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Division of Biotechnology & GRAS Notice Review ( HFS-255) 
Offi::e of Food Additive Safety 
Cer ter for Food Additive Safety & Applied Nutrition 
Food & Drug Administration 
5100 Paint Branch Parkway 
College Park, MD 20740-3835

Re: GRAS Notification — Canola Oil Use in Infant Formulas 

De r Ms. Ramos Valle: 

On Dehalf of Danone Trading BV, we are submitting for FDA review the enclosed GRAS notification 
for Canola Oil Use in Infant Formulas. The attached documentation contains the specific information 
that addresses the safe human food uses for the subject notified substance as discussed in the 
-;RAS guidance document. This notification also includes the additional information identified during 

-the Danone February 9, 2012 telephone call with you and your colleagues, and we trust that the 
GRAS notice can now be filed as soon as possible. 

Tra, iel commitments precluded our being able to obtain the signature of Professor Sheila Innis of the 
Expert Panel prior to releasing this updated notification to you. Professor Innis has been closely 
invc Ived in the subject safety review and evaluation, and she has agreed to review the modified 
GRAS notification as soon as her travels are completed. As you and I discussed on the telephone on 
March 1, 2012, we will supply the remaining panel member signature in the very near future. 

If additional clarification is needed as you and your colleagues proceed with the review, please feel 
free to contact me via telephone or email. 

We look forward to your feedback. 

Sincerely, 

Rot art S. McQuate, Ph.D. 
CEO & Co-Founder 
GRAS Associates, LLC 
vww.gras-associates.com 

Encicsure: GRAS Notification for Canola Oil Use in Infant Formulas (in triplicate)
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I. GRAS EXEMPTION CLAIM 

A. Claim of Exemption from the Requirement for Premarket Approval Pursuant to 
Proposed 21 CFR 170.36(c)(1)1 

Danone Trading B.V., an affiliated company of Danone Baby and Medical Nutrition B.V., has 
determined that canola oil (for blending with other oils to obtain the desired levels of fatty acids), 
meeting the specifications described below, is Generally Recognized As Safe (GRAS) for use in 
exempt and non-exempt infant formulas for fuil-term infants in accordance with Section 201(s) of 
the Federal Food, Drug, and Cosmetic Act. This determination was made by experts qualified by 
;,cientific training and experience; it is based on generally available and accepted scientific data, 
ilormation, methods and principles, and is corroborated by the lack of adverse effects reported in 
countries where canola oil is permitted for use in infant formula. The evaluation accurately reflects 
the intended uses of the canola oil as a food ingredient (for blending with other oils to obtain the 
desired levels of fatty acids) in exempt and non-exempt infant formulas for term infants. 

Igned: 

March 6, 2012 
Robert S. McQuate, Ph.D. 
GRAS Associates, LLC 
20482 Jacklight Lane 
Bend, OR 97702-3074 

B. Name & Address of Notifier 

Danone Trading B.V. 
Schiphol Boulevard 105 
1118 BG Schiphol Airport 
The Netherlands 

As the notifier, Danone Trading B.V. (hereinafter referred to as "Danone") accepts responsibility for 
the GRAS determination that has been made for canola oil as described in the subject notification; 
consequently, canola oil, meeting the conditions described herein, is exempt from pre-market 
approval requirements for use as food ingredient in exempt and non-exempt infant formulas for 
t;rm infants.

1010.01144 
1 See 62 FR 18938 (17 April 1997). http://www.fda.qov/Food/FoodInciredientsPackaqinci/GenerallyRecognizedasSafeGRAS/ucm083058.htm.  

(3 RAS ASSOCIATES, LLC	
000469

(b) (6)



GRAS Assessment - Danone 
Canola Oil in Infant Formula 
Page 6 of 98 

C. Common Name & Identity of the Notified Substance 

Canola oil is the common name for the notified substance. Canola oil is synonymous with low 
erucic acid rapeseed (LEAR) oil. 

I:). Conditions of Intended Use in Food 

Canola oil is intended to be used in combination with other vegetable oils in exempt and non-
exempt infant formulas for term infants. Canola oil will added at up to 31% of the fat blend such 
that the term infant formula provides the levels and ratio of essential fatty acids in compliance with 
21 CFR 107.100 and the recommendations of the Expert Panel of the Life Sciences Research 
Office (LSRO) of the American Society of Nutritional Sciences (Life Science Research Office 
Report (LSRO) 1998). 

E. Basis for the GRAS Determination 

Pursuant to 21 CFR 170.30, canola oil has been determined to be GRAS on the basis of scientific 
procedures as discussed in the detailed description provided below. 

F. Availability of Information 

- he data and information that serve as the basis for this GRAS notification will be available for 
review and copying at reasonable times at the offices of GRAS Associates, LLC, located at 20482 
Jacklight Lane, Bend, OR 97702-3074 or the information will be sent to FDA upon request. 

GRAS ASSOCIATES, LLC	 esi.44666664 
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II. INTRODUCTION 

A. Objective 

At the request of Danone, GRAS Associates, LLC ("GA") has undertaken an independent safety 
evaluation of canola oil for use in exempt and non-exempt infant formulas for full-term infants. The 
purpose of the evaluation is to ascertain whether or not the use of canola oil at specified levels 
when blended with other oils to achieve desired levels of fatty acids in infant formulas can be 
considered to be generally recognized as safe, i.e., GRAS. 

B. Foreword 

Danone provided GA with a substantial body of information needed to enable the GRAS safety 
assessment of canola oil in combinations with other oils for incorporation into infant formulas to be 
undertaken. This included information from Danone suppliers on the chemical characteristics of 
canola oil together with the results of analyses of sample batches of canola oil supplied to Danone. 
Additional information received from Danone relates to the safety of canola oil in the diet that 
pertains to both infants and adults. The information received included reprints of toxicological 
.1,tudies on canola oil, including clinical studies on infants using formulas of various compositions. 
Danone was also asked to include any adverse reports, as well as those that supported 
conclusions of safety. An independent search of the scientific and regulatory literature extending 
through September 2011 was carried out. Included were reprints of toxicological studies on canola 
oil as well as clinical studies on infants who consumed infant formulas of various compositions 
which incorporated canola oil as part of the fat blend. 

In accordance with the regulation of foods in the US, new food ingredients must undergo pre-
market approval by the Food and Drug Administration (FDA) as food additives or, alternatively, the 
Ilgredients to be incorporated into foods must be determined to be GRAS. The authority to make 
GRAS determinations is not restricted to FDA GRAS determinations may be provided by experts 
vfho are qualified by scientific training and experience to evaluate the safety of food and food 
ngredients under the intended conditions of use. 2 In 1997, FDA proposed to alter the GRAS 
determination process by eliminating the formal GRAS petitioning process and replacing the 
petitioning process with a notification procedure.3 

Based upon the composite information, a GRAS assessment of canola oil for use in exempt and 
non-exempt infant formulas for term infants based on available safety information, i.e., scientific 
procedures, was undertaken. References that have been deemed pertinent to the objective are 
I sted in Section IX and in Appendices B and C. A panel of experts was assembled to 
independently and critically review the safety of canola oil for use in infant formulas. Following a 
comprehensive evaluation, the Expert Panel conferred and unanimously agreed to the decision 
described herein. 

2 See 21 CFR 170.3(i)(3). 
3 See Federal Register 62 April 17, 1997, 18937; or http://www.cfsan.fda.gov/-Ird/1r970417.html. 000471 
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C. Current Regulatory Status of Canola Oil 

- he history of the use of rapeseed oil in food in the US is well summarized in the preamble of the 
final rule which affirmed the GRAS status of low erucic acid rapeseed (LEAR) oil (Federal Register, 
' 985). Historically, rapeseed oil contained high levels of erucic acid 4 (typically 30-50% of total fatty 
acids), and studies in several animal species demonstrated an association between high erucic 
acid intakes and myocardial lipidosis. Rapeseed varieties were developed using selective 
breeding to transfer the low erucic acid trait, thereby allowing the production of oil with a much 
I ower level of erucic acid. This oil was historically known as low erucic acid rapeseed (LEAR) oil 
but is now more commonly known today as canola oil. Internationally agreed standards require 
that canola oil must contain a level of erucic acid that is <2% of total fatty acids, although most of 
the rapeseed crop produced in the world today has a much lower level of erucic acid. The 
development of canola oil eventually led to its acceptance in the US as an edible oil.5 

Current FDA regulations do not authorize the use of canola oil in infant formulas. It is also not 
approved in Canada and in some Middle East Countries. Dialogue with FDA scientists indicates 
that the original regulation excluded use in infant formulas at the request of the petitioner and that 
there was no apparent scientific issue on record which indicated that canola oil would not be safe 
for use in infant formulas. To the best of our knowledge, no prohibition exists in any other 
developed countries. There are no restrictions on the use of canola oil in the CODEX standard for 
nfant formulas and formulas for special medical purposes intended for infants or in specific infant 
formula legislation in Europe and Australia. According to European Commission Directive 
2006/141/EC of 22nd December 2006 on infant formulae and follow-on formulae, the erucic acid 
content of infant formulas shall not exceed 1% of total fat. 6 Similarly, the Food Standards Australia 
New Zealand (FSANZ) (Standard 2.1.9.) has also set a maximum limit for erucic acid in infant 
formula of 1% of total fatty acids.' These standards do not make any specific recommendations on 
the suitability of specific oils and fats for use in the manufacture of infant formulas, although 
..:.esame seed oil and cotton seed oil are prohibited. The levels of erucic acid in other vegetable 
oils suitable for and commonly used in the production of infant formulas are, if detectable, very low. 
- he inclusion of provisions for an upper limit for the erucic acid content of infant formulas in these 
rules suggests that the use canola oil in infant formulas is permitted. 

D. Rationale for Pursuing a GRAS Determination for the Use of Canola Oil in 
Infant Formulas 

All infant formulas must contain fat, which provides a source of energy and of the essential fatty 
acids (EFA) linoleic acid (LA; C18:2 n-6) and a-linolenic acid (ALA; C18:3 n-3). EFAs must be 
provided in the diets of infants as they are essential for the endogenous formation of the long chain 
polyunsaturated fatty acids (LC-PUFA) in the n-3 and n-6 series, such as arachidonic acid (ARA; 
C20:4 n-6) in the n-6 series and docosahexaenoic acid (DHA: C22:6 n-3) in the n-3 series, which 

'1 Common name for the monoenoic fatty acid, C22:1 n-9. 
5 See 21 CFR 184.1555 (c)(4). 
6 See http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J1:2006:401:0001:0033:EN:PDF. 
7 See http://www.foodstandards.cov.au/  srcfiles/Standard 2 9 1 Infant Formula Products v109.pdf. 

GRAS ASSOCIATES, LLC
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have key roles in brain development and immune responses. There has long been considerable 
debate over the essentiality of dietary LC-PUFAs in infancy. Some studies suggest a higher 
deposition of these fatty acids in developing organs when LC-PUFA-supplemented formulas are 
used than when the parent EFAs alone are supplied, principally because of limited activity in the 
elongation/desaturation pathways in young infants. A consensus has emerged that the addition of 
LC-PUFA to infant formulas is beneficial, if not essential. This topic, however, is beyond the scope 
of this review and is not considered further. The primary focus of this assessment is on the safety 
and suitability of canola oil as a source of ALA in combination with a high oleic and lower linoleic 
acid content for use in the fat blend of infant formula. 

Many infant formula manufacturers have moved away from using single vegetable oils, such as 
corn oil, or fats of animal origin, such as cows' milk fat, which have low concentrations of essential 
fatty acids, to using blends of vegetable oils. Background information on the rules and 
recommendations governing the fat and fatty acid composition of infant formulas is included in 
Section IV in detail. Danone wishes to use canola oil as a source of ALA in its infant formulas. 
- he characteristics of canola oil which make it especially useful as a source of ALA in infant 
formulas are reviewed in detail in Section IV. The scientific consensus for the recommendation for 
ALA levels to be provided in infant formula is further discussed in Section IV.A. 

E. Differences in Canola Oil from Currently Used Oils in Infant Formulas 

One of the differences between canola oil and other vegetable oils commonly used in infant 
formulas is that canola oil contains erucic acid. In reviewing the suitability of canola oil for use in 
ilfant formulas, exposure to erucic acid needs due consideration. There are some other 
constituents inherently present in canola oil that also need consideration: phytosterols are present 
ii canola oil at slightly higher levels than in other oils traditionally used in the production of infant 
formulas and one class of phytosterol in particular---brassicasterol---is undetectable in other 
vegetable oils but is present in canola oil. Long chain polyunsaturated fatty acids, because they 
are prone to oxidation, may influence antioxidant status in infants and also damage the 
components of the formula; however, this does not appear to be a concern for canola oil when 
used in infant formulas containing a blend of oils providing a balance of saturated and 
monounsaturated fatty acids and supplemented with vitamin E. These issues are addressed in 
discussion of the safety of the use of canola oil in infant formulas in subsequent following sections 
of this document.

000473 
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III. INGREDIENT IDENTITY, CHEMICAL CHARACTERIZATION & PURITY & 
MANUFACTURING PROCESS 

A. Background Information on the Composition of Canola Oil 

AE is the case for other food grade vegetable oils, canola oil predominantly consists of fat (99.9 g 
fa1,100 g product), which comprises its constituent fatty acids and non-fatty acid material 
(ulsaponifiable matter) such as phytosterols (plant sterols). In most plant oils, the 3 most common 
pr tosterols are 13-sistosterol, campesterol and sigmasterol. There are also measurable amounts 
of at least 9 other phytosterols in many plant oils. The most common phytosterols in canola oil are 
13-:;istosterol, campesterol and brassicasterol. 

e food grade specifications for canola oil in the US are published in the Food Chemicals Codex 
(F:-.;C, 2004; see Table 1). Recently, FDA did not object to a GRAS notification for use of LEAR oil 
frc m an alternative source, Brassica juncea (FDA, 2000a). The oil derived from this variety 
contains erucic acid at a maximum level of 0.1% which is lower than that derived from the 
tre clitional sources of Brassica napus and Brassica campestris. In 2003, Health Canada8 approved 
food use of LEAR oil derived from Canola-quality Brassica juncea (L.) Czern. lines PC 97-03, 
PC98-44 and PC98-45. The oil derived from these lines meets the specifications for canola oil as 
lis:ed in the Food Chemicals Codex, 7 th Edition. A full copy of FCC Specifications is attached as 
Appendix A. The food grade specification for canola oil which Danone intends to use in term infant 
formula is included in Appendix D. The canola oil specification for infant formula includes a 
maximum erucic acid content of 1% total fatty acids. 

Table 1. Food Chemicals Codex Specification for Canola Oil 

Fatty - Acid <14 14:0 16:0 16:1 18:0 18:1 18:2 18:3 20:2 20:1 22:0 22:1 24:0 24:1 

Weight <0.1 <0.2 <6.0 <1.0 <2.5 >50 <40 <14 <1.0 <2.0 <0.5 <2.0 <0.2 <0.2 
%

Iodine Value: 110 — 126 
Acidl Value: <6 

Unsaponifiable matter: not more than 1.5% 
Peroxide Value: not more than 10 meq 02/kg

B. Erucic Acid Content of Commercial Sources of Canola Oil 

Danone is currently supplied with canola oil by a European supplier, the canola oil is produced 
frc m a rapeseed crop that is grown in the UK and northern Europe. 

8 Sf e htip://www.hc-sc.qc.calfn-an/qmf-aqm/appro/Iow erucic-faible erucique-eno.php. 

GF:AS ASSOCIATES, LLC
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The fatty acid composition based on batch analysis of canola oil produced by the European 
SL pplier is presented in Table 2. The specification for the canola oil intended for infant formula is 
included in Appendix D. The canola oil intended for infant formula has a maximum erucic acid level 
of 1% total fatty acids, the mean erucic acid content (<0.6% fatty acids) falls well below this 
rn iximum level. The data below shows that canola oil in compliance with the fatty acid 

acification included in APPendix D can be selected. 

Table 2. Average Fatty Acid Composition as Percentage of Total Fatty Acids from 65 
Batches of LEAR Oil (Canola Oil) Produced by the European Supplier 

Fatty 
Acid  al 

Iodine 
Vue C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:0 C20:1 C22:0 C22:1 

Max 119.3 7.0 0.2 2.7 66.9 22.3 10.6 4.0 1.5 1.2 1.4 
Mean 115.4 4.7 0.1 1.6 61.8 19.6 9.2 0.7 1.2 0.4 0.6 
Min 110.9 3.8 0.0 0.8 56.1 17.8 4.9 0.4 0.8 0.2 0.1 
SD 1.9 0.5 0.1 0.3 1.6 0.8 0.7 0.5 0.1 0.1 0.3

These findings are comparable with those reported elsewhere. In 1997, the erucic acid content of 
50% of the Australian canola crop was 0.3% or less of the total fatty acids. The maximum reported 
en.cic acid level was 1.6% of the total fatty acids (FSANZ, 2003). 

C. Phytosterol Content of Commercial Sources of Canola Oil 

Table 3 presents information taken from the CODEX standard for the phytosterol content of canola 
oil 3nd other oils typically used in infant formulas. 

Table 4 presents the results of analyses carried out by the European supplier on the phytosterol 
co lent of its oils. 

Table 5 includes results for the phytosterol content of six batches of canola oil from two different 
European suppliers of canola oil.

000475 
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ble 3. CODEX Standard for Levels of Phytosterols in Crude Vegetable Oils as Percentage 
of Total Sterolsa 

Phytosterol Canola Oil Soybean Oil Sunflower 011 Coconut Oil 

Total sterols (mg/kg) 4500-11300 1800-4500 2100-4600 400-1200 
Cholesterol (%) ND - 1.3 0 2 - 1.4 ND - 0.7 ND - 3.0 

Brassicasterol (%) 5.0 - 13.0 ND - 0.3 ND - 0.4 ND - 0.3 
Campesterol (%) 24.7 - 38.6 15.8 - 24.2 9.2 - 13.3 6 0 - 11.2 
Stigmasterol (%) 0.2 - 1.0 14.9 - 19.1 4.5 - 9.6 11 4 - 15.6 
p-sitosterol (%) 45.1 - 57.9 47.0 - 60.0 40.2 - 50.6 32.6 - 50.7 

Delta5-avenasterol (%) 2.5 - 6.6 1.5 - 3.7 0.8 - 4.8 20.0 - 40.7 
Delta7-stigmasterol (%) ND - 1.3 1.4 - 5.2 13.7 - 24.6 ND - 3.0 
Delta7-avenasterol (%) ND - 0.8 1.0 - 4.6 2.2 - 6.3 ND - 3.0 

Others (%) ND - 4.2 ND - 1.8 0.5 - 6.4 ND - 3.6 

a CODEX-STANDARD 210-1999 for Named Vegetable Oils. Adopted 1999, revised 2001,2003 and 2009. 
htto://www.codexalimentarius.net/web/standard list.do?lanci=en.  

Table 4. Levels of Phytosterols in Crude Vegetable Oils as Percentage 
of Total Sterols Found in Samples Produced by the European Suppliera 

Ph ytosterol Canola Oil Soybean oil Sunflower oil Coconut oil 

Total Sterols (mg/100 g) 480-1130 180-410 240-460 40-120 
Brassicasterol (%) 10 NDb NDb ND 
Campesterol (%) 35 20 10 10 
P-sitosterol (%) 48 55 60 50 

Delta5-avenasterol (%) 2 3 7 25 
Stigmasterol (%) NDb 20 7 13 

Delta7-stigmasterol (%) NDb 3 7 NDb 
Delta7-avenasterol (%) NDb 3 5 ND

a Handbook of Vegetable Oils and Fats (Karlshamns, A.B., 2002. First Edition). 
ND = Not Detected.

000476 
GRikS ASSOCIATES, LLC 



GRAS Assessment - Danone 
Ceinola Oil in Infant Formula 
Pe ge 13 of 98

Table 5. Analysis of Commercial Samples of Canola Oil for 

Unsaponifiable Content - Weight Percentage 

PHYTOSTEROL NAN0019 
190307

NAN0019 
110707

NAN0019 
100807

RM0147 
F2265

RM0147 
F51969

RM0147 
F52690 AVERAGE 

Total Sterol (mg/1 01) g) 921 929 952 939 819 858 900 
Br Rssicasterol (.) 8.4 9.1 8.8 7.6 8.9 8.6 8.6 
Ca mpesterol (%) 31.4 33.5 30.5 30.5 33.3 34.7 32.3 
•Illtosterol (%) 44.7 46.9 45.7 45.2 45.2 45.6 45.6 

Stigmasterol (%) 0.4 0.4 0.9 0.5 0.4 0.2 0.5 
Cholesterol (%) 0.2 0.2 0.2 0.3 0.2 0.2 0.2 
Otli er Sterolsistanols (%) 15.0 10.1 14.2 16.3 12.2 10.9 13.1 

6 Batches of Canola oil from two different European suppliers

The results demonstrate that the total phytosterol content for all samples is within the FCC limits of 
1.f.i% for unsaponifiable matter. The levels of individual phytosterols in commercial samples are 
similar to the samples supplied to Danone as described in Table 5. The average total phytosterol 
content of canola oil from the analysis of 6 batches was found to be 900 mg in 100 g of oil or < 1%. 

D. Manufacturing Process for Canola Oil 

Thi) manufacturing process for Low Erucic Acid Rapeseed Oil (Canola Oil) is described in 
ApDendix E.
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IV. NUTRITIONAL ASPECTS OF FATS & OILS IN INFANT FORMULAS 

Infants are known to receive up to 50% of the dietary calories from fats that are present in human 
i;reast milk or in infant formulas. Over 98% of this fat is in the form of triglycerides, which contain 
saturated and unsaturated fatty acids that are esterified to glycerol (Giovannini et al., 1995). The 
fat in breast milk is also the source of the essential fatty acids. The human body is unable to 
synthesize the essential fatty acids such as linoleic acid (LA, C18:2) and a-linolenic acid (ALA, 
C18:3). Human breast milk contains LA and ALA along with other fatty acids. Observational 
studies suggested that breast fed infants have improved neurocognitive development compared to 
formula fed infants. Based on these observations, it was hypothesized that one of the contributing 
factors may be the availability of long chain fatty acids that are derivatives of LA and ALA as found 
in human milk. 

A. Compositional Standards for Fat & Essential Fatty Acids in Infant Formulas 

Following passage of the Infant Formula Act in 1980, a task force of the American Academy of 
Pediatrics (AAP) submitted revised recommendations on the nutrient content of infant formulas to 
the FDA in 1983 (Forbes and Woodruff, 1985). The final rule, published by the FDA in 1985, 
specifies concentrations of key nutrients in infant formulas. The provisions specify a minimum and 
maximum fat content (3.6 to 6.0 g fat/100 kcal and 30 to 54% of energy from fat) and a minimum 
LA content (300 mg/100 kcal and 2% of total calories) for infant formulas. Following publication of 
the final rule, an increased recognition of the importance of ALA in the diets of infants and the ratio 
of LA:ALA became evident, and standards were set accordingly by the Life Sciences Research 
Office (LSRO) Expert Panel (1998). The LSRO report recommended a minimum and maximum 
ALA content (1.75% to 4% ALA as a % of total fatty acids) and a LA:ALA ratio (between . 6:1 and 
!;16:1) for infant formulas. The LSRO also revisited the recommendations made for fat and LA in 
FDA's final rule, recommending that infant formulas contain between 4.4 g and 6.4 g fat/100 kcal 
and LA at levels between 8 and 35% of total fatty acids. Table 6 presents a summary of the 
recommendations from the LSRO on the fat and fatty acid compositions of infant formulas. 

Also pertinent to recommendations for the fatty acid composition of infant formula, the Infant 
ormula Act of 1980 requires supplementation with a minimum of 0.7 International Units of vitamin 

E per 100 kcal (equivalent to 0.5 mg vitamin E/100 kcal) and 4 pg of vitamin K per 100 kcal of 
formula. 9 The LSRO recommended a minimum vitamin E content of 0.5 mg a-tocopherol 
equivalents (a-TE) per gram of PUFA (and maximum level of 5 mg a-TE/g PUFA), but no less than 
C.5 mg a-TE/100 kcal and a minimum vitamin K content of lpg/100 kcal (and a maximum level of 

pg/100 kcal).

0004'78 
9 See 21 CFR 107.110. As discussed later in the document, supplementation with vitamin E and vitamin K is an important consideration. 
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Table 6. Fat & EFA Compositional Standards for Infant Formulas for Term lnfantsa 

MINIMUM MAXIMUM RATIO 

Total Fat 4.4 g/100 kcal 6.4 000 kcal NAb 

Lino eic ad	(LA; 18:2n-6)	. 8% of total fatty acids 35% of total fatty acids NAb 
a-Linolenic acid (ALA; 18:3n-3) 1.75% of total fatty acids 4% of total fatty acids

— 
LA:ALA ?.6 &	 16

Raiten, D.J., Talbot, J.M., Waters, J.H., (Eds.), 1998. Assessment of nutrient requirements for infant formulas. 
J Nutr 128, 2089S-2107S. 

D NA = Not Applicable. 

B. Suitability of Canola Oil as Source of a-Linolenic Acid 

Two vegetable oils---soy oil and canola oil---provide appreciable quantities of ALA that are in 
common use by infant formula manufacturers for European and other markets. Canola oil is 
included in infant formulas from a number of manufacturers including Nestle (NAN HAI TM/NAN 
H/2 TM ) and Danone (Cow and Gate/Milupa/SHS). Canola oil is especially useful as a source of 
ALA in infant formulas because it has a lower LA:ALA ratio than soy oil (approximately 9 g LA for 
evary 1 g ALA in soy oil compared with approximately 3 g LA for every 1 g ALA in canola oil), it is a 
ricler source of ALA, and the ALA content of canola oil is less variable than soy oil. These 
ch aracteristics enable manufacturers to produce infant formulas with a more optimal overall fatty 
ac d profile than if soy oil is used. 

Otrier vegetable oils, such as sunflower oil and high oleic sunflower oil, used in infant formulas 
contain a high LA content relative to their ALA content. The use of soy oil, while providing a 
source of ALA, also provides an appreciable amount of LA, which in combination with the other LA-
rich oils in the blend increases the LA:ALA ratio towards the upper limit recommended by LSRO of 
16 1. Canola oil in combination with oils which are poor in ALA, can be used very effectively to 
counter the high LA levels contributed by other vegetable oils, thus allowing manufacturers to 
produce infant formulas that meet the recommendations for the ALA content of infant formulas but 
wit'i an LA:ALA ratio closer to the lower level recommended by LSRO of 6:1. It should be noted 
tha .: the recommended upper limit for the ratio of LA:ALA was intended to prevent an inappropriate 
combination of high LA content with low ALA content which might interfere with the formation of 
LC•PUFA in the n-3 series. Furthermore, the level of ALA in soy oil can be variable, making it 
difficult to consistently produce infant formulas that fall within the range recommended by the 
LS :?0 for ALA content which at 1.75 — 4% of total fatty acids allows only a small margin for natural 
variation in the composition of the ALA-source oils. 

C. Fatty Acid Composition of Vegetable Oils & Breast Milk	 0 0 0 4 7 9 
Table 7 compares the fatty acid composition of breast milk with the composition of oils that are 
typ cally used in infant formulas throughout the world. No single vegetable oil has a fatty acid 
proffle that is comparable to breast milk. Given the unique fatty acid composition of breast milk 
fattlf acid profile, it is not possible to formulate an infant formula which matches all individual fatty 
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acids in human milk by a simple blend of available oils. A typical blend of oils does achieve a fatty 
acid profile which matches the major fatty acid components of breast milk. The constituent oils in 
inIant formulas make up varying proportions of fatty acids which are combined to produce a fat 
bh)nd containing a balance of saturates, monounsaturates and polyunsaturates while providing 
aupropriate levels of LA and ALA. It should be noted that there is usually an acceptable range of 
values for fatty acids present in oils in the manufacturer's specifications, but in estimating the 
amount of each fatty acid contributed by oils, a single representative figure needs to be used. The 
values in Table 7 are those provided by the suppliers which represent typical, average values. 

Table 7. Typical Fatty Acid Composition (Percentage of Total Fatty Acids) of Breast 
Milk & Vegetable Oils Currently Used Worldwide in Infant Formulasa, b 

F UTY 
ACIDS

FRACTIONATED 
COCONUT OIL

SUNFLOWER
OIL (HIGH 

OLEIC Am)

SUNFLOWER 
 OIL

PALM 

OLEm OIL

MCI 

Oil.

