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Promoting effect of prebiotics on Lactobacillus
Plantarum HH-LP 56 in modulating feline gut

microbiota and the development of synbiotic tablets
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AR (XOS) . /KB (Sta) HAhasA o B & &4 td
& MBI RGN 2L TR L. plantarum (A FRRRE (KL, dE
BENRITR D)  BEMHERME (BKME. ARELILRERTD W
Sl (AERLRLE il P AR R RIMBEETE CRIF #/4 e



TR R R A 22 A i S

IR BN, sATRL RIS A G . SR EIR L plantarum
A FOS A G R PrE s 2R, FOS vl L. plantarum W13
W, JFHEIEEERR TR AE R, 18 1.69 mg/mL, N K
L. plantarum TEAZFL B R HOAAE R 2 70%; RIS, ZAE5
BURBE O B/ B OB BRED 13HI R8I 99%. M
B T A SR, 3 R U o Jp R L TR AR 5 R R B AR o 2H B AT 3k
FrRsEsy, DLH LE K. pH (HARAARM T AR S &N
FEIRBR TR A [ 2L &0 il o S A S B RE R . T Y FOS A
L. plantarum [WHLE T IR IHTENS pH [, JHEFREME 7 E A E
W o NHE— ISR I A A T2 A R i R R, KR
NFSAEAR R, 8 I AR HLAAR S AR 1Y) 26 5 6 B A B AL
SECERSLIGA (n=4) FXTHRA (n=4) , SEEJAEAN 35K, FH—H
9 iE N 3 . S B 4H AR 6 R ZH I ERAAR B AN R AR 5 x 107
CFU/kg W L. plantarum 1 10 mg/kg i) FOS, {E#Ja— KU EE 3%
fEHEAT 165 TRNA WIF, 45 F R LS00 LA 1 e b A ol 1 38 7
IKH J& (Prevotella) , A %5 ¥¢ B J& (Blautia) , A 18 78 7 & J&

(Dubosiella) ZEWIFFEXT LR BRI (P<<0.05)
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PROMOTING EFFECT OF PREBIOTICS ON
LACTOBACILLUS PLANTARUM HH-LP 56 IN
MODULATING FELINE GUT MICROBIOTA AND THE
DEVELOPMENT OF SYNBIOTIC TABLETS

ABSTRACT

As obligate carnivores, cats possess a distinctive gastrointestinal
anatomy characterized by short, wide intestines and an underdeveloped
cecum. This anatomical configuration contributes to the inherent
vulnerability of their digestive system, making them particularly sensitive
to environmental and dietary changes. As a derivative of the new
generation of probiotics, synbiotics combines probiotics and prebiotics in
a reasonable way to achieve a synergistic therapeutic effect, making it an
ideal health supplement for maintaining the stability of the gastrointestinal
tract and improving the health of the body. Therefore, this study aims to
identify the synergistic synbiotic combination for enhancing Gut health
benefits and investigate its impact on the feline intestinal microbiota. The
primary research contents and findings are summarized as follows:
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(1) This study constructed synbiotic formulations by combining
Lactobacillus plantarum HH-LP 56 (L. plantarum) with five prebiotics:
fructooligosaccharides (FOS), inulin (Inu), galactooligosaccharides
(GOS), xylooligosaccharides (XOS), and stachyose (Sta). Synergistic
combinations were ultimately screened through systematic evaluation of
the effects of prebiotics on L. plantarum in terms of physiological
characteristics (growth kinetics, short-chain fatty acid production),
adhesive properties (hydrophobicity, self-aggregation, and co-aggregation
capacity), gastrointestinal tolerance (survival rate in simulated
gastrointestinal fluids), and antibacterial activity (against Escherichia coli
and Staphylococcus aureus). The results demonstrated that the
combination of L. plantarum and FOS exhibited synergistic probiotic
effects. FOS significantly promoted L. plantarum proliferation and
increased short-chain fatty acids (SCFAs) production to 1.69 mg/mL, the
highest level among all groups; the survival rate of L. plantarum in
simulated gastrointestinal fluid was elevated to 70%; meanwhile, the
inhibition rate of this combination against pathogenic bacteria (Escherichia
coli/Staphylococcus aureus) exceeded 99%. An in vitro model of the feline
gastrointestinal tract was constructed. Four common intestinal strains were
selected and each co-cultured with different synbiotics. The growth curves
of bacteria, pH values and the final lactic acid content were used as the

main indicators to evaluate the effects of different combinations on the
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intestinal flora and microenvironment. The combination of FOS and L.
plantarum can maintain a low pH value in the intestinal tract and
selectively inhibit harmful intestinal flora. To further verify the regulatory
effect of this synbiotic combination on the intestinal flora of cats, it was
added to the diet of adult healthy pet cats. Eight adult American Shorthair
cats with similar body weights were selected and randomly divided into an
experimental group (n =4) and a control group (n = 4). The experimental
period was 35 days, with the first week being an adaptation period. The
experimental group was given an additional 5x107 CFU/kg of L. plantarum
and 10 mg/kg of FOS on the basis of the control group's basic diet. Fresh
feces were collected on the last day for 16s rRNA sequencing. The results
showed that the abundance of beneficial bacteria such as Prevotella,
Blautia, and Dubosiella in the intestinal flora of the experimental group
cats was significantly higher than that of the control group (P < 0.05).

(2) Feline synbiotic tablets are prepared via a wet granulation method.
The primary ingredients consist of synbiotics, defatted goat milk powder,
and chicken liver powder, supplemented with five distinct excipients: corn
starch, maltodextrin, dicalcium phosphate, magnesium stearate, and talc.
The quality of the tablets was evaluated based on appearance, hardness,
friability, and palatability. Single-factor experiments were conducted to
investigate the effects of different formulations on product quality,
followed by Plackett-Burman and Box-Behnken response surface designs

VI
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to optimize the formulation parameters. Results demonstrated that the
optimal formulation comprised: defatted sheep's milk powder (20%),
synbiotics (2.4%), chicken liver powder (55%), corn starch (10.9%),
dicalcium phosphate (5.5%), talc (1%), maltodextrin (4.4%), and
magnesium stearate (0.8%).

In conclusion, FOS promoted the proliferation and metabolism of L.
plantarum, selectively inhibited the growth and colonization of harmful
bacteria, and increased the abundance of beneficial microbes, thereby
alleviating  microbial  dysbiosis and  maintaining intestinal
microenvironment homeostasis. The prepared synbiotic sheep milk tablets
demonstrated high quality and excellent palatability. This study provides
experimental evidence for the development and application of L.

plantarum and FOS in pet food formulations.

KEY WORDS: Feline, intestinal microbiota, Synbiotics, Lactobacillus

Plantarum, fructooligosaccharides, Box Behnken
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A 2SR R G AT LR 1 Bl R T A L 1 5 GeE BE E  ARR AE FH RA REE RS 9 T
TR KR, 64n (mAERSRAETNESHIFD KEEx CKF
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11155 o A5 fiy v 0 D8 35 T P 2 2B D e AP DR S T AT P AR IR SR, XL 1B
T8 ARG 2 1 R B A

Wi i b A Z AR, JLHRZ ZREERE N, GRS
BALE . REB. ERAM A RN S, HEEHERR
(Firmicutes) . J{ %k 7T (Actinobacteria) . ik #F ]
(Bacteroidetes) . ZAFJE B[] (Proteobacteria) 2541 [0, X L& fif 1 #% i
B O L Th Bk HAN4E R 75 E B Firmicutes 1E NBR KL & WA 3 )
%, FRIEEA4E R MR (SCFAs) , SCFAs fE31¥) 71
FESH5ERVFNRBFRE, S5 R o4 040 i T 5
OB AR AR R, 7R RR e O R 5 R ¥ 6 =B AE AU
Bacteroidetes H UK % )& (Bacteroides) & EHIKIKHJR (Prevotella)
A T AR B, A R R R e R A K 0,
Actinobacteria LA AT (Bifidobacterium) NARF A, Wi #0E %
935 1R 1 0 % H ) ok BE JORE e M LTOT; T Proteobacteria /E N BERR A B “HE W
x”, HWH REIHE, MR %RKEJE (Escherichia) « EH KK JE
(Shigella) MY ITIKE B (Salmonella) i FEWHE, F1EtrEE LK

fiis, WIREVE R IE R AE,

122 IpEER SRR
i3 P R I 2 SN 4 R AR
(1) HHRAH RS

R TE 1R BT e I AR S T T B I AR, R 51 R T R R AR
A, a0 s AR T AT DL A il TE R SR AR R B AR 4E 5 4E SCFAs (g
M. TR WE , Nl bR gt F 2 ae &, (2 b R g i 1 5
Ak BEARGE AR T, X 4 KR RS S b B 4 P 5 e R i 3 1 5 A R
B2 B TE R BEE A AR S RT DU I R R, 4 A B
R e ERARE, 23 5WRERE RS, wmE RS

(2) BRI 4%
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Jo 38 TR R A T RE S BUBAK L R L IS AR SR Ak 1) e . 3B T
FERATE S DL ML 2 5 00m R E R g A Z I, Firmicutes 5
Bacteroidetes FUAH 3 # T s ml 1Y 9 58 5 55 HORCR B JIE JE 28 1) SR B ok
RS ST o BRSO AL RAEAE S R R AR E SR, R
SE O DA R A 0 2 B RS, TR ) A A SR ) A g A T R A
PSR, 18 25 T8 A W T I R AT 2 L S R B R e % R 4T I AT

BB RS A B4R R, DR JRE P s O B HERR T, MR i R T,
o T8 TR 1R A 7 3 o I AR R N KRN, 5 W A £ 34 J5 Y 5 R A
R e R g R, AL S S W R AT D S B S N R
PIAH G o 8 2 28 T A0 2 A2 o0 5% T 0T BOR DAL i 38 o A2 W0 1) A ke, 32t
T MEANAAEIR , N — ARV EAL R e 77 [ 1S 101, XL fF s da R 1

B T A R R ACH . R RGN A 2 T = 2K B I R W T
FEIIAE LA

(3) 520 i vl A R R B DX 3R

EWHZZMEE, BFE G, 8. REEERENLE S
Wi o PRE T, ARG £ 25 4T & Rl O 2 i B R . SCFAs JKAF-
1 5 B B e 1 RN 4 0 R Fa B 58 15 5 5 SO ME s 100 7 28 A R g 1200,
PUPEVE B T (22 P 0l o B AR AR R 2 R R . AR R & T R R Y, DAk
T pIE N SCFAs A BP0 i g 7 £ 47 0t o 348 Jin BB 182 23
P 35 AR B B AR K, T TE AR TP IR T IR K AR M 1 I AR L R T
F ARSI AR AR AR 2 fE R SRR T, SRS W R R R R
GRE R, WA R ZI SRS SRS R, ZERETE
UL B AR 9K 1# )8 (Desulfovibrio) W i% S B W40 i 7 W5 £ 1) TNF-a,
TNF-o S FRULERE Q28 M I E ) b R D aelts, FRIK T A
FIRE, TR A A E A e The, B0 b 0 e it i 2 8 e AN
AR S 2400 ) AR v 1 N T o R0 U AT e R i S R R 7 AR T LE I LT
SO, NG T BHIE N A SMAEM ALK, W Bacteroides PR &
(Lactobacillus) , FEAK T Wi AEYI K 2 FEVE, 38 98 £ BUR 3 a0 X8 X
MWW (Clostridioides difficile) WIMGFAIRML T A FI 24, BN T Hi4E R H
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FPEREVS (antibiotic-associated diarrhea, AAD) ZE 5 I R A2 XU 1257,
1.3 B T AEME B ThaE Rk

2019 45 [ b o 2E T A0 2 2B o B P 2 8 S 2B e O TR ERUE
Wy e A R P B R A W RN R A BT IR A D hE PR A R A Ak 260
wET N B G A Ts M EE S A, WK -1 Pron. EAMVESE
TG T AE B It R 0 g T A 4 i A B B A TR AT 23 A TR A
11 PP [7] 2R 5 25 2 Fig 3 1 ol 26 0 R A L e 38 P R P ) Je A 4L e 1) TR 5 D %
A2 ) R0 T DA o P R 1 O LA, S I T R B T RE AL T

Complementary Synergistic —» Required
g:. == Might occur
¥ l ¥ 1 l ¥
~N ™~ N £ N

P
Prebiotic ‘ ( Probiotic | Live microorganism Substrate
Targets autochthonous g Chosen for health Chosen to be selectively utilized by
beneficial microorganisms/ benefit ) Selective | co-administered live microorganisms
h l ’ utilization T

— *

/ AR AN / Al A AN

“ﬁ\w:\\‘}} — Health benefit Health benefit | <-------ooooooooomooooe oo “ﬁ\»i\“‘;a}

RS EEEEEEE
Autochthonous microbiota Autochthonous microbiota

B 1-1. &4 7 2R R AL (26

Figure 1-1. The classification and mechanisms of sybiotics!?°!

