KJOAS

®

CrossMark

click for updates

a OPEN ACCESS

Citation: Shin TK, Wickramasuriya SS, Cho
HM, Kim E, Kim Y, Park J, Macelline SP, Heo
IM, Yi YJ. 2017. Role of dietary nucleotides to
mitigate post-weaning stress in newly weaned
pigs. Korean Journal of Agricultural Science
44:477-486.

DO https://doi.org/10.7744/kjoas.20170054

Editor: Woo Kyun Kim, University of Georgia,
USA

Received: September 11, 2017
Revised: October 18, 2017
Accepted: October 18, 2017

Copyright: © 2017 Korean Journal of
Agricultural Science.

This is an Open Access

article distributed under the

A terms of the Creative Com-

mons Attribution Non-Commercial License (http:

/Icreativecommons.org/licenses/by-nc/4.0/)

which permits unrestricted non-commercial use,

distribution, and reproduction in any medium,
provided the original work is properly cited.

ISSN (Print) : 2466-2402
ISSN (Online) : 2466-2410

REVIEW ARTICLE

Role of dietary nucleotides to mitigate post-weaning
stress in newly weaned pigs

Taeg Kyun Shin', Samiru Sudharaka Wickramasuriya', Hyun Min Cho', Eunjoo Kim',
Younghwa Kim?, Juncheol Park?, Shemil Priyan Macelline', Jung Min Heo'*, Young-Joo Yi**

'Department of Animal Science and Biotechnology, Chungnam National University, Daejeon 34134, Korea
National Institute of Animal Science, RDA, Wanju 55365, Korea

3Division of Biotechnology, Safety, Environment and Life Science Institute, Chonbuk National University,
lksan 54596, Korea

*Corresponding author: jmheo@cnu.ac.kr, yiyj@jbnu.ac.kr

Abstract

This review provides an overview of dietary nucleotides as an alternative to in-feed
antibiotics for weaning pigs. Dietary nucleotides are composed of DNA or RNA molecules
and are normally contained in protein-rich feed ingredient, brewer’s yeast, yeast extract,
and milk. Weaning pigs are suffering from several stresses, such as environmental
challenges (i.e. crowding, transportation, and feeding). Such stressors can damage the
intestinal epithelium and cause an invasion by Escherichia coli, secondary inflammatory
responses, and post weaning diarrhea. To overcome weaning disorder, people often use
antibiotics which reduce symptoms and boost growth performance. However, since
antibiotics were banned due to concerns of antibiotic resistant bacteria, researchers are
studying alternative materials to antibiotics. Dietary nucleotides are one of the alternative
materials for replacing antibiotics and can be used in abnormal conditions, such as weaning
diarrhea, low digestibility, and disease condition. Nucleotides have substances that have
important roles in cell division and cell growth, affecting growth performance, intestinal
condition, and immunological effect at the weaning stage. However, nucleotides’
composition is very different between sources and this aspect makes it difficult to utilize
nucleotides at the weaning stage. Therefore, this review paper focuses on i) the
characteristics and functions of dietary nucleotides and ii) the effect of dietary nucleotides
on the growth performance and immune system of pigs.

Keywords: dietary nucleotides, growth performance, immunological effect, intestinal
condition, weaning pigs
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Role of dietary nucleotides to mitigate post-weaning stress in newly weaned pigs

BAIE A oA = wrEofA AAIZ Q1 £4-2 A 0 71t Marquardt et al., 1999; Owusu-Asiedu et al., 2002).
= Ol A=2] AARE ARt 7)ol A ES FEA7IE F7HAQ] BFE HolH, o] miZe] =57
= £ ARESHe] o AR=0] AARE sl dsto] Sttt shAlah, A of T2t ARS8 A Ui dEtE| 2
ol Fd T R8-S Ao 4 vk BAIZF A7 E th(Heo et al., 2009). ©]ofl A|A] o 2zt o] & sl 25|
fl5te] A O] A= U AFE-S FAIAZ o, HetAE-2 o] 5 A tiAlEE-& 2o e= Al & Sl 3
A A B Tste] w2 A7t H g o]k o m, A= probiotics, prebiotics, synbiotics, organic acids, zinc
oxide, plant extracts and clay minerals ‘5-2] A48 o] Z+3g-2 1F37 QJTH(Vondruskova et al., 2010; Lei et al., 2017).

