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BSTRACT
nder the Food Allergen and Consumer Protection Act,

he Food and Drug Administration (FDA) must issue a
ule for the voluntary labeling of food as gluten-free. In
he proposed rule, many single-ingredient foods, such as
illet, are considered inherently free of gluten. Inher-

ntly gluten-free grains will be considered misbranded if
hey carry a gluten-free label and do not also state that all
oods of the same type are gluten-free (eg, “all millet is
luten free”). Twenty-two inherently gluten-free grains,
eeds, and flours not labeled gluten-free were purchased
n June 2009 and sent unopened to a company who spe-
ializes in gluten analysis. All samples were homogenized
nd tested in duplicate using the Ridascreen Gliadin
andwich R5 enzyme-linked immunosorbent assay with
ocktail extraction. Thirteen of 22 (59%) samples con-
ained less than the limit of quantification of 5 parts per
illion (ppm) for gluten. Nine of 22 (41%) samples con-

ained more than the limit of quantification, with mean
luten levels ranging from 8.5 to 2,925.0 ppm. Seven of 22
amples (32%) contained mean gluten levels �20 ppm
nd would not be considered gluten-free under the pro-
osed FDA rule for gluten-free labeling. Gluten contam-
nation of inherently gluten-free grains, seeds, and flours
ot labeled gluten-free is a legitimate concern. The FDA
ay want to modify their proposed rule for labeling of

ood as gluten-free, removing the requirement that glu-
en-free manufacturers of inherently gluten-free grains,
eeds, and flours must state on product labels that all
oods of that type are gluten-free.

Am Diet Assoc. 2010;110:937-940.

s part of the Food Allergen Labeling and Consumer
Protection Act, the Food and Drug Administration
(FDA) must issue a rule for the voluntary labeling of

ood as gluten-free (1). In the FDA’s proposed rule, single-
ngredient grain foods, such as corn, rice, and millet, are
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onsidered inherently free of gluten (2). However, these
rains will be considered misbranded if they carry a glu-
en-free label that does not also state that all foods of the
ame type are gluten-free (eg, “all millet is gluten-free” or
millet, a gluten-free grain”). They also will be considered
isbranded if they contain 20 parts per million (ppm) or
ore of gluten.
Oats are the one grain that will not be considered
isbranded if they carry a gluten-free label and do not

lso state that all foods of the same type are gluten free
2). Although oats are considered an inherently gluten-
ree food, research suggests that commercially available
ats may be contaminated with the gluten-containing
rains wheat, barley, and rye while being grown, har-
ested, and/or processed (3). As a result, oats labeled
luten-free will be deemed misbranded if the label im-
lies that all oats are free of gluten (2).
Oats might not be the only grain contaminated with

luten. Any inherently gluten-free grain, seed, and flour
an become contaminated with wheat, barley, and/or rye
hile being harvested, transported, and/or processed (4).
nder the proposed FDA rule for gluten-free labeling,
anufacturers who voluntarily chose to label their sin-

le-ingredient grain products gluten-free will have to im-
ly to consumers that all inherently gluten-free grains
nd seeds, such as millet, flax, buckwheat, and sorghum,
re gluten-free, even if sold by manufacturers who do not
abel their single-ingredient products gluten-free. Unlike

anufacturers who do label their products gluten-free,
ome manufacturers that do not might not test their
roducts to ensure they contain �20 ppm gluten. There-
ore, to determine whether single-ingredient grain foods
ther than oats might be contaminated with gluten, 22
nherently gluten-free grains, seeds, and flours not la-
eled gluten-free were assessed for gluten contamination.

ETHODS
ood Samples
convenience sample (ie, ready-available products) of 22

ingle-ingredient inherently gluten-free grains, seeds,
nd flours were purchased in Massachusetts or mail-
rdered in June 2009. Grains, seeds, and flours were
elected for testing because they are eaten by individuals
ith celiac disease who must follow a gluten-free diet. By
esign, none of the products chosen for this study were
abeled gluten-free. As products meeting this criteria
ere found in grocery stores and online, they were pur-

hased for the study. No additional criterion other than
vailability was used for selecting products. Purchased
roducts included white rice, brown rice, white rice flour,
orn meal, polenta, buckwheat, buckwheat flour, ama-

anth flour, amaranth seed, flax seed, millet flour, millet
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rain, sorghum flour, and soy flour. In some cases, two
ifferent brands of the same grain, flour, or seed were
urchased. Seven of the 22 products contained a volun-
ary allergen advisory statement pertaining to wheat.
his study protocol is exempt from Institutional Review
oard approval.

