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Abstract: To obtain better cooking quality of dried cucumber slices, processing and cooking technology were optimized.
By optimizing the process of centrifugal dehydration, freeze-thaw dehydration, hot air drying dehydration, and microwave drying

dehydration and combining different cooking methods, color and texture were used as the evaluation criteria for cooking quality, in
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addition, the mechanism of the influence of different combined cooking methods on dried cucumber slice quality were investigated
based on the content, functional groups, and microstructure of cellulose and pectin. The optimal conditions were as follows: loading
capacity of 1 kg'm >, hot air temperature of 70 “C , slice thickness of 4 mm, hot air drying combined with cold mixing treatment, the
best quality of dried cucumber, the comprehensive score was 0.900; hot air drying combined with stir-frying treatment generated
the best quality of dried cucumber slices, with the comprehensive score of 0.450. The chewability of dried cucumber slices were
positively correlated with cellulose and raw pectin content, but negatively correlated with color difference and soluble pectin content.
The color difference of dried cucumber slices were negatively correlated with the contents of cellulose, raw pectin, and soluble
pectin. The cellulose content of hot-air dried cucumber slices was the highest owing to its high methylene content (HD-P and HD-F
cellulose content (1.44 = 0.004 and 1.46 + 0.012 mg-g ', respectively). Cold mixing and stir-frying had no obvious effect on cellulose
structure of dried cucumber slices, but stir-frying significantly destroyed pectin molecular structure. To conclude, hot air drying and
dehydration combined with cold mixing or stir-frying is the best way to obtain the optimal cooking quality of dried cucumber slices,
and pectin and cellulose content is the main reason for affecting the texture quality of dried cucumber slices. It provides a theoretical

basis for the production and processing of dried cucumber slices and lays a foundation for the study on the mechanism of texture
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influence of dried cucumber slices.
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Fig. 1 Flow chart of the dehydration process
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Table 1 Single-factor design of different dehydration processes
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Table 2 The sensory assessment criteria
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Table 3 Results of centrifugal dehydration orthogonal test of dried cucumber slices
B BLKE E
REE A gt/ BESHE CwpRg REFS RELMLI ke ey TR S
(r'min”) min mm
1 1(3500) 1(15) 1(3) 74.00 = 1.00 0.000 120.92 +6.75 0.335 0.144
2 1 2(20) 2(4) 81.00+1.00  0.778 123.23 +10.63 0.526 0.669
3 1 3(25) 3(5) 75.00 = 1.00 0.111 120.01 + 6.62 0.259 0.175
4 2(4000) 1 2 80.00£1.00  0.667 128.96 + 10.54 1.000 0.810
5 2 2 3 83.00 £ 0.00 1.000 127.26 + 11.47 0.859 0.939
6 2 3 1 75.00 = 1.00 0.111 120.15 + 10.27 0.640 0.339
7 3(4500) 1 3 76.00£0.00 0222 124.61 +8.31 0.270 0.243
8 3 2 1 76.00 + 1.00 0.222 122.67+9.19 0.479 0.333
9 3 3 2 79.00 = 2.00 0.556 116.88 +9.84 0.000 0.316
K1 0.988 1.198 0.816
K2 2.089 1.941 1.796
K3 0.892 0.830 1.357
k1 0.329 0.399 0.272
K2 0.696 0.647 0.599
K3 0.297 0.277 0.452
R 0.399 0.370 0.326
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Table 4 Weight table of dried cucumber slices centrifugal
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Table 5 Results of analysis of variance and significance test I 437
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Table 6 Analysis table of verification test It ¢ EEE 4
able 6 Analysis table of verification test results 80l I 143
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NI 2 9 BT AN, B R JER BE ek TCAR LR ik i K T Fig.3 Results of single factor experiment on freeze-thaw
2RO R, A KA LEAE IR S5 (£ 10) K dehydration process of dried cucumber slices
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Table 7 Results of freeze-thaw dehydration orthogonal test of dried cucumber slices

