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ARTICLE INFO ABSTRACT

Received June 28, 2022 Among various health functional foods, probiotics constitute the largest market. The interest in
Revised 11 July 19, 2022 probiotics is increasing continuously according to the research results that gut health can control the
Revised 2 August 8, 2022 immune function of the body, prevent diseases, and assist in treatment. In this study, dairy products
Accepted August 14, 2022 ) ) . L .
and dressing sauces were developed using Ficus carica vinegar (FV), and their effects on colon cells
were analyzed. When 5% FV was added to regular milk, the satisfaction with the resulting yogurt and
ricotta cheese was high. The dairy product was Leuconostoc lactis, and the number of bacteria was
more than 1.0x10’~1.0x10° CFU/mL. The product satisfied the health food standards as
probiotics. An examination of the cell viability of Caco-2 cells, which proliferate similarly to human
Key words intestinal epithelial cells, revealed an approximately 19% increase in the proliferation rate when
Ficus carica vinegar treated with whey at 10%. An antioxidant activity of up to 58% was recorded when the cells were
2”;52222';;:"/21/5 treated with whey at various concentrations. In addition, excellent adhesion was observed for L. /atis
Microbiome isolated from whey. This study confirmed that dairy products made using traditionally fermented FV
Probiotics assist intestinal health effectively as the microbiome.

Copyright © 2022 The Korean Society for Clinical Laboratory Science.
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1. M=

FARE Az ARE FA=ES] YEk-Horiginal milk,
Samyang Co., Seoul, Korea)} B--{Jeju premium
milk, Samyang Co., Seoul, Korea)= A1FAZof| 4] A5l
o} AR5ttt FolAl 2(Ficus carica vinegar, Newuto
Local Herb Farming Association, Yeongam-gun, Jeonnam)
SARFEES AR Y s Al Fale Ad &
A AreFYsdollA s o k= AdS AAT & 2
220" Coll HHsI3ia A xR Folt= 507 CollA 314K &
QF At & AAZ A|AsH 4°Cof| Hasto] ARESISIT.

2. 0= QHE XM=

Ut Bat-9-foll 2442 FRlAIZE 1%, 3%, 5% 5%

7} H=E Hrlelal A{Salt, CJ Cheiljedang, Incheon,

Korea) 1%2} A=(Sucrose, CJ Cheiliedang, Incheon, Korea)
1%5 71519 37°C 30A17EHEasiict

3. 2|ZE} XX M=

L9 WFR W5 60°ColA 108771 7
217} BHINEE 1%, 3% 5% S/t HES Ak 43
195 85 1% 37F510] 37°CollH 304z sl 1
%, WRE 27102 5jo] A B R4} 2 efsto] 2lE A
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4. S das M=

5% ol 4|28 HES-5 EE B9-Ro] H7pslo] e
KRB BT A2E AFE 5 Rejw 27te] $40] 5
o] BB IEAS H/RE, 10%, 20% T8k} A2 3}

Ut 9ol 22 Tt A %S 1%, 3%, 5% 5
B2 7R = 8AE 5 mlL, FeRt A5 1%, 3%, 5% B
= 7IRt Y FE X2 5 g, 7124l Y FE X2 A|RA| EEE
90l ol 4125 10%2)} 20% 5= 7 Foto] T &4
A2 5 mLE AFoto] g EF o] Eof| Jgke] =7} X4 30710
A 2o} 30071 EA ges AP AdSe] BAe &
Lactobacilli MRS (deMan, Rogosa and Sharpe) agar BiA]
(BD Difco, Fraklin Lakes, NJ, USA)2} plate count agar (BD
Difco, Fraklin Lakes, NJ, USA)®f| bromcresol purple (BCP,
Sigma-Aldrich, MO, USA)E 37zt ¥iA|o]l 100 L& =%
Slof HatuieH O = 37°CollA] 48AIt i FstRlTt. vl &,
L&A =Hcolony) 5 33] ¥HEste] £7619] log CFU
(colony forming unit)/mLZ Ha-ak= YERASITH

D
=)

