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Abstract: The aim of this study was to analyze the effect of dehulling white lupine seeds (Lupinus
albus, cultivar Amiga) on the raw chemical composition and nutritional profile of lipids. There was no
significant differences (p > 0.05) between whole and dehulled lupine seeds in respect of their content
in dry matter, ether extract, crude ash and nitrogen-free extract. However, the dehulled lupine seeds
had a higher (p < 0.05) crude protein level (51.69% of DM) than whole seeds (43.16% of DM), and a
lower (p < 0.05) crude fiber content (4.35% of DM) compared to that of whole seeds (14.15% of DM).
The fatty acids profile is not affected (p > 0.05) by the dehulling process. Oleic acid (C18:1 cis-9) is
the main fatty acid in lupine seeds, and the level of monounsaturated fatty acids (MUFA) is slightly
higher in whole seeds. The n-3 / n-6 report is adequate in both whole (0.88) and dehulled (0.94) seeds,
and the favorable polyunsaturated index (PI) indicates the high content of polyunsaturated fatty acids
(PUFA), which indicates that lupine seeds are a valuable source of essential fatty acids. Also, lupine
seeds are characterized by favorable values of the thrombogenic (0.18) and atherogenic (0.14)
indexes, and an appropriate hypocholesterolemic/hypercholesterolemic index value, features
considered important for human health and animal nutrition.
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1. Introduction

In the Central and Eastern Europe, lupine species (Lupinus spp.) from low-alkaloid varieties are
widely cultivated and are considered an optimum alternative to reduce the dependence on soybeen
imports [1]. This is due to the suitability for sustainable production, nutritional qualities of seeds,
potential health benefits and well acceptability to the consumers [2].

The lupine plant is considered adequate for sustainable agriculture due to its capacity to fix
atmospheric nitrogen in the soil [3] and its suitability for crop rotation, being a good precursory for
other plant cultures [4]. However, the nutrient content of lupine seeds and their quality are influenced
by the species, cultivars, selected agrotechniques and pedoclimatic factors for plant growth [5]. New
sweet lupine cultivars from low-alkaloid varieties (less 0.02%) do not require heat treatment of the
seeds in order to eliminate thermolabile compounds, like in the case of soybeans, because of their low
content of protease inhibitors, tannins, saponins, lectins. In addition, it does not raise ethical issues, as
they do not originate from genetically modified organisms [6, 7]. However, the high content of
cellulose and non-starch polysaccharides represent antinutritional factors for monogastric animals [8].

In recent years there is an increasing tendency to include lupine seeds in human nutrition. Thereby,
lupine flour can be used as a food ingredient in bakery and pasta products, being considered a gluten-
free functional food [9-11]. In addition, lupine seeds are a good source of bioactive compounds, which
creates new opportunities for the food industry [12, 13]. Lupine seeds are suitable for current trends
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that promote the consumption of products with high amounts of polyunsaturated fatty acids from the
Omega 3 and Omega 6 categories, with an hypocholesterolemic effect [14-17].

Due to the fact that lupine seeds are a promising resource for solving the challenges of high food
demand for human consumption and farm animal feeds, numerous researches are focused on
understanding the nutritional properties and qualities of lupine seeds [18-20]. From the lupine species
commonly cultivated, L. albus seeds have a high content of crude protein (35 — 43%) [21] and fat (8 —
12%) [22]. From a nutritional point of view, white lupine seeds are characterized by a high biological
value of protein and a good quality of lipids. The fatty acids profile reveals a high proportion of
unsaturated fatty acids, as well as a favorable report of omega-3 / omega-6 fatty acids [23]. Lipids
from L. albus (cv. Amiga) seeds represent a valuable source of essential fatty acids, with an n-3/n-6
fatty acids report, appropriate for the nutrition of humans and farm animals [24].

Some researches highlight the possibility to improve the nutritional value of lupine seeds by
applying methods such as dehulling, germination [18], roasting [25], autoclaving, or fermentation [26].
Some of the studies show that the dehulling process can have a positive effect on the content of certain
nutrients. Dehulling is a physical method of removing the hulls for a better use of the kernel [27]. A
relatively limited number of researches report the effect of dehulling L. albus seeds on the chemical
composition and nutritional quality of the seeds [28, 29]. Barneveld et al. [30] presented lupine seeds
as having a protein level comparable to that of soybean meal if they are dehulled. In human foodstuff,
lupine seeds are generally used as kernel [31].