SOY 
OIL

CANOLA 
OIL

BREAST 
MILK 

SATURATES 

11:0 1.25 5_2 
,1 :0 57 50-65 
10:0 42.28 30-45 1.2 
12:0 0.3 0.3 5.2 5.2 
14:0 0.07 1 6.7 
16:0 3.5 6.2 39 10.5 4.46 22.1 
14:0 3.2 4.1 4 4.0 1.75 8.2 
20:0 0.3 0.1 0.4 0.5 
22:0 1.1 0.6 0.3 0.4 

MONOENES 

1H1:1 3.3 
1H.: 1 81.2 21.7 43 22.0 60.5 36.3 
2:1:1 0.3 0.3 1.58 0.7 
Li 0.6 0.2 

N -6 SERIES POLYENES 

8.6 64.2 11 54.5 19.17 12.7 

2 :2 0.4 
0.7 

2 ;:5 0.2 

N-3 SERIES POLYENES 

1 0.2 0.2 0.2 6.0 9.34 0.6 

2 ;:5 0.2 

2 . :5 0.4 

2 :6 0.4

a MI inufac urers handbooks fo the oils. The data for breast milk are mean values (n=12) for women 2-4 months postpartum (Innis, S. M., 1991. 
E .:3entia fatty acids in growth and development. Prog Lipid Res 30, 39-103). b The vegetable oils included in this Table (with the exception of 
ca . ola) are currently used in infant formula in North America. The Table is not an exhaustive list of fat sources for infant formula. For 
ex mple cows' milk is still used and more recently single cell oils are also included in infant formula as sources of DHA and ARA.
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V. INTENDED DIETARY USE 

Danone intends to use canola oil as a source of ALA in infant formulas. It is intended that canola 
c il will be combined with other vegetable oils for use as the fat source in infant formulas. 

A. Intended Levels of Use of Canola Oil in Infant Formulas 

- "he addition rate of canola oil will depend on the other constituent oils added to the infant formulas 
in achieving the desired fatty acid profile. In the range of powdered infant formulas manufactured 
hy Danone, 1 ° canola oil contributes between 17.5% and 31% of the total fatty acids. Canola oil 
has an ALA content of 9.34% of total fatty acids as seen in Table 7. At 17.5% of the oil blend in an 
infant formula, canola oil will provide 1.63% of the total fatty acids as ALA. At the higher addition 
rate of up to 31% of the total fatty acids, canola oil will provide 2.9% of the total fatty acids as ALA 
in the infant formula. Other oils (such as HO sunflower oil and sunflower oil) will contribute small 
quantities of ALA to the infant formula. 

At the higher addition rate of canola oil (up to 31%), Danone is able to produce infant formulas that 
meet the LSRO recommendation for ALA as a percentage of total fatty acids (between 1.75% and 
4 1%), while also restricting the addition rate of the LA-rich oils which would otherwise increase the 
LA:ALA ratio towards the upper limit of the LSRO recommendation. Given the restriction on the 
maximum level of ALA in infant formulas of 4% of total fatty acids recommended by the LSRO, 
Danone anticipates that not more than around 40% of the fat blend would comprise canola oil in 
ensuring compliance with this recommendation. At present Danone does not intend to use canola 
oil at levels higher than 31%.11 

In assessing the consequences of the exposure of infants to canola oil-containing infant formulas, 
typical intakes of erucic acid, total phytosterols and brassicasterols have been estimated. These 
estimates have been made for a typical consumer (taken as a 6 month old infant consuming infant 
thrmula as a sole source of nutrition) and an extreme consumer (taken as a younger infant aged 3 
months who requires additional energy to support catch-up growth and whose intakes, because of 
tne lower body weight, are greater per unit of weight than an older infant). In the range of infant 
fDrmulas manufactured by the notifier, canola oil contributes between 17.5% and 31% of the total 
thtty acids, and, therefore, likely intakes of erucic acid, total phytosterols and brassicasterols for 
typical and extreme consumers have been calculated for both formula compositions. A fat content 
of 5.1 g/100 kcal has been used in these calculations since this level is representative of the infant 
thrmulas manufactured by Danone for the North American market. All estimates of energy 
mquirements are for boys and are taken from the Institute of Medicine, National Academies of 

ciences, 2002/2005. US Dietary Reference Intakes, Table 5-16. 

Danone currently markets only powdered formulas in North America. 
' The 31% limit proposed is related to formulation convenience and not because of any safety concern. At 40% canola, this would contribute 

3.7% of total fatty acids as ALA and Danone prefers to set lower target percentages of ALA to stay comfortably below the maximum 
allowable level of 4% as other oils will have minor contributions of ALA. 
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Given that it is unlikely that there will be any other appreciable sources of erucic acid and 
brassicasterol in the diets of infants consuming only infant formula, the estimates of intakes in 
Tables 8 and 9 for erucic acid and brassicasterol represent probable total intakes. However, the 
other oils used in the manufacture of infant formulas will contribute to total phytosterol intakes (see 
Table 4), and thus total intakes for phytosterols are likely to be slightly higher. A discussion on the 
safety of erucic acid and phytosterols intakes arising from canola oil-containing infant formulas is 
specifically included in Section VI. 

In the intake assessment described below, a typical consumer is considered to be a 6 month old 
infant with a daily energy requirement of 645 kcal/day. Based on a fat content of 5.1 g fat/100 kcal 
formula, the 6 month old infant will consume 32.9 g fat daily. Thus, for the typical consumer, the 
daily intake of canola oil will range between 5.7 and 10.2 g/day, when the infant formula content of 
canola oil (as a fat blend) ranges between 17.5 and 31%, respectively. 

The extreme consumer is taken as an infant born with a birth weight on the 50 th percentile, 
subsequently experiencing growth failure and on the 3 rd centile for weight at 3 months of age and 
having increased energy requirements to facilitate catch-up growth. Calculations are based on a 3 
month infant weighing 4.7 kg (Reference Lengths and Weights for Boys 1-35 months, Institute of 
Medicine, National Academies of Science 2002/2005, US Dietary Intakes Table 5-6 with a daily 
energy requirement of 115 kcal/kg (Nutritional Requirements for Children in Health and Disease, 
2000). Again based on a fat content of 5.1 g/100 kcal infant formula, the daily fat intake of the 
extreme consumer is 27.5 g fat per day. Therefore, for the extreme consumer, the daily canola 
i take will be 4.8 or 8.5 g, respectively, for an infant formula containing 17.5 or 31%of the fat blend 
as canola. 

hese calculations are based on assumptions that closely agree with estimates of energy intake 
(Ione by other researchers. For example, Fomon (1993) indicated that the 95th percentile energy 
i take in male infants between 56 and 113 days is 113.9 kcal/kg/day and for male infants between 
8 and 12 weeks that the 90th percentile for energy intake in male infants is 115.6 kcal/kg. This also 
suggests that the above consideration of "extreme consumer" will represent the 95 th percentile 
itake of the formula by infant. 

B. Intakes of Erucic Acid & Phytosterols by a Typical Consumer 

Current WHO infant feeding guidelines recommend that infants are breast fed, or if not breast 
theding, receive infant formula, as sole source of nutrition, until the infant is 6 months of age. 
Therefore, a typical consumer is taken as a 6 month infant consuming formula as sole source of 
nutrition. Intakes of erucic acid, phytosterols and brassicasterol by a 6 month old infant weighing 
7.9 kg with a typical energy requirement of 645 kcal/day and consuming infant formula as a sole 
source of nutrition are summarized in Table 8. 

C: . Intakes of Erucic Acid & Phytosterols by an Extreme Consumer 

The youngest infants, because of their low body weights, taking infant formula as a sole source of 
nutrition will have the highest energy requirements per kilogram body weight. The recommended 
energy intake for a 1 month old infant is 472 kcal/day, which is equivalent to 107 kcal/kg body 
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waight (bw)/day for an infant of a median weight of 4.4 kg. This compares with the requirements of 
a 3 month old infant, whose energy intake of 645 kcal/day is equivalent to 82 kcal/kg bw/day. 

Table 8. Erucic Acid, Phytosterol & Brassicasterol Intake from Infant Formula

by Typical Consumera 

ERUCIC ACID TOTAL 
PHYTOSTEROLS BRASSICASTEROL 

MG/DAY MG/KG 
BW/DAY MG/DAY MG/KG 

BW/DAY MG/DAY MG/KG 
BW/DAY 

Infant formula in which 17.5% of 
the total fatty acids is provided by 

canoia oil
34 4.3

— 

52 6.5 4.5 0.6 

Infant formula in which 31% of 
the total fatty acids is provided by 

canola oil
61 7 7 91 11.5 7.7 1.0

a Infant consuming infant formulas as a sole source of nutrition, weighing 7.9 kg and requiring 645 kcal/day. Formula contains 
5.1 g fat/100 kcal. Infant formula in which 17.5% of the total fatty acids are provided by canola oil contains 5.3 mg erucic 
acid/100 kcal (assumes erucic acid in canola oil at 0.6% of total fatty acids), 8.0 mg phytosterols/100kcal (assumes 900 mg/100 g 
canola oil) and 0.7 mg brassicastero1/100 kcal (assumes 77 mg/100 g canola oil). Infant formula in which 31% of the total fatty 
acids are provided by canola oil contains 9.4 mg erucic acid/100 kcal, 14.1 mg phytosterols/100 kcal and 1.2 mg brassicasterol/ 
100 kcal. 

Within this subpopulation of young infants, some may have energy requirements that are above 
the norm, for example, those requiring catch-up growth to correct faltering growth. This group 
represents the most extreme consumer. As mentioned above, intakes by a 3 month old 
un:lerweight infant born with a birth weight on the 50 th percentile, subsequently experiencing 
growth failure and on the 3 rd centile for weight at 3 months of age and having increased energy 
requirements to facilitate catch-up growth have been included to illustrate the highest intakes per 
kg Dw likely by any infant. For purposes of this assessment, calculations are based on a 3 month 
infiiint weighing 4.7 kg (Reference Lengths and Weights for Boys 1-35 months, Institute of 
ME jicine, National Academies of Science 2002/2005, US Dietary Intakes Table 5-6 with a daily 
enwgy requirement of 115 kcal/kg (Nutritional Requirements for Children in Health and Disease, 
2000)). This recommended intake compares with the mean energy intake of 95 kcal/kg bw/day for 
a r Drmal weight 3 month old infant. An energy intake of 115 kcal/kg bw/day compares with quoted 
energy needs for catch-up growth (113 to 123 kcal/kg bw/day) in malnourished children under 
cor trolled conditions in a clinical setting (Institute of Medicine, National Academies of Sciences, 
2002/2005. US Dietary Reference Intakes, Table 5-32).
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Table 9. Erucic Acid, Phytosterol & Brassicasterol Intake from Infant Formulas

by Extreme Consume& 

ERUCIC ACID TOTAL 
PHYTOSTEROLS BRASSICASTEROL 

MG/DAY MG/KG
BW/DAY MG/DAY

MG/KG 
BW/DAY MG/DAY

MG/KG 
BW/DAY 

NORMAL WEIGHT 1 MONTH OLD INFANT REQUIRING 470KCAL/DAY 
Infant formula in which 17.5% 

of the total fatty acids is 
provided by canola oil

24.9 5.7 37.6 8.5 3.3 0.8 

Infant formula in which 31% of 
the total fatty acids is provided 

b	canola oil
44.2 10.0 66.3 14.1 5.6 1.3 

UNDERWEIGHT 3 MONTH OLD INFANT REQUIRING 540KCAUDAY 
Infant formula in which 
17.5% of the total fatty 
acids is provided by 

canola oil

28.6 6.1 43.2 9.2 3.8 0.8 

Infant formula in which 
31% of the total fatty 
acids is provided by 

canola oil

50.8 10.8 76.1 16.2 6.5 1.4

a Infant consuming infant formulas as a sole source of nutrition, weighing 4.4 kg (median for 1 month old infant) and 4.7 kg 
(infant born on 50% centile but dropped to 3 rd centile at 3 months due to growth failure) and requiring 107 kcal/kg bw/d 
(for 1 month old infant with a median weight) and 115kcal/kg bw/d (for 3 month old infant crossed from higher birth weight 
centile to3 rd centile for weight). Formula contains 5.1g fat/100 kcal. Infant formula in which 17.5% of the total fatty acids 
are provided by canola oil contains 5.3 mg erucic acid/100kcal (assumes erucic acid in canola oil at 0.6% of total fatty acids), 
8.0 mg phytosterols/100 kcal (assumes 900 mg/100 g canola oil) and 0.7 mg brassicastero1/100 kcal (assumes 77 mg/100 g 
canola oil). Infant formula in which 31% of the total fatty acids are provided by canola oil contains 9.4 mg erucic acid/100 
kcal, 14.1 mg phytosterols/100 kcal and 1.2 mg brassicastero1/100 kcal.
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VI. REVIEW OF SAFETY DATA ON CANOLA OIL 

A. Safety Related Information from Canola Oil Regulation 

he GRAS status of canola oil was established in 1985 based on the scientific evidence available 
at that time. Since then considerable research has surfaced on the safety and nutrition of canola 
oil. As described below---as well as more fully in Appendix B---a number of studies exist which 
outline the history of the use of canola oil as a human food. 

Borg (1975) reviewed the toxicology studies on traditional rapeseed oil with higher levels of erucic 
acid. Many of the oil samples used in these studies contained between 30-50% erucic acid. 
Effects on a number of organs as well as a growth depressing effect were reported. The primary 
effect of concern was cardiotoxicity. As noted by Borg, the primary effect observed in several 
species is fatty infiltration of heart muscle followed by fibrosis of the heart muscle. Borg noted that 
both Sweden and Canada, two countries where rapeseed oil had a long history of use in the diet, 
took action to limit the amount of erucic acid. Interestingly, there is no epidemiological evidence 
that indicates an increase in cardiovascular disease in countries where rapeseed or other oils high ii erucic acid content are commonly used (aloe and Heggtveit,1983; Svaar, 1982). 

he interpretation of many of the studies on erucic acid and rapeseed oil are confounded by the 
high levels of fat calories administered as well as by unbalanced diets where rapeseed oil was the 
sole source of dietary fat in various species where optimum dietary composition may not be known. 
One nutritional study demonstrated that longevity in rats with reasonable levels of dietary rapeseed 
oil was comparable to several other oils and was superior to butter fat (Thomasson, 1955). 

Regarding the safety of erucic acid and its role in human nutrition, FDA (1985) determined that 
erucic acid is not toxic when it is a component of canola oil at a level of not more than 2% of the 
total fatty acids. The agency noted that erucic acid is metabolized by mammals, albeit less rapidly 
than some fatty acids and that it is synthesized in some mammalian species. Additionally, several 
animal and human studies also demonstrate that canola oil containing up to 2% erucic acid is as 
safe as other vegetable oils for human consumption. When considering whether canola oil 
containing a small amount of erucic acid can be safely consumed by humans, the agency 
considered that the levels of erucic acid in canola oil does not represent a safety concern. 
Additionally, the agency also concluded that the nutritional and physiological properties of canola 

il in humans have been adequately investigated, and the available data demonstrate that canola 
c il containing 2% or less erucic acid is safe. Consequently, there is no need for additional 
research to support its safety. 

13. Studies Impacting Safety Assessment of Infant Formulas Containing Canola Oil 

Many studies have been carried out on canola oil-containing feeds which are relevant to the 
o uestion of whether canola oil should be considered to be safe for use in infant formula. The 
majority of these studies have been conducted since 1985, and a comprehensive compilation of 
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published papers is included in Appendix B. The main findings from these studies are summarized 
nd discussed below. 

• here are two categories of studies that have been conducted that are particularly relevant when 
considering the safety of canola oil-containing infant formulas: 

l. Studies Investigating the Effects of Canola Oil-Containing Feeds in Animal Models 

Several studies have been carried out investigating the effects of the inclusion of canola oil in the 
feeds of newborn piglets, an animal model known to be more comparable to human infants in 
physiology and fatty acid metabolism than rat models (Innis, 1993). The aims of these studies 
were to investigate the effects of canola oil in milk replacer diets on piglet growth, organ vitamin E 
stores, platelets, red blood cells, lipid composition and cardiac lipid deposition. These studies are 
discussed in Section VI.C. 

2. Studies Investigating the Effects of Feeding Infant Formulas Incorporating Canola 
Oil in Human Infants 

- here have been several studies investigating the consequences of feeding varying compositions 
of infant formulas to infants. Of particular interest in the context of this assessment are those 
studies that included infant formulas that incorporated canola oil as part of the oil blend. In these 
studies, canola oil has been added to one or more of the test infant formulas as a source of ALA at 
lavels of between 3% and 40% of total fatty acids. These studies were not primarily designed to 
test the safety of canola oil but rather to investigate nutritional or other possible beneficial 
endpoints. Many of these studies followed growth and development but did not investigate other 
safety endpoints. Other outcomes may also be reported which are specific to the expected effects 
of the formula's composition, such as the effects of supplementing the formula with particular 
quantities of specific fatty acids on infants' neurological development. Physical growth is a 
valuable component of the clinical evaluation of an infant formula as it is an indicator of its overall 
nutritional quality. In these clinical studies, the absence of adverse effects was noted during the 
course of the study, and many of the studies included a schedule of follow-up visits in later life to 
confirm continued normal growth and development. While these studies did not include other 
more in-depth endpoints for safety, these studies are reviewed because they are the best available 
human studies addressing the safety of canola oil in human infants. In addition; the safety of 
canola oil in human infants is also supported by a safe history of use in infant formula for many 
years outside of North America. These studies are discussed in Section VI.D. 

In addition to the above studies, there are several other types of investigations with canola oil. 
However, given the experimental model used in these studies and its applicability to humans, 
these studies are of minimal significance from the present safety assessment perspective. These 
studies include toxicology testing in rats and investigations elucidating the mechanism by which 
various PUFA-rich oils influence blood cell membrane structure and function, platelet function, 
erythrocyte fragility and vitamin E requirements. Only tentative extrapolation of the results from 
studies using the rat as a model is possible since fatty acid metabolism in rats differs from humans, 
and neonatal pigs are a superior animal model. Indeed, Grice and Heggtveit (1983), in reviewing 
earlier studies in rats, commented that the etiology of the cardiotoxicity observed in rats is most 
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likely based on nutritional and metabolic considerations rather than being toxicological in nature 
because rats cannot utilize high levels of vegetable oil. These studies are discussed in Section 
VI.E. 

C. Studies Investigating Effects of Canola OH-Containing Feeds in Neonatal Pig Model 

Several studies have been conducted in the neonatal pig model using sow milk replacement 
formulas containing rapeseed oil of both high erucic acid (HEAR) and low erucic acid (LEAR), 
canola versions combined with other oils. The design and results of these studies are summarized 
in Table 10 and are described more fully in Appendix B, section 1. The studies outlined in Table 
10 were designed to identify and investigate possible adverse effects of a canola oil- enriched diet. 
The effects of canola oil on vitamin E, cardiac lipolysis and platelets, along with its significance 
from a safety perspective of the current GRAS assessment are discussed more fully below. 

Table 10. Studies in Neonatal Pig Model

STUDY
ANIMAL 
MODEL

DOSING REGIMEN/DURATION SUMMARY 

!: 3uer et 
a , 1997

Neonatal 
pigs

Piglets on milk replacer diets with the 
following lipid composition: 
1. 98% canola/2 % HEARb 
2. 100% soybean 
3.	Olive 
4. HOAS a 
5. HOASa, soy, linseed 
6. 60% canola/40% coconut

Several experiments were done to study the effect of 
different diets on the vitamin E levels in heart and 
liver. Vitamin E depletion in these tissues was greater 
in the canola/ HEAR b than other diets when the 
formulas contained low vitamin E supplementation. 
Liver pathology was also evident with this diet. At 
higher supplementation levels, all diets tested had 
greater tissue levels of vitamin E than sow reared 
controls. At higher supplementation levels there was 
no liver pathology with any diet tested. 

Kr amer et 
et , 1990

Neonatal 
pigs

7 groups of piglets were fed diets with 
erucic acid levels ranging from 0 8 to 
42.9% of total fatty acids for 16 days.

The study examined the incidence of cardiac lipidosis 
in piglets before weaning with various milk replacer 
diets. Varying dietary levels of erucic acid were 
achieved by using various blends of rapeseed oil. 
The incidence and severity of lipidosis generally 
increased with erucic concentration. In one 
experiment with 4.7% erucic acid, lipidosis incidence 
and severity was comparable to a group receiving 
soybean oil. Author concluded that there were no 
adverse nutritional or myocardial effects at 750 mg/kg 
bw/d.
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STUDY
ANIMAL 
. 
mODEL

DOSING REGIMEN/DURATION SUMMARY 

fi amer et 
.]I., 1994

Neonatal 
pigs

Several groups of piglets were raised on 
various milk replacement diets 
incorporating various vegetable oils (soy, 
canola, HOAS, a olive and various 
mixtures of these, some of which 
included coconut) as the sole source of 
lipids,

The study examined the effect of diet on platelet 
number, platelet size and clotting time and cell 
membrane composition. Sow reared controls were 
used in some experiments. Delays in normal platelet 
count rises after birth and other related changes in 
hematological factors and platelet membrane 
 composition were observed with diets high in linolenic 
acid, including canola oil. The differences were 
generally reduced with age over the four week 
observation period. Effects were mitigated by 
mixtures of unsaturated and saturated oils. The 
author concluded that there was no increased 
bleeding risk when canola oil is used in a balanced 
lipid formula. 

K-amer et 
1998

Neonatal 
pigs

Several groups of piglets were raised on 
various milk replacement diets using 
various vegetable oils (soy, canola, 
HEARb, and a canola/cocoa mixture) as 
the sole source of lipids,

The study examined the effect of diet on platelet 
number, platelet size and clotting time and cell 
membrane composition. Sow reared controls were 
used. Observations were similar to Kramer et al., 
1994. There were changes in platelet membrane 
sphingomyelin lipid composition, particularly 
increases in 24:1n-9 content and 24:1n-9124:0 ratio 
with diets containing canola or HEAR b, but not HOASa 
Or soy. 

nnis, 
Dyer, 
1999

Neonatal 
pigs

Several groups of piglets were raised on 
various milk replacement diets using 
either canola oil, a balanced blend of 
various oils with canola, a canola mimic 
blend, soy, or a balanced blend with soy 
as the sole source of lipids for 10 or 18 
days.

The study examined the effect of diet on growth, 
platelet number, platelet distribution width (PDW), 
mean platelet volume (MPV) and plasma lipid 
composition. Sow reared controls were not used. 
 Body weight, weight gain, heart, and liver weight were 
not different after 10 or 18 days among any of the 

. diets. Platelet counts were lower, and PDW and MPV 
were higher due to diets with 100% canola or soy as 
opposed to oil blends. Plasma lipid composition was 
found to vary with each diet. 

(i;reen, 
Innis,
2000

Neonatal 
pigs

Several groups of piglets were raised on 
various milk replacement diets using 
either canola oil, a balanced blend of 
various oils with canola, a canola mimic 
blend, soy, or a balanced blend with soy 
as the sole source of lipids for 10 or 18 
days.

The study examined the effect of diet on heart 
triglyceride accumulation and heart lipid composition. 
Sow reared controls were used. There were no 
changes in total heart triglyceride, phospholipid or 
cholesterol concentration with diet.	Fatty acid 
composition of heart lipids varied with diet.	Erucic 
acid content of heart lipids were increased on diets 
containing canola oil. There was no evidence of 
cardiac triglyceride accumulation with these diets.

a H I)AS = High oleic acid sunflower Oil. b HEAR = High erucic acid rapeseed oil.
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The remaining studies listed in Table 11 all included formulas that incorporated canola oil in the oil 
13nd at rates of around 20% of total fatty acids. Although the main objectives of these studies did 
nct include the investigation of the consequences of using canola oil as a source of ALA, the 
investigators in all of these studies collected data on growth at frequent intervals during the 
conduct of the study, in some cases following up growth and other outcomes long after feeding 
wiih the study formulas had ceased. No adverse effects of formula assignment or differences in 
griwth between groups were reported in any of the papers. 

2. Studies Investigating Infant Formulas Incorporating Canola Oil in Preterm Infants 

Table 12 summarizes the findings from studies in pre-term infants in which at least one of the 
formulas contained canola oil. In the studies by Billeaud et al. (1997) and Gibson et al. (1998), the 
at. hors investigated the effects of altering the LA:ALA ratio of infant formulas by increasing the 
ALA content using canola oil as the exclusive source of ALA. No effects of formula assignment on 
grath were observed in either of the studies. As part of the study by Boehm et al. (2002) on the 
eflects of feeding a prebiotic infant formula in which both of the formulas contained canola oil, no 
elect on growth was observed. 

Table 11. Clinical Studies Investigating Infant Formulas Incorporating

Canola Oil in Term Infants

IIFANTS RECEIVING 
Ci NOLA OIL/FEEDING 

DURATION

CANOLA OIL CONTENT OF 
INFANT FORMULA (AS A 

PERCENTAGE OF 
TOTAL FATTY ACIDS)

PRIMARY STUDY OBJECTIVES AND MAIN FINDINGS 

Jensen, et al., 1996. Biochemical effects of dietary linoleic acidla linolenic acid ratio in term infants. 

30 infants; 20 in 
each group. 

reeding duration; 
120 days

Formula 1: canola oil at 3% of 
total fatty acids; 
Formula 2: canola oil at 10% of 
total fatty acids; 
Formula 3: canola oil at 20% of 
total fatty acids; 
:  Formula 4 canola oil at 40% of 

total fatty acids.

Objective: To investigate the effect of different levels of ALA and LA:ALA 
ratios in infant formula on plasma lipid and erythrocyte membrane lipid 
composition.
Findiggs: Infants fed formula with the highest canola oil content had the 
highest docosahexaenoic acid (DNA) levels in erythrocyte phospholipids 
after 120 days feeding. No differences were found in growth parameters or 
formula intake between the 4 groups. 

Jensen, et al., 1997. Effect of dietary linoleic/a-linolenic acid ratio on growth and visual function of term infants.
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—
isIFANTS RECEIVING 

C .4NOLA OILIFEEDING 
DURATION 

—

CANOLA OIL CONTENT OF 
INFANT FORMULA (AS A 

PERCENTAGE OF 
TOTAL FATTY ACIDS)

PRIMARY STUDY OBJECTIVES AND MAIN FINDINGS 

As Jensen, et al., 
' 996 – same cohort 

of infants. 
I; ontrol group of 19 

branded infants 
included, 

Included a follow up 
at 240 days.

As Jensen et al, 1996 – same 
cohort of infants,

— 
Ob'ective: To determine the effects of different ratios of LA:ALA on the 
growth and visual function of full-term infants. 
Findings: Transient visual evoked responses (VERs) were measured at 120 
and 240 days of age. As a control, growth and VER were also measured in a 
group of 19 breastfed infants at 120 and 240 days of age. There was no 
difference in VER between groups but the mean body weight of the infants 
who received the lowest LA:ALA ratio was significantly less at 120 days (but 
not at 21, 60 or 240 days) than those receiving the highest LA:ALA ratio, 
although when compared with age-matched breastfed control infants, the 
difference was small. 

Makrides, et al., 2000. A randomized trial of different ratios of linoleic to a-linolenic acid in the diet of term infants: 
effects on visual function and growth. 

37 infants in the 
group receiving 

Fonnula 2. 
Control group of 

85 breastfed infants 
included, 

Feeding duration: 
34 weeks 

.....	

Formula 1 (10:1 LA:ALA): 
contains no canola oil. Soy oil at 
23% of total fatty acids; 
Formula 2 (5:1 LA:ALA): canola 
oil at 29% of total fatty acids 
combined with soy oil at 11% 
total fatty acids.

Ob ective . To compare the fatty acid status, visual evoked potential (VEP) 
acuity and growth of term infants fed formulas containing an LA:ALA ratio of 
10:1 or 5:1 with those of a breastfed reference cohort. 
Findings: Infants fed the canola oil containing formula had greater DHA 
concentrations in plasma and erythrocyte phospholipids than did infants fed 
formula 1, although DHA status in infants fed formula 1 was poorer than 
breastfed infants. Growth (rate of gain in weight, length and head 
circumference) was not significantly different between the 2 formula-fed 
groups. The authors concluded that lowering the LA:ALA ratio in formula 
from 10:1 to 5:1 by using canola oil resulted in a modest increase in plasma 
DHA concentrations but had no effect on the growth rate or VEP acuity. No 
adverse events were reported in infants fed either formula.

