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Abstract: Fermented butter starter cultures have long been dependent on foreign sources. To develop an excellent lactic acid bacterial
starter culture suitable for fermented butter, lactic acid bacteria were isolated from Guangdong buffalo raw milk, Hebei goat raw milk, Inner
Mongolia cow raw milk, Inner Mongolian milk curd, and Tibetan kefir grains. Core strains were obtained through preliminary and secondary
screening using butter-selective medium, followed by 16S rRNA gene identification. Stepwise screening was conducted based on sensory
evaluation, fermentation performance ( growth curve,acid production curve), biosafety (hemolytic activity, antibiotic susceptibility), and
probiotic properties (S-galactosidase activity, acid tolerance, bile salt tolerance, antibacterial activity). A total of 11 core lactic acid bacterial
strains were obtained, all of which met the safety requirements for food-grade microorganisms, with nine strains achieving sensory scores above
80. Lactococcus garvieae DZ demonstrated excellent fermentation performance, with fast growth and rapid acid production initiation. Its
B-galactosidase activity was 0.271 U-mL", with a survival rate of 94.75% at pH value of 3.0 and 40.43% in 0.3% (m/V) bile salt. It showed weak
antibacterial activity against six foodborne pathogens. This strain demonstrated comprehensive advantages in butter matrix adaptability, sensory
quality, fermentation performance, gastrointestinal tolerance, and probiotic properties, making it a preferred candidate for the development of
fermented butter and providing theoretical and experimental basis for the development of specialized starter cultures.
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Table 1 Composition of butter selective medium

R MIHFEFRHAN100mL)  HIH3EFRA/(2/100 mL)
b 2 2
bk 2 2
M Mk 1
FmizF 1
B 0.5
FRER 2 AT 0.2 0.2
AT BR A 4 0.2 0.2
LAY 0.5 0.5
wkiB 80 02 0.2
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Table 2 Sensory evaluation standards

7 H AT I
ki &, T RWE R 0~40
Ak FAFE 41~70

B RIRAR G Bok AniE EBR AR T1~100
PRk E, ¥k, BAARFARRE%K 040

ok FAFK, BARE AT 41~70
Bk Zfe, O BRIAHIRAE 71~100

KEIAAE, Aokl 0~40

wyREs AR¥O@m, ELETE 41~70
¥ mi, RIFME, AEEF  71~100
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Table 3 Colony morphology and Gram staining results of strains isolated from different sources
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A 43 snsnrd 1.5 &) 7 v B P FiE, BB uRE FeAIK, G AR
snsnr5 1.0 A® ey & BE REEHIK, G BAJRE
snsnro 0.5 &) 7 v WAL aé BIE R eAAIR, G ARk




