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O AEHTHA AR

- AA ZEEARR AR FEE 20199 oF 6849 ER|E WUEE AL 2020~2027d E<F 2.6% ©l

o] #E AFEZ FE Aoz o =5 [Bizwit Research & Consulting LLP, 2021).

- AA A H7FA LS 2018 39.6x o TFEOAM md 7.1%9 AFES R, 2025
715 9F 59.8% ¥9 FRE F/E Aoz HAYHY HIUMA F uAYEA L SaAE oF 5
d ol FRE ARSI L, 2025300 olBT FUhE 9% Y o) dtA AT
ZAog AWA(E D.

=

(=8)

w70Eb -ODMEM =#HAH -~ FEH  Eubiotic - ®7IMH «ZO0H - SAHAH
70
59.8
60 CAGR 7.1% [ ]
T ———
46
50
s 1.2
40 [
T [ —
30 7 1.8 B4
2 5.1 70 caGR 9.1%
0 : - e =
2018 20254

a8 1. AlA AEHEZMA A A (S, 9 Y; MarketsandMarkets, 2019)

- U AR A 20149 34869 AolA wd 4.1%% skl 2018 dlE oF 4,095
o Yo Froly ol ujd AAES] 8.3%% o] Ao Z ol 20239 6,094 Y
TEZA AAS Aoz AWy J(2d 2).

(692
| CAGR(2014~2018) = 4.1% i CAGR(2018-2023) = B.3% |
| 1 1
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O 2030 3@7+A FAHEoF 24712 30% 5 S& 2 ALRY @9d Xz Z A

- BYFHAFRE 2030
AF BaEy 2

* 20303 71A] oF 22.6% %
ZAakRoF 2417} BAU(Business As Usual, o Atuj< X 7.7(A30%)

NDC (Nationally Determined Contribution) A&k <t} $HA] 2050 &
< T8 A AY FEY 247 SRR A s S

SAHEoF 24720 REE CO2eq) : (2018) 9.4 — (2019) 9.5 — (2020) 9.93+4)
q

a5 F32018'd diH], AA) 7:.‘%%*-4 56.1%)

- AxH o FASL Y FABR LANAE FEY 5 Y AHH Beo] Wa

AN AL 2030 A 7HA] SAHEoF ATV HWiEES 30% A6 U] f o

* ARSI CM Y] EE AR FARAE Hadehe Ada AdERE
* AA Y - vpol e} - oY AE o] & Ff T UtEER HAA Y
M= s

*EARPNE N 7 S TH FAE T

| 2 wjEo] oF 40%2 M =

ArFEEE el 20223 %
AYE 1-3%p FFE A=
o A 4.

Sle|=
13

L EREE AV wlE dE s (202D)

- Ao FeAE o) ket FFHW Aol was wudel 37k e F
s MEso] gEUo b WAFES wolm Huls, Ausk, WRAY SAM F Ah

o 7t <

3 HAQI

A el = 3= A (1 4).
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- A 298] AE AAHE FY vl Aol & BRI vAE FFA MAYT 27
B34 ZRA AW whol AZntol go] 49,

- ulolamutolwo] I AFHe FLY WAL AD AAY d7IM<E

1=
(Next-generation sequencing, NGS) 7|He] wxdoz HAA vYE F3 o Ao =
FEAQ ATV 7HsEA (I 5.

' /
m | j::@'” Tuaming MiSeg

Pachia Sequel

o)
ol 1

sample metagenome 165 rDNA amplification ;
I NGS sequencing

7

B et 3 2 T
-

Bioinformatic Analysis

% 5. NGS Ald4d &

gk

23 Fo vlo|gEnlo] e FAEA mAT

o EA5h= d 159 59 309 €87 &AL FHA o, NGS9
w2 51F Fk 1,0008H 2 E4o] Jhsdl s o, oA 100832 4 7Fs3gk Aoyt
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*EN: 4EKPMG EN YT
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Zzre] B4 AEA W 24570 A THes .

- =249 mlojaZnte] & A 20199 8119 2 olA AF L 6% st 20231 1,086
28 RS B Aew HAdTE N.

108.7
100.8
87.2
81.1
2019 2020 2021 2022

* BN YIS HMAJHE, Global Microbiome Industry(Frost & Su[llvan —'f'—*—‘.' 2019.4

a8 7. 2249 nfo]lmEnlo]lg AR AR (2019~2023)

- 7b=9 wpelAnbolgell dFe Fo AARATHAY NEE 2AVE BS54 o HAAL
o FAAC deshs B 1Y FAdore A 3 G A FEE o]
d Aoz M.

AtEY @9dd A 2R F2AT 2 AREE

- A NA LEYFY RS oF 7MY FRolU =ZL HEI =
H S7k= wid 5% o4 AAsta glow dnt=e] HP(ER= vhE ZadiFahet dint
o] gE(ratd o2 e EatFHho] Aol A UTEAL UARE HR-E0] 6%7Fel
By Aeg A& A dAg= A A2, 2014)

Lo
E o
Al
N
o
Ho
S
o

i
oo
A
F—w

)

H A0 i TaEAF A dAR] @Xvte] o8 A FAFGHFE: ] 40]
)2 A 29,000 Da o]ste] gEfol= FE7F 73%°l™, &4 18,000 Da ©] o}«l A&
A HAelol = ghaFo] 45% = A. oryzae$} Bacillus subtillis +55 83 waAAHES 74 X
HA @l do] X723t Ho] o] 8ol & FHE HAHE7] v od 59 1
GUAHOR Ag A S48 Aol U ol AEARA 855 2oL 500-600
E A, 718 =9, AEArte]l 2, C] ALAT T2 A4 AA o] AH(TH ).
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60
m ot @ 2ol

BE¥X& g

<130 130 - 180 180-210 210
ejol= o] (elaett W] 9
a9 8 Hiolxe] Hete|= PN

- Feng 5(2007) : W72 Aspergillus oryzae 525 o] &3t &34 trypsin inhibitor7}
Zrastal AREA Ero| =7 F7bste] &3tEo] FolAAL FYTIAIF FobA o™ FEl
A BRAolw a7l Fof A ‘*ﬂeﬂr Abs Z&o] 7 YA 43E2 10% 5
JWAIZ) 3L A o) A A protease BAE D EYA FHEE ZTIAHS

ru

- A. oryzae= hemicellulases, hydrolases, pectinases, protease, amylase, lipases % tannases
o 4o tF =& NS 7HAL o] dY AREHI e, 4§ proteaseE
Azshevl AHSE R Qe Bacillus & AEI A AL Al ARA SRRz opulwal 3
go] =7} (Mukherjee et al., 2016).

- BEYFAEFL dd d3 A8 F8EE =Y By olyel 71FoA Zgjdlo] L
27 #d vAE, AHES AFstd 48 £ 234E L3 Shi et al. 201723, 9%
W pH &, FAdAe #2714 ©af A Z7HMissotten et al. 2010A1A &
71%< /NAAIZI(Niba et al. 2009).

- ZEHoleH2AE HIFTH HAER I dAMEEE! /714 24, 3 AR, A A
E4 9 SCFAR &8 F As7|EE EdstdaA Sasts FAdA tgARbES A8

* 2] AU v EFol gk ZEnlo] g xo] FREINTYH 9) ¢
s

D weA 114, 2 AW A 7ls F7F 3 1Y
H#= 23]3K(Wang et al., 2018).
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' Fermented Feed

I_ "\[ ’\ ’ F=t _' ‘-‘-}» ,-‘ |mmu:¥;mmnn

At ‘, Antioxidant functions
¢ Ts \ Y " > /
- Nutrients for proliferation o 4 %-[] Neurotransmitter

Prebiotics Probiotics Ay
Substrates degradation -
Metabolites generation
Lumen{
Fermentable! Pathogen
nutrients Consumption Interaction Interfereion
Swme gut microbiota
ol
. [ W \fb \ L7
fé\.oa\ ] :f_--f'\\%a;'.': \4\ w00
T S Mucus layei dert e

Epithelium mmmmmmt -

a9 9. =HA AW vAEF did HEAIE S FEH(Wang et al., 2018)

- T mpolAZ2utol g AFollA LEAE 5o Al HA A IgG B IgMe] EF FFo] &
olstAl &7Fslar 4ol A Ao Al Bacteroides®} Verrucomicrobia®l =H=7F F93HA 4
. Ao A Firmicutes®} Actinobacteria®) %1‘%"%% FostAl =71 LC-MS ©lojE 2
oAM(ZE 10) Yyt Atz BFEAIE F9 IF 2 F 13509 dAHA g UAE
S 2JH3%HLu et al, 2019).

Enterobacteriaceae
Lactobacillaceae
Prevotellaceac
Clostridiaceae_1
Ruminococcaceae

Veillonellaceae

Peptostreptococcaceae

Erysipelotrichaceae

Lachnospiraceae

Bacteroidales_S24-7_group

Bisphenol B
Caffeic acid phenethyl ester
Dodecanedioic acid
Torsemide
1-O-acetyl-alpha-maltose
Myristyl sulfate

Sorbitan monooleate
Hypoxanthine
4Methylene-2-oxoglutarate
L-Aspartic acid

Lachnospiraceae

Bacteroidales_S24-7_group

N-Acetyl-L-leucine
NeAcetylucyHleucyHtyrosinamide
N-Acetyl-L-aspartic acid
NeAcetyl-L-2-aminoadipic acid
N-Acetylcadaverine
N(6-{octanoyblysine
Vilowzine
N@N(S)dibenzoyl-L-omithine
Mucronine B

NA2-Orotetrahydro-3-furanyDhexanamide

1% 10. LC-MS Hlolg &4 oA Lt Azt HaALRE §9o 1F It tiAbE 24
(A) LC-MS (ESIH. (B) LC-MS (ESI+). The color represents a significant correlation (P < 0.05),

and the intensity of the colors represents the degree of association. Red represents
significant positive correlation and blue represents significantly negative correlation (n = 6).
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- HEARY g 84 ¢ =]
ol HSES A HAE o o 2
TEALS o} FUA 23870 P AAAA = A A Eg2

E2A Fo4T R ARSI

- FY B4 AR HMA FRE 2018E 71F tiE 18849 A UE FAHE. o] F £Y &
Ao HFL 9L.0% 2 Y EA&AE AT 3 &E4A Ee] dagh AA/JEE 11,

A &G0

ek 714 A-8A
Enzae cargill e
Emprical ADM 7t 5, #HA
Natugrain, Natuphos, Natuphos E BASF A=A, 7tEHF
Ronozyme NP, Ronozyme ProAct, Ronozyme MultiGrain Novozyme
Rovabio excel, Rovabio Advance, Rovabio Advance PHY Adisseo
- 24 ASHNE AF2019. AF ML ETLIEAD)

- wad A7k AR 429 238 58 27 2 dU%z ol% AN, FY nHE 7E
W3l ARE FAE T HE 2, Ex U /EL Y FqFF ASE T3 &4 A
Sl BRI} YEHD DSGE 2),

® 2. 34A HUt &9 AT E%
T& &
- A as g DA B fo)
Aspergillus  oryzae WjEol s aq ﬁ%’i‘%ﬂéﬁx} pHEAeIR.
wr | A AR B TS 2. T AT AMALE S 2007 | F-H:Som,
R wU)of 7h2 ura) ko) 3 E.coli At gl o oh 4 LK.Cho
R 4B R oprh A
AT F7) AE ) Avl R
we | B34 EREEAGymes | LA S ELFRL B o= A7) 2009 | £ U Kim
= %.‘7} F97F & A mA = 2.serine-protease,metallo-portease et al.
kel
5t a - LEgaax 7k AT d9Aw 4T
By EaA] AL HHES) Y
e | Ay 9ye e ey | ASEAREN a0 2011 | Fong'er at
A orengel e 99 3o U A A shul sshod A4 abel 4t
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YA FFo| THE AR amylase+protease+mannanase_xylanase+phytase
EEaLA L] AU §A4< La&Ae H7tE  AFZER AsaTEAd Y. H

=E | AR E, d¥L 45HE, (&3}h&g704) 2017 | Gpim et al
AR, AU E 45 9 2.31%3  wWAolA 9]+ (lactobacillusspp.) &7, ’
2% F2A XE FF -8l Z(clostridiumspp. ,coliformbacteria) ZF 4
I EE Fate] e 17 dAFsd D dds a3, A LS

E3] | EREAAE o] &3 HAe 27V E YA WG B o} et At A mAd EW A A, | 2019
AR FE e o Blul W kA

* F SIS Bgasdel Ayt S4E wolvA AR AR dA A, HAe) A
W Aa 9 oA a8E 27 B3

st 502D A= W @l 5 Bl protease H7M7F A=) A, G 23E H
=%

R I P EaR R A |

=3
B
)
o
!
t

* Ramani (202D E&EAA A7 =AY A8 7 € AW +F
col) ¥z, v (Lactobacillus sp. Z7PE <13k & A7} =g

O:

7 BQ019e BFE2A Fh A AA ARY B2 9 AA AW fAF W& 37 I

o

- A &SP W AstelE BATL Qo] AshEe] e S5%, UFU e AR
A AR, w9 Ade 85-90% ETe] £sEw, sshgo] dotd YRE BB

ABE 2BE0] T5%5E oEAA "W & e

- BAA HUME Sd 5% 85 &3tES MAAE 4 Jds(Ravindran. 2013). B4 &3 F
HE fsl =m0 54 Su) 24, Al 5 fatel ik A, 71d 54, 231
BE(EE &, pH, =%, 4] AlF AP 99 24l ste aaA /g 2ok

- HFE deFE B TH o doX ddmLe W VeAES =Eolu AlEFE
o] &/jFEa ew AAGC] e FFT FAE HEF 7T &% dy e mEE =
g, E2A H7bel wE siA Y A i dTe AGAE AFE dTEHL e,
woo wE AU Wik, &8s, 24A7M: A3, dadAL s3] AdEdEA 8 WAY
ol tgk A7+ F53 AL

AREA F2AT 2 AT

- A AMA TE AEE ATEA AR 20209 489 gHA dABH HAFE 6.2%=
AAste] 2027d9= 739 2o o] Ao =R HwH(Probiotics in Animal Feed -
Global Market Trajectory & Analytics, 2021, 1& 12).
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Global Market for Probiotics in Animal Feed
Market forecast to grow at CAGR of 6.2%

USD 7.3 Billion

USD 4.8 Billion

2020 2027

RESEARCH MARKETS

THE WORLD'S LARGEST MARKET RESEARCH STORE

09 12 224 52 ARg Teboleds A4 72 3 dd

- - - ST - - -
- A BviE = A AFS A AHEEAC e doast g "Wy S
e 9E ZEHPILHE AFo] FE o|FA fon, ¥ &3e, i WE
= 3T Z 5
ol E AT BEH AU I).
— - -
F 3 e EEe AeE 75 8 8
Substrate Mlicroorganisms used _—\111.‘.01:15 Tria Beneficial effects/nutriticonal improvement Reference
= carried out on
FSBM and squid Baciiiuz spp. Fish An altemative protein ingredient in agua feed and can Kader et al.
by-product blend replace 36% FAI protein in the diet of Japaness flounder (2012)
Sovbean meal Aspergilius orpzae and - Increase in CP. small-sized proteins, arginine, sernine, Teng et al.
Boaciffus subiifis threonine, aspartic acid. azlamine and glycine comtents; (2012
decrease in TL proline contents
PepSovGen Aspergilius Oryzae GB-107 Fish FSBLI is an acceptable alternative plant protein source that  Yoan st al
{conumercial FSBMLD can replace up to 35%% of fish meal protein in diets without 2012
significant adverse effects on growth, survival, FCE., PEER.,
and body composition
PepSoyvGen Aspergilius Oryzaes GB-107 Lipopelysaccharide Increased higher LPS-specific Ig(3, concenfration of serum  Kwon et al.
{commercial FSBMD) challenged calves haptoglobin; decreased weaning stress 2011)
Sovbean meal Lacrobacilfus plantariem - Imcrease in leucine. isoleucine. waline, aspartic acid amd Amadou et al.
Lp6& proline contents; decrease in TI content (20107
PepSoyvGen Aspergiilus Chyvzae GB-107 Piglet= Increased growth performance JFomes et al.
{commercial FSBMD)
PepSoyGen Aspergilius Oryzae GB-107 Piglets Inpeoallergenic fermented soyvbean product
(commercial FSBM)
Sovbean meal Fizsh A promising ingredient as the main protemn source in a non- Yamamoto et al.
fizh meal diet for rainbow trouwt L2010
Sovbean meal Lacrobacillus planrarion, Piglers Increase in eszsenfial and non-ezsential amino acid comtents; Song et al.
Bifido bacreriwn lacris and decrease in IgE immunoreactivity {2008)

Saccharomyces cereviseas

Soy flour = Increazed amino acid comtent; decreased 1 Immunire Frizs et al_

acivin: (2008)
Sovbean meal Aspergilius orpzae3 042 Poultry Increasedaverage daily gain, average daily feed intake, Feng etal.
feed conversiom (in growing period). phosphorus, Izhi (2007a)

and IgA (in growing period) content in serum: decreased
urea nitrogen content of seram

Sovbean meal Aspergilius oryzae Piglets Increasedaverage daily gain activities of total protease and Feng et al.
trypsin; decreased feed gain ratio (20070)
Sovbean meal Aspergilius oryzae 3.042 Piglets Increased average daily gain: decreased feed gain ratio, Liu et al
serum IgG (20072
Sovbean meal Aspergilius niger Poultry Increase in body weight, ilewm villi length and width hiathivanan
etal (200873
Sovbean and Aspergillus oryzae Toung animasals Increased small-zize peptide (=20 kDa} content, CP Hong =t al
zovbean meal comtent; decreazed TI content (2004
Sovbean Aspergilius awamori - Imcreased cytochrome P-430 content. izoflavonoid Kishida etal
aglvcone content; decrezsed pentobarbital sleeping time (2000)
Sovbean meal Aspergilius ws ol Rats Complete degradation of phytic acid Ilyas et al.
(1995

Sovbean meal Aspergilius wsamwil Poultry Increased body weight zain, the amounmt of retained Hirabayvashi
phosphoras, andfemoral phesphorus content: decreaze m eval. (1998)
phytate phosphoris (complete degradation)

FSBM. fermented soyvbean meal; CP, crude protein; T, trypsin mhibitor; Ig, immunoglobulin; LPS, lipopelysacchande; FCFE., feed conversion ratio; PER,

protein efficiency ratio: FivL fish meal.

Mun(202D) &2 w27t 23E ZF2ulol¥ 2~ AA| Fo] Al YFEA HADG,
average daily gain)o] Fol3tAl MAE AL FUFFPOH(E 4), 165 rRNA A|FA

dele 3 ¥ s 4 A3 Al fde]l ¢Hste A%Fs BAds(TE 13

F 4 A2 f ZE2holey HIAl Fojd wE &3

_’Ié_



Item

Dietary treatments

SEM p-value

CON PRO

Initial BW (kg) 7.01 7.02 041 0017
Final BW (kg) 2323 2502 081 0155
Feed intake (kg) 27.50 2066 1.83 0401
ADG (g/d) 386.10 42857 11.85 0.040
ADFI (g'd) 65600  706.10 4358 0491
GF (g'g} . 0588 0.607 0.03 0.730
Frequency of diarrhea .:%f)' 14.29 1327 0.845

DEach value presented as the least square mean of 5 replicates (4 pigs'pen).
Z)Frequmcy of diarrhea (%) = (Number of pigs with diarrhea / number of pen days) ¥ 100. The data was analyzed by chi-squared test.

CON, controf diet based on sov-bean meal diet; PRO, control — 0.01% Bacilius-based probiotics; BW, body weight; ADG, average daily gamn; ADFI. average daily feed intake; GF,

gain-to-feed ratio.
100 % 100 %
== Bacteria_unclassified == Anasrorhabdus
el Actinobactaria 75% Bacnisiem.
== Fascalibactorium
= P, prevetela
- =F |
== Spirochaotes == Rumninococcus
= TMT = Salenomonas
25 % = Tenoricules 25 %~ o Trepomema
Cyancbhacteria = Others
Others Unclassified
0 %= 0%~
CON PRO CON PRO

719 13. 165 rRNA A7 Holg 2 9 vds =4

(Relative abundance of fecal microbial taxa at the phylum level (A) and genus level (B) of

both groups. CON, control diet based on soy-bean meal diet; PRO, control + 0.01%
Bacillus-based probiotics.)

- AA g OE ASEY T 4AsStH &stEY HARGH B4 AH, Baclluset
Saccharomyces, Lactobacillus &% v A AU A B{7F o dAE vE v E38HA]
@3l B3t o] &3t AS FARJA(E H3IA=(Giang et al., 201D).

==

3E 5. ATEA Folol mE A=Y T A Lsted AARFH 24

Table 3. Eifects of probaotics on total tract apparent digestibility of nutnients (%) and nitrogen retentwon (%% of mtrogen intake) in grower
- 1
pigs . Exp. 2

licms= -I:FE:EIEFTI SEM ] vinlue
L £ H5 BsL
Crude protein LCN O 276" Lo o4 062 {00
Crude fibre 622" 646" B0 LER i <1l
Ceganic matter K7, 7" sS4t g a0 1* 0,54 003
Mitrogen retention 55:1 b 5K.00 55.6 KH L
' Imitially 75-77 days of age and 24 days in growing poriod
i = Cootral; B = Facillur; BS = Facitho+-Sacchomyoes; BSL = BacillioSocckaromyoes Lactic ackd bactena complex
¥ hcans within a row with diffcreni superscripis arc significantly diffcrent (p=iL08)
S AE2AE AFE, gaAd 2 A 5 sleFer B2 ATl ol FofA L
A o] F Be AFE] in vitro D in vivo AR Ao 2o0]A 11
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1-2. AyYATF W&

O #&uAEe] #3A &4 2 ZHIFH dAA £4e 53 717 47
Fa71E : @FEe|d, Ag7|H  d5)

=i
=

A BERE

- THAEVEV|gHUIY E2EAlE OREAH 34 AHY /8 D=
323 oHNA 7154 mAAEAA AT (918001-4) A AT F3EH2018. 4. ~ 2021.

o

oA T
JeYskdar, s
Al 5128050801%),
B2 dA o, Al CCBGW0053%5) AlF< 7Eg

R R

53], F8& AFA Adntelezem gLkl AS- By
el W@ Aol 5

GB-BS-2020, Lactobacillus brevis M10, Lactobacillus reuteri GB-LC1

inulin& prebiotics® ©] &3} synbiotics 2~ Z A 83H1H 14).

