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Abstract

Basic information regarding the yield and nutritional composition of edible pork by-products, namely heart, liver, lung,
stomach, spleen, uterus, pancreas, and small and large intestines, was studied. Our results revealed that the yields varied
widely among the pork by-products examined; in particular, liver had the highest yield (1.35%); whereas, spleen had the
lowest yield (0.16%). The approximate composition range (minimum to maximum) of these by-products was found to be:
moisture 71.59-82.48%; fat 0.28-19.54%; ash 0.155-1.34%, and protein 8.45-22.05%. The highest protein, vitamin A, B2,
B6, and total essential amino acid (EAA) contents were found in liver. Large intestine had the highest fat content and lowest
EAA content. Heart had the highest vitamin B1 content, whereas pancreas had the highest niacin and vitamin B3 contents.
The concentrations of Fe and Zn were highest in liver and pancreas. Total saturated fatty acids (SFA) levels and polyunsat-
urated fatty acids (PUFA) levels between the by-products ranged from 43.15-50.48%, and 14.92-30.16%, respectively. Fur-
thermore, with the exception of large intestine, all the by-products showed favorable PUFA/SFA ratios. The study indicated
that almost all of the pork by-products examined were good sources of important nutrients, and that these data will be of
great importance in the promotion of the consumption of edible pork by-products, as well as their utilization in meat pro-

cessing.
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Introduction

The edible meat by-products comprise a variety of pro-
ducts including internal organs (e.g., heart, lung, liver,
spleen and kidney), entrails and other parts such as head,
tail and feet etc. These edible by-products constitute a
significant ratio of live weight of an animal, and the
yields of these by-products varies depending upon the
animal species, ranging from 10-30% of the live weight
of pig and cattle, respectively (Ockerman and Basu, 2004).
The world meat consumption has increased in recent
years which means that large quantity of edible meat by-
products are produced every day from slaughterhouses
while the utilization of these by-products for human con-
sumption has declined (Ockerman and Basu, 2004). The
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large amount of meat by-products has become a burden to
the slaughterhouses in disposing of theme when they are
not utilized (Toldra et al., 2012). However, this abundant
available source also produces good opportunities for the
meat industry and processors in utilization of these raw
materials to increase economic profitability concurrently
reduce the loss of this valuable source of revenue.

The utilization of the meat by-products considerably
depends upon a number of factors such as; culture, reli-
gion, earnings and preference etc. In general, however the
edible meat by-products are widely used in many coun-
tries worldwide in different traditional dishes for instance;
sheep liver (Iran), boiled tongue (South America), pork’s
feet and pork’s ears (Spain), sundae dish (Korea) and so
on (Toldra et al., 2012). Especially, all parts of edible meat
by-products are salvaged and commonly used as human
foods in South Africa, Egypt, Italia, Spain and Asian co-
untries etc (Nollet and Toldra, 2011). On the other hand,
the consumption of edible meat by-products also varies
depending on animal species for instance; the edible meat
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by-products of goat is more commonly consumed than
cattle’s edible offal in some countries such as Indonesia,
India, Pakistan and Bangladesh; while the offal of chic-
ken is most commonly consumed in Japan (Nollet and
Toldra, 2011).

More to the point, efficient utilization of edible meat
by-products is important in order to support economical
and viable meat production systems (Kurt and Zorba,
2007). In fact, some attempts have been made aiming to
increase the commercial values of edible meat by-prod-
ucts by using them in various meat products such as liver
pate, liver sausage, and blood sausage (Estevez et al.,
2005; Nollet and Toldra, 2011; Santos et al., 2003). How-
ever, the utilized quantity of the meat by-products is still
much lesser compared with their large amount generated.

Calculating only in South Korea, approximately mil-
lions of pigs are slaughtered per year (Agriculture and
Horticulture Development Board, 2013), implying that a
considerable amount of meat by-products is generated
every day from the slaughterhouses. It can be stated that
about hundreds of tons of edible pork by-products are
produced per year in the country. Although the edible pork
by-products are widely consumed in Korea, these by-prod-
ucts generally have a low commercial value and the con-
sumption of these products is limited. This is probably due
to the lack of scientific information to consumers about
the nutritional composition of these pork by-products.
Therefore, awareness of the nutritive values of the pork
meat by-products is important that may help to promote
the consumption (amount and scope) and their future uti-
lization.

For the past decades, studies have only focused on mu-
scle meats from animal species; a great amount of scien-
tific information (e.g., physicochemical composition, qua-
lity attributes, sensory and their utilization etc.) about the
muscle meats is available on internet and textbooks etc.
Whereas, the edible meat by-products are also widely used
for human foods however the scientific information re-
garding the nutritional quality of these meat by-products
is scarce with limited data available. While edible meat
by-products from pork origin account for a significant
ratio of live weight and these all by-products are widely
consumed, relatively limited scientific information on the
nutritional quality of pork by-products is available. There-
fore, the objective of the present study was to investigate
the yield and nutritional composition of majority of pork
by-products. The findings of our study would be beneficial
for promoting consumption and future utilization of edi-
ble pork by-products.

