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Dear Bob:

Pursuant to proposed 21 CFR 170.36 (62 FR 18960; April 17, 1997), Flax Canada
2015, of Winnipeg, Canada, through me as its agent, herby provides notice of a claim that
the use of whole and milled flaxseed described in the enclosed notification document is
exempt from the premarket approval requirement of the Federal Food, Drug, and
Cosmetic Act because Flax Canada 2015 has determined that the intended addition of
whole and milled flaxseed to conventional foods, including meat and poultry products, is
generally recognized as safe (GRAS) based on scientific procedures.

As required, three copies of the notification are provided for FDA’s use, and a
fourth copy for the use of USDA’s Food Safety and Inspection Service. Additionally,
four copies are provided of the Conclusion of the Expert Panel, including the signatures
of the four members of the panel.

If you have any questions regarding this notification, please feel free to contact
me at 804-742-5548 or jh@jheimbach.com.
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James T. Heimbach, Ph.D., F.A.C.N.
President

Encl.
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1. GRAS EXEMPTION CLAIM

Flax Canada 2015 Inc., through its agent JHEIMBACH LLC, hereby notifies the Food and
Drug Administration that the uses of whole and milled flaxseed described below are exempt
from the premarket approval requirements of the Federal Food, Drug, and Cosmetic Act because
Flax Canada 2015 Inc. has determined through scientific procedures that such uses are generally
recognized as safe (GRAS).

. Wy,

James T. Heimbach, Ph.D., F.A.C.N. Date
President, JHEIMBACH LLC

1.1. Name and Address of Notifier

Flax Canada 2015

465—167 Lombard Avenue

Winnipeg, Manitoba R3B 0T6

Canada
Contact: Kelley C. Fitzpatrick
Telephone:  204-982-2115
Facsimile: 204-982-2128
E-mail: kelleyf@shaw.ca

1.2. Name of GRAS Substance

The common name of the substances that are the subject of this GRAS notice are whole
flaxseed and milled flaxseed. Flaxseed is also known as linseed, especially in Europe; in North
America the term “linseed” is more often applied to non-food uses of flaxseed plants and their
oil. Flaxseed is also called simply flax, and milled flaxseed is also referred to as ground flaxseed
or crushed flaxseed as well as milled flax, ground flax, or crushed flax.

1.3. Intended Use and Consumer Exposure

Whole and milled flaxseed are intended to be added to conventional foods as sources of
a-linolenic acid and functional fiber to increase the daily intake of essential n-3 fatty acids and
total dietary fiber. Flaxseed is also intended be added to foods, including meat and poultry
products, as binders. Flaxseed may also provide additional technical effects such as firming,
texturizing, stabilizing, bulking, and thickening.
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1.4. Basis for GRAS Determination

Although flaxseed has a long history of consumption in the United States, as well as in
Canada and other countries, Flax Canada’s GRAS determination for the intended uses of whole
and milled flaxseed is based on scientific procedures as described under 21 CFR §170.30(b).
Comprehensive searches of the literature through May 2008 were conducted by JHeimbach LLC
and served as the basis for preparation of a monograph summarizing the totality of the available
information germane to determining the safety of the intended uses of whole and milled flaxseed.

It may be concluded that whole and milled flaxseed are safe under their intended
conditions of use because the amounts of a-linolenic acid and dietary fiber provided by these
uses are within recommended levels and because the total exposure to flaxseed and its
constituents resulting from these uses is well within levels shown by extensive animal research
and human studies to be safe and tolerable. An Expert Panel determined the intended use of
whole and milled flaxseed to be safe, and also GRAS, by demonstrating that the safety of this
level of intake is based on publicly available and accepted information and is generally
recognized by experts qualified by scientific training and experience to evaluate the safety of
substances added to food.

Therefore, the intended uses of whole and milled flaxseed are determined to be safe and
GRAS. Determination of the safety and GRAS status of whole and milled flaxseed for direct
addition to food under their intended conditions of use was made through the deliberations of an
Expert Panel consisting of Joseph F. Borzelleca, Ph.D., Walter H. Glinsmann, M.D., Robert J.
Nicolosi, Ph.D., and John A. Thomas, Ph.D., who reviewed the information in this monograph as
well as other information available to them. These individuals are qualified by scientific training
and experience to evaluate the safety of food and food ingredients. They critically reviewed and
evaluated the publicly available information, including the potential human exposure to flaxseed
and intake of a-linolenic acid, dietary fiber, and other constituents resulting from the intended
use of whole and milled flaxseed, and individually and collectively concluded that the available
information on flaxseed contains no evidence that demonstrates or suggests reasonable grounds
to suspect a hazard to the public health under the intended conditions of use of whole and milled
flaxseed.

It is the Expert Panel’s opinion that other qualified scientists reviewing the same publicly
available data would reach the same conclusion. Therefore, whole and milled flaxseed are GRAS
by scientific procedures under the conditions of use described.

1.5. Availability of Information

The data and information that serve as the basis for the GRAS determination will be sent
to the FDA upon request, or are available for the FDA’s review and copying at reasonable times
at the office of James T. Heimbach, Ph.D., President, JHEIMBACH LLC, 923 Water Street, P.O.
Box 66, Port Royal VA 22535, telephone 804-742-5548 and e-mail jh@jheimbach.com.
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2. IDENTITY OF THE SUBSTANCE

2.1. Substance Name

The names of the substances are whole flaxseed and milled flaxseed.

2.2. Trade or Common Names

Flaxseed is sold under many brand names, but the generic product is known as flaxseed
or simply flax. The term flax is also used to refer to the entire plant. It may also be referred to as
linseed, especially in Europe, but in Canada and the U.S. the term linseed is usually reserved for
industrial products (such as boiled linseed oil) from the flax plant. Milled flaxseed is also called
ground flaxseed and crushed flaxseed, or milled flax, ground flax, and crushed flax.

2.3. Botanical Identification

The taxonomic identity of flax is Linum usitatissimum L. Linum is the largest genus
within the flax family Linaceae (Diederichsen and Richards 2003), which is a family of
herbaceous or shrubby dicotyledonous plants in the order Linales, characterized by mostly
capsular fruit, stipulate leaves, and exappendiculate petals. The genus Linum is divided into 6
sections, some of which are wild-growing and many of which are tropical or semi-tropical, but
the species usitatissiumu is a member of section Linum, which is characterized by large flowers,
elongate fruiting pedicels, and alternating leaves without stipular glands and glabrous. L.
usitatissimum does not occur as a wild plant and is grown primarily in temperate climates; it is
likely descended from wild progenitors in the area around the Mediterranean and extending into
northern temperate climates.

2.4. Description of Flaxseed

Flax is a summer crop grown in temperate climates (Diederichsen and Richards 2003).
According to Hall et al. (2006), it is grown in about 50 countries, mostly in the northern
hemisphere, with Canada as the largest producer accounting for about 33% of world production
with 42 million bushels in 2004 (Hall et al. 2006). U.S. flaxseed production amounted to about 6
million bushels in 2007, with over 90% being produced in North Dakota (AmeriFlax 2008).

About 12 to 16 weeks elapses from the time of sowing until the end of flowering and the
development of bolls containing seeds, when the seeds may be harvested (Diederichsen and
Richards 2003). Flax plants range from less than 0.5 m to about 1 m in height. All branches of
the main shoot terminate in flowers, which are most frequently blue or white. Each flower forms
10 capsules which may contain up to ten seeds each. The seeds are ovoid and about 3.5 to 5.0
mm in length, weighing about 5 to 12 mg apiece. The color of the seeds ranges from yellow to
dark brown with a shiny surface. While the colors of specific crops of flaxseed may be extolled
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in marketing messages, there is no significant nutritional or safety related difference between
flaxseeds of different colors.

The cross section of flaxseed is shown below in Figure 1 (from Diederichsen and
Richards 2003). About 75% of the flaxseed oil (mainly as triacylglycerols) is stored in the
cotyledons, 22% in the seed coat, and 3% in the embryo or germ (Daun et al. 2003).

Cross-section of faxseed. Cu: cuticuln; Ep: epidermis; Ri: ring-cells;
Sc: sclerenchymas; Tr: wansversal-cells; Pi: pigmeat-cells; En: endosperm;
Co: cotyledon

Figure 1. Cross-Section of Flaxseed (from Diederichsen and Richards 2003).

2.5. Flax Cultivars

Varieties of flax grown in Canada and the U.S. include AC Linora, Neche, AC McDuff,
Omega, Vemne, Linola™ 947, Linola™ 989, Linola™ 1084, Linola™ 2047, Linola™ 2090,
Linola™ 2126, Linola™ 2149, AC Emerson, Prompt, Day, CDC Normandy, CDC Triffid, CDC
Valour, AC Watson, AC Carnduff, CDC Arras, CDC Bethune, Taurus, Cathay, Pembina,
Hanley, Lightning, CDC Mons, Macbeth, Prairie Blue, CDC Gold, Necoma, York, CDC Sorrel,
Prairie Thunder, and Prairie Grande. This is not intended to be an exhaustive listing of the
cultivars producing food-grade flaxseed addressed by this GRAS determination. Development of
new varieties is an ongoing process with several new cultivars appearing in Canadian production
each year (Daun et al. 2003).
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2.6. Harvesting of Flax

Flax plants follow a life cycle consisting of 3 parts (Flax Council 2008):
e 45-to 60-day vegetative period
e 15-to 25-day flowering period
e 30- to 40-day maturation period

The length of these periods may vary due to changes in hydration, environmental
temperature, or disease. The mature fruit of the flax plant is a dry boll or capsule that contains
the seeds and slightly opens at the apex when ripe without allowing seeds to fall out. The crop is
considered to be fully mature when 75% of the bolls have turned brown.

Harvesting flax crops is conducted either by straight combining (the preferred method if
the crop is completely dry) or cutting with a swather followed by threshing (Flax Council 2008).
Typically, crops are harvested for threshing if the moisture content is 10% or less, but may be
harvested at higher moisture contents and dried using specialized facilities.

2.7. Composition of Flaxseed

2.7.1. Introduction

The epidermal cells of the flaxseed produce mucilage, composed of neutral and acidic
polysaccharides, polypeptides, and glycoproteins (Bhatty 1993; Hall et al. 2006). Dietary fiber is
about 28% of the flaxseed and protein is about 10% to 31%, average 20% (Hall et al. 2006).
Flaxseed also contains about 35-45% oil (Hall et al. 2006; Wanasundara et al. 1999), about 52%
a-linolenic acid (ALA; range 50% to 62%). The oil content depends on location, cultivar, and
environmental conditions. Plant lignans are present at up to about 13 mg/g of the seed.

It is important to note that interpretation of figures regarding composition is difficult if
the data are not accompanied by details of the source of the samples tested as well as analytical
procedures utilized in testing (Daun et al. 2003). Variation in sample source and analytical
techniques can result in substantial differences in values, and these uncertainties may be found
even in authoritative datasets produced under government auspices.

2.7.2. Proximates

According to Release 20 of the U.S. National Nutrient Databank for Standard Reference
(USDA/ARS 2007), the proximate content of flaxseed (Linum usitatissimum)—Dbased on
analyses of only 3 samples for most nutrients—is as shown in Table 1. Neither the origin of the
flaxseed samples analyzed nor the analytical methods were described.
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Table 1. Proximate Content of Flaxseed (USDA/ARS).

Nutrient Unit (p‘;‘r";t:;';)
Water g 6.96
Energy kcal 534
Protein 9 18.29
Total lipid g 42.16
Ash g 372
Carbohydrate g 28.88
Total dietary fiber g 27.30
Total sugars g 1.55
Sucrose g 1.15
Glucose g 0.40
Fructose g 0.00
Lactose g 0.00
Maltose g 0.00
Galactose g 0.00
Source: USDA/ARS (2007)

Tables of the nutrient content of Canadian foods were prepared by Health Canada
(1999a); the proximate analysis offered for flaxseed is shown below in Table 2. As with the
USDA data, information was not provided regarding sources or analytical methods.

Table 2. Proximate Content of Flaxseed (Health Canada).

Nutrient' Unit Coc:t::tggper
Energy keal 495
Protein 9 18
Total lipid g 342
Carbohydrate g 37
Dietary Fiber g 17

'Values are given for the weight of the
edible portion as described (i.e.,
flaxseeds)

This value may be low due to use of an
inappropriate analytical method; see
discussion on page 8

Source: Health Canada (1999a)
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Analyses of flaxseed grown in western Canada conducted in 2007 by the Canadian Grain
Commission (DeClercq 2008; Table 3), resulted in similar values, although slightly higher in
both protein and lipids than either the USDA/ARS (2007) or Health Canada (1999a) data. The
reported proximate content of flaxseed grown between 1997 and 2006 is shown in Table 3,
below.

Table 3. Flaxseed, No. 1 Canada Western Quality Data and Fatty Acid Composition for

2007 Harvest Survey.
Year
Parameter

2007 2006 1. 2008
Oil content (%) 447 459 447
Protein content (%% 243 236 232
Free fatly acids (%) 0.16 0.16 0.22
lodine value 183.5 189.8 192.7
Linolenic acid (% in oil) 526 558 57.7
Oleic acid (% in oil) 20.6 18.5 18.2
Linoleic acid (% in oil) 16.2 15.6 15.1
Palmitic (% in oif) 5.0 5.0 52
Stearic (% in oif) 36 36 34
! Dry matter basis
2 Nitrogen content x 6.25 (this value used to give an estimate of crude
protein)
Source: DeClercq (2007)

Similar results were reported in a Flax Co-Operative Test Report conducted for the
Prairie Recommending Committee for Oilseeds over 2005-2007 with various cultivars (2 check
varieties and 26 experimental lines) throughout Canada (Duguid 2007). Oil content ranged from
45.3 to 48.9% with a mean of 46.8%. Protein content (determined by near-infrared
measurements and expressed as N x 6.25) was reported to range from 23.4 to 25.7% with a mean
of 24.8% for seed and from 43.9 to 48.2% with a mean of 46.5% for meal. Iodine number
(calculated from fatty acid composition) was reported to vary from 190.4 to 199.9 with a mean of
194.3.

GRAS Monograph for 7 JHEIMBACH LL.C
Whole and Milled Flaxseed
000017



b,

i,

2.7.3. Lipids”

Oomah and Mazza (1993) analyzed the oil content (on a dry weight basis) of 11 flaxseed
cultivars grown in Canada in 1987, 1988, and 1989. The results, shown in Table 4 on the
following page, demonstrate that there is little year-to-year variability in the oil content of
flaxseed. These data are somewhat closer to the USDA/ARS (2007) value (wet weight basis) for
total lipid than are those of Health Canada (1999a) (wet weight basis) or DeClercq (2007) (dry
weight basis).

Variations in analytical methodology for 0il content can result in variances of up to 10%
(Daun et al. 2003; Daun and Thomas 2005). Since extraction of oil from flaxseed is difficult,
typical methods used for determining oils in food often result in low values. The Health Canada
(1999a) value of 34% is a good example of this problem; the laboratories apparently employed
AOAC Official Method 933.05 (Fat in Cheese), which can underestimate the lipid content of
oilseeds (Daun and Thomas 2005). Other factors affecting the analysis of flaxseed oil content
include level of extraction with neutral solvents, fineness of grind of flaxseed, and number of
extractions. For determination of a nutritional fat value, the neutral lipid obtained from
extraction with neutral solvents (3 extractions to ensure complete removal of neutral lipid) can be
transesterified and the methyl ester content identified by gas chromatography (House et al.
1994).

The reported oil content of Canadian commercially grown flaxseed averaged 44% (range
of 35-50%) during 1998-2002 (Daun et al. 2003). Processing and combining of flaxseed for
export tightened the reported range of oil content to 42.3-45.8%.

Analysis of lipid fractions (Daun et al. 2003) showed the main components to be
triacylglycerols (36-40.7%); monoacylglycerols (0.5-0.9%); diacylglycerols (0.9-2.6%); free
fatty acids (0.1-3.4%); sterols, sterol esters, and hydrocarbons (0.5-2.9%); total neutral lipids
(38.6-43.4%); complex lipids (0.4-1.8%); glycolipids (1.0-2.9%); and phospholipids (0.1-2.3%).
Other components included tocopherols (0.0088-0.0572%) and various pigments such as
carotenes, lutein, and chlorophyll.

* Daun et al. (2003) provide the following description of the lipid/fat/oil terminology in reference to
flaxseed:

“Nutritional and labeling guidelines use the term fat to refer to neutral lipids from any source, and the
nutritional and labeling definition of fat referes to the amound ot triacylglycerol that would be made up from the
fatty acids derived from all of the acyl lipids in a food. For oilseeds used for processing to provide oil and meal, the
term oil content referes to those neutral lipids obtained by exhaustive extraction with a non-polar lipid solvent,
usually hexane or a related mixture of hydrocarbons. This mixture is composed almost exclusively of
triacylglycerols and provides a good estimate of the nutritional fat content although it fails to account for a small
amount of polar lipid, mainly from phospholipids which might make up as much as 2% of the total mass of flax
seeds.”

GRAS Monograph for 8 JHEIMBACH LLC
Whole and Milled Flaxseed

000018



e R A A

Table 4. Oil Content of Flaxseed Cultivars.

Oil (%; dry-weight basis)
Cultivar

1987 1988 1999
AC Linora NA! 43.0 439
Andro 43.2 41.8 426
Dufferin 448 4238 NA'
Flanders 447 42.9 43.7
Linott 43.2 420 43.2
McGregor 43.9 41.8 42.4
Noralta 421 40.5 41.0
NorLin 43.6 418 42.2
NorMan 446 427 433
Somme 435 421 427
Vimy 446 43.0 43.9
'NA = data not available
Source: Oomah and Mazza (1993)

2.7.3.1. Fatty Acids

Typically, flaxseed contains a-linolenic acid (ALA) at >50% of total fatty acids, palmitic
acid at ~5% of total fatty acids, stearic acid at ~3% of total fatty acids, oleic acid at ~18% of total
fatty acids, and linoleic acid at ~14% of total fatty acids (Daun et al. 2003). Flaxseed oil also
contains about 1% of other fatty acids with chain lengths up to Cy4. Flaxseed oil is a common
unsaturated oil with the degree of unsaturation correlated with levels of ALA but negatively
correlated with levels of oleic, linoleic, and saturated fatty acids (Eckey 1954). The degree of
unsaturation is also affected by the flaxseed variety and growing conditions (Canvin 1965;
Dybing and Zimmerman 1965, 1966; Daun et al. 2003).

Bean and Leeson (2002) analyzed the fatty acid content of 23 samples of flaxseed
collected from commercial feed mills in Ontario (which may include seed grown all over
Canada), presenting the data as percentages of total fatty acids. Their results, summarized in
Table 5, show that a-linolenic acid (ALA) constitutes more than half of the total fatty acid
content of flaxseed, with most of the remainder being oleic or linoleic acid.

GRAS Monograph for 9 JHEIMBACH LLC
Whole and Milled Flaxseed
000019



Table S. Fatty Acid Distribution of Canadian Flaxseed.

Percentage of Total Fatty Acids
Fatty Acid
Standard - .
Mean Deviation Minimum Maximum
a-Linolenic
(C18:3n-3) 57.11 1.68 51.52 59.42
o Oleic
. (c18:1) 18.50 1.86 16.12 25.13
) Linoleic
N (C18:2 n-6) 14.44 0.80 12.94 15.23
Palmitic
(C16:0) 5.61 0.19 5.15 5.90
Stearic 3.15 0.33 2.60 410
(C18:0) : : . .
o Palmitoleic
(C16:1) 0.06 0.01 0.04 0.09
Source: Bean and Leeson (2002)

e IR R RPN st A R ek

The USDA/ARS (2007) data also include estimates of the fatty acid content of flaxseed
based on from 1 to 7 samples, expressed as percentages of the total flaxseed. These values are

shown below in Table 6. It can be seen that 72% of the fatty acids in flaxseed are

polyunsaturated and 80% of the polyunsaturates are a-linolenic acid.

.
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Table 6. Fatty Acid Content of Flaxseed.

Fatty Acid' (9! og;nftl::ts eed)
Total saturates 3.663
14:0 0.008
15:0 0.005
16:0 2.165
17:0 0.018
18:0 1.330
20:0 0.052
22:0 0.052
24:0 0.031
Total monounsaturates 7.527
16:1 undifferentiated 0.024
18:1 undifferentiated 7.359
20:1 0.067
22:1 undifferentiated 0.013
241 cis 0.064
Total polyunsaturates 28.730
18:2 undifferentiated 5.903
18:3 undifferentiated 22.813
20:2 n-6 cis, cis 0.007
'Fatty acids not detected are omitted.
Source: USDA/ARS (2007)

Similar results were reported with various cultivars (2 check varieties and 26
experimental lines) throughout Canada (Duguid 2007). Fatty acid composition (determined by
gas liquid chromatography) was reported to range as follows:

16:0—4.5 to 6.2% (mean = 5.3%)
18:0—2.7-4.1% (mean = 3.4%)

18:1-—14.8-19.6% (mean = 17.4%)
18:2—13.6-18.2% (mean = 15.8%)
18:3—55.5-60.1% (mean = 58.1%)

Variation in oil content and fatty acid values as high as 10% have been reported using
different analytical methodologies and sample type (e.g., wet versus dry basis) (Daun and
Thomas 2005), as shown in Table 7 below:
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Table 7. Variation in Oil Content and Fatty Acid Values
By Sample Type and Analytical Method

Ground Flaxseed Whole Flaxseed
Parameter Sample “as is” | Dry Matter Basis | Sample “as is” |} Dry Matter Basis
GRL' | c’ | GRL CcL GRL | CL GRL CL

Nitrogen® (%) 36 35 39 38 4.1 4.0 44 44

Fat® (%) 411 | 357 446 392 3s8| 289 40.3 31.7

Moisture” (%) 7.8 8.8 0 0 8.7 9.1 0 0

FATTY ACIDS®
(g/100g)

C14:0 ND ND ND ND ND ND ND ND
C16:0 19 156 21 1.6 1.7 1.3 1.8 1.4
c16:1 Trace 15 Trace ND | Trace ND Trace ND
C18:0 11 0.9 1.2 1.0 13 1.0 14 1.1
C18:1 73 55 7.9 6.1 78 5.7 8.5 6.3
C18:2 53 4.1 5.8 45 5.2 3.8 57 4.1
c18:3 23.1 17.1 25.1 18.9 18.7 13.3 20.5 14.6
C20:0 Trace | Trace 0.1 Trace | Trace | Trace 0.1 Trace
C20:1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
C20:2 ND ND ND ND ND ND ND ND
C20:3 ND ND ND ND ND ND ND ND
C20:4 ND ND ND ND ND ND ND ND
C22:0 Trace ND Trace ND | Trace ND 0.1 ND
C22:1 ND ND ND ND ND ND ND ND
C22:2 ND ND ND ND ND ND ND ND
C24:0 Trace ND Trace ND | Trace ND Trace ND
C24:1 0.1 ND 0.1 ND 0.1 ND 0.1 ND
Others 0.3 ND 0.3 ND 0.2 ND 0.3 ND

Total Fatty Acids 39.1 291 42.4 319 35.0 25.1 38.3 276

'Grain Research Laboratory

“Commercial Laboratory

3GRL used AOCS Dumas Combustion Method Ba 4e-93; CL used AOAC Kijeldahi Method 991.20

‘GRL used AOCS Method Am 2-93; CL used AOAC method 933.05

SGRL used I1SO forced air oven method 665; CL used AOAC vacuum oven method 964,22

SGRL used AOCS Method Ce 1-62; CL used AOCS Ce 1-62

ND=not detected

Source: Daun and Thomas (2005)

2.7.3.2. Triacylglycerols and Free Fatty Acids

According to research by Wanasundara et al. (1999), 96% of the lipids in flaxseed are
present in neutral form, primarily triacylglycerols with a small presence of free fatty acids. Polar
lipids (glycolipids and phospholipids) account for 1.4%, and the major phospholipid is
phosphatidylcholine. As a percentage of the total flaxseed, the neutral lipids were present in the
concentrations shown in Table 8.
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Table 8. Neutral Lipid Content of Flaxseed.

Neutral Lipid (mgﬁgon;egg?‘ogm)
Monoacyiglycerol 0.34
Diacylglycerol 0.64
Triacylglycerol 29.60
Free fatty acids 0.42
Sterols trace

Source Wanasundara et al. (1999)

i

Hall et al. (2006) reported the following average distributions of triacylglycerols
(Table 9). The most prevalent triacylglycerol is composed of 3 linolenic acid chains; this is
followed by triacylglycerols with 2 linolenic acids and then by those with a single linolenic acid.
The most prevalent triacylglycerol that does not contain linolenic acid is present at only 1.1%.

Table 9. Triacylglycerols in Flaxseed.

Triacyiglycerol Percent
LnlnLn 304
LalnLn 18.7
OoLnln 13.5
LaLnP 6.9
OLaln 59
LalLaln 53
OLnO 42
Stnln 4.1
OLnP 31
LnLaP 3.0
Slala 1.1
OLala 1.0
LalLala 0.9
OLao 0.8
LaOP 0.6
PLnP 0.5
La=linoleic acid; Ln=iinolenic acid
O=oleic acid; P=palmitic acid
S=stearic acid
Source: Hall et al. (20086)
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2.7.3.3. a-Linolenic Acid

As cited in Bean and Leeson (2002), a-linolenic acid (ALA) constitutes 57% of the lipid
content of flaxseed or about 25% of the whole seed. ALA is an 18-carbon fatty acid with 3
double bonds, all in cis formation, at carbons 9, 12, and 15. The systematic name of ALA is 9,
12, 15-octadecatrienoic acid, and it has CAS Registry number 463-40-1. Because these 3 cis
double-bonds introduce a pronounced bend in the carbon chain, ALA has a low melting point of
-16.5°C as compared to -8.5°C for linoleic acid. Although the carbon atoms in carboxylic acids
are officially numbered from the carboxyl end of the chain, fatty-acid nomenclature numbers
them from the methyl end. Since the first double bond occurs at the 3" carbon from the methyl
end, ALA is an n-3 fatty acid, often referred to as an “omega-3 fatty acid.” With chemical
formula C;gH300, or, more meaningfully, CH3(CHCH=CH)3(CH,);COOH, the molecular
weight of ALA is 278.433. The chemical structure of ALA is shown in Figure 2, below.

1)
j\/\/\/\/ : - > 1
HO 1 s 12 g5 18

a

Figure 2. Chemical Structure a-Linolenic Acid.

ALA is regarded as an essential fatty acid. Humans cannot synthesize this fatty acid and a
lack of it results in adverse clinical symptoms including neurological abnormalities and poor
growth (IOM 2002). ALA is the “parent” of the n-3 series and can be elongated and desaturated
to longer chain, more highly unsaturated metabolites, beginning with eicosapentaenoic acid
(EPA), which is in turn the precursor for series-3 eicosanoids and series-5 leukotrienes (IOM
2002). This metabolic chain is the basis for ALA’s essentiality; it has no known specific function
other than serving as a precursor for synthesis of EPA and docosahexaenoic acid (DHA).

Despite its high content of polyunsaturated fatty acids, flaxseed oil is quite stable.
Malcolmson et al. (2000) stored samples of milled flaxseed at 23°C for 128 days and found no
significant increase in peroxides, dienals, hexanal, or conjugated double bonds; increases in total
volatiles were less than those reported in stored vegetable oils. A trained sensory panel detected
no differences in the odor properties of fresh v. stored samples, nor could flavor differences be
detected in bread made from fresh v. stored samples. Similarly, Przybylski and Daun (2001)
reported that samples of milled flax that had been stored in warehouse conditions for up to 20
months suffered only very low levels of oxidative deterioration. Additionally, experiments on the
effects of food processing and cooking on the lipid content of spaghetti containing ground
flaxseed found that the ALA was stable through these processes (Manthey et al. 2002).

2.7.4. Protein

Protein content is typically estimated in flaxseed and other foods by measuring nitrogen
content. For most food sources, a nitrogen conversion factor of 6.25 is used to estimate crude
protein content. This value was based on early studies showing approximately 16% nitrogen in
proteins from animal sources. A slightly lower conversion factor of 5.41 was estimated for flax
meal based on amino acid analyses (Tkachuk 1969).
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The protein content of flaxseed is about 10-31%, varying by cultivar, environmental
conditions, and growing region, according to Hall et al. (2006), who also reported that a 1990
analysis of the protein content of eleven flaxseed cultivars from the U.S. (North Dakota) found a
range of 26.9% to 31.6%, while a 1993 analysis of 11 Canadian cultivars found a range of 18.4%
to 20.2%. These latter data were calculated from a report by Oomah and Mazza (1993), who
reported the protein content of flaxseed on an oil-free and moisture-free basis, as shown in
Table 10.

Table 10. Protein Content of Flaxseed Cultivars.

Protein
Cultivar (%:; oil- and moisture-free basis)

1987 1988 1999
AC Linora NA' 34.7 36.7
Andro 328 34.6 36.4
Dufferin 314 34.1 NA!
Flanders 325 346 36.0
Linott 325 349 36.5
McGregor 313 33.8 347
Noralta 314 33.9 35.8
NorLin 320 34.0 35.9
NorMan 325 346 36.2
Somme 324 344 36.3
Vimy 313 34.1 36.2
'NA= data not available
Source: Oomah and Mazza (1993)

Daun et al. (2003) reported that analyses of Canadian flaxseed over a 5-year span showed
it to contain 23% crude protein with individual farm samples ranging from 17.4 to 29.2% and
export samples ranging from 20.9-25.1%. Protein content is inversely related to oil content
(correlation coefficient = -0.5) based on data collected during Canadian Grain Commission
harvest surveys from 1998 to 2002 (Daun et al. 2003).

Hall et al. (2006) reported that the high-molecular weight globulin fraction constitutes
about 80% of total protein and the low-molecular weight fraction, mostly albumins, about 20%;
similar proportions were estimated by Sammour (1999). Oomah and Mazza (1993), on the other
hand, estimated the high-molecular weight fraction at 58% and the low-molecular weight
fraction at 42%. These authors also reported that proteins in the high-molecular weight fraction
have molecular weights in the range of 294 kilodaltons (kDa) while those in the low-molecular
weight fraction are in the range of about 15-17 kDa. They also noted that flaxseed proteins are
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only poorly soluble in water, being only 20-24% soluble between pH 2 and 6. Most of this
solubility is provided by the low-molecular weight fraction.

2.7.4.1. Amino Acids
Based on their analysis of the amino-acid composition of three flaxseed cultivars (shown
in Table 11), Oomah and Mazza (1993) concluded that glutamine is the most prevalent amino
acid, followed by arginine and aspartic acid. The high-molecular weight fraction is rich in
aspartic and glutamic acids, while the low-molecular weight fraction is characterized by large

amounts of lysine, cysteine, glutamic acid, and glycine.

Table 11. Amino Acid Content of Flaxseed Cultivars.

Amino Acid as Percent Cultivar
of Protein Norlin Foster Omega

Alanine 44 47 45
Arginine 92 10.0 9.4
Aspartic acid 93 10.0 9.7
Cysteine 1.1 18 1.1
Serine 45 47 46
Glutamine 19.6 200 19.7
Glycine 58 59 58
Histidine 22 2.1 23
Leucine 5.8 6.0 5.9
Isoleucine 40 41 4.0
Lysine 4.0 40 39
Methionine 1.5 14 14
Phenylalanine 46 48 4.7
Proline 3.5 3.8 35
Threonine 3.6 38 3.7
Tyrosine 23 2.4 23
Valine 46 5.1 47

Source: Oomah and Mazza (1993)

The USDA nutrient database for standard reference (USDA/ARS 2007) also includes
estimates of the amino acid content of flaxseed, reported as a percentage of the entire seed, as

shown in Table 12.
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Table 12. Amino Acid Content of Flaxseed.

Amino Acid | og‘;"ftl‘;“xts oed)
Tryptophan 0.297
Threonine 0.766
Isoleucine 0.896
Leucine 1.235
Lysine 0.862
Methionine 0.370
Cystine 0.340
Phenylalanine 0.957
Tyrosine 0.493
Valine 1.072
Arginine 1.925
Histidine 0.472
Alanine 0.925
Aspartic acid 2.046
Giutamine 4.039
Glycine 1.248
Proline 0.806
Serine 0.970

Hydroxyproline 0.175
Source: USDA/ARS (2007)

Hall et al. (2006) concluded that there is less variability in the amino acid content of
flaxseed protein than the degree of protein variability across cultivars and growing regions.

2.7.5. Fiber

As noted earlier, the US nutrient database for standard reference (USDA/ARS 2007)
reports that flaxseed contains 27.3 g total dietary fiber per 100 g flaxseed while the Canadian
data (Health Canada 1999a) show 17 g fiber/100 g flaxseed. This difference may be due to the
use of different cultivars, differences in methodologies (particularly extraction methods), or
simple random variability. Over half of the dietary fiber found in flaxseeds is insoluble cellulose
(Hodgins and Patterson 1994); Dahl et al. (2005) reported the proportion as 56%. The soluble
fiber' in flaxseed is in the form of mucilage, also referred to as polysaccharide gum or

' As discussed in Section 3.3.1 on the definition of fiber, an Institute of Medicine Panel on the Definition of
Dietary Fiber recommended phasing out use of the terms “soluble” and “insouble” to classify fibers (IOM 2001).
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hydrocolloidal gum. (The presence of such mucilaginous material is uncommon among oilseeds
[Mazza and Oomah 1995] although it is found in other sources such as mustard seed.) Flaxseed
mucilage is present entirely in the seed coat, being on the epiderm of the seed coat (Bhatty
1993). This mucilage, which is a mixture of neutral and acidic polysaccharides varying in their
galacturonic acid content, is responsible for the high water-hydration capacity of flaxseed
products.

The mucilage content of processed flaxseed from 3 cultivars, Andro, Linott, and Norlin,
was estimated at 5.0, 5.0, and 5.3%, respectively (Bhatty 1993). An early study (Anderson and
Lowe 1947) identified the composition of flaxseed mucilage as shown below in Table 13. The
researchers noted that there was no positive evidence of any sugar other than the 3 listed in the
table and argued that the physical properties of the mucilage (resembling those of a starch)
suggested a branched chain structure.

Table 13. Composition of Flaxseed Mucilage

Component Peroent1
Xylose 31.36
Galactouronic acid 30.46
Galactose 23.88
Rhamnose 14.30
! Presented on an ash-free basis
Source: Anderson and Lowe (1947)

More recently, using improved extraction and analytical techniques, Oomah et al. (1995a)
analyzed the mucilage content of 109 samples of several varieties of flaxseed from 12
geographical areas. Total water-soluble carbohydrate contents ranged from 3.6% to 8% of the
flaxseed with a mean of 6.2%. In contradistinction to Anderson and Lowe (1947), Oomah et al.
(1995a) found that glucose is the major monosaccharide in flaxseed. They attributed this
difference to their use of a phosphate buffer (pH 7.0) rather than pure water for the extraction.
The polysaccharide content of flaxseed as determined by Oomah et al. (1995a) is shown in
Table 14.
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Table 14. Ranges of Composition of Flaxseed Mucilage.

Component Percent
Minimum Mean Maximum

Glucose 213 28.9 40.0
Xylose 109 232 32.0
Galactose 12.7 19.1 26.9
Rhamnose 82 14.2 238
Arabinose 3.2 106 164
Fucose 1.9 35 9.1
Source: Oomah et al. (1995a)

Aside from the presence of glucose, the ordering of the sugars by Oomabh et al. (1995a) is
the same as that in the analyses of Anderson and Lowe (1947)—xylose, galactose, rhamnose—
although the more recent analyses also identified two sugars, arabinose and fucose, that were not
found in the earlier work. Oomah et al. (1995a) also confirmed the branched chain structure
hypothesized in the earlier research. Mazza and Oomah (1995) reported that the neutral
polysaccharide is primarily composed of a backbone of a (1—4)-linked B-D-xylopyranose chain
which is 0-2 substituted with side chains of (1—35) or (1—3)-linked arabinose. The principal
polysaccharide structure in the acidic fraction is a backbone of (1—2)-linked L-rhamnose units
with some branching at the 0-3 positions, and with D-galacturonic acid present as (1—4)-linked
residues located either in the main chain or as part of side chains. Other chemical structures exist
in smaller concentrations.

Oomah et al. (1995a) also commented on the high degree of variation in the relative
concentrations of the different sugars, which did not appear to be closely related to cultivar or
growing area. Although they did not report the data, they also analyzed their samples for total
protein and lipid content and found no correlation between either of these parameters and either
the total polysaccharide content or the sugars distribution.

The functionality of flaxseed mucilage was explored by Mazza and Biliaderis (1989) and
compared with that of locust bean, guar gum, and gum arabic. They found that extraction with
water at 25°C yielded 3.5 to 5.5% mucilage, similar to the findings of Bhatty (1993) and Oomah
et al. (1995a), reported above. The use of boiling water increased yields to nearly 9% but
resulted in a darker finished product, and so later extractions were performed by beginning with
boiling water (100°C) and allowing it to cool to room temperature (25°C). (The darkness of the
gum extracted at high temperatures may have been due to protein; Mazza and Oomah (1995)
reported that hot-water extraction produces a gum with a higher protein content than does cold-
water extraction.) Mazza and Biliaderis’ (1989) results are summarized in Table 15, below.
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Table 15. Flaxseed Mucilage Extraction by Time and Temperature.

Extraction Time Mucilage Concentration (% Flaxseed)
(Hours) 25°C 100-25°C 100°C

05 36 6.5 8.4
1.0 44 7.2 8.5
20 48 76 8.6
40 52 7.8 8.9
6.0 5.2 7.9 8.9
8.0 53 8.2 8.9
Source: Mazza and Biliaderis (1989)

Mazza and Biliaderis (1989) also explored the composition of the mucilage extracted at
the various temperatures in 2 hours and compared it with guar gum and locus bean gum, as
shown in Table 16.

Table 16. Composition of Flaxseed Mucilage and Other Gums.

Constituent | Unit Flaxseed Bxtraction Temperaturs Guar Gum Locust
25°C | 100-25°C | 100°C Bean Gum

Water % 75 45 5.1 8.8 8.9
Ash % 118 114 114 0.7 0.9
Protein % 46 128 145 45 7.4
Lipid % 04 0.2 05 0.7 1.2
Carbohydrate % 83.3 75.5 736 94.2 90.5
Potassium % 29 41 42 0.2 0.4
Calcium % 1.3 0.9 08 0.1 0.1
Magnesium % 0.5 04 0.3 0.1 0.1
Phosphorus % 0.1 02 0.2 0.1 0.1
Iron ppm 83 66 66 49 29
Zinc ppm 59 46 42 14 15
Manganese ppm 24 15 14 2
Copper ppm 13 22 14 2
Source: Mazza and Biliaderis (1989)

The most obvious difference between flaxseed mucilage and both guar and locust bean
gum is the higher ash and mineral content. However, the guar and locust bean gums were
commercial products and it is not known what sort of processing they might have undergone.
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The solubility of a 0.5% solution of flaxseed mucilage was between 70 and 90%,
differing little from the solubilities of gum arabic, guar gum, and locust bean gum. The viscosity
of flaxseed mucilage at low shear rates was between that of gum arabic and locust bean or guar
gums, although Mazza and Oomah (1995) observed that the extraction conditions can influence
the viscosity of the gum. Mazza and Biliaderis (1989) found that the order of increasing viscosity
among carbohydrate hydrocolloids was potato starch < gum arabic < flaxseed mucilage < locust
bean < guar < xanthan. At high shear rates these differences were minimized. The viscosity of
flaxseed mucilage was higher at neutral pH (6-8) than in either acidic or alkaline solutions.
Finally, the water sorption characteristics of flaxseed mucilage were similar to those of other
plant gums and were dependent on temperature.

Mazza and Oomah (1995) reported that the water-binding capacity of the gum extracted
from 3 cultivars of flaxseed ranged between 1600 and 3000 g H>O/100 g solids, similar to that of

guar gum.

2.7.6. Micronutrients

2.7.6.1. Minerals

The mineral content of flaxseed, based on analyses of 7 samples, is included in the
USDA/ARS (2007) nutrient database. The Health Canada (1999a) tables also include the
flaxseed content of 5 minerals. These data are displayed in Tables 17 and 18, below.

Table 17. Mineral Content of Flaxseed (USDA/ARS).

Mineral | Unit (pi‘:m)
Calcium mg 255
fron mg 5.7
Magnesium mg 392
Phosphorus mg 642
Potassium mg 813
Sodium mg 30
Zinc mg 43
Copper mg 1.2
Manganese mg 25
Selenium ug 254
Source: USDA/ARS (2007)

GRAS Monograph for 21 JHEIMBACH LLC
Whole and Milled Flaxseed

000031



Table 18. Mineral Content of Flaxseed (Health Canada).

Mineral Unit (;gr;t::tg)
Calcium mg 268
iron mg 1.1
Potassium mg 1301
Sodium mg 66
Zinc mg 7.7

Source: Health Canada (1999a)

Cadmium has been identified in flaxseed, as in many other plants, and levels in flaxseed
are dependent on cadmium concentrations in soil (Grant and Bailey 1997; Grant et al. 2000) and
the variety of seed (Chen et al. 1999; Hocking and McLaughlin 2000; Hammond et al. 2000;
Chaney et al. 2001; Oomah et al. 2007). Cadmium levels identified in a large selection of
varieties from the USDA collection grown on soil with high cadmium levels ranged from 0.2 to
3.6 mg/kg (Hammond et al. 2000). In studies of Canadian flaxseed, the range was 0.2 to 0.6
mg/kg (Daun and Przybylski 2000a) and the highest level noted by the Canadian Grain
Commission was one sample with a level above 3 mg/kg. It has been reported that the risk to
health of cadmium ingestion at the levels reported in flaxseed is considerably less than that of
other cereals such as wheat or rice (Butler and Conn 1964).

2.7.6.2. Vitamins

The vitamin content of flaxseed as reported in the USDA/ARS (2007) database, based on
analyses of from 1 to 6 samples, is shown in Table 19, below. The vitamin contents of flaxseed

listed in the Health Canada (1999a) tables are shown in Table 20.
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Table 19. Vitamin Content of Flaxseed (USDA/ARS).

Table 20. Vitamin Content of Flaxseed (Health Canada).

Vitamin Unit (pi‘:';t:gtg)
Vitamin C mg 0.6
Thiamin mg 164
Riboflavin mg 0.16
Niacin mg 3.08
Pantothenic acid mg 0.98
Vitamin B-6 mg 0.47
Folate Hg 87
Choline mg 78.7
Betaine mg 3.1
Vitamin B-12 Hg 0
Vitamin A Y] 0
Vitamin E mg 0.31
y-tocopherol mg 19.95
5-tocopherol mg 0.35
Vitamin K Hg 43
Source: USDA/ARS (2007)

Mineraf’ Unit | oo ('Ip;;) co:tg:tggper
Vitamin C mg 1 1.36
Thiamin mg 0.12 0.16
Riboflavin mg 0.12 0.16
Niacin NE* 34 47
Vitamin B-6 mg 0.55 0.75
Folate Hg 218 299
‘values are given for the weight of the edible portion as
described (i.e., flaxseeds)

*Niacin Equivalent (= 1 mg niacin or 60 mg tryptophan)
Source: Health Canada (1999a)
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2.7.7. Lignans

Phenolic compounds are widely distributed in plants; they occur in many forms, but in
oilseed products they occur primarily as the hydroxylated derivates of benzoic and cinnamic
acids, coumarins, flavonoid compounds, and lignins (Oomah et al. 1995b). The phenolic acid
content of flaxseed is addressed below; this section focuses on lignans.

Lignans are a class of naturally occurring compounds characterized by the bonding of
two aryl propanoids (cinnamic acid residues) at the 2-position. Lignans are usually found as
phenylpropanoid dimers in which the phenylpropanoid units are linked tail to tail and thus have a
2,3 dibenzylbutane skeleton, but higher oligomers can also exist.

The primary lignan in flaxseed is 2,3-bis(3-methoxy-4-hydroxybenzyl)butane-1,4-diol,
more often referred to by the trivial name secoisolariciresinol (SECO; Lampe et al. 2006). SECO
(CAS number 29388-59-8) has the molecular formula C20H,60¢ and a molecular weight of
362.4. In flaxseed, SECO is usually bonded to two glucose units to form a diglucoside,
secoisolariciresinol diglucoside (SDG). The full chemical name is B-D-glucopyranoside,2,3-
bis[(4-hydroxy-3-methoxyphenylOmethyl]-1,4-butanediyl-bis-[R-(R*,R*)]. It is a member of the
oxydiarylbutan class of lignans (Meagher et al. 1999). SDG has CAS number 158932-33-3; its
molecular formula is C3,Hy016 and its molecular weight is 686.7. The chemical structure of
SDG is shown below in Figure 3. SDG does not exist in flaxseed in free form, but rather is part
of a soluble ester-linked complex that also contains 3-hydroxyl-3-methyl-glutaric acid and a
number of cinnamic acid glucosides (Muir 2006).

OH

HO OH
CH;0 CH,0 O CH,0
H
O Loz
HO CH,O CH,OH

OH

OCH;

Figure 3. Secoisolariciresinol Diglucoside (SDG; from Rickard et al. 2000).

SDG was first isolated in 1956 by Bakke and Klosterman (Muir 2006), but no biological
activity was recognized at that time; it was only after the 1980 discovery of the mammalian
lignans enterolactone and enterodiol that SDG was recognized (in 1982) as the principal
precursor. (The kinetics of SDG are discussed in detail in a later section of this monograph.)
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The stability of SDG derived from flaxseed under conditions of baking and during
storage was tested by Hyvarinen et al. (2006). SDG in rye breads, graham buns, and muffins was
analyzed by HPLC before and after baking and no change was found; similarly, SDG in buns
containing fat-free flaxseed meal was unaffected by storage for 1 week at room temperature or
for up to 2 months at -25°C.

A second lignan in flaxseed that can also serve as a precursor to the mammalian lignans
is matairesinol, [3R-trans}-dihydro-3,4-bis[(4-hydroxy-3-methoxyphenyl)-methyl}-2(3 H)-
furanone (Mazur et al. 1996), a member of the diarylbutyrolactone class of lignans (Meagher et
al. 1999). The molecular structure of this lignan is shown in Figure 4.

HsCO
(J L

HO
o

‘ OCH;

OH

Figure 4. Matairesinol (from Mazur et al. 1996).

