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B 0.1 mL, 594 T MRS [ R 8 FR 5%,
Fr TG, FHER 15 25 AR R - 05 78 U 4 i e 7Y
AR . BT FH 2585048 Fr 43 0] Sy BT S PG Ak PR K 25



236 %3

75 A AE Tk BR SLBR T 69 B ik BOK SN AE MR 53

AN HER EZARTIMA  RIBEE UF B
R LHE, T 37 °CH 3% 48 h, & 4 & Bl &
T 2 R F vk 24 F50 00 10 11 2R T4 A0 R s o )
ER LG

1.3.9 Wi 43 5K L R v i 4 £ 0 vk A
AR A 37 3 FRIZE, 37 CHE 7R 48 h, LU 4
£, 78] 726 BR TR R BH MR X R LS 2 75 B I B 42

2 REHER

2.1 7R TR i R R K Y U

2,11 BAMOLE R il I
BB R TG FLAT B ZLAT B 045 RR 8 AE W A% 4L
CLA , M\ 5% U5 F2¢ vh 16 B ) LA 1R % I LA 7T
PRE R BR A SR M LA AR E N 117 BRI R
FHE AN e B il e, AR 2 57 A A o il Ze 1t
BOCLA W, 250K 1, LR A1k CLA
IR A B S B A, A LA TR
NCUOO01158 FE4FLFT 7 NCU001021 & i FLAT B
NCU003066 , kL Z= 4 FL AT 7 NCUHO061020 , Bl 2= b
FLAT B NCUHO081008 %5 27 #RFLFA 1 CLA P2 K
T 40pg/mL, FALFE KT 8% , ik —H K E T X 27
BEEE = CLA BE 1. R GC-Q-TOFMS J7 %43 #r
S AR A2 R B i

2,12 EHRAEWEEAL CLA S5y 08 CLA
SEREELAE Z2 R AT S R PR R 7 B AR A BT 9,
t11-CLA .t10,c12-CLA J&#{ iz fit 8 H A 4= # G
P B TR e S g R0 5 AR AT i % L [ 40 1
AL PR DT & A DI RE . 5 B SR A

250~
45
.

2001~

150~

(15)

CLA JFT it vk
CLA mass concentration/pg-mlL™

sl § = . &)
s 1 @ . @
' I e o H @
. . - . . 3
oF ¢ ' 1 1 b ! 1 1 1
® H B B H & b & 2
'&_)@ ’%& eﬁ_ﬁ &;2‘ &’L&# Qﬁﬁ 4332( &Q"é( 4‘3;% 4}&%
& ¥ B & @ PR SHE <
¢ ¢ 49
PR )

Strain species
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Fig.1 Concentration of CLA in fermentation broth

