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Abstract: Factors that contribute to food allergenicity is still unknown. To determine food intrinsic 

properties that contribute to L. vannamei and A. granosa allergenicity or allergy like symptoms this 

study identify total protein and metal profiles, histamine contents, and protein heat stability. 

Histamine content is measured colorimetrically. Protein heat-stability is observed with sodium 

dodecyl sulfate – polyacrylamide gel electrophoresis (SDS-PAGE). Allergy-related metal 

concentration are determined with Atomic Absorption Spectroscopy (AAS). Fresh L. vannamei and A. 

granosa contained ~100 and ~25 ppm histamine, respectively. Storage at -20 oC for 3 days relatively 

did not changed histamine content of both foods. Storage at 4-8 oC for 3 days increased histamine 

content in L. vannamei, but not in A. granosa. Protein sized <70 kDa of both samples are relatively heat-

stable. L. vannamei and A. granosa contained Zn with concentration of 85 ppm and 92 ppm, 

subsequently. All samples did not contain nickel (Ni), chromium (Cr), and lead (Pb). Higher 

histamine content and heat-stable protein number of L. vannamei could contribute to higher 

prevalence of its allergy or allergic like symptoms than A. granosa. High Zn content might contribute 

to allergic like symptoms of both foods. 
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1. INTRODUCTION 

Around ten percent of American have food allergy and near 5% believe they have food allergy 

[1]. There are five most common food allergies among adults, i.e., shellfish (2.9%), peanut (1.8%), milk 

(1.9%), tree nut (1.2%), and finfish (0.9%) [1]. Shellfish is consisted of a wide type of edible marine 

animal covering crustacea and mollusks, which include i.e., shrimp, oyster, crab, and abalone [2]. 

Even though they have identic allergens that might cross-react each other [3], the severity that 

induced by the “same” allergen from different type of shellfish are different [3]. For example, 

tropomyosin from invertebrate i.e. dust mites, shrimp is allergenic compare to tropomyosins from 

cattle and chicken [3]. Within shellfish, shrimp is the most common cause of allergy, followed by crab, 

lobster, clam, and oyster, respectively [2]. 

Many allergens that are identified from seafood are proteins. Protein allergens are reported 

mostly sized below 70 kDa [4]. Protein with high stability is has a more potency to become an allergen 

[4]. Besides allergenic protein, metals (i.e., nickel, cobalt, zinc, chromium) [5], carbohydrate [6], and 
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lipid were reported to be able to induce allergic reaction [7]. Previous studies showed that the 

formation of IgE and allergic reaction could be increased by the consumption of food containing 

metals, carbohydrate, or lipid [6], [7]. 

During allergy process, antigen complex with IgE and its receptor, and will activate mast cell 

which further induce degranulation event that cause the release of histamine and other mediators 

(i.e., prostaglandins, leukotrienes) [8]. The release of histamine induced acute allergic inflammation 

condition such as vasodilatation, increase vascular permeability, contraction of bronchial smooth 

muscle and increase mucus secretion [8]. In present study we sough to determine the intrinsic factor 

that might contribute to allergic reaction of mollusks (represent by Anadara granosa) and crustacea 

(represent by Litopenaeus vannamei). 

2. MATERIALS AND METHODS 

2.1. Materials 

Anadara granosa purchased from Pasar Sentul Yogyakarta (origin from Semarang, Indonesia). 

White leg shrimp (L. vannamei) was obtained by direct delivery from farmer in Yogyakarta, Indonesia. 

Histamine detection kit (Bioo Scientific HistaStripTM Test Kit) was purchased from PerkinElmer (TX, 

USA). HEPES buffer, phosphate buffer saline (PBS) were obtained from Gibco (Gibco, Grand Island, 

NY, USA). Materials for SDS-PAGE preparation in protein stability observation were all purchased 

from Sigma-Aldrich (Singapore). Protein marker (PM 5100) for SDS-PAGE is the product of SMOBIO 

(Hsinchu, Taiwan). 

