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Abstract. The aim of this research was to investigate the production traits, blood metabolic profile and fatty
acids of meat and tallow in response to the partial replacement of soybean meal with peas in lambs’ feed.
The research was conducted on 30 Merinolandschaf lambs of 90 days’ age over 30 days. Lambs were fed
with feed mixture (1000 g day−1 lamb−1). In the control group protein supplement was soybean meal (SC),
while in the experimental groups soybean meal was partially replaced with 13 % peas (P13) and 26 % peas
(P26). In the haematological parameters of lambs’ blood, concentrations of minerals (Ca, P, Mg and Fe) and
biochemical parameters (urea, glucose, total protein, albumin, globulins, cholesterol, HDL, LDL, triglyceride,
β-hydroxybutyrate and non-esterified fatty acids) as well as enzyme activity (ALT, AST, ALP, GGT and CK)
were determined. After slaughter, carcass development was measured. Samples of m. semimembranosus and
tallow were taken in which concentrations of fatty acids were analysed. Values of meat pH and colour were taken
45 min 24 h post mortem, and water-holding capacity was calculated. By analysing the production properties of
lamb, we found that slaughtering characteristics of lamb carcasses, haematological and most of the biochemical
indicators did not differ. Urea concentrations were reduced in the blood of lambs in P13 and P26. Concentration
of C18:2 n-6 increased in tallow of lambs of group SC compared to group P26 of lambs. The above-mentioned
results indicate the possibility of partial replacement of soybean meal with peas in lambs’ diets in organic farming
without changes in production.

1 Introduction

Interest and demand for organic products in the market, as
well as for the sheep products, is constantly growing. There-
fore, the number of sheep and family farms dealing with or-
ganic sheep farming is increasing. According to the Eurostat
(2016) report in the European Union countries there were
10 250 742 ha of organic land area in 2014, with an increase
of 59.5 % from 2005 to 2014, and the total number of organic
producers was 257 525. In the above area, 4 366 042 reared
sheep were counted. In Croatia, there was a significant in-
crease in registered organically farmed sheep in period 2006–

2015, from 3952 to 23 774 sheep (Croatian Ministry of Agri-
culture). Meeting the protein needs in rations of farm animals
is most commonly done by including soybean and its by-
products. Due to the increasing pollution of soy with mould
and mycotoxins, and due to the fact that significant amounts
of soy are of GMO origin (Bonanno et al., 2012), which is
prohibited in organic farming (European Union, 2007), alter-
native solutions are being sought. As a successful alternative
in organic ruminant production, peas can be used (Tufarelli
et al., 2012; Antunović et al., 2013, 2016). Giger-Reverdin
et al. (2015) pointed out that pea seeds can be a relevant
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source of protein for ruminants. Pea grain (Pisum sativum
subsp. sativum) is a high-protein feed (22–34 %) whose pro-
tein majority consists of globulins and albumins (70–95 %)
and has a good balance of essential amino acids. Pea grain,
besides protein, is also a good source of starch (over 40 %
of dry matter) whose value, in addition to protein, makes it
a high-quality and economical source of protein and energy
in the rations of animals (Jezierny et al., 2010). Pea grain
contains good levels of unsaturated fatty acids (12.7 % oleic
acid, 35.3 % linoleic acid and 5.4 % linolenic acid; Grela
et al., 1995). In today’s field pea cultivars, the content of anti-
nutritional substances is very low and its use as grain without
adverse effects on productivity and animal health (Corbett,
1997) is possible.

In previous research focusing on complete or partial re-
placement of soybean meal with peas in rations of lambs,
there were no significant differences in the production prop-
erties and slaughtering quality of lamb carcasses (Lanza
et al., 2003; Colonna et al., 2014; Facciolongo et al., 2014
and 2015). There are just a few studies that have examined
the blood metabolic profile of lambs fed with rations where
soybean meal has been replaced with peas (Lestingi et al.,
2016). It is known that the metabolic profile of animals’
blood is a good indicator of the nutritional status and wel-
fare and can be used to detect metabolic imbalance or disor-
ders, particularly those resulting from errors made in nutri-
tion (Whitney et al., 2009; Antunović et al., 2010a). Lamb
meat is an important source of beneficial fatty acids, espe-
cially of long-chain fatty acids from the n-3 group (Nudda
et al., 2011). Numerous investigations have determined a sig-
nificant influence of feeding on fatty acid profile and lamb
meat, wherein the supplements and diets rich in polyunsat-
urated fatty acids (PUFAs) lead to modelling of fatty acid
profile (Demirel et al., 2006; Ponnampalam et al., 2001).