1.3.1 EF AT E R & S AL

A B RO 2 LR R P A2 (FAO/WHO) ¥ 2 A 1 8 X
NVERIAEYD, SRR RN R 2 45 1 N R AR R A AL IR L A
"W H Lactobacillus. Bifidobacterium ¥ £ J& (Saccharomyces)
290, i AT SE o T e B T RE . AR BRI E YL O 3 R R A T 40
s S E M S AR R AEMEHBY, L plantarum 2 —F ] 2 ETH
SR L IRBH MR B, AT R M IR e i T ALk i b, b= 2R s AR
HARW =Y (AR, 8RS /e B EM THREMEDEI. 5
BB, L. plantarum TEN %A TR R BT Z ), QHFE®RR. &
I mSBE R m e R0 XSO L. plantarum BN YES
TV 1 TE A R IR D AR RO ) T T B B T AR A
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CL) Ao B o, 3 1 BT R 45 4

L. plantarum %5 =% [PV 0% 08 5 5522 [P B0 B 305 #0012
W23, HAME G PEI KN E BB L. plantarum (R . B R EALAN
B A SR R BN . L plantarum W CABH W J5 B 6 B il b Rz 4n
R AR G, [R] B 7E AR K IR I AR v 5 0 JR TR SE A B IR, LA ) SR
OGP A IE A . Bh A, FAREE S FLER - 40 B 3R SR S nT DU B g 1
ZIEMMEXR, fPrmEmEsSie. KEANTFLKIN L plantarum
CCFMS8661 A LAt A5 7= 8 & KT % (Enterotoxigenic Escherichia coli)
it i B RGBS, RSN T AR B (Alistipes)  Blautia. B
2 KW JE (Adkkermansia) MZP KEJE (Roseburia) WIFJL, HEM T
— BB R AWt Proteobacteria R E. coli WIAHN F BEBST, 6] 38 AT LR
THE N SCFAs WKL, A MK pH H S &K FEDOL,

(2) T

L. plantarum W] LOIE 5 i 8 &R, AT o635 i 3 f 2 ) 5 v H
SRR, B IR SRE R A BT, R DASG 3R T 40 M 3 00 S A, Jdad
BN P2 AR R R AR M IR 7 5 Thl A1 Th2 2 (A1 R0-F 4, 42 0 b SR AE IR
f-a (TNF-a) « E#HBEANE-1p (IL-1B) « EHENK-6 (IL-6) , HH
P10 (TL-10) « AT F-12 (TL-12) . AN FK-2 (IL-2) A
FHFK-y (OFN-y) F/=4B8, Horp 1L-6 n[ g3t B k4 i 5. o fbfi
%3 Ig 77, HE 8 MO LR AR S . TL-2 iR 2 Bl I BOE 1)
TAHM ™ A2, L T bk EL 40 B A7 0% ATV A T vk U 20 it 84 4 17 G B 4 P R 7,
A DL s AL AR 1) 40 A A g2 39-410

(3) ‘=PRI AE

£ BTN, MRS A RSN B dr g, AT & s A
Witii. L. plantarum 7] CLAEE & LT A Hh B 48 e H koo 48040 P i v 1
[ I B AR IMLYS 8 8 (MDA) B &, fest st fbae 10 2l A%
YERW, L. plantarum & PERCGRI, 25 BEH BT BLA 2% R g g A9
I 2872, AR TR PR, A RAm ) B d
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(4) FFAKHH [E i

1L 375 o E ] B o o v M . e O R . B K S AR AR AL A — R B0 i
. B4 TAME (Lactic acid bacteria, LAB) AR I i 1 H
[ B ) — Se HL], Bl LAB FRAR T 245 A ISR (0 S e R, 48 b 1 R ]
5 RGN ILUTIE: LAB 40 f i 5 0 [ B 4t 45 & 15 46, 3Rk
fift i (BSH) 8 A0 JIH £ Mg B U470, 7= W J 4 T oy I A 2 A 1K Ifm 2 R [+ e 7K ST

[48]

(5) HAthas A The

b Lk I IhEE SN, L. plantarum & BB HMRE . HiEME. RIP
. CEARNERE. SNSRI,

1.3.2 sE T EENE

2016 4F 12 A, [H Br i A2 08 A0 28 AR o R B 20 28 2R o0 8 SO — ik
T8 A P ade B PR ) O I T R A A R A 13T HL AT DL S gk 5 4 e o
W A — R B UM A B AR, AT S T A R R A A Y 0T
HE &y o AR TR R AL JRE IR SRR, I B el R R R O s B AR K. AR
AT A TR B 0 K 7= 0 o 4 i b e WA R O T Ok BRI . B
JCRWATE LA R AR B R, S SR m R T SR R AR IR, B
) J5R 40 BRI KK I i 3k B2 0550 B 70 o 22 1A 28 A2 0 R K A & W0 B4 FE FOS.
Inu. GOS. XOS. Sta%§. i1 GOS & —Fp# H R A o, il LK g
RAF, TE75 ER N 2 ¥ Firmicutes 1 Bacteroidetes F4 K. FOS R H#E
B W R B WRof, BRI ORE [ OEE K P, JF BB Lactobacillus
Bifidobacterium F1"EK; Inu fES5 M 8% Bifidobacterium 77 fif Ja, 1T A RK
SCFAs, [MfkfpiE pH {H, 35887 &5 40 i a2 AR F kb 980 & R s 1
GOS I 38 3k 38 Jom 7y 38 605 Jo W e e J o e L AN T 52 i R, ) 2 B T A T
WA E . XOS R H e (B RR PR T T v N, L i 1 i R B R ) 41K
i DU RRrE . BUEL . B0 G g )RR R 5 20 B AR 15681,

1.3.3 & xthREERRHFERRE
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Aol AW 5 AT P AR, SEBLX R R R 1 2 4 R
2, HAZ O HLER A 2 N BLR LA

C1) 158 20 4 B 1O A7 00 5 € i

i 2B 70 ) DARE I o AR TR TN 32 77, 3 B LR DT B RATHT 5 E, $E
e B I i 8 T R B PO BRI Ah, 38 AT DA e ok A A 0 T A e A A
A7 G R RCI A

(2) ek A T 1 A2 R AC

fo AR TR LE 5 IR B b i AR T R T R I (B T, A AR DT AT B
TERREBRE TR, N E W AEKIRACE F2 3R . BHFCIEH, Inulin A
FOS ] LI 3Bl T B FLAT 5 (Lactobacillus paracasei) F 5250 AT
(Lactobacillus rhamnosus) WK, 4, GOS #AL# L. plantarum
BIOTECH 1074 A K [E I, 38 7] LAKG hn HACE ™ 4 SCFAs 1y & & 07

(3) Mhngim e, 9 18w RS

o A G B3 9 25 AE R I PR RS, A L v T ke P R R
XX By 5] 4 B G R0 T M 0 A B I 2R, 3R A AR B Y S Y
I, R B R AR, 7E Zhang 25 NRIRTF ST, S SOBCFF B LR
AE A BL-99 F1 FOS AT LAYG N Blautia K1 Clostridium WX, RN & 3%
B&A% Alistipes 1 Bacteroides WIAAXTFJE, XML T SCFAs 1R
A, 5 5-HT 8 B& AH 5 5 D] (1) 3 3 R I 3 48 hE Bl B0 3 759 %5 U0 AH 5%

[64],

(4) H- A bl R D fE

Btz Ah, kR TT LU I L R A ThAE, ST R MR, &
5 L ML B 10360 7 255165 601,

— 2R EAF ERAMNE R T AL RE, EoAHBEAA
ENNI (VSRR )7 R Y LR S EE v



o N 2 T e A 'S

1.4 S TAEEYIEER RPN
1.4.1 BYEE TR~ MBI SRR &

ThREVE T2 it AR T REVE AR, R R i, RIRAEILR Y B
ity ARSI — b B U AR AT AN B A s A RO 5T, AT T4 A0 58 3 sh e IR A
gy, MUREYINLARVE R HER fr Itk R AT, ok, i e R A
NZ AR R, T BRI R AR TR L 78 AR 70 A B AR TSR U W R R B HE N
OSIR Y RE B L AP . DU AL 1t A i TE PR e ThRE . JRT,  BIAT i
I AL B A FE B it N 2, il e s S5 AR o 2B 7 PR S50 ol A= 0 ) 571
RIPTEE SR IR Bk ot fE oy — R R E R AR, e . iR
B TG AREEHESE - R, I TR AR S ad il “Ja
AT Oy RAEEE R, TR R RN TR A B R AT o

1.4.2 JREFIRFARME

ER:IEaIE v 5% Ne S8 TN i Reralb e BTl AT PN/ SR SN ST P Sl AP WA
V2 1) IS A0 B O SRR B DR T R 2 O BRI ROR TN T 2y
SE B 28 AR AN 7R, RO BT N T i 2 B R IR AE S
PERI RO ShREVE R ki, e 32 Bl DR & R Sh REVE OB S SRR & K SERE
THWARRIAREAER], RGBT T 48 B0 OBURL AR, Dyt dh . 24 b [ 4 1
AP T2 s 77 0N, R B A RS AMESRML. anthsr. Ik
A AR I S R, IF ELUT DA e R I 28 . B EEAIG . S RISy 4

7] 7L

1.5 BEEHEXREEMRRAR

1.5.1 IREIZHENX

b5 E ARSI SR T, T 9 E S R BESRE I e, A
FEORE R, HHEA SR @R TR IRCR, BT — RPN RETEE
FRAL RGBT A o W i B RR R A B R A L SN 5y 32 BRI, T
BU B WA R AL S B RYER RO R A, RS ) AR H R B SR N
EEX L E @R IR BT R E ' LR ER, B
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B TCEE. oKL 2SR S, AT A AU AR I TE I RS . L
B IR AR . AR H AT Z 56 T& A4 U TE A B BCR B0 R 22 4 M VR AG
WAL, RTEA TR AR, IR T A IR 5 T 1
oo T T B PR A AR RCR A AT, AWK A L. plantarum {E
N4, M FOS. Inu. GOS. XOS Fl Sta Hiifiik &R T L. plantarum
RIBE AR TG, B S AR P s & 00 4 P8 R0 R B0IE I 22 A PR AN 20

1.5.2 EEHRHE

LA A gefil5RIT RO, i R Gk o A - A e R AL, IR
ThREE TEEAT 2 4E UL, HRAHR — SO & A Tc Fiil. 1%HIR B i 2
Vs B RS R, N R RSh i TE e e e B SR AL QR T &

(1) ERCEAToH & R b R sMA AR R GG E

PL L. plantarum YERNEA G E R 5, FOSy Inus. GOS. XOS F
Sta EAMATORSY . AEEA O sl AR B I IR AE KARYIRE 7). RiFHAE . B ipiE
i 52 T AN RE S H K, e H B A B AR W N 1 G AR e S . B R
O 18 J3s (R Ry S R R AN B TE AL . GRH E. colis S. aureus {ERiE T
ﬁ%ﬁ%ﬁ%,%MﬂHE<Mmmmmm@Wm>ﬂﬁ%ﬂﬁﬂﬁ
(Bifidobacterium animalis) VE 18 W B A & B AR, 20l S5EER0E G
BRI AL S gR, DL BRI R R A AE K . pH (EA
B AR = D LR & B VTS AN [R) B 2 O B 3B AOR B3 (0 RE i o gt i 3 I A P i
56, XFFE(EIEIT 165 IRNA 7R IGE A 2E JT A 250 -

