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Abstract
Ice cream is a complex food colloid that consists of an unfrozen serum phase, ice crystals, fat globules, and air bubbles. The main
ingredientsoficecreamarefat,milksolid-not-fat,sucrose,stabilizer,andemulsifier.Variousstepsinthemanufacturingprocess, including
mixing, pasteurization, homogenization, aging, freezing, and hardening, contribute to the development of this structure. In general, the
analytical methods can be divided into three groups: chemical (volatile and non-volatile compounds), physical (rheological and color
analysis), and structural analysis. The aim of this studywas to review the newmethods that were used for the analysis of ice cream.
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Introduction

Ice cream is a complex food colloid consisting of an unfrozen
serum phase, ice crystals, fat globules, and air bubbles.
Sometimes, the probiotic bacteria may be incorporated to the
ice cream (Homayouni et al. 2008a; Homayouni et al. 2012).
Ice crystals and air bubbles are usually in the range of 20–
50 μm (Cladwell et al. 1992). Air bubbles are partially coated
with fat globules, and the fat globules are coated with a protein/
emulsifier layer (Boode and Walstra 1993; Goff and Jordan
1989; Kalab 1985). The serum phase consists of saccharose,
lactose, glucose, high molecular weight polysaccharides, and
probiotic cells in a freeze-concentrated solution (Homayouni et
al. 2008b). During the homogenization of fat, proteins and
emulsifiers are placed in interfacial spaces to create the mix

emulsion. Following crystallization and homogenization of the
fat, reorganization of the fat globule membrane to the lowest
free dynamism state is happening. The resulted emulsion then
undergoes the whipping and ice crystal formation during the
dynamic freezing process, which contributes to development
of four main structural components of frozen product: a net-
work of partially coalesced fat surrounding the air bubbles,
discontinuous foam, ice crystals, and a continuous, unfrozen
aqueous solution (Goff 1997; Trgo and Danone 2003). This
article reviews the new methods that were used for analysis of
ice cream structure. In general, the analysis methods can be
categorized to three groups; chemical (volatile and non-volatile
compounds), physical (rheological and color analysis), and
structural analysis as is shown in Fig. 1. Some publications
applying analysis in ice cream are shown in Table 1.

Chemical Analysis

Volatile Compound (Vanillin)

Vanillin autoxidation is the cause for off-flavor formation in
vanilla ice cream. Vanillin and benzaldehydemay autoxidize in
the same manner. Intermediate hydroperoxides can start autox-
idation, but the autoxidation of vanillin at 150 °C disproves
this idea (Gassenmeier 2003; Löliger 1990; Wallick and
Sarkanen 1983). Vanillin may react with amino groups of pro-
teins such as whey protein, caseinate, and aspartame (Hansen
and Heinis 1991). During 100 days storage of ice creammix at
− 18 °C, 10% of vanillin may be decreased (Gubler 1981).
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The most important redox enzymes in milk are
Lactoperoxidase and Xantine oxidase which remain active after
pasteurization. Enzymatic oxidation of vanillin by
lactoperoxidase yields di-vanillin but not vanillic acid. Since
vanillic acid has always been found in vanillin oxidation, it is
unlikely that lactoperoxidase is primarily responsible for the ox-
idation of vanillin (Gassenmeier 2003). On the contrary, xanthine
oxidase (XO) can oxidize vanillin into vanillic acid (Anklam et
al. 1997; Demott and Praepanitchai 1978). XO activity has been
reported in ice cream (Cerbulis and Farrell Jr 1977). Vanillin is
oxidizedmainly during the mixing and/or ripening process of ice
cream production and the cardboard note cannot be attributed to
a complete loss of flavor (Gassenmeier 2003).

