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Process Optimization and Storage Characteristics Analysis of Lactic
Acid Bacteria Lyophilized Powder Fermented Whole Wheat
Sourdough Bread

TIAN Mengyang, TIAN Xia, WANG Zhiwei', ZHOU Zhongkai’

(College of Food Science and Engineering, Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract: Objective: In order to make whole wheat sourdough bread (WWSB) using Lactobacillus plantarum lyophilized
powder fermentation, and to analyze its processing and storage characteristics. Method: Based on the previous single-factor
experiments, the whole wheat sourdough (WWSD) addition and the fermentation time of whole wheat sourdough were
selected as the influencing factors, and the final pH, total acidity (TTA), specific volume, hardness and sensory score of the
bread were used as the response values to optimize the process formulation of whole wheat sourdough using the Central
composite design method. On this basis, wheat bread (WB) and whole wheat bread (WWB) were used as the blank group
and the control group, both were stored at 4 °C for one week, and samples were taken at day 0, 1, 3, 5 and 7 to analyze the
whole texture characteristics and water migration of the three breads. Results: The best process recipe for whole wheat
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sourdough bread was 18% whole wheat sourdough addition and 16 h whole wheat sourdough fermentation time, at which
time the whole wheat sourdough bread had pH4.82, TTA 5.62 mL, specific volume 3.47 mL/g, hardness 5.59 N, and
sensory score 83. The storage characteristics of the three breads under this processing condition were as follows: The
hardness growth rate of WWSB (35.75% and 21.57%) throughout the storage period was less than that of WWB (39.98%
and 25.36%) and WB (43.81% and 28.22%) in the early and late stages, the relaxation time T,,, T,,, and T,; of WWSB
decreased at a rate less than that of WWB and WB, especially the decrease rate of semi-bound water T,,. Conclusion: The

optimized recipe of whole wheat sourdough bread had reasonable conditions and could better inhibit moisture loss and

extend the shelf life of the bread during storage.

Key words: sourdough; sourdough bread; whole wheat; processes; quality characteristics; storage

fig2 11 A1 (Sourdough ) J& A — %2 A4 M 5L, Bs
In—xE 5 KA B G TS T 8 (190 2L o AN e
D AR FIRATE SN . fRm A AT LLE A
SRR TAS B, B3 N R s e e L o 422 A %
52PN, S K B A A TR T FALVE SR & BRI A B 2 1
AT HR R B4 Tl P A2 T 1 (Sourdough Bread) o 1R
T P &2 B AR e A R I, A SR R AN 1]
& TR v b R TR AR AT N SR SR A R 1T 1A R T
FIP, AR R AN REAT S0k R 19 TH AT A Y s G,
HRE SRS . Fitk, B AT 3EZ58 85 Sz
PRI & B, aX A GRS T B & v Tl B LY T
ALK B — | A PSR

I eAE S, iR AT AT 22 IR oA i . B 2 v AR
ARG I NSRBI BN A . P LR . Rk
B AR B A A AL . B BT, W] DAMGE 6
FA AR BRI, 3 HL AT LA T A AR BT AR Y, Mantz-
ourani 55 WFSY & IR AR 0 BN T 04 6L, Heih i
W) A A2 B A s, O HUBE B AR o
WA M M A ; Torrieri 55 WS A B, T e 19
r= 4 Z8# (Exopoly Saccharides, EPS) HYZLAL B &
PR TAT 0., AR (o) TG PN B8 = 7K 43 e
G EIRHLARTEBE; F PR T i U TSRO R R e R
TR I A 257 A= EPS, AT LA SCEEGE Y 4 &, 2E
TTREEARR T A s LI PRI R T T M) A v T e <
P, AT LAAT 28R e 1T A Ak it A R T A 3R A
RE o

AR T H L RS R, B
Hi, AR IEURAR, BAREE T REYEA R, HIRME
W (BRI e, B R, TiHbgEH
SEESANUN 3B /N A TV o PRI AT LK1 THT 1 % R AT
FHEIEZZ mGUIN T, DA S G 2T At 6 5 5T
B Oz PR P AR i, U T UGS TR I 1R XUBR | 17
BN ARFRAEE T

