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Effect of Different Lactic Acid Bacteria Starter Cultures
on the Quality of Sourdough and Steamed Bread
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MA Xishan', SUN Fengfeng®, LIU Jia', DUAN Shenglin"’

(1.China National Research Institute of Food and Fermentation Industries Co., Ltd., Beijing 100015, China;
2.Hebei Tongfu Health Industry Co., Ltd., Shijiazhuang 051430, China)

Abstract: In order to investigate the effect of fermentation with different lactic acid bacteria (LAB) on the digestibility and
sensory characteristics of steamed bread, four LAB starter cultures, Lactobacillus plantarum, Lactobacillus fermentum,
Lactobacillus rhamnosus, and Lactobacillus reuteri were respectively employed for sourdough preparation. Commercial
yeast was subsequently added for further fermentation and steamed bread production. The fermentation time, organic acid
content, and inhibition rate of a-amylase in sourdough were investigated. Additionally, a comparative analysis was

performed on the in vitro starch digestibility, simulated in vitro fermentation products, and sensory attributes of the steamed
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bread. The results showed that the sourdough fermented by L. plantarum and L. fermentum took a shorter time to reach pH
4, thereby exhibited a higher fermentation efficiency. The L. fermentum sourdough contained the highest acetic acid
content, and the L. rhamnosus sourdough contained the highest lactic acid content. All the 4 sourdoughs showed an
inhibitory effect on a-amylase activity. The inhibition rate of L. fermentum sourdough was more than 2 times than that of
other sourdoughs, reaching approximately 15.13%. In vitro starch digestion test indicated that the starch digestibility of L.
reuteri steamed bread was higher than that of white steamed bread, whereas the digestibility of steamed bread fermented by
other LAB was significantly lower. The proportion of rapidly digestible starch in L. fermentum steamed bread was 13.51%,
which was 0.40 times that of white steamed bread. The proportion of resistant starch was 64.29%, which was about 1.70
times that of white steamed bread. /n vitro fermentation test showed that L. plantarum steamed bread was more effective in
increasing the amount of intestinal short-chain fatty acids (SCFAs) compared to others. L. fermentum showed the best effect
on the proliferation of intestinal probiotics. Sensory characteristic analysis revealed that L. fermentum and L. reuteri
improved the specific volume and texture of steamed bread more significantly than other cultures. The overall sensory
evaluation of steamed bread fermented with L. rhamnosus, L. reuteri, and L. fermentum was superior to that of white
steamed bread, with L. fermentum demonstrating a significant enhancement in the structure of the steamed bread and the
electronic nose showed that its flavor was more unique. Additionally, the result of electronic tongue indicated that L.
rhamnosus steamed bread had a more distinctive salty and umami taste. In summary, Lactobacillus fermentum demonstrates
the most comprehensive improvement effects on both the digestive characteristics and sensory qualities of steamed bread.

Key words: lactic acid bacteria; sourdough; steamed bread; starch digestion in vitro; simulation fermentation in vitro;
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Table 1 Sequence of primers for intestinal microbiota
SIINE| EIE7E2 S1ya15-3
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- Uni-R ATTACCGCGGCTGCTGG
N~ ¢Bifi-F GTGGAATGTGTAGATATCGGGAAGA
AT gBifi-R ATCCAGCRTCCACCGTTTAC
IR gLac-F GAGGCAGCAGTAGGGAATCTTC
glac-R GGCCAGTTACTACCTCTATCCTTCTTC
B 478 [ sAkk-F CAGCACGTGAAGGTGGGGAC
e sAkk-R CCTT GCGGTTGGCTTCAGAT
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AT, S (mL/g) =AY ik .
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Z FIARI I RE M SIS 45 R B PE o B 3 o 4R
SR AR Sk ) SRR R S U, . RERE L S N
T, Bl MR A Bl
1.2.7.2 HEFEMEL B 100 g 183k, i 300 g 7K, A



5475 % 8l OB A NIRRT R RN 2 Sk T R P SR SR - 187 -

T A B P BRI TG A SIS, FH/INRIVA R 5 0L
TE 3000 r/min 5% ¥ F &0 10 min, B FIE W, H
Insent HEL 7~ 75 A4 & O T A . BT | o AR L JECIR
{317 SN 17 SNSRI 17 SN FE [ Ve B9