B%
RIET  AAkEHE/ BMANE/ ChARE REFRS  RERMI PR RBEM2 HERY
h h mm
1 1(9) 1(9) 13) 75.00+1.00 0417 130.27 £ 11.91 0.253 0.344
2 1 2(10) 2(4) 76.00+0.00 0500 143911153 1.000 0.722
3 I 3(11) 3(5) 70.00+1.00  0.000 130.91 +1.41 0.288 0.128
4 2(10) 1 2 82.00+0.00  1.000 140.50 + 8.45 0.813 0.917
5 2 2 3 81.00£1.00 0917 12566 1318 0.000 0.510
6 2 3 1 77.00£1.00 0583 132.87+7.31 0.396 0.500
7 3(11) 1 3 71.00+1.00 0083 138.46 + 1436 0.701 0.358
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*
RIS AAARE/ BRI/ Cihdx BREF B ik FBEAL 2 AT

h h mm

8 3 2 1 74.00 £2.00 0.333 134.68 £ 6.80 0.494 0.405

9 3 3 2 73.00 £1.00 0.250 139.75 £7.48 0.772 0.482
K1 1.194 1.619 1.249
K2 1.927 1.637 2.121
K3 1.244 1.110 0.995
k1 0.398 0.540 0.416
k2 0.642 0.546 0.707
k3 0.415 0.370 0.332
R 0.228 0.176 0.375

FRIAF  C>A>B

% 8 HINZJLERIA TZRUIBIRNESR
Table 8 Weight table of dried cucumber slices freeze-thaw

dehydration process optimization index

a4 PHME  AREE BFHAK RE
REWRS 75444 4.096 0.054 0.556
e 135224 5.859 0.043 0.444

x9 AESMERERSWER

Table 9 Results of analysis of variance and significance test

KR JIFII;;U df ¥ F P REM
AREAA 0404 6 0.067 13.683  0.070
ARIE 2,117 1 2117 429901 0.002
A 0.113 2 0.056 11425  0.08
B 0.060 2 0030 6.069 0.141
C 0232 2 0116 23.554  0.041 *
RE 0.010 2 0.005
gt 2531 9
BIEMEIT 0414 8

E: *REARLFE.
F 10 WIEXWE R TR

Table 10 Analysis table of verification test results
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Fig.4 Results of single factor test on hot-air drying and
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Table 11 Results of hot air dehydration orthogonal test of dried cucumber slices

*
RIS A #H%/ BHARE CwpEE REES REBEEMI PER REEAM2 HEFN
(kgm™) e mm

1 1(0.8) 1(65) 1(3) 72 £0.00 0 250.395 +7.03 0.363 0.156

2 1 2(70) 2(4) 80 +1.00 0.8 268.297 £ 6.22 1 0.886

3 1 3(75) 3(5) 78 £2.00 0.6 262.401 £5.42 0.790 0.682

4 2(1.2) 1 2 77 +1.00 0.5 260.606 + 6.52 0.727 0.597

5 2 2 3 82 +1.00 1 266.866 + 11.73 0.949 0.978

6 2 3 1 76 +0.00 0.4 257.676 +5.78 0.622 0.496

7 3(1.6) 1 3 73 +£1.00 0.1 240.176 £ 10.35 0 0.057

8 3 2 1 74 +1.00 0.2 252.529 +6.76 0.439 0.303

9 3 3 2 75 +1.00 0.3 254.556 +4.20 0.511 0.391

K1 1.724 0.811 0.955

K2 2.071 2.167 1.874

K3 0.751 1.569 1.717

k1 0.575 0.270 0.318

k2 0.690 0.722 0.625

k3 0.250 0.523 0.572

R 0.440 0.452 0.306

FRIRE  B>A>C
* 12 EREILARTEIZRUIERNESR * 14 WIEKWERD R
Table 12 Weight table of dried cucumber slices hot air Table 14 Analysis table of verification test results
dehydration process optimization index X2 0 AT 22T
FEAF B AREE RRERHE ORE { AB.C, 0.980
BEFS 76222 3456 0.045  0.570
sRofiE 257.056  8.805  0.034  0.430 > 2B 078
R CESILPE TN CYE VS TS
Table 13 Results of analysis of variance and significance test Bt ) L2 5N A;ByCs; Ho g m AR AR

