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Hot-air drying characteristics and drying kinetics of Salvia miltiorrhiza Bunge

DU Li-ping"* ,LIU Wei' , WANG Xiao' ,GENG Yan-ling' ,CUI Li'*
'Key Laboratory of TCM Quality Control Technology ,Shandong Analysis and Test Center Jinan 250014 ,China;
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Abstract; To study the hot-air drying characteristics,drying kinetics mathematical models and the effect of different dr-
ying condition on the effective constituent, which included salvianolic acid B and tanshinone Il A of Salvia miltiorrhiza
Bunge. Methods ; The experiment was carried out at different hot-air drying temperatures (50,60,70 and 80 C) and at
different diameters (1.12,0.84 and 0.46 cm). The drying characteristics were detected and the drying kinetics mathe-
matical model was established. Meanwhile , salvianolic acid B and tanshinone Il A were detected by high-performance lig-
uid chromatography ( HPLC). Results: The drying process occurred in falling rate periods ; According to statistical param-
eters , the Page model predicts and describes the drying process more accurately than others. There was a good agreement
between the experimental and predicted values of Salvia miltiorrhiza Bunge ; The Fick’ s second law of diffusion was em-
ployed to calculate the value of moisture effective diffusivity (D) ,which ranged from 5. 08389 x 10" ~2.54195 x
10°m’/s, and increased with the increasing of drying temperature ; The activation energy determined from Arrhenius e-
quation was 49.0967 kJ/mol; The content of salvianolic acid B and tanshinone [I A is higher when the temperature rang
50 t070 “C. Conclusion ; The drying process of Salvia miltiorrhiza Bunge only contained deceleration stage. The Page mod-
el was the best suitable for predicting moisture ratio. The research results of Salvia miltiorrhiza Bunge has a certain guid-
ing significance to practical production.

Key words : Salvia miltiorrhiza Bunge ;hot-air drying ;kinetic modeling

P12 (Salvia miltiorrhiza Bunge) ZEEFHAY),  MER, WA L, TUsh Bk RERE AL, P40 LA 2
DL RIAR ZEAZY e — o PO 2, B ARl o PR R 2 b 0 T R AT sk

ek 11 2016.09.7 e 2016105 AT Gl TR T 250, AL TT LA 2R,
Ci} e - ﬁ Va2 -1U-. N— 2 YN VoY
AEATH (ZR2016YL006) s INAEA R IEH MR 22K H AN R ME 5 0% ) S8 5 T8 1.2 A7 7E

FHRIH I ARE R BRI H L 1 R ft Bl e D b e
« iﬁ{%’ﬁf% E-mail : cuili0617@ 163. com :F‘}:?ngﬁk ) %Xj‘{ﬁ}i’/uﬁéﬂm\ ’ EE&I\XT:F‘}:?KFZ:HEI



Vol. 29

FEFIEE  PES T R K 3 ) RIS 107

ahRERZ ARG L, HATENXHF2 0 TR
FEERE L 2L Dy i, W HF %S XBIEF
SO X ) 4 O 26 B RO 43 I B e 3
AT T IR5E, SRR 3PS TR T 2B BT T
I (RO =55 Sa W S S IUB R LN W EPO R U AN ES P
1 AR DL AR SIS 41

PR RIS I B BT BOR, S8 48
A8 7 AN B TR AR BG83 e ™ il B
GFAERE AT, ELERVE TR, B THE) o INTIARBIESE PR
PSRBT P2 2047 48, 0FFEA 1R it
JERIPIZ HARK/NXE 2 TR FEVE R R0, 1257
ST BRI [R) B 2R FH o 00 AH €2 335 12 )
TEAF TR TP A KPR B i & .
LA BE R HE B 2 U0 4 24 A vh R A8 A AR
IR, PSRN TR s & .

