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Abstract

Gelatine is a collagen derivative obtained from bones and hides/skin mainly from bovine and pigs. As a consequence of the outbreal
of bovine spongiform encephalopathy (BSE), the use of bovine gelatine in feed, food and pharmaceutical products has been restricted b
regulatory authorities. However, no method was presently available for its specific detection. The large similarity in amino-acid sequences
of collagens from different species make their immunochemical differentiation difficult when using polyclonal antibodies raised against the
whole molecule [A. Venien, D. Levieux, J. Immunoassay Immunochem., in press]. To obtain bovine-specific antibodies, we immunized rabbits
against putative species-specific sequences of the bovine collagen alpha 1(1) chain. Using these antibodies, an indirect ELISA was develop:
to allow a quick and easy differentiation between bovine and porcine gelatines. Moreover, a competitive indirect ELISA was found suitable to
detect bovine gelatine in porcine gelatine purchased from laboratory chemicals suppliers down to a dilution of 2—4 parts per 1000 with CVs
ranging from 5.7 to 7.7%. When testing mixtures of the largest possible range of industrial batches of bovine and porcine gelatines (skin/hide:
or bones origin, acid or alkaline processes, high or low Bloom) the detection limit was down to a dilution of 8 parts per 100 bovine gelatine
in porcine gelatine. These ELISAs could be routinely used by pharmaceutical and food manufacturers to secure their supply chain.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction tension to other countries have led the regulatory authorities
to make restrictions to the use of bovine gelatine for hu-
Gelatine is a primary product used for quality improve- man consumption, cosmetic and pharmaceutical products. In
ment of foodstuffs and medicaments. In the food industry, other respects, some religions ban the use of porcine gelatine
gelatine can be found in innumerable products such as jelly, for human consumption. Therefore, it became necessary to
jellied meat, aspic, milk products like yoghurt, ice cream, develop analytical methods intended to control the species
desserts and sweets like gummy bears or marshmallows. Therigin of gelatine.
pharmaceutical industries use gelatine in soft and hard cap- Due to the large similarity in structure and properties
sules, for binding in tablets, in form of sponges for treating of gelatines from different origins, physicochemical meth-
wounds and as a colloid to expand the plasma after severeods based on principal component analysis of amino-acid
losses of blood. residues obtained after acid hydrolyEi$ or calcium phos-
Gelatine is a mixture of polypeptides obtained by par- phate precipitation tef2] have not been proved able to detect
tial hydrolysis of the collagen contained in bones and hides mixtures of bovine gelatine in porcine gelatine.
mainly from bovine and/or skins from pigs. However, the Immunochemical methods have been proved very useful
outbreak of BSE in the United Kingdom in 1986 and its ex- for the control of the species origin of animal tissues in food
[3] and pharmaceutical produdié—7]. Hofmann et al[8]

* Corresponding author. Tel.: +33 473 624 283; fax: +33 473 624 630.  €xamined an ELISA kit for its applicability to species iden-
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as gum confectionery and processed turkey and chicken. Rebovine skin (75 Bloom) and gelatine type A from porcine skin
sults were influenced by gelatine type, gelatine quality and (300 Bloom) were purchased from Sigma Chemical Com-
concentration used and, in some cases, led to false negativepany (St. Louis, MO, USA).

or positive readings. Thus, the authors concluded that this  Gelatine for microbiology (porcine skin origin) was ob-
ELISA cannot be reliably used for species identification of tained from Merck Eurolab (45250 Briar-le-Canal), gelatine
commercial gelatines. powder and TPMax gelatine (bovine origin) from Prolabo