TR el B A tIAIEE T ShHEA, 84 FE5E, B9 i 5 B o] TR U= Yo =
FHEE ARoltt, FEY QEIC]|E= DNASF RNA EALg 1A E]| 09 © ™, adenosine 5’monophosphate
(AMP), cytidine 5’monophosphate (CMP), guanosine 5’monophosphate (GMP), inosine 5’monophosphate (IMP),
and uridine 5’monophosphate (UMP)2] 57}2] 5577} Q1 Th(Sauer et al., 2011). T2 A| 22 0] B3}, 4%, T A}, o1 ]
THARS] TheFet 7155 7FA 2 Qlof, wEd| L Bfo| B AlE ol H7FekelS ol Blia7d-53], W 23t e
AAL A T TR A ARt Bt w2 e QEo| E= o A7l of Fof Al AARe] TS dletlth=
B 17} Q1O ™(Carver et al., 1991; Pickering et al., 1998), ©|2|3+ 1= 28| QLEFO| E7} o] AH=2) A A7
A ofifof] §i7} Gtk Tl A7 H ek wE e QEo| B A I, fold Y, W 8t gl
ol g2l A Q)™ (Saver et al., 2012), Ol = AMFH 2 & AL HIHA| A = 57Ol ==& & 5 9t} of
A5, 72 ol =l Hjgt A7 BR8] olFo] A7) ek g 01T, 27 W Apeio] 1 oS 7}
Ao FESHTE 18 7] mZof i g7 =22 w2 Qe =0 Alm Ui A A 2d=E A1) 71 E wet
staz, o] Edo] FU 29} 7|5, ulAE 12| Ao Gyt Ql=A] goth 7] ffof 2 = it

Nutritional management of newly-weaned pigs
PR nET} B 1 o]Fof oG AEH AR Qlate] Zhf A7to] ostEls ZAFRS HQltkLalles et al.,
2007; Park et al., 2016; Balasubramanian et al., 2017). ©]-f A 7] 0]l AH=5-2 7]|E 2] HAFO] 95 ThAl 1P O] Atm

£ AFI5H B}, sHA]9E o] i 2] 3-0] Zp=2 48| o] T2 5] WESHA] glot U] AP} o] Fof R 2] F
gt} o] 2 Qlof| A= AP IS 23 A F S-S Hol= 97t o, o2t 452 A o § 2 E
= eEA) 7| 11 451G 4 0] B4 S A Slitth(Pluske et al., 1997). & AZEE 2H= 45} 52 o] vhgh-g A 5)5}o] A
A7 vrE2folE SAAZ|AL B Y FE-E o SIAIXITE o] {3t BLE o] f § F/E2 302 AFES] Act=
o]0z M £7}0] &S E 71 A k. w72 A E Folste] BAIES sl st A4 S310] it T3 dofst

d
Ch(Cromwell, 2002). “LejLh SR8 e GAIA] o] ALS-S YA U4 Helelote] 2@E o oA Hatgo] £AI5t
01, 1 15 fF| MK At ] S A AL el 201, oS A5 57
A A S QI M AT B AL Fe TR SUAAO, B B ATAES ALa 1) 27149 B2

oJstod BAE Sl 2ol st Qi) o= R AX SR ZA, acidifiers, 15 = 2] zinc®} copper salts, pr0b10tics,
essential oils, egg yolk antibodies, 5] B} A a5 A3 F7 O 4 S 7IA L A7 AT o, HEH o] &
A2 ol 2AEHAE Fol=H BIHE Ho| 1 otk ofA| gt tirtro] EH 52 Al L 2 dste] A= A5t
7]¢f| o] 2]-&-0] wh2th(De Lange, 2010; Ding et al., 2011; Li et al., 2012; Thacker, 2013). 7-4%] © & organic acid2}
zinc oxide B+ O-FAF=2] A A EZ 2 A G717} Itk B 17} QAR o] EHEL oA o] HEE A
240k EF e @ O Su| . EAflote] AE A 0 = AERt= o]o| 2] 7] = o] Hrt A2 ohH, A w7t = A
gl o] % of2j7x] o] ti A E 5ol 7N = 1 AR, o] 2Rt /-2 o] 5] A A QI G Ao HEa Qlo] A
2 ia7] o ofelgo] T2 1 itk 19| tiel She A dAE R A ofd ulEe ehAlolc)

gts
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Role of dietary nucleotides to mitigate post-weaning stress in newly weaned pigs