T MEram o mr 7 mam VSRR VIR R P R A A

R BTV LA AT AR B K 1 228 g, BRI FE B
e R R o VR LR B K R N . E e 13 W, Rk

AR EARA 0.782" 6 0.130 74.684 0.013

R 22971 2297 1316782 0001 B AR . )R TR L AT T 2
A 0312 2 016 89545 001 = W R, e KMEERIERIRER (£14) KE
B 0308 2 0.154 88294 0011  * AB.C, NERETE.
¢ 0161 2 0081 46213 o021 214 HREILBE T BRIAK LY oo ss B oAt
RE 0003 2 0002 HRA B Sa~Sc it PR 6 46 52 16 B 35 00 K F 3 47 1F
&t 3082 9 TR GEILFE 15, AR LR B TR
REMEL 0785 8 LSRR R L 16, J7 2 0 W7 5 50 5 ) W7 4
E RARFE. £ 17,

296




MREmBE Modern Food Science and Technology 2026, Vol.42, No.6

*® 15 BNERJLABUR FRAK E iR 45 R

Table 15 Results of microwave dehydration orthogonal test of dried cucumber slices

*
KBS A##/ BakwE cwhpr SERS RARMI ik RRBEM2  HEFH
(kg-m™) w mm
1 1(1.6) 1(300) 1(3) 75 %0.00 0.429 75.496 + 10.61 0.677 0.551
2 1 2(400) 2(4) 77 +1.00 0.571 70.203 £9.14 0.127 0.352
3 1 3(500) 3(5) 71+1.00 0.143 68.983 +7.10 0 0.072
4 2(2.4) 1 2 80 +1.00 0.786 78.607 +5.10 1 0.891
5 2 2 3 76 +2.00 0.5 71.844 %555 0.297 0.400
6 2 3 1 69 % 0.00 0 69.316 +7.84 0.035 0.017
7 3(3.2) 1 3 83+ 1.00 1 78.047 +6.37 0.942 0.971
8 3 2 1 76 = 1.00 0.5 75.020 + 11.66 0.627 0.563
9 3 3 2 74 £2.00 0.357 73.155 + 8.37 0.433 0.395
K1 0.976 2.413 1.131
K2 1.308 1315 1.638
K3 1.929 0.484 1.444
k1 0.325 0.804 0.377
K2 0.436 0.438 0.546
K3 0.643 0.161 0.481
R 0318 0.643 0.169
FTRIAFE  B>A>C
% 16 ERZLILMETRIZRUIBIRNESR a 84r . -266
= B
Table 16 Weight table of dried cucumber slices microwave 8k . IIE: (204
dehydration process optimization index 80 | 1262
4260
e A AFEE BRAHR O ORE S,; 78 4258 §
BUEIS 75.667 4243 0.056  0.507 {1;5 761 1256 =
Al 66429 3.616 0054 0493 74} 1234
1252
2 2r {250
17 AENMEREENTER
Table 17 Results of analysis of variance and significance test 70 0.8 1.6 24 32 4.0 248
RR M AFFF  df  HF F P REM HBAE / (kgm?)
AIEAEA! 0.824° 6 0.137 36.775 0.027
. b gl -Erips 288
e 1.972 1 1972 528.061 0.002 R L AN
82+ 264
A 0.156 20078 20884 0.046  * 80 | 1262
R L R e
B 0.624 2 0312 83.581 0012  * 5 78 260 =
{Eﬂ 76 1258 E?El
C 0.044 20022 5861 0.146 o, J256 =
. 1254
®RE 0.007 2 0.004 72 1552
Bit 2.803 9 0r 1250
1 1 1 1 1 248
KESLE 0831 3 8 200 300 400 500 600

it RARF. BB W
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Fig.5 Results of single factor experiment on microwave drying
and dehydration process of dried cucumber slices

* 18 WiEXWHERSR

Table 18 Analysis table of verification test results

S A
1 AB,C, 0.973
2 AB,C; 0.971

B 15 PR, 3TV Lo T vF 20 B
R T Z%MN AB Gy, SN« BIEh R > 28,
B> UV R o 3K DR O S A% e 2 SRTVER Lt
BT RIBK B B 1, W D3 B R W 3 UL
MIBEKFREE . 2 17 Wn, Bedlil. fuRTh RS
JRER LR T 1 T2 2 . 286 KAE AR
AR (R 18) KE, WIERJLER TRNRETZ
FA N AB,Cso