At

7t fAIEOIA E2H F52] Heet 5782 fIst
EHHdFE Lactobacilli MRS HAiA]of| A 20417 Bi%F
53l genomic DNAE $Z(AccuPrep, Bioneer, Daejeon,
Korea)sttt. 16S rRNA SZ-& 95 242+ 0.4 uWMZ FE5
L7t E&=E forward primer 27F (5'-aga gtt tga tcc ctc

Op

=X
(SN

£

ag-3')%} reverse primer 1492R (5'-ggt tac ctt gtt acg act
t-3") [915 2X EzWay Direct Master Mix (Komabiotech,
Seoul, Korea)2} £315}9] total volume©] 20 uL7} H==
SHoITE A3 APlE2 95°CollA 102 HHg- &, 30 AfelE&
95°CollA] 30%, 50°CollA] 40%, 72° CollA] 3024 HIHE519
o}, & A AlolE2 72° CollA] 158 2722 polymerase
chain reaction (PCR)E 5=345}9ith. PCR ¥FSAFE-2-0.8%
agarose gelollA 100VZ 3587t A7|95S AAotaL
GreenStar™ Nucleic Acid Staining Solution (Bioneer
Co, Daejeon, Korea) 2.2 H4H5}0] Gel document system
(Kodak Gel Logic 100 image system, Easrman Kodak
Co, NY, USA)C= ERI53t}. A7|4BE44-2 BioneerAt



o sequencing2 SJ5tgom, 4714 Eajn 454 vl
= GenBank (NIH, MD, USA)E o]-&313itt.
7. HEMZES 24

5% ol 2E ARE-Rol A7 isto] At e =20

A B3 4S8l 1 s e gk

2 =251
YA E(Caco-2 cell)oll U]Z]-EO%J*O— 3} ict. Caco-2
human colon cell line Sr=A|EF-230f| A -HfSISITh

10% fetal bovine serum (FBS, Thermo Fisher Scientific
Inc, MA, USA), 1% streptomycin/penicillin (10,000
[U/mL, Thermo Fisher Scientific Inc), 1% non-essential
amino acid, 10 mM HEPES, 1 mM L-glutamate, 1 mM
sodium pyruvate”} Z7Fel minimum essential medium
(MEM, Gibco, USA) BIAIE AR5} 37°C, 5% CO2, 95% O
(MCO-18AC, Panasonic Healthcare Co., Ltd, Japan) &4
ol HieFsto] 328A) B7] 0] HlIEE ALgSISITE 1x10°7H
-4 A|ZE- flat-bottom 96-well plate®] £5513L 5% CO,7F
SEER=37°COl BT 104 244171 B2t vttt 13- vl
] AASIAL 52 1%, 5%, 10% 52 22 ulix]of 347}
Stof 24A17F 52t ThA] HiFSIT). Z4212] welloll Q= HilA[E
A|ASE S 10 uL cell counting kit-8 A]2HCCK-8, Dojindo
Molecular Technologies, Inc., Kumamoto, Japan)¥}
100 pL HiAIE F71stod] 2417F 52t 5% CO,, 37° CollA] HiSSH
9t 450 nmolA microplate reader (Synergy™ HT
Multidetection Microplate Reader, Agilent Technologies
Inc., CA, USAZ T3 22 55 5 4 AEE 47}
S Az} H7I5HA] Qb2 Al29] Al ZAEES ALt

A

ol

FALS)
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8.

olr

=X
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0

328A) £29719] Caco-2 MEES 1 x10712] %= 2 black
96-well plate®] £33t & superoxide dismutase (SOD)
assay kit-WST (WST-1; (2-(4-Iodophenyl)-3-(4-nitro-
phenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium,
monosodium salt)) (Dojindo Molecular Technologies,
Inc)ollA AAsR=41IH 0 & WST working solution, enzyme
working solution, sample solution= &H]olo] 20 52t
5% COg, 37°CollA RESAIZITH10l. 1 % 450 nmofAl
microplate2 8% 7951 528 74 1%, 5%, 10%2]
SLEE A7IEAES] SOD 4 435S arbutin 100 ug/mL
oj|x9] ghit} Ed} vl w st
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9. 22l YLIFA

