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Application of high producing B-glucosidase lactic acid

bacteria in raisin sourdough bread
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Abstract: Three high producing ﬂ*glucosidasc lactic acid bacteria
strains were isolated and screened from Qu by eseulin plate colored
method combining enzyme activity test, then identified by
16S rDNA. The screened bacteria with highest enzyme activity was
used in raisin sourdough fermentation and bread making. After that,
the aroma of the bread was analyzed by GC-MS as well as sensory e-
valuation. The results showed that among the 125 isolated lactic acid
bacteria, there were 28 strains which produce p-glucosidase. Three
strains showed high enzyme-producing ability, they were identified as
Lactobacillus harbinensis (M12, M24) and Pediococcus pentosaceus
(J28). M12, which appeared the highest activity was used in raisin
sourdough fermentation and bread making. Compared with the com-
mon yeast bread, the number and the peak area of the aroma com-
pounds in raisin sourdough bread increased by 52.9% and 65.5%. Be-
sides, raisin sourdough bread is more acceptable than common yeast
bread and raisin yeast bread in sensory evaluation.
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WEGHESNEFRYIR, A B 500 58 13 8 45 %
Fe A 7 e W Bk R IR 1 R TR VT A TR R AR R AR R I ALK THT
B AR HIFBA o KR A S Rk, WHEASSH
FHREF A RAE, BRI 0 LR 2
BT R A3 UAAS 8 e 0 bl 808 A A . B3 % B g 2 — 28
KA A B T I T RT LA KA A A B S e, il
52 8545 W 9 S5 RER W BT o v R R MR AS . BT LA
FER AR IT A B BT O T A 0% S 7 8- 2 W Y
TR e ke 2 2 8 2 0 1 UK

AT H W3- 2 W T 0 B 5 2 A P v 7 Rl
B VA 55 AR I O 25 T 09 [ Ak R S R EL 7 A A k8 b
T o R A TS e L N P A A I R A T R 1 A A R
EIRRA . WA B TE 4 8 0 6 1™ B 25 0 1 B 1o 2L
TR T K TR 4R 25 VT T A R T, DA S 0 R HE A A AR B 1
SR R v T B KUK R Sy o 2 R 0 o 4R — A%
B L
1 #RLS %
1.1 #E5iRH

T 22 O T

Yo Y L 2 JE-p-D Wk T % (p-NPG) | X A HE o B
(pNP) 34 B & B A YR A A

4 P 4R BUA R & RARAE LR A BR A A

B4 1492R (57~ GGTTACCTTGTTACGACTT-3") il
27F(5’-AGAGTTTGATCCTGGCTCA-3"): FilE R &£ W
BHEARAF

TG F A« HRORR T b (8 2 83 ) IS 2% 1o A A5 PR )

T B G BB A A IR A

HM PR REMNERA A

DB R BT
1.2 UE5iE&

MG SW-CJ-2F B, M 2= SEARERA A

fE KB AR HH.S21-4 B, g iR sk A R /B2 97
W

B0 AL: HI650-W B, 38 5 o A3 55 56 =5 {48 HF & A R
NEIR

JE L E MR 3748 - BSC-250 B, [ 3 1l RS2l A [ 2 A
BEIT A s

L 2 0B - XSP-10C Y, | ifg 15 % 18 o 4 AW 28 il i A7
2] 5

HLF K. JE2002 #, F A T s A8 A BR A A

2 BT L4356 56 BE 3 TU-1810 B0, b 57 38 47 38 J1 1 2%

ARTEAT

PCR 4 : PC300 B, LAl Crr 5D A B A] 5

pH 31 :FE20 B, g he B 4088 C L) A PR A 5

P HEL - SM-25 T 57 22 HLAR (Te ) A IR w5

Ji8 46 : SPC-40SP AL, 5 Z ALK (T8 A BR 2 7 5

5 H - SM-523 B, 7 2 AL (T8 A BR A #l 5

A — BB AL . TSQ Quantum XLS 7, 3§ 2R
KRB CPEDHRA A

[ AH o 2 B e B (ZE WL k) CAR/PDMS #Y, 3%
Supelco 24 #] .

