JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2006, 54, 6733—-6740 6733

Salt-Induced Changes in Pork Myofibrillar Tissue Investigated
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FT-IR microspectroscopy and light microscopy were used to investigate pork muscle musculus
semitendinosus samples, taken from three animals, that were subjected to brine salting at different
concentrations (0.9, 3, 6, and 9% NacCl). Differences in spectral characteristics and in microstructure
were observed in meat from animals differing in initial pH and varying salt concentrations. The FT-IR
data displayed changes in the amide | region from 1700 to 1600 cm~1. This spectral range was
analyzed by principal component analysis (PCA) and partial least-squares regression (PLSR). These
methods revealed correlations between the spectral data and the different animals, salt content,
moisture content, pH value, and myofiber diameter. A shrinking share of a-helical components was
related to an increase in salt concentration in the muscle. At the same time, a greater share in
nonhydrogenated C=0 groups (1668 cm~1) was related to an increase in salt concentration in the
meat. The share of aggregated S-strands differed with respect to the different animals but was not
influenced by salt concentration. The meat at higher pHs (>6) had less aggregated f-strands than
that at lower pHs (5.6—5.7). It could be demonstrated that simultaneous with changes in microstructure,
pH value, salt, and moisture content were alterations in the protein amide | region as measured by
FT-IR microspectroscopy, revealing a relationship between these biophysical and chemical parameters
and secondary protein structure attributes.
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INTRODUCTION holding capacity §). Maximum swelling is reached for con-
centrations between 0.85 (~5%) and 1 M@2), whereas
higher concentrations again reduce the swelling effect (6—8).
¥he water-holding capacity is highly influenced by structural
changes, i.e., myofibril swelling or contraction, which is affected
by both ionic strength and pH{9). Salt-induced swelling and

Curing meat has a long tradition, and cured meat products
have a substantial market share of the total processed red me
sale. The industry is aiming at reducing the salting time and
increasing the yield while ensuring microbiological safety with

preferably no detrimental effects on sensory qualities like flavor, water expulsion will also depend on the post-mortem status of

texture, and juiciness. At_the same time, there is an increasingy, . oo+ o< well as the type of muscle and fibers studiee (
consumer demand for high-quality cured products, and thus, 14)

there is a need for improved knowledge about which manufac- ) . . )

turing factors influence quality. Recent studies have shown thatProteins and especially the myofibrillar proteins are the most

raw meat quality, composition, and pH as well as the salt content 'MPortant functional components of muscle, with myosin

and temperature of the brine influenced the moisture diffusivity (~54%), actin {-20%), and fitin (-10%) being the most

and texture of the dry-cured harh<4). During salting, NaCl abyndant in the myofibrillar protein fracﬂon.—Hehch coiled

causes swelling of the muscle and an increase in the water-COil structure makes up the rod part of myosin, while the head
region consists ofi-helix structure (ca. 48% of the amino acid
residues in this conformation) accompanied/gtrands con-
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copy, circular dichroism, and NMR spectroscopy, it was MATERIALS AND METHODS
determined that titin (also known as connectin) consists mainly Animal Treatment and Sample Preparation. To obtain meat with

of f-structures (17—21). differences in the initial pH, the meat was collected from animals with
Chemical and physical changes that affect the structure of varying preslaughter histories (offspring of Duroc/Landrace boars cross-
the muscle occur mainly through desolubilization and/or ag- bred with Landrace/Yorkshire sows). One animal (“animal 1”) did not
gregation of the proteins and dehydration of the muscle. experience qnyspecific preslaughter treatment. ArjimaI2was egercised
Differential scanning calorimetry (DSC) studies showed clear " @ treadmill at a speed of 3.8 km/h for approximately 20 min and
effects of ionic strength on the thermal denaturation of myosin Was electrically stunned prior to being slaughter@t)( Animal 3 was
and muscle protein22—24). These changes in the structure injected with adrenaline (subcutaneous injection, 0.2 mg/kg of live

