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Abstract: Nowadays manufacturing of new-generation food, 

including functional products, is especially important. Drinks 
based on fruits and berries are considered at present as optimum 
form of food required for organism replenishment with 
biologically active components and vitamins aiming at organism 
recovery. The retention of valuable components of fruits and 
berries is of great concern during such production. 
In order to produce functional juices, it is required to decrease 
oxygen amount upon their production in order to prevent 
destructive changes in drink, to improve its quality, to perform 
subsequent procedures and preservation.  
It is proposed to modify deaeration and to apply advanced 
equipment: deaerator with gas separation membrane which would 
allow to remove higher oxygen amount in comparison with the 
existing equipment while producing juices of predefined quality 
with high content of vitamins.  
The experiments were carried out with freshly squeezed black 
current juices using a vacuum unit, an Expert-009 analyzer of 
dissolved oxygen with optical sensor, a gas separation membrane.  
The juice quality was determined by its content of ascorbic acid 
(vitamin C) since it is destroyed under impact of oxygen. The 
content of ascorbic acid during storage was measured on juices 
produced by different deaeration procedures.  
The obtained experimental results proved efficiency of membrane 
application during juice production showing high content of 
vitamins. The content of ascorbic acid during storage was higher 
in the juice after deaeration using gas separation membrane in 
comparison with the juice without treatment and with the juice 
after vacuum deaeration.  
Therefore, the most efficient method to achieve the best removal of 
oxygen from juice is preheating of juice to 65°C with subsequent 
application of deaerator with gas separation membrane, 
subsequent packing and cooling of final product. 
 

Keywords: gas separation membrane, berry juice, deaeration, 
vacuuming, ascorbic acid.  

I. INTRODUCTION 

Taking into account the Decrees of Russian government 
No. 1364-р titled On approval of Strategy of food quality 

improvement up to 2030, dated June 29, 2016, and No. 738-р 

 
 
Revised Manuscript Received on October 30, 2019. 

* Correspondence Author 
Anatoli Zavrazhnov*, Federal State Budget Educational Institution of 

Higher Education "Michurinsky State Agrarian University", Michurinsk, 
Russian Federation. 

Ekaterina Kuznetsova, Federal State Budget Educational Institution of 
Higher Education "Michurinsky State Agrarian University", Michurinsk, 
Russian Federation. 

 
© The Authors. Published by Blue Eyes Intelligence Engineering and 
Sciences Publication (BEIESP). This is an open access article under the CC 
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 
 

 
 

titled On approval of schedule of Strategy of food quality 
improvement up to 2030, dated April 19, 2017, as well as 
increase in food shortages, production of new-generation 
food, including functional products, is especially important 
[1], [2]. Drinks based on fruits and berries are considered at 
present as optimum form of food required for organism 
replenishment with biologically active components and 
vitamins aiming at organism recovery [3]. 
The retention of valuable components of fruits and berries is 
of great concern during such production. While developing 
procedures and facilities for production of functional juices, 
it is required to achieve maximum juice yield at maximum 
retention of valuable vitamins, antioxidants and nutrition 
components in fruits and berries [4]. 

II. METHODS 

A. General description 

Analysis of existing production technologies of fruit and 
berry juices demonstrated that they were enriched with 
oxygen at various process stages [5], [6]. In order to produce 
functional juices, it is required to monitor oxygen during 
production and to decrease it. Removal of dissolved oxygen 
(deaeration) is a necessary and major condition to prevent 
destructive modifications in juice, to improve its quality, to 
carry out subsequent procedures and storage. Hence, 
development of production of functional juices with long 
term retention of valuable components and improvement of 
their quality are important issues. 

B. Block diagram 

Analysis of deaeration methods during production of fruit 
and berry juices has revealed certain disadvantages, it is 
proposed to modify deaeration and to apply advanced 
equipment: membrane deaerator [7], which removes higher 
oxygen amount in comparison with the existing facilities for 
production of high quality juices with high content of 
vitamins. 
The membrane technology is based on application of gas 
separation membranes at deaeration stage of production of 
berry juice (Fig. 1). 
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Fig. 1. Production flowchart of functional juice 

 
Figure 2 illustrates schematic view of membrane deaerator. 
 

 
Fig. 2. Schematic view of membrane deaerator: 1 - tank 

with juice, 2 - pump, 3 - electromagnetic valve, 4 - 
pressure meter, 5 - membrane unit. 

