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Effects of different organic acid impregnating treatments

on the quality of freeze-dried apple slices
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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 A E
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 freeze-dried apple slices showed more completed tis-
sue cells and thicker cell walls, which contributed to high
hardness and small deformation rate. It was found that acetic acid
could effectively improve the comprehensive quality of freeze-
dried apple slices.

Keywords: vacuum-freeze drying technology; apple slices; citric acid;

acetic acid; malic acid; ascorbic acid; quality; micro structure
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Table 1 The color of the freeze-dried samples after four acid immersion treatments
AL W/ % L~ a* b* AE
0 88.5340.30% 0.7640.114 23.814£0.91b 14.2740.40%
1 83.8540.968 5.8840.27: 25.594-0.94A 9.364+0.42¢8
TR 2 88.2840.37A 1.7240.18< 23.760.75"A  13.904-0.3%A
3 88.824-0.62A 1.894:0.27%C  21,764-0.69AB 14,750,474
4 88.2940.897A 2.1340.17%¢ 20.5140.82¢4  14.70£0.25%
0 88.534-0.30" 0.76+0.11< 23.8140.91¢ 14.2740.40b
1 88.1940.27% 2.1740.30%¢ 23.374£2.32:4B  13,9340.43
BU IR i 52 2 88.5640.28b4 1.5040.08C 22.6142.2354  14.4440,71bA
3 89.474-0.88 0.6340.15 23.364:1.74°4  15.2840.65A
4 90.164-0.62 1.0840.24< 23.274£2.07*A  15.9440.50%
0 88.534-0.30¢ 0.7640.114 23.8140.91° 14.2740.40°
1 75.7840.699C 9.48+0.38% 25.1444.23 7.6020.674C
AR 2 82.7541.398 5.83+0.70"8  24.5742.01%* 8.95+0.56
3 82.8640.458 6.5040.28%8 23.2541.35 9.3840.52¢
4 85.7542.02b8 3.634£0.51<8 24.2541.46°4  11.36+0.82"8
0 88.5340.30° 0.7640.11¢ 23.8140.91° 14.2740.40°
1 73.5143.05¢C  10.3841.61%A 20.18+0.34%8 9.5240.72b8
by 7 2 78.3241.30" 7.860.21bA 21.57+6.89 9.25-40.67b"
3 77.4040.70%¢ 8.6840.05P 20.7740.70% 7.9240.26C
4 78.5040.74C 8.2540.234  26.14+7.60%4 9.1840.91%¢
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Table 2 The yield, rehydration, deformation rate of the freeze-dried samples after four acid immersion treatments

A HLER W/ % TR/ % KoK/ % BAR/ %
0 13.97+0.36% 3.08+0.08¢ 5.70+0.21°¢
1 9.9140.28 3.57+0.21%C 14.4440.95
PR 2 9.9440.20A 3.61+0.23"C 15.25+1.48%F
3 10.4340.24"A8  4,3240.23B 15.08+1.43%
4 10.44+0.16%¢ 4.5040.12%A 18.264+1.53F
0 13.9740.36¢ 3.0840.08¢ 5.7040.21¢
1 10.2140.41A 4.2140.11%8 26.2241.07%
BUIR IR 2 10.2240.15A 4.58+0.06" 28.77+1.154
3 10.53+0.4348  4,6540.08*B 28.89+1.30%4
4 11.2340.35%8 4.19+0.148 27.93+1.63A
0 13.97+0.36% 3.08+0.08¢ 5.70+0.214
1 9.98+0.294A 4.55+0.06" 16.7541.03<
R R 2 9.9240.884 4.3240.39"%  16.62+1.408
3 11.0340.53¢A 4.61+0.348 21.90+1.25%
4 12.014+0.37bA 3.98+0.13" 27.67+1.73A
0 13.97+0.36% 3.08+0.08¢ 5.70+0.21°
1 10.65+0.880A 5.2040.424 5.01+0.62P
2% 2 10.68+0.440A 5.31+0.22%4 4.4540.54b<C
3 9.98+0.418 5.27+0.104 3.61+0.78P
4 9.954+0.470C 4.62+0.13% 4,630,640
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Table 3 The TPA test texture parameters of freeze-dried samples after four acid immersion treatments
LR W/ %% fifi i /N EE 3 FE/ mm e /N NELIEE P / m] [EIF=R
0 35.33+2.84¢ 0.3140.08" 0.46+0.07¢ 11.384+1.04¢ 5.0140.22¢ 23.3841.44°
1 6.84+0.59C  0.3540.04**  0.4740.03* 1.91+0.62"  0.89+0.28"  15.00+1.69
Fr R 2 5.3240.62°"  0.3740.08*A  0.4240.06**  1,93+0.07""  0.82+0.15"*  14,93+1.988
3 5.82+£0.53"  0.4140.04**  0.4240.08"*"  1.3940.03"®  1.01+0.21°%  18.60+2.24P7
4 4.74+0.11""  0.304£0.07*8  0.3640.05°" 1.60£0.03PA8  0,6040.37"A8  14.8942.06<"
0 35.33+2.84¢ 0.314£0.08%  0.46+0.07¢ 11.38+1.04# 5.01+0.22¢ 23.38+1.44¢
1 4.744£011"P  0,4240.09*"  0.4640.08** 2.35+0.35°4  1.1440.66"  17.2541.78"
R NIIN 2 5.19+0.32"%  0.4040.05**  0.4140.03®"AB  1,934+0.43%*  0.7940.20>* 21.8241.79*A
3 4.36+0.58"C  0,304-0.05**  0.3540.04%B 1.640.63%48  0,56+£0.24>C  18.5641.40"
4 5.4940.11"8  0.264+0.05""  0.3340.02"8 1.18+£0.20"®  0.38+0.05®  12.85+1.388
0 35.33+2.84¢ 0.3140.08% 0.4640.07¢ 11.38+1.04* 5.0140.22° 23.38+1.44°
1 11.13£1.06"  0.3240.04**  0.4540.09*A 2.8740.79"%  1.2540.23"*  16.11+£1.85
FERm® 2 6.92+0.214  0.2940.07**  0.36£0.108 1.5840.85%A  0.63£0.47°)  14.6541.97<B
3 3.164+0.261  0.38+0.06**  0.3940.11%8 1.20£0.19°C  0.484+0.21<¢  20.3140.53P
4 4.5140.44¢B  0,4040.03*»  0.3740.098 1.8140.39%A  0.6740.23°A8  14,2341.39°
0 35.33+2.84¢ 0.3140.08" 0.46+0.07¢ 11.384+1.04° 5.0140.22¢ 23.38+1.44°
1 8.57+0.90"%  0.3440.02%""  0.4840.09°* 2.91+0.8524  1.4540.63>  16.5541.76"
2R 2 7.3240.65"  0.3340.02%4  0.4940.02°4 2.4240.83"A  1,2040.43°4  17.44+£1.818
3 7.0440.59""  0.4140.04**  0.5540.05%4 3.6940.62"  2.0140.22"%  18.034+1.99
4 5.9140.91"  0.340.03®A8  0,4840.03%A 2.0240.37°*  0.9740.20°*  19.18+1.85"