2.2. Sample Preparation 

One hundred g fresh L. vannamei (whole part) or A. granosa (meat part) is mashed, then placed 

into three 50 ml conical tubes (30 g each tube) and stored at 4-8oC dan -20oC for three days. 

2.3. Histamine Content Measurement 

Briefly, 4 g mashed sample was mixed with 16.0 mL seafood buffer. Mix by vortexing for 30 s 

then incubate for 1 min at room temperature. Repeat vortex step and incubate for 5 min. Centrifuge 

at 10000 rpm for 5 min. Supernatant was taken for histamine content measurement. 

Mix neutralization solution with coloring solution (20 µL:20 µL) in 96-well plate. Add 200 µL of 

sample supernatant and mix well by pipetting. Histamine with concentration of 50 ppm was used as 

control. Dip HistaStrip for 1 min into the solution in the well, take out and incubate for 3 min at room 

temperature. The color on the HistaStrip then compared with standard. The darkest red color formed, 

the highest histamine concentration in the sample. This method can be used to measure histamine 

concentration 0 - 1000 ppm. 

2.4. Protein Stability Measurement 

Sample buffer containing 0.5 M Tris-HCl buffer pH 6.8, 70% glycerol, 10% sodium dodecyl 

sulfate (SDS), 2-mercaptoethanol, and 1% blue bromphenol. Electrode buffer containing 25 mM Tris-

base buffer, 250 mM glycine pH 8.3, and 0.1% SDS. Staining solution containing 0.25% Coomassie 

brilliant blue R250, 50% methanol, and 10% glacial acetic acid. De-staining solution containing 30% 

methanol and 10% glacial acetic acid. SDS-PAGE gel for electrophoresis was prepared with the 
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composition in Table 1. Iso-butanol was added to the upper part of separation gel before stacking 

buffer addition. 

Table 1. Polyacrylamide gel (12%) preparation for SDS-PAGE 

Materials Separating Gel (mL) Stacking Gel (mL) 

30% Acrylamid/bisacrylamid (29:1) 6,0 1,7 

1,5 M Tris-HCl pH 8,6 3,8 - 

1 M Tris-HCl pH 6,8 - 1,25 

Sterile aquades 4,9 6,8 

SDS 10% 0,15 0,1 

Ammonium Persulfat 10% 0,15 0,1 

TEMED 0,006 0,01 

 

Sample for electrophoresis is prepared by extracting protein from 4.0 g sampel with 16 mL 

HEPES buffer. The mixture then vortex for 30 sec, followed by incubation at room temperature for 1 

min. Further, vortex for 30 sec and incubate for 5 min. Tissue and cell debris will precipitate, smaller 

particle i.e., protein will remain in the upper part of the solution. Collect 1 mL of the upper part that 

not contain the sediment and insert into 1.5 mL tube. Centrifuge for 10 min at 10.000 rpm and 4 oC. 

Supernatant obtained after this centrifugation process is considered as 1x protein extract. Ten times 

dilution of 1x protein extract is considered as 10x protein extract. Prior electrophoresis run, protein 

extracts were mixed with sample buffer according to protocol mentioned in Table 2. 

Table 2. Sample solution preparation for SDS-PAGE 

Sample Volume (µL) Sample buffer (µL) Treatment 

A. granosa (1x or 10x dilution) 10 5 Heated at 95-100oC for 5 or 30 min 

L. vannamei (1x or 10x dilution) 10 5 Heated at 95-100oC for 5 or 30 min 

 

Fifteen µL total sample and 5 µL marker proteins were run at 200 volt/cm for 45 min. The 

staining of protein attached on the gel was done with staining solution for 30-60 min. Stained gel then 

washed with de-staining solution until the background color is disappear, and the protein band 

clearly appear. 