 
Juice from the tank 1 is supplied under pressure to the 
membrane unit 5 with gas separation membranes where gas is 
separated from liquid under vacuum. The feature of 
membranes upon deaeration of juices is that the juice with air 
is retained at one side of the membrane, only oxygen from air 
dissolved in the juice passes through the membrane. Then, 
the deaerated juice is supplied to filling [8]. 
A membrane unit for deaeration of liquid products is 
illustrated in Fig. 3. Juice is supplied to the membrane unit 
where it is deaerated under vacuum. Juice agitation inside the 
membrane unit makes it possible to remove gas, oxygen first 
of all, from all juice and to obtain high quality product with 
minimum content of dissolved oxygen.  
Application of membrane deaerator and additional juice 
agitation would allow to remove higher amounts of dissolved 
oxygen from the end product in comparison with 
conventional vacuuming which is commercially applied at 
present, thus improving the quality of produced juice by 
retention of higher content of vitamins providing its 
functionality. 

 
Fig. 3. Membrane unit for deaeration of liquid 

products:  
1 – rotating element, 2 – membrane, → juice, •→ oxygen, 

°→ deaerated juice. 
 

This work is aimed at long term retention of valuable 
components in functional berry juice by removal of dissolved 
oxygen using membrane deaerator. 

C. Algorithm 

An Expert-009 analyzer of dissolved oxygen with optical 
sensor was selected among numerous methods and 
instruments for oxygen detection, it is capable to detect 
temperature, oxygen content and its variations during storage 
under laboratory conditions [9]. 
The experiments were carried out with the vacuum facility 
comprised of a vacuum chamber with rigid shell and vacuum 
pump to remove air and other gases from the vacuum 
chamber (Fig. 4) [10]. Juice in 1L glass container was placed 
into the vacuum chamber. Pressure was adjusted to –0.092 
MPa. Vacuuming time varied from 5 to 110 min. 

 
Fig. 4. Experimental rig:  1 - vacuum chamber, 2 - 

vacuum pump, 3 - Expert-009 analyzer of dissolved 
oxygen, 4 - juice pack. 

 
Vacuuming was carried out by two methods: without and 
with gas separation membrane (modern hollow fiber 
membrane applied for gas separation and comprised of 
porous polymer fiber, its external surface is coated with gas 
separation layer with the thickness of not higher than 0.1 µm, 
thus providing high specific gas permeability across polymer 
membrane) [11]. Our studies were carried out with gas 
separation composite membrane, MDK type, with the flow 
rate of 260 l*m2/h: porous polymer film on substrate of 
nonwoven materials (polypropylene, Lavsan) with thin 
separating layer [12] fixed on the container with juice so that 
during vacuuming liquid was located at one side of the 
membrane, vacuum – on the reverse side. 
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The content of ascorbic acid in juice was qualitatively 
detected by iodometric titration. This chemical method is 
based on reducing properties of ascorbic acid. Ascorbic acid 
is oxidized by iodine, after its complete oxidation by one 
droplet of  potassium iodate in the presence of starch it is 
discolored to purple. Peculiar feature of ascorbic acid is 
capability of rapid oxidation and reduction [13]. 

The content of ascorbic acid depending on production 
process was varied for the following products:  

1. freshly squeezed black current juice without treatment; 
2. freshly squeezed black current juice after deaeration by 

vacuuming; 
3. freshly squeezed black current juice after deaeration 

using gas separation membrane.  

III. RESULT AND DISCUSSION 

The results of vacuuming without gas separation membrane 
are summarized in Table I. The test duration was 25 min. 
Initial oxygen content was measured in 5 min. Before 
vacuuming, it was 7.03 mg/l. Then, during 10 min the juice 
was vacuumed and then the oxygen content was measured 
again. It decreased by 0.97 mg/l. Therefore, vacuuming 
decreased oxygen content in freshly squeezed juice.  

The experimental results with gas separation membrane 
are summarized in Table II. 

 
Table-I: Weight content of dissolved oxygen (mg/l) in 

freshly squeezed black current juice upon vacuum 
deaeration in 10 min at –0.094 MPa. 

