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Abstract The purpose of this study was to isolate probiotic lactic acid bacteria from the feces of healthy
puppies. Five strains were successfully isolated from stool samples collected from puppies. Based on Gram
staining and 16S rRNA gene sequencing, all five isolates were identified as Lactobacillus animalis and des-
ignated as LA-1~ LA-5. The results demonstrated that all five strains exhibited excellent growth charac-
teristics and acid production capability. After 3 hours of exposure to pH 2. 0, strains LA-1, LLA-3, and

LA-4 exhibited survival rates above 73%, while exposure to 0. 3% bile salts resulted in a survival rate a-
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bove 50% for all five strains, with LA-3 exceeding 80%; Notably, strain LA-2 displayed strong auto-ag-
gregation capacity, reaching 52.43% after 5 hours; Moreover, the surface hydrophobicity measured with
chloroform was exceptionally high (94%) for all strains. Of particular note, LLA-2 also showed a high ad-
hesion rate to Caco-2 cells, at 51. 82%; All five strains demonstrated DPPH radical scavenging activity,
with LA-2 and LA-4 exhibiting particularly strong effects exceeding 50%. Additionally, every strain in-
hibited the growth of Staphylococcus aureus , Escherichia coli, and Salmonella. Notably, LLA-1 produced
an inhibition zone measuring 17. 67 £ 3. 33 mm against S. aureus; All isolates were also highly suscepti-
ble to penicillin, chloramphenicol, and ampicillin. Furthermore, hemolysis tests confirmed that all five
strains are safe for potential use. Consequently, these five L. animalis strains are strong candidate probi-
otics derived from healthy puppies, with their robust in vitro functionality supporting their potential use in
canine nutrition,

Keywords puppy; feces; probiotics; Lactobacillus animalis; probiotic function
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TE 37 ‘CHEfl 24~48 h, WA AR V& SME TR /N2 S pk s B 7 T AE MRS B P ARE S R4 5,
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FI51% 27F M1 1492R i PCR ¥ 18- . PCR #™# 4& 5 1 LA B4 41 A : 10 X PCR Buffer 5 pl., 2. 5 mmol
dNTPs 5 pl., Forword Primers(10 umoD5 pl.Reverse Primers(10 umoD5 pL,DNA RAHF(2.5 U« ul.- D1 pl,
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SRR AR R A A R R 22 A i B B B 451, 1 0 M S IR R AN EEAE 37 “CIIZKIB AR5 H 2 ho L
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T PBS 22 B0RE T8 1A Dk = . R BRSRUR E ffHAE 600 nm PN IYMOBAEAE 0.5 3] 0. 7 Z[A) L id T iX
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IREE T AL 7E R R AU AR R R] £5.(0. 1, 3.5 h) I TR Y D16 %5 BE . ODgoon IFICAE A IR LR E
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21 f 785 B S 55 - WIS R Caco-2 A, Z2KE 40 i 2% PR 5] 5 10° mL '8R5 1) 24 FLEFFRMCPOINA 1
ml BRI I B = A EE L. AU RHERS % 24 h A2 A KR  Fr 2B 38 G TE PBS 28 il ik
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[N S oy 2 S, A_\- _AO
0 A, T 3 W IO, DPPH A i3 00 — (1— 5 2

1.3.9  ApH 55, MVBETE PR IR FH AR HEAR T, OB il 25 1 BB 25020 31 (6 000 r/min, #5.0 10 min) ,
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1.3.10 &k, FEMHRILEEM R EHME T m BAR 753 1,37 CIREAE T E 24~48 h, 5%
B IC R A Al A R SR LA T IR DA I 4 B 68 8 A5 BRI (Staphoylococcus aureus CMCC 26003)
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L3, 11 #AFHAERE, R TIEY BUR AR FH 0 Az U R L B3 fef 55 5% 1 DR B R AL oy 2
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>><1000

