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Potential prebiotic effects of yacon extract, a source of
fructooligosaccharides, on Bifidobacterium strains
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Abstract This study was conducted to investigate the potential prebiotic activity of an extract from yacon tuberous root
on the growth of probiotic strains Bifidobacterium and Lactobacillus. Results showed that the amount of fructo-
oligosaccharides per 100 g fresh root was the highest (7.60 g), followed by sucrose (0.72 g), fructose (0.34 g), and glucose
(0.26 g). The in vitro culture test of intestinal beneficial bacteria, including Bifidobacterium longum BORI, B. bifidum
BGN4, and B. lactis ADO11 showed effective growth on the MRS-Yacon medium containing yacon extract, whereas the
growth of Lactobacillus acidophilus ADO031, L. plantarum BH02, and L. fermentum BHO03 did not differ from that of the
control groups. In particular, B. longum BORI showed better growth than the control group after 10 h of incubation. These
results indicate that yacon can be a natural prebiotic source of fructooligosaccharides, which can exert a prebiotic effect
on intestinal microflora by selectively enriching Bifidobacterium.
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AAN= oF 1002709 Gl Alsto] &8 (Cummings$t Mac-
farlane, 1991), o]} 253 Fof| met x| Aolg Bl
(Mitsuoka 1990). gl Alg-2 FE T4 E= 43 AE /A
A AFHE A8 Ao eRy RYHe A 4R
°§°§%_§ A& SAAY B oldEthlee 5, 1999; Lee &,
2001). AW Mld 5 Z=ZnHlo] B2 (probiotics)= AollE PIAY
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ATHMEFDS, 2017).

Zejufo] 82 A= 1950t A7AREo] GofelA vl=
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Al A1 25 A THFAO/WHO, 2001b; Gydrgy 5 1954; Kang &,
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SIS tHGibson 5, 2004 Hukins &, 2016; Piirainen 5, 2008).
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THMFDS, 2016; MFDS, 2017). f3, 7}F24]% ®at ollg} 9
oFE, SPFE7A] ZEulo] QE A7) 7o sdE
Ml e]tH(Dekivit 5, 2014; Rolfe, 2000). L&}, X
FUPoZN 7FeA o] B2 ofFe FEES A mAlEd T
A= JFF 5 Zejulo] Q€A i Alulo] 9 EC] A1E fuke 9]
g 71 A= obd mIFE Aol

mebd, B AFM s o FEES o83t in viro 3ol
Al Bt 2a B gERpdE 2] AGE 9 ATEEE A}
ato] ofZe] xejnlo] Q¥ A IS HUISITE 3, THES
o] T ofF FEEY 5X fAk
FH3le], FF Alno] 9 E AF AL Ao 3

sk o=
R
AEME
2 Agloe s BT JEA AHZAEIEE 560 m)
oA ofF AAFTE 52 Fwol A T 108 Tool e
FolHe g AlRE AT oFZe] Polie Alie #4414

A7A] 2A4 25 3(-70°C)oll B A3l T

AN EASEA A 52 A A 2 F (2020)

