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Abstract

This study aimed to investigate the possibility of partial replacement of genetically modified soybean
meal (SBM) with raw white lupin (WL) seeds in a growing pigs” diets and to determine its impact on
performance [body weight (BW), average daily gain (ADG), average daily feed intake (ADFI)], meat
quality and fatty acid profile. A total of 54 male crossbred pigs (Topigs Large White x Norsvin
Landrace) x Duroc with an initial average body weight of 30.30 kg were divided into three dietary
groups of 18 piglets each. The control group (CON) was fed a standardized SBM-based complete
feed. In the experimental groups (WL1, WL2) the SBM was replaced with increasing levels of WL
seeds [WL1-5.0% and WL2-10.0% (grower period, 30-60 kg BW), and WL1-7.0% and WL2-14.0%
(finisher period, 61-110 kg BW)]. All diets were calculated to be isonitrogenous and isocaloric with
similar content of total lysine and sulphur amino acids, calcium, and available phosphorous. After 83
days of fattening, the animals were slaughtered. (LD) muscle was sampled for analyses of the
physicochemical traits. The results show that increasing the dietary raw WL concentration, decreased
final BW (P = 0.039), ADG (P < 0.0001), and ADFI (P = 0.004) throughout the experimental period,
especially in the second phase of feeding (finisher, 61-110 kg). Dietary treatments did not affect the
pigs’ blood biochemical constituents. Concerning LD muscle characteristics, the redness color (a*)
and collagen content was higher (P <0.0001) in the WL-fed vs. CON group. Beneficial decrease in the
values of some textural attributes (hardness, gumminess, chewiness, resilience) of LD in WL-fed vs.
CON group was registered. The use of WL had a significant effect on the content of FAs, especially
for eicosapentaenoic (P = 0.014), and n-3 PUFA (P = 0.045), which were higher than those fed CON
diet. In conclusion, WL could be used as a replacement of SBM in the diets of growing-finishing pigs
with significant improvement of meat fatty acid profile and technological properties.

Keywords: pigs; lupin; performance; blood metabolites; meat quality

1. Introduction

The primary source of protein in feed for modern pigs, is genetically modified soybean meal
(SBM), an expensive and imported component. In the search for alternative protein sources replacing
SBM, much attention has been paid during the last decade to the use protein feeds of local origin,
such as legumes [1]. From this point of view, legumes, among which cultivated species of lupines are
included (the genus Lupinus), may be considered as potential alternative crops and traceable protein
sources in Europe. In addition to the nutritional value in animal feeding, lupin seeds productivity is
reasonable [2], can adapt to less fertile soils [3], are low-nutrients-demanding [4], and can play an
excellent role in crop rotation [3,5].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.0124.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 July 2025 d0i:10.20944/preprints202507.0124.v1

2 of 15

Among the species of the genus Lupinus, white lupin (Lupinus albus L.) seeds from low-alkaloid
varieties (less than 0.02%) contains in fact comparable amounts of crude protein (ranged from 30 to
40%) like SBM as documented in different reports [6-8]. Also, lupin seeds oil is an important source
of polyunsaturated fatty acids (PUFA), which represent a precious source of essential fatty acids,
mainly the n-3 group [8-11]. Moreover, lupin seeds are characterized by many valuable biologically
active substances, such as phenolic acids, flavones, and isoflavones [12-14], that promote antioxidant
and anti-inflammatory properties [15] and improve health, particularly in the area of dyslipidemia,
hyperglycemia, and hypertension prevention [6,16-18]. Also, the results on the improvement of lipid
metabolism, with lower blood cholesterol and low mortality rate are documented in publications
dealing with feeding animals with lupin beans [19,20]. However, existing results and experience with
lupin utilization in pig nutrition are controversial. Feeding the diets containing 20% white sweet
lupin (L. albus, var. Amiga) to pigs, Zettl et al. found out reduced feed intake and daily weight gain
[21]. Van Nevel et al. also documented decreased nutrient conversion and growth depression in pigs
receiving diets containing 30% of white lupin (cv. Lublanc) [22]. Moore et al. found a reduction of
feed intake and daily gain in pigs fed diets containing 20% L. albus [23,24]. In contrast, no growth
depression was found by Zraly et al. in pigs fed a diet based on L. albus (cv. Butan) as a substitute for
soybean meal [25]. For these reasons, the seeds of cultivated L. albus varieties, are a subject of great
interest as an alternative source protein in animal’s diet, especially for growing-fattening pigs.

Furthermore, an important aspect of the produced livestock is obtaining good quality meat. The
quality of meat and meat products must be considered, given the consumers’ requirements and the
growing popularity of traditional pork products. The pork meat can be assessed by several attributes,
chemical composition (proximate analysis), sensory attributes (color, tenderness, flavor, juiciness,
palatability, overall acceptability), physicochemical traits (muscle yield, water-holding capacity,
cooking loss, drip loss, pH). Furthermore, the content of fatty acids (FAs) in muscle plays a key role
in meat quality, which determines the nutritional value and flavor of the meat. Additionally, FAs
content, greatly affect flavor and taste of meat [26]. Up to date we could not find any research about
the effect of white lupin seeds (WL) on the quality of pigs’ meat, therefor this research was an
opportunity to test these diets effect on FAs deposition in Longissimus dorsi muscle.