Mazur et al. (1996) analyzed a number of food products for their lignan content. Flaxseed
had by far the highest concentration of SDG of any food tested. The SECO content (i.e., the
residue of SDG after removal of the 2 glucosides) of flaxseed was 3699.0 ug/g, more than 2
orders of magnitude higher than the next highest food tested, lapacho tea, containing 26.7 ug/g
SECO, followed by Finnish country rye bread and sunflower seeds with 11.53 pg/g and
6.095 pg/g, respectively. Only 0.707 pg SECO/g was found in American 9-grain bread. (Since
SECO constitutes 52.8% of the SDG molecule, the SDG content of flaxseed is 1.89 x SECO, or
7009 pg/g flaxseed.)

Flaxseed was also an abundant source of the lignan matairesinol (Mazur et al. 1996), with
10.87 pg/g, although lapacho tea was an even better source with 16.70 pg/g. No other food
reported in this study contained as much as 1 pg/g of matairesinol.

Two other lignans identified in flaxseed are not known to be capable of conversion to
enterodiol or enterolactone, although they may be precursors of other mammalian lignans (Sicilia
et al. 2003).. These are pinoresinol ([15-(1a,3a,48,6a)}-4,4’(tetrahydro-1H,3 H-furo(3,4-)furan-
1,4-diyl)bis(2-methoxyphenol), a furofuran lignan, and isolariciresinol ([1S-(1a,28,3a)}-1,2,3,4-
tetrahydro-7-hydroxy-1-(4-hydroxy-3-methoxyphenyl)-6-methoxy-2,3-naphthalenedimethanol),
a tetrahydronaphthalene lignan (Meagher et al. 1999). Prior to their identification in flaxseed,
isolariciresinol had been detected enly in human urine, and pinoresinol—as implied by its
name—had been found primarily in coniferous trees (Meagher et al. 1999).
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In a more recent analysis using improved extraction methods, Smeds et al. (2007)
assessed the lignan contents of a variety of cereals, oilseeds, and nuts. A number of lignans
isolated from flaxseed had not previously been reported. The lignan content of flaxseed as
determined by Smeds et al. (2007) is shown below in Table 21.

Table 21. Lignan Composition of Flaxseed.

Lignan oo g
Secoisolariciresinol 165759
Secoisolariciresinol-sesquilignan 6326
Cyclolariciresinol 3726
Lariciresinol 1780
Hydroxysecoisolariciresinol 958
Pinoresinol 871
Metairesinol 529
Lariciresinol-sesquilignan 86
Syringaresinol 48
Hydroxymetairesinol 35
Nortrachelogenin 33
Oxometairesinol 10
Dimethylmetairesinol 1
Source: Smeds et al. (2007)

As noted previously, the SDG content of flaxseed is 1.89 x SECO and thus can be

estimated as 3133 pg SDG/g or 3.13 mg/g flaxseed according to the analysis by Smeds et al.

(2007). This is approximately half the 7.01 pg/g concentration found by Mazur et al. (1996). Yet
- another analysis of the SDG content of flaxseed was conducted by Johnsson et al. (2000) using
HPLC; this analysis found a range of 6.1 mg SDG/g to 13.3 mg SDG/g. It is clear from these
disparate findings that analytical results are highly dependent not only on the SDG content of the
different cultivars and growing conditions of flaxseed, but also the extraction and analytical
methods employed.

Few lignans in flaxseed exist in aglyconic form (Smeds et al. 2007). As was noted above,
secoisolariciresinol always occurs as SDG, the diglucoside form. Only 6% of pinoresinol is
present as an aglycone, as is 7% of lariciresinol and 16% of cyclolariciresinol. The only
exceptions are metairesinol and hydroxymetairesinol; 41% and 58%, respectively, exist as
aglycones. (Smeds et al. (2007) noted that this is not the case with many cereals such as rye,
wheat, barley, and buckwheat, in which most of the lignans are present as aglycones.)
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Smeds et al. (2007) concluded that flaxseed and sesame seed are by far the most lignan-
rich species used as foodstuffs. Although flaxseed has long been regarded as the best single
source of lignans, inclusion of the lipophilic sesamin-type lignans (which had previously been
under-estimated) moves sesame seed into the lead. The highest lignan content among cereal
grains is found in rye and wheat.

2.7.8. Phenolic Acids

Radtke et al. (1998) suggested that the antioxidant and anticarcinogenic properties of
phenolic acids could be part of the cause of the inverse association between fruit and vegetable
intake and the incidence of coronary heart disease and cancer. The estimated daily intake of
phenolic acid in a Bavarian subpopulation of the German National Food Consumption Survey
was 222 mg/day, with caffeic acid accounting for 206 mg/day of this total (Radtke et al. 1998).

Oomah et al. (1995b) analyzed the phenolic acid content of 96 samples of flaxseed from

8 cultivars grown at 4 locations in western Canada for 3 years. The results by cultivar are shown
below in Table 22.

Table 22. Phenolic Acid Concentrations in Flaxseed Cultivars.

Cultivar Phenolic Acids (mg/g)

Total Esterified Etherified
AC Emerson 9.92 4.79 5.13
AC Linora 10.34 5.38 4.97
Flanders 8.46 5.12 3.34
Linota 947 7.89 5.19 267
McGregor 8.13 5.42 272
NorLin 9.48 5.21 427
Somme 8.85 5.42 3.44
Vimy 9.52 5.30 422
Source: Oomah et al. (1995b)

Growing location had no consistent effect on the phenolic acid content of flaxseed, but
there were significant differences across cultivars, particularly in etherified phenolic acids,
predominantly ferulic acid. The largest source of variability was seasonal effects. However, the
phenolic acid content of flaxseed was independent of the protein and oil content (Oomah et al.
1995b).

2.7.9. Cyanogenic Glycosides

Like a large number of other edible plants, flaxseed contains 4 glycosides (linustatin,
neolinustatin, linamarin, and lautostralin) that release hydrogen cyanide on hydrolysis (Hall et al.
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2006). These glycosides are synthesized from amino acids, including leucine, isoleucine, and

valine (Barthet and Daun 2000). The major cyanogenic glycosides in fully mature seeds are both
- diglucosides: linustatin, B-gentiobioside of acetone cyanohydrin, and neolinustatin, methylethyl
ketone cyanohydrin (Oomah et al. 1992; Daun 2008a). Neolinustatin differs from linustatin by
having an ethyl group rather than a methyl group adjacent to the cyano group. The
monoglycosides (linamarin and lautostralin) appear in more immature seeds or as artifacts in
methodologies which do not inactivate the seed enzymes linustatinase and linamarinase (Daun
2008a). Hydrolysis of the cyanogenic glycosides in the presence of the 2 glucoside enzymes
linustatinase and linamarinase forms a hydroxypropanenitrile which decomposes in aqueous
solution to hydrogen cyanide. Daun (2008a,b) provided a schematic of the enzymatic hydrolysis
of linustatin to hydrogen cyanide and acetone, shown below in Figure 5.

O-Glucose

_O-Glucose-O-Glucose  Linustatinase Li i HO
HC—CH — = HC-CA e HCCCHs ______, HCNand
y, - Glucose L€ - Glucose C Acetone
7 N7 N
Linustatine Linamarin 2-Hydroxy-2-methylipropanenitrite

Figure 5. Enzymatic Hydrolyis of Linustatin (from Daun 2008a,b).

According to research by Frehner et al. (1990), the distribution of the cyanogenic
glycosides varies with the age of the flaxseed at time of harvest; while only the monoglycosides
are present at anthesis, only the diglucosides are present at full maturity. Both types of

- glycosides are present at intermediate stages of development.
- The structural formulas of these glycosides are shown in Figures 6-9 below (from Hall et
- al. 2006).
H,C czN
H,C
=T N
HO :
O
HO\\“"' My ©
OH
Figure 6. Linustatin.
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The cyanogenic glycoside content of flax differs depending on location in the plant and
stage of development (Hall et al. 2006). Oomah et al. (1992) analyzed the cyanogenic glycosides
present in 10 Canadian cultivars and found linustatin and neolinustatin to be the most abundant
compounds with linamarin present as low levels (Table 23); the detection of linamarin may be an
artifact of the methodology (Daun 2008, personal communication).

Table 23. Cyanogenic Glycoside Content of Flaxseed Cultivars.

Cyanogenic Glycoside Content

Cultivar (mglg seed)
Linamarin Linustatin Neolinustatin
AC Linora 0.20 2.69 122
Andro 0.17 3.42 2.03
Flanders 0.14 2.82 1.47
Linott 0.22 213 1.61
McGregor 0.26 3.52 0.91
Noralta 0.20 271 1.63
Norlin ND 295 2.01
NorMan ND 2.31 135
Somme 0.28 3.22 1.49
Vimy 0.32 262 1.15
Source: Oomah et al. (1992)

The total cyanogenic glycoside content of the cultivars tested by Oomah et al. (1992)
ranged from 3.66 mg/g (in NorMan) to 5.62 mg/g (in Andro); the overall mean was 4.51 mg/g.

In a biotechnology consultation filed with FDA for sulfonylurea-tolerant genetically
modified flaxseed (FDA 1998), the developer of the modified strain stated that the typical range
of cyanogenic glycoside contents for Canadian cultivars is 6.0 to 9.2 mg/g seed; the modified
strain contained a concentration of 7.7 mg/g.

Bhatty (1993) found strong seasonal effects on the total cyanogenic glycoside content of
8 flaxseed cultivars, while Oomah et al. (1992) determined that the concentrations of all 3
cyanogenic glycosides were dependent on cultivar, location, and year of production, with
cultivar being the most important factor. Studies by Daun and Przybylski (2000b) showed that
the concentrations of cyanogenic glycoside in seeds vary signficantly with both cultivar and
environment (expressed as oil content), as shown in Table 24.
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Table 24. Effect of Variety and Oil Content On Cyanoglycosides
in Canadian Flax Cultivars.

Variety c Oil Linustatin | Neolinustatin Total As HCN
ontent {mMolkg) {mMol/kg) (mMol/kg) | (mglkg)
High 4.55 5.70 10.25 297
NorLin Medium 4.55 5.86 10.41 302
Low 455 5.56 10.10 293
High 4.94 4.35 9.29 269
Vimy Medium 4.89 442 9.31 270
Low 435 411 8.47 246
High 5.16 4.18 9.34 271
Flanders Medium 484 473 9.57 278
Low 4.65 4.02 8.66 251
High 6.36 5.27 11.63 337
Somme Medium 5.50 447 9.97 289
Low 5.13 4.70 9.84 285
Mean 4.96 478 9.74 282
Minimum 4.35 4.02 8.47 246
All Varieties | Maximum 6.36 5.86 11.63 337
Std. Dev. 0.55 0.65 0.84 245
cV! 11.07 13.61 8.66 8.7
Statistical p(Oil) 0.027 0.38 0.117 0.117
Significance | p(variety) 0.007 0.003 0.022 0.022
1. Coefficient of variation
Source: Daun and Przybyiski (2000b)

A number of studies have examined the effect of processing on the cyanogenic glycoside
content of flaxseed and its products (Wanasundara et al. 1993; Shahidi et al. 1997; Oohma and
Mazza 1998; Feng et al. 2003; Yang et al. 2004). Overall, there is no evidence demonstrating
that it is possible to remove the cyanogenic glycosides in intact flaxseed by physical treatment
(e.g., heat) without severely affecting the quality of the seed. Treatments that appear to reduce
the amount of cyanogenic glycosides in intact seeds do so by inactivation of the glycosidase

enzymes.
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2.7.9.1. Hydrogen Cyanide

When flaxseed is crushed in water, hydrogen cyanide is released from these cyanogenic
glycosides by the action of the enzyme B-glycosidase, which is present in the flaxseed itself
(Chadha et al. 1995). This released cyanide is then washed away.

Cyanide released from flax is estimated either by direct measurement of the cyanide
released by hydrolysis of the cyanogenic glycosides or by measuring the amount of cyanogenic
glycosides present and then calculating the maximum amount of cyanide potentially released
(Daun 2008a). Measurement of cyanogenic glycosides by HPLC (Oomah et al. 1992) or GC
(Bacala and Barthet 2007) gives results comparable to those obtained by direct estimation based
on measuring cyanide (Kobaisy et al. 1996) produced on hydrolysis if intact enzyme systems are
present (Daun 2008b). However, if either of the seed enzymes is inactivated, even if both are
present, the direct method of measurement of cyanide produced by hydrolysis yields low or
negative results (Daun 2008b). Some hydrogen cyanide is lost to the atmosphere in most
methodologies; additionally, most methods rely on complete hydrolysis of the glycosides by
endogenous seed enzymes (Daun 2008a).

Table 25 on the following page provides a summary of the concentrations of cyanogenic
glycosides and of hydrogen cyanide found in flaxseeds from different sources using a variety of
analytical techniques. It is also to be noted that immature seeds have much higher levels (712-
1243 ppm) of hydrogen cyanide than do fully mature seeds (78.3-570 ppm).

Using colorimetric methods, Bhatty (1993) measured hydrogen cyanide concentrations of
8 freshly ground flaxseed cultivars grown in 4 locations in 1987, and of 7 freshly ground
flaxseed cultivars grown in 1987 and 1989. Based on these studies, Bhatty (1993) concluded that
cultivar, growing location, and season all affect the cyanide concentration in flaxseeds, with the
yearly variation being the largest contributor to the variance. The overall mean concentration of
hydrogen cyanide in flaxseed from both studies was 8.8 ug/100 g flaxseed, or 0.09 ug/g, with a
range of 0.06 to 0.12 pg/g. The levels reported by Bhatty (1993) are approximately 1000x lower
than those reported by other authors (see Table 25), and it is possible that an error was made in
the article and that the units should have been mg rather than pg.
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Table 25. Summary of Cyanogenic Glycoside and Hydrogen Cyanide Contents of Flaxseed.

9/100g seed Total HCN
Source Method Potential "“;::‘g",’k" ')"c"
Linustatine Neolinustatine Linamarin Lautostralin {mglkg) 9
Canada (Cunnane et al. 1993) HPLC 0.0003 0.0004 0.0000 0.0000 0.40
ICanada (Oomabh et al. 1992) HPLC/UV 0.168 - 0.380 0.072-0.238 0-0.403 0.0000 157 - 448
ICanada (Kobaisy et al. 1996)
HPLC 270-570
Unknown (Schiicher et al. 1986) HPLC 0.218 - 0.538 0.083 - 0.454 0.0000 0.0000 197 — 647
lon
FSeed (Chadha et al. 1995) chromatography 124-196
after autolysie
Acid hydrolysis 360
Canada (Haque and Bradbury 2002)
Picrate 360
Acid hydrolysis 140-300
Australia (Haque. and Bradbury 2002)
Picrate 140-350
Meal (Canada) (Wanasundara et al. 1993) HPLC 0.265 0.114 0.0000 0.0000 249
mmuature seed of unknown origin -
tNiedzwiedz Sieglen 1998) T.C 0.200 - 0.320 0.106 - 0.185 0.333 -0.605 0.141-0.240 712-1243
lseed (zaliner and Giebeimann 2007) 210-540
Cake (Zoliner and Giebelmann 2007) 500
ISprouts (28liner and Giebelmann 2007) 9100
IFc;od grade seed (Barthet 2006) GC 0.132-0.246 0.153-0.261 209-309
;’o“o"&“)’ Canada (Daun and Przybylski HPLC 0.178-260 0.170-0.248 245337
[Seed, survey of 104 cultivars, world wide
Oomah et al. 1995¢) 0.073-0.395 0-0.315 78.3-353.8
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2.7.10. Linatine

Linatine (1[(N-y-glutamyl)-amino}-D-proline) is a pro-antivitamin B¢ antagonist and has
been detected at levels of about 100 mg/kg in flaxseed (Klosterman et al. 1967; Klosterman
1974). As shown in Figure below, linatine is hydrolyzed (presumably through a protease enzyme
in the gut) to 1-amino-D-proline (DAP) which is the only vitamin B4 antagonist resulting from
natural feedstuff:

Ho NH2
N
o N
HO o) I
+
O NH, OH OH
NH,

Figure 10. Linatine Hydrolysis (from Klosterman 1974)

Once DAP is released, it can form a stable derivative with pyridoxal or pyridoxial
phosphate (vitamin Bg) resulting in a loss of available vitamin B¢ (Daun 2008c).

0
HOo NH: \ o, OH
N + oS OH o a P~on
0 l _ O‘?=0 o N = _ 10}
N OH ®
N

1-Amino-D-proline Pyridoxal Phosphate
Hydrazone derivative

Figure 11. Formation of Hydrazone Derivative.

Addition of vitamin B to the diet readily alleviates this problem. Vitamin B deficiency
through ingestion of linatine in flaxseed is not expected to be an issue at the intended use levels
due to adequate exposure to vitamin B in the diet.
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2.8. Physical and Chemical Properties

A brief summary of the physical and chemical properties of flaxseed is provided in
Table 26.

Table 26. Physical Characteristics of Whole and Milled Flaxseed.

Physical Standard Whole Milled
: Uniform golden color with or
Appearance Uniform brown or golden color without brown flecks
Odor No off odors No off odors
Texture Smooth, free-flowing granulation Free-flowing powder
Bulk density c. 65 kgl c. 48 kg/l
. . 100% passes through 3.5/64" x 1/2” .

Particle sizes slotted hole or 4.5/64" round hole Variable

2.9. Production Process
Flaxseed is produced under Good Manufacturing Practice (GMP) as described below.

2.9.1. Sorting and Cleaning

This process involves subjecting the flaxseed to a variety of separations that are based on
differences in length, width and bulk density to remove dirt and other extraneous material.
Typical cleaning equipment would include aspirators, scalpers, indents, graders, de-stoners, and
gravity equipment.

In some cases electronic color sorting may be used to improve the aesthetics and quality
of the food grade flaxseed product.

2.9.2. Milling; ranges of particle sizes

The milling of flaxseed is different from corn or cereal milling due to the high fat
content. The object is to produce a granular, non-oily, free-flowing product. It is desirable to mill
flaxseed with mills designed to micronize or cut the flaxseed as opposed to crushing. It is
desirable to use a process that does not significantly damage the oil-rich cellular structure of the
seed. Such grinding or milling processes produce a free-flowing granular product with particle
sizes ranging from 200 to 1500 pm.

2.9.3. Additional Processing

Although flaxseed is considered a low risk product in terms of microorganisms and
pathogens, some processors have developed processes to “pasteurize” or significantly reduce the
microbial load prior to further processing.
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Permitted anti-caking agents such as silica may be used to improve the flowability of
milled product.

2.10. Specifications for Food-Grade Material

Specifications for food-grade whole and milled flaxseed are shown in Table 27, along
with the results of analyses of 6 samples of product. All samples were within specification for all
parameters, indicating that the production process is consistently in control.

000046

GRAS Monograph for 36 JHEIMBACH LLC
Whole and Milled Flaxseed



PIOSXE4 PANITIAL PU® [0y
ITT1 HOVENIAHL LE 10y ydesdouoy SVUO

syun Buiwoy Auojod = o °¢
uey} esow jou = 1NN ‘2
usyjsssjlou— 11N 't
00L1 0L 0091 08t 0t> oLl 000€ LAN 6/ngo pio
0L> 00§ 008 (0] B 09¢ 091 0002 LNN B/ryo 1SBOA
0i> 0i> Ool> (0] ol> OL> 0L LAN B/ngo sneaine $nd2000jAyde}s
passed passed passed pessed possed pessed 6 gz ut 8/\!1859!.1 BUoJST]
passed pessed poessed passed possed pessed B gz ul SI\DBEGU Bjjeuowijes
0> Ol> OlL> Ol> oL> ol> 0L LAN 6o 1100 °3
0l> 0> o> o> olL> ol> 001 LWN B/myo SULIOH|0D
000°'0¥ 000°0¢ 000051 000'09 000's} 000'0€ 000'000‘L LAN BIEHP junoo ajeid oiqosey
eiqoJoin
- £0°0 £0°0 £0'( ¥0'0> ¥0'0 g'c LNN By/Bw ojuesly
- S00°0> GL00 600°0> 100°0> 0100 1’0 LWN By/Bw Aindseiy
6€C°0 Y50 20 €¢20 ¢0€'0 8eZ'0 0’4 LWN By/Bw wnupen
6¥¢'0> 6yZ' 0> ove 0> oy 0> 00€°0> T G0 LNN By/Bw peeT
s|ejow ArBoH
000 ot'0 000 000 eL'o 000 0'S LANN 1e} Byybews Sepixoied
Geo 160 090 y'0 o0 or0 0'¢ JAN 1e} 6 001/6 spioe Ajey 9914
0L'LE 12'6€ 16°6E 0.'9¢ £6°GE 86°LE Sy LWN '2€ 1IN % el |ejo
0'ee g'ce L'vZ LT 6'€e rA%4 L€ LWNN '0Z 1IN % Jeqy Aejeiq
L'ee 62 0’6z 8yt 194 9'tE 8¢ LWN 'SZ 1IN % ajepAyoqien
v'8i 4 ¥4 g'oc 28l g'6l £'8l 0£ LWN ‘S 1IN % %) UI8}old
8e'L 8G9 86'9 689 60°L €89 0l ,LAN ‘e LN % (%) aimsion
sajeulixold
LeLl# 189%# ovo# L6S# 0LS# 69S# uopeoyoeds nn {xey pejjjus pue ajoym)
s)|nsay jeanAjeuy Jsjoweied

suoneaydds apets) pooy °L7 dqeL

000047



2.11. Contaminants

Four samples of flaxseed were analyzed for concentrations of polychlorinated biphenyls
(PCBs) and polycyclic aromatic hydrocarbons (PAHs), and the oil from these samples was
analyzed for dioxin-like compounds. No contaminants were present in concentrations exceeding
acceptable limits, based on calculation of World Health Organization (WHO) Toxic Equivalent

values.
2.11.1. PCBs
PCB Concentration (ppt)
Congener Group
753 754 755 756
Monochlorinated' 159 37.2 454 91.1
Dichlorinated® 157 38.2 230 595
Trichlorinated® 135 552 46.2 84.2
Tetrachiorinated* 8.6 9.2 ND 6.3
Pentachiorinated® ND 55 ND 48
Hexachlorinated® ND ND ND ND
Heptachlorinated’ ND ND ND ND
Octachlorinated® ND ND ND ND
Nonachlorinated® ND ND ND ND
Decachlorinated'° ND ND ND ND
Total 195 145 322 781
WHO TEQ" 0.05 0.05 0.09 0.09
1.PCBs 1and 3
2.PCBs 4, 6, 8, 10, and 15
3. PCBs 16, 18, 19, 28, 31, and 33
4. PCBs 40, 41, 44, 49, 52, 54, 60, 66, 70, 74, 77, and 81
5. PCBs 84, 85, 87, 95, 97, 99, 101, 104, 105, 110, 114, 118, 119, 123, and 126
6. PCBs 29, 135, 137, 138, 141, 149, 151, 153, 155, 156, 157, 158, 167, 168, and 169
7. PCBs 170, 171, 174, 177, 178, 180, 183, 187, 188, 189, 191, and 193
8. PCBs 199, 200, 201, 202, and 205
9. PCBs 206, 207, and 208
10. PCB 209
11. ND = not detected
12. World Health Organization Toxic Equivalent (calculated with non-detects set to the
limit of detection)
GRAS Monograph for 38 JHEIMBACH LLC
Whole and Milled Flaxseed

000048



2.11.2. PAHs

PAH PAH Concentration (ppb)

753 754 755 756
Tetrain 1.6 ND (0.6)* ND (1.3) ND (1.4)
Naphthalene 9.2 8.1 11.5 18.5
Quinoline 1.6 ND (0.4) 3.2 4.3
2-Methyinaphthalene 53 4.4 58 9.2
1-Methyinaphthalene ND (1.0) 28 ND (1.4) ND (1.5)
Biphenyl ND (0.4) ND (0.3) ND (0.7) ND (0.8)
2-Chloronaphthalene ND (0.5) ND (0.4 ND (0.9) ND (1.1)
2 6 & 2,7-Dimethylnaphthalene 3.9 5.6 ND (1.1) 12.6
1,2-Dimethylnaphthalene ND (0.6) ND (0.5) ND (1.1) ND (1.4)
Acenaphthylene ND (0.4) ND (0.3) ND (0.7) ND (0.8)
Acenaphthene ND (0.5) ND (0.4) ND (0.9) ND (1.1)
Fluorene 7.2 17.1 20.1 20.0
Phenanthrene 33 6.8 ND (0.8) ND (0.9)
Anthracene ND (0.7) ND (0.5) ND (1.1) ND (1.2)
o-Terphenyl ND (0.9) ND (0.5) ND (1.2) ND (1.3)
m-Terphenyl ND (0.7) ND (0.4) ND (1.0) ND (1.0)
p-Terphenyl ND (0.6) ND (0.3) ND (0.9) ND (0.9)
2-Methylanthracene ND (0.6) ND (0.3) ND ({0.9) ND (0.9)
9-Methylphenanthrene ND (0.5) ND (0.3) ND (0.7) ND (0.7)
1-Methylphenanthrene ND (0.5) ND (0.3) ND (0.8) ND (0.8)
Fluoranthene ND (0.3) ND (0.2) ND (0.5) ND (0.5)
Pyrene ND (0.3) ND (0.2) ND (0.5) ND (0.5)
9,10-Dimethylanthracene ND (1.3) ND (0.8) ND (1.9) ND (1.9)
Benzo(a)fluorene ND (0.9) ND (0.5) ND (1.3) ND (1.3)
Benzo(b)fluorene ND (1.0) ND (0.6) ND (1.4) ND (1.4)
Benz(a)anthracene ND (0.5) ND (0.4) ND (0.7) ND (0.8)
Triphenylene/Chrysene ND (0.6) ND (0.5) ND (0.9) ND (1.1)
Benz(b)anthracene ND (2.5) ND (2.1) ND (4.0) ND (4.7)
5-Methyichrysene ND (1.4) ND (1.2) ND (2.3) ND (2.7)
1-Nitropyrene ND (21.5) ND (18.1) ND (34.5) ND (40.6)
7.12-Dimethylbenz(a)anthracene ND (3.4) ND (2.8) ND (5.4) ND (6.3)
Benzo(b)fluoranthene ND (0.7) ND (0.7) ND (1.9) ND (1.6)
Benzo(k)+(jffluoranthene ND (1.0) ND (1.0) ND (2.5) ND (3.3)
Benzo(e)pyrene ND (1.2) ND (1.0) ND (2.5) ND (2.0)
Benzo(a)pyrene ND (1.3) ND (1.1) ND (2.7) ND (2.2)
Perylene ND (1.8) ND (1.2) ND (3.3) ND (2.6)
3-Methylcholanthrene ND (2.1) ND (1.4) ND (3.9) ND (3.0)
indeno-(123cd)pyrene ND (0.1) ND (0.2) ND (0.4) ND (0.5)
Benzo(g,h,i)perylene ND (0.2) ND (2.7) ND (0.6) ND (0.7)
Dibenz(ac)+(ah)anthracene ND (0.2) ND (0.3) ND (0.5) ND (0.7)
Picene ND (0.4) ND (6.2) ND (1.5) ND (1.7)
Coronene ND (0.4) ND (6.5) ND (1.5) ND (1.7)
Dibenz(a,e)fluoranthene ND (0.8) ND (12.3) ND (2.9) ND (3.3)
Dibenz(a,)pyrene ND (0.5) ND (7.9) ND (1.9) ND (2.1)
Dibenz(a,e)pyrene ND (0.7) ND (10.1) ND (2.4) ND (2.7)
Dibenz(a,i)pyrene ND (1.4) ND (20.8) ND (4.9) ND (5.5)
Dibenz(a,h)pyrene ND (2.3) ND (33.9) ND (8.0) ND (9.0)
Dibenz(a,h)acridine ND (0.5) ND (7.9) ND (1.8) ND (2.1)
Dibenz(a j)acridine ND (0.5) ND (6.7) ND (1.6) ND (1.8)
7H-dibenzo(c,g)carbazole ND (0.6) ND (8.8) ND (2.1) ND (2.3)
* not detected (limit of detection)
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2.11.3. Dioxins and Furans

Dioxin/Furan Concentration (ppt)
Congener
753 754 755 756
Dioxins
2,3,7,8-TCDD ND (0.1)1 ND (0.1) ND (0.1) ND (0.1)
Total TCDDs ND (0.1) ND (0.1) ND (0.1) ND (0.1)
1,2,3,7,8-PeCDD ND (0.1) ND (0.1) ND (0.1) ND (0.1)
Total PeCDDs ND (0.1) ND (0.1) ND (0.1) ND (0.1)
1,2,3.4,7,8-HxCDD ND (0.1) ND (0.1) ND (0.1) ND (0.1)
1,2,3,6,7,8-HxCDD ND (0.1) ND (0.1) ND (0.1) ND (0.1)
1,2,3,7,8,9-HxCDD ND (0.1) ND (0.1) ND (0.1) ND (0.1)
Total HxCDDs ND (0.1) ND (0.1) ND (0.1) ND (0.1)
1,2,3,4,6,7,8-HpCDD ND (0.3) 03 ND (0.4) ND (0.4)
Total HpCDDs ND (0.3) 0.3 ND ()0.4 ND (0.4)
OCDD ND (1.0) 0.9 ND (0.6) ND (0.8)
Furans
2,3,7,8-TCOF ND (0.1) ND (0.1) ND (0.1) ND (0.1)
Total TCDFs ND (0.1) ND (0.1) ND (0.1) ND (0.1)
1,2,3,7,8-PeCDF ND (0.1) ND (0.1) ND (0.1) ND (0.1)
2,3,4,7,8-PeCDF ND (0.1) ND (0.1) ND (0.1) ND (0.1)
Total PeCDFs ND (0.1) ND (0.1) ND (0.1) ND (0.1)
1,2,3.4,7,8-HxCDF ND (0.1) ND (0.1) ND (0.1) ND (0.1)
1,2,3,6,7,8-HxCDF ND (0.1) ND (0.1) ND (0.1) ND (0.1)
2,3.4,6,7,8-HxCDF ND (0.1) ND (0.1) ND (0.1) ND (0.1)
1,2,3,7,8,9-HxCDF ND (0.1) ND (0.1) ND (0.1) ND (0.1)
Total HxCDFs ND (0.1) ND (0.1) ND (0.1) ND (0.1)
1,2,3,4,6,7,8-HpCDF ND (0.1) ND (0.1) ND (0.1) ND (0.1)
1,2,3,4,7,8,9-HpCDF ND (0.1) ND (0.1) ND (0.1) ND (0.1)
Total HpCDFs ND (0.1) ND (0.1) ND (0.1) ND (0.1)
OCDF ND (0.3) ND (0.3) ND (0.3) ND (0.5)
WHO TEQ® 0.340 0.340 0.341 0.341
1. ND = not detected (limit of detection)
2. World Health Organization Toxic Equivalent
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3. INTENDED USE AND CONSUMER EXPOSURE

3.1 Intended Technical Effect

The intended technical effect of the addition of whole or milled flaxseed to conventional
foods is to provide both a-linolenic acid (ALA) and dietary fiber in order to increase the intake
of these nutritional components. These effects are consistent with the definition of nutrient
supplements in 21 CFR §170.3(0)(20).

Whole or milled flaxseed may also be added to foods, including meat and poultry
products at up to 3.5% by weight, as binders [§170.3(0)(14)].

The addition of whole or milled flaxseed to foods may also provide other technical
effects including stabilizing, thickening, or bulking [§170.3(0)(28)] and texturizing
[§170.3(0)(32)].

3.2. a-Linolenic Acid

3.2.1. Recommended Intake of a-Linolenic Acid

As was discussed earlier, a-linolenic acid (ALA) is an essential fatty acid because it is a
precursor to the formation of EPA and DHA. The IOM Panel on Macronutrients (IOM 2002)
was not able to establish sufficient quantitative information regarding AL A requirements to set a
Recommended Dietary Allowance (RDA); however, it did establish Adequate Intakes (AI) based
on median intakes of ALA in the U.S., where ALA deficiency is essentially nonexistent. The Als
for various age/sex groups are shown below in Table 28.

Table 28. Adequate Intakes of a-Linolenic Acid.

Sex/Age Category A’ ‘:gir du(- ;.Ii::‘lsznic

M&F, 1-3 years 0.7

M&F, 4-8 years 0.9

M, 9-13 years 1.2

F, 9-13 years 1.0

M, 14->70 years 16

F, 14->70 years 1.1
Pregnant 14
Lactating 13

'Al = Adequate Intake

2Source: IOM (2002), pp. 8-37 through 8-39.
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Since flaxseed contains about 25% ALA, these requirements can be achieved by
ingesting 4.4 g/day of flaxseed for an adult female and 6.4 g/day for an adult male; lesser
amounts will provide the required ALA intake for children.

Gebauer et al. (2006) surveyed the literature regarding the role of n-3 fatty acids and
cardiovascular benefits and noted that 6 authoritative bodies had promulgated recommended
daily intakes of ALA. Among these bodies, the IOM committee’s Al (which the IOM established
as an intake that merely appears to be protective against clinical deficiency, and not an optimal
intake to achieve maximum benefit) was the lowest number. Higher recommended daily intakes
of ALA were recommended by:

a North Atlantic Treaty Organization workshop in 1989 (recommended 3 g ALA/day);

a workshop of the International Society for the Study of Fatty Acids and Lipids
(ISSFAL) in 1999 (recommended 2.2 g ALA/day);

e the Eurodiet Commission in 2000 (recommended 2 g AL A/day);
o the French Apports Nutritionnels Conseilles in 2001 (recommended 1.8 g AL A/day); and
e ISSFAL in 2004 (recommended 1.6 g ALA/day).

3.2.2. Current and Adequate Intake of a-Linolenic Acid

Since the Al was selected as the median intake of ALA by various age/sex groups in the
U.S. population, average intakes are about the same as the Al. The primary sources of ALA in
the U.S. diet (Gebauer et al. 2004) are grain products (0.41 g ALA/day for adult males, 0.29
g/day for adult females); meat, poultry, and fish (0.38 and 0.23 g/day); fats and oils (0.34 and
0.28 g/day); and vegetables (0.23 and 0.17 g/day). Clearly, however, half of adults in the U.S.
have less than the median intake of ALA and these individuals would benefit from increasing
their consumption of foods containing ALA.

3.3. Fiber

3.3.1. Definitions of Fiber

Prior to 2001, the situation regarding labeling and defining dietary fiber in the United
States and many other countries was arbitrary due to its reliance on analytical methods as
opposed to an accurate definition that includes its role in health (IOM 2001). For this reason, the
Institute of Medicine’s (IOM) Food and Nutrition Board assembled a Panel on the Definition of
Dietary Fiber. This panel recommended defining “dietary fiber” as “nondigestible carbohydrates
and lignin that are intrinsic and intact in plants” (IOM 2001, p 2). It then suggested defining
“added fiber” as “isolated, nondigestible carbohydrates that have beneficial physiological effects
in humans” (IOM 2001, p 2). Finally, the panel defined “total fiber” as the sum of dietary fiber
and added fiber (IOM 2001).

With regard to the traditional segregation of dietary fibers into soluble and insoluble
varieties, the panel concluded:
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“It is recommended that the terms soluble and insoluble fiber be phased out and
replaced with the appropriate physicochemical property as the characterization
of the properties of various fibers becomes standardized” (IOM 2001, p 25).

It is noteworthy that the IOM panel emphasized consideration of physicochemical
properties and strongly urged the inclusion of a requirement that a substance must provide a
beneficial physiological effect in humans in order to be regarded as an added fiber. This
condition would appear to exclude isolated non-digestible carbohydrates with no demonstrated
benefits from being defined as fibers. Perhaps for this reason, the IOM’s Panel on
Macronutrients used the term “functional fiber” in place of the earlier panel’s term “added fiber”
(IOM 2002) in discussing recommended and safe levels of intake of total fiber.

While the 2001 panel did not attempt to restrict the range of physiological benefits that
might be demonstrated as being provided by putative fiber substances, it specifically described
three “established physiological effects” that are frequently characteristic of added fibers (IOM
2001). These are:

e attenuation of the postprandial blood glucose response,
e attenuation of blood cholesterol concentrations, and
e improved laxation.

It is probably not a coincidence that these effects are the same as those identified in 1988
by Health Canada (Health Canada 1988). The panel did not suggest that a substance needs to
provide all three of these benefits in order to be regarded as an added fiber (IOM 2001), nor did
it exclude defining a substance as an added fiber based on an ability to confer benefits other than
these; the intention was to require that a substance could not be defined as an added fiber unless
it was shown to provide a benefit.

Following the IOM panel’s recommendation, in supporting the intended use of flaxseed
as a source of dietary fiber it is appropriate to consider the extent to which it has been shown to
provide physiological benefits. This matter is addressed below in the course of the discussion of
human studies involving flaxseed or its constituents.

3.3.2. Recommended Intake of Dietary Fiber

To estimate the human requirement for fiber, the Panel on Macronutrients (IOM 2002)
reviewed a large body of research relating fiber intake to a number of health endpoints. These
included reduction in the risk of hyperlipidemia, hypertension, and coronary heart disease;
gastrointestinal health, including duodenal ulcers, constipation, laxation, fecal weight, production
of short-chain fatty acids, and diverticular disease; colon cancer, breast cancer, and other
cancers; glucose tolerance and insulin response; and satiety and weight maintenance. The panel
elected to use the level of fiber intake needed to achieve significant reduction in the risk of
coronary heart disease as the basis for establishing a minimum human requirement.

Data were lacking to set an estimated average requirement (EAR) because the benefit of
elevated total fiber intake occurs continuously across the whole range of intakes against which
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impact on the advent of coronary heart disease is now known from prospective studies (IOM

2002). The Panel noted:

“Because the available evidence suggests that the beneficial effects of fiber
in humans are most likely related to the amount of food consumed, not to
the individual’s age or body weight, the best approach is to set an Adequate
Intake (AI) based on g/1000 kcal” (IOM 2002, p 7-34).

Based on the average of the reviewed studies on dietary fiber and coronary heart disease, and the
beneficial role of functional fibers, the Panel set the Al for total fiber at 14 g/1000 kcal. The Al
was set on this basis, rather than on a g/kg or g/day basis, because “the evidence suggests that the
beneficial effects of fiber in humans are most likely related to the amount of food consumed”
(IOM 2002, p 7-34). The Panel considered that there is no reason to believe that fiber intake as a
function of energy intake differs during the life cycle; thus, Als for various sex/age groups were
determined by multiplying [14 g/1000 kcal] X [median energy intake of each group). The results
of these calculations are shown in Table 29.

Table 29. Median Energy Intakes and Adequate Intakes of Total Fiber.

Sex/Age Category Media(rll( cEatllledragyy) Intake Al' fo(rg‘ll':ai:;aFiber
M&F, 1-3 years 1372 19
M&F, 4-8 years 1759 25
M, 9-13 years 2226 31
F, 9-13 years 1877 26
M, 14-18 years 2748 38
F, 14-18 years 1872 26
M, 19-30 years 2718 38
F, 19-30 years 1757 25
M, 31-50 years 2476 38
F, 31-50 years 1659 25
M, 51-70 years 2109 30
F, 51-70 years 1507 21
M, >70 years 1773 30
F, >70 years 1356 21
Pregnant 1978 28
Lactating 2066 29
1. Al = Adequate Intake
2. Source: IOM (2002), Table E-1; data from USDA (2000)

3. Source: IOM (2002), pp. 7-36 through 7-39.
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3.3.3. Current Intake of Dietary Fiber and Adequate Intake of Total Fiber

Comparison of the actual intake of dietary fiber with the adequate intake (AI) of total
fiber indicates the gap that might be filled by functional fiber. This comparison is shown in
Table 30, where intakes of dietary fiber at the 10%, 50®, and 90™ percentiles are compared with
the Al for total fiber.

Table 30. Gaps Between Usual and Adequate Intakes of Fiber.

Gap Between Usual Intake of Dietary Fiber
and Al for Total Fiber
Sex/Age Category (g/day)’
Gap From 10" | Gap from 50" | Gap from 90"
Percentile Percentile Percentile

M&F, 1-3 years 134 9.9 52
M&F, 4-8 years 16.7 13.2 8.6
M, 9-13 years 211 16.4 9.8
F,9-13 years 17.2 13.4 84
M, 14-18 years 26.9 21.0 13.0
F, 14-18 years 174 135 8.5
M, 19-30 years 279 20.6 9.8
F, 19-30 years 174 12.9 6.6
M, 31-50 years 271 20.1 10.0
F, 31-50 years 173 1.9 4.3
M, 51-70 years 20.1 125 1.7
F, 51-70 years 12.7 7.2 0
M, >70 years 21.0 135 2.7
F, >70 years 134 7.7 0
Pregnant 178 124 49
Lactating 18.0 10.7 0.1
1. Source of data: IOM (2002), using data from USDA (2000)

It is evident that there are significant gaps between recommended levels of intake of total
fiber and current levels of intake of dietary fiber. These gaps can be filled only by significant
increases in consumption of fiber-containing foods or by the addition of functional fiber to foods
already being consumed. Even individuals at the 90" percentile of consumption of dietary fiber
may fall 10 g or more below recommended levels of daily fiber intake; for those at the other end
of the consumption distribution, the 10" percentile of consumption, the gap between intake and
recommendation may approach 30 g/day.
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These data demonstrate that there is room for a substantial increase in intake of total fiber
before the possibility of overconsumption even arises: the first 10-20 g/day of added intake
merely suffice to bring the average individual up to recommended levels.

3.4. Intended Addition of Whole and Milled Flaxseed to Foods

Flaxseed, whether whole or milled, is intended for addition to conventional foods with its
use limited only by cGMP, standards of identity, or other legal constraints, with the exception of
its use as a binder in meat and poultry products, for which its level will not exceed 3.5% by
weight.

3.5. Estimated Intakes of Whole and Milled Flaxseed

Although the addition of flaxseed to foods is intended to be limited only by cGMP, there
are both technological limitations and issues of organoleptic characteristics of food that restrict
both the variety of foods to which flaxseed is actually added and the addition level. As was noted
by the IOM (2002) panel, “... due to the bulky nature of fibers, excess consumption is likely to
be self-limiting” (p 7-46). Thus, any reasonable estimate of the likely daily intake of flaxseed
and fiber from the intended uses of flaxseed must take these restrictions into account.

As discussed in Section 5.2, FDA previously authorized the addition of flaxseed to foods
at up to 12% by weight, and this may be taken as a representative maximum addition level for
most foods. While it may be technologically and organoleptically feasible to add a somewhat
higher proportion of flaxseed to a few food products, for many products even 12% flaxseed
addition is likely to be unattainable. Thus, estimating that target foods may have 12% maximum
addition of flaxseed provides a conservative basis for estimating likely potential exposure. A
representative selection of target foods for flaxseed addition is shown below in Table 31. Using
the Reference Amounts Customarily Consumed (RACC) established by FDA (21 CFR §101.12),
addition levels of 12% by weight can be converted to g/serving by multiplying the RACC by the
intended addition percentage. The results of these calculations are shown in the last column of
Table 31.

With the exception of yogurt, for which it may be doubted that addition of 12% flaxseed
would be organoleptically acceptable, the range of maximum intended addition does not exceed
6.6 g/serving, with a modal level of 3.6 g/serving. A reasonable approximation of the average
maximum intended level of flaxseed addition is 4 g/serving. This figure is an extremely
conservative but reasonable estimate of the average amount of flaxseed that may be added to
foods when such addition is restricted only by technological and organoleptic limitations.

In estimating the intake of flaxseed, fiber, and a-linolenic acid (ALA), then, it is assumed
that flaxseed is added to foods at an average of 4 g/serving. Since flaxseed is about 25% fiber
and about 25% ALA, the average added fiber content of these foods is 25% of 4 g, or 1
g/serving, and the average added ALA content is the same, 1 g/serving.
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Table 31. Intended Addition Levels of Flaxseed by Weight and Per Serving,

Maximum
Food Category RACC' (g) | Flaxseed Content®
(g/serving)

Breads 50 6.0
Biscuits, bagels, tortillas 55 6.6
Doughnuts, muffins 55 6.6
Pancake/waffie mix 40 48
Pasta (dry weight) 55 6.6
Multigrain flours or meal 30 36
Multigrains 45 5.4
Breakfast cereals (high fiber) 30 36
Cookies 30 3.6
Pizza crust 55 6.6
Snack bars (grain based) 40 4.8
Batter mixes, breading 30 36
Crackers 30 36
Popcom, chips, pretzels 30 36
Nuts and seeds 30 36
Cheeses 30 36
Salad dressings 30 36
Mayonnaise 15 18
Margarine, table spreads 15 18
Yogurt 225 27.0
'Reference Amount Customarily Consumed (21 CFR §101.12).
2Based on addition of flaxseed at 12% by weight of the food

Because flaxseed may be added to a wide variety of foods but is unlikely to be added to
all of them, and because its bulking effect limits the amount that consumers are likely to ingest
per day, using food-consumption survey data to estimate mean and 90™ percentile food
consumption and muliplying by flaxseed addition does not provide reasonable estimates of daily
intake. However, FDA has previously dealt with estimating fiber intakes in developing the final
rule regarding health claims for B-glucan soluble fibers from oats and psyllium (FDA 1997a) and
in the health claim for soy protein. The Agency was required to promulgate a rule for the
minimum amount of B-glucan fiber from oats or psyllium, or the amount of soy protein, that a
food must contain in order to use the approved health claim. Obviously, each rule would have to
bear a reasonable relationship to the amount of B-glucan fiber from oats or psyllium or the
amount of soy protein that is needed to provide the claimed benefit. FDA determined that the
minimum content in order to use the health claim would be % of the amount of the substance
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needed to obtain the benefit on the assumption that individuals attempting to obtain the benefit
would be able to consume about 4 servings per day of foods containing B-glucan soluble fiber
from oats or from psyllium or containing soy protein (Health claim: soluble fiber from certain
foods and risk of coronary heart disease, 21 CFR §101.81; Health claim—soy protein and risk of
coronary heart disease, 21 CFR §101.82). The Agency explained its reasoning in some detail in
the final rule (FDA 1997a) authorizing the health claim for $-glucan soluble fiber from oats:

“Many comments stated that the qualifying level of B-glucan soluble fiber per
serving should not be based on three servings of oat products per day but rather
on FDA's usual basis of four eating occasions (three meals and a snack) a day.