Due to the very high homology between collagen se- (VWR International, 94126 Fontenay sous Bois, France).
quences of mammals, raising species-specific antibodiesisa Samples of industrial batches of bovine and porcine
major challenge. Moreover, the immunogenicity of gelatineis gelatines were kindly donated by Rousselot (84808, LIsle-
very low and the molecule should be chemically modified for sur-la-Sorgue, France). Their characteristics are described in
raising antibodies in rabbif9]. We have produced high titre  Table 1
antibodies against tyrosylated bovine and porcine gelatines Peroxidase-labelled goat IgG against rabbit IgG was pur-
(Venien and Levieux, J. Immunoassay Immunochem., sub-chased from Nordic (Tebu, 78510 Le Perray en Yvelines,
mitted for publication). However, such antibodies were found France) and Sure Blue TMB from KPL (Thermolab Systems,
highly sensitive to the alkaline or acidic process used for the BP249, 95615 Cergy-Pontoise, France).
gelatine production and not enough species-specific to al-
low a sensitive detection of mixture of low concentration of
bovine gelatine in porcine gelatine.

We report here on the successful production of bovine-
specific antibodies by immunization of rabbits with syn-
thetic peptides mimicking a short putative species-specific
sequence of the bovine alpha 1(I) chain. This allowed us to
develop two ELISAs suitable for the differentiation of bovine
from porcine gelatines and for the sensitive quantitation of
their mixtures.

2.2. Synthetic peptides

Two putative bovine-specific sequences of the bovine
collagen were synthesised by solid-phase chemistry. Peptide
1 (Glu-Phe-Asp-Ala-Lys-Gly-Gly-Gly-Pro-Gly) was the N-
terminal sequence of the telopeptide of the alpha 2(I) chain.
Peptide 2 (Gly-Pro-Ala-Gly-Ala-Pro-Gly-Pro-Pro-Gly) was
a sequence of the alpha helix of the alpha 1(l) chain. For
antibody production, each peptide was cross-linked to hemo-
cyanin from Megathura crenulata (keyhole-limpet hemo-
cyanin, KLH) using glutaraldehyde as a coupling ag&6i.

2. Materials and methods
2.3. Tyrosylation of bovine and porcine gelatine
2.1. Chemicals
Tyrosine was activated by adding 30 mM EDAC and

Freund’s complete and incomplete adjuvants, human se-60 mM NHS to a 300 mM solution of acetylated tyrosine in
rum albumin (HSA)N-acetyli.-tyrosine N-(3-dimethylami- 10 mM phosphate buffer pH 6.0. The mixture was incubated
nopropyl)'-ethylcarbodiimide hydrochloride (EDACN- 15 min at room temperature and EDAC was then quenched
hydroxysuccinimide (NHS), 2-mercaptoethanol, hydroxy- by adding 0.05ml 2-mercaptoethanol. The activated tyrosine
lamine, collagen type | from calf skin, gelatine type B from was diluted 3 mM in 10 mM phosphate buffer pH 6.0.

Table 1
Characteristics of the industrial batches of gelatines and their reactivity in indirect ELISA when tested with rabbit anti-peptide 2 (second boost)
Gelatine no. Species Tissue Process Viscosity (mPas) I p Bloom Indirect ELISA OD 450 nm
1 Bovine Bone Acid 3.20 7.3 High 231 4.808
2 Bovine Bone Acid 1.50 6.6 Low 50 4.579
3 Bovine Bone Lime 4.54 4.9 High 274 4.928
4 Bovine Bone Lime 2.10 4.9 Low 93 4.599
5 Bovine Hide Sodic 4.87 5.0 High 206 5.622
6 Bovine Hide Sodic 1.60 4.9 Low 40 4.642
7 Bovine Hide Acid 3.30 6.7 High 289 4.535
8 Bovine Hide Acid 1.55 5.4 Low 46 4.579
9 Bovine Hide Lime 4.64 5.1 High 228 4.505
10 Bovine Hide Lime 1.83 5.0 Low 60 4.802
11 Porcine Bone Acid 2.95 7.4 High 240 0.598
12 Porcine Bone Acid 1.90 6.8 Low 110 0.448
13 Porcine Bone Lime 2.65 4.9 Low 86 0.304
14 Porcine Skin Acid 4.40 9.0 High 265 0.596
15 Porcine Skin Acid 2.00 8.0 Low 75 0.585