In the view of these aspects, as well as the nutritional characteristics of lupine seeds, the purpose of
this research is to analyze the effect of dehulling L. albus (cv. Amiga) seeds on the raw chemical
composition and nutritional quality of lipids.

2. Materials and methods
2.1. Raw material

The Lupinus albus seeds used in this research belong to the Amiga cultivar and are from low-
alkaloid varieties (under 0.025% alkaloids). The white lupine was cultivated in Romania in 2018, in
north-eastern region of Transylvania (47°17'03”N, 23°40'34”E). The pedoclimatic conditions of plant
growth are represented by a brown podzolic soil with a clay texture. The average temperature of the
vegetation period (season April - August) was about 18° C and the average rainfall was 455 mm.

The dehulling of white lupine seeds utilized for the chemical analysis was realized manually. The
proportions of hulls and kernel were also recorded. Both categories of seeds (whole and dehulled) were
finely ground with a laboratory mill and pass through a 300 um sieve [29]. The samples was marked
distinctly in Lupine Whole Seeds (LWS) and Lupin Dehulled Seeds (LDS).

2.2. Laboratory analysis

The chemical composition of whole and dehulled white lupine seeds was performed according to
the standard procedures established by AOAC International [32] for the determination of the dry
matter (934.01), crude protein (954.01), crude fat (920.39), crude fiber (978.10) and crude ash
(942.05). The results obtained are reported at a dry matter basis. Dry matter (DM) of seeds was
determined by drying at 105°C for 5 hours, until constant mass was reached. Crude protein (CP) was
determined by the Kjeldahl method (N x 6.25) and crude fat was determined as ether extract (EE) by
the Soxhlet extraction method. The crude fiber (CF) was determined by acid hydrolysis (with HCI),
followed by basic hydrolysis (with KOH), and the crude ash (CA) content was determined by
calcination (the process was carried out in porcelain crucibles, at 580°C for 5 hours). The nitrogen-free
extract (N-FE) was calculated by difference, as follows:

N-FE = 100% - CP% - EE% - CA% - CF%. 1)

The organic matter (OM) was also calculated by difference, as follows:
OM = 100% - CA%. @)
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The metabolizable energy of lupine seeds (whole and dehulled) was calculated considering the
correction related to the nitrogen balance (EMAnN). For this calculation, the equation proposed by
Sibbald [33] was used:

EMAnN = 3951 + 54,4 MG — 88,7 CB — 40,8 Ce, 3)

where: MG = ether extract; CB = crude fiber; Ce = ash.

Extraction and identification of fatty acid methyl esters (FAME) from white LWS and LDS was
performed by the gas chromatography technique with mass spectrometry detection. The equipment
used for the analysis is a Perkin EImer Chromatographic system with mass spectrometer detector (GC-
MS), composed of Clarus 680 gas-chromatograph (with programmable injector and thermostat oven)
and Clarus SQ8T quadrupole mass spectrometer. The chromatographic column used is Elite-Wax with
stationary polar phase Polyethylene glycol (PEG), length 30 m, internal diameter 0.25 mm and 1.0 um
film thickness. Injection port temperature was 220°C, the sample volume injected was 1.0 pl, helium
carrier gas at flow rate of 1.5 ml/min and splitting ratio 40:1. The temperature gradient was 100°C
during 2 min standstill and 1 min stationary at 250°C. MS operating parameters were: transfer line
temperature 150°C; source temperature 150°C; multiplier 1500; solvent delay 0 - 1.5 min.

The principle of the method consists in the chromatographic separation of the fatty acid mixture
from lupine oil extract, initially subjected to esterification with sodium metanoate, on a capillary
column with a weak polar stationary phase, followed by the fragmentation of their molecules by
electronic impact in the ionization source. The identification and quantification of the FAME are
performed on the basis of the target and qualifying ions. The fatty acid methyl esters from LWS and
LDS were prepared after a lipid saponification phase, followed by esterification under a boron
trifluoride (15% vol.) catalyst. Fatty acids resulted from the analyzed samples were obtained by
comparing the relative retention time of the FAME with that of the certified standard (Mix FAME
Supelco 37). The individual fatty acid concentration is expressed in ¢ FAME/100 g of total FAME
identified.