(2) MR & Ao Rl e

PAEAETG. E00k . ISR AR, WAk, BERREES . EFEMRE. BK
VR WRRRR BN R, EEEHRL T AR S A AT E A . ORISR
BERE . WERERE. & DVESE PPN TRAR, )R 5 R 36 2% S A [R] T 7 2H vt
SRR, 1T Plackett—Burman A1 Box —Behnken Wi B [ 556 % fic /7 o
JERHAC LU AT S 28 AR AK, o
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£ 28 EYATESAEZE THERIRIMGIE R X i
EE AR

ot A TR RCHE A AR 1) R S A2 RE S i Th Bk B i o e, (EAESLE
L ERGE RS, Rk, BRI S, XA A A
R LR, LU, pdE b — S SR AR S a2 T B R AR R B E A
Thee, 25EFMFERMAEAL, P LRI RO 38 4 (03 72 bR i 95 e B
7 RE A HE ) 2 AR AR IR,

L. plantarus {FN— MR BEFAT B, 47 58 KHA FHIOKAL & P e
J1, FTUARI L4 =05, HEbE. D M L & sl HARK L.
plantarum WARIA AR R BOKAL G YA A%, IXR5E 1 PRI A F 5
ARBHET, 2 A2 TC R A 2 ANEHUIARTE AL IR, 7T LB BIA i IE 4 LAB 4%
A WMEYIFIH . S, PrifamEToRe et L. plantarum AR, IFE
75 AT AR iy FLAE B il P NP0 e J AN B RE T AN 2E

B R 518 ERINUA R A HE VIR B8 EMARSK, SNRRR
BRI TR E R R R, 058 EZ M EEN, &EE
A R R il S A KRR EUR R, AT A KT S TE
FERALIAME SRR, — N RRE B B A AR 2455 W 1) I R e DL R B
PR RRAT (R HEVE IO, TRLAE FHE IR FR 97 rh 25 47 0 i e e 1 A B K EL

AEFE AT MRS B IR 50 0w &0, SRR AT L
plantarum AU R TEE 782 5 15 DL 5 5 W B0W 8 1 BAF R
Fo B SR AR MR AL PR 7T 2 AR oA 225 B B Ak e T LGRS L.
plantarum BYERACUTIFREAT R A SCI8 IR 7C P ik & 25 70 BE 75 068 38 fi & 11 FE 1 1
ANGAA B 3 Bl AE TR 5210

10
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2.2 SKIEMRISNER

2.2.1 LR}

R 2-1 L5

Table 2-1 Experimental reagent

wilE2p

E I

RIEE
%k
R0
IR A
IK IR
IR Hh 22 PR (PBS)
AT B
N TR

JRE
R
AR A
H H A
[ eE G
Pl
FALH
MRS $5 373
TSB #5775
HERUT 2% (MTBE)
TR

LR

=1

Rk =il
25 L REAH
2.5 L JREAREE 7748

AATRRA

FLEZI A A

OMEGA Soil DNA Kit

T rE R ER A IR AW
TR AT AR HATBR 22 7]
T rE R E R AT IR AW
TR AT AR HATBR 24 7]
TR AT AR B BR 2 =]
EDORYE R AR PR 22 7]
AR E R A PR
AEEERE AR B BR 2 =]
AR E R A PR
AEEERE AR B TR 2 =]
AR E R A PR
BB T A AR A AT R A ]
BB T AR AT BR 2
I 25 5 A 2l A R A
[ 255 Bk G A R A 7
H S IEE ARG IR A
T SRR IR 2
[ 255 Bk G A R A 7
I 255 A 2l A R A
T SRR IR 2 A
T S A BARAT IR 7
H S ARG IR AW
T S A BARAT IR 7
e U AE) TRERE T

Omega Bio-Tek

11
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2.2.2 SEIR{NE
* 2-2 SLIRANER
Table 2-2 Experimental equipment
NEELR S Uthss AR
EVALIBUG S i i) 3n UV-3600 BN e /AN
TR AR B OB Z 326k 2 [ A 280 A )
i TIES BJ-2CD RS AR A PR
AR - BT A 7890B-7000D LHACRHH IR A A
AR AL TD5Z g AR O LA PR A A
IR ES O L Thermo Picol7 FEER W R B A ]
HL VIE IR K T4 H-SWX-600BS bR BRI T AR PR A
ST IR IMAG-96P B RBIHEVHEARER AT
96 i B LI HUX NanoMagBio S-96 FEER KRB A A

2.2.3 HE MK

P FA R HH-LP 56 7 2K RAEDRHEA R A 7 5L, 3 OB
(BNCC185341) . Mg R #. #F (BNCC185342) . K W #F ™
(BNCC336655) T F db 5% UL 40 G B A 4 4% R 0F 90 Bt 4 3% €0 1 47 Bk 18
(ATCC6538) M il AEMFARFIRA A,

YR JT R ORISR IS B ottt (HbifES: AD20240823)
e 7 S S = Z AR AP B AR R, DL R SV AR AR 2 5 2 1 kN i ()

o AIRSLIGILAEE T 20 REUFEEEMEEM, HA 10 AFEANIEbsilE, EA]
KB F—F s, XEER N 25205 %, REN4+£05ke, BEETRK S,
I AR SEARAE 1) T B R A O SR T

23 XWHAESDTR
2.3.1 EHRBEK

M-80 °CHIVKFE B ARAFH L. plantarum. E. coli- S. aureus HIHE, f#
MR R ZE 2 MRS A1 TBS VAR [, 37 °CERE R FE, oM o8 78 20 e 14
Bk, AR BUN.

12
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232 HEMRERE

AAMERNE AR A 7 Minekus! 78R B S BT RBEAT, MANR T
NI B E A RS, RS Theysgeur8IFN Linl"1 75 Z x5 B Wl
By BEAT R, BARINER 2-3 P (HARVERRIZ, TR B M ROE R
B, B DA AUGE RE o B T DR B

2R 2-3 MAELALL S i ALK
Table 2-3 Composition of feline simulated gastric fluid (SGF) and feline simulated intestinal fluid

(SIF) in the vitro digestion step of experiment

Components SGF SIF
(mg/ml) pH=2.5 pH=6.5
NaCl 3.98 10.56
KCl1 0.97 0.82
NaHCO; 0.12 2.62
KH;PO4 0.25 6.80
MgCl, 0.04 0.01
CaCly 0.13 0.27
Urea 0.54 0.18
Pepsin 3.20 /
Taurine / 0.71
Taurine-binding bile salt / 0.18
Porcine pancreatin / 2.07
Bile salts / 12.00

2.3.3 EYEME 24 h £k

B LR iE Z X BOHK) L. plantarum #3% MRS Bt B MRS ;75
37 °CIHIZE;F# 24 h, UE A MRS B FFEFHHAFMRERE MR LT (20
g/L) KRB ENE, HALS L PR AER] 5. BEEFEG 1 h ARSI Wt
THI & B AE 600 nm AL FEEEE, UL MRS 557238 A KW L. plantarum 1N
FHMEXS R, ToHEE: 7RI A KA L. plantarum ARAEXTIE, 254 24 h AR K T 26
2.2.4 FE8ERE AR PR 2N E

(1) A f 1)

AT LW (MTBE) EC# 1 mg/mL HIVEARME &, 1 MTBE ik

13
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SR E K 8 MAFEMKE (0.1, 0.2, 0.5. 1. 2. 10, 20. 50 mg/L) BEEEHI &
F AR AE S IR TR

(2) FEfmabE

D 4 BIR K 24 h BRRCE R IR LA 8000 r/min 550 12 min, ZBRIEHT
VEEWCE FIEW, K EIEWOEE 022 um TRALEE g, FRECE AN FIE W
(CFS) ;

2) HL 200 L E4HME FIEWAEAT 2 mL 208N, I 0.2 mL B2 (0.5%
vIv) Y&, WRHE 10 min JEZT;

3) B 500 uL ) MTBE %5, &€ 3 min, OKIEEA 15 min, 7E 12000
r/min. 4 °C N &0 10 min; W EIERE SRR, FFEMAOE-TIE (GC-
MS) A&,

(3) GC-MS 4t &ft

{6 3% . DB-FFAP (30 m*0.25 mm*0.25 pm) , #’<: &<, W& 1.0
mL/min. FHEFEF: 90 °CLEFF 1 min, L 25 °C/min K38 T+ E 100 °C,
20 °C/min FIEEFHRZ 150 °C, f&%F 0.6 min, FFLL 25 °C/min PEEARE
200 °C, fR#F 0.5 min, 15 °C/min KRBT E] 230 °C, fRFF 1 min, (EERFEE
TR (SIMD AT A FE S EAT 20 AT BERE VIR BB 1 A Fr 2 U
FE 43 BIFREFLE 200 °CA1 230 °C.

2.3.5 EMZATERMIEE IAINIE
(1) BRI E

BRI ERRYE Gengl®O%5 NI 7720 ME SGEAT, 4 L. plantarum HEFh
T oA FE & A TCARIE ) MRS 5577 AE 5558 18 h, #RJS7E 4 °CF LA 8000 r/min
B0 12 min, 2 BIEWR, BCERKHUTEME, MAFETLE PBS SRtk
PG, HEFTRIELETCH PBS TN BIRAE 600 nm AbIWR GRS 0.8 + 0.02,
A Ace WEL 3 mL &S 1| mL FRF /MRS, E=ETHE | h#Ea
WUAHS KA B, EBRAA NG EKAER) ODeoo {8, 184 Aw BKEETHER

14
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AR

Ap-A
Cell surface hydrophobicity (%)= [ Z t] x 100% (2-1)
0

(2) HREREINIE

FEMM R LinBI 7k, BRI, B4 mL R IRE]
(HEWH & AEN R , =EMNE Sh)E, ERFFLE FWIEERESE®R (4
1EWRFT) 5 7E 600 nm R ODE, icHN A HEETHE AT :

. Ag-Aq
Auto aggregation (%)=[ N ] x 100% (2-2)
0

(3) HRER I E

LRI T VEARYE HanlPVY55 N )7 7580H7, fMimS 2, ¥ E. coli #1S.
aureus {E. TSB ¥ 72 115 7% 18 h, SRJ57E 4 °CF LA 8000 r/min B5.0» 12 min, 7
2 BIER, BURREBUTEAR, IMASEFETLE PBS SR MG, Ei&
FEAETCR PBS HHR T BRAE 600 nm ARRIIROGIEY 0.8 + 0.02. H4 J5L B = VR A1
W& U L. plantarum ZRAH 2 mL SAFIES), =R TS 5 h, 7£ 600
nm FE OD 1. FLREHEALUT:

Co aggregation ability(%)=[(A+A,)/2-A)|/(A+A,)/2x100% (2-3)

HAdr, AT Ay 73 ARSI I B B L. plantarum £ IPIME ODE, A
MR RIR A 5 B & OD 1H .

2.3.6 BAEMZ ME

W5 L. plantarum TEARSMERN B GETRIAAERSH T Pino™1SLE Iy
%, BAREREMR: $REU L. plantarum SBETEESARFZATCH MRS 85373
It SR, KRR TS 10° CFU/mL. WEL 1 mL #-S5c B 47 SGF
£ 39 °C WI/KiB IR % 1 LA 120 v/min AR EREIGEAG 4 he BEJS, # pH 2
6.5, B EAMKE. ¥ SGF 5 SIF #% 10:3 HILLHRE, FFELMA 1.0 M
NaOH, ¥ pH{EAHER 6.5, BAHUNAHAEFES FIRAEF. B E SR )5 8
B FERRRE IR AL 73 5l W € SGF A SIF H (& B 4

15



TR R R A 22 A i S

2.3.7 HNERS AN E
(1) &g g (CFS)

BHE 1.6 g VUFOR[E 254 0T 100 mL 8B4k g, F 0.22 um FLIEfE
TPERREE, HHEGRE A 16 mg/mL. & L. plantarum 22X EIH)E, HLH
PBS H 2377 ODeoo N 0.5. HX 60 pL #R5 3 mL 354704 2.94 mL TohE
MRS AR 7RIV SR 7% 24 h, .0 (4 °C, 8000 r/min, 12 min) , ZEFREH
DU A BB, B BIEWGEE 0.22 pm RSLELE, 3515 CFS.