Materials and Methods

Sample preparation

Landrace x Yorkshire X Duroc (LYD) crossbred pigs at
6 mon of age with their live weights of about 130-140 kg
were obtained from the Rural Development Administra-
tion Institute (RDA), Suwon, South Korea. Before har-
vesting, the animals were reared in different pens and fed
with a commercial diet. The animals were transported to
an abattoir of the of National Institute of Animal Science,
Suwon, South Korea, where the animals were slaugh-
tered. After slaughter, their offal samples were immedi-
ately collected and used for the present investigation. The
selected offal samples (heart, liver, lung, stomach, small
intestine, large intestine, spleen, uterus and pancreas)
were washed under running tap water to remove adhering
blood, food remnants, feces, trimmed off of visible fats
and connective tissues. After draining the water, the offal
samples were weighed to determine yield, and were then
stored at 2-4°C and used for analyses of proximate and
nutritional compositions. Each offal sample was analyzed
in triplicates.

Proximate composition and calorie

Moisture, protein, fat and ash contents of offal samples
were analyzed according to the method of the Association
of Official Analytical Chemists (AOAC, 2000). Particu-
larly, the moisture and fat contents were determined by
using a moisture & fat analyzer (SMART Trac, CEM
Corp., USA); nitrogen content was determined by using a
nitrogen analyzer (Rapid N cube, Elementar, Germany)
and then converted into protein content using the Nx6.25
equation (N=nitrogen content obtained from the samples,
and 6.25=conversion factor); and ash content was deter-
mined by using a microwave ashing oven (MAS 7000,
CEM Corp., USA). To determine calorie, the offal sample
(50 g each) was homogenized in a blender (HMF 3160S,
Hanil Co., Korea), then the homogenized sample was used
for measurement of calorie content by using a calorieme-
ter model 1261 (Parr instrument, USA). Calories were ex-
pressed as cal/g of the sample.

Vitamin content

Vitamins (vitamin A, B1, B2, niacin, BS and B6) in the
pork by-products were determined by following the pro-
cedures of AOAC (2000) using a reversed-phase high per-
formance liquid chromatography (RP-HPLC) (Aglient
1200 series, Aglient, USA).
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Amino acid content

Samples used for amino acid analysis were hydrolyzed
with 6 N HCI solution for 24 h at 110°C. The hydrolyzed
samples were concentrated at 50°C and then diluted with
50 mL of 0.2 N sodium citrate buffer (pH 2.2), and finally
the samples were filtered through 0.45 um filters (Milli-
pore Corp., USA). The amino acids were determined by
applying the filtrates (30 uL each) to an amino acid ana-
lyzer (model 8900A) equipped with an exchange column
(4.6x60 mm) (Hitachi, Japan). The separation and detec-
tion of amino acids were carried out using the method as
described by Spackman et al. (1958).

Mineral content

Mineral content of the samples was determined by fol-
lowing the method of AOAC (2000). Briefly, five grams
of each sample was destroyed by dry ashing in a micro-
wave ashing oven (MAS 7000, CEM Corp., USA) for 12
h with a final temperature of 600°C. The ash content was
dissolved in 10 mL of 37% HCI and distilled water (1:1
v/v) solution and was then filtered through Whatman fil-
ter paper (No. 6) (AEC Scientific Co., Korea). Minerals
including Na (selected wavelength 588.9 nm), K (766.5
nm), Ca (422.7 nm), Mg (285 nm), P (470 nm), Fe (248.3
nm), and Zn (213.9 nm), Mn (279.5 nm), Cu (324.7 nm)
and Cr (357.9 nm) were determined by atomic emission
spectrophotometer ICP-OES (Spectro, Boschstr, Germany).
A calibration curve was prepared for each element.

Fatty acid composition

Fatty acid composition was extracted according to the
methods of Folch er al. (1957) and Morrison and Smith
(1964). The fatty acids were analyzed using a gas chro-
matograph system (Varian star 3600, Varian Inc., USA)
equipped with flame ionization detector and Omegawax
205 fused-silica bond capillary column (30 m X 0.32 mm
% 0.25 pum film thickness). The initial and final tempera-
ture of the oven were 140°C and 230°C, respectively. The
injector port and detector temperatures were 250°C and
260°C respectively. The fatty acid profile was expressed
as percentages of individual fatty acids identified.

Statistical analysis

The data were collected using Microsoft Office Excel
2007 and subjected to statistic analysis using the Statistic
Analysis System (SAS) package (2007). The pooled data
were analyzed using the General Linear Models (GLM)
of the SAS program. Significant differences among pork
by-products were analyzed by Duncan’s Multiple Range

test at p<<0.05.

Results and Discussion

Yield of pork by-products

Yields of nine selected pork by-products are shown in
Table 1. The yields showed a large variation between the
by-products determined. Liver had the highest yield
(1.35%) whereas the spleen had the lowest yield (0.16%).
Small and large intestines had similar yield values (0.86%
and 0.90%, respectively). The yields of some by-products
(e.g., liver, heart, stomach, kidney and spleen) in the pre-
sent study were similar the yields reported for those of
pork in literature (Ockerman and Basu, 2004). Florek er
al. (2012) recently reported the higher average weights of
liver (3.09 kg), kidney (0.587 kg) and heart (1.0 kg) for
suckler beef. Similarly, Ockerman and Basu (2004) re-
ported that beef heart accounts for 0.3 to 0.5% of the live
weight, liver from 1% to 4.5%, lung from 0.4% to 0.8%
and pancreas 0.06%. The differences in yields could be
attributed due to the differences in type of offal and ani-
mal species.

