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1 Prebiotics

2 Lactic acid bacteria (LAB)
3 Lactobacillus

4 Bifidobacterium

5 Lactobacillus acidophilus
6 Salmonella Typhimurium

7 Listeria monocytogenes
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19 Sol-Gel encapsulation
20 Microencapsulation
21 Encapsulants

22 Enfold structure
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23 Lactobacilli MRS (Man- Rogosa- Sharpe) broth


http://dx.doi.org/10.22034/FSCT.22.159.144
https://fsct.modares.ac.ir/article-7-76190-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-03-13 |

[ DOI: 10.22034/FSCT.22.159.144 ]

UL 5 olbll s aabls

2l s ekileodsy el Sl g, slad g slaas—1-Y
Sl Oy 9 b congy 5 odas dol 0l (g5 luand Lo
(9l A

Sl Ay s eds Sliss, cladsle 0SS
sdre ool ol (giluand boxal Jgee Veml g4l
L NaCl 0.2% (¢ s> 0.08M HCI) e O3k
S8 A X ol s s S 513 (V/00 Jsles pH
Lds 4SSl sl Kl a3 YV gles o aidds VY
L 0.05M KHoPOs) (sles s, mle 4 1] I PO
38R el e S O 5 L (V/AY Jsles pH
FV slos G 4ids 100 DAY Yo (Yiv Fev Sle ws g
sk Jo eSSl Sl Yml s 4 S s Kol as s
Doy oobl peile iy slags ;S oled 5 A axdls
LVE] s 5 ol ¥oF a3 3 e 0L

oM Jdow 5 a8 g, —\-Y

Sl a2 b b oy el 5l baesls LT e
Gl SL ol 3 a8 s 8 eslinad 1SS aw b bl
Jolse b Las) poshdsdonl o gheli oY S5
-Y uigjse.x.iosl:c:.p'j}@lil}c\a.ﬂojaguﬁﬁj
Jole (LFC) wals waed L o5 Ai s iy ¥
b G il aglie s a3 id g 5 33T slas S
3 S Sl e Flie 85 s S eslizd
0355)SPSS 33 o 5l esliza b oMbl Lo 5 43 325
SO i3 b pSSle anlie (sl 5 b S o s (T)
A eslaal 70 CEM);

Cow @L:J—V

o ol iy (GlapurdlE 5l Soe slaad 55 led -V

1Sy 2 g Slesn, )
L;Liﬁﬁ))'\mo.)dba.bj Lgudjl.ﬂa\.w)'l‘_}.pb-@u
w Ba L}"""‘ﬁjﬂ) c))'L.r 9 (|Og CFU/g) )ji:?ﬂ u»lL:.iA )J

ol 0 03l OLES (V) s 55 Aoy

2> k3 S bl S5 Osg sl b ad 5SSl S
Jsloes 3 oslil Oloy B ool Covests lad s ol
Sl 4 £ los 53 5 edd 0S|y oS 5 S
Y Ye] ws ol
(S e 5l ey d e slaw 5 led -Y-Y
Sbdsbe Sl o5 S (Glisns Sl e el
1@ S o Jslome QAN s os Sl
V Sdeas 5 el Jloms oy sms VU dsles pH L b 2
05K 33N v 5l e ol 0303 OIS Jame (glos 53 aids
Lyl cod SJBTMRS S lasws 53 (O | s
5 4SSl Sl VY Sdews o) Kl a3 YV s (g50a
LYE] A e s
(g il B es3l —6-Y
f S 5 S Sl s Al b 033l armilonan 5 glata 4
»(Llls ke A0 Ol 05 VOIL) K U5t Jslms
Gl aids Yo Sl a4 6lol ol Kol a3 YV gles
Sl 03l gl 5 LA esls OIS ¢ JalS DS S 3
S Al 5l g 4 5 drsliee ) slas Sl eslizad L
[YA V] 4 Ol (CFUI) s
) dolee
ladsbe slas N G5 el 53
55 a5l lad g sliws No 5 JogensS 310 3151 0ile 65

EY=2x100
NO

S TSR

2l ekibe sy edd L g5 5 slad ghus slaas —0-Y

169l o Sl
bl Ay s eas Sliggny sbdse 5l e 8 S
AYO Jslas pH 53 70/ ao | 2l Jhoma Y oml (651>
aSSlesls Y Q.\.uu.;ljigjl.wp-):\‘\/pj@;)l}
5 siied 4ads YEe 5 VA AT O lagle; s s
s b S Sogo LN Sl Ogte law s il gl
530 Oy Py elal pedlile oy lag SL sl

