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to include barley B-glucan soluble fiber and barley foods containing $-glucan
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the relationship between barley and CHD;

e Summary of scientific evidence demonstrating significant scientific
agreement on the cholesterol lowering efficacy of whole-grain and
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National Barley Foods Council ' Barley Consultant

(701) 293-5146
cefastnaught@msn.com

Respectfully

Enclosures: Petition Binder
Appendices Binder
8 Reference Folders
Copy of Petition and Appendices in Folders
1 Cd-rom with 1) Petition + Appendices in MSWord 2000
2) PDF files of some of the references



PETITION FOR UNQUALIFIED HEALTH CLAIM:

BARLEY B-GLUCAN SOLUBLE FIBER
AND BARLEY PRODUCTS
CONTAINING
B-GLUCAN SOLUBLE FIBER
AND
CORONARY HEART DISEASE

SUBMITTED TO THE
FOOD AND DRUG ADMINISTRATION
SEPTEMBER 22, 2003

PETITIONERS:
NATIONAL BARLEY FOODS COUNCIL



Barley Health Claim Petition
TABLE OF CONTENTS

INTRODUCTION e 7
A. OVERVIEW OF PETITION ..ootruievererterireenersreesessesrareseseesssesssessessasssessssssessosenensenessensesessesess 7
B. BACKGROUND ....oiiiiiiiieieieiiiiiiie ittt ee e e e e ettt e e e e e e st e e e e e e e e e e e e e aeeeeeeaens 7
PRELIMINARY REQUIREMENTS ... 15
A. BARLEY B-GLUCAN SOLUBLE FIBER AND BARLEY PRODUCTS CONTAINING B-GLUCAN

SOLUBLE FIBER ARE ASSOCIATED WITH REDUCED RISK OF CORONARY HEART
DISEASE, A DISEASE FOR WHICH THE U.S. POPULATION IS AT RISK [(21 CFR
10114 ()] oeereeeeree e 15

B. BARLEY 3-GLUCAN SOLUBLE FIBER AND BARLEY PRODUCTS CONTAINING B-GLUCAN
SOLUBLE FIBER ARE EITHER FOODS OR INGREDIENTS OF FOOD THAT PROVIDE
NUTRITIVE VALUE AND COMPLY WITH THE REQUIREMENTS OF 21 CFR
101.14(b)(3)(i).............. ettt eee e e h et e e e et e aaatateaatr e e e nbnenenre e ananteeeaeees 17

C. BARLEY B-GLUCAN SOLUBLE FIBER AND BARLEY PRODUCTS CONTAINING B-GLUCAN
SOLUBLE FIBER ARE SAFE AND LAWFUL [21 CFR 101.14(b)(3)Xii)] ..veeevveeeveeeen 18

SUMMARY OF SCIENTIFICEVIDENCE .................oooiiiiiieeeeeeeee 20

A. OVERVIEW OF SCIENTIFIC DATA ..c.uoviiieeieieieeeeeeetiete e e seitteee e s e e s esseeneneseneeaenens 20

B. SOLUBLE FIBER FROM BARLEY FOODS MAY REDUCE RISK OF CORONARY HEART
DISEASE ... ittt ettt ettt e e e e e e e —t e e e e tete—a e ae ettt rrab s 22
1. COMPARISONS WITH BARLEY IN HUMAN STUDIES .........coooiiiiiieeeececieee e 22
2. DIRECT COMPARISONS BETWEEN BARLEY AND OATS IN ANIMALS .........cccovee... 35
3. CONTROLLED COMPARISONS WITH BARLEY IN ANIMAL STUDIES ..........coouvenennnn. 45
4. NON-B-GLUCAN COMPONENTS OF BARLEY .......cccovreiiirieeiiiiieinnneseneeeesnenean, 54

C. BARLEY B-GLUCAN CHEMISTRY ...ouuiiiieieiieieieieie s e e s s e e e s e s aeeseeneeenenens 56
L CONTENT oottt et e et e et e e e e et e e e e e a e e e e e e ne e e e e 56
2. DISTRIBUTION IN THE GRAIN .....ocoiiiiiiiieeiiieiiieeeee e 58
3. STRUCTURE.......ccvvveiiieiireieienriieeeeeeneenens ettt eetar e rar e aer e rrernaaeeeras 62
4. MOLECULARWEIGHT ....ovitiiienieciiieiee e ettt ee e eesite e et e e e s e ete e, 62
5. SOLUBILITY AND VISCOSITY ...ovviiiiiiieiitiee ettt ee e ctee e e eee e ee e e eneees s s eennenens 65



V.

Vi
Vil

Vil

IX.

D. BICEQUIVALENCE OF BARLEY AND OAT 8 -GLUCAN SOLUBLE FIBER..........occoeerrnn... 70

E. OTHER POTENTIAL HEALTH EFFECTS toeiiiiiuiiiiiieeiiee e et e et eee e eeeeeseeeenae s 72
1. BENEFICIAL EFFECTS ON GLUCOSE TOLERANCE AND INSULIN RESISTANCE........ 72
2. BENEFICIAL BLOOD PRESSURE EFFECTS .......cocouiiiiiiieeeiie et 77
3. BENEFICIAL IMPACT OF CEREAL FIBER CONSUMPTION ON RISK OF CANCER ....... 78
4. BENEFICIAL IMPACT OF WHOLE GRAINS ON WEIGHT CONTROL ........cocoocvrnnen. 81
F. NO SIGNIFICANT ADVERSE EFFECTS .oiiitiiiieieiitireeeeeetarieeeeeeniereeeeeies e e aeseneneee e 83
NATURE OF THE SUBSTANCE AND FOODS ELIGIBLE TO BEAR THE
L A e e e 86
A. PRODUCTS ELIGIBLE TO BEAR THE CLAIM .....vvvviiiiiinieie et 86
B. QUALIFYING LEVELS OF B-GLUCAN SOLUBLE FIBER AND FIBER ANALYSIS................ 87
C. REPRESENTATIVE FOODS THAT MAY BEAR THE CLAIM ......ccocvveeiiiieceiie e, 90
D. PROJECTED IMPACT UPON FOOD CONSUMPTION ......cocuiiiiiiieeeinieeeeinieeecnnnsaenenans 91
MODEL HEALTH CLAIMS ... 100
ENVIRONMENTAL IMPACT . e 101
CONCLUSION ... et e et 102
PROPOSED REGULATION AMENDMENT ..o 104
CERTIFICATION ..ottt e 106
REFERENGCES ... et r e a e 107