VIMIIIII■ 
I+

Von Berg, et al., 2003. The effect of hydrolyzed cow's milk formula for allergy prevention in the first year of life: 
The German Infant Nutrition Intervention Study, a randomized double blind trial 

1115 infants in the 
iroups receiving 

F:Irmulas 1 (nr-556) 
and 3 (n=559). 

557 infants (Formula 
1: 286; Formula 

2:, 71) completing 12 
Inonth follow up. 
Finding duration: 

12 months.

Formula 1 (cow's milk 
formula/CMF): canola oil at 25% 
of total fatty acids; 
Formula 2 (partially hydrolyzed 
whey formulalpHF-W): contains 
no canola oil. 
Formula 3 (eXtensively 
hydrolyzed whey formula/eHF- 
W): canola oil at 25% of total 

T 
,att	aciy	ds; 
Formula 4 (extensively 
hydrolyzed casein formula): 
contains no canola oil.

Obective: To prospectively investigate whether hypoallergenic infant 
formulas influence the manifestation of atopic disease in infants with a 
hereditary predisposition to allergic disease. Infants were followed up at 1, 4, 
8 and 12 months. 
Findings: eHF-C formula compared with CMF significantly reduced the 
incidence of allergic manifestations. The incidence of atopic dermatitis was 
significantly reduced by the eHF-C or partially hydrolyzed whey formula. The 
authors concluded that dietary intervention with a hydrolyzed formula may 
play a role in preventing allergic diseases in the first year of life. There were 
no differences between the formula groups in the growth of infants.

••••1111,
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INFANTS RECEMNG 
C ANOLA OUFEEDING 

DURATION 

..	

CANOLA OIL CONTENT OF 
INFANT FORMULA (AS A 

PERCENTAGE OF 
TOTAL FATTY ACIDS)

PRIMARY STUDY OBJECTIVES AND MAIN FINDINGS 

Von Berg, et al., 2007. Certain hydrolyzed formulas reduce the incidence of atopic dermatitis but not that of asthma: 
Three year results of the German Nutritional Intervention Study 

A Von B s 

2003 

erg	al. , et	, 
– sante 

cohort of infants 
Included a follow-up 

to 3	of years	age 

As Von Berg, et al., 2003 - 
same cohort of infants

Ob ective: To prospectively investigate whether hypoallergenic infant 
formulas influence the manifestation of atopic disease in infants with a 
hereditary predisposition to allergic disease. Infants were followed up at 3 
years. 
Findings: At the 3 year follow up, none of the formulas reduced the incidence 
of asthma, but the eHF-C formula significantly reduced atopic dermatitis. 

—	  

Rzehak, et al., 2011. Growth of infant fed formula rich in canola oil (low erucic acid rapeseed oil). 

60 infants in the 
groups receiving 
Formulasi (n=34) 

and 3 (n=26). 
Feeding duration: 16 

weeks. 

—

As Von Berg et al, 2003 – same 
cohort of infants

OlApctive: To investigate whether infant formulas containing canola oil 
support normal growth in infants by re-analyzing the weight and length data 
collected from infants exclusively formula fed between birth and 16 weeks 
recruited to the cohort of infants who took part in the GINI study. 
Findings: Absolute and standardized weight and length measures did not 
differ between the formula groups, either within each of the measurement 
periods (4-6 wks, 3-4 mo, 6-7 mo) or longitudinally over the whole time 
period. 

Bakker-Zierikzee, et. al., 2005. Effects of infant formula containing a mixture of galacto- and fructo-oligosaccharides or 
viable Bifidobacterium animalis on the intestinal microflora during the first four months of life. 

57 infants; 
19 per group. 

Control group of 63 
breastfed infants 

included. 
Feeding: birth 
to 4 months.

Formula 1 (standard formula): 
canola oil at 19% of total fatty 
acids 
Formula 2 (standard formula 
supplemented with 6 g/I of
GOS/FOS (prebiotic)): canola oil 
at 19% of total fatty acids 
Formula 3 (standard formula 
containing 6.0 x 1010 viable Bb- 
12 cells/L. (probiotic)): canola oil 
at 19% of total fatty acids.

Objective: to investigate the effect of standard, prebiotic and probiotic infant 
formulas on the composition and metabolic activity of intestinal microflora of 
term infants during the first four months of life. 
Findings: the metabolic activity of the intestinal microflora in infants that were 
fed the prebiotic formula was most similar to the infants in the breastfed 
control group. Infants had a higher fecal acetate ratio, lactate concentration, 
and pH after 16 weeks than did infants fed the probiotic formula. No 
differences were reported in anthropometric measures between the formula 
groups. 

Bakker-Zierikzee, et al., 2006. Faecal SlgA secretion in infants fed on pre- or probiotic infant formula
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INFANTS RECEIVING 
C ANOLA OIUFEEDING 

DURATION

CANOLA OIL CONTENT OF 
INFANT FORMULA (AS A 

PERCENTAGE OF 
TOTAL FATTY ACIDS)

PRIMARY STUDY OBJECTIVES AND MAIN FINDINGS 

k Bakker-	,  s	Zierikzee 
et al., 2005 – same 
cohort of infants 

licluded a follow up 
at 32 weeks. 

at

As Bakker-Zierikzee, et al., 2005 
– same cohort of infants

Obiective: Tao investigate the effect of standard, prebiotic and probiotic 
infant formulas on fecal SIgA levels of term infants. 
Findtgs: SIgA concentrations were highest in the breast fed infants 
compared to the standard formula fed infants throughout the study. The 
infants that were fed the prebiotic formula had fecal SIgA concentrations that 
were higher than the infants fed the standard formula. There were no 
differences between the group that was fed the probiotic formula and the 
standard formula. The authors concluded that formula fed infants may 
benefit from formulas containing a prebiotic blend because of the tendency 
to increase fecal SIgA secretion. 

—,	  

Kennedy, et aL, 1999. Double-blind, randomized trial of a synthetic triaceylglycerol in formula-fed term infants: 
effect on stool biochemistry, stool characteristics, and bone mineralization 

203 infants, 100 and 
103 per group. 

Control group of 120 
breastfed infants included. 

Feeding duration: 
12 weeks. 

a.	 —

Formula1 (standard formula): 
canola oil at 19 /0 of total fatty 
acids 
Formula 2 (standard formula with 
high palmityl sn-2): canola oil at 
19% of total fatty acids

Olkctive: To measure the effect of the experimental formula on stool 
characteristics and bone mineralization. 
Findings: Infants receiving the experimental formula had higher whole body 
bone mineral content, softer stools and a lower proportion of stool soap fatty 
acids than did the infants fed the standard formula. No differences between 
the formula groups were found in growth at any of the time points. 

Bouwstra, et al., 2005. Long-chain polyunsaturated fatty acids and neurological developmental outcome 
at 18 months in health term infants. 

315 infants, 169 and 
46  1	per group 

Control group of 159 
breastfed infants 

included. 
Feeding duration: 

— 2 months

Formula 1 (standard formula): 
canola oil at 19% of total fatty 

acids Formula 2 (LC-PUFA 
supplemented formula): canola 
oil at 19% of total fatty acids.

Obiective: To investigate whether the beneficial effect of LC-PUFA 
supplementation on neurological development observed in this cohort of 
infants at 3 mo of age persists at 18 months of age. 
Findings: The groups did not show significant differences in neurological 
condition or psychomotor and mental development indices at 18 months of 
age.
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Table 12. Clinical Studies Investigating Infant Formulas Incorporating 

Canola Oil in Pre-Term Infants

INFANTS 
RECEIVING 
CANOLA 

OILIFEEDING 
DURATION 

CANOLA OIL CONTENT OF INFANT 
FORMULA (AS A PERCENTAGE OF 

TOTAL FATTY ACIDS) PRIMARY STUDY OBJECTIVES AND MAIN FINDINGS 

Billeaud ,et al., 1997. Effects of preterm infant formula supplementation with a-linolenic acid with a 
linoleate/a-linolenate ratio of 6: a multicentric study. 

63 Infants, 
31 and 32 
per group. 

Control group of 
120 breastfed 

infants included. 
Feeding 

duration: 
37 weeks 

Formula 1 (low a-linolenic acid 
formula/LLF): canola oil at 5.5% of 
total fatty acids 
Formula 2: high a-linolenic 
formula/HLF): canola oil at 19.5% 
of total fatty acids

Ob.ective: To investigate the effects of formulas supplemented with ALA on 
plasma and RBC fatty acids. 
Findings: ALA supplementation in the HLF group maintained RBC membrane 
DHA values within the confidence intervals of those obtained in the breastfed 
group. Such was not the case for the LLF group. No differences were found 
between the groups in growth. 

Gibson, et al., 1998. Effect of lowering the dietary linoleic acid to a . linolenic acid ratio through the use of canola oil on 
visual and growth outcomes of term infants. Based on abstract only. 

28 term and 
pretemi infants 

in group 

receiving 
formula 2. 

Control group of 
44 breastfed 

infants included. 
Feeding 

duration: 

. 	34 weeks  

...

F	ula 1 (10:1 LA:ALA): contains 
no canola oil 
Formula 2: (5:1 LA:ALA): canola oil 
at 30% of total fatty acids

Objective: To investigate the effect of an LA:ALA ratio of 5:1 on growth, fatty acid 
status and visual acuity. 
Eg_ndin s: Infants in the group fed the 5:1 formula had greater plasma 
phospholipid DHA levels than infants fed the 10:1 formula, although the 
phospholipid DHA levels of infants in the 5:1 formula group was approximately  
50% that of breastfed infants. No effect on formula assignment and growth was 
observed, although infants in the 5:1 group were consistently larger for each 
growth parameter (weight, length and head circumference) than the 10:1 group. 
The authors noted however that the 5:1 group had been larger at birth. 

Boehm, et al., 2002. Supplementation of a bovine milk formula with an oligosaccharide mixture increases 
counts of faecal bifidobacteria in preterm infants. 

30 Infants, 15 in 
each group. 

Control group of 
12 infants fed 

fortified breast 
milk included. 

Feeding 
duration: 
28 days.

Formula 1 (standard formula): 
canola oil at 21% of total fatty acids 
Formula 2 (standard formula 
supplemented with 10 g/I of 
GOS/FOS (prebiotic)): canola oil at 
21% of total fatty acids

Objective: To investigate the effects of a prebiotic infant formula on faecal flora 
and stool characteristics of preterm infants 
Fi . ndrigs: Supplementing preterm infant formula with a prebiotic blend results in 
bifidobacteria counts in the upper range of those found in the breastfed controls. 
Stool characteristics (frequency and consistency) of infants in the prebiotic 
formula group were also similar to infants fed breast milk. There was no effect of 
the different formulas on the incidence of side effects (e.g. crying, regurgitation, 
vomiting) or on weight gain or length gain.
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E. Other Studies Investigating the Effects of Feeds Incorporating Canola Oil 


. Clinical Studies in Infants in which the Canola Oil Content is Unknown 

In addition to the above-described specific studies conducted with infant formulas containing 
canola oil, several published studies reported results of PUFA-enriched oil blends, as part of 
formulas, fed to infants. Although the use of canola oil in these blends is not made clear in the 
body of the publications, these studies are described to provide a complete review of the literature 
On the consequences of PUFA-enriched oil blends fed to infants. A summary of these studies is 
presented in Appendix B, section 3. These studies nonetheless provide information on the 
consequences of feeding PUFA-enriched formulas to infants. 

2. Effects Observed in Spontaneously Hypertensive Rats 

Many studies have been done with canola oil in spontaneously hypertensive rats that are derived 
from Wistar Kyoto (WKY) rats. Details of these studies are included in Appendix B, section 4. 
Canola oil had several detrimental cardiovascular effects when compared to soybean oil in normal 
WKY rats (Naito et. al., 2000a). WKY rats are more sensitive to phytosterol toxicity compared to 
other strains of rats (Ratanyake, 2000b). These effects seen in the normal WKY rats may be 
exacerbated in spontaneously hypertensive variants, and such effects have been investigated in 
several studies. Only one of these studies focused on weanling rats (Tatematsu et al., 2004) 
where effects seemed to result from phytosterols and other factors. 

3. Studies Elucidating the Mechanism by which Various PUFA-Rich Oils Influence Blood 
Cell Membrane Structure & Function, Platelet Function, Erythrocyte Fragility & 
Antioxidant Nutrient Requirements 

There have been many studies in animal models and humans that have sought to elucidate the 
relationship between PUFA intakes and blood cell structure and function and the effects on 
antioxidant nutrient status. Details of these studies are included in Appendix B, sections 5, 6, 7 
and 8. It is evident that there is a significant relationship between dietary fatty acids and blood cell 
F..tructure and function, the conclusions drawn from many of these studies refer to the effects of the 
fatty acid composition of the constituent oils (e.g., high PUFA levels in the oil blend) on outcomes 
rather than on the effects of the oils per se. 

II is known that newborn infants are at greater risk of oxidative stress because of an imbalance 
between high oxidant loads and immature antioxidant defenses. The studies described in 
Appendix B, section 8 investigating the relationship between PUFA intakes and vitamin E status 
broadly concur with the studies in neonatal pigs which demonstrated that ingesting canola oil as 
the sole dietary lipid source depletes vitamin E stores, and this effect is ameliorated by using 
canola oil in combination with saturated oils and vitamin E supplementation. The LSRO report 
(1998) stated that there is no evidence to suggest that high PUFA intakes by infants lead to vitamin 
E. deficiency.
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F. Safety Aspects of Erucic Acid in Canola Oil 

I. General Information Related to Erucic Acid 

-he majority of exposure to erucic acid comes from canola oil, which has virtually replaced 
traditional high erucic acid varieties of rapeseed oil worldwide. The concern over human health 
related to dietary erucic acid arises from animal studies that have demonstrated an association 
\Ifith high erucic acid intakes and myocardial lipidosis and heart lesions. There is no evidence that 
dietary erucic acid has these effects in humans. However, it is appropriate in the context of this 
GRAS assessment that the risk of exposure to erucic acid should be assessed. 

2. Evaluation of Safe Intakes of Erucic Acid by Official Bodies 

Food Standards Australia New Zealand (FSANZ, 2003) carried out a toxicological review and risk 
assessment of erucic acid in food. Having reviewed the toxicology data available from animal 
5,tudies, FSANZ established a No Observed Adverse Effect Level (NOEL) of 750 mg/kg bw/day. 
- his level was based on toxicology data from studies in piglets since there were no adequate 
human data on which to base it. By applying an uncertainty factor of 100 to the NOEL, a tolerable 
I:wel for human exposure of 7.5 mg/kg/day was established. This is regarded as a provisional 
tolerable daily intake (PTDI) for erucic acid. 

- he current Codex Standard for Infant Formulas, EU Infant Formula legislation and the Australian 
Food Standard on Infant Formula all include an upper limit for the erucic acid content of infant 
formula at 1% of total fatty acids or total fat. 

3. Safety of Intakes of Erucic Acid Resulting from Exposure to Infant Formula Containing 
Canola Oil 

The study performed by Kramer and colleagues (1990) in the neonatal piglet model allowed the 
i:lentification of the main potential adverse effect linked to the consumption of high levels of erucic 
acid, which is cardiac lipidosis (deposition of triglycerides in cardiac tissue). The neonate animals 
were fed for 16 days with diets containing various levels of erucic acid (0.8% up to 42.9% of total 
fatty acids). As cardiac lipidosis appears rapidly after only short period of intakes, the data of this 
E,hort-term exposure study allowed the identification of a NOEL at 750 mg/kg bw/day (diet 
containing rapeseed oil at 4.9% erucic acid); at this level the effects were similar to the control diet 
containing soybean oil. The LOEL was determined to be at 900 mg/kg bw/day based on increased 
cardiac lipidosis at this level. The absence of cardiac lipidosis and the absence of adverse effects 
on growth were subsequently confirmed in the study performed by Green and Innis (2000) on the 
neonatal piglet model with formula containing 100% or 26% of canola oil (0.5% erucic acid in the 
canola oil). There were some elements indicating the deposition of triglycerides within cardiac 
tssue is anticipated to be of low long-term concern as this phenomenon seems reversible. Indeed, 

could be demonstrated in weanling rats that the fatty accumulation appears to decrease with time 
up to disappearance even if feeding is continued with rapeseed oil (Abdellatif and Vles, 1970). 
- he accumulation of fat diminished more quickly if erucic acid is completely removed from the diet 
(Kitts, 1996). However, no data specifically linked to adverse effects of erucic acid on the 
accumulation of heart triglycerides could be retrieved from the trials performed in infants. 

GRAS ASSOCIATES, LLC
0 0 0 4 9 5



GRAS ASSOCIATES, LLC

GRAS Assessment - Danone 
Canola OH in Infant Formula 
Page 35 of 98 

As reported in Section III, the erucic acid content of canola oil is typically 0.6% (i.e., 600 mg/100 g). 
Considering that canola oil is intended to be used between 17.5% and 31% in infant formulas 
manufactured by Danone, the resulting levels of erucic acid contributed by the canola oil fraction 
will be at 5.3 mg and 8.8 mg per 100 kcal formula, respectively. Intakes of erucic acid from 
formulas are presented on Tables 8 and 9. Intakes by typical consumers of formula with the 
highest levels of canola oil (31% of total fatty acids) are around the PTDI (intakes of 7.7 mg/kg 
bw/day compared to a PTDI of 7.5 mg/kg bw/day; see Table 8). Intakes for extreme consumers 
are likely to be marginally higher than the PTDI (intakes of up to 10.8 mg/kg bw/day; see Table 9). 
Additionally, epidemiological evidence does not indicate a causal link between cardiac lipidosis 
and erucic acid intake (through consumption of canola oil) in humans. In addition there is a long 
history of safe use of canola oil as a component of the fat blend of infant formulas. The anticipated 
erucic acid level in formulas containing up to 31% of canola oil is in line with recommendations of 
the European Society for Pediatric Gastroenterology Hepatology and Nutrition (ESPGHAN) which 
ildicated that erucic acid should represent at maximum 1% of total fat (in the present case this 
would be equivalent to up to 51 mg) (ESPGHAN, 2005). The canola oil used by Danone will have 
a maximum erucic acid content of <1 % total fatty acids is typically well below the FCC 
. ;pecification for erucic acid content (<2%), and this will ensure the production of infant formulas 
with erucic acid levels that fall well below legislative limits for erucic acid content in infant formulas 
(maximum 1% total fatty acids) set by CODEX, the EU and FSANZ. 

(3. Safety Aspects of Plant Sterols in Canola Oil 

'I. General Information Related to Phytosterols 

Phytosterols (plant sterols) present in oil seed belongs to a class of compounds composed 
primarily of p-sitosterol, sigmasterol, and campesterol with lesser amounts of brassicasterol, delta-
!i-avenasterol and several corresponding stanols. These phytosterols appear as free sterols, 
esterified forms with fatty acids and phenolic acids, or conjugated with glycosides. Natural 
cccurrence of phytosterols is reported in many fruits, vegetables, nuts, seeds, cereals and 
lagumes. Crude food oils derived from soy, corn, sunflower, canola, palm, and other crops may 
contain 100-500 mg phytostero1/100 g of oil. Available evidence from multiple studies indicates 
that daily dietary intake of phytosterols ranges from 78 mg/day in the general population to 344 
mg/day in lacto-ovo vegetarians (Nair, 1984). 

Mere is a long history of use of vegetable oils as a fat source in infant formulas (Huisman et al., 
' 1 996; Wong et al., 1993) and, thus, infant formulas, with or without canola oil, have long been a 
!;ource of phytosterols in the diets of infants. Huisman et al. (1996) investigated differences 

mong other constituents---phytosterol concentrations between breast milk and 10 commercially 
ilvailable infant formulas (of which 3 were from North America: Enfamil, Mead Johnson, Canada; 
SMA, Wyeth, USA; S-26, Wyeth, USA). While phytosterols were undetectable in breast milk, all of 
the infant formulas were found to contain varying concentrations of phytosterols. 
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2. Evaluation of Safe Intakes of Phytosterols by Official Bodies 

I"hytosterols and their esters have been the subject of multiple GRAS notifications to the FDA for 
use as ingredients in a variety of foods (FDA 2000a, b, c, 2001, 2002, and 2006). Based on 
information from FDA's GRAS Notice Inventory12 website as of January, 2011, the agency has 
received 11 notices on phytosterols and all these notices received "no questions" letters from the 
agency. In these notices, biological data, metabolism, and safety of phytosterols and its esters 
have been extensively presented and discussed. The most recent review and response from the 
FDA occurred in 2010. In GRAS notification 000061(FDA 2001), the cumulative intake of 
phytosterols from its addition to various foods was estimated to be as high as 10.6 g/person/day. 
I' DA did not question the safety at this intake 'level. Food uses cited in the GRAS notifications 
include margarine spreads and yogurt which can be consumed by infants as they progress to solid 
food. The European Food Safety Agency (EFSA) has also approved rapeseed oil enriched with 
phytosterols (EFSA 2005). 

The WHO/FAO Joint Expert Committee on Food Additives (JECFA) has critically evaluated the 
safety of phytosterols and concluded that dietary exposure to phytosterols and phytostanols would 
typically be within the ADI range of 0-40 mg/kg bw/d. 

3. Safety of Intakes of Phytosterols Resulting from Exposure to Infant Formula 
Containing Canola Oil 

3.1 Safety of Total Phytosterol Content of Infant Formulas 

Limited data are available from dedicated studies related to the effects of plant sterols in infants (or 
neonatal animals). It has been suggested by one laboratory that phytosterols absorption can be 
higher in infancy and childhood, based on observation of accumulated plant sterols in the aortic 
tssues of vegetable oil formula-fed infants and in hypercholesterolemic children on a low-
cholesterol, phytosterol-rich diet (Mellies et al., 1976a, b). It has been shown that the consumption 
of phytosterol-rich diet (i.e., infant formulas-containing vegetable oils) was able to increase the 
plasma level of the different phytosterols. The observed increase of phytosterols (campesterol, 
stigmasterol and beta-sitosterol) plasma levels was about 3- to 5-fold (normal 2 mg/100 mL up to 9 
mg/100 mL) (Mellies et al., 1976b). In terms of accumulation of phytosterols, however, existing 
data indicate that there is no evidence for selective accumulation of phytosterols in diseased tissue 
(i.e., atheroma). According to Jones (2007), cholesterol and phytosterols have similar properties, 
i:Ind both types of sterols would tend to accumulate similarly across body tissues. 

Additional information on the safety of plant sterols in younger populations than adults comes from 
studies performed in children. Recently, no adverse effects and good tolerance were observed in 
child subjects with familial hypercholesterolemia at a daily oral intake as high as 2 g/day for 3 
months through consumption of plant sterols-enriched foods (Guardamagna et al., 2011). In a 
randomized prospective study aiming at reducing exposure of young children to known 
E: nvironmental atherosclerosis risk factors, 81 children were recruited to a double-blind crossover 
study at 6 years of age (Tammi et al., 2000). Each day, 20 g of the child's dietary fat intake were 

Accessible at: http://www.accessdata.fda.gov/scriptsficnficnNavirlation.cfm?rpt=cirasListinadisplayAll=true.  
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replaced with plant stanol ester margarine (leading to a mean daily intake of 1.5 g of plant stanols) 
or control margarine for 3 months with a wash-out period of 6 weeks. It could be concluded from 
the study results that plant stanol ester margarine had beneficial effects on cholesterol parameters 
vrithout adverse clinical effects in healthy children already consuming a low saturated-fat, low-
cholesterol diet, but decreased the serum p-carotene to low-density lipoprotein cholesterol ratio. 
- he authors also indicated that the serum sitostanol concentration after three months of treatment 
was only about 1/6000 of the concentration of serum cholesterol even though a 10-fold greater 
amount of sitostanol than cholesterol was ingested, showing a very low absorption of those types 
of plant sterols even in the young gastrointestinal tract. In another study in children with severe 
fmiIial hypercholesterolemia, no liver and gallbladder abnormalities (sonography examination) 
were reported after daily intakes of both sitosterol (6 g/day for 3 months) followed by sitostanol (1.5 
g/day for 7 months) through capsule feeding. In addition, plant sterol administration did not cause 
any change in serum sitosterol concentrations, therefore indicating the absence or a very low 
absorption of these plant sterols (Becker et al., 1993). 

As reported in Section III, the phytosterol content of canola oil is reported to be around 0.9% (i.e., 
)00 mg/100 g). Considering that canola oil is intended to be used between 17.5% and 31% in 
infant formulas manufactured by Danone, the resulting levels of phytosterols contributed by the 
canola oil fraction will be at 8.0 mg and 14.1 mg per 100 kcal formula, respectively. Intakes of 
phytosterols from the canola oil fraction of the formulas are presented in Tables 8 and 9. Intakes 
by typical consumers of formula with the highest levels of canola oil (31% of total fatty acids) fall 
well below the JECFA ADI (intakes of 11.5 mg/kg bw/day compared to the ADI of 40 mg/kg 
bw/day; see Table 8). Similarly, intakes for extreme consumers also fall well below the ADI 
(intakes of up to 16.2 mg/kg bw/day compared to the ADI of 40 mg/kg bw/day; see Table 9). Even 
allowing for additional phytosterol exposure because of the presence of other oils in the formulas, 
itakes of phytosterols are likely to fall well below the ADI for typical and extreme consumers. 

Intakes of phytosterols arising from the addition of canola oil to infant formulas do not raise any 
E.afety concerns. 

1.2 Safety of the Brassicasterol Content of Infant Formulas 

Ps with other phytosterols, the chemical structure of brassicasterol is based on the cholesterol 
molecule with a methyl group on the lateral chain. Brassicasterol belongs to the phytosterol 
E,ubgroup 4-desmethyl sterols which are the most frequently encountered group of phytosterols. 
Other 4-desmethyl sterols include sitosterol, stigmasterol and campesterol. Only limited data are 
available where brassicasterol as part of the global phytosterol blend was tested either in animal or 
human clinical studies. Most studies investigating the beneficial or potential adverse effects of 
phytosterols are based on commercial blends of phytosterols containing a maximum level of 3% 
phytosterols. Some animal and human studies (outlined below) have indicated lack of adverse 
effects with higher intakes of brassicasterol above 3%. 

Absorbability of plant sterols appears to be dependent on the structure of the side chain present. 
illustrate this, Batta et al. (2005) have reported in a rat experimental model a low plasmatic and 

Hilary incorporation of brassicasterol and stigmasterol indicating a weaker absorption of those 
literols (Wstar and WKY strains) fed for 4 weeks with a diet containing 1% of phytosterols (6.3% of 
hrassicasterol and 15.6% stigmasterol among total phytosterols). This poor absorption may be 
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I nked to a common feature of those 4-desmethyls sterols that have both a double bond at C22. 
Schroder et al. (2009) investigated the impact of sterols derived from canola oil in an experimental 
model of hyperlipidemic rabbits fed with cholesterol (heterozygous Watanabe heritable 
hyperlipidaemic rabbits, Hh-WHHL). The animals were daily fed with a diet enriched with 100 
mg/kg bw/day of plant sterols containing around 10% of brassicasterol (i.e., 10 mg/kg bw/day). 
From a general perspective, the exposure to a plant sterol blend with high levels of brassicasterol 
,ofas well tolerated given that it did not reveal any adverse effects on clinical appearance, body 
weight, feed intake and weight gain. In the animals, besides a positive effect on atherosclerotic 
process in the thoracic aorta, the plasma concentration percentage of brassicasterol remained low ii the cranial aorta, indicating a low uptake of brassicasterol when fed as part of other plant sterols. 
Moreover, the authors reported a low concentration of brassicasterol within the aortic tissue which 
ihdicates a slower clearance from the blood and a lower incorporation into tissues compared to 
other sterols. In their study on Golden Syrian hamsters, Demonty and colleagues (2005) 
ilvestigated the effect of non-esterified plant sterol mix containing 5.12% of brassicasterol among 
the global phytosterol content. The animals were fed daily over 5 weeks with non-esterified plant 
slerols at 1% in the diet, thus providing a daily phytosterol dose of approximately 900 mg/kg 
bw/day (-46 mg/kg bw/day of brassicasterol). The authors reported no adverse effects on body 
weight or food consumption, no modification of plasma triglycerides levels, and no effect on red 
blood cells fragility. In other studies, it has been reported that a plant sterol ester mixture 
containing 6.4% of brassicasterol administered to Dunkin Hartley guinea pig through the diet (total 
phytosterol dosage 0.5 or 1 g/kg bw/day for 4 weeks, equivalent to -32 or 64 mg/kg bw/day of 
brassicasterol), resulted in no modification of body weight and food consumption (Brufau et al., 
2006, 2007). Administration of soybean non-esterified sterols containing approximately 4% of 
brassicasterol to Mongolian Gerbils (total phytosterols dosage 1 g/kg bw/day for 4 weeks, -40 
mg/kg bw/day of brassicasterol), did not induce adverse effects on body weight (Hayes et al., 
2004). 