Relative H,5 level (%)
=5BEgsssunsze

e ]
===
F=——=1]
Relative NH, level %]
Besseaezd

K
T3, genus <oA= probiotic

o) -
AA

_’|8_

43

flo

Sy Bacillus amyloliquefaciens G10, Bacillus
452
At ar, ol AAAY] AAE &8 B AFY A3E 98] chicory pulp W

=

#50

Bacteroides 59 743l

o3
subtilis

= =

-

| .y

S}
=

i

o
T

@

%9 745, 29 1563 o] tix7 dn
F/B(Firmicutes/Bacteroidetes)2]
g vy 2ud bl 9o

u] gl
R

s s

-



. 1500 1500+ b.
=

]

5004 500

ACE
Chao1

T - T [i} o e
a Q'.\ G- & N ] Control SYN Q1 SYN 023

& o ,@? & 1\? \\Q
& & L N

a9 15, Adntol ez r| gLt goo] mE SAE AW +F £4
(a) Abundance coverage estimate(ACE)2} Chaol A<= uwh
(b) F/B(Firmicutes/Bacteroidetes) ratio H]

S

st w4 A9 A, BAROE foldolAe AW Aol ezl 0.3% A
Az Aol =TI FoDUH o 27% & FAFo] RASGE 6)

Y, oF A% BAQEYC, a5 foHom grdi EFS AsA
Xt ol A= HAT st AP FHol d=TEA HEsH7]
MEsigon #4408 B a4E TP UFR SFolAe] Aol Basitm
AaEdom F74AR] WAYSE A7 HaHE D
3 6. Adutol ezt Fo7F A TA = T
Items TRT1 TET2 TRT3 TET4 SEM- P-vahie
Body weight, kg
Tnitial 213 2131 21 30 2131 0.01 09612
Finish 42 24 43_87 42 22 4773 1.89 03685
Owverall
ADG g 484 526 490 616 56 03882
ADFL g 1081 1101 959 1172 a1 04761
GF 0457 0478 0312 0.523 0.036 0.53842
% 7. agule) e meln| gt Felo] wE oA w4 B4 va

Items, ppm TRT1 TRT2 TRT3 TET4 SEM- P-ralue

Fimish
Methyl mercaptans 5.38 5.38 5. 88 Y = 021 0.7082
NHs 2.50 225 2.50 225 0.58 07401
Hab5 528 5.08 533 5.63 024 09374
Acetic acid 725 7.13 713 6.75 1.01 09113
COa 16125 15150 15025 16450 438 07227

Metagenome #4-= 3 AW 3 24 L AAEHE AR 243 oFH 8 =2

gt AFAE S AAFAE Y AAAA ds FEF AU AEEHA X

9 E 53| sulfur metabolism ¥} nitrogen metabolisme] F7}& EIRS

oSH(agd 16), ol AU ¥F X uwgt dryole} Fsigiol x4ol
sttt BHaud Fu £dS Fa FUHAQ] AFE ARdAC dig 8ol ks

Aol
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40000 =

SYN_03

— T __ mm SYN_O1
[ m Control

30000 =

20000

Seguence count

10000

Sulfur metabolism Nitrogen metabolism

a9 16, A¥nto] ez n ALt gofo WE ok A4 pathway (KEGG pathway)

E |
|
£ i l# |U]
R R =
. | R i |
H = ! -!
s Eﬂ s’ d u' e o 1w
i i ’ Bradyrhizobium i Hurk%\dma £ |
Mo ® | f i gt
G A A 4 i ' P
Rhodagaceus { Clostridium_sgasu strcto
ST T | : -
i 8 . i } | é*
Herbaspirillum I Nitriliruptor |
S N/ e .1
| SRS NH'( I&
lﬁ? Ao i
B
1
i | IF_ Sm?mmphmmms |
: BT Gemmuatimanas §
dan 1 muih;@er ®
[Jj Mogibacterium -
Fun o
e * Riies 3
e coccus o |
i Va é\mmew i !I
@-'

ZQJN.%UH4WHQQ~%§¢i®£ﬁ¥]% o] A

% 8 AFA FoA WA, 45He, HHEL Bt

=E9 &4 &
Inclusion of probiotic (Lactobacillus plantarum) in high- Can. J. Anim. high- and low-nutrient-density diets
and low-nutrient-density diets reveals a positive result on .S.ci ' ol probiotic (Lactobacillus plantarum)
the growth performance, nutrient digestibility, gas (202'1) E Hrlsto A, FUda 43S
emission, and blood profile in growing pigs GHEH TS HUt
Effects of probiotics containing (Lactobacillus planetarium) Livestock probiotics  containing  (Lactobacillus
and chlortetracycline on growth performance, nutrient Science planetarium) and chlortetracycline %
digestibility, fecal microflora, diarrhea score and fecal 2020) 7 A AAA, dYE 4238, nAE
gas emission in weanling pigs. 43 54 53Ut
- vpolazubel & Nk A 154 B FUEF Aol B}

B AFES A H71A4<E B4 (next-generation  sequencing, NGS)oll 7] wkak
FATEA BT GTE PAS QY2 Slovh, 2@del2gast 2al o)

9 ZuAltol wAlE ol el T =ES IATEA LRI vk AL

ﬁ%ﬂ% F AFel F23 dJTS = @ A4Kshort chain  fatty acid)



EANAEE 235, AU dFEHe] dsdAed & A7E &3] AdPsta A(E

9.

%9 zZEnpol o muol o s FEe AAZl Ve T wE AE

=&y &3 &
Neoagarooligosaccharides modulate gut microbiota and Functional Food Neoagarooligosaccharidesel] 2]gF =&+
unctional Foods -

alleviate body weight gain in high-fat diet induced obese 2022 W nAEFEY =2 2 vy
rats FHAAE A
Cudrania tricuspidata combined with Lacticaseibacillus Microorganisms Akt 23 EFHFe Foo 9%
rhamnosus modulates gut microbiota and alleviate (2021) AU Fo] Wl 9 vgae] gas
obesity-associated metabolic parameters in obese mice A A
Multispecies probiotics alter fecal short-chain fatty acids | J. Animal Science | ZZu}o]E X~ Foo] o3t x| &
and lactate levels in weaned pigs by modulating gut and Technology WedE 2 fF714 249 WHslel o

microbiota. (2021) A tsl Z=A

] ] B . Asian-Aust. J. Salmonellas EFZAHEI At&A A
Protective effects of Bacillus subtilis against Salmonella . . . . N
] o ) ) . Anim. Sci. Bacillus subtilis §47F AWdE 9
infection in the microbiome of Hy-Line Brown layers - -

(2017) I 7150 MAE 23 2AF

Effects of Bacillus subtilis CSL2 on the composition and J. Anim. Sci. Salmonellas  ZFAHZTT  SACA
functional diversity of the faecal microbiota of broiler Biotechnol. Bacillus subtilis CSL29] J7} Au
chickens challenged with Salmonella Gallinarum (2017) 7% 2 1 75l A= B9 24
Barcoded pyrgsquencing—based metagenomic' apalysis of App'l. Microbiol. 27 e zo HAZ W 27k
the faecal microbiome of three purebred piglines after Biotechnol.

o AtFEt RS W EF] WEE Hlu
cohabitation. (2015)

[

B oATAE AgATolN AEsel BEE A% MYTE] AFUEL 7|ws]
WEHQ ARe] A A8 EUe] AR AN1ES Al A W dx
gHE  FUAA EE  Buse e oY olfdEE 2F w4
H7PR(ABABHCP 54%014), AFA 8 EaA A%)eh SHE ol F TLrA Az )
Aafe) o] gL ZU EE ZAAJE AANA TPRE SN B2AE AL
fé}-

EF 47 AWE AAAT i vitro 234& B4, A o] A2utel & AT 8 thAA
BN Fa AUEEel Wsel daolgd D uE AU dASRAT FBAAE
FBstel pEsE BAY A8E FHHLA L.
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2. APMYUTM S 8 T Y 5+

0l

D ol4AES BF ABAA AL L AFH
D APATAN LD FAAGS FFE T4 AR B9 GBYRAT
O & 75 A%

2 HAs ‘& s B FAA AEE F8T F=F AFHMA T mAAEAA T
(2018. 04. 25 ~ 2021. 12. 31, A7/ FAHS: 918001-4)” <& HAZ F4HSHNH S0}
¢ EFEE olFAEE 5 ARV N 8 AEE Ad sk

Zh A58 &3 vl

APAFoA AdE #7585 o83t A& dud A4k 7heAdEs Felskr] f8 dF
it g AHS At A8 AFolA AEE F5 Bacillus subtilis, Bacillus amyloliquefa-
ciens, Bacillus licheniformis, Lactobacillus brevis, Lactobacillus reuteri ZYZye] ZgujX|& o] &
sho] v kst vhA B~ S(genus) FFE-2 TSB (Tryptic Soy Broth, Difco) #iA|, FA# <5
(genus) #FE-2 MRS (Difco) A S o] &3le] 35C o =AM 24417 Z+2; v okste] o
FETS FRlEAT. 1AEE A s 2 tiFuks o] &S, Ve 40%E 23T 5
121C ol A 153 b dtste] v |He LA+ 4
St O 4 TS 5% HTSI 36T TEToA 364Xt T = &)
S 7} AES 60CAA 12412 Az & BB ES 3]st 20HACP)s +43AT. =
il oz o il =3 7)(RAPID N EXCEED, elementar)E ©] 83l Dumas WHOo®

A A3, Bacillus licheniformis v+ A&7 A= 7|& 2EWEADOM CP) g&o] 7Hd =3k

—

HS T 71g Ms
1 Bacillus subtilis KCCM 11599P
2 Bacillus amyloliquefaciens KCCM 12612P
3 Bacillus licheniformis KCCM 10874P
4 Lactobacillus reuteri KCCM 10651P
5 Lactobacillus brevis KCCM-10670P

5 20 (%) F2(%) DM CP(%)
Bacillus subtilis 53.59 7.71 58.07
Bacillus amyloliquefaciens 52.55 6.86 56.42
Pacillus licheniformis 54.33 7.34 58.63
Lactobacillus reuteri 51.42 9.09 56.56
Lactobacillus brevis 51.20 6.96 55.03
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. @l A E23 vl 24

in T B aEe AEAst £ES vlasty] fste 3r] Had diFuke] SDS-PAGE
(Sodium Dodecyl Sulfate - PolyAcrylamide Gel Electrophoresis, BIO-RAD)E4S ZI 33}t
Zb SRFE oid siels B3 A, Y FFECA e EAF 25 kDa ©|stE A
2243 @ AS AT & AJAHIE 18). ¢ AF/E vR o R Zuwd o] JME w41
ANBASV 7}y ZAE = Bacillus licheniformis (KCCM10874P) 755 HZHo g AWsdcH1d
19). B A¥E Bacillus licheniformis & “F& "AE 9 F2A HRE &3 FE=F o
HAMNA 715 vAEA A NEH2018. 04. 25 ~ 2021, 12. 31, A/0EAAHE: 918001-4)” A
PAFAA e EuESALE AFA YA o E8E dFE JHAT L [fUI=

ool $5% #Folth

kDa
180
130 No. 4=
100
70 1 SEM
58 2 KEAHHI =
40 . i
3 Bacillus subtilis
35
4 Bacillus amyloliguefaciens
25
—> b 5 Bacillus licheniformis
15 . . 6 Lactobacillus reuteri
10 SR = 2
g i 7 Lactobacillus brevis

39 19. Bacillus licheniformis (KCCM10874P)

o 54 84 4

AE Bacillus licheniformis 4ol tgt protease (B&4, 2&EA), amylase 2 cellulase &
ds A A TAEN TR FristAt. AA A FFE FHIFTsE 35TANA 130
pmO.E 24412 8 wjeFste] = v AxSAT. 1 ¥, TEA proteases] 75
skim milk ®X](skim milk, 10 g/L + agar powder, 15 g/L), 4]&4 proteasee] 7-¢- isolated soy
protein (ISP) ®jx](ISP, 10 g/L + agar powder, 15 g/L), amylase®] 73-¢- starch ®jX|(starch, 5
g/l + agar powder, 15 g/L), cellulase2] 7d-%- carboxymethyl cellulose (CMC) Hj=|(CMC, 10 g/L
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+ agar powder, 15 g/L)°ll paper diskE & & wFHS HFsAh ZF wA= 35T ANA 24
ANZE v &, paper diskE TAISE ArIe T FHHclear zone)o AES A5 Ea
FAEE Hristdoth o] xEo] 0.5~1.0 cmel A +, 1.0~1.5 cm®l ¢ ++ 1.5 cm °]AQ
AT ++2 ®7]eA T &4 A, skim milk, ISP, starch #jx|] ] 2 Fo] 15 cm oo E,

protease @ amylaseo] #nH]%o] ¢33 Ao E e} thFEFS o] &3 il xR 3 g
A A Aoz JHEHAHE 12).

X 12. Bacillus licheniformis 452 E43AH =

T Bacillus licheniformis #5 E4284%
=4 protease ++
21 &4 protease +++
Amylase +H+
Cellulase +

"8lo] A2 0.5~1 cm, + 1~1.5 cm, ++ 1.5 cm ©]4}, +++
O &5 vjFEE d7(Lab. test)

7. B3dE HFRzA A

B Ao A&® Bacillus licheniformis & TSB (tryptic soy broth, Difco) <§2Fuj=]ol] =
T & 37C, 130 rpm ZH O 2 24X 3HEQF vt AFFTHES AFRSFATE 7] EFAS
glycerol stock®j 0.2 -70C =9 AL Wil HEst AMESHATH

i) Lab scale @& 4A¥¢

Ay #F Bacillus licheniformis o] H4daq 2718 Q13517 9l8te] jar-fermentors o] &
o] MAZHNL sl ARAEFS x]&é} ] 918t} F stocke 50 ml TSB wi=|ol
T3 o B oA 37C, 130 rpm U2 24X 7 EE st WFTHS A3
t}. Jar-fermentoro]l E#3 TSB #jA|& ¥l 73 oy W FHF 1%E HE5H
Hj kg zldste] A= dE RAsATHIE 20) I, vjF 16 ~ 18AIZFl A=+7F 7}
=R, 2003 o) FRE = dTt %ﬂﬂ% e = AATE 9 AHA=E o FA L
& Al HA S AT 18AIZEe 2 S-St

=

D&00nm

L

0 4 ] 2 16 20 24 28
Timefh)

238 20. Bacillus licheniformis 28 7=+
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i) A4S A=A TE A9

Aol AEHE £ BES WA 2HE APHoR AgEI|E wEHA SwA
A 7] W] tFAN A BTk AP HYAoE BEAol B MARES HA

stal o] & Felstr] A% HAPS s

Ao E dE ASEE 2T dA 2HoE HEARES AWSIAHE 13). Bacillus
licheniformis & TSB ®jA|o] HE 3 37CAA 130 rpmeZ 24|35 vl st HE
< ¥Rt WA ARA HE RS Az os 4 WA 1% ¥e=E FHFskal 37C oA
130 rpm o= 244 3bEE v FetATh. vif 98 & dFE BAT Z—é‘ﬂr HHZ] 2014 7+ =&
7 e BHo npde s 759 dFgLE %

£ 13 mpae s QPRESG A 24

H A 274 (%) Hj Al 1 Hj A 2
Yeast Extract 1.16% 1%
Bacto Peptone - 2%
Sodium Acetate - -
Photasium Phosphate - 0.20%
NaCl 0.58% 0.50%
Manganesse Chloride - 0.01%
Magnesium Sulfate - 0.01%
Glucose 1.16% 4%
Tween80 - -

<(CFU/ml)
A 1 v =] 2
Bacillus licheniformis 8.83E+08 4.84E+09

AitE HAE =21 47
o3 Bacillus licheniformis®] 1448 Z4L 337 Yt 7%, dae
42 TH JAETEF 52 U

=

D 7H
TAPBEE AT A 7}#%% o7 Sistel b M2 BAE QYT #5 WSE
22

AR T, Bacillus licheniformis &5+ TSB A v A & Olﬁo}oﬂ 37°C, 130 rpmol| Al 24412
g kst w5 W= Xﬂzo}ﬁiﬂ‘r A TEE tiFHel ZheEe 40%, 45%, 50%° Bt-o
7k oS 121TC ellA 1583 Eshgith. A7k W4 & Er% 5% &3k 48/ HE

£ AYSA VR F 7 BT 0CAA 1240 AR F VAR sFdte] #5 Aol B
BASGTh B4 Ak SFEF 40%, 45%NAE 2 AolE vbehiA ekgkont, 50% st A
7k ASEE AL ALY 5 AATHAY 2D, vlE s & FFREL 54 FRE el
UR mod FBUR YA o] FFo] Fiel ofs) Ausle] ¥y 2o I & 4ol
A e 9P A A= 34 2L U8 oFAL Tt A A5 4% B
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Log CFU/g

o 12 24 35 4

[+5)

——40 —e—45 —e—50

a9 2L Zhiel we EE A vl

i) T JAFH
HAA ZF HAEZFS 317 Y8ty Bacillus licheniformis &35 TSB A& o] L3}
37°C, 130 rpmoll A 24A1ZF A& vl 5 WY& Xi]}ﬁ}%lﬂr gyt 7k A8 7

HFS 40%Z st 121C oA 1583 Bt wix] Wi Ld+S &3] AASAY. 2
WA ¥zt & 7# Fd<S 1%, 3%, 5% TS HFsh 36“’04 I F 2S04 48A17F LEE
AYPsPch HE F 7+ AZ S 0T ANA 1247F AZd & FEL 3|55l F4 2o]E B
Astach B4 A3 3% HE Al 57 M =of H A %32 FS %2 FHIATHH 22).

5.E+08
5.E+08
4.E+08
4 E+08
3.E+08

3.E+08

e, CRUfe

2.E+08
2.E+08
LE+08

5.E+07

0.E+00

i) &8E &%

HAA Ba 55 8918l Yt Bacilus licheniformis @55 TSB A A S o] &3}o] 3
7C, 130 rpmoll 4] 24X 2 X v Qkste] - v S AT GO TRE dEd Tt
S 40%Z 3t 121ColA 15% ZF "Hste] ujx] YHe] LdH+S &3] AASAT. A7}
TS 3% HEFSHA 35T, 40Ce] FE2EA 4847 HEE st &

A W7t & 7 e
5 %

—-| =
T2 60C oA 1243 23 § FE=S 3ty 5 AlE £430t. 4
KoN

A3 35C, 40C AP 3 I Zol7b A9 glo] AAEE Yt HH dELEE HCE

Dv
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%15 9E £xo] 42 F4o] W) CFUR)

35 40
Bacillus licheniformis 2.83.E+08 3.30.E+08

iv) & Azt

HA Wa 2= sty 8t Bacilus licheniformis 755 TSB HA MRS o] &3t 3
7C, 130 rpmol Al 24A13F Z® v Fete] - wlgA S A ZeAh Gt FR AR st
< 40%=2 3] 121ColA 158 2 Edste] vijx] R 29+S 43 AAs AT A7t
W7 & 7t 39S 3% AEst 48A7F TEE JYSHTE LE I 24, 36, 48AH}] Al
9L AP 60CoAA 124 X3 F AFGEL 3)53le] 75 2olE BT B4
A3}, 36, 48170l FAtol = A §lo] 36AS HF BE Aoz AAHSFATHE 16).

)

E 16, TE ARl wE A #3o g "siE: CFU/R)
T ARt (hr)

_“E_Z
T 24 36 48
Bacillus licheniformis 2.1E+08 3.8E+08 4.3E+08
V) AR =

HA Az 25E ZAsy] Hs) old AFAAE viwoeE WaE s AT. Bacilus
licheniformis 5% TSB YA A S o]&3sla] 37C, 130 rpmoll A 24417 & wjokste] HF
Hj & Azt gYiFa dEe JtEHE 40%E St 121ColA 1567 3+ st
HiAl 5ol e dvtS hHs] AASAT. A27MA] WA F 4 FFE 3% FESH 35T 9
HgesoA 364 HEE Pt FEYE T 40T, 55C L 60T oA 12417 Ax3H
! < IFote #F ZolE BT EAAH, 40C 2 55T oA HdxsAS Wt
B =2 7S B, 40C e 55C AZE o= Aozt ALY RAUTHE

Z HAZ2EE 5T =E AASA

T Az A 40C A=z 55C A=z 60C =z

Baclillus licheniformis 4.0E+08 3.0E+07 2.8E+07 2.0E+07

O AZFR GG & 0183 tiFA S =21 4A(FED)

A8 AFE lab scale AEAEE 7IFoE FAAN FAHES SHAT HFAY v
ol gt TANE TS wiksly] 8N Bacilus licheniformis T3S TSB HAuj=| o A
% 37C, 130 rpm 2 OZ2 24A|7HE<F vl ST ’“’7] kS 5 L TSB wiAle] 10 %
Z 3 22 vk o 200 L A4HE Al (3 18) HF 3 37C, 100 rpm 2O =2 28A1%H
vl sttt vl AZE 74 2 pHE A3 vl AEE RISt ™E 23). v

_ o7

Sﬂ o

3, o\ nl{ﬂl

off
2 o

N



Az, 4 % pHE 1847 o] FHH Wesl a4 ol 44 $aW o=

7HA e tha S7HEAT. o AR gt Al HE w1843

=

X 18. Bacillus licheniformis 2 ~+8 vl x] A

Bolu}, 28417
row ARs

Az Brothe] =4 (%) 200 L 71= &% (9
Dextrose 1.5 3,000
Yeast extract 0.4 800
Soy peptone 0.2 400
NaCl 0.1 200
KoHPO, 0.1 200
C5H8NNaO4 : Hzo 0.5 1,000
MgSO4 0.1 200
MnSO, 0.01 20
AN g0
9,000 =3 ~- = a0
£000 s
Ll &0
5000
bt | 50
5 5000
2,000 20
LHAZL b )
——T pH
a9 23, ¥R WE Bacilus licheniformis /v &Fe o] <, pH
3}
IGEE BAAE A Y i ZFAY4E =0 A7
A8 ATH lab scale YHEASS J1FoR dFwds TAL SPSAHLY 24). T
Fodm & ol g3t A B MY, BE A DTty 22 21 1
0C, 0= AA}AT. 7S 40% g o
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% 24 oA g A

g - o |
5 L 75
-:&:"£ & L 7.3
5
5 L 71 T
e
h 4 A - 6.9
3 - .67
2 6.5
0 12 24 36 HEE=
EE AZE R
N 7o =g pH
a9 25 a4 a AT wE #5, pH Wk
F 19. P4 HaEe B4y
T+ 2o (%) FE(%) pH #CFU/g)
Bacillus licheniformis 54.60 7.29 7.48 7.50 x 10

@) In vitro A% 54 A7
O In vitro A% 2349 APL o1& ARAS wody 54 AF

A TEY dF 91, 2FNA AR &3t HEHES i vitro AFoll A ER1sH7] 3l in vitro A
& 239 A¥(n vitro artificial gastrointestinal system, IVAGS)S o] &3l AHS A A
ot W\Fv}y, Bacillus licheniformis Y& WlF¥H(Bacillus licheniformis fermented soybean meal,
BLF) 2@ 3}tz g @ ojF49Hchemical treated soybean meal, CT), & 4% A &E 2+ 100
g A FAet AdE PsAth VAGSE 74, 1, &% 219 I dAE vUHH, o =4

° 2 buffer (NaCl 6.2 g/L, CaCl 2.2 g/L, KCl 2.2 g/L, NaHCO; 1.2 g/L) 100 mio]
. 77 =7 bufferol A 5&3t ¥h& 3, 9] =31 buffer (pepsin 3.47 g/L, musin

2
(@]
AL
rE
oo
r
SR

_29_



7.37 g/L, HCI pH 3) 200 ml 57} & 39C oA 7583 ¥H-&3c}. v o 2 A% 1S 9|
A% 27 buffer A (NaHCOs 84 g/L, pancreatin 3.7 g/L, trypsin 0.2 g/L) 100 ml ¥ &% =3
buffer B (sodium succinate 13.5 g/L, bile extract 22.8 g/L) 700 ml& F7}3} 39C oA 240%&

X

AERS Q) 24 e 47 F 13, 9 24 9 98 F 18, 24 24 % 1, 2, 3 Az
9ok 98 F % 43 AWSHAT L5 AF W) 299 F 9 FHE FUAste] 48
g g Azkel WE g 9 @re] WEE BASATHIY 26, 27).

