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Abstract 

This study was conducted to evaluate the effect of Lycium barbarum 
extract, Chitosan nanoparticles (ChNPs) and Nanotitanium dioxide 

(TiO2 NPs) loaded on Gelatin films on the microbial content of labneh 
during different storage periods. The samples were divided into seven 
treatments which included (T1) non-coated labneh, (T2) labneh coated 
with gelatin membranes, (T3) labneh coated with gelatin membranes and 
Lycium barbarum extract, (T4) labneh coated with gelatin films and 
ChNPs, (T5) labneh coated with gelatin films treated TiO2NPs, (T6) 
Labneh coated with gelatin films, Lycium barbarum and ChNPs, (T7) 
Labneh coated with gelatin films, Lycium barbarum and TiO2 NPs. The 

total number of bacteria decreased after loading with the membranes for 
each specific period of time, and the treatment with T7 was the best, as 
the total number of bacteria decreased to 9.93 log/gm compared to the 
two controls (T1, T2), which amounted to (15.58, 13.47 log/gm) after 14 
days of storage, respectively. While the numbers of Lipolytic and 
Proteolytic bacteria, yeasts and molds did not show any growth at the 
time of one day, with the prolonged storage period, the gradual increase 

in the total count of bacteria occurred for all treatments, it reached the 
highest numbers at the time of 14 days. Treatment T7 was the best in 
reducing the numbers of both lipolytic and proteinolytic bacteria, as well 
as yeasts and molds.

  

1. Introduction 

Labneh is a fermented dairy product that is prepared from the concentration of curd by extracting it from a portion 
of the whey by filtering, it is a type of soft cheese that has a distinct flavor due to the presence of the diacetyl 
compound produced during the fermentation process. It is common in many countries of the world, especially in 
the countries of the Middle East, because of its importance at home meals [1]. Given the great importance of 
labneh due to its richness in essential elements for humans and its role in protecting the intestine from many 

digestive disorders, many researchers have been interested in studying this product from a microbial aspect. One 
of the methods used to extend the shelf life of perishable foods is the use of plant extracts and nanoparticles. [2,3]. 
Some studies confirmed that many of the active substances in medicinal plants were used against microbes to 
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ensure their effectiveness, and it was found that some plants have the ability to produce aromatic substances such 
as phenols, or their derivatives, and most of them are secondary derivatives. Among these plants the Goji berries 
(GB) plant [4]. Nanotechnology has been applied in the field of food, and the term Nanofood is widely used, which 

means any food produced or treated at any stage of its production related to its cultivation, processing or 
rehabilitation using various nanotechnology techniques [5]. And fall under this name those foods that contain 
additives made of nanomaterials such as nanoparticles of free metal elements of iron and zinc and materials for 
enzymes that work to operate these enzymes efficiently, as thin layers consisting of some metal oxides such as 
titanium dioxide TiO2, zinc oxide ZnO , copper oxide CuO and Chitosan ChNPs for preserving fresh food products 
such as: meat, fruits, dairy products, sweets, bread, and those layers with a diameter of less than 5 nanometers, 
extend the shelf life of preserved foods even after opening the package by preventing gases from seeping into the 
surface of the food and not being affected by moisture and radiation factors that lead to spoilage of  food and its 

pollution, these layers are antioxidant, safe, non-toxic and biocompatible with the human body [6]. 

2. Materials and Methods 

Goji Berries Extract (GBE): The extraction was carried out according to the method mentioned by Chan et al. 
[5], in preparing the alcoholic extract of GB, as (20) g of GB powder was taken with (200) ml of ethyl alcohol at 

a concentration of (100%) in a conical flask, then transferred to A vibrating water bath at a speed of 250 cycle/ 
minute at a temperature of 60 °C for 240 minutes. After that, the extract was filtered using filter paper (Whatman 
No: 1), then evaporation was carried out using a rotary evaporator to obtain the concentrated extract, then it was 
dried using the oven at a temperature of 50 °C for 24 hours. In the form of a dried powder, thus obtaining a solution 
of concentration (10) mg/ml. 

Nanoparticles: Chitosan nanoparticles equipped from the Chinese company (Trading) were used with the 
following specifications: purity: 96.27%, viscosity: 25 centipoises, percentage of ash: 0.73%, percentage of 
moisture: 9.45%, particle size: 26 nm and density: 0.32 g / cm2. white powder. While the titanium dioxide particles 
equipped by the American company (NANOSHEL), they had the following specifications, purity: 99.1%, the 
special surface area was greater than 30 m2/g, the particle size was less than 25-48 nanometers and the density was 
0.3 g/cm2, which had a laminate appearance in the form of an odorless white powder. 