LIST OF TABLES AND FIGURES
Tables

Table 1. Typical macronutrient composition of Oatrim, rolled oats, oat bran and
whole oat flour ... 13

Table 2. Macronutrient composition of barley.......................ccoo 18

Table 3. Summary of human clinical trials utilizing barley foods containing
B-glucan soluble fiber as a dietary intervention to reduce risk of CHD .. 23

Table 4. Lipid response in animals consuming barley and oat products
containing similar levels of B-glucan soluble fiber ....................c............ 36

Table 5. Lipid response in animals consuming barley and oat products
compared t0 @ CONTOL........cooiiiiii e 38

Table 6. Summary of statistical analyses comparing lipid response of barley
and oats in small animal trials. ...........coooiviii 44

Table 7. Lipid response in animals consuming barley products compared
B0 @ CONIIOL ... oo 46

Table 8. Mean and range of dietary fiber and p-glucan content of barley
cultivars varying in hull, starch and protein characteristics..................... 57

Table 9. Weight average and peak molecular weight of B-glucan
frombarley and oats..............ccco 64

Table 10. Glycemic Index (Gl) of selected grains and grain products ............... 74

Table 11.Typical B-glucan soluble fiber levels in barley foods reported in
PUDIShed ArtiCIES ......vveeiieie e 88

Table 12.Typical barley foods and B-glucan content/RACC ..............c.cccoeeeeeen. 91

Table 13. Per capita levels of food energy and selected nutrients in the
U.S. food supply from 1909 t0 1997 ..., 93



Table 14. Whole-grain share of annual supermarket volume sales of
selected grain Products ... 94

Table 15. Percentage of the population meeting grain serving

TECOMMIENAAION ..o e e 96

Table 16. Annual supermarket volume sales of selected bariey
and 0at ProAUCES ..o 97

Figures

Figure 1. Change in total cholesterol in subjects consuming 6 levels of oat
B-glucan soluble fiber and 8g of barley B-glucan soluble fiber ........... 34
Figure 2. Sections of barley and oat stained with Calcofluor showing
blue fluorescence inthecellwalls ..................cooeirii 59

Figure 3. B-glucan distribution in five oat and five barley cultivars using
microspectro-fluorometric scanning to detect fluorescence intensity
of CalCofluor. ......ooeii e 60

Figure 4. Cross sections of four barley cultivars stained with Caicofluor
showing blue fluorescent cell walls................ccccoeieiiii i, 61

Figure 5. Range and mean of water slurry viscosity and B-glucan content
of barley and oats grown in North Dakota ...................ccccoeiiiiii 66

Figure 6. Viscosity of hamster diets containing glucan enriched (GE) barley,
dehulled barley, oatbran orcellulose..............coooeveiieciiiie 69



LIST OF APPENDICES

Appendix 1. Barley processing and definitions

Appendix 2. Barley food products: manufacturers specification

Appendix 3. Report on B-glucan analysis of barley and oat foods for the
National Barley Foods Council

Appendix 4. B-glucan soluble fiber levels found in single servings of typical

barley foods and recipes



I. INTRODUCTION

A. Overview of Petition

Pursuant to section 403(r)(4) of the Federal Food, Drug and Cosmetic Act (FFDCA) the National
Barley Foods Council (NBFC) submits this health claim petition regarding the relationship
between the consumption of soluble fiber from certain foods and the reduced risk of coronary
heart disease (CHD). This petitions requests that the “Soluble Fiber from Certain Foods and
Coronary Heart Disease Health Claim™ (21 CFR 101.81) be amended to include soluble fiber

from barley and barley products.

B. Background

The 1990 Nutrition Labeling and Education Act (Public Law 101-535) was signed into law on
November 8, 1990. This new law changed the previous act in a number of important ways
including confirming the FDA’s authority to regulate health claims on food labels and in food
labeling. In 1993 the agency issued several new regulations that implemgrﬁed the health claim
provisions of the 1990 amendments. Among those were § 101.14 (21 CFR 101.14) which set out
the rules for authorization and use of health claims and § 101.70 (21 CFR 101.70) which
established a process for petitioning the agency to authorize health claims about a substance-
disease relationship and set out the types of information that any sqch petition must include
(FDA 1993a). That same year (FDA 1993b), the agency authorized a health claim relating
consumption of fruits, vegetables and grain products that contain fiber, particularly soluble fiber,
to reduced risk of CHD (21 CFR 101.77). In the preamble to this ruling the FDA solicited

submission of product specific health claims from manufacturers or interested groups that can



document through appropriate studies that their food is effective in lowering LDL-cholesterol
and has no adverse on other heart health risk factors. In response to this challenge several
petitions have been submitted to the agency documenting the heart health benefits of specific

soluble fiber sources (FDA 1996, FDA 1997b, FDA 2002).

The FDA (1997a) authorized the first fobd substance specific heart health claim in 1997. In 21
CFR 101.81, the agency authorized a health claim associating the consumption of diets low in
saturated fat and cholesterol that included soluble fiber (B-glucan) from oats and the reduced risk
of CHD. The petitioner, Quaker Oats, had requested the health claim for oat bran and oat meal.
However, in the course of evaluating the available scientific evidence regarding the consumption
of oat products and the reduced risk of CHD, the FDA concluded that the soluble fiber (B-
glucan) found in oats was the component primarily responsible for the aséociation between
consumption of whole oat products and oat bran and the reduced risk of CHD. This
determination was based upon two key observations. First, there was a dose response
relationship between the amount of B-glucan soluble fiber consumed and the reduction in LDL-
cholesterol and total serum cholesterol. Second, a reasonable B-glucan soluble fiber intake of 3 g
or more per day was effective in reducing LDL-cholesterol and total serum cholesterol. Thus, on
the basis of the scientific evidence, the agency stated (FDA 1997a) “FDA, therefore, concludes
that it is appropriate to change the food substance that is the subject of this authorization for

claims from oat bran and rolled oats to B-glucan soluble fiber from whole oats.”