1.3 Fi%
131 ™ 37 7 Wl 16 0 LR 1A 1Y 43 5

(1) MRS §ifi 3 3% 35 3 1 Be 1 - FR LR (IR 10.0 g, 4+ A
H 100 g, WERFIR Y 5.0 g, B A HE 20.0 g, Fr R = &
2.0 g B A 4 2.0 g. ZWR4N 5.0 g, it iE-80 1.0 mL, £k
TEREE 0.5 g, UK MR AR 0.25 g IMA LB F/KRE 1 L,
pH % 6.2~6.4; fFFR A 20 g R 55 M A F] 100 mL ZE 1 K
e TR TR 5 L O s % MRS 35 37 KL IR R 555 7L 3t W 43 FF
F 121 CRE 15 min; B VAT 75 5 37 2 pl b2 HE P
A R BR TR S LM L BT T DS R

(2) Wt P FLRR Y 4 9 PRI 10 g W il 3 T 90 mL
A FRER K P B TR AR IR AT 30 min J5 L B 1 mL
BERR B WCHL 10°°, 10 °, 10 "6 BE M TR BE WK & 100 pl 7E
MRS §ifi % - #r 1 347 % A, T 37 CE I B 3R 4 b B SR
48 WU B EU Y8 57 LS W A B 1 TR VR 8 B MRS )
THE IR, B2 ad BOR R 4R oy B RN BE K, A5 B Atk 1 2L IR
B o A 30 % Hl fA b 7). R A2 F — 80 C MK IR vk 48
b AU S
1.3.2 ™ 37 %) Wl 16 17 FL IR 14T 1Y 0 1%

(1) I AR AR S 1 D7 vk, SR 96 FLAR i 3k
Frifiak . 72 MRS VAR 55 35 1 b 78 i 5 2t 43 4 0.3 %6 (9 L o
HR0.05 Y MIAF B ER k. I b 18X M BUE. 121 'C F KA
15 min, ZJS1E 96 fLAR P AL P mA 250 pL A5 Fr 2.
BT — 80 “CHlE IR IR UK AR b 1 2L IR A 12 IR N R kL LA
2 mL/100 mL # Fp T MRS ¥ A& 5 58 £ v, 37 C F #5 5%
24 ho /L2 WK E AR TE 1. SR 5 BT AL S 1 2L R 1S
15 pL He R3] 96 FLAR b . &bk A8 2 A~ FA7

(2) S0 5 mL {2 ;57 e b id 4k 24 h 5 9 FLIR
B .16 4 ‘CF 5000 r/min B0 10 min, BUET.O U0TE F AR B2
KW VE U 2 WR M A 1 mL A= 3 ER K IR A9 75 B AR O HL G
Wo TR 100 pL MEGHMA 1.8 mL Z 8 — Z 8 44 2% Mk 15
37 ‘CF/K 5 min ARG A 100 pL €Y p-NPG(20 mmol/L),
25 AU 100 pL G2 b 8 AOM B . S0 10 min Z 50
A 1 mol/L f#) Na,CO, ¥ ¥ 1 mL % (k. 400 nm T &
HoEE AR BB A (DM L B AT L A
BRI AR B 1 ool X il R T T A A I A D R 1 AN
B, BT HEME R 15 mLAEK 24 h (WIHWAE 4 CTF
5000 r/min B0 10 min B, A 110 C T 48 T4 T
FIHE RE.
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(3) pNP by iff il 28 A9 2 il - BRI pNP 139.0 mg. il £ 18
KEZEZE 1000 mL, 43 BB 1.0,2.0,3.0,4.0,5.0,6.0 mL
F 100 mL A . H 1 mol/L Na, COE W A5 IR A .
i B JG () pNP 289 B 43 5l & 0.01,0.02,0.03,0.04,0.05,
0.06 mmol/mL, LL 2 M K 1E b = &, 1 430t 06 B it T
400 nm AN HER AR, DL pNP e B SR Ak AR TR OB A
AR L 2 AR HE T 2R
1.3.3 7= iA R R AL IR B R K E AR AN SR P 4l
DNA $2 B 5] & £ E U W, 48 B %5 %8 B AR 1) DNA, H
HAEy PCRY M BAR, 1T HAr v B 1. TR 5@ BRI
16S rDNA JEH 8k & L3 1097,

R1 FLEEBEEBIIRE 16SDNA K
PCR ¥ 18k &

Table 1 PCR amplification system for 16S rDNA of high
producing g-glucosidase lactic acid bacteria
EeilkiES I/ p L
d NTPs MIX (2.5 mmol/L) 4.0
10 X Buffer (+ Mg?") 5.0
Easy Taq DNA fi§ (5 U/pL) 2.0
27F (10 pmol/pl) 1.5
1495R (10 pmol/pl) 1.5
DNA #i47 (100 ng/pL) 2.0
i dd H O 2 RN IR B AR 50.0