Microtitre plates were coated with bovine (nos. 1-10) or porcine (nos. 11-15) gelatines from bone or hide/skin origin and produced by lime @saciél proc
peroxidase-labelled goat anti-rabbit IgG was used as a tracer antibody. Results are means of duplicates.
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The industrial batches of bovine or porcine gelatines were five times with PBS containing 0.1% (v/v) Tween 20 (PB-
mixed in equal parts. Solutions (2.7 ml) were prepared at STw). When blocking, the plates were incubated for 30 min
10 mg/mlin phosphate buffer 20 mM pH 7.5 and tyrosylated with 200wl of 0.5% HSA in PBS. After five washes with
by adding 0.3 ml of the activated tyrosine. Incubation was PBSTw, 10Qul of adequately diluted rabbit anti-peptide anti-
done for 2 h at room temperature. serum was added to the coated wells. After mixing, the plates

Coupling was stopped by adding 10 mM final hydroxy- were incubated for 1 h and washed five times with PBSTw.
lamine and excess of activated tyrosine was eliminated by One hundred microlitres of adequately diluted peroxidase-
chromatography on a PD10 column (Amersham Biosciences,labelled goat anti-rabbit IgG were added and incubated for
91898 Orsay, France). The coupling efficiency was monitored 1 h in the dark. After five washes with PBSTw, 1000f

at 280 nm. TMB substrate was added, running the colour reaction for
30 min before stopping it with 0.36 M 450, (50 pl/well).
2.4. Polyclonal antibodies Absorbance was measured at 450 nm using a microplate

reader (IEMS, Labsystem, Finland). PBSTw with 0.1% (v/v)

Bovine and porcine tyrosylated gelatines and synthetic HSA (PBSTw-HSA) was used as a diluent for the solutions.
peptides cross-linked to KLH were diluted to 1 mg/ml in All analyses were made in duplicate.
sodium phosphate buffer (pH 7.2; 0.01 M) containing 0.15M
NaCl (PBS). Rabbits (four for each antigen) were immunized
three folds at monthly intervals by multiple intradermalinjec- 2.6, Compertitive indirect ELISA
tions of antigen—adjuvant mixture prepared by emulsifying
1 ml antigen sample with 1 ml complete (first injection) or Microtitre plates were coated, blocked and washed five
incomplete (booster injections) Freund’s adjuvdr{]. Ani- times with PBSTw as described for indirect ELISA. Simi-
mals were bled 7-9 days after each booster injection and thelarly, PBSTw-HSA was used as a diluent for the gelatines
sera were analysed for antibody activity and specificity by and antibodies solutions. While coating and blocking, one

indirect and competitive indirect ELISA. volume of the adequately diluted antiserum was incubated
in 1 ml test tubes with one volume of serially diluted so-
2.5. Indirect ELISA lutions of gelatines. After 60 min incubation, 1Q0of the

antigen—antibody mixture were added to the wells fora 1 h
Polystyrene flat-bottomed microtitre plates (Maxisorp, incubation. After five washes with PBSTw, 1@0of ade-
Nunc, Denmark) were coated overnight at room tempera- quately diluted peroxidase-labelled goat anti-rabbit antibody
ture or 2 h at 37C with 100wl of bovine or porcine gelatine  was added to the wells and the plates were incubated for 1 hin
in PBS. The optimum coating concentration and pH were the dark. All subsequent steps were unchanged. All analyses
determined by checkerboard titration. All subsequent stepswere made in duplicate and the detection limit was calculated
were performed at room temperature. Plates were washedas the mean blank signal minus 3S.D.
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Fig. 1. Quantitation by indirect ELISA of the antibody titre of rabbits anti-peptides against collagen (a) and gelatine (b). Microtitre plateateeneith

collagen | or bovine gelatine Sigma at 10 gud/ml. The anti-peptide 1 (pepl) and anti-peptide 2 (pep2) antisera obtained, respectively, at the second boost
and first boost were tested diluted F((first columns), 104 (second columns) and 1B (third columns). A peroxidase-labelled goat anti-rabbit IgG was used

as a tracer antibody. A normal rabbit serum (NRS) was used as a negative control. Results are means of duplicates.
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3. Results With the industrial batches of bovine and porcine gela-
tine coated at 5Q.g/ml in PBS pH 7.2, similar results were