Proximate composition of pork by-products

The mean values of proximate composition of pork by-
products are summarized in Table 2. Small intestine and
uterus had the highest moisture content (82.48% and
80.69%, respectively), while lung and heart had signifi-
cantly lower moisture contents (78.71% and 75.87%,
respectively), whereas liver, large intestine and pancreas
contain the least moisture contents (71.59%, 69.73% and
72.20%, respectively) (p<0.05). The moisture content of
pork liver in the present study was almost equal to the
values reported for liver of similar species (Kim et al,
2008) and buffalo liver (Devatkal et al., 2004). However,
the moisture content of small intestine, uterus, lung and
heart were higher whereas the moisture content of the

Table 1. Yield of pork by-products based on live weight

Item Yield (kg) Ratio (%)
Live weight 134.81£17.07
Heart 0.44+0.07* 0.33+0.04
Liver 1.82+0.34 1.35+0.18
Lung 0.71£0.10 0.53+0.09
Stomach 0.75+0.11 0.56+0.08
Small intestine 1.17+£0.23 0.86+0.10
Large intestine 1.2340.33 0.90+0.15
Spleen 0.22+0.04 0.16+0.02
Uterus 0.58+0.28 0.42+0.19
Pancreas 0.24+0.08 0.18+0.06

*Meanzstandard error.
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Table 2. Proximate composition and caloric content of pork by-products

Item Heart Liver Lung

Stomach

Small
intestine

Large

. > Pancreas
intestine

Spleen Uterus

Moisture (%) 75.87+2.09%% 71.59+3.42° 78.71+0.78" 77.63+£1.51°7 82.48+2.05" 69.73+£4.70° 78.58+0.89™ 80.69+2.19™ 72.20+3.45°

Fat (%) 4.55+1.46° 2.94+0.50% 1.79+0.43¢" 4.05£1.31% 1.16+0.89" 19.54+3.24* 0.97+0.21" 0.28+0.17" 7.18+1.34°
Ash (%)  0.81x0.13° 1.34+0.11° 0.76x0.11° 0.31£0.15° 0.30£0.07° 0.15£0.08" 1.12+0.07° 0.50+0.13¢ 1.26+0.16
Protein (%) 17.62+0.43% 22.05+1.38* 16.6£0.73° 17.07£0.18" 11.99£0.65¢ 8.45+1.38° 17.79+0.33% 15.05£1.65° 20.98+0.97*
Calorie 1,708.30+ 1,850.60+ 1,357.20+ 1,416.60+ 1,136.10= 2,601.00+ 1,282.50+ 1,136.75+ 1,916.13%
(cal/g) 120.63¢ 65.24% 98.53¢ 65.36 181.07¢ 272.93* 60.47% 112.92¢ 199.28°

Means in the same row with different superscripts (a-g) are significantly different (p<0.05).

*Meanzstandard error.

liver, large intestine and pancreas were lower than the
moisture content (73.2%) of muscle tissues of similar
species reported in literature (Ngapo et al., 2012). Among
the pork by-products examined, the large intestine had the
highest fat content (19.54%), followed by pancreas
(7.18%), stomach (4.05%), liver (2.94%), small intestine
(1.16%), spleen (0.97%) and uterus (0.28%). The results
of fat contents are in good agreement with the results of
Honikel (2011). Furthermore, the levels of fat contents in
heart, liver and pancreas in the present study were similar
the fat levels reported for those of similar species by Ock-
erman and Basu (2004). On the other hand, the fat con-
tents in large intestine, pancreas, liver, heart and stomach
were higher than the values (1.84-2.58%) reported for
muscle tissue of pork (Chanon et al., 2004; Ngapo et al.,
2012) but similar to the fat content (5.86-25.97%) of
muscle tissues of different beef breeds (Ba et al., 2014;
Moon et al., 2006; Okumura et al., 2012). Daily fat intake
is important for human health because the fat not only
contributes to energy intake but also helps vitamin absor-
bance; however a high daily fat intake has been associ-
ated with obesity and cardiovascular disease (Bray et al.,
2004). In the present study, the fat levels of pork by-prod-
ucts are generally similar or even lower than the fat con-
tents of muscle tissues.

Liver had the highest ash content (1.34%); spleen had
significantly lower ash content (1.12%), whereas large
intestine had the least ash content (»<0.05). Heart and
lung had similar ash contents (0.81% and 0.76%, respec-
tively), stomach and small intestine had similar ash val-
ues (0.31% and 0.30%, respectively). The ash content of
pork liver was similar as the ash content reported for the
buffalo liver (Devatkal et al., 2004) and pork products
(Marustic et al., 2011). The ash content is an important
factor reflecting the nutritional value, quality and physic-
ochemical properties of foods (Keran et al., 2009).

Liver and pancreas had the highest protein contents
(20.98% and 22.05%, respectively) that were similar the

protein content (20%) of all common meat species repor-
ted in literature (Honikel and Wellhauser, 1993) while
heart, lung, stomach and spleen had lower protein content
(17%), whereas large intestine contain the least protein
(8.45%) (p<0.05). Furthermore, the protein content of
pork liver in the present study was similar to the values
reported for liver of similar species in literatures (Kim ez
al., 2008; Ockerman and Basu, 2004). The nutritional
energy in the pork by-products showed that the large
intestine had the highest energy; this could be attributed
due to its high fat content. While the liver and pancreas
had significantly lower energy content whereas small
intestine, spleen and uterus had the lowest energy content
(»<0.05). The energy content of these by-products was
generally higher than the values reported for beef by-
products (Honikel 2011) and this could be attributed by
the high fat content in the pork by-products compared to
beef by-products as discussed above. The recommended
daily allowance for an adult is 60 g protein, 90 g dietary
fat and 2,500 kcal. Therefore for example, a consuming
100 g of pork liver would supply 36% of protein, 3.2%
fat and 7.4% total energy.

