


Starting by introducing the FZEA-USP in Brazil



Brazil



State of São Paulo



University of São Paulo 

in numbers

Created in 1934







Faculty of Animal Science 

and Food Engineering



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)

▪ Department of Veterinary Medicine (ZMV)



▪ 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.

Five Postgraduate Courses
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• Food Engineer from the Federal University of Viçosa, 

Brazil (1983).
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Now, introducing my self

• Food Engineer from the Federal University of Viçosa, 

Brazil (1983).

• Master in Food Engineering from the State University of 

Campinas, Brazil (1987).
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Now, introducing my self

• Food Engineer from the Federal University of Viçosa, Brazil 

(1983).

• Master in Food Engineering from the State University of 

Campinas, Brazil (1987).

• "DEA" in "Génie des Procédés Option Génie Alimentaires" 

from the "Ecole Nationale Supérieure Des Industries 

Alimentaires", France (1988).

• PhD in "Génie des Procédés" by the "Institut National 

Polytechnique de Lorraine", France (1992).

• Assistant Professor at USP (1993).

• Associate Professor (by defending a 2nd 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

• 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



Chitosan

Gelatin

Tilapia myof. protein

Gelatin with tributil citrate Gelatin with lycopen
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Mechanical properties

Source: Thomazine et al. (2005)
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Glass transition

 

Pigskin gelatin



Glass transition

 

Pigskin gelatin
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On nanocomposite films based on biopolymers



Source: Pelissari et al. (2017)



Source: Pelissari et al. (2014)



Source: Pelissari et al., (2014)



Source: Pelissari et al. (2017)



On active films based on biopolymers

 



Active agents

Examples of active agents used to produce active films:

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

ii) Purified compounds: carotenoids, phenolic compounds,

-tocopherol, essential oils, nisin, natamicin...



https://en.wikipedia.org/wiki/

Alpha-Tocopherol

http://www.natural-health-news.com/garlic/

https://hypcl.tradeindia.com/cinna

mic-aldehyde-1090836.html
Eugenol

Purified compounds



Hydroethanolic extracts
from plant materials:

a) Carqueja, 

b) Guarana

c) Pitangueira leaves.

water:ethanol proportions in solvents:  100:0, 80:20, 60:40, 40:60, 20:80, 0:100. 

c
ba

Vegetable extracts

Source: Vargas (2015)



Vegetable extracts Compositions

Rosemary: eucalyptol, linalool, camphor, α-pinene, 

terpinen-4-ol, camphene, β-pinene, D-limonene, ρ-

cymene, n-hexadecanoic acid, endo-borneol, L-α-

terpineol, caryophyllene, bornyl acetate, tetradecanal.

Boldo: 1,8-cineol, ρ-cymene, phytol, eicosanoic acid, 

cis,cis,cis-7,10,13-hexadeca trienal and α-irone.

Cinnamon: cinnamaldehyde and α-copaene.

Guarana: caffeine, 

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



Vegetable extracts Compositions

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



Vegetable extracts Compositions

Determined by UHPLC-MS 

by Lorenzo et al. (2018).



Antimicrobial activity

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.

(Bonilla et al., 2017b).



Active films with vegetable extracts

Source: Bonilla et al. (2016)



Active films with vegetable extracts

Films of cassava starch/chitosan with pitanga leaf 

ethanolic extract and/or natamycin (Chakravartula et 

al., 2020).

(2.25g PE/100g FFS)   (1g NA/100g FFS)  (2.25g PE + 1g NA/100g FFS) 



Active films with vegetable extracts

Films of cassava starch/chitosan with pitanga leaf 

ethanolic extract and/or natamycin (Chakravartula et al., 

2020).



Active bi-layers films with vegetable extracts

Films of gelatin with pitanga leaf ethanolic

extract and/or nisin (Luciano al., 2021).



Source: Luciano et al. (2021)



Active bi-layers films with vegetable extracts

Films of gelatin with pitanga leaf ethanolic

extract and/or nisin (Luciano al., 2021).



Active films with double emulsions (W/O/W)

loaded with vegetable extracts
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Source: Tessaro et al. (2021)



Source: Luciano et al. (2021)



Source: Luciano et al. (2021)
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❖ AFM

Source: Luciano et al. (2021)



Active films with emulsified active compound

Eugenol nanoemulsions stabilized with soy lecithin or sodium 

caseinate (Dammak & Sobral., 2019).



