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CC6091 , L Z= Wi A #T 1 (Lactobacillus rhamnosus)
CICC6001 . Hi K #L 4T B (Lactobacillus helveticus)
CICC6032 M kA5 FLAT 1 (Ligilactobacillus sali-
varius )CICC23174 . 24 [X FL KT W (Lactobacillus
johnsonii) CICC6084 . % H7 (XA W& FL AT 1 (Limosi-
lactobacillus euteri)CICC6226 15 FC FL AT &6 44 I A
WENEF (Lactobacillus delbrueckii subsp. bulgari-
cus )CICC6047 | & B FLAT T (Lactobacillus fermen-
tium ) CICC22808 . MY FLAHAT B (Lactiplantibacil-
lus plantarum)CICC6002, 10 FhFLFF M A
T A W AR RO L (CICC) , B E AR B T
iz .
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B BR AR S0, BUER TR AL 7 A R A

Al B, RN AR T (ERDARA R ;2R
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M A 2% 1l 15 A PR 28 7 s KQ—-600DB 175 ¥4 5 1 #
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1411 BRI KEEEY  HEMFRECS 000 g B

KM R 7 R EE 1:9 i A 253 (10 25 85 1K
RAWAEED 1 min, HZ AU K uE B O
(4 500 r/min,5 min) Y4 FIEW, BB T,
1S BN B IKEED T8
1.4.1.2 BRI K$E )  BES B TR 7 HEHf
FRIC 500 g BRACHE K& T8y, 4&RHK L 1:10 i
AN KK, F&IMATCK O BE, R FIR A,
i ZBEAR TN BOA S 70%, T 4 CHE 24 h )5,
PP B 5 2 R W (B ) RN UE
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min J5 IR1F 198 BV A I B REEEAL, TUEY
VU T M, BV I 7K B B 030 A6, Tt 38 o7 38 1
e Bt 7% 2 1 W 4 K Bk T (60 °C) , 15 B e 2 0 17
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0.32 /L BUR MK S EE I | BT 0K 38 9 19 K B
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H ODen 18 o B PR32 B BT 2006 B2 A5 3 P47,
[, 8 8 Al Ry 37 3 s (IR, R E R R X (1)
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et R (%) = [Li-K,—(Lo-K,) ]/ (Ly-K,,) X
100 (1)
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ODgoonn A 3 K, 2 X5F 107 BRAS B2 JRUW) R 7 BT £ 3k
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Lo oy 42 Bl BRI 1 AN B BRI B B B SR SR
OD oo BI1H -
1.4.3  Z5aERGakE Y BYIE R =%
SCOFBW T IR IR ARGHE . MRS T 96 LR
BEHiF 12h(37 °C), FEWM PBS B0 2 K5 ,37
CT 4 30 min, B 150 wL 0.1%%5 5 48 Y i e {4
15 min,, 7 B (LK, PBS VR AE I 3 Ik, B %2 % IE
LI # g, 37 C 4 30 min, 200 wL 95%Z
P RS, T E A sos THL
144 HHETFEBENEEYWEEKE =%
Wei S50 7 B F At . R icE 7 12 FLk
(FLAHLE 10 mmx10 mm (O JCHE BB ) B8R
7% 12h(37 °C), FFHEM,PBS YEik 1~2 1K, 2.5%1%
TR MR, H 4 (20% ,50% ,80% , 100% 7%
10 min) WK, )5, e BIkGreE 4, JHH
FlexSEM1000 34 L 851132 EIMZ
1.4.5 1% L 1% AT BT 2 T 36 7 A R 7 e e i ) 0
FE 4R R 1 K M 0 DU s SR A Samot 45T
J7ik  IFRAEIE S, B RWIE R 12 h, B0 e
4 (4 °C,10 000xg, 10 min) , ¥ F &2 7% F pH 7.0
) PBS & w7 K 600 nm 1 OGS
0.6 £0.2,icf OD,, % 1 mL I H A% FRE
LoV LW EE Y 3 mL B RCP R 5 45 5% 2 min, T
i NEE 20 min S5 I 5E KA 1Y ODegon 1H, IEA5
0Dy,

KIHHKF (%) = (0D,-0D,)/0D;x100  (2)

1 B, FL A 1) O A Ty R TR L B TR TR (I S
W) 2 S0 (% B Jr i ) B AR R
1.4.6  TEEFLEAT R MANE (1, ROBERA JRORE 7
11
1.4.6.1 MAMVEASTEANE  RHH TCA-P
DIV IR RSN B RWORRE 12 h 5 TELO
HL (3 500 r/min, 10 min) &5 .0 W05 35 W, AR
U109 2% i IR R MR 51 T 4 CYKAE h & 30
min, A 15%1%) TCA T 4 CHIFEMBUTTEER A, 5

