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The aim of this paper is to analyse the chemical compositional and nutritional profiles of a two number of
white lupine cultivars (Lupinus albus, cultivars Amiga and Energy) suited to the pedoclimatic conditions in
Romania, collected in the year 2015. No significant differences were observed among lupine cultivars in
their dry matter (DM), crude ash or alkaloid contents. The highest protein content (36.4±1.1% of DM) and
crude fat (10.1±1.2% of DM) was found in seeds from lupines belonging to cv. Amiga, while the highest
crude fibre content (15.2±1.7% of DM) was found in cv. Energy. Both varieties examined were characterised
by a shortage of methionine and lysine, but lysine deficiency was higher in cv. Energy. Amiga cultivar was
found to be a nutritionally more valuable crop than cv. Energy by the standards of nutrition for mature human
and animals (chicken broilers and growing pigs). Amiga lupine was characterised by a higher essential
amino acid index (EAAI) as well as chemical score (CS) of lysine, and the high nutritional index (NI) and
biological value (BV) of protein as compared to cv. Energy. The white lupine seeds examined can serve as
a source of good quality food protein for adult humans, meet the requirement for exogenous amino acids
(EAA) and Lys in chicken broilers and to a lesser degree in the case of growing pigs, according to the
standards of nutrition used. Fatty acid (FA) composition showed that oleic acid (C18:1 n-9) was the major
fatty acid, followed by linoleic (C18:2 n-6) and linolenic (C18:3 n-3) acids. Apart from the highest level of
polyunsaturated fatty acids (PUFA) the seed oil of Amiga cultivar showed and the largest content of linolenic
acid (n-3) and the most favourable report n-3/n-6 FA.
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In Europe, the deficit of feed protein sources is
considered as important problem. The current global
situation encourages EU countries to find ways to reduce
the dependence on imported protein feeds. In this regard,
seeds of lupine can be alternative protein sources replacing
genetically modified soybeans in animal feed production
and human diet [1].

The use of lupine seeds has been limited due to the
presence of alkaloids. Plant breeders have worked on
improving lupine by selecting varieties high in protein and
low in alkaloids [2]. Among the species of the genus
Lupinus, white lupine (Lupinus albus L.) is most often the
subject of interest for experts in human and animal nutrition,
mainly because of its seed yield potential, protein and oil
content [3-5].

The seeds of white lupine cultivars contain 28 to 42%
crude protein (CP) in dry matter (DM), which depends on
the lupine cultivar and climatic conditions [6]. Lupine seed
proteins are high in lysine and arginine [7]. The profile of
amino acids is characterised by a lower level of sulphur
containing amino acids and threonine in comparison with
soy; in contrast, arginine content is markedly higher [8].

The oil content in seeds which ranges from 5.7 to 12.1%
[4, 5]. The most frequent fatty acids in white lupine seeds
included C18:1 and C18:2. Oils contained in lupine seeds,
although less discussed, might perform an important
nutritional role regarding their fatty acid profile. An
important criterion for oil assessment for dietary purposes
is represented by the contents and proportions of
polyunsaturated fatty acids (PUFA), which are important
for both human and animal nutrition [9-13]. Special
emphasis is laid on sufficient intake of n-3 FA and proportion
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of n-3/n-6 FA in the diet. The recommended ratio is 1:4
[14].

In Europe cultivation of lupine species remains far behind
that of other leguminous plants, although is the only highly
productive plant, on exhausted or heavy soils which can
be used for food and fodder production [2]. Apart from the
high protein content, lupine has a strong capability for
nitrogen fixation and organic phosphorus release from soil
and improves the soil value for further cropping [1].

Although over recent decades, a growing body of
research on sweet lupine has begun, mainly to produce
species characterised by a low alkaloid content and enrich
their nutritional values, in Romania the level of cultivation
of this plant is still considered to be low [15]. The aim of
this paper is to analyse the chemical compositional and
nutritional profiles of a two number of white lupine cultivars
(Lupinus albus, cultivars Amiga and Energy) suited to the
pedoclimatic conditions in Romania, collected in the year
2015.