_ . . ) weight) 16 h before being slaughtered using the method described in
of the myofibrillar proteins were related to alterations in the o35 "Animal 1 and animal 3 were stunned with 80% 3@ 3 min

tertiary structure of myofibril proteins. However, techniques like pefore being slaughtered. All three pigs were exsanguinated and scalded
circular dichroism, which is dependent on the work being done at 62°C for 3 min and cleaned and eviscerated within 30 min post-

at low concentrations only, and DSC do not allow insight into mortem. The carcasses were split and kept &Cland then transferred
alterations in protein structures and into the spatial distribution to a chill room (4°C) 3 h post-mortem. The pH value was determined

of the proteins which may be related to salt uptake and water in musculus semitendinosu h post-mortem according to the
uptake and/or loss. procedure described in re83. Twenty-four hours post-mortem,

. . . . musculus semitendinosugs excised and divided into two parts: one
At present, the relationship between salt-induced myofiber o,y 1o consist predominantly of red muscle fibers (red muscle) and

swelling or shrinkage and changes in the highly organized one known to consist mostly of white fibers (white muscle). ThespH
protein structures is still a rather unexplored area. Therefore, values in the red and white partsrofisculus semitendinoswere 5.57
FT-IR spectroscopy and histology were combined in this study and 5.56, 5.71 and 5.59, and 6.67 and 6.29 for animai8, 1

to facilitate a simultaneous characterization of protein structures respectively. From each part, 4 cs 4 cm x 4 cm samples were
and muscle microstructure during salting of pork. excised and placed into 0.9, 3, 6, and 9% NaCl solutions with 10 mM

The ET-IR mi id tile inst tf sodium acetate buffer (pH 5.5), and 0.05% NaMs added. To avoid
e -IR MICrOSCOpe provides a versatle INstrument 101 g ntial dilution of the brine during salting, the mass ratio of brine

rapid biological microanalysis, which can be used to detect slight 15 meat was 10:1. The samples were kept in the brine for 8 days at 4
alterations in the chemical composition within intact cells and °c and were stored on shaking tables.

tissues 25, 26). Since FT-IR spectroscopy is based on informa-  Muscle blocks of approximately 7 mm 7 mm x 2 mm were

tion from fundamental molecular vibrations, it allows the excised from each sample, embedded in O.C.T. compound (Tissue-
investigation of the structure of peptides and proteins 237, Trek, Electron Microscopy Sciences, Hatfield, PA) and snap-frozen in
e.g., during salting of meat. The amide | band in the frequency liquid Nz. All blocks were stored at-80 °C until they were
region from 1700 to 1600 cr is the most prominent feature cryo-sectio_ned. The sectioning was performed in a cryostat (mc_JdeIICM
in the FT-IR spectrum of the muscle myofibers. It is by far the 305Q S, Leica, Nqssloch, Germany) transversely to the fiber (_1|rect|on.
best-characterized band with respect to conformational studiesSeCtlonS (8um thick) were prepared and thaw-mounted on infrared

f . d | di d vsi transparent Cafslides (2 mm thick) for the FT-IR microscopic
of proteins and commonly used in secondary structure analysiSyeasrements. Parallel sections were collected for light microscopy.

(27, 28). The amide | band is mainly due to the carbonyl The slides for FT-IR microspectroscopic measurements were stored in
stretching vibration with a minor contribution oféN stretching a desiccator. FT-IR spectra were collected 1 day after cryo-sectioning.
and N—H bending vibrations, and it mostly depends on the  Light Microscopy and Image Analysis. For light microscopic
secondary structure of the protein backbone. observation, the cryo-sections were stained with alum hemato34jn (

A major advantage of FT-IR microspectroscopy is that it can (Sigma-Aldrich Norway AS, Oslo, Norway) for 10 min, washed in tap
easily be combined with histological investigations, as it requires Water: counterstained with hexamine (VWR International AS, Oslo,

e . o Norway) for 3 min, rinsed again, and stained in erythrosine (VWR
a similar sample preparation, and thus, specific features can b

