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Effect Fermented Black Soldier Fly on the Growth and Gut
Microbiome of Juvenile Marbled Flounder (Pleuronectes yokohamae)
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’Gyeongbuk Research Center Freshwater Fish
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L. plantarum, L. lactis) 22 Hlo]Z% St Fof5of %ha_g(Hl LpLl)S &A 7}7\}U](P]euronectes yokohamae)
2o ARHTEE.SRE AxSt ‘Sfa’ B4R AR AZATEE 8l F 600utE]e] EX]7FA] 2]of(ek
5~6 g} FAIst] 100918 =2 670 9] #jAs & 7} 32 dixatd AFPLeE BRFRSt] 105 7+ 3
o+ AR AT, SAE, HEAFE 4 AW uBES E4otA 105 T iR+ " A2 11.68 cm, 4
%1\_8_ 12.20 cmolH, W29 BFF AFS 28.06 g, A¥FS 31.01 gE Hi_LpLl 7kl Qo] 4% &xrt

AR SAES HRT 214.4%, AT 219.3%2 AFF0] 4.9%p © E%oH, IFET X 3.1%/9,
AAT 3.4%/D2 AFF0] 0.3%p B =HOU FYH(p<0.05)2 JAAFEA ity thxo =, AFOFEIAA
IAE 19% F9+ LR 105739 EA7FAm] By uE BX A 2, gREAs 9+ 19%°]
56.52%, A¥ToME Eaof ARH L. Jactis’7} 96.88% L. plantarum°] 2.72%, 1 9 SAHF 9FOF AA
99.88% = RISt AIH o2 105719 EA7H] XojAR 2 A Folsol daEMH_LpL)9) 4.5% H7t 4
ol glo] dx7 i AE29 w2 TAEN AFES F99(p<0.05)2 ﬁo‘% AW st Z7k fasgt Aol
gRlEYlon o= ofF 99 715, HiElEsE 59 ARFVIERAY Boisol €82 A%t 7xAREE &84d Aot

Abstract This study examines the growth and distribution of intestinal microbes of juvenile fish raised
on a diet supplemented with fermented BSF (X. illucens, Hi_LpLl). Hi_LpLl was obtained through a
bioprocess using BSF (5%) and L. plantarum and L. /actis, and having antibacterial activity against fish
pathogens. The efficacy as a feed additive (replacement 4.5% of total feed) was evaluated using the
marbled flounder (P yokohamae; Pv). A total of 600 juvenile Pv (5-6 g) were randomly placed in six tanks
(100 fish each) for 10 weeks, and classified as control (Cont) and experimental (Exp) groups. After 10
weeks, the average lengths obtained for Cont and Exp fish were 11.68 and 12.20 cm, respectively, and
the average weights were 28.06 and 31.01 g, respectively. The IBR and SGR of the Cont and Exp groups
showed a difference of 4.9% and 0.3%/day, respectively, but were not significant (p{0.05). Furthermore,
99.88% LAB (19 strains announced by MFDS) were determined in the intestine of the Exp group,
including Z. /actis (96.88%) and L. plantarum (2.72%), whereas the distribution in the Cont group was
56.25%. These results indicate that supplementation with 4.5% Hi_LpLl is less effective in promoting
juvenile Pv growth but is effective in increasing the beneficial intestinal bacteria.
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FAHNA A= AR FHO 50% o= AA[star
Qlal, o]AL 7R o E(fish meal)T} o]-S(fish oil)7}
HUQlole}. Htof| ojiEZ AT HFe gdYdos
241 (oilseed, grains etc), 5= FAME(by-product),
I3 (edible insect etc) 5ol TS A7Vt AP
RO EFES JFIET 249 AT A7IEHL QL
oH1-3]. 22, BofsolBlack soldier fly ; Hermetia
illucens)= AR SAEAH7|E Hol|= k= &
3798t ZF8T ofyaH4] 40% ol/ide] Tl 30%
ol AA JELE ]I, o}FE Tt 7159 Tl
4 A == 7H7F A= U560l

