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ABSTRACT: Objective To evaluate of the effects of drying methods on the quality of Astragalus membranaceus

based on technique for order preference by similarity to an ideal solution analysis. Methods In this study, 6 kinds of
drying methods including hot air drying (HAD), heat pump drying (HPD), carbon fiber far infrared combined heat
pump drying (CFFCHPD), medium short wave infrared drying (MSWID), vacuum pulsating drying (VPD), and
vacuum freeze-drying (FD) were conducted to drying experiments. The effect of the drying time, unit energy
consumption, color, sensory quality and effective components of Astragalus membranaceus were evaluated by
technique for order preference by similarity to an ideal solution (TOPSIS). Results The results showed that
CFFCHPD had the shortest drying time and lowest energy consumption for Astragalus membranaceus, with
(0.15+0.00) h and (3.41£0.03) (kW - h)/kg, respectively. The L" of the dried sample was the highest, which could have
a positive effect on maintaining the color of Astragalus membranaceus, while other treatments showed varying
degrees of browning. The VPD had the highest sensory score, but there was not significant difference with other
treatments. CFFCHPD had a better taste, making its freshness, sweetness and richness at a high level. At the same
time, retaining the nutritional components such as astragalosides, polysaccharides and calycosin-7-glucoside in
Astragalus membranaceus could achieve better quality. Correlation analysis showed that the L’ was negatively
correlated with the content of astragalosides and positively correlated with the content of polysaccharides. The &’ was
positively correlated with the content of astragalosides, and the content of astragalosides and polysaccharides could
be indirectly judged by color. Conclusion The comprehensive ranking of CFFCHPD ranked first, indicating that
CFFCHPD is a promising combined drying technology suitable for drying traditional Chinese medicinal materials.
This research result provides certain data support for efficient and high-quality drying of Astragalus membranaceus.

KEY WORDS: Astragalus membranaceus, combined drying; astragalosides; correlation analysis; technique for

order preference by similarity to an ideal solution evaluation
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Table 1 Sensory evaluation criteria for sliced
Astragalus membranaceus
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Table 2 Weight results calculated by entropy method
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Fig.1 Drying time and energy consumption of
Astragalus membranaceus
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Fig.2 Rehydration ratio of Astragalus membranaceus under
different drying methods
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Aok BRL 48 s i) 3o 3 BB A0 A T 45 A . R R AT R W,
FD b 7 v D8 B 48 BRBRBE A 1 FE il FR AU i, T A 0kE
B RO 2 0 5 AU N 5 AR AR B G, DT 4k 4 ot TR
A IR, VPD R A7 AR B2 B8 ) A ik e R
i EES AR, HILIEARRSE T VPD fil FD By (7RS40
BARRE(P>0.05). %, CFFCHPD AbFAE 0 47 py (8 15 35
B, HIGE FD #l VPD, HAD. HPD F MSWID 4x
TR — R AR AR

HEEAEAR O TR E PR 403 3 7R, VPD &b
PR R PRI S i moh 89.39 43, HKW FD., HPD,
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Table 3 Appearance and sensory quality of Astragalus membranaceus under different drying methods

LR HAD HPD CFFCHPD MSWID FD VPD
L 72.90+0.10° 72.70£0.17¢ 75.70+0.17 74.70£0.17° 74.17£0.15° 74.1040.12°
a 0.27+0.06™ 0.37+0.06™ 0.03+0.06° 0.07+0.06* 0.13£0.06% 0.17+0.16%
b’ 32.90+0.10° 31.30+0.17° 31.53+0.25° 32.90+0.10° 28.87+0.15° 28.93+0.21°
T FE/N 0.31£0.02° 0.66+0.01"° 0.53+0.01¢ 0.70£0.02° 0.61+0.02° 0.62+0.01"
UEUR 13.21+0.06" 13.58+0.00° 13.2240.10% 13.28+0.00° 13.08+0.03¢ 13.16+0.05%
F W 11.50+1.26" 12.0942.09* 11.50+0.32° 11.00+£0.92% 11.70+0.24° 9.93+0.16"
JR 2.26+0.10° 2.29+40.02° 2.22+40.09° 1.40+0.00° 0.52+0.05¢ 1.00+0.07¢
LS 8.97+0.14° 8.57+0.10° 8.96+0.16" 8.90+0.00° 8.10£0.05¢ 9.41£0.03°
FLUS 7.4240.17° 7.41£0.13° 7.36+0.16° 7.78+0.00° 7.7420.03° 8.20+0.02°
EREWH /4 88.00+6.43° 89.00+4.19° 88.50+5.28" 87.75+6.12° 89.21+6.08" 89.39+5.12°

TE: FATARE/NG 55k oR HoA 3122 53 (P<0.05).
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Fig.3 Results of electron tongue analysis of Astragalus
membranaceus under different drying methods
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R4 TREFRAETERNERME(%)
Table 4 Nutritional quality of Astragalus membranaceus under
different drying methods (%)

