1926 » PER 2025638 B56% B 6 Chinese Traditional and Herbal Drugs 2025 March Vol. 56 No. 6

- HRHEHLE -
BTk EREMKS FRINVEN LB E BRI 0t

REMA, RRRZ K RS, FRMEY Hezd gk, HmaA LAY, Fargg L
1. MLPEHERZ R, YLV ME 330004

2. MR RAEVEARGIRAF, JL3 101300

3. W RTIFIHE AR B R TR L, L7 ME 330004

4. [T AIRAF, L/ ME 330004

5. M2 TR Z00H 4 EE SR E, TV ME 330004

% E: BW MUKIEEE (water activity, Aw) FIZKGFIENE 2 ANMAEE, B 5 250 A8 1) 7K 43 W PRV R AR 24
B, NHTFBRAEARAE S 5% ISR EZRNE BT TE 25, 35, 45 C TIPSR Z, RA 6 Fid FRIK
B AR (GAB. Peleg. BET. Smith. Henderson F1 Halsey) #l-AiRI0sdE, #ie iy, B 7% HLmk bty 22k
i, &AM RIER (low-field nuclear magnetic resonance, LF-NMR) AN i3 FATIR S T 287K A SRS 1K 4
BEATRAE, FEWIHRIRARFE. 455R GAB BALN RGO IR IR AE LG, 7 25, 35, 45 ‘CokfF R AR 22 &K &
I3 22.72%22.35%F1 23.06%, 4% 2248 KB4 5N 13.21%- 12.27%H1 11.71% . 48R (15 S5 I B 744 (net equivalent
adsorption, gs) A4 (differential entropy, Sa) #FFEE &/KEFIF =K. &M E HAE (Gibbs free energy, AG) 1
B, BRI R R B R R RL . A EAS R BRI, Ty Tov Toss Toa ARERFER K S T T IS, Horp
Tarv T F T 3IEE TR RBESE . BERSERMRIE RS F R FIIE S . Ta B Av A EABIG BN T Ty Ta, i
B HoK o TR BN IR K, AATEES G KA H BKFE . 2 4w<0.6 BT Z557K (An+A2) SIERIEARE, HY 40>
0.6 MEE 5K (A2n+42) KIEEIEIM. 458 S5EWITFERL . WAL AN LE-NMR £20K, @i Bl 12%fF ik
R IRE SRR, WA Ty H AR R 2K 2 e S K R e IR S .

KHEIR: AU BKE: KIOEE: KOG TR NIRRT BRI s BT E I RN T
B5: EATETE HIRE

FESES: R283.6 XEkFRERE: A NERS: 0253 - 2670(2025)06 - 1926 - 09

DOI: 10.7501/5.issn.0253-2670.2025.06.006

Analysis of moisture absorption characteristics of Scorpio based on theory of
water activity and water molecular mobility

WU Qinwei!, MENG Qingmin?, ZHANG Yao?, QI Fengmei*, HAN Tongtong®*, LIU Ziqiang!, CHEN Ruilin"* 3,

LUO Xiaojian'-3

1. Jiangxi University of Chinese Medicine, Nanchang 330004, China

2. Beijing Yanjing Found Biological Technology Company, Beijing 101300, China

3. National Engineering Research Center for Manufacturing Technology of Solid Preparations of Traditional Chinese Medicine,
Nanchang 330004, China

4. Jiangzhong Pharmaceutical Co., Ltd., Nanchang 330004, China

5. State Key Laboratory for the Modernization of Classical and Famous Prescriptions of Chinese Medicine, Nanchang 330004,
China

RS EHEA: 2024-11-08
HESWB: EHXAAREEETH (81960715): EEKBAREIFHESTH (82060715); VLVHA HE i & RITH (20223BBG71001)
TEEEN: R, WEotyid, AFhZEbliFsi. E-mail: 798694378@qq.com
HBEES . WEbK, Bid, EERZE, AR ZEHE 2R J. E-mail: 409919538@qq.com
e, w4, i, NFRZHEIFITZ. hAEAEIFI . E-mail: luoxj98@126.com


mailto:798694378@qq.com
mailto:409919538@qq.com

FED 2025638 $56% H 68  Chinese Traditional and Herbal Drugs 2025 March Vol. 56 No. 6 1927 -

Abstract: Objective The water adsorption characteristics and thermodynamic properties of Scorpio were investigated from the
perspectives of water activity (4w) and water molecular fluidity, which provided guidance for their drying and storage. Methods The
adsorption isotherms of Scorpio at 25, 35, and 45 C were determined by static weighing method. Six commonly used moisture
adsorption models (GAB, Peleg, BET, Smith, Henderson and Halsey) were used to fit the experimental data to determine the best
model. The thermodynamic properties of the adsorption were studied. Combined with low-field nuclear magnetic resonance (LF-
NMR), the moisture of each state in the Scorpio under the moisture absorption equilibrium state was characterized to clarify its moisture
absorption characteristics. Results The GAB model was the best fitting model for Scorpio adsorption. At 25, 35, and 45 C, the
relative safe water content was 22.72%, 22.35%, and 23.06%, and the absolute safe water content was 13.21%, 12.27%, and 11.71%,
respectively. The net isosteric heat of sorption (gst) and differential entropy (Sa) of Scorpio decreased with the increase of water content.
The Gibbs free energy (AG) is negative, indicating that the moisture absorption process is a spontancous exothermic reaction. When
the samples were in moisture absorption equilibrium at different temperatures, 721, T2, 723 and 724 all represented the peaks of hydrogen
protons in the water molecules of the samples, among which 721, 722 and 723 also contained the signals of hydrogen protons in lipophilic
components such as aldehydes and esters in the decoction pieces. With the increase of Aw, 721 continuously shifted to the right and
transformed into 722, 723 and 724, indicating that the fluidity of water molecules in the decoction pieces gradually increased, and there
was a conversion from bound water to free water. When 4w < 0.6, bound water (421 + 422) did not increase significantly, but When
Aw > 0.6, bound water (421 + A2) increased significantly. Conclusion Combined with adsorption isotherms, adsorption
thermodynamic properties and LF-NMR technology, it is recommended to use 12% as the drying end point water content of Scorpio.
The research results can provide reference for the determination of safe storage water content of other traditional Chinese medicine
decoction pieces.

