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Effect of Combined Drying with Hot Air and Vacuum on Quality of
Astragalus Membranaceus and Process Optimization
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Abstract

vacuum drying technology. Univariate experiments were carried out based on the indicators of color, total flavonoid

In order to improve the drying quality of astragalus, fresh astragalus is processed using hot air

content and drying time to study the influence of slice thickness, hot air temperature, moisture content at
intermediate conversion point and vacuum temperature on the quality of Astragalus. Using Central-Composite
response surface method and comprehensive scoring method, a quadratic regression mathematical model was
established to analyze and obtain optimized process parameters. The results showed that the primary and secondary
effects of various influencing factors on the quality of Astragalus were vacuum temperature> slice thickness>
moisture content at intermediate conversion points> hot air temperature. The best process parameters: slice thickness
4.86 mm, hot air temperature 52°C, conversion point moisture content 35%, vacuum temperature 69°C, color
difference value of 9.89, total flavonoid content of 0.78 mg/g, drying time of 105 min, comprehensive score of
63.69. The research results can provide a reference for the drying process of astragalus.

Keywords Astragalus, Hot air vacuum combined drying, Response surface methodology, Technical con-

dition optimization
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Fig. 1

Drying characteristic curves of astragalus at different slice thicknesse. (a) Variation curve of wet-based moisture content of as-

tragalus at different slice thicknesses, (b) drying rate curves of astragalus at different slice thicknesses



882 H = B

ST 5 I NI S 543 &

%2, VI R, e/ NeAEKR,
SR B e R R I o FE 3 mm B, B AN
FE 60°C. FIE 7K FR55 1y 1) T Ao 30 PR sl a7 o i A
FH, 51 75 R o 4 R Y R EERE N R 4,5
mm i, PPRE T A R 2 T R, PR
AR 2R, R b e 2 (AR /)N, B B o 8 O 0
YIR RN 6. 7 mm B, YR8 7K - 1 ) 1
THT P B AR, A ] ) T MR R R R AR R T fig it
PEE T A G Bl IR T A RO A B A3, DRI R
B R AR, PR R E R R E 1, B Y A
JEEBE IR0/ 0N, B T K TR R AR R, T ) 4
[FIEF, D bR, i AR R R, S PR )
T, WRE N BB K 43 ) 2% T AS IO E BB, W0kt S
P SIS SR e, A YRR - TR b,
KA G . o, 6 mm [ 5 mm 4508 F 63T
5 3 R UG (174 IsF ) A AR B 2305 DT F 8 7 mm
B KR T B N 28 0%, SH R &F T S mm A Eb
HA St 3 T —F%, teAHFE 208 F 3 mm B
TR RAE DN T 97%. RPEE 1(b), Bk 7 mm Z 4,
oAl TR T e el R v o R 2 LA T R, R
FRfoE | Sk et UG RRIRE 23k 3] B AR S KR
4 05 R R 7 mm B4, i TR
TR, Wpeh oA 5 K B [ A 8 9 ARG, % T 4
4, K fLBRBE I 28, 7K o3 A% i 52 BEL DN T T 452 3 32
WKIRZE %, P 7 mm 20T 5 B4 B Be I IR RRAIK

WA H 25 FAR/N, FE I 25, W RLAZ R i
BT

M 2, YR RO, 22 (e /NG AR K,
SR B e R R I o FE 3 mm B, B AN
FE 60°C 1 E 7K 3R A8 5 1 T 1) 01 Rk 6 A 7 P I A
FH, 51 A8 78 R o 4 RN R EERS N R 4,5
mm 5, PPRE A0 A 3 R 5 T T R, PRI
AR 2R, R O A 2 (AR /)N, B B R 0 S )
YIR R 6. 7 mm I, P9 Rk 438 R i 5%
T P AR G, S ) ) R AR R KRR R T g,
PR E T T 5 30, IR S50 43 o i, TR I
R TFIRREAR, 2R K.
2.1.2 PRI X B B T MR T 114 5 i)

MR AR 3 AE 2 W 8E, vl LIS 1 DL T 4 ie:
AN [ A T B 6T 8 B TIOR3 s ), AR
T BE A, B RS IR B H AR S K SRR T AR 0 I [ B
DR AR T, & YR 7K 3 REAS TP 1)
ShER, TR R, A KR T TR
R B N R TR 1R
20 min ZE A7, TR BRIGEAE, XU R,
W {ELER A5 50, 60°C T 4ot e i 3R 2 A o 1 A
[B) 55 HL, 80C il 70°C 54 F T il e e Py o5 3
a5 . Zead 05 2 ), 80°C . 70°C & FF
PR AN, 80°C T FRIRE R ; 60°C 4514 F 1%
e 52 )5, 80°C Fl 70°C 414 Y 5 16 T i i R AR

®2 ARMAFEETERETHRIRLL

Tab.2 Comparison of drying effects of astragalus under different slice thicknesses