According to these findings, we postulate that partial re-
placement of soybean meal with peas in rations of lambs will
not have any negative effect on the blood metabolic profile or
certain production traits. Therefore, the aim of the research
was to investigate the effect of partial replacement of soy-
bean meal with peas in rations of lambs in organic farming
on growth, carcass quality, blood metabolic profile and fatty
acids of meat and tallow.

2 Material and methods

2.1 Production traits, sampling and analysis

The research was conducted in Osijek-Baranja County, Croa-
tia, on organic sheep farm 50 km from Osijek (45◦20′05′′ N,
18◦18′59′′ E). The research included 30 Merinolandschaf
lambs in growth, after weaning. Lambs were 90 days
old, evenly divided by gender (50 % female : 50 % male)
and in good health. Lambs were fed with feed mixture
(1000 g day−1 lamb−1) composed of organic feedstuffs. The
mineral premix used (Panto Mineral L84) is also certified for

Table 1. Ingredient and chemical composition of the feed mixture
and meadow hay for lambs’ feed.

Ingredient (%) Group Hay

SC P13 P26

Ingredient composition

Corn 30.8 22.8 14.8
Oat 8.4 8.4 8.4
Barley 18.0 18.0 18.0
Triticale 19.8 19.8 19.8
Soybean meal 20.0 15.0 10
Pea 0 13.0 26.0
Mineral premix∗ 3.0 3.0 3.0

Chemical composition (gkg−1 DM)

Dry matter 861.7 864.5 867.3 931.6
Crude proteins 169.1 168.9 166.7 91.3
Ether extract 23.4 30.1 30.4 14.19
Crude fibre 38.5 41.5 38.9 287.1
Ash 67.0 65.2 66.6 67.0
NDF 12.77 13.38 12.76 510.6
NEM, MJ kg−1 771.35 770.02 768.65 2.35

Fatty acids (g (100 g)−1)

C12:0 nd nd nd 0.40
C13:0 nd nd nd 0.27
C14:0 0.23 0.22 0.26 1.24
C14:1 (cis-9) nd nd nd 0.10
C15:0 nd 0.07 0.11 0.61
C15:1 (cis-10) nd nd nd 0,00
C16:0 19.60 18.25 18.83 34.36
C16:1 (cis-9) 0.22 0.22 0.20 0.70
C17:0 0.12 0.12 0.15 0.66
C17:1 (cis-10) 0.00 nd nd 0.32
C18:0 2.97 2.76 2.88 3.99
C18:1 (trans-9) nd nd nd 0.16
C18:1 (cis-9) 22.73 24.08 24.80 6.40
C18:2 (cis-9,12) 49.17 49.17 47.22 16.43
C20:0 0.37 0.39 0.40 3.33
C18:3 (cis-6,9,12) nd nd nd 0,26
C20:1 (cis-11) 0.47 0.48 0.54 0.17
C18:3 (cis-9,12,15) 3.39 3.43 3.74 15.52
C21:0 nd nd nd 0.63
C20:2 (cis-11,14) nd nd nd 0.57
C22:0 0.33 0.30 0.27 4.21
C20:3 (cis-8,11,14) nd nd 0.00 0.58
C22:1 (cis-13) nd 0.12 0.13 nd
C20:3 (cis-11,14,17) nd nd nd 3.50
C20:4 (cis-5,8,11,14) 0.10 0.08 0.09 1.43
C22:2 (cis-13,16) nd nd nd 0.29
C24:0 0.30 0.32 0.29 3.47
C20:5 (cis-5,8,11,14,17) nd nd nd 0.16
C24:1 (cis-15) nd nd 0.10 0.23
SFA 23.93 22.44 23.18 53.18
PUFA 52.66 52.68 51.05 38.74
MUFA 23.42 24.89 25.77 8.08
UFA 76.07 77.56 76.82 46.82
∗ 18 % Ca, 5 % P, 9.5 % Na, 2.00 % Mg, 400 000 IJ vitamin A, 40 000 IJ vitamin D,
500 mg vitamin E, 4000 mg Zn, 2000 mg Mn, 60 mg I, 10 mg Co, 50 mg Se. NDF –
neutral detergent fibre; NET – net energy; SFA – saturated fatty acids; PUFA –
polyunsaturated fatty acids; UFA – unsaturated fatty acids; MUFA – monounsaturated
fatty acids; nd – not determined; DM – dry matter.
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use in organic sheep and lamb production. Lambs consumed
hay and water ad libitum. Ingredient and chemical composi-
tions of feed mixture and meadow hay are shown in Table 1.
The crude protein content of feed samples was determined
using the Kjeldahl method (Pearson, 1976), while ether ex-
tract was determined according to the method described in
Onwuka (2005). The crude fibre content was determined us-
ing the Weende method (Offor et al., 2014) and neutral de-
tergent fibre (NDF) described by Foss (2001). In the con-
trol group (SC) soybean meal was used as feed rich in pro-
tein while in the experimental group soybean meal has been
partially replaced with peas; in the first experimental group
with 13 % peas (P13) in the second experimental group with
26 % peas (P26). The experiment lasted for 30 days. Rearing
and feeding of lambs were according to Council Regulation
(EC) no. 834/2007 on organic production (European Union,
2007). Animals used in this study were maintained in facili-
ties approved by the Croatian Association for Accreditation
of Laboratory Animal Care, and in accordance with current
regulations and standards issued by the Croatian Ministry of
Agriculture.

