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Abstract: Three types of non-ionic ‘emulsifiers with eightdifferent polarities (hydrophilic—lipophilic balance values) were added to frozen
dough to evaluate their effects on the quality of dough and bread. The moisture state and rheological properties of the frozen dough were
determined using nuclear magnetic resonance and a rtheometer, respectively, whereas texture analyzers and scanners were used to analyze the
structure and quality of the bread to investigate the effect of the emulsifier structure on the quality of frozen dough and bread. The quality of
frozen dough and the bread produced from this dough was improved by the eight types of emulsifiers, with the Span emulsifier showing the best
improvement effect. During the freezing process, the proportion of bound water T21 in the dough decreased and free water T23 increased.
Additionally, the proportionof bound water in frozen dough in the control group decreased from 14.60% to 11.73%. Structural differences led to
different moisture distributions and changes in the state of dough containing the three types of added emulsifiers, and bound water in the Span
dough decreased to 13.25%, 13.35% and 13.15%. Furthermore, compared with the increase in the loss tangent value (tano) in the control group
from 0.39 to 0.46, tand of frozen dough containing Span 60, Span 65, and Span 80 increased from 0.36, 0.37, and 0.37, respectively, to 0.40. The
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quality of frozen dough containing the three types of added Span was highly stable, and the bread had a large specific volume, soft texture, and

favorable structure. These results provide a theoretical basis for further research and industrial production of frozen dough products.
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Table 1 Effects of emulsifiers on T2 area ratio of frozen dough during different storagetime

pEn A B i) /d T21/% T22/% T2/%
x4 B8 28 14.60:£0.300 80.5040.10 4.90+£0.30°
F. KB hEE 14.10£0.50% 81.00:0.60° 4.90+0.10°
A i AE 15.000.10° 80.30+£0.20° 4.70£0.10°
B H b BY 14.45+0.350 81.00+£0.100 4.55+0.25%
3] 4 60 0 15.8540.45 81.05£0.35b 3.100.10¢
3] 4 65 13.55+0.85¢ 82.10+0.80° 4.35+0.15
3] 4 80 15.85+0.45* 81.25+0.75° 2.90+0.30¢
2t 38 60 15.25+0.35% 81.05+0.15b 3.70£0.20°
2ti5 80 15.05+0.15% 81.2040.100 3.75+0.05¢
4 B8 48 13.10:£0.50<F 79.75+0.25¢ 7.15+0.25
¥, R hES 14.05£0.15¢¢ 79.95+0.55¢% 6.00+0.40°
AN ik B 14.50:£0.300 80.85+0.05b 4.65+0.35¢4
S P B H B 12.65+0.65 81.35+0.45% 6.00+0.20°
&4 60 30 14.90£0.10% 81.5040.40° 3.60+0.30¢
3] 465 13.60:£0.20% 81.0020.20°> 5.40+0.40¢
3] 4 80 15.15£0.25° 81.7020.40° 3.15+0.15¢
2198 60 14.05+0.05% 80.80+0.100 5.15+0.15%
k38 80 14.35+0.35M 80.55+0.75¢ 5.10+0.40
x4 B8 28 11.73+0.86° 77.93+0.32 10.33+0.60°
F. REH hE 11.7540.15° 81.40+0.40 6.85+0.25¢de
A i EE 13.35+0.35° 79.400.304 7.25+0.05¢
3B H b BY 11.20£0.17° 80.57+0.25% 8.23+0.32b
] 4 60 60 13.25+0.45° 80.45+0.75b 6.30+0.30°
31 65 13.35+0.35° 79.50+0.40¢ 7.15+0.05¢
3] % 80 13.15+0.55° 80.15+0.85b<d 6.7040.30%f
2t 38 60 13.80:£0.30° 79.60+0.50 6.60+£0.20°F
2ti5 80 13.400.30° 79.55+0.25% 7.05+0.05%

E: B LR ELFEARARARENMZNAELESERE R (p<0.05), TR,
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Table 2 Effects of emulsifiers on the viscoelasticity of frozen dough during different storage time

i i 1A /d G'/(kPa) G"/(kPa) tand

*F 848 10.35+0.07¢ 4.04+0.06¢ 0.39+0.00°

F. BB ibEg 11.83+0.12¢ 4.38+0.01¢ 0.37+0.00
A A ik Bg 15.94+0.07* 6.04+0.05 0.38+0.00%

B B o By 12.05+0.16% 4.60+0.02¢ 0.38+0.01%
3] 4 60 0 14.36+0.25 5.1120.13¢ 0.36+0.02¢