Vitamin content in pork by-products

The mean values of vitamins in the pork by-products
are presented in Table 3. Our results showed that the vita-
min contents varied among the examined pork by-prod-
ucts. Particularly the liver had the highest concentrations
of vitamin A (57,406.68 ug RE/100g), vitamin B2 (0.92
mg/100 g) and vitamin B6 (0.12 mg/100 g); heart had the
highest amount of vitamin B1; and pancreas had the high-
est niacin content. While the similar amount of vitamin A
was observed for heart, lung, stomach, small intestine,
large intestine, spleen and pancreas. The vitamin A con-
tent of pork liver was several times greater than the val-
ues (16,898 ug RE/100g and 24.612 pug RE/100g, respec-
tively) reported for beef liver and lamb liver (Kim, 2011)
but much higher than the value (5 ug RE/100g) reported
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Table 3. Vitamin contents (mg/100 g) of pork by-products

Small Large

Item Heart Liver Lung Stomach . . . f Spleen Uterus Pancreas
intestine Iintestine
Vitamin A b 57.406.68+ b b b b b , 11827+
+ + + + +

(1g RE/100g™) 2.56+0.49 1258 13.37+14.85°17.43420.56°45.01423.51°51.53+27.06° 73.3+28.10° 23.46+1.70 97 49b
Vitamin B1 ~ 0.16+£0.02* 0.13+£0.02® 0.11£0.01° 0.12+0.01% 0.07£0.00° 0.07+0.01¢ 0.10+0.02° 0.04+0.01° 0.11+0.01°
Vitamin B2 0.42+0.04° 0.92+£0.09* 0.23£0.02° 0.17+0.01¢ 0.10£0.00° 0.05+0.017 0.09£0.01° 0.04+0.007 0.22+0.02%
+

Niacin 30.96+2.33Y 28.1243.24" 0.49+0.11° 0.39+0.05° 4.20+0.33° 1.13+£0.12° 3.61£0.19° 1.57+0.26° 211;"(?;
Vitamin B5  2.95+£0.38" 3.05£0.91% 3.68+0.63° 1.59+1.15% 1.45+0.34% 1.57+0.45% 0.73+£0.23¢ ND 14.87+4.517

Vitamin B6 ND 0.12+0.01*  0.02+0.00° 0.0240.00> 0.01+0.00° 0.01+£0.00° 0.01=0.00° 0.0120.00¢ ND

Means in the same row with different superscripts (a-f) are significantly different (p<0.05).

*Meanztstandard error.
ND, not detectable.

for beef muscle (Honikel, 2011). However, the vitamin
B1 and B2 contents in these pork by-products were lower
than the values reported for beef and lamb by-products
(Kim, 2011). These contrasting results of vitamin con-
tents could be attributed due to the differences in animal
species. Vitamins are essential compounds that maintain
the normal function and metabolic reactions in the body.
In the present study, it was observed that the amounts of
most of vitamins in these pork by-products were consid-
erably higher than those in muscle tissues. This is in
agreement with the previous observations of Kim (2011)
which indicated that internal organs have more vitamin
contents than muscle tissues. Moreover, the outcome of
our analysis showed that the concentrations of vitamins B
in all pork by-products were comparable to grain, cereal-
grain food and soy-products, which are well recognized
as the richest sources of vitamins B (Lebiedzinska and
Szefer, 2006).

Amino acid content of pork by-products

Table 4 shows the relative percentage of essential and
non-essential amino acids in different pork by-products.
Our results depict that the levels of both essential and
non-essential amino acids show a large variation among
the examined pork by-products. Particularly, the liver had
the highest levels of most of the essential amino acids
(EAA) such as threonine, valine, isoleucine, leucine, tyro-
sine, phynylalanine, lysine and histidine. Whereas, uterus,
small and large intestines had the lowest levels of most of
EAA. Pancreas had the highest level of methionine, while
the levels of valine and leucine were similar to that of
liver. Also, pancreas had higher threonine, valine and his-
tidine levels than heart, lung, uterus, small and large
intestines. Similarly, the liver had the highest total amino
acids (21.07%), followed by pancreas (18.65%), uterus
(14.76%), small and large intestines (10.83% and 7.66%,

respectively). These results are consistent with the protein
levels (Table 2). Our results are in good agreement with
the findings of Anderson (1988). He also reported that
pork by-products contain varying levels of amino acids
and the levels of the essential amino acids were nearly
similar to that of muscle tissues.

