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1. Lactobacillus

2. Bifidobacterium

3. Bacillus

4. Lactobacillus plantarum
5. L. acidophilus

6. L. paracasei

7. L. rhamnosus

8. Bifidobacterium longum
9. L. salivarius

10. B. lactis
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4. Modified-rhamnose-2,3,5-triphenyltetrazolium chloride-LBS-
vancomycin agar (M-RTLV agar),
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1. freeze drying
2.spray drying
3. electrospraying
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Fig 1The images of the microencapsulated bacteria

from left to right, the upper row: 0.2, 0.4 and lower

rows of 0.6, 0.8% of the zedo gum that used in the
microencapsulation
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Fig 2 Light microscopy image from
microencapsulated bacteria, from left to right, 0.2,
0.4, 0.6 and 0.8% of zedo gum respectively that used
in microencapsulation
* Top row images with 25X magnification and lower
row with 40X
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Table 1 The determination of microencapsulated layers’ dimension and thickness.

Zedo percent

Layers (um) 02% 0.4% 0.6% 0.8%
Zedo thickness 52.5+6.6° 59.24+10.1° 70.8+15.02° 137.5+72°
alginate dimension 32504+253.72 3258.3+22.04 3616+108.32 3593.6+33.3

Data (mean + standard deviation) are from three replications.
The results with different upper letters in each row are statistically significant (p<0.05).
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2. L.acidophillus
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1. Aspect ratio
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Table 2 Hardness, gumminess, springiness and chewingness in the microencapsulated bacteria

Parameters Zedo percent
0.2% 0.4% 0.6% 0.8%
Hardness/g 15.18+1.53° 19.17+1.23° 19.0+0.36" 21.50+0.51°
Gumminess/g 12.22+0.58° 12.9+1.07° 16.7+0.27¢ 16.33+0.11¢
Springiness/mm 0.785+0.07 0.742+0.02 0.73+0.03 0.660.07
Chewingness /mJ 0.06=0.006 0.08+0.02 0.21£0.17 0.12+0.03

60

30

40

Data (mean + standard deviation) are from three replications.
The results with different upper letters in each row are statistically significant(p<0.05).
Gumminess, springiness and chewingness are not statistically significant(p<0.05).
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Fig 3 The determination of color parameters in
microencapsulated bacteria
1- Data (mean =+ standard deviation) are from three
replications.
2-The results with different upper letters in each row
are statistically significant (p<0.05).
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Fig 4 The free and microencapsulated bacterial
resistance against the salt
1- Data (mean =+ standard deviation) are from three
replications.

2- Same lowercase letters in each line represents no
significant difference during the time(p>0.05).
3-Different capital letters indicate significant
differences between the microencapsulated and the

free bacteria at the same time (0 ,1,2,3 hour separately)
(p<0.05).
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Fig 7 The free and microencapsulated Lactobacillus
Rhamonosus surviveness at 72 ° C
1- Data (mean =+ standard deviation) are from three
replications.

2- Same lowercase letters in each line represents no
significant difference during the time(p>0.05).
3-Different capital letters indicate significant
differences between the microencapsulated and the
free bacteria at the same time (0 and 5 min
separately)(p<0.05).
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In food products packed in hot filling mode, the use of probiotic bacteria is very limited due to thermal
sensitivity. The microencapsulation of probiotic bacteria is suggested as a suitable method for reducing
thermal damage. The microencapsulation is done by several methods, one of which is the extrusion. This
method causes less damage to the bacterium than the others. Dual layer extrusion using a high molecular
weight hydrocolloid, such as zedo gum, can prevent thermal damage. In this research, the
microencapsulation by extrusion method was performed as the two layers on Lactobacillus rhamnosus.
The first layer was sodium alginate and the second was zedo gum, at four concentrations (0.2, 0.4, 0.6,
0.87). The best gum percentage for microencapsulation was determined by light microscopy and texture

analysis including hardness, gumminess, springiness and chewingness. The color components L*, a*, b*
and BI on microencapsulated bacteria were also assessed . After selecting the optimum condition, thermal
stability, acid and salt stability, acid production tests and the growth of microencapsulated bacteria during
storage conditions in MRS medium were investigated. The results showed that 0.8% zedo gum used as
the second layer could significantly change the outer layer diameter. However, the increase of zedo
concentration did not increase the hardness component. However, only at 0.2% zedo gum had a
significant difference with the rest (p<0.05). Concentrations of 0.6% and 0.8% zedo gum resulted in the
increased gumminess component, but did not affect other components. At 72 ° C, the number of
microencapsulated bacteria remained stable for 10 minutes, and at the 5th minute their count was about
5 log CFU/ml higher than free bacteria (p <0.05). The amount of acid production and bacterial growth in

the microencapsulated bacteria were slower than free bacteria. The microencapsulated bacteria had
microbial survival of 2 log CFU/ml more than the normal form in a salt concentration of 15% (pH = 1.5)
compared with free bacteria.

Keywords: Microencapsulation, Lactobacillus rhamnosus, Extrusion, Zedo gum
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