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Abstract

This study was carried out to investigate the applicability of the detection of central nervous system tissues (CNST) in beef

by-products in retail market. Beef by-products including large intestine, brain, spinal cord, liver, lung, spleen and heart were

purchased and tested for the presence of CNST using an ELISA method. The ELISA test was evaluated and showed a high

correlation coefficient by a standard curve (R value = 0.999). Based on the analytical instruction, the positive indication of

the CNST contamination of brain and spinal cord was detected above 0.1% but large intestine, liver, lung, spleen, and heart

was negative. Result suggests that the ELISA method is applicable to a real meat system and may provide a method to

ensure confidence for consumer against bovine spongiform encephalopathy (BSE). 
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Introduction

Consumer's concern about bovine spongiform encephal-

opathy (BSE), a disease believed to be transmitted by

consumption of central nervous system tissue (CNST)

(Hill et al., 1997). BSE is characterized by the accumu-

lation of an abnormal isoform of the cellular prion protein

in CNST (Lucker et al., 2005). Transmission of the agent

from animals to human is considered to occur by con-

sumption of contaminated meat products from BSE in-

fected cattle. Investigations on the etiology of the disease

showed that BSE agent is the cause of variant Creutzfeldt-

Jakob disease (vCJD) in human (Almond and Pattison,

1997; Bruce et al., 1997). Such concerns have been ex-

acerbated by confirmation that the infectious agent, a

prion isolated from BSE-infected cattle, shares a number

of characteristic in biological and structural features with

the infectious agent of vCJD in humans (Brown et al.,

2001; Bruce et al., 1997; Choi et al., 2007; Collinge et

al., 1996; Scott et al., 1999). PrPSC, which the meaning of

abnormal prion protein, is the main and probably the only

component of the infectious BSE agent (Legname et al.,

2004). Shortly after the identification of BSE in cattle,

concerns that this disease could be transmitted to humans

contacting or consuming beef and beef products emerged

(Brown et al., 2001). 

CNST such as brain and spinal cord, which are classi-

fied as specified risk materials (SRM), are regarded to be

main source of infection and carry up to 95% of the total

infectivity (SSC, 1998). Oral route for infection requires

a high level of infectiosity as being in CNST (Verdrager,

1996). Many countries that have confirmed the presence

of BSE in their domestic cattle have taken the measure of

requiring control and removal of SRM from carcasses of

cattle of a defined age. European Union has banned SRM

from food production (Commission Decision 2000/418/

EC, 2000). USDA-FSIS issued regulations regarding con-

trol and removal of SRM from cattle during preparation

of beef products. These SRMs included the brain, spinal

cord, skull, eyes, trigeminal ganglia, vertebral column

(excluding the vertebrae of the tail, the transverse processes

of the sacrum) and dorsal root ganglia of cattle with ages

30 months or older, as well as the tonsils and lateral ileum

of all cattle (Lopes et al., 2006; WHO, 1997). Potential

human exposure routes include consumption of brain

(64% of the total on average), spinal cord (26%), trigem-

inal ganglia (2.6%), dorsal root ganglia (3.8%) and ileum

(3.3%) (EC, 1998).

A regulation in Korea does not allow the presence of

CNST in meat and meat by-products but it is not strictly

prohibited at slaughterhouses due to the absence of proper
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detection method. At present, Korean is consuming both

domestic and imported meats and, traditionally, a spinal

cord, brain, and intestine have been consumed which may

cause the risk for people if the cattle were infected of

BSE. Consequently, the related authorities have to give

more attention on SRM removal from beef production.

Analytical test for CNST contamination on meat and its

by-products is essential to ensure consumer confidence

and allay consumer fears of BSE in meat products.

However, there is limited report available for CNST

contents in real meat by-products being distributed in

retail market. In this respect, the present study was car-

ried out to investigate the content of CNST in beef by-

products purchased from the domestic retail market in

Korea using ELISA method and tested its applicability

in industry.

