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Abstract

The aim of the study was to evaluate the technological suitability of selected beef muscles:
m. semitendinosus (BST), m. semimembranosus (BSM), mm. psoas major and minor (BPM) as en-
tire primal cuts in the production of raw fermented meats, compared to the raw pork rump (RSR)
and loin (RSL), widely known in the Podlasie region. The 4-week maturation was conducted by the
same traditional method in a genuine ripening room, and the texture, colour and sensory param-
eters of the pork and beef products were compared. The lowest water activity (0.89 and 0.83), pH
(5.16 and 4.75) as well as the highest WB shear force (8.50 and 19.96 kG/cm?) and TPA hardness
(52.12 and 199.24 N) were found in the ready-to-eat RSL and BST, respectively. The RSR and BPM
were characterized by the lowest values of WB shear force (7.63 and 9.49 kG/cm?), TPA hardness
(48.17 and 105.18 N) and TPA chewiness (8.39 and 32.68 N), as well as the highest grades for over-
all impression (4.50 pts), cross-section colour (4.60 pts), structure (4.60 pts), tenderness (4.30 and
4.70 pts) and flavour desirability (4.60 pts) in the sensory evaluation while the RSL and BPM were
the juiciest (4.60 and 4.70 pts). The a* values and chroma showed an increase in redness during
the first 2 weeks of beef aging and during the entire aging period in the pork products. The most
significant colour differences were found for BSM, BST and BPM products (AEL*a*b*=6.48, 5.27
and 4.24, respectively).
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Raw ripened meat products have become one of the more important components
of the human diet in Central Europe, including Poland. They are formed as a re-
sult of complex biochemical and physical processes. The physical transformation of

*This work has been supported by the Polish Committee of Scientific Research (Grant
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meat into the ready-to-eat products is mainly due to the partial dehydration during
ripening with a range of 1 week to 1.5 year. The prices for reputable European gro-
ceries are still excessive for most consumers but the unique sensory quality and the
novelty value associated with the probiotic aspects introduce a new angle of percep-
tion (Flores and Toldra al., 2011; Kotozyn-Krajewska and Dolatowski, 2012). The
consumption of spontaneously fermented meats based on traditional recipes has be-
come fashionable and is an important tool for stimulating the development of poorer
farming regions. The regional products of Italy, Spain, Portugal, France and recently
even the Czech Republic are very well described in scientific literature for the devel-
opment of enzymatic and ageing processes dependent on salt concentration, time of
ripening and microflora activity (Salgado et al., 2005; Rason et al., 2007; Roseiro et
al., 2008; Spaziani et al., 2009; Benedini et al., 2012; Laureati et al., 2014). Podlasie
represents one of few regions in Poland where the tradition of producing cured or
uncured cold meats and sausages is still observed but the products are unknown.
Today’s production of cold meats from raw ripened meat products in the Podlasie
region follows the old Lithuanian school with pork as the core ingredient. Raw cold
meats are produced from the gammon, shoulder, neck and loin. The manner of salt-
ing (dry-salting or pickle-curing), the time of cold smoking (from 10 days up to
3 weeks), the selection of spices (black pepper, allspice, coriander, bay leaves, gar-
lic, cloves) and additives (saltpetre, sugar or honey), and insect-prevention methods
used during the month-long curing process (wrapping the meat in tissue-thin linen),
all depend on the individual formula and technology transferred from generation to
generation in families.

The aim of this study was to evaluate the technological suitability of the selected
beef muscles as entire primal cuts in the production of raw fermented products, com-
pared to the raw pork rump and loin, popular and widely known in the Podlasie re-
gion. It proved reasonable to analyse the following beef muscles: m. semitendinosus,
m. semimembranosus and mm. psoas major and minor due to the differences in their
chemical composition, texture attributes and other qualitative properties, variable
during the postmortem cold ageing (Koohmaraie et al., 1988; Klont et al., 1998;
Lefaucheur and Gerrard, 2000; Kolczak et al., 2005; Kolczak et al., 2008). The prin-
cipal idea was to perform the aging process with the same traditional method, using
a genuine ripening room, and to compare the texture, colour and sensory parameters
of both the pork and beef products before, during and after processing.