2.5. Metal Content Measurement 

Five g samples digest with the combination of concentrate acid (HNO3, H2SO4), heat, and 

peroxide. Metal (Ni, Cr, Zn, dan Pb) contents were measure in deionized water with atomic absoption 

spectrometry (AAS). In brief, add 5 mL HNO3 and 5 mL H2SO4 into 5 g sample. Put tube in hot-block 

digestion apparatus and heated at 60 oC for 30 min. Let the temperature decrease to room temperature 

then add 10 ml of HNO3. Tube then heated to 120 oC, the temperature was increase to 150 oC. After 

the sample becoming black, take out tube and let it reach room temperature by incubation. Then add 

1 mL of H2O2. Put the tube on the digestion tube, then and H2O2 repetitively until the sample become 

clear. Take tube and ad 50 mL de-ionized water. Most elements can directly determine. 
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2.6. Proximate Analysis 

Total protein content was determined using Kjeldahl method. Total lipid and rough fiber content 

were determined with Gravimetri method. Proximate analysis is performed in Laboratorium 

Penelitian dan Pengujian Terpadu, Universitas Gadjah Mada, following their protocol. 

2.7. Data Analysis 

Histamine and metal concentration data were presented as mean + SD of number of experiment 

state in figure or table legend. Statistics significance was measured with Student t-test (Prism 8, 

GraphPad Software, CA, USA) considering p<0.05 as statistically significant. 

 

3. RESULTS AND DISCUSSIONS 

3.1. Histamine Content 

There are many factors that might directly trigger allergy or increasing food allergy severity. 

Thus, it is important to determine global factor that contribute to food allergic reaction or its severity. 

Histamine is the main mediator in allergic condition. However, consumption of histamine alone is 

not causing allergy. Histamine-rich foods may cause the condition known as food intolerance in 

sensitive individuals [9], [10]. The clinical symptoms of histamine intolerance, and allergy are difficult 

to differentiated [11]. Histamine was released by allergen-activated mast cells and contributed to 

allergy pathogenesis by binding to their H1 or H4 receptors [8]. Most of histamine receptor is 

expressed in human intestinal tract (H1R, H2R, H4R) [12], thus digested histamine-containing food 

can directly exert its biological activity. 

Histamine concentration in the samples are summarized in Figure 1. Fresh shrimp (L. vannamei) 

contained 75 ppm of histamine, whereas A. granosa only containing around 25 ppm of histamine. 

Three measurement replications are results in three identic histamine concentration values (Figure 

1). 

 

 

 

 

 

 

 

Figure 1. The effect of sample storage condition on the histamine concentration. Storage at 4-8 oC for 3 days 

increased histamine concentration in L. vannamei sample, but not in A. granosa. Storage at -20 oC did not affect 

histamine concentration in both samples. Experiments were performed in triplicate. 
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When the sample is stored at 4-8oC for 3 days the histamine content is increased in shrimp (L. 

vannamei) sample, but not in A. granosa sample. Storage in -20oC for the same period of time did not 

affect histamine concentration in shrimp (L. vannamei). Interestingly, histamine concentration of A. 

granosa is decreased. Together these results showed that histamine concentration is affected by the 

storage-temperature. 

The higher histamine content in fresh L. vannamei might contribute to the higher allergy 

prevalence of L. vannamei compare to A. granosa. Histamine content of L. vannamei is highly probable 

to induce allergic or histamine intolerance symptoms as it is higher than 50 ppm. In contrast, 

histamine content of A. granosa were lower than than 50 ppm, thus might be not resulting any clinical 

symptoms. According to FAO/WHO, 50 ppm histamine are expected not causing a toxic symptom to 

healthy individuals [9]. However, the acceptable limit of histamine content are varied between 

country, from 50 – 200 ppm [13]. 

Storage at -20 oC as expected inhibited histamine production in L. vannamei. A. granosa sample 

have relatively unchanged histamine content during storage in different condition. Histamine 

generation during storage is affected by bacterial content, free histidine concentration, Histidine 

decarboxylase (HDC) activity, pH, salt, and oxygen availability, which are varied between animals 

[9], [13]. From all these factors, the increased in histamine content in L. vannamei after storage at 4-8 

oC could be the contribution of HDC activity of bacterial in the sample. Histamine generating enzyme 

(HDC) of some bacterial is still active at 5 oC [14]. Food processing i.e., fried, boiling, grilled, and also 

fermentation cause the change in histamine content [15]. However, we did not investigate the effect 

of food processing as the histamine content changes appear mostly because of the reduction of water 

content of the sample. 