PG 1 5 H 5 PCR P38k R, b 4T 9 88, B P h .
94 CTF WA 5 min JF#E A 30 MEH .94 CA P 1 min,
55 CHEME 45 5,72 CHEM 1 min, fJ572 CLLEEM 7 min,

B1G 7 43 ) 2 2ok B e W R L Dk R DU L 9 TR AR A AT
PN IS K ™ 3% 4 i 32 )8 A R AT DU T, PR DU
25 R TR Y1 P 51 7E NCBI B3k & i 47 BLAST [ %
B Bk AR A2 AR B R OR 0 . TR ke R 0 A S T A L 0
MEGA #{} il Neighbor-Joinning J7 EE M H# RGE LB .
1.3.4  FLERVE T p-H 40 W A AL XA R I R
A3 1 mL,7E 4 °CF 5000 r/min 8.0 10 min 5 3 5 /4 R 5
W ETE TR I O BEAT S I L A AR AR TR K R
23, W0 1 mL Az R KGR R S T EAT A M

PRI 10 mL B R AF b 331 5 A T A, TR AR R O 2 IR S
fmA 10 mL PBS (NaCl 140 mmol/L; KCl 2.7 mmol/L;
KH, PO, 1.8 mmol/L;Na, HPO, 10 mmol/L;pH 7.4) % ¥ .
PR UK S5 10 0 18 1A B 72 W T R 75 4 L B 5 AL 1 e
20 min(450 W, [ F7 5 s>, Mo 1 mL f i i 1 32 9647 B v

M. 1 mL BEREWEAE 4 CF 10 000 r/min B> 10 min
551 B R B R Y Y RN M B . AN R e R A R K Tk
B2 UGEENN 0.5 mL AR E AR K, BEAT B RS DU A BT L B
AT A TR0 L V75 [ 9 3 A 355
1.3.5 HIEW R B =Pl 40 30 100 L ML SV A
[A pH 9 1.8 mL 2% W #c IR 1.3.2(2) 1 7 i D0 I

AT 5100 pL BB, A 1.8 mL 19 &R — L TR
Pl (pH=4.5 J5 BT AR E T /KK 5 min 5. F A
100 pL &4 p-NPG, 7648 Rj i B T R 0 10 min, Ho 4y 25 3R [
1.3.2(2),
1.3.6 875 i1 45 T 1) 2 I R i 11 T 40 1 1 5 XUBR

(1) 75 40 2 7 1 K T8 2 T A T 60 1 o o o ™ -7
AW W 0 FUIR E B A T MRS W iR B 3R L E AL B R
24 hJ5, 005 mL W LEL 5 000 r/min &0 10 min, ¥ 3 I 4E
BERKVEWR 2 . ARIGHEFP /R KRR 10 1 /1
T A H CFH A 2 71 22 4% 20 %6 B9 KO, 3 3 AT B ) 4R
10° CFU/g. kG B+ 37 CHEiREMRHEFMA PRI 12 h 5,
BV SAy 5 A A A T I A I R v A L Sk R O X 3 R v A
EHMAT A, 3AEAME Y R 2. SRR E
U P AR T 9k O W AR 18 0 S A R T G Kk B R 0T 4]
R TR AT LA B G At T R YR A T A B v T R 8 T RO S L B
PR A8 R 35 5 min, SR 20 #1 B AT B 90 g, FF U R A fif At
M 10 min J5, KB, ZEE T 37 CMBEAMPME
90 min, i J5§ & T8 46 DLk 170 °CF k210 C KB
23 min, B JE B A A 2 h 5 MUR 825 .

(2) TR RUBR 43 A7 I 5 g ThT A 005 8 7 o AR O
60 °C R IR K I, FKs Z k)5 1) CAR/PDMS A J 3k i A TH
25 TP ZE I 40 min, 225 K 2E IOk A A SURT 6835 09 8RR
o PRI AT GC—MS 4347 .