Gelatin Film Preparation: Membrane solutions were prepared according to the De Carvalho and Grosso method, 
[6] with a weight of 10 g of gelatin powder, dissolved in 80 ml distilled water and all the ingredients were mixed 
by using a hot plate magnetic stirrer at 60 ° C for 15 minutes and then   30% glycerol was added.   the dry gelatin 
was weighed, the volume to 100 ml of distilled water was completed and the pH to 7 was adjusted, then   the 
extract and the nanoparticles (which were prepared as mentioned in the previous paragraph) were added inside the 
membrane solution to a vacuum pump for 10 minutes to get rid of air bubbles, and the solution was kept in the 
refrigerator in dark conditions to prevent the occurrence of operations Oxidative stress. 

Pouring and Drying the Film-Forming Solutions: The casting and drying process of the film solutions took 
place in plastic dishes with an inner diameter of 18 cm, and the volume   chosen was 30 ml after carrying out 
several initial experiments to obtain the appropriate thickness of the membrane, then   the solution was spread 
quietly by moving the plate left and right on a flat and stable surface  to ensure uniform distribution over the area 
of the plate, then the dishes were dried at room temperature 25-30 °C for 20-24 hours, after which the films were 

removed from the dishes and placed in polyethylene bags and kept in the refrigerator [7]. 

How to Make Labneh: Labneh was manufactured in the laboratory using full fat cow's milk, where it was 
thermally treated at 90 ° C for five minutes in a water bath and then cooled to a temperature of 45 ° C and inoculated 
with the prepared milk starter in the form of dry cells (Lactobacillus bulgaricus and Streptococcus thermophiles) 

At a rate of 3% and incubated at 42 °C for 3-4 hours, after complete coagulation, the curd was left to cool at room 
temperature for an hour, after which it was placed in the fridge at a temperature of 5 ° C for   24 hours, after that 
it was placed in a clean cloth bag adding 0.5% salt to it and placed   in the refrigerator at 5 °C for 22 hours. After 
that, the filter bag was emptied into a clean plastic container and stored at 6 °C in the refrigerator [8]. 
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Packaging of Labneh Samples: Labneh samples were cut in a rectangular shape and weighing 50 gm for the 
sample to ensure that the envelopes are completely contained in the samples and encapsulated with gelatin films, 
then stored in the fridge until the tests are carried out and according to the suggested time periods. 

The Microbial Tests for the Labneh: the total bacterial numbers and the number of yeasts and molds in the 
labneh samples were estimated using the spreading method, according to what Frank and Yousef mentioned [9], 
Harrigan and McCence [10] were followed to estimate the numbers of proteolytic and lipolytic bacteria. 

Statistical Analysis: The results of the experiments were analyzed using the Linear Model General within the 
ready-made statistical program SAS [14] to study the effect of factors on the complete random design of the CRD. 
Duncan test [15] was also performed to determine the significance of the differences between the averages of the 
factors affecting the traits studied at (0.05) level. 

3. Results and Discussion 

Total Number of Microbial Content: Table (1) shows the effect of treatment with gelatin or gelatinous 
membranes with added GBE or nanomaterials in comparison with the control sample of the labneh on the total 
number of microbial  content, the results indicated that the number of total microbial  content at the beginning of 
the storage period( one day) for treatments T1, T2, T3 , T4, T5, T6, T7 were decreased after loading the labneh 
with the different  membranes at 11.62, 11.55, 9.30, 9.25, 9.32, 8.57, and 8.50 log/g, respectively. With the 
prolongation of the storage period, the gradual increase in the total microbiological numbers of all treatments 
occurred, it reached the highest numbers at the time of 14 days, as the results of the statistical analysis showed that 

the above transactions had significant differences in the rate of increase in the microbiological numbers to 11.32, 
11.40, 11.27, 10.06, 9.93 log/g, respectively, compared with the two control samples T1, which was 15.58 log/g 
and T2 13.47 log/g. Upon following the increase in the total microorganism’s numbers to the end of the storage 
period, it was found that treatment T7 was better in terms of its lower microbiological content compared with the 
two control samples T2 and T1. 

Table (1). Effect of different treatments on the number of total microbial content in labneh coated with gelatin. 

