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Optimization of complex bacteria fermentation
process for buckwheat bran steamed
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(1.College of Food Science Southwest University Chongqing 400715 China;
2.Chongqing Brewery Corporation Chongging 400080 China;
3.National Agricultural Research and Innovation Center Budapest H-1022 Hungary)

Abstract: YCY5-2 ZKL7-1 and lactic acid bacterias YCL7-3 ZKL10-4 screening from the yeasts was combined to ferment
the buckwheat bran steamed bread.Using flavonoid content and sensory evaluation as the main index and select the optimum
combination strain.Then the parameters such as bacteria ratio strain inoculation fermentation time and proofing time were
optimized by response surface methodology. The results showed the best combination strain was YCY5-2 and ZKL10 -4
buckwheat bran addition was 20% the optimum proportion was YCY5-2: ZKLL10-4 =2:1 the complex bacteria inoculum size
was 3% fermentation time was 5 h proofing time was 40 min. Under the condition the flavonoid content in buckwheat bran
bread was( 211.33 + 1.34) mg Rutin/100 g the sensory evaluation was 82.2 % 2.30. Compared with the flavonoid content
((189.70 £3.66) mg Rutin/100 g) the sensory evaluation( 77.1 = 1.4) and textural of Angel Yeast the combination strain
quality was better in general.The buck wheat bran steamed has the potential for further deveolpment.
Key words: lactic acid bacteria; yeast; buckwheat bran; steamed bread; flavonoids; optimization
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6% ~7% """ .
YCY5-2. ZKY7-1.
YCL7-3 ZKL10-4
1
1.1
( Saccharomyces cerevisiae GenBank
KX197410) YCY5 - 2 ( Pichia

1 KX197411) ZKY7-1
( Lactobacillus plantarum GenBank
1 KX197412) YCL7-3

crustorum GenBank

kudriavzevii strain GenBank

( Lactobacillus
: KX197413) ZKL10-4

~ ~ ~ ~ ~

~MRS ; N
Q10809ROS ;
R-215 ; UV =24508
(E) ; SB25-12 DTD
: PB-10 pH Sartorius : HPX -
9052MBE
1.2
1.2.1
13
160 g 40 g 110 g
30 C
2 L
(38 1) <
85% 40 ¢
10 g
(38 1) C 85%
30 min 10 min.
1.2.2
14
o NaNO, —Al( NO) ,
‘L ( pg/mL)
100 ¢
( mg Rutin/100 g) 1y =0.0118x-—
0.017( R* =0.9996) .
1.2.3
1.2.3.1 4
(1) YCY5-2 + YCL7-3; (2)

YCY5-2 + ZKL10-4;

(3) ZKY7-1 + YCL7-3;

(4) ZKY7 -1 + ZKLL10 -4, (1) .(2).
(3) .(4) 2:1 3% (v/v
107 cfu/ml; 10° cfu/mlL)
20% (38 +1) C
85% 5h 40 min
5 min
1.2.3.2
5% -
10% 15% 20% 25%
1.2.3.3
3% 5h
40 min
(1:1.2:1.3:2.1:2.2:3)
; 2:1
5h 40 min (1.5% -
2% 2.5% 3% ~3.5%)
; 3% 2:1
40 min (3.4.5.6.7 h)
3% 2:1 5h

(20.30.40.50.60 min)

1.2.4 Box—Behnken

1
Table 1 Independent variables and their levels used

in the response surface design

-1 0 1
X, 1.5:1 2:1 2.5:1
X, (%) 2.5 3 35
X5 (h) 4 5 6
X, ( min) 30 40 50
c X, o
1.2.5
10 6 4 o
2 h
o 1 o
1.3
Excel2010 SPSS 17.0
; Design Expert8.05
3
2
2.1
1 2 (1) YCY5-2 +
YCL7-3
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2

Table 2 Criteria for sensory evaluation of

buckwheat bran steamed bread

() ()
. (10~15) ;
b \ (5~1(;) ;
N (0~5);
(10~15) ;
b (5~10);
(0~5); \
(7~15) ;
15 (4~7);
R (0~4);
(7~10);
10 (4~7);
(0~4) .
1/2 (7~10);
10 1/4 (4~7);
(0~4);
. (7~10) ;
10 (4~7);
(0~4);
(8~15);
15 (4~8);
(0~4);
(7~10) ;
10 (4~7);
(0~4);

1

Fig.1 Total flavonoid content in combination

strains fermentation on buckwheat bran streamed bread

3.

(4) ZKL7-1 + ZKL10-4

240

(p<0.05) .
1. 15 .

