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Abstract: To investigate the influence of S. cerevisiae and L. plantarum co-fermentation on the storage characteristics of
noodles. Texture analyzer (TA), low field pulsed nuclear magnetic resonance (LF-NMR) and X-ray diffraction (XRD) were
used to analyze the quality changes of noodles during storage at 4 °C. The main research results were as follows: The
breakage rate and pH of fermented noodles were lower than these of blank group, there was no significant difference in
water absorption rate among different samples(P>0.05), titratable acid (TTA) value increased with fermentation time
prolonging. At the same storage time, the hardness and chewiness of the fermented noodles was lower than that of blank
group. The cohesiveness decreased with time and was lower than that of blank group after 10~15 days storage. The
elasticity first increased and then decreased during the storage duration. Compared with the blank group, the relaxation time
of strongly bound water showed a descending trend. After stored at low temperature, the proportion of strongly bound water
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decreased. The X-ray diffraction pattern illustrated that the relative crystallinity (RC) of the blank group noodles was

16.77% after low temperature storage for 15 days, and the RC value of noodles fermented for 60 min was 12.10%, which

was significantly lower than the blank group (P<0.05), indicating that fermentation delayed the starch retrogradation, and

moderate fermentation delayed the quality deterioration of noodles during low temperature storage by increasing the

stability of water in the system and inhibiting the retrogradation of starch.
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Table 1 Effects of fermentation time of compound strains on

cooking characteristics of noodles

KA (min)  WiZR(%) WK (%) AR A(%)
CK 6.67+2.89° 98.71£3.66° 6.50+£0.55%
10 0.00+0.00° 99.66+6.83" 6.73+1.00®
20 0.00£0.00° 100.14+1.83° 6.90+0.69®
40 3.33+2.89% 98.20+3.93" 7.63+1.57°
60 3.33+2.89" 98.57+7.64° 6.94+0.37%
120 3.33+2.89" 97.96+2.74° 5.60+0.51°
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compound strains at different time
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Table 2 Changes of texture characteristics of noodles
fermented by compound strains during storage at 4 °C

RIS P
[ (d) ] (min)
CK 1789.72466.40°  0.86+0.00° 0.59+0.00" 941.02+58.24°
10 1744.90+61.70° 0.88+0.01% 0.60+0.00" 918.80+12.20*
20 1543.65+48.58° 0.90+0.01" 0.61+0.01° 834.26+51.66™

R (g) SR R MEL I

0 40 1448.30+44.68° 0.88+0.01% 0.60+0.01° 764.66+45.62°
60  1653.49+84.53" 0.92+0.00° 0.61+0.01° 892.64+72.29°
120 1829.38+73.40° 0.87£0.01% 0.63£0.00° 932.25+94.36°
CK  1823.60+£57.47° 0.90+0.01* 0.56+0.01% 973.72+29.45°
10 1540.59+84.42% 1.01£0.01° 0.59+0.01° 918.88+26.82"
20 1731.66+32.77° 0.95+0.08" 0.55:+0.02° 913.03+36.56"
> 40 1646.65£21.37° 0.88+0.02° 0.56+0.00* 825.77+1.28"
60 1479.65+4.72°  0.92+0.06™ 0.60+0.01° 807.77+88.76"
120 1571.48+33.57% 0.99+0.07*° 0.58+0.02 951.47+44.37"
CK  1930.14£130.20" 0.89+0.07" 0.56+0.00" 946.40+87.68"
10 1674.94+48.88° 0.95£0.07* 0.54+0.02% 767.83+33.41™
20 1459.74+127.13° 0.91£0.01% 0.53+0.00° 671.97+65.18
10 40 1492.21+59.34° 0.86+0.06™ 0.53+0.01° 615.72+27.50°
60  1672.19453.97° 0.84+0.04° 0.54+0.01® 763.12+52.27"*
120 1818.18+108.35%® 0.85+0.03" 0.53+0.00° 803.01+21.41°
CK  1895.40+38.32" 0.90+0.02° 0.56+0.00" 932.82:+14.90°
10 1643.24+55.42° 0.89+0.03* 0.53+0.01° 816.42+61.06
5 20  1480.64+41.53° 0.83+0.01° 0.55+0.01° 672.21+2.83¢