FEY ¥ =2HESIIE EY
e TESYIY 42 AFFTH(KFDA, 2005004
el Este] AAIBATE AR 10 ol 80% olEhE 50
E 7}ske] @& 7](Ultra-Turrax T25 Basic Homogenizer, IKA
Co., Staufen, Germany)°lA 9,500 rppmo.2 187+ w3, 50
mLE 83 o3, A (No. 2, Whatman International, Maid-
stone, UK)Z 12} #4319t} Feldd ZHESE TG 4
8l B899 FE89S WEH1 FE (045 um, Milipore,
Bedford, MA, USA)Z &J3}gt & Ao ARS3IT). ZetESe]
133 fElde ¥EEE I2nEade Fig 1o YeERi.
g B4 $8 FEA7](Sugar analyser, DKK-TOA,
Tokyo, Japan)oll FA-& ZAHPCI-520 P4.6x150mm 0.5 um,
DKK-TOA, Tokyo, Japan)yS “&238lct. o542 02M FAiks)
UYEFNaOH)E A3, §4-2 0.7 mL/minZ 3192, =}
5 (Auto sampler ICA-200AS, DKK-TOA)S o]&3lo] &
At fEld EF8Ae SIS, TYES FIARA TR
Z(Sigma-Aldrich, St. Louis, MO, USA)2] ¥5E& AF&-3ITh
ZYELYIT BME 2FFH(KFDA, 20059 F=3te] A
AT A& AA A2 RIE T Z(Waters 2695 HPLC, Waters Co.,
Milford, MA, USA)°l Z % (Supelcosii LC-NH,, 25cmx4.5 mm
ID., 5pum particles, Bellefonte, PA, USA)S #&3l3, £=&
30°CE ARSI ol 5782 oHIEUER: 575 (acetonitrile:water
=70:30, viv)E °l&3tlom, F42 1.0mL/minE 3I1th A&
715 Z8E 7 Z7](Waters 2414 Refractive Index Detector,
Waters)S o83l Tt ZES T o] 89 (Fructooligosac-
charides Set, Wako Pure Chemical Industries, Ltd., Osaka,

Japany2 Al Z~EZ(1-kestose=GF,), LZ~EZ(nystose=GF,), ZEE

FHE =AY 2~EZ (1 fructofuranosylnystose=GF,)&] EFE2 712t
ARgelth 2B NS XFE VAE A FRE Al
e L=

Fructooligosaccharides=GF,+GF,+GF,

GF,=1-Kestose, GF,=Nystose, GF4=1F-Fructofuranosylnystose
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Fig. 1. Chromatographic profiles of standard solutions of three main fructooligosaccharides (A) and four free sugar (B) by HPLC and
sugar analysis, respectively. (1) GF,, 1-Kestose standard (6.25%); (2) GF,, nystose standard (6.25%); (3) GF,, 1°-fructofuranosylnystose
standard (6.25%); (4) Glu, glucose standard (0.02%); (5) Fru, fructose standard (0.04%); (6) Suc, sucrose standard (0.05%); and (7) Mal,
maltose standard (0.05%). The retention times of all chromatograms are as follows: (1) 1-kestose (6.979 min); (2) nystose (8.229 min), (3) 1°-
fructofuranosylnystose (9.731 min), (4) glucose (7.21 min); (5) fructose (8.94 min); (6) sucrose (12.74 min); and (7) maltose (18.73 min).
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Fig. 2. Scanning electron microscopy of Bifidobacterium and
Lactobacillus strains used in the experiment.

Az A38g 9t FEE M=

o WolRalE AR AR 10gel 10812] 80% ol e
S Z}z} 7hske] Mk 3E7](VS-8480, Vision Scientific Co., Ltd.,
Seoul, Korea)Z 25°CollA] 24A17F E<%F 200 pml=Z FE3te] o
A (No. 5 Whatman)= I8t th, 3| HX13557|(EYELA
CCA-1110, Tokyo, Japan)& ©]8-3td &mlE A|Aste WHo=Z
oFZ FEES AXIIATH

ez 238 U M7+ 55

GRS EBIFIDO Co, Ltd., Hongcheon, Korea)’} 7733+ 3=
Qo] Folla Easte] MLe FF(Fig 202 Z2te] MRS BiX]
(Table 1)l 2% F&3te] 37°Coll 18A17F F71udst & 4°Col ¥
2 1Skt f+ WS I ASAZE 0.05%9] L-
cysteine HCI (Sigma AldrichyS 37}t Lactobacilli MRS broth
(BD Difco™, Franklin Lakes, NJ, USA)S AF&-&}3T} oA
T(MRS-yacon) ¥IA]+= 0.05%2] L-cysteine HCI (Sigma Aldrich)
< Z7FsE MRS brothol] 1%2] ok FEES A7kl 121°C
1587 dersle] Axzsilen, Adsr 23S f Fyhix=
0.05%2] L-cysteine HCI (Sigma-AldrichyS #7}8 MRS brothol
1.5% agars #7Fsted Az ddae AFA 33 o)
Al mjgstel 452171 & ARSI WA 13} A @A +#
F Mg 98 vIgY 2 3%5(B bifidum BGN4, B. longum

