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Number of deaths by risk factor, United States, 2017
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Dietary Guidelines for Americans

Usual intake as a percent of goal or limit

Eat more of these: GOAL

ol grins_jummis,__

Vegetables 59% .
SR o= Whole Grains

Dairy 52%
Seafood 44% 3 ormore

% S servings/d
Fiber 40%
Potassium 56%
Vitamin D 28%
Calcium 75%

Eat less of these: LIMIT
Calories from SoFAS® 280%
Refined grains 200%
Sodium
Saturated fat

149%
110%

| | | |
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Carbohydrates make up 50% of energy intake
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NHANES Survey Cycle

NHANES indicates National Health and Nutrition Examination Survey. Data were adjusted for NHANES survey weights to be nationally representative.
Error bars indicate 95% Cls. P < .001 for trend for all (decrease for total carbohydrates; increase for total protein and total fat).

Shan et al. 2019, JAMA



Whole Grain Food Sources

Less than 1%:

Mixed Dishes — Asian
Seafood

Mixed Dishes — Pizza
Not included in a food
category

Plant-based Protein
Foods

Mixed Dishes — Meat,
Poultry, Seafood

- NHANES 15-16

A

Cooked Cereals
9%
el
P TR S
- Savory Snacks
12%

Sweet Bakery Products 1%
Quick Breads and Bread Products 2%
Snack/Meal Bars 3

Crackers 3%
Mixed Dishes - Grain-based 4%

"

Mixed Dishes -

Sandwiches ‘
5% |

Cooked Grains
7%

Breads, Rolls, Tortillas
35%

Ready-to-Eat Cereals
18%



Whole grain kernel is nutrient dense

Starchy endosperm
(80-85%)

protein, starch,
& very few fibres (2%)

* Lipids, plant sterols )
» Antioxidants

* Vitamin E, B vitamins ' ©€M
* Minerals
* Enzymes

("« Insoluble dietary fibres &
very few soluble fibres(< 5%)
(xytans, [-glucans)
Aleurone layer * Proteins, enzymes
(6-9%) < e Phenolic compounds, lignans
* Vitamin E, B vitamins
* Minerals and phytic acid
\_* Lipids, plant sterols
Hyaline layer
Testa (1%)

» Alkylresorcinols, sterols, steryl ferulotes
} Inner pericarp
* insoluble dietary fibres

Outer mrp xy’aﬂs, Ceﬂme, mn)
(3-5%) ¢ Antioxidants bound to cell walls
(phenolic acids)

Image: Brouns et al. (2012); adapted from Surget & Barron (2005)
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Whole vs Refined Grain

Whole Wheat
100% of nutrients

Vitamin E

Vitamin B6

Magnesium

[ ] whole Wheat Flour
- Refined Wheat Flour
|:| Enriched Wheat Flour

Thiamin (B1)

156% |

Riboflavin (B2)

Niacin (B3) 119%

Fiber

Potassium

Iron 129%

Folate

[... [eet%

Protein

https://wholegrainscouncil.org/whole-grains-101/whats-whole-grain-refined-grain




Potential Mechanisms

Whole grain intake

: . “ Colonic Polyphenolic &
Dietary fiber fermentation? phytochemicals

Antioxidant/
anti-
inflammatory

status

Y Insulin sensitivity | Homocysteine

| Obesity

Bjorck et al. Trends in Food Science & Technology 2012; 25(2): 87-100.




Health Benefits of Whole Grains:

Observational Evidence

All Cause
Mortality

(n=11)

19%

Coronary

Heart Disease

Incidence
(n=6)

20%

Stroke
Incidence

(n=3)

14%

Type 2
Diabetes
(n=8)

33%

Colorectal
Cancer

(n=7)

13%

Cancer
Mortality
(n=5)

16%

Independent of other risk factors: physical activity, BMI, smoking,
alcohol, energy intake, education

Reynolds et al. 2019 Lancet







Number of deaths by cause, World, 2017

Cardiovascular diseases | —— 17,790,000
Cancers [ 9,560,000

Respiratory diseases [ 3,910,000
Lower respiratory diseases [ 2,560,000

Dementia | 2,510,000 T
Digestive diseases | 2,380,000 CVD I_S the
Neonatal disorders |l 1,780,000 | ed d N g cause
Diarrheal diseases [l 1,570,000
Diabetes |l 1,370,000 Of death
Liver diseases [l 1,320,000 globa | Iy

Road injuries |l 1,240,000
Kidney disease |l 1,230,000
Tuberculosis ¥ 1,180,000

HIV/AIDS 954,492
Suicide | 793,823
0 4,000,000 8,000,000 12,000,000 16,000,000 20,000,000

