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Abstract

This study was conducted to evaluate the changes in porcine serum albumin (PSA), a major allergen, which occur when

raw pork ham is marinated with kiwi or pineapple juice, and/or when the ham is pan broiled at 300°C for 4 min after mari-

nation. In this study, raw pork ham was soaked for 4 h or 8 h in marinades containing commercial marinating sauce only,

commercial marinating sauce and 7% kiwi juice, or commercial marinating sauce and 7% pineapple juice. When the meat

was marinated and then pan-broiled, pork ham meat protein was significantly denatured and hydrolyzed, and the level of

PSA in the meat was significantly reduced. The PSA contents of pork broiled without marination, pork that had been mari-

nated in commercial marinating sauce alone, pork that had been marinated in commercial marinating sauce with kiwi juice,

and pork that had been marinated in commercial marinating sauce with pineapple juice, were 95.4, 43.3, 14.3, and 5.4 ng/

mL, respectively (p<0.05). Marinating with pineapple juice was more effective than marinating with kiwi juice; and mari-

nation for 8 h was more effective than marinating for 4 h. These results indicate that the level of PSA in pork ham is effec-

tively reduced, when the meat is first marinated in sauces that contain kiwi or pineapple extracts for 8 h, rather than 4 h, and

then cooked. Further study is needed to determine whether marinated pork meat reduces allergenicity in vivo, as well.
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Introduction

The term food allergy is used to describe adverse im-

mune responses to foods (Sicherer and Sampson, 2010).

Food allergy rates vary by age, local diet, and various

other factors. Food-induced allergic reactions are respon-

sible for a variety of symptoms and disorders involving

the skin and gastrointestinal and respiratory tracts and can

be attributed to IgE-mediated, non-IgE-mediated, and

mixed-type mechanisms. Recently, scientists have reported

IgG antibody in food allergy patients and Fc receptor of

IgG4 antibody on the surface of mast cell (Chen et al.,

2008; Lee et al., 1993). Since then scientists also focus on

IgG4 antibody to explain food allergy which is non-IgE

mediated (Cho et al., 2001; Lee et al., 1993). Food aller-

gens have a number of common characteristics: they are

water-soluble glycoproteins, 10 to 70 kDa in size, and rel-

atively resistant to acid, heat, and proteases (Sicherer and

Sampson, 2010).

Pork is the most popular meat in Korea, and the level of

pork meat consumption has increased in recent years.

Pork meat consumption per capita in 2005 was 17.8 kg

and rose to 19.2 kg in 2012 (Korea Meat Trade Associa-

tion, 2014). However, a survey of urban preschool chil-

dren revealed that pork was one of the ten foods most

often associated with allergy, as the incidence of pork

allergy among the children was 1.9% (Chung et al., 2001).

Although the incidence seems low, the consequence is

severe and results in anaphylaxis shock. Moreover, pork

has been classified as a major food allergen (Kim et al.,

2011) and, as per Article 10 of the Korea Food Sanitation

Act, must be indicated as such on labels for food products.

The most well-known allergens from meat are serum

albumin (66 kDa), gamma-globulin (60 kDa), and actin
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(42 kDa), as well as several additional proteins of various

sizes (14, 18, 20, 45, and more than 60 kDa). These aller-

gens are found in not only beef but also pork and lamb

and can cause cross-reactivity among foods (Fiocchi et

al., 2000). Purified porcine serum albumin (PSA) or ext-

racts from unprocessed meats that contain PSA have been

used not only to evaluate allergenic potential but also to

study the feasibility of reducing allergenicity by means of

heat processing (Kim et al., 2011).

Current management of food allergies consists of edu-

cating the patient to avoid ingesting the responsible aller-

gen and to initiate therapy (e.g., by injecting epinephrine

to treat anaphylaxis) in case of unintended ingestion (Sic-

herer and Sampson, 2010). However, heating is one of the

most efficient methods to reduce allergenicity. Fisher

(1982) reported the case of a patient who presented with

anaphylactic symptoms after ingesting rare-cooked beef

but who was able to tolerate well-cooked beef. Although

treatment of meat with digestive enzymes has been repor-

ted to reduce the allergenicity of serum albumin from dif-

ferent species (Kim et al., 2011), there has been no spe-

cific study examining the effects of fruit enzymes and pan

broiling at 300°C on altering the allergen PSA. Therefore,

the aim of this study was to use SDS-PAGE, immunob-

lotting, and sandwich ELISA to determine the effect of

pan broiling and/or marinating with kiwi or pineapple

juice on the level of PSA in pork meat.

