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Office of Premarket Approval 
Center for Food Safety and Applied Nutrition 
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5 100 Paint Branch Parkway 
College Park, MD 20740 

Dear Bob: 

Pursuant to proposed 2 1 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 201 5 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@,iheimbach.com. 

Sincerely, 

James T. Heimbach, Ph.D., F.A.C.N. 
President 
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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 
fkom the premarket approval requirements of the Federal Food, Drug, and Cosmetic Act because 
Flax Canada 20 15 Inc. has determined through scientific procedures that such uses are generally 
recognized as safe (GRAS). 

James T. Heimbach, Ph.D., F.A.C.N. 
President, J H E ~ A C H  LLC 

1.1. Name and Address of Notifier 

Flax Canada 2015 
465-1 67 Lombard Avenue 
Winnipeg, Manitoba R3B OT6 
Canada 

Contact: Kelley C. Fitzpatrick 
Telephone: 204-982-2 1 15 
Facsimile: 204-982-2 128 
E-mail: kelleyf@shaw.ca 

1.2. Name of GRAS Substance 
. I*- 
** 

-'" 

Date 

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 

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, 
textunvn g, stabilizing, bulking, and thickening. 

Whole and milled flaxseed are intended to be added to conventional foods as sources of 

. .  
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1.4. Basis for G U S  Determination 

-..* 

u 

..- 

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 2 1 CFR 0 170.30@). 
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 

the safety of the intended uses of whole and milled flaxseed. information germane to detemmmg . .  

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 h m  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 dmonstmting 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 detemhed to be safe and 
GUS.  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, PhB., Walter H. Glinsma~, M.D., Robert J. 
Nicolosi, Ph.D., and John A. Thomas, Ph.D., who reviewed the information in this monograph as 
well as other idormation 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 h m  the intended 
use of whole and milled flaxseed, and individually and collectively concluded that the available 
i n f o d o n  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 idormation that serve as the basis for the GRAS det d o n  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 

a 

’4 

.. x 

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. 

23. Botanical Identification 

The taxonomic identity of flax is Linum usitutissimum 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 usitutissiumu is a member of section Linum, which is characterized by large flowers, 
elongate fruiting pedicels, and alternating leaves without stipular glands and glabrous. L. 
usitutissimum does not occur as a wild plant and is grown primarily in temperate climates; it is 
likely descended fiom wild progenitors in the area around the Mediterranean and extending into 
northern temperate climates. 

2.4. Description of Flaxseed 

According to Hall et al. (2006), it is grown in about 50 countries, mostly in the northern 
hemisphere, with Canada as the largest producer accouIlfing 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 (Amdlax 2008). 

Flax is a summer crop grown in temperate climates (Diederichsen and Richards 2003). 

h About 12 to 16 weeks elapses from the time of sowing until the end of flowering and the 
w development of bolls containing seeds, when the seeds may be harvested @iederichsen and 
*\ 

Richards 2003). Flax plants range h m  less than 0.5 m to about 1 m in height AU branches of 
the main shoot temmate . in flowers, which are most fkqumtly 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 h m  yellow to 
dark brown with a shiny surface. While the colors of specific crops of flaxseed may be extolled 

41 
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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). 

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

2.5. Flax Cultivars 

Varieties of flax wn in Canada and the U.S. include AC Linora, Neche, AC McDuff, 
Omega, Verne, Linolaq47, LindaTM 989, LinolaTM 1084, LinolaTM 2047, LinolaTM 2090, 
LinolaTM 2126, LmolaTM 2149, AC Emerson, Prompt, Day, CDC Normandy, CDC Triffid, CDC 
Valour, AC Watson, AC Camduff, 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 G U S  determination. Development of 
new varieties is an ongoing process with several new cultivars appearing in Canadian production 
each year (Dam et al. 2003). 
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2.6. Harvesting of Flax 
, ., 
. -% 

" h 

-"* 

1.94% 

Flax plants follow a life cycle consisting of 3 parts (Flax Council 2008): 

45- to 60-day vegetative period 
15- to 25-day flowering period 
30- to 40-day maturation period 

The length of these periods may vary due to changes in hydration, environmental 
temperature, or disease. The mature fnrit 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 Wly 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 10Y0 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 i s  difficult if 
the data are not accompanied by details of the source of the samples tested as well as analytical 
procedures utilized in testing @am 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 ofthe U.S. National Nutrient Databank for Standard Reference 
(USDNARS 2007), the proximate content of flaxseed (Linum usitatissimum)-based on 
analyses of only 3 samples for most nutrienGs as shown in Table 1. Neithex the origin of the 
flaxseed samples analyzed nor the analytical methods were described. 
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n 

Sucrose 

Glucose 

F ~ c t o ~ e  

Lactose 

Maltose 

Galactose 

Table 1. Proximate Content of Flaxseed (USDNARS). 

g 1.15 

9 0.40 

g 0.00 

9 0.00 

9 0.00 

9 0.00 

Protein 18.29 

Total lipid 42.16 

Carbohydrate 28.88 

Total dietary fiber 

Total sugars 

Source: USDNARS (2007) I 

Tables of the nutrient content of Canadian foods were prepared by Health Canada 
(1 999a); 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). 

GRAS Monograph for 
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Content (per I Nutrient' 

Carbohydrate 

Dietary Fiber 

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

2Thii 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 USDNARS (2007) or Health Canada (1 999a) data The 
reported proximate content of flaxseed grown between 1997 and 2006 is shown in Table 3, 
below. 

2007 

Table 3. Flaxseed, No. 1 Canada Western Quality Data and Fatty Acid Composition for 
2007 Harvest Survey. 

1997-2006 
Mean 2006 

I Year I 

Protein content (%’**) 

Free fatty acids (%) 

24.3 23.6 23.2 

0.16 0.16 0.22 

Oil content I 44.7 I 45.9 I 44.7 I 

Linolenic acid (% in oil) 

Oleic acid (% in oil) 

52.6 55.8 57.7 

20.6 19.5 18.2 

Iodine value I 183.5 I 189.8 I 192.7 I 

Palmitic (% in oil) 

Stearic (% in oil) 

5.0 5.0 5.2 

3.6 3.6 3.4 

~~ 

Linoleicacid (% in oil) I 16.2 I 15.6 I 15.1 I 

Dry matter basis 
Nitrogen content x 6.25 (this value used to give an estimate of m d e  

1 

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 fiom 190.4 to 199.9 with a mean of 
194.3. 
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2.73. Lipids* 

'x1 

Oomah and Maza (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 USDNARS (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 oil content can result in variances of up to 10% 
(Daw et al. 2003; Dam 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 
(1 999a) 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 (Dam 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 42.3458%. 

Analysis of lipid fractions (Ram et 4.2003) showed the main components to be 
triacylglycerols (3640.7%); monoacylglycerols (0.5-0.9%); diacylglycerols (0.9-2.6%); free 
fatty acids (0.1-3.4%); sterols, sterol esters, and hydrocarbons (OS-2.9%); total neutral lipids 
(38.643.4%); complex lipids (0.41 3%); 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. 

Dam et al. (2003) provide the following description of the lipid/fat/oil terminology in ref- to 

''Nutritional and labeling guidelines use the term fat to refer to neutral lipids h m  any source, and the 

flaxseed: 

nutritional and labeling definition of fat ref- to the mound ot ~ l g l y c e r o l  that would be made up h m  the 
fatty acids derived h m  all of the acyl lipids in a food For oilseeds used for processing to p v i d e  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 h a small 
amount of polar lipid, mainly kom phospholipids which might make up as much as 2% of the total mass of flax 
seeds." 
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Table 4. Oil Content of Flaxseed Cultivars. 

Oil (36; dry-weight basis) 

1987 1988 1999 
Cultivar 

Andro 

Dufferin 

43.2 41.8 42.6 

44.8 42.8 NA’ 
Flanders I 44.7 7- 42.9-- I 43.7 I 
Linott 

McGregor 

Noralta 

43.2 42.0 43.2 

43.9 41.8 42.4 

42.1 40.5 41 .O 

Norlin I 43.6 I 41.8 I 42.2 I 
NorMan 

Somme 

44.6 42.7 43.3 

43.5 42.1 42.7 

Vimy 

2.7.3.1. Fatty Acicis 
Typically, flaxseed contains u-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 -1 8% of total 
fatty acids, and linoleic acid at -14% of total fatty acids @am et al. 2003). Flaxseed oil also 
contains about 1% of other fatty acids with chain lengths up to c24. 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; Dam et al. 2003). 

44.6 43.0 43.9 

Bean and Leeson (2002) analyzed the tatty acid content of 23 samples of flaxseed 
collected fiom 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 u-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. 
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"- 

.A > 

57.1 1 a-Linolenic 
(C18:3 n-3) 

Oleic 
(C18:l) 

Linoleic 
(C18:2 1'143) 

Palmitic 
(C16:O) 

Stearic 
(C18:O) 

Palmitolei 
(C16:l) 

18.50 

14.44 

5.61 

3.15 

0.06 

Table 5. Fatty Acid Distribution of Canadian Flaxseed. 

- 

1.68 51.52 59.42 

1.86 16.12 25.13 

0.80 12.94 15.23 

0.19 5.15 5.90 

0.33 2.69 4.10 

0.01 0.04 0.09 

Percentage of Total Fatty Acids I 
Fatty Acid I I Minimum I Maximum Deviation Mean 

Source: Bean and Leeson (2002) 

The USDNARS (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. 

Total monounsaturates 

16:l undifferentiated 

14:O 

15:O 

16:O 2.165 

7.527 

0.024 

17:O I 0.018 I 

20: 1 
22:l undifferentiated 

18:O 

20:o 0.052 

0.052 

0.067 

0.01 3 

24:O I 0.031 I 

Total pdyunsaturates 

18:2 undifferentiated 

28.730 

5.903 

18:l undifferentiated I 7.359 I 

24.1 cis I 0.064 I 

20:2 n-6 cis. cis I 0.007 I 
~ 

I ‘Fatty adds not detected are omitted. 
Source: USDNARS (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: 

0 

0 18:O-2.741% (mean = 3.4%) 
0 18:l--14.8-19.6% (mean = 17.4%) 
0 18:2-13.6-18.2% (mean = 15.8%) 
0 18:3-55560.1% (mean = 58.1%) 

169-4.5 to 6.2% (mean = 5.3%) 

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) (Dam 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 

Parameter 

Nitrogen' (%) 

Moisture' fX1 
Fat4 (94) 

hi- Sample "as is" Dry M a w  Basis Sample "as is" Dry Matter Basis 

3.6 3.5 3.9 3.8 4.1 4.0 4.4 4.4 
41.1 35.7 44.6 39.2 36.8 28.9 40.3 31.7 
7.8 8.8 0 0 8.7 9.1 0 0 

GRL' CL' GRL CL GRL CL GRL CL 

x", 

F A N  ACIDS' 

c140 
C16:O 
C16:l 

(Wm) 

I I Ground Flaxseed I Whole Flaxseed 

ND ND ND ND ND ND ND ND 
1.9 I .5 2.1 I .6 I .7 1.3 1.8 1.4 

Trace 1.5 Trace ND Trace ND Trace ND 

I I . 

others 
Total Fatty Acids 

0.3 I ND I 0.3 I ND I 0.2 I ND I 0.3 I ND 
39.1 I 29.1 1 42.4 I 31.9 I 35.0 I 25.1 I 38.3 I 27.6 

"r. 

2.7.3.2. Triacylglyceroh and Free Fatty Acids 

present in neutral form, primarily triacylglycerols with a small presence of free fatty acids. Polar 
lipids (glycolipids and phospholipids) accounf 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. 

According to research by Wanasundara et al. (1 999), 96% of the lipids in flaxseed are 
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r "a 

I 

*.*. 

Neutral Lipid 

Monoacylglycerol 

Diacylglycerd 

Triacylglycerol 

Free fatty acids 

L% 

Concentration 
(mgll00 g Fresh Seed) 

0.34 
0.64 

29.60 

0.42 

-h 

Sterols trace 

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. 

Triacylglyceml I Percent 

e 
OLnP 

O b 0  I 0.8 

La=liideic acid; Ln=linolenic acid 
04& acid; Wpalmitic acid 
S=stearic acid 
Source: Hall et al. (2006) 
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2.7.3.3. a-Linolenic Acid 

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-oetadecatrienoic 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 atom in carboxylic acids 
are officially numbered from the carboxyl end of the chain, fatty-acid nomenclature numbers 
them h m  the methyl end. Since the first double bond occufs at the 3d carbon fiom the methyl 
end, ALA is an n-3 fatty acid, often referred to as an "omega-3 fatty acid." With chemical 
formula C1&Im@ or, more mean&$dly, CH~(CH2CH"cH)3(CH2)7coH, the molecular 
weight of ALA is 278.433. The chemical structure of ALA is shown in Figure 2, below. 

As cited in Bean and Leeson (2002), a-linolenic acid (ALA) constitutes 57% of the lipid 

R 0 

9 6 3 1 - - - 
9 12 15 18 H t  U. 

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, beginnins with eicosapentaenoic acid 
(EPA), which is in turn the precursor for series-3 eicosaaoids 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 @HA). 

Despite its high content of polyunsaturated fatty acids, flaxseed oil is quite stable. 
Malcolmson et aL (2000) stored samples of milled fhxseed at 23°C for 128 days and found no 
sisnificant increase in peroxides, dienals, hexanal, or conjugated double bonds, increases in total 
volatiles were less than those reported in stored vegetable oils. A trained seosory panel detected 
no differences in the odor properties of h h  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 
flaxseed found that the ALA was stable through these pr~cesses (Mmthey et al. 2002). 

containing ground 

2.7.4. Protein 

Protein content is typically estimated in flaxseed and other foods by meafllriag 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 fiom animal sources. A slightly lower conversion factor of 5.41 was estimated for flax 
meal based on amino acid analyses (Tkachulc 1969). 
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The protein content of flaxseed is about 10-3 1%, 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 (1 993), who 
reported the protein content of flaxseed on an oil-fke and moisture-fke basis, as shown in 
Table 10. 

Andro 

Dufferin 

Table 10. Protein Content of Flaxseed Cultivars. 

32.8 34.6 36.4 

31.4 34.1 NA’ 

Protein 
(96; oil- and moisture-free basis) 

Linott 

MGregor 

32.5 34.9 36.5 

31.3 33.8 34.7 

Flanders I 32.5 I 34.6 I 36.0 I 

NorLin 

NorMan 

Somrne 

32.0 34.0 35.9 

32.5 34.6 36.2 

32.4 34.4 36.3 

~~ 

Noralta 1 31.4 1 339 1 35.8 I 

Virnv I 31.3 I 34.1 I 36.2 I 
~ 

”A= data not available 
Source: Oornah and Mana (1 993) 

Dam et al. (2003) reported that analyses o f  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 @aun et al. 2003). 

Hall et al. (2006) reported that the high-molecular weight globulin h t i o n  Constjtutes 
about 80% of total protein and the low-molecular weight hction, 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 
fixidion at 42%. These authors also reported that proteins in the high-molecular weight fraction 
have molecular weights in the range of 294 kilodaltons @a) while those in the low-molecular 
weight hction 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 k t i o n .  

Aspartic acid 

Cysteine 

Serine 

2.7.4.1. Amino Acids- 

in Table 1 l), amah 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 k t i o n  is characterized by large 
amounts of lysine, cysteine, glutamic acid, and glycine. 

Based on their analysis of the amino-acid composition of three flaxseed cultivars (shown 

9.3 10.0 9.7 

1 .l 1.8 1.1 

4.5 4.7 4.6 

Table 11. Amino Acid Content of Flaxseed Cultivars. 

Glutamine 

Glycine 

Histidine 

Cultivar 

Norlin I Foster I Omega 
Amino Acid as Percent 

of Protein 

19.6 20.0 19.7 

5.8 5.9 5.8 

2.2 2.1 2.3 

Alanine 1 4.4 I 4.7 I 4.5 I 

Leucine 

isoleucine 

Lysine 

Arainine 1 9.2 I 10.0 I 9.4 I 

5.8 6.0 5.9 

4.0 4.1 4.0 

4.0 4.0 3.9 

Methionine 

Phenylalanine 

Proline 

1.5 1.4 1.4 

4.6 4.8 4.7 

3.5 3.8 3.5 

Tyrosine 

Valine 

2.3 2.4 2.3 

4.6 5.1 4.7 

Threonine I 3.6 1 3.8 I 3.7 I 

The USDA nutrient database for standard reference (USDNARS 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. 

Tryptophan 
Threonine 

0.297 

0.766 
I I 

Serine 
Hydroxyproline 

lsoieudne I 0.896 I 

0.970 
0.175 

Leucine 1.235 
Lysine 
Methionine 0.370 

0.957 
Tyrosine 0.493 

I I 

I I .072 I 
-~ 

Valine 

0.472 
Alanine 0.925 
Aspartic acid 
Glutamine 4.039 

Glycine 
I I 

I 0.806 I 
~~ 

Proline 

Source: USDNARS (2007) I 

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 (USDNARS 2007) 
reports that flaxseed contains 27.3 g total dietary fiber per 100 g flaxseed while the C d a n  
data (Health Canada 1999a) show 17 g fiber/lOO g flaxseed. Th is  diff'nce 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 flax& 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 m Section 3.3.1 on the definition of fiber, an InstiMe 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 
wazza and Oomah 19951 although it is found in other sources such as mustard seed.) Flaxseed 
mucilage is present entirely in the seed coat, being on the epidenn 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. 

Rhamnose 

The mucilage content of processed flaxseed from 3 cultivars, Andm 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 
researchefs 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. 

14.30 

Table 13. Composition of Flaxseed Mucilage 

Component Percent 

I Galadose I 23.88 I 

More recently, using improved extraction and analytical techniques, Oomah et al. (1 995a) 
analyzed the mucilage content of 109 samples of several varieties of flaxseed h m  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 (1 947), Oomah et al. 
(1995a) found that glucose is the mjor 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 

Glucose 

-4 

Percent 

Minimum Mean Maximum 

21.3 28.9 40.0 

Rhamnose 

Arabinose 

lXyl0se [ 10.9 I 23.2 I 32.0 [ 

8.2 14.2 23.8 

3.2 10.6 15.4 

I Galactose I 12.7 I 19.1 I 26.9 I 

~ 

Fucose 1.9 3.5 9.1 

Source: Oornah et al. (1995a) 
4 - 

Aside from the presence of glucose, the ordering of the sugars by Oomah et al. (1995a) is 
the same as that in the analyses of Anderson and Lowe (1 947)--xylo~e, 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. (1 995a) also c o b e d  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 f3-D-xylopyranose chain 
which is 0-2 substituted with side chains of (1 -5) or (1 -3)-linkeed arabinose. The principal 
polysaccharide structure in the acidic fraction is a backbone of (1-*2>linked Lrhamnose units 
with some branching at the 0-3 positions, and with D-galacturonic acid present as (14>linked 
residues located either in the main chain or as part of side chains. Other chemical structures exist 
in smaller concentrations. 

Oomah et al. (1 995a) 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 M a ~ a  and Biliaderis (1 989) 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 Bhatcy (1993) and Oomah 
et al. (1995a), reported above. The use o f  boiling water i n c d  yields to nearly 9% but 
resulted in a darker finished product, and so later extractions were performed by beginning with 
boiling water (1 OOOC) and allowing it to cool to room temperature (25OC). (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 Biliade~is’ (1989) results are suI1IlI1siflzBd - in Table 15, below. 
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Table 15. Flaxseed Mucilage Extraction by Time and Temperature. 

-&ion ~i~~ I (Hours) 

Mucilage Concentrati (% Flaxseed) 

25°C 1 100-25°C I 100°C 

I 0.5 I 3.6 I 6.5 I 8.4 I 

2.0 

4.0 

6.0 

I 1.0 

4.8 7.6 8.6 

5.2 7.8 8.9 

5.2 7.9 8.9 

I 4.4 I 7.2 I 8.5 I 

Constituent Unit I Flaxseed Extraction Temperature 

25°C I 100-25°C I 100°C 
GuarGum I 

I 8.0 I 5.3 I 8.2 1 8.9 I 

Water I Yo I 7.5 4.5 I 5.1 8.8 

Source: Maua and Biliaderis (1 989) I 

8.9 

Mazza and Biliaderis (1 989) also explored the composition of the mucilage extracted at 
9 the various temperatures in 2 hours and compared it with guar gum and locus bean gum, as 

Protein 

Lipid 

shown in Table 16. 

% 4.6 12.8 14.5 4.5 7.4 

YO 0.4 0.2 0.5 0.7 1.2 

Table 16. Composition of Flaxseed Mucilage and Other Gums. 

Potassium 

Calcium 

Magnesium 

% 2.9 4.1 4.2 0.2 0.4 

% 1.3 0.9 0.8 0.1 0.1 

% 0.5 0.4 0.3 0.1 0.1 

lrOn 

Zinc 

Ash 1 % I 11.8 I 11.4 I 11.4 I 0.7 I 0.9 

Ppm 83 66 66 49 29 

PPm 59 46 42 14 15 

Copper 

~~ ~ 

Carbohydrate r% I 83.3 I 75.5 I 73.6 I 94.2 1 90.5 

I I 5 PPm 13 22 14 2 

Phosphorus I % I 0.1 I 0.2 I 0.2 I 0.1 I 0.1 

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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, ”, 

Calcium 

lrOn 

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 (1 995) observed that tbe extraction conditions can influence 
the viscosity of the gum. Mazza and Biliaderis (1 989) 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 numuzed . 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. 

. .  . 

mg 255 

mg 5.7 

Mazza and amah (1995) reported that the water-binding capacity of the gum extracted 
fiom 3 cultivars of flaxseed ranged between 1600 and 3000 g H20/100 g solids, similar to that of 
guargum. 

2.7.6. Micronutrients 

2.7.61. Minerals 

USDA/AR!3 (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. 

The mineral content of flaxseed, based on analyses of 7 samples, is included in the 

Table 17. Mineral Content of Flaxseed (USDMARS). 

Selenium w 25.4 1 
1 Source: USDNARS (2007) I 
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Table 18. Mineral Content of Flaxseed (Health Canada). 

Mineral Content 
(per 100 a) Unit 

Calcium I mg I 268 I 

Potassium 

Sodium 

iron I mQ I 11.1 I 
mg 1301 

mg 66 

9 Source: Health Canada (1 999a) 

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. 200 1 ; a m a h  et al. 2007). Cadmium levels identified in a large selection of 
varieties fiom the USDA collection grown on soil with high cadmium levels ranged fiom 0.2 to 
3.6 mgkg (Hammond et al. 2000). In studies of Canadian flaxseed, the range was 0.2 to 0.6 
m a g  (Daw 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 Corn 1964). 

2.7.6.2. Wamins 

analyses of from 1 to 6 samples, is shown in Table 19, below. The vitamin contents of flaxseed 
listed in the Health Canada (1%) tables are shown in Table 20. 

The vitamin content of flaxseed as reported in the USDNARS (2007) database, based on 
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Table 19. Vitamin Content of Flaxseed (USDAlARS). 