?:_1‘?_ g Fuke] IVAGS &4 A F A &35S 100%E 1 HolHES FdUdo=
Attt B4 A3 vAE os) waE BLFY A3t&o] tiFdke w3 o 120%=
QH9, s Aela CTo ashe o =

3} Z Aol & Holx| Ayt olE Fa| HAY
Eo o) wad giFae B 52 534 A" diFae] HlE] oA @Azt 7 o
Be &gt TS AT ok AfHos BEE FA AEAE FHeol= F o
A 2o FdaT)t ol FAES A WME FH FEY 20 AL £ QS
Aoz ForEh
& B4 Az Az F5 o 86x10° CFUE A=A, 9 =7 ws F o 52x10
CFU/g, 2% 4AZF ¥1-¢ 5 ¢F 38x10" CFU/ge® FF9 ¢ ZAd ha Wiy 2@ 23 =
Aol gk EFAE0] S AT 5 Atk ol& Fal AA 39 Al 9 olF A4
=L AELES VUT 5 Uk

160.0

1400

® 1700

1000

Relatvie digestibility,
=
(="

J 2%
mSBM WBLF mCT
a8 26. In vitro 1 FA3Y BAS B3 3EF o) Fute oFAFA A 43S

SBM, soybean meal; BLF, Bacillus licheniformis fermented soybean meal; CT, chemical treated
soybean meal
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a9 27. In vitro AFASIY B 53 dagFHt v Eo] AFAY A A

/_\_—]

51

O AF A& vl

M AFe 54e &Ashy] flste] =gd 4%, pH, & &3 22 4744 2l
okl shek KOH &3l%, trypsin inhibitor (TD %<& E43AHE 20). = H—‘,Jél
B471E ol &3l Dumast o2 433, FE2 F& 247

At 4"‘: *@,éa BEFHFTel FE F A 444;}04 A LB ‘ﬂﬂxloﬂ Jé
59 A, Aok TIe] A% AOCS method Ba
12-759] E}E‘r /\PL 141 TI2| Zé"/’Fﬂr HEFE A 0}04 74]4‘}‘5‘}0515}

B4 A3 duk di ko] wlef o heFe of 8% FUFSI A 84 A of 3vf &
7hetRAar TI g2 oF 339 s, ol& Fall olfA=S AdolA Tuldo] o] g4
SUE 7Ig 5 Aok

238 o F EA7|H(HFAE A, AR AR HI] e oJFste] AF W IRAE, otve
AF 8 34 AUt Foll ik BAES etk obvgk B4 A E]'OV?_](LYS) 2] 2
o] o
3

_,d
I
rlo

:

=)

An)
’5;

[\G]

)—l

)—l

@)

=~

@)

Z

(@)
S

o i o
—‘ (e}
op

QL

;

Met) 2 EHEMTry)o] ol F7stdth. & 3714 obn a4t AR5 v/ S
ol AR ol A AT SO 48T 4 AL ARLFeY] R, FF S22
AAEN Tl E F s AoE JETHE 2D.
20 WEAFY EH 24
Zthul 7] T8 T84 gz KOH g3l%= Trypsin inhibitor
e T oH T84 &3 yp
(%) (%) (%) (%) (mg/g)
HE o7t 54.60 7.29 7.48 39.77 75.82 0.77
o 2t 47.59 11.66 6.35 12.01 72.92 2.53
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& 2L tFa AR 4% QbR ofnlmdt 8 Badv) 9% BAXEA 1T IR
3], duALR 3]
EEA
Items SBM FF BLF CT
DM, % 88.27 90.37 91.25 90.99
CP, % 48.34 53.75 54.98 54.12
EE, % 1.20 1.05 2.11 0.75
CF, % 3.46 3.34 4.19 3.83
Ash, % 5.99 6.68 7.19 6.84
Amino acids, %
Asp 5.76 6.06 5.73 6.25
Thr 1.91 2.04 1.88 2.09
Ser 2.26 2.43 2.05 2.49
Glu 8.48 8.88 9.99 9.22
Gly 2.01 2.16 2.19 2.20
Ala 2.07 2.21 2.33 2.24
Val 2.22 2.38 2.52 2.39
Iso-Leu 2.21 2.38 2.40 2.39
Leu 3.74 4.02 4.03 4.06
Tyr 1.56 1.67 1.81 1.74
Phe 2.43 2.61 2.81 2.63
Lys 3.03 3.00 3.13 3.08
His 1.22 1.25 1.32 1.31
Arg 3.46 3.47 2.99 3.63
Cys 0.81 0.84 0.95 0.82
Met 0.64 0.66 0.76 0.70
Pro 2.55 2.66 3.10 2.75
Enzyme, u/g
a-amylase N/A 76.85 103.02 N/A
Protease acid 17.34 22.55 20.39 41.92
Protease neutral 16.96 94.62 189.39 24.32

'SBM, soybean meal; FF, fungi fermented soybean meal; BLF, Bacillus licheniformis fermented soybean
meal; CT, chemical treated soybean meal

TYubdE 9 amino acid, DU R o} WIAARHI B4 Ao FFA; enzyme, HUIAEHI E
A A3

""N/A, not analyzed

[0 SDS-PAGE ¥ peptide gel A7195S &3 @@ gd 24

AEAstE el A S EAstr] 98 SDS-PAGES} peptide gel 17185 &4
S 83190 B4 <Al PBS (phosphate buffered saline)< ©]-83f 3083 24+ AZE9 &
3 gAe FEIAUT olF, 4,000 rpmollA 1083 AR S A5ALS e fa &
w2 o] k& BCA assay (Mlcro BCA Protein Assay Kit, Thermo Scientific, USA)S o] &3 &
9tk A% = 2299 vud $57} 4 mgmlyl S 54 % SDS-PAGE W¥ ¢} 112
s3al HFEH o R 2 mg/mle %FJ} HE2 3¢tk SDS-PAGEES 93+ geld] wellell 20 ul &
BF & ohilAds BeEsign). o]3, staining bufferoll 4] 1417k, destaining buffero] A 1A]17F
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WA

SDS-PAGE £4 A}, 7}g= A ¥& tlFud tif& 43 37 kDa o9 @doe] X
sl 3hehA AelE thFEbe] A9 25 kDa oo EAgS zte @] Wol Exde
A 4 QAR 28). ololl wls| Bacillus licheniformis & o) Fute] 7§ & o
Aol 247 10 ~ 20 kDa Wel=2 ALAs @ 2e E.‘f?l%} 4 ATk =3 peptide gel £4
Aol A HA o7k} BpskA A efd o FEke] 739 25 kDa o) el thEEel Fetol=rt &
&} WHA, Bacillus licheniformis & o)+ ‘*9] 7% 25 kDa o|stol]l HEfo]=r} @o] Ex

she Zle FAstETHE 29)

250 kD
150 kD

100 kD
75 kD

50 kD
37kD

25 kD
20 kD

15 kD
10 kD

Marker SBM FF  BLF CT
% 28. SDS-PAGE 7 &4 % o549 AR 4F9] A& o gy
SBM, soybean meal; FF, fungi fermented soybean meal; BLF, Bacillus licheniformis fermented
soybean meal; CT, chemical treated soybean meal

40 kD

25 kD
15 kD

10 kD
46 kD

Marker SBM FF BLF cT
1% 29. Peptide gel & &A48 ti79 AL 459 A &3 @i o™
SBM, soybean meal; FF, fungi fermented soybean meal; BLF, Bacillus licheniformis fermented
soybean meal; CT, chemical treated soybean meal

Q) AIFEFE AEAZ
AFAPEE AAF At

A A7E HFt 2RSS 702 AASEE R AAFE At A3 SIS o



S TE APolA FdE AFe 54=

38 Aashe] Bz

A uE AEe FgAe

analysis and critical control points, HACCP)<=
additives and pre-mixtures quality system)oll A= A&
olEZ|I7MA A A FEH Y A

control points, CCP)& 135t X

o Al AFel tigk Az
71=< ggstdt(2d 30).

O o M
:‘l}l‘_',
:\9

rtr %

N

T3 AT
dsdxn Lﬂloﬂ/ﬂ—rﬂ =
Foll A S 83e] H(critical
WA 5T Q)

3helsted A A

bal Alx=sA

4 9
ISO 9001

1

A Aol T

i el s

1% A% Ae

g4e

FHboll 40% o2 7l4sle] 110, 30
H) 3% H|&2 EZH HEsly WtEew
55C ol A 20417 ZoF A st T)

1S FHstAT AR Yol A
|Fo 2 dAsAhz 22, 23). M+F

-2 (hazard
FAMI-QS (feed
ZA| Fo

g 3] at (%) ZTd(% DM) pH T84 S A% KOH &3l =(%)
1 7.29 54.60 7.48 40.50 75.82
2 7.40 04.44 7.51 39.42 77.26
3 7.98 53.80 7.44 39.71 75.72
323 NEAFY FRVIE AA
zoad T pH T&4 g d KOH &3 =
52% o7 10% ©]3} 7.0 o] 35% ©o]% 70% ©]%
E=ECE
cdz 5ol ] 2z 90 ax |
Scale up H{2¥
T2 oa et
ogz el
ECHHE, S A
ccp 22| AEHE BM ]
- CCP: 5% ol=d A= MY E A

a9 30 AF AlzsAd 3 Tade AH 24



@) olfFA=8 BI AEHIAY AYAT L olg J|HeE Ay +F H
B A4t 4% DB 73
O ANESE 2 QA
7 FAEE  3ERF L xY) x DI o]AF= 2005+
Y. 43873t 67
o MY : 8HT, T 59E, AF 5%
) Treatments
2] 12AQCF) 2FAI4F)
CP(%) Lys(%) CP(%) Lys(%)
SBM 20 1.5 18 1.35
BLF 18 1.5 16 1.35
FF 18 1.5 16 1.35
CT 18 1.5 16 1.35

"SBM, soybean meal; BLF, Bacillus licheniformis fermented soybean meal; FF, fungi fermented soybean

meal; CT, chemical treated soybean meal

gt A

YL 238

EEEENDE

25, 65

15, 55
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0 2432

i)

i

7}. A4+ (Growth performance)
dIFEAE, dBAEAHAL, ARLTES AP A, AB 2FA 2 D T8 A6
MA B2 AFS SASAT. ARAATFE AT A AR G FolA J&Fe Aste] AL
BRI, AR TS AEAFATFS dYEAFOE iro] AEs4YT
A& BLF (Bacillus licheniformis fermented soybean meaDe] #7} 57t ol fFAE, SA4E
HSE9 A4 mlxlE 932 £ 160 eSS AlF 65 AT, €9% Zﬂak 2 A
£ 2lo BLF A 2]+7} CT (chemical treated soybean meal) iJE]:rLOH H|3le] folFxo=w
A vttt P < 0.09. A8 5 A 657 dFFAZF Aol BLF A2+7F ti=7(BM)
FF (fungi fermented soybean emal®} CT X &|7Fol Hlsle] fFoldoz =4 yebyt P <
0.05). =3F HA A@7ZHE< AR A& 9lo] BLF9F FF A 2l7-+= SBM$}F CTell Blste] /9
Ao g2 F=A vt (P < 0.05). weta, BLFY H7be goldl e Hedh v zdid
Atgol A izl divls] AT dFFAFY ZpolE HolA &gtk EIE, BLFO ALEZ7F
= ARES oA dizT 2 & AT divls] 7P £ A3AE UEATHE 24).

~

= lsor wa,

B 24. The effect of dietary soybean meal source’ on growth performance in weaning pigs

Items SBM BLF FF CT SEM? P-value

Body weight, kg

Initial 5.31 5.31 5.31 5.31 0.04 1.000

Week 2 9.66 9.87 9.58 9.51 0.21 0.639

Week 6 21.72%° 22.83° 21.66™ 21.01° 0.45 0.035
Week 0 - Week 2

ADG, g 310 326 305 300 10.09 0.287

ADFI, g 403 417 401 394 14.30 0.752

FCR 1.29 1.28 1.32 1.32 0.03 0.719
Week 2 - Week 6

ADG, g 430%° 463° 4317 410° 12.44 0.027

ADFI, g 695 721 708 681 19.70 0.554

FCR 1.62 1.56 1.65 1.66 0.03 0.085
Overall

ADG, g 391° 417° 389° 374° 9.62 0.013

ADFI, g 549 569 555 538 12.59 0.388

FCR 1.41 1.36 1.43 1.44 0.027 0.058

'SBM, soybean meal; BLF, Bacillus licheniformis fermented soybean meal; FF, fungi fermented
soybean meal; CT, chemical treated soybean meal

2
Standard error of means.

Y. %4 43& (Nutrient Digestibility)

BEE 23552 AYF TR A 67 4staE (Cr0)= EA]%EH 0.5% A7}t 7

v & FE Ao RE S AFSAT AFHT £ 60C o HxT]AA T2AZE % 51\171
% VWilley mill2 &E35t] B4 o] &3ttt AR Pk E 3 i/\]gi =39 Cr& AOAC
(2000)2] ol Fshed ZA kAT
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A2 1] BLEO] 7} Fod7) o] 9A =] Gops Ashgo] = Fake ® 250 LERQlTh
ANg 232 2 %8 A (65) Dry matter, Nitrogen, Digestible energy?] A 3}&o o] ZE A
277 Sl zolzb e A &kt (P > 0.05).

B 25. The effect of dietary soybean meal source! on nutrient digestibility in

weaning pigs

[tems, % SBM BLF FF CT SEM” P-value
Week 2
Dry matter 88.39 90.12 89.16 88.52 0.65 0.273
Nitrogen 81.35 82.14 81.86 81.72 0.22 0.144
Energy 87.75 87.75 87.00 86.88 0.47 0.428
Week 6
Dry matter 84.88 85.92 85.05 84.64 0.54 0.392
Nitrogen 77.97 79.08 78.73 78.17 0.47 0.307
Energy 84.26 84.63 83.68 83.84 0.4 0.368

'SBM, soybean meal; BLF, Bacillus licheniformis fermented soybean meal; FF, fungi fermented
soybean meal; CT, chemical treated soybean meal
’Standard error of means.

Ag el Al 27 2 T8 A 6790 7 A FolA LI At
oF mjdE ES AFHI F, A B 300ge FHsl 2,600mLe] HEH Zet~g £7]9
Ao 747 WtE 2 B ASE & NHs, HiS, Methyl mercaptan, Acetic acid 2 CO,2 &
2~ =22 7](MultiRAE Lite model PGM-6208, RAE, USA)-2 A}-&3}a] =A 3t}

Ats W BLFS] 7} 3047} ol A=Y & W A=A HA= YFE F 260 YERHS
o Al 25 o] fAbES] & Wl Acetic ac1d9} COys =l Slol BLFeF CT Ag+7F thzxT
2 FF A&l Hl3s}to v«lx—igi SA yEbeo (P < 0.05. 283 AlE T8 Al 65) ol
2= & Ul NHs, HsS, Acetic acid 2 CO.¢] &%l o] BLF¢} FF A2 F#7F =+ % CT A
g ol mste] foF oz A Ytk (P < 0.05). & W Methyl mercaptans®] % 253}
oF 672 EFolA F AR AolE Kol kgt BLFS H7le £U AHEE A4E &
HH o2 At

Rl ol

ol ol&

7}
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B 26. The effect of dietary soybean meal source' on noxious gas emission in
weaning pigs

[tems, ppm SBM BLF FF CT SEM? P-value
Week 2
NH3 1.23 1.23 1.22 1.21 0.13 0.999
H,S 1.53 1.55 1.66 1.60 0.37 0.246
Methyl mercaptans 2.80 2.40 3.00 2.50 0.24 0.325
Acetic acid 7.30° 5.60° 6.70° 5.70° 0.28 0.002
CO, 10160° 9400° 10120° 9460° 190.35 0.022
Week 6
NH; 2.10° 1.00° 1.26° 2.00 0.18 0.002
H,S 2.14° 0.90° 1.28° 1.87° 0.13 <.0001
Methyl mercaptans 3.20 2.60 2.83 3.21 0.20 0.129
Acetic acid 7.20° 5.50° 6.00" 7.00° 0.23 0.001
CO, 10500° 10340° 9300° 10420° 285.12 0.036

'SBM, soybean meal; BLF, Racillus licheniformis fermented soybean meal; FF, fungi
fermented soybean meal: CT, chemical treated soybean meal

’Standard error of means.
6) oI FAE AFAYAL JHoE ) FF ¢ DAY 24% DB 75
O oA 2 54A9 o3 ZHAF D G2 =45 &4

APFA R AF B FEAR ASEHS SR

Physical disruption< ©]-83l= QiaAMP PowerFecal® DNA Isolation Kit (Qiagen, Germany)&
AHg3te] A|EZHE metagenomic DNAE FZ3tH, UV/Vis spectrophotometer& ©]-8-s}<
o} 52 QI3 Fo, 1.5% (w/v) agarose gelol #7195 E 53t DNAY £5E 7

(<13
I .

g Y9 Aol FFFHe=E H{sta Jd+= 16S rRNA 3= 2] hyper-variable region
Fo A V3-V4 regionge PCR ®WHo= FH3 Fo, lllumina MiSeq FHEFS ©]&3tH
sequencing.

gloly 4z 732 Mothurell A Bellrophon methodE AF8-3le] sequence dataol] E3}%
o] 9l chimera A|A2E AAT Fol, Ao FTES read 75 FRI=AE Ut
QIME2(Quantitative Insights Into Microbial Ecology) pipelineS 71¥to 2 A& 43
¢ (e -diversity) 42  ‘q2-phylogeny’ ¢} ‘q2-diversity” & AF-&3tH, SILVA 138_99
tolEHo] 2~ & 3},

7y 18] #F A9 ZolE ulwslr] 98ll, Principal Coordinates Analysis (PCoA) &4
= AAE

PICRUSt2E A}&3}o] function £4-& 33, KEGG (Kyoto Encyclopedia of Genes and
Genomes)E AR&3dt 7t T1E 1| thAPEE zolE Wl HUHEh

Network #2418 938, CoNet, Cytoscape ZZ1#9-S o] &35} Co-occurrence map= 24 3.
AlZ 9] SR WHiHacetate, propionate, butyrate) 3&-2 HPLCE AM&3ste] E43tH, 7] E3
212 B39 FAA BHE vkl 23

> ol off
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7}

.

t}.

[ilu‘.

WAz BHe FE%F 3 pH 53
NEE Z47F AFAE JHA 157, 557 & grste] -80°Coll R#stn F5 EAo ARG

S
rE

gt
EWHAIRe & S moisture analyzer(Kett, USA)S AR&3] =A3stH 1, ¥ pHE
portable pH meter(LAQUAtwin, Horiba, Japan)2 Al-&3 =43}

th A} A (Short chain fatty acid, Branched chain fatty acid ¥ lactate) %2 =4
WAl 59 Short chain fatty acid (SCFA), Branched chain fatty acid (BCFA), ¥ lactate &
%+ high-performance liquid chromatography (HPLC)E o] &3l <A A7 whHe s
BX3HQ. Zhang et al., 2022, Front Vet Sci).

ZveFskAl, 0.5g9] B3 Huk AIZE 1Imle] SFol BEFAA 38 vortexdt AR+ o] F
15,000 x g2 15837F AR 393, A5HE 4% 5 022 «m PTFE syringe filter2
filtration &. 714t &%<¢ ZAd+= Agilent Infinity 1260 HPLC System(Agilent, USA),
Carbomix H NP10 column(300x7.8mm; Sepax, USA), 2&]3l RI, UV detectors (A = 210 nm)
2 AF83. AEZS autosamplerE o] &3] 10 x1% FAFSIA AL, 0.005M HySO40] 54 AF&-3)
flow rate 0.6ml/mino. 2 65°Co| A 3583 &4}

DNA 32 9 16s rRNA A2 F7AE &4

A& 2] genomic DNAE QiaAmp Fast DNA Stool Mini Kit (Qiagen, Hilden, Germany)S A}-&
) A zARe] SHYOIE FE3FH 1, =3 DNAQ =%+ SpectraMax M2 spectrophotometer
(Molecular Devices, USA)E Al&3l &<1g
PCRE 53 FZol= 16S rRNA A V3-V4 27 Yol d9t= primerg AF&3t3 AL
PCR %7112 0}&]9} g 94°Coll A 583t initial denaturation 3t ©]3F 303 F<F 94°C,
30% denaturation, 55°C, 45% annealing, 72°C, 1¥#30% extension< ‘i}%@. FE3 e

NucleoSpin Clean-up Kit (Macherey-Nagel, Dueren, Germany)E A}-&3] A XA SHYT=
A &

F

A g+ DNAE Illumina Truseq DNA Sample Preparation Kit (Illumina, San Diego, California)
E ARES) libraryE AFSlR AL, o] ZF AlE+= lllumina Miseq platform (MiSeq Reagent Kit
v2)E AFE3l sequencingd. FE3 V3-V4 Z7PHYG Y] sequencing2 CJ BioScience, Inc.
(Seoul, Republic of Korea)oll A Z13§3},

Raw sequence HolE= SILVA 138 99 databaseE 7|¥FS.2 Quantitative Insights Into
Microbial Ecology pipeline (QIME2)E o]&3] ¥43HBolyen et al, 2019, Nat Biotechnol).
‘Cutadapt” plugine A}&3] Raw sequenceol 4] Primere} adapter sequenceE A|Ag
(Martin, 2011, EMBnet.Journal). Sequence®] #4¥#gl= DADA2E AF83l o] F o] (Callahan
et al., 2016, Nat. Methods).

A s Ay 84 D}Oo“éi ‘q2-phylogeny’ ¢} ‘q2-diversity’ & Ag&3] #2413k Alphas} beta
diversity ¥ 4td SH %+ R program(v.4.0.2; R Core Team 2020)¢] ‘ggplot2’ & A}-&-3j
NzZ+sl 3 FRT xjo] BAlS Linear discriminant analysis effect size (LEfSe)E A}-&3F
(Segata et al., 2011, Genome Biol).

AUl ++F2] Kyoto Encyclopedia of Genes and Genomes (KEGG) 71534 H=Z d=& 3|
(level 13} 2), Phylogenetic Investigation of Communities by Reconstruction of Unobserved
States(PICRUSt2) standalone pipelineE ©]&3] PICRUStE ZId3H(Langille et al., 2013, Nat

—>.‘~‘ O{H
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Biotechnol.).

- ANTFFH G714 5 Abele] dIBAI= Pearson correlation coefficients #4%, R
program®]  ‘Hmisc” 3 ‘pheatmap’ & AF&3l A1Z3} 3. Co-occurrence networke=
Cytoscapre program(v.3.8)2] CoNet pluging ARg3] #2]g

i

O +=3n&

b Bd ARe $2UF 2 pH
- 7 Ael e FE Y
of whef, A A A
AT A, 2 AT

UEMA(Z 27). CP9] =719} e A g %A o] Wt
> WA = 9)e(Liu et al., 2022, Front. Immunol). £
H RS Fo]% 9] 2po]E Holx] AgS(p > 0.05).

3 27. Moisture content and pH of fecal samples.

Treatments (n=25)

Items p-value?
SBM CT BLF
Moisture, % 2252 = 3.92 21.63 = 4.56 23.04 = 1.87 0.62
pH 6.49 = 0.28 6.29 = 0.33 6.35 + 042 0.15

! Values are reported as mean =+ standard deviation (SD)
? p-values are calculated using Kruskal-Wallis test

. AR 714 = 4

- A FEo) o8] =2 SCFA, BCFAS} 2o A EA S #F3 %F .
Acetate, butyrate, propionate, valerate®} &2 SCFAE FuUldFo] ©53stE 9 ofu| ks
tg AlAH  AJAFSHRios-Covian et al.,, 2020, Frontiers in Microbiology). 3vH, isobutyrate
isovalerate®} #-& BCFAE 7MAI7F AFH3 wad=z=RE Aga®(Davila et al, 2013,
Pharmacol. Res). ©183 AHEHE S 431719 A4e FAstet 83 48 393

- AHs W CPo F&EAke] B HIMAY 597 43719 #7]4t =& 9
ol® 7] 9lall, SCFA, BCFA, lactate 7= A3t % 28, 19 33 e,

- Lactate$} propionate= SBMell Hl&| CT A&l FolA Feldo =z F7Fg) ok (p<0.05), BLF =
gTolAe 18A Fde

- Acetate®} butyrate= CT A g]FollA & A7l vls] A Uellle d3Fs 2.

- 3+, CT, BLF A 2]+9] lactate, acetate, propionate, butyrate <=<°] SBM 1&RXR T 3
o2 FA vebd. 184, gE A7 AAREY CP 59 4 e o8 e dAEEE A
A7 Aoz yebd(Fan et al., 2017, Sci Rep.; Luise et al., 021, ftal J Anim. Sci). w2k
A1, CT¢} BLE A2 FolA ol 3t diaEdo] T4skA| e AL CP &3 Wiz 283}
= 840 93 AL F U=

- mpx|ut o 2 valerate, isobutyrate, isovalerates =oll= 2221 2o]7F RS

20
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3 28. Fecal organic acid (SCFA, BCFA, and lactate) determination.

! Values are reported as mean # standard deviation (SD).

Items, uM per dry

Treatments (n=25)!

weight SBM CT BLF prvalue2
Lactate 0.48 £ 0.63a 0.87 £ 0.73b 0.83 £ 0.92 0.04
SCFA
Acetate 11.53 = 14.05  20.74 + 13.67 17.76 = 17.17 0.07
Propionate 68.63 = 40.63a 99.76 = 4141b 81.12 + 48.26 0.04
Butyrate 2.23 £ 2.62 4.05 + 3.63 3.65 + 3.28 0.12
Valerate 22.74 + 5463  12.66 £ 16.27 31.32 + 59.21 0.57
BCFA
[sobutyrate 0.35 £ 1.74 118 + 5.53 0.07 £ 0.28 0.74
Isovalerate 091 = 1.23 0.75 = 1.06 105 £ 1.2 0.56

? p-values are calculated using Kruskal-Wallis test. Different superscripts denote significant difference.
Abbreviations: SCFA, short-chain fatty acid; BCFA, branched-chain fatty acid.

