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Abstract 

Background: Despite the low prevalence of IgE sensitivity to fresh or boiled coconut milk and coconut oil, those 
may contain allergens of which the clinical significance remains undetermined. This study aimed to identify and com-
pare allergens in fresh coconut milk (FCM), boiled coconut milk (BCM), unrefined wet-processed coconut oil (WPCO), 
and dry-processed coconut oil (DPCO) using sera from patients with allergy to coconut milk.

Methods: The study included 18 patients with immediate hypersensitivity to coconut milk, including five who 
developed anaphylaxis. Sensitization was assessed by skin prick test and ImmunoCAPs using commercially available 
coconut extracts. Immunoblotting was performed to identify and compare allergen profiles.

Results: Total sIgE levels and overall IgE reactivity of patients with anaphylaxis were higher compared to patients 
with allergy. Twelve allergens ranging from 5 to 128 kDa including six novel allergens with 5, 12, 47, 87, 110, and 
128 kDa were visualized in immunoblots with FCM. Similarly, nine allergens of 5, 12, 17, 32, 35, 47, 87, 110, and 128 kDa 
were detected in BCM. One allergen (110 kDa) was discerned in all four extracts. Higher IgE prevalence was detected 
with three allergens of 55, 87, and 110 kDa.

Conclusions: Allergens of BCM and unrefined coconut oil (WPCO and DPCO) were determined for the first time. 
Novel allergens of 87 and 110 kDa and the 55 kDa allergen have the highest potential to be used in Component 
Resolved Diagnostics. Further, these findings demonstrate that, patients who have an allergy to coconut milk could 
also react to boiled coconut milk and unrefined coconut oil.
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Introduction
Allergy to Coconut (Cocos nucifera) is not rare in Sri 
Lanka though it is a popular food among Asians [1]. 
Coconut, a drupe of order-Arecale and family-Are-
caceae, contains fleshy meat inside amid testa, endocarp, 
mesocarp, and exocarp. Fresh coconut and milk or oil, 

extracted from the meat (kernel) is a major part of Sri 
Lankan and Asian cuisine.

Previous studies have reported allergic reactions fol-
lowing the consumption of coconut; milk, cream, oil, 
and water containing food. A recent Australian pediatric 
case series has reported 35 patients with type 1 hyper-
sensitivity to coconut including 9 patients with anaphy-
laxis to coconut milk, coconut cream, baked coconut, 
and coconut water [2]. Another allergy study from the 
United States has reported 69 patients with allergic reac-
tions to coconut, including 2 during breastfeeding, 10 
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after contact, and 57 following ingestion, with 50% of 
the patients who developed allergy after ingestion hav-
ing mild/moderate anaphylaxis [3]. In addition, several 
other studies have reported allergy/ anaphylaxis fol-
lowing ingestion of fresh coconut, coconut milk, and 
other coconut containing food with the total of 10 cases 
reported across all studies [4–13]. Allergy to coconut oil 
is rare and only two cases have been reported [5, 14]. Fur-
ther, several other cases of contact dermatitis have been 
reported as a result of sensitization to coconut oil derived 
surfactants; cocamide DEA (diethanolamine), cocamido-
propyl betane, and TEA-PGE-3 (triethanolamine-phenyl 
glycidyl ether-3) cocamide sulphate [15–23]. Coconut 
pollen is a major inhalant allergen in the Indian subcon-
tinent [24]. A case of occupational allergic conjunctivitis 
in a patient caused by coconut dust has been reported as 
well [25].

Previous molecular studies have identified a set of aller-
gens; 16, 18, 20, 22, 25, 27, 28, 29, 30, 32, 35, 36.5, 39, 50, 
55, 66, 75, 78, and 80 kDa in fresh coconut and milk [6–
13]. Of these, the 29  kDa allergen is a 7S globulin (Coc 
n 2), whereas the 35  kDa allergen is a subunit of coco-
sin, a 11 S globulin (Coc n 4) [7, 8, 26]. 7S globulins and 
11S globulins are also known as vicilin-like proteins and 
legumin-like proteins respectively. These are seed stor-
age proteins categorized under the Cupin superfamily. 
Coc n 1, the only coconut allergen included in the official 
allergen nomenclature subcommittee of the International 
Union of Immunological Societies (IUIS), is a vicilin-like 
protein of 53 kDa identified as a novel allergen in coconut 
pollen [24, 27]. The same study reported 11 more inhal-
ant allergenic proteins, including 11S globulin, enolase, 
and isoflavone in coconut pollens [24]. None of the stud-
ies have determined the allergenicity of boiled/cooked 
coconut milk or coconut oil.

Coconut oil can be broadly categorized into wet- pro-
cessed coconut oil (WPCO) and dry-processed coconut 
oil (DPCO) [28, 29]. DPCO, which is the most popular 
form, is mostly refined and extracted from older, dried 
coconut kernels called copra [28]. Dry processed, unre-
fined coconut oil (crude coconut oil) is also edible and 
widely used. WPCO or virgin coconut oil is mostly unre-
fined and extracted from fresh coconut meat [28]. The 
protein content of coconut oil depends on its extraction 
and refining process. Generally, refined coconut oil is 
pure and free from protein contaminants [28]. Unrefined 
oil contains nearly 30 times more proteins (250  µg/ml) 
compared to refined coconut oil (7.9 µg/ml) [30]. Unre-
fined soybean oil has a residual allergenic potency, which 
may similarly apply to unrefined coconut oil as well [31]. 
However, the clinical significance of this possibility is yet 
to be determined. Most of the patients who are allergic 
to coconut milk can consume coconut oil. However, there 

is one case report where the patient was allergic to both 
coconut milk and coconut oil [5].

