« 8432 « PED 202611 5 H£57% $ 218 Chinese Traditional and Herbal Drugs 2026 November Vol. 57 No. 21

- HHEHLE -
BTk iEE IR A IR B3R5 TR 7K 49 BR E Fos

REZ, £ B, ZaHL!l, FREE!, Hadie!, KR#Esl, &m0 2] 43, LTWEmSS
L. R EZ R0, TN RS 611137

2. WM AHEER, I ¥ 646000

3. IR E R AR, T TR 625014

4

5

A\

4]

i

CERRSE A T 2ERE, EHEK 401331
R E S AR IEAR I G, PO SR 614000

W E: B ETKSIEE (water activity, Aw) FIIEESE AR ISR /RELS Alismatis Rhizoma Y KR R,
TREES DO K BRI, RGO T 2R EIRIE . 33 RASSHKERNEEERATE 15, 25,
35. 45 CF MK Aw0.11~0.90 PR3 FTE5E#E L (moisture sorption isotherms, MSI), #%F GAB. BET. Peleg. Henderson.
Oswin. Smith. Halsey fl Caurie 3% 8 A WK FRHSETY %o W B8R HEAT 45, W08 OB ARG BRI S8, i v SR B i
FEIIP RN M #4% (net equivalent adsorption, gs)~ 4 A4 BANER RS Z MR AN, BRITEIE IR Ko TR 4R
PEFHLH] . R Z s A8 RN E PSR I E DR (glass transition temperature, Tg), 77K & BT EEVE IR
A Te RN o BRI T IK 0 B - Aw-Te WPRAS B, FUNESE R A K IRIE. 868 FE R FERETS R 25
K2 “S” I, BT 0 RMERLE, Peleg BIAUNRARABA, MM TR 2 FhEER R TR L S R HI7E 10.00%~
15.00%, 15.00%% 15, HGHEZESE, (87T 10.00%FERIRIYG; STREE S, LIUREN 20 CH, #5E () K
IIERMS10.17%; HFEEKSEENS11.08%. 518 &5 Tk Ay ABETS 0 E: AR B0 7] ia B T3 O 7K 53 BR S TR
T, AN T SR G T — R 0 RN

KB BEE; KOV BELEITREE; WERR LR KR

FESHES: R283.6 NHRFRERE: A NEHS: 0253 - 2670(2026)21 - 8432 - 12

DOI: 10.7501/j.issn.0253-2670.2026.21.005

Moisture content limit prediction for Alismatis Rhizoma slices based on water
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Abstract: Objective To reveal the moisture adsorption characteristics of Zexie (Alismatis Rhizoma, AR) slices based on the water
activity (4w) and glass transition theory, providing a novel theoretical basis for predicting the specified moisture limit and for optimizing

the drying process and storage conditions. Methods The moisture sorption isotherms (MSI) of AR slices were determined at 15, 25,
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35, and 45 °C within a Aw range of 0.11—0.90 using the static gravimetric method. Eight common adsorption models, namely GAB,
BET, Peleg, Henderson, Oswin, Smith, Halsey, and Caurie, were employed to fit the adsorption data and to determine the best-fitting
model and its parameters. The changes in thermodynamic properties, including the net equivalent adsorption (¢st), differential entropy,
and the enthalpy-entropy compensation theory, were calculated to explore the moisture sorption characteristics and mechanisms of AR
slices. The glass transition temperature (7g) of AR slices was measured using differential scanning calorimetry to reveal the effect of
moisture content on 7. A state diagram based on the relationship between moisture content, 4w, and T was constructed to predict the
specified moisture limit for storage. Results The adsorption isotherms of AR (decoction pieces) and salt-processed AR displayed an
S-shaped curve, characteristic of type II isotherms. The Peleg model was identified as the best-fitting model. Thermodynamic analysis
indicated that the drying endpoint for both types of slices should be controlled within 10.00%—15.00%. 15.00% is easily reached,
drying slows thereafter, and below 10.00% energy consumption rises steeply. Analysis based on the state diagram showed that at a
storage temperature of 20 ‘C, the moisture content of AR (decoction pieces) should not exceed 10.17%, and that of salt-processed AR
should not exceed 11.08%. Conclusion The theories of 4w and glass transition from the food industry can be applied to predict the
specified moisture limit of AR slices. This provides a novel approach and methodology for the research on storage and processing of
traditional Chinese medicines.
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Table 1 Aw values of saturated salt solutions at different

temperatures (X £ s, n=3)

i Aw
°C S SAAEE T PR
15 0.113£0.001  0.332+0.002  0.440+0.004
25 0.113£0.001  0.329+0.002  0.435+0.003
35 0.113£0.001  0.323+0.003  0.432+0.002
45 0.113£0.002  0.316+0.003  0.430+0.002
i Aw
C RALEN ERi4i] Sk
15 0.577£0.007  0.762+0.004  0.865+0.003
25 0.566+0.006  0.751+0.002  0.851+0.004
35 0.547+0.003  0.747+0.002  0.836+0.003
45 0.535+0.004  0.739+0.001  0.816+0.003
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Fig. 1 MSI of plain Alismatis Rhizoma decoction pieces
(ARP, A) and salt-processed Alismatis Rhizoma decoction
pieces (SARP, B) at 15, 25, 35,45 C
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Table 2 MSI model fitting formula