Material and methods

Processed meat products

The quality of the seven raw meat products, ripened over a period of 4 weeks
was estimated. Two pork products were produced from ham hock (RSR) and sirloin
(RSL) as individual units of the Polish Landrace breed primal cuts. The RSR con-
sisted of the following muscles: gluteus medius, gluteus superficialis, end of longis-
simus, and a piece of the biceps femoris with about a 5 mm thick fat cover. The RSL
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was constituted as a uniform tissue of m. longissimus dorsi. Three beef products
were obtained from 18-month-old cows of the Black-and-White breed and ripened
as entire primal cuts of m. semitendinosus (BST), m. semimembranosus (BSM),
mm. psoas major and minor (BPM). The meat and spices were obtained from local
producers (from the Podlasie region in Poland). The production was conducted using
traditional method in a genuine ripening room of regional producers to maintain the
original conditions of fermentation. The smoking procedures and spice compositions
were kept confidential. The meat cuts were preserved by dry salting (non-iodized
rock salt) and seasoned for one week in cool storage premises at 4—7°C. Nitrite cur-
ing was not practised. The excess salt was removed by drenching for about 24 h (the
intended salt content after salting process was about 3.5%). The primal cuts were
turned over during the salting, soaking and washing processes. After draining, the
products were smoked with a cold smoke and ripened at 18-20°C for 1 week and
then at 12—15°C for a further 3 weeks in a ripening room with a relative humidity of
80—-85%. Three production batches were carried out. Three products, as the replica-
tions in each batch were studied, after they were wrapped in a greaseproof paper,
packed into thermo-insulated bags in cooling conditions (4—6°C) and immediately
shipped by courier to a laboratory for analysis within 24 h.

Sampling

Samples of the raw meats were collected just before the smoking procedures,
after dry salting (ripening period: 0). The cuts were also sampled at different times
throughout the ripening process (after the 2nd and 4th week of ripening). After sepa-
rating the material for colour and sensory analysis (the latter only for the ready-to-eat
products), Warner-Bratzler (WB) shear force, texture profile analysis (TPA), water
activity (a ) and pH were estimated. After removing the casing, the remainder was
cut or comminuted using, respectively, a cork borer or a kitchen blender (Multiquick
Professional, Braun) to obtain representative raw meat samples for the appropriate
investigations. The collected samples were analysed immediately according to the
appropriate methods.

Analysis

The WB shear force was determined using seven cylindrical samples measuring
14 mm in diameter and 15 mm in length. The measurements were carried out for
samples cut perpendicular to the fibre direction using a texturometer TA-XT2 (Sta-
ble Micro Systems, UK) and a Warner-Bratzler knife with a triangular cut-out. The
TPA analysis was conducted as described by Breene (1975) using a TA-XT2 texture
analyser with a 50 mm diameter cylindrical probe. Muscle samples (14 mm in di-
ameter and 10 mm in length), cut lengthwise to the fibres, were compressed twice,
parallel to the fibre direction to 70% of their original height at a crosshead speed of 5
mm/s (before testing) and 2 mm/s (during and after testing), with a 3 second interval
between the first and second stroke. The TPA parameters of hardness and chewiness
were chosen. Each measurement of the WB shear force and the TPA parameters was
repeated seven times. The results of the measurements were compiled with the use
of the Stable Micro Systems Texture Expert software for Windows, version 1.05.
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A measurement of the water activity (LabMaster-aw, Novasina) as well as the pH
was performed (pH-meter CP-411 with a PP-3 electrode, Elmetron). The pH was
measured in a water homogenate, the proportion to mass being 1:3. The Chroma
Meter CR-400 with a C illuminant (Minolta) was used for measuring colour differ-
ences. CIEL*a*b* system (CIE, 1976) was used for colour measurement. The ana-
lyser was calibrated according to the white reference standard (L *=94.2; a*=0.3133;
b*=0.320). Next the values for coordinates lightness (L*), redness (a*) and yellow-
ness (b*) were determined. Colour difference (AE,, ,.,) between the raw meats and
the ready-to-eat products were calculated as V(AL*)> + (Aa*)*+ (Ab*)? and chroma
as Va*2 + b*2 (Wyszecki and Stiles, 1982). The values of AE,, .. in the range of
3.51-5.00 indicated a noticeable colour difference, higher than 5.00 — a significant
difference. Measurements were made on the medial surface of subsequent rashers of
meats, after the first one was cut off, to avoid surface discolorations due to possible
crust formation. The products were evaluated based on a 5-point scale which assumed
the following levels of quality: 4.51-5.00 (very good); 3.51-4.50 (good); 2.51-3.50
(satisfactory); 1.00-2.50 (unsatisfactory). The evaluation was carried out on the final
products only (4 week). To rate the overall evaluation, the features were assigned
the following significance coefficients: 0.05 (overall impression), 0.05 (cross-section
colour), 0.10 (cross-section structure), 0.10 (odour intensity), 0.10 (odour desirabil-
ity), 0.15 (juiciness), 0.15 (tenderness), 0.10 (saltiness), 0.10 (flavour intensity), 0.10
(flavour desirability). The sessions were held at 11 a.m., 3 h after breakfast. The
slices were prepared for members as described by Martin et al. (2008). The statisti-
cal analysis was performed using the Statistica software for Windows, version 9.0.
The effect of the kind of products and the time of ripening on the physico-chemical
and sensory properties was tested by the analysis of variance (ANOVA) with one
factor: the ripening period (levels: weeks 0, 2, 4) and two factors: the ripening period
(levels: 0, 2, 4) and the type of product (levels: RSR, RSL and BST, BSM, BPM).
The Scheffe and Duncan post-hoc tests were used for the comparison of means (the
significance of differences was investigated at P<0.05).

