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Effects of Drying Methods on Quality Characteristics and Flavor
of Dried Apples

SONG Juan'?, ZHANG Haiyan', ZENG Chaozhen', YUAN Jing', MU Yuwen', KANG Sanjiang"",
WEN Pengcheng™®

(1.Agricultural Product Storage and Processing Research Institute, Gansu Academy of Agricultural Sciences,
Lanzhou 730070, China;
2.College of Food Science and Engineering, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: To investigate the processing methods that could improve the quality of Jingning dried apple snacks, the effects
of five drying methods (hot air drying, solar drying, vacuum freeze drying, microwave-pressure puffing drying, and heat
pump drying) on energy consumption, antioxidant activity, microstructure, and flavor of dried apples were studied. The
results showed that compared with the other four drying methods, in terms of energy consumption that vacuum freeze
drying had the highest unit energy consumption (69.48+1.69 kW-h/kg), while solar drying had the lowest unit energy
consumption (19.60+1.36 kW-h/kg). In terms of hardness and crispness, dried apples that were dried by hot air drying were
found to have the highest levels of hardness and lowest levels of crispness, while those that were dried by vacuum freeze
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drying were found to have the lowest levels of hardness and a higher degree of crispness. In terms of colour difference,
vacuum freeze drying had the highest L value (72.91£0.59) and the AE value was closest to the fresh samples (10.48+0.30).
In addition, compared with fresh samples, vacuum freeze drying effectively slowed down the loss of antioxidant activity of

dried apples, with the contents of ascorbic acid, total phenols and total flavonoids decreased by 35.22%, 39.27% and

32.02%, respectively. Meanwhile, the total antioxidant capacity, hydroxyl radical scavenging rate and superoxide anion

scavenging rate decreased by 23.50%, 57.24% and 10.56%, respectively. In terms of microstructure, the cell layer of dried

apples with vacuum freeze drying preserved a regular sponge-like porous structure with good texture. In terms of flavor, 96

volatile substances were identified in five types of dried apples, while it made the dried apples with vacuum freeze drying

more aromatic and richer in taste. In conclusion, vacuum freeze drying is recommended as a method to improve the quality

and flavor of high-quality dried apples, and provides significance in guiding the industrialized production of dried apple

products.

Key words: drying method; dried apple; antioxidant activity; gas chromatography ion mobility spectrometry; volatile

flavors
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Table 2 Drying time and energy consumption

TR Tt a] (h) PN REFE (kW -h/kg)
PARCT 4 12.47+0.49° 36.96+1.54°
KFARE T2 16.63+0.51° 19.60+1.36¢
HA R 25.21+0.27° 69.48+1.69°
Tl - R 22 B Ak 0 6.54+0.61¢ 24.39+1.73°
TR 5.61+0.35¢ 21.74+1.49°
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Table 3  Effects of different drying methods on the hardness
and crispness of dried apples

T T (N) JiJE (mm)
PR 778.34+34.60° 1.3240.19°
KBARET 619.41+49.17° 1.26+0.14%
HASBR T 237.38+52.01° 0.81+0.27°
T - 22 R Ak T 384.53+49.35¢ 0.69+0.13¢
PO TH 502.79+44.13¢ 1.05+0.22°

2.1.3 @2E MK 4 qTLUAE W, 5 AP0 a0
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Table 4 Effects of different drying methods on the color
difference of dried apples

T L a b’ AE
firt A 78.37+0.39° 4.73+0.26° 20.58+0.42¢ -
R fh 60.22+0.60° 13.61+0.19° 30.84+0.36° 22.67+0.25"
KPHRE T 64.71£0.47° 12.43£0.14° 34.47+0.44° 20.94+0.41°
ST 72.9120.59° 8.54+0.27° 28.68+0.39° 10.48+0.30°

TR -FEZMAL T 62.93£0.43¢ 14.12+0.13" 30.63+0.40° 20.66+0.26
HIET IR 65.15£0.51° 13.53+0.22° 37.35+0.35* 23.49+0.51°
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50.06% Fll 55.46%, S B & 43 i T 50.96%.
55.07%. 32.02%. 24.73% FN 42.92%. W4k, 5 Fi+
I R S B TSR T B PTEALRE ST L B A R Y

BRFAE A A B VBRI . BART, 2T
K ORBHRE T . LSV VR TR . - I 22 i Ak T 0
M TR T APt e 1k T

43.26%. 50.23%. 23.50%. 32.82%. 39.92%, ¥ H

FEIE B R4 B P T 87.52%. 91.70%. 57.24%.
72.41% 1 89.90%, A A BB T SR I BEALT
32.81%. 34.50%. 10.56%. 12.76% Fl 22.47%, iX
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RHERE, B AR B SE R T i A s B AR R TE P
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Table 5 Effects of different drying methods on antioxidant indexes of dried apples