3.1. Reactivity of the polyclonal antibodies raised obtained with anti-peptide 2 antiserum, since optical densi-

against synthetic peptides ties were>4.0 for bovine gelatines and0.5 with porcine

gelatines Table J).

A large variability of antibody response was observed  Thus, indirect ELISA performed with anti-peptide 2 an-
among rabbits by indirect ELISA using the synthetic peptides tiserum allowed a clearcut differentiation between all the
coated at 0.fug/ml (not shown). Optical densities ranged bovine and porcine gelatines when used as coating antigens.
from 0.3 to 3.0 and from 0.8 to 3.7 at a 10dilution of the However, when dilutions of bovine in porcine gelatines were
antisera when tested against peptide 1 and peptide 2, respeanade before their coating in the microtitre plate, the results
tively. Maximal antibody titres were obtained at the first or were partially disappointing. The detection limit ranged be-

second boost. tween 15 and 35% or between 3 and 15% when the bovine
Reactivity against bovine collagen was essentially ob- gelatines were diluted in porcine acid bone or porcine limed
tained with the antisera raised against peptidé-ig.(1a). bone gelatine, respectively. With the porcine acid skin gela-
Optimal coating conditions were a §@/ml concentrationat  tine used as a diluent, the detection limit was around 50%
pH 7.2 0r9.2. (results not shown).
Bovine gelatine from Sigma was also recognized quite
exclusively by the antisera raised against peptidei@. (1b). 3.3. Competitive indirect ELISA for the quantitation of
Optimal coating concentration wasl0w.g/ml. bovine gelatines in porcine gelatines
3.2. Characterization of the species origin of the Optimal concentrations of the bovine gelatine from Sigma
gelatines using indirect ELISA used for the coating, of the rabbit antibody against peptide

2 and of the anti-rabbit conjugate were defined by checker-
When testing bovine and porcine gelatines available from board titration. Microtitre plates were optimally coated with

laboratory chemicals suppliers, the different batches were bovine gelatine at 5Qg/ml in PBS buffer, the primary an-
optimally coated at 50.g/ml in PBS pH 7.2. High optical  tibody and the conjugate were used diluted 1:5000 and
densities were observed with an anti-peptide 2 antiserum ob-1:2000, respectively. Bovine gelatines were diluted in porcine
tained at the first boost when tested against the two batches ofjelatines at 5mg/ml. In these conditions, the detection
bovine gelatine while no significant reactions were obtained limit (mean blank signal minus 3S.D.) was established at
against the four batches of porcine gelatiReg( 2a). When 4 parts per 1000 bovine gelatine Prolabo in porcine gela-
using a rabbit antiserum against bovine tyrosylated gelatines,tine Prolabo or 2.3 parts per 1000 (w/w) gelatine Sigma
no major difference in reactivity was obtained between the in porcine gelatine SigmaF{g. 3). The intra-assays CVs
batches of bovine and porcine gelatitég( 2b). Thus, the obtained for 20 determinations of the Sigma and Prolabo
difference in reactivity observed with anti-peptide 2 between bovine gelatines at 10@g/ml in porcine gelatine at 5 mg/ml
bovine and porcine gelatines could not be attributed to specieswere found at 5.7 and 12.7% of the concentration, respec-
difference in their coating capacity. tively.
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Fig. 2. Quantitation by indirect ELISA of the antibody titre of rabbit anti-peptide 2 (a) and rabbit anti-tyrosylated bovine gelatine (b) agéimss gefrchased
from laboratory chemicals suppliers. Microtitre plates were coated with bovine (closed symbols) or porcine (open symbols) gelatines fromcgigjna (ci
Prolabo (triangles), Merck (squares) or TPMax (lozenges) agdl; no coating (control): open circle with dashed line. A peroxidase-labelled goat anti-rabbit
IgG was used as a tracer antibody. Results are means of duplicates.
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Fig. 3. Quantitation by competitive indirect ELISA of bovine gelatines in porcine gelatines. Microtitre plates were coated with bovine gefatir(a)3ig
bovine gelatine Prolabo (b) at p@/ml. Rabbit anti-peptide 2 obtained at the first boost was used as a primary antibody and peroxidase-labelled goat anti-rabbit
1gG as a tracer antibody. Competitive antigens were bovine gelatine Sigma (a) or Prolabg (ix);,qompetitive antigen. Results are me&rs.D. @ = 20).

