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Table 1 variation of pH in doogh samples contained free and encapsulated probiotic bacteria

Prebiotic Storage
days
7 14 21 28
Free probiotic bacteria 4.3 4.12%® 4.01® 3.95° 3.93°
control En(_:apsula}ted prolqlotlc bacteria 4.39° 4.342 4.3 4.18% 4.1
with alginate/resistant starch
Encaps_ulated_ problot_lc bacteria 4.6° 448 4.36° 4.35° 4.01®
with alginate/chitosan
Inulin 0.5 % Free probiotic bacteria 4.35° 4.14%® 4.02° 3.89° 3.91°
Encapsulated probiotic bacteria 4.33° 4312 4.0 4.16% 4.0
with alginate/resistant starch ) ) ) ) )
Encaps_ulated_ problot_lc bacteria 4.49° 4.39° 4.39° 4.378 4.19%
with alginate/chitosan
Inulin 1 % Free probiotic bacteria 4.34° 4.15® 4.1% 3.88° 3.95
En(_:apsula}ted prolqlotlc bacteria 441 433 4.9 4.18% 4.12%
with alginate/resistant starch
Encaps_ulated_ problot_lc bacteria 4,42 448 4.37° 4.378 4.31®
with alginate/chitosan
Free probiotic bacteria 4.4° 4.1% 4.13° 4.0™ 3.89°
. Encapsulated probiotic bacteria a a a ab ab
0,
Inulin 1.5 % with alginate/resistant starch 4.43 4.41 4.33 4.27 4.16
Encaps_ulated_ problot_lc bacteria 4.46° 4.49° 4.42 4.39° 4.3
with alginate/chitosan
Whey 5 % Free probiotic bacteria 4.43° 4.04%® 3.89° 3.78° 3.7°
Encapsulated probiotic bacteria a ab ab ab ab
with alginate/resistant starch 4.44 4.25 a7 a7 4.07
Encaps_ulated_ problot_lc bacteria 4.39° 4312 4.31° 4,958 4.95%
with alginate/chitosan
Whey 10 % Free probiotic bacteria 4.4° 4.04%® 3.71° 3.7° 3.64°
Encapsulated probiotic bacteria a ab ab ab b
with alginate/resistant starch 4.37 4.15 41 41 348
Encaps_ulated_ problot_lc bacteria 4,42 4.09® 4.15% 4.15% 4.05%
with alginate/chitosan
Whey 15 % Free probiotic bacteria 4.44° 4.0° 3.61° 3.6° 3.55"
En(_:apsula}ted prob_lotlc bacteria 4.471° 4.01% 3.91% 3.7 3.71°
with alginate/resistant starch
Encapsulated probiotic bacteria 4.342 4.19% 3.98° 3.9 3.8

with alginate/chitosan

Each observation is a mean + SD of 3 replications. In each tables means with same superscripts had no
significant difference with each other (P >0.05)
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Table 2 Rheological Factors of Doogh Samples Containing Different Concentrations of Whey and

Inulin
Treatments  Viscosity (cp) quw behavior congis_tency R2
index (n) coefficient (k)

control 15" 0.77° 37™ 0.998
Whey 5% 18.2° 0.74° 46" 0.991
Whey10% 20° 0.62° 50° 0.992
Whey 15% 28.5° 0.51° 57¢ 0.996
Inulin 0.5% 58° 0.45" 86° 0.998
Inulin 1% 69° 0.41° 122° 0.991
Inulin 1.5% 108? 0.32° 209% 0.989

*In each column means with same superscripts had no significant difference with each other (P >0.05)
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Table 3 Rheological Factors of Doogh Samples Containing Microencapsulated Probiotic Bacteria

Flow consistency veald
Treatments Viscosity(cp) behavior coefficient R2
) stress
index (n) (k)
Free probiotic bacteria 58° 0.65% 86° 0 0.991
Encapsulated probiotic
bacteria with 121.5° 0.39° 152° 0.025 0.985
alginate/resistant starch
Encapsulated probiotic
bacteria with 92.4° 0.53 112° 0.994
- A 0.01
alginate/chitosan

*In each column means with same superscripts had no significant difference with each other (P >0.05)
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Table 4 Rheological Responses for Doogh Samples Containing Microencapsulated Probiotic Bacteria

Treatments G’ (Pa) G"” (Pa) G* (Pa)) Tan d
Free probiotic bacteria 777 1240° 1384.6° 1.59
Encapsulated probiotic

bacteria with 917° 1741° 1866.2° 1.89
alginate/resistant starch
Encapsulated probiotic

bacteria with 844° 1434° 1587.4°

- - 1.7
alginate/chitosan
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Table 5 Sensory properties of doogh samples containing free and encapsulated probiotic bacteria