Riboflavin 

Niacin 

Vimin C I mg I 0.6 

mg 0.16 

mg 3.08 

Thiamin I ma I 1.64 

Folate 

Choline 

IJg 87 

mg 78.7 

~~ - 

Pantotheniiacid -1 mg I 0.98 

&tocopherol 

Vimin K 

Vimin B-6 I nx) I 0.47 

mg 0.35 

lJ9 4.3 

Vimin C 

Thiamin 

~ 

Betaine I ma 1 3.1 

mg 1 1.36 

mg 0.12 0.16 

ViminB-12 I ;; I 
Vitamin A 

Vimin E mg 0.31 

Niacin 

Vimin B-6 

Folate 

v-tocopherol I mp I 19.95 

NE* 3.4 4.7 

mg 0.55 0.75 

I4 218 299 

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

~~ 1 Riboflavin I mg I 0.12 I 0.16 I 

'values are given for the weight of the edible pottion as 
described (Le., 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 (0oma.h 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-methoxy4hydroxy~nzyl)butane-l,4-diol, 
more often referred to by the trivial name secoisolariciresinol (SECO; Lamp et al. 2006). SECO 
(CAS number 29388-59-8) has the molecular formula Ca2606 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 M l  chemical name is f3-D-glucopyranoside,2,3- 
bis[(4-hydroxy-3-methoxyphenyiOmethy1]- 1 ,4-butaned.iyl-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 
molecdar fomda is c32H46016 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 h e  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 

F w r e  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 &er the 1980 discovery of the mammalian 
lignans enteroiactone 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.) 

G U S  Monograph for 
Whole and Milled Flaxseed 

24 J H E I M B A C H m  

0 8 0 0 3 4  



The stability of SDG derived fbm flaxseed under conditions of baking and during 
storage was tested by Hyvarinen et al. (2006). SDG in rye breads, graham buns, and mufks was 
analyzed by HPLC before and after baking and no change was found; similarly, SDG in buns 
containing fat-& flaxseed meal was unaffected by storage for 1 week at room temperature or 
for up to 2 months at -25°C. 

A second lignaa in flaxseed that can also serve as a precursor to the roammalian lignans 
is matairesinol, [3R-trans J dihydro-3,4-bis[ (4-hydroxy-3 -methoxyphenyl)-methyl]-2(3H)- 
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. 

’”, 

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

Mazur et al. (1 996) 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 (Le., the 
residue of SDG after removal of the 2 glucosides) of flaxseed was 3699.0 pg/g, more than 2 
orders of magnitude higher than the next highest food tested, lapacho tea, containing 26.7 pg/g 
SECO, followed by Finnish country rye bread and sunflower seeds with 1 1.53 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 ofthe 1igm.n matairesinol (Manu 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 mafaires inol. 

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 mammah ‘an lignam (Sicilia 
et al. 2003).. These are pinoresin01 ([ 1S-(l~3ay4~,6a)]-4,4‘-(tetrahydro-lH,3H-furo(3,4-)furan- 
1,4-diyl)bis(2-methoxyphenol), a hr0fi .11~ lignan, and isolariciresinol([ 1 S-(laJP,3a)]-l,2,3,4- 
tetrahydro-7-hydroxy- 1 -(4-hydro~y-3 -methoxyphenyl)-6-methoxy-2,3 -naphthalenedimethanol), 
a tetrahydronaphthalene lignan (Meaghe~ et al. 1999). Prior to their identification in flaxseed, 
isolariciresinol had been detected only in human urine, and pinoresinol-as implied by its 
nam- been found primarily in coniferous trees (Meagher et al. 1999). 
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Secoisolariciresinol 

Secoisolariciresinol-sesquilig nan 

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. 

- 

165759 
6326 

Table 21. Lignan Composition of Flaxseed. 

Lariaresinol 

Hydroxysecoisolariciresinol 

Pinoresinol 

Metairesind 

Lariciresind-sesquilignan 

S yringaresinol 

Lignan 

1780 

958 

871 
529 

86 

48 

Nortrachelogenin 

Oxometairesinol 

cvclolaariciresind I 3726 I 

33 

10 

H ydroxymetairesinol I 35 I 

~ 

1 1 Dimethylmetairesinol 

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 aI. 
(2007). Th is  is approximately half the 7.01 pg/g concentfation 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. 

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 

neolinwtatin, lbmarin, and lautostralin) that release hydrogen cyanide on hydrolysis (Hall et al. 
Like a large number of other edible plants, flaxseed contains 4 glycosides (linustatin, 
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2006). These glycosides are synthesized fiom amino acids, including leucine, isoleucine, and 
valine (Barthet and Daun 2000). The major cyanogenic glycosides in fully mature seeds are both 
diglucosides: linustatin, fl-gentiobioside of acetone cyanohydrin, and neolinustatin, methylethyl 
ketone cyanohydrin (Oomah et al. 1992; Daun 2008a). Neolinustatin differs h m  linwtatin by 
having an ethyl group rather than a methyl group adjacent to the cyano group. The 
monoglycosides ( l i d  and lautostralin) appear in mo@ immature seeds or as artifacts in 
methodologies which do not inactivate the seed enzymes linustatinase and l m a s e  @am 
2008a). Hydrolysis of the cyanogenic glycosides in the presence of the 2 glucoside enzymes 
linustatinase and linamarinase forms a hydroxypropanenitrile which decomposes in aqumus 
solution to hydrogen cyanide. Dam (2008a,b) provided a schematic of the enzymatic hydrolysis 
of linustatin to hydrogen cyanide and acetone, shown below in Figure 5. 

I_h 

Linamarin 2-Hydmxy-2-methylpnenitrile Linustatine 

Figure 5. Enzymatic Hydrolyis of Linustatin (from Dam 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. ih 

The structural formulas of these glycosides are shown in Figures 6-9 below (hm Hall et "9 

.m al. 2006). 
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Figure 7. Neolinustatin. 

Figure 8. Lhamarin. 
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Cultivar I 
AC Linora 

u. 

Cyanogenic Glycoside Content 

Linamarin Linustatin Neolinustatin 

( m a l  ==dl - 

0.20 2.69 1.22 

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) ana lyd  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 (Dam 2008, personal communication). 

Flanders 

LinOtt 

McGregor 

Table 23. Cyanogenic Glycoside Content of Flaxseed Cultivars. 

0.14 2.82 1.47 

0.22 2.13 1.61 

0.26 3.52 0.91 

Ndin 

NorMan 

Somme 

I Andm I 0.17 I 3.42 I 2.03 1 

ND 2.95 2.01 

ND 2.31 1.35 

0.28 3.22 1.49 

Noralta I 0.20 I 2.71 I 1.63 I 

I Vimy I 0.32 I 2.62 I 1.15 I 
I Source: Oomah et al. (1992) I 

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 Andm); 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 m g e  
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 (1 993) found strong seasonal effects on the total cyanogenic glycoside content of 
8 flaxseed cultivars, while Oomah et al. (1 992) determined that the concentrations of all 3 
cyanogenic glycosides were dependent on cultivar, location, and year of production, with 
cultivar being the most important BBctor, 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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Oil Linustatin Neolinustatin 
Content (mMoYkg) (rnMoUkg) 

High 4.55 5.70 

NorLin Medium 4.55 5.86 

LOW 4.55 5.56 

Variety 
Total As HCN 

(rnMoVkg) (mglkg) 

10.25 297 

10.41 302 

10.10 293 

Wimy 

High 4.94 4.35 9.29 269 

Medium 4.89 4.42 9.31 270 

LOW 4.35 4.1 I 8.47 246 

Flanders 

Somrne 

High 5.16 4.18 9.34 271 

Medium 4.84 4.73 9.57 278 

LOW 4.65 4.02 8.66 251 

High 6.36 5.27 I I .63 337 

Medium 5.50 4.47 9.97 289 

0.1 17 0.1 17 0.027 0.38 Statistical I 0.022 I 0.022 

Law 

Mean 

1. Coeffiaent of variation 

Source: Daun and Przybylski (2000b) 

5.13 4.70 9.84 285 

4.96 4.78 9.74 282 

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. 

All Varieties 
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Minimum 4.35 4.02 8.47 246 

Mamum 6.36 5.86 1 1.63 337 

Std. Dev. 0.55 0.65 0.84 24.5 
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2.7.9.1. Hydrogen Cyanide 

glycosides by the action of the enzyme p-glycosidase, which is present in the flaxseed itself 
(Chadha et al. 1995). This released cyanide is then washed away. 

When flaxseed is crushed in water, hydrogen cyanide is released from these cyanogenic 

Cyanide released h m  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 
@aun 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 @aun 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 (Dam 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 h m  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 k h l y  ground flaxseed cultivars grown in 4 1ocationS in 1987, and of 7 freshly ground 
flaxseed cultivaxs grown in 1987 and 1989. Based on these studies, Bhatty (1993) concluded that 
cultivar, growing location, and season all affect the cyanide concentfation in flaxseeds, with the 
yearly variation being the largest contributor to the variance. The overall mean concentration of 
hydrogen cyanide in flaxseed h m  both studies was 8.8 pg/loO g flaxseed, or 0.09 pglg, with a 
range of 0.06 to 0.12 pg/g. The levels reported by Bhatty (1993) are approximately lOOOx 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. 

SOUIW 

Canada (Cunnane et al. 1993) HPLC 0.0003 

Canada (Oomah et al. 1992) HPLCNV 0.168 - 0.380 
anada (Kobaisy et al. 1996) I” I HPLC I 

Jnknown (Schilcher et al. 1986) HPLC 0.218 - 0.538 
Ion 

chromatography 
after autolysis 

Acid hydrolysis 

Picrate 

Seed (Chadha et al. 1995) 

Canada (Haque and Bradbury 2002) 

Acid hydrolysis 

Picrate 
Australia (Haque. and Bradbury 2002) 

m a l  (Canada) (Wanasundara et al. 1993) HPLC 0.265 

seed of unknown origin I TLC I 0.200-0.320 Niedzwiedz-Sieaien 1998) - 
Seed (ZOllner and Giebeknann 2007) 

Cake (Z8llner and Giebeknann 2007) 

Food grade seed (Barthet 200s) GC 0.132-0.246 

Various Canada (Daun and Prrybylski 
2OOob) HPLC 0.178-260 

I eed, survey of 104 cultivars, world wide t? Oomah et al. 199%) I 0.073-0.395 
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Potential 
srloos seed 

Neollnwtatlne Llnarnarln Lautostralln 
~- ~~ 

0.0004 0.0000 O.oo00 0.40 

0.072 - 0.238 0 - 0.403 o.oo00 157-448 

I 270-570 

0.083 - 0.454 0.0000 o.oO0o 197 - 647 

1 124-196 

360 

360 

140-300 

140-350 

0.1 14 0.0000 o.oo00 249 

0.106 - 0.185 0.333 - 0.605 0.141 - 0.240 712 - 1243 

500 

91 00 

0.1 534.261 209-309 

0.170-0.248 245-337 

0-0.315 78.3-353.8 
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2.7.10. Linatine 

-% 

.+e 

L h t h e  (1 [(N-y-glutamyl)-amino]-D-prolbe) is a pro-antivitamh B6 antagonist and has 
been detected at levels of about 100 mg/kg in flaxseed (Klostermm 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 PAP) which is the only vitamin B6 antagonist resulting from "- 

* natural feedstuff: 

HO 

OH Hydrolysis - HO 0 + 
0 NH2 OH 

Linatine 

Figure 10. Linatine Hydrolysis (from Klosterman 1974) 

Once DAP is released, it can form a stable derivative with pyridoxal or pyridoxial 
phosphate (vitamin B6) resulting in a loss of available vitamin B6 @am 2008~). 

"L 

0 - 
1.4, 02+gOP-OH 0, , OH 

% Hydrazone derivative 

HoboJ% - 
OH 

1 

uh 

1 -Amino-D-proline pyridoxal Phosphate 
'1L 

".* 

Figure 11. Formation of Hydrazone Derivative. 

XL 
Addition of vitamin B6 to the diet readily alleviates this problem. Vitamin B g  deficiency 

through ingestion of linatine in flaxseed is not expected to be an issue at the intended use levels 
due to adequate exposure to vitamh B6 in the diet. -* 
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2.8. Physical and Chemical Properties 

Appearance 

odor No off odors 

Texture Smooth, freeflowing granulation 

Uniform brown or golden color 

**- 

a 

Uniform golden cdor with or 
without brown flecks 
No off odors 

Free-flowing powder 

, "- 

~~ - 
Bulk density c. 65 kghl c. 48 kghl 

Partide sLes Variable 100% passes through 35/64'' x 1/2" 
slotted hole or 45/64" round M e  

i 

."* 

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

Table 26. Physical Characteristics of Whole and Milled Flaxseed. 

Table 26. 

whole I Milled I 

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 h m  corn or cereal milliig due to the high fat 
content. The object is to produce a granular, non-oily, fke-flowing product. It is desirable to mill 
fhxseed 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 fke-flowing granular product with particle 
sizes ranging h m  200 to 1500 pm. 

2.93. Additional Processing 

Although flaxseed is considered a low risk product in terms of microOrganism 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. 
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2.1 1. Contaminants 

Congener Group 

Monochiorinated' 

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) 
753 754 755 756 

15.9 37.2 45.4 91 .l 

. 

Dichbrinated2 

rrichi~rinated~ 

157 38.2 230 595 

13.5 55.2 46.2 84.2 

retrachlorinated I 8.6 I 9.2 I ND I 6.3 

Pentachiorinatd 

Hexachlorinatd 

Heptachlorinated' 

ND 5.5 ND 4.8 

ND ND ND ND 

ND ND ND ND 

Octachlorinatede 

Nonachlorinated' 
Decachbrinated'o 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

__ 

1. PCBs 1 and 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. PCBs84,85,87,95,97,99,101,104,105,110,114,118,119.123, and 126 
6. PCBs29,135,137,138.141,149,151,153.15!5,156,157,158,167,168, 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 
ll.ND=notdetected 
12. World Health Organization Toxic Equivalent (calculated with non-deteds set to the 
limit of detection) 

Total 

WHO TEQ12 
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2.11.2 

not detected (limit of detection) I 
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2.113. Dioxins and Furans 

Congener 

Dioxins 
2,3,7,&TCDD 
Total TCDDs 

DioxidFuran Concentration (ppt) 

753 754 755 756 

ND (0.1)’ ND (0.1) ND (0.1) ND (0.1) 
ND (0.1) ND (0.1) ND (0.1) ND (0.1) 

1,2,3,7,&PeCDD 
Total PeCDDs 

ND (0.1) ND (0.1) ND (0.1) ND (0.1) 
ND (0.1) ND (0.1) ND (0.1) ND (0.1) 

1,2,3,4,7,8HxCDD 
1,2,3,6,7,&HxCDD 
1,2,3,7,8,SHxCDD 
Total HxCDDs 

ND (0.1) ND (0.1) ND (0.1) ND (0.1) 
ND (0.1) ND (0.1) ND (0.1) ND (0.1) 
ND (0.1) ND (0.1) ND (0.1) ND (0.1) 
ND (0.1) ND (0.1) ND (0.1) ND (0.1) 

1,2,3,4,6,7,&HpCDD- 
Total HpCDDs 

OCDD 

~ 

ND (0.3) 0.3 ND (0.4) ND (0.4) 
ND (0.3) 0.3 ND 00.4 ND (0.4) 

ND (1.0) 0.9 ND (0.6) ND (0.8) 

Fumns 
2,3,7,&TCDF 
Total TCDFs 

I I I I I 

ND (0.1) ND (0.1) ND (0.1) ND (0.1) 
ND (0.1) ND (0.1) ND (0.1) ND (0.1) 

1,2,3,7,&PeCDF 
2,3,4,7,&PeCDF 
Total PeCDFs 

1. ND = not detected (limit of detection) 
2. World Health Organizatii Toxic Equivalent 

ND (0.1) ND (0.1) ND (0.1) ND (0.1) 
ND (0.1) ND (0.1) ND (0.1) ND (0.1) 
ND (0.1) ND (0.1) ND (0.1) ND (0.1) 
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1,2,3,4,7.&HxCDF 
1,2,3,6*7,&HxCDF 
2,3,4,6,7,8HxCDF 
1,2.3,7.8,9-HxCDF 
Total HxCDFs 

40 

ND (0.1) ND (0.1) ND (0.1) ND (0.1) 
ND (0.1) ND (0.1) ND (0.1) ND (0.1) 
ND (0.1) ND (0.1) ND (0.1) ND (0.1) 

ND (0.1) ND (0.1) ND (0.1) NO (0.1) 
ND (0.1) ND (0.1) ND (0.1) ND (0.1) 

1.2.3,4,6.7,8-HpCDF 
1,2,3,4,7,8,9HpCDF 
Total HDCDFs 

-ND (0.1) ND (0.1) ND (0.1) ND (0.1) 
ND (0.1) ND (0.1) ND (0.1) ND (0.1) 
ND (0.1) ND (0.1) ND (0.11 ND (0.1) 

OCDF 

WHO TEQ’ 

ND (0.3) ND (0.3) ND (0.3) ND (0.5) 

0.340 0.340 0.341 0.341 



3. INTENDED USE AND CONSUMER EXPOSURE 

M&F, 4-8 years 

M, 9-13 years 

1 

-A 3.1 Intended Technical Effect 

0.9 

1.2 

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 u-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 ALA 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 AIS 
for various ageisex groups are shown below in Table 28. 

Table 28. Adequate Intakes of u-Linolenic Acid. 
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I AI' for a-Linolenic 
Acid (glday)' SexlAge Category I 

I 
~ _ _  I F, 9-13kars I I .o 

I M, 14->70years I 1.6 I 
F, 14->70 years 

Pregnant 

Lactating 

'AI = Adequate Intake 
Source: IOM (202). pp. 8-37 through 8-39. 2 
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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 dday 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 AI (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 ALNday); 
a workshop of the International Society for the Study of Fatty Acids and Lipids 
(ISSFAL) in 1999 (recommended 2.2 g ALNday); 
the Eurodiet Commission in 2000 (recommended 2 g ALNday); 
the French Apports Nutritionnels Conseilles in 2001 (recommended 1.8 g ALNday); and 
ISSFAL in 2004 (recommended 1.6 g ALNday). 

3.2.2. Current and Adequate Intake of a-Linolenic Acid 

U.S. population, average intakes are about the same as the AI. The primary sources of ALA in 
the U.S. diet (Gebauer et al. 2004) are grain products (0.41 g ALNday for adult males, 0.29 
gday for adult females); meat, poultry, and fish (0.38 and 0.23 @day); fats and oils (0.34 and 
0.28 glday); and vegetables (0.23 and 0.17 @day). Clearly, however, half of adults in the U.S. 
have less than the median intake of ALA and these individuals would benefit &om increasing 
their consumption of foods containing ALA. 

Since the AI was selected as the median intake of ALA by various agehex groups in the 

3.3. Fiber 

33.1. 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 chamckma * tion 
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 fiom 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 tenn “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 beiig provided by putative fiber substances, it specifically described 
three “established physiological effects” that are fiequently characteristic of added fibers (IOM 
2001). These are: 

attenuation of the postprandial blood glucose response, 
0 attenuation of blood cholesterol concentrations, and 

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 coder 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. 

33.2. 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; 
gastrointesthl health, including duodenal ulcers, constipation, laxation, fecal weight, production 
of short-chab 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 anestimated average r e q e e n t  (EAR) because the benefit of 
elevated total fiber intake occurs wntinuously across the whole range of intakes against which 
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impact on the advent of coronary heart disease is now known h r n  prospective studies (IOM 
2002). The Panel noted: 

r 

“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/lOOO 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 AI for total fiber at 14 g/lOOO kcal. The AI 
was set on this basis, rather than on a g/kg or @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, AIS for various sedage groups were 
determined by multiplying [14 g/lO00 kcal] X [median energy intake of each grotp]. The results 
of these calculations are shown in Table 29. 

F, 9-13 years 

M, 14-18 years 

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

1877 26 

2748 38 

I Median Energy Intake 
(kcallday)* SexlAge Category 

F. 14-18 years 

M. 19-30 years 

F, 19-30 years 

M&F, 1-3 years I 1372 I 19 I 

1872 26 

271 8 38 

1757 25 

M, 9-13 years I 2226 I 31 I 

F. 31-50  year^ 

M, 51-70 years 

F, 51-70 years 

1659 25 

21 09 30 

1507 21 

F, >70 years 

Pregnant 

Lactating 

1 
~- 

M. 31-50 I 2476 1 -  38 

1356 21 

1978 28 

2066 29 

M. >70 years I 1773 I - - &  1 
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333. Current Intake of Dietary Fiber and Adequate Intake of Total Fiber 

fiber indicates the gap that might be filled by functional fiber. Th is  comparison is shown in 
Table 30, where intakes of dietary fiber at the lo*, SO*, and 90& percentiles are compared with 
the AI for total fiber. 

Comparison of the actual intake of dietary fiber with the adequate intake (AI) of total 
s ( i  

- 

Gap Between Usual Intake of Dietary Fiber 
and AI for Total Fiber 

Gap From IO'" Gap from !50* Gap from SO'" 
Percentile Percentile Percentile 

SexlAge Category t s l ~ Y 1 '  

MBF, 1-3 years 

M&F. 4-8 years 

13.4 9.9 5.2 

16.7 13.2 8.6 

M, 9-13 years 

F, 9-13 years 

M, 14-18 years 

F. 14-18 vears I 17.4 I 13.5 I 8.5 I 

21 .I 16.4 9.8 

17.2 13.4 8.4 

26.9 21 .o 13.0 

M, 19-30 years 

F, 19-30 years 
~~ ~ 

M, 31-50 years I 27.1 I 20.1 I 10.0 I 

27.9 20.6 9.8 

17.4 12.9 6.6 

F, 31-50 years 

M, 51-70 years 

F, 51-70 years 

M. >70 vears 1 21.0 I 13.5 I 2.7 I 

17.3 11.9 4.3 

20.1 12.5 1.7 

12.7 7.2 0 

F, >70 years 

Pregnant 

13.4 7.7 0 
17.8 12.4 4.9 

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 lo* percentile of consumption, the gap between intake and 
recommendation may approach 30 &lay. 

~~ ~ -~ - 

Lactating 
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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 suflice 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 

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. 

Although the addition of flaxseed to foods is intended to be limited only by cGMP, there 

A s  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 3 1. Using 
the Reference Amounts Customarily Consumed (RACC) established by FDA (21 CFR §lOl.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 3 1. 

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. 

