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Analysis of Post-acidification Property of Lactobacillus bulgaricus Based
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Abstract: Weak post-acidification ability is an important characteristic of lactic acid bacteria when being used as a starter culture. In order
to study the role of Lactobacillus bulgaricus sucrose metabolic/pathway on post-acidification of fermented milk, in this study, the post
acidification performances of five Lactobacillus bulgaricus strains was compared, the growth status, sugar metabolism and acid production
capacity of Lactobacillus bulgaricus were analyzed, the differential expression of genes related to sucrose metabolism and acid production and
the activities of key enzymes were‘investigated;-and the growth of Lactobacillus bulgaricus before and after the exogenous addition of key
enzymes for sucrose metabolism, were studied. The results showed that Lb. 1 had the weakest post-acidification ability and grew slowly in the
medium with sucrose as the carbon source. KLDS 1.0207 had the strongest post-acidification ability. After fermentation for 24 h, the sucrose
conversion rates were 5.85% and 85.39%, tespectively, and the lactic acid contents were 1.13 g/L and 11.81 g/L, respectively, for these two
strains. The expression levels of sacA, pgi, gap, pgk and ldh in the sucrose metabolism pathway of KLDS 1.0207 were extremely significantly
higher than those for Lb.1 when'MRS containing disaccharide (lactose:sucrose=1:1.5) was used as the growth medium (P<0.01), with the
activity of'sucrose enzyme of KLDS 1.0207 being significantly higher (reaching 1.31 U/mg) than that of Lb. 1 (P<0.05). The ODggg y, increased
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by 5 times after sucrase was supplemented into the sucrose medium of Lb. 1. Therefore, the activity of sucrase is crucial for the sucrose

metabolism in Lactobacillus bulgaricus. The downregulation of the expression of sacA gene encoding sucrase significantly weakened the

activity of sucrase, and the post-acidification ability of the strain decreased significantly.
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KLDS 1.1006 2 KLDS 1.0207.
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10 min, HCE3E8GE 0.22 pum SR DL 22 8 R 1 R 40
BRI R, 8 FH R O B R A% B 1.3.2.2 T A R A
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PRGN BRI R B RNA, 118 S8 Sl & i
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Table 1 Primers of RT-gPCR

5|4 2 AR HEHBAFT) (5'—>3") HE/E P
F-TCCTGTCTCAGCCAAACACT
recA [22]
R-GTCACCCATTTCACCTTCG
F-ATCCAGGTCAAATGCCGCTTCAG L
sacA B ATkt

R-GGAACATCAACCGCCACTACTACAG

F-CAGAGCATGTGACTGAGCACTTCC s
gtfA B A%
R-GGACTCGTTACAGCATCTGCCTTG

F-GGTTGTCTTCTGCGGTAAC

pgi [15]
R-CTTGGCTGCTTCTTCCTTG
F-ACTCACTTGCTCCAATGGCTAACG o
gap B ATkt
R-TTGCGGAAGTTGTTGCCTCTGTC
F-GTATCGTGGCTGCTTTGC
pgk [15]
R-ACTTCCTTGCCTTCGTTTG
F-GTCTTCTCTGACGCCAAGTTCTACG .
ldh H ATt

R-TTGCCAACGATTGACGGGTAGC
1.3.6 FEAEBRE MM T
MO BFAFEE: B Lb. 1 5 KLDS1.0207 L 3%
(V) WA EER R R R, 37 CH3R 20 h
ORISR, 78 Lb. 1 5 KLDS 1.0207 £%
F#47 10 mL T4 °C, 8 000 r/min 55> 10 min YA A,
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REEFULE 4 CImidREd, BERREE T =i o 2%
K. WIhEaMEYS AN 10° CFU/ML, REFSEH A
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Fig.1 Changes in acidity (a), pH value (b) and viable bacteria
count (c) of fermented milk stored at 4 °C for 21 days
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1.0207 KEEFLHTRENE & B 4.70 g/L FFEZ 325 ¢/L,
ZriE (P<0.05), M5ERIENE Lb.1 KIEFFLI
S EM 534 gL IR 478 gL, ERARE