of 117 lactic acid bacteria
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Table 1 Composition of CLA isomers in the culture medium after lactic acid bacteria fermentation
436 pg/mL LA
B & c9,t11-CLA/ t10,c12-CLA/ ¢9,c11-CLA/ t9,t11-CLA/ A E %
pgemL pg-mL! pg-mL! pgemL
RENEILAAT NCUAO00105 4.08 = 0.42 2.45 +0.36 39.15 £ 2.44 4.06 + 0.22 11.41
NCUHO061016 3.79 = 0.06 4.98 + 0.01 35.49 £5.92 297 + 049 10.83
NCUHO061008 15.18 + 1.98 19.05 + 0.06 494 £ 0.33 5.03 £ 1.66 10.14
NCUHO003017 6.87 = 1.06 7.12 + 0.47 14.81 + 2.31 10.13 + 0.93 8.93
NCUA00102 2.89 + 0.33 2.71 £ 0.43 8.82 + 0.43 2.77 £ 0.37 3.94
NCUHO061013 4.97 + 0.40 5.11 = 1.00 2.01 + 0.01 3.09 +1.28 3.48
NCUH061020 2.69 + 0.03 3.93 +£0.39 2.53 £ 0.37 331 £0.92 2.86
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(8% A1)
436 pg/mL LA
¢9,t11-CLA/  110,c12-CLA/  ¢9,c11-CLA/  19,111-CLA/  #4e%/%
pg-mL™ pg-mL™! pg-mL™ pg-mL!
KB E NCU003012 57.56 + 7.09 38.14 = 1.27 0.30 + 0.03 20.19 = 0.01 26.65
NCU003042 5.49 + 0.45 3.53 £0.16 49.94 + 3.06 36.25 + 2.08 21.84
NCU003069 24.84 + 2.88 23.44 + 2.94 5.35 + 0.67 15.6 + 0.39 15.88
NCU001036 22.08 + 1.87 11.59 + 0.99 3.62 + 0.22 13.74 + 0.05 11.7
NCU003048 731 +235 3.81 + 0.44 1.64 + 0.01 34.11 + 4.90 10.75
NCU003066 8.28 + 3.56 8.35 + 2.56 3.37 £0.25 7.5 + 1.43 6.31
NCU003041 7.75 + 0.58 5.35 + 0.01 3.55 + 0.06 0.91 + 0.00 4.03
NCU003022 2.84 +0.79 3.19 + 1.66 1.63 + 0.20 3.38 +0.12 2.53
Hh SLAF NCU006007 10144 599 9559 +9.74 2.25 + 0.02 29.20 + 1.34 52.40
NCU001044 5441 + 1.74 5.86 + 0.93 24.62 + 4.03 48.13 +2.47 30.51
NCU001013 17.51 + 1.08 5.58 +0.32 80.27 + 10.11 163 + 1.84 27.44
NCU001046 40.17 £ 3.02 15.27 + 1.03 1.84 + 0.25 33.92 + 1.09 20.92
NCU001048 12.50 + 1.24 532 +0.03 12.88 + 1.46 11.37 £ 0.82 9.65
NCU001158 2.70 + 0.14 4.69 + 0.04 2.58 +0.20 14.05 + 3.55 5.51
NCU001038 6.87 + 0.23 5.92 + 0.46 3.06 + 0.18 6.25 + 0.29 5.07
NCU001039 4.20 + 0.66 5.30 + 1.30 3.26 + 0.42 6.75 + 0.74 4.47
NCU001027 4.17 +0.13 2.53 +0.35 8.63 = 0.18 4.13 + 1.01 4.46
NCU001021 2.78 + 0.88 3.62 +0.19 1.79 + 0.23 4.44 +0.57 2.90
NCU001032 2.09 = 0.41 0.80 + 0.01 247 £0.19 1.93 + 0.03 1.67
SAE R A NCU006004 6.93 £ 0.75 435 +0.31 2.62 + 0.94 7.22 £ 0.35 4.84
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Fig.2 Self-agglutination capacity of lactic acid bacteria
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Hydrophobic rate/%
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B AR TR (amd) R 45 AT £ 1B 25 1E 22 53 (P < 0.05)
3 IEBEEKAEKE
Fig.3 The hydrophobicity of lactic acid bacteria
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FHBY S ZESAT, o2 TR RR R 19 i 18 TR T4 19 5%
R R, SRR AR Caco-2 1E MK
SR A RY  PRTE 8 Bk FL IR TR Y G BT BB ), MR8 T
PRTT 0SS SRAT B RE B 3 G I&T 3 BT, X 8 BRI %
F Caco—2 4l g ¥ 7 B BE 77 245 BH 0 19 P 1k 22 57
P (P<0.05) . Fi¥IFLFE NCU001013 NCU001044 .
NCU001046 NCU006007 1) %k il % 4351 4 9.08%
8.81%,7.70%,9.10% , 5 H& 4 ¥R AH L, ZhF 5
FEAEW I 22 5 k. 45 G AT SO iR, MY ELFF
NCU001044 NCU001046 .NCU006007 % Bl 5
IS AT EA B 8 1 A g

R
Adhesion rate/%

Strain
AR TR (a—d) Fe 7 45 41 B A7 AE 1 3 P25 = (P < 0.05) .
4 ZFLEAE B kYT Caco-2 4R B F B R

