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October 10, 2007

Program Manager, USDA/AMS/TM/NOP
Room 4008-So., Ag Stop 0268

1400 Independence Ave., SW.
Washington, DC 20250

Phone: 202-720-3532

Fax: 202-205-7808

Dear Program Manager:

Please find enclosed duplicate copies of GTC Nutrition’s petition to have OatVantage™,
oat bran concentrate included on the National List of Allowed Substances in Organic
Production. If you have any questions or need additional information please contact me
directly.

Sincerely,

AL

Luke R. Kazmierski

Quality Assurance and Regulatory Affairs Specialist
GTC Nutrition

Phone: 303-216-2489

E-mail: Ikazmierski@ gtcnutrition.com
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A business unit of Corn Products International, Inc.
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Item A:
Category: §205.606 Agricultural (nonorganic) nonsynthetic substances allowed in or on
processed products labelled as “organic” or “made with organic (specified ingredients).”

Item B:
1. Common name of substance:
OatVantage™ (Oat Bran Concentrate), oat bran derived from oats, Avena sativa

2. Manufacturer’s information:
GTC Nutrition

5840 Expressway

Missoula, MT 59808

3. Intended or current use:
Ingredient in food products

4. Handling activity:
OatVantage is normally added to other dry ingredients or liquids.

5. Source and manufacturing procedures:

The raw material is a naturally occurring oat bran derived from whole oats. The oat
bran is milled to a concentrated form using a patented aqueous process. Please see
attached flow chart (see Appendix 2).

6. Summary of previous regulatory reviews:
Oat bran has been approved by several regulatory bodies regarding health claims (see
Appendix 4).

7. Information regarding regulatory registrations:
Oat bran is a well known food ingredient and Generally Recognized as Safe per 21
CFR 170.30(d) (see Appendix 5)

8. CAS number:
None

9. Chemical properties and mode of action

A) The substance, oat bran, is derived from whole oats and does not
chemically react with other substances (see MSDS, Appendix 3).

B) There is no toxicity or environmental persistence as this is a naturally
occurring oat bran source produced from whole oats.

C) This type of product has no significant effect on the human environment
due to it being a naturally occurring oat bran source.

D) Effects on human health are attached (see Appendix 6). Generally the
product is used for the improvement of human heart health.

E) Oat bran has no effect on soil organisms, crops or livestock.



10. Safety information:
MSDS attached (see Appendix 3)
GRAS Statement (see Appendix 5)

11. Research reviews provided:
The research reviews provided pertain to health benefits (see Appendix 6).

12. Petition justification statement:

The product falls under the category §205.606 Agricultural (nonorganic) nonsynthetic
substances allowed in or on processed products labelled as “organic” or “made with
organic (specified ingredients).” There are currently no organic equivalents of the
product available. The product is not synthetic, it is a naturally occurring oat bran
source produced from whole oats. Therefore OatVantage should be included on the
National List, as it provides a valuable source of beta-glucan. QatVantage is easily
incorporated into a wide range of foods, snacks, beverages and dietetic foods and
leads to interesting documented health benefits at low inclusion levels.

13. Commercial confidential information statement:
The process flow chart for the manufacturing of OatVantage is considered
confidential business information (CBI). This diagram is located in Appendix 2.



CateEory 1. Adverse impacts on humans or the environment?

Substance: OatVantage

. 1 Documentation
Question Yes | No N/A (TAP; petition; regulatory agency; other)

1. Are there adverse effects on N There is no toxicity or environmental persistence as this

environment from manufacture, is a naturally occurring oat beta-glucan source produced

use, or disposal? from oat bran. Please see attached MSDS (See

[§205.600 b.2] Appendix 3).

2. Is there environmental R There is no toxicity or environmental persistence as this

contamination during is a naturally occurring oat beta-glucan source produced

manufacture, use, misuse, or from oat bran. Please see attached MSDS (See

disposal? [§6518 m.3] Appendix 3).

3. Is the substance harmful to the v There is no toxicity or environmental persistence as this

environment? is a naturally occurring oat beta-glucan source produced

[86517c(1)(A)X(1);6517(c)(2)(A)i] from oat bran. Please see attached MSDS (See
Appendix 3).

4. Does the substance contain List R There is no toxicity or environmental persistence as this

1, 2, or 3 inerts? ‘ is a naturally occurring oat beta-glucan source produced

[§6517 ¢ (1)(B)(ii); 205.601(m)2] from oat bran. Please see attached MSDS (See
Appendix 3).

5. Is there potential for ¥ This product is inert.

detrimental chemical interaction

with other materials used?

[§6518 m.1]

6. Are there adverse biological v This substance is intended as an ingredient in food

and chemical interactions in agro- products and exists in nature. The substance is GRAS

ecosystem? [§6518 m.5] (See Appendix 5). Please see attached MSDS (See
Appendix 3).

7. Are there detrimental ) This substance is intended as an ingredient in food

physiological effects on soil products and exists in nature. The substance is GRAS

organisms, crops, or livestock? (See Appendix 5). Please see attached MSDS (See

[§6518 m.5] Appendix 3).

8. Is there a toxic or other adverse v There is no toxicity or environmental persistence as this

action of the material or its is a naturally occurring substance. Please see attached

breakdown products? MSDS (See Appendix 3).

[§6518 m.2]

9. Is there undesirable persistence v There is no toxicity or environmental persistence as this

or concentration of the material or is a naturally occurring substance. Please see attached

breakdown products in MSDS (See Appendix 3).

environment?[{§6518 m.2]

10. Is there any harmful effect on v There is no toxicity or environmental persistence as this

human health? is a naturally occurring substance. Please see attached

[86517 ¢ (1)(A)(1) ; 6517 c(2)(A)i; MSDS (See Appendix 3).

§6518 m.4]

11. Is there an adverse effect on v This product is a naturally occurring source of oat beta-

human health as defined by glucan which is GRAS (See Appendix 5).

applicable Federal regulations?

[205.600 b.3]

12. Is the substance GRAS when ] See GRAS statement (See Appendix 5).

used according to FDA’s good

manufacturing practices?

[§205.600 b.5]

13. Does the substance contain v This product is GRAS and does not exceed FDA

residues of heavy metals or other tolerances (See Appendix 5).

contaminants in excess of FDA

tolerances? [§205.600 b.5]

"If the substance under review is for crops or livestock production, all of the questions from 205.600 (b) are N/A——not applicable.




ic Production? . Substance: OatVantage

1. Is the substance formulated or
manufactured by a chemical process?
[6502 (21)]

This is a naturally occurring substance that is produced ‘
by milling oat bran. Please see attached flow diagram
(See Appendix 2).

2. Is the substance formulated or
manufactured by a process that
chemically changes a substance
extracted from naturally occurring plant,
animal, or mineral, sources? [6502

(21)]

This is a naturally occurring substance that is produced
by milling oat bran. Please see attached flow diagram
(See Appendix 2).

synthetic, but not organically produced?

[§6517 ¢ (D(B)(iii)]

" 3. Is the substance created by naturally N This is a naturally occurring substance that is produced
occurring biological processes? [6502 by milling oat bran. Please see attached flow diagram
(2D)] (See Appendix 2).
4. Is there a natural source of the N The substance exists in nature as oat bran found in oats.
substance? [§205.600 b.1]
5. Is there an organic substitute? There are no known organic substitutes for oat bran.
[§205.600 b.1] ‘
6. Is the substance essential for handling | V The substance is essential for handling. )
of organically produced agricultural
products? [§205.600 b.6]
7. Is there a wholly natural substitute This is a naturally occurring oat bran product.
product?

| [§6517 ¢ (1XAXGi)]
8. Is the substance used in handling, not | v This is a naturally occurring oat bran product that is

used in handling, not synthetic and nonorganic.

9. Is there any alternative substances?
[§6518 m.6]

The high concentration of oat beta-glucans cannot be
found in any other products.

10. Is there another practice that would
make the substance unnecessary?
[§6518 m.6]

_

I

|

The high concentration of oat beta-glucans cannot be
found in any other products.

'If the substance under review is for crops or livestock production, all of the questions from 205.600 (b) are

N/A—mnot applicable.



Category 3. Is the substance compatible with organic production practices?

Substance: OQatVantage

netting, tree wraps and seals,
insect traps, sticky barriers, row
covers, and equipment cleaners?

l

. 1 Documentation

Question Yes | No | N/A (TAP; petition; regulatory agency; other)
1. Is the substance compatible ] This substance is intended as an ingredient in food
with organic handling? products. Studies have shown the numerous health
[§205.600 b.2] benefits when consuming this product (See Appendix 6).
2. Is the substance consistent R This substance is intended as an ingredient in food
with organic farming and products. Studies have shown the numerous health
handling? [§6517 ¢ (1)(A)iii); benefits when consuming this product (See Appendix 6).
6517 ¢ (2)(A)(i)]
3. Is the substance compatible ¥ This is a naturally occurring product.
with a system of sustainable
agriculture? [§6518 m.7]
4. Is the nutritional quality of the | ¥ This substance improves the nutritional quality of foods
food maintained with the in which it is added.
substance? [§205.600 b.3]
5. Is the primary use as a N The substance is intended as an ingredient in food with
preservative? [§205.600 b.4] no preservative effect.
6. Is the primary use to recreate ‘l This substance which is intended as an ingredient in
or improve flavors, colors, food and is a natural source of oat beta-glucans.
textures, or nutritive values lost
in processing (except when
required by law, €.g., vitamin D
in milk)? [205.600 b.4]
7. Ts the substance used in A This substance which is intended as an ingredient in
production, and does it contain food and is a natural source of oat beta-glucans.
an active synthetic ingredient in
the following categories:
a. copper and sulfur compounds;
b. toxins derived from bacteria; N/A
c. pheromones, soaps, ) NA e
horticultural oils, fish emulsions,
treated seed, vitamins and
minerals?
d. livestock parasiticides and ¥ N/A
medicines?
e. production aids including \ N/A

'If the substance under review is for crops or livestock production, all of the questions from 205.600 (b) are

N/A—not applicable.




NOSB RECOMMENDED DECISION

Form NOPLIST2. Full Board Transmittal to NOP

For NOSB Meeting: Substance:

A. Evaluation Criteria (Documentation attached; committee recommendation attached)

Criteria Satisfied?
1. Impact on humans and environment Yes |1 No [ (see B below)
2. Availability criteria Yes [1 No [J(see B below)
3. Compatibility & consistency Yes [1 No [ (see B below)

C. Proposed Annotation:

B. Substance fails criteria?

Criteria category: Basis for annotation:
Comments: To meet criteria above: Criteria:

Other regulatory criteria: Citation:

D. Final Board Action & Vote: Motionby: Second:

Vote: Agricultural Nonagricultural Crops

Yes: Synthetic Not synthetic Livestock
Allowed' Prohibited” Handling

No:

No restriction Deferred4 Rejected”

Abstain: ___

1—substance voted to be added as “allowed” on National List
Annotation:

2—substance to be added to “prohibited” paragraph of National List
Describe why a prohibited substance:

3—substance was rejected by vote for amending National List
Describe why material was rejected:

4-substance was recommended to be deferred
Describe why deferred; if any follow-up is needed. If follow-up needed, who conducts follow-
up.

E. Approved by NOSB Chair to transmit to NOP:

Dave Carter, NOSB Chair

F. NOP Action: include in FR to amend National List: []
Retum to NOSB []  Reason:

Richard H. Mathews, Program Manager




NOSB COMMITTEE RECOMMENDATION

Form NOPLIST1. Committee Transmittal to NOSB

For NOSB Meeting: Substance:

Committee: Crops [1  Livestock [1  Handling O

A. Evaluation Criteria (Documentation attached; committee recommendation attached)

Criteria Satisfied?
4. Impact on humans and environment Yes [1 No [ (see B below)
5. Availability criteria Yes [ No [ (see B below)
6. Compatibility & consistency Yes [1 No [ (see B below)

C. Proposed Annotation:

B. Substance fails criteria?

Criteria category: Basis for annotation:
Comments: To meet criteria above: Criteria:

Other regulatory criteria: Citation:_

D. Recommended Committee Action & Vote:  Motion by:

Seconded:

Agricultural Nonagricultural Crops

Synthetic Not synthetic Livestock
Allowed' Prohibited” Handling

No restriction Deferred4 Rejected®

Abstain: _____

1—substance voted to be added as “allowed” on National List
Annotation:

2—substance to be added to “prohibited” paragraph of National List
Describe why a prohibited substance:

3—substance was rejected by vote for amending National List
Describe why material was rejected:

4-substance was recommended to be deferred
Describe why deferred; if follow-up is needed. If follow-up needed, who will follow
up.

E. Approved by Committee Chair to transmit to NOSB:

Committee Chair
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GTC NUTRITION

BUILDING NUTRITION SOLUTIONS FOR LIFE-

Material Safety Data Sheet
Version: 2/14/2007

1 - IDENTIFICATION OF PRODUCT AND COMPANY

Name of Product: OATVANTAGE™ OAT BRAN CONCENTRATE
Supplier: GTC Dats
Address: 5840 Expressway
Misscula, MT 59808 USA
Phone: 406-541-6382
Fax: 406-541-6383

2 - COMPOSITION / INFORMATION ON COMPONENTS

Preparation: Derived from natural sources (oats) by a specialized process
Substance: Beta-glucan, protein, starch, fiber, and residual lipids

Hazardous ingredients: None

Preservatives: The material contains no added antioxidants or antimicrobial

preservatives

3 - IDENTIFICATION OF HAZARDS

Main hazards: Material is a powder, consisting predominantly of organic
particies with a median diameter of approximately 150 microns.
Consequently, exposure to spark or flame in an atmosphere
laden with the dust could result in an explosion.

4 - EMERGENCY AND FIRST AID PROCEDURE

inhalation: Remove from exposure and supply fresh air. If breathing has
stopped, administer artificial respiration and oxygen if available.
Contact a physician as necessary.

Eye Contact: Flush immediately with clean water for at least 15 minutes.
Contact a physician as necessary

Oral: None, this product is intended for human consumption. Any food
product may cause choking.

Skin: Wash with soap and water.

600 CORPORATE CIRCLE & SUITE H » GOLDEN, CO 80401 e 800-522-4682 @ WWW.GTCNUTRITION.COM
A BUSINESS UNIT OF CORN PRODUCTS INTERNATIONAL, INC.

Page 1



GTCNUTRITION

BUILDING NUTRITION SOLUTIONS FOR LIFE.
5 - SPECIAL FIRE FIGHTING PROCEDURES

Extinguishing Media: Carbon Dioxide, Dry Chemical, or Foam

Special Fire Fighting Procedures: None

Unusual fire and Explosion Hazards: Risk of dust explosion if mixture of dust and air
are ignited in a confined space

6 - STEPS TO BE TAKEN IN CASE OF SPILL

Eliminate all ignition sources. Wear proper safety equipment including eye, respiratory and skin
protection. Contain spill and recover free product. Collect and package for proper disposal
according to local regulations. Report spills to appropriate authorities if required.

7 - HANDLING AND STORAGE

Handling: Keep containers tightly closed and upright when not in use.
Storage: Store in a cool, dry, area away from any heat sources.

8 - SPECIAL PROTECTION INFORMATION

Eye Protection: Use splash goggles or face shield when eye contact might occur.

Respiratory Protection: None generally required. If desired, use NIOSH approved
respirator.

Ventilation: Local exhaust meeting ACGIH criteria as needed.

Work/Hygienic Practices: Avoid inhalation and contact with eyes. Good personal hygiene

practices should be used.

9 - PHYSICAL / CHEMICAL PROPERTIES

Boiling Point: Not Applicable (Solid material)
Melting Point: None, material does not melt

Bulk Density: >0.65 grams per milliliter

Solubility in Water: Mostly soluble

Appearance/Odor: Beige powder, characteristic oat odor
Vapor Pressure: Not Applicable

Vapor Density: Not Applicable

Percent Volatile (@70° F): ca. 0%

Evaporation Rate: Not Applicable

10 - STABILITY AND REACTIVITY

This product presents no significant reactivity hazard. It is stable and will not react violently with
water. Hazardous polymerization will not occur. Avoid contact or contamination with strong acids,
alkalis, or oxidizing agents. Carbon monoxide and unidentified organic compounds may be
formed during combustion.

11 - TOXICOLOGICAL DATA

600 CORPORATE CIRCLE e SUITE H ® GOLDEN, CO 80401 e 800-522-4682 @ WWwW_.GTCNUTRITION.COM
A BUSINESS UNI"" OF CORN PRODUCTS INTERNATIONAL, INC.

Page 2



GTCNUTRITION

BUILDING NUTRITION SOLUTIONS FOR LIFE.

No acute or chronic toxic effects expected when used according to directions. May be irritating, to
eyes, throat, and lungs.

12 - ECOLOGICAL DATA

This material is derived from natural sources and is not chemically altered. NTP, IARC, or OSHA
lists none of the components as carcinogens or potential carcinogens.

This material is completely biodegradable.

13 - WASTE DISPOSAL METHODS

Destruction/Elimination: Place material into sealed containers and dispose of in
accordance with current applicable laws and regulations.
Soiled packaging: As above (caution: there may be local regulation to be observed)

14 - TRANSPORT INFORMATION

Not classified as a hazardous material.

15 - OTHER INFORMATION ON REGULATION

Labelling: No specialized labelling requirements apply, not regulated by
EEC regulation.

16 - FURTHER INFORMATION
None

"This sheet is a complement to technical directions for use documents but it does not replace
them. Information mentioned on this sheet is based on our present knowledge on the product
concerned, at the date mentioned. It is given in good faith. Moreover, the attention of the user is
drawn on the possible hazards linked to the use of the product for other uses than the ones it is
intended for".

“This sheet does not exempt the user from knowing and applying all the regulations relevant to
his activity. The user will be sole responsible for respecting the precautions linked to the use of
the product".

600 CORPORATE CIRCLE e SUITE H # GOLDEN, CO 80401 ¢ 800-522-4682 ¢ WWW .GTCNUTRITION.COM
A BUSINESS UN'T OF CORN PRODUCTS INTERNATIONAL, INC.

Page 3



GTCNUTRITION

BUILDING NUTRITION SOLUTIONS FOR LIFE.

OatVantage™ Regulatory Claims Approvals

1997 — U.S. FDA Heart Health Claim (21 CFR 101.81)
2001 — Sweden — Swedish Nutrition Foundation

2002 - Sweden — Swedish Nutrition Foundation

2004 - United Kingdom — Joint Health Claims Initiative
2005 — Netherlands — Voedingscentrum

2006 — Switzerland — Federal Office of Public Health

600 Corporate Circle - Suite H - Golden, () 80401 - 303-216-2489 - gtcnutrition.com - © 2007 G'T'C Nutrition
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BUILDING NUTRIT!ION SOLUTIONS FOR LIFE.

April 17, 2007
Re: GRAS (Generally Recognized as Safe) Status of QatVantage™

Dear Valued Customer,

Oat bran is Generally Recognized as Safe (GRAS) under 21 CFR 170.30(d). In addition,
an independent panel of recognized experts, qualified by their scientific training and
relevant national and international expertise in evaluating the safety of food ingredients,
evaluated OatVantage scientific literature, manufacturing procedures, product
specifications, proposed uses, exposure and safety information and determined it is
GRAS when produced and used in accordance with current Good Manufacturing
Practices (cGMP).

Sincerely,

N

PR /

.~

Luke R. Kazmierski
Quality Assurance and Regulatory Affairs Specialist

600 Corporate Circle ® Suite H ® Golden, CO 80401 ® 800-522-4682 ®  www.gtcnutrition.com
A business unit of Corn Products International, Inc.
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Oat Fiber

Production, Composition, Physicochemical Properties,
Physiological Effects, Safety, and Food Applications

Yrjo Malkki
Cereti Ltd., Fspoo, Finland

. INTRODUCTION

By tradition, vats have been used as human food since ancient times and have been a staple
food in many countries. [t has been regarded as a healthy food without a clear knowledge of
its specific health-related effects, However, today we know that its effects on satiety and retarded
absorption of nutrients and as a deterrent of various disorders of the gastrointestinal tract account
for this reputation. These beneficial effects are a result of oats soluble fiber content. Today oats
are one of the richest and most economical sources of soluble dietary fiber; they also contain
insoluble fiber.

The present interest in soluble oat fiber originated from antmal and human studies ot de
Groot et al. in 1963 (1), which showed a hypocholesterolemic eftect of relatively massive
amounts of rolled oats. This launched an extensive series of both animal and clinical studies,
the majority of which confirmed this effect. However, not until 1988 was public attention drawn
to the possibilities of exploiting this effect therapeutically. An econometric study (2) based on
the available clinical studies indicated potentially drastic cost savings using oal bran-based
trealments as compared o chemotherapy.