The original petition by the Quaker Oats Company only requested authorization of the health

claim for rolled oats and oat bran. However, based on the comments and scientific data



submitted to the FDA, the claim, in the final rule (FDA 1997a) was expanded to include whole
oat flour. The FDA (2002) distinctly summarized this position when it stated “We were
persuaded that the clinical data showing the positive effects of consuming whole oat flour foods
on blood cholesterol, and comments showing the compositional similarities between whole oat
flour and rolled oats provided sufficient evidence for us to conclude that whole oat flour has the
same effects relative to reduced risk of CHD as do oat bran and rolled oats. Further, this
conclusion was corroborated by evidence from the rodent intestinal contents studies. These
studies demonstrate that the beta-glucan soluble fiber from whole oat flour retains the same level
of viscosity in the rodent digestive tract as does that from rolled oats (62 FR3584 at 3686).”
Thus, the three eligible sources of beta glucan soluble fiber for the whole oat heart health claim

‘were determined to be oat bran, rolled oats and oat flour.

Some comments to the FDA’s proposed rule suggested that other sources of -glucan be
determined to be eligible for the heart health claim. The FDA acknowledged the possible
benefits of consuming (B-glucan) soluble fiber from other sources but stated that the subject of
the rulemaking was oatmeal and oat bran and their effect on the risk of CHD. Additionally, the
agency pointed out that they had not had an opportunity to review the totality of the evidence for
these other sources of soluble fibers. However, the FDA (1997a) stated “Nonetheless, the
agency recognizes that it is likely that consumption of other sources of B-glucan soluble fiber in
addition to those that are the subject of this rule making will affect blood cholesterol levels. For
this reason, and for reasons described elsewhere in this document in response to related

comments about other soluble fibers, FDA is adopting a final rule that is structured so that it can



be amended to establish a framework that will accommodate claims for other sources and types

of soluble fibers and the risk of CHD™.

On February 18, 1998 in response to a petition by the Kellogg Co., the FDA (1998) utilized this
structure when they announced their decision to amend the regulation that authorized a health
claim on soluble fiber from whole oats and the risk of CHD to include soluble fiber from
psyllium seed husk.. As a result of this change, the agency revised the inclusion language for §
101.81 from “Health claims: soluble fiber from whole oats and the risk of coronary heart
disease (CHD) " to “Health claims: Soluble fiber from certain foods and the risk of coronary

heart disease (CHD).

Recently, in response to a petition jointly filed by the Quaker Oats Co. and Rhodia Inc., the
agency announced it’s decision (FDA 2003) to amend the regulation authorizing a health claim
on the relationship between beta-glucan soluble fiber from whole oat sources and reduced risk of
CHD by adding another source of beta-glucan to those eligible to receive the heart health claim.
The petition had requested the “Soluble Fiber from Certain Foods and Coronary Heart Disease
Health Claim” (21 CFR 101.81) be expanded to include their Oatrim (known as Oatrim
BetaTrim™). The substance group Oatrim (BetaTrim™) has a B-glucan content of 4 to 25%
and is manufactured by one of two controlled hydrolysis processes — an acid/base method or an
enzymatic (alpha-amylase) method. However, the FDA decided, based on it’s review of the
scientific data, to limit the amendment to one specific class of oatrim. The agency (FDA 2002)
stated “The substance tested in the clinical cholesterol-lowering efficacy study did not include

acid-base hydrolyzed products or products with beta-glucan content exceeding 10 percent.
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Therefore, the agency is not including substances other than oatrim, defined as the beta-glucan
containing soluble fraction from alpha-amylase hydrolyzed oat bran or whole oat flour with a
beta-glucan soluble fiber content up to 10 percent (dwb) and not less than that of the starting

material (dwb), as an eligible source of beta-glucan for this health claim”

Expansion of 21 CFR 101.81 to include oatrim is an extremely important change from both a
regulatory and scientific point of view. When the agency decided to make beta-glucan soluble
fiber the substance of the original heart health claim and not oat bran or oatmeal they determined
that beta-glucan was the primary (but not the only) component in whole oats responsible for the
level of reduction of blood total and LDL-cholesterol. The FDA limited eligible products to oat
bran, oatmeal and whole oat flour (which was included only after thorough examination of the
scientific data submitted during the comment period). Finally, the agency very carefully
specified the B-glucan and total fiber contents of oat bran, oatmeal and whole oat flour. The

eligible substance definitions ( FDA 1997a) were as follows:

“QOat bran. Oat bran is produce by grinding clean oat groats or rolled oats and separating the
resulting oat flour by suitable means into fractions such that the oat bran fraction is not more
than 50 percent of the starting material and provides at least 5.5 percent (dry weight basis (dwb))
B-glucan soluble fiber and a total dietary fiber content of 16 percent (dwb), and such that at least
one third of the total dietary fiber content is soluble fiber.”

“Rolled oats. Rolled oats, also know as oatmeal, produced from 100 percent dehulled, clean oat
groats by steaming, cutting, rolling, and flaking, and provides at least 4 percent (dwb) of B-

glucan soluble fiber and a total dietary fiber content of at least 10 percent”

1



Whole oat flour. Whole oat flour is produced from 100 percent dehulled. clean oat groats by |
steaming and grinding such that there is no signicant loss of oat bran in the final product, and
provides at least 4 percent (dwb) B-glucan soluble fiber and a total dietary fiber content of at

least 10 percent (dwb).”