Fig4 Adhesion rate of lactic acid bacteria to Caco-2 cells
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2301 PR ZZER  #5AE TA H AT R 3 I Ak iE
JEARETETE ERN R AR . RIFA IR 32
PEVE 25 42 T Y B R, OB ARAE H R (X
pH {8 BB i 25 8 S I AE TR G O, 3R 2 AT 0L Y
pH3 i, B & BEFL AT B NCU003069 41, Xt H & B
RTC 2200 524 pH 2.5 I K IS LAFIENCU003012
NCU001036 FIHE)FLAFE NCU001044 NCU006007
(7715 R ERFE 80% LA I ;4 pH (R Z 2 i, T B
2 s 52 B S T B8 8 bk D 11 VR A D R B 2
DECE SR, K BEFLFT IR NCU001036 4 ) #L
¥ NCU001044 NCU006007 () 3% & %08 T 10°
CFU/mL, 3 84 i R T 52 M
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Table 2 Survival rate of lactic acid bacteria incubated at different pH values for 3 h

H pH 3.0 pH 2.5 pH 2.0
NCUHO061008 97.08 + 5.05* 0.00 + 0.00* 0.00 + 0.00°
NCU003012 93.33 + 11.55* 90.00 + 10.00* 0.00 + 0.00¢
NCUO001036 96.32 +2.73° 80.24 £9.48" 0.13 +0.03"
NCU003069 0.36 +0.12° 0.10 + 0.04* 0.00 + 0.00¢
NCU001013 71.18 +3.62" 53.08 +2.03¢ 0.00 + 0.00¢
NCU001044 94.57 + 6.49* 95.68 £ 1.50" 0.21 +0.02
NCUO001046 100.00 + 0.00° 48.58 + 6.56° 0.01 £0.01°
NCU006007 98.23 + 1.36° 84.63 £ 6.85" 0.21 +0.04*

T AN P (amc ) 278 2 T R ) R T 52 0 A7 78 0 35 Pk 22 57 (P < 0.05)
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NCUO006007 2 38t > R 47 1y AR it 52 7, 7E 0.5%
M ABER T, AR IS A = T 107 CFU/mL, 455 1l
SCPT AR W A2 HE T, AP LT I NCU001044
NCU006007 7€ #5541 5 I i I 1k i b A7 AR R 38 =
(TGP Tl 2 T 7E B TE A7 00 I AR R
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Table 3 Survival rate of lactic acid bacteria incubated at different bile salt concentrations for 4 h
Re 3k R & o4
EE:S
0.1% 0.3% 0.5%
NCUHO061008 0.00 + 0.00° 0.00 + 0.00° 0.00 + 0.00¢
NCU003012 0.00 = 0.00° 0.00 + 0.00° 0.00 £ 0.00*
NCU001036 13.89 + 5.85¢ 6.58 = 1.42¢ 1.28 £ 0.48*
NCU003069 11.00 £ 1.73 0.00 + 0.00° 0.00 = 0.00°
NCU001013 63.33 +3.34" 43.88 + 1.8° 21.11 + 1.47°
NCU001044 77.33 £ 4.16 66.14 + 1.44" 15.66 + 3.16
NCU001046 5.72 £ 0.66* 5.44 £0.87¢ 0.81 +0.24¢
NCU006007 73.51 +4.97 73.51 +4.97* 12.82 £ 2.81°

TE AR P B (a—e ) 278 45 T R ) R T 52 0 A7 7 2 35 M 28 5 (P < 0.05)

24 MEREER

i A2 A 8 — TR i A R Al X O T Y
FEPUAE A A< 156 08 I A 2 AL AT 51 7 P 19 3
P 22 FRPHPE R, ARG AT M 7R N A 4 i 22
FCBAPE B 8 7 B, AR LA T R A ) W 7L
P T PR G 6 LR R IR MRS 85 97 2 0 B 1k

Xt IR AR 8 HRFLIER TR T 7 RO A —
SEMHIVE R, nTREE AL ER p R A p = A
PUER B 8 (2R W o, RERE Al A7 F W A A K A
17 A 3]l /L SO R BT P R AR P R 3L
FFH NCUO06007 Fy 411 17 450 S i 2 7 ol 3500 11 1)
MEE EREHKT 12 mm,
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Table 4 Antibacterial activity of lactic acid bacteria against seven common pathogenic bacteria