O WSCERTTVE , VK P A 58 43 DR DOVE 5 7 B3O U T
VE, T F AR KT PR K 25 R S R AE A2 -80
CYKF 5 H . R BCA 357 & A6 & 1 & &t
1.4.62  SOFESRAGIE R R 8 6 IR 1k I
PRV A S S 0 BRI R L A i 0.1
mg/mL Y #] %5 4 b5 1 % W 0.0,0.2,0.4,0.6,0.8,
1.0,1.2 mL T o6& | kb 2 2.0 mL, #0A
5% AW 1.0 mL, #25) , I AR BRER 5.0 mL, T
P 490 nm A0 5 HEOGAH LA 2 1 o ik i
R A AR, WO AR A DN A bR 2 bR o R 2k Ly =
4.5998x+0.0109, R?=0.9958 ,
1.4.63 ®IFHES mAME R 3,5-A K
R L £ 3 (DNS ) 5 T VR 1) 38 ol 2 1) ELAAR
FEAT 43 BB 1 mg/mlL () 5 25 B AR HETR TR O,
40,80,120,160,200,240 wL F 4 b ik b
% 0.4 mL,#%2), il A DNS % 0.4 mL, 3K 5
min Ji , RER I EEE, KR E 5 mlL, T
K 540 nm AN E MO AR o DA A R T R R A
AE R WGAE A G\ A Bs 4 i s o 4R . y=1.3418x—
0.0215,R>=0.9969
1.4.7 BRI 7K B8 B 175 W XoF 1 1% 7L 18 T 7 375 7 250
SR T A M52 3 B B0 2 R F PB4
o BU— 8 S B 1 R R T R B SR R,
WA AT IR AT K 9% 48~72 h Je g ATt g, %
FEE R E 2% F S 35 550 77 01 Fif 7E 2
HE B B AT R K B BV 7 T (0.08% ) B VR
THIAR TG CI¥ R 5 BORE SR 2R T AL R
12 h, 25 i 20 Pa, ¥ B IR EE-45 °C) , 43 5 U 1
B 5 B BB T AR R 3 R A FE AT R
i 55 9% 48~72 h Je AT, R TR 4% T =X
IHE.

T AFIE R (%) = N/N>x100 (3)

AN R T A AR TS B, CFU/MmL; N,
R VR RE i 15 AL, CFU/mL,
1.4.8 BRI IK 32 B W) 0T 1 6 2L AT TR B—F
FUBE T RIS PRI E  HOZR T S A RE i (R
4 1x10° CFU/mL) , il 0.05 mol/L NaH,PO,—
Na,HPO, 2% #'¥#{ 10 mL,4 °C .4 000 r/min &> 5
min, £ B EIE 1 mL, F B2 FLBEH B0 &0
3 YRR SR Bt FUME Y TS M R AT 3 R E
JE SR ERLALLL U RoR
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1.4.9 BRI 7K $2 B ) %5 1 1 FL B& AT B i Na-
ClREIRISEI  Z75 48 1 e I J7 1 1 R A Bl
HE K 15 F5 U 0 TR R AR TR0 B0 19642 1 53 ) 42
Fh ] NaCl B &80k 0,1.0%,2.% ,4.0%,8.0%11
MRS AR 55 5 3 rf |37 °CH IR R EURG 3740 15 9%
SONAE 12 h UM, RS AR AR I K 600 nm i1 K
T A KA
1.4.10 AHY) MRM [ 3z 8 ) 4 355 20 = A6 il 5 oA
MEOKSEEEY) RO TN 10 mg T AR
K 42 B PR R 2 AN /INVR BRI 500 WL B2 HUR
(V gV x=1:2), IREGWTE 40 CF A, HHEN
br o 1A 30 s,k 35 Hz IR 53K 4 min, SR 5 L
AVKKIE B A3 5 min, A ERE 3K,
RIGHIR GRS 4 CREF AR, K5 5
RAEWHE 4 CTFLL 12000 r/min (5% 3 B0 15
min, FiEWZ 0.22 pm GLFLIE AT A 0% . W4
AHESEY 100 WL VB A LA, IR 7E-80 CF
PRI, HEITEHLT

H #5433 12 EXIONLCSystem (SCIEX) %4
WA €835 1 (EXIONLCSystem ) 1 Waters UPLC
FHETEFE 735, WA s A 3 0.19% H 2 i 7K %
W,B AN NG o FERAEIRE N 40 °C, A shifiFEds
WEEHN 4C, #HFHERA 2 pL, H Sciex QTrap
6500+ (Sciex Technologies) #4745 F & , HL7HY (1)

20

- FHREHBIAFE
15 - RERFE
! ~ EHRATIFE
Q@ 1o - BARIURATE
S - HYFHTE

0 4 8 12 16 20 24
i i)
Time/h
(a)

BEFRSEANT 81 W% R +5 500/-4 500 V,
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+100V,
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PR R 7 AR P A WA (A 000 AR
1411 et % 84 R H GraphPad
Prism 8.0 #AFiEAT 40 My, &5 R DL 34MH + brifE
27 (x £5) 3N, A E) FBCR H S T R 50 (R
B ¥E),P<0.05 22 3k B % P<0.01 Jy 22 S
B,
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KI5 76 12~24 h, BR T BEFLESAT 08 A2 CALAT B IR
TR Y |08 R LT BT L 249 G LT B8 R & T 2L AT
PR AN, B R R FR X B I i i AR X 4
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KA ED
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Fig.1 Growth curves of ten species of Lactobacillus
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FEY I 5 (] 2e~2g) 5 TSNS [A] 55 2 1 OA it K
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Fig.2 Effects of water extract from M. oleifera leaves on the growth of Lactobacillus
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Fig.3 Effects of water extract and ethanol precipitation of M.oleifera leaves on the growth of 10 Lactobacillus specie
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Fig.4 Effect of aqueous alcoholic solubles of M. oleifera leaves on the growth of 10 Lactobacillus species
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Table 1 Relative contents of major components in
ethanol-soluble fraction of water extract

from M. oleifera leaves (Top 10)

] Fa 5t
& AR E R A
& E/%

bR ES Flavonoids 30.14
i Amino acids 22.23
AR % Nucleotides 13.47
fig % o 25 A Ak Lipids and aromatics 13.17
EREES Alkaloids 5.09
B % Phenols 3.01
YA F A A ALK Vitamins and organic acids 1.71
RKAFHE Phenylpropanoids 0.35
& Tryptamine 0.33
| ok Bk g R Indole and pyridine 0.21