The EAAs are very important compositions because
they cannot be produced by the body and must be sup-
plied in the diet. Without these essential amino acids, the
body is unable to function normally; also the presence of
amino acids also enables vitamins and minerals to per-
form all their physiological functions (Wu, 2010). Edible
meat by-products have been found to be a source of
important nutrients like essential amino acids and among
them proteins of the internal organs have higher biologi-
cal value than other by-products (e.g., blood, tongue, ear
etc) with a balanced essential amino acid content similar
to that of muscle proteins (Aristoy and Toldra, 2011). Fur-
thermore, earlier workers (Aristoy and Toldra, 2011) also
reported that levels of the essential amino acids in meat
by-products are not remarkably diminished after cooking
or heating treatment due to the low-reducing sugar con-
tent of these by-products does not cause secondary degra-
dation reactions such as the Maillard reaction. From our
observations it can be concluded that the pork by-prod-
ucts especially liver, pancreas and spleen are good sour-
ces of EAAs. Additionally, we also assume that the dif-
ferences in levels and types of amino acid contents may
be attributed due to the differences in protein types (e.g.,
collagen, myofibril protein etc.) among the by-products.

Mineral content in pork by-products

The concentration of minerals in the pork by-products
is summarized in Table 5. Calcium (Ca), phosphorous (P),
potassium (K), sodium (Na) and magnesium (Mg) are
marcroelements. Our results depict that the concentra-
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Table 4. Amino acid composition (%) of pork by-products

Small Large

Item Heart Liver Lung Stomach . . . : Spleen Uterus Pancreas
Iintestine Iintestine
Essential amino acid
Met  0.21£0.01*¢ 0.36£0.01° 0.20£0.01¢ 0.21£0.01° 0.15£0.019  0.10£0.01°  0.23£0.02°  0.23£0.04°  0.42+0.02°
Thr  0.39+0.03° 0.45+0.02° 0.22+0.019 0.33£0.02° 0.21+0.02°  0.14+0.02"  0.32+0.02° 0.57+0.04%  0.32+0.03"
Val  1.52+0.09° 2.01+0.16* 1.31£0.04" 1.42+0.06° 0.88£0.08° 0.64+0.07° 1.54+0.05> 0.57£0.04¢ 2.09+0.07°
I-le  0.76+£0.05° 1.02+0.08% 0.61£0.02° 0.71+0.04° 0.46+0.04" 0.33+£0.03% 0.75+0.02¢  0.4+0.04°  0.95+0.03°
Leu  0.71£0.04% 1.05+0.08* 0.72+0.02¢ 0.80+0.04¢ 0.50+0.04" 0.36+0.03¢  0.80+0.02°  1.02+£0.08°  1.11+0.04*
Phe  0.94+0.04° 129+0.12*° 1.61£0.09° 1.63+0.08¢ 1.01£0.17° 0.77£0.06" 1.07£0.04° 0.66+0.04¢ 1.23+0.04°
Lys  1.05£0.04° 1.33x0.11* 1.1740.05° 1.06£0.05° 0.67+0.08% 0.47+0.06° 1.05£0.02° 1.18+0.08° 1.11+0.04°
His  0.72+0.03°  1.10£0.08° 0.79+0.03°  0.66£0.03¢  0.43£0.04° 0.30£0.04" 0.79+0.02° 0.38+£0.02¢  1.06+0.04°
Non-Essential amino acid
Ser  0.61£0.04° 0.87+0.06* 0.40£0.02¢ 0.51£0.04° 0.33£0.03¢ 0.24+0.03° 0.53£0.02° 0.68+0.05¢ 0.81%0.02¢
Tyr  2.53£0.22° 2.93+0.21*  1.97+0.07° 2.32+£0.06° 1.47+0.167 1.06+0.12¢ 2.39+£0.07° 0.43£0.02° 2.34+0.11°
Glu  1.4940.10° 2.11£0.16°  1.30+£0.03¢  1.23£0.04° 0.81+0.08° 0.57+0.07° 1.41£0.05° 2.120.23%  1.5420.06"
Gly  0.55£0.04°  0.77+0.07°  0.48+0.03°  0.53£0.02° 0.35+0.03° 0.25+0.027 0.57+0.01° 1.85+0.35¢  0.8340.02°
Ala  0.74£0.04°  1.1120.11*  0.73£0.02°  0.65£0.03¢  0.52+0.057 0.41£0.05¢ 0.80+0.02¢ 1.07+0.13°  0.97+0.04°
Asp  1.43+0.07%° 1.69+0.12° 1.09+0.04¢ 1.15£0.06% 0.89+0.04" 0.75£0.08% 1.39+£0.07° 1.23+0.12° 1.36+0.06°
Cys  0.47+0.02° 0.64+0.05° 0.47+£0.03% 0.37+0.02° 0.32+0.04" 0.24£0.03¢  0.53+£0.02°  0.2+0.01°  0.53+0.02°
Arg  1.00£0.05° 1.22+0.09° 0.91£0.04° 1.03£0.02¢ 0.78£0.06°  0.62+0.07°  1.00£0.03° 0.99+0.11¢  1.07+0.03°
Pro  0.78+0.04° 1.11£0.09° 1.08+0.05¢ 1.12+0.05° 0.69+0.10¢ 0.46£0.07° 0.82+0.04° 1.22+0.18° 0.9420.03°
Total 15.88+£0.91° 21.07+1.58% 15.07+0.43° 15.73£0.51° 10.83£0.50° 7.66+0.84" 15.99+0.44° 14.76+1.50° 18.65+0.66"
Means in the same row with different superscripts (a-f) are significantly different (»<0.05).
*Meanzstandard error.
Table 5. Mineral content (mg/kg) of pork by-products
Item Heart Liver Lung Stomach . Sma'll . Large Spleen Uterus Pancreas
Intestine Intestine
Ca  64.13£9.52%% 70.40+5.42" 132.48+14.43°125.13+11.86°175.24+35.44°198.57+46.04° 73.83+7.10% 122.17+14.05°217.01£19.63°
P 1870.75+ 247724+  1891.10+  1394.79+  1194.39+ 610.24= 2570.4+ 1178.94+  3147.66%
64.23¢ 117.37° 103.53¢ 84.36 142.47° 63.90" 92.54° 145.10° 198.64°
K 235379+ 302829+ 202741+ 1782.08+ 1129.66+ 404.84= 3399.66+ 13123+ 307821+
202.73¢ 185.84° 245.98¢ 65.11¢ 265.72° 38.90" 165.67° 234.42° 150.72°
Na 133231+ 951.65+ 1929.6+ 1205.43+ 537.02+ 22529+ 879.25+ 1949.66+ 846.62+
186.49° 40.13° 216917 43.88" 106.94¢ 29.12° 32.78° 91.84° 87.79°
Mg 198.73+ 210.14+ 137.14+ 177.34+ 124.55+ 103.01+ 179.68+ 103.04+ 233.06+
18.40% 8.99° 12.96¢ 21.43° 18.20% 18.46° 6.89° 15.34¢ 15.15°
Fe  34.58+6.33% 148.40+£31.90° 63.01£16.65° 11.05+1.30° 22.56+4.17% 11.69+1.99° 178.544+27.65* 1.26+0.29° 37.97+3.21¢
Mn 0650219 2.98+0.20° 0.36+0.05° 0.76£0.05°  1.22+0.10° 0.63+0.25¢ 0.53£0.17%  0.62+0.20¢  1.98+0.13"
Zn 1.83£0.22¢  7.04+0.89° 1.53x0.10%" 1.77£0.17% 1.92+0.33¢  1.24+0.18" 2.63£0.19° 1.30+0.13¢7  3.83+0.29°
Cu  3.06£0.56° 5.50+£1.26° 1.17+0.30° 1.43+0.13° 1.41£026° 0.88+0.13°  1.18+0.30°  1.53£0.23°  1.55+0.24°
Cr  026£0.10® 0.32+0.14* 0.14£0.08* 0.22£0.07* 0.29+0.20® 0.07+0.05°  0.40£0.09*  0.09+0.02°  0.33+0.22°

