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Z¥z} Pa 869.2, 1431.3, B! 2889.1% AR om, 13 FHol] 4A7F FF eFE Foll= 717t Pa 238.1, 342.6, %
83112 T siiTt. 72+ §99] NN L salivariuss &3k Ak, SUAE 22 93%, 95%, R 96%E =
EIATh S1dellA 247 St =FE F L salivarius®] BEEE 22 22%, 42%, 64%R M, 1.5% ST s
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B AIZE Bl LA BTt Z1sl Wt L osalivarius® AEES] 7P Bou, 44 dEo] ARgRe
= B i AEES @5k Aole AL e AeE AlsErh

Abstract: Lactic acid bacteria play a vital role in enhancing the immune system by maintaining intestinal microbiota
balance. However, their effectiveness is limited due to reduced survival during gastrointestinal transit. In this study,
we prepared the 0.5%, 1%, and 1.5% concentrations of alginate-based capsules mixed with Lactobacillus salivarius
(L. salivarius) and evaluated their survival rate in simulated gastric and intestinal fluid environments. Initially, the cap-
sules showed viscoelastic strength values of 3864.0, 4762.8, and 6871.0. However, after 2 hours of exposure in sim-
ulated gastric fluid, these values declined to 869.2, 1431.3, and 2889.1. Subsequent exposure for 4 hours in simulated
intestinal fluid further decreased the strengths to 238.1, 342.6, and 831.1. L. salivarius were encapsulated within each
type of alginate capsule, encapsulation efficiencies were measured as 93%, 95%, and 96%. The survival rates of L.
salivarius after 2 hours in gastric juice were 22%, 42%, and 64%, with the 1.5% alginate capsule showing the highest
survival rate. In intestinal juice, the survival rate of L. salivarius encapsulated in 1.5% alginate capsules was 47%. These
findings demonstrate that L. salivarius survival improves with increased alginate concentration; however, achieving
high lactic acid bacteria survival rates is limited when using alginate alone.
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SR M LX) & L salivarius®] 735, 91 Z A4
£ 27] 208 ool °F 2.4 logCFU/MLS] &8 7447t o
Z= ek Wb, L salivarius7b 91240 tigk Wiabdo]
Folths AoR HoFm, ) AEES =o17] Ss) it
S2HE gHH0R HIY F Qe HIAE o= it}

A7 B2 AslapllM 9 L salivarius®] BEES
Fola, I E Fol7]9l8l] Gk o83l s} S
o f1H=} GAoA Hee] A WHSkE ZAlsle, 9173t
Ao EAS BRIk, Akt AEssias o g AES
< AR g7iat el 8-S HIslalAl Stk (Figure 1).

ME H Al 2 Ao AV&§ #5321 Laciobacillus
Salivarius CRL 13282 GolU=EZ (Korea)lX 55 Al
1)}, Sodium alginate(Junsei chemical Co., ltd, Japan), Calcium
chloride dihydrate(CaCl,, Aldrich, USA), Sodium chloride(NaCl,
Aldrich, USA), Pepsin(pepsin, Wako, Japan), Dipotassium phosphate
(K,HPO,, Aldrich, USA), Pancreatin (pancreatin, Wako, Japan)E
Y313, Man Rogosa Sharpe(MRS)broth (Becton, Dickinson
and Company, France)E HJA| = AR8-3131 T}
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Figure 1. Schematic diagram of the mechanisms of encapsulated L. salivarius.

Polym. Korea, Vol. 49, No. 6, 2025



688 o)z -

(Difco, Chiley’} B71 250 mL AztEek==0)] HE31ith 3
%5 wix]= 37 C2] Shaking Incubatorl]l A 100 rppm .2 24
AIZF E<L g

Fikte| WA M U WM. L. salivarius®] pHOll W
37 AL Fsh7] el pH 1.29} pH 6.8% ZZH%E MRS
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1.5% %2 =4 10mL FAP]O] B3 FAP] F900 2
ZZE2(1.D3 mmxIL.D4 mm)S 10 cem@ = 22} A48T}
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REA Gl 9l FARAAR R (SEM)S 2 Fi&2
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Karnovsky’s fixativeZ Z1*2] & 0.05M sodium cacodylate
buffer® 33] A& & 1% osmium tetroxide® 22} 143}
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lEE AE. 91Pd AFHS Aoxiang Zhuge, Bo Li er
al®] =S Frsi o M Q1599 (SGF) US Pharmacopeia
(USP;https://www.usp.org)2] BFHOZ w1} pH 1.29] 1L
01399 248 NaCl 2 g, Pepsin 32 g, HCL 7mL mFx] ko
2 3 SRTE 92 F HCEE H7Iske] pH 1.2 B0 A}
&3l