nalysis
roducts were sent unopened to a company that special-

zes in gluten analysis (Bia Diagnostics, Burlington, VT).
ll samples were homogenized and tested in duplicate
sing the Ridascreen Gliadin sandwich R5 enzyme-linked

mmunosorbent assay (ELISA) with cocktail extraction
R-biopharm, Darmstadt, Germany). The R5 ELISA was
alidated in a collaborative trial and uses the gliadin
tandard developed by the Prolamin Working Group (5-
). The R5 ELISA is based on the R5 monoclonal antibody
o the antibody binding site QQPFP (glutamine-glu-
amine-proline-phenylalanine, proline) and other closely
elated amino acid sequences that are present in the
luten proteins of wheat, barley, and rye (8-11). This
ntibody does not cross-react with proteins from inher-
ntly gluten-free grains, such as oats, corn, rice, millet,
eff, buckwheat, amaranth, and quinoa (12). The R5
LISA has been endorsed by the Codex Committee on
ethods of Analysis and Sampling as a type 1 method for

etermination of the gluten content in gluten-free foods
nd is the method for determination of gluten in Codex
tandard 118-1979 (Codex Standard for Foods for Special
ietary Use for Persons Intolerant to Gluten) (13,14). In

ts proposed rule for labeling of food as gluten-free, the
DA is tentatively considering using the sandwich R5
LISA for gluten determination (2). The limit of quanti-
cation (LOQ) for this assay is 5 parts per million of
luten (12).

ampling
even or more well-representative aliquots from each
ubmitted product were taken to make between 100 and
00 g (about 400 cm3) of each sample. Samples were
round in a Kitchen-Aid BCG 100ER1 processor (Kitchen
id Inc, St Josephs, MI) to a fine powder (all parts were

emoved and cleaned with alkaline-enzyme detergent,
insed with 60% EtOH, and dried between samples).
rom each ground sample, several aliquots were obtained
nd weighed on a Mettler AK 160 Analytical Balance
Mettler Instruments, Hightstown, NJ) to make each of
he 0.50-g samples for analysis (�0.001 g). Although the
it manufacturer recommends a 0.25-g sample for anal-
sis, this amount was felt to be too small for reproducible
esults.

xtraction
amples were then put into a 50-mL sterile centrifuge
ube, and 5 mL 2-mercaptoethanol Guanidine Hydrochlo-
ide Cocktail solution (R21/22 S26-36/37) was added per
nstructions for a 1/10 dilution. Samples were then incu-
ated at 60°C for 40 minutes on a horizontal shaker as
rescribed by the kit instructions. After incubation sam-
les were allowed to cool; 80% EtOH was added and

urther shaken for 60 minutes at 22°C. Samples were t

38 June 2010 Volume 110 Number 6
hen centrifuged at 2,500g in a Beckman TJ-6 Refriger-
ted swinging bucket centrifuge (Beckman Coulter Inc.,
rea, CA) for 10 minutes to pellet residue.
Per kit instructions, 80 uL of each duplicate sample

upernatant was diluted into the 920 uL of diluted run-
ing buffer and analyzed according to kit instructions. All
amples were read on a Bio-Tek EL340 automated micro-
late reader (Bio-Tek Instruments, Winooski, VT) at 450
m and gluten calculations were made using a 4p fit

ogarithm program (KC-JR) provide by Bio-Tek Instru-
ents (Bio-Tek Instruments, Winooski, VT).

ESULTS AND DISCUSSION
ased on the mean gluten level of two extractions, 13 of
2 (59%) products contained below the LOQ (5 ppm) for
luten (Table). Of these 13 products, three contained a
oluntary allergen advisory statement for wheat (Table).
ine of 22 (41%) products contained more than the LOQ

or gluten, with mean gluten levels ranging from 8.5 to
,925.0 ppm (Table). Of these nine products, four con-

Table. Gluten content of inherently gluten-free grains, flours, and
seeds not labeled gluten-free