31 65 15.84+0.19° 5.79+0.13° 0.37+£0.01%
3] % 80 11.3740.11° 4.23+0.09° 0.37+0.01bd
k3B 60 12.26+0.20¢ 4.60£0.09¢ 0.37+0.01°
k35 80 13.11£0.22° 5.1120.04¢ 0.39+0.00°

%t A8 48 10.27+0.041 4.35+0.024 0.4240.01°

F. R hEg 11.58+0.02° 4.64+0.06° 0.40+£0.01%
A i AE 11.35+0.29 4.35+0.12¢ 0.38+0.00¢

B 55 g 12.75+0.12° 5.1420.03¢ 0:40+0.00°
3] & 60 30 11.15+0.12¢ 4:15+0.01¢ 0.37+0.01¢

] # 65 12.63+0.26 4.68+0.07" 0.38£0.01%

3] 4 80 10.68+0:18° 4.08+0.03° 0.38+0.01¢
2t 38 60 12.08+0.03 4.79+0.03° 0.40£0.01%
uti5 80 11.18+0.224 43240194 0.39+0.01<

*F 848 8.04%0.04" 3.71:0.03¢ 0.46+0.01°

F. KB hES 9.61+0,27% 4.19+0.16° 0.44+0.01%
A i BE 10:45+0.05° 426+0.08 0.41+0.01¢f

B o By 9.8120.03¢ 4.31£0.02° 0.44+0.00
3] # 60 60 9:56+0.03¢ 3.82+0.04¢ 0.40£0.01¢
31465 10.75+0.14% 4.26+0.03 0.40+0.01¢

3] % 80 10.54+0.13° 4.23+0.07° 0.40+0.00"
2138 60 11.26+0.09* 479+0.112 0.43+0.01¢
238 80 9.67+0.16% 4.05+0.04¢ 0.42+0.014%

2.3 S 3 o T L e Y R
%3 AWFRDOFEAASLL BTN (nL/e)

Table 3 Effects of emulsifiers on the specific volume of frozen

dough bread
S %0R %30 X % 60 X
S BE 40 4.33+0.20¢  3.48+0.11%  2.32+0.05°

F. RERH B 4.30£0389¢ 3.43+0.18  2.82+0.09¢

A i B 4.8040.05°  4.15+0.09°¢  2.88+0.04%d
B FRBA WA 4.06£023¢  3.99+0.13%  2.71+0.08¢
3% 60 4.54£0.13%  437+0.16*  3.22+0.43
31 65 4.80+0.17°  4.71£0.12*0  3.14+0.08
3% 80 52040200 4.57+0.43%  3.08+0.06%
k3% 60 42140.11¢  3.78+0.08F  2.77+0.25%
uti% 80 428+0.15¢  331+0.07¢  2.92+0.20
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Table 4 Effects of emulsifiers on hardness of frozen dough bread

during storage time
# 5 $0X %30 X %60 X
8 40 395.09+5.91* 1332.96+58.52% 2 987.81+£53.332
2
3 PAE7 a a d
F. RBEhEE 389.5142.94° 867.71+49.46 78520432 08>
2
N N de cd
A mEE  252.84+5.53% 883.90+38.73 246.60469.05¢
NI 301.44+15.70 1 .
3B H b BY i 097 15427, 15 2 6380472091
3% 60 261.00+6.72¢  696.93%22.34° 2 051.13+21.74¢
3 # 65 215.8442.867 717.38+27.40° 2 054.73+43.84°
3)# 80 239'0% 14.32 699.40+11.59° 2 037.52491.33¢
=4 C c 2
wtiE 60 295.104£5.25% . 943.15+35.84 737 53495.25¢
. 1
N=4 b e
vtz 80 342.84+4.57 0388850 43b 2 066.50+87.04