Treatment 

*** 

The total number of microbial  content in the sample of labneh 

log/g 

1day 7 days 14 days 

T1 11.62 *±0.88 a ** 14.77 ±0. 23 a 15.58   ±0.66 a 

T2 11.55 ±0.41a 13.25 ±0.18 b 13.47 ±0.35 b 

T3 9.30 ±0.71b 10.57 ±0.13 c 11.32 ± 0.37c 

T4 9.25 ±0.54 b 10.55 ±0.31 c 11.40 ±0.77 c 

T5 9.32 ±0.83 b 10.42 ±0.66 c 11.27 ±0.19 c 

T6 8.57±0.74 c 9.83 ±0.22 d 10.06 ±0.48 d 

T7 8.50 ±0.19 c 9.69 ±0.33 d 9.93 ±0.28 d 

*The numbers in the table are an average of three replications. 
**The different letters in one column indicate significant differences at the level of (P ˂0.05). 
***T1 = control, T2 = gelatin, T3 = gelatin + GBE, T4 = gelatin + CHNPS, T5 = gelatin + TiO2NPS, T6 = gelatin 
+ GBE + CHNPS, T7 = gelatin + GBE + TiO2NPS. 

These results are consistent with what Al-Hadidi found [14], who indicated that the total numbers of bacteria in 
Labneh ranged between 10.5-11.32 log/g. The increase in the microbial numbers in treatment T1 more than in 
treatment T2 may be due to the lack of encapsulation of the labneh and its exposure to the atmosphere directly. 
The reason for the decrease in the total bacterial numbers in the treatment is attributed to the interfering action of 
each of the gelatin membranes, as it contributes to preventing the proliferation of the aerobic organisms by 
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preventing the entry of oxygen that is essential for the growth of aerobic regeneration, which led to a reduction in 
their numbers or prolongation of the Lag phase and thus reducing the growth rates of bacteria. Oxygen has an 
important role in controlling the growth of aerobic organisms through the great role in the water activity (aw) 

necessary for the activity of these microbiology as some organisms depend on oxygen concentrations to provide a 
minimum level of water activity [15]. On the other hand, the effectiveness of the film-coated GBE against bacterial 
species (positive and negative Gram stain) is due to the presence of the phenolic compounds that the extract 
contains, especially catechins [17]. The reason for the low number of microorganisms may also be attributed to 
the role of nanoparticles in reducing or inhibiting the growth of microorganisms that inhibit cellular enzymes and 
DNA by binding to electron-giving groups such as carboxylate, amides, indoles, hydroxyls, and sulfur groups, as 
well as it has the ability to creates holes in the bacterial cell walls, leading to increased permeability and cell death 
[17]. The inhibition ability of TiO2 NPs and ChNPs could be due to the interaction of the surface of the molecules 

with water when exposed to ultraviolet rays, which leads to the release of free radicals such as OH and O2, which 
represent a high oxidative power that leads to the destruction of bacteria [18]. 

Lipolytic Bacteria: Table (2) shows the effect of adding different coatings (gelatin films, gelatinous films with 
added GBE, nanomaterials) on the total number of lipolytic bacteria in the labneh samples. The results indicated 

that the total number of bacteria at the beginning of the storage period (the first day) for treatments (T1, T2, T3, 
T4, T5, T6, and T7) did not show any growth of bacteria. With the prolongation of the storage period, the gradual 
increase in the number of bacteria occurred for all treatments, as the highest bacterial number was recorded on the 
fourteenth day, the results of the statistical analysis showed in the above treatments the presence of significant 
differences in the rate of increase of bacterial numbers to 4.87, 4.31, 4.32, 4.25,4.17, 3.08 log/g, respectively, 
compared with the control sample T1, which was 6.89 log / g. Upon following the increase in the bacterial numbers 
until the end of the storage period, it was found that treatment T7 was the best in terms of its lower bacterial content 
compared with the control sample T1. The reason for the presence of the number of lipolytic bacteria can be 

attributed to the high percentage of lipid resulting from the low moisture content as well as the changes occurring 
in the labneh samples during storage. These results are consistent with the findings of Mocan et al. [19] who 
indicated the role of the GB plant in reducing the numbers of lipolytic bacteria and attributed the reason for this to 
the content of active compounds that inhibit the growth of microorganisms. These results also agree with what 
Albertos et al. [20] have indicated that the manufactured edible films consisting of gelatin with the addition of the 
alcohol extract of olive leaves as an anti-microorganism and anti-oxidant substance used in food preservation 
significantly reduced the growth of lipolytic bacteria as the inhibitory activity increased by increasing the 