1 HR5H®

1.1 ## R 5K

B2 T 2015 4F 12 Ak A ILRAE KT,
R [l PFS BRI U8 A+ S 345 B K 2+
KW /NES AR R 1,12 £0.04,0. 84 +0. 04,
0.46 £0.04 cm, SCHTA K5 & &AL TR &K
TR A v, D T vk B s X e T K b
GB/T 5009.3-2010"% #4417

BAS124S J7 5y 2 — K- [ F& 2 R Bl 2= AU 4%
(Jbm0) ABRA R 5 iEbR R R CORSBE 0. 02 mm, AP
R T HA TR F]) ; GZX-9140 MBE %R 87 K+
PR (LIRS A BRA A RSP &) 5 Agilent
1120 IS 8508 A0 1% (S Agilent A F]) ;875
FERALCT W2 A DR e AT FRA A o

IR S () O BE (oA al) (2B (B
ial) .
1.2 SgAH*E
1.2.1 ®ELkFaz"

KRt FH2 08 T 105 °C LS h EAT TR,

HERGEAHELR I, B 2S00 57K E R 70
+ 2% (JBIEEKE),
1.2.2 TrREHIE

LR TR FH R AR XU A, B I B
SROANEI B A2 (1. 12 £0.04,0. 84 0. 04,0. 46 +
0.04 cm) WPFZ43347E 3 DRI, FEARTRIHY
B (50.60.70 .80 °C) T #E4THEAE -1 X 0% , 76 A1
3 h NAEERR 0.5 h Bl —IRFE#EATFR & ,4 ~ 12 h N5
B 1 h B BORE SR A TR o, 76 S5 T A AR e [ Y
TR 2 h BRSO ORI 45 1) T
ZE/NF 0.1 g B, A g ik B b T8 55 14 5 19 75 7
KFEM, AR, B ESE 3 K, BOFE
YERE R
1.2.3  AHzxanz

G BRI AL B2 B P F2:45 0.5 g, BFBE A
¥, A 50 mL 60% H B4 UK PR Lo PH IR B,
JIA 50 mL 70% &, BEFEBUAR VS 1 i FHS T A,
43 E T 50 mL g0 R S HR 30 min, i )8 1F
MBI 5T 5% R (3% A Inertsil-ODS-RP
(250 mm x4.6 mm,5 pm) ;FshAH: (A)0.2% H R
WL, (B) N 5 KU1 B2 6 BE VI : 0 ~ 35 min,
5% ~35% B;35 ~36 min,35% ~100% B;36 ~40
min, 100% ~5% B;40 ~45 min,5% B; & K
280 nm; fE¥ 1 A3 B6 FE VR : 0 ~ 35 min,65% B;
35 ~36 min,65% ~100% B;36 ~41 min,100% ; ¥
W3 270 nm i 1 mL/ming #1525 °C, #FAE &L
20 plL,

Xof BE it i A MER PR 0. 0029 g FHE R B Arifi
i, 11 60% F R A a2 45 T 10 mL By 25 i, 3
0.45 pm FEALUEREIE 5 % FH o MERRFRIUT 200 1T A
0.0020 g ARifEfh , ] 70% B R E 25T 50 mL (1)
A, 0.45 wm GUSLIEREIE S & o 20k
WO B 2 4.6 .8 10 12 pL #% bRtk A5
HERE I W T AR, 22 AR E I 2R (R 1) ¢

F1 IRHEMNIRERZARER R
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Effect of hot-air drying temperature on the moisture content and drying rate of S. miltiorrhiza

TEH— I I 8] 55230 min AbA B OR, 5 112
TR IK 53 T F 32 H R X, T 1 A B3t B B, 7K 14
TRAG TN F25 36 T 32 W 4 7% 3] A AR TR AL, 7K 43 1
TR BRASINC o B Be 2 AEARZE AT, RIVHZER
FEAR T [F] BE F aliK A A 28 V3, AR 1 2 T8
TR AL B Bl ) B A, BB 3 R, T
TR AR BT S , HLZE TR E

2.1.2  RE BB HR TR w

1.4
=12
o L0
# 200.8
£ 06
204 —~—1.12 em
E‘ 0.2 —-0.84 cm
= 0 ——0.46 cm
0 05 10 15 20 25

THREKE(g o)

Moisture content

B2 AEEANFSTFEESKENFRERMHM(FEEEAT C)

Fig. 2 Effect of diameters on the moisture content and drying rate of S. miltiorrhiza
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Table 2 Mathematical models for drying kinetics