Food Category 

Breads 

Maximum 
RACC' (g) Flaxseed Content2 

(glsenfing) 

50 6.0 

Biscuits, bagels, tortillas 

Doughnuts, muffins 

Pancakekftle mix 

Pasta (dry weight) 1 5 5 1  6.6 I 

55 6.6 

55 6.6 

40 4.8 

Multigrain flours or meal 

Multigrains 

Breakfast cereals (high fiber) 

cookies 1 3 0 1  3.6 I 

30 3.6 

45 5.4 

30 3.6 

Pina crust 

Snack bars (grain based) 

Batter mixes, breading 1 3 0 1  3.6 I 

55 6.6 

40 4.8 

Crackers 

Popcorn, chips, pretzels 

Nuts and seeds 1 3 0 1  3.6 I 

30 3.6 

30 3.6 

Cheeses 1 3 0 1  3.6 I 
Salad dressings 

Mayonnaise 

30 3.6 

15 1.8 

Margarine,tablespreads I 15 I 1.8 I 
Yogurt 225 27.0 

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 fwd 
consumption and muliplying by flaxseed addition does not provide reasonable estimates of daily 
intake. However, FDA has previously dealt with e s thdhg  fiber intakes in developing the final 
rule regarding health claims for fbglucan soluble fibers from oats and psyllium (FDA 1997a) and 
in the health claim for soy proteh The Agency was required to promulgate a rule for the 
minimum amount of fLglucan 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 monable relationship to the amount of p-glum 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 '/4 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 p-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, 2 1 CFR 0 10 1.8 1 ; Health claim-soy protein and risk of 
coronary heart disease, 2 1 CFR 6 101.82). The Agency explained its reasoning in some detail in 
the iinal rule (FDA 1997a) authorizing the health claim for p-glucan soluble fiber from oats: 

“Many comments stated that the qualifj4ng level of fbglucan 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 f3-glucan soluble fiber 
from whole oat products is necessary to make a significant impact on serum 
lipid levels. Using the minimum levels of Pglucan 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 f3-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 f3-glucan h m  
whole oats, it would require the consumption of six or more servings. Similarly, 
if the oat products qualified with 0.6 g bglucan soluble fiber, consumem 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, co~lsumefs 

should be able to consume a beneficial amount of the nutrient based on typical 
American eating PQtterns, 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 petitionefs arguments that it was unlikely that co~lsumers 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 mount over three eating occasions a day (61 FR 296 at 309). 
Based on the petitioneis submission, the agency considered that &&can 
soluble fiber would come h m  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 so- of whole oats 
to include whole oat flour. Thus, many more whole oatantzhhg products will 
be available to qualify to bear this claim. This development hmeases 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 
breakfastbeingthemostpopulartimetocons~eoatproducts(see Sup1 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 fiom 
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comments, the agency is persuaded that the determination of the qualifling 
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 glserving to a variety of foods is 16 glday’. As a dietary concentration, 16 g is 0.5% of a 
3 kglday total diet. The ED1 of functional fiber and of ALA provided by flaxseed are 25% of the 
ED1 for flaxseed, or 4 glday. Since in many cases the addition level of flaxseed is less than 
4 glserving, and since it may be doubted that most individuals will regularly consume flaxseed- 
containing foods 4 or more times per day, the ED1 is likely to be less than 16 @day and the ED1 
of fiber and ALA are proportionately redud. 

Note that this is a conservative estimate. FDA raised the number of likely eating occasions for whole oats 
h m  3 to 4 only after the number of potential sources of whole oats was incl.eased h m  2 to 3. Since there is only 1 
source of flaxseed, it may actually be more congruent with FDA’s think& to estimate 3 rather than 4 eating 
occasionsaday,oranEDIof12gratherthan 16g. 

1 
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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 sewisolariciresinol diglycoside 
(SDG), and protein, as well as mucilage and cellulose which are neitha 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 fiom this review, shows the metabolic fate of ALA in humans. 

6 K r e b s  

t 

Saturated 8 
monosaturated 

fatty acids 

- 
t 

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

Orally ingested ALA is almost corn letely absorbed from the gastrointestinal tract. A 
single individual who ingested 750 mg @- E C] ALA was shown to absorb >96% of the 
administered dose over a 5day 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) consum4 either 20-g flaxseed oil capsules or 50 glday 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 fiom 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) Wxidation; or 3) desaturatiodelongation. 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 [13C]-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 htty acid j3-oxidation 
pathways in male and female subjects, although fractional oxidation of ['3C]-ALA tended to be 
less in women (22%) than in men (33%) over a similar sampling period (DeLany et al. 2000; 
Vermmt et al. 2000; Bretillon et al. 2001; Burdge and Wootton 2002; Burdge et al. 2002,2003). 
Once carbon is released from ALA through fhxidation, it enters the acetyl-coA pool and then 
may either enter the Kreb's cycle and be expired as C a ,  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 @PA), 
docosapentaenoic acid @PA), and docosahexaenoic acid @HA) via the desaturatiodelongation 
pathway (Sprecher 2002). Tracer studies in human subjects have shown variations in the blood 
concentcafion of labeled ALA metabolites (Burdge 2004; Burdge and -der 2005): EPA (0.2% 
to 6%), DPA (0.13% to 6%), and DHA (9.05%). Conversion of ALA to EPA or DHA was 
reported to be higher in women (2.5-fold and >2OO-fold, respedvely) than in men (Budge 
2002). It has been suggested by Burdge (2006) that estrogen may play a role in increasing the 
activity of the desaturatiodelongation pathway since women on oral contmxptives containing 
1 7 a e t h y l n y l ~ o l  s h o d  a 3-fold higher synthesis of DHA than did women not on of81 
confracepfves (Burdge and Wootton 2002). 

4.1.2. Lignan: Secoisolariciresinol D-coside (SDG) 

enterolignans enterodiol and enterolactone (see Figure! 13), which then are absorbed, enter the 
blood circulation, and are elimhakd 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 fasts in rats than in humans (Nierneyer et al. 2003). Enteroligmms, which are also r e f 4  
to as mammail 'an lignans, are of particular interest since it has been reported that they have 
antioxidant and (anti-)estrogenic effects, can induce NADPHquinone reductase (phase II 
enzymes) and c811 inhibit enzymes such as Sa-redwtase, sex hormone binding globulin, and 178 
hydroxysterid dehydrogenase which are involved in the metabolism of sex hormones 

Colonic bacteria convert li- such as s e c o i s o l a r i ~ l  &glycoside (SDG) into the 
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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; Gtts et al. 1999; Prasad 2000). 

H 0 4  '6 HO HO4'  '6 

' - __c 

OCH, 5'4 OCH, 
OH OH OH 

recolsolrrlcirednol recoiro~arickesinol mrtalresinol 
diglycoside I I 

H O T O H  OH 

0 OH 

enterodiol enternlactone 

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

4.1.2.1. Animal Studies 

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 h m  both the flaxseed and purified SDG 
groups increased linearly to the middose 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 middose after which urinary levels decreased. 
Total urinary lignan excretion was much lower in SDG-fed animals (0.2-0.4 pmo1/24 hours) than 
in flaxseed fed animals (0.6-1.6 prnoV24 hours). Percent urinary excretion of total lignans was 
calculated using the HPLC values of SDG and were 74.26a17.41,92.101t11.57, and 

Female Sprague-Dawley rats (6/group) were fed a basal diet' supplemented with 0,2.5, 

The basal diet was based on the ALN-76 formulation except that a higher level of fat was provided by the 
addition of corn oil at the expense of comtamh. 
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46.251t7.10% 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 vitro 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 centriQed 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 concentratioa 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 36.56a5.12% for the 2.5,5, and 
1OOh 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 70-72day-old Sprague-Dawley rats (acute 
group) with a single dose of 3H-SDG following an overnight fhst, 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 ratdtime point). Another group of 12 rats (chronic group) was first gavaged 
dailywith 1.5mgunlabeledSDGfor 10daysandthentreatedinthesamemannerastheacute 
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 
fiom the acute group and by 24 hours in rats h m  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 pup) 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 group. The cecum had the 
highest level of radioactivity over 48 hours and decneased over time as did other GI tissues. 
Other tissues represented -44% 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 r ad idv i ty  levels 
included: liver levels were 50430% 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 sigdlcantly 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 4 %  throughout 
theentire study. 

The metabolic profile of orally administered SDG was further investigated in 3 
experiments using 70-72day-old f d e  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 extradon procedures to 
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!::!z!c dicsc?ive urinary lignan metabolites for HPLC analysis and scintillation counting. In 
z&Etion, 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 (1 998), 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 

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 muf3i.n or bread) for a 7day period (Nesbitt et al. 1999). The 
SDG content of raw flaxseed was detarmn ed by HPLC to be 2.93 pmoVg. Consumption of 
flaxseed occurred during the follicular phase of the menstrual cycle because it had been 
previously reported that enterolactone urinary e x d o n  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 h m  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. 

In a randomized crossover study examining the metabolism of SDG in flaxseed, 9 healthy 

As part of a second experiment, the same 9 young women ingested 25 g raw flaxseed for 
an additional day (Le., 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 8* day, there uras 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 mihe AINL93G farmulation exeeptht ahigherht - wasacwedby 
the addition of 20% soybean oil at the e m  of cornstarch and dextrose. 
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on day 8 (233.35*87.41 prnou24 hours) than on day 1 (47.67*21.04 pmom4 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 8* day, plasma 
concentrations were significantly higher than at baseline. The ratio of enterodiol to enterolactone 
concentration in plasma ranged b m  1.5 to 4.5 and in Urine ranged from 3.5 to 19.2, indkathg 
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 mgkg 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 (27W4 nmoY1) 
of plasma enterolignans, fbllowed by crushed flaxseed (1 2 2 2  1 nmoM), and whole flaxseed 
(85k19 nmoV1). This represents a 2- to $-fold difference in relative bioavailability between 
whole and crushed or milled flaxseed, although it also demonstmtes 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 (68Yo) than the ground flaxseed period (62%). 
Within-subject and between-subject variation was hi+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 p o l k g  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. Entmolactone 
and mtemdiol were detected in plasma at 8-10 hours post-treatment with peak plasma 
concentrations occurring at 14.tb5.1 hours for enterodiol and 19.76.2 hours for enterolactone. 
Systemic exposure to enterohtone 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 4.4k1.3 hours and 12.a5.6 hours, respectively, and the mean residence time fix enterudiol 
and enterolactone was 20.6a5.9 hours and 35.fU10.6 hours, respectively, indicating that the 
enterolignans accumulak 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 concentmtions and urinary 
concentrations of enteroligaans. Several differences between the sexes were observed: onset of 
the plasma curve of both enteroligplans 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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4.13. 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 occufs more quickly in 
rats than in humans, but in general the rat appears to be an appropriate model for the study of 
SDG. 
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4-2- Toxicological Studies of Flaxseed and Its Constituents 

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

4.2.1. Acute Toxicity Studies 

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 pg/lOO g 
seed [Smeds et al. 2007J). 

Roberts et al. (2006) determined that the LD50 of 7-hydroxymatairesino1(7-HMR), a 

4-22. Subchronic Toxicity Studies 

4.2.2.1. Whole Flaxseed 
4.2.2.1.1. Rat 

admixture and evaluated for any possible adverse or nutritional effeds (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 
mgkg bw/day, respectively) for 90 days. Each diet was adjusted to be approximakely isocaloric 
and contain similar amounts of tht (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 greaterthan 6 because 
it was reported that on days 27,59, and 89, samples of 6 rats h m  each p u p  were placed in 
metabolic cages and overnight Edsting 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 
h m  each group were pooled for determination of total rat, pH, and fiber heritability. At the 
end of the study, rats were fasted overnight and killed by exsanguination undef pentobarbital 
anesthesia. Blood samples were collected and analyzed for serum total ,HDL, and LDL 

Male and female weanling Sprague-Dawley rats were fed ground flaxseed as a dietary 
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cholesterol, triacylglycerols, and glucose levels. The heart, liver, kidney, spleen, and white and 
brown adipose tissue h m  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 ytocopherol levels in the liver 
and spleen, of rats fed 40% flaxseed were siguificantly lower than those of controls. The dietary 
content of a-tocopherol was calculated to be 6.1,5.8,5.5, and 5.0 TCT/lOO 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 8ssociated 
with increased fecal moisture and appeared to be mostly fermentable. Rataayake et ai. (1992) 
concluded that dietary concentrations of up to 40% flaxseed (approximately 21 gkg bw/day) 
produced no adverse effects and may actually have beneficial effects in lowering serum lipids. 
They also noted that ALA in flaxseed was bioavailable and was readily converted to longchain 
n-3 fatty acids. The concenffafon of 22:6 (n-3) in the liver increased 3-fold when flaxseed in the 
diet was increased h m  O??, to IO??, but further increases did not proportionately raise the 22:6 
(n-3) concentration. However, 205 (n-3) and 225 (n-3) increased with increasing dietary 
f l d  In the heart, the level of 205 (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 mgkg 
bw/day. 

The antioxidant potential of dietary flaxseed was studied in weanling female Sprague- 
Dawiey rats (10 rats/pup) aged 24 days at onset of the study (Yuan et al. 1999). The rats were 

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 bwlday). 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 determind weekly throughout the study. At 42 days of age, rats were 

enterodiol and entemlactone and the aglycone of SDG, secoisolariciresinol). At 50 and 51 days 
of age, the rats were terminated by asphyxiation and their livers were removed for analysis 
of tissue glutathione levels and the antioxidant enzymes glutathione peroxidase, glutathione 
reductase, and catalase. 

divided into 3 merit grow: 1) basal diet (AIN-93G'); 2) basal diet PIUS lO!!? 

placed in metabolic cages for 3 days to collect urine for analysis of urinary " - 
' The AIN-93 and AIN-93G diet, fed to rodents as the basal diet in many ofthe studiesreported in this 

monograph, derives its carbohydrates in the form of cornstarch and sucrose, protein as casein, lipid as soybean oil, 
and dietaryfiberaspowderedceMose. The Ontyothermgmdknts are mineral and Vitamin mixes andTBHQasan 
ant iox i~(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 lignam were significantly higher in flax-fed rats (3.78M0.657 
pmollday) and SDG-treated rats (1.66W.146 poVday) compared to controls (0.034M.013 
pmollday). 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 l i g n a  in the liver. While the authors did not establish 
a NOAEL, no adverse effects were seen at an intake of SDG of 9 mglkg bw/day or a flaxseed 
concentration of 10?/0, approximately corresponding to 7500 mglkg bw/day of ground flaxseed. 

A study to examine the effects of 100 days of consumption of dietary oilseed on the liver 
and hepatic ~-glutamyltmnspeptidase 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 dBxence in the Norlin- and Solin-containhg chows was to help 
Misentiate 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,S-7 rad per group were examined, weighed, and killed by 
decapitation. Blood samples were taken for deterrmna * tion of plasma glucose and alanine 
aminotransferase levels and the liver and kidneys were removed, weighed, and portions 
homogenized for de- - tion of protein content and y-glutamyltmqxptidase 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 7- 
glutamyltmmpeptidase 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 7-gl~tamyltranspeptidase 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 lo?!, 
approximately equivalent to 7500 mgkg bw/day and including approximately 63 mg SDG/kg 
bw/day. The NOAEL for ALA was the level provided in the Norlin cultivar, about 2.6% dietary 
concentration, equivalent to 1950 mgflrg bw/day. 

433.13. Piglet 

flaxseed for 125 days on fatty acid profile, prepubertal development of mammaxy glands, and 
In a study by Farmer et al. (22007) to investigate the effect of coIlsumption of dietary 
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bone resorption, groups of Yorkshire x Landrace gilts (female piglets) aged 82 days were fkd one 
of 4 diets: 1) basal diet' (control; ~ 1 4 ) ;  2) diet containing 10% flaxseed ( ~ 1 3 ) ;  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 we= 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 
monitored. The animals received the i d o r i c  and isonitrogenous diets for 125 days (until 
21%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 h m  
the jugular at the age of 78 and 210 days fix analysis of estradiol, prolactin, and cross-linked N- 
telopeptides of type I collagen concentrations and to detexmme * the plasma fatty acid profile. At 
212 days of age, the gilts were euhnizd, the mammary glands were removed, and 
extraparenchymal tissue h m  the cranial mammary glands was taken fbr assessing the htty acid 
profile. Parenchymal tissue was homogenized and DNA;, dry matter, protein, and lipid content 

intravenously injecting 6 gilts/group with 5-bromo-2'~xyuridine 2-3 hours prior tu 
euthanasia. Slides &om the parenchymal tissue were prepared for immunohistochemical Staining 
and evaluation. Ovaries w m  examined h m  all animals and the number of copra lutea was 
determrn * ed. Liver samples were taken h m  animals not injected with 5-bromo-2'-deoxyuridine 
for assessment of fatty acids. 

were de termimd The rate of cell prolifdon in the parenchyma was detammed - by 

Dietary supplementation with flaxseed products did not e t  body weight, back fat 
thickness, number of corpora lutea, 5-bmmo-2'-deoxyuridine labeling index, estrogen receptor 
localizaton, or plasma concentrations of estradiol, prolactin, or cross-linked N-telopeptides of 
type I collagen. Ingestion of 100? flaxseed or 3.5% flaxseed oil, but not 6.5% flaxseed meal, 
significantly increased the concentration of pol- fatty acids and sigdicantly 
decreased the concentration of saturated and monoumahmtd fatty acids in plasma and 
extraparenchymal tissue. The only statistically significant variable in the composition of 
mammary tissue was an increase in dry matter content of animals fed flaxseed compared to 
controls. Fanner et aL (2007) concluded that dietary flaxseed and flaxseed oil, but not d e w  
flaxseed meal affected fatty acid profiles; none p r o d d  my 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 (NoAELs) for flaxseed, flaxseed md, and flaxseed oil were ttae 
single dietary concentrations testd-lOO? for flaxseed, 6.5% for flaxseed meal, and 3.5% for 
flaxseed oil. 

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 consti- 1OOA of the diet, the 
NOAEL was 2700 mg/kg bw/day. The NOAELs for flaxseed meal and oil were 65% and 3.5% 
ofthe diet, or 1750 and 950 mgkg bw/day, respectively. 

The basal diet was a commercial feed contain@ 52% cornmeal, 17% soybeau meal, 10?4 ground barley, 
8% mola meal, 8% wheat middliugs, 2% animal and vegetable fbt, 2% limestone , and 4% a&er components. No 
fish meal or other sou~ce ofn-3 fatty acids was included. 

1 
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4.2.2.2. Flaxseed Constituenb 

4.2.2.2.1. Rat 
The study by Yuan et al. (1 999) 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 mgkg bw/day. 

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

7-Hydromsino1(7-HMR) was e v a l d  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 pre&ce of a hydroxyl group rather than 
hydrogen at carbon 7. Six-week-old male and female Wistar outbred (Cr1:wr)sWu BR) rats 
were fkd 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 k Mouse No. 3 Breeding Diet h m  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 4day 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 dsedgroup and a fimctiod observation battery was conducted with 
these rats in week 13. Ophthalmoscopic examinatons 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 h m  the abdominal aorta of 10 raWsedgroup 
and examined for hemoglobin, packed cell volume, red blood cell count, reticulocytes, total 
white blood cell count, prothrombin time, thrombocyte count, different.ial white blood cell count, 
mean corpuscular volume, mean covuscular 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 h m  10 rats/sedgroup. The measurements 
included alkaline phosphatase activity, aqarhk! a m i n o t m m d ~  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 - m  enterolactom, 7- 
hydroxyenterolactone, and matabin01 in plasma were measured in 10 sampldsedgroup, 
randomly selected at the end of the study. Urine, collected h m  10 rats/sedpup during the 
last 16 hours of a 24-hour food and water deprivation period in week 13, was analysed for 
volume, density, appearance, pH, ghrcose, occulf blood, ketones, protein, bilirubin, urobilinogen, 
and microscopy of the sediment. Sperm samples obtained at necropsy were evaluated for 
epididymal sperm count, sperm m d i t y  and morphology. All animals were subjected to 

GRAS Monograph for 
Whok and Milled Flaxseed 

60 



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 
hnnalin of the aorta, axillary lymph nudes, 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 mamow, stomach, sublingual, and submaxillary salivary glands, tracheahronchi, urinary 
bladder, Zymbals gland, and any tissue showing gross lesions. Histopathological exaxmu& on 
was pedormed in all listed samples h m  all animals in the control and high-level group. In 
addition, the lungs, kidneys, liver and all gross lesions were examined h m  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 f a d e s ,  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 e&ts 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 b l d  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 scatkrd 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 dosedependent decrease in both absolute and relative ovary 
weights seen in mid-and highdose females. Absolute ovary weights wefe 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 chauges in ovary weights and in estrous-cycle length without any 
bistopathological efkcts 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 025% dietary concentraton, corresponding to 160 mg/kg 
bw/day intake, the lowest level admlmstered. . .  

4.2333. Rabbit 
To investigate the possible effect of lignan complex isolated fnnn 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 die$ supplemented 
with 40 mg lignan complexkg bwiday; 3) rabbit chow diet containing 0.5% cholesterol; and 4) 
rabbit chow diet containing 0.5% cholesterol plus supplementation with 40 mg lignan 
complexkg bw/day. The lignan complex, containing approximately 34% SDG, 15-21% 
cinnamic acid glucoside, and 10-11% hydroxymethyl-glutaric acid, was administered orally on 

GRAS Monograph for 
WbokamdMilledFIarseed 

61 



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 (MCV), red blood cells distribution width O W ) ,  hematocrit (Ht), hemoglobin (Hb), 
mean corpuscular hemoglobin (MCH), mean corpuscula 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@.&2,7.7M.7,6.3443.33, and 6.05~kO.28xlO~A for groups 1,2,3, and 4, 
respectively), there was no indication that oral administration of 40 mg lignan complexkg 
bw/day had any adverse effects on the parameters examined. The NOAEL in this study was 40 
mg k g  bw/day of the lignan complex, including 14 mg SDG/kg bw/day. 

4.2.2.3. Concluswns 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 an 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 (W?, lO??, and 
10% dietary concentration) in the three rat studies and 2700 mg/kg bw/day (1Wh dietary 
concentration) in the piglet study. NOAELs 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. 

Y 

433. Developmental and Reproduction Toxicity Studies 

4.2.3.1. mole Flarseed 

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, c) from weaning to 50 days of age, d) from weaning to 132 days of age 
(adulthood), or e) dam's pregnancy and pups adulthood. 

To evaluate the potential reproductive and developmental effects of whole flaxseed, Tou 

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 hxeased Flaxseed administration after weaning had no effect on onset 

' The NOAEL m LinaetaL (2005) was nut the highest dose tested, butthe test article m that study was 7-HMR, 
which, while chemically related to the matairesiwl found in flaxseed, is itselfonly a minor fkntseed 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 IWO concentration of flaxseed 
in the diet (approximately 7500 mgkg 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 mgkg 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. (1 998). Groups of individually housed female Sprague-Dawley rats aged 
58 days (6 ratsdgroup) 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 .O 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 wa-, 4) basal diet plus daily gavage with 1.0 ml of 3.0 mg SDG/ml in distilled watq 
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 tamoxifenkg bw in 1 ml 
corn oil (positive control). Groups 1 and 5-7 also received daily gavage of distiied water. 
Animals were monitored daily for estrous cycling by means of vaginal smeafs 2 weeb 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 C02 inhalation, gross pathology was pedbrmed, and organ 
weights were record. Urine was pooled into 3day samples for each rat and analyzed for 
enterodiol, enterolactone, and secoisolaric~inol using GC-MS. 

There was an apparent but non-statistically signiscant dose-related increase in the 
number of rats with either acyclic (no longer cycling) or irregular (>lo 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-treakd rats were no longer cycling (P4.003 
vs. controls). Of the rats still cycling before and after treatment, rats on flaxseed and SDG 
treatments tended to have longer cycles, but this e m  was only significantly different h m  
controls for the 5% flaxseed p u p  and WEIS not dose-depeadent. Urinary e x d o n  of lignans 
was significantly higher in flaxseed groups than corresponding SDG grow (P4.05). Rats fed 
flaxseed or orally administered SDG showed no difkrences h m  basal diet controls in body 
weight, feed intake, organ weights (ovaries, liver, heart, kidneys, spleen, cecum, and colon), or 

‘on of f l h  or SDG was well tolerated and produced no toxicity grosspathology. Ad~mwtmb 
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 flaxseedflrg bw/day, the highest dose tested/ 

. .  