Some specific information on the general safety and tolerance related to brassicasterol can be 
retrieved from data available only in adults. In a double-blind controlled study, adult subjects 
(n=16) with moderate hypercholesterolemia were exposed on a daily basis with the consumption of 
capsules containing phytosterols esters with 4% brassicasterol (phytosterols dosage 1.3 g/day, 
- . 52 mg/day of brassicasterol) for 4 weeks. The study was not designed for the identification of 
adverse effects, but the treatment was well tolerated by the participants, and no subject stopped 
the trial due to adverse effects (Acuff et al., 2007). De Jong et al. (2008, 2009) reported results of 
a double-blind, placebo-controlled study in which adults (n=41) who had been taking statins for at 
i)ast 6 months together with other medications, such as beta-blockers and angiotensin converting 

E!nzyme inhibitors, took 2.5 g/day of plant phytosterols of which 125 mg/day was brassicasterol. 
- *he adverse events were not recorded in the study, but apparently no changes in hematological 
parameters were observed. In a double-blind randomized controlled trial, adult subjects (n=17) 
consumed 3 daily portions of mayonnaise providing 1.2 g/day of plant sterol esters (5% 
brassicasterol equivalent to -60 mg/day). No changes between groups were reported in 
hematology, blood clinical biochemistry, serum electrolytes or glucose/fat metabolism-related 
factors. Moreover, no differences in abdominal symptoms incidence were reported between the 
different groups (Saito et al., 2006). 
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As reported in Section III, the brassicasterol content of canola oil is reported to be around 0.077% 
i.e., 77 mg/100g). Considering that canola oil is intended to be used between 17.5% and 31% in 

infant formulas manufactured by Danone, the resulting levels of brassicasterol contributed by the 
canola oil fraction will be at 0.7 mg and 1.2 mg per 100 kcal formula, respectively. Intakes of 
brassicasterol from the canola oil fraction of the formulas are presented on Tables 8 and 9. 
Intakes by typical consumers of formula with the highest levels of canola oil (31% of total fatty 
ilcids) will be around 1.0 mg/kg bw/day (see Table 8), and intakes for extreme consumers will be 
round 1.4 mg/kg bw/day (see Table 9). Given that brassicasterol in other oils typically used in 

infant formulas has not been detected, exposure to canola oil is likely to constitute the only source 
of brassicasterol in the diets of formula fed infants. At present, there is no ADI for brassicasterol 
for comparison purposes. However, the anticipated daily intakes are significantly lower (up to 20- 
told lower) than the brassicasterol levels that were not associated with adverse effects in human 
trials and animal studies. 
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VII. DISCUSSION OF REVIEWED INFORMATION & GRAS CRITERIA 

A. GRAS Criteria 

FDA defines "safe" or "safety" as it applies to food ingredients as: 

"...reasonable certainty in the minds of competent scientists that the substance is not harmful 
under the intended conditions of use. It is impossible in the present state of scientific 
knowledge to establish with complete certainty the absolute harmlessness of the use of any 
substance."13 

Amplification is provided in that the determination of safety is to include probable consumption of 
the substance in question, the cumulative effect of the substance, and appropriate safety factors. 
It is FDA's operational definition of safety that serves as the framework against which this 
evaluation is provided. 

Furthermore, in discussing GRAS criteria, FDA notes that 

"...General recognition of safety requires common knowledge about the substance throughout 
the scientific community knowledgeable about the safety of substances directly or indirectly 
added to food."14 

FDA discusses in more detail what is meant by the requirement of general knowledge and 
acceptance of pertinent information within the scientific community, i.e., the so-called "common 
knowledge element," in terms of the two following components:15 

• Data and information relied upon to establish safety must be generally available, and this is 

most commonly established by utilizing published, peer-reviewed scientific journals; and 

• There must be a basis to conclude that there is consensus (but not unanimity) among 
qualified scientists about the safety of the substance for its intended use, and this is 
established by relying upon secondary scientific literature such as published review articles, 
textbooks, or compendia, or by obtaining opinions of expert panels or opinions from 
authoritative bodies, such as the National Academy of Sciences. 

The apparent imprecision of the terms "appreciable," "at the time," and "reasonable certainty" 
demonstrates that the FDA recognizes the impossibility of providing absolute safety, in this or any 
ether area (Lu, 1988; Renwick, 1990). 

As noted below, the safety assessment to ascertain GRAS status for canola oil as part of a blend 
with other oils for uses in infant formulas with the defined use levels meets FDA criteria for 

i ] See 21 CFR 170.3(i). 
II See 21 CFR 170.30(a). 
1! See footnote 3.	 000501 
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reasonable certainty of no harm by considering both the technical and common knowledge 
elements. 

B. Summary & Discussion of Canola Oil Use in Infant Formulas 

. Background 

Canola oil, which is produced from varieties of rapeseed which have been bred to contain much 
lower levels of erucic acid than traditional varieties, has been safely used in the US since 1985 and 
is considered to be GRAS for general foodstuffs. The GRAS regulation indicates that the oil from 
new varieties of rapeseed that contained less than 2% erucic acid would be safe for common use 
in food. Subsequent to its GRAS status, an FCC specification was published retaining the 2% 
erucic acid limit, and millions of pounds are consumed each year in the US. The use of canola oil 
ii infant formula is not explicitly approved in North America, although this prohibition does not 
appear to be based on any evidence suggesting that canola oil may not be safe for use in infant 
fDrmulas. Canola oil is widely used in the production of infant formulas in many other countries 
where the only restriction is that the erucic acid content of the finished infant formulas should not 
exceed 1% of total fatty acids or total fat. 

The original concern with rapeseed oil was the presence of high levels of the fatty acid, erucic acid, 
which has been shown in animal studies to be associated with fatty infiltration of the myocardium. 
Efforts were made to produce rapeseed oil with lower erucic acid content, and this led to the 
development of canola oil. It is interesting to note that epidemiology evidence from countries 
where intakes of erucic acid-rich oils are particularly high did not identify a causal link between 
erucic acid and cardiac lipidosis in humans (Grice and Heggtveit, 1983; Svaar, 1982). 

The exclusion of canola oil from infant formulas in North America seems to have persisted because 
of the perceived expense of challenging it and lack of incentives in the North American infant 
fDrmula industry. However, with the development of canola oil, there have been many studies 
c:onducted by various research camps that can be looked upon retrospectively as supporting the 
E.afety of canola oil in infant formulas. These studies include those in neonatal animal models 
westigating the effects of canola oil-enriched diets on growth, antioxidant nutrient status, blood 

cell integrity and cardiac lipid deposition. In addition, many studies have also been carried out in 
humans involving more than 900 infants consuming infant formulas containing canola oil at up to 
40% of total fatty acids (Rzehak et al., 2011). The large majority of these studies were not 
designed as primary safety studies, and many were conducted in Europe where canola oil is a 
normal constituent of infant formula. Others studied the effects and benefits of varying fatty acid 
composition of the formulas. 

2. Rationale for Pursuing GRAS Determination for Use of Canola Oil in Infant Formulas 

After more than 35 years of the publication of 21 CFR 184.1555 by FDA, Danone believes that the 
GRAS status of canola oil can be extended to infant formulas. It would provide a useful source of 
ALA in its infant formulas. The Panel noted that canola oil has a higher ALA content with a lower 
1.A content than soy oil, thereby facilitating the production of infant formulas with a more optimal 
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overall EFA profile than if soy oil is used. Canola oil is a preferred source of ALA to soy oil in 
countries where there are no restrictions on its use in infant formula. Indeed, Danone has 
marketed infant formulas in many countries for many years with various levels of canola oil. There 
has been no pattern of complaints that are attributed to canola oil (Rzehak et al., 2011). 

. Studies Investigating the Effects of Feeding Canola Oil in Animal Models & 
Human Infants 

C:anola oil differs primarily from other vegetable oils commonly used in infant formulas in that it is a 
source of erucic acid. Given the history of canola oil development and in consideration of the 
suitability of canola oil for use in infant formulas, it is important to critically evaluate the exposure to 
erucic acid and its safety. Other constituents inherently present in canola oil also need due safety 
considerations. For example, phytosterols are present in canola oil at slightly higher levels than 
other oils traditionally used in the production of infant formulas, and one class of phytosterols in 
particular---brassicasterol---is undetectable in other vegetable oils but is present in canola oil. 
Unsaturated fatty acids, because they are prone to oxidation, may influence antioxidant status in 
hfants and, thus, the effect of a canola oil-enriched infant formula on antioxidant nutrient status of 
infants should be scrutinized. The Panel considered these and other points as part of the safety 
assessment in the use of canola oil in infant formulas. 

3.1. Erucic Acid 

'he acceptable level of erucic acid in canola oil is stipulated in the FCC specification at <2% of 
total fatty acids. Legislative requirements laid down by CODEX, the EU and FSANZ require that 
infant formulas contains erucic acid at <1% of total fatty acids. The erucic acid contents of batches 
of canola oil supplied to Danone are typically around 0.6% of total fatty acids. At the highest 
concentration of canola oil in an infant formula manufactured by Danone, the erucic acid content 
should be around 0.2% of total fatty acids, a level well below the limit for infant formulas of 1% of 
total fatty acids. total fatty acids. The canola oil used by Danone for manufacture of infant formula 
contains a maximum erucic acid content of 1% total fatty acids (see Appendix D). The Panel noted 
that canola oil used by Danone is typically weIl below the FCC specification for erucic acid content 
a nd that this will ensure the production of infant formulas with erucic acid levels that fall well below 
INislative limits for infant formulas set by CODEX, the EU and FSANZ. 

The Panel notes that intakes of erucic acid by some groups of consumers based on the 
composition of their diet may, in some instances, exceed the PTDI set by FSANZ of 7.5 mg/kg 
hw/day. However, the Panel noted that epidemiological evidence from countries where intakes of 
crucic acid-rich oils are particularly high does not indicate a causal link between cardiac lipidosis 
a nd erucic acid intake (through consumption of canola oil) in humans (Grice and Heggtveit, 1983; 
;vaar, 1982). In addition, there is a long history of safe use of canola oil as a component of the fat 

Llend of infant formulas. Additionally, the available evidence from experimental animal and human 
;;tudies did not reveal adverse effects of canola oil at the intended use levels. The Panel 
concludes that intakes of erucic acid from infant formulas containing canola oil are unlikely to 
rresent a risk to health.

000503 
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1.2. Total Phytosterols & Brassicasterols 

Phytosterols have been shown to have beneficial effects in humans. Multiple GRAS notifications 
t;) FDA to add these constituents to foodstuffs for their cholesterol-lowering properties have not 
been questioned. The Panel noted the ubiquitous nature of phytosterols in vegetable oils used in 
the production of infant formulas. The phytosterol content of batches of canola oil supplied to 
Danone are typical of the levels stipulated in the CODEX standard. The Panel noted that the 
ntakes by typical and extreme consumers of formula containing the highest levels of canola oil 
(31% of total fatty acids) fall well below the JECFA ADI of 40 mg/kg bw/day, even allowing for 
additional phytosterol exposure because of the presence of other oils in the formulas. Given that 
brassicasterol in other oils typically used in infant formulas has not been detected, exposure to 
canola oil is likely to constitute the only source of brassicasterol in the diets of formula fed infants. 
At the present time, no specific ADI is available for brassicasterol for comparison purposes, 
however, the anticipated daily intakes are significantly lower (up to 20-fold lower) than the 
brassicasterol levels that were not associated with adverse effects in human trials and animal 
studies. The available evidence suggests that low levels of intake of total phytosterols and 
brassicasterol from infant formulas containing canola oil are likely to be safe. 

3.3. Antioxidant Nutrient Status 

-he Panel has considered the outcomes from studies investigating the consequences of PUFA-
enriched diets on antioxidant nutrient status. Danone intends to use canola oil with other oils to 
provide infant formulas with a balance of saturates, monounsaturates and polyunsaturates, 
;,upplemented with a range of other nutrients including vitamins E and K. The Panel noted that, 
provided infant formulas are supplemented with antioxidant nutrients at the levels recommended 
by expert bodies, there is no cause for concern for the antioxidant status of infants consuming 
nfant formulas containing canola oil. 

C:. Common Knowledge Elements Needed for GRAS Conclusions 

- he first essential element of common knowledge that is required for a GRAS determination is the 
general availability of the key information on which the GRAS conclusion is based. This aspect 
has been fulfilled since the overwhelming majority of the studies and data relied upon in this 
assessment have been published in the scientific literature. These include: 

• Several published studies in the neonatal pig model summarized in Table 10 which predict a 
low likelihood of adverse effects in humans at the levels expected to be consumed by 
infants; 

• As summarized in Table 11, there are three particular published clinical studies in term 

infants where the levels of various concentrations of canola oil were investigated: 

o Two publications by Jensen et al, (1996, 1997), where formulas containing canola oil 
at varying concentrations were fed to infants to investigate the consequences of 
increasing the ALA content of infant formulas on biochemical markers of fatty acid 
status and on physiological outcomes, such as visual acuity. 
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o A study carried out by Makrides et al. (2000), in which 2 formulas with LA:ALA ratios 
of 10:1 (soy oil-containing formula at 23% of total fatty acids) and 5:1 (canola oil-
containing formula at 29% of total fatty acids) were compared, found that growth 
rates in both formula groups were similar. 

• Table 11 also summarizes several other published clinical studies in term infants where 
canola oil was known to be part of the basal diet. 

• Several published clinical studies in term infants summarized in Appendix B, section 3 
where the fatty acid composition of the diets was similar to that provided by canola oil. 

- he second critical aspect of fulfilling the common knowledge criteria for GRAS determinations is 
through the establishment of consensus within the scientific community that is knowledgeable in 
the subject area. As cited in Tables 11 and 12 in this document, an extensive number of published 
clinical studies by several groups of investigators have been conducted with formula preparations 
c:ontaining canola without adverse effects. In addition, the Panel believes that consensus 
regarding the safe use of defined uses of canola oil in infant formulas has been established at the 
use levels noted above is largely demonstrated by the fact that major manufacturers of infant 
fDrmulas outside of North America supported by competent scientific staff are extensively using 
canola oil in infant formula preparations. In addition, there are several key decisions made by 
regulatory agencies which support a consensus opinion of the safety of canola oil in infant 
formulas. Most notably these include: 

• FSANZ review of canola oil and the assignment of a provisional tolerable daily intake of 7.5 
mg/kg/day intake for erucic acid; 

• The Codex Alimentarius standard for infant formulas and formulas for special medical 
purposes intended for infants which does not preclude the use of canola oil. 

D. Summary Assessment by Expert Panel 

r l addition to fulfilling the requisite common knowledge elements required for GRAS conclusions, 
the Panel concurs that there is sufficient scientific evidence to conclude that canola oil (as a blend 
with other oils to obtain the desired levels of fatty acids) is generally recognized as safe (GRAS) for 
use in infant formulas for term infants. The Panel recognizes the importance of the safety of 
igredients used in infant formulas as infants rely on formulas as a sole source of food for many 

months early in life. In arriving at a view on the likelihood of the use of canola oil in infant formulas, 
the Panel considered the current uses of canola oil in infant formulas in other countries, the 
outcomes from animal studies, and clinical studies in human infants carried out using infant 
fDrmulas that incorporate canola oil. 

Canola oil is used safely and extensively in infant formulas throughout the world. The Panel notes 
that the studies carried out in the neonatal pig model support the safety of canola oil as an oil in 
i lent formulas if used within a blend of oils, containing nutritionally balanced amounts of saturates, 
monounsaturates and polyunsaturates and supplemented with adequate amounts of vitamin E. A 
considerable number of clinical studies in infants have been conducted with canola oil---or blends 
of other dietary oils---and no significant adverse effects were noted during the studies or were 
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n.iported to the investigators after the studies were completed. The Panel agrees that there is no 
compelling reason to exclude the use of canola oil from infant formulas. The estimated dietary 
lake of erucic acid from formulas at the intended use levels of canola oil will be reasonably 

consistent with the provisional tolerable daily intake for erucic acid assigned by FSANZ (2003) and 
the supplementary human use levels of canola oil as cited above. Similarly, the Panel agrees that 
the resulting intake of phytosterol and brassicasterol from the uses of canola oil does not raise any 
.,afety concerns, and the identical usage of canola oil in the designated infant formulas is 
considered to be safe. 

" - he Panel also notes that none of the studies in human infants suggested that the canola oil-
containing formulas were inferior to formulas that did not contain canola oil. No adverse effects 
were reported from the studies or in follow up investigations long after feeding had stopped. The 
Panel accepts that these studies provide a considerable body of evidence suggesting no harm 
from the use of canola oil as one of the oils in infant formulas. The Panel is satisfied that canola oil 
k no less safe for use in infant formula than other PUFA-rich oils. 

Finally, the Panel has taken into consideration the fact that infant formulas containing canola oil 
are consumed during the earliest stages of growth and development for infants and children. It is 
also recognized that the dietary needs evolve while such development occurs. The use of canola 
cil will facilitate achieving desired levels of essential fatty acids in infant formulas. In summary, the 
Panel agrees that the available information does not indicate any safety concerns from the limited 
uses of canola oil as a blend with other oils in infant formula. 
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VIII. CONCLUSIONS 

TI- e members of the Expert Panel consisted of: Richard C. Kraska, Ph.D. (Chair), DABT, 
Madhusudan G., Soni, Ph.D., Robert S. McQuate, Ph.D., Stanley T. Omaye, Ph.D., Walter H. 
Glinsmann, MD, and Sheila M. Innis, Ph.D., RDN. Each has an extensive technical background in 
the evaluation of the safety of food ingredients.16 

i

The Panel concludes that the use of canola oil produced in compliance with current 
Good Manufacturing Practices requirements and which meets Food Chemicals 
Codex specifications is generally recognized as safe (GRAS) when used as a 
component of the fat blend in infant formulas for term infants, with a typical intended 
use level of up to 31% of the fat blend, such that the fat blend provides a nutritionally 
balanced blend of essential fatty acids, saturated, monounsaturated and 
polyunsaturated fatty acids in line with dietary recommendations for fatty acid intakes 
for infants.

Richard C. Kraska, Ph.D., DABT - Chair 

Miidhusudan G. Soni, Ph.D., FACN, FATS	Robert S. McQuate, Ph.D.	Stanley T. Omaye, Ph.D., DATS 

Sheila M. Innis, Ph.D., RDN 

March 6, 2012 

16 he detailed educational and professional credentials for some of the individuals serving on the Expert Panel can be found on the GRAS 
i l ssociates website at www.oras-associates.com . Dr. Kraska served as Chair of the Panel. Drs. Kraska and McQuate worked on GRAS 
and food additive safety issues within FDA's GRAS Review Branch earlier in their careers and subsequently continued working within this 
area in the private sector. Dr. Omaye is a professor of nutrition at the University of Nevada, Reno and has published extensively on the 
nutritional and toxicological aspects of food ingredients. Dr. Soni's credentials can be accessed at http://www.soniassociates.net . Dr. 
Glinsmann has extensive experience in clinical nutrition and food safety that includes service with FDA's Division of Nutrition where he 
addressed a broad range of food and human nutrition topics. Dr. Innis is currently Director, Nutrition & Metabolism Research Program, 
CFRI; and Professor, Department of Pediatrics, University of British Columbia. Dr. Innis' credentials can be accessed at 
I ittp://www.cfri.calour_research/researches/search_researchers/researcher_detaitasp?ID=61. 
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1 Toxicology Studies in Animal Models Related to Infants 

;auer et al. (1997) studied whether additional vitamin E is required in milk-replacer diets that contain canola oil when fed to 
r aonatal piglets. A total of 72 piglets were assigned to be sow-fed or to be fed one of 6 milk-replacer diets with different oil mixtures 
a: birth: 1) canola oil (mixture of canola oil and high erucic acid rapeseed (HEAR) oil in a ratio of 98:2); 2) soybean oil; 3) olive oil; 4) 

gh oleic acid sunflower (HOAS) oil; 5) mixture of HOAS, soybean oil and linseed oil in a ratio of 53:31:14; 6) canola oil and 
cl)conut oil blend at a ratio of 60:40. In Experiment 1, piglets were either sow-fed or fed either canola oil, soybean oil, olive oil, 
canola/coconut oil replacer with 16 mg tocopherol (vitamin E)/kg milk powder for 48 days. In Experiment 2, pigs were fed either 
c anola oil or soybean oil replacer with 16 mg tocopherol/kg milk powder or canola oil with 65 mg tocopherol/kg milk powder for 28 
c ays. In Experiment 3, pigs either sow-fed or were fed replacer with either canola oil, soybean oil, HOAS or oil mixture with 93 mg 
t pcopherol/kg milk powder for 28 days. To summarize all 3 experiments, pigs that were fed canola oil milk-replacer diets had low 
\itamin E levels in their tissues. The vitamin E deficiency manifested acutely, causing death, or mildly, with microscopic evidence of 

epatocyte dissociation. In Experiment 1, 5 of the 6 pigs that were fed canola oil replacer diets died before day 28 of the 
experiment. The post-mortem exam confirmed low vitamin E levels in the liver and heart tissues in this group. When vitamin E was 
added to the other milk-replacer diets, even in mixtures containing canola oil, the piglets grew well and showed no adverse 
5. ymptoms. The authors concluded that the increased vitamin E requirements in canola oil supplemented formulas needs additional 
En'udy. 

Kramer et al. (1990) studied the myocardial effects of different levels of erucic acid in milk-replacer diets of newborn piglets from 
thrth to two weeks of age. The growth, histological changes and lipid changes of the heart were compared with sow-reared piglets. 
In Experiment I, piglets from five litters were sampled at birth and an average weight male and female were sacrificed for 
histological analysis, while the remaining piglets were returned to the sow. In Experiment II, six litters were selected based on 
numbers of male and females and two litters were randomly assigned to one of three diets: sow milk, canola oil replacer with 0.8% 
erucic acid, or high erucic acid rapeseed (HEAR) oil (42.9% erucic acid). In Experiment III, piglets from six litters were used and 
were fed either replacer with 100% soybean oil or replacer with rapeseed oil (4.7% erucic acid). In Experiment IV, piglets from four 
I tiers were fed either sow milk or replacer with rapeseed oil containing 7.0, 11.7 or 20.7% erucic acid. In Experiment V, piglets from 
twee litters were split among groups that were fed replacer with rapeseed oil containing either 2.3 or 11.7% erucic acid. There 
■■'ere no significant differences in growth or nutrient digestibility due to any treatment. At the completion of each experiment, 
myocardial lipidosis was determined by Oil Red 0 staining of the heart tissue. Milk-replacer diets that contained soybean oil or 
rapeseed oil mixtures with up to 5% erucic acid showed trace myocardial lipidosis. Piglets that were fed 7-42.9% erucic acid in 
rapeseed oil mixtures showed definite lipidosis. The only significant cardiac lipid increase was seen in triacylglycerol (TAG) levels 
in piglets fed replacer containing rapeseed oil with 42.9% erucic acid. The authors concluded that no adverse nutritional and 
myocardial effects occur in piglets fed milk-replacer with 25% oil containing 5% erucic acid (a consumption of 750 mg erucic acid/kg 
body weight/day). 

ramer et al. (1994) studied the effects of linolenic acid (18:3 n-3) from vegetable oils on bleeding times and platelet counts in 
newborn piglets. The piglets that were fed milk-replacer diets containing various vegetable oils with different levels of 18:3 n-3 were 
compared to sow-reared piglets for 28 days. At one day of age, the piglets were fed every two hours to equal an intake of solid 
matter of 7% of body weight/day. The piglets were housed individually, arranged in banks of six and were fed by a common 
eservoir of milk-replacer. The milk-replacer diets either contained soybean oil, high oleic acid sunflower (HOAS) oil, a mixture of 

canola oil and high erucic acid rapeseed (HEAR) oil (98:2 ratio), or a mixture of HOAS oil, soybean oil and linseed oil (55:31:14 
i'3tio). All piglets that were fed replacer diets showed normal growth. The bleeding times of the piglets on milk-replacer diets 
increased significantly with age. Piglets that were fed the canola oil milk-replacer had a significant and consistent delay in the rise 
cf platelet counts. To test whether this effect was due to the erucic acid in canola oil, another study was conducted where piglets 
were fed milk-replacer that contained a mixture of oils that had a similar composition to canola oil, but without the erucic acid. 
"hese piglets showed a similar delay in the rise of platelet counts to piglets fed canola oil. A subsequent experiment showed that 
adding saturated fatty acids in the form of coconut oil to canola oil (2:3 ratio) resulted in no delay in the rise of platelet counts. 
I.evels of saturated fatty acids in the blood lipids were lower in canola oil-fed and HOAS oil-fed piglets than soybean oil-fed or sow-
1ed piglets. The authors concluded that milk-replacer diets containing oils rich in 18:3 n-3 do not pose a hematological risk in 
' n ewborn piglets, and that a platelet decrease can be reversed by the addition of saturated fatty acids. 
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kramer et al. (1998) studied the hematological platelet and lipid changes associated with feeding newborn piglets milk-replacer 
diets containing canola oil until four weeks of age. Piglets were either left with the sow or fed milk-replacer diets containing 

oybean oil, canola oil (98:2 mixture to give a final oil of 2% erucic acid), a canola oil/cocoa butter mixture (52:4:4:40 of canola oil, 
HEAR oil, linseed oil, and cocoa butter), or high erucic acid rapeseed (HEAR) oil (54:46 mixture of canola oil and HEAR oil to give a 
f ial oil of 20% erucic acid). The canola oil/cocoa butter mixture was included to determine if the long-chain fatty acids in cocoa 
butter would attenuate the canola oil effect on platelets. The piglets fed milk-replacer diets gained significantly more weight over 4 

eeks than piglets fed by the sow. Platelet counts were decreased and platelet size was increased in piglets fed the canola-oil 
ruplacer compared to the sow-reared group. After four weeks, the bleeding times were significantly higher in the HEAR oil and 

anola oil groups. The additions of cocoa butter to canola oil enriched the long-chain fatty acids 16:0 and 18:0. The group that was 
f:d replacer containing cocoa butter mixed with canola oil had a significantly higher platelet count than canola oil replacer alone. 
The HEAR-oil fed group had significantly lower platelet counts throughout the four-week study. The authors reported that the 
observed effects on platelets may be related to fatty acid composition changes in platelet membrane lipids. In the canola oil and 
HEAR oil replacer groups, 24:1 n-9 and 24:1 n-9/24:0 ratios in platelet sphingomyelin were significantly increased. The authors 
c oncluded that milk-replacer containing canola oil results in significant hematological changes. 

lonis and Dyer (1999) investigated the effects of canola oil on growth, blood lipids and platelet characteristics in piglets. The 
following treatment formulas were comprised of 51% energy from fat: 1) canola oil alone (100% canola oil; 0.5% erucic acid [22:1n-
N); 2) canola oil blend (26% canola oil , 16% sunflower oil, 42 % palm oil, 4 % high-oleic sunflower oil, and 12% coconut oil); 3) 
c anola oil mimic (29% soybean oil , 59% high-oleic sunflower oil and 12% flax oil); 4) soybean oil alone (100% soy oil); 4) soybean 
cid blend (26% soy, 48% palm oil, 14% high-oleic sunflower oil, and 12% coconut oil). Male piglets were assigned to one of the five 
beatment groups, 10 piglets each, and were bottle-fed from birth until day 10 (4 piglets/group) or day 18 (6 piglets/group). Blood 
amples were drawn from the vena cava at 5, 10 and 15 days of age. There were no differences among the groups at any age in 

body weight, formula intake or liver weight. The heart weight of piglets fed 100% canola oil formula was significantly higher than 
piglets fed the canola oil mimic formula. The authors attribute this difference to a non-significant but proportional body weight 
difference between these two groups. Piglets fed formula wilh 100% or blended canola oil had lower platelet counts than piglets fed 
oybean oil or canola oil mimic formulas. Platelet counts were lower, while platelet volume and distribution were higher in the 

ciroups fed 100% canola oil or soybean oil formulas compared to the blended oil formulas. In addition, piglets fed formula with 
30% canola oil or the canola oil blend had significantly higher red blood cell counts and hematocrit at 5 days of age than piglets 

if:d formula with 100% soybean oils. However, at 18 days the red blood cell count was lower in the group fed 100% canola oil 
c ompared to the group fed 100% soybean oil. In piglets fed canola oil compared to soybean oil, there were no significant 
differences in total or HDL cholesterol or phospholipids, but the levels of free cholesterol were significantly higher in piglets fed 
c anola oil compared to soybean oil at 10 and 18 days of age. The authors concluded that canola oil as a source of formula fat 
iffects the normal developmental increase of platelets and the developing hematological system in piglets. 