[Ye]os (ab,;,l Y-Y

Table 1- Number (log CFU/g) of surviving cells after microencapsulation and microencapsulation efficiency at

different treatments
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TREATMENT SURVIVAL CELLS MICROENCAPSULATION EFFICIENCY

(PERCENTAGE)

L-FC 10.056 = 0.123 0.000 ¢
L-SA 9.336 +0.06 92.847 + 0.805 @
L-SC 8.436 + 0.289 ¢ 83.881 + 2.146 ¢
L-SA:SCs 8.703 + 0.070 86.551 + 1.198 o
L-SA2SC, 9.160 + 0.141 b 91.096 + 1.197 ™
L-SA3SCy 9.673 + 0.047 96.197 + 1.093 @

Different lowercase letters in each column indicate a significant difference at the level (p<0.05). The numbers in
the table are the mean of three replicates + standard deviation. L-Fc: Free cells, L-SA: Sodium alginate, L-SC:
Sodium caseinate, L-SA;1SCs. 25% Sodium alginate+75% Sodium caseinate, L-SA,SC,. 50% Sodium
alginate+50% Sodium caseinate, L-SA3sSC1. 75% Sodium alginate+25% Sodium caseinate.
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24 Bioavailability
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Table 2 — Number (log CFU/g) of encapsulated cells surviving against bile salt at different times

TREATMENT TIME(MIN) D-VALUE
0 60 120 180 240
L-FC 10.8204+0.145*  8.270+0.130°  6.940+0.098° 5.506+0.251° 4.846+0.119¢  40.209+1.353°
L-SA 10.140+0.220°  9.266+0.128%  8.646+0.120*°  7.303+0.112° 6.630+0.190* 68.985+7.9272
L-SC 9.137+0.1224 8.210+0.147¢  7.556+0.920°  6.710+£0.292° 5.953+0.140° 75.720+6.1422
L-SA:SCs 9.816+0.196*  8.616+0.137*¢  7.660+0.111" 6.820+0.155° 6.350+0.088* 69.361+3.645
L-SA,SC; 9.416+0.116%  8.273+0.085°  7.490+0.790° 6.733+0.087° 6.093+0.179°  72.572+6.179?
L-SA3SCy 10.010+0.138°  8.886+0.270®  7.753+0.145°  7.213+0.080°  6.903+0.086*  77.503+5.288%

Different lowercase letters in each column indicate a significant difference at the level (p<0.05). The numbers in
the table are the mean of three replicates * standard deviation. L-Fc: Free cells, L-SA: Sodium alginate, L-SC:
Sodium caseinate, L-SA1SCs. 25% Sodium alginate+75% Sodium caseinate, L-SA,SC,. 50% Sodium
alginate+50% Sodium caseinate, L-SAsSC1. 75% Sodium alginate+25% Sodium caseinate.
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25 Isoelectric Point
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Table 3 - Number (log CFU/g) of microencapsulated cells surviving against gastric acid

TIME(MIN)

TREATMENT 0 30 60 90 120 D-VALUE
L-FC 10.4864+0.170° 7.933+0.061°  5.870+0.140°  4.893+0.257¢ 2.976+0.180¢ 16.001+0.744¢
L-SA 0.956+0.061¢  8.863+0.145%  7.173+0.085"  6.336+0.132% 5.176+£0.115® 25.120+0.764
L-SC 0.333+£0.182¢  8.543+0.462%  6.846+£0.070" 5.5414+0.120 4.076+0.159¢ 22.831+0.352b
L-SA:SCs  9.99040.125°  9.106+0.142°  8.036+0.015°  6.103+0.159° 5.273+0.092%  25.445+0.3842
L-SA,SC,  9.543+0.070¢  8.810+0.174°  7.136+0.055"  6.266+0.128° 5.036:+0.140% 26.712+0.536°
L-SAsSC;  9.323+0.085¢  8.470+0.045%  7.070+0.121° 5.846+0.081% 4.863+0.095° 26.912+0.5142

Different lowercase letters in each column indicate a significant difference at the level (p<0.05). The numbers in
the table are the mean of three replicates * standard deviation. L-Fc: Free cells, L-SA: Sodium alginate, L-SC:
Sodium caseinate, L-SA:1SCs. 25% Sodium alginate+75% Sodium caseinate, L-SA,SC,. 50% Sodium
alginate+50% Sodium caseinate, L-SA3sSC1. 75% Sodium alginate+25% Sodium caseinate.
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Table 4— Number (log CFU/g) of microencapsulated cells surviving against the simulated intestinal environment

with bile salt
TIME(MIN)

