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Faculty of Animal Science
and Food Engineering

= Department of Basic Sciences (ZAB)

= Department of Animal Science (ZAZ)

= Department of Food Engineering (ZEA)

= Department of Biosystems Engineering (ZEB)

= Departiment of Veterinary Medicine (ZMV)




Five Postgraduate Courses

Animal Science: Master and Doctorate.

Food Engineering: Master and Doctorate.

Material Engineering and Sciences: Master and Doctorate.
Animal Biosciences: Master and Doctorate.

Managing and Innovation in the Animal Industry: Professional

Master.




Now, infroducing my self
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Now, infroducing my self

« Food Engineer from the Federal University of Vicosa,
Brazil (1983).
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Now, infroducing my self

« Food Engineer from the Federal University of Vicosa,
Brazil (1983).

« Master in Food Engineering from the State University of
Campinas, Brazil (1987).
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Now, infroducing my self

Food Engineer from the Federal University of Vicosa, Brazil
(1983).

Master in Food Engineering from the State University of
Campinas, Brazil (1987).

"DEA" in "Geénie des Procedés Option Génie Alimentaires"
from the "Ecole Nationale Supérieure Des Industries
Alimentaires"”, France (1988).

PhD in "Genie des Procedés" by the "Institut National
Polytechnique de Lorraine™, France (1992).

Assistant Professor at USP (1993).

Associate Professor (by defending a 2" thesis) (2000).
Full Professor (2007).
Researcher PQ1B of CNPq




« Teaching:
« Mass transfer (UG)
* Physical-chemistry of foods (UG and PG).

* Research topics:

 Biopolymers-based Film Technology.

* Nanoparticles and nanocomposites.

* Biopolymers-based hydrogels.

« Biomaterials: scaffolds.

« Emulsions and nanoemulsions.

* Food classifications.




 Team:
« 2 Technicians (PhD and Master)

9 PhD Students
o 2 Post-docs.

« Laboratory: SEM, AFM, FTIR, DSC, automatic film
spreader, network analyzer, freeze-dryer, rheometer,
texturometer, Aw Decagon, colorimeter, glossmeter,
Microfluidizer, Lumisizer, RH/T controlled oven,

among others.




And now, some results

On passive films based on biopolymers
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Thickness control

Myofibrillar proteins

Source: Sobral (2000)
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Mechanical properties

TS (MPa)
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Mechanical properties
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Exothermal Heat Flow

Glass transition

Temperature (°C)

Pigskin gelatin




Glass transition

Exothermal Heat Flow

80
Temperature (°C)
Pigskin gelatin .

Glass transition temperature 4

Source: Sobral & Menegalli (2002)




On nanocomposite films based on biopolymers




EZEA

Unripe banana peel Unripe banana pulp Casting process

Nanocomposite films
SEM unage /appearance

Cellulose nanofibers Banana starch
TEM image / colloidal suspension SEM image/appearance

Source: Pelissari et al. (2017)
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Fig. SEM images of the a banana peel bran (X 1,000, scale treatment, ¢ first bleaching, d second bleaching, and e second

bar 10 pm) and of the steps involved in the chemical treatment alkaline treatment (X 2,000, scale bar 30 pm)
for the isolation of cellulose nanofibers: b first alkaline
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Fig. TEM images of cellulose nanofibers obtained by different number of passages in the high-pressure homogenizer: a N0, b N3,

¢ N5, and d N7 (x 1,400, scale bar 2,000 nm)
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Fig. 1. SEM surfaces (500x, scale bar = 10 pm; 2000x, scale bar = 3 pm) and cross-sections (2000x, scale bar = 3 um) of the control film (FC)
and nanocomposites reinforced with cellulose nanofibers that were passed through the high-pressure homogenizer zero (FNO), three (FN3),

five (FN5), and seven (FN7) times.
\ ) Source: Pelissari et al. (2017)
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On active films based on biopolymers




Active agents

Examples of active agents used to produce active films:

1) Vegetable extracts: from herbs, spices, leaves, ...