(3) ZKY7-1 + YCL7-3

(2) YCY5-2 +

2

Fig.2 Sensory evaluation of combination strains
fermentation on buckwheat bran steamed bread

ZKL10-4

2.2

16-17

20% -

3
Fig.3 Total flavonoid content in different bran amount

on buckwheat bran streamed bread

2.3
2.3.1 2
5
2:1 (214.67
+3.38) mg Rutin/100 ¢ o
232
7 8



7
4
Fig4 Sensory evaluation of different bran amount Fig7  Effect of different strain additions

on buckwheat bran steamed bread on total flavonoid content in buckwheat bran steamed bread

5 8
Fig.5 Effect of different rates on total flavonoid Fig8 Effect of different strain additions
content in buckwheat bran steamed bread on sensory evaluation in buckwheat bran steamed bread

YCY5-2: ZKL10-4 6 9 10

5h (212.36 +
2.18) mg Rutin/100 g;
3h
(172.73 +£3.17 mg Rutin/100 g)

6
Fig.6 Effect of different rates on sensory evaluation

in buckwheat bran steamed bread

° 5 ho

2.5%

(211.64 +3.58 mg Rutin/100 g) ;
3% (819 =1.4)
o 2.5%
(802 = 1.8) 3% )
3% Fig.9 Effect of different fermentation time

233 on total flavonoid content in buckwheat bran steamed bread
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3
Table 3 Design and results of the buckwheat

bran steamed bread Box—Behnken test

X, X, X; X, mg Rutin
(100 g) ™
1 o 0 0 o0 209.89 +3.62 845 +1.1
2 o 0 0 O 214.48 £3.62 85.0 +2.1
3 o 1 -1 0 192.48 £2.98 704 £2.6
10 4 -1 0 0 1 18206442 75.4 £3.9
Fig.10  Effect of different fermentation time 5 0 0 -1 -1 179.03 +2.77 770 £23
on sensory evaluation in buckwheat bran steamed bread 6 1 0 o0 1 204.85 +3.04 69.0 £2.2
2.3.4 7 -1 0 -1 0 17273+227 80.6 +3.2
11 12 8 1.0 1 0 17939=2.74 73.8 £33
9 o 0 0 o0 210.33 £3.62 86.1 +1.9
° 10 0o 0 -1 1 187.03 £3.11 739 £4.5
50 min 1m0 0 0 0 21252362 84.8 +1.7
(206.30 +£4.44 mg Rutin/100 g) ; 12 -1 1 0 0 173.58+236 773 +1.8
° 13 o -1 1 0 180.85 £4.12 76.1 £2.2
14 0o 0 1 1 180.24 +1.98 76.8 £1.8
' ° 15 0 -1 0 -1 177.94+257 782 +24
40 min. 16 1 -1 0 0 19224+344 71.0 +2.8
7 -1 0 0 -1 177.46 +3.68 79.0 £2.1
18 1 0 -1 0 196.48 +£3.32 704 £2.0
19 0o -1 -1 0 182.79 £2.54 734 £1.8
20 o 0 1 -1 176.61 +4.84 81.2+34
21 0 -1 0 1 190.42 £3.28 72019
22 1 0 0 -1 191.52 £2.89 713 2.1
23 -1 -1 0 O 190.06 +2.97 72.8 £2.6
24 1 1 0 O 198.91 £1.87 68.0 £2.7
25 1 0 1 0 185.57 £2.27 725 +£3.2
11 26 o 0 0 O 21347 £3.62 842 +29
Fig.11 Effect of different proofing time 27 0 1 10 172.97 +2.57 81.9x1.8
on total flavonoid content in buckwheat bran steamed bread 28 0 1 0 1 182.67 +5.86 77.6 £2.4
29 o 1 0 -1 173.21 £3.38 712 £3.1
2.4.2

Design Expert
(Y) (Y,)

Y, =212.14 +7.86X,-1.71X, -2.91X,
+4.29X, +5.79X,X, -4.39X,X, +2.18X,X,-4.39X,X,
—0.76X,X,-1.09X,X, —9.68X,> —14.27X,> —17.01X,”
- 14.90X,” Y, = 85.0 - 3.06X, + 0.24X, + 13X, —
1.10X,-1.88X,X, +2.22X,X; +0.32X,X, +2.20X,X; +

3.15X,X, - 0.33X,X, — 6.98X,> — 5.88X,> — 3.62X,’
12

-4.29X,%,
Fig.12  Effect of different proofing time 4 5 Y, Y, R
on sensory evaluation in buckwheat bran steamed bread 0.9680 0.9282 1
2.4
2.4.1 o
Box—Behnken ° 4
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Table 4  Variance analysis for the regression model

/ mg Rutin( 100 g) ™'

