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Effects of different organic acid impregnating treatments
on the quality of freeze-dried apple slices
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Abstract; The fresh-cut apple slices were impregnated with dif-

ferent concentrations (1%, 2%, 3% and 4%) of organic acid in-
cluding citric acid, ascorbic acid, malic acid and acetic acid. The
color, yield, rehydration, deformation rate, texture characteris-
tics and microscopic pore structure of freeze-dried apple chips
were used as indicators to analyze the effect of different acid im-
mersion on the quality of vacuum freeze-dried apple chips. The
results showed that the AE value of freeze-dried apple slices
treated with citric acid, ascorbic acid and malic acid increased
with the increase of acid concentration, with relatively small AE
value treated with acetic acid, and the color protection effect was
good. The deformation rate of freeze-dried apple slices treated
with citric acid, ascorbic acid and malic acid increased with in-
creasing concentration, and was significantly higher than that in
the acetic acid treated group and the non-impregnated group (P<C
0.05), slight reduction in dipping group. The rehydration ratios
of freeze-dried apple slices treated with acid impregnated were
significantly higher than those in the non-dipping group (P <C
0.05). At a concentration of 1%, the malic acid and acetic acid
impregnation {reeze-dried apple slices showed more completed tis-
which contributed to high

sue cells and thicker cell walls,

( .31872901,31301592) ; hardness and small deformation rate. It was found that acetic acid
( : [2016]8) could effectively improve the comprehensive quality of freeze-
T ° dried apple slices.
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Table 1 The color of the freeze-dried samples after four acid immersion treatments
/% L* a* b* ANE
0 88.5340.30° 0.7640.11¢ 23.8140.91° 14.27+0.40%
1 83.8540.96"8 5.8840.2728 25.5940.94%7 9.36£0.42¢8
2 88.2840.372A 1.724£0.18<¢ 23.7640.75% 13.90+£0.3%
3 88.8240.62% 1.8940.27b<C 21.7640.69AB  14.7540.47*A
4 88.2940.89% 2.1340.17"¢ 20.5140.82¢A 14.7040.25A
0 88.5340.30" 0.7640.11< 23.8140.91* 14.2740.40"
1 88.1940.270A 2.1740.30% 23.3742.32¢A8  13,9340.43A
2 88.561+0.280A 1.50+0.08"¢ 22.6142.2327A 14.44-+£0,71b<A
3 89.4740.88%A 0.6340.154° 23.3641.74%0 15.28£0.6524
4 90.1640.62%A 1.0840.24<P 23.2742.072A 15.9440.50%A
0 88.5340.30° 0.76+0.114 23.8140.91* 14.2740.40*
1 75.7840.699¢ 9.4840.38*A 25.1444.23%A 7.6040.674C
2 82.754+1.39¢8 5.8340.70"8 24.574+2.012A 8.95+0.56¢"
3 82.861+0.45P 6.5040.28"" 23.2541.35 9.38+0.52¢8
4 85.7542.028 3.6340.51<8 24,254 1.46%A 11.3640.82"8
0 88.5340.30  0.7640.11¢  23.8140.91%  14.2740.40°
1 73.51£3.05¢ 10.38+1.612A 20.1840.348 9.52+0.72b8
2 78.3241.30M 7.864+0.2104 21.5746.89%A 9.2540.67"8
3 77.4040.70"¢ 8.6840.05 20.7740.70%8 7.924+0.26<C
4 78.5040.745C 8.2540.23 26.1447.60A 9.18+0.91¢
+ 0.05 ,



F&M | Vol.36, No.9

[4]

[23]

s

(P<C0.05),

0.05) .

2%,3%,4% 3

2 4

Table 2 The yield, rehydration, deformation rate of the freeze-dried samples after four acid immersion treatments

