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The aim of the study was to determine the suitability of narrow-leafed lupin as a partial
substitute for soybean extraction meal protein in mixtures for growing pigs. A total of 100
(Landrace x Yorkshire) x Duroc hybrid piglets were assigned to experimental (D) and control
(K) groups, with 50 pigs in each group. The animals were kept in the same conditions, with
10 piglets in each pen. During two-stage fattening from body weight of 27 to 113 kg the pigs
were fed complete mixed rations. The pigs in group D group received feed containing 5%
narrow-leafed lupin. Performance testing was carried out and carcass analysis was perfor-
med after slaughter. In addition, simplified economic evaluation of production efficiency was
conducted. The results of the performance testing and slaughter analysis were very good and
were comparable in groups K and D. The use of narrow-leafed lupin was found to be justified
by the lower unit price of the mixture containing it. The costs of feed consumed per 1 kg of
body weight gain were lower in group D than in group K by 4.82% (0.11 PLN) and 3.24%
(0.09 PLN) in the 1* and the 2" fattening stage, respectively, and the feed conversion rate was
better as well. The economic analysis of fattening efficiency revealed a 3.23% advantage of
group D over group K, which indicates that the use of narrow-leafed lupin seeds is justified
for fattening of pigs.
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Due to the ban on the use of animal meal to feed pigs, domestic pig production has be-
come dependent on imported feeds. At the same time, the demand for high-protein feeds of
plant origin has increased by about 300,000 tonnes [9]. Pigs are fed soybean and rapeseed
extraction meal, rapeseed cake, and the seeds of domestically produced leguminous plants
[28]. Legumes supply about 0.3 million tonnes of protein, of which 0.13 million tonnes
come from cultivation of lupines. Within 5-6 years the increase in the area of legume crops
will reduce imports of soybean extraction meal by about 50%. The increase in legume pro-
duction means production of about 300,000 tonnes of fodder protein. According to various
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estimates, production of these plants currently meets only about 25% of the demand for
fodder protein for feeding monogastric animals [29].

In Polish conditions sweet lupins (white, yellow and narrow-leafed), peas and fava be-
ans are grown for animal feed. Lupin seeds, even of the same cultivar, differ from one
another in their content of antinutrient substances and also have varying nutritional and ca-
lorific value, which may cause differences in the digestibility of nutrients and in the amount
of nitrogen excreted by the animals in their faeces and urine. The protein content of lupin
seeds ranges from 29% to 52% of their dry weight [3, 5, 7, 11, 13, 25, 26].

The use of lupins in concentrate feed prepared in feed mixing plants is limited. This
is due to the lack of a regular supply of large batches of material. Each delivery requires
determination of basic parameters, including protein content. The variable content of an-
tinutrient substances, fluctuating from year to year, limits the use of lupins for feeding
animals [19]. Alkaloids contained in lupins inhibit conduction in the nervous system and
cause changes in the digestive and circulatory systems. The main symptom of the effects
of alkaloids in animals is reduced feed consumption [13].

Many studies have been conducted on model animals (rats) and pigs to determine the
value and suitability of seeds of various lupin species and cultivars in feeding monogastric
animals [10, 14, 20, 22, 23, 25]. Including lupin seeds in feed rations has produced varying
results, but they have mostly been encouraging [2, 6, 18, 20, 27, 30, 31]. Kasprowicz-
-Potocka and Frankiewicz [12], however, summarizing the results of studies conducted
by Nevel et al. (2000) and Hanczakowska et al. (2000), indicate lower feed intake and
weight gain in pigs whose feed includes lupin or lupin with rapeseed cake. King et al. [14]
also emphasize the possibility of reduced feed conversion and depressed weight gain in
pigs fed mixtures containing lupin. Salgado et al. [22] indicate certain changes in enzyme
activity, the structure of the intestinal epithelium, and the weight of internal organs in pigs
receiving mixtures containing lupin seeds. Hanczakowska and Ksig¢zak [7], analysing the
results of numerous experiments, suggest that a 20% share of lupin in the feed ration can
be considered safe. Results obtained by Zraly et al. [30, 31] and Pisarikov et al. [18] seem
to confirm this.

Genetic gain and implementation of new seed-processing technologies have led to favo-
urable changes in the value and suitability of various species and new cultivars of plants.
The needs and requirements of pigs, including crossbreeds of modern genotypes, have
changed as well.

Taking into account the facts presented above, as well as the need for alternative, less
expensive sources of protein for feeding pigs, a study was undertaken to determine the
suitability of narrow-leafed lupin seeds for fattening pigs.

