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Table 1 Design and parameters of experiments
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Table 2 Membership degree of different

evaluation indexes

R B IR e BB
mi; R
1 0.4 0.3 0.3 0.2 0.3
2 0.3 0.4 0.3 0.1 0.4
3 0.6 0.3 0.2 0.2 0.3
4 0.5 0.4 0.3 0.3 0.2
5 0.6 0.2 0.5 0.2 0.2
6 0.7 0.1 0.3 0.1 0.3
7 0.4 0.6 0.3 0.2 0.1
8 0.3 0.5 0.2 0.2 0.3
9 0.5 0.2 0.3 0.3 0.2
10 0.3 0.5 0.4 0.2 0.1
®3 REELR—ULELR
Table 3 Membership degree normalization
treatment results
BB F MR kB
mi; R
1 0.27 0.20 0.20 0.13 0.20
2 0.20 0.27 0.20 0.07 0.26
3 0.38 0.18 0.13 0.12 0.19
4 0.28 0.24 0.18 0.18 0.12
5 0.35 0.12 0.29 0.12 0.12
6 0.47 0.07 0.20 0.07 0.20
7 0.25 0.38 0.19 0.13 0.06
8 0.20 0.33 0.13 0.13 0.20
9 0.33 0.13 0.20 0.20 0.14

10 0.20 0.33 0.27 0.13 0.07
FHAE 029 0.22 0.20 0.13 0.16
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Table 4 Standard table of sensory evaluation
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Drying curve and drying rate curve of white radish under different saturated steam treatment time
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Fig.2 Drying curve and drying rate curve of white radish under different times of saturated steam treatment
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TRALHE 10 min THEAY TS D & 20 0 B0 T FEAIR,
Ji R AT BB 25 VAL B T RS 4G, 2RV E T — 3
SYEE MR VC M BT EA TR, WS
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MR RE 8 SR, TR R AR R 2R YR AL B 4 S
TS N EREE, WS T 8 N R R
SRE A IsF I, 1 A R B R T AR
M2 6 AT, [ A AR RN ZE VR AL FREE] 6
min, i 7 16 RN 2 74D R OB B, 7 I 4R
BN A=y NI W 0 58 N =8 A S A T
IR IR M FZE R IR B I 2 | AR EE
T TR Ia], H2: 22 URVR RN 28 VR Tl Ak PR A A5
P88 D P 45 AL M 401 25 it A 40 32 n & A
PO FZE PR AN 3 4 R 8 D o I e R
BE S TR 2 IS M AYIRSE R (P<
0.05)21 JLAh , 1 FIZE AL PR 2 YA Y T o A R
IKBE T e df | T BE S PR 1 AR VR 22 R Ak 3
RN (LR B E R S ) B fER
T Y BB 2 K B IROK R 2, B A K
PERE N BERY, VC B ik Bl 75 1R RN 28 1A 38 B
IS KIG WD, TEARFIZE VAL 31 2 T4 0
#NVC A, MM T E
NE VC SN T 24.04% , BRI 28 & A1 Al
ZE VR A B AT DA HE K 43 10 5 B 4 S T AR 1RD B
ik VC RYIFE 485 VC 19 & & I3t 2 1 7
TRAL BB S BRI 28 VR AL B (R ZE K i A5 VC
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Table 5 Quality characteristics of radish dried products under different saturated steam treatment time

40 A A 4L 22 8 18] /min W45 A% AR & & (WI) VC 4 % /mg- (100 g)™'
0 93.05 + 0.29* 3.61 + 0.06° 50.27 + 0.50° 36.63 + 0.06°
4 81.95 +0.42" 3.83 +0.04° 56.87 = 1.70° 41.23 £0.16°
6 80.87 £ 0.71* 3.96 £0.01" 59.58 + 1.86" 4591 +0.15
8 77.36 + 0.99° 4.03 £ 0.06" 63.36 + 1.04° 50.22 + 0.09°
10 74.78 £ 1.54° 4.31 +0.08a 64.19 + 1.48° 48.51 +0.10*

TE [ 81 5 R AN ] 3R 22 5 W 35 (P<0.05) .

