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Optimising	flavour	and	mouthfeel	aspects	of	plant	protein	ingredients	and
plant-based	foods
Els	de	Hoog
NIZO	food	research,	Ede,	The	Netherlands

Abstract

Flavour	and	mouth	feel	are	key	criteria	for	consumer	rebuy.	The	sensory	expectations	the	consumer	has
of	a	food	product	should	fit	with	the	product	properties.	Therefore,	the	food	industry	is	looking	for
technologies	to	match	not	only	ingredient	functionality	but	also	texture	and	taste	when	replacing	animal-
derived	ingredients	with	plant-based	ingredients.	Designing	strategies	to	bridge	this	sensory	gap	are
build	on	expertise	in	the	field	of	ingredient	properties	and	behaviour	in	a	food	matrix,	process-product
interactions,	and	understanding	perception	stimuli.

In	this	presentation	I	will	discuss	these	three	aspects	and	how	they	can	be	used	to	bridge	the	sensory
gap.	Examples	will	be	given	for	(fermented)	dairy	alternatives	and	meat	analogues,	and	focus	will	be	on
sensory	aspects	as	off-flavour,	smoothness,	astringency,	and	juiciness.	
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Plant	protein-derived	enzymatic	digests	as	bioactive	agents	for	the
prevention	and	treatment	of	human	chronic	diseases
Rotimi	Aluko
University	of	Manitoba,	Winnipeg,	Canada

Abstract

Plant	proteins	have	proven	to	be	veritable	sources	of	amino	acid	sequences	that	can	be	liberated	by
enzymatic	hydrolysis	and	become	free	in	the	form	of	short-chain	peptides	to	exert	physiological	benefits
on	the	consumer.	In	this	presentation,	some	examples	of	these	peptides	are	provided	to	illustrate	the
potential	use	of	the	small	molecules	either	as	a	mixture	or	in	purified	forms	for	the	prevention	and
treatment	of	certain	human	diseases.	First,	the	antihypertensive	and	renoprotective	effects	of	pea
protein	enzymatic	digests	are	discussed	with	evidence	showing	significant	ability	to	ameliorate	high
blood	pressure	and	improve	kidney	functions.	Another	significant	finding	is	that	in	vivo	digestion	can	also
liberate	blood	pressure-reducing	peptides	from	dietary	pea	protein	isolate.	Second,	the	in	vivo	ability	of	a
hemp	seed	protein	digest	to	reduce	oxidative	stress	will	be	demonstrated	using	aged	spontaneously
hypertensive	rats,	which	has	implications	in	ameliorating	the	rate	of	aging.	Third,	the	immune	system
has	become	an	important	focus	of	therapeutic	research,	especially	within	the	context	of	Covid-19.
Therefore,	the	presentation	will	also	discuss	evidence	of	the	ability	of	sunflower	protein-derived	peptides
to	enhance	the	immune	system	and	with	a	focus	on	the	structural	composition	of	the	peptides.	Lastly,
evidence	is	presented	on	the	significant	attenuation	of	in	vivo	activity	of	calmodulin-dependent
phosphodiesterase	(CaMPDE),	an	enzyme	whose	excessive	activities	have	been	implicated	in	some
cancers.	Results	showed	that	some	of	the	anti-CaMPDE	peptides	could	be	detected	in	the	blood	as	early
as	30	min	after	oral	ingestion	and	persist	for	up	to	90	min.	Based	on	the	data	presented	here,	plant
protein-derived	peptides	can	be	considered	as	efficient	natural	compounds	that	are	suitable	for
maintaining	human	health.		
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Chemical	reactions	affecting	application	of	plant	proteins
Jean-Paul	Vincken
Wageningen	University,	Wageningen,	The	Netherlands

Abstract

The	transition	from	animal-based	to	plant-based	proteins	comes	with	new	challenges	to	warrant	the
same	quality	of	protein	isolates.	Besides	dealing	with	the	differences	in	properties	of	animal	and	plant
proteins	and	mitigating	antinutritional	factors	(e.g.	trypsin	inhibitors,	phytates,	lectins),	plants	contain
many	constituents	that	are	known	to	be	cumbersome	in	food	applications,	leading	to	bitterness
(saponins,	phenolics,	alkaloids),	green	aromas	(pyrazines),	off-color	(phenolics),	and	toxicity	(alkaloids).
Several	strategies	are	in	place	to	remove	(or	convert)	such	constituents,	while	trying	to	minimize	losses
in	protein	yield.	Furthermore,	plants	contain	enzymes	which	can	lead	to	the	formation	of	off-color	and	off-
flavor	during	the	isolation	of	protein	from	plant	materials.	For	instance,	polyphenol	oxidase	oxidizes
phenolics	to	quinones,	which	can	either	react	with	other	phenolics	or	proteins,	leading	to	a	brown	off-
color.	Lipases	and	lipoxygenases	catalyze	the	formation	of	bitter	oxylipins	from	lipids,	eventually	leading
to	rancidity.	Proteases	might	lead	to	loss	of	protein	functionality	and	formation	of	bitter	peptides.	Various
strategies	can	be	used	to	downplay	the	endogenous	enzyme	activity	during	protein	isolation.	Albeit
efficient	during	protein	isolation,	often	the	inactivation	of	these	endogenous	enzymes	(which	have
become	part	of	the	protein	isolate),	is	reversible,	and	these	enzymes	can	regain	their	activity	during	food
processing	or	storage.	This	calls	for	more	robust	enzyme	inactivation	methods,	in	which	the	enzymes	are
inactivated	irreversibly	without	compromising	the	functionality	of	the	other	proteins	in	the	isolate.
Several	aspects	related	to	non-protein	plant	constituents	and	plant	enzymes	will	be	discussed	in	relation
to	the	quality	of	the	protein	isolate.
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Gelling	and	structuring	of	protein	melts	in	extruder	cooling	dies:	Models	and
observations
Michael	Beyrer
University	of	Applied	Sciences	of	Western	Switzerland,	Sion,	Switzerland

Abstract

In	addition	to	the	thermo-mechanical	processing	of	plant	proteins	in	twin-screw	extruders,	it	is	assumed
that	the	flow	profile	of	protein	melts	in	the	cooling	phase	influences	the	formation	of	fibrous	structures.
To	test	this	hypothesis,	shear	cells	were	also	used,	which	allow	modulation	of	shear	rates	at	a	constant
temperature.	In	this	presentation,	an	extruder	cooling	die	will	be	presented,	which	enables	shear
gradient	modulation	at	transient	thermal	conditions.	The	structure	and	texture	of	extrudates,	produced
with	various	raw	materials,	indicate	relevant	fibrillation	mechanisms	and	allow	conclusions	for	the
advanced	design	of	cooling	dies.
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The	role	of	proteolysis	on	the	structure	and	functionality	of	plant	proteins
Juliana	Leite	Nobrega	de	Moura	Bell
University	of	California	at	Davis,	Davis,	USA

Abstract

Consumers’	desire	for	a	plant-based	diet	has	prompted	industrial	and	research	efforts	to	produce	plant-
based	proteins	for	use	as	functional	ingredients	in	food	applications.		However,	mainstream	adoption	of
new	plant-based	proteins	requires	a	thorough	understanding	of	the	impact	of	key	unit	operations	(e.g.,
extracting,	fractionating,	post-extraction	modifications)	on	protein	extractability,	which	describes	the
effectiveness	of	the	process,	and	their	functional	properties	(e.g.,	solubility,	foaming	and	emulsifying
properties),	which	will	determine	their	potential	applications	in	food	products.	Besides,	the	nutritional
and	biological	properties	of	the	extracted	protein,	for	example,	amino	acid	composition,	digestibility,	and
allergenicity	are	key	aspects	that	should	not	be	overlooked	during	the	development	of	extraction	and
isolation	methods	of	proteins	for	food,	feed,	and	nutraceutical	applications.	In	this	talk,	I	will	describe
how	the	enzymatic	extraction	of	plant-based	proteins	can	be	tailored	to	promote	structural	and
physicochemical	modifications	that	can	enhance	specific	protein	functional	properties	and	extractability.
Additional	benefits	of	proteolysis	(enhanced	protein	digestibility	and	reduced	allergenicity)	will	also	be
discussed.
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Vegan	protein	sources:	trends	and	developments	in	new	protein	sources

Fred	van	de	Velde1,	Renske	Janssen1,2,	Emma	Teuling1,2
1NIZO,	Ede,	The	Netherlands.	2HAS	University	of	Applied	Sciences,	's-Hertogenbosch,	The	Netherlands

Abstract

The	transition	towards	more	sustainable	protein	production	is	leading	to	a	wealth	of	new	protein	sources
on	which	to	base	products	and	ingredients.	These	new	proteins	are	not	limited	to	plant	proteins.	In	the
broadest	terms,	these	alternative	protein	sources	can	be	split	into	four	main	categories:	plant-based
proteins,	microbial	/	single-cell	proteins,	proteins	produced	by	precision	fermentation,	and	insects.	The
different	categories	–	and	even	the	individual	sources	within	each	category	–	are	also	at	very	different
stages	of	development,	with	each	stage	bringing	a	different	set	of	challenges.

Plant	proteins	are	the	most	familiar	and	developed	alternative	protein	source,	having	been	part	of	the
human	diet	for	centuries.	But	even	within	this	most	familiar	group	we	distinguish	established,	emerging
and	up-coming	sources.	Single	cell	protein	describes	the	biomass	of	microorganisms	such	as	microalgae,
filamentous	fungi,	bacteria	and	yeast.	Precision	fermentation	is	currently	the	least	developed	area	of
alternative	protein	sources.	It	involves	genetically	modifying	microorganisms	to	produce	a	protein	that
has	an	identical	amino	acid	sequence	as	a	target	animal	protein.	It	aims	to	provide	a	vegan	way	to
create	familiar	meat,	dairy	and	egg	proteins.

In	this	presentation	an	outlook	will	be	given	towards	the	different	categories	of	vegan	(or	alternative)
proteins:	plant	proteins,	single-cell	proteins,	and	proteins	produced	by	precision	fermentation.
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Improving	lubrication	and	functional	properties	of	native	plant	proteins	by
microgelation	for	optimal	sensory	and	fat-replacement	food	applications
Ben	Kew,	Evan	Liamas,	Melvin	Holmes,	Anwesha	Sarkar
University	of	Leeds,	Leeds,	UK

Abstract

Sustainability	and	the	increased	use	of	plant	proteins	are	at	the	forefront	of	food	product	development
worldwide,	however,	application	is	severely	limited	as	such	proteins	encounter	both	functionality	and	off-
sensory	response	in	food.	Proteins	as	microgels	have	recently	been	found	to	have	ultra-lubricating
textural	properties	and	hypothesised	to	act	as	fat	replacers.	Such	microgel	processing	has	not	been
applied	to	plant	proteins	which	may	enhance	plant	protein	incorporation	into	next	generation	foods.	The
aim	of	this	study	was	to	design	new	ultra-lubricating	microgels	utilising	plant	proteins,	comparing
lubrication	to	that	of	native	protein	and	an	oil	emulsion.	An	array	of	characterisation	techniques
combining	oral	tribology	using	3D	biomimetic	tongue	surface,	rheology,	dynamic	light	scattering	(DLS),
atomic	force	microscopy	(AFM)	and	quartz	crystal	microbalance	with	dissipation	(QCM-D)	were	used	to
characterise	these	newly	designed	microgels	and	their	surface	properties.	Potato	protein	microgels	at	5
and	10	wt%	protein,	pea	protein	microgel	at	15	wt%	protein,	and	combined	protein	microgel	at	12.5	wt%
were	prepared	at	pH	7.0	by	thermally	crosslinking	the	proteins	at	80	oC	for	30	minutes	to	form	gels,
followed	by	homogenisation	into	volume	fractions	10	–	70.	AFM,	DLS	and	rheology	revealed	that
microgels	were	sub-micron	sized	ranging	in	diameter	from	85	to	232	nm	with	low	polydispersity	(≤	0.25)
with	moduli’s	of	0.35	to	6.5	kPa.	Particle	sizes	were	stable	for	over	a	month	and	strikingly	compared	to
native	proteins	of	same	protein	concentration,	up	to	two	orders	of	magnitude	reduction	in	friction	was
achieved	with	friction	even	lower	than	that	of	an	oil	emulsion	obtained.	We	demonstrate	for	the	first	time
microgelation	applied	to	plant	proteins	allow	not	only	exceptional	lubricity	compared	to	native	proteins
but	also	enhanced	application	as	a	fat	replacer	creating	a	new	prospect	for	plant	proteins	in	more
pleasurable,	healthier	and	sustainable	food.
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Fermentation	for	texture	and	flavor	development	in	plant-based	cheese

Carmen	Masiá1,2,	Poul	Erik	Jensen1,	Saeed	Rahimi	Yazdi3
1University	of	Copenhagen,	Copenhagen,	Denmark.	2Chr.	Hansen	A/S,	Hørsholm,	Denmark.	3Chr	Hansen
A/S,	Hørsholm,	Denmark

Abstract

Fermentation	has	a	great	potential	to	modify	and	improve	the	physicochemical	and	sensory	properties	of
plant-based	cheese.	Texture	can	be	developed	through	the	acidification	of	a	protein	matrix,	where	the	pH
drop	will	cause	curding	and	develop	a	firm	three-dimensional	protein	network.	Flavor	profiles	are
produced	through	fermentation	products	such	as	lactic	acid,	diacetyl,	or	acetoin,	among	other	dairy-like
volatile	compounds,	and	through	the	reduction	of	characteristic	off-flavor	compounds	in	legume	raw
materials.	Four	starter	cultures	tailored	for	plant-based	fermentation	were	used	alone	and	combined	with
five	adjunct	microorganisms	in	a	total	of	24	different	combinations	to	ferment	a	pea	protein	matrix	with
10%	protein	to	a	pH	value	of	4.5.	The	suitability	of	these	combinations	for	plant-based	cheese	production
was	assessed	through	their	acidification	performance,	contribution	to	gel	firmness,	production	of	volatile
compounds,	and	removal	of	off-flavor	compounds.	The	firmness	of	the	gels	was	evaluated	through
texture	analysis,	and	the	volatile	compounds	were	identified	through	gas	chromatography.	All	samples
formed	gels	upon	fermentation.	Acidification	with	the	four	different	starter	cultures	resulted	in	gels	with
a	different	firmness.	The	results	of	this	study	will	show	the	contribution	of	the	bacterial	combinations	to
different	flavor	profiles	and	explore	the	synergistic	effect	between	adjuncts	and	cultures.	These	findings
encourage	the	use	of	fermentation	to	produce	plant-based	cheeses	with	high-quality	sensory	attributes.
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Influence	of	multifunctional	strains	of	lactic	acid	bacteria	on	the	techno-
functional,	microbiological,	and	sensory	properties	of	a	lentil-based	yoghurt
alternative

Theresa	Boeck1,	Lilit	Ispiryan1,	Andrea	Hoehnel1,	Niamh	Ahern1,	Francisco	C.	Almeida1,	Alice	Jaeger1,
Aylin	W.	Sahin1,	Emanuele	Zannini1,	Elke	K.	Arendt1,2
1School	of	Food	and	Nutritional	Sciences,	University	College	Cork,	Cork,	Ireland.	2APC	Microbiome
Ireland,	University	College	Cork,	Cork,	Ireland

Abstract

Plant-based	alternatives	to	dairy	products	have	seen	tremendous	growth	rates	in	recent	years.	While	the
majority	of	commercial	dairy	alternatives	are	based	on	soy,	oat,	and	almond,	exploration	of	novel	plant
sources	to	diversify	the	range	of	products	available	is	necessary.	Previous	studies	have	shown	that	lentil
protein	isolate	can	form	yoghurt-like	gels	upon	acidification	by	lactic	acid	bacteria	(LAB)	fermentation,
but	optimization	of	the	applied	bacterial	strains	is	necessary.	In	this	study,	a	dispersion	of	lentil	protein
isolate	was	emulsified	with	sunflower	oil	to	produce	a	milk	alternative.	This	lentil	protein	emulsion	was
then	fermented	with	multifunctional	LAB	strains	(Leuconostoc	citreum	TR116,	Leuconostoc
pseudomesenteroides	MP070,	Lactobacillus	paracasei	FST	6.1.,	and	a	commercial	control	containing
Streptococcus	thermophilus)	to	investigate	their	properties	in	a	yoghurt-like	application.	The	growth	of
the	strains	on	the	lentil	medium	was	assessed	using	cell	counts,	acidification,	and	carbohydrate
metabolization.	Rheological	and	textural	analysis	and	confocal	laser	scanning	microscopy	(CLSM)	gave
insight	into	the	structure	of	the	yoghurt	alternatives.	The	influence	of	fermentation	on	FODMAP	content
and	microbial	production	of	antifungal	compounds	was	analyzed,	and	quantitative	sensory	analysis	was
performed.	All	strains	tested	were	found	to	grow	well	on	the	lentil	emulsion	substrate,	resulting	in
yoghurt	alternatives	with	typical	texture,	water-holding	capacity	and	pH	values,	and	good	shear
resistance.	Very	high	levels	of	antifungal	phenolic	compounds	were	produced	by	the	tested	strains	but
not	the	control,	indicating	potential	use	as	adjunct	cultures	for	shelf-life	extension.	The	ability	of	the
tested	Leuconostoc	strains	to	convert	fructose	to	mannitol	could	be	used	in	the	production	of	sugar-
reduced	yoghurt	alternatives.	Lactobacillus	paracasei	FST	6.1	showed	high	acceptance	in	the	sensory
analysis	and	a	yoghurt-like	flavor	statistically	equal	to	that	of	the	commercial	control.	In	conclusion,	each
tested	strain	has	promising	functionalities	for	future	use	in	fermented	plant	protein-based	dairy
alternatives.
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Plant	protein	fibre	blends	for	targeted	nutrition	of	older	adults	–	Optimization
of	amino	acid	compositions,	in-vitro	digestibility	and	sensory	profiles
Susanne	Naumann-Gola
Fraunhofer	Institute	for	Process	Engineering	and	Packaging	IVV,	Freising,	Germany

Abstract

The	nutritional	value	of	food	is	of	particular	importance	for	vulnerable	groups	such	as	older	adults,
especially	if	experiencing	poor	appetite	and	being	at	high	risk	of	undernutrition.	To	ensure	adequate	and
healthy	nutrition	in	a	sustainable	way,	new	plant-based	foods	rich	in	protein	and	fibre	need	to	be
formulated.	Compared	to	animal	proteins	lower	anabolic	capacities	have	been	observed	for	plant
proteins,	which	may	be	caused	by	lower	contents	and	a	lack	of	specific	essential	amino	acids,
particularly	leucine.	In	order	to	optimally	address	the	requirements	of	older	adults,	we	thus	combined
different	plant	protein	sources.	A	wide	range	of	protein	ingredients	derived	from	various	legumes,
oilseeds,	cereals,	as	well	as	almond	and	potato	were	investigated	regarding	their	amino	acid	profiles.
Using	an	in-vitro	model	mimicking	every	relevant	stage	of	digestion,	ingredients	and	blends	with/without
fibre	addition	were	assessed	to	elucidate	mutual	interacting	effects.	Amino	acid	scores	(AAS)	of
ingredients	ranged	from	0-0.95	with	an	average	of	0.58	±	0.24.	By	blending	ingredients	in	optimized
proportions,	AAS	of	up	to	1.1	were	achieved.	Reduction	of	digestibility	was	observed	after	fibre	addition.
However,	by	selecting	protein	ingredients	with	high	digestibility,	it	was	possible	to	achieve	an	in-vitro
digestibility	of	>100%	(based	on	casein)	for	the	protein	fibre	blends.	Sensory	profiles	were	optimized
considering	flavour	and	mouthfeel.	Undesirable	sensory	characteristics	of	single	protein	ingredients,
such	as	beany,	green	and	bitter	impressions,	could	be	masked	by	blending	with	other	protein	sources.
An	acceptance	test	with	the	target	group	confirmed	the	high	potential	of	the	blends	for	the	nutrition	of
older	adults.	Application	notes	are	currently	being	developed	for	use	of	the	plant	protein	fibre	blends	in	a
wide	range	of	food	products.	Further	research	work	will	include	human	studies	on	amino	acid
bioavailability,	whole-body	protein	metabolism,	appetite,	and	the	occurrence	of	malnutrition.
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Effect	of	enzymatic	hydrolysis	on	the	stability	of	UHT	treated	faba	bean
protein	emulsion

Malik	Adil	Nawaz1,	Roman	Buckow2,	Hema	Jegasothy1,	Regine	Stockmann1
1CSIRO,	Melbourne,	Australia.	2The	University	of	Sydney,	Sydney,	Australia

Abstract

Plant-based	milk	substitutes	are	gaining	popularity	in	the	global	food	market	due	to	potential	health
benefits	and	lower	environmental	effects	than	animal	milk.	However,	the	industry	faces	various
technological	hurdles,	such	as	colloidal	instability	and	plant-based	product	sedimentation.	As	a	result,
the	goal	of	this	work	was	to	evaluate	the	colloidal	stability	of	an	ultra-heat	treated	(UHT)	legume-based
milk	replacement	made	from	native	and	partially	hydrolyzed	faba	bean	protein	concentrate	(FBPC).
Alcalase	was	used	to	hydrolyze	FBPC	for	varied	time	durations	ranging	from	5	to	90	minutes.	The
hydrolysates	were	evaluated	for	their	physicochemical	parameters,	which	included	degree	of	hydrolysis
(DH),	protein	solubility,	-potential,	and	surface	hydrophobicity.	Enhanced	enzymatic	hydrolysis	resulted
in	increased	DH,	protein	solubility,	higher	electronegativity,	and	decreased	surface	hydrophobicity,
according	to	the	findings.	Following	that,	oil-in-water	emulsions	(5	percent	w/w	accessible	protein)	were
made	with	either	native	FBPC	or	hydrolysates,	1%	sunflower	oil,	and	0.2	percent	sunflower	lecithin.	The
emulsions	were	homogenized	and	UHT	treated	before	being	evaluated	for	physicochemical	parameters
such	as	particle	size	distribution,	ʑ-potential,	surface	hydrophobicity,	creaming	index,	and	apparent
viscosity.	According	to	droplet	size,	polydispersity	index,	flocculation	index,	coalescence	index,	surface
charge,	and	surface	hydrophobicity,	emulsions	stabilized	by	FBPC	hydrolysates	(DH9	and	DH16)	had
greater	colloidal	stability	than	native	faba	protein	and	other	hydrolysates	(DH0-DH2,	DH30,	and	DH35).
Overall,	this	study	found	that	partial	enzymatic	hydrolysis	of	bean	proteins	may	increase	the	colloidal
stability	of	plant-based	dairy	substitute	drinks.
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Biopurification	–	microbial	conversions	to	improve	the	quality	of	plant
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Abstract

Efforts	for	the	sustainable	production	of	e.g.	meat	and	dairy	alternatives	focus,	next	to	other
approaches,	on	plant	based	raw	materials.	Flours,	concentrates	and	isolates	derived	from	protein	rich
plants	serve	as	base	ingredients	for	such	applications.	The	raw	materials	however,	come	with	challenges
for	the	food	industry,	including	aspects	relating	to	food	safety,	texture,	flavor	and	nutrition.	Undesired
molecules	are	volatile	off-flavors,	non-volatiles	that	can	be	astringent	or	bitter	and	a	broad	class	of	so
called	antinutritional	factors	that	can	impact	digestibility	or	result	in	further	undesired	effects.	Next	to
physical/chemical	processes	to	remove	undesired	molecules	such	as	soaking,	cooking,	germination	and
various	separation	technologies,	we	hypothesized	that	microbial	conversions	have	the	potential	to
degrade	undesired	molecules.

We	here	show	a	systematic	screening	approach	to	identify	food	grade	microbial	strains	with	the	ability	to
remove	undesired	molecules	such	as	off-flavors	and	astringent	molecules	from	proteins	derived	from
potato,	oat,	pea	and	almond.	Selected	strains	were	then	optimized	for	the	biopurification	processes
where	the	aim	was	on	maximizing	the	removal	of	undesired	molecules	while	at	the	same	time	limiting
the	production	of	fermentation	side	products	such	as	organic	acids	or	ethanol.	Process	optimizations
included	chemical	analysis	of	products	combined	with	the	understanding	of	the	underlying	microbial
metabolisms	which	is	aided	by	genome	information	and	machine	learning.		The	positioning	of	the
biopurification	process	in	the	processing	chain	e.g.	during	the	production	of	plant	protein	isolates	as	well
as	sensory	assessment	of	selected	treatments	will	be	discussed.
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Wholistic	biorefinery	of	different	pea	varieties	as	alternative	protein	source
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Abstract

Pea	is	globally	considered	as	a	sustainable	and	non-allergic	plant-based	protein	source	with	great
potential	contribution	to	our	transition	to	a	future	sustainable	food	system.	However,	it	cannot	currently
compete	with	soy	in	terms	of	price,	flavor	and	functionality	which	barricades	its	widespread	application.
Extensive	in-depth	examinations	starting	from	the	cultivation	steps	and	looking	at	different	pea	varieties
can	be	an	effective	approach	towards	producing	qualified	proteins	in	terms	of	yield,	techno-functionality
and	possibly	flavor.	In	addition,	a	wholistic	biorefinery	approach,	rather	than	exclusively	focusing	on
protein	acquisition	will	increase	economic	revenue	of	the	industry	and	improve	its	competitiveness	and
sustainability.	As	part	of	100%PEA	project,	six	different	local	(Swedish)	pea	varieties	have	been
compared	in	terms	of	dehulling	and	protein	isolation	efficiencies	as	well	as	protein	functionality	to	find
best	varieties	for	industrial	application.	For	dehulling,	minimum	cotyledon	loss	with	the	highest	hull
fraction	have	been	aimed	while	for	grinding,	optimum	parameters	to	isolate	proteins	without
compromising	the	starch	granules	physical	integrity	have	been	in	focus	to	result	in	both	good	protein
yield	but	also	starch	and	fiber	outcome	which	will	be	presented.	In	addition,	results	on	the	effect	of	the
six	Swedish	pea	varieties	on	the	protein	extraction	yield,	protein	functionality,	nutritional	value,
antinutrients	and	flavor	components	will	be	presented.
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New	approaches	to	improving	techno-functionality	of	plant	protein	food
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Abstract

To	meet	the	consumer	demand	for	gluten-free	(GF)	foods,	a	new	generation	of	GF	plant	proteins	with
gluten-like	properties	is	required.	In	addition,	these	proteins	must	be	able	to	form	cohesive,	extensible,
and	elastic	dough	to	provide	the	desired	texture	and	sensory	attributes	in	the	final	products.	Currently,
most	GF	plant	proteins	do	not	provide	these	functionalities,	requiring	additives	such	as	gums,	stabilisers,
and	emulsifiers	to	provide	desired	texture,	thus	increasing	the	cost	and	reducing	the	nutritional	quality
of	the	products.

