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MY CAREER IN FOOD SCIENCE



MY ACADEMIC INSPIRATION

Uncle Don

1969 
Moon 

Landing



MY FIRST FOOD JOB

Nights in 
the Crisp
Factory

Billingham, Teesside, UK



GRADUATE STUDIES:
ULTRASONIC CHARACTERIZATION OF FOODS



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

Custom-built 
Ultrasonic 
Spectrometer



ULTRASONIC CHARACTERIZATION OF FOODS:
APPLYING THE TECHNOLOGY

4

Ultrasonic
Transducer

The Importance of Practical Applications



POST-DOCTORAL WORK:
BIOPOLYMERS AND COLLOIDS



FOOD BIOPOLYMERS & COLLOIDS LAB:
EMULSIFIED FOODS

Flocculation Coalescence

Gravitational
Separation

Phase
Separation

Metastable
Nanoparticle
Suspension



MOLECULAR GASTRONOMY:
TRANSPARENT MAYO?

HESTON BLUMENTHAL
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MOLECULAR GASTRONOMY:
TRANSPARENT MAYO

NANO-SIZE 
DROPLETS



RIOil < RIWater

MOLECULAR GASTRONOMY:
TRANSPARENT MAYO
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CHANGING DIRECTIONS: 
STAR TREK AND BEYOND

Food 
Replicator



3-D FOOD PRINTING

Food Ink (London)
• 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 BOTTOM UP

Building 
Materials

Structural
Engineering
Principles

Fabricated
Structure

Design
 Plan

Building 
Materials

Structural
Engineering
Principles

Fabricated
Structure

Design
 Plan



FOOD ARCHITECTURE: 
BUILDING FOODS FROM THE BOTTOM UP



TARGETED DELIVERY: ENHANCING STABILITY 
OF GASTRIC LABILE BIOACTIVES

Gastrointestinal Stability: Some 
bioactive agents are degraded due to 
harsh conditions in the GIT:
• Enzyme activity
• pH changes
• Bile salts

Gastric Labile Substances
• Probiotics
• Enzymes
• Nutraceuticals



PROBIOTICS: 
DELIVERING THEM TO THE COLON

Stomach
(Highly Acidic, Enzymes)

Small Intestine
(Bile Salts, Enzymes)

Probiotic bacteria 
should survive journey 

from mouth to colon

Probiotics

Colon
(Microbiome)



PROTECTING GASTRIC-SENSITIVE BIOACTIVES IN THE GIT: 
MICROGEL TECHNOLOGY 

Bioactive components can be encapsulated 
inside specially designed tiny beads Antacid

H+

Without 
Antacid

Antacid
Mg(OH)2

Active
Ingredient

With
Antacid

H+

Micro-pH Probe



GASTRIC PROTECTIVE MICROGELS: 
ANTIACID-LOADED MICROGELS

pH inside beads under gastric conditions Fluorescent after 2-hour gastric incubation

H+

Without Antacid With Antacid

Mg(OH)2 + 2H+→ Mg2+ + 2H2O 

With Antacid

Without Antacid
With Antacid Without Antacid



GASTRIC PROTECTIVE MICROGELS: 
ENCAPSULATION AND DELIVERY OF PROBIOTICS

Improved Gastric Resistance

More Effective
Probiotics



DOLPHINS AGAIN!

Keeping Military Dolphins Healthy



FOOD NANOTECHNOLOGY:
HONEY, I SHRANK THE FOOD



HOW	SMALL	ARE	NANOPARTICLES?	

X 10 millionX 10 million

A Pumpkin

The Earth

A Nanoparticle

(10,000	km	or	107	m)

(1	m)

(100	nm	or	10-7	m)



FOOD NANOTECHNOLOGY:
THE GOOD SIDE

The Potentially Beneficial Effects of Nanosizing Food Ingredients

More Effective Antimicrobials Food Fortification

Enhanced Biodegradable 
Packaging
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single dose therapy, this study raises the possibility that 
dietary lipids and lipid-based formulations might alter 
lipophilic drug absorption and intracellular disposition 
through alterations to expression levels of lipid-binding 
and transport proteins within the enterocyte.