40 1627.25+17.14°  0.90+0.00° 0.56+0.01* 890.17+79.80%
60  1607.71x50.62° 0.81£0.01° 0.52+0.00° 687.66+1.72°
120 1655.83£71.51° 0.79+0.04° 0.55+0.00% 860.14+11.52®
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Fig.2 LF-NMR map of noodles fermented by compound
strains during storage at 4 °C
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Table 3 Influence of compound strains on moisture fluidity and moisture state content of noodles
fit il (d) SR (min) T,,(ms) T,,(ms) Ay (%) Ay (%)
CK 3.71x0.57* 49.77+0.00° 6.94=0.39° 93.06:0.39*
10 4.04=0.00° 57.22+0.00° 7.61£0.37° 92.39+0.37°
20 3.86+0.30° 57.22+0.00° 8.54+0.51° 91.46:0.51°
0 40 3.40+0.70° 49.77+0.00° 7.3120.09" 92.69+0.09%
60 3.40+0.23 49.77+0.00° 8.79+0.23° 91.2120.23°
120 3.51+0.00° 49.77£0.00° 7.34£0.07" 92.66+0.07"
CK 2.83+0.62° 45.45+3.74* 7.7620.58" 92.24+0.58"
10 2.57+0.53° 39.53+3.26" 7.59+0.85" 92.41+0.85
20 1.83+0.15 36.01+2.83 6.76+0.28" 93.24+0.28"
i 40 1.67+0.13 34.38+2.83 7.01£0.82% 92.99-+0.82
60 1.76+0.24° 36.01+2.83 6.92:£0.20% 93.08+0.20%
120 3.05+0.00° 49.77+0.00° 6.44+0.05° 93.56:0.05"
CK 3.05+0.00° 43.29+0.00 7.04=0.09* 92.96+0.09"
10 2.56+0.43" 49.77+0.00° 5.88+0.09° 94.12+0.09*
20 2.57+0.53" 49.77+0.00° 6.80+0.26" 93.20+0.26"
10 40 2.96+0.61° 49.77+0.00°" 5.91+0.48" 94.09-+0.48"
60 3.05+0.00° 47.61+3.74" 6.59+0.10°" 93.410.10°
120 2.81+0.43" 49.77+0.00°" 5.60+0.11° 94.40+0.11°
CK 3.05+0.43° 43.29+3.74° 6.7120.52" 93.29+0.52°
10 2.3620.60° 49.77+0.00° 5.80+0.23° 94.20+0.23°
20 2.92+0.23" 45.45+3.74% 5.88+0.09° 94.12+0.09*
1 40 3.05+0.00° 47.61+3.74" 5.90+0.30° 94.100.30°
60 2.57+0.53% 49.77+0.00° 5.74+0.09° 94.26+0.09"
120 2.66:0.00° 49.77+0.00° 5.53+0.30° 94.47+0.30"
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Fig.3 X-ray diffraction pattern of noodles fermented by
compound strains during storage at 4 °C
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Table 4 Relative crystallinity of noodles fermented by
compound strains during storage period

T RECY)
(d) CK 10 min 20 min 40 min 60 min

120 min

0 13.50+0.20" 11.3740.15% 11.93+0.23° 10.77+0.15° 11.07+0.15% 11.600.10°
15 16.77+0.15* 13.73£0.15° 12.97£0.21° 12.83%0.12° 12.10+0.20° 12.80+0.10°

3 4

BRI R SR LT TR 2 A R BRI 4 5 25 4
4B S RAFAE I 2557 . 8 & TR & A i 4%
Wi 55 1%, pH F K&, TTA 840N, 7E 4 °C fif T 7%
b, 575 FZHAH b, PR T S0 B I 25 (P<0.05) TR,
SRES AT ) SR MR A, RC (B 2 BRI (P<
0.05). UL KL EEREMS I IR TE R il S &b 44, Pl S 5%
VEMYEHELS M, I EAL . 5 R BB A T A5
Ji, SELR I ACARIRAGR A0S TS A8 . Hoh & 5% 20 min
T 2% B2 B R P AR AR e



B 43 E S

BEE % BUBRE-SYIFUT R S AR T AR R 2R - 163 -

SEHE

[1] 2&&, %R, %, . ABEH 6 5L L LA R
R J]. " Tk K F 4R (8 RFF0R), 2018, 39(6): 36-40, 46.