We	investigated	the	potential	of	physical,	chemical,	and	enzymatic	methods	to	improve	the	gluten-like
techno-functionality	of	caroubin	protein	from	carob	seed	germ,	particularly	the	formation	of	new	di-
tyrosine	cross-links,	a	little-understood	phenomenon,	and	its	association	with	enhanced	gluten-like
properties.	

The	use	of	ultrasound	during	alkaline	extraction/acid	precipitation	increased	protein	purity	and	yield.
Enzymatic	modification	of	the	protein	concentrate	gave	a	higher	concentration	of	di-tyrosine	cross-links
as	quantified	by	LC-MS	compared	to	the	chemical	treatment	using	an	oxidising	agent.	Fourier-transform
infrared	spectroscopy	indicated	that	the	increase	in	di-tyrosine	was	associated	with	a	higher	level	of	β
pleated	sheet	secondary	structures	and	oxidised	protein	dough	gave	higher	extensibility	compared	to
the	untreated	protein	using	a	manual	method.	

These	data	indicate	the	potential	of	manipulating	di-tyrosine	cross-linking	in	plant	protein	in	order	to
increase	their	gluten-like	functionality.
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Enzymatic	modification	of	plant	protein	concentrates	for	increased
fibrillation	during	high-moisture	extrusion	processing
Pinja	Pöri,	Anni	Nisov,	Kaisu	Honkapää,	Nesli	Sozer
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Abstract

The	future	protein	demand	cannot	be	satisfied	by	animal-based	proteins	without	drastic	adverse	impacts
on	the	environment	and	humanity.	There	is	an	acute	need	to	find	sustainable	alternatives	to	animal-
originated	proteins.

Plant	protein	concentrates	are	minimally	processed	sustainable	ingredients	with	the	potential	to	replace
animal	proteins	in	food	applications.	However,	compared	to	protein	isolates,	“the	concentrates”	contain
substantially	higher	amounts	of	other	components	such	as	starch	and/or	dietary	fibre	which	might	hinder
their	functionality	to	form	fibrous	meat-like	structures	during	high-moisture	extrusion.	Enzymatic
modification	by	using	trans-	and	protein-glutaminase	was	utilized	to	improve	the	structure	formation	of
various	plant-protein	concentrates	produced	from	faba,	hemp,	and	yellow	pea	through	cross-linking	of
glutamine	and	lysine	residues.	SDS-PAGE	confirmed	successful	protein	cross-linking	in	all	samples.	Water
binding	was	improved	by	preheating	in	all	samples	(faba	from	2.8	to	4.1	g/g,	hemp	from	1.8	to	3.8	g/g,
and	pea	from	3.0	to	4.3	g/g).	Finally,	fibrous	structure	formation	was	tested	in	the	high-moisture
extrusion	process,	and	it	was	clearly	enhanced	in	the	faba	and	yellow	pea	extrudates.	For	hemp,	the
enzymatic	treatment	had	a	negative	effect	on	the	fibrous	structure	formation.	Textural	measurements
showed	that	the	extrudates	were	quite	hard	as	compression	varied	between	170-310	N	and	that	force
required	to	cut	the	extrudates	was	generally	higher	in	longitudinal	than	in	cross-sectional	direction.	A
higher	amount	of	free	thiol	groups	were	revealed	with	phosphate	buffer	compared	to	urea	buffer,	faba
having	the	least	amount	of	free	thiol	groups	(1.2-2.1	µmol/g)	and	hemp	the	most	(6.0-8.3	µmol/g).	The
current	study	verified	that	the	combination	of	preheating	and	enzymatic	treatment	could	successfully
improve	the	fibrous	structure	formation	of	plant	protein	concentrates.
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Morphometric	properties	in	3d	of	textured	proteins:	influence	of	ingredient-
process	interactions,	its	implications	on	product	functionality	and	application
performance
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Abstract

Most	consumers,	whether	vegetarians,	vegans	or	flexitarians	look	for	protein	options	that	have	their
preferred	textures	and	flavors	to	have	the	best	and	enjoyable	consumer	experience.	This	decision	can	be
due	to	numerous	factors	such	as	health,	sustainability,	or	novelty.	Although	this	remarkable	rise	in	plant-
based	product	consumption	is	creating	considerable	market	growth	in	all	aspects	of	food	categories	(alt
meat,	alt	dairy	or	alt	cheese),	there	is	still	a	huge	gap	in	consumer	adoption	with	say,	alt	meat	only
about	1%	of	the	US	retail	market.	

The	challenges	associate	with	consumer	adoption	lies	not	only	in	the	fundamental	understanding	of
protein	functionalities	but	also	in	relating	how	protein	ingredients,	processing	and	product	formulation
are	related	to	design	targeted	textures.	In	saying	this,	two	main	areas	of	focus	will	be	discussed	–
morphometric	properties	and	texture	design	and	development.	The	aim	is	to	answer	the	key	question:
How	do	ingredient-process	interactions	affect	textured	protein	functionalities	and	impact	finished
product	performance?

Morphometric	properties	via	micro-CT	(3D)	of	various	textured	proteins	and	select	alternative	meat
products	(burgers,	chicken	nuggets,	high	moisture	meat	analogues)	were	obtained	and	statistically
correlated	with	the	starting	protein	raw	material	properties,	ingredient	process	(high	moisture	or	low
moisture	extrusion)	parameters,	formulation,	and	texture	properties	in	the	alt	meat	application.
Moreover,	a	textural	map	of	select	textured	proteins	was	also	developed.

In	conclusion,	the	morphometric	properties	in	3D	of	the	textured	proteins	(eg.	pore	diameter,	wall
thickness,	volume)	were	influenced	by	select	protein	ingredient	(eg.	molecular	weight,	protein	content)
and	process	parameters	(eg.	barrel	temperature,	moisture)		and	further	demonstrate	influence	in	the
product	texture	(eg.	water	holding,	bulk	density)	and	performance	in	application	(eg.	hydration,
chewiness,	juiciness).	These	findings	will	hopefully	inspire	the	audience	in	designing	and	developing
plant	protein	food	products	that	meet	both	functional	and	consumer	texture	needs.
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Abstract

The	use	of	plant	proteins	for	producing	meat	analogues	is	an	important	step	to	ensure	sustainability	of
the	current	food	system.	Smart	selection	of	plant	protein	sources	allows	delivering	adequate	dietary
protein	intake	and	quality;	however,	several	physicochemical	parameters	have	to	be	mastered	in	order
to	produce	protein	extrudates	with	optimum	structure	and	texture.

The	aim	of	this	study	was	to	investigate	the	influence	of	nutrient	composition,	protein	profile	and
physicochemical	properties	of	two	commercial	hemp	protein	ingredients,	i.e.,	a	hemp	protein
concentrate	(HPC)	and	a	hemp	protein	isolate	(HPI)	obtained	by	oil	pressing	and	wet	extraction,
respectively,	on	their	rheological	behavior	and	processability	under	high	moisture	extrusion	(HME)
conditions.	Selected	properties	and	extrudability	were	also	investigated	for	the	hemp	protein	ingredients
in	combination	with	commercial	soy	(SPC)	and	pea	(PPC)	protein	concentrates.

UPLC-MS/MS	analysis	highlighted	a	higher	concentration	of	globulins	in	HPI	than	HPC,	while	both
displayed	low	solubility	in	water	(5-19%).	Analysis	of	the	rheological	properties	of	the	ingredients	(50
wt%	moisture)	via	oscillatory	rheology	using	a	high-pressure	cell	allowed	to	identify	higher	glass
transition	temperatures	for	mixtures	(100:0	to	0:100)	of	SPC	or	PPC	with	HPI	(157-165°C)	than	those	with
HPC	(150-158°C).	HME	trials	were	performed	using	a	bench	scale	twin-screw	extruder.	HPI	was	not
processable	regardless	of	the	conditions	tested,	which	could	be	explained	by	the	presence	of	globulin
macromolecular	complexes	which	hindered	the	formation	of	the	desired	fibrous	texture	upon	HME.
Conversely,	HPC	provided	extrudates	with	promising	textural	properties	both	when	processed	alone	and
in	combination	with	SPC	or	PPC.	The	degree	of	structural	anisotropy	in	the	wet	extrudates	increased	with
an	increase	in	the	relative	concentration	of	HPC	for	mixtures	with	both	SPC	and	PPC.	HPC	may	thus
represent	a	potential	candidate	for	the	development	of	a	variety	of	meat	analogues.
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A	systematic	study	on	the	impact	of	the	isoelectric	precipitation	process	on
the	physical	properties	and	protein	composition	of	soy	protein	isolates
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Abstract

The	functional	properties	of	soy	protein	isolates	(SPIs),	which	are	crucial	for	their	successful	use	in	food
applications,	depend	on	the	protein	physical	properties	and	composition.	Although	the	production
process	of	SPIs	is	well-known	and	an	established	industrial	practice,	fundamental	knowledge	on	how	the
different	isolation	steps	and	varying	isolation	conditions	influence	these	characteristics	is	lacking.	Here,
these	characteristics	were	systematically	investigated	by	assessing	the	impacts	of	the	various	steps	of	a
conventional	isoelectric	precipitation	based	SPI	production	protocol.	The	raw	materials	were	locally
cultivated	(in	Flanders)	soybeans	of	three	varieties.	Protein	denaturation	and	colloidal	state	were
evaluated	with	differential	scanning	calorimetry	(DSC)	and	dynamic	light	scattering,	respectively.	The
protein	composition	was	assessed	with	a	newly	developed	size-exclusion	chromatography	method	which
allows	quantifying	the	different	7S	and	11S	globulin	subunits.	Hexane	defatting	was	found	to	not	cause
protein	denaturation.	Alkaline	extraction	at	pH	values	between	7.0-9.0	resulted	in	no	differences	in
protein	physical	properties	or	composition.	Subsequent	acid	precipitation	at	pH	values	between	3.5-5.5
resulted	in	SPIs	with	a	lower	7S/11S	ratio	and	higher	protein	solubility	when	precipitated	at	pH	5.5	than
at	pH	4.5	and	3.5.	Finally,	spray-drying	of	SPI	did	not	result	in	a	higher	degree	of	protein	denaturation,	an
altered	colloidal	state	or	in	a	loss	of	protein	solubility	compared	to	freeze-drying.	The	generally	low
degree	of	denaturation	observed	in	the	present	study	contrasts	with	the	low	solubility	and	high	degree	of
denaturation	that	is	usually	observed	in	commercial	SPIs.	This	discrepancy	is	probably	due	to	an
additional	heat	treatment	in	industrial	SPI	production	schemes.	Still,	our	results	suggest	that	altering	the
pH	in	the	acid	precipitation	step	can	result	in	SPIs	with	moderately	different	physical	properties	and
protein	composition.	This	might	lead	to	different	functional	properties	and	applicabilities	in	certain	food
systems.
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Ultrasound-assisted	extraction	of	protein	from	potato	trimmings	and	the
impact	thereof	on	protein	structure	and	functionality
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Abstract

Although	food	industry	side	streams	are	sustainable	sources	of	plant	protein,	extraction	efficiency	is
limited	due	to	the	complex	structural	organization	of	the	biomass.	Various	technologies	have	been
explored	to	increase	the	extraction	efficiency,	but	insight	in	the	impact	of	these	technologies	on	protein
structure	and	functionality	are	often	lacking.	

In	this	work,	proteins	are	extracted	and	characterized	from	potato	(Solanum	tuberosum	L.)	trimmings,	a
side	stream	of	the	potato	fries	industry.	Three	batches	of	trimmings	originating	from	potatoes	of	different
cultivars	were	examined.	Conventional	alkaline	extraction	(pH	9.0,	120	min,	RT)	yielded	only	35	–	50%	of
the	protein	depending	on	the	cultivar	(expressed	on	true	protein	basis).	Hence,	ultrasound-assisted
extraction	was	investigated	to	increase	protein	yield	and	the	impact	of	this	treatment	on	protein
structure	and	functionality	was	assessed.	

At	low	temperature,	ultrasound-assisted	extraction	increased	protein	yield	by	8	–	42%	compared	to
conventional	extraction,	depending	on	the	cultivar.	Elevated	temperatures	during	ultrasonication	further
increased	the	yield	by	6	–	25%	compared	to	low	temperatures.	Regardless	of	treatment	and	potato
cultivar,	freeze-dried	extracts	of	similar	protein	content	were	obtained	(20	–	25	g	true	protein/100	g
extract).	

The	impact	of	ultrasonication	on	protein	structure	and	functionality	was	investigated	for	multiple
optimized	parameter	sets.	Changes	in	protein	structure	were	evaluated	by	determining	the	denaturation
(with	differential	scanning	calorimetry)	and	aggregation	behavior	(with	size	exclusion	-	high	performance
liquid	chromatography).	Furthermore,	the	foaming,	emulsifying,	and	gelation	properties	of	the	extracted
protein	were	analyzed.	

Increased	insight	in	the	impact	of	extraction	technologies	on	protein	structure	might	allow	to	tailor
protein	functionality	already	during	the	extraction	process.
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Texturing	fermented	emulsion	gels	from	soy	protein:	how	droplet-
stabilization	affect	the	gel’s	microstructure,	rheology	and	tribology
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Abstract

Fermented	dairy-products	are	widely	consumed	all	over	the	world.	However,	in	the	last	decade,
consumers	are	interested	in	vegan,	vegetarian,	or	dairy-free	lifestyles	due	to	dairy	intolerances,
environmental	concerns,	or	animal	well-being.	Soy-based	products	offer	an	alternative	due	to	soybeans’
beneficial	health	effects	and	techno-functional	properties.	Nevertheless,	consumers	are	not	willing	to
compromise	on	the	sensory	and	nutritional	properties	that	are	typical	for	fermented	dairy	products.
Dairy-alternative	products	are	often	perceived	as	too	firm	or	too	soft,	sandy,	or	fibrous.	Common	ways	to
optimize	the	textural	(rheological	and	tribological)	properties	of	fermented	soy-based	products	is	to	add
dietary	fiber	as	a	thickening	agent,	for	example	in	form	of	microgel	particles	(MGP),	and	the	addition	of
fats	to	create	a	creamy	mouthfeel.	Both	fat	and	fiber-based	MGP	can	interact	with	each	other	and	with
the	protein	matrix.	MGP	and	proteins	can	stabilise	the	fat	droplets,	creating	different	microstructures,
which	can	affect	the	texture	of	the	products.	This	works	focuses	on	the	effect	droplet	stabilization	on	the
rheological	and	tribological	behavior	of	the	fermented	stirred	soy	protein	gels.	For	this,	fat	droplets	were
stabilized	with	MGP	made	of	pectin,	SPI,	or	a	mixture	of	both	MGP	and	SPI.	Whilst	the	rheological
behavior	remained	unchanged	for	all	investigated	samples,	the	tribology	of	the	samples	depended	on
the	emulsifier	used.	Even	though	all	samples	had	the	same	fat	content	and	identical	droplet	sizes,
differences	were	observed	in	their	lubricating	properties.	Droplets	stabilized	solely	with	SPI	presented
the	best	lubricating	properties,	as	indicated	by	the	lowest	traction	coefficient.	Although,	whether	the
measured	differences	in	lubricating	properties	also	translate	into	different	sensorial	properties	of	the	gels
remains	unknown,	this	study	shows	that	the	lubricating	properties	and	the	microstructure	of	a	constant
formulation	can	be	tuned	by	the	preparation	process,	i.e.,	the	method	used	for	droplet	stabilization.
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Abstract

Pea	protein	(PP)	is	gaining	traction	as	a	plant-based	ingredient	due	to	its	non-allergenic,	non-GMO	status.
However,	its	incorporation	into	food	products	presents	challenges	due	to	its	limited	functionality.	Thus,	it
is	imperative	to	study	physicochemical	characteristics	of	PP	to	understand	the	significance	of	its	different
components.	The	objectives	of	this	work	are	to	fractionate	PP	into	various	protein	components,	evaluate
molecular	and	structural	properties,	and	determine	the	impact	of	each	fraction	on	the	functional	and
nutritional	quality	of	reconstituted	PP	isolates	with	varying	protein	profile.	

A	salt	(NaCl)	extraction	method	combined	with	precipitation	at	select	temperatures	and	pH	was	utilized
to	produce	vicilin-rich	fractions	(VRF)	and	legumin-rich	fractions	(LRF)	from	pea	flour.	Protein	fractions
were	dialyzed,	lyophilized,	and	analyzed	for	protein	purity.	Isolation	of	pea	protein	components	was
validated	by	SDS-PAGE	and	anion	exchange	chromatography.	Fractions	were	analyzed	by	scanning
densitometry,	and	the	relative	proportions	of	vicilin	and	legumin	were	calculated	according	to	the	area
underneath	the	staining	density	peak.	VRF	and	LRF	were	combined	in	different	ratios,	and	structural,
functional,	and	nutritional	characterization	are	underway.	

The	protein	extraction	yield	of	VRF	and	LRF	was	9.0%	and	4.6%	respectively.	Fractions	had	the	expected
protein	profile:	VRF	had	subunits	ranging	from	25-47kDa,	and	LRF	had	a	major	subunit	at	50kDa	under
non-reducing	conditions.	The	chromatograms	complimented	the	electrophoresis	observations.
Densitometric	analysis	of	the	individual	globulins	quantified	the	relative	proportions	of	%vicilin:%legumin
as	80:20	in	lab-extracted	PPI,	97:3	in	VRF,	and	34:66	in	LRF,	with	LRF	exhibiting	greater	contamination
by	vicilin	and/or	participation	of	legumin	in	aggregation.

The	individual	effect	of	VRF,	LRF	and	their	optimal	ratio	will	be	determined	for	desired	functionality	and
quality	of	PP.	This	study	will	provide	data	for	targeted	pea	breeding	efforts	for	high	quality	PP
ingredients,	enhancing	its	applicability	to	the	food	system.	
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Abstract

The	production	of	plant	protein-based	foods	has	increased	strongly	and	this	growth	is	foreseen	to
continue	given	the	worldwide	demand	for	sustainable	food	production.	The	use	of	plant	protein
ingredients	in	innovative	food	products	may	however	have	unexpected	effects	related	to	microbial
contaminants	in	the	food	chain,	which	can	lead	to	food	spoilage	and	even	foodborne	illness.	

While	many	plant	protein	sources	are	not	new	(e.g.	soy,	oat,	pea),	their	use	and	application	in	new	food
product	brings	new	challenges.	Ingredients	from	different	sources	may	be	available	in	various	forms	(e.g.
isolates,	concentrates,	kernels,	flours)	each	with	their	own	functional	properties	and	applications.	But
what	microbes	do	these	ingredients	harbour?	Can	risk	organisms	be	inactivated	without	loss	of
functionality	of	the	plant	proteins	(which	often	have	limited	solubility	and	do	not	tolerate	high	heat
loads)?	And	how	do	post-processing	and	storage	conditions	affect	microbes	in	newly	formulated
products?	

Insight	in	the	microbiological	hazards	and	spoilage	organisms	is	needed	for	the	design	of	effective
processing	conditions	and	stable	product	formulations	of	plant-based	foods,	and	to	support	trouble
shooting	activities	in	case	microbial	contaminants	are	encountered	in	finished	products.		

This	presentation	will	focus	on	microbes	in	plant	protein-based	ingredients	that	pose	challenges	to
different	categories	of	dairy	alternatives	(drinks,	yogurt-,	and	cheese-like	products),	with	a	focus	on
spore	formers.
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Abstract

Microbial	proteins,	also	known	as	single	cell	proteins,	offer	high	quality	protein	for	human	consumption
at	relatively	low	cost	to	the	environment.	Underpinning	the	drive	for	alternative	proteins	are	increasing
ethical	and	sustainability	concerns	around	traditional	animal	proteins,	especially	meat	and	dairy	proteins
(1).	Consumers	want	meat	alternatives	with	texture	and	taste	characteristics	similar	to	animal	muscle.
Filamentous	fungi	in	combination	with	added	plant	proteins	provide	high	quality	protein	with	similar
structure	and	texture	performance	as	meat	fibres	(1).	This	study	aimed	at	understanding	the
microstructure	of	fungal	hyphae	and	its	interactions	with	added	potato	proteins	in	a	fungal	protein-
hyphae	composite.	To	elucidate	these	interactions,	the	effects	of	pH,	mono	and	divalent	cations	were
measured	on	hyphae	pastes	with	and	without	added	potato	protein	via	small	deformation	rheology.	The
composite	microstructure	was	also	studied	using	confocal	laser	scanning	microscopy	(CLSM),	cryo-
scanning	electron	microscopy	(cryo-SEM)	coupled	with	energy-dispersive	X-ray	(EDX)	and	atomic	force
microscopy	(AFM).	

The	results	demonstrate	the	complex	nature	of	the	hyphae	paste,	made	up	of	β-glucans,	sulphur-rich
proteins	and	chitin	fibres.	A	clear	dependency	of	storage	modulus	(G’)	on	pH,	ionic	strength	and	divalent
cation	was	observed.	For	example,	at	a	shear	strain	of	0.1	%	and	frequency	of	0.1	Hz,	G’	of	20%	solid
paste	at	pH	6.0	with	and	without	potato	protein	were	6.7	and	6.4	kPa,	respectively.	Addition	of	100	mM
NaCl,	increased	G’	to	10.3	and	9.0	kPa,	respectively.	The	microscopy	suggests	that	the	proteins	coat	the
hyphae	and	dominates	the	composite	behaviour.	Across	all	measured	pH,	addition	of	NaCl	and	CaCl2
increased	G’,	hinting	that	electrostatic	interactions	between	the	fungal	hyphae	and	the	protein	governs
overall	textural	development.
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Probing	the	effect	of	plant	based	proteins	matrix	encapsulation	on	the
viability	and	stability	of	probiotic	bacteria	under	hostile	conditions
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Abstract

Encapsulation	is	a	propitious	technology	to	prolong	the	viability	of	probiotics	under	harsh	environments.
Among	encapsulating	materials	plant	based	proteins	are	being	considered	as	distinct	carriers	owing	to
their	control	release,	thermal	stability,	controlled	and	bio-accessibility	attributes.	The	core	aim	of	the
current	investigation	was	to	evaluate	the	effect	of	plant	based	proteins	(pea	protein,	soy	protein)
encapsulation	on	the	survivability	of	probiotic	bacteria	(Lactobacillus	acidophilus).Purposely,	probiotic
encapsulation	was	done	by	emulsion	methods.	Obtained	microbeads	were	characterized	in	terms	of	size,
encapsulation	efficiency	and	zeta	potential.	Furthermore,	free	and	encapsulated	probiotics	were	also
subjected	for	in	vitro	assay.	Plant	based	protein	as	encapsulating	materials	exhibited	high	encapsulation
efficiency	(97.5%).	Likewise,	protein	encapsulated	probiotics	revealed	a	significant	viability	(P	<	0.05)
under	simulated	gastrointestinal	conditions	as	compared	to	free	cells.	Only	2	log	reduction	was	observed
in	case	of	encapsulation	with	soy	protein	isolate	in	comparison	with	free	cells	with	no	detection	at	the
end	of	exposure	time.	Soy	protein	isolate	as	a	wall	forming	material	showed	more	protective	effect
compared	to	pea	protein.	Similarly,	protein	encapsulated	probiotics	showed	high	stability	in	carrier	food
as	well	as	under	thermal	conditions	as	compared	to	free	cells.		Inclusive,	protein	based	encapsulated
probiotics	showed	better	stability	under	hostile	conditions	and	could	be	used	as	probiotic	carriers	for	the
development	of	functional	foods.
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Abstract

The	rising	demand	for	legume-based	dry	pasta	inevitably	leads	to	a	more	conspicuous	production	of	side
streams.	During	the	manufacturing	process,	defected	legume-based	dry	pasta	–	DP	–	can	be	originated	i)
in	the	course	of	the	drying	stage,	due	to	deformations	or	cracking;	ii)	during	the	packaging	procedures
owing	to	accidental	ruptures.	The	quantity	of	DP	accounts	for	the	1/6	of	total	production	on	average.	DP
can	be	re-milled	and	reused	in	pasta-making,	however,	only	low	addition	levels	are	possible	without
affecting	the	quality	of	the	product.	For	this	reason,	most	of	the	DP	is	commonly	destined	to	the	animal
feeding.	In	the	perspective	of	improving	the	sustainability	of	food	production,	the	aim	of	this	research	is
to	investigate	the	use	of	the	dry	fractionation	–	DF	–	to	recover	valuable	protein	ingredients	from	DP.	DF
is	based	on	the	assumption	that	is	possible	to	separate	the	large	starch	granules	from	the	protein
bodies,	which	are	smaller,	by	physical	methods	(i.e.,	cyclonic	separation).	When	applied	to	DP,	DF
allowed	to	recover	a	protein	concentrate	–	PC	–	with	a	yield	comparable	to	a	native	legume	flour,	but
with	a	lower	protein	increment.	Consequently,	also	the	protein	separation	efficiency	was	lower.	This	was
a	consequence	of	the	extrusion-cooking	occurring	in	the	manufacturing	process	which	led	to	the
formation	of	starch-protein	complexes,	as	observed	by	scanning	electron	microscopy.	The	PC	showed	a
remarkable	48	%	increase	of	essential	microelements	compared	to	the	raw	DP,	and	in	particular	of	Fe
and	Zn.	However,	also	some	antinutritional	factors	were	enriched	into	the	PC.	The	assessment	of	the
physicochemical	and	functional	properties	pointed	out	high	water	absorption	capacity	and	foaming
activity	of	the	PC.	Overall,	the	PC	could	be	potentially	used	in	the	formulation	of	confectionery	products
or	in	plant-based	beverages	and	creams.
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Abstract

With	ever-increasing	demand	for	proteins,	some	novel	protein	sources	such	as	leaves	from	green	crops
(e.g.	lucerne,	grass,	sugar	beet)	have	recently	attracted	growing	interest	because	of	the	unfavorable
CO2-foot-print	of	animal	protein.	Among	them,	lucerne	has	a	high	crude	protein	content,	various
vitamins,	macro-	and	trace	minerals	as	well	as	a	high	yield	and	wide	adaptability	to	different	climates
and	soil	types	(Mielmann	2013),	and	has	shown	an	increasing	potential	for	human	consumption	and
industrial	applications	in	the	food	field	over	the	last	decades.	One	application	of	lucerne	protein	has
already	the	Novel	Food	approval	as	dietary	supplement	(Decision	2009/826/EC).

