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Background: Although allergy to sunflower seed and oil is a
relatively rare occurrence, several cases of sunflower seed
allergy have been observed, and we have already described one
case of anaphylaxis after eating sunflower oil and margarine.
Objective: The aim of our study was to determine and charac-
terize the allergens from sunflower oil at the different steps of
the refining process: crude pressed oil (step A), acidification
and neutralization (step B), pregumming by centrifugation
(step C), washing (step D), bleaching (step E), gumming by fil-
tration (step F), and deodorization (step G).

Methods: A sample of oil from each step of the process (steps
A to G) was heat extracted with PBS. The protein concentra-
tion of each extract was evaluated by using the micro-Brad-
ford assay. Samples were run on SDS-PAGE. The immunoblot
was performed with the serum of a patient sensitized to sun-
flower seed and oil.

Results: The extracts obtained after each step reveal a
decrease in total protein concentration from 13.6 ng/mL to
0.22 pg/mL. The result of SDS-PAGE shows 5 bands, from 67
kd to 145 kd, with the most abundant being the 67-kd protein.
The amount of this protein decreases after each step of the
process. It is, however, still present in trace amounts in the
refined oil. The 67-kd protein, which is mainly present in the
crude oil and slightly in the refined oil, has been shown to be
allergenic.

Conclusion: Because of the presence of allergenic proteins,
refined sunflower oil may pose a threat to people highly sensi-
tized to sunflower seeds. (J Allergy Clin Immunol
2000;106:962-7.)
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Food allergy is particularly frequent in infants with
atopic dermatitis.! Attention has been drawn to the even-
tual risk of food allergy to peanut 0il.2 After recent pub-
lications on clinical reaction to sesame3 or sunflower
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Abbreviation used
TBS: TRIS-buffered saline

oil,4 we wondered about the current risk of a widely used
vegetable fat like sunflower oil. In France, its consump-
tion represents 40% of the human vegetable oil con-
sumption. It represents 20% of consumption in Europe
and 12% in the world (Proléa—Documentation; ONIDOL,
Paris, France).

The aim of this study was to assess the allergenicity of
sunflower oils at the different steps of the refining
process.

METHODS
Serum

The serum used in this study was from a 36-year-old woman.
She experienced 3 episodes of anaphylaxis within a 2-month peri-
od, which started 1 hour after eating a meal containing sunflower oil
and margarine. Skin prick test results were positive for sunflower
pollen (4 mm), seeds (4 mm), and refined oil (9% codeine phos-
phate control, 3 mm).

A double-blind, placebo-controlled, food challenge was per-
formed with 5 mL of sunflower oil. Abdominal pain occurred 2 and
a half hours later. After a further 8 hours, the patient had a cough,
impaired respiration, and facial angioedema.*

Sunflower oil

Sunflower oil from each step of the refining process was rigor-
ously sampled by a French oil producer (Table I).

Protein extraction from sunflower oil

Oil protein extractions were performed on 7 samples. A sample
of oil from each step of the process was heat extracted with PBS
(pH 6.5).

A volume of 80 mL of 50 mmol of PBS was added to 240 mL of
each oil and rocked for 24 hours at 60°C. The samples were cen-
trifuged at 1500g for 15 minutes, and the 80-mL clear aqueous layer
was collected and dialyzed (Spectrum Laboratories, Breda, The
Netherlands) against distilled water for 48 hours. The dialysate was
then lyophilized.

Protein extraction from sunflower seeds and
shells
The sunflower seeds were shelled. The proteins of the sunflower

seeds and shells were extracted with water after stirring for 15 min-
utes at room temperature.



J ALLERGY CLIN IMMUNOL
VOLUME 106, NUMBER 5

Zitouni et al 963

— — —

QM-P-O‘-W::?MJ&-E.\

Protein concentration (pg/ml)

A B C

D E T G
Qils

FIG 1. Protein concentration of oil extracts from the different steps of the refining process. Lane A, Crude
sunflower oil; lane B, neutralized oil; lane C, pregummed oil; lane D, washed oil; lane E, bleached oil; lane

F, gummed oil; lane G, refined oil.

Protein assay

The protein concentration of each extract was evaluated by using
the Bradford assay (Bio-Rad, Hercules, Calif).

Protein concentrations were calculated in micrograms per milli-
liter of oil by extrapolation from the concentration in extracts,
assuming complete extraction.

The relative amount of protein removed (Y) after one step
(step x) of the refining process was calculated as follows: Y = 100
(1 - B/A), where A is the protein concentration of the oil sample
before step x, and B is the protein concentration of the oil sample
after step x.

Rabbit immunization

A rabbit was immunized against protein extract of sunflower
seeds. Three intradermic injections of protein extract (1 mg/mL)
were administered on days 0, 21, and 42. The sera were collected on
day O (control serum) and day 49.

