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Influence of step-down relative humidity on drying characteristic and quality of
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Abstract: Objective In order to improve the drying efficient and quality of Dioscoreae Rhizoma slices and reveal the relative
humidity (RH) control principle, the influence of different keeping time of high RH and different dehumidification humidity process
on drying characteristic and quality of hot air drying of Dioscoreae Rhizoma slices were investigated. Methods With drying
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temperature 60 °C and air velocity 3.0 m/s, the influence of constant 10% RH, different 50% RH keeping time (5, 10, and 20 min)
then decreasing to 10% as well as different dehumidification RH when 50% was kept 10 min (decreased to 10% directly; 20%, 20
min then 10%; 30%, 20 min, 20%, 20 min then 10%; 40%, 20 min; 30%, 20 min; 20%, 20 min then 10%) on drying characteristic,
moisture effective diffusion coefficient (Defr), color value, rehydration ratio, energy consumption, polysaccharide content and
microstructure were studied. Results Under different high RH keeping time, when RH 50% was kept for 10 min and then
decreased to 10%, the drying time was shorted by 20.0% compared to constant 10% RH drying condition. The drying process was
divided into increasing and decreasing drying rate stage. The Dioscoreae Rhizoma slices were fully preheated and the temperature
rose to 45.8 °C at 10 min. Under different dehumidification RH drying conditions, when 50% RH was kept for 10 min and then
decreased to 10% successively, the drying time was shorted by 25.0% compared to when 50% RH was kept for 10 min and then
decreased to 10%. The drying process was also divided into increasing and deceasing drying rate stage. On the whole, the material
temperature showed a slow rising trend and was more than the other three drying conditions at the same time. Defr was slow at first
and then became quick and the average Desr was the largest as to be (6.77 x 107'%) m%s. The brightness value (L"), rehydration ratio
(RR) and polysaccharide content were all achieved their maximum value as to be (90.76 £ 0.12), (2.36 + 0.08), and (57.32 = 0.21)
mg/g, respectively. At the same time, the energy consumption achieved its minimum value as to be (2.98 + 0.06) kW-h/kg.
Additionally, the mercreature showed that the porous structure was formed which was benefit for internal moisture diffusion.
Conclusion High RH is helpful to strengthen the materials heat transfer process, and the retention time should be based on the full
preheating of materials. During dehumidification drying process, the basic constraint condition should be not to reduce the material
temperature when reducing RH. In the process of step-down RH drying process with constant temperature stage, the color value,
rehydration ratio, and polysaccharide content after drying were directly related to drying time. High RH helps to maintain and form
the porous structure inside the material, which is conducive to the diffusion and migration of water. The drying method of step-down
RH by successive stages is helpful to improve the drying efficiency and quality of Dioscoreae Rhizoma slices, which provides
theoretical basis and technical support for the control of RH in the hot air drying process of Dioscoreae Rhizoma slices.
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Fig.2 Dioscoreae Rhizoma slices drying characteristic curves (a) and drying rate curves (b) at different high humidity keeping
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3.4 ARIFBRAANEKEMEFHNEME
AFETFERFMT, IR PR IR
4 PR CPRE— e R b TR SR S5
T PE S N AR R B, Tl &
WA EELSE A NE. B& 4 /R, ART
BRFAE N IR L B3 /N TR . T2

*3 TREEIZHRMTHIKS D KIRE S

Table 3 Detr and temperature at different dehumidification humidity process

T4 7] /min
FIETZ
0~10 10~30 30~50 50~70 70~45 R

TIZ3 RH% 50 10

De/(m®s™!)  1.54X 10710 4.12X10710

BRETEE/C  29.0~458  458~38.3~58.1
IZ5 RH% 50 20 10

Der/(m?s™") 1.15X 10710 2.31X1071° 531X1071°

BEEHE/IC  29.0~458  458~40.6~43.1  43.1~40.5~58.8
126 RH% 50 30 20 10

De/(m®s™')  1.09X 10710 2.79X10710 3.26X10710 6.33X107°

BIEEH/IC  29.0~457  457~43.1~44.6  44.6~438~46.1  46.1~44.3~593
IZ7 RH% 50 40 30 20 10

De/(m®s™)  6.90X 10711 2.82X10710 3.36X10710 6.65X10710 8.21X10710

BIEVEH/IC  29.0~458  458~449~469  46.9~456~473  473~462~489  489~48.4~595

x4 TRTFEEHTLARNEE, KM (X£s5,n=3)

