
 

 

TABLE OF CONTENTS 

Justification of the study ........................................................................... 1 

1 INTRODUCTION ..................................................................................... 3 

1.1 Food digestion .............................................................................. 4 

1.1.1 Digestion process .................................................................. 4 

1.1.1.1 Oral stage .......................................................................... 4 

1.1.1.2 Gastric stage ..................................................................... 6 

1.1.1.3 Small Intestinal stage ........................................................ 9 

1.1.1.4 Large Intestinal stage ...................................................... 11 

1.1.2 Nutrients: Digestion and absorption .................................. 13 

1.1.2.1 Proteins ........................................................................... 13 

1.1.2.2 Lipids ............................................................................... 15 

1.1.2.3 Carbohydrates ................................................................. 16 

1.1.2.4 Micronutrients and bioactive compounds ..................... 17 

1.1.3 Factors affecting food digestion ......................................... 18 

1.1.3.1 Food-related factors ....................................................... 19 

1.1.3.2 Host-related factors ........................................................ 21 

1.2 Gastrointestinal alterations in elders and their impact on 

digestibility and bioaccessibility of nutrients ......................................... 23 

1.2.1 Oral status in elderly ........................................................... 26 

1.2.2 Gastric alterations in elderly ............................................... 26 

1.2.3 Small intestine changes in elderly ...................................... 27 

1.2.4 Colonic changes in elderly .................................................. 27 

1.3 In vitro digestion model for elderly ............................................ 28 

1.4 Changes in elder´s diet................................................................ 30 



 

2 OBJECTIVES ..........................................................................................50 

3 WORKING PLAN ...................................................................................52 

4 MATERIALS AND METHODS .................................................................56 

4.1 Sample preparation for digestion studies ...................................57 

4.1.1 Fishes ...................................................................................57 

4.1.2 Milk and dairy products .......................................................57 

4.1.3 Egg products ........................................................................58 

4.1.4 Meats ...................................................................................58 

4.1.5 Cereals and legumes ............................................................58 

4.2 Physico-chemical characterization of food products prior to 

digestion ..................................................................................................59 

4.2.1 Proximal composition analysis ............................................59 

4.2.2 Calcium content ...................................................................60 

4.2.3 Fat-soluble vitamins.............................................................60 

4.2.4 Lipidic profile .......................................................................61 

4.2.5 Mechanical properties .........................................................61 

4.3 Simulation of in vitro gastrointestinal digestion in elderly..........61 

4.4 Analytical determinations in digesta ...........................................65 

4.4.1 Proteins ................................................................................65 

4.4.1.1 Free amino acids (GC-MS) ...............................................65 

4.4.1.2 Trichloroacetic acid (TCA) soluble protein ......................65 

4.4.2 Lipids (1H-NMR ) ..................................................................66 

4.4.3 Carbohydrates (DNS) ...........................................................67 

4.4.4 Micronutrients and bioactive compounds ..........................68 

4.4.4.1 Fat-soluble vitamins (HPLC) .............................................68 



 

 

4.4.4.2 Calcium (FAAS) ................................................................ 68 

4.4.4.3 Functional properties of end-digestion products from 

meats 68 

Antioxidant activity (DPPH)......................................................... 68 

Angiotensin Converting Enzyme inhibitory activity (ACE ia (%)) 69 

4.5 Statistical analysis ....................................................................... 70 

4.5.1 Multifactorial analysis of variance (ANOVA)....................... 70 

4.5.2 Principal Components Analysis (PCA) and Pearson 

Correlations ........................................................................................ 70 

5 RESULTS .............................................................................................. 75 

5.1 Chapter 1: Impact of elderly gastrointestinal alterations on in vitro 

digestion of salmon, sardine, sea bass and hake: Proteolysis, lipolysis and 

bioaccessibility of calcium and vitamins. ................................................ 76 

5.2 Chapter 2: Understanding the role of food matrix on the 

digestibility of dairy products under elderly gastrointestinal conditions.

 111 

5.3 Chapter 3: Impact of cooking preparation on in vitro digestion of 

eggs simulating some gastrointestinal alterations in elders. ............... 149 

5.4 Chapter 4: Impact of cooking preparation on in vitro digestion of 

eggs simulating some gastrointestinal alterations in elders. ............... 192 

5.5 Chapter 5: Age-related gastrointestinal alterations of legumes and 

cereal grains digestibility. ..................................................................... 231 

6 CONCLUDING REMARKS ................................................................... 267 

7 FUTURE PERSPECTIVES ..................................................................... 270 

 

  


