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World Population is growing Mahidol %
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for food and for protein.
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The world faces a major challenge in f66d*
production and environmental sustainability
over the next 30 years.

It is estimated that the world needs to produce
70% more food by 2050.

AND not just more food but nutritionally
better food in an environmentally acceptable
manner.
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Getting enough protein in our diets is essential for adequate
nutrition. What is less well known is that protein represents a
group of nutrients, the amino acids, each of which needs to be
consumed in sufficient amounts. Here, we look at how we
digest protein, the importance of amino acids, and show that
protein quality, not just quantity, is vital.

o @9 Riddet Institule

® ADVANCING FRONTIERS IN FOOD SCIENCE

* SUSTAINABLE
I NUTRITION INITIATIVE®




Crucially: People need good quality protein

Role of amino acids in:

o Satiety
o Body muscle metabolism (leucine)

o Maintenance of lean body mass (LBM)
(food/health/wellness)

o Maximising lean body mass and muscle strength
in sports and exercise.

o Also, estimates of protein/AA requirement being
revised upwards (optimum function versus
nitrogen balance).

1 Riddet Institute | Advancing Frontiers in Food Science | Kakiri- Te Ha o te Kai | A Mew Zealand Centre of Research Excellence
.) hosted by Massey University



Physiologic/metabolic responses

» Absorption-digestibility
* Metabolic utilization

* Nitrogen balance

* |ean mass/muscle/bone

* Tissue turnover .

= Secretory proteins
* Host defences/iImmunity

s Growth & maturation .

* Tissue repair
Epigenetic

GENES  PROTEIN

Protein quali

health outcomes

Short-term outcomes

* Growth and tissue repair .

(wasting and stunting)

Immune function and host -
defence system (prevalence

and severity of infection)

Muscle and skeletal mass .
(capacity for physical work and
athletic performance)

Mental performance, mood,

sleep patterns

Detoxication of chemical

agents and anti-oxidant system

METABOLISM

- Hormones

Genetic
Monogenic Polygenic

related

University

Long-te rm outcomes Waisdom of the Land

Life course events, linear
growth, menarche, aging
Age-related functional losses,
muscle, bone strength,
immunity, cognitive decline
Nutrition related chronic
diseases. CVDs, cancer,
hypertension, oxidative
damage, repair systems
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Dletary.pro!eln Qualty Alternative protein sources™
evaluation in human

underutilised crops, edible insects, microbial protein,

nutrition 92 microalgae, myocoprotein and cultured foods
Report of an : .
FAO Expert Consultation Quality of protein

Protein digestibility Amino acid score
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Protein quallty (PQ) is the capacity of a protein to meet the indispensable amino
acid requirements of an individual.

" Digestibility" refers to how well the proteases in the Gl tract can breakdown
an ingested protein into amino acids.

" Bioavailability" refers to the fraction of the amino acids in an ingested protein
that are actually absorbed by the body

“ Metabolic availability” refers to the digestibility, absorption, and utilization of an
amino acid
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Methodology related to protein quality  \.niq0 ! |
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* Applying digestibility to measures of protein quality
- Protein Digestible Corrected Amino Acid Score (PDCAAS)
- Digestible Indispensable Amino Acid Scire (DIAAS)
- in vitro methods for determining the digestibility of foods
* |sotopic methods for the determining whole-body use of amino acids
- Dual isotope tracer method
- Indicator Amino Acid Oxidation (IAAQO) slope ratio method
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»  Profein quality refers to the ability of the amino acids in foods fo adequately
meet human requirements for indispensable amino acids (IAAS).

