Check for
updates

Received: May 10, 2021
Revised: Jun. 12, 2021
Accepted: Jun. 15, 2021

*Corresponding author :

Jin Man Kim

Department of Food Marketing
and Safety, Konkuk University,

Seoul 05029, Republic of Korea.

Tel: +82-2-450-3688,
Fax: +82-2-455-1044,
E-mail: jinmkim@konkuk.ac.kr

ORCID

Bo Min Song
https://orcid.org/0000-0001-5993-7680
Bo Zheng Zhang
https://orcid.org/0000-0001-8745-0394
Jung Min Park
https://orcid.org/0000-0002-8817-2856
Jin Man Kim
https://orcid.org/0000-0002-2887-8195

30 |

Curr. Top. Lact. Acid Bact. Probiotics 2021;7(1):30-36
https://doi.org/10.35732/ctlabp.2021.7.1.30
ISSN 2287-853X

Research Article

Identification and Changes in the Viability of Lactic Acid
Bacteria in Various Foods according to the Storage Period

Bo Min Song, Bo Zheng Zhang, Jung Min Park, and Jin Man Kim"
Department of Food Marketing and Safety, Konkuk University, Seoul 05029, Republic of Korea

Abstract

According to the National Health and Nutrition Examination Survey (KNHANES), the
eating habit patterns and perspectives of consumers change according to dietary life
changes. Consumers are becoming increasingly interested in healthy and functional
foods. The lactic acid bacteria (LAB) and probiotics have health-promoting functions
and can facilitate the growth of useful bacteria, inhibit harmful bacteria, and promote
smooth bowel movements. This study compared the contents of LAB in various foods,
including biscuit, sand, and chocolate, according to the storage period of LAB-
containing products and analyzed the predominant LAB at the end of storage. Upon
examining the changes in the viability of lactic acid bacteria over a storage period of
7 months, we found that cell viability was maintained at 5.20—9.04 Log CFU/g on MRS
agar and 5.60—9.18 Log CFU/g on BCP agar. The results of cross-testing by a certified
food safety agency by the MFDS, demonstrated that cell viability was maintained at
5.65—8.34 Log CFU/g; additionally, cross-validation comparison results showed a
similarity of 76.0%—100%. This indicated high accuracy of results and maintenance
of the constant viability of lactic acid bacteria. The detected lactic acid bacteria in
various foods were identified as Lactiplantibacillus (96—100%), Weissella confusa
(99%), and Streptococcus thermophiles (99%). The expressed content of LAB on the
outer packaging paper of the products was suitable for determining LAB content.
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TEY 5 vHgAsto] Z718ka Qtk(Yook er al, 2015). A
27go] =¥ T 304 ol TEY FHES 2007004 2018
| 3.8% 7Iotlon, E5] EA} of/puTt 1,44 =rial B
SIHEHKDCA, 2020).

AR Q3 AIZE B9F Aadd A 9 fAIRT 22 AR
dhgof ARSIt Lee er al, 2015; Park et al, 2014). Problotics
= A5 Al B el fdt 9T T Aol TE
Lactobacillus sp.®} Bifidobacterium sp.°] 4 OIEHLee et
al., 2017). =2 Q7] A AAo] FAst S vAH(Park
and Lee, 2017; Zocco et al., 2006), Bl 715 9 gQF a3}
7} &&EA KO et al, 2020). FANES dHkzo=Z obAlsich
T QlAlE= u|AE(GRAS, generally recognized as safe)2A],
Berger's ManualollAl= I8 =t 74 oL Slot
A G+C 50 mol% olske] IHUFA, non—spore-forming
O] Ft, 7het, T FEhtoltKim er al, 2011). BRI 4

H [lactiplantibacillus #F+= BHEHIEQAE AAd5to] Listeria
monocytogenes ‘S Aok FFAEE HEATHCastro
et al, 1995; Olson and Aryana, 2007; Sheo and Seo, 2003).
e o4l 9 {714t 59 At S 24 Aot AEe] A
Aoe 719930 R(Kim et al, 2011; Nighswonger et al,
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= FHsHA ol&=1 Stk Lee er al, 2001). HH] o, 5
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Bags, Seward, UK)o| AlES Y1, oufjke] B4 2742 4
A2(25C)0l14 300 rpm, 1087t #&stATHStomacher® 400
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A IgolA EelE fAt =S DNA extraction kit(Power-
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S35t 27F(5'-AGA GTT TGA TCC TGG CTC AG-3")<}
1492R(5'-GGT TAC CTT GTT ACG ACT T-3') primerE At
Soto] FEaAAY R polymerase chain reaction, PCR,
Marsiling Industrial Estate Road 3, Singapore 739256)°.&
HA(05T, 20%), BFG0T, 402), APH72T, 90%) 20 30
3] BlEsto] DNAS SZAF PCR AR purify AAIBH 1%
agarose gel(invitrogen, New Zealand)Z 71953 & Gel
ofw|x] EAGA|(SYEGENE)IA UVE ATHE ZRIsH3irh. 471
Mg A402E 27F, 1492R primers ArEsI oM, 4249
ZA7E BT & BLASTN program(http://blast.ncbi.nlm.nih.
gov/Blast.cgi)& AMES oid +55 Stk A &
AL Clustal X, BioEdit, MEGA 4(www. megasoftware.net/)
£ o]&sto] A7|ME 719 §4AF A=L} phylogenetic treeE

