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ABSTRACT 
Background: The present study was designed to evaluate the 
presence of gliadin in homemade foods prepared by patients 
with cel iac d isease and/or their relati ves, as well as in processed 
products consumed by such patients in Sao Paulo, Brazil, by 
enzyme immunoassay (ETA) and Western blot (WB) analysis. 
Methods: One hundred ninety samples were analyzed: I 08 
homemade foods prepared in homes of patients wi th celiac 
d isease, 8 1 processed products, and I positive control of home
made food. All samples were analyzed by EIA based on mono
c lonal antibodies to heat stable w-gl iadins and related prola
mins from wheat, rye, and barley. Samples were also analyzed 
using the WB technique. 
Results: Only one (0.9%) of 108 homemade foods contained 
detectable amounts of gliadin, as determined by ETA. Twelve 
of 8 1 processed products contained gliadin by ElA, as fo llows: 
5 of 6 1 without gluten li sted in the ingredients, 2 of I I malt 
extracts, I of 2 wheat starches, I of 2 types of beer, and all 3 

T he treatme nt of celiac dise ase is essentia lly based on 
the e liminatio n of wheat, rye, bar ley, oats, and the ir by
produc ts fro m the diet ( I ,2). In daily practice, the adher
e nce and control needed to assure the intake of a g luten
free die t a re threatened by several d iffi culties, despite the 
effort and care de monstrated by most patie nts a nd their 
relatives . Uninte ntional transgressions may occur whe n 
processed foods do not list their true composition o n 
the ir labe ls (3) . Unintentional transgressions may a lso 
take place when glute n-free foods became unknowingly 
conta minated with g liadin. This conta mination may oc
cur in the fie ld or during crop handling, sto rage, tra ns
port, milling, manufacturing, o r packaging (4). Never
the less, voluntary transgressions are known to occur de 
spite information avai lable to patients o n the deleterious 
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positive control products. Gl iad in content of these products was 
between 4 and I 0 mg of gliadin! I 00 g of product, except for the 
wheat starch sample (28 mg of gl iadin/ I 00 g) and all 3 samples 
with gluten (>4000 mg of gliadin/1 00 g). The posi tive control 
of homemade food contained 152 mg of gliadin/1 00 g. One 
hundred three of 190 samples were analyzed by WB, and 2 1 of 
these were gliadin positive. I\ comparison of results obtained 
by EIA and WB showed no statistical differences between the 
methods. 
Conclusions: The greater part of the foods prepared in homes 
of patients with cel iac disease and most processed products 
supposed to be gluten- free d id not contain gliad in. T herefore, 
celiac patients adequately prepare gluten-free homemade food 
and have the experti se to purchase processed gluten-free food 
in Sao Paulo, Brazil. JPGN 32:65-70, 2001. Key Words: 
Celiac disease- Enzyme immu noassay-Food analysis
Gliadin-Gluten-Western blot analysis. © 2001 Lippincott 
Williams & Wilkins, Inc. 

effects of g lute n in their diet (5- 8). However, it is well 
recognized that many patie nts with celiac d isease, after a 
variable period of ti me consuming a g lute n-free diet, 
may tolerate certa in a mo unts o f g lu te n a nd remain 
asymptomatic (6) o r exhibit only minor sympto ms of the 
disease (9). However, the noxio us effects gluten exerts 
on the small intestinal mucosa are still present (6) a nd 
will become apparent in the long run. These vis ible ef
fects include short sta ture ( I 0) or even intestinal m alig
nancies (l l). 

Prolamins a re the tox ic protei n frac tio ns soluble in 
ethanol that are part of gluten composition. Each of the 
offending cereals for celiac patients has a specific pro
la min: g liad in-w heat, hordein-barley, secalin-rye, and 
avenin-oat (12). According to the Codex Al imentari us 
Commission of the Food and Agric ulture Organization 
and the World Health O rganizatio n (FAO/WHO), a food 
is considered glute n-free when the level of pro lamin de
tected in its compositio n is lower than I 0 mg/100 g 
(J 3, l 4). T his level of sens itivity can be achieved by us-
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ing monoclonal or polyclonal antibody- based techniques 
( 15). The enzyme immunoassay (ElA), using the mono
clonal w-gliadin antibody, is the elected technique to 
identify gliadin and related prolamins in raw, cooked, or 
processed foods (13-18). The Western blot (WB) tech
nique allows identification of protein fractions that react 
with the antigliadin antibody through molecular weight 
detection (19). Thus, the combination of both techniques 
is highly appropriate for identification and quantification 
of prolamins present in foods. 

The present study was designed to evaluate the pres
ence of gliadin in homemade foods prepared by patients 
with celiac disease and/or their relatives, as well as in 
processed products consumed by such patients in the city 
of Sao Paulo, Brazil , using both the ETA and the WB 
technique. 