T WFEE /NG AN R 2R ] AR AN AWK BETE 0.05 UK B 28 5 35 - KB 5 B AN [ 37 S ] R ) B 3R JE 7 0..05 UK

ERERRFE.
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Figure 1 Scanning electron microscope image of crisp pieces

of freeze-dried apples treated with different acid

pickling at 1% concentration (X 100)
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Table 4 The pore structure parameters of freeze-dried apple chips after 1% acid dipping

H4 L%/ % RWHE/(g-mL D) HIEHEE/(g-mL D FHLE/pm BALER/(m? g D
CK 66.341.25% 0.1140.06° 0.3340.05" 27.964+0.82¢ 0.6340.09°
Frig iR 53.541.02° 0.190.05%® 0.41240.05% 23.5940.56" 0.4974-0.05b
PUIR 1fiL iR 41.5+1.09¢ 0.2740.07¢ 0.46+0.06" 20.0140.48¢ 0.3140.04¢
R 51.240.85¢ 0.20+0.04% 0.4140.05% 24.05+0.54" 0.4540.03¢
VN7 65.541.34¢ 0.1240.03" 0.3440.04" 28.1240.39® 0.5940.05

T BB /NG A SRR AR R AE 0.05 7K B2 5 3

BERY 4 PRI BIAL FE 2R A O Ok TR R OB BF S X 4.
B it BT B RO i e A . e 25 R R W] E R R L L
MR Rt b AL VR TSR R i 3 (0 2 (H 3/ TR R B 4l
VR38R R B B i @ RO TR 468 R AT I8 1ML R
RAWEE T 100,20 WP GOR B 5 4 T A HLIR 1R Bt 4k
BAAGTRRA LR " T REIBHNE TR A
EREB A G TR EH /N T REGL R
B2 R B AL T30 R R B AR R AR F AR R B AL A R
PUORIMAR ER MR B E TR LR E T RE
Tt 20 FL B 1R e 52 A9 9 0 35 hn . TRV R 106 B AR A
TR R LR B AL PR A R T 2R R A AN AR
TR Ak B 52 4 . 200 M BE RS L H. £ R AR PR VR T3 2R AL
PR ELERS REDHRLREEER, BEFRTH

MR AL FRLH (P<C0.05), £ A5, Z iR B35 % T
W B BT A OR T AR R B R
2 it 21 2 25 4 1 IR /N, £ TR IR Y5 A B AR T A b AR R VR T
SR GE M.

IR A 4 FpA PR B R [F) 24k 4 B, HoAE 2
5 ANV VR T J o B b n e 5 o S 5 R N B 4 4y I 4 4
T % B foe 26 W T Tl it 0 25 DG AR AR AL IR A TR IR A
5%
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