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Effects of direct-contact ultrasonic vacuum drying on the drying
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Abstract : This study investigated the effects of direct-contact ultrasonic vacuum drying on the drying characteristics and
quality of dandelion. Dandelion samples were dried under different ultrasonic power levels and compared with samples
processed via vacuum freeze-drying, shade drying, and hot-air drying in terms of color, flavonoid content, and cichoric
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acid content. Results showed that the drying rate increased with increasing ultrasonic power and drying temperature. The
Page and Two-term models provided the best fit for the drying kinetics. The color of samples dried via direct-contact
ultrasonic vacuum drying at 192 W was closest to that of fresh samples among all considered methods. At 192 W, the
flavonoid content in the solution after rehydration was significantly higher than that obtained using other drying methods
(p<0.05). In addition, total flavonoid and cichoric acid contents at 192 W were 57.09 and 12.35 mg/g, respectively.
Furthermore, comprehensive evaluation using the entropy weight-grey relational analysis method showed that the samples
dried at 192 W exhibited the highest correlation degree and ranked first overall among all drying methods. This study
confirms that direct-contact ultrasonic vacuum drying can effectively improve the drying characteristics and quality of
dandelion, providing references for applications in food and traditional Chinese medicine.
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Table 1  Five common drying-kinetics models

LAY Ji e 24
Newton My =exp(—kt) k
Page M, =exp(—k") kon
Two-term My=a - exp(—kyt)+b - exp(k,t) ko Ky ab
Wang and Singh My = 1+at+bt® ab
Logarithmic My=a - exp(—kt) +c a.k.c
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Fig.1 Effects of direct-contact ultrasonic power on the drying characteristics of dandelion
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Fig.2 Effects of drying temperature on the drying characteristics of dandelion
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Table 2  Fitting results of drying-kinetics models for dandelion under different drying conditions

T B bR A T PORT 1
96 W 44W  192W 240 W 40 °C 50 C 60 C 70 °C
k 0.0052 0.0081 00104 00127 00062 00075 00117 00195
X 0.0001  0.0002 0.0000 00001 00007 00013 00005  0.0005
Newton R 0.9990  0.9983 09997 09991 09907 09822 09947  0.9957
st 0.0092 00129 0.0055 0.0098 00255 00352 00213  0.0212
k 0.0059 0.0063 00113 00185 00131 00199 00213  0.0352
n 09790 1.0850 09825 09205 08560 08079 08716  0.8592
Page X 0.0001  0.0001 0.0000 0.0000 00001 00002 0.0000  0.000 I
R 09991 09994 09998 09999 09993 09977 09997 09995
8rose 0.0092  0.0079 0.0054 00044 00070 00127 00054  0.0072
a 0.0051 00079 0.0104 00132 00067 00081 00128  0.0213
k 0.9962  1.0221 09974 09844 09258 09094 09469  0.9588
c -0.0072 -0.0132 00016 00131 00435 00472 0.0382  0.033 4
Logarithmic
X 0.0001  0.0002 0.0000 0.0001 00003 00007 0.0002  0.000 4
R? 0.9992 09989 09997 09996 09967 09916 09979  0.997 8
st 0.0093 00117 0.0064 00083 00163 00261 00152  0.0184
a -0.0037 -0.0051 -0.0065 -0.0077 -0.0047 -0.0056 -0.0087 -0.0136
b 0.0000  0.0000  0.0000  0.0000 0.0000 0.0000 0.0000  0.0000
Wang and Singh X 0.0024 00046 0.0059 0.0073 00032 0.0050 0.0034  0.0050
R 0.9769  0.9630 09573 09519 09560 09328  0.963 I 0.964 2
Snse 0.0468 0.0641 00717 00792 0.0554 0.0684  0.056 3 0.067 1
k, 0.0052 0.0082 0.0189 0.0112 00052 00060 00101  0.0166
k, 0.0052 0.0082 0.0100 00116 00319 00467 0.0629 26500
a 0.4958 05062 0.0839 0.1016  0.8423  0.8044 08591  0.8472
Two-term b 04958 05066 09164 08984  0.1580 0.1964  0.1410  0.1528
X 0.0001  0.0002 0.0000 0.0000 00000 00001 00000  0.0000
R 0.9991 09985 09998 09999 09996 09992 09999  0.9999

