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Abstract: Lupine seeds are a valuable nutritive source for animal feeding, but for poultry nutrition,
the content in crude fiber and non-starch polysaccharides (NSP) have an antinutritional factor. The
aim of this research was to highlight the effect of partial soybean meal replacement with L. albus
seeds and enzyme addition in the laying quail diets on productive performance, digestion, blood
biochemical indices and egg quality. A total of 210 homogenous female Japanese quails (Coturnix
japonica) at 24 week of age were randomly assigned to 6 dietary treatments, with the standard diet
based on soybean meal unsupplemented (−) and supplemented with enzyme (+) (S−/S+) and the
experimental diets on which the soybean meal was based partially substituted by including lupine in
the amount of 200 g/kg and 250 g/kg, unsupplemented and supplemented with enzymes (L20−/L20+;
L25−/L25+).The use of enzymes in the lupine-based diets allowed increasing the proportion of lupine
in the diet of laying quails by up to 25% (% of feed) without changing egg production, egg weight, feed
conversion rate and physical–chemical quality parameters of the eggs. In addition, the use of lupine
(−/+) improved (p < 0.001) the carotenoid content of the egg yolk, as well as the quality of the yolk
fats by decreasing the cholesterol content and the level of fatty acids (FA) with an atherogenic effect,
in favor of omega-3 FA. Enzyme supplementation of the lupine-based diets had a negative effect on
the health lipid indices of the fats in the yolk (ratio of the hypocholesterolemic/Hypercholesterolemic
FA—h/H, atherogenic index—AI, thrombogenic index—TI and health promotion index—HPI). The
use of exogenous enzymes increased the nutrients’ efficiency of the quails’ feed, which is supported
by the improvement of the blood metabolic indices and a decrease of intestinal digesta viscosity
and feces moisture. In conclusion, white lupine can be used up to 25% in the laying quail feed in
association with specific enzymes without affecting the productive performance and egg quality;
moreover, lupine use has improved the quality of the eggs, increasing humans’ health.

Keywords: white lupine; non-starch polysaccharides; omega-3 FA; carotenoids; cholesterol

1. Introduction

At the present time, the high protein requirements for human and animal nutrition
determine the protein sources which have become progressively more limited and ex-
pensive [1]. In the field of animal feeding, in the past 10 years, research attention has
focused years on the detection and validation of alternative protein sources for soybean
meal, considered the most important vegetable protein source. In this context, the seed of
Lupinus spp. represent a potential alternative for soybean meal [2,3].

L. albus from the low-alkaloid varieties is important for monogastric animals feeding,
due to their high content in crude protein (CP, 35–43%) and crude fat (EE, 8–12%) [4,5].
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The amino acid content of proteins is also appreciable, and the FA profile of fats is well
represented in unsaturated fatty acids (UFA), at approximately 70–75% of FAME [6–8].
However, the high content in crude fiber (12–15%), oligosaccharides from the raffinose
family and non-starch polysaccharides (arabinose, xylose, rhamnose, mannose, galactose)
reduce the potential of white lupine to substitute for soybean meal in high proportions in
the feed structure of monogastrics, especially for poultry [9,10]. Among NSP compounds,
attention is directed toward soluble compounds, whose antinutritional effect in poultry
consists in the binding of high amounts of water giving a gelatinous consistency to the
digesta, which contributes to the increase of intestinal tract viscosity and to the reduction
of nutrients’ absorption [11,12]. It is well known that poultry do not possess specific
endogenous enzymes for the efficient use of these compounds [13,14].

A common practice worldwide is the use of carbohydrase enzymes to improve feed
energy [15]. Supplementing the poultry diets with multi-carbohydrase can improve nu-
trient digestibility and growth rates [16–18]. The main mechanism behind this consists
of improving nutrient availability through the NSP degradation [19,20]. Moreover, it can
degrade the cell walls, enhancing the access of endogenous enzymes [20–22].

Available research in the field has revealed that the use of exogenous multi-enzymes
combinations containing cellulase, β-glucanase, xylanase, hemicellulase, pentosanase and
pectinase in broiler feeds has allowed an increase of L. albus seeds’ inclusion by up to
35% in the diet, without influencing productive performance, because the digestibility of
proteins, fats and NSP from feed has improved, while the viscosity of the intestinal digesta
has decreased [23–26]. Moreover, L. luteus seeds were efficiently used up to 40% in the diet
of broilers from 1 to 25 days age old when a mix of enzymes (β-glucanase, hemicellulase,
pectinase, endoglucanase, cellulase, β-xylanase and protease) was used, due to the feed
conversion improvement as a result of a better NSP valorization [11,27].

To our knowledge, research about the addition of specific enzymes in the lupine-based
diets for laying hens is limited and has only partially examined the effects on productive
performance or egg quality. In this regard, the use of enzymes derived from a natural
culture of Aspergillus Niger in the laying hens’ diet which contains 150 g/kg of blue lupine
has led to obtaining similar productive performances to the use of only soybean meal [28].
Research regarding the effects of exogenous enzyme use in poultry diets containing lupine
seeds is relatively limited.

Therefore, considering this background, as well as a lack of information related to
improving lupine use efficiency in the diets of poultry for egg production, we aimed to
investigate the possibility of increasing the use of lupine in quail feeding, by the addition
of specific exogenous enzymes in relation to productive performance, quality of the eggs
and physiological status of the birds.

In this research, the following hypotheses were evaluated: (1) an increase proportion
of soybean meal substitution with lupine seeds by supplementing the laying quail diets
with exogenous enzyme, without affecting the productive performance and health status;
(2) substantial changes in egg quality are expected (egg weight, fatty acid profile and health
lipid indices of yolk, and yolk content in carotenoids) after the inclusion of lupine and
exogenous enzyme in the diets.

2. Materials and Methods
2.1. Animal Ethics

The experimental procedures were reviewed and approved by the ethical committee
of the University of Agricultural Science and Veterinary Medicine of Cluj-Napoca, number
291/22/11/2021.