Analysis of Volatile Compounds

Twenty milliliters of the aqueous aroma distillate can be ex-
tracted using SPME-fiber (solid phase micro-extraction)
(DVB/Carboxen/PDMS, Supelco part 57328-U) and subse-
quently be injected into a GC (HP5890), coupled with a mass
selective detector (HP5972), respectively, a modified GC

(Carlo Erba HRGC 5300) with sniffing port. A DB-1 column
(30 m × 0.32 mm i.d. × 0.25 μm f.t.) can be used.
Identification is based on comparison of mass spectra and
re tent ion indices with the reference compounds
(Gassenmeier 2003). Vanillin, vanillic acid, (E)-2-nonenal,
heptanal, 2,4-heptadienal, 1-octen-3-ole (E)-2-octenal, and
(E)-2-heptenal could be used as reference compounds
(Fig. 2) (Alves and Franco 2003; Gassenmeier 2003; Jo and
Ahn 1999; Welty et al. 2001). The volatile compounds in the
headspace of the ice cream samples can also be measured by
static head space chromatography (Faydi et al. 2001).

Non-volatile Compounds

Hydrocolloids

Hydrocolloids are used for thickening, gelling and stabilizing
in complex food products. The most significant hydrocolloids
are pectins, xanthan, alginates, carrageenans, and
galactomannans. Pectins are mainly extracted industrially from
apple pomace, citrus peel, and at a lower extent from sugar beet
pulp and sunflower heads (Vega et al. 2005). These polysac-
charides consist of chains of α-(1,4)-linked D-galacturonic ac-
id units interrupted in Bhairy regions^ by L-rhamnose which
carries branched neutral sugar side chains containing mainly
arabinose and galactose to a greater or lesser degree. Many of
galacturonic acid units are naturally esterified with methanol.
High methoxyl pectin (HM) is an ideal gelling agent for use in
a conventional jam (Quemener et al. 2000b).

Table 1 Some publications
applying analysis in ice cream Source Studied factor

Goff et al. (1993) The influence of polysaccharides on the glass transition

Donhowe and Hartel (1996) Analysis of ice crystal size

Guinard et al. (1997) Sugar and fat effects on sensory properties

Flores and Goff (1999) Ice crystal size affected by stabilizer

Bolliger et al. (2000) Ice cream mix viscoelasticity and ice crystal growth

Bolliger (2000) Correlation between colloidal properties of ice cream mix and ice cream

Aime et al. (2001) Textural analysis of fat reduced vanilla ice cream

Regand and Goff (2003) Structure and ice recrystallization in frozen stabilized ice cream model systems

Wildmoser et al. (2004) Impact of disperse microstructure on rheology and quality aspects

Muse and Hartel (2004) Ice cream structural elements that affect melting rate and hardness

Sofjan and Hartel (2004) Structural and physical characteristics of ice cream

Cook and Hartel (2010) Mechanisms of ice crystallization in ice cream production

Cadena and Bolini (2011) Time–intensity analysis and acceptance test

Dogan et al. (2013) Steady, dynamic, creep, and recovery analysis of ice cream

Fonseca et al. (2016) Sensory characterization of chocolate ice cream

Kurt et al. (2016) Rheological properties of salep based ice cream mix

Akbari et al. (2016) Physicochemical properties and sensory attributes of low-fat ice cream

Tekin et al. (2017) Physicochemical, rheological, and sensory properties of low-fat ice cream

Fig. 1 The analysis methods of ice cream
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Xanthan gum is a microbial polysaccharide. This polysac-
charide is used as a thickener, suspender, and gel-forming
agent in combination with certain galactomannans in food
industry. Its molecule is composed of a backbone of 1,4-
linked β-D-glucose with side chains of acetylated mannose,
glucuronic acid, and mannose. Half of the terminal mannose
units carry a pyruvic acid residue (Palabiyik et al. 2017).

Alginates are cell wall polysaccharides of brown algae.
Their molecule consists of repeating units of β-D-
mannuronic acid (M) and α-l-guluronic acid (G) linked with
1,4-glycosidic bonds. Alginates are transformed to various salt
forms such as Na-, K-, Ca-, NH4-, or propylene glycol in order
to increase stability and solubility in water. The important
properties of alginate in food products are gel forming in
restructured products and in pudding and desserts, thickening
andwater binding in soups and sauces, stabilizing in ice cream,
and salad dressing (Mirzaei et al. 2012; Salmeán et al. 2017).