“As discussed previously, an intake of 3 or more g of B-glucan soluble fiber
from whole oat products is necessary to make a significant impact on serum
lipid levels. Using the minimum levels of B-glucan soluble fiber for oat bran
(5.5 percent) and rolled oats and whole oat flour (4 percent) ..., products that
contain a minimum of 0.5 g B-glucan soluble fiber would contain about 9 g of
oat bran or 12.5 g rolled oats or whole oat flour, or a level between 9 and 12 g if
a blend of whole oats is used. To obtain a daily intake of 3 g B-glucan from
whole oats, it would require the consumption of six or more servings. Similarly,
if the oat products qualified with 0.6 g B-glucan soluble fiber, consumers would
have to consume five or more servings of oat-containing products daily. The
agency finds that these levels of consumption, five or six or more servings per
day, are highly unlikely. As mentioned in some of the comments, consumers
should be able to consume a beneficial amount of the nutrient based on typical
American eating patterns, i.e., four eating occasions per day.

“In the proposal, the agency considered the number of eating occasions at which
consumers might consume oat bran and rolled oats. The agency tentatively
agreed with the petitioner's arguments that it was unlikely that consumers would
eat oat bran or rolled oats 4 times a day, in order to consume a daily intake of
about 40 g oat bran or 60 g rolled oats, but that consumers should be able to
consume this amount over three eating occasions a day (61 FR 296 at 309).
Based on the petitioner’s submission, the agency considered that B-glucan
soluble fiber would come from only two sources, oat bran and rolled oats, which
would limit the number and types of products available.

“In this final rule, however, the agency has expanded the sources of whole oats
to include whole oat flour. Thus, many more whole oat-containing products will
be available to qualify to bear this claim. This development increases the
likelihood that whole oat products will be consumed at four, instead of three,
eating occasions. Moreover, based on consumption data provided in a comment
submitted by the petitioner, whole oat products (including all oat cereals, baked
products, and snack foods) are consumed at four eating occasions a day, with
breakfast being the most popular time to consume oat products (see Sup-1 to
Docket No. 95P-0197). Therefore, based on the expanded focus of this final
regulation (to include whole oat flour) and on the additional evidence from
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comments, the agency is persuaded that the determination of the qualifying
level of B-glucan for a food to bear a claim should be based on four eating
occasions a day (three meals plus a snack) rather than on the proposed three”
(p 3592).

Based on this FDA model, the estimated daily intake (EDI) of flaxseed added at
4 g/serving to a variety of foods is 16 g/dayl. As a dietary concentration, 16 g is 0.5% of a
3 kg/day total diet. The EDI of functional fiber and of ALA provided by flaxseed are 25% of the
EDI for flaxseed, or 4 g/day. Since in many cases the addition level of flaxseed is less than
4 g/serving, and since it may be doubted that most individuals will regularly consume flaxseed-
containing foods 4 or more times per day, the EDI is likely to be less than 16 g/day and the EDI
of fiber and ALA are proportionately reduced.

! Note that this is a conservative estimate. FDA raised the number of likely eating occasions for whole oats
from 3 to 4 only after the number of potential sources of whole oats was increased from 2 to 3. Since there is only 1
source of flaxseed, it may actually be more congruent with FDA’s thinking to estimate 3 rather than 4 eating
occasions a day, or an EDI of 12 g rather than 16 g.
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4. REVIEW OF SAFETY DATA

4.1. Kinetics and Metabolism of Flaxseed

Flaxseed contains about 25% oil composed primarily (40-60%) of a-linolenic acid
(ALA), an omega-3 fatty acid, varying amounts of the lignan secoisolariciresinol diglycoside
(SDG), and protein, as well as mucilage and cellulose which are neither absorbed nor digested.
Studies investigating the absorption, distribution, metabolism, and excretion (ADME) of
flaxseed typically examine the kinetics of two of its main components, ALA and SDG.

4.1.1. a-Linolenic Acid

The metabolism of ALA has been studied extensively and was recently reviewed by
Burdge (2006). Figure 12, taken from this review, shows the metabolic fate of ALA in humans.

CO;
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Figure 12. Metabolic Fate of a-Linolenic Acid in Humans (from Burdge 2006)

Orally ingested ALA is almost completely absorbed from the gastrointestinal tract. A
single individual who ingested 750 mg [U-3C] ALA was shown to absorb >96% of the
administered dose over a 5-day period (Burdge 2006). Cunnane et al. (1993) assessed the
bioavailability of the ALA in ground flaxseed. In a randomized crossover study, 5 healthy
females (average age 20) consumed either 20-g flaxseed oil capsules or 50 g/day flaxseed flour
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for 4 weeks with a 2-week washout period in between. Both treatments provided 20 g/day of
flaxseed oil containing 12 g/day of ALA. Venous blood samples were collected at 2-week
intervals for analysis of plasma total n-3 fatty acids and ALA. Changes in both total n-3 fatty
acids and ALA were equivalent, suggesting that the ALA in ground flaxseed is as well absorbed
as it is from flaxseed oil, although the absolute levels of absorption were not estimated.

Once absorbed, there are 3 potential metabolic pathways that ALA can follow: 1) pooling
in adipose tissue; 2) B-oxidation; or 3) desaturation/elongation. These are briefly discussed
below.

ALA is estimated to account for ~0.7% of the total fatty acids in neutral lipids in human
adipose tissue (Tang et al. 1993; Kaminskas et al. 1999). Six hours after ingestion of an
unspecified dose of [*CJ-ALA, 15-81% of the radioactivity was detected in adipose tissue of
healthy female subjects (McCloy et al. 2004).

Up to one third of administered ALA has been reported to follow fatty acid B-oxidation
pathways in male and female subjects, although fractional oxidation of ['*C]-ALA tended to be
less in women (22%) than in men (33%) over a similar sampling period (DeLany et al. 2000;
Vermunt et al. 2000; Bretillon et al. 2001; Burdge and Wootton 2002; Burdge et al. 2002, 2003).
Once carbon is released from ALA through B-oxidation, it enters the acetyl-CoA pool and then
may either enter the Kreb’s cycle and be expired as CO», or be used in fatty acid synthesis. Men
were reported to have 20% higher total concentrations of labeled saturated and monounsaturated
fatty acids in plasma lipids than women (Burdge and Wootton 2003).

ALA can also be metabolized in the liver to form eicosapentaenoic acid (EPA),
docosapentaenoic acid (DPA), and docosahexaenoic acid (DHA) via the desaturation/elongation
pathway (Sprecher 2002). Tracer studies in human subjects have shown variations in the blood
concentration of labeled ALLA metabolites (Burdge 2004; Burdge and Calder 2005): EPA (0.2%
to 6%), DPA (0.13% to 6%), and DHA (<0.05%). Conversion of ALA to EPA or DHA was
reported to be higher in women (2.5-fold and >200-fold, respectively) than in men (Burdge
2002). It has been suggested by Burdge (2006) that estrogen may play a role in increasing the
activity of the desaturation/elongation pathway since women on oral contraceptives containing
17a-ethylnyloestradiol showed a 3-fold higher synthesis of DHA than did women not on oral
contraceptives (Burdge and Wootton 2002).

4.1.2. Lignan: Secoisolariciresinol Diglycoside (SDG)

Colonic bacteria convert lignans such as secoisolariciresinol diglycoside (SDG) into the
enterolignans enterodiol and enterolactone (see Figure 13), which then are absorbed, enter the
blood circulation, and are eliminated via urine and feces. The metabolic pathways and the
involved organs are similar in rats and humans, although the metabolic conversion rate appears
to be faster in rats than in humans (Niemeyer et al. 2003). Enterolignans, which are also referred
to as mammalian lignans, are of particular interest since it has been reported that they have
antioxidant and (anti-)estrogenic effects, can induce NADPH:quinone reductase (phase II
enzymes) and can inhibit enzymes such as Sa-reductase, sex hormone binding globulin, and 178-
hydroxysteriod dehydrogenase which are involved in the metabolism of sex hormones
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(Adlercreutz et al. 1987; Welshons et al. 1987; Mousavi and Adlecreutz 1992; Evans et al. 1995;
Schottner et al. 1997; Wang et al. 1998; Kitts et al. 1999; Prasad 2000).
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HO 4 HO
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diglycoside

enterodiol enterolactone

Figure 13. Metabolism of Secoisolariciresinol Diglucoside (SDG) by Colonic Bacteria
(from Niemeyer et al. 2003)

4.1.2.1. Animal Studies

Female Sprague-Dawley rats (6/group) were fed a basal diet' supplemented with 0, 2.5,
5, or 10% ground flaxseed or gavaged daily with 1.1, 2.2, or 4.4 pmol purified SDG/ml saline
(estimated to be equivalent to the SDG content of the flaxseed supplementation) for 2 weeks
(Rickard et al. 1996). Twenty-four-hour urine samples were taken for 3 days after 1 week of
treatment and analyzed for content of the enterolignans enterodiol, enterolactone, and
secoisolariciresinol. Urinary excretion of total lignans from both the flaxseed and purified SDG
groups increased linearly to the mid-dose but then showed a plateau between the mid and highest
dose. Unmetabolized SDG (secoisolariciresinol) accounted for the lowest percentage of lignans
excreted in urine (8-10% in flaxseed-fed animals and up to 32% in secoisolariciresinol
diglycoside-fed animals) and followed a dose-response in animals fed flaxseed. Animals fed
purified SDG followed a curvilinear pattern to the mid-dose after which urinary levels decreased.
Total urinary lignan excretion was much lower in SDG-fed animals (0.2-0.4 umol/24 hours) than
in flaxseed fed animals (0.6-1.6 umol/24 hours). Percent urinary excretion of total lignans was
calculated using the HPLC values of SDG and were 74.26+17.41, 92.10+11.57, and

! The basal dict was based on the AIN-76 formulation except that a higher level of fat was provided by the
addition of comn oil at the expense of cornstarch.
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46.25+7.10% for the 2.5, 5, and 10% flaxseed diet groups, respectively. The reduction of urinary

excretion of lignans at the highest dose may be due to increased body retention or increased fecal
excretion.

In the same study, an in vifro fermentation experiment was conducted using triplicate
samples of 1.1, 2.2, and 4.4 pmol of purified SDG or 0.5 g flaxseed fermented with human fecal
inoculum in order to simulate human colonic microfloral conditions (Rickard et al., 1996). After
24 hours, the fermentation was stopped with copper sulfate and samples were centrifuged and
filtered. The filtrate was analyzed for lignan content. Production of enterodiol and enterolactone
was higher than that of the in vivo study; however, secoisolariciresinol levels were negligible.
Similar to the in vivo study, enterodiol and enterolactone levels were linear with dietary
concentration up to the mid-level and then leveled off to the highest concentration. Percent
urinary excretion of total lignans in the in vivo study were calculated using the in vitro
fermentation values and were 58.70+12.31, 72.81+8.35, and 36.56+5.12% for the 2.5, 5, and
10% flaxseed diet groups, respectively.

To examine the body disposition and excretion of orally ingested SDG, Rickard and
Thompson (1998) gavaged a group of 12 female 70-72-day-old Sprague-Dawiley rats (acute
group) with a single dose of 3H-SDG following an overnight fast, placed the rats in individual
metabolic cages for collection of urine and feces, and euthanized them at 12, 24, 36, or 48 hours
post treatment (3 rats/time point). Another group of 12 rats (chronic group) was first gavaged
daily with 1.5 mg unlabeled SDG for 10 days and then treated in the same manner as the acute
group. Radioactivity was determined by scintillation counting in urine, blood, GI content, feces,
and tissues. More than 50% of the recovered dose was excreted in the feces by 12 hours in rats
from the acute group and by 24 hours in rats from the chronic group. At 12 hours, urinary
excretion was 7% (acute group) and 3% (chronic group) of the recovered dose and at 48 hours
reached 28-32% (both groups), indicating no differences in urinary radioactivity between acute
and chronic exposures. Cecum and colon content represented 27.5% (acute group) and 57%
(chronic group) of the recovered dose at 12 hours. By 48 hours, the cecum and colon
radioactivity levels dropped to 1-2% of the recovered dose in both groups. The cecum had the
highest level of radioactivity over 48 hours and decreased over time as did other GI tissues.
Other tissues represented ~4-6% of the recovered dose at 12 hours, decreasing to ~3% by 48
hours. Excluding GI tissues, the highest levels of radioactivity were detected in the liver, kidney,
and uterus. Notable differences between the acute and chronic tissue radioactivity levels
included: liver levels were 50-80% higher in the chronic group than in the acute group over 48
hours; adipose levels were 3-fold higher in the chronic group at 12 hours, but were higher in the
acute group at 36 hours; spleen levels were significantly higher in the chronic group at 36 hours;
ovary levels were significantly higher in the acute group at 36 hours; and uterus levels were
significantly higher in the chronic group at 12 hours. Plasma radioactivity was <1% throughout
the entire study.

The metabolic profile of orally administered SDG was further investigated in 3
experiments using 70-72-day-old female Sprague-Dawley rats housed in individual metabolic
cages (Rickard and Thompson 2000). In the first experiment, rats were treated as previously
described in Rickard and Thompson (1998). Urine samples underwent extraction procedures to
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izolate radioactive urinary lignan metabolites for HPLC analysis and scintillation counting. In
addition, radioactive HPLC fractions underwent GC-MS analysis. Enterodiol, enterolactone, and
secoisolariciresinol comprised 79.7+4.0% (acute group) and 73.8+7.7% (chronic group) of the
total urinary radioactivity recovered over 48 hours. The ratio of enterodiol to enterolactone did
not differ between acute and chronic groups. Three additional unknown peaks were detected by
HPLC but were much smaller than peaks elicited by enterodiol, enterolactone, and
secoisolariciresinol.

In the second experiment, urine collected for 3 days from rats fed a 5% flaxseed diet' or
administered 1.5 mg SDG/day for 20 weeks was analyzed by GC-MS for any unknown lignan
metabolites. Four unknown peaks were detected.

In the third experiment, groups of 3 (instead of 12) rats were treated as described in
Rickard and Thompson (1998), with the exception that blood samples were collected from the
tail vein at 0, 3, 6, 9, 12, and 24 hours after radiolabel treatment and underwent liquid
scintillation counting for radioactivity measurements. Whole-blood radioactivity levels peaked
at 9 hours for both treatment groups and remained higher than baseline at 24 hours.

4.1.2.2. Human Studies

In a randomized crossover study examining the metabolism of SDG in flaxseed, 9 healthy
young women (aged 20-40 years) supplemented their diets with 5, 15, or 25 g of raw flaxseed or
25 g of processed flaxseed (in muffin or bread) for a 7-day period (Nesbitt et al. 1999). The
SDG content of raw flaxseed was determined by HPLC to be 2.93 umol/g. Consumption of
flaxseed occurred during the follicular phase of the menstrual cycle because it had been
previously reported that enterolactone urinary excretion increased significantly during the
midluteal phase of the cycle (Setchell et al. 1980). Urine and blood samples were taken at
selected intervals. Increased consumption of flaxseed led to significantly increased urinary
excretion of enterolactone, enterodiol, and secoisolariciresinol. Total urinary lignan excretion
ranged from 16-fold higher than baseline (5 g flaxseed supplementation) to 202-fold higher than
baseline (25 g flaxseed supplementation). No significant differences in total urinary excretion
were noted between 25 g processed or raw flaxseed.

As part of a second experiment, the same 9 young women ingested 25 g raw flaxseed for
an additional day (i.e., 8 days rather than 7 days), and timed urine and blood samples were taken
for analysis of enterolignan content. On day 1, urinary excretion of enterodiol, but not
enterolactone or secoisolariciresinol, was significantly higher during the 12-24 hour period than
the 0-12 hour period. By the g day, there was no difference between the 12-24 hour and 0-12
hour periods. For both enterodiol and enterolactone, urinary excretion was significantly greater
during the 0-12 hour period on day 8 than the same period on day 1. Mean total urinary
excretion of lignans (enterodiol + enterolactone + secoisolariciresinol) was significantly higher

! The diet was based on the AIN-93G formulation except that a higher fat concentration was achieved by
the addition of 20% soybean oil at the expense of cornstarch and dextrose.

GRAS Monograph for 54 JHEIMBACH LLC
Whole and Milled Flaxseed
000064



on day 8 (233.35+87.41 pmol/24 hours) than on day 1 (47.67+21.04 pmol/24 hours). Plasma
concentration of enterodiol + enterolactone was significantly increased by 9 hours post-ingestion
on day 1 and did not change significantly at 12 or 24 hours. By the gt day, plasma
concentrations were significantly higher than at baseline. The ratio of enterodiol to enterolactone
concentration in plasma ranged from 1.5 to 4.5 and in urine ranged from 3.5 to 19.2, indicating
that plasma and urinary concentrations of enterodiol are higher than enterolactone following
flaxseed consumption.

The bioavailability of lignans from flaxseed has been shown to vary with the physical
state (whole, crushed, or ground) of the flaxseed (Kuijsten et al. 2005a). In a randomized
crossover study, 12 healthy human subjects (6 of each sex aged 18-64 years; mean age = 25
years) were given 300 mg/kg bw/day of whole, crushed, or ground flaxseed as supplements for
10-day intervals with 11-day washout periods between treatments. On the last day of each
interval, venous blood samples were drawn and analyzed for enterodiol and enterolactone
concentrations. Ground flaxseed ingestion resulted in the highest concentration (270+34 nmol/l)
of plasma enterolignans, followed by crushed flaxseed (122+21 nmol/1), and whole flaxseed
(85+19 nmol/l). This represents a 2- to 4-fold difference in relative bioavailability between
whole and crushed or milled flaxseed, although it also demonstrates that SDG is available to a
degree even from whole flaxseed. Enterolactone contributed the highest percentage (71-98%) to
the total concentration of plasma enterolignans and was significantly higher during the whole
flaxseed period (73%) and crushed flaxseed period (68%) than the ground flaxseed period (62%).
Within-subject and between-subject variation was high—23-48% and 45-98%, respectively
(Kuijsten et al. 2005a).

To examine the pharmacokinetics of ingested SDG, 6 men and 6 women aged 18-25
years were given a single oral dose of 1.31 pmol/kg bw of purified SDG following an overnight
fast (Kuijsten et al. 2005b). Blood samples were taken immediately prior to treatment (0 hour)
and every 3 hours for 36 hours and then at 48, 72, and 96 hours post-treatment. Urine samples
were collected for 24 hours prior to treatment and for 72 hours post-treatment. Enterolactone
and enterodiol were detected in plasma at 8-10 hours post-treatment with peak plasma
concentrations occurring at 14.8+5.1 hours for enterodiol and 19.7+6.2 hours for enterolactone.
Systemic exposure to enterolactone was approximately twice that of enterodiol as represented by
the area under the curve (AUC). The mean elimination half-life for enterodiol and enterolactone
was 4.421.3 hours and 12.6+5.6 hours, respectively, and the mean residence time for enterodiol
and enterolactone was 20.6+5.9 hours and 35.84+10.6 hours, respectively, indicating that the
enterolignans accumulate in plasma and reach a steady state when consumed on a regular basis.
Most of the enterolignans that were excreted via the urine did so within the first 2 days and by
day 3 up to 40% of the consumed dose was excreted via the urine. On the day 3 sampling,
enterolactone comprised 58% of the total enterolignans excreted. The authors reported
substantial variation among subjects in terms of plasma concentrations and urinary
concentrations of enterolignans. Several differences between the sexes were observed: onset of
the plasma curve of both enterolignans tended to be earlier in females (not statistically
significant), maximum concentrations of both enterolignans tended to be higher in females (not
statistically significant), and the residence times of both enterolignans were shorter in females (p
<0.05).
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4.1.3. Comparative Kinetics of ALA and SDG In Humans and Rats

The absorption and metabolism of ALA has been little studied in the rat, and
consequently no comparison of the pharmacokinetics between rats and humans is possible. SDG,
on the other hand, has been studied in both rats rats and humans. Although the absorption,
metabolism, and excretion of SDG are highly variable, the paths appear to be similar in rats and
humans. In both models the proportion of fecal excretion, denoting non-absorption, increases as
the dose increases. With regard to metabolism, SDG is converted into the same lignans in rats
and humans, primarily enterodiol and enterolactone. Urinary excretion occurs more quickly in
rats than in humans, but in general the rat appears to be an appropriate model for the study of
SDG.

4.2. Toxicological Studies of Flaxseed and Its Constituents

The safety studies of oral exposure to flaxseed or its constitutents discussed in Section
4.2 are summarized in Table 32 at the end of the section.

4.2.1. Acute Toxicity Studies

Roberts et al. (2006) determined that the L.Dsg of 7-hydroxymatairesinol (7-HMR), a
dibenzylbutyrolactone plant lignan chemically related to the matairesinol found in flaxseed
(differing only in the replacement of hydrogen with a hydroxyl group at carbon 7), is
>2000 mg/kg bw. (7-HMR also occurs in flaxseed, but at a concentration of only 35 nug/100 g
seed [Smeds et al. 2007]).

4.2.2. Subchronic Toxicity Studies

4.2.2.1. Whole Flaxseed

4.2.2.1.1. Rat

Male and female weanling Sprague-Dawley rats were fed ground flaxseed as a dietary
admixture and evaluated for any possible adverse or nutritional effects (Ratnayake et al. 1992).
Groups of individually housed rats were randomized by weight into 4 groups and fed diets
containing 0 (control), 10, 20, or 40% ground flaxseed (approximately 0, 7500, 15,000, or 30,000
mg/kg bw/day, respectively) for 90 days. Each diet was adjusted to be approximately isocaloric
and contain similar amounts of fat (14.8-17.5%) and fiber plus wood cellulose (12.8-13.2%).
The number of rats receiving each diet was not stated, but is known to be greater than 6 because
it was reported that on days 27, 59, and 89, samples of 6 rats from each group were placed in
metabolic cages and overnight fasting urine samples were collected. The samples were analyzed
for urine peroxides expressed as thiobarbituric acid reacting substances (TBARS). Each
morning on days 41-44, feces were collected, volume and weight were recorded, and the feces
from each group were pooled for determination of total fat, pH, and fiber fermentability. At the
end of the study, rats were fasted overnight and killed by exsanguination under pentobarbital
anesthesia. Blood samples were collected and analyzed for serum total ,HDL, and LDL
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cholesterol, triacylglycerols, and glucose levels. The heart, liver, kidney, spleen, and white and
brown adipose tissue from the subscapular region were removed and weighed.

Body weights, feed consumption, serum glucose levels, and both absolute and relative
organ weights of rats fed flaxseed were not statistically significantly different from controls.
Total and LDL cholesterol and triacylglycerol levels were significantly lower than control values
in rats fed 20 or 40% flaxseed. HDL cholesterol levels and the ratio of LDL to HDL cholesterol
were significantly lower than controls in rats fed 40% flaxseed. TBARS excretion in the urine
was significantly higher in rats fed 40% flaxseed for 60 and 90 days when compared with
controls. a-tocopherol levels in the liver, heart, and spleen ,and y-tocopherol levels in the liver
and spleen, of rats fed 40% flaxseed were significantly lower than those of controls. The dietary
content of a-tocopherol was calculated to be 6.1, 5.8, 5.5, and 5.0 IU/100 g diet for the 0, 10, 20,
and 40% flaxseed diets, respectively. Dietary flaxseed produced significant increases in ALA in
adipose tissue and organs compared to controls. The dietary fiber in flaxseed was associated
with increased fecal moisture and appeared to be mostly fermentable. Ratnayake et al. (1992)
concluded that dietary concentrations of up to 40% flaxseed (approximately 21 g/kg bw/day)
produced no adverse effects and may actually have beneficial effects in lowering serum lipids.
They also noted that AL A in flaxseed was bioavailable and was readily converted to long-chain
n-3 fatty acids. The concentration of 22:6 (n-3) in the liver increased 3-fold when flaxseed in the
diet was increased from 0%, to 10%, but further increases did not proportionately raise the 22:6
(n-3) concentration. However, 20:5 (n-3) and 22:5 (n-3) increased with increasing dietary
flaxseed. In the heart, the level of 20:5 (n-3) was not significantly elevated except in the 40%
diet group. The no observed adverse effect level (NOAEL) for flaxseed in this study was the
highest level tested, 40% dietary concentration, approximately equivalent to 30,000 mg/kg
bw/day.

The antioxidant potential of dietary flaxseed was studied in weanling female Sprague-
Dawiley rats (10 rats/group) aged 24 days at onset of the study (Yuan et al. 1999). The rats were
divided into 3 treatment groups: 1) basal diet (AIN-93G"); 2) basal diet plus 10% ground
flaxseed (about 7500 mg/kg bw/day); and 3) basal diet with a daily gavage of 3.0 mg/ml SDG in
distilled water (about 9 mg SDG/kg bw/day). The flaxseed diet was made isocaloric to the basal
diet and the basal diet and flaxseed diet groups also received a daily gavage of distilled water.
The rats were individually housed in hanging plastic cages. Feed intake was monitored daily and
body weight gains were determined weekly throughout the study. At 42 days of age, rats were
placed in metabolic cages for 3 days to collect urine for analysis of urinary mammalian lignans
enterodiol and enterolactone and the aglycone of SDG, secoisolariciresinol). At 50 and 51 days
of age, the rats were terminated by CO, asphyxiation and their livers were removed for analysis
of tissue glutathione levels and the antioxidant enzymes glutathione peroxidase, glutathione
reductase, and catalase.

! The AIN-93 and AIN-93G diet, fed to rodents as the basal diet in many of the studies reported in this
monograph, derives its carbohydrates in the form of comstarch and sucrose, protein as casein, lipid as soybean oil,
and dietary fiber as powdered cellulose. The only other ingredients are mineral and vitamin mixes and TBHQ as an
antioxidant (Reeves 1997).
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Growth, feed efficiency, and liver-to-body weight ratios did not differ between treated
and control groups. Total urinary lignans were significantly higher in flax-fed rats (3.781+0.657
umol/day) and SDG-treated rats (1.668+0.146 pmol/day) compared to controls (0.034+0.013
umol/day). Hepatic glutathione levels and glutathione peroxidase and catalase activity were
similar between treated and control animals. Yuan et al. (1999) suggested that there may be a
direct antioxidant function of mammalian lignans in the liver. While the authors did not establish
a NOAEL, no adverse effects were seen at an intake of SDG of 9 mg/kg bw/day or a flaxseed
concentration of 10%, approximately corresponding to 7500 mg/kg bw/day of ground flaxseed.

A study to examine the effects of 100 days of consumption of dietary oilseed on the liver
and hepatic y-glutamyltranspeptidase activity was reported by Hemmings et al. (2004). Groups
of male Fischer 344 rats (7-9 rats/group) aged 30 days were assigned to 1 of 3 diets: 1) regular
rat chow (Prolab RMH 3000); 2) rat chow with 10% Norlin (a high-ALA flaxseed cultivar); or 3)
rat chow with 10% Solin (a low-ALA oilseed derived from flaxseed); both products contained
8.4 mg SDG/g flaxseed. The difference in the Norlin- and Solin-containing chows was to help
differentiate between effects produced by the oil component; Norlin contains about 26.4% ALA
while Solin contains only 1%. Individually housed rats in perspex cages lined with sawdust were
fed the diet ad libitum for 100 days and body weights were recorded periodically throughout the
study. On days 50 and 100, 5-7 rats' per group were examined, weighed, and killed by
decapitation. Blood samples were taken for determination of plasma glucose and alanine
aminotransferase levels and the liver and kidneys were removed, weighed, and portions
homogenized for determination of protein content and y-glutamyltranspeptidase activity.

Growth, body weights, behavior, general condition, plasma glucose and alanine
aminotransferase levels, gross observation of liver and kidneys, and liver and kidney weights
relative to body weight were not affected by ingestion of either type of oilseed diet. Hepatic y-
glutamyltranspeptidase activity was significantly higher in oilseed-fed (either type;
approximately 2-fold higher) rats than controls. Ingestion of either type of oilseed increased the
activity of y-glutamyltranspeptidase in isolated plasma membrane fractions; Hemmings et al.
(2004b) suggested that this increase is lignan-dependent and possibly linked to protection against
liver injury by increasing reduced glutathione. Since the effect was similar in both types of
oilseed, it was concluded that the effect was produced by the SDG rather than the ALA
component. Since the only observed effect was beneficial rather than adverse, the NOAEL for
both varieties of oilseed tested in this study was the single tested dietary concentration of 10%,
approximately equivalent to 7500 mg/kg bw/day and including approximately 63 mg SDG/kg
bw/day. The NOAEL for AL A was the level provided in the Norlin cultivar, about 2.6% dietary
concentration, equivalent to 1950 mg/kg bw/day.

4.2.2.1.2. Piglet
In a study by Farmer et al. (2007) to investigate the effect of consumption of dietary
flaxseed for 125 days on fatty acid profile, prepubertal development of mammary glands, and

! The study authors reported that the original groups consisted of 7-9 animals, so it is unclear how they
examined and decapitated 5-7 animals on day 50 and on day 100 as reported.
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bone resorption, groups of Yorkshire x Landrace gilts (female piglets) aged 82 days were fed one

~ of4 diets: 1) basal diet' (control; n=14); 2) diet containing 10% flaxseed (n=13); 3) diet

- containing 6.5% flaxseed meal (defatted flaxseed; n=15); or 4) diet containing 3.5% flaxseed oil
‘ (n=15). Test materials were gradually added to the commercial diets over 5 days until target
concentrations were reached. Animals were individually housed until the age of 151 days at
which time they were allowed physical contact with a mature boar and estrous behavior was
o monitored. The animals received the isocaloric and isonitrogenous diets for 125 days (until
I 212+1 days of age). Feed consumption was recorded daily. At the age of 86, 150, and 210 days,
the animals were weighed and back fat thickness was measured. Blood samples were taken from
the jugular at the age of 78 and 210 days for analysis of estradiol, prolactin, and cross-linked N-
- telopeptides of type I collagen concentrations and to determine the plasma fatty acid profile. At
‘ 212 days of age, the gilts were euthanized, the mammary glands were removed, and
extraparenchymal tissue from the cranial mammary glands was taken for assessing the fatty acid
profile. Parenchymal tissue was homogenized and DNA;, dry matter, protein, and lipid content
i were determined. The rate of cell proliferation in the parenchyma was determined by
. intravenously injecting 6 gilts/group with 5-bromo-2’-deoxyuridine 2-3 hours prior to
o cuthanasia. Slides from the parenchymal tissue were prepared for immunohistochemical staining
- and evaluation. Ovaries were examined from all animals and the number of corpora lutea was
. determined. Liver samples were taken from animals not injected with 5-bromo-2’-deoxyuridine
. for assessment of fatty acids.

Dietary supplementation with flaxseed products did not affect body weight, back fat
thickness, number of corpora lutea, 5-bromo-2’-deoxyuridine labeling index, estrogen receptor
localization, or plasma concentrations of estradiol, prolactin, or cross-linked N-telopeptides of
type 1 collagen. Ingestion of 10% flaxseed or 3.5% flaxseed oil, but not 6.5% flaxseed meal,
significantly increased the concentration of polyunsaturated fatty acids and significantly
decreased the concentration of saturated and monounsaturated fatty acids in plasma and
extraparenchymal tissue. The only statistically significant variable in the composition of
n mammary tissue was an increase in dry matter content of animals fed flaxseed compared to
controls. Farmer et al. (2007) concluded that dietary flaxseed and flaxseed oil, but not defatted
flaxseed meal affected fatty acid profiles; none produced any effect on mammary development
- or bone resorption. Since no adverse effects were seen from any of the 3 test articles, the no
. observed adverse effect levels (NOAELSs) for flaxseed, flaxseed meal, and flaxseed oil were the
single dietary concentrations tested—10% for flaxseed, 6.5% for flaxseed meal, and 3.5% for
flaxseed oil.

o,

The average feed intake of the gilts was 2.9 kg/day and their average weight was 107 kg;
thus, average feed intake was 27 g/kg bw/day. Since flaxseed constituted 10% of the diet, the
NOAEL was 2700 mg/kg bw/day. The NOAELS for flaxseed meal and oil were 6.5% and 3.5%
of the diet, or 1750 and 950 mg/kg bw/day, respectively.

! The basal diet was a commercial feed containing 52% cornmeal, 17% soybean meal, 10% ground barley,
8% canola meal, 8% wheat middlings, 2% animal and vegetable fat, 2% limestone, and <1% other components. No
fish meal or other source of n-3 fatty acids was included.

GRAS Monograph for 59 JHEIMBACH LLC
Whole and Milled Flaxseed
000069



<ot

i,

4.2.2.2. Flaxseed Constituents

4.2.2.2.1. Rat

The study by Yuan et al. (1999) discussed above included an experimental group that
received 3.0 mg/ml SDG in distilled water. While this treatment raised urinary excretion of
lignans, no adverse effects were seen and the NOAEL was the single dose of 9 mg/kg bw/day.

Hemmings et al. (2004), also discussed above, compared the effects of two varieties of
flaxseed with differing concentrations of ALA in Fischer 344 rats and found no adverse effects
from either cultivar, which provided approximately 63 mg SDG/kg bw/day, which was thus the
NOAEL for SDG in this study.

7-Hydroxymatairesinol (7-HMR) was evaluated in one subchronic study in the rat (Lina
et al. 2005). As noted earlier, this compound is chemically related to the matairesinol found in
flaxseed, the only difference between the two being the presence of a hydroxyl group rather than
hydrogen at carbon 7. Six-week-old male and female Wistar outbred (Crl: WI)-(WU BR) rats
were fed dietary levels of 0, 0.25, 1, and 4% (n = 20 rats/sex/level) of a potassium acetate
complex of 7-HMR for 90 days. The 7-HMR was mixed into commercial powdered rodent diet
(Rat & Mouse No. 3 Breeding Diet from Special Diets Services, UK), which was provided ad
libitum. Rats of the same sex and dose group were housed in groups of 5 rats. The rats were
weighed weekly and observed daily for external signs of toxicity. Food intake was measured per
cage over 3- to 4-day periods, and water consumption was measured daily in weeks 1, 6, and 12.
Neurobehavioral testing, consisting of detailed clinical observations outside the home cage, was
conducted weekly on 10 rats/sex/group and a functional observation battery was conducted with
these rats in week 13. Ophthalmoscopic examinations were conducted at baseline and during the
last week of feeding on control and high-level group rats. Estrus cyclicity was evaluated from
daily vaginal smears obtained from all female rats during the last 3 weeks of the study.

At necropsy, blood was collected from the abdominal aorta of 10 rats/sex/group
and examined for hemoglobin, packed cell volume, red blood cell count, reticulocytes, total
white blood cell count, prothrombin time, thrombocyte count, differential white blood cell count,
mean corpuscular volume, mean corpuscular haemoglobin, and mean corpuscular haemoglobin
concentration. Blood collected from the tip of the tail of 10 rats/sex/group after overnight fasting
in week 13 was examined for fasting glucose. Clinical chemistry analyses were performed on
plasma samples derived from heparinised blood from 10 rats/sex/group. The measurements
included alkaline phosphatase activity, aspartate aminotransferase activity, alanine
aminotransferase activity, gamma glutamyl transferase, total protein, albumin, ratio albumin to
globulin, urea, creatinine, total bilirubin, total cholesterol, triglycerides, phospholipids, calcium,
sodium, potassium, chloride, and inorganic phosphate. Levels of 7-HMR, enterolactone, 7-
hydroxyenterolactone, and matairesinol in plasma were measured in 10 samples/sex/group,
randomly selected at the end of the study. Urine, collected from 10 rats/sex/group during the
last 16 hours of a 24-hour food and water deprivation period in week 13, was analysed for
volume, density, appearance, pH, glucose, occult blood, ketones, protein, bilirubin, urobilinogen,
and microscopy of the sediment. Sperm samples obtained at necropsy were evaluated for
epididymal sperm count, sperm motility and morphology. All animals were subjected to
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complete macroscopic examination. The weights of the adrenals, brain, caecum (filled and
empty), epididymes, heart, kidneys, liver, ovaries, pituitary, prostate, spleen, testes, thymus,
thyroid (including the parathyroids), and uterus were recorded. Specimens were preserved in
formalin of the aorta, axillary lymph nodes, colon, eyes, gut associated lymphoid tissue,
Harderian gland, lungs, mammary gland (both genders), mesenteric lymph nodes, sciatic nerve,
oesophagus, pancreas, rectum, skin, small intestine, spinal cord (at three levels), sternum with
bone marrow, stomach, sublingual, and submaxillary salivary glands, trachea/bronchi, urinary
bladder, Zymbals gland, and any tissue showing gross lesions. Histopathological examination
was performed in all listed samples from all animals in the control and high-level group. In
addition, the lungs, kidneys, liver and all gross lesions were examined from all animals of the
low- and mid-level groups.

The dietary levels of 7-HMR were equivalent to average daily intakes of 0, 160, 640, and
2600 mg 7-HMR/kg bw/day, averaged across males and females, over the 90 days of the study.
Dose-related increases were seen in the plasma concentrations of 7-HMR and its metabolites
(chiefly enterolactone), but there were no effects on clinical signs, ophthalmoscopy,
neurobehavioral observations, motor activity, or urinalysis parameters. Some reduction in feed
intake and body weight gain was observed in the mid- and high-dose groups, which was ascribed
to decreased palatability of the test feed. There were also isolated differences in white blood cell
counts, plasma triacylglycerols, fasting blood glucose levels, and phospholipids, none of which
were regarded as indicative of toxicity. No effects were observed in any of the measured sperm
parameters. There was a significant increase in the mean length of the estrus cycle in high-level
females. A number of statistically significant but scattered changes in absolute or relative organ
weights were noted, but not regarded as toxicologically significant. The only adverse effect seen
was a statistically significant and dose-dependent decrease in both absolute and relative ovary
weights seen in mid-and high-dose females. Absolute ovary weights were decreased by 10%,
12%, and 15% relative to controls in the 3 test groups, while relative ovary weights were
decreased by 10% and 11% in the mid- and high-level groups, respectively. No evidence of
histopathology was found in any organ at any level of ingestion of 7-HMR. The authors stated
that, “The minor changes in ovary weights and in estrous-cycle length without any
histopathological effects in rats fed 7-HMR are not indicative of strong antiestrogenic potency.”
Nevertheless, based on decreased ovary weights, the authors set the NOAEL of orally
administered 7-HMR in the rat at 0.25% dietary concentration, corresponding to 160 mg/kg
bw/day intake, the lowest level administered.

4.2.2.2.2. Rabbit

To investigate the possible effect of lignan complex isolated from flaxseed on the
hemopoietic system, rabbits were fed the complex with or without added cholesterol for 2
months (Prasad 2005). Female New Zealand white rabbits weighing 1.2-1.5 kg were divided
into 4 groups (6-16 rabbits/group): 1) rabbit chow diet only; 2) rabbit chow diet supplemented
with 40 mg lignan complex/kg bw/day; 3) rabbit chow diet containing 0.5% cholesterol; and 4)
rabbit chow diet containing 0.5% cholesterol plus supplementation with 40 mg lignan
complex/kg bw/day. The lignan complex, containing approximately 34% SDG, 15-21%
cinnamic acid glucoside, and 10-11% hydroxymethyl-glutaric acid, was administered orally on
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lettuce. Feed and water were provided ad libitum. Blood samples were taken via an ear artery
before and after 1 and 2 months for testing total cholesterol, red blood cells mean corpuscular
volume (MCYV), red blood cells distribution width (RDW), hematocrit (Ht), hemoglobin (Hb),
mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC),
total white blood cells (WBC), granulocytes, lymphocytes, monocytes, platelets, and mean
platelet volume. Although some of the initial blood values were not consistent among the groups
(e.g., WBC were 4.96+0.62, 7.7+0.7, 6.3440.33, and 6.05+0.28x10°/1 for groups 1,2, 3, and 4,
respectively), there was no indication that oral administration of 40 mg lignan complex/kg
bw/day had any adverse effects on the parameters examined. The NOAEL in this study was 40
mg /kg bw/day of the lignan complex, including 14 mg SDG/kg bw/day.

4.2.2.3. Conclusions From Subchronic Toxicity Studies

Subchronic toxicity studies of flaxseed or of SDG, its primary lignan, have been
conducted in the rat, rabbit, and piglet. No adverse effect were observed in any of the studies,
and thus in all cases the NOAEL can be established as the highest dose tested . For flaxseed
itself, these doses were approximately 30,000, 7500, and 7500 mg/kg bw/day (40%, 10%, and
10% dietary concentration) in the three rat studies and 2700 mg/kg bw/day (10% dietary
concentration) in the piglet study. NOAELSs for SDG were 9 and 63 mg/kg bw/day in the two rat
studies and 14 mg/kg bw/day in the rabbit study, the only doses tested in any of these studies.
Additionally, no adverse effects were seen in a study comparing flaxseed cultivars containing
high or low concentrations of ALA, and the NOAEL for ALA was 1950 mg ALA/kg bw/day, the
amount ingested from the high-ALA cultivar provided at 10% dietary concentration.

4.2.3. Developmental and Reproduction Toxicity Studies

4.2.3.1. Whole Flaxseed

To evaluate the potential reproductive and developmental effects of whole flaxseed, Tou
and Thompson (1997; a poster presentation available only as an abstract) fed rats (number and
strain not reported in the poster) a basal diet (not described in the poster) or the same basal diet
supplemented with either 5 or 10% flaxseed during one of 5 periods: a) pregnancy only, b) both
pregnancy and lactation, ¢) from weaning to 50 days of age, d) from weaning to 132 days of age
(adulthood), or €) dam’s pregnancy and pups adulthood.

No consistent adverse effects were seen at the 5% concentration of flaxseed. When 10%
flaxseed was fed during pregnancy, there was no effect on gestation length, parturition, litter
size, or survival, but pups showed statistically significantly decreased birth weights. When 10%
flaxseed was fed during both pregnancy and lactation, weight gain was significantly slowed, the
anogenital distance was significantly shortened, and the absolute ovarian weight of the pups was
statistically significantly increased. Flaxseed administration after weaning had no effect on onset

! The NOAEL in Lina et al. (2005) was not the highest dose tested, but the test article in that study was 7-HMR,
which, while chemically related to the matairesinol found in flaxseed, is itself only a minor flaxseed constituent.
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of puberty in females, but absolute ovarian weight was significantly increased at 50 days; at 132
days premature vaginal opening and significantly increased absolute ovarian weight was seen in
females while significantly increased weight of prostate, seminal vesicles, accessory sex glands,
and testes were observed in males. The authors concluded that a 10% concentration of flaxseed
in the diet (approximately 7500 mg/kg bw/day) “can cause hormonally related effects which
depended on timing of the exposure,” but that no adverse effects were seen when flaxseed
constituted only 5% of the diet, equivalent to about 3750 mg/kg bw/day, and this may be
considered the NOAEL.

The possible effect of dietary flaxseed administration on estrous cycling was studied in
rats by Orcheson et al. (1998). Groups of individually housed female Sprague-Dawley rats aged
58 days (6 rats/group) were randomly allocated into 1 of 8 treatments: 1) a high-fat basal diet
based on the AIN-76A diet (negative control); 2) basal diet plus daily gavage with 1.0 ml of 0.75
mg SDG/ml in distilled water; 3) basal diet plus daily gavage with 1.0 ml of 1.5 mg SDG/ml in
distilled water; 4) basal diet plus daily gavage with 1.0 ml of 3.0 mg SDG/ml in distilled water;
5) basal diet containing 2.5% flaxseed; 6) basal diet containing 5% flaxseed; 7) basal diet
containing 10% flaxseed; or 8) basal diet with daily gavage of 1 mg tamoxifen/kg bw in 1 mi
corn oil (positive control). Groups 1 and 5-7 also received daily gavage of distilled water.
Animals were monitored daily for estrous cycling by means of vaginal smears 2 weeks prior to
treatment and during the 4 weeks of treatment. Body weights were recorded weekly, feed intake
was measured every 2 days, and urine was collected daily after 1 week of treatment. At the end
of the study, rats were asphyxiated by CO; inhalation, gross pathology was performed, and organ
weights were recorded. Urine was pooled into 3-day samples for each rat and analyzed for
enterodiol, enterolactone, and secoisolariciresinol using GC-MS.

There was an apparent but non-statistically significant dose-related increase in the
number of rats with either acyclic (no longer cycling) or irregular (>10 days in length) estrous
cycles on the flaxseed diet or oral SDG. In the groups with the highest dose of flaxseed and
SDG, 66% of the rats were either acyclic or irregular compared to approximately 16% in the
basal diet group. Eighty-three percent of tamoxifen-treated rats were no longer cycling (P<0.003
vs. controls). Of the rats still cycling before and after treatment, rats on flaxseed and SDG
treatments tended to have longer cycles, but this effect was only significantly different from
controls for the 5% flaxseed group and was not dose-dependent. Urinary excretion of lignans
was significantly higher in flaxseed groups than corresponding SDG groups (P<0.05). Rats fed
flaxseed or orally administered SDG showed no differences from basal diet controls in body
weight, feed intake, organ weights (ovaries, liver, heart, kidneys, spleen, cecum, and colon), or
gross pathology. Administration of flaxseed or SDG was well tolerated and produced no toxicity
in rats at the levels tested, equivalent to 1900, 3750, and 7500 mg/kg bw/day of flaxseed. The
NOAEL for this study was 7500 mg flaxseed/kg bw/day, the highest dose tested/

Tou et al. (1998a; orally presented at a conference and available only in abstract form)
further evaluated the reproductive effects of flaxseed in pregnant rat dams (number and strain not
reported) that were fed basal diet or basal diet supplemented with 5 or 10% flaxseed,
approximately equivalent to 3750 and 7500 mg/kg bw/day, during pregnancy and lactation. After
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weaning, the pups of dams that had been fed flaxseed were fed only basal diet, while the
offspring of basal-diet-fed dams were given either 5 or 10% flaxseed-supplemented diets.

No effects were seen due to flaxseed exposure at either 5 or 10% of the diet fed after
weaning, but perinatal exposure resulted in several effects that were dose-dependent. Some of
the effects appeared to be paradoxical. While male rats receiving 5% flaxseed diets exhibited
signficantly decreased absolute prostate weights, those receiving 10% flaxseed had significantly
increased absolute prostate weights. Similarly, 5% flaxseed significantly elevated the
estradiol/testosterone ratio, but 10% significantly increased both estradiol and testosterone.
Females receiving a 5% flaxseed diet exhibited delayed puberty and persistent diestrus (with no
change in sex hormone levels), while those receiving 10% flaxseed had premature and irregular
cycles. The authors concluded that flaxseed exposure during pregnancy and lactation, but not
after weaning, can influence the reproductive development of rats.