T 77 PORMR (pg/g) Gl (mg/g) BEM(mg/g) HPUEILEES (umol Trolox/g) & H HILIEBRF (%) AR FIHRE(%)
fift 2841.48+30.60°  16.86+0.60"  11.93+0.28° 30.56+0.84° 15.55+0.64 90.33+1.60°
RRTf 1534.18425.04°  7.98+0.83"  5.85+0.36° 17.34+0.75¢ 1.94+0.78¢ 60.69+2.82¢
KPHRE T 1409.52+16.72¢  5.66+0.69 5.36+0.25¢ 15.21+0.64° 1.29+0.60° 59.17+4.59¢
HARUR T 1840.63+23.59°  10.24+0.74®  8.11+0.38® 23.38+0.73 6.65+0.55" 80.79+5.60"
-2 T4 2086.46£31.52°  8.42+0.58" 8.98+0.27 20.53+0.81¢ 4.29+0.62° 78.81+5.83"
PR 1558.11+38.71°  7.51+0.79° 6.81£0.31° 18.36+0.79¢ 1.57+0.57¢ 70.03+7.60°
#£ 6 HKMESHT
Table 6 Correlation analysis
g5 Py N L] BiIR IR S kRE T B B ARG R AR T IERR
eyl 1.00
ST 0.871° 1.00
e/ 7N 0.742 0.837 1.00
Sy fee 0.969° 0.856° 0.921° 1.00
A HIERRR 0.801 0.946 0.751 0.824 1.00
AR B T Rk 0.834 0.957° 0.896 0.813 0.870 1.00

i *FIRFE0.05K T b A G
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PR i S HORPT AR BB ) = 1] e B AR SR 1 A
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)22 B R 1 T A OIR 22 FL M A M, 5 Hb R A
(E 1D) . 33X 5 W BLCS Ry BB il BIF 58 45 SR 2
21, B AR T HUE ) ST RS sh 12, 25 3R T
R L, yi /b T AN B K, NS4S 25 1 VR
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PERE; TG - TR 2E A8 T i 23 e, 32
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T, TEREETEVET, SESR LU0 % DL Pk
ISk BE s S ARRE, X5 [ T H e R R e, 2%
U ZE A SEIR A, X SIS R BHAE T
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Fig.1 Effects of different drying methods on the microstructure of dried apples
TE: (A)ERE; (B) AT (C) R FHBE T8 (D) HASWR VR T (B) Slb- I 22 M4 148 (F) AR T
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£ 7 AFETEIT R TR BT GC-IMS & TR 4l R
Table 7 Results of GC-IMS qualitative analysis of volatile substances in dried apples with different drying methods