Lactate Acelate
T i.- B
z g 70
& 104 P
2 % 15 ~
§ €
£ & 10
§ 05 :
£ § s
& :
g l 8
J Ll __
SBM SBM cT BLF
Butyrate Valerate
;;' - ? ”
- - -
5 . 3
o 4 o
8 B
€
2 = 5
i §?
iz g
¥ ®
g g
SBM T BLF SBM T

Concenirabion. umol] oy winght
4 ' -
i M

Propionate Isobutyrate
| _,i'.. % -
404 20
&
»w{ %‘-.«-
104 $os
SBM (=3 BLF SBEM BI.F

Cancantintion umol'g dry wakght

y-
) I I I
SBM T BLF

Isovalerate

719 33. Fecal organic acid (SCFA, BCFA, and lactate) determination(Week 5).

. ol f§AES] FUZEF A

D ARY 24 A= g
[Metagenomic DNA #g] 2
A S 25 E metagenomic DNA(MDNA)E #8]3to] agarose gel A7]19 &S HAAIEFTS
mDNA<9] qualityE &<I3H(2™ 34). UV spectrophotometerg ©o]-83sle] DNAS F%/&
A280/260 B]-&©] 1.8 °o]d H+= A&

F Zo NGS &4 AH8-3F 16S rRNA 3RS EFAlC. 2 3t primerg ©|&3% PC

24 HolE e A
_]

AT 1)

ol
=
1=}
LN

24319 oM, DNA $57} 20ng/ 4] o), 5=
3}

_4’]_

=
ftlo
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te] old€ =719 DNA7E S35 A< &ddozs, £2/" DNAC| PCR fa4d< 4
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173 34. Gel electrophoresis of genomic DNA extracted from sample. 1% agarose gel (1X
TAE buffer), 100V 25min, sample 11 loading. Data from CJ Bioscience QC report.

[BA R B2)F At D714D B4 wolE e ]
- mo] Ag® AAA ElolEE MAAY 11873342 el ©l=(read), EEAH 11,553,835
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MY Bl= & &rsP oM, chimerast low-quality €714 <8< Xﬂﬂf& = 7+ 7,103,55770,
6,388,14470 9] valid ¢]=& 4o AHEE IFE H g = % 299 YERon, 4
of Fi3% A A= AT,

- 3 AAA dHolEZE 74 AT PAE TS dHE 7 JeAE Fstr] s,
g zo] vtsk(plateau) A E=E UERY = rarefaction curvee} Good’ s coverage(90 ©]hHE
AH&-3F. Rarefaction curves 97% &4 71£2&E ZAAE PD_whole_trees} Ald2 HEFE
ARgsElew, T A3 TOF 3504 KB upet g S, AE2 gEgTr SUMESESE O
=7t nks Al =(plateau ) A £ F AU "o, FEI AAA dHolHe= 4 A
g7 MAE F3e FE3 A ¢ Avtal daEo], FUHE QL E4 o ARE-gh

3 29. Quality of the sequencing reads before and after pre-processing.

Treatments (n=25)"

ftems SBM CT BLF
Week 1
Raw reads 153953.6 + 32650.56 163088.60 + 37757.15  157891.50 + 28329.95
Valid reads 95422.80 £ 20059.70  95048.84 + 20618.80 93670.64 + 18109.40
Good” s coverage 0.99 £ 0.0002 0.99 £ 0.0002 0.99 £ 0.0002
Week 5
Raw reads 149413.10 + 16934.60 158479.6 + 24624.50 154260.3 + 28741.00
Valid reads 84842.96 + 13926.10  86154.76 + 13130.30 84528.04 + 20820.40
Good” s coverage 0.99 £ 0.0002 0.99 £ 0.0003 0.99 £+ 0.0003

! Values are reported as mean + standard deviation (SD).

A, Alpha rarefaction
Sampling depth: 50,607

1 S623 11246 16869 22492 28115 33738 39361 “a0as 50607

B. Alpha rarefaction
Sampling dopth; 44,105

Chaol

1 4501 G601 14702 19602 24503 29403 34304 39204 44105
Sequencing depth

17 35. Rarefaction curves based on Chaol index for week 1 and 5 feces samples at 50,607
and 44,105 sequencing depth, respectively.
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i) olfrAlE EHARY FUAF &

O PAEY 25 9 thokid A4 EA(Alpha diversity)

- SBM, CT, BLF9] Hod W& A% Ao WHIE 3etslr] fs) ¢ FTHE (Chaol),
t}oFA] (Shannon), #¥ 4 (Simpson) A4S ZAHIHH 36).

- MAAAE R A8 B4 Ax 7 5 79 alpha diversity AFES F9 221 Aol ¢l
A > 0.05).

- &%, 244 BLF A2l alpha diversity 157k SBM, CToll M3} fol5o]x& oo}
Bade AL B 5 AASD > 005, fAF AFOA, CPrzo]l W& ARE FAT HA)

o 4] alpha-diversity7} #&stdthe Ea7F 1s(Cho et al, 2015, Asian-Australasian J.
Anim. Sci; Fan et al., 2017, Sci Rep.).

A. B.
Chao1 Observed features Chao1 Observed features
Kruskal-Wallis, p=0.74 Kruskal-Wallis, p=0.81 Kruskal-Wallis, p=0.33 Kruskal-Wallis, p=0.32
| L] i L] L] a0 | L] ]
00 4 6007 .|
800 4 8004
5004 ﬂ 5004 + - 4 700 -%
{ !I : OO 4 6004
4004 4004 ﬁ | 5
3004 b2 300+ |
400 4 4004
| L] L] | |
T T 1 T 1 v T 1 1 T ¥
Shannon Entropy Simpson Shannon Entropy Simpson
Kruskal-Wallis, p=0.58 Kruskal-Wallis, p=0.45 Kruskal-Wallis, p=0.17 Kruskal-Wallis, p=0.24
I I 84 1
0.9754 , |
1 085+ 4 T
i 71 0,950 Y
L] . &
L& | . 09254 s |
0.904
61 .
1 0.9004
| L]
g | * ! L i ad | os7s4 _*® i 2
. . ' . ' 1 " T

treatment E3s8M B8 T B BLF

1% 36. Alpha-diversity indices Chaol, Observed features, Shannon, and Simpson for week 1
(A) and week 5 (B) fecal samples. P values were calculated with Kruskal-Wallis with pairwise
comparison (p < 0.05).

(Ao A8 E F3 24 Beta diversity analysis of gut microbiota)]

- Bray-Curtis dissimilarity measure -2 A 278 #3599 43 &EX(abundance)E °]-&
sl Z 287 mAE BX ZolE AYE Ve A S 24, Principal Coordinate Analysis
(PCoA) W o g %3l 3H 19 37).

- Alpha diversity A|=¢} FAFSHAl, PCoA W o2 T i3 MAAAE A= AUdFFS 1
F el frelAd ApolE HolA g kS(PERMANOVA, P>0.05).

- TEAA, BLF Ag79 #Fo] SBM, CT A+ F&< Zol& HEAp = 0.006, p=
0.014). ©l5°], SBM A&7+ CT A7 FY&A 2ol B = 0.006). o2 w|Fo
Hol, ZF Hel7te] CP +F Aol ¥ HIHAS T &l Ao AH+FF Fx27F At

o] A~ o
AL & F A=

o
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1% 37. Principal coordinate analysis (PCoA) plot based on Bray-Curtis distance matrix for
week 1 (A) and week 5 (B) feces samples. P value was calculated using permutational
ANOVA (p < 0.05).

Table 30. Relative abundance at phylum, genus, and species level for week 1 feces samples.

Treatment (n=25), %

1
Taxa SBM T BLF p-value
Phylum
Firmicutes 49.42° 52.77* 42.89° 0.04
Bacteroidetes 44.73° 42.41° 52.7° 0.02
Spirochaetes 3.13 1.84 1.60 0.41
Tenericutes 1.78 1.99 1.79 0.51
Actinobacteria 0.48 0.52 0.50 0.70
Proteobacteria 0.27 0.27 0.37 0.68
Fibrobacteres 0.04 0.11 0.04 0.52
Cyanobacteria 0.06 0.04 0.03 0.58
Chlamydiae 0.06 0.01 0.02 0.96
Synergistetes 0.03 0.01 0.02 0.50
Verrucomicrobia 0.01 0.01 0.01 0.43
Fusobacteria 0 0.01 0.01 0.47
Other phyla 0.01 0.01 0.02 0.04
Genus
Prevotella 13.3 11.51 16.57 0.11
Muribaculaceae PAC001286_g 8.7 8.24 124 0.21
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Clostridium 6.6 12.81 6.89 0.16

Lactobacillus 10.87° 6.13% 3.17° 0.03
Sporobacter 3.11 3.83 4.05 0.31
Bacteroidales HQ716269_g 2.22 334 2.57 0.40
Eubacterium g23 2.82 2.57 2.43 0.55
Parabacteroides 1.92 2.57 2.04 0.78
Treponema 2.98 1.76 1.48 0.42
Lachnospiraceae unclassified 1.8 2.07 1.98 0.82
Bacteroidales AB494828_g 2.34 1.48 1.81 0.56
Muribaculaceae unclassified 2.17 1.55 1.62 0.08
Alloprevotella 1.94 1.22 1.98 0.21
Bacteroidales PAC002374_g 157 1.44 2.12 0.48
Bacteroides 1.44 1.2 175 0.47
Phascolarctobacterium 1.18 1.47 1.55 0.83
Subdoligranulum 1.37 1.27 1.53 0.92
Terrisporobacter 0.9 1.76 118 0.42
Roseburia 1.09 1.67 1.03 0.95
Oscillibacter 0.84 1.25 1.65 0.55
Anaerocella 0.31* 1.20® 2.08° 0.02
Bacteroidales PAC002482_g 1.15 1.09 1.35 0.30
Faecalibacterium 1.07 0.69 1.66 0.24
Pseudoflavonifractor 1.66° 0.94% 0.77° 0.03
Bacteroidales PAC001134_g 1.3 1.15 0.86 0.69
Bacteroidales PAC001421_g 13 1.01 0.97 0.85
Other genera 24.04 24.76 22.52 0.53

Species
Clostridium PAC001136_s 5.25 10.79 5.85 0.12
Muribaculaceae EU472573_s 5.41 5.04 7.50 0.19
Lactobacillus unclassified 8.09° 2.71% 1.22° <0.001
Lactobacillus reuteri 2.48 3.13 1.80 0.07
Bacteroidales GQ134264_s 1.98 2.63 2.51 0.24
Lachnospiraceae unclassified 1.80 2.07 1.98 0.82
Muribaculaceae unclassified 2.17 1.55 1.62 0.08
Muribaculaceae PAC001286_g 1.45 1.25 1.88 0.96
Prevotella unclassified 1.27 1.18 1.72 0.55
Subdoljgranulum unclassified 1.26 1.21 1.47 0.78
Terrisporobacter unclassified 0.90 1.76 1.18 0.42
Bacteroidales EU462269_s 1.69 0.88 1.13 0.58
Prevotella PAC001292_s 0.9 1.14 1.65 0.92
Parabacteroides EU728718_s 1.07 1.84 0.77 0.16
Anaerocella AF371924_s 0.31* 1.20® 2.08° 0.02
Bacteroidales AB506391_s 117 0.85 1.49 0.61
Bacteroidales HQ716545_s 1.05 1.22 1.19 0.38
Bacteroidales GQ448784_s 11 1.05 1.26 0.25
Roseburia unclassified 0.83 1.50 0.87 0.97
Prevotella HQ716429_s 1.29 0.93 0.97 0.90
Prevotella AF371872_s 0.96 0.62 1.52 0.15
Muribaculaceae FJ680302_s 0.69 0.60 1.67 0.26
Prevotella EF031003_s 0.54 1.16 1.26 >0.99
Muribaculaceae FJ679515_s 0.88 1.43 0.56 0.50
Sporobacter unclassified 0.98 1.08 0.79 0.19
Other species 54.5 51.15 54.08 0.66

! p-values are calculated using Kruskal-Wallis test. Different superscripts denote significant difference.

5 59 %Llﬂﬁ%—% #(Phylum), 4(Genus), &(Species) FFlAx 1 FTHEE
|REAE AE F 31, 19 384l UERY.
9, FEAHY ATz 2 # F abundance% A e 734“ 3 8°ﬂ LHER.

Z(genus) FFolA A RS o, Bacteroidetes ol <3}+= Prevotella, Muribaculaceae
PAC001286_g 40 RE A FoA 74 23 &0 2 Jepd
SBM A&l Hlal|l CP s<Fo] W& F A F(CT,BLE)AIA Prevotellad) FF =7} a8t
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751?‘501:% 1-1;_?:1, o]_‘: B@Cf€f01d6’57]' D}Hﬂ;djq_ =E2X ;(]l:ﬂ- _?,]_ng] Alo]g]_ oﬂ:ﬂ]-o] 0}\0131
Prevotella= 375323 28 B &43E oo 93] FHE=7 F7HgE 7[Ee] Byt
A 43S YEerd(Ley RE., 2015, Gut microbiota; Kovatcheva-Datchary et al., 2015, Cell
Metab.).

BLF A g]FolAx SBM Aol w¥ls)| Clostridium (p < 0.05), Terrisporobacter (p < 0.05),
Alloprevotella <2 A3 FHZ=+= S7Vek AL, Phascolarctobacterium, Lactobacillus (p <
0.00De] Htd FHE= 243

Z FFoA, & Hg Tl #Hl& BLF A TolA  Prevotella AF371872_s, unclassified
Terrisporobacter, unclassified Clostridium, Muribaculaceae FJ679515_s +9] TH =7} 93
o7 =718k whA(p < 0.05), Eubacterium_g23 PAC001035_s, 7reponema porcinum, Prevotella
EF445225 s, Treponema  EU459743_s, Muribaculaceae PAC001286_s unclassified,
Muribaculaceae HQ716545 s, Prevotella EUAT2322_s, Lactobacillus reuteri, Prevotella
DQ797020_s, Prevotellaceae DQ795941_s¢] dd FHZ=7F o2 ZF4a3Hp < 0.09).
SHA, giFAds A 5o F4ES el AowE dEA Hol &3=  Campylobacter
jejuni, Escherichia, Helicobacter(Horrocks et al., 2009, Anerobe, Holmer et al., 2019,
Helicobacter, Nakajima et al., 2006, Helicobacten7} BLF #&]oll A4 SBM A &]+tol Bl
ojFolxl oyt 1 FHEVE A UEhde AEFS B

BLF AgFolA FYHo=E I IFREIl F7s Terrisporobacters, 71E% XHalofA
acetateo] A4yt wo] vy AR UAF. ol= wFo] Hol, BLF A &]+¢] acetate”} F
7Val= AdFol Terrisporobacter EHE9 Z7td o AY 4 J&lLiu et al, 2021,
Animals, Cho et al., 2018, Chemosphere).

Treponemad) <43l 29 straingL HYAS Yele Aoz 43 A Qo (Karlsson et
al.,, 2017, Porcine Health Management) 0]— BLF A& FolA & F AT vls /293
o5 U FHEE AU ASE YUey:

3 31. Relative abundance at phylum, genus, and species level for week 5 feces samples.

Treatment (n=25), %

1
Taxa SBM CT BLF p-value
Phylum
Bacteroidetes 51.11 47.31 49.86 0.24
Firmicutes 41.18 44.62 42.74 0.39
Spirochaetes 3.58 3.55 3.53 0.77
Tenericutes 2.03 2.09 2.01 0.65
Proteobacteria 1.31 1.58 1.06 0.97
Fibrobacteres 0.23 0.35 0.25 0.96
Actinobacteria 0.30 0.26 0.18 0.09
Cyanobacteria 0.13 0.14 0.17 0.68
Other phyla 0.13 0.10 0.21 0.28
Genus
Prevotella 19.47 16.87 15.85 0.24
Muribaculaceae PAC001286_g 9.01 8.82 10.14 0.97
Clostridium 4.36° 6.32% 6.82° 0.01
Sporobacter 4.58 4.64 4.74 0.96
Treponema 3.49 3.49 341 0.66
Eubacterium g24 3.58 2.86 2.59 0.06
Oscillibacter 2.55 2.59 2.47 0.76
Bacteroidales PAC002374_g 2.37 2.82 2.10 0.18
Alloprevotella 1.52 2.84 2.711 0.04
Lachnospiraceae unclassified 2.35 191 2.65 0.23
Bacteroidales HQ716269_g 2.54 2.28 1.93 0.73
Phascolarctobacterium 2.75° 2,09 1.64° 0.03
Bacteroidales PAC001134_g 2.04 1.50 1.87 0.44
Bacteroidales AB494828_g 2.00 1.49 1.77 0.29
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Terrisporobacter 1.01*
Lachnospiraceae FMWZ_g 1.55
Muribaculaceae PAC001276_g 1.15
Muribaculaceae HQ716402_g 1.20
Anaerocella 1.82
Ruminococcus 1.26
Prevotellaceae PAC001421_g 0.91
Parabacteroides 1.37
Lactobacillus 0.64°
Bacteroides 0.52
Roseburia 0.51
Muribaculaceae unclassified 0.86
Other genera 24.59
Species
Muribaculaceae EU472573_s 5.87
Clostridium PAC001136_s 3.39
Lachnospiraceae unclassified 2.35
Prevotella unclassified 2.40
FEubacterium_g23 PAC001035_s 247
Bacteroidales AB506391_s 1.79
Prevotella EF031003_s 2.47
Prevotella AF371872_s 1.13°
Muribaculaceae unclassified 1.36
Bacteroidales GQ134264_s 1.70
Prevotella AY158021_s 1.99
Terrisporobacter unclassified 1.01°
Lachnospiraceae EU358717_s 1.55
Oscillibacter JPJG_s 1.38
Anaerocella AF371924_s 1.82
Muribaculaceae unclassified 1.06
Bacteroidales PAC002301_s 1.34
Phascolarctobacterium PAC002551_s 1.50
Treponema porcinum 0.93°
Treponema unclassified 111
Clostridium unclassified 0.52
Prevotella AF371883_s 0.93
Muribaculaceae unclassified 0.86
Prevotella PAC001292_s 1.40
Prevotellaceae PAC001421_s 0.80
Erysipelotrichaceae AM275412_s 0.75
Muribaculaceae FJ679515_s 0.55%
Prevotella EF445225_s 1.64°
Ruminococcaceae PAC001247_s 1.01
Muribaculaceae HQ716474_s 0.80
Roseburia unclassified 0.45
Sporobacter PAC001162_s 0.71
Treponema EU459743_s 0.99°
Sporobacter unclassified 0.71
Prevotella NPJG_s 0.73
Prevotella NPJH_s 0.76
Bacteroidales EU462269_s 0.79
Escherichia unclassified 0.52
Alloprevotella AF371901_s 0.39
Muribaculaceae FJ680302_s 0.61
Bacteroidales AB506388_s 0.69
Muribaculaceae PAC001286_s 0.74%
Bacteroidales HQ716269_s 0.85
Sporobacter PAC001161_s 0.61
Prevotella HQ716429_s 0.49
Bacteroidales PAC002374_s 0.58
Sporobacter PAC001055_s 0.68
Alloprevotella HQ716431_s 0.28
Lactobacillus unclassified 0.20%
Muribaculaceae HQ716545_s 0.43°
Parabacteroides EU728718_s 0.58
Clostridium bornimense 0.20
Ruminococcaceae PAC001468_s 0.48
Subdaoligranulum unclassified 0.50
Prevotella EU4T2322_s 0.74%
Prevotella stercorea 0.79
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1.62°
0.99
1.27
1.32
1.22
112
1.25
0.80
2.09°
0.43
1.42
0.87
25.09

5.23
4.34
1.91
2.18
1.65®
2.04
1.66
1.36°
1.40
1.72
1.46
1.62°
0.99
1.55
1.22
1.08
0.82
117
1.62°
0.55
1.09
1.14
0.87
0.65
1.01
111
0.80%
0.77%
0.93
0.97
1.27
0.81
0.92°
0.76
0.72
0.71
0.60
1.10
0.62
0.57
0.65
0.84°
0.56
0.74
0.52
0.78
0.52
0.96
1117
0.77°
0.44
0.39
0.64
0.56
0.50™
0.37

1.54°
1.57
151
141
0.83
0.89
1.06
1.03
0.41¢
1.94
0.86
1.02
25.25

6.49
3.67
2.65
1.69
1.45°
1.68
1.24
2.42°
2.15
1.42
1.15
1.54°
1.57
1.14
0.83
1.48
1.38
0.86
0.80°
1.50
1.15°
0.69
1.02
0.66
0.84
0.79
1.26°
0.16°
0.63
0.71
0.70
0.84
0.44°
0.80
0.80
0.75
0.77
0.41
1.02
0.76
0.59
0.35°
0.51
0.55
0.82
0.41
0.49
0.42
0.32°
0.39°
0.52
0.95
0.41
0.42
0.23°
0.31

<0.001
0.76
0.24
0.64
0.34
0.13
0.54
0.15

<0.001
0.07
0.09
0.49
0.99

0.86
0.04
0.23
0.27
0.04
0.30
0.09
0.01
0.67
0.30
0.22
<0.001
0.76
0.48
0.34
0.16
0.35
0.09
0.02
0.09
0.01
0.28
0.49
0.31
0.61
0.43
0.03
0.01
0.45
0.40
0.15
0.66
0.02
0.90
0.58
0.64
0.26
0.64
0.32
0.72
0.91
0.01
0.23
0.40
0.16
0.24
0.11
0.05
0.02
0.01
0.77
0.10
0.51
0.29
0.02
0.09



Prevotella copri 0.39 0.60 0.44 0.28

Lactobacillus reuteri 0.42° 0.90° 0.08° <0.001
Oscillibacter PAC001130_s 0.34 0.49 0.56 0.31
Sporobacter PAC001259_s 0.44 0.50 0.42 0.58

Parabacteroides unclassified 0.64 0.30 0.35 0.07
Lachnospiraceae PAC001046_s 0.31 0.26 0.71 0.25
Prevotella PAC001206_s 0.24 0.57 0.47 0.38
Phascolarctobacterium PAC001311_s 0.46 0.43 0.37 0.68
Prevotella DQ797020_s 0.57° 0.47° 0.21° 0.01
Muribaculaceae HQ716402_g 0.38 0.31 0.54 0.44
Ruminococcus_g2 unclassified 0.22 0.70 0.31 0.29
Phascolarctobacterium succinatutens 0.54 0.35 0.30 0.15
Bacteroides unclassified 0.22 0.16 0.80 0.23
Lachnospiraceae AB034116_s 0.04 0.02 1.10 0.25
Prevotellaceae DQ795941_s 0.51° 0.40™ 0.24 0.03
Bacteroidia HQ716382_s 0.49 0.23 0.32 0.47
Prevotella HQ716519_s 0.07 0.48 0.47 0.13

Ruminococcus bromii 0.26 0.40 0.35 0.35
Alloprevotella HQ716537_s 0.35 0.37 0.30 0.49

Other species 29.73 28.72 31.66 0.53

! p-values are calculated using Kruskal-Wallis test. Different superscripts denote significant difference.
? Compared to SBM group, significantly increased species in the BLF group are indicated in red, and
significantly decreased species are indicated in blue.

Phylum Genus Species
1 ) - . . .
5% 75% 5% - - -
c =2 b
3 50% 2 50% 2 50%
2 2 2
2 2 2
i B o
Qo [ ]
¢ : |- ¢
25% 25% 25%
0% 0% 0%
SBM cT BLF SBM T BLF SBM cT BLF
B Prevotella
B Muribaculacean ELM72573_s
B Hhitacuiaceas PAGKNZAE D ] Cllaﬂidum PACO01136_5
= ; = unciass
Treponema
= Eubacterium_g24 l %m;_;f;:c@;n& s
| le 3
= Bacteroidales PACO0Z3T4 g o P B3 AF3TIBT2
[ Bacieroidates B ; i = Wé?mszzﬁ_g
= Sm:‘ul = mﬁﬁ" = ?“m*"1m‘.! N
= ;rm-ctuu = Bmoldcmp 13:5'9 u LWIG:;OEUSWI?'_:
B Achopecins = Ldumohmaewmz B Anascvosly ACTIRRA
u — PACO0F276 g = Fivhovs Pma;ﬁ"g
W Other phyla B Muribaculaceas HQ71 - LA s
B Anaerocedla
B Rumsnococius W Treponema porcinum
= Prevoteliaceas PACO01421_g : Wmu sadied
Parabacteroides W Clostrid
Laciobacillus Prevotelia AF3T1883_s.
I Bacteroidas ~ Muribaculaceas
B Roseburi U Prevolefla PACD01292 5
¥ Muribaculaceae unclassified W Prevoteliaceas PACDOT421_s
B Other genera B Other species
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Campylobacter jejuni Escherichia Helicobacter

__0.00006- 00207 __0.0005-
s S &
3 @ 0.0004
8 8 0.015 8
5 0.00004- € e
'g -g 'g 0.0003
_§ 3 0010 a2
2 0.00002- b 500002
= 2 =
= B 2005 & 0.0001-
o K &
0.00060+ W 0.0000-
SBM  CT  BLF 00
SBM CT  BLF SBM (T BLF

173 38. Relative abundance at phylum, genus, and species level for week 5 feces
samples(A). Relative abundance of species those are generally known as pathogen(B).