3.2. Protein Stability 

Proteins that are able to trigger an allergic reaction have a wide variation of molecular weight, 

commonly sized between 5-100 kDa. However allergenic protein that frequently caused allergy is 

sized between 10-70 kDa [4], [16]. In addition, allergenic proteins are usually highly stable, high water 

solubility, and an acidic isoelectric point [4], [16]. Heating process is commonly performed during 

food processing and was known to affect allergenicity of protein [17]. Where heat-stable proteins are 

tent to be more allergenic [17]. Thus, this study determined the heat-stability of protein with 

molecular weight between 10-70 kDa. Figure 2 depicting the 12% acrylamide gel after electrophoresis, 

stained, and de-staining process finished. In non-heated samples, four protein bands were appeared 

in the protein extract from shrimp sample (Fig. 2H and I), with molecular weight of ~75, ~60, ~36 and 

~17 kDa. Band of protein with MW ~75, ~60, and ~17 kDa is thinner after dilution 10x (Figure 2H and 

I, box 1, 2, 4). Protein band around 7-8 (MW ~36 kDa) seems was not affected by dilution. For A. 

granosa protein extract, two protein bands were appeared (Figure 2C-D), with molecular weight of 

~60 and ~36 kDa. Dilution seems did not affect the protein band thickness (Figure 2C-D, box 1, 2). In 

heated samples, the number of protein band is relatively unchanged. Two protein bands are 

appearing from A. granosa protein extract (Figure 2A-B), whereas shrimp protein-extract showing 4 

protein bands (Figure 2F-G). Protein extract dilution only affecting band in box 1 and 4 of shrimp 
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sample (Figure 2F-G). Sample dilution only changed the thickness of protein band, but did not affect 

the number of band appeared. However, we can see the different band thickness after heating 

process. Together these results showed that protein ranged 10-70 kDa obtained from the extraction 

of A. granosa and L. vannamei are relatively heat-stable. 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Protein bands after separation with SDS-PAGE. A-D is sample from A. granosa and F-I is sample from 

L. vannamei. Samples A, C, G and I are samples with 1 times dilution. Samples B, D, F and H are samples with 

10 times dilution. Samples A, B, F and G are samples boiled for 30 min at 95 oC. Samples C, D, H and I are 

samples boiled only following SDS-PAGE protocol, for 5 min at 95 oC. Lane 1-12 are marker protein with size 

subsequently, 180, 140, 100, 75, 60, 50, 40, 35, 30, 25, 20, 15, and 10 kDa. In the box between lines 7-8 are predicted 

tropomyosin (36-41 kDa) or arginine kinase (40-45 kDa). In the box at line 4 are predicted sarcoplasmic calcium-

binding protein (60 kDa), pyruvate kinase (60 kDa) or haemocyanine (72-75 kDa). In the box between lines 11-

12 are predicted myosin light chain (17-20 kDa). 

 

Electrophoresis of polyacrylamide gel shows that L. vannamei (4 proteins) contains more heat-

stable protein sized <70 kDa compare to A. granosa (2 proteins). In addition, those proteins might also 

be protease stable as no protease inhibitor was used in the isolation buffer. Low protein band 

numbers in SDS-PAGE result is unexpected. HEPES buffer was used as protein extraction solution, 

which was also recommended for protein isolation [18]. However, protease inhibitors were not 

included in the recipe. Cell lysis is generally lead to the release of protease that could lower overall 

protein obtained. This is commonly controlled by the administration of protease inhibitor in the 

buffer used [18]. The absence of protease inhibitors in the protein extraction solution might contribute 

to low protein band obtained in this study. Protease inhibitor was not included in the protein 
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extraction solution to mimic food processing by digestive tract where there are many proteases 

involved [19]. PAGE concentration used here also suitable for separation of target protein (size 10-70 

kDa). Ten percent of acrylamide was reported to be suitable for separation of protein with size 14-

200 kDa (linear 14-66 kDa), whereas 15% acrylamide is suitable for separation protein with size 14-

66 kDa (linear 14-36 kDa) [20]. Thus, 12% is appropriate for separation of our target protein 10-70 

kDa. 