T AR W ARERE TBA AREol ARH2011
SE et 484 E4[7-1113 GRAS(Generally
Recognized as Safe) &3] -4kt (probiotics)S &
|3 AR 7t EEs] BaEa QIoH12]. RAFT
fAHFS] Ho|(Prebiotics)?t FARFS] 22 AR
(Postbiotics)?] A= QAZHETF ofe} 715, ofF9
T AletE 7R WS, sl 43S S o
St BT} 3= AAIBIATH13L Folsele] dvdE
A= g8 Fgopr|icito] FES] A
(nitrogen) &= B4 Y(carbon)d] Y52 FANE2]
£ 3% HiXE AR 5= Jlol[7-11], o159 232
F AW &3 AT 718 7154 AR A4te] e
T tHl4]l. ZRFAE 7Y AW =& oAt
(metabolism), F¥F, W, A9 Alo|, 4% 5ol Fa3t
715 EEitH1s].

BX7WAv|(Pleuronectes  yokohamae; marbled
flounder)= eyt A Asfo] REstH F2 Zri
2 A Qlrt. AEAR AT A(FE)2 EA7AA]
A o1E FAlsto] 8~9de] Fafietel WRIFLEN 7
gt EA7AE BE-SF30T

ZA7HA (o) AFREZHA IS s ZeEt
o|REAR AMERL FolEoll= olv] o] AolA A
A1} FFH o R JFE ] Fof, FAMNE], SA
9 AR HAYCE AREEDL JlTH16-18]. F71E9
RV} 7154 SR AjtEE shte] W
FArolEH(recycling) = Hlo]| 2ZH(bioconversion)
o] 3loH(19], F4kte o]-83t Hlo| 0T AL B3l At=
9] I T4, 4%E W, A Ex E ofF 3 /A
w1 §8 Edol gt A7 B = gieh20,210.
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AEA7FES 7153 TIE ol7] Histel
Sle sheeollAl Hefst gol fARE 2502 Hlolo B
3 Fosol MEB(A5%) A%} ol WRFoRA
ool W AN A FAL WHHE L A
R BE Sl WAL dRe B, AR At

AHBE 5

24 fE47 ol B oIF B B4 WIE 2L
ek

2.z A YHE
2.1 SOHSO| WEE Y ME ME

Bolsol(Hermetia illucens: Hi)= tlo]ZZgo]E
2 4x"E BEE A2EACIBEAEE, oA
20214 40l st Ht SRl 5%(w/v) Sl
121 CollA 1582 Fdtste] 4|51

3, AN S RAATAESEE, &30
oA Eelslo] st YEREANE | 718 Lacrobacillus
plantarum(Lp; KCCM12758P)3}+ Lactococcus lactis
(L; KCCM12759P) 2% AR8stdet. Add Lpet L
#59] Bl FEENAY Ase Qoo
(data not shown), &1d zZ+ #52 &35}l 1x10°
cfu/ml SEZ 1% 3-S5k 30 £ 1 TollA 244t
B9t FHjote] Foisol WREE(HI_LpL)S Aokl
B E= FEAXSI] ARHTERE ARESIGITh ol
EBAYoZ 2% galactose, mannose,
sucrose, glucose®} 1% starchE, ZA4AYUCZ 0.5%
yeast extracts BaFote] ARSI THSigma, USA).

AzxdE 28I YEES IFPEE2AEH A
Bopto w|H2| Qi (Listonella anguillarum KCTC
2711), DM Fo  238(Streptococcus parauberis
KCTC 3651, Streptococcus iniae KCTC 3657)2] &
3%o| ti3l agar well disc diffusion 22 Eq. (1)°]
we} DS S22

ort=o0&2 T

dextrose,

Inhibition zone (mm) =

)

(Clear circle diameter—Disc diameter)+2

2.2 NoiF 2 AA

Aol AAEE SARUATA(FGH)oNA ARSS)
£ BEX7FR|(Pleuronectes yokohamae, marbled
flounder) X|oJ(E++ &F 2 ~ 3 g) 6007HE]E ARSI

L
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o} E27E4E ZF 1009HE]E oE 99 $2(1.5 ton)
670X BE TFohe o4 AA"oR B
22 20~21 T o)1, 37471 (aeration)E HA]o}
of ZEg 82AAE FAGHY F571E FE5S olE
Stof 12L:12D 270 & A=At A AxXE iz
oF A% At ZF 370 =xo(300mte]; 1007t /%)
Z¥Zr 310 & ¥ 105 7H2020.08.03.~ 2020.10.10.)

