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Abstract: [Objective] Fermented dairy are favored for their excellent nutrition and health functions
concomitantly. Post-acidification is caused by the continuous metabolism of active lactic acid bacteria
during the process of storage, transportation and sales, which seriously affects its sensory quality and
the number of viable strains. This study screened the low-post-acidification Lactobacillus helveticus to
resolve the post-acidification of its fermented dairy. [Methods] In this study, Lactobacillus helveticus
L551 was used as the original strain. Using neomycin sulfate as the selection pressure select the weakly
acidified Lactobacillus helveticus. Comparing the difference of fermentation characteristics between the
weakly acidified strain and the original strain. [Results] The acid production rate of weakly acidified
Lactobacillus helveticus L551-1 was slowed down. The acid production rate of 7-8 h at 42 °C was
9 °T/h, which was 53% lower than the original strain (19 °T/h); the acidity of fermentation at 42 °C for
24 h was 155 °T, which was 40% lower than that of the original strain (259 °T); the post-acidification
of fermented milk was 122 °T stored at 4 °C for 21 days, which was 23% lower than the original strain
(158 °T). Using gas chromatography-mass spectrometry (GC-MS) compared the composition and type
of volatile flavor compounds in fermented milk of the two strains, and there was no significant
difference. [Conclusion] Through neomycin sulfate, the weakly post-acidified Lactobacillus helveticus
L551-1 was obtained, which can significantly improve the post-acidification problem of fermented
milk, and have a great significance to the development and application of direct starter.

Keywords: Lactobacillus helveticus; post-acidification; fermentation properties; fermented dairy; flavor
substances
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WILIHFE ATP FEMIN HHEZRMISL, dEehEm
pH AR XS R E | PRIUE B IE 3 A AR iR
PRI, e (IRTE P H-ATPase HYFLERTA, ALL
BRI PR A TR a4, 5 A TR AR A I ™ IR E
Jy, PTG R WEFL A T R AL I R
BRBETAEMTRIUER, EAMNS @S
5 308 RO A FEZS S i s bk A U
B R B 8 3R P U — D AERE L B, AR Pk
H™-ATPase HIEFRINBLEEA R, JOILBRA LT
AR, mERIBHE. B, ST RR
FIFRALTE Y H -ATPase 8 A8 R (1 ik 18 £ 248
A FLAT BT BRI R A R R
FLERTAUSAE S DR, AR SOV R R T 5 2% 0
&Gk H'-ATPase HYEn L ZLAF A A, I
o R T L BT AR B S R AR IR, O B Uk
PR T A 55 D FH Ak # TR R B DAL

WL

1.1 SRIREHR

i LFLFFE LSS1 SRR Tt —R A Yk
A A PR w R B IR (YMCC) , 73 85 A
SIS b DX AL 458 5 T Ll ity L DR b B
YA A DR s I D2 il AR s, DR
g5 & CGMCC NO.15604,
1.2 FZRXFIFNE

AR W SR (12%BEAE FLK) s MRS Hi 5%
BECE SR SR B A R A Rl s B R BT B R
(FIHL T 2wy s B NE WA GBI o 2= 48 R AR AT IR
Al); BEAFLEE SR FEAHTY); NaCl, NaOH (HZy
AL 2 G BRZS W) 5 AN 5T 2 DX 4 S HGAR
EETAY TREE BN ARAF); Prime
STAR Max Premix (TaKaRa); DL-CJ-2ND II #
W AR B (AU AR E ZR ASCAs i A PR A A 5
YIGY-70-60 4 BTAIL (R HE T REIT K 2 it ML R
FABRA ) ; BPH-9272 Uk 2 F IR 55 7546 (H
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g —fER =AU A R A \l); FE28 AU pH it(1
5 -FE R 2L E AT BR 2N F]) 5 7890A-5975C S AH
k- T (GC-MS) (3 [ 4E 82 )
[ib] A0 i Z< B (SPME) F 8l EH F-4% . 50/30 pm
DVB/CAR/PDMS # Bk (Supelco 23 7)) ; S078HW-1
B PE R PR S BUN AR LA FRA D
J1200 BY K F O 2T AR IR AR ) 5
YXQ-100SIT 373Xk J 2875 K i 2 (b Vg TR s
WA BRARIBEIFREA)); BWS-27G HE % 1l
IKAE (AR R PR A F) o
1.3 SR EkafFiE"