F2 FHAMKREZYHEREESWEXNSE(H 10)
Table 2 Relative content of monomers in ethanol-soluble

fraction of water extract from M. oleifera leaves (Top 10)

CAS ¥ (N £ #k A2 B F /%
63-91-2 CoH,NO,  L-3% /&% 11.84
482-35-9 CoHyO,  FFHt & 8.73
480-10-4 CyHyO,  F=%#K 6.38

5536-17-4  CpH;NsO, 48 i 3 5.33
7665-99-8  C,HN:O.P & 3% -3",5' - 4.56
IR — BB

74-79-3 CHuN,O,  L—#f R 85 2.59

634-01-5  CHpNOP A& -2" 3" - 2.57
IR R

147-85-3 CsHNO,  L-JH &8 2.55

1818-71-9  C,H;N;05 & 23 1.70

3681-93-4 CyHyO,  #H# & 1.55
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Fig.5 Effect of M. oleifera water extract on the growth of Lacticaseibacillus casei

AR K HE T ) i 35 B v T 1 L I T AT A 2 1T 1 TR B L 7F (P<0.05) (8l 6b~6¢ ) , I T 7 1 % L & AT
JKPE (P < 0.001) ; [A] B 38 42 5 7 - 1% 2L B AT 18 19 R ALE B A A K IR T

20r $okok - 25 =
g
>
215 R 301 * X
gé = - 3 15
ﬂ% 92 10 F 2E ok & %D
HE & o 2 £
R z g 10
% 5 < 10f = S
2]
0 0 0
B ,,3@ *‘«‘)\ < »3@ < %@
&8 IR G
X@ﬁ“\‘(} ng“*@gf ’5<®%\)\' ?gfv*:@@f 9,(@8&“\‘ Xg{_ﬁ\)&&@{
i Eil] 251
Group Group Group
(a) FR T B K (b) Bk 1, 7if ()R LT

W5 0% A KA B HL A, %, P<0.05, %%, P<0.01,%%* P<0.001,

6 FRARMKREBRYN TERIBTERERKME, B HEFHZ0
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acid-base charge of Lacticaseibacillus caset



25 2

FRA T KISy 2F T BE SLBEAT B W94 £ K AR A 63

2.8  BRAM kiR EE A Y0 XF T B 2L B AT & A0 B 4h
EQ AEEMEESENZIN

FUFF 40 W 0 B AN B A 2 A E T, 7T L5
FEZR B8 8 S e R G, Wi 44 B 3 i R
RS, G 7a WK, 5 B FLEEFF R L, BOR
I 7K 4R VA 4 00 8 8 0 T 1 L R T R R Y R
F & (P<0.05), Z5REH B KIEEEEY

ik AT R T VL 110 AR R IS AR o A TR T ) S
BHWIFEAL, W Tb~Tc FoR, 5 8 2L BT B A
o, BRI KRB WL T T B 2L AT B
FA JFORE & 5 7E O h 43 548 & T 24.59 mg/mL il
21.90 mg/mL; 7E 6,12,24 h i (A Y977 7E & %k
225 (P<0.05), S5AFRW] BRI K A& Bt i 1) ik
0 0T T LT T TRV T RO R TR

A LA 1 i AL A I M AN R o, T EL
) 3

X £ & - £ 2 . - TR

% * E Do TRRAKRERY § g = T RHA KR
=S T - | W 5
41 g 40 = 40 g5
M= 1.0 - % g *kk % 8
S B g - * g

2 05F £ S

£ = 2

/00 s 0 'S

@?@ RS %% < o6 ';JH“ % 48 20 6 sz ; 24 36 48
% ,& Nl o N [H
<BRE X?%. e Time/h Time/h
4Ll (b) S 25 it (o) i JEUH 7 ft
Group
(a) AN E A&
T 58 0% AR LB AL % IR P<0.05 ;%% 7R P<0.01 ;%% XIR P<0.001 .
B 7 HAMKREAYNTHRIRTERIES SHENERESENZMN
Fig.7 Effects of aqueous alcohol solubles of M. oleifera leaves on extracellular protein,
total sugar and reducing sugar contents of Lacticaseibacillus casei
29 HAMKREAVXMNBIABTERRES R, PEIUEHEE — 0K & 2E 300 Y B

sEA ) BUTEZE . b 8b~8c AT, BUA I oK B B i ) =

B—EFLME T IR T BE, HAE BT
P R S5z e 2 ff P 5 M 1) AR B el P 8a T4
AT 7K A B i R T T I LB B R T A

R i T 1 L AT TR B L T S A (A
8b) s [FIB, BEAR T VR T )5 B FLIBEAT 8 A9 B—F 3L
B Tl R Y i R (P 8c) o

& 3 3
% 60 - 55 0.15 g 0.12 -
E £5 #3
ti:[ ; 40t 22 010 fg‘; Z oosf
w3 & i
g =g
=73 20f =2 005 = 2 004}
¥ i el
i il
;E_ 0 % % :2 0.00 == 000
= xg xg | B < B
5&% x@‘ PS"% yﬁé\’&“ y@bﬁ\)%‘%’@&‘% X@‘ﬁ\)\r(} ?%ﬁ\)?@&@{
£ s Nea ﬁ% ‘”ﬁv
21 51 2151 2190
Group Group Group
(a) T A7 7 % (b) ¥ T T RAZL BT 3 (o) VT I T B 7L IS FF 1