Prebiotic Sensory properties
Flavor Odor Color  Texture acg\[gf;g::i ty
Free probiotic bacteria 3¢ 52 4.9 4° 4°
Encapsulated probiotic bacteria b a a b b
control with alginate/resistant starch 4.3 5 5 4.4 4.5
Encaps.ulated_ probiot_ic bacteria 3¢ 52 52 b 4
with alginate/chitosan
Inulin 0.5 % Free probiotic bacteria 4.3 52 52 4.8% 45
Encapsulated probiotic bacteria ab a a b ab
with alginate/resistant starch 4.8 5 5 4.4 4.8
Encapsulated probiotic bacteria b a a ab ab
with alginate/chitosan a7 5 4.9 4.6 4.8
Inulin 1 % Free probiotic bacteria 4.2° 52 52 4.8 4.6%
En(;apsula}ted proplotlc bacteria 482 58 58 45 4.8
with alginate/resistant starch
Encapsulated probiotic bacteria 5 49° 5 4 7% 4.7
with alginate/chitosan ) ) )
Free probiotic bacteria 4.4° 52 52 4.9° 4.7®
inulin 1.5 % En(;apsula}ted propiotic bacteria 498 58 52 460 4.9°
) with alginate/resistant starch ) ) )
Encapsulated probiotic bacteria b a a ab ab
with alginate/chitosan a7 5 5 4.6 4.8
Whey 5 % Free probiotic bacteria 4° 4.9° 4.9° 4.4° 43
Encapsulated probiotic bacteria ab ab a b ab
with alginate/resistant starch 4.6 4.8 S 4.2 4.6
Encaps.ulated_ problot_lc bacteria 4.6 4.8 4.9° 4.3 4.6
with alginate/chitosan
Whey 10% Free probiotic bacteria 43° 4.7% 52 4.6% 45
Encapsulated probiotic bacteria 45 482 49° 44b 4.7
with alginate/resistant starch ) ) ) ) )
Encaps.ulated_ problot_lc bacteria 4.4 4.6 4.9° 4.7 4.8%
with alginate/chitosan
Whey 15% Free probiotic bacteria 4.4° 4.8% 52 4.8% 45
En(;apsula}ted propiotic bacteria 4.7 58 52 460 4.7
with alginate/resistant starch
Encapsulated probiotic bacteria 4.7 49° 5 460 4.7

with alginate/chitosan

In each column means with same superscripts had no significant difference with each other (P >0.05)
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Table 6 Serum Separation (%) in Doogh Samples Containing Different Concentrations of Inulin and

Whey
Prebiotic Storage days
1 7 14 21 28
Free probiotic bacteria 0 412 45.2%  465™ 49.4°
control En(;apsula}ted proplotlc bacteria o 3¢ 37¢ 38 4% 39 9
with alginate/resistant starch
Encaps.ulated_ problot_lc bacteria 0 37 6@ 39.8° 415 43 5
with alginate/chitosan
Inulin 0.5 % Free probiotic bacteria 0 7.5' 8.09' 8.6' 8.8'
En(;apsula}ted proplotlc bacteria 0 33 37 39 6.7
with alginate/resistant starch
Encaps.ulated_ problot_lc bacteria 0 46 5 i 5 3i 79
with alginate/chitosan
Inulin 1 % Free probiotic bacteria 0 6.6" 7" 7.3" 7.9'
En(;apsula}ted propiotic bacteria o 3.4 33 41 48
with alginate/resistant starch ) ) ) )
Encaps.ulated_ probiot_ic bacteria 0 46 49 5 71 5,70
with alginate/chitosan ) ) ) )
Free probiotic bacteria o' o' o' o' 4.1
inulin 1.5 % En(;apsula}ted propiotic bacteria 0 0 0 0 5 7
’ with alginate/resistant starch '
Encaps.ulated_ problot_lc bacteria 0 0 0 0 39
with alginate/chitosan
Whey 5 % Free probiotic bacteria 0 32.3¢ 36.6° 37.6° 38.9°
En(;apsula}ted proplotlc bacteria 0 o5 of o5 &f 284" 8.8
with alginate/resistant starch
Encaps.ulated_ problot_lc bacteria 0 29 4f 31.0¢f 32 6° 34 6°
with alginate/chitosan
Whey 10% Free probiotic bacteria 0 21.7 29.5" 34.6° 35.9°
En(;apsula}ted proplotlc bacteria 0 21 49 22 g9 23,710 28 2
with alginate/resistant starch
Encapsulated probiotic bacteria | f f f o
with alginate/chitosan 0 24.3 25.6 28.2 317
Whey 15% Free probiotic bacteria 0 22.89 25.1" 25.8 28.47
En(;apsula}ted proplotlc bacteria o 16.1" 20.99 21 69 21,99
with alginate/resistant starch
Encapsulated probiotic bacteria 0 20.8° 29 19 93,79 25 g9

with alginate/chitosan
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Table 7 Effect of Inulin and Whey on viability of free and encapsulated probiotic bacteria

(B. animalis subs lactis) in doogh samples (cfu/ ml)