(A #3%2] taxonomic marker]

Zt Ay AFES taxonomic markerE 3o}alr] &, wAAE FRE AhE 2o
A3} = LEfSe B4 AP 39).

=24 A3, Prevotella AF371872_s, Muribaculaceae FJ679515_s, Clostridium butyricum,
Clostridium AF371841_s, Prevotella AB185797_s, Clostridium chartatabidum, Rhodocyclaceae
AF371865_s, Romboutsia timonensis, Mollicutes PAC002151_s ¢ FH %7} BLF Ao A o
AT vl =A YE o, o] 58 SCFAS BCFAZS Aaksts #og Haud
+=(Basen & Kurrer, 2021, FEBS J; Kang et al., 2019, BMC Nephrol; Kelly et al., 1987,
Arch. Microbiol; Wang et al., 2020, Sci Rep.).

g, CT AHglFolA 1 FHE7F =4 Uehd 2 Firmicutes ol &3t Clostridium,
Lactobacillus, Ruminococcus, Eubacterium %  Lachnospiraceae ¥}ol 43l= <(Family) o 2,
E8A 35S W4 aAA SCFAS BCFAS AAkstE o2 HauEo] -S(Biddle et al.,
2013, Diversity, Zhu et al., 2022, Trends Biotechnol).

A

mlm

r{ru

Clostriduam PACOO1136_5-
Treponsma porcinum -
Lactobaciius reuten -
Muribaculsceas PACOO1286_5 -
Aloprevobells HOT168431_s -
Murnbaculaceass HOT 16545 5 -

.HM
B o

Prevotelia ELIATS110_8 -
Eubacteriam_g1T PACOOI04E 3 -
Prevotella AFITI1872 5 -
Munbaculsssas FIGTH515 8 -
Clastridium butyricum -
Clostricum AFIT1841_5-
Privolella ABIB3TET 8-

Clostradnam chantatabidum -
Rncdocyclaceas AF3T1865_s -
Romboutsu Bmonenss
Molicutes PACOOZ151 s~

|
q

L=
s
(=]
i

2
LDA Score (log10)

13 39. Taxonomic markers from week 5 feces samples as identified by LEfSe.
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[(FHHFFY 71548 732 ¢d d=]
- AN EE] 7)%5A §HA BH o= PICRUSE2E AH&3] KEGG pathwayS 7]dho s 24

- ol A3l Faeb ol whelE fgiate] #E®E KEGG pathway #4 A3, alanine,
aspartate, glutamine, tyrosine, tryptophan, nitrogen ©jA}, valine, leucine, isoleucine, lysine+
3 gl ad 43, F49 2ol gl iate] #¥® KEGG pathway= 2t Ael7 3+ #9

e &g = A" 40).

- B3 wbel] 29, CP 59 &g W5e Zlo] ol did oA A= Ide U

Aoz BuEo] 9o KSpring et al., 2020, Sci Rep.), SBM A &)l Hls] & CP &

Zd CT, BLF A& FoA olgst zto]le= JEeElA] &kske

Ala, asp, and glu metabolism Val, leu, and ile degradation Lysine degradation

(

o r1r

I
2 154 2 157
o v
E 1.04 E 1.07
8 8
g 0.5 § 054
.54 ERE
: :
w W
0.04 0.04
SBM SEM
Tyrosmn metabolism Tryptuphan metahoﬂam Nﬂmgan metabolism
£ 157 = 157 #1
¢ g ¢
8 104 E 1.0 2 104
8 8 8
c c c
%o.s- s_o 51 %os
w0 ] w
0.0+ 0.0+
SEM BLF SBM Cl'
Pm'taJn dlgeslion and amrphon
5: 1.5+
b=
@
=3 1'}-
8
c
%us-
w
0.0+

SBM C'l' F

19 40. Enriched KEGG pathways relative with protein metabolism as predicted by PICRUSt.

- Og5o =z, dA YAl #HEE FAAE BAHIE 4D. A8 U CP 739 Zas AolA
o] & 7153t AA9 £FE 7ZAANZ(Zhao et al., 2020, Anim. Nutr). ¥v8, B84 2o) X &
ol g U= A IAHE T Mo A AFAESE IUIAA BARHoR AWMS FI

Z

ot yole] wjES ZAAIZBindelle et al, 2007, Livest Sci; Loh et al., 2010, J Appl
Anim. Res.; Lynch et al., 2007, Animal.

ol¢} Y FAAEY FHEZE heatmapo & YEHAEFG 9). CTol| ®ls] BLF A 2ol A
narG,nat,nanle} o] AAZRE drYols Aist= 3 H=Z<Q ‘dissimilatory nitrate
reduction” A=29] FHAe} B, nifEe} #2-&  ‘nitrogen fixation’ =29 FHA FTHZ=7}
fFolFHor Fo 32U Ao=E 4=H < 0.05).

olo H3l, BLFAlA ¢EUYolE A4ket= = o & 7 £<¢]  ‘assimilatory nitrate reduction’
of #AH mrA, naB, NRT #7242} ‘dissimilatory nitrate reduction ‘74 2ol #H¥ D,
napB, napC, napD F+AA7F Aaste AFS BY o2 oS53,

- CT Ag79 ¥wstl<s w, BLF A 2]FtollA ~° nitrogen fixation ‘ol #HH HE FH=
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[

- AWEE, A D AR

(nifdD1, nifiD2)e] Ldo] FelH oz wA vetd Zoz dFHJ2H( < 0.05), ]9
B GRAT ) BRE Ao d39E AL 0ol

il nasB; assimilatory nitrate reductase elctron transfer subunit [EC:1.7.99.-) ﬁﬂ“‘"? ’
I
B BB v fervedaxin-nitrite reductase [EC:1.7.7.1) 8 Asgimilatory nitrate reduction

. | Dissimitatory nitrate reduction
narB: feredoxin-niiale reductase [EC1.7.7.2] Nitrogan fixation
mash; assimilatony nifrate reductase calahytic subunil [EC.1.7.99..]

o

Iy

NRT. nark. nrtP, nash; MFS transporier, NNP family, nifrate/nitrite fransparber

Pearson correlation

| sl
(-~

nrtB, nasE, cynB: nitrateinitite ranspont System permaase probein
arC, nasD, nirate/nitrile transport system ATP.binding protein [EC:3.6.3 -
... nrtD, cynlD: nirate/nitrite Iranspon system ATP-binding protein
nirB; nitrite reductasa (MADH) targe subunit [EC:1.7.1.15]
nirD; nitrite reductase (NADH) small subunit [EC:1.7.1.15]
* narG, narZ, nerd; nitrate reduciase / nitile oxidoreduciase, alpha subunit [EC:11.7.5.1 1.7.98.-]
* narH, narY, noB; nitrate reductase / nitrite oxidoreductase, beta subunit [EC:1.7.5.1 1,7.99.-)
= narl, nary, mirate reductase gamma subund [EC:1.7.5.1 1.7.99.-]
maph; penplasmic nitrate reductase MapA [EC:1.7.88.-]
napl; cyfochrome c-type protein NapB
napl; cytochrome c-type protain NapC
napl); periptasmic nitrate reductase NapD

nitA; relrite reductase {cytochrome c-552) [EC:1.7.2.2]
nrfH; cytochrome ¢ nitrite redectase small subunit
nifA; Nif-specific regulatory protein

.= * nifB; nitrogen fixaion protein Nifd

niflD: nitregenase molybdenum-won protein alpha chain [EC:1.18.6.1)
B # nifE: nirogenase molybderum-cofactar synthesis protein NifE
B - ritogenase iron pratein NifH [EC:1.18.6.1]
= mifHD1, nifl1; nitregen regulatony protesn Pl

i
|
I nrtd, nasF, cynd; nitrate/nitrite transport system substrate-binding protein
|
i
|

* milHD2, nifiZ, nitrogen regulatory prelein PI 2
nifK; nitregenase molybdenum-iren protein beta chain [EC:1.18.6.1)
milN; nitrogenase molybdenume-nan protein Nif
. il T; nitrogen fixalicn protein MIfT
. mifV; homaditrate synthase MilV [EC:2.3.3.14]

nif W nitrogenase-stabilizing/protective protein
nifX; nitragan fixatkon protesn NefX
nifZ; nitrogen fixation protein NIZ

18

Kemiyyed
0OEdH

1% 41. Abundances of KO genes that are involved in nitrogen metabolism. (*) denotes
significant difference compared with CT.

&3 #A 2 (correlation analysis)]

kel AHAT|A B8 $JsfA], pearson correlation E4 A3}
£ heatmap FEjZ YeRHA(LH 42). BLF ﬂﬂ—?oﬂ/ﬂ 23R w7} =713 Prevotella AB185797
I AF371872 F& HF AT 2 dESAZFH o FHAAAE EIAS B dTeNA,
Prevotellaz= SHA1 & AL 2 B AARHFAZFY /I3 Bde] e Aoz BRiud #F A&
(Amat et al., 2020, Microorganisms).

ANEE, DA D AF S
J

Jzir_\;

- Isobutyrate®} isovalerate & BCFA A4+e] Z7l= 2ol vz wtg tjAte] =71E el

W(Vasquez et al, 2022, J Anmim. Sci Technol). BLF AHglFolAd 1 FRZ7F F7138H
Prevotella AB185797, AF371872& &wW <o isovalerate®} o] @A E HE<Y. Prevotellas
A3 Q7oA SCFA, BCFA A4, &<rdtz 51 &ild tiate] S7let ddH o] e A=
Hau¥ vk 9d&McCann et al., 2014, PLoS One, Wu et al., 2022, Microorganisms).

- BLF A g FolA ZFHE=7} =713+ Prevotella AF371872_s, Muribaculaceae FJ679515 s,

Clostridium  butyricum, Clostridium AF371841_s, Prevotella AB185797_s, Clostridium

chartatabidum, Rhodocyclaceae AF371865_s, Romboutsia timonensis, Mollicutes PAC002151_s

=, ¥4 gl Ak (propionate, valerate, acetate, butyrate)e} 733 o] H#AAAES BY. 9]

U@ Az o] #Eol Holds B Bujdg o g3t SCFAE AAdTE 7]Ee s
- 52 -



Y = gH(Basen & Kurrer, 2021, FEBS J; Kang et al., 2019, BMC Nephrol; Kelly et al., 1987,
Arch. Microbiol; Wang et al., 2020, Sci. Rep.).

TP L |

| j ' Muribaculaceas PACO0T286_s troatmant
il Desulfovibrio PAGOD1673_s W e
a I Prevotellaceas DOT25941 s 2 e
Lachnospiraceas GUI03880 5 M
- | Pseudofiavoniractor ADDY_s o
] Ruminococcaceas FTRU s
-8 Prevotella EU4T2322_s

i = Sporobacter PACHONTIA s -2
| 5 Pravotella JX0J s
| k=8| = Ruminococcaceas PACO01640 s ™ 4

iy Bl Catenibactenium PACI02523_s

I Prevotella EF445225 s

Treponema EU458743 s
i Lachnospiraceae ABS06341 s
Ruminococeus GLI324392 5
== I Atioprevotella HQT 16431 _s
BB Ruminacoceus AFAT1754 s
Pravotella PACHH 302 s
Muribaculacess HOT16545 3
Prevotella ELM75110_s
=iLT B2 Eubacterium coprostanoligenes
Eubactenum_g17 PACO0I044 5
N Treponema porcinum
Clostridium PACO01136_s
Prevolella PACOI1304 =
Lactobacillus reuten

6

]

R BN TR mEY i (e s s

e e O

fijsez] Rhodocyclaceas AF3T1865 s
Muribaculaceas FJGTA515 &
ESERIT Clostridium charatabidum
R Clostridium butyricum
[ | Romboulsia timonensis
1

B Clostridium AF3T1841_s

PR NES RN Frevotelia AFIT1872 8
Mellicules PACODZ151 s
Pravotalla AB1BSTST s

LTI
&

Pravotella NOVE_s
L] T Prevotella DOTIT020 s

RN

e

o

3

B

T1% 42. Heatmap showing the relationship between gut microbiome, fecal organic acid, and
growth performance of the pigs. P-values are denoted as * and ** for P<0.05 and P<0.01,
respectively.

(U3 did Ao UEY I B4 Network analysis)]

- ANFEFH d=H= 7sAAe] FRAA BEAE Y38, Cytopscape programe o] 83 Az
3}k network maps 19 43 yvERE. B4 A3, BLF 2 CT A FolA FRE7F S7H3
w3 i AR 2V Y AHEAE B4

- 53], BLF A g oA 1 FH =7} Z718F Muribaculaceae FJ679515, Clostridium butyricum,
Prevotella AF371872, Rhodocyclaceae AF371865% il 23} 2 F49b oFo] AATAAE
LHERA.

i
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Izovaletate
AscpravotMlisHOTIEEN- S - %‘n BAC 0071515

Tyrosneimelealar 7

C TEETemmeiis - reute:

=P ACOO252S 5

e e wwh.dmh-nm A
2 = 7 My ribatulSCeaN-PACOOIZEE

—_— frominocottut-CL 24398

>
Lachnoapiracoas ABSOE341 1y

Tropanoma-EU4S0743-

1% 43, Network map showing the relationship between gut microbiome, its metabolites, and
the pathways involved in protein metabolism. Blue line denotes positive association
(co-occurrence); gray line denotes negative association (mutual exclusion).

e

H A S AT AREe Has

ZaAF ol ‘T/_‘rt‘—‘u‘ﬁﬂr pHe| Zr4+= oA sIdES &S 35

a =2 &# 7 skatole, indole?d] TE=E
G o2 Byd v 95(Zhu et al, 2023, Poult. Sci.).

- B AFolA Bsubtilis®t Blicheniformis®] & NH3o wl&S A
v} 21S-(Hu et al, 2022, Animals).

%1 oA BEAEY o AHTETY 725 WSS AHdTe dEdS TaA
= ) i},}‘j S At 7198 Lactobacilluses kA EH O AAS TAAIE

SL 7 & deA oy, B AFdAE E7tstA &ek-e(eong et al., 2015, Ann.
Anim. Sci.).

- BA, Prevotellast Clostridiume A2 -& ARSI o3 WEE Eol& W 719 o
deEl A e, ol il TaRT gasts $avt u Skt o s SHEE

g Eole 713s T

- Prevotellac +45 ZEIA A 5 £ Aol AR&a] A=A vg S TFAaAK
(Betancur-Murillo et al., 2022, Microorganisms).

- T, Robustaw A S| oFF Alo|7|= g A of¥le] A Fo HFAaAT
Z R Q-S(Vasquez et al., 2023, Front. Microbiol.).

- o =l AoiA Muribaculaceae®] A1 Ao A= Bol dEA YA FA|RE,
of AW Al IS HAY Y AFES FHAIIE AF A-FH Jor, o= 4FE
A ¥S @A AR gr3ES 2o ZACA 4FH FFE LS EE T OUS
(Hossain et al., 2024, J. Anim. Technol., C. Hu et al., Front).

- wpolAEHtol £ FHAA RS AR W @id Havt AaE ZoE FHT ol o
7t HWiES A F S BEARE o5t & OFC Hla) T, JFAl, olaR/A
Lo} EHESR AL Tastes AR ded. EYESR tiAae JIEH 27ES AAdE
o HA9 73l 7l viEFol] 719 $HZhu et al., 2023, Poult. Sci.).
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- 3, §F4A B o]AFA A HA A vt viEH A-EE o FH 7 ve stg=E<IBCFA
£ A 3H(Vasquez et al, 2022, J. Anim. Sci. Technol.).
- mfo]Z&2nlo]l g BAE Tl T LEAET dHEZLY WSS AAAL ASE 944,

4 F2a9 7€ =

O AF A7 P8 87

AFe] A2k SOP ¥ FH #4 71%% FH F, AGAPE AF AAFS o83t AR
AR BIHE FHFAT AAFS FoAM F 18MLT BAE Y G2 5 E S
@ﬂd/&%ﬂ%ﬂﬂﬂg~ﬂﬂ&ﬁﬂCE§Mlﬂ#%#ﬂéﬂ%&_ 240 A oF 12748 7HA
= 5.0x10" CFU/g )¢9 #4E §AsATh olF 15719 ol 50x10° CFU/g mwte g 7+
zote AL #AeqT ARHog AF 12ALAANE FF 5.0x10° CFUg o4& A
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IR Y Il RIS (SOEE & MR IBNE 5

OY 47 91 B TEE AT cFEel=e 2EY

(F)EHI0I2

EE!'H_‘ﬁIi I‘HXE'Q,E‘UL:“- EHE.ME
O REIO|S'Z WA UP
- BRI Bollls 940t ‘O|REIO|S’ FA| - A3 BB 1

Tt 202211 AlBE FES diEMZe] ERE HR AR
Hoi| W2 YESIHES WA Hstol Ciet 2218 SAs17] sl
WETEI|Y (F)THo|28|(CHE)A ottm)2 WaE 54 HE
TSl EHER B4-88 50 U 05 OlZE0|S'E ME
FAHCH

Of2! 5HX|2| F2 81T A} MCIE{O 2 EFIT| TheiFo) A5t
A FHES 3ofet 209 WiHYE RRISks 20| FRSICH SRR
ZECHIE 0| S0 gekar) S| ZER| SECHHE A4
4 Aot U 242 ofofE fai7t Uck

Ol siiEst7| 9o Tibto|28 FTEIS K|t 262 E4|Z 0]
M et njo|aRul0lg @ 7|HoR KEk AlZE fj8t Al
H2 A2 HIHH JHL (DRSS 1 122038-2)" TS S33CE 0|
BTE S CAE Roils0| 4T BT E HWI0] i 0 YES
|8 TS KEAS W ChEt UIREIISE LML

TEJO|="2| 2 37kDa D|SI] EFYZI0] 2 90%2 AHOH 7 E48 4 2ch.

&+ U AR J(gict

2022-0170988)& SRSHAUCE

20|

B THjo|oE|2 ‘o REfO|S" Mol Cifel S5|(18i MEXS HE AE M,

- it CHFHIALR CHE| LESHE 8% M U WA 210183 50% 0[A Xz

Ytk ciute| H 37kDa ofae] ThFE0| of 90%¢! 2H0i i, WS Bo THYTO| XEASIE ‘ol

ZHE 20058 0S8t At2ral 2t "G REI0|S"E Yt CHFY AL ChY| SEHII0| Z|ch 8% HA
EI200, WA [QIEEQ! Lo} I YB4T7t 50% 0|4 HZHCL EH T 2B BHEE Ul BY
WE O, 7|E A= S0| SHX|HCHEHE OiA S0t BRls R0l ER00] EhE CAE S 8§

HHHS 10-

| : 070-7458-0564

2023, 128E 425

9 48, W INEI AAE

2k A AF AAAL B}

AFol AN AAHS &R

=

A3k7] 918l ERARA F3 73

AF =41 71AH2023, vol. 12)
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AbR BlE2 HEAIRS] ¥R M S VIEe R Sla, tiFue ARER midAbR S A5 CP
FF 20%, 7t TS AR wigArRS] A CP 3 18%E 71+ Attsdd. tF
W ARE FALRCP 20%)9 75 kg T 7349, 7 tHFEbE ARES wiRALE(CP 18%) &
o zZEtel= Bl AL 7]E AFS ARERE A kg B 708, BHAF AFe AHER F9 kg
21z ALENG. MEAE HEol AsaTEY BESAY, 2P ASFrFE BT
Hato] 71 oS ALRMIE A4S aL, Ade ok ¢t %E}

Rl oofb of

[(A4F2] = AR Q78 X ALEH] X H 54 & X 71 2(3,000F)]
o) S8k AbE: 141 X 734 X 16.4 X 3,000 = 50,9194 ¢

AL 7)1 EZAE AFE: 143 X 708 X 164 X 3,000 = 49,8123 ¥
o] ZE}o]l= AFg: 1.36 X 708 X 16.4 X 3,000 = 47,3744
EFAA = AFE: 1.44 X 727 X 16.4 X 3,000 = 51,5074 ¥

WEE ol B ES 588U A Mol FrbE AoE AFHUL, A AEAFS 1107
A2, ozl 56685 M) IR A2 3ol AL Azeklsel 40
gol 714 S5 Ao AZHUh,

el B EaA AL 9% TR @FE A dpAelA AUd 73 % Heur, #A

g , 71E BR{EQ #F SogXRE Ayt R FFE= Bacilus
subilis, Bacillus amyloliquetaciens, Bacillus licheniformis, Lactobacillus reuteri, Lactobacillus
brevis, Aspergillus oryzae, Aspergillus nigerZ % 7% 4FE 2384 S IPsAt. &4
H7tg vWiX = SEA proteaseE $13F skim milk ®iA|(skim milk 10 g/L + Agar powder 15
g/ll) ¥ 2]EA proteaseE ¢ isolated soy protein (ISP) =} A](SP, 10 g/L + agar powder, 15

S WEOA ol gH o, HAL 98 Fu FF F wpdels 7 TSB MAolA, fab
2 MRS WX oI A 2443 Fk Wikste] E] o} it Zahol e PDARIAI )4 4847k ek
YT EAGA, WA L FLTE DS 2T TARA paper diskE 29 #

0%

= o 12
&=

- U-|-'f ::
r°l'

F 200u S HESRL, FFolTES HEF7E ol &3t vk AN ‘st 714
LS ) B o B Bl o7 A | HE WA= 37C 2 7)ol A 2443bE<t
AT ASHAE @71 eR 37C F28)F7] ol A 24/\17} HH"‘%}OiE}. o %
30C F2u 7oA 24413 v kS st vief ¢k& £ paper diskE T4
52 #e AES AU e AFo] 0510 cmd AF + 10-15 cmol Ae
++, 1.5 cm o]l A ++Z BIISATHE 32). B4 Ay AEA dud Bso] $53
Bacillus subtilis, Bacillus licheniformis, Aspergillus oryzae, Aspergillus niger 43S SR AT=Z

2 sk

2
,H
f 057-

= O

N

rr rlo
o

ey

—

b

32. AE 759 protease &4 7t
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Re=n=p S PAR=pS
- - &= protease ~=7d protease
SRAF 9 et H &

24 A7} 249 B
Bacillus subtilis KCCM 11599P ++ +H+
Bacillus amyloliquefaciens KCCM 12612P + +
Bacillus licheniformis KCCM 10874P ++ +++
Lactobacillus reuteri KCCM 10651P + ++
Lactobacillus brevis KCCM 10670P ++ +
Aspergillus oryzae KCCM 11125P ++ +++
Aspergillus niger KCCM 11127P ++ +++

0 FEse] guz Peas Buse Brs] 98 vRute
QAT FEFFL A% 2SR 121CAA 1583 BFF F 15 a7
} 8w
o]

o mz p—
uii)
flilo
o 5
N,

FH FFE 1%7F HA AES th3 35 T oA A4z 4844

B Axste MES AXIFAT. AxRT AES o835t T4 2 4HA protease H7F 4

< S8 9ud 3 54 BHlsS BUskA T

4 9@ AA protease &7F #4248 Matsuzawa et al. (1983)9] HHHS IR =4 L 383}

APsA. T4 protease 97t B0 ALY zFEANLS MEEL 108 2F9 tris 45

(pH 7.00014 1A7F B¢ =39t o]F 4,000 rpmell A 20837F FA RS F5HE g48

Ao ARgsFE T 71d 898 Mcllvaine ghF o 7]1&<Q caseins 2% (w/v) 718t AL&-3)

Atk A protease &7} B4 A Abr] Matsuzawa et al. (1983)2] WS dF £ 9 S8

sl Ryt AE FES A% ELYLS sodium lactate &5 (pH 2.6)oA FEH 1,

71A 8992 sodium lactate o caseing 0.6% (w/v) H7bsle] ALL3st9th #8 98 &
12 Sk

660 nmolA FFEE FSAHSIH G4 FAHEE SASAT. 49 A dee=
1 g9l tyrosines AA3steE 49 %S 1 unit (DE Ao

o7} B4 Ast A protease EWISS Aspegillus oryzae R Bacillus subilis T, A
protease ©¥|%S Aspergillus niger @57 7VE 53 AL & £ AJATHE 33). Protease
A7}y B8 ARE 53 Bacillus subtilis R Aspergillus oryzae 455 $4 protease YA S 9
S dF2, Aspergillus niger 55 4HA protease AL $3 FFE HF AWstAT
Bacillus subilis (KCCM 11599P)= AP AFol A Fof&(duto]ezejm i 2 FH38(71
dAo]) AFe S8 ATk HF FTES o8 FF AF= T4 proteased] 7
g g 2YsAar, 44 proteaseo] A A E Al Aspergillus niger +52] &
Aoz = AikEile] o ojerE Qs TR s

® 33 A #5o] s & A 9 AR protease ®HlE H7}

e R %4 protease &7HU/Q) 24 protease & 7HU/gQ)
Bacillus subtilis 1,169 N/A”
Bacillus licheniformis 893 N/A
Aspergillus oryzae 1,347 63
Aspergillus niger 953 842

*N/A (not analyzed), <50 U/g



@ TADE 71&S B4 T2A AL AY(Lab. test)
O A=MA =4 aF

=4 protease AWAFS 9E WA E TARFE 24
sddad 73 97 et Autgl s, e %44, E
el

& S Zs
Z43kal 121 ColA 1581 ¥+ & TSB ¥4 PDB
Hj) =] °ﬂ ‘3‘%*&311 &9 IR FFE(ZZ Bacillus subtilis R Aspergillus oryzae)®l wWiFN& 2 ¥
B iAo 1%% & 2%7F HA HE3 ohg 35Tl A 48A417F & E(co-fermentation)d & 5
5Tl A 20412 &< Axsle AMES A=At AxdH BhA WEES] 54 protease
7F 248 7] Matsuzawa et al. (1983) e 4 2 &3t APt F& iAo @
2 24 protease &7 B4 A3 wlA] 24 AolA 7 ZUTHE 35).
A4 protease A4bS A% HIAE JEE A AMEE HA AGAE Felstr] At
A 2AE B3l MY TR AR =S AAStY HAH o HuA ATE IPSFATHE
36). & 3/l B WA E 121 CollA 1587 EHg = PDB HjA|o] BAujF & 5 vl
Ae 7 TR wjAo 1%7F HA HES b2 30 T FHolA 48417 JEn| gt MES Al
shAth. Alzd A WEFe) 44 protease 7} A2 A7) Matsuzawa et al. (1983) W&
A 9 F8ote YAt Qg A 2 & 4H protease Gt A A wjx] =4
Aol A 71 S UTHE 37).