*» The measurement of protein quality has three components:

= JAAs content of food protein

= Amino acid requirements vary specific age groups and physiological
conditions

» Digestibility




Amino acid scoring patterns for toddlers, children, adolescents and adults (amended values

from the 2007 WHO/FAO/UNU report)

Tissue amino acid pattern (mg/g protein)’

Maintenance amino acid pattern (ma/g

protein)

Age (yr)
0.5

1-2

3-10
11-14
15-18
=18

0.5
1-2
3-10
11-14
15-18
>18

Protein requirements (g/kg/d)

Maintenance Growth?
0.66 0.46
0.66 0.20
0.66 0.07
0.66 0.07
0.66 0.04
0.66 0.00

His
27

15

22
15
12
12
1
10

20
18
16
16
16
15

lle
35

30

36
27
22
22
21
20

32
31
30

amino acid score =

Leu Lys SAA AAA Thr

Tk 12 b 73 42

59 45 22 38 23

amino acid requirements (mg/kg/d)y
73 63 31 59 35
54 44 22 40 24
44 35 17 30 18
44 55 17 30 18
42 B 16 28 i

=5 30 15 25 15,

scoring pattern mg/g protein requirements

66 57 27 ) 31
63 52 25 46 27
61 48 23 41 25

Trp
12

9.5
6

4.8
4.8
4.4
4.0

85
7
6.6

Val
49

48
36
29
29
28
26

43
41
40

mg of amino acid in 1 g test protein
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mg of amino acid in requirement pattern

His, histidine; lle, isoleucine; Leu, leucine; SAA, sulphur amino acids; AAA, aromatic amino acids, Thr, threonine, Trp, tryptophan;

Val, valine




PDCAAS & DIAAS

PDCAAS

Test : Protein digestibility based

et on true fecal nitrogen

digestibility ... Adopted by
the Joint FAO MWHO Expert
Consultation to determine
protein quality in human foods
since 1989
..is confounded by the
absorption of nitrogen
and microbial activity in
the large intestine and
discrepancies between AA

and protein digestibility

Fecal-Digestibility

total IAA in food (ing /g of protein)
reference pattern IAA (mg/g of pratein)

1. AAScoreqhisa= x 100

welghted average trie

2. PDCAASfo0q= (lowest AA score) (fecal nitrogen digestibility

)

DIAAS

Amino acid digestibility based on
specific true ifeaf digestibility of
each amino acid Adopted by the
Joint FAO WHO Expert Consultation
to determine protein quality in
human foods since 2011 &
Recommended to replace PDCAAS
(better reflect the amount of amino
acid absorbed)
As dietary nitrogen and amino acid
absorption essentially occurs in the
small intestine, the ileal digestibility
measured at the terminal ileum is
considered to be a more accurate
assav.

1. Total lleal digestible IAA (for each 1a4):

University

lieal-Digestibility

=Total 1AA in food (g) x ileal [AA4 digestibility coeficient

2. AA Score (for each IAA):

_ total ileal digestible IA4 in food (mg/g of total pretein)

reference pattern AA (ing /g of protein)

| 3. DIAAS;, = Lowest AA score x 100



A - Naso-ileal intubation of healthy volunteers

Test meal

Naso-ileal tube

o
Collection of unabsorbed AA
in ileal effluent through the
naso-ileal tube

DIAAS

B - lleostomized patients

eg®e "N labelled test protein
® M labelled AA

® Unlabelled AA Test meal

4 :

o
L

Perfusion of PEG a1 1
mL/min

Dietary AA intake - [leal dietary AA flow

x 100

Dietary AA intake t

End of the tube at
the terminal ileun

Collection of unabsorbed DL

AAin lleal effluent -

through stomy pouch =
emptying

Mahidol
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- Attaining true ileal digestibility
coefficients for humans is
inherently difficult.
- The time cost, invasiveness,
and ethical constraints required
for determining ileal digestibility

coefficients remains an issue.

Absorption

Stomy pouch

Nutr 2022;13:1131-1143.
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Digestible indispensable amina acid scores (DTAAS) and limiting amino acids for different plant and animal sonrces.