3% 5% - DB-5SMS B 4148 4 1% 4E . R He, R 1
1.2 mL/min # F{H ¥ 2 min J5 47 3 B~ 10 mL/min, 43
W12t 1, FHEEF N 40 CFLEE 2 min 5, U
6 °C/min S EETFE 160 C,HLL 10 C/min F} & 240 C, 2
J& P-$F 10 min,

RS R FLIR B 250 CLoHM FH A, B FREER
70 eV, REHLI A 200 pAL B TIRIEEE 200 CLORE AR
SRR m /2 R 33~495, 45 A H GC—MS %
P AT AR AT A B AL B E T ALK R L JE 5 NSIT i
PRI RTLPEST 3% P2 AR DG BT , {48 38 VG e B K F 800 1 45 2R
IR AU T AU — b 1w S A 1R R M E RO A FE
£, R R T

*2 TEEBSEE(CYR) . @FHFTHWESHE(RYB)MEFEATHABRRELEE (RSB)ER

Table 2 Formulations of wheat yeast bread, raisin yeast bread and raisin sourdough bread g
T £ & #3 By é\ﬁ%%H% A B K & W RERm
R T R T 141
5 38 B 10 L (CYBR) 300 0 0 3 180 L5 18 12
A AT B AL (RYB) 300 0 9 3 171 1.5 18 12
A E N R R A A (RSB) 255 90 0 3 135 15 18 12
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BB W AN T TR 9 A VB AR BT R R
T R R 43 ) X TR 1Y €5 5 L A A T T R AT T4
1.3 HESW

i& il SPSS. Microsoft office 1 Origin ¢ 8 4 ¥F 17 8 &
B4 AT . I J7 22 43 B B2 CANOVAD X 8 48 3647 2 35 M 43
BT s .3 22 R K- P<C0.05,

2 R
2.1 BHHPIABENS S

2 3ok FLR TR 7 45k B % Jk 9 07 8 L P B U A L R £ B8 R
Y0 GE A, HB 4 FLIR TH P VR E A WL 1, DA 4 i il v 3 43
124 BRFLER TR L H b RS 1 (C) 33 Mk, M 2% T 1 (MD 33
T Rl ()28 Bk I i (TH 30 Bk

(a) FLRRWTEFHIEFRE b

(b) FLERWTE R B T IER

MLz (K1 0001 )
Bl F2lmEHAELS
Figure 1 Colony morphology of lactic acid bacteria

2.2 FLAEAHETBNIRENS BERIE
2.2.1 77 B4R W A FLRR AR O 8- 4 W g T
VUKL i (6, 7-2-38 -7 T 2% -8-D -4 ) W) 20 i O i
BRI (6, 7-2- 8 3 F L FD , L R AT LAY BT AE
MR B AERE . N 96 LA R . — A 28 IR
BARBOCLE 2. BRZE (T oh, HA W il A -
TR £ B o 1L 50k 22 S A5 A H o g 22 T il (VD e 5006 L
A LR B AT B A A TR R A T L T S S el (D H U R
A3 Bk o X AT RE 5 AR OB R B DL R 2 Y B
BRI O . R IX 28 bR B AL ARIF I 3020 T il AR 4] L AR
T —80 CHRARIER VKA b - iU 258 .
2.2.2 7 B m B RO SLIR B AL X AR R S ik
T2 G350 7 B 26 T S 0 3 T ML R G (L o AT o
RN

Hi &3 mg [BA 5 y=19.3690—0.077 1, ZE Pk A

B2 ttHFPFReOZERN
Figure 2 Eseulin plate colored method
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Figure 3 The standard curve of p-nitrophenol

T EECH 0.999 7.4F pNP &4 0.010~0.060 mmol/L i},
W' B 5 % R R I e S R MR O

HT P& 4 T AL, 2% A BB [ G 22 S 8O N 2.2 U/g )
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B4 HFARIEE
Figure 4 The enzyme activity of Secondary screening lactic

acid bacteria

2.2.3 W LAEMMETIMIMEMNEE 3 HRILMREM
16S rDNA By 7 45 5 2 3, Hodh, M12,M24 5 Lactoba-
cillus harbinensis FQO03 [ [l M AR B B T 99% . J28 5
Pediococcus pentosaceus KID7 By [a] X E] T 100% . AR
X4 R A R G R B WA 5,

i &5 AT, M12 Fl M24 2 [6] — b g /9 i 2K B SL AT 1
BTET W P IR A LR R 22 5. T il b 43 8 G H Bk
WA B (H A DT 23 5 v R T LT R R dRE
2.2.4 FLBRW D p-W AT E AR BB 6 AT, X
3 T BAT X SR S A A ML 1 T O o L R J28 B 1T A O T T