In	this	work	we	report	on	the	fractionated	precipitation	and	functional	properties	of	proteins	extracted
from	lucerne.	To	increase	the	yield	of	raw	juice,	the	freshly	harvested	lucerne	can	be	pretreated	by	a
non-thermal	cell	disintegration	technology	–	pulsed	electric	field	(PEF).	After	removing	the	plant	cell
debris	and	solid	particles	by	centrifugation,	purified	juice	or	supernatant	contained	soluble	proteins	and
was	used	for	the	fractionated	precipitation	experiment	by	addition	of	saturated	ammonium	sulfate
solution.	Nine	protein	fractions	were	achieved	by	gradually	increasing	the	volume	ratio	of	ammonium
sulfate	solution	to	supernatant	(20:100,	30:100,	…,	100:100).	After	dialysis,	the	separated	protein
fractions	were	freeze-dried	(Figure	1).	Their	functional	properties,	such	as	foaming,	gelation	and
emulsification	were	studied,	respectively.	Experimental	results	will	be	presented	and	discussed	in	detail.

Figure	1.	Nine	protein	fractions	precipitated	from	pressed	lucerne	juice.
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Abstract

Oats	standout	from	other	cereal	grains,	such	as	wheat,	barley,	and	rye	due	to	their	high	protein	content
(12-20%	of	the	groats),	soluble	fiber	(β-glucan),	and	lipid	composition	(unsaturated	fatty	acids).	These
factors	make	oats	an	interesting	alternative	to	conventional	plant-based	protein	sources,	such	as	pea
and	soy.	Usually,	purified	protein	ingredients,	which	are	mostly	protein	isolates	are	produced	utilizing
harsh	extraction	processes	that	are	also	energy	intensive.	We	aimed	to	develop	protein	extraction
methods	based	on	the	enzyme-assisted	extraction	to	produce	less-refined	protein	ingredients	from	oats
with	different	techno-functional	properties.	In	the	first	approach	the	goal	was	to	obtain	a	destarched	oat
protein	concentrate	(OPC)	from	dry	fractionated	oat	flour	with	enzyme-assisted	wet	extraction	method.
In	the	second	approach	the	aim	was	to	produce	OPCs	from	oat	flour	with	enzyme-assisted	extraction
with	and	without	protein-glutaminase	combined	with	ultrafiltration.	The	protein	content	of	destarched
OPC	from	the	first	process	was	33%	and	from	the	second	process	were	45%	for	the	non-deamidated
ultrafiltered	OPC	and	52%	for	the	deamidated	and	ultrafiltered	OPC.	Furthermore,	we	investigated	the
applicability	of	these	oat	protein	ingredients	in	solid	to	semi-solid	food	systems.	We	showed	that	the	oat
protein	ingredient	from	the	first	process	destarched	OPC	could	be	utilized	in	production	of	meat
analogues	with	high-moisture	extrusion	when	blended	with	commercial	pea	protein	isolate.	The	OPCs
from	the	second	process	exhibited	high	solubility	into	water,	which	reached	up	to	90%	at	pH	6.5	for	the
deamidated	and	ultrafiltered	OPC.	We	demonstrated	that	OPCs	from	the	enzyme-assisted	extraction
combined	with	ultrafiltration	could	be	utilized	to	produce	heat-induced	gel	structures	and	thus,	indicating
their	applicability	in	semi-solid	food	applications.
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Abstract

Driven	by	the	increased	demand	for	clean-label	and	healthier	fat	in	food	products,	proteins	have	been
extensively	studied	as	an	alternative	to	structure	vegetable	liquid	oil.	Pulses	are	a	suitable	candidate	due
to	its	emulsyfing	properties.	This	study	aimed	at	using	a	by-product	from	chickpea	cooking	process,
namely	chickpea	aquafaba	(CA)	as	a	structuring	agent	to	structure	different	oil	phase	volumes	(Φ)	of
canola	oil	(CO)	by	the	one-pot	homogenization	method	(15.500	rpm	for	1	min).	CO	was	structured	in	the
form	of	conventional	emulsions	(EΦ65%	and	EΦ70%)	and	the	high	internal	phase	emulsion	(HIPE)
(EΦ75%).	CA	was	characterized	in	terms	of	water	activity	(0.998	±	0.002),	pH	(6.38	±	0.01),	density
(1.02	g/mL	±	0.01),	apparent	viscosity	(35.18	cPa	s-1	±	0.02	at	2s-1	and	2.5	cPa	s-1±	0.02	at	300s-1),
moisture	(94.4	%	±	0.2	wet	basis),	and	protein	content	(21.5%	±	0.6,	dry	basis).	The	robustness	of	the
emulsions	was	evaluated	for	a	period	of	60d	at	25	°C	in	terms	of	microscopy,	average	droplet	size	and
size	distribution.	EΦ75%	(12.8	µm	±	0.8)	had	the	lowest	average	droplet	size	through	the	60	d	of
storage,	followed	by	EΦ70%	(13.0	µm	±	0.3)	and	EΦ65%	(14.8	µm	±	0.6).	After	60d	of	storage,	samples
were	subjected	to	chemical	(5%	sucrose	and	4%	NaCl)	and	thermal	(freeze-thaw	for	24	h	and	water	bath
at	40°C,	60°C	and	80°C	for	20	min)	stress	conditions	to	evaluate	its	behavior	under	potential	food
processing	operations.	All	emulsions	remained	stable	after	application	of	the	different	stress	conditions,
except	for	the	freeze-thaw	process.	This	study	developed	an	inexpensive	and	easy	to	prepare	potential
substitute	for	saturated	and	trans-fat	in	food	products	that	remained	stable	for	60d	and	at	different
stress	conditions.	Moreover,	it	showed	a	valuable	utilization	of	biowaste	from	food	industry	and	its
conversion	into	a	food	ingredient.
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Abstract

Pulses	are	relevant	ingredients	for	their	good	nutritional	characteristics	and	high	protein	content,	which
is	why	they	have	become	one	of	the	main	plant-based	alternatives	to	meat.	To	create	new	products,	it	is
necessary	to	know	the	performance	of	ingredients	under	processing	conditions	that	usually	involve
heating	and	the	modification	of	medium	conditions	such	as	pH	and	ions	concentration.	This	research
aims	to	study	the	effect	of	pH	and	calcium	on	the	rheological	properties	of	pulse	flours	(chickpea,	lentil,
red	lentil	and	white	bean)	pastes	and	gels	obtained	after	heating	a	water	dispersion	of	the	flour	(7.5	%
and	15	%,	respectively).	Natural	condition	(pH	6.3	–	7.1)	and	four	modifications	(pH	3	and	5;	with	or
without	calcium	addition)	were	considered.	Viscosity	profile	during	heating/cooling	and	the	viscoelastic
properties	of	pastes	and	the	mechanical	properties	of	gels	(compression	up	to	rupture	tests	and
instrumental	texture	profile)	were	determined.	Results	indicated	that	for	most	rheological	properties	of
pastes	and	gels,	values	mainly	varied	depending	on	pH,	but	calcium	addition	have	a	minor	effect.
Decreasing	pH	allowed	obtaining	pastes	with	higher	viscosity	and	viscoelastic	values.	For	chickpea	and
lentils	flours,	maximum	viscosity	values	were	reached	using	pH	5,	while	for	white	bean	when	using	pH	3.
Regarding	gels,	decreasing	pH	decreased	hardness	and	resistance	to	rupture	for	lentils	flours.	For
chickpea	gels,	calcium	addition	at	pH	5	lead	to	weaker	and	less	resistant	gels.	The	most	striking	feature
of	this	work	is	that	pH	and	calcium	are	important	factors	to	be	taken	into	account	in	the	development
and	production	of	food	products	with	tailored	properties.
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Abstract

The	demand	for	meat	analogues	continues	to	grow	owing	to	consumers’	concerns	about	their	health	and
environmental	ethics.	However,	the	textures	of	the	meat	analogues	still	have	limitations.	Therefore,	a
novel	technique	called	vacuum-autoclave	processing	was	proposed	to	solve	problems	of	texture.	An
analysis	of	the	morphological	characteristics	of	the	analogues	showed	that	the	vacuum-autoclave
treatment	affected	the	formation	of	the	substance’s	packing	structure.	The	density	of	the	analogues
increased	as	the	packing	structure	was	formed,	and	water	movement	was	limited.	It	has	been	shown
that	an	increase	in	disulfide	bonds	and	changes	in	the	secondary	structure	contribute	to	the	formation	of
structures	due	to	protein	aggregation.	The	texturization	index	tended	to	decrease,	indicating	that	the
overall	structural	strength	decreased	due	to	the	even	redistribution	of	water	molecules	into	tiny	air	cells.
The	newly	proposed	technology	has	potential	for	use	in	the	commercial	sale	of	meat	analogues.
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Nutritional	quality	of	processed	Canadian	faba	bean	(Vicia	faba	L.)	flour
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adapted	to	mimic	intestinal	brush	border	digestion
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Abstract

Faba	bean	is	an	ancient	legume	that	is	regaining	interest	due	to	its	environmental	and	nutritional
benefits.	In	this	study,	the	protein	nutritional	quality	of	three	Canadian	faba	bean	varieties	(Fabelle,	Malik
and	Snowbird)	was	assessed	in	comparison	to	two	control	legumes	(pea	and	soy).	The	effect	of	boiling
was	also	investigated.	Faba	bean	had	a	higher	protein	content	(28.7-32.5%)	than	pea	(24.2%)	and	lower
than	soy	(43.9%).	Total	phenolics	and	phytate	were	higher	(p<0.05)	in	faba	bean	(2.05-2.44	mg/g	and
12.20-16.36)	compared	to	pea	(1.31	mg/g	and	8.88	mg/g).	Trypsin	inhibitor	activity	(TIA)	was	higher
(p<0.05)	in	soy	(15.43	mg/g)	compared	to	faba	bean	(0.84-1.08	mg/g).	Protein	digestibility	was
evaluated	using	the	INFOGEST	2.0	in	vitro	gastrointestinal	digestion	system	which	was	further	modified
to	mimic	jejunum	and	ileum	brush	border	digestion.	Minimal	and	maximal	In	Vitro	Digestible
Indispensable	Amino	Acid	Scores	(IV-DIAAS)	were	calculated	based	on	free	and	total	amino	acid
quantification	in	the	digestates.	The	IV-DIAAS	of	raw	faba	bean	ranged	from	13–16%	(minimum)	up	to
32–35%	(maximum)	after	the	duodenal	phase.	Similar	data	were	found	for	pea	(13–31%)	and	soy	(11–
40%).	After	the	jejunale-ileale	phase,	the	IV‑DIAAS	of	faba	beans	increased	to	22–27%	(minimum)	up	to
43–49%	(maximum)	which	are	in	better	adequacy	to	reported	in	vivo	data.	This	demonstrates	the
importance	of	the	brush	border	digestion	in	the	assessment	of	protein	quality	in	vitro.	Boiling	resulted	in
modifications	of	the	protein	electrophoretic	profile,	a	reduction	of	TIA	(30–86%)	and	a	decreased
maximal	IV-DIAAS.	This	might	be	explained	by	an	increased	protein	aggregation	leading	into	a	lower
protein	digestibility.	In	summary,	this	study	indicates	that	faba	bean	proteins	are	nutritionally
comparable	to	pea	and	soy	and	could	be	used	in	similar	food	applications.
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Abstract

Health	and	environmental	concerns	associated	with	consuming	animal	protein	have	resulted	in	a
considerable	increase	in	the	use	of	plant	proteins.	Soy	protein	concentrates	(SPCs)	are	a	commonly	used
soy-based	product	and	typically	contain	ca.	65%	w/w	proteins	and	30%	w/w	carbohydrates.	Although
SPC	isolation	is	common	practice	in	food	industry,	various	protein	precipitation-based	strategies	to
obtain	SPCs	can	be	distinguished.	A	study	on	the	impact	of	different	protein	precipitation	protocols	on
the	SPC	protein	composition	and	physical	properties	is	lacking.	To	fill	this	knowledge	gap,	SPCs	were	here
prepared	via	three	different	types	of	protocols	at	varying	conditions	(i.e.	acid	[pH	3.5	-	5.5],	aqueous
ethanol	[50	-	70%	v/v],	and	Ca2+-ion	[5	-	50	mM]	based	precipitation)	and	analyzed	for	their	protein
content,	subunit	composition	(by	size-exclusion	HPLC)	and	physical	properties	(degree	of	denaturation
[by	differential	scanning	calorimetry,	DSC]	and	solubility	[by	the	Lowry	assay]).	SPCs	produced	by	acid	or
ethanol	precipitation	had	a	higher	protein	content	(62	-	68%	w/w)	than	those	obtained	by	precipitation
with	Ca2+-ions	(48%	-	62%	w/w).	As	to	the	protein	subunit	composition,	precipitation	at	pH	5.5	or	by	15
mM	Ca2+-ions	resulted	in	SPCs	with	a	lower	7S/11S	globulin	ratio	(0.42)	than	was	the	case	for	all	other
conditions	(ca.	0.51).	The	7S	and	11S	globulins	in	SPCs	obtained	by	acid	precipitation	had	a	significantly
(P	<	0.05)	higher	denaturation	temperature	than	those	in	ethanol-	or	Ca2+-precipitated	SPCs,	indicating
superior	thermal	stability	of	the	former	SPCs.	Increasing	the	precipitation	pH	from	3.5	to	5.5	caused	a
protein	solubility	decrease	from	56%	to	28%.	Increasing	the	ethanol	concentration	from	50%	to	70%	v/v
increased	the	SPC	protein	solubility	from	58%	to	63%.	In	conclusion,	this	study	shows	that	the	SPC
production	process	can	be	directed	to	obtain	products	with	versatile	protein	physicochemical	properties.
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By-products	from	industrial	rapeseed	oil	production	may	stabilise	emulsions
with	a	high	oil	content
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Abstract

Rapeseed	oil	is	one	of	the	most	consumed	edible	oils	extracted	from	seeds	through	a	cold	or	hot
pressing	and	optional	use	of	solvents	in	further	steps.	As	a	consequence,	a	broad	range	of	by-products
with	a	variable	composition	including	cakes,	flours	and	meals	exist.	Currently,	these	by-products	are
underexploited	in	the	food	industry.	Due	to	a	high	protein	content	of	20	to	35	%,	they	are	of	general
interest	for	their	use	in	food	emulsions,	but	processing	may	limit	their	functionality.	For	some	of	these
by-products	and	moderately	processed	proteins	from	lab-scale	experiments,	excellent	functional
properties	have	already	been	shown.	However,	to	fully	benefit	from	their	potential,	it	is	crucial	to
elucidate	the	emulsifying	properties	of	the	by-products	within	the	value	chain,	which	vary	in	degree	and
method	of	processing.

Proteins	were	extracted	from	a	wide	range	of	products	derived	from	rapeseed	oil	production	to
investigate	their	functionality.		Their	structure	was	characterized	using	SDS-PAGE	and	size	exclusion
chromatography	(SEC).	Extracted	proteins	were	used	to	stabilise	oil-in-water	emulsions	with	high	oil
content	(50	v/v%	oil,	0,875	v/w%	protein).	The	microstructure	of	emulsions	was	studied	by	determining
oil	droplet	size	by	laser	diffraction	and	light	microscopy,	as	well	as	rheological	characterization	(i.e.
viscosity,	amplitude	and	frequency	test).	The	sensory	properties	of	emulsions	were	also	examined	using
the	Check-all-that	-apply	method.	The	results	show	that	the	industrial	process	exerts	a	negative	impact
on	proteins’	functionality,	which	influences	the	properties	of	the	emulsions.	However,	part	of	the	by-
products	still	possesses	a	considerable	potential	to	be	used	in	high	oil	content	food	emulsions.	

	

Acknowledgement:	This	IGF	Project	of	the	FEI	is	supported	via	AiF	within	the	programme	for	promoting
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(BMWK),	based	on	a	resolution	of	the	German	Parliament.	
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Abstract

Sunflower	press	cake	and	whey	are	side	streams	of	seed	oil	and	cheese	processing,	respectively.
Because	of	its	nutritional	value	and	a	protein	content	of	up	to	50	g/100	g,	sunflower	press	cake	has	the
potential	for	application	in	products	for	human	consumption.	Nevertheless,	up	to	now,	its	value	is
underestimated,	and	it	is	mainly	used	as	animal	feed.	By	fermentation	with	lactic	acid	bacteria,	the	shelf
life	and	nutritional	properties	of	sunflower	press	cake	whey	dispersions	can	be	improved,	leading	to	a
valorisation	of	both	side	streams.	

High	pressure	homogenisation	was	used	to	produce	stable	dispersions	of	sunflower	press	cake	and	whey
with	press	cake	concentrations	of	10	to	30	g/100	g.	The	rheological	properties	of	the	homogenized
blends	were	analysed,	as	was	the	physical	stability	by	using	an	optical	centrifuge	(Lumisizer).
Furthermore,	homogenized	press	cake	whey	dispersions	of	different	concentration	were	fermented	with
Lactiplantibacillus	plantarum.

The	apparent	viscosity	of	press	cake	dispersions	was	higher	for	samples	that	contained	hulls	of
sunflower	seeds	than	for	press	cake	samples	from	dehulled	sunflower	seeds.	All	dispersions	exhibited
shear	thinning	behaviour,	and	viscosity	increased	with	increasing	press	cake	concentration	in	the
dispersion.	Furthermore,	all	dispersions	showed	predominantly	elastic	behaviour,	indicated	by	a	loss
factor	tan	δ	<	1.	Physical	stability	was	highest	for	the	homogenized	press	cake	dispersion	with	hulls	and
a	concentration	of	30	g/100	g	which	was	expressed	by	a	low	clearing	speed	of	0.5	%/min.	The	lowest
physical	stability	was	observed	for	dispersions	of	press	cake	without	hulls	at	a	concentration	of	10	g/100
g,	indicated	by	a	clearing	speed	of	8	%/min.		It	was	possible	to	ferment	the	press	cake	with	either	whey
or	water	to	pH	4.6	without	addition	of	further	nutrients.	The	homogenized	dispersions	resulted	in	a	faster
pH	decrease	during	fermentation	compared	to	the	non-homogenized	samples.
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Abstract

Plant-based	diets	have	become	popular	and	are	in	constant	development	with	the	aim	of	reducing	the
environmental	footprint	of	the	diet,	promoting	human	health	and	animal	welfare.	In	addition,	the
percentages	of	vegetarians	and	vegans	have	increased	significantly	in	recent	years.	Currently,	egg	is	the
most	consumed	animal	protein	in	the	world.	Plant-based	eggs	substitutes	have	been	recently	developed
by	food	industries	as	an	alternative	to	conventional	eggs.	As	an	example,	some	plant-based	substitute	to
egg	white	and	egg	yolk	can	be	used	with	similar	functional	properties	as	eggs	(e.g.	foaming	and
emulsifying	properties).	However,	a	question	arises	about	the	nutritional	intakes	of	these	ingredients	in
the	human	diet.	In	this	work,	the	focus	was	done	on	the	nutritional	aspect	of	these	products	by	studying
the	percentage	of	in	vitro	protein	digestibility	(%IVPD)	using	INFOGEST	methods.	Two	different	plant-
based	substitutes	to	egg	white	and	egg	yolk	using	respectively	potatoes	proteins	and	pea	proteins	were
analyzed	and	were	provided	by	Yumgo	-	Tamago	Food	SAS	company	(Asnières-sur-seine,	France).	Results
showed	that	the	%IVPD	of	plant-based	substitute	to	egg	white	and	egg	yolk	(industrial	products)	were
comparable	to	the	%IVPD	of	conventional	egg	white	and	egg	yolk.	Differences	observed	between	the
%IVPD	of	egg	white	substitute	and	egg	yolk	substitute	were	related	to	the	differences	in	product
composition.	Moreover,	the	%IVPD	was	completed	by	the	determination	of	the	essentials-amino	acids
profile	obtained	after	digestion.	All	these	parameters	were	essentials	in	order	to	bring	key	information	of
the	nutritional	quality	of	these	ingredients.	To	go	further,	the	impact	of	the	process	and	matrices	on
%IVPD	was	studied	by	testing	these	products	in	some	vegan	recipes	as	food	models.	
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Abstract

As	byproducts	extracted	from	the	wastewaters	of	the	starch	industry,	potato	proteins	remain	largely
overlooked	today,	with	a	limited	understanding	of	their	techno-functional	properties.	Patatin	is	a
glycoprotein	that	represents	close	to	40%	of	the	total	soluble	protein	found	in	potato	tubers.	Patatin-rich
potato	protein	isolates	have	only	been	commercially	available	for	a	few	years	and	hold	a	wide
application	potential	in	the	food	industry,	as	clean-label	texturizing	agents	for	plant-based	foods	for
example.	The	valorization	of	patatin	as	a	high	quality	protein	also	falls	within	the	global	food	and
nutrition	security	context.	Within	the	broader	objective	of	gaining	a	more	thorough	understanding	of
structuring	mechanisms	and	controlling	patatin	aggregation,	this	work	evaluated	the	influence	of
different	physicochemical	constraints	(i.e.	temperature,	pressure,	and	pH)	on	the	aggregation	kinetics	of
a	commercial	patatin.	The	solubility	of	the	potato	protein	isolate	was	first	determined	as	a	function	of
pH;	solubility	being	a	sought-after	property	for	various	food-related	applications.	Patatin	dispersions
were	prepared	at	different	concentrations	(1	to	4%,	w/w)	at	two	selected	pH	values	(pH	6	and	pH	7).	The
samples	were	then	subjected	to	different	time-temperature	or	time-pressure	combinations.	The	micro
and	macroscopic	characteristics	of	the	treated	samples	were	studied	using	dynamic	light	scattering,
differential	scanning	calorimetry,	viscoelastic	rheological	tests	and	fluorescence	spectroscopy	(in-situ
under	high	pressure).	Insights	into	protein	denaturation,	aggregation	kinetics	and	the	type	of	protein-
protein	interactions	governing	the	structures	obtained	post-treatment	were	also	investigated	via
electrophoresis.	The	multi-scale	approach	adopted	allowed	to	define	the	optimal	conditions	needed	to
obtain	aggregate	structures	that	could	potentially	be	used	to	encapsulate	hydrophobic	bioactive
compounds	for	nutrition	applications.
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Abstract

Due	to	its	large	availability,	green	leaves	are	often	suggested	as	a	promising	new	protein	source.	Green
leaves	can	be	harvested	at	different	stage	of	plant	life,	depending	on	the	species.	In	the	case	of	tomato
plants,	leaves	can	be	harvested	after	the	collection	of	the	fruits,	but	can	also	be	harvested	at	different
plant	age	and	from	different	locations	of	the	plants	(pruning).	The	location	of	the	leaves	on	one	plant	is
associated	with	the	leaf	age.	In	this	study,	we	investigated	how	the	plant	age	and	leaf	age	affect	the
protein	extractability	from	tomato	plant	leaves	during	a	one-step	protein	extraction	process.	The	aim	of
this	extraction	is	to	obtain	a	protein	enriched	fraction	with	high	yield	and	free	of	phenolic	compounds.
Water	and	a	mixture	of	50-50%	ethanol-water	were	used	as	extraction	solvents.	We	observed	that	leaf
age	had	a	remarkably	large	effect,	which	was	more	pronounced	than	the	plant	age	on	the	overall	protein
content	of	leaf	and	the	protein	yield	of	extracts.	Furthermore,	we	observed	that	most	of	the	proteins
(80%	or	90%)	still	remained	in	the	pellets	after	water	or	50-50%	ethanol-water	extraction,	respectively.
The	protein	purity	of	the	extracts	remained	similar	to	the	leaf,	while	the	protein	purity	of	the	pellets	was
slightly	enhanced.	The	low	protein	yield	and	constant	purity	of	the	extracts	indicated	that	water	and	50-
50%	ethanol-water	lacked	of	selectivity	towards	tomato	leaf	protein	during	extraction.	The	use	of	50-
50%	ethanol-water	resulted	in	a	more	effective	removal	of	phenolic	compounds	than	when	water	was
used.	We	therefore	concluded	that	it	might	be	interesting	to	consider	a	washing	step	as	the	first	step	to
remove	undesired	compounds	such	as	phenolic	compounds	from	the	proteins	present	in	the	pellet.	The
washed	pellet	can	then	be	used	for	maximal	protein	recovery.
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Abstract

In	recent	years,	consumer	interest	towards	the	consumption	of	healthier	foods	with	a	low	environmental
impact	has	grown,	leading	to	an	increase	in	the	production	of	plant-based	food	products	or	meat-
analogues	by	the	food	industry.	At	the	same	time,	the	use	of	non-thermal	technologies	has	increased	to
improve	the	technological	and	functional	properties	of	food,	such	as	high	dynamic	pressures	(HDP).	Pea
proteins	stand	out	among	the	most	studied	plant-derived	ingredients	because	of	their	high	nutritional
content	and	low	production	costs.	