3 .
1%,2%
3 N N N
54
(P<C0.05).
(P<C0.05);
(P<< 2.3
* . 3

-

~

2%
. 3%
(P<C0.05),
4% .’
(P<C0.05),
TPA

+

/% /% /% /%
0 13.97+0.367 3.08+0.08¢ 5.70+0.21¢
1 9.91+0.284 3.57+0.21%C 14.4440.95
2 9.94+0.20% 3.61+0.23C 15.25+1.48%F
3 10.4340.24%A8  4,32+0,238 15.08+1.43%
4 10.4440.16"¢ 4.50+0.12%4 18.26+1.53%8
0 13.97+0.367 3.08+0.08¢ 5.70+0.21¢
1 10.2140.41¢A 4.21+0.11%8 26.22+1.07"
2 10.224-0.15 4.58+0.06" 28.77+1.15%
3 10.53+0.4348  4,6540.08"B 28.89+1.30%4
4 11.23+0.35"8 4.19+0.148 27.93+1.63A
0 13.9740.36% 3.08+0.08¢ 5.70+0.214
1 9.98+0.294A 4.55+0.06" 16.754+1.03<8
2 9.92+0.88 4.3240.39*%  16.62+1.408
3 11.0340.53¢A 4.61+0.348 21.90+1.25%
4 12.0140.37% 3.98+0.13%8 27.67+1.734
0 13.9740.36* 3.08+0.08¢ 5.70+0.21%
1 10.6540.88 5.20+0.42%4 5.01+0.62P
2 10.68 40,444 5.31+0.22%4 4.4540.54bC
3 9.98+0.41%8 5.27+0.10%4 3.61+0.78P
4 9.95+0.47C 4.62+0.13% 4,630,640
t 0.05 s

0.05
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Table 3 The TPA test texture parameters of freeze-dried samples after four acid immersion treatments

/% /N /mm /N /m]

0 35.33+2.84¢ 0.3140.08* 0.4640.07¢ 11.38+1.042 5.0140.22° 23.38+1.44°
1 6.8440.59"C  0.3540.04*A  0,4740.03%A 1.9140.62  0.8940.28""  15.00+1.69A
2 5.3240.62"%  0.3740.08*A  0.4240.06*"  1.93+0.07""  0.8240.15"*  14,93+1.98<
3 5.8240.53"  0.4140.04*A  0.4240.08*A%  1.394+0.03"®  1.0140.21"®  18.60+2.24"7
4 4.74+0.11"  0,3040.07*%  0.3640.05 1.6040.03""8  0,60+0.37"AF  14,8942.06"
0 35.33+2.84¢ 0.31+0.08®>  0.46+0.07° 11.38+1.042 5.0140.22° 23.38+1.44°
1 4.74+011"P  0,4240.09*"  0.4640.08* 2.354+0.35""  1.1440.66"*  17.25+1,78"
2 5.194£0.32°%  0.4040.05""  0.4140.03"AF  1,9340.43P*  0.79+0.20>A  21.8241.79*A
3 4.36+0.58"C  0.3040.05  0.3540.04"" 1.640.63PA8  0,5640.24>C  18.5641.40"
4 5.49+0.11°AF 0,26 4+0.05"®  0.3340.02"8 1.1840.20"®  0.38£0.05®  12.8541.38
0 35.3342.84¢ 0.3140.08° 0.46+0.07° 11.38+1.04# 5.01+0.22° 23.38+1.44¢
1 11.1341.06"*  0.3240.04°*  0.454+0,09°* 2.87+0.79"A  1.2540.23""  16.11+1.85
2 6.92+0.214  0.2940.07**  0.36+0.10°" 1.5840.85>A  0.63+0.474  14.654+1.97<"
3 3.16+0.269°  0.384+0.06"*  0.39+0.11*" 1.2040.19¢  0.48+0.21<C  20.3140.53"
4 4.5140.44®  0,4040.03*A  0.3740.09% 1.8140.39"4  0.6740.23°48  14,234+1.398
0 35.33+2.84¢ 0.3140.08" 0.4640.07¢ 11.38+1.04% 5.0140.22° 23.38+1.44°
1 8.57+0.90"%  0.3440.02°""  0.4840.09" 2.9140.85A  1,4540.63>"  16.55+1.76"
2 7.324+0.65°4  0.3340.02°"A 0,490,024 2.4240.83"A  1,204-0.43°0  17.44+1.81°8
3 7.0440.59%"  0.4140.04*A  0.5540.05% 3.69+0.62"  2,0140.22""  18.03+1.99"
4 5.91+0.91°4  0.340.03"AF  0,4840.03%* 2.02+0.37A  0.9740.20°*  19.1841.85"

t 0.05 . 0.05
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Figure 1  Scanning electron microscope image of crisp pieces °
of freeze-dried apples treated with different acid 3
pickling at 1% concentration (X100) s
4 1% !
Table 4 The pore structure parameters of freeze-dried apple chips after 1% acid dipping
/% /(g+mL™1) /(g s mL™1) /pm /(m? g™ 1)

CK 66.3+1.25% 0.1140.06" 0.3340.05° 27.96+0.82% 0.63+0.09°
53.54+1.020 0.1940.05% 0.41+0.05% 23.5940.56" 0.4940.05%
41.541.09¢ 0.27+0.07% 0.4640.06% 20.0140.48¢ 0.3140.04¢
51.24+0.85¢ 0.2040.04% 0.41+0.05% 24.0540.54" 0.45+0.03¢
65.5+1.34% 0.1240.03" 0.34+0.04° 28.12+0.39° 0.5940.05%

t 0.05 B

4 , (P<C0.05), s
o N 9 9 .
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