Coconut is distantly related to tree nuts and leg-
umes even though some in vitro studies have shown IgE 
cross-reactivity with hazelnut, walnut and 7S and 11S 
globulins of lentils and soybean [8, 10, 13, 32, 33]. Co-
sensitization between coconut, tree nuts and legumes has 
been described using sIgE levels [3, 32]. Cross-reactivity 
between coconut and latex has been clinically proven 
[34].

The current diagnosis of coconut allergy relies on skin 
prick testing and in  vitro Phadia ImmunoCAP (f36) 
testing. There are no commercial component resolved 
diagnostic (CRD) reagents available for coconut allergy. 
Cross-reactive Carbohydrate Determinants (CCDs) are 
frequently found in plant-derived food and give rise to 
anti-CCD IgE which are clinically irrelevant. Hence, CRD 
with recombinant ImmunoCAPs of coconut specific 
allergenic proteins would be more productive in obtain-
ing accurate results without any effect of anti-CCD IgE.

This study included 18 Sri Lankan patients with 
immediate hypersensitivity to fresh or boiled coconut 
milk, including 5 who had anaphylaxis. This cohort also 
included a patient with allergy to both coconut milk and 
coconut oil. It is clinically important to determine the 
allergenicity of fresh coconut milk (FCM), boiled coco-
nut milk (BCM), and also coconut oil in order to educate 
patients regarding which form of coconut they should 
avoid or can consume. Therefore, the aim of this study 
was to evaluate the clinical features of coconut allergy, 
and to identify allergens and shared allergens in FCM, 
BCM, and unrefined WPCO and DPCO which can be 
useful in future diagnostic and therapeutic strategies.

Methods
Ethics clearance
Ethics clearance was obtained from Ethics Review Com-
mittee, Medical Research Institute, Colombo, Sri Lanka 
(ERC no: 11/2019).

Patients and controls
Patients (n = 18) who developed allergy, including ana-
phylaxis (n = 5), following ingestion of coconut milk and/
or application of coconut oil were recruited. Clinical data 
were obtained using an interviewer administered  ques-
tionnaire. Sensitization to coconut milk (fresh) was 
confirmed using skin prick testing. In addition, medi-
cal records were reviewed to gather additional informa-
tion (Table 1). Blood samples (5 ml) were collected from 
patients and healthy controls (n = 5) after obtaining 
informed written consent. Serum was separated from 
each sample and stored at − 20 °C.
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Sample preparation
Coconut milk was extracted from fresh scraped coco-
nut kernel by pressing. A portion of extracted FCM 
was boiled up to 70  °C for 15  min to determine its 
allergenicity after cooking/boiling. WPCO (unrefined) 
was extracted by condensing coconut milk overnight 
at 4  °C followed by prolonged boiling. DPCO (unre-
fined) was extracted by pressing copra using a copra 
oil expeller followed by sedimentation and filtering.

Protein extraction and quantification
Proteins of unrefined WPCO and DPCO were 
extracted according to the Acetone: Hexane (AH) 
extraction method described by Martín-Hernán-
dez, Bénet, and Obert, 2008 [35]. FCM and BCM 
were directly used for allergen identification with-
out extracting proteins. Proteins of each sample were 
quantified by the Bradford assay [36].

Sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS‑PAGE)
Proteins of FCM, BCM, WPCO, and DPCO were sepa-
rated according to their molecular weights by SDS-PAGE 
in 12% polyacrylamide gels under reducing conditions 
using a mini protein R-apparatus (Bio-Rad).

Samples were prepared prior to electrophoresis. Both 
fresh and boiled coconut milk were diluted 15 times with 
0.13 M PBS (pH- 7.2). 15 µl of diluted coconut milk (fresh 
and boiled) were mixed with 5 µl of 4X Laemmli sample 
buffer. 20  µl of proteins extracted from wet-processed 
and dry-processed coconut oil were mixed with 7  µl of 
4X Laemmli sample buffer. The samples were denatured 
at 95  °C for 5  min before loading into the gel. Loaded 
samples and 6  µl of protein standards (7.1 to 209 kD) 
were electrophoresed at 70 V at 4 °C for 2 h.

Thereafter, the gel was stained using Coomassie Bril-
liant Blue R-250 solution for 2 h, followed by de-staining 
for 4  h. Values of retention factors (Rf ) of the protein 

Table 1 Details of patients with coconut milk allergy and their specific IgE levels

± Allergic to coconut oil as well
† Phadia immunoCAP for coconut. Total sIgE levels were significantly higher in patients with anaphylaxis compared to patients without anaphylaxis (P = 0.04)

Patient No Age (years) Gender 
(Male/
Female)

Skin 
prick 
test (±)

Specific IgE 
(f36) kUA/L†

Symptoms with Other allergies

1 13 Female + 13.20 Anaphylaxis (Urticaria, Angioedema, Vomit-
ing, Difficulty in breathing)

Pea, Chickpea

2 1 ½ Female + 35.40 Anaphylaxis (Urticaria, Angioedema, Difficulty 
in breathing)

–

3 6 Female + 13.90 Anaphylaxis (Urticaria, Angioedema, Vomit-
ing, Difficulty in breathing)

–

4 2 ½ Female + 20.90 Anaphylaxis (Urticaria, Angioedema, Vomit-
ing, Difficulty in breathing, Cardiac arrest, Loss 
of consciousness)

–

5 2/3 Female + 4.22 Anaphylaxis (Urticaria, Angioedema, Vomit-
ing, Difficulty in breathing)