Materials and Methods

Marination and pan broiling

Raw pork ham, commercial marinating sauce, kiwis,

and pineapples were purchased from a local market. Raw

pork ham was soaked for 4 h or 8 h in a marinade con-

taining 27% commercial sauce only, commercial sauce

with 10% kiwi juice, or a commercial sauce with 10%

pineapple juice (Table 1). Then, it was either analyzed

immediately or subjected to pan broiling on a hot plate

for 4 min at 300°C prior to analysis (Fig. 1). In addition,

pork that was pan broiled without prior marination was

also examined.

Porcine serum albumin (PSA) extraction

PSA was extracted from the pork using the method

described in Wang et al. (2002), with a slight modifica-

tion. Twenty grams of meat was added to 40 mL of 0.01

M phosphate-buffered saline (PBS, pH 7.3). Next, the

meat was homogenized at 10,000 rpm for 30-60 sec and

then centrifuged at 16,000 g for 30 min. The supernatant

was filtered using Whatman No. 1 filter paper and then

used for further experiments.

Commercial PSA and antibodies

Commercial PSA and a horseradish-peroxidase (HRP)-

conjugated rabbit anti-goat-IgG antibody were purchased

from Sigma Chemical Co. (USA). A goat anti-PSA IgG

antibody was obtained from Bethyl Laboratories Inc.

(USA).

SDS-PAGE

Proteins from pork meat extracts were separated accor-

ding to their molecular weights on 12% separating gels

and 5% stacking gels. Prior to loading, the samples were

analyzed for protein content using a BCA protein assay

kit (B9643, Sigma). Coomassie Brilliant Blue R 250 (Sig-

ma) was used for visualization (Laemmli, 1970). Electro-

phoresis was performed using a miniPAGE (page Run,

AE-6531; ATTO, Japan) system at 100 V for 3 h. The

sizes of the protein bands were identified using a standard

Prosi prestained protein marker (GenDEPOT, USA).

Immunoblotting assay

After SDS-PAGE, proteins were transferred to metha-

nol-activated polyvinylidene difluoride (PVDF) membra-

nes and then to immobilization paper (Shleicher & Sch-

uell, USA) for 30 min at 200 mA using an electrophoresis

power supply (Northeastern Science Company, USA) and

a Mini Trans-Blot Transfer Cell (Bio-Rad Laboratories).

The PVDF membranes were blocked with 3% gelatin in

TBS-T (20 mM Tris, 137 mM NaCl, pH 7.6, with 0.1%

Table 1. Manufacturing compositions of pork meat marinated with commercial sauce alone or with kiwi or pineapple juice

CON RPM RPMK RPMP

Raw pork ham 100 100 100 100

Commercial marinating sauce - 27 27 27

Kiwi juice - - 10 -

Pineapple juice - - - 10

Total 100 127 137 137

CON, without marinating; RPM, raw pork ham marinated with commercial sauce; RPMK, raw pork ham marinated with commercial

sauce and kiwi juice; RPMP, raw pork ham marinated with commercial sauce and pineapple juice.
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Tween-20) for 2 h at RT and then washed in TBS-T 3

times for 10 min each time. The membranes were then

incubated with the primary antibody (diluted 1:1000 in

TBS-T) overnight with rocking at 4°C. Then the mem-

brane was washed again in TBS-T 3 times for 10 min each

time. Then, an HRP-labeled rabbit anti-goat IgG antibody

(diluted 1:3000 in TBS-T) was added to the membranes,

which were then incubated for 1 h at RT and subsequently

washed 3 times in TBS-T. Antigen-antibody complexes

were detected by chemiluminescence (Santa Cruz Bio-

technologies). Chemiluminescence signals were observed

using a ChemiDoc (Vilver Lourmat, France).

Sandwich ELISA assay

For the sandwich assay, 96-well flat-bottomed micro-

plates were coated overnight at 4°C with 100 µL/well of

0.05 M carbonate-bicarbonate buffer (pH 9.6) containing

an affinity-purified anti-PSA antibody (1 µL of the affin-

ity-purified antibody was diluted in 100 µL coating buffer

for each well to be coated). The plates were then washed

5 times in TBS containing 0.05% Tween 20 (pH 7.6).