Analysis of Hydrocolloids

Methanolysis is the efficient technique to release uronic acids
and neutral sugars from pectins. This depolymerization tech-
nique can also be applied to xanthan gum and alginate
(Quemener et al. 2000a). Methanolysis coupled to reverse
HPLC analysis is used for the quantitative determination of
pectins, xanthan, and alginates in complex food products such
as ice cream (Fig. 3) (Zorba and Ova 1999).

Fatty Acids

In most industrialized countries, coronary heart disease is a
leading cause of death (Roth et al. 2017). In 1997, cardiovas-
cular diseases were responsible for 41.2% of all deaths in the
USA. Because of high content of saturated fatty acids in milk
and some dairy products, they have been listed as one of the risk
factors in coronary heart disease.Many researches have focused
on modification of the fatty acid profile in milk fat to yield
lower saturated fatty acid and greater polyunsaturated fatty acid
content. A modified fatty acid profile may influence several
physical and chemical properties of milk fat such as firmness,
melting point, viscosity, solid fat and liquid fat content,

oxidative stability, and flavor. The count of double bonds in
fatty acids impacts melting behavior and oxidative stability
(off-flavors), although scattering of the fatty acids in the triglyc-
eride building influences melting behavior, crystallization, and
nutritional aspects (Hawke and Taylor 1983; Roth et al. 2017).
High content of unsaturated fatty acids in milk fat increases the
risk of oxidation and production of off-flavors. Off-flavors in
butterfat can be carried to ice cream and affect consumer accep-
tance (Ashes et al. 1997; Bohl et al. 2017; Focant et al. 1998).

Analysis of Fatty Acids

The oleic acid, linoleic acid, medium-chain fatty acids, trans-
vaccenic acid (TVA), and conjugated linoleic acid (CLA) con-
tent of ice cream mixes and butter oil can be evaluated by
methylation of fatty acids with 0.5 N NaOH (Marín-Suárez
et al. 2016; Tredwell and Keun 2015). Methylation reaction is
done underneath more strict situations. The carboxyl group of
a fatty acid must be depolarized via methylation so that facil-
itate gas chromatographic separation or separation via frac-
tional distillation. Reaction with diazomethane is chosen for
analytical purposes. Diazomethane is formulated via alkaline
hydrolysis of N-nitroso-N-methyl-p-toluene sulfonamide. The
gaseous CH2N2 discharged via hydrolysis is swept by a
stream of nitrogen into a receiver comprising the fatty acid
solution in ether-methanol (9:1 v/v) (Belitz et al. 2009). Fatty
acid methyl esters are injected by an auto sampler into a
Hewlett-Packard 5890A gas chromatograph with a flame ion-
ization detector (Hewlett- Packard, Sunnyvale, CA). Methyl
esters are separated on a 100 × 0.25 mm i.d. fused silica cap-
illary column (CP-Sil 88; Chrompack, Middleburg,
The Netherlands). An 80:1 split ratio is used for injection of
0.5 μl hexane containing the methyl esters of fatty acids.
Ultra-pure hydrogen is used as carrier gas and inlet pressure
should be maintained at 23.1 psi, and the injector temperature
should be maintained at 250 °C, while the detector tempera-
ture can be maintained at 255 °C. The initial oven temperature
should be set at 70 °C and hold for 1 min with increases of
5 °C per min until 100 °C is reached and hold for 2 min. An
increase of 10 °C/min can be set until 175 °C is reached and
hold for 40min and then increase 5 °C/min to 225 °C and hold
for 15 min (Fernández and Juan 2000; Gonzalez et al. 2003).