The	aim	of	this	work	is	to	modify	pea	proteins,	which	are	mostly	globular	proteins,	by	high	dynamic
pressures	to	change	their	structure	at	different	levels	and	modulate	their	technological	and	functional
properties.	Pea	proteins	(IP)	were	extracted	and	purified	from	frozen	peas,	following	a	protocol	found	in
literature	based	on	isoelectric	precipitation	and	then	subjected	to	HDP	pre-treatment,	at	600	and	1000
bars	for	5	cycles.	They	were	then	characterized	from	the	chemical-physical	(SDS-PAGE,	circular
dichroism,	thermal	properties	and	total	free	sulfhydryl	groups)	and	technological-functional	(antioxidant
capacity,	solubility,	water	and	oil	holding	capacity,	interfacial	tension	and	emulsifying	capacity)	point	of
view.

Thermograms	obtained	from	DSC	analysis	show	a	lowering	of	the	denaturation	temperature
corresponding	to	the	increase	in	the	intensity	of	applied	pressure.	HDP	pre-treatments	significantly
increase	the	solubility	of	proteins,	especially	at	acidic	pH.	Furthermore,	the	pre-treatment	at	1000	bars
greatly	increases	IP’s	oil	holding	capacity.	On	the	contrary,	interfacial	properties	are	not	positively
affected	by	the	pre-treatment,	as	well	as	the	emulsifying	capacity.

The	obtained	results	highlighted	the	possibility	of	using	HDP	as	a	pre-treatment	to	induce	structural
changes	in	pea	proteins,	which	are	reflected	on	the	technological	and	functional	properties	with	different
behaviours;	this	would	allow	to	exploit	the	native	and	/	or	modified	proteins	for	different	applications	in
food	systems.
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Abstract

Protein	ingredients	are	often	used	as	emulsifiers	in	food	emulsions,	which	is	due	to	the	ability	of	certain
proteins,	such	as	dairy	proteins,	to	adsorb	at	the	oil-water	interface	and	stabilize	oil	droplets.	There	is
currently	a	high	interest	in	identifying	plant-based	protein	ingredients	for	this	purpose,	but	this	goes	with
several	new	research	questions,	since	they	often	have	a	low	solubility	in	aqueous	media	and	contain
non-protein	components	such	as	polyphenols,	which	are	chemically	reactive.	Although	sorghum
production	is	mainly	intended	for	conversion	into	alcohol	and	for	animal	feed,	this	grain	can	also	be	a
good	alternative	for	human	food,	since	it	is	cheap	and	adapts	easily	to	dry	and	hot	climates.	In	this
context,	this	work	aimed	to	evaluate	the	use	of	proteins	and	natural	protein-polyphenol	complexes	found
in	sorghum	cultivars	as	potentially	antioxidant	emulsifiers	in	oil-in-water	(O/W)	emulsions.	Protein
extracts	were	prepared	from	four	sorghum	cultivars	with	contrasted	tannin	contents,	and	in-depth
compositional	characterization	was	first	performed,	including	non-protein	components.	The	extracts	not
only	contained	between	50	and	67	wt.%	proteins	(total	basis,	N	5.87),	but	they	also	showed	substantial
amounts	of	lipids	(19-26	wt.%),	mostly	free	fatty	acids,	which	can	largely	impact	their	functional
properties.	As	the	sorghum	protein	extracts	are	non-soluble	in	water,	a	pre-treatment	of	their	aqueous
suspensions	by	high-pressure	homogenization	was	applied	to	improve	their	dispersibility,	which
appeared	to	be	a	potent	strategy	for	this	purpose	(about	20%	increase	of	the	protein	content	remaining
in	suspension	after	centrifugation).	Rapeseed	O/W	emulsions	stabilized	by	the	different	sorghum	extracts
were	physically	stable	for	28	days,	showing	only	minor	flocculation.	The	oxidative	stability	of	the
emulsions	was	also	assessed	and	was	substantially	better	with	the	tannin-rich	extracts,	which	shows
their	potential	for	use	as	natural	emulsifiers	having,	at	the	same	time,	remarkable	antioxidant	capacity.
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Abstract

QFD	(Quality	Function	Deployment)	is	a	quality	modeling	tool	oriented	towards	the	consumers’	demands
recognition	and	their	translation	into	measurable	technical	parameters.	Previous	studies	demonstrated
QFD	application	for	connecting	consumers’	demands	for	oral	processing	quality	with	the	mastication,
mechanical,	and	sensory	properties.

Oral	processing	is	crucial	for	quality	appreciation.	Its	importance	is	highlighted	for	meat	analogs,
especially	considering	chewiness,	juiciness,	and	bolus	formation.	The	majority	of	meat	analogs	available
on	the	market	are	plant-protein	based.	These	proteins’	characteristics,	i.e.,	functionality	(e.g.,	water	and
fat	binding,	solubility,	thermal	stability,	etc.),	are	tightly	related	to	the	final	product	structure,
mechanics,	oral	processing,	and	perception.

As	a	reverse-engineering	tool,	we	propose	two	phases	QFD	model	to	connect	proteins’	functional
properties	with	the	measurable	technical	scale	and	consumers’	demands	towards	eating	quality	(Figure
1).	This	approach	provides	a	better	understanding	of	the	proteins’	functional	properties	that	influence
overall	oral	processing	quality	and	the	relative	importance	of	each	property	for	achieving	desired	goals.

Figure	1.	–	Quality	function	deployment	model	transferring	oral	processing	demands	to	proteins’
functional	qualities
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Abstract

Proteins	can	interact	with	other	food	components,	such	as	tannic	acids,	within	a	food	matrix.	This
interaction	can	affect	the	protein’s	structure	and	digestibility.	In	this	study,	the	effect	of	lentil	protein-
tannic	acid	(LPTA)	interaction	on	in	vitro	peptic	hydrolysis	was	investigated.	Lentil	protein	(LP)	and	Tannic
acid	(TA)	stock	solutions	were	mixed	to	obtain	LPTA	mixtures	containing	1%	w/v	lentil	protein	and
0.001%–0.5%	TA.	The	particle	size,	thermal	properties,	and	structure	of	the	complexes	formed	were
evaluated.	Transmittance	of	the	solutions	decreased	from	45.6%	in	the	lentil	protein	(LPI)	control	to
4.59%	in	the	LPTA	0.5%	(containing	0.5%	w/v	TA).	A	twenty-fold	increase	in	particle	size	was	also
observed	in	LPTA0.5%	compared	to	LP	control	(without	TA),	indicating	aggregation.	A	56.79%	reduction
in	the	amount	of	free	amino	groups	released	during	simulated	in	vitro	gastric	digestion	was	observed	in
LPTA	0.5%	compared	to	LPI.	The	decreased	in	vitro	peptic	digestion	suggests	that	the	LPTA	complexes
obstructed	the	protein	surface	and	inhibited	access	of	pepsin	to	the	protein	but	direct	inhibition	of	pepsin
from	TA	cannot	be	ruled	out.	Cleavage	specificity	of	pepsin	and	peptidomic	profile	of	LP	were	modified	by
the	presence	of	TA	in	LPTA0.5%.	LPTA	0.5%	recorded	slightly	lower	amounts	of	proline,	tyrosine,
tryptophan,	and	a	considerably	higher	amount	of	asparagine	and	glutamic	acid.	This	study	showed	that
0.5%	w/v	TA	in	the	LPTA	complex	induced	protein	aggregation.	Hence	the	accessibility	of	pepsin	to	the
protein	network	was	reduced,	lowering	lentil	protein	digestibility,	and	modifying	amino	acid	profile.
Findings	from	this	study	confirm	the	possibility	that	LPTA	interaction	and	its	effect	on	digestibility	are
dependent	on	TA	levels	in	the	matrix.
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Abstract

Introduction:	There	is	an	increasing	need	to	explore	alternative	sources	of	proteins	for	food
applications	[1].	Green	leaves	are	proposed	as	alternative	sources	of	proteins	due	to	their	high	content
of	the	enzyme	RuBisCO,	which	has	an	essential	role	in	photosynthesis	[2,	3].	The	functional	properties
that	proteins	provide	to	the	food	matrix	are	important	factors	determining	their	application.	This	work
assesses	the	emulsifying	properties	of	soluble	proteins	from	Perennial	Ryegrass	and	Preserved	quinoa
leaves.

	

Methods:	Fresh	perennial	ryegrass	leaves	were	pressed	to	obtain	a	green	juice,	and	powdered	quinoa
leaves	were	re-dispersed	in	water,	those	extracts	were	heated	at	low	temperature	and	centrifuged	to
remove	insoluble	cells	and	debris.	Subsequently,	the	proteins	were	concentrated	by	acid	precipitation	at
pH	3.5	and	redissolved	at	pH	7	prior	to	freeze-drying	[4].	The	protein	extracts	obtained	from	the	green
leaves	were	characterized	by	their	protein	composition.	Emulsions	were	prepared	by	mixing	protein
suspensions	of	0.2,	0.5	and	1	%	(w/w),	at	pH	4	and	7,		with	sunflower	oil	at	10%	(w/w),	then	dispersed
with	an	Ultra-Turrax	and	homogenized	using	a	lab-scale	homogenizer	[5].	The	emulsifying	capacity	of	the
proteins	was	assessed	by	measuring	the	droplet	size	distribution	and	evaluating	the	stability	of	the
emulsions	over	time.

	

Results	and	discussion:	The	protein	extracts	obtained	from	green	leaves	had	the	lowest	solubility	around
pH	4,	which	matches	the	isoelectric	point	of	RuBisCO,	while	their	solubility	improved	at	higher	pHs.	The
solubility	profile	of	the	proteins	influenced	their	functional	properties.	As	a	result,	emulsions	prepared	at
pH	4	were	affected	by	flocculation,	while	those	prepared	at	pH	7	showed	similar	emulsifying	properties
to	whey	protein	isolate.
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Abstract

Legumes	show	low	energy	density	and	are	nutrient-dense		foods	associated	with	beneficial	health	effects
due	in	part	to	the	type	of	protein,	resistant	starch	and	polyphenols	content.	Thus,	its	use	in	food
formulations	could	impact	the	consumer	health	status.	Although	black	beans	(Phaseolus	vulgaris)	are
widely	consumed	in	Latin	America,	their	consumption	has	significantly	decreased	in	recent	decades.

This	work	evaluated	the	effects	of	the	consumption	of	a	bean	protein	concentrate	(BPC)	obtained	from
black	beans	by	differential	solubility	extraction	of	all	protein	fractions,	as	well	as	a	whole	cooked	bean
flour	(WCB)	on	body	composition,	glucose	metabolism	and	energy	expenditure	in	Wistar	rats	fed	with	a
control	diet	or	high-fat	diets	with	5%	sucrose	in	drinking	water.	Results	showed	that	consumption	of
either	BPC	or	WCB	reduced	weight	gain	and	body	fat	despite	the	consumption	of	a	high-fat	diet.	This
effect	was	associated	with	a	significant	increase	in	energy	expenditure	and	the	capacity	to	adapt	fuel
oxidation	to	fuel	availability.	As	a	result,	rats	fed	a	bean-based	diet	had	lower	circulating	glucose	and
insulin	concentrations,	a	normal	glucose	tolerance,	all	associated	with	a	decreased	expression	of
lipogenic	genes	in	the	liver.	These	results	suggest	that	the	type	of	protein	and	bioactive	compounds
particularly	phenolic	and	flavonoid	compounds	present	in	beans	are	suitable	for	improving	formulations
used	in	dietary	strategies	for	subjects	with	obesity	or	type	2	diabetes.				Other	publications	of	this
working	group	demonstrated	that	consumption	of	black	beans	improved	glucose	response,	an	effect
mediated	in	part	by	the	modification	of	the	gut	microbiota,	by	increasing	a	cluster	of	Clostridia	class
bacteria.	Therefore,	the	inclusion	of	black	beans,	or	other	legumes	with	a	similar	composition,	to	the	diet
of	subjects	with	insulin	resistance,	could	improve	their	metabolic	status.	
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Abstract

Fermented	plant-based	yogurt-alternatives	market	is	developing	worldwide.	Nevertheless,	it	is	still
impacted	by	inherent	presence	of	off-flavors	and	off-tastes	in	the	raw	materials	and	some	deficiencies	in
texture	in	the	final	products.	Fermentation	has	certainly	a	deep	role	to	play	to	modify	these	flavor	and
texture	features.	This	study	aims	at	identifying	specific	strains	or	starters	able	to	improve	the
organoleptic	profiles	of	yogurt-alternatives,	and	to	correlate	them	to	metabolites	of	interest.	The
application	of	machine	learning	to	the	data	obtained	here	illustrates	how	useful	it	can	be	to	predict
sensory	attributes	via	biochemical	analysis,	and	then	to	focus	on	main	metabolites	contributors.

Fermentation	of	two	plant-based	models,	soy	and	pea,	was	conducted	with	isolated	strains	and	some
strains’	combinations	(Danisco®	VEGE	starters).	The	objective	was	to	characterize	flavor	and	texture
modulations	of	each	strain	and	starter	through	sensory	analysis	and	analytical	chemistry	measurements.
Among	the	parameters	measured,	there	was:	i)	the	pH	profile	during	fermentation	and	storage,	ii)
sensory	descriptors	such	as	texture,	aroma	and	odor,	and	iii)	chromatography	analysis	focusing	on
different	organic	compounds	of	interest.

The	fermentation	kinetics	were	remarkably	different	between	soy	and	pea	material	leading	to	different
flavor	and	texture	characteristics.	It	can	be	noticed	that	some	strains	could	advantageously	modulate
the	organoleptic	profiles	of	these	yogurt-alternatives.	A	machine	learning	algorithm	(linear-regression)
was	trained	using	a	shuffled	set	of	76	entries.	Next,	sensory	features	were	predicted	in	the	remaining	20
entries.		In	some	instances,	such	as	“mouth	thickness”,	“cream/milk	odor”	and	“cream/milk	aroma”,	the
predictions	were	successful:	a	linear	regression	between	measured	and	predicted	sensory	descriptor
gave	an	R2	>	0.69.	Besides,	key	metabolites	were	identified	as	important	for	the	perception	of	certain
sensory	attributes.	These	predictions	will	be	especially	very	helpful	to	efficiently	select	next	generation
of	starter	cultures	for	these	plant-based	yogurt-alternatives.

Keywords

Plant-Based,	Fermentation,	Flavour,	Machine	Learning



P22

Defatting	of	soybean	seeds	with	supercritical	CO2	improves	protein
extraction	yield	and	impacts	functionality	of	flours	and	protein	isolates

Rodrigo	Gonzalez-Ortega1,	Giulia	Cestonaro2,	Greta	Titton2,	Matteo	Scampicchio1,	Enrico	Costanzo3,
Giovanna	Ferrentino1
1Free	University	of	Bolzano,	Bolzano,	Italy.	2Cereal	Docks	s.p.a,	Camisano	Vicentino,	Italy.	3Cereal	Docks
s.p.a,	Bolzano,	Italy

Abstract

The	by-products	of	vegetable	oil	production	such	as	defatted	seed	cakes	contain	elevated	amounts	of
proteins	with	high	nutritional	and	techno-functional	value	(Arrutia,	2020)	that	due	to	the	industrial
solvent	defatting	process	often	result	in	protein	denaturation	and	loss	of	functionality	(Kang,	2017).

In	this	work,	the	impact	of	soybeans	defatting	method	on	protein	structural	properties	and	functionality
of	the	resulting	flours	and	their	respective	protein	isolates	was	studied.	An	industrial	process	with
hexane	(H)	was	compared	with	supercritical	carbon	dioxide	extraction	(SC-CO2),	followed	by	alkaline
solubilization	and	acid	precipitation	to	obtain	protein	isolates.

Protein	extraction	parameters	such	as	protein	solubilization,	total	solids	yield	and	total	protein	yield	were
remarkably	higher	from	SC-CO2-flour	(85	±1%	vs	62	±1%,	38	±1%vs	24%	and	70%	vs	43%).	H-isolate
had,	however,	a	slightly	higher	protein	content	(91%	vs	89%	d.m).	

Structure-related	properties	showed	that	both	SC-CO2	flour	and	its	isolate	had	higher	particle	surface
hydrophobicity	and	higher	free	sulfhydryl	content	than	hexane-defatted	fractions,	indicative	of	lower
degree	of	protein	denaturation	and	aggregation.	Similarly,	SC-CO2	flour	presented	higher	protein
dispersibility	(68	%)	than	H-flour	(19	%),	while	both	protein	isolates	were	fully	dispersible.	DSC	analysis
showed	a	higher	level	of	denaturation	of	the	conglycinin	fraction	(Td=	75˚C)	in	H-flour	(0.5	±0.2	J/g
protein)	than	in	SC-CO2	flour	(2.3	±0.7	J/g	protein)	and	no	significant	differences	in	the	main	glycinin
fraction	(95˚C).

SC-CO2	flour	and	isolate	showed	superior	water	and	oil	holding	capacities.	Foaming	capacity	was	higher
for	SC-CO2	flour.	Conversely,	H-isolate	showed	better	foaming	capacity	and	stability.	Both	flours	showed
similar	emulsifying	capacity,	although	H-flour	had	better	stability.	H-isolate	showed	higher	emulsifying
capacity	and	stability	than	SC-CO2.

Overall,	SC-CO2	defatting	resulted	in		higher	protein	extraction	yield	and	flours	with	better	functional
properties,	while	H-isolate	showed	slightly	better	foaming	and	emulsifying	performance.
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Abstract

Solid-state	fermentation	of	plant-based	ingredients	can	be	used	to	improve	their	nutritional	value.
Fermentation	produces	partial	digestion	of	macromolecules	that	can	increase	the	nutritive	to	anti-
nutritive	components	ratio	or	functional	compounds	such	as	bioactive	peptides	with	low	bitterness,
vitamins	or	phenolic	compounds.	However,	the	techno	functional	properties	of	those	ingredients	are	also
relevant	for	their	application	in	the	development	of	plant	–based	alternatives	to	animal	products.	The
aim	of	this	work	is	to	study	the	impact	of	fungal	fermentation	on	the	techno-functional	properties	of
quinoa	and	lentil	flours.	Two	different	varieties	of	quinoa	seeds	(white	and	black)	and	two	varieties	of
lentil	grains	(pardine	and	castellana)	were	solid-state	fermented	with	Pleurotus	Ostreatus	during	14	days
and	subsequently	air	dried	and	milled	to	obtain	the	corresponding	flours.		First,	the	techno-functional
properties	of	flours	such	as	swelling	capacity,	water	and	oil	holding	capacity,	emulsifying	capacity,
foaming	capacity	and	foaming	stability	were	obtained.		Secondly	the	response	under	heating	processing
was	studied.	Viscosity	profiles	during	heating	were	registered	and	the	rheological	properties	of	the
obtained	pastes	(10%	flour)	and	gels	(15%	flour)	were	studied:	viscoelastic	properties	and	the	freeze-
thaw	stability	for	pastes,	and	mechanical	properties	for	gels.	All	technological	parameters	showed	to
vary	depending	on	the	vegetal	source	(quinoa	and	lentil)	and	the	differences	attributed	to	the
fermentation	process	are	studied	and	discussed.
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Abstract

The	selection	of	plant-based	ingredients	(texturized	protein	isolates)	for	their	potential	use	in	the
development	of	meat	products	analogues	requires	the	study	of	the	off-odours	present	in	the	plant
proteins	(Zhang	et	al.,	2020),	as	well	as	the	ability	of	microbial	cultures	to	hydrolyze	the	protein	isolates
for	the	production	of	aroma	compounds.

The	fermentation	of	a	pea	protein	isolate	was	studied	in	a	model	system	including	the	additives	used	in
fermented	meat	products	(salt,	glucose	and	nitrifying	agents)	and	the	microbial	starters,	with	and
without	the	presence	of	a	flavoring	enzyme	(protease).	Three	replicates	were	prepared	containing	only
the	pea	protein	isolate	(V)	and	three	replicates	with	the	pea	protein	isolate	plus	the	enzyme	(VE).	The
models	were	incubated	at	25	°C	and	samples	were	taken	at	days	0,	3,	8	and	15.	The	evolution	of	the
models	fermentation	was	controlled	by	the	decrease	in	pH,	microbial	counts	(lactic	acid	bacteria,	gram
positive	cocci,	yeasts,	mesophilic	bacteria	and	enterobacteria),	and	volatile	compounds	production.

The	presence	of	the	enzyme	in	the	VE	model	reduced	the	pH	and	affected	microbial	growth.	A	significant
increase	in	the	bacterial	counts	in	the	V	model	occurred	from	day	3	of	sampling.	Regarding	yeast	counts,
no	significant	differences	were	found	between	the	models.	No	enterobacteria	were	found	at	any	of	the
sampling	points.

Fermentation	affected	volatiles	production,	as	seen	in	the	lowest	ethanol	content	in	the	VE	model.
Moreover,	the	addition	of	the	enzyme	reduced	significantly	the	production	of	hexanal	and	increased	the
production	of	volatiles	derived	from	isoleucine	and	leucine.	In	summary,	fermentation	can	be	a	strategy
to	reduce	the	presence	of	off-flavors	in	pea	protein	isolates	and	this	effect	may	be	enhanced	when	a
protease	is	present.

Zhang,	C.,	et	al.	(2020).	Food	Chem.,	333,	127469.	doi:10.1016/j.foodchem.2020.127469
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Abstract

Plant-based	proteins	have	become	more	popular	in	recent	years	due	to	their	health	benefits	and
because	of	sustainability	issues	and,	as	a	result,	the	research	interest	on	alternative	proteins	from
various	sources	including	food	processing	by-products	has	increased.	Press	cakes	are	a	high-protein	by-
product	of	oilseed	processing,	and	the	protein	content	of	pumpkin	press	cake	may	be	increased	to	60
g/100	g	by	extracting	residual	the	oil	from	the	seed,	making	it	an	effective	protein	source.

Extrusion	technology	is	widely	utilized	in	the	food	sector	owing	to	its	low	cost,	eco-friendly	processing,
and	because	of	an	extensive	application	field.	This	approach	minimizes	the	degradation	of	food
compounds	and	enhances	final	product	quality	by	using	high	temperatures	for	short	periods	of	time.	

In	the	present	study,	the	conditions	for	isolating	protein	from	defatted	pumpkin	seed	press	cakes	were
optimised	for	alkali	extraction	and	isoelectric	precipitation.	The	effects	of	independent	variables,	namely
pH,	extraction	time,	and	solid-to-solvent	ratio	on	protein	extraction	yield	were	investigated.	The	impact
of	feed	moisture	contents	was	determined	on	extrusion	processing.	In	this	context,	physical	properties
such	as	expansion	ratio,	bulk	density,	color,	swelling	and	water	binding	capacity	were	examined,	and
time	and	frequency	sweeps	were	used	to	assess	the	rheological	properties	of	extruded	samples.	As	a
result	of	the	differences	in	protein	content	and	chemical	composition	of	protein	isolates	and	pumpkin
press	cakes,	significant	differences	were	determined	in	various	properties	of	extrudates.	
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Abstract

Most	plant-based	protein	powders	are	not	well-soluble	and	are	perceived	as	gritty	or	grainy	in	liquid
applications.	The	study	focuses	on	the	techno-functional	properties	most	relevant	for	particles	cognition
in	liquid	applications:	solubility,	particle	size	distribution,	and	sensory	texture.	16	commercial	plant-
based	protein	powders	were	selected	for	the	study	including	2	oat	concentrates,	one	fava	bean,	one
mung	bean,	2	chickpea,	and	10	pea	isolates.	The	samples	were	prepared	as	6%	water	solutions	which
were	heated	for	15	minutes	at	85	°C.	Solubility	was	measured	at	the	native	pH	of	the	solutions	and	pH
4.5.	Particle	size	was	measured	at	the	native	pH	of	the	solutions	with	laser	diffraction	and	sensory
analysis.	There	was	a	negative	correlation	(R	=	-0.70)	between	the	powder	solubility	and	sensory	particle
size	and	a	positive	correlation	(R	=	0.55)	between	the	instrumental	(D90)	and	sensory	particle	size.
Solubility	correlated	(R	=	0.82)	with	native	pH	and	on	average	was	30%	(range	5–55%)	and	at	pH	4.5	the
average	solubility	decreased	to	10%	(range	3–35%).	Sensory	analysis	revealed	the	biggest	particles	in
the	mung	bean	water	solution	with	an	average	particle	size	of	4.0±0.3	(10-point	Likert	scale).	In	4	pea
samples,	the	sensory	panelists	did	not	detect	any	insoluble	particles.	Instrumental	particle	size	and
distribution	analysis	detected	the	biggest	particles	in	one	of	the	oat	products	(D90	=	375	µm),	while	the
mung	bean	product	had	smaller	particles	in	comparison	(D90	=	289	µm).	The	lack	of	a	strong	correlation
between	instrumental	and	sensory	results	indicates	that	other	particle	properties	like	shape	and	surface
roughness	may	play	a	role.
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Abstract

Nowadays,	consumption	of	plant-based	products	has	significantly	increased	due	to	health,
environmental	and	animal	welfare	concerns.	For	this	reason,	there	is	a	necessity	to	generate	knowledge
about	plant-based	proteins	that	equal	or	improve	the	functionality	of	traditional	animal	proteins.