Biochemical characteristic of nucleotides

2| 2 Bto] == DNASF RNA £t B2 o] Fo]7] §lom Aiof|x =o] & 7Hesict. 2 @&
= A4 7], 2l sht ool Q1o & o] fo A glom Fal, mlgjud o 2 Lh A Eh A g o A
2 g9, AlA" O8] et 2dtsh, mgju|d-S Jropd, FATE 8| sto] 23R o2 A E o]
d Paterson, 2014) (Fig. 1). TRF A|ZE0] A2, ThAL, oL 2] 5-2] E-Fof| Thostr] wfjiZell Al
2 242 A lth(Rudolph, 1994). FAA .2 Carlson (2005)2 & L EFO| =9 &
S AFS =0Tt B30T, Sauer (2012)2] AAE w2 QELO|E7FAAFE L] T4 §lol IgA
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Fig. 1. Structure of nucleotides.

TEH QB B AA| U] BE 2204 A, AFE-S WHESHH(Uauy, 1989), A48 7172 de novo 9473, salvage
714 283 AFRE 55 S50 MI7HA] AR E Fote] ZE th(Sauer et el., 2011). de novo &3 of| 1] X 2} thAL
715221 Q] amino acid, ribose-5-phosphate, CO,, NH; & A 2.2 mammalian A 2Zo]| 4] 21§ E tH(Chu, 1991). Salvage
71742 G719t w2 QA EE E8ol= 7]H 22 RNASF DNAS] A7t A] o] A& A a2 dojuA Hrk(Uauy,
1989). mZof| salvage”] -2 de novo@-goll HIste] ol 2] ] AR7F A1 A4 Selo] T2 Z o= A it
(Cosgrove, 1998). T3t salvage”] H-2 de novo /g ol H]51] 90% o142 A7 S-S o 4= A=A 3714
a1 QIth(Uauy, 1989). sFA|F Z 2] o et de novo S-2 salvage”| A2 & 4= e 22 o] EAol7]| w2 & 7]
R R eeto| B9 o DA ot ol & S0l A AZ, Z4 W 2 RAZ, HEE, A+ 183 9
O 5L de novotde AAR S 4 glo] 72| LENO| = $HA -2 salvage”| A of| 2]&3Hth(Pearson and Gordon,
1985). o] 2|3t el A & o, Ae & F1t 728 LB =98] H509+= de novo ol Bl oL 2] A7 A O H A

T A o] A71E AlEshe salvage”] A2 S7HA1 2 5=

0

rr

Source of dietary nucleotides

22| QEfo] E= DNASF RNA S| E3A| 2 o] FolA Qs ARos, AlZut o
o] gHFE o] ATk, 2006). FAHCE, G, G 55 1
TH(Table 1). Table 1-= At= 0|4 Bo] 220]= Corn, Barley H th= 9-f, R RoA H& B2 722 0| =7} 9l
Th= A2 H oSGl and Sanchez-Medina, 1982; Ingledew, 1999). 1A 2 =
Al B2 Q1 Ffo] o gt o], W e] M 1| AFER A7) 5 St Al7lol A o2 vjghE 4= QL

= QA= 2tar o]oF]| kK Sauer et al., 2012).
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Table 1. Comparison of nuclectide compositions (Umol/100 m) from human, sow, sheep, and goat milk in colostrum
and milk stages (adapted from Gil and Sanchez-Medina, 1982).

Ingredients Nucleotides” (mg/g)

5’CMP 5’ AMP 5’GMP 5’UMP 5’ IMP
Barley 0.002 0.001 0.001 0.000 0.001
Casein 0.001 0.000 0.000 0.000 0.000
Corn 0.003 0.002 0.003 0.000 0.001
Fish meal 0.026 0.011 0.002 0.001 0.035
Naked oats 0.003 0.003 0.003 0.001 0.001
Plasma 0.002 0.002 0.002 0.000 0.001
Spray dried plasma protein 0.016 0.008 0.003 0.009 0.002
Spray dried red blood cells 0.000 0.044 0.003 0.002 0.006
Soybean meal, 44% 0.016 0.008 0.003 0.009 0.002
Dried whey 0.270 0.019 0.000 0.001 0.004

“5’CMP, cytidine 5’monophosphate; 5°’AMP, adenosine 5° monophosphate; 5°GMP, guanosine 5’monophosphate; 5’UMP, uridine
5’monophosphate; 5’ IMP, inosine 5’monophosphate.