MR EmBE Modern Food Science and Technology 2027, Vol.43, No.6
snrl 08  EF v i B é BiE ek, G BIRG)
N snr2 05 RBF v i B e R EEAIK, G MEATRL
£ X .
e snr3 1.0 BEFE v AL Bé BIE REIHR, Gt #ARL
snr4d 1.0 #% v L) FiER B OREIK, G #HARE
snr5 20 BF v jxa Fi%0p R EEAIK, G MEATRL
syrl L6 EAF x aAF FiE EIEEmEATR, GE#ATFiL
syr2 18 BE v A aeé BIE CREREFR, G #AJRR
Ak syr3 20 LN x - F iz R CRERAR, G #ATRL
A ¥ syrd 09 HAF v e Bé B OREIK, G #HATRE
syrsS 0o BE v =R Fi% A BIE CREHRIK, G #ARR
syr6 03 RBE v ey % BB RERRK, G #HAJRR
ndfl 25 & v mA PG, B4%EH BIE REETK, G #HARE
ndf2 25 7 v Jou s Bé B CREETIK, G #HATRLE
MEE  ndf3 30 [BF v Jou s B & B EEsEMK, G HATRL
W2/  ndf4 1.0 EAF v L) B e B CEEETIK, G #HATRE
ndf5 05 BF v Jou s B & B EEAIK, G MEATRL
ndf6 03 HAF v T bz evoi) B CRERTK, G #HATRLE
XL1 3.0 AL L) B e B OCREMK, G #HARE
XL2 35 BAF v WAL B e B CEEETIK, G #HATRE
B XL3 1.5 HAF v WAL B e BiEEEmEATIK, GEATRL
B, 5
W; X4 05 A v AT & R CamRATR, GHATRL
EH . . .
XL5 1.0 EBF v M PG, R%ER RE CREK, G HASRE
XL6 20 EF v L) B e B CREMK, G #HARE
XL7 20 EAF v Jou s bz evoild B OREK, G #HATRE
B T v ; e BEE
M—a'\” 4 El <A #, | i % .
P ) & e e BN
1 '\‘f‘\ : o # s :__ (‘\ e 2042
-’1‘{ i ?“q e ‘ s | o * ggr!
‘x'..snsnﬂ { () snsnr2 snsnrs / snsnré. ‘
ATETITERCY [SRiamE T v y
YR B R i :
,-ﬁ"/l{/“ .\\'j B &} ]! & By 7k
STE R gy AT ] X :
kc:j%ﬁ.;‘-iﬁé 5 Pt L
Eu g il : | ace
//r%\i e & ‘: -
P o = - 3 syr3 syrd syré
; ER8 -\ ’r ?' < T:\’i r!“ “ . ¥ 2 i,
v BN iy T % 2 7
\‘ ; 3 T, s ¢ r)"& & 4
e X ¥ ”1 i g b e % } >
I ndr 4t ondi2 LS, ~ ndre ndrs e
N ol e | B / % 1
e s gt e | :
T Ry | ‘
- P . ¥ 5 * {'\ ;
: 1 = ey,
snr1 snr2 snr3 snrd - o . &nrsr —; XL1
B .{ -v:‘r 5 ; f’J ’4_5” ‘ ‘ \\ ,I( < I !-
- e _ o s :
s = g AT el o iy
Y % \_\q' %
XLz XL3 * XL4 ~ XL5 XL6 ; XLT

B 1 SEHEZ IR BMFSNELER (100X hiE)

Fig.1 Microscopic morphology observation results of Gram-stained strains (100x oil immersion objective)
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Table 4 Screening results of strains from different sources on butter selective medium

Hon kiR Hthsp5  IRSER AR fhidsit
snsnrl X - et
snsnr2 N 8
T R o
snsnr4 N ot
snsnr5 X - et
snsnr6 X - et
snr2 X - N
i s snr3 X - N
snr4 v ot
snr5 v ot
syrl v otk
syr2 X - ot
X syr3 v X TAoAs
AT A 5L
syrd X - N
Syrs v v otk
syr6 v X Tt
ndfl N X N
ndf2 J X N
o ndf3 J J ot
AEEDER J y ot
ndf5 X - N
ndf6 N X ot
XLI1 v v oA
XL2 N v oA
XL3 v v oA
BT & H A XL4 J X Rots
XL5 v v oA
XL6 v v oA
XL7 v v oA

EoVAR, xRAR -RITAR (iR ALK).

R 4 s, SEmvITG S 2 AE IR, M 29 MREEIALIRE HILT9F 14 thamkmitk. Hrdr, YAt 20
PR, SR 14 ¥Rk SIEMCKRIED AN | AKFAEGFL 2 Bk (snsnr3. snsnrd) . NEEHAAFL 2 Bk (snrd
snrd). ALAEERL 2 Bk Csyrls syrS). WEREPIEE 2 ¥k (ndf3. ndf4). PHRCEERAF 6 Pk (XL1. XL2. XL3.
XL5. XL6+ XL7). Hr1, itk snsnr3 £ 54 %50 5 i 4 Ak IRALERE DZ.