Material and methods

The experiment was conducted in the spring/summer period of 2013, on a private farm
in the L.6dz Voivodeship. The material for the experiment consisted of 100 weaners—gilts
and young boars of three-breed crosses ((? Landrace x Yorkshire) x & Duroc). The ani-
mals were weighed and then assigned to a control (K) or experimental (D) group (sex 1:1,
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similar mean body weight between groups, 50 pigs each in groups K and D). The weaners
were kept in groups with 10 pigs per pen, in conditions compliant with the Regulation of
the Ministry of Agricultural and Rural Development [21]. One female and one male from
each pen (with body weight similar to the mean for the sex in the pen) were ear-tagged and
weighed every two weeks during the fattening period. Individual body weights of growing
pigs were obtained from 20% of the animals—10 pigs each from groups K and D. The pigs
were slaughtered when the body weight of the tagged pigs was about 113 kg. On the day
of slaughter all pigs were weighed individually.

During two-stage fattening (stage I — 8 weeks from body weight of 27 kg, stage Il — 6
weeks) total mixed rations were used, prepared according to a formula developed by a
nutritionist from NEOROL Sp. z o.0. (Tab. 1). The control mixtures contained soybean
and rapeseed extraction meal, and the experimental mixtures additionally contained cru-
shed seeds of narrow-leafed lupin. The mixtures were prepared on the farm using on-farm
cereals and premixes: during the first fattening period NEOMIX HMG 3 (lysine — 9.6%,
methionine — 2.65%, threonine — 2.73%, Ca — 20%, P — 1.8%, Na — 5.5%, Fe — 4,000 mg,
Mn — 2,400 mg, Zn — 2,600 mg, Cu — 800 mg, J — 55 mg, Se — 13.5 mg; vitamins: A —
380,000 IU, D, - 69,000 IU, E — 4,700 mg, K, — 68 mg, B, — 68 mg, B, — 170 mg, B, — 105
mg, B, — 830 mg, C — 1,000 mg, folic acid — 27 mg, pantothenic acid — 410 mg, niacina-
mide B, — 690 mg, biotin — 3450 mg, choline chloride — 10,000 mg; amino acids: L-lysine,
L-threonine, DL-methionine; antioxidants: BHA, BHT, ethoxyquin; enzymes: phytase, be-
ta-xylanase, beta-glucanase; calcium carbonate, monocalcium phosphate (monophospha-
te) and sodium chloride, and in the second fattening period NEOMIX GROWER MAX
3 (lysine — 9.5%, methionine — 1.3%, threonine — 2.7%, Ca — 22%, P — 1.5%, Na — 5.5%,
Fe — 3,400 mg, Mn — 1,950 mg, Zn — 2,100 mg, Cu — 800 mg, J — 44 mg, Se — 11,0 mg;
vitamins: A - 330,000 IU, D, -56,000 1U, E — 3,000 mg, K, - 55 mg, B, - 55 mg, B, — 140
mg, B, -85 mg, B, — 930 mg, C - 1,500 mg, folic acid — 23 mg, pantothenic acid — 340
mg, niacinamide B, — 560 mg, biotin — 2,800 mg, choline chloride — 10,000 mg; amino
acids: L-lysine, L-threonine, DL-methionine; antioxidants: BHA, BHT, ethoxyquin; enzy-
mes: phytase, beta-xylanase, beta-glucanase; calcium carbonate, monocalcium phosphate
(monophosphate) and sodium chloride).

The cereal grain and lupin seeds were crushed in a grain mill and then all of the compo-
nents (according to the formula), were mixed in a vertical mixer.

The pigs were given feed twice a day in the rationed feeding system [16], with continual
access to water. Uneaten feed was monitored.

Total lupin alkaloids were determined in duplicate at the Chemical and Technological
Laboratory of the National Research Centre for Cultivar Testing, Experimental Cultivar
Testing Station in Stupia Wielka. Gas chromatography was used for quantitative analysis
[15]. Protein content in the lupin was determined at the NEOLAB feed analysis station
of NEOROL Sp. z 0.0. The total content of alkaloids was 0.0539% in the dry weight of
the seeds and protein content was 34%. The proximate chemical composition of the feed
mixtures was determined according to AOAC [1].

Daily weight gains, feed intake, and feed conversion per unit weight gain were determi-
ned. When the fattening period was completed all the animals were transported in a spe-
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cialized vehicle to the BRAT-POL Sp. z 0.0. meat plant (60 km), where after a rest period
and electrical stunning they were slaughtered according to the procedures of the facility
(HACCEP system). The following were determined after slaughter: hot carcass weight (%),
backfat thickness between the third and fourth ribs, the length of the longissimus dorsi mu-
scle (MLD) between the third and fourth ribs (mm), and lean meat content (%), measured
with a SYDEL CGM choirometer with an optical probe.

