Unraveling Food Digestion --
Challenges and Opportunities
for Food Scientists

R. Paul Singh
University of California, Davis



Food Chalin

Farm to Fork
Y

g/—'f / E!.T‘vh

Physical Properties

Drying

Freezing Air-Impingement Systems

Modified Atmosphere Packaging
Frying Thawing
Grilling Shelf life
Time-Temperature Integrators

Energy Accounting Water Use






Ol

A\~ 4

A Link between physical and material
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Role of Food Material Properties and Disintegration Kinetics in Gastric Digestion
USDA NRI 2008-12



Food Matrix and Nutrient
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Nutrient Food Matrix state Bio-availability Reference
b-carotene Carrot Raw 19-34% Van het Hof et
al. (2000)
Carrot Carrot Juice

70% higher than raw

Castenmiller et
al (1999)
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Food Matrix and Nutrient
Bioavailability

Nutrient Food Matrix state Bio-availability Reference
b-carotene Carrot Raw 19-34% Van het Hof et
al. (2000)
Carrot Carrot Juice 70% higher than raw | Castenmiller et
al (1999)
a- tocopherol | Broccoli | Different cooking | 480%-530% higher Bernhardt &
methods than raw Schlich (2005)
Lutein Tomato | Tomato paste 22%-380% greater Van het Hof et
plasma response al. (2000)
than fresh tomato




A Almonds are one of the richest sources of
dietary vitamin E with benefits to reducing
risk of CHD and certain cancers.

A Only about 45% of vitamin E was

bioaccessible from powdered almonds.
Bioaccessibility A ‘L'

@5 3 Samples obtained via

7 wand ileostomy after 3.5 hr of
digestion. Volunteers fed
2 mm cube raw almonds

Proportion of a nutrient that
can be released from a
complex food matrix and
potentially available for
absorption in Gl tract

Mandalari et al. (2008) J Ag Food Chem



Food Disintegration in the Gl Tract

A Oral processing
A Gastric digestion



Digestion system

A The overall function

T extract nutrients into
useable form

Esophagus i absorb nutrients
I elimnate unneeded
materials

A Food takes between 24-36
hours to pass through the
gastrointestinal tract

Solid Food Disintegration

ancreas in the Stomach

-Stomach emptying
-Satiety, Obesity

arge -Nutrient release

ntestine -Food safety:

- Allergens

-Nanoparticles
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Stomach Fundus

A Volume: 50ml to 4 liters of liquid

I Chemical digestion by enzyme activity

I Mechanical digestion by the mixing in the
stomach

Antrum



Stomach

A Volume: 50ml to 4 liters of liquid

I Chemical digestion by enzyme activity

I Mechanical digestion by the mixing in the
stomach

A Gastric juice: Colorless fluid
I 1.5 L secreted/day

I Hydrochloric acid

A breaks the food apart and kills most of the
bacteria that you swallow

I Mucus (~1.5 g/L)

A forms a gelatinous coating over the
mucosal surface.

I Pepsin (~1g/L)

A proteins broken down into smaller
polypeptide chains

| Salt, Gastric Lipase
A fat digestion bedins here

Fundus

Antrum
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contents.
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and blends materials in
stomach and reduced to
a paste
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A Fundus: begins digestion
of proteins and mixes
together stomach
contents.

A Body: digests proteins
and blends materials in
stomach and reduced to
a paste

A Antrum: Breaks down
large food material into
small particles
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Dynamic MRI image series showing propagating antral contraction waves (small

arrows) displayed in time intervals of 10 s. (Schwizer and others 2006)



Antral contraction of stomach

PYLORUS _op
|. PROPULSION 2. GRINDING 3 RE TROPULSION

Propulsion, grinding, and retropulsion of solids by peristaltic
contractions of distal stomach (Kelly 1980)
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A From an engineering perspective, the
human stomach Is a receptacle, a grinder, a
mixer and a pump that controls the digestion
Process.



A From an engineering perspective, the
human stomach is a receptacle, a grinder, a
mixer and a pump that controls the digestion
Process.

A Consider stomach to be a flexible wall
reactor, with peristaltic wall motility.



A From an engineering perspective, the
human stomach Is a receptacle, a grinder, a
mixer and a pump that controls the digestion
Process.

A Food enters the stomach through the oesophagus
as a bolus

A Bolus disintegration ?
A Solid particulate disintegration ?



Develop a realistic computer-
alded model of the human
stomach and study flow
characteristics and solid
disintegration



3D MODEL-AVERAGE SIZED HUMAN
STOMACH

A Average dimensions*

I Greater curvature
I 15 cm wide (at its widest point).

I Pylorusd di ameter
I Stomachos capaci't

ST,

W
b

Pylorus
diameter 1.2 cm

* Keet, 1993; Schulze, 2006.
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GASTRIC MOTILITY

A The motility of the stomach wall can be characterized
by three types of muscle contractions.

I Slow and weak contractions that originate @
and develop in the upper part of the
stomach.

Fundus

4
I A series of regular-peristaltic contraction b
waves (ACWSs) that originate in the middle J
of the stomach, and propagate towards <
the pylorus.
I Atonic contraction of the entire gastric wall
that allows the stomach to accommodate

itself to varying volumes.




GASTRIC MOTILITY

A Despite recent advances In imaging technologies, the motility
pattern of the gastric wall is still poorly characterized.

A The dynamics of ACWSs is the only motor a
activity experimentally characterized. \\%

Fundus

I By using MRI techniques, the motility of ACWSs
was tracked during 20 minutes after the
iIngestion of 500ml of a 10% glucose solution
(Pal et al., 2007).
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GASTRIC MOTILITY DURING
DIGESTION

ACW dynamics:

Alnitiated every 20s at 15cm from the
pylorus.

A Relative occlusion of ACWs: from 0

Bl s

A
A - | \\-\:\ 1
Mesh (Time=9 8096e+01) Feb 20, 2011 _ i N \ 28
ANSYS FLUENT 12.1 (3d, pbns, dynamesh. mixture, lam, transient) 3'(')% N\t
640-80%4'6 30-40% 96 0-30% —>


Grey Stomach.mpg

FLUID MOTIONS IN THE STOMACH
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