Our World
Source: IHME, Global Burden of Disease (GBD) Roth et al. 2017, The Lancet 11



Whole Grain Intake & Risk of Coronary Heart Disease

Coronary Heart Disease

1251 Incidence
1 serving/day 3 servings/day
----- Linear model
Y4 —— Spline model
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« Risk reduction begins even at the :
lowest intakes of whole grain and
benefit continues with higher :
intakes |

|

« Supports current dietary guidelines:
>3 servings per day |

|

|

: Mechanisms :
| o Lipids o Blood pressure |
| o Body weight o Inflammation ,
: o Insulin resistance o Glucose homeostasis :

Reynolds et al. 2019 Lancet



Whole Grain and CVD Risk Factors

1 Whole grains and blood lipids =

Compared to control diets, those consuming more
whole grain had a 2% reduction in total cholesterol 0
and 5% reduction in LDL cholesterol .
*attributed to whole grain oats %’
(Hollaender et al. 2015, meta-analysis of 24 randomized controlled trials) £ 2
o .
g 5 m Whole Grain
1 Whole grains and hypertension-> = m Refined Grain
° ° v * —
Increased whole grain intake by 30g/d was 2 4 p=.01
associated with 8% reduction in risk of hypertension S B
(Schwingshackl et al. 2017, dose-response meta-analysis of 4 prospective
studies, n=28,069 cases) -6

A whole grain diet led to a reduction in

diastolic blood pressure by 8% in “In population studies this improvement approximates

. . to a 40% lower risk of dying from stroke and a 30%
overwelght and obese SUbjeCfS lower risk of dying from ischemic heart disease or other

(Kirwan et al. 2014, randomized controlled trial) vascular causes”




Associated clinical risk factors




Associated clinical risk factors

ypertension

Inflammato
markers \

yperglycemia

Insulin
Resistance ; ;
High

riglycerides

Abdominal
Adiposity

Metabolic
Syndrome

—=

High LDL-c







Whole Grains and Adiposity

Meta-Analysis of 15 Cross-Sectional Studies—>

Weighted mean difference in body mass index (BMI) was 0.63 kg/m?2 less
in high-WG consumers compared with low or non-WG consumers
(Harland et al. 2005)

Prospective Cohoris->
Higher daily whole grain intake is associated with less weight gain
(Liv et al. 2003; Koh-Banerjee et al 2004; Mozaffarian et al. 2011; Winkuvist et al. 2017)

Meta-Analysis of 26 RCT->
No effect on body weight but a small effect on percent of body fat
(Pol et al. 2013)

Meta-Analysis of 11 RCT->
Effect on change in body weight (mean difference -0.62 kg)
(Reynolds et al. 2019)

17



Abdominal Adiposity

* Waist Circumference (WC)
* /MT2D and CVD risk (Casanueva 2010)

* By 2030 56% of men and 80% of women will
be abdominally obese (Wang 2020)

* Visceral vs Subcutaneous adipose tissue

* “PT2D and CVD risk, independent of BMI or WC
(Fox 2007, Rosenquist 2013, Abraham 2015)

* /M lInsulin resistance, dyslipidemia, oxidative stress,
inflammation (Wagenknecht 2003, Nicklas 2003,
Pou 2007)

Subcutaneous
/ fat
(\\ Stomach

\
@
\

Abdominal
Gall bladder cavity

Colon .
Intra-abdominal

Small intestine fat

18



Whole Grain and Waist Circumference

Waist Circumference (cm)

100.0

94.0

92.0

1 2 3 4 5 6
Whole-grain intake (servings/d)3

McKeown et al. Am J Clin Nutr 2010 92(5):1165-71

Whole grain
P-trend <0.001

Adjusted for :
age

sex

smoking status
total energy
alcohol intake

19



Whole and refined grain and VAT

™ Whole Grain Intakes Associated M Refined Grain Intakes Associated
with | Visceral Adiposity with 4 Visceral Adiposity

1900 - 1900 -
1850 - 1850 -
1800 - Volume of 1800 +
1750 - Visceral 1750 -
1700 - Ad‘p?csril;“”e 1700 -
1650 - 1650 -
1600 - 1600 -
1550 - | . 1550 - .
<0.5 serving/day ~3 servings/day <1serving/day  ~4 servings/day
Whole Grain Refined Grain

*P for frend < 0.001

* Mean Volume of VAT is adjustment for age, sex, smoking status, total energy, alcohol intake, subcutaneous adipose tissue
» Associations remained significant in statistical models after accounting for other aspects of diet