FLIR PR AR R B A o AR R 1A HLIR , G Lk
BRZS ) JooXT L UE Ry LA A I B S5 s A
FASZI, AR 7 . DM A B A L IR PI T
WP, BB A RSE . T AR B R
T PSR O IR . Rk, TR AR R R
T A A L R P T e i P Y B R AR . AR SR 5
P4 52 P T ] 2 1) [a] LA A2 g T A s Ve S AR

{7 FHAR A LT B R A3 7900 A I 4 22 1 A A = 4 22 1
L, SRH— R & B A mhin 1, JRA O AR
BT TRk, s H S AR RSN i R e et e, 3
T T LA AR AR A T EL ST, ] — B L 5
G R A R ThI L o

1 MRERZE

1.1 MRELEE

R NEZEEAL B S iSRS
A B2 E s A FLAT B R TR 0] (R W 9%, TR TR 2K =
1.0x10" cfu/g) WARTRIFAAEY) TRA R AT
BTG ETlEE: BRI O BR A Wl B3R .
FIRbBE . vl Yo,

FA1004 53#7 R g fE-2AF]; R HM740
RIFIIEAL P EVEECAAN 7] SP-16S BUME A4 . PT2531
HUEFE . BVM6630 MIELAFIMEL  FIEIRIRERA
H]; RTC-3002D B Bi#4) 53 Hr 4 H ASSEBR AR F 5

HWS-1000 E i AE PR E FRA0 501D B0 24 7
202A-1B FUAVEIRL THRAT 1WA 7 Micro-

MR-25 UL RESEYR gl s 7R A R
oAl BRI g P ESCRMIGR RS E R
N HEl pH I Wi AN TERL 22 A 84T B 2 F] s HLN-
31 YA ML g AL W] DoughLAB 4= [ 3))
B BTAr AT PR PERIECE RN E]; TR AER
WIS ESTA BRA T vKFE T MRS e
BRZAAF S

1.2 SLWHE

1.2.1 MHEYAAFTEEE R EE  FREGES R
B4 TS AN Atk (w/w ), LA AR T A ) s o
SRFEHE, A 1% BIFEYZLAT R TRl 5], iy
), g E, B 37 °C fEEE RS IR P TR R,
BT A H BTG B = 1.0x 108 cfu/gl''l.

1.2.2 SEBBmmAinT  mahn T H—R A
LR R m AL EL 7 W2 1, (BB I BT E
100%, JAW FH f= BN 43 5 185 B0y 19 Lh S 84 7
WD o T RAREE 1 iR,

N T2 ARYEER | i TRy, B SBRREL
R 2 A aligok (1: 1) B T K/ INeEdr
FEP AT B R AR F RE A= 2 M R 0 1% Jo B 403K
PEATRREL, FRECIEFRN e TR A AR ZUAT
TR S aigo KRG s, U — ks )



B Tl B

2023 4F 6 A

<174 -
=R TR
Table 1 Three recipes for bread processing
TR T WB(%) WWB(%) WWSB(%)

JINAZ TH AR 100 70 70

BV 1 1 1
b 8 8 8
a8 1.6 1.6 1.6
aliyfk 60 60 60
H 5 5 5
EZ ) 0 30 12
A MR 0 0 18

1 WBUNETEL) , WWB(EF ML) . WWSB(&ZZ MR {1); 222 MR

P (WWSD ) il 2 R P 18 A 52 o SRy e

S Hy . ;) SN B R
FUFEIT %’fggf SPRHO B AL
Bt B
AL A B n
SR HPRHET ﬁﬁ;}’fg‘
Ak BT A WAl
. ke -
i ok

K1 e TRER

Fig.1 Flow chart of whole wheat sourdough bread processing
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Table 2 Central combination variable and horizontal design
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Table 3 Sensory evaluation of whole wheat sourdough bread
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Fig.2 Effect of fermentation time of whole wheat sourdough on
quality characteristics of whole wheat sourdough bread
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VR 3 A T T VAT T X 4 242 TR T 5, it O R P ) 532
Fig.3 Effect of the amount of whole wheat sourdough on the
quality and characteristics of whole wheat sourdough bread