P B A2 /mm

-~ G+¥TH G-¥#TH

B 3 Exe e n b EN )

Fman Ewmd mass o0 REREE L ew i
MRS 6.13 +0.10 6.04 +0.09 6.18 +0.03 6.86 +0.12 6.09 + 0.06 6.05 +0.26 6.00 = 0.00
NCU001044 13.00 £ 0.28 8.50 £ 0.36 12.52 £ 0.18 11.73 £ 0.41 11.92 £0.23 12.05+0.86  11.05+0.45
NCU001046 12.12 £ 0.80 7.32+0.10 12.61 =0.01 12.47 + 0.43 12.67 +0.06 11.58 £0.51 13.25 £0.30
NCU006007 12.77 £ 0.20 12.37 £0.43 12.52 £ 0.25 11.68 = 0.60 12.32 £ 0.34 12.03 £ 0.58 12.5+£0.73
NCU001013 11.59 £ 0.29 8.32 +£0.17 12.35 £0.26 10.72 £ 0.52 12.23 £0.12 10.13 £ 0.92 12.04 £ 0.10
NCU003012 9.59 + 0.20 7.42 +0.38 12.92 £ 0.38 1096 +0.74 11.39+0.66 11.85+0.40 11.70+0.36
NCU003069 991 +0.37 6.62 +0.20 12.24 £ 0.10 10.04 = 0.32 11.33 +0.24 11.16 £ 0.13 11.34 £0.20
NCU001036 12.40 = 0.09 6.38 £0.17 11.36 £ 0.27 10.85 £0.13 11.32 +£0.19 9.36 £0.19 11.82 £0.05
NCUHO061008 10.83 =1.13 6.16 + 0.08 10.01 £ 0.20 10.54 £ 0.27 10.91 = 0.46 10.06 = 0.44 9.13 + 0.60
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Table 5 Antibiotic susceptibility and hemolytic activity of lactic acid bacteria
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Screening and Evaluation of irn Vitro Characterization of Lactic Acid Bacteria Strains
with High Conjugated Linoleic Acid Production

Mo Jialing', Xiao Muyan®, Xiong Tao"
(‘State Key Laboratory of Food Science and Technology, Nanchang 330047
’International Food Innovation Research Institute, Nanchang University, Nanchang 330047)

Abstract This study aims to isolate lactic acid bacteria with high—yield conjugated linoleic acid from Chinese paocai
and baby feces, and then conduct functional and safety evaluations. 27 strains with CLA conversion rate greater than 8%
were initially screened by ultraviolet spectrophotometry, identifying and classifying its CLA isomer composition by GC-Q—
TOFMS. 8 lactic acid bacteria strains with more than 10% conversion rate of CLA and the mass concentrations of ¢9,
t11-CLA, t10, ¢12-CLA isomers in the fermentation broth were higher than 20 pwg/mL were obtained. The 8 strains were
further evaluated characteristics such as self-aggregation, hydrophobicity, adhesion performance, gastrointestinal tolerance,
antibacterial activity, and safety. The results showed that Lactobacillus plantarum NCU001044 and NCUO06007 performed
well overall, with self-agglutination rate of more than 60%, moderate hydrophobicity, and the adhesion rates were 8.81%
and 9.10%, respectively. Their survival rates were 95.68% and 84.63% at pH 2.5 acidic conditions, and survival rates
were higher than 65% in 0.3% bile salts. In terms of safety, the two strains are neutrally sensitive or sensitive to peni-
cillin, benzamicin, tetracycline, and erythromycin and had no hemolytic activity. In this study, two Lactobacillus plan-
tarum stains were screened with high biotransformation ability of beneficial CLA isomers and great probiotics potential.
They have good ability to colonize the gastrointestinal tract, as well as acid and bile salt tolerance, besides show high
inhibitory effect on pathogenic bacteria, which could be further used in the development of fermentation products and
functional probiotics.

Keywords lactic acid bacteria; conjugated linoleic acid; in vitro properties



