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Abstract

Prebiotics are known as components of intestinal microbiota that can improve and maintain human health status by stimulating
the growth and activity of the intestinal tract as a method of controlling the intestinal environment. In this study, we examined whether
2’-fucosyllactose (FL) could affect intestinal microbial population and bowel activity. Water content and frequency of mouse feces
were increased in the 2’-FL treated group at a high concentration (1,000 mg/kg), with brightness of the color enhanced and physical
properties diluted. In addition, intestinal microbial analysis showed that harmful bacteria Clostridium and Staphylococcus strains were
decreased and beneficial bacteria such as Lactobacillus strains were markedly increased in the group treated with a high concentration
of 2’-FL compared to those in the control group. These findings suggest that administration of 2’-FL can maintain healthy bowel
activity by reducing harmful bacteria population and improving diluted physical properties.
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& Liu 2016; Zehra 5 2018).

o] & meloloEAl oIz R TFHbumn mik
oligosaccharides (HMOs)], At 2-22] 113 (xylooligosaccharide) 2
IHE-&e] I (fuctooligosaccharide)t -2 754 =12
2 Rk 22 A Solge] S48 FIL A pHE W
HEA S0l A AuA|ae] FatE= A JARCHFiordaliso 5
1995; Kwon & Lee 2002). £3] Q17+9] E-Sofgt £A5H=, HMOs
L Qigote] Qg 9 Wele S0 £ee St BT A
A 9 0] olo] 3 B3k ARolu, o 2000150] 27
Stch(Ballard & Morrow 2013; Soyyilmaz 5 2021).

o|e} T2 &E NG FRET Q17| Rf{o] Hol &
b, 1 ShFL oF 100~3008] X}o]7f ‘H_'q-(Manmez-Ferez 5
2006; Bode L 2012). ESF HMOs2] -3+ D-glucose, D-galactose,
N—acetylglucosamine L-fucose, ZL2] 1l N-acetylneuraminic acid

5 A 740 DEwEl Adehe 720 et 1R
4 7], &%, EAJo] A= (Nifionuevo 5 2005; German
5 2008). o]& &Y I1YL FEOoZ YTt B9 lactose
£ AY™, lacto-N-biose T+ N-acetyllactosamine®] =712 A
AE ARE9] woboly 7o 33 A SK(Fucosylation) I A]
& Sk(Sialylation)=+= Zlo] EAJolt}. 922|179 60~
80%7F F A3 O] Qlom, 9= 70%7F AlgEtE o] &
Ajgtct. g3 AQ EF A5} —%ﬂl 32 2’-fucosyllactose(FL),
3-FLo|H, A|EE3} &30+ 3’ -sialyllactose(SL)2} 6’-SL
o] 9ithBode L 2012; Han S 2012).

2-FL2 A HMOs 5 9F 20%7FF A}FA]5}H(Soyyilmaz

5 201, fotel Al Sl 44 24, T4 RFER
olof 44} ® W] Zslo] AL FE AT R
o] Ut} (Morrow 5 2004; Marriage 5 2015; Lewis 5 2015).
ESt Campylobacter jejuni®t 22 AF =49 A4 U A AF
oA Eo] et BLA Ecoli®] 2 AHd(Yu 5 2016;
Facinelli 5 2019), ¥ 92 Z7KKulinich & Liu 2016), U qi
AL 7§41 (Good 5 2016), QA5 A (Vazquez 5 2015), 9
G =7] AAl(Zehra 5 2018) 5] AFE0] HilEo] Ut
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(PicoLab Roden Diet 5053)2} E-2 ZA-3-54 AFol== 5}3th.
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A9 £97108 ART AULE B 3PO GrE
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A3t AJZtof| AHGFofstqitt. 3, 2°-FL Fol2 QI uhy-
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Slstol, uk9L AREE 229 cageo] HeI3t 1 £ vl
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H
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A v|RE EHL, G-t Bifidobacterium spp. D Lactobacillus
spp.&} SNt Clostridium spp. 2 Staphylococcus spp.2 4174
oto] u|=- YA E7 HANE|(National Center for Biotechnology
Information)@] databaseZF-E] A2 16S rRNA §-2A} ALE-E
718F0 & primerE A2} the primer express 2.0 sofware(Applied
Biosystems, Foster city, CA, USA)J5}o] 45} thH(Wheeler
& Katzmann 2006).

