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Physical (pH and L*a*b* values) and chemical (moisture, protein, total fat, total ash, K, P, Na, Mg, Ca, Zn, Fe, Cu,
and Mn) characteristics of offal consisting of the tongue, heart, lungs, liver, spleen, kidney, brain, and spinal cord of
free-range reared Swallow-Belly Mangalica pigs were determined. Many significant differences were found among
mean values of quality traits. However, except for a few cases, the determined offal quality traits were in the
characteristic ranges reported in the literature. Lungs were high in pH,,, (P<0.01) and L*a*b* values (P<0.01), as
well as in moisture and Na concentration, and the lowest in K, Cu, and Mn. Tongue was high in total fat, and the
lowest in pH,,,, moisture (P<0.01), and total ash concentration. The highest levels of protein (P<0.01), Mg, Fe
(P<0.05), Zn (P<0.01), and Mn (P<0.01) and the lowest of Na were found in liver. The darkest colour (lowest L*
value), highest concentration of K, the lowest concentration of total fat and Ca were found in spleen. Finally, spinal
cord was the highest in total ash (P<0.01), P (P<0.01), and Ca (P<0.05) and the lowest in protein, Mg (P<0.05), Fe,
and Zn (P<0.01) concentration.
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The Swallow-Belly Mangalica pig is an autochthonous pig breed of the region of Vojvodina
(Northern Serbia) (Tomovic et al., 2014), documented in the domestic animal diversity
information system (DAD-IS, 2003) of the Food and Agriculture Organization (FAO).

The available scientific literature mainly describes sensory, technological, and nutritional
quality of meat and lard from lean pig, but little information is available for edible offal,
especially from free-range reared indigenous pig breeds (Swallow-Belly Mangalica). MEHES
(1937) determined offal weight of Mangalica and its relation to their live weight, while SzaBo
and co-workers (2010) investigated fat composition of offal from Mangalica pigs. Also, data
in most food composition tables are based on nutritional values of pork. For example, almost
no data for spinal cord composition are available.

Edible offal, or variety meat, is also a form of meat, which is used as food, but which is
not skeletal muscles, and in general possesses higher concentrations of some micronutrients,
especially minerals and vitamins, than muscular tissue (ANDERSON, 1988; LAWRIE & LEDWARD,
2006; Tomovic et al., 2011; Tomovic et al., 2013).

Meat (and edible offal) quality is the sum of all sensoric, nutritive, hygienic-toxicological,
and technological factors. The nutritive factors of meat (and edible offal) quality include
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proteins and their composition, fats and their composition, vitamins, minerals, utilisation,
digestibility, and biological value. The technological factors of meat (and edible offal) quality
include pH value, water-holding capacity, colour, tenderness, protein content and its status,
fat content and its status, and connective tissue content (HoNIKEL, 1999).

According to SERBIAN REGULATION (1985), the edible offal of a butchered pig that are
removed in dressing includes: tongue, heart, lungs, liver, spleen, kidney, brain, spinal cord,
testicles, blood, part of stomach, and intestines.

The aim of this study was to determine the physical and chemical characteristics of
edible offal (tongue, heart, lungs, liver, spleen, kidney, brain, and spinal cord) from free-
range reared Swallow-Belly Mangalica pigs and to compare their characteristics with edible
offal from lean pigs reported in the literature. It is important to provide, update, and improve
regularly the nutrient composition data of edible offal.

1. Materials and methods

1.1. Animals, diet, slaughter procedure, sampling, preparing, quality measurements,
and quality control

A 2-year study was performed on 15 male purebred Swallow-Belly Mangalica pigs described
in detail in Tomovi¢ and co-workers (2014) and in JokaNovi¢ and co-workers (2013).

The following eight edible offal items were collected from each pig: tongue, heart,
lungs, liver, spleen, kidney, brain, and spinal cord. Identification of the edible offal was
performed according to the Meat Buyer’s GuipeE (NAMP, 2011). Tongue — short cut sample
derived from a tongue — long cut sample by the removal of the larynx, and the tongue root
was separated directly below the hyoid bones. The hyoid bones and salivary glands were
eliminated, and the fat attached to the lateral and ventral surface of the tongue was trimmed.
The heart was removed from the pericardium and the arteries, veins, and fat cap were trimmed
from the base of the heart. Lungs were prepared by the removal of the trachea and aorta and
by trimming pulmonary artery and vein. Liver sample was made from the hepatic lymph
nodes incised and attached. The gall bladder, blood vessels, fat, and connective tissue attached
to the liver were separated. The spleen was prepared by the removal of the splenic blood
vessels. The blood vessels and ureter at their point of entry were separated from kidneys. The
brain sample was made from the cerebrum (the biggest part of brain) (SPOONCER, 1988). The
spinal cord sample was prepared from whole spinal cord tissue. All offal samples were
packed individually in clean polyethylene bags within 1 h of the animal’s slaughter, and
conventionally chilled overnight in a chiller at 2—4 °C. The edible offal were then placed to a
portable refrigerator and transported by a refrigerated vehicle (0-2 °C) to the meat laboratory
of the Faculty of Technology, University of Novi Sad within 1 h.