2.2. Birds and Experimental Design

A total of 210 homogenous laying Japanese quails at 24 weeks (wk) of age were
distributed in a completely randomized design of a 3 × 2 factorial arrangement. The
dietary factors were: (1) three sources for ensuring the protein requirements (soybean meal
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and two levels of lupine seed: 20% and 25% in feed); (2) the enzymes addition (commercial
product Hostazym® X: 0 and 0.02%—in feed). Hostazym® X is a non-GMO enzyme
complex consisting of endo-1.4-β-xylanase (EC 3.2.1.8), endo-1.4-β-glucanase (cellulase;
EC 3.2.1.4), 1.3(4)-α-glucanase (EC 3.2.1.59), α-amylase (EC 3.2.1.1) and protease. The
primary enzymatic activity is endo-1.4-β-xylanase (minimum enzyme activity: 6000 EPU/g
produs) and the secondary is that of endo-1.4-β-glucanase (200 units/g produs), 1.3(4)-
α-glucanase (60 units/g), α-amylase (120 units/g) and protease (traces). The additive
Hostazym® X micro-granulate was introduced into quail feed in a quantity of 0.2 g/kg,
ensuring an enzyme activity of 1200 EPU/kg feed for β-xylanase; 40 units/kg feed for
β-glucanase; 12 units/kg feed for α-glucanase and 24 units/kg feed for α-amylase. The
quails were randomly assigned to 6 dietary treatments (experimental groups), with each
treatment consisting of 5 replicates with 7 birds/unit (35/group). The quails were kept
in cages with an equal surface area of 337.5 cm2/bird. The trial period lasted for 8 wk
(age of the birds: 24–32 weeks) after an initial adaptation period of 2 wk. During the trial,
all technological parameters specific to laying quails were ensured (temperature 22 ◦C,
humidity 65%, ventilation 0.2 m/s and 18 h light/day).

2.3. Experimental Diets

All groups of birds were randomly assigned to the tested diets. The ingredients and
nutrient levels of laying quail diets are listed in Table 1.

Table 1. Ingredients and nutritional characteristics of diets used in the laying quails’ feeding experi-
mental procedure (as-fed basis, %).

Specification Treatments
S− S+ L20− L20+ L25− L25+

Ingredients
Maize 46.03 46.01 41.85 41.83 41.10 41.08

Triticale 10.00 10.00 10.00 10.00 10.00 10.00
Soybean meal 33.00 33.00 16.50 16.50 12.30 12.30
White lupine - - 20.00 20.00 25.00 25.00
Sunflower oil 3.20 3.20 3.85 3.85 3.80 3.80

DL-methionine 0.02 0.02 0.05 0.05 0.05 0.05
L-lysine HCL - - - - - -

Limestone 5.25 5.25 5.25 5.25 5.25 5.25
Vit.-min Premix 1 2.50 2.50 2.50 2.50 2.50 2.50

Enzyme (Hostazyme X) - 0.02 - 0.02 - 0.02
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0

Nutritional characteristics (calculated values)
ME (kcal/kg) 2901 2901 2906 2906 2904 2904

Crude protein (%) 20.02 20.02 20.04 20.04 20.03 20.03
Crude fat (%) 5.83 5.83 7.90 7.90 8.23 8.23

Crude fiber (%) 2.88 2.88 4.55 4.55 4.98 4.98
Lysine (%) 1.02 1.02 1.03 1.03 1.01 1.01

Methionine (%) 0.45 0.45 0.45 0.45 0.45 0.45
Methionine + cisteine (%) 0.80 0.80 0.81 0.81 0.81 0.81

Calcium (%) 2.50 2.50 2.50 2.50 2.50 2.50
Available phosphorus (%) 0.43 0.43 0.44 0.44 0.44 0.44

ME/CP ratio 144.90 144.90 145.00 145.00 144.98 144.98
1 Provided per kg of diet: 12,000 IU of vitamin A, 420 mg of vitamin B4, 5 mg of vitamin B2, 1.5 mg of vitamin B1,
11 mg of vitamin B5, 5 mg of vitamin B6, 1.5 mg of vitamin B9, 0.02 mg of vitamin B12, 2375 UI of vitamin D3, 30
UI of vitamin E, 60 mg of vitamin PP, 2.5 mg of vitamin K3, 0.1 mg of vitamin H, 54 mg of iron, 15 mg of coper,
93 mg of manganese, 71 mg of zinc, 1.2 mg of iodine, 0.15 mg of selenium, 3.6 g of calcium, 3 g of phosphorus,
chlor 7.1%, sodium 5.5%, 1.37 g of DL-methionine, antioxidant (BHT), etoxiquin. ME = metabolizable energy;
S−: standard diet without enzymes; S+: standard diet with enzymes; L20−: experimental diet (200 g/kg lupine)
without enzymes; L20+: experimental diet (200 g/kg lupine) with enzymes; L25−: experimental diet (250 g/kg
lupine) without enzymes; L25+: experimental diet (250 g/kg lupine) with enzymes.
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All diets ensured the nutritional requirements of quails [29]. The main protein source
(soybean meal) of standard diet (S) was partially substituted by including the lupine
without enzymes (−): L20− = group with lupine (200 g/kg of feed) and L25− =group with
lupine (250 g/kg). The treatments with enzymes were marked with + (C+, L20+, L25+). The
quails feeding was ad libitum.

2.4. Ouails’ Performance Evaluation

The birds were weighed individually at the start and end of the trial. The following
parameters were determined on a weekly basis: feed intake, laying rate, egg weight and
feed conversion rate. The birds’ health and behavior were observed daily.

2.5. Egg Collection and Evaluation

The egg morphological structure (albumen, yolk and eggshell-% of the whole egg)
from a number of 25 eggs/treatment (5 eggs/replicate) were assessed bi-weekly (at 2, 4, 6,
and 8 wk).

The physical characteristics of the eggs were assessed based on: AI (albumen in-
dex = equatorial diameter ÷ height × 100), YI (yolk index = equatorial diameter ÷ height
× 100), and HU (albumen Haugh Unit = 100 log (height − 1.7) × egg weight0.37 + 7.57) [30].

The eggshell thickness was measured at three different points (sharp end, equator and
air cell) without internal membrane and after they were dried in the oven [14].

The values of yolk color were performed by the ”La Roché scale”, with color samples
corresponding to values from 1 to 15. Egg quality evaluations (chemical content of the
albumen and yolk, egg yolk fatty acids, cholesterol, egg yolk carotenoids and health lipid
indices) were performed only for the eggs provided from groups with best performance
responses: the birds fed with standard diets (S− and S+) and of which the lupine seed were
used at a level of 20% in feed (L20− and L20+).

2.6. Feed and Egg Chemical Analyses
2.6.1. Feed and Egg Composition

The white lupine seeds (cv. Amiga; low-alkaloid variety) were provided by a local
farmer from Romania (Transylvanian area). From the collected seeds, the following analyses
of samples were performed in the laboratory: raw chemical composition, amino acids (AA)
and fatty acid (FA) content (n = 5).

The raw chemical composition was performed according to AOAC International [31]
and the nitrogen free extract (N-FE) by difference (100% − CP% + CA% + EE% + CF%).
Nitrogen-corrected metabolizable energy (AMEN) of lupine was calculated according to
Sibbald [32]:

AMEN = 3951 + 54.4 MG − 88.7 CB − 40.8 Ce, (1)

where MG = crude fat, CB = crude fiber and Ce = crude ash.
The AA determination from lupine proteins (n = 5) was performed by HPLC (high

performance liquid chromatography) according to the SR EN ISO 13903: 2005 standard
and the method performed by Strut,i et al. [14]. All amino acids (AA) were determinated
in the presence of ninhydrin and the AA identification was performed by comparing the
retention times of each AA resulting from lupine samples with those of the standard (Santa
Cruz Biotechnology standard).