Tou et al. (1998a; orally presented at a coderence and available only in abstract hrm) 
further evaluated the reproductive effects of flaxseed in pregnant rat dams (number and strain not 
reported) that were f& basal diet or basal diet supplemented with 5 or 10% flaxseed, 
approximately equivalent to 3750 and 7500 mg&g bw/day, during pregnancy and lactation. AAer 
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weaning, the pups of dams that had been fed flaxseed were fed only basal diet, while the 
offspring of basaldiet-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 dosedependent. 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 ofrats. 

Tou et al. (1998b) fed groups of individually housed pregnant Sprague-Dawley rats (7 
rats/group) either basal diet (m-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* 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 (Usex) h m  each 
litter were killed by C02 asphyxiation. Major organs, particularly reproductive organs, were 
removed and weighed. Surviving offspring were switched to basal diet and selected offspring 
(6-lO/sex/group) were Wed by C@ asphyxiation on postnatal day 50 or 132. O&prhg 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 taka 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 ifthey r e d d  at one stage for 
more than 10 days. Prostates h m  males were histologically examined. To test for lignan 
transfer through lactation, 3 dams receiving SDG were gavaged with 1.5 mg 3H-labeled SDG 
(instead of unlabeled SDG) on postnatal day 20. Two offspring (l/sex) were allowed to remain 
with the dams, after 24 hours the dams and offsprins were killed by C a  asphyxiation, and 
blood, all tissues, and gastminteshal contents were collected for analysis of radioactivity. 

Administration of 5 or 10% flaxseed or SDG had no eftkt on maternal feed intake, 
materoal 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 h m  dams fed 10% flaxseed, but not the other treatments. 

tion, 10% dietary flaxseed significantly reduced the When compared to basal diet admmstm 
body weight gain of d e  off-, but not f d e s ,  after lactation. The difference in amgenital 
distance between postnatal day 3 and 21 also was significautly less in both sexes h m  this 
treatment group than among controls. Puberty onset was significantly delayed in females h m  
the 5% flaxseed (34.9M.6 days) or SDG (34.7kO.7 days) groups, but was significantly earlier in 

. .  
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females fed 10% flaxseed (25.5a.3 days) when compared to controls (30.la.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,l of 6 rats fed 5% flaxseed, 1 of 7 rats 
administered SM3, 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 
fiom 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-My 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% &meed. The other major organs of the offspring 
were not affected by treatment. Neither males nor females fiom the treatment groups showed any 
diffaences in M y  weight when compared with control values. Extensive cell prolifmtion- 
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% aaxseed. 
Radioactivity detected in the blood and tissues of offspring nursing h m  dams administered 3H- 
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 0-g (e.g., prostrate growth, timing 
of pubery onset, estral acyclicity) may affkct reproduction. 

A study was conducted by Tou and Thompson (1999) to assess any potential effect of 
flaxseed or its components on mammary gland sguctures. 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 nxeiving SDG also were gavaged daily with 1 ml distilled 
water. Following weaning opostnatal day 21), female o&pring 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 offspn;ng 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 w e e .  To represent 
exposwe during gestation and lactation, female ofipring 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 C@ asphyxiation and whole mounts of mammary gland were prepared for 
counting of 7Exmmmary structures. Puberty onset was determured 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 al l  4 stages with a normal cycle b e i i  4-5 days (1 -2 days of estrus). Rats were 
considered acyclic ifthey remained at one stage for m a  than 10 days and cycles were 
considered prolonged ifany stage was >3 days. At tam mat^ - ‘on, ovaries were removed and 
weighed. Blood samples also were collected for determm& * ‘onofserumestradiol. 

The development of xnmmmy gland structures was al- (as indicated by a statistically 
significant decrease in terminal end buds and a statistically significant increase in alveolar buds) 
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by 10Y0 dietary flaxseed fed during gestation and lactation and over a lifetime, but not when fed 
only afkr weaning. Similarly, feeding 5% flaxseed during gestation and lactation and over a 
lifetime, but not afkr weaning, also altered the development of mammary gland s t r u m  (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 (Le., based on offsprins 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 lengh Dietary flaxseed oil did not sect puberty onset or 
estrous cycle length. Relative ovarian weight and serum estradiol were not affected by 5% 
flaxseed, SDG, or flaxseed oil. The authors concluded that dietary flaxseed produces changes in 
mimmary stnrctures when exposure begins through gestation. The dietary concentration of 
flaxseed (5 vs. 10%) appears to produce different endocrine changes. The lower concenfrafion 
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 at. 1999). Pregnant rats (5 raWpup) 
were individually housed in polycarbonate cages and fed phytoestrogen-fhe basal diets (AIN- 
93) contaking 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 of%pring/sex/litter was killed by C02 asphyxiation and the 
ovaries, uterus, testes, and accessory sex glands were examined and serum estradiol andor 
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 (adulthd). The 
Surviving offSpfinP h m  darns 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) h m  each 
dam in each treatment group were killed by CqZ asphyxiaton. Females were ferminated in the 
same phase of estrous cycle as determm - ed 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 determm * ed in females by daily monitoring fbr the opening of the 

smears were taken to determme * the stage of estrous cycle. One cycle was consideml the number 
of days to complete all 4 stages with a normal cycle b e i i  4-5 days (1-2 days of estrus). Rats 
were considered acyclic ifthey remained at one stage for more than 10 days and cycles were 
considered prolonged if any stage was >3 days. Prostates h m  male offspring were examined 
histopathologically. 

vaginal w. Up to postnatal day 50 and during days 100-132, daily vaginal 
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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 (Le., 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 offkpring kd 10% flaxseed 
but not 5% fhxseed for a l i f i i e ,  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-fkd 
rats were no merent h m  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 i n c r e d  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. (1 999) 
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 (Spmdo et al. 2OOOa). 
Pregnant female rats (numbedgroq 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 soybeau 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% 
flax& 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 (postparhm 
day21), 1-2males/litterwererandomlyselectedand~~onthesamedietsastheirdams 
for 70 days (17-19 F1 maledgroup). After 70 days of tnzttment, 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, admds, seminal vesicles, and prostate were 
removed and their weights recorded. 

Dietary administration of flaxseed or flaxseed meal did not a f t k t  teminal body weights, 
testes, epididymides, or seminal vesicle weights, mean spermatid counts, mean number of sperm 
abnormalities, daily sperm production rates, seminifmus 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 4wo 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 meat at these high 
doses (equivalent to 15,000 and 30,000 m@g bw/day of flaxseed) had some effect on the male 
rat reproductive system; however, histological effects on spermatogenesis were not observed in 
any ofthe flaxseed- or flaxmeal-treated groups. 

Sprando et al. (2000b) further assessed the potential of flaxseed to aflFect 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 2 1,l-2 male pupfitter h m  as many litters as possible 
were selected to represent the F1 gemration, and were retahed on the same diets as their dams 
for 70 days. The male rats were then anes&&ued * with C@, the heart and internal organs were 
exposed, and the right testis was perfhion-ked. The volume density of  the testicular 
components, including sembiferous tubules, tubular lumen, interstitiusq 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 serninXmus 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 surhce areas of the seminiferom 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 
i n f o d o n  obtained in this study conhfms and extends the findings of Sprando et al. (2001a) 
and suggests that flaxseed and flaxmeal do not af€ect spermatogenesis or testis structure in the rat 
at the doses tested in this study, approximately equivalent to 9750 and 19,500 mg/kg bwlday of 
flaxseed meal and 15,000 and 30,000 m a g  bw/day of flaxseed. 

To examine the possible efkct of flaxseed or its purified lipan SDG on reproductive 
indices, young rats were exposed to dietary flaxseed or SDG through lactation or continuously 
through to adultbod (Ward et al. 2001a). Twenty Sprague-Dawley mts &at had just &livered 

10% flaxseed (equivalent to 7500 mgkg bwlday); or 3) basal diet plus 1.8 mg SDGkg bwlday. 
Dams were individually caged and maintained on ths diets during lactation until the pups were 
weaned. Feed intake of dams was recorded every 2 days throughout lactation. After weaning, 
pups (23-44 maledgroup and 22-47 hnales/group) were either mahtained on the same diet as 
their dams or were switched to basal die$ until postnatal day 50 (adolescence) or 132 (adulthood). 
Pup body weights were recorded weekly and feed intake was monitored. W a h  and diet were 
provided ad libitum. Rats were killed by C@ asphyxialion & weaning (dams), on postnatal day 

litters of PUPS were randomly assigned to 1 O f  3 diets: 1) basal diet (AIN-93G); 2) basal diet plus 
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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 

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. 

V- aperture. During postnatal days 100-132, daily vaginal were taken to 

Dietary administration of 100! 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 h m  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 bwlday of flaxseed or of 1.8 mgkg 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 stmgth 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 pmol SDG/kg diet, 
equivalent to the SDG in the 10% flaxseed diet. OfTkpring 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 p o ~ t - ~ t d  day 50, measures of bone strength were r e d u d  among rats receiving the 
1P/O flaxseed diet, but there were m differences in bone size, BMC, or BMD. No effect was 
seen in animals receiving SIX. However, at day 132 there were no significant differences 
between any of the p u p s  with regard to bone size, strength, or mineralhtion. The authors 
concluded that, “exposing male rats to a diet containing lo?! flaxseed or an equivalent quantity 
of lignan either during lactation only or through to early adulthood is safe wi& respect to bone 
health.” 

cesarean-derved, viral antibody-free rab we= used in a 2 - p h  study conduded under 
Good Laboratory practice (aLp) to examine the possible ef&& of ground flaxseed or fhxseed 
meal on development and reproduction (Collins et al. 2003). Pregnant rats were housed 

rats/group): 1) AIN-93 diet only (control); 2) AN-93 diet containing 20% ground flaxseed, 3) 
AIN-93 diet containjng 13% flaxseed meal ( d e w  flaxseed); 4) AIN-93 diet contahing 40% 
ground oaxseed; and 5) AIN-93 diet containing 26% flaxseed meal. The rats were fed these diets 
and given water adlibitum during the entire study period. 

individually in stainless steel hanging and divided into 5 treatment grow (37-38 
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For the first phase, teratology, 22-23 pregnant ratdgroup were examined and then 
euthanized with Co.2 on gestation day 20. Euthanized rats underwent necropsy including 
removal and weighmg 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, anogeNtal 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. 

e- 

The surviving pregnant rats (15 d g r o u p )  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 fbr observation of sexual development to postnatal day 90. Males were observed fbr 
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 h m  pups terminated on 
postnatal day 21. Selected tissues from both phases of the study were microscopically examined 
and histopathological examumh ' 'on focused on tissues fiom reproductive organs and mammary 
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Feeding ground flaxseed or flaxseed meal was well tolerated and weight gain was similar 
among treated and control animals; however, one rat h m  the 40% ground flaxseed group died 
close to term (cause of death not stated, but not belimed 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, 22.01to.l days; 13% flaxseed meal, 
21.W.1 days; 26% flaxseed meal, 21.W.1) with the decrease reaching statistical significamx 
at the highest concentration when compared to controls. All the parameters assessed in the 
teratology phase were similar between treated and control auimals. 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 h m  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 h m  dams fed either concentration 
of ground flaxxed or flaxseed meal compared to controls. Liver and thymus weight to body 
weight or brain weight ratios were significantly decreased in weanlii F1 females h m  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 fiom dams fed 40% ground flaxseed and thymus to 
brain weight ratios were significaatly decreased in weanling F1 males h m  dams M 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 fiom dams fed 26% 
flaxseed meal compared to controls. 

F1 females fiom 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 fmm 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 bwlday) or 
26% flaxseed meal (approximately 19,500 mgkg 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 g& to day 9 were cultured in serum derived fmm blood samples taken fiom 10 randomly 
selected pregnant rats of ezich 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 tom 
yolk sacs, unrelated to treatment. Viable embryos without trauma were fixed in neutral formalin, 
meamred, and evaluated for any abnormalities. All embryos fiom all treatment groups were 
viable. The only statistically significant effect on overall growth and development was reduced 
crown-nunp length in embryos cultured in serum h m  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 
fiom 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 h m  dams fed 20% ground flaxseed when 
compared with controls. The findings indicate that diets supplemented with 15,000 or 30,000 
mgkg bw/day of ground flaxseed or 97500 or 19,500 m a g  bw/day of flaxseed meal do not 
produce serum hctors that are embryotoxic. The authors concluded that “serum h m  rats 
exposed to high levels of flaxseed or flaxseed meal is not diredly embryotoxic to organogenesis- 
staged rat embryos in a dose-related manner, suggesting that such expsoures are not teratogenic.” 
They further noted that “This fmding is consistent with observations from a concurrent in vivo 
reproductive toxicology study [Collines et al. (2003)l in which no fi.ank terata were observed in 
the offqring h m  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 eutharzlzed . and another 10 pregnant rats per group continued 
their diet regime throughout gestation (21-23 days). Ten male pups h m  each of these dams 
we% allowed to stay with their dams until weaning (postnatal day 2 1-23). 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, creatjnine, 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 E2 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 ofipring. 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, hxseed to a greater extent. In 
serum, “gastric milk,“ and liver of dams and of&pring fed flaxseed or flaxseed meal, ALA and 
eicosapentaenoic acid levels inmead, linoleic and arachidonic acid levels decreased, and 
docosahexaenoic acid was unchanged, Serum and liver prostaglandin E2 in dams and oEpring 
were not affected by dietary flaxseed or flaxseed meal when compared with control values. 
Some stalktically significant changes in clinical chemistry parametem of m y  post weaning 
rats compated to controls were noted: reduced total and HDL cholesterol in mts fed 40% 
flaxseed; reduced ratio of total cholesterovHDL ratio in rats fed 13 or 26% flaxseed meal; 
reduced serum calcium in rats fed 20% flaxseed, 13% Baxseed meal, or 26% flaxseed meal, 
increased alanine amino transf- in rats fed 40% flaxseed; reduced serum protein and 
matame in rats fed 40% flaxseed; and reduced serum protein in rats fed 13 0126% aaxseed 
meal. Liver vitamin E levels were significantly lower than controls in ofipring fed 40% 
flaxseed, although serum vitamin E levels were not affected The authors concluded that, while 
there were differences in fhtty acidabsorptionandmetabolismbetweendamsandoffspring fed 
dietary flaxseed or flaxseed meal, there were no toxic effects associated with feeding flaxseed or 

. .  

GRAS Monograph for 
Whole and Milled Flaxsed 

72 

x 



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 mgkg bw/day of flaxseed. 

, ** 

The developmental effects of flaxseed were M e r  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 

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 h m  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 7-gl~tamyltranspeptidase levels. Liver protein content and 7- 
glutaxnyltnmspeptidase activity also was determined. 

* 

b (Prolab RMH 3000 h m  PMI Nutrition International) or 10% flaxseed chow and allowed to give 
I.. 

- 1 0 1  
Growth curves and developmental and behavioral indices were similar between the 

treated and control groups. Plasma glucose, alanine aminotransferase, and y- 
glutamyltranspeptide 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. h e e d  Constituents 

(1998), Tou et al. (1998b), Tou and Thompson (1999), Ward et al. (22001a), and Ward et al. 
(2001 b). In none of these studies were any effects produced by SDG alone that were not also 

observations were consistent with an estrogenic or antiestmgenic effect of high doses of 
flaxseed, most likely due to the lignan content, these effects were not regarded as necessarily 
advexse. 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. 

- 
Five of the studies discussed above included doses of SDG alone---Orcheson et al. 

u 

.. 
- observed in rats receiving flaxseed providing the same level of SDG. Althougb a number of 

Prenatal developmental toxicity of the lignan 7-hydroxymetairesino1(7-HMR) was 
investigated by Wolterbeek et al. (2004). As noted previouSly, tbis substance is a minor 
constituent of flaxseeds, but differs fhm 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 gkg 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-mtio, 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 
highdose group failed to thrive due to large decreases in their feed intake and were sacrifid 
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=lO-19 micdgroup) weanling 
129 SvEv mice were individually housed and fed 10% flaxseed oil or 10% corn oil in modified 
AIN-93G diet h m  postnatal day 28 to 91. Feed intake was recorded every 2 or 3 days and body 
weights were recorded weekly. On postuatal day 91, the mice were asphyxiated with C0.r and 
blood samples were collected by cardiac puncture. Serum interleukin-lfl, interleukin-6, and 
tumor necrosis factor* (TNF-a) levels were determined using enzyme-Wed immunoassays. 
The serum fatty acid profile (ALA, linoleic acid, arachidonic acid, eicosapentamoic acid, and 
docosahexaenoic acid) was determined using gas chromatograpWmass 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 loaddeformation curves using specialized computer 
software. For determining peak load, compression testkg was conducted on individual lumbar 
vertebrae (LV3). Bone mineral content and density of left femurs and lumbar vertebrae &VI - 
LV4) were determined using PMImus dud-energy X-ray absorptiometry. 

Feed intake, body weights, and serum cytokines did not differ between the corn oil and 
flaxseed oil treatment groups. Mice fiom 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 fkd 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 
fhales of the flaxseed group. The peak load of LV3 and the bone m i n d  content and density 
did not differ between the 2 diet groups; however, bone minaal 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 lo?? 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 matfix of femur and lumbar vertebrae was 
improved or compromised in growing male and female mice fed a lo?? 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." 

4.2.3.3. Summary and Conclusions from Developmental Reproduction To&@ 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- 
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 SvEv mice. The flaxseed 
levels used in these studies ranged fiom 5% dietary concentdon (approximately 3750 mgkg 
bwlday) to 40% dietary concentration (approximately equivalent to 30,000 mgkg 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 
%th o ~ t e e f f ~ a t  l @ ? / & o n ~ ~ $ ( T o u  
Thompson 1999; Tou et al. 199!9), discussed further below. A number of studies also hund 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; Wiesedeld 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 
efkcts fiom flaxseed even at high concentrations; Sprando et al. (2000b) hund no effect of 
&meed on spermatogenesis or testis structure at either 20% or 40% of the diet. Ward et al. 
(2001 b) and Cohen and Ward (2005) showed that bone development is unaffected by ingestion 
of 10?4 flaxseed, 10% flaxseed oil, or the lignans present in a 10% flaxseed diet. 

al. 1998% Tou et al. 1998b; Tou and 

However, other studies of higher dietary concentrations of flaxseed have found estrogenic 
or antiestrogenic effects. These e k t s  often appear to be contradictory, with one effect 
appearing at one dose and the opposite effect appearing at a different duse, particularly in the 
studies by Tou et al. Examples of such contradictory effects include: 

' 

0 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 
lo?! (TOU et al. 1998a) 

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) 

female rats had delayed puberty with flaxseed at 5% and premature puberty at 
10% (Tou and Thompson 1999) 

0 

0 

0 

0 

0 
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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 fiequently produce weak estrogenic effects at high levels of intake even 
though these effits seem to be inconsistent from study to study. 

4.2.4. Special Study 

- 
r,, 

is, 

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 housedpinp 
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 F1 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 s u p e m t s  taken h m  splenic mononuclear cell incubations. Lastly, the fatty-acid 
profiles of spleen mononuclear cells were determined using GLC. 

positive cell populations. There were a few differences in the populations between pregnant and 
FI 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 (-6O?? lower) and F1 animals showed a decreased response to 
phytohemagglutinin (-5 1 % lower) when compared with controls. Interleukin-2 production was 

tion of flaxseed or flaxseed meal to pregnant or F1 rats. not affected by dietary adrrrrmstra 
Splenic fatty-acid profiles were changed by ingestion of flaxseed or flaxseed d. The most 
notable changes were as follows (compared to controls): ALA was significantly increased in 
pregnant and F1 rats fed flaxseed or flaxseed meal, linoleic acid was significdy lower in 
pregnant and F1 rats fed 40% aaxseed, and arachidonic acid was significantly lower in pregnant 
and F1 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 a f f d  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 difkent 
treatment groups. 

~ - 

Ingestion of flaxseed or flaxseed meal did not affect splenic CD4, CD8, MAC1 or IA 

. .  
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4.2.5. GenotoxicityMutagenicity 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 pM, 
none of the lignans inhibited cell-free microtubule assembly. Similarly, at concentrations of 100 
pM, the lignans had no effect on cytoplasmic microtubule complex in interphase cells and the 
mitotic spindle in metaphase cells. Enterolactone, enterdol, 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 
withcontrol values Matairesinol tended todeCZ%e3€Enumber ofiGG3tic-ceENone ofthe 
lignans (tested at 50 and 100 pM) induced micronuclei (whole or fragmented) after incubation 
for 6 hours with V79 cells followed by incubation in h h  medium for 3-24 hours. CREST 
Staining was used to distinguish between micronuclei containing whole chromosomes and those 
containing chromosomal Ihgments. 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 mufagenic activity. 

,', 

m 

The National Toxicology Program (NTP) tested linseed oil (CAS No. 8001-26-1) at 
concentrations of 10,33,100,333,1000, and 3333 &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 h m  
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 
p g / p k  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 
melanogaser 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%) conceatration, 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 wem due to high concentrations of polyunsaturated fatty acids, which are known to be 
associated with the production of oxidative DNA damage. 

' Calcinosis, Raynaud's pheoomenon, 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 reveme bacterial 
mutation (Ames) assays or in the Drosophih 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. 

42.6. 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. After 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, c o p r a  lutea, resoptiom, 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 Eactors 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, r e d  tubular proliferation and apoptosis, numbers of 
interstitial cells and macrophage infiltration, and interstitial fibrosis. The animals fed flaxseed (at 
approximately 7500 mgkg 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 htty 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:SPRDcy rat polycystic kidney disease with 
no apparent adverse effects. 

Velasquez et al. (2003) used a spontaneously hypertensive/"-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 d g r o u p )  
co- 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 acclimati2ation. 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 SDGkg) 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 M y  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 signisCanty lower than rats in 
the other feeding groujs, 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 Hi groups. No adverse effects 
were noted, and the authors concluded that flaxseed meal supplementation may provide a new 
t h e c  strategy to reduce hypertriglyeridemia and fatty liver. 

Mueller et al. (2004) studied the effect of n-3 fatty acids from different soulces 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 oil or EPA+DHA as compared to mineral oil, there was no correlation between total 
fatty acid intake or n4n-3 ratio and clinical scores. No adverse effects were reported. 

r 
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Table 32. Safety Studies in Animals 

Findings 
~ 

Reference 

Investigate the 
effects of 
ingestion of 
dietary flaxseed 
and of defatted 
flaxseed meal on 
immune function, 
including fatty 
acid composition, 
cell subsets, 
proliferation, and 
IL-2 production 
by splenic 
lymphocytes. 

Babu et al. 
2003 

Animals were 
mated and 
randomly 
assigned to 1 of 
5 feeding groups. 
10 pregnant rats 
per group were 
euthanized at 
gestation day 20: 
any pups *10 
were culled at 
postnatal day 4. 
Pups suckled to 
postnatal day 21- 
23, then fed 
respective diet. 