H-80 °C RAFH B L FLAFIE L551, i
Bl 5 S 2 B B MRS B35 5Erp, 37 °C B
Fi3% 24 h, DL 3%HEAh s S e 557 2 1K
KR RIRZIES], B 100 L T84 MR 5 &
(400 pg/mL)FIR M 2848/ ) (pH 5.2 ¥ A
pH 6.8 22 {0)) MRS “F-tliR i 5555, 37 °C Kigt
72 h; PRECE ERE RN R TEVE T A U R
B, 37°C 9% 18 hy LA 3%EAh 51 2 G
hyEFRAL, B 1 /NEFIGE pH, FFZE% 24 h, DU
A R A bR, pH AN AR ARz il AR Y pH il
o PRIk RRRE 1S R . LT IR BE ) B
S9N th R bR S EIRTRIE IR, R4
AT HRAL Y 55 )5 R Ab B L LT TR
1.4 H'-ATPase EE o
1.4.1 E[F%H DNA 2B

B —80 °C kA7 W% L ZLAF B LS51, ik
Rl e 5 B 4 B BT E MRS B3R, 37 °C #
EIEFE 24 h, DL 3%IEFRAGAEE SR 1 IR 4%
HWRIREZ RS, 500 pL W 8 000 r/min &5.0
5 min, 303, AN R R AR BGAT 1R
B DNA,
1.4.2 PCR ¥ 18 H'-ATPase £ &

H'-ATPase A% 8 NV JE, g fish 5L [K 43 5]
 atpA. atpB. atpC. atpD. atpE. atpF. atpG
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Ml atpHP'. M GenBank $5#5 % v 25 $8 3 - FLAT
H'-ATPase g ht 3 K (%) )7 5145 B, , i FH Primer
Primier 5.0 IR WP 51M1(FR 1), FHHRIE
A TAEY TR ROARA R S#T5IME
Ao PCRJWAAFR: Btk 1 uL, b, FHHIY
4% 2 uL, Prime STAR Max Premix 25 pL, ddH,O
20 uL. PCR JZ W F2/F : 98 °C 3 min; 98 °C 10's,
48°C30s, 72°C 30 's, 33 MEH; 72 °C 10 min.
1.4.3 IRBEHEELAR Bk

BCE 1% BUEPEEENR , B 5 pL PCR ¥4
P AT AT RTK, TR BUR SOWEE H Y
1.4.4 PCR =4k 50 F

PCR W44 TAY) TR A
BRI T AL ST .
1.5 SERMREMRABFHEIIE
1.5.1 AEERSE

B 94% R fif A= 2L, BT = 60 °C,
A 6% TbHE, Ptk 2T E; 60-65°C.

%1 PCR3IYE7

Table I PCR primers

Primers Squences

atpAF CGGTATCGCTCAAAACTT

atpAR ACTTTCTTCATAGCCTTAATCT
atpBF ATGGAGAAATCATTTGTT

atpBR TTATTCTGTAGTAACCTTCTT
atpCF TTAGTGACCTTTAGTGTTGT
atpCR ATGGCAGATCCAGAAAAG

atpDF TTGAGTGAAGGTGAAATCGTT
atpDR CTACTTTTCTAGTAATGCTTTAGCT
atpEF ATGTCAGAAGCTTTTAAATACCT
atpER TTAAAGGAAAAGAATCAAGAAG
atpFF ATGACTATTCAAACATTATTTGC
atpFR TTAATCATCCAACTCCTTAAT
atpGF TTACTCTAAGGCATTTGCACC
atpGR ATGCCTGCATCTTTACTTGAGT
atpHF TTAATTTTCATCAATTATTTGC
atpHR ATGGCTTTAAGTAGAGAAGAAGT

(0.018-0.020)x10> Pa F¥JfFi; HL 500 mL Kk}
FAGBMEL T 95 °C ELRATE 5 min; Bk H
MR ZE 42 °C,
1.5.2 AEEIEERXT L