The use of oats as food in the Umted States increased during 1985-1990 2.5-fold (3).
This so-called oat hoom was suddenly interrupted as a result of a well-publicized but less well-
planned and performed study (4), which did not find a4 hypocholesterolemic effect of oat fiber.
Although serious drawbacks of this study were soon indicated in the scientific journals by several
authors, the demand for oat bran decreased somewhat but remained elevated level during the
19905 (5) and is again increasing since the allowance of health claims in the marketing.

In other industrialized countries the interest in the effects of nat soluble fiber has followed
the same trend, but changes in the demand have been more modest. In addition to oats™ hypocho-
lesterolenuce effect, focus on other physiological effects, in particular on hypoglycemic cffec,
started gradually to grow.

In addition (o oat bran fiber, products made from oat hulls are also on the market. Their
fiber is nearly cntirely insoluble, They are used in the food industry mainly as a warter-binding
and structure-giving ingredient and have less and different physiological effects than oat bran
tiber.

497



498 Malkki
Il. PRODUCTION AND CONSUMPTION OF OATS

The principal oat species cultivated and marketed today are Avena sativa (white oats) and Avena
byzanring (red oats). The principal oat-producing areas in 1997, in order of magnitude of produc-
tion, were Russia, the European Union, Canada, the United States, central Europe, and Australia.
The principal oat-exporting countries are Canada, Sweden, Finland, and Australia. Of the total
amount produced, 23% is used g.obally lor foad. The per capita consumption (kg/year) is highest
in Russia (12.0), Canada (8.5), Australia (8.1), the Scandinavian countries (4-6), and the United
States (5.2) (5). Dictary fiber obtained from these amounts is 0.6-1.7 g/day, but since individual
consumption of oats varies greatly, regular users of oat products can obtain a substantial part
of their total and soluble dietary fiber intake from oats.

. AMOUNT AND LOCATION OF FIBER IN THE OAT KERNEL

Of the total weight of oat kernels of common cultivar varietics, 20-35% consists of hulls, which
in an unprocessed state contain approximately 85% insoluble dictary fiber. Exceptions are naked
cultivar varietics, where the hull content is less than 5%. Hulls can be turther processed 1o
bleached oat hull fiber, which has a dietary fiber content of more than 90%, all of it being
insoluble.

In the remaining edible part, the groat, the total content of dietary fiber is usually 6-9%.
about half of which is insoluble {iber, located mainly in the tissues outside the aleurone layer
(Fig. 1). The principal component of the soluble fiber is a linear polysaccharide (1 — 3)(1 —
43-B-p-glucan, usually called B-glucan. [t is located in endosperm cell walls, which are thickest
adjacent to the aleurone layer, in the subaleurone luyer. However, the size of endosperm cells,
the thickness of the cell walls throughout the groat, and thus the distribution of B-glucan vary
widely umong the different cultivar varieties (6).

The total B-glucan content of oat groats is influenced by both genetic and environmental
factors, the genetic influence being the greatest (6—10). Reported contents vary from .8 to
8.5%., but the varicties having the highest -glucan content are not commonly cultivated, and
in the oat trade the content of (3-glucan usually varies from 3.5 to 5.5%. Cultivar varieties that
develop large kernels usually also have a high B-glucan content, and there is a negative correla-
tion between the protein and PB-glucan contents (9,11).

The effects ot environmental conditions are less clear, and some effects observed are valid
only for some of the varietics commonly cultivated. This might at least in part be due to the
fact, that an effect on the f-glucan level can be indirect and affected by several simultaneously
contributing tactors. All the published cultivation studies have been made under field conditions,
and thus have been subject to the natural variation of weather and soil conditions.

The etfect of growing location— often a combined effect of climatic conditions and soil
type—is evident. Studies from Germany (12) and Australia (13) show that on average the grow-
ing location can cause a difference of 0.3-0.7% units in the 3-glucan content, [n both German
(12) and Finnish studies (14) the influence of the harvest vear conditions outweighed the influ-
ence of location.

A highly significant correlation (p <7 0.001) between the mean temperature ol growing
time and the content of B-glucan has been reported (14). There is a negative corrclation between
the content of B-glucan and the growing time, as measured {rom lime of sprouting to ripeness
(7). The eftects of rainfall are complicated. A negative correlation often reported (14) could be
caused by the fact that under dry growing conditions the ripening of the kernel starts prematurely






500 Malkki

B. Heat Treatments

Heat treatments serve several purposes. Dry heal treatments are used for creating a roasted
flavor and/or, when performed before hulling, for enhancing the release of hulls. Hydrothermal
treatments serve to inactivate enzymes, especially lipase and lipoxygenase, which can cause
rancidity and a bitter taste, and B-glucanase and to improve the solubility of B-glucan.

A conventional hydrothermal treatment involves steaming and dry heating at 95-105°C
for 0.5-2 hours. The process parameters are chosen based on the known time-temperature depen-
dence of enzyme inactivation (16,18). The process is usually controlled by determining residual
tyrosinase activity as an indicater for inactivation of lipase and lipoxygenase. A more effective
stabilization and simultaneously hydratation of B-glucan is achieved by mild heat treatments
under pressure. For controlling inactivation of B-glucanases, the mosi relevant method in regard
to preserving the physiological activity is to test the absence of a viscosity-reducing effect in
suspensions of hydrated B-glucan--containing material.

C. Oatmeal and Rolled Oats

Traditional oat flukes are prepared [rom hulled and heat-treated groats by rolling between cast-
iron rolls that have equal speeds. This is typically performed immediately following steaming,
which serves both to enzyme inactivation and for plasticising the groats. More rapidly cooking
flakes and instant oat flakes are prepared by steel-cutting the groats in three to five pieces before
rolling, by decreasing the flake thickness, and by more intensive steaming.

Traditional whole oat flour is prepared from oat groats by milling. When further treated
by removing bran fractions by sieving, the resulting flour is called refined oat flour. For details
of the preparation see Ref. 17.

D. Oat Bran

In contrast to many other cereal inaterials, oat bran does not consist of a sharply limited distinct
part of the oat groat. In conventional milling operations, the subaleurone layer, which consists
of thick-walled cells (see Fig. 1), follows the coarse outer layers of the groat and is thus included
in the bran,

In the United States, the following definition for oat bran is valid (19): “‘Oat bran is
produced 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 S0 percent of the
original starting material and provides at least 5.5 percent (dwb) pB-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 is soluble fiber.”

In conventional oat milling processes, hulled and heat-treated oat groats are subjected to
grinding and sieving operations in one or several stages to separate the major part of starchy
endosperm from the outer layers of the groat. Bran is separated as the coarse fraction. A practical
upper limit for B-glucan in the traditional milling process is 10%: in commercial oat brans the
content varies from 5.5 10 9%. The present industrial practice has been reviewed in Refs, 17
and 20.

E. Dry Enrichment of Qat Fiber

To enable physiclogically effective amounts of oat soluble fiber to be ingested without siinulta-
neously ingesting excessive amounts of other oat constituents, efforts to concentrate oat fiber
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further from oat bran or oat flour have been made since that late 1980s. Preparations from an
unexplained ‘‘nonsolvent fractionation™’ process containing 10.9-12.3% B-glucan (21,22) have
been supplied to animal studies. In published laboratory and pilot-scale dry fractionations (23),
brans containing up to 12.8% [-glucan have been obtained. In recent studies (Y. Milkki and
O. Myllymadki, unpublished), the highest contents of B-glucan in enriched full-fat bran in labora-
tory and pilot-scale experiments were 17.5 and 16.1% of dry weight, respectively.

F. Concentrations After Defatting or in Organic Solvent

To avoid difficulties in clogging and material flow caused by fat content, several groups have
used defatting of oat groats or flakes and subsequently performed grinding and sieving or air
classification operations in a dry state. After defatting with hexane, pin milling or abrasive
milling and air classifications, concentrated brans containing 11.2--30% B-glucan have been
achieved (23-25). A disadvantage in the dry sicving operations is the transfer of B-glucan into
the fine fraction, which reduces the yields of concentrates obtainable. By sieving in aqueous or
organic solvent, sieves with smaller openings can be used and thus losses of 3-glucan into the
fine fraction reduced. In earlier studies (for review, see Ref. 201 the point was mainly to scparate
protein, and the most common solvent was hexane. Contents of P-glucan were not anatyzed,
but as now estimated from the yield of the bran fraction, concentrations of f3-glucan have proba-
bly been between 8 and 12%. In later studies using ethanol or 2-propanol as a solvent (23,26),
B-glucan coucentrations in the coarse fraction could be elevated up o 15-18% and even up to
27%. (Y. Miilkki and O. Myllymiki, unpublished).

A concentration ol oat fiber based on soaking groats in 50°C water and a subsequent wet
milling in ethanol has been presented (27). According 1o the patent specification, the content
of B-glucan in the final bran fraction is 19.4%; in the commercial product it is declared to be
more than 16% (28). At the time ol the manuscript of this paper, the product is marketed mainly
to the cosmetic industries.

A method for concentration of B-glucan to 30% or even 40% lcvel has been developed
(29). 1t is based on a hydrothermal treatment with or without a combination with enzymatic
degradation of protein and removal of starch by further sieving. Simultancously, the solublity
of B-glucan is improved.

G. Aqueous Processes

In an aqueous wet milling process (30), use is made of the low and slow solubility of B-glucan
in cold water, and starch is removed by a rapid screening of oat flour in cold water. In the patent
description the content of fJ-glucan was said to be 31%; in the commercial produet it was 15%.
Marketing of this concentrated bran was discontinued in 1996,

Concentration of soluble fiber by removal of insoluble fiber is used in an enzymatic process
{31D). Oat four or oat bran is hydrolyzed by thermostable ¢-amylases to convert the starch into
maltodextrins, and B-glucan is dissolved. Insoluble components are separated by centrifugation.
Commercial preparations have found a market mainly based on the properties of maltodextrin;
the B-glucan content in the different preparations varies from 1 to 20%.

H. Isolation of B-Glucan

Mecthods presented are based on the well-known solubility of B-glucan in hot water and in
alkaline solutions, separation of the dissolved proteins by isoelectric precipitation, and precipitat-
ing the B-glucan by ammonium sulfate, 2-propanol, or ethanol (32,33). Preparations usuaily
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contain 60-80% B-glucan, the remaining part being mainly protein (7-22%), mincral substances
(3%), pentosans, starch, and lip.d (0.1-1.0%) (34.35). Since 1996 isolated B-glucan has been
produced on a small scale for cosmetic, skin care. and immunological applications. [n further
purification for research purposes, repeated precipitations and enzymatic hydrolysis of residual
starch are used, and a purity of 99% has been rcached (35).

I. Oat Hull Fiber

A minimal process is to grind and sieve the material 1o obtain a particle size of 0.2-0.4 mm.
Another type of preparation involves bleaching with alkaline hydrogen peroxide to dissolve
partially the lignin (36). The process reduces the original tan color, improves the speed of hydra-
tation and water-holding capacity, and reduces the gritty mouthfeel of the untreated material.

V. CHEMICAL STRUCTURE
A. B-Glucan

The main component of oat soluble fiber, B-glucan, is a lincar polysaccharide composed of (1
-> 3)and (1 — 4)-B-linked glucosidyl subunits (Fig. 2). (1 — 3) linkages occur singly, linking
together (1 -> 4)-P-linked oligosaccharidyl subunits. Structurally related mixed-linkage B-n-
glucans differ in the ratio of tri-and tetrasaccharidy| residues, which for B-glucan of oats is 2.1 -
2.4, for barley 2.8-3.3 (37), and for wheat 3.0-3.8 (35). Other frequently occurring sequences
have a degree of polymerization {DP) of 5 or 9, but sequences with a DP up to 15 have been
found (37).

Isolated and purified B-glucan frequently contains ().5--1% or even more nitrogen. which
usually is interpreted to derive from proteins, peptides. or amino acids. 1t is stll uncertam
whether protein or peptide is covalently bound to the B-glucans (38). It may bind B-glucan o
the cell wall structure, as has been suggested tor barley (39), or it may bind macromolecule
chains to cach other. An indication for binding is the reduction of viscosity by trypsin (40),
which is dissimilar in different cultivar varieties (41).

The highest peak molecular weights, 2.9-3.1 > 10° daltons. have been reported for B-
glucan extracted in sodium carbonate solutions from ground oat groats or vat bran (42). These
values are higher than those found for B-glucan from barley (1.3-2.7 X 10"), waxy barley (1.3
L5 > 10" or rye (1.1 X 10°) (42). In commercial oat products, the peak molecular weights
have varted from 0.6 to 3.0 x 10" daltons. In commercial ouat brans the peak molecular weight
in hot water extracts varied from [.4 to 1.8 X 10" daltons, and in an extract made by simulating
physiological conditions from 1.1 to 1.9 X 10" daltons (43).
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Fig. 2 Structure of oat B-glucun, (! -+ 3) (1 — H-B-n-glucan.
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A drastic decrease in molecular weight can occur 1n isolation procedures, on both a labora-
tory and technical scale, and in technical processing (23). Faciors affecting a reduction are
temperature, alkalinity, acidity. shear forces, and enzymatic breakdown. [n isolated B-glucan
weight average molecular weights have varied from 0.7 to 1.63 X 10" daltons (42), and in
physiological extracts of oat bran muftins peak molecular weights vary (rom 0.6 to 1.2 x {0°
daltons (43). In breads weight average molecular weights from 0.5 10 2.0 X 10° daltons have
been found (44; T. Suorti, personal communication). Incubation of unheated oat bran for G.5
hour at pH 5 and room temperature is sufficient to reduce the molecular weight from 1.5 < 10°
t0 3.7 X 10° daltons (40) The molecular weight has also been {ound to decrease during storage
of ground oat material in a dry state, even in frozen storage (45).

B. Oat Hull Fiber

Unprocessed oat hull fiber typically contains 70-75% carbohydrates, the remaining part being
protein, lignin, and ash. The content of cellulose 1s reported to be 30.9%, that of other hexosans
2.6% and of pentosans 33.2% (46). In bleached hull fiber, the carbohydrate content is usually
above 90%.

V1. PHYSICAL PROPERTIES
A. Water Solubility and Extractability of p-Glucan

The *“final rule’ for food labeling health claims (19.47) vefers to **B-glucan soluble fiber™ and
to an enzymatic method for the determination of B-glucan (48), which does not differentiate
between soluble and insoluble B-glucan. For declaration purposes, valid standard methods for
soluble dietary fiber must be applied, although all of these (49) involve an initial heating step
and thus do not as such simulate physiological conditions.

Solubility of B-glucan is dependent, on the one hand, on the pretreatiment of the preparation
and, on the other hand, on the extracting conditions. Dissolving of B-glucan occurs gradually,
the principal factors being temperature, moisture content, possible barriers for water penetration
and for diffusion of the dissolved material. and the possible presence of endogenous or microbial
enzymes degrading the macromolecules.

In studies 11 which unheated oat grain samples or commercially heated oat bran have been
extracted at 38 or 40°C (40.50.51), 79.5-90% of B-glucan has been exiractable. Under the same
conditions, only 40.4-44.0% of P-glucan was extracted trom hot-cthanol wet milled oat bran
concentrates (40). The difference is probably due to the solubilization of B-glucan by the endoge-
nous enzymes. At 80°C, the extractability of B-glucan from an cthanol enzyme-inactivated nute-
rial was 46% (42) and at 90°C in water containing thermostable a-amylase 72-79% (52). As
expected, milling treatments and particle size have a great influence on the extractability, not
only by mcreasing the contact surface of the solid particle and water, but also by opening the
physical barriers of the plant tissue structure for water penetration.

Extractability of B-glucan under simulated physiological conditions has been found to be
from oat brans 12.9-28.7%, from rolled oats 33.2%, and from oat bran muffins 30.3-85.3%,
the latter depending on the formulation and starting material (43). The solubility of B-glucan
in muffins decreased in trozen storage (—20°C) during 8 weeks to about a half of the starting
value: “‘the decline in solubility . . . possibly reflects changes in molecular organization and
crystallinity”’ (43). These changes might be similar to those leading to the decreased solubility
of ethanol enzyme inactivated samples. No studies exist on the reversibility of these changes.
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B. Rheological Properties

At low shear rates (< 10/s) or frequencies, the apparent viscosity of aqueous solutions of unhy-
drolyzed oat gum is independent of shear rate, which indicates no macromolecular interactions
(53). At higher shear rates and above a cancentration of 0.2% the solutions arc shear-thinning
but do not exhibit a time-dependent behavior. Starting from concentrations of (0.3-0.4%, the
viscosity increases very steeply, and the concentration dependency is similar to that of guar
gum (53). The viscosity level is sensitive to changes in molecular weight. Thus, e.g., B-glucan
concentrations needed to give an apparent viscosity of 200 mPa-s at a shear rate of 30/s were
0.58, 1.39, and 5.5%, when the weight average molecular weights were 1.2, 0.36, or 0.1 X 10°
daltons, respectively (53). The viscosity 1s not affected by sodiumn chloride but is increased by
25 and 50% sucrose concentrations (54).

Micelle-like aggregations have been observed with low molecular weight oat gum prepara-
tions (53,55), and these can lead either to a suspension or to a weak network (53). Aggregations
arc not found with unhydrolyzed preparations (53). Oat maltodextrin containing 10% of -
glucan exhibited in a 5% suspension a shear thickening behavior at shear rates from 20 to
80/s, returning to the shear thinning behavior again at higher shear rates, whereas cooked oat
bran showed constantly a shear thinning behavior (56).

In suspensions of -glucan-containing oat products, the viscosity is for the main part
determined on the amount of B-glucan dissolved from the material and its molecular weight.
Less refined and not intensively heat-treated oat products give lower viscosities, which also
develop slowly, but the viscosity can be drastically increased by hydrothermal treatments. Losses
of viscosity during isolation procedures are most probably mainly due to shear forces involved.
Losses in bread baking are mainly due to hydrolysis by B-glucanase enzymes deriving from
yeast, contaminating microorganisms, or other ccreal ingredients (57) but can also be 1n part
due to thermal degradation (44). Contaminating microorganisms are an important source of
endogenous [B-glucanases (58).

Diminution of particle siz¢ improves water penetration, as stated above, but the rapid
water absorption can lead to caking and clogging cffects and to the so-called fish-eye formation,
in which the outer layers of an agglomerate absorb water, forming a heavily viscous layer that
delays diffusion of additional water for hydrating the inner parts of the agglomerate. This cffect
can be prevented by, for example, mixing the B-glucan-containing preparation with inert materi-
als such as maltodextrin (59) or by precipitating the B-glucan during the preparation on an inert
material (29).

Enzymatic degradations of several components of the material olten initially clevate the
extractability of B-glucan, but they usually lead to reduced viscosities due to the breakdown of
B-glucan macromolecules.

Table 1 Water Hydration Capacity of Some Natural and Processed Fibers

Water hydration capacity

Fiber source (¢/g dry substance) Ref.

Cellulose 4.7 Opta Food Ingredients, Bedford, MA
Wheat bran 1.67 20

Oat hull fiber 1.76 20

Oal hull fiber HDF-90 0.0-7.0 National Oats, Cedar Rapids, TA

Oat bran, commercial 412 20

Qat bran, experimental 7.76 20. 23

Oal bran, experimenial 12.74 20, 27
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C. Water Binding

Both soluble and insoluble fiber affect the water-binding capacity of oat fractions. This alers
the behavior in the processing as well as propertics of the products. Representative data are
presented in Table 1. As expected, the hydration capacity increases with increasing content of
B-glucan, but it is also greatly improved by hydrothermal treatments (not shown). [n preparations
with the highest hydration capacitics there is a gradual (ransition to viscous suspensions.

VIl. PHYSIOLOGICAL EFFECTS
A. Cholesterol and Lipid Metabolism

i. Occurrence and Magnitude of the Effect
Reduction of blood total and low-density lipoprotein (LDL) cholesterol are the most well-known
physiological effects of oat soluble fiber. [tis unanimous that the principal causative component
is oat B-glucan, although elfects of other components are not excluded.

Three recent reviews of the clinical studies on this ctfect are avalable. A meta-analysis
(00} covering 20 original studies, all of which were randomized and controlled, resulted m the
following conclusions:

Ininal cholesterol level Change. B-glucan < 3 g/day

Chaage, B-glucan = 3 g/day
5.9 mmol/L. 009 = 0.10 mmol/L. 0.13 + 012 mmol/l,

5.9 mmol/L. -0.27 ¢ 0.04 mmol/L

(4 021 mmol/L.