Polyacrylamide gel electrophoresis

SDS-PAGE was carried out according to the method of Laemm-
1i3 in a vertical slab gel (Bio-Rad). An acrylamide gradient concen-
tration from 4% to 20% was used. Protein samples were boiled for
5 minutes in sample buffer (0.125 mmol/L TRIS-Hcl, 4% SDS,
20% glycerol, 10% mercaptoethanol, and 0.004% bromophenol
blue [pH 6.8]). The same volumes of each extract were loaded and
run at a constant voltage of 150 V.

Protein transfer and immunoblotting

The proteins were transferred onto polyvinylidene difluoride
paper (Millipore, Bedford, Mass) for 1 hour at 300 mA on a semi-
dry apparatus (Bio-Rad), and the immunoblot was obtained by
using the catalyzed reporter deposition method.6

The blots were probed in triplicate with the serum from the
patients with sunflower seed allergy, sera from nonsensitized
patients, and sera in TRIS-buffered saline (TBS) containing 0.1%
Tween-20. The sera were diluted (1:5) in TBS (pH 7.4) containing
1% BSA for 24 hours on a rocker at 4°C. After washing two times
for 15 minutes with TBS and 0.1% Tween-20, the blot was incubat-
ed for 2 hours at room temperature with biotinylated anti-human
IgE (Vector, Burlingame, Calif). The blots were washed twice and
blocked with BSA incubated with streptavidin-peroxidase
(Boehringer, Mannheim, Germany) and then washed again. Incuba-
tion with diluted biotinylated tyramide in TBS-imidazole contain-
ing H,O, was followed by two washings. Finally, the blots were
incubated with streptavidin-alcaline phosphatase (Boehringer),

washed twice, and then revealed with 5-bromo 4-chloro-3-indoyl
phosphate/nitro blue tetrazolium (Sigma, St Louis, Mo).

The Western blots using rabbit sera were performed as follows.
The blots were probed with diluted rabbit sera (1:10) in 1% BSA in
TBS (pH 7.4) for 24 hours on a rocker at 4°C. The blots were again
washed twice and incubated for 2 hours at room temperature with
anti-rabbit IgG labeled with alkaline phosphatase (Sigma), washed
twice for 15 minutes with TBS and 0.1% Tween-20, and revealed
with 5-bromo 4-chloro-3-indoyl phosphate/nitro blue tetrazolium
for 5 minutes.

RESULTS
Protein concentrations

The protein concentrations determined in each oil of
the different steps of the refining process are 13.6 pg/mL
in crude oil (step A), 11.56 pg/mL in neutralized oil (step
B), 11.30 pg/mL in pregummed oil (step C), 2.75 pug/mL
washed oil (step D), 1.63 ug/mL in bleached oil (step E),
1.41 pg/mL in gummed oil (step F), and 0.22 pug/mL in
refined oil (step G, Fig 1).

Molecular weight

The SDS-PAGE of sunflower oil extracts shows 5
bands from 67 to 145 kd, with the most abundant being
the 67-kd protein (Fig 2, A). The amount of this protein
decreases after each step of the process. Trace amounts
are still present in the refined oil.

The SDS-PAGE of sunflower shell extract shows only
one band of 67 kd (Fig 2, B). A protein of the same size
is present among the proteins extracted from sunflower
seed (Fig 2, C).

Allergenic proteins

The immunoblot of sunflower oil extracts shows one
major band at 67 kd in each oil from crude oil to refined
oil but reveals a lower intensity in the bleached oil,
gummed oil, and refined oil than in the others. Four faint
bands are also present at molecular weights of 145, 132,
131, and 114 kd in crude oil (step A), neutralized oil (step
B), pregummed oil (step C), and washed oil (step D). In
bleached oil (step E), gummed oil (step F), and refined oil
(step G), the single 67-kd band can be observed (Fig 3).
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FIG 2. Silver-stained SDS-PAGE. M, Molecular weight markers. A, Sunflower oil extracts from the different
steps of the refining process. Lane A, Crude sunflower oil; lane B, neutralized oil; lane C, pregummed oil;
lane D, washed oil; lane E, bleached oil; lane F, gummed oil; lane G, refined oil. B, Sunflower shell extract.

C, Sunflower seed extract (S).

In the most hydrophobic fraction eluted from
hydrophobic interaction chromatography of the sun-
flower seed protein extract, a protein of 67 kd was rec-
ognized by a pool of 5 sera from patients sensitized to
sunflower pollen and sunflower seed (data not shown).
One strip incubated with the secondary antibody without
any serum to control for nonspecific binding and another
strip incubated with the serum of an individual not sensi-
tized to sunflower seed protein did not demonstrate any
binding (data not shown).