50 ngo 2 AAH EH DNAES ARES}] StepOnePlus
Real-Time PCR System(Applied Biosystems)2 ©|-&5}o] z+Z+
55-’154 9&]‘;]— /2‘6‘1_(1 501’8]- 37,]-7(4.9- 2?,] H]—E'_‘é]-o:] Z,\_‘é‘ﬂﬁqoq [¢]
H, 4% Cycle threshold 72 wid= w4l ©jAYE9]
genomic DNAE 1085~ 3] 4{sto] vh= EE A3 B ws}
of CFUg.2 UEhfolct.

Axtof st 54| * 2] GraphPad Prism 5.0 software
AN, 7 AR 7H] B
ShT B

A% AF= meantSEMO.E H7]5F9 1L, p<0.05 o]4 Y
ot EAA S9)4o] Q= Aoz Whsrt.

=2 u

£ ©o]875}t9] 2-way ANOVAE
A 52’42 Duncan’s multiple range tests= A5

2]

ér{né

Table 1. Changes in body weight(g) of mice

2’-Fucosyllactose”} IR~ v 2 2R n|RBEo] n|X|= gk 195

Zar d nE

2RE40Y 2-FL 500 [ME 02 AS

1. ST
s B}

I'-III

2 ke Ao A WEke &
st ﬁﬂr cﬂp;w« I B AATONA FARE AlS
7P FEE N oH, 125:2; 2T AF-2 10.5+0.8 g 5
7ok, 2°-FL A2 Low 9.9+1.0 g, High 9.7+0.5 g0 &
o172l Hpolt= sHelE] %] gkrh(Table 1). o|uf, Aol 4=
PE= 125 B 2-FL FOIZ A upe Al gk,
o] Wivt P S Yehs AR F ohiE,
Zo] 9-=t2 3} Hujo] sBslako] QS =T} Andrews
& Storr 2011; Ministry of Food and Drug Safety 2020). 2’-FL

6. EHEAN AEoo]| mE B HIsE Hrist Ay 15219 B 1l
A3 T RS 79422, 2-FL Aot 7.7+1.8, 2’-FL 15+

7.5+1.92 ZF AR 7hol| 2tol= HAEA] ¢kt TH(Table 2).
o] & 7FAHA] £ RlZo] gt 3914 Q1 Xol= et
A QFokoLt, 8FAMRE 2T tiH] 2-FL s EwollA] H
o)H o7 BT} F7Fst7] Al&sto], Adlo] FREE 125
Ao 1244122 LE 5 B Hlert 7P 54 YErdt

Weeks on study

Grou
P 1 2 3 4 5

6 7 8 9 10 11 12

Vehicle
2-FL-Low” 25.1+0.2
2’-FL-High® 25.4+0.2

24.6£0.2"9 257404 26.8+0.5 28.4+0.6 30.0£0.5 30.4x0.6 30.4+0.5 32.0£0.6 32.3+0.5 34.3£0.7 34.6+0.7 35.120.8
25.840.2 26.8+0.4 28.4+0.5 29.5+0.4 30.3£0.3 30.740.5 32.0+0.7 32.3+0.8 34.3+1.0 34.7+1.0 35.0£1.0
25.840.3 26.8+0.3 28.1+0.4 29.6£0.4 30.4£0.4 30.1404 31.9+04 32.6+0.4 33.7+0.6 34.6£0.6 35.1£0.5

D All body weights calculated in grams.
9 Data are shown as the mean=SEM, n=8.

9 2°.FL-Low: 2>-FL 600 mg/kg/body weight, 2>-FL-High: 2>-FL 1,000 mg/kg/body weight.

Table 2. Effects of 2°-FL on the stool frequency per 1 hour

Weeks on study

Group 1 4 8 12

Vehicle 7.9+2.29% 6.3£1.1 7.3£1.2 7.8+1.3
2’-FL-Low” 7.7+1.8 5.8+1.1 7.741.0 8.7+0.6
2’-FL-High” 7.5£1.9 8.9+1.7 10.6+1.6° 124+1.2"

D All stool frequency calculated in per 1 hour.
? Data are shown as the meantSEM, n=8, p<0.05, vs. control (2-way ANOVA test).
3 2’-FL-Low: 2’-FL 600 mg/kg/body weight, 2°-FL-High: 2’-FL 1,000 mg/kg/body weight.