. . . . ; . elnternational AS) for a further 3 min. Subsequently, the slides were
studied on parallel histologic sections both histochemically and rinsed, dehydrated in ethanol (increasing concentration) and xylene,

spectroscopically. Ki_rSChUer etal. (2_9) used '_:T‘|R MICrospec- and finally mounted with a Eukitt mounting medium (VWR Interna-
troscopy and FT-IR imaging to monitor heat-induced denatur- tional AS).
ation in beef. The study revealed conformational changes in  The sections were examined with a Leica DMLB microscope, and
the amide | region, i.e., a decreasenielical structure content  images were acquired with an RT color camera (SPOT Diagnostic
and an increase in aggregatgesheet content at higher tem- Instruments, Inc.) at 100 magnification. Two hundred fibers per image
peratures. Most recently, by applying both low-field NMR Were used to determine the fiber diameter using Image-Pro Plus 4.5
relaxometry and FT-IR microspectroscopy in a study of cooked f\'/lv_'ED'A CYBERNETlt(.:S' The Imaging dExptgrts, S|||_ve; annt\g,;vs, L\)/:D)I'(
meat, the chemicalphysical properties of the water within the " c' 2>COPIC examinations Were carried out in replicate for iwo blocks

f . . of each sample condition (animal, red and white muscle part, and salt
meat could be associated with structural changes in muscle

. - . concentration).
proteins that occur during heating (30). The images taken as light micrographs correspond to the same areas

The aim of this work was to study the effect of brine salting from which spectra were collected by FT-IR microspectroscopy on
on muscle protein structure by FT-IR microspectroscopy. The parallel cryo-sections.
effect of salting was investigated with regard to initial muscle ~ Chemical Analysis. The pH value of the salted samples was
pH and fiber type. The experiment was performed with samples determined by using a Beckman pH-meter (Beckman Instruments Inc.)
consisting of mainly red or white fibers and with meat with eduipped with a Mettler-Toledo InLab 427 electrode (Mettler-Toledo
different initial pHs. In parallel with the microspectroscopic ©MpPH. Urdorf, Switzerland). _
analysis, changes in the microstructure of the samples were NaCl content in the salted muscle samples was determined as water-
evaluated by light microscopy. Analysis of variance by partial soluble CI and was determined by titration with a Corning salt

. analysator 926 (chloride analyser 926 Corning, Corning Medical and
least-squares regression (ANOVA-PLSR) was used to relate thegiengific, Halstead, England) (35). The cured samples were also

Cha}nges observe_d in_ myofibe_r Swell_ing or shrinkage and analyzed for their moisture content (%) by being dried at 203
moisture to alterations in the amide | region of the FT-IR spectra according to the procedure of the “Nordisk Metodikkommite for

