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Abstract: This review concentrates on the application of the chemometric methods in the investigation of
metabolomics in food science, particularly on the analysis of data produced from mass spectrometric techniques.
Its purpose is to discuss the essential developments in metabolomics due to the combination of modern chemical
analysis techniques with statistical and chemometric data analytical strategies. It investigates the potential
of the chemometric methods in the analysis of a variety of different food products. Spectrometry (MS)-based
methods including gas chromatography (GC) and liquid chromatography (LC) enable the precise quantification
and qualification of metabolite profiles because of their sensitivity and good resolution. Such data results
are subjected to the metabolomic interpretation using various multivariate tools such as principal component
analysis (PCA), partial least squares (PLS), partial least squares discriminant analysis (PLS-DA) or hierarchical
clustering. They offer huge potential in the analysis of food products in terms of guaranteeing safety for human
consumption.
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Introduction

Metabolomics is becoming popular as an advanced ana-
lytical tool which makes it possible to monitor the quanti-
tative and qualitative changes in the amounts of chemical
substances in food products during their storage. Metabo-
lomics approach combines the analytical methods such as
Nuclear Magnetic Resonance (NMR) and Mass Spectro-
metry (MS)-based methods including gas chromatography
(GC) and liquid chromatography (LC) together with the
chemometric methods such as principal component analy-
sis (PCA), partial least squares (PLS), partial least squ-
ares discriminant analysis (PLS-DA) and hierarchical clu-
stering. The metabolomics of agricultural products is used
in food safety for analyzing the microbial infections, gene-
tically modifying food, studying the effects of technological
processes on the quality of final products, and studying the
originality and authenticity of food products. There is huge
application potential for metabolomics in microbiological
food examination including the differentiation of types of
bacteria and fungi in the search for natural food preserva-
tives. There is an immense variety of food products which
can be examined by metabolomics tools. They include diffe-
rent agricultural products and food products such as fruit
and vegetables, cereals, milk, cheese, honey, bread, meat,
meat products, fruit juices and alcohol drinks.

Metabolomics has appeared as a promising approach in
a lot of disciplines including human diseases, nutrition, drug
discoveries, and plant physiology. In food science, metabo-
lomics is regarded as a tool guaranteeing the quality and
safety of both raw materials and the final products. Meta-
bolomics is called the study of ,,as-many-small-metabolites-
as-possible” in a system. Metabolomic analyses have been
categorized as targeted or untargeted. Targeted analyses
concentrate on a particular group of intended metabolites
which need to be identified and quantified [1]. The targeted
analysis means the examination of concrete, identified che-
mical compounds which can be the markers of different bio-
chemical processes and are the indicators of the suitability
of food for human consumption. The targeted analyses are
essential for the investigation of the relations of compounds
belonging to a specific group present in the matrix under
determined conditions. The untargeted metabolomics con-
centrates on the detection of as many groups of metaboli-
tes as possible to achieve patterns or fingerprints without
the necessity of identification or quantification of a speci-
fic compound or compounds [2]. The untargeted analysis
also called the profile analysis is a complex approach exa-
mining the whole profile of all low molecular weight compo-
unds (MW <1500 Da) present in the food sample including
amino acids, fatty acids, sugars, amines, nucleotides, orga-
nic acids, and phenols. It is a holistic approach describing
the characteristics of the product.
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The metabolomic studies are also defined as discrimi-
native, informative, and predictive. Discriminative studies

examine the differences between sample populations wi-
thout developing the statistical models or analysing po-
ssible pathways which might contribute to these differen-
ces [3]. Discrimination is realized by the application of mul-
tivariate data analysis (MVDA) and principal components
analysis (PCA) [4,5]. The informative metabolomic analy-
ses have concentrated on the identification as well as quanti-
fication of targeted or untargeted metabolites to achieve re-
liable information about the sample. It is applied in the cre-
ation of metabolite databases of the human metabolome [6].
It analyses pathways of the appearance of novel bioactive
compounds and biomarkers. Metabolomics studies enable
researchers to predict the statistical models which are ba-
sed on metabolite profiles.

