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ABSTRACT The fresh-cut apple slices were impregnated with 0, 5% , 10% , 15% , 20% and 25%
(mass fraction) of polysaccharide including glucose, sucrose, stachyose and xylitol. After freeze-dr-
ying, the properties of the dried products were analyzed, including color, yield, rehydration, deforma-
tion rate, texture characteristics and microscopic pore structure. The results showed that the polysac-
charides significantly reduced the L~ value of freeze-dried apple slices, and significantly increased the
AE value and yield rate (P <0.05). The rehydration ratio increased first and then decreased, the de-
formation rate increased with the increasing of the polysaccharide concentration except for stachyose.
The structure of glucose-impregnated freeze-dried apple slices collapsed and deformed, and the pore
walls were thickened, resulting in higher hardness and deformation rate, as well as lower porosity. The
structure of sucrose-impregnated freeze-dried apple slices collapsed more severely, and the pores were
smaller, resulting in lower porosity and larger deformation rate. Xylitol-impregnated freeze-dried apple

slices showed some shrinkage and collapse, with no solid texture of the cell structure caused by other
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sugars, exhibiting poor texture characteristics and large deformation rate. Stachyose-impregnated

freeze-dried apple slices showed regular structure, with uniform pores and thicker pore walls, which

contributed to the high porosity, low deformation rate, good chewiness and recovery characteristics of

the freeze-dried apple slices. It was found that stachyose could effectively improve the comprehensive

quality of freeze-dried apple slices. This paper revealed the correlation between the quality and micro-

scopic pore structure, providing a theoretical basis for improving the quality of freeze-dried fruit prod-

ucts.
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Table 1

Effect of sugar impregnation treatment on the

color of freeze-dried apple slices

MM B s % L* a* b AE
0 88.53£0.30%  0.76£0.11"  23.81£0.91® 14.27£0.40*
5 80.48 £0.857" 3.54+0.45%  21.76£0.59%  6.32£0.26""

10 82.39£0.92"  3.11£0.42%¢ 25.49+0.85"  7.54+0.21¢

ﬁﬁﬁ Ca Aa Ab Cd
15 82.49£0.55%  5.26+0.44%  25.42£0.65"" 7.34£0.26
20 84.48 £0.40%  2.86+0.31°" 24,55 £0.72*% 10.13 £0.34""
25 84.38 £0.97%" 3,48 £0. 105" 25.45 £0.96* 10.59 £0.41 %"
0 88.53£0.30"  0.76£0.11%  23.81£0.91°¢ 14.27£0.40"
5 79.56 £0.72°  5.86£0.50%"  22.440.79%" 6.77 £0.79""
10 80.50 £0.81% 546 £0.32%  25.12£0.89*"" 8.71 £0.87""
o 15 80.17£1.13" 5,90 £0.62**  26.91£0.96"" 8.08 £0.59%¢
20 80.19£0.53°" 5,44 £0.41%  26.51£1.01""  7.28£0.49"°
25 82.90£0.98%"  5.24£0.44%  25.44£0.92*% 9,01 £0.73"%
0 88.53£0.30"  0.76£0.11°  23.81+0.91%¢ 14.27 £0.40"
5 79.05 £1.047¢ 6.15£0.59"" 2376 £0. 845" 5,91 £0.64""
10 81.66 0,98 3.31£0.25%  24.51£0.79% 7.78 £0.77¢"
el 15 80.23£0.79"" 6.18 £0.6*  30.70 £0.75**  8.93 £0.82""
20 81.79£0.94%  5.44£0.97%"  29.53£0.83** 10.41 £0.63""
25 83.97£0.77%" 4.16£0.72%" 2258 £0.86“" 11.08 £0.78"
0 88.53£0.30"  0.76£0.11%  23.81£0.91° 14.27£0.40"
5 84.40 1,057 4.42£0.34>  26.36 £0.96"C* 10.13 £0.67%
- 10 85.10 £0.39%C* 4.49£0.15"" 2778 £0.85"* 11.10 £0.97"¢

15 83.56 0,647 5.52£0.45""  30.59£1.06™* 10.89 £0.61"¢

20 86.38 £0.4" 2,18 £0.24"" 24,93 £0.76“" 11.93 £0.93"

25 85.26 £1.05%C 3.09£0.51%  26.62 £0.99%C* 10.95 +0. 845
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Table 2 Effect of sugar impregnation treatment on
output rate, rehydration ratio and deformation rate of

freeze-dried apple slices

.
e S0 ks ki A% /%
0 13.97 £0.36"  3.08+0.08°  5.70 +0.21"

5 12.59 £0.23%  3.29+0.05"™ 11.32+0.56"

10 12.98 +0.31%  3.31 £0.08*™ 12.89 £0.39"

ﬁ % jﬁg Be Aa Bb
15 13.80 0. 12 3.39 £0.10%  15.26 +0.45

20 14.28 £0.30"%  3.18 +0.10B“* 16.38 £0.61""

25 16.76 +0.54* 3,17 +0.10B“"16.47 £0.55*"

0 13.97 £0.36°  3.08 +0.08"  5.70 £0.21"

5 12.96 £0.55""  3.36 +0.26™ 12.82 £0.75%

) 10 14.89 £0.53%  2.68 +0.07"™ 13.73 £0.54“"
,‘:&:ﬁ Aa Ab Bb
15 15.98 £0.52 3.08 £0.07* 15.67 +0.62