at different salt concentrations. naeringsmidler, NMKL-metode nr 23" from 1992) and is given as
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the average of two parallel runs. Due to lack of sample material, pH Taple 1. Results from the Chemical Analysis and the Average
anld NaCl content data were acquired by two readouts from one sampleyyofiner Diameter of the Cured Samples
only.
FT-IR Microspectroscopy. The analysis of the tissue sections was % NacCl
performed on an IR microscope (IRscope Il) connected to an Equinox T
55 FT-IR spectrometer (both from Bruker Optics). The Bruker system
was controlled with an IBM-compatible personal computer running -
OPUS-NT, version 4.0. The microscope was equipped with a computer- animall  red 0.9 103 564 8037+088 6365+1434
controlled x,y stage. IR spectra were collected from single myofibers 8 g'gg g'gg gégi f 8'85 giggf ig"gg
(30—60um in diameter depending on the salt treatment and pH) in 8:08 5:57 77:77;0:11 56:86;17:58
transmission mode from 4000 to 1000 thwith a spectral resolution white 108 566 7875+020 68.86+17.14
of 6 cn! using a mercurycadmium—telluride (MCT or HgCdTe) 280 558 79.74+023 6820+ 17.89
detector. For each spectrum, 256 interferograms were co-added and 544 559 77.33+0.31 6862+17.57
averaged. The microscope, which was sealed using a specially designed 830 556 77.37+0.05 60.47+15.32
box, and the spectrometer were purged with dry air to reduce spectral animal2  red 107 568 7882+028 53.96+14.82
contributions from water vapor and GOA background spectrum of 287 564 7943+008 60.53+15.05
the Cak; substrate was recorded before each spectrum was measured ggi ggé 7?3; f 815 gé?gf iggé
to account for variations in water vapor anq £0 104 560 7700£002 58524 1386
For eVe.ry Sample .(anlmal, red and YVhlte mUSCIe. part, and salt 2.60 559 79.35 + 0.25 60.32 + 15.08
concentration), two different blocks, taking one section each, were 572 557 7846+021  65.65+ 17.40
analyzed by light microscopy and FT-IR microspectroscopy. In total, 875 550 76.26+0.04 58.73+13.78
12 spectra of single myofibers from two different locations (six spectra animal3  red 101 639 8292+007 56.04+14.33
from each location) were analyzed per cryo-section. The two blocks 279 636 8383+042 66.69+19.90
for every sample were analyzed with a time difference of 2 months 575 615 8146+044 63.59+19.80
and in the following are termed block A (first measurements) and block 801 610 8010+023 61.37+17.99
B (measurements 2 months later). A total of 720 spectra were used: 6 119604 8069011 63671644
. 263 6.04 8216+028 73.63+21.03
spectra from each area?2 areas per sectl(_m 2 mus_cle parts 5 salt 504 607 78954050 7211+ 19.10
concentrations< 2 blocks per concentratior 3 animals. 814 575 7852+039 60.47+17.72
The samples taken out 24 h post-mortem were not included in the
multivariate analyses of the FT-IR spectra (576 spectra in total). This
is due to the fact that the salted samples were subjected to conditionSRESULTS

(stored at 4°C for an additional 8 days before being frozen in liquid . . .
N, and being stored frozen at80 °C) different from those for the Chemical Characteristics and Microstructure. Table 1

samples taken 24 h post-mortem, which may introduce additional SUmmarizes the sample charact.eristics after salting. As expectgd,
differences into their spectral signature. Instead, the samples salted athe NaCl content of the meat increased as the salt content in
0.9% NaCl served as reference to physiological conditions. the brine increased. All meat samples revealed a salt content

Preprocessing of the FT-IR Spectra and Data AnalysisThe lower than that of the corresponding brine. Animal 3 had a
infrared spectra were preprocessed using extended multiplicative signalhigher pH than animals 1 and 2. In general, the pH value of all
correction (EMSC) (3738). EMSC allows the separation of physical  samples decreased with an increase in salt concentration. The
light scattering effects (as baseline, multiplicative, linear, and quadratic qisture content increased with an increase in salt content
wavenumber-dependent effects) from chemical information in spectra. P : 0 h
After the spectra had been preprocessed by EMSC, the second derivativéea‘chlng its maX|mum when salted at 3% NaCl (for correspond

g NaCl percents in the meat, s@@ble 1). At all salt

of the spectra was calculated by applying a nine-point Savittkylay ! . . .
filter (39). For all data analysis in this paper, the amide | region (700 concentrations, samples from animal 3, with the highest pH,

1600 cm?) was used, since the amide | region contains the most contained more moisture than the samples from animals 1 and
detailed information about the secondary structure of proteins (28). 2. Moreover, with increasing salt concentrations, the myofiber
The data were analyzed by principal component analysis (PCA) and diameter as measured on the light micrographs reached a
partial least-squares regression (PLSR))( In this paper, PCA was  maximum when the samples were salted in the 3% brine for
used for the investigation of the main variations in the amide | region animal 3 and in the 6% brine for animals 1 and 2. The smallest
of the FT-IR spectra. For presentation purposes, the figures in this papergiameter was observed in the samples cured in 0.9 and 9% brine
are based on averaged spectra (average of 12 spectra per conditionkor a|| three animals. For all three animals, the myofiber diameter
Multivariate analysis carried out with all single spectra (576 in total) was generally smaller for samples from the red muscle part of