Bankovic- 
Calic et al. 
2002 

Objective I Study Design 

Effect of 
flaxseed, low 
protein, and soy 
on renal injury 

Flaxseed v. 
control: studied 
effect on 
histology and 
metabolism 

Animal 
Model 

Pregnant 
Sprague- 
Dawley 
rats and 
their 
PUPS 

Male 
Han:SPR 
D-cy rats 

Daily Dose 
and Source 

Control or 1 
of 4 test 
diets: 13% 
or 26% flax 
meal: 20% 
or 40% 
flaxseed; 
equivalent to 
9750 or 
19,500 
mglkg bwl 
day flaxseed 
meal and 
15,000 or 
30,000 
mgkg bwl 
day flaxseed 

10% flax- 
seed in diet: 
equivalent to 
7500 mgkg 
bwlday 

Duration of 
Feeding 

From 
impregnation 
to gestation 

days) and 
until 
postnatal 
day 90 

(c. 2 1-23 

8 weeks 

In pregnant rats, the FS-fed rats, v. the FM-fed rats, had 
higher spleen-cell SFA, MUFA (oleic), EPA, and ALA and 
lower PUFA (linoleic) and AA; in F1 rats, the FM-fed rats, v. 
controls, had higher spleencell SFA: the FS-fed rats had 
higher MUFA, EPA, and ALA and lower AA 
Among pregnant rats, spleen cell proliferation in response to 
Con A was significantly lower in the high-FS group, but there 
were no significant differences in PHA- or LPS-mediated 
proliferation. In the F1 rats, PHA-mediated spleen cell 
proliferation was lower in the high-FS group, but there were 
no significant differences in proliferation mediated by Con A 
or LPS. 
No effects on IC-2 production were seen in either pregnant or 
FI rats, and dietary treatment did not affect splenic CD4, 
CD8, MAC1 , or IA positive cell populations. 
CONCLUSION: No adverse effects were seen. The effect on 
lymphocyte proliferation is due to the fatty-acid component 
and is an effect common to LC-PUFAs. 

Histology: moderate decrease in cystic size: less interstitial 
inflammation and fibrosis: no difference in epithelial cell 
apoptosis and proliferation. Metabolism: increase in renal 
content of n-3 fatty acids, betaine, and succinate: increased 
urinary citrate excretion; no change in urinary ammonia 
excretion. 
CONCLUSION: All differences were seen as beneficial 
rather than adverse. 

c 
0 
0 
0 
e3 
Q 
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e 
c3 
CD 

Reference 

Bhathena et 
el. 2003 

Cohen and 
Ward 2005 

Objective 
~~ ~ 

Effect of flaxseed 
and soy protein 
on 
hypertriglyceri- 
demia and liver 
steatosis In 
obesity 

Investigate the 
effects of 
flaxseed intake 
on bone 
development in 
male and female 
mice 

~~~ ~ 

Study Design 

Corpulent v. lean 
rats fed diets with 
1 of3  
supplements: 

casein, soy 
protein 
concentrate, or 
flaxseed meal 

Male (1144-22 
mice/ group) and 
female (n= 10-1 9 
mice/ group) 
mice were fed 
flaxseed oil or 
corn oil in their 
diet 

c 

Table 32. Safety Studies in Animals 

Animal 
Model 

SHRI-cp 
rats 

Weanling 
129 
SvIEv 
mice 

Daily Dose 
and Source 

Flaxseed 
meal 
provided 
20% of 
energy; 
contained 
17.0 mgkg 
secoisolarici- 
resinol 

10% flax- 
seed oil or 
10% corn oil 
in modified 
AIN-93G diet 

Duration of 
Feeding 

6 months 
beginning at 
7-8 weeks of 
age 

63 days from 
postnatal 
day 28 to 91 

Findings 

No difference was seen in feed intake or weight gain in either 
lean or obese rats; no difference was seen in absolute or 
relative liver weights in lean rats, but reductions in both were 
noted in obese rats as well as lower plasma protein, total 
cholesterol, HDL, LDL, and triglyceride levels. There were no 
differences in liver histology, although lower grades of liver fat 
were noted in both lean and obese rats. 

CONCLUSION: All differences were seen as beneficial 
rather than adverse; no adverse effects were seen or 
reoorted. 

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 higher serum ALA, EPA, and 
DHA levels but lower linoleic and arachidonic acid levels than 
mice fed corn oil. There was no difference between the 
sexes in ALA, EPA, or linoleic acid levels but arachidonic acid 
and DHA levels were higher in males than females of the 
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 

Collins et 
al. 2003 

Objective 

Investigate the 
effects of 
ingestion of 
dietary flaxseed 
and of defatted 
flaxseed meal. 

This article: 
effects on 
reproduction and 
development. 

Study Design 

Animals were 
mated and 
randomly 
assigned to I of 
5 feeding groups. 
10 pregnant rats 
per group were 
euthanized at 
gestation day 20; 
any pups >lo 
were culled at 
postnatal day 4. 
Pups suckled to 
postnatal day 21 - 
23, then fed 
respective diet. 

Animal 
Model 

Pregnant 
Sprague- 
Dawley 
rats and 
their 
PUPS 

Dally Dose 
and Source 

Control or I 
of 4 test 
diets: 13% 
or 26% flax 
meal;, 20% 
or 40% 
flaxseed; 
equivalent to 
9750 or 
19,500 
mgkg bwl 
day flaxseed 
meal and 
15,000 or 
30,000 
mgkg bwl 
day flaxseed 

Duration Feeding Of I Findings 

From 
impregnation 
to gestation 

days) and 
until 
postnatal 
day 90 

(c. 21-23 

All FO and F1 animals appeared healthy and no compound- 
related external effects were noted. FS did not affect length of 
gestation, but FM decreased it dose-responsively. There 
were no differences in feed consumption. In the teratology 
phase, there were no effects on numbers of corpora lutea, 
implants per female, viable male and female fetuses, early or 
late deaths, fetal weights, anogenital distances, external 
variations, fetal bone or soft-tissue development. In the 
reproduction phase, no significant effects were seen on 
survival to weaning, animals born, animals live born, or 
animals alive at PND 4; no differences in weight gain to PND 
14, but dose-related decreases in weight gain to PND 21 in 
both FS and F M  groups. No effects on body weights and 
absolute organ weights of FI males or organ weights of Ft 
females. Relative to body weight or brain weight, some 
decreases were seen in weights of thymus, liver, and spleen. 
During PND 21-00, neither Fl 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 et 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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Reference 

%rmer et 
SI. 2007 

Flynn et al. 
2003 

Objective 

Study the effect 
of consumption 
of dietary 
flaxseed on fatty 
acid profile, 
prepubertal 
development of 
mammary 
glands, and bone 
resorption in 
piglets 

~ 

Investigate the 
effects of 
ingestion of 
dietary flaxseed 
and of defatted 
flaxseed meal on 
cultured 
embryos. 

Study Design 

Piglets were fed 
basal diet , diet 
containing 10% 
flaxseed, diet 
containing 0.5% 
flaxseed meal 
(defatted 
flaxseed, or diet 
containing 3.5% 
flaxseed oil; 
mated at 151 
days of age 

Animals were 
mated and 
randomly 
assigned to 1 of 
5 feeding groups. 
10 pregnant rats 
per group were 
euthanized at 
gestation day 20 
and blood was 
collected; serum 
was extracted. 
Rat embryos 
were cultured in 
a medium 
infused with 
serum. 

Table 32. Safety Studies in Animals 

Animal 
Model 

Yorkshire 

Landrace 
gilts 
(female 
piglets) 
aged 82 
days 

X 

Pregnant 
Sprague- 
Dawley 
rat serum 
and S-D 
rat 
embryos 
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Dally Dose 
and Source 

~~ 

10% flax- 
seed 
(equivalent 
to 2700 mgl 
kg bwlday or 
about 1750 

bwlday flax- 
seed meal or 
about 950 
mskg 
bwlday flax- 
seed oil 

mgkg 

Control or 1 
of 4 test 
diets: 13% 
or 26% flax 
meal; 20% 
or 40% 
flaxseed; 
equivalent to 
9750 or 
19,500 
mgkg bwl 
day flaxseed 
meal and 
15,000 or 
30,000 
mgkg bwl 
day flaxseed 

~~ ~~ 

Duration of 
Feeding 

125 days (to 
age 212 
days) 

NA 

Findings 

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 I collagen. Ingestion of 
10% flaxseed or 3.5% flaxseed oil, but not 6.5% flaxseed 
meal, increased the concentration of PUFA and decreased 
the concentrations of SFA and MUFA in plasma and 
extraparenchymal tissue. There was an increase in the dry 
matter content of mammary tissue in animals fed flaxseed. 
CONCLUSION: Flaxseed and flaxseed oil, but not defatted 
flaxseed meal affected fatty acid profiles; none produced any 
effect on mammary development or bone resorption. The 
NOAEL for flaxseed was 2700 mglkg bwlday. The NOAELs 
for flaxseed meal and oil were 1750 and 950 mglkg bw/day, 
respectively. 
No consistent dose-related effects were seen in any of 4 
classes of abnormalities: situs inversus-related, neural tube 
defects, flexion defects, or other defects. 
CONCLUSION: Serum from rats exposed to high levels of FS  
or FM is not embryotoxic and not teratogenic. "Flaxseed and 
flax meal diets, at levels up to 40% and 26% respectively, do 
not alter the toxicological or nutritional propertles of rat 
serum in any way that suggests that such diets would pose a 
developmental hazard through disruption of organogenesis. 
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Reference 

-lemmings 
L Barker 
2004 

Hemming s 
3t al. 2004 

0 bjectlve 

Evaluate the 
safety of flaxseed 
consumption. 

Further 
investigate the 
apparent 
estrogenic effect 
noted in 
Hemmings and 
Barker 2004. 

Study Design 

On day 18 of 
gestation, 
pregnant rats 
were put on a 
diet of rat chow 
with 10% 
flaxseed or 
control. Pups 
were weaned on 
PND 31 and put 
on same diet as 
dams. Pups were 
sacrificed on 
days 10,28,48, 
and 88. 

At age 30 d, 
male rats were 
divided into 3 
groups (7-9 rats 

high-AM Norlin 
flax-seed, 10% 
low-ALA Solln 
flax- seed, 
control. 
Sacrificed on 
PND 80 and 130. 

group): 10% 

Table 32. Safety Studies in Animals 

Animal 
Model 

M&F 
Fischer 
344 rats 

Male 
Fischer 
344 rats 

Daily Dose 
and Source 

10% flax- 
seed in the 
diet, 
squivalent to 
7500 mgkg 
bwlday 

10% flax- 
seed in the 
diet, 
equivalent to 
7500 mgkg 
bwlday 

Duration of 
Feeding 

Prenatally 
and until 
PND 86 with 
weaning on 
PND 31 (55 
days feeding 
+ 31 days 
nursing 
flaxseed-fed 
dam) 

From PND 
30 to PND 
130 (100 
days) 

~~ 

Findings 

There was no effect on body weight or body weight gain and 
no effect on righting reflex, pinna detachment, eye opening, 
or acoustic startle. No effect was noted in relative organ 
weights and no visible differences in organs and no 
differences in plasma ALT or yGT although a slight increase 
was seen in activity (regarded as a beneficial effect). There 
was no effect on blood glucose level. The increase in yGT 
activity may indicate an estrogenic effect. 
CONCLUSION: Dietary 10% flaxseed (approximately 7500 
mgkg bw/day) is without long-term effect on growth, 
development, or behavior; is non-toxic; and may be 
hepatoprotective. 

There were no differences among the groups in growth, and 
no physical or behavioral differences. No gross changes 
were seen in organs and no differences in relative organ 
weights. There was no difference in ALT or in glucose. yGT 
activity in the liver, but not the kidney, was significantly higher 
in the flaxseed-fed rats, but no difference was observed 
between highAM and low-ALA flaxseeds. 
CONCLUSION: Confirmed previous finding that flaxseed 
feeding at 10% dietary concentration (approximately 7500 
mglkg bwlday) is safe and produces no adverse effects. The 
increase of yGT activity appears to be due to the lignan 
rather than ALA, most likely SDG. 
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Reference I Objective I Study Design 

Ana et al. 
lo05 

Evaluate the oral 
subchronic 
toxicity of 7- 
hydroxy- 
matairesinol(7- 
HMR, closely 
related to the 
matairesinol 
found in 
flaxseed) in the 
rat. 

Rats were fed 
levels of 0,0.25, 
1, and 4% of a 
potassium 
acetate complex 

resulting in an 
average daily 
intake of 0, 160, 
640, and 2600 
mg HMRkg bwl 
day for 90 days 

Of 7-HMR, 

Wueller et 
SI. 2004 

Orcheson 
et a1.1998 

Evaluate the 
effect of n-3 fatty 
acids (ALA, EPA, 
DHA) on canine 
atopic dermatitis. 

Assess the effect 
of dietary 
flaxseed 
administration on 
estrous cycling in 
rats 

29 dogs received 
1 of 3 treatments: 
flaxseed oil, 
EPA+DHA, or 
mineral oil as a 
placebo. 

Rats were 
assigned to 
receive1 of 8 
treatments: high- 
fat basal diet; 
basal diet + 0.75, 
1.5, or 3.0 mg 
SDG; basal diet 
+ 2.5,5, or 10% 
flax-seed; or 
basal diet + 
tamoxifen 

\ 

Table 32. Safety Studies in Animals 

Animal 
Model 

Wistar 
rats 

Dogs 

Sprague- 
Dawley 
rats aged 
58 days 

Daily Dose 
and Source 

Potassium 
acetate 
complex of 
7-HMR at 0, 
0.25, 1, or 
4% dietary 
concentra- 
tion, 
equivalent to 
0, 160,640, 
or 2600 mgl 
kg bwl day 

200 mg/kg/d 

0.75, 1.5, or 
3.0 mg SDG; 
0,2.5,5, or 
10% flax- 
seed, 
equivalent to 
0, 1875, 
3750, or 
7500 mgkg 
bwlday 

Duration of 
Feeding 

90 days 

10 weeks 

4 weeks 

Findings 

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, or motor 
activity. 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 isolated differences in white blood cell counts, plasma 
triacylglycerols, and phospholipids. The only effect seen that 
was regarded as adverse was decreased ovary weights seen 
in mid-and high-dose females. 

CONCLUSION: Based on reduced ovary weights, the 
NOAEL of 7-HMR was set at 0.25% dietary concentration, 
corresponding to 160 mgkg bwlday intake. 

No indication of any adverse effects; dogs' clinical scores 
improved in both test groups relative to control. 

66% of the high flaxseed- and high SDG-dose rats were 
either acyclic or irregular vs.16% in the basal diet group. Rats 
on flaxseed and SDG tended to have longer cycles, but this 
was significant only for the 5% flaxseed group and was not 
dose-dependent. Urinary excretion of lignans was higher in 
flaxseed than SDG groups. Rats given flaxseed or SDG did 
not differ from controls in body weight, feed intake, organ 
weights (ovaries, liver, heart, kidneys, spleen, cecum, and 
colon), or gross pathology. 

CONCLUSION: Administration of flaxseed or SDG was well 
tolerated and produced no inherent toxicity in rats at the 
doses tested, equivalent to 1900, 3750, and 7500 mgkg 
bwlday of flaxseed. 
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Table 32. Safety Studies in Animals 

Reference 

Prasad 
2005 

Ratnayake 
et al. 1992 

e 
c 
0 
e 

Objective 

Investigate the 
safety of flaxseed 
with regard t the 
hemopoietic 
system. 

Investigate the 
nutritional effects 
of diets 
supplemented 
with high levels 
of flaxseed 

GRAS Monograph for 
Whole and Milled Flaxseed 

Study Design 

Administer lignan 
complex isolated 
from flaxseed to 
normo- and 
hypertensive 
rabbits v. un- 
supplemented 
rabbit chow. 

Animals 
randomly 
assigned to 4 
dietary treatment 
groups 

~~ 

Animal 
Model 

Female 
New 
Zealand 
white 
rabbits 
weighing 
1.2-1.5 
kg 

Weanling 
male 
Sprague- 
Dawley 
rats 

Daily Dose 
and Source 

40 mgkg 
bwlday 
lignan 
complex 
(equivalent 
to the 
amount 
found in 
about 3000 
mgkg bwld 
of flaxseed) 
O%, IO%, 
20%, or 40% 
flaxseed; 
equivalent to 
0,7500, 
15,000 or 
30,000 
mgkg bwl 
day 

Duration of 
Feeding 

60 days 

90 days 

Findings 

No adverse effects on counts of red blood cells, white blood 
cells, granulocytes, lymphocytes, monocytes, or platelets, nor 
on mean corpuscular volume, red cell distribution width, 
hematocrit, hemoglobin, mean corpuscular hemoglobin, 
mean corpuscular hemoglobin concentration, or platelet 
volume. 
CONCLUSION: Chronic use of lignan complex had no 
adverse effects on the hemopoietic system. 

Flaxseed was oxidatively and thermally stable. No effects 
were observed in feed consumption,: body weight, or organ 
weights, nor on glucose, but triacylglycerols, total cholesterol 
and LDL were lowered dose-dependently; HDL and vitamin E 
were lowered only in the 40% flaxseed group. With regard to 
fatty acids in tissues, the changes reflected the composition 
of the dietary fats and conversion of ALA to other n-3 PWFAs 
(mainly EPA). There was no effect on Zn despite high phytate 
intakeassoftening of stools was see at all dose levels. 
CONCLUSION: no adverse effects were seen on growth or 
nutritional status. No adverse effects were obsetved in the 
rats fed flaxseed, even at high intakes. 
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Reference 

impregnation 

Siemelink 
:tal. 2001 

absolute or relative counts of homogenization-resistant 
Sprando et 
al. 2000 

Objective 

Study the effects 
of different diets 
during pregnancy 
and weaning on 
parameters 
related to chronic 
diseases during 
adulthood. 

Investigate the 
effects of 
ingestion of 
dietary flaxseed 
and of defatted 
flaxseed meal on 
spermatogenesis 
and endocrine 
function in rats 

Study Deslgn 

Beginning 2 
weeks before 
pregnancy, fed 
rats diets 
supplemented 
with coconut oil, 
safflower oil, 
soybean oil, 
menhaden oil, 01 
flaxseed oil. 
Continue the 
feeding to the 
PUPS. 
Animals were 
mated and 
randomly 
assigned to 1 of 
5 feeding groups 
10 pregnant rats 
per group were 
euthanized at 
gestation day 20 
any pups >lo  
were culled at 
postnatal day 4. 
Pups suckled to 
postnatal day 21 
23, then fed 
respective diet. 

Table 32. Safety Studies in Animals 

Animal 
Model 

Rats 

Pregnant 
Spragus 
Dawley 
rats and 
their 
PUPS 

Dally Dose 
and Source 

20% dietary 
concentra- 
tion of flax- 
seed oil, 
equivalent to 
15,000 
mgm 
bw/day 

Control or 1 
of 4 test 
diets: 13% 
or 26% flax 
meal (FM); 
20% or 40% 
flaxseed; 
equivalent to 
9750 or 
19,500 
mgkg bw/ 
day flaxseed 
meal and 
15,000 or 
30,000 
mg/kg bw/ 
day flaxseed 

Duration Feeding Of I Findings 

Begin 2 
weeks 
before 
impregnation 
and continue 
through 
pregnancy 
and to pups 
after 
weaning to 
age 12 
weeks 

There were no differences in the number of fetuses, corpora 
lutea, resorptions, or uterus weights. No effect of the oils on 
weights of fetuses or placentas, no differences in feed 
consumption or weight gain during pregnancy (except 
menhaden group was lower). No effect on birth weight or 
growth of the pups (except menhaden group was lower). 
CONCLUSION: Flaxseed oil, as well as coconut oil, 
safflower oil, and soybean oil, had no effect on pregnancy or 
early growth. 

to gestation 

days) and 
until 
postnatal 
day 90 

(c. 21-23 
spermatids. Mid-dose FS diet and both F M  diet rats had 
lower prostate weight, but no significant effect was seen on 
on seminal vesicle weight. There were dose-related increase 
in LH in the FS-treated rats and in the high-dose F M  group, 
which also had elevated testosterone, and both cauda 
epididymal weights and cauda sperm counts increased dose- 
dependently in the FS-diet groups. There was no effect on 
sperm morphology. Treated rats had a full complement of 
germ cells and normal-appearing cell associations in each 
tubule and inter-tubularly, and non-remarkable seminiferous 
epithelia; no histopathology was seen 
CONCLUSION: Exposure to flaxseed or flax meal at these 
levels resulted in a decrease in prostate weight and an 
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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Reference 
" 

From 
impregnation 
to gestation 
(c. 21-23 
days) and 
until 
postnatal 
day 90 

Sprando et 
al. 2000b 

No differences were found in body weights or testis weights 
in any of the groups. Volumes of the seminiferous tubules in 
rats receiving flaxseed were lower than in the controls, but 
differences were not observed in Sertoli cell nucleolar 
numbers, nor in the length or surface areas of the 
seminiferous tubules. Flaxseed and flaxmeal did not 
adversely affect spermatogenic activity in the treated animals 
and the statistically significant differences in volume were not 
biologically significant. The findings of this study confirm 
those of Sprando et al. (2001a). 

Tou & 
Thompson 
1 g97 

ObJective 
~~~ 

Assess the 
potential of 
flaxseed to affect 
spermatogenesis 
In rats 

Determine if 
flaxseed affects 
reproduction and 
development. 

Study Design 

Animals were 
mated and 
randomly 
assigned to 1 of 
5 feeding groups. 
10 pregnant rats 
per group were 
euthanized at 
gestation day 20; 
any pups >lo 
were culled at 
postnatal day 4. 
Pups suckled to 
postnatal day 21 - 
23, then fed 
respective diet 
for 70 days 

Fed basal diet or 
basal diet 
supplemented 
with flaxseed at 
5% or 10% to 
rats during 
pregnancy, 
pregnancy and 
lactation , 
weaning to PND 
50, weaning to 
PND 132, or 
pregnancy 
through pup 
adulthood. 

Table 32. Safety Studies in Animals 

Animal 
Model 

Pregnant 
Sprague- 
Dawley 
rats and 
their 
PUPS 

Rats 

Daily Dose 
and Source 

Control or 1 
of 4 test 
diets: 13% 
or 26% flax 
meal (FM); 
20% or 40% 
flaxseed; 
equivalent to 
9750 or 
19,500 
mgkg bw/ 
day flaxseed 
meal and 
15,000 or 
30,000 
mgkg bw/ 
day flaxseed 

5% or 10% 
flaxseed 
dietary con- 
centration, 
equivalent to 
3750 or 
7500 mgkg 
bwlday 

Duration of 1 
Feedina Findings 

During 
pregnancy, 
pregnancy 
and 
lactation, 
weaning to 
PND 50, 
weaning to 
PND 132, or 
dam 
pregnancy 
through pup 
adulthood 

Pregnancy: no effect on gestation length, parturition, Mer 
size, pup birth weight (except reduction at lo%), and survival. 
During suckling, 10% flaxseed decreased pup growth, 
shortened the anogenital distance, and increaeed pups' 
ovarian weight. Flaxseed after weaning had no effect on 
onset of puberty in females, but increased ovarian weight 
premature vaginal opening in females and increased 
prostate, seminal vesicles, accessory sex gland, and testes 
weight in males. 

CONCLUSION: At high dietary levels, flaxseed can cause 
hormonally related effects in the offspring. 
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Table 32. Safety Studies in Animals 

Reference 

rou et al. 
I998a 

Tou et al. 
1 998 b 

Objective 

Determine the 
effect of timing of 
flaxseed feeding 
on reproductive 
effects. 

