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abstract
the aim of the study was to estimate the effects of different levels of alfalfa protein concentrate 
(apc) supplementation on pig performance, carcass value and meat quality. the experiment was 
conducted on 50 crossbred pigs (pl × plW) × duroc of 29.0±0.5 kg initial body weight, which 
were divided into four treatment groups. control (c) group was fed standard mixtures, groups 
E15 and E30 were fed with 1.5% or 3.0% apc additive, respectively. in group E30p the animals 
received feed including 3.0% apc for 14 days, followed by 14 treatment-free days. the produc-
tion results were based on aGd, fcr, fi. some slaughter traits and carcass value were measured. 
determinations were carried out for physicochemical properties of fresh and thermally treated 
m. longissimus. the tissue samples (backfat, m. longissimus, liver, heart) were collected to analyze 
the fatty acid profile and cholesterol content. The recorded ADG was by 4.8% higher and FCR by 
4.3% lower in E30p group as compared to control. the loin eye area was larger than in group c 
by 7.0% and by 8.3% in groups E30 and E30P, respectively. Carcass meatiness was also higher in 
groups E30 and E30P as compared to control, by 5.0% and 5.6%, respectively. The higher (P≤0.05) 
tpa parameters (hardness, chewiness and gumminess), as compared to control, was characteristic 
of the meat from animals receiving 3.0% apc. the lowest cholesterol content in the tissue samples 
(backfat, m. longissimus, liver) was recorded in group E30 (1.01, 0.51, 3.19 mg/g, respectively). 
Better fatty acid composition in backfat and m. longissimus was observed after 3.0% apc intro-
duction into fatteners diet.
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In swine production, apart from high animal performance (meatiness, ADG and 
FCR), the emphasis is put on pork quality (Rossi et al., 2013) which depends on 
genetic background in 30% and in 70% on environmental factors (Karpiesiuk and 
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Falkowski, 2009), primarily feeding (Pietrzak and Grela, 2015). Therefore, feed ma-
terial quality, nutrient content and a type of feed additives are crucial for both animal 
health and quality of pork (Karwowska et al., 2012; Pettigrew and Esnaola, 2001; 
Hanczakowska et al., 2015). One of feed supplements is the studied additive (APC – 
alfalfa protein concentrate) which contains β-carotene, vitamins (A, C, D, E, K), 
minerals (Ca, P, Mg, K, Fe, Mg, Cu, Zn), coumarins, isoflavones, naphthoquinone, 
saponins, alkaloids, coumesterol and L-canavanine amino acid (Grela and Pietrzak, 
2014; Kundan and Anupam, 2011; EFSA, 2009; Aziz et al., 2006), thereby APC 
improves quality of such products. In dairy cow nutrition addition of APC increases 
the level of α-linolenic acid in milk (Dang van et al., 2011), the inclusion of the APC 
in turkey diets acts as an antioxidant in the raw poultry meat (Karwowska et al., 
2010), the addition of a protein concentrate from lucerne to a feed mixture for hens 
increases the color intensity of egg yolk (Grela et al., 2014 b), in pig nutrition APC 
improves carcass value, which is characterized by higher loin eye area, better meati-
ness and also higher levels of PUFA in pork (Pietrzak and Grela, 2013; Karwowska 
et al., 2012; Grela et al., 2008). Some studies (Nasir and Grashorn, 2010; Raeesi et 
al., 2010) indicate continuous or intermittent application of phytogenic feed addi-
tives, i.e. Allium sativum powder and Echinacea purpurea juice to promote produc-
tion performance and appropriate feed nutrient metabolism.

The objective of the research was to determine the effect of two levels of APC 
(1.5% and 3.0%) administered continuously or intermittently on production perfor-
mance, some carcass traits and meat quality.