Experimental part
Raw material

Lupine cultivars (Amiga and Energy) were chosen from
the European species most suited to the pedoclimatic
conditions in Romania. Lupine seeds for analyses were
obtained from Agricultural and Development Research
Station (47°32’ N; 21°56’ E) of the University of Oradea.
The seeds were collected in the year 2015. The weather
temperature mean was 19.3°C and total precipitation was
315 mm during the plant growth season (April - August).
The seeds were cleaned and rendered free of dust, then
stored in tightly closed glass jars at room temperature until
used [2].
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Proximate chemical composition
Nutrient composition of the lupine seed sample was

determined using the standard procedures of Association
of Official Analytical Chemists [16]. Dry matters (DM) were
determined by drying in an oven at 105°C until a constant
weight was obtained [17, 18]. Crude fat (EE - ether extract)
was determined by Soxhlet extraction with petroleum
ether (boiling point, 40 to 60°C) using Soxhlet apparatus
(Gerhardt) (Method No 930.09) [19]. The nitrogen content
was estimated by the Kjeldahl method (Method No 978.04)
and the crude protein (CP) content was calculated (N ×
6.25) [20, 21]. The ash content was determined by heating
2 g of the dried sample in a silica dish at 580°C for 8 h
(Method No 930.05). Crude fibber was determined after
digesting a known weight of fat-free sample in refluxing
sulfuric acid and sodium hydroxide (Method No 930.10).
The nitrogen-free extract (N-FE) was calculated as 100 -
crude protein - crude fat - crude fibre - crude ash.

Neutral detergent Fibber (NDF), acid detergent fibber
(ADF) and acid detergent lignin (ADL) were determined
according to Van Soest [22], using an Ankom 220 Fibber
Analyser (ANKOM Technology Corp., Fairport, New York,
USA). Hemicellulose content was estimated by subtracting
ADF from NDF and cellulose content by substracting lignin
from ADF [21].

For extraction of alkaloids from lupine seeds (freeze-
dried) was used trichloroacetic acid, dichloromethane and
internal standard (n-eicosane) according to the method
described by Maknickiene [23]. Cromatographic analysis
was performed em-ploying the modiûed method of Lee
[24].

All determinations were expressed on a dry matter
basis.

Amino acid analysis
Amino acids analysis of lupine seeds was determined

using a Mikrotechna AAA 881 automatic amino acid
analyser (Model 118/119 CL, CR). Prior to analysis, samples
were hydrolysed in 6 M HCl at 110oC for 24 h under a nitrogen
atmosphere. Cysteine and methionine were determined
as cysteic acid and methionine sulfone, respectively,
following sample oxidation with performic acid and
hydrolysis in 6 M HCl at 110oC for 24 h. Tryptophan was
determined after NaOH hydrolysis at 110°C for 22 h
according to the method described in the Official Methods
of Analysis of the Association of Analytical Chemists [25].
Amino acid determinations were expressed on a g/16 g N
basis, equivalent to g/100 g of protein [26].

Protein quality evaluation
The quality of proteins was estimated by determination

of total amino acids (AA), the fraction of the exogenous
amino acids (EAA), the protein chemical score (CS) as
well as the essential amino acid index (EAAI) [2, 27, 28].
The nutritional values were referred to the whole egg
protein amino acid standard (Lys - 7, Met+Cys - 5.7, Thr -
4.7, Ile - 5.4, Trp - 1.7, Val - 6.6, Leu - 8.6, His - 2.2, Phe+Tyr
- 9.3; EAA=51.2 g/16 g N [28], the standard for mature
human (Lys - 5.5, Met+Cys - 3.5, Thr - 4, Ile - 4, Trp - 1, Val
- 5, Leu - 7, Phe+Tyr - 6; EAA=36 g/16 g N - [26]) and to
two different standards for animal feeding.

The protein usability for animal feeding was estimated
on the basis of standard for 6-8 weeks chicken broilers
(Lys - 4.7, Met+Cys - 3.3, Thr - 3.8, Ile - 3.4, Trp - 0.9, Val -
3.9, Leu - 5.2, His - 1.5, Phe+Tyr - 5.8; EAA=32.5 g/16 g N
[30] as well as the standard for 20-50 kg growing pigs (Lys
- 7, Met+Cys - 3.6, Thr - 4.5, Ile - 4, Trp - 1.2, Val - 5.2, Leu -
8, His - 2.5, Phe+Tyr - 8; EAA=44 g/16 g N [31].

