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Studies on screening of high-yield phytase-producing lactic

acid bacteria and its low-phytate nutritional breads

through black bean sourdough fermentation
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Abstract: In this study, a strain of lactic acid bacteria (LAB) L-
19 with high phytase activity selected from spontaneous fermen-
tation black bean substrate was used as starter to prepare black
bean sourdough. The fermentation process of black bean sour-
dough was optimized by response surface design. The growth of
LAB and acidity of the sourdough were investigated in the work,
and the molecular weight distribution of peptides and the degra-
dation ratio of anti-nutritional factors ( ANF) were analyzed
during sourdough fermentation. Meanwhile, the baking charac-
teristics of black bean sourdough bread were evaluated. The re-
sults showed that LAB [.-19 with phytase-producing capacity was
identified as Pediococcus acidilactici, and its extracellular and
intracellular phytase activity were 1.36 U/mL and 0.30 U/mL,
respectively. The optimal fermentation conditions were deter-
mined by response surface analysis as followed: DY value 300,
fermentation temperature 37 °C, inoculation quantity 8%. The

LAB L-19 grew well in black bean sourdough and showed moder-
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ate acidizing ability. Various anti-nutritional factors were effec-
tively degraded in black bean sourdough, the degradation ratio of
phytic acid was as high as 62.70%. In addition, a variety of pep-
tide were released due to proteolysis of black bean., of which
small molecule peptides accounted for 51.47%. Compared with
the control, the overall acceptability of 1.-19 black bean
sourdough bread was also higher. Therefore, the nutritional and
sensory quality of product were improved by the LAB [.-19 fer-
mentation, and showed a potential application in black bean sour-
dough bread.

Keywords: phytase; black bean sourdough; anti-nutritional fac-

tors; peptide
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AT 23,30,37,44,51 CHEFE 24 h, % 5% K 2R B % R
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1mL HCl B U &) 5 2 mL NH, Fe (SO,), I K
(0.02 %) 147 . k7K ¥4 30 min., 3 VKIE ¥ 1,6 000 r/min
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Bl L-19 A8 45K B
Figure 1 L-19 phytate calcium hydrolysis ring
*1 IABENEHBESEEERL
Table 1 Transparent circle and colony diameter ratio

with different LAB

T R D/cm d/cm D/d
K-13 1.28+0.03 0.60+0.04 2.1340.09
K-16 1.04+0.03 0.64+0.02 1.6240.05
K-22 1.36+0.05 0.6040.02 2.2640.04
K-23 1.1540.05 0.64+0.09 1.8240.18
L-4 1.66+0.02 0.65+0.05 2.56+0.19
L-19 1.7740.03 0.62+0.05 2.85+0.21
L-20 1.06+0.06 0.6540.06 1.63+0.19

tOD KB A d N A
F*2 ABMEMNEBREEELE

Table 2 Comparison of phytase enzyme activities

of different LAB U/mL
[LE7S it i
K-22 0.744+0.02% 0.1540.04°
L4 0.9140.04"° 0.0740.02%
L-19 1.360.05¢ 0.3040.02¢

T N FEER R ROR 22 5 .3 (P<C0.05) .,

AU BOT R LR T S TR R TR A LG L 92 AR 1Y A TR I T
PR L R L-19 B i 77 A8 R BB AR 5 N S IR g T
5 THT VAT v 4 L R Pl SR TR R O R

WT L-19 AR AB 1 e PRLGOKE FEAE O B AR T
PRIEAT G SR 06 . L-19 76 MRS 51K F 4 E 27 A 6
SR H 2R 5 R TEE I HAT A OLRCLIE 2, B
SR PLIR B B K RRAE . b b TR TR HE X £ 2R (AT 3) 3R
HLZ R L-19 M FLER Jr BRI . % 50 KJ580428.1,

K-22

0.000 50
A 3
Figure 3
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A2 1L-19 ¥ %8 A5REE
Figure 2 Colony morphology and microscopic

examination of 1.-19 (1 000X)
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{8 FR 3 BE R AL AT A R G A T T A R IR A
P AEIN A R AN DS (i P e S BN W g
A TR Humer 0 (BSR4 A T2 5. VI
pH {8 X Hl R K it K T30 B 2 FE
2.3 MMELESH
2.3.1 AR E KB EEEE AR RIKEE
Filf -, 39 P i 7 1 ok o BB R 1D Mk R T Ak MR R AT AR
1. FIA Design-Expert 8.0.6 & {411 Box-Behenken iz 4
Wi, LA DY i R it L & T IR B2 Sy e B A8 & DU IR &
2 O T Ry HEAT AR LA . T T K 56 R 2R K T g T R
% 3,Box-Behnken j{ 56 15 11 I 45 S WL 3k 4.