®6 AREEMERLEBERETEE b FHRNOARFE

Table 6 Quality characteristics of radish dried products under different times of saturated steam treatment

R LY SERAELE & TP W45 /% Fk B (W) VC 4 % /mg- (100 g)™
0 93.67 +0.52° 3.62 £ 0.07 50.41 = 0.69° 37.61 £0.12°
1 83.09 + 1.36° 3.71 £0.01° 54.49 + 1.30" 39.07 = 0.06°
2 81.25 + 0.53¢ 3.94 £ 0.03 59.81 +2.29° 46.65 + 0.09
3 85.30 + 1.03" 3.84 £0.01" 51.40 = 1.37° 44.18 £ 0.02"
4 86.38 = 0.50" 3.54 £ 0.06° 50.39 + 0.95° 35.64 £0.15¢

TE : [F 81 5 B AN ) 3R 22 5 % (P<0.05)
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AR WL H 2S5 R, ol A K JB b AR A5 T
PR, W B BEAIS , 55 LIS 1 R 28 VR AL T
FEAR T 8 D AR FE (L) rH R, JTR R B W] 16
FIZEVAL B M R EG 2, AR 88 D sz
KB , DR AIRE T ELS R, 8 sl
MRZR-E A A TR A

R7 AEREMERLENEDEE MY TPASH

Table 7 TPA parameters of radish with different saturated steam treatment time

AAKRE . . o
) g 83 FER /g s Ji& A M il 33 Eb-
B 4] /min
0 6593.81 £48.01*  0.63 +0.03¢ 0.75 + 0.04* 462393 +£25.41° 317830+ 11.45° 0.53 +0.05*
4 5702.54 £46.72"  0.71 £ 0.02" 0.73 £0.03" 4162.77 £35.61"  3038.28 £ 61.46" 0.42 £0.02™
6 5630.32+27.31"  0.71 £0.01" 0.72 £ 0.02" 397433 +42.51" 287827 +19.43"  0.41+0.03
8 5457.90 +38.64° 0.73 +0.04° 0.71 £ 0.01° 387576 + 16.74"  2829.68 +46.31"  0.43+0.01"
10 5161.25+43.21°  0.74 +0.02° 0.70 £ 0.03° 367148 +39.18 2673.14+35.14"  0.41+0.02°
R B 5 B AN T #eom 22 5 0 35 (P<0.05)
®8 AREEMERLERIBAE MY TPASH
Table 8 TPA parameters of radish with different times of saturated steam treatment
st )% g {3 FER M /g5 fig Atk ik 3 w g K
RESR
0 6520.03 £ 54.26"  0.66 + 0.08" 0.71 £ 0.05" 4 650.54 £23.52¢ 3194.16 +23.79° 0.49 £ 0.13°
1 6148.27 £36.47°  0.69 £ 0.03" 0.74 £ 0.04* 4558.73 £31.48* 3 163.75 + 67.86° 0.46 £ 0.06"
2 5587.22+26.03°  0.68 + 0.04° 0.73 + 0.05° 4078.67 £49.76" 2773.50£25.97"°  0.41=+£0.11°
3 4292.02£58.19°  0.69+0.02"  0.72 +0.03 3091.78 +35.28° 2132.28 +44.63°  0.39 +0.06°
4 3900.87 +61.05°  0.70 + 0.07* 0.70 + 0.04" 2730.61 +60.12' 191143 £78.01°  0.36 +0.02*

TE A9 RN A 2R 22 53 .25 (P<0.05)
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Fig.3 Microstructure of radish under different saturated steam treatment time
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Fig.4 Microstructure of radish under different times of saturated steam treatment
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G il O RN O TSR [ N 2R YA B
2 UK, Bt A5 A BN R] 4 G | P8 S 3 T A 4 R
TR O BT /D R A, 0 B R 2R R Ak PR
AT DA - b 208 2 SR % 20 40 A A AN A, (B
NZHAZE R A e 3% o 8 M R ZE VA AR B 6 min,
Bt 25 b B R BB, 8 D A R T SN
S B R A MIZE VAL TR 2 YR, S AU 4 1R
BB AR, T RE 2 P O i AR R A R BT 2 L
N B ] b T R AR VR IR B R, IR K A PR )
FEU AR ol 75 3 1 T G K B, AT R
FUE A SO ER AR Y R R DU Y iR 2R
TRAL BB L A PR R) X6 8 S SOUL S #) A R )
3 (P<0.05)
25 TFiReEsE

T R RE S I B M A 2R T Ak AR
I BRI 28 5 - 4 A T 7 K

THAS MY TEEEREME 5 iR, FEERMZER
Aob S i) ) HE K RN AR N % VR AR BRI B R 1 £ T
PR REFETE AW D, e/ IME T RZE R A B
PRRERE 0 BIFEAR T 41.97% ,44.53% , X = 4E
K A 1 7 Ak 3 S [ R o o A 2 YR A B O B
AT DRI T R BERE , 7 0 A0 28 95 Ah B U B8 b Ak 3
FIF [ 5% 48 R FE 114 5% e B 4 2 (P<0.05) o
26 BEWEE