Fatty acids from lupine fats were identified as FAME (methyl esters of fatty acids;
g/100 g of total) using the technique of GC-MS (gas chromatography with mass spectrom-
etry detection), according to the standards: SR EN ISO/TS 17764-2: 2008 and ISO 5508:
2002. The steps of the method followed are described by Strut,i at al. [14]. In the lupine
fats, the major fatty acids identified were: palmitic (C16:0); stearic (C18:0); oleic (C18:1
n-9); eicosenoic acid (C20:1 n-9); linoleic acid (C18:2 n-6); α-linolenic acid (C18:3 n-3). The
identification of FA peaks was realized by comparing the FAME relative retention time
with that of the standard (Mix FAME Supelco 37).
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The raw chemical content of albumen and yolk was analyzed according to the methods
of AOAC International [31] (albumen: CP and CA and yolk: EE, CP and CA).

2.6.2. Egg Yolk Fatty Acid Analysis

The FA profile of egg yolk was performed from a number of 5 eggs randomly selected
from each replicate and group: miristic (C14:0); miristoleic (C14:1); pentadecanoic (C15:0);
pentadecenoic (C15:1); palmitic (C16:0); palmitoleic (C16:1); heptadecanoic (C17:0); hep-
tadecenoic (C17:1); stearic (C18:0); oleic (C18:1 n-9); linoleic (C18:2 n-6); γ-linolenic (C18:3
n-6); α-linolenic (C18:3 n-3); eicosadienoic (C20:2 n-6); eicosatrienoic (C20:3 n-6); eicos-
apentaenoic (C20:3 n-3); erucic (C22:1 n-9); arachidonic (C20:4 n-6); nervonic (C24:1 n-9);
docosatetraenoic (C22:4 n-6); docosapentaenoic (C22:5 n-3) and docosahexaenoic (C22:6
n-3). The fatty acids analysis was carried out in three steps: extraction with chloroform–
methanol [33], methylation [34] and identification of fatty acids by gas chromatography
analysis according to Strut, i et al. [14].

2.6.3. Egg Yolk Cholesterol Analysis

The cholesterol content from egg yolk was performed according to AOAC Interna-
tional [35] and Method no. 994.10 and 976.26. The principle consists of the saponification
of lupine samples, followed by petroleum ether extraction. The concentration extract was
resumed in chloroform and standard solution of cholesterol in chloroform 10 mg/mL was
used [36,37]. The Perkin Elmer-Clarus 500 GC used was set up according to Strut, i et al. [14].

2.6.4. Egg Yolk Carotenoid Analysis

The carotenoids were extracted with a mixture of methanol/ethyl acetate/petroleum
ether (1:1:1) according to the procedure described by Schlatterer et al. [38]. A total of 5 g
of yolk/sample was used (5 samples/group). The LGC Standards (UK) were used for the
identification of zeaxanthin, lutein and β-cryptoxanthin.

2.6.5. Nutritional Indices and FA Ratios

In order to highlight the influence of the dietary treatments on the nutritional qualities
of yolk fats, it was considered optimal to calculate some health lipid indices (n = 5),
as follows:

Ratio of n-6/n-3 FA.
Polyunsaturation index [39]:

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

Atherogenic index [40]:

AI = (C12:0 + C16:0 + 4 × C14:0) ÷ [ΣMUFA + Σ(n − 6) + Σ(n − 3)] (3)

Thrombogenic index [40]:

TI = (C14:0 + C16:0 + C18:0) ÷ [0.5 × ΣMUFA + 0.5 × Σ(n − 6) + 3 × Σ(n − 3) + Σ(n − 3) ÷ Σ(n − 6)] (4)

Hypocholesterolemic/Hypercholesterolemic FA ratio [41]:

h/H = (C18:1 + PUFA) ÷ (C12:0 + C14:0 + C16:0) (5)

Health promotion index [42]:

HPI = UFA ÷ [C12:0 + (4 × C14:0) + C16:0)] (6)

2.7. Measurements of the Excreta Dry Matter and Digesta Viscosity

The dry matter of excreta was evaluated every 7 days, from the fresh feces that resulted
in 60 min (n = 5/group). The samples were cleaned of impurities and dried in an oven
(105.5 ◦C).
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The intestinal content viscosity was determined on the last day of the experimental
period (n = 5/group).

The samples were collected from the digestive content of ileon and prepared according
to Konieczka and Smulikowska [43]. The Brookfield viscometer (model LVDV E, Brookfield
Engineering Laboratories, Middleboro, MA, USA) was used to determine the viscosity in
cP (centipoise).

2.8. Blood Parameters

Samples (n = 5) of fresh blood were collected in vacutainers on lithium–heparin
medium after 5 h of no feed. At the laboratory, the samples were centrifuged for 30 min
at 3000 rotations/min to separate the blood plasma and were then stored at −20 ◦C. The
following were determined: hemoglobin (Hb, g/dL); hematocrit (Hct, %); erythrocytes (Ery,
mL/mm3); total proteins (Prot, g/dL); total lipids (Lip, mg/dL); albumins (Alb, g/dL);
γ-globulins (g/dL); aspartate aminotransferase (AST, U/L); alanine aminotransferase
(ALAT, U/L); urea (mg/dL); creatinine (Creat., mg/dL); glutathione peroxidase (GPx,
U/gHb); superoxide dismutase (SOD, U/gHb); cholesterol (Chol, mg/dL); triglycerides
(Try, mg/dL) [44].

2.9. Statistical Analysis

All data were analyzed using the GLM procedure, software system ver. 10.0 (StatSoft
Inc., Tulsa, OK, USA, 2011). The experiment was a completely randomized 3 × 2 factorial
design, with a two-way ANOVA performed to assess the main effects of dietary lupine
seed level (20 and 25%) compared with the standard diet, without and with enzymes
supplementation (−/+), as well as the interaction with these factors (lupine level and
enzymes). The two-way ANOVA was performed to assess the effects of dietary treatments
on the excreta dry matter content and intestinal viscosity, blood biochemical parameters
and egg quality (raw chemical composition, fatty acids, nutritional indices, carotenoids,
cholesterol). The Tukey multiple-range test was used to compare the differences between the
mean values of applied treatments. Differences were considered significant when p < 0.05.
All data were presented as means with a pooled standard error of the mean estimates.

3. Results
3.1. Chemical Composition of the Lupine Seeds

In addition to the high content in crude protein (CP, 43.11% of DM) and fat (CF, 10.55%
of DM), lupine seeds are also characterized by a high level of essential amino acids (e.g.,
lysine—4.98 g/16 g N; arginine—9.42 g/16 g N) but also in UFA, of which the oleic acid
(C18:1 cis-9; OA), linoleic acid (C18:2 n-6; LA) and α-linolenic acid (C18:3 n-3; ALA) are
well represented (Table 2).