gave .S'm”a.r results, which are not S.hown' - the muscle than for samples from the white muscle part.
To investigate the effect of the design on sample characteristics such . LT . -
To illustrate the individual differences of the animals and

as chemical data or FT-IR spectra, partial least-squares regressionh ff fth . dit | di "
(PLSR), i.e., ANOVA-PLSR, was used]). In ANOVA-PLSR, the the effects of the curing conditions, selected images of transverse

design variables are used as tenatrix and the measured variables ~ Cry0-sections of samples from the red muscle part are shown
(FT-IR data) are used as tiematrix (40). TheX-matrix for the design in Figure 1. The images were carefully selected from many
is defined by using indicator variables 0 and 1 for the design factors. and represent typical attributes. Similar features were observed
Every condition, e.g., animal 1 salted at 6%, was defined as one for the samples from the white muscle part (not shown).
variable. Zero or 1 indicated if one condition applied for a sample. For the unsalted samples, both samples from animal 1 and
Second derivatives were calculated to enhance the resolution of thegnimal 3 exhibited an intact and dense structure with the
aggge_ri tfﬁg-VFAOLﬁg;e”t::'eorr‘np‘ft_rgr_’:ssb thf S_I?r‘]::“r‘é'sd?tr;"ztf“’t‘;é’a”d?nyofibers appearing well attached. In contrast to that, the
u i - wi ultipli y-1. u : ; ;
ANOVA-PLSR were then studied using so-called correlation loading myofibers of animal 2 appeared to be detached with extended
extracellular space.

plots. The correlation loading plot shows the correlation ofXrend After th les had b ited. th fibers b
Y variables to the PLSR components and can therefore be used to study er the samples had been salted, the myofibers became more

how the design factors are correlated with the measured variables withindetached and the extracellular space grew wider in animals 1

the model. and 2. At the highest salt concentration, the fibers of these two
All preprocessing and data analysis was performed using The animals (1 and 2) appeared to be shrunken and their shape was

Unscrambler (version 9.2, CAMO Process AS). uneven and edged. In the samples from animal 3, the myofibers

in in diameter
muscle  brine  meat  pH % moisture («m)
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unsalted

Animal 1

Figure 1. Selected light microscopic images (hematoxylin erythrosine staining) from the red muscle part of all three animals (myofibers stained red,
nuclei stained blue). The salt concentrations of the samples are given (as percent NaCl in the brine).

x 107 the second-derivative spectra. By visual inspection, bands were
i = ! ' - ' ' : ' identified at the following wavenumbers: 1610, 1619, 1629,

1638, 1653, 1659, 1668, 1682, and 1693 €énSimilar amide

| band features were observed for the white muscle. We

05k i observed bands at similar positions in an earlier st@dy,(as

we investigated heat-treated pork muscle tissue by FT-IR

microspectroscopy.

The band at 1653 cnt can be assigned to=€0 stretching

(=]
T

8 vibrations ina-helical structures in the myofibrillar proteing7).
8 This band decreased in magnitude with an increase in salt
§ T concentration (Figure 2), implying a loss of-helical compo-
< _gsf 1619 1610 nents. Wavenumbers associated ydithtructures may originate
65 either from aggregate@-strands or natives-sheet conforma-
tions, the first occurring intermolecularly and the latter intramo-
1628 S— lecularly. Due to transition dipole coupling flrconformational
=T D3% structures, the €0 band for antiparallgs-components is split
H and gives rise to one band above and one belowthelical
5 — 5% band at 1653 cm. Depending on the distance of tht—_:' C=0
&8 n i i i i i i e components in the chains, that is, the strength of the influence
1700 1690 1680 1670 1660 1650 1640 1630 1620 1610 1600 on neighboring chains, the distance can be as large as ap-
Wavenumber [cm '] proximately 60 cm? (28). Jackson and Mantsch (42) assign
Figure 2. Amide | region second-derivative spectra derived from EMSC bands occurring from 1610 to 1628 cinto denatured ag-
pr-processed spectra of control samples with different salt concentrations gregateq3-sheet components (intermolecular), while they relate
all from the red muscle part. The salt concentration given as percent a band between 1630 and 1640 ¢nto antiparallels-sheet
NaCl in the brine is indicated by different colors explained in the legend. structures (intramolecular). Considering the phenomenon of the