MATERIALS AND METHODS 

One hundred eight homemade foods were prepared by pa
tients with celiac disease and/or their relatives and collected at 
the annual party of the Brazilian Celiac Association. The mem
bers at this party had no prior knowledge that the homemade 
food samples would be collected and affirmed that none of the 
I 08 samples contained gluten. As for the ingredients present in 
these homemade foods, 85 of them contained some type of the 
following cereal or tuber byproducts: corn starch (28 samples), 
corn flour (18 samples), corn meal (9 samples), rice flour ( 17 
samples), manioc meal (4 samples). manioc flour ( 13 samples). 
potato starch (5 samples), and a baking mix labeled gluten-free 
contain ing wheal starch ( I sample). Ten of these 85 homemade 
foods contained two types of cereal, whereas 75 of them con
tained only one cereal. We also decided to analyze a carrot cake 
baked at home by one of the authors of the present study (YLS) 
as a positive control of a wheat-containing homemade food. 

The 8 1 processed products were divided into six categories. 
The first category comprised 61 products that did not contain 
wheat, rye, barley, oats, wheat starch, or malt ex tract, according 
to the ingredient specification listed on the label. They are 
widely consumed according to information provided by pa
tients and members of the Brazilian Celiac Association and are 
commonly purchased in regular food outlets in Sao Paulo, Bra
zil. Within this category we analyzed naturally gluten-free 
flours: corn starch (6 samples), manioc meal (3 samples), 
manioc flour (3 samples), corn flour (2 samples), buckwheat 
flour (2 samples), cookies made of manioc flou r (2 samples) 
and corn starch ( I sample), cheese bread made of manioc tlour 
(6 samples), dessert made of gelatin ( I sample), yeast (2 
samples), coffee (5 samples), sauces a nd seasonings (5 
samples), soups (2 samples), pasta made of rice ( I sample), 
dairy produc ts (l 0 samples). sausage-type products (3 
samples), and soft drinks (7 samples). We point out that the 
only products purchased at a bakery were two samples of 
cheese bread (cheese bread A, cheese bread B) and the dessert 
made of gelatin. 

The second category analyzed included two different brands 
of toothpaste, because they are the most commonly used tooth
paste by children with celiac disease in Brazil, according to the 
patients' self-reports. Toothpaste was included in the list of 
processed products, because children mention that they very 
frequently swallow toothpaste wh ile brushing their teeth. The 
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other four categories included: I I samples of malt extract (7 
breakfast cereals, 2 chocolate powders, I chocolate milk, and l 
chocolate bar), wheat starch (2 samples), and beer (2 samples) 
and as positi ve controls, wheat tlou r (2 samples) and gluten 
powder ( I sample) . These last four ite ms analyzed are the most 
representative samples of the processed products categories and 
are not included in the regular diet of patients with celiac dis
ease. Therefore, 190 samples were analyzed: J 09 homemade 
foods and 8 1 processed products. 

Extraction of Gliadin from Foods 

For ex traction of gliadin from foods, samples of I g were 
extracted with I 0 mL of 40% (vol/vol) ethanol solution by 
high-speed (20,000 rpm for 30 seconds) dispersion using Ul
traturrax probe (Janke & Kunkel, Dontingen, Germany) at 
room temperature ( 16). Before use, extracts were centri fuged at 
2,500 rpm for 10 minutes and recentrifuged at 14,000 rpm for 
I 0 minutes ( 16). A 1 00-1-1 L aliquot of the supernatant was 
prepared by analysis for EIA and 200 fJ.-L by WB. 

Enzyme Immunoassay 

An enzyme immunoassay (ElA) test kit ( 16) (Gluten Lab
Test-Transia; Diffchamb S.A., Lyon, France) was used to ana
lyze g luten in samples according to the manufacturers' instruc
tions. An aliquot of 100 f.I-L of supernatant of each sample was 
diluted in diluent buffer, depending on the expected gliadin 
content: 1 :50 for homemade and processed foods, I :500 for 
carrot cake, and I :5,000 for wheat fl our and gluten powder. An 
amount of I 00 J.LL of the diluted samples were incubated with 
mouse anti-gliadin monoclonal antibody for 30 minutes at 
room temperature ( 16). Microwells were washed fi ve times 
with wash buffer and horseradis h peroxidase-conjugated 
monoclonal antibody to gliadin was incubated for 30 minutes. 
After five washes, substrate-chromogen solution was incubated 
for I 0 minutes. Color development was terminated by acidifi 
cation and absorbances read at 450 nm. The samples containing 
polyphenol such as cocoa, coffee, tea, beer, and hops were 
extracted using polyphenol-binding additives to the 40% etha
nol solution ( 16). All samples were analyzed in duplicate. Ac
cording to the manufacturers' spec ification, the sensitivity of 
the test is 4 mg of gliadin! I 00 g of food. 

Sodium Dodecyl Sulfate-Polyacrylamide 
Gel Electrophoresis 

A 200-f.'.-L aliquot of the supernatant was diluted in equal 
volumes of sample buffer (0.0 15 M Tris-HCI buffer I pH 6.5]. 
containing 25% glycerol, 1% sodium dodecyl sulfate I SDS], 
2.5 % i3-mercaptoethanol, and 0.05% bromophenol blue dye). 
Before being loaded onto the gels, samples were boiled for 6 
minutes . Ten microliters of each sample were analyzed by so
dium dodecyl s ulfate-polyacrylamide gel e lectrophoresis 
(SDS-PAGE) with a linear 10% gel and a 3% stacking gel by 
the method of Laemmli (20). On each gel, a set of six standard 
marker proteins ( 14,300-200,000 molecular weight, Gibco
BRL, Life Technologies, Grand Island, NY, U.S.A.) was in
cluded. 