1591 80 mL-& 250 mL AHZFEekAe] Ak (1x10°
CFU/mL)2| €714t &S =% Y-S th2 shaking incubator
of 37 CellA] 100 rppm &= 2417+ Ft A2]eh & <13 S-S
B AASALE o] F AF NS AAT F e e
2btol] AEE&S 918l 50 mM sodium citrate 8] 100 mL<S
37 Coll] 100 rppm@= 1417} &<t shaking incubatorell #]2]
slo] 7S A AT AAEE] 71914 4000 rpmellA4 10
T A st Al 3)etal, 33 FRTE 33 A Fg
U} Serial dilution 3~ MRS agar 20 pL¥ HZE31t). 1%
3l MRS agar plate= 37 CollA] 48A]17F 5ot w3l & &
22U F& gRlgt) A37dH(SIF US Pharmacopeia(USP;
https://www.usp.org)S F3Lste] THEQITh pH 6.82] 1L €l
Tl 2418 hydrogen phosphate 6.8 g, 0.2M NaOH 77 mL,
SFIT 500 mLS 3 718E & pancreatin 10 g2 ¥ & pH
6.80 % B ARE-EIIT.
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HE3kaL, 37 ColA] 48717k Bt viet & Z=2Y 45 &
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Figure 2. Growth phase optical density of L. salivarius incubation
time under different conditions, L. salivarius optical density (OD=1)
growth phase pH 1.2 and pH 6.8.

Alginate 0.5% Alglnate 1.5%

Alginate 1.0%

Figure 3. Morphology and strength measurements based on alginate
concentration.

&M M| Alginate ZE B} 05, 1, 1.5% =] &
o Z NeEg AxTE 7, A o] Q1F gl =

71
=2 W9 HislE A AnEs Fal Flgure 4} o] &
2R AN (pH 1.2 2A17F =Z319e o 0.5, 1, 1.5%

A7 o] AP AR "ﬂEH W= AEEA] g3t vh,
Ql9follel] 2A17FERt =EAIX] § es A (pH 6.8)°1 &
A 4AZF =Z310 W, °L7V} Mgpo] HEo] 228 S
AU

Alginate s=0f| [ME s Zx 4. 05, 1, 1.5% F=2

U714 AELS FHOUEE E3) s __xqog;} Meze] 7k
= AJE E(storage modulus)] XI5 Hslsie] vl
sl tH(Figure 5). 2F A3}, 4714F 0.5%= 3864,07012, &
212 1%= 4762.86, 2714t 1.5%= 6871.07% JeRtom &
23] =7t B85 AFEAES] FAI7F A4 YER T
(Figure 5). Y¥H5 0= 7hus Wyt Hopdas AL o
2HE 7RiAE Hyel sl o e S 7N,
ZA] QHA o] B oA "k

(a) Control SGF(2h)

SIF(4h)

ALG-0.5%
ALG-1.0%

ALG-1.5%
(b) SIF(4h)

ALG-0.5%
ALG-1.0%

ALG-1.5%

Figure 4. Changes in morphology of SGF and SIF based on alginate
concentration.
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Figure 5. Amplitude sweep changes in according to alginate con-
centration.

I EHOIM| Alginate ZE Z= HS} 05, 1, 1.5% &
Eo] AN &S S E T HouHE Ak 54
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Figure 6. Amplitude sweep changes of alginate capsules: (a) SGF
on 2 h; (b) SIF on 4 h.

S, S Ads} o] AR E] FAIE Htsleto
=431 th(Figure 6). 919 AN L714F 0.5%+= 869.25
o|ar, G7IAt 1%+= 1431.3, E704F 1.5%= 2889.15% LER:
Uh(Figure 6(a)). WFH, oA L71AE 0.5%= 9.400]3, L71
AF 1% 34.92, G714k 1.5%= 345372 LEFUh(Figure
6(b)). Wb, G2 FoTt =E5E It FokA| AL, F
A2 A F2E ZHerhy AdEn) T3 94 S04
WA o] ATt FAES 9T F A}k vhE, 9
N3} ge] FAo s A E] A HoAXH, st
okl & 18I tH(Table 1).

HMXte0|dE S8 Alginate ZiEe| &M ZHE. Figure 72
L. salivarius @571 L7141 0& YFol egx oz B35
A=AE gRlsh] s FAAAE R (SEM)S.Z o]r]F
SFATE WA, L salivariuss A3 L7012 Aes FrHo|
i s B2 ATHFigure 7(a)). WY, L. salivariusS T3
L7012 Aol e A A A L. salivariussS T2
T Uk Bk, 0.5% E7Ikl vls) 1.0%%F 1.5% %] &
AF oA L. salivarius?t 37 ZHE AL 3olst 4

AATH(Figure 7(b)).