When testing industrial batches of bovine and porcine 3

gelatines, a more or less marked inhibitory activity was ob- E — .

served with the porcine gelatines analysed at concentrations T LTS

greater than 30Qg/ml (Fig. 4). **I

The detection limit of mixtures of high Bloom bovine and 2+

porcine gelatines obtained from the same tissue (skin/hide £

or bone) using the same kind of process (acid or alkaline) 5 I

was down to 1.5-2 parts per 100 (w/w) bovine gelatine in g T
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Industrial batches of gelatines were successfully quantified

by the competitive indirect ELISARig. 4). However, some
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Fig. 5. Quantitation by competitive indirect ELISA of mixtures of bovine

154 and porcine industrial batches of gelatine. Microtitre plates were coated
with bovine gelatine Sigma at %@/ml. Rabbit anti-peptide 2 was used
as a primary antibody and peroxidase-labelleed goat anti-rabbit IgG as a

10 ¢ tracer antibody. Competitive antigens were different percentages of bovine
gelatines in porcine gelatines (1in 11, 2in 12, 4in 13, 7 in 14 and 8 in 15)

0s | tested at 30Qg/ml. Numbers refer to full description of gelatinesTimble 1
Results are means of the five inhibitions curves each obtained as mean of
duplicate analyses.
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0.001 0.01 0.1 1 10 batches of porcine gelatines displayed an inhibitory activ-

ity when analysed at concentrations greater thanu.3gtl
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Fig. 4. Quantitation by competitive indirect ELISA of bovine and porcine
industrial batches of gelatine. Microtitre plates were coated with bovine
gelatine Sigma at 5@g/ml. Rabbit anti-peptide 2 (first boost) was used as
a primary antibody and peroxidase-labelled goat anti-rabbit IgG as a tracer

antibody. Competitive antigens were bovine (closed symbols) or porcine Over the last few years both national and international
(open symbols) gelatines obtained by acid (plain lines), lime (dashed lines)

or sodic (triangles with plain lines) treatment of bones (circles) or hide/skin authorities have introduced _IengIE_itlon and regulatlons to
(squares and triangles). High Bloom: large symbols; low Bloom: small sym- er.]ha.nce the S?-fety of gelatine th regards _tO the trans-
bols. Results are means of duplicates. missible spongiform encephalopathies (TSE) risks. In most