F:(a~e) K LA-1~LA-5 7€ MRS B FHRIEARE ; (-~ 8 LA-1~LA-5 #2% [RYL (A J5 Bt I (1 000 <)
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Fig. 1 Morphology diagram of 5 test strains
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FPPARIN L ARTE MRS [ A 77 5 B o g el fb w bk o bk B an 44 LA-1~LA-5. ME 1 fig
TR TR TR % 2 2R T EGH L GRS FDE BV JF H MR B AR 1 85 22 [R YL (A 25 2R B S (A FT
TR JUT LAY AR AR e =2 [ PH M T
2.2 Hl1F 16s rRNA 5 /L7 %

PCR ¥ ¥4 2 LUk AT FH IR 2O AT Y 5 MREAR I 25 K EE 220 1 500 bp, #4iE BLAST [RJVE5-Hr
Fay gt B AR AR AT 2 (b) B s B LA AR B AR AT 10 i sh W U8 (Lactobacillus animalis) .

1 :M:1 kb ladder; 1-5: LA-1~LA-5 Eikk PCR ¥ 14 5415,
B 2 5 BRBEFRER RS HE R R ik R gt L AR R

Fig. 2 Results of agarose gel electrophoresis and evolutionary tree of 5 strains
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F1 EMNELLESR

Tab. 1 Biochemical identification results of strains

WH LA-1 LA-2 LA-3 LA
Ly — +
B +
B —
Tk
e
1IBLEE
Kt
HERE
W
22—k
1% 5 IR EH

U« R B — FUR B
2.4 AR KRk

AL 3 B A S ™ R I 243 BT AT 60 5 MR TRIAR I A4 0 Ry BT 100 0P BB R RS e 0 = B B . #E T
TRIEFRR 2 h 9,5 FREAPRIIAL T 180 B0 . e BeR 52 509 pH AR (LIRS /. H 2 h 2 10 h, AR AT

e
—

I+ 4+ 1+ 1 +4+ 1+ 1>

w1

_|_

I+ 4+ 1+ 1+ + 1+
|

|+ 4+ + + ++ + 4+ +

L+ 4+ L+ L+

|+ + + o+




55 3 W] A5 ARSI YIFUAT B 973 88 SR Sh a5 AR DI RERTE 5T 469

BB, RN 7350 pH (B 6. 11 FRERZY 4.3, #3510 h |5, Wk 2SS T B2 B S
FH#a%, HEZ 18 hBHE FAE K B pH 7F 10 h JF4RZE T 1,18 h 5 pH SEATRERE 4.0 1245,

B3 SEEHREKMEE pHTHE

Fig. 3 Growth curves and pH changes of 5 strains

2.5 i PR AN R

2.5.1 WERFE, K 28T, pH EHR S HE KA AEAFRE ST . 5 BRIEARTE pH (N 3. 0 BIZRIFT
B H 3 hJg AT S e RR IR LA-3 LA-4 Fll LA-5 = #R B AAI5 3355 100 %6, X 3L B A T 7E I 4%
FTRES RAFHISH . (6 pH 2. 5 BRI AL AR [R]I IA) 5 5 A BR A 177 3 AR 2 7 9500 DL Lo SR, 24
pH FEIRZE 2. 0 W BT Rk I0 A A7 AR D A0 2 B 520 - LA-1,LA-3 Al LA-4 U B0 i i FR 454k 77
TRRFFTE 7300 LA F s AL Z T L LA-2 Fl LA-5 Xof R M PRI 14 3 107 B8 ) AR X 45558, (BARSRAT R A 49 06 A
WA, ULH 5 PRI AT B0 AT R AE 1, nT LIRS B 7E 8 i h A7

*2 BEKRERE pH THFEE/%
Tab. 2 Survival rate of each strain at different pH/ %

H kR o, (pH=2) o, (pH=2.5) o (pH=3)
LA-1 79. 9244, 69 97.89+1. 18 95.76+£3. 03
LA-2 49.27+7.25 97.42+0. 45 99. 000, 22
LA-3 73.68+2. 40 98.50+0. 16 100
LA-4 84. 84+0. 28 95. 8740. 55 100
LA-5 54.73+3. 66 97.52+0. 33 100

