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2. SDS-PAGE of rice allergen

More than 16 protein-bands were observed in raw rice, prominent 
9, 14, 16, 18, 20, 22, 25, 28, 31, 33-35, 46, 57, 62, 79, 94, 109 kDa. 
However, cooked rice, cooked unpolished rice and semi-cooked rice 
showed only a small number of protein-bands remaining, 14-16, 31-
35 kDa protein bands. The intensity of protein bands of cooked un
polished rice and semi-cooked rice was lower than cooked rice (Fig. 1).

3. Changes in the rice protein bands after treating heat and 
digestive enzyme

In heat treated rice, most protein bands of rice was remained at 10 
minutes. At 30 minutes, most of the bands was also remained but 
much faded. At 60 minutes, many of them degraded and protein 
bands of 9, 14, 31-35 kDa were still remained. When we mixed SGF 
with rice protein, a large number of bands degraded immediately. At 
60 minutes, 9, 14, 28, 31, 35 kDa protein bands were remained. Few 
protein bands degraded in the rice treated with SIF. This suggests that 
9, 14, 31 kDa bands are stable after the rice is processed by heat, digested 
with enzymes in the stomach and intestine (Fig. 2).

4. IgE immunoblot of rice
1) IgE immunoblot of raw rice
Using the gel electrotransferred raw rice, an IgE immunoblot was 

performed with the sera of eighteen patients who were sensitized to 
rice and the sera of the control. Immunoblotting analysis revealed 
the presence of allergenic proteins with IgE binding activities. The 
molecular mass of these proteins varied from 9 kDa to 109 kDa by 
different patients. In the order of frequency, the protein band of 14 
kDa was most frequent, presenting in 16 of 18 patients (88.9%). The 
protein-bands of 79 kDa were observed in 50% of subjects, 18, 109 
kDa in 44.4%, 9, 33, 46 kDa in 38.9%, and 57 kDa in 33.3% of 

Table 3. Comparison of Patients Sensitized to Rice with and without Allergic Symptoms

Patients with symptoms n=6) Patients without symptoms (n=18) P  value

Sex, male (n) 2 13 0.09

Age (mo) 19.5±26.0 15.3±7.3 0.50

Total IgE (kU/L) 12,028.0±17,865.9 5,175.6±6,234.4 0.02

ECP (ng/mL) 124.1±96.5 42.6±45.1 <0.01

Specific IgE of rice (kU/L) 39.4±35.9 33.9±53.3 0.90

ECP, eosinophil cationic protein.
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Fig. 1. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of (A) 
raw rice, (B) cooked rice, (C) cooked unpolished rice, and (D) semi-cooked 
rice (Hatban). M, marker; kDa, kilodalton.

Fig. 2. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of rice 
treated with (A) heat, (B) simulated gastric fluid (SGF), and (C) simulated 
intestinal fluid (SIF). M, marker; kDa, kilodalton.

Fig. 3. Rice immunoglobulin E immunoblot of patient sera and control. M, 
marker; kDa, kilodalton. 
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patients (Fig. 3, Table 4). 

2) IgE immunoblot of heated rice
Using the gel electrotransferred heated rice, IgE immunoblotting 

was done with the same sera used in the IgE immunoblotting of raw 
rice. In contrast to raw rice, a large number of protein bands had disap

peared or faded. However, the protein bands of 14 kDa were observed 
in 38.9% (7 of 18 patients), 9 kDa in 27.8% (5/18), 31-33 kDa with a 
thick band in 38.9% (7/18) (Fig. 4, Table 5). Four sera of patients with 
rice allergy symptoms (5th, 11th, 15th, 16th stripe of immunoblot in 
Fig 4.) reacted with protein band of 31-33 kDa in 75% (3 of 4 patients), 9 
kDa in 50% (2/4), and 14 kDa in 50% (2/4) (Fig. 4, Table 6). 

Discussion 

Rice is the staple food of Asian countries including Korea in com
pare with western countries. Moreover, rice gruel or rice porridge is 
the first weaning food of infants in Korea. Therefore, it is very impor
tant to diagnose rice allergies and interpret rice allergen sensitization in 
high risk infants with food allergies or children with atopic dermatitis. 