Thus, the objective of this study was to investigate an appropriate inclusion level of raw WL
seeds in pigs’ diet as an alternative to SBM and to assess the effects on growth performance, meat
quality and FAs muscle profile.

2. Materials and Methods

2.1. Animals, Housing and Diets

The experiment involved fifty-four male pigs [2 TN70 (F1 cross between the Topigs Large White
and Norsvin Landrace) x ¢ TN Talent (purebred boar of Duroc origin) by Topigs Norsvin]. The
animals were randomly divided into 3 feeding groups (control group-CON, and experimental
groups-WL1, WL2) after being ear-tagged, individually weighed and dewormed. The initial body
weight was 30.32 + 0.77 kg. Pigs were group-housed (3 pigs per pen with 6 replicate pens per
treatment) in an environmentally controlled, growing-finishing facility with a target room
temperature of 18-19°C.

Pigs in CON group received SBM diets as the only source of protein in both fattening periods
(grower and finisher diets). In the experimental groups (WL1 and WL2), the SBM was replaced with
increasing levels of raw WL seeds [WL1-5.0% and WL2-10.0% (grower period, 30-60 kg BW),
respectively WL1-7.0% and WL2-14.0% (finisher period, 61-110 kg BW)].

Diets were formulated to contain equal concentrations of metabolizable energy, crude protein,
minerals, and vitamins to meet the requirements for growing pigs according to the National Research
Council (NRC, Tables 1 and 2) [27].
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Composition (%)

Grower Period

CON WL1 WL2
Corn 684.5 620.9 610.8
Rice bran 20.0 100.0 100.0
Soybean meal, 45.6% CP 125.0 90.0 60.0
Sunflower meal, 34% CP 100.0 70.0 60.0
White lupin - 50.0 100.0
Corn gluten meal, 60% CP 10.0 10.0 10.0
Vegetable oil 15.0 15.0 15.0
DL-Methionine, 99% Met 0.7 0.9 1.0
L-Lysine HCI, 78% Lys 47 4.8 4.9
Carbonate calcium 16.5 17.5 17.3
Monocalcium phosphate 10.6 7.9 8.0
Salt 2.0 2.0 2.0
Premix Choline, 50% 1.0 1.0 1.0
V1tamm—mm¢.erfﬂ Prem1x*, no 10.0 10.0 10.0
antibiotic
Calculated nutritional value (%)
ME, MJ/kg" 13.07 13.02 13.05
Crude protein 16.87 16.83 16.85
Lysine 1.06 1.06 1.06
Methionine + cystine 0.64 0.64 0.64
Calcium 0.90 0.90 0.90
Total Phosphorus 0.65 0.66 0.65
Analyzed nutritional value (%)
Dry matter 89.32 89.55 89.23
Crude protein 17.95 17.90 17.93
Ether extract 3.90 4.15 4.30
Crude fibre 494 4.96 5.22
Crude ash 6.03 5.74 5.95

Dietary treatments: CON-soybean meal diet; WL1-5%, white lupin diet; WL2-10%, white lupin diet; *Vitamin-
mineral premix provided per kg diet: 2500 IU vitamin A; 500 IU vitamin D3; 15 IU vitamin E; 1 mg vitamin K3;
1 mg vitamin B1; 3.2 mg vitamin B2; 15 mg vitamin B3; 7.2 mg vitamin B5; 2 mg vitamin B6; 0.04 mg vitamin B7;
0.4 mg vitamin B9; 0.01 mg vitamin B12; 12 mg Mn; 66 mg Fe; 12.5 mg Cu; 80 mg Zn; 0.15 mg I; 0.18 mg Se; 0.2
mg Co; 60 mg antioxidant; 0.2 g Axtra PHY 5,000 L (1,000 FTU). **ME, Metabolizable energy calculated from the

specified raw nutrient content.

Table 2. Ingredient and nutrient composition of experimental diets, as-fed basis.

Composition (%)

Finisher Period

CON WL1 WL2

Corn 569.9 549.6 586.3

Wheat 167.0 177.0 120.0

Soybean meal, 45.6% CP 160.0 110.0 60.0
Sunflower meal, 34% CP 60.0 50.0 50.0

White lupin - 70.0 140.0
DL-Methionine, 99% Met 04 0.6 0.7
L-Lysine HCl, 78% Lys 3.0 3.3 3.6
Carbonate calcium 144 14.2 13.9
Monocalcium phosphate 9.3 9.3 9.5
Salt 4.0 4.0 4.0
Premix Choline, 50% 2.0 2.0 2.0
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Vitamin-mineral premix*, no antibiotic 10.0 10.0 10.0
Calculated nutritional value (%)
ME, MJ/kg** 13.00 13.00 12.98
Crude protein 15.87 15.85 15.87
Lysine 0.97 0.97 0.97
Methionine + cystine 0.60 0.60 0.60
Calcium 0.80 0.80 0.80
Total Phosphorus 0.60 0.60 0.59
Analysed nutritional value (%)
Dry matter 89.33 89.27 89.05
Crude protein 15.98 15.93 15.85
Ether extract 3.58 3.77 4.06
Crude fibre 4.50 4.70 5.30
Crude ash 5.20 5.41 5.46