553 Ji TR A TR R T D s TR e A O i 0% 3 7
R TG, DL 3% iR R TR LAk
42 °C KRS EI A EE, T REE 0. 2. 4.
6. 7.8, 10, 12, 14, 16, 18, 20, 22, 24h
WE K EFLIIRE . 286 Q/HBYR 0003S >R
A TR R LR B, LA 0.5%B BRYE A 45
/857, FH 0.1 mol/L A NaOH #rifEia W &, M
ORI RE(CT) RN .
153 AEIRRARBRFAFERELZL

55 Ji P A TR PR T i s 81 e 2 00 Bl 07 5 5 0
R TG A, DL 3%tk A A T A LR
42 °C KRR TEIL AR BE 2 MR FE R 100 °T, 3L
800 r/min #F£E 3 min, PR, 4 °C A2
I35 R RS BT 4 °C FI 25 °C £#4%, J+F 0.
3. 7. 14, 21 d W05 7™ i B3 A2 TR B RIS TR
Z 8 GB 4789.35-2016 M5E & B 3L LR 1 1)
TE TR 4K
1.5.4 B EERTE E M RER

553 Ji TR A TR R T D s TR e A O i 0% 3 9
DL 3% i e s 5, e 1018, =
B8 1.5.3 73, MSE 25 °C fEEHR 58 1 N & T2
1) I R A E 1
1.5.5 AEFIERMEXEY RN E"

(1) GC % fF

(oA (DB-WAX R Z —F%); FHEMFR
RilEE R 35 °C, f-FF 6 min; SAS5 LA 8 °C/min 1Y
HRTE A 80 °C, f£4F 2 min; FELA 5 °C/min )3
FEFFE 110 °C; )5 A 10 °C/min fHER T2
210 °C, {4 10 min; 2 (He) Pt M 1.0 mL/min;
PEFE TR . 250 °C G&E T DVB/CAR/PDMS
HHK) o
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(2) MS 4%

El 8FUi: HF&ELaEERN 70 ev; BT
PRI BE Ry 230 °Co IR, B a4 E Fl
m/z: 35-500 AMU, TIEFFER

(3) SPME U5 v

BUE BEFLAE M 7 mL, il A 1 mL 4 fl NaCl
VW, 60 °C £&14F A 50/30 um A DVB/CAR/
PDMS &Ik T2 fH i K HL 30 min, SRJ5H %
BOCKRTE 250 °C #EFE LAA#HT 5 min, #E4F, F
7 GC-MS 2 #r .

(4) EEHT

FIF A o NIST 08 A5 i 72 H sh K & 45 4
oy B EcE A T AR — Ak A A A gy

L551

\

B 1 L551 FfA L551-1 B E & E MLk

W T B (R B o i L A R KUK 4 5 4 )
g 1T AR
1.6 HUEIE

i [ Excel 1 Origin 2018 14 74CHE b 31 )z
e, AR 3 AT

2 HEREAH

2.1 SRR T EAEBFIE

DIEG LS L551 Ml R bk, &t
10 OB A ve, RA59 5 BRIE Ak L551-1, HK
L551-1 F1 L551 f @@ | A K 2k (MRS K%
SOV RN R i 2k (BERR W5 5 9 2k ), 45 43 il an
K1 ATE 2 fis

®) 5
—=— 1551

ol —e- 15511
5_

jan)

[=9
4_
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Figure 1 Comparison of color circles of L551 and L551-1.
(A 15¢ —=—L551
—e—L551-1
1.2F
E/|4§—f!—§—i’—l
-
< 09+ . P
S o
0.6 u e
&
o
03F o« o
:'l»/é.//
0.0