Unit prices for the mixtures were calculated using averaged prices for the feed mate-
rials from April-July 2013 [17]. Water intake by the pigs was monitored daily using water
meters installed in the piggery and the costs were calculated. Energy costs included the
electricity used to crush the cereals and mix the feed. Calculations of energy costs took into
account the power of the grain mill and mixer, the time needed to crush a tonne of grain and
to mix a tonne of feed, and the amount of compound feed produced. The economic effi-
ciency of production of fatteners was calculated in groups, based on the difference between
revenue from the sale of fatteners and the costs incurred, i.e. feed material (share in the
mixtures x price), purchase of weaners, electricity, water, medicine, and veterinary care.

Table 1
Composition of feed mixtures (%)
Mixtures

1* period of fattening 2" period of fattening

Specification group
control experimental control experimental

(K) D) (K) D)
Barley — meal 40 40 35 335
Triticale — meal 31 282 34 33
Wheat — meal 10 10 10 10
Oats — meal - - 6 6
Soybean extraction meal 10.5 8 7.5 5
Rapeseed extraction meal ,,00” 5 5 5 5
Narrow-leafed lupin — meal - 5 - 5
Premix NEOMIX HMG3 25 2.5 - -

. - 2.5 2.5

Premix NEOMIX GROWER MAX 3
Soy oil 1 13 - -
TOTAL 100 100 100 100
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The results were analysed statistically in the SPSS Statistics 21 software package [24].
Normality of distribution was tested by the Shapiro-Wilk test. Differences between groups
were tested by Student’s t-test (features with normal distribution) or the Mann-Whitney U
test (other features).

Results and discussion

Table 2 presents the results of the chemical analysis of the compound feeds, and Table 3
shows the fattening results. Fattening from a mean body weight of about 27 kg until slau-
ghter (113 kg) lasted 97 days; fattening stages I and II lasted 56 and 41 days, respectively.
Differences in body weight between groups K and D were noted after the completion of
fattening stage I and at slaughter (Tab. 3). After the completion of fattening stages I and
I the body weight of the group D pigs was 6.37% and 2.49% lower, respectively, than in
group K (statistically non-significant differences).

Table 2
The results of chemical analysis of feed mixtures (%)
Mixtures

1* period of fattening 2™ period of fattening

Specification group
control experimental control experimental

X) D) ) (D)
Dry matter 87.57 88.25 87.28 86.99
Crude ash 433 5.19 4.56 4.52
Crude protein 16.03 16.17 15.69 15.29
Crude fat 2.44 2.42 1.93 2.05
Crude fibre 4.54 4.73 4.82 5.42
Nitrogen-free extract 72.66 71.49 73.00 72.72

During the fattening, which was carried out under veterinary control, there were isolated
medical interventions, but no deaths. Daily weight gain and feed conversion were varied in
stages I and II, but were good (Tab. 3) considering that the share of alkaloids contained in
the lupin used to prepare the compounds exceeded the acceptable level. However, the re-
commended proportion of lupin was not exceeded in the mixtures [7, 12, 13]. Pigs are par-
ticularly sensitive to lupin alkaloids. According to Hanczakowska and Ksig¢zak [7], pigs do
not eat all of their feed if the content of alkaloids in the seeds contained in the feed exceeds
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0.03%. Analysis of scientific studies shows that good production results can be obtained
by using compound feeds for piglets and fatteners in which lupin does not exceed 10%
and 20%, respectively [7, 18, 30, 31]. Previously the acceptable share of lupins in feed
rations for older piglets and for lighter and heavier fatteners was lower, at 0-10%, 5-10%
and 10-15%, respectively [12]. In the present study, in fattening stage I the weight gain in
the group D fatteners was 91 g (9.70%) lower than in group K (P=0.06), while in stage II
it was 59 g (7.01%) higher (P>0.05). Feed conversion by the control and experimental pigs
differed only slightly. In fattening stage I the group D animals consumed 2.60% more feed
per kg of body weight gain than the group K pigs. In fattening stage II feed conversion by
the group D pigs improved in comparison to group K; feed consumption per unit weight
gain was 6.07% lower (Tab. 3); the differences were statistically non-significant. The costs
of feed per kg weight gain were 2.28 and 2.17 PLN in fattening stage I in groups K and D,
respectively, and 2.78 and 2.69 PLN in fattening stage II, i.e. they were lower in group D;
the difference in fattening stages I and II was 0.11 and 0.09 PLN (4.82% and 3.24%).