(reen and Innis (2000) investigated the effect of low erucic acid canola oil on the heart triglyceride accumulation in neonatal pigs. 
-he following treatment formulas were comprised of 50% energy from fat: 1) canola oil alone (100% canola oil; 0.5% erucic acid 
[22:1 n-91); 2) canola oil blend (26% canola oil , 16% sunflower oil, 42 % palm oil, 4% high-oleic sunflower oil, and 12% coconut oil); 
:1) canola oil mimic (29% soybean oil, 59% high-oleic sunflower oil, and 12% flax oil); 4) soybean oil alone (100% soy oil); 4) 
Dybean oil blend (26% soy, 48% palm oil, 14% high-oleic sunflower oil, and 12% coconut oil). The canola oil mimic was designed 
to give a similar composition as canola oil, but without the inclusion of erucic acid. Formulas with soybean oil were used for 
ciomparison due to this oil being currently used as a source of unsaturated fatty acids in many infant formulas and the canola oil and 

oybean oil blend were used to resemble infant formulas that include C16:0 and 18:1 at levels similar to those in human breast milk. 
Hale piglets were assigned to one of 5 formula groups and were bottle-fed from birth until day 10 (4-6 piglets/group) or 18 (6 
piglets/group), after which they were sacrificed for heart biochemical and histological analysis. There were no differences in 
f ormula intake, body weight, liver weight or kidney weight among the groups. The mean heart weight of the piglets fed canola oil 
(100%) formula was higher at 18 days than those fed the canola oil mimic formula. There were no differences in heart triglyceride, 
phospholipid and cholesterol concentrations among the groups at 10 or 18 days of age. The authors reported a modest 
accumulation of erucic acid linked with feeding canola oil formula that was not associated with heart triglyceride accumulation at 10 
or 18 days. 
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ilva et al. (2006) investigated the effects of four is energetic diets of differing fat composition on blood lipid profile and adiposity in 
',oung rats. Diets containing partially hydrogenated vegetable oil (6%), palm oil (5%), canola oil (6%), and soy oil (7%) were fed to 
lactating rats during the 21 days of lactation, and then fed to young Wistar male rats following weaning until the 45th day of life. 

he oil content for all oils was adjusted 7% by addition of soy oil. In vivo lipogenesis rate, lipid content, relative level of FA,and the 
i:ctivity of lipoprotein lipase enzyme were measured in adipose tissue. Body weight of partially hydrogenated vegetable oil and palm 
cil groups was significantly higher compared to canola oil and soy oil from day 14 of lactation to day 45, despite the lower food 
intake in the partially hydrogenated vegetable oil group. Partially hydrogenated vegetable oil and palm oil groups revealed higher 
lipogenesis rate and lipid content in the adipose tissue compared canola oil and soy oil groups. Similarly carcass fat content was 
:;ignificantly higher in partially hydrogenated vegetable oil and palm oil groups than in canola oil and soy oil groups. The results of 
Ibis study show that the kind of fatty acid in the dietary lipid offered early in life can affect lipid metabolism and adiposity. No 
biologically significant differences between canola oil and soy oil fed groups were noted. 

2. Clinical Studies in Infants 

;:tudies with Canola Oil 

,lensen et al. (1996) studied the effects of four ratios of linoleic acid (LA) to a-linolenic acid (LNA) in infant formula on the fatty acid 
patterns of plasma and erythrocyte phospholipid fractions and plasma lipid fractions in term infants. Eighty infants (gestational age 
:I9.6 ± 1.7 weeks) were randomly assigned to receive formula that differed in LNA content from birth to 120 days of age. The four 
hrmulas contained 16% of fat as LA and either 0.4% LNA in formula 1, 0.95% LNA in formula 2, 1.7 % LNA in formula 3, or 3.2% 
LNA in formula 4 (LA:LNA of 44, 18, 10 and 5, respectively). The oils included in each formula were as follows: Formula 1: 3% 
canola oil, 15% safflower oil, 26% high-oleic sunflower oil, 30% palm stearin oil, 26% coconut oil; Formula 2: 10% canola oil, 13% 

afflower oil, 22% high-oleic sunflower oil, 30% palm stearin oil, 25% coconut oil; Formula 3: 20% canola oil, 10% safflower oil, 
' 5% high-oleic sunflower oil, 30% palm stearin oil, 25% coconut oil; Formula 4: 40% canola oil, 5% safflower oil, 30% palm stearin 
oil, 25% coconut oil. Blood samples were collected shortly after birth and at 21, 60 and 120 days of age. There were no 
differences in growth parameters or formula intake among the four groups throughout the study. The content of n-3 fatty acids was 
higher in both plasma fractions in infants that were fed the formula with the highest level of LNA. The AA content of plasma lipids 
was higher in infants that received the lowest LNA formula, which was only half of what has been reported in breastfed infants. At 
" 20 days of age, the infants that were fed formula with the highest LNA content had the highest DHA levels in erythrocyte 
phospholipid fraction. In this fraction, the AA content did not differ at any time. The authors concluded that the LA:LNA ratios in 
hese four formulas do not result in DHA and M levels that are comparable to breastfed infants, but it is clear that the ratio of 
L. A:LNA plays an important role in achieving these levels. 

Billeaud et al. (1997) studied the effects of infant formula supplementation with a-linolenic acid on plasma and red blood cell fatty 
ids on premature infants. Thirty-one infants (gestational age -32 weeks) received formula that was supplemented with high a-

I nolenic acid (from rapeseed oil in an18:2n-6/18:3 n-3 ratio near 6/1). Thirty-two infants (gestational age -32 weeks) received 
brmula that was supplemented with a low a-linolenic acid (18:2 n-6/18:3 n-3 = 22/1). A third group of 25 infants that received only 
h.:man milk was included in the study. At day 2, 15 and week 37 measurements of crown-heel length, head circumference and 
t■Dcly weight was taken. A blood sample was drawn at these times to determine total plasma cholesterol, triglyceride, cholesterol 
Ester, phospholipid and red blood cell phosphotidylethanolamine levels. In all three groups, weight, length and head circumference 

ere the same throughout the study. The high a-linolenic acid group demonstrated biological values and DHA levels that were 
comparable to those of the human milk-fed group. The authors indicated that the effects of supplementation with high a-linolenic 

:Ad from low erucic acid rapeseed (LEAR) oil are more beneficial than low a-linolenic acid supplementation in formula. 

ensen et al. (1997) studied the effects of different levels of linoleic acid (LA) to a-linolenic acid (ALA) on the growth and visual 
finction of full-term infants. Eighty infants (gestational age 39.6 ± 1.7 weeks) were randomly assigned to receive one of four 
f:Irmulas that differed in ALA content from birth to four months of age. The formulas contained 16% of total fatty acids as LA and 

ther 0.4% in formula 1, 1.0% in formula 2, 1.7% in formula 3 or 3.2% in formula 4 of fatty acids as ALA (a LA:ALA ratio of 44, 18.2, 
c l 7 and 4.8, respectively). The fatty acid pattern of plasma phospholipids was determined after birth and at 21, 60 and 120 

3ys of age. Growth measurements were taken at these same times as well as at 240 days of age. Transient visual evoked 
r:sponses (VER) were measured at 120 and 240 days of age. Growth and VER were also measured in a group of 19 breastfed 
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lifants at 120 and 240 days of age. The mean weight of infants that were fed formula with the 3.2% ALA was 760 grams less at 
120 days of age than the mean weight of infants that were fed formula with 0.4% ALA. In addition, the group that was fed formula 
with 3.2% ALA had higher plasma concentrations of DHA and lower concentrations of AA at 21, 60 and 120 days of age. There 
were no differences in VER among formula groups or the breastfed group. The authors suggested that the lower LA:ALA ratios in 
nfant formulas may affect infant growth, and should not be adopted until this effect is studied further. It was postulated that the 

i:anola oil or other impurity that is used to lower the LA:ALA ratio may be responsible for this growth effect. 

1 4 :ennedy et al. (1999) studied the effects of a synthetic triacylglycerol in formula fed infants on stool characteristics and bone 
mineralization. One hundred and three healthy full-term infants were selected to receive either standard formula, and 100 infants 
'were selected to receive formula containing 50% sn-2 palmitate for 12 weeks. Both formulas were supplied by Nutricia (Cuijk, 
Netherlands) and contained 20% canola 011. 17 A reference group of 100 breastfed infants was included. At 6 and 12 weeks of the 
study, radial and whole-body bone mineral content and stool frequency, volume, consistency and fatty acid content were measured. 

he infants that received the sn-2 palmitate formula had higher whole-body bone mineral content, softer stools and a lower level of 
stool fatty acids than the infants that received the standard formula. The breastfed infants demonstrated similar results to the 
infants that received sn-2 palmitate formula. The authors concluded that these similarities warrant further investigation. 

Makrides et al. (2000) & Gibson et al (1998) compared the effects of infant formula that contained either a 10:1 or 5:1 ratio of 
I ioleic (LA) to a-linolenic acid (ALA) on the fatty acid status, growth and visual evoked potential (VEP) of term infants. Thirty-six 
Hants were fed formula containing a 10:1 ratio of LA:ALA while 37 infants were fed formula with a 5:1 ratio from birth to 34 weeks 
of age. The 10:1 formula included 35% oleo, 27% coconut oil, 23% soy oil, and 15% high-oleic safflower oil (percentage of total 
fatty acids in formula). The 5:1 formula included 35% palm dein, 25% coconut oil, 29% canola oil, and 11% soy oil. An additional 
reference group of breastfed infants (number not reported) was included in the study. At birth, 6, 16 and 34 weeks of age, all 
ilfants were assessed for weight, length, and head circumference, and a blood sample was taken to determine plasma and 
erythrocyte phospholipid fatty acid concentrations. Visual acuity was measured at 16 and 34 weeks of age. The infants in the 5:1 
formula group were heavier, longer and had a greater head circumference than the infants in the 10:1 group from birth, and this 
pattern continued throughout the study. The rate of growth was not different between the formula groups, but was higher than the 
b reastfed group between 16 and 34 weeks of age. The infants in the 5:1 formula group had higher plasma and erythrocyte 
mospholipid concentrations of DHA than infants in the 10:1 formula group. However, the DHA concentrations in the 5:1 group 
roere less than those in the breastfed group. The VEP was not significantly different between the formula fed infants and the 
b reastfed infants throughout the study. The authors concluded that the moderate increase in DHA concentrations in the 5:1 formula 
f?d group was not associated with growth rate and VEP acuity. 

Von Berg et al. (2003) studied the effect of hydrolyzed cow's milk formula for allergy prevention during the first year of life in infants. 
EIetween the years 1995 and 1998, 2285 infants with a hereditary disposition for allergic disease were included in the German 
.fant Nutrition Intervention Study and randomly assigned to one of 4 formulas: 1) cow's milk formula (CMF), 2) partially hydrolyzed 

\ohey formula, 3) extensively hydrolyzed whey formula, and 4) extensively hydrolyzed casein formula (eHF-C). The standard cow's 
r ilk formula and extensively hydrolyzed whey formula both contained 25 % fat blend as canola oil. 18 Mothers were advised to 
Etempt exclusive breast-feeding for at least 4 months, and the timing of weaning and formula introduction were left up to the 
r other. The study formulas were provided until the infants were at least 6 months old. After six months, mothers were advised to 
fi:ed no more than one solid food type per week and to avoid milk and dairy products. The infants were examined for allergic 

anifestations at 1, 4, 8 and 12 months of age. Allergic manifestations were defined as atopic dermatitis (AD), gastrointestinal 
ranifestation of allergy, allergic uticaria or a combination of these factors. At the conclusion of 12 months, 945 infants had been 
Exposed to one of the study formulas. The researchers found that using eHF-C formula compared with CMF significantly reduced 
tine incidence of allergic manifestations. The incidence of atopic dermatitis was significantly reduced by the eHF-c or partially 
hydrolyzed whey formula. The authors concluded that dietary intervention with a hydrolyzed formula may play a role in preventing 
e Ilergic diseases in the first year of life. 

1 Personal communication, Danone. 
11 Personal communication, Danone. 
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11 Personal communication, Danone. 
21 Personal communication, Danone. 
2 Personal communication, Danone. 

Personal communication, Danone. 
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1:1akker-Zierikzee et al. (2005) studied how the addition of the prebiotics, galacto- and fructo-oligosaccharides (GOS/FOS,) or the 
Frobiotic, Bifidobacterium animalis (Bb-12), to infant formula affected the intestinal microflora of infants during the first four months 
1;f life. Nineteen infants that received standard, non-supplemented formula were compared with 19 infants that received standard 
ormula supplemented with 6 g/L of GOS/FOS (prebiotic) and 19 infants that received the standard formula containing 6.0 x 1010 

, /iable Bb-12 cells/L (probiotic). The standard formula used in this study was Nutrilon I TM (Nutricia, Zoetermeer, The Netherlands), 
which contains up to 20% canola oil. 19 An additional group of 63 breasffed infants was also used for comparison. Fecal samples 
were taken at postnatal days 5, 10, 28 and once every 4 weeks thereafter. Compared with infants fed standard formula and Bb-12 
formula, the infants that were fed GOS/FOS formula had a higher fecal acetate ratio, lactate concentration, and pH after 16 weeks. 
- he metabolic activity of the intestinal flora in infants that were fed GOS/FOS formula was most similar to that of breastfed infants. 
- he metabolic activity of the intestinal flora in infants that were fed the Bb-12 formula was most similar to that of infants fed 

tandard formula. 

Houwstra et al. (2005) studied the effects of long-chain polyunsaturated fatty acid (LC-PUFA) supplementation in infant formula for 
hvo months on the neurological development outcome at 18 months. Full term infants were randomly divided into three feeding 
groups for two months: 169 infants were fed a control, standard formula; 146 infants were fed a LC-PUFA supplemented formula; 
Eind 159 infants were breastfed. The standard formula and the base formula for the LC-PUFA group was Nutrilon Premiumno 
(Nutricia, Zoetermeer, The Netherlands), which has a canola oil content of up to 20%. 20 This was a continuation of a study where 
tie authors showed that LC-PUFA supplementation results in a beneficial neurological effect at 3 months of age. In the present 
E -..udy, the authors wanted to address the same indices of neurological development at 18 months of age---the Hempel and Bayley 
:oales. The Hempel assessment results in a clinical neurological diagnosis, while the Bayley scale is an analysis of mental and 
psychomotor development. The groups did not show significant differences in neurological condition or psychomotor and mental 
cevelopment indices. The authors concluded that there were no effects of feeding on neurological condition at 18 months of age. 

Eiakker-Zierikzee et al. (2006) studied the effects of the prebiotic galacto-oligosaccharides (GOS)/fructo-oligosaccharides (FOS) 
and the probiotic Bifidobacterium animalis (Bb-12) in infant formula on fecal secretory immunoglobulin A (SIgA) secretion. The role 
of SIgA in the gastrointestinal tract is to increase the neutralization and clearance of viruses, and SIgA is transferred to infants from 
tle maternal breast-milk. The addition of a probiotic or probiotic to infant formula may support the endogenous production of SIgA 
in formula-fed infants. At birth, 19 infants were assigned to receive standard infant formula, 19 infants were assigned the standard 
formula containing 0.6 grams of GOS/FOS per 100 milliliters of formula, and 19 infants were assigned standard formula containing 
E x 109 colony forming units of Bb-12 per 100 milliliters of formula for 32 weeks. The standard formula used was Nutrilon ITM 
('Jutricia, Zoetermeer, The Netherlands), which contains up to 20% canola oiI. 21 A group of 63 breastfed infants were used for 
comparison. Fecal samples were taken on day 5, 10 and week 4 after birth to determine the SIgA levels by enzyme linked 
iinmunosorbent assay (ELISA). The SIgA concentrations were highest in the breast fed infants compared to the standard formula 
f:d infants throughout the study. With the infants that were fed the GOS/FOS formula, the fecal SIgA concentrations tended to be 

Igher compared to the infants fed the standard formula. There were no differences between the group that was fed the Bb-12 
fi; rmula and the standard formula. The authors concluded that infants may benefit from the addition of GOS/FOS to formula 
tecause of increased fecal SIgA secretion. 

% I n Berg et al. (2007) investigated the allergy preventive effect of three hydrolyzed infant formulas compared with cow's milk 
fi:rmula fed for the first 4 months of life until 3 years of age. This study was part of the German Infant Nutritional Intervention study 
tetween 1995 and 1998, which followed the development of atopic manifestations in 2252 infants with single or biparental heredity 
fcr atopy. These infants were allocated to a group that received coWs milk formula, partially hydrolyzed whey formula, extensively 
hydrolyzed whey formula or extensively hydrolyzed casein formula for the first 4 months of life. The standard cow's milk formula 
and extensively hydrolyzed whey formula both contained 25% fat blend as canola oil. 22The current study included 889 breastfed 
infants and 904 per protocol (PP) infants who were compliant feeding recommendations. Another group of 1363 intention-to-treat 
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TT) infants (which was made of all randomized infants) was also analyzed, The main outcomes that were studied were allergic 
manifestations, atopic dermatitis (AD) and asthma. There was a significant reduction in the incidence of AD in the ITT and PP 
infants that were fed the extensively hydrolyzed casein formula. None of the formulas reduced the incidence of asthma. The 
authors concluded that the incidence of AD, but not asthma, can be reduced with certain cow's milk hydrolyzates. 

II. Other Clinical Studies of Interest in Infants 

Henderson et al. (1992) investigated the effect of fish oil on the fatty acid composition of human milk and the erythrocytes of 
mothers and their infants. Five lactating women, 2-5 weeks postpartum, were given 6 grams of fish oil every day for 21 days. 

upplementation increased dietary levels to 3,092 mg of total n-3 fatty acids (FA) and 2,006 mg of very long-chain n-3 FA. All 
hfants were solely breasffed throughout the study. Milk samples were collected immediately prior to ingestion of fish oil capsules 
each day. On days 1, 7, 14 and 21, samples were also collected at 4, 8, 12 and 16 hours post-supplementation. Maternal and 
ilant blood was collected on days 1 and 21. Milk n-3 FA content increased within 8 hours and reached steady state levels within 
one week. The n-6 fatty acid content decreased. Erythrocyte eicosapentaenoic (EPA) and DHA content increased in mothers and 

infants. There was no significant change in DHA or n-6 fatty acid content. There were no significant changes in maternal or 
ilant tocopherol or platelet aggregation responses. The authors noted that the most significant finding of the study was that 
maternal fish oil supplementation increased the n-3 fatty acid and decreased the n-6 fatty acid content of milk. 

Boehm et al. (1995) investigated the fecal cholesterol excretion in very low birth weight infants (< 1501 grams) that were fed either 
a low or high cholesterol formula compared with low birth weight infants that were fed fortified breast milk. Forty-four infants were 
admitted to the study in Leipzig, Germany to determine the fecal cholesterol effects of the formulas, and 29 infants were studied in 
Milan, Italy to determine the serum cholesterol effects of the formulas. After the second week of life and full enteral feeding was 
established, 18 infants from Leipzig and 9 from Milan received fortified breast milk with a mean cholesterol content of 15.3 mg/dL. 
The additional infants (number of infants unclear) were fed either a high cholesterol formula with 30 mg of cholesterol/dL and a 
modified lipid composition or a standard formula with 5.5 mg cholesterol/dl. The fat blend of the standard formula was a mixture of 
vegetable oils and cow's milk fat. The fat blend of the high cholesterol formula was vegetable oil blend, cow's milk fat and egg yolk 
I pids (to give a fatty acid composition similar to breast milk). The canola oil content of these formulas was not reported. In the 
Leipzig study, a 3-day stool collection was performed after a 10-day feeding period. In the Milan study, blood samples were taken 
after a 14-day feeding period. The fecal cholesterol excretion was significantly higher in the group that was fed the high cholesterol 
brmula compared to the low cholesterol formula and the human milk-fed groups. The serum cholesterol concentrations were 
E miler between the high cholesterol-fed infants and the human milk-fed infants, but were significantly higher than the group fed the 
I 7.1w cholesterol formula. The authors suggested that preterm infants are able to regulate a higher cholesterol intake by increasing 
fecal cholesterol excretion. 

acobs et al. (1996) studied the effect of long chain unsaturated fatty acids (LPC) supplementation in infant formula on lipid 
peroxidation and antioxidants in preterm infants during the first six weeks of life. Thirty-five preterm infants (gestational age 30-35 

eeks) were divided in the following feeding groups: 13 infants received formula supplemented with n-3 LCP, 15 infants received 
:andard formula and 7 infants were fed breast milk. The standard preterm formula was NenatalO (Nutricia BV, Zoetermeer, The 

Netherlands). The canola oil content of Nenatal® was not reported. In the LCP formula, the linoleic acid was lowered and replaced 
by n-3 LCP from fish oil and oleic acid. Blood samples were collected on days 1, 3, 7, 14, 21 and 42 after birth in the formula 
ciroups and on days 1, 21 and 42 in the breast milk group. There were no abnormalities in weight gain, length and head 

rcumference in any of the groups. In the group that was supplemented with LCP, erythrocyte DHA levels remained stable, while 
i- the unsupplemented group, these levels declined. The supplemented group also had a reduced susceptibility to peroxide-

. duced oxidative stress compared to the unsupplemented group. There were no differences between the formula groups in any 
other parameters of lipid peroxidation. The authors suggested that healthy infants may be able to cope with any peroxidative stress 
produced by LCP supplementation.	 0 0 05 2 
Harmsen et al. (2000) compared the intestinal flora of breastfed infants with that of formula fed infants by using novel molecular 
i:lentification methods. It has been previously shown that the intestinal flora of breastfed and formula fed infants differ, and the 
authors of the present study used techniques such as fluorescent in situ hybridization (FISH) with a molecular 16S rRNA based 
technique to verify those results. Six breastfed and six formula fed infants were included in the study, and fecal samples were 
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collected at 4, 5, 7, 8, 12 and 20 days of life. The formula that was used in the study was a whey-predominant formula called 
N utrilon Premium (Nutricia, Zoetermeer, The Netherlands). The novel techniques were indeed able to demonstrate the intestinal 
f ora differences between the infants. For example, the breastfed infants the bifidobacteria levels were dominant while in formula 
fed infants similar amounts of bifidobacteria and Bacteroides were found. The techniques were also used to differentiate between 
tle minor components of the intestinal flora in both groups. 

igo et al. (2001) studied how an infant formula that is free of glycomacropeptide effects hyperthreoninemia in formula fed preterm 
fants. Hyperthreoninemia is a well-known occurrence in infants that are fed whey-protein predominant formula. Sweet whey 

furmulas are commonly used infant formulas that contain whey proteins and threonine-rich glycomacropeptides (GMP). The 
authors hypothesize that these GMP may be responsible for increased plasma threonine levels, resulting in hyperthreoninemia, 

hich may affect brain development because of its possible influence on glycinergic neurotransmission. Unlike sweet whey, acid 
hey does not contain GMP. In the present study, 14 preterm infants (about 34 weeks gestational age) were fed either formula that 
as sweet whey based or a formula that was acid whey (GMP-free) based for a feeding period of seven days. At the end of the 

feeding period, the nutrition of each infant was switched to the opposite formula for an additional feeding period of seven days. The 
c anola oil content of the formulas was not reported. At the end of each feeding period, the concentrations of threonine, creatinine, 

rea and amino acids were measured in the plasma and the concentrations of creatinine and amino acids were measured in the 
rine. In the plasma, the threonine levels were significantly lower in the group that was fed the GMP-free formula than in the group 

hat was fed the sweet-whey formula. In the GMP-free formula group, the renal excretion of threonine was lower while the excretion 
lysine, histidine and glycine was higher. The creatinine levels were not influenced by diet. The authors did not discuss how the 

c ross-over (switching nutrition after a feeding period) design affected the infants. The authors concluded that feeding an acid whey 
based formula reduces the hyperthreoninemia that is commonly found in formula fed preterm infants. 

Boehm et al. (2002) tested whether the addition of oligosaccharide to a standard bovine milk formula increased the fecal 
b ifidobacteria counts in preterm infants. The test formula was supplemented with 90% galacto-oligosaccharide and 10% fructo-
cdigosaccharide at a concentration of 10 grams/liter to resemble the composition of human milk. The supplemented formula was 
given to 15 preterm infants and the results were compared to 15 infants that were fed formula supplemented with maltodextrin as a 
placebo. The canola oil content of the formulas was not reported. A reference group of 12 infants that were fed fortified human 
milk was included in the study. The gestational age of all of the infants in the study was about 31 weeks. Fecal flora, stool 
characteristics and side effects were observed on days 1, 7, 14 and 28. Day 1 was defined as the first full day of formula feeding. 
During the study, the number of fecal bifidobacteria of the group that was fed oligosaccharide supplemented formula was in the 
upper range of the number that was observed in the human-milk fed reference group, and the difference between the supplemented 
and unsupplemented group was highly significant (p =0.0008). The stool frequency in the supplemented group resembled that of 
the human-milk fed reference group, while the stool frequency of the unsupplemented formula group was significantly lower. The 
Offerent diets had no effect on the occurrence of side effects such as vomiting and crying, and there was no difference in weight 
clain or length gain between the groups. The authors concluded that the supplementation of formula with oligosaccharides may 
help establish balanced intestinal flora in preterm infants. 

C arlson et al. (1987) studied the effect of fish oil supplementation on the n-3 fatty acid content of red blood cell membrane in 
preterm, very low birth weight infants. Preterm infants tend to have significantly reduced DHA in red blood cell membranes 
bllowing delivery unless they are fed human milk. The purpose of this study was to determine if a dietary source of DHA (MaxEPA, 
F. P. Scherer Corporation, USA) could prevent this decline in formula fed preterm infants. Nineteen unsupplemented infants and 
:!0 supplemented infants were observed for 4 weeks. The infants ranged in age from 10 to 53 days at the time of 
onrollment. Red blood cell DHA was measured bi-weekly during the study, and was found to decrease without supplementary 
I:HA. However, the infants that were supplemented with MaxEPA maintained the same DHA levels as at the time of enrollment. 
- he authors concluded that the pattern of red blood cell phospholipid fatty acids in the infants that were supplemented with 
IdlaxEPA was the same as preterm infants that were fed human milk. 000527 
I' icaud et al. (2002) investigated the effect of dietary cholesterol on vitamin D metabolism in formula fed preterm infants. Thirty 
ilants (10 per group) were randomly assigned to a formula that contained cholesterol levels that were lower, similar to or higher 
than human milk. The formulas therefore contained <0.03 g/L, 0.15 g/L or 0.30 g/L cholesterol, respectively. The canola oil content 
of the formulas was not reported. All infants were around 29 weeks gestational age at the start of the study and were fed the 
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brmulas until 40 weeks gestational age. Growth, serum hydroxy-vitamin D and 1,25-dihydroxy-vitamin D concentrations were 
measured at the beginning and end of the study. Serum cholesterol and lymphocyte 3-hydroxy-3-methylglutaryl coenzyme A 
mductase mRNA was also measured in a subgroup of 14 infants. There were no differences in any of these parameters between 
he three groups. The authors concluded that there were no disadvantageous effects of formula with a cholesterol content similar to 
o r higher than human milk, but the long-term effects require additional study. 

floehm et al. (2003) tested whether the prebiotic effect of human milk oligosaccharides can be duplicated by the addition of galacto-
oligosaccharides (GOS) and fructo-oligosaccharides (FOS) to formula in preterm infants. In the experimental formula, a mixture of 

)D')/0 GOS and 10% FOS was added to a standard preterm formula. This mixture closely resembles the molecular mass of the 
rieutral human milk oligosaccharide fraction. In a control group, a similar quantity of maltodextrins was added to formula as a 
placebo. The canola oil content of the formulas was not reported. At a gestational age of approximately 31 weeks, 15 infants 
received the control formula, 12 infants received the GOS/FOS formula while 15 infants that were fed human milk were used as a 
reference. Microbiological analysis of the stool was performed at birth and days 7, 14 and 28 after the start of supplementation. 
/4ter 28 days, the group that was fed GOS/FOS formula had a fecal bifidobacteria number that was in the upper range of the 
r Arence group, while the group that was fed the control formula had a bifidobacteria number that fell in the lower range of the 
mference group. The characteristics of the stool in the GOS/FOS group, such as frequency and consistency, resembled that of the 
human milk-fed reference group as well. The authors concluded that the addition of prebiotic mixtures may help in improving 
blerance to formula feeding in preterm infants. 