In food science, metabolomics enables researchers to so-
lve a variety of problems concerning quality, nutrition, and
food components analysis. Metabolomics is a new appro-
ach to the food analysis. Its purpose is the identification
and quantification of all the metabolites present in the ma-
trix. Metabolomics is focused either on specific compounds
and metabolic pathways or on global chemical profiles cal-
led fingerprints. Its aims include achieving the knowledge of
the metabolites present within the matrix, classifying sam-
ples between two or more conditions, and identifying new
biomarkers. Metabolic fingerprinting is possible due to the
technologies of small molecule separation and identification.
The analysis of metabolite profiles is possible to carry out
applying Nuclear Magnetic Resonance (NMR) and Mass
Spectrometry (MS)-based methods including gas chroma-
tography (GC) and liquid chromatography (LC). GC de-
tects thermostable compounds and compounds characte-
rised by the proper volatility, and LC detects small and
macro-molecules, ionic compounds and thermolabile com-
pounds. It is known that metabolite profiling called meta-

bolomics involves the identification of biomarkers in biolo-
gical samples. It enables the qualification and quantification

of metabolites in biological samples applying chemometric

methods. Such methods facilitate the detection of biomar-
kers for drug effects and toxicity. They find their application

in recognizing various diseases.

Discussion

Sadecka et al. [7] examined microbial diversity and vola-
tile odour-active compounds accumulated in barrelled ewes’
cheese. This is a long-ripened intermediate product created
in the production of winter bryndza cheese which is Slo-
vakian bryndza cheese made of unpasteurized ewes’ milk.
They analyzed a share of different microorganisms in this
product. They proved that lactococci, lactobacilli and Geo-
trichum spp. were prevailing while coliforms and coagulase-

positive staphylococci were at relatively acceptably levels.
The dominant species involved Lactococcus lactis subsp.
lactis, Streptococcus thermophilus and species belonging to
Geotrichum group. The profiles of odour-active compounds
were examined by gas chromatography supported by mass
spectrometry. Such a method led to the identification of
thirty-nine odour-active compounds. The main ones invo-
Ived butanoic acid, ethyl butanoate, isovaleric acid, hexa-
noic acid, octanoic acid, decanoic acid, methyl octanoate,
ethyl hexanoate, ethyl octanoate, p-cresol, and d-decalactone.
The results showed that barrelled ewes’ cheese contains spe-
cific microflora and a very specific rich profile of odour-
active volatile compounds. Cheese is produced from ewes’
milk directly after milking by renneting using chymosin wi-
thout any starter cultures. The curd is drained for 24 h, and
then left to ripen for 3 days at 18-20°C. Then individual
lumps are pressed, milled and loaded in layers mixed with
salt in barrels. Then the cheese is left to ripen at 2-10°C

for 2 months. Then the barrelled milled cheese is mixed
with cheese produced from pasteurized cows’ milk, at a ra-

tio of 51:49 %, making winter bryndza which is an aromatic
cheese with a spreadable texture.

The aim of this study was to achieve information about
a portion of microorganisms and a variety of main odour-
active compounds in barrelled ewes’ cheese being an in-
termediate product in the production of winter bryndza
cheese. They used culture-based and culture-independent
techniques to examine the microflora and gas chromatogra-
phy with a mass spectrometry to examine the odour-active
compounds.