1) Purified compounds: carotenoids, phenolic compounds,
o.-tocopherol, essential oils, nisin, natamicin...




Purified compounds

https /len. W|k|ped|a org/wiki/
Alpha-Tocopherol

Eugenol




Vegetable extracts

ater:ethanol proportions in solvents: 100:0, 80:20, 60:40, 40:60, 20:80, 0:100.
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Hydroethanolic extracts
from plant materials:

a) Carqueja,

b) Guarana

c) Pitangueira leaves.

Source: Vargas (2015)



Vegetable extracts Compositions

Rosemary: eucalyptol, linalool, camphor, a-pinene,
terpinen-4-ol, camphene, 3-pinene, D-limonene, p-
cymene, n-hexadecanoic acid, endo-borneol, L-a-
terpineol, caryophyllene, bornyl acetate, tetradecanal.

<" Boldo: 1,8-cineol, p-cymene, phytol, eicosanoic acid,

"B Cis,cis,cis-7,10,13-hexadeca trienal and o-irone.

Cinnamon: cinnamaldehyde and a-copaene.

Guarana: caffeine,

as determined by GC-MS by Bonilla and Sobral (2017a).




Vegetable extracts Compositions

Table Individual abundances (as gkg™' equivalents) for each
phenolic sub-class identified in guarana seed extracts (GSE).

Phenolic class equivalent gkg™'

Tyrosols 14.74 +2.64
Phenolic acids 7.38 £ 1.03
Anthocyanins 3.65+0.67
Alkylphenols 1.33£0.08
Flavonols 0.59+0.10
Flavones 0.48 £0.08
Stilbenes 0.02 £0.00
Lignans 0.01+0.00

ADE DE g7
aetD 40
> p"%

Determined by UHPLC-MS by Goméz et al. (2018).




Vegetable extracts Compositions

251
Fig. Phenolic equivalents, as semi-quantitative data
per different sub-classes, in Pitanga leaf extracts

20+ (mean * standard deviation, n = 3).

g/kg Eq.

Qe& Determined by UHPLC-MS
o by Lorenzo et al.




Antimicrobial activity

R

E. coli_Boldo

E. coli_Guarana

E. coli_Rosemary

G Figure Inhibition of bacterial growth (E. Coli and S. Aureus) by the boldo of Chile (Peumus boldus moh’na)]

cinnamon (Cinnamomum sp.), guarana (Paullinia cupana) and rosemary (Rosmarinus officinalis) extracts.
- - Source: Bonilla & Sobral (2017).




Active films with vegetable extracts

Films based on blends of
gelatin/sodium caseinate,
loaded with extracts of

. cinnamon, guarana, rosema
% ry and boldo.

= SCas100 *° - = (Bonillaetal., 2017b).

GEL100

200 um

GEL100:SCas0 G o GEL50:SCas50 G
Figure = Examples of scanning electron microscopy (SEM) images of
cross-sections of biopolymer pure films (GEL100 or SCas100) and blend
films (GEL100:SCas0 or GEL50:SCas50) with guarana (G) extract.



Active films with vegetable extracts

100 o
90
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70 4
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« GEL100:CHO with extracts

Transmittance (%)
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20 S === (GELS0:CHS0 with extracts

10 S

200 250 360 SéD 460
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Fig. . UV-Vis spectra for pure chitosan films (CH100), pure gelatin films (GEL100)

and GEL100:CHO and GEL50:CH50 blend films with guarana (G), boldo (B), cinna-

mon (C) and rosemary (R) extracts.
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Source: Bonilla et al. (2016)
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Active films with vegetable extracts

Table Physical properties and antioxidant characteristics of films.