The EAAI (Essential Amino Acid Index) was calculated
as the geometric mean of all the concentrations of
participating exogenous amino acids (EAA) compared to

the concentration of a corresponding standard (in g/16 g
N) according to the following formula [32]:

where an is the AA content in the protein tested and ans the
AA content in the reference protein.

The CS values were calculated for all amino acids
according to the following formula [32]:

To emphasise the value of the lupine seed protein in
terms of the content of limiting amino acids for animal
feeding, only the CSLys and CSMet+Cys values are presented in
the paper.

Protein efficiency ratio (PER) of lupine seeds were
calculated according to the equations developed by
Alsmeyer [33]:

PER = 0.06320 [X10] - 0.1539

where X10 = Thr + Val + Met + Ile + Leu + Phe + Lys +
His + Arg + Tyr

Biological Value (BV) were computed according to the
methods of Oser [32], respectively. The following equation
was used for BV determination:

BV = 1.09 (EAAI) – 11.7.
The nutritional index (NI) of the lupine samples was

calculated using the formula below as described by Crisan
and Sands [34].

Lipid extraction and fatty acid analysis
Seed sample were ground and subjected to oil extraction

using a Soxhlet apparatus (Gerhardt) according to AOAC
[16]. Oil extracted from the seeds was subjected to
esterification according to the method described by
Andrzejewska [4]. At the first stage fat was saponified using
a 0.5N KOH methanol solution at 70oC. Esterification with
methanol was conducted in the presence of sulphuric acid
as a catalyst.

Chromatographic analysis was performed using a
Shimadzu GC-2010 gas chromatograph (Shimadzu
Corporation, Tokyo, Japan) equipped with a DB-23 column
(60m x 0.25mm i.d. and 0.25µm film thickness). Column
and detector temperatures were 190 and 240°C,
respectively. Carrier gas was helium at 1.0 ml/min ratio.
The temperature of injection port was 230°C with the split
ratio of 1:80, temperature program was 80°C/5 min, 200°C/
30 min, and 230°C/15 min. Fatty acid methyl esters FAME
peaks on the GC were identified by comparison against
standard FAME mixture (Supelco 37 Component FAME mix;
Supelco Bellefonte, PA, USA). The peak areas were used
to calculate the percentage of FA expressed as the
percentage of total fatty acid (FA).

The percentage values of the considered groups of FA
were obtained from summation of the percentage of
appropriate FA: SFA, sum of percentage values of total
saturated FA, i.e., palmitic acid + stearic acid + arachidic
acid + behenic acid; MUFA, sum of the percentage values
of monounsaturated FA, i.e., palmitoleic acid + oleic acid
+ gadoleic acid + erucic acid; PUFA, sum of the
percentage values of polyunsaturated FA, i.e., linoleic acid
+ linolenic acid. Ratio n-3/n-6 was expressed as the ratio
linolenic acid/linoleic acid.

The polyunsaturated index (PI) of the lupine samples
was calculated using the formula below as described by
Timmons [35]:

PI = C18:2n-6 + (C18:3n-3 x 2)

Statistical analysis
All chemical analysis are reported as an average of eight

analyses (n=8). The data obtained was statistically
analysed by an ANOVA using SAS (Statistical Analysis
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Software, version 9.1.) [36] for significant F-statistics. If
the overall F-test was significant (p < 0.05), a Fisher’s t-
test was performed to discern differences between the
cultivars.

Results and discussions
Proximate chemical composition

The proximate composition of white lupine seed (cv.
Amiga and cv. Energy) samples is presented in table 1. The
results obtained in this study show that the variety had
significant influence on the levels of crude protein, crude
fat, crude fibre and on N-free extractives but didn’t influence
crude ash and alkaloides. Strakova et al. [8] found the
influence of the cultivar on crude protein, crude oil and on
crude fibre content for the cultivars grown in Europe.

The analysed white lupine seeds were characterised by
high protein content. The highest protein content was found
in the seeds lupine belonging to Amiga cultivar (36.4% DM),
being lower than that reported for Butan cultivar (37.6 to
38.4% DM - [2, 37]) but higher than the protein levels in
Amiga cultivar (34.1% DM - [6]) and other varieties of white
lupine seeds (25.7 to 35.5% DM - [6, 38, 39]).

