. In general, ice

cream containing high milk fat content could take a

longer time to melt, so it has potential advantages in han-

dling during high storage temperature. 

Ice crystals also play a key role in the sensorial proper-

ties of ice cream. Ice creams with small ice crystals have

softer texture, also minimizing the recrystallization dur-

ing frozen storage (Arbuckle, 1966; Flores and Goff,

1999). The formation of ice crystals is dependent not only

on the compositions of the ice cream, but also on the

freezing temperature (Arbuckle, 1977; Trgo et al., 1999).

In order to evaluate the quality of frozen food, the qual-
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ity is evaluated after the thawing and cooking process to

analyze the physical properties. For that reason, it is hard

to evaluate the actual quality of food in the frozen state.

In general, ice cream, which contains milk fat, MSNF

(milk solids not fat), sugars, emulsifier and stabilizer, is

consumed in the frozen state, and the quality is strongly

related to the physical properties (Arbuckle, 1986). Ac-

cording to Glickman (1991), hydrophilic gums as a stabi-

lizer bind water molecules directly or entrap them inside

the gel matrix, which reduces the amount of free water.

Therefore, they provide soft texture and resistance against

heat shock, and contribute to maintaining the body while

delaying melting.

Owing to technological development, many premium

level ice creams are now being commercially produced.

Physical and rheological properties are crucial factors for

consumers to evaluate the quality of ice cream. There-

fore, this study was conducted to evaluate the physical

and sensory properties of premium vanilla ice creams

produced by specific brands in Korea, and to provide

baseline data for improving the crucial factors of the ice

cream related to physical and rheological properties.

Materials and Methods

Materials

In this study, premium level vanilla ice cream was pur-

chased from CS, BR, and NT companies, respectively.

Each selected ice cream was manufactured on different

dates. The order of preparation was CS, NT, and BR. Each

sample was formed for experimental purposes and kept at

-70ºC. The experimental analysis was performed on the

same day for all the samples although the manufacturing

dates were different. All experiments were repeated on the

3 different days for determination (n=3).

Methods

Water content

The water content was determined by the method of

AOAC (1995). Two gram aliquots of the samples were

put into a bottle and dried for 24 h at 105ºC. Water con-

tent was calculated as the difference of water weight be-

fore and after drying.

Brix

Brix of molten ice cream was determined via refracto-

meter (Portable refractometer C-2 REF-104, SPECTRO-

LAB, England) at room temperature.

Milk fat content

The milk fat content was determined by the method of

Soxhlet extract (Soxhlet extractor Ser148, VELP, Italy).

Density

In order to estimate the overrun, the weight of 30 mL of

molten ice cream was determined at 25ºC under atmo-

spheric pressure and the density of milk was calculated.

Viscosity

The viscosity of molten ice cream was determined by a

rotational viscometer (Visco star-L, J. P. SELECTA, Spain)

using Spindle L2. The temperature of the sample was fixed

at 4ºC and spindle 1 rotated at 200 rpm.

Color

The color of the frozen ice cream was measured using

a spectrocolorimeter (CR 400, Minolta Co., Japan) cali-

brated with a white plate and light trap supplied by the

manufacturer. Color was expressed using the CIE L*, a*,

b* color system (CIE, 1976). The total color difference

was calculated using the equation below.

Melting time

The heat shock resistance of the ice cream was determi-

ned by using a self-manufactured system (Fig. 1). The mel-

ting time of one hundred grams of ice cream kept at 20ºC

to melt completely in the chamber was measured. Here,

the initial temperature of the ice cream was set to be -70ºC.

The onset melting time of ice cream was initiated at the

point of weight change. During the melting process, the

weight of the ice cream was determined every 1 min.

Total color difference L*∆
2

a*∆
2

b*∆
2

+ +=

Fig. 1. The lab-manufactured apparatus for the determina-

tion of melting time of ice cream.
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Sensory test

The samples were served to 10 experienced panel mem-

bers. The determination was carried out in duplicate by

the sensory panelists. The color, aroma, ice crystal size,

retention of air bubbles, hardness and sweetness (1=ext-

remely undesirable, 5=extremely desirable) were evalu-

ated using a 5-point descriptive scale. The panelists were

required to cleanse their palate between samples with

water.