(P>0.05), %P FEREARM— BLAL THUK/KT; KLDS
1.0207 KEEALHIFLRE S 2 13.70 /L TR 4.62 g/L,
Lb. 1 REEAMIAMES R 13.48 gL FFEE 6.61 g/L,
BIGEERENZER (P<0.05); P3FE& &M
FHEaH— B R, FEET R MK, &
HIZWIEZ, WK 21 dJ5, Lb. 15 KLDS 1.0207 &
FEFLI AR R A 3] 2.87 /L #12.93 g/, —
FHHR S B INE 5.67 g/L F112.17 g/L. _Likgh
PRSI B Lb. | BERRUERIC, P IR
18 JERRALSRIEPE KLDS 1.0207 £E 058 4 8] 1 Fr 4
AU RERE IR (R 2D,

EREARUE AR, FUBELE p-P AR EIRER
IR BRI TR ZUNE, Horh, AT R ST
IR RS (PTS) His B, FAWEAIAbEE
ILIRIERG RS TS, R DUERERERE (5-D-
kR SRR 7K AR (0 R 7K gk s s A T SR e
EEMAN, WATLI%EA PTS RIS 2 MM kK

AR, BT 2 BRI N BRI IR . AU
BN, TASBER LU, W REEHARES AT
D- AR EIRE (Leior 18 HHIEANRKEE, 1
FREAE FH T LR~ FURE 0 S ) % Je 32 a5 -
T PR s

HEACHTIEAT R N FURR B 1% A SR AL R IEANIL
TR EEA SR SRR, Herh GRINFE LA A REAR
UTHE, (HESEE ORI SRR AT FLAE.
HEFEARBERE A LR, TR RE J B aa R
IRAE LA B R AR AR B kAL & M K BRI
VKT BRIRAC ) T 2RV RER, AU 1) ATP
YERF A s AT A G, RO CREPRAIRE =
R, BErE— e R L iEh R B R, A
e, IR MR T Aa AN R, BRI TR Y
I, RFURERIAR ZREH, JRIRAE /150 H Pk KLDS
1.0207 FEACUEE JIRNF=RERE i it id 1 R /159
(1 Lb. 1, JETRAEAISIEILD. 1 REWEICHIRE )1 57 59,
FOR B FLAEN T 7~20.d (B FERE & B B2 225, AT
PIPRTE DL H R PRACRE 1 0 22 57 5 e A T A4S
H UM

=2 SREEIEEANEABIZE 4 CIomAEEE. M. FIABRABRNEE (/L)
Table 2 Determination of sucrose, lactose, galactose and lactic acid in fermented milk by HPLC during storage at 4 °C (g/L)

e, -2 i F 48 L
HEA rp 1 KLDS 1.0207 Lb. 1 KLDS 1.0207 Lb.1  KLDS 1.0207 Lb.1  KLDS 1.0207
0 534+0.11°  4.70+0.07° 13.48£0.76 % 137702077°  2.44£0.05°  3.56+0.07¢ 2.5240.03°  2.65+0.04¢
7 479+0.06° 3.80+0.12° 11.094039.° 7 1054+0.78% ©» 3.34+022°  5.67+0.05° 431£027°  5.67+0.01°¢
14 4.79+0.06°  3.49+0.09° 9.21£0.51 ¢ 5.48+0.53 ¢ 497£0.06*  6.11£0.16° 543£0.10*  9.06+0.20°
21 478+0.04° 3.25+0.03 ¢ 6.61+0.48¢  4.62+0.48° 531+044°  6.49+0.24° 5.67+0.01° 12.1740.30

E: RE|FEEATE A, BAT BRI R £ EE, P<0.05.