In cv. Amiga seeds the amount of oil was found to be
significantly higher than those in cv. Energy lupines (p <
0.05). Oil content found for cv. Amiga (10.1±1.2% DM)
was lower in comparison to Andean lupine (14.9%) [39]
and lower than that reported by Sujak et al., [2] for cv.
Boros, but similar to that reported by Rybinski et al., [5],
Brenes at al., [6] and Grela et al., [39] for other cultivars
white lupine. In the case of cv. Energy, the value of 8.4 ±
0.9% was similar to that reported previously for lupine
varieties cultivated in Ramania [14]. The content of crude
fat can be affected by a genotype within the same species
[41] as well as by environmental factors during plant growth
and development (temperature, air moisture, rainfalls
level) [5, 42]. Boschin et al. [43] in the field trial with six
white lupine cultivars in two locations indicated, that
variance of genotypic effects was much larger than
genotype-environment interaction for oil content and fatty
acid composition.

The crude fibre content of white lupine seeds was
relatively high and were 12.9 and 15.2% for cv. Amiga and
cv. Energy respectively. The highest NDF (22.7%), ADF
(16.2%) and CEL (14.4%) contents were found in the
cultivar Energy. Similar content of NDF and ADF in white
lupine seeds was found by Brenes et al., [6], Pisarikova et
al. [37] and Grela et al. [39] Wasilewko and Buraczewska
[44] they shown that the fat level in white lupine seeds
was negatively correlated with ADF content (r = - 0.687),

this conclusion being confirmed in the present study. The
level of fibre fractions did not differ significantly for ADL
and HCEL.

Nitrogen-free extract differed significantly between
cultivars (p < 0.05) and was as follows: cv. Amiga 36.5%
and cv. Energy 38.1% of DM. Apart from starch, sugars and
pectin, this fraction contains water-soluble non-starch
polysaccharides (NSP) as well as oligosaccharides [2].
Experiments on young piglets show that, they can
negatively affect digestibility and nutrient absorption and
act as anti-nutritional factors [44].

Alkaloids in fodder should not exceed 0.02–0.04% as a
high alkaloid content can cause a significant decrease in
protein digestibility and may also result in neurological
disorders [2, 3]. The concentrations of alkaloids in analysed
white lupine seeds did not exceed the recommended level
and varied between 0.018 and 0.021% of dry matter. The
level of alkaloids did not differ significantly for analysed
cultivars.

Amino acid profile and protein quality of lupine seeds
The amino acid composition of the protein (in g/16 g N,

equivalent to g/100 g protein) from the examined white
lupine seeds and nutritional values of the seed protein from
seeds determined on the basis of the egg protein standard
(CS, EAAI) are shown in table 2 and table 3, respectively.
Generally, proteins from the examined white lupine are a
good source of Lys (6.1 - 5.7 g/16 g N) but they are deficient
in other essential amino acids, especially in sulphur amino
acids containing (2.3 - 2.1 g/100 g protein). Values were
statistically significant (p <v0.05) for Lys, Trp and Arg.
Amiga cultivar had the biggest content of Lys and Trp, while
the Arg content was higher at cv Energy. The available
literature shows a high proportion of lysine and a relatively
low level of sulphur amino acids and tryptophan in white
lupine seeds [2, 6, 34, 36,  43]. This was largely confirmed
by the present results, as the CSLys value for all the analysed
lupine seeds was high (82.0 - 87.2%), and sulphur amino
acids were the limiting amino acids (CSMet+Cys: 38.4 -
40.7%).

Differences in CS values for white lupine seeds depended
on the standards of nutrition used: egg protein and also
based on ideal protein for mature human, chicken broiler
and growing pigs (table 3). In any of the above-mentioned
cases Met+Cys were the limiting amino acids. Therefore,
lupine should be combined with foods or fodders rich in
methionine or supplemented with Met.

