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Fig. 1 (a) Crosslinking reaction of chitosan using genipin as a crosslinker. Schematic illustration of (b) the precursor solution,

(c) the solution of nanogels, and (d) the Pickering high internal phase emulsions stabilized by the nanogels. The images of the

corresponding samples are shown as inset in panels (b) and (c) respectively.
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Table 1 Information of precursor chitosan chain.

DD? M," M, Ry, €

Sample N,
(%) (kg/mol) (kg/mol) (nm)
CS95-20 954 64.7 49.4 303 255

CS95-200 95.2 191.7 107.7 660  52.1
CS95-3000  93.5 378.0 189.9 1160 77.6

@ Degree of deacetylation (DD) obtained from 'H-NMR on a

Bruker 400 MHz spectrometer; ® Average number of monomers

per chain calculated from 163.1 g/mol per monomer; ¢ Weight-
average molar mass M,, number-average molar mass M,
and z-average radius of gyration R,, of chitosan precursor
determined by AF4-MALLS.
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Fig. 2 (a) Average hydrodynamic radius R}, of (a) CS95-20, CS95-200 and CS95-3000 crosslinked by genipin with fixed =5 at
37 °C, and (b) CS95-200 crosslinked by genipin with varied » = 1-100 as indicated and CS indicates the sample of pure chitosan

unreacted with genipin.
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Fig. 3 (a) UV, (b) Rl and (c) LS response during the reaction
of the mixed solution of chitosan and genipin for 48 h are
obtained respectively. The dotted line in (b) is value of 0 for
the baseline. The vertical dashed line at 6 min marked the
starting time of the elution step, and the retention time # of
the void peak located at ~6.5 min is indicated by an arrow.
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Fig. 4 Plots of radius of gyration R, against M for (a) CS95-
20, (b) CS 95-200 and (c) CS95-3000 obtained after different
reaction time as indicated. The solid line is R, = 0.103M'72,
while the dashed line is R, = 0.071M">.
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Fig. 5 Plots of (a) radius of gyration R, after 48 h reaction, (b) R, normalized by R, ., with inset plots of R, .. against M, and

the dashed line represents R,/R, .. = 1, (¢) UV adsorption coefficient & and (d) chain density p(R, ). All parameters are plotted

against M.
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Fig. 6 Plots of (a) radius of gyration R,, (b) UV adsorption
coefficient and (c) chain density p(R,) against M for the
samples obtained after 48 h reaction. The solid line in (a) is
R,=0.103M"2, while the dashed line in (b) is R,= 0.071 M3,
Among them, CS represents the sample of pure chitosan
unreacted with genipin.
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Fig. 7 The diagram shows three possible reaction of chitosan and genipin: (a) chitosan is excessive; (b) both chitosan and

genipin react completely; (c) genipin is excessive.

Fig. 8 Photographof the high internal phase emulsions (HIPEs)
stabilized by the CS-GNP of 0.57 wt% with different oil
volume fractions.
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Crosslinking Kinetics and Application of Chitosan-Genipin Nanogel
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(3College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095)

Abstract The natural crosslinking agent genipin can crosslink chitosan in a dilute solution to obtain biocompatible
nanogel particles. The particles can be used as the emulsifier of Pickering emulsion. This study examines the
conformation and structural evolutions using asymmetric flow field-flow fractionation (AF4) combined with
multiple detectors. The nanogel particles show an extremely wide molecular weight distribution but a much
narrower size distribution. To explore the universality of this behavior, we adjusted the molecular weight of the
prepolymer chain and the crosslinker concentration, respectively. The nanogels obtained from prepolymers with
different molecular weights exhibit similar molecular weight and size distributions, but the characteristic size
decreases with decreasing M of the prepolymers. This latter trend is due to the higher crosslinking density and
accordingly the higher internal density for the nanogel based on prepolymer of the lower M. For a given

prepolymer, the characteristic size first decreases and then increases with the crosslinker concentration. The
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former decrease is caused by the enhancement of intrachain crosslinking, whereas the later increase is attributable
to the excessive crosslinkers that attach to the polymer chain as dangling molecules, which suppresses the further
intra- or interchain crosslinking reaction. Finally, the nanogel particles obtained in this study turn out to be an
efficient emulsifier in preparing high internal phase emulsion due to its uniform size, high specific surface area
and balance between hydrophilicity and lipophilicity: a Pickering emulsion with oil content of up to 90% can be
stabilized using only 0.57 wt% of the nanogel particles.

Ugenipin

Keywords Chitosan, Genipin, Crosslinking, Nanogel, Field-flow fractionation, High internal phase emulsion