Lactobacilli were incubated on de Man-Rogosa—Sharpe
agar (Merck, Darmstadt, Germany), lactococci on M17 agar
(Merck), total mesophilic aerobic counts on glucosetryptone-
yeast extract agar (Merck), coliforms and E. coli on Chro-
mocult C medium (Merck), Staphylococcus sp. on Bairde
Parker agar (Merck). Coagulase activity of staphylococci
was examined by a rabbit plasma tube coagulase test
(Bio-Rad, Marnes-la-Coquette, France). Yeasts, fungi and
Geotrichum spp. were incubated on yeast extract-glucose-
chloramphenicol agar (Merck). Samples of cheese were ana-
lyzed by gas chromatography with a mass spectrometry
(GCeMS) using the gas chromatograph Agilent 6890N (Agi-
lent Technologies, Palo Alto, California, USA) coupled with
the mass spectrometric detector 5973 inert (Agilent Tech-
nologies) equipped with fused silica capillary column Ul-
tra 1 (50 m x 0.32 mm x 0.52 mm; Agilent Technologies)
operating with a temperature programme 40°C (1 min),
5°C (1 min), 250°C (1 min). The linear velocity of car-
rier gas helium was 35 cm/s (measured at 143°C). Pulse
splitless injection was used at an injector temperature of
250°C. Ionization voltage (EI) was 70 eV. Volatile odour-

39



Stachelska M.A. et al.: The Application of Metabolics Approach in. ..

Pol. J. Appl. Sci., 2016, 2, 38-45

active compounds were identified on the base of their li-
near retention indices, mass spectra, GC analysis of stan-
dards, and by comparison of data on occurrence and odour
description with literature [8-10]. Identification of compo-
unds by comparison of mass spectra was done using Wiley
and NIST MS libraries (National Institute of Standards and
Technology, Gaithersburg, Maryland, USA).

The microbiological results showed high levels of to-
tal mesophilic aerobes (10 — 107 CFU/g) and relatively
low levels of coliforms and E. coli (from <50 CFU g/1 to
<500 CFU/g). The levels of total staphylococci were pretty
high (10° — 10° CFU/g), but levels of coagulase-positive sta-
phylococci were appreciably low (<50 CFU/g). To sum up,
the long ripening of barrelled ewes’ cheese causes changes
in the share of microorganisms leading to a decrease in a
number of potentially pathogenic Gram-negative bacteria
and coagulase-positive staphylococci [11-13]. The levels of
yeasts were always lower in comparison to those previously
determined for short-ripened ewes’ curd cheese and May
bryndza cheese. Levels of fungi and Geotrichum spp. were
relatively low. Lactoccocci and lactobacilli were present at
high levels (10° — 107 CFU/g) and constituted prevailing
microorganisms in barrelled ewes’ cheese.

The odour profile of barrelled ewes’ cheese consisted of
different chemical compounds such as free fatty acids, es-
ters, alcohols, ketones, aldehydes, hydrocarbons, lactones
and sulfurous compounds. GC-MS technique identified bu-
tanoic acid, ethyl butanoate, isovaleric acid, hexanoic acid,
octanoic acid, decanoic acid, methyl octanoate, ethyl hexa-
noate, ethyl octanoate, p-cresol, and d-decalactone as pre-
dominant compounds responsible for the overall odour of
all the investigated cheeses. The following compounds appe-
ared in the highest amounts: butanoic acid and ethyl buta-
noate (responsible for unpleasant fermented, rotten cheese-
like, fruity, sweet odour); isovaleric acid (resembling rancid
blue cheese, sweaty, faecal, putrid odour); ethyl hexanoate
(wine-like, brandy, valeriana-like undertow); hexanoic acid
(sweaty, rancid, savoury cheesy, fatty, sharp pungent, goat-
like smell); methyl octanoate (balsamic, exotic flower-like,
caramel-like, valeriana-like odour), and d-decalactone (co-
conut, creamy, buttery). Other compounds were identified
at lower intensities and they included namely, p-cresol (pla-
stic, rubber-like odour), octanoic acid (unpleasant, fatty,
waxy, rubber-like, smoky smell), ethyl octanoate (pleasant,
fruity, floral, fresh, sweet, soap odour) and decanoic acid
(fatty, unpleasant rancid odour, with weak terpenic citrus-
like note). In cows’ lump cheese, the following compounds
were identified in relatively high amounts: ethyl acetate,
3-methylbutanal, acetoin, 3-methylbutanol, 2-methylbuta-
nol, isovaleric acid, isoamyl acetate and 3-methylthiopropa-
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nal. To sum up, cows’ lump cheese possesses volatile odour-
active compounds which complete aroma of barrelled ewes’
cheese making the complex aroma profile of winter bryndza.

