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GRADUATE STUDIES:
ULTRASONIC CHARACTERIZATION OF FOODS

Goal: Measure the size and
concentration of particles in
margarines and dressings




GRADUATE STUDIES:
ULTRASONIC CHARACTERIZATION OF FOODS

INSPIRED BY NATURE



ULTRASONIC CHARACTERIZATION OF FOODS:
BUILDING AN ULTRASONIC SENSING DEVICE

Signal Analyzer

Custom-built
Measurement i
Cell Ultrasonic
Spectrometer




ULTRASONIC CHARACTERIZATION OF FOODS:
APPLYING THE TECHNOLOGY
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The Importance of Practical Applications



PosT-DOCTORAL WORK:
BIOPOLYMERS AND COLLOIDS

UCDAVIS

Unwersnty College Cork Ireland
Colaiste na hOlls orcaigh




FooD BIOPOLYMERS & COLLOIDS LAB:
EMULSIFIED FOODS
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MOLECULAR GASTRONOMY:
TRANSPARENT MAYO?

HESTON BLUMENTHAL
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MOLECULAR GASTRONOMY:
TRANSPARENT MAYO
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MOLECULAR GASTRONOMY:
TRANSPARENT MAYO

0.92 0.96 1 1.04 1.08
Relative Refractive Index



CHANGING DIRECTIONS:

STAR TREK AND BEYOND

Homaru Canto
Chef & TV personality
(Moto Restaurant)

(International Space
Station Commander)

HAROLD MCGEE

Harold McGee
Food Expert
(Journalist and Author)

food Emulsions

Frinogies, hachem, and lechgses

Sard Jiis NcCsanty

David Julian McClements
Emulsion Scientist
(Food Science Professor)

Eric Bonabeau
Complexity Theorist
Icosystem, Boston, MA

Icosystem, Boston, MA

Food
Replicator




3-D FOOD PRINTING

Food Ink (London)

e 3-D printed food & restaurant: cutlery,
tables, chairs, lights etc.




3-D PRINTING OF PLANT-BASED MEAT

Featured in Japanese Vogue magazine (2022)

3-D Printed Wagyu Beef (Japan)



FOOD ARCHITECTURE:
DESIGNING FOODS FROM THE BoTtTOM UP
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FOOD ARCHITECTURE:
BUILDING FOODS FROM THE BOTTOM UP




TARGETED DELIVERY: ENHANCING STABILITY
OF GASTRIC LABILE BIOACTIVES

Gastric Labile Substances
* Probiotics

* Enzymes

* Nutraceuticals

Gastrointestinal Stability: Some
bioactive agents are degraded due to
harsh conditions 1n the GIT:

* Enzyme activity

* pH changes

* Bile salts




PROBIOTICS:
DELIVERING THEM TO THE COLON

' Probiotics

Stomach
(Highly Acidic, Enzymes)

Small Intestine
(Bile Salts, Enzymes)

Probiotic bacteria
should survive journey
from mouth to colon

Colon
(Microbiome)




PROTECTING GASTRIC-SENSITIVE BIOACTIVES IN THE GIT:
MICROGEL TECHNOLOGY Micro-pH Probe

e
Active
. . Ingredient
Bioactive components can be encapsulated a
inside specially designed tiny beads Antacid
Mg(OH), Without With

Antacid Antacid



GASTRIC PROTECTIVE MICROGELS:
ANTIACID-LOADED MICROGELS
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jL With Antacid

Without Antacid

e

40 60 80 120

Time (min)

Without Antacid With Antacid

With Antacid FE

Fluorescent after 2-hour gastric incubation

Mg(OH), + 2H*— Mg2* + 2H,0



GASTRIC PROTECTIVE MICROGELS:

ENCAPSULATION AND DELIVERY OF PROBIOTICS
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Improved Gastric Resistance
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More Effective
Probiotics




DOLPHINS AGAIN!

Keeping Military Dolphins Healthy



FOOD NANOTECHNOLOGY:
HONEY, | SHRANK THE FOOD

A FASCINATING ADVENTURE INTO
THE UNKNOWN!