Means in the same row with different superscripts (a-f) are significantly different (»<0.05).
*Meantstandard error.

tions of these minerals vary among the by-products. The
concentration of Ca (217.01 mg/kg), P (3147.66 mg/kg)
and Mg (233.06 mg/kg) in pancreas were significantly
higher than that in other remaining by-products (p<0.05).
Spleen had significantly high K content, followed by liver,
heart, small and large intestines (p<0.05). Whereas, lung
and uterus had the highest Na content, followed by small
and large intestine, while heart and stomach had similar
sodium content. The concentrations of these marcroele-

ments in pork liver were higher than the reported values
of buffalo liver (Devatkal et al., 2004). Similarly, the con-
centrations of P, K, Na and Mg in pancreas were higher
than the values reported for beef pancreas (Ockerman and
Basu, 2004) and dry-cured hams (Jiménez-Colmenero et
al., 2010).

Iron (Fe), manganese (Mn), zinc (Zn), copper (Cu) and
chromium (Cr) are trace elements which are vital for
maintaining human health; an insufficient intake of these
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trace minerals can cause symptoms of nutritional defi-
ciency (Tapiero and Tew, 2003). Amongst, iron is one of
the vital minerals needed for the optimum function of
blood; iron deficiency causes anemia, especially in preg-
nant women and children (Benoist, 2001). The outcome
of our analysis showed that the spleen had the highest Fe
content (178.54 mg/kg), followed by liver, lung and pan-
creas; stomach, uterus, small and large intestines contain
the least Fe content. It was observed that the Fe contents
of all pork by-products were much higher than the Fe con-
tents (8.5 mg/kg and 18 mg/kg, respectively) of pork meat
and dry-cured hams (Garcia-Llatas et al. 2011; Jiménez-
Colmenero et al., 2010). Pereira and Vicente (2013) re-
ported the much lower Fe contents in breast chicken (5
mg/kg), beef loin (15 mg/kg) and mutton chops (17 mg/
kg). Additionally, the Fe content (148.4 mg/kg) in liver in
the present study was higher than the value (49 mg/kg)
reported for beef liver (Garcia-Llatas ef al., 2011). On the
other hand, the Fe content in spleen, liver, heart and lung
is heme iron; its absorption is several times greater than
the non-heme iron present in other foods (Devatkal et al.,
2004). Furthermore, we also observed that the liver had

the highest amounts of Mn, Zn and Cu while the pancreas
had higher Mn and Zn contents whereas lung, stomach,
small and large intestines contain the least concentrations
of these minerals. However, these values were slightly
lower than the values reported for beef by-products (Gar-
cia-Llatas ef al., 2011) and dry-cured hams (Jiménez-Col-
menero et al., 2010). Our results are in agreement with
the observation of Garcia-Llatas et al. (2011) that organ
tissues had significantly higher concentrations of miner-
als than muscle tissues. Therefore, from our results it is
summarized that almost pork by-products are rich sources
of marcroelements while spleen, liver and pancreas are
rich sources of trace elements such as Fe and Zn. Recom-
mended daily intake for iron content is 10 mg per day for
an adult (Honikel, 2011); therefore serving of 100 g pork
liver or 100 g spleen ensures more than 100% of iron
requirement.