material and methods

animals and feeding
All procedures used in this experiment were approved by the responsible Eth-

ics Committee for Experiments on Animals. The trial was conducted on 50 cross-
bred (Polish Landrace × Polish Large White) × Duroc grower gilts and 50 barrows 
of 29.0±0.5 kg initial body weight, randomly allocated into four treatment groups. 
Control (C) group was fed standard diets without APC addition, group E15 received 
1.5% APC supplementation and groups E30 and E30P the mixtures with 3.0% APC 
inclusion. Two following feeding systems were implemented, the first applied to 
groups C, E15 and E30 where the animals received the in-feed additive continu-
ously, while the other was used in group E30P – the animals received feed including 
3.0% APC for 14 days, followed by 14 treatment-free days. The chemical composi-
tion and concentration of active ingredients of APC has been reported by Grela and 
Pietrzak (2014). Fatteners received complete grower and finisher mixtures (Table 1) 
which were analyzed to evaluate content of basic nutrients and detergent fiber frac-
tion according to the standard AOAC (Association of Official Analytical Chemists) 
procedures (2012). The diets were balanced in terms of contents of metabolizable 
energy, total protein, fatty acids digestible to the end of the small intestine as well as 
minerals and vitamins to cover the fatteners’ nutrient requirement according to Grela 
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et al. (2009). The animals from each group were divided into three pens: two pens 
with 5 gilts and 5 barrows each and third pen with 2 gilts and 3 barrows (in groups 
C and E15) and 3 gilts and 2 barrows (in groups E30 and E30P). The animals were 
kept in the fattening unit with slatted flooring (1 m2 per animal), free access to drink-
ers and automatic feeders (feeding ad libitum). The zoohygienic conditions were the 
same for all treatment groups: light –  8 hours a day, with a minimum intensity 40 lx; 
temperature –  18°C; relative moisture – 70%; ventilation – 80 m3 air per hour per 
animal. During the experiment pigs were weighed individually at the start of trial, at 
the end of grower period (about 70 kg BW) and at the end of finisher period (about 
110 kg BW). Feed intake was recorded in individual pens and fattening periods.

Table 1. Composition and nutritive value of growing-finishing pig diets

Item
Grower Finisher

C E15 E30 E30P C E15 E30 E30P
Ingredients (kg)

barley 530 530 530 530 742 742 742 742
wheat 200 200 200 200 100 100 100 100
fish meal 50 50 50 50 20 20 20 20
soybean meal 160 145 130 130 80 65 50 50
APC 0 15 30 30 0 15 30 30
soybean oil 20 20 20 20 20 20 20 20
ground limestone 12 12 12 12 12 12 12 12
2-calcium phosphate 10 10 10 10 10 10 10 10
salt (NaCl) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
vitamin-mineral premix1) 10 10 10 10 10 10 10 10
lysine HCl 3.8 3.8 3.8 3.8 1.9 1.9 1.9 1.9
methionine 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1

Nutrients (g/kg DM)
dry matter 893.4 893.3 892.9 893.1 892.5 892.5 892.4 892.6
crude protein 173.3 173.4 173.2 173.7 151.5 151.2 151.6 151.4
crude fiber 39.6 39.5 39.7 39.5 42.3 42.1 42.3 42.2
NDF 173.8 174.0 173.9 173.7 191.6 191.8 191.5 191.7
ADF 63.4 63.6 63.3 63.5 64.2 64.4 64.2 64.1
ADL 8.7 8.8 8.6 8.7 9.6 9.5 9.6 9.6
ether extract 38.4 38.8 38.3 38.6 37.3 37.5 37.4 37.3
lysine 13.2 13.3 13.4 13.4 8.2 8.3 8.2 8.2
methionine 3.5 3.4 3.5 3.3 2.5 2.5 2.4 2.5
Ca 9.6 9.6 9.5 9.6 8.2 8.1 8.2 8.3
P 7.2 7.3 7.3 7.2 6.3 6.4 6.4 6.4
ME (MJ/kg)2) 12.8 12.8 12.8 12.8 12.6 12.6 12.6 12.6

1) Vitamin-mineral premix: 5 g Ca (CaCO3)/(Ca(H2PO4)/(CaI2); 1.3 g P (Ca(H2PO4)); 100 mg Fe (Fe(SO4) 
× 7H2O); 100 mg Zn (ZnO); 23 mg Cu (CuSO4 × 5H2O); 1.2 mg I (CaI2); 0.3 mg Se (Na2SeO3); 8,000 IU vita- 
min A; 1,000 IU vitamin D3; 60 IU vitamin E; 0.60 mg vitamin K; 4 mg riboflavin; 22 mg niacin; 15 mg panto-
thenic acid; 0.02 mg vitamin B12; 750 mg choline.