®3 BELEEHETHEMIEREMN 16s rDNA F 5 LE Y
Table 3 Blast result of 16S rDNA sequence of high produc-

ing 8- glucosidase lactic acid bacteria

T BRI EROERES Fr 35 [ R/ %
W R T LA ( Lactobacillus
M12 KF418816.1 99

harbinensis FQ003)

W R U LR B (Lactobacillus
M24 KF418816.1 99
harbinensis FQ003)

T B BR B (Pediococcus pen-
J28 KJ810576.1 100
tosaceus KID7)
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M12
(KF418816.1 Lactobacillus harbinensis
| M24
J28
'KJ810576.1 Pediococcus pentosaceus
0.01

B5 &R HHFamlmEe 16S rDNA
K3 %R A M
Phylogenetic tree based on 16S rDNA gene sequ-

Figure 5

ence of high producing g-glucosidase

W mMI2 @M24 EJ28
. 10,
w20
mT |
gz 6
@
s 4
< 2r
i=]
[SSEEN] Z

BLOTITE B0 Il MR DR B3 A s
B 6 p-H & HE A A
Figure 6 B-glucosidase activity of different fractions

in strains
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2.2.5 HIEGWAVBEZATEIR 3 P AOHLER K B iE pH A A
[7], M12 (i pH Jy 45,70 M24 5 J28 15 pH Ny 4.0 i i
W W 7, X 5 A0 S il — 35, B 37 4 W T A A A il
pH 7E 4~622 271

BE R BE T M2 5 M24 i ERGE IR Y Oy 37 °C L
128 Y feal IR BEAE 44 °C L, WL 8 STk AN W] 1R Bk 1) i 15 R

[ w2
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=2 g ¢ M24
METF
BE 6f
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Figure 7 The activity of crude enzyme in different pH
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Figure 8 The activity of crude enzyme in different

temperatures
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FINEZESE . W 970 28 Wy o7 U 2 48 280 T 9 51 A R 19 R B XL ok
Y.

FES W) BT AE 3 o E A b & AR = Y BRI T
Vo] (1A % 48 o o (L R HE AR XU v T o5 11 L 481, o e K T A
JE B W) T AL KR ) — B . H AR 5 nT L 3 B
HHEEY RN LI RAREER MEEEZREEH . H
rR B A A T R R A A B2 A R R T35.7 00 KB
AR A AR B A RS T 30.2% . SEEMR IR
R, SRR O R L R B A, S iR AT AR
[ERBRORCPAE T =

1% 245 0y o 1R T AT A I T 0 7 A o AR XU 1) R DA
5 CYBAH LG RYB R 2 Wy Jot F 28 S (EL 050 A 15 m J2 i o 2>
T, HEESE EHMT 26.2%. T RSB i8R 39 i Fh 2k
I 5 AR T B IE ST 16952, X 5k K
T AR AR

FEBOA WA AT EBRR, K A
B R ST B T T BOR B AE & . R S R KR 10
K. 5 CYBAM L. RYB B35 F K9 i & s 51,206, 1M
RSB | H, CYB 1l RYB 4354275 7 196.9 % F1 96.4 % . Hy Al

ORI AR P 6931 AT T T 435 A A
oo

A AL & W E T AL P B i RO L (ER B (4R
I, RSB XU 48 10 5 230 7% . A 0 T I Al PYB H
BT A 2 B A R (R SR AR WS T M2 R R R R
T A1 2 0 o il 2 o S T T .l T DA T e R 7 -
7 W T 1 P B X T 0 194 TR s 6 XU R 0 S A B A R T
PERT o HEh & ik i i 119 -3 6 O AR Tl A R 77 4 Tl O R
AR T EL A A A R R BB AR AR 1A -
P B B e R R AR 7 .
24 WEBRESHW

HY IO BT A A A T R R D AR A TR AR L
DRI T Jg A5 D T 4% 410 T 3 30 R T A A T R T
BEmwiAL. AMULJS T CYB A5 73 804 . AT BE 2 b A B o1 R
. RSBHI RYB & ff B F M2 5. G, RYBZE L
RSB fl CYB ik . & B4 RYDB 225 A i 48 €4 . 4 ) J5L R 2 7%
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*4 TEROSHE.SFHATHEBESEENSEEETNABREAEEN GC—MS 4R

Table 4 The GC—MS analysis of wheat yeast bread, raisin yeast bread and raisin sourdough bread