Physical characteristics (pH value, instrumental colour — L*a*b*), except for brain and
spinal cord (data not measured), were measured on fresh offal. After the determination of
physical characteristics, the edible offal was coarsely cut and homogenized (Waring 8010ES
Blender, USA; capacity 1 1, speed 18 000 r.p.m., duration of homogenization 10 s, temperature
after homogenization <10 °C), vacuum packaged in polyethylene bags and stored at —40 °C
until determination of proximate (moisture, protein, total fat, and total ash) and mineral (K,
P, Na, Mg, Ca, Zn, Fe, Cu, and Mn) composition. Determination of physical characteristics,
proximate and mineral composition, and quality control programme were performed as
described in detail in Tomovi¢ and co-workers (2011; 2013; 2014).
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1.2. Statistical analysis

All data are presented as mean, standard deviation, and range. Data were analysed statistically
with one-way ANOVA and post-hoc test (Duncan’s test). Levels of significance P<0.05 and
P<0.01 were used. Statistical analysis was conducted using STATISTICA software version
10 (STATSOFT, Inc., 2011).

2. Results and discussion

2.1. Physical characteristics

Results for physical characteristics (pH and instrumental colour — L*a*b* values) of edible
offal from Swallow-Belly Mangalica pigs are presented in Table 1. There are significant
(P<0.05) differences in pH value at 24 h post mortem among the particular offal items, except
between the samples of tongue and heart (P>0.05). The lowest mean pH,,, value was
determined for tongue (pH,,=5.74) and heart (pH,,,=5.85), and they were in the range
characteristic for pork (5.3-5.85, HonikeL, 1999). Lungs, liver, spleen, and kidney had
ultimate mean pH above 6.00. The highest mean pH,,, value was determined for lungs
(pH,,,=6.85), followed by kidney (pH,,,=6.47), spleen (pH,,,=6.21), and liver (pH,,,=6.07).

Table 1. Physical characteristics of edible offal from Swallow-Belly Mangalica pigs

Edible pH value Colour
offal pHou, L* (lightness) a* (redness) b* (yellowness)
Tongue 5.74+0.05° 46.41£1.93% 20.39+1.24%8 7.53£1.0740
(5.66-5.78) (43.18-47.96) (18.71-21.95) (6.02-9.05)
Heart 5.8540.15° 34.04+1.26% 20.89+0.90°8 6.04+0.63%°
(5.76-6.12) (32.65-35.76) (19.75-21.83) (5.22-6.80)
Lungs 6.85+0.04** 52.74+3.77* 30.27+0.78** 14.44+2 374
(6.80-6.91) (49.34-58.82) (29.18-31.11) (11.69-17.79)
Liver 6.07+0.104 29.56+1.81¢ 14.16+1.42<¢ 9.12+0.77¢8¢
(5.96-6.21) (26.84-31.33) (12.55-15.62) (8.29-10.06)
Spleen 6.214+0.08¢ 27.04+0.98* 19.45+1.33%8 6.87+0.64%
(6.15-6.34) (25.84-28.14) (17.51-21.10) (6.15-7.82)
Kidney 6.47+0.05%8 41.3242.20¢¢ 13.87+1.79<¢ 11.1940.70%®
(6.40-6.53) (38.81-44.19) (12.03-16.87) (10.42-12.15)
P value <0.001 <0.001 <0.001 <0.001

abede jndicates significant difference within column at P<0.05; ABPE indicates significant difference within column at
P<0.01.
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According to FLorek and co-workers (2011), the distinction made between offal as
derived mainly from organ tissue and those originating from muscular tissue is crucial
because of differences in their potential to sustain quality.

The post-mortem pH of meat is determined by the amount of lactic acid produced from
glycogen during anaerobic glycolysis (LawrlE & LEDpWARD, 2006). With the exception of
liver, offal contains low levels of carbohydrates, being quite similar to or lower than lean
meat. The liver normally has about 5.3% carbohydrate, mainly as glycogen (SAVELL &
Pearson, 1988). The pH is a very important criterion for meat and meat products quality. An
ultimate pH above 5.85 shortens the shelf life (GiLL, 1988; HONIKEL, 1999; LAWRIE & LEDWARD,
2000).