22 FEMBMAIEERAEZHENEZIILERER
ey
221 &%

MNFE 19 mTLUER, AFRRAKGHES A S

FABCH SRR A %, X g Tad AR R
KN T R gt e R rp g ER AR R SR R R, 3 e VR
JUE A, Ad s 208 i S BRI 2" . HD-P 1)
B/ AT e A HT T T8 X AR A 5 A Jd 7K Ak BR IR 45 T
X AR IR e /N MWD-P ) dR K S B2 H T
TR TR AE MR RIS 18] A KR FE TR, 7 2B B0 0 FEh,
TR AR R A BT
F 19 ARBK T ZEE R ENEILBFENIM

Table 19 Effect of different dehydration treatments combined

with mixing on the color of dried cucumber

A o L*f& a* i b*1a AE

F-P  60.03 +1.14" -4.83+0.67° 24.75 +0.83" —
CD-P 40.72 £1.29" -7.56 +0.32° 25.92 £0.90" 19.54 0.08"
FTD-P 41.37+1.31™ -7.59%0.68° 23.46%0.86° 18.91£0.14°
HD-P  42.50%0.79° -3.17 £ 0.53" 27.29+076" 17.79 0.26"

MWD-P 40.23 = 1.17° =7.90 +0.80° 20.08 +0.83 20.57 +0.04°

E: LHMEREREE, a*ERALGEEE, b EREAEE
E . F-PRAFSFHAES, CD-PRAB S IKTIHAER,
FTD-P K& A R ZHEAE R, HD-P ARR T 8 K R A
S, MWD-P RESOELTREARHH S FRFHATERD
# (P<0.05). %&20F).,

222 Fi#

M 20 FT UL Y, 5B SEAE dh A A A BEALAH EE
HD-P (R I E L Sk RS SRk R B P e, IXAT
el T TR IR 1 2K L, Himdead e
A R PR SR . R S R R AR R
MWD-P [ I 55K, 32X AT BE A2 H T ol 8 T M 6 R I
1] PO R R S A e £ P DA S i i e R B A
SO, S BORE A P SRR LA

3+ 20 AEBEAK TZBE RPN E )L 2500

Table 20 Effect of different dehydration treatments combined with mixing on the texture of dried cucumber slices

H ot P /N B

A /N

6 F M /N sec FRFE HE/N = E

F-P 211.314+14.189° 0.631£0.036" 2931.481 +228218" 0.212+0.012° 199.510 + 13.425° 0.156 + 0.003"

CD-P 119.148 £9.277°  0.468 +0.026°  616.407 +41.742°

0.521£0.034* 248.749 + 14.587° 0.144 £ 0.002"

FTD-P 121.509 £9.315°  0.400 £0.023"  645.793 £43.583"  0.431 £0.028" 264.480 = 15.161" 0.121 = 0.002°

HD-P  238.741 £13.546" 0.737 £0.042°  481.040 = 35.669"

MWD-P  67.279 £4.364°  0.623 £ 0.035"

183.683 £ 10.576°

0.631£0.040" 286.055+16.981" 0.144 = 0.002°

0.562 0.035"  95.753+6.217"  0.155*0.003"
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H1 & 6 T 51, 7 [ it 7K Ak B S BORE it 2 T L TR
G, AR T REAEILS, X ARG B T RS
VR R AT 4 B i K . R a4 ™ . 5 HoAh oK 40
AHELE 6b B THIAR X%, X A] Fg A& T 75 2O K
T v b Ak T o R S A P 5 52 BN TR B e T
We Bl 6c 5 6a B AL, 1X AT BE BT~ 1% fak B 7K BB
B U R A BT S BRI /N UKt i 4 A
HEmBHE, B 6d 5 6e MFRHFE ™ EH, XAl
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AccV  Probe Mag WD Det No.
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Fig.6 Scanning electron microscopic images of mixed dried

cucumber slices under different water loss treatments

E: (a) #FEE RS, (b) BSBLKFFERESL, (¢) &
ARBLK R A, (d) BRF BRI FHAES, (o) MATH
SRR A .