0 2 4 6 8 1012 14 16 18 20 22 24
t/h

B 2 L551 %0 L551-1 B9 K #h 2 (A)F0 pH (B)BH £k

2 1 1 1 1 1 1 1 1
0 2 4 6 810121416 1820222
t/h

Figure 2 The growth (A) and pH (B) curves of L551 and L551-1.
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T b FLFF B ARG 7 R A5 V8 HY 1y 4% 5
wf, K 1R, LSS Rk gk,
g, Hhom A ERKAE
1.74-2.12 mm; i AR L5S1-1 2 €2 0 2 f
AN, Bk, Hhao g SN ERKAE
0.86-1.18 mm, FH] L551-1 [/~ R2fE 10
W KM% E R, 5 L551AHE, L551-1
XoF B0 A K T RS I 1) T i 2 W) R R
pH £ B/, L551 A pH TR E, KB
3-4 h, pH F&% 4.5, J58 pH B4 TFE, 24 h
() pH 4 3.07; L551-1 A pH R R sig,
KW 4-5 h, pH R 4.5, 5l pH B THE,
{H 24 h i) pH Ky 3.57-3.67, % L551 Bl T+,
Zi b, BEVEARARIY L551-1 P IRAE S BB IR,
2.2 SBIFERILEHR H -ATPase HIEE 247
2.2.1 H'-ATPase Ri3EE

DU EZ R LSS 55k Etk L551-1
FI LD 2H Sl it , 22 PCR #M I FABERS LK, 3K
15 H'-ATPase Zmi LA, 25 R anf&l 3 s, L5S1
FIL551-1 B4 3 th 423K i H'-ATPase 2t
L, Ho ) —ANJE R A LSS T VR G o 22 Dk
1, L551-1 KPR A MIDkiE .

222 MEHERDH

(1) 2B A

i DNAMAN Xl e 45 a4 7 B4 A e
X, GERANER 2 s, SR RAGEE R L551-1 1)

bp M atpA atpB atpC atpD atpE atpF atpG atpH
100
250

500
750
1 000

2000

3 L551 #0 L551-1 B9 H'-ATPase £ &
Figure 3 The genes of H'-ATPase of L551 and
L551-1. Left: L551; Right: L551-1.

x2 HEEFISH

Table 2 The analysis of gene sequence similarity

Genes Length/bp The variable sites
atpA 931 0
atpB 723 0
atpC 447 0
atpD 1375 0
atpE 228 4
atpF 503 0
atpG 1017 0
atpH 568 0

atpE B FAETE 4 AR, Hopth 7 S EEE

(2) atpE FEH T4 53 B

H'-ATPase 1 Fo 31176 41 i B E ¥ 1 oa ¥
M, apE Filfh Fo KA ¢ WH, ¢ WHSY
Yiis sh A FR T R 59 5 BRIL Pk L551-1
) atpE BEIFEAE 4 DA AL, anl&l 4 s

(3) atpE FEH G 2 BL 12 7 4 o0 B

Jvi 1 NCBI H* Open Reading Frame Finder T H.,
T L5515 L551-1atpE 3R A FF i 2, -3
il DNAMAN Xf 24 5L/ v 9 A7 Xt , 4551 s
atpE FE [R5 04028 (i 5 2 ) S8 L R e 97 e A A s
L551-1 $8%5 1-15 F1 55-67 i 52 AR, 16 5
8 2R (M) R A8 52 2R (L), 43 i 5 AR (M)
RAF N S E@ R (D). HIL, apE FEHF AL L551-1
7R BE 1 1 R (] 5)
2.3 SSIEERIKEE MR & BE4FIEIE
231 AEIEEIEERN L

St R B bR LSS 5 55 5 R AL T bk
L551-1 Kl # i e IR E s fk, 458
&l 6 FT7R o

RWERTI L551 55 L551-1 PR AR —2L,
6 h 5 L551-1 MEREIFRII AT L5515 L
100 °T YENEBEFLAZSTREE, L551 75 K
7h, 1 L551-1 #% &M 8 h; L551 K% 6-7 h,
PR MG EEAR P, A 19 °T/h, AF|FA "
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L551-1atpE.seq
L551-atpE.seq

L551-1atpE.seq
L551-atpE.seq

L551-1atpE.seq
L551-atpE.seq

ASSEMBLYFSEQTENCESINTCHNTIGSATGICAGAAGCTTITTARATACCTIGCTIGCATCC
ASSEMEBLYFSEQTENCESINTCHNTIGSATGICAGRAGCTTTTARATACCTIGCTIGCATCC