Table 4 Color value and rehydration ratio at different drying conditions (X £ s, n=3)

FHRITZ L a b AE KM REFE/(kW-hkg™)
Bt 91.22+0.18° 1.1140.092 8.4740.132 - - -
1 79.95+0.23¢ 0.39+0.15° 5.47+0.13° 11.6840.05 1.5940.09° 3.76+£0.15°
2 81.2740.21F 0.78+0.12° 6.2240.18¢ 10.20£0.04° 1.7940.13° 3.46+0.12°
3 84.5440.16¢ 0.71+0.10 7.840.13b 6.7240.02¢ 2.11+0.122 3.2540.09%
4 82.36+0.15¢ 0.38+0.14¢ 6.46+0.144 9.11£0.02¢ 1.82+0.10° 3.324+0.07%
5 87.35+0.12¢ 0.79+0.12° 7.72+0.09¢ 3.994+0.09¢ 2.194+0.08° 3.1640.09<
6 88.76+0.14° 0.83+0.11% 8.11+£0.13 2.50+0.04° 2.23+0.09° 3.0940.05¢
7 90.76+0.122 0.95+0.08% 7.85+0.13b 0.65+0.01¢ 2.36+0.08° 2.98+0.06¢

AETFEE a~g FoRAFETFHRFA FERMEZE (P<0.05), MATFREREZRARE, TERHA

different letters a—g indicate significant difference (P < 0.05) of difference drying methods, same as blow tables



FED 2021FE 11 H B52% 218 Chinese Traditional and Herbal Drugs 2021 November Vol. 52 No. 21

* 6525 »

7o) LB ERT HAM TS, 8 90.76+0.12. LYE
S-S T sgma, a0 S R, R T
YIRLS A PR S A BB R DR A AR B R A
T BRARG B 28 ) 13 BE AR B0), [RIEAESE 10% T 1545 1F
LR LMERAR, N 79.95+£0.23; (AZE{E AE
RN 11.68+£0.05; T2 7 EHBRM TR,
B Z A AE /MR 1.2740.08.

T o B AN A 7K 5 R K 20 43 8] A AR
F, T EDCH AL A SR 2 48 7 A AN T R AR, ALk
ORGSR B R E B S AT, 3mSRk T
an KM REXTHE S R R A R . BK
AE )R BEBR AT, U3 B L 24 o ot R = 231
RH AELLZG ), AT ISR R AR 2 50
ghby, JRAE L2 R T RRE e AR, TR
an EA R R R K.

T& 7 %M F, & RH {RFF 10 min J5 &4 5
10% 2K E R, N 2.361+0.08. 241HE RH 10%
A RH BRIRARKES, BTSRRI PuE 28K,
Koy IR 2 FEULZAR TS, HIEH, NEE
SR, FTHlSEKEE %, f5E RH
10% T 26 T KM &A%, N 1.5940.09. RH 18
5E 10% % RH 50%7> A 0RFF 5+ 105 20 min B, F
FRAEFEAR IR RH 1 50%IZ Wi 10% T 154
PET TARAERERAR A (2.98+0.06) kW-h/kg. it
TR REAE RN TG [0 B B R, MRB BRI T8
RSN Ry e L T 2 B Ce
35 FARFEARNZHES =HEN

AR TFEEZAF T L R 2 S Bk 5 B
o NETFRFMT, WA SRS EAMEEE
PEZER . TREEPRESIRZ R S a2 M
TR B AR R Fr e . BB . RS AR,
i sgm 2 B A E I S EOLS B K. DY

TZ1 ) TZ5

*5 AEFBRFHTLHRHNZESE (X+s,n=3)
Table 5 Polysaccharide content of Dioscoreae Rhizoma

slices at different drying conditions (X £ s,n=3)

THIZE  Z8/(mgegh) | TBRIZ £/ (nggh)
1 44.76 £0.29f 5 50.7540.28°¢
2 46.4310.22¢ 6 53.2240.25°
3 49.62+0.214 7 57.32%0.212
4 45.7140.22¢