Cashew

6 32 Female + 1.39 Urticaria, Angioedema Aeroallergens, Egg, Lentils

7 2 ½ Female + 8.70 Angioedema –

8 1 ½ Male + 2.40 Urticaria, Angioedema Cow’s milk

9 2 Male + 4.35 Urticaria, Angioedema –

10 5 Male + 1.31 Urticaria –

11 1 ½ Female + 8.34 Urticaria, Angioedema Cow’s milk, Lentils, House dust mite

12 3 Male + 4.35 Urticaria –

13 1 Male + 2.36 Urticaria, Angioedema –

14 3/4 Male + 51.30 Urticaria Cow’s milk

15 4 Male + 17.10 Urticaria, Cough, Hoarseness –

16 2/3 Female + 0.06 Angioedema –

17 2/3 Female + 0.44 Urticaria, Angioedema –

18± 2 Female + 0.95 Urticaria and Angioedema to coconut milk 
and oil, Redness of eyes to coconut oil fumes

Lentils, Soybean
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bands were calculated and molecular weights of the 
proteins were estimated using a standard curve of pre-
stained protein markers.

Immunoblotting
Immunoblotting, as described in our previous reports 
[37, 38], was carried out to determine the presence of 
specific IgE to fresh coconut milk (FCM), boiled coco-
nut milk (BCM), and coconut oil. Briefly, the proteins 
separated using SDS-PAGE were transferred to a nitro-
cellulose membrane using a mini protein tetra system 
(Bio-Rad) for 150  min at 60  V constant voltage. The 
membrane was blocked with phosphate-buffered saline 
(PBS) containing 0.05% Tween 20 (PBST) containing 5% 
nonfat milk at 4 °C for 1 h after washing the membrane 
with PBST. The membrane was reacted with 1:20 dilu-
tion of the patient’s serum in antibody diluting buffer 
(5% nonfat milk in PBST) at 4  °C for overnight incuba-
tion, after washing with PBST for 5 min three times. The 
washing step was repeated with PBS for 5  min thrice. 
The membrane was then reacted at 4 °C for 2 h with the 
1:1000 dilution of peroxidase-labeled goat anti-human 
IgE antibody (Sigma-Aldrich). After washing with PBST 
for 5 min three times, the membrane was visualized using 
4-chloro-napthol substrate.

Measurement of IgE using Phadia ImmunoCAP test
IgE reactivity to coconut milk was evaluated using Phadia 
ImmunoCAP (f36) (Thermo Fisher Scientific, Uppsala, 
Sweden) using the Phadia 100 (Table 1). The test was per-
formed according to the manufacturer’s instructions. The 
cutoff value was set as > 0.35 kUA/L for sIgE positivity.

Statistical analysis
Statistical analysis was performed using GraphPad Prism 
8.4.3. Percentage of patients’ sera IgE reactivity for each 
allergen identified in FCM, BCM, WPCO, and DPCO 
was calculated and analyzed. Patients’ reactivity (%) to 
allergens identified in each extract was calculated and 
their median values were compared between patients 
with anaphylaxis and allergy by the Mann–Whitney U 
test. The median values of total sIgE (kUA/L) of patients 
with anaphylaxis and allergy were also compared by 
the Mann–Whitney U test. Finally, the correlation (r) 
between overall reactivity to allergens (%) and total sIgE 
(kUA/L) of patients with anaphylaxis and allergy was 
determined by Spearman’s correlation. p-value less than 
0.05 (p < 0.05) was considered as statistical significance.

Results
Evaluation of the clinical features of patients
Of the patients with coconut milk allergy (18), 10 (56%) 
were between 1 to 5  years of age. Five (28%) of the 

patients were under the age of a year. The remaining 
patients were older than 5 years, with only 1 (6%) patient 
being older than 18  years. Eleven (61%) of the patients 
were female, while 7 (39%) were male (Table 1).

Patients with or without anaphylaxis to coconut milk 
were evaluated according to their cutaneous, respira-
tory, cardiovascular, and gastrointestinal symptoms. All 
patients with anaphylaxis (5/18) were female and had 
urticaria, angioedema, and shortness of breath. Four 
patients with anaphylaxis had vomited and 1 patient had 
a cardiac arrest and loss of consciousness. Of the patients 
without anaphylaxis (13) 11 patients had urticaria and 9 
had angioedema. Except for one patient with cough and 
dysphonia, none of the patients without anaphylaxis 
had any respiratory symptoms. Furthermore, none of 
the patients who did not have anaphylaxis experienced 
any gastrointestinal or cardiovascular symptoms. Apart 
from coconut milk, one patient experienced red eyes in 
response to coconut oil fumes, in addition to urticaria 
and angioedema following the ingestion of coconut oil 
(Table  1). Seven patients in our study were allergic to 
other foods. Four patients were allergic to legumes (len-
tils = 3, soy (in addition to lentils) = 1, chickpea, and 
pea = 1) and one was allergic to a tree nut (cashew). Three 
patients were allergic to cow’s milk. There was one case 
each of allergy to house dust mite and hen’s egg (Table 1).

Protein quantity of the coconut extracts
FCM extract showed the highest concentration of pro-
teins with 41 mg/ml. BCM extract had 24 mg/ml of pro-
teins. Protein concentrations extracted from WPCO and 
DPCO were 16 mg/ml and 24 mg/ml respectively.

Protein profiles of the coconut extracts
In SDS PAGE, 12 and 5 protein bands were detected in 
FCM and BCM respectively, whereas 4 faint protein 
bands were identified in WPCO and DPCO (Fig.  1). 
FCM showed 6 prominent protein bands with molecular 
weights of 12, 17, 20, 23, 32, and 55 kDa and 6 faint pro-
tein bands of 27, 29, 35, 47, 51, and 128 kDa (Fig. 1). BCM 
had 3 prominent protein bands of 12, 17, and 23 kDa, and 
2 faint protein bands of 32 and 55 kDa. Both WPCO and 
DPCP contained protein bands of 12, 23, 32, and 55 kDa 
(Fig. 1). Protein bands with molecular weights of 12, 23, 
32, and 55 kDa were shared by all four coconut extracts 
(Fig. 1).