Dietary treatments: CON-soybean meal diet; WL1-7%, white lupin diet; WL2-14%, white lupin diet; *Vitamin-
mineral premix provided per kg diet: 2500 IU vitamin A; 500 IU vitamin D3; 15 IU vitamin E; 1 mg vitamin K3;
1 mg vitamin B1; 3.2 mg vitamin B2; 15 mg vitamin B3; 7.2 mg vitamin B5; 2 mg vitamin B6; 0.04 mg vitamin B7;
0.4 mg vitamin B9Y; 0.01 mg vitamin B12; 12 mg Mn; 66 mg Fe; 12.5 mg Cu; 80 mg Zn; 0.15 mg I; 0.18 mg Se; 0.2
mg Co; 60 mg antioxidant; 0.2 g Axtra PHY 5,000 L (1,000 FTU). "ME, Metabolizable energy calculated from the
specified raw nutrient content.

No feed or water, medication, or growth-promoting additives were used throughout the study.
All pigs had free access to water (nipple drinkers) and complete pellets (stainless steel feeders)
throughout the experiment. The hygienic conditions (temperature, relative humidity, and cooling)
were optimal for the fattened pigs and were the same for all the groups. The health and welfare of
the animals were monitored twice a day. During the experiment, each animal was weighed 3 times
(at the beginning, at 60 kg BW, and before slaughter) to calculate the ADG. The feed consumption
was measured every day to calculate the ADFI and feed conversion ratio (FCR).

2.2. Ingredients and Feed Chemical Analyses

WL seeds (Mihai variety) with low alkaloid content (< 0.01%) used in this research was
purchased from a local farmer who cultivated this variety in 2022 in climatic conditions specific to
the Moldavian area (46°54'37" N; 26°50'05" E), Romania. The chemical composition and FAs profile
of the WL seeds are presented in Table 3.

Table 3. Chemical composition and fatty acid profile of white lupin seeds.

Lupinus albus L.,

o
ftem (%) Mihai Variety

Dry matter 89.77
Crude protein 36.19
Ether extract 8.08
Crude fibre 14.64
Ash 3.47
NFE 26.39
NDF 22.76
ADF 15.97
ADL 3.77
Cellulose 12.20
Hemicelluloses 6.79
Calcium 0.32
Phosphorus 0.49

Antinutrients
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Phytic acid, mg/100 g 0.64
Free Phosphorous, g/100 g 0.12
Fatty acids (g FAME/100 g total FAME)

Lauric (C12:0) 0.09
Myristic (C14:0) 0.29
Palmitic (C16:0) 10.52

Stearic (C18:0) 2.49

Heneicosanoic (C21:0) 0.74
Total SFA 14.13
Pentadecanoic (C15:1) 0.15
Palmitoleic (C16:1) 0.64
Oleic (C18:1n-9) 51.74
Total MUFA 52.53
Linoleic (C18:2n-6) 18.81
a-linolenic (C18:3n-3) 11.34
Octadecatetraenoic (C18:3n-3) 3.11
Eicosadienoic (C18:3n-3) 0.08
Total PUFA 33.34
PUFA n-3 14.53

Abbreviation: n, number of samples used in quality analysis; NFE, nitrogen-free extract; NDF, neutral detergent
fibre; ADF, acid detergent fibre; ADL, acid detergent lignin; SFA, saturated fatty acids; MUFA, monounsaturated
fatty acids; PUFA, polyunsaturated fatty acids.

Samples of ingredients and feeds were analyzed in duplicate for dry matter (DM), crude protein
(CP), crude fat as ether extract (EE), crude fibre (CF), and ash content, using standard procedures by
the methods of the European Commission Regulation (EC) no. 152 (OJEU, 2009) [28]. Nitrogen-free
extract (NFE) content was calculated as follows: NFE (%) = DM% — (CP% + EE% + crude ash% % +
CF%). The content of dietary fibre fraction: neutral detergent fibre (NDF), acid detergent fibre (ADF),
and acid detergent lignin (ADL) was determined with the classical semi-automatic Fibertec method
(FOSS, Tecator AB, Hoganéds, Sweden) [29]. Cellulose and hemicellulose content were estimated as
ADF-ADL and NDF-ADF, respectively. The calcium content was determined in an SOLAAR M6
atomic absorption spectrometer (Thermo Electron Ltd., Cambridge, UK), whereas the phosphorus
content was assessed with the spectrometric method, according to the OJEU (2009) methods. Phytic
acid and free phosphorus content were determined using the phytic acid assay kit (K-PHYT) from
Megazyme Inc. (Bray, Ireland), following the instructions provided by the manufacturer.

