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Nanobubbles are bubbles of nanometer to micrometer size and are dispersed in a liquid water. 
In recent years, nanobubbles technology has been used in an extensive range of application 
such as in drinking water, agriculture, fishery, wastewater treatment and food. In ice cream, 
air cells are important for the smooth texture of ice cream. In this study, the effects of using 
nanobubble liquid in ice cream was compared with the one using normal water. Samples were 
prepared and analysis was conducted to check the physical properties of ice cream. Based on 
the results obtained, the apparent viscosity of ice cream made using nanobubble liquid (INBL) 
and normal water (INW) were 0.211 Pa.s and 0.149 Pa.s, respectively. INBL ice cream had higher 
density and firmness which were 0.77 g/mL and 34.80 gram-force, respectively while INM ice 
cream had slightly lower density and firmness which were 0.74 g/mL and 29.93 gram-force, 
respectively. The overrun of INBL ice cream was lower which was 46 % while INW ice cream 
was 54 %. For both INW and INBL ice creams, the fastest melting rate was recorded between 10-
30 min at the rate of 1.491 g/min and 1.558 g/min, respectively. INBL ice cream held its body 
slightly longer and melted a bit later than INW ice cream.  As a conclusion, ice cream with lower 
overrun is denser and has rich texture. Smaller air bubbles are able to hold the ice cream body 
better than the ones with larger air bubbles. Nanobubble liquid ice cream has higher firmness 
value which indicates its ability to better retain its shape. 
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1. Introduction 
 

Ice cream is one of the most popular desserts in the world 
and the global ice cream market is forecasted to grow at a 
compound annual growth rate (CAGR) of 4.9 % from 2020 until 
2025 (Mordor Intelligence, 2020). Today, ice cream is found in 
almost any restaurant, shop and stall; and is recognized globally 
as the perfect dessert with vanilla and chocolate ice cream 
remain the leading flavors with nearly 36 % of the total market 
share (Konstantas et al., 2019). Generally, ice cream is a complex 
food that is sometimes called frozen aerated emulsion (oil in 
water) and consists of partially coalesced fat globules, air 
bubbles, ice crystals and unfrozen serum together with 
polysaccharides contents, mineral salts, proteins and water as 
the main ingredients.  

Ice cream ingredients are the main factors that affect the 
development of the desired structure, texture, dryness, shape 
retention after freezing process, melting and smoothness after 
hardening, and palatability of the final ice cream (Akbari et al., 
2019). Not only the ingredients, the processing steps involved in 
ice cream production i.e. critical pasteurization, 
homogenization, ageing, freezing and hardening processed have 
important factors in determining the quality of ice cream 
produced.  

Milk fat is usually the determinant factor in ice cream 
texture. The reduction of fat may lead to textural defects such as 
iciness and coarseness; and significantly affects the resultant ice 
cream flavor i.e. ice cream becomes less creamy and has reduced 
richness (Mahdian & Karazhian, 2013).  There were various 
studies conducted on the effects of ice cream ingredients i.e. type 
of fat replacers on the physicochemical and sensory properties 
of ice cream. However, very few studies focused on the effects of 
aeration on the quality of ice cream.  

Nowadays, the advancement of nanotechnology has led to 
the development of nanobubbles which are extremely small gas 
bubbles that provide superior aeration and have drawn a huge 
attention from various fields especially food industry (Soutter, 
2013). The unique properties of nanobubbles with ultrafine 
sizes (less than 100 nm diameter) possess high specific surface 
area per volume ratio and high internal pressure that facilitate 
the mass transfer efficiency in the interphase between air and 
liquid. Nanobubble liquid is a potential driver in food processing 
as the gaseous bubbles played a significant role in stability, 
microstructure and functionality of many food products such as 
beverages (wine and beer), baked products (bread and pastry), 
dairy products (ice cream and cheese), chocolate and 
confectionery products (Phan et al., 2020).  

The utilization of nanobubble liquid for the improvement of 
ice cream properties is a new and interesting field of research. 
Amamcharla et al. (2017) stated that the interaction of 
nanobubble liquid with dairy products containing charged 
particles like milk proteins is believed to assist the reduction of 
liquid viscosity and prevent the aggregation of proteins. In 
addition, incorporation of nanobubble liquid improves texture, 
flavor and sensory characteristics of food as it is known that 
particle with size of less than 10 μm cannot be individually 
perceived; and the contained energy per unit volume of food will 
be reduced by the dispersion of air bubbles. Therefore, the 
addition of nanobubble can help to obtain a healthier product 
with less consumed calories (Phan et al., 2020). In ice cream 
manufacturing, freezing and crystallization are among the 
important processes that ensure the quality of final ice cream. 
Infusing nanobubble air creates high pressure which promotes 
ice nucleation, accelerates heat and mass transfer, and reducing 
the ice crystal shape resulting in shorter freezing time and 
simultaneously increase the freezing rate (Akdeniz & Alkalin, 
2019). 
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Considering the limited available studies on the application 
of nanobubble liquid especially in ice cream making process, 
therefore, this study aimed to determine the effects of 
nanobubble liquid on the physical properties of liquid mix 
(density and viscosity) and ice cream (overrun, firmness and 
melting rate). The preliminary data obtained from this study 
provides the understanding on how the size of air bubbles 
affects the physical quality of ice cream. 
 