Tou et al. (1998b) fed groups of individually housed pregnant Sprague-Dawley rats (7
rats/group) either basal diet (AIN-93), basal diet plus 5% flaxseed, basal diet plus 10% flaxseed,
or basal diet with a daily gavage of 1.5 mg SDG dissolved in 1 ml distilled water throughout
gestation. Rats not receiving SDG were gavaged daily with 1 ml distilled water. Maternal
weight gain and feed intake were recorded daily during gestation and every 2°4 day during
lactation; offspring weight also was recorded. Litter size, birth weight, stillbirth incidence,
postnatal pup survival, and percentage of females were recorded. Dams continued on their
respective diets throughout lactation; on postnatal day 21 dams and 2 offspring (1/sex) from each
litter were killed by CO, asphyxiation. Major organs, particularly reproductive organs, were
removed and weighed. Surviving offspring were switched to basal diet and selected offspring
(6-10/sex/group) were killed by CO, asphyxiation on postnatal day 50 or 132. Offspring weight
gain was recorded every 2™ day and anogenital distance was measured on postnatal days 3 and
21. Puberty onset was determined in females by daily monitoring for the opening of the vaginal
aperture. During postnatal days 40-50 and 100-132, daily vaginal smears were taken to
microscopically determine the stage of estrous cycle. One cycle was considered the number of
days to complete all 4 stages and rats were considered acyclic if they remained at one stage for
more than 10 days. Prostates from males were histologically examined. To test for lignan
transfer through lactation, 3 dams receiving SDG were gavaged with 1.5 mg *H-labeled SDG
(instead of unlabeled SDG) on postnatal day 20. Two offspring (1/sex) were allowed to remain
with the dams; after 24 hours the dams and offspring were killed by CO, asphyxiation, and
blood, all tissues, and gastrointestinal contents were collected for analysis of radioactivity.

Administration of 5 or 10% flaxseed or SDG had no effect on maternal feed intake,
maternal weight gain, gestation length, litter size, live birth index, postnatal pup survival, or
number of female offspring when compared with control animals. Significantly lower birth
weights were observed in offspring from dams fed 10% flaxseed, but not the other treatments.
When compared to basal diet administration, 10% dietary flaxseed significantly reduced the
body weight gain of male offspring, but not females, after lactation. The difference in anogenital
distance between postnatal day 3 and 21 also was significantly less in both sexes from this
treatment group than among controls. Puberty onset was significantly delayed in females from
the 5% flaxseed (34.9+0.6 days) or SDG (34.7+0.7 days) groups, but was significantly earlier in
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females fed 10% flaxseed (25.5+0.3 days) when compared to controls (30.1+0.8 days). Estrous
cycling was significantly lengthened in females fed 10% flaxseed during postnatal days 40-50
and 100-132. During postnatal days 100-132, 1 of 6 rats fed 5% flaxseed, 1 of 7 rats
administered SDG, and 2 of 10 rats fed 10% flaxseed were acyclic. In female offspring, the
uterus-to-body weight ratio was significantly increased at postnatal day 21 in all treatment
groups compared to controls; however, at postnatal days 50 and 132, there were no differences
from controls. Ovaries-to-body weight ratio was significantly decreased at postnatal day 21 in
rats fed 5% flaxseed or administered SDG, but not in those fed 10% flaxseed. At postnatal days
50 and 132, ovaries-to-body weight ratios were significantly increased only in rats fed 10%
flaxseed. In males at postnatal day 132, sex glands and prostate weights relative to body weight
were significantly increased in rats fed 10% flaxseed. The other major organs of the offspring
were not affected by treatment. Neither males nor females from the treatment groups showed any
differences in body weight when compared with control values. Extensive cell proliferation—
increased amounts of secretory epithelial cells forming more papillary infoldings and secondary
projections—was noted in the ventral lobe of the prostate of males fed 10% flaxseed.
Radioactivity detected in the blood and tissues of offspring nursing from dams administered *H-
labeled SDG indicated that lignans were transferred via milk. The authors concluded that 5 or
10% flaxseed or SDG produced no adverse effects on pregnancy other than lowered birth
weights at 10% flaxseed, but hormone-related effects on offspring (e.g., prostrate growth, timing
of pubery onset, estral acyclicity) may affect reproduction.

A study was conducted by Tou and Thompson (1999) to assess any potential effect of
flaxseed or its components on mammary gland structures. Twenty-eight 77-day-old pregnant
Sprague-Dawley rats were divided into 5 groups and fed basal diet (semi-purified AIN-93G),
basal diet plus 5% flaxseed, basal diet plus 10% flaxseed, basal diet plus 1.82% flaxseed oil, or
basal diet plus a daily gavage of 1.5 mg SDG dissolved in 1 ml distilled water throughout
gestation and lactation. Animals not receiving SDG also were gavaged daily with 1 ml distilled
water. Following weaning (postnatal day 21), female offspring were individually housed and
subdivided into various exposure scenarios within each treatment group. Some control rats
remained on their dam’s basal diet and remained controls. Female offspring that were continued
on their dam’s flaxseed diet represented lifetime exposure and those that originally were on basal
diet and were switched to a flaxseed diet represented exposure after weaning. To represent
exposure during gestation and lactation, female offspring from dams on the flaxseed diet were
switched to basal diet for postnatal days 21-50. On postnatal day 50 (puberty), 6 offspring/group
were killed by CO, asphyxiation and whole mounts of mammary gland were prepared for
counting of mammary structures. Puberty onset was determined in females by daily monitoring
for the opening of the vaginal aperture. Up to postnatal day 50, daily vaginal smears were taken
to microscopically determine the stage of estrous cycle. One cycle was considered the number of
days to complete all 4 stages with a normal cycle being 4-5 days (1-2 days of estrus). Rats were
considered acyclic if they remained at one stage for more than 10 days and cycles were
considered prolonged if any stage was >3 days. At termination, ovaries were removed and
weighed. Blood samples also were collected for determination of serum estradiol.

The development of mammary gland structures was altered (as indicated by a statistically
significant decrease in terminal end buds and a statistically significant increase in alveolar buds)
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by 10% dietary flaxseed fed during gestation and lactation and over a lifetime, but not when fed
only after weaning. Similarly, feeding 5% flaxseed during gestation and lactation and over a
lifetime, but not after weaning, also altered the development of mammary gland structures (as
indicated by a statistically significant decrease in terminal end buds). Oral administration of
SDG during gestation and lactation had the same effect, while dietary flaxseed oil had no effect.
Exposure to either concentration of dietary flaxseed after weaning had no effect on puberty
onset, estrous cycling, ovarian weight relative to body weight, or serum estradiol; however, when
compared to controls exposure to 10% flaxseed during gestation and lactation or over a lifetime
significantly lengthened the estrous cycle (by approximately 2 days), shortened the time to
puberty onset (by approximately 5 days), increased relative ovarian weight, and increased serum
estradiol levels. Exposure to 5% flaxseed or SDG during gestation and lactation or over a
lifetime (i.e., based on offspring that were continued on their dams’ flaxseed diets) significantly
lengthened the time to onset of puberty (by approximately 4-5 days) when compared to controls
but had no effect on estrous cycle length. Dietary flaxseed oil did not affect puberty onset or
estrous cycle length. Relative ovarian weight and serum estradiol were not affected by 5%
flaxseed, SDQG, or flaxseed oil. The authors concluded that dietary flaxseed produces changes in
mammary structures when exposure begins through gestation. The dietary concentration of
flaxseed (5 vs. 10%) appears to produce different endocrine changes. The lower concentration
produced antiestrogenic effects, whereas the higher concentration produced estrogenic effects.
Tou and Thompson (1999) suggested that the reduction in terminal end bud density, which was
seen at both 5% and 10% dietary concentration of flaxseed, indicates potential protection against
mammary cancer.

Reproductive indices and sex hormone levels were studied in pregnant Sprague-Dawley
rats fed various concentrations of dietary flaxseed (Tou et al. 1999). Pregnant rats (5 rats/group)
were individually housed in polycarbonate cages and fed phytoestrogen-free basal diets (AIN-
93) containing 0 (control), 5, or 10% flaxseed ad libitum throughout gestation and lactation.
Body weights of dams and offspring and feed intake were recorded every 2™ day. On postnatal
day 21 (end of lactation period), 1 offspring/sex/litter was killed by CO, asphyxiation and the
ovaries, uterus, testes, and accessory sex glands were examined and serum estradiol and/or
testosterone was determined. Surviving offspring of control dams were continued on basal diet
alone or were fed 5 or 10% flaxseed until postnatal day 50 (puberty) or 132 (adulthood). The
surviving offspring from dams fed flaxseed were continued on their dam’s diet. At postnatal day
50 or 132, randomly selected groups of male (n=5-7) and female (n=5-6) offspring from each
dam in each treatment group were killed by CO, asphyxiation. Females were terminated in the
same phase of estrous cycle as determined by vaginal smears. Major and reproductive organs
were removed and weighed. Blood samples were taken for analysis of estradiol or testosterone
levels. Puberty onset was determined in females by daily monitoring for the opening of the
vaginal aperture. Up to postnatal day 50 and during postnatal days 100-132, daily vaginal
smears were taken to determine the stage of estrous cycle. One cycle was considered the number
of days to complete all 4 stages with a normal cycle being 4-5 days (1-2 days of estrus). Rats
were considered acyclic if they remained at one stage for more than 10 days and cycles were
considered prolonged if any stage was >3 days. Prostates from male offspring were examined

histopathologically.
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Puberty onset was significantly earlier and occurred at a significantly reduced body
weight than controls in rats having a lifetime exposure (i.e., offspring of dams receiving flaxseed
that were continued on flaxseed to postnatal day 132) to 10% flaxseed, whereas, lifetime
exposure to 5% flaxseed caused a significant delay in puberty onset at a significantly increased
body weight when compared to controls. Length of estrous cycling was significantly increased
over controls at postnatal days 50 and 132 in rats with a lifetime exposure to 10% flaxseed, but
not 5% flaxseed. Similarly, serum estradiol levels were significantly increased over control
values at postnatal days 50 and 132 in female rats with a lifetime exposure to 10% flaxseed, but
not 5% flaxseed. Exposure to 5 or 10% flaxseed after weaning had no effect on puberty onset,
weight at onset, estrous cycling, or serum estradiol levels. In male offspring fed 10% flaxseed
but not 5% flaxseed for a lifetime, serum testosterone and estradiol were significantly increased
over control values. Dietary flaxseed had no effect on testosterone or estradiol when fed after
weaning. With the exception of reproductive organs, the major organ weights of flaxseed-fed
rats were no different from controls. Exposure to dietary flaxseed after weaning produced no
~ changes in ovarian, accessory sex gland, prostate, seminal vesicle, or testicular weights.
Lifetime exposure did show some statistically significant changes in organ weights relative to
body weight when compared to control values: increased ovarian weights on postnatal days 50
and 132 in females fed 10% flaxseed, increased accessory sex gland, seminal vesicle and
testicular weights on postnatal day 132 in males fed 10% flaxseed, and increased prostate weight
on postnatal day 132 in males fed 5 or 10% flaxseed. Histopathology of the prostate from males
fed 10% flaxseed over a lifetime showed extensive epithelial cell proliferation. Tou et al. (1999)
concluded that dose, timing, and duration of flaxseed exposure affect reproductive indices and
sex hormone levels in growing rats.

A study was conducted in Sprague-Dawley rats to assess the potential for flaxseed or
flaxseed meal to affect spermatogenic or endocrine function in male rats (Sprando et al. 2000a).
Pregnant female rats (number/group not stated) were randomly assigned to 1 of 5 diets and fed
those diets from gestation day 0 to the end of weaning of the F1 generation: 1) basal AIN-93 diet
(control); 2) basal diet with 20% flaxseed plus soybean oil and flaxseed oil; 3) basal diet with
13% flaxseed meal plus soybean oil and a small amount of flaxseed oil; 4) basal diet with 40%
flaxseed with no soybean oil but all the fat derived from flaxseed; or 5) basal diet with 26%
flaxseed meal plus soybean oil and a small amount of flaxseed oil. After weaning (postpartum
day 21), 1-2 males/litter were randomly selected and maintained on the same diets as their dams
for 70 days (17-19 F1 males/group). After 70 days of treatment, the F1 males were killed and
assessed for various reproductive parameters, including qualitative analysis of gonadal tissues,
testicular spermatid and epididymal sperm counts, cauda epididymal sperm morphology, and
serum concentrations of testosterone, luteinizing hormone, and follicle stimulating hormone. The
epididymides, heart, spleen, liver, kidneys, adrenals, seminal vesicles, and prostate were
removed and their weights recorded.

Dietary administration of flaxseed or flaxseed meal did not affect terminal body weights,
testes, epididymides, or seminal vesicle weights, mean spermatid counts, mean number of sperm
abnormalities, daily sperm production rates, seminiferous tubule fluid testosterone
concentrations, or serum follicle stimulating hormone when compared with rats fed the control
diet. Prostate weights were significantly lower than controls in rats fed 13 or 26% flaxseed meal
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or 20% flaxseed. Other statistically significant findings when compared with corresponding
controls included: increased serum testosterone in rats fed 26% flaxseed meal, increased serum
luteinizing hormone in rats fed 20 or 40% flaxseed or 26% flaxseed meal, increased cauda
epididymal weight in rats fed 20 or 40% flaxseed, increased cauda epididymal sperm count in
rats fed 20 or 40% flaxseed or 26% flaxseed meal, decreased absolute kidney and liver weights
in rats fed any flaxseed product, and increased absolute heart weight in rats fed 20% flaxseed or
26% flaxseed meal. The authors concluded that dietary flaxseed or flaxseed meal at these high
doses (equivalent to 15,000 and 30,000 mg/kg bw/day of flaxseed) had some effect on the male
rat reproductive system; however, histological effects on spermatogenesis were not observed in
any of the flaxseed- or flaxmeal-treated groups.

Sprando et al. (2000b) further assessed the potential of flaxseed to affect spermatogenesis
in a second experiment in which pregnant Sprague-Dawley rats were randomly assigned to the 5
dietary regimens described above (Sprando et a. 2000a) and maintained on the diets until the end
of weaning of the F1 generation offspring. Litters were culled to 10 pups, 5 males and 5 females,
on postnatal day 4. On postnatal day 21, 1-2 male pups/litter from as many litters as possible
were selected to represent the F1 generation, and were retained on the same diets as their dams
for 70 days. The male rats were then anesthetized with CO,, the heart and internal organs were
exposed, and the right testis was perfusion-fixed. The volume density of the testicular
components, including seminiferous tubules, tubular lumen, interstitium, Leydig cells, blood
vessels, and macrophages, was measured.

No significant differences were found in body weights or testis weights in any of the
groups. The volumes of the seminiferous tubules in the rats receiving 20% and 40% flaxseed
were lower than in the controls, but significant differences were not observed in Sertoli cell
nucleolar numbers, nor in the length or surface areas of the seminiferous tubules. The authors
concluded that flaxseed and flaxmeal did not adversely affect spermatogenic activity in the
treated animals and the statistically significant differences in volume were not biologically
significant and were most likely due to sampling error. They further concluded that the
information obtained in this study confirms and extends the findings of Sprando et al. (2001a)
and suggests that flaxseed and flaxmeal do not affect spermatogenesis or testis structure in the rat
at the doses tested in this study, approximately equivalent to 9750 and 19,500 mg/kg bw/day of
flaxseed meal and 15,000 and 30,000 mg/kg bw/day of flaxseed.

To examine the possible effect of flaxseed or its purified lignan SDG on reproductive
indices, young rats were exposed to dietary flaxseed or SDG through lactation or continuously
through to adulthood (Ward et al. 2001a). Twenty Sprague-Dawley rats that had just delivered
litters of pups were randomly assigned to 1 of 3 diets: 1) basal diet (AIN-93G); 2) basal diet plus
10% flaxseed (equivalent to 7500 mg/kg bw/day); or 3) basal diet plus 1.8 mg SDG/kg bw/day.
Dams were individually caged and maintained on these diets during lactation until the pups were
weaned. Feed intake of dams was recorded every 2 days throughout lactation. After weaning,
pups (23-44 males/group and 22-47 females/group) were either maintained on the same diet as
their dams or were switched to basal diet until postnatal day 50 (adolescence) or 132 (adulthood).
Pup body weights were recorded weekly and feed intake was monitored. Water and diet were
provided ad libitum. Rats were killed by CO; asphyxiation at weaning (dams), on postnatal day
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50 (pups), or postnatal day 132 (pups). Anogenital distance was measured at postnatal days 2
and 21. Puberty onset was determined in females by daily monitoring for the opening of the
vaginal aperture. During postnatal days 100-132, daily vaginal smears were taken to
microscopically determine the stage of estrous cycle. One cycle was considered the number of
days to complete all 4 stages, proestrus, estrus, metestrus, and diestrus. At termination,
reproductive organs were removed, weighed, and subjected to histological examination.

Dietary administration of 10% flaxseed or its purified lignan to rats during suckling or
continuously to adolescence or adulthood failed to produce any adverse effect in any of the
parameters examined including anogenital distance from birth to postnatal day 21, age and body
weight at female puberty onset, estrous cycle length, reproductive organ weights at postnatal
days 50 and 132, and the histology of the reproductive organs—uterus, ovaries, and prostate.
Since intakes of 7500 mg/kg bw/day of flaxseed or of 1.8 mg/kg bw/day were without harm, The
authors concluded that these findings provide evidence that exposure to levels of flaxseed or its
lignans attainable in the human diet appears to be safe with respect to developing offspring.

Using a design and experimental diets identical to those used in in the study described
above (Ward et al. 2001a), Ward et al. (2001b) investigated the effect of exposure to flaxseed or
SDG on bone strength of male rats. Twenty pregnant Sprague-Dawley rats were fed basal diet
(AIN-93G) from gestation day 2 until delivery on gestation day 21 or 22. Prior to lactation they
were randomized to basal diet, basal diet + 10% flaxseed, or basal diet + 293 pumol SDG/kg diet,
equivalent to the SDG in the 10% flaxseed diet. Offspring were weaned at postnatal day 21 and
either continued on their mother’s diet or on basal diet. Rats were killed on postnatal day 50 or
132 (representing adolescence or young adulthood) and their femurs excised for measurement of
weight, length, and width. To assess bone quantity, bone mineral content (BMC) and bond
mineral density (BMD) of femurs were measured by dual-energy x-ray absorptiometry. The
mechanical strength of femurs was determined by 3-point bending.

At post-natal day 50, measures of bone strength were reduced among rats receiving the
10% flaxseed diet, but there were no differences in bone size, BMC, or BMD. No effect was
seen in animals receiving SDG. However, at day 132 there were no significant differences
between any of the groups with regard to bone size, strength, or mineralization. The authors
concluded that, “exposing male rats to a diet containing 10% flaxseed or an equivalent quantity
of lignan either during lactation only or through to early adulthood is safe with respect to bone
health.”

Cesarean-derived, viral antibody-free rats were used in a 2-phase study conducted under
Good Laboratory Practice (GLP) to examine the possible effects of ground flaxseed or flaxseed
meal on development and reproduction (Collins et al. 2003). Pregnant rats were housed
individually in stainless steel hanging cages and divided into 5 treatment groups (37-38
rats/group): 1) AIN-93 diet only (control); 2) AIN-93 diet containing 20% ground flaxseed; 3)
AIN-93 diet containing 13% flaxseed meal (defatted flaxseed); 4) AIN-93 diet containing 40%
ground flaxseed; and 5) AIN-93 diet containing 26% flaxseed meal. The rats were fed these diets
and given water ad libitum during the entire study period.
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For the first phase, teratology, 22-23 pregnant rats/group were examined and then
euthanized with CO, on gestation day 20. Euthanized rats underwent necropsy including
removal and weighing of liver, kidneys, heart, brain, spleen, ovaries, and adrenal glands. Tissue
samples were preserved for histopathological evaluation. Before removing any fetuses, the
uterus was examined in situ for any resorptions or implantations and the number of live or dead
fetuses. In the instances where the rat did not appear pregnant, the uterus was stained with
ammonium sulfide to enhance resorption sites. All fetuses and both ovaries were removed. The
ovaries were examined under a lighted magnifying glass and the number of corpora lutea was
counted. Viable fetuses were removed and examined for uterine position, sex, weight, crown-
rump length, anogenital distance, and any abnormalities before being euthanized and fixed in
95% ethanol for evaluation of skeletal abnormalities or Bouin’s solution for evaluation of soft
tissue abnormalities. Skeletal evaluations included examination of sternebrae, ribs, vertebrae,
dorsal arches, skull, and appendicular skeleton.

The surviving pregnant rats (15 rats/group) were allowed to complete gestation and care
for their young as part of the second phase of the study. Dams were observed daily during
postnatal days 0-21 and litters containing more than 10 pups were culled to 10 pups on postnatal
day 4. On postnatal days 0, 7, 14, and 21, pups were weighed and sexed and their anogenital
distance was measured. On postnatal days 0, 4, 7, 14, and 21, reproduction, survival, and
anogenital distance divided by body weight were calculated. On postnatal day 21, 2 subsets of
pups were randomly selected (1 pup/sex/subset): one subset for euthanasia and necropsy and one
subset for observation of sexual development to postnatal day 90. Males were observed for
development of reproductive organs and endocrine functions. Females were observed for
vaginal opening and their estrous cycle was monitored daily during postnatal days 70-90. At
necropsy, the liver, kidneys, brain, spleen, ovaries and adrenal glands were removed and
weighed from randomly selected dams on postnatal day 21 and F1 females on postnatal day 90
and the thymus, liver, spleen, and brain were removed and weighed from pups terminated on
postnatal day 21. Selected tissues from both phases of the study were microscopically examined
and histopathological examination focused on tissues from reproductive organs and mammary
glands.

Feeding ground flaxseed or flaxseed meal was well tolerated and weight gain was similar
among treated and control animals; however, one rat from the 40% ground flaxseed group died
close to term (cause of death not stated, but not believed to be test-article related) and all its
fetuses were dead. Feed consumption was statistically significantly reduced in rats fed 26%
flaxseed meal during the teratology phase. No other significant changes in feed or water
consumption were noted in either the teratology or reproduction phase. There was >90% fertility
in all treatment groups. Gestation length was not affected by treatment with ground flaxseed but
was slightly decreased in the flaxseed meal groups (control, 22.0+0.1 days; 13% flaxseed meal,
21.6+0.1 days; 26% flaxseed meal, 21.6+0.1) with the decrease reaching statistical significance
at the highest concentration when compared to controls. All the parameters assessed in the
teratology phase were similar between treated and control animals. Fetal bone and soft tissue
development were not affected by treatment with ground flaxseed or flaxseed meal.
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Survival of F1 rats to postnatal day 21 was similar between control and treated groups.
At postnatal day 21, the anogenital distance was significantly increased (p < 0.01) in F1 females
but not males from dams fed 20 or 40% ground flaxseed when compared with controls. Flaxseed
meal did not affect the anogenital distance. Puberty as indicated by preputial separation was
significantly delayed (p < 0.01) in F1 males from dams fed 13 or 26% flaxseed meal but not
ground flaxseed when compared with controls. There was a statistically significant decrease in
the number of F1 females with regular estrous cycles (20 and 40% ground flaxseed and 26%
flaxseed meal groups) and a statistically significant increase in the number of F1 females with
highly irregular estrous cycles (26% flaxseed meal group) when compared with controls. At
weaning, body weight was significantly lower in F1 females from dams fed either concentration
of ground flaxseed or flaxseed meal compared to controls. Liver and thymus weight to body
weight or brain weight ratios were significantly decreased in weanling F1 females from dams fed
either concentration of ground flaxseed or flaxseed meal. Weanling F1 males from any flaxseed
group had body weights similar to controls. Thymus weight to body weight ratios were
significantly decreased in weanling F1 males from dams fed 40% ground flaxseed and thymus to
brain weight ratios were significantly decreased in weanling F1 males from dams fed 20 or 40%
ground flaxseed or 26% flaxseed meal when compared with controls. Liver to body weight or
brain weight ratios were significantly decreased in weanling F1 males from dams fed 26%
flaxseed meal compared to controls.

F1 females from dams fed 20 or 40% ground flaxseed or 26% flaxseed meal gained
significantly more weight than controls during postnatal days 21-90. By postnatal day 90, treated
F1 female body weights were similar to controls except for F1 females from dams fed 26%
flaxseed meal which had significantly higher body weights compared to controls. Also at
postnatal day 90, kidney to body weight ratios were significantly lower than controls in F1
females from dams fed either concentration of ground flaxseed or flaxseed meal. Kidney to
brain weight ratios and other organ to body/brain weight ratios were not affected. The authors
concluded that ingestion of up to 40% ground flaxseed (approximately 30,000 mg/kg bw/day) or
26% flaxseed meal (approximately 19,500 mg/kg bw/day) during gestation had no effect on
fertility or fetal development; however, continued ingestion post partum, during lactation, and
post lactation showed some hormone-related effects on postnatal development and sexual
maturation.

_In a parallel study to the Collins et al. (2003) study described above, rat embryos allowed
to gestate to day 9 were cultured in serum derived from blood samples taken from 10 randomly
selected pregnant rats of each treatment group in the Collins et al. (2003) study at the time of
Cesarean section (Flynn et al. 2003). The embryos were cultured for 45 hours, removed from the
culture medium, washed, and evaluated for viability and presence of any trauma, such as torn
yolk sacs, unrelated to treatment. Viable embryos without trauma were fixed in neutral formalin,
measured, and evaluated for any abnormalities. All embryos from all treatment groups were
viable. The only statistically significant effect on overall growth and development was reduced
crown-rump length in embryos cultured in serum from dams fed 20% ground flaxseed when
compared to controls. In terms of abnormalities, the incidence of heart looping (abnormal
development of left-right asymmetry) was significantly higher in embryos cultured in serum
from dams fed 20% ground flaxseed or 26% flaxseed meal and the incidence of flexion defects
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was significantly higher in embryos cultured in serum from dams fed 20% ground flaxseed when
compared with controls. The findings indicate that diets supplemented with 15,000 or 30,000
mg/kg bw/day of ground flaxseed or 97500 or 19,500 mg/kg bw/day of flaxseed meal do not
produce serum factors that are embryotoxic. The authors concluded that “serum from rats
exposed to high levels of flaxseed or flaxseed meal is not directly embryotoxic to organogenesis-
staged rat embryos in a dose-related manner, suggesting that such expsoures are not teratogenic.”
They further noted that “This finding is consistent with observations from a concurrent in vivo
reproductive toxicology study [Collines et al. (2003)] in which no frank terata were observed in
the offspring from dams fed high levels of flaxseed.”

In a companion study to the Collins et al. (2003) and Flynn et al. (2003) studies,
Wiesenfeld et al. (2003) evaluated the nutritional aspects of dietary flaxseed or flaxseed meal.
Groups of pregnant Sprague-Dawley rats were individually housed in stainless steel suspended
cages and given 1 of the 5 diets previously described (Collins et al. 2003). On gestation day 20,
10 pregnant rats per group were euthanized and another 10 pregnant rats per group continued
their diet regime throughout gestation (21-23 days). Ten male pups from each of these dams
were allowed to stay with their dams until weaning (postnatal day 21-23). In litters with more
than 10 pups, pups were randomly culled at postnatal day 4 and used for analysis of stomach
lipid content. Blood samples were taken for clinical chemistry analysis including blood urea
nitrogen, albumin, iron, calcium, total protein, creatinine, alkaline phosphatase, alanine
aminotransferase, aspartate aminotransferase, triacylglycerols, and total and HDL cholesterol.
Serum and tissues were analyzed for lipids and vitamins A and E. Prostaglandin E, was
measured in serum and liver samples.

Flaxseed and flaxseed meal supplementation had no effect on body weights, absolute
organ weights, or growth of dams and offspring. Both concentrations of flaxseed meal produced
a significant decrease in the relative (to body weight) liver weight of dams compared to controls.
Relative heart weight of rats fed 20% flaxseed or 26% flaxseed meal was significantly increased
over controls. Relative organ weights of the offspring were not affected by treatment. Dietary
flaxseed and flaxseed meal both changed fatty acid profiles, flaxseed to a greater extent. In
serum, “gastric milk,” and liver of dams and offspring fed flaxseed or flaxseed meal, ALA and
eicosapentaenoic acid levels increased, linoleic and arachidonic acid levels decreased, and
docosahexaenoic acid was unchanged. Serum and liver prostaglandin E, in dams and offspring
were not affected by dietary flaxseed or flaxseed meal when compared with control values.
Some statistically significant changes in clinical chemistry parameters of 90-day post weaning
rats compared to controls were noted: reduced total and HDL cholesterol in rats fed 40%
flaxseed; reduced ratio of total cholesterol/HDL ratio in rats fed 13 or 26% flaxseed meal;
reduced serum calcium in rats fed 20% flaxseed, 13% flaxseed meal, or 26% flaxseed meal;
increased alanine amino transferase in rats fed 40% flaxseed; reduced serum protein and
creatinine in rats fed 40% flaxseed; and reduced serum protein in rats fed 13 or 26% flaxseed
meal. Liver vitamin E levels were significantly lower than controls in offspring fed 40%
flaxseed, although serum vitamin E levels were not affected. The authors concluded that, while
there were differences in fatty acid absorption and metabolism between dams and offspring fed
dietary flaxseed or flaxseed meal, there were no toxic effects associated with feeding flaxseed or

GRAS Monograph for 72 JHEIMBACH LLC
Whole and Milled Flaxseed
0006082



e

o,

flaxseed meal at levels as high as 9,950 or 19,500 mg/kg bw/day of flaxseed meal or 15,000 or
30,000 mg/kg bw/day of flaxseed.

The developmental effects of flaxseed were further evaluated by Hemmings and Barker
(2004). Starting on gestation day 18, pregnant Fischer 344 rats (number of animals not stated)
maintained in individual perspex cages lined with sawdust were fed either regular rat chow diet
(Prolab RMH 3000 from PMI Nutrition International) or 10% flaxseed chow and allowed to give
birth and rear their young. Pups were weaned on postnatal day 31 and maintained on the same
diet as their dams. Developmental and behavioral tests were conducted on the pups and growth
curves were plotted. On postnatal days 10, 28, 48, and 86, selected pups from both groups were
evaluated, weighed, and killed by decapitation. Following decapitation, blood samples were
collected and liver and kidneys were removed and weighed. Plasma was analyzed for glucose,
alanine aminotransferase, and y-glutamyltranspeptidase levels. Liver protein content and -
glutamyltranspeptidase activity also was determined.

Growth curves and developmental and behavioral indices were similar between the
treated and control groups. Plasma glucose, alanine aminotransferase, and y-
glutamyltranspeptidase levels in treated animals showed no differences from controls. Gross
examination and organ-to-body weight ratios of the liver and kidneys also showed no differences
from controls. y-Glutamyltranspeptidase activity in the liver of flax-fed animals was greater than
that of controls throughout the study and reached statistical significance at adulthood. The sex-
dependent differences in the y-glutamyltranspeptidase activity were markedly different between
flax-fed and control animals. The authors suggested that this implicates an estrogenic effect of a
flaxseed lignan and concluded that dietary flaxseed has no effect on growth, development, or
behavior at the dose tested (equivalent to approximately 7,500 mg/kg bw/day), but may have a
hepatoprotective effect.

4.2.3.2. Flaxseed Constituents

Five of the studies discussed above included doses of SDG alone—Orcheson et al.
(1998), Tou et al. (1998b), Tou and Thompson (1999), Ward et al. (2001a), and Ward et al.
(2001b). In none of these studies were any effects produced by SDG alone that were not also
observed in rats receiving flaxseed providing the same level of SDG. Although a number of
observations were consistent with an estrogenic or antiestrogenic effect of high doses of
flaxseed, most likely due to the lignan content, these effects were not regarded as necessarily
adverse. Additionally, Tou and Thompson 1999 included a group of rats that received a diet
containing 1.82% flaxseed oil; this treatment produced no adverse effects on any parameter
evaluated.

Prenatal developmental toxicity of the lignan 7-hydroxymetairesinol (7-HMR) was
investigated by Wolterbeek et al. (2004). As noted previously, this substance is a minor
constituent of flaxseeds, but differs from the major lignan metairesinol only in the replacement
of one hydrogen on carbon 7 with a hydroxyl group and can also serve as a precursor to the
mammalian lignan enterolactone. Mated female Wistar rats were fed diets with 0, 0.25, 1, or 4%
potassium acetate complex of 7-HMR for days 0-21 of gestation. The test doses were
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approximately 0, 0.16, 0.60, and 2.06 g/kg bw/day, respectively. After sacrifice on day 21, the
rats were examined for the following parameters of reproductive performance—fecundity index,
gestation index, number of corpora lutea, number of implantations, pre- and post-implantation
loss, number of early and late resorptions, number of live and dead fetuses, sex-ratio, and weight
of reproductive organs. The fetuses were examined for external, visceral, and skeletal changes.

No effects were seen on reproductive performance nor were any treatment-related
findings noted following examination of the fetuses. However, half of the mated dams in the
high-dose group failed to thrive due to large decreases in their feed intake and were sacrificed
early, and body weights of the remaining members of the high-dose group were reduced. The
NOAEL for maternal effects was 1% (the mid level) and the NOAEL for fetal development
throughout gestation was 4%, the highest concentration tested.

In a study investigating the possible effects of flaxseed on bone development (Cohen and
Ward 2005), groups of male (n=14-22 mice/group) and female (n=10-19 mice/group) weanling
129 Sv/Ev mice were individually housed and fed 10% flaxseed oil or 10% corn oil in modified
AIN-93G diet from postnatal day 28 to 91. Feed intake was recorded every 2 or 3 days and body
weights were recorded weekly. On postnatal day 91, the mice were asphyxiated with CO, and
blood samples were collected by cardiac puncture. Serum interleukin-1p, interleukin-6, and
tumor necrosis factor-a (TNF-a) levels were determined using enzyme-linked immunoassays.
The serum fatty acid profile (ALA, linoleic acid, arachidonic acid, eicosapentaenoic acid, and
docosahexaenoic acid) was determined using gas chromatograph/mass spectrometry. The right
femurs of the mice were removed, cleaned of soft tissue, and stored at -70°C until analyzed.
Biomechanical bone strength testing was conducted on the femurs using a Materials Testing
System followed by the generation of load-deformation curves using specialized computer
software. For determining peak load, compression testing was conducted on individual lumbar
vertebrae (LV3). Bone mineral content and density of left femurs and lumbar vertebrae (LV1-
LV4) were determined using PIXImus dual-energy X-ray absorptiometry.

Feed intake, body weights, and serum cytokines did not differ between the corn oil and
flaxseed oil treatment groups. Mice from the flaxseed group had statistically significantly higher
serum ALA, eicosapentaenoic acid, and docosahexaenoic acid levels but significantly lower
serum linoleic acid and arachidonic acid levels than mice fed corn oil. There was no difference
between the sexes in serum ALA, eicosapentaenoic acid, and linoleic acid levels; however,
serum arachidonic acid and docosahexaenoic acid levels were significantly higher in males than
females of the flaxseed group. The peak load of LV3 and the bone mineral content and density
did not differ between the 2 diet groups; however, bone mineral content and density were
markedly (statistical significance not specified) higher in male mice. LV3 peak load was similar
between the sexes. Femur dimensions and biomechanical bone strength properties were similar
between the diets. Males tended to have greater femur dimensions and biomechanical bone
strength compared to females. The results of this study show that feeding 10% flaxseed oil in the
diet of growing mice does not affect bone development. The authors concluded that, “These
findings suggest that neither bone mineral nor matrix of femur and lumbar vertebrae was
improved or compromised in growing male and female mice fed a 10% flaxseed oil diet
compared to a 10% corn oil diet. This level of ALA that is attainable from a 10% flaxseed oil
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diet is considered safe with respect to biomechanical bone strength and bone mass int his mouse
model.”

S

4.2.3.3. Summary and Conclusions from Developmental Reproduction Toxicity Studies

A total of 14 published studies has been directed toward the assessment of the
developmental and reproductive toxicity of flaxseed, flaxseed meal, or a constituent, either a-
o linolenic acid (ALA) or SDG. All but one of these studies were conducted in rats, most in
Sprague-Dawley rats; one study of flaxseed oil was conducted with Sv/Ev mice. The flaxseed
levels used in these studies ranged from 5% dietary concentration (approximately 3750 mg/kg
bw/day) to 40% dietary concentration (approximately equivalent to 30,000 mg/kg bw/day).

Studies in which flaxseed was administered at 5% dietary concentration found either no
effect (Tou and Thompson 1997; Orcheson et al. 1998) or effects at 5% dietary concentration
~  with opposite effects at 10% concentration (Tou et al. 1998a; Tou et al. 1998b; Tou and
Thompson 1999; Tou et al. 1999), discussed further below. A number of studies also found no
effect with flaxseed at 10% of the diet (Orcheson et al. 1998; Ward et al. 2001a; Hemmings and
Barker 2004). An absence of effects has been observed at even higher doses; Wiesenfeld et al.
(2003) found no effects other than non-adverse changes in fatty acid absorption in SD rats given
- flaxseed meal (defatted flaxseed) at 13% or 26% of the diet or flaxseed at 20% or 40% of the
diet. Other studies assessing specific adverse effects have also found an absence of adverse
effects from flaxseed even at high concentrations; Sprando et al. (2000b) found no effect of
flaxseed on spermatogenesis or testis structure at either 20% or 40% of the diet. Ward et al.
. (2001b) and Cohen and Ward (2005) showed that bone development is unaffected by ingestion
of 10% flaxseed, 10% flaxseed oil, or the lignans present in a 10% flaxseed diet.

- However, other studies of higher dietary concentrations of flaxseed have found estrogenic
s or antiestrogenic effects. These effects often appear to be contradictory, with one effect
ﬁ: appearing at one dose and the opposite effect appearing at a different dose, particularly in the

- studies by Tou et al. Examples of such contradictory effects include:

° decreased prostate weights with flaxseed at 5% dietary concentration, increased
prostate weights at 10% (Tou et al. 1998a)

. female rats had delayed puberty with flaxseed at 5% and premature puberty at
10% (Tou et al. 1998a)

o relative ovary weights were decreased at 5% flaxseed and increased at 10% (Tou
et al. 1998b)

] female rats had delayed puberty with flaxseed at 5% and premature puberty at
10% (Tou et al. 1998b)

. female rats had delayed puberty at 5% and premature puberty at 10% (Tou et al.

. 1999)

p ] female rats had delayed puberty with flaxseed at 5% and premature puberty at

B 10% (Tou and Thompson 1999)
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Tou et al. (1999) suggested that the dose, timing, and duration of flaxseed exposure all
affect its hormonal effects and concluded that lower concentrations tend to produce
antiestrogenic effects while higher concentrations produce estrogenic effects. Although no
adverse effects were seen on growth, clinical chemistry, hematology, or histopathology at any
dose, flaxseed appears to frequently produce weak estrogenic effects at high levels of intake even
though these effects seem to be inconsistent from study to study.

4.2.4. Special Study

Because flaxseed contains high concentrations of ALA, which may inhibit lymphocyte
function in both rats and humans, a study was conducted using Sprague-Dawley rats to examine
the potential effect of flaxseed or flaxseed meal on spleen fatty-acid profiles, changes in splenic
mononuclear cell subpopulations, and mitogen-induced proliferation and interleukin-2
production by mononuclear cells (Babu et al. 2003). Pregnant rats were individually housed in

stainless steel hanging cages and fed throughout gestation with diets containing 0% flaxseed or
flaxseed meal (Purina Rodent Chow 5002M), 20% flaxseed, 40% flaxseed, 13% flaxseed meal,
or 26% flaxseed meal. Some of the rats had a Caesarean section on gestation day 20 and others
were allowed to litter and rear their young. Post-weaning pups were maintained on the same diet
regime as their dams. Mononuclear cells were isolated from the spleen of pregnant rats and 90-
day-old F; generation rats. Splenic lymphocyte populations were analyzed using a flow
cytometer. Mononuclear cell proliferation was measured in virro after 72-hour incubation with
varying concentrations of concanavalin A, phytohemagglutinin, or lipopolysaccharide.
Interleukin-2 concentrations were determined in concanavalin A and phytohemagglutinin-
stimulated supernatants taken from splenic mononuclear cell incubations. Lastly, the fatty-acid
profiles of spleen mononuclear cells were determined using GLC.

Ingestion of flaxseed or flaxseed meal did not affect splenic CD4, CD8, MAC1 or IA
positive cell populations. There were a few differences in the populations between pregnant and
F; generation animals; pregnant rats had a significantly higher CD4 population and significantly
lower CD8, MAC1, and IA-positive populations. The only statistically significant mitogenic
response of spleen cells was in animals fed 40% flaxseed. Pregnant animals showed a decreased
response to concanavalin A (~60% lower) and F; animals showed a decreased response to
phytohemagglutinin (~51% lower) when compared with controls. Interleukin-2 production was
not affected by dietary administration of flaxseed or flaxseed meal to pregnant or F; rats.
Splenic fatty-acid profiles were changed by ingestion of flaxseed or flaxseed meal. The most
notable changes were as follows (compared to controls): ALA was significantly increased in
pregnant and F; rats fed flaxseed or flaxseed meal; linoleic acid was significantly lower in
pregnant and F, rats fed 40% flaxseed; and arachidonic acid was significantly lower in pregnant
and F) rats fed either flaxseed or flaxseed meal. This study does not call into question
conclusions reached on the basis of the studies previously discussed. The authors noted that
although splenic concentrations of fatty acids, including ALA, linoleic acid, and arachidonic,
were affected by the high doses of flaxseed and flaxseed meal tested in this study, no significant
changes were observed in the cell subsets or IL-2 production by splenic cells from the different
treatment groups.
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4.2.5. Genotoxicity/Mutagenicity Studies

The mammalian lignans enterolactone and enterodiol and plant lignans matairesinol and
secoisolariciresinol were tested in the microtubule assembly assay and for growth inhibition,
cytotoxicity, mitotic arrest, tubulin staining, CREST! staining, micronuclei, and HPRT mutation
in cultured male Chinese hamster V79 cells (Kulling et al. 1998). At concentrations of 200 uM,
none of the lignans inhibited cell-free microtubule assembly. Similarly, at concentrations of 100
uM, the lignans had no effect on cytoplasmic microtubule complex in interphase cells and the
mitotic spindle in metaphase cells. Enterolactone, enterodiol, and secoisolariciresinol produced
only slight cell growth inhibition at a concentration of 100 pM; while matairesinol inhibited cell
proliferation to the same extent as the positive control (diethylstilbestrol). None of the lignans
affected cell morphology or produced significant cytotoxicity at this concentration. When
incubated for 6 hours with V79 cells, no significant increase in the number of metaphase cells
were noted for up to 100 pM enterolactone, enterodiol, or secoisolariciresinol when compared
~ with control values. Matairesinol tended to decrease the number of mitotic cells. None of the
lignans (tested at 50 and 100 pM) induced micronuclei (whole or fragmented) after incubation
for 6 hours with V79 cells followed by incubation in fresh medium for 3-24 hours. CREST
staining was used to distinguish between micronuclei containing whole chromosomes and those
containing chromosomal fragments. In the HPRT forward mutation assay, none of the lignans
(tested at 50 and 100 pM) induced a significant increase in 6-TG-resistent cells over control
values. The authors concluded that enterolactone, enterodiol, matairesinol, and
secoisolariciresinol showed no potential for aneuplidogenic, clastogenic, or mutagenic activity.

The National Toxicology Program (NTP) tested linseed oil (CAS No. 8001-26-1) at
concentrations of 10, 33, 100, 333, 1000, and 3333 pg/plate in a standard Salmonella
preincubation assay using Salmonella typhimurium strains TA100, TA1535, TA97, and TA98
with and without metabolic activation (NTP 1991). Metabolic activation was derived from
induced male Sprague Dawley rat or Syrian hamster liver S9 and cultures containing 10 or 30%
of either metabolic activation source were tested. Precipitate was noted in most cultures of 333
pg/plate or higher. Negative results were reported in all strains with or without metabolic
activation, indicating no evidence of genetic toxicity.

Rojas-Molina et al. (2005) tested the genotoxicity of 7 vegetable oils in the Drosophila
wing-spot test, including flaxseed, soy, extra-virgin olive, low-grade olive, sunflower, sesame,
and wheat-germ oils. Larvae of the standard and highly bioactive crosses of Drosophila
melanogaster were fed medium containing 6% or 12% of each of the test oils. Urethane was
used as a positive control. At the lower (6%) concentration, none of the oils tested positive in
both the standard and bioactive cross. Flaxseed oil produced a positive response in the standard
cross, but not in the highly bioactive cross. At the higher (12%) concentration, flaxseed, soy,
sesame, and wheat-germ oils produced positive responses in the standard crosss, and all except
soy oil were also positive in the bioactive cross. The experimenters concluded that the positive
results were due to high concentrations of polyunsaturated fatty acids, which are known to be
associated with the production of oxidative DNA damage.

! Calcinosis, Raynaud’s phenomenon, esophagal motility abnormalities, sclerodactyly and telangiectasia
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Finally, Roberts et al. (2006) reported that 7-hydroxymatairesinol was not genotoxic in
the Ames assay, the in vitro chromosome aberration assay, or the in vivo rat bone-marrow
micronucleus assay.

In summary, flaxseed oil showed no indication of genotoxicity in reverse bacterial
mutation (Ames) assays or in the Drosophila wing-spot test. Micronucleus testing also showed
the primary lignans found in flaxseed, secoisolariciresinol and matairesinol, as well as the
mammalian lignans enterolactone and enterodiol, to non-aneuplidogenic, non-clastogenic, and
non-mutagenic.