2.3. Evaluation of Lipids Nutritional Quality

The quality of the lipid fraction from the lupine seeds was evaluated on the basis of the fatty acids
profile and the relationships established among them. The identified fatty acids are presented as a
mean for 8 determinations (n = 8), being grouped as follows: sum of saturated fatty acids (X SFA=
C10:0 + C12:0 + C14:0 + C15:0 + C16:0 + C18:0 + C20:0 + C22:0); sum of monounsaturated fatty
acids (X MUFA= C16:1 + C18:1 cis-9 + C20:1 n-9 + C22:1 n-9); sum of polyunsaturated fatty acids (X
PUFA = C18:2 n-6 + C20:2 n-6 + C18:3 n-3 + C20:3 n-3 + C20:5 n-3 + C18:3 n-6) [22].

The n-3 / n-6 report of fatty acids is expressed as the ratio of fatty acids from the Omega-3 and
Omega-6 series.

The polyunsaturated index (PI) of whole and dehulled white lupine seeds was calculated according
equation proposed by Timmons [34]:

Pl=C18:2n-6 + (C18:3 n-3 x 2). 4)

In order to highlight the relevance for human health, based on the identified FAME, the
atherogenic (Al) and thrombogenic (TI1) indexes of lipids from whole and dehulled seeds were
calculated, according to Ulbricht and Southgate [35]:

Al = (C12:0 + C16:0 + 4 x C14:0) / [EMUFA + X (n-6) + X (n-3)],  (5)
TI=(C14:0 + C16:0 + C18:0) / [0.5 x £ MUFA + 0.5 x X (n—6) +
+3 x ¥ (n-3) + £(n-3) / Z(n-6)]. (6)

The ratio between fatty acids with hypocholesterolemic (h) and hypercholesterolemic (H) effect
was calculated using the equation proposed by Fernandez et al. [36]:
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h / H (hypocholesterolemic / Hypercholesterolemic) =
=(C18:1 + PUFA)/(C12:0 + C14:0 + C16:0). (7)

2.4. Statistical analyzes

The chemical analyzes results are expressed as an average of ten (n = 10) determinations for the
raw chemical composition and as an average of eight (n = 8) determinations for fatty acids analysis (n
= 8), for both LWS and LDS. The statistical software Graph Pad Prism version 8.3.0 (538) was used
for the statistical interpretation of the data. The statistical test used to evaluate differences is the Tukey
Test (Tukey Honest Significant difference). The significance level for detecting statistical differences
was set at p < 0,05.

3. Results and discussions
3.1. The Effect of Dehulling Lupine Seeds on the Raw Chemical Composition

After dehulling, white lupine seeds (cv. Amiga) contain 17.72% hulls and 82.28% kernel. Vecerek
et al. [37] report a higher level of hulls (22 — 24%) and, therefore, a lower level of kernel (76 — 78%),
for a several lupine varieties. We consider that these differences are due to the lupine genotype used,
but also to the agroclimatic conditions, being known that on less valuable land and under a lower
temperature conditions, the proportion of kernel and its content in nutrients decrease.

The raw chemical composition of whole and dehulled seeds of Lupinus albus (cv. Amiga) is
presented in Table 1.

Table 1. The effect of dehulling L. albus cv. Amiga seeds on the raw chemical
composition and energy value (% of DM)

Whole seeds Dehulled seeds
Specification Viean : Nican : p?
(n = 10) (min.—max.) SD?! (n = 10) (min.—max.) SD?!