Table 2. Chemical composition, major amino acids and fatty acids of white lupine from low-alkloid
varieties (cv. Amiga).

Raw Chemical Composition
(% of DM)

Amino Acids
(g/16 g N) Fatty Acids (% of FAME)

Dry matter 92.41 Lysine 4.98 Palmitic acid (C16:0) 10.70
Crude protein 43.11 Methionine 0.49 Stearic acid (C18:0) 2.71

Crude fat 10.55 Tryptophan 0.46 Oleic acid (C18:1 n-9) 50.65
Crude fiber 14.18 Arginine 9.42 Eicosenoic acid (C20:1 n-9) 3.01
Crude ash 3.93 Glutamine 31.64 Linoleic acid (C18:2 n-6) 14.55

N-FE extract 28.23 α-linolenic acid (C18:3 n-3) 12.75
AMEN kcal/kg DM 3112.2 SFA 16.96

MUFA 55.15
PUFA 27.84

n-6/n-3 FA 1.14
N-FE extract: nitrogen-free extract; AMEN: nitrogen-corrected metabolizable energy, calculated according to
Sibbald [32]; SFA: saturated FA; UFA: unsaturated FA; MUFA: monounsaturated FA; PUFA: polyunsaturated FA;
n-6: omega-6 FA; n-3: omega-3 FA.
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3.2. Quails’ Performance

Feeding quails with diets containing 20% and 25% of white lupine with the enzymes
did not influence the weight of the birds (p > 0.05) (Table 3).

Table 3. Influence of enzymes addition in lupine-based diets on the productive performance of quails
(mean ± std. error).

Specification
Body Weight (g/quail)

Laying Rate (%) Feed Intake
(g/Quail/Day)

Feed Conversion Ratio

Initial Final g Feed/Egg kg Feed/
kg Egg Mass

Without enzyme
S− 299.95 ± 3.87 302.33 ± 4.47 88.67 ± 0.62 b 32.52 ± 0.27 36.53 ± 0.33 a 2.77 ± 0.03 a

L20− 299.03 ± 3.75 299.49 ± 4.48 88.32 ± 0.60 bc 32.27 ± 0.31 36.82 ± 0.30 a 2.87 ± 0.03 ab

L25− 300.14 ± 4.06 306.61 ± 4.32 87.42 ± 0.64 d 32.78 ± 0.24 37.75 ± 0.40 b 2.91 ± 0.03 b

With enzyme
S+ 299.85 ± 3.51 303.58 ± 3.90 89.90 ± 0.60 a 32.34 ± 0.38 36.34 ± 0.41 a 2.75 ± 0.04 a

L20+ 300.7 ± 3.47 306.52 ± 4.01 91.12 ± 0.63 a 31.96 ± 0.31 35.95 ± 0.33 a 2.77 ± 0.03 a

L25+ 300.15 ± 4.14 308.37 ± 4.88 89.19 ± 0.63 b 32.34 ± 0.33 36.62 ± 0.37 ab 2.79 ± 0.03 ab

p-value
Lupine 0.997 0.490 0.001 0.100 0.014 0.001

Enzymes 0.865 0.347 0.001 0.127 0.075 0.063
Lupine x enzymes 0.967 0.763 0.285 0.236 0.908 0.520

a–b Within a column, values with no common superscripts differ significantly (p < 0.05). S−: standard diet without
enzymes; S+: standard diet with enzymes; L20−: experimental diet (200 g/kg lupine) without enzymes; L20+:
experimental diet (200 g/kg lupine) with enzymes; L25−: experimental diet (250 g/kg lupine) without enzymes;
L25+: experimental diet (250 g/kg lupine) with enzymes.

The laying rate (%) was influenced by the use of lupine in the diets, with the lowest
laying intensity recorded when the lupine was added in an amount of 250 g/kg in the feed
(L25−) without enzymes (p < 0.001) (Table 3). The use of exogenous enzymes in lupine-based
diets led to an increase in egg production (p < 0.001). The use of lupine in the amount of
200 g/kg in the diet with enzymes (L20+) resulted in the highest egg production.

The feed intake (g feed/bird/day) was not influenced (p > 0.05) by the applied treat-
ments (Table 3). The quails fed with lupine in the amount of 250 g/kg in their diets (L25−
and L25+) had similar feed intakes to quails with standard diets (S− and S+) (32.78 and
32.34 vs. 32.52 and 32.34 g of feed/quail/day) (Table 3).

The feed conversion ratio (FCR) was influenced by the applied treatments (Table 3).
The use of lupine in the amount of 250 g/kg in the diet without enzymes led to the FCR
depreciation (p < 0.05). Enzyme inclusion in the diet did not affect the FCR (Table 3).

In the trial period, no specific symptoms of a pathological condition or a nutritional
deficiency were observed.

3.3. Excreta Dry Matter Content and Intestinal Viscosity

The feces moisture of the quails fed with lupine based-diets was higher, while the
enzymes addition had a positive effect, as it ensured a level of moisture close to that
obtained by quails fed with standard diets (Table 4). Large amounts of lupine in the feed,
without enzymes (L25−), led to the highest level of excreta moisture.

The use of lupine without enzymes (L20−; L25−) in the diets of laying quails increased
the viscosity of the intestinal digesta (p < 0.001), compared to the standard diet (S−) and
also with the diets with enzymes. When the enzymes were used (L20+ and L25+), a decrease
(p < 0.001) in the intestinal digesta viscosity of the quails was achieved (Table 4).
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Table 4. Influence of enzymes addition in lupine-based diets on the excreta moisture and intestinal
viscosity of the quails (mean ± std. error).

Specification Excreta Moisture (%) Intestinal Viscosity (cP)

Without enzyme
S- 78.06 ± 0.27 b 4.22 ± 0.16 c

L20- 78.13 ± 0.24 ab 5.96 ± 0.36 b

L25- 78.77 ± 0.27 a 7.02 ± 0.13 a

With enzyme
S+ 77.47 ± 0.22 b 3.45 ± 0.37 c

L20+ 77.33 ± 0.34 b 3.35 ± 0.38 c

L25+ 77.75 ± 0.30 b 4.83 ± 0.14 c

p-value
Lupine 0.033 0.001

Enzymes 0.005 0.001
Lupine x enzymes 0.940 0.008

a–b Within a column, values with no common superscripts differ significantly (p < 0.05). L = lupine effect;
E = enzyme effect. S−: standard diet without enzymes; S+: standard diet with enzymes; L20−: experimental diet
(200 g/kg lupine) without enzymes; L20+: experimental diet (200 g/kg lupine) with enzymes; L25−: experimental
diet (250 g/kg lupine) without enzymes; L25+: experimental diet (250 g/kg lupine) with enzymes.