Y1 B/ mm B2 ST 5 i (mg/g) T ]/ min LRy
3 10.97+0.01(58.71) 0.40+0.00(75.47) 95.78+7.13(100.00) 83.35
4 7.91:£0.03"(81.42) 0.44+0.01(83.02) 101.67+4.73°(94.21) 88.53
5 6.44:0.02°(100.00) 0.53+0.01" (100.00) 117.33+2.52"(81.64) 90.12
6 6.610.05%(97.58) 0.51+0.01" (96.23) 121.67+3.79°(78.72) 87.24
7 6.84=0 .04(94.15) 0.47+0.01¢ (88.68) 230.00+10.00°(41.64) 65.11
ER 1 0.32 0.15 0.54
#3 AREHRNEETHETRIEITL
Tab.3 Comparison of drying effects of astragalus at different hot air temperatures
R/ min 2EfH S BER E EE/(mg/g) T4 ]/ min LA
50 6.03+0.01(100.00) 0.47+0.01¢ (77.05) 132.3342.52°(72.55) 88.42
60 6.44+0.02(93.63) 0.53+0.01" (86.89) 117.3342.52"(81.82) 89.76
70 10.260.10°(58.77) 0.61:£0.02° (100.00) 113.83+3.55"(84.34) 76.60
80 17.84+0.04°(33.80) 0.22+0.01 (36.07) 96.00+14.80°(100.00) 42.89
BEEY 1 0.52 0.35 0.13
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Fig. 2 Drying characteristics curve of astragalus at different hot air temperatures. (a) Variation curve of wet-based moisture content of

astragalus at different hot air temperatures, (b) drying rate curve of astragalus at different hot air temperatures
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Tab. 4 Comparison of drying effect of astragalus under moisture content at different conversion points
A s B KR % {6218 SR/ (mg/g) T4t [E]/ min ZEETEY
30 9.43+0.03(68.19) 0.49+0.01¢ (92.45) 106.67+10.41°(100.00) 84.53
35 8.72+0.06"(73.74) 0.51+0.00" (96.23) 115.00+2.00%(93.04) 84.67
40 6.43+0.08(100.00) 0.53+0.00 (100.00) 120.00+5.00°/(89.17) 95.51
45 7.07+0.01(90.95) 0.50+0.01¢ (94.34) 127.33+2.52"(84.25) 88.61
50 7.51+£0.01(85.62) 0.47+0.00° (88.68) 153.33+4.16(69.78) 79.45
G 0.45 0.13 0.42
a b
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Fig. 3 Drying characteristic curves of astragalus under moisture content at different conversion points. (a) Wet base moisture content

variation curve of astragalus at different transition points, (b) drying rate variation curve of astragalus at different conversion

points
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Fig. 4 Drying characteristics curve of astragalus at different vacuum temperatures. (a) Variation curve of wet-based moisture content

of astragalus at different vacuum temperatures, (b) drying rate curve of astragalus at different vacuum temperatures
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Tab.5 Comparison of drying effects of astragalus at different vacuum temperatures

P43 IR/ min 2 ST & (mg/g) AR F]/ min SRRy
50 6.03+0.07 (100.00) 0.47+0.01° (61.84) 139.66+3.51°(65.63) 84.47
60 6.42+0.09°(93.93) 0.5320.01" (69.73) 115.00+2.00°(79.70) 85.53
70 8.08+0.35" (74.63) 0.51=0.00" (67.11) 100.005.00° (91.66) 76.13
80 17.41+0.01° (34.64) 0.76+0.04" (100.00) 91.66+2.89" (100.00) 62.48
ERY 0.57 0.23 0.19

22 MEMERACERARNEZTHETRIZ
22,1 me 7 TR 4 SR

I 30 MRER T, o 24 AT A, 6
TR LA TR 2, I as R 6 R .
222 BRSSO 250

i1 Design-expert8.0.6 {4 Xf £ 4 i 17 £t
EHEALE 38T, L8617 (V) 51 R EEE (4) L F4X
M (B) | Feff S 3K (C) FH 2 1 (D) Z [h) 4
SE R AR Y, ¥=60.67+2.42%4—1.71*B—1.91*C+
2.65%D—0.86*4*B+1.65%4*C—1.02*A*D+1.47*B*C—
1.51%B*D—4.55*C*D—2.49%4’~4.51*B*~1.78C’—1.83*D’

X R 5 RS AT O7 25 0 Ao IR 7, iR AL

P<<0.0001, & B B & B A A% W 3, R B0 A
P=0.7634 A~ I 3, Radj>=0.9050, HE % it BeA K 70
(IR (A f . FRF RS0 75t PR 7 BT kR R /NI
¥ o8 HLAS R > V) R JRREE > ) 48 o5 5 KR >

