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MATERIALS AND METHODS

OBJECTIVE

INTRODUCTION 

Partly replacing dairy proteins with plant proteins in processed foods is a 

potential alternative strategy for creating a more sustainable food system. 

Furthermore, with the growth of the elderly population worldwide, there is an 

interest in developing foods to promote the health of the elderly

CONCLUSIONS

This study aimed to evaluate the impact of partial replacement (50%) of dairy 

proteins by almond protein in high-protein yogurts on the inflammatory 

potential after in vitro simulation of the gastrointestinal digestion of control and 

hybrid yogurts under digestive conditions of elderly individuals (INFOGEST).

The partial replacement of dairy proteins with almond proteins in high-protein 

yogurts may be interesting with a focus on more sustainable food systems. 

Furthermore, hybrid products containing high nutritional value dairy proteins 

can be used to maintain the health of the elderly population.
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Powder milk 
25.5% protein

Calcium caseinate
86.4% protein 

Powder milk 
25.5% protein

Calcium caseinate
86.4% protein 

Almond Protein
42.8% protein 

Homogenization (50ºC) at 150 and 50 
bar (Panda Plus 1000, GEA NIRO)

Dispersions with 14% total solids and 

partial replacement (50%) of dairy 

proteins by almond protein

Heat treatment (85ºC/30 minutes) 

and cooling  (45 °C) 

Control Mixture Hybrid Mixture

High-protein 
Control yogurts 

High-protein 
Hybrid yogurts 

Starter YF-L812 

(Christian Hansen)

Up to pH 4.8 ± 0.05. 

In vitro simulation of the gastrointestinal 

digestion under digestive conditions of 
elderly individuals (INFOGEST)

RESULTS

In vitro permeability assay using 

cell co-culture (Caco-2/HT29-
MTX) 

The hydrolysates obtained at the end of digestion of both products did not show 

a pro-inflammatory effect on macrophages (RAW 264.7 cells) or adipocytes 

(3T3-L1 cells), since no increase in the secretion of the pro-inflammatory 

cytokines TNF-α (Figure 1) and IL-6 (Figure 2) was observed, respectively. 

*Simulated Salivary Fluid. **Simulated Gastric Fluid; *** Simulated Intestinal Fluid

BRODKORB, A. et al (2019); MENARD et al. (2023) 

Food:SSF* Dilution (1:1) 

CaCl2 (1.5 mM in SSF)

Amylase 75 U ml−1

Incubate while mixing 2 min, 37 °C, pH 7O
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Bolus:SGF** Dilution (1:1) 

CaCl2 (1.5 mM in SSF)

Pepsin 1200 U ml−1 of gastric content

Gastric lipase 36 U ml−1 of gastric content

Incubate while mixing (3 h, 37 °C, pH 3.7)
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Chyme:SIF*** Dilution (1:1)

CaCl2 (1.0 mM in SIF)

Pancreatin 80 U ml−1 trypsin

Bile salts 6.7 mM bile salts

Incubate while mixing (2 h, 37 °C, pH 7.0)
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g ✓ Centrifugation (700 g/ 30 minutes) 

✓ Filtration 10 kDa (filtered) 

Caco-2/HT29-MTX-E12

Filtered

Filtered

Caco-2/HT29-MTX-E12

3T3-L1 / IL-6

Raw 264.7 / TNF-α

6 hours

Removing
the insert

24 hours

IL6 or
TNF-α
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Figure 1. Effect of partial replacement (50%) of dairy proteins by almond 

protein in high-protein yogurts on production of TNF-α in differentiated Raw 

264.7 cells.

Figure 2. Effect of partial replacement (50%) of dairy proteins by almond 

protein in high-protein yogurts on production of IL-6 in differentiated 3T3-L1 

cells.
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