After washing, the wells were blocked with 200 µL/well

of a blocking solution consisting of 1% gelatin in TBS

and then incubated for 1 h at RT. After washing again,

100 µL/well of a standard at concentrations ranging from

7.8 to 500 ng/mL. Standards, buffer blanks (assay buffer),

and sample extracts were incubated for 1 h at RT under

gentle shaking in triplicate on each plate. After washing,

the plates were incubated with 100 µL/well of HRP-

detection antibody (diluted 1:100,000) for 1 h at RT. All

dilutions were performed in assay buffer, and the plates

were sealed with plate-sealing film during incubations.

After a final wash, each well was incubated with 100 µL/

well TMB substrate solution. The plate was developed in

the dark at room temperature for 15 min. Color develop-

ment was stopped by the addition of 100 µL/well of

ELISA stop solution (0.18 M H
2
SO

4
). The plate was eva-

luated within 30 min of stopping the reaction by measur-

ing the absorbance at 450 nm using a Spectra Max M2e

Microplate Reader (Molecular Devices, USA).

Statistical analysis

Data were analyzed using the general linear model, and

significant differences were determined with Duncan’s

multiple range test at p<0.05 using SAS software (SAS

Institute Inc., USA).

Results and Discussion

Marinating and broiling pork ham

Fig. 1 shows a diagram of experimental treatments and

the sample preparation procedure used in this study. Raw

Fig. 1. Diagram showing experimental treatments and sample preparation procedure.
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pork ham (RP) was soaked for 4 h or 8 h in a marinade

containing 27% commercial sauce only (RPM), commer-

cial sauce with 10% kiwi juice (RPMK), or a commercial

sauce with 10% pineapple juice (RPMP) (Table 1). Then,

it was either analyzed immediately or subjected to pan

broiling prior to analysis and designated as BP, BPM,

BPMK, and BPMP. In addition, pork that was pan broiled

without prior marination was examined.

SDS-PAGE profiles of PSA after marination

Fig. 2 shows the protein profiles of pork that was mari-

nated for 4 or 8 h in commercial sauce only, commercial

sauce and kiwi juice, or commercial sauce and pineapple

juice and then either analyzed immediately or pan broiled

prior to analysis. An intense band corresponding to the

size expected for PSA (approximately 66 kDa) was ob-

served in extracts from raw pork meat that had been mar-

inated with commercial sauce alone, commercial sauce

and kiwi juice, and commercial sauce and pineapple juice

for both 4 and 8 h. However, broiling pork meat at 300°C

for 4 min after marination significantly decreased the in-

tensity of the band, although it was not completely elimi-

nated, and also significantly reduced the intensities of

other bands at approximately 6 kDa, 17 kDa, 26 kDa, and

43 kDa. In addition, marinating for 8 h caused an increase

in the intensity of a band that was less than 6 kDa in size.

Interestingly, it has been reported that the allergenicity of

a protein may be either decreased or increased by food

processing steps as epitope structures are destroyed or

new epitopes are formed (Besler et al., 2001; Kim et al.,

2011). 

Kiwi and pineapple are the most popular fruits used to

tenderize meat. Actinidin is a cysteine protease present in

kiwi fruit, and it belongs to the same class of enzymes as

ficin, papain, and bromelain. Actinidin hydrolyzes a wide

range of myofibril proteins, including actomyosin (myo-

sin and actin; 223 and 42 kDa, respectively), and Z-disk

associated proteins such as nebulin and titin (650-3200

kDa), filamin (280 kDa), actinin (100 kDa), and desmin

(53 kDa), although in a nonselective manner (Ha et al.,

2012). When the tenderizing effects of actinidin and pa-

pain on bovine semitendinosus muscle were compared, a

higher amount of actinidin was needed in order to pro-

duce tenderness equivalent to that observed using papain,

although, unlike papain, actinidin did not overtenderize

the meat. In addition, actinidine treatment caused myosin

heavy chain proteins to be degraded and led to changes in

the intensities of bands associated with other myofibrillar

proteins (Ha et al., 2012). Moreover, treatment with ac-

tinidin did not produce off flavors or odors in the meat

Fig. 2. SDS-PAGE profile of raw and broiled pork meat protein after marinating for 4 or 8 h with commercial sauce alone, com-

mercial sauce with kiwi juice, and commercial sauce with pineapple juice. (A) SDS-PAGE profile of pork ham marinated for

4 h with or without subsequent broiling. (B) SDS-PAGE profile of pork ham marinated for 8 h with or without subsequent broil-

ing. Lane M, molecular weight marker; lane PSA, commercial porcine serum albumin; lane T1, raw pork ham; lane T2, broiled

pork ham; lane T3, raw pork ham marinated with commercial sauce alone; lane T4, pork ham marinated with commercial sauce

and then broiled; lane T5, raw pork ham marinated with commercial sauce and kiwi juice; lane T6, pork ham marinated with

commercial sauce and kiwi juice and then broiled; lane T7, raw pork ham marinated with commercial sauce and pineapple juice;

lane T8, pork ham marinated with a commercial sauce and pineapple juice and then broiled.
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and did not cause surface “mushiness” (Kim and Taub,

