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Study on the Correlation between Water Distribution and Quality of

Frozen Twisted Dough- stick in Freeze-thaw process
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(Center of Agricultural Products Processing, Henan Ac{r;y of Agricul Sciences, Zhengzhou 450008, China)
Abstract: Using non-aluminum twisted dough-stick premixed powder as raw m 1 to make frozen twisted dough-stick, the
relationship between water distribution and the quality of frozen twisted dough=stick by freeze-thaw cycles was investigated. The water content,
low-field nuclear magnetic T, relaxation time, color, specific volume, sensory and structure properties were catried out a correlation analysis.
The results showed that with the increasing of the freeze-tha

Q
specific volume and sensory properties at p <0.01, while T, a

cycles, T, was negatively correlated with the moisture content of the pulp,

and b* were positively correlated with the hardness at p <0.01, and Ty, was
negatively correlated with chewiness at p <0.01; Accompa 1e increase of the number of freeze-thaw cycles, the combination of water,
protein and starch became loosened, the:moisture content of the pul;f reduced the specific volume and sensory score decreased, the surface color
and luster of frozen twisted dough-stick turned to dim, the redness and yellowness increased, the hardness increased. Therefore, repeated

freeze-thaw will result in internal water loss of frozen twisted dough-stick, affecting the distribution of water, resulting in the changes of specific

volume and quality, affecting the final quality of the product.
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Table 2 Effects of freeze-thaw process on the moisture content
of each layer in twisted dough-stick

TRRRRHSR BORGEE1% ARG EZ/%
0 36.23+£0.32° 84.18+0.84°
1 33.75+0.42° 81.85+0.79°
2 29.87+0.41° 79.40+0.42°
3 31.53+0.47¢ 75.28+0.50°
4 32.72+0.37° 74.01+0.46°

E: RFEFEAEE, REEFREE (p>0.05), HF
HHHIAE, AP EFHEE (p<0.05). FF.

22 FREtEX (o wEEE) AT 3 5%
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Fig.1 Spin-spin relaxation time T, of twisted dough-stick at
different freeze-thaw cy
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Table 3 Eff

of different freezing and thawing time on the T, relaxation time of twisted dough-stick

R RRIR B K T,y/ms Axn/Y% T,s/ms Apy/%
0 2.50° 640.2+11.30° 480.5+0.00° 555.7+11.90°
\ 3.65+0.60° 580.5+7.80¢ 464.6+0.00° 525.5+4.60°
( 2 ' 3.49+1.60° 569.4+18.10° 429.6+0.60° 447.4+13.80°
30 4.37+7.60° 954.8+9.20° 409.140.10° 377.1£7.40°
4 3.9143.10° 918.8+5.20° 391.7+0.80¢ 354.9+10.50

R4 TEVFRLRET A T, St IR E 200
Table 4 Effects of different freezing and thawing time on the T, relaxation time of twisted dough-stick

RRRIR B R T, /ms A /% Ty/ms Axn/%
0 0.360.09° 560.4+22.90° 15.33+1.60° 2241.4+26.60°
1 0.39+0.01¢ 571.5+21.96 9.63+0.30° 1032.5+27.90°
2 0.40+0.08° 580.3£15.70° 8.4120.30° 895.2421.00°
3 0.52+0.05° 594.5+34.20° 7.40£0.70% 858.6+13.00°
4 0.55+0.05° 598.0+22.30° 6.87+0.30¢ 713.09.80¢
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Table 5 Effects of freeze-thaw process on the color of twisted

dough-stick
HRERR IR L* a* b*
0 62.02+0.23" 10.18+0.42° 38.43+0.34°
1 59.59+0.67° 11.16£0.04°  38.73+0.08™
2 58.38+0.97° 11.69£0.74°  39.75+0.80°
3 57.34£0.12°  12.46+0.10° 40.06+0.28"
4 55.93+0.40° 13.17+0.36° 40.57+1.01°
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Table 6 Effects of the freeze-thaw process on the sensory/K/aIuatlon and specific volume of twisted dough-stick

HRRRER P2 /(mL/g) &% FILIRSS EoH Aok
0 2.36+0.09° 13.3340.58° 15.3340.58° 13.00+1.00° 8.33+0.58"
1 2.28+0.19° 12.00+1.00° 15.00:1.002 13.0020.00° 8.00::0.00
2 2.2140.18° 11.67+1.53 14.00+1.00° 12.33+0.58® 8.00+0.00%°
3 2.11+0.30° 14.00+1.00° 10.67+1.53® 7.3340.58%
4 2.03+0.13 13.33+1.53" 9.33+1.53%® 6.67+0.58°
T ERK R AR HA Rk Bl
0 4.00+0.00? 8.00£1.00° 12.33+0.58° 83.00+1.00°
1 4.00£0,00° 8.00+1.00% 8.00£1.00° 12.00+1.00° 80.00+1.73°
3.67+0.58° 7.67+1.15® 7.00£1.00° 11.33+1.53% 75.67+2.52°
4.00£0.00° 7:330.58% 6.67+0.58" 9.00+£1.00™ 70.67+3.51%
4.0 : 7.00+0.00° 5.33+0.58" 8.00+0.56™ 64.67+1.53°

R 7 RRREIER MR AR RIS

Table 7 Effects of the freeze-thaw process on the texture properties of twisted dough-stick

/N FhlE/N vEL
12.96+0.61¢ 3.58+0.17° 3.93+0.55° 23.96+0.86°
13.53+0.25™ 3.46+0.04% 3.96+0.23° 27.52+0.73°
13.96+0.81° 3.26+0.22% 4.45+0.34% 28.00+0.10°
14.96+0.35° 3.07+0.13% 4.50+0.18% 28.27+1.55%®
15.50+0.26° 2.95+0.05¢ 4.67+0.23 30.02+0.40"

2.5 FRRhIT AR A B A A I B e

HR 7 AT5n, EGRIFES, WA B R
B ORI THREME. BYUI N, BTN,
X5 BCE VRN TRaE P RSS2 0 kRS 1
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Table 8 Correlation analysis between T, relaxation time of twisted dough-stick pulp and w:

content of frozen twisted dough-stick

quality

ks ) . e
o Ty Ty L* a* b* A BB AEE/N )

/% y /N
Ty -0.765 1
K2
S 0.971% 0872 1
L* 0.902%  0.949*  0.967** 1
a* 0.944%  -0913%  -0.986%*  -0.993%* 1
b* 0.901%  -0.861  -0.971*%*  -0.962%*  0.968** 1
A -0963% 0875 0.993%%  0.980%*  -0.996%* -0.975%* 1
BEIRS -0961%F 0829 0.981%F  0.962%F  -0.984%* -0.972%*  (.995%* 1
AN 0981 0852  -0.995%  -0965% 0.961%%  -0.997*%%  -0.992%* 1
SR 20.954% 0869  0.996%*  0.972%* Oﬂ 20.988%%  0.995%%  0.988%%  -0.991%* 1
FEHE/N 0.851 20820 -0.938*%  :0.924% . 0.927*  0.991**  -0938%  -0.939%  0.920*  -0.963%* 1
e 0795  -0.972%%7. 0878  -0.969%* 0941* 0876  -0906%  -0.879%  0.881*  -0.884*  0.826

E: p<0.05, RE p<0.01, BEIFH,
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