Antigenic protein

The protein extract obtained from refined sunflower
oil showed that the 67-kd protein is recognized by rabbit
sera (Fig 4).

DISCUSSION

Sunflower (Helianthus annuus) belongs to the Com-
positae family and is the third biggest source of vegetable
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FIG 3. Western blotting of sunflower oil extracts with the serum of a patient allergic to sunflower oil. Lane
A, Crude sunflower oil; lane B, neutralized oil; lane C, pregummed oil; lane D, washed oil; lane E, bleached

oil; lane F, gummed oil; lane G, refined oil.
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FIG 4. Western blotting (IgG pattern) of refined sunflower oil
extract with sera of rabbit immunized against extract of sun-
flower seed protein.

oil in the world. In France, the consumption of sunflower
oil was up 63% between 1981 and 1997, at the expense
of the consumption of peanut oil (Proléa—Documenta-
tion, ONIDOL).

Hypersensitivity to seeds has been described,’:8 as
well as one single case of allergy to sunflower oil.4 How-
ever, some authors have stated that sunflower oil does not
contain any allergenic protein.?

Different studies on peanut oil described conflicting
results.10.11 Teuber et all2 found that the extracts from
oils that had undergone less processing at lower temper-
atures tended to demonstrate greater IgE binding.

In our work the results obtained indicate the presence
of a global protein concentration of 220 ng/mL oil in the
refined sunflower seed oil. This concentration is greater
than the concentration of 54 ng/mL oil obtained by
Halsey et al® and lower than the 849 ng/mL concentration
obtained by Klurfeld et al.13 It should, however, be noted
that the sunflower seed oils analyzed were not of the same
origin and were probably not subject to the same type of
refining. Noteworthy also is that the protein determination
methods were different. Halsey et al® used the Lowry
method, which has a detection limit of 10 pg/mL and that
led these authors to consider that 54 ng/mL is well below
the lower recognition level.3:14 In contrast, both Klurfeld
et al!3 and ourselves carried out protein analysis by using
the Bradford method,!5 a method 10 times more sensitive
than that of Lowry. In a more recent study encompassing
the allergenicity of refined food oils using the bicin-
choninic acid micro-method, Teuber et al'2 estimated the
protein concentrations of almond, peanut, and walnut oils
taken to maximum temperatures of 230°C to 260°C dur-
ing the refining process at between 2.2 + 0.7 and 16.7 +
0.8 ng/mL. The thermal treatments can exercise a dena-
turing influence on the structure of the proteins and con-
sequently on their solubility. In this respect Venktesh and
Prakash!¢ observed that application of a temperature of
100°C to 150°C to sunflower seed proteins led to a reduc-
tion in their hydrosolubility. They noted an increase in the
binding of lipid to the proteins through the hydrophobic
nonpolar amino acid side chains and the exposure of
buried hydrophobic amino acids after thermal denatura-
tion. This property could explain the very hydrophobic
character of the 67-kd protein, which is present in consid-
erable quantity in refined sunflower oil after hexane
extraction of seeds. Furthermore, Lapanje!7 demonstrated
that the thermal treatment of sunflower proteins can lead
to the substitution of amine groups of lysine residues by
reaction either with the reducing sugars or the free chloro-
genic acid present in the microenvironment of the protein.
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TABLE I. Description of the steps of refining process of sunflower oil

Treatment Temperature
Step Oil obtained used applied Time Removed components
0: Expeller and chemical Crude oil (A)
extraction
1: Acidic and neutral Neutralized oil (B)  H3;PO4, NaOH 85°C 15 min Phospholipids, free fatty acids,
treatment metals, pigments, products from
oxidation, some contaminants
2: Pregumming by Pregummed oil (C)  Soap and water ~ 10°C 4h Plant wax
centrifugation
3: Washings Washed oil (D) Water 85°C Few minutes  Soap, phospholipids
4: Bleaching Bleached oil (E) Filters 85°C 20 min Pigments, residues of soap,
phospholipids, metals, products
from oxidation
5: Gumming by filtration ~ Gummed oil (F) Filters 10°C 5h Plant wax
6: Deodorization Refined oil (G) Water steam 220°C-4 min 2 h, 30 min Peroxides, odors, some
under vaccum contaminants

The 67-kd protein is the most abundant protein of the
oil. It may come from the albumen of the sunflower seed.
Indeed, a protein of 67 kd, the hydrophobic characteris-
tics of which have been determined by hydrophobic
interaction chromatography, is recognized by the poly-
clonal serum of rabbit immunized against the protein
extract of sunflower seed. Moreover, the SDS-PAGE of
sunflower shell shows a unique bande at 67 kd, and the
slot blot reveals its allergenicity (data not shown).

