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I. INTRODUCTION 
 
The use of grain proteins in various types of meat products is a common practice [1]. A reliable detection of 
these food ingredients is required to control specifications and also regarding food fraud and allergenic 
potential. In a previous study [2], a mass spectrometric screening method for the detection of wheat 
proteins in meat products using tryptic marker peptides from gliadins has been established. 
The main objective of this study was to develop a sensitive HPLC-MS/MS screening method for the 
simultaneous detection of proteins of the six main grain species barley, maize, oats, rice, rye and wheat in 
meat products with limits of detection each below 20 mg/kg using characteristic tryptic marker peptides. The 
influence of storage, grilling and canning on the detectability of the grain marker peptides had also to be 
investigated. 
 
II. MATERIALS AND METHODS 
 
Emulsion-type sausages with grain-related protein concentrations in the range of 5–1000 mg/kg and blank 
values were produced. Some of the sausages were stored for six weeks (2 °C), grilled in a contact grill 
(core temperature about 75 °C) or heated as home canned cans, normal cans and cans for use under 
tropical conditions. 
After protein extraction (TRIS-HCl [1M, pH 8.2] / ethanol = 1/1; 2 h at 90 °C), treatment with 
dithiothreitol/iodoacetamide and tryptic digestion, marker peptides (8-18 amino acids) for each grain 
species were selected and measured by HPLC-MS/MS (AB Sciex QTrap 5500). 
 
III. RESULTS AND DISCUSSION 
 
For the unambiguous detection of grain proteins in meat products even in low concentrations (ppm-range), 
for each grain species three to four characteristic marker peptides were determined (see Table 1). 
 

Table 1 Grain marker peptides 

Marker peptide Amino Acid Sequence Marker peptide Amino Acid Sequence 
Barley1 IETPGPPYLAK Rice1 LQAFEPIR 
Barley2 IVPLAIDTR Rice2 ELGAPDVGHPMSEVFR 
Barley3 TLPTMC*SVNVPLYR Rice3 VIQPQGLLVPR 
Barley4 ILPFGIDTR Rice4 VIEPQGLLVPR 
Maize1 LEDLPGC*PR Rye1 TPFASTVAGIGGQ 
Maize2 TNPC*GVSAAIPPYY Rye2 SLVLQNLPTMC*NVYVPR 
Maize3 FSLMNPVLSR Rye3 ILWGIPTLLK 
Maize4 QQPIVGGAIF Wheat1 SVAVSQVAR 
Oat1 C*TGVSVIR Wheat2 VFLQQQC*SPVAMPQSLAR 
Oat2 ALPVDVLANAYR Wheat3 APFASIVAGIGGQ 
Oat3 DFPITWPWK Wheat4 IFWGIPALLK 

* = carbamidomethyl 



As it is known from the literature [3] that alcohol is required for the extraction of gluten, the commonly used 
extraction with TRIS-HCl was compared, amongst others, with TRIS-HCl/ethanol (1:1) and TRIS-
HCl/methanol (1:1), with a special focus on the extraction of the proteins of the cereals maize and rice 
containing no gluten. For 19 of the 22 marker peptides noticeably higher peak areas were obtained using 
TRIS-HCl/ethanol (1:1). Investigations of different protein extraction temperatures (50, 70, and 90 °C) 
showed that increasing temperatures resulted in higher peak areas for almost all of the marker peptides. 
The limits of detection of the method were 5–10 mg grain protein/kg meat product for each grain species 
and no false-positive or -negative results were obtained. High correlation coefficients (R2: 0.978–0.997) 
between the peak areas of the marker peptides and the contents of the related grain proteins in the meat 
products were determined. The relative standard deviations of the repeatabilities (N = 9) ranged between 4 
and 19 % for sausages with 10 mg grain protein/kg. The detectability of the marker peptides only slightly 
decreased after storage or grilling of emulsion-type sausages, whereas the influence of the canning 
process was noticeably higher. 
The HPLC-MS/MS method developed enables the simultaneous mass spectrometric detection of the six 
most important grain species in meat products. The method is suitable to uncover, for example, 
economically motivated adulterations by substituting high quality meat proteins with lower cost grain 
proteins and to detect gluten and other allergenic grain proteins in the low ppm range. Within the group of 
cereals containing gluten three marker peptides were detectable in sausages at protein concentrations of 5 
mg/kg for oats and rye and 10 mg/kg for barley and wheat. 
 
IV. CONCLUSION 
 
The developed method is using a novel protein extraction buffer (TRIS-HCl (pH 8.2)/ethanol (1:1) at 90 °C), 
thus noticeably higher extraction temperatures are used than the temperature of 60 °C most commonly 
applied for the mass spectrometric detection of allergens in foods [4]. The three to four marker peptides 
used for each grain species originated from at least two different target proteins, ensuring a higher 
robustness against influences of processing. The effects of food treatment on the detectability of the marker 
peptides proven in this study are particularly important regarding a further development to a quantification 
method. In this context, more detailed investigations concerning the influence of different grain varieties or 
grain protein sources and different types of processing of the meat products and the added grain proteins 
have to be considered. Furthermore, it would also be relevant to check the detectability of grain marker 
peptides in raw sausages during maturing process and storage due to the activity of proteolytic enzymes [5] 
and, consequently, a possible enzymatic degradation of the target proteins. An extension of the developed 
method to important millet species (Pannicum milliaceum, Sorghum bicolor) showing high annual 
production rates is also conceivable. 
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