TREATMENT 150 180 210 240 300 D-VALUE
L-FC 2.603+0.165¢ 1.43+0.160¢  0.923+0.188¢ 0.566+0.073¢ 0d 46.220+2.974°
L-SA 4.813+0.045°  4.043+0.065" 3.523+0.090° 3.556+0.187®  3.036+0.060% 67.573+1.775%
L-SC 3.580+0.105¢  3.246+0.060° 2.826+0.145°  2.426+0.135°  2.156+0.176°  86.024+14.200°

L-SA:SCs 5.046+0.065% 4.573+0.140° 4.256+0.068*  3.826+0.040°  3.426+0.173?  74.629+7.690%
L-SA,SC,  4.423+0.450°  3.973+0.073" 3.653+0.132°  3.280+0.110°  2.866+0.135"  84.146+8.9642
L-SAsSC:  4.750+0.140®  4.550+0.079° 4.116+0.090  3.833+0.1022  3.383+0.030°  88.184+7.078%

Different lowercase letters in each column indicate a significant difference at the level (p<0.05). The numbers in
the table are the mean of three replicates * standard deviation. L-Fc: Free cells, L-SA: Sodium alginate, L-SC:
Sodium caseinate, L-SA:1SCs. 25% Sodium alginate+75% Sodium caseinate, L-SA,SC,. 50% Sodium
alginate+50% Sodium caseinate, L-SA3sSC1. 75% Sodium alginate+25% Sodium caseinate.
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Table 5- Number (log CFU/g) of microencapsulated cells surviving against the simulated intestinal environment
without bile salt

TIME(MIN)
TREATMENT 150 180 210 240 300 D-VALUE
L-FC 2.850-0.069° 2.430:0.070° 2.120-0.124° 0.9200.600° 0.296+0.145% 47.0371678°
L-SA  4.956+0.037° 4.436+0.075° 3.753:0.135° 3.326:0.136° 3.123:0.04°  65.508+2.339°
L-SC 3830+0.110° 3.573+0.097¢ 3.153+0.106° 2.900-0.045° 2.090+0.953°  69.618+8.337"
L-SAiSC;  4.863:0.080° 4.526+0.085° 3.986+0.055° 3.636+0.125% 3.243:0.08°  74.419+6.066%
L-SASC;  4.606:0.015° 4.153+0.060° 3.750+0.090° 3.433+0.115% 3.146+0.102° 82.995:5.339"
L-SAsSC;  4.916:0.051° 4.780:0.026° 4.593:0.083° 4.263:0.104° 4.006+0.05° 1319413783

Different lowercase letters in each column indicate a significant difference at the level (p<0.05). The numbers in
the table are the mean of three replicates + standard deviation. L-Fc: Free cells, L-SA: Sodium alginate, L-SC:
Sodium caseinate, L-SA;1SCs. 25% Sodium alginate+75% Sodium caseinate, L-SA,SC,. 50% Sodium
alginate+50% Sodium caseinate, L-SA3sSC1. 75% Sodium alginate+25% Sodium caseinate.
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The viability of probiotics in sensitive environments, particularly
gastrointestinal conditions, is of significant importance. In this study, we
used microencapsulation to increase the viability of probiotics Lactobacillus
acidophilus La5 under simulated gastrointestinal conditions. These bacteria
were microencapsulated using the emulsification method in a matrix of
Sodium alginate and Sodium caseinate at five concentration levels,
individually and in combination. Then it was examined for viable cell count,
encapsulation yield, survival against bile salts, and viability against gastric
acid and intestinal fluid with and without bile salts. Our results showed
significant differences between the treatments in all tests when comparing
the average data (p<0.05). The survival of free cells in digestive conditions
decreased sharply; however, microencapsulation acted as a protective role,
and the survival of microencapsulated strains was higher than that of free
cells. The results showed that microencapsulation acts as a protective
mechanism for improving the viability of microencapsulated strains
compared to free cells. On the other hand, the combination of Sodium
alginate and Sodium caseinate as an encapsulant can significantly increase
the bacteria's resistance to digestive conditions (p<0.05). Among the
treatments, the free cells (L-FC) treatment showed the lowest survival
against the simulated digestive environment. In the viability test in the
intestinal environment with bile salt, no live cells were present after 300
minutes. However, in contrast, the treatment 75% Sodium alginate + 25%
Sodium caseinate (L-SAsSCi), had the highest encapsulation yield and
exhibited the best protective effect against bile salts, gastric acid, and
intestinal fluid. In conclusion, microencapsulation using the emulsification
method with a combination of Sodium alginate and Sodium caseinate
effectively enhances the survival of Lactobacillus acidophilus, thus having
potential beneficial effects on human health, particularly in reducing
gastrointestinal diseases.
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