HR A5 [ 051 5 A 2 A ) 1R 28 % 255 1743 22 B
A i 1o 1 A = £ 1, aniEl 5 s . fEl 5(a) .
(c), BB T 250, VIR R (4) 5 8RR E (B) .
ELAS IR (D)X T3 i Tl 25 A 8CR A 22 HAEH
EAE A 53 (P>0.05) . & 5(b) & 5 2250 #r,
I F TR (4) M3 5 S K R (O X T ELES
FHRRRAT AR B2 (P<<0.05), BE& VI A JE 5 F
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Tab. 6 Central Composite experimental design and results
P PR TR PZs ) :
5 mmen mmc ake e e OO PR s
) B c 5 (mg/g) Ifl/min (100 43)
1 4 50 35 50 9.82 0.33 112.00 45.02
2 6 50 35 50 7.92 0.34 115.00 49.60
3 4 70 35 50 14.36 0.30 84.00 42.18
4 6 70 35 50 11.32 0.37 105.00 45.00
5 4 50 45 50 8.05 0.22 141.00 42.09
6 6 50 45 50 6.07 0.35 166.00 53.25
7 4 70 45 50 13.20 0.35 84.00 45.32
8 6 70 45 50 11.45 0.72 115.00 57.65
9 4 50 35 70 10.20 0.74 103.00 61.90
10 6 50 35 70 10.30 0.91 128.00 65.62
11 4 70 35 70 18.60 0.39 47.00 56.45
12 6 70 35 70 16.20 0.44 56.00 54.84
13 4 50 45 70 12.44 0.36 110.00 42.50
14 6 50 45 70 9.38 0.52 120.00 52.67
15 4 70 45 70 15.99 0.18 61.00 42.57
16 6 70 45 70 11.20 0.17 67.00 44.85
17 3 60 40 60 10.97 0.30 78.00 47.49
18 7 60 40 60 5.80 0.50 220.00 53.84
19 5 40 40 60 11.92 0.58 180.00 46.84
20 5 80 40 60 17.84 0.22 79.00 38.28
21 5 60 30 60 9.41 0.50 95.00 54.98
22 5 60 50 60 7.55 0.46 161.00 51.96
23 5 60 40 40 14.05 0.62 150.00 47.71
24 5 60 40 80 17.41 0.80 90.00 58.83
25 5 60 40 60 8.69 0.56 120.00 55.84
26 5 60 40 60 6.04 0.48 110.00 63.07
27 5 60 40 60 6.02 0.49 130.00 61.54
28 5 60 40 60 6.22 0.35 101.00 58.56
29 5 60 40 60 5.64 0.47 132.00 62.65
30 5 60 40 60 6.04 0.46 109.00 62.39
LGN 0.33 0.36 0.31
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e pi B K BB AT (B 2248 /), SRR B e Ok B
AN, Tl B S . I S(e) . (), 28
HEE (D) SR BE (B) | #4 5 (O) X FL56 fhit
S (P<0.05) . 23 (P<<0.0001) 1 71 58
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H 66.5055, FEYIFJEE 4.86 mm, PR 52°C |
Hh a2 B o5 KR 35% ., ELAS TR 69°C A E TR
PEAT I B0 50 Ik, 79 2] 0 22 4 9.89, B HMA 5 4t 0.78
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Fig. 5 The effect of the interaction of AB, AC, AD, BC, BD, and CD on the overall score. (a) Effect of interaction between slice thick-
ness and hot air temperature on comprehensive scoring, (b) effect of interaction between slice thickness and moisture content of
conversion point on comprehensive score, (c) effect of section thickness and vacuum temperature interaction on overall scoring,
(d) effect of interaction between hot air temperature and moisture content at conversion point on comprehensive score, (e) ef-

)
fect of hot air temperature and vacuum temperature interaction on comprehensive score, (f) effect of interaction between vacu-
um temperature and moisture content at conversion point on comprehensive score
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Tab. 7 Analysis of variance test
k== 3/ ST A ¥ F {4 P (P>F)
e 1638.13 14 117.01 20.73 <0.0001%**
A 140.87 1 140.87 24.95 0.0002%*
B 69.79 1 69.79 12.36 0.0031%*
C 87.29 1 87.29 15.46 0.0013%*
D 168.12 1 168.12 29.78 <0.0001%**
AB 11.93 1 11.93 2.11 0.1667
AC 43.70 1 43.70 7.74 0.0139*
AD 16.67 1 16.67 2.95 0.1063
BC 34.72 1 3472 6.15 0.0255*
BD 36.48 1 36.48 6.46 0.0226*
CcD 330.59 1 330.59 58.56 <0.0001%**
A2 169.51 1 169.51 30.02 <0.0001%**
B? 558.28 1 558.28 98.88 <0.0001%**
e 87.28 1 87.28 15.46 0.0013%*
D? 92.28 1 92.28 16.35 0.0011%*
i 84.69 15 5.65
EROU 43.46 10 435 0.53 0.8181
aliRZE 41.22 5 8.24
ENCF = 1722.81 29
Y1 0.9508

W HFRREFNEE (P<001) *FREFEFE (P<0.05)
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