band splitting due to transition dipole coupling, bands found at

were well attached for all salt concentrations, but the myofibers 168_2 and 1693 cm may be the weaker components of the
turned more amorphous with the dense appearance of thedntiparallel-sheet structures and the denatured aggregated
structure with an increase in salt content. The higher the salt//-sheet components, respectively. The corresponding lower-
concentration, the harder it was to distinguish between individual Wavenumber bands are possibly related to denatured aggregated
myofibers. B-sheet structures that are found at 1619 and 1628 cwhile
FT-IR Microspectroscopy. Figure 2 shows the average the band at 1638 cnt may be related to antiparallgtsheets.
spectra (average of 24 spectra, from two blocks per salt At 1640 cnT?, a strong non-protein contribution from-&
concentration with 12 spectra per block) of four different salt Pending of water also has to be expected, which is overlapping
concentrations and the 0 sample for the red muscle of the controlWith the possible low-frequency contribution of antiparallel
animal. The spectra are presented as the second derivative i-sheets (43).
the amide | region (17001600 cn?). The positive bands in The features at 1659 and 1668 chappear to be not very
the unprocessed spectra correspond to the negative bands iprominent, but bands at almost similar positions (1660 and 1668
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Figure 4. Correlation loading plot of ANOVA-PLSR with design (black)
and chemical characteristics of the samples as X (weighted by 1075, gray)
and selected variables of the negative second derivative of the amide |
region of the FT-IR spectra as Y (blue). The explained variances of PLS
components 1 and 2 were 17 and 15% for X and 47 and 25% for Y,
respectively.

stretched out the variation due to the two different blocks, A
and B, taken for every sampling condition. The explained
variance for PC 3 is 8%. The samples of animal 2 possess the
largest variationFigure 3b presents the loadings of PC 1 and
PC 2. The loading vector for the first PC reveals positive peaks
for the variables between 1620 and 1635 ¢@and the variables
between 1690 and 1700 ctand a negative tendency around
1638 and 1658 cri. A positive peak between 1646 and 1659
cm! dominates the loading vector of PC 2, and it showed
negative features around 1638 and 1666 tm

ANOVA-PLSR was used to investigate the effect of the
design factors on the sample characteristicb(e 1) and FT-
IR spectra. In the analysis, thématrix comprises the design
parameters and sample characteristics (moisture, percent NaCl,
diameter, and pH), while th&-matrix consists of selected
wavenumbers in the amide | range, which correspond to the
bands shown ifrigure 2 (here, bands from the negative second-
derivative spectrum). The sample characteristics were weighted
by 1076 to inhibit their influence on the regression betweén
andY, while their correlation with the PLS components can be
shown in the correlation loading plot. The resulting correlation
loading plot shows both the correlation between the design and
cm~1) were found in spectra of heat-treated pork (30) and are the measured data and the correlation between the design and
therefore considered relevant. The region between 1660 andthe wavenumbers in the FT-IR spectiédure 4). The inner
1670 cnT! is commonly assigned to random structu#gt)( and outer circles ifFigure 4 refer to 50 and 100% explained
Jackson and MantsclZ) consider spectral features between variance, respectivelyzigure 4 shows that the meat qualities
1666 and 1670 cmt to be related to nonhydrogenated C=0 span the first PLS component with an explained variance of 17
groups which are sterically constrained and may be involved and 47% forX andY, respectively, while the salt concentrations
in only weak dipole-dipole interactions. The band at 1659¢m span the second PLS component with an explained variance of
is found in a spectral area that most likely is related to loop 15 and 25% inX andY, respectively. Animal 3 and the high
structures. The lowest-frequency band appearing at 1610 cm pH of the sample have a positive correlation with the band
is probably related to amino acid side chains, possibly the amino related to the water content of the tissue (1638 Hnwith loop
acid tyrosine (2745). structures (1659 cn), and with tyrosine content (1610 cH).