Ko MALTERETE 5%~15% G i i AW T B, 20%
I B AR Z T BT, I HAES T 20% BRAEAT
TRGHTHEG N, 3 T B 5 T I IR A OC, TR A T A 1
K1 pH MBS T Feil & B2 4.6~4.8 1470 [F, 1w 4]
AR R A v, ook R B R AL 2 X T A TR A AN RIS
mg 200, SH e R R B AR RN, sl R H R LR
FNPRERE PR F MR AR A B S Y E DG &R, 80
HS R IT A TR, & 3C AT RAE 1, BEE TSN A1
o, BB AR5 B IS R B, RS IR i A B Eh s
K, FEZE R DO T s, 1 kLR, PRI TR -
FEBIN R 15% B35 B 5 = (E 79.57 43, F 20% =2
JE BB A5 B, BARERE 1S E 10%~20%
SN 22 AN FEO=E, X =2 T AR e B P L
BR B HIFL R RV E T, X T 2e B P A e 4 —
RERESAAE I, DR 2T 4 25 RSy oot T AT v
7 114 DX 288 S5 R B DR P A AR 2, Aburas 452 iff
FER I e i B LT 4E Y B S AE I AR 0k e,
U B BT 4EY) 2 S B 5 H B AFRE, FK
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AR , 45 FURRBTR T-RiR A A R 1 AT M s e A <177 -

PEZE, B LA AL B AN R 52 . T LA, 78
WHIER 10%~20% Z BB T 4L pHAT TTA #BAEES
Gl e P, B b2 WS B, ERE N, T AR
B WA REE G B ERAZ . &5 D TIR, R
WWSD H#SINEN 10%~20%.

2.2 NN EREAIRIEEER S

2.2.1 WE N E EUEBE R AN, 54550 DA ZZRRIE
PGS B F R s Ta] 2 AR it 240 A5,
ARPERIG LA HEL TN 4 09 13 A,

K4 N AR A R
Table 4 Response surface test design results
M 7 D

TTA WH 6 &E 256
(mL) (mL/g) (N) 154 ¥4

LIRS A, BHE B: WWSDIRHIHE
] (h) (%)

1 5 10 569 23 2.776 4.882 76.2 33.58
2 15 10 519 42 3.174 5.66179.9239.12
3 5 20 531 39 2.775 3.18777.4637.34
4 15 20 506 5.6 3.389 5.87279.3231.41
5 5 15 5.54 29 3.125 3.226 78.5 44.96
6 15 15 513 5 3225 5409 79.1 32.95
7 10 10 531 4.5 3.773 4.764 78.74 48.07
8 10 20 511 53 4.652 2.076 80.2 67.84
9 10 15 5.17 54 4347 3.062 84.1 67.59
10 10 15 5.16 5.1 4.261 2.571 83.4 67.95
11 10 15 5.14 52 4.167 2.507 83.15 68.34
12 10 15 515 49 4545 3.149 82 63.79
13 10 15 512 47 4761 3.109 83.7 66.28

K Design Expert12.0 X3¢ 4 f9Eaibi b
SINIT, A5 2N A2 R A 2 TAS [R] B[R] A0 422 P T AT AS
F@ IR FAmA pH(Y ) . TTA(Y,) . L (Y;,).
S (Y ) FUBE P43 (Y ) B [EE 5 R

Y,=5.16-0.1933A—0.1183B+0.0625AB+0.1462 A%+
0.0212B?

Y,=5.03+0.9500A+0.6333B—0.0500AB—1.01 A>—
0.0586B

Y ,=4.41+0.1852A+0.1822B+0.0538AB—1.21 A>—
0.1762B?

Y ,=2.88+0.9412A—0.6987B+0.4765AB+1.45A%+
0.5661B?

Y5=83.89+1.36A+0.1683B—0.4650 AB—2.04 A~
3.21B?

Nk S(pH) . £ 6(TTA) ., £ 7T(HEE) | & 8(tb
Z5) M o(BRE PE43) AL HL Y P<0.01, £ i
W, R PIEST R 0.0627. 0.4716. 0.0508.
0.3426 &% 0.8694, ¥J>0.05, i 3% . FHH AR AT
LA AE 3y, fz B4 22 s T 555 4= 27 TR i A O J st ] 2%
S SF PR T A BRI A 56 72 o BEANE E RS R
R*>=0.9809. 0.9563. 0.9164. 0.9233 1 0.9864, 3 HH
TZAA R SE R IR 2RI, BG4 X, PG BT,
"] DL e R S SN T iifb. AR S
FARYE—KIN P AEPT LA, —WKI A B XHZBR T
A0 pH 520 % 52 (P<0.01) 7K, MR — R 30