4.2.6. Other Animal Studies

In a study available only in abstract form, Siemelink et al. (2001) rats (number and strain
not reported) were placed on diets supplemented with flaxseed oil, coconut oil, safflower oil,
soybean oil, or menhaden oil beginning 2 weeks prior to mating; the diets were continued
through pregnancy. Afier weaning, the pups were given the same diets as their dams until the age
of 12 weeks. There were no differences in the number of fetuses, corpora lutea, resoptions, or
uterus weights, nor were any effects seen on the weights of the fetuses or placentas. Weight gain
of the dams during pregnancy was lower among the rats receiving menhaden oil but did not
differ among the remaining groups. Similarly, pups born to dams receiving menhaden oil had
lower birth weights than did those in the other groups, which did not differ among themselves, as
well as lower growth. It was concluded that flaxseed oil, as well as coconut oil, safflower oil, and
soybean oil, had no effect on pregnancy or early growth.

Another study available only as an abstract (published in Serbian) was an investigation
into the effect of dietary factors on histologic changes and metabolism in kidneys in an
experimental model of polycystic kidney disease (Bankovic-Calic et al. 2002). Male offspring of
Han:SPRD-cy heterozygotic rats received ad libitum diets containing 8 or 20% casein, 20% soy
protein, or 10% flaxseed for 8 weeks. After sacrifice, tissue was harvested for histological
assessment and analysis of metabolic changes in lipids, citric-acid metabolites, and osmolytes.
Measures were taken of cystic changes, renal tubular proliferation and apoptosis, numbers of
interstitial cells and macrophage infiltration, and interstitial fibrosis. The animals fed flaxseed (at
approximately 7500 mg/kg bw/day) had decreased cystic size and less interstitial inflammation
and fibrosis; there was no effect on epithelial cell apoptosis or proliferation. Significant renal
enrichment of n-3 polyunsaturated fatty acids was observed, along with increased betaine and
succinate. Urinary citrate excretion was increased without any change in ammonia excretion.
These changes were beneficial in ameliorating Hans:SPRD-cy rat polycystic kidney disease with
no apparent adverse effects.

Velasquez et al. (2003) used a spontaneously hypertensive/NIH-corpulent (SHR/N-cp) rat
model to study the effects of casein, soy, or flaxseed on renal function and nephropathy. Obese
8-10-week-old male SHR/N-cp rats were randomly assigned to receive diets (10 rats/group)
containing 20% casein, soy protein concentrate, or flaxseed meal for 6 months. The flaxseed
meal contained 19.0 mg SDG/g. Feed intake and body weight were measured weekly. At the
end of the feeding period the rats were placed in metabolic cages and fasting urine collections
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were made, after which the rats were sacrificed and blood taken for biochemical analysis. After
saline perfusion, the kidneys were dissected, weighed, and subjected to histological examination.
Serum was analyzed for glucose, protein, urea, and creatinine; urine was analyzed for the last 3
parameters.

All 3 diets were well tolerated and neither feed intake nor final body weights differed
among the 3 groups. Plasma glucose and creatinine levels did not differ, but plasma insulin was
lower in the flaxseed-meal group. There were no differences in urinary creatinine or urea
clearance, but protein excretion was lower in the flaxseed-meal group. The rats receiving
flaxseed meal had the lowest incidence of abnormal glomeruli with mesangial expansion and the
lowest tubulointerstitial scores. The authors concluded that this study demonstrated that
consumption of flaxseed meal exerts a renal protective effect with no indication of any adverse
effects.

In a study of the effect of flaxseed meal on hypertriglyceridemia and steatosis of the liver
in an animal model of obesity, Bhathena et al. (2003) subjected lean and obese male SHR/N-cp
rats to 2 weeks of acclimatization. By this age the lean rats weighed about 96 g while the obese
rats weighed about 125 g. Rats were then assigned to 3 groups (10 lean and 10 obese rats/group)
to receive rat chow supplemented with 20% of energy from casein, soy protein concentrate, or
flaxseed meal (containing 17.0 mg SDG/kg) for 6 months. Feed intake and body weight were
measured biweekly. After sacrifice, blood was collected and plasma was separated for analysis
of total cholesterol, HDL cholesterol, triacylglycerol, and total protein, and the liver was
removed, weighed, and processed for histopathological examination.

The obese rats ate more than did the lean rats. There were no differences between groups
in the final body weights or liver weights of lean rats. As compared to rats fed casein, those fed
flaxseed meal or soy protein concentrate had lower plasma total cholesterol and those fed
flaxseed meal had lower levels of triacylglycerols. The obese rats had higher body and liver
weights than did the lean rats, along with elevated plasma concentrations of total cholesterol,
HDL cholesterol, LDL cholesterol, and triacylglycerols, but similar levels of total protein.
However, the liver weights of obese rats fed flaxseed meal were significantly lower than rats in
the other feeding groups, as were plasma total protein levels, total cholesterol, HDL and LDL
cholesterol, and triacylglycerols. Livers of obese rats were more likely to exhibit histopathology
than those of lean rats, but there were no differences across feeding groups. No adverse effects
were noted, and the authors concluded that flaxseed meal supplementation may provide a new
therapeutic strategy to reduce hypertriglyeridemia and fatty liver.

Mueller et al. (2004) studied the effect of n-3 fatty acids from different sources on canine
atopic dermatitis in a randomized, blinded, placebo-controlled study with 29 dogs that received
feed supplemented with 200 mg/kg bw/day flaxseed oil, 50 mg EPA and 35 mg DHA/kg bw/day,
or mineral oil for 10 weeks. Although the dogs’ clinical scores improved with consumption of
flaxseed o0il or EPA+DHA as compared to mineral oil, there was no correlation between total
fatty acid intake or n-6:n-3 ratio and clinical scores. No adverse effects were reported.
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Table 32. Safety Studies in Animals
Reference Objective Study Design ﬂ;’;‘:ll f: cll“ég: rs :e D:’::;?: g°f Findings
Babuetal. | Investigate the Animals were Pregnant | Controlort | From In pregnant rats, the FS-fed rats, v. the FM-fed rats, had
2003 effects of mated and Sprague- | of 4 test impregnation | higher spleen-cell SFA, MUFA (oleic), EPA, and ALA and
ingestion of randomly Dawley diets: 13% to gestation | lower PUFA (linoleic) and AA; in F, rats, the FM-fed rats, v.
dietary flaxseed | assignedto1of | ratsand | or26%flax | (c. 21-23 controls, had higher spleen-cell SFA; the FS-fed rats had
and of defatted 5 feeding groups. | their meal; 20% days) and higher MUFA, EPA, and ALA and lower AA
flaxseed meal on | 10 pregnantrats | pups or 40% until A ¢ | 1| proliferation i t
immune function, | per group were flaxseed; postnatal mong pregrlwan_t rats, spleen cell profiieration in responss to
including fatty euthanized at equivalentto | day 80 Con A was sn_gmﬂcan.tly lower n the high-FS group, b ut there
acid composition, | gestation day 20; 9750 or were no _slgmﬁcant differences in PHA— or LPS-mediated
cell subsets, any pups >10 19,500 prolgferat!on. Inthe Fy rgts, PH{\-medlated spleen cell
proliferation, and | were culled at mg/kg bw/ prolvfergtlon was lower in the hlgh-FS group, but there were
IL-2 production postnatal day 4. day flaxseed no significant differences in proliferation mediated by Con A
by splenic Pups suckled to meal and or LPS.
lymphocytes. postnatal day 21- 15,000 or No effects on IL-2 production were seen in either pregnant or
23, then fed 30,000 F1 rats, and dietary treatment did not affect splenic CD4,
respective diet. :Jng/';g bw/ ; CD8, MACH1, or IA positive cell populations.
ay flaxsee
y CONCLUSION: No adverse effects were seen. The effact on
lymphocyte proliferation is due to the fatty-acid component
and is an effect common to LC-PUFAs.
Bankovic- Effect of Flaxseed v. Male 10% flax- 8 weeks Histology: moderate decrease in cystic size; less interstitial
Calicetal. | flaxseed, low control; studied Han:SPR | seed in diet; inflammation and fibrosis; no difference in epithelial cell
2002 protein, and soy | effect on D-cy rats | equivalent to apoptosis and proliferation. Metabolism: increase in renal
on renal injury histology and 7500 mg/kg content of n-3 fatty acids, betaine, and succinate; increased
metabolism bw/day urinary citrate excretion; no change in urinary ammonia
excretion,
CONCLUSION: All differences were seen as beneficial
rather than adverse.
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Table 32. Safety Studies in Animals

Reference |  Objective Study Design | Arimal | Daly Dose D:;:‘;‘i’:g“ Findings
Bhathena et | Effect of flaxseed | Corpulent v. lean | SHR/-cp | Flaxseed 6 months No difference was seen in feed intake or weight gain in either
al. 2003 and soy protein rats fed diets with | rats meal beginning at | lean or obese rats; no difference was seen in absolute or
on 1of3 provided 7-8 weeks of | relative liver weights in lean rats, but reductions in both were
hypertriglyceri- supplements: 20% of age noted In obese rats as well as lower plasma protein, total
demia and liver energy, cholesterol, HDL, LDL, and triglyceride levels. There were no
steatosis in casein, soy contained differences in liver histology, although lower grades of liver fat
obesity protein 17.0 mg/kg were noted in both lean and obese rats.
concentrate, or secoisolarici-
flaxseed meal resinol CONCLUSION: Ali differences were seen as beneficial
rather than adverse; no adverse effects were seen or
reported.
Cohen and | Investigate the Male (n=14-22 Weanling | 10% flax- 63 days from | Feed intake, body weights, and serum cytokines did not differ
Ward 2005 | effects of mice/ group) and | 129 seed oil or postnatal between the comn oll and flaxseed oll treatment groups. Mice
flaxseed intake female (n= 10-19 | Sv/Ev 10% corn oil | day 28 to 91 | from the flaxseed group had higher serum ALA, EPA, and
on bone mice/ group) mice in modified DHA levels but lower linoleic and arachidonic acid levels than
development in mice were fed AIN-93G diet mice fed com oil. There was no difference between the
male and female | flaxseed oil or sexes in ALA, EPA, or linoleic acid levels but arachidonic acid
mice corn oil in their and DHA levels were higher in males than females of the
diet flaxseed group. Bone mineral content and density did not
differ between the two diet groups. Femur dimensions and
biomechanical bone strength properties were similar between
the diets.
CONCLUSION: The results of this study show that feeding
10% flaxseed oil in the diet of growing mice does not affect
bone development.
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Table 32. Safety Studies in Animals
Reference |  Objective Study Design | mmal | Dally Dose D:;‘:&?:g“ Findings
Collins et Investigate the Animals were Pregnant | Controlor1 | From All Fo and F4 animals appeared healthy and no compound-
al. 2003 effects of mated and Sprague- | of 4 test impregnation | related external effects were noted. FS did not affect length of
ingestion of randomly Dawiey diets: 13% | to gestation | gestation, but FM decreased it dose-responsively. There
dietary flaxseed | assignedto1of |ratsand [ or26%flax | (c.21-23 were no differences in feed consumption. In the teratology
and of defatted 5 feeding groups. | their meal;, 20% | days) and phase, there were no effects on numbers of corpora lutea,
flaxseed meal. 10 pregnant rats | pups or 40% until implants per female, viable male and female fetuses, early or
per group were flaxseed; postnatal late deaths, fetal weights, anogenital distances, external
euthanized at equivalent to | day 90 variations, fetal bone or soft-tissue development. In the
This article: gestation day 20, 9750 or reproduction phase, no significant effects were seen on
effects on any pups >10 19,500 survival to weaning, animals born, animals live born, or
reproduction and | were culled at mg/kg bw/ animals alive at PND 4; no differences in weight gain to PND
development. postnatal day 4. day flaxseed 14, but dose-related decreases in weight gain to PND 21 in
Pups suckled to meal and both FS and FM groups. No effects on body weights and
postnatal day 21- 15,000 or absolute organ weights of Fy males or organ weights of F4
23, then fed 30,000 females. Relative to body weight or brain weight, some
respective diet. mg/kg bw/ decreases were seen in weights of thymus, liver, and spleen.
day flaxseed During PND 21-90, neither F1 males or females showed any
dose-related clinical effects. No effect on weight gain in
males, but FM-fed females gained more weight than controls.
Absolute organ weights were not affected, but some
differences were seen in relative organ weights. Puberty of
females was not affected, but was delayed in FM-fed males.
FM-fed females were more likely to have irregular estrous
cycles. No histopathology was evident.
CONCLUSION: FS and FM at these doses did not adversely
affect the estrogen balance. No differences were apparent in
developmental toxicity parameters at the time of C section.
EPA metabolite levels were not sufficiently increased to affect
luteal function. Changes in fatty acids were insufficient to
cause hemorrhages. Acyclic females were expected, but this
was not observed. There were no apparent effects on
pregnancy and no differences in the weights of male and
female offspring at birth. Overall, no effect on fertility or fetal
development, was observed, but hormone-related effects on
the offspring were seen during postnatal development and
sexual maturation.
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Table 32. Safety Studies in Animals

Animal Daily Dose | Duration of
Reference Objective Study Design Model and Source Feeding Findings
Farmer et Study the effect | Piglets were fed | Yorkshire | 10% flax- 125 days (to | Dietary supplementation with flaxseed products did not affect
al. 2007 of consumption basal diet , diet X seed age 212 body weight, back fat thickness, number of corpora lutea, 5-
of dietary containing 10% Landrace | (equivalent days) bromo-2'-deoxyuridine labeling index, estrogen receptor
flaxseed on fatty | flaxseed, diet gilts to 2700 mg/ localization, or plasma concentrations of estradiol, prolactin,
acid profile, containing 8.5% | (female kg bw/day or or cross-linked N-telopeptides of type | collagen. Ingestion of
prepubertal flaxseed meal piglets) about 1750 10% flaxseed or 3.5% flaxseed oil, but not 6.5% flaxseed
development of | (defatted aged 82 | mg/kg meal, increased the concentration of PUFA and decreased
mammary flaxseed, or diet | days bw/day flax- the concentrations of SFA and MUFA in plasma and
glands, and bone | containing 3.5% seed meal or exiraparenchymal tissue. There was an increase in the dry
resorption in flaxseed oil; about 950 matter content of mammary tissue in animals fed flaxseed.
piglets g;ayt:%fa ;;: 1 ?v%(gy flax- CONCLUSION: Flaxseed and flaxseed oil, but not defatted
seed oil flaxseed meal affected fatty acid profiles; none produced any
effect on mammary development or bone resorption. The
NOAEL for flaxseed was 2700 mg/kg bw/day. The NOAELs
for flaxseed meal and oil were 1750 and 950 mg/kg bw/day,
respectively.
Flynnetal. | Investigate the Animals were Pregnant | Controlor1 | NA No consistent dose-related effects were seen in any of 4
2003 effects of mated and Sprague- | of 4 test classes of abnormalities: situs inversus-related, neural tube
ingestion of randomly Dawley diets: 13% defects, flexion defects, or other defects.
: . o
g:‘e;ag ::f);itee%d gsfs;uggiic; t:r;ucgs_ raz:‘tdsgr_%m 2:;6';/;30&; CONC}.USION: Serum from rats exposed to high levels of FS
flaxseed meal on | 10 pregnant rats | rat or 40% or FM is not embryotoxic and not teratogenic. “Flaxseed and
cultured per group were embryos | flaxseed; flax meal diets, at levels up to 40% and 26% respectively, do
embryos. euthanized at equivalent to not alte; the toxicological or nutritional propgnies of rat
gestation day 20 9750 or serum in any way that suggests ghat such diets would pose a
and blood was 19,500 developmental hazard through disruption of organogenesis.
collected; serum mg/kg bw/
was extracted. day flaxseed
Rat embryos meal and
were cultured in 15,000 or
a medium 30,000
infused with mg/kg bw/
serum. day flaxseed
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Table 32. Safety Studies in Animals

Animal Daily Dose | Duration of
Reference Objective Study Design Model | and Source Fesding Findings
Hemmings | Evaluate the On day 18 of M&F 10% flax- Prenatally There was no effect on body weight or body weight gain and
& Barker safety of flaxseed | gestation, Fischer seed in the and until no effect on righting reflex, pinna detachment, eye opening,
2004 consumption. pregnant rats 344 rats | diet, PND 86 with | or acoustic startle. No effect was noted in relative organ
were puton a equivalentto | weaning on | weights and no visible differences in organs and no
diet of rat chow 7500 mg/kg | PND 31 (65 | differences in plasma ALT or yGT although a slight increase
with 10% bw/day days feeding | was seen in activity (regarded as a beneficial effect). There
flaxseed or + 31 days was no effect on blood glucose level. The increase in yGT
control. Pups nursing activity may indicate an estrogenic effect.
BT yraned o flaxseed-fed | - 5NCLUSION: Dietary 10% flaxseed (approximately 7500
put dam) R
on same dist as mg/kg bw/day) is wnthoyt long-term effect on growth,
dams. Pups were development, or behavior; is non-toxic; and may be
sacrificed on hepatoprotective.
days 10, 28, 48,
and 86.
Hemmings | Further Atage 30 d, Male 10% flax- From PND There were no differences among the groups in growth, and
et al. 2004 | investigate the male rats were Fischer seed in the 30 to PND no physical or behavioral differences. No gross changes
apparent divided into 3 344 rats | diet, 130 (100 were seen in organs and no differences in relative organ
estrogenic effect | groups (7-9 rats equivalentto | days) weights. There was no difference in ALT or in glucose. yGT
noted in group): 10% 7500 mg/kg activity in the liver, but not the kidney, was significantly higher
Hemmings and high-ALA Norlin bw/day in the flaxseed-fed rats, but no difference was observed
Barker 2004. flax-seed, 10% between high-ALA and low-ALA flaxseeds.
low-ALA Solin . )
flax- seed, CONCLUSION: Confirmed previous finding that flaxseed
control feeding at 10% dietary concentration (approximately 7500
’ mg/kg bw/day) is safe and produces no adverse effects. The
Sacrificed on increase of yGT activity appears to be due to the lignan
PND 80 and 130. rather than ALA, most likely SDG.
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Table 32, Safety Studies in Animals

Reference Objective Study Design l::;'::ll Bﬂlysg:;z D::t:‘?: gof Findings
Lina et al. Evaluate the oral | Rats were fed Wistar Potassium 90 days Dose-related increases were seen in the plasma
2005 subchronic levels of 0, 0.25, | rats acetate concentrations of 7-HMR and its metabolites (chiefly
toxicity of 7- 1,and 4% of a complex of enterolactone), but there were no effects on clinical signs,
hydroxy- potassium 7-HMR at 0, ophthalmoscopy, neurobehavioral observations, or motor
matairesinol (7- acetate complex 0.25,1, or activity. Some reduction in feed intake and body weight gain
HMR, closely of 7-HMR, 4% dietary was observed in the mid- and high-dose groups, which was
related to the resulting in an concentra- ascribed to decreased palatability of the test feed. There
matairesinol average daily tion, were isolated differences in white blood cell counts, plasma
found in intake of 0, 160, equivalent to triacylglycerols, and phospholipids. The only effect seen that
flaxseed) in the 640, and 2600 0, 160, 640, was regarded as adverse was decreased ovary weights seen
rat. mg HMR/kg bw/ or 2600 mg/ in mid-and high-dose females.
day for 80 days kg bw/ day CONCLUSION: Based on reduced ovary weights, the
NOAEL of 7-HMR was set at 0.25% dietary concentration,
corresponding to 160 mg/kg bw/day intake.
Mueller et Evaluate the 29 dogs received | Dogs 200 mg/kg/d | 10 weeks No indication of any adverse effects; dogs’ clinical scores
al. 2004 effect of n-3 fatty | 1 of 3 treatments: improved in both test groups relative to control.
acids (ALA, EPA, | flaxseed oll,
DHA) on canine | EPA+DHA, or
atopic dermatitis. | mineral oil as a
placebo.
Orcheson Assess the effect | Rats were Sprague- | 0.75, 1.5, or | 4 weeks 66% of the high flaxseed- and high SDG-dose rats were
et al.1998 of dietary assigned to Dawley 3.0 mg SDG; either acyclic or irreguiar vs.16% in the basal diet group. Rats
flaxseed receivet of 8 rats aged | 0,2.5, 5, or on flaxseed and SDG tended to have longer cycles, but this
administration on | treatments: high- | 58 days | 10% flax- was significant only for the 5% flaxseed group and was not
estrous cycling in | fat basal diet; seed, dose-dependent. Urinary excretion of lignans was higher in
rats basal diet + 0.75, equivalent to flaxseed than SDG groups. Rats given flaxseed or SDG did
1.5, or 3.0 mg 0, 1875, not differ from controls in body weight, feed intake, organ
SDG; basal diet 3750, or welghts (ovaries, liver, heart, kidneys, spleen, cecum, and
+2.5,5, 0r10% 7500 mg/kg colon), or gross pathology.
Ll:);—as'e;:t. Sr bw/day CONCLUSION: Administration of flaxseed or SDG was well
tamoxifen tolerated and prod_uced no inherent toxicity in rats at the
doses tested, equivalent to 1900, 3750, and 7500 mg/kg
bw/day of flaxseed.
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Table 32. Safety Studies in Animals

Animal Daily Dose | Duration of
Reference Objective Study Design Model and Source Feeding Findings
Prasad Investigate the Administer lignan | Female 40 mg/kg 60 days No adverse effects on counts of red blood cells, white blood
2005 safety of flaxseed | complex isolated | New bw/day cells, granulocytes, lymphocytes, monocytes, or platelets, nor
with regard tthe | from flaxseedto | Zealand | lignan on mean corpuscular volume, red cell distribution width,
hemopoietic normo- and white complex hematocrit, hemoglobin, mean corpuscular hemoglobin,
system. hypertensive rabbits (equivalent mean corpuscular hemoglobin concentration, or platelet
rabbits v. un- weighing | to the volume.
?:gglte;gwed 11'92-1 ® faor::::r;'t‘ CONCLUSION: Chronic use of lignan complex had no
) about 3000 adverse effects on the hemopoietic system.
mg/kg bw/d
of flaxseed)
Ratnayake | Investigate the Animals Weanling | 0%, 10%, 90 days Flaxseed was oxidatively and thermally stable. No effects
etal. 1992 | nutritional effects | randomly male 20%, or 40% were observed in feed consumption,: body weight, or organ
of diets assigned to 4 Sprague- | flaxseed; weights, nor on glucose, but triacylglycerols, total cholesterol
supplemented dietary treatment | Dawley equivalent to and LDL were lowered dose-dependently; HDL and vitamin E
with high levels groups rats 0, 7500, were lowered only in the 40% flaxseed group. With regard to
of flaxseed 15,000 or fatty acids in tissues, the changes reflected the composition
30,000 of the dietary fats and conversion of ALA to other n-3 PUFAs
mg/kg bw/ (mainly EPA). There was no effect on Zn despite high phytate
day intake.Ssoftening of stools was see at all dose levels.
CONCLUSION: no adverse effects were seen on growth or
nutritional status. No adverse effects were observed in the
rats fed flaxseed, even at high intakes.
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Table 32. Safety Studies in Animals

Reference Objective Study Design ﬁ;’;‘;‘ aDna (:'ysg:rsc: D:?::‘?: gof Findings
Siemelink Study the effects | Beginning 2 Rats 20% dietary | Begin 2 There were no differences in the number of fetuses, corpora
et al. 2001 of different diets | weeks before concentra- weeks lutea, resorptions, or uterus weights. No effect of the oils on
during pregnancy | pregnancy, fed tion of flax- before weights of fetuses or placentas, no differences in feed
and weaning on | rats diets seed oil, impregnation | consumption or weight gain during pregnancy (except
parameters supplemented equivalent to | and continue | menhaden group was lower). No effect on birth weight or
related to chronic | with coconut oil, 15,000 through growth of the pups (except menhaden group was lower).
diseases during | safflower oil, mg/kg pregnancy . . .
adulthood. soybean oil, bwiday and to pups CONCLUS!ON. Flaxseed ogl. as well as coconut oil,
menhaden oil, or after safflower oil, and soybean oil, had no effect on pregnancy or
flaxseed oil. weaningto | 8any growth.
Continue the age 12
feeding to the weeks
pups.
Sprando et | Investigate the Animals were Pregnant | Controior1 | From No effect was seen on testis or epididymal weights or on
al. 2000 effects of mated and Sprague- | of 4 test impregnation | absolute or relative counts of homogenization-resistant
ingestion of randomly Dawley diets: 13% | to gestation | spermatids. Mid-dose FS diet and both FM diet rats had
dietary flaxseed | assignedto1of |ratsand | or26% flax | (c.21-23 lower prostate weight, but no significant effect was seen on
and of defatted 5 feeding groups. | their meal (FM); days) and on seminal vesicle weight. There were dose-related increase
flaxseed meal on | 10 pregnant rats | pups 20% or 40% | until in LH in the FS-treated rats and in the high-dose FM group,
spermatogenesis | per group were flaxseed; postnatat which also had elevated testosterone, and both cauda
and endocrine euthanized at equivalent to | day 90 epididymal weights and cauda sperm counts increased dose-
function in rats gestation day 20; 9750 or dependently in the FS-diet groups. There was no effect on
any pups >10 19,500 sperm morphology. Treated rats had a full complement of
were culled at mg/kg bw/ germ cells and normal-appearing cell associations in each
postnatal day 4. day flaxseed tubule and inter-tubularly, and non-remarkabile seminiferous
Pups suckled to meal and epithelia; no histopathology was seen
ggs:gg:‘alfg: y 21 ;gggg or CONCLUSION: Exposure to flaxseed or flax meat at these
res'pective diet. mg'/kg bw/ !evels res_ulted in a decrease in progta}e weight and an
day flaxseed increase in serum LH and cauda epididymal sperm numbers,
likely due to the lignans; these may be regarded as adverse
reproductive effects.
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Table 32. Safety Studies in Animals

Reference |  Objective Study Design | ‘rimal | Daly Bose D:;fc',‘l’r"‘;' Findings
Sprando et | Assess the Animals were Pregnant | Controlor1 | From No differences were found in body weights or testis weights
al. 2000b potential of mated and Sprague- | of 4 test impregnation | in any of the groups. Volumes of the seminiferous tubules in
flaxseed to affect | randomly Dawley diets: 13% | to gestation | rats receiving flaxseed were lower than in the controls, but
spermatogenesis | assignedto 1 of |ratsand | or26%flax | (c.21-23 differences were not observed in Sertoli cell nucleolar
in rats 5 feeding groups. | their meal (FM); days) and numbers, nor in the length or surface areas of the
10 pregnant rats | pups 20% or 40% | until seminiferous tubules. Flaxseed and flaxmeal did not
per group were flaxseed; postnatal adversely affect spermatogenic activity in the treated animals
euthanized at equivalent to | day 90 and the statistically significant differences in volume were not
gestation day 20, 9750 or biologically significant. The findings of this study confirm
any pups >10 19,500 those of Sprando et al. (2001a).
;J:;ten:lt‘a"fga;t‘t_ ¢Tagy";lgaxb:’e/ed CONCLUSION: Flaxsee_d and ﬂaxmeal do not affect
Pups suckled to meal and spermatoggnesis or testis s_tructure in the rat at the doses
tested in this study, approximately equivalent to 8750 and
postnatal day 21- 15,000 or
23, then fed 30,000 19,500 mg/kg bw/day of flaxseed meal and 15,000 and
respective diet mg/kg bw/ 30,000 mg/kg bw/day of flaxseed.
for 70 days day flaxseed
Tou & Determine if Fed basal diet or | Rats 5% or 10% During Pregnancy: no effect on gestation length, parturition, litter
Thompson | flaxseed affects basal diet flaxseed pregnancy, | size, pup birth weight (except reduction at 10%), and survival.
1997 reproduction and | supplemented dietary con- | pregnhancy During suckling, 10% flaxseed decreased pup growth,
development. with flaxseed at centration, and shortened the anogenital distance, and increased pups’
5% or 10% to equivalent to | lactation, ovarian weight. Flaxseed after weaning had no effect on
rats during 3750 or weaning to onset of puberty in females, but increased ovarian weight
pregnancy, 7500 mg/kg | PND 50, premature vaginal opening in females and increased
pregnancy and bw/day weaning to prostate, seminal vesicles, accessory sex gland, and testes
lactation, PND 132, or | weight in males.
g&axienagntigngD grae'gnancy CONCLUSION: At high dietary levels, flaxseed can cause
PND 132, or through pup | Normonally related effects in the offspring.
pregnancy adulthood
through pup
adulthood.
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Table 32. Safety Studies in Animals

Reference Objective Study Design ﬂ‘;’;;' B:JIYSB:;: D::’:;?:;f Findings
Tou et al. Determine the Fed basal diet or | Rats 5% or 10% During No effect was seen from flaxseed fed after weaning,
1998a effect of timing of | basal diet flaxseed pregnancy but.dose-dependent effects from flaxseed fed during
flaxseed feeding | supplemented dietary con- | or from pregnancy and lactation were observed. Perinatal 5%
on reproductive with either 5% or centration, weaning flaxseed: delayed puberty and produced diestrus in female
effects. 10% flaxseed to equivalent to | until ? offspring and an elevated estradiol:testosterone ratio and
pregnant rats; on 3750 or decreased prostate weight in male offspring. Perinatal 10%
weaning, fed 7500 mg/kg flaxseed: increased serum estradiol, premature irregular
flaxseed to bw/day cycles, and persistent estrus in female offspring, and
offspring whose elevated testosterone and increased prostate weight in male
dams had offspring. Some of these effects (e.g., estradiol and prostate
received basal weight) are inconsistent and may not represent reproductive
diet, and basal effects.
3;:;;:%?,5: ?\gad CONCLUSION: No effects were seen due to flaxseed
) o :
received exposure at either 5 or 10% of the diet fed after weaning, but
flaxseed perinatal exposure resulted in several effects that were dose-
) dependently paradoxical with opposite effects at different
doses.
Tou et al. Determine Fed basal dietor | Sprague- | 5% or 10% | Through No effect on pregnancy outcome except 10% flaxseed
1998b effects of basal diet Dawley flaxseed pregnancy lowered birth weight and had hormonal effects: female
flaxseed intake supplemented rats (equivalent and lactation | offspring had shortened anogenital distance, increased
and intake of with 5% or 10% to 3750 or uterus and ovary relative weights, earlier age and lower
$€C0is0- flaxseed or SDG 7500 mg/kg bodyweight at puberty, lengthened estrous cycle and
lariciresinol at the equivalent bw/day) or persistent estrus; males had decreased postnatal weight gain
diglyco-side of 5% flaxseed to SDG at the and greater sex gland and prostate relative weights.
(SDG) during rats during equivalent of However, 5% flaxseed tended to produce opposite effects.
pregnancy and pregnancy and 5% flaxseed Results with SDG paralleled those with 5% flaxseed,
lactation on lactation. (1.5 mg/day) suggesting that the effect is due to the lignan.
32‘\’,':,2%';’,‘; CONCLUSION: 5 or 10% flaxseed or SDG produced no
’ adverse effects on pregnancy other than lowered birth
weights at 10% flaxseed, but there were some hormone-
related effects on offspring that may affect reproduction.
R
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Table 32. Safety Studies in Animals

Reference Objective Study Design lm:z:ll 3::%3::; D:?:;?: g°f Findings
Tou et al. Determine Fed basal diet or | Sprague- | 5% or 10% From Flaxseed exposure after weaning had no effect on the onset
1999 effects of basal diet Dowley flaxseed gestation or | of puberty, but lifetime exposure had conflicting effects
flaxseed intake supplemented rats dietary con- | weaning to depending on the dose—5% delayed puberty and increased
on reproductive | with 5% or 10% centration, PND 132 body weight at puberty, while 10% had opposite effects.
development flaxseed starting equivaient to Similarly, flaxseed exposure after weaning had no effect on
when given at at gestation or at 3750 or the estrus cycle, but lifetime exposure at 10% lengthened the
different weaning and 7500 mg/kg estrus cycle. The lifetime 10% flaxseed groups of both sexes
developmental continuing to bw/day had higher serum estradiol levels and the males had higher
stages. PND 132. serum testosterone; there were no other effects.
No effect was seen on any organs other than the sex organs.
Both 5% and 10% flaxseed increased immature uterus
weight, but not relative mature weight; 10% flaxseed also
increased relative ovarian weight in females and relative sex
accessory gland, seminal vesicle, prostate, and testes
weights, as well as mild inhibition of prostate cell proliferation.
Post-weaning flaxseed had no effect on males.
CONCLUSION: Dose, timing, and duration of flaxseed
exposure have important implications on reproduction.
Tou and Determine Fed basal diet or | Sprague- | 5% or 10% Prenatally Exposure to flaxseed after weaning had no effect. Flaxseed
Thompson. | effects of intake basal diet Dowley flaxseed and from at 10% produced endocrine changes—early puberty onset,
1999 of flaxseed or supplemented rats (equivalent weaning to lengthened estrus cycles, and increased mammary gland
secoisolariciresin | with 5% or 10% to 3750 or PND50 differentiation (fewer terminal end buds and more alveolar
ol diglycoside flaxseed or 7500 mg/kg buds). However, flaxseed at 5% resulted in delayed puberty
(SDG) on 1.82% flaxseed bw/day) or onset and a reduced number of estrus cycles, leading to
mammary-gland | oil or SDG at the 1.82% flax- atrophy of mammary TEB structures. SDG at the equivalent
structures of equivalent of 5% seed oil or tevel produced similar effects, but flaxseed oil did not.
mﬂzmp:{' I gﬂﬁiegegrég;:;iy 2;;?\,93329 CONCLUSION: Exposure to 5% or 10% lfaxseed induced
different and lactation. At to the structural changes in the mammary gland that may potentially
developmental | weaning, female content of reduce mammary cancer risk.
stages. offspring were 5% flaxseed)
assigned to 1 of
the 4 diets.
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Table 32. Safety Studies in Animals

. Animal Daily Dose | Duration of
Reference Objective Study Design Model and Source Feeding Findings
Velasquez | Investigate the Feed obese rats | Male 20% 6 months No differences between groups on feed intake or body weight
et al. 2003 | effects of 1 of 3 diets— obese flaxseed gain, nor on plasma glucose levels. Plasma insulin was lower
different protein 20% casein, soy | SHR/N- | meal dietary in the flaxseed meal group. Mean plasma creatinine,
sources (casein, | protein cp rats concentra- creatinine clearance, and urinary urea excretion did not differ,
soy, or flaxseed) | concentrate, or tion, but urinary protein excretion was lower in the flaxseed
on renal function | flaxseed meal. equivalent to groups. The rats in the flaxseed groups had the lowest
and nephropathy. 15000 mg/kg incidence of abnormal glomeruli with mesangial expansion
bw/day and the lowest tubulointerstitial scores. The authors
concluded that onsumption of flaxseed meal exerts a renal
protective effect with no indication of any adverse effects.
The NOAEL was 20% dietary concentration, equivalent to
15,000 mg flaxseed/kg bw/day, the only dose tested.
Ward etal. | Determine effect | Feed rat dams Pregnant | 10% To dam from | Maternal feed consumption, body weight, and relative uterine
2001a on reproductive either basal diet, | Sprague- | flaxseed beginning of | and ovarian weights did not differ. There were not differences
indices of feeding | diet with 10% Dawley dietary con- | nursing and | in weight gain or relative anogenital distance of the pups
of flaxseed or flaxseed or diet rats and | centration to pup after | through lactation, and no differences in age or body weight at
purified SDG with the their (equivalent weaning to puberty. No differences were seen in the length of the
during and after | equivalentin pups to 7500 PND 50 or estrous cycle, prostate and testes weights, or uterus and
suckling. SDG from the mg/kg 132 ovary weights. There were no histological effects on
start of lactation; bw/day); diet reproductive organs. The authors concluded that feeding a
after weaning, with diet with 10% flaxseed or the eguivalent lignan during
keep pups on equivalent lactation only or continuously during lactation and post
diet or back to SDG based weaning does not affect reproductive indices in male or
basal diet fo PND on concen- female offspring.
50 or PND 132. t{;‘%‘ n‘:; 9 The NOAEL for flaxseed was 10% dietary concentration,
in flaxseed equivalent to 7500 mg/kg bw/day.
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Table 32. Safety Studies in Animals

Animal | Daily Dose | Duration of
Reference Objective Study Design Model | and Source Feeding Findings
Ward etal. | Assess the effect | Feed rat dams Pregnant | 10% To dam from | At post-natal day 50, measures of bone strength were
2001b of exposure to either basal diet, | Sprague- | flaxseed beginning of | reduced among rats receiving the 10% flaxseed diet, but
flaxseed or SDG | diet with 10% Dawley dietary con- | nursingand | there were no differences in bone size, bone mineral
on bone strength | flaxseed or diet rats and | centration to pup after | concentration, or bone mineral density.. No effect was seen
of male rats with the their (equivalent weaning to in animals receiving SDG. At day 132 there were no
equivalent in pups to 7500 PND 50 or significant differences between any of the groups with regard
SDG from the mg/kg 132 to bone size, strength, or mineralization. The authors
start of lactation; bw/day); diet concluded that exposing male rats to a diet containing 10%
after weaning, with flaxseed or an equivalent quantity of SDG either during
keep pups on equivalent lactation only or through to early adulthood is safe with
diet or back to SDG based respect to bone health.
ggsoarl g'ﬁg‘: gzh_lD ?rra‘t?:r? g?n The NOAEL in this study was the single dose tested,
1.772 mglg 7500 mg flaxseed/kg bw/day
in flaxseed
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Table 32. Safety Studies in Animals

Reference Objective Study Design ‘;‘;’:;‘ mlgg:;: D:;a::’?:gof Findings
Wiesenfeld | Investigate the Animals were Pregnant | Controlor1 | From No effect was seen on body weight, absolute weights of liver,
etal. 2003 | effects of mated and Sprague- | of 4 test impregnation | heart, spleen, or kidney; or growth of pregnant rats or F rats;
ingestion of randomly Dawley diets: 13% | to gestation | no effect on relative organ weights in F, rats. Relative heart
dietary flaxseed | assignedto 1 of | ratsand {or26%flax | (c.21-23 weight was increased in both high FM and high FS groups.
and of defatted 5 feeding groups. | their meal (FM), days) and Histopathological examination revealed no treatment-related
flaxseed meal on | 10 pregnantrats | pups or 20% or until adverse effects.
0,
Iﬁ:,,d ?eo:: ump- gg{hgar;l;z: :{e gxﬁeed' gg;tggtal a-linolenic acid increased in serum and liver of pregnant and
; : . sl F1 rats receiving FS. No effect on serum SFA of pregnant
efficiency, body | gestation day 20; equivalent to . . Y A in high FS
weight, serum any pups >10 9750 or rats, but increase in MU_FA (glelc acid) ar]d EP in _lg
and fissue fatty were culled at 19.500 group and decrease in linoleic and arachidonic acid; no effect
acid profiles, postnatal day 4. mélkg bw/ on QHA. In F1. rats, decrease in linoleic and arachidonic acid
cholesterol, Pups suckled to day flaxseed and increase in EPA.
triglycerides, postnatal day 21- meal and Pregnant and F4 rats recelving FS increased liver SFA
vitamins A and E, | 23, then fed 15,000 or (stearic) and EPA and decreased linoleic and arachidonic
and clinical respective diet. 30,000 acid. Pregnant rats showed increase in behenic acid.
chemistry mg/kg bw/ .
parameters. day flaxseed Among stomach fatty acids, a-linolenic acid increased. 4-
day-old pups whose dam received FS or FM had iower SFA
(palmitic) and arachidonic acid and higher EPA; no effect on
DHA.
No significant effects were seen in liver or serum
Prostaglandin E:z in pregnant or F rats. High FS group F4 rats
had decreased total cholesterol and HDL; no effect on serum
triacylglycerols. Serum Ca was reduced in most FM and FS
groups, but no effects on serum Fe, blood urea nitrogen,
albumin, aspartate aminotransfer-ase, or alkaline
phosphatase. Rats in the high FS group had increased
alanine aminotransferase and reduced total protein and
creatinine. FS significantly reduced liver, but not serum,
levels of vitamin E. High FM reduced vitamin A.
CONCLUSION: High levels of FS or FM did not adversely
affect growth of pregnant or F rats. a-linolenic acid from FS
and FM was bioavailable and resulted in changes in C18 and
C20 fatty acid metabolism. It is not clear if this in turn has
adverse effects on oxidative stress or bone metabolism.
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Table 32. Safety Studies in Animals

Reference Objective Study Design ‘;‘;’:;‘ 3::%3:;: D::tgl’: g°f Findings
Wolterbeek | Determine Female Wistar Mated 0,0.25, 1, or | 21 days No effects were seen on reproductive performance nor were
et al. 2004 | prenatal rats were fed female 4% potassi- | (gestation any treatment-related findings noted. However, half of the
developmental diets with 0, 0.25, | Wistar um acetate | days 0 to 21) | mated dams in the high-dose group failed to thrive due to
toxicity of the 1, or 4% K- rats complex of large decreases in their feed intake and were sacrificed early,
lignan 7-HMR, a | acetate complex 7-HMR, ap- and body weights of the remaining members of the high-dose
minor constituent | of 7-HMR for proximately group were reduced.
giffpear;(: o | S 0_-21 o 0.0:16, The NOAEL for maternal effects was the midrange
g only gestation 0.60, and )
: concentration of 1% and the NOAEL for fetal development
slightly. from the 2.06 ghkg throughout gestation was the high tration of 4%
major lignan bwiday roughout gestation was the high concentration of 4%.
metairesinol
Yuan etal. | Evaluate the Weanling female | Weanling | 10% ground | 50 days Growth, feed efficiency, and liver-to-body weight ratios did
1999 antioxidant Sprague-Dawley | female flaxseed not differ between treated and control groups. Total urinary
potential of rats (10/group) Sprague- | (about 7500 lignans were significantly higher in flax-fed and SDG-fed rats
dietary flaxseed aged 24 days Dawley mg/kg compared to controls. Hepatic glutathione levels and
in young female | were divided into | rats bw/day) or 9 glutathione peroxidase and catalase activity were similar
rats 3 treatment mg SDG/kg between treated and controf animals. No adverse effects
groups: 1) basal bw/day were seen at an intake of SDG of 9 mg/kg bw/day or a
diet (control); 2) flaxseed concentration of 10%, approximately corresponding
basal diet plus to 7500 mg/kg bw/day of ground flaxseed.
g;‘;,‘;’;‘;,"g;;ie;,;’,; The NOAELS were 7500 mg flaxseed /kg bw/day and 9 mg
SDG SDG/kg bw/day, the only doses tested.
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4.3. Human Studies

The human studies of the effects of oral exposure to flaxseed or its constituents discussed
in Section 4.3 are summarized in Table 34 at the end of the section.

Flaxseed has been fed to humans in a number of studies. None of these studies was
designed to evaluate safety or tolerance, but measures bearing on these endpoints were included
in some of them. It is notable that, as discussed in more detail below, in none of the large number
of human studies presented below were any adverse effects reported; many of the study reports
note specifically that such effects were not observed.

Prospective human studies are of particular value in identifying the functional properties
of flaxseed that are observable over a short intervention period, while observational studies, such
as cohort and case-control studies, are better suited for generating hypotheses regarding longer-
term effects. Such studies are discussed in the following section as they pertain to the safety of
increased exposure to a-linolenic acid (ALA).

In this section, a number of the studies are of specific use to assess the ability of flaxseed
to provide those benefits named by Health Canada (1988) and the Macronutrients Panel of the
Institute of Medicine (IOM 2001) as “established physiological effects” that are frequently
characteristic of added fibers: attenuation of the postprandial blood glucose response, attenuation
of blood cholesterol concentrations, and improved laxation. Note that neither Health Canada nor
the IOM panel suggested that a substance needs to provide all three of these benefits in order to
be regarded as an added fiber, nor did either exclude defining a substance as an added fiber based
on an ability to confer benefits other than these. It may be noted that nearly all of the studies
assessed the effects of whole flaxseed rather than specific components such as mucilage, ALA,
or SDG; the rare exceptions are noted.

Since this GRAS determination addresses whole and milled flaxseed, and not its
constituents, no effort is made below to determine which specific constituents of flaxseed may be
responsible for effects observed during administration of whole or milled flaxseed.

This section is organized by the endpoint assessed in each study. Since some studies
addressed more than a single endpoint, they are cited under each such endpoint, unavoidably
resulting in some redundancy.

4.3.1. Physiological Effects of Flaxseed

4.3.1.1. Glycemic Response

Cunnane et al. (1993) conducted an intervention study in which 5 healthy men and 1
healthy woman (average age 30) consumed, in random order, a test meal containing 50 g of
bread made from either wheat flour or flaxseed flour. They later consumed meals with either
50 g of glucose alone or 50 g of glucose mixed with 25 g of extracted flaxseed mucilage.
Fingerprick blood samples were taken before the meal and at 15, 30, 45, and 60 minutes after the
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beginning of consumption. The incremental area under the blood-glucose curve was 28% lower
after consumption of flaxseed bread than after wheat bread. The addition of flaxseed mucilage
reduced the area under the blood-glucose curve by 27%. The authors suggested that, “the
increase in blood glucose caused by glucose-rich cereals or snack products could be potentially
reduced if these products also contained flaxseed meal or mucilage. This could increase the
range of foods available to diabetic patients.” They concluded that, “From the point of view of
safety, acceptability and efficacy, flaxseed appears to be a grain with useful potential in human
nutrition.”

In a second study, Cunnane et al. (1994) gave muffins providing either 0 or 50 g
flaxseed/day to 10 healthy young adults (5 males and 5 females; mean age = 25 years) for 4
weeks, followed by a washout period, and then the other treatment in a randomized crossover
design. For the men, the washout period was 2 weeks. For the women, the two treatment periods
were synchronized to the same phase of their menstrual periods and so varied from 3 to 5 weeks.
Blood was sampled at baseline and at the end of each feeding period; samples of subcutaneous
fat were taken by suction needle biopsy from the anterior abdominal wall at the end of each
feeding period. Study participants also took an oral glucose challenge one day before the end of
each feeding period. The muffins were considered palatable and compliance was good. There
was no significant difference on the oral glucose tolerance tests between groups in fasting blood
glucose concentrations, peak blood glucose, or total area under the curve afier 4 hours. However,
glucose concentrations at 30 minutes were significantly lower after the flaxseed muffins were
consumed for 4 weeks than after the control muffins were consumed for 4 weeks. Adipose tissue
concentrations of a-linolenate were not significantly related to the area under the blood glucose
curve. The authors concluded that consumption of flaxseed by healthy young adults improves
laxation, reduces LDL cholesterol, and raises n-3 fatty acids in plasma and adipose tissue, and
that these effects occur “in the absence of a significant deleterious effect on glucose tolerance,
plasma peroxide concentrations, or antioxidant vitamin status.”