Allergen profiles of the coconut extracts
A total of 12 allergens with molecular weights of 5, 12, 17, 
29, 32, 35, 37, 47, 55, 87, 110, and 128 kDa were identi-
fied in FCM (Fig. 2). In BCM, a total of 9 allergens of 5, 
12, 17, 32, 35, 47, 87, 110, and 128 kDa were identified as 
summarized in Fig. 2. Of all the allergens identified, 5, 12, 
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17, 32, 35, 47, 87, 110, and 128 kDa allergens were com-
mon for both FCM and BCM. However, patients’ profiles 
of immunoreactive bands for FCM and BCM were differ-
ent (Fig. 2).

Interestingly, the majority of patients reacted to 47, 35, 
32, 17, 12, and 5 kDa allergens in BCM but not in FCM, 
whereas the remaining patients recognized the allergens 
in both FCM and BCM or only in FCM (Fig. 3a).

Only one allergen with 110 kDa molecular weight was 
identified in WPCO and DPCO which was also present 
in FCM and BCM (Fig. 3a). Therefore, 110 kDa allergens 
were identified as the only allergen shared by all four 
extracts. Four patients reacted to 110  kDa allergen in 
WPCO (Fig. 3a). Only one patient reacted to the 110 kDa 
allergen identified in DPCO (Fig. 3a).

Only 1 of 5 patients with anaphylaxis reacted to all four 
coconut extracts (Fig.  3a). The patient with the highest 
sIgE level in serum (No. 13) only reacted to half of the 
total allergens identified (Fig. 3a). The two patients with 
the lowest sIgE counts (Nos. 16 and 17) did not react to 
any of the protein extracts (Fig. 3a). With 5 healthy con-
trols, no IgE reactive bands were observed (Fig. 2).

IgE reactivity (%) of allergens in FCM, BCM, WPCO, 
and DPCO
In FCM, an allergen of 55  kDa showed the highest IgE 
reactivity (Fig.  3b). The second highest IgE reactivity 
was shown by allergens of 110 kDa and 87 kD (Fig. 3b). 
More than 50% of the patients reacted to the 35  kDa 

allergen, whereas half of the patients reacted to 29  kDa 
and 32 kDa allergens. The rest of the allergens identified 
in FCM showed less than 50% IgE reactivity (IgE reactiv-
ity—47 > 128 > 12 > 17 > 37 > 5 kDa) (Fig. 3b).

In BCM, allergens of 17 and 5 kDa showed the highest 
IgE reactivity. Half of the patients reacted to the 35 kDa 
and 32  kDa proteins, whereas eight patients reacted to 
the 47 kDa protein, bringing IgE reactivity closer to 50% 
(Fig. 3b). A substantial IgE reactivity (less than 50%) was 
seen with the rest of the allergens identified in BCM 
(110 > 12 > 128 = 87 kDa) (Fig. 3b).

IgE reactivity of 110  kDa allergen found in WPCO 
(22%) was higher than in DPCO (6%) (Fig. 3b).

FCM had the highest IgE reactivity of the four coconut 
extracts tested, while DPCO had the lowest (Fig. 3b). Sur-
prisingly, the percentages of IgE reactivity differed across 
allergens shared by FCM, BCM, WPCO, and DPCO 
(Fig.  3b). This contradiction was clearly visible between 
FCM and BCM. In FCM, most allergens with higher 
molecular weights (> 50  kDa) had higher IgE reactivity 
than allergens with lower molecular weights (< 50 kDa), 
whereas, in BCM, allergens with lower molecular weights 
(< 50  kDa) had higher IgE reactivity than allergens with 
higher molecular weights (> 50 kDa) (Fig. 3b).

Reactivity to allergens (%) by allergic patients 
with or without anaphylaxis and their total sIgE (kUA/L)
There was a clear difference in the medians of reactivity 
to allergens in FCM between patients with anaphylaxis 
(83%) and those without (33%) where patients with ana-
phylaxis showed a higher reactivity (Fig.  4a). Similarly, 
patients with anaphylaxis (83%) had higher overall reac-
tivity to allergens in all four extracts than patients with-
out anaphylaxis (55%) (Fig.  4b). However, there was no 
statistically significant difference in medians between 
patients with and without anaphylaxis in terms of their 
allergen reactivity in BCM, WPCO, or DPCO (Fig. 4c–e). 
A statistically significant difference in the medians of 
total sIgE (kUA/L) to coconut between patients with (14 
kUA/L) and without (2 kUA/L) anaphylaxis was observed 
(Table  1). A positive correlation was observed between 
overall reactivity to allergens (%) and total sIgE (kUA/L) 
of total allergic patients with and without anaphylaxis 
(Fig. 5).

Discussion
Current knowledge on coconut allergy is limited, as none 
of the previous studies have determined the allergenic-
ity of BCM, WPCO, and DPCO. This study describes the 
allergenicity of FCM, BCM, WPCO, and DPCO with 18 
patients, 5 with anaphylaxis to coconut milk. The onset of 
coconut milk allergy in a majority of patients (10/18) was 
before 5  years and 5/18 developed it in infancy during 

Fig. 1 Coomassie-stained SDS-PAGE of coconut extracts; Lane 1: 
Pre-stained protein markers, Lane 2: FCM, Lane 3: BCM, Lane 4: WPCO, 
Lane 5: DPCO
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Fig. 2 Immunoblotting of coconut extracts; Immunoblots of FCM (a) BCM (b) WPCO (c) and DPCO (d); M: Pre-stained protein markers, P: Coomassie 
stained protein bands, Patients-Anaphylaxis: 1–5, Allergy: 6–18, Healthy controls: C1–C5, All patients’ sera reacted with FCM and BCM, patients 1, 4, 7, 
18 reacted with WPCO and only patient no-1 reacted with DPCO
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weaning. All patients developed urticaria, angioedema, 
or both. Only patients with anaphylaxis experienced 
shortness of breath, loss of consciousness, cardiac arrest, 
and vomiting.