Dry matter (DM) 92.40 92.26 - 92.51 0.09 91.26 91.10-91.42 0.12 ns
Crude protein (CP) 43.16 42.28 - 43.98 0.61 51.69 51.11-52.15 0.31 *
Ether extract (EE) 10.59 10.23-10.99 0.27 11.67 10.75-12.86 0.70 ns

Crude fibre (CF) 14.15 12.79 - 15.01 0.63 4.35 29-555 0.66 *

Crude ash (CA) 3.96 3.92-4.00 0.03 3.89 3.75-3.97 0.09 ns

N-FE 28.14 26.37 - 30.14 1,03 28.41 27.51-30.29 0.84 ns
Organic matter (OM) 96.04 96.00 - 96.08 0.09 96.11 96.03 - 96.25 0.12 ns
EMAn kcal/kg 3110.30 3?33"11522 B 54.55 4041.39 3904.78 - 4147.27 72.98 *

1SD-standard deviation; 2p: ns- p > 0.05; *- p < 0.05;
N-FE:nitrogen-free extract (calculated values: 100%—-CP%-EE%-CF%-CA%); OM = 100-CA%;
EMAnN - Metabolisable energy corrected to nitrogen balance, calculated according to Sibbald [33].

The results highlight that the dehulled lupine seeds contain a higher level of crude protein and a
lower amount of crude fibre, compared to whole seeds.

Through dehulling lupine seeds, the CP content increased (p < 0.05) from 43.16% to 51.69% of
DM. This difference represents an increase with 19.76% in the protein level. Similarly, Pisafikova et
al. [28] show for L. albus (cv. Butan) dehulled seeds a crude protein level (43.57% of DM) higher than
in the whole seeds (38.48% of DM). Also for the white lupine seeds, but cv. Multitalia, Laudadio and
Tufarelli [38] show the increase of the crude protein level from 35.50% of DM (in whole seeds) to
42.93% of DM (in dehulled seeds). The literature also reports a similar effect of dehulling on CP
content for other lupine species. Thus, in L. angustifolius cv. Boregine, the protein level increases from
25.01% to 31.10% of DM in the dehulled seeds [39]. For L. luteus cv. Amulet, the data highlight that
the level of crude protein in whole seeds is 42.80% of DM and in the dehulled seeds the level is
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54.40% of DM [40]. A high protein level in the kernel (55.3% of DM) is reported by Béhr et al. [31]
for L. luteus cv. Bornal.

The content in ether extract (EE) does not change (p >0.05) as a result of dehulling. However, in
relative values, the EE level is higher by 10.2% in LDS, compared LWS. Similar situations are
highlighted by the scientific literature, which reveal a relatively similar effect of dehulling on the EE
content, but with some specificities/particularities depending on the species. Thus, Pisatikova et al.
[28] present a higher increase in EE content, from by 7.91% of DM in whole seeds, to the 10.23% of
DM in dehulled seeds for white lupine (cv. Bhutan). Similarly, Laudadio and Tufarelli [38] report for
cv. Multitalia an EE level in whole seeds by 8.81% of DM and in dehulled seeds by 9.30% of DM. For
cv. Hamburg, Saez et al. [29] highlight a more pronounced difference between the EE level in whole
seeds and dehulled seeds (4.00 vs. 10.30% of DM). For other lupine species, the effect of dehulling on
the EE level is also in accordance with the present research. Thus, for L. angustifolius the level of EE
is lower in whole seeds (5.42% of DM) than in dehulled seeds (6.47% of DM) [39]. For several
varieties of dehulled blue lupine seeds, Bahr et al. [31] report an EE content between 6.8 - 9.8% of
DM, and for L. luteus (cv. Bornal) a level of 8.2% of DM.

The level of crude fibre (CF) decreased (p < 0.05) as a result of dehulling lupine seeds. This is
because the highest quantity of cellulose is concentrated in the hull, and by removing the hulls, a
69.26% decrease in the initial CF content (from LWS) is achieved. The level of CF obtained by us in
LWS (14.15% of DM) is similar to that reported by Saez et al. [29] at cv. Hamburg (13.50% of DM),
and after dehulling it decreases comparably (4.35 vs. 5.70%). Compared to our results, Laudadio and
Tufarelli [38] obtained a lower CF content (11.97% of DM) in white lupine whole seeds, but higher in
dehulled seeds (8.01% of DM). Pisatikové et al. [28] report a higher CF content in the whole seeds of
L. albus (15.26% of DM) and lower in dehulled seeds (3.77% of DM). Mieczkowska et al. [40] reports
relatively similar results for L. luteus, where the high proportion of CF in whole seeds (16.9% of DM)
decreases considerably after dehulling (3.8% of DM). The high fibre content of L. albus seeds
represent an antinutritional factor for monogastric animals, because they cannot efficiently assimilate
these structural compounds of the cell walls (represented by cellulose, hemicellulose and pectin) due to
the lack of specific endogenous enzymes [6]. Therefore, the nutritional value of lupine seeds for
monogastric animals is considerably improved by dehulling [6, 29].

