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Screening of High Oxalate-degrading Lactic Acid Bacterial Strains
and Its Characteristics in Yogurt Fermentation

LIU Jianli, HE Xu, SUN Qinfei

(College of Biological Sciences and Engineering, North Minzu University, Yinchuan 750021, China)

Abstract: In this paper, 49 strains of lactic acid bacteria from self-made yogurt, pickles, fermented head and other
characteristic fermented food were selected as candidate strains. The oxalate degradation ability and tolerance of simulated
gastrointestinal tract in vitro were determined by spectrophotometry, and the characteristics of fermented yogurt were
evaluated by principal component analysis. The result showed that the oxalate-degradation rate of 9 strains was more than
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70%, the highest was 86.96%. Among them, the survival rate of the strains “Sichuan Pixian A1”, “Ewenki”, “Luging6é” in
pH3.0 acid solution, artificial simulated gastric juice, bile salt solution and artificial simulated intestinal juice was more than
50%. The sensory evaluation, holding water capacity, titratable acidity, post-acidity, rupture force, hardness, gumminess,
cohesiveness, chewiness and springiness of yoghurt fermented with the strains “Ewenki” and “Luqing6” were better. The
strains “ Ewenki” and “ Luqing6” were Weissella cibaria and Lactobacillus paracasei, They could efficiently degrade
oxalate and tolerate gastrointestinal environment, and at the same time, they had good fermentation characteristics in
yoghurt and would be used as candidate strains for the development of functional yoghurt.
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X1 R IRER B A PR L H AT ST R R A S T A
AT ( Oxalobacter formigenes ), 12 RE VL B RERAE
Shy HAE R AR A i — R, BRI R
FE A RO R IR AN AR A Hbal 1 B i A,
FAHE IR i . BRLite, S RE A = iR PRAE G T
dT P

ISk, A WF9E R W ZLIRR R BE o3 il WL SR 1E
fis AL, AE LA S AR S R B e B, AS LALIRRER 1
I — T R R e il FE SR (1 S P B Y SR R A L P
TN FURR B AR Rl PN s Al T8 ISR, i A
By v B bR 5 T HAT AR AR A1 EHRIE TR
P R ER I FLIRL P CLFRFLAT R (Lactobacillus ) . AL
EFFRIR (Bifidobacterium) . ERIHIE (Enterococcus )
HH B BR B 8 (Leuconostoc) . FLER R (Lactococcus)
SENOTT S ) PR LA ACBE AT T A S i ny S kL
ek firg R R LR PR — PP IR R B S A0 TR
. LIERIIFTE HOCHE LI B (Y SR SR P M R, fef
A PV B R BR i SR AR AR R FL A T tE R . DR,
P e i SRR R TR R O HH R LA I, W B

AR S5 30 A< K I ML X RS . S0EE 1
e ISk AR 0 A I B G T LR TR AR A IR

TEMRFL A AP DD B Bk, I DIAERRFL 895 S .
1 HR5EEZE
L1 #HE5EE

49 BRFLERTE (WL 1) by R4
S0 R T v PR A 5 T ECCEL AT PR R in R SIE STE. A
(Lactobacillus delbrueckii subsp. bulgaricus 1805)
TR EVEFLV A AT PR 7] B EFRF(500 U/mg) |
40 Biotopped 23 w]; BRER FIEH(250 U/mg) b
SRR A 25 ] BEREHEECY) U2 Oxoid 2315
FHERB SR RA R 241
PURIR SR A2l 4= 5 20l Somdm . SUTben . pmg
SURN . AR DK RN . FriERe e . Bk
WRRRES , BLRER . nhil 80 KR etk mianl) s
FRIF IR R S50 | BRI RS 2 5okt A
THH RS HHEEEM | N TSR E Sk
A0 E N7 AU SRR P Y 5 5 AR £ B R BE: MRS B R
HEU 22 S TRz VORI, Rl R 252y 60 °C I,
TE 500 mL MRS E5FEdEoin A 500 mL {817 0.22 pm
HEASL L PR Y 20 mmol/L HERR ERIE R, i H R 2k B
A1 10 mmol/L .