Fatty acid composition of pork by-products

The fatty acid composition of different pork by-prod-
ucts is shown in Table 6. There was a significant differ-
ence in the fatty acid composition between the pork by-

Table 6. Fatty acid composition (mean values % of total+SE) of pork by-products

Fat'ty Heart Liver Lung Stomach
acid

Small
intestine

Large

. ; Pancreas
intestine

Spleen Uterus

1.44+0.58"
26.3242.3°
1.47+0.23°

1.82+0.21°
33.65+2.32°
0.91+0.18°

14.02+1.794
0.03+0.01°
27.26+2.05"

1.08+0.21%% 0.57+0.21"
23.49+1.97° 16.58+1.58¢
0.86+0.21°  0.50+0.18°
15.91£3.22% 26.72+1.65°
0.04+0.02%  0.03+£0.01%°
28.59+6.32° 15.01+2.07°
20.99+5.26°
0.68+0.10%
0.08+0.03¢
0.56+0.38
7.58+5.75¢
0.20+0.11
0.17+0.00°
0.29+0.00°
40.47+5.049

C14:0
C16:0
C16:1n7
C18:0
C18:1n9
C18:1n7
C18:2n6
C18:3n6
C18:3n3
C20:1n9
C20:4n6
C20:5n3
C22:4n6
C22:6n3
SFA
UFA
MUFA
PUFA
n-3

0.04+0.01*
36.46+2.9%

0.49+0.18%
0.09+0.03%
0.45+0.11°¢
6.56+0.43¢
0.16+0.00
0.54+0.28°
ND

0.43+0.17%
0.35+0.06°
0.19+0.03¢
17.47+1.87°
0.62+0.05
0.60+0.24°
3.47£1.00°

0.07+0.02¢
0.65+0.07°
3.58+1.19%
ND
0.00+0.00
ND

28.65+2.17°
21.86+2.50%
0.51£0.19°

30.06+6.74% 15.73+2.21° 38.61+3.15°
29.47+10.93% 40.40+2.27°
0.80+0.17°  4.45+1.08?
n-6  28.67+10.87* 35.95+£2.16°
n-6/n-3  35.97+12.44%¢ 8 57+2 349
MUFA/SFA 0.74+0.11%  0.36+0.05°

PUFA/SFA 0.77+0.36%  0.92+0.06°

0.45+0.09°

0.58+0.06%  0.90+0.13%
0.44+0.07°% 0.43+0.11%

1.29+0.28%¢
26.64+2.57°
0.90+0.27°
15.394£2.37 16.62+3.63¢
0.04+0.01%
27.38+4.78%
17.66£0.65% 14.46£2.06™ 14.15+2.74% 18.14+3.98°
0.45+0.09%  0.59+0.19%*
0.08+0.02¢
0.32+0.19%
8.66+2.41¢

43.87£1.10% 49.49+2 30 43.15+4.16% 44.55+5.94¢
59.53+£5.04% 56.13£1.10® 50.51+2.30% 56.85+4.16% 55.45+5.94%
28.63+5.07°
18.24+3.73¢" 26.83+6.74
0.59+0.19"

21.36£2.37% 17.79+3.70°" 26.2446.7>
63.55+£74.36™40.86+12.42"952 68+37.71% 23.06+2.79 90.62+62.42° 41.46+16.90°9 27.08+2.62¢¢
0.66+0.17%
0.62+0.19

1.12+0.06%
26.26+1.27°
1.03+0.34¢¢
19.31+2.09%
28.37+1.49°
0.03+0.01%
19.76+1.49°
0.12+0.03¢
0.77+0.06
0.51+0.09
2.62+0.76"
0.15+0.02
0.10+0.00°

1.61£0.29%®
26.87+1.71°
1.37+0.31°
15.1£1.91¢¢
0.04+0.01°
33.342.07°
14.34+4.98%
0.6+0.31%%¢
0.120.03¢
0.37+0.09¢
6.12+3.42¢
ND

0.88+0.31¢"
27.97+1.25%
0.53+0.3¢
20+1.29°
0.03+0.01%
17.74+3.66¢
12.99+3.66¢
0.32+0.25¢
0.21+0.04°
0.3+0.1%
20.27+1.77°
0.75+1.09
2.01+0.8°  0.69+0.43°
0.64+0.01° ND ND

48.85+1.61% 43.58+3.41% 46.7+3.12¢
51.15+1.61 56.42+3.41%° 53.30+3.12%
20.99+£9.4¢ 35.03£2.26° 29.94+1.80°
14.92+3.06" 30.16+£10.8° 21.4+3.38% 23.36+1.98
0.63£0.14°*  0.8£0.87°  0.60+£0.31" 0.84+0.11°
14.29+2.94" 29.36+11.55° 20.80+3.19% 22.52+1.89%

1.22+0.46¢
27.8+1.12°
0.83+0.17°
21.46+1.87°
0.03+0.01%
33.15+2.26°
13.61£2.76¢
0.62+0.14%¢
0.09+0.02¢
0.59+0.10%
0.58+0.26"
0.03+0.00
0.19+0.00°
ND
50.48+2.39°
49.52+2.394
34.6+2.34%¢

0.00+0.00
1.03+0.4%
ND

0.65+0.08<
0.50+£0.07%

0.81+0.10%
0.50+0.12¢

0.69+0.06%
0.30+0.07¢

0.43+0.17¢
0.62+0.23%

SFA, saturated fatty acid; UFA, unsaturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid
Means in the same row with different superscripts (a-f) are significantly different (»p<0.05).