Instrumental colour measurements for lightness (L* value), redness (a* value), and
yellowness (b* value) were significantly affected by the type of offal (Table 1). There were
significant (P<0.01) differences in L* value among the particular offal items, except between
spleen and liver (P>0.05). Spleen and liver had the lowest mean L* values, i.e. darker colour
(L*=27.04 and 29.56, respectively), followed by heart (L*=34.04), kidney (L*=41.32),
tongue (L*=46.41), and lungs (L*=52.74). The mean redness (a* value) was significantly
(P<0.01) the highest for lungs (a*=30.27). Heart, tongue, and spleen were the next highest in
redness (a* value), ranging from 17.51 to 21.95 (P>0.05), followed by liver and kidney in the
range of 12.03-16.87 (P>0.05), with a significant (P<0.01) difference between these two
groups. Lungs had the highest mean yellowness (b*=14.44), followed by kidney (b*=11.19)
and liver (b*=9.12), with a significant difference between them (P<0.05). Significantly
(P<0.05) the lowest yellowness (b* value) was determined for tongue, spleen, and heart, in
the range of 5.22-9.05.

2.2. Proximate composition

The values for moisture, protein, total fat, and total ash concentrations in edible offal of
Swallow-Belly Mangalica pigs are presented in Table 2. The proximate composition was
significantly influenced by the type of offal. Lungs, kidney, and spleen had moisture
concentration higher than 790 g kg™, whereas for heart it was in the range from 748.0 to
768.6 g kg™'. Tongue and spinal cord were significantly (P<0.01) the lowest in moisture level
(<690 g kg'), and significantly (P<0.01) the highest in total fat (>160 g kg!). The lowest
total fat concentration was found for spleen (<20 g kg!). The protein level in all analysed
offal samples was less than 200 g kg!. Liver had significantly (P<0.01) the highest (>180 g
kg), whereas brain and spinal cord had significantly (P<0.01) the lowest (<110 g kg™)
protein concentration. Spinal cord had significantly (P<0.01) the highest (>16.0 g kg™') ash
concentration of all edible offal items, while heart and tongue had significantly (P<0.05) the
lowest ash concentration.

The proximate composition of analysed offal is similar to the values reported for the pig
edible offal composition tables (LAWRIE & LEDWARD, 2006; Italy — INRAN, 2007; EUROPEAN
INSTITUTE OF ONCOLOGY, 2008; Denmark — NATIONAL Foop INSTITUTE, 2009; Finland — NATIONAL
INSTITUTE FOR HEALTH AND WELFARE, 2009; USA — The US DEPARTMENT OF AGRICULTURE’S,
2009).

2.3. Mineral composition

Mineral (K, P, Na, Mg, Ca, Fe, Zn, Cu, and Mn) concentrations of edible offal for Swallow-
Belly Mangalica pigs are presented in Table 3. The mineral composition was significantly
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Table 2. Proximate composition (g kg™') of edible offal from Swallow-Belly Mangalica pigs

Edible offal Moisture Protein Total fat Total ash
Tongue 635.5+20.0% 150.7+9.5¢4¢ 204.9+28.2%4 7.9+0.4"
(611.8-663.6) (139.9-161.7) (164.2-238.9) (7.4-8.3)
Heart 759.4+8.8C 157.0+£10.3¢¢ 73.2+8.3%8 8.7+0.9F
(748.0-768.6) (141.3-169.7) (63.1-85.2) (7.4-9.5)
Lungs 816.7+23.4% 144.1£15.14¢ 24.8+7.9«C 9.8+1.5¢¢
(790.5-852.0) (120.4-159.9) (17.2-38.1) (7.3-11.1)
Liver 721.8+2.5%P 188.5+6.5% 31.1+1.9%C 15.2+0.5%8
(718.3-724.0) (183.7-199.7) (28.7-33.1) (14.7-15.7)
Spleen 793.7+1.7%8 171.5£3.1%8 18.0+1.24¢ 13.6+0.6<¢
(790.9-795.5) (166.5-174.3) (16.8-19.6) (12.6-14.2)
Kidney 801.5+5.4A8 147.9+4 8¢ 37.9+6.6° 12.0+0.5%
(792.9-807.3) (141.0-152.5) (32.8-45.6) (11.5-12.5)
Brain 764.67.4 107.1£1.9¢P 87.1+10.3% 14.3+0.605C
(756.2-773.3) (105.5-109.6) (76.9-98.1) (13.8-15.1)
Spinal cord 675.2+6.4F 105.7+3.3¢P 200.7+2.6* 17.3+0.7+
(667.8-682.5) (101.9-110.0) (196.2-203.1) (16.6-18.2)
P value <0.001 <0.001 <0.001 <0.001

abedef indicates significant difference within column at P<0.05; ABPEF indicates significant difference within column

at P<0.01.