Figure 3a shows the score plot of the first and second Those structures are also positively related to the large myofiber
principal component of the PCA of the second-derivative spectra diameter and the high moisture content of the sample. Large
of the amide | region from 1700 to 1600 cf The score plot amounts in aggregatgtisheet structures (1619, 1628, and 1693
reveals that the samples were clustering according to animalcm™1), on the other hand, are correlated with samples originating
and salt concentration. PC 1 shows a clustering according tofrom animal 2 and low pH. No changes dnhelical structures
the animal (indicated with different colors), while PC 2 stretches (1653 cnt!) appear to be related to differences between the
out the variation according to the different salt concentrations animals. The results described above about correlations between
(indicated with different symbols). The explained variances for design parameters, FT-IR band, and samples characteristics were
PC 1 and PC 2 are 64 and 23%, respectively. PC 3 (not shown)confirmed by considering values (not shown).

Figure 3. (a) PCA score plot of the variation between second-derivative
spectra in the range between 1700 and 1600 cm~!. The explained
variances for PC 1 and PC 2 are 64 and 23%, respectively. Marked in
green are data for animal 1, in blue data for animal 2, and in black data
for animal 3. The salt concentration given as percent NaCl in the brine is
indicated by symbols explained in legend. (b) PCA loadings of PC 1 and
PC 2 of second-derivative spectra between 1700 and 1600 cm~L. The
explained variances for PC 1 and PC 2 are 64 and 23%, respectively.
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DISCUSSION Bertram et al. 30) considered the band at 1639 Timwhich,
. h and h inf defini in this study, is highly related to high pH and animal 3, to be
lonic strength and pH are the main factors defining myo- o yential indicator for tightly bound water. In our study, we

fibrilla_r swelling and shrinkage and, thus, th? water-holding found the high moisture content of the high-pH animal also to
capacity of meat. For cured meat, these are important factorsy,, ya|ated to this band, while the two other animals and less

affecting the salting process as well as the final meat quality. moisture were inversely correlated with this band

Even though the effect of salt and pH on the myofibrillar . . . ’

structure is well-known, very little is known about how the As _shown in the correlation loading plot, Ia_rg_er amounts of

protein structure is affected and how this is related to the a-.hellcal structures (1653 crf) were chqracterlgtlc of samples

microstructural changes. In recent years, FT-IR microspectros-Wlth low salt content. At the same time, high-salt content
samples are related to a higher level of nonhydrogenate® C

copy has been shown to be an excellent tool for the analysis of . .
protein secondary structure in tissues. This is the first study 9"0UPS (1668 c). Stafford £3) investigated the effect of

that investigates protein secondary structural changes in porkneutral salts on the stgbility of thﬁhelica_l coiled coil_of rabbit_
due to salt by using FT-IR microspectroscopy. The results were skeletal myosin by using circular dichroism and optical rotation

compared to light microscopic structure observations. measurements. He reported that @ns had a tendency to

To obtai t with diff t bHs. th | | destabilize the structure of the myosin coiled coil in or near the
0 obtain meat with difterent pHs, the muscie Samples were g o, junction. They stated that a higher level of nonhy-
collected from animals with different preslaughter treatment.

. . drogenated &0 groups (1668 cm') may be caused by similar
TWO Olf thﬁ r:\jmmals (i and t2))_had a pibf ‘Z'IG_S'?h’ while f structural alterations. This supports our findings that the share
animal 3 ad a pb4 of 6.5, elng comparable to the pH o of a-helical structures (1653 cr) is higher in samples with
DFD (dark, firm, (_Jlry) meat, pbh >6 (46). low salt content and that the level of nonhydrogenateelOC
_ qu all three anmal_g, the pH de(_:reased as the salt concentrayroups (1668 cmt) is increased at higher salt concnetrations.
tion increased. A similar observation was made by Thorarins- The opserved salt-induced structural changes in our experiment
dottir et al. @7) during brine salting of cod. A higher pH Was  aiso are supported by the findings of Offer et &).(They
observed for the red part of the muscle than for the white part. g ggested not only that salt-induced swelling was explained by
This is in agreement with findings reported in the literat#®,( 5 increase in the strength of electrostatic repulsive forces but
49). Light microscopic images revealed differences in micro- 4150 that the main action of NaCl was to depolymerize the thick

structural appearance between each animal. Animal 2 alreadYsjjaments and that the mechanism for swelling was entropic.
had a widened extracellular space before salting, while animal

3 had the most compact structure. Whether these initial structural
differences affect the salt uptake and/or salt-induced structural
alterations is, to our knowledge, not known but should be
investigated further.