X2 4 47 2T RHE 1B 2T I AR

Y=3.4740.17A +0.049B + 0. 31C + 0. 22AB +
0.44AC+0.12BC+0.78A% +0.36 B> +0.46C?, (D

B2 5 A, AR A — O A X BB SR T P oA
1% 25 1 5 ) B 2% (P<C0.05) , — R 3 C. 38 B3 AC Jr —
WL A* (B C* %F 2 5 T P v A R A Y R AR
(P<<0.01), EIVAFEIR) F K 17.33(P<<0.01), £ B %
B R BB X5 ST F (o 1.23(P>>0.05) , Ui HA
PRI 2 AN B2 L B T K LI IR B A AE L E— 25 U )
BERA BE R4, LA TR RE R R iK% 0.957 0,

95| L4
L-19
KJ580428.1 Pediococcus lolii strain CJ66 16S ribosomal RNA gene prtial sequence

»—1400 MH828357.1 Pediococcus pentosaceus strain SS1-3 168 ribosomal RNA gene prtial equence

B LB SR I A AT

Lactic acid bacteria with high yield phytase phylogenetic tree
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Figure 4 Effects of different factors on phytate content of black bean sourdough
%3 BEAEKEHFBLE x5 HRAFEHENFEINREEMHRAR'
Table 3 Coding of factors and levels Table 5 Analysis of variance and significance test of
k¥ ADY( B REERIEE/C  CHEME/Y regression model
—1 250 30 6 JERWE M OHBE B F 1A P f&
0 300 37 9 R 9 6.47 9 0.72 17.33  0.000 5~ *
! 350 4 12 A 0.23 1 0.23 5.66  0.049 0
B 0.02 1 0.02 0.46  0.520 1
% 4 BoxDBehnken BRIt RER C 0.76 1 0.76  18.24  0.003 7**
Table 4 Experimental scheme and results of A 0.19 1 0.19 467 0.067 5
Box-Behnken design AC 0.78 1 0.78 18.89  0.003 4+ *
W5 A B C MR/ (mg + g~ 1) BC 0.06 1 0.06 1.33  0.286 3
1 1 1 0 4.43 A? 2.57 1 2.57 6210 0.000 1% *
2 ! 1 0 199 B 0.54 1 0.54 12,94 0.008 8" *
3 —1 1 0 4.22
c? 0.91 1 0.91 21.91  0.002 3**
4 1 1 0 5.22 e T
% 2% 75 4
5 - o - 75 Bk 2 T3 0.29 7 0.04
6 1 0 1 3.99 I YT 0.14 3 0.05 1.23  0.4071
7 —1 0 1 4.55 a5 2 0.15 4 0.04
8 1 0 1 5.56 B 6.76 16
9 0 -l 4.15 t R?=0.957 0,RAq = 0.901 8; » x %k % F M 3% (P<
10 0 1 -1 3.88 0.01), » F/R 225 B3 (P<0.05),
11 0 —1 1 4.46
12 0 1 1 166 Ui B A Y AE R BE 95. 7096 Ay i L A9 AR fk L AR IE &R L
13 0 0 0 3.26 Ri¢=0.901 8, i B L1 5 12 55 {8 AH O¢ M 50 080« BORf o
14 0 0 0 3.38 Z W B T R ] F A 2 SRR I A A R B A 1 3R
15 0 0 0 3.38 H R B it 1 2R AL E AT B
16 0 0 0 3.76 2.3.2 WA RiE AT &S AT I A AR (DY) 5 R
17 0 0 0 3.55 5119 W 7 T AR E e K, 3R R X A IR 1 B Y 5 ) B
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B 6
Figure 6
of black bean sourdough
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Interactive effects of factors on the content of phytic acid
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Figure 7 Changes of pH and TTA in black bean

sourdough during fermentation

191



192

F % Bz DEVELOPMENT &. APPLICATION

*6 EEBRERABNENAEFRETSE
Table 6 Comparison of anti-nutritional factors in
different black bean sourdough before and
after fermentation
. TR/ 85/ @EHT/

" (mgeg ) (102g-g ) (102ge g1
KRR 9.17+0.15¢ 0.3440.03° 13.47+0.29"
L-19 k% 3.42+0.11* 0.22+0.04% 10.0240.13%
K-12 kW% 5.7+.0.19° 0.24+0.03% 9.88+0.11*

T NE TR R 22 5 3 (P<<0.05) .
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Table 7 Molecular weight distribution of polypeptide in

fermented black bean sourdough

_— ey Hoysy ®IS B BmAE
fi]/min  Fi/Da  Fi/Da  FH/Da Sy %
11.009 19 011 20 064 21 758 36.44
13.477 6672 6 969 5 396 5.66
13.612 3938 4 030 5002 3.69
14.632 2 453 2 487 2 810 2.73

i 15.235 1391 1449 1999 3.78
17.257 686 712 638 4.87
19.402 246 267 190 9.52
21.057 69 90 75 33.30
11.005 19 578 20 672 21 808 42.52
13.478 6 619 6 913 5 394 5.94
13.612 3 966 4 057 5002 4.16
14.651 2 451 2 484 2 781 2.30