The nitrogen-free extract (N-FE) content does not show changes (p >0.05) as a result of dehulling.
There is only a slight increase of N-FE in LDS compared to LWS, by 0.27 percentage points. A more
pronounced increase is highlighted in the study conducted by Pisatikova et al. [28], where the N-FE
level in dehulled seeds (L. albus, cv. Butan) is higher with 5.27 percentage points (34.24 vs. 39.51% of
DM). However, a clear decrease of the N-FE level after dehulling of lupine seeds (cv. Hamburg) is
reported by Saez et al. [29]. Thus, the N-FE was 47.8% of DM in whole seeds and 38.3% of DM in
dehulled seeds.

The content of crude ash (CA) does not presents changes (p >0.05) as a result of dehulling seeds.
Some minerals, such as Phosphorus [41], are concentrated in the lupine hulls. Thereby, after removal,
the level of CA decreased slightly. However, other studies highlight the increase in the ash level as a
result of dehulling white lupine [28, 29, 38]. Volek et al. [42] report a crude ash level by 2.5% of DM
for cv. Amiga lupine hulls. Mera-Zufiiga et al. [39] show for L. angustifolius (cv. Boregine) that the
level in crude ash is slightly lower in the whole seeds (3.81% of DM) than in dehulled seeds (3.93% of
DM). This is also reported by Mieczkowska et al. [40] for L. luteus, obtaining a level of 5.3% crude
ash in the whole seeds and by 6.4% of DM in dehulled seeds.

The dehulling process influences (p < 0.05) the level of metabolizable energy corrected on the
basis of nitrogen balance (AMEN) of lupine seeds. This increase in the AMEn value from 3110.30
kcal/kg DM in LWS to 4041.39 kcal/kg DM in LDS, highlights the potential of improving the AMEn
value by dehulling. Other research present a higher EMAnN value (3326.9 kcal/kg DM) for whole L.
albus seeds (cv. Energy), as well as a lower value (2697.09 kcal/kg DM) in case of cv. Lublanc [43].
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3.2. The Effect of Dehulling Lupine Seeds on the Nutritional Quality of Lipids

The nutritional value of fats is proven by the content and structure of the fatty acids, as well as by
the ratio between them [41]. The content and profile of the fatty acids in lupine seeds is dependent on
the species, variety and pedoclimatic conditions [23, 44].

In the present research, the fatty acid contents of whole and dehulled white lupine seeds are
presented in Table 2. According to the data from Table 2, white lupine seed lipids are well represented
in monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA), and oleic acid
(C18:1 cis-9) and linoleic acid (C18:2 n-6) are found in the highest concentration, respectively. From
the quantified saturated fatty acids (SFA), the palmitic acid (C16:0) is found in the highest proportion.
Similarly, other studies highlight comparable values of fatty acids in white lupine whole seeds [23, 45,
46]. For example, Chiofalo et al. [22] report for two cultivars of L. albus a lower content in palmitic
(7.76 - 7.87% FAME) and stearic acid (1.70 - 1.87% FAME), but a higher content of behenic acid
(3.75 - 4.75% of FAME) compared with what we obtained in LWS. For L. luteus varieties, the values
reported by the authors for individual SFA are higher than those we obtained only in the case of
behenic acid (5.74 - 6.56% of FAME).