SFor

2.3 3030l L&=9| 7iHt EM
Soli5o] WaEC] GABA 8-S Bolsly] 9J8) 9k ot
F2utE T2 7(Thin layer chromatography, TLC)

E4& okt 0.5% yeast extractZt H7He Fof
5o F2E° 2% dextrose, galactose, mannose,

sucrose’} A71E TEE 1% GABA(wA), 0.5%
MSG(w/v)& Merck TLC silica gel(USA)° Z 3 ul®
A5, A 8uiE n-Feh2: opEAR B2
5:2:2 (v/v/v) B &R EFsto] ARt eH, 2417t &
QF A7fste] AZ AlZ1 & 0.2% ninhydrin 4o 2 dF
AAA TEES] GABA spotg RIS

2.4 X710 8%

EX7EE AE Aol HA(full-length)t A%
(weight)& &F735I310l, AF7|7F Folle 25 1HE0R
105 &% EAs1eih AFE AAALS ol8sto] &
= AR A2 SRR stack. &4 Al 0.05%
(v/%) 2-phenoxyethanol(Sigma, USA) $=&20]A] u}
AN B7] e ARHE FA3l5}0] offo] AEFHA
£ Faslelatt. 71 APda ASE o5t off
Eq. (2), Eq. (3)°l &t SA&(Incremental Body
Rate; %)3 Y7t A*E(Specific growth rate, SGR;
%)y AArSIAT

Al
=

27

IBR (%) = {(final fish weight (g) - initial fish
weight (g))+initial fish weight (g)}x100 )

SGR (%/day)={(In final fish average weight (g) - In

initial fish average weight (g))+experimental

period (day)} x 100 (3)
2.5 EX|7tAH0] U OJYE 22 2
AR Fol 105219 A7 tixatat Add
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FxoA 2 12vH(52T 4r1E) QR AEgt & &
HEET WEES AASHE HATkE HolF MRS
broth(Gibco, USA)lA 297F 37 € v &, Y4l
g2 Mg 5519t 552 gHElEol genomic
DNAE F&5l1(QIAamp DNA mini Kit; Qiagen
USA), 5 ng/ul 28 HF
sequencing library preparation (llumina Inc,
USAE Zho|EeglE A&t A9 16s tDNAS
Bakt_341F(5’-CCTACGGGNGGCWGCAG-3")%}
Bakt_805R(5’-GACTACHVGGGTATCTAATCC-3")
&2 PCR(2x KAPA Hifi Hotstart ready Mix, KAPA
Bio, UKXZ 438l  V10V2(340-370  bp),
V3-V4(440-460 bp) Ato]=of wet 2513 [llumina
MiSeqe AHEel d=41&0)RERtAA (https://www.
foodsafetykorea.go.kr/foodcode/)oll ZA1E {9 &
AT 1982 HoE XA

% 16s metagenomic

2.6 A=Y

%% glo]El& IBM SPSS Statistics software(ver.
28, IBM CO. NY USA)E o|8sl9ith. tizrata} At
9] & Alm gold W2 A, A%, AL 4FEY
Aol T-AReE &4 si3lon, SAH [fd2
pL0.05 =50l A AT

=1
=

3.

24 EI.

24 ks,

=
3.1 3030 L= EY

HEZ oW 157 A7+ 230 tgt 7]
7= fARE A flof, 80F2 Rikatol| Hidh
o fgAaayoz A38|Y35to(data not shown),
g0l &2 lactobacillus plantarum MIRE TS90
(Lp; KCCM12758P)} Lactococcus lactis MIRE
TS95(LL; KCCM12759P) 2% Adstglet. solsol
FEE A Wi HE 20ES gelsh] 9l 5%
S5l BEe A1t 2&80 Lp2 LIE 1%(1x10°
cfu/mL; 1.0E+08)& &3t 30 T, 24417t &<t v
Fslge W, 27 3x10" cfu/mL(3.0E+11)9} 4x10°
cfu/mL(4.0E+08) °’d9] a7t =S ol&
5% Bolsol FEE0] fAt Aol ded dad
(nitrogen)¥t ©4aY(carbon)2 &2 Zgst XIS 3t
Qlstdt. Bolsole 40~43% A, 30~35%

o

o=

o

i)