%5 pH I 20T
Table 5 Analysis of variance for pH

FERIE P AHRE B FlH Pl BEME
el 0.4021 5 0.0804 71.97  <0.0001 Hox
A 0.2243 1 02243 200.73  <0.0001 o
B 0.0840 1 0.0840 7520  <0.0001 ok
AB 0.0156 1 0.0156 13.89  0.0073 o
A’ 0.0590 1 0.0590 52.84  0.0002 o
B? 0.0012 1 0.0012  1.11  0.0467 *
37 0.0078 7 0.0011
RKHEI 0.0063 3 0.0021  5.71 0.0627
4fiiR2E 0.0015 4 0.0004
MEZE 04099 12
R 0.9809

Ry 0.9673

e R HA W R (P<0.01), * /R HA 520 (P<0.05); %6~
F9H],

F# 6 TTA MJ25HT
Table 6 Analysis of variance for TTA

FEAE CFOTR HBE B Pl PH  BEME
el 11.28 5 226 3061 <0.0001 o
A 5.41 1 541 7350  <0.0001 o
B 241 1 241 3266 <0.0001 o
AB 0.0100 1 0.0100 0.1357  0.04735 *
A’ 2.81 1 281 3814  0.0005 o
B? 0.0095 1 0.0059  0.1288  0.0432 *
B2z 0.5157 7 0.0737
RPI 0.2237 3 0.0746  1.02  0.4716
42 0.2920 4 0.0730
BB 11.79 12
R 0.9563

R 0.9250

®7T RIS

Table 7 Analysis of variance for hardness

FERIE  CFHM AmE ¥y FAE PlEH WEME
HHE 18.06 5 3.61 10.92  0.0033 o
A 425 1 425 12.82  0.0089 o
B 2.51 1 2.51 6.50  0.0381 *
AB 0.4262 1 04262 129  0.048 *
A? 0.43 1 043 1945  0.0031 o
B? 1.13 1 1.13 341 0.047 *
F2 232 7 0.3307
ERu 1.92 3 0.6409  6.53  0.0508
4R 0.3925 4 0.0981
B 20.38 12
R 0.9164
R 0.9052

FAE KN, 0T LIS 2 A5 PR 26 % 4 52 1 1T £ 1)
pH SZME /NNy R EERTAI>ER NG, Bl #E AB. A* &
B? X422 BRI A1 pH 52100 53 51 A il ik 35 (P<0.01) .
3 (P<0.01) AN (P<0.05) ., R, 35 6 th—Ik
I Al B XT4ZZRE A TTA S B3 (P<
0.01), H:HE—wx It FAEK/N, AT LIS 2 X4
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Table 8 Analysis of variance of the specific volume

TR PR AmE B FIH PlEH BEN
HR 5.80 5 1.16 16.86  0.0009 o
A 0.2067 1 0.2057 299  0.0274 *
B 0.1991 1 0.1991 289  0.0327 *
AB 0.0116 1 0.0116  0.1680  0.0091 o
A’ 4.07 1 407  59.10  0.0001 o
B 0.0858 1 0.0858 125  0.0301 *
G2 0.4851 7 0.0688
R 0.2550 3 0.0850  1.50  0.3426
glitR 2 0.2265 4 0.0566
BB 0.28 12
R 0.9233
Ry 08686

R BT 20T

Table 9 Analysis of variance of sensory scores

FEKIE FAM HBE B Py PH  WEME
R 74.85 5 1497 10137 <0.0001 *
A 11.18 1 11.18 7570  <0.0001 o
B 0.1700 1 0.1700  1.15  0.0489 *
AB 0.8649 1 0.8649 586  0.0461 *
A? 11.44 1 1144 7748  <0.0001 o
B? 28.38 1 2838  192.16  <0.0001 o
FR2% 1.03 7 0.1477
RKPI 0.1537 3 0.0512 02329  0.8694
4% 0.8800 4 0.2200
BB 75.88 12
R 0.9864