5 FLASIRT A E)AR TR 8] F E s 1 A2
Table 5 Effects of emulsifiers on elasticity of frozen dough bread

during different storage time

H o F0X %30 X % 60 X
S B8 20 0.89+0.01¢  0.70£0.2¢  0.62+0.02°
F. BB GEE 0944001 0.81+0.01®  0.67+0.03%
AR b B 0.94+0.022¢  0.85+£0.03*  0.67+0.06®
¥ B b BY 0.93+0.01%  0.72+£0.03%  0.65+0.01%
) 4 60 0.95+0.02®®  0.83+0.02®*  0.73+0.02°
)4 65 0.95+0.02®®  0.83+0.02®  0.73+0.01°
) 4 80 0.95£0.01*°  0.82+0.03®  0.70+0.02¢®
wti@ 60 0.93+0.01%  0.79+£0.02%  0.69+0.02®
wti@ 80 0.92+0.01°  0.76+0.05%¢  0.68+0.05%
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Fig.3 Effects of emulsifiers on the internal texture of frozen

dough bread during different storage time
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SALEREEER, 2RI e AR E L ERR

Koo WERFBLE M, AeR&OBEmALR, BHEE
PRI TR AE S, TR FLBREAR IR, FLEREE BEN o
X5 Zapata SEUARHETCL R B ORI (B IE K =
AT AL AL RS A A I AN 50 . ABFLAGTI
MG, RERR IR, RN, iR m
(RoRbE, SRR E EIEARY, Bk, SxIRALm
HIAHLE, % 30d. 60d )5, #MFLAFImE (B
Uk 30 d F R 4L 60 FITHIAD, JEIRBIR KRS AR
b, MBEFPSBERE DN (p<0.05).

#*® 6 AT EFE B EEE S SALBEERFE (1/cn')

Table 6 Effects of emulsifiers on stomatal density of frozen

dough bread during different storage time (PCS/cm?)

Pt F0X %30 X % 60 X
ot B 40 72.64+4.322  52.36+2.03*  30.24+1.04°
F. REgdhls  70.03£1.37* 4291234 26.05+0.68
Ax A 61.83+0.91°  4540+1.48>  20.20+1.18¢
¥ FE b 61.68+3.88  42.51+3.72°  20.20+0.60¢
) # 60 38.88+2.39°  35.59+0.23¢  15.51+1.68¢
a7 65 47.48+1.70¢  37.56+£3.87%¢  19.96+1.04¢
3)# 80 48.1241.55¢  41.49+3.24%  15.79+1.51¢
w138 60 53.11£1.78°  40.80+£1.93%  18.84:0:35¢
a5 80 51.67£2.384  41.53+0.70>  19.95+0.73¢

R7 IMFNCFEAESSFLIERHNE (m)
Table 7 Effects of emulsifiers on average pore diameter (mm) of

frozen dough bread during different storage time

5 %0 R %30 % % 60 R
Xt 58 48 1.2840.06¢ . 1.61£0.02*  2.56+0.13°
F. KERH BT 134£0.06. 1.48+0.04% . 2.14+0.11
Ax AT 1.38+0.104 " 1:49+0.01°  2.32+0.08
¥R RS 13440029  139+0,05°  2.38+0.12°
) # 60 1.74£0.10* * 1.66+0.02*  2.19+0.14
&) 65 1.44+0.02¢ 1.50+0.07 2.17+0.10¢
) # 80 1.61£0.08>  1.51+0.10°  2.14+0.06%
a8 60 1.40£0.05¢  1.50£0.06>  2.07+0.07¢
ad ;% 80 1.3540.03%  1.43+0.05%  2.27+0.02%

3 &g
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B, A G et A F UK e X YA T T D T 855 2 1A ARl
W AFE60d 5, SR 60 MHIK) T21. T23 (e
13.80%- 6.60%, 1M AT HEALAI T21.T23 4 11.73%-10.33%
(p<<0.05). FIFLAIIR S C18 MR AL (HEAEMR
AR RESTHHE AR ERE S, e
EARBRRE, A EmA gk, Hif,
HEWT R KB 5 BBV Mg iR 45 s &, TERCAETER
EW, AL VR TS T AL LA TR, T T
TR, VKIEZE BB VEM IS dh, T Bt E il
MR o\ R BRI B, ) 4 4 T 6 o o A e
TERYR 60d J5, & al A, tandifk, M
0.40, ELZ&EFHK, ¥RKT 3.00mL/g, B#EHAK, bk
K HALBR 341323 (p<0.05).
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