Al

> N J
qu:

TR =4, glkg A B C D
2~ 5] 350 940 800 800
o 74t 300 10 200 -
ST 315 - - -
gl 35 50 - -
DDGS - - - 200

% 35. 3R uAu|R o wWE Bacillus subtills D Aspergillus oryzae TF I A FA]

protease &7}

Hj A 244 %4 protease &7HU/gQ)

1,734

821
618

o O w >

649
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CaClx(7H20) 0.4 0.8 0.4

KH2PO4 5.0 2.0 7.0
NaoHPO4 1.5 1.6 2.5
MgSO4(7H:0) 0.5 1.0 0.5
ZnCly 0.1 0.2 0.1
NaCl 0.3 0.6 0.3
(NHoSO4 3.5 - 2.0
Wheat 10 10 10
Fish flour 5 ) 5

¥ 37. Aspergillus niger ¥-F2] $H B gu)z # 4kA protease &7}

Hj A 244 24 protease & 7HU/mL)
A 1,359
B 1,157
C 1,217

(3 In vitro AFEAH A+
[J pH ¥ 971 &4

e @ Be) maAe) pH 8 A7bE leky] dAs) AE olgs T4 2 44 =3
SRERCEE %‘_— —a}oau} 74 §Ae AAAL 2 Az, pH 24E 98} NaOH 2%
HCl& o]&3te] pH3, 5, 7, 9, 119] 714 &qL A=t o|F tris buffers o] &3 A=L
FE3 5, A7 Ei H7F &4 Wl wel AE9] protease H7FE A4 o}OSlE‘r(:LE] 49)
71E F BEaAe) S pH 7oA 7P w2 H7HE Bela, pH 994 oF 80% FEo] 24
2 Btk 1 9 2ANME B& BHL HolA 2SS FAT F YUk B FA 4 B

Al pH 7oA A& B i, 2358 pH 114 7H A4S BT v idd AE
749 pH 7oA 7HE =& 97HE B AL, pH 3ol A A bl oF 70%9 9UtE R

1S = AAT mErA, dE AFe HA pHIF AA G EY AR A (F
o] % & 3} (double action) &4 Z-go] 7IhH T}

=
=
=
. .

o
-
4 27

ox 1o 1o 18
>

3 b
2, Jg

3
Jii
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a0
80
i 70
T 60
3
o 50
& a0
=
Z 30
20
10
o b %
pH 3 pH S pH 7 pH 9 pH 11
100 100
90 30
20 280
& 70 £ 70
2 50 £ 60
i 3
50 50
g | :
B 40 b 40
& 30 & 30
20 20
4 10
] & 4 0 o
pH 3 pH 5 pH 7 pH 9 pH 11 pH 3 pH S pH 7 pHS  pH 11

a9 49, T 23 Eﬁ:ﬂlfﬂ pH H protease H7HE, MEE AE #H, 71E T4
;F BAE A &4AD

H e R a4 widAR F =
= Yol BaA EAAHAAS B35 f8 AMES 2z 80, 100, 120C =2 o
2ol A3 & 71sF F 4] 48 2§83 Matsuzawa et al. (1983) %Y
A 971E BASIGTHE 50). B4 Ay X8 &4 A9 18] 1200 %9
& 33 A T FAHAA HAHA

o X
10
8
NN
i b
]:o{n
b
o
ox
b
_\,L
:|o
AN
i,
rr
PR
tlo ™
o2
r (o]
okt
2
v
o

0

o
%

o

9 50 9elA B §4A9 Ay x4 g
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2B AlF 2F(EHAF A, BFe] Esls H
A3t EAjol AHE-H 7]2%»8— THQ AEA dwd Az Y89l
20 EFdwAS ALgstAT JHEE AFY B$ $A proteaseo
Ulg, 2+4 protease?] H7F7F <F 1,000 U/ge.= th=F 2,500 U/ge] d71E 717
Tl gdsilon, olek FAdsHAl BAR AE 2 protease H7HE B 2,500 Ulg (T4 7t 7]
DoR g T BAE JPsAnh vHES S buffere AA A3tde] pH =034 Hoigh
FrARSHAl S4(pH 7.0) 3 2HA(pH 2.6) =M st 71 Bel=< 71dy dd &
f EAAE A A7 F Hd ANZI7EA s = Z1-A T 2 AT ) A ZelH =
tyrosine®] %<& A3t
B4 23 A4 2304 = BAF A AlFY tiF £l =0t 7%
o A5 w5 1AMt 7HA= BAF A AlFH FARRE o R v‘i‘—%HE
=F WA gastd HFHOR B B AED FAF BAES Btk A 44 27
A B4 A3 B AlF 2FY BF WS 108 ol FHE © oY wsivt aEA

3
)

i u}r
>.1~

e

o H
o

- w
=

Y

=

i,

2L

T

7H%}ﬂ AF 75 10% o]F &4 TE AAN7HA 71d BalgES Role As FUstAtia
d 52). HFHLE T4 H A 2HAA diFY s AHRE st Uehd T 8

T A A i xﬂ%A B =t 7Hg = AL AT 4 AU E 53).

g Balo A T4 ZHAME BAF A AFo] P dgtoy, 3% E4A =

2% FXE BRYTHY 54). AT A4 2494 BAF AE 2F9 A Ao Eart Hxl

grokou, AaE AFL A9 ANZE o|F /A Ea7F AlGEHe AL AT £ JAAHAH

55). A A4 21 AHE # T o= A AMEE AFY EA=rt 2 UM =

S AL FAT = JATHH 56)

HFTH o= JiEd A
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Tyrosine 5 &, mg/mL

Tyrosine B &, meg/mL

60
50
4 //4/——‘
£
tén 30 i e S = ——
do
z 20 y
191 E ml
0 ]
i 2 L 4 o 1 2 3 8
N2, h Zh
——{LHE —meEfAA ——ErAi D —=HSHE —e=EAA ——HNs
a7 51 A 24 S 23 a7 52. A z2HeA a2

'2aA4 3T dF £3l=

Tyrosine B 5, mg/mL

0 1 - 3 4
AlZEh
—— THEHE —m—ErAtA EtArB

AaA 3% gFY BE

60
50
) // 7
E
30 S 8— - £
7 - —— — ——g—12 o
25[ ".,2
w g
0
o 2 3 a4
MZE b AlZh h
——HUHE ——EfA A ——EiA B —AEMR SE=RiA —e=Bin
% 54 B4 zA0A WA 2 219 55 4k zAolA w2

a4

300
250
= 200
£
5
uf
*
AlZE h
—— {2 HE —s—EfAtA —e—EfALB
56. $4 2 A4 =7elA wua
23| FzA 3%e) DA F 2=
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[0 NSP (non starch polysaccharide) &4A)<le] A=A &2l

e dwd Ba) g4 2 NSP (non starch polysaccharide) #3] &AA912] A=A &3}
5 sty Hg B4 P B AEH NSP E3 EAAZE= cellulase 2
xylanase& A
Y 7+ 9 +4lF

]

ﬁd
o
9‘1"
32
8o
i
)
(L

bl B EAA|9] NSP B3 &4A9 AR BA e ‘AR
A ER] o] HAE ‘AR EFEAIR A A EgolA|(d 33 E
A = 2 g obA [ vl g 4518 (protease) Al EH ]

&3] Ak B0 A8 ZFAEZE dE|zkols ©iE Alm
E Abgsl A, buffer= tris &5 H(H 7.005 A}

ESCA. ()
<
2
<
>
)
ofl
1)
g/ﬂ
Na

Tris &= 7125 2 298 u9)S 9o & celluase ¥ xylanaseES zHz 7129 1%
F Yot 1 3 proteaseE Z+z 0, 0.1, 0.2, 0.5, 1% 7+A] @2l H7}gk H protease &%
of W cellulase ¥ xylanase®] 97}= EQlstA (1™ 57, 58). ¥4 A3} thFutat 4wy
T proteased] F=7) =olf o wel f2]5 = glucose E xylosed] F=7)F =obal, A

Ll

© 2 NSP #a &4AE9 7Pt Holde sttt 1 5 @id o]l &2 o 74t
75 protease 1% 7} Al oF 360%° FE7HA SIS Flsth B2 AH4A 45 &
W3] A xylanaset= Hul oF 150%, cellulasest= Hul oF 120%2] AIUAE e A= &
1% 3itt o] 2 =3 /T protease A E} NSP 2a] E4AE A AFLEH AHA 3=
Add & A3, 53 @iE A5 oA a8 FUHE VI F A Aot

4000 -
= ®
" 5000 3

= =
LA -
= =
[ 5]

3 2000 - 2
o =
: 2
5 1000 ¢ I
E w
= L goo

0.0 80.0
0.0 0.2 0.4 0.6 0.8 1.0

Protease dosage, %

18 57. Xylanase$} protease®] Al X &3}
SBM, soybean meal; WB, wheat bran
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4000 - 130.0
= 2000 % 1200 ®
. 2
1 -
= - 1100 5
b, _a w

- 3
_z 200.0 > _ J_,..-"" 2
g : - 1000 >
> E
® 1000 L

0.0 80.0
0.0 0.2 0.4 0.6 0.8 1.0

Protease dosage, %

13 58. Cellulase<} proteasee] A=A &3}
SBM, soybean meal; WB, wheat bran

O In vitro & 4349 APS o] & a4A 54 47

G55 A 9, 2FANA aaAY BallsS in vitro FoA BAd7] Yl in vitro 2
Z 439 A3F(n vitro artificial gastrointestinal system, IVAGS)S o] &3l AHS A A
o BEE A% VEdE2= gz @id I8 dFeEs AFESR A, 100 g o o5k
AEHE G4AEz A) 2 A =4 24AEnz BE 742 0, 1, 2.5, 5%% E3ste] AF8S
AR RE GhAlE HF 9U7HEA+4HA protease G7DE 2,500 U/ge 2 FU3sHA o
T A4S Mg VAGSE 77, ¢, &% =39 I HAE URH, o 2319 A5
7 27 buffer (NaCl 6.2 g/L, CaCl 2.2 g/L, KCI 2.2 g/L, NaHCOs 1.2 g/L) 100 mlol 4] 5&
st 774 =3 bufferoll A 5&3F ¥ ¥, 9| =31 buffer (pepsin 3.47 g/L, musin 7.37 g/L,
HCl pH 3) 200 ml 57} & 39C oA 7583F ¥kggth wpA oz 2% 20S 8 &% =
7 buffer A (NaHCO; 84 g/L, pancreatin 3.7 g/L, trypsin 0.2 g/L) 100 ml % A% =7 buffer
B (sodium succinate 13.5 g/L, bile extract 22.8 g/L) 700 mlE F7}sle] 39C Al A 2407+ wH-&

AEZS A 21 vs g5 5 138, 9 =31 ¥ 98 F 138, 2% =31 98 2 A 9
WS R F 23 et AE W =uid e g]lste &3 713 B ATl w
& 9 FEelde FAstAtHdE 59).

IVAGS 4 A3 F 72+ 3ol A &aA] 0% H7bo 9id Balds 100%2 s tlo]
=< Aoz HuEAsn. &4 23 BAb FA4 AFe A f =M 2 AolE
HolA] ¢Fgkal, &4 oA EalFol wokge &AT = AT sHAT AEE AlFe 9
2ol A e Zef o] Hh of 20% FE7HA wobde s ol # A oA wEA
EalE HEetol= B oopmi4bi e FGAAE AFA FFHIC fEld 2R A8
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1400 4
=2 1300
ﬁ-:.' 120.0
s 1100 B Control
H 100.0
g 90.0 BMEnzA 1%
&) 800 WEnzA 2.5%
g 700 mEnz A 5%
= 600
Iﬂ 50.0 HMEnRzB 1%
40.0 -+ MEnzB25%
WEnzB 5%

1Y 59 ®bg 2= g Azbel] mE o g 287, Control, &4 F-3 7% Enz A,
Ndd E2A(F4+2H43); Enz B, AL 4 24

(4) E&A FYL A
O ZFAE AdA i v 5 A4 =23 49

7t Sd
Mg ATHE lab scale AMARASL y|FozZ UFyALdE AL IFUFAHIY 8).
f

seed=S PDAo| =w3le] 30 C F-2uf k7)ol A
=

2 FA] 9Jate] dFY ZHFE wiA ] Y spreaders o] 83t TA AL NG A 2351
ot Alxd EAEENE miracloths o], 5T 2ANE FA}NAT FA"D &5 2A4E
S APt AWl 40% BIEE JHeE o

il

gos dE Ay wjx| o] HFste] vj ¢k
0% 7F AAFAGY. HA F adEAVIE 83t 121 €, 168 F2Ho=E HHS st
o ded A E W4 s AV ZAPAEGY S 1% HEE FFSka 30 T Fu) ] ol A
48A1ZF F<F wleF 55 T Ax7|NA 2443 5F Ax38te] 1 THS AZSA
Bacillus subtilis 7+ ¥Hde 2~ T HETd AAE 98 seedg EE LBl 1% ¥
2 HFsla 35C g rlelA 130 rpm 20 o2 18 AlZF 9t vk dth widksE HE
Hol odoq R ElS 5] 1 ml AMEH3t LBaLA|slA] o serial dillusiond}ar 35C &-2ujj oF
710l A 24X wiFste] o ARE sttt SlE A wFA S thFA Gl HEF
Ao g AHE3AT

Aspergillus niger 7% A ZZ2HOMA| A x2S A% A HETUE ARSI I AFHo
A 1" HHEAE A xRt aQtE AT E ©] 8, 121 C, 16% 2o & dv-s P
HE wjRo] FHFE 1 % BIE&E HFska, Il 30 C, 250 rpm FHOZ 48 A
ZARR S G R 5 A=

U, giZFyst =4 49
F4 protease= 7] AxH HITLES ol&3std dFANA =4 IS s F
protease AJA4HS 213 wAE AYPS 8 S AFANA FAH FHFH FEWRAQA 55 45



%, 23 50 %, G 5% HiA] 5 BS YIS T 4 212 110C, 3082 dAHsta. 7}
TF2 A7 %(3,396 L= AAAT. FvlE T HEFS WA vl Aspergillus oryzae 1 %,
Bacillus subtilis 1 % 2 HZES X3PstArt. Ha &5 L A 7FE 35T, 40 AteE AA sk
Zlutol o8 f tiFujdAnioA FEE APSHATHLH 60). FE F HdEE 55CAA 9 A
b EQF XA Th Ha AR HE AEY S JAYste] 7 2 SAY97E SASY 48 A
T2 F9lstygrt 33 wEAR Ax, F5E Wd Aspergillus oryzaeo] 2.2%10° CFU/g,
Bacillus subtilis®] 6.3x10° CFU/g& 1= Qem, 4 protease J7H= B 1,694 Ulgs &
A= ATHGEE 38).

23 ZaHolA AAAAC A A7) ARD Aspergillus niger HEDS o] &3t A
A 21 APS IAPsAT A Z2H oAl Aike A% At a AdFS As) A APl
A Bo" HA x| 274( ) 2 A E AzsAeh 700 L chFad wjekriolA v
AE Az & 121 C, 16& S HAd v AV AxE SHE TS 1 % AEE F

AZEE 30 C, 48 AFo® HAst LEE Pt 3 3

Z39tHaY 6. HELE ‘;—l ]
WHEAY 7w gd s AEPE)

_&

5 9 Baots BASYCh B4 Aw, #5E BT

2x10° cfulg, 24 ZZEjolA FFe B 1,694 Ulg® SAFACH(E 40).

TG Zadol TaH/A A 14 BES 4 Zeolas 4 BENS EF F 2
P g O

A T4 D AP TF ZEEHOMAE AxEAT 4] 1 TEI T4 Z=EEHokA EE
TS SAR Bt =S A, A HAISUE &8, A TE AFYS 1Ll vER
THE o AlTA WA AxE ]33?5]'5\’11:} AZE 55 CollA 2443 5 AxE 133}
o HF FEE 98 %= AXE JY3Anh 33 wbE Ay T AxH ZZEokA| EAHTMA
€ MEFe T4 2 A Z2EH oA 9UtE BEASI T BANHS ASEZEAHE o
&5t Mgt A4 A, A ZEHOMA Irbe Wt 1,552 u/g, M8 ZEH|oMA 97}
= FH 1,071 u/gE < HAJATHE 4D).
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¥ 38. HFYA HFgE] FA protease 4 G}

AP A4 o+ @+4(CFU/g) A ZEH oA 97} (u/g)
. Aspergillus oryzae 2.4x10 Les
Bacillus subtilis 7.3%x 10 ’
) Aspergillus oryzae 8.9% 10° Leos
Bacillus subtilis 6.3 107 ’
3 Aspergillus oryzae 3.3%x10’ L702
Bacillus subtilis 5.4x 107 ’
. Aspergz]]us oryzae 2.2 % 10: 1 694
Bacillus subtilis 6.3x10

F 39. Aspergillus niger ¥jFS 3 HA Hgux] A

AguA A= =3 g/l)
CaCly(7H,0) 0.4
KH,PO, 5.0
Na,HPO, 15
MgSO4(7H,0) 0.5
ZnCl, 0.1
NaCl 0.3
(NH9)SO, 3.5

a9 61 700 L H3ufeE]
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3E 40. Oi=FAAE R ES] + 2 4HAd protease &4 HV}

EEYy -
2 5 F5(cfu/g) A Z=2H oA §F (u/g
1 Aspergillus niger 1.8 x 10 1,388.2
2 Aspergillus niger 1.2 x 10 1,429.3
3 Aspergillus niger 2.3 x 10 1,402.1
B Aspergillus niger 1.8 x 107 1,406.5

¥ 41. &3} proteasee] &4 K7}

A YA 4 ZZHoMA 47} (u/g) 24 Z 2 olAl g1 (u/g)
1 1,564 1,130
2 1,512 1,023
3 1,582 1,061
S:Ris 1,553 1,071

O) AFLEE AE A=
O ASdd 8 AIAF A4

A AFE HFAAL 2SS VTS E AFHFE AAFS AASAT QG E ol
83t Bacillus subtilis®] 8¢ S-S wWlFstA L, A ABAS Aspergillus oryzae 17F HEL
& o] &3t AT REE P HAMARJ] ST 45 %, & H) 50 %, FY 5% HA
47% FFL 2 7hste] 110C, 30 3t SA5 Mgttt A274A @73 o vjA s
V7 1% HlER JEI S Hae = 3HCTE 40 AZF o Ha s 2ygsn. da & A
Z& 55T AA 18 AlxE &<k X dqystA T
Aspergillus nijger i H4EEE 28] A AFE wiAE Ax F
30° Co] RgujetrlolA 250 rpmO. 2 48 AlZF F<F vty wa ¢
AR FsdEs FASAT. A9 AT 51
A 20 ANZE B AERE Aste] AAEFS AT

1% vl&=2 HF3}
3 10,000 rpmol A
2 &P $ 55T

[0 A4k standard operating procedure (SOP) © E£d BEA7|& ¢

S g A4 ElE AFY S SEATE AARER] Yol A
ANFLEE 33 Pt HFAA FHAS o AFATHE 42, 43). N F
A gd AFe] Za&FHQd FHBYE A HAes 4 F Fadgd EH(hazard
analysis and critical control points, HACCP)S <33ttt 1SO 9001 % FAMI-QS (feed
additives and pre-mixtures quality system)ollA= AFe] dEYUZL GANAREE FHFA F
ol277HA A HAABoA Y FAH HY JIEE A ARFAH BelA Fa T (critical
control points, CCP)& &R13std A &2 HA = 2 A3 AL HAS 9
of At AZFo] U ARFAEE AT AT oMo TaeAEHE Flste HdA
ZlEe SHFATHEH 62).

)



Ll =i by (%) A ZE2E kA 971 (ulp) A Z2E oA 37} (u/g)
1 9.27 1,564 1,130
2 9.38 1,512 1,023
3 8.96 1,582 1,061

343 EAE FAVIE 24

4 ZEHoHA 971 (u/g) A Z2H oM 971 (u/g) TE
1,500 o4 1,000 o] 12% o]3}

AZF WY | | AR M=

- CCP: % ol&54d A&, CCP #Y : vy E HA

a9 62. AF Alxzed 3 Fede AH 24
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6) S8EE 5% A AFETE = o)E 7He s B #F H SARTAE
%=4% DB 7%

O ANdsE 5 AE4EA
7k 3ANTE - 38w (L x V) x D] §4E 100%F
. A¥713: 65

o AT 5HYT, A 4, AG 57

Treatment
PC High nutrition value(CP 16%)
NC Low nutrition value(CP 14%)
TRT1 Low nutrition value + 7| & 4A|(Protease A) 0.1%
TRT2 Low nutrition value + 7§&F & AA|(Protease A) 0.2%
TRT3 Low nutrition value + E}A} & AA|(Protease B) 0.2 %
2. AFFAE
Growth performance Gas emission Nutrient digestibility N retention Microbiome
7NAlL 6% 7NAlL 6% 7NAlL 65 7NALL 6% 7NAlL 6%

O A@Ats st AHgEE

AN RA R AR FE A 6F) A JHA E=

=

AA AR FoFA S Alste] ALtedal, A



S87ES ABRAHFAEFS 9B FSAFLE o] &S

AT Als W aARAY H7F g7 s4d=e] A A= g2 Table 440
et Al 65 AF, dIFEA T Qo] PC A&+, Protease A 0.2% H7}g TRT2 A €
T 2 Protease B 0.2% 3713k TRT3 A gl77F NC A g7l vty Fodoz w4 velgo
(P < 0.05). =3 HA AF7Ed AA AF7EG ARL & o] NC A 277F TRT2
Agl7 2 TRT3 Aol Hlgt] FoHoz FA detwtoh (P < 0.05). webA, Protease A
g Bol H7be= ofniedl TS RS W2 R AATA EAAEIJAE HIIEHA &2
NC AHglFtol Hlsl AT dFSAZFAAN & &3 YHERAAT

5?25414. The effect of dietary Genebiotech additive supplementation on growth performance in growing

Ttems PC NC TRT1 TRT2 TRT3 SEM
Body weight, kg
Initial 24.71 24.72 24.71 24.72 24.72 0.03
Week 6 51.23° 49.07° 50.28" 51.66 51.34° 0.63
Overall
ADG, g 631° 580° 609* 642" 634" 15
ADFI, ¢ 1721 1641 1700 1733 1718 42
FCR 2.725% 2.834" 2.791%° 2.701° 2.711° 0.036

"Abbreviation: PC, High nutrition value (CP 16%), NC, Low nutrition value (CP 14%); TRTI,
Low nutrition value + 7H'& AKX 0.1%: TRT2, Low nutrition value + N 22X 0.2%;
TRT3, Low nutrition value + EfAb 24K 0.2 %.