Film Properties TO T1 T2 T3

Physical properties (2.25g PE/100g FFS) (1g NA/100g FFS) (2.25g PE + 1g NA/100g FFS)
AE* 5.53 + 0.39° 48.48 + 2.48° 18.65 + 5.80° 49.74 =+ 1.17°
Opacity 2.2 + 0.4° 3.2 + 0.6° 36.0 + 5.3° 47.7 + 1.4°
Average roughness, R, (nm) 73.4 + 1.8° 70.2 + 5.7° 239.2 + 39.3" 224.4 + 6.9"
Tensile strength, o” (MPa) 9.4 +1.9° 10.9 + 1.4° 13.3 + 1.4" 10.6 + 1.6°
Elongation at break, £° (%) 24.3 + 3.9° 18.4 + 2.3" 2.8 + 0.7° 3.7 + 0.7°
Elastic modulus, E (MPa,/%) 2.7 + 0.5° 2.7 + 0.9° 6.0 + 1.2° 43+ 1.1°
Puncture Force, PF (N) 14.0 + 1.3° 11.5 + 1.2° 6.8 + 1.5° 6.6 + 0.5°
Puncture Deformation, PD (%) 42 + 15" 1.7 + 0.6" 0.4 + 0.1° 0.4 + 0.1°
ABTS*+ (% Scavenging activity) 7.68 + 1.57° 59.88 + 2.33¢ 14.33 + 0.55° 37.22 + 1.62°
DPPH- (% Scavenging activity) 3.38 + 0.11° 86.20 + 1.37¢ 25.79 + 3.14° 71.56 + 2.99°

FRAP (pmol FeS0,/g film) -4 min 215.25 + 27.76° 4565.34 + 90.38° 325.41 + 39.04° 2918.52 + 222.37"
FRAP (umol Fe50,/g film) -30 min  253.85 *+ 24.26° 5670.98 + 266.63° 508.84 + 84.23" 3594.93 + 297.30°

* \Falues [means + SD) in a row with different superscripts indicate significant differences (p <0.05)

| PO, | Films of cassava starch/chitosan with pitanga leaf
l ﬂ @
= ethanolic extract and/or natamycin (Chakravartula

DE I\LIMEN‘I'OS

LPQ:.JJ EQ_I—‘ al., 2020).




Active films with vegetable extracts

100
a0
80
70
&0
50
40
30
20
10

% Transmission

200 300 400 500 600 700 300 900
Wavelength (nm)

m—T0 (3) =—==T1(b) T2 (g) =—=T3 (d)

Fig. UV-vis light barrier properties (200-900 nm) of CS/CH active films: TO:
without additives, T1: with 2.25g PE/100 g FFS, T2: with 1 g NA/100 g FFS,
and T3: with 2.25¢ PE + 1 g NA/100 g FFS.

T Films of cassava starch/chitosan with pitanga leaf
= ethanolic extract and/or natamycin (chakravartula et a




Ctive bi-layers films with vegetable extracts

Fig. Photographs of bi-layer
gelatin films. G: bi-layer gelatin
film without additives in the
second layer; GN: bi-layer film
with nisin in the second layer;
GE: bi-layer film with PLHE in
the second layer; GNE: bi-layer
film with nisin and PLHE in the
second layer

Fig. Schema demonstrating the
bi-layer film

Active second layer
Y

h . i First layer

T Films of gelatin with pitanga leaf ethanolic
S22 extract and/or nisin (Luciano al., 2021).




FL D46 2« Xum

Fig. 3 Surface (left) and cross-section (center) micrographs by scanning nisin in the second layer; GE: bi-layer film with PLHE in the second

e —— electron microscopy (MEV), and surface (right) micrographs by atomic layer; GNE: bi-layer film with nisin and PHLE in the second layer. The

m force microscopy (AFM) of bi-layer gelatin-based films. G: bi-layer gel-  brackets in cross section micrographs of GE and GNE films show the
atin film without additives in the second layer; GN: bi-layer film with second layer ; .