In a randomized crossover trial, Lemay et al. (2002) compared the effects of flaxseed on
glycemic response with those of hormone replacement therapy in hypercholesterolemic
menopausal women. After a 4-month hypocholesterolemia diet, 25 menopausal women aged 45-
65 years (mean = 58.3 years) with total cholesterol over 240 mg/dl. were randomized to receive
either 40 g/day of crushed flaxseed or to take hormone replacements, conjugated equine
estrogens for those who had previous hysterectomy (n = 10) or micronized progesterone for
those with intact uterus (n = 15). Treatment continued for 2 months, followed by a 2-month
washout period, and then the alternate treatment for 2 months. The women visited the clinic at
baseline and at months 2, 4, 5, 6, 7, 8, 9, and 10 and were evaluated for clinical symptoms, side
effects, use of medications, weight, waist and hip girth, blood pressure, and dietary record, and
blood was drawn for analysis of lipids, glucose, insulin, and sex hormone binding globulin.
There was no difference in the two regimens in significantly reducing glucose and insulin levels.
The authors concluded that, “the results of this 10-month cross-over study indicate that ... 40 g
of crush flaxseed is as effective as 0.625 mg of conjugated equine estrogens ... in lowering
serum levels of glucose and insulin ...”
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In a companion experiment to one assessing the effect of flaxseed fiber on laxation, Dahl
et al. (2005) investigated the effect of flaxseed on glycemic response using finely ground
flaxseed meal (i.e., after extraction of oil) that comprised 56% soluble fiber and 44% insoluble
fiber. Eleven healthy adults (including both males and females, but the numbers of each were not
reported) aged 20-26 years (mean = 22.8 years) consumed a single serving of bread providing 50
g of available carbohydrate, either with added flaxseed meal or control. A typical portion of
bread contained about 11 g flax fiber providing 2.7 g soluble fiber. Each volunteer participated in
4 sessions, 2 with each treatment. Capillary blood glucose levels were assessed at 0, 15, 30, 60,
90, and 120 minutes. The flaxseed meal treatment resulted in a significantly reduced area under
the curve of glycemic response as well as a lower peak response. The authors observed that,
“Despite this relatively small portion of soluble fiber, a significant reduction in glycemic
response was observed. This suggests that the use of flax fiber provides sufficient soluble fiber to
produce a delay in postprandial blood glucose elevation.”

The evidence for a role of flaxseed in attenuating glycemic response is weak. Only 4
studies have addressed this endpoint. Findings have been generally supportive of the hypothesis
of such an effect, but the magnitude of the effect has been quite small, particularly in view of the
large doses (40 to 50 g/day) of flaxseed employed. Basch et al. (2007) evaluated the evidence
supporting this endpoint as part of the Natural Standard Research Collaboration and assigned the
level of evidence a grade of “C,” meaning “unclear or conflicting scientific evidence.”

4.3.1.2. Blood Lipids

Cunnane et al. (1993) conducted 2 experiments to investigate the nutritional aspects of
flaxseeds in the human diet. Experiment 1 was intended to assess the bioavailability of the ALA
in ground flaxseed. In a randomized crossover study, 5 healthy females (average age 20 years)
consumed either flaxseed oil capsules or flaxseed flour for 4 weeks with a 2-week washout
period in between. Both treatments provided 20 g/day of flaxseed oil containing 12 g/day of
ALA. Changes in plasma ALA were equivalent, suggesting that the ALA in ground flaxseed is
highly available. In Experiment 2, 9 healthy female college students (average age 24 years)
consumed either a supplement of flaxseed flour (n = 5) or bread baked with 25% (w/w) flaxseed
flour, both treatments providing 50 g flaxseed/day. After 4 weeks the treatments were
discontinued during a 2-week washout period. There was no difference in the effects of flaxseed
consumed as a supplement v. in bread; both treatments increased ALA and total long-chain n-3
fatty acids in both plasma and erythrocyte lipids. Both treatments also had no effect on
triacylglycerol levels but reduced both total and LDL cholesterol. The authors concluded, “From
the point of view of safety, acceptability and efficacy, flaxseed appears to be a grain with useful
potential in human nutrition.”

Bierenbaum et al. (1993) administered 15 g/day of ground flaxseed in bread for 3 months
to 15 hyperlipidemic (serum cholesterola >240 mg/dl) but otherwise healthY adults (5 males and
10 females aged 21-65 years; mean age = 52.2 years) on vitamin-E therapy . Total cholesterol

! The participants had just completed a 3-month trial of the effect of 800 [U/day of a-~tocopherol; this study
was continued with the addition of flaxseed.
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and LDL were significantly reduced from baseline (i.e., from the end of the vitamin-E-
supplementation study) by 18 and 19 mg/dl, respectively, while HDL and triacylglycerol were
unchanged. Thrombin-stimulated platelet aggregation and lipid oxidation products were also
signficantly decreased and no adverse effects were reported.

In a study discussed in the previous section, Cunnane et al. (1994) gave muffins
providing either 0 or 50 g flaxseed/day to 10 healthy young adults (5 males and 5 females; mean
age = 25 years) for 4 weeks. Blood was sampled at baseline and at the end of each feeding
period. During flaxseed consumption, a-linolenate, eicosapentaenoate, and docosapentaenoate
were significantly increased in plasma phospholipids and triacylglycerols; a-linolenate also
increased in adipose tissue. LDL cholesterol was significantly decreased. The authors concluded
that, “consumption of traditional flaxseed by healthy young adults ... modestly reduces plasma
LDL cholesterol [and] raises n-3 polyunsaturates in plasma and adipose tissue.”

Clark et al. (1995) studied the effect of flaxseed on lipid parameters and other endpoints
in 9 lupus nephritis patients, 8 of whom completed the study (2 males and 6 females aged 32 to
72 years, mean age = 44.5 years; the age and sex of the drop-out patient, who withdrew due to
scheduling problems, were not reported). Each patient consumed 15 g/day of milled flaxseed for
4 weeks, then 15 g twice a day (30 g/day) for the ensuing 4 weeks, and finally 15 g three times a
day (45 g/day) for the next 4 weeks. This was followed by a 5-week washout period.
Compliance, disease activity, blood pressure, plasma lipids, rheology, platelet activating factor
(PAF)-induced platelet aggregation, renal function, and serum immunology were assessed. Good
compliance was achieved for the 15 and 30 g doses, but 3 subjects had difficulty ingesting 45
g/day of flaxseed due to increased laxation. Blood pressure was unchanged throughout the study.
Total and LDL cholesterol, and whole blood viscosity were significantly reduced with 30 g and
45 g doses; these effects persisted throughout the 5-week washout period. In general, the 30
g/day dose of flaxseed was well tolerated and conferred benefits in terms of improved creatinine
clearance as well as atherogenic mechanisms important in the pathogenesis of lupus nephritis.
Other than the increased laxation at the 45-g/day level, no adverse effects were reported. The
authors concluded that, “30 g/day of flaxseed is well tolerated by patients with SLE [systemic
lupus erythematosus) nephritis, and it exerts significant beneficial effects on renal function,
plasma lipids, blood viscosity and complement C3 levels.”

In a randomized double-blind crossover study, Arjmandi et al. (1998) compared the
effects of flaxseed and sunflower seed on the lipid profile of postmenopausal women. During
treatment periods lasting 6 weeks each, with a 2-week washout period, 38 otherwise healthy
hypercholesterolemic postmenopausal women (mean age = 56.3 years) consumed 38 g/day of
either flaxseed or sunflower seed in bread and muffins. Participants maintained a dietary record
of daily intake, which was subjected to nutrient analysis. Anthropometric measures (height,
weight, BMI, arm-muscle circumference, skin-fold thickness, and waist/hip ratio) and venous
blood samples were obtained from all participants at the beginning and end of each treatment
phase. Blood was analyzed for serum follicle stimulating hormone, 17B-estradiol, total
cholesterol, HDL cholesterol, lipoprotein(a), and triacylglycerols. No anthropometric effects
were observed. While both treatments significantly reduced total cholesterol from baseline, only
the flaxseed significantly lowered LDL, as well as lipoprotein(a). Neither treatment significantly
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affected HDL or triacylglycerol concentrations, and no adverse reactions were reported to either
treatment. The authors summarized their findings as indicating that, “flaxseed, but not sunflower
seed consumption, lowers serum LDL-cholesterol and Lp(a) concentrations despite excess
energy intake.” However, there were no anthropometric changes, and excess energy intake
means little without knowing net change.

In a study assessing the effects of a test article other than whole flaxseed, Jenkins et al.
(1999) evaluated the effect of partially defatted flaxseed on serum lipids, oxidative stress, and
hormonal activity. In a randomized, single-blind, placebo-controlled crossover trial, 29 otherwise
healthy hyperlipidemic subjects (22 males and 7 postmenopausal women aged 41-73 years; mean
age = 57 years) consumed muffins that provided 50 g/day of partially defatted flaxseed with 20 g
fiber/day or wheat bran (control) with the same fiber content for 3 weeks, separated by a 2-week
washout period. Blood pressure and body weight were measured on day 0 and at the end of week
3 in both periods and blood samples were obtained and analyzed for total and HDL cholesterol
and triacylglycerol concentrations, apolipoproteins A-1 and B, protein thiol groups and carbonyl
groups, and agonistic and antagonistic activity of steroid hormones. Participants maintained diet
records that were analyzed to assess compliance and estimate nutrient intake.

The enrollment included 37 subjects, but 8 withdrew from the study for reasons unrelated
to the treatments (except for 1 subject who disliked the taste of the muffins containing flaxseed).
Intakes of energy, carbohydrate, protein, and fat did not differ between the flaxseed and control
phases. Significant reductions were seen in total and LDL cholesterol and apolipoprotein B
during the flaxseed feeding period, along with a significant increase in triacylglycerols. Thiol
concentrations were significantly lowered, which the authors suggested may indicate increased
oxidative stress. No changes were seen in body weight, blood pressure, apolipoprotein A-1,
protein carbonyl content, or agonistic or antagonistic activities of serum androgen and progestin.
Since the lipid effects of partially defatted flaxseed were similar to those of full-fat flaxseed,
Jenkins et al. (1999) suggested that these effects may be due to the mucilage content of the
flaxseed.

In a randomized crossover trial, Clark et al. (2001) administered either O or 30 g/day of
ground flaxseed (in 15-g sachets taken twice a day) to 23 patients (ages and sexes not reported)
with lupus nephritis for 1 year. This was followed by a 12-week washout period and the reverse
treatment for 1 year. Serum viscosity and plasma lipids were measured at baseline and at 6-
month intervals. Compliance was assessed by counts of flaxseed sachets and serum
phospholipids measures. Eight participants dropped out, with the major issue being difficulty in
ingesting 30 g flaxseed/day, and only 9 of the 15 remaining subjects complied with the flaxseed
diet. Two of the 15 reported increased laxation when taking flaxseed supplementation. Plasma
lipids and serum viscosity were unaltered by the flaxseed supplementation. The few patients who
complied with the flaxseed supplementation over the period of 1 year had improved remal
function marked by significant reductions in serum creatinine. No adverse effects were reported,
but the authors noted that, “30 grams of flaxseed, which were well tolerated in the 12-week
dosing study, were not well tolerated over one year.”

Tarpila et al. (2002) completed a controlled double-blind crossover study to assess the
effects of flaxseed on serum lipids and enterolactone. Eighty food-company employees (62
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women, 18 men, mean age 43 years) consumed either a control diet or a diet that contained 1.3%
ground flaxseed and 5% flaxseed oil (along with 3-4% inulin and wheat fiber) for 4 weeks with a
4-week washout period’. Fifteen subjects continued an open trial with the flax-supplemented
meals for 4 additional months. Blood parameters were measured at baseline, after both
intervention periods, and at 2 and 4 months during the open study. The measures included
hemoglobin, leukocytes, aspartate and alanine amino transferases, alkaline phosphatase,
creatinine, total cholesterol, HDL and LDL cholesterol, triacylglycerols, total and individual
fatty acids, and enterolactone. The participants consumed an average of 21.5 g flaxseed/day. No
significant changes were seen in any of these measures except increased levels of enterolactone
and altered concentrations of some of the individual fatty acids. Specifically, no differences were
seen in total, HDL, or LDL cholesterol, in triacylglycerols, or in myristic, pentadecanoic,
palmitic, palmitoleic, stearic, linoleic, arachidonic, or docosahexaenoic acids; levels were
lowered of oleic, vaccenic, and dihomo-y-linoleic acid; and increased levels existed of a- and y-
linolenic acids and their metabolites eicosapentaenoic and docosapentaenoic acids. The authors
concluded that the addition of flaxseed products to the diet may produce beneficial changes in
blood levels of enterolactone and a-linolenic acid without causing deleterious effects.

Lucas et al. (2002) conducted a randomized double-blind study to evaluate the effects of
consuming 40 g flaxseed/day for 3 months compared to a placebo based on wheat flour on
plasma lipids of healthy postmenopausal women younger than 65 years (mean age = 54.5 years).
Excluded were women on hormone replacement therapy or with cancer, liver disease,
hypothyroidism or hyperthyroidism, GI disorders, type I diabetes, pelvic inflammatory disease,
or endometrial polyps. Fifty-eight women (29 per group) were randomized to receive ground
whole flaxseed or placebo. A complete medical history was obtained and all women were given
routine physical and gynecological examinations at baseline and at the end of the study.
Overnight fasting blood was drawn at the beginning and end of the study and analyzed for total
and HDL cholesterol, triacylglycerols, apolipoprotein A-1, apolipoprotein B, IGF-I, IGF-binding
protein, 17B-estradiol, estrone, total alkaline phosphatase and tartrate-resistant acid phosphatase,
calcium, and bone-specific AP activity. Twenty-four hour urine was also collected at baseline
and termination.

Only 36 women completed the study, 20 from the flaxseed group and 16 from the
placebo group. Withdrawal reasons potentially related to treatment included gastrointestinal
problems (3 flaxseed, 6 placebo) and lack of palatability of the dietary regimen (6 flaxseed, 3
placebo). Flaxseed supplementation significantly lowered both total and non-high-density
cholesterol and apolipoproteins A-1 and B; other measures were not significantly affected.

In a study discussed in the previous section, Lemay et al. (2002) also compared the
effects on serum lipids of 40 g flaxseed/day with those of hormone replacement therapy in
hypercholesterolemic menopausal women (n = 25; mean age = 58.3 years) in a randomized
crossover trial with 2 months in each condition. Both regimens significantly reduced LDL

! The diet foods, which could be either unsupplemented or prepared with flaxseed and flaxseed oil,
included hamburger, chicken meat balls, pizza, sausage, lasagne, cold cuts, and similar foods.
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cholesterol, but only the hormone-replacement therapy was effective in increasing HDL
cholesterol and apolipoprotein A-1 and in lowering plasminogen activator inhibitor type 1.

Stuglin and Prasad (2005) investigated the effects of short-term flaxseed on blood
pressure, serum lipids, and the hemopoietic system. Fifteen healthy males age 22-47 (mean age =
27.3 years) consumed 32.7 g flaxseed/day (in 3 muffins) for 4 weeks. Blood pressures, heart
rates, and fasting blood samples were collected before and after the feeding period. Blood was
analyzed for total, LDL, HDL, and VLDL cholesterol; triacylglycerols; protein; albumin; total
bilirubin; AST; ALP; glucose; creatinine; urea, hemoglobin; reb blood cells; white blood cells;
and neutrophils. Concentrations of triacylglycerols increased and those of creatinine decreased,
but the remaining parameters remained unchanged: blood pressure, heart rate, and all blood
measures. The authors concluded that, “flaxseed consumption [of 32.7 g flaxseed/day] for 4
weeks does not have deleterious effects on the liver, kidney, and hemopoietic system.”

Dodin et al. (2005) randomly assigned 199 healthy menopausal women aged 45-65 years
(mean age = 54.8 years) to consume either 40 g flaxseed/day (n = 101) or a wheat-germ placebo
(n = 98) for 12 months. At the time of enrollment, weight, height, waist circumference, and
blood pressure were measured; clinical and gynecological examinations were performed;
demographic characteristics, gynecological history, and smoking and alcohol consumption were
self-reported; dietary intake of phytoestrogens in the past month was evaluated with a food-
frequency questionnaire; and a 3-day food diary was recorded. Sampling was conducted at
baseline and month 12.

About 10% of women in the flaxseed group and 5% in the wheat-germ group dropped out
due to digestive problems (specific problems not stated). Blood pressure was significantly
reduced over the 12 months only in the flaxseed arm, but did not differ significantly from
controls. Total and HDL cholesterol were significantly reduced in the flaxseed group but slightly
elevated in the wheat-germ group; there was an insignificant reduction in LDL cholesterol and
no change in triacylglycerols or bone mineral density (BMD). Aside from the digestive issues
likely due to the high level of dietary fiber provided by 40 g flaxseed/day, no adverse side effects
were observed. The authors noted that, “flaxseed incorporation into the diet compared with
wheat germ placebo has favorable, but limited, effects on blood cholesterol and causes no change
in BMD ... [and] had no clinically significant effect on weight gain, BMI, or blood pressure
compared with wheat germ.”

Hallund et al. (2006) studied the effects of 500 mg/day of SDG extracted from flaxseed
on 22 postmenopausal women (mean age = 61 years) in a randomized double-blind placebo-
controlled crossover study. Women consumed a low-fat muffin, with or without SDG, for 6
weeks, separated by a 6-week washout period. Body weight, blood pressure, and blood and urine
were sampled at the beginning and end of each treatment period. Blood factors included
enterolactone , total cholesterol, LDL, HDL, triacylglycerols, antioxidant capacity, ferric-
reducing ability, and lipoprotein oxidation lag time; the urinalysis assessed enterolactone
excretion. Compliance was excellent and minor gastrointestinal symptoms were reported by only
4 women during the SDG phase and 4 women during the placebo phase.. The SDG intervention
(providing a dose of SDG equivalent to that provided by about 250 g flaxseed/day) increased
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both plasma and urine levels of enterolactone; no other measures were significantly affected. No
adverse effects attributable to the intervention were reported.

In a randomized double-blind placebo-controlled crossover study, Faintuch et al. (2007)
administered 30 g/day of flaxseed flour or an equal mass of manioc flour (placebo) to 24
morbidly obese adults (4 male and 20 female, mean age = 40.8 years and mean BMI = 47.1
kg/m?) outpatients. Each treatment period was 2 weeks with a 24-hour wash-out period. The test
and placebo flours were given to the participants in 2 15-g bags, and participants were instructed
to mix the contents with hot or cold drinks or with meals. A medical history was taken at
baseline, and weight, height, and BMI were measured. Blood was analyzed for hemoglobin,
white blood cell count, total cholesterol, HDL, LDL, VLDL, triacylglycerols, glucose, serum
albumin, insulin, leptin, C-reactive protein, serum amyloid A, fibronectin, and complement
fractions C3 and C4. Anthropometric and blood measures were taken at the end of each phase of
the study. No intolerance was noted and all participants completed the study. There was no
change in body weight nor any change in any of the biochemical indices. The investigators noted
the absence of adverse effects on biochemical endpoints.

In summary, although there have been a large number of human studies addressing the
effect of flaxseed consumption on blood lipids, the results are equivocal. Many studies have
reported reductions in total cholesterol and LDL, but others have not. Generally the effects of
consumption of even large doses (30 to 50 g/day) of flaxseed on blood lipids appear to be small.
The meta-analysis conducted by Basch et al. (2007) reached a similar conclusion, assigning a
grade of “C” (unclear or conflicting) to the evidence supporting this effect. While a beneficial
effect of flaxseed consumption on blood lipids is not excluded, it has not been demonstrated to
an acceptable level of certainty.

4.3.1.3. Laxation

Cunnane et al. (1994), in a study discussed in both of the preceding sections, gave
muffins providing either 0 or 50 g flaxseed/day to 10 healthy young adults (5 males and 5
females; mean age = 25 years) for 4 weeks. The muffins were considered palatable and
compliance was good. The flaxseed was mildly laxative, with bowel movements increasing 30%
in frequency.

In a study discussed in the previous section, Clark et al. (1995) studied the effect of
flaxseed on immune, inflammatory, rheologic, platelet, lipid, and renal clearance parameters in 8
lupus nephritis patients (2 males and 6 females aged 32 to 72 years), but also observed a laxation
effect. Each patient consumed 15 g/day of milled flaxseed for 4 weeks, then 15 g twice a day (30
g/day) for the ensuing 4 weeks, and finally 15 g three times a day (45 g/day) for the next 4
weeks. Three subjects had difficulty ingesting 45 g/day of flaxseed due to increased laxation. In
general, the 30 g/day dose of flaxseed was well tolerated and no adverse effects were reported.

In addition to studying glycemic response as discussed in Section 4.3.1.1, Dahl et al.
(2005) performed a second experiment to investigate the effect of flaxseed on laxation using
finely ground flaxseed meal (i.e., after extraction of oil) that comprised 56% soluble fiber and
44% insoluble fiber. Twenty-six healthy aduits (7 males and 19 females aged 18-60 years)
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established a 3-week baseline of stool collection, then were randomly assigned to consume either
flaxseed meal or psyllium for 3 days, to increase the dose daily to 15 g/day by the end of a week,
and to remain at that level to the end of a second week. All bowel movements were collected for
the full 5-week period. Both fiber treatments significantly increased fecal mass over baseline;
there was no difference between treatments.

In summary, 3 small studies to date have addressed the effect of flaxseed on laxation. The
Natural Standard Research Collaboration paper by Basch et al. (2007) rated this evidence base as
a “B,” or “good scientific evidence.” However, while the findings of the 3 studies have been
consistent in showing an effect, the evidence base must be regarded as weak since it is based on
studies with a total of 44 participants, only 31 of whom actually consumed flaxseed. Further, 8 of
these individuals were patients with lupus nephritis, and consequently the laxation effect of
flaxseed has been tested in only 23 healthy individuals.

4.3.2. Other Effects of Flaxseed

4.3.2.1. Hormonal Effects
A number of studies have investigated the effects of flaxseed or SDG on various
hormonal endpoints, including male and female sex hormones.

To investigate the effects of flaxseeds on male sex hormones, Shultz et al. (1991) gave 6
healthy males aged 25-42 years (mean = 33.8 years) whole wheat/flaxseed bread for 6 weeks,
providing 13.5 g/day of flaxseed flour. Compliance was assessed by daily tracking and by
completion of 3-day diet records. Participants were weighed weekly. No changes were observed
in mean body weight or BMI. Analyses of 24-hour urine specimens at baseline; after weeks 1, 2,
4, and 6; and at 2 weeks after cessation of feeding found enterodiol and enterolactone
significantly raised by a factor of 7-28-fold over baseline; enterolactone excretion was 5-10-fold
greater than enterodiol excretion. Fasting blood samples taken at baseline and following the 6-
week flaxseed feeding showed no significant changes in plasma total testosterone, free
testosterone, or sex-hormone-binding globulin. There were also no significant effects on liver
function, plasma glucose, blood urea nitrogen, creatinine, alkaline phosphatase, calcium,
phosphorus, sodium, potassium, chloride, triacylglycerols, or total cholesterol.

Phipps et al. (1993) evaluated the effect of 10 g/day of flaxseed powder on menstrual
cycles. Eighteen women aged 20-34 years, healthy and with normal menstrual cycles, completed
the study through 7 menstrual cycles; half took the flaxseed supplement during cycles 2-4 and
the other half during cycles 5-7. Urinary samples were collected on cycle days 7-9 and blood was
drawn 5 times per cycle beginning with cycle 2. Urinalysis measured enterolactone and
enterodiol; blood was analyzed for estradiol, estrone, testosterone, progesterone,
dehydroepiandrosterone sulfate, and sex hormone-binding globulin.

No anovulatory cycles occurred during the 36 flax cycles, compared to 3 occurrences
during the 36 control cycles. The flaxseed cycles were consistently associated with significantly
longer luteal phase (12.6 days v. 11.4 days), but there were no differences in blood hormone
concentrations during flaxseed and control cycles. Urinary excretion of enterodiol and
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enterolactone increased significantly (by 55-fold and 13-fold, respectively) during flaxseed
cycles. The authors regarded the increased luteal-phase length and reduced anovulatory cycles
induced by flaxseed ingestion as indicating a decreased risk of breast cancer. No adverse events
were observed. The authors concluded that mammalian lignans produced by metabolism of
flaxseed lignans have a role in the relationship between diet and sex steroid action and possibly
between diet and hormonally dependent cancer.

In a study of the nutritional effects of flaxseed that was discussed in each of the previous
sections, Cunnane et al. (1994) gave muffins providing either 0 or 50 g flaxseed/day to 10
healthy young adults (5 males and 5 females with mean age = 25 years) for 4 weeks in a
randomized crossover design. For the men, the washout period was 2 weeks. For the women, the
two treatment periods were synchronized to the same phase of their menstrual periods and so
varied from 3 to 5 weeks. Blood, urine, and feces were sampled at baseline and at the end of each
feeding period. The flaxseed muffins did not differ from the control muffins in thiobarbituric
acid-reactive substances, but during flaxseed consumption urinary lignan excretion was
increased more than 5-fold.

Lampe et al. (1994) conducted a balanced randomized crossover study in which 18
premenopausal women age 20-34 (mean age = 26.9 years) consumed their usual diets with or
without supplementation with 10 g/day of ground flaxseed through 3 complete menstrual cycles,
with no washout period between the phases. Women were excluded from the study if they used
oral contraceptives or reported irregular menstrual cycles. (Thirty women were enrolled in the
study; 7 withdrew before treatment began and 5 more women withdrew during treatment;
reasons for withdrawal were not reported.) During the flaxseed phase, the women received the
flaxseed packaged in 10-g sachets; they were instructed to split the contents dose into 2 or 3
servings and add it raw to prepared foods. Urine was collected during both the follicular and
luteal phases of the menstrual cycles and analyzed for the lignans enterolactone, enterodiol, and
matairesinol and the isoflavonoids daidzein, equol, genistein, and O-demethylangolensin. There
were no differences between treatments in intakes of energy, carbohydrates, protein, or fat, but
fiber intake was higher during the flaxseed phase. Consumption of flaxseed resulted in increased
urinary excretion of enterolactone, enterodiol, and total lignan, but not in any change in excretion
of matairesinol or any of the isoflavonoids tested. No differences were noted between urine
samples collected in the luteal v. follicular phases, although the authors speculated that this was
due to lack of adequate power in the study.

In a randomized crossover design (part of a larger study (Lampe et al. 1994) of the effects
of flaxseed on lignan excretion and menstrual cycle), 13 healthy premenopausal women (mean
age = 27.8 years) consumed either their regular diet or their regular diet supplemented with 10
g/day of ground flaxseed for three complete menstrual cycles (Kurzer et al. 1995). Women were
excluded from the study if they used oral contraceptives, had unstable body weight, or had
irregular menstrual cycles. There was no washout period between the 2 phases. During the
flaxseed phase, the women were instructed to split their daily flaxseed dose into 2 or 3 servings
and add it raw to prepared foods. A dietary record was maintained and used to estimate nutrient
intake. Feces were collected on Days 7-11 of the last menstrual cycle in each diet period and
analyzed for lignans and isoflavonoids. No effects were seen in consumption of energy,
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carbohydrate, protein, or fat, and there were no changes in body weight or BMI. Flaxseed
consumption significantly increased fecal excretion of the lignans enterodiol, enterolactone, and
matairesinol, but there was no effect on fecal excretion of the isoflavonoids daidzein, equol,
genistein, and O-demethylangolensin.

Jenkins et al. (1999; discussed in Section 4.3.1.2. Blood Lipids) evaluated the effect of
partially defatted flaxseed on hormonal activity as well as serum lipids and oxidative stress. In a
randomized placebo-controlled crossover trial with two 3-week treatment periods separated by a
2-week washout, 29 hyperlipidemic subjects (22 males and 7 postmenopausal women aged 41-
73 years; mean age = 57 years) consumed muffins that provided 50 g/day of partially defatted
flaxseed containing 20 g fiber/day or wheat bran (control) with the same fiber content. A dietary
record was maintained and analyzed to measure compliance and estimate nutrient intakes. At
baseline and at the end of week 3 in both phases, blood samples were obtained and analyzed for
agonistic and antagonistic activity of steroid hormones measured by gene regulation of steroid
receptors in isolated breast cancer cell lines. Intakes of energy, carbohydrate, protein, and fat did
not differ between the flaxseed and control phases. No significant differences were seen in the
agonistic and antagonistic activities of serum androgen or progestin between the test and control
groups at either baseline or at the end of week 3.

In a randomized crossover design, Haggans et al. (1999) provided 0, 5, or 10 g/day of
ground flaxseed to 28 healthy non-smoking postmenopausal women aged 53-82 years for 7-week
periods with 7-week washout periods intervening. The ground flaxseed was prepared weekly by
grinding commercially available whole flaxseed and was provided in tubes; the study
participants consumed it at breakfast. During the last week of each feeding period the women
provided 24-hour urine collections for 2 consecutive days. Urinary excretion of the estrogen
metabolite 2-hydroxyestrogen increased, while that of 16a-hydroxyestrone did not. The authors
concluded that flaxseed may have chemoprotective effects in postmenopausal women; the
flaxseed was well tolerated and no adverse effects were reported.

Haggans et al. (2000) supplemented the habitual diets of 16 healthy premenopausal
women aged 18-38 years (mean age = 26.7 years) with 1 of 4 treatments for 2 menstrual cycles
each in a randomized crossover design. Each treatment began on day 1 (menses) and continued
through 2 cycles; there were no washout periods. The 4 supplements were: nothing, 10 g/day of
flaxseed, 28 g/day of wheat bran, and 10 g flaxseed + 28 g wheat bran/day. The flaxseed,
wheatbran, or placebo was presented in 2 baked goods, muffins or cookies, to be consumed each
day. Dietary records were maintained and analyzed for nutrient intakes, and body weights were
measured. Urine samples were collected during the mid-luteal phase of the second menstrual
cycle of each treatment period and analyzed for the estrogen metabolites 2-hydroxyestrogen and
16a-hydroxyestrone. There were no significant differences in carbohydrate or protein intake
during any of the feeding phases, but fat intakes and thus total energy intakes differed, being
significantly higher in the flaxseed + wheat bran group. Fiber intake was also significantly higher
in the groups receiving wheat bran, especially that group receiving both flaxseed and wheat bran.
Nevertheless, neither body weights nor BMIs differed significantly among the groups. Flaxseed,
but not wheat bran, significantly increased excretion of 2-hydroxyestrogen and the ratio of the
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two metabolites (2-hydroxyestrogen/16a-hydroxyestrone), regarded as chemoprotective against
breast cancer risk.

Employing a randomized crossover trial, Hutchins et al. (2000) assessed the effects on
ingestion of 0, 5, or 10 g/day of flaxseed on the lignan excretion of 31 healthy postmenopausal
women aged 52-82 years (mean = 66.9 years). Women were excluded if they had GI disorders or
food allergies, if they had used hormone replacement therapy, or if they consumed for than 2
alcoholic drinks a day. Each feeding period lasted for 7 weeks, with a 7-week washout period
between the first and second feeding periods and a 14-week washout period between the last two
feeding periods. During the flaxseed phases, women were given tubes containing 5 or 10 g of
ground flaxseed; the flaxseed was typically consumed in a single serving at breakfast. Body
weight was monitored, and the women completed 3-day diet records to monitor food intake.
Urine samples collected for 2 days at the end of each feeding period were analyzed for content of
the lignans enterodiol, enterolactone, and matairesinol.

Three of the 34 women originally enrolled withdrew for non-study-related reasons. Body
weights and BMIs were unchanged. There were no significant differences between the phases in
total energy, carbohydrate, protein, fat, or total fiber intakes. Excretion of matairesinol was not
affected by flaxseed consumption, but excretion of enterolactone and enterodiol were
significantly increased in a dose-dependent manner.

In a previously discussed study (Section 4.3.1.2. Blood Lipids), Lucas et al. (2002)
conducted a randomized double-blind study to evaluate the effects of daily consumption of 40 g
flaxseed or a comparative wheat-based control for 3 months on postmenopausal women under
the age of 65 years. Food frequency questionnaires were completed at baseline and at the end of
the study and analyzed for nutrient intakes. Physical and gynecological examinations were
performed at the beginning and end of the study, urine samples were taken for analysis of
creatinine and helical peptide, and overnight fasting blood was drawn and analyzed for 178-
estradiol and estrone activities.

Although 58 women were enrolled and 29 were randomly assigned to the test and control
groups, only 36 women (20 receiving flaxseed and 16 controls) with a mean age of 54.4 years
completed the study due to gastrointestinal problems with the wheat-flour placebo or palatability
issues with flaxseed. No significant changes or differences between groups were seen in body
weight or BML, nor in nutrient intakes. The authors concluded that, “Flaxseed did not exert any
estrogenic properties as assessed by unaltered circulating levels of sex hormones, hormone
binding globulin, or maturation index..”

As discussed previously, in a randomized crossover trial Lemay et al. (2002) compared
the effects of flaxseed on menopausal symptoms with those of hormone replacement therapy in
25 hypercholesterolemic but otherwise healthy menopausal women (mean age = 58.3 years).
Women were randomized to receive either 40 g/day of crushed flaxseed or hormone
replacements for 2 months, with an intervening 2-month washout period. There was no
difference in the two regimens regarding decreasing menopausal symptoms, but only the
hormone-replacement therapy was effective in increasing sex hormone binding globulin.
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Tarpila et al. (2002) completed a controlled double-blind crossover study to assess the
effects of flaxseed on enterolactone as well as blood chemistry and serum lipids. Lipids were
discussed previously and blood chemistry is discussed below. Eighty food-company employees
(18 men with a mean age of 45.6 years and 62 women with a mean age of 42.6 years) consumed
either a control diet (described in Section 4.3.1.2) or a diet that contained 1.3% ground flaxseed
and 5% flaxseed oil (along with 3-4% inulin and wheat fiber) for 4 weeks. Fifteen subjects
continued an open trial with the flax-supplemented meals, providing 21.5 g flaxseed/day, for 4
additional months. Blood enterolactone was measured at baseline, after both intervention
periods, and at 2 and 4 months during the open study. Levels of enterolactone were significantly
increased for those consuming flaxseed. The authors concluded that the addition of flaxseed
products to the diet may produce beneficial changes in blood levels of enterolactone and
a-linolenic acid without causing deleterious effects.

Frische et al. (2003) supplemented the usual diets of 16 healthy premenopausal women
aged 20-38 years with one of four treatments for 2 menstrual cycles in a randomized single
crossover design. Each treatment began on day 1 (menses) and continued through 2 cycles; there
were no washout periods. The 4 supplements were: nothing, 10 g/day of flaxseed, 28 g/day of
wheat bran, and 10 g flaxseed + 28 g wheat bran/day. Blood samples were collected during the
mid-luteal phase of the second menstrual cycle of each treatment period and analyzed for serum
hormones (17B-estradiol, dehydroepiandrosterone sulfate, estrone, and progesterone) and sex
hormone binding globulin. Urine samples collected at the same time were tested for lignan
excretion. Lignan excretion increased during periods of flaxseed consumption, but there were no
changes from any treatment on serum hormones or sex hormone binding globulin. The authors
concluded that the chemoprotective effects reported for flaxseed may result from a mechanism
other than a hormonal effect.

Brooks et al. (2004) compared the effects of consuming equal amounts of flaxseed or soy
on estrogen metabolism in 46 postmenopausal women (mean age = 53.1 years). In a randomized,
double-blind, parallel, placebo-controlled design, the habitual diets of the women were
supplemented with either a whole-wheat flour placebo (n = 15), 25 g/day of soy flour (n = 15), or
25 g/day of ground flaxseed (n = 16) in a muffin consumed once a day for 16 weeks. The
flaxseed provided 50 mg/day of SDG. Blood and 24-hour urine samples were collected at
baseline and at the end of the 16 weeks. Urine samples were analyzed for phytoestrogens, the
estrogen metabolites 2-hydroxyestrone and 16a-hydroxyestrone, and the serum hormones
estradiol, estrone, and estrone sulfate.

The only dropouts from the study were 2 women in the soy-flour group. Urinary
concentrations of 2-hydroxyestrone, but not of 16a-hydroxyestrone, increased significantly (p <
0.05) in the flaxseed group. In the flaxseed group, the ratio of 2-hydroxyestrone to 16a-
hydroxyestrone was positively correlated with urinary lignan excretion (r = 0.579, p < 0.02),
while no significant correlation was observed in the soy and placebo groups. Brooks et al. (2004)
concluded that supplementation with ground flaxseed modifies urinary estrogen metabolite
excretion to a greater extent than does supplementation with soy flour. This modification is
associated with an increase in urinary lignan excretion. While the researchers hypothesized that
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. the effects observed were due to SDG, they conceded that the alpha-linolenic acid content of the

flaxseed may have played a part. No adverse effects were reported in this study.

Dodin et al. (2005), in a study discussed earlier with regard to blood lipid effects,
randomly assigned 101 healthy menopausal women aged 45-65 years to consume 40 g
flaxseed/day for 12 months while a similar group of 99 women consumed a wheat-germ placebo.
Menopausal symptoms were assessed at baseline and at month 12. About 10% of women in the
flaxseed group and 5% in the wheat-germ group dropped out due to digestive problems. Both
treatments reduced such menopausal symptoms as hot flashes and night sweats. Aside from the
digestive issues likely due to the high level of dietary fiber provided by 40 g flaxseed/day, no
adverse side effects were observed.

In a double-blind, randomized, controlled trial, Lewis et al. (2006) compared the effects
of daily ingestion of soy flour, wheat flour, and ground flaxseed on quality of life and hot-flash
frequency and severity in postmenopausal women. A total of 87 women, 1-8 years post-
menopause, daily consumed muffins with 25 g of flaxseed providing about 50 mg of lignan
(n=28), 25 g of soy providing about 42 mg of isoflavones (n=31), or wheat control (n=28) for 16
weeks. Hot flashes were significantly less severe with flaxseed than with the control muffins, but
there was no significant effect on the quality-of-life instrument.

Hallund et al. (2006) studied the hormonal effects (as well as effects on blood lipids,
discussed previously) of 500 mg/day of SDG extracted from flaxseed on 22 healthy
postmenopausal women (mean age = 61 years) in a randomized double-blind crossover study.
Women consumed low-fat muffins with or without SDG for 6 weeks. Blood and urine were
sampled at the beginning and end of each treatment period. Blood factors included enterolactone
and the urinalysis assessed enterolactone excretion. The SDG intervention increased both plasma
and urine levels of enterolactone; no other measures were significantly affected. No adverse
effects attributable to the intervention were reported.

In a randomized double-blind placebo-controlled crossover study, Faintuch et al. (2007)
administered 30 g/day of flaxseed flour or an equal mass of manioc flour (placebo) to 24
morbidly obese (average BMI = 47.1) outpatients (4 males and 20 females, mean age 40.8
years). Each treatment period was 2 weeks with a 24-hour wash-out period. Neither treatment
resulted in any change in biochemical indices, as discussed in Section 4.3.1.2, or in leptin
activity.

In summarizing the conclusions of the 18 studies discussed above, in may be noted that
only a few studies have been done on hormonal effects of flaxseed in males; one study assessed
effects on testosterone and one study evaluated androgen and progestin; no effects were found.
Two studies that investigated lignans found increases in both enterodiol and enterolactone
excretion in males. A larger number of the studies discussed involved women, both menstruating
and post-menopausal. These studies have consistently found increased levels of the lignans
enterodiol and enterolactone in both groups, as well as increased levels of 2-hydroxyestrogen, an
estrogen metabolite believed to be protective of breast cancer. One study also found increased
excretion of matairesinol, but 2 others did not. One study found that administration of SDG alone
boosted excretion of enterolactone. The studies discussed above generally found significant
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changes in serum hormones (estradiol, estrone, progesterone) or sex hormone binding globulin.
Finally, several studies of menopausal women found decreased symptoms such as hot flashes.

It is clear that consumption of flaxseed leads to the formation and eventual excretion of
the lignans enterodiol and enterolactone, but significant hormonal effects have generally not
been observed in either males or females, even at doses as high as 50 g flaxseed/day.

4.3.2.2. Cancer Progression

Demark-Wahnefried et al. (2001) reported on a pilot study of the effect of flaxseed
supplementation in men with prostate cancer. Twenty-five otherwise-healthy prostate-cancer
patients (mean age = 63.8 years) awaiting prostatectomy were placed on a low-fat (20% of
energy or less) diet supplemented with 30 g/day ground flaxseed for the 21 to 77 days (average =
34 days) before surgery; only historical controls were available. At baseline and follow-up,
levels of prostate-specific antigen (PSA), testosterone, free androgen index, and total serum
cholesterol were measured, and tumor proliferation and apoptosis were compared with historical
data. Total cholesterol was significantly lowered, as were total testosterone and free androgen
index. Levels of PSA were unaffected. As compared with historical controls, both proliferation
rate and apoptosis were favorably affected in a time-in-treatment-dependent manner. The only
reported side effects were increased bowel movements (n=2), constipation (n=1), and flatulence
(n=3); no nausea was noted.

In a randomized, double-blind, placebo-controlled study, Thompson et al. (2005)
evaluated the effect of 25 g flaxseed/day on tumor biological markers in postmenopausal breast
cancer. Nineteen women (average age 70 years) with newly diagnosed breast tumors were given
flaxseed-containing muffins while awaiting surgery while 13 controls (average age 65 years)
received placebo muffins made with whole-wheat flour. The women remained on their assigned
treatments until surgery, an average of 32 days in the flaxseed group and 39 days in the control
group. Tumor growth kinetics were examined based on tumor cell proliferation, apoptosis, c-
erbB2 antibody expression, and estrogen and progesterone receptor levels. Urine samples were
obtained and analyzed for lignan excretion. The flaxseed group had higher lignan excretion, and
exhibited significant reductions in tumor cell proliferation and c-erbB2 expression and an
increased level of apoptosis. The research team concluded that, “daily intake of 25 g flaxseed can
significantly reduce cell proliferation, increase apoptosis, and affect cell signaling by reducing c-
erbB2 expression of human breast cancer cells,” and further, that flaxseed’s “excellent
tolerability ... may make flaxseed particularly attractive for studies in breast cancer prevention,
where healthy women should be offered well-tolerated interventions for long-term use.”

In a poster session, Snyder et al. (2007) summarized a study of the effects of flaxseed
supplementation and dietary fat restriction on the composition of prostatic tissue in 161 prostate
cancer patients (age and health status other than the prostate cancer were not reported) with
prostatectomy surgery scheduled for at least 3 weeks later. Patients were assigned to 1 of 4 diets:
30 g flaxseed/day, dietary fat restriction to <20% of total energy, flaxseed supplementation +
dietary fat restriction, or a control diet not further described. At baseline and follow-up,
erythrocytes were analyzed for fatty acids. After surgery, prostatic tissue was analyzed for fatty
acids. Men were on protocol for an average of 30-31 days. The men receiving flaxseed had
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higher intakes of ALA and higher n-3/n-6 ratios than the other groups, and had higher levels of
EPA in erythrocytes and prostatic tissue as well as higher n-3/n-6 ratios in prostatic tissue. The
authors concluded that conversion of ALA to EPA occurs with flaxseed and may support its use
in the treatment of prostate cancer.

While the results of the 3 studies presented above were all regarded as favorable, any
beneficial effect of flaxseed consumption on the development or progression of either breast or
prostate cancer must be regarded as tentative.

4.3.2.3. Bone Metabolism

Lucas et al. (2002) conducted a randomized double-blind study to evaluate the effects of
consuming 40 g flaxseed/day for 3 months, as compared to a placebo based on wheat flour, on
bone metabolism of 58 healthy postmenopausal women under 60 years of age who consumed
their habitual diets. (Effects on blood lipids and hormones were also assessed, and these aspects
of the study were previously discussed in the appropriate sections.) Physical and gynecological
examinations were performed at the beginning and end of the study and blood was drawn. Blood
was analyzed for calcium and bone-specific AP activity among other things. Flaxseed had no
effect on bone metabolism. The authors concluded that, “The findings of this studyindicate that
flaxseed supplementation improves lipid profiles but has no effect on biomarkers of bone
metabolism in postmenopausal women.”

Brooks et al. (2004), in addition to the assessment of hormonal effects discussed earlier,
compared the effects of consuming 25 g/day ground flaxseed or soy for 16 weeks on biochemical
markers of bone metabolism in 46 healthy postmenopausal women (mean age = 53.1 years) in a
randomized, double-blind, parallel, placebo-controlled design. The women consumed their
habitual diets supplemented with flaxseed, soy, or a whole-wheat placebo. The flaxseed provided
50 mg/day of SDG. Blood and 24-hour urine samples were collected at baseline and at the end of
the 16 weeks and analyzed for biochemical markers of bone metabolism. No significant change
in markers of bone metabolism was observed within or between the treatment groups. Brooks et
al. (2004) concluded that supplementation with ground flaxseed is associated with an increase in

urinary lignan excretion, but has no effect on bone cell metabolism. No adverse effects were
reported in this study.

In a study discussed previously with regard to blood lipids and hormonal effects, Dodin
et al. (2005) randomly assigned 101 healthy menopausal women aged 45-65 years to consume
40 g flaxseed/day for 12 months while a similar group of 99 women consumed a wheat-germ
placebo. Both groups of women consumed their habitual diets. Bone mineral density (BMD) was
assessed at baseline and at month 12. Neither the flaxseed nor the wheat germ was able to
suppress the progressive bone loss observed in menopausal women.

