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Tablel. different type and mixing ratios of biopolymers used for encapsulation of bacteria

Encapsulated Pure .bactel:ia Temperature
Treatment Polymer percentage for each Bacteria used starter used in (avallab.l em storage
code capsule in capsules (%) 100 g of yogurt capsules) in 100
powder (g) g of yogurt
powder (g)
Al Non-encapsulated Bacteria - (0.28 g of pure 0.28 Ambient
(control) bacteria without temperature
capsules)
R1 Non-encapsulated Bacteria - (0.28 gof pure 0.28 Refrigerated
(control) bacteria without temperature
capsules)
A2 Carboxymethyl Cellulose (0.5%), 2 1.52 0.4 Ambient
Iota Carrageenan (5%), temperature
Maltodextrin (10%)
R2 Carboxymethyl Cellulose (0.5%), 2 1.52 0.4 Refrigerated
Iota Carrageenan (5%), temperature
Maltodextrin (10%)
A3 Carboxymethyl Cellulose (1%), 2 1.76 0.4 Ambient
Whey Protein Concentrate (5%), temperature
Maltodextrin (10%)
R3 Carboxymethyl Cellulose (1%), 2 1.76 0.4 Refrigerated
Whey Protein Concentrate (5%), temperature
Maltodextrin (10%)
A4 Whey Protein Concentrate 1.2 2.80 0.4 Ambient
(2.5%), Gelatin (3%), temperature
Maltodextrin (10%)
R4 Whey Protein Concentrate 1.2 2.80 0.4 Refrigerated
(2.5%), Gelatin (3%), temperature
Maltodextrin (10%)
A5 Isolated Soy Protein (5%), Pectin 1.2 2.88 0.4 Ambient
(1%), Maltodextrin (10%) temperature
R5 Isolated Soy Protein (5%), Pectin 1.2 2.88 0.4 Refrigerated
(1%), Maltodextrin (10%) temperature
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Table2. solubility and moisture content of yogurt powders containing encapsulated bacteria

Treatment Solubility (%) Moisture (%)
1 90.6+0.19° 39320011
2 73.7+2.82b 3.97+0.022
3 72.38+2.88 3.6240.05%
4 71.9+0.17° 3.65+0.54¢
5 71.15+0.59° 3.79+0.72b¢

Means with same superscripts within a column are not significantly

different (p > 0.05)
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All values are mean + standard deviation of three replicates
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Figure 1-fermentation time of yogurt powders containing different encapsulated bacteria A) comparison of
fermentation ability of each formulation during storage period. Lowercase letters show significant differenc between
each formulation during storage period and uppercase letters show significant differenc between same samples stored
at refrigerated or ambient temperatures., B) comparison of fermentation ability of different formulations in each week.
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Figure 2 A) syneresis, and B) water holding capacity of yogurt powders containing different encapsulated bacteria.
Lowercase letters show significant differenc between each formulation during storage period and uppercase letters
show significant differenc between same samples stored at refrigerated or ambient temperatures
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Table 3. microbial analysis of yogurt powders at first and end days of storage

Week 0 Week 6

Treatment Mold and Yeast Total count Coliform  Mold and Yeast Total count Coliform
R1 10> 10> 10> 10> 10> 10>
Al 10> 0%102-4*10! 10> 10> 0%102-0*10! 10>
R2 10> 1#102 10> 10> 20*10! 10>
A2 10> 1%102 10> 10> TNTC*10? 10>
R3 10 2%10%-10*10! 10> 10> 15*10! 10>
A3 10 2%102-10*10! 10> 10> TNTC*10? 10>
R4 10 12*#10%-1*10! 10> 10> 15%10%-20*10! 10>
A4 10 12*%10%-1*10! 10> 10> TNTC*10? 10>
R5 10> 4%102-5*10! 10> 10> 4*102-5*%10! 10>
A5 10> 4%102-5*10! 10> 10> 12*#102-16*10! 10>

*A: Ambient temperature

*R: Refrigerator temperature
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Table 4. sensorial properties of yogurts prepared from yogurt powders containing encapsulated bacteria

vk 4

Treatmedt  Generd woeptance Uniforty  Mouthieel  (dor

Flavor_Generdl sooptancy Uniformaty Mouthfeel  Odor  Flavor_Genenl acoeptance Unifonuty Mouthiel Odor Flovor General acoeptance Uniformaty Mouthieel  Odor o

Rl 32404
Al 1804
RI 3508
A2 =7
k3 3508
4 340
R4 3504
L 3504
k3 3804
A 3420

week6

B = 1 |
M8 B8
15 407
1609 34l
1445 3609
13 4445
$4:05 3808
1605 4208

M a0
1605 3804
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1609
47
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43404
1605
4 fel) §
4ef) §
i
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*A: Ambient temperature
*R: Refrigerator temperature
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This study investigated the impact of encapsulating starter cultures
with various biopolymers for incorporation into yogurt powder, as
well as the effects of two storage temperatures (ambient and
refrigerated) on fermentation activity, incubation time, syneresis, and
sensory attributes of set- yogurts over time. Encapsulation
significantly reduced the solubility of yogurt powder. However, it also
led to a statistically significant increase in incubation time, from 3.0
to 4.5 hours, compared to non-encapsulated samples. Incubation time
was further influenced by storage temperature and time; those stored
in ambiant temperature at the end of storage time revealed extended
fermentation times. Among the samples, those encapsulated with soy
protein isolate—pectin and gelatin—whey protein concentrate exhibited
significantly lower syneresis and higher WHC, likely due to favorable
interactions between the encapsulating agents, milk proteins, and
water molecules. The microbiological quality of all yogurt powders
remained within acceptable range throughout storage, irrespective of
the storage conditions or encapsulation material. Sensory evaluation
on the first day of production showed no significant differences
among samples, all of which received acceptable scores. However,
increasing storage time, particularly at ambient temperature, resulted
in a significant decline in sensory scores in encapsulated samples.
Overall, the findings indicate that encapsulation of starter cultures, in
its current form, is not an effective strategy for preserving long-term
fermentative activity, and alternative approaches or optimization of
encapsulation parameters may be necessary to achieve this goal.
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