Active bi-layers films with vegetable extracts

Table Total phenolic

compounds (TPC), ABTS» + Activities G GN GE GNE
radical inhibition, and DPPH- _ ) _
radical inhibition of active bi- TPC 0.5 £03° 1.8 £0.1° 7.6 £ 09" 74 +1.1°

layer gelatin-based films* (mg gallic acid/g film)
ABTS» + (mg trolox equivalent/100 g film)  0.03 = 0.00° 003 £001° 075003 079 = 0.03"

DPPH- (%) 23 +09° 47+0.1° 583+ 1.5 557 +1.3*

*(: bi-layer gelatin film without additives in the second layer; GN: bi-layer film with nisin in the second layer;
GE: bi-layer film with PLHE in the second layer; GNE: bi-layer film with nisin and PHLE in the second layer.
Different letters in the same line indicate significant differences between the mean values according to the Tukey
test (p < 0.05)

‘DADE DE S4
s D

T Films of gelatin with pitanga leaf ethanolic
—————_ extract and/or nisiN (Luciano al., 2021).
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Source: Luciano et al. (2021)
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Active films with emulsified active compound

Eugenol nanoemulsions stabilized with soy lecithin or sodium
caseinate (Dammak & Sobral., 2019).
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(a) Mean droplet size (ds>) of eugenol-loaded nanoemulsions as a function of soy lecithin and sodium caseinate concentrations; the

inset graph was plotted using eqn 1. All of these nanoemulsions were produced under standardised homogenisation conditions (100 MPa, three
cycles). (b) Influence of homogenisation pressure (three cycles) on the mean droplet size (ds,) of eugenol-loaded nanoemulsions stabilised with
1% (w/w) of soy lecithin and 2% (w/w) of sodium caseinate. [Colour figure can be viewed at wileyonlinelibrary.com]
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Active films with emulsified active compound

Eugenol nanoemulsions stabilized with soy lecithin or sodium
caselnate (Dammak & Sobral., 2019).
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Figure (a) Flow behaviour of sodium caseinate and soy lecithin-stabilised nanoemulsions encapsulating eugenol. The lines were
plotted using eqn 2. (b) Apparent viscosity as a function of the shéar rate.
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Active films with emulsified active compound

Films of gelatin with eugenol nanoemulsions stabilized with soy
lecithin or sodium caseinate (Dammak & Sobral., 2019).

Table Thermal properties and Trolox-equivalent antioxidant capacity (TEAC) of the gelatin films

1st Scan
2nd Scan TEAC (pmol TE per g
Gelatin films added with NE T, (°C) AHm (J g7") Tm (°C) Tg (7€) of dry weight film)
Control 48.1 £ 0.8% 25.3 £ 0.5° 66.8 + 0.2° 344 +14° 00 +0.0°
MNaCas-stabilised NE 48.8 + 0.4° 224 +0.2*° 66.5 + 0.8° 292 +27° 48 +0.°
SL-stabilised NE 485 + 0.6° 23.1+£0.8° 66.0 £ 0.4° 326 £ 1.1°° 36 £ 0.1°

Mean + standard deviations from triplicate determinations. Different letters in the same column indicate significant
differences at P < 0.05. MaCas, sodium caseinate; NE, Manoemulsion; 5L, Soy lecithin; TE, Trolox-equivalent;
Ty, Glass transition temperature; T, Melting temperature; AH,, Melting enthalpy.
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Table 1

Mean particle size, polydispersity index and zeta potential of O/W nanoemulsion
containing cinnamaldehyde, garlic essential oil and a-tocopherol stored at 25 *C by
30 days®.

Time (Days) Droplet size (nm) Polydispersity index  Zeta potential (mV)
0 79.34 £ 107 0.148 £ 0.012° -1243 + 0.68°
30 79.87 = 0.45* 0.132 £ 0.002° -13.17 = 0.97%

*Mean values + standard deviation. n = 3. No significant differences (p > 0.05)
among the average values was obtained according to the Duncan's test.

Active films with emulsified active compound

Characteristics of a.-tocopherol, garlic essential oil and
cinnamaldehyde nanoemulsified in water (Cérdoba & Sobral, 2017).