Griel et al. (2007) studied the effect of n-3 fatty acids on bone health. Twenty-three
mildly overweight and hypercholesterolemic adults (20 males and 3 females; mean age = 49.9
years) consumed 3 diets differing in their fat composition in a randomized, double-blind,
balanced order, 3-period crossover design. Each diet period lasted 6 weeks separated by 3-week
washout periods. The 3 diets were an “average American” diet relatively high in saturated fatty

GRAS Monograph for 110 JHEIMBACH LLC
Whole and Milled Flaxseed

000120



acids and low in polyunsaturated fatty acids, a high-linoleic acid diet (including walnuts and
walnut oil), and a high ALA diet (including walnuts, walnut oil, and 20 g flaxseed/day). All
subjects completed the study with excellent dietary compliance. Bone health was assessed by
serum concentrations of N-teleopeptides and bone-specific alkaline phosphatase, both markers of
bone turnover. The ALA diet significantly reduced N-teleopeptides compared with the “average
American” diet while the linoleic-acid diet was intermediate. There was no effect on bone-
specific alkaline phosphatase levels, indicating that rates of bone formation were unchanged, but
bone resorption was decreased. The authors concluded that the results suggest that,
“incorporating plant sources of n-3 PUFA into the diet may provide health benefits not only to
the cardiovascular system, but also to the skeletal system.”

Although the study by Griel et al. (2007) found a significant decrease in bone resorption
with a high ALA diet, three previous studies of the effects of flaxseed consumed for as long as
12 months on bone metabolism did not reveal any beneficial effect. It appears that the hypothesis
that consumption of flaxseed offers any significant benefit on bone metabolism must be regarded
as unproved.

4.3.2.4. Immune Function

Kelley et al. (1991), in a randomized crossover design, fed 10 healthy males age 21-37
years either basal diet or basal diet + 31.7 g/day flaxseed oil for 56 days'. While there was a 14-
day stabilization period at the beginning, there was no washout period between treatments. The
flaxseed oil supplement suppressed the proliferation of peripheral blood mononuclear cells
cultured with T-cell mitogen, but concentrations of granulocytes, lymphocytes, and monocytes
did not differ, nor was there any change in numbers of circulating T cells (Leu-4, CD3), helper-
inducer cells (Leu 3a, CD4), suppressor/cytotoxic cells (Leu-2a, CD8), or B cells (Leu-12,
CD19). Similarly, no differences were seen in concentrations of IgG. The authors concluded that
the flaxseed oil tended to suppress some indices of cell-mediated immune function without
affecting any markers of humoral immunity. No overt signs of health risks were observed in this
study.

Clark et al. (1995) studied the effect of flaxseed on immune, inflammatory, rheologic,
platelet, and lipid parameters in systemic lupus erythematosus (SLE) patients. Reported effects
on blood lipids and on laxation were discussed previously. Eight patients (2 males and 6 females
aged 32 to 72 years, mean = 44.5 years) consumed 15 g/day milled flaxseed for 4 weeks, then 15
g twice a day (30 g/day) for the ensuing 4 weeks, and finally 15 g three times a day (45 g/day)
for the next 4 weeks, followed by a 5-week washout period. Measures of serum immunology
were assessed. No significant alterations were observed with flaxseed dosing in total T helper
(CD3+/CD4+), helper inducer (CD4+/CD29+), suppressor inducer (CD4+/CD45RA+) subsets,
natural killer cells (CD3-/CD16+ and/or CD56+) or cytotoxic T cells (CD3+/CD16+ and/or
CD56+). CD11b expression on neutrophils, a measure of C3bi receptors, was significantly

! Meals were prepared at the USDA Western Human Nutrition Research Center on a 7-day rotating menu.
The daily diets provided 3000 kcal, including 126 g protein, 425 g carbohydrates, and 87 g fat, along with 4 g crude
fiber.
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reduced with the 30 g dose. The authors concluded that, “30 g/day of flaxseed is well tolerated
by patients with SLE nephritis, and it exerts significant effects on renal function, plasma lipids,
blood viscosity and complement C3 levels.”

In a randomized double-blind placebo-controlled crossover study discussed earlier
(Section 4.3.2.1), Faintuch et al. (2007) administered 30 g/day of flaxseed or manioc flour
(placebo) to 24 morbidly obese outpatients, 4 males and 20 females with a mean age of 40.8
years. Each treatment period was 2 weeks with a 24-hour wash-out period. Flaxseed significantly
reduced the inflammatory markers C-reactive protein, serum amyloid A, and fibronectin, but not
complement fraction C3, or complement fraction C4. The investigators attributed the immune-
modulatory effect to the ALA content of the flaxseed.

The three available studies of the effect of flaxseed consumption on immune factors are
consistent in showing a moderate immunosuppressive effect. One experimenter attributed this
effect to the AL A content of flaxseed. In light of the known anti-inflammatory effect of fish oil
high in EPA and DHA (see, e.g., IOM 2002), this is not an unexpected finding or an
unreasonable suggestion. The IOM panel noted that EPA and DHA are biologically more potent
then their precursor, ALA. While declining to set a UL for EPA and DHA, the panel warned
against overuse of supplements containing them; however, little research has been conducted
with ALA and the panel apparently saw no need for caution regarding consumption of foods
high in this n-3 fatty acid IOM 2002).

4.3.2.5. Blood Chemistry

Shultz et al. (1991) gave 6 healthy males age 25-42 whole wheat/flaxseed bread for 6
weeks, providing 13.5 g/day of flaxseed flour. As discussed in Section 4.3.2.1, fasting blood
samples showed no significant changes in plasma total testosterone, free testosterone, or sex-
hormone-binding globulin. There were also no significant effects on liver function, plasma
glucose, blood urea nitrogen, creatinine, alkaline phosphatase, calcium, phosphorus, sodium,
potassium, or chloride.

In a previously discussed trial, Cunnane et al. (1994), studying a number of nutritional
endpoints, gave muffins providing either 0 or 50 g flaxseed/day to 10 healthy young adults (5 of
each sex, mean age = 25 years) for 4 weeks in a randomized crossover design. Blood was
sampled at baseline and at the end of each feeding period. During flaxseed consumption, a-
linolenate, eicosapentaenoate, and docosapentaenoate were significantly increased in plasma
phospholipids and triacylglycerols. There was no effect on antioxidant vitamins or lipid
hydroperoxides in plasma. The absence of deleterious effects was noted.

Tarpila et al. (2002) completed a controlled double-blind crossover study to assess the
effects of flaxseed on blood chemistry and serum lipids; the latter were discussed previously.
Eighty food-company employees (18 males and 62 females, mean age 43 years) consumed diets
that either did or did not contain 1.3% ground flaxseed (21.5 g flaxseed/day) and 5% flaxseed oil
(along with 3-4% inulin and wheat fiber) for 4 weeks. Fifteen subjects continued an open trial
with the flax-supplemented meals for 4 additional months. Blood parameters were measured at
baseline, after both intervention periods, and at 2 and 4 months during the open study. The
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measures included hemoglobin, leukocytes, aspartate and alanine amino transferases, alkaline
phosphatase, creatinine, total and individual fatty acids, and enterolactone. No significant
changes were seen in any of these measures except increased levels of enterolactone and altered
concentrations of some of the individual fatty acids. Specifically, no differences were seen in
myristic, pentadecanoic, palmitic, palmitoleic, stearic, linoleic, arachidonic, or docosahexaenoic
acids; levels were lowered of oleic, vaccenic, and dihomo-y-linoleic acid; and increased levels
existed of a- and y-linolenic acids and their metabolites eicosapentaenoic and docosapentaenoic
acids. The authors concluded that the addition of flaxseed products to the diet may produce
beneficial changes in blood levels of a-linolenic acid without causing deleterious effects.

Stuglin and Prasad (2005), discussed earlier, investigated the effects of short-term
flaxseed on blood pressure, serum lipids, the hemopoietic system, and liver and kidney enzymes.
Fifteen healthy males age 22-47 consumed 32.7 g flaxseed/day (in 3 muffins) for 4 weeks. Blood
pressure and blood samples were collected before and after the feeding period. Concentrations of
triacylglycerols increased and those of creatinine decreased, but most parameters remained
unchanged: blood pressure, heart rate, hemoglobin, red blood cell counts, white blood cell
counts, neutrophils; total, HDL, LDL, and VLDL cholesterol; bilirubin, aspartate
aminotransferase, alkaline phosphatase, protein, albumin, glucose, and urea. The authors
concluded that ingestion of 32.7 g flaxseed/day had no adverse effects on blood lipids, liver or
kidney enzymes, or the hemopoietic system.

In a randomized double-blind placebo-controlled crossover study that was discussed in
several sections above, Faintuch et al. (2007) administered 30 g/day of flaxseed flour or an equal
mass of manioc flour (placebo) to 24 morbidly obese (average BMI = 47.1) outpatients. Each
treatment period was 2 weeks with a 24-hour wash-out period. No intolerance was noted and
there was no change in body weight. Neither treatment resulted in any change in biochemical
indices: hemoglobin, white blood cell count, or serum albumin.

Fuchs et al. (2007) gave 7 healthy males age 20-40 400 mg/kg bw of ground flaxseed for
1 week. Fasting blood samples were taken 1 week before the start of the study, on days 0, 1, 3,
and 7, and finally 2 weeks later. Plasma enterolactone was measured and protein was extracted
from peripheral blood mononuclear cells including both monocytes and lymphocytes. Flaxseed
significantly raised levels of peroxiredoxin and reduced levels of the long-chain fatty acid 8-
oxidation multienzyme complex and glycoprotein IIIa/Il; these changes—which may be due to
the lignan metabolite enterolactone—are indicators of reduced oxidative stress and reduced
thrombotic potential and thus may indicate an anti-atherosclerotic effect. However, the effects of
flaxseed began to decline for several participants between days 3 and 7, possibly indicating an
adaptation in the microfloral population responsible for metabolizing the lignan SDG to
enterolactone. Significant changes were seen in the levels of a total of 16 proteins; all were
regarded as beneficial and none as adverse.

The above research is consistent in finding that consumption of flaxseed produces
changes in serum lipids as discused in Section 4.3.1.2, particularly the distribution of fatty acids,
without significant effects on other blood chemistry parameters.
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4.3.2.6. Vascular Stress Response

Spence et al. (2003) used a random-sequence double-blind Latin square crossover study
to compare the effects of 3 strains of flaxseed on responses to mental stress. Postmenopausal
women age 54-70 years (n = 35) received 35 g/day of ground flaxseed. Each treatment period
was 3 months, with a 1-month washout period between treatments. The 3 cultivars of flaxseed
used were Linola 989 (high in SDG and low in ALA), Flanders (low in SDG and high in ALA),
and AC Linora (intermediate in both SDG and ALA). The actual amounts of SDG and ALA
provided daily by the 3 treatments is shown in Table 33. Compared to the baseline diet, all 3
flaxseed treatments significantly reduced blood pressure, peripheral resistance, plasma cortisol,
and plasma fibrinogen during mental stress, but the Linola 989, high in SDG, was the most
potent. The investigators suggested that flaxseed may be an alternative to hormone replacement
therapy in reducing vascular risk among postmenopausal women. No adverse effects were
reported in this study.

Table 33. Amounts of SDG and ALA Provided By Flaxseed Cultivars

(Spence et al. 2003).

Cultivar SDG (mg/day) ALA (g/day)
Linola 989 450 03
Flanders 222 6.6
AC Linora 270 7.2
Source: Spence et al. (2003)

4.3.2.7. Kidney Function

The Clark et al. (1995) study discussed above focused on the effect of flaxseed on a
number of parameters in lupus nephritis patients. Eight patients (2 males and 6 females aged 32
to 72 years, mean = 44.5 years) consumed 15 g/day of milled flaxseed for 4 weeks, then 15 g
twice a day (30 g/day) for the ensuing 4 weeks, and finally 15 g three times a day (45 g/day) for
the next 4 weeks. Disease activity, blood pressure, plasma lipids, rheology, platelet activating
factor (PAF)-induced platelet aggregation, renal function, and serum immunology were assessed.
Disease activity was unchanged throughout the study. The 30-g/day dose of flaxseed was well
tolerated and conferred benefits in renal function as assessed by serum creatinine, creatinine
clearance, and urinary protein measures, as well as inflammatory and atherogenic mechanisms
important in the pathogenesis of lupus nephritis.

In a randomized crossover trial, Clark et al. (2001) administered either 0 or 30 g/day of
ground flaxseed to 23 patients with lupus nephritis for 1 year, followed by a 12-week washout
period and the reverse treatment for 1 year. At baseline and 6-month intervals, serum creatinine;
12-hour urine albumin excretion and urine albumin to creatinine ratios; serum viscosity; and
plasma lipids were measured. Compliance was assessed by counts of flaxseed sachets and serum
phospholipids measures. Eight participants dropped out and only 9 of the 15 remaining subjects
adhered to the flaxseed diet. Plasma lipids and serum viscosity were unaltered by the flaxseed
supplementation whereas serum creatinine in the compliant patients during flaxseed
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administration declined from a mean of 0.97+0.31 mg/dL to a mean of 0.94+0.30 mg/dL and
rose in the control phase to a mean of 1.03+0.28 mg/dL (NS, p = 0.08). Despite the small and
non-statistically significant effects, the authors concluded that flaxseed appears to be
renoprotective in lupus nephritis. No adverse effects were reported.

In a study discussed previously, Stuglin and Prasad (2005) investigated the effects of
short-term flaxseed on a number of endpoints, including liver and kidney enzymes. Fifteen
healthy males age 22-47 consumed 32.7 g flaxseed/day (in 3 muffins) for 4 weeks. Blood
samples were collected before and after the feeding period. Most parameters remained
unchanged, including bilirubin, aspartate aminotransferase, alkaline phosphatase, albumin, and
urea. The authors concluded that ingestion of 32.7 g flaxseed/day has no adverse effects and
specifically no effects on liver or kidney enzymes.

The research discussed in this section confirms that flaxseed consumption has little effect
on blood chemistry other than lipids, including liver and kidney enzymes. Its benefits for the
management of patients with lupus nephritis are uncertain and appear to derive from its mild
antiatherogenic and anti-inflammatory effects.

4.3.2.8. Cyanide Accumulation

In one of the few studies to investigate whether consumption of flaxseed results in any
increase in serum levels of cyanide compounds or cadmium, Tarpila et al. (2002) completed a
controlled double-blind crossover study to assess the effects of flaxseed consumption on serum
thiocyanate and cadmium. Eighty food-company employees (62 women, 18 men, mean age 43
years) consumed diets that either did or did not contain 1.3% ground flaxseed and 5% flaxseed
oil (along with 3-4% inulin and wheat fiber) for 4 weeks with a 4-week washout period. Fifteen
subjects continued an open trial with the flax-supplemented meals for 4 additional months. The
supplemented diets provided 21.5 g flaxseed/day. Blood parameters (hemoglobin, leukocytes,
aspartate and alanine amino transferases, alkaline phosphatase, creatinine, serum lipids, fatty
acids, and enterolactone) were measured at baseline, after both intervention periods, and at 2 and
4 months during the open study. The blood measures also included serum thiocyanate and
cadmium. Non-cyanide-related findings of this study were discussed previously. No significant
changes were seen in either measure. The authors concluded that the addition of flaxseed
products to the diet may produce beneficial increases in serum enterolactone and n-3 fatty acids
without causing deleterious effects.

Rosling (1993) reported that 2 male adults given 60 g/day ground flaxseed for 10 days
exhibited a 7-fold increase in urinary excretion of thiocyanate, from an average of 32 umol over
the 3 days prior to dosing to an average of 247 umol over the last 3 days of the study. No
information was provided regarding preparation of the flaxseed.

Cunnane et al. (1993) conducted a series of 3 experiments to investigate the nutritional
aspects of flaxseeds in the human diet. The nutritional aspects of these studies were discussed
carlier, but one study also included a measure of thiocyanate excretion. In this experiment,
muffins were prepared containing 25 g ground flaxseed or wheat flour and baked at 230°F for
15-18 minutes. The concentrations of malondialdehyde (MDA—a lipid peroxidation product)
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and the cyanogenic glycosides linamarin, linustatin, and neolinustatin were measured both before
and after baking. MDA levels were similar in both wheat and flaxseed muffins, and did not
change after baking. Storage of the muffins for up to 2 years did not change the MDA levels.
Analysis of the pre-baking flaxseed mucilage found 2-4 ng cyanogenic glycosides/g mucilage,
but none could be detected after baking. Healthy female college students (5 per group) consumed
either a supplement of flaxseed flour or the muffins baked with 25 g flaxseed flour, both
treatments providing 50 g flaxseed/day. After 4 weeks the treatments were discontinued during a
2-week washout period. Analysis of thiocyanate excretion showed no significant effect of
consumption of 50 g/day of flaxseed from either the supplement or the muffins.

In summary, while it appears that extremely high levels of consumption of flaxseed may
increase the rate of excretion of thiocyanate, this effect was not seen in women who consumed
50 g flaxseed/day for 4 weeks. Additionally, the large body of animal and human research has
not produced any indication of a cyanide-produced adverse effect.

4.3.3. Conclusions from Intervention Studies

As noted earlier, none of these studies was intended to evaluate the long-term safety of
flaxseed or to determine human tolerance for large doses. Nevertheless, there is a large number
of studies in which human participants consumed extremely high doses of flaxseed—as much as
50 g/day—with no observed adverse effects or signs of intolerance other than, in several studies,
increased laxation (usually regarded as a beneficial effect of fiber-containing foods). It is also
notable that large doses of flaxseed have not generally resulted in significantly increased levels
of thiocyanate excretion.

A wide variety of beneficial effects has been suggested for flaxseed and human studies
have been designed to assess such effects. The evidence regarding most effects must be regarded
as suggestive rather than definitive. The evidence for effects usually regarded as fiber related—
attenuation of the postprandial glycemic response, attenuation of blood cholesterol concentration,
and laxation—is generally positive but weak. The evidence is sufficiently compelling, however,
particularly regarding the laxation effect, that flaxseed may be appropriately regarded as a source
of functional fiber.
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Table 34. Human Studies

Citation Study Design Subjects Dose Duration Results
Arjmandi et al. { Double-blind 38 hyper- 38 g/day 6 weeks for | Both treatments significantly reduced total cholesterol from
1998 placebo-controlled cholesterol- flaxseed or each baseline, but only the flaxseed significantly lowered LDL, as
crossover: flaxseed emic post- sunflower seed | treatment well as lipoprotein(a). Neither treatment affected HDL or
v. sunflower seed menopausal triacylglycerol concentrations, and no adverse reactions
women were reported to either treatment.
Bierenbaum et | Open label 15 hyper- 15 g/day 3 months Total cholesterol and LDL were reduced; HDL was
al. (1993 lipidemic ground flaxseed unchanged. Thrombin-stimulated platelet aggregation and
adults on lipid oxidation products were decreased with no adverse
vitamin-E effects reported.
therapy
Brooks et al. Randomized parallel | 46 post- 0 or 25 g/day 16 weeks Urinary concentrations of 2-hydroxyestrone, but not of 16a-
2004 double-blind placebo- | menopausal ground flaxseed hydroxyestrone, increased significantly (p < 0.05) in the
controlled: flaxseed | women (50 mg/day flaxseed group. No significant change in serum hormones or
v. soy flour SDG) biochemical markers of bone metabolism was observed
within or between the treatment groups. No adverse effects
were reported.
Clark et al. Open label 8 nephritis 15 g/day, 30 4 weeks at 3 subjects had difficulty with increased laxation at 45 g/day
1995 escalating dose patients g/day, 45 g/day | each dose; of flaxseed. Disease activity and blood pressure were
12 weeks unchanged. Total and LDL cholesteroi and whote blood
total viscosity were reduced with 30 g and 45 g flaxseed/day.
PAF-induced platelet aggregation was inhibited at all levels.
Serum creatinine declined at 30 and 45 g, and creatinine
clearance increased with increasing flaxseed dose with no
change in serum urea. No changes were observed in total T
helper (CD3+/CD4+), helper inducer (CD4+/CD29+),
suppressor inducer (CD4+/CD45RA+) subsets, natural killer
cells (CD3-/CD16+ and/or CD56+) or cytotoxic T cells
(CD3+/CD16+ and/or CD56+). The 30 g/day dose was well
tolerated and conferred benefits in renal function and in
inflammatory and atherogenic mechanisms important in the
pathogenesis of lupus nephritis. Other than the increased
laxation at the 45-g/day level, no adverse effects were
reported.
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Table 34. Human Studies

Citation Study Design Subjects Dose Duration Resuits
Clark et al. Randomized 23 lupus 30 g/day 1 year Only 9 subjects adhered to the flaxseed diet for the full year.
2001 crossover, no nephritis flaxseed Plasma lipids and serum viscosity were unaltered while
placebo: flaxseed v. patients serum creatinine declined in compliant patients. The authors
nothing concluded that flaxseed appears to be renoprotective in
lupus nephritis. No adverse effects were reported.
Cunnane et al. | Randomized 9 healthy 50 g/day 4 weeks for | No difference in the effects of flaxseed as a supplement v. in
1993 crossover, no female flaxseed in each bread; both increased ALA and total long-chain n-3 fatty
placebo: flaxseed college supplement or | treatment; 8 | acids in plasma and erythrocyte lipids. Both reduced total
(Study 10f3) | ai0ne or in bread students in bread weeks total | and LDL cholesterol. Thiocyanate excretion showed little
effect of consumption of 50 g/day of flaxseed.
Cunnane et al. | Randomized 5 healthy flaxseed oil 4 weeks for | Changes in plasma ALA were equivalent, suggesting that
1993 crossover, no females capsules or each the ALA in ground flaxseed is highly available.
Study 2 of 3 placebo: flaxseed oil fiour, both treatment; 8
(Study 2 of 3) capsules v. flaxseed providing 20 weeks total
fiour g/day oil
Cunnane et al. | Open label, glucose | 6 healthy men | 50 g fiaxseed Single meal | The incremental area under the blood-glucose curve was
1993 challenge and women followed by 25 | with 28% lower after consumption of flaxseed bread than after
(Study 3 of 3) g extracted flaxseed, wheat bread. The addition of flaxseed mucilage reduced the
flaxseed single meal | area under the blood-glucose curve by 27%.
mucilage with
extracted
flaxseed
mucilage
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Table 34. Human Studies

Citation Study Design Subjects Dose Duration Results
Cunnane et al. | Randomized 10 healthy 50 g/day 4 weeks for | Compliance was good. Flaxseed muffins did not differ from
1994 crossover, no young adults | flaxseed each period | controls in thiobarbituric acid-reactive substances. During
placebo: flaxseedv. | (6M,5F) for men; 1 flaxseed consumption, a-linolenate, eicosapentaenoate, and
nothing; with glucose menstrual docosapentaenoate increased in plasma phospholipids and
challenge period for triacylglycerols; a-linolenate also increased in adipose
women tissue. LDL cholesterol decreased and urinary lignan
excretion increased more than 5-fold. No effect on
antioxidant vitamins or lipid hydroperoxides in plasma. The
flaxseed was mildly laxative, with bowel movements
increasing 30% in frequency. The absence of deleterious
effects was noted.
Dahl et al. Randomized parallel | 26 heaithy 5 g/day 2 weeks tota | Both fiber treatments (flaxseed and psyllium) significantly
2005 double-blind placebo- | adults age 18- | flaxseed for 3 increased fecal mass over baseline; there was no difference
Study 1 of 2 controlled: flaxseed 60 years days, then between treatments.
(Study 1 of 2) v. psyllium increasing to 15
g/day
Dahl et al. Randomized parallel | 11 healthy Bread with 50 g | Single meal | The flax meal treatment resulted in a reduced area under
2005 double-blind placebo- | adults age 20- | available the curve of glycemic response as well as a iower peak
(Study 2 of 2) controlled single 26 years carbohydrate response. Together, these 2 experiments demonstrate that
y meal with glucose with or without the soluble and insoluble fiber present in flax meal produces
challenge flaxseed the functional effects to be expected.
Demark- Pilot open label 25 prostate- 30 g/day 21t077 Total cholesterol was significantly lowered, as were total
Wahnefried et cancer flaxseed days until testosterone and free androgen index. Levels of PSA were
al. 2001 patients surgery unaffected. As compared with historical controls, both
awaiting (average = proliferation rate and apoptosis were favorably affected in a
prostatec- 34 days) time-in-treatment-dependent manner.
tomy
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Table 34. Human Studies

Citation Study Design Subjects Dose Duration Results
Dodin et al. Randomized parallel | 101 healthy 40 g/day 12 months 10% of women in the flaxseed group and 5% in the wheat-
2005 double-blind menopausal flaxseed germ group dropped out due to digestive problems. Total
placebo-controlled: women aged and HDL cholesterol were reduced in the flaxseed group;
flaxseed v. wheat 45-65 years; there was no change in triacylglycerols. Flaxseed did not
germ 99 women suppress progressive bone loss, but reduced menopausal
consumed symptoms. Aside from the digestive issues likely due to the
placebo high level of dietary fiber provided by 40 g flaxseed/day, no
adverse side effects were observed.
Faintuch et al. | Randomized double- | 24 obese 30 g/day 2 weeks for | No intolerance was noted. No change in biochemical or
2007 blind [lacebo- (average BMi | flaxseed each hormonal indices: hemoglobin, white blood cell count, total
controlled crossover: | =47.1) treatment cholesterol, HDL, LDL, VLDL, triacylglycerols, glucose,
flaxseed v. manioc outpatients serum albumin, insulin, or eptin. Flaxseed reduced the
flour inflammatory markers C-reactive protein, serum amyloid A,
and fibronectin, but not complement fraction C3, or
complement fraction C4. There were no adverse effects on
biochemical and hormonal endpoints.
Frische et al. | Randomized 16 healthy 10 g/day 2 full Lignan excretion increased during periods of flaxseed
2003 crossover: 4 premeno- flaxseed; 10 menstrual consumption, but there were no changes from any treatment
treatments—nothing, | pausal g/day flaxseed | cycles for on serum hormones (17B-estradiol, dehydroepiandrosterone
flaxseed, wheat women aged | + 28 g/day each arm; 4 | sulfate, estrone, and progesterone) or sex hormone binding
brand, flaxseed + 20-38 years wheat bran cycles total | globulin.
wheat bran with flaxseed
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Table 34. Human Studies

Whole and Milled Flaxseed

Citation Study Design Subjects Dose Duration Results
Fuchs et al. Open label proteomic | 7 healthy 400 mg/kg 1 week Flaxseed significantly raised levels of peroxiredoxin and
2007 study. males age 20- | ground flaxseed reduced levels of the long-chain fatty acid B-oxidation
(~30 g/day) multienzyme complex and glycoprotein lila/ll. No adverse
effects were seen in the proteome.

Griel et al. Randomized, double- | 23 over- 20 g/day 6 weeks for | The flaxseed (+ walnuts + walnut oil) diet reduced N-

2007 blind, balanced weight and flaxseed each teleopeptides compared with the “average American” diet
order, 3-period hyper- treatment while the linoleic-acid diet was intermediate. There was no
crossover: “average” | cholesterol- effect on bone-specific alkaline phosphatase levels,
diet, high-ALA diet emic male indicating that rates of bone formation were unchanged, but
with flaxseed, high- and female bone resorption was decreased.
linoleic acid diet adults

Haggans et al. { Randomized 28 post- 5 or 10 g/day 7 weeks at Urinary excretion of the estrogen metabolite 2-

1999 crossover, no menopatusal ground flaxseed | each dose; hydroxyestrogen increased, while that of 16a-
placebo: 2 flaxseed women 14 weeks hydroxyestrone did not. The authors concluded that flaxseed
doses v. nothing total may have chemoprotective effects in postmenopausal

women; no adverse effects were reported.

Haggans et al. { Randomized 16 healthy 10 g/day 2 full Flaxseed, but not wheat bran, increased excretion of 2-

2000 crossover: 4 premeno- flaxseed; 10 menstrual hydroxyestrogen and the ratio of the two metabolites (2-
treatments—nothing, | pausal g/day flaxseed | cycles for hydroxyestrogen/16a-hydroxyestrone), regarded as
flaxseed, wheat women aged | + 28 g/day each arm; 4 | chemoprotective against breast cancer risk.
brand, flaxseed + 20-38 years wheat bran cycles total
wheat bran with flaxseed

Hallund etal. | Randomized, double- | 22 post- 500 mg/day 8 weeks for | The SDG intervention increased both plasma and urine

2006 blind, placebo- menopausal SDG extracted | each period | levels of enterolactone; no other measures (total cholesterol,
controlled crossover: | women from flaxseed LDL, HDL, triacylglycerols, antioxidant capacity, ferric-
muffing with SDG or reducing ability, and lipoprotein oxidation lag time) were
placebo significantly affected. No adverse effects attributable to the

intervention were reported.
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Table 34. Human Studies

Whole and Milled Flaxseed

Citation Study Design Subjects Dose Duration Results
Hutchins et al. | Randomized 31 healthy 5 or 10 g/day 7 weeks at Excretion of matairesinol was not affected by flaxseed
2000 crossover, no post- flaxseed each dose; consumption, but excretion of enterolactone and enterodiol
placebo: 2 doses of menopausal 14 weeks were increased in a dose-dependent manner.
flaxseed or nothing women aged total
52-82 years
Jenkins etal. | Randomized 29 hyper- 50 g/day 3 weeks for | Reductions were seen in total and LDL cholesterol and
1999 placebo-controlled lipidemic partially each apolipoprotein B along with an increase in triacylglycerois.
crossover; flaxseed subjects (22 defatted treatment Thiol concentrations were lowered. No changes were seen
v. wheat bran males and 7 flaxseed in blood pressure, apolipoprotein A-1, protein carbonyl
post- content, or agonistic or antagonistic activities of serum
menopausal androgen and progestin. These effects were attributed to the
women) mucilage content of the flaxseed.
Kelley et al. Randomized 10 healthy 31.7 g/day 56 days for Flaxseed oil suppressed proliferation of peripheral biood
1991 crossover, no males age 21- | flaxseed oil each mononuclear cells cultured with T-cell mitogen, but
placebo: flaxseed v. | 37 treatment concentrations of granulocytes, lymphocytes, and
nothing monocytes did not differ, nor was there any change in
numbers of circulating T cells (Leu-4, CD3), helper-inducer
cells (Leu 3a, CD4), suppressor/cytotoxic cells (Leu-2a,
CD8), or B cells (Leu-12, CD19). No differences were seen
in concentrations of IgG. Flaxseed oil suppressed some
indices of cell-mediated immune function without affecting
markers of humoral immunity. No signs of health risks were
observed.
Kurzer et al. Randomized 13 pre- 10 g/day 3 full Flax consumption increased fecal excretion of the lignans
1995 crossover, no menopausal flaxseed menstrual enterodiol, enterolactone, and matairesinol, but there was no
placebo: flaxseed v. | women cycles effect on fecal excretion of the isoflavonoids daidzein, equol,
nothing (average age genistein, and O-demethylangolensin.
=28)
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Table 34. Human Studies

Citation Study Design Subjects Dose Duration Results
Lampe et al. Randomized 18 pre- 10 g/day 3 full Flaxseed resulted in increased urinary excretion of
1994 crossover, no menopausal flaxseed menstrual enterolactone, enterodiol, and total lignan, but no change in
placebo: flaxseed v. | women age cycles excretion of matairesinol or the isoflavonoids tested—
nothing 20-34 daidzein, equol, genistein, and O-demethylangolensin.
Lemay et al. Randomized 25 hyper- 40 g/day 2 months for | No difference in the two regimens regarding decreasing
2002 crossover: 2 cholesterol- flaxseed each menopausal symptoms, reducing glucose and insulin levels,
treatments; flaxseed | emic treatment or reducing LDL cholesterol, but only the hormone-
v. hormone therapy menopausal replacement therapy was effective in increasing HDL
women cholesterol and apolipoprotein A-1, as well as sex hormone
binding globulin, and in lowering plasminogen activator
inhibitor type 1.
Lewis et al. Randomized, double- | 87 women 1-8 | 25 g/day 16 weeks Hot flashes were significantly less severe with flaxseed than
2006 blind, placebo- years post- flaxseed with the control muffins, but there was no significant effect
controlled menopause providing 50 mg on the quality-of-life instrument.
lignan
Lucas et al. Randomized, 36 post- 40 g/day 3 months Gl problems were more frequent in the wheat-flour group
2003 parallel, double-blind, | menopausal flaxseed while palatability issues were more frequent for flaxseed.
placebo-controlled: women Flaxseed lowered both total and non-high-density
flaxseed v. wheat- cholesterol and apolipoproteins A-1 and B; other measures
flour were not significantly affected. Flaxgseed had no effect on
bone metabolism, nor did it exert any estrogenic properties
as assessed by the lack of effects on circulating levels of
sex hormones.
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Table 34. Human Studies

Citation Study Design Subjects Dose Duration Results
Nesbitt et al. Randomized 9 healthy pre- | 5, 15, or 25 7 days for Dose-dependent plasma levels and urinary excretion of
(1999) crossover: doses of menopausal g/day raw each arm lignan (primarily enterodiol) were observed, with plasma
flaxseed, raw v. women age ground flaxseed levels peaking approximately 9 hours after ingestion. There
processed 2040 or 25 g/day were no difference in lignan concentrations between
processed ingestion of raw and processed flaxseed.
flaxseed
Phipps et al. Randomized 18 healthy 10 g/day 3 full The flax cycles were consistently associated with longer
(1993) crossover: no women age flaxseed menstrual luteal phase of the menstrual cycle, but there were no
placebo: flaxseed v. | 20-34 years cycles for changes in excretion of enterolactone or enterodiol or in
nothing each arm blood levels of estradiol, estrone, testosterone,
progesterone, dehydroepiandrosterone sulfate, or sex
hormone-binding globulin. Flaxseed ingestion resulted in a
decreased tendency to ovarian dysfunction.
Rosling 1993 | Open label 2 male adults | 60 g/day 10 days Exhibited a 7-fold increase in urinary excretion of
ground flaxseed thiocyanate from an average of 32 umol to 247 pmol.
Shultz et al. Open label 6 healthy 13.5 g/day 6 weeks Urinalysis found enterodiol and enterolactone raised by a
(1991) males age 25- | flaxseed flour factor of 7-28-fold over baseline, with enterolactone 5-10-
42 foid greater than enterodiol. Blood showed no change in
total testosterone, free testosterone, or sex-hormone-binding
globulin and no effects on liver function, plasma glucose,
blood urea nitrogen, creatinine, alkaline phosphatase,
calcium, phosphorus, sodium, potassium, chloride,
triacylglycerols, or total cholesterol.
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Table 34. Human Studies

Whole and Milled Flaxseed

Citation Study Design Subjects Dose Duration Results
Snyder et al. Randomized 161 prostate | 30 g/day Average of | The men receiving flaxseed had higher intakes of ALA and
2007 placebo-controlled cancer flaxseed 30-31days | higher n-3/n-6 ratios than the other groups, and had higher
patients with levels of EPA in erythrocytes and prostatic tissue as well as
prostatectomy higher n-3/n-6 ratios in prostatic tissue. The authors
surgery concluded that conversion of ALA to EPA occurs with
scheduled for flaxseed and may support its use in the treatment of prostate
atleast 3 cancer.
weeks later
Spence et al. Random-sequence 35 post- 35 g/day 3 months for | All 3 flaxseed treatments reduced blood pressure, peripheral
(2003) double-blind Latin menopausal flaxseed each resistance, plasma cortisol, and plasma fibrinogen during
square crossover: 3 | women age cultivar; 9 mental stress, but the strain high in SDG was the most
flaxseed strains 54-70 years months total | potent. Concluded that flaxseed may be an altenative to
(Linola 989, AC hormone replacement therapy in reducing vascular risk
Linora, Flanders) among postmenopausal women. No adverse effects were
reported in this study.
Stuglin and Open-label study 15 healthy 32.7 g/day 4 weeks Blood concentrations of triacylglycerols increased and those
Prasad (2005) males age 22- | flaxeed of creatinine decreased, but most parameters remained
47 unchanged: blood pressure, heart rate, hemoglobin, red
blood cell counts, white blood cell counts, neutrophils; total,
HDL, LDL, and VLDL cholesterol; bilirubin, aspartate
aminotransferase, alkaline phosphatase, protein, albumin,
glucose, and urea. Ingestion of 32.7 g flaxseed/day had no
adverse effects on blood lipids, liver or kidney enzymes, or
the hemopoietic system.
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Table 34. Human Studies

Citation Study Design Subjects Dose Duration Results
Tarpila et al. Controfled double- 80 food- 1.3% ground 4 weeks No changes were seen in blood levels of hemoglobin,
(2002) blind crossover; no company flaxseed and each arm leukocytes, aspartate or alanine amino transferases, alkaline
placebo: flaxseed v. | employees 5% flaxseed oil | followed by | phosphatase, creatinine, total cholesterol, HDL or LDL
nothing (62 women, 4-month cholesterol, triacylglycerols, total fatty acids, or in
18 men, open label thiocyanate or cadmium. There were increased levels of
mean age 43 follow-up enterolactone. No differences were seen in myristic,
years); 15 in pentadecanoic, palmitic, palmitoleic, stearic, linoleic,
follow-up arachidonic, or docosahexaenoic acids; levels were lowered
of oleic, vaccenic, and dihomo-y-linoleic acid; and increased
levels existed of a- and y-linolenic acids and their
metabolites eicosapentaenoic and docosapenaenoic acids.
The authors concluded that the addition of flaxseed products
to the diet may produce beneficial changes in blood levels of
enterolactone and a-linolenic acid without causing
deleterious effects.
Thompson et | Randomized, 19 women 25 g/day Until The flaxseed group had higher lignan excretion, and
al. (2005) parallel, double-blind, | (average age | flaxseed surgery, an | exhibited significant reductions in tumor cell proliferation and
placebo-controlled: 70 years) with average of c-erbB2 expression and an increased level of apoptosis.
fiaxseed v. whole newly 32 days Concluded that flaxseed has the potential to reduce breast-
wheat flour diagnosed cancer tumor growth and invasiveness and is a safe and
breast tumors tolerable intervention.
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4.4. Observational Studies

A number of observational studies—prospective and retrospective cohort studies as well
as nested case-control studies—have addressed the question of a possible relationship between
ALA intake and the risk of prostate cancer, and one study examined associations between
consumption of phytoestrogens such as the lignans found in flaxseed and prostate cancer risk.

Giovannucci et al. (1993) studied the association between fat intake and prostate cancer
using data from the Health Professionals Follow-up Study, a prospective cohort of 51,529 U.S.
men age 40-75 years who completed a “validated” food-frequency questionnaire in 1986. (It
should be noted that the validity of food-frequency questionnaires is seriously questioned,
particularly for estimates that may depend on levels of consumption of specific foods as opposed
to broad food categories. See, for example, Schaefer et al. 2000). As of 1990, 300 cases of
prostate cancer were identified in the cohort. Associations were found between advanced
prostate cancer and consumption of animal fat but not vegetable fat. Similar associations were
also found with saturated fat, monounsaturated fat, and ALA, but not linoleic acid.

In 1982, at the start of the Physicians’ Health Study, 14,916 U.S. male physicians
provided plasma samples. In a nested case-control design, Gann et al. (1994) compared plasma
fatty acids of 120 men who later developed prostate cancer with 120 matched controls. There
was an overall trend for men with higher levels of plasma ALA to be in the prostate cancer group
rather than the control group, although the relative risk of the highest quartile was lower than that
of the 2 or 3" quartiles. The authors concluded that the effects of ALA warrant further study.

A population-based case-control study was conducted in Orebro County, Sweden from
1989 to 1994, in which 526 patients with newly diagnosed prostate cancer were compared with
526 randomly selected matched controls (Andersson et al. 1996). While positive associations
with prostate cancer were found for total energy intake, total fat, protein, retinol, and zinc, the
association with AL A was insignificantly negative.

Harvei et al. (1997) used a nested case-control study to study relationships between blood
lipids and later development of prostate cancer. Among blood donors to the Janus serum data
bank in Norway, 141 later developed prostate cancer; they were matched with other donors who
did not develop cancer. Positive associations were found for palmitoleic acid, palmitic acid, and
ALA. No information was available regarding diet or the sources of these fatty acids, all of
which are found in foods of both animal and plant origin.

The Netherlands Cohort Study, including 58,279 males age 55-69 years, was initiated in
1986, at which time participants completed a 150-item semiquantitative food-frequency
questionnaire. After 6.3 years of follow-up, Schuurman et al. (1999) identified 642 incident
prostate carcinoma cases for comparison with 1525 matched controls in a case-cohort study. No
individual fatty acids had statistically significant associations with prostate cancer, but oleic acid
showed a positive association and ALA a negative one. Indeed, one of the analyses of ALA
showed a statistically significant reduced risk of prostate cancer with increasing intake, but this
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reduction fell to non-significance when the data were adjusted for socioeconomic status, family
history of prostate cancer, energy intake, and energy-adjusted fat intake.

A case-control study was conducted in Barcelona, Spain, in which 217 incident cases of
prostate cancer were matched with 434 controls by age and residence (Ramon et al. 2000). A
semiquantitative food-frequency questionnaire was used to assess food intake. A significant
positive association was found between prostate cancer risk and consumption of animal fat and
ALA, and a negative association was found with vitamin C. Sources of AL A were not identified,
but the positive association with animal fat and negative association with vitamin C may point to
animal rather than plant sources.

De Stefani et al. (2000) conducted a case-control study on diet and prostate cancer in
Uruguay, in which 217 advanced prostate cancer cases were matched with 431 controls on age,
residence, and urban/rural status. All participants were administered a 64-item food-frequency
questionnaire. Positive associations were found for total fat intake, saturated and
monounsaturated fats, and ALA; a negative association was found for oleic acid. In this study, as
is evident from the associations, meat rather than vegetable-based foods was the primary source
of ALA, although the authors concluded that the association with prostate cancer was significant
for ALA from both sources.

In a small case-control study with 67 prostate cancer patients matched with 156
population-based controls, Newcomer et al. (2001) compared levels of erythrocyte membrane
fatty acids. Positive associations were found with higher levels of ALA, linoleic acid, and total
n-6 fatty acids. As was noted by Godley et al. (1996), the n-3 fatty acid composition of
erythrocyte membranes appear to be generally valid indicators of n-3 fatty acid intakes, but it is
not yet proven that they are valid measures of intake of the individual fatty acids.

Mannisto et al. (2003) investigated the effects of fatty acids on the risk of prostate cancer
in a nested case-control study. In a cohort of 29,133 male smokers age 50-69 years (from the
Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study), 246 men with diagnosed prostate
cancer were identified. One control was selected and matched by age for each of these cases; of
these pairs, 198 had baseline serum samples available for both members. Dietary intakes of fatty
acids were assessed from a self-administered dietary questionnaire, and fatty acids of serum
cholesterol esters were measured using capillary gas chromatography. No association was found
between either dietary intake or serum levels of ALA and the risk of prostate cancer.

From a cohort of 47,866 males age 40-75 years with no cancer at baseline (from the
Health Professionals Follow-Up Study) followed from 1986 to 2000, Leitzmann et al. (2004)
identified 2965 new cases of prostate cancer, 448 of which were advanced. ALA intake, as
assessed by 3 administrations of a semiquantitative food-frequency questionnaire, was not
related to the risk of total prostate cancer; however, extreme levels of ALA intake from beef,
pork, lamb, cheese, skim milk, mayonnaise, salad dressings, and margarine were positively
related to the risk of advanced prostate cancer. It should be noted that none of these food sources
include as constituents either flaxseeds or flaxseed oil.

GRAS Monograph for 128 JHEIMBACH LLC
Whole and Milled Flaxseed
000138



Associations among dietary phytoestrogens, serum enterolactone, and the risk of prostate
cancer were examined in the Cancer Prostate Sweden Study, a case-control study (Hedelin et al.
2006). Dietary intake questionnaire data were available for 1,499 prostate cancer cases and 1,130
controls, with serum enterolactone levels in a sub-group of 209 cases and 214 controls. Logistic
regression was used to estimate multivariate odds ratios for associations with risk of prostate
cancer. High intake of food items rich in phytoestrogens (flaxseed, sunflower seeds, berries,
peanuts, beans and soy) was associated with a decreased risk of prostate cancer. The odds ratio
comparing the highest to the lowest quartile of intake was 0.74 (p=0.01). Intermediate serum
levels of enterolactone were associated with a decreased risk of prostate cancer. The authors
concluded that, “Our results support the hypothesis that certain foods high in phytoestrogens are
associated with a lower risk of prostate cancer.” In this study, the highest contributors to
isoflavonoids were soy products while the primary contributors to lignan intakes were flaxseed
and rye bread.

The significance of this body of research is discussed in the following section.

4.5. Potential for Adverse Effects from Overconsumption of a-Linolenic Acid

The IOM’s Panel on Macronutrients (IOM 2002) did not set a Tolerable Upper Intake
Level (UL) for a-linolenic acid (ALA) or for total n-3 fatty acids because quantitative data were
lacking. However, FDA has previously determined that a daily intake of up to 3 g/day of EPA
and DHA combined is without significant likelihood of harm (FDA 1997b).

A large number of studies have addressed the question of the bioconversion of ALA
(18:3 n-3) to EPA and DHA. The initial conversion of ALA to EPA begins with the introduction
of a double bond by the action of A6-desaturase (IOM 2002), producing 18:4 n-3; this is the rate-
limiting reaction of the pathway (Williams and Burdge 2006). The conversion continues with the
addition of C, by elongase activity, followed by a second desaturation by A5-desaturase to form
EPA. The formation of DHA requires a number of additional steps (IOM 2002) and is
biologically difficult. A review of these studies by Williams and Burdge (2006) led them to
conclude that the best estimate of the maximum conversion of ALA to EPA in adults is
approximately 8% (and often less). Further transformation to DHA is less than 1% efficient in
males but perhaps as high as 9% in females..

Accepting the maximum figure of 8% for the bioconversion of ALA to EPA, about37 g
of ALA is needed to produce 3 g of EPA. Since ALA constitutes about 25% of whole or ground
flaxseed, ingestion of about 150 g of flaxseed would be needed to obtain sufficient ALA to be
converted to 3 g of EPA. This is far higher than the likely consumption of flaxseed resulting
from its intended use.

A number of cohort studies have found correlational relationships that allegedly implicate
high intakes of ALA in increased risk of prostate cancer. A review of this literature (Brouwer et
al 2004) noted that no clinical trials report any relationship of ALA intake with prostate cancer
(or with prostate-specific antigen), but concluded that the apparent association seen in cohort
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studies is “of concern and warrants further study.” They conceded, however, that, “It is quite
uncertain at present whether the effect on prostate cancer is real” (Brouwer et al. 2004, p 921).

This review also investigated associations between ALA intake and fatal coronary heart
disease (CHD). For the CHD review, the authors limited their investigation to prospective cohort
studies, because “these are regarded as having the strongest design of all observational studies,
and also because case-control studies do not provide reliable information on diet and fatal heart
disease” (Brouwer et al. 2004, p 919). Nevertheless, when the authors turned to the meta-analysis
of ALA and the risk of prostate cancer, they selected all observational studies, prospective or
retrospective, as well as case-control studies.