Le Boucher et al. [14] applied the mass spectrometry
metabolic fingerprinting to investigate bacterial metabo-
lism in a model cheese. They used LC- and GC-MS-based
methods to characterise the cheese metabolome called ,,che-
eseome” under specific conditions including various ripe-
ning conditions and various starter cultures. Their aims in-
volved obtaining MS metabolic fingerprints from a solid and
fermented food matrix, detecting cheese metabolic finger-
prints during the bacterial multiplication and identififying
achieved metabolites. The model cheese was produced from

the ultrafiltrated milk concentrate inoculated with Lacto-
coccus lactis LD61. Metabolic compounds were examined
after 0,8 and 48 h. They were classified into the water-
soluble fraction applying the liquid chromatography — high
resolution — MS and the volatile fraction applying the gas
chromatography — MS. The huge variety in the amounts of
metabolic compounds was observed over time. They detec-
ted forty-five metabolites covering 12 amino acids, 25 vola-
tile metabolites, four vitamins, uric acid, creatine
and L-carnitine. Cheese is a fermented product which un-
dergoes the fermentation process releasing metabolites. Such
metabolites are the effect of the activity of the microorga-
nisms which are in food, and their share undergoes changes
over time. The cheese production involves the ripening pe-
riod which leads to achieving different textures and flavo-
urs. They are dependent on the starter culture, the endoge-
nous microflora and the ripening parameters. There is still
a strong need to obtain more knowledge about the activity
of microorganisms during cheese ripening.

Metabolites were assessed by comparing the mass spec-
tra and retention times with those of authentic standards.
The lactococci population increased by 4 logl0 (cfu/ml)
within 48 h from 2.4 x 10° cfu/ml to 2.2 x 10% cfu/ml.

The acidification reached a final value of 4.83. Free amino
acids constituted most of the detected metabolites. Twelve
free amino acids were detected and the concentrations of
nine of them significantly increased from 0 to 48 h. Isoleu-

cine and valine at first diminished in their contents from
0 to 8 h and then significantly increased from 8 to 48 h.

Some vitamins and organic acids were also detected. The
contents of riboflavin, nicotinamide and pyridoxal, part of
the B-vitamin group decreased significantly from 0 to 48 h.
The concentration of citric acid decreased significantly from

0 to 8 h and then was stable. The concentration of uric acid
significantly increased from 8 to 48 h.

The share of metabolites significantly changed depen-
ding on the incubation time (from 0 to 48 h). The main

differences were found between 0 or 8 h and 48 h of incu-
bation.
Le Boucher et al. [14] proved that there were variations

of the metabolome found during the fermentation of L. lac-



Pol. J. Appl. Sci., 2016, 2, 38-45

Stachelska M.A. et al.: The Application of Metabolics Approach in. ..

tis subsp. lactis in a model cheese. The kinds of detected

metabolites identified before fermentation and their evolu-
tion during the fermentation corresponded to the current

knowledge on milk composition and on the metabolism of
L. lactis subsp. lactis biovar diacetylactis in dairy products.
There was a huge variety of metabolites in the cheese mo-
del after inoculation. They involved some amino acids or
volatile metabolites, vitamins, uric acid, and L-carnitine.
Free amino acids are present in milk in very small amo-
unts. L. lactis requires a lot of nutrients including amino
acids such as Glu, Ile, Leu, His, Met and Val [15]. During
the first hours of fermentation, L. lactis subsp. lactis me-
tabolised the free amino acids present in milk to sustain its
growth [16], which means that the contents of Ile and Val
decreased significantly from 0 to 8 h. During the first expo-
nential growth phase of L. lactis the share of free amino
acids in model cheese was relatively low. During the second
exponential growth phase there was a process of utilizing
proteases hydrolyzing milk proteins, essentially casein, into
peptides and free amino acids. It delivers L. lactis amino
acids for its for growth, contributing to a global increase in
free amino acids in the medium. They detected a huge incre-
ase in amounts of 11 free amino acids (Pro, Tyr, His, Lys,
Val, Phe, Trp, Met, Ile, Cyt, cis-hydroxyproline) coming
from casein hydrolysis between 8 and 48 h. Such amino
acids are responsible for the flavour of cheese and play the
role of precursors in further enzymatic or chemical reactions
contributing to the appearance of volatile flavour metabo-

