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BEAT BR 2 7 5 8T i LA B N111S R s ZLAT B
N3117, A K ER R EFABRAH

Mixolab 1R AR E0AL, e M IPH AN A R
KA, AR T FARBAR L R L5 e i AR X
MCR302, % i F) % 7R 7 A 7] s LABCONCO FLZ5 %
TR, des AT IR I A BR A W 5 R i
BL, WLz 37 T8 A BR S 7] 5 Agilent 7890A/5975C
GC-MS IR AL, L HEMR (Agilent) BHEE A PR A
i
1.2 REHZE
1.2.1 /N2 AR il e R /N 22 1 B R —
AL Bl—Mixolab 1R A3 Ak BE— i K — % 1% 1] 1]
1.2.2 /NEMHIK S S EN R FREL 50 g /NAZ T
3, At PR EK A A T i Sk i, BB 3K
WO BHEAE R /N2 TRy 0 5 K &
1.2.3  JFURE 3 AR BRI EL 3 0 AR B
43.68 g /NAZ T, HL— 414 Ry 4 BE 2 BE rpofe
I TR C EL AR AR N2 s A TR K
B BRI 100:60:2:5:3 {5 i L] 45
TR P BC 2 IR 1 IR A 150 A5 2 4 ) s
BHB . BERRER A N1115 328 MixN1115, B RS
N3117 i MixN3117,

1 ERSERMSEL
Table 1 Raw material group and composition ratio
A B ) v

KA 5
/%  N1115/% N3117/%

xt B8 0.0 0.0 0.0
B 1% 1.0 0.0 0.0
B4 2% 2.0 0.0 0.0
NI1115 1% 0.0 1.0 0.0
NI1115 2% 0.0 2.0 0.0
N3117 1% 0.0 0.0 1.0
N3117 2% 0.0 0.0 2.0
MixN1115 1% 0.5 0.5 0.0
MixN1115 2% 1.0 1.0 0.0
MixN3117 1% 0.5 0.0 0.5

MixN3117 2% 1.0 0.0 1.0

1.2.4 WS InEE F ot 1 A R IR AR E R g i R
BRI A, X JFURE A 2R AT A 5] B [ f) K g o AR
P X B 45 R BE IR &K & 12.41% , WK
R 59.1% , 1€ 20 C FHiFE 4 min, 5 2R A 5H
TET AT 3000 2 40 e aek A v A O /DN A5 B 45 B
Wi s [ A8 A 1 A B R 2, 99 ik T FE I B e ] R
FaE ia]
125 HHEMER KESHANIHEET 37
°C, FHN IR B2 859% 1Y) i & A vh R & 1 h, WL T AT
1) %2 1 O
1.2.6 AR EREEN E B /N R G 1 A
B it B O AR SR W 5 T AT 9 AR 2 R T O A
e PP25 R4, 1 25 °C N AE y=1% ) %1+ F , i
TR o 75 107'~10 rad/s 75 N K sh 402
i, A5 B RE S0 Sh BRI
1.2.7 #URTE AR E R SR i A -4
CYKF BB R 12 h JF I, AN B2 8 R Tl
W AE-20 CH T4 24 h, 152 0 T4 1 /N A2 1w
A, 08 R T I 5 1 /0N 22 T AT AR R AIL o 2
B AT R R AR, e ARFRZ i FE A T 1/4
AR TR AR S DA A ARG
1.2.8 AR T (ALl B & e s A A
T — 0T 35 I FH A (GC—MS) X 1T FAT o JRUBE 4 Jo 17 21
B AT I E 2R ] HS=SPME-GC-MS 12
# B3k :50/30 wm,DVB/Carboxen/PDMS,, Tii %5 5%
2 - 1 i B2 80 °C, ~F- A7 15 1] 20 min ; 15 1k i B2
250 °C, G AL TR] 20 min ; 5 BUS ] 20 min ; fi#0IE
B 250 °C, f@WHFE 5 min, <% 444 :GC:HP-
5MS 3 A (30 mx0.25 mm,0.25 wm) , A 43 i
FE HERE TR EE 250 °C 5 A 25 35 % 250 °C; A
A He, i 1.0 mL/min; . FHRE & 70 eV; B T IR
T 230 °C; DU AT 450 °C; THEFE T .40 °C
{44F 2.5 min, P4 5 °C/min )3 F T+ % 200 CJ5 , U
10 °C/min F+ % 240 °C, f&4F 5 min, MS:HL & 5=
EI, L FREHE 70 eV, B TR 230 °C, DU AT iR
250 C,
1.3 HELE

