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Summary

New approaches to rapid examination of proteins and peptides in complex food ma-
trices are of great interest to the community of food scientists. The aim of the study is to
examine the influence of microwave irradiation on the acceleration of enzymatic cleavage
and enzymatic digestion of denatured proteins in cooked meat of five species (cattle, horse,
pig, chicken and turkey) and processed meat products (coarsely minced, smoked, cooked
and semi-dried sausages). Severe protein aggregation occurred not only in heated meat
under harsh treatment at 190 °C but also in processed meat products. All the protein ag-
gregates were thoroughly hydrolyzed after 1 h of trypsin treatment with short exposure
times of 40 and 20 s to microwave irradiation at 138 and 303 W. There were much more
missed cleavage sites observed in all microwave-assisted digestions. Despite the incom-
pleteness of microwave-assisted digestion, six unique peptide markers were detected,
which allowed unambiguous identification of processed meat derived from the examined
species. Although the microwave-assisted tryptic digestion can serve as a tool for rapid
and high-throughput protein identification, great caution and pre-evaluation of individual
samples is recommended in protein quantitation.

Key words: protein aggregation, thermal denaturation, enzymatic cleavage acceleration, mi-
crowave irradiation, mass spectrometry, peptide markers

Introduction

Mass spectrometry-based proteomics has become an
increasingly popular area of research in food science
studies on protein interactions, identification and quanti-
fication. Although modern, sensitive and high resolution
mass spectrometry instruments with bioinformatic tools
enable large-scale proteomic studies, sample preparation
is a factor impeding rapid and high-throughput screening
of processed food. The complexity of food matrices, proc-
esses of protein denaturation and aggregation as well as
long duration of protein digestion are the main hurdles in
the identification of processed proteins and peptides in
any traditional workflow. Recently, a number of new tools
have been introduced to speed up protein identification
(1). The application of microspin columns, ultrasonic, in-

frared, microwave energy, high pressure or microreactors
substantially reduced the sample preparation time, in-
volving the steps of protein solubilization, reduction,
alkylation, and digestion. The drawback of these new
methods is that some instruments are expensive when
commercially available, for instance powerful ultrasonic
baths or microreactors. These new methods have been
successfully implemented for protein analysis of simple
mixtures and whole proteomes, but they have not been
widely tested on processed food.

In traditional protocol, enzymatic digestion of pro-
teins takes from several hours to overnight to produce
high amounts of peptides with high coverage of the pep-
tide sequence. Microwave technology is an alternative ap-
proach which speeds up the enzymatic cleavage of pro-
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teins for mass spectrometry analysis by reducing the time
of digestion from several hours to a few minutes in many
biological applications. Microwaves have been applied to
digest standard protein solutions, such as cytochrome c,
myoglobin, lysozyme, ubiquitin (2—4), bovine serum albu-
min, human urinary proteins, yeast lysate (5,6), and pro-
teins captured on the affinity surfaces of protein chips (7)
as well as ultrafast microwave-assisted in-tip digestion of
standard proteins and milk extract (8). Enhanced speed
and digestion efficiency were observed when specialized,
temperature-controlled microwave reactors as well as in-
expensive domestic microwave ovens were used (5,7).
Thus, simplicity at low cost is a big advantage of micro-
wave irradiation over other tools accelerating proteolysis
for high-throughput analysis.

Proteins can lose their solubility due to the lack of a
net charge and repulsive interactions between their mole-
cules. An increase in the surface hydrophobicity of pro-
teins leads to protein-protein interactions and their aggre-
gation during thermal treatment, although the primary
structure of proteins is often not affected (9-11). The for-
mation of highly insoluble protein aggregates may have
negative effect on enzymatic digestion, on sequence cov-
erage of the proteins, and consequently on the efficiency
of protein identification. The sequence coverage is the
percentage of the protein sequence covered by matched
peptides. The larger the sequence coverage is, the more of
the protein sequence is confirmed by the experimental
analysis. Using standard proteome extraction methods,
we observed previously that sequence coverage in select-
ed cooked meat proteins was lower than in raw meat (12),
while proper digestion of the analyzed material is essen-
tial to develop an efficient method of protein quantifica-
tion.

In this study we wanted to determine if a rapid mi-
crowave-assisted digestion could improve efficient recov-
ery of peptides from industrially processed samples. First
we investigated the degree of protein aggregation after
heat treatment. Subsequently, the most denatured meat
samples and processed meat products digested under the
microwave-assisted protocol were analysed using tan-
dem mass spectrometry in order to detect peptide mark-
ers that were unique to the examined proteins and spe-
cies. The application of microwave technology as a tool
for fast sample preparation in proteomic studies of proc-
essed food is evaluated.