Food materials DIAAS (%) Limiting amino acid =
Cooked kidney bean * 88 Lysine Mahido| &%
Cooked mung bean * 86 Leucine Uﬂi\/GrSity
Cooked chickpeas * 76 Lysine Weisdom of the Laved

Cooked peas * 68 Lysine

Cooked adzuki bean * 64 Leucine

Cooked broad beans * 60 Leucine

Corn® 36 Lysine

Cooked Rice © 59 Lysine

Wheat " 48 Lysine

Hemp " 54 Lysine

Cooked Oat © 54 Lysine

Soy * 21 Methionine + Cysteine

Potato " 100 N/A

Milk " 116 N/A

Ege"® 101 N/A

Pork ® 117 N/A

Chicken * 108 N/A

Beef"® 112 N/A

Insect protein * 75 Lysine + Tryptophan

Han, Moughan, Li, and Pang (2020) ?; McClements and Grossmann (2021)¥; Loveday (2019) ¢

Huang et al. (2018)¢

The rows have been colour-coded, with green as the best protein sources (DIAAS 2100) followed by light green (DIAAS < 100 = 85), yellow

(DIAAS < 85 = 70), pink (DIAAS < 70 = 55) and orange (DIAAS < 55). Alternative proteins vs animal proteins: The influence of structure and

processing on their gastro-small intestinal digestion

Lovedeep Kaur ", Boning Mao ", Akishdeep Singh Beniwal ', Alshilaha **,
Ramandeep Kaur ', Feng Ming Chian ', Jaspreet Singh
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Average DIAAS of various protein sources according to the three reference pattern scores:
infant (0-0.5 years), children (0.5-3 years), and children older than 3 years, adolescents, and adults.

Food Sci 8 Mutriti
S (Ol 10.1002/f5n3.1809 oacence &Nt s WILEY [N




Few studies have investigated protein digestibility
after the blending and processing of ingredients
derived from alternative protein sources or
compared protein digestibility between animal-
based and alternative food products.

University
Wasdom of the Land

Multiple factors affect digestibility of proteins in a food system.

The rate of protein digestion is important in addition to quality scores.
The type and intensity of processing affects protein digestibility.
Components of a food matrix also influence protein digestion.

Protein modification has the scope to improve plant protein digestibility.
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Alternative proteins vs animal proteins: The influence of structure and
The effects of different food components on protein dieestibilitv. processing on their gastro-small intestinal digestion

Lovedeep Kair "+ Boning Mao ", Akishdeep Singh Benbwal *'. Abhilesha
ghon

Ramandeep Kaur ', Feng Ming Chian ", Jaspeeet Sin I



Alternative proteins vs animal proteins: The influence of structure and
processing on their gastro-small intestinal digestion

Lovedeep Kaur “" , Boning Mao "', Akashdeep Singh Beniwal ", Abhilasha ",
Ramandeep Kaur ", Feng Ming Chian ", Jaspreet Singh ™"
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Aggregated prolein

* Microwave system .
+ High-pressure } '
+  Ultrasound ; isr:ructure formation
+ Ultraviolet radialion ! depending upon
+ Pulsed electric field | ! treatment,
«  Thermal or : | conditions, type of

1 Exposed sulfhydryl |

thermomechanical s = i
B s o trena i
a-
» hel B- .
sheets l
Partial unfolding of M
Native protein structure L e

Fig. 2. Mechanisms depicting changes in protein structure induced by processing leading to changes in protein digestibility in the gastro-small intestinal tract.




pH electiode  water 37°C level sensor

In vitro methods for determining Mahidol

[p——— the digestibility of foods University
slomach compariment pepsin Wsdom of the Land
pyloric sphincter -
small intestine comp semi-permeable
3 4 intestne comp,
e ., ST
pnCtRm ¥ National Institutes of H_ dialysis liguid

Artificial gut systems

water 3T°C pH elechrode  pre-filler

» Havenaar and colleagues (2016) simulate similar gastric conditions as
demonstrated in humans, and were successful at calculating DIAAS values.

* However, the dialysis membranes may not account for active transport.
Moreover, control of pH and peristaltic movements, and immediate feedback
from anti-nutritional components on digestion are difficult to mimic in vitro.

* Validate dynamic gut systems to ensure digestibility AA coefficients reflect
the PQ of a food when consumed by humans is needed.




Effect of processing on the protein dizestibility of alternative ingredients, blends and foods.