Physical Analysis

Rheology

Dynamic rheological measurement is used for the characteri-
zation of texture and structure in foamed dairy emulsions
(Sarkar and Singh 2016; Stanley et al. 1996). Unstable foam
microstructure is maintained during the rheological measure-
ment at low deformation amplitudes. Microstructure

Fig. 2 GC/MS chromatograms of aroma extracts of ice creammodel with
vanilla (A) and without (B) after stirring for 48 h at 4 °C
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influences the dynamic oscillatory moduli G′ and G″ in
whipped cream. The results of oscillatory thermo-rheometer
(OTR) shows that the storage and loss moduli (G′ and G″)
which characterize, respectively, the elastic and viscous be-
havior apparently decreases with a coarser foam structure
due to increasing air bubble sizes during storage (Smith et
al. 2000). It was shown that the storage modulus (G′) strongly
increases with decreasing ice cream temperature and increas-
ing ice fraction (Stanley et al. 1996; Wildmoser et al. 2004).

Oscillatory Rheometry

Ice cream tablets with a diameter of 25 mm and a height of
5 mm can be formed using a cylindrical cutting tool at − 20 °C.

The samples may be measured or stored at − 20 °C for 24 h.
The rheological measurements can be done using a rotational
rheometer (Physica MCR 300) with plate–plate geometry (di-
ameter 25 mm). The heat exchange with the environment can
be prevented by moveable hood covering the plate–plate ge-
ometry. Because of the parallel disks geometry, deformation
and shear stress are a linear function of the plate radius (r).
For oscillatory measurements, maximal deformation (γR) and
stress values (τR) occur at the outer radius (R) assuming
Newtonian fluid behavior (Macosko 1994):

γR ¼ Rφ
H

τR ¼ 2M
πR3

Fig. 3 Experimental procedure used for the analysis of commercial hydrocolloids in food products: (a) aqueous extraction and purification pretreatment;
(b) freeze-drying pretreatment with or without delipidation
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where φ depicts the maximal deflection angle, H is the plate
gap width, andM is the measured maximal torque in the oscil-
lation test. The characteristic storage and loss moduli G′ and G″
can be calculated according to the following equations, using
the phase-shift angle δ between applied strain (deformation)
and measured shear stress function:

G
0 ¼ τR

γR
cosδ

G″ ¼ τR
γR

sinδ

Oscillation tests are two different types, namely frequency
sweep and temperature sweep tests. Prior to the frequency test
a deformation amplitude sweep test at a constant frequency of
1.59 Hz (angular frequencyω = 10 s−1) should be carried out
in order to determine the linear viscoelastic regime (LVR) of
ice cream. Linear behavior of G′ and G″ will be seen for
deformation amplitudes smaller than 5 × 10−4 for different
measurement temperatures between − 20 and 0 °C. Small con-
stant deformation amplitude of 2 × 10−4 is used for oscillatory
measurements of ice cream structure in the frozen as well as in
the molten state. A clear tendency can be seen in comparison
of different measuring gap widths. The smaller the gap width,
the higher are the measured values for G′ and G″: Hence, a
constant measuring gap width of 2 mm can be adjusted for all
frequency tests. The oscillation frequency can be varied be-
tween 1 and 100 Hz. The time of measurement of a single
point is adjusted to 10 s and the temperature should be con-
stant during the test (Macosko 1994; Toker et al. 2013).

In the OTR method, the measuring temperature should be
continuously increased from − 20 to 10 °C (temperature
sweep test) and oscillatory test should be done within the
LVR of ice cream at a constant deformation amplitude of
2 × 10−4 and frequency of 1.59 Hz (angular frequency ω =
10 s−1). The gap width between the plates can be adjusted to a
constant value of 3 mm. A larger gap width of 3 mm for OTR

is because of high normal stresses which may be involved
during gap width adjustment for the low sample loading tem-
perature of − 20 °C. The heating rate in the test is 0.5 °C/min
(Macosko 1994; Toker et al. 2013).

Color

In addition to digestive, metabolic and nutritive qualities, ice
cream has organoleptic and thermoregulatory characteristics.
The nutritive quality of ice cream is high and makes it suitable
for children’s diet, but the presence of dyes can introduce a
risk factor (Del Giovine and Bocca 2003).

According to law, food dyes are substances that color food
or give back its original color and include natural components
of food products and other elements of natural origin, which
are not normally consumed as foods, or as typical ingredients
of food. Dyes do not improve the nutritive value of foods.
From the toxicological viewpoint, every dye has a daily ac-
ceptable dose (DGA) in food. A high number of coloring
substances, as single components or in mixtures, can be used
in ice cream in the range of 50–150 μg/kg (Cai and Corke
1999; Del Giovine and Bocca 2003).