Weighing and taking the body condition score of lambs
(Russel, 1991) was carried out at the beginning (day 0) and
end of the research (day 30). After that, daily gains of lambs
were calculated.

2.2 Analysis of lambs’ blood metabolic profile

The blood was collected from the jugular vein (10 mL) into
sterile vacuum tubes (Venoject®, Sterile Terumo Europe,
Leuven, Belgium), at the end of research (day 30). Af-
ter that, serum was separated by centrifugation (10 min) at
1609.92 g and placed into an Olympus AU640. Within blood
serum the concentrations of the minerals (calcium, inorganic
phosphorus and iron), concentrations of the biochemical
parameters (urea; glucose; total proteins; albumin; choles-
terol; high-density lipoprotein, HDL; low-density lipopro-
tein, LDL; triglyceride; β-hydroxybutyrate, BHB; and non-
esterified fatty acids, NEFAs) as well as enzyme activ-
ity (alanine aminotransferase, ALT; aspartate aminotrans-
ferase, AST) were all found with Olympus System Reagents
(OSR), manufactured and distributed by Olympus Diagnos-
tica GmbH (Irish branch), Lismeehan, Ireland. Globulin con-
tent was calculated as the difference between total protein
and albumin. The analytical method of each parameter and
the corresponding quality laboratory assay are reported in
Table 2.

Determination of haematological parameters (leukocytes,
WBC; erythrocytes, RBC; thrombocytes, PLT; content of
haemoglobin, HGB; haematocrit, HCT; mean corpuscular
volume, MCV; the average haemoglobin content in erythro-
cytes, MCH; and mean haemoglobin concentration in ery-
throcytes, MCHC) in whole blood of lambs was carried out
on a Sysmex pocH-100iV automatic three-part differential
haematology analyser. The blood analysis was performed in

the Laboratory for Small Ruminants and Non-ruminants as
well as Laboratory for Animal Nutrition and Physiology of
Animals at the Faculty of Agriculture in Osijek (Croatia).

2.3 Analysis of carcass and meat quality

Before slaughter, lambs were weighed on an automatic an-
imal scale. After slaughter and exsanguination, the lambs’
skin is peeled off the carcases, and abdominal (forestomach,
stomach, spleen, intestine and liver) and thoracic (trachea
with the lungs and heart) cavity organs are then removed.
Immediately afterwards, the internal organs, skin, lower parts
of the legs and the carcasses themselves were weighed. Af-
ter that, standard development measures (linear measure) of
lamb carcasses were taken: the length of the carcass (carcass
length 1 – os pubis to atlas; carcass length 2 – os pubis to
first rib; and the carcass length 3 – os pubis to last rib), the
circumference of carcass (at scapula) and the length of the
hind legs (tuber calcanei to tubercle ossis ischia) and hind
leg circumference (the widest part).