4. Discussion
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cases, these regulations concern a limitation of the coun-high homology between published sequences of collagen
try of origin for raw material, parts of the animals that can of different species. As an example, we calculated a 97%
be used as raw material and value ranges for the physicalhomology between the alpha 1(l) chain of bovine and hu-
processing parameters of gelatine. According to the Scien-man collagen. Moreover, the porcine collagen sequence is
tific Steering Committee of the European Union, the cur- not presently available. Thus, we chose as putative bovine-
rently commonly used gelatine production processes havespecific sequences those which display amino-acid changes
a considerable TSE infectivity reduction capacity exceed- between bovine and unrelated species such as horse, human
ing 4.5 logs[12]. However, the experiments currently avail- and dog. We finally selected one putative species-specific se-
able to assess the TSE infectivity reduction capacity of a quence from the N-terminal sequence (peptide 1) and another
production process do not demonstrate a complete destrucone (peptide 2) from the central region of the bovine alpha 1(1)
tion of all TSE infectivity in a test sample. They determine chain.
a quantitative or semi-quantitative reduction in the amount  Reactivity of the anti-peptide 1 antibodies was low when
of infectivity, the “clearance factor”, which is limited by tested against collagen and gelatine. This would indicate a
the sensitivity of the assay system and the starting titre of loss of the telopeptide during collagen extraction and gela-
the TSE spiked material. It is thus not possible in the cur- tine production or differences in the three-dimensional con-
rent state of knowledge to conclude that any given processformation between the free synthetic peptide and the native
for the production of ruminant-derived products would re- N-terminal peptide of the collagen/e chain.
sult in an end product that is completely free of TSE agent  In contrast, the anti-peptide 2 antibodies reacted strongly
[13]. in indirect ELISA with the panel of bovine gelatines coated
A method has been proposed to detect possible prion con-in the microtitre plates while the porcine gelatines were not
taminants using Western blotting of Pf14]. The method detected. This indirect ELISA could be used as a simple
includes a collagenase digestion, a concentration step usingand quick identification test. However, this test cannot be
PEG, the usual proteinase K digestion and a precipitation used for the detection of low amounts of bovine gelatines
step with PEG. However, the system can detect no lower in porcine gelatines since the results obtained when coating
than 4x 103-10* LDsp of mouse prion and is less sensitive compatible mixtures of bovine and porcine gelatines were
than the time-consuming mouse bioassay with intracerebralrelatively disappointing. This phenomenon cannot be eas-
injection. ily explained and could be related to changes in the three-
To reduce the TSE risk, food and pharmaceutical compa- dimensional structure of the mixed molecules during coat-
nies have been progressively switching to porcine-sourceding.
gelatine and the characterization of the animal origin of raw  Such a phenomenon disappeared when analysing the
materials used for production of gelatine is now a major goal same mixtures of gelatines by the indirect competitive
for manufacturers. However, to our knowledge no validated ELISA. High sensitivities (2—4 parts per 1000) were ob-
method for gelatine to determine the origin of the raw mate- tained for the detection of bovine gelatines in porcine
rial is available yet. gelatines purchased from laboratory chemicals suppliers.
We have recently obtained high titre antibodies upon The sensivity was 8 parts per 100 bovine gelatines in
immunization of rabbits with tyrosylated bovine and porcine gelatines when testing the largest possible range
porcine gelatines (Venien and Levieux, J. Imnmunoassay Im- of industrial batches of gelatines covering both bovine
munochem., submitted for publication). We have observed and porcine skin/hide or bone origin, with acid or alka-
large differences in titre and species-specificity during the line process and high or low Bloom. While all the bovine
course of the immunization and among rabbits. Moreover, gelatines reacted quite similarly in the indirect competitive
the antisera were highly sensitive to the alkaline or acidic ELISA, the residual reactivity of the different batches of
process used for gelatine production. A competitive indirect porcine gelatines was variable and seems apparently cor-
ELISA has allowed to detect porcine acidic gelatines with related with the denaturation effect of the process used for
around 10-fold higher sensitivity than their bovine counter- their production: acid skin high Bloom (no inhibition) < acid
parts. However, the porcine limed bone has not been detectedone high Bloom<acid skin low Bloom<acid bone low
by this ELISA. Bloom <limed bone low Bloom. Thus, detection of bovine
These results prompted us to elaborate a strategy based ohigh Bloom gelatines in porcine high Bloom gelatines was
the production of antibodies against more defined species-more sensitive, down to 1.5-2%. However, the possibility of
specific amino-acid sequences. Major antigenic determinantsslight accidental contaminations of some batches of porcine
have been localized in N-terminal and C-terminal non-helical gelatines by bovine gelatines in industrial sites which pro-
sequences for which no function in formation or mainte- ducing gelatines from the two origins cannot be totally ex-
nance of the triple-helical structure is assunj&f]. Yet, cluded.
conformation independent antigenic determinants have also These detection limits allow an efficient control of the
been characterized in the central regions of the unfolded gelatine batches manufactured and the described ELISA
polypeptide chain having a helical conformation in the na- could be routinely used by pharmaceutical and food man-
tive molecule[15,16] However, there is an exceptionally ufacturers to secure their supply chain.