e E2 ol A gAZA] BES] 2/ 975 Soto] w2 QB EE S A FI5kL o] w2 LB
o] == 2= o] tjA} Ehgo]] 3 a3t & 3hS JHth(Martinez-Puig et al., 2007). SHAR, o] & =50 2d 0}
o|EE Fo] AFE o Y=t 11 olfi= wE U QB =T A o St 9159 Al E A FS)
7] dizolt. 1A wizoll, FEs7e2 R-9 FAEIU 2f 181 A RAIEEE of-8oto] AEEolA
2| QEtolEE AR AASMTE LU 9F U w2l LB E 9] F ko 242 SF 3 -F Al 7] of] whet 2ol 7t

o] &S RS FoolA] Eotal =7 A othGil and Sanchez-Medina, 1981; Gil and Sanchez-Medina,
1982; Duchén and Thorell, 1999; Stein and Mateo, 2004).

Fol whet 9-f Wl w2 el o] B O] T2 Atol7t glom, o]2gh Aol 2 FFof wet w2 LEeolE
FolzFo] b ok stth= 712 X o =rh(Sauer et al., 2011) (Table 2). Table 2= ¢ W 78| LEto]=9] A
W7 AR, B, F T80 A4 5 S 0 Al7]ol whet of BA DEbA] =] Bl skl 45 A7) ol whet
A H e A}, - = =2 A17] 9] 9ol A UMPE] 5= 7F AMPRF GMPRE T 52 25 & 4= A1l th 53]

Table 2. Comparison of nucleotide compositions (umol/100 m) from human, sow, sheep, and goat milk in colostrum
and milk stages (adapted from Gil and Sanchez-Medina, 1982).

Human® Sow” Sheep” Goat”
Day of lactation
2 30 1 22 2 60 1 60
Nucleotides”
AMP 3 2 9 6 30 9 5 7
CMP 6 2 14 6 33 9 7 5
GMP 4 3 8 4 4 - - -
IMP - - - - - - - -
UMP 2 1 103 12 113 25 54 15
Orotic acid - - - - 4 4 8 12

*Analyzed with high performance liquid chromatography methods.

YAnalyzed with enzymic methods.

“CMP, cytidine monophosphate; AMP, adenosine monophosphate; GMP, guanosine monophosphate; UMP, uridine monophosphate;
IMP, inosine monophosphate.
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B= W UMPE AR, &F 2|4 G2 97 W UMP Bt o E3to ™ ¢Fo] ¢-froll= AMPR CMP7FTHE &
off Hlgte] 2 Ao =2 YE .

ZAEH S Table 17} Table 20| 2¥= w2 2E0|=0 24 9l e A= AR, 55 1
of wpet Zetitts ZS gl ol HolM & o) wEdleEol=0 e ST R AAY
upet AAshe 22wl Sasheal & 4= ok SHAT S5 i w2 LB =] 245 45k Bl
T AT A0 ABEA] 0T DB R o]f A=l A ARt R LEI=E FosH] fIslA ofof wet
glol8E SA5HaL Bl 245t A7 A= ofoF et

Feeding value of dietary nucleotides

EE QEo| E= HTh e A ARME F b EA HAAA /93], AU AR e, A tiAket 7t 71 s
= e A A B ARl E B4R G4 9= 5 Sholth(Johke, 1963; Carver and Walker, 1995). 71 ©]f+=
2ol QEfo| ET} o 2| 9f ofn| e At-E B2 AIA] Z 2|4 fHdo] 7HEste] MYt M, A £X, WY
S 5 54T A4S A Qlotals AA U @4 0 2 Aol 7Hs517] ol

SRR 2= 0] o] f-0F T2 Aol A= AA| Wl 722l LEfo]| E o] g o] FEot| =t olf ARl A=
2| Qo] ErF HpAQl JYARe] "k Ao R w2 QEO|EO] o= AA|Rot A7 AEYAE
HiokS wf) HY 7|5, @ A 18|31 AAFEA S} Qle 71 0 2 LFERG TH(Novak et al., 1994; Ferreira et al.,
2012; Sauer et al., 2012). ©]+= o] 1A= EF U FR]| = o] A]7] 9] A= W = o] oFst 1 WA HiE|2fofe] 3
Aol #1 Al7]0]7] wZoll B2 o] w22l QEto]| =7t H g 5tk sEA|RE o] - AH=E Al 7] 9] w2 E| QEfo|E 8
ol s A= 79 XY= 2] got Fehet o2 42| Zstar
= A7 Ao AN & 71 = O B(Heo et al., 2009), FU] Z2]0] 3] &5t HARE HA|Sh= o] f AEHAE
Zol]7] fIoliA B2 &l w2 LEte| =7 HQ o Aoz of| 54t SFal It Carver et al., 1991).