Product

Allergen
advisory
statement

Extraction 1a

ppmb gluten
Extraction 2
ppm gluten

Mean
ppm

Millet flour Yes 308.0 302.0 305.0
Millet flour Yes 310.0 344.0 327.0
Millet grain No 22.0 6.0 14.0
Millet grain No 10.0 40.0 25.0
White rice flour Yes 9.0 8.0 8.5
Buckwheat

flour No 66.0 64.0 65.0
Sorghum flour Yes 238.0 230.0 234.0
Soy flour No 3,000.0 2,850.0 2,925.0
Soy flour No 96.0 88.0 92.0
Basmati rice No �5c �5 �5
Long-grain

brown rice No �5 �5 �5
Enriched corn

meal No �5 �5 �5
Instant polenta No �5 �5 �5
Rice flour No �5 �5 �5
Hulled

buckwheat No �5 �5 �5
Buckwheat

groats Yes �5 �5 �5
Amaranth flour Yes �5 �5 �5
Amaranth flour No �5 �5 �5
Flax seed Yes �5 �5 �5
Flax seed No �5 �5 �5
Amaranth seed No �5 �5 �5
Amaranth seed No �5 �5 �5

aAssay used: Sandwich R5 enzyme-linked immunosorbent assay with cocktail extrac-
tion.
bppm�parts per million.
c5 ppm gluten is the lower limit of quantification for this assay.
ained a voluntary allergen advisory statement for wheat
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Table). Seven of 22 products (32%) would not be consid-
red gluten-free under the proposed FDA rule for gluten-
ree labeling. Among other parameters, foods labeled glu-
en-free must contain �20 ppm gluten to be labeled
luten-free (2).
Results of this analysis strongly suggest that not all

nherently gluten-free grains, seeds, and flours are in-
eed gluten-free when they are market-ready for the con-
umer. Inherently gluten-free grains and seeds can be-
ome contaminated with wheat, barley, or rye anywhere
rom the field to the packaging plant. Comingling of grain
nd seed can occur because of crop rotation—during one
arvest, wheat, barley, or rye is grown and during the
ext, a gluten-free grain is grown. It is likely that errant
heat, barley, or rye seed(s) will remain in the soil. As a

esult, the gluten-containing grain will be harvested right
long with the gluten-free grain. Foreign grain also can
e found growing among gluten-free grain as a result of
ifferent grains being grown in close proximity. Comin-
ling of grain also can occur because of the use of shared
arvesting, transporting, and processing equipment (3).
n fact, under the US Grain Standards Act, products such
s corn, flaxseed, sorghum, soybeans, and oats are al-
owed to contain a certain percentage of other grains,
ncluding wheat, barley, rye, and triticale (15).

The findings of this analysis also suggest that consum-
rs cannot rely on voluntary advisory allergen labeling to
ake decisions on which inherently gluten-free grains,

eeds, and flours are free of gluten contamination. Four of
even products containing �20 ppm gluten did not con-
ain an allergen advisory statement. Three of the 13
roducts that contained less than the LOQ for gluten had
n advisory statement for wheat on the product label.
llergen advisory labeling is used by some manufacturers

o provide information to consumers about processing
rocedures. Labels might read, “processed in a facility
hat also packages products containing wheat” or “this
roduct was packaged using equipment that also handles
heat.” Currently, these statements are voluntary and

here are no government guidelines in place regarding
heir use (16).

Inherently gluten-free grains, seeds, and flours not la-
eled gluten-free were purposefully chosen for this study
o be assessed for gluten content. Manufacturers of la-
eled gluten-free products presumably have several con-
rols in place to ensure their products meet the FDA’s
roposed gluten-free rule of �20 ppm gluten. These
afety measures might include very carefully controlled
rowing, harvesting, transporting, and processing proce-
ures. Manufacturers of labeled gluten-free foods also
est their products to ensure the reliability of their glu-
en-free label.

Under the proposed FDA rule for labeling of foods as
luten-free, if a manufacturer wants to place a gluten-
ree label on a package of a single-ingredient food that is
nherently gluten-free (eg, millet), the label would have to
tate that all such products were gluten-free (2). State-
ents such as “all millet is gluten-free” can be misleading

nd potentially harmful to the consumer with celiac dis-
ase who requires a strict gluten-free diet.
It has been described in the literature that products

abeled gluten-free are more costly than their wheat-

ased counterparts (17). Based on a literature search of e
ubMed, there are no published cost studies on inher-
ntly gluten-free grains labeled gluten-free vs those that
re not labeled gluten-free. Nonetheless, it may be the
ase that products labeled gluten-free are more expensive
ecause of increased production costs. The cost differen-
ial between items labeled gluten-free and those that are
ot might impact a consumer’s choice of product. Al-
hough the products not labeled gluten-free might be a
etter economic choice, the potential for contamination is
risk, as indicated by the findings in this study.
Based on a literature search of PubMed, there are no

