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A BST R ACT
The results of studies of physical changes of the structure of milk ice cream at fat content of 4.0 % — 6.0 % and 
frozen whipped fruit desserts at different degree of overrun with/without addition of whey and whey protein 
concentrate are given in the paper. It is shown that the storage temperature affects the dispersion of structural 
elements of frozen whipped fruit desserts. An average size of air bubbles of frozen whipped desserts stored at 
minus 18 °C is 1.2 –1.4 times larger than the size of the bubbles of the samples stored at minus 25 °С. The average 
size of ice crystals increased 1.4 times after 9 months of storage at minus 18 °C. The average size of air bubbles 
of ice cream at 4 % fat content increased 1.5 times after 6 months of storage, and the ice crystals size increased 
1.1 times. It is recommended to use the storage temperature below minus 25 °С to keep the quality of ice cream 
and frozen whipped desserts. Milk ice cream and frozen fruit desserts are recommended to be stored at minus 
18 °С during not more than 6 months.

1. Introduction
In summer period there is a significant demand in ice cream 

produce containing fruits. Fruits may be used in all kinds of 
ice cream, but the most popular are low-fat products: milk 
ice cream and frozen whipped fruit desserts. It is known that 
during ice cream and similar products storage the chemical 
changes occur (oxidative processes in the fatty phase) as well 
as physical ones (crystals, air bubbles, lactose enlargement) [1]. 
Taking into account the composition of summer produce (milk 
ice cream and frozen whipped desserts) the most likely changes 
are physical ones, i.e. the ice crystals and air bubbles dispersion 
decreases.

All low-fat kinds of ice cream and frozen fruit desserts are 
subjected to structural changes at temperature fluctuations dur-
ing storage, transportation and selling due to a higher water pro-
portion as compared with conventional kinds of ice cream (high-
fat ice cream and full-cream ice) [2]. These products change 
physically even at stably low storage temperatures, that is the 
dispersion of main structural elements (ice crystals and air bub-
bles) occurs [3,4]. This is due to the formation of initially larger 
ice crystals [5] and air bubbles [6] in comparison with high-fat 
ice cream and full-cream ice as well to the absence of a solid 
layer on the surface of the bubbles preventing their destruction. 
Introduction of dairy products such as dry whey, whey protein 
concentrate impacts positively on the ice cream structural indi-
ces [7,8,9] enhancing the ice cream hardness and its resistivity 
to thawing [10].

But the enterprises producing and selling ice cream and 
fruit desserts use the same storage conditions as well as im-
pose the equal requirements as regards their thermal and 
shape stability. Taking into account that during storage struc-
tural elements of ice cream and frozen desserts are subjected 
to the greatest changes [11,12], it is necessary to ground the 
conditions and duration of storage to keep an acceptable qual-
ity of ice cream and frozen fruit desserts at low content of dry 
substances. The goal of this study is investigation of disper-
sion of ice crystals and air bubbles of milk ice cream and frozen 
fruit desserts at minus 18  ºС and minus 25  ºС storage tem-
peratures.

2. Materials and methods
The objectives of the research were as follows:

 � milk ice cream at 4.0 % — 6.0 % fat content with the most 
frequently used stabilization system including emulsifier 
(mono and diglycerides), composition of stabilizers (guar 
gum, locust bean gum and carrageenan);

 � frozen whipped fruit desserts at 3.0 % fruit content;
 � frozen whipped fruit desserts at 3.0  % fruit content with 

KSB–80 whey protein concentrate;
 � frozen whipped fruit desserts at 3.0  % fruit content with 

0.2 % whey solids.
The investigations were carried out in the laboratories of the 

All-Russian Scientific Research Institute of Refrigeration Indus-
try — Branch of V.M. Gorbatov Federal Scientific Center for Food 
Systems of RAS.

The microscope CX41RF (Japan) with program control was used 
to obtain microphotographs of air phase and ice crystals. The sizes 
of air bubbles and ice crystals were defined, their average sizes were 
calculated. To improve the precision and validity of measurements 
up to 10 photographs were taken and treated for each sample. The 
results were processed using the ImageScope program.

Ice cream and frozen whipped fruit desserts were investi-
gated during storage at minus 18°С and minus 25°С. The storage 
duration was from 1 to 12 months.