K-12
16.175 1382 1439 1176 2.42
17.310 678 703 619 3.81
19.349 245 264 196 8.99
20.528 68 87 101 29.85

BE 2328 | 2021 £2 B | RaSUH

EETERE

——WB/NZ i
—e--BBE G W
- L-19SDBF FH L-19 % ¥ ) B & i £
--a-K-12SDB R FK-12% [ (1) 2 1 £

A8 @e&EirL

Figure 8 Sensory evaluationof different bread

(7.4) T A 0 % TR W) P S0 T B e S 9 i e 32 . RO 3
B 8 T I 5 A o 0N 52 26 3R TR R A SRR B AR
TSR R AR . H PR R Y R AR R B
il SR R R 2 — ol T R T AL T A TS ) 4% Y
TE B TG 58 00 T8 0 6 U5
3 g

W 2 W] X 50 01 08 ) FLIR Jv B3R L-19 BA & 7 Al
T2 il 1) 0 R R 11 R T 32 T b A A i TR R oA 0 R R
T VA A ) T I T P R R A . R LR B
FLURAHRE L9 A KR MABEEY, 2LB)E.
TR Z R EE I R T 9 20 A RO AR H PR R 1Y B
fRRERE L N B2 . BeAh . FLMR A ERE L-19 A B TR EE
F K S DU HR /N 23 7 3 PR IR . R 5 T S R T A
TR L-19 098 1T e 2 8 O - B A RO A0 B O AR A
LI I A 30 L S e T 0 785 R A (L ok 35 10 L P — A
B TR I R BOHAB AT 5 IR 18 45 09 ML R B — 2P

5 2% 3Lk

[17 JIA Chun-li, HUANG Wei-ning, LIN Ji, et al. Improvement
of hydrocolloid characteristics added to angel food cake by
modifying the thermal and physical properties of frozen
batter[ ] ]. Food Hydrocolloids, 2014, 41(20); 227-232.

[2] VAZ PATTO M C, AMAROWICZ R, ARYEE A N A, et
al. Achievements and challenges in improving the nutritional
quality of food legumes [ J]. Critical Reviews in Plant
Sciences, 2015, 34(1/2/3) . 105-143.

[3] ANGIOLONI A, COLLAR C. High legume-wheat matrices:
an alternative to promote bread nutritional value meeting
dough viscoelastic restrictions[ ]J]. European Food Research
and Technology, 2012, 234(2); 273-284.

[4] KARAMAN K, SAGDIC O, DURAK M Z. Use of phytase



&M | Vol.37, No.2

active yeasts and lactic acid bacteria isolated from sourdough
in the production of whole wheat bread[ J]. LWT, 2018, 91:
557-567.

(5] A Iedn. 7= Mo &b 2 M iR i 141 % 1% K JHC v o T 141 90 R L 380 4
F2[D]. 4. WK%, 2019; 3-4.

[6] TEIXEIRA J S, MCNEILL V., GANZLE M G. Levansuc-
rase and sucrose phoshorylase contribute to raffinose,
stachyose, and verbascose metabolism by lactobacilli [ ] ].
Food Microbiol, 2012, 31. 278-284.

[7] CODA R, MELAMA L, RIZZELLO C G. et al. Effect of air
classification and fermentation by Lactobacillus plantarum
VTT E-133328 on faba bean (Vicia faba 1..) flour nutritional
properties[ ] ]. International Journal of Food Microbiology.
2015, 193 34-42.

[8] GUALBERTO D G, BERGMAN C J, WEBER C W.
Mineral binding capacity of dephytinized insoluble fiber from
extruded wheat, oat and rice brans[ ]J]. Plant Foods for Hu-
man Nutrition, 1997, 51(4): 295-310.

[9] BRUNE M, LENA R, HALLBERG L, et al. Human iron
absorption from bread: Inhibiting effects of cereal fiber,
phytate and inositol phosphates with different numbers of
phosphate groups[J]. Journal of Nutrition, 1992, 122(3):
442-449.

[10] HAROS M, ROSELL C M, BENEDITO C. Fungal phytase
as a potential breadmaking additive[ ] ]. European Food Re-
search and Technology, 2001, 213(4/5): 317-322.

C110 B RRTY . XU, 2B 2. H AR Al ™= A A1 0 DR 07 o B % I 2%
PEOEARLT]. b P . 2010(7) : 137-139.