196 AR - A - 7 - A8 - 9FY - AN - ] s - A

(Fig. 1)
YL EFT )54 LTS F LFH 2 2uo
A% S B B NS S Aoz B
et Na & Kim(2007)2] A4 345 o ol A A4a=
291G A HANAE ) o] Folq1 Fo &5

& o HiHA] E= P E04F0] HiH = *7V\l7]h

Ao Z BIE O, Farhin 5 2019y 2°-FLY| AHF7} A
Eg| Ao 93t F 25FNE /AR Z 2™, Ramirez-Farias
5(2021) ool Al 2°-FLO] 437} ¥H] 7| Ao J3F= 5
ATt H sl Wb, 2°-FL Aol A] B Rl
S7he 2-FLO| FE-A9] AREa Al St ACR Alw
Ew, o]% mheA BEWO SRS Hristlo

2. IRS2|0E 2-FL F0o{0] QIE BH TRE

2’-FL Fofof oJgt wpeA ERo] EokgS H7h
o, 1532 22 2-FLAS B 9 2-FL s
&4 B9 SEZe 717 621, 613 9 61.9%2 =4
(Table 3). ZG-5-0] 8FAMA] FAH O Z {203t Z}o]
ZHE| 2] QAN 2°-FLS Foieh AolA= 2
EoMAl= Aol UEhaL, 93— 2°-FL =9
H SESEFo] 67.3%2 F-9]8 02 F71ettHFig. 2). AT

o] TREE 23X oll= 2-FL AT BT foFog a7
ghgol Eofl o, 2-FL skof wE Xol= A ¢
Atk ©]2t &2 Mao 5(2022) 7t B3t vk 2°-FLE
AT FolotolS b 9] AE ERAT, £HY a7
SFFollA |olFl Aol WEEA Y= 2o R HIIsHe]
t}. E3L, Robinson 5(2001)¥} Bouhnik 5-(2004), Na & Kim
2007y Z+zF 2143} 1599, 28Y =91 Aul AlQloA] 2°-FL
I 22 71548 e A7 2 vl aske] At
Ao g EIFo] F7Feh= Aol UAARE FojHl A
7F UEA] 2 Ao Hargt v Qltk. 2 FLE 125 5%t
AT Fofst AL 185, 2-FLo] Ay $4S HSHAA
HiH 5o JF2 F717HA] et Algto] deEl= A=

i

rll‘ ) 1o <t 0Kl

niﬂmﬁrﬂ_ﬂo&mﬂi

OS-‘EJ

Table 3. Effects of 2°-FL on the stool water contents
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Fig. 1. Effects of 2°-FL on the stool frequency. Vehicle
mice are gavaged saline and had free access to drinking
water. HMO, 2’-FL-Low or 2’-FL-How mice were treated
with 600 and 1,000 mg/kg 2’-FL, respectively, stool was
observed once every 4 weeks. Data are shown as the
meantSEM, n=8, "p<0.05, vs. control (2-way ANOVA test).

Az
3. 922D 2-FL S0 02 2ol 22y SN
B}

2’-FL Fofo] W& mpeA B9 £ B71sh] Sl
T A0 2 33] AF5to] gl A3, 45:27HA] A F T
EEHOM ETAQ 542 YEA] 2 thFig. 3). o]F 8
Z} 2°-FL =T 3o BHo] o= o] ZHHrt} *”0] glo}
A3 AR ALt @Eokon, 2°-FL sk 1254}
of 29 EHHET JHAo g WA Yeht= Aol &<l
=] lth(Fig. 3).

FLgg EHY Brts WS st At &5t
o A9 A% 715 §A dt=d EL20] Hoh(Deutsch &
Stres 2021; Matsuda 5 2021). o] g3t BWo] Ar L 48%
Fa BA7E 9lom, o]of wEt £ Hlko|: ¥ F
of Hu] 9 HAto] Ylo] Hrk(Sharma & Rao 2017; Ministry
of Food and Drug Safety 2020). §-G-o1= tjA o2 3t ATLo]

o)

Weeks on study

Grou
P 1 2 3 4 5

6 7 8 9 10 11 12

Vehicle
2>-FL-Low” 61.3+2.0
2’-FL-High® 61.9+2.3

62.142.1"7 61.742.8 62.6+2.8 613+2.0 61.8+1.3 61.1£1.8 61.3+0.8 62.6£1.5 62.4+1.7 62.5t1.5 62.9+1.8 61.0+£1.0
603422 63.4£1.8 61.542.6 64.144.4 642440 645515 632+1.8 64.7£1.2 662423 66.840.9 65.9+1.5"
60.4+1.2 63.040.9 664+43 64.5+1.9 67.1+1.5 64.9+1.6 64.442.6 67.3+1.2° 68.142.4" 67.3+0.7 66.8+0.9°

D All stool water contents calculated in percent.