The protein of white lupine seeds is characterised by a
lower value than that of animal protein. This was confirmed
in the present study by content of exogenous amino acids

NDF neutral-detergent fibber, ADF acid-detergent fiber, ADL lignin, HCEL hemicellulose (calculated values: NDF-ADF), CEL
cellulose (calculated values: ADF-ADL), N-FE nitrogen-free extract (calculated values: 100 - CP - EE - CF - CA)

Table 1
CHEMICAL COMPOSITION OF THE TWO WHITE LUPIN CULTIVARS (% OF DRY MATTER)
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Table 2
AMINO ACID COMPOSITION OF THE WHITE LUPIN SEEDS

Table 3
THE NUTRITIONAL VALUES OF

PROTEINS OF THE WHITE LUPIN
SEEDS

1Based on egg standard [29];
2Standard based on nutrient requirement for mature human [26];
3Standard based on nutrient requirement of 6-8 weeks chicken broilers [30];
4Standard based on nutrient requirement for growing pigs 20-50 kg [30];
CSLys - lysine chemical score; CSMet + Cys - methionine + cysteine chemical score;
P-BV - Predicted-Biological Value; P-PER - Predicted-Protein Efficiency Ratio.
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to human and animal feeding. According to results
presented in table 4, fatty acid composition showed that
oleic acid (C18:1 n-9) was the major fatty acid, followed
by linoleic (C18:2n-6) and α-linolenic (C18:3 n-3) acids.
The individual fatty acid concentrations were influenced
by the variety, but on average the prevailing FA included
oleic, linoleic and linolenic acids, which is also confirmed
by Rusnikova et al. [9].

The highest contents of C18:3 n-3 were detected in cv
Amiga seed (p <0.01) compared to cv Energy which
contained the highest concentrations of C18:1n-9 (p
<0.05). A broad range of variation (6.6–12.7%) indicates
on possibility of selection for high content of desired
linolenic acid (n-3). Similar range of variability (5.6–12.8%)
was obtained by Rybinski et al. [5].

Content of C22:1 (erucic acid) in seeds is considered
undesirable for human and animal nutrition [4]. This work
as well as data given by Rybinski et al. [5] indicates that a
advantage of white lupine is the presence of small amounts
of erucic acid. Minimum and maximum values for erucic
acid ranged from 0.8 to 2.6% (table 4). The highest erucic
acid content was found in the seeds lupine belonging to
Energy cultivar (1.76 %) (p < 0.05). Similar results as in our
study concerning FA concentrations in lupine were
published [2, 3, 5, 9].

The quantities of MUFA, as assumed, prevailed over SFA
and PUFA in examined white lupine cultivars. The SFA and
MUFA no were significantly different in examined white
lupine cultivars (p Ã 0.05); whereas in the cv Amiga
showed higher proportions of PUFA (30.9%) compared to
cv Energy (28.5%) (p < 0.05). Presented results are
generally in agreement with values obtained by Erbas et
al. [3], Rybinski et al. [5], Uzun et al. [41] and Zraly et al.
[45], respectively. High content of polyunsaturated fatty
acids indicates that lupine can be a potential source of
considerable amount of useful fats. Moreover, the high
content of linoleic and linolenic fatty acids makes lupine
seed a good source of essential fatty acids.

The n-3/n-6 fatty acid ratio is important for human health
and should be 1:1–1:4 [13]. White lupine seeds for
examined meet this desirable ratio criterion: 1:1.83-2.53
(table 4). The fat from cv. Amiga was characterized by a
highest content of á-linolenic acid, and thus a more
favourable n-3/n-6 value as compared with cv. Energy (p
< 0.01).

In the present study, it was observed that the
polyunsaturated index (PI) of the lupine seeds samples
were high, which indicated that seeds contain large amount

Table 4
FATTY ACID COMPOSITION OF WHITE LUPINE SEEDS (% OF TOTAL FATTY ACIDS)

(EAA) which was 37.7 - 38.1 g/16 g N, compared with the
value of 51.2 g/16 g N in hen’s egg white used in the
assessment as an amino acid standard [28]. Similar results
were obtained in the investigations conducted by Sujak et
al. [2], where the EAA content in different white lupine
seeds ranged from 36.0 to 37.7 g/16 g N.