T BU719| MRS A1831E] 5% 10°/mL FEE 12-well
plate ol £5=5}4 2441 52 37°C, 5% CO, 74004 vlieFst
of SHUNIESZ FAJoHA stk Lacrobacillus rhamnosus
(KCCM 42756, Korean Culture Center of Microorganisms,
Seoul, Korea) - 210 & ARGs1o] 7St ARl A]
*‘310}401]1’410}%"41” ks EA6IHH 1. 7479l o=
= MRS HAHEIRIONA 37°C 18417 HHGF 5358 gollA] 44, 4°C

2 XIET s19th. #Al= PBS (pH 7.2)2 33] Ajl&gH &
serum free MEM ©]| 1x10° CFU/mLE @elslo] A 22
A3 Caco-2 A7} = 12-well plateoﬂ Z1Z-0.3 mlA A
7¥s10d 37°C, 5% CO, BgolA 2A RS vilgsioict. 159
AM|EZES PBSE 23] A3t 3 0.2% Trypsin-EDTA (Thermo
Fisher Scientific Inc)S o]-&5}o] B2 A|ZE Hojdl & 0.4%
trypan blue (Thermo Fisher Scientific Inc)= G s}o] Ao+

TE Alsto] diz fAr 72 A =S Blwsieith

olIr
HT

1z

10. 8AEA

AYAT= SPSS 20.0 (Statistical Package for Social
Science, SPSS Inc., Chicago, IL, USA)& o]-&3s}o] Bkt
FEHAE AKX, one-way ANOVAE o851 P<0.05
Z2220]|A Duncan’s multiple range testE A5t 5-2%
2l Aol & AFSHITH2I.

2 1}

fotA T} TotE FHEe At 4

Q-3 = Eh9-Roll 8t 425 1,3,5%2] 559
= o3loto] Alxet oAl 8 AE, BFEF (R, Ealdan]
Ads= MRSHHX]Q} BCP7} 33+ PCA #jRoflA] 1.0x 10
~1.0x10% CFU/mL oo 2 A7715A1%0] 7|12 1 114
9] 7184131 TSIt Tables 1-3).

40
fol

il (0]
=
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2. FotA R} AokE QHEL FAHS S

Ha|e A9 16S rRNA 34 Q714 E HRE vl==
Y=L ]H(NCBD GenBank t|o]EfHjo| A0 SFE]0]9]
= 971X} vl asto] A2 fARROIA EeE sARY] &
2 545t 231}, Leuconostoc /actzsi SRIE|ITHTable 4).
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2 2G| ghethe QAvEE & 4= IHHP<0.05, Figure 1).

3. SSHIAZT} EEE QMBI 225 QHOR Qlst
OIZt CHEMIIEZ=O| ML MES 4. BRI EEHE QMYEUAN 225 QAOZ 0I5t
T HPA| =21 Caco-2 cellol] 0}—,—E1 2= 517 29} OI1ZF CHRIM|EZO| BlAtsHs
o] | ZSE 7]E0 2 dlo] YUk 9o)| 5% Sl ZE 1 90| SOD F4 SHo) u|X|= JSkS WS

S5t Bk ﬂ FERA| 2N S S 8Os A Figure 200 WERHRIH. its} @459 FAH =L

0

[¢]

of B S Bejolo] sER AR F AL Hwel 100 ug/ml arbuting A3t 3%, %F93%9] FAS IS B
ATt e AIeIE W AT EC) SR B HATL, oW, #2 1%, 5%, 10% %Ei ARt 7 27 25%,

5] 10% &= A2I513ke W 19% 718 AlLBE80] 72 30%, 58%2] FAtets2 7l o2 EA =3It Figure 2).