SC-30 BY f i A i 5 1 i DU AT PR 2S W
UVv765 B3R BRI R A A TMS-
PRO JEAGL  FCAT A RS 19 ALk P/75, SE

e . RSN Mg 22 (e 71 . AZWEmE FLAE 71, PAMAER FTC 4y H]; UV-5500 4N 00T R SAY
T3 IVEBE Sl S e R, SRE N A7 ¥ il 2AHE, [F]s ar AP ] L
T BRGNS BRI
Table 1 Name and source of strains
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HUREA 55 P b FUMR B pR Y e R R L R 113 -

1.2 S
1.2.1 s R i e R 5 B e 114 i 22
1.2.1.1 FafgihbriEdhgenuiil s LSRR BEMEIL RS
PR AU b FH L2 T I3, FH A6 6 el i e ke
FEUTISL H 7 A4~ 10 mL (95 Wi 4 sl hin A 0, 0.8,
1.6, 2.4, 3.2, 4.0, 4.8 mL JH 1 mmol/L /& &l i &
TRRERCA S0 mol/L MRl TR, FHZER/K e 22 8%1
JEFF A 2.0 mL 0.4 mol/L ££#Z, 2.0 mL 0.1 mmol/L
FHBELLTVE W, 4 mL 1.0 mmol/L 5280 IE . FE 2] 2
JW 15 min, JITA 1 mL 1.0 mmol/L Zr(IV )$R5]2% ||
S o AR AE LEAE 515 nm AL 67 i 405 10
FERE(H . AR R AR B Ay RS AL bR, WG EE (R 2\ A
Fi, F Excel "Pezifilbrifithzk, BE 52 y=—0.0189x+
0.7701, TR FZE R*=0.9912.,
1.2.1.2 [PURCREE: S5 &IEE" ., #EER 1y
Jrik, B 5 mL % 10 mmol/L &g 44 Y MRS K 3¢
JL. 37 °C 100 v/min $RAK;FE 48 h, L 1.5 mL §53hs
FEHE, 2500 r/min 0 10 min, B2 1 mL & 10 mL
f 2 B BRRET b, i 5 mL ZEM% 2K, FH 2 150.25 mol/L
NaOH 54 0.1 mol/L FhP&i pH 2= rpfi, 287K
F%E 10 mL FEFEFT 50 fi5FiRe, B 10 mLFR R T
LR, I 2.0 mL (AR EZ E5 A1 20 mL 95% 2R
A, FBiRINETSE 3 h, 2500 r/min 250> 10 min, {3]
iR, DUPE RIS R SRR . [RBRih ik,
JIA 2.0 mL 0.4 mol/L £ls 5 WAH R ALBE, LLZER K
Z EAE 515 nm I SGRE(EL AR ABRI 333k
TG 7 P ST R R

15 97 B v B N A FEE (mmol/L ) =46 3 5 iR
M B (umol/L )< 500/1000

2 500 FEAR B TR I A R AR FRAT AL

[EIHFE (% )= BB 3R Ak h B el B < 100/10

A 10 FEAR BT FEIEACH BT AR SR AR e
10 mmol/L -
1.2.1.3 R RREREE I FHRAAFAE—80 C
A4 LI B PR AR B i P BT, SR Rb R 2% B
4R T 5 mL MRS B 35551 . 37 “C100 r/min £
RETHE 18~24 h i idfb. H 0.2 mL {G{LPH i ERn
F 5 mL & 10 mmol/L HLFEFHAY MRS 1i3R3E, 37 C
100 r/min ¥R 5% 48 h, VUIAIERPFLIG . [REERS
TR AS IR N B FE RE X AE . 2Y  ik lACRTE
90%~110% I, M 7 2040 1 Rk 1% 5 W A0 6 B s 9 ik
PR PR AN e, 1A% PR R MR i

A3 % ) = (1 — PR RS FR M R Rl 1/ %] BB
FRIRCEL IR ENHEE ) < 100
1.2.2 FERIESNz B2 S5 paaEen,
X g 7 1220 RS S RN e Y ik, RVERL
. ¥ s AR IS 09 B Bk 2% B9 L B4E R T S mL
MRS # AR 72577, 37 “C 100 o/min $5 K55 3% 24 h
J& . BUEE FEHE 2 mL, 12000 r/min B0 2 min YCHE B