? Data are shown as the meantSEM, n=8, "p<0.05, vs. control (2-way ANOVA test).
3 2’_FL-Low: 2’-FL 600 mg/kg/body weight, 2’-FL-High: 2’-FL 1,000 mg/kg/body weight.
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Fig. 2. Effects of 2°-FL on the water contents of stool. Vehicle mice are gavaged saline and had free access to drinking
water. HMO, 2’-FL-Low or 2’-FL-High mice were treated with 600 mg/kg 2’-FL or 1,000 mg/kg 2’-FL, respectively, 11
consecutive weeks from 1 week. Data are shown as the mean+SEM, n=8, p<0.05, vs. control (2-way ANOVA test)

Weeks on study
1 4 8 12

%m@vtﬂv

s‘}w

2'-FL-High 1 > & %

Vehicle

2'-FL-Low W

Fig. 3. Effects of 2°-FL on the physical characteristics of
stool. The C57BL/6 mice (n=8) were treated with 2’-FL-
Low (600 mg/kg) and 2’-FL-High (1,000 mg/kg), and stool
samples were collected twice and every 4 weeks.

A, 2L e ket 7154 SRl T A HEa
ot o) AR AR WA deton], ok 2
QTN 2L TEER0] 8 Ash W A AAsHct
(Wang 5 2017; Vivatvakin 5 2010; Ramirez-Farias 5 2021)
o) e 4ol ¥ioh Aol sk 4% Yok 4
o % 9 AR} ek o Sof, 2o] Alo] A AS
b A U, B EE 4] 9ol 454 4 A
3k oJAls| 2 2= 9lom, 7}& o]AFA 9l BiHol MO 71y
o|u} B EMo|tk(Zuckerman 5 1995; Lee 5 1996; Kim BS
2023). Tateyama 5-(2005)9] H o] Wt2H, 7|54 1T
Q27 A gole] A% BATHE mob B pih B4
513 FA0.2 WSRO B, Blison S(2016)2] ATANE
2uo) A5/} Bl F2ue ol Wslh nuE

i

K

£ 59 2FL 4= BH0) AR BRI, A 5ol
34 o AU pHE R0 AT 23

o
oh=l3 A A7l fol% AAHE ekl Aoz

o
Rl

|

Hu e

o]
o

ZHETh

rE 1o
> 1o &
= Jo

2RS2|0E 2-Fo| Fo{0l [ME ALH OIS Bist 24
PFL Eoprh o0 A vES] B S Bl
st A3}, 8-+ Bifidobacterium spp. w3+ 2’-FLO] 5%
7} Eobd =g AT Y Lactobacillus spp. ¥+ S715F
HThFig. 4). T3t -3l Clostridium spp. 2 Staphylococcus
spp. =L 2FLY| BT} ol AR Zhaste AL ol
ShsickFig 4). 9919l T o] 2FLE] M e %
o1% Holt ol ROl ZHolE FUT AYEL
2 AASIH, 3] Lactobacillus spp. #F7F 9 <
o BE 4 £EE B SAT AL UehhE o4
Aol A ZE AT A= E tH(Thongaram 5 2017).
Lactobacillus spp. 75+ o]2] L ZH}O|QEIA -3 ZoA =
ol Al 27 7P Hojutk= 217t lth(Thongaram
= 2017).
olg} o] fOAFL YATES BT P pHE 2ol
foflet] 8% A H A oA azo] Rk A A SRt
THGibson & Wang 1994; Lewis 5 2015; Matsuki 5 2016;
Smith-Brown 5 2016; Yu % 2016). o]&3t 8-2]+9] Al
58 21 AVIE A0 DALY 2L A5A U L
HA O H(Kwon & Lee 2002), 0] & =ATFTIo] A% of A
F4ET O] /)54 R g Aol EAHE
7R o] 55K Gevers 5 2012). 0|9} Zo] thA71A] o] %
S 2-FLe o759 oluAPoRA ol 8HAE A,
545 AW o7 HY4 vdEe] & AT ®Ho| RAste
AL AFAoz JA5H7|= SHh(Ruiz-Palacios 5 2003;

}o
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<

l‘=l~10> fl
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Clostridium spp.

Staphylococcus spp.

Fig. 4. Effects of 2°-FL on the changes of intestinal microbiom. The relative abundance (%) of the major bacteria in
C57BL6/] mice small intestines distinguished by groups. (A) Bifidobacterium spp., (B) Lactobacillus spp., (C) Clostridium
spp., (D) Staphylococcus spp. Data are shown as the meantSEM, n=8, "p<0.05, vs. control (2-way ANOVA test). " CFU

(colony forming unit)/g (feces weight).

Newburg 5 2004).
o|Ate] A¥E wlgto g, 2-FLO| M F7} (37 A
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