Basically, these are the whole grain forms of oats and include all of the macro and micro-
nutrients found in oat products. In contrast oatrim céntains few of the macro and micro-nutrients
found in whole oat products other than beta-glucan soluble fiber. Table 1 illustrates the
differences in composition between oatrim and the classical whole oat fractions. Oatrim is

defined as follows (FDA 2002):

“Qatrim. The soluble fraction of alpha-amylase hydrolyzed oat bran or whole oat flour, also
known as oatrim. Oatrim is produced from either oat bran as defined in § 101.81 paragraph
(c)(2)(1i)(AX(1) or whole oat flour as defined in § 101.81 paragraph (c)(2)(ii)(A)(3) by
solubilization of the starch with in the staring material with an alpha-amylase hydrolysis process,
and then removal by centrifugation of the insoluble components consisting of a high portion of
protein, lipid, insoluble dietary fiber, and the majority of the flavor and color components of the
starting material. Oatrim shall have a beta-glucan content up to 10 percent (dwb) and not less

than that of the starting material.”

The data in Table 1 clearly shows that compositionally, with the exception of B-glucan soluble
fiber, oatrim bears little resemblance to the other oat products. In this regard, the agency stated
(FDA 2002) “Oatrim differs from oat bran and whole oat flour in that, in the manufacturing of
oatrim, much of the starch present in the whole oat flour or remaining in the oat bran has been
converted to soluble amylodextrins, and non-water soluble components of the starting milled oat

products are removed by centrifugation. However like oat bran, the oatrim fraction produced

12



Table 1. Typical Macronutrient Composition of Oatrim, Rolled Oats, Oat Bran and Whole

Oat Flour (Per 100g)'
Nutrient (Be?a?ggm) Rolled Oats Oat Bran Whole Oat Flour
Calories (kcal) 337 389 397 384
Calories from fat (kcal) 6.3 62.1 633 62.1
Total Fat (g) 0.7 6.2 7.0 6.9 |
Saturated Fat (g) 0.3 1.2 1.3 1.3
Cholesterol (mg) 0 0 0 0
Total Carbohydrate (g) 89.6 66.2 66.2 67.3
Dietary Fiber (g) 6.2 10.3 15.9 10.5
B-glucan (g) 4.0-6.0 5 7.7 4
Protein (g) 1.5 16.9 17.3 13.7

'Data from Table 1 Oatrim (BetaTrim"™) Health Claim Petition dated April 5, 2001 submitted to
the FDA by The Quaker Oats Company and Rhodia Inc.

from the manufacturing methods of Inglett and Newman, 1994 retains most of the beta-glucan
soluble fiber and fiber-associated substances found in whole oat products.” This information in
conjunction with the clinical data further documents the cholesterol lowering properties of B-
glucan soluble fiber and shows that these properties can be maintained and expressed in purified
substances that have been carefully managed during processing. Furthermore, it indicates that
the total dietary fiber requirement imposed to assure the fidelity of the other eligible oat products
1s not a critical factor in determining the cholesterol lowering properties of B-glucan soluble fiber

from oat products.

With this petition, the National Barley Foods Council proposes that 21 CFR 101.81 be amended

to include barley as a source of B-glucan soluble fiber associated with reduced risk of coronary
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heart disease. The Council further proposes that whole grain and milled barley products such as
dehulled or hulless barley, pearl, flakes, grits, meal, flour, $-glucan enriched meal or flour
fractions, and bran be determined as eligible sources of barley f-glucan soluble fiber. There
already exists considerable scientific agreement that barley is a source of viscous fiber (Jenkins
et al 2002) and, as such, is recommended by the National Cholesterol Education Panel (NCEP
2002) as one of the therapeutic dietary options for lowering LDL-cholesterol. The NCEP
recommendations are approved and published by the National Heart, Lung and Blood Institute of
the National Institute of Health. These recommendations are clearly based on the human and
animal feeding studies that demonstrate the efficacy of barley -glucan soluble fiber in reducing
elevated blood cholesterol levels in mild to moderate hypercholesterolemics. These studies and
supporting scientific evidence are presented in this petition for consideration by the agency for
the establishment of an amended health claim. Furthermore, scientific evidence are presented

that establish the bioequivalence of oat and barley B-glucan soluble fiber.

Expanding the heart health claim in 21 CFR 101.81 to in;:lude barley (B-glucan) soluble fiber
will enhance the consumer’s ability to incorporate “s;)luble fiber” into the daily dietary regime.
Barley products are typically used in a wide variety of eating occasions in addition to breakfast.
The (B-glucan) soluble fiber content of traditional barley products is equal to or greater than that
of whole oat products. Further, barley has a significantly lower fat content. Barley’s lower fat
content (< 3%) provides increased flexibility to product formulators attempting to enhance
product palatability while still meeting the health claim eligibility requirements for finished food
products. Additionally, some specialty barley varieties have B-glucan contents greater than or

equal to oat bran. These varieties are available for commercial production and provide some
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unique opportunities for the development of heart healthy products. These advantages and other

benefits are detailed later in this petition.

Attached hereto, and constituting a part of this petition, are all of the items specified in 21 CFR §

101.70 (d). The proposed text of the model claim is set forth in section V of this petition.

II. PRELIMINARY REQUIREMENTS

A. Barley p-glucan soluble fibér and barley products containing p-glucan soluble fiber are
associated with reduced risk of coronary heart disease, a disease for which the U. S.
population is at risk [(21 CFR 101.14(b)(i)].

Coronary heart disease (CHD) has a tremendous financial impact upon our economy and a huge

impact upon the quality and duration of life for individuals afflicted with this condition. It is the

leading cause of death in the U. S. (Hoyert et al 1999; CDC 1999). Additionally, CHD causes
significant reductions in productivity and increases in morbidity as measured by the levels of

non-fatal myocardial infarction and angina observed in the U. S. population (AHA 1999).

