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Abstract: Objective To explore the drying process of wine-steamed Cistanche deserticola (WCD) by hot-air drying, far-infrared
drying and vacuum microwave drying, compare the effects of three drying methods on WCD pieces, and establish a screening method
for the quality of decoction pieces. Methods The Weibull distribution function is used to fit the moisture ratio of WCD, and the
moisture diffusion coefficient and drying activation energy are calculated to explore the drying mechanism of WCD. The hardness,
rehydration ratio, microstructure, color, taste, smell and phenylethanoid glycoside components (PGC) of WCD including echinacoside,
cistanoside A, tubuloside A, acteoside, isoacteoside and 2"-acetylacteoside were determined to analysis the texture structure, properties

and composition changes. Through correlation analysis, the quality screening method of WCD based on electronic tongue was
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established. Results The fitting effect of Weibull distribution function is good. The change of water diffusion coefficient explains the
difference of mass transfer in different drying methods of WCD. The energy consumption of hot-air drying, far infrared drying and
vacuum microwave drying are 14.31, 21.18, 65.20 kJ/mol respectively. Partial least squares-discriminant analysis (PLS-DA) model
based on the texture and properties of WCD can distinguish vacuum microwave drying, far infrared drying and hot-air drying. The
differences between different methods of drying WCD are mainly caused by the general-purpose sensor (PKS), sour taste, bule/yellow
coordinate (b*) and hardness. And the correlation coefficient between taste and PGC is high, with significant differences (P < 0.05,
0.01), which can be used to screen the quality of WCD. Among all the drying methods, the total amount of six components in the WCD
pieces at 60 ‘C by far infrared is the highest, followed by far infrared drying at 40 ‘C, hot-air drying at 80 ‘C and vacuum microwave
drying at 76 'C. Conclusion Weibull distribution function can be used to analyze the drying characteristics of WCD. Drying affects
the texture structure, properties and PGC of WCD, and electronic tongue can be used to screen the quality of WCD.

Key words: wine-steamed Cistanche deserticola Y. C. Ma; drying; Weibull distribution function; texture structure; character;

phenylethanoid glycosides; hot-air drying; far infrared drying; vacuum microwave drying; water diffusion coefficient; drying activation

energy; hardness; rehydration ratio; microstructure; color; taste; smell; electronic tongue; partial least squares-discriminant
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Fig.3 M-t (a) and DR-7 (b) curves of three temperatures for far infrared drying of WCD decoction pieces
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F1 Weibull 3 RHREPMUESH
Table 1 Fitting parameters of Weibull distribution

function model

Tl RMSE/

s

Gl 155.0914 1.0813 0.9992 7.94 6.8230X10°°
G2 92.7069 0.9710 0.999 6 5.34 3.1626X10°°
G3 65.1677 0.8991 0.9990 8.90 9228 0X 1073
H1 208.6092 1.1250 0.9991 8.46 7.667 2X 1073
H2 132.2960 0.9703 0.999 2 7.54 6.1055X1073
H3 64.298 5 0.9596 0.999 1 8.54 8.5384X 107
W1 5.3627 1.0056 0.9986 10.60 1.2730X 107
w2 46217 1.1794 0.999 6 6.12 4.426 6X107*
W3 4.6053 1.2840 0.9996 6.58 5.1205X10°3
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Table 2 Moisture diffusion coefficient and drying

activation energy calculation results
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FEMEEARE T B EE 0.65%~1.53%, >
0.30%, ¥IFFE (HEZL) 2020 FRRER .
®3 BEAERAT 6 MEIEHLEANSENEER
Table 3 Content determination results of six
phenylethanoid glycosides in WCD decoction pieces
FUE D H/(mg-g™)
Fedh AR A ETE BETE REBE

22 Ak

S WA A R (AR B
W1 7.55 186 022 3.51 1.28 2.53 16.95
W2 8.87 295 0.18 2.62 1.05 1.50 17.17
W3 8.19 2.59 0.14 2.51 0.96 1.56 15.95
H1 11.16 2.49 0.17 3.30 1.20 2.30 20.62
H2 11.02 2.69 0.17 427 1.86 1.94 21.95
H3 481 1.83 0.12 1.69 0.62 0.85 9.92
Gl 7.64 1.80 0.17 2.44 0.87 2.11 15.03
G2 834 236 022 229 1.18 1.39 15.78
G3 9.37 3.09 027 3.35 1.28 1.75 19.11
R 8.98 2.52 0.18 3.92 0.21 2.68 18.47