2.5.2 @fledh ik, R 3 KM, 5 MRSNWFLIT RS SRR & SR REAR, 72 0. 100 IRERRREh 2 T ix
HRRAE MR A KAPERE R H LA-2 F1 LA-3 B9AFIG SBaL 100 %0 ; BRER AR ER e FE 3] 0. 2 %0 I T A B AR AT 16 R AR
TE 61 % LA 1 IF H LA-2 fFIE R 5 94. 27 %0 ;s BRERRER VR FETH 28 0. 3 %6 B XoJ 33X FAK PR RR A7 2R A8 BH 5 671 1T 5%
i, AELATS 22 B0 LR A G R T 2 L P B bR LA-2 Fl LA-3 FET5 28] 3k 76. 47 % F 81. 85% . MUK 5 #kzhiy
FLIRFT B 11 BT B AR v B 1) T s AT R e b LA-2 F0 LA-3 (Wi IR R BE ) ek

*3 SEKERRBERRETHEEE/%

Tab. 3 Survival rate of each strain at different bile salt concentrations/ %

Hikk 0,€0. 1% 05 (0. 2%) 06 0. 3%)

LA-1 79. 062£0. 00 72.794+1. 39 72. 7421, 46
LA-2 100 94, 2740. 16 76,4743, 80
LA-3 100 81.323. 50 81. 851, 46
LA-4 73.5248.72 73.5740.75 69. 403, 64
LA-5 68. 5320, 52 61.7543. 21 52. 046, 04

2.6 FIHRERAE D 58K PEE 8
HHIE 4 AT2H1,5 BEBRE A BERBE R/ LA-2>1LA-1>1LA-5>1.A-3>1.A-4, P @ik LA-2 19 H %
FHE S Bk AL EE 5 h TR E] 52, 43 %0 A T HAY 4 EHEZER AL E (p=>0.05) ., BHEKFE KRN B E
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A Bl I 1] ) ZE RN . 5 R R R = G Be i K P2 4 s s K PR = T 94 94, B T H AR AN
LR MR s LA-4 Fll LA-5 Xt 218 ZFERR B /K PERE IR B 59 % LA b, X — H 2R Ak M E T 70% , i3 T HoAth 3
FRBEAE o

B4 EREKERRAREKELERE
Fig. 4 Self-cohesion and hydrophobicity of each strain

2.7 NN P

I Caco-2 YHMIAE A S5 X S 4G I 5 Bk bR A0 4 e ZE B RE 1. MR 5 T & H L 5 BR T AR 1Y 26 B SR 7E
21.65%~51. 82% 2 [a], H kR LA-2 BYZBER R 115 (51, 8240. 91) %6 . ZhFIRE 71/ FHAY 4 BREHE (p<<
0.05).

AR AR Z 8] A AN [ Bk 3R 22 57 .35 (p<<0. 05), 6 HEk DPPH B HEBRE
5 5 HRERXT Caco-2 AT ERER Fig. 6 DPPH free radical scavenging rate of each strain

Fig. 5 Adhesion rate of 5 strains to Caco-2 cells

2.8 DPPH [1Hi LGB fE Sy sc 4

ME 6 AT A 5 PRENFLAT I DPPH A B3GR AE 1 397E 40. 3%0~51. 202 (8], Hh itk LA-2 Fl
LA-4 ) DPPH H H3EE bR R 8w it 50%, &, £ W2 8 A 3RS BRAE it Lait %22 5% (p >
0.05),
2.9 MR