Prebiotic Storage days
1 7 14 21 28
Free probiotic bacteria ~ 7.3+0.2x10"°  1.240.4x10°  3.1+0.6x10° <10° <10°
Encapsulated probiotic
control bacteria with 6.240.1x10"  3.440.3x10" 7.24#0.2x10° 1.2+#0.5x10° 5.1%0.6x10’
alginate/resistant starch
Encapsulated probiotic
bacteria with 6.1£0.4x10™ 56+0.5x10° 5.4#0.3x10° 1.3+0.4x10° 3.3%0.3x10°
alginate/chitosan
Inul(l’/r;O.S Free probiotic bacteria ~ 9.3+0.5x10"  1.5+0.1x10°  6.3+0.6x10° <10° <10°
Encapsulated probiotic
bacteria with 6.6+0.4x10™ 3.1+0.3x10" 3.24#0.1x10° 3.5+0.2x10° 3.120.1x10°
alginate/resistant starch
Encapsulated probiotic
bacteria with 8.140.5x10™ 8.440.4x10" 1.1#0.1x10° 6.2+0.1x10° 3.4%0.4x10°
alginate/chitosan
Inulin 1%  Free probiotic bacteria  2.3+0.2x10™  2.1#0.1x10° 2.4+0.3x10” 3.1+0.1x10° <10°
Encapsulated probiotic
bacteria with 9.440.3x10"  7.3+0.4x10™ 5.240.2x10" 7.2+0.4x10° 7.5+0.2x10°
alginate/resistant starch
Encapsulated probiotic
bacteria with 6.5+0.6x10" 2.3+0.5x10"  6.24#0.5x10° 1.4+0.6x10° 4.240.4x10°
alginate/chitosan
Free probiotic bacteria ~ 4.2+0.5x10°  7.240.3x10°  2.5+0.6x10" 3.3+0.3x10° 1.4+0.2x10°
inulin 1.5 Encapsulat(_ed probiotic u N y . .
% _bacterl_awnh 6.1+0.1x10~ 3.4+0.4x10™ 5.5+0.2x10™ 7.5+0.5x10° 7.1+0.3x10
alginate/resistant starch
Encapsulated probiotic
bacteria with 1.4+0.4x10"  8.520.4x10™  6.4+0.3x10° 4.1+0.4x10° 6.520.5x10°
alginate/chitosan
Whey 5%  Free probiotic bacteria  9.1+0.2x10™  1.4+0.5x10°  1.5+0.3x10’ <10° <10°
Encapsulated probiotic
bacteria with 7.4+0.4x10"  9.240.5x10" 1.240.3x10° 3.4+0.4x10° 3.120.4x10°
alginate/resistant starch
Encapsulated probiotic
bacteria with 1.440.5x10"  8.33+0.3x10° 1.440.1x10° 6.1+0.2x10" 3.3+0.3x10°
alginate/chitosan
Vi’gf/oy Free probiotic bacteria ~ 1.2+0.3x10%°  4.4+0.2x10®  3.4+0.2x10"  1.1+0.1x10° <10°
Encapsulated probiotic
bacteria with 2.240.2x10"  9.1+0.1x10" 6.5+0.5x10° 9.2+0.3x10° 7.3%0.2x10°
alginate/resistant starch
Encapsulated probiotic
bacteria with 1.3+0.4x10"  5.3#0.4x10" 6.3+0.4x10° 7.4+0.3x10" 7.120.4x10°
alginate/chitosan
Vi’gf/oy Free probiotic bacteria  6.3+0.5x10°° 9.2+0.3x10° 1.240.3x107 5.440.3x10°  <10°
Encapsulated probiotic
bacteria with 8.240.3x10™  9.3+0.1x10" 9.1#0.3x10° 7.5+0.5x10° 7.3%0.2x10°
alginate/resistant starch
Encapsulated probiotic
bacteria with 3.1+0.5x10™"  6.3+0.3x10" 9.4+0.1x10° 3.120.3x10" 8.4+0.5x10°

alginate/chitosan
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The aim of this study was to investigate the effect of microencapsulation of probiotic bacteria with
sodium alginate/resistant starch and sodium alginate/chitosan by extrusion method on qualitative and
rheological properties and viability of bifidobactrium animalis subs lactis in Aloe vera doogh. 10% of
aloe vera gel with different concentrations of whey (5, 10 and 15%) and inulin (0.5, 1 and 1.5%)
added to probiotic doogh and their effect on the protection of Probiotic bacteria and qualitative
properties were evaluated. The results showed that increasing the level of inulin had no significant
effect on pH. Increasing the percentage of whey up to 5% had no significant effect on the pH, but
increasing more than 5% significantly decreased the pH of the doogh samples during storage period.
In terms of sensory properties samples containing 1% inulin and microencapsulated bacteria with
sodium alginate/chitosan had highest scores in flavour while lowest score was observed in control
treatment (without inulin and whey) and free bacteria. Doogh samples containing 1.5% inulin had the
lowest serum separation and the control sample (without inulin and whey) showed the highest serum
separation at the end of storage period. In general, samples containing microcapsules had a lower
serum separation than samples containing free bacteria. The highest viscosity and consistency
coefficients were observed in the doogh samples containing 1.5% inulin. The microencapsulation
process increased the apparent viscosity, consistency index and loss modulus and decreased the flow
behavior index of the doogh samples. Microencapsulation of probiotic bacteria by sodium alginate /
resistant starch and chitosan and use of whey and inulin in doogh samples increased their viability
during storage period.
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* Corresponding Author E-Mail Address: dezyani2002@yahoo.com

31