Key words: Scorpio; moisture content; water activity; water molecular fluidity; low-field nuclear magnetic resonance; water adsorption

characteristics; thermodynamic properties; net equivalent adsorption heat; differential entropy; Gibbs free energy
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Table 1 Aw of eight saturated salt solutions at 25, 35,45 C
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Fig.1 Adsorption isotherms of Scorpio decoction pieces at
25,35,45 C (n=3)
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Table 2 Evaluation parameters of models applied to moisture sorption isotherms of Scorpio decoction pieces
o it —____ ® A

25 C 35 C 45 °C 25°C 3B C 45 °C 25°C 35 °C 45 C
GAB Xe=moCkAw/[(1 —kAw)(1—kAw+KkCAw)] 0.990 0.991 0.993 32.235 23.601 14.711 13.123 12.188 10.770
Peleg Xe=a1AwPl+azAn? 0.998 0.998 0.999 6.621 3.926 2.453 10.375 8.807 7.396
BET Xe=moCAW/{(1—Aw)[1+(C—1)Aw]} 0.989 0.990 0.994 38.100 23.815 13.560 11.625 10.215 8.525
Smith Xe=a—b[In(1—Aw)]~ 0.882 0.856 0.836 391.006 360.852 352.867 18.610 18.370 18.302
Henderson Xe=[—In(1—Aw)/a]*® 0.724 0.670 0.689 918.486 826.796 671.176 21.172 20.857 20.231
Halsey Xe=(—a/InAw)YP 0.973 0.944 0.950 90.590 141.034 108.121 14.223 15.551 14.754

*®3 2MEIRAE GAB REISH

Table 3 GAB model parameters of Scorpio decoction pieces

EEIC Mo C k
25 23.692 0.237 0.951
35 20.693 0.208 0.995
45 16.587 0.204 1.054

C KT 5 R MBS SR, & NE RS T
AR TR AR AL IE B T

C is binding strength between water molecules and adsorption sites on
surface of Scorpio decoction pieces, and k is correction factor of

multilayer molecules relative to bulk liquid.
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Fig. 2 Relationship between gst (a), Sa (b), AG (¢) and X. of

Scorpio decoction pieces
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Fig.3 T: distributions of moisture absorption equilibrium and changes in bound water (421 + 422), semi-bound water (A423)
and free water (424) of Scorpio decoction pieces at 25 ‘C (a), 35 °C (b) and 45 C (¢) (n =3)
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Fig. 4 T: distributions of Scorpio decoction pieces before
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and after drying and after extraction with petroleum ether

WK 3 for, SR EE e, ME 40 BTk, FfF
B IK (A +An) FEEEK (4n) FIEHHEK
(A2s) 3 HHSA 2P KT, VLIRS X 75
B, K, 45K (dat4n) HEME Ay
1 EA 2RI GRS, BT REGK (4s) M
H 7K (d2g) TEEME FAREA R . 4 4,<0.6 B,

FLEGK () HIBAIEAIEANH G, AR
iR IE BRI R TR BN G K (420) 1715545
HIK (An) #Ab. M4 4,>0.6 I, F4EEK (L)
TR B K, H 25 CHEHI T A K
(A24) 5 BES 7K G373 W42 e UL ISR 41 4 11 o 4 1 JUL 48
MaA I [RI BRIE S
2.6 KOBEEWRSERNFMRMEXES

W s fos, AR X 5 An+ 40 F1AG
ERFIEMHRK, 5 T BIEHRK, 5 gl S§ £0#
A, LIRS X ) BT, Hoamas &K RgE 45
GG EBEZ ETE, R K7 R st g
Ko Xe I TF MR A IR OR 3 THTVR BT A2
WK 588, (ERW AL AW, KT
R R BT TR A 0 ss, HF HAE A
HH/K E 30

A+ An 5 Ty FAG BIEFR, 5 gl Sq 2
REMMK, R\MELSG/KEENZE A, K
IR ARBIAR K, H A R 2 1 W7
RN, 2 ER B ISR K 15
W AT s R 45 DR BE BT B e Tor 5 g 1 Sq 202
EHMAR, BFONHE KD FRsh kb Ko+ 5
W BN A R P 5 P AN BT 1

g BRTR, AMETOR KT T S A
TR EEAT R, BWEBLLEEK
Oy FURBNPEES IS 22 5, AT AR BT (1) 00 4=
Wy R PRI RS B 1 R 2 IR i R T B
B ARE .

X. Antdn Ty st Sa

Ay +Ay . .

qst

Q
>
Q
I
f=1
o

-1.0
HAHRKR (P<0.05); **HEFMXKR (P<0.0D).

* There is a correlation (P < 0.05); ** There is a significant
correlation (P < 0.01).

B 5 ARSEERTHKSSESHANFHRIBEXM
Fig. 5 Correlation of moisture content of different binding

states and thermodynamic properties
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