Table 2. The effect of dehulling on the fatty acid profile of L. albus cv. Amiga seeds

g /100 g total FAME

Fatty acid methyl esters (FAME) Whole seeds Dehulled seeds 02
'(\ﬂi%r)‘ Min. - Max. spt '(\r"]iagr)‘ Min. - Max. spt

Saturated Fatty Acids
Capric C10:0 0.05 0.04 - 0.06 0.01 0.04 0.04 - 0.05 0.01 ns
Lauric C12:0 0.09 0.07-0.10 0.01 0.05 0.03-0.07 0.01 ns
Myristic C14:0 0.26 0.22-0.29 0.02 0.22 0.21-0.24 0.01 ns
Pentadecanoic C15:0 0.12 0.11-0.13 0.01 0.09 0.09-0.10 0.01 ns
Palmitic C16:0 10.71 10.24 - 11.75 0.47 10.65 10.15-11.77 0.52 ns
Stearic C18:0 2.72 2.52-2.99 0.16 2.67 2.56-3.10 0.18 ns
Arachidic C20:0 0.93 0.86 - 1.06 0.06 0.96 0.93-0.99 0.02 ns
Behenic C22:0 2.06 1.90-2.26 0.10 2.15 2.01-227 0.09 ns
Monounsaturated fatty acids
Palmitoleic Cle6:1 0.78 0.61-1.08 0.15 0.71 0.64 - 1.06 0.14 ns
Oleic C18:1cis-9 50.66 50.13 - 50.82 0.23 51.06 50.83 - 51.23 0.15 ns
Eicosenoic C20:1n-9 3.00 2.84 -3.15 0.09 3.31 3.11-3.69 0.21 ns
Erucic C22:1n-9 0.72 0.69-0.77 0.03 0.64 0.47-0.78 0.09 ns
Polyunsaturated fatty acids
Linoleic C18:2 n-6 14.58 14.37 - 14.79 0.13 13.83 13.58 - 14.16 0.21 ns
a-Linolenic C18:3n-3 12.75 11.95-13.25 0.45 12.96 11.78 - 13.52 0.52 ns
y-Linolenic C18:3n-6 0.06 0.00-0.23 0.09 0.04 0.00-0.16 0.05 ns
Eicosadienoic C20:2 n-6 0.18 0.15-0.20 0.01 0.18 0.16-0.19 0.01 ns
Eicosatrienoic C20:3n-3 0.09 0.01-0.14 0.04 0.06 0.01-0.08 0.02 ns
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Eicosapentaenoic C20:5n-3 0.20 0.00-0.29 0.13 0.16 0.12-0.30 0.06 ns
Other fatty acids 0.05 0.00 - 0.25 0.09 0.22 0.07-0.34 0.08 ns

X SFA 16.95 16.18 - 18.06 0.55 16.83 16.35 - 18.30 0.63 ns

~ MUFA 55.16 54.74 - 55.56 0.24 55.72 55.59 - 55.98 0.13 ns

X~ PUFA 27.86 27.20 - 28.35 0.42 27.23 25.87 - 27.78 0.58 ns

¥ UFA 83.02 81.94 - 83.57 0.50 82.95 81.46-83.41 0.62 ns

"1SD — standard deviation; 2p: ns- p > 0.035;
SFA: saturated fatty acids, MUFA - monounsaturated fatty acids, PUFA - polyunsaturated fatty acids;
UFA: unsaturated fatty acids.

Musco et al. [21] reports for whole seeds of some L. albus cultivars a lower levels of unsaturated
fatty acids, like palmitoleic (0.42% of FAME), oleic (46.50% of FAME) and a-linoleic (9.27% of
FAME), but a higher content in linoleic (19.2% of FAME) and erucic acids (1.57% of FAME). The
results of authors for other species show that the whole seeds of L. luteus present a content in total
SFA (16.0% of FAME) close to our results, and much lower in total MUFA (26.9% of FAME), but
twice higher for total PUFA (56.9% of FAME).

The dehulling process does not influence (p >0.05) the proportion of fatty acids in white lupine
seeds. However, in absolute values there is both a slight increase of MUFA (especially C18:1 cis-9)
and a decrease of PUFA (especially C18:2 n-6) and SFA.

In dehulled seeds, the fatty acids from the Omega 9 series, namely C18:1 cis-9 (oleic) and C20:1 n-
9 (eicosenoic), as well as the C18:3 n-3 (a-Linolenic) from the Omega 3 series, are found in a larger
proportion than in LWS, with an average of 0.20 - 0.40 percentage points.