Results

The changes of the WB shear force, texture parameters, water activity and pH
of the pork and beef products during ripening are presented in Tables 1 and 2. As
a consequence of evenly slight drying, the hardness of the pork and beef products in-
creased. In the case of the pork, the lowest a_ (0.89) and the highest WB shear force
and TPA hardness values, 8.50 kG/cm? and 52.12 N, respectively, were indicated
in the ready-to-eat RSL. For comparison, in the group of beef products the lowest
a, (0.83) and the highest WB shear force and TPA hardness values, 19.96 kG/cm?
and 199.24 N, respectively, were indicated in the ready-to-eat BST. The changes of
WRB shear force, texture parameters and a  values during ripening were statistically
significant for both the pork and beef groups of products. The values of pH decreased
significantly during the ripening of beef products, from 5.86 to 4.75 in BST, from
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5.84 to 5.09 in BSM, and from 5.64 to 4.82 in BPM. The difference between raw
materials and ready-to-eat pork product was significant for RSL with final pH of
5.16. The ready-to-eat RSR assumed the shape of an irregular cone and had a dark-
red meat colour on the surface and a pink-red colour on the cross-section, whereas
the fat colour was white. The meat of RSL was pink to red with a shade of gold on
the surface and pink to red on the cross-section. The ready-to-eat BST, BSM and
BPM products assumed the shape of a flattened cylinder and were characterised by a
soft, resilient consistency. The meat was pink to red on the cross-section. The colour
differences of the pork and beef products occurring during ripening are presented in
Tables 3 and 4 as the CIEL *a*b* variable values. Independently of slight drying, the
surface of the pork and beef products was moist and strongly reflected the light, so
the L* values significantly increased during the ripening period. On the grounds of
the a * values increase, the chroma showed an increase of the red colour intensity dur-
ing the first 2 weeks of ripening in the beef products (from 26.62 to 28.75, P<0.05),
and for the duration of the entire processing period in the pork products (from 26.10
t0 29.00, P<0.05). The values of AE,, .., achieved the levels from 1.75 (RSR) to 6.48
(BSM) in the final products and the most substantial differences between the initial
and final colour (AE,, ,,>5.00) were indicated in the BST and BSM. The sensory
analysis of the ready-to-eat products showed that RSR and BPM were preferred by
the panel over the other selections (Table 5). Both meats obtained the highest grades
for the overall impression (4.50 pts), cross-section colour (4.60 pts), cross-section
structure (4.60 pts), tenderness (4.30 and 4.70 pts) and flavour desirability (4.60 pts).
The overall quality of all the analysed products was determined by the cross-section
colour as well as the hardness and was estimated at a good level (4.20—4.50 pts). The
RSL and BPM were the juiciest (4.60 and 4.70 pts). In accordance with the opinion
of the panel of judges, the products did not differ in terms of the overall impression,
saltiness as well as odour and flavour intensity. The flavour of the products was salty,
characteristic of raw fermented meats, dependent on the variety and proportions of
spices used (the aroma of bay leaf, pepper and juniper was distinguishable).

Table 1. Influence of ripening on WB shear force, TPA hardness and TPA chewiness of RSR and RSL
products (mean, standard deviation, n=3)

Product RSR RSL
ripening
period (week) 0 2 4 0 2 4

M SD M SD M SD M SD M SD M | SD

WB shear force 4.17a 0.02 631b 0.19 7.63c 0.09 578a 0.08 7.78b 0.08 8.50c 0.01
(kG/cm?)