*Meanztstandard error
ND, not detectable
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products. Palmitic acid (C16:0), stearic acid (C18:0), vac-
cenic acid (C18:1n-7) and linoleic acid (C18:2n-6) were
the main fatty acids found in these pork by-products, fol-
lowed by arachidonic acid (C20:4n-6). The C18:1n-9 con-
tent in these pork by-products was much lower than that
in pork meat while the C18:2n-6, C18:3n-3 and C18:3n-6
contents were comparable to pork meat (Mas et al., 2011).
Noticeably, docosahexanoic acid (C22:6n-3), an essential
fatty acid, was found only in heart, liver and spleen with
the highest level (3.47%) in the liver. Mas et al. (2011)
reported a lower C22:6n-3 content (0.21%) in muscle tis-
sues of similar species. Total saturated fatty acids (SFA)
content was highest in large intestine, spleen and lung
whereas heart, liver, stomach and uterus had the lowest
total SFA content. Similarly heart, liver, stomach and
uterus had the highest total unsaturated fatty acid (UFA)
content while small intestine had lower total UFA content
than the large intestine. Liver had the lowest n-6/n-3 ratio
(8.57), whereas the spleen had the highest #-6/n-3 ratio
(90.62), while heart, stomach and uterus had similar »-6/
n-3 ratio. Heart and liver had the highest PUFA/SFA ratios,
whereas large intestine had the lowest PUFA/SFA ratio.
In general, the levels of individual fatty acids, total SFA,
total UFA, n-6/n-3 and PUFA/SFA ratios in the pork by-
products were nearly similar to that in beef by-products
(Mestre-Prate et al., 2011). Hoffman et al. (2013) repor-
ted higher total SFA levels (68.2-70.0%) and lower total
PUFA levels (1.8-7.3%) in sheep heart. When compared
to the fatty acid compositions of pork muscle tissues, the
by-products had higher total SFA content and lower total
PUFA contents (Alonso et al., 2011; Mas et al., 2011; Tikk
et al., 2007). However, when compared to the SFA con-
tents (36.68-50.36%) and PUFA contents (2.65-3.87%) in
muscle tissues of Hanwoo, Angus and Japanese black cat-
tle (Ba et al., 2013; Ladeira et al. 2014; Okumura et al.,
2012), all pork by-products had similar total SFA levels
but higher total PUFA levels.

The recommendations of Food and Agriculture Organi-
zation (FAO) and World Health Organization (WHO) for
the dietary intakes of total fat and fatty acids for adult
humans are total fat 20-35%, less than 10% SFA, 15-20%
MUFA and 6-11% PUFA (Burlingame et al., 2009).
Therefore reducing the intake of SFAs and increasing the
intake of PUFAs are strongly encouraged. Also, the rec-
ommendations for the PUFA/SFA ratio for the healthy
diet as a whole should be 0.40 or higher, while the ratio
of n-6/n-3 fatty acids should be 4.0 or lower (Department
of Health, 1994). According to the outcome of our analy-
sis, the PUFA/SFA ratio in liver was twice higher than the

recommended value of 0.4; also the PUFA/SFA ratio in
heart, lung, stomach, small intestine, uterus and pancreas
were above the recommended value of 0.4. These values
were almost equal to the values reported for pork meat
(Tikk et al., 2007) and higher than the values reported for
different beef muscles (Ba et al., 2013). By contrast, the
n-6/n-3 ratio in all by-products were above the recom-
mended values of less than 4.0 in the present study. Sim-
ilar to our results, Wood et al. (2003) also reported that
pork contains a high content in n-6 fatty acids, which
result in unfavorable n-6/n-3 ratio. However, the n-6/n-3
ratio in some pork by-products such as liver (8.75) was
several times lower than the n-6/n-3 ratio reported for
pork meat (Alonso et al., 2011; Mas et al., 2011) and beef
muscle (Brugiapaglia et al., 2014). This indicates that the
n-6/n-3 ratio in some by-products is more favorable than
that in muscle tissues.

Conclusion

This paper studied the characteristics of pork by-prod-
ucts in terms of yield, physicochemical and nutritional
compositions. On the basis of the results obtained, it could
be concluded that the pork by-products especially liver,
heart and pancreas, are rich sources of needed nutrients
such as protein, EAAs, vitamins and mineral contents.
Additionally, the fatty acid profile in these pork by-prod-
ucts was similar to that in muscle tissues. From our re-
sults, it can be said that the pork by-products are suitable
for human consumption. Furthermore, the nutritional pro-
perties of these pork by-products could make it suitable
for incorporation in comminuted meat products as well as
processing them into other final products in order to inc-
rease economic benefits. This is the first study to charac-
terize the yield, physicochemical and nutritional composi-
tions of majority of edible pork by-products therefore the
data of the present study provide not only the useful in-
formation for consumers but also the important databases
for further investigations.
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