22 WA TEESHBOHE®R T
22.1 16STRNA AFE %z 4R
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L PR SR TR RIS 14 FRBAR, 4 16S rRNA JE[RIIF M1 NCBI BLAST Xt 455, W% 5E 5
e TR R FLEREE. BT IRE R A ERE R ARG s, SRR PR UL 99.44%~99.93% 2 8] (&
5)

Horr, Bk snsnr3 7E G AL R IR S i AR R TR R IR R, A & N IRFLERER DZ (Lactococcus garvieae
DZ), {i58Z 5 CGMCC No. 37371 LLZRHANREERG K EW (B 2), 255 %8R8 DZ 5 Lactococcus garvieae
BP14 BRI N—3C, bootstrap SCIFFIL 100%, KA %€ kg IRFLIKTA -

=5 BN FUIDEESR

Table S Preliminary Molecular Identification Results of Strains

H ot R IR AT KRR AAWAME/%  bootstrap FAFE /%
. ) snsnr3 R ILRE 99.86 >99
JHRRE AL N
snsnr4 EHHE 99.79 >99
. ) snr4 FLERFLER A 99.58 >99
REFAFIL I
snr5 FUBRILIR 99.44 >95
) syrl BRIAFERAZEF  99.86 >99
e L) 4 o
syr5 B IR R 99.65 >99
. ndf3 RO E 99.93 >99
N E4 28 _ "
ndf4 BEAIITIE 99.73 >99
XL1 BRI KA 99.80 >98
XL2 ZERMKA 99.73 >99
N XL3 FIERIAFH 99.52 >99
AT EH A _ Y
XL5 BRI 99.59 >99
XL6 Ak AT K 99.93 >99
XL7 FUBR A IRE 99.52 >99

E: REFIT 16SRNA LB A7), A ARkPeesgR.

Lactococeus cremoris subsp. tructae strain L1035

Lactococcus cremoris strain NBRC 100676

00 L Lactococcus lactis subsp. hordniae strain NBRC 100931

lomyrinae sirain 1JSPR-7

s strain DSM 28960

2 ETF 168 rRNA EEIFFIMERIIRECFLEKE DZ SPECER R L B
Fig.2 Neighbor-joining phylogenetic tree of Lactococcus garvieae DZ based on 16S rRNA gene sequences
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MEFOFMIRE (XL2) IR a@itk, H&Imed 11 i OAIRE, SRS E I & IR Rl syl %
IRFLERE DZ FLERFLEREA snrd Al snrS. FFIE/RFATE XL3. FLER A ERE XL7. MG BEATICH XL1. XLS. XL6.
ndf3 Ml ndfd, EIREPRYET (I HER 4 ) Fralyrst, sSOSCRS ) Z SaBra sk B e, 7 LR
FHREN G B2 M Bttt AR S o

23 REWFH

N 11 RRAZ O B IR R B ) 4% AR I R d A T IR B AT, 25 SR N3 6 s « KER A AR R B R (BF43>80 43,
HAARE ERE XL7 W0E (86.98 43), FAMRFLERAE snrd WAL (61.90 57). T HMKITEHI#E 60 47,

e e}
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KB HZIKY, PRI AR NS 2S00 . 9 FRIFTT 3 EE 80 7, W WML GE i it 73 25 F1) LR T 5 3l e AE Bt
BT AT X, X ATRE SIS T R ZARISE S R i RE <. kbR DZ YR N 80.95
gy, BHFAEE 9, (B QIR E BOKR, R iEI T 2N — PR HRUARSR I

< 6 1 RO IABREREITNESR

Table 6 Sensory evaluation results of 11 core LAB strains

HH ki BB HES
XL7 LB A REA 86.98 1
XL5 BRI KA 85.63 2
syrl R IAFEAFRAnA| T LAy 84.85 3
ndf3 BRI KE 83.65 4
XL3 FERIAMH 83.30 5
XL6 BRI KE 83.00 6
snr5 FLBRILIREA 82.60 7
ndf4 BRI K E 81.25 8
DZ HEIHRE 80.95 9
XL1 BRI KA 78.10 10
snr4 FLBRILIRA 61.90 11

24 RKEEMEEOAMT
241 Ak

1.6
O WERAEEMFEER syrl-O- BERILRE 02
—h— LMAIRE snrd 7 JUMEFLIRE snrd
1.4 —&— FFARRALH L3 < JUBRFTERE <L7
—h— EABURRH xL1 - BARNIKE L5
& EAAMITKE L6 O BORNKE ndf3
1.2 = RARMKHE ndfd
Lot 5o o0 —b—0-o ¢
I A
e J "
Zoaf i oo o o o
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Fig.3 Growth curves of 11 core lactic acid bacteria strains
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M & pH KFE, FUERFLEKE snrd [ERILAE 115k, 24 h I pH EHIEZE 4.50, NFTE B RIK, BEET
HABBEE (P<0.05); BEAERETICHE XL6. XL1. XL5. ndf3. ndfd (44 &5 pH AT 4.78~4.86 2 [il; #4 FALIRE
DZ (% pH 1 491, 5 XL6 ZEMZERALZE (P>0.05); MECHFF IR A syrl [HF-HRAE 11559, 4