2.3 FREBAT LA WS H AL & 4R
il

231 &%

M 21 ATLLUE Y, I 25 A BT BORT SR i 1)
Az, XA REE T H RSO TSN L
4R YT, HD-F (¥ AE A%, SX AT R8T HUR
TR A ) RS P S A R /NPT MWD-F ()
AE f5s, XTI i A S PR e e 2 i K
FIWR = H, B PR .

F 21 AR T ZERE S ERE)L B FRR20Mm
Table 21 Effect of different dehydration treatments combined

with frying on the color of dried cucumber slices

A L¥ {4 a*fh b* & AE

F-F  62.57+1.06"° -5.21+0.48" 25.730.70" —
CD-F  43.25+1.25° -5.66+0.51" 26.25%0.82° 19.33+0.15"
FTD-F 4721+ 1.14° -6.46 +0.38" 24.92+0.67° 15.43 +0.06°
HD-F 4898+ 1.09° —6.63 +0.64" 29.14+0.71" 14.08 = 0.03"
MWD-F 41.68 £1.22° -2.00 + 0.36" 21.56 +0.74° 21.54%0.15"

E:LYMERERE, a*ARALGEE, b EARATH
& . F-FAREFEIHAE D, CD-F RE B SBLAK 4 &,
FTD-F R & @Bk k) 4 4 5, HD-F R AR 1R E KR 4) 4
S, MWD-F REBOK T BRI $IH 0, FRFHATERD
% (P<0.05). &22F),

232 F#H

M 22 WILLEH, BTEILEIHIE, &BUR
R 25 B A, X T RE BT o £ B TUER LR WAL 4
AR EJIBEAR, PEOEYE. BEPE R P, HD-F
(IMELEEE S PR R RAE KRR M A, X P RE T
T RRIB S 0 ) I RE AR X AN L, RIS S04
Ji, SECHIEE . BN . MWD-F (fnE g
JEEE AR, W RE H T IR S K AR TR 2
SECHARERIRAE, LB R, BB Hn 8 T
JLBZ B I LARAS: 17 45 FE IEL R P A1

& 22 AREIBEKTZEE kb HIx & )L R ar 2200

Table 22 Effect of different dehydration treatments combined with frying on the texture of dried cucumber slices

o eHE M /N L i3

RE N

FEFME /(N.sec) I A N b

F-F 100.821 +7.347° 0.353 £0.021° 2644.113 £221.342"  0.201 £0.014°
CD-F  68.389+3.872° 0.269+0.023° 555.178 +37.428"
FTD-F  72.522+4.886° 0.222+0.026° 583.291 +38.615"
HD-F  114.497 £6.459" 0.414%0.034" 431.787 +30.123"

MWD-F  58.100 +£3.571"  0.346 +0.025"

164.775 £ 10.787°

191.994 £10.234°  0.142 +0.003"
0.512£0.034° 237.416+13.776° 0.138 +0.002°
0.440 £0.027°  254.441 £14.581° 0.117 +0.002°
0.636 £0.038"  276.203 £15.169" 0.142 % 0.002
0.150 + 0.003"

0.559 £0.035°  92.146 + 5.222°
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Fig.7 Scanning electron microscope images of fried dried
cucumber slices under different dehydration treatments
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Fig.8 Cellulose content in dried cucumber slices treated with
different dehydration and cooking treatments
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Fig.9 Fourier transform infrared spectroscopy of dried
cucumber slices cellulose with different dehydration and

cooking treatments
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Fig.10 Scanning electron microscope images of fried cucumber
slices cellulose under different dehydration and cooking treatments
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Fig.11 Protopectin content in dried cucumber slices treated with
different dehydration and cooking treatments
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Fig.12 Fourier transform infrared spectroscopy of dried

cucumber slices pectin under different dehydration treatments
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Fig.13 Scanning electron microscope images of fried cucumber
slices pectin under different dehydration and cooking treatments
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