Color Analysis

Dyes are chemical compounds that absorb visible and UV
rays. Their chemical structure contains chromophore groups
that are typically represented by double bonds linked in aro-
matic or quinonic structures, aliphatic double bonds linked to
carbonylic groups, azo groups or nitro groups, hydroxyl
groups or amino groups can furthermore increase the intensity
of the specific absorption for a given dye. E110, E122, and
E124 belong to group of monoazotic dyes which have restric-
tions in food industry. The usual analytical method for food
dyes is spectrophotometry in the visible spectrum after

Fig. 4 Electropherogram of dyes
standards: E110, E122, E124;
conc. 10 μg/ml
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separation of dye by thin-layer chromatography. In addition,
high-performance liquid chromatography, UV–Vis detector,
in solvent gradient, or ion-pair chromatography can be used.
Such methods are time-consuming and are not suitable for
routine analyses. In other hand, capillary electrophoresis has
great efficiency to faster analyzing food dyes in ice cream. It
gives a better separation and greater accuracy in detection by
external standardization than the other methods (Del Giovine
and Bocca 2003) (Fig. 4).

Structural Analysis

The freezing step is one of the most important steps in the ice
cream manufacturing process which determines the final tex-
ture of product. The final quality of the product is largely
depended on its formulation and structure (Chang and Hartel
2002a; Goff 2002; Russell et al. 1999). The distribution, size,
and morphology of air bubbles and ice crystals and fat glob-
ules have significant effect on ice cream structure. Some im-
portant physical changes occur in the ice cream structure dur-
ing hardening, storage, and commercial distribution such as
coalescence and drainage of air phase and recrystallization in
the ice phase (Chang and Hartel 2002b; Donhowe and Hartel
1996; Segall and Goff 2002a; Segall and Goff 2002b).

The air bubbles diameter range is located between 30 and
150 μm with a mean diameter around 40 μm, and the ice
crystals mean size is between 20 and 75μmwith a mean value
around 40μm. The range of fat globule diameter is to be 0.04–
4.0 μm (Chang and Hartel 2002a).

Various methods have been used to characterize the texture
and the structure of frozen foods. These methods include tex-
tural analysis, sensorial analysis, differential scanning calo-
rimetry, nuclear magnetic resonance spectroscopy or imagery,
and various microscopic methods. The microscopic methods,
among these numerous methods, are the most suitable in in-
dustrial control laboratories. Microscopic techniques can be
divided to three types: destructive, direct, and indirect
methods. Destructive method is based on the optical observa-
tion of a sample. In this method, sample is mixed with a
suitable medium for dispersing the observed phase (ice crys-
tals or air bubbles) and dissolving the other phases (Donhowe
et al. 1991; Segall and Goff 1999). Short experimental time
and easiness are the advantages of this method but position
and volume fractions of the different phases and texture mor-
phology of frozen system cannot be obtained due to sample
dissolution. Indirect methods are electronic microscopy tech-
niques. They provide clear images of the structure and only
partiallamount of sample may be destroyed by cryo-substitu-
tion, cryo-fixation, freezeetching, or freeze-drying (Flores and
Goff 1999; Goff et al. 1999; Sagara 2015). Highmagnification
is main advantage and the expensiveness and long sample
preparation time are the disadvantages of these methods
(Bolliger et al. 2000; Caldwell et al. 1992).

Direct method is the photonic microscopy method with
episcopic coaxial lighting that preserves at best the sample
original texture of the frozen sample. It is based on direct
light reflection on the surface of an ice cream sample
(Fig. 5) (Caillet et al. 2003). Direct observation in situ at
cold temperature allows maintaining the sample in its na-
tive state. Its low magnification is the main disadvantages
of this method which does not allow the observation of fat
particles in ice cream samples (Faydi et al. 2001). Some
publications applying structural analysis in ice cream are
shown in Table 2.