Samples of lamb meat (m. semimembranosus) and tal-
low (peritoneum) as well as carcass parameters were taken
from five lambs from each group immediately after slaugh-
tering and exsanguination, while pH1 values and colour were
taken 45 min post mortem and pH2 24 h after slaughter and
cooling. The pH was measured with a Mettler Toledo con-
tact pH meter, while the colour of meat was measured with
a Minolta Chromametar CR-410 portable instrument (Mi-
nolta Camera Co. Ltd. Japan) according to the standard CIE
L*a*b* colour system (CIE, 1976). After that, dressing per-
centage was calculated (weight before slaughter− carcass
weight/100). Water-holding capacity was measured by the
method of Sierra (1973). Hue angle was calculated according
the formula Eq. (1) and chroma using the formula Eq. (2):

H ∗ = tan−1
(
b∗/a∗

)
, (1)

C∗ =
√

(
a∗2+ b∗2

)
. (2)

2.4 Fatty acid analysis

In order to remove fat from the meat or tallow, it was neces-
sary to cook a specific mass of meat or tallow with 25 % HCl.
After that it was necessary to shake the sample with organic
solvents – ethanol, ether, and petroleum ether – and allow the
solution to stand in order to separate the layers. An aliquot of
supernatant was evaporated and dried in an oven until con-
stant weight (Trajković et al., 1983). Preparation of fatty acid
methyl esters was performed by means of gas chromatogra-
phy according to standard HRN EN ISO 12966-2:2011. Con-
ditions that were used and the method of determination fol-
lowed standard HRN EN ISO 12966-1:2015. The samples
were analysed by gas chromatograph (7890B, Agilent Tech-
nologies, USA).

The atherogenicity index (AI) and thrombogenic index
(TI) were calculated according to Ulbricht and South-
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Table 2. Analytical methods for blood parameters and quality laboratory assays.

Analytical method Intra-assay Inter-assay variation
variation (CV%) variation (CV%)

Enzymatic colorimetric method test for the quantitative determination of NEFA 4.81 4.32
Enzymatic method test for the quantitative determination of D-3 hydroxybutyrate 3.78 5.25
Photometric colour test for the quantitative determination of albumin 1.17 1.55
Enzymatic colour test for the quantitative determination of cholesterol 0.72 1.45
Enzymatic colour test for the quantitative determination of HDL cholesterol 0.85 1.92
Enzymatic UV test (hexokinase method) for the quantitative determination of glucose 0.54 0.97
Photometric colour test for the quantitative determination of total protein 0.51 0.70
Enzymatic colour test for the quantitative determination of triglyceride 0.72 1.03
Kinetic UV test for the quantitative determination of urea 1.1 1.93
Photometric colour test for the quantitative determination of total calcium 0.65 0.95
Photometric UV test for the quantitative determination of inorganic phosphorus 0.63 1.33
Photometric colour test for the quantitative determination of iron 0.66 1.77
Photometric colour test for the quantitative determination of magnesium 0.75 1.29
Kinetic colour test for the quantitative determination of alkaline phosphatase, EC 3.1.3.1 (ALP) 0.56 0.99
Kinetic UV test for the quantitative determination of alanine aminotransferase, EC 2.6.1.2 (ALT) 1.43 1.78
Kinetic UV test for the quantitative determination of aspartate aminotransferase, EC 2.6.1.1 (AST) 0.84 1.35
Kinetic UV test for the quantitative determination of creatine kinase, EC 2.7.3.2 (CK) 1.00 3.20
Kinetic colour test for the quantitative determination of γ -glutamyltransferase, EC 2.3.2.2 (GGT) 1.01 1.13

gate (1991) as specified in Eqs. (3) and (4):

AI=[(12 : 0+ 4(14 : 0)+ 16 : 0]/[(n-6+ n-3)×PUFA
+ 18 : 1+6MUFA], (3)

TI= (14 : 0+ 16 : 0+ 18 : 0)/[(0.5× 18 : 1)
+ 0.5× (6MUFA)+ 0.5× (PUFA n-6)
+ 3× (PUFA n-3)+ (PUFA n-3/PUFA n-6)]. (4)

Nutritive values (NV) of meat lipids were calculated accord-
ing to Solomon et al. (1991) as follows in Eq. (5):

NV= (C18 : 0+ cis-9C18 : 1)/C16 : 0. (5)

2.5 Statistical analysis

The mean values of growth, carcass quality, blood metabolic
profile and fatty acids of meat and tallow were measured us-
ing the MEANS procedure. Data were analysed by means
of ANOVA, using feeding treatment as a fixed effect. Mean
values were compared using Tukey’s test and differences be-
tween the groups were declared significant at p < 0.05 or
less. All data were analysed with SAS 9.4® statistical soft-
ware (SAS Institute Inc., 2002–2012).