Determine 
effects of 
flaxseed intake 
and intake of 
secoiso- 
lariciresinol 
diglyco-side 
(SDG) during 
pregnancy and 
lactation on 
reproductive 
development. 

0 
c 
a 
a 
CQ 
CD GRAS Monograph for 

Whole and Milled Flaxseed 

Study Design 

Fed basal diet or 
basal diet 
supplemented 
with either 5% or 
10% flaxseed to 
pregnant rats; on 
weaning, fed 
flaxseed to 
offspring whose 
dams had 
received basal 
diet, and basal 
diet to offspring 
whose dams had 
received 
flaxseed. 

Fed basal diet or 
basal diet 
Supplemented 
with 5% or 10% 
flaxseed or SDG 
at the equivalent 
of 5% flaxseed to 
rats during 
pregnancy and 
lactation. 

Animal 
Model 

Rats 

Sprague- 
Dawley 
rats 

Dally Dose 
and Source 

5% or 10% 
flaxseed 
dietary con- 
centration, 
equivalent to 
3750 or 
7500 mgkg 
bwlday 

5% or 10% 
flaxseed 
(equivalent 
to 3750 or 
7500 mgkg 
bwlday) or 
SDG at the 
equivalent of 
5% flaxseed 
(1.5 mglday) 

Duration Feeding Of I Findings 

During 
pregnancy 
or from 
weaning 
until 7 

Through 
pregnancy 
and lactation 

No effect was seen from flaxseed fed after weaning, 
but.dose-dependent effects from flaxseed fed during 
pregnancy and lactation were observed. Perinatal 5% 
flaxseed: delayed puberty and produced diestrus in female 
offspring and an elevated estradio1:testosterone ratio and 
decreased prostate weight in male offspring. Perinatal 10% 
flaxseed: increased serum estradiol, premature irregular 
cycles, and persistent estrus in female offspring, and 
elevated testosterone and increased prostate weight in male 
offspring. Some of these effects (e.g., estradiol and prostate 
weight) are inconsistent and may not represent reproductive 
effects. 
CONCLUSION: 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- 
dependently paradoxical with opposite effects at different 
doses. 
No effect on pregnancy outcome except 10% flaxseed 
lowered birth weight and had hormonal effects: female 
offspring had shortened anogenital distance, increased 
uterus and ovary relative weights, earlier age and lower 
bodyweight at puberty, lengthened estrous cycle and 
persistent estrus; males had decreased postnatal weight gain 
and greater sex gland and prostate relative weights. 
However, 5% flaxseed tended to produce opposite effects. 
Results with SDG paralleled those with 5% flaxseed, 
suggesting that the effect is due to the lignan. 
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. 

- 
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Reference 

Tou et al. 
I999 

Tou and 
Thompson. 
1 ow 

Objective 

Determine 
effects of 
flaxseed intake 
on reproductive 
development 
when given at 
different 
developmental 
stages. 

Determine 
effects of intake 
of flaxseed or 
secoisolariciresin 
01 diglycoside 
(SDG) on 
mammary-gland 
structures of 
female offspring 
when given at . 
different 
developmental 
stages. 

c 
c 
Q 
+ 
Q 
a GRAS Monograph for 

Whole and Milled Flaxseed 

Study Design 

Fed basal diet or 
basal diet 
supplemented 
with 5% or 10% 
flaxseed starting 
at gestation or at 
weaning and 
continuing to 
PND 132. 

Fed basal diet or 
basal diet 
supplemented 
with 5% or 10% 
flaxseed or 
1.82% flaxseed 
oil or SDG at the 
equivalent of 5% 
flaxseed to rats 
during pregnancy 
and lactation. At 
weaning, female 
offspring were 
assigned to 1 of 
the 4 diets. 

Table 32. Safety Studies in Animals 

Anlmal 
Model 

Sprague- 
Dokley 
rats 

Sprague- 
Dowley 
rats 

Dally Dose 
and Source 

5% or 10% 
flaxseed 
dietary con- 
centration, 
equivalent to 
3750 or 
7500 mglkg 
bwlday 

5% or 10% 
flaxseed 
(equivalent 
to 3750 or 
7500 mglkg 
bwlday) or 
1.82% flax- 
seed oil or 
1.5 mg SDG 
(equivalent 
to the 
content of 
5% flaxseed) 

Duration of 
Feeding 

From 
gestation or 
weaning to 
PND 132 

Prenatally 
and from 
weaning to 
PND5O 

Findings 
~ 

Flaxseed exposure alter weaning had no effect on the onset 
of puberty, but lifetime exposure had conflicting effects 
depending on the dose-5% delayed puberty and increased 
body weight at puberty, while 10% had opposite effects. 
Similarly, flaxseed exposure after weaning had no effect on 
the estrus cycle, but lifetime exposure at 10% lengthened the 
estrus cycle. The lifetime 10% flaxseed groups of both sexes 
had higher serum estradiol levels and the males had higher 
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. 
Postweaning flaxseed had no effect on males. 
CONCLUSION: Dose, timing, and duration of flaxseed 
exposure have important implications on reproduction. 
Exposure to flaxseed after weaning had no effect. Flaxseed 
at 10% produced endocrine changes-early puberty onset, 
lengthened estrus cycles, and increased mammary gland 
differentiation (fewer terminal end buds and more alveolar 
buds). However, flaxseed at 5% resulted in delayed puberty 
onset and a reduced number of estrus cycles, leading to 
atrophy of mammary TEB structures. SDG at the equivalent 
level produced similar effects, but flaxseed oil did not. 
CONCLUSION: Exposure to 5% or 10% lfaxseed induced 
structural changes in the mammary gland that may potentlally 
reduce mammary cancer risk. 
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Table 32. Safety Studies in Animals 

Determine effect 
on reproductive 
indices of feeding 
of flaxseed or 
purified SDG 
during and after 
suckling. 

Reference I Objective I Study Design 

Feed rat dams 
either basal diet, 
diet with 10% 
flaxseed or diet 
with the 
equivalent in 
SDG from the 
start of lactation; 
after weaning, 
keeppupson 
diet or back to 
basal diet to PND 
50 or PND 132. 

Velasquez 
et al. 2003 

~~ 

10% 
flaxseed 
dietary con- 
centration 
(equivalent 
to 7500 
mgkg 
bwlday); diet 
with 
equivalent 
SDG based 
on concen- 
tration of 
1.772 mglg 
in flaxseed 

Ward et al. 
2001a 

~ ~~ ~ 

To dam from 
beginning of 
nursing and 
to pup after 
weaning to 
PND 50 or 
132 

Investigate the 
effects of 
different protein 
sources (casein, 
soy, or flaxseed) 
on renal function 
and nephropathy. 

Feed obese rats 
1 of 3 diets- 
20% casein, soy 
protein 
concentrate, or 
flaxseed meal. 

Animal 
Model 

Male 
obese 

cp rats 
SHWN- 

Pregnant 
Sprague- 
Dawley 
rats and 
their 
PUPS 

Daily Dose I Duration of 
and Source Feeding 

20% 
flaxseed 
meal dietary 
concentra- 
tion, 
equivalent to 
15000 mgkg 
bwlday 

6 months 

Findings 

No differences between groups on feed intake or body weight 
gain, nor on plasma glucose levels. Plasma insulin was lower 
in the flaxseed meal group. Mean plasma creatinine, 
creatinine clearance, and urinary urea excretion did not differ, 
but urinary protein excretion was lower in the flaxseed 
groups. The rats in the flaxseed groups had the lowest 
incidence of abnormal glomeruli with mesangial expansion 
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 flaxseedkg bwlday, the only dose tested. 

Maternal feed consumption, body weight, and relative uterine 
and ovarian weights did not differ. There were not differences 
in weight gain or relative anogenital distance of the pups 
through lactation, and no differences in age or body weight at 
puberty. No differences were seen in the length of the 
estrous cycle, prostate and testes weights, or uterus and 
ovary weights. There were no histological effects on 
reproductive organs. The authors concluded that feeding a 
diet with 10% flaxseed or the equivalent lignan during 
lactation only or continuously during lactation and post 
weaning does not affect reproductive indices in male or 
female offspring. 

The NOAEL for flaxseed was 10% dietary concentration, 
equivalent to 7500 mgkg bwlday. 
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Table 32. Safety Stud-cs in A n a a l s  

10% 
flaxseed 
dietary con- 
centration 
(equivalent 
to 7500 
m g m  
bwlday); diet 
with 
equivalent 
SDG based 
on concen- 
tration of 
1.772 mglg 
in flaxseed 

Reference I 
To dam from 
beginning of 
nursing and 
to pup after 
weaning to 
PND 60 or 
132 

Objective Study Design Anlmal 1 Model 

Ward et al. 
2001 b 

Assess the effect 
of exposure to 
flaxseed or SDG 
on bone strength 
of male rats 

Feed rat dams 
either basal diet, 
diet with 10% 
flaxseed or diet 
with the 
equivalent in 
SDG from the 
start of lactation; 
after weaning, 
keep pups on 
diet or back to 
basal diet to PND 
50 or PND 132. 

Pregnant 
Sprague- 
Dawley 
rats and 
their 
PUPS 

Dally Dose Duration of 
and Source Feeding Findings 

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, bone mineral 
concentration, or bone mineral density.. No effect was seen 
in animals receiving SDG. 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 SDG either during 
lactation only or through to early adulthood is safe with 
respect to bone health. 
The NOAEL in this study was the single dose tested, 
7500 mg flaxseedkg bwlday 
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Table 32. Safety Studies in Animals 

Reference Objective 

Wesenfeld 
et al. 2003 

Investigate the 
effects of 
ingestion of 
dietary flaxseed 
and of defatted 
flaxseed meal on 
feed consump- 
tion, feed 
efficiency, body 
weight, serum 
and tissue fatty 
acid profiles, 
cholesterol, 
triglycerides, 
vitamins A and E, 
and clinical 
chemistry 
parameters. 

GRAS Monograph for 
Whole and Milled Flaxseed 

Study Design 

Animals were 
mated and 
randomly 
assigned to 1 of 
5 Ceding groups. 
10 pregnant rats 
per group were 
euthanized at 
gestation day 20; 
any pups >10 
were culled at 
postnatal day 4. 
Pups suckled to 
postnatal day 21 - 
23, then fed 
respective diet. 

Animal 
Model 

Pregnant 
Sprague- 
Dawley 
rats and 
their 
PUPS 

Daily Dose 
and Source 

Control or 1 

diets: 13% 
or 26% flax 
meal (FM), 
or 20% or 
40% 
flaxseed; 
equivalent to 
9750 or 
19,500 
mgkg bwl 
day flaxseed 
meal and 
15,000 or 
30,000 
mgkg bw/ 
day flaxseed 

Of 4 t& 

Duration of 
Feeding 

From 
impregnation 
to gestation 

days) and 
until 
postnatal 
day 90 

(c. 21-23 

Findings 

No effect was seen on body weight, absolute weights of liver, 
heart, spleen, or kidney; or growth of pregnant rats or FI rats; 
no effect on relative organ weights in F1 rats. Relative heart 
weight was increased in both high FM and high FS groups. 
Histopathological examination revealed no treatment-related 
adverse effects. 
a-linolenic acid increased in serum and liver of pregnant and 
FI rats receiving FS. No effect on serum SFA of pregnant 
rats, but increase in MUFA (oleic acid) and EPA in high FS 
group and decrease in linoleic and arachidonic acid; no effect 
on DHA. In F1 rats, decrease in linoleic and arachidonic acid 
and increase in EPA. 
Pregnant and F1 rats receiving FS increased liver SFA 
(stearic) and EPA and decreased linoleic and arachidonic 
acid. Pregnant rats showed increase in behenic acid. 
Among stomach fatty adds, a-linolenic acid increased. 4- 
day-old pups whose dam received FS or FM had lower SFA 
(palmitic) and arachidonic add and higher EPA; no effect on 
DHA. 
No significant effects were seen in liver or serum 
Prostaglandin E2 in pregnant or F1 rats. High FS group FI 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 F1 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. 

93 JHEIMBACH LLC 



Table 32. Safety Studies in Animals 

Reference Objective 

Wolterbeek 
et al. 2004 

Yuan et al. 
1999 

Weanling female 
Sprague-Dawley 
rats (1 Olgroup) 
aged 24 days 
were divided into 
3 treatment 
groups: 1) basal 
diet (control); 2) 
basal diet plus 
ground flaxseed; 
3) basal diet with 
SDG 

Determine 
prenatal 
developmental 
toxicity of the 
lignan 7-HMR, a 
minor constituent 
of flaxseeds but 
differing only 
slightly from the 
major lignan 
metairesinol 

Evaluate the 
antioxidant 
potential of 
dietary flaxseed 
in young female 
rats 

Weanling 
female 
Sprague- 
Dawley 
rats 

Female Wistar 
rats were fed 
diets with 0,0.25, 
1 ,  or4% K- 
acetate complex 
of 7-HMR for 
days 0-21 of 
gestation 

Mated 
female 
Wistar 
rats 

Daily Dose 
and Source 

0,0.25, 1 ,  or 
4% potassi- 
um acetate 
complex of 
7-HMR, a p  
proximately 
0,0.16, 
0.60, and 

bwlday 
2.06 sncs 

10% ground 
flaxseed 
(about 7500 
m s m  
bwlday) or 9 
mg SDG/kg 
bwlday 

Duration of 
Feeding 

21 days 
(gestation 
days 0 to 21) 

50 days 

Findings 

No effects were seen on reproductive performance nor were 
any treatment-telated findings noted. 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 the midrange 
concentration of 1% and the NOAEL for fetal development 
throughout gestation was the high concentration of 4%. 

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 and SDG-fed rats 
compared to controls. Hepatic glutathione levels and 
glutathione peroxidase and catalase activity were similar 
between treated and control animals. No adverse effects 
were seen at an intake of SDG of 9 mgkg bwlday or a 
flaxseed concentration of IO%, approximately corresponding 
to 7500 mgkg bwlday of ground flaxseed. 
The NOAELs were 7500 mg flaxseed k g  bwlday and 9 mg 
SDGkg bwlday, the only doses tested. 

GRAS Monograph for 
Whole and Milled Flaxseed 

94 



+ 43. 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 identifyins the functional properties 
of flaxseed that are observable over a short intervention period, while observational studies, such 
as cohort and case~nt ro l  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 effecW that are ikquently 
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 I O M  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 de- 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 flax- and not its 
constitu&, no effort is made below to determine which specific constituents of aaxseed may be 
responsible for effects observed during 

*I 

jd - 
‘on 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. 

”i 

h 

43.1. Physiological Effects of Flaxseed 

x 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 
flaxseedday 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 fiom 3 to 5 weeks. 
Blood was sampled at baseline and at the end of each feeding period, samples of subcutaneous 
fitt 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 f d i  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 aRa 4 hours. However, 
glucose concentrations at 30 minutes were significantly lower after the flaxseed m& were 
consumed fbr 4 weeks than after the control muffllfls 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 fbr 2 months, followed by a 2-month 
washout period, and then the altermite 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 symptom, 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-montb cross-over study indicate that . . -40  g 
of crush fhxseed 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 (imcluding 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. Bash et al. (2007) e v a l d  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 L@& 
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/&y 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. Afta 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 
triacylglyml 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 useM 
potential in human nutrition.” 

Bierenbaum et al. (1993) administered 15 g/&y of ground flaxseed in bread for 3 months 
to 15 hyperlipidemic (serum cholesterola >240 mg/dl) but otherwise health1 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 IU/day of a-tocopherol; this study 
wascontinuedwiththeaddition offlaxseed. 
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and LDL were significantly reduced fbm baseline (i.e., from the end of the vitamin-E- 
supplementation study) by 18 and 19 mgldl, respectively, while HDL and triacylglycerol were 
unchanged. Thrombin-stimulated platelet aggregation and lipid oxidation products were also 
signficautly decreased and no adverse effects were reporkd. 

a 

In a study discussed in the previous section, Cunnane et al. (1994) gave m& 
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 tsaditional flaxseed by healthy young adults . . . modestly reduces plasma 
LDL cholesterol [and] raises n-3 polyunsaturates in plasma and adipose tissue.” 

Clark et al. (1 995) 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 &males aged 32 to 
72 years, mean age = 44.5 years; the age and sex of the droput 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 finallv 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 difliculty ingesting 45 
gday 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 creatinin e 
clearance as well as atherogenic mechanisms important in the pathogenesis of lupus nephritis. 
Other than the increased laxation at the 45-glday level, no adverse effects were reported. The 
authors concluded that, “30 @day of flaxseed is well tolerated by patients with SLE [systemic 
lupus erythematosus] nephritis, and it exerts signiscant beneficial effects on renal function, 
plasma lipids, blood viscosity and complement C3 levels.” 

In a randomized double-blind crossover study, Arjmandi et al. (1 998) 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 &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 circun&erence, skin-fold thickness, and waisthip 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, 17~estsadiol, total 
cholesterol, HDL cholesterol, lipoprotein(a), and triacylglycerols. No anthropometric effects 
were observed. While both treatments significantly reduced total cholesterol fiom 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. 
(1 999) 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 postmenopad women aged 41-73 years; mean 
age = 57 years) consumed muffins that provided 50 g/day of partially defatted flaxseed with 20 g 
fiberlday 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 analyzedto assess compliance and estimate nutrient intake. 

The enrollment included 37 subjects, but 8 withkw from the study for reasons unrelated 
to the treatments (except for 1 subject who disliked the taste of the mufhIls 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 d e w  flaxseed were similar to those of ftll-fat flaxseed, 
Jenkins et al. (1999) suggested that these effects may be due to the mucilage content of the 
flaxseed. 

I, 

In a randomized crossover trial, Clark et al. (2001) administered either 0 or 30 g/day of 
ground flaxseed (in 15-g sachets taken twice a day) to 23 patients (ages and sexes not repod) 
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 dBiculty in 
ingesting 30 g flaxsdday, 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 r e d  
function marked by significant reductions in serum CreatfIllIl - e. 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 crossovef 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 f l d d a y .  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 dihomoy-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 f l a x d d a y  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 feceive 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 faStiry: blood was drawn at the beginning and end of the study and analyzed for total 

protein, 17@stradiol, estrone, total alkaline phosphatase and tartrate-resistant acid phosphatase, 
calcium, and bone-specific AP activity. Twenty-four hour urine was also collected at baseline 
andtenninati OIL 

and HDL cholesterol, triacylglycerols, ap~lipoprokin A-1, ap~lipoptein B, IGF-I, IGF-bindbg 

Only 36 women completed the study, 20 h m  the flaxseed p u p  and 16 from the 
placebo group. Withdrawal reasons potentially related to treatment included gastrointestid 
problems (3 flaxseed, 6 placebo) and lack of palatabfity 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 af€ected. 

In a study discussed in the previous section, Lemay et al. (2002) also compared the 
effects on serum lipids of 40 g f l d d a y  with those of hormone replacement therapy in 
hypercholesterolemic menopausal women (n = 25; mean age = 58.3 years) in a raud0mktx.l 
crossover trial with 2 months in each condition. Both regimens significantly r e d u d  LDL 

' The diet foods, which could be eitheruusupplemented or prepared with flaxsed aad 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 P d  (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 f l a x d d a y  (in 3 muf35ns) 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; proteiq a l b e  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 f l d d a y ]  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 f l a x d d a y  (n = 101) or a wheat-germ placebo 
(n = 98) for 12 months. At the time of enrollment, weight, height, waist circumference, and 

demographic characteristics, gynecological history, and smoking and alcohol consumption were 
self-repod, dietary intake of phytoesbogens 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. 

blood pressure were measured; clinical and gynecological exanan& - ‘ o n s w e r e ~ o r m ~  

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 h m  
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 h m  the digestive issues 
likely due to the high level of dietary fiber provided by 40 g flaxsdday, no adveme side effects 
were observed. The authors noted that, “flaxseed incorporation into the diet cornpafed with 
wheat germ placebo has favorable, but limited, effects on blood cholesterol and causes no change 
in BMD ... [and] had no clinically signifjcant 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 fiom flaxxed 
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 &week washouf 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, triacylglymls, antioxidant capacity, ferric- 
reducing ability, and lipoprotein oxidation lag time; the urinalysis assessed enterolactone 
excretion. Compliance was excellent and minor gastrointesthal symptoms were reported by only 
4 women during the SDG phase and 4 women during the placebo phase.. The SDG intervention 
@roviding a dose of SDG equivalent to that provided by about 250 g flaxseed/day) i n d  
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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/m2) 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 
M o n s  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 
e f f i i  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 effeds 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 Bash 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. LwatiOn 
Cunnane et al. (1 994), in a study discussed in both of the preceding sections, gave 

muffins providing either 0 or 50 g flaxsWday to 10 healthy young adults (5 males and 5 
females; mean age = 25 years) for 4 weeks. The mu& were considered palatable and 
compliance was good. The flaxseed was mildly laxative, with bowel movements increasing 30% 
in freqmcy. 

In a study discussed in the previous section, Clark et al. (1995) studied the effect of 
flaxseed on immune, idammatory, rheologic, platelet, lipid, and r e d  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/&y of milled flaxseed for 4 weeks, then 15 g twice a day (30 
@day) for the ensuing 4 weeks, and finally 15 g three times a day (45 @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 (Le., after extraction of oil) that comprised 56% soluble fiber and 
44% insoluble fiber. Twenty-six healthy adults (7 males and 19 females aged 18-60 years) 

*(= 

GRAS Monograph for 
Whole and Milled Flaureed 

102 

0 0 0 1 1 2  



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 fidl 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 Bash et al. (2007) rated this evidence base as 
a “B,” or “good scientific evidence.” However, while the hdings 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 3 1 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. 

43.2. Other Effects of Flaxseed 

4.3.2.1. Hormonal Eflects 

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

To investigate the effects of flaxseeds on male sex hormones, Shultz et al. (1 99 1) 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- 1 0-fold 
greater than enterodiol excretion. Fasting blood samples taken at baseline and following the 6- 
week flaxseed feeding showed no sirmificaut changes in plasma total testosterone, ike 
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 menstrwl cycles; half took the flaxseed supplement during cycles 24 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 m e a s d  enterolactone and 
enterodiol; blood was analyzed for estradiol, estrone, testosterone, progesterone, 
dehydroepiandmsterone sulfhte, 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. 1 1.4 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 h m  3 to 5 weeks. Blood, urine, and feces were sampled at baseline and at the end of each 
feeding period. The flaxseed muffitls 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. (1 994) 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 fiom the study ifthey used 
oral contraceptives or reported irregular mensbval 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, mterodiol, 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 tbat 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 lipnan 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 ifthey 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 7-1 1 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 signiilcautly 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 0-demethylqolensin. 