Earlier metabolic studies as well as recent human and animal studies and the mechanism of
action are reviewed in Ref. 61. The 11.S. Food and Drug Administration (FDA) (62) reviewed
37 clinical studies in view of the significance and dose-response of the effect. On this basis,
FDA later (19,47) authonzed the use ot health cloims addressing the association between soluble
fiber from whole oats and a reduced risk of coronary heart discase. Preconditions for the chum
are that the product should contain at least 0.75 g of B-glucan soluble fiber per serving and that
the B-glucan soluble tiber is derived from whole oats,

To deternuine the dose response based on the total existing experimental material, a htera-
ture survey was made without prescreening the studies. Fifty-three original clinical studies were
identified, 37 of which reported a significant reduction of cholesterol, 10 others a nonsigrificant
reduction. The reason for nonsignificance was often the small number of subjects who partici-
pated in the study: several of these studics showed a mean reduction of more than 8. However,
the dose response was very scattered (Fig, 3). Betow an evident threshold of 3 ¢ B-glucan «
day, the reduction of cholesterol was minimal, after which a trend for dase response is evident.
As a rule, the reason for a weak response or for no ¢lfect has been one or several of the tollowing:

A too Jlow B-glucan content in the experimental diets

A low solubility of B-glucan, e.g.. use of unheated vat hran
A weak compliance 1o the prescribed intake of soluble fiber
Participation ot subjects with initially low blood cholesterol
Participation of subjects nonresponding for genetic reasons

Faults in the experimental design
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14.6%. respectively (70). Oat bran concentrates prepared by an aqueous wet milling process
were less elfective than oat bran. In two clinical studies with daily doses of B-glucan of 10.3
or 11.2 g, areduction of cholesterol was observed after 4 weceks, but after 8 weeks the cholesterol
levels returned to near the initial level (71,72). The weak response has most probably been due
to a weak solubility of B-glucan and to the weak viscosity properties of the water-soluble fraction
of B-glucan (40).

Individual responses have in at least 12 clinical studies been reported to show nonrespond-
ing subjects, reports of the share ol such persons varying from 20 to >50%. Different responses
have been in a few siudies related Lo apolipoprotein E polymorphism, but the results are contro-
versial (71,73.74; A. Lia et al.. unpublished). The subject has been reviewed briefly (75).

2. Mechanism of Action

The reduction of cholesterol 1s evidently a sum of several effects. However, 1t is a commonly
accepted concept the main part of the effect 1s due to the decreased absorption of bile acids,
which causes a removal of steroids from the body by fecal excretion. The probable main conse-
quence is an increased catabolism of cholesterol, an increase in the secretion of bile acids (76), a
decrease in lipoprotein cholesterol secretion, and a reduction in the totat body pool of cholesterol.

Direct indications of this mechanism are an increase in excretion of bile acids via feces:
reported increases of bile acid excretion vary from 35 to 65% (77--80). There is no direct proof
for a mechanism of the reduced absorption, but it is probably for the main part caused by the
increased viscosity in the small intestine. This explanation is supported merely by the physical
eftect of the viscosity on the diffusion rates and the thickness of the unstirred layer on the site
of absorption, but also by a study on cholesterol and galactose absorption in rat small intestine
in vitro (81). This is related to the effects of B-glucan and uts viscosity on the absorption of
glucose (59).

Due 1o a decrease in bile acid content in the small intestine, emulsification of fats is
decreased, which in addition to the viscosity effects mentioned reduces fat absorption. As a
result, excretion of f{at is increased. In a study with ileostomics (80) this excretion was 5.5 g/
day, which does not significantly alier the amount of fat available daily but might have a positive
long-term effect. Reduction and retardation of absorption of nutrients can also have effects via
hormonal pathways.

Less attention has been paid to a possible role of apolipoprotein B.,,. This is the major
structure protein of LDL cholesterol and the binding site for the LDL receptor. In one study
(82) oat bran reduced its content by 25%., while LDL cholesterol was simultaneously reduced
by 10.5%. Elevated levels of apoB,,, are known to be a rnisk tactor for coronary heart disease.
Additional experimental data are needed to confirm this effect and to evaluate its relative impor-
tance for reducing the risk of coronary heart discase.

A suggested mechanism for cholesterol reduction 1s the action of short-chain fatty acids.
Soluble fiber entcring the colon is fermented nearly completely. the main end products being
acetic, propionic, and butyric acids. Since propionic acid inhibits cholesterol synthesis in isolated
rat hepatocytes at concentrations of 1.0-2.5 mM (83), it has been suggested that it would have
an inhibiting effcct on liver cholesterol synthesis. However, in rats fed oat bran the concentration
of propionate in the hepatic portal vein has been shown to be maximally 0.35 mmol/[. (76),
and this mechanism seems thus © be unlikely or have a minor effect, il any in humans. This
view is also supported by the fact that fructosan- and oligosaccharide-based tood ingredicnts
having no viscosity-elevating effect but acting as substrates in colon fermentations have in most
studies had no or only minor cholesterol-reducing cfiects.
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B. Hypoglycemic Effects

Diets giving a slow postprandial release of glucose and insulin have been studied and practiced
actively since the late [970s. The importance of viscosity was shown in experiments with guar
gum, hvdrolyzed guar guin, and other thickeners or fiber sources (84). In one case study from
1980 (369, a daily intake ol a coarse oat fraction enahled a diabetic patient to reduce his insulin
intake to zero while keeping hix serum glucose in a normal range. Compared to many other
foods, oats have a low postprandial glycemic response (85). [n vitro studies with rat small
intestine rings (81) have shown that oat gum retards monosaccharide uptake due to the increased
viscosity and its effect on the reduction of dilTusion and due to the thickness of the so-called
unstirred layer on the absorption site.

In glucose tolerance tests. doses of 1.8, 7.2, and 14.5 g ot B-glucan have effected reductions
in the peak glucose value of 17,40, and 60%, respectively (59,86). The relationship of increment
in peak plasma glucose and peak plasma insulin to viscosity was the same as for guar gum (59).

Effects of B-glucan from oat gum and from oat bran as ingredients in meals have been
studicd with both healthy and type 2 diabetic (NIDDM) subjects (87) with doses of 8.8 ¢ of B-
glucan per meal. In healthy control subjects, glucose excursions (differences between the highest
and lowest glucose Tevels) were 43 or 38% lower with vat gunt or oat bran than with control
meal, and the 3-hour areas under the curve above baseline were 28.5 or 27.2% lower, respec-
tively, than with controls. With type 2 diabetic subjects, the levels ol excursions were higher
and the duration longer than with healthy subjects. and with the oat gum and cat bran meals
the glucose excursions were 27.4 or 33.9% lower, respectively, than those of controls. Changes
in insulin followed the same patiern.

In a study with NIDDM patients (883, B-glucan deriving from an ethanol wet-milled oat
bran concentrate was incorporatad in a cooked extruded breakfast cereal. With doses of 4.0,
6.0, or 8.4 g of B-glucan per meel. peak clevations of’ glucose were reduced by 33, 59, or 62%,
respectvely, from the control meal values, and 4-hour areas under curve above hasal values by
29, 39, and 65%. respectively, {rom the control. Peak insulin vilues were reduced by 33, 38,
or 419%, respectively. The higher responses compared to those of the previous study (87) naght
be due to differences in the solubility of B-glucan.

In a long-terin study (68). cight men with NIDDM received in bread products tor 12 weeks
9 ¢ of B-glucan per day originating from cthanol wet-milled oat bran concentrate. The total
carbohydrate level of the diet was 55%. During the oal bran concentrate period, total glicose
responsce arca was reduced by 469 {(p = 0.05) and total insulin response area by 19% (not
significantly). The glucose peak values after breakfast and lunch decreased by 15 and 25%,
respectively.

There has also been interest in applying the hypoglycemic effect of oat soluble fiber to
irnproving performance i sports, In a comparison of the effects of corn, wheat, and oat cereals
on the respiratory quotient and on blood glucose, insulin, and amino acids at rest and during
exercise (89), oat cereal gave the lowest glucose and insulin values for 90 minutes after the
meal. After the irst 20 nunutes of exercise the glucose level was higher than with corn or wheat,
but subscquently the differences were small, and no ditfference was obscrved in perfornumcec.
The amount of B-glucan obtained trom the oat cercal was. however, only approximately 1.1 g.
and 1n view of the results of diabetic studies, more favorable etfects would have been eapected
with higher doses.

The above results indicate that an effective dose for reducing postprandial elevations of
glucose and 1nsulin is about 6 g per meal provided that it is prehydrated or in an easily hydratable
state and that its macromolecules have not been degraded.
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C. Gastrointestinal Effects

Both soluble and insoluble oat fiber have gastrointestinal effects—soluble fiber mainly due to
its high swelling and water-binding ability and as a substrate of colon fermentations, and insolu-
ble fiber mainty due to its bulking effect.

Data on the effect of oat fiber on stomach emptying are controversial. The high swelling
and water-binding properties of oat soluble fiber would lead one to expect delayed stomach
emptying. Using radioactivity counting it was found (90) that an amount of 9 g of total dietary
fiber per meal from oat bran caused no difference in the emptying rate as compared to semolina
porridge control. In studies with pigs, use of relatively larger amounts of oat bran has been
possible, and a viscosity-related delaying effect has been observed (91,92). A dose of 16 g of
B-glucan from oat flour per kg dry matter of feed. elevating the viscosity of the liguid fraction
in the stomach to approxirmately 15 mPa-s at a shear rate of 45 s™', caused an increased retention
of liquid and solid markers, of digesta and of dry matter.

In the small intestine of humans, B-glucan remains intact, since no mammalian enzymes
are capable of hydrolyzing it. In pigs, the molecular weight of B-glucan decreases, especially
in the distal end, due to the effect of bacterial enzymes (92). Due 1o physical barriers to hydration
and enzymatic action, intact remnants of the plant tissue are still observed, and the individual
variations in viscosity ranged from 2 to 195 mPa-s, with the highest mean value (90 mPa-s) in
the distal third of the small intestine 3 hours postprandial (92). In human ileal effluents (93),
88.5% of the B-glucan ingested was recovered.

Published clinical studies (Table 2) and animal studies (96) show that oat soluble fiber
increases the fecal wet weight and reduces total transit time. Because B-glucan as such decom-
poses in the large intestine, the increase in dry weight 1s caused mainly by an increase in micro-
bial cells, as shown in animal studies (97). The microbial cell material also retains more water
than insoluble fiber, which increases the water content of the stool. Like other fiber sources that
act as substrates for fermentation in the large intestine, oat soluble fiber can cause evolution of
gas, especially when the amount ingested in the diet is changed suddenly. Compared to wheat
bran, oat bran is reported to induce less discomfort and less formation of hydrogen and methane
(94). Individual variations in the evolution of gas are large, but on average the amount of hydro-
gen produced from isolated oat gum, uncooked oats, or cooked oats is 58, 91, or 68%, respec-
tively, of the amount produced from lactulose {98). Oat soluble fiber also causes a reduction
in stool pH (97).

[nsoluble oat fiber from oat hulls also increases the wet and dry weight of feces, but
relatively less than oat soluble fiber. Oat hull fiber is not fermented in the large intestine (40).

D. Other Effects

In diets for weight reduction, oat soluble and insoluble fibers can act as water-binding and fat-
mimicking ingredients. As stated earlier, oal tiber also increases the excretion of fat through
the feces. An important function is its often reported effect on the feeling of satiety, probably
caused by several simultaneous mechanisms.

In the large intestine, B-glucan is completely decomposed by bacterial enzymes and acts
as a substrate for fermentations similar to other sources of soluble fiber. The physiological effects
of these fermentations are described in other chapters of this book. The most important of these
are probably the reduction of risk of intestinal and other cancers, effects on satiety, renal nitrogen
load reduction, and prebiotic function.

In regard to the reduction of cancer risk, a special advantage of oat fiber is its lignan and



Table 2 Effect of Oat Soluble and Insoluble Fiber on Colon Function®

Subjects Insol. fiber Sol. fiber Fecal wet Fecal dry Transit time Stwo)
Preparation no.. sex, age (g/d) (g/d) weight (g/d) weight (g/d) th) frequency/day Ref.
Control 6 f65-73 yr 37.0 13.7 1.4 94
Oat bran 3 3 124.6 3l 1.8
Wheat bran 6.1 0.45 2054 383 34
QOat gum 75 731 2.0 IR
Rattinose 7.5 739 143 3.0
Control 10 m 39-66 yr 134 27 79
Oat bran 8 8 191] 42
Control 6m 34 f24-36 vr 144 29 36 77
Roiled oats 3 ] 125 34 30
Control 8 m 35-62 vr 147 349 73
QOat bran 8 8 169 42.6
Control 9m 19-27 yr 15.5 27 85.3 246 731 0.68 95
Wheat bran 26.0 28 135.6 377 623 0.9
Control 10.3 33 110.7 294 62.6 .88
Oat bran 18.8 9.1 156.4 424 53.0 0.92
Control 10 m 20-37 yr 113 222 443 46
Oar hull 17 155 45 420

fiber

Amaounts fiber recalculated.

oLs

b ML
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isoflavone content. These phytoestrogens are converted by intestinal bacteria to biologically
active substances (for review, sce Ref. 99). Over the long term these compounds probably reduce
risks of mammary, prostate, and colon cancer. Reported total content of these compounds in
oat bran varies from 2 to 7 mg/kg (100,101). The principal lignan components of oat bran
are matairesinol and secoisolariciresinol, which are convenied during intestinal fermentation to
enterolactone and enterodiol. The level of lignans in vat bran is similar or higher than in rye. and
in a dry enrichment of f3-glucan content it is enriched in the same proportion. (H. Adlercreutz,
unpublished).

One effect of oat soluble finer seldom mentioned but having potential therapcutic value
is an increase in the excretion of nitrogen through feces. This is a result of the increase in the
microbial cell mass cxcreted and has been shown in pigs to e¢levate the amount protein excreted
through' feces fourfold compared to wheat flour (97,102). Increased fecal nitrogen excretion
reduces correspondingly the urinary excretion and renal nitrogen load (103).

E. Effect of Processing and Storage on Physiological Efficiency

As stated above, the main effects of B-glucan depend on its viscosity. Processes that improve
cxtractability of oat B-glucan thus increase its physiological efficiency, provided the macromole-
cules are not degraded in the process enzymatically or by shear forces, as stated above in connec-
tion with physical properties. Processing or storage conditions that lead to diminution of the
extractability, such as formation of a glassy state or physical barriers for solubility in drying
or senm-dry hcat treatments or frozen storage (43), are expected to affect the physiological
efficiency correspondingly.

Vill. SAFETY

Both oat meal and oat bran are generally recognized as safe (GRAS) under Sec. 170.30 (d) (21
CFR 170.30 (d)) (62). Oat gum has received GRAS status [or specified uses: the applications
listed include several types of cheese spreads, vegetables, meats, and frozen desserts, and no
information on the possible carcinogenity or mutagenicity of oat gun is known (104). Use of
oat hull fiber is permitted in the United States.

Some concern has arisen regarding reduced mineral absorption in connection with high
imtakes ot dietary fiber. This is a problem common o several dictary fiber sources. Some minor
compuncents, especially phenolic compounds and phyuc acid, accompanying fiber-rich plant
tissues can bind divalent metal ions. Physiologically the most noticeable of these is binding of
zinc and iron. In a long-term study with rats (105) absorption was affected by the level of the
total mineral in the diet and not by the kind of fiber source, Diet did not appreciably atfect
mineral levels in soft tissues and bone. Nonheated oat bran reduces calcium availability and
impairs absorption of mineral calcium (106). Magnesium absorption and retention as percent
of intake arc reduced, but the reduction is offset by the magnesium output from oat bran (106).
Absorption and retention ol iron, zine, and phosphorus are increased (106). Ingestion of baked
oal bran results in lower calcium and iron avaifabibity but has no eftect on zine, phosphorus,
or magnesium absorption (106). Since fiber ingredients form only @ minor part of the human
diet, it is commonly suggested that these effects are easily compensated for by intakes [Tom
other food sources and might only in extreme cases result in low levels of zine. In contrast, the
complexing of iron by phytate and phenolic substances might be beneficial due to reduced fat
peroxidation and formation of free radicals.

In animal studies where lipotropic substances—usually cholesterol and cholic acid-—are
added to [eed to induce a hypercholesterolemic condition, infiltration of fat ia the liver indepen-
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dent of addition of insoluble or scluble fiber has been reported (21,107). With increasing amounts
of B-glucan in the diet, the changes in the liver become more severe, but lipid infiltration into
the liver occurs only when lipotropic substances are added to the feed (108).

In some earlier data residues of oat hulls were regarded as a health risk due to sharp silica
crystals on their outer surface and their potential to cause internal bleeding. With present hulling
technologies the amount of such residues has been reduced to less than one piece per serving
(one ounce), and the problem is presently regarded to be nonexistent.

Oat is in general relatively free of agrochemical residucs due (o the fact that in cultivation
the need for such chemicals is smaller than for other crops. Important chemical contaminants
include fungal toxins.

A physical risk common to all easily hydratable polysaccharides exists tor oat gum as
well. If ingested in tablet form, rapid swelling and adhesive action might cause blockage of the
upper digestive tract. At least one fatal case of esophagus blockage by a glucomannan prepara-
tion is known. The risk can be avoided by incorporating the fiber in food items or adminisirating
it in powder or granular form accompanied by a large amount of water.

IX. FOOD APPLICATIONS

Up to now oat tiber applications have been almost completely limited to traditional cereal prod-
ucts, such as hot and cold breakfast cereals, breads. biscuits, snacks, and pasta products. How-
ever, there is no reason tor this limitation. Possible other product groups include meat products,
ready-to-eat meals, drinks or drink powders, dairy products, and desserts. Persons who want to
increase their daily intake of soluble dietary fiber need a varety of choices of palatable food
items to continuously aintain & diet nich in soluble fiber. Attention should, however, be paid
not only to the minimal amount of B-glucan. To achieve the health eftects desired, it is even more
important that the 8-glucan in the preparation has solubility and viscosity properties adequate for
the end use. To maintain good compliance, sensory properties are a key factor. It is a chailenge
for the food industry to provide consumers of both conventional foods and dietetic foods with
such variety.
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Oat Products and Lipid Lowering

A Meta-analysis
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Objectives.—To test the a prioni hypothesis that consumption of oats will lower
the blood total cholesterol level and to assess modifiers and confounders of this

association.

Data Sources.—A computerized literature (MEDLINE) search and the Quaker
Oats Co identified published and unpublished trials as of March 1991. Raw data

were requested for all trials.

Study Selection.—Trials were included in summary effect size estimates if they
were randomized and controlled, if a formal assessment of diet and body weight
changes occurred, and, if raw data were not received, if there was enough infor-
mation in the published report to perform calculations.

Data Synthesis.—Twanty trials were identified. Using the methods of DerSimo-
nian and Laird, a summary effect size for change in blood total cholesterol leve! of
~0.13 mmolL {(~5.9 mg/dL) (95% confidence interval [Cl], ~0.19 to --0.017
mmoV/L { -8.4to -3.3 mg/dL]) was calculated for the 10 trials meeting the inclusion
criteria. The summary effect size for trials using wheat control groups was ~ 0.11
mmol/L (-~4.4 mg/dL) (95% ClI, -0.21 to —0.01 mmolL [~8.3 to -0.38 mg/dL]).
Calculation of Keys scores demonstrated that substituting carbohydrates for dietary
fats and cholesterol did not account for the majority of blood cholesterol reduction.
Larger reductions were seen in trials in which subjects had initially higher biood
cholesterol levels (5.9 mmol/L [=229 mg/dL]), particularly when a dose of 3 g or

more of soluble fiber was employed.

Conclusion.—This analysis supports the hypothesis that incorporating oat
products into the diet causes a modest reduction in blood cholesterol level.
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IN 1963, DeGroot and colleagues’ were
the first to report that the addition of an
oat. product to the diet of humans ve-
sulted in lowered blood cholesterol lev-
els, Inthat trial, 21 male volunteers sub-
stituted for the usual bread in their diet
bread containing 140 g of oatmeal, At
the end of 3 weeks, the blood total cho-
lesterol level was reduced 11%. Since
that time a substantial amount of re-
seareh has accurmilated; both metabolic
ward studies and frials of frec-living suh-

jectshave been conducted inan attempt

to determine whether oats do have an
effeer on blood lipid levels.