2. Materials and Methods 
 
2.1 Ice cream ingredients 
 

The ice cream formulation was prepared and adjusted 
based on the formulation reported by Rahman et al. (2019) i.e. 
60.9 % w/w of water, 14.5 % w/w of skimmed milk, 16.3 % w/w 
of sugar, 3.6 % w/w of whey powder, 3.6 % w/w of creamer, 0.4 
% w/w of emulsifier, 0.3 w/w of stabilizer, 0.4 w/w of vanilla 
flavoring. The samples were divided into two groups: recipe 
containing normal water (INW) and recipe with nanobubble 
liquid (INBL) for comparisons. The particle size of the nanobubble 
liquid (Mishima Kosan Co. Ltd, Japan) is in the range of <200 nm. 
All the ingredients were weighed and blended together into 
liquid mix (500 g) by using a commercial mixer (Model 5K5SS, 
KitchenAid, St Michigan, USA) for five minutes until apparently 
homogenous mixture were obtained. 

 
2.2 Ice cream preparation 
 

The ice cream mix sample was batch pasteurized at 80 °C 
for 15 seconds and later homogenized using a laboratory scale 
homogenizer (Success Technic Industries, Model WT500, 
Malaysia). During ageing process, the ice cream mixture was left 
chilled at 4 C for 12 hours to allow the fat to cool down and 
crystallize, and for the proteins and polysaccharides to fully 
hydrate. Ice cream were then produced using a batch ice cream 
freezer (Breville, Model BC1600, Australia). The ice cream was 
filled into an air-tight container and hardened in deep-freezer at 
-20 °C for 24 hours. 
 
2.3 Physical quality analysis of ice cream 

 
The density and apparent viscosity of liquid ice cream mix 

were measured. The density was determined by dividing the 
measured mass of liquid mix over its volume. The apparent 
viscosity measurement was performed using a dynamic 
rheometer (AR-G2, TA Instrument, Newcastle, USA) using cone 
plate configuration of 1 ° and 60-mm diameter.  The sample was 

loaded on rheometer base plate and allowed to rest for 10 
minutes to prevent the influence of structural modification 
during sample handling and loading. The shear rate for this 
sample was set from 0 - 300 sˉ¹. 

Ice cream was stored at -20 C for at least 24 hours prior to 
the physicochemical properties analysis. Ice cream overrun was 
determined according to the method described by Marshall et al. 
(2003) by using the formula shown in Equation 1:  

 

Overrun (%) =
𝑀1 − 𝑀2

𝑀2
𝑥 100 

(1) 

 
where, M1 – mass of the ice cream mixture (g), and M2 – mass of 
the ice cream (g).  

Texture analyser (TA.XT Plus, Stable Micro System, 
England) was used for determining the firmness of the samples. 
The thickness of hard ice cream block was 5 cm and it was tested 
at 25 °C. For each sample, three measurements were carried out 
using a 45º perspex cone probe. The penetration depth at the 
geometrical centre of the samples was 50 mm and the 
penetration speed was set at 2.0 mm.s-1.  

The melting rate analysis was conducted by taking a sample 
of 37 ± 1 g ice cream that was hardened in the deep-freezer. The 
ice cream is then positioned on a 1mm wire screen mesh, 
together with a beaker placed on an electronic balance (Figure 
1). The ice cream was allowed to melt under controlled room 
temperature (25 oC). The time required for the dripping of the 
first drop of melted ice cream was recorded using a stopwatch. 
The mass of the material passed through the screen was 
recorded at 5 min time intervals for 45 minutes duration until 
the structure of the ice cream collapsed as can be seen in Figure 
1. The melting rate was determined as the slope of the graphs of 
the dripped portion as a function of time, and expressed in 
g/min. A uniform distribution of small ice crystals and air cells 
results in gradual melting, a phenomenon that can be attributed 
to a reduced rate of heat transfer, since the trapped air functions 
as thermal resistance layers (Muse & Hartel, 2004).  
 