1.2.7.3 HFE  Alpha M.O.S HLF 5 & 18 ME
A, M CRAERESN 1Y 18 PP AR N AH o SRAEHT [A]
120 s, BUHE-RAEMEIR 1080 s, PEAER 5000 pL, FEFE
A 1000 pl/s. H SR SEL: Wik 150 s; i
ALIRE 80 °C; TEHTARIRIE 90 °C. AR REMNK 4 40
FAT

1.2.7.4 BRETHM  BR)ISEmEE 10 g HAEMSE
MR R B E B i AP B A R 4L, =
%% GB/T 35991-2018 VMK 56 /N2 45312 S i T
SR ) i 7Kk BELAERT A-3 S R 1R 2 18 Sk R SR B
PR i, M-HE i3 . 1 E . AN AR AF 7 i X i
ST, VRS AIANER 2 iR, SAPESTEL 10 7
PR BB

®2 AR PE R

Table 2 Criteria for sensory evaluation of steamed bread

WiH TR R P53 (43)
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Table 3 Fermentation time, organic acid content and a-amylase
inhibition rate of sour dough
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Fig.1 Changes of starch digestibility and hydrolysis rate

of steamed bread in vitro within 3 h
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Table 4 Contents and proportion of RDS, SDS and RS
in steamed bread

FEf PIETER (%) M ATER (%) HitETER (%)

BMT 33.54+1.38° 29.26+0.54° 37.20+1.36°
LR 48.34+4.08" 28.44+1.78" 23.2243.51°
SR 18.9143.89° 21.49+2 .49 59.90+4.31%
ZR 22.7244.51° 22.38+0.23" 55.41+4.91°
FR 13.51%1.05° 22.20+1.38" 64.29+2.29¢

: [FIFIA R 7R R 25 57 35 (P<0.05), R5~3K T[],

B FAT 1S LT 0~180 min FYEEARTIER 7K
iR T e Sk A H A LR B v Sk, HPH b beks &
R, o EETE Ik 48.34%, £ R SLAY 1.4 %5 T
PEFERS & B, A HE 23.22%, SR T EE Sk
X1 AH 2 O QLA PR 19 R IR R BB RS T2 S 11y
TEMTHALR . BT, O A PR R IR A i N FH RS
A5 R REARR T 1 il () GE AT T A1), H DG TR 1T AT T fE
PETHE ST T AL SR A BN G 1 R UL SCRRHRTE . AR
FERIH, B O ECRUAT 12 Sk e s AL R P R ) 5
He LR A 7E A 2 X 1), 7R SRR A b FH P Rs 7
432 8 T LI PR 0 BT o