C127] sk, 7= A W i LR AT 18 1 975 328 B % 1A 3G A K 1 g n 26
HEth 2 m (D], fEZ2 . )il R4, 2009 17-18.
L1370 B, S99l 7™ o7 4 M 7 I 19 7L ISR 1 7 1) 280 IR 1 AT 1l o

my R D], o8 LM K%, 2017 9-10.

[147 kpS, ERG BET, 5. A FURT 1 Kk B X 62 70 O 7
BERNE FRAFE M W [T & iR, 2011, 32 (17):
204-209.

[15] 2, REH, FEM. 55 mlG B IQ T F 53 5 ve DU %
BETR B B AR 2 IR I WAL 42 Sk i & S BURRAE LT DL A ol
B, 2018, 39(15): 234-241.

[16] BUDDRICK O, JONES O A H, CORNELL H J. et al.
The influence of fermentation processes and cereal grains in
wholegrain bread on reducing phytate content[ ] ]. Journal of
Cereal Science, 2014, 59(1). 3-8.

[17] ZHAO Hui-min, GUO Xiao-na, ZHU Ke-xue. Impact of
solid state fermentation on nutritional, physical and flavor
properties of wheat bran[ ]J]. Food Chemistry, 2017, 217.
28-36.

[18] A, #5, sRASH . 1R& W R W A A X S Re ik
AR MKW AR TR E LT ], Wb R R, 2015, 54
(16): 4 007-4 011.

L19] ET5. FURR W & e e 08 S OIL A P00 PERF 5T (D], 68

EHEES . BrEBRBIAlRAREREROALBRREREFEHEHR

VLR K22, 2007 65-66.

[20] B3CHFY, skoe e, JERL, S5, K2 #oo i 6 T A A 1L FR AT
e HERE 2 RS2 A L], & 5 HLAK, 2018, 34(3): 6-11.

[21] CIZEIKIENE D, JUODEIKIENE G, BARTKIENE E, et
al. Phytase activity of lactic acid bacteria and their impact on
the solubility of minerals from wholemeal wheat bread[]].
International Journal of Food Sciences and Nutrition, 2015,
66(7) . 736-742.

[22) Wb, X R, XNEWE. BHERBEMN L E&EMT
LI, R Rk, 2015, 36(23): 178-182.

[23] PARK Y. PARK J, PARK K, et al. Supplementation of
Alkaline phytase (Dsll) in whole-wheat bread reduces
phytate content and improves mineral solubility[J]. Journal
of Food Science, 2011, 76(6): C791-C794.

[24] HUMER E, SCHEDLE K. Fermentation of food and feed:
A technology for efficient utilization of macro and trace ele-
ments in monogastrics[ ] ]. Journal of Trace Elements in
Medicine and Biology, 2016, 37: 69-77.

[25] HAMMES W P, BRANDT M J, FRANCISK L, et al. Mi-
crobial ecology of cereal fermentations[ J]. Trends in Food
Science & Technology, 2005, 16(1/2/3): 4-11.

[26] gk S8 . 12 187 11 LR 1A % T 57 22 T A ST R B 9 [ DL 645
YL K4, 2015 14-15.

[27] NUOBARIENE L, CIZEIKIENE D, GRADZEVICIUTE
E, et al. Phytase-active lactic acid bacteria from
sourdoughs: Isolation and identification[ J]. LWT-Food Sci-
ence and Technology, 2015, 63(1): 766-772.

[28] PALACIOS M C, HAROS M, ROSELL C M, et al. Selec-
tion of phytate-degrading human bifidobacteria and applica-
tion in whole wheat dough fermentation[]J]. Food Microbi-
ology. 2008, 25(1): 169-176.

[29] GOBBETTI M, DE ANGELIS M, DI CAGNO R, et al.
Novel insights on the functional/nutritional features of the
sourdough fermentation[ J]. International Journal of Food
Microbiology, 2019, 302 103-113.

[30]) mv, TH REZRFRMRLIT] BAE &, 2017
(16): 20-22.

[31] ANASTASIO M, PEPE O, CIRILLO T, et al. Selection
and use of phytate-degrading LAB to improve cereal-based

during  dough

2010, 75:

products by  mineral solubilization
fermentation [ J ]. Journal of Food Science,
M28-M35.

[32] WANG Ya-qin, SORVALI P, LAITILA A, et al. Dextran
produced in situ as a tool to improve the quality of wheat-fa-
ba bean composite bread[]J]. Food Hydrocolloids, 2018,
84 396-405.

[33] PARK E Y, FUERST E P, BAIK B. Phytate negatively in-
fluences wheat dough and bread characteristics by

interfering with cross-linking of glutenin molecules [ ] ].

Journal of Cereal Science, 2016, 70: 199-206.

193