T R 2 S B R R B PIRAEA .
MR fife s i PR ARSS . TR RISt fi
P KB 1) 0 R ) RO R, A5 T 2544 1
WP AE SR, 3G T Z A RERY . Fik, 7EME
TP B BEIR A L2 TR fE e, ZHE & &
AT A B A DG, TR, 2 0
W TR R D, R T2 7 e 2 S B
. N (57.324021) mg/g; M LE 1 IS L kS
B, N (44.76+0.29) mg/g.
3.6 ARFIEARII AL

T2 1 5. 7 TR R L) A I Hom
PGB TSR (B 6). 2T ZE 14
(AR AL = BEERIAEALIR I /NI A1 B D7 T, HOX
— ARk HE R B R K B R ARG S5 TR R
T AL AR F BT DR 2 si: OKS W)
LR 7 M AN 26 @45 M IR R P R A 7E A6 2 A
SIS EMAR, RRTEEREF, SAREE
TR, RMKSZERRT A, S5 T
KEFEILGEP, Fik, 5% RH 10% 1% %
PEF, TR BB IRIK S R 2%,
FMK G 75 RR T WK TR R, MER
ghoehifn, [RIB AR T 2K SRR, N 159+
0.09. RH 50%f#45F 10 min . B0 FE 3% #i ek /N
YL R P R BE 7K S i AL 2. X AT RE 2

2ok < o
T27

6 LR IBRLE

Fig. 6 Microstructure of Dioscoreae Rhizoma slices at different drying conditions
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RN T2 7 245 R, & RH #] 7R IS PR IIK 53
R, TR PE T ADRNEEE, iR T K AT
¥, BT 4h5emh, JF LA TR K
N 2.36+0.08.
4 g

AWFREET 4 mm WY F, T HREE
60 ‘C, KXJ#& 3.0 m/s, RH 50%f54F 5. 10, 20 min
FAMEE RH 10% A RAFRER T 24, Wé
TR, K Ders 3. BKME. ZHSE
A EER . 45 R E W RH 50%#EF 10 min J5, B#
N 40% )5 FBERE 20 min FEAIK 10%, AR 10%,
Wb TR 25 A N T [R5 180 min, L™ KA
90.76+0.12, H/KMEHE KN 2.36£0.08, ZHEEE
7 (57.3240.21) mg/g, BEFERIEA (2.9840.06)
kW-hkg, HARE TR BOLM 2 LA .

75 RH ARFEAS RIS TR0 1L 245 145 e A
JREISESE R#3 H, RH 50%PR%F 10 min B, 421
R, TR . = RH A BT atb s ek
EIER, SRR R A BE R IR AR K,
T 824 DAL 78 70 TR ) 8 R4 - 5 R i AR R I
[ A RHE AT 78 B TR, T e A TR e
W) P} 70 43 TR Ja R A A s i) R #0117 R 1
IKFESZE K . 50%RH {-FF 10 min J5, 112575
TRARE LA TS ERIRE, 2958 45.8 C. Bmill
YIRHERBEINER T K TR BUR R . 7ERFAG
RH J&, WK KB BOLH 23R 11 AR R 25
FEIR A

TEANFIYY B PR T2 SE B0 A S R B, 7R RH
B A% RH B, BRIEA R R, HaSE
VRN SR N B, ) K T O . 1
BEA% RH AR A B4 DA BRI YRR B R kA 2
WA Az 8 H RH 50% #4510 min J5 A
40%, T J55ER% 20 min FEK 10%, AR 10%,
PR ARSI Bl R L T2, PIRRR RT3
A 3 BRI HRYIRHEEE, Der Jot2EH, MHEA
TR FE I8 Der K, N 6.77X 10710 m%/s. 2RI
PR A T REA R AL T2, Wl it —
4/ RH () FEARIE RS, A2 I A% v sk 2] e
RHERE, A NS, TR R R 1E B RH
WA . T YRR B F) RH 3% 50% 7T 58N
ALY BB T T2 e 5 18, DASZBLBY B
BT R 1 E B %

24 B (TR B B B TR R, S 19

P, SOKVERIZ Bl B 5 R 18] B AR G
TET#MET, HTRAABEENTHRIE, A
T RUFRE R . m RH A B TRAFATE A
BN Z L4, A BT K2 i He .

ZR L, ARSI FUAEA FI R BUREE TR T
2GR TR K Derrs 03 2KHL 2
S EAMBOREH, S T RIETRTIZUA RH
IR, DA o 1L 24 R TR R AN T 4 i
JR AR PEEAR R GE A SH -
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