Materials and Methods

Materials

Water, acetonitrile, formic acid, and methanol of LC-
-MS grade were purchased from Sigma-Aldrich (Schnell-
dorf, Germany). Ammonium hydrogen carbonate, dithio-
threitol (DTT), iodoacetamide (IAA) and all other chemicals
were of molecular biology grade and obtained from Sig-
ma-Aldrich. Sequence-grade modified trypsin was bought
from Promega GmbH (Mannheim, Germany). Meat sam-
ples of five species, i.e. cattle, horse, pig, chicken and tur-
key (longissimus muscle or pectoralis major muscle of poul-
try) and meat products (four different coarsely minced,
smoked, cooked and semi-dried sausages) were purchas-

ed locally. Samples of about 5 g or 5 cm length were cut
from raw or processed products and kept at 80 °C until
further protein analysis. The microwave oven used in this
study was domestic model DMR-904 (Daewoo, Roissy-
-en-France, France) with the maximum output power of
800 W.

Preparation of samples

Meat slices of about 25 mm thick were wrapped in
aluminium foil and heated in a Rational Combi convec-
tion oven model SCC 61 (Landsberg am Lech, Germany)
at three thermal cooking procedures: (i) at 190 °C for 10
min (variant 1), (if) at 160 °C for 30 min (variant 2), and
(iif) at 190 °C until reaching core temperature of 99 °C,
which took 38 min (variant 3). Washing, digestion and
mass spectrometry analysis were performed according to
the procedure described previously (13). Thin sections of
raw and cooked meat and meat products (slices of 0.5 g)
were transferred to glass vials and washed to remove con-
taminants such as physiological salts, fat and other soluble
low-molecular-mass compounds. Samples were rinsed
twice for 30 s in ethanol/water (70:30) followed by a 15-
-second wash in ethanol and then by a 30-second wash in
methanol/water (90:10). Then the samples were rinsed
twice for 30 s in deionized water. The washed samples
were homogenized in 100 mM of aqueous ammonium
hydrogen carbonate in an Ultra-Turrax T25 (IKA Labor-
technik, Staufen, Germany) homogenizer twice for 20 s at
9500 rpm followed by 30 s at 13 500 rpm, and speed vacu-
umed to dry in CentriVap micro IR (Labconco Corpora-
tion, Kansas City, MO, USA).

SDS-PAGE analysis

Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) was performed to establish the ex-
tent of protein aggregation as well as to assess the use of
microwave technology in acceleration of protein diges-
tion. Dried meat sample of 10 mg was solubilized with
lysis buffer (8 M urea, 2 M thiourea, 0.05 mM Tris, 75 mM
DTT, 3 % SDS, 0.05 % Bromophenol Blue, at pH=6.8).
Samples were heated at 98 °C for 4 min. Protein concen-
tration was determined using a 2-D Quant Kit (GE Health-
care Bio-Sciences, Fairfield, CT, USA). Meat sample extracts
(12 pg of protein) or meat digests (15 uL) were loaded
onto 15 % polyacrylamide gels prepared in Hoefer SE250
systems (GE Healthcare Bio-Sciences). Gels were run at con-
stant current of 20 mA per gel, until the dye front reached
the end of the gel. The gels were stained with Coomassie
Brilliant Blue and scanned on an ImageMaster Scanner
(GE Healthcare Bio-Sciences).

Image and statistical analysis

The gel images were analyzed using ImageMaster
Platinum software v. 7.0 (GE Healthcare Bio-Sciences). The
gels of raw meat samples were compared with the other
experimental samples used as control. In order to com-
pare the aggregation of proteins across samples, the in-
tensities of the raw meat samples were summed up and
set at 100 %. The band intensity values were imported
into STATISTICA v. 10 (StatSoft Inc., Tulsa, OK, USA) soft-



484 M. MONTOWSKA and E. POSPIECH: Rapid Meat Protein and Peptide Identification, Food Technol. Biotechnol. 54 (4) 482488 (2016)

ware. The data were examined by one-way analysis of
variance (ANOVA). Least significant differences were set
ata5 % level and evaluated by Scheffe’s multiple range tests.