Food process Product Protein-containing test material Method to evaluate protein Frocessing-induced change in protein Reference
ecategary digestibility digestibility™
Builing Ingredient Red seaweed (Palmaria palimare) Simulated GI digestivn 1 Digestibilily 96% liglies Maelire et al.
combined with (2016)
measurement of ree and
total amine acids
Steaming, fryving, Ingredient Myvcoprotein Nitrogen digestibility in the « Digestibility 86% Edwards and
haking, and small howel of ileostomy Cummings (2010)
microwaving subjects
Cooking Tngredient Mushroom (Agaricus hisporis) Simulated GI digestion 1 Digestibility from 64% to 48% Reis er al. (2020)
combined with
weaswemenl of fres d@ming
aelds
D1y extrusion Blend Chickpea/barley flour blend pH drop | Dipestibility from 62% 1o 599" Guldiken er al.
(2019)
Dry extrusion Blend Flaxseed,/maize flour blend pH drop T Dipestibility from 68% to 78%"; slight Wu et al. (2015)
differences in the increment depending on
extrusion parameters
Dy extrusion Blend Rive/peascaob dom blends Multi-enzymatic system 1 Digestibility fium 81% (o 88% w fiom 80% Lo Arribas el al.
(several ratios) (peptidase, wypsin and 05% depending on the mixing ratio (2017)
chymotrypsin)
‘Wet cxtrusion Blend Lupin isolate/concentrate blend pH drop 1 Digestibility from 75% to 82% Palanisamy et al
(50:50) T Digestibility from 72% to 78%, from 71% to (2019)
Lupin isolate/concantrare hlend 7G%, and from 70% to 74% for hlends of 83:15,
and Spirulina (85:15, 70:30, 70:30 and 50:50, respectively
50:50)
Farmentation Food Yogurt style quinoa drink Simulated 1 digesticn T Digestibility from /1% to 80 86Y% Lorusso et al.

vombined witl wmino acid
measurement

(20181

The nutritional quality of animal-alternative processed foods based on plant
» Or microbial proteins and the role of the food matrix

8 . Lappi , P. Silventoinen-Veljalainen, $. Vanhatalo, N. Rosa Stbakov, N. Sozes



Effect of processing on the protein digestibility of altcrnative ingredicnts. blends and foods.

Food process Produet Proleivu-conlaining test malerial Me hod (o evaluate prolein Frovessing-indueed chznge in protein Relerence
category digestibility digestibility®
Ultra-sound Food Soy milk Simulated GI digestion 1 Digestibility from 78-79% to §1-84% induced Vanga, Wang, and
processing, combined with protein by ultrasonication for 4-16 min Raghavan (2020)
microwaving measurement (colorimetric I Digestibility from 77% to 91 and 93% at 100°C/
assay) 6 min and at 85 “C/10 min, respectively, by
microwaving
Ultra-sound Food Almond milk Simulated GI digestion — Digestibility from 74% to 78% Vanga, Wang,
processing combined with protein Orsat, and
measurement (colorimetric Raghavan (2020)
assay)
Fermentation Food Yogurt-style snack made from Simulated GI digestion | Digestibility from 67% to 80% Pontonio et al.
blended rice, lentil and combined with amino acid (2020)
chickpea flour measurement
Fermentation Food Porridge made from sorghum/ Pepsin digestion method | Digestibility from 76% for the raw blend to 61% Anyango et al.
combined with cowpea flour blend (70:30). for the fermented and cooked porridge, and to (2011)
cooking Tannin-rich and low-tannin 57% for an unfermented and cooked porridge
sorghum varieties. (tannin-rich sorghum wvariety). Digestibility from
86% for the raw blend to 77% for the fermented
and cooked porridge, and to 72% for an
unfermented and cooked porridge (low-tannin
sorghum variety)
Fermentation Food Bread made from faba bean Simulated GI digestion | Digestibility from 54% to 72% Sozer etal. (2019)
combined with flour/corn starch blend (50:50) combined with amino acid
baking measurement
Extrusion, baking Blend Buckwheat/pinto bean blend In vivo (rats): true protein *Higher protein digestibility for the extruded Nosworthy et al.
(50:50) digestibility blend (in vitro: 80%; in vivo: 82%) compared to the (2017)

