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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%® 371 3.7° 3.64°
Encapsulated probiotic bacteria a ab ab ab b
with alginate/resistant starch 4.37 4.15 41 41 348
Encapsulated probiotic 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 4.47° 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° 0.01 0.994

alginate/chitosan

*In each column means with same superscripts had no significant difference with each other (P >0.05)

T =1gtk(y)" @

o ey aN Kt 7 @ (2) 5 (1) doles o
pls o () iy oo e (PA) les 25 (pA)
il e Ol s, arls 5 (pas”)

S il i 1LLL (K508, s S
oS 5 iy el el s 4 SO i
L;LMU}A.: B bl d}.)w 9 a):>'5 J}J\A oS MJUA olis
S a5 ol g als el ) mie W s 5 s g5l
bl L sladipy coramed 5 558 s Sonle b ladi sy
u"“i.)gt“"’;sb )ﬂa& ‘.gl_ﬁa}JJ O 65J_:‘ aj_:>'.5
il O S (it Sl 3l @S Il Olge 4 05)
dan 53 s e 0L L Eas gl by S b (pslis
O3e) 350 0,53 e Sl iy bl Jsdie palie o)l 5s
b badses olS oo ol a5 (S8 VL Cdl izt
isd e SIS s mle Ol ge

55 Sy gosesl el s S35, Gl
Sl I sl smaS 52 5 Sl §o5 Glanisal 558 1 IS5
osls 0Lz 4 s s 0l sl e Sl 3T 5 e
(G”) bl ti )‘})/\Am.i} d}.)w @J eu'f;: A B D el 0
Gl et sei 35 (G7) o3 L Szl Jae 51 2y
Sl boed Ly, Ssmsn sleSt
Bam5 53 4 i 5V 5580 Jske il walid

SO g )-<-i°

21

ol Sl JSG 51 esliad 35,8 s edalie 3 Jsds
fos sbaaisad 55515 Gl o S slas S
Sy 0 el 550 Gl eds S5 ol el
LSt s ChB Rl e e & g st
Slogar spe cxs Sod (See Shosds
PPN rlw S S [33] 55 5 &4 A S g
sdalive ol dile wile 5 VL 3 &S SWsd 38,
LS o @l E s s 3 wlie (6 St UGl 550 e
Gle €ged (S5, Hlib,y LA 5 whas Gl
L s el a3l U5 4 e s 5 g siasOLES £a
Sl Lo edd a)ly A5 plp 0wt U oanSags
LS o Sueslie Ob o Sl (6 S el
S Sh b Do SR e 2
Sy badsed den (cl edis esls OLES Waesls) S
LGS Dk ep s Al Ol S
Lok pad s 3 S s QLIS L S 3l b &5
g5 ol 8 3L SR d e SR L 618
Coled 53 g ool Sxdly s VL dasilie 4 L,
S DBy S e Gl Je el
Jo (odss Glag ) ST slas SL sl (gla e
Sl st gl W lp s (L) ol 050
b (2 ablee) ASIL = L a Jde o Sl
T=k(y)" @


http://dx.doi.org/10.52547/fsct.17.103.15
https://fsct.modares.ac.ir/article-7-40524-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-31 ]

[ DOI: 10.52547/fsct.17.103.15]

wgls Sy p e o 5 sl cilise gls clle 56

Qb&aﬁ 9 Ls’L.’.); S gRano

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°
control En(;apsula}ted propiotic bacteria 4.3 52 58 4.4 4.5
with alginate/resistant starch ) ) )
Encapsulated probiotic 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
Encaps.ulated_ problot_lc bacteria 4.7 5 49° 460 48%
with alginate/chitosan
Inulin 1 % Free probiotic bacteria 4.2° 52 52 4.8 4.6™
Encapsulated probiotic bacteria 482 58 58 45 4.8
with alginate/resistant starch ) ) )
Encaps.ulated_ problot_lc 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° 4.3
Encapsulated probiotic bacteria 46% 4.8 5 4.9 46%
with alginate/resistant starch ) ) ' '
Encapsulated probiotic bacteria 462 482 49° 43 462
with alginate/chitosan ) ) ) ) )
Whey 10% Free probiotic bacteria 4.3° 4.7% 52 4.6% 45
Encapsulated probiotic bacteria b ab a b ab
with alginate/resistant starch 4.5 4.8 4.9 4.4 a7
Encapsulated probiotic 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 & 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 2g.9f0
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° 5.120.6x10’
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 8.1#0.5x10™ 8.440.4x10" 1.1#0.1x10° 6.240.1x10° 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 9.4+0.3x10"  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° 4.2+0.4x10°
alginate/chitosan
Free probiotic bacteria ~ 4.2+0.5x10°  7.2+0.3x10°  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 1.4+0.5x10"  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"  5.320.4x10" 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°  1.240.3x10" 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.

Keywords: Probiotic Doogh, Aloe Vera, Microencapsulation, Inulin, Whey.
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