Microwave-assisted tryptic digestion

Dried samples (2 mg) were rehydrated in 100 uL of
100 mM ammonium hydrogen carbonate, then 200 mM
DTT were added as a reducing agent and incubated for 1
h at 56 °C. After that, samples were alkylated by the addi-
tion of 200 mM iodoacetamide and incubated in the dark
for 30 min at room temperature. The remaining iodoacet-
amide was quenched by the addition of 200 mM DTT and
incubated at room temperature for 30 min. The samples
were digested in a solution containing 0.083 pg/pL of
trypsin in ammonium hydrogen carbonate for 1 h at 37
°C. After initial 30 min, samples were subjected to micro-
wave irradiation for 40 s at 138 W in water bath, then
placed in a heating block at 37 °C for 30 min and micro-
waved the second time for 20 s at 303 W. The standard di-
gestion protocol was conducted at 37 °C over a period of
20 h. The sample digests were purified by reversed-phase
extraction using Sep-Pak C18 Plus cartridges (Waters,
Milford, MA, USA). Eluted samples were vacuum dried.
Prior to mass spectrometry analysis, samples were rehy-
drated in a solution consisting of 2 % acetonitrile and 0.1
% formic acid (by volume).

Sequence coverage and peptide identification by mass
spectrometry

Samples were analyzed in chip-based infusion mode
via a silicon-based nanoelectrospray ionization (ESI) mi-
crochip (nanoESI chip). The ion source was a TriVersa
NanoMate (Advion, Ithaca, NY, USA) coupled to a Ther-
mo Scientific Q Exactive Hybrid Quadrupole-Orbitrap
mass spectrometer (Thermo Fisher Scientific, San Jose,
CA, USA) operated in positive ion electrospray ionization
mode. The NanoMate platform operated at nanoESI tip
voltage of 1.6 kV, with a gas pressure of 2757.9 Pa and a
capillary temperature of 190 °C. All results of data-depen-
dent MS/MS analysis (dd-MS?) were collected in full scan
mode with m/z range of 50-2000, at 1 microscan, maxi-
mum injection time of 100 ms, and automatic gain control
target of 1e6. Collision-induced dissociation (CID) experi-
ments were performed at a normalized collision energy of
28 %. Data were analysed using Xcalibur v. 2.1 (Thermo
Fisher Scientific) software. For protein and peptide identi-
fication, raw files were converted to MASCOT generic
format using msconvert ProteoWizard toolkit application
(14). The resulting files were searched via MS/MS ion
search using MASCOT (15) against the UniProtKB/Swis-
sProt (16) database with the following parameters: tryp-
sin enzyme, taxonomy bone vertebrates, one missed
cleavage, peptide mass tolerance of 1.2 Da, MS/MS toler-
ance of 0.6 Da, carbamidomethylation as fixed modifica-
tion, oxidation of methionine as variable modification,
and peptide charges of 2+, 3+ and 4+. A decoy search was
performed automatically and the matches and MASCOT
scores were evaluated at 1 % of the false discovery rate for
identity and homology threshold. Selected peptides in
FASTA format were searched against the NCBInr data-
base (17) using the protein BLAST alignment research
tool and blastp algorithm for species and protein specific-

ity.

Results and Discussion

Aggregation of meat proteins

The influence of high temperature on the formation
of protein aggregates was investigated by heating meat
samples using three cooking procedures as described in
Materials and Method section. As the temperature and
exposition time increased, gradual aggregation of meat
proteins was observed (Fig. 1). The extent of protein ag-
gregation in relation to raw meat is shown in Fig. 2. There
was approx. a double increase in protein aggregates in
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Fig. 1. Representative SDS-PAGE under different thermal con-
ditions: a) lane 1=Thermo Scientific unstained protein M ladder,
lane 2=raw beef, lane 3=beef variant 1, lane 4=beef variant 2,
lane 5=beef variant 3, lane 6=raw horse meat, lane 7=horse meat
variant 1, lane 8=horse meat variant 2, lane 9=horse meat vari-
ant 3, and b) lane 1=M ladder, lane 2=raw pork, lane 3=pork
variant 1, lane 4=pork variant 2, lane 5=pork variant 3, and lanes
6-9=four different smoked, cooked and semi-dried sausages.
The cooking conditions were as follows: at 190 °C for 10 min
(variant 1), at 160 °C for 30 min (variant 2), and at 190 °C until
reaching core temperature of 99 °C (variant 3). Protein bands
show substantial protein aggregation (A), degradation of nebu-
lin/titin degradation products (N/T) and degradation of myosin
heavy chains (M)
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Fig. 2. Protein aggregation in relation to raw meat under three
cooking procedures: variant 1=190 °C for 10 min, variant 2=160 °C
for 30 min, and variant 3=190 °C until reaching core tempera-
ture of 99 °C

variant 1. Under harsher treatment they became more
condensed, up to five- and sevenfold in variants 2 and 3,
respectively. Porcine and chicken myofibrillar proteins
turned out to be the most susceptible to high tempera-
ture. Substantial aggregation was also observed in four
different kinds of sausages (Fig. 1b, lanes 6-9).

