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Preparation, Structural Characterization and in Vitro Antibacterial Activity of Water-Soluble Carboxymethyl

Pachymaran with Different Degrees of Substitution

BIE Meng, XIE Bijun, SUN Zhida™
(College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: To improve the water solubility and bioactivity of pachymaran, carboxymethylated pachymaran (CMP) was
synthesized with monochloroacetic acid as carboxymethylation reagent. The structures of CMP with different degrees
of substitution were characterized and their bacteriostatic activity were analyzed in vitro. The results showed that the
optimum reaction conditions were as follows: temperature, 65 ‘C; etherification time, 4 h; ethanol concentration, 80%; and
molar ratio of pachymaran to sodium hydroxide to monochloroacetic acid, 1:3.5:1.75. Under these conditions, the average
degree of substitution (DS) was 0.724. CMP with DS in the range of 0.350 to 0.728 could be prepared by controlling the
reaction conditions. The results of Fourier transform-infrared (FT-IR) spectroscopy analysis showed that pachymaran
was successfully derivatized. Gel permeation chromatography coupled online to multi-angle laser light scattering
(GPC-MALLS) revealed that higher the DS, the smaller the molecular mass and the higher the absolute value of Zeta
potential of CMP. In addition, the particle size increased first and then decreased, the content of neutral sugar decreased
continuously, and the thermal stability firstly increased and then decreased. The results of nuclear magnetic resonance (NMR)
showed that carboxymethyl derivatization mainly occurred at the hydroxyl position of C6. Scanning electron microscopy
(SEM) showed that the higher the DS, the closer the spatial structure and the higher the degree of cracking. In vitro tests
showed that the inhibition of CMP against foodborne pathogens was enhanced with increasing DS, and it was more active
against Gram-positive bacteria than against Gram-negative bacteria.
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Fig. 1  Results of one-factor-at-a-time experiments
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Table2 Results and analysis of orthogonal experiments for
optimization of modification of carboxymethyl pachyman
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L T R S B

1 1 1 1 1 0.512
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3 1 3 3 3 0.570
4 2 1 2 3 0.539
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6 2 3 1 2 0.595
7 3 1 3 2 0.697
8 3 2 1 3 0.729
9 3 3 2 1 0.651
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K, 1.684 1.935 1.847 1.949
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Fig.2  UV-visible absorption spectra of CMP with

different substitution degrees
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Fig.4  Zeta potential (A) and particle size (B) analysis of CMP

solutions with different substitution degrees
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Fig. 5 DSC analysis of CMP with different substitution degrees
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Table4 Molecular mass distribution of CMP with
different substitution degrees

AR m,/ (10° g/mol) m,/ (10’ g/mol) m,Jm,
0.350 3.356 2218 1.513
0.448 2.820 2.005 1.406
0.501 2.636 1.730 1.523
0.591 2.538 1.698 1.495
0.666 2482 1.598 1.553
0.728 2.170 1.510 1.437
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Table 5 Chemical shifts of pachymaran, CMP and dextran residues in
3C NMR spectra
5
- L1
Fdh c1 €2 €3 Cc4 C5 C6 C6
UL 103.55 73.33 86.73 68.90 76.83 61.36
CMP-6 10234 73.28 82.69 68.02 75.54 60.65 70.14

B3RS 103.0 728 862 684 763 609 70.0
A-13-HIRBEESE 1029 726 861 682 761 60.8
B-1L6-HITM R 103.42 73.69 76.55 68.82 75.73 70.02
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