In vitro: pH drop

baked blend (in vitro: 73%; in viva: 69%)°

. Lappl , P Sil S

The nutritional quality of animal-alternative processed foods based on plant
or microbial proteins and the role of the food matrix

N. Rosa-Sibakov, N. Sozer



Real meat and plant-based meat analogues have different in vitro protein

digestibility properties

Digestibility (%)

L 1 |
*% ok
100- T ] 1
a a
80~
wk *k a
604 I 11 a
b b b b
40+
20~
0-

Gastric phase Gastrointestinal phase

Real meat had higher digestibility in
intestinal phase

Real meats released more peptides after
intestinal digestion

Food Chemistry 387 (2022) 132917
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B AP Real Pork
B PP Plant-based Pork
=3 AB Real Beef
m PB Plant-based Beef
= Specific peptide number in gastric phase

« Common peptide number
Specific peptide number in gastrointestinal phase

0 1700 3400 5100 6800 8500
Peptide number



Comparison of protein digestibility in foods composed of alternative protein ingredients and reference foods containing animal proteins (A) and in foods enriched with
alternative protein ingredients and reference foods without enrichment with the alternative ingredients (B).

Food made from or enriched
with alternative protein
ingredients

Reference food

Method to evaluate protein
digestibility

Difference in protein digestibility

Reference

Soy-based ground beef patty

Commercial almond milk,
oat milk, hemp milk, and
soy milk

Wheat pasta enriched with
faba bean (62%), lentil
(65%), or split pea (79%)

Wheat pasta enriched with
faba bean (35%)

Wheat biscuit enriched with
a mixture of pea protein
and whey protein
concentrates

Wheat breads enriched with
12% green microalgae

Ground beef patty (A)

Cows’ milk (A)

Casein and soluble milk
proteins (SMP) mixed with
starch, cellulose and lipids
(a)

Wheat pasta (B)

Wheat biscuit (B)

Wheat bread (B)

INFOGEST model combined with
measurement of free d-amino groups
(OPA)

Simulated Gl digestion combined with
measurement of free d-amino groups
(TNBS)

INFOGEST model combined with
measurement of free @-amino groups
(OPA) and peptidome analysis

Simulated GI digestion combined with
amino acid measurement

TNO GI model combined with TCA
measurement of soluble polypeptides
(colorimetric)

INFOGEST digestion model combined
with measurements of protein
solubility (combustion) and peptide
size distributions

Lower protein digestibility for the soy-based beef
patty (70%) compared to the reference beef patty
(85%).

Similar protein digestibility for almond (25%) and
oat (25%) milks and the reference (26%).

Lower protein digestibility for hemp (22%) and
soy (21%) milks compared to the reference.
Lower protein digestibility for the legume-
enriched pastas (50% for lentil and pea pastas,
58% for faba bean-pasta) compared to the
references (66% for casein and 80% for SMP).
Higher protein digestibility for the enriched pasta
(46%) compared to the reference pasta (42%).
Similar protein digestibility for the enriched
(74%) and reference (78%) biscuits'.

Lower protein digestibility (51-63%) for the
enriched breads compared to the reference bread
(69%).

Zhou et al. (2021)

Martinez-Padilla
et al. (2020)

Berrazaga et al.

(2020)

Laleg et al. (2016)

vill

(2016)

emejane ct al.

Qazi et al. (2021)

! No statistical significance available. INFOGEST, Cost Action aiming to harmonize in vitre protocols simulating human digestion; OPA, o-phthaldialdehyde; GI,

gastrointestinal; TNBS, trinitrobenzene sulfonic acid; TNO, Netherlands Organisation for Applied Scientific Research; TCA, trichloroacetic acid.