In this study, the different protein distributions of 
FCM, BCM, WPCO, and DPCO were responsible for 
the unique allergic pattern of each extract. Twelve die-
tary allergens of coconut milk and oil with 5, 12, 17, 29, 
32, 35, 37, 47, 55, 87, 110, and 128 kDa were identified 
and allergens of 5, 12, 47, 87, 110, and 128  kDa were 
identified for the first time. FCM and BCM were found 
to be highly allergenic whereas unrefined WPCO and 

DPCO had mild allergenicity. The allergens identified 
would be helpful in the development of Component 
Resolved Diagnostic (CRD) and therapeutic strategies 
for coconut such as immunotherapy with modified 
recombinant proteins.

The proteins identified in SDS-PAGE of FCM (12, 17, 
20, 23, 27, 29, 32, 35, 47, 51, 55, and 12 kDa) were simi-
lar to previously reported protein distributions from 
fresh coconut [7, 8, 10, 12, 13, 33, 39–42]. However, the 
proteins in BCM (12, 17, 23, 32, and 55  kDa), WPCO 
(12, 23, 32, and 55  kDa) and DPCO (12, 23, 32, and 
55 kDa) were observed for the first time.
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FCM had all twelve allergens identified while a less 
number of allergens were detected in BCM (5, 12, 17, 
32, 35, 47, 87, 110, and 128 kDa), WPCO (110 kDa), and 
DPCO (110  kDa). Some of the immunoreactive protein 
bands identified in immunoblots (5, 37, 87, and 110 kDa) 
were not visible in SDS-PAGE. This could be due to the 
fact that these proteins are present in lower concentra-
tions that can only be detected using immunoblotting, 
a more sensitive method of protein detection than SDS-
PAGE. The 55  kDa allergen has been reported previ-
ously by Teuber and Peterson [13]. The same study had 
identified an allergen of 36.5 kDa, which is much closer 
in terms of molecular weight to the 37  kDa allergen 

identified in the present study [13]. The 29 kDa allergen 
found in this study and the 7S storage protein (29 kDa) 
which has been identified by Benito et  al. may not be 
similar allergens [7]. This is because seed storage pro-
teins are heat stable, whereas the 29 kDa allergen which 
we found was not IgE reactive when coconut milk was 
boiled. It is possible that allergens with higher molecu-
lar weights may split into small fragments while heating. 
For example, according to Garcia et al. coconut 7S globu-
lin of 156 kDa resolves into 16, 22, and 24 kDa bands on 
electrophoresis [39]. On the other hand, DeMason, has 
shown that antibodies raised against 7S globulin in soy-
bean have identified 22 and 67 kDa protein molecules in 
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coconut extract [33]. Therefore, we believe 29 KDa aller-
gen in this study is either a new allergen or a fragment 
of a larger allergen. Further, molecular studies are needed 
for elucidation. The 32 and 35  kDa allergens identified 
in this study possibly belong to 11S globulins (cocasin). 
As in Carr et  al. 11S globulin is a hexamer comprising 
54  kDa subunits which makes two distinct bands of 32 
and 35 kDa on electrophoresis [26]. DeMason confirmed 
this by detecting 32 and 35 kDa proteins in coconut using 
soybean anti 11S globulin antibodies [33]. Further, Gar-
cia et al. have shown in their study that 11S globulin of 
326  kDa resolves into two bands of 24 and 34  kDa on 
electrophoresis [39]. The 17 kDa allergen which we iden-
tified in this study may be similar to the 18 kDa allergen 
which Martin et al. and Tella et al. have described [9, 11].

Different immunoreactivities were observed in the 
similar allergens identified in FCM and BCM. This may 
be due to changes that occur in the structure of proteins 
while heating which provoke epitope rearrangement. 
Coconut milk is cooked at different temperatures for dif-
ferent time periods in food preparations. Therefore, peo-
ple can get sensitized to the same allergen of coconut milk 
in its different forms (with different molecular structures) 
which can be a reason for variations in the presence 
of allergens in FCM and BCM in each patient’s aller-
gen profiles. Molecular breakage while boiling was not 
clearly observed since 9 out of 12 allergens in FCM were 
observed in BCM. In contrast, 17 kDa allergen along with 
the novel allergen of 5 kDa showed a higher prevalence in 
BCM than in the FCM. Hence, these two allergens could 
have possibly fragmented from a larger allergen while 
boiling. Furthermore, in patients, allergen-specific IgE is 
not always formed against the same allergen epitopes. As 
a result, each patient will react differently to allergens or 

will not react at all. Despite the differences observed in 
the allergens of FCM and BCM, this study clearly shows 
that the allergenicity of coconut milk persists even after 
boiling, and patients who are allergic to coconut milk 
should avoid boiled coconut milk.