F p F p
14 4349.06 31.19 <0.0001 758.11 12.93 <0.0001
X, 1 740.88 66.44 0.0984 112.24 27.74 0.0001
X, 1 22.52 3.14 0.0092 2.52 0.17 0.6863
X, 1 0.34 9.10 0.0005 30.72 5.57 0.0333
X, 1 221.02 19.83 0.0038 14.52 3.52 0.0815
X, X, 1 133.98 12.01 0.00197 14.06 341 0.0859
X, X, 1 77.18 6.92 0.2124 19.80 4.81 0.0458
X, X, 1 19.05 1.71 0.0197 0.42 0.10 0.7535
X, X, 1 93.61 6.92 0.6570 32.49 4.70 0.0479
X, X, 1 2.28 0.21 0.5242 39.69 9.63 0.0078
X5 X, 1 4.77 0.43 <0.0001 0.42 0.10 0.7535
X, 1 815.58 54.45 <0.0001 322.17 76.69 <0.0001
X, 1 812.13 118.37 <0.0001 205.05 54.42 <0.0001
X, 1 1259.24 168.25 <0.0001 73.23 20.59 0.0005
X,? 1 1753.00 129.17 <0.0001 123.31 29.00 <0.0001
14 156.16 57.68
10 140.42 3.57 0.1159 51.42 221 0.4108
4 15.74 6.26
(RY) 0.9689 0.9282
:p <0.05 p <0.01 o
X, X5~ X, X, : 2.01:1 2.99%
X, X, XX, X, X, ; 5.01 h 40.32 min
o X, X, 212.367 Rutin mg/100 g
X, X, ; X, X, X, X, X, X, 84.642.
X, X, ; . : 2:1
F 3% 5h 40 min,
> > >
o >
> > . (211.33 +1.34) mg Rutin/100 g
243 0.49% (822
( 13 14) +2.30) 2.97%
o 13 14 °
2 o 2.5
13
5
18
o 4 o
5
5
Table 5 The texture analysis of buckwheat bran steanmed bread from Angel and combination strain
(g (2) (2)
1472.00 £92.96"  1027.33 £80.73"  761.83 +78.22" 0.51 £0.03" 0.68 +0.02°" 0.76 +0.03"
554.33 +45.44"  458.67 +45.75"  389.67 +19.34" 0.50 +0.02° 0.83 +0.02" 0.58 +0.06"
p <0.05 o
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Fig.13  Response surface plots showing the effect of four factors on the flavonoids

14

Fig.14 Response surface plots showing the effect of four factors on the sensory evaluation scores
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(0.1 x10%) < (1.2 x10°)
(0.262) > (0.236)
15
. 15
(189.70 +3.66) mg Rutin/100
77.1 = 1.4
15

Fig.15 Sensory evaluation and total flavonoid content in

buckwheat bran steamed bread from Angel and combination strain

3
2:1
3% 5h 40 min,
(21133 +1.34) mg Rutin/100 g
(82.2 +£2.30)

1 . I

2007 28(2) : 164-166.
2 .

J. 2010( 11) :203-205.

3 . M616

(

J. 2015 4: 14.
4 )
J. 2012 21:022.
5

J. 2011 36(4):131-135.

6 Ganzie M G Vermeulen N Vogel R F.Carbohydrate peptide
and lipid metabolism of lactic acid bacteria in sourdough J .Food
microbiology 2007 24(2) : 128-138.

7 Van H S Kralj S Ozimek L K et al Structure — function
relationships of glucansucrase and fructansucrase enzymes from
lactic acid bacteria J . Microbiology and Molecular Biology
Reviews 2006 70( 1) : 157-176.

8

D . : 2011.

9 Arendt E K Ryan L A M Dal Bello F.Impact of sourdough on
the texture of bread J . Food microbiology 2007 24 (2):
165-174.

10 Mosharraf L  Kadivear M  Shahedi M. Effect of
hydrothermaled bran on physicochemical rheological and
microstructural characteristics of Sangak bread ] . Journal of

cereal science 2009 49(3) :398-404.

11 . D .
: 2010.
12 . .2005
12.
13 .
J. 2013 4:029.
14 . D .
2014.

15 Guo X D Wang M Gao J] M et al. Bioguided fraction of
antioxidant activity of ethanol extract from tartary buckwheat bran

J .Cereal Chemistry 2012 89( 6) :311-315.

16 Noort M W J Vanhaaster D Hemery Y et al.The effect of
particle size of wheat bran fractions on bread quality—Evidence for
fibre—protein interactions J .Journal of Cereal Science 2010 52
(1) :59-64.

17 Skrbic B Milovac S Dodig D et al. Effects of hull - less
barley flour and flakes on bread nutritional composition and
sensory properties J .Food Chemistry 2009 115(3) :982-988.

18 . I.

2011 26(7) :10-14.

) ) 7

245