Anderson and colleagues® " have pub-
lished the results of several uncontrolled
metaboliec ward trials and have demon-
stratoed total cholesterol reductions from
13% 1.0 26%. They have also published a
controlled metabolic ward study com-
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paring oat bran with wheat bran and
demonstrated a net total cholesterol re-
duction of 9% for the oat bran group.®
Although many metabolic ward studies
have shown rather impressive lipid re-
ductions,** trials of free-living subjects
have reported considerably more vari-
ability in lipid response.” A few have
demonstrated virtually no benefit, "
while others have shown reductions
greater than 10%.Y

At least some of the variahility can be
accounted for by differences in study sub-
jects and protocois. Various oat prepara-
Lions have been used. including cereals,
muffing, breads, and entrees. Some trials
have employed oat bran as the interven-
tion while others have used oatmeal, and
doses have differed from trial to trial.
Some have enrolled an all-male cohort of
subjects and others have used various
combinations of younger and older men
and women. The initial serum cholesterol
Jevel of subjects also has varied from trial
to trial, with some including normocho-
lesterolemic subjeets and others enroll-
ing only those with hypercholester-
olemia. With all of the differences be-
tween trials, it is difficult, by qualitative
inspection alone, to sift through the infor-
mation and understand the factors that
might account for the variability of the se-
rum lipid response to vats.

[n a recent ot bran trial completed by
Keenan et al,' post hoe analysis of the
data revealed that subjects’ lipid re-
sponses appeared to vary by age and gen-
der. Young women had virtually no re-
sponse 1o oat bran, while older women
showed amarked dropin cholesterol level
(--0.37 mmol/L | --14.5 mg/dL); younger
and older men had intermediate re-
sponses. It is known that lipid levels differ
according to gender and menopausal sta-
tus, and there is evidence thal suggests
that bowel transit times ditfer according
to gender and menopausal status as
well.# Tnaddition, at least three oat prod-
uct trials have demonstrated a relation
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ship between the initial blood cholesterol
levels of subjects and subsequent reduc-
tion in cholesterol level attributed to the
oat product.*" Therefore, it is plausible to
suggest that age and gender as well asini-
tial cholesterol level could be playing a
role in the variability of lipid response.
This meta-analysis formally summarizes
the oat product literature of clinical trials
of free-living subjects, with attention to
whether blood cholesterol response var-
ies by age, gender, dose and/or initial
blood cholesterol level.

METHODS
Design of the Meta-analysis

A computerized literature (MED-
LINE) search was conducted to identify
all published oat product trials as of
March 1991, In addition, 4 list of all known
investigrators of the lipid-oats association
(regardless of funding source) was sup-
plied by the Quaker Oats Co (Barrington,
T). Fromthislistunpublished trials were
solicited and, when possible, included to
maximize the database and reduce the
possibility of publication bias. Letters
were sent to all investigators, desceribing
the proposal and inviting eollaboration in
the effort. Collaborators were requested
to provide certain aspects of their raw
data (lipid values, some dietary variables,
body weight, age, and gender) as well as
thorough descriptions of their study pro-
tocols. The response was very positive; of
the 20 trials initially identified (12 pub-
lished, five abstracts, three unpublished).
raw data were received for 14 trals, for a
response rate of 70%. For one of the three
unpublished trials, no information could
be obtained and the investigator declined
to collaborate, so 19 trials were reviewed
for this meta-analysis. The following arc
the a priori hypotheses:

¢ Oat products act as a lipid-lowering
agent in human subjects, reducing the
blood total cholesterol level and its low-
density lipoprotein (LDL) component.

¢ A dose-responsge relationship exists
between the amount ot oat product con-
sumed and the degree to which blood lipid
levels are reduced.

« Subjeets with high initial total ¢ho-
lesterol levels will demonstrate greater
reductions in total cholesterol levels than
will those with lower initial total choles-
terol levels,

e The variables age and gender modify
the response of total cholesterol levels—
older women will demonstrate a greater
reduction than all other age-gender sub-
groups.

It was necessary to receive the raw
data from each trial to test the last hy-
pothesis, since most published reports did
not provide an age-gender breakdown of
results, In oat product trials that mea-
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sured changes in lipoprotein fractions,
L.D1, was the fraction of total cholesterol
shown to be most affected by oat prod-
ucts; changes in high-density lipoprotein
and triglyceride levels were minimal or
abgent.”'##% Although LDL would be
the preferred lipid variable for use in de-
termining intervention effects, not all the
trials measured LDL levels; therefore,
the total cholesterol level was used as the
lipid variable of primary interest.

All 19 urials were reviewed and sum
marized. However, to be included in the
primary calculation of the summary ef-
feet size, trials needed to meet the follow-
ing a priori criteria:

e Trials had to have been controlled
andirandomized, Without a control group,
there is no way to estimate any change in
blood lipid levels that is occwrring inde-
pendent of the effect of the intervention.

» If a comparison product was used, it
had to have been one with very low or no
soluble fiber (eg, wheat bran).

o If a trial tested the intervention
against 4 special background diet (eg, a
low-fat, low-cholesterol diet), there had to
have been a gufficient lead-in period (a
minimun of 4 weeks for change to a low-
fat, low-cholesterol diet™) so that the ef-
feers of the special diet on the change in
blood lipid levels during the oat product
intervention could reazonably be as-
surned to be negligible.

+ All trials had to have made a formal
assessment of dietary behavior and body
weight changes in treated and control
subjects.

« If investigators did not submit their
raw data for analysis, the published re-
port had to have an adequate description
of design and the neecssary information
to calculate the appropriate effect size
and associated SE.

« Crossover trials were analyzed in
the primary analysis as parallel design
trials when the raw data were available,
using the information from just the first
phase. This was done to avoid any prob-
lems with order effects (ic, group-hy-
phase interaction).

Because these criteria are somewhat
subjective, the summary effect xize was
recaleulated in several ways that alowed
for the inclusion of trials without 4 lead-in
diet phase and for including the results
{by pooling) fromboth phases of crossover
trials, The results were then compared.

To determine whether using the re-
sults of one treatment group to create
multiple effect sizes by compariszon with
multiple control groups (from the same
triul) had artificially decreased the
amount of heterogeneity of the assem-
bled effect sizes, the suminary effect size
was caleulated using the information
from multiple comparisons and then
again after eliminating duplicate use of

the same treatment group from Keenan
et al (excluding the American Heart As-
sociation step 1 [AHA-1] diet-only com-
parison), Beling (unpublished results,
1991, excluding the comparison with the
no-diet group), and O’Brien et al (exchud-
ing the special diet only comparison),'®
and the results were compared.

When sufficient dietary data were in-
cluded in the published report, Keys
scores were calculated to determine
whether the reduction in total cholesterol
level could be attributed to dietary
changes other than the inclusion of oats in
the diet. Keys scores are calculated using
the changes in saturated fatty acids, poly-
unsaturated fatty acids, dietary choles-
terol, and energy intake to determine
whether the diet has changed from pre-
intervention to postintervention and to
determine the degree to which any di-
ctary change counld have affected the
blood total cholestero! level #* For the
subset of trials for which Keys scores
could be calculated, an adjusted individ-
ual effect size was computed for each trial
by subtracting expected (estimated by
Keys scores) from observed reductiong in
the total cholesterol level. A new sum-
mary effect size was then caleulated by
substituting the adjusted individual cf-
fect sizes into the DerSimonian and
Laird® caleulations descrihed below.

‘The preliminary cholesterol level is the
mean total cholesterol level in the oat-
treated group just prior to the interven-
tion phase. For trials in which a lead-in
diet period preceded the intervention
phase, the preliminary total cholesterol
level is the value at the end of the lead-in
period.

Soluble fiber (in grams) is used as the
variable to represent dose when evaluat-
ing the existence of a dose-response rela-
tionship between oats and lipid reduction.

To ussess the presence of age-gendoer
interaction, only those trials that had en-
rolled subjects of both older and younger
ages as well as men and women are in
cluded. The dichotomous age variable
(B vs =D years) is constructed as in
the oat product trial that reported the
age-gender interaction.” As such. it is a
surrogate variable for menopausal statux
in women. Individual effect sizes arc cre-
ated for each age-gender subgroup
within a trial (ie, each trial yielded four ef-
foct sizes), and linear regression methods
were used to determine whether age and
gender or their interaction could predict
effect size. As a second look at the age-
gender hypothesis, individual regression
models were run on each trial for which
raw data were available.

Statistical Methods

To culeulate the net mean change into-
tal cholesterol level (individual study ef-
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fect size) during the intervention phase of
each trial, the mean change in total cho-
lesterol level for the control subjects was
subtracted from the mean change for the
treated subjects. A negative effect size
indicates a reduction during theinterven-
tion phase. The variance was calculated
as follows:

VIES)=sT(1N reaod) + (Meoura) ],

where V is the variance of the effect size
(E8); s, the pooled SD of the change in to-
tal cholesterol level for the treated and
control groups; and n, the sample size.
DerSimonian and Laird™ proposed a
method for caleulating the summary ef-
fect size of trials assembled for a meta-
analysis, and their technique was used
here. Briefly, the assumption underlying
their technique is that the estimates of
treatment effect (individual effect sizes)
are normally distributed. The null hy-
pothesis of a lack of heterogeneity (as-
sessed by the use of a x® distribution) tests
whether the variability between the ef-
fect sizes exceeds the variability within
each effect size. This method allows for
the creation of a correction factor (to be
incorporated into the SE) that reflects
the degree of heterogeneity between the
effect sizes. As heterogencity increases,
the corrected SE increases and, conse-
quently, confidence intervals (Cls) con-
structed about the final summary effect
size widen, Correction for heterogeneity
is made whether or not the x* value for
heterogeneity is statistically significant.
Linear regression analyses were per-
formed using the general linear models
(GLM) procedure of the SAS program™
The dependent variable is the individual
effect size in millimoles per liter, and all
models are weighted using the inverse of
the variance of each effect size. This
method is analogous to that of DerSimo-
nian and Laird,” except that it is possible
for the variance correction factor to be
negautive using linear regression methods,

RESULTS
Qualitative Review

Trialy Excluded From the Summary
Effect Size Calculations.—Table 1 de-
scribes trials that were not included inthe
caleulation of the summary effect size, [n
all, seven trials were excluded com-
pletely. Four of these (F.W.T., unpub-
lished results, 19911 did not employ
control subjects with respect to the oat
product. In the trial of Thye, controls
were used, but this trial tested a comhi-
nation of exercise and oat products
against exereise and no oat products, so
the controls were deemed inadequate for
the meta-analysis. In the trial of Hegsted
et al,"" rice bran and oat bran were tested
independently; no other control was used.
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Taple 1.—Trials Not Included in Summary Effect Size Estimates
]

No. of Reason for
Source, y Subjects Intervention* Resultst Exclusion
O'Kell and Duston,™ 45 Dry, uncooked oats:  No signiticani difference  No final mean values given.
1983 Yz cup for men, between “on pats” and final No. of subjects not
% cup for women oft oats” penads given; no discussion of sta-
tistical methods; no diet or
body weight data provided
Hegslad ot al,'} 1 08, 100 g: OB and RB each lowered No normal diet control; only
1983 RB, 10D g cholestarol level by 7% comparisons wers batween
OB and RB
Storch et al,™ 1984 12 0OB. 53 g Authors claim a 12% re-  Abstract only; insufhcient
WB, 53 g duction in total choles- data to calculate effect size
terol level; after correc-
tion for control group's
change, net decrease
was 7%
Welch et al'® 19903 12 0B, .90 g Mean change, —0.40 Uncontrolled
mmol/L {-16 mg/dL});
significantly differant
from baseline
Stewarl and 15 OM, 78 g Mean change, - 0.10 Uncontrotled
Welch,'* 1980% mmol/L (~4 mg/dL);
not significantly different
) from baseline
Thye, 1991§% 12 0B, 100y -0.27+0.51 mmolL. No control group for oal prod-

(~-102.20 mg/dL) ucts; the exercise interven-

10 OM, 100 g

0.66+046 mmoll

tion was controlied
(-2618 mg/dL)

84 g of cgreal con-
taining 24 g of OB;
84 g of com flakes

Heyncids ot al 43
1983

Net change, * Abstracl only; insufficient
—0.26 mmol/L data to cakulate effect size
(-10 mg/dL)

P
*OB indicates oat bran, RB, rice bran; WB, wheat bran; and OM, oatmeal
tThese results are changes demonstrated by treated subjects; they do not take into account changes in controt sub-
jects, since these trials are either uncontrolled or have not published enough information to calculate a net effect size

1Raw data were received
§Unpuhtishad rasults

Three other trials™** were excluded be-
cause there was inadeqguate information
available in the published report to calcu-
late an individual effect size. The trials of
Stor:h et al™ and Reynolds et wl™ other-
wise met the inclusion criteria. The trial
of O’Kell and Duston™ did not indicate
that any formal diet or body weight as-
sessment was performed, so it is ques-
tionable whether this trial would have
been used even if sufficient information
had heen available,

Two additional trials, included ut the
bottom of Table 2 (Demark-Wahnefried
etal¥ and ('Brien et ul'®), did not meet the
more rigorous criteria but met the hroad-
cned criteria. Consequently, they were
excluded from the first summary cffect
size caleulation, when the a priori eriteria
were rigorously enforced, and included in
a second caleulation, when the broadened
criteria were used.

Trials Included in the Summary Ef-
fect Size Calculations.—Table 2 de-
scrikes the trials included in the caleula-
tion of the summary effect size. A total of
10 trials (8.B., unpublished results,
1991)71%1# met the a priori inclusion eri-
teria: they generated 19 individual effect
sizes because some single trials included
multiple treatment groups. When the tri-
als of Demark-Wahnefried et al' and
(’Brien et al'* were included, 22 individ-
ual effect sizes were available for the
swmmary effect size caleulation. Subjects
ranged in age from 20 to 73 years old.
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Fight trials utilized a parallel design
{8.B., unpublished results, 1991),7 2 1LIs212
three used a 2x 2 oat bran and wheat bran
crossover design,"*# and one used a:3:X3
design® that tested oat bran, rice bran,
and wheat bran. Two trials measured
changes in apolipoprotein A-T and B lev-
els in addition to measuring changes in to-
tal cholesterol and LDL levels.2® The
duration of treatment phases ranged
from 18 days to 12 weeks, and 10} to 137
subjects were enrolled in each treatment
or control group. The majority of the tri-
als assessed diet by use of a 3- or 4-day
written food record.

Quantitative Analysis

Calculation of the Summary Effect
Size~—The first. calculutions yielded a sum-
mary effect size of —0.10 mmoVL (—-5.9
mg/dL) (SE, 0.03 mmol/1. [1.3 mg/dL.])
with a 95% CI of -0.22 to - 0.09 mmol/L
(~84 to —-3.3 mg/dL). The heterogeneity
of the assembled effect sizes was not sta-
tistically significant (x*=26.5, P=.10).

When the broadened inclusion eriteria
were employed, all trials in Table 2 were
included, and the results from the second
phases of the crossover trials of Keenan
et al'” and Turnbull and Leeds™* were
also included (the diet-only comparison of
thetrial of Keenan et al' was exeluded, so
this was analyzed strictly as a crossover
trial). The summary effect size (fur the 22
individual effect sizes) was - 0.13 mmol/1L.
(~-5.1 mg/dl) (SE, 003 mmolL
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Table 2—Trials Included in the

Younger Men/Okler Men/
Younger Women/

Interventiont

Source, y Study Design Older Women, %1 Background Diet - (No. of Subjects) o
Van Horn et al,” 1986** Parallel, 6-wk phase 33/17/35/15 AHA-1, 6-wk lead-in AHA-1 + OB, 57 g (69)"
AHA-1 + OM, 57 g (69}
AHA-1 diet only (70)
Van Horn et al,? 1988° ¢ Parallel, 6-wk phase 33/4/43/20 AHAT, 4-wk lead.in AHA-1 + OM. 57 g (113f°, T
AHA-1 diet only (123)
Van Horn et al? 1991°* Paraliel, 8-wk phase 33/17/33/17 CUsval " OM. 57 g (42)°; conlrol (38)
Davidson et al,'! 1991%* Parallel, 6-wk phase, T sz AHA-1. B-wk lead-in AHA-T + OB, 28 g (23)°
6 wk follow up - 19/52/10119 AHA-1, 8-wk Igad-in AHA-1 + OB, 57 g2080
14141/973%6 "TAHA1, B-wk lead-in AHA-1 + OB, 84 g (21)7
T 30011545 AHA1, Bowk leadun " TAHA-1 + OM., 28 g (20 o
’’’’’ 19/48/5/29 AHA-1, B-wk l@ad-in AHA-1 V OM.57g(21) o
25/20/25/30 AHA-1, B-wk lgad-in AHA-1 t OM, 84 g (20y
AHA-1  WB. 26 g (15)
Gold and Davidson *’ Parallel_ 4-wk phase S0/0/500 Usual 0B. 34 g (19)° T
19887 Half OB (17 g). halt WB (17 g) (2B)
© wB, 34 g (25)
Keenan et al,"" Crossaver with goncur- 35/32/12/21 AHA-t B-wk Ipad-in AHA.1 3+ OB. 57 g, AHA-1 + WB,
1991* %} rent diet controls, 57 g (75 {total for crossover])”,
6 wk phases e e e AHAC diet Only (67) .
Keslin gt al ** 1990** {1 3»"3 crassover testing 679300 Low fibar, 3-wik laad-in DB 95 g (8 [parallel])” WB, 35 g
OB. BB, and WB; (6 [parallel]). RB. 60 g (24 [towal
three 4-wk phases - 33 design)) .
Turnbull and Leeds 2 Crossover; 4-wk phases 13/38/25:25 T Lowfat 4wk lsad-n Low fat + OM, 150 g*. low tat

1989 and 1987**tt

Wheatabix, 150 g (17 [total])

Swain et al,'? 199014 Crossover, 6-wk

phases, 2-wk washou!

Beling. 1991*§§ ' Parallol, 4-wk phase

Af276/0/8010 Usual, 1-wk control
period
43/29/1316 ARA-1, 4-wk lead-in

Demark-Wahnetried

36/18120/26 LFLC or usual,

0B, 100 g% WB, 100 g (20 [total})
AHA-1 + OB, 40 g (119), AHA-1
diet anly (137)", control {no diet,
A
LFLC only (15); LFLC + OB, 50 g (18)"

at al,'® 1990° *||I na lead-in usuat diet + OB, 50 g (15); usual
diet + processed OB. 42 5 g (20)
"OBrien at al,'¢ Parallel, 18-day ## High complex carbbhy~ Special diet + 68.,-50 g (15},

1985)| phase

drats, high tiber,

3-day lead-in

special diet + WB, 50 g (15)",
spacial diet only (15}

]
*AHA-1 indicates American Heart Association step 1 giet OB, pat bran; OM. catmeal, WB. wheat bran; RB. rice bran; and LFLC, low fal, iow cholesterof.
tYounger men and women are those less than 50 years. of age; older men and women are those 50 years of age or older.
tThe superscript lawercase lefters indicate correspondences with Fig 1
§Soluble fiber valuas are estinates in many vials The vaiues from the Nutntion Coding Center of the University of Minnesota are 2 g ot soluble fiber i 28 g of OB and 1 g of

soluble fiber in 28 g of OM.

{These values are the means of the cholesteral levels of sat-traated subjects after the lead-in diel phase and before the intervenhion phase.
fTThese vaiues are pocled SDs of the cat and control groups
¥Confidence intervals were constructed using the methocs ot DerSimonian and Laird ™

[1.12 mg/ AL D with a 95% CL of ~-0.19 to
- 0.07 mmol/L ( - 7.3 to - 2.9 mg/dl.). The
heterogeneity of these effect size esti-
mates was not statistically sipmificant
(x*=25.8, P=.20).

Keys Scores.—Table 3 provides Keys
scores generated for the trials that had
included diet data in published re-
ports.2% Using each arm of these tri-
als as the unit of observation, the cor-
relation between the observed change
intotal cholesterollevel and the expected
change as determined by Keys scores
was .63 (P=.001).

The vast majority of the oat-treated
groups  demonstrated  greater-than-
predicted reductions in mean total choles-
terol level. In the trial of Swain et al,'?
Keys scores for both the oat- and wheat-
treated groups were almost identical; the
observed reduction in total cholesterol
level for the oat period was slightly less
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(005 mmol/ L1 LY mg/d LD than predictecd
by Keys scores. Inthe trial of Davidson et
al'! the b7-g oatmeal group demon-
strated just a slight reduaction in total cho-
lesterol level beyond that predicted; this
is un exception to the general trend dem-
onstrated hy the other five vat-treated
groups in this trial that the reduction in
total cholesterol level was far greater
than predicted by the Keys scores.

For this subset” % of 13 individual of-
feet sizes for which Keys scores were cal-
culated, the summary effeet size before
any adjustment for expected changes in
total cholesterol level was 0,17 mmol/[,
(—6.5 mg/dL), with a 95% CI of -0.25 to
=008 mmoV/L, (- 3.5 to —9.7 mg/di.) and
an SE of 0.04 mmoVL (1,6 mg/dL), The
summary effect size after adjustment for
expected changes in total cholesterol
level (estimated by Keys scores) was
-0.18 mmol/L (- 6.8 mg/dL.), with a 95%

Clof ~031 to --0.05 (-- 12 to —2 mg/dl.)
and an SE of 0,06 mmoV/L (2.5 mg/dL).
The x* values for heterogeneity between
the individual effect sizes were 10.5 and
46 before and after adjustment, respec-
tively; the latter value indicates statisti-
cally sigmificant between-effect size het-
crogeneity (1< 005).