FIFH A AR I E 5 bR b R R B PRRCAE . 35 4 TR 7 SR 5 AN AP0 B S PR R . 2 B H A
BTBERFPAS A R 22 572 . LA ) iEM B RE AR €8, X5 BT A7 5212 Jirt 17 1 00 287 Pl /N 3o 14 mm,
S A 4 €0 A 2 R A A B T L B S PR P AR A (17, 6743, 33) mm., LA-2 X K AT B 0 i BE T A
#(13. 1340, 37) mm ., LA-3 XF V01T BB 85O R FefE (15, 3340, 33) mm, HeAh, LA-4 1 LA-5 43 540 K
AR (15, 541, 00) mm Pk M2 4 B A 8 43K 1 (16 20, 50) mm BIRLEER A, BF9ER] 5 Bk FLAT & A
il Z2 Al I PR SR P v 0 AR EAT4S F BT RS AT I 1 BB A —FE HAMA 2 5B
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R4 SHEHRHNEELSR

Tab. 4 Results of the inhibition zone of the five strains

LS @T%%**éﬁé KIGHT T A ¥ O R ERTA ili % e 76 A T WITRE
AT ER T (MRSA)

LA-1 14,1740, 33° 16. 5021, 50° 17. 6743, 33" 15. 1742, 33° 14. 3320. 33"

LA-2 0. 0040. 004 13.134-0. 37¢ 10. 33420 67° 0. 0020, 00° 9. 6740, 83°

LA-3 12. 8740, 77" 14. 8340. 83" 14. 0040, 50" 14. 8340, 83" 15. 3320, 33"

LA-4 12. 8740, 77° 15,5041, 00 14. 3340, 67 9.6740. 33" 9.66+1. 67"

LA-5 14. 6740, 33¢ 15. 071, 07° 16. 0020, 50" 12. 0020, 00" 14. 3320, 67°

T : [FF A AR TR R R B e e 5 22 5% (p<<0. 05)

T (@)~ (e) 35l MRSA, & 5 (4 R B KIGHFF 1 i 42 se T 1A 8 BEMAMLIER
BERIYPT TR 1-3 R LAS B C 378 MRS 25 [ 7RHExTIE, Fig. 8 Hemolysis experimental results of each strain

7 LA-5 3 5 MisREMIERR
Fig. 7 Inhibitory activity of Strain LA-5 against pathogenic

indicator bacteria

2,10  #FIsEgs

& 8 W ik 5 B X BT RR LU RT B M 5 AR TRRIT R ) % B B0 W R 28 B v 1l B, 6 7 ]
FEIX 5 ARBHBRAS HLAS U LR RE 7, vl A& 2 fdi .
2,11 4R

X5 MRBEMRIEAT T 7 FhE HPUA R GERUD B VR ek 5 & R ARV A 2RI R KE
2O MBURAEN L, 85 R NE 5 PR, 5 BREHRXY B R R VAT R M NI =FPiAd =& UK, LA-2,
LA-4 Fl LA-5 X Sk A ms MR 5 o AP s LA-1~LA-4 XFERPI VD 5L P R SRR, LA-1 X5 b 2
FERURR AR, TR BR DA_E TR A A R USRI R B bk
3 ihig

FLIRFT R N NS4 ' W 18 R B0 i 5 FEAE R A AR T R 455 ZHAEH . PRI, X2
U A REFIBALAR A RIS E RS0, W BE /M IBPT R ) T -1 3 i i B s ) BET ™. Strompfova %5
REWIESRNBAL IR BERBEVFUFFE CCM7421, 64 B3R FHR B8 P FUFF B 00 , S50 18
TS5, Biagi %M TAER R B RIESH I FUATE G » R ZE0E o 1 7S IR R I sk /L o [ s 2L BR AT 7
ACFHRTE T 10 000 £, FETFaxXsb & I, ARG MBEERLI R (1~56 H &) Z2(H 538510 5 #RSh LT . I8
PRSI SZIPPAL 25 A 0 T, 02 HH O A R AT 2 A AR RS T TRTAK
3.1 R ERBE it 32 Pk

B TR L R IR 1 S AL A2 AL PR . BRACHURE SR O e g AR B A B AR . R
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pH2. 8 25T 3 h AP RAFEAE 6020, WRIEESE /3 BIMY 5 BRIk P, BS 76 pH2 FRIE P 4736 323K 562,
1M LA-1.LA-3 Fl LA-4 KRBV AAE A/ 7000, HIR5E pH T+ 2 3 I T AR AR 418 950 AL
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Tab.5 Antibiotic susceptibility of each strain