2.3. Plasma Biochemistry

Blood samples (6 mL) were collected from jugular venipuncture of live animals before the
morning feeding at the end of the experimental period into lithium heparin sterilized tubes (Kima,
Arzegrande, PD, Italy). Blood tubes were then centrifuged (3000 x g for 15 min at +4°C) and the
resulting plasma was transferred into Eppendorf tubes and stored at -20°C until analysis. The
biochemical profile of the plasma consisted of measurements of glucose (GLU), triglycerides (TG),
total cholesterol (TCH), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), total protein (TP), albumin (ALB), bilirubin (BIL), urea (BUN), creatinine (CRE),
uric acid (UA), calcium (Ca), magnesium (Mg), inorganic phosphorus (IP), as well as alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), creatine
kinase (CK), lactate dehydrogenase (LDH), and gamma-glutamyl-transferase (GGT). They were
analyzed using an automated dry chemistry system SPOTCHEM EZ SP-4430 (ARKRAY Global
Business Inc., Kyoto, Japan) according to the manufacturer’s instructions.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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2.4. Sample Collection and Characteristics Measurements

Eighteen pigs (6 pigs/ treatment group) with a median weight of the group were selected and
slaughtered humanely after electrical stunning, in compliance with the procedures adopted at the
slaughterhouse. After slaughter, dressing percentage was calculated as the ratio between live weight
and hot carcass weight. To evaluate physicochemical properties and textural attributes of meat, the
samples of Longissimus dorsi muscle (LD; approx. 0.5 kg) were excised from right cold half-carcasses
(area between the last thoracic and the first lumbar vertebrae).

2.5. Assessment of Meat Quality

The pH value was directly measured in the LD muscle via a portable pH meter, fitted with a
glass electrode in a steel knife and an automatic temperature compensation probe (HI99163, Hanna
Instruments, Romania), with triplication into different regions. The pH meter was previously
calibrated in buffer solutions (pH 7.0 and 4.0).

The meat color on the LD surface was assessed after oxygenation of myoglobin via exposure to
air for 30 min using a portable colorimeter (Konica Minolta CR-410, Osaka, Japan). Before measuring
meat color, the colorimeter was calibrated with a white plate (Y = 83.5, x = 0.3199, y = 0.3367). The
color values were expressed by a Commission International de I'Eclairage (CIE, 1986) system, such
as lightness (CIE L*), redness (CIE a*), and yellowness (CIE b*).

Drip loss was analyzed by suspending the LD chops (ca. 100 g) in a plastic bag for 24 h at 4°C
[30]. After suspension, the LD chops were weighed, and drip loss was presented as a percentage of
the initial weight.

The basic chemical meat composition (moisture, protein, fat, and collagen content) was
determined via near-infrared (NIR) transmission spectroscopy using a DA 6200 Lab meat analyzer
(PerkinElmer Inc., USA).

Texture Profile Analysis (TPA) was carried out using a BROOKFIELD CT3 Texture Analyzer
(AMETEK BROOKFIELD, USA) equipped with a 50 kg load cell, and a cylinder probe of 76.2 x 10
mm to compress the samples, and a fixture base table. A test of double compression of the samples
to 50% deformation of their height was performed. The experimental physical conditions were set as
previously described by Ciurescu et al. [31], [pre-test (speed = 2.0 mm s-1), test (speed = 1.0 mm s-1),
and post-test (speed = 2.0 mm s-1)]. The analysis of the texture profile considered such parameters
as hardness, gumminess, chewiness, springiness, adhesiveness, and resilience. For each sample, 3-4
repetitions of TPA determinations were made.

2.6. Fatty Acid (FA) Analysis

The FA profile of the WL seeds and LD muscle of growing pigs was analyzed using a gas
chromatography (PerkinElmer - Clarus 500, Waltham, MA, USA). In brief, FA from the total lipid
extracts was converted to methyl esters by transesterification (in methanol containing 3%
concentrated H2SO4, for 4 h at 80°C). FA methyl esters (FAME) were evaluated in a PerkinElmer-
Clarus 500 chromatograph equipped with a flame ionization detector (FID) and capillary separation
column with a high-polar stationary phase TRACE TR-Fame (Thermo Electron, Waltham, MA, USA),
with dimensions of 60 m x 0.25 mm x 0.25 pum. The column temperature was programmed at 5°C/min
from 180 to 220°C. The carrier gas was hydrogen (35 cm/s linear velocities at 180°C), and the splitting
ratio was 1:100. The injector and detector temperatures used were 250°C and 260°C, respectively.
Peaks were identified by injecting pure FAME standards; quantification was assessed using
tridecanoic acid (C13:0) as an internal standard. The results were expressed as the percentage of the
total detected FAME. The following groups of FA were determined: saturated FA (SFA)-C14:0, C16:0,
C18:0; monounsaturated FA (MUFA)-C16:1, C18:1n-9, C22:1n-9; polyunsaturated FA (PUFA)-
C18:2n-6, CLA C18:2n-6, C18:3n-3, C20:2n-6, C20:4n-6, C20:5n-3, C22:2n-6, C22:4n-6, C22:6n-3. The
determined contents of individual FA and groups of FA allowed computing: atherogenicity index
(AI), and thrombogenicity index (TI), using the following formulas [32]:

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Al = (4 x C14:0 + C16:0) / (MUFA + PUFA).
TI = (C14:0 + C16:0 + C18:0) / [(0.5 x MUFA) +( 0.5 x n-6 PUFA) +(3 x n-3 PUFA) + n-3 / n-6 PUFA].