Recently, the agency (FDA 2002) stated “While age-adjusted CHD mortality rates in the United

States had been steadily decreasing since approximately 1960, recent evidence has suggested that

the decline in CHD mortality has slowed. Cardiovascular disease accounts for more than

900,000 U.S. deaths annually and has been recognized as the dominate cause of death in the

United States for at least 50 years”. Thus, the FDA concluded “CHD is a disease for which the

U.S. population is at risk.”
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Three major modifiable risk factors have been identified for CHD; smoking, elevated blood
pressure and high cholesterol levels. Specifically in relation to this petition, elevated total
cholesterol and LDL cholesterol levels have been established as major modifiable risk factors for
CHD (NCEP 2002). The potential benefits of serum cholesterol reduction are very significant.

It has been estimated that every 1% decrease in serum cholesterol would provide a 2-3%

reduction in the observed rate of CHD (NCEP 2002).

In the total U. S. population 20% of adults are estimated to have high total cholesterol (>240
mg/dl); another 31% have borderline high cholesterol levels (Sempos et al 1993). The incidence
increases significantly for adults aged 40 and over. The third National Health and Nutrition
Examination Survey (NHANES III) showed that 65% of all adults age 46 and over have a

borderline high serum cholesterol of 200-239 mg/dl (Samuel et al 2000).

Scientific studies have clearly shown that dietary modifications are an effective approach to
reducing the risks of CHD in affected individuals and the population as a whole. In this regard,
increased intake of certain soluble dietary fibers has been identified as an effective dietary
approach for reducing both LDL-cholesterol and total serum cholesterol. Unfortunately, the
mean total dietary fiber intake for the U.S. population two years and older is just 16 g/day
compared to the recommended level of 25-30 g/day (Enns et al 1997). The effectiveness of
dietary oat B-glucan soluble fiber and psyllium soluble fiber in reducing the risk of CHD by
reducing the serum levels of LDL-cholesterol and total cholesterol is well documented. These

two soluble fiber sources have been the subject of previous FDA rulings (see 21 CFR 101.81;
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FDA 1997a; FDA 1998; and FDA 2003). Barley products are also an excellent source of 8-
glucan soluble fiber and can be readily incorporated into many dietary regimes. The scientific
evidence presented in Section III, of this petition, documents barley -giucan soluble fiber’s
physical and chemical properties and effectiveness in reducing LDL-cholesterol and total serum
cholesterol. Thus, this petition meets the requirements of 21 CFR 101.14(b)(1) since it addresses

a major public health issue for the U.S. population.

B. Barley B-glucan soluble fiber and barley products containing B-glucan soluble fiber are
either foods or ingredients of food that provide nutritive value and comply with the
requirements of 21 CFR 101.14(b)(3)(i).

Barley products that contain B-glucan soluble fiber, including dehulled or hulless barley and

pearl, flakes, grits, meal, flour, B-glucan enriched meal or flour fractions, and bran derived from

either dehulled or hulless barley, contribute taste, aroma and/or nutritive value as foods and food
ingredients. Typical barley processing is described in Appendix I along with product definitions
compiled by the American Association of Cereal Chemists (2000). The aforementioned barley
products are excellent sources of energy, protein, vitamins, minerals and soluble and insoluble
fiber. The B-glucan content of common barley and barley products is equal to or greater than
that found in whole oat products. Additionally, some commercial hulless barley cultivars
contain B-glucan levels greater than most commercial oat bran products. This latter fact provides
some unique product development opportunities. Nutritional testing shows that the cholesterol
lowering attributes of barley B-glucan are retained in the final food products. Further,
consumption of barley B-glucan soluble fiber at the proposed levels may result in the reductions

in LDL-cholesterol and total serum cholesterol necessary to justify the petitioned claim. The
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nutritive values of barley grain, pearled barley and flour/meal are set forth in Table 2. The data
in this table clearly demonstrate that barley products containing B-glucan soluble fiber meet the

requirements set forth in 101.14(b)(3)(i).

Table 2. Macronutrient Composition of Barley

Grain® Pearl,raw” Flour®
Component e g/100g, 10% moisture basis------mm-w-
Carbohydrates 70-75 77.7 76.1
Starch 54-59 62.1 65.8
Fiber 12.0-18.9 15.6 10.3
Arabinoxylan 4.4-7.8
B-glucan 3.6-6.1 5.1° 5.6°
Cellulose - 1.4-5.0
Simple carbohydrates
(glucose, fructose, Sucrose and maltose) 0.41-2.9
Oligosaccharides (raffinose, fructosans) 0.16-1.8
Lipids 2-3 1.2 1.6
Proteins 8-15 9.9 10.7
Albumins and globulins 3.5-4.5
Hordeins 3-5
Glutelins 3-5
Minerals 2-3 0.69 0.76
Other 5-6 1.1 1.0

*Taken from MacGregor and Fincher (1993).

®Values, except p-glucan, taken from USDA National Nutrient Database for Standard
Reference, Release 15 - http://www.nal.usda.gov/fnic/cgi-bin/nut_search.pl.
“Average from published data, see Table 11 — pearl barley and meal.

C. Barley B-glucan soluble fiber and barley products containing B-glucan soluble fiber are
safe and lawful [21 CFR 101.14(b)(3)(ii)].
Barley, both its hulled and hulless forms, has a long history of use as human food prior to 1958.

It was cultivated for food use as far back as 7000 years ago (Clark 1967) and preceded wheat as



a food grain in ancient Egypt (Darby et al, 1977). Barley was a major food staple in many
developing European and Asian civilizations and particularly important at higher altitudes where
other grains have difficulty growing. In mountain regions of Ethiopia. Peru and Tibet barley can

account for 60% of a populations plant food (NRC 1996).

Today, barley and barley products in the U.S. including dehulled or hulless barley and pearl,
flakes, grits, meal, flour, B-glucan enriched meal or flour fractioﬁs, and bran derived from either
dehulled or hulless barley, are used in a variety of breakfast cereals, soups, stews, bakery
products and baby foods as well as a number of traditional ethnic dishes like miso (Japanese),
risotto (Italian) and kasha (Russia and Poland). As a point of trivia, cream of barley soup was on
the Titanic’s first class dining room final dinner menu on Sunday, April 14, 1912 (Houston

2003).