A L e

GAB Xe=cKXmAw/[(1—KAw)(1 —KAw~+cKAw)]
BETI?8] Xe=cXmAw/{(1—=Aw)[1+(c—1)A4w]}
Peleg[zg] Xe:aAwC+bAWd

Henderson®”!  Xe=[—In(1—Aw)/ale"’

OswinB!] Xe=a[Aw/(1—Aw)]e’
Smith[32] Xe=a—b[In(1—A4v)]
Halsey!33 Xe=(—a/Indy)e"

Caurie[34] X.= ela+bAw)

X HHAFEKSEE: av by oo d FIK B AR, %3 [H.

coefficients; Same as table 3.
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Table 3 Fitting parameters and correlation coefficients of adsorption isotherm models for ARP and SARP

gy % s D) S
15 C 25 C 35 C 45 °C 15 C 25 C 35 C 45 C
GAB Xm 0.0529 0.048 9 0.042 8 0.0399 0.054 0 0.050 8 0.044 0 0.0415
c -1.29X10%  2.81X10% 1.33X10% 222X10% 1.88X10% -225X10% 6.08X10% —1.83X10%
K 0.909 1 09163 09440 0.9597 0.906 0 0914 1 0.9393 0.950 6
R? 0.9973 0.992 2 0.986 0 09726 0.996 7 0.989 0 0.986 3 0.973 8
SSE 0.000 4 0.000 1 0.000 2 0.000 3 0.000 1 0.000 2 0.000 2 0.000 3
RMSE 0.003 8 0.005 8 0.007 2 0.009 3 0.004 0 0.007 0 0.007 1 0.009 1
BET X 0.0373 0.036 5 0.0355 0.0353 0.037 6 0.037 6 0.036 0 0.035 8
c 2.57X10% 273 X101 -3.34X10"!  1.46X10° —6.93X1012° 1.25X10M0 2.19X 1045 —1.44X 1046
R? 0.864 8 0.8939 09511 0.962 8 0.8556 0.886 8 0.944 3 0.958 1
SSE 0.002 8 0.001 8 0.000 7 0.000 5 0.003 1 0.002 0 0.000 8 0.000 5
RMSE 0.026 6 0.0211 0.0135 0.010 8 0.027 6 0.022 6 0.014 5 0.0115
Peleg a 0.106 9 0.109 4 0.0950 0.087 2 0.109 8 0.2533 0.254 1 0.233 4
b 0.284 9 0.2613 0.2545 0.2391 0.2837 0.107 3 0.096 5 0.088 2
c 03176 0.399 4 04115 0.4129 0.3230 4.398 4 4.560 7 4.118 4
d 4.728 7 4.949 0 4.584 4 4.2447 4.747 3 0.379 5 0.400 3 0.404 9
R? 0.998 5 0.998 9 0.999 2 0.995 7 0.998 0 0.998 9 0.998 9 0.996 2
SSE 0.000 1 0.000 0 0.000 0 0.000 1 0.000 1 0.000 0 0.000 0 0.000 1
RMSE 0.004 4 0.0033 0.002 7 0.005 8 0.005 2 0.003 5 0.003 2 0.005 5
Henderson a 14.064 4 15.659 8 14.279 3 149111 14.307 6 15.023 1 14.7317 15.4417
1.346 4 1.3540 1.256 9 1.249 2 1.364 6 1.354 4 1.2823 1.2749
R? 09511 0.961 2 0.9673 0.9650 0.9512 0.966 5 0.965 4 0.966 3
SSE 0.001 0 0.000 7 0.000 5 0.000 4 0.001 0 0.000 6 0.000 5 0.000 4
RMSE 0.0160 0.012 8 0.0111 0.0105 0.016 1 0.0123 0.011 4 0.0103
Oswin a 0.103 5 0.096 5 0.086 9 0.082 6 0.1052 0.099 6 0.088 9 0.084 4
0.459 1 0.466 5 0.507 3 0.5221 0.454 0 0.465 6 0.498 6 0.5127
R? 0.9870 0.991 4 0.9911 0.984 9 0.9873 0.992 6 0.990 1 0.986 0
SSE 0.000 3 0.000 1 0.000 1 0.000 2 0.000 3 0.000 1 0.000 1 0.000 2
RMSE 0.008 3 0.006 1 0.005 8 0.006 9 0.008 2 0.005 8 0.006 1 0.006 7
Smith a 0.032 8 0.029 4 0.021 6 0.019 2 0.034 1 0.030 1 0.023 3 0.020 6
0.1027 0.097 2 0.0959 0.093 1 0.103 1 0.100 5 0.096 1 0.093 3
R? 0.9879 09915 0.989 7 0.984 5 0.988 6 0.994 1 0.989 6 0.986 4
SSE 0.000 3 0.000 1 0.000 2 0.000 2 0.000 2 0.000 1 0.000 2 0.000 2
RMSE 0.008 0 0.006 0 0.006 2 0.007 0 0.007 8 0.005 2 0.006 3 0.006 5
Halsey a 0.0130 0.0129 0.0155 0.016 9 0.0129 0.0135 0.015 1 0.016 4
1.7250 1.676 6 1.5316 1.465 6 1.742 4 1.6812 1.556 1 1.490 3
R? 0.998 6 0.998 8 0.996 7 0.989 4 0.998 7 0.997 3 0.996 3 0.989 8
SSE 0.000 2 0.000 1 0.000 1 0.000 1 0.000 0 0.000 0 0.000 1 0.000 1
RMSE 0.002 7 0.002 3 0.003 5 0.005 8 0.002 7 0.003 5 0.003 7 0.005 7
Caurie a —3.4214 —3.4842 —3.6652 —3.726 4 -3.390 6 -3.4530 -3.620 7 -3.6829
2.2858 22736 24265 2.445 4 2.258 6 22736 2.3838 2.402 1
R? 0.976 5 0.983 4 0.988 4 0.986 6 0.976 6 0.988 2 0.987 6 0.988 1
SSE 0.000 5 0.000 3 0.000 2 0.000 2 0.000 5 0.000 2 0.000 2 0.000 1