3 Results and discussion

From analysis of the production traits of lambs (Table 3), it is
evident that there were no significant differences (p > 0.05)
regarding nutrition. In the organic breeding of lambs in Italy
no significant differences in production traits were found
when feeding lambs with feed mixture in which soybean

meal was replaced with peas as well (Bonanno et al., 2012).
Similar results in studies with lambs where soybean meal
was completely or partially replaced with peas were obtained
by Facciolongo et al. (2014), Colonna et al. (2014), Bonanno
et al. (2012) and Lanza et al. (2011).

Lambs’ blood metabolic profile indicators were within
reference values in all three groups (Lepherd et al., 2009;
Kaneko et al., 2008; Antunović et al., 2010b), which indi-
cates the quality of their nutrition, which is also shown in
the obtained production traits and indices of body condition
score (Table 3). The cholesterol concentrations were slightly
lower compared to reference values. There were no signif-
icant differences (p > 0.05) in either haematological or in
biochemical indicators in the blood of lambs, except for the
urea concentrations, which were significantly reduced in the
blood of P13 and P26 lambs (Table 4). This was due to a de-
creased degradability of pea protein leading to a decreased
ammonia level in the rumen and urea level in blood. Sim-
ilar results were obtained with dairy cows (Tufarelli et al.,
2012). Facciolongo et al. (2014), by replacing soybean meal
with peas in feed mixture for lambs, also found a decrease in
blood urea, but the differences were not significant (15.84 to
14.29 mgdL−1). Total cholesterol concentration was lower in
all groups compared to reference values. It is known that type
of dietary protein, especially lysine-to-arginine ratio and the
sulfur-containing amino acids (methionine and cysteine), has
been considered a factor influencing the cholesterol serum
concentration in animals (Kritchevsky et al., 1982; Kurowska
and Carroll, 1994).

From analysis of slaughtering characteristics, develop-
ment measures and physical properties of lamb carcasses and
meat, it is evident that there were no significant differences
(p > 0.05) depending on the feed treatment (Tables 5–7).
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Table 3. Production traits of lambs.

Indicators Measuring time Groups (mean) SE p values

(days) SC P13 P26

Body 1 25.95 25.97 25.72 0.39 0.96
mass, kg 30 34.04 34.00 33.81 0.61 0.98
Daily gain, g 1–30 269.67 267.65 269.66 12.58 0.99
Feed conversion ratio, g DM/g gain 1–30 3.20 3.23 3.22 – –
BCS 1 3.45 3.77 3.45 0.08 0.18

30 3.88 3.85 3.86 0.05 0.97

BCS – body condition score; DM – dry matter; SC – control group; P13 – soybean meal was partially replaced with 13 % peas; P26 –
soybean meal was partially replaced with 26 % peas.

Table 4. Blood metabolic profile in lambs.

Indicator Groups (mean) SE p value Ref. valuesc

SC P13 P26

Haematological parameters

WBC× 109 L 11.75 10.58 10.89 0.72 0.80 5.10–15.90
RBC× 1012L 9.79 9.88 9.20 0.49 0.75 9.20–13.00
PLT× 109 L 685.10 457.50 526.10 40.64 0.06 426.00–1142.00
HGB (gL−1) 105.20 107.50 105.50 2.15 0.77 105.00–137.00
HEM, LL−1 0.34 0.40 0.39 0.01 0.07 0.28–0.47
MCV, fL 40.45 41.27 41.39 1.29 0.65 28–41
MCH, pg 12.01 10.70 11.32 0.32 0.25 10–13
MCHC, gL−1L 305.60 259.90 262.00 9.07 0.06 332–392

Biochemical parameters (mmolL−1)