TPA hardness 31.29a 0.22 37.04b 0.14 48.17c 0.54 38.16a 1.48 42.43b 0.09 52.12¢ 0.40
(N)

TPA chewiness 4.27a 0.05 6.05b 0.07 839c¢ 0.53 546a 0.52 848b 0.0310.35¢ 0.05
(N)

a 092a 0.01 092a 0.01 090b 0.01 096a 0.01 0.90b 0.01 0.89b 0.01

W

pH 549a 0.03 533a 0.04 527a 029 566a 0.15 537a 0.19 5.16b 0.12

a, b, ¢, d — all values in a row with different superscripts are different at P<0.05.
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Similar correlations (P<0.05) for all of examined products between a  and the
WB shear force, TPA hardness and TPA chewiness (average values: r=0.62, —0.68,
—0.63, respectively), a_ and CIE,, . (average values: r=—0.79, —-0.66, 0.77, respec-
tively) as well as pH and CIE,, ,,. (average values: r=—0.49, -0.38, 0.52, respec-
tively) were observed. The results of the two-way analysis of variance (Tables 6
and 7) showed that both factors — the type of product and the ripening period signifi-
cantly influenced the level of the analysed variables, with the exception of a  and pH
of RSR and RSL, TPA chewiness of BST and BSM as well as a_ of BSM and BPM.
The interactions between the type of product and the ripening period were significant
(P<0.05) for all attributes.

Discussion

Serra et al. (2005), Ruiz-Ramirez et al. (2005, 2006), Larrea et al. (2007), Ben-
edini et al. (2012) as well as Laureati et al. (2014) reported that the hardening of
raw fermented meat products is due to the water loss during ripening as well as the
proteolysis development. The higher salt concentration with lower water activity
values inhibit the proteolytic processes, resulting in the production of harder and
more fibrous meats. Additionally, according to Serra et al. (2005), the specific crust
formation occurs when the raw meats undergo a drying process at a relatively low
level of humidity and in a high temperature. The appropriate ripening conditions
protected both evaluated groups of products against the crust formation on their lean
surfaces, even though the final values of a_ were in the range of 0.83-0.88 in beef
(BST, BSM, BPM) and 0.89-0.90 in pork (RSR, RSL) products. Wesierska et al.
(2013 a) reported that the significantly higher WB shear force and TPA hardness of
the fermented meat products is connected with the increase of the protein content
that takes place as a consequence of the dehydration phenomena. This would be in
agreement with the earlier results for RSL and BST products, which in their groups
had higher protein content at the end of ripening: 26.72% (Wesierska et al., 2013 b)
and 30.00% (Wesierska et al., 2014), respectively.

The shorter ripening period and therefore limited drying influenced the higher
L*and a* as well as lower b* values obtained in the present study. Carrapiso (2005)
found the significant effect of the rearing system on sensory brightness and redness
of Iberian hams but not on CIEL*a*b*. The fact that the sensory panel is more effec-
tive than the instrumental colour measurement of the raw meats was also confirmed
by other authors (O’Sullivan et al., 2002; Carrapiso et al., 2003). From the analysis
of the ingredients, chemical content as well as the sensory quality of traditional raw
meat products, Wesierska et al. (2013 a) noted that the most popular smoked prod-
ucts (hams, loins) in terms of odour (3.9-4.4 pts) and flavour (3.7—4.0 pts) have
the highest nutritional value of animal protein (30.6—40.6%) and fat (6.3—12.0%) as
well as the least water (41.8-52.2%). Additionally, the products described by those
authors are characterised by the lowest a_ values (0.81-0.86) and the greatest TPA
hardness (128.6-140.3 N), TPA chewiness (28.9-54.2 N) as well as WB shear force
(4.5-12.9 kG).
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Conclusions

The beef primal cuts of m. semitendinosus (BST), m. semimembranosus (BSM)
as well as mm. psoas major and minor (BPM) are suitable for raw fermented meats
manufacturing despite their significantly higher values of the WB shear force, TPA
hardness and TPA chewiness, especially the BPM with the juiciness comparable to
that in pork loin (RSL). Moreover, the BPM has a highly valued cross-section colour
as well as structure and is considered to be the most tender among the examined
products, while the pork rump (RSR) has the best taste in the opinion of the panel
members. The meats with the lowest a  values show the highest WB shear force,
TPA hardness and TPA chewiness values. A properly conducted 4-week ripening
period and slight drying protect the products against crust formation and their reflect-
ing, dark-red surfaces remain moist. The increase of the red colour intensity takes
place during the first 2 weeks of ripening in beef and for the duration of the manufac-
turing process in pork products. The colour of the BST and BSM is subject to greater
modifications than the BPM, RSR and RSL.
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