(2) ME e/ NMPFIAE (MIC)

BEFRIALARIE /R S, aureus F1 E. coli, T E ODgoo N 0.5, I 96 FLIR
. FHMERZEEHEBELERE CFS, HELXIKEN 8 mg/mL., 7.5
mg/mL. 7 mg/mL, 6.5 mg/mL. 6 mg/mL. 5.5 mg/mL. 5 mg/mL. 4.5 mg/mL.
4mg/mL (BEIRENZATCIRE) TN 96 FLIRT 5F/REH 1: 17RE, 37°CH:
FEFEHEE 16 h, FHEEHR N E MIC.

(3) WIEEARA L (CFUD

CFU SE56 AT DL B W LU B v £5 M T 20 OB A R R B 1 BB R R, SIRB v
WF: FREFRDNEIHN IS B R S AFWE . MRE470 CFS RE LA
B E 2h, KA AR ERIY SR T TSBE 7234, DL L. plantarum
CFS XL, BHJETN 37 cCIEIRGFRF R Rl A, 8555 58 e Pt 2
TR
2.3.8 JE B BERIMETL

I 2.3.2 WA B W iE AR S MER AT R AME L . B 2.08 g mAE T
100 mL % 5 i A B Y84k, G55 5 30 mL I0RE A3 T NI TE AL (ff
3o Ao IR UGN 16 mg/mL)

(1) &4TTAH

P IoHE MRS WAAREFRFE. 60 uL L. plantarum W5 3 mL JHAL5E ) 45
ATEAE (5518 FOS. Inu. GOS. XOS) WREJ5H: 24 h J5H4% CFS il

16
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HITER 237, fERNGHETCERRA.
(2) #ifEd
3 mL 25 AEJCIH AR 3 mL TCRE MRS £ 77 5B A&, (F A A o dl.
(3) #EwA

60 puL L. plantarum B~ 3 mL 725 HIHATE 2.94 mL MRS 455 77 5
7% 24 h JE il 4 CFS Madi A W 5L I6 4 .

(4) i
3 mL 4% HVE AL 3mL MRS AR SR AL iR &, /E xR .

PLEDYH 5> 3 555 7R X BIHE E. coliv S. aureus. L. acidophilus- B.
animalis R 1: 1IRE, EMEEE IR FESERERE TR 24 /M, Brarid e
0. 2. 4. 8. 16+ 24 h BT HUFE, HaIFL ODgoo A1 pH fH HIAE MY, 45 R 15

ARIAF SN AR S &,
2.3.9 Eh¥SEIG 4y eA g1t

FERFEEOR 10 Rk, R IETE i 8UR 1528, FIRE 8
PR BENL o A, FANUAESE, FAEE U 0 B4R 2R H
F, S0 ZH 7 FOARAMB 3 B H AR S RAMNAS N 5%107 CFU/kg L. plantarum
A1 10 mg/kg it ai Ao, Hehl FORGR BV UM AR, e HEE TR, &
A LA AN B A, RAGRRA . S5 RSO, ST, DR EE
Fr . RAEER . 28, HE M. UPREIR. AEEER. SULER. BEREA
B, EA%. |AM. BAH. EA. BRI, S, gER A ZRRIEE.
YE'E R Dsv 4EEFR Biv 454K Boy 4EEE Bey 4EEER B D-IZERES. MHE
. el MR, D-AEMIER. SR, EIRKPUR 2-4 Prox. BAE
IAERE 35 K, ARG 7 RAVIERIAS SORT 28 RSZIGHA, AESLLE R B Ao
HEK . R ANES), Jr W 2-1. & — RIEFHE S 15 min PISCER BT S (5
FEARF] 2 mL — A ISR LR E T, VR EER, S5 5 2-80 °Cfif
7 UL 2% S SR A DR 53 BT

17



LI TR AR 228 S

K 2-4 T W AR HARAL 20

Table 2-4 Chemical composition of basal diets based on dry matter content

Nutrient Content, %
Crude Protein 47.40
Crude Fat 22.05
Crude Ash 7.20
Crude fiber 2.50
Moisture 4.60
Calcium 1.22
Phosphorus 0.93
Taurine 0.20
Water-Soluble Chloride 0.30

H\ Basic Diet

Control group Adjust Stage ‘ Experimental Stage

»

| >
H 0d 7d 35d
experimental group _ san%ling

B 2-1. RHRAU (n=4) MEEEARIERL, SCIQAHM (n=4) FEFERRTADEL EAISNRE 5x107
CFU/kg ff] HH-LP 56 A1 10 mg/kg (] 5% S H
Figure 2-1. Cats in the control group (n=4) were fed a basal diet, whereas those in the
experimental group (n=4) received the basal diet supplemented with 5x107 CFU/kg of HH-LP 56
and 10 mg/kg of FOS

2.3.10 JEFE(FEEE 16s IRNA 47
(1) DNA BHEEUA H A5 B PCR ¥ 3%
K H] OMEGA Soil DNA Kit A7 G2 BUS FE H A ER . 3H1T 0.8%I fE
B LKA T 70 /N FIWT, - R AN e 6 TH XS DNA i T e & . [ IER
51 ¥ 338F (5'-ACTCCTACGGGAGGCAGCA-3") A1 Jz 7] 5] %1 806R (5'-

18
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GGACTACHVGGGTWTCTAAT-3") XF4ii 16s rRNA %[5 V3-V4 X ##4T PCR
W SR NR R 7-bp, T ZEHWF. PCR A EFE 5 uL Sl (5
X) . 5 uL High GC Buffer (5X) . 0.25 uL Q5 high-fidelity DNA polymerase (5
U/uL) + 2 uL (10 mM) dNTPs. 1 pL (10 uM) 1IERAR A 514, 2 pL DNA 4R
F8.75 uL EE4liK . H# PCR RN s BCE 585, /£ PCRAX BT 98 C AL
P 30 s, fERIIR DNA 75078, SREHENY MIER. £ —MEHP, &T
98 °CIRFF 15 s BRI BN, SRERHRZES] 50 °C, fREF30s, 51 5ER
FATIBAK: AE 72 °CIREF 30 s, ESIMTERMR AL, &M DNA, 58— ME
o EEXFERIIEIR 25-27 Ik, E5 1 DNA RBRE R &5, 1£ 72 °C
TR¥F 5 min, (EF=PEMEEE, 4 °CIRAF. G RIAT 2%B IR HEBER Hk,
DIECH B BeAR G - Axygen K a1 Yo 770 & Bl Ul B B9 R Be. AT Quant-iT
PicoGreen dsDNA Assay Kit % PCR *¥J{ERFRAY FiEAT € &, NEIE T
BT T A BT VR BE . B JS R TruSeq Nano DNA LT Library Prep Kit #E47
HE .

D Eh TR EE, R R HRA S H H End Repair Mix 2 ¥ DNA
5" u R B GE DI BR, 3 kA FIRRIE AN ST, FIRSAE 5 smhn b — MR A .

2) £ DNA I 3" sm&dn E—A4> A §83E, DABG Ik DNA AR EE, Rk
fRIE DNA 5 3' g — AR T 5% i 7 82k A& .

3) fEFFH 5 I MR R RE Ik, i DNA 228528 Flow Cell
F.

4) @ PCRY MW 20 F3e2LE) DNA FE, %R)5FH Beckman XP Beads
alifh, PCR A % .

5) @I 2%%5 HE KRR B UK S ST MR 2% 1 P BOR B S5 44k
(2) MR

1) B 1uL 3CFE, fE Agilent Bioanalyzer 73 #14X - F Agilent High Sensitivity
DNA Kit X SCHEA 2100 Jiiker, &A% 0030 RAT 8 — [0, Jodiek.

2) F|F Quant-iT PicoGreen dsDNA Assay Kit 7E Promega Quanti Fluor %7} 3

19



o N 2 T e A 'S

FERATE &, A ISR G IR ERTE 2 aM DL 1.

3) XA MBI SCEE, 7E Illumina NovaSeq #l#% EF|H NovaSeq 6000 SP
Reagent Kit (500 cycles) H#E4T 2x250 bp FX Il T o

(3) WPy Hetie A 22 55 70 #r

D A QUME2 XA A A5 Bt AT o, W51 DADA2 f&ifF
XFPAIBEAT R I . KM PHEMIR SRR ERFHEE LB . X ERRE 7
B% 100% 1) 7 SUARL L REAT VR F, AL AR P 51 ASVs DA =F FERH A%
R ASV R P 21 5 8cdfa e o I 2 25 PP AR EL X, SREEREAS ASV FITXT R K70 2R 5
SR, I R BAIERESAEALE RS D IORKOT 5 e 45 R IR, B
HCEANRIRE AR ) ASV BUFR 73 M7 5 78 45 R 22 57

2) f#H QIME2 I QIME2 AN BAFEA T H LN 2R R, A4
Chaol #6%%. Observed species 164 Shannon &% SimpsonT§%{. {# ] UniFrac
PR RET Beta ZREVEHT, A REA AR MR SRtk
FIAM TN KN (LEfSe) 7, Rrllde 2 7] 2 548 M Kt

2.4 LRGP
2.4.1 EYIATE 24 h £KHhZk

NTEHFL. plantarum A LA 2 AR e Bt AT AR KIS HE, IR I T ik
HEB RN EAE TS, £24 h WA L. plantarum 7E 600 nm &)
W, DUAHE A TR AEKAER

SERE 222 BoR, H5EBIRAL (CK 41D #tL, FFhasAE g L.
plantarum R, 7 /N JEBENSTECEKI, (H Sta 1 &5 A SRR T HoAb Y
FaifEoc. HAFOSES TIMAMRAKIEN, ERBIHER, X5 Wang®)
HENMERAET A . XEFE RN FOS & H— AR il p-1,2 RS 1 =
3ARMESS TR, L. plantarum WIS B-MRIRE FBEH B /K i FOS F%
TBCH RN, Bl S AR v RE SRR DAL A K . Inu [RIRE R AT DA 20 7K AR T HH
JREL ) FRE AR AN OB IS0 871, 8 A ST SRR R e A R AR K B R, AR &
TR T R Xof AN [ 1 S 0 2 T EH A R) 0 Ml e R SE R g, DR R R R & S L
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plantarum W& AETCICHEE . R ALK AR Sta, %A FOS. Inu. GOS.
XOS Vet A= Juidb AT Jm B0tk s 0 o

35
—— Glucose
30F =—--FOS
— |nulin
- - =GOS
2.5  XOS
8 Stachyose
© 20F ——cK
O
@)
15F
TITILITTILLT
TITTTIIITT]
10F
05F
0 5 10 15 20 25
Time,h

2-2. HH-LP 56 £ ANFl i B o I 2 vh i A K il 2k, Bl s - br i 22, n=3
Figure 2-2. Growth curves of HH-LP 56 in media containing different prebiotics, the results were

expressed as the average SD,n =3

2.4.2 3EEERERAES m 2

an A2 B P DL I R I s AR T AR AR EE IR TR S, Hoh R RN T RS
HAEBBEBERL, T REfE. ffi R Eas. £ 2-5 #ik
T L. plantarum FIFIAF A TG E W EREIRITR & &, HAY™ET 2
. W, TR, KR, OR. 3 TR, RKR, SRS ERGZEZ
S, (HLRRE S LSS s . FOS A& EHRm, 218 1.69 mg/mL, Inu 4
Y R T R & B AR Z, 2908 1.57 mg/mL, TR AR B (155
mg/mL) . MHZ T, &N XO0S AR EERIR & &R, X 1.36
mg/mL. L. plantarum /SR SERE ) FH AR FE B4 52 0 17 0 5 g 017 R 1 7 = A
M, R AR TR A LR EE Sy, KA DENARKR. TR
S MOCH IR ZBRREVR 1 B MR B BRI, AR RR I A AR E, (Rt
AR, FRMHGERMERINR, ENmE it fiae s, AT
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HARMKEIEDRE. AL, ZBRWT LUE 58 YR IR I8 A 1R Al 2 1 A
(I Firmicutes WS ARBEWE A LR E T L), TG s fiE i A=
FER Z AR E P2, FOS. Inu 5 L. plantarum W& 0H G 5 % b
XHHRALAREL, AR FERERE TR S B 2, R A oo A o A 11 A B[R] 4 Y AT
HE L AR A TR BE R ARSI S5 R 5 A K 2RIk, K& LR T FOS 2
et L. plantarum S5 ARSI FE B g 7 1 B 1) i (AR o

