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ABSTRACT
Microencapsulation processes are used to preserve the viability of
KEY WORDS: probiotic bacteria. This study prepared the encapsulating mixture using
Limosilactobacillius ~ reuteri \hey proteins and gum Arabic to capsulate Limosilactobacillus reuteri
bacteria; gum Arabic; buffalo  pacteria. The vacuum oven was used for the encapsulation process and
whey milk followed the proportions recommended by the Design of Experiments
program. Moisture content, powder yield, changes in bacterial viable cell
numbers, and the efficiency of the encapsulated bacteria were estimated.
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Revision: 23/09/2024 Were determined and the encapsulating material surrounding the bacteria
Proofreading: ~ 10/11/2024 was examined using a Scanning Electron Microscope (SEM). The results
Accepted: 27/10/2024  of the Design of Experiments showed that the optimal volume of

Available online: 00/00/202x  Limosilactobacillus reuteri was 3 mL containing 11.74 log CFU/mL,
mixed with a mixture of an encapsulating solution consisting of 10 g of
whey protein and 3.75 g of gum Arabic. The optimal conditions for the

© 2024.This is an open access/encapsulatlon process were _found to be a temperature of 50°C and_ a

article under the CC by Pressure of 0.6 bar for 180 minutes. The logarithmic value of the bacterial

licenses enumeration after the encapsulation procedure was recorded at 9.12
http://creativecommons.org/lic CFU/g, whereas the encapsulation effectiveness was 77.68%,
enses/by/4.0 \accompanied by a moisture content of 4.26%. The yield of powder
exhibited a mass percentage of 83.58%. The morphological analysis

@ (3) conducted through Scanning Electron Microscopy illustrated the envelope
E enveloping Limosilactobacillus reuteri bacteria. The diameter of the shell

encasing the bacteria attained a measurement of 68.29 nm. The storage
period did not significantly influence bacterial counts or encapsulation
efficiency at 4°C and 25°C for 6 months. The possibility of using a
mixture of whey proteins and gum Arabic in microencapsulation of
bacteria by vacuum oven and maintaining the bacterial viable number
under storage conditions.
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INTRODUCTION
Probiotic bacteria have s beneficial effect on human and animal health. This necessitates
a heightened focus on preservatisQ techniques to create products containing these bacteria.
Various factors can impact the quality and stability of these bacteria in food products, including
thermal, osmotic, oxidative, and acidic stresses. Additionally, manufacturing and storage
processes, along with environmental stresses, may result in a decline in the viability of probiotic
bacteria. Consequently, several methods have been employed to enhance preservation factors for
live bacterial cells and shield them from external influences (Jakub and Radoslaw, 2022).
Previous studies have shown that food products containing probiotic bacteria must have a
sufficient survival rate of viable microorganisms before consumers ingest them. This is
necessary for the organisms to reach the small intestine and exert a beneficial effect. The
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bacterial count should be higher than 10°-107 CFU/g or mL. However, most commercial
products do not contain this number of bacteria (Al-Sahlany and Niamah, 2022). The main issue
with food products containing these microorganisms is that their numbers decrease during the
storage and transportation period (Wang and Zhong, 2024). Limosilactobacillus reuteri is a type
of lactic acid bacteria widely used in human life. It produces many important metabolic products
and is utilized in various functional foods. One of its significant products is the antimicrobial
compound R-3-hydroxypropionaldehyde, known as Reuterin. Reuterin is a low molecular weight
compound that is soluble in water under anaerobic conditions. It is a non-protein compound that
is resistant to many proteolytic and lipolytic enzymes. Reuterin is effective in a wide range of pH
levels and exhibits activity against Gram-positive and Gram-negative bacteria, such as E. coli,
Salmonella, Shigella, Proteus, Pseudomonas, Clostridium, Staphylococcus, and E. coli O157:H7,
as well as some types of yeasts and molds (Mohammed et al., 2020; Niamah et al., 2023).

Many methodologies were utilized to control the concentrations of probiotic
microorganisms within the requisite parameters. These methods included adding chemicals to
adjust the acidity caused by bacterial metabolic activities, controlling oxidation potential,
reducing food product content, adjusting storage temperature, and shortening storage periods.
Encapsulating bacteria or yeast with natural materials gan enhance their ability to survive and
maintain their population numbers (Raise et al., 2020; Niaah et al., 2018). Xie et al. (2023)
mentioned the possibility of wusing proteing denatured proteins, in the

microencapsulation of active compounds and grcroq hese molecules are inactive.
The encapsulation process involves drying ke production of a low-
moisture mixture ranging between 4-7°% mixture is stdble in storage. Adding
carbohydrates to the mixture lowers pfoducti®n costs, enhances the desired qualities, and is a
naturally occurring, low-toxic, and stance. Vaeuum drying is similar to freeze
drying, with the main difference ied through evaporation rather than
sublimation. In freeze-drying,/the samples s frozen before the water is removed,
whereas in vacuum drying d state. Vacuum dryers typically operate
at higher temperatures 2 éeze dryers but at lower temperatures than
spray drying. Typica{ pressure values fo dryers are typically more than 10 mbar,