Table 3
Fattening results and slaughter value of fatteners
Groups

Specification control experimental P

) D)
Mean body weight at start of fattening (kg) 27.20 27.25 0.974
Mean body weight after 1 stage of fattening (kg) 80.90 75.75 0.121
Mean body weight of fatteners at slaughter (kg) 114.6 111.75 0.850
Daily weight gain during 1* stage of fattening (g) 959 866 0.060
Daily weight gain during 2" stage of fattening (g) 842 901 0.341
Daily weight gain during fattening (g) 900 884 0.700
Feed conversion during 1% stage of fattening (kg/kg) 231 2.37 0.174
Feed conversion during 2" stage of fattening (kg/kg) 3.13 2.94 0.370
Hot carcass weight (kg) 89.45 85.74 0.284
Backfat thickness between 3 and 4" rib (mm) 12.0 10.6 0.270
Musculus longissimus dorsi thickness between 3™ and 4™ rib (mm) 64.9 57.7 0.053
Meatiness of carcasses (%) 60.47 60.40 0.936
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The high digestibility of protein and amino acids of lupin seeds and their energy value
have been emphasized by various researchers [10, 12]. These properties are the basis for
good production results. Gdala et al. [6] found that pigs receiving feed mixtures containing
yellow lupin and narrow-leafed lupin or soybean extraction meal had comparable growth
rates during fattening.

Our own results obtained in fattening stage [ were comparable to those of experiments
by Falkowski and Jablonowski [2] and by Froidmont et al. [4]. The results of experimental
fattening conducted by Roth-Maier et al. [20] were different. During the first period of
fattening high daily weight gains, at a level of 958 g, were noted in the group of pigs fed
a mixture containing 20% narrow-leafed lupin. The pigs receiving compound feed with
soybean extraction meal grew more slowly (daily weight gain 6.47% lower, 896 g/day).

Feed conversion by the pigs in the present study was good, but in the experiment by
Roth-Maier et al. [20] it was even better: the difference was 7.39% for the control mixture
and 14.35% for the experimental mixture. The variation may have been due to different
body weights in the pigs completing the first stage of fattening (change in feed) and to
the quality of the lupin used. The content of antinutrient substances in lupin is sometimes
varied, depending on the site, water resources and the pH of the soil where the plant is
cultivated [8]. Lacking analyses of soil pH, we can only surmise that this factor may have
affected the quality of the lupin and the somewhat inferior feed conversion by the pigs
in our study. It should be emphasized, however, that feed conversion in the experiments
compared was very good, and in the study cited [20] may have been due to better nutrient
balance.

In the second fattening stage, lasting 41 days, the difference in daily weight gain in the
group D pigs as compared to group K was 59 g (Tab. 3), while in the experiment by Roth-
-Maier et al. [20] it was lower (17 g, 1.76%). In the present study feed conversion was bet-
ter in the group D pigs, while Roth-Maier et al. [20] obtained the reverse results. However,
the differences for this characteristic between groups in the two experiments were slight,
so that the values can be considered comparable (Tab. 3).

For the entire fattening period comparable body weight gains were obtained in the gro-
ups (Tab. 3). In a study by Sumistawski and Grudniewski [27], better weight gains were
obtained in a group fed a mixture with a small (only 4%) percentage of narrow-leafed lupin
than in pigs receiving a mixture containing animal components—fish meal or powdered
non-fat milk.

Zraly et al. [31] studied the effect of white lupin on the health, production indicators,
carcass quality, fatty acid profile in the intramuscular fat, and sensory characteristics of
meat. With a proportion of lupin seeds of no greater than 20% in the feed mixture they
observed no reduction in feed consumption. The authors noted a positive, though non-si-
gnificant effect of adding fat to the mixtures on weight gain (from 2.3% to 10%). Feeding
pigs mixtures containing lupin did not affect the carcass and meat quality. Pisarikova et al.
[18] also used white lupin in a study on growing pigs, replacing soybean extraction meal
with whole or hulled seeds at a level of 50% or 100%. In the case of both groups with lo-
wer content of lupin, digestibility of the most important nutrients, i.e. protein, fat and fibre,
was significantly better than in the control. The mean daily weight gain was also better in
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the experimental groups than in the control (P>0.05). The authors concluded that it is most
beneficial to completely replace soybean extraction meal with hulled lupin seeds.