McKeown et al. Am J Clin Nutr 2010 92(5):1165-71 20






Whole Grain Intake & Risk of Type 2 Diabetes

Hazard ratio

1.1

1.0

0.9

0.8

0.7

0.6
0.5

O -

Whole grain intake, servings/day

Hu et al. 2020 BMJ

I

|

|+ 29% lower rate of T2D among those |
' in the highest vs lowest category of |
| WG intake
|
|

« Greatest reduction in risk at 2
| servings/d of whole grains

Mechanisms

I
I
I
o Body weight o Inflammation :
o Insulin resistance o Glucose homeostasis |






Cardiovascular Disease Diabetes

92 million Americans living 100 million Americans with
with CVD or consequences diabetes or pre-diabetes, g9o-
of stroke 95% being T2D

$329.7 billion annual direct $245 billion annual direct &
& indirect costs indirect costs

Leading Causes of
Preventable Death



Conclusions

J Observational studies consistently observe that higher whole grain intake is associated with lower risk of chronic
diseases and mortality

J Adietrichin a variety of whole grains may lead to better maintenance of waist circumference and improvement in

several CVD risk factors

J Whole grain rich diets may influence body fat deposition

J Higher consumption of whole grain foods is associated with lower risk of type 2 diabetes

J Whole grains are more than just fiber
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How Food Processing can Increase the
Consumption of Whole Grains

Eric Decker
Department of Food Science
University of Massachusetts



What Consumers Expect in Their

Foods
e Drivers of Food Purchases:  Whole grains attributes:
— Health and Wellness — Health and Wellness
— Value — Are more expensive
— Ease of Cooking — Are more difficult to cook

— Taste — Taste different




Whole Grains Come From Seeds




Seeds Evolved to Survive Harsh Environmental
Conditions

endosperm
f1oury ENCOSDECT

horny end2sperm
bran

£nd0sIErm ) '
ealle with sead coat (lesie)
b piicdt tube c2lis o
starch les -
Hairs of brush e vame crosscelle
alourone mesocarp s
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: I
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Endosperm
apex (awn)

() . ¥ Aleurone cell layc Aleurone cells -
Endospcxm Bran

Scutelium

Scutellum
bran

nucellar
tissue

seed coat
(testa)

pericarp

endosperm
aleurone cell layer

Rudimentary shoot Plumule

endosperm cells
with starch granules

Radicle
germ {(embryo)

plumule
scutellum
radicle

©1996 Encyclopaedia Britannica, Inc.

Seed are Genetic Dispersal Agents = Designed for Minimal Digestibility
= Minimal Nutritional Value



Processing is the Key to Increasing the
Nutritional Value of Seeds (Whole Grains)

Steel Cut

Oate Minimal

Digestibility

Brown Rice




Increasing the Digestibility of Whole Seeds
Cooking

Y
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Ease of Preparation:

Brown Rice =

30 min 30 min

Average Cooking
Time/Day in US is 37 min




Processing to Increase Ease of Preparation
Wheat

Cooked and
Dried

Farro =
40 min

Cracked Wheat =
20 min




Processing to Increase Ease of Preparation
Pre-Gelatinization

* Pre-cook grain and then dry

* Dried grain is more porous allowing for rapid absorption of
water and quicker cooking

e Usually fortified with minerals and vitamins lost during

vy

processing

QUAKER
OATS

QUICKT Miyy e




Processing to Increase Ease and Diversity of
Preparation

HOW FLOUR IS MILLED

(A SIMPLIFIED DIAGRAM)
IT STARTS HERK...

* Milling Wheat

— Cleaning
— Grinding
— Aging/Bleaching
— Separating
* Bran . "

Endosperm

* Endosperm |sran

* Germ

JULK STORAGE

Grain Anatomy

WhoteGrainsCounci.OrG




“Whole Grain”: Milling / Processing

Example: Cleaned Wheat

reak Rollers

 Wheat bran is difficult to mill to
The fine particle sizes needed for flour so

it is often milled separately

Recombination

educing Rollers
* Single stream milling can damage germ

because milling is longer and harsher

3

.< Single stream

* Both milling processes produce similar
nutritional compositions and bioactivity

Courtesy Kevin Miller, General Mills



Roles of Whole Grains Components on Food Quality
Endosperm

Endosperm,

Grain Anatomy

WHoOLEGRAINSCOUNCIL.ORG

Starch (84%), fiber (3%)
and protein (11%)

This is the major key to wheat functionality
attributes because it’s the source of gluten
and starch.