2 o= F7Foke AZ BRSOl Aol Aol =442

Table 1. Viable cells (log CFU/mL) counts on drink yogurt from regular milk or sterilized milk with concentration of FV

Viable cells (log CFU/mL)

Media DYM DYSM
1% FV 3% FV 5% FV 1% FV 3% FV 5% FV
PCA with BCP 7.10x0.09* 7.23+0.09 8.31+0.05 7.23+0.07 7.27+0.03 8.16+0.03
MRS 7.78x0.03 7.14x0.12 8.4+0.07 7.29+0.04 7.39+0.04 8.26+0.08

*Mean+SD (N=3).

Abbreviations: DYM, drink yogurt from milk; DYSM, drink yogurt from sterilized milk; FV, Ficus carica vinegar; PCA, plate count agar; BCP,

bromcresol purple; MRS, Lactobacilli MRS agar.

Table 2. Viable cells (log CFU/mL) counts on ricotta cheese from regular milk or sterilized milk with concentration of FV

Viable cells (log CFU/mL)

Media RCM RCSM
1% FV 3% FV 5% FV 1% FV 3% FV 5% FV
PCA with BCP 7.31x0.11* 7.36+0.09 7.92+0.14 7.45+0.07 7.61+0.06 7.64+0.01
MRS 7.75%+0.03 8.02+0.05 8.38+0.05 7.55%+0.18 7.64+0.03 8.22+0.01

*Mean=SD (N=3).
Abbreviations: RCM, ricotta cheese from milk; RCSM, ricotta cheese from sterilized milk; See Table 1.

Table 3. Viable cells (log CFU/mL) counts on dressing sauce with concentration of FV

Viable cells (log CFU/mL)

Media Whey from RCM with 5% FV Whey from RCSM with 5% FV
10% FV 20% FV 10% FV 20% FV
PCA with BCP 7.53+0.04% 7.35+0.03 6.82+0.07 6.49+0.05
MRS 7.35+0.10 7.12+0.09 6.61+0.01 6.38+0.08

*Mean+SD (N=3).
Abbreviation: See Table 1.

Table 4. Sequence similarity of bacteria from drink yogurt from regular milk with 5% FV

Identity GenBank Accession No.

Leuconostoc lactis strain CBA3625 chromoseom NZ_CP042387.1

www.kjcls.org
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Caco-2 cell line& ARSI 1L, LRHE 02 ARl = At

224 L. rhamnosusE 270 =2 slo] Ajd Hals-2 3}
AsITt. 1 A3} L. rhamnosusS] TS 100%2 51
3ol A B35t Leuconostoc lactis=14% 715 F-2Fs0

R

mlo .l

—_

TR A0 E FAE UK Figure 3). 02X A3t {AIE
oA Z2et wto] ZzHlo] REIA0] A=A C] 7R 8425

T T

C 1 5

Concentrations of whey (%)

10

. ; .
1 5

Concentrations of whey (%)

L. rhamnosus

Lc lactis

1l

Figure 1. Percent of proliferation rate by
concentration of whey from seperated
with ricotta cheese at Caco-2 cell line.
Data are presented as mean+SD (N=3).
*P<0.05; A-values were calculated by
paired Student ¢ test.

Abbreviation: C, control.

Figure 2. Superoxide dismutase activity
by concentration of whey from seperated
with ricotta cheese at Caco-2 cell line.
Each bar showed the mean+SD (N=3).
P-values were calculated by paired
Student ¢ test. P=NS.

Abbreviation: A, 100 ug/mL arbutin.