To our knowledge, the literature presents only a few reports concerning the effect of dehulling
lupine seeds on the fatty acids profile and nutritional quality of fats. Thus, Suchy et al. [47] support
that the level of polyunsaturated fatty acids increases after dehulling the seeds (belonging to L. albus,
L. angustifolius, L. luteus species) and the individual groups of fatty acids increase on average with
20.04 - 25.18%, aspects not found in the present research. More recently, Volek et al. [20] report a
total content in SFA by 9.96% of FAME and in PUFA by 24.50% of FAME only for dehulled lupine
seeds (L. albus cv. Zulika), values that are considerably lower than our results. However, the 65.54%
of FAME level reported for MUFA is obviously higher. This is due to the higher concentration in oleic
(57.72% of FAME) and eicosenoic (5.21% of FAME) fatty acids, compared to our results. Regarding
some of the polyunsaturated fatty acids, the level reported by the authors for linoleic acid is
comparable (12.52% vs. 13.83% of FAME), but the level of a-linolenic acid is considerably lower
(7.89% vs 12.96% of FAME). The utilization of certain vegetal sources rich in essential fatty acids in
farm animal feeds has been shown to significantly improve the nutritional value of animal origin
products intended for human consumption [48, 49].

The effect of dehulling lupine seeds on the ratio of FA groups and several health lipid quality
indices is presented in Table 3. The results show that the dehulling process does not influence (p
>0.05) the ratio of FA groups.

The UFA/SFA report highlights the degree of lipids unsaturation, and our results reveal favorable
values for lupine seeds (LWS and LDS). The UFA/SFA ratio (of 4.91) that we obtained in the case of
LWS is comparable to the values reported by Calabro et al. [46] for several cultivars of white lupine
(4.86 - 5.78). In the case of the PUFA/SFA report, the value obtained (1.65) is within the limits
reported by the authors (1.53 - 1.97). Comparing these ratios of FA groups obtained in this research for
L. albus, with the results of some other studies for other lupine species, it can be noted that L. luteus
possess considerably higher values, but L. angustifolius has much lower ones [22].

From a nutritional point of view, an important aspect is the adequate ratio of n-3/n-6 acids. It is
high in both LWS (0.88) and LDS (0.94), being not different (p >0.05). According to Simopoulos et al.
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[50], a n-3/n-6 ratio close to 1:1 is considered optimal for adult human health. Boschin et al. [23]
report values comparable to ours (0.74). However, other values of n-3/n-6 ratio presented in the
literature are obviously lower with regard to whole seeds of L. albus: 0.55 [51]; 0.43 - 0.73 [46]; L.
luteus: 0.19 [22] and L. angustifolius: 0.21 [21], 0.27 [22].

High values of the polyunsaturation index (PI) of white lupine seeds indicate the high level of
PUFAs, an aspect considered important for human health due to implications in regulating blood
cholesterol levels [52, 53]. The PI obtained for whole seeds is comparable to the one reported by
Mierlita et al. [24] for the L. albus cv. Amiga (41.83) and cv. Energy (36.57).

From the perspective of human health, the thromobogenic (TI) and atherogenic index (Al)
highlight the predisposition for the incidence of cardiovascular diseases and express the relation
between saturated (pro-thrombo/atherogenic) and unsaturated (anti-thromobo/atherogenic) lipids [54].
These indexes show similar low values and do not change (p >0.05) after dehulling. Lower TI and Al
values are reported by Calabro et al. [46], highlighting the variability according to the year of seed
cultivation, TI being 0.13 - 0.14 and Al being 0.08 - 0.09. Musco et al. [21] obtain a value similar to
ours for TI (0.18) for L. albus cv. Lutteur, but for the other analyzed cultivars the values are lower and
variable, ranging from 0.143 to 0.156. For yellow lupine cultivars, the values are between 0.092 -
0.106. Regarding Al, the authors report lower values than ours, respectively 0.092 - 0.105 for L. albus
and 0.058 - 0.061 for L. luteus. However, whole seeds of L. angustifolius have thrombogenic and
atherogenic indices higher than those obtained in the present research; the T1 values are between 0.297
- 0.390 and Al between 0.152 - 0.179 [21].