lites.
They detected a high concentration of citrulline between

8 and 48 h. This amino acid is not an effect of the casein
hydrolysis, but it is produced as a result of bacterial meta-

bolism. Some strains of L. Lactis produce ATP from argi-
nine are a result of the arginine deiminase (ADI) pathway,
by transforming arginine to citrulline and ornithine, follo-
wed by further transformation to CO5 and NH3. All volatile
metabolites detected in this study increased in their con-
tents during the fermentation. Diacetyl (2,3-butanedione),
acetoin (3-hydroxy-2-butanone), and acetic acid showed the
highest increases in their contents (>100 times between 8
and 48 h). Diacetyl, acetoin and acetic acid are generated on
the way of the lactose metabolism, and the citric acid meta-
bolism carried out by L. lactis biovar diacetylactis strains.

The decrease of citric acid, detected by LC?MS, remains
in proportion with the increase of volatile metabolites co-
ming from the citric acid metabolism. The volatiles which
were detected were the products of L. lactis metabolism
in milk or cheese. Ethanol is a by-product of the mixed
fermentation by homofermentative lactic acid bacteria and
might be released lactococci in low concentrations. Most
of the other volatiles detected in this study are usually fo-

und in cheese and come from the catabolism of amino acids
or fat. Dimethyl disulphide and methional come from me-

thionine, 2-methylpropanal from valine, and benzaldehyde
and phenylacetaldehyde from phenylalanine. Methylketo-
nes and straight-chain aldehydes come from the degrada-
tion of fat [17,18]. They contribute to the creation of flavour
of many cheeses [17].

Some vitamins were also identified in this study. They
are very important for the growth of L. lactis susbp. Lac-
tis, and they included riboflavin (vitamin B2), nicotinamide
and pyridoxal (vitamin B6) [19]. They were metabolised by
L. lactis for its growth, which contributed to a decrease

in concentration of these three vitamins from 0 to 48 h of
fermentation. The metabolomic approach applied in this

study enabled researchers to detect the changes in concen-

tration of metabolites for which the metabolism of bacteria
is not well recognized in milk or in cheese. These metaboli-

tes involved creatine, uric acid and L-carnitine. Creatine is
defined as a non-protein nitrogenous metabolite present in
milk. It is produced as a result of the protein metabolism
of the cow, and it is released into the udder. The decrease
in amount of creatine found between 8 and 48 h may result
from the activity of creatinase.

To sum up, the LC- and GC-MS based methods are
found as a proper and reliable techniques to examine the
cheeseome. It enable researchers to examine the presence of
metabolites which appear either at low concentration or are
present only transiently in dairy products. This metabolo-
mic approach is a powerful tool which gives information on
little-known metabolites present in fermented dairy matri-
ces. MS metabolic fingerprinting is recognized as a reliable
approach. It brings the possibility of detection of even sli-
ght quantitative differences. It might be used to examine
different queries connected with cheese quality, including
technological conditions and the biodiversity of cheese eco-
system.

Castejon et al. [20] examined metabolomics of meat exu-
dates and its potential to assess beef meat conservation and
aging. They analyzed the exudate of beef using nuclear ma-
gnetic resonance (NMR). Exudate is the natural juice from
raw meat which may be easy to get from a matrix. Meat
exudate can give the metabolic information about the qu-
ality of meat. They examined 48 beef samples coming from
different breeds, cattle and storage times. The data obta-
ined using H NMR, spectroscopy were compared with the
ones received using High Resolution Magic Angle Spinning
(HRMAS) for the original meat pieces. They observed a
huge correlation between both spectra (>95% of coincident
peaks in both records). Such a result proved that the meat
exudate is a very good alternative analytical matrix to exa-

mine meat metabolomics. These chemometric tools showed
metabolite changes connected with meat aging. NMR tech-

nique classified meat samples according to the storage time
using Principal Component Analysis (PCA), and made it
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possible to predict such storage time applying Partial Least
Squares (PLS) regression.