% 2-5 HH-LP 56 FI| AN R i 2 70 K T 24 /NI J5 1) 38 v wh R B i T IR 1) 75 i
Table 2-5 Short-chain fatty acids in cell-free supernatants of HH-LP 56 after 24 hours of fermentation

with the addition of different carbon sources

Organic acid, mg/L fermentation broth

Glu FOS Inulin GOS XOS

Acetic Acid 1531.59+£3.90¢ 1675.51+4.91° 1561.34+1.71° 1510.16+5.504 1349.72+5.00¢
Propanoic Acid 5.87+0.01° 3.45+0.01° 3.2440.05¢ 3.2440.10¢ 3.06+0.034

Butyric Acid 2.09+0.032 1.7940.02¢ 1.9+0.02° 1.7840.02¢ 1.71£0.014

Valeric Acid 1.29+0.02° 1.11+0.01¢ 1.37+0.012 1.02+0.06¢ 0.96+0.02¢
Hexanoic Acid 1.37+0.01° 1.0840.09¢ 1.47+0.012 0.93+0.024 0.90+0.014
Isobutyric Acid 3.54+0.01° 1.61+0.02¢¢ 1.86+0.03° 1.59+0.03¢ 1.63+0.02¢
Isovaleric Acid 1.57+£0.012 0.99+0.02b 1.04+0.06° 0.93+0.03¢ 0.90+0.006¢

e BARRN A TPIMERE, n=3; ARFRERHABEREZE (P<0.05)
2.4.3 FhiIgE

i AR I IR T i e R s AR RS2 5 1F . AT E 2 — 12
JITHERE,  H AR R R AR S R BRAG A B S B . SRR T A R
Bh & T b e A i 7 TR A G E . R AR — R TE T R A [ B MR AEFR
B A B BRI RE 7T, XA BT AMRERIE K. ERERI RN E T
BOW R IR, XA B TR BOm B RE A e T 50,

LLE T DA AN IR 2 A TG A E— BRI, L. plantarum RO HIHKMES H
RERIIK/N. WE 2-3A PR, Inu 5520 L. plantarum WK S, Wik
3 40%, (A5 FOS A1 GOS ML B#E 2R (P>0.05) . XOS HNEEL
THA=4. Inu HAEKK L. plantarum B RERIEFES T HM=4, XO0S
SRR 1 F SRR RE TG, UEES SR Inu LA RUREE L. plantarum 5
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B _E AR R Y (B 2-3B) .

DUFP 25 TCHE IR0 L. plantarum 5 E. coli M S. aureus IFEIEE T 5y Lh
1E20%0A L (E2-3C, D), A EELEER (P>0.05) , HAEBRZE, 5E
coli MILBETHILMEET S, aureus, VLAPIFN S A4 TTE— EFEE AR M
¥4IN L. plantarum 55 RB3LRENR ), THWRIEHERIE S EH, Tpb
T JE G, BOGTE AR o0 T B0 1 B9 4E F L L2 2 07 T A A . R
Geng 5 NBORaE e rp,  [RIRE R DN Inu [RIFEGRRE 1 8B FLAF 8 VLS FISiK P

RERET), BRbz AbEIg R T 5 RS TR LR ERE T

A s B s
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C D 35
25F a a
a 3 30 a
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§" SISt
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o
5 o
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FOS Inulin GOS XO0s FOS Inulin GOS XO0S

K 2-3. HH-LP 56 /£ & AR @i 2L o ek th AR IR RE DRI (AD Bk (B) HE
B SEWmOMERE (O MRBHE (D) MILRERRT: BlERm AT br ikl
%, n=3; ARTEFRHAEZEREE (P<0.05)

Figure 2-3. The adhesion ability of HH-LP 56 grown in culture media containing different
prebiotics (A) Hydrophobicity; (B) Auto-aggregation; Co-aggregation capacity with (C)
Staphylococcus aureus and (D) Escherichia coli; the results were expressed as the average SD, n =
3; different letters denote statistically significant differences (P < 0.05)

24.4 BipEmW=H
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ot A TR A A5 0] AT 52 B 3 A AR o PR 85, B CR A7 B il i L e A i A
TEFM AT . 28 AR WL B R 75 2o K pHL ARVEEE. BEAN 736 i
Ay ix Lo Pk kP, I I A S AR 52 1 S 56 T FLAE A i A R AR R
Dol tnil 2-4 Frow, CADYMASIR 25 42 70 A BRIEAE ) L. plantarum {EE piEd
HIAFIE Rk 70%LL E, HIURaA o G R E M ZE R, KR DN %2

B I, RIhBA, BA RIFNZ . B50RY L. plantarum
BRI R T AN 2 0, X SE i Ah 2 ETE — B FRE LR 3 AR B 2
et PR AR 1 45 T 700 DR HE D0 i3 P DO P 25 A TG 39 mT DM BE L. plantarum T
fsh 20, SEOUR A TR R R 22 R R

>
w

100

oo
=
T

Surival Rate in SGF(%)
2 2

Suivival Rate in SIF(%)

[*3
=
T

FOS Inulin GOS XO0S FOS Inulin GOS XO0S

K 2-4. A Az 2E e TR HH — LP 56 FEARAI B ARSI P I AF S 2, Bdi Ron o T2
pRdEZE, n=3; ARTEERRARZEREE (P<0.05)
Figure 2-4. Survival Rates of HH-LP 56 Cultivated on different Prebiotics in SGF and SIF. The
results were expressed as the average SD, n = 3; different letters denote statistically significant

differences (P < 0.05)

2.4.5 CFS B A M

RYE CFS XA MIC SEER 1Pl (X 2-6) , FOS. Inu &4 TC4HXT E.
coli T S. aureus FIFNHI ROER B AT, WEN 3.5 mg/mL B 0] LA S. aureus, 3.25
mg/mL W 7] LU E. coli, XOS MG 2. WFEETTHEX E. coli
e d5e /N AR B2 B A T S, aureus o
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% 2-6 H/MIE S (mg/mL)

Table 2-6 MIC (mg/mL)

L. plantarum 56

Materials
+FOS +Inulin +GOS +XOS
S. aureus 3.50 3.50 3.75 4.00
E. coli 3.25 3.25 3.50 3.75

CFU S50k W] (|8 2-5) , 1 4 mg/mL FIAHFEIREE N, DURE4E70 CFS 3
ARFEWTEHBR . WRHARTEAETTHINN L. plantarum CFS, HX| S.
aureus~ E. coli IHIZAIHIN 91.1%. 91.2%. AL, MFEWKE F&4EC
CFS fIPT B s K KIR T, Hoh FOS AL, plantarum HINE &=, X E. coli
S, aureus BI7E 99% LA F, 1 XOS HAHHAK . X LLLEFE MIC 250 245 R AH [ .

BRI L. plantarum 5 FOS [F12H £ 23 Yok /b Hi S35 B i 11 26 40 M5 11 71
i, RS RE I I A O A R, DURR A P T e 2 K
WA CPHMER, L. plantarum 5 FOS A& 1& A 08 A B AK 1 MIC {E
BERME R, LS MAEREBAM, &4E R T i R3mE8UR .
X A% Nico G5 NBAE, M 1A L. plantarum 5 GOS HI&4 04 &
XPUEELINE (Vibrio cholerae)  RIWEIMIEINE (Vibrio parahaemolyticus)
WG 4E IRINE (Vibrio harveyi) W, T8 Js 40 I P35 DK T Bf 25 AR B R B A 4100 B4
.
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A L. plantarum 56

+FOS +Inulin +GOS +XO0S Control Blank

E. coli

S. aureus |

Survival Rate (%)
-
?

<
¢

d

B ool=

0.
FoOs Inulin GOS X0OS  Control C

FOS Inulin GOS X08  Control

B 2-5. ARG AR T CFS 5 Rl TRRI <6 2 €03 6 BR TR TR R B B 97 2 /DI T, IAi T35
PR B3RS T AR 5 X RRZLA] HH-LP 56 1f] CFS 408, ¥ FARIEATTREE: (A
HFERE PR G AT HE R A SR (B) KBTEAEE; (O SO
BIEREAFE R BIER RN PR ERZ, n=3; NRAFREORAMZEREE (P<
0.05)

Figure 2-5. Plate images were obtained after co-culturing different synbiotic CFS with Escherichia
coli and Staphylococcus aureus bacterial suspensions for 2 hours, followed byspreading on agar
plates; the control group was treated with the CFS of HH-LP 56 alone, while the blank group
received no treatment; (A) CFU experiments of different synbiotic groups at the same
concentration; (B) Survival rates of Escherichia coli; (C) Survival rates of Staphylococcus aureus,
the results were expressed as the average SD, n = 3; different letters denote statistically significant

differences (P < 0.05)
2.4.6 T B BHEEFIMET

NTHENAmR s Te. md R SETON I IE AR, B U
T8 RN LR AR NSRS AR B W R, AT A E RS, Bh A

B R A KR . pH. FLER &AL, 2 i W mT R 20 e A 5
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& IR o

(1) KT ofi A0 42 B €03 ) BR B

nFE 2-6, PURNEATCHT E. coli M1 S, aureus SITCAMEINE L, (E LR
KT Hi %M. MPIRhZk 2-6 A2, B2 [ LA, L. plantarum BIREEA PG
YR, HME AR TR TEETTHE. P FOS. Inu. GOS 5 L.
plantarum WIEHE A G REA AN BORE AL, JFHr8: 24 h, XOS 5 L.
plantarum A1ER;FE 8 h JGEWREU ETHEH, MEMCRA %, 2840 mRA
CUMEHE L. plantarum WIAEKFRY, (HE. coli 5 S. aureus [FIFEFIH 25 4 70

BEATAE, PrblasEoc 5 i A E B A G 2

A 1 04 A2 —=—TFOS+LP
T g C=0 —o = nulin+l.P
020F . Gos-Lp
—v—=XOS+LP
——LP
03
;" % 0.15 S
g » S -
02k ; —e— [nulin =)
- T —4—=G0S
; —v—X0S§ 0.10 F
——CK
0.1F —
0.05 L
0 5 10 15 20 25 0 5 10 15 20 25
Time,h Time,h
0.4
Bl B2 "=
Py — —® —Inulin+LP
04} I . —+— GOS-LP
—v—=XO0S-LP
TS -——— = 03F " b
s 0.3 =
= Z
g —a—FO0S g 0.2
2 —@& — [nulin
0. —a—(G0os
—v=X0S
——CK 0.1 F
0.1}
0 5 10 15 20 25 0 5 10 15 20 25

Time, h Time,h

K 2-6. (A) Kt (B) st aEKEAEA Rz AT (1D MEEse (20 M

FRIEFIETR 24 /N IS M2 BARRA TR HERZ, n=3

Figure 2-6. The dynamic curves of (A) Escherichia coli and (B) Staphylococcus aureus after being

cultured in different prebiotic (1) and synbiotic (2) digestion fluid media for 24 h; the results were

expressed as the average SD, n =3

Kl 2-7 72 E. coli M1 S. aureus TERHLE LIS FEH pH BB T E.
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coli R S. aureus N [FIFEERIH 25 £ 0K, B B[R] SAHE K B pH B 2 %
HEBIZ, FHHBENEETCKER E. coli KR THEMEH, 2 pH FE/~E
FEHIE T REINEAL, U E. coli FIFIRAE L AETE LI, 1M S. aureus F|
M Inu. GOS. ARBEFIREE IR T HIEHE. &40 CFS Mzl CFS Hili T
ezt L. plantarum K%, FrCLigss pH 8K, HER XOS &4 oMt A H
ZH pH BE A NEESh, AR NEEIEAMIE, wIRe R 7 BUR M A KI5 .