2.7. Statistical Analysis

Data were analyzed by using IBM SPSS software version 21.0 (SPSS Inc., Chicago, IL, USA).
Analysis of variance (ANOVA) was used to evaluate the effects of the WL inclusion in the diet on
productive performance, blood biochemistry, meat quality, and fatty acid profile. The pen was used
as the experimental unit for growth parameters. The individual was taken to be the experimental unit
for all the data collected. All data are presented as mean values with standard error of the mean
(SEM). The statistically significant mean differences were estimated by using the Tukey’s post-hoc
test, with a P <0.05 indicating statistical significance and 0.05 <P <0.10 a trend. The chart for textural
properties of LD muscle was generated using GraphPad Prism software.9.1.2 (Boston, MA, USA) and
data are represented as means + standard deviation of means.

3. Results

3.1. Growth Performance

No mortality was found in any group and no veterinary service was required. The analysis of
the whole fattening period (83 days) showed a significant decrease in the pigs’ body weight due to
replacing SBM with the examined plant protein sources (Table 4).

Table 4. The pigs’ performance parameters.

Item Dietary Treatments SEM P-Value
CON WL1 WL2
Grower period (30-60 kg)
IBW, kg 30.30 30.32 30.35 0.10 0.981
Final BW, kg 61.17 59.50 59.42 0.30 0.0907
ADG, kg 0.882 0.834 0.831 0.05 0.0657
ADFI, kg 2.06 1.93 1.84 0.05 0.151
FCR, kg/kg 2.34 2.30 2.22 0.09 0.747
Finisher period (61-110 kg)
Final BW, kg 106.622 99.10° 94.65¢ 1.14 0.039
ADG, kg/day 0.9472 0.825% 0.734> 0.05 0.0001
ADFI, kg 3.182 3.0720 2.76° 0.06 0.004
FCR, kg/kg 3.36° 3.722 3.76* 0.07 0.025
Overall

ADG, kg 0.920- 0.829: 0.776b¢ 0.04 0.051
ADFI, kg/day 2.71a 2.59 2370 0.04 0.007
FCR, kg/kg 2.95 3.10 3.05 0.05 0.437
Carcass yield, % 72.56 71.73 71.47 0.56 0.096

Dietary treatments: CON, soybean meal diet; WL1, 5% white lupin seeds (grower phase, 30-60 kg BW) or 7%
(finisher phase, 61-110 kg BW); WL2, 10% white lupin seeds (grower phase, 30—60 kg BW) or 14% (finisher phase,
61-110 kg BW). Abbreviation: IBW, initial body weight; ADG, average daily gain; ADFI, average daily feed
intake; FCR, feed conversion ratio; SEM, standard error of the mean; a-cMeans in the same row without the same

superscript differ significantly (P < 0.05).

The initial BW of pigs was similar in the groups and reached 30.30 + 0.77 kg. In the first period
(grower) of the experiment, pigs fed raw WL (Mihai variety) seeds tended to have a lower final BW
and ADG (P =0.090 and P = 0.065, respectively), compared to those fed CON diet. Average daily feed
intake (ADFI) and feed conversion ratio (FCR) did not differ according to dietary treatment (P > 0.05).
In the second phase of feeding (finisher) an increase in the WL concentration of diets, a decrease in

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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final BW, ADG, and ADF], and the noted differences were significant (P = 0.039; P < 0.0001, and P =
0.004, respectively) in WL groups compared with the CON pigs. Consequently, the pigs with the
lowest ADG (WL1 and WL2) had the highest value of FCR (P = 0.025). Considering the overall period,
a significant decline in ADG and ADFI (P = 0.051, respectively; P = 0.007) was observed as a result of
including WL seeds in the diets. FCR was not influenced by the dietary treatments (P > 0.05). Our
findings show that the inclusion of raw WL seeds in the diets of growing-fattening pigs, at varying
levels, depresses growth rate throughout the experimental period, especially in the second phase of
feeding (finisher, 61-110 kg). Increased content of WL in the finisher diet (up to 14% in WL2 group)
led to a significant decrease in final BW, ADG, and ADFI. In both WL groups (WL1 or WL2), lower
ADFI could result from the presence of alkaloids and phenolics in WL seeds (Mihai variety). Even if
present in low amounts, those compounds may reduce feed consumption due to their bitter taste.

3.2. Blood Parameters

Dietary treatments did not affect the pigs” blood plasma biochemical constituents (Table 5).
Moreover, ALT, AST, ALP, GGT, LDH, and CK are parameters for liver damage assessment, and the
diagnosis of these enzymes is frequently used for hepatic function evaluation.

Table 5. Blood plasma biochemical profile! of pigs.

Dietary Treatments
CON WL1 WL2
GLU, mg/ dL 110.17  109.00 11225  0.14 0.124

TG, mg/ dL 59.50 56.50 55.00 2.19 0.116

Item Parameters SEM  P-Value

f:r'sfrgz TCH,mg/dL  99.00 9000 101.25 122  0.168
HDL-C,mg/dL  59.00 6100 6300 112 0434

LDL-C,mg/dL 5887 5857 5854 110 0352

TP, g/ dL 427 455 410 011  0.668

ALB, g/ dL 230 250 273 004  0.168

Protein BIL, mg/ dL 022 020 020 001  0.239
profile BUN, mg/dL 1150 1200 1200 032 0421
UA, mg/ dL 042 035 040 001 0232