1

<Al =
TN

J. Lappi | P. Silventolnen-Vedjalainen, $. Vanhatalo, N. Rosa-Sibakov, N. Sozer

The nutritional quality of animal-alternative processed foods based on plant
or microbial proteins and the role of the food matrix



INFLUENCE OF FOOD MATRIX ON PROTEIN DIGESTIBILL{; i r%l;ty
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* The molecular interactions and spatial organization

= Intact cell walls, macromolecular interactions,

and dietary fiber content affect protein digestibility

* Food matrix can be altered by processing,

resulting in changes in protein networks and structures

»  Milling and boiling create more surface

arca and enzyme accessibility

Credit: sweat.com/nutrients; what they are




EFFECT OF MASTICATION ON PROTEIN DIGESTIBILITYM%QE%W

Waisdom of the Land

=  Mastication affects the food matrix and protein digestibility
e

Mechanical

. . . 9
* Chewing (mouth

»  Smaller particles generated influences nutrient release SSpnd (aeiTg

(small intestine) il

» Inmitiation of starch hydrolysis
= Improves gluten accessibility
= Particle size persist during in vitro gastric digestion e

= Correlations between bolus properties
and digestibility can be challenging to establish Credit: Physio.com/nutrients digestion



Dual isotope tracer method: measuring true AA digestibili
Mahidol

Comparing the concentration of amino acids found in the blood after consuming a tesUniversity
meal to the concentration of a standard protein of known digestibility using isotopes, /-t
deuterium and carbon-13.

Isotopic
enriched
bload

Phase 1: Bean amino acids are labelled with
deuterium added to water during growth

Phase 2:Deuterium-labelled beans used to
prepare test meal consumed by study
participants to determine protein digestibility

Dual Tracer Approach to Measuring DIAAS



Dual isotope tracer method: measuring true AA digestibility

Mahidol
o Test meal EVJD'I };:EI% lty
) 2

2 2 [
Plasma *H AA J Meal *H AA % Digste |

B 13, 1
Plasma "G AA/ Meal G AA I | First pass axtraction

The test meal containing intrinsically
2H/15N-labeled test protein {yellow and
blue circles) and uniformly 13C-labeled
reference protein (red circles) undergoes
digestion.

"\

After absorption and first-pass Sampling
splanchnic extraction, AAs from both the
proteins enter the systemic circulation.
The plasma appearance of individual
AAs from 2H/15N-labeled test protein is
compared with that of 13C-labeled
reference protein of known digestibility
with respect to the test meal to
determine the small intestinal AA
digestibility in the test proteins.

@9g® 1113C |abeled reference protein
& %8 *H/""N-labeled test pratein
@ "IC.labalad AA
P PH“Nabeled A4
@ Unlabeled AA

Adv Nutr 2022;13:1131-1143,



IAAO slope ratio method to estimate metabolic availability

of limiting AAs in test proteins. Mahidol &2
University

Indicator Amino Acid Oxidation {IAAO) method is based on the fact that when any'single”
amino acid is limiting for protein synthesis that all other amino acids are in excess and thus
must be oxidized. The indicator amino acid is maintained at a constant intake; therefore, the
decline in IAAO is linear with incremental addition of the limiting amino acid below the
requirement intake. Therefore, this portion of the response can also be used to test the
change in net protein synthesis with increasing intake of a food ingredient in which an amino
acid is limiting. -

Decreasing |AAD represents

.1
increasing utilization of 2
limiting amine acid for protein | Availzbility
synthesis e 15
. ;3 ~6  Heatecpeas 55%
.E Peas R9%
1} -
EAR RDA T 104 lys-HCI 100%
- =
@ Q
i
=
2 -
tn a -
& 5

L. Mo change in I1AAD as
requiremnent for limiting amino
acid has been met =0 60 70 30 50 100

Dietary lysine, % of requirement (NRC, 1998)



IAAO slope ratio method to estimate metabolic availability @

of limitina AAs in test proteins. Mahidol S&E2
Waisdom of the Land
A B
F '\ - felumnie “Tesh, '!qﬁem With increasing intake of
.55 rr‘q ° G . limiting/test |AA (green
: —
' f civi s ? \P circles), the incorporation
ey ARENE . | \ 1 / 1ico, of 13C-labeled indicator
o e ‘ s Pl <1 . gs IAA (red circles) into
syntfesis / e | E,g °® 8E tissue protein synthesis
s i == e i z :
- Oxidation exraction g€ = I g3 increases with the
\ SRR nreE. 8 subsequent reduction in
oS its oxidation, which is
=
(oase® g measured as 13CO2 in
g @ b3 breath
Amino acid pcal ; Test slope rea
;, Reference slope
) Increasing intake of
limiting 1AA
@ Nonlimiting AA from reference AA mix and lest mea MA = _Jestslope x100

@ Limiting AA from reference AA mix and test meal
@ C-labeled |AA

Reference slope

v Nutr 2022;13:1131-1143.