BF FUBK 1A 1

B>t FUBE AT A 1k

58 0% AR KR BEE P g, * RoR P<0.05,

B8 HAMIKIRER AW T B EL B AT B HUR A

Effects of aqueous alcoholic solubles of M. oleifera leaves on the anti—freezing ability of Lacticasetbacillus casei

Fig.8

EN BRI



hOE B

64

2
&

Bl

o 2025 455 2 )

210 HAMKIREAYIRS T B2 BT 5w
NaCl &

WE 9 Fiw, Ffi# NaCl 5543 500 AS B 4
o, T s 2L R TR A AR K S T R RIS 7E NaCl
J5T i 3 53 50 R 2.0% I TR R AR AR B H B T i
Oy B BT, 5y BUR 4.0% 18 ODgoon 1E A 2T
M, WA K Z 2, NaCl i 5508 8.0%0T
T T LIS AT I A A S5 IR R BRI K
P& PV 1 AT 4 v T 1 L B AT T B T NaClL AR .

3 itig

FUFFE HA P AR T 18 IE W w4205
B AR AW, 0 i T8 P9 WO 9 A
R GG I U™ gy 04 7 A A A S R R 2 R
st Ll S5 ATUAT )2 B, SR T
JER W FLAT AR I A B 2R, AR BFSE 4G
TR AR I ST 10 Rl ZLAF T 09 A K BE A 2
HEVE LA AR T, SO 32 Uy T BE
R FLAF RS TR R AR R, TR ECR
[ FLAT 1 e W A R AP A 22 57

A BRI 7 4R Bt ) 0 26 A 18 ) Joi
Ll AT 8 A AU A 2 A I R AR K fi B I )
RO TR R, e BB T K AR B ) 2 5 A
M2 | 28 2 1 S AR B S A5 TG Pk 120, i 45 X 7
WA SEI BT 2 R SR AS — B, BeAh AN ST ah e B
BROARIK SR BV W) s o L-R T &R F1 i 2 R 5%
AL S BT ANDETE R R SRR T i 3 i
FUFF I 9 A2 K BT ER BE ™), 40 B A T 19 (8 TR
AR 25 A7 5| A= ) 15 e, s e —3— TR R T L e
7 ARIR 2 AT B E A R 2 Al Wl I Y
NN TE B, O30 2 0 A B A R 3
IR B 45 g 2 T 010 S, DR TS SR R i ™, i
R FURF R 17-17 BRR T LA 08 w8 R 52 55 3 I
4 A= B A I AR WE 52 % BE 0.08 o/ L BRIt 7Kk 4
BV ) o 2 (e T WL RAT T A 2R G, ST BROR
7K i 5 9 W R BE D i L AT I 2R 4R I B
Je L BB TR A N I A A5 40 o DAL i 4 5 2R K BB
g1,

AR RIS 5 Mo A D RE A %, JF
SRR TR A —E A E SR A R AE
TETE 5 TR M T I AL A R 45 AR AR AR W, A

20 | e FmmmTE

- TRHAKEREY

4%

%%

05

081 | | |
0 1 2 4 8

NaCl J5i 5 5 %%

NaCl mass fraction/%
T [i— NaCl Fiik 22 80F , 58 0% MK b B2 1 L e,
i R P<0.001
9 ERARKIREZA W T B L BT B @ NaCl #5200
Fig.9 Effects of aqueous alcoholic solubles of M. oleifera

leaves on NaCl resistance of Lacticaseibacillus casei

WEIE RN, b 78 AR A% 1T R b 25 41 T 1 L
FE G AR W AN A0 A 3R 5 W AR G s, AR
KA R (5—CMP F1 5°—AMP ) XF + /% 7L s T 5 1 2
Yy e A WY I B A2 A RIS AR YA R R
0.08 g/L BA K $2 Bt v ) . 35 412 1 T s 2L 1 AT 1A
A= )RR 3 W O 3 i LR B, HE IO i K S
W75 ) AT e Ay T L T TR AR R R AL T AT IR 2R
70 0T T4 5 A AR B

R, AR W it K e A5 3 T o 5 R ik s,
BUEHSE Del S AT IR B T 4H P4 2% 1f L A =
55 X6t i 3 286 B %) 756 R R 200 BT 400 Rl PR S =2 T A R AR
RhBE o A WS R T A ) R L A R v ) B L, i
PSR T ZLAT 3 2R P B O B, AR 9E 45 3
TN IR 7K it Bt n d R R T LA DA Y 2 T
K RN R g 7K S A B R AR T e ERL nf ) 3R TR OK
- 3K A] R R R K B BV W b i A 2 T 4R
1o 1T LT TR A G B S SRR S, DA i
TEEFAF AR,

Meng SEHAF5Y 26 W ZLAT 1728 12 25 11 ) LA o
FOW A I BB AR 28 . FEAS TS T BOR i oK B B
Vo 0 2 5 T I LR T R B R R B i Ak
B ROWE R A JFOBE O & o HE DU B i K SR B
AR Ry T LS TR PR A T e R R AR, A i 4
SR T i 7L AT AT A B 3 e