R 0.9766

PRI AL TTA 52K /N R IERT A>E8 &, AB.
A? % B? Xf 4= FF R i A1 TTA A9 82 0 43 51 R e 35
(P<0.05) . #% .35 (P<0.01) F1 5 3 (P<0.05); 3¢ 7
H— R ITT A R B Xt 4= 27 1 A0 1) R R i 43 51 oAy
e .2 (P<0.01) A1 25 (P<0.05) , MR P& — KT F{H
KN, 2 PRI ZE X 4228 1R T A O R BE 52 i) /N Ay T
A TE]>H N5, AB. A2 & B2 X423 R T4 i il )45 5%
M 431 A dk 3 (P<0.05) | A% 4 35 (P<0.01) Fl i 3%
(P<0.05); 3 8 F—YRIG A Tl B X 42 BRI A9 Ho
R B35 (P<0.05) K-, MR YE— I FAE K
7N, 2 PRI R A 22 PR T B 1Y) EL S R i) /N Ry s 2 P )
B>, AB, A? K B? Xf4x 22 R AL HL 25 i 52 i
535 R i B 3 (P<0.01) . #2235 (P<0.01) Fl i 35
(P<0.05); 3% 9 F—IRIGT A Tl B %f 422 1% £, 19 Jek
BEASSRNS A A 2 (P<0.01) Al 2 (P<0.05),
MRYE—IRIT F AR/, 2 PRI 422 g T A 10 8% A5
Sy REMI/INR : R TEERTRI> SN, AB. A” 2 B> Xt
4= 52 198 T B0 AR B A5 B i) R 838 (P<0.05) | %
B3 (P<0.01) A 2 35 (P<0.01) .

2.2.2 MR TEERGAT Kl 4A~El 4E SHAE R
FE S I 0 A IR R X 4 22 e T A i 256 PR B
W ) e 7 T P e 7 T T IS M R B IS 4% PR 22 o

e AR5 AR s R N, Her g A i 2 T LS s[RI
K2 AE BRI, & 4A FIE 4B 535100
WWSDH %5 il & Fl & 1% i) 8] X WWSB | pH Al
TTA W5EmZE SR, 53 B 280 F L ml R JF gl
I, PH BRI AR, LA 5 42 22 B A [ IR B TS
FREES, B WWSD S I F &l (8] i 58 B4R
XA TR pH M TTA s2ES LR B E, B 5
2% 5 MR 6 P IIT 22T a R s, WWSD @
H AN A B E] A AR FHXT pH 1 TTA IE2055 51
St R 2 IR (P<0.01) A K2 2 27K (P<0.05), R
SIWTEE R —3, BEZE WWSD 14 A& BT a1 14 i LA Be
NI 22, WWSBH) pH Fll TTA 43531 52 B2 it
TR EFHARfR a3, H WWSB 19 pH Hefiik £
T 4.68, TTA £ °76.11 mL; B35 & 2R X% %5
=GN, pH 1Y K& W FoF 2%, iX 5 Olojede
SEUOV IR E R B — 2, TE R b S W 4 22 iR T A pH
BT RSB TS, 32 T IR AR LT R E
Wit AFSE R, P TR B E Wi ia TR .

& 4C FIE 4D 43512 WWSD %8 Fl &l
[a]%; WWSB B9 B2 F Eb 28 04 52 mi 25 S 1, Hoor i) 2
B2/ S Tl N A R ST e eSS N A Y e doe = e
B, HE 4C Fal LA, 2 WWSD By & i 3 il
ANAEE, G K PR TR AN WG 0, WWSB A9 2
e N RESR JG B T AR Ak, 2 R R A
A, B SN AN N, SR8 T KRR e 2212
TR [ 4D b, Bl & TR A TR] 2 RS
FOE 0, WWSB fY EL 25 S BZ L T H 2 i AS T T 195
AR W I S5 R LR AR B TR A T AR
[RIFE, Bl WWSD %8 hn-&: 0 A& Bnst E] (528 5 4F FH o
LA 5N L 2SI SE M ERE A 2 FLZEE] 4D vhiaE
TR 2 04 A T 9B B R, e 7 g T U B BBE Y, 156 A
WWSD ¥ il 2 A1 & P i 0] 38 B AR F X 14 L 25109
ST, G 7 FNER 8 HH Yy 2243 M nl LUIAS H R
K1 28 <2 AR FH X T A4 A 2 R EL 2540391 oAy o =5 7 AP
(P<0.05) Filkk i 27K (P<0.01), P st S —
ES

€l 4E iy WWSD & iz s [] IS i g 22 8] 19 38
TAEFAXT WWSB R E P42 . BB PRS-
25 AT LA Ry O b, 52 Ry ity AR 1) B B A A
BFIR, AT DA B2 b 2 BT 2 35 %0 i P 2E 52 R BE DA
R F T REBE RN BTl 45, JHona o 1 R 2 B ] R
1 Hh T, A7 e, BEZE WWSD B hnE 4 o S E
Se BTHE FREAS kR [RIEE, Bty WWSD & 1%
s IE] A 2, S At B[R] A AR f ki, HLA%
TR 2R 2 B O Y IR, 36 BR S i &2 A0 A 19 B TE]
2 AR R AR E A5 B I A B3 R 9 1Y
J7 2255 MTA5 Y, PRI R A2 AR X WWSB 520 N
I KT (P<0.05), BB S BTasi i —2k.