TR P R4 R HiA E= PO
No. Name Model Reference
1 Lewis MR = exp(-kt) Bruce(1985) 1]
2 Page MR = exp(-kt") Page(1949) [1?]
3 Henderson and Pabis MR = aexp( -kt) Henderson and Pabis(1961 ) (13]
4 Logarithmic MR = aexp(-kt) +¢ Togrul and Pehlivan ( 2002) ['#]
5 Simplified Fick” s diffusion MR = aexp(-ct/L?) Diamante and Munro ( 1991 ) ['%]
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Table 3 Statistical results obtained from different thin-layer drying models

HAZ

8 iy
BUAVFS T/ C Diameter TR R X RMSE
No. Parameter
(cm)
1 50 1.12 k =0. 0026 0.99588  5.00295 x10*  0.01151
50 0.84 k =0.00451 0.99757 2.51118 x10*  0.00578
50 0.46 k =0.00477 0.98925 0.00102 0.02356
60 1.12 k =0.00398 0.9968  3.23668 x10*  0.00777
60 0.84 k =0.00514 0.99514  4.27129 x10*  0.01025
60 0.46 k =0.00797 0.99598  3.32557 x10*  0.00765
70 1.12 k =0.00729 0.98871 0.0013 0.01825
70 0.84 k =0.00853 0.99179  8.74221 x10*  0.01224
70 0.46 k =0.01367 0.98774  9.96818 x10*  0.01505
80 1.12 k =0.00899 0.994 6.76829 x 107 0.0088
80 0.84 k =0.01459 0.99683  2.97671 x10*  0.00387
80 0.46 k =0.01915 0.9957  3.75264 x10*  0.00488
2 50 1.12 k=0.0027 n=1.13071 0.99878 1.47702 x10*  0.00325
50 0.84 k =0.00286 n =1.08436 0.9987 1.34259 x10*  0.00295
50 0.46 k=0.00312 n=1.08043 0.98952  9.98473 x10*  0.02197
60 1.12 k=0.0025 n=1.08373 0.99815 1.87076 x10* 0.0043
60 0.84 k =0.00501 n =1.00472 0.99492  4.4647 x10* 0.01027
60 0.46 k=0.00372 n=1.15575 0.99885 9.51718 x10*  0.00209
70 1.12 k =0.00212 n=1.2483 0.99749  2.89255 x10*  0.00935
70 0.84 k=0.0031 n=1.21041 0.99742  2.74962 x10*  0.00357
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H”E