BTN 5% 28 B i BRI 8 0 & A LT R L R



25 2

P R AR BE IR 4 3t T BE SUBE AT A 090 £ K AR 65

W E AT TR | ML E A R A A B TR R L
FF T 1 DA IR 43 2 RTR R B i e, F T 42 T g
FLIR TR R T A7 1 S8 A 5 rposfOR i oK 4 B
Yy AL A1 B—1: UMl T R AT T 1 L AT B
4, U RE R BOA oK B BV ) BE A RUBE Ik
B FUME G A ER L Al SR A ST 5 R B
N TR) ¥ J3E 1) dek 2 T L ok A LT R e FLBE T
At 5 | 3k 55 A 5 45 AR AR — 0, I BROR K
PEBEVE )R] RE N T B FLAT B AR KR AL T A IR
Yo, DT 3 58 1 1 1 LA TR A9 B R e

A WFFEUE W RS IR FLAT T NCFM 1 R 2 8 Al
P e TR 1 i R i AL ER BB 7, % B R 8 B A
LU At s ™ AP FLAF I KCTC 33131 #1
T FLFF 1 KCTC 13086 14 4l 15 32 9 & 1% 1 7K SR
FEHN L e B R R iR 4 A A Ak 2 B
PUEAL R, AR & BB i K B B ) T AL
— TR AR T EL BT TR A T NaCl fig 15,
S 0 s L AT TR B NaCl A 1 5 8K oK 42 B
YR 2E A 5 B2, B K 3R B 7 ) A1
HET W FLEEAT R A0 AR G, 55 LG o s 3L 1 AT R
(B A BRI B LA K T i B FLME il A
7L I S T 1 S G

25 b BRI B X 10 Rl AT AT 4R E
s RIVE T, A2 0.08 gf/L A 7K 312 B %5 4 nl i
e 1 o R I < G o O (L 7] T R
16.63%., 0.08 gfL A 7K $iE B s 47 b 3 1B 0% 2
HE T 1% L AT TR 25 4 S 1 43 1 DA 38 i HL 78
PR, TR A AR v T R L I T TR 1) 2 T8 B K P
i FLfr R R D, 38 T I LI B8 1 A AR
It B v T I LS T R TR 1 R R R Ak R
I 7K R ) 3 1 i 1 T 2L K A TR A B R B g R
fif NaCl fig 7, AT A i2F W 1 LA 11 17 A K 14 5
A GE AT Ry TR B SRR A S 25 A 07 i (1
iz FIHT SR 4 7 B0 SO, i TR K 4R
Ve A2 20 1 L T TR A K A I 43 AL R
TEAIE A T BT R — A R AW

2 % x #

[1] CHEN C, ZHANG B, HUANG Q, et al. Mi-

crowave —assisted extraction of polysaccharides from

2]

3]

(6]

(9]

Moringa oleifera Lam. leaves: Characterization and
hypoglycemic activity[J]. Industrial Crops and Prod-
ucts, 2017, 100: 1-11.

JAYAWARDANA B C, LIYANAGE R, LALANTHA
N, et al. Antioxidant and antimicrobial activity of
drumstick (Moringa oleifera) leaves in herbal chick-
en sausages|J]. LWT— Food Science and Technology,
2015, 64(2): 1204-1208.

ABD EL LATIF A, EL BIALY BEL S, MAHBOUB
H D, et al. Moringa oleifera leaf extract ameliorates
alloxan —induced diabetes in rats by regeneration of
B cells and reduction of pyruvate carboxylase ex-
pression [J]. Biochemistry and Cell Biology, 2014,
92(5): 413-419.

SRR, M, SEOCRE. MUK R OT R IE ] R
ERANT., 2015(1) . 72-74.

SU K J, TAO L, HUANG A X. Research progress
of moringa food[J].
2015(1): 72-74.

MFE, WEE, HEA, S TR SO0 R E
TG VE RS BT E AT PR B (PR RS ()] Al AR
4k, 2018, 39(12): 2465-2472.

LIN X, XU Y J, XIAO G S, et al. Effects of dry-

ing methods on bioactive components,

Agricultural Product Processing,

antioxidant
capacity and color of the leaves of Moringa oleifera
Lam[J]. Journal of Tropical Crops, 2018, 39(12):
2465-2472.

HUANG R, WU F, ZHOU Q,

and intestinal diseases:

et al. Lactobacillus
Mechanisms of action and
clinical applications [J].
2022, 260 127019.

HEENEY D D, GAREAU M G, MARCO M L. In-

testinal Lactobacillus in health and disease, a driver

Microbiological ~Research,

or just along for the ride?[J]. Current Opinion in
Biotechnology, 2018, 49. 140-147.

ZFHIK, KRB, HOKE, % ALRETENIEE M
R R RSO Bk, 2021, 42(23):
275-283.

QIN W F, SONG X, XIA Y J, et al. Influencing
factors and research methods of lactic acid bacteria
colonization in intestinal tract [J]. Food Science,
2021, 42(23):. 275-283.

WG, skSEAME, mEE, 5. Lactobacillus reutert
IMAU10240 5 3% 57 3k e 5 % 2 B 98 T 240 R[]
BMFEE, 2017, 38(14): 97-105.



66 oE g S R 2025 4E45 2 #
YAO G Q, ZHANG X M, GAO Z M, et al. Opti- [18] MUSTAFA S M, CHUA L S, EL-ENSHASY H A,
mization of Lactobacillus reuteri IMAU10240 prolif- et al. Kinetic profile and anti-diabetic potential of
eration medium and high density culture technology fermented Punica granatum juice using Lactobacillus
[J]. Food Science, 2017, 38(14). 97-105. casei|]]. Process Biochemistry, 2020, 92 224-231.