Cases of rice allergy are rare in West. There have been a few cases of 
anaphylaxis with risotto11), enteropathy related to rice18), and allergic 
rhinoconjunctivitis after the ingestion of boiled rice19). However, in 
Japan from the 1990s, rice allergy in patients with atopic dermatitis 
began to attract attention. Some reports have shown that the allergic 
symptoms were improved by consuming hypoallergenic rice1,2). In 
Korea, Lee et al.4) reported a study about specific IgE and IgG4 of rice 
allergen in atopic children. Studies have revealed cross reactivity of rice 
with buckwheat, barley or wheat20,21) and one report compared the 
antigenicity of rice and low allergenic rice22). However, the allergens 
that actually cause the allergic symptoms on the patients with sensiti
zation to rice allergen are not obvious and an interpretation of the 
sensitization to rice is also unclear.

The major foods that cause food allergy, such as egg white, milk, soy 
and peanut, have a known cut-off point of a 95% positive predictive 
value via UniCAP test, which can predict food allergies without gold 
standard test of food allergies, the double-blind placebo- controlled 
food challenge test. It is important to predict whether rice allergen 
sensitization will cause real allergy symptoms because rice is the major 
daily food in Korea. 

In this study, patients who are sensitized to a rice allergen have a 
significantly higher total IgE and ECP levels than patients not sensi
tized. Moreover, among patients sensitized to rice allergen, patients 
with allergic symptoms showed a significantly higher total IgE and 
ECP levels, but not a very high specific IgE to rice allergen. Therefore, 

Table 4. Frequency of Proteins According to Molecular Weight in Rice-
Immunoglobulin E Immunoblot of P atient Sera (n=18) 

Molecular weight (kDa) No. of patients %

109 8 44.4

94 2 11.1

79 9 50.0

74 1 5.6

62 2 11.1

57 6 33.3

46 7 38.9

33 7 38.9

30 1 5.6

29 3 16.7

25 5 27.8

22 1 5.6

18 8 44.4

14 16 88.9

9 7 38.9

Fig. 4. Heated-rice immunoglobulin E immunoblot of patient sera and 
control. M, marker; kDa, kilodalton.

Table 5. Frequency of Proteins According to Molecular Weight in 
Heated-Rice Immunoglobulin E Immunoblot of Patient Sera (n=18)

Molecular Weight (kDa) No. of Patients %

9 5 27.8

14 7 38.9

25 2 11.1

31-33 7 38.9

57 2 11.1

Table 6. Frequency of Proteins According to Molecular Weight in 
Heated-Rice Immunoglobulin E Immunoblot Sera from Patients with 
Symptoms of Rice Allergy (n=4)

Molecular weight (kDa) No. of patients %

9 2 50

14 2 50

31-33 3 75
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true rice allergy could not be predicted by the presence of rice-specific 
IgE. Statistical significance of rice allergy symptoms is related to 
total IgE and ECP, not a specific IgE to rice in this study. However 
it is not allegeable that high total IgE and ECP means actual allergy 
symptoms in patients with rice sensitization because total IgE and 
ECP could be high owing to severe underlying disease such as atopic 
dermatitis at the time of blood test. There are several studies that 
serum ECP levels in patients with atopic dermatitis is related with 
disease severity23,24). However in food allergy, the relationship between 
serum ECP level with clinical food allergy symptom is not evident. A 
study showed that the fecal concentrations of ECP showed a distinct 
decrease as a result of an adequate elimination diet in patients with 
food allergy25). It is necessary to obtain a detailed history of the patients 
or perform an oral food challenge test for rice, in patients who are 
sensitized to rice allergen and have a high total IgE and ECP. 