9



MR EmEHY Modern Food Science and Technology 2027, Vol.43, No.6
& pH AEATZERFLE 5.83 Bl BRI B 25 R N IRie I & B — B AR R ) R IR At 1 B AR

7.0

—O— B PCTLFT i BRI R syr1-0- 8 AR D2
A FLER snrd 7 ALRRIALERE sors
& JTHRILAE L3 s
A IS

by S
& EAHNEE 116
2 EEWINCE ndre

0 ; /‘t éli é 1‘0 IIZ 1‘4 1‘5 IIB E‘D 2‘2 2‘1
) (h)
4 11 ¥RAZ DSBS RO BR AR
Fig.4 Acid production curves of 11 core lactic acid bacteria strains
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Fig.5 Hemolysis results of 11 core lactic acid bacteria strains and positive control
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Table 7 Antibiotic susceptibility of 11 core LAB strains
#AE  syrl DZ snrd sarS XL3 XL7 XLI XL5 XL6 ndf3 ndf4
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RXEZE 1 s S S S S S I S S S
HEE S R S R R R R S R S S
##AHYEZ R S R S I S I I I I S
Z+E% S S R R R R R R R R R
A#@FE R R R 1 R R R R I I I
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Table 8 f-galactosidase activity of 11 core LAB strains
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Fig.6 f-Galactosidase activity of nine enzyme-positive LAB strains
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PP CEEYD, T snrd 5 syrl NEAME (A7),
itk — BB RRRE ST, SR OCEEENERRE /), AR WA 6 Fus. 9 BRFHIE BEPRIBRE A i3 22

B (P<0.05). FLEZF BB XL7 MBS i (0347 UmL™"), WEE THALE; AN IRHE ndf4

(0.342 UmL'™) 5 XL6 (0.329 UmL™) Rz, WEERARE, REFEEEARRENEE . Rk Dz
MBS 714 0.271 U-mL”, A F &P . REA BT G ndf3 AOBES JI8& (0257 U-mL™), BT HAbEFk,
XATAE S HARIEME . SENRIA R AR ARt <P, shah, JFHERILFFE XL3 SFLBRFLERE snrS (G
TEICREZE R, W /KA, W REAER AL e alis R sk e B, B AR .
2,62 BRI

R 99 MR BEFLEREMIBR SCIRLER
Table 9 Acid tolerance of 9 enzyme-producing LAB strains

EL HEEY% ThiksE R
DZ 94.75+1.42 it
ndf4 52.03+3.26 it
snr5 51.67+0.01 it
XL3 39.77£1.24 ifid
XL1 33.97+0.91 ifid
XL6 23.54+0.10 EGEvs
XL5 17.14+0.84 HK
ndf3 13.81+0.67 HK
XL7 2.99+0.20 HK

M P P A LR BRI 1 B R R A5 . 9 pH BT 2.5~3.5 0], Wis B 1124 2~3 W™, (Rl AT
FUIEHE pH {4 3.0 AbBE 3h AR SR 9 Bk B FUREE I FH M B AR AAFIE 213K 9 P DIAAEER>20% M1
WREIE, 315 6 RINEREE: DZ (94.75%)+ ndf4 (52.03%). snrS (51.67%) XL3 (39.77%). XL1 (33.97%)-
XL6 (23.54%); HAREEM (XL5. XL7. ndf3) fAHHRMET 20%, MfztEtkz, TLUEK. HF, DZ fEEEE
i 94.75%, e T AN B, REHIHMC pH (L EAGRIGERN M, XS HANMELE ). H -ATPase i 75K,
IR kA K0, snrs A ndfd A5 RILE 50% 0L L, RILE REFRITHERAE ST .

