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Abstract: The drying characteristics of Docynia delavayi at different temperatures (40, 60, 80 and 100 ‘C) were inves-
tigated and a kinetic model was established to clarify the hot air drying characteristics and appropriate drying tempera-
ture for D. delavayi and to achieve its quality control in the hot air drying process. The effect of different drying tem-
peratures on the dried product quality in terms of color, rehydration ratio (RR), the contents of active ingredients (poly-
phenols, flavonoids, polysaccharides) and antioxidant capacities were evaluated. The moisture ratio curve of D. delavayi
decayed exponentially during the drying process, and the drying rate curve was divided into three stages, acceleration,
constant rate and decreasing rate. With the increase of drying temperature, the moisture diffusion of D. delavayi intensi-
fied, and the drying rate increased obviously, the effective diffusion coefficient of water (D) and activation energy (E,)
was 0.61x10 °-1.78x10"° m*/s and 17.64 kJ/mol, respectively. The data analysis revealed that the Page model fitted well,
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with the coefficient of determination (R?) all above 0.98, and X*, SSE in the range of 0.149x10°-0.548x10" and
0.184x1077-0.493%10 %, respectively, which could better reflect the variation pattern of D. delavayi according to mois-
ture ratio with drying temperature during the hot air drying process. The quality of the D. delavayi exhibited some dif-
ferences under different drying temperatures. D. delavayi dried at 40 ‘C had good rehydration that at 60 ‘C could
maintain the maximum color, and possess the highest total polyphenols, total flavonoids, total polysaccharides content
and better antioxidant capacities. The results of the post-drying quality analysis showed that temperature had a signifi-
cant effect on the quality of D. delavayi, and 60 ‘C was better for the retention of color and active substances content.
Correlation analysis showed that there was a correlation between color, rehydration ratio (RR), active substances content
and antioxidant capacities of D. delavayi, while the active substances content was negatively correlated with the total
color difference value (AE) and positively correlated with the rehydration ratio (RR) and antioxidant capacities. In addi-
tion, it also confirmed that the antioxidant capacities of D. delavayi were the combined effect results of multiple active
substances. In conclusion, the quality of D. delavayi dried at the optimal temperature of 60 C was more outstanding.

The present study would provide an experimental basis for the further development and utilization of D. delavayi.
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Tab. 1 Drying kinetics model
G5 B B ¥
No. Model Model equation  Parameter
1 Newton MR=exp(—kt) k
2 Page MR=exp(—kt") k, n
3 Logarithmic MR=aexp(-kt)+c a, k ¢
4 Wang and singh MR=1+at+bt’ aknb
5 Parabolic MR=a+bt+ct’ a,b,c

6 Henderson and Pabis MR=aexp(—kt); a, k

TE: MROZKAT L A THRITED; a. by o, kB RE AL
Note: MR is the moisture ratio; t is the drying time; a, b, ¢ and
k are all coefficients to be determined.
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Fig. 1 Relationship curves between MR and time of hot air
drying at different temperatures
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Tab. 2 Degin D. delavayi under hot air drying at
different temperatures

1R LA TR

Temperature/’C  Linear fitting equation Derf(m’s ™)
40 y=-0.2395%-0.0065  0.9899  0.61x10°

60 y=-0.3429x+0.0177  0.9789  0.87x10°¢

80 y=—0.5151x+0.2397  0.9648  1.30x10°¢

100 y=-0.7025%-0.3750  0.9417  1.78x10°°

24 TFrEiEeE

M 4 AL, TR AR D B FE A AR T InDeg
5 T 2HFMENEXR (R=0.9978), HRE
A (8) Bl s M RM TG (E) N
17.64 kJ/mol, bt B 7E #0442 B 4 45 L g 3
1 mol K AM I T4 4E 17.64 kI g, Har gyl
PR o 77 0 B (IR R AT
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25 TFTHRERSH
= P ARTEAS RN IRLBE T A8 RO 488 S 56 B0
ARG WFER, IF5ER 1 H 6 MRS, LIF 30

Pdesg ZBC(R), R (X)) MR 227 Fl ( SSE)
SEREAE AR E LA AR E, HL AR ILE 3,
% 3 AT, A B A C R B KT 0.97,
R>0.95, FUIA R, 515 X FE 0.281x10°~
3.294x107° Ju RN, SSE 7F 0.276x10°~3.021x10
TR, X7, SSE fHilli/h, HICEME; R IE
MR, BRI G, LR BT R A 5 R
i Page BORIA R, LR, X, SSEFH(H
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BT BEMER 1 18 = M A K ) T8 8l T 2
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Tab. 3  Fitting results for mathematical model

i e JpeR i X s=
No. Model coefficient (<107 (<107
1 Newton 0.9836  0.9555 2.024 1.931
2 Page 0.9973  0.9946 0.281 0.276
3 Logarithmic 0.9910  0.9817 0.871 0.824
4 Wang and singh 0.9700 0.9602 3.294 3.021
5 Parabolic 0.9767  0.9601 2.285  2.097
6 Henderson and Pabis  0.9861 09712 1.293 1.266

HE S AT, B SA 5K 5B ML, JEE A
MR ML XA, WML Page 2
[MR=exp(—kt") 14 T 4 R 48 2= e A2 4K 9 7K
YRR . Page AERILLA 25 B RS AR T 4L
BRI 4, MXRB L RAMITFE 099, 0.98
PLE, X*. SSE4FHITE 0.149x10°~ 0.548x107°,
0.184x1072~0.493x10 > JEEI N . MK 6 A%, #4
TR FIRE T 2 B RS AR A 7K 43 b 1000 i 26