* Gluten provide dough elasticity = volume
e Starch provides crumb = moistness

The additional components in whole wheat
flour decrease the concentration of gluten
and starch which changes functionality



Gliadins and Glutenins

SH

SH
SH

SH

Bread Production

Disulfide bonds: elasticity = structure

SH SH
/M—w

www.bakewithjack.co.uk



Roles of Whole Grains Components on Food quality

Endosperm
Fiber (43%), 4% fat and flavonoids 2

Flavonoids impact taste, color and
the functionality of gluten

Fiber absorbs water and impacts texture

Grain Anatomy

WHoLEGRAINSCOUNCIL.ORG




Impact of Bran on Preparation, Taste and Dough
Properties

* Fibers compete with starch for water
— More water needed to make dough
— Dough production longer due to increased hydration time

— Can produce different texture and staling due to different water binding
properties

* Flavonoids produce astringency

— A feeling of dryness in the mouth: e.g. tea and unsweetened chocolate
— Mainly caused by flavonoids forming complexes with saliva proteins
— Can be masked with sweetness

* Flavonoids and lipids also alter gluten functionality



Whole Wheat Bread Production

Flavonoids inhibit disulfide bonds formation

| |
SH SH Kneading S SH
|
g_/' fo) N
.~' y HO@/\)LoH fH

Addition of Wheat Fiber to Bread: Hemdane et al., 2015



Roles of Whole Grains Components on Food quality

Endosperm

Lipids (10%) Fiber (13%), Minerals, Vitamin E

Lipids decrease air pocket size and interfere
with gluten formation

G :'V?Oltga .ﬁs?o?uffo?:y Lipids are high in 18:3 which is easily oxidized
to decrease shelf life due to off flavor formation




Impact of Unsaturation on Susceptibility
to Lipid Oxidation

RELATIVE
OXIDIZIBILITY

PR e 1

10




Newspapers soaked in linseed oil caused

fire due to spontaneous combustion
(Hampshire Gazette; Northampton, MA)

ERo | 4 ORI
ML o R . : - i
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Impact of Mildly Oxidized Oil on Mouse Model
of Inflammatory Bowel Disease

N _ P = 0.045

—~ P =0.01 S
E 8007 —— E 8 NE 40- ‘ '
(@)] ] ~—
o () ™
= N 6 c 30
T 200- . 2 o .
S S 4 = . .
(_U E o) 20— ™
c 100 o=a 2 S .
= 3 2; 5 107 %
LzLI 0 0 0 3 0 -

- > - @) -
= Un-Oxi Oxi <  Un-oxi Oxi = Un-oxi Oxi

Increased Gut Increased tumor

Inflammation size and number



Improving the Functionality of Whole Wheat Bread

* Enzyme Treatments - Xylanase

— Breakdown fiber to improve dough properties by reducing water
absorption

 Emulsifiers - Monoglycerols, lecithin, Datem (tartaric + acylglycerols)
— Decrease staling and increase loaf volume

* Mold inhibitors - Propionic and Sorbic acids

— All breads are susceptible to mold growth

— Whole wheat breads can have higher moisture content making them more
susceptible to mold growth

— Sometimes refrigerated to decrease mold but this increases staling



Economic Accessibility

Healthy Food should be accessible to all #
— Even more important with Covid Lo ovx &
Food Budget — Y o
— Lower 20%of income spends $79/week for family of four
— Middle 20% of income spends $144/week
— Upper 20% of income spends $257/week
Cost of Whole Wheat Bread
— Artisan = 35¢/serving
— Name Brand = 27¢/serving
— Store Brand = 18¢
— Store brand white bread = 9¢/serving
Shelf-life — determined by mold growth and staling
— Artisan bread = 3-4 days
— Major brands = 5-7 days — due to food additives
Is the benefit of whole grains breads greater than perceived risk of food additives?




Ready to Eat Breakfast Cereals

* Can be an excellent source of whole grain

* Meet many consumer criterial for food purchases
— Convenient
— Good value
— Good Taste
— Sustainability = Long Shelf-life (low water activity) and little waste

* Are produced by:

— Mixing whole grains (Muesli and Granola)
— Flakes (Wheaties)
— Extrusion (Cheerios)



Cereal Flakes

From how Cereal is made
https://www.youtube.com/watch?v=a0Y5J pgiFY

Flake

| T i
Porridge/dough
Add vitamins

_ S Heat Liabl
— pray on Heat Liable

Vitamins and Flavors

==
Package




Extruded Oat Cereal

How It’s Made, Oat Cereal
https://www.youtube.com/watch?v=vxnT2Z0k3ew

Grind and cook into l 2 4 [ql
porridge/batter : .
Cut Lo team
Shape with |} W -oney :
» . . Tubes Expansion
-\ forming die |§