Active films with emulsified active compound

Eugenol nanoemulsions stabilized with soy lecithin or sodium 

caseinate (Dammak & Sobral., 2019).



Active films with emulsified active compound

Films of gelatin with eugenol nanoemulsions stabilized with soy 

lecithin or sodium caseinate (Dammak & Sobral., 2019).



Active films with emulsified active compound

Characteristics of -tocopherol, garlic essential oil and 

cinnamaldehyde nanoemulsified in water (Córdoba & Sobral, 2017).



Active films with emulsified active compound

Films of gelatin, gelatin-chitosan or

gelatin-sodium caseinate blends, 

with -tocopherol, garlic essential 

oil and cinnamaldehyde nanoemul-

sified in water (Córdoba & Sobral,

2017).



Active films with emulsified active compound

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



Active films with emulsified active compound

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



Active films with emulsified active compound

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



ChiNP characteristics

d= 38.4±11 nm

Span= 0.25

Source: Dammak & Sobral. (2018)

Pickering emulsions are formed when solid colloidal particles are adsorbed to the 

interface of emulsion's droplets, stabilizing them (Manoharan, 2006).

Another approach: Pickering emulsion 



Optimal conditions regarding ESI:

ChiNP = 1.1% (w/w)

Lecithin= 4.4% (w/w)

O/W ratio= 0.24 (v/v). Source: Dammak & Sobral., (2018)



Pickering emulsions carrying hesperidin characteristics

Source: Dammak & Sobral.

(2018)



Physical stability of emulsions:

Determined using a analytical centrifuge (Lumisizer®)



Physical stability of Pickering emulsions carrying 

hesperidin characteristics

Source: Dammak & Sobral. (2018)



And finally: Active film-Pickering emulsion

d= 280±11 nm and Span= 0.4±0.1 

ChiNP characteristics 

Source: Dammak et al. (2019)



Pickering emulsions carrying hesperidin characteristics

Source: Dammak et al. (2019)



Homogenization speed 

5,000 rpm

Homogenization speed 

10,000 rpm

Without hesperidin With hesperidin Without hesperidin With hesperidin

Mean droplet size 

(μm)
15.3 ± 1.2a 8.3 ± 1.7c 9.5 ± 2.0b 5.4 ± 2.0c

Polydispersity index 

(-)
0.7 ± 0.1a 0.4 ± 0.3c 0.5 ± 0.1b 0.3 ± 0.1d

Hesperidin retention 

(mg/mL)  
- 0.81 ± 0.02a - 0.72 ± 0.02b

The mean droplet size, polydispersity index and hesperidin retention of O/W

Emulsions prepared with and without hesperidin at two homogenization speeds.

Mean ± standard deviations from triplicate determinations.
a-d 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



Source: Dammak et al., (2019)



Figure. (a) 3D CLSM images of films with

different levels of Pickering emulsions; (b) 2D

CLSM images at a penetration depth of 10 μm

of films with Pickering emulsions. Scale bar is

of 20 μm.

Source: Dammak et al. (2019)



Incorporation level
(g oil/ 100 g gelatin)

Mean droplet size
(μm)

Polydispersity index

5% 6.4 ± 2.2a 0.4 ± 0.02a

10% 7.2 ± 2.3a 0.3 ± 0.03a

20% 6.2 ± 1.8a 0.3 ± 0.04a

30% 7.2 ± 2.1a 0.4 ± 0.03a

50% 8.4 ± 2.5a 0.5 ± 0.05a

Calculated mean droplet size and polydispersity index of oil 

droplets incorporated into the active gelatin films.

Mean ± standard deviations from triplicate determinations.

Different letters in the same column indicate significant differences at p < 0.05.

Source: Dammak et al. (2019)



Final Remarks

We worked a lot, but a lot of

research still needs to be done to

have a material with high potential

for application in the food industry.



References

Ours references can be viewed in our CV: 

http://lattes.cnpq.br/5294022182296042



Thank you very much
pjsobral@usp.br

Acknowledgments:

http://www.fapesp.br/index.php
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