Except for patient 18, who reacted to 110  kDa in 
WPCO, none of the patients in this study had a history of 
coconut oil allergy. However, patients with no history of 
immediate IgE hypersensitivity reactions to coconut oil 
had IgE to a 100 kDa in WPCO and DPCO. This may be 
because higher concentrations of proteins extracted from 
coconut oil were used in the immunoblots. In Sri Lanka, 
an average person consumes less than 20 ml of coconut 
oil per day, which may not contain enough proteins to 
cause allergy in patients. This study, however, shows that 
allergy followed by coconut oil ingestion is possible, and 
patients who are allergic to coconut should be advised to 
consume refined coconut oil rather than unrefined types. 
Although WPCO appeared to retain more allergenicity 
than DPCO in this study, this cannot be stated conclu-
sively because the level of protein or allergen contamina-
tion may vary depending on the extraction process. In 
WPCO extraction, condensed coconut milk is heated for 
a long time to extract the oil, whereas, in DPCO extrac-
tion, coconut is dried in the sunlight until it becomes 
copra and then pressed against a copra oil expeller. It is 
difficult to compare which of these extraction processes 
is more likely to retain protein or allergen contaminants 
without further research.

Despite the fact that patients with anaphylaxis had a 
higher reactivity to allergens and total sIgE (kUA/L) than 
patients without anaphylaxis, this needs to be confirmed 
with a larger sample size. However, either higher IgE lev-
els or total sIgE cannot be used to determine the severity 
of allergy. A larger sample size is also required to define 
any significant relationship between allergen reactiv-
ity and total sIgE (kUA/L) in patients with and without 
anaphylaxis.

Even though coconut is a member of the palm 
tree family, some of the patients had allergies to leg-
umes and a tree nut. Though coconut allergy is rarely 
reported among patients with legume and/or tree nut 
allergy, Teuber and Peterson has shown that clinically 
relevant cross-reactivity can occur between coconut 
and walnut (a tree nut) [13]. Similarly, Nguyen et  al., 
has demonstrated that coconut and hazelnut proteins 
contain cross-reactive allergens [8]. The most likely 
cause of cross-reactivity between coconut and tree nuts 
is legumin-like seed storage proteins, which should 
be investigated further. According to Manso et  al. and 
DeMason, both legumin-like seed storage proteins 
(11 s globulin) and vicilin-like seed storage proteins (7S 
globulins) are responsible for cross-reactivity between 

0 10 20 30 40 50 60
0

20

40

60

80

100

Total sIgE (kUA/L)

R
ea

ct
iv

ity
 to

 a
lle

rg
en

s (
%

) r=0.7714
p=0.0005

Fig. 5 Correlation (r) between total sIgE (kUA/L) and overall reactivity 
of allergens (%) of allergic patients with anaphylaxis (blue circle) and 
without anaphylaxis (green square)



Page 10 of 11Iddagoda et al. Clinical and Molecular Allergy           (2022) 20:14 

legumes and coconut [10, 33]. A common co-sensitiza-
tion between coconut and all tree nuts, egg, and wheat, 
with macadamia nut having the strongest correlation 
with coconut, has been observed by Kruse et al. in their 
study [3]. However, Stutius et  al. has shown that chil-
dren who were sensitized or allergic to peanuts or tree 
nuts in their study were not more likely to be sensitized 
or allergic to coconut [4]. According to the authors, 
cross-sensitivity and clinical cross-reactivity between 
peanuts and tree nuts with coconut is unlikely [4].

Conclusions
All the allergens identified in this study have the poten-
tial to be used in diagnostic and therapeutic strategies. 
However, compared to others, the three most predomi-
nant allergens with 110 kDa, 87 kDa, and 55 kDa would 
be the best candidates for CRD. Therefore, these mole-
cules may be used to create a new recombinant coconut 
ImmunoCAP.

Patients with a history of immediate IgE hypersen-
sitivity to coconut milk should avoid BCM, unrefined 
WPCO, and DPCO. The amino acid sequences should 
be determined of all the allergens detected for further 
categorization.

Further research is needed to investigate the cross-
reactivity of tree nuts and legumes with coconut.

Abbreviations
4-CN: 4-Chloro naphthol; BCM: Boiled coconut milk; BSA: Bovine serum 
albumin; CCD: Cross-reactive Carbohydrate Determinants; CRD: Component 
Resolved Diagnostics; DEA: Diethanolamine; DPCO: Dry processed coconut oil; 
FCM: Fresh coconut milk; HRP: Hoarse Reddish Peroxidase; IgE: Immunoglobu-
lin E; IUIS: International Union of Immunological Societies; kDa: Kilodalton; 
kUA/L: Kilo Units of Allergen per Liter; PBS: Phosphate-Buffered Saline; PBST: 
Phosphate-Buffered Saline, Tween 20; Rf: Retention factor; SDS-PAGE: Sodium 
Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis; TEA-PGE-3: Triethanola-
mine-Phenyl glycidyl ether-3; WPCO: Wet processed coconut oil.

Acknowledgements
We are thankful to the patients who donated blood to this research.

Author contributions
RDS, DD, GNM, PG, SMH, and JI conceptualized and designed the study. RDS, 
DD, GNM, CJ, and CK contributed to recruit patients, collect samples and data. 
JI and PG performed the laboratory experiments. JI, PG, DD, RDS, GNM, and 
SMH contributed in data analysis and interpretation. JI, PG, DD, RDS, GNM, and 
SMH contributed to draft and revise the article. All authors read and approved 
the final manuscript.

Funding
This research was funded by the Medical Research Institute, Colombo, Sri 
Lanka (Project No: 11/2019) and the Institute of Biochemistry, Molecular Biol-
ogy and Biotechnology, University of Colombo, Colombo, Sri Lanka.

 Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
Ethics approval for this study was obtained from Ethics Review Committee, 
Medical Research Institute, Colombo, Sri Lanka (ERC No: 11/2019). Blood 
samples were collected from patients and healthy controls after obtaining 
informed written consent.

