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Abstract

In this study, we aimed to investigate the effects of low-temperature encapsulation on the
viability of Weissella cibaria CMU under harsh conditions and in freeze-dried foods during
storage. The capsules were prepared by gelation of sodium caseinate at different con-
centrations (5%, 6%, 7%, and 8%) with a combination of 0.5% gellan gum and 2% glucono-4
-lactone. The size distribution of the capsules was determined using a Mastersizer 3000
laser diffraction particle size analyzer. Scanning and transmission electron microscopy
revealed that the capsule with 6% sodium caseinate had a smooth and rounded external
surface, with reproducibility. The acid, bile, and heat tolerances of the encapsulated cells
were significantly higher than those of the control under prolonged acid (5 h), bile (12 and
24 h), and heat (2 h) exposure, respectively. During storage for up to 6 months at 4C or
25T, the viability of encapsulated Weissella cibaria CMU in beef and vegetable rice
porridge was effectively improved.
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73 A7FS A A7 GAI5H] gt WAzl @47 Zgolr) kAT X|F AT QL)
2t 71| 10t YAl Zate]o] lom, AR QHf AEds E AE &9 109 <ol
Z3Eo] S AER =2 H&S AR5k A&oltiHealth Insurance Review and Assess-
ment Service, 2016). T30% A= 371 AJHIETE ofu}, HREARI T SEU AR,
AAZE 2 4ot oF st Belo] QItiYoon et al, 2014; Choi et al, 2015; Chun and
Lee, 2017). olo] w&t 7 W At 442 dAIHAA 7383k cHsl] 9] E43REE,
ALeE A, 2AYD, FHAF 5 22 WS ARl AtiPark er al, 2010; Kim, 2017).
SEARE 2JokAlE A AlitZ AAIsH ] sl 7P Eol ARSEl= EASRIES Tt A3 Al
EEa UbgA] 9 9k 99 4 9 2H(Spencer and Do, 2008), 7ot 7] AP0 2 AR 715
e A=Y S, dAFQl YA Bk F56] 7Y 4 A2 K Aluckan and Ankola,
2018), AlEo] A g AFAZIA] Alofd & gl o8] A& oFFol APt & A
o SR A Streptococcus mutans)®) 50| JA| 7hsott= @] JtKLi and Tanner,
2015).
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£ AqolMe 718 7t T EARE B, diAleh] gk B o S violl Hfsto] A4
SlHA et FAE AASHY, A=Ak %37] gt foAltE AA o= Aofd 5= =
T7 T2Hto] Q Bl A(probiotics) @5 Weissella cibaria CMU 455 A+8519tHJang et al,

2016; Kang et al, 2017; Do et al, 2018). 184 34 A7 71418 m2Hlo| QE|AE A1E
8T Y, AR 7R A A 717 S0l =] Adlo] T 4 A, B3] AEe A
A AAE FolME EE 240 7Rsdo] Slof 72 715/ ol iRt thjto] AAE|ojof St
HEsl THS AE, Qo 2 KR Aol Y] AR Q= 7IHoR %3] nE] BEE
FAoll A-8=lo] thiravani er al, 2015; Ansari et al, 2017). @A EFAZ E 3¢
5= o83t iRt &3t Hilo| QkEo] grot, IR 11 A2 HhA] e fANFRE AFEAY|
= Hz28.0 7 Qlg] SHAIES ZHA EHItHBae and Kim, 2008; Kim et a/, 2013; Kim and You,
2017). Z12fut & AtoflA AkE A2 Fedt 3PgE XS AR7 B8 glo] A AejollA
£ 2T 4 Sl 7R gA SItHNag er al, 2011).

mebA, & AtoAe 59 P FHSH, ARl A_T B EEYS T 5 e
aEAo|n AH|go A& FHad HHE ARESle] 17 TEHlo| e g A0] -8/dE Sfislarat A
A= FYsIA:

>

=

HitH
od

b

1. M8 2% 2 MY 52
Aol AF8E Weissella cibaria CMU <515} CMU #0)= ()Qefsigl A4 Befdto} 37T,
18AIE B3F X4~ 3% Alf vijgsto] ARESISIT. edlo] ARSS 45 AJARS 915l 1 L MRS HiA|

o FFE iy 0]'_1_ 5,000 rpm, 10%& Bt YAEE s FFE 3438t tf2, 0.1% peptone &<
o= 3 AT & 20 mL peptone -&Hof| SJ4sto] Ao ARESIAI.