Opuisk: 0.010 3 0.014 9 0.006 5 0.005 1 0.005 5 0.008 5 0.003 8 0.005 6
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Table 3 Color changes of dandelion under different drying conditions

R EN BRI L * AN B b * a2 AE
ff Ff 57.70+1.08" -5.82+1.17° 24.53+0.40" —
%HT 57.81+0.27" -6.31+0.33° 24.35+0.10° 0.61+0.29¢
YRR 61.44+0.46° -5.01+0.31° 19.21+0.46" 6.57+0.51°
40 C 61.60+0.93" -7.35£0.61" 18.07+0.17° 7.75+0.41°
50 C 56.22+0.02° -3.88+0.03° 17.46+0.41"" 7.48+0.39°
60 C 54.01+0.32° -2.69+0.19" 16.88+0.65* 9.06+0.56"
70 °C 52.08+0.50" -0.1120.04" 16.47+0.28' 11.37+0.20°

HEH 96 W 62.46+0.53" ~7.14£0.10" 17.18+0.53" 8.88+0.30"

A 144 W 57.17+0.17" -3.94£0.08° 20.64+0.51° 4.36£0.41°
B 192 W 57.96+0.16" -3.57+0.15° 22.86+0.44" 2.83+0.19"
BT 240 W 55.56+0.13° -3.47£0.15° 20.77+0.47° 4.93£0.28°

AR NE R R 22 5 B (p<0.05) .
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AR , S ECE AL G MR > o SRR AT i A SRR UYL E AN AR T 0.45%
T4 AT E MR E SR 25 BLEOR | RS & A A ETRAE N T A0 T & s, A
WP R T &, & R
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Table 4 Changes in target components of dandelion under different drying conditions

HNT  mg/g
AR VEN W g W gk v 22 Wi
T 62.78+0.88" 4.69+0.78" 14.13+0.06"
BH+ 66.23+2.95° 4.02+£0.72™ 14.49+0.17°
40 °C 61.99+1.16" 4.16£0.86™ 14.00+0.25"

50 °C 58.90+0.51° 3.81+0.31" 12.30+0.12¢




A (£R)

T Wy W s s s Wasems
60 °C 39.81£0.44¢ 3.56+0.54" 8.74%0.14
70 C 34.15£0.65" 2.96+0.54" 6.94+0.12"

A 96 W 52.41%1.60' 5.81+0.48" 12.82+0.07°

A 144 W 54.07+0.20° 5.92+1.24° 10.18+0.21°
B 192 W 57.09+1.89 6.14+1.36" 12.35+0.15"
B 240 W 55.56+0.42% 4.04£0.45" 9.55+0.26"

T ARVNG FRERIR 28 5 W (p<0.05) .
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Al SR A K G TRUBIE AR (6 5) o BRALRRAL LA 5 TR R 8 — D PRO 500, 32 IR BOA T A PN 4R b 9 15
SR (3 6) o ARSI R BONBLE , TH3 T4 5 254 it 19 5 D10 QIR 3 A e 2 SR I, R H AR S BK
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Table 5 Measurement results for relevant sample indicators

£zt T iR 60 C A 192 W
T /h 10 72 7 7
AE 0.61+0.29 6.57+0.51 9.06=0.56 2.83+0.19
W/ (mg + g7") 62.78+0.88 66.23+2.95 39.81+0.44 57.09+1.89
Wi s/ (mg * g ) 4.69+0.78 4.020.72 3.56+0.54 6.14x1.36
Wi/ (mg = g7') 16.82+0.17 18.35+0.23 9.02+0.29 15.0420.15

6 AV TN T 8RR SR A E

Table 6 Information entropy and indicator weights of dandelion under different drying conditions

£ H RN e HE o,
TR 0.130 4 0.445 0

AE 0.707 3 0.149 8

Wy s/ (mg = g7) 0.781 9 0.111 6
Wi gsnm/ (Mg g ) 0.644 9 0.181 7
W/ (mg = g7) 0.781 3 0.1119

RT AV TR T AR IR K

Table 7 Relative correlation degree and ranking of dandelion under different drying conditions

THRAAT BB RZEOCHREE RIS (r) Her

i 0.9339 0.530 2 0.637 9 1
192 W 09153 0.538 1 0.629 8 2
7T 60 °C 0.797 7 0.703 3 0.531 4 3

iRN 0.585 3 0.881 6 0.399 0 4
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