- ﬁiéﬂﬂq‘ Rk AR F5 0 (W TR AR, >X107) - ﬁ@ggaf [ AR £ (W T AR, >X107)
[8] / min CYB RYB RSB [8] / min CYB RYB RSB
1 2.62 148.8  208.3  179.9 34 1749 2,3-Z — 0.9 —
2 4.39 O 6.6 5.9 5.4 35 17.77 S A — — 0.4
3 4.81  2-FH 1 Py 3.9 6.3 5.0 36 17.83 TAEILH TR AR 3.1 4.0 4.6
4 4,99 1,3-T — — 0.9 37 18.27 2-FEME-THR — — 0.4
5 5.36  A-ZH-1-1F TR — — 0.4 38 18.52 S-FRELIFRERE — — 2.3
6 5.41 kT — 0.2 — 39 18.49 RN HLAE S — 0.9 —
7 5.93  FrEEiE — 0.5 0.8 40 19.04  +—ff "M — — 2.4
8 6.10  Pif 1.7 1.5 — 41 19.05 B MR 1.6 2.1 —
9 6.11 XAk L MR — — 1.2 42 19.27 OR 7.3 10.9 20.9
10 6.82 G 49.8 61.1 77.2 43 19.50 4-F3E-2,3 1 —f — — 0.3
11 7.09  2- AT B g — — 0.4 44 19.65 2-F AN IR 0.7 0.3 0.3
12 7.32  IEJREE 0.8 1.9 1.3 45 20.03 4 2.0 2.8 4.2
13 8.84  Z{BIA 0.5 — 6.1 46 20.26  JRARIERE — — 1.6
14 9.02 2,3- T % 1.7 2.9 0.9 A7 2059 HEEE 20.2 28.7 60.5
15 10.24  [FCEE 5.4 10.9 13.2 48 20.75 T HELN AR — — 1.3
16 1113 T/ 2.4 6.1 7.1 49 20.84 LT ARFER — — 0.5
17 11.45 +—pF 0.4 50 21.10 2-WMFLER T A 0.4
18 12.07 ZWm& 7.4 11.8 17.6 51 22,63 1-FHA LRI I 1.8 2.2 2.0
19 13.22 Gk — 0.7 — 52 22.72 ¥R 1.3 1.8 3.5
20 13.36 B¢ — — 2.6 53 23.26 2,6,6-=HIIL-2FCMH-1E 0.5 0.6 0.9
21 13.91 HHIEE 3.8 6.2 11.9 54 2377 6,10,14-=HF 2-+H kM 0.6
22 1417 2Tl 1.8 2.0 5.4 55 2410 FR 0.7 — 1.2
23 14.29  HIEFER 5.9 5.8 10.8 56 24.33 BN — 0.8 —
24 1549 T 1.4 57 2474 THAR 1.2 2.0
25 15.88 MR TE 1.6 2.2 2.8 58 24.88 FPEEmE Db — — 0.6
26 1611 FZm 0.5 0.5 2.1 59 25.06 2-Z K1+ mmx 0.7 — —
27 16.20 THEE-5-C LB 10.0 7.6 15.0 60  25.26 2% 0.7
28 16.39 2,2~ HIFE-3 ¥ — — 2.3 61  25.28 3-HI%E-2 TR — 0.4 —
29 16.48  3,6- LR 1.0 — — 62 25.95 6,7-F ki M — — 1.7
30 16.67 = b TR A B 1.2 — 1.4 63 26.52 FrEERE a — — 0.2
31 17.05 -tk — — 1.5 64  26.96 =HRE — 0.3 0.3
32 16.84  4-HIJE-pk — 0.3 — 65  27.30 3-HIEETE 0.8 0.9 0.5
33 17.47 Xk — — 1.9
""""""" #® o s4 35 52| gavem® 2079 4005 490.1

*5 TEEEBEC.QFAATHNEEEENSFERTWABRRE DTS XY RSt

Table 5 The statistics of aroma compounds in wheat yeast bread, raisin yeast bread and raisin sourdough bread

CYB RYB RSB
SR ) I3 - - - . -
R TR/ X 107 A AR/ X107 ks WAL/ X 107
i 2k 11 223.7 13 303.6 13 291.2
il 24 2 1.6 0 0.0 2 4.0
W 5 13.0 5 16.4 4 10.3
e e 2 2.3 3 3.2 3 8.4
J5 4 26.5 5 40.1 5 78.7
[IES 7 24.9 5 30.9 12 67.1
97 0 0.0 1 0.5 9 6.3
S 3 5.8 3 7.0 4 9.8
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Figure 9 Sensory characteristics of three kinds of bread
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