3. Results and Discussion
The dispersion of ice crystals and air bubbles of milk ice cream 

at 4.0 % — 6.0 % fat content and frozen fruit desserts at 3.0 % fruit 
content stored at minus 18 ºС and minus 25 ºС during up to 12 
months was investigated. The studies resulted in conclusion that 
desserts were appreciably inferior to ice cream on the milk basis as 
regards the ice crystals and air phase dispersion (Table 1).

The data of Table 1 show that the storage temperature and an 
additional introduction of milk proteins (in this case whey pro-
teins) impact on the dispersion of frozen whipped fruit desserts. 
In particular, at the stage of hardening and one month storage at 
minus 18 °С the mean diameter of air bubbles of frozen whipped 
desserts was larger 1.2–1.4 times in comparison with the frozen 
whipped desserts stored at minus 25 °С.
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Introduction of whey proteins into the formulation leads 
to reduction of the air bubble mean diameter 1.3–1.7 times at 
the initial storage stage (up to one month) and 2.1–2.3 times 
after 9 months of storage. Also it should be noted that the air 
bubble mean diameters of the samples with whey proteins after 
9 months of storage at minus 25 °С and of the samples of frozen 
whipped fruit desserts (sample 1) after 6 months of storage at 
minus 25 °С practically didn’t differ.

It was determined that the air phase dispersion as regards 
the index «the air bubble mean diameter» decreased even at mi-
nus 35 ºС, a sufficiently low storage temperature, 1.3; 1.4; 1.9 
times after 2, 6 and 10 months of storage correspondingly that 
is may be explained by the absence of protective layer on the air 
bubbles (Figure 1).

During storage the ice crystal enlargement takes place in all 
samples of frozen whipped fruit desserts (Figure 2). The great-
est mean linear size of ice crystals increased 1.2 and 1.4 times 
after 2 and 9 months of storage at minus 25 ºС correspondingly 
(Figure 3).

It is defined that to a considerable degree the product air 
saturation (overrun) impacts on the ice crystals dispersion. In 
particular, the increase of the size of ice crystals even in fruit 
dessert samples with addition of whey proteins at extreme over-
run more than 120 % after 9 months of storage at minus 18 °С 
was more than 4 times, while in the dessert without whey at 50 % 
overrun was more than 1.5 times. To no small degree it is due to 
the fact that at high overrun (for desserts more than 90 %) a fri-
able structure is being formed.

In addition, based upon the composition of frozen whipped 
fruit desserts it is obvious that in their structure less crystalliza-
tion centers will be formed when hardening in the freezer due 
to the absence of fatty particles intensifying nucleation [13] as 
compared with milk ice cream. In such a case lager crystals will 
be formed in frozen whipped fruit desserts at further freezing in 

comparison with milk ice cream. It leads to sense perception of 
ice crystals, and therefore the product quality decreases on the 
whole.

Hence, to avoid such defects it is necessary to observe care-
fully the overrun of the product and to not exceed the regulated 
values (90 %).

The temperature of storage of ice cream and desserts im-
pacts significantly on the dispersion of structural elements. The 
difference of dispersion of ice crystals after 9 months of storage 
was noted (Figure 2). The ice crystals of the sample stored at 
minus 18 °С were large, the mean size was 85–116 μm, the ice 
crystals of the sample stored at minus 35 °С were visibly smaller; 
the average size was 66–68 μm.

To improve the objectivity of the research the dispersion of 
structural elements of frozen whipped fruit desserts was com-
pared with those of milk ice cream at fat content of 4.0 % –6.0 % 
with the same (30.0 %) content of total solids.

According to the data cited in Table 1 small air bubbles are 
formed in the samples of milk ice cream at the initial stage that 
are smaller 1.1–4.5 times as compared with frozen whipped fruit 
desserts. The enlargement of air bubbles and ice crystals in milk 
ice cream as well as in frozen whipped fruit desserts occurs. 
Particularly, the mean diameter of an air bubble of the milk ice 
cream at 4.0 % fat content increased 1.3 times after 3 months 
of storage and 1.5 times after 6 months of storage (Figure 4). 
But the size of ice crystals (Figure 5) increased 1.1 times after 6 
months of storage.