[10] A2k, W FLAF W A5 . T4 RO 22 (D). R [19] &F A, KFE%k, BiE, 5. NS RBYP 0 E;55
B Al R, 2013. BT I FLAT T JLUSO6 T ik AR IR 2 10 52 7 B4 532 )
YU L. Study on proliferation, drying and storage of [J]. & TR, 2022, 43(11). 144-150.
Lactobacillus plantarum[D]. Wuhan: Huazhong Agri- SHU Y, ZHU Z Y, YANG T, et al. Effects of
cultural University, 2013. stress culture of ginseng extract on growth character-

[11] BEEE, X357, TCF, 5. 1 g2l B A F 2 istics and tolerance of Lactobacillus  paracasei
AR KR B D N R IS D). AR T, JLUs66 strain[J]. Food Industry Science And Tech-
2020(18): 70-74, 83. nology, 2022, 43(11): 144-150.

CHI J X, LIU X F, LEI W P, et al. Research [20] PhUHBE, BRI, BRoKHE, . HOR M2 Bk
progress on probiotics of Bacillus casei and its ap- PF 0 PR Al B i p ok se B SE()]. B A ok, 2018
plication in food[J]. Processing of Agricultural Prod- (5): 70-74.

ucts, 2020(18): 70-74, 83. SUN Z Y, CHEN S Y, CHEN Y X, et al. Study

[12] AWM, BB, B, % ARE ML EE on the optimization of polyphenol extraction condi-
Fe A2 AT 5 Tl o g R ). 8 5 & 4 B R e ), tions and antibacterial performance of Moringa
2019, 10(16): 5260-5265. oleifera leaves[J]. Food Industry, 2018(5): 70-74.
CHAI Q Y, ZHEN S C, LI X L, et al. Classifica- [21] , R, WAL BUR M 20X 25 28 W AR K K
tion and identification of lactic acid bacteria and its TTxfiE’J% ). &k, 2020, 45(9). 7-13.
application in food industry[J]. Journal of Food Safety BAI C H, FU Z, LIN Y. Effects of Moringa
and Quality Inspection, 2019, 10(16): 5260-5265. oleifera leaf polysaccharide on the growth and toler-

[13] RANADHEERA C, VIDANARACHCHI J, ROCHA ance of probiotics[J]. Food Science and Technology,
R, et al. Probiotic delivery through fermentation: 2020, 45(9). 7-13.

Dairy vs. non—dairy beverages[J]. Fermentation, 2017, [22] Btk RAAME, EEE, S BRI SR
3(4): 67 Aﬁﬁéli%ﬁ%ﬁﬁﬁﬁ%ﬁifmi%\ﬁrﬁ:ﬁﬁ\ﬁ?ﬂh‘@ﬁﬁ\

[14] BANCALARI E, CASTELLONE V, BOTTARI B, et JE BT A M e R T R S I [J). Bh A E IR A
al. Wild Lactobacillus casei group strains: Potential- 2020, 32(4): 1684-1692.
ity to ferment plant derived juices[J]. Foods, 2020, RAO T Y, WU B M, XIAN S M, et al. Effects of
9(3): 314. Moringa oleifera leaf extract combined with com-

[15] MASSA N M L, FRANCISCA N D D M, pound probiotics on performance, egg quality, an-
THATYANE M R A, et al. Effects of digested tioxidant performance, lipid metabolism and immune
jabuticaba (Myrciaria jaboticaba (Vell.) Berg) by-— function of laying ducks[J]. Chinese Journal of Ani-
product on growth and metabolism of Lactobacillus mal Nutrition, 2020, 32(4). 1684-1692.
and Bifidobacterium indicate prebiotic properties [J]. [23] #L3CTY. EGCG Ml B s 2= ke B p AL BLAT 5E[D]. iR
LWT, 2020, 131: 109766. W TR, 2018.

[16] HU X, ZENG J R, SHEN F, et al. Citrus pomace DU W F. Study on mechanism of EGCG inhibiting
fermentation with autochthonous probiotics improves Listeria monocytogenes[D]. Wuhan: Wuhan University
its nutrient composition and antioxidant activities|J]. of Light Industry, 2018.

LWT, 2022, 157. 113076. [24] WEI L. N, SHI C Z, LUO C X, et al. Phloretin

[17] LIU Y Y, CHEN H M, CHEN W M, et al. Bene- inhibits biofilm formation by affecting quorum sens-
ficial effects of tomato juice fermented by Lacto- ing under different temperature[J]. LWT-Food Sci-
bacillus plantarum and Lactobacillus casei antioxida- ence and Technology, 2020, 131. 109668.
tion, antimicrobial effect, and volatile profiles [J]. [25] SAMOT J, LEBRETON J, BADET C. Adherence
Molecules, 2018, 23(9): 2366. capacities of oral Lactobacilli for potential probiotic



25 2

FRA T KISy 2F T BE SLBEAT B W94 £ K AR A 67

[26]

[27]

[29]

[30]

[32]

purposes|J]. Anaerobe, 2011, 17(2): 69-72.

Wi, L R 2 i TR AT B AR EIARR E  m
ERBEZL TR [D]. e, LR RN, 2017.
MENG G. Effects

polysaccharide

of  Dendrobium  huoshanense
on physiological characteristics of
Lactobacillus acidophilus and its application in fer-
mented milk[D]. Wuhu: Anhui University of Tech-
nology, 2017.

T, WM LA 85 A4 e S TR R BEFL TP Y
BHD]. 250, 220K, 2022.

