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Malnutrition has many faces "

Fe

Iron, folic acid, vitamin A,

’i zin,iodine below healthy = | High weight for height  Carrying excess body fat with

thresholds | a body mass index > 25

Low weight for height

Carrying excess body fat with
a body mass index > 30 Diabetes, heart disease,
and some cancers

Immunosuppression | Immunoactivation

Susceptibility to = = - — Susceptibility to

infection inflammatory -~ @
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Malnutrition affects all
countries in the world
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Obesity, overweight and = FGQC

metabolic diseases are costly
MALNUTRITION TAKES A TOLL ON FAMILY BUDGETS.

8% More money spent 163% of income ) ) More money spent on
on healthcare when one lost with a diagnosis healthcare with a cardiovascular
person is obese of diabetes disease diagnosis

UNITED STATES CHINA

Significant impact on government spending on healthcare cost
Significant impact on countries’ GDP
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Investing on health and ¥'5§-3FGC
nutrition R&D is critical

EVERY YEAR, GLOBAL GDP LOSSES FROM MALNUTRITION ARE GREATER THAN
WHAT WAS LOST EACH YEAR DURING THE 2008-2010 FINANCIAL CRISIS

GDP losses from
malnutrition

GDP losses from
the financial crisis

YIELDS 16 DOLLARS
IN RETURNS

EVERY DOLLAR
INVESTED IN
NUTRITION
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Mitigating the impact of global ?;g‘gFG
burden of obesity

Food diversification

Biofortification & biomodification

Food processing
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Reducing glycemic index as a ¥ eac
dietary intervention

Glycemic Response (GR)

HIGH GI

e the post-prandial blood glucose
response upon carbohydrate
Gold consumption
Standard

o~ Glycemic Index (Gl)

e the GR elicited by a portion of food
containing 50 g of available
carbohydrate and is expressed as a
percentage of the GR elicited by 50

1 ’ g of the reference carbohydrate

TIME / HOURS
Glycemic Load (GL)

ngh Gl 270 e the product of Gl and the total

Low G| £ 55 available carbohydrate contentina |
given amount of food

BLOOD GLUCOSE LEVELS
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Rice as a vehicle for nutritional = = FGC
inte_ventin\

Accounts for '’
3 75% total
y caloric intake

e~ cooweromowzaw ay - M

Grown in
100
countries

Feeds 50% of |
the world §
population
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Whole grain rice is rich in nutraceuticals but

milled rice is composed mostly of starch
o
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- Butardo and Sreenivasulu 2016

M | Storage Starch

Components Composition Health Benefits
Seed Storage Protein 4-11% Source of protein and amino acid
Source of calorie
85-90% Source of resistant starch
Influences glycemic response
Non-Starch Polysaccharides Trace Source of dietary fiber
Storage Lipids 0.3-0.5% Source of lipids and fatty acids
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Development of low Gl rice is %’%FGC
limited by available screening tools

Dietary forms of starch Hydrolysis Time (min)

Resistant starch >120 (16h)

RDS, SDS, RS
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Hydrolysis Index by NutraScan '-FGC
(Next Instrument)

Step Enzyme Identity Volume Enz Conc Time Buffer/Blank
Cooking - Water 5mL - 30 min -
Oral digestion | Enzyme A a-amylase 2 mL 250 U/ml | 5 min Buffer 1
(carbonate)

Gastric Enzyme B Pepsin 5mL 1 mg/mL 30 min Buffer 2

digestion (HCI)

Neutralisation | - Sodium 5mL - - Buffer 5
hydroxide (NaOH)

Resuspension | - Acetate 28 mL - - Buffer 3
buffer (Acetate)

Pancreatic & Enzyme C Pancreatin | 5mL 2 mg/mL 3 hr -

intestinal AMG 28 U/mL

digestion

e Semi-automated e Expensive
e Correlated with clinical Gl e Low throughput (n=20)
* Slow (5 hours)
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Testing NutriScan to simulate = FGC
rice digestion in vitro