AHPIZLATF IR . & WEZLAT TR B B2 AT o 12 Sk
BB AR SR R T i sk, HOph . M2k iy = n
ERAIL, DUHIEm RN S . MR SL 5
ZENHZLAT TR Sk 19 3 AR S Ay 7K fi I AR ARL, PR 35 1Y
P 1EIEATER R R BIHEIER R IO 22 R . KR
FLAF P12 Sk A DTs AL ey & b 25 I HA 2 ), A
290 H18 3k 1Y 0.40 £iF; HBMETER & i, 2
64.29%, 21 BRI 1.70 1%, BB 3E s TAEwFUT
o AEPZUAT B B A AN R 12 TR
T A K B, AT B BRI w2 sk 1 T A T Ak
R, SR FE MR FH B G BRI AL & g5 2021, AR
TR 28 HE 2B, FEI IR S pEk TH Ak 0y T, B hE
FLAF B S ZLAT BERCRAR Y, T R LA e St
TEBTHAL I RISCR Bl T HUETes & s e
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S TR & BRI AT A (NC) . B KT
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Fig.2 Concentration of short chain fatty acids acetic acid (A),
propionic acid (B), butyric acid (C), isobutyric acid (D)
in fermentation supernatant
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Akkermansiamucinipila(C) and all bacteria (D)
in the in vitro fermentation system
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Table 5 Specific volume and texture properties of steamed bread
210 tb %% (mL/g) W (N) M (%) AR (%) Rk REL MG [P (%)
BMT 2.13+0.03° 92.37+£5.57¢ 92.07+5.57° 83.77+11.97° 7779.942845.85° 71.89+30.15° 33.11+1.75°
ZR 2.50+0.05° 63.69+18.49° 95.39+1.21° 83.14£15.99° 5343.75+2503.09™ 51.02+24.46" 37.91+3.69°
FR 3.00+0.05° 26.61+4.58* 97.98+2.24° 84.69+16.00" 2265.45+802.78* 22.20+£7.91° 45.45+7.14°
LR 2.825+0.13¢ 31.20+8.10° 95.77+5.08% 83.38+15.70* 2621.56£1112.06* 25.20+11.76® 38.35+4.76°
SR 2.4140.06° 49.37+6.37° 95.75+2.35% 81.40+15.00* 4034.42+1229.22° 38.68+12.59 36.11+4.26™
F6 MELMEFHRE
Table 6 Specific volume and texture properties of steamed bread
CH [id i bl Ja v Ja it i3 FEE Jal ik
1t 0 0* o 0* o 0* 0° 0° 0°
SR —41.85+0.09* 1.45+0.32¢ —7.36+0.09° 0.16£0.12% —0.54+0.09° 12.84+0.03" —1.32+0.03° 9.62+0.04" —0.38+0.28"
ZR —34.4+0.02° 1.35+0.23° —5.41+0.04° 0.04+0.06* —0.44+0.08° 8.59+0.06° —1.04+0.05°¢ 5.47+0.06° —1.43+0.17°
FR —36.52+0.08° 1.03£0.17° —6.4140.03°  0.22£0.05°  —0.44+0.05 9.31+0.06° —1.14£0.04°  7.01£0.09  —1.47+0.12°
LR —41.61+0.04° —0.03£0.09° —7.79+0.08° 0.67+0.17° -0.07+0.08° 11.59+0.14°¢ —1.41+0.04° 8.69+0.1° —0.82+0.12°
BMT —34.68+0.04¢ 0.37+0.07° —6.16+0.08" 0.4+0.14b° 0.07+0.06° 7.78+0.09° —1.01+0.05¢ 3.86+0.06° 2.55+0.01¢
FLIR B2 Sk PR AT B T el 5 FE S AR, 24 e
> NN o] Ly > N N o SR
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Fig.4 Principal component analysis spot of electronic nose
response curve of steamed bread
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Table 7 Results of sensory evaluation of steamed bread

liES S ke 45K BLS [m] i g HPEsy
BMT 13.05+2.77° 7.9+1.40" 11.40+2.71° 12.10+2.75° 8.20+1.74° 11.90+1.89° 18 82.5544.80°
ZR 13.40+2.56" 8.45+2.12° 11.80+£2.33® 11.10+2.75° 8.80+2.15" 12.40+2.04® 20 85.95+4.43®
FR 12.65+2.45° 8.55+1.70" 13.30+2.54° 11.25+2.06° 8.75+1.75° 13.00+2.19° 20 87.50+4.45"
SR 13.55+2.39° 8.75+2.06" 11.80+£2.65™ 11.65+2.10° 8.05+2.39° 12.70£2.20™ 20 86.5+4.72°
LR 12.60+1.33° 8.10+1.66" 12.70+2.20™ 12.00£2.00° 8.20+1.96" 12.60+2.40™ 20 86.2+4.61°
3 g i AR T, 222 O RF AT R AR A2 Sk B B

WA FeAegE R T AT v 4 A WLLIR B AR A
P27 1922 T AT I o) LR AL BE T | o=V K3 TR i) 38 0 X0) 12
SKARSNGERI AL « RS MEIU A 1 DA KSR b ST 5
Wi A2 B0, AN TR RIS LR B 1) A R A AN ] o (EDE

TUER DTk, A PR A2 T AT B TR0
Sk BRI AL A, o A e LAT B D 3 o
F o TEX IR AR 5 T, AT AT REEAT
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