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 muffifls that provided 50 g/day of partially defatted 
flaxseed containing 20 g fibedday 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 amdomized 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 
grindins commercially available whole flaxseed and was provided in tubes; the study 
participants consumed it at b r e  During the last week of each feeding period the women 
provided %-hour urine collections for 2 consecutive days. Urinary excretion of the estrogen 
metabolite 2-hydroxyestrogen increased, while that of 16cr-hydroxyestrone did not. The authors 
concluded that flaxseed may have chemopmtective 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 memlrual cycles 
each in a mdomized 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 @day of 
flaxseed, 28 @day of wheat bran, and 10 g flaxseed f 28 g wheat b d d a y .  The flaxseed, 
wheatbran, or placebo was presented in 2 baked goads, m d h s  or cookies, to be consumd 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 
16u-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 BMls Mered 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/l6u-hydroxyestrone), regarded as chemoprotective against 
I 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 3 1 healthy postmenopausal 
women aged 52-82 years (mean = 66.9 years). Women were excluded ifthey 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 sigdlcant differences between the phases in 
total energy, carbohydrate, protein, fbt, or total fiber intakes. Excretion of matams . inolwasnot 
affected by flaxseed consumption, but excretion of enterolactone and enterodiol were 
significantly increased in a dosedependent manner. 

r- 

. -” 

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 fiequency 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 be-g 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 17p- 
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 BMI, nor in nutrient intakes. The authors concluded that, “Flaxseed did not exert any 
estrogenic properties as assessed by urial- circulatjng 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 34% inulim and wheat fiber) for 4 weeks. Fifteen subjects 
continued an open trial with the flax-supplemented meals, providing 21.5 g flaxWday, 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 b d d a y .  Blood samples were collected during the 
mid-luteal phase of the second memtrual cycle of each treatment period and analyzed for serum 
hormones (1 7fkstmdio1, dehydroepiandrosterone sulfate, estrone, and progesterone) and sex 
hormone binding globulin. Urine samples collected at the same time were tested for lignan 
excretion. Ligmn excretion increased during periods of flaxseed consumption, but there were no 
changes from any treatment on sem hormones or sex hormone binding globulin. The authors 
concluded that the chemoprotective effects reported for flaxseed may result fiom a mechanism 
other than a hormonal effect. 

b 

Brooks et al. (2004) compared the effects of coIlsuming 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 

25 g/day of ground flaxseed (n = 16) in a muf€in 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. 

“I supplemented with either a whole-wheat flour placebo (n = 15), 25 @day of soy flour (n = 15), or 

The only dropouts fiom the study were 2 women in the soy-flour group. Urinary 
concentrations of 2-hydroxyestrone, but not of 16u-hydroxyestrone, increased significantly (p < 
0.05) in the hcseed group. In the flaxseed group, the ratio of 2-hydroxyestmne 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 

n 
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_I- 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. 

D d i  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 menopad symptoms as hot flashes and night sweats. Aside fiam the 
digestive issues likely due to the high level of dietary fiber provided by 40 g f l a x d d a y ,  no 
adverse side effects were observed. 

.. x 

In a double-blind, randomized, controlled trial, Lewis et al. (2006) compared the effits 
of daily ingestion of soy flour, wheat flour, and ground flaxseed on quality of life and hot-flash 
fiequency 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=3 l), 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 muffizls 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 placeboGontrolled 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 enternlactone 
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-hydroqestrogen, 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 Progresswn 
Demark-Wahnefiied 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, fiee 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 f?ee androgen 
index. Levels of PSA were unaffected. As compared with historical controls, both proliferation 
rate and apoptosis were favorably affected in a time-in-treatmentdependent manner. The only 
reported side effects were increased bowel movements (n=2), constipation (n=l), and flatulence 
(~3); no na~sea was noted. 

In a randomized, double-blind, placebo-mntrolled study, Thompson et al. (2005) 
evaluated the effect of 25 g flaxsdday on tumor biological markers in postmenopausal breast 
cancer. Nineteen women (average age 70 years) with newly diagnosed breast tumors were given 
flaxseed-containing muffllIls while awaiting surgery while 13 controls (average age 65 years) 
received placebo muffins made with whole-wheat flour. The women remained on their assigned 

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 excretioa 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 prolifmtion, increase apoptosis, and affect cell signaling by reducing c- 
abB2 expression of human breast cancer cells," and fbrther, that flaxseed's "excellent 
tolerabiity . . . may make flaxseed particularly attractive for studies in breast cancer prevention, 
where healthy women should be offered well-tolerated interventions for long-term use." 

-I 

R treatments until surgery, an average of 32 days in the flaxseed group and 39 days in the control 

In a poster session, Snyder et al. (2007) tmmmamd - 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 flaxwxUday, dietary fat restriction to <20% of total energy, flaxseed supplementation + 
dietary fit 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 30-3 1 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 

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 
effed 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.’’ 

Lucas et al. (2002) conducted a randomized double-blind study to evaluate the effects of 

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, placehntrolled design. The women consumed their 
habitual diets supplemented with flaxseed, soy, or a whole-wheat placebo. The flaxseed provided 
50 mgday 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 

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 

~ 

i* in markers of bone metabolism was observed within or between the treatment groups. Brooks et 

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 flaxwidday 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) consumd 3 diets dif€ering 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 au “average American” diet relatively high in saturated fatty 
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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 CoIlSumed 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 

years either basal diet or basal diet + 3 1.7 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 3% CD4), suppressor/cytotoxic cells (Leu-2a, CDS), or B cells (Leu-12, 
CDl9). Similarly, no differences were seen in concentdons of IgG. The authors concluded that 
the flaxseed oil tended to suppress some indices of cel l -medi i  immune function without 
affecting any markers of humoral immunity. No overt signs of health risks were observed in this 
d Y .  

Kelley et al. (1 99 1 ), in a randomized crossover design, fed 1 0 healthy males age 2 1-3 7 

Clark et al. (1995) studied the effect of flaxseed on immune, i n t l m t o r y ,  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 limes 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-t) or cytotoxic T cells (CD3+/CD16-t and/or 
CD56+). CDl 1 b expression on neutrophils, a measure of C3bi receptors, was significantly 

*_ 

Meals were prepared at the USDA Westem Human Nutrition Research Center on a 7day mtatbg menu. 
The daily diets provided 3000 kcal, including 126 g protein, 425 g carbohydrates, and 87 g tkt, 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 ALA 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 UI, 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 Chemikhy 
Shultz et al. (1991) gave 6 healthy males age 2542 whole wheat/Ikseed 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, &e testosterone, or sex- 
hormone-binding globulin. There were also no signiscant 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 ai. (1 994), 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 (2 1.5 g flaxseed/day) and 5% flaxseed oil 
(along with 34% 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 in- 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 dihomoy-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 f l a x d d a y  had no adverse effects on blood lipids, liver or 
kidney enzymes, or the hemopoietic system. 

In a randomized double-blind placebo-controlled crossovef study that was discussed in 
several sections above, Faintuch et al. (2007) administered 30 @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 meas& and protein was extracted 
fiom peripheral blood mononuclear cells including both monocytes and lymphocytes. Flaxseed 
significanty raised levels of peroxiredoxin and reduced levels of the long-chain fatty acid fl- 
oxidation multienzyme complex and glycoprotein IIIdXI; 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-athemsclmtic 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 lignau SDG to 
enterolactone. Significant changes were seen in the levels of a total of 16 pro*, 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 

to compare the effects of 3 strains of flaxseed on responses to mental stress. Postmenopausal 
women age 54-70 years (n = 35) received 35 &day of ground flaxseed. Each treatment period 
was 3 months, with a l-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 r e d u d  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. 

Spence et al. (2003) used a random-sequence double-blind Latin square crossover study 

Table 33. Amounts of SDG and ALA Provided By Flaxseed Cultivars 
(Spence et al. 2003). 

Cultivar I SDG(mg1day) I ALA(g/day) I 
Linola 989 I 450 I 0.3 1 
Flanders I 222 I 6.6 I 
AC Linora I 270 I 7.2 I 
I Source: Spence et ai. (2003) I 

4.3.2.7'. Kidney Function 

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 &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 creafinin e,creatinine 
clearance, and urinary protein measures, as well as inflammat ory and atherogenic mechauisms 
important in the pathogenesis of lupus nephritis. 

The Clark et al. (1995) study discussed above focused on the effect of flaxseed on a 

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 me-, 
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 UDalfered by the flaxseed 
supplementation whereas serum creatmm - . e in the compliant patients during flaxseed 
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I administration declined from a mean of 0.97k0.3 1 mg/dL to a mean of 0.94k0.30 mg/dL and 
rose in the control phase to a mean of 1.03a.28 mg/& (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 P d  (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 flaxsedday (in 3 muflh) for 4 weeks. Blood 
samples were collected before and &er 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 flaxseedlday 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-infl-v 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 f l a x d d a y .  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. 

4 

*. 

1% 

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 m o l  over 
the 3 days prior to dosing to an average of 247 pmol over the last 3 days of the study. No 
information was provided regarding preparation of the flaxseed. 

Cunnane et al. (1 993) 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 
earlier, but one study also included a measure of thiocyanate excretion. In this experiment, 
m& were prepared containing 25 g ground flaxseed or wheat flour and baked at 230°F for 
15-1 8 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 muflbs, and did not 
change after baking. Storage of the muffifls for up to 2 years did not change the MDA levels. 
Analysis of the pre-baking flaxseed mucilage found 2-4 pg cyanogenic glycosidedg 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 duriug a 
2-week washout period. Analysis of thiocyanate excretion showed no significant effect of 
consumption of 50 @day of flaxseed fiom either the supplement or the mufks. 

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 f l a x d d a y  for 4 weeks. Additionally, the large body of animal and human research has 
not produced any indication of a cyanide-produced adverse effect. 

433. 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 flaxsxd-a much as 
50 @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 effit, that flaxseed may be appropriately regarded as a source 
of functional fiber. 
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F r r  

Citation Study Design Subjects 

Arjmandi et al. 
1998 

15 hyper- 
lipidemic 
adults on 

, vitamin-E 
' therapy 

Double-blind 
placebo-controlled 
crossover: flaxseed 
v. sunflower seed 

15 glday 
ground flaxseed 

38 hyper- 
cholesterol- 
emic post- 
menopausal 
women 

3 months Bierenbaum et 
al. (1 993 

0 or 25 glday 
ground flaxseed 
(50 mg/day 
SDG) 

~~~ ~ 

Open label 

16 weeks 

15 g/day, 30 
g/day, 45 g/day 

Brooks et al. 
2004 

4 weeks at 
each dose; 
12 weeks 

Randomized parallel 
double-blind placebo- 
controlled: flaxseed 
v. soy flour 

1995 

46 post- 
menopausal 
women 

8 nephritis 
patients 

Table 34. Human Studies 

Dose I Duration 

38 g/day 6 weeks for 
flaxseed or 1 each 
sunflower seed treatment 

total 

Results 

Both treatments significantly reduced total cholesterol from 
baseline, but only the flaxseed significantly lowered LDL, as 
well as lipoprotein(a). Neither treatment affected HDL or 
triacylglycerol concentrations, and no adverse reactions 
were reported to either treatment. 

Total cholesterol and LDL were reduced; HDL was 
unchanged. Thrombin-stimulated platelet aggregation and 
lipid oxidation products were decreased with no adverse 
effects reported. 

Urinary concentrations of 2-hydroxyestrone, but not of 16a- 
hydroxyestrone, increased significantly (p 0.05) in the 
flaxseed group. No significant change in serum hormones or 
biochemical markers of bone metabolism was observed 
within or between the treatment groups. No adverse effects 
were reported. 

3 subjects had difficulty with increased laxation at 45 g/day 
of flaxseed. Disease activity and blood pressure were 
unchanged. Total and LDL cholesterol and whole blood 
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-/CDl6+ and/or CD56+) or cytotoxic T cells 
(CD3+/CD16+ and/or CD56+). The 30 glday 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-gIday level, no adverse effects were 
reported. 
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Table 34. Human Studies 

Duration Citation Results 

Clark et al. 
2001 

4 weeks for 
each 
treatment; 8 
weeks total 

Cunnane et al. 
1993 
(Study 1 of 3) 

Changes in plasma ALA were equivalent, suggesting that 
the ALA in ground flaxseed is highly available. 

Cunnane et al. 
1993 
(Study 2 of 3) 

Cunnane et al. 
1993 
(Study 3 of 3) 

Study Design 

Randomized 
crossover, no 
placebo: flaxseed v. 
nothing 

Randomized 
crossover, no 
placebo: flaxseed 
alone or in bread 

Randomized 
crossover, no 
placebo: flaxseed oil 
capsules v. flaxseed 
flour 

Open label, glucose 
challenge 

Subjects 

23 lupus 
nephritis 
patients 

9 healthy 
female 
college 
students 

5 healthy 
females 

6 healthy men 
and women 

Dose 

30 glday 
flaxseed 

50 glday 
flaxseed in 
supplement or 
in bread 

flaxseed oil 
capsules or 
flour, both 
providing 20 
@day oil 

50 g flaxseed 
followed by 25 
g extracted 
flaxseed 
mucilage 

I year 

4 weeks for 
each 
treatment; 8 
weeks total 

Only 9 subjects adhered to the flaxseed diet for the full year. 
Plasma lipids and serum viscosity were unaltered while 
serum creatinine declined in compliant patients. The authors 
concluded that flaxseed appears to be renoprotective in 
lupus nephritis. No adverse effects were reported. 

No difference in the effects of flaxseed as a supplement v. in 
bread; both increased ALA and total long-chain n-3 fatty 
acids in plasma and erythrocyte lipids. Both reduced total 
and LDL cholesterol. Thiocyanate excretion showed little 
effect of consumption of 50 glday of flaxseed. 

Single meal 
with 
flaxseed, 
single meal 
with 
extracted 
flaxseed 
mucilage 

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%. 
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Table 34. Human Studies 

0 
c 
ea 
w 
l 9  
ca 

Citation 

Cunnane et al. 
1 QW 

Dah1 et al. 
2005 
(Study 1 of 2) 

Dah1 et al. 
2005 
(Study 2 of 2) 

Demark- 
Wahnefried et 
al. 2001 

Study Design 

Randomized 
crossover, no 
placebo: flaxseed v. 
nothing; with glucose 
challenge 

Randomized parallel 
double-blind placebo- 
controlled: flaxseed 
v. psyllium 

Randomized parallel 
double-blind placebo- 
controlled single 
meal with glucose 
challenge 

Pilot open label 

<. 

Subjects 

10 healthy 
young adults 
(5 M, 5 F) 

26 healthy 
adults age 18- 
60 years 

1 1  healthy 
adults age 20- 
26 years 

25 prostate- 
cancer 
patients 
awaiting 
prostate0 
tomy 

Dose I Duration 

50 glday 
flaxseed 

4 weeks for 
each period 
for men; 1 
menstrual 
period for 
women 

5 glday 
flaxseed for 3 
days, then 
increasing to 15 
! W Y  

Bread with 50 g 
available 
carbohydrate 
with or without 
flaxseed 

~ ~~ ~ 

2 weeks tota 

Single meal 

30 glday 
flaxseed 

21 to77 
days until 
surgery 
(average = 
34 days) 

Results 

Compliance was good. Flaxseed muffins did not differ from 
controls in thiobarbituric acid-reactive substances. During 
flaxseed consumption, a-linolenate, eicosapentaenoate, and 
docosapentaenoate increased in plasma phospholipids and 
triacylglycerols; a-linolenate also increased in adipose 
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. 

Both fiber treatments (flaxseed and psyllium) significantly 
increased fecal mass over baseline; there was no difference 
between treatments. 

The flax meal treatment resulted in a reduced area under 
the curve of glycemic response as well as a lower peak 
response. Together, these 2 experiments demonstrate that 
the soluble and insoluble fiber present in flax meal produces 
the functional effects to be expected. 

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-treatmentdependent manner. 
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Citation 

Dodin et al. 
2005 

Faintuch et al. 
2007 

Frische et al. 
2003 

Study Design 

Randomized parallel 
double-blind 
placebo-controlled: 
flaxseed v. wheat 
germ 

Randomized double 
blind [lacebo- 
controlled crossover: 
flaxseed v. manioc 
flour 

Randomized 
crossover: 4 
treatments-nothing, 
flaxseed, wheat 
brand, flaxseed + 
wheat bran 

Subjects 

101 healthy 
menopausal 
women aged 
4565 years; 
99 women 
consumed 
placebo 

24 obese 
(average BMI 
= 47.1) 
outpatients 

16 healthy 
premeno- 
pausal 
women aged 
20-38 years 

Table 34. Human Studies 

Dose 
~~ ~- 
40 glday 
flaxseed 

30 glday 
flaxseed 

10 glday 
flaxseed; 10 
glday flaxseed 
+ 28 glday 
wheat bran 

Duration 
~~ 

12 months 

2 weeks for 
each 
treatment 

2 full 
menstrual 
cycles for 
each arm; 4 
cycles total 
with flaxseed 

Results 

10% of women in the flaxseed group and 5% in the wheat- 
germ group dropped out due to digestive problems. Total 
and HDL cholesterol were reduced in the flaxseed group; 
there was no change in triacylglycerols. Flaxseed did not 
suppress progressive bone loss, but reduced menopausal 
symptoms. Aside from the digestive issues likely due to the 
high level of dietary fiber provided by 40 g flaxseedlday, no 
adverse side effects were observed. 

No intolerance was noted. No change in biochemical or 
hormonal indices: hemoglobin, white blood cell count, total 
cholesterol, HDL, LDL, VLDL, triacylglycerols, glucose, 
serum albumin, insulin, or leptin. Flaxseed reduced the 
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. 

Lignan excretion increased during periods of flaxseed 
consumption, but there were no changes from any treatment 
on serum hormones (1 7gestradio1, dehydroepiandmsterone 
sulfate, estrone, and progesterone) or sex hormone binding 
globulin. 
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400 mglkg 
ground flaxseed 
(-30 glday) 

1 week 

5 or 10 glday 
ground flaxseed 

7 weeks at 
each dose; 
14 weeks 
total 

10 glday 
flaxseed; 10 
glday flaxseed 
+ 28 @day 
wheat bran 

500 mglday 
SDG extracted 
from flaxseed 

~~ ~ 

2 full 
menstrual 
cycles for 
each arm; 4 
cycles total 
with flaxseed 

6 weeks for 
each period 

3 .  

Table 34. Human Studies 

Citation Study Design Subjects Dose I Duration Results 

Fuchs et al. 
2007 

~~~~~ 

Open label proteomic 
study. 

~~ 

7 healthy 
males age 20- 
40 

Flaxseed significantly raised levels of peroxiredoxin and 
reduced levels of the long-chain fatty acid poxidation 
multienzyme complex and glycoprotein lllalll. No adverse 
effects were seen in the proteome. 

Griel et al. 
2007 

Randomized, double 
blind, balanced 
order, 3-periOd 
crossover: "average" 
diet, high-AM diet 
with flaxseed, high- 
linoleic acid diet 

20 glday 
flaxseed 

The flaxseed (+ walnuts + walnut oil) diet 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. 

23 over- 
weight and 
hyper- 
cholesterol- 
emic male 
and female 
adults 

28 post- 
menopausal 
women 

6 weeks for 
each 
treatment 

Haggans et al. 
1999 

Randomized 
crossover, no 
placebo: 2 flaxseed 
doses v. nothing 

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; no adverse effects were reported. 

Haggans et al. 
2000 

Randomized 
crossover: 4 
treatments-nothing , 
flaxseed, wheat 
brand, flaxseed + 
wheat bran 

Flaxseed, but not wheat bran, increased excretion of 2- 
hydroxyestrogen and the ratio of the two metabolites (2- 
hydroxyestrogen/l6a-hydroxyestrone), regarded as 
chemoprotective against breast cancer risk. 

16 healthy 
premeno- 
pausal 
women aged 
20-38 years 

22 post- 
menopausal 
women 

Hallund et al. 
2006 

Randomized, double- 
blind, placebo- 
controlled crossover: 
muffins with SDG or 
placebo 

The SDG intervention increased both plasma and urine 
levels of enterolactone; no other measures (total cholesterol, 
LDL, HDL, triacylglycerols, antioxidant capacity, ferric- 
reducing ability, and lipoprotein oxidation lag time) were 
significantly affected. No adverse effects attributable to the 
intervention were reported. 
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Citation 

Hutchins et al. 
2000 

Jenkins et al. 
I999 

Kelley et al. 
1991 

nothing 

Study Design 

Randomized 
crossover, no 
placebo: 2 doses of 
flaxseed or nothing 

Randomized 
placebo-controlled 
crossover: flaxseed 
v. wheat bran 

Randomized 
crossover, no 
placebo: flaxseed v. 

31 healthy 
post- 
menopausal 
women aged 
52-82 years 

29 hyper- 
lipidemic 
subjects (22 
males and 7 
post- 
menopausal 
women) 

10 healthy 
males age 21- 
37 

' C  , * , ~  

5 or 10 glday 
flaxseed 

50 glday 
partially 
defatted 
flaxseed 

31.7 glday 
flaxseed oil 

Table 34. Human Studies 

Kutzer et al. 
1995 

Subjects I Dose 

~~ 

Randomized 
crossover, no 
placebo: flaxseed v. 
nothing 

13 pre- 
menopausal 
women 

10 glday 
flaxseed 

(average age 
= 28) 

Duration 

7 weeks at 
each dose; 
14 weeks 
total 

3 weeks for 
each 
treatment 

56 days for 
each 
treatment 

3 full 
menstrual 
cycles 

Results 

Excretion of matairesinol was not affected by flaxseed 
consumption, but excretion of enterolactone and enterodiol 
were increased in a dose-dependent manner. 

Reductions were seen in total and LDL cholesterol and 
apolipoprotein B along with an increase in triacylglycerols. 
Thiol concentrations were lowered. No changes were seen 
in blood pressure, apolipoprotein A-1 , protein carbonyl 
content, or agonistic or antagonistic activities of serum 
androgen and progestin. These effects were attributed to the 
mucilage content of the flaxseed. 

Flaxseed oil suppressed 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, CW), suppressorkytotoxic cells (Leu-2a, 
CD8), or B cells (Leu-12, CDl9). 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. 

Flax consumption increased fecal excretion of the Iignans 
enterodiol, enterolactone, and matairesinol, but there was no 
effect on fecal excretion of the isoflavonoids daidzein, equol, 
genistein, and O-demethylangolensin. 
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Lampe et al. 
1994 

Lemay et al. 
2002 

Table 34. Human Studies 

Randomized 
crossover, no 
placebo: flaxseed v. 
nothing 

Randomized 
crossover: 2 
treatments; flaxseed 
v. hormone therapy 

~~ 

Citation I Study Design 

3 full 
menstrual 
cycles 

Flaxseed resulted in increased urinary excretion of 
enterolactone, enterodiol, and total lignan, but no change in 
excretion of matairesinol or the isoflavonoids tested- 
daidzein, equol, genistein, and Odemethylangolensin. 

2 months for 
each 
treatment 

No difference in the two regimens regarding decreasing 
menopausal symptoms, reducing glucose and insulin levels, 
or reducing LDL cholesterol, but only the hormone- 
replacement therapy was effective in increasing HDL 
cholesterol and apolipoprotein A-I , as well as sex hormone 
binding globulin, and in lowering plasminogen activator 
inhibitor type 1. 

Subjects 

Lewis et al. 
2006 

18 pre- 
menopausal 
women age 
20-34 

25 hyper- 
cholesterol- 
emlc 
menopausal 
women 

Randomized, double- 
blind, placebo- 
controlled 

87 women 1-8 
years post- 
menopause 

36 post- 
menopausal 
women 

Lucas et al. 
2003 

Dose 

Randomized, 
parallel, double-blind, 
placebo-controlled: 
flaxseed v. wheat- 
flour 

10 glday 
flaxseed 

~~ 

40 glday 
flaxseed 

25 glday 
flaxseed 
providing 50 mg 
lignan 

40 glday 
flaxseed 

Results Duration I 

I 6 weeks 

3 months 

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. 