CRE, mg/ dL 127 125 145 005 0158

Mineral Ca, mg/ dL 1123 1125 1158 024 0121
) Mg, mg/ dL 177 180 175 007 0178
profile IP, mg/ dL 827 730 738 016 0230
ALT, ULL 4750 4500 4450 210 0322

AST, U/L 3183 2950 2895 222 0.449

Enzymatic ALP, U/L 13351 13012 12910 155  0.202
profile CK, UI/L 32500 32800 32601 220 0429
LDH, U/L 52010 52733 52400 305 0115

GGT, UI/L 3950 4030 3855 122 0.658

Means of 6 samples/group. Dietary treatments: CON, soybean meal diet; WL1, 5% white lupin seeds meal
(grower phase, 30-60 kg BW) or 7% (finisher phase, 61-110 kg BW); WL2, 10% white lupin seeds meal (grower
phase, 30-60 kg BW) or 14% (finisher phase, 61-110 kg BW). Abbreviation: GLU, glucose; TG, triglycerides; TCH,
total cholesterol; HDL-C, high density lipoprotein-cholesterol; LDL-C, low density lipoprotein-cholesterol; TP,
total protein; ALB, albumin; BIL, bilirubin; BUN, blood urea nitrogen; UA, uric acid; CRE, creatinine; Ca,
calcium; Mg, magnesium; I, P inorganic phosphorus; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; ALP, alkaline phosphatase; CK, creatine kinase; LDH, lactate dehydrogenase; GGT, gamma-

glutamyl transferase. SEM, standard error of the means.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.0124.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 July 2025 d0i:10.20944/preprints202507.0124.v1

9 of 15

In the present research, the partial replacement of SBM with raw WL seeds did not affect the
activity of these plasma enzymes, indicating that the protein source or level did not affect liver health
(P>0.05).

3.3. Quality of Longissimus Dorsi Muscle (LD)

It is important to ensure that the inclusion of alternative protein ingredients does not affect meat
quality. Since it is directly perceived by the consumer, meat color is an essential quality parameter.
In the present study, the color of meat was slightly affected by the partial replacement of SBM with
raw WL seeds (Table 6). Pigs fed WL diets (WL1 or WL2) had significantly higher (P <0.0001) redness
(a* values) colour, compared with the meat samples from pigs fed the CON diet. In contrast, lightness
(L* value), yellowness (b* value), pH and drip loss value in LD muscle were similar in all groups.
One of the primary factors affecting meat quality traits is pH, which is strongly correlated with color
and appearance traits [31]. The pH is an indication of how much glycogen was in the muscle before
slaughter, and how rapidly the remaining glycogen was converted to lactic acid after slaughter.
However, the pH 24 results obtained in the present study fell within the range of meat suitable for
technological processing. No changes were demonstrated in chemical composition (protein, fat,
moisture) of LD samples, except for collagen contents, whose value was higher (P <0.0001) in samples
collected from pigs fed WL, compared to those fed CON diet (Table 6).

Table 6. Quality of Longissimus dorsi muscle! of pigs.

Dietary Treatments
Parameters CON r%,VL 1 WL2 SEM P-Value
Physical traits
Color components in the CIE scale:
L* 61.35 59.82 59.61 0.61 0.462
a* 10.48¢ 12.290 13.232 0.20 0.0001
b* 7.67 7.42 7.53 0.13 0.563
pHzs 5.64 5.65 5.62 0.07 0.659
Drip loss, % 3.96 3.87 3.84 0.12 0.092
Chemical composition

Moisture, % 74.52 72.93 73.03 0.12 0.0001
Protein, % 22.03 22.33 21.79 0.14 0.292
Fat, % 2.60 3.99 4.66 0.19 0.001
Collagen, % 0.83¢ 0.92b 0.972 0.01 0.0001

Means of 6 samples/group. Dietary treatments: CON, soybean meal diet; WL1, 5% white lupin seeds (grower
phase, 30-60 kg BW) or 7% (finisher phase, 61-110 kg BW); WL2, 10.0% white lupin seeds meal (grower phase,
30-60 kg BW) or 14% (finisher phase, 61-110 kg BW. Abbreviation: pHz, pH 24 h after slaughter; L*, lightness;
a*, redness; b*, yellowness; SEM, standard error of the mean; > Means in the same row without the same

superscript differ significantly (P < 0.05).

The dietary inclusion of raw WL seeds (Mihai variety) into pigs’ diets modified the TPA
instrumental attributes such as hardness, gumminess, chewiness, and resilience of LD muscles
(Figure 1).
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Figure 1. Textural properties of LD muscle (data are means of 6 pigs per dietary treatment). 2*Within each

treatment, means without the same superscript differ significantly (P <.05).

Thus, hardness, gumminess, chewiness, as well as resilience, significantly decreased (P <0.001 and
P =0.042, respectively), whereas springiness and adhesiveness values remain unchanged (P > 0.05).

3.4. Fatty Acid Profile, and Lipid Nutritional Indices of LD Muscle

Table 7 displays the effects of dietary treatments on the FAs profile of the LD muscle. The WL
fed-groups did not substantially modify the FAs composition of LD except for eicosapentaenoic
(C20:5n-3; P = 0.014), and n-3 PUFA (P = 0.045), which were significantly increased, compared with
the CON group. Conversely, they displayed significantly decreased contents of total MUFA (p =
0.018) FAs, especially in oleic acid (C18:1n-9; P = 0.008). The contents of the remaining FAs in LD
muscle were not significantly influenced by the dietary treatments (P > 0.05). In addition, the
dietetically-beneficial values of atherogenicity (Al) and thrombogenicity (TI) indexes also were not
affected by the WL fed-groups compared with the CON group (Table 7).