Materials and Methods

Sample collection 

Beef by-products were purchased from 5 different retail

meat shops located in Seoul, Korea. By-products samples

included a large intestine, brain, spinal cord, liver, lung,

spleen, and heart of domestic origin and were kept on ice

for transport to the laboratory and stored in a refrigerator

at 4oC ± 2.

Sample preparation for ELISA-based analysis 

Samples were prepared by immersing a Dacron® fiber-

tipped, sterile swab (Fisher Scientific, USA) five times into

the sample while rotating the swab. The swab was removed

in a 2-mL test tube containing 1 mL of 0.5% SDS sample

dilution buffer (Ridascreen, R-Biopharm, Germany). The

aliquot samples were stored at 4oC and measured at a day

after collection of samples. These procedures for the sample

preparation were followed by a manufacture’s instruction

(Art, No. R6703, 10/5, RidascreenTM risk material, R-

biopharm, AG, Germany).

Testing protocol

This assay was carried out as described by Hossner et

al. (2006), Lim et al. (2007b), and Yesilbag and Kalkan

(2005). Detection of CNST was performed on samples

using a commercial ELISA-based test - the Ridascreen

TM risk material 10/5 kit (R-biopharm, AG, Germany),

which detects glial fibrillary acidic protein as a marker.

All procedures for the assay kits were provided by the

manufacturer (Art, No. R6703, 10/5, RidascreenTM risk

material, R-biopharm, AG, Germany). A 50 µL aliquot of

sample was transferred from each test tube to an assay

well. A sufficient number of antibody-coated wells were

inserted into the micro-well holder to accommodate the

number of samples and all standards tested (four

standards, containing 0%, 0.1%, 0.2% and 0.4% CNST

composed of brain and spinal cord), were provided with

the Ridascreen® assay. Enzyme conjugate (50 µL) was

added to each well containing four standard and samples,

and the plate was incubated for 10 min at room tem-

perature (20-25oC). After incubation, the liquid was poured

out to empty the wells, and the micro-well holder was

tapped upside down thoroughly against absorbent paper,

so that the liquid added earlier was completely removed

from the wells. The wells were washed again with 250

µL of washing buffer and emptied as described above.

A 100 µL volume of substrate/chromogen mixture was

added to each well and mixed thoroughly, after which

time the plate was incubated for 5 min at room tem-

perature in the dark. The reaction was stopped by

adding 100 µL of stop solution to each well. Color

intensity or optical density (absorbance) was determined

by photometric evaluation using a microtiter spectro-

photometer (Microplate Reader 550, BioRad, USA)

with a filter corresponding to 450 nm. Results were

interpreted as indicated in the Ridascreen® risk material

10/5 kit information booklet. Based on the Ridascreen®

assay kit booklet, the detection limit of the kit was 0.1%

for CNST contamination in meat. Values falling below

detection limits were considered negative and those

above it were positive (Hajmeer et al., 2006).

Statistical analysis

Standard curve and R value were obtained by creating a

3D Mesh Plot of SigmaPlot (Anonymous, 1999). Totally

30 samples from each beef by-products was analyzed and

mean values and standard deviation was reported.

Results and Discussion

Standard curve and R value of a Ridascreen risk

material 10/5 kit

The performance of the Ridascreen test based on ELISA

method was evaluated. Hugshon et al. (2003) reported that

Ridascreen test proved consistent in its ability to detect

the presence or absence of CNST. The Ridascreen test

procedure was relatively easy and could be carried out

within a few hours (Hajmeer et al., 2003). The analysis

was a simple method and interpretation of the results was

straightforward as numbers were produced at the end of
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the analysis (Hajmeer et al., 2003; Hajmeer et al., 2006).