Statistical analysis

Analysis of variance was performed on all the variables

measured using the general linear model (GLM) proce-

dure of the SAS statistical package (1999). The Duncan’s

multiple range test (p<0.05) was used to determine differ-

ences between treatment means.

Results and Discussion

Water content

The water content of each sample is shown in Fig. 2.

The water contents of the ice cream from CS, BR, and

NT were 56.9, 60.5, and 57.9%, respectively. The ice

creams contained water contents approximately around

55-60%. The water content of the BR ice cream was the

highest among the samples (p<0.05). In general, ice

cream mix containing a low amount of total solids (high

water content) has proportionately more water to freeze

than that containing a higher amount of total solids (low

water content) when hardened at the same storage tem-

perature (El Owni and Zeinab, 2009).

Brix

The Brix of each sample is shown in Fig. 3. The highest

content of sugar was found in the CS company brand, at

36.6%. The Brix of NT and BR ice cream was 36.2% and

34.7%, respectively (p<0.05). However, there were no

significant differences between the CS and NT ice creams

(p>0.05). It was supposed that Brix decreased as the

water contents increased. According to the authors, a

greater extent of total solid contents increases the resis-

tance to flow of the serum phase as ice melted, which

leads to slower meltdown. On the other hand, ice creams

with low levels of total solid content (up to 30%) melted

quickly (Silva Junior and Silva Lannes, 2011).

Milk fat content

The milk fat content is presented in Fig. 4. The milk fat

content of CS, BR, and NT ice cream was 13.6, 12.7 and

13.54%, respectively. The three samples contained appro-

ximately 12-14% milk fat. Among the samples, BR con-

tained the lowest value (p<0.05). From these results, it

could be seen that as the water content rose, the milk fat

content lowered.

Fig. 2. Water contents of various premium vanilla ice creams.

Different letters indicate significant differences between

samples.

Fig. 3. Brix of various premium vanilla ice creams. Differ-

ent letters indicate significant differences between sam-

ples.

Fig. 4. Milk fat contents of various premium vanilla ice cre-

ams. Different letters indicate significant differences bet-

ween samples.
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Density

The densities of the samples are shown in Fig. 5. The

densities of CS, BR, and NT ice creams were 0.846 g/

mL, 0.884 g/mL, and 0.917 g/mL, respectively. The den-

sity of CR ice cream was significantly lower than the other

samples (p<0.05). However, there were no significant dif-

ferences between BR and NT (p>0.05). Therefore, it was

assumed that the density of ice cream depends on the

water content. In addition, the overrun time of CS was

thought to be higher than the others, causing higher con-

tents of air cells by air injection time. Normally, the dis-

persed air cells in the ice cream significantly affect the

qualities of ice cream such as the soft mouthfeel of the

product (Park et al., 2006).

Viscosity

The viscosities of the samples are displayed at Fig. 6.

The viscosities of CS and BR ice cream were 198 cP and

170 cP. Exceptionally, the viscosity of NT ice cream was

26.3 cP. These values presented significantly differences

among the samples (p<0.05). As considered in the previ-

ous results, it was supposed that the viscosity of ice

cream could be dependent not on water content, but on

the addition of a thickening agent or other stabilizer.

Total color difference

Based on the measurement of lightness, redness and

yellowness, the total color differences were calculated

and shown in Fig. 7. The total color difference of CS ice

cream was 81.4 at the highest value before melting, fol-

lowed by BR and NT ice cream at 77.3 and 65.2. Simi-

larly, the total color differences of CS, BR, and NT

samples were 66.7, 68.4 and 58.5 after melting. The main

factor determining the color properties of vanilla ice

cream is the lightness value, as compared to redness or

yellowness. Furthermore, the value of lightness presented

the highest value since light reflects on the surface of ice

crystals before melting of the ice cream. In general, the

color of the ice cream increased in whiteness as the fat

content increased (Roland et al., 1999), namely, by the

different brand names. However, a relationship between

the fat content and whiteness intensity in the ice cream

was not observed herein due to the different water con-

tents.

Melting time

The melting ratio as a function of time is shown in Fig.

8, and the parameters estimated in the melting curve are

depicted in Fig. 9. The onset point of melting was found

at 67.3 min for BR, which was significantly longer than

Fig. 5. Density of various premium vanilla ice creams. Dif-

ferent letters indicate significant differences between sam-

ples.