influenced by the type of offal. The concentration of minerals in tongue, heart, and kidney
decreased as K>P>Na>Mg>Ca>Fe>Zn>Cu>Mn. Likewise, the concentration of minerals in
liver and spleen decreased as K>P>Na>Fe>Mg>Ca>Zn>Cu>Mn, whereas for lungs and
brain it decreased as K>P>Na>Ca>Mg>Fe>Zn>Cu>Mn. Similarly, the concentration of
minerals in spinal cord decreased as P>K>Na>Ca>Mg>Fe>Zn>Cu>Mn. Significantly
(P<0.01) the highest mean K concentration was found for spleen (4638 mg kg™'). The spinal
cord had significantly (P<0.01) the highest mean P concentration (5014 mg kg!), followed
by brain, liver, and spleen (3542, 3455, and 3014 mg kg™, respectively), and kidney, lungs,
tongue, and heart (2258, 2087, 1730, and 1714 mg kg!, respectively). Concentrations of Na
in four offal types including lungs, kidney, spinal cord, and brain were in the range of 1191—
1945 mg kg ', and they were significantly (P<0.01) higher than in the other four offal types,
where they were in the range of 691-1024 mg kg™'. In the spinal cord, significantly (P<0.05)
the lowest mean concentration of Mg (83 mg kg™') and significantly (P<0.05) the highest
mean concentration of Ca (260.2 mg kg™') were determined. Among the offal, the mean Fe
concentration was significantly (P<0.01) the highest for liver (335.8 mg kg™), followed by
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spleen (274.9 mg kg), but with significant difference (P<0.05) between these offal types.
Otherwise, it was in the range of 15.5-75.0 mg kg'. The liver had significantly (P<0.01) the
highest mean concentration of Zn (53.4 mg kg!), followed by spleen (31.5 mg kg!), kidney
(22.4 mg kg'), tongue (21.3 mg kg '), lungs (20.9 mg kg '), heart (16.1 mg kg '), brain (15.6
mg kg ), and spinal cord (6.7 mg kg™'). Significantly (P<0.05) higher mean Cu concentration
was determined in kidney, liver, heart, and brain (3.93, 3.65, 3.20, 3.19 mg kg, respectively).
Significantly (P<0.05) the lowest mean Cu concentration was found in lungs (1.18 mg kg™).
The mean Mn concentration was significantly (P<0.01) the highest for liver (2.67 mg kg™),
followed by that for kidney (1.23 mg kg!). In the other offal types, it ranged from 0.27 to
0.58 mg kg !, without significant difference (P>0.05) between them.

Except in a few cases, the mineral composition of the offal analysed in this study was
similar to the values reported for the pig edible offal composition tables (ANDERSON, 1988;
Lawrie & LEDWARD, 2006; Italy — INRAN, 2007; EUROPEAN INSTITUTE OF ONCoLOGY, 2008;
Denmark — NatioNAL Foop INsTITUTE, 2009; Finland — NATIONAL INSTITUTE FOR HEALTH AND
WELFARE, 2009; USA — THE US DEPARTMENT OF AGRICULTURE’S, 2009; Tomovi¢ et al., 2011;
2013). According to GREENFIELD and SoUTHGATE (2003), meat (edible offal) exhibits natural
variations in the amounts of nutrients contained, and the limits of the natural nutrient
variations are not defined.

3. Conclusions

Interest by consumers in the so-called “natural”, “bio”, or “organic” animal products has
been increasing. Therefore, offal from pig production systems, in which pigs are free-range
reared and fed on natural feeds with no growth promoters and antibiotics, is an important
field of interest.

Many significant differences were found in the mean values of quality traits among the
analysed offal items, which could be mainly explained by a wide range of the present tissue
types. Thus, offals have been highly variable in their nutritional and technological quality.

Based on obtained data, consumer knowledge, mainly of the nutrient content of specific
offals, could be increased, since offals are usually prepared for the table rather than for use in
manufactured meat products. Additionally, more studies are needed to provide a better
knowledge about edible offal characteristics, especially including eating quality of some
cooked offal.
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