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

-[CGCAGCTIGGITTAGCAGCTTTAGCTIGCTGCATIGGGTARCGGTARAGTTATTTCARR

| CGECAGCTGGITTAGCAGCTITITAGCTIGCTIGCATTIGGGTAACGGTARAGTTATTTCARL

e o o o o o e e o o o o o o o o o R o o o e o R R R R R o o R R R R R
AACTCTTGRAGGTAT GGCT.'CGTCAACCTGAAAGTGCAGATAACTTBGAGCAACAA T
ARCTCITGAAGGTATGGCTICGICAACCTIGARAAGTGCAGATAACTTARGAGCAACAD T

LR R E R R R R R R R R R Rttt Rttt & &

L551-atpE.seq TATCGGTGITGGTTITGATCGARGCCGTTCA

R R R R R R OR R RO RO W R W W W

L551-1atpE.seq TATCGGTGTTGGTTTGAI‘CGAAGCCGTI‘C

L551-1atpE.seq TTTTTCCTTTALL
L551-atpE.seq TTTTTCCTTTARA

EE R R R R R

4 L5510 L551-1 B arpE EREFH) L3R

TTIGAGCTATCGITIGITGCCTIICTITGAT

EEER :

T IE’ GCTATCGITGITGCCTIICTTGAT

Figure 4 The atpE gene sequence alignments of L551 and L551-1.

L551-1atpE.seq ASSEMBLYFSEQUENCESINTCNT IGYMLEPLALGLALL AL AT IGNGEVISKTLEGMARQE
L551-atpE.seq ASSEMBLYFSEQUENCESINTCNTIGS-—————————————— MGHNGKVISKTLEGMARQP

LR R R SRR

.Kkz’g’!’*’nzk!’#kknﬂﬁl

L551-1atpE.seq ESADNLEL
L551-atpE.seq ESADNLRL

o

LR

FIGVGLIEAVPILAIVVAFLIFSFE]
FIGVGLIEAVPI-—-

5 L551 #0 L551-1 BY atpE ERRBIERFI LWL R
Figure 5 The amino acid sequence alignments of L551 and L551-1 for atpE.

300 = 1551
—e— [551-1
250

200
150

100

Titration acidity/°T

8 10 12 14 16 18 20 22 24
t/h

0 2 4 6

B 6 L551F1 L551-1 & B id 78 B9 7~ 85 th 2%
Figure 6 The acidity curves of L551 and L551-1
during fermentation.
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SRS TR, T L551-1 18 & B S B,
MR MG R B RN, S 9 °T/h, XFEbrE
PEHCNAE R KR 24 h, L551 REEIA
259 °T, 1M L551-1 1k 155 °T, % L551 FEA%
40%. Z¢ &, Kl B2 b IS R Ak 3 FLAF R
L551-1 HY)7 B AE J1 w2 FEAR
232 AEEIAKREHRBRIERE L

(1) KFEEFJFERAT

X E O KR B RRE LSS 5 55 )5 R fh B Ak
L551-1 Rl R 2R G iR 2 5% 45 SR Wl 7 7R o

4 °C B4R L L551 R EEFL Y 0 40 401 2
PERER MR, 100 °T KX LG, 4 4°C i
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(A 250
200 r
&
w\?;‘ » =/'
5 150 /
& -
o L
21001
s
= 50
—=—[.551
—e—L551-1
0 7 14 21
t/d

B 7 L551 %1 L551-1 54285 ER th 2%

B) 350
300

250 -

200

150_/./,,/——0———’*

100 —=— 1551
——[551-1

Titration acidity/°T

50

t/d

Figure 7 Post-acidification curves of L551 and L551-1 during shelf life. A: 4 °C; B: 25 °C.