The	aim	of	this	work	was	to	evaluate	the	relationship	between	technological	functionality	of	proteins	and
their	behaviour	in	a	food	system.	Firstly,	protein	solubility	and	emulsifying	capacity	of	different	protein
sources:	i)	one	animal	protein	reference	(egg	white)	and	ii)	3	plant-based	proteins	(potato	and	almond
protein	concentrate	and	lentil	flour)	were	evaluated.	These	technological	properties	were	compared	with
the	textural	characteristics	of	a	mayonnaise,	formulated	with	the	selected	proteins.	Secondly,	the
influence	of	pH	on	protein	solubility	and	emulsifying	capacity	of	proteins	(egg	white	and	potato	protein)
and	mayonnaise	texture	was	also	investigated.

Results	indicated	that	egg	white	had	statistically	higher	protein	solubility	and	emulsifying	capacity	than
plant-based	proteins,	which	led	to	different	textural	attributes	in	the	resulted	mayonnaises.	The
emulsifying	capacity	of	potato	protein	was	the	most	closely	resembled	animal	protein,	resulting	in	a
mayonnaise	with	similar	firmness.		

On	the	other	hand,	results	evidenced	that	pH	had	an	important	effect	in	the	emulsifying	capacity
depending	on	the	protein	source.	No	statistically	differences	were	observed	in	protein	solubility	and
emulsion	capacity	of	egg	white	at	different	pH,	while	potato	protein	presented	lower	solubility	and
emulsifying	capacity	when	pH	was	close	to	their	isoelectric	point.	Similar	behaviour	was	observed	in	the
textural	characteristics	of	mayonnaises	formulated	with	both	proteins.

In	conclusion,	plant-based	proteins	presented	different	technological	characteristics	than	animal	ones
which	led	to	a	challenge	for	food	industry	involved	in	the	development	of	plant-based	products.
Understanding	the	technological	functionality	of	plant-based	protein	could	be	a	good	starting	point	for
knowing	their	behaviour	in	the	development	of	analogues	plant-based	foods.	
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Abstract

Environmental	concerns,	population	growth,	and	animal	welfare,	among	various	other	global	issues,
have	resulted	in	an	increasing	demand	for	alternative	protein	sources.	Alfalfa,	a	perennial	legume,	is	an
alternative	protein	source	that	has	been	approved	for	human	consumption	by	the	European	Food	Safety
Authority	(EFSA).	However,	the	approval	granted	in	2009	has	a	very	low	recommended	daily	dose	of	10
g	concentrate/day,	due	to	possible	inclusion	of	anti-nutrients	in	the	alfalfa	concentrates,	including
saponins1.	In	addition,	the	plant	contains	compounds	with	undesirable	sensory	characteristics,	namely
chlorophyll	and	off-flavor	compounds.	

Membrane	technology	is	a	promising,	gentle	technology	for	selectively	fractionating	and	concentrating
proteins.	Here,	we	will	discuss	the	challenges	and	advantages	in	using	membrane	technology	for
purifying	proteins,	particularly	ribulose-1,5-biphosphate	carboxylase/oxygenase	(RuBisCO)	from	alfalfa
protein	extracts	produced	through	twin-screw	pressing.	Background	regarding	the	paucity	of	knowledge
in	the	area	will	be	discussed.	Experimental	data	emphasizing	the	importance	in	overcoming	the	barriers
will	also	be	presented.	Lastly,	considering	that	we	have	found	evidence	that	saponins	are	concentrated
along	with	the	proteins	in	acid	precipitation,	the	potential	of	membrane	technology	in	concentrating
proteins	and	selectively	separating	the	saponins	from	the	proteins	will	be	evaluated.

1	The	EFSA	Journal	(2009)	997,	1-19
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Abstract

Celiac	disease	is	an	autoimmune	response	associated	with	intolerance	to	gluten	proteins.	The	food
industry	has	attained	an	interest	in	wheat	flour	substitutes	for	gluten-free	mixtures.	Besides,	these
formulas	are	mainly	composed	of	carbohydrates	from	different	origins	which	usually	have	low	protein
content.	Testing	alternative	cereals	like	Hairless	Canaryseed	(Phalaris	canariensis	L.)	is	a	novel	gluten-
free	source	to	be	considered	as	an	alternative	crop	in	Argentina.	This	research	aims	to	characterize
canaryseed	proteins	compared	to	other	cereal	grains	and	their	potential	applications	in	gluten-free
products.	A	foreign	wholemeal	canaryseed	flour,	provided	by	Infraready	Products	Ltd.	(Canadá),
presented	a	high	protein	content	of	16.17	±	0.07	%	and	5.53	±	0.10	%	of	crude	fat	(wet	basis).	Storage
proteins	were	fractionated	based	on	their	Osborne´s	solubility	and	also	characterized	electrophoretically
by	SDS-PAGE	with	post-processing	scans	images	by	IMAGE	J	computer	program.	The	prolamins	(58%)
and	the	glutelins	(35%)	represented	the	main	fractions	while	the	globulins	(5%)	and	the	albumins	(6%)
fractions	showed	the	lowest	amount	of	overall	protein.	The	electrophoretic	pattern	revealed	similarity
with	other	cereals,	like	oat,	but	differently	from	rye	performance.	In	this	sense,	a	major	intensity
prolamin	fraction	was	observed	between	20-25	kDa	and	also	two	distinct	protein	bands	with	an	apparent
molecular	mass	of	47	and	52	kDa.	On	the	other	hand,	glutelins	showed	a	molecular	weight	profile	below
60	kDa.	In	this	study,	these	samples	were	visualized	following	a	pattern	that	includes	a	well-defined
band	of	59.5	kDa,	and	two	sets	of	proteins	in	the	range	between	30-34	kDa	and	45-55	kDa.	These	results
suggest	this	wholemeal	canaryseed	flour	may	have	technological	applications	for	developing	bakery
products	due	to	its	high	protein	content	diminishing	health	issues	for	consumers	who	suffer	from	other
diseases	such	as	cardiovascular	diseases	or	diabetes.
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Abstract

Worldwide,	more	than	5	billion	people	eat	high-protein	foods.	Among	those,	45%	are	based	on	plant
proteins,	mainly	soy	(80%).	To	assure	protein	self-sufficiency	in	EU,	there	is	an	urgent	need	to	find
sustainable	alternative	protein	resources.	The	EU	is	the	third	producer	of	sunflower	press	cake	with	4.8
Mt	in	2019,	which	has	30-35%	protein	and	18-20%	dietary	fibre	(DF).

Dry	separation	by	air	classification	is	an	efficient,	sustainable,	and	low-cost	technology,	which	separates
protein	and	DF	particles	based	on	differences	in	density	and	size.	In	this	study,	combined	milling	and	air
classification	resulted	in	sunflower	protein	concentrate	(SPC)	with	ca.	50%	protein	content.	Lactic	acid
fermentation	was	utilized	to	reduce	chlorogenic	acid	and	improve	the	sensory	profile	of	SPC.		Since
protein	fibrillation	is	a	factor	of	pH,	the	pH	of	fermented	samples	was	raised	to	ca.	7.0.	Techno-functional
properties	were	analysed	both	from	the	SPC	and	fermented	SPC.	Fermentation	increased	water	and	oil
binding	capacities,	water	binding	from	2.7	to	3.4	g/g	and	oil	binding	from	1.7	to	2.2	g/g.		Fermentation
combined	with	pH	adjustment	increased	protein	solubility	from	7	to	15%.	The	applicability	of	SPC	in	high-
moisture	extrusion	technology	(HME)	was	tested	as	such	and	in	combination	with	pea	protein	isolate.
Fermentation	with	pH	adjustment	improved	protein	fibrillation	during	HME	and	further	decreased
chlorogenic	acid	content	from	10	to	6	mg/g	compared	to	fermented	SPC	without	pH	adjustment.
Longitudinal	cutting	force	of	extrudates	(19-25	N)	was	generally	higher	than	in	cross-sectional	direction
(9-24	N).	Compression	force	varied	between	85-170	N.	This	study	showed	that	hybrid-processing
technologies	such	as	air	classification	combined	with	fermentation	could	be	utilized	to	produce	SPC	from
sunflower	press	cake	with	improved	techno-functional	and	nutritional	properties.	SPC-based	meat
alternatives	can	be	produced	by	HME.
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Abstract

Due	to	the	growing	world	population	it	is	more	complicated	to	satisfy	the	nutritional	requirements	of	all
the	people.	Food	industry	is	continuously	evolving	to	increase	the	amount	of	essential	nutrients	in	food.
Development	in	this	area	is	recently	focused	on	finding	of	new	sources	of	dietary	protein.	

Proteins	are	basically	divided	to	categories	of	animal	and	plant	origin.	They	differ	mainly	in	amino	acid
composition	and	digestability	of	proteins.	Because	of	high	costs	and	demands	of	animal	production,	the
plant	protein	sources	are	perspective.	Generally,	plant	proteins	are	badly	digestable,	because	of	the
presence	of	polysaccharide	structures,	but	digestability	of	proteins	can	be	increased	by	their	extraction,
which	is	the	considerable	reason	for	production	of	plant	protein	isolates.

Wheat	bran	(WB)	is	a	secondary	product	of	wheat	flour	production.	Its	annual	worldwide	production	is
about	150	million	tons.	It	is	primary	composed	of	dietary	fiber	and	used	in	the	feed	industry.	However,	it
also	contains	relatively	high	amount	of	proteins	(about	16	%)	with	perspective	properties.	

The	main	goal	of	this	work	was	to	isolate	the	WB	proteins	and	to	carry	out	its	detailed	chemical
characterization.	Extraction	was	performed	using	the	protein	dissolution	technique	at	pH	11.	Solid
fraction	was	removed	by	centrifugation.	Extracted	proteins	were	precipitated	by	the	pH	shift	to	4.	The
WB	isolate	was	finally	dried	by	the	lyophilization.	

The	yield	and	the	protein	content	of	isolates	depend	mainly	on	concentration	of	the	used	alkali	for
protein	extraction	and	device	for	elimination	of	carbohydrates.	The	isolate,	produced	by	optimized
technology,	contained	68,4	±	3,4	%	of	proteins.	Next	main	components	of	WB	isolates	were	starch,
water	and	minor	amount	of	mineral	compounds.	The	most	abundant	amino	acids	were	glutamic	acid	and
arginine,	but	at	all,	8	essential	amino	acids	were	determined	in	WB	isolates.
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Abstract

A	growing	number	of	consumers	are	reducing	the	consumption	of	animal	proteins	for	health,
environmental	and	ethical	reasons.	Therefore,	meat	analogues	that	resemble	meat	in	terms	of
appearance,	color,	and	texture	are	gaining	increasing	interest.	A	common	process	for	producing	such
meat	analogues	based	on	plant	proteins	is	high-moisture	extrusion.	During	extrusion	processing,
proteins	form	a	multiphase	system	that	is	deformed	along	the	flow	direction	in	the	cooling	die,	resulting
in	the	formation	of	an	anisotropic,	meat-like	structure.	For	wheat	gluten,	thermomechanical	treatment	in
the	extruder	leads	to	the	formation	of	intramolecular	disulfide	bonds,	resulting	in	distinct	changes	in
rheological	properties.

However,	many	consumers	are	not	convinced	by	the	mouthfeel	of	such	plant	protein-based	meat
analogues,	describing	them	as	dry	compared	to	real	meat.	It	is	well	known	that	the	characteristic	juicy
mouthfeel	of	meat	is	generated	by	the	combination	of	muscle	fibers	and	intramuscular	fat.	It	can
therefore	be	assumed	that	the	sensory	properties	of	meat	substitutes	can	also	be	significantly	optimized
by	adding	fat	or	oil.	Moreover,	the	addition	of	oil	offers	the	possibility	of	introducing	nutritionally	valuable
fatty	acids,	fat-soluble	vitamins	and	trace	elements	into	the	product,	thus	enhancing	the	product
properties.

In	order	to	tailor	the	droplet	size	of	added	oil	for	different	applications,	it	is	necessary	to	gain	a	better
understanding	of	how	the	dispersive	mixing	of	oil	in	a	highly	viscous,	reactive	protein	system	such	as
gluten	is	affected	by	different	extrusion	parameters.	Since	the	breakup	and	coalescence	of	dispersed
systems	are	a	strong	function	of	the	rheological	properties	of	the	surrounding	matrix,	this	contribution
focuses	on	the	relationships	between	extrusion	parameters,	rheological	properties	of	gluten	matrix	and
droplet	size	distribution	of	oil.
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Abstract

Legumes	are	sources	of	nutrients	such	as	carbohydrates,	proteins,	fibres,	minerals,	and	vitamins.
However,	in	France,	they	are	mainly	consumed	as	boiled	seeds	or	canned	and	their	consumption	is
marginal	because	less	appreciated,	perceived	as	outdated	and	long	to	cook.	Thus,	there	is	a	need	for
innovative	formulations	to	increase	their	attractiveness	and	diversify	their	uses.	

This	study	aims	to	evaluate	the	characteristics	of	seeds	(compositional	and	physico-functional
characteristics)	to	successfully	orientate	legumes	towards	adapted	and	original	processing	for	non-
traditional	legumes	food	products.	Different	selected	food	models	were	developed	by	chefs	specialized	in
french	gastronomy.	The	focus	will	be	done	on	shortcrust	pastry	usually	formulated	with	wheat.	

Five	species	(white	and	red	beans,	chickpea,	green	lentil,	and	lupin)	locally	produced	in	western	France
were	processed	and	compared	to	wheat	flour	(control).	Industrial	legumes	flours	(untreated	or	thermally
treated,	from	INVEJA,	France)	were	used.	For	flours,	proximate	composition,	particle	size	distribution,
color,	and	functional	characteristics	such	as	density,	and	water/oil	absorption	capacity	were	determined.
For	the	shortcrust	pastry,	bake	yield,	color	measurement,	textural	and	sensory	analyses	were	performed.
A	one-way	analysis	of	variance	was	performed	for	each	studied	factor.		

Large	variations	among	the	species	were	noticed	in	color	parameters	(L*,	a*,	b*;	p<0.05)	and	bake	yield
which	was	higher	for	lupin	(74	±	1%)	compared	to	the	other	species	and	the	control	(83	±	2%).
Moreover,	doughs	made	with	red	and	white	beans	were	crumblier	especially	those	processed	with
thermally	treated	flours.	The	significant	differences	observed	on	the	flours	(proximate	composition,
water/oil	absorption	capacity,	particle	sizes,	and	color)	could	partly	explain	the	variation	of	the
shortcrust	characteristics	between	species.	Multicriteria	approach	(legumes	cultural	conditions,
amylose/amylopectin	ratio,	types	of	proteins	and	dietary	fibers,	etc.)	need	to	be	performed	to	highlight
factors	involved	in	the	observed	difference.
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Salt	extraction	coupled	with	membrane	filtration	&	modification	of	pulse
proteins	(yellow	pea	and	chickpea)	to	enhance	functional	properties	for	meat
analogue	application
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Abstract

Demand	for	meat	analogs	is	increasing	as	consumers	continue	to	look	for	novel	plant	protein	sources.
Pea	and	chickpea	are	gaining	traction	due	to	their	good	protein	content	(~20-30%)	and	quality.	The
common	protein	isolation	method,	pH-based	extraction,	results	in	protein	denaturation	and
polymerization	that	negatively	impact	functionality.	To	produce	functional	pulse	protein,	a	milder
extraction	method	needs	to	be	evaluated.	Additionally,	due	to	inherent	differences	in	pulse	protein
profile	compared	to	soy,	protein	modification	to	facilitate	soluble	aggregates	formation	should	be
explored	for	meat	analogs	applications.	The	objectives	of	this	research	were	to	(1)	evaluate	salt
extraction	method	with	membrane	filtration	for	scaling	up;	(2)	optimize	transglutaminase	treatment	as	a
modification	method	to	improve	texturization	potential	by	inducing	cross-linking.	Pea	and	chickpea
protein	isolates	(PPI	and	ChPI)	were	produced	from	their	respective	pulse	flour	via	salt-extraction	coupled
with	ultrafiltration	on	benchtop	under	optimum	salt	concentration,	time,	temperature,	pH,	and	flour-to-
water	ratio.	Optimized	benchtop	extraction	was	then	scaled-up	to	evaluate	yield,	purity,	and	feasibility.
Structural	and	functional	characterization	was	performed	to	determine	differences	between	benchtop
and	scale-up	isolates.	Optimization	of	protein	modification	using	transglutaminase	was	conducted	by
varying	time	and	enzyme	concentrations	while	monitoring	amine	blockage	and	polymerization.	The
scale-up	PPI	and	ChPI	had	91	and	95%	purity,	comparable	to	benchtop	counterparts.	The	scale-up
isolates	had	similar	protein	profile	to	the	benchtop	counterparts	with	higher	extent	of	soluble
aggregates.	Scale-up	isolates	had	significantly	(P<0.05)	higher	surface	hydrophobicity	due	to	partial
denaturation,	which	contributed	to	higher	gel	strength	–	115%	and	23%	increase	for	scale-up	PPI	and
ChPI,	respectively.	Transglutaminase	treatment	induced	the	formation	of	soluble	polymers,	resulting	in	a
33%	increase	in	gel	strength.	Enhanced	protein	functionalities	is	promising	for	the	expanded	use	of	pulse
protein	in	diverse	food	systems	including	meat	analogs.	Texturization	studies	on	these	isolates	are
currently	underway.
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Abstract

Global	animal	protein	consumption	keeps	increasing	despite	the	great	nutritional,	environmental	and
economical	stress	the	current	production	places	on	the	planet.	Plant-based	meat	alternatives	have
received	considerable	attention	during	the	last	decade.	However,	these	solutions	still	have	major
sensory	challenges,	for	example	the	beaniness	of	legume	proteins	or	the	mustard-like	off-flavour	in
rapeseed	protein.	A	popular	route	for	the	utilization	of	these	ingredients	has	been	masking	the	off-
flavours	with	flavourings	instead	of	minimizing	them.	In	this	presentation,	we	overview	some	of	the
approaches	VTT	and	the	project	partners	have	used	to	favourably	modify	the	sensory	properties	of	plant-
based	protein	products.

Plant	proteins	from	legumes	and	oilseeds	were	treated	with	different	bioprocessing	methods	such	as
fermentation	and	texturized	with	high-moisture	extrusion.	Trained	sensory	panels	evaluated	the	samples
with	generic	descriptive	analysis	using	standard	sensory	practises.	These	profiles	were	complemented
with	chemical	and	instrumental	measurements.

Each	plant	protein	ingredient	had	its	typical	sensory	profile.	Pea	protein	isolate	had	favourable
characteristics	that	explain	its	enduring	popularity	as	a	major	ingredient	for	meat	alternatives:	low
beaniness,	umami	flavour,	fibril-like	structure	and	generally	mild	flavour.	On	the	other	hand,	protein
concentrates	such	as	yellow	pea	and	fava	bean	protein	concentrate	were	beany,	bitter	and	astringent,
and	produced	a	crumbly	texture.	Among	the	protein	concentrates,	hemp	was	outstanding	due	to	its
comparable	textural	properties	such	as	high	tearing	forces	to	pea	protein	isolate	even	though	it	had	a
challenging,	woolly	odour.	However,	these	sensory	profiles	could	be	modified	with	bioprocessing	and
complementary	ingredients.	The	beaniness	of	legume	concentrates	was	decreased	in	favour	of	more
intense	umami	after	fermentation,	and	adding	small	amounts	of	animal	lipids	similarly	decreased
beaniness	and	introduced	meaty	odours	in	the	samples.

In	conclusion,	bioprocessing	treatments	and	formulations	displayed	an	alternative	for	the	mitigation	of
specific	sensory	challenges	of	plant	proteins.
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Abstract

Fermented	baked	goods	digestibility	is	predominantly	related	to	raw	materials	and	manufacturing
factors.	In	particular,	the	proteins	hydrolysis	that	occurs	during	bread	making	represents	one	of	the	key
agents	in	the	digestive	process.	Many	studies	highlighted	that	protein	bread	digestibility	may	be
positively	influenced	by	long	fermented	sourdough	and	its	microbial	composition.	Forty-six	different
breads	were	manufactured	with	different	raw	materials/enzymes	(flour,	fungal	proteases,	LAB
cytoplasmic	extracts,	and	gluten),	type	of	sourdough	(fresh	or	commercial	liquid	or	dry),	strains	of	lactic
acid	bacteria	and	yeasts,	and	time	and	temperature	of	fermentation.	Breads	were	firstly	evaluated	for
their	in	vitro	digestibility	to	screen	the	best	condition.	The	analysis	on	the	total	free	amino	acids	and	in
vitro	protein	digestibility	(IVPD)	allowed	an	in-depth	evaluation	of	bread	digestibility.	Most	digestible
breads	were	analyzed	for	complete	amino	acid	profile	and	related	digestible	protein	quality	indices
(Chemical	Score,	Essential	Amino	Acids	Index,	Biological	Value,	Protein	Efficiency	Ratio).		Furthermore,
protein	and	peptide	patterns	of	bread’s	dough	were	used	to	determine	the	level	of	protein	hydrolysis
through	RP-HPLC-UV	analysis	and	the	Tricine-sodium	dodecyl	sulfate	(SDS)-polyacrylamide	gel
electrophoresis	(PAGE).	The	findings	showed	a	greater	digestibility	from	the	use	of	sourdough	in	breads
produced	from	whole	wheat,	spelt	and	rye	flours.	In	addition,	the	use	of	strains	of	lactic	acid	bacteria
selected	for	high	peptidase	activity,	the	addition	of	fungal	proteases	and	fermentation	of	sourdough	at
the	optimum	temperature	at	37°C	yielded	breads	with	improved	digestibility	and	quality	of	protein
nutritional	indexes.
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Abstract

Recently,	plant-based	food	is	gaining	in	importance	on	the	global	food	market.	The	increasing	demand
for	plant-based	food	is	a	consequence	of	the	increase	in	both	environmental	awareness	and	care	for
animal	welfare	as	well	as	the	changes	in	nutritional	recommendations.	To	meet	the	demands,	food
producers	focus	on	providing	analogues	of	products	of	animal	origin	that	are	characterised	by	similar
sensorial	and	nutritional	characteristics.	One	promising	trend	is	a	production	of	plant-based	fish.	Thus,
the	aim	of	this	work	is	to	summarise	the	possibilities	of	creating	plant-based	fish.

The	main	ingredients	of	such	products	are	protein	isolates,	concentrates,	or	extrudates	composed	to
provide	essential	amino	acids	(e.g.	a	mix	of	pea,	rice	and	chickpea	proteins).	Furthermore,	substances
affecting	the	taste	such	as	seasonings,	seaweeds	or	yeast	flakes	must	be	considered	in	the	composition
of	a	fish	analogue.	On	one	hand,	they	enable	to	eliminate	the	taste	of	plant	proteins	and	on	the	other,
they	form	the	fish	taste.	Ingredients	rich	in	omega-3	and	omega-6	fatty	acids	such	as	nuts,	flaxseed,
seaweeds,	and	oils	from	rapeseed,	the	evening	primrose,	safflower,	raspberries,	and	blackcurrant	seeds,
are	also	needed	in	order	to	provide	the	appropriate	nutritional	value.