FE it Det/(m%s™") Deal/(m2s71) Ed/(kI'mol™")
Gl 7386 0X107°  5.8030X1078 14.31
G2 1.0213X10% 9708 8X 1078
G3 1.3770X10% 1381 1X1077
H1 57450X107°  4.3140X1078 21.18
H2  7.2040X10° 6.8030%X10°8
H3 1.4590X1078 1399 7X 1077
Wl 1.6852X107  1.6783X1076 65.20
W2 2.5278X107  1.9473X10°°
W3 32126X107  1.9543X10°°

PR AT, BB IR T, B
FEREFE R 2'- L B A RE T 1) & B B BRI A T
w, HAR 4 P AR BE IR BT T T e B
80 CTTHRAFMT 6 Filiy B, WARY T
WA TR, BEEIRET i, P RAH . EIEH
A M 2- LR B AR S B R, HoR 3 My
BB EETH R R FERIAELL; BL 60 CTR%
PR 6 Bhp oy S i o I ACBRAT B i T A
I, BEERET =, MR HNARER A §EE
ThJE R, Hoax 4 Rl & BB IR T min
BEARs 3 DNTRRIREEARAE T, WREK A 6 Fik
SRR, B 76 CTMREM Tim. ETA
THETES, T 60 CTIRIPARE R 6 Fh
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oy B s, HORIEAA 40 CFRE. ER
80 CT A 76 CT 4.
35 JEAEFRABHNEHNE R RIBNESR
ANTF] R AR R P oW 225 A W 5 5 R L 1)
6~8. TEEZTHMIE TSRS, ZHES MG XN
P, KASPOESZER = AEWAER, K
P ARG 16 A FLIRFIFLER - R 4 25 vl %0,
B IR LTS, FEO TRACEA A E
FHEA S, FLBRZR B2 B, A AR 1
BEAG o SRTK B SR AR IR R I 0% 2 5 m,
R SR T AR BEERE &,

TE LT AN ARO IRALBR 2 . SR LR 2
BN UkIN, 80 C IR AR IR H S5 A B, AL
B 5 5K ELIA BT/ o B0 R TS AR B
527K EE AN FLBR 2R AR A AN K, il o 5 P 48 o vt 384 0 o
36 BEAEKRAHMRKUELSER

HF 5 ATHl, TSR A A g Bl o
M, BEEE Ea' s W EE LB S (il
P IR A AL EIm LA T R, BEEIE
FETE T, WA R S B A Lk PR
{8 b WA ARk, R EARE A IR 7R B A T
TARE R R, AR B IR R AR A S I 4T T 4

E6 FX 40. 60. 80 CTHIEBEAEKF MULEHIN SEM Bl (a~c) FIZEKE (A~C) (X500)
Fig. 6 SEM diagram (a—c) and binary diagram (A—C) of WCD decoction pieces microstructure of hot-air drying 40, 60,

80 C (x 500)

7 EEISM 40, 60, 80 CTUREMEIR A HMLEIIHI SEM B (a~c) FZ{EKE (A~C) (X500)
Fig. 7 SEM diagram (a—c) and binary diagram (A—C) of WCD decoction pieces microstructure of far infrared drying 40,
60, 80 C (x 500)
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B8 EZMWK 70, 76 80 CTIRBEAEIR A MMEEIA SEM & (a~c) F_EKE (A~C) (X500)
Fig. 8 SEM diagram (a—c) and binary diagram (A—C) of WCD decoction pieces microstructure of vacuum microwave
drying 70, 76,80 C (x 500)

x4 BRERREE. SKEMFLERNESR
Table 4 Results of hardness, rehydration ratio and

poriness of WCD decoction pieces

FESD TN RKEL LI /% | B 5 /N Bk EL FLBRER /%
W1 8571 144 1993 |H3 8378 121  26.86
W2 3690 135 2960 |Gl 9847 124 2592
W3 1979 134 3611 | G2 10351 123 2538
H1 3998 120 2811 |G3 12128 123 2536
H2 9517 125 3229

#z5 BERBFRAHEMNESER
Table 5 Color determination results of WCD decoction

pieces

FEdh L o8 b Ew [ LT d" b Ew
H1 32.72 8.34 19.27 38.88| W3 26.84 9.96 18.21 33.93
H2 28.16 10.13 19.03 35.46] G1 21.80 9.27 14.35 27.70
H3 25.51 10.66 18.09 33.04| G2 26.53 10.34 17.54 33.44
W1 3524 10.17 23.25 43.43| G3 28.63 9.97 17.60 35.05
W2 3456 9.61 22.37 42.28

ks FESXT SRR, O B BE TR RE AR ik
S@m A, BEERE T R, WS LY
ns BEEAE b, O BARBEAR . IR
BERE EoRE, HTWMIE 70 CT:> 12
B 76 CFHE>ILLAM 40 CFHE>ITLLHP 60 CF
>R 80 CT > H 2k 80 C 15>
60 CFHE>mLLhh 80 CFH>E X 40 CT4¢,
TX R B B TR AR R BBk, IR
RIRLIZE 1 A 1 AN v iR S R T