EVERY HOUR HE GETS
SMALLLER...SMALLER...sMALLER...
AND EVERY MOMENT
THE TERROR MOUNTSI

MHESINCREDIBLE

A Universal Fnbownaliomat Fiodire

bosel. sriny
GRANT WILLIAMS - RANDY STUART
with APRIL KENT - PAUL LANGTON - RAYMOND BAILEY




HOW SMALL ARE NANOPARTICLES?

X 10 million - X 10 million

Iy

e
m A Nanoparticle

(100 nm or 107 m)

A Pumpkin

(1m)

The Earth

(10,000 km or 107 m)



FOOD NANOTECHNOLOGY:
THE GOOD SIDE

Enhanced Biodegradable
Packaging

Food Fortification

More Effective Antimicrobials

The Potentially Beneficial Effects of Nanosizing Food Ingredients



CONTROLLING FOOD BIOACTIVITY USING NANOTECH
FROM NANO TO NANO TO NANO

Nanoparticles in
Food

Enterocyte

) Q9 Gl

Cytoplasm

; J ) lumen "'Cytosolic lipids
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Products Porter CJ, et al Lipids and lipid-based formulations: optimizing the oral delivery of Lip()pr()teins
(Nanostructured) lipophilic drugs, Nature Reviews Drug Discovery 6, 231-248 (2007). - Image of cell.




ENHANCING BIOACCESSIBILITY:

IMPACT OF NANOSIZING
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Nanosizing food ingredients

BETA-CAROTENE BIOACCESSIBILITY



FOoOD NANOTECHNOLOGY:
THE DARK SIDE
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The Potentially Adverse Etfftects of Nanosizing Food Ingredients



TIO, NANOPARTICLES:
LIGHTENING AGENTS IN FOODS

Some foods contain high levels of
TiO, (E171), including cakes,
candies, sweets, and chewing gums.

Chocolate Confection Other"CEJnfection

Most commonly consumed by childern



Hang Xiao

TiO, Nanoparticles Alter Gut Microbiota

Bifidobacterium

Lactobacillus
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Back to My Roots!

HUNTSMAN

Billingham, Teesside, UK



BACK TO THE FUTURE:
THE HISTORY OF FUTURE FOooDS
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THE NEW POWER TO
CONTROL EVOLUTION E




IMPROVING THE HEALTH OF THE PLANET:
ENVIRONMENTAL IMPACT OF FOODS

Food and Agricultural Impact

Increasing land and water use
Pollution of land, water, and air
Global warming

Biodiversity Loss

Zoonotic disease risk

Livestock

production is a
major problem!

Agriculture responsible for:
* 30% GHG emissions

* 70% water use

e 40% land use

J. Poore and T. Nemecek, “Reducing food's environmental impacts
through producers and consumers” Science 360, 987-992 (2018)



Future Foods: From Food Nanotechnology to




HEALTH ASPECTS

Traditional Animal-based Diet Next-Generation Plant-based Diet






Luke McQueen

Inspired by cotton candy... We make fibers from proteins
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Liu Q. and Parker K., Extreme Mechanics WWW_tenderfOOd_Com
Letters. 25 (2018).

Tender Food samples at the Industry Showcase from 1:00PM-3:30PM at the BlueWall, Campus Center



http://www.tenderfood.com/

Winarno

Driando Ahnan
(Co-founder Better Nature and Rock Star)




HYBRID PRODUCTS

Plant-derived
Ingredients

Insect-derived
Ingredients
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Mycelium-derived Animal-derived Bioreactor-derived
Ingredients Ingredients Ingredients



HYBRID FOODS
COMBINING BENEFITS OF DIFFERENT ALT PROTEINS

15% MCP

0% PP 5% PP 10% PP 15% PP

Sample Type

Mycelium-Plant Protein Hybrids

Different sources of alternative proteins have unique advantages and disadvantages:
Mycelium contain vitamins, minerals, and fibers, whereas plant proteins have high protein levels



BACK TO MY ROOTS AGAIN!




MY CAREER IN FOOD SCIENCE

& UCG




MY CAREER IN FOOD SCIENCE

Redesigning
Ultraprocessed
Foods



FOOD SCIENCE & ENGINEERING:
THE OLD PARADIGM




FOOD SCIENCE & ENGINEERING:
THE NEW PARADIGM

Taste, Cost,
Convenience

Ethics
Sustainability

Health Resilience
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