2.2.3 EZEETEMES I X 7 22570 FERR LN
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Fig.4 Response surface analysis of fermentation time and addition amount of whole wheat sourdough on various indicators of whole

wheat sourdough bread

T, AL pH I BRI R 4.7~5.4, BAERE TTA
I EVEREIS 5~7 mL, 16 b AR ICEGT, A, R
R/ INERGT, AR RIS B9 TG B A5 ol = B AT, ik
B AL I ER G S DT W25 TE 4y AR YR 4222 1R 1 A K 1
A TR RIS I o) 22 1 T A AN W) i 15/ A DT R R/ N
My 28 Sk, B AEXT A TR AR AT 0 — LA B, P
CRITIC #4533 B EE R B350 : pH 24.83%
TTA21.62%. kL %E 20.08%. BF & 18.14%. B 'E 5
43 15.33%, ARHEAS 1) AYA EE Z2 500 i) 7 1A S0 45 SR
WHATER G4, 85 RAN3R 4 2R 51PN .
LRSSy TR N Y=57.48-3.13A+1.60B+1.79AB—
17.76 A°>—8.27B?, 4= 2 fig 1 Al & Fg st [A] P<0.001, 3%
PRAAR 2 (]S 7 R o — R I L X 18 I/ N B}
B o R 2R A 2 M) R/ DS, TE B 3RS S IR 1 1]
I, 42 1 T A %) % PR BT TR R T B R Ml P s i
o eZFmmE B P=0.0428 KB N B3 (P<
0.05), BERIAUBfE B2 B R 2 09167, RIS ER
Iifs IRI A RN B? 43 B ZR I AR i 2 (P<0.01) il
B3 (P<0.05), ABAZ H I N i 3 (P<0.05), &

F10 LMD ITEMT
Table 10  Analysis of variance for comprehensive scores
FEAWE  FHM HME ¥EF O FHE PlEH  BEN
TR 87.49 5 37.50 1542 0.0012 *
A 58.59 1 5859 268  <0.0001 H
B 15.46 1 1517 0.7060  0.0428 *
AB 12.82 1 12.86  0.5854  0.0492 *
Al 870.76 1 7044 3977 0.0004 o
B? 188.71 1 8838 862  0.0218 *
B 2% 135.25 7 21.89
AU 135.80 3 4527 1037  0.0534
alifR 2 17.46 4 4.36
M2 18474 12
R 0.9167
Ry 08573

BERUF, R4 o 0.8573 47 85.73% il AR, 4l
RPN 75 (P>0.05) (5% 10) . [l 5 22 iR
PATAS [T 8 I P A PR TR X 22 R T A P £ 54553
i 37 T P, T )R, APAEi i £3 E, T
EREATS S W R X W 37 L) 20
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Fig.5 Response surface analysis of fermentation time and
addition amount of whole wheat sourdough on
comprehensive scores

2.2.4 RALEIFREE  ARYE LIRS R EfE T
U ARG A BEATA] 15.50 h, BShE 17.68%, IHAH
NSRS FE PR B E: pH4.472 . TTA 5.849 mL .
L% 3.326 mL/g. i BF 5.774 N, J&'E 1550 82.9,

Al0p a
WB

NN WwB
r BN WWSB

I (N)

3 5 7
SEAFIRTTE (d)

C 600
WB
500 EZ2 wWwB

BN WWSB c

3 s 7
RHEAFIE] (d)

E1.0
a WB
0.8 ez WWB

BN WWSB

) 0.6
B
o4
0.2
0.0
0 1 3 5 7
i AAI ] (d)