ther published studies on the gluten contamination of
nherently gluten-free single-ingredient foods, such as
rains, seeds, and flours (with the exception of oats). A
anadian study did assess the gluten content of pro-
essed food products available in the Montreal area that
ppeared to be gluten-free (based on researchers’ assess-
ent of food labels), but were not labeled gluten-free (18).
ixteen of 70 products tested contained �20 ppm gluten,

ncluding three buckwheat flours.
This study does have some limitations. Although this

nalysis indicates that there is some degree of contami-
ation of inherently gluten-free grains, seeds, and flours
ot labeled gluten-free in the United States, sampling
as not large enough to allow any inferences to be made

n the overall percentage of contaminated product. In
ddition, no inferences can be drawn on the specific
rains, seeds, and flours likely or unlikely to be contam-
nated. A much larger study involving multiple lots of
umerous brands of grain would have to be done to
chieve any degree of statistical significance.

ONCLUSION
he findings of the current study indicate that some

nherently gluten-free grains, seeds, and flours not la-
eled gluten-free are contaminated with gluten. This po-
ential risk of contamination is a health concern for peo-
le with celiac disease, who must follow a gluten-free
iet. The consumption of these products can lead to inad-
ertent gluten intake. A much larger study will be nec-
ssary to determine whether certain grains and seeds are
ore likely than others to be contaminated. The FDA
ight want to modify their proposed rule for labeling of

ood as gluten-free, removing the requirement that glu-
en-free manufacturers of inherently gluten-free grains,
eeds, and flours must state on product labels that all
oods of that type are gluten-free.

TATEMENT OF POTENTIAL CONFLICT OF INTEREST:
nne Roland Lee is the Director of Nutrition Services for
char USA. Schar USA partially funded this study, in-
luding reimbursing the cost of purchased grains, flours,
nd seeds, as well as the cost of ELISA kits, necessary
eagents, and equipment. Researcher time for Tricia
hompson also was partially covered by Schar USA.
homas Grace is the CEO and Director of Bia Diagnostics,
he company responsible for conducting the gluten test-
ng on the product samples for this study. Although Schar
SA has a commercial interest in gluten-free foods, none

f the products assessed in this study (ie, single-ingredi-
nt grains, flours, and seeds) are in direct competition
ith products manufactured by Schar USA (ie, ready-to-
at packaged breads, pastas, crackers, and cookies).

June 2010 ● Journal of the AMERICAN DIETETIC ASSOCIATION 939



b
f

R
1

1

1

1

1

1

1

1

1

9

FUNDING/SUPPORT: This study was funded in part
y Schar USA, a manufacturer of prepared gluten-free
oods.

eferences
1. US Food and Drug Administration, Center for Food Safety and Applied

Nutrition. Food Allergen Labeling and Consumer Protection Act of 2004
(Title II of Public Law 108-282). http://www.fda.gov/Food/LabelingNutrition/
FoodAllergensLabeling/GuidanceComplianceRegulatoryInformation/
ucm106187.htm. Published August 2, 2004. Accessed November 17,
2009.

2. US Department of Health and Human Services, Food and Drug Ad-
ministration. 21 CFR Part 101. Docket No. 2005N-0279. Food label-
ing: Gluten-free labeling of foods. Proposed rule. http://www.fda.gov/
Food/LabelingNutrition/FoodAllergensLabeling/GuidanceCompliance
RegulatoryInformation/ucm077926.htm. Published July 19, 2005. Ac-
cessed November 17, 2009.

3. Thompson T. Gluten contamination of commercial oat products in the
United States. N Engl J Med. 2004;351:2021-2022.

4. Thompson T. Oats and the gluten-free diet. J Am Diet Assoc. 2003;
103:376-379.

5. Immer U, Vela C, Méndez E, Janssen F. PWG collaborative trial of
gluten in gluten-free food through “Cocktail ELISA.” In: Stern M, ed.
Proceedings of the 17th Meeting of the Working Group on Prolamin
Analysis and Toxicity. October 3-6, 2002, London, England. Zwickau,
Germany: Verlag Wissenschaftliche Scripten; 2003:23-33.

6. Méndez E, Vela C, Immer U, Janssen FW. Report of a collaborative
trial to investigate the performance of the R5 enzyme linked immu-
noassay to determine gliadin in gluten-free food. Eur J Gastroenterol
Hepatol. 2005;17:1053-1063.

7. Van Eckert R, Berghofer E, Ciclitira PJ, Chirdo F, Denery-Papini S,
Ellis HJ, Ferranti P, Goodwin P, Immer U, Mamone G, Méndez E,
Mothes T, Novalin S, Osman A, Rumbo M, Stern M, Thorell L, Whim
A, Wieser H. Towards a new gliadin reference material isolation and
characterization. J Cereal Sci. 2006;43:331-334.