“‘Standard error of means.
**Means in the same row with different superscript differ significantly (P < 0.05).

do# U gAEd
o ofH BA BAS g8 AR A B FR A 6D 2 Aol FAT AT B
MAE e AAT T, LG B 300ge Aske] 2.600mLe B Fepsy §710 ¥ A

& Byt

=24 7] (MultiRAE Lite model PGM-6208, RAE, USA)S AM-&3le] =43}t
A AS ) EAEFAY HIVF 97 SAEY] B Ul FHEA vX = Y& Table
459 et AE T8 A 67 S8+ & Wl NHzol 1ol TRT1, TRT2 ¥ TRT3 A g
T7F PC AT vty fFojdo=z A Yepyttt (P < 0.05). maka], EAESA Protease

A B BE AW WA A5ee FPAA NBHE o] Ak e ERHoT IE 5 9

ot
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3 45. The effect of dietary Genebiotech additive supplementation on gas emission in growing pigs'

Items, ppm PC NC TRT1 TRT2 TRT3 SEM
Initial
NH; 3.38 3.88 4.00 3.88 4.38 0.75
H.S 3.95 3.40 3.05 3.48 3.63 0.84
Methyl mercaptans 5.50 6.63 6.13 5.50 6.75 0.88
Acetic acid 8.38 7.63 8.50 7.75 8.50 0.97
CO, 11775 11800 11025 10550 11150 661
Week 6
NH; 8.13° 6.25% 5.25° 4.88° 5.00° 0.75
H,S 5.03 5.33 5.13 4.98 4.65 0.44
Methyl mercaptans 7.38 7.88 7.63 7.13 5.50 1.21
Acetic acid 11.13 11.38 11.25 11.00 10.75 1.27
CO, 14375 14700 14500 14100 12825 757

"Abbreviation: PC, High nutrition value (CP 16%); NC, Low nutrition value QCP 14%); TRT1,
Low nutrition value + 7H& 2 AKX 0.1%; TRT2, Low nutrition value + 7HZ ZAHM 0.2%;
TRT3, Low nutrition value + EFA} _9__+_I-i| 0.2 %.
“Standard error of means.

**Means in the same row with different superscript differ significantly (P < 0.05).

g A AN 2 T8 A 6F)) ABAE Cr0)e FAERA 05% H7)sk

T FE rpAA R 25 AR AH} £ 60T o AxT]AM 7243 A
Bol| o] 83t Th AR YWAED TAEZ EFH Cr

2 AOAC (20000¢] ol st 43kt

AT ALR W BB H7E FovF SA4Ee] ddL 2580 mAe IS Table 469

YeRith A F2 A (65) Nitrogen®] 4348l glo] PC 2] 77} NC Aol Bty ¢

Ho & A Jehga (P < 0.05), NC HalF 7ke] o)zl xtol= vehd=] ekggt (P > 0.05).

a8 64 i 238 SHS AT A 47

3 46. The effect of dietary Genebiotech additive supplementation on nutrient digestibility in growing pigs*

Ttems, % PC NC TRT1 TRT2 TRT3 SEM
Initial
Dry matter 79.42 79.32 79.69 79.41 79.33 0.95
Nitrogen 76.10 76.19 76.47 76.52 76.40 1.72
Energy 78.37 78.27 78.15 78.12 77.66 1.96
Week 6
Dry matter 76.92 75.83 76.36 76.94 77.50 1.70
Nitrogen 75.06" 71.79° 71.40° 71.11° 71.34° 0.77
Energy 73.86 73.12 73.53 74.63 74.37 1.34

"Abbreviation: PC, High nutrition value (CP 16%); NC, Low nutrition value (CP 14%); TRT1,
Low nutrition value + 72 S AKX 0.1%; TRT2, Low nutrition value + N AKX 0.2%;
TRT3, Low nutrition value + EtA} 24K 0.2 %.

“‘Standard error of means.

**Means in the same row with different superscript differ significantly (P < 0.05).
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g & = U 24T

T o= U AaE A A AN A E A" T8 A 60 EHe FF THHAYOE, &
T UAES AH8Eke AHEATE B4E AOAC (20009 BHel E3le] B3I, &, =8 %
of MidE daFE ALHAFOR Ast] A o dio] AP AEsln

o
Al s W) E2RFAL) Hrh Folrk AR B w ) a3l vlAe 93 Table
479 JERAATE A 2 Al (6%) PC X277k NC Ml 2 TRT HelFel niste] fodo
2 A YEth (P < 0.05. NC 2 TRT zFe] oAl ztol= vehd=] skt (P > 0.05).
3% 47. The effect of dietary Genebiotech additive supplementation on nitrogen retention in growing pigs

Items PC NC TRT1 TRT2 TRT3 SEM2
Initial
N intake, g/day 24.90 24.72 24.60 24.34 24.93 0.83
Urine N excreted, g/day 7.37 7.29 7.32 7.45 7.39 0.16
Fecal N excreted, g/day 5.73 5.59 5.77 5.79 5.70 0.17
N retention, g/day 11.80 11.85 11.51 11.10 11.83 0.84
Week 6
N intake, g/day 46.78" 39.87° 39.61° 39.43° 39.54° 1.51
Urine N excreted, g/day 13.03 11.90 12.34 12.74 12.50 0.96
Fecal N excreted, g/day 10.69 9.26 9.43 9.77 9.54 0.93
N retention, g/day 23.06 18.71 17.84 16.92 17.50 2.55

"Abbreviation: PC, High nutrition value (CP 16%); NC, Low nutrition value (CP 14%); TRTI,
Low nutrition value + 7H& 24X 0.1%; TRT2, Low nutrition value + & 2K 0.2%;
TRT3, Low nutrition value + EFA} Zar 0.2 %.

“‘Standard error of means.

**Means in the same row with different superscript differ significantly (P < 0.05).

D $HE AFAYE 7oz 3 73 L ST 285 DB 75

O A 2 g&Ad o Zlds 2 a2 it =d5 £4

AHFAE AR 2 FEAFA AEERS SR

Physical disruption& ©]-83l= QiaAMP PowerFecal® DNA Isolation Kit (Qiagen, Germany)E
AHE8le] AR ZHE metagenomic DNAE F&3}H, UV/Vis spectrophotometerE ©] 83}«
59 55 23k 3o, 1.5% (w/v) agarose gelo] #7149 %S E3le] DNAY &2 A
=3
ANE W Aol FFHe=Z BH{sta = 16S rRNA F3 A W] hyper-variable region
Zo) A V3-V4 regiongd PCR ®WHOo 2 Z=X3 3o, [lumina MiSeq Z:WES o] &3}
sequencing&.

dlolg 4=z 73l Mothurel| A4 Bellrophon methodE AF8-3}la] sequence data®l
o] 9l chimera A|A2E AAT Fof, £ T8 read & FRI=AE AT
QIME2(Quantitative Insights Into Microbial Ecology) pipeline< 71¥to 2 A& 43
ThoFA (o -diversity) 48  ‘q2-phylogeny’ 9} ‘q2-diversity’ & AF&3}H, SILVA 138_99
dlo]H o] =& Frxzste] &43

7y 18] #F Ao xolE uwlwslr] 9sll, Principal Coordinates Analysis (PCoA) 4
= AAE

PICRUSt2E AFg3}d function #41-& Z&slH, KEGG (Kyoto Encyclopedia of Genes and
Genomes)E AR&3dt 7t T1E e A E xolE Wl HUHEh

Network #2418 9|38, CoNet, Cytoscape ZZ1#9-S o]&3&}e] Co-occurrence map= 24 3.
A 7ol o) x4k acetate, propionate, butyrate) $HEFS HPLCES Ab&3te] B431H, 7|27

QL BHEAL Theo] HolA Hi ne} 22,

f
s
i
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29% 94 pH 5%
15 A A 2 650 Suskel -80°Col B T Bajo] AL
o

B s 747k Ao .
EWHAIEe 2 332 moisture analyzer(Kett, USAE Algs] =AHsda, ¥ pHe

portable pH

3

eter(LAQUAtwin, Horiba, Japan)< A-g&3 =43}

. dAFAI(Short chain fatty acid, Branched chain fatty acid ¥ lactate) =< &3

HA] 5 2] Short chain fatty acid (SCFA), Branched chain fatty acid (BCFA), ¥ lactate &
£ high-performance liquid chromatography (HPLO)E o]&3 <44 Ao WS s
213HQ. Zhang et al., 2022, Front. Vet. Sci.).

EFshA|, 0.5ge] ¥ AE A8 EF Imle] S/ FHAA 321 vortexd. A& °olF
15,000 x g2 1583t A4 2 93, FedS I+ FH 0.22 xm PTFE syringe filter=
filtration & 714t %9 ZAd+= Agilent Infinity 1260 HPLC System(Agilent, USA),
Carbomix H NP10 column(300x7.8mm; Sepax, USA), 1&]al RI, UV detectors (A = 210 nm)
£ AFESE AlELS autosamplerE o] €3] 10 18 FAFSFH A2, 0.006M H2S040] 57& A&
&) flow rate 0.6ml/min®. & 650Co| A 35&-7F #2443}

HE oAz

N

t}. DNA & % 16s rRNA f-3A¢] @714 4 &4

AN &9 genomic DNAE QiaAmp Fast DNA Stool Mini Kit (Qiagen, Hilden, Germany)Z A}-&
3 Ao SR F=319al, F53 DNAS X+ SpectraMax M2 spectrophotometer
(Molecular Devices, USA)E Al&3l &<1g

PCRE 53 ZZo&= 16S rRNA F31#2] V3-V4 Z7PH go)| gr= primers AR&3} 1,
PCR 7L ofgfe} 22 940ColA 5%-7F initial denaturation 3}%1aL, o] % 308 F<F 940C,
30% denaturation, 550C, 45% annealing, 720C, 1&30% extension< HFE3SF ZFZ3 {2 A}
+ NucleoSpin Clean-up Kit (Macherey-Nagel, Dueren, Germany)E AR&3 #|ZAF2] QO]
2 A g

A A g DNA+= Illumina Truseq DNA Sample Preparation Kit (Illumina, San Diego, California)
E AFE3) libraryE A #ek A, o] ZF A5+ llumina Miseq platform (MiSeq Reagent Kit
v2)E AFE3) sequencingdt. SE 3 V3-V4 ZI7PHI Y] sequencinge CJ BioScience, Inc.
(Seoul, Republic of Korea)oll A z13j 3},

Raw sequence H|°]E+= SILVA 138_99 databaseE 7]¥FS. 2 Quantitative Insights Into
Microbial Ecology pipeline (QIME2)E o]-&3 #4%(Bolyen et al, 2019, Nat. Biotechnol.).
‘Cutadapt’ plugine A}&3l Raw sequenceol 4 Primer®} adapter sequenceE A|Ag
(Martin, 2011, EMBnet.Journal). Sequence®| #Z&¥# 2|+ DADA2E AH83l o] Fo] 3 (Callahan
et al., 2016, Nat. Methods).

AR SA thakAd e ‘q2-phylogeny’ 9F ‘q2-diversity” & AR&s] 2413k Alpha9} beta
diversity 2 Jtd FH %+ R program(v.4.0.2; R Core Team 2020)¢] ‘ggplot2’ & A}-&-3
Azvsl gk FHRE o] E4L2 Linear discriminant analysis effect size (LEfSe)E Al&3%+
(Segata et al., 2011, Genome Biol.).

Ay #%2] Kyoto Encyclopedia of Genes and Genomes (KEGG) 71%2 A=E o= 93
(level 13 2), Phylogenetic Investigation of Communities by Reconstruction of Unobserved
States(PICRUSt2) standalone pipelineg ©]-&3 PICRUStE =& 3 (Langille et al, 2013, Nat
Biotechnol.).
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- ANTFFH G714 2 Abele] JdITAI= Pearson correlation coefficientE #4%, R
program®]  ‘Hmisc” 3 ‘pheatmap’ & AF&3l A1Z3F 3. Co-occurrence networke=
Cytoscapre program(v.3.8)2] CoNet plugin<S AF-&3)] #2418

O 47 =3 u&

7h B2d R 2 fU1 vE Y
- w22 AR A Y WHEte HiA Y Ak @S = F e A2 4HA
¢l (Liu et al., 2022, Front. Immunol.)
- B TR TEE A 4 =did dEF 9 proteasert BWe Ao FE 9FESE E4F
(Table 48). ¥443 ¥ +& TFFS F97133 Ao #ARCl 792l Zo]& Hol
A e ole # Ao =9 T ko)) protease H7F wF7F AA wEel 9FE F
A ree o
3 48. Moisture content and pH of fecal samples.

. Treatments (n=20)1 )
Moisture, % p-value

PC NC Treatment 1  Treatment 2  Treatment 3

Week 0 22.60 + 423 24.61 + 494 23.10 £ 329 2291 + 3.58 23.89 + 3.70 0.50
Week 6 2226 £ 2.58 22.53 £ 409 23.19 £ 2.88 2249 + 325 22,18 £ 281 0.31

Abbreviation: PC, Hﬁh nutrition value (CP 16%); NC, Low nutrition value (CP 14%); TRT1, Low
nutrition value + 7i= R_’tx‘” 0.1%; TRT2, Low nutrition value + 7 RAX| 0.2%; TRT3 Low
nutrltlon value + E|'A|' [AXM 0.2 %.

' Values are reported as mean * standard deviation (SD).

% p-values are calculated using Kruskal-Wallis test.

- SCFA, BCFA¢} #Z2 AU+ FHe thA=dE 579 AUnd=Ee da4&stes $4
249, o] ¥ acetate, butyrate, propionate, valerate®} 72 SCFAE AU u| A Eo] 2o dH
%2 alanine, aspartate, glutamine, lysined} #-2 o}u]:=4kS W& AA A A EHRios-Covian et
al.,, 2020, In Frontiers in Microbiology (Vol. 11)). g+, isobutyrate, isovalerate?} -2 BCFA&
FUnj A =o] valine, leucine, isoleucined} 72 ojn|:4bS WEAA AYA3HDavila et al,
2013, Pharmacol. Res.). ol#1& thAt=4d2 A%

S fFABeY 23 98s g3e HA
oA Fostes T AL <Foly proteased] EAFF= olHT UIAEZ ALt &S &
A=

- @ e protease HI7PF AH /1A RO FE S B4R o, o= Table
49, Figure 6594 H&= vie} 2. ol &aFo] ThAadd mel lactated] FHE 7HASHA
L}, protease 7l o3l Frlele AEFES YER S Acetate®] ¢, Treatment3e] &
acetate =7} FelHoE AHAA Yehtow, o= Treatment29} M dPS W FEdHHS
(p=0.03). ¥+, Treatmentl®] propionate, valerate®] %= Z+7 PC tjZ, Treatment33} H]
wal FoHe R A yvEhd. &9 butyrate o] AF, 9 E i Ao wet fFolF o

2 S7Fete AFE YER oY, Treatment3ol A& o]t A&Fo] F3FA 23k-2(p<0.00D).
- Isobutyrate, isovalerate®} £-2 BCFA T%+= F2& <l Zo]lE Holx] &S(p>0.05).
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3 49. Fecal organic acid (SCFA, BCFA, and lactate) determination.

Items, uM per Treatments (n=20)1

dry weight PC NC Treatment 1 Treatment 2 Treatment 3 prvalue’
Lactate 142.30 + 40 98.40 = 30 111.90 = 41 168.60 = 56 173.90 + 45 0.58
SCFA

Acetate 30.19 + 2.6 26.70 £ 1.7 30.64 + 2.6 30.00 = 1.9a 22.18 £ 1.7b 0.03
Propionate 479 £ 0.51a 7.17 £ 0.56 7.97 + 0.78b 7.65 £ 0.93 5.73 £ 0.78 0.009
Butyrate 2.57 £ 0.27a 479 £ 0.37b 4.24 + 0.55 4.10 £ 0.41 298 + 0.48a <0.001
Valerate 1.90 £ 0.22 1.56 £ 0.22 2.53 £ 0.28a 1.72 £ 0.23 1.20 + 0.24b 0.005
BCFA

Isobutyrate 0.002 = 0.002 0.011 = 0.1 0.009 = 0.009 0.04 = 0.004 0.0 £ 0.0 0.99
Isovalerate 4552 + 25.1 51.32 +£ 23.7 73.56 + 29.1 57.74 + 28.2 3358 + 18.1 0.99

Abbreviation: PC, HiﬂgP ‘nutrition value (CP 16%); NC, Low nutrition value (CP 14%); TRTI, Low
nutrition value + 7HZ ZAX| 0.1%; TRT2, Low nutrition value + 72 22K 0.2%; TRT3, Low
nutrition value + EFAF EAK] 0.2 %.

' Values are reported as mean * standard deviation (SD).

% p-values are calculated using Kruskal-Wallis test. Different superscripts denote significant difference.

Abbreviations: SCFA, short-chain fatty acid; BCFA, branched-chain fatty acid.

Lactate Acetate Propionate Butyrate
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Figure 65. Concentration of fecal lactate, SCFAs, and BCFAs.Abbreviation: PC, High nutrition
value (CP 16%); NC, Low nutrition value (CP 14%); TRT1, Low nutrition value + 7|'& & 44
0.1%; TRT2, Low nutrition value + 7% &4A 0.2%; TRT3, Low nutrition value + EFA} &4
#10.2 %, Values were reported as mean =+ standard deviation (SD). P values were obtained
using one-way ANOVA with Tukey post hoc test (p< 0.05). P values are denoted as * and
** for p < 0.05 and p < 0.01 respectively.

. Metagenomic 4]
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i) Metagenomic DNA G7| X ¥ £4
- Fxo] BEWoA 3=Z3 DNAY A& #2slr] 93] 1% agarose gele AM43t H7|9%
AAZ DNAY %9 <X+ UV spectrophotometerE Alg3] =AH3om, DNAY %=
20ng/ul ©), &=E& A280/260 Hl&o] 1.8 o] dUS FAASHFI(TH 66), &g DNAE

RNA #22e] ZEo AHg-3,

o
=
L
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1% 66. Gel electrophoresis of genomic DNA extracted from sample. 1% agarose gel (1X
TAE buffer), 100V 25min, sample lul loading. Data from CJ Bioscience QC report.

ii) Next-generation &7|A & dlo]g Az

- BHAIRS dVIAE B4 A, MAANAEG A ARA 22 7,861,882, 10,995,2552]
raw readE 221S. Chimera, Low quality readZS A AZ H, WA I} Z3AH A5 A 2z}
7}y 4,299,223, 5,806,2082] valid readE dAo™ He Zdol= 247 414.9bp, 412.7bpA+=. 2 1
59 ¥+ raw, valid readE Table 500 e,

- &R read7t A ZHO HAETHES WRES F J=AE Flstr] 98] Chaol indexel
7|Hksle] alpha rarefaction curvegE ZAAstAom(I™E 67), MAAIELY FEAHANA 72+
19,952, 14,230¢] sequencing depthE RE.<{. o]o] Hsll, Good’ s coverage 42 EE 1&olA
0.992, 813t d7|-do] F7}1A <l metagenomic analysisoll 2 §3He 21gt,

3 50. Quality of the sequencing reads before and after pre-processing.

Treatments (n=20)

PC NC Treatment 1 Treatment 2 Treatment 3

Week 0

Raw reads 93837.6 67761.15 97748.8 69536.95 63231.8
Valid reads 52860.2 34916.2 56023.68 36788 33582.2
Good’s coverage 0.99 0.99 0.99 0.99 0.99

Week 6

Raw reads 115126.1 124297.6 111320.2 104314.5 95655.85
Valid reads 60566.13 65066.45 59056.88 54811.1 51187.15
Good’s coverage 0.99 0.99 0.99 0.99 0.99
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1% 67. Rarefaction curves based on Chaol index for week 0 and 6 feces samples at 19,995
and 14,230 sequencing depth, respectively.

iii) P|AE FHY F FTHRES YA X5 (Alpha diversity)

- X3 valid readE ©]&3l alpha diversity #|<=%1 Chaol, Observed features(Z4% %),
Shannon(th4d), Simpson(x# ¥ 43) A5 SAHHIH 68).

- AAIAIA Treatment3e] Chaol A<=7} ©h& AgFtol] Hls] #FolF g £4 Uewon, =
3] Treatment29} Bl 32 wf Chaol(p=0.03)3} Observed feature(p=0.05) A4 =% {2z o=
=4 ey FFoE 52 F FHEEE KB4 Shannon, Simpson A4+ 7+ A2l 3F 79 F
)l zpo] & HolA e

- Z 3 A% Shannon, Simpson®|4=7} Treatment2 *&]TolA FAsIA A oH, o= E3
Treatmentl ¥ Bl glS o I 2o]7} F=2 A (p=0.007, p=0.004). Chaol, Observed features =]
T OE AT FYHA Aol E HolA ¢

- B2k AFoA, e A gEFo] H2 AlgE Fo93t H A9 alpha-diversityZ} $A UEH
Y(Cho et al, 2015, Asian-Australasian J. Anim. Sci; Fan et al, 2017, Sci. Rep.). 3,
Protease®] #H71+= iAo A% alpha diversityol] tha3dl J&F S F= Zoz Hu¥ #H
) =(Kim et al., 2022, Sci. Total Environ.; Peng et al., 2022, Anim. Nutr.).
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A

Chao1
Kruskal-Wallis, p=0.04

Observed features
Kruskal-Wallis, p=0.04

Shannon Entropy
Kruskal-Wallis, p=0.94

Simpson
Kruskal-Wallis, p=0.89
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Chao1
Kruskal-Wallis, p=0.09

Observed features
Kruskal-Wallis, p=0.10

Shannon Entropy
Kruskal-Wallis, p=0.04

Simpson
Kruskal-Wallis, p=0.02

gt g S

group _ PC % NC ' Treatment 1 . Treatment 2 % Treatment 3
13 68. Alpha-diversity indices Chaol, Observed features, Shannon, and Simpson for week 0

(A) and week 6 (B) fecal samples. P values were calculated with Kruskal-Wallis with pairwise
comparison (p < 0.05).

iv) Beta diversity

- Z+ AYF AYFE 2o|E =AE7] 98, Bray-Curtis dissimilarity matrixel]l 7]%+gk
principal coordinates analysis(PCoA)ZS 23 3H1H 69).
- Beta-diversity &4 A3, /AAAA BH AIRY AUnAE T2 4 AT F9H8Y

Z}ol & Holx] &S-(PERMANOVA,p > 0.05)

- TEAH BHAE F, protease A 2]+ PC thx72 BWdF3 fFolFd Aolg B
G 2(p<0.05). =3F, Treatment29] FWHFFS PC tixz+ # ofyegl NC t=Z7, Treatment3<}t
oAl zolS B Y(p<0.05). A, Treatmentl & To FHTFZES Treatment3z 22 <l
kol & HA(<0.05). olo we}, proteasee] FTFA ME FHHF F2Y Aot HATES &
T U=

- Treatmentl,29] HUrAE FZ=
protease®] H% xtold] o]d AUHE<] :
- ol#3 A=, Asd 2o d g3k xto] g proteasedt £ &Ao HIUPE HA o AU
H3lAZIgE A3 AgZAztel UX3HKim et al, 2022, Sci. Total Environ.; 2023,
Animals; Peng et al., 2022, Anim. Nutr.; Poudel et al., 2022, J. Anim. Sci. Biotechnol.; Vasquez
et al., 2023, Front. Microbiol.).