2. N2 Yast 39
&3t P32 Nag(2011)Y] s G5 47gsto] sttt ohget 5=(5%, 6%, 7%, 2 8%)2]
sodium caseinate®} 0.5% gellan gum Z3H(0]5} M-S 4CojlA mulslHA 23] 83)4]
ﬁt} SR9] At 915 90T, 3084t 7HERt & thA| 38T =2 w7kR] wiksly REE
=S s=4 -rrﬂ"%e* Zstlo]] 10:1 &R 78IS} ThA] 2% glucono-§-lactone(GDL)
= ;‘47}0} TR, S399] pH7} 5.500 =S w7lA] whkeh § 7hsekfol o 5:1F a2 tel)
Hl&E 2ol 90&E watelH e FHAR 7heeaE AASK B4E e 0.1%
peptone &) 31 AATL the 4T AR5t ARSI

3. #=o 7| 58

Mastersizer 3000 laser diffraction particle size analyzer(Malvern Instruments, Malvern,
UK)2 ol-gsto] thofst 529 sodium caseinate®] T2 4&2] 3718 24319tk Al&d 10H
A v 24sle) 94 A3 A, A 9 BEe 2AsA:

4. MXpa0j4 k=t

o] B4 A 99 ’\]’XV]'OQUW(SU -70, Hitachi, Tokyo, Japan)2 AFR3I53Th HA]
Aol AolA 7&0] $ES AAT T carbon stubol]l 243t T2, SEM ion sputter coaters
ol-&sto] ZIg/deollA 6027t Zaste] 7k AY 5k, 33 HiEE AlRE TESISIH E3L Ann
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5(2007) 9o "ol wet A2 S5 FARE Fes iRt & FaPdARdr 4 (H-600, Hitachi,
Tokyo, Japan)}& AH&3sto] & o ikt 23 Fd2 Erlskith

5. LitH, LIRSS ¥ LgY &4

Minekus 5{(2014)2] o]l w2} sk 2] WibdE S7dstsich. KCI-HCI buffer(pH 2.0)
9 pepsin 1,000 unit/mLE 715t AFHHE AxstH.0H, o] €4 18 mLo] 2 g2l AEE
H7¥otal 37C o)A shaking incubatorZ WRISPHA 0&, 2.5A17F @ 5A17F B9 vioFst ohs
0.1% peptone $& 314 & MRS agarg ARESI 37T, 484K B2t @7] Bidsto] 45
2519 WEEA 2782 Nag 5(2011)9] Bl weh AAJ8F%.2H, monobasic potassium
phosphate(0.68%, w/w)°ll porcine bile extract(1.0%, w/w)& H7I5t €94 18 mLol| 2 g9
A& 718kl 0ARE, 1241 9 24A17F 527t vt ths, iAol ARSE sdet Rl E I+
5 S9oloith fAedtd 459 WY ¥/ Ann 5(2007)9] el wh AAJE9leH,
glycine-HCl buffer(pH 3.0) 18 mLel 2 g2] A|&E 7813l 55C F2Fof|A] wHISHAA] 0A]
7k 1ARE 9 2417 3o AlEE AFT the 718 B et Sd4E S5k

6. X& 712t & SHUZME W Weissella cibaria CMU2| HZ=8 ZAt

SRPopfEI AR E 2 S Al AestE Weissella cibaria CMU w5 3715t 52
AZAZ o, TRt 2&(4T, 25T ¥ 370)0] Aot ester] gk CMU w58 71kt
AR AR F572] BE2ES v, AR & 671 B3 11 7HE 0= 7 AlEE 370
9] A7E 0.1% peptone 52} stomacherE AREolo] UokA] 2RAIZ] T2, MRS agarZ 37C,
48A17F B @7] HiFAA 7Rt TE 2l AN AEES S5

7. SHEN

A& B4 SAS software(SAS version 9.2; SAS Institute Inc., Cary, NC, USA)E ARESI3H .0
o, YAHY, WesA 2 WS 27194 tie] ARPE &80 WIS paired 7-testE ARES1o]
EAIHTH p<0.05).

23 ¥ 2
Sodium caseinate =(5%, 6%, 7%, % 8%)° W el 27 xS ST A3, 2474 197~
1,170 pm(E+t 632 pm), 620~2,200 m(8Bx 1,200 xm), 688~1,300 pm(B 944 pm) L
169~1,030 xm(B+ 544 pm)= VEiTh et Y2 UE, 735 4 o |2H0lA 5 thagdt
Hrgo] &g 7hestal ARgEl= Al 2 HPHo| wet Fel] 7] 3= 20~4,000 umE HYSH|
Azd 4 JrHAdhikari et a/, 2003 ; Muthukumarasamy et a/, 2006). Jung {2009} &
AFA] Z7)89E opdzt, QFgAdo] uie- S8s5hH, Je] A7) E37F YT A2 A AlE 7HA]
0| A= S HZo| ojallo] WSty B1seith B dFolA] 7&0] 37] BXL sodium
caseinate®] ==0] W2t 169~2,200 pm=ZE tHFSH| AREJ, 6% sodium caseinate ‘T2
Pas AXT 4F tE 5ol Blsf iz o= 74eo] P o s FAg=|glon, Aol Holut
2 A9 fe ARE At 2F 5= A6t E9], AtiFoE & A e 547%0
oI5t Z2HPo] QEIAO] £ALS THAAE A0 F WHEH, B o] BAQl FAAR & A&
A7 A ojudt JFE FA F2 & & UGk