3.4. Blood Hematological and Biochemical Parameters

The use of lupine and the enzymes in the laying quail feeding did not affect (p > 0.05)
the hematological parameters: Hct (hematocrit %); Hb (hemoglobin g/dL); Ery (erythro-
cytes mL/mm3); Alb (albumins g/dL); γ-globulins (g/dL) (Table 5).

Table 5. Influence of enzymes addition in lupine-based diets on the blood biochemical parameters
of quails.

Indicators
Without Enzyme With Enzyme p-Value

S− L20− L25− S+ L20+ L25+ L E L × E

Hematocrit (%) 39.25 35.80 39.75 39.75 39.00 40.25 0.091 0.165 0.440
Hemoglobin (g/dL) 11.51 12.01 10.99 11.29 11.78 11.05 0.052 0.637 0.889

Ery (mL/mm3) 3.41 3.22 2.96 3.23 2.52 3.07 0.124 0.153 0.187
SOD (U/gHb) 614.50 b 669.08 a 683.25 a 608.50 b 649.25 ab 676.25 ab 0.026 0.064 0.320
GPx (U/gHb) 91.65 b 99.78 a 102.18 a 90.10 b 97.40 a 100.85 a 0.021 0.545 0.125

Proteins (g/dL) 4.67 3.67 3.95 4.91 4.18 4.48 0.057 0.133 0.887
Albumin (g/dL) 1.64 1.48 1.59 1.71 1.53 1.67 0.263 0.191 0.483
γ-Globulin (g/dL) 0.56 0.49 0.49 0.42 0.53 0.66 0.709 0.802 0.346

Urea (mg/dL) 35.53 b 38.00 ab 42.28 a 23.80 c 19.80 c 23.53 c 0.038 0.001 0.738
Creatinine (mg/dL) 0.58 a 0.58 a 0.63 a 0.32 c 0.49 b 0.47 b 0.084 0.001 0.025
Total lipids (mg/dL) 758.60 a 723.75 ab 647.83 c 747.00 a 686.98 cb 518.95 cd 0.011 0.018 0.517
Cholesterol (mg/dL) 152.41 a 145.53 ab 136.55 bc 153.55 a 143.00 ab 122.78 c 0.028 0.041 0.866
Triglyceride (mg/dL) 502.10 a 457.55 ab 371.00 c 477.33 a 430.18 b 279.83 d 0.004 0.032 0.413

ALT (U/L) 14.83 d 22.48 c 34.95 a 10.79 d 19.13 c 29.80 b 0.008 0.038 0.988
AST (U/L) 99.60 a 91.30 ab 91.05 ab 96.25 a 84.80 c 70.20 d 0.212 0.020 0.625

a–d Within a row, values with no common superscripts differ significantly (p < 0.05). L = lupine effect; E = enzyme
effect. S−: standard diet without enzymes; S+: standard diet with enzymes; L20−: experimental diet (200 g/kg
lupine) without enzymes; L20+: experimental diet (200 g/kg lupine) with enzymes; L25−: experimental diet
(250 g/kg lupine) without enzymes; L25+: experimental diet (250 g/kg lupine) with enzymes.

The highest value of plasmatic urea and creatinine was recorded when the lupine was
used at 250 g/kg in feed, but the use of enzymes led to lower values (p < 0.05) at a level
similar to that of quails fed with standard diets (Table 5).

The indice values of the lipid profile have a decreasing trend as a result of the enzymes
addition, as well as with the lupine dose increase in the feed (Table 5). Compared to
the groups without lupine, the birds from L25+ recorded the lowest values (p < 0.05) of
plasmatic Lip, Try and Chol.
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Moreover, the presence of lupine in the diets led to an increase (p < 0.05) in the SOD
and GPx values (Table 5).

3.5. Physico-Chemical Traits of the Eggs

The lupine-based diets without enzymes (L20− and L25−) led to obtaining eggs with
a lower weight (p < 0.05) (Table 6). An egg weight improvement was achieved when the
lupine-based diets were supplemented with specific enzymes (L20+ and L25+), with the
values similar to the weight of eggs obtained from the birds fed with standard diets (S−
and S+) (Table 6).

Table 6. Influence of enzymes addition in lupine-based diets on the physical quality indices of fresh
eggs (mean ± std. error).

Specification Egg Weight
(g/egg)

Morphological Components (%) Physical Quality Indices of Eggs (%) Shell
Thickness

(mm)Albumen Yolk Shell Albumen
Index Yolk Index Haugh Unit

Without enzyme
S− 13.20 ± 0.04 a 56.90 ± 0.12 a 30.69 ± 0.09 a 12.42 ± 0.09 a 17.40 ± 0.34 50.27 ± 0.76 95.26 ± 0.42 0.229 ± 0.01 a

L20− 12.91 ± 0.04 b 58.17 ± 0.14 b 30.07 ± 0.13 b 11.76 ± 0.06 b 17.86 ± 0.35 51.00 ± 0.71 96.72 ± 0.38 0.213 ± 0.01 b

L25− 12.96 ± 0.05 b 58.42 ± 0.13 b 29.88 ± 0.12 b 11.72 ± 0.07 b 17.61 ± 0.42 50.97 ± 0.64 96.20 ± 0.49 0.196 ± 0.01 c

With enzyme
S+ 13.11 ± 0.04 a 57.50 ± 0.17 a 30.58 ± 0.12 a 12.18 ± 0.06 a 17.57 ± 0.19 50.10 ± 0.98 95.92 ± 0.24 0.227 ± 0.01 a

L20+ 13.08 ± 0.03 a 58.09 ± 0.12 a 30.23 ± 0.10 a 11.68 ± 0.06 b 17.76 ± 0.24 51.78 ± 0.52 96.55 ± 0.35 0.219 ± 0.01 a

L25+ 13.06 ± 0.04 a 58.04 ± 0.13 a 30.23 ± 0.11 a 11.72 ± 0.06 b 17.83 ± 0.21 49.92 ± 0.44 96.81 ± 0.16 0.209 ± 0.01 b

p-value
Lupine 0.001 0.001 0.001 0.001 0.795 0.097 0.934 0.001

Enzymes 0.044 0.163 0.045 0.055 0.809 0.409 0.213 0.033
Lupine x enzymes 0.001 0.001 0.129 0.234 0.584 0.131 0.434 0.009

a–c Within a column, values with no common superscripts differ significantly (p < 0.05). S−: standard diet without
enzymes; S+: standard diet with enzymes; L20−: experimental diet (200 g/kg lupine) without enzymes; L20+:
experimental diet (200 g/kg lupine) with enzymes; L25−: experimental diet (250 g/kg lupine) without enzymes;
L25+: experimental diet (250 g/kg lupine) with enzymes.