a 65 =KLDS 1020780 -« Lb1fifE b 25r
6.0x -e-KLDS 1.0207%L%# - Lb.1 FL bk
20F
551
% 50k g 154
(@)
= 45l S ol
40 ’ -=-KLDS 1.0207 ¥ - Lb. 1 FEpE
Or --KLDS 1.0207 5% ~ Lb. 1 7LbE
0.5
35¢
30 1 1 1 1 1 1 1 1 1 1 1 | 00 1 1 1 1 1 1 1 1 1 |
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24

i) / h BT TE] / h

B 2 fRIMFIZFE Lo, 1 FOKLDS 1. 0207 ZEFEFELS SR EANZMELE SR E A 37 CHE5R 24 h B pH (@) K ODwow (b) ZEfL

Fig.2 Changes of pH (a) and ODgy m (b) of Lb. 1 and KLDS 1.0207 cultured at 37 °C for 24 h on sucrose and lactose medium
23 Lb. 15 KLDS 1.0207 % 4 7 Fl 8 ks Ef{dﬂﬁﬁkﬁ‘]%&ﬁ%*ﬁ%ﬁfﬁ, KLDS 1 ozoz TEM
FhRE TR R AR KRR R T Lb. 1. TEFLAEEE 75
H2EK 24 h J5, KLDS 1.0207 5 Lb. 1 ) ODgoo um 2557
BN TERERERSFRAH AR 24 h 5, KLDS 1.0207 )
ODgooum NZISE Lb.1 1110 £, Hi#5 pHAEN 3.22, T

B RS
PIFRTE 73 e 2 HEE AN FURE RS SR R b i 97 24 h,
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Lb. 1~ 572 (K 2). 7] L5 KLDS 1.0207 i,
Btk Lb. 1 TEREMEREFEFP 2R K28, FoliR/b, 1X
AJREARE FEL L. 1 JGIRALAE 3R 2 —.

2.4 WHRRE AT R A F

¥ Lb. 1 AIKLDS 1.0207 00T JERERE 775 K
24 h JG, A IRERE LA AR50 5.85%F11 85.39%,
HIE W EEIRTEE (P<0.01), KILHEKE Lb. 1 FIH
FEMERE AR ZE; U PSR IR IE VR FLRR ot Sk

SYRIN 113 gL A1 11.81 gL, ZERHEZ (P<0.01)

(3D FIRGERFRY], LRMNAEFUAF 0T RERE 1) F)
eI RE IR A e, TEREFI A 7155,
A R . FEARRGLA S PTS #4428 R G0 ERE IR
AT i M T DA i DR D0 R S LA B AR R R 11 R
JIP Lb 1 KRN, AR LR R,
AT REAS BT X BRI RRE WG | e IR AL S P55
SO [ RN ARAR,  FLRRAE R B D, &
T R IRAC A5 7 LR g

% 3 PIMKETERbEEFRES 37 CHEFr 24 h BEERILBIEE (/L)
Table 3 Sucrose and lactic acid content of two strains cultured in sucrose medium at 37:°C for.24 h (g/L)

R 18
& BLET 1) /h
Lb. 1 KLDS 1.0207 Lb. 1 KLDS 1.0207
0 21.57+0.42*  19.80+0.27% 021£0.01°  0.23+0.01°
24 20314005  3.15+0.04 1.1320.00*" ~ 11.81:0.26

i ARFEHATR—EA. Fl—EHRRRNMEEZFREE; *ATRRER . R EHHRE &R EZF R EE, P<0.01.

25 EREAMEEARERNGRLE

¥ Lb. 1 FIKLDS 1.0207 £20pF XUk 7R3 th s 77
24 hJ&, RILKLDS 1.0207 B#ikk 5RER A R AR
ARAIZEA sacA~ pgiv gap~ pgk~ ldh X RIEE
Yot m Tk Lb.1 (P<<0.01), TMiFER gifA HIAH
WFILES Lb. 1 TREZER (P>0.05), Hrh, KLDS
1.0207 itk sacA BRI FIFA A Lb.1 (19196 £5(E13).

Fernandez 205 7R 1 45 A 7 AT B8 AR
BRI pgis fiuK. fbas piA. gap~ pgk~ eno-
pvk- Idh tuf purR T clpC 25 O IRPHEEFE
28 R AR B AR IR S AT B R Al L A oy
B piAs gap ldh- “atpA FRIEEAIA R, HAE
1piA I B RIA 2 ROME BRI P PRI AR AR o PR 2
DRI 2 FUAR AU A2 P DB BE R, (HGE R DT JE
PRI A A IR R ()R

F N sacA Gl REEREGS SR K AR FE, 3
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