R, e g TAE G P R TN 2 mL KA
ok b R W B B 0.5 mL 4 W m A F
4.5 mL pH3.0 $RhIRAIR . N T B i . IHEL 7 .
AT AR iz W N I A= B ER K b, 37 °C 100 v/min 3
REFFE 4 h, B 500 pL iR Lb B 5] 5 mL 9 MRS
KrgeBtih, 37 €100 r/min FEKREFE 8 h J5, F 600 nm
AR S BERL, FHLA R A R R AARG 23, LA
FNEFLAF A X HR(CKD) &

G H(%)=(B/A)*100

o A FOoRAEFERK PR FROCEE(E; B FoR
AL B T B SR

1.2.3  RRRMFLARERFEPTf
1.2.3.1 BEMAYHI & R L 69 PLIR % 2%

i LE A 1) MRS AR5 32 567, 37 “C 100 r/min
FEIRER % 24 h, 12000 r/min 2.0 2 min U8B {4
PR R W K 600 nm H B EE(E Oy 2.5, G
PRZEIRAKIEDE 3 0,

1.2.3.2 FEERERIETL S5 RETHR Jrik, 14l
AP 15% WY LTI FVRPEE, PR S, 768
JEKF#T 95 °C, 120 Pa K 5 min, #fE6fiHE 4 mL
BRI B K UR AP RS . (eREFEFE b
40 C K 8~12 ho USRI ZLAT B &2 figm LN
XFAB(CK)

1.2.3.3 PRFLSREREIEHT S 084 P 50 e
RCE VRS 72, BEPLIE 10 4 16 226 Rl 5 TR
BER2AE R 4 °C B 12 h SV R TL, FEE P
FRUEMAIR T, CUE AN e iR, TR
Yl (# 2).

#2 MFUREIFERER
Table 2 Sensory evaluation standard of yoghourt

PSR S arbnife
AT H I (20~1543)
WA TR AN S5t (14~443)
BRI S S R (3047 )
SRR R R T (40~3555)
Heit sy HEFLIE Bl (34-2547)
LAy Sk Ay A BeFLI AT (24~ 1643)
Bl A FLIEHTH (15~657)
HLHE [0 R S, LI L i (5~045)
Rl Al 5 (40-3041)
RIS A 28R 29~2053)
J i 19~1045 )
i (9~641)
A (5~045)

HR(2051)

[iHl (4057 )

TR (4047)

1.2.3.4 FRFLEMFREIGE SHigae5%0 i
FEAEN gy k| PESE TMS-75 mm 7515 A4 0 1 458 Sk il
IR FLAYWE RS Ty | BEEE | PEREME . BEENPE . PEEME R
PP TR TR AR . AR : ds ik A R
0.3 N, SRFEFERE 10 Hz, PE4afS S mFE R 0 s,
I R ATI S % 30 mm/min.
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1.2.3.5 ERILFF/K E SHEHMEE | 2 RUEE
SERS ik, MERMARHUL RIS IRREL 15 g, 4500 r/min
5.0 10 min JEFREC 3 Ay B, IRl st BdE . 5

X (%)=(A—B)x100/A

o X RRFF AR ST, Y% A RoRFESH I &, g
B Fn LIEWUR AL, g0
1.2.3.6 [ FLi% <2 02 BE S R EEM 8 & %5 PVl
AEEN L R RUEE AR s LS g4 CWAF0.3.64d
AYREFL . 40 mL AN IRACHT 5 7 5 o/L Bkt Rs i
Wi, T =il s)m . O ARG Y NaOH FruEis i
SERIRMLL G, EEOTE 30 s PIASTE J< Bl A a2 2548,
IESRETHAENY NaOH FRfEia i i HI 2T H 8. e R
FEE 6 FISE 0 d MIRHEZE .
1.2.4 BRSPS S AN EEEZH DNA
HE B & DR 5 PCR §7 1) 16S rDNA, 50 uL
PCR JZ W& %: 25 uL 10xPCR Mix, 1 pL 10 umol/L
MRS 1490(27F/1492R™) | 1 pl #4i DNA | 22 pL
ddH,O. PCR FZRFEFF Ny FilZEE 94 °C 10 ming 48
P 94 “C 1 min; iE & 56 “C 1 min; 4E{f 72 °C 1 min;
30 ~EER; G 2B 72 °C 10 min, HFE STt 2oy
AT . I FAE EZBioCloud HdRFE
KJWE . AL Weissella halotolerans(AB022926.1)
1 Lactobacillus bifermentans(M58809.1) 16S rDNA
FESRAIEE, B MrBayes3.2.5 Ot R R FT R,
1.3 HIEAE