2) ME – metabolizable energy according to the equation of Kirchgessner and Roth (1983).
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carcass and meat measurements
The fatteners were slaughtered in accordance with the technology currently 

employed in meat industry, using the electrical stunning. Their right side carcasses 
were subjected to shortened slaughter analysis with the standard SKURTCh method 
(Różycki and Tyra, 2010). The heart and liver were weighed, whereas samples for 
the laboratory evaluation were collected from the liver, longissimus muscle, backfat 
and whole heart. The longissimus muscle (loin) samples were taken near the last 
thoracic and first lumbar vertebra, while backfat samples over the shoulder blade 
cutting out a lobe of 5 cm width and 10 cm length from a forequarter cut. Immedi-
ately after collection, the samples were stored at –20°C. Total fat of backfat, liver, 
heart and the m. longissimus for fatty acid analysis were extracted with a chloro-
form/methanol mixture according to the Folch et al. (1957) method. A percentage 
of fatty acid methyl esters was estimated using the gas chromatography procedure 
on a Varian CP-3800 chromatograph. The chromatograph operating conditions for 
fatty acid separation were as follows: the capillary column CP WAX 52CB DF 0.25 
mm of 60 m length, gas carrier –  helium, flow rate 1.4 ml/min, column temperature 
120°C gradually increasing by 2°C/min up to 210°C, determination time 127 min, 
feeder temperature 160°C, detector temperature 160°C, other gases –  hydrogen and 
oxygen. Cholesterol content in tissues was measured using the colorimetric method 
of Rhee et al. (1982). Lipid quality indices, i.e. atherogenic index (AI) and throm-
bogenic index (TI) were calculated according to the Ulbricht and Southgate (1991) 
equations. Hypocholesterolemic/Hypercholesterolemic ratio (h/H) was obtained ac-
cording to Fernández et al. (2007). Analyses were conducted for physicochemical 
properties of loin eye area, namely in the samples of longissimus muscle from the 
last thoracic and first lumbar vertebra. The muscle samples were measured for pH1 
after 45 min and for pH2 after 24 h post slaughter, and specific electrical conductiv-
ity (EC) with a PQM I-Kombi apparatus as well as subjected to color analysis ac-
cording to CIE L*a*b* system (CIE, 1976) using Minolta CR-310 apparatus. Water 
binding capacity (WBC) was determined according to Grau and Hamm (1952). Drip  
loss percentage was estimated based on the difference between the weight of a mus-
cle sample (packed in a foil bag) before and after the 60-min heat treatment in a wa-
ter bath at 70°C. Analyses of the thermally-treated meat samples (after determination 
of drip loss) included the measurements of color (in CIE L*a*b* system) and tex-
ture parameters. A shear force test was performed with the use of ZwickRoell B0.5  
testing machine in order to determine the maximal shear force and energy, and  
texture profile analysis (TPA) was conducted to determine: hardness, elasticity,  
gumminess and chewiness of meat samples. Cylindrical samples (20 × 25mm)  
were subjected to double compression till half their height using TA.XT.plus tex-
ture analyzer equipped in a P/10 attachment and an HDP/90 platform. Head speed  
was 10 mm/min. The shear force was measured using a Warner-Bratzler type  
shearing element. The maximum shear force was read out at head shift speed of  
50 mm/min. The analyses were conducted on cubicoid samples (20 × 20 mm  
in cross-section). The samples were cut crosswise. Every measurement was  
performed in three replications, and results were presented as the mean replicate 
values.
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statistical analysis
Results were analyzed statistically with Statistica v.6.1 (2003). Mean value and 

standard deviation were computed for all analyzed variables. One-way analysis of 
variance ANOVA was carried out and the significance of differences between mean 
values determined with Duncan’s test at significance levels of P≤0.05.

results

Growth performance and carcass quality
The results of fatteners production and some carcass traits are presented in Table 

2. The highest ADG of fatteners was recorded for group E30P and it was 4.8% higher 
as compared to control (C). Daily FI was similar for all the treatment groups, though 
FCR varied. The lowest FCR was reported for E30P group and it was lower by 4.3% 
than in groups C and E30. Cold dressing yield and meat content of ham were at a 
similar level in all groups, notably loin eye area and carcass meatiness differed statis-
tically between the groups. The highest carcass meatiness was determined in the fat-
teners from groups E30 and E30P and it was higher by 5.0 and 5.6% respectively as 
compared to control. Similarly loin eye area was statistically higher by 7.0 and 8.3% 
in these groups, respectively as against the control. The fatteners from E30P group 
had the thinnest backfat and it was 6.2% less than in animals from the control group. 
Inclusion of 3.0% APC into fatteners diet in E30 group has significantly increased 
the weight of kidneys and liver, by 9.8 and 7.6% on average, as compared to control 
with no effect on heart weight.

