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Effect of comminution degree of pieces on polyphenolic components and
astringency of Chebulae Fructus and its mechanism
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Abstract: Objective By systematically analyzing the polyphenolic composition content, astringency intensity, astringency
mechanism, and their inherent correlations in Hezi (Chebulae Fructus, CF) pieces with different comminution degrees, this study aims
to lay a foundation for its further development and research. Methods The CF was processed into six granule sizes (original granule,
extra large granule, large granule, median granule, small granule, fine powder) for sampling. HPLC was employed to quantify the
contents of chebulagic acid, gallic acid, chebulinic acid, ellagic acid, corilagin, and 1,3,6-tri-O-galloyl-B-D-glucose. The main chemical
composition groups and differences of six kinds of particle size CF samples were analyzed by fingerprint. The astringency intensity of
the samples was sensorially evaluated using a visual analogue scale (VAS). These data were utilized to analyze the correlations among
comminution degree, polyphenolic composition, and astringency intensity. Furthermore, SDS-PAGE technology was applied to
elucidate the underlying astringency mechanism through the protein interaction. Results The total content of six kinds of

polyphenolic components displayed significant variation across different granule sizes in the following descending order: median
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granule > extra large granule > fine powder > large granule > small granule > original granule. The results of fingerprint analysis
showed that the main chemical composition groups of the six samples were basically the same. Sensory evaluation revealed that
different comminution degrees considerably influenced the perceived astringency intensity, which decreased sequentially as: fine
powder > small granule > median granule > large granule > extra large granule > original granule. Correlation analysis identified gallic
acid and corilagin as key variables linking comminution degree with astringency perception. SDS-PAGE confirmed that the astringency
mechanism primarily involves binding interactions between polyphenolic components and salivary proteins, with the fine powder
demonstrating the strongest protein-binding capacity. Conclusion Comminution degree serves as a critical processing parameter
governing the dissolution of polyphenolic components and astringency intensity in CF. The sample with a particle size of 4.75—6.70
mm demonstrated the highest content of polyphenolic compounds, whereas the sample with a particle size of 0.15—0.18 mm elicited
the most intense perception of astringency. Processing CF to a median granule size (4.75—6.70 mm) is therefore identified as the
optimal strategy for balancing polyphenolic component dissolution and oral compliance. This study provides key scientific evidence
to support the standardization of CF processing techniques and related product development.

Key words: Chebulae Fructus; comminution degree; polyphenolic components; astringency; correlation; HPLC; chebulagic acid;

gallic acid; chebulinic acid; ellagic acid; corilagin; 1,3,6-tri-O-galloyl-B-D-glucose; SDS-PAGE technology
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Table 1 Comminution particle size of six CF samples

Bedh RRAD O REAORLER | RERN REAL RRADKITR/
i 5 Bk mm 'S5 W mm

S1 J&%JT 15.00~40.00 | S4 Pk 4.75~6.70
S2  EKWIRL 10.00~15.00| S5 /NEURL 2.00~4.75
S3  K¥RL  6.70~8.00 | S6 4K 0.15~0.18
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Fig.1 Appearance characteristics of six particle size CF samples
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60 min, 22%FEE; 60~63 min, 22%~30% F ¥,

63~78 min, 30%HEE; 78~83 min, 30%~37%HH
. 83~85 min, 37%~43%MEL; 85~88 min,

43%~45% T, 88~98 min, 45%~12%MHEE; {A
FE 1.0 mL/min; #3530 °C; #EREAF 20 pL;
R K 270 nm
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Table 2 Comparison of contents of polyphenols in six CF samples (X £ s,n=3)

JRE S H/ (mgg™)

> 1
i BETR (EEETSTY IR TR AR 1,3,6- = 361 I o] i ik
S1  46.223+0.482  18.723£0.096 47.776 £0.263 59.940+0.532  5.319%0.226 104.396 +0.084

S2 33.124+1.107" 26.450%£0.269°  93.098+0.743"  70.592+1.024  7.702+1.035 133.022+4.452"

S3  53.740+0.935" 26.750%+0.136"  70.572+0.432"  58.865+1.468  5.422+0.492 113.046 +0.099"

S4  53360+0.039" 36.242+0.063" 122.8821+0.257" 130.793+0.505" 3.88510.166" 179.596+0.184"

64.902+2.706"
78.815+0.291"

S5 54.748+0.847" 33.567+0.022"
S6  57.111+£2277" 35566+1.318"

43.995+0.202"
54.692+3.207

110.565+1.403"
128.9584+0.205"

3.343+0.297"
6.008 +0.081

5 St HE: "P<0.05; £ 5 [,
*P < 0.05 vs S1; Same as table 5.
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Fig.2 HPLC chromatogram of mixed reference
substances (A) and six CF samples (B)
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Table 3 Evaluation results of fingerprint similarity

. FHABLEE
it
S1 S2 S3 S4 S5 S6 R
S1  1.000 0.961 0.987 0.941 00983 0.976 0.988
S2 0961 1.000 0.973 0.951 0980 0.976 0.987
S3 0987 0.973 1.000 0.913 0972 0.993 0.989
S4 0941 0.951 0913 1.000 0976 0916 0.958
S5 0983 0.980 0.972 0.976 1.000 0.975 0.994
S6 0976 0.976 0.993 0916 0975 1.000 0.992
R 0988 0.987 0.989 0.958 0.994 0.992 1.000
R Jf IR TR SR .

R is reference fingerprint.
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FHIHEH RSD. 4R BE TR MIEFIL, )
R ] TR . SRAEER AN 1,3,6- =& 1B 4 2 W04 17T
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Table 4 Tannic acid concentration and degree of

astringency
BERR/(mgmL)  HERRENGREE VR VAS AR
0.25 PRI 0
0.50 WA V7 R 2
1.00 BRI 4
2.00 R B 5 p
4.00 ELiECPAAUN 8
8.00 Je R 10
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3 A FHERERA VAS 84 (X+s,n=11)
Fig. 3 Comparison of VAS scores of astringency of CF
samples (X x s, n=11)
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Fig. 5 Linear fitting results of six polyphenolic components content and VAS scores
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2,52 HLK AR & RSB ARECARY . /N
VAN SP TV AN N 1 AN e b v L e 1
HYHiI B 4 mg/mL £ o
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4.5 X 104~5.5 X 10* 87 1 5% 5 BE IR E 7 L, 8
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SPD B, +EAXUIF .

SPI= (4 Wl yig 41 1) 25 11 %5 J35 — AN R W 5 38 e o5 15 W ¥
JSSE S 0 6 3 )/ AS TR T P -5 A I i £ 2
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