SEYSER AL 3 Yk, H Excel YEPE, SPSS 21 #k{4:xF
TR E AT 255

TS 5P (PCA) AP SR SPSS21 /{4
P Az L TSR T Ao, BUSR T Dk
MK T 85% HAFNME(E KT 1.00 a9 K 7 1E N 3= 1%
53 FIFHFERG AR RERRFLIHATER S PN, IR 3
B4 55 Fi e LA AR G R, shAEfS BIZE &7
Hred%L,
2 HBRE5H
2.1 SHERRER KT

49 BRI TL I PR A R AR B A [ B i i s R
£ 7 BRFLAR B I RT IR P SRR IR/ T 0, (R
BAY 14.3%, 1E5F 3709 3k F v AS {18 AT PR v v R M
LA R Eh S R A0 PR 5 23 Pk B PR R
0%~30%, 1 BB 46.94%:; FEEH 31%~69% HYRAT
10 Bk, 5 20.41%; HA B KK A7, " PO 55 B
AL”, CBElWh 97 “EEF 67 YRR YT, ChreAmElh 17,
CLUFEREWY 17, “B\EF 197, "R A”SE 9 fRiE
B RAE 70% LA F, 5 18.36%(F 1), 9 #kE %
i e o PSR P R R 220y 17, 3k 86.96%(F] 2) .
2.2 EARSNA BB

) 5 R R B AR R T 70% Y 9 RRTE A4
fmisin 22k, 259 aniE 3, 76 pH3.0 BYIRIE T, 9 #k

2021 4F 6 A
TH _arm
: 00~30%
: ™ 31%~69%
ok % B A T70%
'%; B <0
'“i\
2221

TNt eed
1077 S

B bR R R R R

Fig.1 Oxalate-degradation rate of strains
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Fig.2  Strains with oxalate-degradation rate more than 70%
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Fig.3 Result of tolerance of strains with high efficient
degradation oxalate in artificial simulated
gastrointestinal tract environment

T8 AR TR BT SR AE 31%~67% =2 [8], Horb g i (0 i
B9 6"IEIT RN 66.36%; 76 A T AL H b,
O BRTE BULERR HAE 32%~61% [0, H e M pkk e
T 67, 15 60.13%; EARERE W P, 9 BRETBUAF IS AL
35%~73% =z ], Fe s Rk Pzl 17, ik
72.19%; 76N T AL i i v, 25 e Ak 04 47 15 S22 7
69%~155% Z[H], BEFR“ B 67 . “ SRR iFFIER
1E 100% L4 |, 57518 116.12% F11 153.26%. HL
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TEA AW R PTG R 2 M & T 50% B9 3 R
REPUIITEEEL AL”, <SRl "B 6 1EATEE B
A ISP U AR

2.3 REFERFLAFMEEMN

2.3.1 REMILSFRE TN BE VRS R R
FLAUSIN B ) — BB T B WA T B i i S2 ke s
e s Y 3 BR T L AT B T ERRFL, 1E
JE A e R R FLAY TR, | AR DL R R — A~ Tk
TP . SRR 3, RIS ARTS S dne i (& R
HRGIARDEZULAF B . A u e A" FE R R
TR e PR PR A2 B L; S0 Hb RN RS S0 Bl i 1 S %) AR
GRANAFNEFUAT IR . BRRR B 67 IR Pk SRl v i
kR Az iEmF L B S S SR AT BRI RS R LA B
B RE G 67 S BEMRTL, Reflny S ik < pu 1| E
A7 S EEREEL

K3 SEHARRIVEE PSR (T)
Table 3 Sensory evaluation scores of yoghourts fermented with
different strains (scores)