Mg 0.99 0.86 0.85 0.04 0.19 0.91–1.31
Fe µmol/L 29.14 29.01 30.53 1.33 0.88 29.70–39.70d

P 2.71 2.35 2.55 0.07 0.12 1.88–3.34
Ca 2.44 2.37 2.49 0.03 0.27 2.42–2.92
GUK 4.15 4.19 4.30 0.15 0.92 2.70–4.80
UREA 7.38a 6.25b 6.15b 0.22 0.04 5.00–9.10
PROT, gL−1 58.24 58.58 59.48 0.79 0.81 51.00–64.00
ALB, gL−1 27.92 27.44 28.80 0.34 0.26 30.00–7.00
GLOB, gL−1 30.32 31.14 30.68 0.66 0.89 19.00–30.00
CHOL 0.99 0.94 0.96 0.04 0.86 1.35–1.97d

TGC 0.51 0.43 0.47 0.11 0.07 0.00–2.00d

HDL 0.63 0.62 0.61 0.02 0.91 0.68–0.97e

LDL 0.17 0.13 0.20 0.02 0.50 0.10–0.50e

NEFA 0.04 0.05 0.04 0.003 0.76 < 0.4
BHBA 0.51 0.45 0.43 0.03 0.41 0.2–0.7
AST, UL−1 92.53 85.72 94.68 4.04 0.66 83.00–140.00
ALT, UL−1 12.86 11.49 14.52 0.72 0.24 6.00–20.00d

ALP, UL−1 274.31 256.63 303.98 18.07 0.57 –
GGT, UL−1 74.51 65.00 64.17 2.43 0.16 56.00–110.00
CK, UL−1 180.98 184.07 182.40 13.63 0.44 180.00–454.00

a,b Values in rows with different letters differ significantly (p< 0.05); c Lepherd et al. (2009); d Kaneko
et al. (2008); e Antunović et al. (2010b). SC – control group; P13 – soybean meal was partially replaced with 13 %
peas; P26 – soybean meal was partially replaced with 26 % peas.
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Table 5. Slaughtering characteristics of lamb carcasses.

Indicators, kg Groups (mean) SE p value

SC P13 P26

Pre-slaughter mass 33.33 33.39 34.73 0.55 0.53
Carcass mass 16.47 16.94 17.81 0.34 0.26
Entrail mass∗ 1.52 1.41 1.49 0.03 0.20
Skin and leg mass 4.25 4.22 4.31 0.09 0.93
Forestomach and intestine mass 9.02 8.42 8.54 0.21 0.48
Dressing percentage, % 49.45 50.62 51.32 0.50 0.50

∗ Lungs, trachea, heart and liver. SC – control group; P13 – soybean meal was partially replaced with
13 % peas; P26 – soybean meal was partially replaced with 26 % peas.

Table 6. Development measures of lamb carcasses.

Measure, cm Groups (mean) SE p value

SC P13 P26

Carcass length 1 66.00 65.00 66.33 0.57 0.66
Carcass length 2 44.33 45.80 47.67 0.62 0.07
Carcass length 3 19.50 20.60 20.17 0.29 0.32
Carcass circumference 64.83 65.20 67.50 0.53 0.07
Hind leg length 30.67 30.60 30.67 0.35 0.99
Hind leg circumference 36.83 36.20 39.33 0.65 0.11

Carcass length 1 – os pubis to atlas; carcass length 2 – os pubis to first rib; carcass
length 3 – os pubis to last rib; SC – control group; P13 – soybean meal was
partially replaced with 13 % peas; P26 – soybean meal was partially replaced with
26 % peas.

Table 7. Physical properties of lamb carcasses.

Indicator Groups (mean) SE P value

SC P13 P26

pH1 6.70 6.59 6.75 0.04 0.26
pH2 5.70 5.71 5.72 0.02 0.96
WHC (%) 16.87 17.43 19.04 0.49 0.06

Colour

Lightness 38.26 42.07 41.85 1.94 0.69
Redness 19.86 20.20 18.36 0.47 0.24
Yellowness 2.35 2.23 1.61 0.19 0.22
Hue angle 6.73 6.13 5.87 0.46 0.24
Chroma 20.01 20.34 18.45 0.48 0.23

WHC – water-holding capacity; SC – control group; P13 – soybean meal was
partially replaced with 13 % of peas; P26 – soybean meal was partially
replaced with 26 % of peas.