WANG T. Prebiotic properties of crude polysaccha-
ride from Yellow ginseng and its application in fer-
mented milk[D]. Lanzhou: Lanzhou University, 2022.
FEL, B, B, SRR Cattxy
TP FLFF A LIP-1 ¥ 7R T B A7 06 R 1 S i [C).
TR R 2 2 BT L 65 2 S AR [ PR AT
PIost e, 2022 118-119.

WANG R X, YANG Y, YANG Y X, et al. Effect
of adding Ca® in medium on survival rate of LIP-1
freeze—drying of Lactobacillus plantarum[C]. Chinese
Society of Food Science and Technology: Summary
of the 17" International Symposium on Probiotics
and Health, 2022. 118-119.

BThL, VR, N, 5 — AR R EY L
FF T Ao i 3o B HG BT 7 400 3R R PR AT ). VO
K22l (A RFHARR), 2022, 31(4): 59-67.
CUl Z H, SUN H, TANG H F, et al. Screening
and characterization of bacteriocin—producing Lacto-
bacillus plantarum|J]. Journal of Jiangsu Ocean Uni-
versity  (Natural Science Edition), 2022, 31 (4):
59-67.

Tr—tg . FUAT B AR P R A S HC R R F 5 (D]
Jo# . 1L R, 2019.

YIN Y T. Study on the formation and characteristics
of Lactobacillus biofilm[D]. Wuxi: Jiangnan Univer-
sity, 2019.

i, @ e, %R, pH EM HO,
XFUEE VD T G T VNP20009 19 28 & K A2 9 RO 1l 1)
REM[)). 2y2F2Ed, 2021, 56(6): 1606-1611.

LI J, BAO F F, LI J H, et al. Effects of tempera-
ture, pH and H,0, on growth and biofilm formation
of attenuated Salmonella VNP20009[J]. Acta Pharma-
cologica Sinica, 2021, 56(6): 1606-1611.

AR . 45 A B R TR K S B SRR T TS
[D]. 794 . PePiRHE R, 2012.

ZHAO W J. Study on surface hydrophobicity and

(33]

[38]

[41]

autoaggregation ability of probiotics[D]. Xi‘an: Shaanxi
University of Science and Technology, 2012.

RIS, =R FLAT B B-FL Bk A 1 BoBl/N B A 2 IR 1Y
M FE D). e . ME K%, 2010.
CHEN H. Effects of three strains of Lactobacillus on
immune regulation and intestinal flora in B -lac-
toglobulin sensitized mice[D].
University, 2019.

FEHE . BV O T M A R 5 X L R T 1 R A
HUEL[J]. HEFLS Tk, 2013, 41(9): 41-45.

REN Y. Protective mechanism of protective agent a-

Nanchang: Nanchang

gainst lactic acid bacteria in vacuum freeze drying
[J]. China Dairy Industry, 2013, 41(9). 41-45.
TRELHME. FLIR AR RT). A=, 2008, 33
(10): 63-64.

ZHANG H M. Knowledge of lactic acid bacterialJ].
Biology Teaching, 2008, 33(10): 63-64.

DEVINE D A, HANCOCK R E. Cationicpeptides:
Cur-
rent Pharmaceutical Design, 2002, 8(9): 703-714.
NO-SEONG K, DAVID J J. Functional foods Part
1. The development of regulatory concept[J]. Food
Control, 2001, 12(2): 99-107.

BB, TGk, BRARAT, AL HOR MR I A
& M EAIEPET]. B AR, 2018, 39(21): 25-
30.

ZHAO M M, LI Q L, LIN L Z, et al. Preparation
and antioxidant activity of Moringa oleifolia leaf ex-
tract[J]. Food Science, 2018, 39(21). 25-30.
E&, Wb, SFEAMG, & SRR X R FLATE A
KRR m)]. hEERE, 2011(2): 59-62.
WANG L, CHEN H, SHU G W, et al. Effects of
amino acids on the growth and lyophilization of

Chinese Brewing, 2011

Distribution and mechanisms of resist ancel[J].

Lactobacillus acidophilus|[]J].
(2): 59-62.

KONOPELSKI P, KONOP M, GAWRYS-KOPCZYN-
SKA M, et al. Indole-3—propionic acid, a trypto-
phan—derived bacterial metabolite,
gain in rats|J]. Nutrients, 2019, 11(3): 591.

WY, R, RIRTL. RS R AR W IR 4 T
e W IR SN P e A BIE 5T HE (T T R Tk R
FHCARFIANR) . 2020, 41(3): 118-129

LI M, LU H, XU Z J. Research progress of

flavonoid natural products regulating intestinal mi-

reduces weight

croorganisms to improve inflammatory bowel disease

[J]. Journal of Henan University of Technology (Nat-



68 hoE g

o 2025 4E45 2 #

ural Science Edition), 2020, 41(3): 118-1209.

[42] HtJe. FLFR T I 8 H K 9 K I DA R X K T

S 9 T 1 A W A R DD TSN R g 4 BT e R T
4R, 2022, 13(16): 2509-5217.
DU L. Study on the fermentation characteristics of
lactic acid bacteria fermented yellow pulp water and
its biotransformation ability to soybean isoflavones|J].
Journal of Food Safety and Quality Inspection,
2022, 13(16): 2509-5217.

[43] ArGEE, ZEWE, LT, A FLRF A0 TE RS Y

HEREM S]] BARE SR, 2013, 29(6). 1247-
1251.
YU H L, TUO Y F, Al L Z, et al. Study on an-
tibacterial and adhesion properties of Lactobacillus|]].
Modern Food Science and Technology, 2013, 29
(6): 1247-1251.