3 FHol7] Qo ARE AFFENHA
A Q1EsE AEIAA | At AFokct. & Ade] AeH
= A ARE YEAEHE dgote] AES 3etart.
o i AETA A A A9, Dt AEH 3. nE AIE
R 4= wWSICHMFDS, 2021). o] 8L
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2 Ao AN F7E 6071 AlEE 770 A 717 59t MRS
agarolX AEE FANF A 9] Hok= Fig 19 2th 27] 1 ¢
o SAkF A 45 6.859.04 Log CFU/g, 171¥€ A 6.75-
7.43 Log CFU/g, 274 & 6.70-7.91 Log CFU/g, 37H& #
6.85-7.81 Log CFU/g, 47l Z} 7.00-7.91 Log CFU/g, 571€
A} 5.95-7.73 Log CFU/g, 671€ A} 5.20-7.89 Log CFU/g ®
7704 *}5.78-7.20 Log CFU/go| A&= At 77/HE B9 44F
T+ At e §F 07 A AT YERH BCP agar©l
A AEE A Bt 9 WSk Fig 2% 7*E} 27| Ak
A 55 6.93-8.96 Log CFU/gC& Uepgon 771Y jojA]
6.04-7.63 Log CFU/go] A=At 7718 &< fodos 4
o 7L AR AE ERIsHT AN A 9] AjolE
3 23}, MRS ¥ BCP agarollA] A% 7|7to] Aol wie} zhasst
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Fig. 1. Changes in the viability of lactic acid bacteria during 7
months of storage on MRS agar. A; biscuit type, B; sand type,
C; chocolate type, D; chocolate type, E; chocolate type, F; sand

type.
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Fig. 2. Changes in the viability of lactic acid bacteria during 7
months of storage on BCP agar. A; biscuit type, B; sand type, C;
chocolate type, D; chocolate type, E; chocolate type, F; sand type.
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Table 1. Comparison of similarity by cross-validation of lactic acid
bacteria viability of products”

A certified food

Time In this study safety agency by the Similarity
(days)  (Log CFUI9)  yieps (Log CFUIG) (%)
0 7.00-8.58 6.78-7.69 89.6-96.9
30 7.20-7.43 7.62-8.10 88.9-97.5
60 7.48-1.76 7.15-1.77 95.6-99.9
90 6.85-7.40 6.30-7.48 92.0-98.9
120 7.00-7.60 6.37-7.59 91.0-99.9
150 6.88-7.59 6.72-6.93 91.3-97.7
180 7.04-7.89 6.00-7.04 76.0-100.0
210 5.78-7.28 7.18-7.26 80.5-99.7

1) A; biscuit type, B; sand type, C; chocolate type, D; chocolate type,
E; chocolate type, F; sand type.
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Fig. 3. Changes in the viability of lactic acid bacteria over 7
months of storage, as determined by a certified food safety agency
as the MFDS(Ministry of Food and Drug Safety). A; biscuit type,
B; sand type, C; chocolate type, D; chocolate type, E; chocolate
type, F; sand type.
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Table 20A1= Z AlF2] 2720l FAE F4hd =FE vlwst
At 770 B3t AlRONA AEE RANE B 9k BAE TS
vk Ak A(4x 10° CFU/65 g), BQx 108 CFU/74 g), C(2x10°
CFU/40 g), D2x10® CFU/40 g), E@x10® CFU/45 g) &
F(2x10° CFU/74 g Q37gol HAIE Akt FaF o]k RA
S5 A AAF R Qe BAIH AANF TR 2 A
o] AvtEct FA BAFOH, F571SHONY) B fANE
T2 A AES Bl A7 Ak s ARk S
7} SO RN £ 0] A Rk AH|R] Qo] FRkETt
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Table 2. Comparison of the viability of labeled lactic acid bacteria with that of the actual lactic acid bacteria on products”