Predictor Variables

The preliminary total cholesterol level
for each trial was highly predictive of the
suhsequent reduction in total cholesterol
leve], £%=0.46; the reduction in effect size
per unit of preliminary total cholesterol
was - 0.14 (SE, 0,037, P=.001).

Neither age nor gender nor their in-
teraction term demonstrated an ability to
predict subsequent response to oats. The
mean of the effect sizes for the four sub-
groups were: young men, —0.25+0.29
mmol/1. { -9.8+112 mg/dL); older men.

Oat Products and Lipd Lowernng - Ripsm et al



Final Effect Size Estimate*
1
Eslimated Solubile Preintervention Mean

ber In Serum Cholesterol 95% Confidence Interval #

“*Raw data were received

OB vs diet oniy: -0 1210 82
(-4.5+31.6)

Intervention, g§ Level,| mmol/L (mg/dL) Effect Size,]] mmoli/L (mg/dL) . mmol/l. (mg/dL)
41 51 (196) ~0.1110.45 (4.2 . 17 4) ~0.26 10 0 04 (-10.0 10 1.6)
22 5.0 (195) ~0.14+043 (-5.3 - 16.7) -0 26 10 0.01 (109 10 0 30}
22 5.0 (193) 0.0810.48 (-3.2° 18.4) 02010004 (-7.91015)
22 6.6 (254) 032:050(12.3-19.5) -05510 009 -21210-35)
2.0 7.0 (269) 0.25-074(-9.8+287) ~0,7910 0.28 (-30.5 0 10.9)
4 N 6.9 (266) -0.70.0.68 (~27 01 26.2) ~1.2 10 -0 22 (45 6 to ~8.5)
6.1  Bg(265) -0.51+0.59 (-19 6-22.8) -0.87 10 0.14 (-33.6 10 -5 6)
1.1 6.8 (264) ~0.2910.65 (~11 3+25.0) ~0.73100.15(~283105.7)
2.2 6.9 (265) -0.23+0.70 (8.7 227.1) 07310028 (-28.11010.7)
3.2 7.1 (275) ~0.560.69 (-21.7 126 8) -1.110 -0.06 {41 to 2 4)
25 o asay T 025704D(-96 156 0500 0.00(-194 to 024)
1.2 v 4.7 (183) +0.0120.47 (057 16.12) i -0.24 10 0.28 (-9.5 10 10.8)
D 5.9 (229) T OBvswWB 011:054 OB vs WB - 0.4 10 0.14
(4.2 +20.9), OB vs di8t only {-139t0 55). OB vs et oniy
~0.32°0.66 (-123-257, ~0.59 t¢ -0.04 ( o 15)
5.8 5.8 (223) -0 77051 (-10.4-197) -0.86 to 0.32 (- 33.1 10 12 2)
Y 6 3 (243) 020061 (-11.3- 2361 T T 09210 0.34 (35,7 to 13.2)
58 T 48 (186) ~003-0.41 (-1 159} T 07110 0.18 (-8.010 7 0)
29 T s5(212) OBvs AHA-1: -009.059 OB vs AHA-T —0.23 10 0.06
(-3.3:22 7). OB vs no diet (-8.3 10 2.3): OB vs no diet, no
R ___no 0B8: 0.001.0.52(-0.13 * 20.2) N WOB: 0.141c0.15(-54105.7)
36 7.2(278) LFLC vs LFLC 1 OB, 50 @' »021-0.79 LFLC vs LFLC 1 OB, 50 g:
(- 8 3:30.4); uncontrolled changes. {1.36 t0 0.79(-138 1o 30.4)
LFLC. -1.2 {46}, LFLC +OB, 50 q:
1.1 (-41), usuat diet : OB, 50 q
-0.82 (-35.6). usual diet + pro-
_ cessed OB, 42.6 9 0.73(-28)
76 7.1(276) OB vs WB: -Q28 1.1 (-10.7 - 41.7): OB vs WB:-1.1100.53

(~41 9 to 20.5), OB vs diet only"
-0.73t00.49 {-28 1 to 19.1)

t t These studies were analyzed as parailal-design trials; stahstics in this table were calculated using parallel-gesign methods.
{i{Raw data were not available: this study was analyzed as a crossover Irial in all calculations. The authors stated that no group-by-phase interaction existed.

$§Unpublished resuits, 1991

liData from these sludies are included in the second of two summary affect sizes mentioned in the text (see the “Results” section for details).
IOt the three treatment groups, the effect size could be calculated only tor LFLC vs LFLC + OB, 50 g; the other two treatment groups di0 not have comparabie

control groups

#¥#0ne third of the subjects were women; no age breakdown was provided.

-0.31 £.0.35 mmol/L (- 12.0+ 13.7 mg/dL.);
young women, -~021*044 mmol/l.
(~82217.2 my/dL); and older women,
=028 025 mmol/L (- 108 = 11.0mg/d L)

Davidson et al'' recently performed a
trial that tested a dose-response hypoth-
esis. Because the raw data for the trial of
Davidson et al'' were available, a lincar
regression model was built with dose
{(grams of soluble fiber) and preliminary
total cholesterol level as independent
variables and change in total cholesterol
level as the dependent variable, R*=0.26;
the reduction in effect size per urit of sol-
uble fiber was -3.3 (SE, 1.07; P=.002),
and the reduction in effect size per unit of
preliminary total cholesterol was —0.36
(SE, 0.059; P<2,0001).

To assess a dose-response relationship
between individual effect sizes and the
dose of soluble fiber for trials in the meta-
analysis, linear regression methods were
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used to describe the interactive associa-
tion of dose and preliminary total choles-
terol level with effect size. With a dichot-
omous dose variable (<.3 g vs =3g)and a
contimious runge of preliminary total
cholesterol levels, the interaction term
was statistically  significant  (P=-0.00),
and R*=0.61. Table 4 shows mean effect
sizes when the individual effect sizes are
split into preliminary totial cholesterol/
dose subgroups, Trials that had the larg-
est reduction in total cholesterol level
were those whose subjects had the high-
est preliminary total cholesterol level and
tested the higher doses. The association
of the dose of the oat product and subse-
quent total cholesterol reduction appears
to be blunted when initial eholesterol lev-
els are low, There was eonsiderable vari-
ahility of the individual effect sizes even
within the four subgroups suggested by
the interaction.

Oal Products and Lipid Lowennyg R psin et al

COMMENT

Meta-analyses: Goals
and Limitations

Meta-analysesare typically condueted
to qualitatively describe the available
rescarch, compute a pooled estimate that
reflects the available evidence, explain
contradictory results between indepen-
dent trials, and perform subgroup anal-
yses that would not be possible within
independent trials - Two major crit-
icisms have been leveled at meta-anal-
vses. First, “file drawer” bhias occurs
when pooled estimates are derived solely
from published reports and consequently
may be a skewed representation of the
entire body of research.** Sceond, as-
sembled trials may be quite heteroge-
neous, in terms of both study design (ie,
phase duration, subject selection, blood-
drawing protoeols) and the relative quel-
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Table 3. -Energy Values, Keys Scores, and Body Weight Changes®
e - ______________________________________________ |

Energy Intake,

Change In Total Cholesterol

Level, mmol/L (mg/dL) Change in
Diet Assessment I A { 1 Body Weight,
Source, y Tool Interventiont Initial Final Predicted$ Observed kg
Van Horn et al, 3-Day food record " 0B.57g 6496 6565 +0.13 (+5.1) ~0.14 (-5 4) ) -0.27
1986 OM. 57 g 7384 7274 1007 (-27 01768 027
AHA-1 diet only 7514 7064 +0.08(+29) T 003(-12) 041
van Horm ef al" 3-Day food record OM. 57 g 6510 7039 -0.06(-23) ~0.16 (~6.0) 4+0.09
1988 AHA 1 diet only 6300 B2z 0.00 (+0 11) 007 (-2.8) 027
Van Hor et al,? 3-Day tood record T "'8022 8341 ~0.06 (-2 4) —040(-155] _ 079
1991 8429 8488 +0.08 (+3.1) 009(-35 029
Keenanctal.™  Baselne: FFQ, each 7602 7400 10,01 (+0.27) 2015 (-5.8) o
1991 phase. 4-day food 7804 7388 ~0.01 (-0 42) 011 (43 o4
7912 7619 000 (+0.09) 035135
Swarm et al ”* 1990 Baseline. FFQ; each 0B, 87 g 8673 10202 041(-158) ~0.36 (-13.9)
phase. 4-aay food - e e e e
Pcord WB, 87 g 8674 9723 -039 (15 0) ~034 (-13.1)
Davidson etal 4 -Day food record OM 28g 5968 6140 006 (-2.2) 028(-108)
1991 B 6346 B6A4 1004 (+16) ~0.23(-9.0)
5842 6560 -0.19(-7.2) -022(-86)
N 7144 7304 -017 (-6.6) 067 (2601
6334 7253 -016(-63) " os4(210
6821 7493 016(6.3) -as2200,
- ) 5909 5788 0.00 (+0.01) +0.02 (+0.77)
Domark Wahnetried  Darly food record TLFLC ot + OB 50 g 9400 5633 028 (48 1tliata ‘a1
et al.” 1990 OB, 5C g Bgea  s102 038 (-4.2) 092(356 16
0B 125 g 9059 7753 011 (-5.6) -072(284) 0
LFLC diat only 9253 6699 0 14.(-10.8) 12(460,  -30

]
*OB indicates oat bran; OM, catmeal: AHA-1. American Heart Associabon step 1 diet; WB, wheat bran; | FL C, low lal. low cholesterol: and FFQ, food frequency questionnaire
tSee Tabie 2 for a more complete description of Interventions.

tPredicted changes were calculated using Keys scores: AC=1.35 (24S-P)+1.54Z, where C s the tolal bloge cholestero! i
of satu-ated fatty acids. P. the percentage of kilocelories consisting of polyunsaturated fatty acids: ang Z=

etary Choles

Mage of klocalones consisting
1000 kilocalones

§OB-WB indrcates subjects who consumed OB in the first phase and W8 in the second phase, WB-OB. subjects who consumed WE in the tirst phase and OB i the second

phase

ity of each trial.

In our meta-analysig, “file drawer”
bias was minimized by actively solicit-
ing rescarch from all known investiga-
tors, regardless of whether the results
had been published; the inclusion
criteria set the minimum standard of
quality. Additional variance caused by
heterogeneity between the individual
effect sizes was estimated by the
methods of DerSimonian and Laird®
To determine whether heterogeneity
had been artificially decreased by ere-
ating more than one individual effect
size using one treatment group and mul-
tiple control group comparisons (ie, du-
plicating the use of a single treatment
group resull), the summary effect size
was recaleulated in the two ways done
formerly (once with the a priori inelu-
sion criteria enforced and once with
broadened criteria), but removing any
effect sizes that were generated as a
result of the multiple use of treatment
gronps. Table & shows the results of the
caleulations and recaleulations. 1t is clear
by comparison that inclusion or exclu-
sion of the duplicate information does
not affect the summary effect size in any
important way.

[t coutd be argued that trials using
wheiut bran as a comparison are better
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controlled than trials incorporating oats
isoculorically into the diet of treated sub-
jee:s without providing a comparison
preducet for controls. Table b displays
the summary cffect size calculations
when trials are stratified according to
this difference in design. Clearly, the
stratified analysis cupports the same
corclusion as the unstratified one. For
the stratified analysis, only the 28-g oat
bran and 28-g oatmeal individual effect
sizes were used from the trial of Dav-
idsonet al'' (these treatments were com-
parable by weight to the control treat-
ment of 28 g of wheat cereal), which
recluced the magnitude of the summary
offeet size because the {our excluded
treatment groups had high initial cho-
lesterol levels (average of 6.9 mmol/L
| 268 mg/dl.}).

There is heterogeneity with respect
to other aspects of stndy design, which
is the case in virtually every meta-anal-
ysix, For example, the intervention
phase durations of these trials rangec
frem 18 days to 3 months; investigators
used a variety of recruitment methods
to obtain their subjects, and the number
of subjects in each trial differed widely.
Whnen this information is pooled, defi
nitions necessarily broaden. Interpre-
Lations are valid, however, provided con-

clugions are drawn with the broadened
definitions in mind: short-term interven-
tion trials employing a dose of approx-
imately 3 g of soluble fiber and enrolling
primarily healthy middle-class men and
women with the motivation and the re-
sources to make dietary changes.

Summary Effect Size

Two  potential  confounders — are
changes in total cholesterol level attrib-
utible to regression toward the mean™
and dietary changes known to aftect lipid
levels. Since uncontrolled trials were ex-
cluded from the summary effect size and
the individual effeet sizes were computed
by adjusting for any change in total cho-
lesterol level occurring in the eontrol
groups, regression toward the mean with
respect to the summary effect sive was
not a contounder in thisx analysis. Re-
gresgion toward the mean did not im-
portantly confound with respect to ini-
tial cholesterol level as a predictor vari-
able because, with two exeeptions (3.8,
unpubtished data, 1991, trials either
did not recruit exclurively hypercholes-
terolemic subjects,” 2% or, if they did,
the initial cholesterol value was the mean
of multiple measures 1012

[t has been suggested'” that the re-
ported lipid-lowering effect of oat prod-
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Tuble 4 .- --Effect Sizes for Change in Total Cholesterol Level by Dose and nutial Cholesterol Lovel

Effect Size, mmoVL (mg/dL)*

|
Interventlon

Initial Cholesterol Lovel
Dose -.5.9 mmolL («+ 229 mg/dL}

1
Initial Cholestsrol Level
5.9 mmol/L (:~229 mp/dL)

<3.0 g of soluble fiber from oats
>3 g of soluble fiber from ocats

*Values are meanx 5D.
tThere were six effect sizes
$There were four effact sizes.
§There were three sffect sizes.
{There were six effect sizes

ucts is really the result of a substitution
of carbohydrates for dietary fat and cho-
lesterol. Keys and colleagues™ studied
men under metabolic ward conditions
and developed the equation we used in
which a change in blood total cholesterol
level could be predicted by knowing the
dictary changes in saturated fatty ac-
ids, polyunsaturated fatty acids, and cho-
lesterol, Keys et al® and others™ have
tested the use of Keys scores in free-
living subjects using diet records as their
source of data, and they found that the
predictive ability is still very good. Use
of Keys scores is intended to measure
group changes when components of a diet
are being changed isocalorically; they are
not intended for extrapolation to the in-
dividual subject, and both Keys et al* and
more recent investigators® have demon-
strated the variability of an individual’s
serum cholesterol response to dietary
changes. Keys scores (Table 3) did not
predict well in the trial of Demark-
Wahnefried et al,’” in which subjects re-
duced their energy intake and conse-
quently lost weight in their attempts to
adhere to the low-fat, low-cholesterol diet.
In the trial of Swain et al,'? energy con-
sumption inereased 1470 kJ/d during the
treatment period, so the use of Keys scores
may nol have been entirely appropriate.
The usefulness of Keys scores in thismeta-
analysis is Hmited to acting as a standard
from which to judge whether reductions
in total cholesterol level could be prima-
rily attributed to the substitution of oats
for dietary fats and cholesterol. The sum-
mary cffect size caleulated for a subset of
trials after adjustments for changes in
total cholesterol level due to substitution
differed very little from the unadjusted
summary effect size of this sume subset of
trials and very little from the unadjusted
value of the entire sample of trials.

The trials of O'Brien et al'® and De-
mark-Wahnefried et al’® were originally
excluded because there was not a saf-
ficient lead-in period to ensure that the
effects of the special diets (high-fiber,
high—complex carbohydrate diet in the
trial of O'Brien et al'® and low-fat, low-
cholesterol diet in the trial of Demark-
Wahnefried et al**) on the change in blood
lipid levels was negligible. However, any
effect of 4 special diet should ecancel out
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-0.08+0.10 {~34+ 3.8)t
0.1310.12 (-5.2 +4.8)§

-0.27+0.04 (-105-1.6)1
-0.4110.21 (-16.0- 8.9)l

inranilomized controlled trials when ad-
justments are made for the control
group's change in total cholesterol Jevel,
$0 the two trials in question could be
considered with the others. The sum-
mary effect size was calculated with and
without the two trials in question, and
it is clear that their inclusion did not
increase the heterugeneity of the as-
sembled individual effect sizes (x* val-
ues were 26.8 and 26.5 for inclusion and
exclusion, respectively).

The Figure illustrates why there ap
pears to be such confusion about whether
or not oats truly lower blood cholesterol
levels. Apparently, many investigators
overestimated the expected effect size
when planning the sample sizes of trials,
perhaps because outcomes were ex-
pected to mirror the results of early met-
abolic ward trials, in which total choles-
terol changes as large as —0.75 mmol/L,
(- 25 mg/dL) were reported™”; cunse-
quently, power was lacking to detect 4
difference of 0.13 to 0.15 mmol/1. (6 to
6 mp/dL).

By no means, however, has all of the
variadility in response between the tri-
als been explained. The unpublished trial
by Beling (1991) was the largest single
trial Lhat showed no significant reduc-
tion of total cholesterol level attribut-
able to the oat product. The controls and
treated snbjects demonstrated signifi-
cant reductions in total cholesterol lev-
els during the lead-in diet period, but
reductions beyond that point were slight.
All of the groups demonstrated weight
loss, from —1 to ~2.7 kg. This trial and
the trial of Demark-Wahnefried et al®®
were similar, in that both demonstrated
weight loss, and the treated subjects in
both failed to show sigmiticant reduc-
tions in total cholesterol levels compared
with rontrols, This Jeads to speculation
that -he lipid reduction due to weight
loss overshadows any contribution to
reduction by cats and snggests that the
effect of outs on blood lipid levels is best
seen in weight-stable individuals. How-
ever, this ecologic observation has just
two trials in evidence; more information
is needed to draw any firm conclusions
about a potential interaction of weight
loss and oat product consumption on lipid
reduction.

Oat Products and Lipid | owenng

Age-Gender Interaction

Asdeseribed previously, Keenan et al
reported a significant age-gender inter-
action and found that older women had
the most marked total cholesterol reduc-
tion of the age-gender subgroups, but this
observation was not supported in the
meta-analysis. A major limitation of this
retrospective subgroup analysis is that
stratification did not occur for age and
gender in any of these trials, so the ran-
domization scheme could have been bro-
ken. Additionally, statistical power may
have been insufficient to detect differ-
ences between subgroups since most tn-
als had very few subjects in at least one
of the subgroups. It is possible that a re-
sponse in total cholesterol level modified
by the interaction of age and gender could
still be found in a trial specifically de-
signed to test this hypothesis.

i

tnitlal Cholesterol Level

The finding that initial cholesterol level
played animportant predictive roleinthe
outeome of the intervention was previ-
ously reported in three individual elinical
trials”" The negative results of the
highly publicized trial of Swain et al," in
which the mean preliminary total choles-
ternl level of the 20 subjects was just
4.8 mmol/1. (186 mg/dL.), are likely attrib-
utable to the low initial total cholesterol
level of those subjects. Inaddition, the 9%
reduction in total cholesterol level for the
metabolic ward trial reported by Ander-
son et al® ean be explained in part by the
high initial cholesterol level of subjects
(6.9 mmol/l. [266 mg/ll.]) and by the
higher dose of oats employed (13.4 g of
soluble fiber). The renaining difference
mzy be attributable to differences in the
ability to measure diet variables between
free-living snbjects whose diet is self-
reported and subjects on metabolic
wards whose diet is precisely measured
and controlled.