F 1 9 VB AR MR S A T R, ANE T

WETT IR 8k B BLE IR  (sensitive to bitterness,
SCS) %M, MWk (sensitive to sourness, AHS) Al
ARG Gl AL JES,  general-purpose sensor,
PKS) W sl MR b AHS I PKS Bbjea#h Ky
ZLAM I > 3 X1 > LB T4 B AL Ak
FHR R BER IR R v, I 25 T T AR R Oy e R
S, BRI T ARG AL T = 2 1A

EH ] 10 ] 0, VA2 B R i (R SR B o3
B, AT 90 s BB [ E B, TERE
B TP R AR S . BT KRIGENE
AR R v a] BRAFELE ISR AY, R 6 25 R BIR,
3 PR TTVE AL B A AR e 4 37 BT R
TELEBVSREC Sy, AR T IR BRSO 1R D B
KA AEREAE, FFAHERE. FRES .
3.7 WEWEFSH

{8 Simca 13.0 FRAFRHEACZ R PR AN BT
e &5 AT E E A, RAEE., Wk
ABE FE 8 ] L Al . PCA 45 R LK 11-
a, MR ) BRRTT EMRER RPaum=0.695, Tl
B Q%aum=0.482, XM REMEAERE 69.5% 115 B,
H PCA LAY [0 8 1 456 )R IR K
B, AR BT EROTET ASEN 3 28, 3 Fhil
FEERF SR GRS 80 CF M. H2 ik 80 CF
BRI (KD,

ST A Bz /N — 3fe-H 1) 53 BT (partial least squares-
discriminant analysis, PLS-DA) &8RRI A
R IRTTVEREAT 04, SR 11-b PR, RS
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AHS
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ANS /\

/)

NMS

9 ERKERREHRER
Fig. 9 Taste test results of WCD decoction pieces

— e wi

= B

(I)I I 40 I 80 I IléOI I IléOI
t/min
B 10 SERERE MXT-5-FID1 SKLE (a). MXT-1701-
FID2 SklE (b)
Fig. 10 Smell peak of WCD decoction pieces in MXT-5-
FID1 (a) and MXT-1701-FID2 (b)

R¥?cum=0.683, Rcum=0.711, TIME Q?cum=0.614,
FHEL T PCA #i%Y, PLS-DA BRI I o ke

RN R A AR 180 7 2 IR Tl 12 38
B 11-b BoR, ST 40 TR B 2 ks T
R ACER R E MR . b5 THI X 2 BH 32

M 12 A 5455 B A% (variable importance in
projection, VIP) £5 8 AT LUK, 3 FhJg05 % 6],
VIP>1 {748 & B BER PKS (VIP=1.518 1), &
K AHS (VIP=1.4539), #EEfH " (VIP=1.1128)
AAEEE (VIP=1.0063), XK 3 FFHEKH 2
PR ZE S R B R DL b 4 N E A,

P AL PLS-DA AT 200 & #iks
5, W13 R E7R, R Y #i#lE RN 0.0592<0.3,
O* 11 Y % P 5—0.286<0.05, it B #4 2 f#) PLS-DA
BRI LS, T RE ) R UF, Rets A 20
RANF T T VR R AR R Z (B R ay 2 5%, AT
PAR TR AR T8RRI X 47
3.8 EAEFIR AL

DA AT I, 35 BB M ARy i
N, FLBURAE KR, AR, Bk,
TERIHE, BRUE/N, B 76 C TR IR LT
K& & WL BRE . 2K
PEAFLBR R & AR B BE IR T SR,
TR AR B 5, 60 C AR T IR L BEH AT &
Wi TR AR R s, BKEE,
FLBREZN, SERE0E, O B B R T = AR
Bk 2PTTHISER, KOG ELL 80 C
TSN

N T RS AR BRI 7%, R A
IR CREE R SRSt EEARIE, W%
R P B AT AR G b . S5 R DL 14, B,
ek 255 RS 5 2K 2 B 70 22 1 (AR D P SR 30
N, BB RIENRD, AEUE AR
iR FEAR s AR5 K LB SRR Ay B i 2 (Al AE e
RBE, MRAB (1) 1£0382~0.827, ZREEH
(P<<0.05 0.01), [FIbry A H 5 5 o R i
WK FH DA 22 P il AR O B & o 24 AR
) CTS. NMS 1 ANS R =i, RO Fia g
S B SRR AR BT 0 S B A
R L
4 e