BORI, B. lactis ADO11) ¥ ZFEWME B2 3F(Lb. acidophilus
ADO031, Lb. plantarum BHO02, Lb. fermentum BH03)2 oFZA7]
w3 iz HESt 2817 R 1A F 63l 4
2 AATE SR 23 AN AdE +F 4 L
£ S8l 1zl A WITTls 3F(B. bifidum BGN4, B. lon-
gum BORI, B. lactis ADO11)2 MRS-Control HJA] 2 MRS-
Yacon iAol FE3te] 30A7HA] F 63ldl AX AHTE S
Al WEE ¢gd #4(CFU, colony forming units per gram of
sample)=4] &2 15 FHste] ASFHoZ eI

A X2l

2 AYofA] Aozl Ame Gl EA Xl HiFe
SAS software (Cary NC, USA)®| Ha3 HFLAE #4319
ot Al F5E logloe = ®ISAZ] & BAslg o, Hie| 2t
ol FHafro|XH(least significant difference, LSD)*| 2|84 vl
st BE BAIA o9 p<0.052 “F3Isith

felg ¥ Z2ESd|nE #E

dmrr oz Wzt ealEe ARGz A3 a1
9k ofF o] foldg o= o] glo 5, 2011), ZHEZX,
FEIS FIRA oY B THELYIY T ez
shFElo] ATHGoto 5, 1995). ©] Tl ZZELT|o] oF
3-10% AR 7P 2 BHES A8 Yrkltaya 5, 2002;
Kim, 2013b). G UvHAQl B3l 3 4keal/ge] Z=22]E W
AR THESY TGS 12 keal/gdl WDl FHS g, &
28] 43 Ao 83 Manrique 5, 2005; Woo, 2005).

ZHEZT I e o2 T AR Hjg] dujdez W)
7} AW, ol of2e] AuiEElY 58 F A 717ke] Aol
A 71918t S tHKim 5, 2017a; Kim %5, 2017b). 3}
Grau®} Rea (1997)2 ZHEXS TS 14-2.1%, FFISE 0.2-
0.6% A= SHEo] Ytk Byt B AFX % ofF A
A F 100g & ZFES LT FFo| 7.60 g2 =2 7P BUS
W, fEES ARV 0.72g, ZHEX 034, FFIS 026¢
9] FFS YePlthFig 3). ol#d A34E 71E AT} v
S uf, THESIYY FFIAL RS BuE T e
£ BEot ZTHEXY AY- Fho]l A 8] A2 ZoF UERt
o} ol gt 2ol sAdE oFe] A ZEES o] Ast

Table 1. Composition and content of MRS-Control and MRS-Yacon medium

MRS-Control medium

MRS-Yacon medium

Dextrose 200¢g
Meat peptone 100 g
Beef extract 100g
Yeast extract 50¢g
Sodium acetate 50¢g
Disodium phosphate 30g
ammonium citrate 05¢g
Tween 80 1.0g
Magnesium sulfate 0.1g
Manganese sulfate 005¢g
L-cysteine hydrochloride 0.05%

Dextrose 200g
Meat peptone 100g
Beef extract 100 g
Yeast extract 50g
Sodium acetate 50¢g
Disodium phosphate 30g
ammonium citrate 05¢g
Tween 80 1.0g
Magnesium sulfate 01g
Manganese sulfate 005¢g
L-cysteine hydrochloride 0.05%
Yacon extract 1.0%

*The medium of each treatment was dissolved in 1,000 mL of distilled water and sterilized for 15 min at 121°C.
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Fig. 3. Nutrient composition of fructooligosaccharides and free sugar content in yacon tuberous root. Data express mean+SE.