Dose-Response

The determination nf a dosc-response
relationship between oats and lipid low -
ering is difficult hecanse the mechanism
of action has continued 1o be elusive.
The potential mechanisms have been
thoroughly diseussed,” ™ and rescarch
continues in this area. For this analysis,
grams of soluble fiber wius chosen to
represent the dose of the oat product
becanse it 1s the best representation of
B-glucan, the primary soluble fiber in
oats, This measure, however, has limi-
tations: The amount of soluble fiber ob-
tained by measuring a quantity of oats
will vary according to the solubilizing
technique.™ 1or the trials that did not
directly measure the soluble fiber in their
produet, an estimate from the database
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Table 5.—Description of Summary Effect Sizes Using Varying inclusion Criteria
oo

No. of Summary Effect Size, 95% Confidence Interval,
Inctusion Criterla* Source Eftect Sizes 'y Pt mmol/l. (mg/dL) mmol/L (mg/dL)
Trials using a prion critena Van Hom et al.’ " Keenan ef a ' 19 265 10 -0 15(-59) ~022t0-009(-841t0-33)
Davidson et al,” Swain eta *
Gold and Davidson,?’ Kestin el at,**
Tumbull and Leeds,* Belingt
Trials using broadened Van Horn et al,” ¢ Keenan et al," 22 258 20 ~013(-5.1) -0.191t0 -0.07 (-7.3tc--2.9)
criteria Davidson et al,'" Swain eta,"”
Oemark-Wahnefried et al.”* O'Brien
et al,'® Gold and Davidson,?’ Kestin
el al* Turnbull and Leeds.”* Belng}
Trals using a pnon criteria Van Horn et al.”® Keenan et al '" 17 213 15 -0 16{ 6.1) 0.22t0 -0.09 (-8.7 10 -3 5}
but gacluding the multiple Davidson et al."' Swain eta '
use of frealment groupst Gotd and Davidson ' Kestin et al,”’
Turnbutl and Leeds 2 Baling}§
Tnals using broadened crite- Van Horn et al.”* Keenan et ai,"§ 19 227 20 -0 14 (-5.6) -Q20t0 009 (-7 9% -33)
ria but excluding the muiti- Davidson et al,"" Swain eta,’”
ple use of freatment Demark-Wahnetnied et al.” O'Bnen
groupst et al,'*§ Gold and Davidson,”' Kestin
et al,*? Turnbult and Leeds,** Belingt§
Trals using a pnori criteria
and stratitying by type of
control subjects
Control groups with Keenan et al,'® Davidson et al " Swain 12 163 20 -0.22 (-8 6) —0.35w-010(-13.410 -3 8)
wheat bran as a et al,'”” Gold and Davidson,” Kestin
comparnson product et a),* Turnbull and Leeds™'
Control groups with na Van Horn et al,”* Keenan et al,'* 7 85 20 —0.11(-4.4) 01810 -0.04 (-7 110-17)

comparnison product Belingt

e
*See the text tor descriptions o! a priori and broadened criteria
tTests the null hypothesis that within—effect size vanance is egqual to between-effect size vanance.

$Unpublished results, 1991
§One effact size only

of the Nutrition Coding Center of the
University of Minnesota, Minneapolis,
was used, but this estimate could he
somewhat imprecise beeause the amount
of B-glucan may vary according to the
variety of the vat as well as its growing
environment.*® This last point may help
to explain at least some of the unex-
plained variability in total cholesterol
response between trials. It is also pos-
sible that soluble fiber is an incomplete
measure of dose; other components of
oats as well as the way in which the oat
produet is prepared may play 4 role in
the mechanism of action®

There is the strong suggestion of a
dose-response relationship between the
amount of soluble fiber and the degree
of lipid reduction, and there is signifi-
cant evidence of an interaction between
dose and initial cholesterol level with
respect to total cholesterol reduction.
Trials enrolling subjects with higher ini-
tial cholesterol levels (=58 mmol/lL
| 2229 mg/dL]) and employing a dose of
3ormore g of soluble fiber demonstrated
fivefold greater reductions in total cho-
lesterol levels than trials whose sub-
jeets had lower initial cholesterol levels
and that employed lower doses of fiber.
This interaction is important when at-
tempting to apply the results of this
analysis to an individual. Three grams
of solahle fiber is the equivalent of one
large bowl of ready-to-eat oat bran ce-
real or three packets of instant oatmeal
(oal bran has approximately twice the
amount of soluble fiber as oatmeal). Thus,
although individuals with high initial ¢ho-
lesterol levels would likely benefit from
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078 ('30)i
\\

0.42 (16){

0.31 {12)4

0.21 (8)1

010 (4) 4 [
0!

0 10(-4) =
021081 "
~0.31(-12) 4
~0.42(~16) 1

~0.52(-20) ' —
-0.62 (~24) 1 .

~0.72 (--28)4 | — I
-0.83(-32)4 |

~0.93 (~36) 4
10 (-40)

Effect Size Estimates, mmolL (mg/dL)

Summary
Eftect
I Size

Elfact size estimates. The summary eflect size was calculated using a priori inclusion critena The lower-
case letters near each etfect size bar correspond o Ihe effect sizes in Table 2. Shaded bars indicate 90%
confidence intervals; solid line extensions, 95% confidence imarvals.

a single serving of oats, individuals
whoee blood cholesterol levels are al-
reudy low may demonstrate little change
in total cholesterol level by introducing
a single serving of oats into their diet.

Epidemiologic Aspects

The large number of subjects analyzed
here does not automatically mean these
findings can be extrapolated to the gen-
eral population. These results are gen-
eralizable to people who resemble the
study subjeets-—motivated adults who
are able to make dietary changes.

.n addition to its lipid-lowering ben-

efits, research efforts ure ongoing to de-
termine whether dietary fiber can pro-
teet against certain forms of intestinal
cancer.* It is feasible to project that the
consumption of fiber is or will be on the
rise as people look for healthy ways to
alter their risk factor profiles. The po-
tential side effects or disadvantages of
fiber consumnption then begin to take on
more importance. There 1s evidence to
suggest that components of dietary fi-
ber, such as phytates and oxalates, can
bind minerals in the gut (e, zinc, cal-
cium, iron, magnesium, phosphorus, and
copper), decreasing their bioavailubil-
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ity. The bulance of the current research
suggests that an increasc in mineral ex-
cretion with fiber intake is not signifi-
cant’’; however, these trials are mostly
short-term (usually 2 to 4 weeks) and
are conducted with healthy adults. Spe-
cial populations at visk of mineral defi-
ciencies may need to be studied sepa-
rately to determine whether major in-
crease in fiber will increase this risk.

Ideally, a large-scale, long-term clini-
cal trial (ie, 6 months or longer) should be
conducted to verify the results of this re-
view.

CONCLUSION

After careful consideration of the avail-
able evidence and investigation of poten-
tial confounders, this analysis provides
strong support for the hypothesis that ap-
proximately 3 g per day of soluble fiber
from oat products can lower the total cho-
lesterol level 0.13 to .16 mmol/L (5 to
6mg/dL) and that the reduction is greater
in those withinitially higher blood choles-

References

1. DeGroot AP, Luyken R, Pikaar NA, Cholestero)-
lowering cffeet of rolled oats, Larcet. 1063:2:305-304.
2. Andersan W, Gustafson NJ. Hypocholester
olerie effects of aat and bean produets. Am J Clhoy
Nuetr, 198548:748-763,

3. Kirby RW, Anderson JW, Sieling I3, eval. Oathran
intake selectively lowers serum low -density lipoprir
tein chalesteral concentrations. Aw Jf Clin Nt
196 1;3:4:%24- 829,

4. AndersonJW, Story 1, Sicling B, Chen WL, Hy-
pocholesterolemie effects of high-fiber diets rich in
water-soluble plant fibors: long-term studies with
oat-bran and bean-supplemented diets for hypercha-
lesterolemic men. J Canr Diet Assor, 1984:45:140- 144,
5. AndersonJW, Siesel AE, Hypocholesterolemicef-
teets of vat products, In: Furda 1, Brine CGJ, eds. Neaw
Developments in Dietary Fiber. New York, NY: Ple-
num Presa; 1990:17 5306,

6. Anderszon JW, Gilinsky NH, Deakins DA, et al.
Lipid responses of hypercholesterolemnic men tu oat-
bran and wheat-bran intake. Am J Clin Nutr, 1991;
HGTR-G3.

7. Van Horn LV, Liu K, Parkev 1, et al. Seran lipid
response to out product intake with a fat modified
dict. J A Phet Assoc. 19086:86:377-380,

A VanHorn LV, Emidy LA, Liv K, et al. Scrum lipid
response to a fat-modified, vatmeal enhanced diet.
Mrev Med. L9817 T09-764.

9. Van Horn LV, Maag-Stahberg A, Lin K, et al.
Effeets on serurn lipids of adding instant oats to usual
Armcerican diets. A J Public Health 1991;81:1K3
187,

10. Keenan M, Wenz JB, Myers S, Ripsin (‘M
Huang 7. Randomized controlled erossover trial of
out bran in hypercholesterolemie subjects. J Fin
Proct. 199138:600-608,

11, Davidson MH, Dugan LD, Burns JH, Bova J,
Story K, Drennan KB, The hypocholesterolemic ef-
feets of B-glican in outmeal and oat bran; a Joge
controlled study, JAMA. 199126515833 1839,

12, SwainJF, Rouge L, Carley CR, Sacks M. Com-
parizon of the effects of oat bran and low-fiber wheat
on serum lipoprotein levels and blood pressure. N
Fugl J Med. 1990:322:147-152.

13. O’Kell RT, Duston AA. Lack of effect of divtary
vats on gerum cholestorol. Mo Med, 1983::5:72-7x.
14, Stewart LM, Weleh BW, The elfects of dietary
oateakes on blood cholesterol and other factors in
healthy frec-living adults.  Hure Nate Dret. 10003

JAMA Jure 24, 1982 - Vol 267, No. 24

terol levels., It is especially aldvantageous
from a public health perspective that this
modest reduction ean occur by incorpo-
rating into the diet a food product with
considerable nutritional value.

Modest reductions in blood cholesterol
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CORRECTIONS

Errors in Table.—In the article entitled “Oal Products and Lipid
Lowering,” published in the June 24, 1992, issue of THE JOURNAL
(1992;267::3317-3325), ervors ocenrred in Table & on page 3224, The
data in the tifth row across should have appeared as below. In
addition, the footnote to Davidson et al, which was omitted, should
have read as follows: “The 28-g pat bran und 28-g natmenl etfect sizes
only.”

Error in Figure.—An crror occurred in the Diagnostic and Thera-
peutic Technology Assessment (DATTA) entitled “Surrogute Mark-

ers of Progressive HIV Disease,” publizhed in the June 3, 1992, issue
of Tie JOURNAL (1992:267:2048-2952). In the second panel (CD4
Ratio to Total T Cells) of the Figure on page 2949, the arrow should
be over Promising, not Kstablished.

Incorreetl Statement.—In the Editorial entitled “Violence in Amer-
ica: A Publiec Health Ime rgency: Time to Bite the Bullet Back,”
published in the June 10, 1992, issue of THE JOURNAL (199: :
3075-3076), the first bulleted item in the first full paragraph of th(-
second eolumn on page 3075 is ineorrect and should be deleted.

No. of Summary Effect Size, 95% Confidence interval,
Inclusion Criteria* Source Effect Sizes %’ Pt mmolL (mg/dL) mmol/L (mg/dL)
Tnals using a prion criteria
and slralitying by type of
control subjects
Control groups with Keenan et al,'” Davidson sl al ' Swain 8 46 30 -0 t1(-44) ~0.2110-001(-8.31tc ~0.4)

et al,'”” Gold and Davidson *'
et al ¥* Tumbull and Leeds™

wheal bran as a
companson product

Kestin
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ABSTRACT: Heart disease is the leading cause of death in the U.S. One way to reduce the risk of developing the
disease is to lower serum cholesterol levels by making dictary changes. In addition to reducing intake of total fat,
saturated fat, and dietary cholesterol, serum cholesterol can be further reduced by added fiber, especially from
sources rich in B-glucan. In this review, two sources of B-glucan are described; one source is oats and the other
yeast. Their chemical structures and physical properties are compared, and their effect on serum lipid levels is de-
scribed. Oat B-glucans are found in various breakfast cereals and snacks. Usually, several servings of these prod-
ucts are required to meet the Food and Drug Administration’s claim of reducing the risk of heart disease. The yeast-
derived fiber is a more concentrated source of B-glucan than the oat product. It is currently being tested in a wide

variety of food products.

KEY WORDS: B-glucan, oats, serum lipids, cholesterol-lowering effect.

I. INTRODUCTION

Despite the decline in the incidence of and
death from coronary heart disease (CHD) in re-
cent decades,'? CHD is still the leading cause
of mortality and morbidity in the U.S. Approx-
imately 700,000 patients in the U.S. are hospi-
talized each year with a diagnosis of acute
myocardial infarction, and some 400,000 peo-
ple die annually from CHD, which accounts for
about one-third of all deaths.’

Few relationships in medicine are as well
established as that between blood total choles-
terol levels and the risk of developing CHD.#
Numerous studies exist in which this associa-
tion has been observed. The largest of these was

based on the analyses of 356,222 men partici-
pating in the Multiple Risk Factor Intervention
Trial (MRFIT).’ The relative risk of mortality
from CHD increased fourfold between the low-
est serum cholesterol levels of less than or
equal to 4.32 mmol/l (167 mg/dl) and the high-
est of greater than or equal to 6.83 mmol/l (264
mg/dl).>

A recent survey revealed that at least 25%
of the adult US population have cholesterol
concentrations above the desirable range
(= 5.17 mmol/1 [200 mg/dl]).° As a result, there
has been a major public health effort to reduce
serum cholesterol levels in these people.” Just a
1% reduction in serum cholesterol could reduce
heart disease mortality by 2%;%° thus, even
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modest reductions could have a dramatic effect
when generalized to the total hypercholester-
olemic population.

Some individuals require drug therapy,
while others could be managed by diet alone.
Drugs are reserved for at-risk hypercholester-
olemic patients who fail to achieve satisfactory
cholesterol levels with a diet and exercise pro-
gram. The most commonly prescribed drugs
are the statins, which can be expected to reduce
total cholesterol by 25%, decrease low-density
lipoprotein-cholesterol (LLDL-C) by 35%, and
increase high-density lipoprotein-cholesterol
(HDL-C) by 10% on average.!® Dietary man-
agement includes the National Cholesterol Ed-
ucation Program (NCEP), which limits intake
of total fat, saturated fat, and cholesterol.” Pa-
tients who adhere to the Step 2 version (greater
reductions in saturated fat and cholesterol than
in the Step 1 version) can expect a reduction in
LDL-C of 15.6 to 18.9%. Other dietary modifi-
cations include increasing the intake of folate
and vitamin By through the diet and by supple-
ments.!!-1? The relative risk of developing coro-
nary artery disease as reflected in plasma
homocysteine might be substantially reduced
with intakes of folate of more than 2 1/2 to
3 times the Recommended Dietary Allowance
and more than twice that of Bg.

In 1997, Hunick et al.,!* using a computer
simulation model based on an extensive litera-
ture review, examined whether changes in risk
factors and in improved treatments account for
the observed decline in CHD miortality in the
U.S. The proportional contribution of these
changes was also analyzed. Primary prevention
(diet and drug therapy) accounted for one-
fourth of the reduction in mortality. This in-
cludes lowering blood pressure, stopping
smoking, and lowering serum cholesterol lev-
els. Of that 25%, lipid-lowering alone account-
ed for one-third of the decline. By contrast,
most of the decline in mortality (75%) was ex-
plained by improvements in the medical treat-
ment given to these patients.

During the last few decades, several studies
have indicated that diets high in complex carbo-

hydrates, including starches and gumming (sol-
uble) fibers, reduce serum lipid levels in
hyperlipidemic individuals.'*'¢ Soluble fibers
include pectins, gums, mucilages, algal
polysaccharides, and some hemicelluloses,
which are found in legumes, oats, fruits, and
psyllium. The purpose of this review is to com-
pare the lipid-lowering effects of oats with
those of a yeast-derived product. Oats were se-
lected from the available soluble fiber-contain-
ing foods, because it is the grain, which is the
most concentrated source of B-glucan; the
yeast-derived product is also rich in it. First, we
review the chemical aspects of B-glucans from
oats and yeast and identify the lipid-lowering
mechanism. Second, we provide a brief litera-
ture review of the effect of oat products on se-
rum lipids in clinical trials. Third, we present
the preliminary clinical data relating to the lip-
id-lowering effects of yeast-derived B-glucans.

Il. B-GLUCANS

A. Oats

The component of oat-bran thought to be re-
sponsible for the lowering of cholesterol is its
soluble, non-starch polysaccharide, B-glucan
(Table 1). Oat meal (100 g) is 10.3% total di-
etary fiber, of which 5.2% is insoluble and 5.1%
is soluble.'® The soluble portion contains
4.2 g/100 g of B-glucan. Oat-bran is 15.9% to-
tal dietary fiber, of which 9.6% is insoluble and
6.3% is soluble. In 100 g, there are 6.8 g of B-
glucan. Beta-glucan is a polysaccharide of a
high molecular weight composed of B-(1—4)-
linked glucose units separated every two to
three units by a single B-(1--3)-linked glucose.
It is a physiologically active gum that is unpal-
atable. Oat fiber disperses in water with difficul-
ty, because it has a high viscosity and produces
gel-like lumps even at a low concentration.

B. Yeast-Derived B-Glucan

Researchers at a U.S. biotechnology
company'’ have developed a yeast-derived
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TABLE 1

Comparison between Oat-Bran and Yeast-Derived -Glucan

Component Oat-bran Yeast-derived product
% Dietary fiber (%p-glucan) 15.9 (6.8) 86 (85-90)
% Nonfiber carbohydrate 50 9
% Fat 7.0 0.0
% Protein 17.3 <1.0
% Simple sugars 3.0 0.0
% Moisture 9 4
% Ash 3 <1
Calories/g 3.97 36
B-glucan linkage (1-3) (1-4) (1-3) (1-86)
Solubility High Low
Viscosity Moderate to high Low

3 g of B-glucan is found in 44 g

Based on References 16 and 17.

B-glucan, patented under the name Fibercel®
(Table 1). This purified B-glucan can be pro-
duced from baker’s or brewer’s yeast (Saccha-
romyces cerevisige) in a process that is
consistent with the Food and Drug Administra-
tion (FDA) requirements for food-grade prod-
ucts. The intracellular contents are hydrolyzed,
preserving the B-glucan portion of the cell walls
as discrete, intact, porous, hollow microspheres
of 3 to 5 um in diameter. The final product is
85% P-glucan by weight and consists of a B-
(1—6)-branched-, B-(1—3)-linked linear glu-
cose polysaccharide. Typically, branching oc-
curs with B-(1—6) chains at a frequency of 5%
for every 20 glucose molecules linked by B-
(1—3) chains. The remaining 15% of the prod-
uct is glycogen as o-(1—4) glucose, chitin as B-
(1—>4) N-acetyl glucosamin, and water. The
product is 30% soluble fiber and 70% insoluble
fiber, which gives it a creamy rather than gum-
my character.

Yeast-derived B-glucan is more palatable
than the oat-bran-derived B-glucan, and unlike
the latter B-glucan is tasteless, odorless, color-
less, not water soluble, and therefore nongel-
ling, even after heating and cooling. The
product is heat stable (121°C for 30 min),
pH stable (between 2 and 12), and shear stable,

35¢g

because most of the B-(1—3) linkages are in-
soluble, unlike the soluble B-(1--4) linkages
found in oat-bran. This attribute is of particular
importance because the yeast-derived product
can readily mix with liquids without gelling or
forming an unpalatable viscous mass. The
yeast-derived product when added to liquids
has a creamy mouthfeel. Table 2 lists the phys-
ical properties of the yeast-derived B-glucan.
The product meets the specifications for
“yeast glucan” as defined in the FDA guidelines
for approved food additives.'” This permits its
use in such products as salad dressings, frozen
desserts, sour cream, cheese spreads, and the
like. The licensees of the patent of the yeast fi-
ber are planning to self-affirm a Generally Rec-
ognized as Safe (GRAS) status in 1998.!%

lll. MECHANISMS OF ACTION OF
B-GLUCANS: LIPID-LOWERING EFFECT

A. Oats

Four mechanisms have been proposed to
explain how B-glucan from oats lowers serum
cholesterol. First, it has been postulated that sol-
uble fiber binds to bile acids in the intestinal lu-
men, which results in a reduced bile acid pool
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TABLE 2
Physical Properties of Yeast-Derived Fiber

> 95% whole particles

3-5 um particle size

Nongelling

Heat stable (121°C for 30 min)

pH stable (2-12)

Highly miscible in aqueous and oil-based solutions
Moderately hydrophilic (8—10 ml water/g dry powder)
Forms creamy fat-like aqueous suspensions
Neutral taste

No odor

Low viscosity

High mechanical shear strength

Excellent "mouth-feel”

Based on Reference 17.

circulating back to the liver. This binding action
stimulates production of more bile acids derived
from cholesterol that is either made endoge-
nously or captured from the circulation.'?-22
Only a small amount of cholesterol is excreted
in the feces with the bile acids so that fecal loss-
es do not contribute appreciably in lowering se-
rum cholesterol concentrations.?

Second, soluble fibers are fermented in the
large bowel by colonic bacteria.!%?>2* This action
results in the production of the short-chain fatty
acids (SCFAs) — acetate, propionate, and bu-
tyrate. These SCFAs are absorbed through the
portal vein, inhibiting hepatic chclesterol synthe-
sis by limiting the action of HMG-CoA reductase
(the rate-limiting enzyme required for cholesterol
biosynthesis) or by increasing catabolism of
LDL-C. However, in a recent letter on the subject,
others caution that only one of three published
studies in humans confirms the cholesterol-lower-
ing effects of one of the SCFAs (propionate).?!