LGV 63.47 . R TAE T LN T/ AT EaEE,
B T2 SHUETE N 22 TR H & BT E] 16 h, 4237
PRI ATAINE: 18%.. FEUMLAA FiffT 3 IREE IR
Bk, 15 20 22 MR M R A5 : pH4.82, TTA
5.62 mL. FL%F 3.47 mL/g, W 5.59 N, BB 155
83 41, WAk T L6114 66.98, ZIRIGER S
FRIS TN E AR 2EME LU, R T2 BAT—E T
AThES
23 fEEEAB =M E S S RMAFES

&l 6A~El 6E Sh/NZZ i . 4232 i) M 4= 27 1R
HALLE 4 °C A — JE R i 2 A o dT Il . Zeab ik
G, AL AORE R | BORY A LA K nENEA: A5 T s BT
EIFAHIC AR AR, HAEbRE, /R maLm)
B, ST ZE; AR, TSR TR . PN ERIEE L R B4 M
55 L R SR B IEAH G AR A a3, HAE RN
AL BT . R S TR LA RO (] 25 S B
KPR ZE S . VERY B TR 45 54 LA R T A 26 1 O 2R AR
PERFAIRAF IS, X SR BRPR Z M A 24k, THi

B 700
WB
600 EZ2a WWB
soo| ESWWSB
= 400
Eal
2 300
<
200 f
100
D 1.0
w®
%
0 1 3 5 7
FHEAERTTR] ()
F 0.5
WB
041, a 22 WwB

BN WWSB

il AFI I (d)

Pl 6 =i (ot ] 4 ke 434
Fig.6 Total texture analysis of three kinds of bread during storage

TE: B AT bl A R 5B m A7 B M 22 59 (P<0.05)
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Table 11 Regression equation of bread hardness during storage
B ety ¥ R
WB y=49.826x+247.96 0.9913
WWB y=57.029x+516.21 0.9874
WWSB y=44.785x+316.97 0.9747

FAVRER 5 A0 A (1 A T ) A i TR m T A R ofe e I e
LRI BT B EFREE . PAE] 6A T LIAR Y, FEE it
FECHST A AU FEKS, =Rl L AR B A S BN A B
5, 32 11 X AL AR B AR AL E T 2R M 1 IS 43 #T,
A5 = T 1 R AR A S SRR YR Sy 4 5 1 T L
(Whole wheat sourdough bread, WWSB)</N2 Tj £,
(Wheat bread, WB) <4>77 1fijf2 ( Whole wheat bread,
WWB) ., TERERERY 0~3 . 3~7 d Hh 423 R T 0 i il )4
AN R4 S 35.75% Fl 21.57%, H/NF/N22 1
£ (43.81% F1 28.22%) F1 4= & M AL ( 39.98%
25.36%) . X5 Daisuke 2" (YRR FTEE R — 2, LA
G I, A AT & TT LI — S R B KR vERy, (Kt
it B 1] T B A B /N T/ INSZ T R 4 57 T A,
A Re S E A X . Cizeikiene 2524 % BRI IR ]
H & é TG e 1 B R A G R BN R 1 i A5 2H 3
WS, AT LSl 2 BRI T G AR R (] 9 2 A B, AR dsE
THT AL 8 3y 1 A B Rt o Joo 2820 Arendt 450 5l o
/NG AL BN T e, LI R AT e B PR 2
FIVER T 27 A2 AU e s 1 1 A ) e AR 24
P, A A R AR B R AT, RS A
RGBT LA, TG AR B IIN— i 5 A 1 T ]
JE o} e % T A TR R A P T LS 31 R A O BB A E
FHo TR, TEEL s ROk P AT GG M- 5 T G A i 3 S
AR A AS Ll ka3, B 35 4 57 18 TG0 g A7 He) [A] A SE 1<,
FEERE P FIRE P AS W 0, AEAf7RE 0~3 d PN, Bkl
PEFNNENERPHEERAG SRR B S, 2 R g
{EME T/ N2 AL, il 3~7 d i), 22 BRI AL AR
A P R E A (B A3 I8N, ELYESS 7 d BB
IINTF/INZZ T, BRI ], 422 TREL I R Rl P
NE MRS f R H s R RIS A (5] 6B 8] 6C),

ISR SO R C2tR R e S 73721 21 I LTl O 1 i
0~3 d N/NZE EL R PERS K T2 F RE 4, 3~7 d N,
SR T BmE N/ N I, 4222 1Al
PE—BUb TR REHR(1E] 6D), HEH T HR—4