1991). Bromelain (a cystein protease) is an enzyme mix-

ture extracted from pineapple. Many studies reported that

enzyme activity of bromelain is sustained without a mar-

ked decrease up to 80°C (El-Gharbawi and Whitaker,

1963; Tappel et al., 1956). Bromelain first degrades 40%

of the collagen in the sarcolemma followed by degrada-

tion of myosin in the myofibrillar component (Kang and

Rice, 1970; Wang et al., 1958).

PSA expression in pork after marinating and broil-

ing

Levels of PSA in pork meat after marinating for 4 h

with fruits extracts and subsequent pan broiling were

determined by immunoblotting and are shown in Fig. 3.

PSA was detected in both RP and RPM (Fig. 3(A)). How-

ever, the level of PSA was significantly reduced when

marination and pan broiling were combined. Moreover,

the length of marination time has an effect on the amount

of PSA degraded, since the levels of PSA in samples after

8 h of marination (Fig. 3(B)) were less than those of sam-

ples marinated for 4 h (Fig. 3(A)). In addition, marination

with pineapple juice, which contains bromelain, caused a

more significant decrease in PSA than marination with

kiwi juice. This may due to a difference in the activities

of enzymes in kiwis and pineapples. Kim et al. (2010) su-

ggested that the protease effect of crude extract from the

pineapple on casein and myofibrillar protein was higher

than that of extracts from kiwi fruits. In this study we

focused on the change of porcine serum albumin amounts

of pork meat by fruits juice with marination and heating

and did not check enzyme activities in fruits juice. Fur-

ther study is needed to evaluate exact change of enzyme

activities during cooking and preparation. Sakai et al.

(1998) reported that peptides less than 10,000 Da with

very low IgE-binding activity could be produced after

enzymatic treatment of pork gelatin (heat-denatured col-

lagen) with collagenase. In this study, we found that heat-

ing and 8 h of marination with pineapple juice significantly

decreased IgG binding activity. This result is well sup-

ported by the results from a study by Kim et al. (2011) on

the effect of digestive enzymes such as pepsin and trypsin

on the allergenicity of pork sausages. In that study, it was

reported that pepsin and trypsin significantly reduced IgG

binding activity up to 20%.

To determine the exact concentration of PSA in the trea-

ted meat, sandwich ELISA assays were performed (Table

2), and the R squared value of the mean standard curve of

PSA was found to be 0.995. RP had a significantly higher

level of PSA than broiled pork meat. The level of PSA in

RPMP was significantly less than that RPM and RPMK.

Interestingly, the levels of PSA after 8 h of marination in

Fig. 3. Immunoblotting assay for PSA from raw and broiled pork meat protein after marinating for 4 or 8 h with commercial

sauce alone, commercial sauce with kiwi juice, and commercial sauce with pineapple juice. (A) Immunoblotting profile of

pork ham marinated for 4 h with or without subsequent broiling. (B) Immunoblotting profile of pork ham marinated for 8 h with

or without subsequent broiling. Lane PSA, porcine serum albumin; lane T1, raw pork ham; lane T2, broiled pork ham; lane T3,

raw pork ham marinated with commercial sauce alone; lane T4, pork ham marinated with commercial sauce alone and then

broiled; lane T5, raw pork ham marinated with commercial sauce and kiwi juice; lane T6, pork ham marinated with commercial

sauce and kiwi juice and then broiled; lane T7, raw pork ham marinated with commercial sauce and pineapple juice; lane T8,

pork ham marinated with commercial sauce and pineapple juice and then broiled.
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both raw and broiled meat were significantly reduced.

The PSA content of BP, BPM, BPMK, and BPMP was

95.4, 43.3, 14.3, and 5.4 ng/mL, respectively (p<0.05).

These results shows that whereas marinating time and the

use of pineapple juice in the marinade are important fac-

tors for reducing the level of PSA, cooking at 300°C has

the most impact.

Conclusions

These results demonstrate that both cooking and mari-

nation with juices that contain cysteine proteases from the

papain family such as actinidin from kiwi and bromelain

from pineapple are effective for reducing levels of PSA in

pork, and that the most effect method is to cook pork after

marinating it in pineapple juice for 8 h.
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