3. Results and Discussion 
 
3.1 Density and apparent viscosity of liquid ice cream mix 
 

The density and apparent viscosity of the liquid ice cream 
mix are presented in Figure 2. The density of the INBL ice cream 
mix was 0.77 g/mL which is slightly higher than INW ice cream 
mix (0.74 g/mL). 

 

 

 
 

Figure 1. Experimental setup for melting rate analysis of hard ice cream 
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Figure 2. Density and apparent viscosity of ice cream made 
using normal water (INW) and nanobubble liquid (INBL) 
 

The apparent viscosity of ice cream made with nanobubble 
liquid, INBL (0.15 Pa.s) was approximately 30 % lower than the 
one made using normal water, INW (0.21 Pa.s). The presence of 
nanobubble liquid is believed to be the cause of decrease in the 
bulk viscosity of liquid mix. The reduction of the viscosity is due 
to the reaction that occurred when nanobubble water is in 
contact with the charged surface on the particles of milk protein 
and fat. In addition, the ultrafine nanobubbles plays a significant 
role as a buffer between milk protein particles which lead to 
their separation as well as preventing the aggregation of the 
proteins and fats (Amamcharla et al., 2017; Phan et al., 2020).  

 
3.2 Overrun and firmness of ice cream 
 

INW ice cream has higher overrun (54 %) than INBL ice cream 
(46 %) as shown in Figure 3. Generally, the function of milk 
proteins in ice cream is to promote the formation of foam due to 
their amphiphilic characteristics thus, increase the volume and 
expansion of the ice cream (Durmaz et al., 2020). In this study, 
lower overrun of INBL ice cream is attributed to the ultrafine size 
and slightly higher density of nanobubble liquid provide 
stability of the bubbles. 

The amount of air incorporated into the ice cream mixture 
during the process was closely related to the firmness of the ice 
cream produced. An inverse relationship of the overrun and 

firmness was observed. Lower overrun led to denser ice cream 
with low flowability behavior observed, which indicates higher 
firmness of INBL ice cream. Firmness is compared at the same 
distance of penetration. In this study, ice cream is penetrated by 
a probe to a distance of ~50mm. The higher firmness (34.8 
gram-force) of INBL which was 16.4 % higher than INW ice cream 
indicated the ability of INBL ice cream to retain its shape and 
texture better. Apart from overrun, firmness of ice cream is also 
affected by ice crystal size, ice phase volume, and the extent of 
fat destabilization. Ice cream with larger ice crystals is firmer 
compared to the one with small ice crystals (Goral et al., 2018).  

 

 
Figure 3. Overrun and firmness of ice cream made using normal 
water (INW) and nanobubble liquid (INBL) 
 
3.3. Melting rate of ice cream 
 

Melting behavior of ice cream is an important factor in 
assessing the quality, selection of technology and freezing 
parameter of ice cream. In addition, this criterion affected the 
shelf-life stability of the sample; as well as consumer perception 
such as mouthfeel and flavor release during sensory study. 
Effect of normal water and nanobubble liquid on the melting 
dynamics over time is presented in Figure 4. Nanobubble liquid 
addition did not remarkably influences the melting behavior.  

 
Figure 4. Melting curve of the ice cream produced using normal water, INW () and nanobubble liquid, INBL (x) for 45 min test 
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The INBL ice cream melts slightly later than the INW ice cream. 

The smaller air bubbles size holds the body better and causing 
the INBL ice cream to melt a bit later than the ice cream produced 
using normal water. For both INW and INBL ice creams, the fastest 
melting rate was recorded between 10-30 min at the rate of 
1.491 g/min and 1.558 g/min, respectively. Lower viscosity of 
INBL liquid ice cream mix is the possible explanation of slightly 
faster melting rate of the INBL ice cream compared to the INW one. 
As melting process occurs, water (from melted ice) diffuses in 
the unfrozen fluid phase, flow downwards through the 
structural fat globules, milk proteins, ice crystal, air and 
polysaccharides sugar. Other ingredients incorporated in the ice 
cream act as resistance factor to fluid flow during the melting 
process (Lomolino et al., 2020).  
 
Conclusions 

 
The apparent viscosity and density of the INBL ice cream mix 

and the INW ice cream mix are almost similar. The overrun of the 
INBL sample (46 %) was slightly lower than the INW one (54 %). 
This is due to the size of the air bubbles in INBL which affects the 
expansion of ice cream. Ice cream with lower overrun is denser 
and has rich texture. Smaller air bubble size holds the ice cream 
body better and causing the INBL ice cream to melt a bit later than 
the ice cream produced using normal water, INW. INBL ice cream 
has higher firmness value which indicates its ability to better 
retain its shape and possesses good texture. Physically, INBL ice 
cream has comparable texture and look to the one produced 
using normal water, INW.  
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