The high-molecular-mass proteins were gradually de-
graded as the exposure to heat increased. Fig. 1 shows
that the amount of myosin heavy chains cooked under
the harsh conditions of variant 3 considerably decreased,
as compared with raw meat. On the top of the gel, above
the band of myosin heavy chain, the very large nebulin
and titin proteins, or their degradation products, were se-
verely altered even in variant 1 and they completely dis-
appeared in variants 2 and 3. There were less visible
changes in proteins of lower molecular mass. For in-
stance, actin, one of the most thermostable proteins (9),
turned out to be more resistant even under variant 3 con-
ditions. Lesser degradation of low-molecular-mass pro-
teins was reported in earlier studies (18,19). According to
Hofmann (9), meat proteins are not truly degraded dur-
ing heating but they lose dye-binding basic groups, which
means that the protein is still present in the gel, although
its ability to be stained is reduced. However, in our previ-
ous studies we observed lower MASCOT scores and se-
quence coverages in processed meat than in raw meat
(12,13). This indicates that meat proteins undergo irre-
versible degradation during thermal treatment and in-
dustrial processing, which may affect mass spectrometry-
-based studies.

Microwave-assisted tryptic digestion of processed meat

Microwave-assisted protein digestion was investigat-
ed in cooked meat using variant 3 procedure and in
smoked, cooked and semi-dried sausages. A solution (ap-
prox. 0.5 mL) of meat, aqueous ammonium hydrogen car-
bonate and trypsin was subjected to microwave irradia-
tion twice at an interval of 30 min. Fig. 3 presents protein
profiles of tryptic digestion of cooked beef after a conven-
tional and microwave-assisted digestion. This prelimi-
nary analysis revealed that the microwave treatment time
of 1 h was sufficient to achieve the protein digestion rate
similar to the results generated by conventional proce-
dure of 20 h.

a) b)
M/kDa 1 2 3 1 2 3 4 5
170 o~
130 ."‘ o
100 pad & =
70 :
55
w0 PH
&4 b 3
35
25 ‘{/ : “’
15  — § —
10 —— -9 o

Fig. 3. SDS-PAGE analysis of cooked beef (variant 3) before and
after tryptic digestion using the conventional and microwave-
-assisted procedures: a) lane 1=Thermo Scientific prestained pro-
tein M ladder, lane 2=conventional digestion without protein
reduction and alkylation, lane 3=conventional digestion with
protein reduction and alkylation, and b) lane 1=M ladder (M/kDa),
lanes 2 and 3=undigested beef extracts, lane 4=microwave-as-
sisted digestion at 138 W for 40 s, and lane 5=microwave-assist-
ed digestion at 303 W for 20 s. Arrows indicate trypsin band

The high cost of specialized microwave reactors with
internal temperature control prompted us to use a house-
hold microwave oven. The reaction temperature was
monitored indirectly by measuring the temperature in a
water bath. As reported previously (6), enzymatic diges-
tion mixtures absorb microwaves strongly and heat up
rapidly, reaching 100 °C within less than 90 s at a constant
microwave power of 10 W. Since trypsin has the highest
activity within a temperature range of 37-50 °C, our sam-
ple was heated in two rounds to avoid overheating and
enzyme inactivation. In our experiment the reaction tem-
perature reached 44 and 85 °C at a microwave power of
138 and 303 W, respectively. As was observed by Damm et
al. (6), a significant decrease in trypsin activity at high
temperature of over 60 °C probably caused decrease in
the trypsin band intensity in our samples (Fig. 3b, lane 5),
and consequently the drop of its activity. This observation
suggests that irradiation lasting longer than 40 s at 303 W
would have destroyed the enzyme activity. We evaluated
that cooked meat could be digested with the assistance of
microwave irradiation within a period of time shortened
to approx. 1 h. Our next objective was to assess the pro-
tein digestion efficiency and the ability to detect unique
peptide markers using the proteomic approach.