8. Valdés I, Garcia E, Llorente M, Méndez E. Innovative approach to
low-level gluten determination using a novel sandwich enzyme-linked

immunosorbent assay protocol. Eur J Gastroenterol Hepatol. 2003;15:
465-474.

40 June 2010 Volume 110 Number 6
9. Osman AA, Uhlig HH, Valdés I, Amin M, Méndez E, Mothes T. A
monoclonal antibody that recognizes a potential coeliac-toxic repeti-
tive pentapeptide epitope in gliadins. Eur J Gastroenterol Hepatol.
2001;13:1189-1193.

0. Kahlenberg F, Sanchez D, Lachmann I, Tuckova L, Tlaskalova H,
Méndez E, Mothes T. Monoclonal antibody R5 for detection of puta-
tively coeliac-toxic gliadin peptides. Eur Food Res Technol. 2006;222:
78-82.

1. Thompson T, Mendez E. Commercial assays to assess gluten content
of gluten-free foods: Why they are not created equal. J Am Diet Assoc.
2008;108:1682-1687.

2. R-biopharm AG. Take new routes and make new tracks. R-Biopharm
AG Web site. http://www.r-biopharm.com. Accessed November 17,
2009.

3. Joint Food and Agricultural Organization of the United Nations/World
Health Organization Food Standards Program. Codex Alimentarius.
FAO/WHO Food Standards Web site. http://www.codexalimentarius.
net. Accessed November 17, 2009.

4. Joint Food and Agriculture Organization of the United Nations/World
Health Organization Food Standards Program. Report of the Twenty-
Seventh Session of the Codex Committee on Methods of Analysis and
Sampling. Rome, Italy: Food and Agriculture Organization of the
United Nations and World Health Organization; 2006:8.

5. US Department of Agriculture. Grain inspection, packers & stockyard
administration. Grain, rice & pulses. Official US Standards. US Stan-
dards for Grains. US Department of Agriculture Web site. http://
www.gipsa.usda.gov/GIPSA/webapp?area�home&subject�grpi&
topic�sq-ous. Updated July 20, 2009. Accessed November 17, 2009.

6. US Department of Health and Human Services Food and Drug Ad-
ministration Center for Food Safety and Applied Nutrition. Food
Allergen Labeling and Consumer Protection Act of 2004 Public Law
108-282 Report to The Committee on Health, Education, Labor, and
Pensions United States Senate And The Committee on Energy and
Commerce United States House of Representatives. July 2006.

7. Lee AR, Ng DL, Zivin J, Green PHR. Economic burden of a gluten-free
diet. J Hum Nutr Dietet. 2007;20:423-430.

8. Gélinas P, McKinnon CM, Mena CM, Méndez M. Gluten contamina-

tion of cereal foods in Canada. Int J Food Sci Technol. 2007;43:1245-
1252.

http://www.fda.gov/Food/LabelingNutrition/FoodAllergensLabeling/GuidanceComplianceRegulatoryInformation/ucm106187.htm
http://www.fda.gov/Food/LabelingNutrition/FoodAllergensLabeling/GuidanceComplianceRegulatoryInformation/ucm106187.htm
http://www.fda.gov/Food/LabelingNutrition/FoodAllergensLabeling/GuidanceComplianceRegulatoryInformation/ucm106187.htm
http://www.fda.gov/Food/LabelingNutrition/FoodAllergensLabeling/GuidanceComplianceRegulatoryInformation/ucm077926.htm
http://www.fda.gov/Food/LabelingNutrition/FoodAllergensLabeling/GuidanceComplianceRegulatoryInformation/ucm077926.htm
http://www.fda.gov/Food/LabelingNutrition/FoodAllergensLabeling/GuidanceComplianceRegulatoryInformation/ucm077926.htm
http://www.r-biopharm.com
http://www.codexalimentarius.net
http://www.codexalimentarius.net
http://www.gipsa.usda.gov/GIPSA/webapp?area=home%26subject=grpi%26topic=sq-ous
http://www.gipsa.usda.gov/GIPSA/webapp?area=home%26subject=grpi%26topic=sq-ous
http://www.gipsa.usda.gov/GIPSA/webapp?area=home%26subject=grpi%26topic=sq-ous

	Gluten Contamination of Grains, Seeds, and Flours in the United States: A Pilot Study
	METHODS
	Food Samples
	Analysis
	Sampling
	Extraction

	RESULTS AND DISCUSSION
	CONCLUSION
	References