%
P

Sl
S



Solsol Hage] EX7iRu] 2o

B4 9 AW el 34w

A, 8~9% XEETEY] 1YY LFoE ofF, 7t
1} B8 59 AEEA] &8 7HA7F #oH4, 51,
gk o=z AR B 10%9 Alm A7MER AREEL
ATH20]. FoiENY of& AR otz 8T s
4 B4 34Z 9% s AETE 20E AESIH:

HA fANE R a3E #o17] o dAdes
0.5% yeast extract?2 ¥o] HA+E ARE 23, &
o = A% A= fllthdata not shown). Tha
o7 BEAYoz uoRol 2% dextrose, galactose,
mannose, sucrose?} o]ZF2l 1% starchS do] {4k
T+ 73S ZABIEHFig. 1). Lp® MRS9F B0l
FEE viR|of|A A 29kou, dextrose?} sucrose
27t WA A7t F76tdT) L= galactose,
mannose, sucrose, glucose A7} ¥iR|o)|A X572}
S7Flitk(Fig. 1). & & 25 o]FF< starch 71
A asks Aol Qo @R A7 a4 A%
of f9Jgt Ae= ABzrE

LE+14
LE+12
LE+10
LE+08
LE+6

LE+)4

Count of LAB (log cfu/ml)

LE+02

EH
LEHD HiHe+2% HiHe+2% HiHe+2% | HiHe+2% HiHe+2% HiHe+1%

Dextrose  Galactose Starch
D L2EH13 2EH8
LEH§ LEHS

MRS HiHe

Mannose | Sucrose
2E+10

2E+3 |

2EHS
S.E+H2

3.E+12
4.E+13

9.E+10
3E+L

OLp(KCCM12758P) | 3.E+11
BLIKCCMI2759P) | 2E+10

Fig. 1. Count of viable cells Z. plantarum (KCCM12758P)
and L /actis{KCCM12759P) by adding dextrose,
galactose, mannose, sucrose, glucose and
starch in H.illucens

3E+
4E+08

solsol EaEol

SIF 53 olFF 139 W7t
of W2 ot 35

o gy 48l 23k, 9ad

uipy

9] H7he FHE7FEY P/dol UL 53] galactose,
mannose, sucroseg J7F19E W 7 &9 tHdata

not shown). ©49 F37} o] daES MRS &
g A Hoe Pat/do] @A 5] Wolkl= AdE HIS
Y g4 H7IE IE A HAtk of7lo] 0.5%
yeast extract?] ¥7F= AL o w9FoH, &
3] 2% galactoseollA B|BE Qw91 L. anguillarum}
AR S parauberis, S. iniae 352 oHwol o
o =2 Ftdol FRIEITKTable 1). Bok50l =
E HiAollA f4te] Bt 715 S HoiAE yeast
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extract®} galactose®] 77} "aHolgt YZHrt.

Table 1. Inhibition clear zone of antibacterial by
adding 2% galactose in H. illucens against
pathogen, Listonella anguillarum(La; KCTC

2711), Streptococcus parauberis (Sp;
KCTC 3651), Streptococcus iniae(Si; KCTC
3657).
Media MRS H.illucens
- - 2% Galactose
CARBON
La|Sp| Si|La|Sp| Si |La|Sp| Si
Lp
(KCCM12758P) 0.2 | 0.4 | 0.4 ]0.05]0.02]0.02| 0.3 ] 0.4 | 0.1
Ll
(KCCM12759P) 0.2 0.2 10.30.05(0.02{0.02/ 0.3 [ 0.2 | 0.1
LpLl
0.3]0.310.30.05/0.02{0.02/ 0.3 0.3 | 0.1
LpLl
+0.5% Yeast - - - 10.05]0.02]0.02| 0.6 | 0.4 | 0.3
extract

*MRS, control media; A illucens, 5% BSF water extract; unit, mm.

el Fofgols ofrlicAl F 5.85% =FRAL
(Glutamic acid)}& Egslal ol= vPE Ta 3A7}
A & = 84(GAD; glutamate decarboxylase)S
o]83lo] 7MHGABA; y-aminobutyric acid)® gt
He Ao=E dEA UrH16l. HgHAA opH|iAkl
GABA:= ¢, A17ME, A& FX1 9o s 2Eo
FFE = 2= IHA qUrH23,24]. okl &
Bo| @E 7HRe] A o RS gRIgE A7}, dextrose,
galactose, mannose, sucrose F7to] wet AAEH,
E£3] galactose H7l= 7HF B4kE o 71513 ch(Fig.
2). o3 o7 g3} 5o 7HEY FAE Ae 2
= QAR ZHFOIA ] 50 RE 7Y IF= 79
g Zo" AZHE