Consent for publication
Consent for publication was obtained from patients.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Institute of Biochemistry, Molecular Biology and Biotechnology, University 
of Colombo, Colombo, Sri Lanka. 2 Department of Immunology, Medical 
Research Institute, Colombo, Sri Lanka. 3 Allergy, Immunology and Cell Biology 
Unit, Department of Immunology and Molecular Medicine, University of Sri 
Jayewardenepura, Nugegoda, Sri Lanka. 4 Teaching Hospital, Peradeniya, 
Kandy, Sri Lanka. 

Received: 17 May 2022   Accepted: 7 December 2022

References
 1. Fernando D, Attapattu PM, Weerasinghe SDSMP, Dayaratne TT. Ana-

phylaxis: are doctors adequately aware? A study on perceptions and 
practices among first contact-level doctors in state healthcare institutions 
in Gampaha district. J Ceylon Coll Physicians. 2017;47(2):86.

 2. Pathmanandavel K, Kaur N, Joshi P, Ford LS. Anaphylaxis and allergy to 
coconut: an Australian pediatric case series. J allergy Clin Immunol Pract 
Clin Commun. 2020;8(10):P3657-3659.

 3. Kruse L, Lor J, Yousif R, Pongracic JA, Fishbein AB. Coconut allergy: charac-
teristics of reactions and diagnostic predictors in a pediatric tertiary care 
center. Ann Allergy Asthma Immunol. 2021;126(5):562-568.e1.

 4. Stutius LM, Sheehan WJ, Rangsithienchai P, et al. Characterizing the rela-
tionship between sesame, coconut, and nut allergy in children. Pediatr 
Allergy Immunol. 2010;21(8):1114–8.

 5. Anagnostou K. Coconut allergy revisited. Children. 2017;4(10):85.
 6. Michavila Gomez A, Amat Bou M, Gonzalez Cortés MV, Segura Navas L, 

Moreno Palanques MA, Bartolomé B. Coconut anaphylaxis: case report 
and review. Allergol Immunopathol. 2015;43(2):219–20.

 7. Benito C, González-Mancebo E, De Durana MDAD, Tolón RM, Fernández-
Rivas M. Identification of a 7S globulin as a novel coconut allergen. Ann 
Allergy, Asthma Immunol. 2007;98(6):580–4.

 8. Nguyen SA, More DR, Whisman BA, Hagan LL. Cross-reactivity between 
coconut and hazelnut proteins in a patient with coconut anaphylaxis. 
Ann Allergy, Asthma Immunol. 2004;92(2):281–4.

 9. Martin E. Monosensitization to coconut*1. J Allergy Clin Immunol. 
2004;113(2):S315.

 10. Manso L, Pastor C, Pérez-Gordo M, Cases B, Sastre J, Cuesta-Herranz J. 
Cross-reactivity between coconut and lentil related to a 7S globulin and 
an 11S globulin. Allergy. 2010;65:1487–8.

 11. Tella R, Gaig P, Lombardero M, Paniagua MJ, Garcia-Ortega P, Richart C. A 
case of coconut allergy. Allergy. 2003;58(8):825–6.

 12. Rosado A, Fernández-Rivas M, González-Mancebo E, León F, Campos C, 
Tejedor MA. Anaphylaxis to coconut. Allergy. 2002;57(2):182–3.

 13. Teuber SS, Peterson WR. Systemic allergic reaction to coconut (Cocos 
nucifera) in 2 subjects with hypersensitivity to tree nut and dem-
onstration of cross-reactivity to legumin-like seed storage proteins: 
New coconut and walnut food allergens. J Allergy Clin Immunol. 
1999;103(6):1180–5.

 14. Couturier P, Basset-Stheme D, Navette N, Sainte-Laudy J. A case of coco-
nut oil allergy in an infant: responsibility of “maternalized” infant formulas. 
Allerg Immunol. 1994;26(10):386–7.



Page 11 of 11Iddagoda et al. Clinical and Molecular Allergy           (2022) 20:14  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 15. Aalto-Korte K, Pesonen M, Kuuliala O, Suuronen K. Occupational allergic 
contact dermatitis caused by coconut fatty acids diethanolamide. Con-
tact Dermat. 2014;70(3):169–74.

 16. Mertens S, Gilissen L, Goossens A. Allergic contact dermatitis caused by 
cocamide diethanolamine. Contact Dermat. 2016;75(1):20–4.

 17. Shaffer KK, Jaimes JP, Hordinsky MK, Zielke GR, Warshaw EM. Allergenicity 
and cross-reactivity of coconut oil derivatives: a double-blind rand-
omized controlled pilot study. Dermatitis. 2006;17(2):71–6.

 18. Dejobert Y, Delaporte E, Piette F, Thomas P. Eyelid dermatitis with positive 
patch test to coconut diethanolamide. Contact Dermat. 2005;52(3):173.

 19. Pinola A, Estlander T, Jolanki R, Tarvainen K, Kanerva L. Occupational aller-
gic contact dermatitis due to coconut diethanolamide (cocamide DEA). 
Contact Dermat. 1993;29(5):262–5.

 20. Kanerva L, Jolanki R, Estlander T. Dentist’s occupational allergic contact 
dermatitis caused by coconut diethanolamide, N-ethyl-4-toluene sulfon-
amide and 4-tolyldiethanolamine. Acta Derm Venereol. 1993;73(2):126–9.

 21. de Groot AC, de Wit FS, Bos JD, Weyland JW. Contact allergy to cocamide 
DEA and lauramide DEA in shampoos. Contact Dermat. 1987;16(2):117–8.

 22. Andersen KE, Roed-Petersen J, Kamp P. Contact allergy related to TEA-
PEG-3 cocamide sulfate and cocamidopropyl betaine in a shampoo. 
Contact Dermat. 1984;11(3):192–192.