M Weibull 7347 2R £ AR A& S5 3R E
S8 o B IS T BTSN )l A —
B, HESRE B fifl, FRUEET Weibull 7317 R
HE ST TR A A AT LU RO AR T f i
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Table 6 Possible odor components in WCD decoction pieces with different drying methods
BB min 2t 4% i B
MXT-5 MXT-1701 R
1 1437 440 492 CGHO 2 96.56 EIE. Bl KE. FHM
2 1683 498 623 C4HwO BT 95.03 i
31836 534 551 CHoCL  LI-ZEZME 94.09 Efi\ IR A
42097 596 941  CHeOS HELE 90.95 #AUM. AT
5 2486 688 859  CiHs0r  3-BE2-TH 92.51 WE, AUl TEUR. B Rk
6 2694 714 698 CiHi TEBHR 96.70 K. KR il FH
7 2861 728 731 CHu HER O 96.07 k=M. KR, A
8 3142 753 828 CsHO,  EEERFRE 97.59 Bt KE
9 3270 764 828 CsHsOr  2-THEERVTEE 98.73 KR BEIFEM. KRB
10 3454 780 1053  CsHi 1-ethyl-3-methylcyclopentane 98.65 ¥ BRI, THRMIA KR
11 3681 80 900 CHuO 2-CF 92.96 1EME. B, KR BEER. BEE
123876 813 809  CsHis R-2-3: 4 98.44 —
13 4418 850 981 CeHpO — RA-2-C-1-F 97.22 FE. Fil (B0, WEFEN. AN, %k
14 4436 851 911  CHuO: 3-HETRLR 9277 HE. FR. Bt BR Bk GD. B¥
15 4766 873 1065 CeHinOS  3-mercapto-4-methyl-2-pentanone 94.98 Bt
16 5177 901 958  CsHio A 97.62 F k. WU, REFE, EHM. F
17 5402 918 1012 CiHeO» y- T 92.96 F 0k, FERE. MM, Sk, WA, #
18 57.15 941 918  CiHis ok 96.29 MM, KT L. BEIEEL. Hik, BREK,
AR EH L BEREET. KRN AR
19 5991 962 941 CiHn  4-ethyloctane 93.73 -
20 6006 963 1022 CeHsOS — 2,5-=FAE-3-WEMGHREE 9117 WM. EHRM
21 6113 971 1065 CsHiO2  HERIE MG 98.10 . Rk (@D, HH
20 6213 979 1022 CsHuOsSi IEFERRZHE 96.22 fig. kM. RELH
23 6529 1003 959 CiHxn  5-methyl-4-nonene 96.16 -
24 67421022 1223 CHO — %HE 92.26 FEMk. FRA. LB, M. KR KE BUL B0
25 7601 1100 1077 CuHu  Et+—4 94.00 ik kg, KB
26 7883 1130 1377 CiHis  2-methyl-5-prop-1-en-2-yleyclohexa-1,3-diene 94.09 . &Hif. Wil
27 8172 1160 1282 CoHi©0  R-2-THB 97.91 BEE, K5, BN, LA, R, BEEERN. BRL
MR H. A W
28 8339 1178 1159 CpHy — 2-FA4—k 96.13 -
29 8535 1199 1397  CsHiOs  2,6-dimethoxyphenol 92.99 ARLA A, KB BARR. ERR. AkRR
30 8617 1209 1323  CsHsOs /KB HIEE 95.94 J A, HEER. HE. EEK. HAE LHN
31 8827 1234 1378 CuHuO LB 97.11 ZEM, BE. FAEMN, HE, MRk, B &
3209030 1258 1396 CuHi0 IR 98.24 Fi¥ BEIFEM. 7. BA, WY
33 10233 1413 1500 CpHuO +E 99.17 Mk, ¥, KT MR, B, BEIEER. A4,
fLE ik
34 108.54 1499 1521  CisHu o-selinene 96.03 BEI, 1B, HH
35 11514 1585 1727  CioHuOr WHBRIEFR 98.84 BT
36 11843 1624 1893  CiHiO %K 95.18 HRIE. RE#, &8, BRIk, SOt
37 12389 1686 1872 CiHio02S: MM Hi 96.98 HLE. WH. AR, FA

Rk, B M an p BT E,
(T T4 T %5 e,
TR

RV AR 4 B

R 597 5[] X e AE U0, K iR BN K 2y
RS S L DR 1 AN IR 59 T A AR AR IS A%
JRZE U, AR TR AT LAAE — R A AR A
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Fig. 11 PCA (a) and PLS-DA (b) results of characters of
WCD decoction pieces
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Fig. 12 VIP results of PLS-DA model
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Fig. 13 Results of 200 transformation tests of PLS-DA
model
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Fig. 14 Correlation heat map between phenylethanol

glycosides composition, character and texture
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