Beef has got a high nutritional value. Hence, suitable
analytical methods are needed to examine meat metabo-
lome and the chemical composition regarding low molecu-
lar weight compounds including nucleotides, amino acids,
dipeptides and sugars which contribute to the meat aging
processes. Different methods are used to analyze the con-
tent of meat compounds. High resolution Nuclear Magnetic
Resonance (NMR) spectroscopy is a very good technique
used for examining the complex mixtures, making it possi-
ble to detect different low molecular weight components.
NMR spectroscopy gives reliable information on the chemi-
cal composition of the food matrix without extensive ma-
nipulation. Castejon et al. applied NMR spectroscopy to
examine metabolite profiles of meat samples coming from
different breeds. The NMR spectroscopy modality known
as High Resolution Magic Angle Spinning (HRMAS-NMR)
has been found to be a very reliable method for examining
the metabolic profile (metabolome) of intact muscles [21].
Meat exudate mainly contains water soluble sarcoplasmic
proteins and their degradation by-products including nuc-
leotides, amino acids, peptides, proteins, and many soluble
enzymes. The aims of their study were to examine the qu-
ality of beef exudates using NMR analysis, to define the
major metabolites, to estimate the usefulness of H NMR to
record the chemical changes in beef exudate during sto-
rage and to use NMR based chemometric techniques to
characterise beef samples according to postmortem time
(aging) [22].

To sum up, the analysis of exudates revealed that dif-
ferent processes happen simultaneously while meat ages.
The exudates is regarded to be a good matrix which gi-
ves reliable information about the composition of a meat
sample during storage. Metabolic profile changes connec-
ted with meat aging were observed by recording exudate
spectra. The results obtained proved that the application
of NMR with multivariate analysis techniques may contri-
bute to a reliable classification of meat samples based on
storage time and predicting their aging time. H NMR pro-
filing of meat exudates makes it possible to monitor the
quality and to control the safety of meat.

Argyri et al. [23] investigated the potential of HPLC me-
thod to identify the spoilage status of minced beef which
was stored at different temperatures and with different pac-
kaging systems. They checked the shelf life of minced beef
which was packed aerobically, under modified atmosphere
packaging (MAP), and under MAP with oregano essen-
tial oil (MAP/OEO) and stored at 0, 5, 10, and 15°C.
The microbial status and the temporal biochemical chan-
ges were examined. The quality of meat was checked by
the assessment of total viable counts (TVC), Pseudomo-
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nas spp., Brochothrix thermosphacta, lactic acid bacteria,
Enterobacteriaceae, and yeasts/moulds. The organic acid
profile was assessed by HPLC analysis and pH measure-
ment. Data achieved by HPLC method were the subject
of statistical analysis such as principal component analysis
(PCA) and factorial discriminant analysis (FDA). Partial
least squares regression (PLS-R) was applied to assess qu-
antitative predictions of TVC, Pseudomonas spp., Br. ther-
mosphacta, lactic acid bacteria, Enterobacteriaceae, and
yeasts/moulds. The HPLC method of the profile of orga-
nic acids made it possible to assess the spoilage and mi-
crobial quality of minced beef. This method is valuable in
controlling the quality of meat during storage and monito-
ring freshness and safety. They proved that the relationship
between microbial growth and chemical changes in meat re-
vealed during storage is valuable in assessing the meat qu-
ality and freshness [24,25]. There are various factors such as
packaging, temperature, preservatives, pH, glucose concen-
tration which are responsible for the qualitative production
of potential indicators [25]. The qualitative and quantita-
tive analyses of metabolic compounds being the result of
microbial activity made it possible to develop biomarkers
which might have practical applications to guarantee the
quality and safety of meat and meat products. There is a
huge variety of volatile and non-volatile microbial metabo-
lites in naturally contaminated samples of meat which can
be detected with GC, GC-MS or HPLC [24-29]. The most
frequently met end-products of the glycolytic pathway inc-
luded lactic, citric, formic, acetic, gluconic, propionic, and
succinic acids [24,25]. The application of high performance
liquid chromatography (HPLC) to control changes in the
profile of organic acids in meat during storage is gaining
popularity [30,31]. Argyri et al. [23] monitored the chemi-
cal profile of meat on the basis of data achieved from HPLC
analysis combined with chemometrical methods including
factorial discriminant analysis (FDA) and partial least squ-
ares regression (PLS-R) and proved their efficiency in as-
sessing beef quality.