Time since test start  t  O2 
5 min  18.8°C 7.03 mg/l 
25 min  17.5°C 6.06 mg/l 

 
Table-II: Weight content of dissolved oxygen (mg/l) in 
freshly squeezed black current juice using membrane 

deaeration in 10 min at –0.094 MPa 
Time since test start  t  O2  
5 min  18.8°C 7.28 mg/l 
25 min  17.5°C 5.92 mg/l 
 
The test duration was also 25 min. Before deaeration, the 
initial oxygen content was 7.58 mg/l, after vacuuming with 
gas separation membrane in 10 min, it decreased by 1.36 
mg/l. Vacuuming with gas separation membrane decreased 
oxygen content by 0.39 mg/l more compared to that without 
the membrane. As already proved, oxygen removal from 
juice with application of membrane deaeration was more 
efficient. Oxygen in juice exerts the highest negative 
influence on the content of ascorbic acid (vitamin C) since it 
is destructed under the impact of oxygen [14]. Therefore, this 
criterion was used for determination of juice quality. 

Table III summarizes the content of ascorbic acid in juices. 
Measurements were carried out in 1 hour, 3 days, 4 days, and 
7 days after juice production.  

In freshly squeezed black current juice without treatment, 
the initial content of ascorbic acid was 124.04 mg. After 
7-day storage, it decreased by 36.04 mg.  
After deaeration by vacuuming, the initial content of ascorbic 
acid in freshly squeezed black current juice was 150.38 mg. 
After 7-day storage, the content of ascorbic acid decreased by 

35.98 mg. 
 

Table-III: Content of ascorbic acid in juices (mg) 

Time 
period 

Freshly 
squeezed 

black current 
juice without 

treatment 

Freshly squeezed 
black current 

juice after 
deaeration by 
vacuuming 

Freshly squeezed 
black current 

juice after 
deaeration using 
gas separation 

membrane 
1 hour  124.04 150.38 157.2 
3 days  96.8 114.4 123.2 
4 days  92.4 114.4 123.2 
7 days  88.0 114.4 123.2 

 
In freshly squeezed black current juice after deaeration 

with gas separation membrane, the content of ascorbic acid 
was the highest in comparison with the juice without 
treatment and the juice after vacuum deaeration, equaling to 
157.2 mg. The content of ascorbic acid in the juice after 7-day 
storage decreased by 34 mg (Fig. 5).  
It should be mentioned that the recommended daily norm of 
vitamin C is 90 mg for men and 75 mg for women, from 65 to 
75 mg for teenagers and about 35-50 mg for children [15]. 
Content of ascorbic acid in juice produced with membrane 
deaeration is by several times higher than the daily demand 
for this vitamin, hence, this drink can be considered as 
functional due to higher natural content of functional food 
ingredient. 
In order to compare content of ascorbic acid in freshly 
squeezed juices, its amount was measured in fruit and berry 
nectar of well-known brand with the juice content of 40%. 
The content of ascorbic acid was 1.76 mg, which was by 50 
times less than that in freshly squeezed juice without 
treatment and storage in seven days. This fact proves loss of 
valuable components and vitamin C in the course of existing 
procedure of juice production. 
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Fig. 5. Content of ascorbic acid (mg) in juices during storage. 

 
Despite some loss of ascorbic acid during storage, this index 
was higher in the juice after deaeration using gas separation 
membrane than that in the juice without treatment and in the 
juice after vacuum deaeration. Decrease in content of 
ascorbic acid in the juice after membrane deaeration was 
21.6%, by 7.4% higher than in the juice without treatment 
and by 2.3% higher than in the juices after vacuum 
deaeration. Significant retention of vitamin C in freshly 
squeezed black current juice after membrane deaeration in 
comparison with the juice without treatment can be attributed 
to oxygen removal and elimination of its impact on 
destruction of ascorbic acid. The obtained results prove the 
efficiency of membrane during juice production and retention 
of higher vitamin content. 

Therefore, application of membranes during deaeration 
can be considered as efficient. 

IV. CONCLUSION 

Deaeration, removal of dissolved oxygen accumulated at 
various stages of juice production, is very important for 
production of foods with high content of vitamins. Oxygen 
can be removed from liquid by application of high vacuum. 
During vacuuming, oxygen content upon juice cooling 
decreases. This effect is the most significant after vacuuming 
using gas separation membrane.  

Efficient deaeration with the highest removal of oxygen 
from juice is comprised of juice preheating to 65°C for 
retention of valuable components, subsequent deaeration and 
packing in hot state without air layer in bottleneck and 
cooling of final product. 
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