Volume (%)

1 10 100 1000
Droplet size (nm)

10000

Fig. 1. Particle size distribution of O/W nancemulsion containing cinnamaldehyde,
garlic essential oil and z-tocopherol during storage at 0 and 30 days.




Active films with emulsified active compound

Films of gelatin, gelatin-chitosan or — = chniaat o i)
gelatin-sodium caseinate blends,
with o-tocopherol, garlic essential
oil and cinnamaldehyde nanoemul-

sified in water (Cérdoba & Sobral,
2017). L

Control

Table - » i ] _ G-Cs-NACs
Antioxidant activity of gelatin-based films loaded with NACs expressed like TEAC

and ABTS™ radical scavenging®.

Films** TEAC (mg/L) ABTS™* radical scavenging effect (%)

Control 0.00 + 0.00¢ 04+ 024

G-NACs 424 + 027" 145 + 0.4°

G-Cs-MACs 13.5 + 0.41° 290 + 0.5° G-Ch-NACs
G-Ch-MNACs 868 + 1.61" 215+ 21"

*Mean values + standard deviation. n = 3. Different letters in the same column
indicate significant differences (p < 0.05) among the average values obtained by
application of the Duncan's test. **G-NACs = gelatin plus nanoemulsified active
compounds; G-Cs-MACs = gelatin-sodium caseinate blend plus nanoemulsified Fig.  Scanning electron micrographs of control film, and of films based on G-NACs =

active compounds; G-Ch-NACs = gelatin-chitosan blend plus nanoemulsified active gelatin plus nanoemulsified active compounds, G-Cs-NACs = gelatin-sodium caseinate
compounds blend plus nanoemulsified active compounds, and G-Ch-NACs = gelatin-chitosan

blend plus nanoemulsified active compounds.
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Active films with emulsified active compound

Films of gelatin with rutin emulsified in water (Dammak et al., 2017).
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Fig. Rutinrelease from gelatine-films incorporated with rutin-loaded nanoemul-
sions at various concentrations as a function of time.




Active films with emulsified active compound

Films of gelatin with rutin emulsified in water (Dammak et al., 2017).

Table Color parameters and transparency values of gelatin films loaded with rutin oil-in-water
nanoemulsion (NE) at various levels.

Film color
Film type L a B AE Transparency values
Control 90.41 £ 1.53° 198+ 029" 3854046 269+1.62° 3.08 £ 0.00°
5% ME 01.02 4219 1914039 3674059 2054£1.29° 2.99 £ 0022
10% ME 93.20 £ 0.44° 1324 007" 3264+025° 2800512 287+£003
15% ME 90.53 £+ 0.46 1.8+ 0,03 46240074 283 +0.44° 2.724+002°
20X MNE 890594038 2104008 507004 3.53 £0.36° 273 £006%

Results are expressed as mean + standard deviation of 3 determinations.
Means with different letters were significantly different at p <0.05.

Table Antioxidant actwu}rrul' gelatin based-films loaded with rutin oil-in-water
nanoemulsions (NE) at di

erent levels.

Antioxidant activity

Film type DPPH ABTS FRAP
(pgfmL) (mM TE/g dry film) (mM TEfg dry film)
Control 0.07 £0.01° 049 +0.14 0.1 £0.012
5% NE 0264 0.01° 347 401" 81.14230
10% NE 0.66+0.01° 697 £0.1° 1123 4£3.1¢
15% NE 13040014 8964014 168.3 +2.5
20% NE 1.97 001" 1233 +0.2° 198.3 +3.4°
L RCULDADE DE ZOOTECNIA E ENGENTIARIA DE ALMENTOSH B-carotene[1000 ppm]yg, 021 £0.018 083 +0.18 932+ 1.68

EZEARUST

Results are expressed as mean £ standard deviation of 3 determinations.
Means with different letters were significantly different at p <0.05.




Active films with emulsified active compound

Films of gelatin with rutin emulsified in water (Dammak et al., 2017).