Forsyth et al. (2003) studied how infant formula supplemented with long chain polyunsaturated fatty acids (LCPUFAs) influenced 
blood pressure in later childhood. This study was a follow-up to a 1992 multicentered trial in Europe where full-term infants were 
f:rd either a standard formula or a formula that was supplemented with 0.3-0.4 grams of AA and 0.15 to 0.25 grams of DHA (per 100 
.cirams of fat). The present study included 65 children that had been fed LCPUFA supplemented formula, 71 children that had been 
fE:d standard formula and a reference group of 83 breastfed children. The LCPUFA source was egg yolk. The canola oil content of 
he formulas was not reported. At a mean age of 70.1 months, the systolic, diastolic and mean blood pressure was measured in all 
of the children. The group that had been fed LCPUFA supplemented formula had a significantly lower mean and diastolic blood 
pressure than the non-supplemented group. Systolic blood pressure was also non-significantly lower. The diastolic pressure of the 
breastfed children did not differ from that of the children fed LCPUFA formula. The authors concluded that supplementation with 
L.CPUFA during infancy may be associated with lower blood pressure and decreased cardiovascular risk during adulthood. 

Fanaro et al. (2005) tested the effects of three oligosaccharicle components in formula to mimic the composition of human milk on 
the intestinal flora of full-term infants. A group of 16 infants received a formula that was supplemented with 0.2 g/dL of acidic 
oligosaccharides derived from citrus pectin, which mimics the concentration of acidic oligosaccharides in human milk. A second 
proup of 15 infants received formula with 0.2g/dL of acidic oligosaccharides in combination of 0.6g/dL of galacto-oligosaccharide 
(GOS)/fructo-oligosaccharide (FOS) mixture, which mimics the total concentration of oligosaccharides as well as the ratio between 
rleutral and acidic oligosaccharides in human milk. A control group of 15 infants were fed a formula that was supplemented with 
0.8g/dL maltodextrin as a placebo. The canola oil content of the formulas was not reported. The study duration was from day 1 
(when formula feeding was established) to six weeks. At these time points, fecal samples were collected. In the group that 
received acidic oligosaccharides and GOS/FOS, the fecal bifidobacteria and lactobacilli counts were significantly higher than the 
other two formula groups. In addition, the stool frequency was increased in this group compared to the control group. There were 
r ro differences in growth, vomiting and regurgitation frequency between the groups. The authors concluded that the 
r.upplementation with acidic oligosaccharides did not affect intestinal flora because the observed effect is what has been previously 
r..Ben in a group that received GOS/FOS supplemented formula alone. 

Fianese et al. (2008) investigated whether a short period of total parenteral nutrition (TNP) in newborns would increase phytosterol 
brvels in plasma and induce their accumulation in the red blood cell membranes (RBCM). Phytosterols, cholesterol, and other 
rrterol levels were quantified by gas chromatography-mass spectrometry in 15 healthy control infants, 22 patients after TPN, and 11 
patients before TPN. Sterols of lipid emulsions were quantified. All of the patients studied received 75% of energy from parenteral 
nutrition according to standard protocols based on parenteral nutrition according to standard protocols based on age-related 
nutrient requirements. The lipid component of TPN was provided through a lipid emulsion based on soybean oil. A significant 
increase in plasma and RBCM phytosterol levels were noted compared to control as well as before and after TNP. The days of TPN 
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id the total amount of infused lipids correlated significantly with RBCM phytosterol. Correlations for plasma were positive but not 
ignificant. No correlation was observed with plasma bilirubin, gamma-glutamyltransferase, or alanine transaminase. Higher 

r iytosterol levels were observed in some patients that could have been due to their individual variability in phytosterol metabolism 
id/or clearance. The investigator suggested that a greater accumulation of phytosterols in membranes may induce TPN-related 

c holestasis. It should be noted that in this study the route of administration was intravenous. 

2 Toxicology Studies Related to Cardiotoxicity Since 1985 

The only toxicology studies found for cardiotoxicity conducted since 1985 were done in the Wistar Kyoto (WKY) rat including 
arious substrains that are spontaneously hypertensive. Many researchers believe that the spontaneously hypertensive rat (SHR) 
a good model for genetic hypertension because it develops heart failure due to aging, much like humans (Bing et al., 2002). The 

, ;HR develops hypertension and cardiac hypertrophy during the first quarter of life. The SHR develops hypertension at around two 
rionths of age, which tends to remain stable until about 18 months of age, when impaired function is observed. 

The SHR has been a useful model to study the mechanisms that contribute to heart failure, as well as potential preventions and 
t-eatments. Several studies are summarized below that used the SHR as a model to determine how dietary fatty acids affect these 

iimals that already have a tendency to display impaired cardiac function. The spontaneously hypertensive rat (SHR) can also be 
i. 3ed to study other cardiovascular diseases such as stroke. 

Many studies have been done to investigate the effect of lipids in these models. Studies conducted since 1985 on canola oil and its 
mytosterols are summarized below. However, many findings in these rats are contrary to experience in humans. For instance, 
SHR rats fed canola or corn oils have shorter life spans in comparison with animals fed soybean oil. Olive oil shortens survival to a 
c,reater extent of any other oil (Ratanayake et al., 2000a, b). Canola phytosterols also shorten survival and some of the studies 
reviewed in this section further studied the effects of canola phytosterols in these rat models. As discussed above vegetable oils 
contain basically the same phytosterols only in varying amounts. However, phytosterol content cannot be the entire answer 
observed for the effects of vegetable oils because olive oil has much lower phytosterol content than other oils tested. 

uang et al. (1996) studied the effects of rapeseed and other dietary oils on the survival time of stroke-prone spontaneously 
hypertensive (SHR-SP) rats. The animals (age and number not reported) were fed one of 8 diets: a conventional diet that was 

Jpplemented with 5 or 10% of either canola oil, soybean oil, microbial oil or perilla oil. Four experiments were performed but were 
problematic because the authors reported that the diets had varying water contents and speculated that some deaths were due to a 
failure to properly control the housing temperature. Despite these limiting conditions, the authors report that the rapeseed oil group 
had a significantly shorter survival time in all four experiments. The relative mean survival times were 50-59% (rapeseed oil group), 
;'8-106% (soybean oil group) and 86% (microbial oil group) as compared with the group fed perilla oil (100%). Histological and 
physiological observations on rats revealed paralysis of the limbs in 2 out of 16 rats fed rapeseed oil and thrombosis-related 
vacuole formation in 2 out of 6 rats in the rapeseed oil group. The authors concluded that rapeseed oil may contain one or more 
1 actors that are toxic to SHR-SP rats. 

Miyazaki et al. (1998) investigated how partially hydrogenated vegetable oils affected mortality in stoke-prone spontaneously 
hypertensive (SHR-SP) rats. Male rats (seven animals each) were weaned at 4 weeks of age to a conventional diet supplemented 
■‘ith 10% (w/w) rapeseed oil, soybean oil, partially hydrogenated rapeseed oil or partially hydrogenated soybean oil for 11 weeks. 
The animals also received a 1% sodium chloride in water drinking solution. Both partially hydrogenated rapeseed and soybean oils 
as well as rapeseed oil shortened the survival time of SHR-SP rats by 40% as compared with soybean oil. No significant 
differences were observed in the plasma free cholesterol, total cholesterol, total triacylglycerol, total phospholipids, aortic total 
cholesterol or aortic phospholipids among the three dietary groups. There were also no differences in blood pressure due to any 
lieatment. Only soybean oil and partially hydrogenated soybean oil affected the fatty acid profiles of plasma and aortic lipids in a 
!;imilar manner. The authors concluded that it will be important to identify the reason certain oils shorten the life span of the SHR-

lp rat.	 0 0 0 5 2 9 
klaito et al. (2000a) studied the effect on the blood pressure m WKY rats of a 13-week diet that contained either 10% canola oil or 
:;oybean oil as the only dietary fat source. Twenty male WKY rats (5 weeks old) were divided into two groups and fed diets that 
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c ontained 10% canola oil or 10% soybean oil. Blood pressure (from 5 animals from each group), water intake and food 
c onsumption were measured weekly. At week 13, urine samples were collected to determine electrolyte levels. After the 13-week 
f:eding, blood samples were taken from the inferior vena cava vein. There were no differences between the groups in water intake, 
fi:od consumption and body weights. The blood pressures in the canola oil group were significantly higher than those in the 

oybean oil group from week 5 until the conclusion of the experiment. The canola oil group also showed a decreased density of 
latelets and a higher density of neutrophils compared to the soybean group. Plasma levels of glucose and potassium decreased, 

eid total cholesterol, free cholesterol, triglycerides and phospholipids increased in the canola oil group compared with those in 
Eaybean oil group. There were no differences in urine volume or electrolyte excretion between the two groups. After sacrifice, liver 
E.(amination showed depressed activities of catalase and superoxide dismutase in the hepatic cytosol in the canola oil group. The 
E rjthors concluded that further studies are needed to understand the meaning of these changes. 

Naito et al. (2000b) studied the blood coagulation and osmolar tolerance of erythrocytes in stroke-prone, hypertensive rats given 
rapeseed (canola oil) or soybean oil as the only dietary fat. Twenty male stroke-prone, spontaneously hypertensive rats (7 weeks 
c d) were divided into two groups and fed diets that contained 10% canola oil or 10% soybean oil as the only fat source for four 
v4eeks. After four weeks, blood samples were taken from the inferior vena caval vein for analysis. The authors found that in the 
c anola oil group, the activated partial thromboplastin time was significantly shorter than in the soybean oil group. In addition, the 
E -ythrocytes in the canola oil group were less tolerant to low osmotic pressure than the soybean oil group. There were no 
c fferences in plasma calcium, platelet density and platelet aggregation between the two groups. The authors concluded that the 
c oagulation time and erythrocyte fragility in the canola oil group may contribute to the cause of strokes in these rats. 

Naito et al. (2000c) studied the effect of the dietary intake of canola oil or soybean oil as the only fat source on the blood pressure 
and pathophysiology of Wistar Kyoto (WKY) rats and spontaneously hypertensive rats (SHR). Animals of each strain were divided 
into two groups of ten animals at five weeks of age. The animals were either fed a diet of 10% canola oil or 10% soybean oil as the 
only fat source for 26 weeks. Ddnking water containing 1% sodium chloride (NaCI) was given to the animals, which has shown to 
elevate blood pressure. Food consumption, water intake and blood pressure were measured once a week. At 26 weeks, urine 
.amples were taken for electrolyte analysis. At the end of the 26 th week, blood samples were taken for the inferior vena cava vein. 
The thoracic aorta was isolated from the animals whose blood pressure was measured, and one aortic ring of 3 mm in length was 
p'epared. The preparation was constricted by 3x10- 6 M phenylephrine and dilation responses induced by acetylcholine (10-9-10-5M) 
end nitroprusside (10-5 M) were examined. Isolated, perfused mesenteric arteries were also prepared, and the effect of veratridine 
(a sodium channel activator) was examined in the mesenteric arteries of other animals than those for which blood pressure had 
teen measured. The gross observation and urinalysis results show that there were no differences in food intake, water intake or 

lectrolyte balance between the groups. In both strains, systolic blood pressures in the canola oil group were higher than the 
)ybean oil group from 10 weeks until the completion of the study. Platelet counts were decreased in the canola oil group in both 

E :rains compared to the soybean group, and neutrophil counts were increased in the canola oil group compared to the soybean oil 
firoup in SHR only. In the canola oil group of SHR, the plasma glucose and potassium levels decreased. In both strains, the total 
c iolesterol, free cholesterol, triglyceride, high density lipoprotein and phospholipid levels were higher in the plasma of the canola oil 
ciroup compared to the soybean oil group. Gross necropsy showed that the heart weight was higher in the canola oil group in the 
;HR. In the WKY rats, the kidney weights were higher in that canola oil group compared to the soybean oil group. Acetylcholine-
nnd nitroprusside-induced dilating responses of isolated aortic rings and norepinephrine- and veratridine-induced increases in 
vascular tone of isolated perfused mesenteric arteries were riot different between the two groups in each strain. These results 
demonstrate that canola oil elevates blood pressure of the rat provided with drinking water containing 1% NaCI through 
mechanisms other than blunt dilating response of the blood vessel due to dysfunction of the endothelium or vascular smooth 
muscle, the augmented response to norepinephrine in the arteries, and the increased amount of norepinephrine in the sympathetic 
nerve endings. The authors conclude further studies are needed to illustrate the mechanism of these changes. 

katnayake et al. (2000a) studied how dietary oils affected the life span of the stroke-prone spontaneously hypertensive (SHR-SP) 
lat. One hundred and eighty four SHR-SP rats, at about 47 days old, were split into 8 dietary groups of 23 rats each. The diets 
were standard rat chow (control) or had the addition of one of the following: 10% canola oil, high-palmitic canola oil, low sulfur 
i;anola oil, soybean oil, high-oleic safflower oil, a fat blend that mimicked canola oil or a fat blend that was high in saturated fatty 
nids. A 1% sodium chloride solution was used as drinking water to induce hypertension. After a dietary period of 37 days, 5 rats 
mom each group were sacrificed for blood and tissue samples, while the remaining animals were studied for their life span. The rats 
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t -at were fed non-canola oil diets lived longer than those on canola oil diets by a mean of 6-13 days. There was no difference in 
s urvival time between rats fed canola oil and rats fed low sulfur canola oil, suggesting that the sulfur content in canola oil has no 
E ifect on survival time. The high-palmitic canola oil group lived slightly longer than the other two canola oil groups. There were no 
c ifferences in blood pressure or hematological indices between the groups. The campesterol, sitosterol and phytosterol levels in 
t-e liver and brain of the animals fed the canola oil diets were highest. The presence of these sterols in the diet, liver and brain of 
t-ese animals showed a strong inverse relationship to survival time. The authors concluded that the high content of phytosterols 
r ay contribute to the life shortening mechanism in SHR-SP rats. In another study, Ratnayke et al. (2000b) reported that the high 
concentration of phytosterols in CA and the addition of phytosterols to other fats make the cell membrane more rigid, which might 
I 13 a factor contributing to the shortened life span of SHRSP rats. In this study, although phytosterols, including brassicasterol were 
r 1 .esent all oils that were fed to rats, these sterols were barely detectable in erythrocytes of all of the dietary groups. 

Naito et al. (2003) studied the effect of ingested rapeseed oil on hypertension related symptoms in stroke-prone spontaneously 
ypertensive rats (SHR-SP). Forty male SHRSP (5 weeks old) were divided into two equal groups and fed a diet containing either 

10% canola oil or 10% soybean oil as the only fat source for their entire life span. The erucic acid content of the canola oil diet was 
C 4%. The animals were also provided with drinking water that contained 1% sodium chloride (NaCI) to accelerate the progress of 
l'ypertension. The parameters measured were life span and onset of stroke symptoms. An additional 4-week study was conducted 
with 20 SHR-SP (5 weeks old), divided into the two above feeding groups, but without the 1% NaCI in the drinking water. Among 
t-e parameters measured in this experiment were blood pressure, sterol measurement, and sodium and potassium ATPase activity. 
I the lifespan study, the life span of the canola oil group was an average of 6 days shorter than the soybean oil group. Although 
he onset of stroke symptoms was observed in both groups, the onset was earlier in the canola oil group than the soybean group. 
There were no differences in the incidence of cerebral hemorrhage or lesion type between the groups. In the second experiment, 
t -le systolic blood pressure in the canola oil group was higher than that of the soybean oil group at the conclusion of the 4 weeks. 
I -1 the canola oil group, the levels of campesterol and 13-sitosterol were found to be higher in both plasma and erythrocyte 
nembranes than in the soybean oil group. The activity of the sodium and potassium ATPase was elevated in the brain, heart and 
hdney of the canola oil group. The authors concluded that the changes in the 4-week study may be the underlying mechanisms for 
he shortened life span in canola oil group in the life span study. 

Ogawa et al. (2003) investigated possible effects of phytosterol additives on blood pressure and stroke onset in spontaneously 
hypertensive rats. Four groups of 8 male SHR-SP were provided with one of the following diets at 6 weeks of age: 1) 10% canola 
cd; 2) 10% soybean oil; 3) soybean oil plus 0.6% phytosterol (SO + 0.06P diet); or 4) soybean oil plus 4.5% phytosterol (SO + 
(i.45P diet). All animals had access to drinking water containing 1% sodium chloride to accelerate the progress of hypertension. 
–he duration of the study was the entire life span of the animals. Blood pressures were measured on the 24 th day of the study. All 
animals were observed for the onset of stroke and were examined following death. In addition, to characterize the intestinal 
phytosterol absorption, the intestinal mRNA expression of Abcg5 and Abcg8 (ATP binding cassette transporters G5 
and G8), which are involved in the selective transport of dietary sterols in the intestine were examined. For this aspect of the study, 

HR-SP, Wistar Kyoto and Wistar rats that were fed the soybean oil diet and plain water for two weeks were evaluated at 7 weeks. 
Luring the rat life span study, systolic blood pressure in the SO + 0.45P and the SO + 0.06P groups increased compared to the 

oybean oil group. The survival time after the onset of stroke was shortest in the canola oil group and the onset of stroke time was 
r,hortest in the SO + 0.45P group. The SO + 0.45P group and the canola oil group had the shortest life spans overall. In the mRNA 
axperiment, there was a significant decrease in the intestinal expression of Abcg5 and Abcg8 in SHRSP and Wistar Kyoto rats 
compared to Wistar rats. The authors conclude that this may result in an accumulation of phytosterol in the intestines and may be 
an explanation for the early onset of stroke in these animals. In the life span study, the authors concluded that the addition of 
phytosterol to soybean oil in the diet elevated the systolic blood pressure and promoted early onset of stroke. However, a five-fold 
greater level of phytosterol in soybean oil was required to produce an effect equivalent to that seen with canola oil. 

atematsu et al. (2004) investigated the effect of dietary canola oil and soybean oil (and particularly their phytosterols) fed to rat 
dams on the growth and survival of pups. Female SHR-SP at 4 weeks of age were randomly divided into two groups of 9-12 rats 
cach. The two groups either received a basal diet with the addition of soybean oil or canola oil at a ratio of 9:1 (basal diet: fat 
;ldditive or 10%). At 11 weeks of age, the rats were mated with male SHR-SP. Four weeks after parturition, the resulting pups 
were divided into 2 groups: half received the same diet as their mothers (Can—Can and Soy--Soy groups) and the other half 
ii. ceived the other diet (Can—>Soy and Soy–+Can groups). The growth rate of the pups that were from the canola oil fed dams 
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was severely reduced and there were also fewer pups per dam in the canola oil fed group. The survival rate of the male pups only 
was monitored, and was found to be significantly lower in the Can—Can group than in the Soy—+Can group. The survival rate of 
the pups was also found to be significantly lower in the Can—+Soy group than in the Soy—>Soy group. The fatty acid and sterol 
composition of the dams' serum and milk lipids were analyzed. The serum lipids of the canola oil group consisted of significantly 
rore octadecenoic and less linoleic acid than those of the soy group. The proportions of EPA and DHA were greater in the canola 
cil group than in the soybean oil group. The composition of the diets in these studies was well characterized. Neither the canola oil 
r or soybean oil used contained measurable erucic acid. As typically occurs, the canola oil was richer in linoleic acid than the 
soybean oil and the soybean oil was richer in linolenic acid than canola oil. The canola oil contained 1.7 times more total 
r nytosterol than the soybean oil (1.63 pmol/g diet vs 0.95 pmol/g). Canola oil contained low levels of brassicasterol (0.18 pmol/g 
c let) while none was detected in the soybean oil. The canola oil contained about 3 times more campesterol than the soybean oil 
(1.28 pmol/g diet vs 0.95 pmol/g). In addition, the proportion of phytosterols in the total sterol fraction and the 
r hytosterol/cholesterol ratio was greater in the canola oil diet than in the soybean oil diet. The authors discussed the fact that SHR 
End the parent WKY strain are more susceptible to phytosterolemia than other strains of rats. They also noted that the beneficial 
Effects of canola oil in the Lyon Diet Heart Study, where canola oil and olive oil were found to be effective in the prevention of 
coronary heart diseases. The authors pointed out that there is little epidemiological evidence to suggest that rapeseed oil is 
cetrimental to human health. Therefore, the authors concluded that, although canola oil is detrimental to SHR-SP rats, there is no 
E vidence that these findings are related to humans. 

Chi et al. (1997) studied the effect of dietary fat on blood pressure and plasma lipids in SHR. Four-week-old male rats were divided 
into 5 dietary groups of 11 rats each for 12 weeks. The major fat source in diet 1 was beef tallow (source of saturated fatty acids), 
in diet 2 was olive oil (source of n-9 monounsaturated fatty acids), in diet 3 was corn oil (source of n-6 polyunsaturated fatty acids), 
and in diet 4 was fish oil (source of n-3 polyunsaturated fatty acids). Diet 5 contained the same amounts of EPA and DHA and 
similar amounts of other fatty acids as in diet 4. Systolic blood pressure was taken before the experiment and on weeks 4, 8, 10 
and 12. At the end of the 12th week, rats were fasted overnight, and blood samples were taken by heart puncture. The increases 
in blood pressure of SHR rats fed the diet containing fish oil were significantly decreased compared to the diets containing beef 
tallow or corn oil. The reduction of blood pressure was due to n-3 fatty acids in fish oil since the rats fed diet 5 exhibited similar 
reduction in blood pressure. Plasma triglycerides, cholesterol and HDL cholesterol were also significantly reduced in rats fed the 
c ets containing fish oil or n-3 ethyl esters. The authors concluded that dietary n-3 fatty acids from fish oil positively affect 
t ypertension and plasma lipids. Although this study did not examine the effects of canola oil, it is still a relevant analysis on the 
effect of specific fatty acids on physiological status in rats. 

11 a 26-week study, Ohara et al. (2008) investigated effects of dietary intake of canola oil and soybean oil on plasma lipid levels, 
(;,6PD activity andcyclooxygenase-2 (COX-2) expression in spontaneously hypertensive rats. The rats were fed for 26 weeks on a 
lc now containing either, 10 % of corn oil, or soybean oil (control). Elevated plasma lipids and G6PD activation in the liver and 
erythrocyte were found in SHR fed canola oil compared to soybean oil, while anti-oxidative enzymes other than G6PD were not 
activated. The canola oil feeding caused significant vascular lesions in the kidney, in which abundant COX-2 positive foci were 
i munochemically located in the juxtaglomerular apparatus. The results of this study suggest that dietary canola oil induces a 
hyperlipidemic condition, in which G6PD may serve as an NADPH provider, and aggravates genetic diseases in SHR (also, 
probably, in SHRSP). The results obtained in the rats may not be directly applicable to humans, because the dynamics and 
metabolism of lipids in the liver may differ between rodents and other species, including humans. 

In another 13-week study, Ohara et al. (2008) investigated whether fatty acid composition unique to canola oil causes the adverse 
effect. Canola oil or an interesterified canola oil mimic (ICOM) consisting of safflower oil, flaxseed oil and erucic acid was fed as a 
dietary fat for 13 weeks to Wistar Kyoto (WKY) rats, and clinical and pathological signs were compared. WKY rats were used to 
avoid the difficulty in evaluating the results in SHRSP due to irregular deterioration in conditions by stroke. Compared to a standard 
diet, both diets containing canola oil or ICOM similarly elevated blood pressure, increased plasma lipids, activated hepatic glucose-
li-phosphatedehydrogenase, decreased platelets, shortened blood coagulation times and induced abnormalities in the kidney. The 
ilasults of this study indicate that canola oil specific fatty acid composition affect the pathophysiology of the rat and produce 
consequent aggravation of pathological status, especially in SHRSP. However, the existence of causative factors other than fatty 
.cids was suggested by increased neutrophil count exclusively induced by CO. 
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5. Role of Lipids in Blood Cell Membrane Structure & Function 

11 is evident that there is a significant relationship between dietary fatty acid intake and hemostatic physiology. Hemostasis controls 
tlie fluidity of the blood, an imbalance of which contributes to atherosclerosis, thrombosis, and eventually coronary heart disease. 
E ood fluidity is in part regulated by platelets and the blood coagulation system. Dietary fatty acids can modulate platelet function 
ty modifying the phospholipid fatty acid composition of platelet membranes. Phospholipid fatty acid composition may have effects 
cn the properties of the cell membranes, which can cause changes in receptor activities and intracellular signaling (Freese, 2001). 

averal studies on the role of dietary lipids in blood cell and platelet membrane structure and function in rats and humans are 
summarized below. 

Mawatari et al. (2003) studied how high dietary cholesterol affected erythrocyte membrane lipids in rats. Sixteen male Wistar rats, 
10 weeks old, were fed a basal diet for 10 days. After the ten days, 8 of the rats remained on the basal diet while 8 received a 
basal diet that was supplemented with 0.5% cholesterol and 0.15% sodium cholate for six weeks. In an additional experiment, 18 
rats (10 weeks old) were fed a basal diet for 7 days and were then divided into 3 groups of 6 rats each. One group remained on the 
basal diet, the second group received 0.5% cholesterol supplemented diet, and the third group received 0.5% cholesterol and 
C.15% sodium cholate for two weeks. After the experiment duration, blood samples were taken from all animals to examine 
erythrocyte membranes. There were not many significant differences between feeding the rats the various diets for two weeks and 
six weeks. Diets containing 0.5% cholesterol 0.15% sodium cholate induced a decrease in the erythrocyte membrane cholesterol, 
an increase in a-tocopherol and changes in the fatty acid phospholipids. The two-week diet that was supplemented with cholesterol 
alone also induced these changes, which indicates that it is the cholesterol addition that is responsible, not the sodium cholate. The 
authors concluded that a high cholesterol diet does in fact influence erythrocyte membrane composition. 

Erman et al. (2006) investigated how the consumption of different types of oil affected the fatty acid composition of leukocyte 
membranes in humans. All subjects were males between the ages of 20 and 40. They ate three similar meals each day with a total 
Gaily calorie intake of 1,800-2,000 KCal (carbohydrate 40%, proteins 20%). The study duration was four months, and the oil intake 

y each participant totaled 40 g of fat per day. Fifteen participants were categorized as butter (2.5 mg/g cholesterol), 15 were 
categorized as fluid (Olive oil brand name: Tads), 15 were categorized as margarine (brand names: Sana Yag, Yayla Yag, and Evin 
Yag) and 15 were categorized as mixed types (fluid+ cow butter + margarines) of oil user. Venous blood samples were taken after 
curation of the study to compare leukocyte membrane fatty acid composition. Arachidic, dihomo-y-linolenic and palmitoleic acids 
were more prominent in the butter and mixed oil-user groups Eicosadienoic, eicosamonoenoic, dihomo-y-linolenic and behenic 
C cids were more prominent in the fluid oil group, while heptanoic, valeric, eicosadienoic and linolenic acids were more prominent in 
t te margarine group. The authors concluded that the consumption of different oils does affect the fatty acid membrane composition 
c leukocytes. 

nlman et al. (1995) studied the effects of dietary sunflower seed oil and flaxseed oil on the platelet composition and function in 
It aalthy men. Eleven subjects (- 22 years of age) were recruited to consume either 40 g of flaxseed oil (5 subjects) or sunflower 
,ttiaed oil (6 subjects) for 23 days. When the oils were added to the diet, the subjects' fat consumption did not exceed 40% of total 
E . iergy. Fasting blood samples were collected at the beginning and end of the study for analysis of platelet aggregation and platelet 
fatty acid composition. The platelet eicosapentaenoic acid (EPA) more than doubled in the flaxseed oil group but remained 

iaffected in the sunflower seed group. The EPA:arachadonic acid (AA) ratio increased in this group, considered a marker for 
hrombaxane production, which increases the potential for platelet aggregation. The aggregation response of the platelets was 
i • duced by using 0.75 and 2 pg/ml of the collagen. The aggregation response in the platelets from the flaxseed group was reduced. 
-he authors concluded that flaxseed oil, which is rich in a-linolenic acid, has the tendency to decrease the aggregation potential of 
platelets. 

f; uiz-Gutierrez et al. (1997) studied the effects of dietary olive oil (00) and high oleic sunflower oil (HOSO) on human plasma and 
arythrocyte membrane lipids. Twelve females, aged 54±3 years were fed 00 or HOSO as the sole source of monounsaturated 
fatty acids (MUFA) over two 4-week periods, with a 4-week wash out period between the two diets. Venous blood was obtained 
before and after each phase of the study. Plasma low-density lipoprotein (LDL) cholesterol decreased by 9 and 6% after 00 
andHOSO diets, respectively. There was a significant increase of 18% after 00 diet and 12% after HOSO diet in plasma high-
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density lipoprotein (HDL) cholesterol. Free cholesterol decreased by 20% and esterified cholesterol decreased by 41% in the 
erythrocyte membrane after 00 diet, but did not after HOSO diet. Erythrocyte phospholipids were also increased by 10% after 00 
(let after following the 00 diet, which decreased the molar ratio of cholesterol to phospholipids in the membrane. The authors 
oncluded that even though the MUFA content in 00 and HOSO is similar, dietary 00 may be more beneficial in reducing the 

etherogenic risk profile in humans. Therefore, these benefits may not be due to the MUFA content alone. 