Cooked Milled Flour -e- Doongara Cooked Milled Grains - Doongara
100- lllabong 100- lllabong
Koshihikari Koshihikari
o——x9
— 80+ Simm—v Langi = _
T) o o Langi
2 60 - 2 Opus
5 - - Reiziq B # Reiziq
o 404 ./ Sherpa S
a -+ Topaz 2 onerea
20-'/ P / - Topaz
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c | | L] L] L] L] | YRL 127 0¥ L] L] L] L] a
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Time (min)

Doongara lllabong  Koshi Langi Opus Reiziq
300 min 80 88 87 84 85 83 87

Sherpa Topaz YRL127 Waxy

83 83 85

eGl-60 = % starch hydrolysed at 60 minutes ???
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Amylolysis to characterise = FGC

Functional Grains Centre

cooked grain dlgestlblllty

.~

rice grains grinding to 400-600 microns

amylolysis

!

Computations

glucose released Sampling on ice

Centrifugation at 4°C

starch hydrolyzed

equilibrium concentration (Ceo)

Glucose quantification by
GOPOD

starch hydrolysis rate (k-value)
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Differentiating digestibility of ¥'§§3FGC
IRRI rice lines using amonIyS|s
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e Cheaper e Low throughput (n = 6-10)
e Faster (3 hours) e Very manual method

e Correlated with AAC and HI
Q.
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Developing in vitro digestibility = FGC
~assay for Australlan rlce mdustry

Functional Grains Centre

Individual magnetic stirring
ensures stirring uniformity
Use of 96-well plate format
for high throughput glucose

assay
Submersible magnetic
stirring ensures temperature
uniformity . ®
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Optimising enzyme - FGC
concentration: o-amylase

Functional Grains Centre

SUSTAINED %
ENERGY @
RELEASE <%
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Amylolysis using 1 U/mL porcine = FGC
pancreatic a-amylase

80

Impact of processing
on Gl of rice
60 :

Michelle R. Toutounjit
Asgar Farahnaky?, Vito Butardo?, Jixun Luo?, Chris Blanchard?®

1ARC Industrial Transformation Training Centre for Functional Grains, Charles Sturt University (CSU),

Wagga Wagga, NSW 2650, Australia
2NSW Department of Primary Industries (DPI), Yanco Agricultural Institute, Yanco, NSW 2703, Australia
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Optimising enzyme el = FGC

mrm RICE , ‘
. éﬁ%ﬁ‘g@ o | Functional Grains Centre
RELEASE <% ‘\
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Optimising enzyme concentration:
constant a-amylase + varying AMGJE 5
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Amylolysis using 1 U/mL porcine '-FGC
pancreatic a-amylase + 5 U/mL AMG

100

75

50

Estimated Gl

Direct amylolysis

N (1] = r— (7)) >
N & 2 5 o9 § g
<« g o L2 g o ©
x £ § £ 4 0 =

= i -

> o = =

(] o

X

Rice Lines

ARC Industrial Transformation Training Centre for Functional Grains




- = FGC
CO n C I u S I O n Functional Grains Centre

The following can differentiate the digestibility
of commercially-available milled Australian rice
grains:

NutriScan (Next Instrument) Needs further optimisation, consider eGI-60
a-amylase (1 U/mL) Needs sequential digestion with AMG

a-amylase (1 U/mL) + AMG (5 U/mL) Cannot use existing enzyme kinetic model
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Ongoing and Future Work =~
Ongoing

1. Enzyme kinetic modeling using log of slope and
nonlinear regression

2. Characterise the synergistic and/or antagonistic
effects of mixing different enzyme cocktails

Future

1. Screening of rice diversity and biparental
mapping populations (QTL mapping and GWAS)

2. Effect of non-starch components in digestibility
3. Clinical correlations
.0
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