Rutin OH

Table Color parameters, h rutin oil-in-water

nanoemulsion (MNE) at va HO H
Film color

Film type L Transparency values
Control 90.41 £1.! OH O 3.08 £ 0.00"
5% ME 91.024+2 2.99 + 0022
10% NE 93.20 £ 0. OH 0.0 2.87 003
15% NE 90.53 £ 0. o) 2.72+002°
20% NE 895940 OH 2.73 £0.06°

Results are expressed as OH OH e

Means with different lett OH

Table Antioxidant activit_}rrul' gelatin based-films loaded with rutin oil-in-water
nanoemulsions (NE) at different levels.

Antioxidant activity

E‘F!\CULDI\DE DE ZOOTECNIA E ENGENHARIA DE ALIMENTDSp

EZEARUST

Film type DPPH ABTS FRAP
(pgfmL) (mM TE/g dry film) (mM TEfg dry film)
Control 0.07 £0.01° 049 +0.14 0.1 £0.012
5% NE 0264 0.01° 347 401" 81.14230
10% NE 0.66+0.01° 697 £0.1° 1123 4£3.1¢
15% NE 13040014 8964014 168.3 +2.5
20% NE 1.97 001" 1233 +0.2° 198.3 +3.4°

B-carotene| 1000 ppm|aq

021+ 0.01#

083 +0.1#

932+ 1.65

Results are expressed as mean £ standard deviation of 3 determinations.
Means with different letters were significantly different at p <0.05.




Another approach: Pickering emulsion

Pickering emulsions are formed when solid colloidal particles are adsorbed to the
interface of emulsion's droplets, stabilizing them (Manoharan, 2006).

(a)

ChiNP characteristics

- (b)

25 -

20 -

d=38.4+11 nm

15 |-

Volume (%)

10 |-

Span=0.25

Particle size (nm)

Particle-size distribution graph of chitosan nanoparticles.

Source: Dammak & Sobra




EZEA

The experimental and predicted mean droplet size (ds2) and emulsion stability index (ESI) of prepared emulsions.

Run No. Chitosan NP cc. Lecithin cc. OfW ratio Experimental ESI (=) Predict ESI Experimental dz 3 Predicted ds 2
(%) (%) (=) (=) (pm) (umj}
1 =1(02) =1(1) 0(0275) 045 0.36 6.91 8.19
2 1(2) =1(1) 0(0275) 0521 0.45 6.8 5.58
3 =1(02) 1(7) 0(0275) 0.49 0.56 75 8.72
4 1(2) 1(7) 0(0275) 03 0.39 B.64 736
5 =1(02) 0(4) =1 [0.05) 04 0.43 G 6.11
G 1(2) 0(4) =1 [0.05) 042 0.43 32 5.81
7 =1(02) 04) 1(0.5) 039 043 16.48 6.11
8 1(2) 04) 1(0.5) 031 028 103 10.19
9 0(1.1) =1(1) =1 [0.05) 0238 0.30 6.82 543
10 0(1.1) 1(7) =1 [0.05) 0.65 0.55 53 3497
11 0(1.1) =1(1) 1(0.5) 028 038 7.56 8.89
12 0(1.1) 1(7) 1{0.5) 032 0.26 11.26 12.65
13 0(1.1) 0(4) 0(0275) 0.8 0.78 31 281
14 0(1.1) 0(4) 0(0275) 0.76 0.78 29 281
15 0(1.1) 0(4) 0(0275) 0.82 0.78 252 281
16 0(1.1) 0(4) 0(0275) 0.78 0.78 2.68 281
17 0(1.1) 0(4) 0(0275) 0.72 0.78 2.87 281

* The values (=1), (0) and (1) are coded levels.