. drying process is less effective in terms of
the heat impact on the viability of probiogC bacteria. Low pressure reduces the temperatures
required to evaporate the solverg, thereby minimizing heat-related damage (Fathi et al., 2022).
The current study aimed to utilize Wagdum drying technology to encapsulate Limosilactobacillus
reuteri bacteria. A mixture of whey proteins and gum Arabic was used, and its components were
determined through the Design of Experiments program.

MATERIAL AND METHODS

Obtained Lim. reuteri bacteria from the Department of Food Sciences at the College of
Agriculture, University of Basrah, were activated on MRS-broth media after being incubated for
18 hours at 37°C. Utilize whey derived from buffalo milk processed at the Agricultural Research
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Station/College of Agriculture. Gum Arabic was supplied by Sigma-Aldrich, Germany. Peptone
water of 0.1% is prepared by dissolving 1g of peptone in a liter of distilled water. The solution is
then distributed into test tubes (9 ml) and sterilized at 121°C for 15 minutes, following the
method described by Harrigan and McCane (1966).

Prepare the microencapsulation solution:

Encapsulation LirEuteri solution was prepared by mixing 1-5 mL of activated bacteria
containing 11.74 log CFU/g, 1-5 gm of gum Arabic, and 1-15 gm of whey protein. Made use of
the experiment design software and mixed the ingredients for 20 minutes with a magnetic stirrer,
then placed them in a vacuum oven until the samples were dry. The encapsulation efficiency was
calculated by dissolving one gram of encapsulated bacteria in 10 ml of phosphate buffer (PBS
0.1 M, pH =7.2), and stirring for 20 minutes to release the bacterial cells. A serial dilution was
performed and the diluted bacteria on MRS agar (Hi-media, India). The samples were incubated
anaerobically at 37°C for 48 hours (Eckert et al., 2017). The percentage efficiency of the
microencapsulation process was calculated using the following equation:

Microencapsulation efficiency (%) = (N/NO) x 100 /\

Where: N = number of viable encapsulated bacteria after drying. NO = number of viable bacteria
in the encapsulation solution before drying.

The optimal conditions for the epcapsmllation process: The optimum conditions for
encapsulated bacteria were studied using the Design of Experiments program. Temperatures
ranging from 40 to 60 °C and pressure from 0.3 to 0.9 bar were tested, along with different
periods ranging from 1 to 5 hours. Then calculate the efficiency of microencapsulation (%) of

bacteria according to the previf)us equation. L/

Encapsulated Bacteria Tests: Moisture estimation: The moisture percentage of the
encapsulated bacteria was determined by using an air oven. Five grams of encapsulated bacteria
were weighed and dried at 105°C until a stable weight was achieved. Moisture was estimated
according to the following equation (AOAC, 1975).

Moisture %= [(weight of sample before drying-weight of sample after drying)/ weight of sample]
x 100

Estimating the total number of coliform bacteria: MacConkey Agar (MA) media was used to
enumerate total coliform bacteria in the product containing encapsulated bacteria. The plates
were incubated at 37°C for 48 hours.

Powder vyield: The dry powder mass of encapsulated bacteria was measured, and the
encapsulation yield was done as explained by Arepally and Goswami (2019):
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Powder yield (%) = (M/M1) x 100
Where: M is the mass of dry powder, and M is the mass of the encapsulated material used.

Scanning Electron Microscope (SEM): The internal appearance of the encapsulated bacteria
was studied using a scanning electron microscope (SEM). The encapsulated bacterial cells were
placed on a conductive carbon tape (metal support), and covered with gold nanoparticles using a
Hitachi E-1045 lon Sputter Encapsulator. Subsequently, their shapes were analyzed with a
Hitachi SU8010 scanning electron microscope at an accelerating voltage of 15 kV and various
magnifications ranging from 2 nanometers to 25 micrometers, including 200 and 500
nanometers. Particle size was measured using Size Meter software (version 1.1), with a
minimum of 50 particles per experiment. Statistica® 5.0 software was used to calculate the
particle size distribution (Narathip et al., 2021).