Another result of this study was that the patients sensitized to rice 
were also sensitized to other multiple foods. They are sensitized to most 
of the foods tested in the UniCAP. An atopic woman, who developed 
anaphylaxis after drinking beer with a corn made snack, was sensitized 
to not only corn and barley, but also to wheat, rye, oat and rice26). This 
suggests the possibility of latent sensitization by a common epitope. In 
one domestic report, patients who were sensitized to buckwheat and 
rice simultaneously showed allergic symptoms only to buckwheat. The 
22 kDa antigen of rice shares an epitope with buckwheat, which is a 
factor for determining the IgE-binding site in the 22 kDa antigen of 
buckwheat. This suggests that the presence of specific IgE of rice can be 
due to a false positive result by cross reactivity20). Lehrer et al. reported 
that significant RAST correlations were observed between rice and 
corn (r=0.95), rice and soy (r=0.81)27). In addition, Lee et al.21) reported 
that rice has high cross-reactivity with barley because enzyme-linked 
immunosorbent assay inhibition assays using barley extract as inhibitor 
allergen showed 75.7% inhibition of IgE binding to rice, compared 
to 33.3% when wheat was used as an inhibitor and 18.4% using 
buckwheat. Jones et al.28) reported that the cross-reactivity among 
grains is high in vitro but low in clinical challenge test. Same species 
of plants or animals does not always have high cross-reactivity. On the 
other hand, high cross-reactivity can exist among antigens with little 
correlation. However it is a noteworthy fact that the patients who were 
sensitized to rice were also sensitized to more than 13 different foods 
simultaneously. This maybe because of the non-specific binding of IgE 
or false positive result but the possibility of a pan-allergen.

To date, proteins suspected as being an allergen to rice are 14 to 
16 kDa Ory s 12 (profillin A) and 33 kDa or 35 kDa Ory s 1 (beta-
expansin)5-7,9). The majority of plant food allergens can be grouped 
into only 4 protein families. Among these rice allergens is RA14, which is 
a member of the prolamin superfamily10).

Heat-processing or digestion can alter antigenicity of allergen. The 
rice allergen is weak after the heat-process. The antigen specific IgE 
of rice decreases after heating at 100℃ for 60 minutes29-32). In a recent 
domestic report, Kim et al.33) reported a case of an infant with a recur
rent history of urticaria after the ingestion of rice porridge, which 
showed no symptoms after ingestion of rice heated at 100℃ for 60 
minutes. In addition, in the present study, one infant, who had a rash 
around the lips and face after ingesting rice porridge, did not have 
any rash on the open food challenge test with rice porridge heating over 1 
hour. In a more recent study, the 9 kDa LTP, which is relatively resistant 
to heat and acid, was suggested as one of the causative factors for 
symptoms and the cross-reactivity of rice. LTP, a 9 kDa protein, has 
attracted attention as a common allergen of various plant foods, such 
as corn and peach11-15). LTP is divided into non-specific LTP types 1 
and 2, and is a member of the prolamin superfamily among the protein 
families of plant food allergens10). Cases of patients sensitized to LTP 
presenting with symptoms of rice allergy after ingesting cooked rice, 
such as risotto, have been reported11,14). LTP is a stable allergen to heat 
and acid. Therefore, infants who are sensitized to LTP can have allergic 
symptoms to rice porridge during their weaning period. In this study, 
the 9 kDa protein band is the same in LTP remaining in SDS-PAGE 
at 60 minutes after heating-process and the addition of the digestive 
enzymes and IgE immunoblot of heated rice.

These days, commercial semi-cooked rice (Hatban) is used widely 
and consumption of unpolished rice is high because of interest in 
health diet. Therefore, SDS-PAGE of microwaved semi-cooked rice 
and cooked unpolished rice were also performed. The reduced protein 
bands in SDS-PAGE for microwaved semi-cooked rice and cooked 
unpolished rice were similar to cooked rice. However, the intensity 
of the protein bands was low. SDS-PAGE for microwaved semi- 
cooked rice is believed to be a result of the reduced heating effect 
and additional electronic beam effect. The electronic beam causes a 
change to the DNA and protein-binding, and affects antigenicity of 
food34). Further studies will be needed. 

As a result of this study, the 9, 14, 31 kDa protein bands remained 
in common in SDS-PAGE for rice after the heating and digestion 
process, and the 9, 14, 31-33 kDa protein bands were presented in IgE 
immunoblot of heated rice. Moreover these bands were presented in over 
50% of patients with symptoms of rice allergy. Although we could not 
performed IgE immunoblot of rice treated with SGF and SIF owing to 
lack of sera, it is reasonable to assume the 9, 14 and 31 kDa protein bands 
are responsible for rice allergy because major allergen is defined as a 
allergen which is presented in over 50% patients with allergy symptoms. 
However, in this study, only four sera of patients with symptoms could 
be performed IgE immunoblot. More expanded study on the analysis 
of protein bands of symptomatic patients with prearranged challenge 
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test will be needed. In addition, further studies analyzing the base 
sequence of the remaining site in 2D electrophoresis after the heating 
and digesting process is necessary. This is expected to provide methods 
for the prevention and practical alternatives for rice allergy. 