Optimal conditions regarding ESI:
ChiINP = 1.1% (w/w)
Lecithin=4.4% (w/w)

fe—— O/W ratiO: 0.24 V/V Source: Dammak &
EZERUSE (VIV). source




Pickering emulsions carrying hesperidin characteristics

Source: Dammak & Sobral.
(2018)
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r v \ (a) Optical micrograph of emulsion droplets prepared under optimal conditions. (b) Confocal laser-scanning

) = I l | K )J_] microscopy (CLSM) micrograph of emulsion droplets after labeling of oil and chitosan nanoparticles.
(c) CLSM micrograph of labeled chitosan nanoparticles. (d) CLSM micrograph of labeled oil phase.
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Physical stability of emulsions:
Determined using a analytical centrifuge (Lumisizer®)
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Physical stability of Pickering emulsions carrying
hesperidin characteristics
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Source: Dammak & Sobral. (2018)




And finally: Active film-Pickering emulsion

ChiNP characteristics

0.17 ym
0.00 ym

0 100 200 W0 400 %00 (3] 700

Particle size (nm)
(a) Particle size distribution determined by dynamic light scattering; (b) height profile and (¢) ChiNP images obtained by atomic force

< microscopy. Sample was diluted at 1:150 in distilled water.

d=280+11 nm and Span= 0.4%0.1

Source: Dammak et al. (2019



Pickering emulsions carrying hesperidin characteristics

Without Hesp With Hesp
L+ | Without Hesp
3 -
/
I I | 1
0 ] 10 15 20 25
Dropletsize (um)

(a) Appearance of the ChiNP-stabilized emulsions without and with Hesp after 2 h of storage and droplet size distribution, (b) CLSM micrographs, and (¢) SEM
images of ChiNP-stabilized Pickering emulsions.

Source: Dammak et al. (2019



The mean droplet size, polydispersity index and hesperidin retention of O/W
Emulsions prepared with and without hesperidin at two homogenization speeds.

Homogenization speed Homogenization speed
5,000 rpm 10,000 rpm

Without hesperidin With hesperidin Without hesperidin With hesperidin

Mean droplet size

15.3%+1.20 8.3+ 1.7¢ 9.5+2.0° 5.4+ 20¢
(um)

Polydispersity index

) 0.7%0.1@ 0.4 0.3 0.5+0.1° 0.3+0.1¢

Hesperidin retention

0.72  0.02°
(mg/mL)

0.81 +0.02¢

Mean + standard deviations from triplicate determinations.

m ll-cvp\ ad Different letters in the same row indicate significant differences at p < 0.05.
Source: Dammak et al. (2019
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Active films characteristics
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Films 5%

Films 20% Films 10%

Films 30%

FACULDADE DE ZOOTECNIA E ENGENHARIA DE ALIME!
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Films 50%

|

(a) Top-surface and (b) cross-section SEM images of films

incorporated with different levels of Pickering emulsions.
Levels of Pickering emulsions are indicated in figures.
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Films 5%

Films 10%

Films 30% Films 20%

Films 50%

(a) 3D images

(b) 2D images at 10 pym

Figure. (a) 3D CLSM images of films with
different levels of Pickering emulsions; (b) 2D
CLSM images at a penetration depth of 10 ym
of films with Pickering emulsions. Scale bar is
of 20 ym.

Source: Dammak et al. (2019



Incorporation level

(g oil/ 100 g gelatin)

5%

10%

20%

30%

50%

-

i L
‘% Mean * standard deviations from triplicate determinations.

Calculated mean droplet size and polydispersity index of ol

droplets incorporated into the active gelatin films.

Mean droplet size Polydispersity index
(um)

6.4%22¢

7.2*23°

6.2+1.8¢

7.2%219

8.4%257

E DE ZOOTECNIA E ENGENHARIA

FACULDAI DE Al

meesl - Different letters in the same column indicate significant differences at p < 0.05.
Source: Dammak et al. (2019)

0.4 £ 0.02¢

0.3 £0.03°

0.3 £ 0.04°

0.4 £0.03°

0.5 +0.05¢



Final Remarks

We worked a lotf, but a lot of
research still needs o be done to
have a material with high potential
for application in the food industry.
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