Their summary of Mannisto et al. (2003) was curious. Brouwer et al. (2004) cited the
findings of this study as “the relative risk for prostate cancer in the 4™ versus the 1% quartile of
ALA intake was 1.16” (p 921). Mannisto et al. (2003), on the other hand, reported their own
findings as, “No differences were found for mean intakes of fatty acids between the cases and the
controls” (p 1423) and “No significant associations were found between serum ALA or any other
fatty acid and prostate cancer risk” (p 1424).

The Brouwer et al. (2004) analysis included 9 observational studies that investigated
prostate cancer incidence or prevalence and intake of ALA or blood levels of ALA, all of which
were discussed above. It is noteworthy that 2 of the largest studies, Schuurman et al. (1999) with
642 prostate cancer cases and Andersson et al. (1996) with 526 patients, found negative
associations between ALA and prostate cancer. Further, all of these studies have been
observational rather than controlled, and most of them have been retrospective or case-control
rather than prospective. While there may be some cause for concern with extremely high levels
of intake of ALA, it clear that a causative role of this fatty acid has not been shown, particularly
at the levels of intake anticipated to result from the intended use of whole and ground flaxseed.
In must also be noted that a similar case-control study of associations between consumption of
foods rich in lignans and isoflavonoids, discussed above, found that men consuming greater
amounts of these foods had a lower risk of prostate cancer (Hedelin et al. 2006).

There have been 2 prospective intervention studies (both discussed earlier) regarding
flaxseed ingestion and prostate cancer, and both have shown small but beneficial rather than
adverse effects. In Demark-Wahnefried et al. (2001), 25 prostate-cancer patients awaiting
prostatectomy were placed on a low-fat (20% of energy or less) diet supplemented with 30 g/day
ground flaxseed for the 21 to 77 days (average = 34 days) before surgery; only historical controls
were available. At baseline and follow-up levels of prostate-specific antigen (PSA), testosterone,
free androgen index, and total serum cholesterol were measured, and tumor proliferation and
apoptosis were compared with historical data. Total cholesterol was significantly lowered, as
were total testosterone and free androgen index. Levels of PSA were unaffected. As compared
with historical controls, both proliferation rate and apoptosis were favorably affected by the
flaxseed intervention.

In a similar study reported in 2007 (Snyder et al. 2007), the effects of flaxseed
supplementation and dietary fat restriction on the progression of prostate cancer were examined
in 161 prostate cancer patients. Patients received 30 g flaxseed/day, dietary fat restriction to
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<20% of total energy, flaxseed supplementation + dietary fat restriction, or control. Erythrocytes
and prostatic tissue were analyzed for fatty acids. The men receiving flaxseed had higher levels
of EPA in erythrocytes and prostatic tissue as well as higher n-3/n-6 ratios in prostatic tissue.
The authors concluded that conversion of ALA to EPA occurs with flaxseed and may support its
use in the treatment of prostate cancer.

ALA is regarded as an essential fatty acid. As was discussed above, the IOM Panel on
Macronutrients (IOM 2002) established an Adequate Intake for ALA at 1.6 g/day for adult males
and 1.1 g/day for adult females. Also as noted previously, Gebauer et al. (2006) cited 5 other
authoritative bodies that have promulgated dietary recommendations regarding ALA, all of them
higher than the Al set by the IOM, which is simply the average consumption in the U.S.
population where there is no obvious sign of ALA deficiency. The recommendations
summarized by Gebauer et al. (2006) were:

e 3 g ALA/day by a 1989 North Atlantic Treaty Organization workshop;

e 2.2 g ALA/day by a workshop of the International Society for the Study of Fatty Acids
and Lipids (ISSFAL) in 1999;

e 2 g AL A/day by the Eurodiet Commission in 2000;

o 1.8 g ALA/day by the French Apports Nutritionnels Conseilles in 2001; and

1.6 g ALA/day by ISSFAL in 2004.

4.6. Potential for Adverse Effects from Overconsumption of Total Fiber

The Panel on Macronutrients (IOM 2002) reviewed the published literature regarding the
potential for adverse effects due to overconsumption of dietary fiber and due to overconsumption
of functional fiber. One area of particular emphasis was the effect of fiber intake on mineral
bioavailability, particularly calcium, magnesium, iron, and zinc. The panel concluded that there
is little evidence that fiber itself, absent phytate, has adverse effects on mineral absorption or
status. The panel also concluded that intake of dietary fiber at levels in excess of 40 g/day do not
result in significant increases in gastrointestinal distress absent special circumstances such as
pancreatic disease. The panel summarized its discussion of dietary fiber as follows:

“Dietary Fiber can have variable compositions and therefore it is difficult to
link a specific fiber with a particular adverse effect, especially when phytate is
also often present. It is concluded that as part of an overall healthy diet, a high
intake of Dietary Fiber will not produce significant deleterious effects in
healthy individuals. Therefore, a Tolerable Upper Intake Level is not set for
Dietary Fiber” (IOM 2002, p 7-43).

The IOM (2002) panel also examined the need to set a Tolerable Upper Intake Level
(UL) for isolated and synthetic fibers (functional fiber), because it is possible to concentrate
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large amounts of these fibers in foods, beverages, and supplements. The panel suggested that it
would be informative to develop projections regarding the potential contribution of functional
fiber to daily total fiber intake. Noting that functional fiber, like dietary fiber, is not digested by
mammalian enzymes and passes into the colon, the panel determined that any potentially
deleterious effects of functional fiber ingestion would be on the interaction with other nutrients
in the gastrointestinal tract. The panel summarized its review as follows:

“While occasional adverse gastrointestinal symptoms are observed when
consuming one of the above isolated or synthetic fibers, serious chronic adverse
effects have not been observed. Furthermore, due to the bulky nature of fibers,
excess consumption is likely to be self-limiting. Therefore, a UL was not set for
these individual fibers” (IOM 2002, p 7-46).

4.7. Potential for Adverse Effects from Exposure to Cyanide from Flaxseed

As was discussed earlier, flaxseed—like many other edible plants (White et al. (1998)
estimated as many as 12,000 plant species)—contains cyanogenic glycosides. If these glycosides
are not removed (by washing) or denatured (by heat), they can produce cyanide in the
gastrointestinal tract as a result of enzymatic hydrolysis by B-glucosidases produced by gut
microbiota. Bhatty (1993) found a range of 0.06—0.12 ppm (mean 0.09 ppm) HCN in a variety
of flaxseed cultivars grown at different locations during different years.

Montgomery (1980) reported the cyanide yield of a variety of different foods. Similarly,
in a background document for evaluation of cyanide in drinking water, the World Health
Organization discussed existing exposures to cyanide from a number of sources, including foods
(WHO 2007). The cyanide concentrations in food products were summarized in a table, a portion
of which is reproduced below as Table 35, along with data from Montgomery (1980).
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Table 35. Cyanide Concentrations in Food Products.

Type of Food Product Cyanide Concentration (ppm)
Cereal grains and products 0.001—0.45"
Soy protein products 0.07——0.3l
Homemade cherry juice from pitted fruits 51!
Commercial cherry juice 4.6l
Commercial apricot juice 22!
Commercial prune juice 1 .91
Cassava (bitter) whole tubers 3801
Cassava (sweet) whole tubers 4451
Sorghum (whole immature plant) 24001; 25002
Bitter almonds 2500°
Bamboo (immature shoot tip) 7700'; 8000°
Lima beans (white American) 1007
Lima beans (from Java, Burma, or Puerto Rico) 2000—3000"
1. Source: WHO (2007)
2. Source: Montgomery (1980)

The average concentration of cyanide in flaxseed, 0.09 ppm, is well within the range
commonly found in plants used as human food. In its 1992 review, JECFA (1993) determined
that data were lacking to establish a safe level of intake of cyanogenic glycosides. However, the
Committee concluded that a level of up to 10 ppm hydrogen cyanide in the Codex Standard for
cassava flour is not associated with acute toxicity. This level is more than 100 times that found in
flaxseeds. Additionally, as was discussed previously, while one study found a statistically
significant (but non-toxic) rise in urinary excretion of thiocyanate after 10 days’ consumption of
60 g/day of flaxseed, two other studies found no change in thiocyanate excretion after 4 weeks
ingestion of either 50 g/day of flaxseed or flaxseed constituting 1.3% of the diet.

4.8. Potential Interactions of Flaxseed with Drugs

Like other foods, flaxseed has the potential to interact with drugs, particularly those taken
orally. The Natural Standard Research Collaboration (Basch et al. 2007) suggested that flaxseed,
like other sources of dietary fiber, may decrease the absorption of coadministered oral
medications. Although no human studies have addressed the issue, the ALA found in flaxseed,
like other n-3 fatty acids, has the potential to reduce platelet aggregation, increase bleeding time,
and reduce inflammation, and thus may potentiate the effect of anticoagulants, antiplatelet
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agents, and nonsteroidal anti-inflammatory drugs. However, as noted above, the conversion of
ALA to EPA and DHA is inefficient and it is likely that such effects would be minor.

Basch et al. (2007) also suggested the possibility that flaxseed would potentiate the effect
of antihyperlipidemic or antihypertensive agents, although the authors admitted that (as
discussed above) the lipid-lowering and blood-pressure lowering effects of flaxseed are
questionable. A higher degree of likelihood exists that flaxseed, which does affect laxation, may
act additively with laxatives or stool softeners.

A Health Canada website (2007) lists common foods that may interact with warfarin.
Flaxseed is included in this list along with cranberry juice, onions, garlic, and products
containing soy protein.

Because flaxseed is an excellent source of lignans which possess in vitro antioxidant and
possible estrogen receptor agonist/antagonist properties, Basch et al. (2007) suggested the
possibility (not supported by direct evidence) that flaxseed ingestion might affect the function of
oral contraceptives, hormone replacement therapy, or other estrogen-related agents.
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5. SAFETY ASSESSMENT AND GRAS DETERMINATION

5.1. Introduction

This chapter presents an assessment that demonstrates that the intended uses of whole
and milled flaxseed are safe, and are GRAS, for direct addition to conventional foods at levels
limited only by cGMP to increase the dietary intake of a-linolenic acid (ALA) and total fiber.
Although there is persuasive evidence of the safety of the intended use of milled or whole
flaxseed as food ingredients from the history of consumption of foods containing flaxseed, this
GRAS determination is based on scientific procedures. Under this approach, the history of
consumption of flaxseed is regarded as one source of supporting information, along with the
findings of in vitro, animal, and human studies addressing the safety of flaxseed ingestion.

This safety assessment and GRAS determination entail two steps. In the first step, the
safety of flaxseed under its intended conditions of use is demonstrated. Safety is established by
demonstrating that the likely intake of flaxseed under its intended conditions of use is within
levels of intake that have been shown to be safe. In the second step, whole and ground flaxseed
are determined to be GRAS by demonstrating that the safety of these products under their
intended conditions of use is generally recognized among qualified scientific experts and is
based on publicly available and accepted information.

S.2. Previous FDA Opinions on the Safety of Flaxseed Products

On February 7, 1983, FDA responded to an inquiry from Harvest Foods Ltd. of
Saskatoon, Saskatchewan, Canada, regarding the status of flaxseed for food use in the U.S. (FDA
1983). In its response, FDA noted that, “Untreated (non-defatted) flaxseed has been used for
food in the United States and the heat processing of the flaxseed inactivates the potential for
hydrogen cyanide production. There is no reasonable toxicological basis to expect a health
concern from the use of either defatted or untreated flaxseed in baked goods.” The FDA response
concluded, “Foods containing up to 12% flaxseed (whether or not the defatted or heat treated)
are not deemed unsafe and we wouldn’t object to their use” (FDA 1983).

Seven years later, on January 25, 1990, FDA again provided an opinion regarding food
use of flaxseed in the U.S. in response to an inquiry from French American Ice Cream Company
of Walnut Creek, California (FDA 1990). This response repeated that, “Untreated (non-defatted)
flaxseed has been used for food in the U.S. as the heat processing of the flaxseed inactivates the
potential for hydrogen cyanide production. There is no reasonable toxicological basis to expect a
health concern from the use of defatted or untreated flaxseed in processed foods.” After
conceding that “FDA does not have data regarding time/temperature requirements needed to
inactivate the flaxseed,” the response concluded, “Foods containing up to 12% flaxseed (whether
or not defatted or heat treated) are not considered to be unsafe and we do not object to their use”
(FDA 1990).
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Finally, a contribution was provided to the 1995 book Flaxseed in Human Nutrition by
Dr. John Vanderveen, then-Director of the Office of Plant and Dairy Foods and Beverages at
FDA (Vanderveen 1995). In his chapter, Vanderveen (1995) noted that “the regulatory status of
flaxseed as an ingredient for human food has not been determined” because no formal petition
had been received requesting FDA to evaluate flaxseed as either a food additive or GRAS
substance. Nevertheless, “the FDA was aware that defatted flaxseed meal was used for many
years as an ingredient in at least two breakfast cereals designed to be served hot and in some
specialty breads.” The review by Vanderveen (1995) noted an FDA response to Maple Leaf
Mills Ltd. of Toronto, Ontario, Canada, in June, 1982, in which FDA concluded, based on both
historical information and its own research, that the inclusion of whole untreated flaxseed in
bread was safe. Vanderveen (1995) also quoted from an undated FDA response to a

Congressional inquiry:

“On the basis of new information indicating that untreated linseed in uncooked
foods such as cold breakfast cereals (containing 10-12 percent linseed) presented
no likelihood of any more exposure to hydrogen cyanide than from other foods
such as lima beans, fava beans, chickpeas, cassava, yams, cashews or almonds,
which also may generate small amounts of hydrogen cyanide during digestion, the
import alert was canceled in 1982 (FDA response to a Congressional inquiry,
quoted in Vanderveen 1995).

Vanderveen (1995) concluded that “the FDA currently is not challenging the status of
flaxseed as an ingredient in bread and other cereal foods,” but he cautioned, “the use of flaxseed
as a food ingredient does not have food additive status nor has it been affirmed as GRAS. ...
Under such circumstances the manufacturer assumes full responsibility for the food’s safety.”

FDA’s lack of concern regarding the safety of flaxseed as a human (or animal) food was
further revealed in the agency’s response to a biotechnology consultation for a new sulfonylurea-
tolerant flaxseed variety, CDC Triffid, also known as line 12115 or FP967 (FDA 1998). FDA
noted that, “The developer reports that only the grain is consumed by man or other animals and
thus, conducted analytical measures on whole seed.” Further, “there are no substantive
differences in composition and all results are within the normal range observed in flax.” FDA
concluded:

“The developer has concluded, based on its safety and nutritional assessment,
that flax modified to be tolerant to sulfonylurea herbicides is not materially
different in composition, safety, or any relevant parameter from flaxseed now
grown, marketed, and consumed. At this time, based on the developer's
description of the data and analysis, the Agency considers the consultation on
CDC Triffid flax to be complete.”

In reaching this conclusion that genetically modified flaxseed is safe for human consumption,
FDA implicitly accepted that non-genetically modified flaxseed is safe for human consumption.

In September of 2006, FDA filed without comment a New Dietary Ingredient notification
from Archer Daniel Midlands (ADM) for its dietary supplement ingredient Beneflax™ Flax
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Lignan Extract (FDA 2006). This filing constituted a finding by FDA that the notification
submitted by ADM provided reasonable assurance that the intended use of Beneflax™ is safe
under the terms of the Dietary Supplement Health and Education Act. The intended use of
Beneflax™ was described in the notification as the inclusion of the lignan extract in hard
capsules at a level of 86 to 860 mg Beneflax™/capsule, providing 30 to 300 mg SDG/capsule.
Further, the recommended dosage was stated to be 1 to 4 capsules per day. Thus, FDA accepted
as safe an exposure to SDG potentially as high as 1200 mg/day.

As was discussed earlier, different analyses of the SDG content of flaxseed have
determined a range of values, from 3.13 mg/g (Smeds et al. 2007) to 13.3 mg/g (Johnsson et al.
2000), with the estimated SDG content being dependent on cultivar, growing conditions,
extraction method, and analytical method. Using these estimates, the amount of flaxseed that
would need to be ingested in order to obtain 1200 mg of SDG is from 90 g to 383 g. These levels
are far higher than those achievable from the intended use of milled or whole flaxseed as food
ingredients; as noted earlier (Section 3.5), the estimated daily intake (EDI) of flaxseed from its
intended use as a food ingredient is only 16 g.

5.3. Other Authoritative Opinions on the Safety of Flaxseed Products

The genetically modified strain of flaxseed discussed above was also reviewed and
approved by Health Canada (1999b). In its review, Health Canada stated:

“The human consumption of flaxseed from CDC Triffid — FP967 will be mostly
via specialty baked goods such as flax/multigrain breads. Additionally, smaller
amounts will be made available for human consumption as either milled
flaxseed or as flaxseed oil. Flax consumption in Canada is small and direct
human consumption has been estimated by the Flax Council of Canada to be on
the order of 4,000 tons annually. The genetic modification of CDC Triffid -
FP967 will not result in any change in the consumption pattern for flaxseed.
Consequently, the dietary exposure of Canadians to this product is anticipated to
be the same as for other lines of commercially available flaxseed.”

Like FDA, Health Canada (1999b) agreed that the composition of the genetically
modified strain did not differ from the parent strain in any ways that would be reasonably
expected to affect safety, and thus concluded, “Health Canada is of the opinion that flaxseed
from CDC Triffid — FP967 is as safe and nutritious as that available from current commercial
flax varieties.”

According to the Flax Council of Canada, “No regulation exists that limits the level of
flaxseed in foods. The Health Protection Branch of Health Canada has established guidelines for
the use of flax in foods at the level of 8% or lower on a dry-weight basis in baking or 4% in dry
cereals” (Morris 2003).

Flaxseed products were also reviewed by the Natural Standard Research Collaboration
for their use as complementary or alternative medicines for therapeutic use (Basch et al. 2007).
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Based on what the reviewers regarded as an inadequate database to evaluate the safety of long-
term use of flaxseed or flaxseed oil as therapeutic agents, they concluded that such use for up to
4 months is “likely safe,” while use for more than 4 months was regarded as “possibly safe.” At
the same time, the reviewers conceded that:

“In the few human case reports available, flaxseed and flaxseed oil appear to be
well tolerated. Although limited human safety data exist, there is long-standing
historical use with few reports of adverse events” (Basch et al. 2007).

It is important to note that the Natural Standard Research Collaboration’s reviews are
limited to assessments of the safety and efficacy of substances for use as complementary or
alternative medicine. Such use of flaxseed, as was reflected in the human studies discussed
earlier, most often involves far higher doses than result from its use as a food ingredient. Few
human studies have investigated doses of less than 30 g/day, and in many studies the participants
have received doses of 55 g or 60 g/day or even higher. As was discussed in Section 3.5, the
estimated daily intake of flaxseed from its intended use as a food ingredient to be added at levels
limited only by ¢cGMP is 16 g, about half of the lowest dose suggested as appropriate for
therapeutic use.

5.4. Regulatory Framework

The regulatory framework for establishing whether the intended use of a substance is
GRAS, in accordance with Section 201(s) of the Federal Food Drug and Cosmetic Act, is set
forth under 21 CFR §170.30. This regulation states that general recognition of safety may be
based on the view of experts qualified by scientific training and experience to evaluate the safety
of substances directly or indirectly added to food. A GRAS determination may be made either:
1) through scientific procedures under §170.30(b); or 2) through experience based on common
use in food, in the case of a substance used in food prior to January 1, 1958, under §170.30(c).
This GRAS determination employs scientific procedures established under §170.30(b).

A scientific procedures GRAS determination requires the same quantity and quality of
scientific evidence as is needed to obtain approval of the substance as a food additive. In addition
to requiring scientific evidence of safety, a GRAS determination also requires that this scientific
evidence of safety be generally known and accepted among qualified scientific experts. This
“common knowledge” element of a GRAS determination consists of two components:

1) data and information relied upon to establish the scientific element of safety must be
generally available; and

2) there must be a basis to conclude that there is a consensus among qualified experts
about the safety of the substance for its intended use.

The criteria outlined above for a scientific-procedures GRAS determination are applied
below in an analysis of whether the addition of flaxseed to food as a nutrient supplement to
increase the daily intake of total fiber and ALA is safe and is GRAS.
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A scientific procedures GRAS determination requires that information about the
substance establish that the intended uses of the substance are safe. The FDA has defined “safe”
or “safety” for food additives under 21 CFR §170.3(i) as “a reasonable certainty in the minds of
competent scientists that the substance is not harmful under its intended conditions of use.” This
same regulation specifies that three factors must be considered in determining safety. These three
factors are:

1) The probable consumption of the substance and of any substance formed in or on
food because of its use (i.e., the EDI);

2) The cumulative effect of the substance in the diet, taking into account any
chemically- or pharmacologically-related substance or substances in such diet; and

3) Safety factors which, in the opinion of experts qualified by scientific training and
experience to evaluate the safety of food and food ingredients, are generally
recognized as appropriate.

5.5. Establishing the Safety of the Intended Use of Flaxseed

5.5.1. EDI of Flaxseed, ALA, and Fiber

Milled and whole flaxseed are intended to be added to conventional foods at levels
limited only by cGMP, standards of identity, or other legal constraints.

As was discussed earlier, developing a reasonable estimate of the intake of flaxseed and
its constituents likely to result from its addition to conventional foods requires a different
approach than is often used for estimating exposure to food additives, pesticide residues, or
environmental contaminants. The accepted method for such exposure estimates is to assume that
all target foods contain the additive or other substance and multiply its concentration by the
amount of the foods consumed. However, flaxseed is an ingredient for which use is constrained
by regulatory, technological, and organoleptic limitations. As a nutrient supplement, flaxseed
must be used in compliance with FDA’s Fortification Policy as presented in 21 CFR §104.20.
FDA'’s statement of purpose for the Fortification Policy indicates that its intention is to “establish
a uniform set of principles that will serve as a model for the rational addition of nutrients to
foods™ (§104.20(a)). Specific policy guidelines include:

e It is not appropriate to fortify fresh produce; meat, poultry, or fish products; sugars; or
snack foods such as candies and carbonated beverages (§104.20(a)).

e The food must be suitable to act as a vehicle for the added nutrient (§104.20(b)(1)).

e The food is not the subject of any other Federal requirement ... that prohibits nutrient
additions (§104.20(b)(2)).
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e A nutrient(s) may appropriately be added to a food that replaces traditional food in
the diet to avoid nutritional inferiority (§104.20(¢)).

e A nutrient added to a food is appropriate only when the nutrient is stable in the food
under customary conditions of storage, distribution, and use (§104.20(g)(1)).

e A nutrient added to a food is appropriate only when the nutrient is physiologically
available from the food (§104.20(g)(2)).

e A nutrient added to a food is appropriate only when the nutrient is present at a level at
which there is a reasonable assurance that consumption of the food containing the
added nutrient will not result in an excessive intake of the nutrient, considering
cumulative amounts from other sources in the diet (§104.20(g)(3)).

e A nutrient added to a food is appropriate only when the nutrient is suitable for its
intended purpose and is in compliance with applicable provisions of the act and
regulations governing the safety of substances in food (§104.20(g)(4)).

The first guideline, in particular, restricts the use of flaxseed as a nutrient supplement by
prohibiting its addition to meat, poultry, or fish products, or to foods of limited nutritional value
(the so-called “jellybean rule™), although this does not restrict its addition a relatively low levels
for technological functions such as binding, thickening, or stabilizing. Flaxseed is also subject to
technological and organoleptic limitations: there are many foods for which it is not possible to
add flaxseed or any fiber at a high level and still have a product acceptable to consumers.

As was discussed in Section 3.5, FDA has developed an approach to estimating how
many servings of foods containing oat fiber or fiber from psyllium husks might reasonably be
consumed in a day. FDA concluded that it is not reasonable to expect people to consume more
than four servings a day of such foods—one at each meal and a fourth serving at a snack.
Applying this same reasoning to flaxseed, it is reasonable to estimate that people will not
generally consume more than four servings a day of foods containing this source of fiber. If each
of these four servings is of a food contained 4 g of flaxseed, then the daily intake of flaxseed
would be 16 g. If some of the foods selected contain fewer than 4 g flaxseed/serving, then the
daily intake would be less than 16 g.

Thus, the EDI of flaxseed is 16 g/day. Since flaxseed comprises about 25% a-linolenic
acid (ALA) and 25% fiber , the EDI of both ALA and fiber from the intended use of flaxseed is 4
g/day. Since ALA is an essential n-3 fatty acid, since it is widely recognized that increasing the
ratio of n-3/n-6 fatty acids in the diet would be beneficial, and since there is no known safety
issue with such an increase in ALA intake, such an increase is safe. As discussed previously, for
most individuals in the U.S., addition of 4 g/day of fiber merely serves to raise their intake of
fiber in the direction of recommended levels, with no likelihood of overconsumption. Further, as
was pointed out by the IOM Panel on Macronutrients, the bulking effect of fiber is likely to make
consumption self-limiting, again reducing the likelihood of overconsumption. In addition to
observing the self-limiting nature of fiber consumption, the IOM Panel determined that there is
no likelihood of adverse consequences of excessive fiber consumption other than transient
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gastrointestinal disturbances such as minor bloating or flatulence. It was for these reasons that
the panel concluded that there was no basis for setting a Tolerable Upper Intake Level for either
dietary fiber or functional fiber.

5.5.2. History of Consumption of Flaxseed
Vaisey-Genser and Morris (2003) reported that:

“Humans have been eating flax for thousands of years. Flax is a founding crop,
being one of the first domesticated plants. Its cultivation likely began in the
fertile valleys of the so-called Fertile Crescent in Mesopotamia about 8,000 to
10,000 years ago. Flax was valued in Ancient and Early Modern times as both a
food and medicine.”

Historical records indicate that flaxseed was consumed in Turkey, Syria, Jordan, and Iran at least
as early as 9000-8000 B.C. (Hall et al. 2006).

Writing for the Canadian Department of Agriculture and Agri-Food, Oomah (2001)
observed that, “Flaxseed consumption in various forms as a food ingredient and for its medicinal
properties dates from 5000 BC since its cultivation.” Another Canadian government scientist
from the Health Products and Food Branch of Health Canada wrote, “It is common, at least in
Canada, to find bread and other bakery products with flaxseed added” (Lee 2006).

Similarly, FDA scientists Babu et al. (2003) stated that, “Flaxseed has a history of food
use in Europe and Asia. At about 12% level, flaxseed has been accepted as a component in some
brands of cereal, in specialty breads and cookies, as a seed dressing, and in other bakery products
in the U.S. Food products containing flaxseed are found primarily in the north and midwestern
parts of the United States.” In the same year, the same group of FDA scientists also wrote,
“Flaxseed food products have been found with increasing frequency in supermarkets and health
food stores all over the country. Increased consumption of flaxseed products by everyone,
including pregnant women, is anticipated due to [its] potential health benefits” (Collins et al.
2003). As was discussed previously, the Natural Standard Research Collaboration’s review of
flaxseed (for use as a complementary or alternative medicine) concluded that, “Although limited
human safety data exist, there is long-standing historical use with few reports of adverse events”
(Basch et al. 2007).

Despite its long history of food use, flaxseed has remained a minor constituent of the diet
in the United States, and it therefore is not recorded in the national food consumption surveys;
thus, current consumption of flaxseed cannot be quantitatively documented. As a part of its New
Dietary Ingredient notification to FDA, Archer Daniel Midlands included a listing of some food
products containing flaxseed (ADM 2006). These included:

o Country Harvest Flax Bagels
e Flax Plus Raisin Bran Cereal
e Flax Plus Multibran Cereal

GRAS Monograph for 141 JHEIMBACH LLC
Whole and Milled Flaxseed ,
000151



e Stonemill Flax & Honey Bagels
e Stonemill Golden Flax Bread
e Country Harvest Sunflower Flax Bread
e (Casa Mendosa Tortillas
e Lavash Flatbread Pita Bread
e Country Harvest Flax Bread
Nature’s Path Instant Flax ‘n Oats (hot oatmeal cereal)
e Nature’s Path Multibran Cereal
e Golden Flax High Fiber Cereal

This same notification also reported data from a Mintel Global New Products Database of new
flaxseed product introductions in 2004 (ADM 2006). According to these data, 166 flaxseed
products were introduced in the U.S. that year, along with 57 in Canada, 6 each in the UK and
France, and smaller numbers in countries ranging from Australia to Israel.

5.5.3. Toxicity Studies And Human Trials Establishing the Safety of Flaxseed

In addition to the presumption of safety of the intended use of flaxseed resulting from its
history of use, there is abundant experimental evidence available to establish the safety of the
intake of flaxseed anticipated to result from its intended use. This evidence includes extensive
oral toxicity studies of flaxseed and its constituents in rats, mice, piglets and rabbits as well as
numerous human trials in both healthy and diseased populations in which the only effect

observed that might be regarded as adverse was increased laxation, observed in a small number
of studies.

Far from producing adverse effects, flaxseed appears to provide several physiological
benefits. The most firmly established benefit resulting from ingestion of flaxseed fiber is
increased laxation; attenuation of the postprandial rise in insulin and/or glucose levels and
beneficial effects on blood lipids are supported by some experimental evidence but must be
regarded as unproven. Other benefits that have been studied in a small number of studies and
received some support include reductions in the risk of the incidence or progression of prostate
or breast cancer, anti-inflammatory properties (most likely attributable to ALA), and
renoprotective effects, especially in lupus nephritis patients. The evidence for these benefits must
be regarded as no more than suggestive.

Both flaxseed itself and is constituents, including flaxseed meal (defatted flaxseed),
flaxseed oil, and lignans, have been subjected to toxicological assessment in a number of
subchronic toxicity studies ranging in duration from 50 days to 125 days. The no observed
adverse effect level (NOAEL) for flaxseed was in all cases the highest level tested in both the rat
and the piglet:

o 40% dietary concentration (30,000 mg/kg bw/day) in the SD rat for 90 days
(Raynayake et al. 1992)
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e 10% dietary concentration (7500 mg/kg bw/day) in the SD rat for 50 days (Yuan
et al. 1999)

e 10% dietary concentration (7500 mg/kg bw/day) in the Fischer 344 rat for 100
days (Hemmings et al. 2004)

o 10% dietary concentration (2700 mg/kg bw/day) in the Yorkshire x Landrace gilt
(piglet) for 125 days (Farmer et al. 2007)

The NOAEL for flaxseed meal was also the highest level tested, 6.5% dietary
concentration (1750 mg/kg bw/day) in the Yorkshire x Landrace gilt (piglet) for 125 days
(Farmer et al. 2007), and the NOAEL for flaxseed oil was the highest level tested, 3.5% dietary
concentration (950 mg/kg bw/day) in the same study. The NOAEL for flaxseed oil in the rat,
however, was 1950 mg/kg bw/day, based on the findings of Hemmings et al. (2004).

Three toxicity studies of secoisolariciresinol diglucoside (SDG) both determined that the
NOAEL was the only dose tested:

e 9 mg/kg bw/day of SDG by gavage in the SD rat for 50 days (Yuan et al. 1999)

e 63 mg/kg bw/day of SDG in the diet of the Fischer 344 rat for 100 days
(Hemmings et al. 2004)

e 40 mg/kg bw/day of flaxseed lignan complex (containing 14 mg/kg bw/day of
SDG) in the diet of the New Zealand white rabbit for 60 days (Prasad 2005)

The only subchronic toxicity study relevant to flaxseed safety in which the NOAEL was
not the highest dose tested was a 90-day study in which Wistar rats received up to 4% dietary
concentration of 7-hydroxymatairesinol (7-HMR), a lignan found only in trace quantities in
flaxseed but chemically related to matairesinol (Lina et al. 2005). The NOAEL in this study was
0.25% dietary concentration, equivalent to 160 mg/kg bw/day.

Because of the potential for estrogenic effects of flaxseed, particularly due to the lignan
content, there have been a large number of toxicity studies addressing developmental and
reproductive parameters. The 15 published studies available have assessed the safety of flaxseed
or a constituent—flaxseed meal, ALA, or SDG. All but one of these studies used rat models,
nearly all of them Sprague-Dawley rats, and one study of flaxseed oil was conducted with Sv/Ev
mice. The flaxseed doses used in these studies ranged from 5% dietary concentration
(approximately 3750 mg/kg bw/day) to 40% dietary concentration (30,000 mg/kg bw/day).

Studies in which flaxseed was administered at 5% dietary concentration most often found
no effect ((Tou and Thompson 1997; Orcheson et al. 1998; Tou et al. 1998b) as did a number of
studies that tested higher doses: no effect was found with flaxseed at 10% of the diet by
Orcheson et al. (1998), Ward et al. (2001a), Ward et al. (2001b), or Hemmings and Barker
(2004). An absence of effects has been observed at even higher doses; Wiesenfeld et al. (2003)
found no effects other than non-adverse changes in fatty acid absorption in SD rats given
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flaxseed meal (defatted flaxseed) at 13% or 26% of the diet or flaxseed at 20% or 40% of the
diet. Other studies assessing specific adverse effects have also found an absence of adverse
effects from flaxseed even at high concentrations; Sprando et al. (2000b) found no effect of
flaxseed on spermatogenesis or testis structure at either 20% or 40% of the diet.

However, other studies of higher dietary concentrations of flaxseed have found estrogenic
or antiestrogenic effects. These effects often appear to be contradictory, with one effect
appearing at one dose and the opposite effect appearing at a different dose, particularly in the
studies by Tou et al., who in 1999 (Tou et al. 1999) suggested that the dose, timing, and duration
of flaxseed exposure all affect its hormonal effects and concluded that lower concentrations tend
to produce antiestrogenic effects while higher concentrations produce estrogenic effects.
Although no adverse effects were seen on growth, clinical chemistry, hematology, or
histopathology at any dose, flaxseed appears to consistently produce weak estrogenic effects at
high levels of intake even though these effects seem to be inconsistent from study to study.
Although Wiesenfeld et al. (2003) found no adverse effects in dietary concentrations as high as
40%, approximately equivalent to 30,000 mg/kg bw/day, other investigators did see effects at
this level that may be regarded as adverse.

The totality of the research appears to support the conclusion that consistent estrogenic
effects are not observed at doses of flaxseed as high as 3750 mg/kg bw/day (5% dietary
concentration). It is also notable that human studies in which flaxseed was fed at high doses have
generally found an absence of estrogenic effects. Phipps et al. (1993) gave women 10 g/day of
flaxseed (170 mg/kg bw/day for a 60-kg woman) through 7 complete menstrual cycles and
observed no estrogenic or antiestrogenic effects. Lucas et al. (2002) administered flaxseed to
postmenopausal women for 3 months at even higher doses, 40 g/day (670 mg/kg bw/day for a
60-kg woman), and found no estrogenic effects on sex hormones.

Since the EDI of flaxseed from its intended use as a food ingredient is 16 g/day, only a
tiny fraction of the amount that has been shown to be without harm in a large number of animal
toxicity studies and human studies, it may be concluded that there is a reasonable certainty of no
harm from the intended addition of flaxseed to food limited only by cGMP.

5.6. General Recognition of the Safety of Whole and Milled Flaxseed

The intended addition of flaxseed to food has been determined to be safe through
scientific procedures set forth under 21 CFR §170.30(b). This safety was established by first
establishing the identity and purity of the material, estimating potential human exposure to
flaxseed from its intended use, and demonstrating that this level of exposure is without
significant risk of harm. Finally, because this safety assessment satisfies the common knowledge
requirement of a GRAS determination, this intended use can be considered GRAS.

Determination of the safety and GRAS status of the intended use of whole and milled
flaxseed has been made through the deliberations of an Expert Panel consisting of Joseph F.
Borzelleca, Ph.D., Walter H. Glinsmann, M.D., Robert J. Nicolosi, Ph.D., and John A. Thomas,
Ph.D. These individuals are qualified by scientific training and experience to evaluate the safety
of food and food ingredients. These experts have critically reviewed and evaluated the publicly

GRAS Monograph for 144 JHEIMBACH LLC
Whole and Milled Flaxseed ,
000154



available information summarized in this document, including the potential human intake
resulting from the intended uses of flaxseed, as well as other information available to them, and
have individually and collectively concluded:

Both whole and milled flaxseed have been sufficiently characterized to ensure
that they are food-grade products and that no toxicity concerns from
impurities exist. Ingestion of flaxseed from its intended use results in levels of
intake of flaxseed and its constituents that are within safe limits established by
the history of consumption of flaxseed and by published animal toxicity
studies and human studies of flaxseed and its constituents.Therefore,the
intended use of whole and milled flaxseed, produced and used in accordance
with cGMP and complying with the specifications described in the GRAS
monograph is safe and Generally Recognized As Safe (GRAS) based on
scientific procedures and supported by a history of use..

It is the Expert Panel’s opinion that other qualified and competent scientists reviewing
the same publicly available data would reach the same conclusion.
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CONCLUSION OF THE EXPERT PANEL:
GENERALLY RECOGNIZED AS SAFE (GRAS)
DETERMINATION FOR THE GRAS STATUS OF

THE ADDITION OF WHOLE AND MILLED

FLAXSEED TO CONVENTIONAL FOODS

AND MEAT AND POULTRY PRODUCTS

We, the members of the expert panel, have individually and collectively critically evaluated the
publicly available information on whole and milled flaxseed summarized in a monograph
prepared by JHEIMBACH LLC as well as other material deemed appropriate or necessary. Our
evaluation included review of the identity and physical-chemical properties of whole and milled
flaxseed, including their production methods and composition, the potential exposure resulting
from the intended use of whole and milled flaxseed in conventional foods, and published
research bearing on the safety of whole and milled flaxseed. Our summary and conclusion
resulting from this critical evaluation are presented below.

Summary

The product that is the subject of this GRAS determination is flaxseed, the seed of Linum
usitatissimum L, which may be marketed and used as whole seed (measuring 3 to S mm in
length) or milled to a powder varying in coarseness with particle diameters ranging from 200
to 1500 pum. Flaxseed is also known as linseed, although in America the term linseed is
usually reserved for industrial products.

Canada is the world’s leader in production of flaxseed. In the U.S., the major production area
is in North Dakota. Dozens of cultivars are currently grown and new ones are introduced
every year; these cultivars vary slightly in their composition. The composition of flaxseed is
also affected by growing area, weather, agronomic practices, harvesting time, and other
factors.

Dried flaxseed contains about 40-45% lipid, 30-35% carbohydrate, and 20-30% protein. The
lipid content is generally 70 to 75% polyunsaturated fatty acids and about 15 to 20% oleic
acid. About 80% of the polyunsaturated fatty acids are a-linolenic acid. Over 90% of the
carbohydrate in flaxseed is in the form of non-digestible fiber, including both insoluble
cellulose and soluble mucilage.

Flaxseed also contains about 1.3% lignans. The primary lignan is 2,3-bis(3-methoxy-4-

hydroxybenzyl)butane-1,4-diol, more often referred to by the trivial name secoisolarici-

resinol (SECO). SECO constitutes over 95% of the total lignan content of flaxseed, which

also includes small amounts of matairesinol and trace amounts of pinoresinol and isolarici-

resinol. The lignans rarely exist in aglyconic form; SECO invariably occurs in the form of a

diglucoside refered to as secoisolariciresinol diglucoside, or SDG. After ingestion, about

90% of the flaxseed lignans SECO and matairesinol are converted by colonic microbiota into

the mammalian lignans enterodiol and enterolactone. "
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Like many other edible plants, flaxseed contains the cyanogenic glycosides linustatin,
neolinustatin, linamarin, and lautostralin, which release hydrogen cyanide on hydrolysis.
These compounds, which are synthesized from amino acids, are present at variable
concentrations ranging from about 0.4 to 0.9%. When flaxseed is crushed in water, action of
the enzyme B-glycosidase releases hydrogen cyanide, which is then washed away.

Whole and milled flaxseed are intended to be added to conventional foods, limited only by
cGMP, to provide both a-linolenic acid and dietary fiber in order to increase the intake of
these nutritional components. It is anticipated that the average intake of flax from one serving
of a flaxseed-containing food will not exceed 4 g, and that daily consumption will rarely
exceed four servings of foods that provide flaxseed. Thus, the estimated daily intake of
flaxseed from its intended use is 16 g/day or less.

Flaxseed has been consumed for millennia, and is widely added to foods—particularly
bakery products—in Canada. Flaxseed is also added to a number of currently marketed
foods in the U.S. and the Food and Drug Administration has repeatedly stated that it
perceives no hazard from addition of flaxseed at up to 12% in foods. Most recently, the FDA
accepted the safety of human consumption of a genetically modified flax strain based on its
substantial compositional equivalence with its parent strain.

A large body of published toxicological data exists to demonstrate the safety of the intended

use of flaxseed. This includes three subchronic oral toxicity studies in rats and one in piglets,
as well as two subchronic oral toxicity studies of SDG in rats and one in rabbits. No adverse

effects were observed in any of these studies, which included maximum doses of

30,000 mg/kg bw/day for flaxseed and 63 mg/kg bw/day for SDG.

Additionally, nine developmental and reproductive toxicity studies have been conducted on
flaxseed and five on a-linolenic acid or SDG, with flaxseed doses ranging from 3,750 to
30,000 mg/kg bw/day. While weak estrogenic effects were observed at high dose levels, with
great variability across studies, no consistent effects were noted at lower doses.

More than thirty studies in which flaxseed was administered to humans found a variety of
beneficial effects such as improved laxation and improvement in blood lipid profiles, but no
indication of intolerance or adverse effect at any tested dose level.

While several cohort and case-control studies have suggested a possible link between high
intakes of a-linolenic acid, found in relatively high concentration in flaxseed, and prostate
cancer, methodological weaknesses of these studies limit their persuasiveness. No linkage
between flaxseed or a-linolenic acid intake and prostate cancer has been observed in any of
the several controlled studies investigating this issue. Further, the amount of a-linolenic acid
provided by the intended use of whole and milled flaxseed is well within recommended
levels and well below those levels putatively implicated in prostate cancer.
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Conclusion

We, the undersigned expert panel members, are qualified by scientific education and experience
to evaluate the safety of ingredients intended to be added to foods. We have individually and
collectively critically evaluated the materials summarized above.

We observe that flaxseed products have a long history of safe use in foods in the U.S. and
internationally and are appropriately regarded as safe and nutritious. We note that extensive
animal and human research has confirmed the safety of flaxseed and its constituents. We find
that the composition and purity of whole and milled flaxseed have been adequately characterized
to assure a2 wholesome food-grade product. Therefore, we conclude that addition of whole and
milled flaxseed to conventional foods limited only by ¢GMP is safe.

It is also our opinion that other qualified and competent scientists reviewing the same publicly
available information would reach the same conclusion. Therefore, the intended use of whole
and milled flaxseed is safe, and is GRAS, via scientific procedures.

Joseph F. Borzelleca, Ph.D.

Professor Emeritus

Virginia Commonwealth University School of Medicine
Richmong: Virgihia

Signature: mpate: /2 Q’u« Ro09
77

Walter H. Glinsmaon, M.D.
President

Glinsmann Inc.

Atlington, Virginia

Signature: Date:

Robert J. Nicolosi, Ph.D.

Director, Center for Health and Disease Research
University of Massachusetts at Lowell

Lowell, Massachusetts

Signature: Date:

John A. Thomas, Ph.D,

Adjunct Professor

Indiana University School of Medicine
Fishers, Indiana

Signhature: Date:

Whole and Milled Flaxseed: Conclusion of the Expert Panel 3

000175



FROM :GLINSMANN FAX NO. :783 388 9113 Jan. 12 2889 65:22PM P2

Conclusion

We, the undersigned expert panel members, are qualified by scientific education and experience
to cvaluate the safety of ingredients intended to be added to foods. We have individually and
collectively critically evaluated the materials summarized above.

We obsetve that flaxseed products have a long history of safe use in foods in the U.S. and
intcrnationally and are appropriatcly regarded as safe and nutritious. We note that extensive
animal and human rescarch has confirmed the safety of flaxseed and its constituents. We find
that the composition and purity of whole and milled flaxseed havc been adequately characterized
to assure a wholesome food-grade product. Therefore, we conclude that addition of whole and
millcd flaxseed to conventional foods limited only by cGMP is safc.

It is also our opinion that other qualified and competent scientists reviewing the same publicly
available information would reach the same conclusion. Therefore, the intended use of whole
and milled flaxsced is safe, and is GRAS, via scientific procedures.

Joseph F. Borzelleca, Ph.D.
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Conclusion

We, the undersigned expert panel members, are qualified by scientific education and experience
to evaluate the safety of ingredients intended to be added to foods. We have individually and
collectively critically evaluated the materials summarized above.

We observe that flaxseed products have a long history of safe use in foods in the U.S. and
internationally and are appropriately regarded as safe and nutritious. We note that extensive
animal and human research has confirmed the safety of flaxseed and its constituents. We find
that the composition and purity of whole and milled flaxseed have been adequately characterized
to assure a wholesome food-grade product. Therefore, we conclude that addition of whole and
milled flaxseed to conventional foods limited only by cGMP is safe.

It is also our opinion that other qualified and competent scientists reviewing the same publicly
available information would reach the same conclusion. Therefore, the intended use of whole
and milled flaxseed is safe, and is GRAS, via scientific procedures.

Joseph F. Borzelleca, Ph.D.
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Virginia Commonwealth University School of Medicine
Richmond, Virginia

Signature: Date:
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President
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Conclusion

We, the undersigned expert panel miembers, are qualified by scientific education and experience
to evaluate the safety of ingredients intended to be added to foods. We have individually and
collectively critically evaluated the materials summarized above.

We observe that flaxseed products have a long history of safe use in foods in the U.S. and
internationally and arc appropriately regarded as safe and nutritious. We note that extensive
animal and human research has confirmed the safety of flaxseed and its constituents. We find
that the composition and purity of whole and milled flaxseed have been adequately characterized
to assure a wholesome food-grade product. Therefore, we conclude that addition of whole and
milled flaxseed to conventional foods limited only by cGMP is safe.

It is also our opinion that other qualified and competent scientists reviewing the same publicly
available information would reach the same conclusion. Therefore, the intended use of whole
and milled flaxseed is safe, and is GRAS, via scientific procedures.
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