2,63 WAL I
<10 6 MRFLBAEMIABER SLIR4E R
Table 10 Bile salt tolerance of 6 LAB strains
B HERY% TRkgR
DZ  40.43+1.75 it
sar5  26.27+0.38 FGECH
XL3 1.13+0.12 K
ndf4  0.02+0.00 #IK
XL1  0.00£0.00 #IK
XL6  0.00+0.00 #IK

JIE R 52 14 A AR B A N H R AE a8 AR E R O . N/ N IRERIR LB TE 0.1%~0.3% 2 [7], S
B IA] 1~d 07, DR R AT A0SR 0.3% A EEA0EE 4 h VE N1 . 6 FRIFIREIMRAE S 0.3% AR MRS 15
F5, IEEHRME 10 Fan. DIREERS20%ABIME, 315 2 PRIAHER Hkk: DZ (40.43%) Hsnr5 (26.27%), Hi4x
BT AR . TRIFIEP R LRI XL3. XL1. XL6. ndfd4 7EfHSEIREE R fEiE A%, 100 AL 52 B iR,
{EXEME MRS, AEIENO R AR RE. ZRETNIR SRR, DZ 2ME—fFiE R IREFE 40%LL
R, RIS B B RS2 T), AHAE e A R KRR R BEE T SRR
264 WRAMEE

FUERE T PR . AV, 0H IR R A K SR EARNER I DZ A1 snrs (0
N, SRR 11 FiR. sarS WFTE 7 Mo I A B EE (12.47~21.83 mm), JUHXTFLRZ G A 2= ke 41
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PR A 22.00 mm, AENILATREMIBANREZR, FARREMPTERITRE J1. DZ X 6 i 5 B A 54w 1
(9.86~12.67 mm), {HXHHISHE MU TCIME]. A IRFLER T HA P40 A CBERED, (BRI B AR A
B2 R0, DZ ISR AT e HAR I P AL AT B PR 2 W B K
=11 FRIABREAEEMSNER
Table 11 Antibacterial activity of two LAB strains
7 B H A2 /mm FLBRFLIKE snrS MK IFLIRE DZ

o A ] 16.00+0.82 12.67+0.47
BARG A B 21.83+0.29 10.17+0.29
ARG I TTRHA 18.00+1.41 10.33+0.47
B TR HE 18.33£0.47 10.67+0.47
FARERA 16.67+0.47 10.23+0.40

B FEATE 12.47+0.50 9.86+0.23

AL 18.000.82 8.00+0.00

E: APE B HA2 8.00 mm ATFAIE EMN (54 EARIME—).

3 Z5ip

AR AKAEALERL ACACEAL. WSS ALETL WS UG K PO T S A S i EgesL il i i oy
BUIRAS 29 HRE L [RPHIEALRR I, SRR TR B S 506, SR1F 14 PREGIE N B BE MR I Bdk,  AIBRmER
R S B S R R R G B & i 11 FRAZ O PR

WV RIEEPERE. BV Ve KR E R IR, SR A3 — PR R AT (I B Ak — A% [CFLBR B
DZ. EETHA T, 1% E MR PR E8 80.95 7y, BRGNS R, REEVERE T, DZ Pk
JEBGE CRFFRTIA S h 4 pH F#MEIE 1.22) AEKPHE, ARITAME RN . A2t Jimm, R
TR, BT R AR RN 241, oAt 8 ARk Pl RIBUR, A SRBMEYRAER, ARy
VeI, e p-2FFUREERENS S8 0271 U-mL", 7E pH 3.0 %4 FAEHERIL 94.75%, £ 03% (m/V) JHEEFIRE R
N 40.43%, Xt 6 BRI E A SE R e

ARHIFFE R R (R O e Ak 22 M Ay R T ol FH LR R R BRI T R AR BTV 53 . AN AR — 8 R P
R 74T 2 BB BT VPN, B Z 4R M XK 1) e e . 5 S 0K il ek [ICHALBR TR DZ 1RRE T2
oAt RURP T ARAT e A FE R AP 2 AT S5 7 TR N TT R, K3 — 2D VP Al LA 3 i R e ot o b R e s
RIFEIA o
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