concentration in its composition. These results also agree with the study of Zhang and Chen [21] who indicated 
the role of nanoparticles in inhibiting the growth of lipolytic bacteria and attributed this to the fact that these 
particles carry a positive charge while microorganisms have a negative charge on their outer wall, which results 
in an electromagnetic attraction between microorganisms, nanoparticles cause oxidation and finally kill these 
organisms or through increasing the permeability of the membrane, which leads to the entry of materials from the 
external environment, which results in an imbalance of the osmosis pressure, at the same time the cytoplasmic 
content is destroyed and then the cell  dies. 

Proteolytic Bacteria: Table (3) shows that in all samples of non-encapsulated labneh and coated with gelatin or 
gelatinous membranes, ChNPs and TiO2NPs at the first day no growth of proteolytic bacteria was shown. With 
the continuation of the storage of the labneh samples until the seventh day, it was found that the proteolytic bacteria 
in the samples T3, T4, T5, T6, T7 had growth rates of 1.55, 1.41, 1.34, 1.26, 1.15 log / g, respectively, and a lower 
rate of bacterial numbers compared to   the two treatment T1, T2 that were at 2.08 and 1.89 log / g respectively. 

At the time of 14 days of storage at a temperature of 7 C̊, it was observed that the numbers of protein-degrading 
bacteria increased significantly, reaching the highest rate at the end of the storage period for the treatments, T4, 
T5, T6, T7 at 2.87, 2.53, 2.50, 2.32, 2.19 log/g, respectively, compared to the highest growth rates of these bacteria 
in the two treatments, T1 and T2, which amounted to 3.00 and 3.22 l/g, respectively. Treatment T7 proved to have 
the least increase in the numbers of proteolytic bacteria among all treatments compared to the control samples T2 
and T1 at the end of the period storage. The results agreed with what Bonilla and Sobra [22] found, that the 
proteolytic bacteria did not show any growth in the first four days of storage, and the growth appeared after the 
tenth day. The results of this study also agree with the findings of Mocan et al. [19] that the alcoholic GBE has 

inhibitory activity against proteolytic bacteria, and it was found that this activity is due to the flavonoids and 
terpenoids. These results converged with what El-Sisi et al. [23] found, which stated that the number of proteolytic 
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bacteria at growth rates reached 1.5 - 6.4 log/g during the specified storage periods. The reason for the low levels 
of proteolytic bacteria can be attributed to the role of TiO2NPs, ChNPs added to Gelatinous films that have been 
shown to inhibit the growth of microorganisms. 

Table (2). Effect of different treatments on the number of lipolytic bacteria in labneh coated with gelatin films. 

treatments 

*** 

The total number of lipolytic bacteria of the labneh samples  

log/g 

1 day 7 days 14 days 

T1 Nil 3.37   * 

±0.15a ** 

6.89 

±0.06a 

T2 Nil 
2.12 

±0.33b 

4.87 

±0.27b 

T3 Nil 
2.06 

±0.09b 

4.31 

±0.54b 

T4 Nil 
2.00 

±0.33b 

4.32 

±0.16b 

T5 Nil 
2.04 

±0.12b 

4.25 

±0.25b 

T6 Nil 
2.06 

±0.07b 

4.17 

±0.31b 

T7 Nil 
2.00 

±0.05b 

3.08 

±0.11c 

*The numbers in the table are an average of three replications. 
**The different letters in one column indicate significant differences at the level of (P (0.05). 

***T1 = control, T2, = gelatin, T3 = gelatin + GBE, T4 = gelatin + CHNPS, T5 = gelatin + TiO2NPS, T6 = gelatin 
+ GBE + CHNPS, T7 = gelatin + GBE + TiO2NPS. 

Table (3). Effect of different treatments on the number of proteolytic bacteria in labneh coated with gelatin. 

treatments 

*** 

The total number of proteolytic bacteria of labneh samples 

Log/ml 

1 day 7 days 14  days 

T1 Nil 2.08 * 

±0.23a ** 

3.22 

±0.05a 

T2 Nil 
1.89 

±0.33b 

3.00 

±0.14b 

T3 Nil 
1.55 

±0.17c 

2.87 

±0.25c 

T4 Nil 
1.41 

±0.08c 

2.53 

±0.00c 

T5 Nil 
1.34 

±0.05c 

2.50 

±0.03c 

T6 Nil 
1.26 

±0.13d 

2.32 

±0.09d 

T7 Nil 
1.15 

±0.11d 

2.19 

±0.20d 

*The numbers in the table are an average of three replications. 
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**The different letters in one column indicate significant differences at the level of (P (0.05). 
***T1 = control, T2 = gelatin, T3 = gelatin + GBE, T4 = gelatin + CHNPS, T5 = gelatin + TiO2NPS T6 = gelatin 
+ GBE + CHNPS, T7 = gelatin + GBE + TiO2NPS. 