They proved that the growth rate of each member of

the microbial association increased with the increase in sto-
rage temperature of meat. The storage under MAP and

MAP/EO contributed to the predominance of lactic acid
bacteria while pseudomonas occurred to be dominant un-
der aerobic conditions. On the base of the sensory analysis,

the shelf life of the minced beef was shorter when the sto-
rage temperature was higher. The combination of MAP and

oregano essential oil contributed to the elongation of shelf
life of minced beef in comparison to aerobic and MAP pac-
kaging. The HPLC analysis revealed 17 discrete peaks (with
purity greater than 99%). The information appearing in all
peaks is very important for defining the microbial spoilage.
The data showed changes in the chromatographic areas un-



Pol. J. Appl. Sci., 2016, 2, 38-45

Stachelska M.A. et al.: The Application of Metabolics Approach in. ..

der the peaks of the eluted acids which were connected
with storage conditions. The total amount of acetic acid
revealed an increase at all storage temperature and under
all packaging conditions. Such an increase can result from
the fact that acetic acid is produced by Pseudomonas spp.,
Br. thermosphacta, Enterobacteriaceae, lactic acid bacte-
ria, and these bacteria were present in meat stored un-
der aerobic or modified atmosphere conditions [18,32-34].
The values of lactic acid peaks decreased in all samples
which were stored aerobically. MAP stored meat revealed
the total amount of lactic acid which stayed constant and
showed an increase at the end of shelf life, whereas a signi-
ficant increase was found in meat stored under MAP /OEO.
Such a phenomenon is connected with changes in the me-
tabolic pathways of bacteria such as the homofermentative
or heterofermentative pathways of glucose metabolism by
lactic acid bacteria [25]. It can be concluded that HPLC
analysis is a very valuable tool for the quantification and
prediction of the remaining shelf life of meat and its pro-
ducts. The analysis of the profile of organic acids can be
used as a very useful technique for the qualitative classifi-
cation and prediction of the microbial growth regardless of
storage conditions.

Surowiec et al. [35] examined the adulteration of food
products with mechanically recovered meat using GC-MS.
Mechanically recovered meat (MRM) is produced on the
mechanical treatment of remnants following hand debo-
ning. Such meat is not defined by EU regulations as meat,
so it must be detected and differentiated from hand-deboned
meat (HDM) and desinewed meat. The detection of MRM
was carried out on the base of metabolite profiles with
GC-MS; then they were subjected to OPLS-DA for the
precise classification of MRM, HDM and desinewed pork
and chicken samples. Their aims included the separation of
three classes of products and the selection of compounds
which are potential markers for MRM detection. Mechani-
cally recovered meat (MRM) has got a definition of ,resi-
dual material, off bones, obtained by machines operating
on auger, hydraulic or other pressure principles in such a
manner that the structure of the material is broken down
sufficiently for it to flow in puree form from the bone” [36].
This product is cheap and results in a cost reduction in
the production of meat pies, sausages and so-called ,eco-
nomy burgers’. Consumers are afraid of the safety of MRM
consumption, and its addition to food products must be la-
belled clearly. The chemical composition including the con-
tents of free fat, moisture, nitrogen, ash, collagen, calcium,
iron and total purines in different classes of meat have been
examined in order to find potential chemical markers to de-
tect MRM. However, the results of such investigations reve-
aled the variations depending on the raw material and the
technical conditions applied during meat recovery [37,38].