The highest level of barley food consumption in the U.S. occurred in 1947; 6.7 Ib/person/year,
almost equal to oat (Economic Research Service 2002). Since that time, U.S. per capita
consumption has declined to less than 1 lb/person/year. However, according to the FAO (2003),
in 1961 per capita consumption was 141.2 and 190.7 Ibs in Korea and Morocco, respectively.
The highest per capita food consumption of barléy as recently as 2001 has been in Morocco

(92.6 1bs) followed by over 26 Ibs/person/year in eight other countries on 3 continents.
The aforementioned barley products when used as a food or food ingredient at levels necessary

to justify the petition claim are safe and lawful under the FFDCA (21 CFR 101.14(b)(3)(ii)).

GRAS substances are those whose use is generally recognized by experts as safe, based on their
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extensive history of use in food before 1958. Barley and the B-glucan soluble fiber contained in
barley has a long history of use as a food and food ingredient, and is generally recognized as safe

(21 CFR 170.30(d)).

III. SUMMARY OF SCIENTIFIC EVIDENCE

A. Overview of Scientific Data

The scientific data presented in this section summarizes all human and animal studies that
examine the relationship between consumption of barley containing B—glucan soluble fiber and
CHD risk factors. Additionally, data is presented on the physical and chemical structure of

barley B-glucan soluble fiber.

Two previous petitions for health claims on the relationship between B-glucan soluble fiber from
oats and CHD have clearly demonstrated the efficacy of oat B-glucan soluble fiber in reducing
the risk of CHD (FDA 1997, 2002). The agency concluded that “the type of soluble fiber found
in whole oats, i.e., B-glucan soluble fiber, is the component primarily responsible for the
hypocholesterolemic effects associated with consumption of whole oat foods as part of a diet that
is low in saturated fat and cholesterol™. Further, their conclusion was based on “evidence that
that there is a dose response between the level of B-glucan soluble fiber from whole oats and the
level of reduction in blood total- and LDL-cholesterol”. The human and animal data presented in

this document support similar conclusions for B-glucan soluble fiber from barley and the
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physical and chemical comparative data demonstrate a strong similarity between barley and oat

B-glucan soluble fiber .

The human clinical trial data clearly demonstrates that consumption of barley B-glucan soluble
fiber is an effective dietary approach for lowering LDL-cholesterol and total serum cholesterol.
The observed decreases in LDchholesterol and total serum cholesterol associated with
consumption of barley B-glucan soluble fiber are equal to the changes brought about by dietary
oat B-glucan soluble fiber. Similarly, as seen with consumption of oat products, the desirable
HDL-cholesterol is unchanged in individuals consuming barley products. Finally, the decreases
in serum cholesterol reported in appropriately designed barley clinical trials are consistent with
the dose response mechanism observed in the oat clinical trials. These data and supporting
comparisons between barley and oats in animal trials will establish that there is “significant
scientific agreement” regarding the efficacy of barley B-glucan soluble fiber consumption in

reducing the risk factors associated with CHD.

The human data presented in this petition supports the conclusion that consumption of 3 grams
of barley B-glucan soluble fiber per day results in clinically and statistically significant
reductions of LDL-cholesterol and total serum cholesterol (greater than or equal to 5% of the
initial value). This consumption target is consistent with the 3g/day target authorized for oat B-
glucan soluble fiber (amount required to achieve meaningful cholesterol reduction in the U.S.
population). Equivalent dietary target levels are a logical scientific conclusion based on the

physical and chemical similarity of barley and oat B-glucan soluble fiber and the similar human
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and animal responses (changes in lipid profiles) to consumption of the qualified barley and oat

products.

B. Soluble Fiber from Barley Foods May Reduce Risk of Coronary Heart Disease
Eight human clinical and 48 animal trials have studied the change in lipid status (or associated
metabolites) brought about by the consumption of barley producté containing B-glucan soluble
fiber. These studies include barley processed by dry-milling (including meal or flour. flakes, bran
and pearl) and wet-milling (high B-glucan extracts). Research on products made from barley that
do not contain p-glucan soluble fiber, including the oil and brewer’s spent grains (BSG), are
presented at the end of this section to provide a more comprehensive understanding of barley and

barley derived products and their role in reducing the risk of CHD.

1. Comparisons with Barley in Human Studies
Barley is an excellent source of f8-glucan and barley foods containing B-glucan soluble fiber have
been included as a dietary intervention in eight human clinical trials measuring changes in lipid
profiles and risk reduction/ for CHD (Table 3). B-glucan containing barley products, including
flour (whole grain flour, pearled flour, and sieved flour), bran, flakes, and pearl barley,
consistently reduced total and LDL cholesterol and either increased or had no effect on HDL

cholesterol. The design and merits of these studies are discussed below.
Three studies included hypercholesterolemic subjects and barley food interventions as part of a

Step 1 diet (Behall et al 2003; Behall et al 2004; Pins et al 2000). Of these three, two studies had

a randomized controlled design that evaluated the impact of two levels of barley soluble fiber on
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Table 3. Summary of Human Clinical Trials Utilizing Barley Foods Containing -glucan Soluble Fiber as a Dietary Intervention to