There	are	few	plant-based	fish	available	currently	on	the	market.	For	instance,	tuna	analogues	made
from	soy,	yeast,	and	sunflower	extracts	or	from	radish,	bamboo,	algae,	and	pea	protein	can	be	found.
Also,	on	the	market	there	are	products	such	as	vegan	fish	sticks,	which	are	made	from	wheat	protein,
plant-based	fishburgers,	and	fillets	of	salmon,	which	are	created	on	basis	of	rice,	water,	wheat	flour,	and
rapeseed	oil.
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Abstract

The	consumer's	desire	of	increasing	the	intake	of	plant	proteins,	summed	with	the	necessity	of
sustainable	protein	production	brings	a	new	challenge	for	the	food	industry,	since	they	have	in	general,
low	sensory	acceptance	and	reduced	techno	functionality.	Thus,	mixing	plant	proteins,	such	as	pea,	with
milk	is	an	alternative,	once	it	uses	the	highly-accepted	dairy	products	to	make	smoother	the	transition
toward	plant-based	diets.	However,	these	mixed	systems	generally	present	reduced	functional
properties,	due	to	thermodynamic	incompatibility.	Therefore,	this	study	aimed	to	investigate	the
suitability	of	high-intensity	ultrasounds	treatment	(a	green	technology)	to	increase	the	gelling	properties
of	mixed	protein	systems	formed	by	pea	(a	highly	demanded	plant	protein)	and	casein	micelles	(CMs).
The	same	ultrasound	treatment	(20	kHz,	500	W,	15	min	in	5s	pulses)	was	applied	in	two	processing
routes.	i:	rehydrating	the	protein	powders	(8%	w.w),	mixing	in	different	ratios	of	CMs:	pea	protein
(80:20t,	50:50t,	and	20:80t)	and	applying	the	treatment;	and	ii:	applying	ultrasound	in	the	pure	protein
dispersions	and	blending	after	(80:20s,	50:50s,	20:80s).	Before	gelation,	dynamic	light	scattering,
fluorescence	spectroscopy,	electrophoresis,	viscosity,	and	protein	solubility	were	evaluated.	Then,	the
gelation	was	driven	by	the	addition	of	glucono-δ-lactone.	The	gel	formation	was	followed	by	small-
amplitude	oscillatory	shear	rheology	and	the	gels	were	imaged	by	confocal	microscopy.	The	ultrasound
treatment	increased	solubility	and	decrease	viscosity	with	a	higher	impact	in	protein	blends	where	pea
protein	was	the	major	component,	probably	due	to	the	decrease	in	particle	size.	It	led	to	smaller	and
more	homogenous	building	blocks,	producing	an	increase	up	to	10	times	in	the	complex	modulus	of	the
gels	formed	after	ultrasound	application	in	comparison	with	gels	before	treatment,	without	significant
difference	between	the	process	routes.	Showing	that	ultrasound	treatment	is	a	suitable	technique	to
increase	the	gelling	properties	of	CMs:	pea	systems

Keywords

protein	gels,	mixed	protein	systems,	green	technology,	protein	modifications



P39

Protein	profiling	and	characterization	of	diverse	oat	lines
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Abstract

Oats	(Avena	sativa)	are	notable	among	cereals	for	their	low	allergenicity	and	high	content	of	protein,
unsaturated	fatty	acids,	β-glucans,	and	antioxidants.	While	oat	β-glucan	remains	the	focal	point	of
breeding	efforts	for	human	consumption,	the	high	protein	content	brings	great	potential	in	view	of
increasing	demands	for	plant	proteins.	Therefore,	this	study	aims	to	evaluate	a	set	of	genetically	diverse
oat	lines	grown	in	two	Canadian	locations	and	correlate	protein	profiles	with	genotype	and	growing
location.	200	oat	samples	were	screened	for	protein	profile	using	SDS-PAGE	and	grouped	based	on
differences	in	molecular	weight	distribution.	Densitometry	was	conducted	using	Quantity	One	gel
imaging	software	by	Bio-Rad	Laboratories.	A	subset	from	each	group	was	selected	based	on	growing
location	coupled	with	random	selection.	For	a	total	of	53	samples,	Osborne	fractionation	was	performed,
and	albumins,	globulins,	prolamins,	and	glutelins	were	collected,	and	their	crude	relative	abundance	was
calculated.	The	protein	profiles	of	the	fractions	were	further	characterized	using	SE-HPLC	and	SDS-PAGE.
Based	on	protein	profile	differences,	a	smaller	subset	of	oat	lines	was	further-selected	to	conduct
proteomics	analysis	via	LC-MS/MS.	Proteomics	will	aid	in	protein	identification	and	differentiation	across
different	breeding	lines.	All	200	oat	lines	were	categorized	into	6	distinct	groups,	composed	of	4
subgroups	each.	A	representative	subset	of	53	lines	with	distinguishably	variable	profiles	was	selected.
The	crude	relative	abundance	of	Osborne	fractions	varied	among	lines.	SE-HPLC	demonstrated
differences	in	content	and	molecular	weight	across	fractions	from	different	lines.	Overall,	the	most
abundant	fraction	was	globulins	followed	by	albumins,	glutelins,	and	lastly,	prolamins.	Profiling	and
characterizing	oat	proteins	is	key	to	understanding	their	structure-function	relationship.	These	findings
are	crucial	to	oat	production	upstream,	focusing	on	the	development	of	oat	breeding	programs	optimal
for	human	food	applications	downstream.
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Abstract

Protein	is	the	dietary	nutrient	that	limits	life,	with	regular	intake	of	9	essential	amino	acids	(EAAs)	usually
obtained	from	the	balance	of	proteins	present	in	foods.	The	optimal	target	of	EAA	ratios	for	humans	is
currently	referenced	from	the	Digestible	Indispensable	Amino	Acid	Score	(DIAAS),	but	this	target	is	not
defined	for	other	species.	On	the	basis	of	molecular	biology,	we	propose	a	new	approach	to	inform
dietary	protein	quality	using	‘exome-informed	protein	balancing’	or	‘ePROB’.	The	ePROB	tool	identifies
blends	of	food	proteins	to	deliver	the	precise	proportions	of	EAAs	determined	from	the	amino	acid	(AA)
profiles	of	protein-coding	genes	in	any	species,	i.e.,	its	‘exome’.	ePROB	informs	how	to	blend	available
foods	and	ingredients,	with	or	without	free	AA	supplementation,	and	optionally	correcting	for	enzymatic
digestibility,	in	monogastric	species.	Using	studies	in	flies	and	mice,	we	can	demonstrate	advantages	for
growth,	feed	conversion	efficiency	and	reproduction,	and	suppression	of	biological	trade-offs	that	can
otherwise	occur	for	mis-matched	protein	foods.	Animal	proteins,	compared	with	plant-sourced	proteins,
are	relatively	well	matched	to	the	human	exome,	but	pose	possible	detriments	to	health,	such	as	the
increased	risks	of	obesity	and	chronic	kidney	disease.	Despite	protective	effects	against	cancer	and
cardiovascular	disease,	plant	proteins,	on	the	other	hand,	are	considered	nutritionally	inferior	due	to
their	imbalanced	AA	composition	and	poor	digestibility.	As	plant-based	diets	gain	popularity	for	the
worthy	reasons	of	food	security	and	environmental	sustainability,	we	propose	that	ePROB	can	address
the	associated	risk	of	nutritional	compromise.
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Abstract

Moringa	(Moringa	oleifera	Lam)	is	a	plant	that	in	recent	years	has	generated	great	interest	due	to	its
high	protein	content	and	bioactive	compounds	with	potential	beneficial	effects	on	human	health.	The
aim	of	this	study	was	to	obtain	a	protein	concentrate	from	moringa	leaf	powder	and	evaluate	its
antioxidant	and	antiproliferative	activity	during	in	vitro	digestion.	Protein	extraction	was	performed	by
isoelectric	point	(pI)	precipitation	using	NaOH	1M/HCl	0.1M.	The	protein	concentrate	was	digested
following	the	harmonized	Infogest	in	vitro	digestion	protocol.	Digested	were	fractionated	into	(<	3	kDa
and	>	3	kDa)	sizes	and	evaluated	for	antioxidant	activity	using	2,2-diphenyl-1-picrylhydrazyl	(DPPH)	and
2,2’-azino-bis	(3-ethylbenzothiazoline-6-sulfonic	acid)	(ABTS)	methods,	as	well	as	antiproliferative
activity	in	human	colorectal	cancer	cells	Caco-2	using	the	MTS	assay.	The	protein	content	of	the	moringa
leaf	powder	was	24.60%.	The	protein	concentrate	with	the	highest	protein	yield	(62.60%)	was	obtained
at	pH	11	and	pI	4.5.	Highest	effects	were	observed	in	the	digests	obtained	during	the	intestinal	phase,
with	fraction	containing	peptides	>	3	kDa	showing	a	higher	antioxidant	effect,	inhibiting	DPPH	and	ABTS
radicals	by	58.0	and	57.9%,	respectively,	and	the	fraction	<	3	kDa	were	more	effective	inhibiting	colon
cancer	cell	viability.	Therefore,	in	addition	to	their	nutritional	value,	moringa	leaf	proteins	show
significant	antioxidant	and	antiproliferative	activity,	properties	that	could	confer	potential	use	as	an
ingredient	for	the	formulation	of	functional	foods	or	nutraceuticals.
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Abstract

Fermented	plant-based	food	is	booming	in	our	diet	and	soya	products	fermented	by	lactic	acid	bacteria
are	appealing	because	of	their	potential	health	and	nutritional	benefits.	Whereas	well	characterized	in
dairy	matrices,	the	behaviour,	metabolic	activities	and	techno-functional	properties	of	Streptococcus
thermophilus	are	less	documented	in	soya.	Here,	we	characterized	the	growth	of	S.	thermophilus	in	soya
milk	and	explored	its	global	metabolism,	with	a	focus	on	nitrogen	metabolism.			

												S.	thermophilus	LMD-9	growth	decreased	soya	milk	pH,	from	7.5	to	4.9	in	5h.	During
fermentation,	acidification	occurred	in	tandem	with	lactate	production	and	increasing	population	size
(final	population:	1.0	×	109	CFU/ml).	As	growth	proceeded,	sucrose	was	consumed,	and	fructose	was
produced.The	proteomic	analysis	(LC-MS/MS)	of	the	strain's	cytosolic	and	cell	envelope-associated
proteins	revealed	that	proteins	related	to	amino	acid	transport	and	nitrogen	metabolism	were	the	most
common	among	the	328	proteins	identified	(63/328	=	19.2%	of	total	proteins).	The	cell-wall	protease
PrtS	was	present,	and	an	LMD-9	deletion	mutant	was	constructed	by	interrupting	the	prtS	gene
(STER_RS04165	locus).	Acidification	levels,	growth	levels,	and	final	population	size	were	lower	in	the
soya	milk	cultures	when	the	ΔprtS	strain	versus	the	wild-type	(wt)	strain	was	used.	The	SDS-PAGE	profile
of	the	soluble	proteins	in	the	supernatant	indicated	that	soya	milk	proteins	were	less	hydrolyzed	by	the
ΔprtS	strain	than	by	the	wt	strain.	It	was	discovered	that	S.	thermophilus	LMD-9	can	grow	in	soya	milk	by
consuming	sucrose,	can	hydrolyze	soya	proteins,	and	can	produce	acidification	levels	comparable	to
those	in	cow's	milk.		These	results	clarify	how	S.	thermophilus	adapts	to	soya	milk	and	can	help	inform
efforts	to	develop	new	fermented	plant-based	foods	with	better-characterized	biochemical	and
microbiological	traits.

	We	thank	Olga	Triballat	Institute	for	financial	support	and	M.	Al	Haddad	for	technical	assistance.
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Abstract

Seaweed	has	a	long	history	as	a	traditional	food	in	Asian	countries,	but	only	until	recently,	its	value	as	a
potential	protein	source	was	revealed	worldwide.	Red	seaweed,	in	particular,	contains	up	to	47%	of
protein,	which	is	higher	than	general	plant	protein	content.	New	Zealand	is	known	to	have	rich	marine
sources,	and	Māori	have	been	consuming	red	seaweeds,	Porphyra	and	Pyropia	spp.,	as	part	of	their	diet.
Exploring	the	possibility	of	developing	alternative	proteins	using	local	resources	further	contributes	to
global	sustainability.	In	this	research,	the	commercial	red	seaweed	(Porphyra	umbilicalis)	which	is	a	close
relative	to	the	NZ	red	seaweed	Pyropia	and	Porphyra	spp.	was	utilized	to	obtain	protein	extracts.	The
physicochemical	and	functional	properties	including	amino	acid	composition,	solubility,	foaming,	and
emulsifying	properties	of	the	extracts	were	investigated.	Compared	with	two	currently	available
commercial	protein	isolates,	namely	soybean	protein	isolates	(SPI)	and	whey	protein	isolates	(WPI),	the
lab-scale	protein	extracts	obtained	by	enzymatic	extraction	using	protease	and	freeze	drying	showed
comparable	results	if	not	superior,	of	essential	amino	acid	score,	indicating	their	potential	high
nutritional	value.	The	seaweed	extracts	also	exhibited	excellent	solubility,	foaming	and	emulsifying
ability,	and	stability	across	all	tested	pHs	(3-11).	Therefore,	if	the	red	seaweed	could	be	commercialized
it	could	be	a	valuable	source	of	dietary	protein	to	tackle	the	expected	food	insecurity	problem	in	the
future.	The	seaweed	protein	could	serve	as	a	functional	food	ingredient	to	be	incorporated	in	the
formulation	of	various	food	products.
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Marco	Panzanini,	Noemi	Alberici,	Fatma	Dadi,	Roberta	Dordoni,	Giorgia	Spigno
Università	Cattolica	Del	Sacro	Cuore,	Piacenza,	Italy

Abstract

Proteins	are	essential	to	human	nutrition	and	health.	While	animal	proteins	have	been	considered	to	be
the	primary	dietary	protein	source	for	decades,	there	has	been	a	paradigm	shift	recently	in	the	dietary
consumption	patterns	among	the	general	population	towards	plant-based	food	proteins.	As	a	result,
plant	protein	production	in	the	food	industry	has	remarkably	increased	(Qin	et	al,	2022).	

Soy	protein	from	soybeans,	historically	identified	in	the	Asian	region,	is	considered	an	important	food
source	to	meet	protein	demand	for	the	human	body	(Rizzo	et	al,	2018).	Soybean	flour	can	contain	up	to
more	than	40%	protein	and	protein	concentrates	or	isolates	(with	typically	more	than	70	and	90%
protein	content,	respectively)	can	be	obtained	through	appropriate	extraction	processes.	

In	most	cases,	defatted	soybean	flour	is	used	as	starting	material,	but	the	use	of	hexane	as	extraction
solvent	may	lead	to	protein	denaturation	and	solvent	residues.	On	the	other	hand,	starting	from	whole
soybean	flour	makes	difficult	the	separation	of	fat	and	protein	fractions	and	still,	the	presence	of	fat	in
the	extracted	proteins	may	enhance	their	emulsifying	properties.

In	this	work,	soy	proteins	were	extracted	from	whole	soy	flour	through	a	conventional	process	consisting
in	an	alkaline	extraction	step	followed	by	acid	precipitation.	Four	different	mixing	systems	in	the	alkaline
extraction	step	were	applied	in	order	to	investigate	their	influence	on	protein	and	fat	extraction	yield,	on
the	purity	of	final	proteins	(protein,	free	and	bound	fat	content),	and	on	technological	properties	(gelling
and	emulsifying	capacity)	of	the	extracted	proteins.
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Abstract

Pea	(Pisum	sativum)	seeds	are	an	important	source	of	plant	protein	and	the	processed	protein	isolates
are	finding	increasing	applications	in	the	rapidly	growing	plant-based	alternative	protein	industry	sector.
However,	realization	of	the	full	potential	of	these	proteins	is	hampered	by	their	poor	functionality,
nutritional	availability,	essential	amino	acid	distribution,	presence	of	anti-nutritional	factors,	allergenicity
and	poor	sensory	profiles.	Various	physical,	chemical	and	biological	processing	technologies	have	been
exploited	to	enhance	the	usability	and	value	of	these	proteins.	In	this	study,	we	have	explored	solid	state
fermentative	processing	of	pea	protein	isolates	using	Aspergillus	oryzae	to	improve	their	nutritional	and
techno-functional	properties.	Further,	we	have	used	advanced	foodomics	tools,	such	as	proteomics	and
volatolomics	to	characterize	the	processed	matrix	and	understand	the	changes	occurring	during	various
stages	of	bioprocessing.	Here,	we	report	the	improvement	of	some	techno-functional	properties,	such	as
solubility,	which	could	increase	the	use	of	the	protein	isolates	in	beverage	applications.	We	also
observed	potential	improvements	to	the	sensory	profile	of	the	processed	material	due	to	the	addition	of
new	volatile	organic	compounds	with	favourable	characteristics	to	the	processed	matrix.	Finally,	a
detailed	proteomics	study	of	the	samples	obtained	at	various	time	points	during	processing	has	shed
new	light	into	the	changes	in	the	proteome	of	the	A.	oryzae	fungi	that	allows	it	to	colonize	and	grow	on
the	material	and	also	the	changes	that	occur	in	the	metabolic	network	of	the	fungus	that	might	allow	it
to	survive	in	depleting	nutrient	conditions.	This	study	will	help	us	make	informed	processing	decisions
and	advance	the	use	of	predictive	modeling	of	processing	parameters	in	future.
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Abstract

This	study	investigated	the	isolated	and	synergistic	effect	of	three	protein	concentrates	of	pea,	lentil	and
fava	bean	as	emulsifiers	and	stabilizers	of	oil-in-water	emulsions.	The	objective	was	to	verify	if	combined
proteins	in	different	proportions	present	better	emulsifying	properties	than	proteins	separately.	The
proportions	of	proteins	tested	were	prepared	according	to	a	simplex-	centroid	mixture	design	using	2%
(w/w)	total	protein	concentration.	The	emulsifying	capacity,	foaming	capacity,	emulsion	stability,	surface
charge,	HCT	(Heat	Coagulation	Time	-	technique	usually	used	for	milk)	and	particle	size	were	evaluated
in	all	the	emulsions.	The	results	showed	that	lentil	protein	contributed	to	improve	the	emulsifying	activity
in	the	mixtures,	since	the	emulsion	with	100%	lentils	presented	the	best	foaming	capacity	and	foam
stability.	The	clotting	time	(HCT)	ranged	from	13.52	±	2.82	to	26.18	±	0.42	minutes	in	all	the	samples.
The	mixtures	with	the	highest	concentrations	of	peas	or	fava	bean	exhibited	the	highest	heat	stability
(over	25	minutes).	The	average	particle	size	(d50)	ranged	from	1.19±0.57	to	8.68±0.18	µm	after	24
hours	of	hydration,	highlighting	the	mixture	with	the	largest	portion	of	fava	beans,	which	presented	the
lowest	values	of	flocculation	and	high	absolute	surface	charge	(-31.12±1.11).		The	100%	pea	emulsion
had	the	highest	surface	charge	(-30.28±1.78)	and	the	lowest	d50	and	d90	values.	Throughout	the
statistical	evaluation	of	results	the	protein	mixture	of	21.21%	of	pea;	32.78%	of	lentils	and	46.01%	of
fava	beans	was	the	best	formulation	with	the	best	emulsifying	properties.	The	proteins	separately
presented	a	lower	performance	as	emulsifiers.	It	was	verified	that	synergism	is	a	opportunity	to	improve
plant	protein	emulsifying	proteins	and	these	findings	could	be	a	baseline	for	further	exploration	of	new
natural	emulsifying	agents.
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Abstract

Plant	proteins	and	derived	peptides	are	gathering	tremendous	interest	as	green,	sustainable,	functional,
and	nutritional	replacements	for	chemical	additives	in	foods.	If	such	proteins	and	peptides	can
furthermore	be	derived	as	side-streams	from	existing	industrial	processes,	the	techno-economical	and
sustainability	perspectives	increase	further.	Potato	(Solanum	tuberosum)	is	an	excellent	example	of	such
a	crop.	Globally,	the	production	of	potato	starch	exceeds	3,000,000	MT	annually	with	more	than	200,000
MT	of	potato	protein	isolated	as	a	side-stream.	However,	direct	isolation	of	food-grade,	functional	protein
is	in	many	cases	regarded	cost-ineffective.	

Through	amphiphilicity-based	bioinformatic	prediction,	a	large	number	of	peptide	emulsifiers	embedded
in	abundant	potato	proteins	were	identified	and	validated	in	vitro.	Amongst	these,	especially	one	peptide
(γ1),	derived	from	the	storage	protein	patatin,	showed	exceptional	emulsifying	properties.	Patatin,
however,	it	is	not	a	single	protein,	but	a	family	of	highly	homologous	isoforms,	thereby	introducing
natural	variability	in	obtainable	peptides.	Using	bottom-up	proteomics	and	in	silico	sequence	analysis,
we	identified	numerous	natural	γ1	variants,	which	were	produced	synthetically	and	investigated	for
interfacial	properties	and	physical	stability	of	emulsions	during	storage.	Furthermore,	the	interfacial
conformation	of	the	peptides	was	investigated	by	SRCD	and	supplemented	by	NMR	and	benchtop	CD	for
selected	peptides	in	micellar	model	systems.	Through	these	investigations,	we	provide	novel	insight	on
structure/function	relationship	of	amphipathic,	α-helical	peptide	emulsifiers	but	are	also	able	to	evaluate
the	full	potential	of	using	γ1	and	variants	as	peptide	emulsifiers	in	food.	Ultimately,	this	knowledge	was
employed	to	design	a	scalable	and	targeted	enzymatic	hydrolysis,	using	in	silico	proteolysis.	The	process
resulted	in	a	hydrolysate	with	improved	emulsifying	properties	compared	to	other	potato	protein
hydrolysates	and	used	as	emulsifier	in	efficient	microencapsulation	of	fish	oil	through	spray-drying
resulting	in	capsules	with	high	physical	and	oxidative	stability	during	storage.
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Abstract

With	the	development	of	healthy	nutrition	awareness	among	consumers	worldwide,	foods	are	not	merely
a	means	of	nutrition	but	have	also	started	to	be	noticed	as	products	with	benefits.	In	addition,	the	trend
of	plant-based	nutrition	is	growing	as	they	are	a	much	more	sustainable	and	environmentally	friendly
alternative,	especially	compared	with	food	of	animal	origin.	To	meet	these	demands	simultaneously,	this
study	focus	on	soy-based	products	that	were	developed	by	using	Saccharomyces	boulardii,	a	probiotic
yeast	that	can	be	used	as	Saccharomyces	cerevisiae	but	can	also	provide	functionality.

This	study	aims	to	produce	soy-based	fermented	food	products	by	using	S.	boulardii,	an	alternative	to	S.
cerevisiae,	the	most	used	strain	worldwide.	To	fulfill	this	goal,	all	51	strains	of	S.	cerevisiae	isolates	from
certain	regions	of	Turkey	provided	by	FoodOmics	Culture	Bank	were	incubated	for	48h	in	Yeast	Peptone
Dextrose	Broth	at	28-30oC.	Certain	biochemical	tests	such	as	low	pH	viability,	optimum	growth
temperature,	and	glucose-galactose	fermentation	abilities	were	applied	to	differentiate	S.	boulardii
strains	from	other	yeasts	including	Saccharomyces	cerevisiae.	One	of	the	tested	strains	showed	high
level	of	survival	under	certain	conditions	and	selected	for	the	High-Resolution	Melting	Analysis.	HRM	was
performed	to	identify	selected	strain	as	S.	boulardii	by	using	qPCR	to	be	used	in	fermentation	for	soy-
based	product	development.	Various	primers	were	designed	and	used	for	certain	genes	in	this	analysis.
As	control	S.	cerevisiae	var.	boulardii	CNCM	I-745®	and	S.	cerevisiae	ATCC®9763	were	used.

For	further	investigation,	while	comparing	traditional	fermented	products	with	S.	boulardii	products,
sensory	and	chemical	differences	should	be	taken	into	consideration.
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Abstract

Both	scientific	and	industrial	communities	have	focused	their	research	on	finding	alternative	materials
for	replacement	of	saturated	(SAFAs)	and	trans	fatty	acids	(TFAs)	in	food	products,	as	they	have	been
linked	to	an	increase	in	cardiovascular	diseases	in	the	last	decade.	Structured	vegetable	oil	is	a	potential
substitute	for	SAFAs	and	TFAs.	However,	such	replacement	must	maintain	flavor	and	texture
characteristics	of	the	food	product.	Thus,	this	study	aimed	at	evaluating	the	potential	of	applying
chickpea	aquafaba	(CA)-based	emulsions	as	a	substitute	for	palm	oil	(PO)	using	pound	cake	as	a	case
study.	CA	was	used	as	a	structuring	agent	to	structure	different	amounts	of	canola	oil	(CO)	by	the	one-
pot	homogenization	method	(15.500	rpm	for	1	min).	Emulsions	tested	contained	65,	70,	and	75%	of	CO,
and	were	applied	to	cake	formulations	C1,	C2,	and	C3,	respectively.	A	control	formulation	was	prepared
using	PO.	Cakes	were	evaluated	in	terms	of	specific	volume,	baking	loss	(8.9-9.5%),	and	symmetry	index
on	day	1,	and	crumb	moisture	content	(%),	water	activity	(aw),	and	firmness	after	1	and	7	days	of
storage.	Cakes	produced	with	the	emulsions	were	found	slightly	higher	on	specific	volume	(2.3	cm3g-1)
when	compared	to	the	control	produced	with	PO	(2.2	cm3g-1).	In	terms	of	storage	days,	aw	and	moisture
content	for	all	formulations	were	significantly	different	(p	<	0.05),	except	for	C2	(aw).	In	terms	of
formulation,	on	day	1,	there	was	no	significant	difference	between	all	formulations	for	moisture	content.
As	for	aw,	the	control	(0.90)	was	significantly	different	from	cakes	produced	with	emulsions	(0.91-0.92).
Firmness	increased	for	all	formulations	between	day	1	and	day	7.	In	addition,	to	evaluate	consumer
perception,	a	sensory	evaluation	was	carried	out.	Based	on	our	results,	it	appears	that	CA-based
emulsions	have	the	potential	to	replace	PO	in	pound	cake	recipes.
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Abstract

Additive	manufacturing	(3D	printing)	is	an	attractive	approach	to	create	architected	plant-based	protein
foods,	from	whole-cut	meat	analogs	to	personalized	food	designs.	Potato	protein,	a	value-added
ingredient	from	the	potato	starch	industry,	can	serve	as	functional	building	blocks	to	structure	plant-
based	foods	due	to	its	high	water-soluble	fraction.	Here,	we	examined	the	potential	of	transforming	low
molecular	weight	potato	protein	solution	into	a	colloidal	gel	ink	without	any	thickening	agents.	A	facile
approach	to	create	gel	inks	involved	pH	adjustment	and	controlled	heat	pretreatment	of	a	protein
solution	(30	w/w%)	to	manipulate	hydrophobic	and	electrostatic	interactions	between	the	protein
molecules.	The	mean	particle	diameter	increased	and	the	positive	surface	charge	decreased	when	the
protein	solution	was	adjusted	from	the	original	pH	3	to	pH	7,	close	to	the	isoelectric	point.		DSC	analysis
showed	the	native	proteins	unfolded	at	around	75oC.	A	sol-gel	phase	diagram	was	established	as	a
function	of	pH	(3-7)	and	temperature	(50-90oC),	which	relates	the	proteins’	molecular	interactions	to
aggregation	behaviors	and	bulk	gel	formation.	Gel	inks	formed	only	at	pH	3	and	4	after	heating	the
proteins	to	a	minimum	at	60oC	and	they	could	flow	as	stress-yielding	fluids	and	recover	their
predominant	elastic	properties,	which	are	critical	for	printability	and	buildability.	Inks	formed	at	pH	3
having	fine-stranded,	granular	microstructure	were	stiff	and	had	yield	stress	independent	of	temperature
pretreatment,	resulting	in	similar	printing	pressures	and	resolutions.	Inks	at	pH	4	had	denser	particulate
microstructure,	higher	storage	modulus,	and	yield	stress	with	increasing	temperature	pretreatment,
explaining	higher	printing	pressures	and	resolutions.	This	study	suggested	that,	beyond	soluble	heat-
gelation	binder	functionality	in	composite	foods,	low	molecular	weight	potato	protein	can	be	extended
into	a	printable	colloidal	gel	having	different	stiffness,	viscoelasticity,	and	appearance,	potentially
mimicking	connective	and	muscle	tissues	in	3D-assembled	meat	and	seafood	analogs.
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Abstract

The	vegetal	oil	industry	generates	a	variable	amount	of	plant	by-products,	which	are	normally	converted
into	meals	for	animal	feeding.	Valuable	compounds	could	be	extracted	from	these	materials	and	used	as
ingredients	in	food	preparations.	Vegetable	sources	have	been	gaining	much	interest	driven	by
consumer’s	preferences.	The	purpose	of	this	work	was	to	evaluate	the	ability	of	the	protein	hydrolysates
obtained	from	two	oleaginous	crops,	olive	and	sunflower,	to	stabilize	fish	oil-in-water	emulsions.	