Akt 7%, o A 7t of thgt
AIE Fdotd, 5% Bolsol FEE 0.5% yeast
extract, 2% galactose® TSkl 121 ToflA 1583t
F#3t 28] Lpot Ll (1x10° cfu/mL; 1.E+08)%
ZH 0.5%(AA 1%)E 3T F 30 TollA 2442 &
QF vt viE(HI_LpL)Z X7 At H7HEE
FHotat). AR AR Aol Hi_LpLl Ax"EHGBM
petrifilm, USA)Z o]-83to] 53l 7|et =] EAE
gelstlon, fAkt olel= AEHA tti(data not

shown).

MAL =X

ov T v
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H.illucens + + + + +
0.5 % Yeast + + + + +
1% Carbon - D+ G+ M+ 5+
M5 - - - - - +
GABA - - - - - +

- +~ + @ + I GABA

s

-
-
MSG . -

Fig. 2. Production of v-aminobutyric acid (GABA) by
adding 2% Dextrose (D+), Galactose (G+),
Mannose (M+), Sucrose (S+) in H. illucens.

3.2 ZX7IXH0| Alm HE 2 dF &5
FA7HA] Zo] AtlsE =Y
HALEE, ZoA R AHRE4.5% W5 Tt
A¥ AFRE(4.5% Hi_Lpll $-H)E AZ351%cHTable 2).
AzE A=Y 718 fof n8E] gt kg2 Az
LEHBM petrifilm, USA)CE ZRIFloH, AY A
F2o\ME HEH L plantarumT} L. lactis®] EAE
16s DNA AJAAR BRI oY, /. plantarumP] $-
HEAS FASFATHO0%: data not shown).
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Axst 22y AT A= 105 2 Folsta, 3
o] AZH0F) & 65, 85, 105 Ao EX|7Ixfu] X|of
7k 300uke] ol ot Wt A 259 S84 Table
30l AA5HE. Table 3014 Hi= Hie} Zo] Alg Fof
AZ(0F 2] FA7HAA] Z|ofof tiz=- 30072 9]
o AL 5.90 + 0.48 cm, AT 3001H]9] EE A
2 5.86 + 0.49 cmZ AFF9] Hgo] thzo] H]
o LAoHA| 22 Ao UEhgtt 7 AR gol ARk
2HE 65, 85, 105 BT F, tiRT o9 H A
A2 7+ 10.14 + 0.77 cm, 10.96 + 0.89 cm, 11.68
+ 0.88 cm, AL 1042 + 1.16 cm, 11.26 +
0.81 cm, 12.20 + 0.89 cm& A 159 HF 4
o] 4A S71= UK Table 3).

et Algol QoI = A AR A0 2D £4]
7HAm] ]o19] fixF 300vukE]e] Wit AFS 2.92 +
0.93 g, A%< 3007H2]9] B AF2 291 +£ 0.90 g
oF % #9 AF2 vl SFEU. 4 AR F
o] A& 65, 8F AW ¥, R B ASE &
17.72 + 453 g, 21.72 + 5.41 g, A¥ZS] B A%
265 18.47 £ 4.93 g, 85F 24.63 + 6.14 g & F°H
SOl el AUt ARE Folgt AT B AFol
izl vl B 7k ERlstoinh. AtR Folgol
105 &9 2 Fa A5 28.06 £ 7.20 g, A¥L
2 31.01 + 8.12 g2 YEh}, fRF£ET} Foisol
WEEHi_LpLlo] H7H ARE Folgt A¥w9] 4]
7FA] X0} Aol ¥ 7t Table 3).