Reduce Risk of CHD®.
Subjects/
Study initial TC Diet Intervention Methods Results?
Behall 18 male Barley 2 wks NCEP Step 1 diet; then 15 wk crossover Barley Mid vs. Step 1 diet -
etal Pearl, Flakes, Sieved Flour | with Latin Square design; 3 tris: 0, 3g, 6g barley TC: - 24.2 mg/di (- 10.8%)
2004 235 mg/d! Average — 5.0% SDF soluble fiber + NCEP Step 1 diet LDL: - 23.1 mg/dl (- 14.6%)
HDL: + 1.4 mgldl (+ 3.7% ns)
Brown rice / whole wheat Barley SDF g/day.
(BR/WW) Low = < 0.5 (BRIWW) Barley High vs. Step 1 diet -
Mid = 3g (BRIWW + barley foods) TC: - 37.1 mg/dl (- 16.6%)
High = 6g {barley foods) LDL: -33.8 mg/di (- 23.8%)
HDL: + 24 ma/dl{+ 7.3%)
Behall 7 male Barley 2 wks NCEP Step 1 diet; then 15 wk crossover Bariey MidHigh vs. Step 1 diet in men & post-M
etal 206 mg/di Pearl, Flakes, Sieved Flour | with Latin Square design; 3 tris; 0, 3g, 6g barley | females-
2003 - § female/pre-M Average - 5.0% SDF soluble fiber + NCEP Step 1 diet TC/LDL: -10%
abstract 209 mg/di
9 femalefpost-M | Brown rice / whole wheat Barley SDF g/day: Barley Mid/High vs. Step 1 diet in pre-M females—
233 mg/d! (BRWW) Low = < 0.5 (BRIWW) TCIDL: -5%
Mid = 3g (BR/AWW + barley foods)
High = 6g (barley foods)
lkegami Pearled barley all studies: 280 g/day barleyfrice 50:50 mix = 6.1
gtal. 13.6% TDF calculated, g TDF/day from barley Study 1. Barley vs. baseline -
1996 Trial 1 dwb TC: - 11.3 mg/di{-5.4% ns)
5 male Study 1: LDL: - 11.6 mg/dl (-8.2% ns)
207 mg/di 6.1 g/d TDF from barley for 4 weeks HDL: - 2.7 mg/d! (- 5.8% ns)
Normal diet - rice Sludy 2 Barley vs. baseline ~ -
Trial 2: Study 2: TC: -27.5mg/dl (- 9.9%)
20 male 6.1 g/d TDF from barley for 2 weeks LDL: - 23.9 mg/di (-12.8%)
278 mg/di HDL: + 0.4 mg/d! {+ 0.8% ns)
Study 3: Study 3: Barley vs. baseline ~
Trial 3: 6.1 g/d TDF from barley for 2 weeks TC: - 24.8 mg/di( - 9.8%)
7 female LDL: - 23.2 mg/dl (-13.4%)
250 mg/dl No significant dietary changes in saturated fat or HDL: - 0.7 mg/di { - 1.3% ns)
total energy
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Table 3. continued

Subjects/
Study Initial TC Diet Intervention Methods Results
Mclintosh 21 male Barley - Randomized crossover, 3 wk baseline, 2 - 4 wk Barley vs. baseline -
etal bran 50% extraction — 4.9% BG | periods with no rest; TC: -5.0 mg/dl (-2.1% ns)
1991 241 mg/di flakes - 4.4% BG LDL: -1.9 mgldi (-1.2% ns)
BG g/day: TDF g/day: HDL: nochange
Whole wheat flour barley = 8.0 barley = 38.4
wheat=1.5 wheat = 38.4 Body Weight: + 1.8 1b (+1% ns)
Fat % E: Barley vs. wheat -
barley = 34.9 TC:  -15.1 mg/di (-6.0%)
wheat = 31.9 LDL: -12.8 mg/di (-6.8%)
HDL: +0.7 mg/d! (+2.5% ns)
Narain 5male Barley flour - wholegrain 4-wk crossover, 1 wk rest; Barley vs. baseline —
etal 1 female Cereal g/day: TC:  +2.0mg/dl (+ 0.9% ns)
1992 Normal diet - wheatfrice Barley = 100 barley + 150 wheatfrice HDL: +14.8 mg/d! (+29.2%)
214 mg/dl Body Weight: no change
Normal = 250 wheatfrice
Newman 14 male Barley flour - whole grain waxy Randomized parallel, 4 weeks Barley vs. baseline -
etal hulless barley- ) TC:  -5.3mg/di {-3.0% ns)
1989a 177 mg/di EDF g/day: LDL: -6.7 mg/dl (-5.6% ns)
9.6% BG, barley = 42 HDL: + 2.2 mg/d! (+6.9% ns)
32.6% EDF wheat = 42 Body Weight: -1 b (-0.5% ns)
Wheat bran/flour — 2 subjects with TC 2210mg/di
24.3% EDF TC: -24.5 mg/di (-11.3% no statistic)
Fat % E: LDL:  -25.5 mg/di (-16.0% no statistic)

bariey = 42 initial to 35 end
wheat = 35 initial to 34 end

Barley vs. wheat -
TC: -24.3 mgldi (-12.3%)
LDL: -18.9 mg/d! (-14.3%)
HOL: - 4.3 mgld! (-10.5% ns)
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Table 3. continued

Subjects/
Study Initial TC Diet Intervention Methods Results
Newman 22 Barley flour - whole grain waxy Randomized parallel, 6 weeks Bariey vs. baseline —
etal hulless barley TC: -12.0mg/d! (- 4.7%)
1989 256 mg/d! TDF intake g/day: LDL: -24.0 mg/di (-13.9%)
Qatmeal flour barley diet = 40 HDL: + 5.0 mg/dl (+10.2%)
oat diet = 27 Body Weight: - 0.2 1b {ns)
Oat vs. baseline -
TC: -12.0 mg/di (-4.8%)
LDL: -11.0 mg/di (-7.0%)
HDL: - 6.0 mg/dl {-9.5%)
Body Weight: +0.1 b (ns)
Pins 60 Pearled barley flour 6 wks AHA Step 1 diet, then- Pearled barley flour vs. baseline -
etal TC: -71.7%
2000 - 246 mg/dl | Barley pearfings Randomized, parallel, 4 weeks, 3 tris. LDL: -8.2%
abstract

Wheat flour

4-75 g muffins/day

Barley pearlings \)s. baseline -
TC, LDLHDL - no change

2 Abbreviations: CHD = coronary heart disease; TC = fotal cholesterol; LDL = low density lipoprotein (cholesterol); HDL = high density lipoprotein; M=menopause; TDF = total
dietary fiber; IDF = insoluble dietary fiber; SDF = soluble dietary fiber; NCEP = National Cholesterol Education Program; BG = B-glucan; dwb = dry wt basis ; EDF=esfimated
dietary fiber; %E = % energy; Sat. Fat % E = % energy from saturated fat.