424 A. Venien, D. Levieux / Journal of Pharmaceutical and Biomedical Analysis 39 (2005) 418424

Acknowledgements [6] V. Rivera, A. Levieux, D. Levieux, J. Pharm. Biomed. Anal. 29
(2002) 431-441.

The authorswishtothankS.Guedge and C. Ridoux (ROUS- [7] V. Rivera, A. Levieux, D. Levieux, J. Pharm. Biomed. Anal. 29

selot) for helpful discussion and encouragements and for (2002) 443-458.
p 9 [8] K. Hofmann, K. Fisher, E. Mueller, W. Babel, Nahrung 43 (1999)

kindly providing some of the gelatines used in this work. 406-400.
[9] M. Sela, R. Arnon, Biochem. J. 75 (1960) 91-102.
[10] S. Avrameas, T. Ternynck, Immunochemistry 6 (1969) 53—-66.
References [11] J. Vaitukaitis, J.B. Robbins, E. Nieschlag, G.T. Ross, J. Clin. En-
docrinol. 33 (1971) 988-991.
[1] M. Nemati, M. Oveisi, H. Abdollahi, O. Sabzevari, J. Pharm. [12] E.C. (European Commission), Report on the Current State of Knowl-

Biomed. Anal. 34 (2004) 485-492. edge on the TSE Infectivity Clearance Capacity of Various Gelatine

[2] S. Hidaka, S.Y. Liu, J. Food Compos. Anal. 16 (2003) 477—483. Production Processes, 200&v{w.europa.eu.int

[3] A. Paraf, G. Peltre, Immunoassays in Food and Agriculture, Kluwer [13] E.C. (European Commission), Scientific Report and Opinion on the
Academic Publishers, Dordrecht, 1991. Safety of Gelatine, 2003/ vw.europa.eu.int

[4] D. Levieux, A. Levieux, J. Immunoassay Immunochem. 22 (2001) [14] T. Nemoto, M. Horiuchi, N. Ishiguro, M. Shinagawa, Arch. Virol.
127-145. 144 (1999) 177-184.

[5] A. Levieux, V. Rivera, D. Levieux, J. Immunoassay Immunochem. [15] W. Beil, R. Timpl, H. Furthmayr, Inmunology 24 (1973) 13-24.
22 (2001) 323-336. [16] D. Michaeli, E.H. Epstein, Isr. J. Med. Sci. 7 (1971) 462-473.


http://www.europa.eu.int/
http://www.europa.eu.int/

	Differentiation of bovine from porcine gelatines using polyclonal anti-peptide antibodies in indirect and competitive indirect ELISA
	Introduction
	Materials and methods
	Chemicals
	Synthetic peptides
	Tyrosylation of bovine and porcine gelatine
	Polyclonal antibodies
	Indirect ELISA
	Competitive indirect ELISA

	Results
	Reactivity of the polyclonal antibodies raised against synthetic peptides
	Characterization of the species origin of the gelatines using indirect ELISA
	Competitive indirect ELISA for the quantitation of bovine gelatines in porcine gelatines

	Discussion
	Acknowledgements
	References