Table 3. The effect of dehulling on the ratios and health lipid quality indices
of L. albus cv. Amiga seeds

Whole seeds Dehulled seeds

Health lipid indices p?

miasr)‘ Min.-Max. So (an%r; Min. - Max. sDt
PUFA / SFA 1.65 151-1.75 0.07 1.62 141-1.70 0.09 ns
MUFA / SFA 3.26 3.03-341 0.11 3.31 3.04-341 0.12 ns
UFA / SFA 491 454 -517 0.18 4,93 4.45-510 0.21 ns
n-3 FA 13.04 12.08 - 13.61 0.51 13.17 12.01 - 13.65 0.51 ns
n-6 FA 14.82 14.70 - 15.12 0.13 14.05 13.82-14.33 0.18 *
n-3/n-6 FA 0.88 0.80 - 0.92 0.04 0.94 0.87 -0.98 0.04 ns
Pl 40.07 38.69 - 41.00 0.80 39.74 37.16 - 40.62 1,09 ns
Tl 0.18 0.17-0.21 0.01 0.18 0.17-0.21 0.01 ns
Al 0.14 0.13-0.16 0.01 0.14 0.13-0.16 0.01 ns
HFA 11.06 10.53-12.14 0.50 10.92 10.43-12.04 0.52 ns
hFA 78.52 77.33-79.17 0.58 78.29 76.70 - 78.88 0.68 ns
h/H 7.12 6.37 - 7.52 0.35 7.18 6.37 - 7.56 0.38 ns

1SD — standard deviation; 2p: ns- p > 0.05; *- p < 0.05;
SFA: saturated fatty acids, MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty acids;
UFA: unsaturated fatty acids; FA: fatty acid;
PI: polyunsaturated index; TI: thrombogenic index; Al: Atherogenic Index;
HFA: Hypercholesterolemic Fatty Acids (C12:0 + C14:0 + C16:0); hFA: hypocholesterolemic Fatty
Acids (C18:1 + polyunsaturated FA); h/H: hypocholesterolemic/Hypercholesterolemic FA.

White lupine seeds are characterized by the high presence of fatty acids with hypocholesterolemic
effects (hFA), aspect that also results from the high ratio of h/H (hypocholesterolemic/
hypercholesterolemic FA). This level is relatively similar (p > 0.05) for LWS and LDS. The high value
of the h/H index indicates the presence of valuable lipids, with a real potential to reduce the plasma
cholesterol [36, 55]. These hypocholesterolemic properties of lupine seeds have been demonstrated for
rats [56].
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4. Conclusions

According to the results obtained in this study, dehulling lupine seeds influences (p < 0.05) the
level of crude protein and crude fibre, but does not affect (p >0.05) the content of ether extract, crude
ash and nitrogen-free extract. Through dehulling white lupine seeds, the crude protein content
increased from 43.16% to 51.69% of DM and the one of crude fibre decreased from 14.15% to 4.35%
of DM, which suggests an increase in the content of nutrients, but also an improvement of their
digestibility and absorption, as well as the degree of valorification. The fatty acid profile of lupine
seeds is not influenced (p > 0.05) by the dehulling process. The major fatty acid in the whole and
dehulled seeds is oleic acid (50.66 - 51.06% of FAME), followed by linoleic acid (14.58 - 13.83) and
a-Linolenic (12.75 - 12.96). The appropriate n-3/n-6 FA ratio (0.88 - 0.94) and the favorable
polyunsaturated index (40.07 - 39.74) highlight the high content in polyunsaturated fatty acids
(especially from the n-3 series), which attribute the quality of valuable source of essential fatty acids.
The low values of thrombogenic (0.18) and atherogenic (0.14) indexes indicate that lupine seeds are
suitable for human nutrition. In addition, the high ratio values of UFA/SFA, PUFA/SFA and h/H, as
well as the low values of SFA, Al and TI confirm the valuable nutritional value of the lipid fraction in
white lupine seeds.
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