EL7S SRS Wi RS it
MIEEELAL  13.4£1.35"  26.5+1.78"  26.4+1.43"  66.3£2.71°
“i6 14.7£1.25%  31.422.50"  30.1£1.91"  76.2+£3.11%"
PR 13.8£1.54"  31.122.56°  29.1+1.66°  74.0£3.92"
XFHE 15.6£1.51"  31.8+1.69" 30.8+82.39"  78.2+239"

s A RING 7 B Rk BB 2 5 59 (P<0.05 ); 4, 71,

2.3.2 LIRS BRIFLEK IR 2k
B0, PR LR 4 3= o B D 6 7K 4300 (R4 fE
1, TERRFLREA RS, B AT X 7K 471
VEF st B2 el ay . 25 R A B ay IR FLAYEF
IKTITHE 45%~75% (8] ([E] 4), FHrppaK 0 he R 2
PR SR S AR FL, 153 T 75.61%, HEKR G
6" BPFIEFLI Z, R /K 1 B/ R AR )1 R
A1"HYH 47.73%.
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Fig.4 Holding water capacity of yoghourt fermented
with different strains

2.3.3 LR FLERRE fS R RE  mR R R A iR
FLORAY IR R 2 —, JE R R A I LI R ()
174 AU R ) [E] A BT des2 B, 36 4 0l 0, Bk
SRR AR FL AR B s, (BT 6 d J5 S FRRE

R, Jo MR L e /N TEBR “ 575 67 Wi L,
10.66 T, Hofi BEULIE T, M A I LR BE Al AR B2
Jy 1T FEAE, BEARR ST 67 IR LA LS -
#4 FERERERILAREAERRECT)
Table 4 Titratable acidity and post-acidity of yoghourt
fermented with different strains ('T)

P i O diBERE 3 diEEME 6 dINEME TR
TANIREELAT  61.2641.1913¢  64.3440.8159"  75.06+0.5950° 13.81"
6 66.29+0.7905°  69.68+0.1834° 76.95+1.1012°  10.66"
Shil e T7.7040.5651°  84.0140.5110° 97.5240.5780" 19.82°
AFHR 67.66+0.5170" 77.41+1.2382" 78.71=0.5918" 11.04°

2.3.4 RFERRFLUSHFRE BV FA R FLIRE
B FEE bR —, BT SR — Rl 5 BT R
AN B AT, AT A AR 1 s S LA LA e 2
R e P LS s, (oA 2 LT iR . anfEl 5.
%] 6, 4 PRET AR AR g | PR | SR LR Ak
A 67 A NERRFLAY IR i, TR L B RR SRR e A
P2 LA e R, TR PR AT P9 5 T LA TR SRl e IR
RS 67 RFHRILEE . I, B89 67 &I
MEFLRZEUT SRR

0.6
TSN 2 a
051 = fie 84 il:_hé
Zoal R iz =
S =xm a Qiﬁ HE=
ST
S T g Res
: O | ] o= o=
e .I% abl, HFE =
0lF= R | - : ] ‘ —
i S - = =
Wegdh  WHEE WCEME AEH @k

R
s bk RERRFLAVRCR T BERE Rt
NE T, IR
Fig.5 Rupture force, hardness, gumminess, cohesiveness and
chewiness of yoghourt fermented with different strains
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Fig.6  Springiness of yoghourt fermented with different strains
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Table 5 Total variance explained
- W EEFAE( SRR
FRAE B RHE(E 22 SRR (%) B TR (%) FRAEM HAFEM TR (%) BB 2 vk (%)

FHEX 5.690 63.224 63.224 5.690 63.224 63.224
JETRIEX, 2,008 22314 85.538 2.008 22314 85.538
R I, 0.680 7.559 93.008
MERIX, 0.346 3.842 96.940

B IEX 5 0.113 1.258 98.198
HeRitEX 0.106 1.176 99.373
MR X, 0.042 0.472 99.845
HELIE} X 0.012 0.133 99.978

X, 0.002 0.022 100.000

FRUEREFRIBCE P A~ A4, W3 5, B RS
BUTTTERIA R T 85.538%, BAHHIX M~ T ks fiE
% I AT A i) R 2 ECRAR 19 (5 8, o, 25—
BRI IRk 63.224%, $ENE{E N 5.690; 55— =
AT DTSR 22.314%, FFAE(E A 2.008 .

TS HERE R (4 6), B5— Tl B A% i 2R Aoy
FEbR AT R X, (B3 far fH o 0.797) L INE )
XL (T2 {1 20 0.882) , PHIEE X ([T 2RA {1 N
0.892) , ik X (T2 A {EH A 0.909); 55— lisr
A1 5 0 3R T AR bR A R RE X (B 3R e (E R
0.923) , Ja R X, ([N -T#f (N 0.879) , £KF/K )
XL (PR {8 M 0.736) , Bl X (P28 M i
0.807) . JEKEPE X (3R BN 0.667) .