Z2H, A)4998 Al6%, 20253

Table 1. Amplitude Sweep Changes of Alginate Capsules SGF
on 2h and SIF on 4h

Storage (Pa)

Formulation

Control SGF (2 h) SIF (4 h)
ALG-0.5% 3864.07 869.25 9.40
ALG-1.0% 4762.86 1431.3 34.92
ALG-1.5% 6871.07 2889.15 345.37

(a)

ALG- 0.5%

ALG - 1.0%

ALG-1.5%

(b)

ALG- 0.5%

ALG - 1.0%

ALG-1.5%

Figure 7. Using a scanning electron microscope (SEM) to observe
the surface of alginate capsules: (a) alginate capsule; (b) algiante
capsule in L. salivarius.

Alginate Z4&2| L. salivarus?| SUE. L. salivarius®] &
71AF BRIE-S 50 mM Sodium citrate® <2 A 73 & &
2 E(encapsulation efficiency, EE)2 Figure 8ol YERJ ST}
G715 tol] A2 B8-S LA 0.5%1419] F 93%, 1%
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A= 95%, 1.5%C14= 96%2] &UES EIATHTable 2).
WA o] WS vlasl] f1al ¥IHEs} L salivariuset
U7IAko 2 MEBE L. salivariuse ZFZF Yol 247+ &
QF XE]3t B L. salivarius®] AEEE v|uste] WAk
golstnt. v =S E L. salivariuse 27] o
8.230 logCFU/mL $12.H, Q1 Skl A 2417 A2 &
L2 %= AP Z00A] AESIA KBk ezt 0.5%
2 AEslet L salivariuss 27| & = <F 7.591 logCFU/
mL 932, 2A]17F 3 1.648 logCFU/MLE oF 22%2] A% A3
58 BYY g7 1.0%= =71 o 7} 7.714 1ogCFU/
mLAT, 2A)7F & 3244 1ogCFU/MLE 9F 42%2] AE8S
UeRTE 1.5% 471%ke] 27] + 5 7.843 logCFU/mLO]
o, 2A17F & 4.990 logCFU/MLE <F 64%2] &8-S et
Wh(Figure 8). Ad A3}, VIUESE L. salivariusE &5
o2 ffolx AESA] Fatd o, S FETF Eoplel
e} AEEo] A Ve, A3 21 F 1.5% ¢

r
19 tlo

L
fu

2~
4
I} A

o=

104 wSGF(0h)
= SGF(2h)

Viability (Log:« CFU/mI)

L. salivarius L salivarius + ALG 0.5% Lsalivarius + ALG 1.0% L salivarius + ALG 1.5%

Figure 8. Survival rate of L. salivarius in alginate capsules under
SGF conditions.

Table 2. Viability of L. salivarius After Encapsulation
Cell Viability

Encapsulation efficiency

Formulation (logCFU/mL) (EE%)
L. salivarius 8.383 -

L.S+ALG-0.5 7.804 93%
L.S+ALG-1.0 7.954 95%
L.S+ALG-1.5 8.042 96%

Table 3. Gastric Juice Survival Rate of L. salivarius in Alginate
Capsules

Formulation SGR 0Oh SGF 2h  Cell Viability (%)
L. salivarius 8.230 0.000 0%
L.S+ALG-0.5 7.591 1.648 22%
L.S+ALG-1.0 7.714 3.244 42%
L.S+ALG-1.5 7.843 4.990 64%

Table 4. Intestinal Juice Survival Rate of L. salivarius in Alginate
Capsules (ALG-1.5%)

Cell Viability Encapsulation Efficiency

Formulation (logCFU/mL) (EE%)

L. salivarius 8.372 -
L.S+ALG1.5% 7.876 94%
L.S+ALG1.5%(SGF 2h)  5.463 65%
L.S+ALG1.5%(SIF 4h)  3.960 47%

-

=

Viability (Logw CEU/mI)
w o

(]

Jlll

L salivarius L5+ALG 1.5% L5S+ALG 1.5%(5GF 2h) L.S+ALG 1.5%(SIF 4h)

Figure 9. Survival rate of L. salivarius in alginate capsules (ALG-
1.5%) under SIF conditions.

oAl YA Frkts BT o ST

AEHOIM| L. salivarius MEE. oA 7 =
AEEE HAH 1.5% LA 7iE dalsie] floo) 247k
T 3late] e TR =E3AA HT AEES RIS
Aot ¥ ES) L osalivariuse 8.372 1logCFU/mLO] %4
1.5% 2714k A< 3 7.876 logCFU/MLE F 94%°] B
ES BAT 1.5% 4 s AAdol 2417 =5F
MNES AASKA L. salivarius®] B8-S 2438 23}, 5463
logCFU/MLE. °F 65%7} $]ollA] A&, 198 AA
AEZ 0= Aol 4AI7F =FAIZ] & FHEollA] AU L
salivarius= 3.960 logCFU/mMLZ ¢F 47%7} ZHolx AZ]
S TH(Figure 9).
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