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Table 1. Materials used in study

Country Manufacturer Materials
USA Sigma-Aldrich Sodium
Alginate
Germany Merck Calcium
Chloride
Germany Merck Sodium Citrate
Iran University of Lactobacillus
Tehran plantarum
DSMZ 20174
Canada Qlab IMRS Broth
Iran - Yazdi Cake
Table The Devices
2:Equipments manufacturer
used in and model of the
studyCountry device
Iran Pars Khazar Microwave
Germany Heidolf MR3001 Magnetic
K Stirrer
Germany Hettich Universal Centrifuge
320
Germany IKA genius Vortex
Japan AND Accurate scale
USA Brookfield Texture
Analyzer
Germany Zeiss SEM
Iran — Sieve (mesh
20)
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Table 1. Investigation of the effect of alginate solution
concentration on the average size of beads

(concentration of 2% w / w calcium chloride)

Alginate concentration (% by weight / volume)

Average particle 2.030+0.014% 2.150+0.015" 2.257+0.021°

size (mm)

Different letters in each row show a significant
difference at the 95% level (p <0.05).
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1-Viscous forces
2-Drag forces
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Table > Investigation of the effect of calcium chloride
solution concentration on the average size of

thebeads (4% w / w Sodium alginate concentration)

Calcium chloride concentration (% by weight / volume)

1 2 3
Average 2.375+0.053°  2.257+0.046° 2.06+0.021°
particle size
(mm)

Figure 1. Effect of alginate concentration on the

properties of beads. Microscopic image of produced
beads with a concentration of 2%Sodium alginate (w/
w (a), 3% (b), 4% (c)
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Different letters in each row show a significant difference at the 95% level

(p <0.05).
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Figure 2. Effect of alginate concentration on the

properties of beads. Microscopic image of bead
produced with differentconcentrationsof calcium
chloride: 1% (a), 3% (b) and 4% (c)
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Table 3: The effect of temperature and microencapsules
on the firmness of baked cookies

Cooking Temperature

C C °180
°150
Firmness(N) T, Ba 4 viAY Ab L g/AD
VE - YEIAA
T, Ba 1 /YA S
Y4/ Yo/

Different letters in each row show a significant
difference at the 95% level (p <0.05).

T1: Samples containing free probiotic cells
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the process in sample T2 (Sample containing
microencapsulated cells)
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ABSTRACT

ARTICLE INFO

The survival of probiotics in food products face various challenges during the
production process. One of the emerging processes in the production of food
products is 3D printing.The effect of this process on the viability of probiotics
has not been studied so far.In this research, the effect of micro-encapsulation on
cell viability during the process of 3D printing and cookie baking (based on
waste from confectionery products) was investigated. First, the conditions for
the production of micro-capsules were optimized by modulating the percentage
of sodium alginate and calcium chloride solutions. Then, the effect of micro-
encapsulation with different concentrations of micro-capsules (10, 5, 0% w/w)
on the firmness of the dough texture was also investigated as an important
factor in the printability of the dough. Finally, the cell viability was evaluated
during the printing and baking process (150°C and 180°C for 10 minutes).The
results of the microscopic images showed that with the increase in the
concentration of sodium alginate and calcium chloride solution, the uniformity
and sphericity of the micro-capsule increases. The efficiency of alginate-based
micro-encapsulation in this method was 89.41%. The optimal concentration of
micro-capsules in order to have the desired printability of baked dough, was
reported as 5% wi/w. Microencapsulation increased the survival rate of
probiotics during 3D printing and baking. The survival percentage of
microencapsulated probiotics (T2) after 3D printing and baking (150°C
temperature) was 96.86% and 62.58%, respectively. Meanwhile, the survival
percentage for the sample containing free cells (T1) was reported 60.77% and
43.05%, respectively. However, no viable probiotic cells were observed in both
free and encapsulated cells conditions at 180°C.
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