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SA SA/CH SA+SCG SA+SCG-O/CH
Water Solubility pH 4 (%) 100a 44±5c 100a 70±8b

Water Solubility pH 6 (%) 100a 62±11c 100a 83±11b

Moisture content (%) 13.6±0.9a 14±2a 12.3±0.3a 13.3±0.7a

WVP x 10-10 (g/m /sec /Pa) 1.23±0.1c 1.4±0.1c 2.47±0.02b 2.9±0.2a

Surface density (mg/cm2) 3.4 3.4 4.4 4.4
Thickness (mm) 0.025±0.002b 0.031±0.001b 0.042±0.002a 0.050±0.004a

Opacity (T%) 5±1c 7.7±0.8bc 33±11a 14±3b

Fig. 4. DPPH assay of ACs released 
from active films into a food simulant
(50% Ethanol) at 4°C and 20°C after 1, 
3 and 240 h.

Tab. 2. Film characterization

SA films were
completely soluble in
water, while SA/CH
films were partially
soluble in water (60%).
The active films
showed higher WVP
values and higher
thickness than the
control films. Opacity
drastically increased
after SCG-O inclusion.
SA+SCG-O showed a
lower antioxidant
activity, and a lower
release rate of ACs
compared to SA+SCG-
O/CH, at both
temperatures. 

HBP-based film exhibited an
antioxidant capacity of 2.83 mg
Trolox/g film and demonstrated
a good release rate into the
food simulants. The greatest
differences between samples
were observed in C and D1
simulants, suggesting that
these films could be more
effective when applied as
packaging of fat-based
foodstuffs.

Fig. 3. ABTS assay of ACs 
release from PBS/HBP (M) film 
into a food simulants A, B, C 
and D1 after 1, 3, 7 and 10 days.

Fig. 2. Elastic modulus (E), 
maximum strain (εmax) and 
maximum stress (σmax) of 
PBS/HBP composites 

PBS/HBP composites
mechanical properties
were tested. The elastic
modulus is preserved by
the filler addition while a
general embrittlement of
the materials is observed.

Tab. 1. Influence of particle size and thermal 
treatment on Total (Poly)Phenol Content (TPC) 
and Antioxidant Activity (AO) of the hop flour
Particle 
size Thermal treatment TPC

(mg GAE/g)
DPPH

(mg TEAC/g)

S
Non-Thermal treated 104±7 13.0±1.0

80°C 106±7 14.4±0.5

M
Non-Thermal treated 75±4 10.7±0.9

80°C 82±6 11.4±0.6

L
Non-Thermal treated 54±4 7.4±0.4

80°C 57±4 8.1±0.4

Statistical analysis p p

Particle size (PS) 0.000 0.000

Thermal treatment (TT) 0.093 0.010

PSxTT 0.752 0.769

Two-way ANOVA, Tukey’s test p<0.05
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Fig. 1. TPC (a) and DPPH (b) of hop powder.
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BACKGROUND & AIM
Agri-food by-products have gained significant attention as a promise resource for the production of biodegradable packaging. Spent coffee ground
(SCG) is an abundant residue from coffee beverage preparation and the oily extract derived from SCG (SCG-O) is an excellent source of antioxidant
compounds (ACs) (Romano et al., 2023). Hop by-product powder (HBP), which is rich in fiber and ACs, is obtained by low temperature drying and then
grinding the plant biomass remaining after cone harvesting. The work objective was to develop two active films based on biopolymers and agri-food by-
products. SCG-O was used to develop antioxidant alginate/chitosan film, while HBP was used to create a biodegradable active poly (butylene succinate)
(PBS) film.

EXPERIMENTAL DESIGNS 
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