Figure 3. Adhesion ability of Leuconostoc
/actis from whey from seperated with
ricotta cheese at Caco—2 cell line. Each
bar showed the mean+SD (N=3).
P-values were calculated by paired
Student ¢ test. P=NS.
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AREQ] e o 3 o9 Wil iRt A= o] A4St
1 Y= B4R oot dadEe] T2 A58 A
(inflammatory bowel disease, IBD), ZFI/3355(irritable
bowel byndrome, IBS) 53} -2 73 AR A5 F= Al
O] g mPES 2078t AR US| the=
& = QIEH 13, 14]. FAketo] tiiA 0 = FuiMletS-2 7ot
A\ 4= Q= AR W2 BV} IO, Lactobacillus
sp., Bifidobacterium sp., Bacillus subtilis, Enterococcus
faeciumt & RS T=2H1o]| Q EIA(Probiotics) Bl H
Er}. ZEHPo|QEAR QIFR| A= ikt FE54to]
U= G oNA &= Aopdol A7IA] Tgslo] AoflA] FAlstal
Y2 4= Qlofo s, A YiollA B3t 45| ofok gt
A 0= IV St 22 Pt dgke) 7 et
Hofub d2iR] ¥kg-Z 7NAA7 1= BE v o2 thAefst
of|A] LEHPO]QEIA FARFS o837t A =E 7okl Ut
Bt oYzt AAAIAE st E5 S AEIE A5t 39
ZhE, AURA, Al 5 TSR S50l TR A2 QL
TH15-18]. E3t QIS 23t B41Ea B, Hit, ti7] 50l
SE51L Q= HES] 4, & E(micobe)Tt AEiA
(biome)2] o2 “mlo|aZHlo|g" olgfal F-Er. nle]4
2Ho| 29| 8ok = AN S5 5 Trfioh= A5= APYlA
FH A= ITH19, 201.

7 AN BE5E 5743 B3 1.0x10°~1.0x10°
CFU/mL oo = 21559] 7| 9 +49] 7|&A1 & W51
o, Bal" fANFS Leuconostoc lactis2 ERIF|LY.
Leuconostoce & SAEL 47T e o o] &&= &
Abgtolw[21], TS uEte] ARl AE a3 AX]
oA = E2==t Ao EAek= Leuconostoc spp.2]
7Pg & 542 dextran Ao {5 AAR RESOTHTR= 20|
TH22, 23]. T12E & 2 AtolA] AlReH-FARES AXoA =
& A== it AB/dsh, olofl 485k atE A 17
o 22 & 5 U2 A= AlEHch

TRt I EHO] QEI A= Q)of Ao | XS AU Ao F A 0.
T F2odt 71 752 iR 4= Sl A 0= TSItk T1e
b= o5 ZRIsk] Sl QA1 &% A2z} FALSHA 5
AlEl= Caco-2 M|ZFE ARSSto] Al 28EeS Tt A,
= 10% 5= AoI= W 19% 71 Al ZBES0] 5
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7Fetoll wt fAgo] airgAl ol FaliskA] ko, AES4E
FETAL &4 AUt TE0] 742 1%, 5%, 10% 5= A2
S, 22 9F 25%, 30%, 58%2] FiteksS HAAtk dihaAl
R 20| FAFs2 ZA% A, 17800 21 Leuconostoc
lactis7} 953t F25-S Hojgo] wet f5go] wiol Lz H]o]
SORH 7|12 Q7S FEI A= Wt 4= 9lom, Yot
TP R A 200 2 & A i2o] v X FaFo] QA H
W A B Q7 = A0 R A

£ 5 TaHlo| QElAE I AAH oz 7}
a1 9)om, A 77%o] 98] Fo] AukQl
sl Yot 250 =2
= A2 0 & LH}o] QE| 0]
o] S8k Qlrt. Aol Al RejatAl 2ot 71 &
e ol&5lo] AR T AAE TSI 1A EE
FARBIL tA R o] B]X|= RS EAdetaIA} oFoiT). dut
9710l 5% TSR ZE H7o1HS o) viiE 8 AESH B F
ERx|Z0f| it 71 RS} e0kth AIRE AR £e
32 Leuconostoc lactis®1™ 1.0x 10" ~1.0x 10° CFU/mL
o] A7t S =lo] AlE2) 7% U 1149] 7|EXE T
Z319ct. A2 A A e} EARHA| S41E1 = Caco-2
AZZFo N EAPEE-S TS A, 4L 10% 5= A
o199 ] AIEAYZE0] 19% 715 o4 o2 F7elit B
2 S AsIe o A 58%2] PAlelsS HYck E
St-3g0llA E2]% Leuconostoc lactise= -3 F2Fs0] T
Zhgo] wet A7) Tee e fAEY S ERIskr
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