Table 2. Growth performance and carcass quality traits and weight of some organs of fatteners

Item
Feeding groups

SEM
C E15 E30 E30P

1 2 3 4 5 6
Initial body weight (kg) 30.4 30.5 30.6 30.5 0.62
Slaughter body weight (kg) 108.9 111.2 110.1 112.8 1.25
Average daily gains (g/d) 872 a 897 ab 883 ab 914 b 29.6
Daily feed intake (kg) 2.23 2.25 2.26 2.24 0.14
Feed conversion ratio (kg/kg) 2.56 a 2.51 ab 2.56 a 2.45 b 0.17
Cold dressing yield (%) 78.4 78.2 78.3 78.1 1.35
Meat of ham (%) 79.2 79.5 79.2 79.4 1.08
Loin eye area (cm2) 44.4 a 46.3 ab 47.5 b 48.1 b 0.82
Meatiness of carcass (%) 55.3 a 55.9 a 60.3 b 60.9 b 0.91
Backfat thickness (cm)

shoulder 3.12 a 3.05 ab 2.98 ab 2.89 b 0.084
midback 1.67 a 1.59 ab 1.60 ab 1.56 b 0.062
rump I 1.81 a 1.81 a 1.74 ab 1.71 b 0.053
rump II 1.31 1.29 1.24 1.25 0.034
rump III 1.71 a 1.69 a 1.63 ab 1.61 b 0.072
rump (3 measurements) 1.61 a 1.59 a 1.54 ab 1.52 b 0.055
average from 5 measurements 1.92 a 1.88 ab 1.84 ab 1.80 b 0.063
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Table 2 – contd.
1 2 3 4 5 6

Weight of heart (g) 324 325 327 326 10.3
Weight of kidney (g) 163.4 a 168.3 ab 179.4 b 165.7 ab 8.24
Weight of liver (kg) 1.71 a 1.77 ab 1.84 b 1.79 ab 0.126

a, b – values in rows with different letters differ significantly (P≤0.05).

meat quality
There were no statistically significant differences observed in pH values meas-

ured 45 min and 24 h after slaughter and in electrical conductance between the 
groups (Table 3). The analysis of L* and a* values did not demonstrate significant 
differences between the longissimus muscle samples, while yellowness (b*) and 
chroma value (C*) proved to be more intensive in loin of fatteners with 3.0% APC 
dietary incorporation as compared to control. Measurements of meat water holding 
capacity (WHC) did not show statistically significant differences for any of the traits 
under study. Assessment of the chosen traits of m. longissimus samples treated ther-
mally did not exhibit any significant differences between the CIE Lab parameters, 
apart from chroma value (C*) which, like raw meat, was by 8.0 and 6.7% higher in 
the samples taken from fatteners from groups E30 and E30P, as compared to con-
trol (Table 4). Free drip amount remained at a similar level for all the groups. The 
feed additive investigated did not affect meat tenderness as the Warner-Bratzler test 
showed that shear force value did not differ significantly between the groups. The 
analysis of texture profile (TPA) has highlighted significant effect of the APC dietary 
supplement on meat quality improving meat hardness, cohesiveness and chewiness 
of the analyzed loin (Table 4).

Table 3. Meat quality indices of longissimus muscle after slaughter

Item
Feeding groups

SEM
C E15 E30 E30P

pH1 45 min after slaughter 6.23 6.25 6.21 6.22 0.121
pH2 24 h after slaughter 5.50 5.52 5.53 5.51 0.112
Electrical conductivity mS cm–1 16.8 16.9 17.2 17.0 0.231
Meat color CIE:

lightness L* 51.75 51.94 52.08 51.97 1.25
redness a* 19.94 19.96 20.56 20.48 0.641
yellowness b* 1.42 a 1.52 ab 1.69 b 1.66 b 0.126
color chroma C* 19.83 a 20.56 ab 21.41 b 21.16 b 0.279
hue h° 4.5 4.6 4.8 4.7 0.134