Berra et al. (1998) compared the effects of a diet with normal or high oleic acid sunflower oil (HOSO) on serum lipids and the lipid 
omposition of red blood cell membranes in humans. Nineteen subjects (age 50-70) that showed angiogenic signs of artheriopathy 

end moderate signs of dyslipidemia were used for the six-month study. Ten subjects received vitamin E enriched HOSO containing 
13% oleic acid, and 9 subjects received standard sunflower oil (SSO). Red blood cell membrane lipid composition was determined 
ef the beginning and end of the study and after 3 and 6 months. In the HOSO group, a significant increase in high density 
I poprotein (HDL) cholesterol was observed after three and six months. In the red blood cell membranes, the phospholipid and 
ciolesterol content decreased in the HOSO group. In addition, the linoleic and M decreased significantly in the HOSO group. The 
authors concluded that red blood cell membranes are influenced by dietary fatty acids. 

Vicario et al. (1998) supplemented the diets of healthy adults with olive oil to study the effect on membrane fatty acid content and 
platelet function. Ten male and female subjects, aged 29-47, were given a daily supplement of 30 g of olive oil for six weeks. 
Fasting blood and cheek cell samples were taken before the study, after 21 and 42 days of supplementation and 30 days after 
f nishing the supplement. Cheek cell samples were analyzed because they are a good indicator of short-term dietary changes due 
to their rapid turnover. Oleic acid (C18:1 n-9) was significantly increased in platelet and cheek cell phospholipids. No significant 
change in C18:1 n-9 was found in erythrocytes. There was a nonsignificant decrease in platelet phospholipid AA (20:4 n-6) after 
tie supplementation. C18:1 n-9 did not remain in platelet membranes 30 days after the subjects stopped consuming the olive oil 
supplement. There were no significant changes in serum lipids throughout and after the study. Platelet aggregation potential, 
induced by adenosine diphosphate, remained unaffected by olive oil supplementation throughout the study. The authors concluded 
hat olive oil supplementation induces significant changes in platelet and erythrocyte membrane composition without changing 
s erum lipid levels, and further work needs to be done to assess the importance of these changes. 

Vongild et al. (1998) investigated the influence of various dietary marine oils and olive oil on the fatty acid composition of serum and 
patelets as part of an extensive study of the effects of these oils on symptoms associated with cardiovascular/thrombotic diseases. 
Healthy subjects (124 females and 149 males), aged 16-69 years of age were randomly assigned to consume 15 
nUday of cod (Gadus morhua) liver oil (CLO),olive (Olea europea) oil, refined and unrefined oil from the blubber of minke whale 
(Balaenoptera acutorostrata), mixtures of CLO and harp seal (Phoca groenlandica) blubber oil (1:1, vol/vol), CLO and olive oil (1:1, 
ol/vol), and no oil (control group) for 12 weeks. Blood samples were taken before the start of the study and 8 and 12 weeks after 
upplementation. In the CLO, seal oil/CLO, and whale oil groups, serum levels of eicosapentaenoic acid (EPA) were increased. In 

platelets, EPA was increased in the CLO, seal/CLO, and olive oil/CLO groups. No significant differences in triacylglycerols (TG), 
total cholesterol, or high-density lipoprotein cholesterol were observed. Mean platelet volume increased significantly in both whale 
oil groups and the CLO/olive oil group. Platelet count was significantly reduced in the refined whale oil group only. 
fipopolysaccharide-stimulated blood tended to generate less thromboxane132in CLO, CLO/seal, and CLO/olive groups. 
-hromboxane B2 is regarded as a parameter of platelet functionality and there is a nonlinear relationship between thromboxane 
production and platelet aggregation. The authors concluded that the intake of various marine oils affect platelet membranes in a 
favorable, antithrombotic way. 

1;. Polyunsaturated Fatty Acids and Platelet Function 

litany studies have been conducted on the effects of marine oils, which are rich in n-3 polyunsaturated fatty acids, on platelet 
function. In 1944, Dr. Hugh Sinclair observed that cardiovascular disease was uncommon in Greenland Eskimos compared to 
mainland Danes and this difference appeared to be due to diet. He noted that the Eskimos consumed a large amount of marine oils 
high in eicosapentaenoic acid (EPA), while the mainland Danes consumed foods containing linoleic acid. Sinclair also observed 
that the Eskimos bled excessively from wounds, and proposed that the diet high in polyunsaturated fatty acids (PUFA) was 
lesponsible for decreased platelet aggregability, which was a protective effect against thromboembolic problems causing 
cardiovascular disease (Marine Oils and Platelet Function in Man, 1984). 
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Knapp et al. (1986) further studied this epidemiological comparison by simulating an Eskimo diet by EPA supplementation (10 
c rams per day) for one month in six patients with peripheral vascular disease and seven healthy control patients. Results showed 
t "at this dose of EPA only mildly altered the synthesis of thromboxanes and prostacyclins. Thromboxanes are potent 
asoconstrictors and platelet agonists, while prostacyclins are potent vasodilators and platelet inhibitors. From this study, the effect 

EPA as an antithrombotic agent is undetermined. 

k/ ore recent studies in humans demonstrate similarly inconclusive results. Barradas et al. (1990) studied seven healthy adults that 
ingested 21 grams of olive oil daily for 8 weeks. The results showed that platelet aggregation (in platelet rich plasma and in whole 

lood) decreased. In addition, thromboxane A2 release, a substance released by platelets that cause blood clotting and vessel 
constriction was reduced after supplementation. In another study, the relationship between dietary fat and fish oil on platelet 
f nction in men at risk of cardiovascular disease was performed by Mori et al. (1997). The study involved 120 men between the 
E IN of 30 and 60 years, with mildly elevated blood pressure and cholesterol who were randomly allocated to one of 5 high fat or two 
Inw fat diets for 12 weeks. The authors found that dietary fatty acids from fish or fish oil had beneficial affects on cardiovascular risk 
tictors, including a reduction in platelet aggregation. 

I " contrast, a four—week study conducted by Butcher et al. (1990) involved 18 healthy volunteers who consumed very low fat diets 
( , :7% of daily energy) enriched with different sources of long chain fatty acids (PUFA). Three diets provided 500 g/day of fish 
caught in the tropical waters of Australia (rich in AA and DHA), fish caught in the southern waters of Australia (rich in DHA), or 
kangaroo meat (rich in linoleic acid and AA). The fourth diet was vegetarian, and contained no PUFA. Results showed that there 
was no effect on platelet function or bleeding time, and the authors suggest that this may be a result of the short duration of the 
c let, or relatively low amounts of AA, DHA and EPA in the diets. These findings also support a study where eight healthy male 
volunteers (aged 22-39 years) supplemented their normal daily diet with 15 grams of encapsulated fish oil (MaxEPA) for a 6 week 
period (Gibney and Bolton-Smith, 1998). There were no significant effects on platelet function after the study period. 

E,everal animal studies have also been conducted. Ping et al. (1993) studied the effects of teaseed oil, which contains 76% oleic 
acid, on blood lipids and platelet function in adult rabbits. A standard diet was given with either 5 mL of coconut, teaseed or 
safflower oil via stomach tube for 8 weeks. Platelet aggregation, thromboxane levels and serum cholesterol were significantly 
r?duced in the teaseed oil group compared to the coconut oil group, but not the safflower oil group. An additional study by the 
same investigators used Wistar rats that were fed for 9 weeks with semisynthetic diets containing 15% coconut oil, teaseed oil or 
safflower oil and 1% cholesterol, respectively. Teaseed oil was found to cause a lower level in platelet aggregation and a significant 
r?duction in plasma thromboxane levels. The conclusion from the two studies is that oleic acid could be important in the prevention 
cf cardiovascular disease caused by thromboembolic events. In contrast, Winocour et al. (1987) found that diets containing 
cifferent types of dietary fat did not affect platelet function in rats. Animals were fed 1.5 or 16% safflower or corn oil or 16% milk fat 
fnr 15 weeks played no part in modifying in vitro platelet function, platelet survival or the influence of thrombosis in rats. The author 
r :ported that safflower oil, corn oil, and milk fat contain approximately 70%, 50% and 3% of linoleic acid, respectively. 

F sh oils contain PUFAs that may differ in concentration and composition depending on the species of fish. The PUFAs are very 
susceptible to peroxidation, and lipid peroxides accumulate in tissues of animals, especially with inadequate vitamin E intake 
(lruckner, 1986). Currently, the cardiovascular effects of fatty acids from other types of oils are under extensive study to 
cemonstrate their dietary importance. It is clear that while the n-3 family of fatty acids may be beneficial in decreasing the incidence 
e . thromboembolitic events, further investigation into the specificity of this mechanism is necessary. 

Polyunsaturated Fatty Acids & Erythrocyte Fragility 

I "vestigating how dietary fats modify the lipid composition of the erythrocyte membrane constitutes another area of research that 
as attracted much attention. This research has shown that a modified lipid composition in the diet influences membrane 

characteristics such as osmotic fragility, membrane receptors, and enzyme kinetics (Vajreswari et al., 1983). These membrane 
p normalities likely play an important role in the development of cardiovascular disease.
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Membrane phospholipids and cholesterol changes due to dietary fats have been the focus of several studies. Muriana et al. 
(' 997a) studied how a four-week diet rich in olive oil or high-oleic sunflower seed oil (as a good source of monounsaturated fatty 

ids, MUFA) affected the transbilayer movement of erythrocyte membranes in eight patients with normal cholesterol levels and 
E ght hypercholesterolemic hypertensive patients. The authors concluded that the dietary olive oil was helpful in normalizing the 
t'ansbilayer movement of erythrocyte membrane cholesterol in both groups. This effect was not seen in the high-oleic sunflower oil 
c et, and therefore cannot be attributed to MUFA content alone. 

I\/ uriana et al. (1997b) conducted an additional study on the effects of olive oil and high-oleic sunflower oil enriched diets on 
E ythrocyte membrane cholesterol distribution and sodium-lithium (Na^-Lil countertransport activity in twelve control subjects and 
E ixteen patients with untreated essential hypertension; the study lasted for four weeks. There is evidence that transbilayer 
c I stribution of membrane cholesterol, which may be a marker of hypertension, is strongly correlated with Na f-Li+ countertransport. 
Tie authors found that the dietary olive oil, but not the high-oleic sunflower seed oil, was helpful in normalizing the impaired 
c stribution of membrane cholesterol and reducing the elevated Na +-Li+ countertransport in the erythrocytes of hypertensive 
r atients. 

A study by Vajreswari et al. (1983) in rats examined the effect of the prolonged feeding of erucic acid-containing oils on erythrocyte 
fragility and membrane bound enzyme activity, such as sodium and potassium-ATPase and calcium and magnesium-ATPase. 
pale and female rats were fed low erucic acid rapeseed (LEAR) and high erucic acid mustard oils (HEAM) for 16 months, while rats 
flA groundnut oil were used as controls. The erythrocytes from HEAM-fed rats were resistant to hypotonic hemolysis, which was 
e ssociated with an increase in the cholesterol/phospholipid molar ratio in male rats only. In addition, HEAM fed male rats had 
increased activity in sodium and potassium-ATPase activity. The authors concluded that high erucic acid oils generate 

bnormalities in erythrocyte membranes, and these abnormalities may be sex-specific. 

An additional study in weanling rats on the effects of dietary olive oil, corn oil and medium-chain triglycerides (MCT) on erythrocyte 
membrane lipid fluidity was conducted by Periago et al. (1990). Weanling rats were fed for three or five weeks either high fat diets 
containing olive oil, corn oil or a mixture of MCT with olive oil or corn oil. The results showed that only olive oil feeding induced 
important changes in the fatty acid composition of the erythrocyte membrane compared to corn oil. More specifically, they 
cemonstrated that olive oil feeding favors the deposition of 20:4 n-6 and long-chain (n-3 PUFA. The cholesterol and phospholipid 
content, two important determinants of membrane fluidity, were unaffected by this type of diet. 

There are many studies on the effects of PUFA on erythrocyte membrane composition. However, more attention is being paid to 
ti , e influence of other fats, such as olive oil, and other sources of MUFA and MCT. This is due to the evidence that a lower intake of 
F'UFA and a higher intake of monounsaturates result in a reduced incidence of cardiovascular disease (Periago et al., 1990). 

E Vitamin E & Dietary Unsaturated Fatty Acids 

Unsaturated fatty acids are prone to oxidization, and supplementation with these fatty acids in infant formulas may influence the 
e atioxidant status of the infant. A high dietary intake of fatty acids may overwhelm the antioxidant defenses, which increases the 
r eed for dietary antioxidant supplementation. Vitamin E is an essential, potent antioxidant that is influenced by dietary fatty acid 
intake. Many countries suggest fixed daily requirements for dietary vitamin E, but also indicate that the vitamin E requirement 
increases with increasing polyunsaturated fatty acid (PUFA) intake (Farwer et al., 1994). The four studies in rats from 1989-1994 
tp at are summarized below suggest that there is an increased requirement of vitamin E in diets that are high in PUFA. On the other 
hind, the Desci et al. (1995) study summarized below in full-term infants suggests that when fatty acid supplementation in formula 
r:sembles the fatty acid content of human milk, there are no adverse effects on antioxidant levels. 

Garrido et al. (1989) studied how the ingestion of fish oil increases the susceptibility of cell membranes to oxidative stress. Twenty 
r ale Wistar rats, fed a standard diet received 4 g of sardine oil per kg body weight daily during 7 or 14 days. Five control animals 
nceived an equivalent amount of mineral oil. At the end of 14 days, blood samples and livers were taken and erythrocyte and 

epatic microsome membranes were examined for lipid peroxidation, assessed as thiobarbituric acid reactive products (TBAR). 
F aeding of rats with sardine oil during either 7 or 14 days produced an increase in some polyunsaturated fatty acids in erythrocyte 
r embranes and hepatic microsomes. Feeding rats with sardine oil during 7 or 14 days increases the content of EPA and DHA in 
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tHe erythrocyte and hepatic microsomal membranes by 2 to 6%. These membranes show increased susceptibility to the induction of 
c xidative stress, expressed as lipid peroxidation, when they are exposed to Fe 2+-ascorbate and to NADPH-Fe 3-t-ADP, which are 
inducers of lipid peroxidation in erythrocytes and hepatic microsomes, respectively. The authors concluded that in order to prevent 
increased susceptibilityto lipid peroxidation, supplementation with larger amounts of antioxidants may be required in diets that 
contain fish oil. 

L eibovitz et al. (1990) studied the effects of dietary vitamin E, menhaden (fish) oil, and corn-oil lard on lipid peroxidation in rats. 
k' ale Sprague-Dawley rats were divided into six groups and six rats each and were fed the following diets for five weeks: 10% 
(a/w) menhaden oil (MO) or a 10% corn oil-lard (COL) mixture (1:1) in diets with 65 IU or 62 IU/kg vitamin E, respectively, or the 
same diets supplemented with d-a-tocopberyl succinate to a total of 35 and 180 IU vitamin E/kg, respectively. The MO and COL 
c lets contained 3.3% and 3.7% polyunsaturated fatty acids (PUFA), respectively. After the five weeks, slices of liver and heart were 
L !Jed to study lipid peroxidation in vitro. As an indication of lipid peroxidation, thiobarbituric acid reactive substances (TBARS) were 
reasured in the medium after incubation at 3TC for 1 hour in the absence (uninduced) and presence of 0.5 mM tert-butyl 

ydroperoxide (induced). The release of TBARS from slices of heart and liver from rats fed either lipid decreased with increasing 
lovels of dietary vitamin E. At the same level of vitamin E, TEIARS release was greater for slices of liver and heart from the MO-fed 
Nits. Of the 16:0-22:6 fatty acids measured in liver from MO-fed rats, 15.4% was n-6 fatty acids and 29.9% was n-3 fatty acids; in 
liver from COL-fed rats, 37.4% was n-6 fatty acids and 3.7% was n-3 fatty acids. Liver and kidney vitamin E levels were unaffected 
y dietary lipid. The dietary fish oil increased in vitro lipid peroxidation in the heart and liver, and vitamin E supplementation 

cecreased TBARS. The authors concluded that there might be an increased requirement for vitamin E when dietary fish oil 
supplements are used. 

Garrido et al. (1993) studied the effects of high doses of dietary fish oil on the susceptibility of cellular membranes to the induction 
of oxidative stress in young and aged rats. Male Wistar rats that were either 60 days old (i.e., young) or 18 months old (i.e., aged) 
were fed a standard diet. One third of the young and aged rats received 10 grams of sardine oil/kg of body weight by intragastric 
cannula daily. Another third received the fish oil but with a supplementation of dl-a tocopherol (vitamin E, 1 g/kg oil). A third of the 
animals, fed only the standard diet, were used as a control. After the 14-day study period, blood samples were taken and 
erythrocyte membranes were examined for lipid peroxidation, protein content and fatty acid content. In both young and aged rats 
receiving both fish oil and oil with dl-a tocopherol supplementation, there was a decrease in the content of oleic acid (18:1, n-9) and 
AA (20:4 n-6), and a significant increase in the contents of EPA and DHA. On the other hand, in the aged rats only, the content of 
linoleic acid (18:2 n-6) decreased. In both the young and aged rats, feeding fish oil drastically reduced membrane tocopherol 
kwels. Supplementation with dl-a tocopherol restored these levels to an extent in both the young and aged rats, but to different 
cegrees. The authors concluded that these results show that ingestion of high doses of fish oil are accompanied by a susceptibility 

the induction of oxidative stress in erythrocyte membranes in both young and aged rats. Supplementation of the oil with dl-a 
tccopherol may prevent this oxidation but only in membranes obtained from young rats. 

F 3rwer et al. (1994) investigated the vitamin E nutritional status of rats fed diets high in fish oil, linseed oil or sunflower seed oil. 

Nelve groups of eight rats and two control groups of sixteen rats were given semisynthetic diets with 40% energy as fat for a 

p eriod of 76 days. All diets contained a minimum of 3% energy as linoleic acid and basal levels of D-a- and D-y-tocopherol. The 
c lets high in polyunsaturated fatty acids (PUFA) were either rich in fish oil (FO; groups 1-4; 10% energy as fish oil PUFA), linseed 
c (LN; groups 1-4; 10% energy as a-linolenic acid) or sunflower seed oil (SF; groups 1-4; 10 + 3% energy as linoleic acid). The 
control groups were given a diet high in monounsaturated fatty acids (MUFA; CO 1; 10 + 13% energy as oleic acid) or a diet with an 
'overage' linoleic acid content (CO 2; 8.5%energy as linoleic acid). Of each high PUFA diet, three groups were supplemented with 
cl .aded levels of DL-a-tocopheryl acetate. The animals on the high-PUFA diets were checked for steatitis in the adipose tissue, 
which is an early symptom of vitamin E deficiency that occurs when diets are rich in fatty acids with three or more double bonds. 
:Iteatitis was observed only in the adipose tissue of the FO groups, even in the group with the highest DL-a-tocopheryl acetate 
supplementation. The a- and y-tocopherol levels were also examined in the liver and serum. The a-tocopherol levels were found 
t:, be positively correlated and liver and serum y-tocopherol levels negatively correlated with dietary DL-a-tocopheryl acetate. The 
c pups on the FO diets had significantly lower liver and serum tocopherol levels in comparison with the groups on the other high-
PUFA diets. With the supplementation scheme used for the FO groups the liver a-tocopherol levels comparable to both control 
c pups were reached, but not in the serum. The authors concluded that dietary PUFA influences the vitamin E status in rats and 
riore work needs to be done to determine the optimal vitamin E status in these diets. 
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I: ecsi et al. (1995) studied how formula enriched with w-6 and w-3 long-chain polyunsaturated (LCP) fatty acids affected growth, 
plasma retinol and a-tocopherol concentrations in full-term infants. Healthy, full-term, infants were enrolled at 5 days of age. Ten 
hfants were assigned to receive either a conventional infant formula (F) based on cow's milk protein and vegetable fats devoid of 
LOP (Pre-Aptamil, Puch/Salzburg, Austria), and 12 infants received the same formula enriched with egg lipids and evening 
primrose oil (Pre-Aptamil with Milupan, LCP-F) to achieve both w-3 and w-6 LCP levels similar to the contents in human milk. 
onthropometric data were obtained and fatty acid (FA) compositions of plasma phospholipids, triglycerides and sterol esters, as 

'ell as plasma retinol and a-tocopherol concentrations, were determined at 5 days and 1, 2, 3 and 4 months of age. Gains in 
%■'eight and increases in length, and head circumference did not differ between the two groups throughout the study period. Plasma 
f *A values did not differ at 5 days of age. Between 1 and 4 months of age, plasma phospholipids of infants fed LCP-F consistently 
lad significantly higher percentages of M. Plasma retinol and a-tocopherol concentrations did not differ between the two groups 
hroughout the study. The authors concluded that supplementing formula for full-term infants with w-6 and w-3 LCP fatty acids in 
amounts similar to average human milk contents effectively enhances LCP status without adverse effects antioxidant levels. 

cl Deleterious Effects of Various Vegetable Oils 

Duthie et al. (1988) studied the chronic oral toxicity and carcinogenicity due to the feeding of partially hydrogenated fish oil 
c ompared to partially hydrogenated soybean oil and refined rapeseed oil in rats. This study investigated partially hydrogenated fish 
o I (PHFO) of differing 22:1 levels in comparison with partially hydrogenated soybean oil (PHSBO) and refined rapeseed oil (LEAR) 
- a rat lifespan study, preceded by a breeding period in which the experimental lipids were fed to male and female parents. Wistar 

weanling rats, 200 of each sex, were the subjects for the breeding period. A total of 555 weanlings from each parental treatment 
c roup were allocated to the five dietary treatments of the lifespan period of the study. Commercially produced PHFO were selected 
to represent the lower (PHFO-L) and upper (PHFO-U) range of 22 1 contents, 4.3 and 13.8%, respectively. A third test oil was 
prepared from a 50:50 blend of these (PHFO-M) to provide and intermediary 22:1 level. For the lifespan period of the study, which 
was terminated after 107 to 110 weeks of treatment, 50 subjects were allocated to each of the PHSBO, PHFO-L and PHFO-U 

letary groups, and 50 males to each of the LEAR and PHFO-M groups. The remaining subjects were allocated to subgroups for 
sacrifice 4 days or 26 weeks after introduction of the lifespan period diets. All decedent and terminated lifespan group subjects 
Jere subjected to post mortem examination, and 16 organs were weighed. Samples of most organs and tissues were processed, 

including multiple heart sections. Heart and skeletal muscle samples from subjects terminated after 4 days and 26 weeks were 
examined histopathologically. Hearts were macroscopically normal in appearance at all three stages of examination. Examination 
uF hearts taken from animals after four days feeding showed the presence of very fine lipid droplets in the PHFO-L, PHFO-M and 
F'HFO-U treatments. Low grade lipidosis was present in hearts from control subjects fed PHSBO and LEAR. After 26 weeks, heart 
lipid levels in male rats on the PHFO-L and PHFO-M treatments were reduced compared to the four-day findings. Few rats from 
te fish oil or control treatments had traces of lipid in cardiac cells on termination at the end of the life span period. After the life 
span period, few of these lesions were found, which were not related to treatment or sex. Blood enzyme studies were not indicative 
c degenerative heart processes. The authors concluded that this study demonstrates that there are no adverse pathological 
E jects due to the consumption of the partially hydrogenated vegetable and animal oils as a group or in comparison with the control 
r:lined vegetable oil LEAR. 

Rand et al. (1988) studied the effects of dietary palm oil on arterial thrombosis and platelets in rats. Five-week-old male Wistar rats 

ere fed one of the following three diets for 8 weeks: sunflower seed oil (control); a diet containing 50% sunflower seed oil (which is

gh in polyunsaturated fatty acids); or a diet containing 50% palm oil (which is high in saturated and monounsaturated fatty acids). 


Mter the feeding period, arterial thrombosis tendency, which was measured by the aorta loop technique, tended to be lowered by 
tie palm oil diet and was lowered significantly by the sunflower seed oil diet, compared with the control. Aggregation of platelets in 
whole blood that was activated with collagen was not altered by palm oil feeding, but was enhanced in the sunflower seed oil group, 
c ompared with the control. Thromboxane A2 (T)(A2), a prostanoid that stimulates platelet aggregation, was decreased by palm oil 
f :eding. Platelet membrane fluidity, which was measured by fluorescence polarization, was not altered in the palm oil group and 
was significantly increased only by sunflower seed oil feeding compared to the control. The authors concluded that palm oil did not 
*crease arterial thrombosis tendencies and decreased platelet aggregation compared to the sunflower seed oil, which is an 

lieresting result considering that palm oil is high in saturated fatty acids.
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badawy et al. (1994) compared the effects of dietary high and low erucic acid rapeseed oil on biological and pathological 
p3rameters in rats. Five groups of 8 Sprague-Dawley rats (90-95 grams) were fed one of the following diets for 6 weeks: 1) control 
(10% Corn oil), 2) hydrogenated rapeseed oil (10%), 3) partially hydrogenated rapeseed oil (10%), 4) high erucic acid rapeseed oil 
(10%), or 5) low erucic acid rapeseed oil (10%). Blood samples, kidney and liver were harvested from each animal at the end of the 
E xperiment. The maximum body weight gain over six weeks was from the control group, followed by the low erucic acid rapeseed 
c 11. Animals fed the high erucic rapeseed oil showed a decrease in weight gain compared to the control. The animals that were fed 
t e low erucic rapeseed oil had the maximum feed efficiency ratio followed by the control group, while the animals that were fed 
h irdrogenated rapeseed oil had the lowest ratio. In the blood serum analysis, the partially hydrogenated and hydrogenated 
rapeseed oil groups had a significant decrease in cholesterol. The triglyceride levels were significantly increased in the group that 
was fed the low erucic rapeseed oil. Plasma phospholipids were significantly increased in rats fed the partially hydrogenated diet. 
I the histopatholgical examination of the liver, the rats fed hydrogenated rapeseed oil showed albuminous degeneration with fat 
c lobules in the hepatocyte with mononuclear inflammatory cells. The kidney tubules also showed degenerative changes. In the 

artially hydrogenated rapeseed oil group, the hepatocytes were swollen with increased number of fat globules, and the kidney 
showed mild degeneration. In the rats fed high erucic acid rapeseed oil, hepatocytes and mononuclear aggregation were observed 
E round blood vessels in the liver. The kidney showed degenerative changes with mononuclear inflammatory cells. In the low 
E rucic acid group, hepatocytes and mononuclear aggregation were seen and the kidney showed mild degenerative changes. From 
t'e data, it is clear that the type of dietary oil influences biological and pathological parameters in rats. 