Ytz G A2/ mm Uk
2 LA-1 LA-2 LA-3 LA-4 LA-5 LA-1 LA2 LA3 LA4 LAS

HHEE 33.2041.36  36.904-0.44  17.8740.95  36.0540.21  28.6040.57 S S S S S

AR 26.50+1.13  26.5540.42  20.15+1,08  22.18+0.78  29.2040. 10 S S S S S
HOEPGH 25.104£0.76  32.604-0.85  30.1740.35  32.7040.05  28.3041.23 S S S S S
AT bk 040 30.13+£1.12  13.0540.06  36.084:0.18  25.05-0. 56 R S R S S
WHVYAE  17.11+1.21  18.15+1.12  16.98+0.22  18.25%40.07 040 1 1 1 1 R
WRWE  14.25+41.12  12.0540.91  10.01=%£1. 11 00 00 I R R R R
RAREZ 020 040 040 00 00 R R R R R

VE 1S BERURE T, o O R B0
3.2 bk AR R

31 TR B4 P A SR LR B 7 20 ) 6 4 DDA G 330 R i A TR R 2 A T BE Y DG R R4
WFSE I, TRIAR A 17 8 2 R R 2 TR s /K P [ 52 i LR A A8 e —— e i) 1 B A0 B ) A1 0 4 1 R4 L T
K T REVH %L B 12 Bl B, M I3 SR 6 AR e 1T . ARE IR 40 2Shn e, AT ISR RE 1 T 40 o = A5
.16 %~35 % MAEGE .35 % ~50 %0 @ g i 50 Yo Ry g™, 3 g K D 42 AT B9 AR K0 0 < i Ak R
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BAS A B R IR LR A ER TR GLP236 B {5 00 6 B AR L JL 8 /i [ B R0k 57. 0290, B K R i ik
62.56%0 . AE . LA-2 PRI H P A BELERRE 5 /NN [ B R BN IR B 52. 43 %, & T = 55 [ 5t
SETARR . (EAR R T DI R — S H e (R i K e B et 94 96 35 HLA& 3 B B K RPAE

TR BE S A 75 T » Caco-2 4 BSR4 AT g BRAE B R A1 i T8 B BBl R 462 . Liu 205 R F& (8
SYESHY 11 BRFLRR B, L177 XF Caco-2 41 M H B 3 fe 55 (36. 17 %0) o AN Bl W » 5 MRAZ I Re A
SUERIE A 1 e A, Foh LA-2 B0 R 58 i, AR BRIA 3 51. 8220, X SBiEHE 7050 d B, ASHIF ST i 356 1)
A A R L A 0 P A T RE R

TR (ROS) ZE A= A B A B A R R AN 550 25 5 | & S A 0 B 7 5 DA T L 422 8 3 ) 2400 3
TERERE S BF9E % B 46 T BE IR T BRI DT EALBE /1. Bao 2 HIFST A Ba 3 L FE R MR TR SR A 00 T
REYIFLAT B P-8 RELL K RUFFIE BT E AL RE 1 KigIgsR . 1135 . DPPH J&— et e e i s ML AT 25 A Bt
DO I A A R BR AR AT A RS £ A B A PRI RE 1, — BN R . #5 DPPH [ FR 78 BRASCRME 30 %0, 10
Y TP AACRE R B AR LS R R 4B 21 Sh I FLAT R B12 A9 DPPH [ SIS BR R A 2
31% . AE 5 bR BRI PRINTE DPPH A B AEVEFRAE /1 KT 4020, W] 5 BRIEHR I B 288 1 il 4 Ak
T HOR AT AR PAA  E FEBRE 1) T
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PIRETE R R O D P TR VO P 120 S 300 DA Tty 0 23 T AR R A1 1) T A A K PR IR 45 SR T s 3
254 BTEAS H O URR 2 D6 R A VR .
3.3 WEkMRIb 2 TES
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