Water holding capacity:
G-H (cm2) 7.89 8.03 8.14 8.05 0.45
G-H (mg) 75.12 76.32 77.35 76.49 1.48
M/T × 100 19.23 20.45 21.23 20.93 3.14

a, b – values in rows with different letters differ significantly (P≤0.05).
G-H – water holding capacity according to Grau and Hamm; M/T – filter paper press method.
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Table 4. Meat quality indices of longissimus muscle after heat treatment

Item
Feeding groups

SEM
C E15 E30 E30P

Meat color CIE:

lightness L* 67.22 67.61 68.24 68.02 0.521

redness a* 11.47 11.56 11.71 11.63 0.182

yellowness b* 3.61 3.74 3.78 3.76 0.112

color chroma C* 11.21 a 11.85 ab 12.45 b 12.32 b 0.163

hue h° 17.2 17.5 17.8 17.7 0.634

Drip loss (%) 29.15 28.45 28.02 28.17 0.351

Warner-Bratzler test:

shear force (N) 61.5 60.4 59.7 60.6 3.16

shear energy (J) 0.25 0.23 0.21 0.24 0.021

Texture profile analysis:

hardness (N) 121.3 b 105.8 a 96.9 a 102.3 a 15.8

springiness (mm) 0.54 0.55 0.52 0.51 0.021

chewiness (N × mm) 21.24 b 18.78 ab 15.74 a 16.21 a 5.26

gumminess (N) 35.27 b 31.28 ab 28.34 a 29.12 a 5.69

a, b – values in rows with different letters differ significantly (P≤0.05).

cholesterol content and fatty acid composition
The APC feed supplement did not affect significantly crude fat content in m. lon-

gissimus, liver, heart or backfat (Table 5). However, 3.0% APC applied continuously 
(E30) and intermittently (E30P) has beneficially decreased the cholesterol level in 
loin (on average 26.1 and 24.6%, respectively) and backfat (on average 16.5 and 
14.0%, respectively) as compared to control. As for liver, this effect was noticed 
solely in E30 group with no influence on the cholesterol level in the cardiac muscle 
of the studied animals. The fatteners diet with the 3.0% APC additive was favorable 
to reduce saturated fatty acid (SFA) concentration with the concurrent rise of poly-
unsaturated fatty acid (PUFA) content in fatteners backfat (Table 6). The ratio of 
n-6 to n-3 fatty acids, as compared to control, has been significantly lower in the ex-
perimental groups (by 7.2, 14.4 and 11.5% in E15, E30 and E30P, respectively). The 
atherogenic (AI) and thrombogenic (TI) indices in E30 and E30P were close in value 
and significantly lower than in control (C). The hypocholesterolemic/Hypercholes-
terolemic acid ratio (h/H) was found significantly higher by 18.1 and 14.9% in the 
groups E30 and E30P, as compared to control. Table 7 presents the fatty acid com-
position in fatteners loin. The groups E30 and E30P showed a significantly elevated 
level of monounsaturated fatty acids (MUFA) in response to the feed supplement by 
3.7 and 3.6%, respectively, in comparison to C group, with no effect on the SFA and 
PUFA content or n-6/n-3 fatty acid ratio. The statistically significant increase in the 
hypocholesterolemic/Hypercholesterolemic acid (h/H) ratio was observed in group 
E30, but the AI and TI values determined for m. longissimus were not modified by 
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APC. The values of traits obtained from evaluation of the hepatic lipid composition 
were highly varied (Table 8). The experimental agent contributed to the changed 
profile of SFA, MUFA and PUFA, its effect manifested most clearly in E30 group 
and was confirmed statistically. The n-6/n-3 fatty acid ratio changed under the stud-
ied additive in E30 and E30P groups as against control. In these groups a significant 
decrease of the thrombogenic index (TI) was noted. Regarding the cardiac muscle 
(Table 9), no significant differences were reported between the fatty acid profile, AI, 
TI indices or h/H acid ratio in the experimental groups. The statistically significant 
differences were determined only for the n-6/n-3 fatty acid ratio in E30 group and it 
was 7.0% lower as compared to control.

Table 5. Crude fat and cholesterol content in tissues of finishing pigs 

Item
Feeding groups

SEM
C E15 E30 E30P

Musculus longissimus:
crude fat (%) 2.41 2.35 2.34 2.38 0.12
cholesterol (mg/g) 0.69 a 0.57 ab 0.51 b 0.52 b 0.05

Liver:
crude fat (%) 5.98 5.85 5.92 5.89 0.17
cholesterol (mg/g) 3.45 a 3.32 ab 3.19 b 3.33 ab 0.19

Heart:
crude fat (%) 3.64 3.54 3.53 3.55 0.11
cholesterol (mg/g) 1.32 1.29 1.26 1.27 0.07

Backfat:
crude fat (%) 83.78 83.19 83.09 83.26 0.87
cholesterol (mg/g) 1.21 a 1.12 ab 1.01 b 1.04 b 0.04

a, b – values in rows with different letters differ significantly (P≤0.05).