Clark et al. (2001) describe the effects of a large volume of canola oil that was accidentally ingested by 9 dairy cattle. On June 15, 
2000, 3 Holstein dairy cattle were examined. All cows showed symptoms including anorexia, failure to drink, profuse diarrhea, and 
E cessation of milk production. The animals were also recumbent for long periods of time. The farmer reported that, in the cattle 
arn, there was a tank of feed-grade canola oil that was used as an additive in the cows' daily feed. During the night of 

June 12, the 80 cows in the barn may have released the tank valve, spilling the entire contents (estimated to be 800 liters) onto the 
tarn floor. The farmer did not know how many cows had drunk the oil during the night. Nine cows total were affected. Seven to 8 
days after exposure, four cows died and three were necropsied. No single cause of death could be identified. In one cow, acute 
renal tubular necrosis was seen in the kidney. In another cow, there were several irregular coalescing pale foci within the 
myocardium of the wall of the left ventricle and the interventricular septum. Of the 5 remaining cattle with clinical signs, 4 ceased 
lactation and only 1 started lactating again. However, 2 months after the exposure, all were able to support and retain a pregnancy. 
The authors concluded that canola oil remains a safe component in daily feed in the recommended quantities. 
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APPENDIX C 

Summary of Studies in Human Infants Conducted or Sponsored By Danone 
Using Infant Formulas Containing Canola Oil
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Summary of Studies in Human Infants Conducted or Sponsored By Danone 
Using Infant Formulas Containing Canola Oil 

Many clinical studies have been conducted in term and pre-term infants using formulas of varying 
compositions which incorporated canola oil as one of the constituent oils. In the term infant 
studies, over 900 infants were fed formulas containing canola oil. The levels of canola oil in the 
formula ranged from 3 to 40%, and the feeding of formula lasted for up to 12 months. In the pre-
term studies over 125 infants received the formulas containing canola oil for up to 36 weeks. 
These studies make an important contribution to the knowledge on the safety and efficacy of 
formulas incorporating canola oil. The numbers of infants exposed to canola oil-containing 
formulas in these studies, the canola oil content of the formulas and the main outcomes are 
Summarized in the tables which follow. The studies are described more fully in Appendix B, section 
2. Publications based on these studies will not always provide details of the canola content of the 
fat blend in the infant formula, as the canola content was not the focus of the study. However, a 
number of these trials used infant formulas manufactured by Danone. As a result, data on the 
composition of the fat blend used in these infant formulas is available and has been provided by 
Danone. The following Table summarizes information on the canola oil content and vitamin E and 
K levels of formulas used in these Danone sponsored or supported studies as well as details of 
ethical considerations and subject follow-up. 

The maximum erucic acid content of the canoIa oil used for manufacture of the Danone infant 
formula used in these clinical trials was 1% total fatty acids or less. The maximum unsaponifiable 
matter content of the canola oil used for manufacture of the Danone infant formula used in these 
clinical trials was 1.5% or less.

000546 
RAS ASSOCIATES, LLC

	 MEM



GRAS Assessment - Danone 
Canola Oil in Infant Formula 
Page 86 of 98 

(Alnico! Studies Sponsored or Supported by Danone Baby and Medical Nutrition B.V.: 
Summary of Canola Oil Content, Vitamin E & K Supplementation, 

Ethical Considerations & Subject Follow-Up

PUBLICATION
FORMULA 

CONSUMED
YL■CAMO-L A OIL 

ERN= ACID LEVEL8

VrrE&K 
CONCENTRATION; 

' 
100KCAL

TAKING 
OS. 

NtNeat OF 

PATIENTS 

EANOLA 
FORMIN.A

El HICAL APPROVAL! 
NMMICO SPONSORSHIP

F opstutAfLENOTR 
Or 

Time TAKINO 

FOI.LOIN Up 

Bakker- 

Zierilize e et 
al, 200 .̀., 21

Nutt On 1 % Fat = 26.5%	Vit E 
1.7mgTE/100kcal 

Ganda oi = 19%of 
total fatty acids	Vit K. 

7 5mcg/190kcal

N=57 Approved by ethical 
comidttee of 
University Medical 
Centre St Radboud, 
Nijmegen, NL.

Recruitment: Jan 
2000-May 2003 

Formula 
consumed for 16 

(5.01%of anal 
formulaton)

Written informed 
consent from parents 
prior to enrd merit.

Wks from birth. 

NurnIco were invdved 
tiredly in study, 

Boehm et el. Preterm %Fat r. 283%	Vit E.3.7mg N=30 Ethical approvd not Formula 
2003 formde + 

GOSIFOS 
Frame&

TE/100kcal 
Canda oi = 21.2% of 
total fatty acids	Vit K:

described 
Numico were invdved 
drectly in study.

consumed fcr 28 
days from birth. 

10mcg/100kcal 
(5.58% of final 
formdation) Boehm et 4, 

2902
Study protocol 
approved by ethical 
committee cf Hcepital

Formula 
consumed for 28 
days from birth. 

Mangiagalli, Moan. 

Study was supported 
by a grant from 
Numico Research 
Germany 

Boehm at el, 
1995

Premed + 
nitupan fat 
blend

% Fat = 28.3%	Vit E ,7in9 
TE/100kcal 

Ganda oi = 21.2%of 
total fatty acids	Vit K:

N=44 Study protocol 
approved by Ethics 
Committees of 
Leipzig&Milan.

Formula 
consumed for 10 
days from birth. 

10mcg/100kcal 
(5.58% of final 
formdation) 

Bouvostra et Marlon % Fat = 26,8%	Vit. E Nutriton Study approved by Recruitment Feb 
al, 2005., 2003 premium 1 ImgTE/100kcal premium Ethics Committee of 1997-Oct 1999 

.14- LCP Cancla oil = 19% of contol formtle the 
total fatty acids	VII K. 0=167 GroningenUniversity/i Formulas were 

7 5mcg1100kcal 
(5.01%of Ind 
formdation)

t LCP n= 145 ospild (MEC 
95/08/207)

consumed for 2 
months 

Supported by Numico 
Research.

Patients were 
fdlowed up at 18 
months (2005 
study) 

Fanaro et al, Std formula %Fat = 26.8%	Vit E: 14=46 (on 3 Approved by Ethics Formulas were 
2605 (Nutrilon 1,7mgTE/103kcal formulas based Committee of the consumed for 6 

premium) 
+ 
GOS/FOS/ 
AOS

Cancla of = 19% of 
total fatty acids	Vit K . 

7.5mcg/100kcal 
(5,01% of t nd 
formdation)

on ski tondo) University of Ferranti, 
Written informed 
consent Mai ned for 
each infant

weeks. 

Supported by Numico 
Research

000547 
C RAS ASSOCIATES, LLC 



GRAS Assessment - Danone 
Canola Oil in Infant Formula 
Page 87 of 98 

PUBLICATFO*
FORMULA 

CONSUMED
% 

ERUCIC 
CANOtA 

ACIO

CC 

LEVELS

ViTE&K
CoNCENTPATION1 

1 ON CAL

NillilEtER OF 
PATIENTS 

TAKING CANOLA 
ott FORMULA

Numico 

ETHICAL APPROVAL/ 

PONSQRSHIP 

, TIME Mow 
FoRmuusAttiom 

OF FOLLOW UR 

Fix:. it ri et I 
2003 
Forsyth et el, 
1999 Arch Dis 
Chad; 81: 
253-256. 
Willatts et al, 
Lancet 1998, 
352 688- 
91(additiond 
PaPefs not 
included in 
origind GRAS 
dossier)

Sti torn-J .3 
(Aptamil) or 
Aptami + 

fat 
suppement 
Mdupan.

Aptami	 Vit 
Vat r 27.4%	1.1mgTE/ 
Ganda oll = 9%	Vit 
(5.13%of g nat	5.8mcg/100kcal 
forrndation) 

Aptarnil + MOupen 
%Fat = 27.4% 
Cando od = 21%	Vit 
(5.57%of Ind	1.8mgTE/100kcal 
formdaton)	Vit 

5.8mcg/100kcal 

E:
'. COktal 

K: 

E: 

K:

N= 147 Approved by 
Committee on 
Research EtNcs 

Research grant 
Mil upe (Numico) 

Tayside 
Medcal 

from

Formula was 
consumed for first 
4 months after 
birth. 

Fobow up of 
patients at 10 
months & 6 
years to 
investigate tdood 
pressure in later 
chadhood. 

Harmsen et 
al, 2000

Nutrion 
Premium

%Fat = 26,8%	Vit E: 
1.7mgTE/100kcal 

Canda al = 19% of 
total fatty acids	Vit K: 

7.5mcg/lOOkcal 
(5.01%of find 
formtlafton)

N= 6 Part of U-Gene study 
(Utrecht, NL) 

Stoported by Numico 
Research,

Formida was 
consumed fcr 20 
days after birth. 

Jacobs et d, 
1996

Nenatd & 

Nutdon 
Premium

%Fat = 26.8%	Vit E • 
1 7mgTEi100ki,at 

Canda at = 19% of 
total fatty acids	Vit K 

7.5mcg/100kcal 
(5.01% of Ind 
formdabon)

N=28 Approved by the 
Scientific Committee 
of the Dept of 
pedatrics of the 
UniversityHospital of 
Leiden & The Elided 
Committee of the 
JulianaCtildenHospit 
al, the Hague 

Supported by a grant 
from Nulricia KV, The 
Netherlands,

Formula was 
consumed fcr 6 
weeks from birth. 

Kennedy el 
al, 1999

Std 
Formula 
(Notion 
premium) + 

betapd

%Fat = 26.8%	Vit E; 
1.7mgTE/100kcal 

Canda od ,-. 19%of 
total fatty acids	Vit K: 

75mcg/100kcal 
(5.01% of tnal 
formtlation)

N=203 Ethical approva 
obtained from the 
Cambridge Health 
Authority &local MRC 
ethics committees. 

Supported by Nutricia 
UK. and a MRC 
training fellowship.

Formula was 
consumed for 12 
weeks from birth. 

Lidestfi et al, 
2003 
(see dso 
Boehm et d 
2002, 20(33 
above)

Premed %Fat = 2&3%	Vit E.3.7nv 
TE/1024(cal 

Cando od = 21.	of 
total fatty acids	Vit K: 

lomcg/loaccal 
(5.58%of g nat 
formulation)

N=30 Approved by ethicd 
committee of Hospitd 
Mang agall i, Mien. 
informed parentat 
consent obtained 
before enrolment.

Formula wes 
consumed for 4 
weeks.
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PUBLICATION
FORMULA 

CONSUMicD

% 

ERUCIC 

CANOLA OIL 

ACID LEVELS

Mu E 
CoNcENTRAvow 

lockaAt 

8, K
NUMBER OF 

PAMiNTS 

IMMO CANGLA 

OR_ FORMULA

ET HiCAL APPROVAL] 

NAM() SPONSORSHIP
FORMUTNLENGTH 

OF 

Ina IMMO 

FOLLOW UP 

Mom et a, 
2006

EHF-W 
formda + 

GOS/FOS 

Nutrilon 
paph

% Fat = 28.5% 

Canda oi = 19% of 
total fatty acids 

(5.27% of and 
formdation)

lig E: 
1.5mgTE/1(Xkcal 

Vit K: 
7.9mcg/100kod

*259 (both 
formdas had 

sande oi 
component)

Approved by the 
Ethical committee uf 
the 
MacedonioMalioniMat 
ernityHospitd 

Study wes partially 
supported by a grant 
from Numico 
Research, Germany,

Formula wa s 
consuiried far 6 
months after 
birth. 

Mogi et al, 
2005

Nation 
premium + 

0.89/1001n1 
GOS/FOS

Fat = 24. 

Cancia ol = 30% 

(7.38% of anal 
formdation)

VII E 
1,6mgTE/10Ckcal 

VII K: 
6.5 mcg/1001cd

N=32 Approved by Ethics 
Committees of 
Macedonio Melloni 
Maternity Hospital & 

Mangiagdli Hospital, 
University of Mien, 
Italy. 
Parents gave informed 
COnsent before 
enrciment.

Forratia	s 
consumed far 28 
days, 

Mom et 4, 
2002

Iskillon 
premium + 

GOSIFOS

0.4 Mallon Premium 
%Fat = 25.9% 
Canda oi = 22% of 
tote' tatty acids 
(5.6% o( final 
formilation) 

0.8 Nutrion Premium 
%Fat = 24.8% 
Canda oi = 30% 
(7.36% of and 
formilation)

Vit E: 
1.7mgTE/100kcal 
Vit K: 
T3mcg1100kcal 

Vit E: 
1 ZmgTE/IOOkcal 
VII K. 
6,5 mcg/100kal

N=90 (3 
formulas — 

placebo, a ilg 
or 0.eg/100ni 

GOS/FOS)

Approved by Ethics 
Committees of 
Macedonia Mdloni 
Maternity Hospital & 

Mangiagalli Hospital, 
University of Mien, 
Italy. 
Pwents gave informed 
consent before 
end ment. 

Supported by grant 
from Numico 
Research,

Fonnula was 
consumed for 28 
days. 

Mom alal, 
1999

Unnamed 
preterm 
formda

N=6 Not described 

Picaud et at, 
2002

Preterm 
formila + 

dffering 
amounts of 
chdesterd. 
Which 
formda? 

Contains 
canda 
(MvE)

N=30 Approved by Ethics 
committee of 
ClaudeBernardUnivers 
ity (Lyon) & by the 
French Health Ministry 
in accord with the 
Helsinki dedaration of 
1976 re4sed in 1983. 

Milupa Research 
Centre (Numico, 
Germany) provided 
study funnies & 

financial support kw 
lab analysis.

Preterm infants 
received formda 
unit theoretical 
term age (40 
week post 
conception) . 
maximum length 
of 
supplementation 
10-12 weeks.
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pusucKnoli FORMULA 
CON&LPCD

% CANCXA OIL 
ERUC IC UX) LEVELt

[T V E &K 
CONCE NTRAMPil 

MOKCAL

RimBEROF 

PAT18413 
TANING CANOLA 

OR_ FORMULA

ETRFCAL APPROVAL/ 

NJOilic0 SPIX454.4i510 

,

OF 

liMET 

F ORNIULAC6KM-1 

—AKiNG 

FOLLOW UP 

Fvoo et ai, 
2l,Xi i

Freterm 
formtia 
kee e( 
Gycomacr 
oPePtide

14=14 Approved by Ethics 
Comm nee o Hospial 
dela Citaddle, Dept of 
Neonatology, 
University of Liege, 
Eldgium Informed 
panental consent 
before study 
enrolment. 

Numico Research 
Germany were directly 
irwdved in study.

Formiia was 
consumed for 2 
weeks. 

Von Berg et 
aL 2003

Nutrion 
prerrium& 
Nutrion 
PePti

Nutrilon Fernium 
%Fat = 25%canda 
Cando oil = 
17% of final 
formulation) 
Nutrilon pepb: 
%Fat = 25% coda 
01 

Conde oil = ((6.9% of 
final formulation)

Vit E: 
1 .7mgTEI100kcal 
Vit K: 
7 5mcgi100kcal 

Vit E: 
1.5mgTE/100kcei 
Vit K: 
79mcqf100kcal

Nution 
premium 
(CMF) n= 666 

Nutrion pept 
(E1-1F-W) 
n=559

Study approved by the 
ethics committees of 
each of the study 
centres, 

Supported by resea.ch 
grants from a nunter 
of nutribon contanies 
including Woos, 
Numico.

Formda was 
consumed until 
the infant was 6 
months of age 

Patients were 
followed ts-.) to 12 
month.
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APPENDIX D 

Specification for Low Erucic Acid Rapeseed Oil (Canola Oil) for Term Infant 

Formula 
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Product Specification for Canola Oil (Low Erucic Acid Rapeseed (LEAR oil)) 

3w Erucic Acid Rapeseed Oil (Canola Oil) is a refined, bleached and deodorised vegetable oil from rapeseed (Brassica 
1,Ppus/ Brassica Rapa). 

Physical Appearance A clear pale yellow liquid, with Wand odour. 

Product Specification 
Parameter

Unit M n M x Method of Analysis 

avibond Colour 
Red 
1'ellow

1.5 
15

Lovibond 5 31"cell 

Moisture % 0.05 Karl Fischer 
C nsaponifiable Matter % 1.5 

I ree Fatty Acids g/100 g fat 0.1 M=282, As Oleic Acid 

Peroxide Index meq 02/kg Fat 0.5 Titrimetric 
Iodine Index 105 125 AOCS CD 1-85 (Wijs) 

Parameter Unit Min Max Method of Analysis 

I atty Acids Capillary GC/FID 

Palmitic Acid C16:0 g/100 g fatty acids 3.8 5.6 
tearic Acid C18:0 g/100 g fatty	acids 1.0 2.5 

Oleic Acid C18:1 g/100 g fatty acids 56 66 

I inoleic Acid C18:2 g/100 g fatty acids 17 23 
I inolenic Acid C18:3 g/100g fatty acids 7.0 11.0 
I:rucic Acid C22:1 g/100 g fatty acids 1 

Parameter 'Unit na - Max , Method of Analysjs 
I.ead ppb 100 AAS 
Mercury ppb 20 AAS 
Cadmium ppb 20 AAS 
drsenic ppb 100 AAS 

, max 

1.5

Method of Analysis Parameter Unit 

pg WHO-TEQ/g fat

Min-- 
: otal Polychlorinated 
Hiphenyl Dioxin-Like EN 1528 prt 1-4 

All Pesticide Residues ppb 10 
PAH b[a]p: 
I:enzo(a)pyrene ppb 2 DFG C III 17A(1997) 

Dioxins (PCDD + PCDF) pg WHO-TEQ/g fat 1.5 
Aflatoxin B1 ppb 0.2 IAS/HPLC
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Temp. Unit ii c Threshold 
(or m)

Reject value or M 

Aerobic Plate 
Count

30°C /g 100 

i'nterobacteriaceae /g 10 

Moulds /g 50 100 

Yeast /g 50 100 

Salmonella spp. /25g Neg

000555 
CRAS ASSOCIATES, LLC 



GRAS Assessment - Danone 
Ganola Oil in Infant Formula 
['age 95 of 98

APPENDIX E 

Manufacturing Process for Low Erucic Acid

Rapeseed Oil (Canola Oil) 

(with Hexane Specification)
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Illanufacturing Process for Low Erucic Acid Rapeseed oil (Canola oil) 

Canola oil is manufactured from crushing oilseeds of canola or low erucic rapeseed (Brassica rapa/ B. napus). Following extraction 
1f . om the oilseeds, the crude oil is further refined in three steps described below. The aim of the refining process is to produce a 
E.3fe, edible oil with bland taste and bright color and to remove any unwanted components from the oil. 

The crushing and refining uses conventional processes used in the vegetable oil refining industry. For example, the same type of 
vocesses are used in the manufacture of soyabean oil. 

Crushing 

Crushing is the term for the processes used to obtain the oil from the rapeseed. Crushing of the oilseeds is done either by pressing 
he oilseeds or combining pressing with solvent extraction. To separate fat from the canola oilseeds the seeds are subject to 
yessing, which is the physical separation of fat and solid matter by means of pressure. The solid matter may then be fully de-oiled 
tiy solvent extraction. Hexane is used as solvent, the maximum residue limit for hexane in the canola oil is 1 mg/kg as specified in 
European Directive 2009/321EC*. The solvent is removed from the oil by distillation. A complete removal of the solvent is 

Jaranteed by the final deodorisation step. 

-he resulting canola oil is washed and filtered and pumped to a crude oil tank. 

Refining 

-he purpose of refining the crude oil is to remove the impurities derived from the oilseed such as free fatty acids, phosphatides and 
oxidation products. It is also important to remove any contaminants such as pesticide residues and environmental contaminants. At 
he same time the natural antioxidants in the crude oil shall be preserved to as high extent as possible. This is ensured by selecting 
he correct processing conditions and subjecting them to strict control. 

-he refining process is an alkaline refining and comprises the following steps: degumming, neutralization, bleaching and 
cleodorization. 

Legumming 

The purpose of degumming is to remove phospholipids and free fatty acids from the oil. The oil is mixed with acidified water using 
phosphoric acid, which makes the phospholipids water-soluble and thus possible to separate together with the water phase. 

Neutralization 

In the neutralization the oil is mixed with diluted lye, transforming the free fatty acids into soaps with can be separated together with 
I he washing water. 

lideaching 

- he neutralized oil is then subject to bleaching in order to remove pigments and reduce the color of the oil. Metals and some 
cxidation products are also removed in this process. The oil is treated with citric acid and bentonite clay, which has the capacity of 
i]dsorbing the impurities. Bentonite is a naturally occurring clay, washed and sifted before use. In some cases activated carbon is 
1,sed, in order to remove heavy polyaromatic hydrocarbons. Bentonite and activated carbon are removed through filtering. 

000557 
1 3RAS ASSOCIATES, LLC



GRAS Assessment - Danone 
C anola Oil in Infant Formula 
Page 97 of 98 

Deodorization 

Deodorization is the final refining step in which all volatile substances are removed from the oil, including taste and odour 
compounds and contaminants such as pesticide residues and poly aromatic hydrocarbons. Any residues of the hexane solvent 

sed for the extraction of the oil is efficiently removed in the deodorization. The deodorization is a steam distillation which is 
Jained by leading steam through the oil at high temperature and in a vacuum. The balance between temperature and time 
Jarantees that substances with intermediate volatility, like vitamins and sterols, remain in the oil. The applied process leaves even 

t . ie sensitive polyunsaturated fatty acids unaffected. Citric acid is added to the deodorised oil as a metal ion chelator. 

Refined oil 

The fully refined canola oil passes through a final filter before it is being packed and distributed. The result of the refining process is 
oil with substantially improved keeping properties and bland taste, whereas the chemical composition of the oil has been left 

unchanged. 

Reference 

1. Directive 2009/32/EC of the European Parliament and of the Council of 23 rd April 2009 on the Approximation 
of the laws of the Member States on Extraction Solvents Used in the production of Foodstuffs and Food 
Ingredients 

Official Journal of the European Union 6.6.2009 L141/3- L141/
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Division of

Biotechnology and


GRAS Notice Review 

Ramos-Valle, Moraima 

From:	Bob McQuate [mcquate@gras-associates.com ] 
Sent:	Friday, March 16, 2012 3:06 PM 
To:	Ramos-Valle, Moraima 
Cc:	Mary CREAN; 'Cathy BUSHELL'; Rich Kraska 
Subject:	Completed Expert Panel Signature Page for Danone Canola Oil GRAS Notification 
Attachments: CANOLA OIL FINAL 03 06 12 P. 46 Innis Sig.pdf 

Dear Ms. Ramos-Valle, 

tkttached you will find the replacement page 46 associated with the GRAS notification that was submitted on behalf 
Danone regarding the intended canola oil use in infant formulas. 

)'ou may recall that we were not able to obtain the final review and authorization for signature inclusion for 
:)rofessor Innis at the time we issued our GRAS notification to you. Please accept the attached as a replacement 

Ne are relaying three additional copies to you via US Priority mail, and they should arrive in College Park, MD early 
-iext week. 

Ne look forward to the review and feedback that you will provide in the coming months. 

:;incerely, 

3ob 
bbert S. McQuate, Ph.D. 

E0 & Co-Founder 
3RAS Associates, LLC 
0482 Jacklight Lane 

3end, OR 97702-3074 
541-678-5522 
.ricquate@gras-associates.com 
ivww.gras-associates.com
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VIII. CONCLUSIONS 

The members of the Expert Panel consisted of: Richard C. Kraska, Ph.D. (Chair), DABT, 
Nladhusudan G., Soni, Ph.D., Robert S. McQuate, Ph.D., Stanley T. Omaye, Ph.D., Walter H. 
Glinsmann, MD, and Sheila M. Innis, Ph.D., RDN. Each has an extensive technical background in 
the evaluation of the safety of food ingredients.' 6 

The Panel concludes that the use of canola oil produced in compliance with current 
Good Manufacturing Practices requirements and which meets Food Chemicals 
Codex specifications is generally recognized as safe (GRAS) when used as a 
component of the fat blend in infant formulas for term infants, with a typical intended 
use level of up to 31% of the fat blend, such that the fat blend provides a nutritionally 
balanced blend of essential fatty acids, saturated, monounsaturated and 
polyunsaturated fatty acids in line with dietary recommendations for fatty acid intakes 
for infants.

Richard C. Kraska, Ph.D., DABT - Chair 

Madhusudan G. Son', Ph.D., FACN, FATS
	

Robert S. McQuate, Ph.D.	Stanley T. Omaye, Ph.D., DATS 

Walter H. Glinsmann, M.D.	Sheila M. Innis, Ph.D., RDN


March 6, 2012 

The detailed educational and professional credentials for some of the individuals serving on the Expert Panel can Die found on the GRAS 
Associates website at www.oras-associates.com. Dr. Kraska served as Chair of the Panel. Drs. Kraska and McQuate worked on GRAS 
and food additive safety issues within FDA's GRAS Review Branch earlier in their careers and subsequently continued working within this 
area in the private sector. Dr. Omaye is a professor of nutition at the University of Nevada, Reno and has published extensively on the 
nutritional and toxicological aspects of food ingrediants. Dr. Soni's credentials can be accessed at http://www.soniassociates.net. Dr. 
Glinsmann has extensive experience in clinical nutrition and food safety that includes service with FDA's Division of Nutrition where he 
addressed a broad range of food and human nutrition topics. Dr. Innis is currently Director, Nutrition & Metabolism Research Program, 
CFR I; and Professor, Department of Pediatrics, University of British Columbia. Dr. Innis' credentials can be accessed at 
http://www.cfri.ca/our research/researches/search_researchers/researcher_detail.asp?ID=61.	

0 005  6 1 
GRAS ASSOCIATES, LLC

(b) (6)

(b) (6) (b) (6)
(b) (6)

(b) (6) (b) (6)



ASSOCIATES, LL—C

[IECEIVED 
MAR 2 1 2012 

Division of

Biotechnology and


GRAS Notice Review 

20482 Jacklight Lane 
Bend, OR 97702-3074 
541-678-5522 
mcquate@gras-associates.com 

March 16, 2012 

Ms. Moraima J. Ramos Valle, MS 
Div sion of Biotechnology & GRAS Notice Review ( HFS-255) 
Office of Food Additive Safety 
Center for Food Additive Safety & Applied Nutrition 
Food & Drug Administration 
510 Paint Branch Parkway 
College Park, MD 20740-3835

Re: GRAS Notification — Canola Oil Use in Infant Formulas 

Dear Ms. Ramos Valle: 

As described in our March 6, 2012 transmittal letter to you on behalf of Danone Trading BV, we are 
providing the replacement Expert Panel signature page for the GRAS notification for Canola Oil Use 
in Infant Formulas. The attached letter now includes the signature as authorized by Professor Sheila 
'rms. 

We hope that the composite information provided will enable your review to proceed efficiently. If 
adc itional clarification is needed as this process advances, please feel free to contact me via 
tele phone or email. 

We look forward to your feedback. 

Sin:;erely, 

Robert S. McQuate, Ph.D. 
CEO & Co-Founder 
GRAS Associates, LLC 
ww,v.gras-associates.com  

Enc osure: Expert Panel Signature Page for Danone GRAS Notification for Canola Oil Use in Infant Formulas (in triplicate) 
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Stanley T. Omaye, Ph.D., DATS 

Walter H. Glinsmann, M.D.	Sheila M. Innis, Ph.D., RDN 

GRAS Assessment - Danone 
Can	Oil in Infant Formula 
Rag: . 46 of 98 

VIII CONCLUSIONS 

ThE members of the Expert Panel consisted of. Richard C. Kraska, Ph.D. (Chair), DABT, 
Madhusudan G., Soni, Ph.D., Robert S. McQuate, Ph.D., Stanley T. Omaye, Ph.D., Walter H. 
Glinsmann, MD, and Sheila M. Innis, Ph.D., RDN. Each has an extensive technical background in 
the evaluation of the safety of food ingredients.16 

MIMI

The Panel concludes that the use of canola oil produced in compliance with current 
Good Manufacturing Practices requirements and which meets Food Chemicals 
Codex specifications is generally recognized as safe (GRAS) when used as a 
component of the fat blend in infant formulas for term infants, with a typical intended 
use level of up to 31% of the fat blend, such that the fat blend provides a nutritionally 
balanced blend of essential fatty acids, saturated, monounsaturated and 
polyunsaturated fatty acids in line with dietary recommendations for fatty acid intakes 
for infants. 

41•1111111,	

Richard C. Kraska, Ph.D., DABT - Chair 

MacIliusudan G. Soni, Ph.D., FACN, FATS	Robert S. McQuate, Ph.D.

March 6, 2012 

16 Th:1 detailed educational and professional credentials for some of the individuals serving on the Expert Panel can be found on the GRAS 
kgociates website at www.dras-associates.com. Dr. Kraska served as Chair of the Panel. Drs. Kraska and McQuate worked on GRAS 
an food additive safety issues within FDA's GRAS Review Branch earlier in their careers and subsequently continued working within this 
ama in the private sector. Dr. Omaye is a professor of nutrition at the University of Nevada, Reno and has published extensively on the 
nu :ritional and toxicological aspects of food ingredients. Dr. Soni's credentials can be accessed at http://www.soniassociates.net . Dr. 
Glinsmann has extensive experience in clinical nutrition and food safety that includes service with FDA's Division of Nutrition where he 
adiressed a broad range of food and human nutrition topics. Dr. Innis is currently Director, Nutrition & Metabolism Research Program, 
CFRI; and Professor, Department of Pediatrics, University of British Columbia. Dr. Innis' credentials can be accessed at 
htto://www.cfri.ca/our_research/researches/search_researcherslresearcher_detaitasp?ID=61.  
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