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Abstract: Objective To explore the effect of temperature on the hygroscopic kinetic process of traditional Chinese medicine (TCM)
extract powder, the theoretical basis for temperature control during the preparation and storage process of TCM. Methods The
moisture absorption kinetics data of 13 kinds of TCM extract powder were measured by dynamic moisture adsorption instrument at
relative humidity of 75% and temperature of 20, 30, and 40 “C. The kinetic curve of moisture absorption process was fitted by kinetic
model, and the influence of temperature on moisture absorption kinetics was analyzed. Results The double exponential model is the
best fit model. Increasing the temperature can significantly reduce the equilibrium moisture content (EMC), accelerate the moisture
absorption rate, and reduce the time to reach the moisture absorption balance. Conclusion During the production and storage of
extract powder, temperature is one of the key factors affecting its stability. Therefore, it is necessary to strictly control the ambient
temperature to slow down the moisture absorption during the storage of TCM extract powder.
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Table 1 Micromeritic data of 13 kinds of extract powder

Dio/ Dso/ Do/ o/ pd

Wk PR son 0P
(gmL™") (gmL™)

pm  pm  pm

AT T 15.99 65.81 156.06 2.13 045  0.64
W T 6.41 47.17 134.99 2.73 032 0.51
NE ;T 10.68 20.38 39.25 1.40 052  0.83
[ 9.1225.61 57.761.90 037  0.61

SIMEE BT
B I T

16.11 58.31 126.17 1.89  0.40 0.64
9.3331.92 76.252.10 0.39 0.60

R T 7.58 30.12 75.04224 039  0.60
Mk WF 14.29 73.70 172.35 2.14  0.60  0.91
FOE BT 7.74 2568 64.83222 032 052
B Mg+ 6.69 21.93 50.48 2.00 029 045

BRAEE TR Bkph T4 15.22 67.05 154.88 2.08  0.55 0.79
Gify T 12.61 55.73 141.77 2.32  0.40 0.74
iz 17.22 75.74 174.96 2.08  0.36 0.59
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2.2 REMEEMTHRIINEE (Fourier transform
infrared spectroscopy, FTIR) 7347

FaBFE TIRFEM L mg, IO RALEIR R 100
mg, BF5), BUE SN0 i B 5] « BSE Y61 R 7,
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Fig. 1 FTIR of 13 kinds of extract powder
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FE R C-N LIRS 3000~2800cm™ FE N C=
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Table 2 Common overlapping peak area of O-H and N-H

of 13 kinds of extract powder

_— O-H. N-H #H 2 - O-H. N-H 3:H &0

U THF/(cm? mg ™) VETHI A/ (cm? mg ™)
"5 220.80 L Mg 198.85
E) 95.22 AT 246.97
= 137.01 i — 1k 69.20
% I JEE 96.27 B 114.68
LhiZE B 211.60 AT 70.94
BRIE # 2k 54.45 M E 146.85
A3 95.84
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Fig. 2 Moisture absorption Kinetics curves of extract powder at different temperatures
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Table 3 Fitting results of six models of moisture absorption data of 13 kinds of extract powder at 20 C

— AR . W PUEER (g Rt Higuchi %! Logarithmic 17 Peleg #H 7

R> RSS AIC R* RSS AIC R* RSS

AIC R®> RSS AIC R* RSS AIC R* RSS AIC

W5 0.825 211.183 47.366 0.992 9.181 28.552 1.000 0.014 —10.363 0.664 406.328 51.292 0.979 25.076 34.581 0.999 0.662 12.775

EFT 0.885 101.591 42.975 0.973 24.061 34.333 1.000 0.027
NE 0906 92.892 42.438 0.970 29.392 35.534 1.000 0.029
MSIMEE 0991  7.845 27.609 0.962 33.647 36.345 1.000 0.400
IZEB 0.869 194379 46.868 0.989 15.596 31.732 1.000 0.018
BAEE R 0.901  70.640 40.795 0.975 17.899 32.558 1.000 0.024
BB 0938 49.676 38.683 0.950 40.550 37.465 0.998 1.242
B 0.837 119.925 43.971 0.970 22.114 33.827 1.000 0.036
FOME 0934 113.722 43.652 0.977 40.311 37.429 1.000 0.022

—6.422 0.490 450.159 51.907 0.999 1.024 15.392 0.998 1.862 18.979
—5.993 0.536 457.557 52.005 0.999 1.219 16.438 0.999 1.307 16.856

9.752 0.664 298.755 49.447 0.962 33.780 36.369 0.980 17.715 32.496
—8.855 0.578 626.955 53.895 0.991 13.893 31.038 1.000 0.662 12.775
—7.129 0.662 240.104 48.136 0.998 1.303 16.837 0.997 2.176 19.914
16.550 0.438 452.214 51.934 0.992 6.833 26.780 0.999 1.134 16.004
—4.696 0.484 757.853 55.032 0.997 2.546 20.857 0.999 0.441 10.337
—7.651 0.606 676.746 54.353 0.994 9.649 28.851 0.999 1.108 15.865