Direct Optical Microscopy

At first, the ice cream cups are prepared and stored at −
25 °C, then frozen ice cream cubic samples, a few cen-
timeters long, have been taken and are immersed in liq-
uid nitrogen in order to stop crystallization process.
Afterwards, the sample is introduced in a cold room (−
25 °C) where the cut surface is polished, with a micro-
tome (Leica SM2000R) to obtain a very smooth surface
with a roughness lower than 1 μm. After obtaining a
suitable surface quality, the ice cream sample is directly
observed at − 25 °C inside the cold room, with a stereo-
microscope (LEICA MZ12), equipped with a digital vid-
eo camera (Hitachi CCD) and an optical fiber providing
the episcopic coaxial lighting. A video monitor can be
placed inside the cold room, and the images are stored
with a P.C. that is located outside the cold chamber. All
the optical material in the cold room should be placed
inside a dry air glove box in slight overpressure with
respect to the cold chamber pressure to avoid humidity
condensation or frost problems at the frozen sample sur-
face or at the surface of the microscope oculars (Caillet
et al. 2003). In direct method, air bubbles appear as dark
zones and have a quite spherical shape. Ice crystals are
appeared in gray color and the cryoconcentrated contin-
uous phase (containing the dry matter and the unfrozen
water) in white levels. Fat globules, with the mean diam-
eter of 1 μm, can be seen as dark points round about the
air bubbles surface (Fig. 6) (Goff 2002). Also, bacterial
cells may be appeared in high magnification (> × 100)
(Homayouni et al. 2008a; Homayouni et al. 2008b).

Microbiological Analysis

The microbial content of ice cream mostly reveals the
quality of the ingredients applied for their making such
as raw milk, non-fat milk solids, cream, sugar, fruits, choc-
olate, egg, stabilizers, and emulsifiers. Raw milk and the
soluble components are routinely combined and pasteur-
ized. Consequently, microbial counts of the pasteurized
blend are normally low (< 100 ml−1). Bacillus spp. and
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some of the thermoduric bacteria are typically the sole sur-
vivors. Coloring agents, flavors, and other components, for
instance chocolate, fruits, and nuts, added to the blend after
pasteurization can be the source of contaminations.
Furthermore, post-pasteurization contamination can happen
from air and water amalgamation, poorly cleaned apparatus,
personnel item, poor use of manufactured goods rerun, and
use of unsanitary and contaminated packaging materials. The
presence of coliforms in pasteurized ice cream is an indication
of post-pasteurization contamination. Ice cream has also been
implicated as a vehicle for E. coli, Listeria, Salmonella,
Campylobacter, Yersinia, and Staphylococcus that are impor-
tant causes of foodborne diseases in human.

As recommended microbiological methods for ice cream,
Standard Plate Count (SPC), Enterobacteriaceae Count,

Coliform Count, Thermoduric Count, Psychrotrophic
Count, Staphylococcus aureus Count, and Yeast-Mold
Count are useful. The results of the microbial examination
are reported in terms of the number of microorganisms per
gram of ice cream. According to international standards,
the number of live microorganisms (total Count or Total
Aerobic Mesophilic Bacterial Count), Enterobacteriaceae,
and Staphylococcus aureus should not exceed 105, 102,
and 102 per gram ice cream, respectively. The number of
E. coli should be zero per gram of ice cream. Also, all bulk
components should be assessed before use in the manufac-
ture of ice cream.

To microbiological analysis, besides conventional methods
(including culture, microscopic, and sampling techniques),
there are some chemical, physical, molecular, and

Fig. 5 Principle of photonic
microscopy with episcopic
coaxial lighting

Table 2 Some publications
applying structural analysis in ice
cream

Source Subject of study

Goff et al. (1999) Fat and air structures in ice cream

Aime et al. (2001) Textural analysis of fat reduced vanilla ice cream

Regand and Goff (2002) Effect of biopolymers on structure and ice recrystallization

Regand and Goff (2003) Structure and ice recrystallization in frozen stabilized ice cream