Table 6. Fatty acid composition (% total fatty acids) in backfat of finishing pigs

Item
Feeding groups

SEM
C E15 E30 E30P

SFA 41.97 b 41.07 ab 40.13 a 39.95 a 1.22

MUFA 45.81 45.96 46.66 46.51 1.37

PUFA 11.17 a 11.88 ab 12.35 b 12.32 b 0.39

Σ n-6/Σ n-3 12.35 c 11.46 b 10.57 a 10.93 a 0.18

AI 0.57 b 0.53 ab 0.48 a 0.49 a 0.02

TI 1.39 b 1.31 ab 1.19 a 1.22 a 0.18

h/H 0.94 a 0.99 ab 1.11 b 1.08 b 0.03

a, b, c – values in rows with different letters differ significantly (P≤0.05).
SFA – saturated fatty acids; MUFA – monounsaturated fatty acids; PUFA – polyunsaturated fatty acids; AI – 

atherogenic index; TI – thrombogenic index; h/H – hypocholesterolemic/Hypercholesterolemic ratio.
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Table 7. Fatty acid composition (% total fatty acid) in fat of longissimus muscle

Item
Feeding groups

SEM
C E15 E30 E30P

SFA 41.14 40.91 39.57 39.45 0.49

MUFA 48.27 a 48.86 ab 50.04 b 50.02 b 0.67

PUFA 9.52 9.83 10.02 9.92 0.18

Σ n-6/Σ n-3 16.97 16.47 16.03 16.31 0.71

AI 0.58 0.57 0.54 0.55 0.02

TI 1.32 1.28 1.23 1.25 0.04

h/H 1.82 a 1.89 ab 1.96 b 1.91 ab 0.06

a, b – values in rows with different letters differ significantly (P≤0.05).
SFA – saturated fatty acids; MUFA – monounsaturated fatty acids; PUFA – polyunsaturated fatty acids; AI – 

atherogenic index; TI – thrombogenic index; h/H – hypocholesterolemic/Hypercholesterolemic ratio.

Table 8. Fatty acid composition (% total fatty acids) in fat of pig liver

Item
Feeding groups

SEM
C E15 E30 E30P

SFA 42.39 b 41.79 ab 40.84 a 41.09 a 1.41

MUFA 18.74 a 19.04 ab 19.68 b 19.31 ab 0.52

PUFA 37.56 a 38.09 ab 39.43 b 38.24 ab 1.24

Σ n-6/Σ n-3 9.16 b 8.98 b 8.16 a 8.24 a 0.22

AI 0.34 0.33 0.32 0.32 0.02

TI 1.21 b 1.19 b 1.05 a 1.06 a 0.06

h/H 3.11 3.14 3.19 3.16 0.19

a, b – values in rows with different letters differ significantly (P≤0.05). 
SFA – saturated fatty acids; MUFA – monounsaturated fatty acids; PUFA – polyunsaturated fatty acids; AI – 

atherogenic index; TI – thrombogenic index; h/H – hypocholesterolemic/Hypercholesterolemic ratio.

Table 9. Fatty acid composition (% total fatty acids) in fat of pig heart

Item
Feeding groups

SEM
C E15 E30 E30P

SFA 32.29 32.21 32.02 32.13 0.84

MUFA 26.41 26.82 27.07 26.62 0.71

PUFA 40.43 40.47 40.38 40.43 1.05

Σ n-6/Σ n-3 8.84 b 8.66 ab 8.22 a 8.38 ab 0.23

AI 0.31 0.30 0.29 0.29 0.02

TI 0.77 0.75 0.71 0.72 0.04

h/H 3.56 3.62 3.73 3.69 0.12

a, b – values in rows with different letters differ significantly (P≤0.05). 
SFA – saturated fatty acids; MUFA – monounsaturated fatty acids; PUFA – polyunsaturated fatty acids; AI – 

atherogenic index; TI – thrombogenic index; h/H – hypocholesterolemic/Hypercholesterolemic ratio.
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discussion