References 

	 1.		 Ikezawa Z, Miyakawa K, Komatsu H, Suga C, Miyakawa J, Sugiyama 
A, et al. A probable involvement of rice allergy in severe type of atopic der
matitis in Japan. Acta Derm Venereol Suppl (Stockh) 1992;176:103-7.

	 2.		 Ikezawa Z, Ikebe T, Ogura H, Odajima H, Kurosaka F, Komatu H, et al. 
Mass trial of hypoallergenic rice (HRS-1) produced by enzymatic digestion in 
atopic dermatitis with suspected rice allergy. Acta Derm Venereol Suppl 
(Stockh) 1992;176:108-12.

	 3.		 Nambu M, Shintaku N, Ohta S. Rice allergy. Pediatrics 2006;117:2331-
2.

	 4.		 Lee SY, Jeoung BJ, Kim DS, Kim KE, Lee KY. Detection of specific IgE 
and IgG4 to rice and its significance in atopic children. Pediatr Allergy 
Respir Dis 1993;3:74-82.

	 5.		 Izumi H, Sugiyama M, Matsuda T, Nakamura R. Structural characteri
zation of the 16-kDa allergen, RA17, in rice seeds. Prediction of the 
secondary structure and identification of intramolecular disulfide bridges. 
Biosci Biotechnol Biochem 1999;63:2059-63.

	 6.		 Ito M, Kato T, Matsuda T. Rice allergenic proteins, 14-16 kDa albumin 
and alpha-globulin, remain insoluble in rice grains recovered from rice miso 
(rice-containing fermented soybean paste). Biosci Biotechnol Biochem 
2005;69:1137-44.

	 7.		 Usui Y, Nakase M, Hotta H, Urisu A, Aoki N, Kitajima K, et al. A 33-kDa 
allergen from rice (Oryza sativa L. Japonica). cDNA cloning, expression, 
and identification as a novel glyoxalase I. J Biol Chem 2001;276:11376-81.

	 8.		 Kumar R, Srivastava P, Kumari D, Fakhr H, Sridhara S, Arora N, et al. Rice 
(Oryza sativa) allergy in rhinitis and asthma patients: a clinico-immunolo
gical study. Immunobiology 2007;212:141-7.

	 9.		 Arai T, Takaya T, Ito Y, Hayakawa K, Toshima S, Shibuya C, et al. Bron
chial asthma induced by rice. Intern Med 1998;37:98-101.

	10.		 Radauer C, Breiteneder H. Evolutionary biology of plant food allergens. J 
Allergy Clin Immunol 2007;120:518-25.

	11.		 Asero R, Amato S, Alfieri B, Folloni S, Mistrello G. Rice: another potential 
cause of food allergy in patients sensitized to lipid transfer protein. Int Arch 
Allergy Immunol 2007;143:69-74.

	12.		 Cheng HC, Cheng PT, Peng P, Lyu PC, Sun YJ. Lipid binding in rice 
nonspecific lipid transfer protein-1 complexes from Oryza sativa. Protein 
Sci 2004;13:2304-15.

	13.		 Pastorello EA, Farioli L, Pravettoni V, Ispano M, Scibola E, Trambaioli 
C, et al. The maize major allergen, which is responsible for food-induced 
allergic reactions, is a lipid transfer protein. J Allergy Clin Immunol 2000; 
106:744-51.

	14.		 Enrique E, Ahrazem O, Bartra J, Latorre MD, Castelló JV, de Mateo JA, 
et al. Lipid transfer protein is involved in rhinoconjunctivitis and asthma 
produced by rice inhalation. J Allergy Clin Immunol 2005;116:926-8.

	15.	 Asero R, Mistrello G, Roncarolo D, Amato S, Caldironi G, Barocci F, et 
al. Immunological cross-reactivity between lipid transfer proteins from 
botanically unrelated plant-derived foods: a clinical study. Allergy 2002; 
57:900-6.

	16.		 Laemmli UK. Cleavage of structural proteins during the assembly of the 
head of bacteriophage T4. Nature 1970;227:680-5.

	17.		 Fu TJ, Abbott UR, Hatzos C. Digestibility of food allergens and nonal
lergenic proteins in simulated gastric fluid and simulated intestinal fluid-a 
comparative study. J Agric Food Chem 2002;50:7154-60.