Third, soluble fiber may delay gastric emp-
tying, thereby reducing post-prandial serum in-
sulin concentrations.'s This action reduces
hepatic cholesterol production through media-
tion of HMG-CoA reductase.

Fourth, oat soluble fiber may interfere with
the absorption of dietary fat, including choles-
terol, by increasing intestinal viscosity.'® The

increased viscosity causes the digesta to hold
on to extra water, which slows its movement.

B. Yeast-Derived

Some of the proposed mechanisms by
which oat B-glucan affects serum lipids are
similar to those of the yeast-derived B-glucans.
There appears to be some binding of the yeast-
derived B-glucan to the bile acids in the small
bowel. Similarly, SCFA production is in-
creased, and serum insulin is reduced.

Yeast-derived B-glucans may also potenti-
ate immune function.'”” Whole glucan particles
have been identified in the lymphatic system of
animals receiving this product, which might in-
fluence the function of so-called “scavenger”
macrophages in atherosclerotic plaque develop-
ment.

IV. HEALTH CLAIMS

In March of 1995, the Quaker Oats Co.,
Barrington, Ill., petitioned the United States
Food and Drug Administration (FDA) for per-
mission to make a health claim that oat prod-
ucts may reduce the risk of heart disease; the
petition was granted in January 1997. This was
the first time that such a claim was allowed for
a specific food. The FDA reviewed over
37 studies demonstrating that oat-bran (and in
particular B-glucan) lowered serum cholesterol.
The claim is as follows: “Soluble fiber from
oatmeal, as part of a low saturated fat, low cho-
lesterol diet, may reduce the risk of heart dis-
ease.”

The FDA determined that, on average, 3 g
of B-glucan must be consumed per day to
achieve a clinically relevant serum cholesterol-
lowering effect (Table 3). The claim now re-
lates only to oat products containing 0.75 g of
B-glucan per serving. The effects of barley on
risk for heart disease may be allowed in the fu-
ture with additional clinical studies.

Yeast-derived p-glucan is required in por-
tions with lesser calories to meet target amounts.
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TABLE 3

Amount of Oats and Yeast to Yield 3 g B-Glucan

Servings per day to

Pounds gained per year
(assuming 3500 kcal/pound)
and not consumed as a replacement

Food Item meet 3 g B-giucan kcal to a starch serving
Quaker Oat-Bran Hot Cereal 1 cup cooked 150 16
Old Fashioned Quaker Oats 1 1/2 cups cooked 225 23
Quick Quaker Oats 1 1/2 cups cooked 225 23
Quaker Oat-Bran Cold Cereal A little more than 1/2 cups 150 16
Instant Quaker Oatmeal 3 packets 300 31
Yeast-derived fiber 35¢g <10 1

Taken from product information, Quaker Oats Company, Barrington, Ill., 1997.

Because it can be added to a variety of foods
(e.g., ice cream, cheese, spreads, soups, sauces,
puddings, and salad dressings), consumers can
take in the necessary amounts of lipid-lowering
B-glucan in foods typically eaten in a normal
day. Because the B-glucan can also function as
a fat substitute, there is a potential for fewer to-
tal calories to be consumed.

V. TOLERANCE TO p-GLUCANS

A few subjects in clinical studies using oat
products reported mild to moderate gastrointes-
tinal symptoms, yet compliance was high with
products from oats. None were reported in the
single study using yeast-derived B-glucan.?’
Beer et al.?¢ observed that one of the 14 subjects
(7%) experienced gastrointestinal problems
lasting 2 days during the 14-day study period.
No dropouts or side effects were reported in a
19-subject study using purified B-glucan mixed
in a liquid consumed twice daily for 2 weeks.?’
The subjects were advised, however, to con-
sume the beverage immediately after mixing,
because as viscosity increases palatability de-
creases, progressively up to a maximum of
about 15 min.

The impact of even the possibility of gas-
trointestinal distress may compromise the
“blindness” of the study design. Eighteen of the

20 subjects in another study?® were able to
guess which treatment they were randomly as-
signed to receive because they experienced gas-
trointestinal reactions, including flatulence,
cramping, bloating, loose stools, and diarrhea.
Subjects either consumed 87 g of oat-bran or a
comparable fiber amount of wheat bran product
daily for 6 weeks. No side effects were reported
during the control phase when a low-fiber, re-
fined wheat supplement diet was consumed.

One problem with oat products is that large
amounts must be consumed to achieve statisti-
cally and clinically relevant reductions in se-
rum cholesterol levels (Table 3); consumption
of such a product containing 3 g of B-glucan at
one time can be expected to produce gas-
trointestinal side effects in many individuals. In
fact, the product literature from Quaker Oat
Company suggests that their oat products be
eaten several times throughout the day.

VI. OAT PRODUCTS:
EFFECT ON SERUM LIPIDS

A. Hypercholesterolemic Subjects
(Table 4)

1. 1963
The first report in free-living volunteers to
test the effect of rolled oats on serum cholesterol
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TABLE 4
Summary of Studies on Oat Products and Their Cholesterol-Lowering Effect
% total
cholesterol %LDL-C+
Initial serum Free-living decrease decrease
cholesterol as (FL) or mmolN mmol/l
mmol/ metabolic ward  Number of Oat product/ Duration of (mg/dl) (mg/di)
(mg/dl) (MW) patients g-glucan* study (weeks) decreased decreased  Ref.
6.49 (251) FL 21 140 g rolled 3 11/0.72 (28) N/A 29
oats/59 g
6.69 (269) Mw 8 100 g 10 days 13/0.91 (35) 14/0.65 (25) 22
oat-bran/6.8 g
7.24 (280) Mw 20 100 g 3 19/1.04 (54) 23/1.06 (41) 23
oat-bran/6.8
6.21 (240) FL 68 509 12 13/0.93 (36) N/A 30
oat-bran and oat-bran/3.4 g oat-bran and
7.09 (274) and 425 10/0.72 (28)
POB® POB/3.4
Range from MW 20 110 g 3 12.8/ 12.1/ 31
4.91 (190) to oat-bran/7.5 g N/A N/A
8.97 (347)
6.18 (239) FL 119 56¢g 6 6/0.30 (15) 9/0.36 (14) 24
oat-bran/3.8 g
N/A Meta-analysis 16 to 137 Variable 18 days to 12 2 to 3/0.13 N/A 14
based on 20 subjects per weeks (5) to 0.16 (6)
trials study
6.78 FL 19 70 g purified 4 9/0.62 (24) 10/0.47 (18) 27
(262) oat-brar/5.8 g
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Note: 100 g oatmeal (dry) contains 4.2 g B-glucan, 5.1 g soluble fiber, and 5.2 g insoluble fiber; 100 g oat-bran (dry) contains
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6.8 g B-glucan, 6.3 g soluble fiber, and 9.6 g insoluble fiber.

Low-density lipoprotein-cholesterol.
b Processed oat-bran.

Based on Reference 16.
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levels was published in 1963.%° The study in-
cluded 21 male subjects aged 30 to 50 years
and took place over a 3-week period. The sub-
jects consumed 300 g of an experimental
bread containing 140 grams of rolled oats in-
stead of the normal bread of their daily diets.
Total cholesterol concentrations were deter-
mined weekly, starting 3 weeks before the ex-
periment and ending 3 weeks afterward. The
serum cholesterol levels of the volunteers de-
creased by 5%, from 6.49 mmol/l (251 mg/dl)
to 6.18 mmol/l (239 mg/dl), after only 7 days
of the oat diet. The trend continued downward
to 5.77 mmol/l (223 mg/dl) at the end of 3
weeks for a total reduction of 11%. When the
bread containing rolled oats was replaced with
normal wheat-based bread, serum cholesterol
immediately rose and reached 6.36 mmol/l
(246 mg/dl) after 2 weeks.

Interestingly, the authors thought that the
relatively high fat content (35%) of the particu-
lar oats used in this contributed to the hypocho-
lesterolemic effect. (Oats are typically 15% fat.)
Experiments were conducted in animals subse-
quently, using rolled oats with their natural fat,
and defatted rolled oats with added corn oil or
coconut oil. As postulated, oats with corn oil
lowered cholesterol to the same extent as rolled
oats with their natural fat did; oats with added
coconut oil raised serum cholesterol levels.

2. 1981-1984

A couple of decades later researchers eval-
uated selected metabolic effects in previously
documented hypercholesterolemic men after
consumption of plant fibers (oat-bran vs. con-
trol diets).2? Eight men, whose serum cholester-
ol concentration had exceeded 6.72 mmol/l
(260 mg/dl) on two previous occasions, were
studied. The two eucaloric diets differed only in
the inclusion of 100 g of oat-bran in the test di-
et, which was provided in muffins and hot cere-
als for 10 days. Serum concentrations of total
cholesterol, triglycerides, and blood glucose
levels were measured daily after a 10-h fast. At

the end of each dietary regimen, HDL-C and
calculated levels of LDL-C were measured.

The total serum cholesterol concentrations
decreased significantly (13%; p < 0.01)
(6.96 £ 0.41 mmol/l [269 + 16 mg/dl] to
6.05 + 0.49 mmol/l [234 + 19 mg/dl]) with oat-
bran diets but remained unchanged with control
diets. The LDL-C concentrations with the oat-
bran diets decreased from the initial mean of
4.75 £ 0.36 mmol/l (184 + 14 mg/dl) to
4.11 + 0.44 mmol/l (159 = 17 mg/dl). With the
control diet, there were no changes in blood lip-
ids. HDL-C concentrations were not altered in
either group. Decreases in cholesterol concentra-
tions were greater than in the previous study,”
perhaps because the diets were better controlled
in a metabolic ward, and more B-glucan was pro-
vided. Moreover, mean initial serum cholesterol
concentrations were larger, which may have
contributed to the larger percentage decline.

Later, 20 hypercholesterolemic men (serum
levels of total cholesterol greater than
6.72 mmol/l [260 mg/dl]) aged 34 to 66 years
were studied in a metabolic ward.?* Seven pa-
tients were considered to be overweight (> 20%
over desired body weight). None had received
hypolipidemic agents in the 3 months preced-
ing the study. Subjects were randomly assigned
to receive identical diets except for plant fiber
that came from oats or beans. Participants re-
ceived a control diet for 7 days and then a test
diet for 21 days. All diets contained 20% of en-
ergy as protein, 43% as carbohydrate, and 37%
as fat with approximately 430 mg of cholesterol
per day. The control diet contained 19 g plant
fiber and 6 g soluble fiber per day. The oat-bran
diet included 100 g of oat bran per day served
as a bowl of hot cereal (36 g oat-bran) and five
oat-bran muffins per day (62 g oat-bran). This
supplied approximately 47 g total plant fiber
and 17 g soluble fiber. The bean diet contained
115 g of dried beans (pinto and navy) per day,
which provided approximately the same
amount of total fiber and soluble fiber as did the
oat-bran diet.

Patients lost approximately 0.4 kg/week
during the oat-bran diet, but not during the
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bean-supplementation phase, despite identical
energy intakes. During the oat-bran diet, total
cholesterol decreased from 7.24 + 0.41 mmol/l
(280 = 16 mg/dl) to 5.84 £ 0.28 mmol/l
(226 £ 11 mg/dl) (19%; p < 0.0005), and LDL-C
decreased from 4.91 + 0.31 mmol/l (190 + 12
mg/dl) to 3.85 £ 0.23 mmol/l (149 + 9 mg/dl)
(23%; p < 0.0025). With the bean diet, total
cholesterol decreased from 7.76 + 0.34 mmol/]
(300 = 13 mg/dl) to 6.30 = 0.34 mmol/l
(244 £ 13 mg/dl) (19%,; p <0.0005), and LDL-C
decreased from 5.72 + 0.36 mmol/l (221 + 14
mg/dl) to 4.40 £ 0.31 mmol/l (170 = 12 mg/dl)
(24%; p < 0.0005). The authors concluded that
oat-bran- and bean-supplemented diets may play
an important role in the nutritional management
of some hypercholesterolemic patients.

This study and the previous one?? used
0.9 g more B-glucan and achieved greater re-
ductions in serum cholesterol concentrations
than DeGroot et al.,”® who did not house sub-
jects in a metabolic ward. The initial serum
cholesterol concentrations were higher in this
study than in DeGroot et al.,?® which may also
have contributed to the large decrease in serum
lipids from oats.

3. 1990-1992

The next major study in hypercholesterolem-
ic subjects assessed the effect of a low-fat, low-
cholesterol diet and oat products on serum lip-
ids.3® The subjects — 68 free-living men and
women between the ages of 20 and 65 years —
had mean serum cholesterol concentrations
greater than 7.00 + 0.13 mmol/1 (271 + 5 mg/dl).
The subjects were randomly assigned to one of
four groups: low-fat, low-cholesterol diet
(LFLC); low-fat, low-cholesterol diet plus
50 g/day oat-bran (LFLC + OB); 50 g/day oat-
bran-supplemented regular diet (OB); or
42.5 g/day of processed oat bran (POB) (ready-to-
eat cereal) plus a regular diet. The -glucan in OB
and POB were equal, about 3.4 g. At 4-week in-
tervals, total serum cholesterol and HDL-C levels
were measured and diet analyses performed.

All subjects experienced significant reduc-
tions (p < 0.05) in serum cholesterol concentra-
tions. Reductions were as follows: 7.00+ 0.13
mmol/l (271 £ 5 mg/dl) to 5.82 + 0.21 mmol/l
(225 + 8 mg/dl) for LFLC (17%); 7.18 + 0.21
mmol/l (278 £ 8 mg/dl) to 6.10 + 0.26 mmol/l
(236 £ 10 mg/dl) for LFLC + OB (13%),
7.37 £ 0.20 mmol/l (285 + 8 mg/dl) to
6.44 + 0.21 mmol/l (249 + 8 mg/dl) for OB
(12%); and 7.11 = 0.18 mmol/l 275+ 7) to
6.36 £ 0.23 mmol/l (246 + 9 mg/dl) for POB
(10%). Each reduction was evident within the
first four weeks of treatment, and serum choles-
terol levels stabilized between weeks 4 and 12.
In these individuals, serum lipids decreased
comparably to those in another study of free-
living subjects?” and those in a study where sub-
jects were housed in a metabolic ward,?? al-
though the B-glucan used was half that of one
study?? and 58% of the other.?® The initial mean
serum cholesterol levels were greater in the
present study, again perhaps accounting for the
similar decrease despite using less B-glucan.

In the next study, 20 hypercholesterolemic
men (fasting serum cholesterol concentrations
from 4.91 mmol/l (190 mg/dl) to 8.97 mmol/l
(347 mg/dl) were admitted to a metabolic ward
and randomly assigned to a diet with either
110 g OB or 40 g wheat bran (WB) for 21 days
after a 7-day control-diet period.}! The mean
age was 57 = 10 years for the oat-bran group
and 65 £ 5 years for the wheat-bran group. The
dietary regimens were designed to be identical
in energy content and nutrients, differing only
in the amount of soluble fiber. Oat-bran con-
tained 34 g total dietary fiber (TDF) of which
13.4 g was soluble. The WB contained 34 g of
TDF of which 7.8 g was soluble.

After 21 days, subjects taking OB showed a
significant decrease (p < 0.001) in total choles-
terol levels (12.8 £ 2.2%). The LDL-C de-
creased 12.1 £ 3.5% (p < 0.005). Those
consuming WB had no change in these blood
lipids. HDL-C levels did not change signifi-
cantly in either group. These decreases in total
cholesterol and LDL-C were comparable to
those of other subjects — both free-living?®3?
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and in metabolic wards??> — in other studies.
The amount of B-glucan used in this study ex-
ceeded that in the comparable studies reviewed
so far. Because initial mean total serum choles-
terol levels were not reported, no comparison of
these values is possible.

In the same year, the results of a large study,
including 119 male and female subjects aged
20 to 70 years with similar mean baseline total
cholesterol levels, were reported.?* The study
was randomized, controlled, blinded, with a
crossover design using oat-bran (28 g [1 0z.])
twice daily vs. wheat cereal for 6 weeks. There
was also an initial 6-week stabilization period.
Subjects followed the NCEP Step 1 diet, and
eating behavior was monitored throughout the
study period. Blood lipid decreased most in the
oat-bran group, followed by wheat (3% de-
crease in total cholesterol) and by diet alone
(1% decrease in total cholesterol). Total choles-
terol in the OB group went from 6.18 + 0.65
mmol/l (239 + 25 mg/dl) to 5.79 + 0.70 mmol/l
(224 + 27 mg/dl) (6%), and LDL-C from
4.19 + 0.65 mmol/l (162 + 25) to 3.83 + 0.70
mmol/l (148 + 27 mg/dl) (9%).

This study was the first to demonstrate a sig-
nificant age and gender difference (p = 0.001).
Women under 50 showed virtually no response
to the oat-bran, while older women showed a
marked drop in LDL-C levels (-0.36 + 0.44
mmol/l [-14.3 £ 17.0 mg/dl]). Younger men
(under age 50) had an intermediate response to
OB (-0.23 £ 0.41 mmol/] [-9.3 + 15.5 mg/di]),
while men of 50 or oider had only a
—~0.08 £ 0.36 mmol/l (-3.1 + 14.3 mg/dl de-
cline). Others' who conducted a meta-analysis
did not find the same effect, perhaps because
there were only a few subjects in many of the
groups (i.e., low statistical power). The de-
clines in serum cholesterol in Keegan et al.>*
were roughly one-half of what has been report-
ed elsewhere.?2232930 Because the subjects in
this study?* were free-living, compliance with
the dietary regimens may have waned. Howev-
er, others?3 have reported better lipid-lower-
ing effects in free-living subjects. Demark-
Wahnefried et al.3? used about the same

amount of B-glucan, and the other group?® used
1.6 times more. The most likely explanation
for the small changes in serum lipids from oats
was that the starting mean serum cholesterol
concentrations were lower than in the other
studies reviewed.?223:29.30

The most conclusive study on the effect of
oats on serum lipids was a meta-analysis.'* The
investigators formally summarized the oat-
product literature on clinical trials of free-living
subjects as of March 1991, noting whether
blood cholesterol response varied by dose or
initial blood cholesterol level or both. Trials
were included only if they were randomized and
controlled, assessed dietary behavior and body
weight changes, contained the raw data, and
published sufficient information to perform the
necessary calculations. Twenty trials were iden-
tified, but most analyses were based on 12 trials,
which accounted for 22 effect sizes (mean
change in total cholesterol concentrations).

Subjects ranged in age from 20 to 73 years.
The duration of treatment ranged from 18 days
to 12 weeks, and 10 to 137 subjects were en-
rolled in the treatment and control groups. Most
of the trials assessed the diet by means of a 3- or
4-day written food record.

In these 12 trials, total cholesterol levels de-
clined ~-0.13 mmol/l (-5.1 mg/dl) (SE,
0.03 mmol/l [1.12 mg/dl], with a 95% confi-
dence interval [CI] of -0.19 to —0.017 mmol/l
[-7.3 to —2.9 mg/dl]). The summary effect size
for trials using wheat control groups was
—0.11 mmol/l (4.4 mg/dl) (95% CI, -0.21 to
—0.01 mmol/l [-8.3 to —0.38 mg/dl]). Fivefold
reductions in total cholesterol levels were ob-
served in the trials of subjects with higher base-
line blood cholesterol levels (= 5.92 mmol/l
[2 229 mg/dl]) or when subjects consumed 3 g
or more of soluble fiber from oats. This con-
trasted with other studies where subjects had
lower baseline serum cholesterol levels and
consumed lower amounts of fiber. The reduc-
tion in effect size per unit of baseline total cho-
lesterol level was —0.14 (SE, 0.037, p=0.001).
Age, gender, and the interaction between the
two failed to predict the response of serum

Copyright®© 1999, CRC Press LLC — Files may be downloaded for personal use only. Reproduc-
tion of this material without the consent of the publisher is prohibited.

197



Downloaded By: [University of Colorado at Denver] At: 20:00 3 October 2007

cholesterol concentrations to oat consumption.
This report provided the strongest evidence to
the FDA that about 3 g per day of soluble fiber
from oat products can lower the total cholester-
ol level by 5 to 6 mg/dl, and that the reduction
is greater in those with higher initial blood cho-
lesterol levels. Thus, a patient with a serum
cholesterol level of 6.47 mmol/l (250 mg/dl)
who takes 3 g of soluble fiber from oats for at
least 18 days can expect this level to decrease to
6.34 mmol/l (245 mg/dl) (2%). Apparently,
small reductions in serum cholesterol concen-
trations such as these result in lowered heart
disease mortality.®?