AL KRS B LT AEMAEAE, 2 TP 8 F il —
RE PRI, DI 8 TR S AZ 215 ), DAL, 0T
Ag 2, SRR N, WS ineZ Rm s, T HD
LR B AN RE PR OV E 7, X5 i /i 4 P AN e A 20 4355
HA—EREAVER T, I B B FIE R i a5 2
B, X T AT 28— (2 Ak, BTG 7 O 1) o
JEA —E P RAEH . AL N SR PR RN 0] 52 PR R
i i Bl [) B < HR A2 BUAS W T RO AR A ka3, /N2 1T
A B4 PSR R [ 52 A G 26 IR W v T 4 22 PR 1T
(El 6E. & 6F), iX EZE  FaF Rim L ayEsin
AW IS LT A AR, HHOR S i, X fs
S LU ISR, T LS TR AL ARG 5 K [
PR — 2 BRI
24 fEEEAE =M E KSR TS

B 7 2 =PI AL AEAE SR 0 d FNER 7 d B
T, SERE AT, Sz e 1 i g 10 ] T 6 P9 38 7K 531
O ARES . FEE 7 i iy 3 sy B R rh
AR A AEARAS, X R A Sth I A TRIER /)N, DUk 43
TR S 2308 55 ; WA TR RN 0 Xt N R 7K 531
TrE RN HH ) T,, (<1 ms) RN L5 H
3 A 5 K DL SR A B AR ER 437K, BR R A A K
T,,(1~20 ms) 75 5 1T Al IR 265 A2 ey ok A, {H &
VAT B HALZE, 25 5 HAh A ot DA SR S E FH AR
2, SIS EEG K, WA R i B A ARED
437K T,5(100 ms Z247) , 2o AL L sh M de i i
HARER ST 7K, A T if5 X 288 2 My R A g K, o R R
WAI IR Sy, PRI — R R K P32, ik 12 1]

001 01 1 10 100 100010000
SUFRIS ] (ms)

K7 il 0 d #1107 d I TETELRR ] st R I 1] T, 434

Fig.7 Distribution of transverse relaxation time T, of bread at 0

and 7 days of storage

R 12 SAEETERGEES 0 d FIE 7 d B BRI T (T,) KW mIFR (A,) 59534

Table 12 Distribution of transverse relaxation time (T,) and peak area (A,) of three kinds of bread on day 0 and day 7 of storage

TEERE(A)  REE BERRHREIT, (ms)  SBERAHAEIT,(ms)  SERASEIT,,(ms) WAL LA, (%) WALE AL (%) HRLY HA,, (%)
WB 0.667+0.065" 6.896+0.205" 113.994+4.211° 24.542+0.568% 74.744+0.689" 0.454+0.178°
0 WWB 0.579+0.013® 6.464+0.189" 109.907+6.065™ 26.446+0.324° 73.323+0.873" 0.173+0.151¢
WWSB 0.546+0.044° 5.785+0.171° 98.694+5.729° 26.928+0.423" 72.113+0.824® 0.231+0.271°
WB 0.257+0.17¢ 4.465+0.212° 96.033+8.968¢ 22.077+0.482° 68.698+0.795° 8.542+0.174°
7 WWB 0.318+0.014° 4.501:£0.309% 96.719+4.922¢ 23.879+0.531° 68.954+0.695" 6.823+0.219"
WWSB 0.356+0.015° 4.633+0.213¢ 90.322+5.376° 24.268+0.372° 69.751+0.793 6.199+0.195°

TE: A =3I AR TR R A E R E 225 (P<0.05)
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A, FETALT 65% LA 7K SR8 LA 55 285 A /K IR A
FETE, 20% ZeAa 7K A2 AL 58 5T JER AR
TR E RS GK . RIE 7 M 12 AT AR
Y, Bl R 1] A SE K, T,, AT T,, BYUEA] ZE 52,
ELXF N Py s R A ] R e TR AR pa )N, ZRBH T AL 7K
Sy RETEAWIE L, 45 G /K T Il 225 T2 /KA W ] PR
Sy FIZ MK TRAR, 3222 i T I NI K S AW
Al LR R A TS, TGRS AR T N R T
17

&l 8A~IE] 8C 435Il R Ty, Ty, Fl T,y FIHE [H] 5th
Tt a], B AR R A HEG, — APk 53 1 th B4R s 1]
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