B2 9,10 AT WL, WSBRK B & 10 R 2837
Ab BB ] A SE R R B 3 2, 8 b e R AR
IR AR IR Y 05 B AU s BRI 28 1A
P2 WAERAL B 6~10 min B}, % N KIS 0 {4
PR, 5 AT TN R A R ARG FECUE AR
FIZERAE B BGT 2 2 R 8A 3 N AR 8 TR VE
MWHBCRE |, WZERA TR AEN A Y NE
K J5 0T Ml 35 L O AN AR TR AL B AR, TR AN 2R
VAL P 2 YR, 4R 6~8 min B 1 RGHS SRORA 45, I b
T b, 7R AR ZE PR AL BEUCR R A 2 Wk, B Rl EA 10
min B, 18 ST E) R b B, BT TR S U
i B R R A 2 S AR S AL g v, & %3
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Fig.5 Effects of different saturated steam—heat pump combination drying methods on drying energy consumption
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®9 AEMEMARLGENETHEETLESR

Table 9 Sensory evaluation results under different saturated steam treatment time

B, SEENT I RIZRIRAC B 2 IR, BRI AL B 6~
8 min THRHIAR A NE KGR & R i s, i
18 A FAE4E PR 1 i Tad 2

fofm R A
. Ak &iF =ge RS AR LA BE
A 18] /min
0 124 +0.3° 6.8 +0.7° 4.1 +0.6° 4.5+0.9° 6.8 £ 1.1° 345+0.7°
4 15.7+0.7¢ 11.6 0.8 143 + 1.0° 9.2+0.5 8.0+0.6° 58.8 1.2
6 254 +0.7° 16.9 = 0.3 172+0.7" 12.6 + 1.0° 12.1+0.5" 842+ 1.2
8 264 £1.2° 17.2£0.5 18.1 £0.5° 14.0 + 1.1° 13.1 +0.8° 88.9 +1.5°
10 28.4 +1.0° 189+ 0.7° 7.2 £0.6 7.5+1.3¢ 7.8 +0.9° 69.4 +1.2°
T« [A 9 7B AN A 26 7R 22 53 4.2 (P<0.05)
£10 AREMEARLERIYETHRETESER
Table 10 Sensory evaluation results under different times of saturated steam treatment
tade KA E ! .
k & ¥ g mRmE  ERBELAER BAF o
AR
0 12.5 +0.8° 7.1+1.2° 42+1.5 43+ 1.0° 6.2 £0.9° 34.5+0.6°
1 129 £0.7° 11.1 £1.0° 11.4+0.6" 8.6 12" 84 +0.5 524 +1.5°
2 25.6+0.2" 16.5 0.5 16.0 = 0.6* 124 = 1.1 13.4+£0.5 83.9£0.9°
3 24.6 £1.0° 9.6 £ 0.4° 10.8 £0.3" 6.7 +£0.3° 10.5 £ 04" 59.7+0.7"
4 24.1 £0.7° 8.2+ 1.3¢ 8.6 £ 1.0° 58+ 1.1° 6.5+0.7 53.2+0.8

T« [ 91 B AN [l 6 7R 28 53 4.3 (P<0.05)

3 #Hit
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Effects of Saturated Steam and Heat Pump Combined Drying on Drying Characteristics
and Quality of White Radish

Liu Panpan', Ren Guangyue'?, Duan Xu'?, Li Linlin'?, Zhang Meng', Fan Xiaojing'
(“College of Food and Bioengineering, Henan University of Science and Technology, Luoyang 471023, Henan
*Collaborative Innovation Center of Grain Storage Security, Zhengzhou 450001)

Abstract Peony swallow is the first signature dish in shui xi of Luoyang. However, the production process is complicat-
ed. This paper took drying time, energy consumption, VC content, shrinkage and rehydration as experimental indexes to
investigate the influence of saturated steap—heat pump combination drying on the drying characteristics of white radish,
the main ingredient of Peony Swallow. The results showed that the drying rate and drying time could be improved obvi-
ously by lengthening the treatment time of saturated steam and increasing the number of treatment times. The drying time
of white radish dried by the combination of saturated steam and heat pump was reduced by 10%-45% than that of heat
pump, and the drying energy consumption was reduced by 13.67%-44.53%. The quality of dried radish products was the
best when the combination of saturated steam (treated twice, 6-8 min each time) and heat pump was used. The VC
content, rehydration ratio, whiteness, hardness and masticability were 50.22 mg/100 g, 4.03, 63.36, 5 457.90 and
2 829.68 g, respectively. Under this condition, white radish dry products aroma was pure, pungent flavor was light, tex-
ture was soft and smooth, edible quality was best. The experiment proved that saturated steam treatment could signifi-
cantly increase the drying rate of white radish and improve its quality, which was suitable for application in the process-
ing of peony swallow.

Keywords white radish; saturated steam; heat pump drying; drying characteristics; quality