The change of viable numbers of encapsulated Lim. reuteri bacteria during storage stages:
The viability of Lim. reuteri bacteria and the microencapsulation efficiency was estimated during
the storage period at 1, 2, 3, 4, 5, and 6 months of storage at 4 °C and 25°C. The viable counts of
the encapsulated bacteria were determined by following the procedure outlined in APHA (1978).
One milliliter of the last serial dilution was transferred to Petri dishes, and MRS agar media was
poured over them. The plates were then incubated at 37°C for 48 hours, after which the number
of growing bacteria was calculated (Jaafar et al., 2024).

RESULTS AND DISCUSSION

Table 1 presents the propoytions of ingm used to ac¢hieve optimal encapsulation and
their application in the microep€apsulation of Limreuteri Macteria. Calculate the efficiency of
the encapsulation process pased on the spWrat's using the Design of Experiments
program. The results indjeated that the optimal mixtyre for encapsulating bacteria consisted of
3.25 grams of gum Afabic and 12 gramgpof drl buffalo whey, with the addition of 2.2
milliliters of active L. reuteri bacterial ¢ A b logarithm of the number of encapsulated
bacteria reached 8.95 CRU/g, and the conyérsion efficiency percentage was 76.23%. Whey
proteins work with Gum Arabjc to form banhds that trap bacteria, keeping them from drying out
while remaining permeable. Thi the bacteria to benefit from the nutrient media, grow,
and release beneficial metabolic products to the host. Despite the protective cover from harsh
conditions, these findings align with Phung et al. (2021), who utilized whey proteins and lignin
in encapsulating Lim. reuteri KUB-ACS5 bacteria through the spray drying technique. Similarly,
Kajal et al. (2021) demonstrated that gum Arabic is among the best carbohydrates for
encapsulating Lacticaseibacillus rhamnosus bacteria. Furthermore, Sharifi et al. (2021) isolated
whey proteins and gum Arabic for encapsulating Lactiplantibacillus plantarum, using complex
coacervation technology, which exhibited the highest.
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Table 1: The logarithm of the number of Lim. reuteri and the efficiency percentage of the
encapsulation process using various component percentages in the encapsulation mixture

Bacterial Gum Arabic  Whey Log. Bacterial Percent
inoculum (ml) (9) 9) numbers (CFU/Q) (%)
5.00 5.00 5.00 7.46 63.54
5.00 3.51 11.00 7.46 63.54
1.00 4.13 15.00 8.63 73.50
2.62 5.00 10.95 8.60 73.25
3.58 2.50 15.00 8.06 68.65
3.00 4.75 5.95 8.41 71.63
5.00 5.00 15.00 7.39 62.94
1.00 5.00 5.00 7.46 63.54
2.62 3.50 5.00 7.60 64.73
2.62 3.50 5.00 7.50 63.88
3.28 2.50 8.30 7.50 63.88
5.00 3.51 11.00 8.16 69.50
1.00 4.18 9.45 8.16 69.50
1.00 2.50 8.55 69.50
3.58 2.50 69.50
2.20 3.25 76.23
2.62 5.00 71.46
5.00 2.50 63.54
3.36 4.11 60.13

5.00 4. 1@ 66.09

Figure 1 shows the results obtained from the Design of Experiments program, which aimed to
determine the optimal proportlons of the components in the encapsulating mixture. The mixture
consisted of 10 g of dried whey proteins, 3.75 g of gum Arabic, and 3 ml of activated bacteria.
The logarithm of theacterial count after tife e lation process reached 9.12 CFU/g, while
the efficiency of the excapsulation proce . .68%. These values are lower than the
proposed theoretical value ofthe logarithm of 10.20 CFU/qg.
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Figure 1. The proposed proportions of the components of the encapsulating mixture for bacteria

using the Design of Experiments program

Figure 2 shows the results of the optimal conditions for the vacuum oven drying device,

using the Design of Experiments program. The proposed theoretical value was 9.35 log CFU/g

when drying is carried out at a temperature of 50°C and apressure of 0.6 bar for 180 minutes.

The practical result slightly exceeded the theoreticdl value, reacking 9. FU/g. The efficiency

of the encapsulation process was 84.15%. THis hide efficiency car be attributed to the short

drying time, low temperature, and optima sure, which promote higher growth rates for the

encapsulated Lim. reuteri. Additionally, the #®esence of suitable gficapsulating materials helps

protect the viable cells. These fingk i 6t et al. (2012) in their study on

encapsulating L. paracasei F14 vacuum AOven. Hongpattarakere and Uraipan
(2015) found that the surviya IPA7AN2 bacteria after drying were higher
when a shorter drying/time was used (1 37°C, 0.4 bar) compared to using room

lower temperatures are preferable for the viglility of the encapsulated microorganisms. It should
be noted that water activity also\plays g/crucial role in viability, not only after drying but also

during storage.