Stein and Mateo (2004)2] A= o] A= Al7]0]l 72| LELO|E 8750] de novo @/ d FE T Wrh= A2
dejzct o]t 12 Table 3 B=2] & A4S HH & 4= QITH(Table 3). Table 304 =2 AMP, GMP,
UMP, IMP9] &fo] ZA|RH At d 0 = CMPY] ofo] A2 A& & 4= itk o] 2fzt Aol & wff o] A7l &
g @ Efo| EE Atm ol 7ok A2 wEH LER|E 8 1S W e A SA o] BESFCMPY G AHE 5
U= 7ol Utk AT 71 Q) w28 LEO| E 9] o= o| fAEYAE SESHL S SX5t] A =
Z19] g} TG 98 4= QltkSauer et al., 2011). 0]= 2 AP = e I+
| W CI. perfringens, L. acidophilus ZLZ| 11 Bifidobacterium spp. U&= HAA| A AW A7} =8-S Fo| A
A& FXIA Xt H 117} QITK(Stein and Mateo, 2004).

2
o

Table 3. Calculated nuclectide concentration in a starter diet for weanling pigs (adapted from Stein, 2004).

Nucleotides” (ppm)

Items

CMP AMP GMP UMP IMP
Total in starter diet 58.99 6.46 2.03 1.00 4.33
Sows milk 56.00 117.50 185.5 2,334.50 23.5
Difference 2.99 -111.04 -183.47 -2,333.50 -19.17

“CMP, cytidine monophosphate; AMP, adenosine monophosphate; GMP, guanosine monophosphate; UMP, uridine monophosphate;
IMP, inosine monophosphate.
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Slth(Sauer et al., 2011). | FHEL 72 LEfo| =7} FE=rH ool 4] AA| o] A=

= A=t Lee et al. (2007)9] A= 728 2EFO]| =2} organic
acidE o] JoIst3Z l, 3 9] Payer’s patch®t A7Haf L4 o] gl m~Lo] Bato]| FAA QI JFZ 7|13 th=
AIE R B a Rt G FEE 2 o]Foj A Qe e LElo| E= EHE5HE 9] B 1,3-glucans ¥ mannan
oligo polysaccharidesZl= A ZH-E& FA5H= RO 2 o]F oAt} o] ABS-2 A1A| Yol 4] prebiotic O = 2}
83} 4= 9) © H(Lipke and Ovalle, 1998), &3+ % 2] o] Wity A A Al S A}=5to] Sttt 58-S FE 70
2 &2 A th(Shen et al., 2009). T3t Z29] A= FEd QENO| =7} lactobacillus 2t -2 Y G-2d-o] g
& He AT FA° mannoseol] F13HA Q1 WA vle| 2oty ] 2o Aetots A& Weliitt Bk
(Fairbrother et al., 2005). 72 L Efo| E= Tf2 BH4=81F 45ta 40t Aoloto] -$-8-4 4= 9l om, Zo| AEHS
o] =7 B3 T3t A2 4= Alth(Kiarie et al.,, 2008). = O] FAFEAI7|of] AFRE B8 FEH|QEO|EL] Fol=
OlFAELAE Eo|n AR o] 2% ds T E ol thE AR5} Zo] 5ol A B deav et ¥

% Sl 7417 ek

Growth and intestinal effect
F| Aol =, 72 QEfo| Eis APE R WA o] whE A ety = U] 220 g2 BFef Bo] a7
THDomeneghini et al., 2004; Mosenthin, 2012). T3t ZF=0f 7] 0.05%2] 728 LEfo| =& FofoldS o AdE A
Fof| 7ol Z7FstAth= Rk EA)3tH(Domeneghini et al., 2004). Waititu et al. (2015)2] $7-of] T2 2=
oA 0.1%2] w2 LEO| EE FofotiE w FAANE Joftt At vt AES Bl
ol&= U 1_73'011*11:-— 7 R2| &= U=t HiotollA] LE‘E]QE}O]E—‘E AA W & 22 20] Z9ket g7l