The	protein	hydrolysates	were	obtained	from	dried	meals,	which	contained	on	average	21-25%	w/w	of
protein.	A	set	of	12	hydrolysates	was	produced,	employing	subtilisin	and	trypsin	as	proteases,	at	pH	8,
50ºC	and	three	degrees	of	hydrolysis	(DH	5%,	8%,	and	11%).	The	final	hydrolysates	were	freeze-dried
and	characterized	in	terms	of	molecular	weight	profile	and	amino	acid	composition.		

To	evaluate	the	potential	use	of	such	hydrolysates	as	food	emulsifiers,	they	were	incorporated	at	2%	w/w
in	oil-in-water	emulsions	containing	5%	w/w	of	fish	oil.	After	mixing	and	homogenization,	the	emulsions
were	stored	at	25ºC	in	the	dark	for	seven	days.	The	physical	(e.g.	droplet	size	distribution,	zeta	potential,
creaming)	and	oxidative	(peroxide	and	anisidine	values)	stabilities	of	the	emulsions	were	monitored
throughout	the	incubation	period.

Overall,	our	results	showed	that	enzymatic	treatment	and	DH	had	a	significant	impact	on	the	physical
stability	of	emulsions.	Tryptic	hydrolysates	from	both		meals	led	to	improved	stability	at	DH	5%.
Regarding	protein	source,	the	emulsions	containing	sunflower	hydrolysates	were	more	physically	stable
in	comparison	with	olive	ones.	Besides,	some	hydrolysates	seem	to	exert	antioxidant	capacity,	retarding
lipid	oxidation.	This	makes	them	suitable	to	take	part	as	emulsifiers	and	natural	antioxidants	in	food
matrices.	This	work	confirms	the	potential	of	some	vegetable	by-products	of	the	Mediterranean	area	as	a
source	of	valuable	ingredients	for	food	preparations.		
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Abstract

The	production	of	vegetable	oils	plays	a	major	role	in	the	economy	of	Mediterranean	regions.	This
industry	generates	variable	amounts	of	by-products,	commonly	reduced	plant	meals	for	animal	feeding.
	This	work	aims	at	exploring	the	potential	use	of	plant	protein	hydrolysates	from	such	sources	as	natural
antioxidants	for	oil-in-water	emulsions.	To	this	end,	olive	seed,	rapeseed,	sunflower,	and	lupin	were
processed	as	dried	meals	and	hydrolyzed	at	20%	degree	of	hydrolysis	(DH)	by	a	mixture	1:1	of
commercial	proteases	(Alcalase,	PTN).	These	protein	hydrolysates	were	tested	for	their	in	vitro
antioxidant	activity,	showing	significant	values	of	DPPH	scavenging	(IC50	from	0.02	to	2.79	mg/mL)	and
metal	chelating	activities	(IC50	from	0.20	to	0.43	mg/mL).	

A	set	of	oil-in-water	emulsions	was	prepared,	containing	5%	w/w	of	fish	oil	and	1%	w/w	Tween	20	as
emulsifier,	where	the	plant-based	hydrolysates	were	incorporated	at	2	mg/mL.		After	mixing	and
homogenization,	the	emulsions	were	stored	at	25ºC	in	the	dark	for	two	weeks.	A	control	emulsion	was
prepared	containing	whey	protein	concentrate	hydrolysate	(WPCH	)	as	antioxidant,	based	on	its	ability	to
chelate	metals	and	retard	lipid	oxidation.	The	physical	(e.g.	droplet	size	distribution,	zeta	potential,
creaming)	and	oxidative	(peroxide	and	anisidine	values)	stability	of	the	emulsions	were	monitored
throughout	the	incubation	period.

Overall,	the	results	showed	that	the	incorporation	of	the	hydrolysates	did	not	alter	the	physical	stability
of	the	emulsions.	Furthermore,	olive	and	sunflower	hydrolysates	retarded	the	generation	of	peroxides
and	secondary	products	associated	to	lipid	oxidation,	The	average	anisidine	values	after	the	storage
study	were	comparable	to	those	observed	for	the	WPCH	emulsion.	This	outcome	supports	the	use	of
such	sustainable	sources	as	natural	antioxidants	for	food	preparations.

Keywords

plant	protein	hydrolysates,	fish	oil	emulsions,	antioxidant	activity,	physical	stability



P53

Production	of	emulsifying	peptides	from	seaweed	protein	by	enzymatic
hydrolysis

Rasmus	Kranold	Mikkelsen1,	Betül	Yesiltas1,	Simon	Gregersen2,	Michael	T.	Overgaard1,	Paolo	Marcatili1,
Egon	B.	Hansen1,	Charlotte	Jacobsen1
1Technical	University	of	Denmark,	Kgs.	Lyngby,	Denmark.	2Aalborg	University,	Aalborg,	Denmark

Abstract

During	the	recent	years	global	food	trends	toward	sustainability	and	clean	label	have	emerged.	Together
with	consumer	demand	for	natural	ingredients	there	is	a	need	for	alternatives	to	the	commonly	used
synthetic	emulsifiers.	An	alternative	could	be	protein	and	protein	hydrolysates.	The	industrial	production
of	carrageenan	results	in	a	protein-rich	side-stream	which	is	currently	underutilized.	The	aim	of	this
study	was	to	produce	protein	hydrolysates	from	an	industrial	seaweed	side-stream	and	to	test	their
ability	to	physically	stabilize	a	5%	fish	oil-in-water	(O/W)	emulsions.	The	hydrolysates’	emulsifying
activity	were	also	predicted	using	the	bioinformatics	tool	EmulsiPred,	which	predicts	the	emulsifying
activity	based	on	amino	acid	sequence	and	secondary	structure.	Protein	hydrolysates	were	produced
with	the	industrial	available	enzymes;	Alcalase,	Neutrase,	Protamex,	Flavourzyme,	and	Trypsin	(TRY).	It
was	possible	to	produce	hydrolysates	with	reasonable	yields	(30-43%)	during	4	hours	of	hydrolysis	for	4
out	of	the	5	tested	enzymes.	From	the	proteomics	and	bioinformatics	analysis,	all	the	produced
hydrolysates	contained	amphiphilic	peptides,	but	the	abundance	depended	on	the	used	protease.	This
suggested	that	the	hydrolysates	could	form	and	stabilize	O/W	emulsion,	but	the	stability	would	differ
between	the	samples.	This	was	confirmed	during	experimental	testing.	The	tested	hydrolysates	could
stabilize	emulsions	with	no	significant	increase	in	droplet	size	(D3,2)	over	14	days	of	storage.	After	14
days	of	storage	emulsions	created	with	TRY	was	similar	to	casein	(D3,2=0.27µm)	however	creaming	was
observed	in	the	emulsion.	All	emulsions	containing	hydrolysates	also	had	greater	absolute	zeta	potential
compared	to	casein,	suggesting	better	electrostatic	repulsion	between	droplets.	TRY	decreased	the	oil-
water	interfacial	tension	more	compared	to	the	other	hydrolysates	and	casein.	Based	on	the	findings	of
this	study	seaweed	protein	hydrolysates	could	be	used	as	a	vegan	and	natural	emulsifier	to	stabilize	low
fat	O/W	emulsions.
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Abstract

In	the	past	few	years,	plant-based	foods	have	gained	an	increased	attention	among	researchers	and
consumers	at	large.	However,	whereas	the	dietary	role	of	plant-based	protein	derivatives	in	health
promotion	is	well	reported	in	the	scientific	literature,	there	is	no	study	assessing	the	big-picture	overview
of	the	publication	patterns,	key	players,	and	the	evolution	of	trends	&	directions	in	this	research	area.	To
fill	this	knowledge	gap,	we	report	here	a	bibliometrics-based	knowledge	map	of	bioactivities	reported	for
plant-based	proteins	and	their	derivatives.		

The	phrases	“bioactivities”	and	“plant-based	proteins”	(and	variants	thereof)	in	the	abstract,	titles	and
keywords	of	publications	between	1990	and	2022	were	searched	on	the	Scopus	and	Web	of	Science
databases.	The	results	were	exported	and	analysed	using	MS	Excel	(publication	output	and	citations),
VOSviewer	(active	journals	and	countries,	keyword	cluster	visualisation),	and	CiteSpace	(cluster	analysis
via	metrics	such	as	citation	burstiness,	sigma,	and	betweenness	centrality).	

A	total	of	1443	documents	reports	were	found	for	a	total	of	28	unique	plants,	and	these	collectively	were
cited	47,385	times	(H-index	of	96).	Biological	properties	such	as	anticarcinogenic,	antidiabetic,
antihypertensive,	anti-inflammatory,	antimicrobial,	and	antioxidant	were	the	most	widely	studied.	Wang,
Y.;	Journal	of	Agricultural	and	Food	Chemistry;	and	USA	were	respectively	the	top	publishing	author,
leading	journal,	and	country.	Cluster	analysis	via	metrics	such	as	citation	burstiness,	sigma,	and
betweenness	centrality	helps	us	identify	the	key	publications,	authors,	journals	and	institutions	who	are
driving	this	research	area.	The	quantitative	and	visualisation	analysis	of	trends	and	key	players	in	this
research	area	allows	for	gap	identification	while	providing	a	basis	to	forecast	future	'hotspot'	areas.
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Abstract

The	term	“mucoadhesion”	is	used	to	denote	the	ability	of	a	polymeric	substance	to	adsorb	onto	the
mucosal	membranes	of	the	human	body	and	form	molecular	bonds	(covalent	or	non-covalent)	with	the
mucus	layer.	From	a	food	perspective,	mucoadhesion	performance	of	hydrocolloids	is	inextricably
associated	with	the	sensory	perception	pattern	during	oral	processing	and	the	release	and	uptake	profile
of	bioactive	compounds	(including	living	cells	e.g.,	probiotics)	throughout	orogastrointestinal	transit.	In
the	present	work,	we	aimed	at	evaluating	the	mucoadhesive	and	bioadhesive	performance	of	alkaline,
neutral	or	acidic	microalgal	protein	isolates	(MPIs)	extracted	from	Chlorella	vulgaris	and	Arthrospira
platensis	biomass	aqueous	suspensions.	Both	native	and	thermally	processed	(90°C	for	40	min)	MPI
aqueous	dispersions	(2%	wt.)	underwent	in-vitro	and	ex-vivo	mucoadhesion	testing.	Porcine	gastric
mucosa	isolated	mucin	(dialysed	vs.	purified)	aqueous	dispersions	(2%	wt.)	were	prepared	in	simulated
oral,	gastric	or	intestine	fluids	(according	to	INFOGEST	v2.0	protocol).	The	mechanistic	pathways
concerning	the	binding	affinity	of	MPIs	to	the	mucins	were	elucidated	by	determining	the	thermodynamic
origin	and	the	molecular	interactions	prevalence	i.e.,	electrostatic,	hydrogen	bond,	hydrophobic	and
covalent	bonding.	The	in-vitro	mucoadhesion	properties	of	the	MPIs	were	determined	by	means	of
oscillatory	rheology,	viscosimetry,	electrophoretic	mobility,	dynamic	light	scattering	and	tensile
measurements.	Finally,	an	assessment	of	the	ex-vivo	of	the	bioadhesion	ability	of	the	fluorescence-
labelled	MPIs	on	pig	stomach	and	small	intestine	mucosa	membrane	tissues	(flow-through	method)	is
also	presented.
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Abstract

The	use	of	new,	alternative	sources	for	protein	has	led	to	a	new	(potential)	portfolio	of	protein	isolates.
However,	information	on	the	exact	composition	of	these	protein	products	is	limited,	especially	on	the
minor	components	present.	Hence,	the	evaluation	of	the	relationships	between	minor	components	and
proteins	including	both	physical	(technical	functionality)	and	biological	functions	(digestibility,
nutritional,	sensory	and	food	safety)	needs	to	be	investigated.	Minor	components	can	be	either	naturally
present,	present	due	to	contamination	or	formed	during	the	technological	processing	to	protein	fractions.
Their	presence	could	lead	to	negative	effects	including	reduced	protein	digestibility,	undesired	coloring
or	off-flavor.	On	the	other	hand,	these	same	compounds	may	have	beneficial	effects	on	human	and
animal	health.	We	aim	to	get	insight	into	these	type	of	effects,	come	to	processing	routes	to	reduce
negative	effects	and	enhance	positive	effects	of	these	minor	components	in	current	and	future	protein
products.	Included	protein	sources	are	among	others	faba	beans,	peas,	soybeans	and	sunflower	seeds
and	canola	seeds.	Via	a	literature	study	and	expert	interviews,	we	set	out	to	obtain	a	list	of	minor
components	expected	to	be	either	naturally	present	or	formed	during	processing	of	these	selected
protein	sources.	This	includes	an	indication	of	their	presumed	positive	and	negative	effects	on	human
and	animal	health	and	protein	functionality.	Moreover,	suggested	alternative	processing	techniques	will
be	tested	and	evaluated.	Technical	protein	functionality	will	also	be	assessed	by	looking	at	gelation
properties,	while	the	nutritional	aspects	will	be	assessed	by	looking	at	protein	digestibility.	The	results	of
this	work	are	valuable	for	future	researchers	in	the	field	of	alternative	protein	sources,	industrial	players
and	consumers.	It	will	enable	improved	industrial	production	of	protein	isolates	adjusted	to	consumer’s
needs.
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Abstract

The	purpose	of	the	present	study	was	to	determine	the	effects	of	acetylation	with	different	doses	of
acetic	anhydride	on	the	chemical	composition	and	chosen	functional	properties	of	commercial	rice
protein	concentrate	(RPC).	The	total	protein	content	was	higher	compared	to	unmodified	sample,	but
along	with	increasing	the	dose	of	acetic	anhydride	there	was	not	observed	a	statistical	difference.	On	the
other	hand,	acetylation	of	RPC	did	not	statistically	affect	the	amino	acid	profile,	except	the	histidine
whose	content	decreased	at	the	higher	doses.	Along	with	an	increase	in	acetic	anhydride	concentration
from	0.0	to	2.0	ml/g,	there	was	a	higher	degree	of	N-acetylation	in	analysed	samples.	Despite	the	harsh
conditions	of	obtaining	the	commercial	rice	protein	and	using	acetylating	agent,	the	control	and
acetylated	samples	were	characterised	by	quite	good	protein	digestion,	ranged	more	than	66%.
Acetylation	of	RPC	caused	a	significant	increase	in	water-binding	capacity,	but	did	not	impact	on	the	oil-
absorption	capacity	of	analysed	samples.	Along	with	increasing	the	dose	of	the	modifying	reagent,	the
foaming	capacity		decreased.	The	samples	modified	by	fixed	doses	were	characterized	by	high
emulsifying	activity,	but	the	highest	was	found	at	pH	8.	Electrophoretic	analysis	revealed	that	in	the
acetylated	rice	protein,	the	content	of	the	proteins	from	18	to	35	kDa	decreased	in	line	with	increasing
concentrations	of	modifying	reagent.
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Abstract

Pulses,	such	as	lentils,	chickpeas,	peas,	beans,	lupin	and	faba	beans,	are	gaining	grounds	in	western
diets	because	of	their	beneficial	impact	on	the	environment	and	their	important	contribution	to	our
protein	requirements.	However,	their	consumption	is	limited	by	several	factors:	the	presence	of
antinutritional	factors	(phytic	acid,	trypsin	inhibitors,	etc.),	carbohydrates	(raffinose,	stachyose,
verbascose)	inducing	intestinal	discomfort	and	detrimental	flavours.	First,	this	review	of	the	literature
presents	the	role	of	lactic	acid	bacteria	in	reducing	these	drawbacks.

These	pulses,	mostly	used	as	concentrates,	isolates	and	flours	also	exhibit	interesting	technological
functionalities	such	as	emulsification,	foaming,	gelation,	pasting,	etc.	However,	clear	information	on	the
impact	of	lactic	acid	bacteria	on	the	technological	functionalities	is	scarce.	Thus,	in	a	second	part,	this
review	addresses	this	challenge	by	summarizing	all	the	technological	functionalities	that	are	modified	by
lactic	acid	bacteria,	depending	on	the	pulses	fractions	and	pre-treatments.	This	work	is	of	interest	as	it
contributes	to	give	a	bigger	picture	on	the	use	of	fermentation,	which	can	have	a	beneficial	and/or
detrimental	impact	on	either	nutritional	or	technological	properties	of	pulses.	This	could	help	better
apprehend	the	impact	of	the	process	and	conduct	precision	fermentation	depending	on	functional
needs.	
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Abstract

Fermentation	is	an	ancient	food	processing	method	used	mainly	for	its	efficiency	and	affordability	in	the
processing	of	sorghum	in	Sub	Saharan	Africa.	Spontaneous	and	back	slopping	fermentation	methods	are
applied	and	are	driven	by	the	naturally	occurring	microorganisms	found	in	the	sorghum	grains,
containing	vessel,	utensils	used	and	the	surrounding	environment.	Lactic	acid	bacteria	and	yeasts	are
responsible	for	fermentation	in	ting,	a	South	African	fermented	sorghum	porridge.	During	fermentation,
	pH	decreases	to	3.4	-	4.0.	The	yeast	species	Candida	tropicalis,	Kluyveromyces	marxianus,	Candida
krusei,	and	Debaryomyces	hansenii	have	been	identified	in	the	fermented	sorghum	products	such	as
gowe,	kisra	and	ogi.

However,	reports	on	the	role	of	yeasts	in	these	fermentations	is	limited.	Their	direct	or	indirect
interactions	with	the	matrix	and	their	overall	effect	on	food	quality-	nutritional	and	functional	properties
during	fermentation	remains	unknown.	

The	study	aims	at	elucidating	the	role	of	Pichia	kudriavzevii	when	used	as	a	co-culture	with
Lactiplantibacillus	plantarum	during	the	fermentation	of	ting.	The	objective	of	the	study	is	to	investigate
the	effect	of	inoculating	with	the	yeast	on	protein	content	and	protein	related	functional	properties.

Commercial	coarse	sorghum	grains	was	mixed	with	sterile	water	in	a	1:1	ratio	and	fermented
spontaneously	for	72	hours	at	30º	C.	The	fermented	slurry	was	sampled	at	12-hour	interval	and
microbial	analysis,	FAN,	nitrogen	solubility	index	and	protein	content	were	done.		Fifteen	yeast	colonies
were	isolated	from	0-24,	36-48,	60-72	hours	and	identified	using	MALDI-ToF.	

The	yeast	population	increased	from	4.16	CFU/g	at	12	hours	to	6.93	CFU/g	at	72	hours	with	Candida
krusei	being	the	dominant	yeast	at	pH	3.8.	There	was	an	increase	in	soluble	nitrogen	from	19.81	to
41.16%.	FAN		increased	from	34.93	mg/100g	at	0	hour	to	59.60	mg/100g	at	72	hours.	Protein	quality
increased	during	fermentation	in	the	presence	of	yeast.
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Abstract

Increased	awareness	of	an	environmentally	sustainable	food	manufacturing	leads	to	growing	interest	in
developing	plant-based	alternative	products.	Due	to	the	lack	of	plasticizing/melting	properties	of	plant-
based	proteins,	which	caseins	do	possess,	hybrids	could	be	an	alternative	to	pure	milk-based	cheese.
But	how	are	plant-based	proteins	incorporated?	Adding	plant-based	raw	materials	directly	to	the	milk
interferes	with	gel	formation,	and	the	resulting	whey	is	contaminated	with	foreign	protein	and	other
plant	ingredients.	Therefore,	the	plant-based	protein	should	be	incorporated	directly	into	the	cheese	curd
in	powdered	form.	The	aim	of	this	study	was	to	develop	a	method	to	texturize	pasta-filata	hybrid	cheese
whereby	soy	and	pea	protein	isolates	are	integrated	into	the	cheese	matrix.

Cheese	curd	was	manufactured	from	pasteurized	standardized	milk	(fat-to-protein	ratio	of	0.9).	Powders
of	soy	and	pea	proteins	were	mixed	into	the	cheese	curd	at	different	concentrations	(5	-	20%)	to	produce
hybrid	pasta-filata	cheese	in	lab-scale	with	a	thermal	mixer.	Depending	on	the	used	substrate,	up	to	10%
could	be	incorporated	resulting	in	a	product	with	homogenous	appearance.	Those	were	additionally
manufactured	in	pilot-scale	using	an	extruder	and	the	production	systems	were	compared.	The
interaction	of	plant	proteins	with	the	cheese	matrix	(casein)	were	examined.	The	influence	of	plant
proteins	on	physical	(fat-ring,	flowability,	stretchability,	texture	profile,	thermo-rheological)	and	chemical
properties	(dry	matter,	protein,	fat	content)	of	the	hybrid	cheeses	was	investigated.	The	impact	of	plant
protein	on	texture	depends	strongly	on	the	used	powder	and	the	interaction	of	the	filler	protein	with	the
casein	matrix.	While	one	of	the	used	soy	protein	isolates	lead	to	softening,	reduced	stretchability	and
peak	flowability	expressed	as	tan(δ)max,	another	soy	protein	isolate	increased	firmness,	stretchability
and	tan(δ)max.	Depending	on	the	desired	product,	texture	and	melting	properties	can	be	tailored	by	the
plant	protein	incorporation.
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Bioengineering	of	non-conventional	yeasts:	Future	"Jack	of	all	trades"?
Celia	Ferreira
University	of	Leeds,	leeds,	UK

Abstract

Mammals	require	protein	as	a	source	of	energy,	nitrogen	and	essential	amino	acids	which	the	body
cannot	synthesise	by	itself.	According	to	United	Nations,	the	global	population	is	extrapolated	to	achieve
at	least	9.8	billion	by	the	year	2050,	together	with	the	Global	Environmental	changes	the	risk	of	food
shortage	is	real	and	imminent.	The	demand	for	healthier	and	more	nutritious	foods	with	ideal	amino	acid
composition	and	high	protein	content,	combined	with	ethically	sustainable	economic	growth	and
production	has	increased	enormously	in	the	last	years.	Cultured	meat,	plant-based	meat	alternatives,
insect	protein,	mycoprotein	so	called	meat-analogues	are	being	deeply	studied	and	developed.	Still,
these	are	not	as	nutritious	as	livestock-meat,	and	lake	in	providing	the	meat	like	experience	in	terms	of
flavour	and	texture.

Single	cell	protein	(SCP)	is	one	of	the	promising	solutions	for	the	current	high	demand	of	non-animal
origin	proteins.	Yeasts	provide	a	rich	source	of	non-meat	protein:	i)	up	to	45-60%	in	high	quality	(all
exogenous	amino	acids)	and	highly	digestible	proteins;	b)	are	a	good	source	of	vitamins-	B12	vitamin;	c)
are	healthier	than	meat	-	lower	fat	content,	mostly	PUFAs-		AA,	DHA	and	EPA,	no	traces	of	antibiotics,	of
growth	hormones	or	of	pesticides	and	fertilizers;	d)		free	of	allergens,	toxicity	and	GMOs,	e)		have	a	high-
water	binding	activity	and	Umami	flavour,	key	properties	to	obtain	the	juicy	meat-like	texture	and
flavour,	reducing	processing	steps	and	additives;	f)	its	culture	is	independent	of	seasonal	factor	and
have	low	carbon	footprint,	besides	can	be	grown	on	agro-food	wastes,	inciting	circular	economy	and	so	it
is	sustainable	and	an	affordable	production.	Lastly,	yeast-based	proteins	have	a	higher	consumer
acceptability	especially	if	compared	with	insect	protein	(in	occidental	countries)	or	cultured	meat,	are
suitable	for	vegan	and	vegetarian	and	have	the	support	of	several	religious	authorities.
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Explore		plant		protein		synergies		and		processing		methods		to	create	clean
label	solutions	for	plant-based	foods

Senna	Janssen1,	Renko	de	Vries1,	Laurice	Pouvreau2
1Wageningen	University	&	Research,	Wageningen,	The	Netherlands.	2Wageningen	Food	&	Biobased
Research,	Wageningen,	The	Netherlands

Abstract

Plant-based	food	products	contain	several	additives	and	have	relatively	longer	ingredient	lists	than	the
animal	protein-based	products	they	aim	to	replace.	These	additives		are		required	to	compensate		for	the
lower	functional	quality	of	plant-proteins	in	texturizing	and	structuring	food	products.	It		is		desired		to
	develop		strategies		to		replace		these		ingredients		by		more		natural		and		clean		label	alternatives		to
	improve		the		consumer		appeal		and		acceptance		of		plant-protein		based		products.		This	study	focuses
on	exploring	synergies	between	plant	proteins	from	different	sources	and	processing	solutions		(including
	the		use		of		enzymes)		to		enhance		the		gelling		and		binding		properties		of		plant	proteins.
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Plant-based	cheese	design	with	optimal	flavour	and	texture
Wim	Engels,	Marijke	Adamse,	Simon	Jacobs,	Herwig	Bachmann,	Fred	van	der	Velde
NIZO,	Ede,	The	Netherlands

Abstract

To	increase	the	sustainability	of	food	supply	there	is	a	move	towards	use	of	plant	proteins.	This	shift
comes	with	many	technological	challenges,	as	current	food	production	processes	are	mostly	optimized
for	animal,	e.g.	dairy,	proteins.	Many	food	offerings,	for	example	nut	based	non-dairy	milks	and	yogurts
and	plant-based	cheese-like	products	excite	consumers,	but	at	the	same	time	often	lack	typical	flavour
and	texture	properties	that	can	be	evoked	by	fermentation.	