[ WANG L X, LVY G, CHEN J, et al. Study on fermentation tech-
nology and quality of fermented hand-pulled noodles[J]. Journal of
Henan University of Technology(Natural Science Edition), 2018,
39(6): 36-40, 46. ]
[2] LIUT,LIY, SADIQF A, et al. Predominant yeasts in Chinese
traditional sourdough and their influence on aroma formation in
Chinese steamed bread[J]. Food Chemistry, 2018, 242: 404—411.
[3] ZHANG I C,LIU W J, SUN Z H, et al. Diversity of lactic acid
bacteria and yeasts in traditional sourdoughs collected from western
region in Inner Mongolia of China[J]. Food Control, 2011, 22(5):
767-774.
(4] Wi, kB4, FTE K. AR LA TGS e
A7 0], ;AR A AL, 2013,29(9): 2115-2119. [YANGH Y,
ZHANG G H, HE G Q. Biodiversity of microorganisms in Chinese
traditional starter cultures ecosystem[J]. Modern Food Science and
Technology, 2013,29(9): 2115-2119. ]
[5] kA&, SRR, Sk, F. LB Aok AR B RO B AL BT R
HFRAAR S 0 F & T & & Tk HE, 2019, 40(24):
88-93. [ ZHANG J, ZHANG W G, DANG B, et al. Dynamic
changes of biochemical composition of black highland barley by
mixed solid-state fermentation with lactic acid bacteria and rhizopus
oryzae[J]. Science and Technology of Food Industry,2019,
40(24): 88-93. ]
(6] Zwedn, om &, R, . MM IAFH B EABHIEERT
EWITLASRASNIL &5 L8 T 1, 2019, 45(5):
185-189. [ LI XN, QI X, ZHAO H, et al. Processing technique and
quality analysis of corn noodles made from Lactobacillus plantar-
um modified corn flour[J]. Food and Fermentation Industries,
2019, 45(5): 185-189. ]
(7] B35 R R & = A2 P 09 B A0 TAC R KBS AT Kb R
# %A [D]. b BRI K, 2015 [ LI'Y. Microbial succes-
sion during rice noodle processing and influence of fermentation on
quality of rice noodle[D]. Beijing: China Agricultural University,
2015. ]
(8] MABZA. ARABRAMBMBREYIMALRL G LA
[D]. ¥: #d R X%, 2014 [ YANGY Y. Analysis of mi-
crobe in naturally fermented rice cake and application of its domin-
ant strains[D]. Changsha: Hunan Agricultural University, 2014. ]
[9] DE VL,HARTH H, VAN K S. Yeast diversity of sourdoughs
and associated metabolic properties and functionalities[J]. Interna-
tional Journal of Food Microbiology, 2016, 239: 26—34.
[10] LIN, ZHANG B, ZHAO S, et al. Influence of Lactobacillus/
Candida fermentation on the starch structure of rice and the related
noodle features[J]. International Journal of Biological Macromolec-
ules, 2019, 121: 882—888.
[(11] FEA ANEF. ASLBRA BT LR LBELE>R O
R [J] & 5% Tk, 2007(6):25-26. [LIH D, LIU G Y. Re-
search on producing bread by collective fermentation process using
Lactobacillus and yeast[J]. The Food Industry, 2007(6): 25-26.
[12] BFEE, 464k, £ T. BFH 8 AL BRGH @ e