Fig. 1 shows a typical dilution curve for the GFAP (glial

fibrillary acidic protein) standard used in the ELISA

(Anonymous, 1999). Standards (0, 0.1, 0.2, and 0.4%

CNST composed of brain and spinal cord) provided with

the Ridascreen® assay were tested. Three replications

were tested for the detection of CNST. A high correlation

coefficient was obtained for the standard curve (R value =

0.999). Based on this information, the test used had a sen-

sitivity of 0.03% for spinal cord versus 0.1% for brain

(Hajmeer et al., 2003). The test was directed to GFAP,

which this study showed to be more concentrated in spi-

nal cord than in brain (Hajmeer et al., 2003). Bozzetta et

al. (2006) reported that this Ridascreen® kit assay is a

reliable tool for monitoring CNST contamination in meat

because test performance showed high sensitivity and

specificity (97.9 and 97.4%, respectively) for a cut-off

value between positive and negative at a CNST concen-

tration of 0.049%. The critical point in this procedure was

the sampling method. Since the swab was recommended

to get the sample of CNST contamination, the standard of

the area and how to swab were very important. The pro-

cedure was, therefore, dependent on who conducted the

sampling.

Detection of CNST of beef by-products

As indicated in the Ridascreen® risk material 10/5 kit

information booklet, the detection limit of the kit was

0.1% for CNST contamination in meat and its by-products.

Therefore, samples having on CNST (%) equal or more

than 0.1% level were accepted positive (Hajmeer et al.,

2006; Lim et al., 2007a). 

Table 1 presents the CNST levels on beef by-product

samples purchased from the retail market. High levels of

CNST were detected above 0.1% in spinal cord (0.71%)

and brain (0.63%), while the contents in large intestine,

liver, lung, spleen, and heart were less than 0.1%. CNST

such as brain and spinal cord which are classified as high

SRM are regarded to be main source of infection and

carry up to 95% of the total infectivity (SSC, 1998).

Reports indicate that the GFAP is a major part of the glial

filaments in astrocytes that are restricted to CNST such as

brain and spinal cord (Eng and Lee, 1995), and higher

levels of the GFAP are found in spinal cord (55-220 µg/

mg) compared with brain (9-55 µg/mg) (Schmidt et al.,

1999). The standards provided by the Ridascreen® assay

kit manufacturer indicated a blend of bovine brain (600

ng GFAP/mg) and spinal cord (2000 ng GFAP/mg).

Based on this information, the test used had a sensitivity

of 0.03% for spinal cord versus 0.1% for brain (Hajmeer

et al., 2003). In this study, samples such as brain and spi-

nal cord showed higher calculated levels with above

0.1% (Table 1). These quantities indicate an inadvertent

addition of meat contaminants by the producer, possibly

from small amounts of spinal cord. And occasional sam-

ples contained higher levels of GFAP, which are restricted

to the CNST, probably due to contamination by the car-

cass splitting saw, incomplete removal of the spinal cord

or a chance sampling of nerve (Schmidt et al., 2002).

Improper handling can lead to contamination of meat

with higher amounts of spinal cord, spinal ganglia, or

peripheral nervous tissue (Anil et al., 1999). CNST may

be disseminated on beef carcasses from slaughterhouses

and it may lead contamination in edible portion of beef.

Regulations require slaughterhouses to implement mea-

sures to prevent CNST (especially those considered

Table 1. Central Nervous System Tissues (CNST) levels (%) in meat by-products purchased from Korean retail market1) 

Large intestine Brain Spinal cord Liver Lung Spleen Heart

Mean2) 0.07 0.63 0.71 0.01 0.04 0.09 0.04

Standard deviation 0.03 0.02 0.04 0.01 0.01 0.01 0.01

1)Kit detection limit was 0.1% and values falling below detection limit were considered negative and those above it were positive

(Hajmeer et al., 2006). 
2) Mean value of CNST (%) in sample (n = 30) 

Fig. 1. Calibration curve for the standard glial fibrillary

acidic protein (GFAP) ELISA detection of central ner-

vous system tissues (CNST). Optical density was mea-

sured at 450 nm using a microtiter spectrophotometer. 
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SRM) from cross-contaminating other tissue at slaughter.

From this result, the positive indication of CNST contam-

ination of by-products such as brain and spinal cord was

detected above the detection limit (0.1%). It is assumed

that removal of SRM from the slaughtered animal could

be the most important consumer protection factor in BSE-

free country such as Korea. This data may serve benefi-

cial information on the strategy for avoiding SRM to con-

sumer and provides a reference for further application,

thereby offering a safer animal food.
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