B 5 AREET-INMRS5SHE (A) 1 In(-InMR)5 Int
(B) HIXRE
Fig. 5 Relationship plot between —In(MR) and time (A),
between In[-In(MR)] and Int (B) at different temperatures

R4 PageEEBESER
Tab. 4 Fitting results for Page model

Temp? rature Parameter Corre.l ation (x107%) (x107)
/C coefficient
40 k=0.123, 0.9984  0.9981 0.149 0.194
n=1.225
60 k=0.214, 0.9983  0.9977 0.167 0.184
n=1.252
80 k=0.221, 0.9974  0.9967 0.260 0.233
n=1.400
100 k=0.487, 0.9949  0.9862 0.548 0.493
n=1.415
1.01&
N =100°C #80°C 460°C v40°C
0813 -+~ 100 CHUMM - < 80 CHMH
VWK, 60 CHIE - o 40 CHf
\ A\
.
g 061 & % %
E Vo "
\ N
o4l Vg
\ RN N
% :\ \\‘\ x\\.\
02} N NN -
\ N N o~
o ST hal N
0 " St EEE LT
1 1 1 1 J
0 3 6 9 12 15
5 lE] Time/h

E 6 MR TR Page EEIIGIE
Fig. 6 Page model validation for hot air drying
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2.6.1 &F  FEHE RS SR H T AT
P, AR S RSB BRI, AR
JE X 2 AR B S T Sk 100 °C >80 C
>40 °C>60 ‘C, T 40 CTF THRIREM, =M
WY W, THEEEA, THRERER, &
A AR A 5 80~100 CHL T4k, {0 Z A b,
Z AR = A B TS A B AR AR S T R AR
FR (e 7 A2 60 °C Al DL R AR A 5 i A AK
FR L o U I T R R R e ) 2 5 R (. 2 b
MR 2, B A B T T 4 AR i A AR
PR A

x5 ARTHREETZERKNEBESH
Tab. 5 Color parameters of D. delavayi at different drying

temperatures
yHE 3
Tempﬁ?ire/ C L a b AE
40 44.85£0.66° 4.37£0.60° 15.65+0.17° 12.79+0.03"
60 46.47+0.08° 4.32+0.15° 15.7240.11° 8.26+0.05°
80 44.70£0.03% 4.56+0.16° 14.17+0.38° 10.03=0.10°
100 36.33£0.17° 5.94+0.07° 9.32+0.15 19.42+0.22°

e FSIAF/NG FhERR 225 B2 (P<0.05),
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).

2.6.2 AR TR TR R b 4 R RN 45 RA 45 4
M) e e R v, KPR RS I il = ma RS K A 45 4
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IRt = s SNl 2 A U Y oy NI S
B, FLBRRAR AT E,

2,63 FHRa ZW. EIW. ZWEEEY R
YR EE IR bR, R oM B IKE A UL
SRR EERAP, 3 6 nI M, IR
4yl 60 °C>40 'C>80 ‘C>100 'C, 60 C s
B RIS PR R, HIRE KT 60 TR, =
FARSAR G P Oy B e BT T o X AT RE TG
Wy T AE T M R v & A2 AR TR 3R I 52 e & AR AR AL
Rff, THBTIE A ZES, IR TG PR B A A

O I, 3 24T IR 2 PR 2L AR
fiE BEIS PR OB , R i 2 S B2 45 R
ffiH S A 2 B, D8 A P A it
T P A2 IR IR R IR K
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o
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Fig. 7 Effects of different drying temperatures on the
rehydration of D. delavayi
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Tab. 6 Effects of different drying temperatures on active
ingredients content of D. delavayi

TR ey ST JsE2
Temperature/ Total phenols/ Total flavonoids/ Total polysaccha-
C (mg-g™ (mg-g™) rides/(mg-g ")
40 11.15+0.82° 5.36+0.23" 2.15+0.27°
60 13.84+0.34° 6.15+0.34" 2.92+0.05°
80 10.95+0.30% 4.4440.18° 2.05+0.03%
100 10.10+0.20¢ 4.36+0.32¢ 1.96+0.14¢

e FSIAFE/NEG FREFRR 25 B3 (P<0.05),
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).

264 WEARRS AR TEEEX = KT
AALRE I WL 7, BrEALRE Ik 60 C
>40 ‘C>80 'C>100 C, #Jx\ 60 ‘CZ+T, DPPH .
ABTS". «OH DI K838 e 1 ¥4 %, 100 C

xR7 ARATFHREENZEEKRLEALENHRZIT
Tab. 7 Effects of different drying temperatures on
antioxidant capacities of D. delavayi

DPPH- ABTS" . .
N . N . P Fe’
WE kR wix ORWEIEE L
Tempera-  DPPHs ABTS" scavs Fe** red
ture/C scavenging scavenging englr;g ¢ reduc
rate/% rate/% rate/% tion ability

40 64.37£0.12° 56.64+0.31° 52.63+0.92" 0.99+0.02°
60 73.46+0.02° 67.37£0.57° 60.83+0.28" 1.21£0.11°
80 61.14+0.02° 55.41£0.14° 41.17+0.71° 0.87£0.01°
100 54.10+0.01¢ 41.13+0.34% 40.27+0.14* 0.78+0.18"
e FFIARNE FRERRZE R B (P<0.05),

Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).
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MR . B Z k% DPPHe. ABTS'. OH. 4%
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45

-
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Fig. 8 Correlation of quality changes in D. delavayi
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