b Alf changes reported are significant (p< 0.05) unless followed by ns {nonsignificant);
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cardiovascular risk factors (Behall et al 2003, Behall et al 2004). Both studies took place at the
USDA Beltsville Human Nutrition Research Center where free living subjects ate a controlled
Step 1 diet for 2 weeks prior to 3 periods (5 weeks each) in which 20% of the energy was
replaced with a whole grain intervéntion: 1) whole wheat and brown rice, 2) %2 whole
wheat/brown rice and ¥z barley foods and 3) only barley foods. The three intervention diets,
having low (0), mid (3g) and high (6g) levels of barley soluble fiber, respectively, were
consumed in a 15 week crossover Latin Square design. Barley foods, including hot cereal,
pancakes, granola, pilafs, muffins, cakes, and cookies were prepared from a combination of pearl
barley (75% extraction), pearl barley flakes and flour made by grinding and sieving the pearl
barley. The barley raw materials used in the diets had an average soluble fiber content of 5%
and the B-glucan content ranged from 4.9 to 7.3% (Fastnaught and Hadley 2002; unpublished
report to the NBFC in Appendix 3). All diets were identical with the exbeption of the increase

in soluble fiber in the two diets containing barley products.

In the first study (Behall et al 2004) all but two of the eighteen hypercholesterolemic men
maintained a stable weight during the 15 weeks, thus the data was statistically analyzed with and
without the two subjects that lost weight and the conclusions were almost identical. Subjects had
significantly lower total (-10 to -16%) and LDL-cholesterol (-14 to -23%) and slightly higher
HDL-cholesterol when consuming the whole grain diets compared to the baseline Step 1 diet.
The diet with 6 g of soluble fiber from barley significantly reduced total and LDIL-cholesterol
more than the other two diets (-8.8% and -10.9%, respectively) suggesting a dose response to
barley soluble fiber similar to oat B-glucan soluble fiber. This diet also resulted in a significant

7.3% increase in HDL cholesterol.
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The whole wheat/brown rice diet was selected as a low soluble fiber control because of the
similarity in appearance between pearl barley and brown rice which facilitated blinding of the

treatments. However, no difference was detected between this diet which had no barley and the
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10% and LDL cholesterol 14%. This is the first time this has been reported for a whole grain
diet that included whole wheat and brown rice. Whole wheat has been used as a control or low
soluble fiber treatment in numerous lipid response studies and consistently has exhibited little or
no capability to lower cholesterol (Shinnick et al 1991). A single human clinical study that
included brown rice reported no reduction in cholesterol in normocholesterolemic men (Miyoshi
et al 1986), but there is evidence that rice bran or rice 0il may have some cholesterol lowering
ability (Kahlon and Chow 1997). Kahlon and Chow (2000) reported that the lipid responses of
hamsters consurr;ing brown rice were not different from hamsters consuming cellulose.
However, Marsono et al (1993) reported that brown rice fed to pigs produced the greatest digesta
mass along the entire large bowel compared to white rice and rice bran and significantly higher
volatile fatty acids in the median and distal colon. But they reported that only a diet combining
rice bran and rice oil lowered cholesterol. While the brown rice used in this study had a higher
lipid content than the wheat or barley, the level is probably not high enough to explain the

observed reductions.
An initial 4% decrease in total cholesterol was reported for all the subjects in this study as a

result of the 2 week Step I equilibration diet. All of the subjects remained on this diet throughout

the study. It is likely that some of the additional 10% reduction in total cholesterol during the
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low and mid soluble fiber periods was due to the continuing effect of the Step 1 diet. A meta-
analysis of 21 studies found that the Step I diet decreased total cholesterol about 10% (Yu-Poth
et al 1999) but this was frequently associated with weight loss. In the oat and barley lipid
studies, one of the objectives was to maintain a stable weight. Seven of the oat lipid studies
included a pre-trial period on the Step 1 diet and used the Step 1 diet as a control (Beling et al
1991; Davidson et al 1991; Keenan et al 1991; Turnbull and Leeds 1987; Van Horn et al 1986;
1988; 2001). The decrease in cholesterol during the pre-trial period (ranging from 3 to 6 weeks)
was reported in five of these studies and averaged 5.8% (varying from 3.6 to 10%). All of these
studies reported no change in total cholesterol in the control subjects (Step 1 diet only) after an
additional 4 to 12 weeks. It has been observed that in controlled studies where body weight is
maintained, a decrease in total cholesterol is associated with a decrease in HDL cholesterol
(NCEP 2002) and appears to be related to consumption of high levels of carbohydrates. In fact,
this pattern was repeated in this study, i.e., a significant 10% decrease in HDL cholesterol was
reported at the end of the 2 week Step I equilibration diet. But, surprisingly, during the whole
grain interventions a small but significant increase in HDL and a decrease in triglycerides was
reported for the weight stable subjects. This is not consistent with continuing affects of a Step 1

diet.

Thus, it is likely, that a portion of the 10% reduction in total cholesterol during the low soluble
fiber period was associated with the intervention. When the barley replaced the whole wheat/
brown rice, the decrease was maintained. In fact, if you compare the cholesterol lowering effects
of the mid and high levels of barley -glucan to those predicted by the oat meta-analysis (Ripsin

et al 1992) you’ll find that the reductions achieved by the barley meet or exceed the reductions

28



projected for oat B-glucan. Meta-analyses of oat products and lipid lowering (Ripsin et al 1992;
Brown et al 1999) concluded that the effect size of 3 g of oat soluble fiber on total cholesterol
would be -4.7 mg/dl. However, Ripsin et al modified this to -16 mg/dl when subjects initial
cholesterol levels were greater than 229 mg/dl. The baseline cholesterol in this study was 235.7
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mg/dl and the 10.8% decrease in tot

erved in the mid barley soluble fiber group
(3g) is equivalent to 24.2 mg/dl, about 50% greater than expected by the oat data. Additionally,
the 16% decrease observed in the high barley sdiuble fiber group is equiyalent to 38.8 mg/dl, a
little more than double the value expected by Rips