In	the	current	study	we	investigated	flavour	and	texture	forming	processes	when	applying	fermentation
for	creating	plant-based	cheese	variants.	For	optimal	flavour	formation	in	plant-based	cheeses	the
activity	of	a	variety	of	enzymes	is	required,	e.g.	those	provided	by	starter	cultures	and/or	exogeneous
enzymes.	Typical	enzymatic	processes	involved	in	flavour	formation	are	proteolysis,	lipolysis	and
conversion	of	amino	acids	and	fatty	acids.	

Excessive	proteolysis	however	may	negatively	affect	texture	of	(vegan)	cheeses.	Consequently,	careful
tailoring	and	balancing	of	proteolytic	and	peptidolytic	activities	is	essential	for	achieving	both	the
desired	flavor	and	the	desired	texture	characteristics.	Additionally,	texture	related	properties	may	be
adjusted	by	applying	EPS	producing	cultures.

The	work	presented	provides	insight	in	desired	processes	and	flavour	and	texture	challenges	during
plant-based	cheese	innovations.
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Shaping	side	stream	blends	from	sunflower	oil	and	dairy	industry	for	future
sustainable	food	applications
Norbert	Raak,	Milena	Corredig
Aarhus	University,	Aarhus,	Denmark

Abstract

Processing	of	oilseeds	generates	by-products	of	lower	value	(e.g.,	press	cakes	or	meals),	which	still
contain	valuable	proteins,	fibres,	polyphenols,	and	minerals.	Attempts	have	been	made	to	extract
proteins	from	such	by-products,	but	sustainable,	circular	food	chains	require	whole	system	approaches,
i.e.,	valorising	the	entire	stream	or	less	refined	fractions	of	it,	perhaps	including	blending	with	other
protein-containing	side	streams	to	obtain	nutritionally	valuable,	new	food	ingredients.

We	propose	to	create	new	food	matrices	by	co-processing	sunflower	seed	press	cakes	with	whey,	a
cheese-making	by-product.	Blends	containing	different	press	cake	to	whey	protein	ratios	(0-22.5%	press
cake)	but	a	constant	protein	concentration	(10%)	were	prepared	to	investigate	the	contributions	of	both
components	to	structure	formation	during	heating	(80-140°C)	under	shear	using	a	RapidViscoAnalyser
(Perten	Instruments).

The	denaturation	of	whey	proteins	contributed	to	an	increased	viscosity	at	all	treatments,	but	the
highest	viscosities	were	still	achieved	with	mixtures	containing	high	amounts	of	press	cake,	underlining
the	importance	of	fibres	and	starch	for	structure	formation.	Treatments	at	120	and	140°C	increased	the
physical	stability	of	the	samples	against	phase	separation	during	centrifugation,	and	analyses	of	the
serum	phase	and	curd	showed	that	both	sunflower	and	whey	proteins	formed	covalently	bound
aggregates	and	became	insoluble	after	heating.	Microstructure	evaluation	using	confocal	scanning
microscopy	showed	that	shear	treatment	during	heating	caused	the	formation	of	large	aggregates
dispersed	in	the	matrix	rather	than	a	continuous	protein	network,	as	was	the	case	without	shear,	and
these	particles	appeared	smoother	and	more	well-defined	with	increasing	press	cake	concentration.

This	research	provides	fundamental	insights	in	the	colloidal	interactions	between	biomacromolecule
blends	during	processing,	which	are	crucial	for	a	successful	integration	of	complex	materials	such	as
press	cakes	into	the	food	chain,	and	sets	the	basis	for	further	processing	of	the	blends	and	their
utilisation	as	ingredients.
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Multiple	approach	to	assess	impacts	extraction	and	processing	methods	on
the	properties	and	digestibility	of	legumes’	proteins	with	regard	to
prospective	utilization	in	cereal	products
Attila	Kiss,	Peter	Sipos,	Chaima	Neji
University	of	Debrecen,	Debrecen,	Hungary

Abstract

In	recent	years	research	on	physiological	traits	of	diverse	protein	variants	has	come	into	the	forefront	of
interest.	The	rapidly	increasing	need	for	protein-rich,	locally	produced,	plant-based	foods	is	triggered	by
their	inevitably	beneficial	nutritional	values	and	the	immensely	growing	crucial	role	in	modern	healthy
diets.	Protein	food-components	largely	contribute	to	maintaining	physical	wellbeing,	improving	certain
biological	functions,	as	well	as	prevention	of	certain	diseases.	Therefore	food	industry	has	been	seeking
ways	of	yielding	the	most	appropriate	protein	variants	with	special	regard	to	using	legumes	as	protein
source.	

The	aim	of	this	research	is	to	study	the	variation	in	the	properties,	functionality	and	digestibility	of
legumes’	proteins	subjected	to	different	technologies	and	extraction	methods.	The	effect	of	starch-	and
fibre-rich	fractions	on	legume	proteins’	behaviour	was	investigated	using	a	mixture	design	approach.

Effects	of	different	wet	protein	extraction	methods	as	well	as	isoelectric	precipitation	have	been
surveyed	on	the	texture	and	microstructure	of	protein.	

Gastro-intestinal	digestion	was	simulated	by	applying	static	in	vitro		model	comprising	multi-
compartment	apparatus	where	oral,	gastric	and	small	intestinal	phases	are	integrated	in	sequence.
Digestibility	was	assessed	to	determine	protein	availability	and	the	susceptibility	of	proteins	to
proteolysis.	

The	effect	of	starch-	and	fibre-rich	fractions	on	legume	proteins’	behaviour	was	investigated	using	a
mixture	design	approach.	Proteins’	physicochemical	properties	and	profiles	were	studied	during
processing	and	production	of	versatile	bakery	products.

The	research	was	supported	by	GINOP_PLUSZ-2.1.1-21-2022-00157.
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Structural	characterization	and	surface	properties	of	chickpea	protein
fractions:	The	relationship	with	their	solubility	characteristics
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Abstract

Chickpea	protein	is	a	mixture	of	protein	consisting	of	several	fractions,	including	salt-soluble	globulin,
water-soluble	albumin,	and	dilute	acid/alkali-soluble	glutelin.	Chickpea	protein	isolates	(CPI)	contain	a
high	fraction	of	globulins,	representing	80%	of	the	total	seed	proteins.	Globulin	can	be	further	subdivided
into	11S	legumin	(CL)	and	7S	vicilin	(CV)	subunits.	These	fractions	are	responsible	for	most	functional
properties	of	CPI.	This	study	is	aimed	to	compare	the	structural	and	surface	properties	of	isolated
globulin,	legumin,	and	vicilin	fractions	from	chickpea,	as	well	as,	to	understand	their	relationship	with
their	functional	properties.	Alkaline	extraction-isoelectric	precipitation	and	modified	salt	dissolution-
precipitation	method	were	performed	to	produce	CPI,	CL,	and	CV	fractions.	The	samples	were
characterized	by	zeta	potential	(using	Dynamic	Light	Scattering),	denaturation	temperature	(DSC),
hydrophobicity,	sulfhydryl	groups	content	(Ellman's	method),	protein	solubility,	and	structural	changes
using	Raman	spectroscopy	and	electrophoresis	(SDS-PAGE).	The	results	showed	that	protein
compositions	had	significant	impacts	on	the	structural	and	solubility	properties	of	protein	isolates.	Vicilin
(~92%	proteins)	had	higher	solubility	(80%)	than	globulin	(75%)	or	legumin	(67%)	fractions	because	of
its	lower	hydrophobicity,	disulfide	bond	content,	and	molecular	weight,	confirming	that	vicilin	fraction
plays	an	important	role	in	the	solubility	of	chickpea	proteins.	However,	the	solubility	of	the	legumin
fraction	was	higher	in	an	acidic	environmental	condition,	demonstrating	that	the	protein	solubility	is
strongly	affected	by	the	balance	of	forces	for	holding	the	subunits	together.	Structural	and
conformational	changes	of	globulin	subunits	occur	differently	at	specific	pH	ranges.	The	research	results
could	provide	valuable	information	on	understanding	the	relationship	between	structural	properties	and
functionality	of	protein	fractions	in	legume	proteins.
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Enzymatic	viscosity	reduction	enables	efficient	production	of	powdered	plant
based	beverages
Evelien	de	Weert,	Klara	Haas,	Julien	Dupas
Nestle	Research,	Lausanne,	Switzerland

Abstract

Industries	interest	in	the	use	of	unrefined	plant	based	materials	has	been	growing	over	the	past	years,
this	work	focusses	on	the	incorporation	of	these	materials	into	powdered	beverages.

The	challenge	is	that	unrefined	materials	contain	higher	amounts	of	starches	and	fibers	than	for	example
protein	isolate.	These	components	cause	a	high	viscosity	of	the	concentrated	wet	mix	before	drying.
	Enzymatic	treatment	is	detrimental	to	maintain	a	low	viscosity.

Enzymes	are	selected	based	on	the	raw	material	composition.	Degradation	of	starch	in	starch	containing
raw	materials	was	found	to	have	the	largest	impact	on	viscosity,	viscosity	was	reduced	by	98%	in
chickpea.	Light	protein	hydrolysis	on	soy	reduced	viscosity	by	50%	without	creating	bitterness.
Degradation	of	B-glucans	in	oat	in	combination	with	degradation	of	starch	reduced	viscosity	by	99.8%
enabling	to	reach	a	TS%	of	44	in	the	wet	mix	before	drying.	
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Antihypertensive	and	antidiabetic	peptides	from	lupin	protein	hydrolysates:
Structural-activity	relationships	between	the	peptides	and	ACE,	alpha-
amylase,	and	alpha-glucosidase	enzymes
Gbemisola	J.	Fadimu,	Harsharn	Gill,	Asgar	Farahnaky,	Tuyen	Truong
RMIT	University,	Melbourne,	Australia

Abstract

The	use	of	natural	ingredients	such	as	food	protein-derived	peptides	in	the	management	of	chronic
conditions	is	becoming	more	popular.	In	this	study,	we	evaluated	the	impact	of	ultrasound	pretreatment
and	protease	type	on	the	antihypertensive	and	antidiabetic	effects	of	peptides	from	lupin	protein
hydrolysate	(LPH)	using	angiotensin-converting	enzyme	(ACE),	α-amylase	(AA),	and	α-glucosidase	(AG)
inhibitory	approaches.	We	also	performed	a	structural-activity	relationship	study	using	an	in-silico
approach	by	molecular	docking	analysis.	Lupin	protein	solution	was	pretreated	using	an	Ultrasonic
homogenizer	equipped	with	a	25	mm	diameter	titanium	probe,	fixed	power	(400	W),	and	frequency	(20
kHz),	followed	by	hydrolysis	using	alcalase	and	flavourzyme	enzymes	to	generate	alcalase	hydrolysate
(AH)	and	flavourzyme	hydrolysate	(FH).	AH,	and	FH	hydrolysates	were	later	fractionated	into	1,	5,	and	10
kDa	molecular	weight	fractions	using	membrane	ultrafiltration.	IC50	values	indicated	that	AH	and	FH
were	better	inhibitors	of	ACE,	AA,	and	AG	enzymes	than	their	ultrafiltrated	fractions.	Then,	peptides
responsible	for	the	ACE,	AA,	and	AG	inhibitory	effects	were	identified	using	an	in-silico	analysis.	Among
the	identified	peptides,	SGNQGP,	PPGIP,	and	AIPINNPGKL	from	AH	and	SVPGCT,	QGAGG,	and	AIPPGIPY
from	FH	were	predicted	to	be	the	most	active	inhibitors	of	ACE	based	on	their	PeptideRanker	scores	and
capability	to	bind	up	to	11	hotspots	on	the	active	site	of	the	ACE	enzyme.		Most	active	inhibitors	of	AG
were	identified	as	SPRRF,	FE,	and	RR,	and	AA	as	RPR,	PPGIP,	and	LRP.	Hence,	hydrolysate	from	lupin
protein	subjected	to	ultrasound	treatment	and	hydrolyzed	using	alcalase	and	flavourzyme	could	be
useful	in	the	formulation	of	functional	food	for	hypertensive	and	diabetic	patients.
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Development	of	plant-based	fermentation	media	for	the	production	of	a
vegan	L.	plantarum	starter	culture
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Abstract

The	demand	of	plant-based	fermented	foods	as	alternatives	to	dairy	products	has	increased
progressively	in	the	last	years	because	of	health	issues	and	ecological	and	ethical	reasons.	Commonly
used	lactic	acid	bacteria	(LAB,	e.g.	Streptoccus	thermophilus)	for	the	production	of	fermented	dairy
foods	are	usually	cultivated	in	milk	or	whey-based	media,	but	most	of	the	global	players	of	the	starter
culture	industry	already	reacted	to	the	demand	and	offer	vegan	cultures.

The	aim	of	our	study	is	to	develop	cultivation	media	on	the	basis	of	side	streams	from	the	plant	food
industry	to	integrate	the	important	aspects	of	sustainability	and	circular	processing.	We	started	with
commercially	available	juices	as	model	systems:	carrot	juice	as	a	sugar	source	and	sauerkraut	juice	as	a
mineral	source	due	to	its	content	of	Na,	K,	Ca,	Mg	und	P.	Additionally,	we	investigated	pea	peptone	and
sunflower	press	cake	(SFP),	a	by-product	of	the	sunflower	oil	production,	as	nitrogen	sources.	In
preliminary	experiments	various	LAB	(Lactoplantibacillus	plantarum,	Lactobacillus	brevis)	were	tested	for
growth	and	acidification	activity	in	commercial	MRS-Vegitone.	Especially	L.	plantarum	reached	high	ODs
with	sufficient	acidification,	and	was	further	used	in	juice-based	media	supplemented	with	MnSO4	and
adjusted	to	similar	sugar	and	nitrogen	content	as	in	MRS-Vegitone.	The	effect	of	each	component	was
tested	by	step	to	step	supplementation.	Both,	MnSO4	and	pea	peptone,	resulted	in	a	significant	increase
in	bacterial	growth,	which	was	even	higher	when	used	in	combination.	Experiments	with	SFP	in	an
equivalent	nitrogen	concentration	related	to	pea	peptone	revealed	adaption	of	L.	plantarum	to	the	SFP,
but	acidification	and	bacterial	growth	were	slower	compared	to	pea	peptone	supplemented	media.	To
improve	the	bioavailability	of	sunflower	proteins	further	investigations	will	comprise	different	treatments
of	the	press	cakes	for	protein	hydrolysis.

Keywords

sunflower,	press	cake,	fermentation,	starter	culture



YSP.02

Assessment	of	chemical	modifications	on	the	reduction	of	the	allergenic
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Abstract

The	world	population	is	growing	continuously,	and	this	fact	focuses	on	the	search	of	new	alternative
protein	sources.	The	introduction	of	new	food	sources	requires	a	risk	assessment	of	potential	allergic
responses.	Legumes	are	the	major	non-meat	protein	source	introduced	in	our	diet	due	to	their	high
nutritional	value.	The	use	of	large	quantities	of	legumes	poses	food	safety	problems	related	allergenicity.
The	modification	of	plant	proteins,	by	altering	their	physicochemical	properties,	can	improve	their
techno-functionality	and	biological	activities.	Chemical	modification,	such	as	enzymatic	hydrolysis,	alter
the	allergen	physicochemical	properties.	

The	aim	of	this	work	is	a	preliminary	molecular	characterization	of	the	allergens	present	in	the	original
matrices.	Then	a	setup	of	enzymatic	hydrolysis	protocols	on	different	legume	matrices	and	the	study	of
how	this	can	affect	the	allergenic	potential	of	legume	protein	matrices	will	be	addressed.

The	characterization	of	allergenic	proteins	was	performed	by	in-gel	triptic	digestion	and	mass
spectrometry	analysis.	Regarding	the	allergenicity	assay,	sera	were	selected	based	on	evidence	of
allergy	to	legumes	by	clinical	history,	skin	tests	and/or	positive	specific	IgE	to	chickpea	and/or	pea
and/or	white	bean	and/or	soybean.	The	immunoreactivity	of	legume	by-products	and	mung	bean	was
tested	and	whether	the	production	of	hydrolysates	using	two	different	enzymes,	papain	and	alcalase,
can	be	a	strategy	to	reduce	their	allergenicity.

The	legumes	matrices	have	been	characterized	by	HR-MS	analysis	and	the	most	allergens	were
identified.	After	application	of	the	hydrolysis,	the	results	indicate	that	the	efficiency	of	this	chemical
modification	is	related	on	the	enzyme	and	the	legume	matrix.	Hydrolysates	from	alcalase	did	not	shown
immunoreactivity	for	chickpea	and	pea,	indicating	a	loss	of	the	epitopes	due	to	the	enzymatic	process.
Regarding	white	beans,	the	presence	of	antinutritional	factors	prevented	a	complete	abolishing	of	the
immunoreactivity	even	after	enzymatic	hydrolysis.	
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Abstract

While	current	commercial	plant	proteins	from	soybean	and	pea	are	functionally	good	and	are
experiencing	a	significant	commercial	advance,	alone	they	do	not	provide	all	the	functional	properties
necessary	to	produce	a	range	of	acceptable	meat	and	dairy	analogues.	In	particular,	neither	soy	nor	pea
protein	is	good	at	forming	viscoelastic	networks	in	foods	that	confer	cohesiveness	and	a	tender
chewiness	to	substitutes,	such	as	analogues	of	chicken	tenders,	burger	patties,	and	hot	dogs.	While
wheat	gluten	or	hydrocolloids,	such	as	methylcellulose	and	xanthan	gum,	have	been	used	to	overcome
this	drawback,	these	ingredients	are	not	desirable	to	many	processors	and	consumers	who	want	them	to
be	either	clean	label	or	gluten-free.	In	this	study,	we	describe	some	natural	and	food-friendly	ways	to
promote	viscoelasticity	and	cohesiveness	of	the	corn	protein,	zein,	to	be	used	in	plant-based	analogues
instead	of	wheat	gluten	or	inferior	hydrocolloids	conferring	cohesive	and	viscoelastic	properties.
Rheological	and	textural	measurements	showed	that	arginine	and	calcium	hydroxide	addition	to	zein-pea
protein	blends	significantly	increased	elasticity	and	cohesiveness.	Secondary	structure	composition
analysis	through	FT-IR	emphasized	the	importance	of	b-sheet	content	in	enhancing	the	material
viscoelastic	properties,	specifically	arginine	and	calcium	hydroxide-incorporated	blends	presented	the
highest	b-sheet	content.	Imaging	on	blends	by	scanning	electron	and	confocal	microscopy	showed	that
zein	formed	viscoelastic	fibrils	holding	the	structure	together	through	a	dispersed	network.	Overall,
decolorized	and	deodorized	zein,	along	other	natural	and	food-friendly	ingredients,	can	be	the	primary
agent	providing	cohesiveness	and	viscoelasticity	to	plant-based	formulations	and	replacing	other
undesirable	ingredients	used	in	the	formulations.
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Abstract

Alternative	legume	proteins	become	of	a	huge	interest	for	their	economic	and	ecologic	advantages	as
well	as	for	their	health	benefits.	To	ensure	optimal	nutritional	and	functional	properties	of	pulse	proteins,
their	interactions	with	minerals	and	antinutritional	factors,	deserve	attention.	In	this	context,	the	present
study	investigates	possible	associations	between	fava	bean	proteins	(FP),	phytate	(PA),	and	calcium	(Ca)
involved	during	the	use	of	industrial	protein	ingredients:	a	concentrate	and	an	isolate.	These	compounds
are	able	to	interact	under	binary	or	ternary	complexes	in	solution	depending	on	pH.	The	two	fava	bean
ingredients	have	been	dispersed	at	different	pH	(6.5,	7.0	and	7.5)	and	the	release	of	the	three
compounds	in	the	aqueous	phase	have	been	quantified.	FP	solubilization	from	the	concentrate	was
related	to	the	raise	of	pH	(from	43%	to	78%)	whereas	protein	isolate	proved	to	be	poorly	soluble	(<
22%),	probably	due	to	protein	denaturation	during	industrial	processing.	Simultaneously,	high	extraction
ratios	of	PA	have	been	measured	in	concentrates	(86-96%)	and	middle	ones	in	isolates	(37-67%).	Ca
showed	a	maximum	of	extractability	at	pH	7.0	(77%)	for	concentrate	compared	to	other	pH	(42-45%)
whereas	the	highest	release	of	Ca	have	been	observed	for	isolate	at	pH	7	and	7.5	(>	93%).	The	chelation
of	Ca	by	addition	of	EDTA	showed	a	significant	increase	in	protein	extractability	at	pH	6.5	in	concentrates
while	a	slight	decrease	have	been	observed	for	isolates.	Also,	if	PA	content	raises	significantly	at	this	pH
in	fava	bean	isolate,	no	variation	have	been	concluded	for	concentrates.	These	results	highlight
mechanisms	involving	insoluble	binary	complexes	between	FP	and	Ca	in	concentrates.	By	comparison,	in
the	case	of	isolates,	the	behavior	could	be	associated	to	more	complex	cross-interactions	from	PA-Ca	to
PF-PA.	Further	work	is	needed	to	clarify	these	phenomena	depending	of	ingredient	process	history.
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Abstract

Valorisation	of	berry	pomace	mainly	focused	on	the	extraction	of	polyphenols,	antioxidants	and	lipids
until	now.	Compositional	analysis	indicates	that	redcurrant	pomace	is	also	a	potential	source	of	plant
protein	to	meet	the	increasing	demand	for	sustainably	sourced	protein.	It’s	well	known,	that	plant
proteins	usually	represent	a	mixture	of	heterogeneous	protein	structures	with	varying	functionality.
Therefore,	the	aim	of	this	study	was	to	extract	protein	from	redcurrant	seeds	at	varying	pH	and	to
analyse	the	interfacial	properties	as	well	as	the	potential	of	these	protein	extracts	to	serve	as	an
emulsifier.	

Protein	composition	and	interfacial	film	formation	properties	of	the	extracts	were	analysed	(SDS-PAGE,
HPL-SEC,	fluorescence	photometry	and	interfacial	rheology).	Emulsions	containing	1%	redcurrant	seed
protein	and	10%	rapeseed	oil	were	prepared	by	high-pressure	homogenisation.	The	emulsions’	structure,
droplet	size	distribution,	droplet	zeta	potential,	stability,	rheological	behaviour,	and	colour	were
characterized.

Under	acidic	conditions,	predominantly	albumins	with	high	molecular	mobility	and	surface
hydrophobicity	were	extracted	while	a	broad	spectrum	of	proteins	(mainly	storage	globulins)	with	higher
surface	charge	were	extracted	at	neutral	pH.	The	proteins	present	in	the	albumin-rich	extracts	were	able
to	form	an	interfacial	film	via	hydrophobic	interactions	which	was	stable	against	coalescence.	In
contrast,	the	globulin-rich	extract	was	prone	to	the	occurrence	of	polyphenol-protein	interactions
increasing	bridging	flocculation	and	occurrence	of	a	gel-like	state	of	the	emulsions.	

Therefore,	redcurrant	pomace	includes	protein	fractions	which	allow	stabilisation	of	the	full	range	of	oil-
in-water	emulsions	from	low-viscous	beverages	to	complex	applications	like	cream	desserts,
mayonnaise-type	sauces	or	even	vegan	sausage	alternatives.	

Acknowledgement:	This	IGF	Project	of	the	FEI	is	supported	via	AiF	within	the	programme	for	promoting
the	Industrial	Collective	Research	(IGF)	of	the	German	Ministry	of	Economic	Affairs	and	Climate	Action
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Abstract

Protein	ingredients	from	legumes	are	of	major	interest	for	both	research	and	commercial	purposes1.	Dry
fractionation	(i.e.	milling,	and	subsequent	air	classification	or	electrostatic	separation)	can	be	used	to
produce	protein,	starch	and	fibre	rich	fractions	with	a	clean	label	and	lower	environmental	impact	than
traditional	wet	fractionation2,3.	The	native	states	of	protein	and	starch	are	preserved	upon	dry
fractionation	and	allows	making	of	ingredient	fractions	that	exhibit	unique	functional	properties4.	High
relative	humidity	(RH)	upon	storage	and	higher	oil	contents	can	negatively	influence	milling	and	dry
fractionation	behaviour	of	legumes,	which	would	be	related	to	reduced	flowability5,6.	Our	focus	is	thus
to	establish	optimal	dry	fractionation	of	legume	flours	by	unravelling	the	effect	of	RH	and	oil	content	on
process	performance.		

The	RH	of	processing	air	and	storage	environment	was	varied	between	30	and	70%	for	milling	and	air
classification	of	yellow	pea	and	chickpea.	Soybean	oil	was	mechanically	removed	(9-20	g	oil/100	g	dry
solids)	to	evaluate	the	effect	of	oil	content	on	milling	performance.	Electrostatic	separation	of	soy	and
defatted	soy	was	evaluated	with	lupin	as	a	comparison.	Particle	dispersibility	analysis	and	powder
rheology	were	carried	out	to	assess	flowability	of	the	flours.

Overall,	our	findings	show	that	RH	during	milling	and	air	classification	has	limited	effect	on	milling	and
separation	performance	in	the	range	of	30%	–	70%.	For	chickpea	a	decrease	in	performance	was
observed	at	a	RH	of	70%,	which	was	related	to	poorer	flowability	under	these	conditions.	Residual	oil
content	negatively	affected	the	milling	and	separation	performance.	These	observations	were	explained
by	poorer	flowability	at	increasing	oil	content,	which	is	illustrated	by	analysing	particle	dispersibility	in
air	and	powder	rheology.	Improving	powder	flowability	by	defatting	and	reducing	RH	for	specific
materials	can	thus	lead	to	more	optimal	milling	and	dry	separation	of	legumes.	
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