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Effects of different combined drying methods on the quality of carrot chips
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Abstract:  The effects of five different combined drying methods on the quality of carrot chips were studied, inclu-
ding hot air-explosion puffing drying (AD-EPD) , rotating microwave-explosion puffing drying (MD-EPD) , vibrating rota-
ting microwave-explosion puffing drying (VMD-EPD) , hot air coupled vibrating rotating microwave-explosion puffing drying
(AD+VMD-EPD) and hot air combined rotating microwave-explosion puffing drying ( AD+MD-EPD). The effects of differ-
ent pre-drying methods on color, moisture and temperature uniformity were analyzed. The results showed that different pre-
drying methods had significant effects on the uniformity of moisture and temperature (P<0.05), and VMD pre-drying

method was the most significant one. The texture and nutritional quality of carrot chips were significantly affectedby different

pre-drying methods combined with EPD (P<0.05). The
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prehensive quality evaluation model was established. Among them, VMD-EPD had the highest comprehensive score.

Key words: carrot chip; combined drying; quality
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Fig.1 Position of samples in different pre-drying methods
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Fig.2 Effects of different pre-drying methods on the drying
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Table 2 Quality index of carrot chips in different drying methods

AT RS N E AN, MD,VMD J5 X
TR AD X8, i MD  VMD 45T &
KA N RIS AD TEAM LK,

i b AD-EPD MD-EPD VMD-EPD AD+VMD-EPD AD+MD-EPD
L 49.90£0.77a 44.24+0.52¢ 48.60+0.18b 49.49+0.36ab 50.12+0.52a
a* 28.02+0.40a 20.22+0.27d 24.3320.27¢ 26.16+0.94b 28.61+0.11a
b* 35.16+0.99b 32.41+1.02¢ 31.40£0.12¢ 35.25+0.89h 37.40+0.86a
AE 18.67+1.85b 11.29+1.98¢ 9.07+0.50cd 8.21x1.14d 22.84+0.55a
L” 49.22+0.41b 50.13£0.03ab 50.57£0.35a 51.02+1.18a 47.11£0.75¢
a” 35.31+0.42a 12.55+0.12d 33.20+0.37b 25.16+0.57d 30.32+0.24c¢
b 40.37£1.68a 14.25£0.58¢ 39.79+0.80a 36.601.65h 36.54+0.97h
AE' 26.52+3.58a 17.17£0.78¢ 20.26+1.25b 9.90+1.97d 22.20+1.03b
THRE (g) 2 826.00£6.93a 1 408.67£142.05bc 1 115.33+54.60d 1185.332248.07cd 1 442.00+16.00b
el (g) 1 483.33£19.73a 900.00+8.00b 744.67+11.02¢ 942.00+106.71b 578.00+6.00d
W2 (%) 40.78+2.12b 32.96+1.15¢ 33.71£1.15¢ 16.40+1.22d 45.43+1.02a
AL (%) 75.56+0.96a 67.43+1.33b 49.59+0.71d 62.86+3.43¢ 67.43+1.33b
SIKI (%) 582.71+9.43bc 741.77£18.89a 561.26+23.71cd 525.38+10.62d 612.78+42.31b
BBAEE1(%) 58.71+0.49d 38.30+1.40e 60.43+0.88¢ 69.21+0.48a 66.67+1.10b
SRR 1(%) 64.38+2.70b 48.09+0.89d 61.010.49¢ 63.68+0.59hc 86.38+2.27a
Ve B 1(%) 50.09+0.11¢ 94.34+9.28a 66.78+0.14b 55.64+9.66¢ 33.34+0.08d
M P EREE 1(%) 93.88+2.33a 73.93+4.23¢ 79.83+0.31b 63.55+1.64d 50.31+2.04e
SRR 2(%) 16.24+0.27¢ 15.56+0.30d 16.12+0.07¢ 16.66+0.11b 17.75+0.19a
BV R 2( %) 20.18+0.36¢ 43.23+1.00a 25.29+0.22h 18.50+0.34d 19.60+0.21¢
Ve PREER2(%) 33.28+0.10c 66.59£0.19a 49.91x0.13b 49.93+0.16b 16.64+0.05d
MAEEAE D RREE 2(%) 88.91+2.77a 67.760.73b 70.23+0.85b 60.84x2.57¢ 46.05+1.33d
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Table 3 Variance and standard deviation analysis of uniformity of carrot chips in different pre-drying methods
A KA e (%) BE () L b
BT
FEME b 22 A ik 22 FEE Frif 2 FIME brifii2E A b2
AD 7.88 2.81 12.41 3.52 1.57 1.25 6.64 2.58 8.39 2.90
MD 5.70 2.39 6.54 2.56 1.69 1.30 2.16 1.47 3.89 1.97
VMD 0.28 0.53 4.08 2.02 2.46 1.57 6.01 2.45 4.14 2.04
AD+VMD 0.70 0.84 16.93 4.11 1.82 1.35 5.23 2.29 2.68 1.64
AD-MD 1.02 1.01 2.78 1.67 1.65 1.28 5.38 2.32 6.49 2.55
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Fig.3 Effects of different combined drying methods on scanning electron microstructure of carrot chips ( x30 times)
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Table 4 Initial characteristic values and cumulative contribution of principal components