Sequence coverage and detection of peptide markers

Tryptic digestion of cooked meat and sausage sam-
ples was analysed by data-dependent MS/MS using MAS-
COT searching. Table 1 shows the number of identified
peptides and sequence coverages of the most abundant
proteins of cooked beef obtained with and without micro-
wave irradiation. Horse proteins identified after conven-
tional and microwave-assisted tryptic digestion of sau-
sages made from pork and horse meat are presented in
Table 2. The percentage of incomplete digestion, defined
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Table 1. Dominant proteins identified after conventional and microwave-assisted tryptic digestion of cooked beef

Conventional digestion

Microwave-assisted digestion

Identified
protein Matched Sequence MASCOT Matched Sequence MASCOT
peptides* coverage/%"* score™* peptides® coverage/%"* score™*

Myosin-1 64 (11.4) 38.1 6337 39 (45.2) 241 4282
Myosin-2 59 (18.4) 35.3 6227 41 (46.8) 26.1 4385
Myosin-7 54 (15.1) 337 5709 42 (30.3) 255 5096
Actin 16 (1.2) 62.6 6633 19 (13.8) 65.0 7982
Myoglobin 7 (0) 61.7 2704 10 (33.3) 67.8 3711

Percentage of missed cleavages is shown in parentheses, “number of matched peptides in the database search, **percentage of
coverage of the entire amino acid sequence, “*MASCOT score at false discovery rate of 1 %

Table 2. Dominant horse proteins identified after conventional and microwave-assisted tryptic digestion of sausages made from pork

and horse meat

Conventional digestion

Microwave-assisted digestion

Identified
protein Matched Sequence MASCOT Matched Sequence MASCOT
peptides* coverage/%"* score™* peptides® coverage/%"* score™*

Myosin-1 69 (14.9) 406 3550 43 (327) 28.0 6063
Myosin-2 72 (14.5) 429 3691 51 (37.9) 34.1 6874
Myosin-7 49 (14.2) 30.3 1748 38 (19.3) 24.6 4346
Actin 13 (0.9) 60.5 2092 17 (17.1) 61.8 5866
Myoglobin 5(0) 513 138 5(31.4) 37.7 482

Percentage of missed cleavages is shown in parentheses, “number of matched peptides in the database search, **percentage of
coverage of the entire amino acid sequence, ***MASCOT score at false discovery rate of 1 %

as the ratio between the number of peptides with missed
cleavages and the total number of detected peptides, is
shown in parentheses. Microwave irradiation generated a
similar or higher number of matched peptides and se-
quence coverages of beef myoglobin, where 61.7 and 67.8 %
of coverages were observed (conventional vs. microwave-
assisted). The myoglobin coverage was lower in the horse
and pork sausage samples, indicating higher susceptibili-
ty of this protein to industrial processes resulting in re-
duced digestion efficiency. High-molecular-mass pro-
teins, for instance myosin heavy chain isoforms, were
correctly classified according to the species but there were
fewer matched peptides and lower sequence coverages of
all of the microwaved products under analysis.

Although proteins were digested to peptides, consid-
erably more missed cleavage sites in all microwave-assist-
ed digests of all examined proteins were observed. The
analysis of myosin-1 revealed that the percentage of
missed cleavages increased from 11.4 to 45.2 % and from
14.9 to 32.7 % in irradiated beef and sausage samples, re-
spectively. This is consistent with the previous study by
Reddy et al. (4), where the number of missed cleavage
peptides of standard proteins, for instance myoglobin,
was found to be higher (34.1 vs. 8.1 %) in irradiated diges-
tions.

We also examined the applicability of microwave-as-
sisted protein digestion for detection of unique peptide
markers for species determination. Data sets were collect-
ed with data-dependent MS/MS ion fragmentation for
screening of the whole product digestion using a list of

heat-stable peptide markers used in our previous studies
both for the species selection and protein identification
(12,13). The results were evaluated at 1 % of the false dis-
covery rate for peptide identity and homology threshold.
Predominantly, detected peptides were ranked first in the
list of matched peptides using MASCOT algorithm. The
peptide markers observed for the cattle and horse meat
are shown in Table 3. Interestingly, despite the incom-
pleteness of microwave-assisted digestion, we were able
to detect six most abundant unique peptides, which al-
lowed unambiguous identification of processed meat de-
rived from the examined species. The peptide sequence
SALAHAVQSSR unique to two pork myosin isoformes, i.e.
myosin-1 and myosin-4 was identified with the MASCOT
scores below the identity and homology threshold. Most
of the y and b ions were observed within the peptide
spectra but their intensities were very low. This may indi-
cate that the product was manufactured from the meat of
lower class containing high amount of connective tissue
and fat or the amount of added pork was low.

