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Table S1. Al concentrations (%), polymer composition (%), and other operational parameters used
for the synthesis of pristine fibers (no Als), enzyme responsive fibers (no CD-ICs), RH responsive
fibers (no free Als), and multi stimuli responsive fibers.

Free Als CD-ICs of Als Polymer composition Operational parameters

(%)

Pristine * 41% (w/v) in total, Flow rate: 1 mL/h
fibers - - e 85:15 zein:starch Voltage: 35 kV
Distance: 10 cm
Enzyme thyme oil (1%, w/v) * 47% (w/v) in total, Flow rate: 0.5 mL/h
responsive citric acid (5%, w/v) - e 85:15 zein:starch Voltage: 27.5 kV
fibers nisin (0.2%, w/v) Distance: 10 cm
RH thyme oil (1%, w/v) * 47% (w/v) in total, Flow rate: 0.5 mL/h
responsive - sorbic acid (0.5%, w/v) ¢ 85:15 zein:starch Voltage: 27.5 kV
fibers nisin (0.2%, w/v) Distance: 10 cm
Multi stimuli thyme oil (1%, w/v) thyme oil (1%, w/v) * 41% (w/v) in total, Flow rate: 0.5 mL/h
responsive citric acid (5%, w/v) sorbic acid (0.5%, w/v) * 85:15 zein:starch Voltage: 25 kV
fibers nisin (0.2%, w/v) nisin (0.2%, w/v) Distance: 10 cm




Table S2. Specific surface area (SSA), average pore radius, and total pore volume of pristine
fibers, enzyme responsive fibers with only free active ingredients (Als), relative humidity (RH)
responsive fibers with only cyclodextrin-inclusion complexes (CD-ICs) of Als, and multi stimuli
responsive fibers.

Multipoint BET Average Total pore
surface area pore volume (cc/g)
(m?/g) radius (nm)

Pristine fibers 12.1 2.18 1.32x102

Enzyme responsive 19.3 1.64 1.58x102
fibers

RH responsive fibers 10.4 1.56 0.81x1072

Multi stimuli responsive 10.9 2.16 1.18x102
fibers
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Figure S1. Schematic representation of experiment design for a. direct contact assay and b.
relative humidity (RH) triggered antimicrobial activity test of relative humidity (RH) responsive
fibers.
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Figure S2. Scanning electron microscopy (SEM) images of the degradation of enzyme responsive
fibers with only free active ingredients (Als) in a. 0.1 U/mL, b. 1 U/mL, and c. 3 U/mL enzyme
concentrations at the end of 12 hours.
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Figure S3. Scanning electron microcopy (SEM) images of relative humidity (RH) responsive
fibers with only cyclodextrin-inclusion complexes (CD-ICs) of Als at a. 50% RH and b. 95% RH
at the end of 4 hours.
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Figure S4. Cumulative release (%) of thymol from multi stimuli responsive fibers into food
simulant (water) as a function of time.
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