Fig. 6. Viscosity of various premium vanilla ice creams. Dif-

ferent letters indicate significant differences between

samples.

Fig. 7. Total color difference of various premium vanilla ice

creams. Different letters within the same bar indicate

significant differences between samples.
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the 58.8 min for CS and 57.7 min for NT (p<0.05). Fur-

thermore, the end point of BR melting was estimated at

121.5 min, which was also significantly later compared to

the 104.9 min of CS and 111.3 min of NT (p<0.05). The

CS product had a significantly shorter overall melting

time than the BR and NT products.

Based on the statistical analysis, the overall melting

time of BR and NT did not differ from each other, though

BR took more time to begin melting comparing to the NT

product. Consequently, melting was delayed in the order

of BS, NT and then CS products. This order of melting

was reversely proportional to the contents of milk fat.

A possible explanation was suggested in that more time

was required to begin melting when the ice cream con-

tained more water content. Based on the fact that the

melting point of milk fat is relatively low, it is possible

that NT and CS, which contained higher amounts of milk

fat, began melting more quickly than BR. Another expla-

nation is that the NT product had a relatively low viscos-

ity, which is evidence that it likely contained lower amo-

unts of stabilizer. This would result in the short starting

point of melting. However, while NT began to melt ear-

lier than CS, it had a similar end point, reflecting that the

water content of CS was lower than NT. Consequently,

these factors would lead to the quick melt of the CS prod-

uct.

In general, the melting properties of ice cream are

known to be influenced by the fat content. According to

Roland et al. (1999), increase of the fat content of ice

cream from 7 to 10% caused an increase in the half-life of

the ice cream. They noted that the melting results corre-

sponded to the hardness determinations, i.e., while there

were no changes for the 0.1, 3, or 7% samples, significant

difference occurred when the percentage of fat was

increased from 7 to 10% milk fat. Although the melting

time and sample hardness were not significantly different

among the 0.1, 3, and 7% fat samples of ice cream in that

study, the characteristics of the lower fat ice creams dif-

fered from those of the 10% fat samples. In our study,

although there were no significant differences in the melt-

ing time due to fat contents, the onset temperature of

melting of the BR ice cream, containing relatively lower

fat content, appeared earlier than the others. Based on

these analyses, the BR ice cream contained higher water

content and lower Brix, resulting in the earlier starting

time of ice cream melting. It appears from these results

that the onset of melting of BR ice cream, which contains

lower fat, was later than the other ice creams. This seems

to be opposite to the results obtained by Roland et al.

(1999). In general, the quality of ice cream is character-

ized by hardness, melting properties, air entrapment, and

ice content (Roland et al., 1999). However, no significant

relationship between fat content and the physical proper-

ties of ice cream was found in this study.

Sensorial properties of premium ice cream

The sensorial properties of the premium ice creams are

given in Fig. 10.  For color intensity, both BR and NT

measured 3.3 and 3.8, which was significantly higher

intensity compared to the 2.4 of CS (p<0.05). The vanilla

flavor intensities of all products were from 2.7 to 3.4,

whereas the intensities did not significantly differ with

one another. Ice crystal content tended to be high in NT

and low in CS, although the difference was not signifi-

cant. Overrun intensities (texture) and hardnesses were

similar for all products. For sweetness, CS scored higher

than BR and NT (p<0.05), while no difference in sweet-

ness between BR and NT was obtained.

Fig. 8. Melting ratio of various premium vanilla ice creams

as a function of time; (y: Molten ice cream weight (g)

per total ice cream weight (g), x: melting time (min)).

Fig. 9. Comparisons of melting profiles of premium vanilla

ice creams. Different letters within the same bar indi-

cate significant differences between samples.
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In the present study, CS obtained a significantly higher

sweetness intensity score but a lower score for color

intensity, probably due to the smaller difference in total

color, by which consumers might consider the color of

CS as less intense. The main factor deciding the mouth-

feel taste of ice cream is the content of milk fat. Unfortu-

nately, a significant relationship between the ice cream

quality measured by sensory test and the fat content among

the samples of different brands of ice cream could not be

measured. However, based on the analysis of physical pro-

perties, the quality of ice cream could be different because

of the storage conditions, although we did not trace the

cold chain system of each company. For further research,

the effect of storage temperature on the recrystallization

of different commercial ice creams should be performed

to evaluate the mouthfeel taste.
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