% A Microsoft Excel 2010 #1 IBM SPSS
Statistics 23.0 #F 17 Z 45 &b B2 5 53 7, Origin 2019
HEATAH C BB (1 224
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Fig.1 Effects of N1115 and N3117 on the farinograph of wheat dough
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Table 2 Effects of N1115 and N3117 on the kneading 45000 :M;;%%H; %
and mixing characteristics of wheat dough 40000 2
. WEE(C)  HARNIE/ BN/ 35000
%5 _ _ & 30000
N-m min min 5 25000
At 1.09 1.38 9.98 20000
15000
B 1% 1.21 1.5 3.25 10000
5000
B4 2% 1.17 4.48 3.78 N ST
N1115 1% 1.06 1.45 3.55 0123456728910
Hii % /Hz,
N1115 2% 1.03 1.52 3.27 (a)
N3117 1% 1.09 1.53 3.27
N3117 2% 1.13 3.95 3.23
22000
MixN1115 2% 1.11 3.37 3.37 18000
16000
MixN3117 1% 1.13 1.67 3.25 = 14000
= 12000
MixN3117 2% 1.18 4.07 3.38 < 10000
8000
6000
ot q0000 oo
22 d‘%ﬁum'z%ﬁ]‘iﬁ*ﬁ 012 3 456 7 8910
T AT — A T [ A R AR 2 R 4 e T %ﬁfbgHZ
VAT £ 3 A2 1 JB mT LA el T A P e e o, T 2 B 8-:‘5) [ N T
TR T WS INAS [6) B A /N 22 181 AT ) sh S i AR A 0 ool |=MENIHS 3%
[ =g Ca =) , f— Ay 1y 2 N = XIS e i)gN3£17 2%
BEBL I G~ 7R T A7 G Sk g 1 i BB T, S FE 0.65 i)
2 g . 0.60
G RR BT, AT IE A G R T g
G, H G F G HBBE & W51 5 1 T e i 48 K, B r 050 |
A7 THT AT 40 5% B — b S8 T R A AR gg-

X T AT Y0 e IR T T A FRBAE TS R
#F MixN1115 F1 MixN3117 % fin & (% 34 fin , 6~ 1
G BUAE AR /I | U B T AT A 2 R s X T
I pH 25142 %oF i 1A 1) = 4 IR &5 4 7= 2 47 1T B
Wi, 1 N1115 FN3117 (/) & B ml 7= A= 2L R 55 A bl
TR, TG T TR T PN TR R L (AR R A A
PESE I, DT BE AR T T R 2 Y sR B,
MixN1115 1% 8 G- Fl ¢ &K, 1 MixN1115
2%H G G R A g et T
AT BERE A MixN3117 42 1811 5 b T+ 2218 A8
FEAL, ATRESE R IR I AR — R AR R
G, AN (6] B TR TS 00 L A7) 2 6F T A 7 A AN TR) S )
NI115 BRRMER ST, 24 MixN1115 BN 1%,
XoF THT AT s PR 3 S AR T R O T A R T
2 MixN1115 G0~ 2%, BB %5 2 3 M AR F
HE SRR, NIEm T 6 Al 6, T N3117 /Y

012345678910
A 7R [He
()
B 2 N1115 71 N3117 Xt/ = 1 F B9 7t 25 45 1 19 521

Fig.2 Effects of N1115 and N3117 on the rheological
properties of wheat dough
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i E A IS FE A O tand BUEHA , #1155
AR I | T AT R AR BT, fR T 2¢ AT,
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HBEE T R A TR AT B SR R M R X6 T A AR
AR RAAE R, TR G TR R R TS 0
W Z2 BRAR T TE AR 89 AR . MixN1115 41 tan 8
B4 T REREAL, i A 1T AT 3% B0 L A A 7
BER e AU, & Fon TR A, T
MixN3117 1%ZH 1% tan & B 5K, T A7 2l M
98, AN Zy IR SR BT SRR WF 5T 2 WY T AT AR R
b O N T = S e SN T ) e AN DA B2 B
SR TR DA 55 AR R