It is well-known that salting leads to an increased swelling
capacity of the muscle and increased spacing for water. Salt
concentrations 0f0.1 M (0.6%) in the muscle are thought to
strengthen repulsive forces between filaments, and maximum
swelling should be reached-ab—6% salt 6—8). In accordance
with this fact, in our study, myofiber diameter and moisture
content reached a maximum at NaCl concentrations—6%
in the muscle. Since we did not investigate the effects of
additional brine concentrations between 3 and 6%, it was not
possible to determine the exact NaCl concentration of the
maximum moisture content and maximum myofiber diameter.
For the salt concentrations that were used, samples of animal
reached maximum moisture and swelling at a lower salt

The red and white muscles did not exhibit any significant
differences in the amide | region of the IR spectra. If effects
are present, they are minor compared to the differences
introduced by salting and differences in raw material.

Overall, this study using FT-IR microscopy in combination
with light microscopy demonstrated that changes observed in
microstructure, i.e., myofiber diameter and change in shape, are
a function of salting. In addition, the study indicated that
moisture content is related to changes in protein secondary
structure. Effects of salting and animal differences, however,
appeared not to affect the same secondary structure motifs. With
an increase in salt concentration in the muscle, the level of
o-helical components of myofibrillar proteins decreased and the
level of nonhydrogenated=€0 groups increased. In contrast,
the level of aggregated-strands was increased for animal 2
3while it was least for animal 3 (high pH). This may also explain
the more amorphous appearance in the micrographs, particularly

concentration (3% brine) than samples from the other two at the higher NaCl concentrations of animal 3 compared to

animals (maximum at 6% brine). A possible reason may be the amm_als_ 1 and 2. ] ] ]

higher pH of animal 3, facilitating an increase in the net charge It is likely that the three major proteins of the myofibers
and thus increased swelling of the myofibers during salting (8, (MYosin, actin, and titin make up 84%) are the main contributors
50). Irving et al. b1) observed a linear relationship between !0 the FT-IR signal in the amide | region, but it is not possible
pH and transversal shrinkage of pork myofibrils in the pH region to differentiate precisely the molecules or region of the
from 6.4 to 5.2, and Guignot et ab3) reported almost constant ~ Molecules in which changes occur that cause changes in the
myofilament spacing at pkt6. In addition to having a higher ~ FT-IR spectra. Changes related ¢ohelical structures may
fiber diameter, higher moisture content, and higher pH, animal Possibly be due to changes in the myosin rod, while changes in
3 was negatively correlated with aggregagesheet structures ~ f-structures may be caused by changes in the myosin head, since
(1619, 1628' and 1693 C‘ril:D Bertram et a|$0) reported after myOSin makes up more than 50% of the myoﬁbri"ar prOteinS.
investigating heat-treated pork muscle that an increase in theHOWeVer, contributions from other pl’oteins cannot be ruled out.
levels of thesgs-structures leads to an increase in extramyo-  In the future, it may be useful to investigate the myofibrillar
fibrillar water content. This may imply that the animals with proteins and their changes caused by NaCl separately, to gain
lower pH, especially animal 2 with an increased share of deeper insight into the changes found in the FT-IR spectra,
aggregategB-sheet structures, may also exhibit an increase in though one must be aware of the fact that this will have to
extramyofibrillar water content and a related higher drip loss. happen in a matrix different from the one presented by natural
This is in accordance with the lower moisture content of these muscle tissue, which may therefore cause changes in the spectral
samples compared to those with higher pHs. Furthermore, signatures.
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