L. vannamei protein extract shows protein band at 75, 60, 36, and 15 kDa. A. granosa only two 

protein bands that appear at 60 and 36 kDa. These proteins molecular weight are identic with the 

molecular weight of in shellfish allergenic protein described previously, i.e., tropomyosin (38-41 

kDa), arginine kinase (40-45 kDa), myosin light chain (17-20 kDa), sarcoplasmic calcium-binding 

protein, pyruvate kinase (~60 kDa) and hemocyanin (72-75 kDa) [16], [21], [22]. These allergens were 

also reported to be heat-stable [16], [21], [22]. Further characterization of each protein is needed as in 

this study the protein is only predicted based on its molecular weight. 

3.3. Metal Content 

Seafood organs and bodies of different invertebrates might accumulate trace metals [23]. Metals 

that exist in foodstuff are cadmium (Cd), lead (Pb), copper (Cu), chromium (Cr), nickel (Ni), zinc (Zn) 

[24]. Both L. vannamei and A. granosa samples not contain Ni, Cr, and Pb. Zinc with the concentration 

of 92.29 + 0.71 ppm and 85.60 + 0.71 ppm are detected in A. granosa and L. vannamei, respectively 

(Table 3). This Zn concentration is higher than limitation by several guidelines i.e., 40 ppm [23]. Zinc 

is needed for mast cell degranulation in antigen mediated pathway [25], and also affected basophil 

and T-cell function during allergic responses [25]. Zinc acute toxicity symptoms including nausea 

and vomiting, stomachache, diarrhea [26], which are also common in histamine-intolerant, food-

hypersensitive, or food-allergic patients [11]. 

Table 3. Metal content of food samples. *Statistically significant between samples after t-test analysis. 

Sample 
Metal contents, n = 3 (ppm) 

Cr Ni Pb Zn 

A. granosa n.d. n.d. n.d. 92.29 + 0.71* 

L. vannamei n.d. n.d. n.d. 85.60 + 0.71 

 

3.4. Proximate Analysis 

Proximate compositions of the samples are performed to check the other possibilities that 

contribute to allergy, especially carbohydrate and lipid. Lipid and carbohydrates were also known to 

contribute to allergic reaction, even though most of the mechanism is not directly as immunological 

allergen. Lipid was shown to increase allergic response by increasing acting as hapten or indirectly 

activating molecular pathway that results in allergic reaction [7]. The investigation performed here is 

not specific to certain carbohydrate or lipid content as the lack of specified apparatus. The proximate 

analysis shows that A. granosa contain protein (15.49 + 1.04%) and fiber (5.72 + 0.82%) lower than L. 

vannamei. But the total lipid is higher (2.11 + 0.75%). In contrast, L. vannamei contained more protein 

(18.26 + 2.09%) and rough fiber (7.05 + 0.33%) Table 4. Further detail experiment is needed to show 
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the contribution of proximate analysis results of A. granosa and L. vannamei to their overall 

allergenicity. 

Table 4. Total lipid, protein, and rough fiber content of samples 

Sample 
Food Component Content, n = 2 (%) 

Total lipid Total Protein Rough fiber 

A. granosa 2.11 + 0.75 15.49 + 1.04 5.72 + 0.82 

L. vannamei 0.55 + 0.40 18.26 + 2.09 7.05 + 0.33 

 

4. CONCLUSION 

Collectively, this study implied the possibility of heat-stable protein and high histamine content 

in L. vannamei could contribute to its higher allergy prevalence compare to A. granosa. Zinc content 

might also contribute to the high prevalence. 
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