Lipid trafficking in the enterocyte
FIGURE 5 depicts the known pathways of lipid absorption 
and pooling within the enterocyte. Orally administered 
exogenous lipids enter the enterocyte through the apical 
membrane, whereas endogenous lipids can access the 
enterocyte through either the apical or basolateral mem-
branes186,187. Apically sourced endogenous lipids include 
those in bile and lipids derived from desquamated 
enterocytes. Basolaterally sourced endogenous lipids 
include fatty acid and chylomicron remnants taken up 
from the intestinal blood supply186,188. Endogenous lipids 
can also be synthesized de novo in the enterocytes187. Of 
these potential sources of endogenous lipid, apically 
sourced, biliary-derived lipids are the main contributor 

to lymphatic lipid transport (~50% in the fasted state in 
rats) and bile diversion substantially reduces fasted and 
post-prandial lymphatic lipid transport189–191.

Following uptake into the enterocyte, apically sourced 
exogenous and endogenous lipids either diffuse across 
the cytosol and enter the portal vein, or migrate to the 
ER where re-synthesis to tryglyceride occurs. Exogenous 
monoglyceride and fatty acid are primarily re-synthesized 
to triglyceride by the monoglyceride pathway, which 
consists of a group of enzymes (triglyceride synthetase) 
present on the surface of the smooth ER (SER)192–195. A 
second pathway for triglyceride synthesis, the α-glycerol-
3-phosphate (G3P) pathway193,195 is believed to be 
located on the rough ER (RER) rather than the SER195. 
The contribution of the monoglyceride and G3P path-
ways to triglyceride synthesis depends on the supply 
of monoglyceride and fatty acid. During digestion 
and absorption of a significant quantity of exogenous 
triglyceride (for example, post-prandially), in which 
monoglyceride is present in high concentrations, the 
G3P pathway is inhibited and monoglyceride is primarily 
(80%) converted to triglyceride by the monoglyceride 
pathway193,195. Triglyceride synthesized by the monogly-
ceride pathway crosses the SER membrane196,197 and is 
subsequently assembled into lipoproteins (see BOX 7 
for details). By contrast, in the absence of a reasonable 
quantity of monoglyceride (such as in the fasted state 
or following fatty-acid administration alone) the G3P 
pathway located on the RER membrane is the main 
pathway of triglyceride synthesis25,195. A small propor-
tion of the triglyceride produced by the G3P pathway 
is incorporated into the lipoprotein assembly process in 
the RER and provides a source of lymphatic triglycer-
ide in the fasted state. However, the majority enters a 
cytoplasmic pool of triglyceride droplets25,195,198.

Basolaterally sourced endogenous lipids taken up 
from the intestinal blood supply also enter the cytoplas-
mic lipid pool. These cytoplasmic lipid droplets (which 
are not protected by a surrounding membrane) are dif-
fusely distributed across the enterocyte cytoplasm and 
are continuously hydrolysed to monoglyceride and fatty 
acid195,198,199 by cytosolic lipase200. Once hydrolysed, some 
of these lipids can be re-synthesized to triglyceride by the 
monoglyceride pathway and incorporated into lipopro-
tein assembly pathways in the SER198,199. The majority 
of the lipids in the cytoplasmic lipid pool, however, are 
transported from the enterocyte to the systemic cir-
culation by the portal vein as either free fatty acid or 
triglyceride and the pool has therefore been referred to 
as the portal lipid precursor pool103 or mucosal storage 
pool199,201. By contrast, lipids within the enterocyte, 
which enter lipoprotein assembly pathways through 
the ER and Golgi and are destined for transport by the 
lymph, can be referred to as the lymph lipid precursor 
pool or chylomicron precursor pool201. Owing to the 
close relationship between the biosynthetic pathways 
of the lipids in the portal and lymph lipid precursor 
pools, the size and dynamics of these pools are inter-
related. For example, Nevin et al. have shown that the 
size of the portal lipid precursor pool is inversely propor-
tional to the efficiency of lymphatic lipid transport201.