U_

93 IS +Psl= 7 0 7 A U th(Carver and Walker, 1995). T S| QElO|EE SHGSHAIRE J

oJstAE -+ X}L W A9 o, DNA, 552, o372 84 183l i é%”] ool fofstA F7tel= A
& & 4= 9] 9 th(Domeneghini et al., 2006). -2 L EFo| E7} & A7}ol| G317} 9l o] g ol & 7kA] &3t} QA
A, SR e o] HAAS T4 5o A Heoke avhE Hole 210 2 UE S H(Domeneghini et al.,

2004), O1% F 1Y AR 2oRsREOR g §10| Yekg A4 S A Yt o2 vehyn
(Martinez-Puig et al., 2007). =3t Ao A& 722 L Eto] =7 Ui —% TRAA AAE FelH o m faA
7l ALz UEton, o] Aits w2 et EVF ol A7) F2 AEH AR QIR A A5t B Argo] Lo
e @4ol TAstS o bl Ql s #o] E 4= Qlrhs A& H o= th(Brunser etal., 1994; Adjei et al., 1995;
Martinez-Puig et al., 2007).

Immunological effect

e Qe E o] T2 A Fol|l A 58] M7 5a 2L A7 = 715 7HA AL Yl o=
O] o] & W] TS oAty 91 R 0 2 FEE| o]kt Wang et al. (2008)2] H o] wh2 T A 2] 7
S| eEfo|EE Fololals o B4 Al &A4do] ARt A0 & Ueh o, ol wEY Qe BV Y 75
2 FHAZItH= 57 5 Shuo]t}. Carver and Walker (1995)+= A %] F-0f| A “ﬂEﬂiE‘rO] °] A3-2 phagocytic
M| 3, natural killer A2, macrophage, lymphokine 2] 1 lymphocyte 2] 24 2 AJARS- ZHA-ghotal B TSt &
et w2 Qo] BT Ejobe] A Whg-E AR AIA A AoIv A A ol Tigt ‘?ﬂ‘l‘ﬂaﬂ% F/gA 7121 (Fanslow et al.,
1998; Pickering et al., 1998), LPS7} XA H &otx|o|A] G A] IgMo]| F7Fsl= 210 2 e THOliver et al.,
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2003). o|&fet AT AINEL FEHY QEtO| Bt HAM| L] £4S 3| EA7 = EatHoldhs A
(Franki¢ et al., 2007). F 22| LEfO|EE F714 0 & FofolH Al e] FA]3h WA Al o] Wg7tA] &
™, Z=0] Ju FAofl= Akt YIUAIT IgASt IgME HA X AEA 0 o= FE = A ¢
(Leeetal., 2007). o] A= 22| QEto] E7F Y mAL0] FA]5to] 94 ¥H-g-& X B o=t Ax}o]#] ¢
2Rt e A2 A2 S BHlotal A E Al EE X mok=t 77 qlvke AS BojEoh

ol LEto| = AHE sl B Frhe AT FHRAE] 2EAAE vehdtt dEEC], w2
QEfO|E 9] Fof= o] AL U Y E RS Y H 0 R § Aot Eoe FE A LR UE O, o]
A AHS Ash=t] a7} 9= 720 2 UERGTH Andrés-Elias et al., 2007). Altk7E, 728 Q Elo] = 0] Fo
+= Lactobacilli®} Bifidobacteria®] /37l =5 S|, o] vl E2] F41-2 H Y4 Bte|glofe] F41& A5t
AATo] HAY-S Zol=t] aufA]olatal &4 QItH(Tanaka et al., 1980). 2|2 2] d7to] W2 H F-2| QElo] ==
efote] A n]AE ZA o= a v olakal Lrel=T(Singhal et al., 2008), 72 0 2 | QElo] =& Qlgh
Lactobacilli®] &2 glycoprotein®] T3-S ZHAIA Y o] =22 F= 702 el TtH(Pestova et al.,
2000, Uauy et al., 1994). 0|5 ZH= Al 7] o= $181-& B o okal U 284 98-S ot FA1S] 2|7 AR =T
(Liu and Sharom, 1997), ©|2| 3+ T+4-= A Lactobacilli7t 74510 Yep = @A 0 2 a4 itk I3 B2 7
S| Qo] E0] Fol= HARNE-S XA A E X mol=t] A7 Y # ofyet g E A4S HA71 L

[e)
fele] 4L B ol .
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