415 CASH ATt (REIHHGS) HRILPERD T o it 00) i
SERE POUXTHR KPERE TR BBk T MOE-R2Emie ST
1 R C141786  C,H0, 618.8 229 3.96 4.09 3.09 3.25 0.85 BIEIN
2 LR TR C141786  C,H;0, 617.2 121 456 4.14 3.53 0.9 099 "Rk
3 LR T B C123864 CeH,0,  291.581 1.42 1.26 1.28 2 1.13 0.67 R
4 LR T T C123864 CgH;,0, 293304 189 027 0.23 0.28 0.92 082 Ik
5 2-METMOEE €7452791 CH,0,  326.891 9.8 0.19 0.22 0.13 123 0.72 Hik
6 2-METMROEE 7452791 CH.,0, 320638 8381 0.32 0.3 1.33 0.57 033 —E&
7 TR 2639636 CioH,0, 985494  1.62  0.66 0.73 0.64 0.92 0.85 LEEEN
8 THRC e 2639636 CjoH,)0, 10981.258  7.05 1.22 0.37 0.84 2.05 1.04 "R
9 CIR2-WIE T Cce24419 C,H,0,  355.096 1.87 0.23 0.3 0.18 0.9 0.18 Ik
10 ZR2-WHETHE  ce24419 C;H,0, 356933 261 0.49 0.37 0.24 1.4 1.99 ik
11 2-FETMTEE C15706737 CH, g0, 614783 3.67  0.79 0.59 0.62 1.64 0.64 LI
12 2-HIETHRTHE C15706737 CoHigO,  610.114  3.49 0.9 0.99 1.00 1.07 .09  ZERIE
13 Wk RTMIEE 97621  CgH,,0,  224.845 288 0.2 0.25 0.23 0.23 0.24
14 WIRERZ e C140885  CsHgO, 183915  0.15 1.29 0.59 10.25 2.08 5.29
15 WHEROE 623701 CeHig0,  309.27 752 6.02 0.78 0.48 3.93 0.55 ik
16 LR L C623701 CgH, O, 314386  3.86 0.23 0.24 0.22 0.95 023 Ei&
17 CR R C123660 CgH,(O,  578.668  2.72 0.7 0.5 0.48 2.51 0.57 SN
18 By C123660 CgH O, 577327 562  0.88 0.8 0.71 1.67 071 ik
19 R LT C539822 C,H,0, 383.732 262 0.72 0.52 0.52 1.07 2.02
20 R LB 105373 CH,(0, 193382 297 0.07 0.07 0.07 0.46 0.88 Rk
21 2- BRI R 611132 C4HO;4 513.714 1.12 2.57 5.51 7.26 2.33 9.13
22 2-HIIETHRWER 868575 C4H,0, 242108  4.55 1.03 3.18 3.73 0.58 1.98 Hfk
23 2-HUIETHRHIE  C868575 CeH,0, 241551 2389 021 0.24 0.23 0.82 02  “Hk
24 LR C€79209  C;HO, 118.609  5.42 23 226 3.34 0.65 3.67
25 TR TR 623427 CsH;gO, 200621 292 1.13 0.09 0.08 0.89 0.4
At 90.97 322 28.64 41.48 34.15 36.04
26 e 98011  CsH,0, 312423 058  4.22 1.79 0.92 9.71 0.77 R
27 T 98011  C4H,0, 313962 122  0.62 0.65 0.16 7.17 0.17 Rk
28 Vi C105577 CgH,,0,  207.025 5.8 0.6 0.45 0.43 0.34 238
29 (E)-2-Pelfi%  C18829555 C,H,,0 471.37 207  0.76 0.69 0.79 1.37 0.7 Hfk
30 (B)-2-H¢alE  C18829555 C,H),0 469.358  9.81 1.18 1.27 1.16 1.28 131 &
31, 2-FHIL TR 96173 CsH 0 167.406 274 1.03 0.78 0.9 9.05 1.5 e 373
32 2-FHFET R 96173 CsH,,0 167.956 0.7 1.37 1.26 1.52 10.05 2.09 Hfk
33 S 590863  CsH,,0 161.905  0.11 1.68 0.84 13.23 1.47 268  RIK
34 S 590863  CsH,,0 163.005  0.26 1.97 1.75 8.1 2.1 1.83 Hik
35 TEE C123728  C,HO 125.708 2 1.26 0.83 1.5 6.77 1.63 Rk
36 T C123728  C,H{O 126.877 134 134 1.29 1.81 4.15 2.07 BIKEN
37 LR 66251  CH,0 266177 056 155 0.99 138 2.13 6.39
&it 4582 1758 12.59 31.9 55.59 23.52
38 - c64175  C,HO 107.815 995  3.42 6.77 5.15 0.52 12
39 2-FA LT C137326 CsH,,0 219989  3.38 12 0.61 2.54 0.49 3.79 ik
40 2-FPAE T C137326  C4H,0 218.28 2.29 0.38 0.13 0.12 0.12 196  —FRik
41 BEE 1-NUE-3-EE 616251  CsH O 179.182 025 8.07 8.96 1.51 1.17 10.04
42 STEE 78831  C,H,,0 152248  1.17  1.58 1.67 127 8.27 11.05
43 3-BEE 589822  C.H, O 362701 817 045 0.38 3.33 0.37 0.31
44 3-HIL-1-REE 589355  CGH,, O 319502 9.05  0.18 0.16 0.15 0.29 0.17
it 3426 1528 18.68 14.07 11.23 28.52
45 2,3-T c431038  C,HO, 134.646 056 791 8.2 13.7 8.18 6.95
46 2- 3l C107879  CsH,,0 181.409 513  0.89 1.09 0.84 0.66 139
47 WAZE HIILHEETER C110930  CgH,0 550.034  2.66 0.87 0.86 0.7 1.93 8.98
48 3-FRE-2-TH 513860 CHO,  208.572 115 465 4.63 5.11 0.9 1.56 Hik
49 3-RHE-2-THR ©513860 C4Hg0, 205.16 1.61 5.19 3.27 8.96 0.26 5.71 TRAR
Hit 11.11  19.51 18.05 2931 11.93 24.59

50 MRS 1 64197  C,H,0, 138.287 297 4.6 5.67 5.51 8.58 6.66
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Fig.2 Comparison of differences in volatile substances in dried apples with different drying methods
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Fig.3 Principal component analysis of dried apples volatile substances with different drying methods
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Table 8 Effects of different drying methods on sensory evaluation of dried apples

5 a2 bk P HETEA My
ART 4 15.20+0.37° 23.40+0.64° 21.70+0.27¢ 12.30+0.37¢ 72.60+1.65¢
KPARET 16.50+0.62° 25.70+0.39" 22.30+0.64¢ 12.90+0.53¢ 77.40+£2.18°
AR UR T 18.30+0.47 28.30+0.72° 26.80+£0.47° 14.30+0.36" 87.70+2.02°
T -2 A T4 16.8040.35° 26.50+0.36 25.50+0.35° 12.304+0.42¢ 81.10+1.48"
AR T4 15.30+0.23° 24.30+0.40° 24.30+0.42° 13.504+0.32° 77.40+1.38°
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