The crude sunflower oil contains a main 67-kd protein
in addition to the less-abundant proteins of higher mole-
cular weights eliminated during refining. In contrast, the
67-kd protein is present in the sunflower seeds in rela-
tively lower quantities than in the oil and is accompanied
by other smaller size proteins. The extraction conditions,
which have a determining influence on the protein con-
centration, may explain these observations.!8 Indeed, in
both cases extraction is carried out with PBS solutions of
a different NaCl molarity, pH, and temperature. A PBS
solution containing 1 mol/L. NaCl (pH 7.0) at 4°C was
used to extract the sunflower seeds as opposed to a PBS
solution made up of 50 mmol/LL NaCl (pH 6.5) at 60°C
for the oil. The incubation time with the extraction buffer
is also a factor involved in the selective extraction of pro-
teins.!9 This could explain the absence of small-size pro-
tein bands in our oil extracts because the incubation time
in PBS at 60°C is 24 hours.

Another hypothesis is that the phospholipids present
in the oil extracts could be able to bind the low-molecu-
lar-weight proteins. They could be responsible for hiding
these proteins, making them indetectable on SDS-PAGE
by silver-staining coloration.

The allergenic properties of the 67-kd protein in the
oils tested, from the crude oil to the refined oil, were
highlighted by Western blotting.

Allergy to sunflower oil has been the subject of a lim-
ited number of studies. Halsey et al,% after sunflower
oil-negative skin and negative RAST test results in
patients having undergone anaphylaxis to seeds, con-
cluded to the nonallergenicity of sunflower oil. Our lab-
oratory related one case documented by double-blind,

placebo-controlled, food challenge.# At the present time,
the data on the allergenicity of crude and refined oils
remain conflicting. Taylor et al20 concluded that there
was an absence of evidence to indicate any potential dan-
ger of refined peanut oil in peanut-sensitized patients,
whereas Hoffmann and Williams,10 using slot blots,
highlighted the presence of allergens in crude cold-
pressed peanut oils but not in crude hot-pressed oils.
More recently, Olszweski et alll isolated and identified
an 18-kd allergen in refined peanut oil. In addition, Teu-
ber et all2 demonstrated the presence of allergens rang-
ing between 14 and 80 kd in peanut oil having undergone
low-temperature refining.

This study has provided additional information on the
gradual modification of the allergenicity of the proteins
present in the oil according to the refining stage. The 67-
kd allergenic protein resists all the processes, including
application of a temperature of 220°C in a vacuum for 4
minutes. Thermal denaturation of the proteins may lead to
modifications of the allergenicity, as was recently shown
for B-lactoglobulin.2l Heating pecan nuts has also
revealed a neoallergen.?2 As regards peanuts, it has been
confirmed that a major allergen (65 kd) is recognized by
specific IgEs before and after cooking at 140°C for 45
minutes.23 Therefore the allergenicity of certain food pro-
teins can be maintained after cooking. With respect to the
67-kd protein, the allergenicity could be recognized both
before and after oil extraction and refining. It cannot be
confirmed that this protein characterizes a native allergen
because inhibition of the immunoblot by the sunflower
flour was not performed. Furthermore, it cannot be
excluded that the allergenicity appeared on account of the
chemical processes of extraction and heating.

Some other patients with sunflower seed allergy may
not be reactive to the 67-kd allergen. Kelly et al24 show
that other proteins of the seed (10.5-48.9 kd) are recog-
nized by 5 sensitized patients. This can be explained by
differences in the protein extraction methods and by the
interindividual variability. More research is needed with
more patients to determine which sunflower seed pro-
teins are the major allergens.
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The 67-kd protein is present in the refined oil at a con-
centration of 0.22 pg/mL. Assuming a mean consump-
tion of 15 to 30 mL of oil per person per day, the daily
consumption of this protein would be the equivalent of
6.6 ug.

The hydrophobic proteins of the seeds present a poten-
tial nonnegligible risk of allergy highlighted by the
occurrence of allergic reaction to peanut oil or, as
demonstrated in this work, to sunflower oil, although the
quantity consumed is in the order of a microgram.!10.25.26
Although no study has determined the minimum reactive
quantity of sunflower seeds, the minimum reactive quan-
tity of peanut seed is very much higher than 1 pg, having
been evaluated at 100 png.2627 Concerning peanut oil, it
was shown that as little as 1 to 10 mL of crude oil are
reactive.28 In our case the patient reacted to 5 mL of
refined sunflower oil (ie, 10-40 ug of proteins).4

Among the possible explanations, we favor the hypo-
thesis according to which the hydrophobic proteins able
to interact with the phospholipids could be capable of
permeating the intestinal barrier, as demonstrated for
mustard allergen.29
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