WG, FREEENIAF] 128 °T, 4 °C f¢fif 7 d ik
F 153 °T, 21d iK% 159 °T; L551-1 ABEFLHY
PRORHIR G K W B2, 4 4 °C i IE 3,
FREEA 111 °T, 4 °Cf#f% 7 d M 117 °T, 14 d
5119 °T, 21d M 122 °T, ZE Bk, 1£ 4 °C
FEfif, L551-1 A BEZL By s B Ak B i sl s o

25 °C fEfl 2R, L551 KBSl s 2ei
MR BE R AR K, 25 °C f#4i% 3 d, L551 BRJE
Jy235°T, 7dik%) 273 °T, 21d &k 314 °T,
Je BRAL ™ EE 5 1 LS51-1 K& L B 5 BR AL B 5 1
RS, 25 °C fE6E 3 dFREE Ky 145 °T, 7d N

A) 10
&
S %
B~
)
0
%) 8r
k=]
=
3
= 7t
=
> —=— 551
—e—1.551-1
60 7 14 21

t/d

8 L551 #0 L551-1 $5Z5 8RB H 8 i &

156 °T, 21d Ky 167 °T, #H A H Rk L551 FEAK
147 °T. % BRTk, 7825 °C f#f#, L551-1 &
P 2L P i R A 2 U

(2) KTEFLIE WHO L

XFE R B RRE LSS 5 55 )5 R Ak B AR
L551-1 KRB R MmE B ES, 458
Kl 8 iR

4 °C fEMERMET , KL A TS 1 E0E
Wi R RE, L5510 16 7 d NS T B 4E R L
1.00x10° CFU/mL, 14 d [%% 7.80x10° CFU/mL,
21d 4 6.85x10° CFU/mL; L551-1 W) 476 B £ N

®) 1o

Viable counts Ig/(CFU/mL)

—=—1.551
—e—L551-1

0 7 14 21
t/d

Figure 8 The viable counts of L551 and L551-1 during shelf life. A: 4 °C; B: 25 °C.
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6.85x10° CFU/mL, 7E55 3 Kik%] 8.50x10° CFU/mL,
7TAB 5 3dF P, 14d TR E B A T %,
H45>1.00x10* CFU/mL LAk, 21 d (&=
7.60x10" CFU/mL, {H 7 & % e 3L 16 7 X
Yy E AR SR (>1.00%x10° CFU/mL). 4 |, 7 4 °C
1Efif, 1551 F1 L551-1 K EEFL S PR R K
A 175 TR 48

25 °C At RS e T L ) 19 T 280 R
R, L551 Fl L551-1 K EEFLAGE LTS HEEI K
F 1.00x10° CFU/mL, HZERT 7 d AR LB EAE
fkb, Hr L551 4E¥7E 1.00x10° CFU/mL VU |,
L551-1 4E4F7E 6.30x10° CFU/mL LA | ; 14 d 7%
B BCER R4 1E 1.00x10° CFU/mL A 5 21d 1%
FECER ™ E, L551 F# % 9.15%10° CFU/mL,
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Figure 9 The post-acidification stability of L551 and L551-1.
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Figure 10 GC-MS flavor substances chromatogram of L551 (A) and L551-1 (B).

3 EMHAPEERSYROIEERNE L (x107)
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Table 3 Comparison of peak area response values of main aroma substances in various samples (x10")

Compounds L551 L551-1 Flavor

2-heptanone 0.61 1.17 Fruity, spicy, cinnamon-like

2-hexanone 0.21 0.33 Herbs, cream, resin

Acetic acid 3.24 5.23 Vinegar, sour

Butyric acid 0.97 1.34 Rancid, cheese, sweat, fermented

Hexanoic acid 3.95 5.22 Strong, sour, sweaty, spoiled cheese, goat odor
Octanoic acid 2.28 2.51 Wax, spoiled cheese, grease, stinky cream
Decanoic acid 0.88 0.93 Sour, fat

Benzoic acid 0.39 0.69 Benzene, formaldehyde

() BRI, 22 o i W 0 A oS i R 24
ARy P L551 FI L551-1 KLY B R
KYFA LR, T, CfR. . SRRARH
2, Hod LSS1-1 v i 20 R i I A AR X i

AR 2E RN, Ui L551-1 (ERIRA
BRI SR . 275 BT, L551 F L551-1 A& EEFL
FERNENRY L —2, )& Tl — & R A
R, L551-1 R IEFLAO SRR . BRUR | BR A IR 58
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