The results obtained in this study contradict a great
number of previous studies, which found microwave-as-
sisted tryptic digestion faster and more efficient than the
conventional protocol. The accelerated rate of digestion
as well as a greater sequence coverage have been demon-
strated in mass spectrometry analyses of single proteins
or biological samples (1,8,20). High sequence coverages of
standard proteins, i.e. myoglobin (89 %), bovine serum al-
bumin (78 %) and «a-casein (83 %) were obtained using
ultrafast microwave-assisted in-tip digestion (8). Howev-
er, when these new enzyme tips were applied to digest
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Table 3. Heat-stable peptide markers unique to the species and protein observed after microwave-assisted tryptic digestion

m/z . . NCBI accession . MASCOT  Identity
Experimental  Calculated Protein Species number Peptide sequence ion score®  threshold™
1531.6691 1531.6725  myoglobin cattle 21127806939 HPSDFGADAQAAMSK 121 >14
1998.9654 1999.9713  MLC2f cattle 811115497166 EASGPINFTVFLNMFGEK 24 >22
1605.6654 1605.8475  myoglobin horse gil7546624 VEADIAGHGQEVLIR 31 >15
1377.8338 1377.8344  myoglobin horse gil7546624 HGTVVLTALGGILK 73 >15
1634.7926 1634.8008  myosin-2(2A)  horse gil126352470 VVETMQTMLDAEIR 25 >38
2199.1183  2200.1011  myosin-7 horse gil75054114 GTLEDQIIEANPALEAFGNAK 41 >15
1125.5854 1125.5891 myosin-4(2B)  pig gil178056718 SALAHAVQSSR 3 >13

myosin-1(2X

*MASCOT score at false discovery rate of 1 %, **individual ion scores to indicate identity or extensive homology

proteins extracted from bovine milk, a-casein was identi-
fied with a lower sequence coverage of 68 %. Thus, these
results indicate that microwave-assisted digestion may be
less effective in the case of very complex biological sam-
ples and such are the whole meat product digests. Recent-
ly, a comparative analysis between microwave-assisted
and conventional tryptic digestion of standard proteins
(bovine serum albumin, cytochrome ¢ and (3-casein) per-
formed at the same temperature revealed no significant
differences between these protocols in relation to the rate
of peptide generation (6). This may indicate that the ac-
celeration of enzymatic cleavage which was observed pre-
viously should be attributed to a rapid rise in the reaction
temperature rather than direct impact of microwave irra-
diation/strength of electric field. The positive effect of
thermal denaturation prior to tryptic digestion on peptide
mass mapping has been reported previously (21). In our
study severely denatured meat products were analyzed
instead of biologically active proteins. Therefore, the re-
sults were only slightly altered by microwave heating and
no substantial improvement in peptide recovery was ob-
served.

In our opinion, this rapid microwave-assisted tryptic
digestion has a potential to be implemented as a tool for
rapid identification of proteins in high-throughput
screening of protein mixtures. However, incomplete di-
gestion and the variability of peptide recovery may dis-
tort quantitative information, making the protein quanti-
fication unreliable, especially with relative, label-free
approaches. In such cases, proteins and peptide reference
standards or isotope labelling would be recommended in
quantitative experiments and the results must be cau-
tiously verified for each individual approach.

Conclusions

This study examined the applicability of the micro-
wave-assisted tryptic digestion for rapid and efficient re-
covery of peptide markers from industrially processed
meat products. We demonstrated that substantial protein
aggregates formed during microwave irradiation and
heating could be enzymatically hydrolyzed within the di-
gestion time shortened to approx. 1 h. Proteins and heat-
-stable peptide markers were correctly identified by mass
spectrometry analysis. However, lower sequence cover-

age of high-molecular-mass proteins as well as greater
number of missed cleavage peptides indicate the incom-
pleteness of microwave-assisted protein digestion. Never-
theless, six peptide markers unique to cattle, horse and
pig were detected, which allowed unambiguous identifi-
cation of processed meat derived from the examined spe-
cies. The results obtained in the study show that micro-
wave heating has a potential to be implemented in rapid
high-throughput screening of processed proteins only for
qualitative purposes. We expect that the microwave-as-
sisted protein digestion combined with quantitative pro-
teomic experiments would be more reliable with the la-
belling of proteins or peptides than label-free approaches,
but this hypothesis needs to be verified in the future.
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