In a study on young pigs (about 30 kg body weight) fed for three weeks on mixtures
containing narrow-leafed lupin seeds, Salgado et al. [22] observed significant or non-signi-
ficant negative changes in enzyme activity (including maltase and aminopeptidase) and in
the structure of the intestinal epithelium (including the width of the crypts in the analysed
segments of the small intestine—the duodenum, jejunum and ileum, post mortem). The
authors also noted a slight (P>0.05) decrease in the weight of the stomach, small and large
intestines, liver, kidneys, pancreas, and thymus and an increase in the size of the gall blad-
der. Taking into account this information we can surmise that anatomical and physiological
changes may negatively affect conversion of feed containing lupin, which in the present
study may have been the cause of the periodically slower growth rate and/or inferior feed
conversion.

Very good results were obtained for the carcass evaluation in both groups (Tab. 3). Me-
atiness was somewhat above 60%, while the dressing percentage was 78.05% in the group
K pigs and 76.72% in group D (a difference of about 1.33 percentage points in favour of
the control). In the experiment by Roth-Maier et al. [20], the body weight of the animals at
slaughter was about 10 kg higher than in the present study, and their carcasses were fattier
(15.3-16.4 mm) and less meaty (56.6-56.8%). This was independent of the composition
of the compound feed [20]. Most of the carcasses were assigned to class E, while in the
present study the percentage of carcasses with higher meat content (class S) was high. The
percentages of carcasses in classes S and E were 70% and 30%, respectively, in group K
and 60% and 40% in group D.

A simplified analysis of costs and revenues was performed for the pigs from groups K
and D (Tab. 4). The costs of feed per kg body weight gain were 4.82% and 3.24% lower for
group D than for group K in fattening stages I and II, respectively. The difference between
costs and revenues was more favourable in group D than in group K; the rate of change was
3.23% in favour of group D, whose feed included narrow-leafed lupin. Fiedorowicz and
Sobotka [3] report that the cost of 1 kg of digestible protein from soybean extraction meal
containing 46% crude protein is 4.87 PLN, as compared to only 3.35 PLN in the case of
narrow-leafed lupin containing 36% crude protein (31.21% less). According to the authors
[3], the cheapest alternative to soybean extraction meal is sunflower seed extraction meal,
followed by narrow-leafed lupin. The unit prices of digestible protein are largely depen-
dent on the current prices of the feed materials, and these fluctuate depending on supply
and demand.

The new Rural Development Programme begun on 1 January 2014 introduced a ‘gre-
ening’ requirement for agricultural land on farms over 10 ha. This means that the area of
pulse cultivation will increase rapidly and import of soy from abroad will be reduced [29].
These measures should contribute to more common use of pulses, including lupins, to feed
pigs, and to a reduction in the cost of feeding fatteners.

To sum up, the use of a 5% share of lupin seeds in the feed rations did not significantly
affect the growth performance of the growing pigs. The daily weight gain in the control
and experimental groups was 900 and 884 g, respectively. Feed conversion per kg weight
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Table 4
Simplified calculation of costs and income in control and experimental groups (PLN)
Group

Specification control experimental

) D)
INCOME
Sale of fatteners (PLN) 32664 32460
COSTS
Purchase of pigs for fattening (PLN) 15000 15000
Feed (kg) 10971.9 10716.6
Price 1 kg feed in 1* fattening period (PLN) 1.113 1.097
Feed consumption in 1% period (kg) 5731.1 5541.1
Cost of feed in 1% period (PLN) 6378.14 6083.77
Price 1 kg feed in 2™ fattening period (PLN ) 1.034 1.013
Feed consumption in 2™ period (kg) 5240.8 5175.5
Cost of feed in 2™ period (PLN) 5418.99 5241.22
Feed (PLN) 11797.13 11324.99
Water (PLN) 140 140
Electricity (PLN) 393.75 395.43
Medicine and veterinary care (PLN) 642.24 636.69
TOTAL COSTS (PLN) 27973.12 27497.11
DIFFERENCE income — costs (PLN) 4690.88 4962.89
Rate of changes (%) +3.23

gain was comparable in the groups in fattening stages I and II. While fat content was
11.67% lower in the experimental group than in the control, meat content was comparable
(60.47% and 60.40% for the control and experimental pigs, respectively).

The use of lupin in compound feeds is justified, as confirmed by the lower unit cost of
the mixtures and the lower cost of consumed feed per kg of body weight, as well as the
highly favourable meat content of the pigs. The favourable rate of change for the group of
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experimental pigs as compared to the control (3.23%), revealed by the simplified economic
analysis of production efficiency, also indicates benefits arising from the use of narrow-
-leafed lupin seeds to feed pigs.
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