The predicted nutritional values of the white lupine seed
protein (EAA, CSLys, CSMet+Cys, EAAI, BV and NI) were
calculated based on standards of nutrition for 6-8 week
broilers [30] and the nutrition standard for growing pigs
[31]. Edible cultivars were compared against standard
based on nutrient requirement for mature human [26].
Among analysed white lupine cultivars the highest EAAI,
CSLys, BV and NI value was found for cv Amiga, and the
highest CSMet+Cys for cv Energy both for mature human as
well as for young chicken and pigs. According with these
standards white lupine is rather a good source of the protein
for chicken broilers nutrition (EAAI amounting 113.4%, CSLys
130.0 and BV 111.9). To a lesser degree white lupine protein
covers the nutritional requirements for exogenous amino
acids for mature human nutrition (EAAI amounting 94.9
and BV 91.8) and for young animals in particular of the pigs
(20-50 kg), because it is deficient in sulphur containing
amino acids (Met+Cys). This fact is expressed by the
lowest EAAI, CS, BV and NI indices.

The mean values of CSLys, CSMet+Cys and EAAI were higer
than those reported by Grela et al. [39] (78, 38.5 and 65.5)
and similar with results reported by Sujak et al. [2], for
white lupine cultivars grown in Poland.

The statistical analysis did not confirm the difference
between the white lupine cultivars for value protein
efficiency ratio (PER).

Nutritionally, a protein-based fodder is said to be of good
nutritional quality when its essential amino acid index
(EAAI) is >0.70, protein efficiency ratio (PER) is Ã2.7,
biological values (BV) is >70% [43]. The nutritional
outcome of examined white lupine seeds in terms of
essential amino acid index, protein efficiency ratio and
biological value showed that the white lupine contain
proteins of an appreciable quality, however, the seeds
cannot be used for animal feeding alone without
complementing with other protein-based forages.

Fatty acid composition of lupine seeds
Generally, the quality of fat depends on fatty acid (FA)

profile and content, and the ratios between individual acids
[5, 47, 48]. For polyunsaturate FA (PUFA) the n-3/n-6 ratio
(linolenic/linoleic fatty acids) is very important with respect

SFA - saturated fatty acids, MUFA - monounsaturated fatty acids, PUFA - polyunsaturated fatty acids, PI (polyunsaturated

index) = C18:2n-6 + (C18:3n-3 x 2)



http://www.revistadechimie.ro REV.CHIM.(Bucharest)♦ 69♦ No. 2 ♦ 2018458

of PUFA. The highest values of PI were detected in cv Amiga
seed (p < 0.01). Inclusions of polyunsaturated in human
diets are recommended for preventing cardio-vascular
diseases [14]. The polyunsaturated fatty acids are
precursors of long chain n-3 PUFA in the eicosanoids
biosynthesis, which are important in bio regulators of many
cellular processes and immune system [43].

Conclusions
The results obtained in this study show that the variety

had significant influence on the levels of crude protein,
crude fat, crude fibre and on N-free extractives but didn’t
influence crude ash and alkaloides. Based on the
experiments presented in this study, the cultivar affected
amino acid content (Lys, Trp and Arg) and on nutritional
values of the protein measured by means of CS, EAAI, BV
and NI indices. Both varieties examined were characterised
by a shortage of methionine and lysine, but lysine deficiency
was higher in cv. Energy. The important point to be made
here is that white lupine seeds examined can serve as a
source of good quality food protein for adult humans,
according to the standard of nutrition used. The examined
white lupine meet the requirement for exogenous amino
acids and Lys in 6-8 weeks’ chicken broilers and to a lesser
degree in the case of growing pigs (20-50 kg). The
dominating fatty acid in examined white lupine seeds was
monounsaturated oleic acid (47.6 - 51.1%). Among
polyunsaturated fatty acids dominated linoleic FA (19.9 -
20.4%) followed by linolenic FA (8.0 - 10,9%). The fat from
cv. Amiga was characterized by a highest content of á-
linolenic acid, and thus a more favourable n-3/n-6 value for
health as compared with cv. Energy (1:1.87 vs. 1:2.53) (p
< 0.01). The two cultivars of white lupine studied are good
protein sources, as having good quality protein and as
profile of fatty acids and n-3/n-6 fatty acids ratio are suitable
both for human and animal nutrition.
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