 23. Nurse DS. Sensitivity to coconut diethanolamide. Contact Dermat. 
1980;6(7):502–502.

 24. Saha B, Sircar G, Pandey N, Gupta BS. Mining novel allergens from 
coconut pollen employing manual de novo sequencing and homology-
driven proteomics. J Proteome Res. 2015;14(11):4823–33.

 25. Wittczak T, Pas-Wyroslak A, Palczynski C. Occupational allergic conjunc-
tivitis due to coconut fibre dust. Allergy Eur J Allergy Clin Immunol. 
2005;60(7):970–1.

 26. Carr HJ, Plumb GW, Parker ML, Lambert N. Characterisation and crystal-
lisation of an 11S seed storage globulin from coconut (Cocos nucifera). 
Food Chem. 1990;38(1):11–20.

 27. Coc n 1 Allergen Details. Allergen Nomenclature, WHO/IUIS Allergen 
Nomenclature Sub-Committee. 2021. http:// www. aller gen. org/ viewa llerg 
en. php? aid= 866. Accessed 17 Jan 2021.

 28. Marina AM, Che Man YB, Amin I. Virgin coconut oil: emerging functional 
food oil. Trends Food Sci Technol. 2009;20(10):481–7.

 29. Krishna G, Food KAGC. Coconut Oil: Chemistry, Production and its Appli-
cations. 2009;(July).

 30. Crevel RWR, Kerkhoff MAT, Koning MMG. Allergenicity of refined vegeta-
ble oils. Food Chem Toxicol. 2000;38(4):385–93.

 31. Paschke A, Zunker K, Wigotzki M, Steinhart H. Determination of the IgE-
binding activity of soy lecithin and refined and non-refined soybean oils. 
J Chromatogr B Biomed Sci Appl. 2001;756(1–2):249–54.

 32. Polk BI, Dinakarpandian D, Nanda M, Barnes C, Dinakar C. Association 
of tree nut and coconut sensitizations. Ann Allergy, Asthma Immunol. 
2016;117(4):412–6.

 33. DeMason DA. Electrophoretic characterization and immunological 
localization of coconut (Cocos nucifera L.) endosperm storage proteins. 
Bot Gaz. 1990;151(3):302–13.

 34. Gaspar A, Piedade S, Loureiro V, Fonseca T, Rosado-Pinto J. Coconut 
allergy and latex sensitisation in pediatric age. 2017. http:// rihuc. huc. min- 
saude. pt/ bitst ream/ 10400.4/ 1283/1/ Rinit eAlérgica Sazon al. pdf. Accessed 
17 Jan 2021.

 35. Martín-Hernández C, Bénet S, Obert L. Determination of proteins in 
refined and nonrefined oils. J Agric Food Chem. 2008;56(12):4348–51.

 36. Bradford MM. A rapid and sensitive method for the quantitation of micro-
gram quantities of protein utilizing the principle of protein-dye binding. 
Anal Biochem. 1976;72(1–2):248–54.

 37. Gunasekara P, Handunnetti SM, Premawansa S, Kaluarachchi P, Karunati-
lake C, Ratnayake IP, et al. Diagnosis of Vespa affinis venom allergy: use of 
immunochemical methods and a passive basophil activation test. Allergy, 
Asthma Clin Immunol. 2019;15(1):1–14.

 38. Gunasekara P, Handunnetti SM, Premawansa S, Witharana EWRA, 
Dasanayake WMDK, Ratnayake IP, et al. IgE cross-reactivity of phospholi-
pase A2 and hyaluronidase of Apis dorsata (Giant Asian Honeybee) and 
Apis mellifera (Western Honeybee) venom: possible use of A. mellifera 
venom for diagnosis of patients allergic to A. dorsata venom. Toxicon. 
2017;137:27–35.

 39. Garcia RN, Arocena RV, Laurena AC, Tecson-Mendoza EM. 11S and 7S 
globulins of coconut (Cocos nucifera L.): purification and characterization. 
J Agric Food Chem. 2005;53(5):1734–9.

 40. Balachandran C, Arumugan C. Solubility and electrophoretic character-
istics of proteins in different regions of coconut endosperm. J food Sci 
Technol. 1992;29(2):91–6.

 41. Rasyid F, Manullang M, Hansen PMT. Isolation and characterization of 
coconut protein. Top Catal. 1992;6(3):301–14.

 42. Wallace RW, Dieckert JW. Isolation of coconut storage proteins by 
polyacrylamide-gel electrophoresis. Anal Biochem. 1976;75(2):498–508.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.allergen.org/viewallergen.php?aid=866
http://www.allergen.org/viewallergen.php?aid=866
http://rihuc.huc.min-saude.pt/bitstream/10400.4/1283/1/RiniteAlérgicaSazonal.pdf
http://rihuc.huc.min-saude.pt/bitstream/10400.4/1283/1/RiniteAlérgicaSazonal.pdf

	Identification of allergens in coconut milk and oil with patients sensitized to coconut milk in Sri Lanka
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Ethics clearance
	Patients and controls
	Sample preparation
	Protein extraction and quantification
	Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
	Immunoblotting
	Measurement of IgE using Phadia ImmunoCAP test
	Statistical analysis

	Results
	Evaluation of the clinical features of patients
	Protein quantity of the coconut extracts
	Protein profiles of the coconut extracts
	Allergen profiles of the coconut extracts
	IgE reactivity (%) of allergens in FCM, BCM, WPCO, and DPCO
	Reactivity to allergens (%) by allergic patients with or without anaphylaxis and their total sIgE (kUAL)

	Discussion
	Conclusions
	Acknowledgements
	References