Spray on Vitamins l
and Flavors

Dry and Package

ST X ":‘ Sae NN
\\‘Q;\\‘\ N




Extruded Puffed Cereals

Cereal ingredients are mixed water
in passed through extruder
e Extruder is at high
| temperature under

}
|
GearlBox \*/ pr;-letssure = Super heatS water
eaters
Barrel Screw
T /)

| Pl A A * Product exits die
C—=HE = mm===) « Water flash evaporates

= © O T ! to make an expanded and
E_‘ D = ] porous structure
é,—.i/l Cooling Fans :

Drlve Motor

@ =
@ —
oLl
OA L




Economic Accessibility
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Cost of Wheat Flakes

— Organic = 36¢/serving

— Name Brand = 22¢/serving
— Store Brand = 17¢/serving
Cost of Oat Rings

— Organic = 36¢/serving

— Name Brand = 22¢/serving
— Store Brand = 17¢/serving

With Milk = $1.16-1.92/day for family of 4
Shelf-life determined by rancidity

— Organic brands often do not have added antioxidants and will have a shorter
shelf-life



Added Sugar

Many Whole Grain Products have added sugar
— Name brand whole wheat breads = 1-4 g sugar/serving
— Name brand ready to eat cereal = 0.2-12 g sugar/serving

Sugar often added to counteract astringency from wheat flavonoids
Sugar is useful in increasing palatability and acceptability of healthy foods

For example: sweetened chocolate milk is included in school lunch programs to
increase milk consumption

— 8-12 g/serving

— 70% of milk consumed in schools

Is there a benefit of added sugar to whole grain foods to increase consumption

How do we make risk assessment of how the beneflts of whole grains outweigh
the risks of added sugar — T




Conclusions

* Foods are only healthy if they are regularly consumed

* Foods will be more readily purchased and consumed if they:
— Taste Good
— Are easily prepared
— Have good value
— Nutritious

— Sustainable




Conclusions

e Seeds are designed to not be digestible so unless they are
processed they have little nutritional value

* Cooking increases digestibility by hydrating the seed and
breaking down the seed coating

— This is a long process so it often does not fit into current lifestyles

* Cooking time can be decreased by decreasing particle size and
using technologies such as pre-gelatinization 3

\
»




Conclusions

* Processing such as milling into flour can further increase the
ease of preparation of whole grains
* Whole wheat is a much more complex ingredient than white
flour due to the presence of:
— Fiber
— Lipids
— Flavonoids

 These components change taste and color and negatively
impact bread properties and shelf life

Processing is a major key to increasing the consumption of Whole Grains



Practice Applications for RDs:
Communicating WG Benefits

DGSAC report identifies whole grains “with almost the same
consistency as vegetables and fruits as beneficial for the outcomes

examined, suggesting that these 3 plant-based food groups are
fundamental constituents of a healthy dietary pattern.’
Epi research done on commonly eaten foods (mostly cereal, bread)
RCTs further strengthen these findings

CVD risk reduction begins at even lowest levels of whole grain
intake. Every bite counts!

Dietary Guidelines Advisory Committee. 2020. Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the WHOLE di d
Secretary of Agriculture and the Secretary of Health and Human Services. U.S. Department of Agriculture, Agricultural Research Service, rediscover W@ goodness

Washington, DC. COUNCIL OLDWAYS




Practice Applications for RDs:
Finding Whole Grains

» Help your clients identify healthy whole
grain options across a range of
processing levels. Use the nutrition label S ook
to find products with lower sodium, g WHOLE
sugar, saturated fats, etc. 50% 0R B 1l Cerving b

* Ex: brown rice, quinoa, whole wheat pasta, IS WHOLE GRAIN GRAIN IS WHOLE GRAIN
breakfast cereal, whole wheat bread, etc.

WholeGrainsCouncil.org
WholeGrainsCouncil.org

50% OR

AT 48g OR MORE OF
WHOLE GRAIN DAILY

* Help your clients identify whole grains

at the store: The different gram amount on each Stamp

tells you how many grams of whole grain

* Look for the Whole Grain Stamp are in one serving of a product.
* Look for the word “whole” on the ingredient
listing
WHOLE rediscover Q‘d goodness

COUNCIL OLDWAYS




Thank you!

Caleigh Sawicki, Ph.D.,

MPH

Gerald J. and Dorothy R.
Friedman School of Nutrition
Science and Policy at Tufts
University

Eric Decker, Ph.D.,

Department of Food Science
at the University of
Massachusetts
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