	18.		 Vitoria JC, Camarero C, Sojo A, Ruiz A, Rodriguez-Soriano J. Enteropathy 
related to fish, rice, and chicken. Arch Dis Child 1982;57:44-8.

19.		 Monzón S, Lombardero M, Pérez-Camo I, Sáenz D, Lasanta J. Allergic 
rhinoconjunctivitis after ingestion of boiled rice. J Investig Allergol Clin 
Immunol 2008;18:487-8.

	20.	 Chun WS, Lee KS, Hong CH, Lee SY. A study on the cross-allergenicity 
between buckwheat and rice flour using IgE-immunoblot inhibition and 
ELISA-inhibition test. Pediatr Allergy Respir Dis 2000;10:161-70.

	21.		 Lee KY, Lee SY, Jeong BJ, Kim KE, Kim DS. Cross-reactivity among four 
cereals: rice, barley, wheat flour and buckwheat flour. Korean J Allergy 
1993;13:65-74.

	22.		 Yum HY, Lee KE, Choi SY, Yang HS, Sohn MH, Lee SI, et al. Wild rice, 
hypoallergenic rice, and GMO rice-immuologic comparison. Pediatr 
Allergy Respir Dis 2005;15:117-25.

	23.		 Wu KG, Li TH, Chen CJ, Cheng HI, Wang TY. Correlations of serum 
Interleukin-16, total IgE, eosinophil cationic protein and total eosinophil 
counts with disease activity in children with atopic dermatitis. Int J Im
munopathol Pharmacol 2011;24:15-23.

	24.		 Shin JE, Jeon YH, Yang HJ, Pyun BY. Comparison of clinical severity and 
laboratory results between atopic and non-atopic eczema in children. 
Pediatr Allergy Respir Dis 2008;18:219-27.

	25.		 Majamaa H, Laine S, Miettinen A. Eosinophil protein X and eosinophil 
cationic protein as indicators of intestinal inflammation in infants with 
atopic eczema and food allergy. Clin Exp Allergy 1999;29:1502-6.

	26.		 Figueredo E, Quirce S, del Amo A, Cuesta J, Arrieta I, Lahoz C, et al. Beer-
induced anaphylaxis: identification of allergens. Allergy 1999;54:630-4.

	27.		 Lehrer SB, Reese G, Malo JL, Lahoud C, Leong-Kee S, Goldberg B, et al. 
Corn allergens: IgE antibody reactivity and cross-reactivity with rice, soy, 
and peanut. Int Arch Allergy Immunol 1999;118:298-9.

	28.		 Jones SM, Magnolfi CF, Cooke SK, Sampson HA. Immunologic cross-
reactivity among cereal grains and grasses in children with food hypersen
sitivity. J Allergy Clin Immunol 1995;96:341-51.

	29.		 Yamada C, Izumi H, Hirano J, Mizukuchi A, Kise M, Matsuda T, et al. 
Degradation of soluble proteins including some allergens in brown rice 
grains by endogenous proteolytic activity during germination and heat-
processing. Biosci Biotechnol Biochem 2005;69:1877-83.

	30.		 Yamada C, Yamashita Y, Seki R, Izumi H, Matsuda T, Kato Y. Digestion 
and gastrointestinal absorption of the 14-16-kDa rice allergens. Biosci 
Biotechnol Biochem 2006;70:1890-7.

	31.		 Untersmayr E, Jensen-Jarolim E. The role of protein digestibility and antacids 
on food allergy outcomes. J Allergy Clin Immunol 2008;121:1301-8.

	32.		 Kilshaw PJ, Heppell LM, Ford JE. Effects of heat treatment of cow's milk 
and whey on the nutritional quality and antigenic properties. Arch Dis 
Child 1982;57:842-7.

	33.		 Kim TH, Jung HH, Kim ES, Park JY, Kim KW, Sohn MH, et al. A case 
of rice allergy caused by thin rice porridge during the weaning period. 
Pediatr Allergy Respir Dis 2007;17:149-54.

	34)		 Katial RK, Grier TJ, Hazelhurst DM, Hershey J, Engler RJ. Deleterious 
effects of electron beam radiation on allergen extracts. J Allergy Clin Im
munol 2002;110:215-9.