Rk #1 R % vm 0 BF R [T]. & ok 5 ALK, 2006, 22(3): 37-43.
[ YANG X Q, ZOU Q B, HUANG W N. Studies on the effect of
adding yeast on volatile flavor compounds in sourdough breads[J].
Food and Machinery, 2006, 22(3): 37-43. ]
[13] kmade, 5k, Wk, 5. AL IUAFE LB ALY 8E ik
g A H) L] & & A, 2019, 44(2): 129-133. [ZHANG L H,
LI Z Z, NIE X S, et al. The process technology of Eucommia ul-
moides leaves beverage fermented by Lactobacillus plantarum[J].
Food Science and Technology, 2019, 44(2): 129-133. ]
[14] CORSETTI A. Technology of sourdough fermentation and
sourdough applications[M]. Handbook on sourdough biotechnology.
Boston: Springer, 2013: 85-103.
[15] M4TE. SLARSG & @ &m A% st R [D]. L4
YL KX %, 2020: 11-12. [ CHEN S H. Effect of whey protein con-
centrate on noodle quality[D]. Wuxi: Jiangnan University, 2020:
11-12. ]
[16] EWC. @Bk AN AR SN ZF 0 A H 248 K
Rk 45 Mg %@ [D]. L4 imd X5, 2019: 24-25. [ YANBW.
Variation analysis of microbial diversity in sourdough and its influ-
ence on the flavor of Chinese steamed bread[D]. Wuxi: Jiangnan
University, 2019: 24-25. ]
[17] ¥ &. 8B @B A ENAE B R LR D). ki
oAk kA3 K F, 2016: 39-40. [ XIAO D. Research of retro-
gradation mechanism for fresh wet noodle and inhibition of retro-
gradation during storage period[D]. Changsha: Central South Uni-
versity of Forestry and Technology, 2016: 39—40. |
(18] Z s, B AL, TRAL. SLACH At 6F I8 & 5 22 0 W K i 45
B A F T £S5, 2018,39(12): 140-145. [LIL H,
ZHOU W H, DENG H. Effects of emulsififiers on moisture migra-
tion and thermodynamics in fresh noodles during shelf life[J]. Food
Science, 2018, 39(12): 140-145. ]
[19] 159k, £, AUk, 5. LEA R A T 2R @AM
#%m [J]. & T 1k, 2016, 37(2): 77-80. [ XIU L, JIANG N,
ZHENG M Z, et al. Influence of compound inhibiter on corn
noodles aging characteristics[J]. Food Industry, 2016,37(2): 77—
80. ]
[20] E&%, kA, lak, F. 5-hobr s @ 4R M BRLL%
Hwy % oem [J]. & s A #, 2019, 44(9):160-165. [GE Z Z,
ZHANG Y Y, CHEN S H, et al. Effects of gluten on the texture and
microstructure of noodles[J]. Food Science and Technology, 2019,
44(9): 160—-165. ]
[21] 254 HEREEMAHEIUR kSRR [D]. £
JR: W d K, 2017: 4-5. [ WANG X T. Quality promotion of the
bran-enriched steamed bread with mixed strains from sourdo-
ughs[D]. Chongqing: Southwest University, 2017: 4-5. ]
[22] R£2Z, G4, F2H ARLBAEZREH S TEMY
#of [J]. &AL, 2010, 35(8):290-293. [YUANML, LU Z
H, LI L T. Effect of spontaneous fermentation on the molecular
structure of corn starch[J]. Food Science and Technology, 2010,
35(8):290-293. ]
[ 23] MUDGIL D, BARAK S, KHATKAR B S. Optimization of
textural properties of noodles with soluble fiber, dough mixing time

and different water levels[J]. Journal of Cereal Science, 2016, 69:


https://doi.org/10.1016/j.foodchem.2017.09.081
https://doi.org/10.1016/j.foodcont.2010.11.012
https://doi.org/10.1016/j.ijfoodmicro.2016.07.018
https://doi.org/10.1016/j.ijfoodmicro.2016.07.018
https://doi.org/10.1016/j.ijbiomac.2018.10.097
https://doi.org/10.1016/j.ijbiomac.2018.10.097
https://doi.org/10.1016/j.ijbiomac.2018.10.097
https://doi.org/10.3969/j.issn.1003-5788.2006.03.012
https://doi.org/10.3969/j.issn.1003-5788.2006.03.012
https://doi.org/10.7506/spkx1002-6630-201812022
https://doi.org/10.7506/spkx1002-6630-201812022
https://doi.org/10.7506/spkx1002-6630-201812022
https://doi.org/10.1016/j.jcs.2016.02.015
https://doi.org/10.1016/j.foodchem.2017.09.081
https://doi.org/10.1016/j.foodcont.2010.11.012
https://doi.org/10.1016/j.ijfoodmicro.2016.07.018
https://doi.org/10.1016/j.ijfoodmicro.2016.07.018
https://doi.org/10.1016/j.ijbiomac.2018.10.097
https://doi.org/10.1016/j.ijbiomac.2018.10.097
https://doi.org/10.1016/j.ijbiomac.2018.10.097
https://doi.org/10.3969/j.issn.1003-5788.2006.03.012
https://doi.org/10.3969/j.issn.1003-5788.2006.03.012
https://doi.org/10.7506/spkx1002-6630-201812022
https://doi.org/10.7506/spkx1002-6630-201812022
https://doi.org/10.7506/spkx1002-6630-201812022
https://doi.org/10.1016/j.jcs.2016.02.015