Sample No. Display content Content after 210 days
A 4x10® CFU/B5 g (6.2x10° CFU/g) 9.4x10° CFU/65 g (1.4x10° CFU/g)
B 2x10% CFU/74 g (2.7x10° CFUI/g) 2.6x10° CFU/74 g (3.5x10" CFUIg)
o 2x10® CFU/40 g (5%10° CFU/g) 2.1x10° CFU/40 g (5.3x10" CFUIg)
D 2x10% CFU/40 g (5%10° CFU/q) 1.5x10° CFU/40 g (3.8x10" CFU/g)
E 2x10% CFU/45 g (4.4x10° CFUIg) 1.7x10° CFU/45 g (3.8x10" CFU/g)
F 2x10® CFU/74 g (2.7x10° CFUIg) 1.1x10° CFU/74 g (1.5x10" CFU/g)

1) A; biscuit type, B; sand type, C; chocolate type, D; chocolate type, E; chocolate type, F; sand type.
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MY 77 | %

O7HA A&Y fANFRE 2] Higste] Hokat 27171 o 2070
colonyE Algslo] 545t ATk= Table 337} 2t} E2H AAKE
9] E5= AlEo] wet fo3t Zol7t QT o= Alse] AR
o} g 89| Aolof] 71Qlok= A0 & WK Lim, 2020). §4F
= SR A SR e 42 4 otk AlEo] ZEE f4t
9] 85%= Lactiplantibacillus96%-100%), 10%+= Streptococcus
thermophilus(99%), 5%= Weissella confusa99%)% 1=
o 1 Aol 85% Lactiplantibacillus’} 7V o] SH %o

Table 3. Identification of colonies with 16S rRNA gene sequencing
for strains isolated from products”

Sample No. Strain [dentity (%)
Colony 1 Lactiplantibacillus 100
Colony 2 Lactiplantibacillus 100
Colony 3 Lactiplantibacillus 99
Colony 4 Lactiplantibacillus 100
Colony 5 Lactiplantibacillus 99
Colony 6 Lactiplantibacillus 99
Colony 7 Lactiplantibacillus 96
Colony 8 Lactiplantibacillus 99
Colony 9 Lactiplantibacillus 99
Colony 10 Lactiplantibacillus 100
Colony 11 Lactiplantibacillus 99
Colony 12 Weissella confusa 99
Colony 13 Lactiplantibacillus 100
Colony 14 Lactiplantibacillus 99
Colony 15 Lactiplantibacillus 99
Colony 16 Lactiplantibacillus 100
Colony 17 Lactiplantibacillus 100
Colony 18 Streptococcus thermophilus 99
Colony 19 Lactiplantibacillus 99
Colony 20 Streptococcus thermophilus 99

1) A; biscuit type, B; sand type, C; chocolate type, D; chocolate type,
E; chocolate type, F; sand type.
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Fig. 4. Phylogenetic tree of strains isolated from snacks, genera-
ted using the maximum likelihood method based on 16S rRNA
gene sequences. Bar, 0.01 substitutions per nucleotide position.
Bootstrap values are expressed as percentages of 1,000 replicates.
(a) Isolation of Lactiplantibacillus strains on the phylogenetic tree,
(b) Isolation of Streptococcus thermophilus strains on the
phylogenetic tree, and (c) Isolation of Weissella confusa strains
on the phylogenetic tree.



NE7Io ME ofet A3 W fid S H fitd o Hat

A 71628 71 2 40l SAERE T o] ERld
AR AR d8E ARBo] 75T AoE

al., 2013). o]t FE0] EH[oh= B
Sh= 5 FANFE] et 24300 BeE A7t ol o]Fox|aL Ql
o} S e, HET 5 AR ARl JlofA] w4l AJAt
@& 2o, olE RAR= AHBeak et al, 2012; Jung er
al., 2009)7} tFefslAl ZI8¥=|a Qick. oA Hiee] Al tigh &
7t A&H 07 AP T Qi ol QANRZRE Hscherichia
coli & W2 Fdolvt T3t a= Qg Ahufiete] 50
& FHo| Aotsls AL WS 4= 3 20 HUIE7| whizo|th
&E Aol tigt =271 et $4 |A71%H] A%ol 8¢
Holl wet A4 Az AoAE olegt EAEE sidsh] It
Udgto 2 vhee| QAlS AYAohs RAkTE AELE]S] 7ol H Qo)
A =it 7 Aol HEE 371K o olQ]ol= /o] el
H fANF A7k AR 71sAE FAE 4 Qi

y s Al

©

12

kO

2 Ae AlBel 75 S AN A7 AlE 671E 7Y B9t
APgstod, FAkt et 420 Hslel $4- 7SS 2] E A5
A siolk. Al A 71700 wet fARE At 9] #Hak= MRS
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