The mean diameter of an air bubble of the milk ice cream 
sample at 6.0 % fat content increased 1.1, 1.3, 1.4 times after 4, 
9, 12 months of storage correspondingly.

At the same time the mean diameter of air bubbles of milk ice 
cream even after 12 months of storage was the same as the size 
of air bubbles of frozen whipped fruit desserts after making. The 
same regularity was noted relative to the ice crystals.

Table 1
Dispersion of structural elements of frozen whipped fruit desserts and milk ice cream at storage

N Desserts/ice cream composition Storage temperature, °С Shelf life, month
Mean diameter, μm

Air bubbles Ice crystals

1 Sucrose 28.0 %, fruits 3.0%,  
stabilizer 0.2 %,

minus 18  1
6
8
9

94
114
134
207

69
72
84

100

minus 25  1
2
6

69
85
98

53
59
67

2 Whey solids 0.2 %; sucrose 28.0 %,  
fruits 3.0%, stabilizer 0.2 %,

minus 18  2
5
9

64
80
91

84
101
174

minus 25  1
4
9

55
88

100

56
65
79

3 Whey protein concentrate solids 0.2 %, 
sucrose 28.0 %, fruits 3.0 %,  
stabilizer 0.2 %,

minus 18 1
6
9

56
81
98

56
58

229

minus 25 1
2
9

49
73

114

52
69
71

4 Fat content 4.0 %, sucrose 15.5 % minus 18 

1
3
6
9

21
27
31
35

32
34
36
37

5 Fat content 6.0 %, sucrose 14.5 % minus 18

1
4
9

12

46
49
59
64

54
60
69
76
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Figure 1. Mean diameter of air bubbles of frozen fruit desserts with whey at minus 35 ºС storage
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Figure 2. Microphotographs of ice

crystals in samples of frozen whipped fruit

desserts: 1 – dessert after 1 month of

storage at minus 18 °С; 2 – dessert after 9

months of storage at minus 35 °С; 3 –

dessert after 9 months of storage at minus 

18 °С.

Figure 3. Average size of ice crystals of frozen fruit desserts with whey at minus

25 ºС storage
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frozen whipped fruit desserts: 1 — dessert after 1 month 
of storage at minus 18 °С; 2 — dessert after 9 months of 

storage at minus 35 °С; 3 — dessert after 9 months of 
storage at minus 18 °С
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Figure 4. Microphotograph of dispersion of air bubbles of milk ice cream at

4.0 %

fat content: 1 – after 1 month of storage; 2 – after 6 months of storage

Figure 5. Microphotograph of dispersion of ice crystals of milk ice cream at 4.0% 

fat content: 1 – after 1 month of storage, 2 – after 8 months of storage
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months of storage was the same as the size of air bubbles of frozen whipped fruit desserts 

after making. The same regularity was noted relative to the ice crystals.
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4. Conclusions
When studying the dispersion of ice crystals and air bubbles

of milk ice cream and frozen whipped fruit desserts — the prod-
ucts of summer season during storage, it was defined that the 
decrease of dispersion of structural elements inevitably occurred 
owing to the fat absence or low-fat and dry substances content 
in such products. To a considerable degree the dispersion of 
structural elements decreased after 6 months of storage at mi-

nus18 °С. Consideration must be given to this fact when fixing 
shelf life of these products. Moreover, the initial state of struc-
tural elements impacts considerably on their dispersion.

A remarkable conclusion obtained is that it is possible to 
keep the dispersion of structural elements of milk ice cream and 
desserts by lowering the storage temperature and introducing 
whey proteins in the formulation of fruit desserts as well by lim-
iting the overrun to no more than 90 %.