It is evident that a higher water-holding capacity was es-
tablished in the meat of lambs that had consumed feed mix-
ture where soybean meal has been partially replaced with
peas, but the differences were not significant (p= 0.06). Bo-
nanno et al. (2012) also did not establish changes in the
lambs’ slaughtering characteristics in organic lamb breed-
ing where lambs were fed with feed mixture with addition

of soybean meal or peas. Similar results were obtained by
Lanza et al. (2003) in a study where peas were used as an
alternative source of protein in nutrition of lambs (18 and
39 % in dry matter), compared to lambs fed with soybean
meal diet. The above authors found significantly higher lev-
els of drip losses in meat of lambs that had consumed the feed
mixture with peas compared to the one with soybean meal
(1.6 and 1.2 : 0.8 %). Facciolongo et al. (2015) and Colonna
et al. (2014) also did not determine significant changes in the
physical characteristics of carcass and meat in lambs fed with
rations where soybean meal was replaced by peas.

The concentration of fatty acids in meat and tallow of
lambs’ carcasses was not significant, except for the concen-
tration of linoleic acid (LA; C18:2 n-6), which was signif-
icantly higher in tallow of lambs of group SC compared to
group P26 (Table 8). Higher concentrations of LA in tallow
of group SC in comparison with P13 and statistically higher
in comparison with group P26 were probably due to the pres-
ence of a higher content of corn in meal. By analysing the
mentioned results, we found that a trend of increasing con-
centration of cis-9 C18:1 and C21:0, and a decreasing trend
of C15:0 in groups P13 and P26 compared to SC may be
seen. Also, an increasing trend of concentration of trans-9,12
C18:2; LA; cis-6,9,12 C18:3; linolenic acid (ALA; C18:3 n-
3); cis-8, 11, 14 C20:3; C23:0; cis-5, 8, 11, 14, 17 C20:5;
and PUFAs was established, as well as a decreasing trend of
C16:0; cis-9 C16:1; C17:0; C18:0; and MUFAs, in group P13
compared to P26 and SC, but the differences were not signif-
icant. Colonna et al. (2014) did not find significant differ-
ences in the content of fatty acids in the meat of lambs where
the soybean meal mixtures were replaced with peas (40 %
peas in feed mixture) in m. longissimus dorsi (MLD) and
m. semimembranosus. The authors also pointed out that meat
from ruminants is only moderately influenced by the diet be-
cause of the hydrogenating action of the microbial consor-
tium in the rumen (Colonna et al., 2014). Similar results in
organic farming at nutrition of lambs with feed mixtures with
different protein sources (soybean and pea) were obtained by
Bonanno et al. (2012), who also did not determine significant
differences in the concentrations of fatty acids in the MLD
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Table 8. Concentration of fatty acids (g (100 g)−1 fatty acids), atherogenic and thrombogenic indices in lambs’ meat and tallow.

Fatty acids Group SE p values

SC P13 P26

meat tallow meat tallow meat tallow meat tallow meat tallow

Fatty acids (g (100 g)−1)