6 ENUorf
Table 6 Principal component loading matrix of PCA

et FHLAR EH )

FRFEX, 0.301 0.923
[RREIEX, -0.373 0.879
Fk X, 0.646 0.736
MHNX, 0.797 0.180

X, 0.469 0.807
TR TEX 0.656 0.667
MEIIX, 0.882 0.194
WELIR 1 X 0.892 0.177

HPEX, 0.909

H2¢ 6 nIfF 2 Rl sray ezt

F,=0.301X,—0.373X,+0.646X,+0.797X ,+0.469X o+
0.656X,+0.882X,+0.892X+0.909X,

F,=0.923X,+0.879X,+0.736X,+0.180X ,+0.66 7X s+
0.194X+0.194X,+0.177X

iEALLL 2 A FE s Al e e LAY £ A T
PR F.

F=5.690F ,+2.008F,

ARPE BUL5 5t TP R AT 1545 B Ak A2 IR L
LRGN 7, AR S 67 FIBBR SRl v A
PR ZLAT o4 i, F2 W Ik SR e P ik B 67

R R R R B MG R R
Table 7 Principal component scores and comprehensive scores
of yoghourt fermented efficient degradation strains

£k F, F, F WS84
2004 6879  303.39
MaligEEAL 33.84 6997 333.05 319.01+14.89°
3191 69.24  320.59
4630 7079 405.59
kg 4716 7123 41134 404.52+7.41°
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HoALFP Y 16S rDNA Jil Bayes i i R4 % &5 B
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(Lactobacillus paracasei) $1E 2% 8)., Kk, B
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1 Weissella cibaria( AJ295989.1)

Weissella confusa(AB023241.1)

0.77 Weissella confusa(M23036.1)
0.35 Weissella paramesenteroides{ AB023238.1)
0.84|" Weissella paramesenteroides(M23033.1)

0.98
1 Weissella paramesenteroides(X95982.1)
1 e Weissella thailandensis(AB0O23838.1)
1 Weissella hellenica(AB023240.1)
0.98 _[Weisseﬁa hellenica(X95981.1)
l Weissella koreensis(AY035891.1)
[ Weissella kandleril AB022922.1)
9% Weissella kandleriiM23038.2)
Weissella solil AY028260.1)
0.34 Weissella viridescens(AB023236.1)

Weissella viridescens(M23040.1)
Weissella viridescens{X52568.1)

| [ Weissella minor{ AB022920.1)
Weissella minor{M23039.1)

0.79 1 Weissella halotolerans(AB022926.1)

L Weissella halotolerans(M23037.1)
0.02

8 7 #T 168 rDNA Jf| Bayes 4 £t BRI C1# % 2404 & W
Fig.7 Phylogenetic tree of the genera Weissella based on 165 rDNA sequences
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Lactobacillus zeae(D86516.1)

0.97  Lactobacillus rhamnosus(D16552.1)

0.99 Lactobacillus brantae(HQO22861.1)
Lactobacillus_saniviril AB602569.1)

0.6

Lactobacillus graminis(t AM113778.1)

Lactabacillus sakei subsp.sakei(D31679.1)
Lactobacillus fichuensis(t AB063479.1)

Lactobacillus camelliae( AB257864.1)
—I'_—‘ Lactobacillus manihotivorans( AF000162.1)
0.83 Lactobacillus porcinae(HE616585.2)

1 Lactobacillus pantheril AF413523.1)

0.01
B8 JT 16S rDNA H Bayes i EZLFFIA G R 404 H R
Fig.8 Phylogenetic tree of the genera Lactobacillus based on 165 rDNA sequences

Lactobacilius paracasei(D79212.1)
0.781 0.34 Lactobacilius paracasei(D16550.1)

Lactobacillus casei{X61135.1)

Lactobacillus curvatus subsp.curvatus{ AM113777.1)

Lactobacillus sakei subsp.Carnosus(AY204889.1)

Lactobacillus sakei subsp.Carnosus(AY204892.1)

1 S Lactobacillus thailandensis(AB257863.1)
Lactobacillus sharpeae(M58831.2)
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