o PIUGHIEE ST I T A - D7 A
EST) TXE(%)  BBU(%) Mt TXE(%)  BBU(%) ENTY Ji2(%) F2BU(%)
1 13.33 47.60 47.60 13.33 47.60 47.60 11.50 41.06 41.06
2 6.95 24.83 72.43 6.95 24.83 72.43 6.35 22.68 63.74
3 4.88 17.44 89.87 4.88 17.44 89.87 5.53 19.76 83.49
4 2.84 10.13 100.00 2.84 10.13 100.00 4.62 16.51 100.00
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Table 5 Principal component load matrix of quality index in carrot

chips
) %
BTN
1 2 3 4
Doy 0.60 -0.72 024  -0.26
L 0.99 -0.03 0.11 0.12
a* 0.90 -0.04 0.26 0.35
b* 0.52 -0.34 0.16 0.77
AE 0.27 -0.12 0.78 0.55
LY -0.21 037  -0.79  -0.45
a” 0.88 0.25 0.35  -0.19
b 0.97 0.13 0.09 -0.17
AE' 0.16 0.40 0.90 0.04
Ko 5 M -0.43 0.67 0.26 0.55
L™ ¥5)bk 0.12 -0.08 -0.16 -0.98
a* ¥k 0.95 0.23 0.15 -0.13
b BsE 0.29 0.37 0.81 0.35
51 0.19 0.51  -0.74 0.40
i Jig 0.19 0.76 0.39 0.49
Ja 0.10 0.93  -0.08 0.36
ERES 0.02 0.01 0.99 0.11
2l -0.08 0.32 0.22 0.92
K1k -0.96 0.29 0.03 0.02
SRR 0.95 -0.28  -0.16 0.03
SR A 1 0.69 -0.52 0.43 0.27
Ve (R 1 -0.87 0.24  -0.28  -0.31
FHE R E L -0.08 0.97 0.08  -0.22
SR B A 2 0.65 -0.64 0.26 0.33
SRR R 2 -0.99 0.05 0.04 -0.13
Ve (R R 2 -0.71 024 -0.57 -0.35
FHE PR AR 2 -0.04 1.00 0.02  -0.08
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Table 6 Distribution table of principal component weight of 13 core indicators
M bR B TSy 2 F 3 FHsr 4 LR RE i A

SR AR 2 -0.99 0.05 0.04 -0.13 -0.12 -0.19
a” 0.88 0.25 0.35 -0.19 0.14 0.22

IREA 2 -0.71 0.24 -0.57 -0.35 -0.14 -0.21
M PRRBE 2 -0.04 1.00 0.02 -0.08 0.08 0.12
) 0.19 0.76 0.39 0.49 0.16 0.25
D 0.60 -0.72 0.24 -0.26 0.01 0.01
KI5 -0.43 0.67 0.26 0.55 0.07 0.11
W 3 0.02 0.01 0.99 0.11 0.10 0.15
b s 0.29 0.37 0.81 0.35 0.16 0.25
AE 0.27 -0.12 0.78 0.55 0.13 0.20
B 51 0.19 0.51 -0.74 0.40 0.04 0.06
L™ ¥5)tk 0.12 -0.08 -0.16 -0.98 -0.08 -0.12
b* 0.52 -0.34 0.16 0.77 0.11 0.16
FROEAE 11.50 6.35 5.53 4.62
pitEs 41.06 22.68 19.76 16.51
®7 ARAEEGTFRAXNAE MR RFETFNEIRHES

Table 7 Quality evaluation scores and ranking of carrot chips by

different combined drying methods

VI Gy HE#
AD-EPD 0.43 4
MD-EPD 0.27 5
VMD-EPD 0.93 1
AD+VMD-EPD 0.83 2
AD+MD-EPD 0.78 3
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