The proportion of the egg’s morphological components, namely the albumen (%), yolk
(%) and shell (%), were influenced by the applied treatments (Table 6). The use of lupine in
the quail diets (200 and 250 g/kg) led to an increase (p < 0.05) in the albumen weight.

The proportion of yolk and eggshell decreased (p < 0.001) when the lupine was
included in the diets (without enzymes) (Table 6). The presence of enzymes in diets led
to an increase in yolk weight, but the weight of the eggshell did not change (Table 6). The
decrease in eggshell weight at the same time as the lupine inclusion in diets is associated
with the reduction in eggshell thickness (p < 0.05) (Table 6).

The use of lupine in the diets (−/+) did not influence (p > 0.05) the physical quality
indices of the eggs, namely, AI, YI and HU (Table 6).

The partial substitution of soybean meal with lupine (−/+) did not affect (p > 0.05)
the CP and CA in albumen, nor the CF, CP and CA of yolk (Table 7).

Table 7. Influence of enzymes addition in lupine-based diets on the chemical composition of quail
eggs (% of DM).

Egg
Component

Chemical
Content

Without Enzyme With Enzyme p-Value
S− L20− S+ L20+ L E L × E

Albumen

DM % 12.37 ± 0.39 12.09 ± 0.12 11.61 ± 0.15 11.83 ± 0.17 0.903 0.183 0.299
OM % 8.60 ± 0.36 8.07 ± 0.25 7.76 ± 0.89 7.92 ± 0.67 0.539 0.104 0.783
CP % 85.03 ± 0.41 85.87 ± 0.47 84.26 ± 0.55 84.42 ± 0.49 0.312 0.272 0.491
CA % 3.77 ± 0.12 4.02 ± 0.41 3.85 ± 0.23 3.91 ± 0.11 0.294 0.114 0.598

Yolk

DM % 53.41 ± 0.12 53.22 ± 0.21 52.68 ± 0.11 52.67 ± 0.09 0.259 0.478 0.528
OM % 49.82 ± 0.89 49.51 ± 0.93 49.23 ± 0.59 49.04 ± 0.78 0.627 0.294 0.673
CP % 31.73 ± 0.22 31.21 ± 0.65 32.66 ± 0.45 31.90 ± 0.17 0.146 0.070 0.785
EE % 56.51 ± 0.41 57.43 ± 0.88 56.39 ± 0.94 55.56 ± 1.67 0.970 0.366 0.425
CA % 3.59 ± 0.15 3.71 ± 0.19 3.45 ± 0.14 3.63 ± 0.22 0.252 0.135 0.832

L = lupine effect; E = enzyme effect. DM: dry matter; OM: organic matter; CP: crude protein; EE: ether extract;
CA: crude ash. S−: standard diet without enzymes; S+: standard diet with enzymes; L20−: experimental diet
(200 g/kg lupine) without enzymes; L20+: experimental diet (200 g/kg lupine) with enzymes.



Agriculture 2023, 13, 575 10 of 19

3.6. Egg Yolk Fatty Acids and Cholesterol Content

The fats from the yolk are rich in several fatty acids such as oleic acid (31.67–34.00% of
FAME), palmitic acid (19.04–23.21% of FAME), linoleic acid (16.92–18.52% of FAME) and
stearic acid 13.85–14.38% of FAME) (Table 8).

Table 8. Influence of enzymes addition in lupine-based diets on FAs’ profile of fats in the yolk of
quail eggs (% of FAME).

Indicators
Without Enzyme With Enzymes p-Value

S− L20− S+ L20+ L E L × E

Miristic Acid C14:0 0.32 ± 0.01 0.28 ± 0.01 0.27 ± 0.01 0.30 ± 0.01 0.728 0.169 0.089
Miristoleic Acid C14:1 0.04 ± 0.01 0.03 ± 0.01 0.03 ± 0.01 0.04 ± 0.01 0.271 0.512 0.127

Pentadecanoic Acid C15:0 0.03 ± 0.01 0.04 ± 0.01 0.04 ± 0.01 0.05 ± 0.01 0.078 0.095 0.885
Pentadecenoic Acid C15:1 0.13 ± 0.01 0.14 ± 0.01 0.15 ± 0.01 0.12 ± 0.01 0.155 0.806 0.079

Palmitic Acid C16:0 23.21 ± 0.15 a 19.04 ± 1.65 b 23.17 ± 0.16 a 22.35 ± 0.24 ab 0.009 0.020 0.064
Palmitoleic Acid C16:1 2.88 ± 0.12 2.79 ± 0.10 2.95 ± 0.16 2.85 ± 0.12 0.488 0.633 0.959

Heptadecanoic Acid C17:0 0.10 ± 0.01 a 0.14 ± 0.01 b 0.10 ± 0.01 a 0.10 ± 0.01 a 0.016 0.034 0.009
Heptadecenoic Acid C17:1 0.18 ± 0.02 ab 0.19 ± 0.01 a 0.16 ± 0.01 ab 0.11 ± 0.02 b 0.249 0.012 0.055

Stearic Acid C18:0 13.98 ± 0.30 14.38 ± 0.50 13.85 ± 0.19 13.87 ± 0.18 0.527 0.336 0.563
Oleic Acid C18:1 n-9 31.67 ± 0.33 b 34.00 ± 0.31 a 32.09 ± 0.22 bc 32.99 ± 0.39 ac 0.001 0.361 0.037

Linoleic Acid (LA) C18:2 n-6 16.92 ± 0.43 b 18.52 ± 0.80 a 17.05 ± 0.22 b 17.85 ± 0.29 ab 0.026 0.585 0.424
γ-Linolenic Acid C18:3 n-6 0.29 ± 0.01 0.28 ± 0.01 0.28 ± 0.01 0.28 ± 0.01 0.452 0.495 0.327
α-Linolenic Acid C18:3 n-3 0.13 ± 0.01 b 0.30 ± 0.03 a 0.11 ± 0.0 b 0.29 ± 0.01 a 0.001 0.255 0.713

Eicosadienoic Acid C20:2 n-6 0.12 ± 0.01 b 0.20 ± 0.01 a 0.20 ± 0.01 a 0.22 ± 0.02 a 0.002 0.004 0.069
Eicosatrienoic Acid C20:3 n-6 0.20 ± 0.01 a 0.18 ± 0.01 b 0.19 ± 0.02 a 0.16 ± 0.01 b 0.041 0.235 0.653

Eicosapentaenoic Acid C20:3 n-3 0.21 ± 0.01 a 0.20 ± 0.01 ab 0.21 ± 0.01 a 0.18 ± 0.01 b 0.010 0.205 0.132
Erucic Acid C22:1 n-9 0.04 ± 0.01 b 0.05 ± 0.01 a 0.02 ± 0.01 c 0.04 ± 0.01 b 0.022 0.016 0.021