Table 3. The length, weight, and incremental body
rate (IBR, %) for juvenile Marbled Flounder
(Pleuronectes yokohamae) fed diets during

Table 2. Feed composition for juvenile Marbled 10 weeks.
Flounder (Pleuronectes yokohamae) used
this study Item Length (cm) Weight (g) IBR (%)
Fish Age | CONT EXP CONT EXP CONT EXP
CONTENTS CONT EXP
- .90 .86 2.92 2.91

Chilean fishmeal(Blumar) 65.00 65.00 0 weeks t5348 iS 0.49 | + 393 + 390 - -

Soybean meal 4.50 0.00

Hi_Lpll 0.00 450 6 weeks | 1014 | 1042 | 17.72 1 1847 | )65 | 9595

Starch 7.00 7.00 + 077 |+ 1.16 | £ 4.53 | + 4.93

Wheat flour 9.50 9.50 10.96 | 11.26 | 21.80 | 24.63
8 weeks 139.7 | 211.7

Wheat gluten 9.00 9.00 + 0.89|+ 0.81 |+ 541 |+ 6.14

Fish oil 1.00 1.00 i 11.68 12.20 | 28.06 | 31.01

Mineral Mix 1.00 1.00 10 weeks | | 0gg |+ 0.89|+ 720 + 8.12| 2144 | 2193

Vitamin Mix 1.00 1.00 * CONT, control feed; EXP, experimental feed.

Mono calcium phosphate 0.50 0.50

Choline 0.50 0.50

Carboxymetylcellulose 1.00 1.00 ~ —

Total 100.00 100.00 SAE AolA= tHRTolA Fol AEF T 6FA

* CONT, control feed: EXP, experimental feed.
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T 6FA9 259.5%% Ueht AgzolA o] SA1E] |
E}ow, Fo] upAEt 105 Fo fiwtolA el S
&2 214.4%, A¥T] SAE2 219.3%= AATONA
o] FAEo] dRTMET 4.9%p A= H ko
(Table 3), A4 FAZE(p(0.05)°] &oF F2]4gol
gle Aoz et 3 518]9] 6%2] FolsolE A
7Rt =A19] 53 Atm Y2 AS, SAE, AEAS
iz Aol g7u Aol ¥A
2ol vl 2 A 2yoMe A, S SAE
oA EoF Fol 713k B7IsRithd 884
= Zow AzEn

5ol
35
wx

o

I

=
=
o

1

O] %

Table 4. The specific growth rate (SGR, %/day) for
juvenile Marbled Flounder (Pleuronectes
yokohamae) fed diets during 10 weeks.

AN IARE folat w5 1982 thdez ARE
Az, AW uBE BE Sl 100%7F HA okt

(Table 5). F°] 105 A9 Hizt EA7RM] A oE
2 1929 #F BT BXFYN, EF] Streptococcus
thermophilus(13.98%; & R)3I+ Lactobacillus
salivarius(13.72%; YW |40l 7P @okal, oh&o
2 Lactobacillus plantarun7.73%), Enterococcus
faeciunk6.8%),  Lactobacillus  reuteri4.83%),
EBnterococcus  taecalis(3.62%),  Lactobacillus
fermentum(2.26%) 9] «o|Att. YA 1252 0.02
~ 0.62% W= dizxtollA E1E AU ndES A
56.52% ©|3]tt.

[e)

Table 5. Distribution of Lactic Acid Bacteria (LAB) in
Intestin of juvenile Marbled Flounder

Trom SOR C4/day) (Pleuronectes yokohamae) fed diets after 10
Fish Age CONT EXP weeks.

0~6 weeks 4.2 4.4 Item Intestinal Bacteria (%)
0~8 weeks 3.6 3.8 LAB strain CONT EXP

0~10 weeks 3.1 3.4 Lactobacillus acidophilus 0.370 -

* CONT, control feed: EXP, experimental feed. Lactobacillus casei 0.030 -
Lactobacillus gasseri 0.020 0.001

Lactobacillus delbrueckii 0.500 -

Table 401]/\—1 HEe H]—ﬂ- 7E]—o] %171} }\6178'%(% 031)_5__’__ 0 Lactobacillus helveticus 0.330 -
F AN 6FACl RS 42%/19, d¥de Lactobacillus fermentum 2.260 0.001