Table 7. Fatty acid composition from Longissimus dorsi muscle! of pigs.

Fatty Acid Dietary Treatments
(/100 g Total FAME)  "o™"2 5y WL1 w2 oeM PValue

Myristic C14:0 1.32a 1.00p 1.44¢ 0.07 0.008
Palmitic C16:0 23.72 23.41 24.72 0.27 0.103
Palmitoleic Cl16:1 2.81 3.26 3.24 0.10 0.131
Stearic C18:0 13.24 12.31 12.66 0.22 0.222
Oleic C18:1n-9 41.762 41.120 38.71¢ 0.52 0.008
Linoleic C18:2n-6 9.98 10.73 11.12 0.25 0.170
Linoleic conjugate C18:2 0.24 0.25 0.27 0.01 0.627
a-Linolenic C18:3n-3 0.27 0.30 0.29 0.01 0.490
Eicosadienoic C20:2n-6 0.26 0.25 0.37 0.02 0.257
Eicosatetraenoic C20:4n-6 1.66 2.01 1.67 0.13 0.507
Eicosapentaenoic C20:5n-3 0.022 0.052® 0.10¢ 0.01 0.014
Nervonic C24:1n-9 0.35 0.39 0.32 0.01 0.263
Docosadienoic C22:2n-6 0.062 0.0620 0.14¢ 0.01 0.004
Docosatetraenoic C22:4n-6 0.06 0.09 0.07 0.03 0.279
Docosahexaenoic C22:6n-3 0.10 0.14 0.10 0.01 0.287

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.0124.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 July 2025 d0i:10.20944/preprints202507.0124.v1

11 of 15
Other FA 0.90 0.65 0.62 0.65 0.150
SFA 39.11 37.93 39.97 0.44 0.163
MUFA 45.582 45.68® 43.38¢ 0.44 0.018
PUFA 14.41 15.74 16.03 0.42 0.278
PUFA/ SFA ratio 0.37 0.42 0.40 0.01 0.401
n-6 PUFA 14.16 15.49 15.76 0.42 0.277
n-3 PUFA 1.56° 1.71a 1.762 0.08 0.045
n-6/ n-3 PUFA ratio 9.14 9.13 9.08 0.24 0.595
Al 0.48 0.46 0.51 0.01 0.172
TI 0.012 0.011 0.012 0.001 0.196

Means of 6 samples/group. Dietary treatments: CON, soybean meal diet; WL1, 5% white lupin seeds (grower
phase, 30-60 kg BW) or 7% (finisher phase, 61-110 kg BW); WL2, 10.0% white lupin seeds meal (grower phase,
30-60 kg BW) or 14% (finisher phase, 61-110 kg BW). Abbreviation: FAME, fatty acids methyl ester; SFA,
saturated fatty acids; MUFA, monounsaturated fatty acids; UFA, unsaturated fatty acids; PUFA,
polyunsaturated fatty acids; Al = atherogenic index; TI = thrombogenic index. SEM, standard error of means. 2b<

Means in the same row without the same superscript differ significantly (P < 0.05).

4. Discussion

In agriculture, the main goal for farmers and animal livestock is to enhance growth performance
with minimal feed costs of dietary formulation [33]. It is known that growth performance is
influenced by a series of factors, such as variety or breed, nutritional quality of feed, minerals (calcium
and phosphorus), feed additives, as well as management and feeding strategies [33,34]. Studies
performed on growing pigs have suggested that the use of lupin seeds in diets are characterized by
controversial results of bio productive effects [35]. According to our study, Moore et al. found a
similar adverse effect on growth rate and FI in pigs fed with a diet containing 20% of Lupinus albus
(variety Amira) [23,24]. The inclusion of Albus lupins in the diet at 30% has also resulted in reductions
in FI between 12% and 27% in the finishing period [23]. On the other hand, fed 10% to 30% white
lupin (cultivar Ultra) to pigs from 58 to 102 kg and found that FI and daily gain were reduced only
by the inclusion of 30% A. lupins [36]. The authors concluded that the differences between studies
may be attributed to the length of time for which the white lupin was fed, with a longer feeding time
potentially resulting in the pigs acclimatizing to these seeds in the diet. Other research, under our
data, in which other low-alkaloid varieties of Lupinus albus (i.e.,, Hamburg, Lublanc, or Kiev) were
used in pig studies, resulted in a reduction in FI to various extents [37-39]. The authors suggest that
the FI decrease may be due to bitter saponins in L. albus seeds or an increase in volatile acid
production in the hind gut [37]. However, in their review, Van Barneveld concluded that it is unlikely
that the reduced FI in pigs fed white lupin seeds is due to saponins as there are low levels present
[37]. As shown in Table 4, no difference was found in carcass yield between the dietary treatments,
although a decreasing trend is observed (group: CON > WL1 > WL2; P > 0.05). This is supported by
Moore et al., who, when feeding immunocastrated males 200 g/kg of A. lupins (Amira variety), found
no difference in the dressing percentage when compared to those fed 0 g/kg A. lupins for 14 d pre-
slaughter [24]. In contrast, when pigs were fed 200 g/kg A. lupins or 200 to 300 g/kg A. lupins for 28
d pre-slaughter, the dressing percentage was decreased by between 0.8% and 1.5% compared to those
who did not receive A. lupins [24]. King et al. also found that the dressing percentage decreased when
L. albus were included in the diet at 350 g/kg [38].

