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Introduction 
Skeletal muscle troponin consists of the TnC (the sensor), TnI (the regulator), and TnT (the link to 
the muscle thin filament). Troponin T (TnT) represents the tropomyosin (Tm)-binding subunit of the 
troponin (Tn) complex whose role resides in the Ca2+-dependent regulation of vertebrate striated 
muscle contraction. TnT interacts with its other counterparts and may be considered as an organizer 
molecule [1]. Moreover, due to the complex splicing of the NH2-terminal variable region, a large 
number of fast skeletal muscle TnT isoforms are expressed in contrast to cardiac and slow skeletal 
muscle TnTs, and all of them are differentially expressed during myogenesis and development in a 
tissue specific manner [2]. In postmortem muscle, after rigor mortis, actin and myosin do not present 
enhanced degradation [3]. Several key myofibrillar proteins, however, have been shown to be 
degraded at differing rates [4]. TnT degradation and the detection of fragmentation products, 
represent a widely reported and well-established marker of skeletal muscle aging also in several 
animal products intended for commercial distribution in the food industry [4-7]. TnT fragments have 
been detected in various animal species such as beef, rabbit, lamb, fish, camel and poultry and have 
been positively associated with increased meat tenderness during aging [8-13]. The effect of aging 
on the chicken meat quality has been reported in a study by Wei et al., who observed in muscle 
extracts a significant increase in two specific peptides, which were later identified as products of 
chicken fast skeletal muscle TnT degradation [8]. 

Based on our previously developed competitive ELISA for the detection and quantification of 
TnT (16-31) fragment in trichloracetic acid (TCA) soluble beef skeletal muscle extracts [6, 14], as a 
marker of meat tenderness, an ELISA was similarly/respectively developed for the detection of the 
21 aa TnT fragment EPAPPPEEKPRIKLTAPKIPE, which was reported to be present, in chicken 
skeletal muscle extracts [8].  

Results and Discussion 
In silico analysis of the reported peptide sequence in 
NCBI database led to the identification of the 21aa 
fragment as part of the fast skeletal muscle TnT 
isoforms (TNNT3 gene) present in Gallus gallus and 
conserved in many other bird species. The fragment 
spans from aa position 61 to 81 of the 287 total aa 
protein (NP_990253.1) (Figure 1). This fragment will 
further be referred as TnT-21. 

High affinity polyclonal anti-TnT-21 antibodies 
were generated in New Zealand white rabbits through a 
3-dose immunization protocol with KLH as carrier,
according to established methods. Immunization led to
highly reactive antisera against TnT-21 (Figure 2a).

Isolation and purification of specific anti-TnT 
antibodies through protein A column (1st step) and TnT-

 
 

   Fig. 1. In silico analysis of   
   EPAPPPEEKPRIKLTAPKIPE peptide. 
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21 immunoadsorbent (2nd step) resulted in purification of highly specific anti-TnT-21 polyclonal 
antibodies as confirmed by indirect ELISA against TnT-21 (Figure 2b). 

 
 

 
 
 

To develop the competitive ELISA 
procedure, affinity-purified anti-TnT-21 Abs 
were conjugated to biotin using glutar-
aldehyde, and then commercial peroxidase-
labelled streptavidin was used as detection 
system. The ELISA is based on the binding 
inhibition of anti-TnT-21 Abs to immobilized 
TnT-21 by soluble TnT-21. For the 
measurement of chicken TnT degradation in 
muscle tissue and potential delivery of the 
respective TnT-21 peptide as catabolic 
product, the conjugate anti-TnT-21 affinity 
purified Ab-biotin was co-incubated (v/v) 
with soluble peptide at serial dilutions for the 
standard curve formation. After optimization, 
biotin labelled anti-TnT-21 Abs were co-
incubated at a final concentration of 
200ng/ml and the respective standard curve 
had useful range 15pmol to 500pmol TnT-
21/well (100μl/well). The results were 
expressed as inhibition percent (%) plotted 
versus the concentration of inhibitor TnT fragment in pmol/well (Figure 3). 

For TnT-fragments tissue analysis, thirty (30) TCA muscle extracts were produced based on 
previously described methods [7] from conventional chickens (C), free range chickens (FR) and FR 
chickens in which aromatic herbal extracts had been added to their diet (FRp) (Table 1). All chickens 
were raised under industrial conditions for commercial food consumption. Chicken thigh muscles 
were excised at slaughter, just before product processing, and muscle samples were immediately 
stored at -80oC until use. For the aging procedure thigh muscle pieces, prior to the experiment, were 
vacuum packed in plastic sealed bags, after removing visible fat and connective tissues and 
afterwards thawed at 4oC for 0, 24, 72 hours and 7 days [8-13]. Measurement results for different 
time points of post mortem aging are shown at Figure 4. 
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Fig. 2. a. Indirect ELISA against TnT-21 (2μg/ml) and KLH (1μg/ml) immobilized on the 
microplates, for the evaluation of rabbit immunization effectiveness. Antiserum 1 & 2 correspond to 
the samples after two consecutive booster immunizations in-between 1-month period. b. Indirect 
ELISA against TnT-21 (2μg/ml) for the evaluation of anti-TnT-21 Abs purification and reactivity. 
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Fig. 3. Standard curve of competitive ELISA. The 
working volume per well is 100μl. The useful range 
for TNT quantitation is 15pmol to 500pmol TnT-
21/well. 
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A Troponin-T fragment, a protein degradation product, was detected in chicken skeletal muscle TCA 
extracts and was identified as a potential marker of post mortem aging. Our quantitative competitive 
ELISA for specific TnT-21 fragment in free range poultry will be further used for the correlation 
analysis between TnT-21 concentration and qualitative characteristics of the meat during post 
mortem aging. This quantitative ELISA may be proved advantageous for future use at the research 
and industrial level. 
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Fig. 4. Measurements of soluble TnT-21 in chicken’s skeletal muscle 5%TCA extracts. Post-
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Table 1. Chicken*/ tissue specifications. 

Genotype Type Raise Conditions/ 
Diet 

Skeletal muscle tissue 

N Weight/pc (mean ±SD) 

Ross 508 Fast Growth Conventional (C) 10 7±2.3 gr 

Sasso Slow Growth 

Free range (FR) 10 6±3.1 gr 

Free range + 
Aromatic herbals 

(FRp) 
10 6±4.4 gr 

Total 30 19±3.7 gr 
*all chickens were raised under industrial scale production for food/meat consumption
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