Dr.Alaa K. Niamah
Sticky Note
correct to log CFU/g


Asaadet al., Tikrit Journal for Agricultural Sciences (202xx) 2x (X):XX-XX

Log. number of bacteria

Log. number of bacteria

B: Pressure

A: Temperature

A: Temperature

Figure 2. Optimal conditions for encapsulating Lim. reuteri using a vacuum oven and the Design
of Experiments program.

Table 2 presents some microbial and chemical characteristics of the dry powder of
encapsulated bacteria. There was no growth of Coliform group bacteria colonies, indicating that
ycontaminated after drying. The drying
er weighed 14 g out of 16.75 g of

the samples dried in the vacuum oven device remaineg

was carried out under sterile conditions, and the resdlting powo

m the bond strength between whey proteins
and Arabic gum via glycosidic and peptide bdhd#®his, in turn, enhances the resistance of the

microcapsules produced by spray-drying apd freeze-drying methods were less than 4.0% when

encapsulating L. plantarum bactagia usipg gum Arabic and whey proteins. Gardiner et al. (2000)
stated that the shelf life of powder-containing therapeutic bacteria L. salivarius UCC 118 and L.

paracasei NFBC 338 improved when the moisture content was reduced by 4% or less.
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Table 2. Chemical and microbial characteristics of dry powder of encapsulated Lim. reuteri.

Traits Results
Powder quantity (gm) 14.00+0.09
Productivity percentage (%) 83.58+3.82
Moisture (%) 4.26+0.03
Total coliform bacteria number (CFU/qg) Nil

Figure 3 shows the morphological analysis of the envelope surrounding Lim. reuteri

bacteria, using a Scanning Electron Microscope (SEM). The diameter of the bacteria reached
68.29 nanometers with an applied electronic voltage of 15 kV and a magnification power of 200
nanometers, as shown in the cross-section in the picture, the bacteria are attached to the wall of
the shell, which is composed of gum Arabic and whey, with a network of protein and sugar

bonds, which protects bacteria from external conditions. The presence of a small vacuum allows

Figure 3. Morphological analysis of encapsulated bacteria using scanning electron
microscopy (SEM).

(ines and the media, taking the food it
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Table (3) presents the logarithm of the number of live bacteria and the percentage of
efficiency of the microencapsulation process during the storage period at 4 and 25°C. There was
no significant effect on the logarithm of the live numbers of encapsulated bacteria during the
storage period at 4 and 25 °C; it reached 9.57 and 9.42 CFU/qg, respectively. The percentage of
efficiency of the microencapsulation process in the first month was 99.19% and 98.98%,
respectively. However, this percentage decreased as the storage period progressed, reaching
96.86% and 95.34% at the end of the storage period (the sixth month) for temperatures of 4 and
25°C, respectively. The process of carefully encapsulating probiotic bacteria, such as Lim.
reuteri helps preserve the living cells of the bacteria from external influences, such as
temperature. This process increases the lifespan of the bacteria and maintains the living cells at

the required level.

Table 3. The logarithm of the number of viable bacterfaand the efficiency percentage of the

microencapsulation process for Lim. reuteri bacteria when sStqQred at temperatures of 4°C and

The logarithm of

Storage periods Mlcroencasfyétlon Process Efficiency

(months counts (C ercentage (%o)
4°C 25° 4 € 25 °C
1 9.80+0.23 0.78+R3 9949+2.55 98.98+3.13
2 9.76+0. 9.70+Q 15 98.78+2.87 98.17+2.30
3 9.66+ 98.17+2.48 97.77+2.18
4 97.67+1.99 96.55+1.78
5 ( 97.36+2.09 96.15+1.95
6 9.57+0.09 96.86+1.87 95.34+1.90
CONCLUSION

The process of carefully encapsulating bacteria and active compounds increases their
shelf life and protects them from external influences. Carbohydrates and proteins are utilized as
packaging materials for therapeutic bacteria, such as Lim. reuteri bacteria provide a robust
network of synergistic bonds to support the optimal growth potential of bacterial cells after
drying. The utilization of a vacuum oven in the microencapsulation process helps to maintain the
viability of bacteria cells. This is achieved by employing moderate temperatures under reduced

pressure, which reduces drying time. Consequently, encapsulated bacteria have an extended shelf
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life. Therefore, vacuum oven drying technology can be applied on an industrial scale to extend
the storage duration of therapeutic probiotic cells and active compounds that are susceptible to

external conditions.
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