A 16-8 M —=—FOS A2 491 e FOSILP
6.6 | —® —Inulin 4.8} —* — [nulinn+LP
—a—GOS —a— GOSHLP
64r —¥—XOS 4.7} —v—XOS+LP
62 b e (K 2 ——LP
4.6 S
6.0
Tz T a5t
~ssl S
seb 4.4}
s4f il
52t 4.2
50k 4.1
0 5 10 15 20 25 0 5 10 15 20 25
Time,h Time,h
50
B 1 —=—FOS B2 49 —s=—FOS+LP
: —® =Inulin —& —Inulin I L.P
6.5F 4 ——GOS 481 —+—GOS
—v—X0S 4.7 —v—X0S
6 ——LP
6.0 F = ’
E T 45
4.4
551 43
4.2
so0l 41F
1 4.0
0 5 10 15 20 25 0 5 10 15 20 25
Time,h Time,h

K 2-7. (A KIphriEm (B) e Wi BRF ARG AT (1D Madn (2) HLBHE:
FrILPIETE 24 /NI pH 2K, Bl Lo N FIbRE R 2, n=3
Figure 2-7. The pH changes during 24 h cultivation of (A) Escherichia coli and (B)
Staphylococcus aureus in different prebiotic (1) and synbiotic (2) digestion fluid culture media

were monitored; the results were expressed as the average SD, n =3

K 2-8 WA BESS RS FLBKT, W LLE W E. coli M1 S. aureus t 7] LA HITH
WG s TT AR . o DUR a8 A oI sR T E. coli PR RLIRIIRE ST THIAS
T S aureus, FOS WJFLIR/KFS5HIE ALY, HARb 7 H ™ AR KK
o GATGHARER G EE TR0, HARAWEAM L. plantarum 4
AR E

1:u>

nH

= 8 &
B HX

o
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AZ 30
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o -
= n
T

w
T

0
FOS Inulin GOS XO0s CK FOS+LP Inulin+LP GOS+LP XOS+LP LP

B1 [ B2

[~
un
T

Concentration,um

0
FOS Inluin GOS XO0s CK FOS+LP Inulin+LP GOS+LP XOS+LP  LP

K 2-8. (A) Kt (B) st aEKE AR Rz AT (1D MEEse (20 M
FRFEPREIR 24 NN JEIALIR & 8 BURROR PR HE 22, n=3; AFRTRERIRALR %
RRE (P<0.05
Figure 2-8. The lactic acid levels of (A) Escherichia coli and (B) Staphylococcus aureus following
24-h cultivation in different prebiotic (1) and synbiotic (2) digestive fluid culture media; the
results were expressed as the average SD, n = 3; different letters denote statistically significant

differences (P < 0.05)
(2) WETRFLAT B A Bh X ST

L. acidophilus F1 B. animalis e Wi fpia & WA s w . & 2-9 pros, PUFh
A TCE T MR IF I A 2 WA H - X8 T L. acidophilus, VUFh a5 A8 76 #2644
YL # & f, FOS X B. animalis (34K MRTEATCREN
T 2 B R A, DAALRREERR A R (Nisin) Joxt BHEAT4R Y, Nisin &
BH LRI BT TR, 6 K 22 B0 22 IR BA P B A AR BRI B0 4 D000, T
A 2-9A2, B2 H &, Nisin JUP58 240 1A mm R4, mmlds&4 o
CFS X1 28 W A dIE R A &, ok FOS. XOS 5 L. plantarum &4 64
E X L. acidophilus WK LVTFEE#M, FOS. Inu. XOS 5 L. plantarum &
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EICH AN B, animalis ICHHITE .
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K 2-9.

(A) FERRFLFTHEA (B) ShWIUEAT AR ETT (1) M (2) M
FRIEHET TR 24 NSNS LS BARRRS N T B HE R Z, n=3

Figure 2-9. The dynamic curves of (A) Lactobacillus acidophilus and (B) Bifidobacterium

animalis after being cultured in different prebiotic (1) and synbiotic (2) digestion fluidmedia for

24 h; the results were expressed as the average SD, n =3

B 2-10 2RI F VA= 55 75 B FIA 25 B 1Y pH 84k, FTLLE &3 4E o4 pH
TRERZE, UMM AR BT AR TR AL S I &R T iR . 5 E. coli FI S,
aureus NI, HEHETTHILEEFRN L. acidophilus M B. animalis {1 R K pH
I TR, X 4R IE N pH (H A F.
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K 2-10. (AD FEERFLITIAT (B) ShMBATRAEANRmATT (1) MEATT (2) Hil
BrgrdErh 3% 24 /NI pH #I 2L B Rom P EbRHER 2, n=3
Figure 2-10. The pH changes during 24 h cultivation of (A) Lactobacillus acidophilus and (B)
Bifidobacterium animalis in different prebiotic (1) and synbiotic (2) digestion fluid culture media

were monitored; the results were expressed as the average SD, n =3

Kl 2-11 iR KA REARE R, 5 E coli 5 S. aureus AL, L.
acidophilus M B. animalis V] UL 4 BRI WAL fE B s A2 o= AR LR, (HE Ao
BRI PAT R B . Nisin 2] T s IR, BBl pH FREIFA
w3, ARKTEERREK.

TEARSMESL, FOS M L. plantarum W&EATGRI T i TR,
A R T BUR W AR, T EH A B E A S AR R . (AR
[, RN 2 B A0S PR, 3R B AR B 7 TH A TS E RS B
Han 25 NUOE I Weissella sp. SNUL2 7E 11 1 30 & (AT 42 T, % L.
plantarum. THEWANE . TRIAMEFLTMHER . FFE Zhang! A& Sh
AE R BIGIE T L. plantarum REXSINIGTE P9 XS B 45A R A FE, 40
HE. coli. EWRESEERMEK . FOSM L. plantarum K &8 BN
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AFLIR & B IESE TIX—Rk. SmAmEMamAdndmtt, G404l pHE
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TR A A8 g R AR R FE P AT R B IR A6 R i TR AN T P I3 pHL 1R
PR8N F T- B0 B IR AR, (ER AR PR B i R 1) 3 A B E RE A . 4% L4
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ZrEE (P<0.05)

Figure 2-11. The lactic acid levels of (A) Lactobacillus acidophilus and (B) Bifidobacterium
animalis following 24 h cultivation in different prebiotic (1) and synbiotic (2) digestive fluid
culture media; the results were expressed as the average SD, n = 3; different letters denote

statistically significant differences (P < 0.05)

247 EEREDRES
T ATV AR I o 2860, {7 Chaol F1 Observed species K
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FAEEFE R, H T Shannon M Simpson 18HRELZFEME. Observed species
PR T SERBRIN B PR, T Chaol TEEUUAS THALIN B (¥ 43S B oo (i B & 1%,
Shannon F5#x Mt 7 B AL FEVE, 1T Simpson FEAUNE R T BERE A MR IOL 4
04, X EEFR AL AR OEAT BCE AN, AT T IR AR B — e hr i) [ A R BR P, A
YRR SE AR AL T R . W 2-12 (A L (B) XA EEE
RIS, SAETCHM AR S R T XA (P<0.05) o RIERAE
Y% ZREVER) Simpson FE%M! Shannon 83U R /R &2 18 (02 BAE S T2 EAS
2% (P>0.05) . Beta ZIEIEZIRUTEREIRE R AN FIRER 2 18], YFhd]
JSCHR A S5 P S A PR B s 2 P B s, DG B P O A B ) 22 R D0, A
B 2-13 (A) 1 PCoA WrR, FFARRISLLGZH 500 HRZHL (] (K AL MR A 2
HZER (P=0.764) .

Groups
B
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2-12. (A) TAEYETE R observed species $820;  (B) UAEW VA M Chao f5
B (C) WAEYREEN Simpson 182 (D) WMAEMETE K Shannon $5%; A N
XA, B NSEIA, BRI TFEbRMERZ, n=4
Figure 2-12. (A) The observed species of the microbial community of the microbial
community; (B) Chao index of the microbial community; (C)Simpson index of the microbial
community; (D)Shannon index of the microbial community; A represents the control group, and B

represents the experimental groups; the results were expressed as the average SD, n = 4

33



TR R R A 22 A i S

: B
g_ Merdicola
X
N Group
N g g__Asaccharospora
= HE
L)
3
I
g__Dubosiella
0 1 2
-1] Grou
P LDA Score (log 10)
B
A
5 ; ;
Axis 1 [49.7%]
60
1 Phylum Genus
= Campylobacterota & Clostridium_Q
8 Desulfobacterota_| 8 Megamonas
% Firmicutes B % Clostridium T
'g Fusobacteriota 'g o Romboutsia D
= 501 Firmicutes_C 15 Peptacetobacter
@ Firmicutes D @© Paraclostridium
_%’ Proteobacteria _g Blautia A
Y Bacteroidota & Escherichia
&) Actinobacteriota § Prevotella
25 Firmicutes_A Y Coliinsella
0 - 0
v < 2 A ? 2
¥ ¥

2-13. (A) FAbRIHT: (B @ACHFRIZAERIA 30 (CO FAEMAEYITFAET 1K B
R (D) FEMAEMRAE R B ARG R, B AELRA
Figure 2-13. (A) Principal coordinate analysis; (B)The genus LDA score; (C)The abundance of the
phylum level of changes in the fecal microbiota; (D) The genus level of the changes in the fecal

microbiota; A represents the control group, and B represents the experimental groups

WAL R MBI, R ER . R SR R
BEMK. I, WEMAEY)HIE S B Firmicutes. Proteobacteria.
Bacteroidetes. Al Actinobacteria AfUE), SZge ot fEZH 15 5000 4 35— 3.
S A LE IR E KT AR S TR R T Box (B 2-13 €L D),
SR MR FOS M L. plantarum & JCHIBCETEIR G, BB MITETTK
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T ERAETRRAEN, 2 H Firmicutes FE FFEIM Actinobacteria
Bacteroidetes F & _EFHI#H (P<0.05) . BEfEH W7 E M, Bacteroidetes
FEERENMAEMAPEEFEE, MERFEBEBHH (CE) KA+ W%
Bacteroidetes fl Actinobacteria HJ=FE[#{K!%), Firmicutes / Bacteroidetes
ML (F/B) AT X HRZALE BT N R, % L3R O F AR B4 g 1 S RE R IR P
PN S5 BRI AR br 00T, S A O AR T L, T RE SRR IR B
IR A e AR At IR 35 3 10 i T TR A R TRUOS 7R TR KT B, A S FEAIE B
Prevotella J& . Bacteroides. ¥ W ¥ & J& (Collinsella) -+ B IR ¥ 1w J&
(Catenibacterium)  Blautia. i W J& (Faecalibacterium) F1E BRI W &
(Megasphaera) TEREFEREVIE P+ B R AT 1), SEBGAH Collinsella
Prevotella. Blautia F J§ % % b Jt, 1 Escherichia. &l & & J&
(Paraclostridium) « % W KEJE (Romboutsia) F% (P<0.05) . Prevotella
& E BRI E DRI, ERINE &R e pEm it h sy E
(101, | 55l AL 30 P 1 b R £ IR P AR s BE AR OG, B A & S B AL R AR
FEA TR ER AL T . BT DA IS INTE (R ik I fg e . AR T 4 R G2 S
A HE R Y. Blautia F £ 5 MR PR o 2 1EA SN2, I By bl i
R R AP 7 1 3 h YD AR B ki bR A5 4% 1T TLR4/NF-
kB 15 510 % A1 5 28 il R ROk 22 il 45 1 R U3 Dubosiella B 185 i N 43 14 48
fil (BEECs) I BERRAR B Bl CanJfE vl gt B ) R i oK
S4B LS B& 2 Blautia B Dubosiella 7 [T W 425 70 K K38 I 1
7B CAINEN R SR

PRtz 4, fEBmHAM @RS (E 2-13 B) , LHEAEHE
(Asaccharospora) AR FFEATARY, FESMMEIERSEDR, BIAEATN
HHARD e AVE - ER A 2 b, (H R BRI AR RV, T RE X BT & A
FRIT R E G R B S . W3EHE (Merdicola) W20 5T
HRARH RS AN 7S, R WIS (Candidatus Merdicola faecigallinarum) T 2021
W E RS A TE AR A — S, BT IR . T AE A AR U R
PEAT AT 155 8 1]
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2.5 KENE

REFER T AFAEITCN L. plantarum W52, MEAEKACHFE
FEFYERE . LESN B Wi A B 52 68 77 UL LB I RE DU 5 TH AT 25 6 VR4l . B
Jafs, B Stadbh, HARVF G AETCHIE—ERE KT L. plantarum K%