C10:0 0.14 0.26 0.16 0.28 0.13 0.27 0.02 0.02 0.911 0.968
C12:0 0.33 0.54 0.30 0.50 0.34 0.51 0.03 0.04 0.264 0.992
C14:0 3.61 5.65 3.61 5.56 4.07 5.47 0.23 0.28 0.577 0.867
C14:1 (cis-9) 0.23 0.12 0.23 0.11 0.27 0.14 0.02 0.01 0.845 0.386
C15:0 0.51 0.73 0.43 0.66 0.47 0.64 0.03 0.03 0.514 0.588
C16:0 22.89 22.61 21.89 23.22 23.24 23.51 0.36 0.30 0.529 0.758
C16:1 (cis-9) 2.27 1.29 2.16 1.16 2.45 1.41 0.10 0.07 0.557 0.379
C17:0 1.23 1.70 1.11 1.69 1.15 1.65 0.04 0.06 0.754 0.962
C17:1 (cis-10) 0.95 0.63 0.91 0.57 0.90 0.66 0.04 0.03 0.634 0.613
C18:0 13.06 21.72 12.17 23.20 12.83 20.96 0.40 1.09 0.633 0.516
C18:1 (trans-9) 2.95 5.46 2.42 4.32 2.19 3.87 0.16 0.29 0.244 0.150
C18:1 (cis-9) 39.62 34.65 39.69 34.35 41.98 36.79 0.86 0.88 0.457 0.183
C18:2 (trans-9,12) 0.42 0.08 0.52 0.09 0.41 0.23 0.02 0.02 0.064 0.056
C18:2 (cis-9,12) 6.94 3.10a 7.42 2.51ab 5.00 2.31b 0.56 0.13 0.399 0.005
C20:0 0.08 0.19 0.07 0.17 0.05 0.15 0.009 0.01 0.321 0.533
C18:3 (cis-6,9,12) 0.05 0.01 0.11 0.02 0.05 0.02 0.01 0.004 0.266 0.931
C20:1 (cis-11) 0.15 0.13 0.16 0.10 0.15 0.13 0.01 0.004 0.971 0.077
C18:3 (cis-9,12,15) 0.51 0.36 0.91 0.49 0.53 0.38 0.07 0.03 0.071 0.123
C21:0 0.30 0.53 0.41 0.71 0.42 0.57 0.07 0.04 0.934 0.199
C20:2 (cis-11,14) 0.21 0.08 0.17 0.13 0.12 0.08 0.03 0.02 0.767 0.595
C22:0 0.35 0.05 nd 0.04 0.32 0.06 0.03 0.01 0.870 0.437
C20:3 (cis-8,11,14) 0.23 nd 0.36 0.01 0.15 0.003 0.04 0.002 0.307 0.299
C20:4 (cis-5,8,11,14) 0.18 nd nd nd 0.04 0.01 0.05 0.003 0.558 0.434
C23:0 1.96 0.09 2.85 0.08 1.86 0.15 0.30 0.02 0.625 0.655
C22:2 (cis-13,16) nd nd 0.27 nd nd nd 0.08 nd 0.506 nd
C24:0 0.07 nd 0.05 nd 0.13 nd 0.02 0.05 0.651 0.216
C20:5 (cis-5,8,11,14,17) 0.38 nd 0.65 nd 0.38 0.02 0.07 0.004 0.460 0.474
C24:1 (cis-15) 0.14 nd 0.12 nd 0.07 nd 0.02 nd 0.708 nd
C22:6 (cis-4,7,10,13,16,19) 0.17 nd 0.43 0.01 0.28 0.01 0.05 0.002 0.245 0.474
SFA 44.54 54.10 43.47 56.13 45.02 53.96 0.61 0.91 0.492 0.383
UFA 55.46 45.91 56.53 43.87 54.98 46.04 0.61 0.91 0.492 0.383
PUFA 9.16 3.63 10.83 3.25 6.97 3.05 0.76 0.12 0.349 0.284
MUFA 46.30 42.28 45.70 40.62 48.01 43.00 0.96 0.91 0.612 0.072
AI 0.68 1.00 0.65 1.05 0.73 1.02 0.03 0.03 0.543 0.861
TI 0.87 1.18 0.77 1.23 0.91 1.22 0.04 0.03 0.264 0.815
NV 2.32 2.53 2.37 2.48 2.38 2.46 0.05 0.06 0.937 0.973

SFA – saturated fatty acids; UFA – unsaturated fatty acids; MUFA – monounsaturated fatty acids; PUFA – polyunsaturated fatty acids; AI – atherogenic index;
TI – thrombogenic index, NV – nutritive value; nd – not determined; a,b values in rows with different letters differ significantly (p < 0.05); nd – not
determined; SC – control group; P13 – soybean meal was partially replaced with 13 % of peas; P26 – soybean meal was partially replaced with 26 % of peas.

intramuscular fat. By analysing the nutritive values of meat
lipids we found no significant differences between groups.
Nutritive values of meat lipids were within values of 2 and
3, also reported by Facciolongo et al. (2015). The above jus-
tifies partial replacement of soybean meal with peas in feed
mixtures for the lambs in organic farming.

4 Conclusions

Based on the results from our research, considering the re-
alized production and carcass traits of lambs and develop-
ment measures and physical properties of carcasses, as well
as blood metabolic profile and fatty acids in meat and tallow,
it can be concluded that partial replacement of soybean meal
with peas in diets from weaned lambs can be used in organic
production.
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