B 5
R GiRER Z W
A HET

HAD 1.15+0.03* 0.05+0.00% 11.10+0.54°
HPD 1.2040.00° 0.07+0.00° 10.07+0.23°
CFFCHPD 1.1940.02° 0.10+£0.01° 12.37+0.09*
MSWID 1.05+0.03¢ 0.06+0.00° 12.55+0.42°
FD 1.08+0.01% 0.05+0.00° 11.26+0.31°
VPD 1.13+0.02™ 0.03+0.00° 10.19£0.06°

T FSIARNG FHFROR HA B2 57 (P<0.05),

R, R y it Fiks HPD T JE 1
WERF SRR, %4, CFFCHPD L4 4oy
X, AT E AN AAE R EE N AR T, s
ORI, BRI PR B H A ) B it o MSWID S 11
TS H T AR A RRAIR, AT AR R A o S PR 43 X Jal 32 AN
Y5, iR T 5| & B I A B BB 4 A B AL,
SRR A R X TFHE L, MSWID 5
CFFCHPD #imigw, HWAL B EHMEER, ATREER N
L1 AN S RT SE LR IR, TR R A, w1 AR
THEZW S K RN, B8R EZ R,

VPD AbEEAH T 20 & B B FEAIL(P<0.05), X W] RESE
Eh7E VPD b, B W AT, TR,

KOEGEE, FEEWESFRANKG, ZnESHHR
SEVE, il 2B S BRI A VPD Kb BEHE TE K ) R i
PR T {5 2200 (A W T SR T 28, 8 Ak Sy I Ath AR SIS 0 e
k.o [RIE, CFFCHPD Ab 3 i) 16 o B 88 5 e B A s W 17
BIEN 0.10%, B T HAGIIH . 1E8—Fh e
&Y, B A T S 320 . I R B
AALAr Y, CFFCHPD BERTAE(RE A ME B ki, Rz
LIAMAVE R Sk, A e R A, £5 1, CFFCHPD
RE ST PR R B RSP AT UG, ARAR AR ST
233 R AL Fo A SRS AR KM ST
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Fig.4 Correlation coefficient matrix between appearance, taste and nutritional quality content
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2.4 TOPSIS iR

IR T LB G, 20U 4315 31 fr &
PEMERANE 5. g 2 FrFRCE I, Tt . 2
REFE. BUEVEM . WO R, BRR 5 R A A5 M 2 B
RS EINERES A 1081% ., 10.94% . 18.74% .
17.18%. 17.95%F1 24.38%. Hi#fiHET 455 7l %1, CFFCHPD
MM e, LT AL TR AR . Hoh TR R I 5,
TR e, RN, HRRFRERT . ZMAER
SREEEEET S ELTERKE, HikE HPD 5
MSWID, FD [F TR i . REfEm m, HEF 45 R 2.
CFFCHPD fER—FIk & T B, BT DL sp— 2151
TR ZENG, e THRACRRRAEFE, A LITRAb R —
I M B S R B A B, 4R TR A R,
Z5 b Jirik, CFFCHPD 7E{R BB A BN . $2m TR
R RIRRERES I REL TR B A

x5 ARETRETFIESAR TOPSIS iFMLEER
Table 5 TOPSIS evaluation results of Astragalus membranaceus
under different drying methods

Ab PR D* D G Hey
HAD 0.2555 0.2240 0.4671 4
HPD 0.2595 0.2895 0.5274 2

CFFCHPD 0.1039 0.3742 0.7828 1
MSWID 0.2742 0.2968 0.5199 3
FD 0.2748 0.2129 0.4366 6
VPD 0.3048 0.2491 0.4497 5

3 wgSiie

AFFIRIE T 6 FPAIR Ty O 2 Tt a) L B
FE . CEARRME ST UK BCE TR B RE I . 45 0 B
1E 60 °CI TG T, CFFCHPD Kb 3 14 # il A 2 4 4
T, FERAERE. £ MSWID. FD. CFFCHPD #1 VPD
T 5 B R A B & K. CFFCHPD 43S
L'k, Al KRR (R F 8 16 5 (A%, HAD . HPD Al
MSWID Ab3 8 i & A TR R B AR AR . AR T4
J5 X AR PR A WS, 4 VPD TR
JE PR o 454, CFFCHPD A it T 3 15 W i
A R, [l 7 XU b A ORAR pE R | R RN 3 & AL
T K P o A W TR R A RO o R B,
CFFCHPD REHAF IR B B R i AT . ZHERI B8 550
Tl 4 2 BB 0 O o, ARAS LAY R T . M M A B 2R A,
W LS8R 2R A B MO, a' 5#E
P o 5 8 IR O, DA AT LA 2o 2 5 SR i 42 ) W
WP SHE NS R, b SEEIE MR R

h-0.93, AT ] I B B PR 1 AR, B R aE
— AR TR E B . X TS Y T TOPSIS
#r&¥, CFFCHPD J&— R0 Aij i i3k FH T3 08 T4 i Bk
BT BRI 2L A i 2E R, BT WFLBREEH |
KA TERE T ) IR R B Y e Z LA P AR LR S5 T
HEATERBERIE S, e B TR AR e & S STy i .
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