W

- M T H B, FOS o] LA KA ERE L. plantarum WIAEK,  [RIBFARE
o BRI DT R A i T Inu DRI DAME B KPERT B 2R M, X FIT L.
plantarum T iE b A, EHUEE m, DR LTSN L plantarum
(1 i 52 715 X AR . AR NE, L plantarum 5354 T0H)
HEFEPURRCRTT 1 HA — @ R U RIVE T, X 5 =2 P9 4 B A0 =2 [ o A 7 4
HA—EMMsIER . 7T Bt— DB IR A [F] & AR T0H A X B I 1 R
B m, MARSL . A AN T TEAT VAN AN GRT L . FEAAR SR SEES ORI, FOS
W& L. plantarum V] LSEFEERIANHIA FEBH U S. aureus T E. coli 1EJFE 1)
W, e LU I E RS, REIEIN T Prevotella. Blautia %576 7 B I
FRE, JEHBKT F/B ML, M AT Be xR il 4 . 3 ol 1 S
ﬁéz,KBﬂMﬁﬁﬁﬁLJMmMmmNﬁ%i%#?ﬁ%,Fﬁﬂﬁw%

AR, 2 SRR T R . AR L. plantarum ¥& FOS 1))
REFF A FEAL T BRI AR

o>
(aYay

36



TR R R A 22 A i S

B3 F IREFIRCEH EEETTF P AR

3.1 5|5

A 2t A 1 S HAT AT R T REE TE W8 I8 dh A& — MR AT S UL 7L
FREAR 2 M Zefmtwe —, Al ntrmistt gz
SR AE AT, 0G5 S S W A0, B T (T4 SRR W] FOS Wl LA
et L. plantarum FISEFEACHT,  IF HAT RO U 0 il AR5 4

PR APRL A IR 75 N ez I — MO, B R AR R R A
REETTT S ARG 77 B AR SR BORS 45 1 FH A4 A SR &5 AE — ke 1M ) s URL 10 7 ik . |
THRIE BRI 3 B EE A 0 AR SR E 2 SRAIRH RN, B IR AR E
prelalid 1B xg veit . m L vk SRk ks AR S HRE. L2258
S A O RURL IR B A s R R, R CADURURIR Sk . BERE . WERERE . IR
RIS = AR VS L TINA = SR N primirarS ey ] g S de = iR

EUh RS R, HIEW. EA. RN EES, HARSMIHEK
KU BRb 2 Ab, BUNZEDIN asl-FS & A KPR, BUEA Z 8, ax sk
RS 2 — BRSO B E FR M B2 B, B AN DiRe T B S AVE FR IR
B, TLMREFET AW . s A oSS M R0,

i FHIBIERIRL T 26 & — 3K & L. plantarum F FOS W& AJ6EW ), @it

I AR (NI Te . R SRS X & 2R o R W8 B AT # e AR
W, iz A A PR S

3.2 LIRSS
3.2.1 SCIgHFR

2 3-1 2565

Table 3-1 Experimental reagent

AR CI I ¢
MY FLAFH HH-LP 56 V822 K IR AR TR A #)
Py TR T AR BR A A
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4237 3-1 ST

Table 3-1 Experimental reagent

WA R GV
ey Feit PALEMRHEATIR A 7]
i A = 95k Feit PALEMRHEATIR A 7]
BB/ ST iy Feit PALEMRHEATIR A 7]
EERT Fei PALAEM R BR A 7]
ol 1R R Fei PALAEM R BR A 7]
HERER Fei PALAEM R BR A 7]
SR Fei PALAEM R BR A 7]

3.2.2 SEIGINES
R 3-2 SLIGAN A

Table 3-2 Experimental equipment

&= e T 5
Tty L GZP500 LR R ZURA R A A
R vt YPD-300C R AR AT PR A
Y B 1 cs-2 U R AR AR

3.2.3 EOMSER

A YiE AR S AE PAAEYIBIEAT IR A F @ & k47 . 3% 15 AR
5iE AR, TopOm B = H W IRZIC %, Se a8 YT In) 45 13 A 3 48 J ST 3
B, FRBORMIIG RIEREER CHEERERRK. HEBEAMIPAREHR
b/, HBUOK, BRITHEME DA FEED.

3.3 LW FHESLE

3.3.1 EOMSEE

KA MRIRRATIE DRSS . T SERK TR, BT 5 A 7K-P kst
T, BT s B RSt A AR R BB, B R o N 7 S T
IGCHIRE R, ARYERR 3-3 T A1 AR XS 8 B S N EAT PP, TH B R IE SR
AVE LA 3 2 RUINRIE, APy A G 10 B REAT Sl BRI EESEE6 o ) 2
K, it 8 K.
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‘ BEREEERL(K)

i o x100% -
NRTTTETe -

B FERREE®E

e o) x100% 2

KA (%) BREE() -

#* 3-3 @ IR

Table 3-3 Palatability Evaluation Form

ME ARz NN P UL

1 PR MR, WREIR, JERAEEAA T
2 BT R WRlE, JOKE, Fo sk
3 — MR AR, SRR

4 TR ML) o >R B

5 FEH EIR SLRPRE

332 BERTFEDNFRHFRIEIZRE
TRA): FRECE B I ER R SRR &34 2)

MR R JERHBON TRITEL A, WK, X B2 ] fihe KRk
K

T B IR A A, T A T R, BT R R R
BRI PRFFLE 5%-6%I7] .

AAN: FERRNAED, R LB AEIE R, L. plantarum #1 FOS, FHRG
%157,

JE R R e s A oLskAT & A .
333 FRREAMEEE

L. plantarum HH-LP 56 R INEA 0.2% (10" cfu/g). FOS HIEINE N
4%, RUNA A A TG, B AN IS R DLt mi@& i, &l
TRSEEE, AR ) BaE I E A 53%.

LEBE I AG =E Whky & i, AR R FEANAR, A L RS 5 A oK ek
HARKEE. WKIREEBARETRERINEN 5% 10%. 15%. 20%- 25%
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I, AR AL & P AR RGP TR A AR AL, DABE = 9ok (R e N

=

HH o
3.3.4 SEEFIMAEFRMEE R

T AR RVRE i P R 02 W BT R, (RIS MR ¥ A0k Al DA3H
T RIURE 2 T PRIV B, P ERRE 2 18] AR B 77, AT S i s P, A D Bt
FASE U, S i R Bk T DA RO 24 Fr SRR 2 TRV R, vl i R rh
NG 2, ARG i 20221, Dy i 2 A a R Y A, T R DA S A Al
BHOMEAMAI R, XAk BRREE. Aok S i R e 70 nl #4756,
FERIIMACTEN 1.8%IATIE T, BEARM G IRl BRRaTE.
AR ARG RYE EE F R b o

3.3.5 EFEFIMAEFRMEE R

7850 AT U 2 3 78 1 77 0 = E AR AR AR, AT BE A 280082 1 i A
i TR AR ZE KR R R . FOKVEM s HIER A, HEmEE, Bogtk
AN, AR ERVEECZE, W SR FHREICE A ANS. TR L. plantarum
YR TR Al FOS tle B, B LAfEIE 787 BB e IR E4S . o oKk &
KUEM+Z2 IR . BORTEM +22 2 RS + B R A8 = M AT ik, £
K308 24% RT3 T, EERRTaNTE . Bosh AP, B L AR FE FR A
3.3.6 Plackett-Burman X B L (LB 75

RN RS FERE E, BRI Design-expert #4438 47 Plackett-Burman i3 .
XEEAR (A, g) « BRERESS (B, g « WAk (C, g .« HRRE (D, g

MZEZFERK (B, g) WIIRIMEITHE, LURE PG 70 S SAE PE % K 3R
HISZmE, IR KF W3 3-4.

%% 3-4 Plackett-Burman 46 R 2 J HoAK ¥t

Table 3-4 Factor and Level Design for Plackett-Burman Experimental Analysis

IKF A B C D E
-1(1%) 5.0 4.0 0.6 0.6 3.0
+1 (B 25.0 8.0 1.4 1.4 7.0
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3.3.7 I ERIE M ILES

R4 Plackett-Burman i i) 3 252 K 2, 24T Box-behnken 155 1 —
B, SHRES (A, g  WAH (B, g « ZFWH (C, ¢ MRINE
3N FEIATHELE, DURIE AR 2 VE A RAE, A SRR 7, RIEROK
AL 3-5,

R 3-5 Box-Behnken {46 [F 3 & HK P 8Lt

Table 3-5 Factor and Level Configuration in Box-Behnken Experimental Design

K A B C
-1 4.0 0.8 3.0
0 6.0 1.0 5.0
+1 8.0 12 7.0

(1) R VEH
4 T TR S PR SR AR R N, MM, L R
T BEAT 26 7026 AT VR4, TR VR4 10 TS0 3R R WA 0291,
FE T A k0 LR 650 R BORR ORI 5 1, T B/ 2 325U
T, ToH B BATIE (PSR . VEAM I 2% 3-6.
R 3-6 EHVF bR

Table 3-6 Sensory Evaluation Standards

Tt o E
PR, KA. B 0

AN FrAGERE, RIMA MY, TE3E 6-15
(30%) Fr i seRE, /ORI 16-25
FAERE, REDEIEHIEHE 26-30

WL AR 05

Pt GRS, WAL B 610
(20%) GRS WIS 115
MY, AU 1620
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B3k 3-6 E T briE

Table 3-6 Sensory Evaluation Standards

fabn S s

T P KB N, IR FE > 1% 0-10

L RIERIA IR, 0.5% <IREE <1% 1125
(30%) WEEEE T, 0.2% <Mk % <0.5% 26-35
EREE,  MERE 2 <<0.2% 36-50

(2) Tt S A

BEMLIEIUSS 10 Fr, A5 R A 770 Al s ASGl &  F0E E , TFEAE 50 N-60
N Z 8N H

(3) HfEhE A

BENLE IO 10 Fr, MK ERR A0, fHERCEER, JHLsN A
SRIGTRONNERE BEMAA b, BB I8y 25 rpm, EIECH 100 Rl 25005 MU R
d, IRZERTHAR, MEFFREIFICTEA Ay, IHEATEEESREL, HMAEE<1%,
HIEWR . RN G5

HETAEEE (%)=

Ai-Ay x100% 3.3
A 0 (3-3)
3.4 SLWER5THL
3.4.1 BEZRREER D
(1) BRABE Tk = I 2

M 3-TRT LR, SR RS N AE 20%I it AW 558 R i 1
#ikhs, IFHIE O HikRARERynd (K 3-1D o FUk &K,
BT 70 FoRTER & sl S0 T R AR AT TR, 5 S0 6 i T
N APUA TR Mg &, & O WIRRA ST, am SR Fr DU
ST 20% 0 E R HEAT J5 8556
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R 3-7 WG F W5k E AR

Table 3-7 Quantitative Analysis Results for Skimmed Sheep Milk Powder

B ES/ILY)
=L D
5% 10% 15% 20% 25%
Fr AR A 5E R e SEHE SEHE SEHE
FrRPEEE o Bt I I Iy
fEEE (N 11.00 28.00 55.00 60.00 62.00
MERERE (%) 4.00 0.21 0.19 0.20 0.02
& PR () 3.80 3.93 426 430 4.03
A 80 B 80
St ~or
g4 E 40k
E 20 E 20
5% 10% 10% 15% 15% 20% 20% 25% 5% 10% 10% 15% 15% 20% 20% 25%
Trial 1 Trial 2 Trial 3 Trial 4 Trial 1 Trial 2 Trial 3 Trial 4

Goat Milk Powder Addition Level (g) Goat Milk Powder Addition Level (g)

K 3-1. (A HXRE; (B) REX

Figure 3-1. (A) First Purchase Rate; (B) Feed Intake Rate
(2D T 7 7 1 A 2 B

HIZE 3-8 I, AN RN TR0 G SR o R i (R i i R B AT A
el SR RURIE SN VE RAF, SR B R e s DU A, IR HRGA I AN WA
P)iEbr e JEOREA AR R A0 9ok G SURARPDENIVE RO, 0 SR Al A A i
BRASRAEIETE R, R K B R A SR AR, AN 520 5 s
A RO I R S BRI 2« R RO DL AR, (B2 R8BS AR R
BRI AR IR, AT AR BB AT DURG ) R
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K 3-8 TR i A E B R

Table 3-8 Lubricant Screening and Quantification Results

fabr TR Bk A [Pl SRR iy
FOkLi B 1k g it 38
Kb 1 T i T
J i FEHOLIE et FEEOLE
gz (ND 34.00 45.00 55.00
R (%) 0.27 0.40 0.19