=
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13 69. Principal coordinate analysis (PCoA) plot based on Bray-Curtis distance matrix for
week 0 (A) and week 6 (B) feces samples. P value was calculated using permutational
ANOVA (p < 0.05).

v) AT AWHAE 248 4

- AMAE FE T AYFTE BHTET =AY AolE 45 faEl, A8 FEAA mAE
ERTe ddd FHEE EA4%

O MAAAE EAIRS AUrAE 24 4

- MAANAE EHA RS Ad F7E 24 d3= O9 703 £ 5lo YeEhAS.

- FEAA, A AT FYHNAY FEHAE Aole (U=

- 3} FF A, Treatmentl S ©E X Ftoll #®l3l Streptococcaceaed] FHE7} A ow,
Acidaminococcaceae?] FHZ=7} S7FgHp<0.05). NC tiZ+ Selenomonadaceae?] Jthd F
Bzl g2 A Fol visl =A JebG(p<0.05). Treatment3 *€]7-+= Atopobiaceae?] ZFH =
7F =A YEREHp0.05).

- & FFolA, Treatmentl? Streptococcuse] FH=7F YA yelgom, NC thz79
uncultured Selenomodaceae, Megasphaera”’} =7 YEFZ(p<0.05)
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1% 70. Relative abundance (in %) of the gut microbiota at phylum, family, and genus levels
at week 0.
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3 51. Relative abundance at phylum, genus, and species level for week 0 feces samples.

Treatments (n=20)

Taxa p-values
PC NC Treatment 1 Treatment 2 Treatment 3

Phylum

Firmicutes 82.15 82.47 79.73 82.32 85.12 0.06
Bacteroidota 14.51 13.83 16.06 14.71 11.14 0.08
Proteobacteria 0.71 0.82 1.06 0.69 0.75 0.70
Actinobacteriota 0.7 0.64 0.97 0.49 0.74 0.32
Spirochaetota 0.62 0.62 0.82 0.5 0.72 0.71
Euryarchaeota 0.5 0.73 0.6 0.42 0.73 0.27
Desulfobacterota 0.6 0.71 0.37 0.59 0.54 0.32
Cyanobacteria 0.07 0.09 0.12 0.12 0.07 0.61
Other phyla 0.13 0.1 0.26 0.18 0.19 0.87
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Family
Lactobacillaceae
Lachnospiraceae
Clostridiaceae
Prevotellaceae
Ruminococcaceae
Streptococcaceae
Oscillospiraceae
Selenomonadaceae
Peptostreptococcaceae
Veillonellaceae
Muribaculaceae
Butyricicoccaceae
Erysipelotrichaceae
Rikenellaceae
Erysipelatoclostridiaceae

Christensenellaceae

[Eubacterium]
coprostanoligenes group

Acidaminococcaceae
Anaerovoracaceae
Spirochactaceae
Methanobacteriaceae
Desulfovibrionaceae
Clostridia UCG-014
Eubacteriaceae

Succinivibrionaceae

Oscillospirales
UCG-010

Enterobacteriaceae
Bifidobacteriaceae
Atopobiaceae

Peptococcaceae

Bacteroidales
uncultured

RF39

Bacteroidales
unclassified

Other families
Genus
Lactobacillus

Clostridium  sensu
stricto 1

Prevotella

Streptococcus

21.77
15.57
13.85
9.71
6.2
3.34
4.1
2.39
2.79
2.29
3.15
1.8
1.79
1.15
0.85
1.15

0.97

0.84
0.68
0.62
0.5

0.57
0.41
0.27
0.2

0.42

0.36
0.44
0.09
0.27

0.19
0.19
0.18
0.88

21.77
12.4

5.16
3.34

16.72
14.75
16.77
9.84
5.76
2.96
3.45
4.83
2.93
3.65

2.17
1.85
1.45

1.34

0.58
0.7

0.62
0.73
0.68
0.49
0.49
0.5

0.38

0.29
0.37
0.11
0.22

0.18
0.25
0.19
0.73

16.72
14.45

5.28
2.96

20.18
14.19
15.96
10.85
6.25
1.4
3.76
3.17
2.64
2.22
3.16
1.33
1.67
1.48
0.81
1.13

1.05

1.03
0.8

0.82
0.6

0.34
0.63
0.41
0.75

0.51

0.23
0.34
0.5

0.18

0.2

0.16
0.12
1.14

20.18
13.44

5.78
1.4
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20.5
15.65
11.45
10.36
6.98
4.46
2.68
3.71
3.2
3.25
2.62
2.55
2.03
1.18
1.48
0.58

0.9

0.75
0.45
0.5

0.42
0.56
0.57
0.31
0.3

0.29

0.35
0.24
0.13
0.22

0.16
0.15
0.16
0.87

20.5
10.34

5.81
4.46

20.61
17.65
13.58
7.2
7.66
4.79
2.54
237
3.31
245
24
2.08
2.03
1.01
1.01
0.93

0.89

0.56
0.75
0.72
0.73
0.52
0.49
0.5

0.23

0.33

0.47
0.16
0.45
0.23

0.21
0.16
0.06
0.89

20.61
12.08

4.29
4.79

0.68
0.31
0.76
0.11
0.43
0.01
0.04
0.02
0.69
0.33
0.14
0.19
0.40
0.27
0.75
0.04

0.70

0.02
0.05
0.71
0.27
0.25
0.44
0.34
0.05

0.19

0.52
0.69
0.03
0.33

0.96
0.32
0.37
0.46

0.68
0.95

0.57
0.01



Blautia 2.94 2.77 2.7 3.31 3.92 0.35

Muribaculaceae 3.15 2 3.16 2.62 24 0.14
Ruminococcus 1.85 1.98 2.04 2.57 3.71 0.05
Prevotellaceae NK3B31 5 45 545 302 232 1.48 0.27
group

Terrisporobacter 2.2 2.25 2.09 2.19 2.58 0.75
Lachnospiraceae 246 23 1.8 2.12 1.89 0.17
unclassified

Selenomonadaceae 13 331 173 224 15 0.01
uncultured ) ) ) ’ ) )
Subdoligranulum 2.26 1.89 1.91 2.15 1.86 0.46
Clostridium sensu stricto | 44 232 251 11 15 028
6 . . . . . .
Agathobacter 1.5 1.43 1.82 1.97 2.02 0.6
Megasphaera 1.27 2.36 1.44 1.63 0.9 0.03
[Ruminococcus] 115 138 108 111 1.68 0.22
gauvreauii group

Dialister 1.01 1.27 0.77 1.6 1.52 0.14
Rikenellaceae RC9 gut 1.12 137 1.4 1.14 097 029
group . . . . . .
Coprococcus 1.24 1.27 0.92 1.31 1.13 0.25
Butyricicoccaceae 1.03 1.09 0.72 1.63 1.39 0.14
unclassified

Oscillospiraceae

NK4A214 group 1.23 1.24 1.23 0.8 0.79 0.06
Christensenellaceae R-7 {14 733 113 0.58 0.92 0.04
group

Alloprevotella 1.29 0.95 0.95 1.13 0.67 0.14
[Eubacterium] 097 1 1.05 0.9 0.89 0.7
coprostanoligenes group

Catenibacterium 0.78 0.94 0.71 1.39 0.94 0.58
Oscillospiraceae

UCG-005 1.37 0.79 0.86 0.79 0.7 0.08
Roseburia 0.92 0.83 1 0.73 1.02 0.98
Faecalibacterium 0.85 0.86 0.95 1.07 0.72 0.49
Oribacterium 0.72 0.76 1.01 0.96 0.91 0.57
Catenisphaera 0.71 0.7 0.7 0.79 0.89 0.35
Butyricicoccaceae

UCG-008 0.6 1 0.52 0.7 0.53 0.41
Treponema 0.59 0.59 0.77 0.46 0.7 0.76
Oscillospiraceae

UCG-002 0.64 0.73 0.68 0.49 0.46 0.07
Other genera 17.2 17.42 18.52 17.06 17.6 0.9

" p-values are calculated using Kruskal-Wallis test. Different superscripts denote significant difference.

[ZFEAH BAARY] AUYrAE

- MAAAE BHAIES A3 FHEE 24 A3 I8 713 3F 529 YEH A S

- & FFoA, NC thZ7, Treatmentlel]l B3| Treatment22] Firmicutes®] FHZ=7}F /2 & o

2 Z7}glom, Bacteroidotad] ZEXR TVl §odow 7HAFPE. w3 Treatment 23 & F9

Firmucutes/Bacteroidetes H]&-©] Ier Aol vlsl FelHo®E wA UEb

- ProteaseE A oA Fdt= 7%, Firmicutese] FTHE=7} S718lH Bacteroidotae] FTH%=
- 87 -

i=]
24 B4



7V A oE Bark 92(Kim et al, 2022, Sci. Total Environ.; 2023, Animals). == A+
Zo) A Firmicutes®] A& FHE7F S71std, &L F59 AFol S7tstes 202 o
] d<ol(Guo et al., 2008, Lett. Appl. Microbiol.; Pajarillo et al., 2015, Anim. Feed Sci.
Techn.).

- 3} 294, Clostridiaceae, Lachnospiraceae, Lactobacillaceae, Prevotellaceae,
Ruminococcaceae”’} =& I1FoA TS =2 Ueld. Treatment29] 4] Lactobacillaceaee] F
F=7 & ATl Bls] FolZo®E =4 WERGH(p<0.00D). A, NC thx+¢} Treatmentl
ol = Muribaculaceae, Rikenellaceae®] Jtd FHZ=7} FHo =2 =4 YEFE(K0.05). =
3k NC1&9 uncultured Bacteroidales familye] X =7} & 15| Hs] =4 veld
(p<0.001). Treatment3<l 4], Selenomonadaceae®] FH %7} FolH o2 Z7132(p<0.001). PC o
ZT oA+ p-2534-18B5 group, Enterobacteriaceaee] FHZ=7F FoHozE =A UEehdG
(p<0.05).

- & FFol| A, Treatmentl,2oll A Lactobacillus FH =7} folZ oz ZFriglon, o33 d4
& Treatment29| A © =A YeERES(p<0.001) NC th=F, Treatmentlo]l A Muribabculaceae,
Rikenellaceae RC97} FolH o=z F718Hp<0.05). 3$+HH, Treatment3ol| A= Shuttleworthia,
unclassified Ruminococcaceaeo] -2]# o 2 7}t 2y, Muribaculaceae:= FolF o2 A
SHp<0.05).
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1% 71. Relative abundance (in %) of the gut microbiota at phylum, family, and genus levels
at week 6.
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X 52. Relative abundance at phylum, genus, and species level for week 6 feces samples.

Treatments (n=20)

Taxa p-values
PC NC Treatment 1 Treatment 2 Treatment 3
Phylum
Firmicutes 81.6 76.29 76.98 84.14 80.62 0.0004
Bacteroidota 13.29 19.04 17.35 11.15 14.4 0.0003
Desulfobacterota 1.2 1.57 1.8 1.25 1.28 0.73
Actinobacteriota 0.91 1.24 1.32 1.47 1.47 0.73
Euryarchaeota 1.35 1.21 1.27 1.08 0.86 0.06
Spirochaetota 1.16 0.4 0.84 0.58 1.14 0.23
Proteobacteria 0.27 0.12 0.2 0.15 0.08 0.25
Other phyla 0.23 0.12 0.23 0.18 0.15 0.06
F/B ratio 7.02 4.89 4.84 8.43 6.40 0.001
Family
Clostridiaceae 223 19.2 14.05 17.79 16.66 0.42
Lachnospiraceae 14.47 15.97 15.99 16.8 23 0.32
Lactobacillaceae 10.8 13.18 17.69 22.54 9.39 0.0004
Prevotellaceae 8.01 12.44 10.03 6.89 10.7 0.01
Ruminococcaceae 6.81 10.21 7.96 6.46 10.75 0.16
Peptostreptococcaceae 10.16 6.33 5.94 6.06 6.4 0.19
Erysipelotrichaceae 5.54 3.54 4.94 4.17 4.36 0.01
Muribaculaceae 2.71 4.21 4.39 241 1.87 0.0001
Oscillospiraceae 3.05 1.97 2.66 2.38 2.26 0.07
([:ng’(‘;‘sctfggglnes goup 208 ST 235 2.23 1.98 0.2
Veillonellaceae 2.21 1 2.08 2.47 1.7 0.44
Rikenellaceae 1.56 1.8 2.35 1.32 1.39 0.02
Desulfovibrionaceae 1.2 1.57 1.8 1.25 1.28 0.73
Atopobiaceae 0.82 1.15 1.17 1.37 1.36 0.81
Methanobacteriaceae 1.35 1.21 1.27 1.08 0.86 0.06
Anaerovoracaceae 0.95 0.73 0.84 0.85 0.77 0.45
Spirochaetaceae 1.16 0.4 0.84 0.58 1.14 0.23
Erysipelatoclostridiaceae 0.6 0.43 0.48 0.58 0.35 0.95
Osclllospirales 053 024 058 0.42 0.39 0.02
Streptococcaceae 0.59 0.65 0.22 0.21 0.16 0.05
Bacteroldales 022 054 045 0.25 0.27 0.0007
Selenomonadaceae 0.26 0.4 0.19 0.17 0.67 0.0001
Clostridia UCG-014 0.11 0.1 0.06 0.05 1.03 0.04
RF39 0.21 0.15 0.18 0.11 0.11 0.05
Butyricicoccaceae 0.23 0.09 0.16 0.16 0.1 0.23
Peptococcaceae 0.19 0.1 0.1 0.17 0.14 0.13
Acidaminococcaceae 0.14 0.11 0.11 0.17 0.09 0.18
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p-2534-18B5 gut group
Enterobacteriaceae
Monoglobaceae

Other families

Genus

Clostridium sensu
stricto 1

Lactobacillus
Prevotella
Terrisporobacter
Syntrophococcus
Ruminococcus
Shuttleworthia
Muribaculaceae

Romboutsia

[Ruminococcus]
gauvreauii group

Turicibacter

Ruminococcaceae
unclassified

[Eubacterium]
coprostanoligenes group

Prevotellaceae
NK3B31 group

Megasphaera
Rikenellaceae RC9 gut
group

Roseburia
Desulfovibrio

Oscillospiraceae
NK4A214 group

Subdoligranulum
Olsenella

Blautia

Lachnospiraceae
unclassified

Oribacterium

Prevotellaceae
unclassified

Treponema

Clostridium sensu
stricto 6

Methanobrevibacter

Ruminococcaceae
CAG-352

Catenisphaera
Alloprevotella
Solobacterium

Prevotellaceae

0.47
0.22
0.09
0.96

21.66

10.8
4.03
5.62
1.87
2.62
1.63
2.71
4.04

232
3.49
1.63

2.08

1.81
2.02
1.48

1.2
1.64

1.02
0.82
1.06

1.77
0.6

0.66
1.15
0.53
0.81
0.49

0.67
0.46
0.47
0.31

0.01
0.08
0.11
0.58

18.43

13.18
7.28
3.86
2.46
3.85
3.45
4.21

231
2.03
3.13

1.51

2.44
0.83
1.78

1.57
1.03

1.22
1.15
1.18

0.94
0.86
0.74
0.39
0.77
0.77
1.48

0.55
0.71
0.22
0.85

0.11
0.15
0.86

12.76

17.69
5.6
2.96
3.64
3.92
1.97
4.38
2.35

2.78
243
1.95

2.35

1.65
1.89
2.29

1.27
1.8

1.34

1.17
1.17
1.31

0.83

1.19
0.82
1.15
0.7

0.12

0.75
0.55
0.6

0.51
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0.10
0.08
0.87

16.81

22.54
3.68
3.65
5.23
3.15
1.6
241
1.94

2.56
231
1.00

2.23

1.4
2.25
1.26

1.08
1.25

1.29

1.47
1.37
1.25

0.96
0.76
0.49
0.57
0.94
0.67
0.13

0.55
0.46
0.45
0.35

0.06
0.05
0.09
0.6

16.17

9.39
6.98
3.61
4.96
3.6

7.34
1.87
2.44

2.71
2.06
4.45

1.98

1.18
1.4
1.29

2.06
1.28

1.21

1.05
1.36
0.89

0.96
1.09
1.13
0.41
0.52
0.9

0.53
0.52
0.86
0.48

0.0011
0.02
0.7
0.18

0.33

0.0004
0.01
0.31
0.53
0.65
0.02
0.0001
0.13

0.69
0.12
0.0045

0.2

0.5
0.32
0.01

0.23
0.73

0.09

0.39
0.81
0.78

0.15
0.38
0.24
0.22
0.21
0.36
0.01

0.38
0.38
0.14
0.12



uncultured
Other genera 15.55 10.81 13.01 11.91 12.18 0.02
! p-values are calculated using Kruskal-Wallis test. Different superscripts denote significant difference.

vi) ZW+#ZF 2] Taxonomic marker
- LEfSe &4& T3l 2 AgFoA & ATl vls) SolFH oz vt FlTE =4
?l taxonomic markerE ZAAIH(1H 7D).
- PC tjzx=7o|A+= Lachnospiraceae NK4A136 group, ND3007 group, Faecalibacterium,
Peptococcus, Campylobaeter, Eubacterium sireum group, Butyricicoccaceae UCG-0087}
taxonomic marker® e, Peptococcus= A8 oA EsA dHE= FAAFOE, of
A FQ A W ooux|doez AFEIHROGOSA, 1971, Int. J. Syst. Bacteriol). FH,
Campylobacter tE& Q] FAFLZ, 3ol me} HAdFo=Z 28T + e +YDuarte &
Kim, 2022, Pathogens). Peptococcus, Campylobacter+= proteaseo] Fojo ols] Srolxtiy R
2 # AS(Kim et al., 2023, Animals).
- Peptococcus= A Q] AAoA E3MA FAEE FATOE, opr| ks T8 FAY € 9
HAd oz A&3HROGOSA, 1971, Int. J. Syst. Bacteriol.). o]+, € 18| Hl&} PC 1F o
Wz geFo] =2 AR E FHstR o, proteases FHSHA Yol 7Y LFANA FFEHHA
ol o= olF3 Tl A o] w7] WEY F . ¥, Campylobacter thEZHQ F
Ao &2, Ao wet Heddo g A8d 4 J= +YDuarte & Kim, 2022, Pathogens). ©] ¢
3k 752 Peptococcus, Campylobacter= protease?] Fol oJs] oty RuH nvf L
(Kim et al., 2023, Animals).
- NC oiz+94+= Prevotella, uncultured Bacteroidales, Mogibacterium, Pygmaiobacter7}
taxonomic markerZ e}, Prevotella, Bacteroidales, Mogibacterium-2 S} |2 4:3}7]ol| A 3l
A #EOE Fie A FAHFYNowland et al., 2019, Animals; Wang et al., 2019,
Microbiome). g+, Pygmaiobacter= A2 FFolA 1 o] Z e A UA| &
- 71& BRad dlo] wr=9, proteasedt 2ol AR &4 S HUMPS wf SCFA A& #F, #
bt R Fotol S7HAE
- Treatmentlo| A= Muribaculaceae, Erysipelotrichaceae UCG-006, Oscillospirales UCG-010,
Oscillospiraceae UCG-002, Bifidobacterium”}, Treatment2el 4= Lactobacillus”}, Treatment3 %
2] Tl A= Shuttleworthia, uncultured Selenomonadaceae, Clostridia UCG-014, Mitsuokella”}
taxonomic markerZ e}
- Lactobacillus®} 7+ lactic acid bacteria®} Bifidobacteriume S73=2] A4 A4 E&o
o|Z2& Y-S 7A+= probioticsZ LA 2. (Poudel et al., 2022, J. Anim. Sci. Biotechnol,;
Valeriano et al., 2017, J. Appl. Microbiol.; Vasquez et al., 2022, J. Anim. Sci. Technol.). ©]-&
3 gl Aol ZFas ANWFES 2Asta FE Lactobacillus$t 2 3+ vH gole] F
F=E F7MA7IHRist et al., 2014, Anaerobe), wetA] protease®] Holw ol#d ZEnHlo]lQ
g9 FHEE FoF+ E37F JdKim et al, 2022, Sci. Total Environ.; 2023, Animals;
Peng et al., 2022, Anim. Nutr.).
- I3k Protease®] To= Muribaculaceae, Clostridium, Oscillospiraceae, Selenomodaceae
family 3 %-& SCFA A4l dte|glols F7MA7I= &37F e A= 48 AKim et al,
2022, Sci. Total Environ.; 2023, Animals; Vasquez et al., 2023, Front. Microbiol.).



- Protease®] wov &%l @id F5E ST A B
A2Kim et al., 2022, J. Anim. Sci. Technol). o] ZA= AU vy Ed 2|3
H g8o= Qs NHz ¢ HS¢ 22 o3 s BAPE a1 (Zhao et al, 2020,
Anim. Nutr.).

- 3 AAoA o]& rHEd @AY fas AWAFFES 2-Esta 2 Lactobacillusst 2
L £93 v Pole] FREESE Z7MAZRIst et al., 2014, Anaerobe).

- Lactobacilluse= Y8474 Alxto] AAet diAde] pHE Z4aAA o4 st A Aalst
= Ao® R1E oW (Zhang et al, 2023, mSystems), AAE HA B FHZ AZA
7= &37} dS(Yan et al, 2017, Environ. Eng. Manag. J.). %3+, Lactobacillus®] 7%+

GHAA 7Aste A FTe FTHEEE TaAFRist et al., 2014, Anaerobe).

- Protease®] Holv AAoNA ©ilEe 78S 5 AFEY 7HEAE =9 ol AU
uj Ay Eof it = dHEEY WE(E A wjd)olA a@Hd FAHEHLE T E HASIAA
298 U dryol &S 7FAaAZBindelle et al, 2007, Livest. Sci; Loh et al. , 2010,
J.ApplRes., 2007, Animal). ¥ oA, protease Foi7o @wd 43 2 F4 A4 9 3}
AN AE27F A4S AR dFHo g 7AE Sl dHEEAA dRYol wiEE AN
2 ASE 9.

oA A4 9 3 sigEe A A4 dEY otk HSAAe 2 A=olw, A v

2 o] A FAFS =H3FNI et al, 2022, Sci. Rep.).

- webA], proteasee] J37} Lactobacillus®] 374-S st FAU vAES] @il HgE A

=
FFo=A oF = WEs FaAE 7 Us

tg 24

o3
T
=i

®) F2ad 71¥ -1

O AF A G- A Hot

AFel A4k SOP 3 F4 £4 7Ee Y AFER S ST AAFES ol &8st A%
A HI7HE FISAT AAFS AoA F 1271€3r BRste] Y @9 E protease
A7V SASHY 2 AAJMPAEES HUFSATHE ). Protease 97t 4 A} G2 Z1ol
A ek 1271 E7MA = F4 protease 1,500, 4H4d protease 1,000 Ulg ©]d¢] H7HE FA| 83T
A AAAEAE B4 ARE R oE AFe FHRZSVNE I2VILE AT

ok
( :‘ O{'

N
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7t AF AR I

AF 39 FHAAZE HUEs] fd A=E o8 FAATFHAZANEE JYSAHIH
72). EAL YFEA R WP, (PAELnrto] o o)F st W PsHATE A F AL
&&2 Sprague-DawleyAl A= 44ule|(=A, 22vte]; 42, 22vteD)E AR, & 2573 &
oE APstATt. Fo &= 0, 500, 1000, 2000 mg/kg BW.2 A3t 13)/Y @3] ATE
gz
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o

(A2 = AHE8T-& X AR H) X BFFA B X TF2(3,0005)]
o wigtALS: 2,725 X 471 X 26.52 X 3,000 = 102,1134 ¥

A wigtALE + ol P 0.1: 2.791 X 456.5 X 26.52 X 3,000 = 101,367
Al wjALE + oWl &~ P 0.2%: 2.701 X 459 X 26.52 X 3,000 = 98,6353
A WAL + ERARAIE 0.2%: 2.711 X 459 X 26.52 X 3,000 = 99,0007

JlE e Aus wamstel Aww Age] ouuls PE 01% A7 A9 TATAY, 0.2%
A7k 79 3478%00] AokE O o ZHUL, BAAES AT F5 31136 9o] Hera
Aoz dZHAch olvms Pe 2 B AFES AR AA4S RAT, olF il A
Aol 25T AALL FNG 5 YL ACD o =Hn
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