Caillet et al. (2003) Characterization of ice cream structure by direct optical microscopy

Muse and Hartel (2004) Structural elements that affect melting rate and hardness

Sofjan and Hartel (2004) Effects of overrun on structural and physical characteristics

Granger et al. (2005) Influence of formulation on the structural networks

Regand and Goff (2006) Ice recrystallization inhibition in ice cream

Damodaran (2007) Inhibition of ice crystal growth in ice cream mix by gelatin hydrolysate

das Graças Pereira et al. (2011) Influence of the partial substitution of skim milk powder for soy extract
on ice cream structure and quality

Dogan et al. (2013) Steady, dynamic, creep, and recovery analysis

Warren and Hartel (2014) Structural, compositional, and sensorial properties

Dertli et al. (2016) Rheological, molecular, microstructural

Akalın et al. (2017) Structural characteristics and culture viability in probiotic ice cream

Kaleda et al. (2017) Ice Cream Structure Modification by Ice-Binding Proteins

Damodaran and Wang (2017) Ice crystal growth inhibition by peptides
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immunological techniques for fast analysis too. There are
chemical methods, e.g., thermo-stable nuclease, radiometry,
and chromogenic and fluorogenic substrates; physical
methods, e.g., microcalorimetry and flow cytometry; immu-
nological methods, e.g., fluorescent antibody, enrichment se-
rology, and ELISA; and molecular methods, e.g., PCR and
real-time PCR. Chemical, physical, molecular, and immuno-
logical techniques are the new and fast methods that have high
accuracy and sensitivity. However, these methods also have
limitations and shortcomings. Therefore, it is recommended
that a combination of both methods be used to accurately
determine mentioned bacteria in ice cream and other dairy
products.

Determination of Probiotic Cells in Probiotic Ice
Cream

The ice creammatrix could be a worthy vehicle for probiotics,
because of its structure, which contains milk proteins, fat and
lactose, in addition to other components. Even though ice
cream appears to be a good vehicle for probiotic cultures by
reason of its composition and pH close to neutral (6.5), the
survivability of them may be disturbed by freezing procedure
(Homayouni et al. 2008a; Homayouni et al. 2012).

With the intention of evaluating the viability of probiotic
microorganisms, it is significant to have a working technique
for selective enumeration of probiotics. The viability of
probiotics is important with their healthiness advantages.
Survivability of probiotics may be expanded via a suitable
choice of acid and bile-resistant strains, use of oxygen imper-
vious packages, microencapsulation, stress adaptation, and
integration of micronutrients, for instance, amino acids and
peptides (Mirzaei et al. 2011; Moazen et al. 2013).

To offer healthiness advantages, the recommended concen-
tration for probiotic microorganisms is 107 cfu/g of ice cream.
Numerous media for selective enumeration of Bifidobacterium
spp. and Lactobacilli have formerly been suggested in ice
cream and other dairy products such as MRS-bile agar, MRS-

salicin agar, MRS-sorbitol agar, MRS-maltose agar, MRS-glu-
cose-vancomycin-agar, MRS-LP agar, MRS-IM agar, RCPB
agar, DP agar, BIM-25 agar, AMC agar, MBG agar, BL-OG
agar, TPPY-E agar, TOS-NNLP agar, and so on. Based on the
results of the majority of former studies, MRS agar with the
composition of selective and differential agents is completely
suitable for selective and differential enumeration of probiotics
in ice-cream and even other probiotic dairy products (Akalın et
al. 2018; Ansari et al. 2017; Davis 2014; Dodoo et al. 2017;
Ghasemnezhad et al. 2017; Ghorbani-Choboghlo et al. 2015;
Pourjafar et al. 2016; Shah 2000).

Conclusions

Various advanced methods may be used for ice cream analysis
depending on its target components including ice crystals, fat
globules, air bubbles, probiotic cells, sucrose, vanillin, and
hydrocolloids. This paper revealed that chemical, physical,
and structural analysis methods could be applied for the anal-
ysis of ice cream, and their procedures were discussed in this
paper.
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Fig. 6 Structure of ice cream
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