Surowiec et al. [35] applied GC-MS followed by PLS ana-
lysis to detect MRM on the base of metabolite profiles in
meat samples. Eighty compounds achieved from GC chro-
matograms were used for the development of the chemome-
tric model. They chose the compounds manually from TIC
chromatograms, and their peak areas were then calculated
automatically for characteristic ions and retention times ap-
plying the MSD Chemstation software (Agilent, Atlanta,
USA). The evaluation of natural variation was carried out
by PCA following the orthogonal partial least squares di-
scriminant analysis (OPLS-DA). The GC-MS method made
it possible to achieve the metabolite profiling of methano-

lic extracts from meat material. PCA and OPLS-DA were
applied to gain knowledge about the meat sample. They

proved that the three-class OPLS-DA models gave the pro-
per separation of all classes of products (MRM, HDM and
desinewed).

Jang-Eun Leea et al. [39] studied the influence of grape
vintage on the production of metabolites as well as the rela-
tionship between wine metabolites and meteorological data.
There are different factors such as grape variety, climate,
soil and bacterial strains which influence the wine quality.
They used H NMR analysis coupled with multivariate sta-
tistical data sets and principal component analysis (PCA)
which indicated a profile change between Meoru wines that
were vinified with the same yeast strain and Meoru gra-
pes collected from the same vineyard but with a different
vintage. They identified the following metabolites such as
2,3-butandiol, lactic acid, alanine, proline, y-aminobutyric
acid (GABA), choline and polyphenolsoading plot. Signifi-
cantly bigger amounts of proline, lactic acid and polyphe-
nols were found in the 2006 vintage wines compared to the
wines from 2007 vintage. It stayed in accordance with the
meteorological changes. The amount of sunlight and rainfall
in 2006 were two times more and four times less, respecti-
vely, than in 2007.

It proved that climate changes had a huge influence on
the chemical compositions of the grape. Jang-Eun Leea et
al. [39] proved that NMR technique gives reliable metabo-
lomic data defining the chemical composition of wine and
grape. The Korean wild grape Meoru contains a significant
amount of polyphenolic compounds such as anthocyanin
and resveratrol contributing to achieving attractive flavour
of grape juice and wine. They proved that proline and po-
lyphenol levels in wine are dependent not on yeast strains
but on grape vintage. The qualities of vintages of grapes
and wines depend on the amount of sunlight and rainfall
rather than temperature and relative humidity. They un-
derlined the significance of multivariate statistical data of
global metabolites of wine and the meteorological data in

the vineyard provides more reliable characterization of wine
or grape.
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Conclusion

The chemometric methods in the analysis of food pro-
ducts are gaining a lot of interest. They make it possible to
analyse metabolomics which is treated as an important tool
in the development of food science areas such as the com-
pliance with regulations, processing, quality, safety, and mi-
crobiology. The potential of metabolomics in food science
can be applied to detect the compounds contributing to
consumers’ taste preferences. Metabolomics is an interdi-
sciplinary field of science belonging to the system biology,
which can be used on the large scale starting from medicine,
through the analysis of the food, and finishing with envi-
ronmental analysis. In the analysis of agricultural products
and food products it can be practically applied to obtain
various information that can influence the final product in-
cluding information on the technological processes, authen-
ticity, origin, impact on health, quality and microbiological
risk. Metabolomics might be successfully connected with
other analytical areas involving genomics. It enables rese-

archers to detect the selected biomarkers essential to exa-
mine levels of bacterial contamination, accompanying flora,

and biomarker response in food responsible for the health
and safety of food products. The rapid development of me-

tabolomics in the food science delivers a lot of information
about the possible chemical, physical and microbiological

contamination of food products and is considered to be an
effective tool in solving problems in the food industry.
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