M—Wk 0956 61.065 39.921 0.985 21.418 33.635 1.000 0.007 —14.522 0.869 183.185 46.512 0.994 9.103 28.501 1.000 0.173 4.723

iR 0.993  6.527 26.505 0.977 21.314 33.606 0.999 1.066

15.633 0.775 206.984 47.245 0.965 32.032 36.050 0.981 17.852 32.542

WA 0996 0.622 12.401 0.950 8.025 27.745 1.000 0.005 —16.540 0.560 70.060 40.746 0.943 9.133 28.521 0.955 7.196 27.091

BAFEL 0.988  13.083 30.677 0.949 53.909 39.173 1.000 0.193

5.379 0.569 459.327 52.028 0.968 33.787 36.370 0.990 10.763 29.506

TR L. T CPERECN &) 43, {R1E ASV 1%
HHE, 1 Origin 2021 HfE M 4E X 204N i
2. 3 CERTIERY, N AT spectrum THEEANF]
ZEH 3700~3 000 cm ! ISR FRIERE AR HIRE
KR . {6 SPSS 21.0 A Ge it 22 B sh 1
404, F prismehs B WIR SN 774 T 2R
2.6 BREINZEEMIESNNFENFN
2.6.1 WAL L ORIE R (AM/AD BERY
ALk, RESEFHL T IR B IR AT . B 3
KB, 20 CHZZERTE 1 h WIRIEHEE 208 N R%,
BEJE 2 h PGEE R, ShBEEE, 20 CHIWGE
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FOE > I >R > BT > D> A E > 12
B3> PR ERBR > PRk > 58 5 > 08 I > 55 HR > 4R
A, HARREE T A2 B RO B 45 2
FHAL.
FAZERIIE 0 h BIEE . IR 2 h 5 R
¥ (moisture absorption rate of 2h, V) PN
2h JERIEE R (V) W3R 4. i3 4 w4,
REMIIE 2h B, BRI, IR RIRRAC KBRS,
HARBEMN Vo/Vo YIBEIRE T & & T &, FF
Bl 40 CHF, 13 B2 E Ry WO B T B e ¥ i
88%, VLWL FE AT 2 h Ko S PUEB R T
Ky, IR, KB N
26.2 BEMPMEMC FIRERT EMC 4 1L&
5. WF 5, AEIZEM K EMC A 25,

AT EMC f/h, IZRBI EMC ek, [Fl—1%
BRI EMC Bl i 5 T vy 1T 3 PRI

2.6.3 REWIEF] 50%-. 75% 90%- 100% EMC F]
IFF1E] Cfosemcs fo7semc fogemcs temc) N T PLIAA
N B R IAE] EMC B TR] 4RF i, F R B i it
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EMC I IE] tosemc fo.7semc fooEMc. femc, 455
* 6. MK 6 nJ5n, HEERENT &, FHREMNE
i5 50%. 75%-. 90%-. 100% EMC ¥ 8] f0.5emc
fo.7seMc fogemcs femc SR/ . BN 20 CHF, B
BHITE 1 h WikF] 50% EMC, 7£ 7 h WNis%] 90%
EMC, EMC R 5 3 EAE Fh 7R R i 72 Hh A A
1 h.

26.4 BEMBIEEAREEZL K 4 2 12 R
Ry GRAHEIIERSN) AR AH R A
B EFIrEZ (standard deviation, SD) BiZk, &
WA 5% 7 P SXo UG i ) i P S AR 5 o SD A
R R R 12 B R TR A ]I 8] R 3 B 22 K, SD
EABRINSIZ BN PIIRIE R TP .

M 4 7151, 20 CHIRISHEHHET 0.6 h, HT
FRBRRIRA 5%, MR R SD E T+,
HJEE 1.2 h SDHIEEAANE, ZEgHiFmm, H%E
AR . 30 CHE SD ks 20 ‘CANE, Sh s
SD AT AL, 40 CUIE SD #iZk5 30 CZE4|
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Fig. 3 13 kinds of extract powder moisture absorption rate curve