Introduction of the APC dietary supplement to fatteners diet has improved the 
ADG and FCR traits only in E30P group which received APC additive intermittently, 
every two weeks followed by 2 weeks of standard mixture supply. Beneficial effect 
of APC on ADG and FCR demonstrated in the present experiment was also indicated 
by other authors (Chen et al., 2014; Thacker and Haq, 2008; Wang et al., 2008 a) who 
studied feed supplementation with dried alfalfa and reported higher production ef-
fects in the final fattening stage. Positive impact of alfalfa demonstrated by improved 
carcass quality, i.e. higher meatiness and larger loin eye area was not found by Wang 
et al. (2008 a). Dietary inclusion of 3.0% APC supplied throughout the entire fatten-
ing period (E30 group) brought about higher weight of liver and kidneys which indi-
cates enhanced metabolism in these organs in response to some active ingredients of 
APC (EFSA, 2009). The finding is consistent with the previous studies (Grela et al., 
2008; Pietrzak and Grela, 2013) when after feeding pigs the diets with 1.5 or 3.0% 
APC, liver and kidneys weight increase was observed. Interestingly, APC additive 
administered at the same level but intermittently in E30P group did not contribute to 
higher liver and kidneys weight and moreover, allowed obtaining better animal per-
formance than in E30 group. The experimental factor induced slight changes in color 
parameters prior to and post the thermal treatment, which was confirmed in other 
studies on alfalfa preparation use in fatteners (Karwowska et al., 2007; Karwowska, 
2008) and turkeys (Karwowska et al., 2010). Likewise, alfalfa supplied as green for-
age did not change the longissimus muscle color (Wang et al., 2008 a; Karpiesiuk 
and Falkowski, 2009). Improvement of loin meat tenderness under APC effect was 
confirmed in the present experiment by the texture profile analysis. Similar tendency, 
but verified by the sensory characteristics, was reported by Karwowska et al. (2007). 
APC feed additive had positive influence on quality of meat and fat manifested by  
a reduced cholesterol level in these muscle tissues. Similar effect was observed when 
dried lucerne was incorporated into broiler chicken diets (Ponte et al., 2004). Sapo-
nins occurring in alfalfa were implicated in cholesterol level reduction, they prevent 
endogenous and exogenous cholesterol absorption through complex formation and 
enhanced secretion of steroids and bile acids and thus, intensify cholesterol metabo-
lism in liver (Das et al., 2012; Soetan, 2008; Khaleel et al., 2005). The mechanism 
for the hypocholesterolemic activity of APC and lucerne saponins was confirmed by 
the values of pig blood serum biochemistry (Pietrzak and Grela, 2015; Wang et al., 
2008 a, b). Fatty acid profile, the n-6/n-3 fatty acid ratio, AI and TI index analyzed 
in the present experiment for muscle tissues were norm-referenced and did not de-
viate from the values reported by other authors (Grela et al., 2014 a; Razmaite and 
Švirmickas, 2012). As for m. longissimus, it was characterized by a higher MUFA 
level which corresponds to the results presented by Grela et al. (2008). However, 
the most noticeable effect of APC on fatty acid profile and other parameters was ob-
served in fat of liver and backfat. Modification of the fatty acid composition is attrib-
uted to the fact that APC is a rich source of PUFA, especially n-3 (EFSA, 2009; Grela 
and Pietrzak, 2014; Pezzi et al., 2005). The positive effect of APC was a decline of 
the atherogenic (AI) and thrombogenic (TI) index values in these tissues. Notably, 
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lower AI and TI values and higher hypocholesterolemic/Hypercholesterolemic acid 
(h/H) ratio in backfat are most desirable regarding consumer health (Razmaite and 
Svirmickas, 2012).

In conclusion, APC application improved production effects, yet it contributed 
only to a small extent to changes of meat color and texture. Content of bioactive 
compounds, mainly saponins, had the potential to beneficially affect lipid metabo-
lism and caused low cholesterol levels and favorable fatty acid profile in the tissues 
under study. This effect was most clearly observable in response to 3.0% APC sup-
plementation to pig diets, however its continuous supply increased liver and kidneys 
weight. Higher weight of the organs may be a manifestation of physical effect of 
some APC compounds on organism, therefore the 3.0% dietary additive to fatteners 
diet is recommended to be used intermittently.
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