WA ZEEX o] F243] SR 718 723 Kim 5
, 20130)8 2w, 3 F Ar|7te] AR gl TS
n)zl Aoz Ak

ZSELT VG FEIAX Pl ZHEXAV} 210 = 4
e GAA FREE Auy B2FHAd B4 fAKSL e
20-40%°) SFshe FulE He] duRre giA] ZAREERA 25,
A, 297, AFAE, A7, &5 5 sl ol&=
Ch(Pedreschi 5, 2003). =3k A2, H|FuZt F2], A
& 1A, An AN gx, A FelEE A, WYy sl &
| Yol (Streptococcus mutants) AA| 7 5 ZEHELT TG
AP A 7T E BIEI JtH(Asami, 1989). FujollA o
H(Escherichia coli)o|t 2 &=5<H(Clostridium perfringensyS &
ESYITE o) 8sHA] B3R Al -8 fARQl vlEE &

2 o] AES JYdoE FAEd g s HEFgE B
ZIthLee &, 2003). BT SHNME ZHESTIFS A
sdoz Aol SEIA Z3 Uig7A =EdeZ A el
A A Aol dfrae) fAgE 98 gt wEbA, 7]sido] §-
ot eS| o] TR o] A9 ¥ UIeA AFE &
AR olg 77 & Aoz vdtEh

Zulo| 2 HES S TR A2 T2 AEd TF
3HAl EA18taL A ThH(Chandan®t Shah, 2007; Nadal, 2008). Van
Loo 5(1995)% ZgESa| vy BAS E3) ofF 3.9%, 37T
5-10%, %3} 2-6%, PFs 3-6%, B2 0.5-1.5%2] St HE B
ol™, Kim $(2013b)2 ok 8.1%, "Hs 3.3%, $% 2.0%, SX
2 1.9%, Fat 1.6% o2 ZgeELg 1S a8t )
3 &3k B3k, Tsukihashi (1999) ©FE 8.0%, %9 3.6%, %
3 2.8%, v 1.0%, ¥ v} 03% o2 ofe] ZFESE]
% dEko] 7HE Bty BAsich o)A Y, THEST T
S B TR AE FHEY e AA T ARoAY FE
FolA oFEZA Y o] B AE TEUL mEbA, % A
ATE B3 ofEe Zeufo|oE X~ axE s U davt
AL Aoz AT FI ZupoloE AR ol8E F e
st AFES Ut E 2Fe 7eHS T AEE
A ofZe] T84S Eole AT XNEHLE o]Fojxof & A
oz AzhE)
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S0l olxls g8
FAFE S el e oRe falAEe] F42
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A o wEe) I3k ghmLjoht Wk

T q8e ske A & Zad AlolthLee 5, 19%). °
oA FERMHAE F3E ke lactod)t B BES ov]st
= bacillus®] FOIZ F Holl Ue S Edllste IR
Fe] #+& A, FE LGN 4TS BASAIIL HEE
A7 TS FTTHMEDS, 2020).

H| 3] 2~ (Bifidobacteria)y> 7HE XTth= <R “bifido ol A
o olg°] fedth dAs mdE, 7+39)S kol = Ui
o] ikt OEA HEE w30l wEba] Béko] W
s, YA, VAL, 2% e o T oulg e FEE Beloh
(MFDS, 2020). Hlojtj S F& el EAlah tigy #%
S A A8 Fte S Aot g, dnk
et g "3l Bl =2 AFES 7R ddon,
}AS (Maslowski 5, 2009), 714 5T 3K Guglielmetti
5, 201D, €% FYzHE e 9 HYgxd A8(Savad 5,
2011)5-9 &7t RuEdoh