REFERENCES
1. Edited by R. Steele (2008).Understanding and measuring the shelf-life of 

food. CRC Press Boca Raton Boston New York Washington. ISBN 0–8493–
2556–0

2. El-Nagar, G., Clowes, G., Tudorica, C. M., Kuri, V., Brennan, C. S. (2002). 
Rheological quality and stability of yog-ice cream with added inulin. 
International Journal of Dairy Technology, 55(2), 89–93. DOI:10.1046/
j.1471–0307.2002.00042.x 

3. Tvorogova, A.A., Shobanova, T.V., Landihovskaya, A.V., Zakirova, R.R. 
(2018). Milk ice cream composition and structure improvement. Food Pro-
cessing: Techniques and Technology, 48(2), 109–116. DOI: 10.21603/2074–
9414–2018–2–109–116 (in Russian)

4. Tvorogova, A.A., Sitnikova, P.B. (2015). Physical and chemical changes in 
frozen aerated desserts during storage (results of generalized studies). 
Kholodilnaya Tekhnika, 9, 60–68. (in Russian)

5. Aime D.B., Arntfield S.D., Malcolmson L.J., Ryland D. (2001) Textural 
analysis of fat reduced vanilla ice cream products. Food research Interna-
tional, 34(2–3), 237–246. DOI: 10.1016/s0963–9969(00)00160–5

6. Goff, H. D. (2018). The structure and Properties of Ice Cream and Fro-
zen Desserts. Book Chapter in Referance Module in Food Science, 1–8. DOI: 
10.1016/b978–0–08–100596–5.00833–7

7. Haque, Z. U., Ji, T. (2003). Cheddar whey processing and source: II. Effect 
on non-fat ice cream and yoghurt. International Journal of Food Science 
and Technology, 38(4), 463–473. DOI: 10.1046/j.1365–2621.2003.00705.x

8. Lim, S.-Y., Swanson, B. G., Ross, C. F., Clark, S. (2008). High Hydrostatic 

Pressure Modification of Whey Protein Concentrate for Improved Body 
and Texture of Lowfat Ice Cream. Journal of Dairy Science, 91(4), 1308–
1316. DOI: 10.3168/jds.2007–0391

9. Young, S. (2007) Whey products in ice cream and frozen dairy desserts 
[online]. U.S. Dairy Export Council, Application Monograph p. 1–12. Ice 
cream [ Electronic resource: www.thinkusadairy.org/assets/documents/
Customer%20Site/C3-Using%20Dairy/C3.7-Resources%20and%20
Insights/03-Application%20and%20Technical%20Materials/ICECREAM_
ENG.pdf Access date 20.05.2019]

10. Akalın, A. S., Karagözlü, C., Ünal, G. (2007). Rheological properties of 
reduced-fat and low-fat ice cream containing whey protein isolate and 
inulin. European Food Research and Technology, 227(3), 889–895. DOI: 
10.1007/s00217–007–0800-z

11. Muse, M. R., Hartel, R. W. (2004). Ice Cream Structural Elements that 
Affect Melting Rate and Hardness. Journal of Dairy Science, 87(1), 1–10. 
DOI: 10.3168/jds.s0022–0302(04)73135–5

12. Goff, H. D. (2002). Formation and stabilisation of structure in ice-cream 
and related products. Current Opinion in Colloid & Interface Science, 
 7(5–6), 432–437. DOI: 10.1016/s1359–0294(02)00076–6

13. Shobanova, T.V., Tvorogova, A.A. (2018). Influence of fat phase ontechno-
logically important indicators of ice cream plombir without emulsifiers. 
Food systems, 1(2), 4–11. DOI:  10.21323/2618–9771–2018–1–2–4–11 
(in Russian)

AUTНOR INFORMATION
Polina B. Sitnikova- candidate of technical sciences, researcher, Laboratory of Ice Cream Technology, All-Russian Scientific Research Institute of Refrigeration 
Industry — Branch of V.M. Gorbatov Federal Research Center for Food Systems of the Russian Academy of Sciences 127422, Moscow, str. Kostyakova, 12 Теl.: 
+7–495–610–83–85, E-mail: sitnikova.p.b@gmail.com

Antonina A. Tvorogova — doctor of technical sciences, docent, Deputy Director, All-Russian Scientific Research Institute of Refrigeration Industry- Branch 
of V.M. Gorbatov Federal Research Center for Food Systems of the Russian Academy of Sciences 127422, Moscow, str. Kostyakova, 12 Tel.: +7–499–976–09–63, 
E-mail: antvogova@yandex.ru
*corresponding author

Authors are equally relevant to the writing of the manuscript, and equally responsible for plagiarism

The authors declare no conflict of interest

Received 07.06.2019 Accepted in revised 21.06.2019 Accepted for publication 30.06.2019