Arachidonic Acid C20:4 n-6 6.03 ± 0.10 a 5.52 ± 0.20 b 5.77 ± 0.07 b 4.92 ± 0.13 b 0.001 0.007 0.232
Nervonic Acid C24:1 n-9 0.34 ± 0.02 a 0.27 ± 0.02 bc 0.32 ± 0.01 ab 0.25 ± 0.01 c 0.001 0.352 0.962

Docosatetraenoic Acid C22:4 n-6 1.49 ± 0.12 a 0.98 ± 0.06 b 1.38 ± 0.02 a 0.89 ± 0.08 b 0.001 0.189 0.900
Docosapentaenoic Acid C22:5 n-3 0.14 ± 0.01 b 0.26 ± 0.02 a 0.14 ± 0.01 b 0.26 ± 0.01 a 0.001 0.981 0.753
Docosahexaenoic Acid C22:6 n-3 0.86 ± 0.02 b 1.55 ± 0.08 a 0.77 ± 0.01 b 1.36 ± 0.03 c 0.001 0.006 0.322

Other FA 0.66 ± 0.12 0.67 ± 0.04 0.74 ± 0.04 0.55 ± 0.09 0.263 0.706 0.249
Σ SFA 37.96 ± 0.24 a 34.21 ± 1.14 b 37.76 ± 0.04 a 36.90 ± 1.16 ab 0.001 0.051 0.026
Σ UFA 61.37 ± 0.30 b 65.11 ± 1.11 a 61.51 ± 0.06 b 62.56 ± 0.19 ab 0.002 0.507 0.087

Σ MUFA 34.97 ± 0.38 b 37.14 ± 0.35 a 35.41 ± 0.35 b 36.17 ± 0.46 a 0.008 0.195 0.376
Σ PUFA 26.40 ± 0.48 b 27.98 ± 1.17 a 26.09 ± 0.29 b 26.39 ± 0.51 b 0.001 0.045 0.035

a–c Within a row, values with no common superscripts differ significantly (p < 0.05). L = lupine effect; E = enzyme
effect. SFA: saturated FA; UFA: unsaturated FA; MUFA: monounsaturated FA; PUFA: polyunsaturated FA.
S−: standard diet without enzymes; S+: standard diet with enzymes; L20−: experimental diet (200 g/kg lupine)
without enzymes; L20+: experimental diet (200 g/kg lupine) with enzymes.

The use of lupine white in the laying quail diets led to an improvement in the fatty
acid profile of yolk fats, as a result of the decrease in the SFA proportion (mainly palmitic
acid; p < 0.01) and an increase in the PUFA proportion (p < 0.001) (mainly α-linolenic
acid—ALA, eicosapentaenoic acid—EPA and docosahexaenoic acid—DHA) (Table 8).The
use of enzymes in quail diets did not influence the SFA and cholesterol level in the yolk
fats (p > 0.05) (Figure 1). The addition of enzymes in the lupin-based diets of quails led to a
decrease in the PUFA level (27.98 vs. 26.39% of FAME) (p < 0.05) of yolk (Table 8).
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3.7. Egg Yolk Carotenoids Content

The carotenoids content of egg yolk increased (p < 0.001) after lupine and also enzymes
were used in the laying quail diets (Table 9).

Table 9. Influence of enzymes addition in lupine-based diets on the carotenoids content (µg/g yolk)
and the color of the yolk.

Indicators
Without Enzyme With Enzymes p-Value

S− L20− S+ L20+ L E L × E

Lutein 3.32 ± 0.29 b 7.08 ± 0.89 a 4.41 ± 0.34 b 6.58 ± 0.2 a 0.001 0.001 0.003
Zeaxanthin 4.54 ± 0.10 b 9.47 ± 0.13 a 6.20 ± 0.12 b 11.95 ± 0.27 a 0.001 0.001 0.254

Canthaxanthin 3.71 ± 0.16 b 5.11 ± 0.89 a 2.97 ± 0.10 b 4.31 ± 0.56 a 0.001 0.004 0.242
ß-cryptoxanine 0.58 ± 0.03 b 0.84 ± 0.08 a 0.50 ± 0.05 b 0.77 ± 0.61 a 0.038 0.004 0.001

Total Carotenoids 12.15 ± 0.23 b 22.51 ± 0.44 a 14.07 ± 0.18 b 23.61 ± 0.31 a 0.001 0.001 0.001
La Roché scale points 9.12 ± 0.73 b 12.78 ± 0.54 a 9.53 ± 0.82 b 13.23 ± 0.68 a 0.001 0.073 0.089

a–b Within a row, values with no common superscripts differ significantly (p < 0.05). L = lupine effect; E = enzyme
effect. S−: standard diet without enzymes; S+: standard diet with enzymes; L20−: experimental diet (200 g/kg
lupine) without enzymes; L20+: experimental diet (200 g/kg lupine) with enzymes.

Lupine use in the diets of laying quails led to an increase (p < 0.05) in the yolk color
intensity, but the enzymes addition did not influence this parameter (p > 0.05).

3.8. Nutritional Indices for Assessing the Fatty Acids of Egg Yolks

The use of lupine in quail diets led to an improvement in the health lipid indices,
except for n-6 FA and PUFA/SFA (Table 10). The enzymes addition in the quail diets had a
negative effect on the value of the health lipid indices of yolk fats (Table 10).

Table 10. Influence of enzymes addition in lupine-based diets on the lipid quality indices of the fats
from egg yolk.

Indicators
Without Enzyme With Enzymes p-Value

S− L20− S+ L20+ L E L x E

n-3 FA 1.35 ± 0.03 b 2.30 ± 0.12 a 1.23 ± 0.01 b 2.08 ± 0.04 a 0.001 0.069 0.001
n-6 FA 25.05 ± 0.48 25.68 ± 1.06 24.86 ± 0.28 24.31 ± 0.48 0.957 0.244 0.374
HFA 23.53 ± 0.14 a 19.32 ± 1.65 b 23.44 ± 0.17 a 22.65 ± 0.24 a 0.009 0.017 0.059
hFA 58.07 ± 0.24 b 61.98 ± 1.18 a 58.19 ± 0.11 b 59.38 ± 0.29 b 0.001 0.033 0.045

PUFA/SFA 0.70 ± 0.02 ab 0.84 ± 0.06 a 0.69 ± 0.01 b 0.72 ± 0.01 ab 0.030 0.087 0.115
MUFA/SFA 0.92 ± 0.01 b 1.10 ± 0.04 a 0.94 ± 0.01 b 0.98 ± 0.02 b 0.001 0.042 0.009
UFA/SFA 1.62 ± 0.02 b 1.93 ± 0.10 a 1.63 ± 0.01 b 1.70 ± 0.01 b 0.002 0.049 0.032

n-6/n-3 FA 18.65 ± 0.58 b 11.22 ± 0.16 c 20.23 ± 0.04 a 11.67 ± 0.04 c 0.001 0.004 0.079
h/H 2.47 ± 0.02 b 3.49 ± 0.42 a 2.48 ± 0.02 b 2.62 ± 0.04 b 0.014 0.016 0.054