(3) JHFEHIMITRE A E &

XHEFEAITRILSE R AT WA 3-9. BREM I KEemny, mT&Ede, A
FIBIEEEANTE s ORGEAD M ZE SRR G (], B PR vl DA el bt R s /2
ERFREF YRR R, 2 SBURMIMIA LA B fEtbtat B, A
SN INBEIR SRS J5 , AMEMREDR T R FRISNIAETE R e e, JF AR R kR, X2
DR g B P S A 1R NPT AR B AE LR T, BRI RS RS DL 1 2, AT R]
DLESCE RORE R At ML 200, ] I Tl R S8 th mT A DR 5], i v P 7 RO R E
ZREFTE, RIEORTEHR . 22 2P MR AR IR S A5 1 93 TE 77 o

R 3-9 BT AN E B LG R

Table 3-9 Filler Screening and Quantification Results

izt FKVER R RVER+22 2 WK T KTE R+ 22 ZF MR+ IR A4
s % BF 1f
Jis it A 7R s AL TR L
R (ND 18.00 40.00 55.00
R (%) / 0.38 0.19

3.4.2 Plackett-Burman iR I& 25 R 954

s A 2RI 45 R, MRPEER 3-10 5 4T Plackett-Burman 45, i
BTG R A BELMPR R . SEIEHAT T ZEZ08, 53EH 5

Y=50.38+26.41A+4.23B+5.46C-0.175D-3.81E (3-4)

HE 3-11 A7%1, R?=0.9814, ULEHREIAGREFEMEL: Rig =0.9658, 3
B 96.58% 30 H0HE (1) 78 e M vl FH G A B SR AR s iR 22 Rk 3R AL B.
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C. EAMREMEN =BT Uk,

2% 3-10 Plackett-Burman 56 ¥ 11 &% 44

Table 4-10 Plackett-Burman Experimental Design and Results

SEIG S A B C D E REVHY (49
1 -1 -1 -1 -1 -1 16.0
2 1 -1 -1 -1 1 64.6
3 -1 1 1 -1 1 32.1
4 1 1 -1 -1 -1 80.3
5 1 -1 1 1 1 66.9
6 -1 -1 1 -1 1 23.0
7 -1 1 -1 1 1 21.8
8 1 -1 1 1 -1 90.6
9 1 1 1 -1 -1 87.3
10 -1 1 1 1 -1 35.1
11 -1 -1 -1 1 -1 15.8
12 1 1 -1 1 1 71.0

%% 3-11 Plackett-Burman 36 K 2. 7K°F M 2307

Table 3-11 Factors, Levels, and Significance Analysis in Plackett-Burman Design

P SA 75 il EflES %175 Fia P 1H

et 9114.94 5 1822.99 63.16 <0.0001
A CGEGER) 8368.8 1 8368.80 289.94 <0.0001
B (BEMREFS) 214.21 1 214.21 7.42 0.0345
C (H®R®E) 357.52 1 357.52 12.39 0.0125
D (WFfRRRER) 0.3675 1 0.3675 0.0127 0.9138
E (ZHHIR) 174.04 1 174.04 6.03 0.0494

W7 173.18 6 28.86

SN 9288.12 11

R2 0.9814 Pred R? 0.9254

R2aj 0.9658 Adeq Precision 19.093

¥ **FRoR P<0.01, *3F"sR P<0.05

3.4.3 Box-Behnken i &7 B I8 25 R 55 47
R Plackett-Burman R85, MNAZIEFE LT W ARr BEERRESS DL E 4
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BRGREAT 2Dk, BB BRI R ST, 20% M F ki N &k
B BE VKT, RN SE Yk & B I & S S8R AR R E BN, A
TBGE Wk I — R HRE— BT, R AINE 20%. IOk BHRE
PSRN FRIRS IS IN &N R 2, H4 Box-Behnken 47 3 K36 3 P A%, L
BB PN I E A NAR . RIS R SRR 3-12.

AR HAT X Z e A G, 152 IR U5
Y=92.6-3.34A+0.5B-4.94C+0.65AB-1.18AC+BC-5.86A*-2.64B>-7.71C*  (3-5)

Z IR R E R*=0.9942, RIS SLBRTE BRI S BLF, 7T AN LI 45
RfAT I TrEHTUNR 3-13,

% 3-12 Box-Behnken 156 51 A H 45 5

Table 3-12 Box-Behnken Experimental Design and Results

ST R CEEE 2 RS RH PEIY
1 4 0.6 5 88.0
2 4 1.0 3 85.7
3 4 1.0 7 79.0
4 4 1.4 5 86.9
5 6 0.6 7 75.0
6 6 0.6 3 87.7
7 6 1.0 5 93.0
8 6 1.0 5 92.0
9 6 1.0 5 92.6
10 6 1.0 5 91.9
11 6 1.0 5 935
12 6 14 7 78.8
13 6 1.4 3 87.5
14 8 0.6 5 80.0
15 8 1.0 7 70.0
16 8 1.0 3 81.4
17 8 1.4 5 815

* 3-13 FEIFETIF) P<0.0001, FREAHTAGHEZ, HARMTIALEE.
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R4 = 0.9867, FRAFIAFELS, BEMARE 98% M R(E A fk, RER N & 2 (7]
FSRAR, RPN A AT EY & E . Hf AL C A% BE CP I
ZRWEE (P<0.001) , AC. BC BiZEREE (P<0.05) . R FH, &K
RO E R AR C (PR >A (BFRES) >B UBA
) o

# 3-13 Box-Behnken 5 [m] Y1 70Y J7 22 4 #fr 46 SR

Table 3-13 ANOVA Results for the Regression Model of Box-Behnken Design

Fe 7 A H HE Sy FfE P {H W
TR 762.43 9 84.71 132.89 <0.0001 *
A (BERRES) 89.11 1 89.11 139.78 <<0.0001 *
B GHAH) 2.00 1 2.00 3.14 0.1198
C (ZZZMIRD 195.03 1 195.03 305.93 <<0.0001 *
AB 1.69 1 1.69 2.65 0.1475
AC 5.52 1 5.52 8.66 0.0216 *
BC 4.00 1 4.00 6.27 0.0407 *
A2 144.71 1 144.71 227.00 <0.0001 *x
B2 29.29 1 29.29 45.95 0.0003 i
C2 250.45 1 250.45 392.87 <0.0001 *x
W7 4.46 7 0.6375
KA 2.64 3 0.8808 1.94 0.2656
cv 0.9379 R2 0.9942
R%q 0.9867
Pred R2 0.9412

Adeq-Precision 37.5997

¥ **F2oR P<0.01, *3F"sR P<0.05

AL TR g [ T 58 v 2k P K 3D T AT DAL S M 4% DR 3R A2 LA’ T o 24 532
Wi o 58 re 2 2 2L L U i PR 630 0 % DA 3R 5 AR RS W i, i o e T 228 U D)
AZEAF PR o AR LT B as R 8 3-2, LA AC. BC MR Z 1]
A HAEH

FIH Design-expert XA R FEAT M 0, 7 B FR S B 5.5% 15 A Fr X
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1% ZZEERIFEIEL 4.4%KF, W NAE B KN 93.8 43

Sensory assessment (score)

vy

A 1.4

1.2

B: talcum powder (g)
Sensory assessment (score)

0.8

A: hydrogen phosphate (g)

Sensory assessment (score)

C: Maltodextrin (g)
Sensory assessment (score)

A: Calcium hydrogen phosphate (g)

Sensory assessment (score)

C: Maltodextrin (g)
Sensory assessment (score)

0.6 0.8 1 1.2 1
B: talcum powder (g)

Pl 3-2. PRI ZR A AT FORHIBR B T 20 Vi 55 v 2k Pl ARy 7 1T 1)
Figure 3-2. Contour Plots and Response Surface Plots of Factor Interaction Effects on Sensory

Scores
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3.4.4 TEIEIRIE

AR i L A5 R B L 2 AR iR AT 3 OPAT SRk, TS 7T 2
BN 93.6 77, STRINEE RIEA B, AR AT DUBLT M PRI SE R O, A

3.5 KE/IN

A5 T U & AL e AN Wk R EC I ShaEPE L A7), B A e ik e W
(K8 B R . AR E IRk P N BON) 2, EROERANE, A A 1
AR AR AR KPS RAIIR, BRI EA G, AR
i, EEORAIE S Wik & B A B I IR L A B it 3 PR S R LR SR
LRI I N B B, A SCIE I — 28 41 il e 7 ade th 3 B R T 77 . B e 77048,
ik f5 i A H PR P 7 B BT 45 K

R B M, & O E BOVEMN TR 2 —. EIEY) & iGN
PN RARZ, BIEMERER. BRI KR Kb B AR5 K 3 55
(281, BT DA R 1 E I DhRER N4t BRANASIN 1 %8 B R b v AR, X8 8
ISR R L — KAWL R E R, A DGRBUE DA e dr. BE4h,
Ry B 0 25 R MV REAA e R AR o 5 AN [ 2 90 EE 270 FR) RS AT XA
LI, KILREE Pk ) 2 0E OVE 258 ETHE T RS, 20%00E
PEIR BIEEAE,  HHEI 2 3 gk & B AR B i, 2 B R A A2 XU I 5
WA R V. AR SR AR R R DLER & 25 1S B 2 T sl W PR B RR 3R T & 4,
I BN 2 5 1 PR ule i Fe 0 0 Ko DL mors

K VAR T ZH A S A e 90 b, FE SRR R B S R A bl
RLRHREG PeAG BRI 7, 1520 B AREC 7 A AR 2GR 20%. &40 2.4%.
KGR 55% FRKIEM 10.9%. BERREES 5.5% WA 1% 22 WKL 4.4%.
AR EE 0.8%. ULECT T R MM ol iR s, SR E PRI AT ik 93.6 4. AN
PhE A TORI2E o SRR B8 75 i E R B AL T B S IR
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HLSRE

ARICESEX L. plantarum 5 LR AR a2 e H G #EAT I, 2REFIHE
FiE AR SN R FEAN [ 5 A2 e 4 5 6 i TE TR S AR R RE I, IR 16s
rRNA 351E & 42 ot M 8 W A R . e, ERTRIR R EOR, B L.
plantarum M FOS VEAJERE, Wit &4 T Bcs .«

(1) MAFZEATON L. plantarum BURERKACEEE S FiRE . B
5277 PURIEEREAT DAL, JRE b R RGGE & A2 Te. S5 REK W, BR Sta
4h, FOS. Inu. GOS Al XOS HFEAFFEE BIGIN T L. plantarum HIFEE. 18
RSN B s, R RA R A O A A O AR S 1 LA B
IR0, DU &AL e & et T FOS & L. plantarum W) EfE
w0 BEEDHEAT AR ARG, SeIG A LE T RN SR EAIAMRIE S AT, &
i35 KJa, XHIMFEHAT 165 rRNA T, 2558 KU Seib 4 5 A,
Prevotella. Blautia 55 i i B B Z N (P<0.05) , JFHFEIK T F/B HIEL
B, ol 5t P R A U B I )

(2) RAREHIRERI &G ETTEY R, B0 AR R (3 ik
AT, B G BRI BT R AT 20T, R ECE & A RhEEAT T . AR
FRH AT L AU GRS R R B M BUE B 7 %, I Plackett-Burman
RGN B T R IG AT R T A . SR B, HMEBUBRRESR 20%. A AT
2.4%. IBFFR 55%. FKRIER 10.9%. BERREES 5.5% WAMEL 1%, M
R 4.4%. WERREREE 0.8%I), IR dn BT de iy, BB PPAN AT ik 93.6 73

)

REE

gi LATR, RILY L. plantarum F1 FOS BCA AR, P LA In &5 A6 1 1 2E
KACHRETT, X E. coli 1 S. aureus 43 I HIFEHIRCRIF BXS L. acidophilus 1 B.
animalis TR, A — € MIEFEINERCR . AN LT RAE Vb & Td &
XM TE RS A B AR, IR HA T R AT A TS .
(EAEBEIEAL =, 547 BLR [ o
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(1) £ B Ml d, eI IninIE fa 7w RN, AN SE N 4 i
RGRSE 7R ATTR
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