2.3 /INETE R XY Bl E

Xof A= Jo T BRSO 2 5 2R o 11 AU 4 5
Y (il H#E AT 07 8 | 07 8 P (B =80 A9 BT 1T 48
TG EE B L2 3. KIS Y KU 2 o 2 22 o
I ER2E bke RS WS R DA B nE Ak G
N - T R s g S el 1 R D]
0.001%~0.01% , {H % 18 A1 () IXUE A5 35 8 225
PR M o7 B0 2 A SO R AP MixN3117
2T A P R B L AR, IR F 67.19%, B
HEmid b AT . MixN1115 21 1 A v sk
Yy Abe W i o LR, 4 R 38.96% FI
39.03% . 15 I B 21 1 1A P s e s DA R e i 2 ) o
o HR K, 4 R 36.86%,37%,15.18% .,

12 4 AT 3 Bl 22 T AT L AG I H 84 Fil XL
My, HeAh MixN3117 40 MixN1115 41 B 614
3 AR 63,28,29 Fft XUBR #1  , MixN3117 41
T XU A S5 ) P 28 L PR AL i s, P
T FLAF B N3117 & B 11 1 1A XU ) 5 8 Jn 22
FEo AERRYI T, 2R LA W I BOR AL
By 1E2F BT LURE AL R I S I IE S A AR 58 1 7K
SRR TEMAR B 5 A A PR R 7 52—
LHECOERE—F R, ZHTHE R 2D
BT AE MixN1115 2 A e &F 20 43 0 o5 25.02% Fi

*3 MNEBEEATFME=80 WELXENREE
Table 3 Volatile matter content of wheat dough

with evaluation value = 80

391 #8558 F 1%

MixN3117  MixN1115 B 7
B % 10.47 38.96 36.86
S 67.19 6.82 5.66
R 15.14 39.03 37
f 2.08 9.15 1.94
BA % 0.58 - 1.03
e 0.6 2.32 1.46
Wk - 2.99 15.18
e 3.94 0.74 0.87

T = AR % BT

25.78% , T 7E MixN3117 1 2 5 2.47% , i W
N3117 X% 57 09 A= A I HIE R AR AR £ T
SRS A S R TR R — R RSN X P
Tl T AE MixN3117 20 v R A7 78 1 H w4 v
B AR/ UL N3117 Rl k3 W A 4 o 0 A4 B
IEREEA R T HAER, RPEEEARRNASR
B, PR AE MixN1115 4 b & £ 3 N1115
XoF 33X G ) o A A B HEAE T 52— 2 kL BE B A
PRORTE IR AR, B AR R
TEEREA 5 PR K, B N3117 #1 N1115 X%
Py 5T 0 7 A A AR P PR AR AR 5 T AN T
PRI T /N2 11 AT A DR 43 s e, R T FLIR IR
PPN T A R o A BT 25 57 o B S E
7% T 3R W IR A BB Kl e U o ) A 2%, &k
PR TR I LU B0 — T B R 19 1D AT A A< Jo i 2k
%, BFEWRA DT, 5K MixN3117 445
—F,