GI problems were more frequent in the wheat-flour group 
while palatability issues were more frequent for flaxseed. 
Flaxseed lowered both total and non-high-density 
cholesterol and apolipoproteins A-I and 6; other measures 
were not significantly affected. Flaxseed 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 

9 healthy pre- 
menopausal 
women age 
20-40 

18 healthy 
women age 
20-34 years 

I Citation I Study Design 

5, 15, or 25 
g/day raw 
ground flaxseed 
or 25 glday 
processed 
flaxseed 

10 glday 
flaxseed 

Nesbitt et al. 
(1 999) 

2 male adults 

Phipps et al. 
(1 993) 

60 g/day 
ground flaxseed 

Rosling 1993 10 days 

Randomized 
crossover: doses of 
flaxseed, raw v. 
processed 

Exhibited a 7-fold increase in urinary excretion of 
thiocyanate from an average of 32 Nmol to 247 pmol. 

Randomized 
crossover: no 
placebo: flaxseed v. 
nothing 

Open label 

Subjects 1 Dose I Duration I Results 
~~~ 

plasma levels and urinary excretion of 
were observed, with plasma 

levels peaking approximately 9 hours aff er ingestion. There 
were no difference in lignan concentrations between 
ingestion of raw and processed flaxseed. 

3 full 
menstrual 
cycles for 
each arm 

The flax cycles were consistently associated with longer 
luteal phase of the menstrual cycle, but there were no 
changes in excretion of enterolactone or enterodiol or in 
blood levels of estradiol, estrone, testosterone, 
progesterone, dehydroeplandrosterone sulfate, or sex 
hormone-binding globulin. Flaxseed ingestion resulted in a 
decreased tendency to ovarian dysfunction. 

6 healthy 
males age 25- 
42 

13.5 glday 
flaxseed flour 

6 weeks Urinalysis found enterodiol and enterolactone raised by a 
factor of 7-28-fold over baseline, with enterolactone 5-10- 
fold 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. 

0 
0 
c2 
ba 
(33 
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I Citation I Study Design I Subjects 

placebo-controlled 
Randomized 

2007 
patients with 
prostatectomy 
surgery 
scheduled for 
at least 3 
weeks later 

Snyder et I 

Spence et al. 
(2003) 

Random-sequence 
double-blind Latin 
square crossover: 3 
flaxseed strains 
(Linola 989, AC 
Linora, Flanders) 

35 post- 
menopausal 
women age 
54-70 years 

15 healthy 
males age 22- 
47 

e 
e 
0 
+ 
G3 
Q-? 
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Table 34. Human Studies 

Dose I Duration 

30 glday 
flaxseed 

Average of 
30-31 days 

35 glday 
flaxseed 

3 months for 
each 
cultivar; 9 
months total 

Results 

The men receiving flaxseed had higher intakes of ALA and 
higher 11-3117-6 ratios than the other groups, and had higher 
levels of EPA in erythrocytes and prostatic tissue as well as 
higher n-3/1-14 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. 

All 3 flaxseed treatments reduced blood pressure, peripheral 
resistance, plasma cortisol, and plasma fibrinogen during 
mental stress, but the strain high in SDG was the most 
potent. Concluded 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. 

Blood 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. Ingestion of 32.7 g flaxseedlday had no 
adverse effects on blood lipids, liver or kidney enzymes, or 
the hemopoietic system. 
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Citation Study Design Subjects 

Table 34. Human Studies 

Dose 
~ 

Tarpila et al. 
(2002) 

80 food- 
company 
employees 
(62 women, 
18 men, 
mean age 43 
years); 15 in 
follow-up 

10 women 
(average age 
70 years) with 
newly 
diagnosed 
breast tumors 

Controlled double- 
blind crossover; no 
placebo: flaxseed v. 
nothing 

1.3% ground 
flaxseed and 
5% flaxseed oil 

Thompson et 
al. (2005) 

25 glday 
flaxseed 

Randomized, 
parallel, double-blind, 
placebo-controlled: 
flaxseed v. whole 
wheat flour 

Duration 

4 weeks 
each arm 
followed by 
4-month 
open label 
follow-up 

Until 
surgery, an 
average of 
32 days 

Results 
~ ~~ ~~ ~ 

No changes were seen in blood levels of hemoglobin, 
leukocytes, aspartate or alanine amino transferases, alkaline 
phosphatase, creatinine, total cholesterol, HDL or LDL 
cholesterol, triacylglycerols, total fatty acids, or in 
thiocyanate or cadmium. There were increased levels of 
enterolactone. 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 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. 
__ 

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. 
Concluded that flaxseed has the potential to reduce breast- 
cancer tumor growth and invasiveness and is a safe and 
tolerable intervention. 

6 
e 
6 
+ 
w 
03 
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4.4. Observational Studies 

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. 

A number of observational studies-prospective and retrospective cohort studies as well 

Giovannucci et al. (1 993) studied the association between fat intake and prostate cancer 
using data fiom the Health Professionals Follow-up Study, a prospective cohort of 5 1,529 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-fiequency questionmires 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, m o n o u n s a M  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 desigu, Gann et al. (1 994) 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 p u p  
rather than the control group, although the relative risk of the highest quartile was lower than that 
of the 2nd or 3d 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 ALA was insignificantly negative. 

Harvei et al. (1 997) 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, pahitic 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-kquency 
questionnaire. ARer 6.3 years of follow-up, Schuurman et al. (1 999) identitied 642 incident 
prostate carcinoma cases for comparison with 1525 matched controls in a casecohort 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 statktidy signifcant 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. 

e# A casecontrol study was conducted in Barcelona, Spain, in which 2 17 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 t. 

x 
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 ALA 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 2 17 advanced prostate cancer cases were matched with 43 1 controls on age, 
residence, and u r b d d  status. All participants were administered a 64-item food-fiequency 
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 &om 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 smdl 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 (&om 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 h m  a self-administered dietary questionnaire, and fatty acids of semm 
cholesterol esters were measured using capillary gas chromatography. No association was found 
betwexm 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 ( h m  the 
Health Professionals Follow-up Study) followed h m  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-fkquency questionnaire, was not 
related to the risk of total prostate cancer; however, extreme levels of ALA intake h m  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. 
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Associations among dietary phytoehogens, 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 sem 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 Op-o.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 IOMs 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 gday of EPA 
and DHA combined is without significant likelihood of harm (FDA 199%). 

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 CZ by elongase activity, followed by a second desaturation by A5desaturase 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 highas 9% in females.. 

1 

Accepting the maximum figure of 8% for the bioconversion of ALA to EPA, about 37 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 fsr higher thau the likely consumption of flaxseed resulting 
fiom 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 
al2004) noted that no clinical trials report any relatiomhip of ALA intake with prostate cancer 
(or with prostate-specific antigen), but concluded that the apparent association seen in cohort 

GRAS Monograph for 
Whole and Milled Flaueed 

129 J F f E I M B A C H W  

0 0 0 1 3 9  



*I*- 

,, ;,‘, 

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 &tal 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 %e relative risk for prostate cancer in the 4~ versus the 1’‘ quartile of 
ALA intake was 1-16” (p 92 1). 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 cuusutive role of this fatty acid has not been shown, particularly 
at the levels of intake anticipated to result fiom 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-Wahnefiied et al. (2001), 25 prostate-cancer patients awaiting 
prostatectomy were placed on a low-fat (20% of energy or less) diet supplemented with 30 &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, 
fke androgen index, and total serum cholesterol were measured, and tumor p r o W d o n  and 
apoptosis were compared with historical data. Total cholesterol was significantly lowered, as 
were total testosterone and fiee androgen index. Levels of PSA were unaffected. As compared 
with historical controls, both prolifiition rate and apoptosis were favorably affected by the 
flamed 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 f l a x d d a y ,  dietary fitt restriction to 

GRAS Monograph for 
Whole and Milled Flaxseed 

130 JHEIMBACH U C  

0 0 0 1 4 0  



c 

G O %  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 AI 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 
S U m m Z U U d  by Gebauer et al. (2006) were: 

3 g ALNday by a 1989 North Atlantic Treaty Organization workshop; 

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

2 g ALNday by the Eurodiet Commission in 2000; 

1.8 g ALNday by the French Apports Nutritionnels Conseilles in 2001 ; and 

1.6 g ALNday 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 overcoflsumpfion 
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 adveme 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 siguificaut increases in gastrointestinal distress absent special circumstances such as 
pancreatic disease. The panel suIllTnarrzed * 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 (fiu?ctional fiber), because it is possiile 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 

deleterious effects of functional fiber ingestion would be on the interaction with other nutrients 
in the gastrointestinal tract. The panel s- * its review as follows: 

r* 

8 mammalian enzymes and passes into the colon, the panel determined that any potentially 

“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” @OM 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. (1 998) 
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 fl-glucosidases produced by gut 
microbiota. Bhatty (1 993) 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 (1 980) 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 summarrzed * in a table, a portion 
of which is reproduced below as Table 35, along with data from Montgomery (1980). 

4 3  
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Table 35. Cyanide Concentrations in Food Products. 

Type of Food Product 

Cereal grains and products 

Soy protein products 

Cyanide Concentration (ppm) 

0.0014.451 

0.07-0.31 

Homemade cherry juice from pitted fruii 

Commercial cherry juice 

5.1' 

4.d 

Commercial apricot juice 

Commercial prune juice 

Cassava (biier) whole tubers 

Cassava (sweet) whole tubers 

Sorghum (whole immature plant) 

Bier almonds 

Bamboo (immature shoot tip) 

Lima beans (white American) 

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 (1 993) 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/&y 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. 

2.2l 

1.9l 

380' 

445l 

25002 

1002 

24001; 25Oo2 

77001; 8O0O2 

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 (Bash 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 infhmmb 'on, and thus may potentiate the effect of anticoagulants, antiplatelet 

Lima beans (from Java, Burma, or Puerto Rm) 
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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 agonidantagonist 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 

u 

h 

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 h m  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 sowce 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 p u n d  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. 

5.2. 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 ihseed for food use in the US. (FDA 
1983). In its response, FDA noted that, “Untreated (nondefatted) 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 fiom 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 fiom French American Ice Cream Company 
of Walnut Creek, California (FDA 1990). Th is  response repeated that, “Untreated (nondefatted) 
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 fiom the use of defatted or untreated flaxseed in processed foods.” After 
conceding that “FDA does not have data regarding timdtempemture requitementS 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). 

GRAS Monograph for 
Whole and MiIled Flaxseed 

135 J E I E l M B A C H W  

0 0 0 1 4 5  



“ X  

-\ 

Finally, a contribution was provided to the 1995 book Flmcseed 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 (1 995) 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 (1 995) 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 (1 995) 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 h m  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 (1 995) 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 afiirmed as GRAS. . . . 
Under such circumstances the mand- assumes 111 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 121 15 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 sulfonylm 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 
h m  Archer Daniel Midlands (ADM) for its dietary supplement ingredient Beneflaxm Flax 

GRAS Monograph for 
Whole and Milled Flaaseed 

136 JHEIMBACHUC 

0 0 0 1 4 6  



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 Beneflaxm is safe 
under the terms of the Dietary Supplement Health and Education Act. The intended use of 
Beneflaxm was described in the notification as the inclusion of the lignan extract in hard 
capsules at a level of 86 to 860 mg BeneflaxVcapsule, 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, fbm 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 ehnates, the amount of flaxseed that 
would need to be ingested in order to obtain 1200 mg of SDG is fbm 90 g to 383 g. These levels 
are far higher than those achievable fiom the intended use of milled or whole flaxseed as food 
ingredients; as noted earlier (Section 3.9, 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, d e r  
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 (1 999b) agreed that the composition of the genetically 
modified strain did not M e r  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 c-t 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 (Bash 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 gday or even higher. As was discussed in Sedion 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 b e w o r k  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. Th is  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 5 170.30@); 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 §170.3O(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 detmmmb - ‘on 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 them is a consensus among qualified experts 
about the d e t y  of the substance for its intended use. 

The criteria outlined above for a scientific-procedures GRAS detemmat - ion 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 2 1 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 

55.1. ED1 of Flaxseed, ALA, and Fiber 

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

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 con taminants. The accepted method for such exposure estimates istoassumethat 
al l  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 2 1 CFR 0 104.20. 
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” (0 104.2qa)). Specific policy guidelines include: 

It is not appropriate to f o e  fresh produce; meat, poultry, or fish products; sugars; or 
snack foods such as candies and carbonated beverages (0 104.2qa)). 

The food must be suitable to act as a vehicle for the added nutrient (0 104.20@)(1)). 

0 The food is not the subject of any other Federal requirement . . . that prohibits nutrient 
additions ($ 104.20@)(2)). 
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A nutrient(s) may appropriately be added to a food that replaces traditional food in 
the diet to avoid nutritional inferiority (9 104.20(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 (9 104.20(g)( 1)). 

A nutrient added to a food is appropriate only when the nutrient is physiologically 
available from the food (9104.20(g)(2)). 

0 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 (0 1 04.20(g)(3)). 

A nutrient added to a food is appmpriate 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 firsa 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 edmatmg - 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 ED1 of flaxseed is 16 @day. Since flaxseed comprises about 25% a-linolenic 
acid (ALA) and 25% fiber, the ED1 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 @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 

I 

I 
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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. 

’ 

55.2. History of Consumption of Flaxseed 

Vaisey-Genser and Moms (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 Modem times as both a 
food and medicine.” 

Historical records indicate that flaxseed was consumed in Turkey, Syria, Jordan, and Iran at least 
as WIY a~ 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 fiom 5000 BC since its cultivation.” Another Canadian government scientist 
fiom 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 caeal, 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 fkquency in supermark- 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” 
@ash  et al. 2007). 

Despite its long history of food use, Daxseed 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 m o t  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: 

0 Country Harvest Flax Bagels 
Flax Plus Raisin Bran Cereal 

0 Flax Plus Mdtibran Cereal 
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Stonemill Flax & Honey Bagels 
Stonemill Golden Flax Bread 
Country Harvest Sunflower Flax Bread 
Casa Mendosa Tortillas 
Lavash Flatbread Pita Bread 
Country Harvest Flax Bread 
Nature’s Path Instant Flax ‘n Oats (hot oatmeal cereal) 
Nature’s Path Multibran Cereal 
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 US. that year, along with 57 in Canada, 6 each in the UK and 
France, and smaller numbers in countries ranging h m  Australia to Israel. 

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

history of use, there is abundant experimental evidence available to establish the d e t y  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. 

In addition to the presumption of d e t y  of the intended use of flaxseed resulting from its 

Far h m  producing adverse effects, flaxseed appears to provide several physiological 
benefits. The most firmly established benefit resulting h m  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 propties (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 itselfand is constituents, including flaxseed meal (defhtted flaxseed), 
flaxseed oil, and lignans, have been subjected to toxicological assessment in a number of 
subchronic toxicity studies ranging in duration fiom 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: 

40% dietary concentration (30,000 mgflrg bwlday) in the SD rat for 90 days 
(Raynayake et al. 1992) 

GRAS Monograph for 
Wbole and MiIled Flaxsemi 

142 J H E X M B A C H W  

0 0 0 1 5 2  



10% dietary concentration (7500 mgkg bw/day) in the SD rat for 50 days (Yuan 
et al. 1999) 

10% dietary concentration (7500 mgkg bwlday) in the Fischer 344 rat for 100 
days (Hernmings et al. 2004) 

10% dietary concentration (2700 mgkg 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 mgkg bw/day) in the Yorkshire x Landrace gilt (piglet) for 125 days 
(Farmer et al. 2009, and the NOAEL for flaxseed oil was the highest level tested, 3.5% dietary 
concentration (950 mgkg bw/day) in the same study. The NOAEL for flaxseed oil in the rat, 
however, was 1950 mgkg bw/day, based on the findings of Hemmings et al. (2004). 

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

0 9 m&g bw/day of SDG by gavage in the SD rat for 50 days (Yuan et al. 1999) 

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

0 40 mgkg bw/day of flaxseed lignan complex (containing 14 mgkg 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-hydroxymatairesino1(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 mgkg 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 parametem. 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 SvEv 
mice. The flaxseed doses used in these studies ranged h m  5% dietary concentration 
(approximately 3750 m a g  bw/day) to 40% dietary concentration (30,000 m a g  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 concenfrafions of flaxseed have found estrogenic 
or antiestrogenic effects. These effects ofken 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 h r n  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 mgkg 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 (1 70 mg/kg bw/day for a 60-kg woman) through 7 complete menstrual cycles and 

flaxseedto observed no estrogenic or antiestrogenic effects. Lucas et al. (2002) admtlllstered 
postmenopausal women for 3 months at even higher doses, 40 g/day (670 m a g  bw/day for a 
60-kg woman), and found no estrogenic effects on sex hormones. 

. .  

Since the ED1 of flaxseed h m  its intended use as a food ingredient is 16 @day, only a 
tiny -on 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 fiom 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@). 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 demonstmting that this level of exposure is without 
significant risk of hann Finally, because this safety assessment satisfies the common knowledge 
quirement of a GRAS * ‘on, 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. 
Bomlleca, Ph.D., Walter H. GlinSmann, M.D., Robert J. Nicolosi, Ph.D., and John A. Thomas, 
PhD. These individuals are qualified by scientific training and experience to evaluate the safety 
of food and food ingredients. These experts have criticaily reviewed and evaluated the publicly 
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available information summarized in this document, including the potential human intake 
resulting h m  the intended uses of flaxseed, as well as other information available to them, and 
have individually and collectively concluded: 

Both whole and milledflmrseed have been suflciently characterized to ensure 
that they are food-grade products and that no toxicity concerns fiom 
impurities exist. Ingestion off lmeedfiom its intended use results in levels of 
intake offlaxseed and its constituents that are within s4fe limits established by 
the history of consumption offlaseed and by published animal toxicity 
studies and human studies offlaxseed and its constituents. Therefore,the 
intended use of whole and milledflaxseed, produced and used in accorhnce 
with CGUP and complying with the specijications described in the GRAS 
monograph is safe and Generally Recognized As Safe (GMS) based on 
scientijic 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: 

DETERMINATION FOR THE G U S  STATUS OF 
THE ADDITION OF WHOLE AND MILLED 
FLAXSEED TO CONVENTIONAL FOODS 
AND MEAT AND POULTRY PRODUCTS 

GENERALLY RECOGNIZED As SAFE (GRAS) 

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 
0 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 5 mm in 
length) or milled to a powder varying in coarseness with particle diameters ranging from 200 
to 1500 pm. Flaxseed is also known as linseed, although in America the term linseed is 
usually reserved for industrial products. 

0 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. 

0 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- 
hydroxybenzy1)butane-1 ,%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 j3-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 mgkg bw/day for flaxseed and 63 mgkg 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 mgkg 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. 

Whole and Milled Flaxseed: Conclusion of the Expert Panel 2 

0 0 0 1 1 4  
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Coachion 
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 summdzed above. 

We observe that flaxseed products have a long history of safe use in foods in the U.S. and 
intamationally and are appropriately regarded as safe and nutritious. We note that extensive 
mimal and hmm 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 sane publicly 
available infomation would reach the same conclusion. Therefore, the intended use of whole 
and milled flaxseed is safe, md is GRAS, via scientific procedures. 

Joseph F. Borzelleca, J?h.D. 
Professor Emeritus 
Virginia Commonwealth University School of Medicine 

President 
Glimmann Inc. 
Arlington, Virginia 

Signature: _. Date: 

Robert J. Nicolosi, 1Ph.D. 
Director, Center for Health and Disease Research 
University of Massachusetts at Lowell 
Lowell, Massachumtts 

Signature: Date: 

John A. Thomas, PBD, 
Adjunct Professor 
Indiana University School of Medicine 
Fishers, Indiana 

Signature: ~ Date: 
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Conclusion 
Wc, thc undersigned expert panel mcmbcrs, are qualified by scientific cducation and experience 
to cvaluatc the safety of ingredients intcndcd to be added to foods. We havc individually and 
collectively critically evaluated the materials summarized above. 
We obsave that flaxseed products have a long history o f  safe use in foods in the U.S. and 
intcrnationally and are appmpriatcly regarded as safe and nutritious. We note that extensive 
animal and human rcscarch has confirmed the safcty of flaxseed and its constitucnts. We find 
that the composition and purity of whole and milled flaxseed havc been adequately characterizcd 
to assure a wholesome food-grade product. Therefore, we concludc that addition of whole and 
millcd flaxseed to conventional foods limited only by cGMP is safc. 
It is OISO our opinion that other qualified and competent scientists reviewing the same publicly 
available iufomation would reach the same conclusion. Therefore, the intendcd usc of whole 
and milled flnxsccd is safe, and is G U S ,  via scientific procedures. 

Joseph F. Borzcllcca, PhD, 
Professor Emeritus 
Virginia Commonwealth University School of Mcdicine 
Richmond, Virginia 

Signature: Date: 

Walrter H. Glinsrnann, M.D. 
President 
Glinsmannhc, 

r- Robert J. Nicoloai, Ph.D. 
Director, Center for Health and Disease Research 
Un.ivmity of Massachusetts at Lowell 
Lowell, Massachusetts 

Signature; Dale: 

John A. Thomas, Ph.D. 
Adjunct Profmsor 
Indiana University School of Mdcine  
Fishm, Indiana 

Signature: Date: 
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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. 
Professor Emeritus 
Virginia Commonwealth University School of Medicine 
Richmond, Virginia 

Signature: Date: 

Walter H. Glinsmann, M.D. 
President 
Glinsmann Inc. 
Arlington, Virginia 

Signature: Date: 

Robert J. Nicolosi, Ph.D. 
Director, Center for Health and Disease Research 
University of Massachusetts at Lowell 
Lowell, Massachusetts 

Signature: Date: January 12,2009 

John A. Thomas, Ph.D. 
Adjunct Professor 
Indiana University School of Medicine 
Fishers, Indiana 

Signature: Date: 
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Conclusioa 
We, the undersigned experl 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 
intematiodly and are appropriately regarded as safe and nutritious. We note that extensive 
animal and human research has coIlfirmed the SafEty of flaxseed and its constituents. We find 
that the composition and purity o f  whole and milled flaxseed have been adequateiy characterized 
to assure a wholesome food-Bade product. Therefore, we conclude that addition of whole and 
milled flaxseed to conventional foods 1irnit.d 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. 'llwrefore, the intended we of whole 
and milled f laxsed is safe, and is G U S ,  via scimiiflfic procedures. - 

Joseph F. Borzelieca, Ph.D. 
Professor Emerita 
Virginia Commonwealth Unjversity School of Medicine 
Richmond, Virginia 

Signature: Date: ,, 

Walter H, Glinsmann, M.D. 
President 
Glhsmann Inc. 
Arlington, Virginia 

Signatwe: Date: ,, 

Robert 5. Nicdosi, PbD. 
Dhctor, Center for Health and Disease Research 
University of Massachusetts at Lowell 
Lowell, Massachusetts 

Signature; Date: 

John A. Thomas, PhD. 
Adjunct Profcssor 
Indim University School of Medicine 
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