Figure 5 | Pathways of lipid absorption and pooling within the enterocyte. Following 
uptake across the apical membrane of the enterocyte, the products of gastrointestinal 
(GI) lumen lipid digestion — monoglyceride (MG) and fatty acid (FA) — can either 
diffuse across the enterocyte and enter the portal vein blood89 or be re-synthesized 
to triglyceride (TG) by either the 2-monoglyceride (2-MG) pathway associated with 
the smooth endoplasmic reticulum (SER) or the α-glycerol-3 phosphate (G3P) pathway 
associated with the rough endoplasmic reticulum (RER)193,195. TG formed by these 
pathways typically enters the ER lumen and is assembled into lipoproteins (LPs; 
represented by orange circles). LPs are then transported to the Golgi, exocytosed from 
the enterocyte and taken up into the intestinal lymphatic system207. As lipid contained 
within the lipoprotein assembly pathways and the Golgi is destined for transport to the 
systemic circulation by the intestinal lymphatic system, this pool of lipids is referred to as 
the lymph lipid precursor pool (dashed blue line)103,199. A cytosolic pool of lipids is also 
located within the enterocyte103,199. This lipid pool comprises excess TG formed by the 
G3P pathway198 and endogenous lipids taken up from the intestinal blood supply in the 
form of either FA or chylomicron (CM) remnants186,188. The cytosolic lipids are subject to 
hydrolysis by cytosolic lipase200 and the digestion products formed can be re-circulated 
into TG assembly pathways195. However, the majority of lipids from this pool exit the 
enterocyte in the form of TG or free FA and are taken up into portal vein blood103,199. 
The pool of lipids that is transported from the enterocyte by the portal vein is therefore 
referred to as the portal lipid precursor pool (dashed red line)103,199. Recent evidence 
suggests that the trafficking and pooling of lipids within the enterocyte have a 
significant influence on the intracellular disposition of lipophilic drugs103.

R E V I E W S

NATURE REVIEWS | DRUG DISCOVERY  VOLUME 6 | MARCH 2007 | 243

Porter CJ, et al Lipids and lipid-based formulations: optimizing the oral delivery of 
lipophilic drugs, Nature Reviews Drug Discovery 6, 231-248 (2007).  - Image of cell.
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ENHANCING BIOACCESSIBILITY: 
IMPACT OF NANOSIZING

Mixed
Micelle
Phase

Mouth
Stomach
Intestine

Nanosizing food ingredients

BETA-CAROTENE BIOACCESSIBILITY



FOOD NANOTECHNOLOGY:
THE DARK SIDE

The Potentially Adverse Effects of Nanosizing Food Ingredients



TIO2 NANOPARTICLES: 
LIGHTENING AGENTS IN FOODS

Some foods contain high levels of 
TiO2 (E171), including cakes, 
candies, sweets, and chewing gums.

Most commonly consumed by childern



TiO2 Nanoparticles Alter Gut Microbiota

Nanoparticles effects depend on fat content of diet

Hang Xiao

Non-obese Obese

Non-obese Obese



Nanoparticles Alter 
Gut Microbiota

34



Back to My Roots!

Billingham, Teesside, UK



BACK TO THE FUTURE:
THE HISTORY OF FUTURE FOODS



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

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

Agriculture responsible for:
• 30% GHG emissions
• 70% water use
• 40% land use

Livestock 
production is a 
major problem!



Future Foods: From Food Nanotechnology to 
More Sustainable and Healthy Foods



Next-Generation Plant-based Diet

HEALTH ASPECTS

Traditional Animal-based Diet





Inspired by cotton candy… We make fibers from proteins Wicked delicious food!!

www.tenderfood.com 

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

Liu Q. and Parker K., Extreme Mechanics 
Letters. 25 (2018).

Luke McQueen

http://www.tenderfood.com/


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



HYBRID PRODUCTS

Plant-derived
Ingredients

Insect-derived
Ingredients

Bioreactor-derived
Ingredients

Mycelium-derived
Ingredients

Animal-derived
Ingredients

Hybrid Foods



HYBRID FOODS
COMBINING BENEFITS OF DIFFERENT ALT PROTEINS

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

Mycelium-Plant Protein Hybrids
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BACK TO MY ROOTS AGAIN!

Billingham, Teesside, UK



MY CAREER IN FOOD SCIENCE



MY CAREER IN FOOD SCIENCE



FOOD SCIENCE & ENGINEERING: 
THE OLD PARADIGM

CostConvenience

Taste



FOOD SCIENCE & ENGINEERING: 
THE NEW PARADIGM

Taste, Cost, 
Convenience

Ethics

ResilienceHealth

Sustainability
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