2 A= e 240 wt 6% sodium caseinate®} 0.5% gellan gumO& A2 A e
9] 3AAZ & AT 75 EH AJEHE SEMIF TEM WO ® s3It 40 EHe st

o
21_:

J Milk Sci Biotechnol Vol. 36, No. 3 | 173



Lee et al.

A, Pa sEAXE T Folx Hwy 139 BgFo R AFS FASIL U = AAZ
QIS mastersizer= &3 ZAIETE oA 5E]o] Q9o tiIiele FHo| TEEE A &
o 27z et e HH 42 WcHA] 2 20 E wEItkFig. 14). E3E el
5 oot} e 9HS TEMOE &gt A3, o] ZE] e CMU #5E &9l
T o] 9] et JFHOE o|FolFIE SRl 4= UUKFig. 1B).

CMU #9] WS 2ARE 23, Fig. 2A°) Yehd vl Zo] tix7et fe 25 2.5417H2
o122l Zpo|& HolA] AUATE, SAI7E Bt AFHAo] LEotiS A, HeshE d5t o
5o] Ho] FH0R 2 BEES BATHp<0.05). E3} WS4 Aol 12 2 24 ARt
S i Be- Aeste 459 FEEo] tiRo] vl BT FH 02 (p<0.05) = BFS
yepdom, A9l 49 55TolA 1A17E Bt &0 AJolE Ho|A] kAT, 2417t B2t
7HES A feshE CMU #59] A&80] F2222(p<0.05) A Yl Tk, sodium

F

ok

-

R

SEI 5kV WD20mm 5590

A) B)
Fig. 1. Scanning electron microscopy (A) and transmission electron microscopy (B) of encapsulated
Weissella cibaria CMU.
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Fig. 2. Viability of encapsulated Weissella cibaria CMU after exposure to acid (A), bile (B) and
heat (C) conditions for various durations. Data are expressed as the meantSD of three experiments.
‘Significantly different values between control and encapsulation (p<0.05).
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Fig. 3. Viability of encapsulated Weissella cibaria CMU during storage at various temperatures (4T,
25T and 37T). (A), Beef and vegetable rice porridge; (B), Crabmeat, shrimp and broccoli rice
porridge.

ol

=

caseinate(6%), gellan gum(0.5%) ¥ GDLZ o]&3%t AL &3 7|42 Al &
AAAR1 N E CMU #59] FEE&S FIAZ 5= U2 RISk, ol
TRk AE] 2842 4 IS Zolgt weE.

SR 455 R 5212 SARY A% 2EH34T, 25T 2 370) &S ViE 14
2 o7hE B9 RIS A, 37T ARE BE AES AA 7|700] A wet e dT
A} ik AEFS UetdthFig. 3). W, 4T 25T oA Aget A2 tiR= 27 o<l
Hs] 2 Halrt yehA] dkon 27] #5108 CFU/g oA} A71e ShQoki&e] 4% fAk
A7t AEQ] 2% B33 107 CFU/g o] #E Hfoks AS & 5 loith AkfeazEe
AFY Ak, AW 238710 wet tha AfolE HolX|Rk 4T} 25T oA A 35 37T
H|gf| & ZAES Holz| oiglth. ofefdt Ayt £ AtoflA dE Hedt 7leo] Al 7 ¢
HEAoe m2Hlo| QEA0] BEES 7 4= 92 & & ASTh

AEX o= 2 AFojA AREE A2 Hest 32 AR 38 2 AR 28 ookt 3
oA ZE2HPO| QEAS] WESZ FIAE 5 = 5o Fog Aozt W, Folu
oF AIAIES] A 712 5 45 BEE ARl GRS VA S Qo] & Aol AR +Y
T4 747F Alelo] gt FEEE Y 5 Y& Aol Wk

N

=
G
olr r

18 ol
o 1o

o

ey

o

i o

ZAe| =

£ A= 3471 7140l sl Ao 4=35=]glom, ojof] ZIAFEHUTHS2423435).
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