RMSE 0.0111 0.008 4 0.006 6 0.006 5 0.0111 0.007 3 0.006 8 0.006 1
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Fig. 2 Relationship between Peleg model-predicted and experimentally measured moisture contents of ARP (A) and SARP (B)
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Table 4 Moisture sorption Peleg model expressions for ARP and SARP

Rk K

S

=<4
N
e 7 D
15 Xe=0.106 9 440317640.284 9 4,+7287
25 Xe=0.109 4 4039440261 3 A*940
35 Xe=0.095 0 An0411540.254 5 445844
45 Xe=0.087 2 40412940239 1 Ay*2447

Xe=0.109 8 4,2923040.283 7 447473
Xe=0.253 3 4*38440.107 3 4,037
Xe=0.254 1 A,*35074-0.096 5 404003
Xe=0.233 4 A4,411844-0.088 2 404049

[6(InA4w)/o(1/T)]x.=—(Qs—Lv)/R=-qs/R (2)

W dE (differential entropy, ASq) 57K+ Rl
YRk B 5 D AHE R A 0%, HRAN SRR
KW PR AL A R IE M), ATl A (3) Gibbs-
Helmholts J5RETHE. #75 Air H tHAE (Gibbs free
energy, AG) 115 A (4) RN (3), HIAI153|
A (5) gu 5 ASq IR R,

ASa=(gss—AG)/T 3)
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Indw=-qs/RT+ASs/R (5

TSR (K, RASME S [8.314 J/(mol'K)]
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RIS qo BETRVDN, BRAETEE . X2 FNTE
W B RE R, RO IR AG K A AR, RIETH
ZIEMEN AL, KT ERARMEELE S, B
B GrF JEK ), (E B A TR B A EA T, RO SR THI
G DA 6= TN Ui 0F & e e Sk

A X/%
oo 4
3 1 6 XJ/%
g B e
_— o 6
10 3 —
‘12 e el 8
21 o . 10
: 14 12
= + 16
| z 2 B = 14
=18 3 + 16
€22 T =18
11 * 26 * 22
a 30 1 ° 26
I — — — % 5 y 4 30
— A — T —% &= s o5———— %
3 $ 7 — L 3 —3
0 T T T T — T — 1 0 T T T T T 1
3.1 32 33 3.4 35 3.1 32 33 34 35
/T/(X103 K1) 1T/(X1073 K1)

&3

FE (GRA,A) FEiFES B) koWHHEREF UT 5-1ndw BIXFR

Fig.3 Relationship between 1/T and —InA4w for moisture adsorption of ARP (A) and SARP (B)
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