[44] DING T, XU M H, LI Y. An overlooked prebiotic:
Beneficial effect of dietary nucleotide supplementa-
tion on gut microbiota and metabolites in senes-
cence—accelerated mouse prone—8 mice[J]. Frontiers
in Nutrition, 2022, 9. 820799.

[45] T, ZE5. MR T IR X T i LW A 1 A 4 19 £2
PR BHLAI[)]. B A BLSE, 2021, 42(22): 201-
207.

DING T, LI Y. Promotion of exogenous nucleotides
on the growth of Bacillus casei and its mechanism
[J]. Food Science, 2021, 42(22). 201-207.

[46] DEL R B, SGORBATI B, MIGLIOLI M,

Adhesion, autoaggregation and hydrophobicity of 13

et al.

strains of Bifidobacterium longum|]J]. Letters in Ap-
plied Microbiology, 2000, 31(6): 438-442.
[47] MENG J, ZHU X, GAO S M,

et al. Character

ization of surface layer proteins and its role in pro-

biotic properties of three Lactobacillus strain|J]. In-

ternational  Journal of Biological Macromolecules,
2014, 65(5): 110-114.

[48] fmbjw, REE N, RWZA, 5. BELER WYX g R
FUAT o B AT 235 K R T A0 2 )], & 5 &
B Tol, 2023, 49(3): 118-124.
WU Y X, XIONG C W, ZHU Y J, et al. Effects
of yeast extract on morphology and lyophilized sur-

Food and
Fermentation Industry, 2023, 49(3). 118-124.

[49] farsgArn, PhaJAL, SRR, SF. RO AR Y ST R
LIP-1 4= K K T 1715 R A 5w S AL BE ). & Bk
2%, 2020, 41(10): 68-74.
HE Z B, SUN R Y, E J J, et al, Effect of oleic

acid on the growth and lyophilized survival rate of

vival rate of Lactobacillus acidophilus|]].

Lactobacillus plantarum LIP-1 and its mechanism|[J].
Food Science, 2020, 41(10): 68-74.

[50] #ixt, HMFfh, BAH. BRI E NCFM £ )= &

P14 R R HG 5 T A 2 RIS Y A2 B K R T ) G
R[J]. &5 TR, 2014, 35(5): 118-121.
HU B, TIAN F W, ZHAO ] X. Extraction of
NCFM surface protein from Lactobacillus acidophilus
and its relationship with bacterial acid and bile salt
tolerance and adhesion[J]. Food Industry Science and
Technology, 2014, 35(5): 118-121.

[51] LIZARDO R C M, CHO H D, WON Y S, SEO K
I. Fermentation with mono—- and mixed cultures of
Lactobacillus plantarum and L. casei enhances the
phytochemical content and biological activities of
cherry silverberry (Elaeagnus multiflora Thunb.) fruit
[J]. Journal of the Science of Food and Agriculture,

2020, 100(9): 3687-3696.

The Growth—promoting Effect of Ethanol-soluble Part

of Moringa oleifera Aqueous Extract on Lacticaseibacillus casei

LUO Kailian'??, TIAN Yang",

SHENG Jun',

LI Yanan®, BI Xueyuan®,

GAO Xiaoyu'*¥

ZHANG Xiaodi*, ZHAO Yan’,

(‘Development and Utilization of Food and Drug Homology Resources Engineering Center, Ministry of Education,
Kunming 650201
*Yunnan Key Laboratory of Precision Nutrition and Personalized Food Manufacturing, Kunming 650201

'College of Food Science and Technology, Yunnan Agricultural University, Kunming 650201
‘Puer University, Pu‘er 665000, Yunnan
*Department of Science and Technology, Yunnan Agricultural University, Kunming 650201)



W25 % 2 IR vt K AR BE 5 My A T BE SLBR AT 18 09 P £ K AE R 69

Abstract Objective: The effects of Moringa oleifera leaf extract on the growth of Lactobacillus were systematically evalu-
ated, and the characteristics of its growth—promoting effect were explored. Methods: The effect of M. oleifera leaves ex-
tract on the growth of Lactobacillus was evaluated by in wvitro pure culture method, and the combination of M. oleifera
leaves extract and Lactobacillus with promoting effect was screened; the main components of the ethanol-soluble part of
M. oleifera leaves aqueous extract (MAES) were detected by plant MRM broad targeting metabonomics technology, and
its growth—promoting characteristics were evaluated from the aspects of biofilm characteristics, extracellular protein, total
sugar and reducing sugar content, freezing and salt tolerance. Results: The aqueous extract of M. oleifera leaves (MAE)
and MAES showed low promotion or inhibition on the growth of Lactobacillus, MAES could stimulate the growth of Lac-
ticasetbacillus casei  (LCA) at low concentrations (0.08% ) and the promotion rate was 16.63%. MAES was rich in
flavonoids, amino acids and nucleotides, which could promote the formation of LCA biofilm and increase the adhesion,
surface hydrophobicity and acid-base charge of the biofilm; at the same time, the secretion of extracellular protein was
promoted, and the contents of reducing sugar and total sugar were increased (P < 0.01); the antifreeze ability of LCA
and the activity of B-galactosidase were also improved significantly (P < 0.01). In addition, MAES improved the NaCl
tolerance of LCA. Conclusion;: MEA had both low promoting effect and inhibiting effect on the growth of Lactobacillus.
MAES could promote the growth of LCA by promoting the formation and adhesion of biofilm, increasing the content of
extracellular protein, total sugar and reducing sugar, and enhancing the tolerance.

Keywords Moringa oleifera; Lacticaseibacillus casei; growth; biofilm; tolerance