BRS¢ Diameter TR R X RMSE
No. (em) Parameter
70 0.46  k=0.0059 n=1.19064 0.99043  8.382x10%  0.0109
80 112 k=0.00358 n=1.19308 0.99922  8.82398 x10°  0.00167
80 0.84  k=0.00768 n=1.14727 0.99889  1.04716 x10  0.00126
80 0.46  k=0.00855 n=1.19505 0.99864 1.18636 x10*  0.00142
3 50 112 k=0.0027 a=1.02896 0.99669 4.01723 x10*  0.00884
50 0.84  k=0.0046 a=1.01643 0.99772  2.35445x10*  0.00518
50 0.46  k=0.00491 a=1.02307 0.98928  0.00102  0.02247
60 112 k=0.00407 a=1.02021 0.99709 2.94147 x10*  0.00677
60 0.84  k=0.00519 a=1.00793 0.99499  4.40299 x10*  0.01013
60 0.46  k=0.00823 a=1.03035 0.9966 2.81482 x10*  0.00619
70 112 k=0.00761 a=1.04143 0.98976  0.00118  0.01537
70 0.84  k=0.00885 a=1.03546 0.99354 7.94252x10%  0.01033
70 0.46  k=0.01399 a=1.02431 0.98742  0.01432  0.01432
80 112 k=0.00929 a=1.03189 0.99462  6.07514 x10*  0.00729
80 0.84  k=0.01486 a=1.01925 0.99696 2.85283 x 10 0.00342
80 0.46  k=0.01945 a=1.01743 0.99567 3.78162 x 10 0.00546
4 50 112 k=0.00265 a=1.0339  c=-0.00738 0.99666  4.04946 x 10+ 0.0085
50 0.84  k=0.00462 a=1.01544 ¢ =0.00462 0.99763  2.45461 x10*  0.00515
50 0.46  k=0.00543 a=1.00134  c=0.03549 0.99577  4.03249 x10*  0.00847
60 112 k=0.00414 a=1.01667 ¢=0.00591 0.99708 2.94724 x 10 0.00648
60 0.84  k=0.00563 a=0.994  c¢=0.02699 0.9986  1.23283 x10*  0.00271
60 0.46  k=0.00827 a=1.02921  ¢=0.00175 0.99646  2.92979 x10*  0.00615
70 112 k=0.00716 a=1.05971 c=-0.02545 0.99088  0.00105  0.01263
70 0.84  k=0.00882 a=1.03642 c=-0.00133 0.99193  8.59696 x 10*  0.01032
70 0.46  k=0.01495 a=1.00576  c=0.02448 0.99073  8.11687 x10*  0.00974
80 112 k=0.00892 a=1.04348 c=-0.01612 0.99515 5.47651 x10*  0.00602
80 0.84  k=0.01501 a=0.99679  c=0.0039 0.99679 3.01327 x10*  0.00331
80 0.46  k=0.01958 a=1.01527  ¢=0.00263 0.99534  4.07355 x 10 0.00448
5 50 112 a=1.029 ¢=0.00158 L=0.76555 0.99653  4.20852 x10*  0.00884
50 0.84  a=1.01647 ¢=0.0047  L=1.01059 0.99762  2.46656 x 10*  0.00518
50 0.46  a=1.02312 ¢=0.02619 L =2.30925 0.98877  0.00107  0.02247
60 112 a=1.02025 ¢=0.00405 L =0.99743 0.99696  3.07517 x10*  0.00677
60 0.84  a=1.00807 ¢=0.0215  1.=2.03799 0.99476  4.65051 x10*  0.01013
60 0.46  a=1.03041 ¢=0.01052 L=1.13079 0.99644  2.94885 x 10 0.00619
70 1,12 a=1.04155 ¢=0.00329 L =0.6578 0.98891  0.00128  0.01537
70 0.84  a=1.03551 ¢=0.00524  L=0.7689 0.99192  8.60439 x10*  0.01033
70 0.46  a=1.02434 ¢=0.03327 L=1.54194 0.98638  0.00119  0.01432
80 1,12 a=1.03197 ¢=0.00661 L =0.84309 0.99413  6.62743 x10*  0.00729
80 0.84  a=1.01928 ¢=0.01899 L=1.13058 0.99669 3.11218 x10*  0.00342
80 0.46  a=1.01746 ¢=0.0535  L=1.65863 0.99528  4.1251 x10*  0.00454
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Table 4 ~ Values of effective diffusivities obtained for Salvia miltiorrhiza Bunge at different temperatures
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Fig. 4 The relation curves of moisture effective diffusion co-

efficients and drying temperatures
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SRR, 0 51,374 F12.532 mg/g. TRE
80 C WA B3 & f eIk, U IR IR T A
Uy o FTLL,60 CHEPHS 78 R o3P BA e
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Table 5  Effect of different drying condition on the effective con-

stituent of Salvia miltiorrhiza Bunge

FHE R B FFEHR T A
Salvianolic acid Tanshinone 11
B (mg/g) A (mg/g)
50 C 47. 169 7.287
60 °C 51.374 12.532
70 °C 42.482 7.443
80 C 37.272 6.812

If,50 #1170 CHIRZ , ANERH 80 C LA T4
3 g

3.1 ARSEEAEME THEEMRGE (1.2 m/s) 5%
AT 15 2AS [A] BRI R (50,60, 70 Fi1 80 C)
MAFE EAE(1.12,0. 84 F10.46 cm) (]S 00T
HHZR AN TRl 2 o 45 R, JHS 0 R T4
S NS AR 09 e ) 1 o o T M A A, G 1 T
BB B R, T R AR, TR
3.2 Page fBIUXTFFS AT 1 FE 4G B2 B i
U R K, YB3k 0. 9968, ) Fll RMSE 1 it
JIN YIE S R 3. 8164 x 107 0. 006083, HJE i
3.3 HEAENL12 em B, KA RY B RS T
RGP A T T K, HSE o 5.08389 x 10 0 ~
2.54195 x 10° m’/s; P+ S WG iL g E, N
49. 0967 KJ/mol,

3.4 FSTEREREREREA 50 ~70 C2Z (], fLht
TR P R B FPHSE DA &2 e, AN
K 80 C LA iEAT T4
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