- 164 - £ Tl B4

20224 3 H

104-110.

[24] LEIM X, HUANG J H, TIAN X L, et al. Effects of insol-
uble dietary fiber from wheat bran on noodle quality[J]. Grain &
Oil Science and Technology, 2020, 4(1): 1-9.

[25] LING X W, TANG N, ZHAO B, et al. Study on the water
state, mobility and textural property of Chinese noodles during boil-
ing[J]. International Journal of Food Science & Technology, 2020,
55(4):1716-1724.

[26] WU L R, ZHANG L, ZHANG Y Q, et al. Water state and
distribution in noodle dough using low-field nuclear magnetic reson-
ance and differential scanning calorimetric[J]. Transactions of the
Chinese Society of Agricultural Engineering, 2015, 31(9): 288—294.
[27] WANG X, CHOI S G, KERR W L. Water dynamics in white

bread and starch gels as affected by water and gluten content[J].
LWT-Food Science and Technology, 2003, 37(3): 377-384.

[28] ZHANGB J, CHEN L, ZHAO Y, et al. Structure and en-
zymatic resistivity of debranched high temperature-pressure treated
high-amylose corn starch[J]. Journal of Cereal Science, 2013,
57(3):348-355.

[29 ] ODEY G N, LEE W Y. Evaluation of the quality characterist-
ics of flour and pasta from fermented cassava roots [J]. International
Journal of Food Science & Technology, 2020, 55(2): 813—822.
[30] WAHYUNI S. Physico-chemical properties of wikau
maombo flour from cassava (Manihot esculenta Crantz)[J]. Journal

of Food Measurement and Characterization, 2017, 11(1): 329-336.


https://doi.org/10.1016/j.jcs.2012.12.006
https://doi.org/10.1007/s11694-016-9401-5
https://doi.org/10.1007/s11694-016-9401-5
https://doi.org/10.1016/j.jcs.2012.12.006
https://doi.org/10.1007/s11694-016-9401-5
https://doi.org/10.1007/s11694-016-9401-5
https://doi.org/10.1016/j.jcs.2012.12.006
https://doi.org/10.1007/s11694-016-9401-5
https://doi.org/10.1007/s11694-016-9401-5
https://doi.org/10.1016/j.jcs.2012.12.006
https://doi.org/10.1007/s11694-016-9401-5
https://doi.org/10.1007/s11694-016-9401-5

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 植物乳杆菌的活化及扩大培养
	1.2.2 酿酒酵母的活化及扩大培养
	1.2.3 面条配方及制作方法
	1.2.4 面条蒸煮特性测定
	1.2.5 pH与可滴定酸度（TTA）测定
	1.2.6 质构测定
	1.2.7 低场脉冲核磁共振分析
	1.2.8 X-射线衍射分析

	1.3 数据处理

	2 结果与分析
	2.1 复合菌种发酵对面条品质的影响
	2.1.1 复合菌种发酵对面条蒸煮特性的影响
	2.1.2 复合菌种发酵对面条pH和TTA的影响

	2.2 复合菌种发酵对面条储藏特性的影响
	2.2.1 复合菌种发酵对面条在低温储藏过程中质构特性的影响
	2.2.2 复合菌种发酵对面条在低温储藏过程中水分分布的影响
	2.2.3 复合菌种发酵对面条在低温储藏过程中淀粉结晶的影响


	3 结论