x4 INEEERGKY RS
Table 4 Analysis of flavor compounds in wheat dough
et 4 45 _ L%
MixN3117 MixN1115 B
KL 4.64 4.37 5.46
2-Z A TR 247 25.02 25.78
iE 5 Bf 2.39 9.57 5.28
2,3-T =% 0.73 - -
K B 0.24 - -
S ALEE - - 0.35
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(ZEFR4)
Y451 /%
oot & 4% MixN3117 MixN1115 B
S
AR AR R T AR 27.50 0.46 1.22
T 3k BR T B 18.85 - -
O—+ N\ Bk T B8 7.18 - -
O—+ < B M i T B 5.76 - -
ERBR TS 2.89 - 3.59
F AL 8 T B 1.55 - 0.60
M 2 Rk 8 0.97 - -
+ AL T B 0.32 - -
ERARE+ =8 0.38 - -
R RN BB 0.13 - -
ER- 1 S 1. 0.14 0.51 -
T # B, 2-7 &+ B 0.23 - -
= NI SIS 0.30 - -
EX ¥R 0.24 - -
ARG B B 0.18 - -
T B LB 0.17 - -
9 X, , 11- & X+ N\ =4 82 T 8% 0.16 - -
9 X, , 11— R X A& = ¥ B 7 B 0.12 - -
+ 9 % T Ay 0.12 - -
X AT B+ — By - 2.95 -
F BR R+ = g - 1.50 -
F R B By - 1.41 -
T ik BR T B - - 0.25
KR
+ o 0.78 15.18 12.75
E+ L 1.88 7.43 521
2,6-= W R R 0.94 4.64 -
+ Wk B A A AR 1.09 2.08 1.84
9—F &+ Ak 0.20 1.79 1.06
E+— - 1.77 1.13
T+ v i 0.40 1.47 -
EF A 1.39 1.28 0.98
ME 9 v kR 0.49 1.04 -
- P+ =4 - 1.01 -
ERIR - 0.58 -
E+ AR 0.71 0.49 0.45
E+ 0.76 0.26 0.77
EZ8 - - 3.09
2-F &+ - - 3.00
T+ - - 2.44
1— 9 27— 2 SR e 47 0.33 - 1.68
E+AR - - 1.15
T AR AR - - 0.86
8-+ Ak - - 0.58
2=+ =k 0.47 - -
BRI B IR 0.38 - -
ONH R R v AR AR 2.96 - -
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(% 4)
a1 1%
feeth 2 4% MixN3117 MixN1115 B 5
AT AR AR 0.16 - -
IE =5 0.20 - -
=+ —% 0.10 - -
7,9-=9F ik + k% 0.22 - -
b7 0.46 - -
iUk 0.22 - -
IE A 0.34 - -
AT A 0.19 - -
4-F K+ k% 0.37 - -
1,54-=i% -5+ wi 0.09 - -
i3S
L3S - 4.67 -
E S 0.48 4.48 1.94
B X —2—F Hi i 1.10 - -
PSS 0.51 - -
Wi 1%
1+ v 3 M 0.35 0.58 0.80
A W - - 0.66
1-+ =% 0.16 - -
1-t+ =k 0.09 - -
X vt M - 0.86 -
T+ w9 8 M - 0.88 -
AR &
WAL VAR 0.15 - -
A vt K 7 B 0.43 - 1.03
A
2- T BRI b - 2.99 15.18
re
ZREABTR®R 1.37 - -
2,6-=4 T AT EB 1.28 - -
LT Vi 0.29 - -
2.,3,5,6-v9 ¥ Lutvka - - 0.87
+ v ke K T BE AR ER 0.21 - -
~+ fudk 0.41 - -
F R4k 0.25 - -
11—+ N\ A A e A - 0.74 -
1-5-1,1-= 7 F A A 4-m KK 0.14 - -
3 #FHig Ab T UEH L T A AR R G A R R D )

ARG S TR T R FLAT B m A gy KORPIBUR S, 38 63 T P I Hif A R
JRORRE . TR RO F W RN S i SR . AT Dy I R R LA R I
W, 24 N1115 SRR SE R e w A B R b i /D2 WA S T A 7= T2 8808 1 #OE SEa
A 1 AR S5 b T LARRGE A7 A, BB A i e RREE AR DR T I RR LR
(NN T ARG R, SR KR R AR R R . UM S AR I, HfESh 1R SR BN A i
PEFF 52 N3117 GEEREIE [ G B A A ik MUK R W3 — PO A
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Effects of Lactobacillus paracasei on Rheological Properties
and Flavor of Wheat Fermented Dough
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Abstract This study aimed at the market vacancy of wheat Lactobacillus fermented dough and the application of Lacto-
bacillus paracasei in food industry. Using high gluten wheat flour, Lactobacillus paracaset N1115 and N3117 as raw ma-
terials, the viscosity, rheological properties and flavor substances of wheat dough were determined by Mixolab mixing ex-
periment, rotational rheometer frequency scanning experiment and gas chromatography—mass spectrometry (GC-MS). The
results showed that the dough viscosity of wheat flour fermented with N1115 and N3117 mixed yeast was in the normal
range, the farinograph tended to be stable, the gluten strength increased, and the processing characteristics were excel-
lent. When N1115 and N3117 were added to wheat dough, the storage modulus G* and loss modulus G decreased, the
weakening degree of gluten protein increased, and the rheological properties of dough decreased slightly. Through the
GC-MS test, 28 flavor substances were detected in the wheat fermented dough mixed with N1115 and yeast, and 63
flavor substances were detected in the wheat fermented dough mixed with N3117 and yeast, and the content of ester in
the dough was greatly increased, the flavor of the dough was more rich.

Keywords wheat dough; lactic acid fermentation; Lactobacillus paracasei; rheological properties; gas chromatography—

mass spectrometry (GC-MS)