Blood biochemistry is a labile biochemical system that can reflect the condition of the organism
and the changes happening to it under the influence of internal and external factors. In this
experiment, data for the biochemical components in the plasma of growing-fattening pigs in the WL
groups were not significantly different to the CON group. Therefore, with the crude protein of the
basic diet identical among groups, the protein blood plasma constituents did not appear to be affected
by WL and were within the normal range. Few data are available on the effect of WL on pigs’ blood
parameters. The obtained results are comparable with the results reported by Prandini et al. [40] who
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observed that diets containing pea and lupin (L. albus var. Multitalia) seeds had no negative effect
on liver functions, as concentrations of ALP, ASPAT, and ALAT in the blood of experimental piglets
were like those determined in blood samples of the control animals. Also, Zraly et al. reported
comparable results when evaluating the effect of soya replacement (50 or 100%) with white lupin (cv.
Butan) in the diets for market pigs [41]. Accordingly, to Sobotka et al., the replacement of genetically
modified SBM with 00-rapeseed meal (RSM) alone or combined with low-tannin faba bean or low-
alkaloid yellow lupins did not influence blood GLU, protein markers, or liver function indicators [42].
This supports the conclusion that WL can be safely included up to 14% in growing pigs’ diets without
impacting the systemic metabolism.

One of the important parameters for evaluating the meat quality is its colour, as a vital sensory
characteristic that affects the preferences of consumers during its purchase. Regarding the
physicochemical properties of meat, our results confirm data reported earlier by Leikus et al., who
detected a reduction in the color intensity of meat in pigs fed with a diet containing 15% of white
lupin [43]. In contrast, Moore et al. found that the inclusion of L. albus at 20% and 30% for four weeks
pre-slaughter had no effect of meat quality, except for pH 45 min after slaughter, which was higher
in meat from pigs fed lupin, compared to the conventional diet [24]. Very few data are available in
the literature about the effects of WL on meat textural attributes. Garcia-Gudifio et al. observed no
significant differences in meat parameters such pH, colour, and texture of Iberian pigs' during the
growing and fattening phases fed with sweet white lupin seeds [44]. The a* values obtained in our
study are in line with literature data, on Iberian fresh meat [45]. Zraly et al. demonstrated that meat
from pigs fed the diet containing non-dehulled white lupin (cv. Butan) was characterized as most
tender in comparison with SBM [41].

Literature data concerning the effect of lupin on the FAs profile of pork is scarce. Zraly et al.
observed a lower n-6/n-3 ratio of PUFAs in meat lipids of pigs fed the highest amount of white lupine
(cv. Butan) [25]. In addition, Zraly et al. obtained a significantly lower content of palmitic (C16:0) acid
and a significant increase in oleic (C18:1n-9) acid and n3-PUFAs, as well as in the alpha-linolenic
(C18:3n3) acid content in the meat of pigs fed with white lupin (20% inclusion of genotype Amiga)
with a beneficial effect on human health [41]. The concentrations of PUFAs and the n-6/n-3 ratio in
all tissues depend on dietary intake, as pigs cannot de novo synthesize fatty acids of the n-6 and n-3
[46]. Finally, significant differences in SFA content were observed in this meat, with lower levels of
SFA in pigs fed lupine-based diets compared to those fed with soybean meal-based diets. Cebulska
et al. tested yellow lupin and pea as a replacement of soybean meal in grower-finisher pig diets and
reported no significant modification on FAs profile [47]. In contrast, the proportion of n-6/n-3 PUFAs
was not significantly modified by the diet (P =0.595 vs. P = 0.714) [47], with the observation that the
level ranged in our study from 9.08-9.14 compared to values between 6.221 to 6.812 reported in
Cebulska et al. [47]. In terms of health-related lipid indices, both Al and TI indices remained
statistically unaffected (P = 0.172 and P = 0.196), indicating that white lupin inclusion does not
compromise the nutritional quality of fat meat [47].

5. Conclusions

Considering our results and those found in the literature, white lupin (Lupinus albus L.) seeds
represent very interesting alternative protein sources to SBM in pigs’ diets. Including raw white lupin
(Mihai variety) unprocessed seeds in the diets of growing-fattening male pigs decreased growing
performance. Nevertheless, dietary treatments did not affect the pigs’ blood biochemical constituents.
Concerning LD muscle characteristics, the beneficial changes in contents of eicosapentaenoic (C20:5n-
3) acid and n-3 PUFAs as well as textural attributes justify the use of white lupin seeds in diets for
fattening pigs. However, their use needs further research in the swine sector to better assess both
their growth performance and their effects on meat quality (fatty acid profile) and technological
properties (textural attributes).
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