2 AFMs o FEE°] A fikt 244 vX= @
S T fE A =Rl AgellA B SER Y
2 3% HIE L 35S e R 7 A A3S sk
o WA 12 A3l FERMIE 2 3% (Lactobacillus acidophilus
ADO031, L. plantarum BHO02, L. fermentum BHO03)3} W] 2~ 3
& (Bifidobacterium bifidum BGN4, B. longum BORI, B. lactis
ADO1l) & 659 fihde Ul Z Ul (MRS-control)3} ©F
ZA T (MRS-yacon) HiA|oA fakte] AHEE v 23Tk
(Fig. 4). Ag FAE FERMYE 359 #FES 27T
oA gl A t471(log phase)ol] == Al7ko] H|S=E19 1,
Ao E thzFET SAY Hate] 2lolg HolA] %
o}, SRR ¥ E 2 3%(B. bifidum BGN4, B. longum BORI, B.
lactis ADO11)®] 79~ oFZA||FollA 12417 &<k Aol £31
H3L, B longumS}t B. lactis dFoNA 23] A F9
247F =T} 3], B longum BORIFF= H% 8X7H71A)
= iz oA gl Hsg %S B o, 1047 o]
B ofZA oA #5729 Aol BE FXHo] txrt
F 2ol & YERTHFig. 4.). o= 8AIZMAE A9
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< 8AIZF MR tiZl HIste] oFF iR eA 1 ke A}
o7t Aol 2 o] RHE AT AR Yl ol of
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Fig. 4. Growth curves in MRS-Control and MRS-Yacon extract media of six probiotics strains such as Bifidobacterium and
Lactobacillus. A, Bifidobacterium bifidum BGN4; B, Bifidobacterium longum BORI; C, Bifidobacterium lactis ADO11; D, Lactobacillus
acidophilus; AD031; E, Lactobacillus plantarum BHO02; F, Lactobacillus fermentum BHO3.
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Fig. 5. Bioavailability and maximum growth curves for Bifidobacterium strains tested in in MRS-Control and MRS-Yacon extract
media. A, Bifidobacterium bifidum BGN4; B, Bifidobacterium longum BORI; C, Bifidobacterium lactis ADO11.

Z FEE U] @R, olFR, ol vEdh Fo dUdL gof gty SFATHKIm 5, 2018) B oA H|HEAFe

7} 7] AR R3] o] i we ARE T ol ek 30A1 7+ B. bifidum BGN4 TF& 7504 CFU/g, B. longum

AARE f714kel oste] Aol AAlEE FORE o fHnt BORI #F& 15 39 CFU/g, B. lactis ADOll 4FE 2439
ol$} 7+ AFE upgow 23 AdoMe F4 aIr} Bl CFU/ge] AF4E Y & T4a3E el

H vt 3%E e R A4TE 30 st & Eiﬂkolge‘it A 3 gow HmIAEe] 70%7) B

Eshe 4 A4 S AR EL 7

EiHl

] _J_E‘E %q—.

o] F2 FEE AlgsHA HrlslithFig. 5). HIF TSt B
bifidum BGN49} B. lactis ADO11 @55 oFZA| oA Ad<r
ol ¥k 12217714 Jiﬁl 7oy 1 o] R R
3} HSEAY BojR= S BT} SIATE, B longum BORI
e oA EA HH"k z7] 6’\17177}745 =t A
o] Aol7t It 12417k o] FRE] AFo] FA3] Tkt 30
AlZF A= tlztel] Hlal] Eok), o] ek Rty oA g+
7ke] Aol BAZORE fogt Ao = RIS B. bifidum
BGN49} B. lactis ADO11 d5= 272 6-12417 4 tiz23 5
AR FIx7F AR, B longum BORI 452 739 6A17F ©]
T RE AN FAA frelidel lE it

Z2ulo] Qg ae TS &S HFSNE W A% =g
e Aol e 722 A fFT e flsixe A
oF = A, SES F T 2AE Tk g 44
&322 JTHFAO/WHO, 2001a). ‘53 9olgt Zgulo] Q¥
71588 2 A4S ® 19(100,000,000) CFU/g ©)/4-S 3Ha

HEAQ w2 ek e At vy Akl o
oA Tha AolE melT). aﬁuwwﬁo F2 Aol
3 Zelad]l BEET RO thEe]alds o8t

Z=0AA, B s g4, A Al 7 B3
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