AA digestibility/metabolic availability values using ﬁ

+:

dual isotope tracer or IAAO slope ratio Mahidol %/ |
I Inivioreityy

Proteins and  Digestibility Digestibility (%0)! Stud
processing method o
method Met Phe Thr Lys Tle DLeam Val Trp Mean POPY lation
Cereal protein
Rice, Dual 1sotope 797 839 7134 783 3805 787 752 - 78.5=% Child 13
manually tracer +61 +34 445 241 £33 232 4 35 HEFRmES
dehulled 29
unpolished.
pressure
cooked for 20
min
Rice. [AAO sl 100 - . 97 - S = =
pohceshecL mﬁuzope healthy young
boiled for 23 men
mins .
Rice, boiled IAAO slope - - - = 97.5 - - = = = School-Age
for 15 nuns ratio® Children
ll?ohoes’he d IA.:Ztllzl:ope i } 3 s . i i . . healthy young
oven baked at memn
188°C for
105 mun and
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Proteins and  Digestibility n Digestibility (%)!
processing method Study

method Nitrogen His Met Phe Thr Lys Tle Lea Val Trp Mean population
TAA

Legume protein

Mung bean,  Dualisotope 6 2 = - 529 -4 495, 630 TS0 BIS 6I8 - = 637E

whole, tracer 237 6% 12 254 =26 £32 = 15 Adult

soaked for 12 6.0 18-45y
hand

pressure

cooked for 15

min

Mungbean,  Dualisotope 4 e ~ 540 772 616 648 630 680 680 - 652+% —_
whole, tracer 247 236 LIAL L6061 LI5S = 73

soaked for 12 23 13y
hand

pressure

cooked for 15

min

Mung bean,  Dualisotope 6 2 - 643 751 545 634 829 763 800 - 709=% Adult

manually tracer 47 £330 224/2£36 230, £33 > 21

dehulled after 32 18-45y
soaking for

12 h, pressure

cooked for 12

min




Studies determining of true ileal N, AA digestibility/
metabolic availability using stable isotope teChanueMah'dd

Type of food No. of products Study
protein studied population

Milk protein

Egg protein
Meat protein
Cereal protein
Legume protein
Qil seed protein

Algae

Mixed meal

o
niversity |

Waisdom of the Land

Adults
5 Children/adults
4 Adults
12 Children/adults
16 Children/adults
1 Adults
1 Adults
2 Adults
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Summary

Waisdom of the Land

There are several methods for determining PQ for human food, with varying
advantages and disadvantages.

The agreement between the methods has not been rigorously evaluated by
measuring the digestibility of the same protein source across methods.

More studies on AA digestibility or metabolic availability using stable isotope
technique during the past decade; mainly studied in children and adults.

Additional studies on the protein quality of alternative sustainable food
sources are needed to create appropriate recommendations to improve the
nutrition of individuals.
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What do we need to understand better? Mﬁﬁgﬁ;w

Waisdom of the Land

Protein quality: metric in relation to function, not just
digestibility and amino acids? @WEHEMTH

Protein quantity: minimum vs optimum?

Changes in need (both quantity and quality) over the life
cycle

Novel protein: adequate nutritionally, health impact,
sustainability and reserve our environment

ONEHEALTH



Optimizing bioavailability and

: ical i i Mahidol
physiological impact across life stages University
Digestibility
Future
Protein Food Bioavailability
Utilization
Sustainable!

Healthier!

The sufficiency and appropriateness of amino acids and
other nutrients for consumers in each age group should
be considered.

M
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