4-4%/1021§, %ﬂlfé%o] EH?JL—:\LLE-]—% l?j_]oﬂ 9‘1]: 0.2%p Xé Lactobacillus paracasei 0.100 -
27F o ARk oH, 05 ZolA 85 A} Alo|o] Azt Lactobacillus plantarum 7.730 2.720
AAEL | 270] 3.6%/1Y, AFFo] 3.8%/14= L} Lactobacillus reuteri 4.830 0.001

epde) Alglo] 28g 103 Z_}(O?E.] 2 WA 102 i]’) g Lactobacillus rhamnosus 0.040 -
7 A7k AL 2R 3.1%/Y. ARTLE 3.4%/2 Lactobacillus salivarius 13.720 0.050
2 of 720 a7} AYE AZ= oF 3%p Az = Lactococcus lactis 0.920 96.880
’ : = Enterococcus faecium 6.800 0.110
A A=Y /-9 *é(p<0.05)\9_‘ fIItHTable 4). Enterococcus faecalis 3.620 0.090
Stadtlander 5{17]19] ol& A2 50% BoH5°lE & Streptococcus thermophilus 13.980 0.020

7¥st BEX]745019] Alm Fo] 7F AFL o {2 Bifidobacterium bifidum 0.620 -
_O,] 7}%—_&3% 9_]@1:4%1]\?1— AJ%E_‘C_E__ 0.02%/1?__}; _:ﬁ,\]- Bifidobacterium breve 0.040 0.001
= 7,‘101] H]’B‘H B2 é-ﬂ]’{— l_—:{-7'ﬂ Q?lﬂ?i&% %75"3:], ‘IQI‘Q’] Bifidobacterium longum 0.610 0.001
HLp0.05)2 Get. FolEol e A/HE Folo] oo L o L

dst EX7] o] oL 105 ol B A A
8 717E 590] A4 Fo| Ale] vho] 234l I 7}
a} 5o] fagdel gl MU0 At

3.3 ZXZHAD| HU D=2l 2fel

wApA] Ao] Tz Aot AY AR Fol 105 4
of EX7pxm] Alole] AU WAE RES ABooRE

* CONT, control feed; EXP, experimental feed.

gzl FAMA] A PRE 19% F 115

Ex7} SRIEtHTable 5). 3] Hi_LpLlol AM8-H
Lactococcus lactis= 96.860%% -HE£0g ZEA5}
31, Lactobacillus plantarume 2.72%%2 & HAZ
o} 2%9] Fgo] 99.58%Htt. YA 9% 0.001 ~
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0 11% He2 H2 $2 X5t AA 99.875%= 21
SRIEGIT}. felte] Eart 29 56.590%0] Hls]
*E]%i%ol 99.875%% S7toHe A& Bl o5l Ha
E(Hi_ LpLDPJ 4.5% 712 FW F99+ SX 27T A
£ 2g IS A& giFRo] 7k dixed
3 —E— 171m 9] v E Baxof H|3)] i) Fols B3]
of waEo] ot A it T2 H bE Akl
tZ7FE AEIAE, B Ae] ol shah AY4t
852 7H fAaktol TXV}Z}U] U Bt w2
2 olg A& HH A, olF F, A AU &
B4 YA 5o 4a% Ao W, 4l

0

Of

F

oJst

L_J‘.:

t°1r >i

4. ZE

£ A+ Bolsele} sidolAl B2l Fos R4kt
9l . plantarum MIRE TS90Z} L. /actis MIRE TS95
£ o]8ste] oY 715 T4 GABAE A4lst=
Hlo] 03 H S A Aottt E3E Boisol WEE 6l
(Hi_LpLDol H7He #A71m] 2o At o179 A
A A2 AAAAES =0 x]o] Ao IR u]X]
£ 202 gRlFU o} F94(p<0.05) Rttt 105
0] o] £A7IAtm] ZJof A mA¥E-2 Hi_LplLl A3 (7]
Al A fdto]l HERTH(56.590%)° HIs) A¥TS
99.875%= WaE o, off AU &4 7|4 7ol 2t
£ ZAstainh. SetH gyt ol F AbEo] Hlsl Solls
o a0l 4.5% F7H AR A AEEEY 19
9(p£0.05) ROIATE 0|29 Fofisel £ A= 7t
SAI9}F Fo] AP -2 Ao Hlsf YBE H7} Fol
7t AL BRE 7 7hsdS RISk, ofR
AU feldt B 240 FaREE gRlskeit ol
i A ARl Fofsel ARAEY TRt 7S,
85 9 &8-S flote] & Ao HEE AR 7E of
%, 7153 WEsE 5ol 7] Folof tigt ol A7t
Za3% Aoz 7t [10]
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