4. 1994—Present

Braaten et al.?” were the first to appreciate
the importance of B-glucan extracted from oats
as the active agent for modulating blood lipids.
In a randomized crossover design study, 20
free-living hypercholesterolemic males and fe-
males were randomly assigned to two groups.
One consumed the experimental powder dis-
persed in a beverage (2.9 g B-glucan) and the
other a beverage containing a maltodextrin pla-
cebo twice daily for 4 weeks after a 3-week
washout period. The product was 80% B-glucan
derived from oat gum. The gum was used in an
attempt to standardize the amount of B-glucan
administered; oats contain variable amounts of
B-glucan. Nineteen subjects completed the
study. Baseline mean total and LDL-C levels
phase were 6.77 = 0.16 mmol/l (262 + 6 mg/dl)
and 4.62 = 0.16 mmol/l (179 + 6 mg/dl), re-
spectively, which decreased significantly to
6.15+ 0.16 mmol/1 (238 = 6 mg/dl) (p <0.001;
5%) and 4.16 = 0.15 mmol/l (161 £ 6 mg/dl)
(» <0.001; 10%), respectively, at week 4.

When the B-glucan was discontinued, total
and LDL-C returned to initial levels. In this
study, use of 5.8 g of B-glucan yielded a de-
crease in total cholesterol similar to that of De-
Groot,?® who used similar amounts. Others2223.30
used more B-glucan and found higher reduc-
tions in total serum cholesterol concentrations.

In contrast to those in previous reports,?2233! the
reductions in this study in total and LDL-C lev-
els occurred in the absence of any dietary re-
strictions. Dietary supplementation with
purified B-glucan may be an effective way to re-
duce dietary lipids in hypercholesterolemic pa-
tients, who typically follow a heart-healthy diet.

B. Normocholesterolemic Subjects

Qats to be appear effective in lowering cho-
lesterol in hypercholesterolemic subjects, but
normocholesterolemic subjects do not always
experience the same effect. This is important
because products containing B-glucan are
widespread in the food supply. Unfortunately,
studies evaluating normocholesterolemic sub-
jects typically do not show lipid-lowering ef-
fect of oat products. This may lead to confusion
on the part of the public.

Investigators evaluated the effect of oat-
bran in persons with normal serum cholesterol
levels.?® Diets were supplemented with isoca-
loric amounts of a high-fiber oat-bran (87 g per
day) and of a low-fiber refined-wheat product.
Twenty healthy subjects, 23 to 49 years old, all
of whom had initial total serum cholesterol lev-
els of 4.73 + 0.80 mmol/1 (186 = 31 mg/dl) and
LDL-C of 2.97 £ 0.59 mmol/l (115 + 23
mg/dl), were included in the study. Following a
l-week period in which subjects consumed
their customary diets, the subjects consumed
one supplement for 6 weeks, then the other for
the same time, in a double-blind crossover de-
sign. Serum cholesterol and LDL-C decreased
significantly following each dietary interven-
tion. In the oat-bran group, total cholesterol de-
creased to 4.45 = 0.72 mmol/1 (172 = 28 mg/dl)
(-7%; p < 0.05) and LDL-C to 2.69 = 0.62
mmol/l (104 + 24 mg/dl) (-10%; p < 0.05).
Similarly, in the low-fiber wheat-product
group, cholesterol levels decreased to
4.45 + 0.65 mmol/l (172 = 25 mg/dL) (-8%;
p <0.05) and LDL-C to 2.77 + 0.59 mmol/l
(107 = 23 mg/dl) (-7%; p < 0.05).

The authors attribute these findings to the
fact that the subjects ate less saturated fat and
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more polyunsaturated fats during both periods
of dietary intervention. It appeared that these
changes were sufficient to explain the signifi-
cant reduction in blood lipid levels. Both di-
etary treatments were high in complex
carbohydrates, which seemed to replace foods
that could have raised blood cholesterol levels.
It was concluded from this study that oat-bran
may have no cholesterol-lowering effects, es-
pecially on normocholesterolemic subjects.

In contrast to these results,?® the addition of
100 g of oat-bran to diets of subjects with nor-
mal serum lipids resulted in significant reduc-
tions.3? The study included 9 men (23.8+ 2.2
years old) who consumed a constant low-fiber
diet for 1 month. During the second month,
they consumed the same diet with the addition
of 100 g/day of oat-bran as hot or cold cereal
(Quaker Oats Company, Barrington, I11.). Di-
etary fiber intake with oat-bran was 33.9+ 1.5
g/day, of which 10.3 £+ 0.4 g/day was soluble fi-
ber. (The oat-bran used had 16.1% total dietary
fiber of which 38% was [1—3] [1—4] B-glucan
and 46% soluble fiber.)

Bile acid kinetics was determined by mea-
surement of '*C enrichment of serum cholic acid
(CA) and of chenodeoxycholic acid (DCA).
Blood samples for total serum cholesterol and
triglyceride analyses were drawn 1 day before
study (baseline) and on days 7, and on days 27
and 28, and days 55 and 56, for the low- and
high-fiber measurements, respectively.

Serum cholesterol levels decreased in all
subjects. In the low-fiber group, the mean se-
rum cholesterol concentration went from
4.58 £ 1.03 mmol/l (177 £ 40 mg/dl) to
3.93 £ 0.72 mmol/l (152 £ 28 mg/dl) (14%,;
p <0.01). During the high-fiber supplementa-
tion, the mean serum cholesterol level went
from 3.93 £ 0.72 mmol/l (152 + 28 mg/dl) to
3.57+ 0.78 mmol/l (138 = 30 mg/dl) (9%:;
p<0.01).

Incorporation of oat-bran into the constant
diet substantially altered the kinetics of both
primary bile acids. The synthesis and the frac-
tional turnover rates of CA and DCA increased
significantly (p < 0.05). The pool size of DCA

more than doubled (p < 0.01) and the pool size
of CA decreased (p < 0.05). Total daily bile ac-
ids in the feces more than doubled (p < 0.05).
This was the first report to demonstrate that in-
creased bile acid synthesis and decreased bile
acid absorption are two mechanisms by which
oat bran lowers serum cholesterol levels in
healthy individuals. The substantial increase
(79%) observed in the proportion of the total
bile acid pool that was DCA was consistent
with the hypothesis that there was an alteration
not only in hepatic bile acid synthesis but also
in cholesterol synthesis and absorption.

Later, others evaluated the effect of oat-gum
on serum lipids.?¢ Fourteen healthy young men
were randomly assigned to receive daily either
the equivalent of 150 g of oat-bran (in the form
of oat-gum providing 9 g of B-glucan) or a
placebo. Both were served in a flavored instant
whip. Exclusion criteria were hypertension, hy-
perlipidemia, use of medication that affect blood
pressure or serum lipid levels, obesity, excessive
alcohol use, and smoking, Initial serum choles-
terol values ranged from 3.89 mmol/l to
5.43 mmol/l (150 to 210 mg/dl). Intervention
lasted 14 days, followed by an equal crossover
period. All meals were prepared in a metabolic
kitchen. Total cholesterol and LDL-C concentra-
tions did not change during the oat gum phase;
HDL-C rose significantly (p < 0.05).

The oat-gum preparation used in this study
contained a highly concentrated source of
B-glucan (62%). At first blush, it appeared that
even large quantities of B-glucan (9 g per day)
from a uniform source do not reduce serum lip-
ids levels. However, the authors argue that the
total amount of B-glucan is not as important as its
solubility and molecular weight. Highly soluble
B-glucans, with moderate to high molecular
weights (> 100 kDa), appeared to reduce serum
cholesterol levels better than those of low solu-
bility and low molecular weight. Beta-glucans
with higher solubility and molecular weight cre-
ate more viscosity in the intestinal lumen, which
is the required environment to induce serum cho-
lesterol lowering. Increased viscosity in the gut
leads to a so-called unstirred layer adjacent to the
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mucosa. This layer may serve as a physical bar-
rier to nutrient absorption and bile acid reabsorp-
tion. However, viscosity is important only when
the soluble form of B-glucan is ingested. Yeast-
derived B-glucan is low in viscosity and mostly
insoluble, but still lowers serum cholesterol lev-
els, perhaps due to its still substantial (30%)
amount of soluble fiber.

C. Summary of Studies on Oats and
Their Lipid-Lowering Effect

Of the studies summarized in Table 4, oats
lower serum cholesterol concentrations by be-
tween 2 and 19%. Not summarized was one
small study (n = 12) of hypercholesterolemic
subjects showing an identical effect on lipid for
oat-bran and wheat-bran.*® These authors as-
cribed the decline in serum lipids to dietary fi-
ber. Diets were controlled so that fat was not
displaced with the fiber sources. However, this
study used a New Zealand oat product that may
differ from products in the U.S.

The variability of the studies can be attribut-
ed to differences in oat B-glucan content, oat fi-
ber solubility, and initial serum cholesterol
concentration. The more B-glucan, the higher the
solubility; and the higher initial blood cholester-
ol levels would likely produce more significant
results. It was not until the early 1990s that there
was a standard of identity for oat products; thus,
subsequent studies should be more uniform.'

VIl. YEAST-DERIVED pB-GLUCANS:
EFFECT ON SERUM LIPIDS

To date, there have been several animal
studies!” and one clinical?®* and another using
the yeast-derived B-glucan. Only the clinical
data are presented here.

A. Clinical Trial

Fifteen obese hypercholesterolemic males
(serum cholesterol greater than 6.21 mmol/l
[240 mg/dl]) were included in the study.?> After

a 3-week period in which subjects ate their usu-
al diet, 15 g per day of yeast fiber was added to
the diet for 8 weeks and then stopped for
4 weeks. Weekly 3-day food records were kept,
and plasma total cholesterol and lipoprotein
cholesterol concentrations were measured
weekly during baseline, and at week 6, 7, and 8
of fiber consumption, and 4 weeks after cessa-
tion of the fiber. Patients maintained the same
body mass indices during the study. Compared
with baseline, yeast fiber consumption signifi-
cantly reduced plasma total cholesterol at
week 7 (8%, p < 0.05) and at week 8 (6%,
p < 0.05) using Bonferroni correction. The total
cholesterol concentration at baseline did not
differ from week 12 levels. No significant dif-
ferences were noted between baseline LDL-C
and weeks 7, 8, or 12 when comparing individ-
ual groups using Bonferroni correction even
though the overall one-way ANOVA with re-
peated measures was highly significant
(p <0.0001). The level of LDL-C did decline
8% at week 8 when compared with baseline.
There was a significant effect of diet on HDL-
C (p <0.005 by one-way ANOVA with repeat-
ed measures). However, a group difference was
only observed between baseline and week 12
(16% increase, p < 0.05 by Bonferroni correc-
tion). The triglycerides did not change. No ad-
verse gastrointestinal effects were observed.
The results of this study demonstrated that the
yeast derived B-glucan significantly lowered
total cholesterol levels while being well tolerat-
ed; the HDL-C concentration rose as well, but
only 4 weeks after the fiber had stopped. This
provided a more favorable TC/HDL-C ratio.
This product appears to be safe and may have a
role as a dietary supplement, with salutary
health effects for improving serum lipid pro-
files.

CONCLUSION

There are sufficient data to support the use
of oat products to lower serum cholesterol lev-
els and to reduce the risk of heart disease.
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Yeast-derived B-glucan appears to have the
same effect on blood lipids and has the advan-
tage of being more concentrated so that fewer
calories need to be ingested. The yeast-derived
B-glucan is considerably more versatile than
oat products because it can be readily incorpo-
rated into a variety of foodstuffs. Obviously,
more clinical research is needed to confirm the
extent of cholesterol-lowering effects of this
source of B-glucan. At present, yeast B-glucan
and oats can lower TC and LDL-C and thus re-
duce the risk of developing heart disease.

ACKNOWLEDGMENT

The authors wish to thank Maria Sachs for
her superb editing skills and careful thought
given to this manuscript. Drs. Forse and Bell
are supported in part by Medical Foods, Inc.,
Cambridge, Massachusetts, which has licensed
the patent on a B-glucan fiber from yeast.
Dr. Bistrian is a co-inventor of a patent on the
same yeast B-glucan for its cholesterol-lower-
ing properties. Dr. Ostroff works at Alpha Beta
Technology, Inc., the company that holds the B-
glucan patents. The manuscript was supported
in part by Medical Foods, Inc., Cambridge,
Massachusetts.

REFERENCES

1. Burke, G. L., Sparfka, J. M., Folsom, A. R., Le-
upker, R. V., Norsted, S. W., and Blackburn, H.,
Trends in CHD mortality, morbidity and risk
factor levels from 1960 to 1989: The Minnesota
Heart Survey, Int. J. Epidemiology, 1989;
18:573-S81.

2. Stykowski, P. A,, Kannel, W. B, and D’ Agosti-
no, R. B., Changes in risk factors and the decline
in mortality from cardiovascular disease: The
Framingham Heart Study, N. Engl J Med,
1990; 322:1635-41.

10.

12.

. National Center for Health Statistics, Vital Sta-

tistics of the United States, 1988, volume II:
Mortality, Part A. In: National Center for Health
Statistics. US Dept of Health and Human Servic-
es, Public Health Service. Hyattsville, MD:
Centers for Disease Control, 1991; 191.

. Willett, W., Nutritional epidemiology, in Diet

and Coronary Heart Disease, MacMahon, B.,
Ed., Oxford University Press, New York, 1990.

. Multiple Risk Factor Intervention Trial Re-

search Group, Multiple Risk Factor Intervention
Trial. Risk Factor Changes and Mortality Re-
sults, JAMA., 1982; 248:1465-1477.

. Sempos, C., Fulwood, R., and Haines, C., The

prevalence of high blood cholesterol levels
among adults in the United States, JAM4, 1988;
262:45-52.

. Schaefer, E. J., Lamon-Fava, S., Ausman L. M,,

and Ordovas, J. M., Clevidence, B. A., Judd,
J. T., Goldin, B. R., Woods, M., Gorbach, S.,
and Lichtenstein, A. H., Individual variability in
lipoprotein cholesterol response to National
Cholesterol Education Program Step 2 diets,
Am. J. Clin. Nutr., 1997, 65:823-830.

Lipid Research Clinics Program, The lipid re-
search clinics coronary primary prevention trial
results. 1. Reduction in incidence of coronary
heart disease, JAMA, 1984; 251:351-364.

Lipid Research Clinics Program, The lipid re-
search clinics coronary primary prevention trial
results. II. The relationship of reduction in inci-
dence of coronary heart disease to cholesterol
lowering, JAMA, 1984; 251:365-374.

Arizona Bariatric Physicians, How are high lev-
els of cholesterol and triglycerides treated?
http://www. MedicineNet.com.

. Rimm, E. B, Willet, W. C, Hu, F. B,

Sampson, L., Colditz, G. A., Mason, J. E., Hen-
nekens, C., and Stampfer, M. J,, Folate and vita-
min B6 from diet and supplements in relation to
risk of coronary heart disease among women,
JAMA, 1998; 279:359-364.

Malinow, M. R, Duell, R, B, Hess, D. L.,
Anderson, P, H.,, Kruger, W, D., Phillipson,
B. E., Gluckman, R. A., Block, P. C., and Up-

Copyright® 1999, CRC Press LLC — Files may be downloaded for personal use only. Reproduc-
tion of this material without the consent of the publisher is prohibited.

201



Downloaded By: [University of Colorado at Denver] At: 20:00 3 October 2007

13.

15.

17.

19.

20.

21.

22.

23.

soon, B. M., Reduction of plasma homocysteine
levels by breakfast cereal fortified with folic
acid in patients with coronary heart disease,
N. Engl. J. Med., 1998; 338:1009-1015.

Hunink, M. G. M., Goldman, L., Tosteson,
N. A, Mittleman, M. A,, Goldman, P, A., Will-
iams, L. W., Tsevat, J., and Weinstein, M. C.,
The recent decline in mortality from coronary
heart disease, 1980-1990: the =ffect of secular
trends in risk factors and trcatment, JAMA,
1997; 277:535-542.

. Ripsin, C. M., Keenan, J. M., Jacobs, D. R,,

Elmer, P. J.,, and Welch, R. R., Oat products and
lipid lowering, JAMA, 1992; 267:3317-25.

Wirscj, P. and Pi-Sunyer, F. X., The role of vis-
cous soluble fiber in the metabolic control of di-
abetes, Arch. Intern. Med., 1998; 20:1774-1780.

. Inks, S. and Mathews, R., Oatmeal and oat-bran:

heart healthy benefits and more. In: New Tech-
nologies for Healthy Foods and Nutraceuticals,
Yalpani, M., Ed.,, ATL Press, Shrewsbury,
Mass, 1997,

On file. Alpha-Beta Technology, Inc., Worces-
ter, Mass., 1997, personal communication.

. On file. Medical Foods, Inc., Cambridge, Mass.,

1997, personal communication.

Glore, S. R., Van Treeck, D., Knehans, A. W,
and Guild, M., Soluble fiber and serum lipids:
a literature review, J. Am. Dietet. Assoc., 1994;
94:425.

Lia, A., Andersson, H., Mekki, N., Juhel, C.,
Senft, M., and Lairon, D., Posiprandial lipemia
in relation to sterol and fat excretion in ileosto-
my subjects given oat-bran and wheat with
meals, Am. J. Clin. Nutr., 1997, 66:357-65.

Cummings, J. H. and Macfarlane, G. T., Colonic
microflora: nutrition and health, Nutrition,
1997; 13:476-478.

Kirby, R. W., Anderson, J. W, Sieling, B., Rees,
E. D., Chen, W. J. L., Miller, R. E., and Kay,
R. M., Oat-bran intake selectively lowers serum
low-density lipoprotein cholesterol concentra-
tions of hypercholesterolemic men, Am. J. Clin.
Nutr., 1981; 34:824-829.

Anderson, J. W., Story, L. S, Sieling, B., Chen,
W.J. L, Petro, M. S., and Story, J., Hypocholes-
terolemic effects of oat-bran or beans intake for

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

hypercholesterolemic men, Am. J. Clin. Nutr.,
1984; 40:1146-1155.

Keenan, J. M., Wenz, J. B., Myers, S., Ripsin,
C. M., and Huang, Z., Randomized, controlled,
cross-over trial of oat bran in hypercholester-
olemic subjects. J. Fam. Prac., 1991; 33:600-8.

Nicolosi, R., Bell, S. J., Bistrian, B. R., Green-
berg, 1., Forse, R. A., and Blackbum, G. L.,
Changes in plasma lipids from a yeast-derived
B-glucan fiber in hypercholesterolemic patients.
Submitted to Am. J. Clin. Nutr., 1998.

Beer, M. U.,, Arrigoni, E, and Amado, R,,
Effects of oat gum on blood cholesterol levels in
healthy young men, Eur. J. Clin. Nutr., 1995;
49:517-22.

Braaten, J. T., Wood, P. J, Scott, F. W,
Wolynetz, M. S., Lowe, M. K., Bradley-
White, P., and Collins, M. W, Oat beta-glucan
reduces blood cholesterol concentration in hy-
percholesterolemic subjects, Eur. J. Clin. Nutr.,
1994; 48;465-74.

Swain, J. F., Rouse, 1. L., Curley, C. B., and
Sacks, F. M., Comparison of the effects of oat
bran and low-fiber wheat on serum lipoprotein
levels and blood pressure, N. Engl. J. Med,
1990; 322:147-152.

DeGroot, A. P., Luyken, R., and Pikaar, N. A,
Cholesterol lowering effect of rolled oats, Lan-
cet, 1963; 2:303-4.

Demark-Wahnefried, W., Bowering, J., and Co-
hen, P. S., Reduced serum cholesterol with di-
etary change using fat-modified and oat bran
supplemented diets, J. Am. Dietet. Assoc., 1990,
90:223-9.

Anderson, J. W., Gilinski, N. H., Deakins, D. A,
Smith, S. F., O’Neal, D. S., Dillon, D. W, and
Oeltgen, P. R, Lipid responses of hypercholes-
terolemic to oat-bran and wheat-bran intake,
Am. J. Clin. Nutr., 1991; 54:678-83.

Marlett, J. A., Hosig, K. B., Vollendorf, N. W,
Shinnick, F. L., Hasck, V. S, and Story, J. A,
Mechanism of serum cholesterol reduction by
oat bran, Hepatology, 1994; 20:1450-5.

Brenner, J. M,, Scott, R. S., and Lintott, C. J.,
Oat bran and cholesterol reduction: evidence
against specific effect, Aust. N.Z. J. Med., 1991,
21:422-426.

Copyright© 1999, CRC Press LLC — Files may be downloaded for personal use only. Reproduc-
tion of this material without the consent of the publisher is prohibited.

202









	Oat Bran 606 GTC Petition
	Oat Bran 606 GTC Petition (2)