20 15.89 £0.29%  3.15+0.21* 18.93 £0.67*"

25 15.84 £0.64"  3.28 +0.19" 18.42 +0.87""

13.97 +0.36*"  3.08 £0.08" 5.70 +0.21"

12.37 £0.46“  3.51 £0.17* 14.42 £0.69*"

- 10 13.63 i0.60?:; 3.15 10.07:;: 12.20 iO.Sl:'
15 14.06 +0.34 3.07 £0.21 9.62 +0.80

20 14.22 +0.34* 3,18 £0.18%  4.31 +0.63"

25 14.50 £0.43" 2,99 +0.12% 5,12 £0.58""

13.97 £0.36“"  3.08 £0.08"" 5.70 £0.21"

13.20 £0.48"*  3.24 £0.18"™ 16.22 +1.20“

- 10 14.41 t0.83z:h 3.25 10‘38:::‘ 16.96t1.04’:*
15 14.70 +0.42 3.29 £0.21% 22,15 +1.12

20 15.30 £0.61%"  3.00 £0.13"" 22.97 £1.18""

25 16.94 +0.72**  2.88 £0.07" 18.15 +0.32"
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Table 3 Effect of sugar impregnation treatment on TPA test texture parameters of freeze-dried apple slices

BEFh 2 T A 5 0/ % fifi &£ /N R L/ mm Jie % P /N ELAEAE/ (N - mm) [m] 52 1
0 35.33 £2.84°¢ 0.31 £0.08" 0.46 £0.07" 11.38 £1.04°¢ 5.01£0.22°¢ 23.38 +1.44"
5 22.60 £1.35""  0.29£0.06""  0.40 £0.08"  6.38+0.38"  2.55+0.54""  19.40 +1.03"
. 10 24.84 +1.51™  0.37£0.04 0.45+0.08" 8.87+1.13"  4.10+0.52°  20.63 +1.28"
%ﬁ*ﬁ Ch Aa Abe CDb Ch Bb
15 32.88 £1.61 0.33 +0.04 0.47 +0.01 10.78 £1.44 5.01 £0.45 20.18 £0.62
20 51.02 £2.39" 0.33 £0.07* 0.48 +0.03™"  17.19 £1.29% 8.30 +0.87" 23.62 +0.98"
25 80.04 £3.26" 0.31 £0.03"" 0.43 +0.08"" 24.91 £2.04"  10.98 +0.75" 23.04 +1.14%
0 35.33 +2.84" 0.31 £0.08" 0.46 +0.07" 11.38 £1.04" 5.01 £0.22* 23.38 +1.44"
5 9.57 +1.24% 0.27 +0.04"" 0.31 £0.07"% 2.70 +0.58 0.92 +0.21% 13.88 +1.01°%
10 9.77 £1.42  0.30 £0.05*  0.45 £0.10™ 3.08£0.45%  1.45+0.91%  15.69 +1.20"“
b‘tjﬁg Cd Aa Ac cd BCe BCe
15 10.97 +£1.19 0.30 +0.02 0.45 +0.03 3.33+1.30 1.54 +0.74 15.06 +0.76
20 10.93 £0.86“ 0.30 £0. 10" 0.44 +0.09"" 3.32 £0.44% 1.52 £0.84% 15,09 +0.49"5¢
25 17.49 +1.22"% 0.31 +0.01"" 0.48 +0.02%" 5.49 +0.37" 2.62 £0.15"% 16.80 £0.70""
0 35.33 £2.84" 0.31 +0.08" 0.46 £0.07" 11.38 £1.04° 5.01 £0.22%¢  23.38 +1.44""
5 24.06 +1.11% 0.34 +0.01% 0.44 £0.05% 8.31 £1.26™ 3.65 +£0.49% 21.39 +1.03"%
- 10 43.40 £2.69“ 0.30 £0.02* 0.47 £0.02*%% 13,02 +1.40% 6.10 £0.65" 23.27 +0.84%
K I
15 48.76 £2.87"™ 0.33 £0.06™ 0.55+0.07"%" 15,64 £1.20" 8.72 £0.92 24.72 £0.99**
20 55.12 £3. 16 0.33 £0.01™ 0.56 +0.02" 16.95 £1.32*% 9,48 +1.16™  23.02 £1.09"™
25 57.49 +2.28* 0.33 +0.01" 0.53 £0.04*"% 18,91 +1.03*  10.13 +1.01"* 23.29 +0.88%
0 35.33 +2.84" 0.31 +0.08" 0.46 £0.07" 11.38 +1.04% 5.01 £0.22*% 23,38 +1.44"
5 10.83 £1.24™  0.40 £0.04™  0.60 =0.06™ 4.36+0.59”  2.59£0.49"  20.40 £0.71""
" 10 17.84 £1.56"™  0.33£0.05*™  0.56£0.05*™  5.67+0.43°™ 3.1420.51°° 18.11=1.19%
**Eﬁ% Ce ABa ABa Ce BCh De
15 21.90 £1.73 0.33 +0.03 0.56 +0.06 7.35+1.28 4.15 £0.62 15.25 +1.11
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Table 4 Effect of sugar impregnation treatment on

pore structure of freeze-dried apple slices
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Fig. I Scanning electron micrograph of freeze-dried

apple slices with sugar impregnation
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