T4 BREBHIE 0. 2h EFEELIKRGE 2 h [FHYRE TREEL

Table 4 Speed of each extract powder after moisture absorption for 0, 2 h and decrease rate after moisture absorption for 2 h

e 20 C 30 C 40 C

I Vo(AMIAY) — Va(AMIAY) — VolVa/%  Vo(AMIAY) — Va(AMIAY) — VolVal% — Vo(AMIAE) — Va(AMIAE) Vol Val%
W 13.58 432 68.20 15.88 4.15 73.88 18.83 1.56 91.72
EX{) 20.08 3.55 82.34 15.30 2.46 83.95 15.52 1.22 92.12
= 20.35 3.73 81.69 15.64 2.67 82.95 16.12 1.78 88.95
8 ifn. i 12.78 3.43 73.19 23.50 0.66 97.20 22.03 0.04 99.82
NEYH 17.97 5.06 71.83 18.33 3.47 81.04 20.96 0.87 95.86
AR S Bk 17.26 3.20 81.46 12.90 2.68 79.26 13.24 1.30 90.20
A j 20.09 3.06 84.75 19.39 2.00 89.68 14.26 0.85 94.03
IEN s 19.23 3.20 83.33 15.05 2.80 81.42 15.04 0.78 94.81
2O 25.14 5.25 79.14 21.59 3.05 85.85 24.38 0.72 97.03
Jh— 16.88 4.52 73.25 19.97 3.66 81.68 21.89 1.96 91.05
iR 11.50 427 62.87 21.42 0.44 97.96 24.00 0.26 98.91
FRAT I 8.00 0.76 90.48 11.32 0.08 99.29 8.15 0.25 96.98

B 18.57 3.37 81.84 25.92 0.75 97.09 21.04 0.12 99.41
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Table 5 EMC of 13 kinds of extract powder

I8 T A IR B AR BT I T, AR
55 X1 oRe o S R SRR BN /7 22 S5 R I

- EMC/% —_— EMC/% 2.7 HEMST
A e s0c 0| Y 0¢ 30C 40 C K Pearson K3 XT 3 1. 2. 5 FFHIFTH $E,
W5 44.64 39.57 38.48| 3HF 3523 35.02 34.12 % 4% 3 NRERH Vo FIZE 6 F1ikF] 100% EMC
£ 35.65 31.85 30.16| % 0a3E 44.81 41.32 40.34 PR RSETA] temc 1% LB 3R 3R 4T HE S 40 #1250, 45 51 I I
= 36.77 34.25 32.73|#h—Uf 38.33 36.15 34.21 5. B 5 7740, 44M%itEt O-H. N-H L5 2 g
G 27.62 2620 2527 | WAR 2651 24.26 23.41 HMEEE¥ T EMC £ EE1EMHY (P<<0.01),
hZE8E 44.88 44.00 41.36 |4RAN 13.43 12.70 12.46 NSNS O AN Rt 2 - N1 78 - c) A . 1111\ B =1 iy
WAEEE TR 31.04 28.68 27.12| #I/[Y 32.87 29.78 28.25 EMC 5 temc tH 2 W3 IEAHR (P<<0.05), KHIRE
T 35.56 30.25 28.55 Ky EMC 8RO, 1 217 I TA] R (H A2 R 20 °C
=6 FEMIAD 50%. 75%- 90%- 100% EMC BIAT[E] foseMcy £0.75EMCy f0.9EMC TEMC
Table 6 Time of reaching 50%, 75%, 90%, and 100% EMC of extract powder
ok to.semc/h to.75EMc/h to.9emc/h temc/h
200C 30C 40°C 20C 30°C 40C 200C 30C 40°C 20C 30°C 40°¢C
NE 0.540 0200 0.100 1910 1.050 0.650 4.130 2460 1450 14.000 5.800  4.400
FE 0.550 0230 0.084 1.700 0.887 0490 3310 1810 0990 16.000 5.600  3.000
W5 0.832 0350 0.153 3240 1260 0710 6670 2350 1350 16.000 5200  3.800
Hh—nk 0.940 0420 0212 2680 1340 0710 5270 2.600 1380 16.000 5.000  4.000
iR 0.780 0310 0.150 1.620 0.660 0330 2710  1.090 0.602  6.000 4.400  3.200
B 0.620  0.194 0.092 1420 0522 0304 2700 1.050 0.663  14.000 3.600  2.200
R 1M 7B 0.670 0260 0.105 1430 0610 0295 2420 1.090 0580 8000 4.600  2.600
WAESETE 0640 0260  0.084 2400 1260 0.630 4990 2590 1290  12.000 5.800  4.600
g 0.630  0.173  0.018 2200 0.760 0495 6240 1860 1.080 16.000 5.600  3.000
%8 0.550 0280 0.012 1990 1.100 0.552 3.960 2330 1.090 16.000 5800  4.400
L ig 0314 0.170  0.011 1360 1.040 0517 3.090 2490 1.110  14.000 5200  4.000
A 0.715 0294 0193 1.150 0530 0346 1710 0.820 0530  3.200 2.000  1.000
i) 0496  0.190 0.055 1920 1.020 0.570 4.120 2490 1.190  12.000  5.800  3.000
7 H. N-H A ENEER, AFEERZE EMC. Vo,
teve Z A AN, R IRZE A S IR
) > Bk IR .
5 3 ifig
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Fig. 4 Effect of temperature on moisture absorption SD of
12 kinds of extract powder at different time
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