Yeasts and Molds: It is noticed from the results of Table (4) that no growth of molds and yeasts appeared in all 
transactions at the beginning of the storage period (the first day) up to the seventh day, with the continuation of 
storage labneh samples until the end of the storage period (day 14), a growth of molds and yeasts was observed 
and these numbers were recorded:1.15, 1.09, 1.09, 0.85, 0.73 log/g for the parameters T3, T4, T5, T6, and T7 
respectively compared to the two control treatments T2 and T1 which were at 1.81 and 1.60 log/g, respectively. 

When all the treatments were compared to each other, the priority for treatment T7 was in terms of the decrease in 
its microbial content, as the logarithmic growth rate was 0.73 log/g. Al-Tahiri [24] mentioned that when making 
a balance in microbiological examinations between the labneh manufactured under sterile conditions (modern 
methods of manufacturing) and the labneh manufactured by The rural traditional way. He noticed that the labneh 
manufactured by modern methods was free of yeasts and molds, while the rural labneh contained 5 × 105 cfu/ml 
yeasts and molds. The reason for the significant difference between the two comparison samples and the other 
treatments can be attributed to the use of antimicroorganism agents with these envelopes, as it contributed to 

limiting the growth of molds compared to the treatments that did not use these agents, as the presence of GB and 
active nanocomposites in these gelatinous membranes proved their ability to inhibiting or destroying the hypha 
and spores of molds [25]. The reason for the inhibition may also be due to the role of nanoparticles in reducing or 
inhibiting the growth of yeasts and molds through their effect on the cell wall and increasing its permeability, 
inhibition of respiratory enzymes and stopping the multiplication of genetic material [3]. to compare the results of 
this study in terms of using the plant extract as a natural preservative with the industrial preservatives used in the 
dairy industry, we note through what Hachana and Rebhi (2019) [26] presented that the traditional preservatives 
such as potassium dichromate and pronopol, can be used to store raw milk samples for physicochemical analyses 

for up to 3 days at 25°C temperature, without any significant changes in chemical composition, freezing point, 
electrical conductivity, and total aerobic mesophilic flora. While when using natural materials (plant extract), we 
noticed that the labneh retained its properties and strength for more than 10 days. 

Table (4). Effect of different treatments on the number of yeasts and molds in labneh coated with gelatin films. 

treatments 

*** 

The total number of yeasts and molds in the labneh samples 

log/g 

1 day 7  days 14  days 

T1 Nil Nil 1.81 * 

±0.15a ** 

T2 Nil Nil 
1.60 

±0.21b 

T3 Nil Nil 
1.15 

±0.25c 

T4 Nil Nil 
1.09 

±0.17c 

T5 Nil Nil 
1.09 

±0.08c 

T6 Nil Nil 
0.85 

±0.03d 

T7 Nil Nil 
0.73 

±0.13d 

*The numbers in the table are an average of three replications. 
**The different letters in one column indicate significant differences at the level of (P (0.05). 
***T1 = control, T2 = gelatin, T3 = gelatin + GBE, T4 = gelatin + CHNPS, T5 = gelatin + TiO2NPS, T6 = gelatin 
+ GBE + CHNPS, T7 = gelatin + GBE + TiO2NPS. 



Iraqi Journal of Industrial Research, Vol. 8, No. 3 (2021) 

 

106 

4. Conclusions 

 The nanoparticles of each of chitosan (ChNPs) and titanium dioxide nanoparticles (TiO2) have a moderate 
inhibitory capacity against the bacterial species that cause food poisoning, this inhibitory increases when the 

alcoholic extract of GBE is added to it. 
 The gelatinous membranes loaded with particles of ChNPs, TiO2NPs and GBE reduced the number of bacteria 

and molds that cause deterioration of the labneh and reduced the changes in its chemical properties. 
 The nanotitanium was better than chitosan in reducing the total number of bacteria 
 The alcoholic GBE has anti-bacterial and antifungal effects. 
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