PI 17.18 ± 0.45 b 19.12 ± 0.85 a 17.27 ± 0.23 b 18.42 ± 0.29 a 0.008 0.559 0.457
AI 0.61 ± 0.01 a 0.52 ± 0.03 b 0.60 ± 0.01 a 0.58 ± 0.01 a 0.050 0.001 0.027
TI 1.10 ± 0.01 a 0.89 ± 0.05 b 1.10 ± 0.01 a 1.00 ± 0.01 c 0.037 0.001 0.040

HPI 2.51 ± 0.01 b 3.49 ± 0.04 a 2.54 ± 0.02 b 2.66 ± 0.04 b 0.042 0.014 0.047
a–c Within a row, values with no common superscripts differ significantly (p < 0.05). SFA: saturated
FA; UFA: unsaturated FA; MUFA: monounsaturated FA; PUFA: polyunsaturated FA; h/H: hypocholes-
terolemic/Hypercholesterolemic FA; n-3: omega 3 FA; n-6: omega 6 FA; PI: polyunsaturated index; TI: thrombo-
genic index; AI: atherogenic index; HPI: health promotion index. S−: standard diet without enzymes; S+: standard
diet with enzymes; L20−: experimental diet (200 g/kg lupine) without enzymes; L20+: experimental diet (200 g/kg
lupine) with enzymes.

The use of lupine in the quail diets led to obtaining eggs with health lipid indices
favorable to the consumer’s health (Table 10). As a result, compared to the eggs provided
from quails fed with standard diets, the proportion of FA with a hypercholesterolemic
(HPA) effect decreased and the content of FA with a hypocholesterolemic (hFA) effect
increased (p < 0.05) (Table 10).
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Moreover, the n-6/n-3 ratio decreased (p < 0.001), but the n-3 FA content and h/H FA
ratio increased (p < 0.05) (Table 10). In addition, the presence of quality fats in lupine-based
diets caused a decrease of the atherogenic (AI) and thrombogenic index (TI) values, as well
as an increase of the health promotion index (HPI) (p < 0.05) values of the fats (Table 10).

The addition of enzymes in the diets containing lupine had a negative effect on the
quality of the fats in the egg yolk, producing an increase in the HFA proportion and a
decrease in the hFA content, which had a negative effect on the value of the health lipid
indices (n-6/n-3 FA, h/H, AI, TI and HPI) (Table 10).

4. Discussion

The purpose of this research was to increase the efficiency of lupine use in quail
nutrition by adding enzymes to improve the digestion and nutrients utilization, especially
non-starch polysaccharides. As a result, the productive performances of the quails fed with
lupine-based diets and enzymes were similar to those fed with standard diets. The egg
quality was improved by introducing lupine into the diets, due to the increase in the n-3 FA
proportion in yolk fats.

4.1. Productive Performance

The use of enzymes in the lupine-based diets allowed a higher nutrients’ utilization in
quails due to the minimization of the antinutritional effect of NSP from lupine; therefore,
the body weight was not affected. Similarly, to our findings, Lee et al. [28] showed that the
weight of laying hens was not influenced by the use of enzymes (Allzyme–Aspergillus niger)
in a diet which contained 150 g/ kg blue lupine.

The enzymes addition in lupine-based diets led to an egg production comparable to
the group without lupine, where the main protein source was soybean meal. These findings
can be justified by the efficient activity of the enzymes which diminished the negative
effects of NSP in the gastrointestinal tract of birds and improved the digestion processes
and nutrients absorption from feed [27]. Similar findings were previously reported by Lee
et al. [28], with laying hens fed a lower content of blue lupine (150 g/kg) in their diet.

In our research, a trend of improving the daily feed intake of quails was observed
when the enzymes were included in the lupine-based diets. Similar findings have been
reported by Brenes et al. [45], who revealed that the inclusion of enzymes (β-glucanases,
hemicellulases, pectinases, endoglucanases, proteases and α-galactosidases) in the lupine-
based diets (350 g/kg white lupine in feed) of broilers improved their daily feed intake
(by 3.8%), being close to that of a standard diet. Quails fed with lupine based-diets with
enzymes have a similar FCR (kg feed/kg egg mass) to those of standard diets (p > 0.05).
Based on these results, the addition of enzymes improved the feed efficiency for quails
and contributed to the successful partial substitution of soybean meal with lupine in diets.
Similar findings with broilers highlight an improvement in feed utilization by 9% as a result
of enzymes addition in the lupine-based diets, due to the increase of digestion and nutrient
absorption [11,23,24].

The soluble NSP from lupine seeds bind large amounts of water and increases the vis-
cosity of the intestinal digesta, thus reducing the nutrient digestion and absorption [13,27].
In our research, the antinutritional effects of NSP were reduced when the exogenous
enzymes were included in the diets of quails, causing an increase in the feed energy avail-
ability and increasing the efficiency of nitrogen assimilation, which led to the improvement
of productive performances [13,18,20].

4.2. Excreta Moisture and Intestinal Viscosity

The specific enzymatic activity of endo-1.4 β-xylanases, endo-1.3(4) β-glucanases and
galactosidases contributed to the degradation of soluble NSP from lupine, which has the
ability to retain high amounts of water [9,46]. This led to a decrease in the excreta moisture
of quails from enzyme-supplemented diets (p < 0.01).
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The role of the soluble NSP to increase the intestinal transit time at the area of the
small intestine is well known, due to the modification of useful microbiota and the resultant
viscous consistency [43,47]. The addition of enzymes into lupine-based diets reduced the
viscosity of the quails’ intestinal chyle, contributing to the increase in digestibility and
absorption of nutrients [48,49]. The decrease of intestinal viscosity of broiler chickens was
reported by Kocher et al. [23], when the exogenous enzymes (endo-1.4-β-xylanase, endo-
1.3-β-glucanase, pectinases, cellulases, hemicellulases) were included in the lupine-based
diets (350 g/kg).

4.3. Biochemical Blood Parameters

The enzymes addition into quail diets improved the NSP digestion which led to an
increase in the available energy in the organism, ensuring a better use of proteins from
feed in the synthesis processes. Therefore, there was a resultant decrease in plasmatic urea
and creatinine levels, which are the final compounds of proteins catabolism (Table 5). The
use of multi-enzymatic complex for NSP degradation in broilers was previously shown to
decrease uric acid, which suggests an improvement in nutrients’ use from feed [50].

The use of white lupine in quail diets and the addition of enzymes had a beneficial
effect on lipid metabolism, which consisted of a decrease in the total level of Lip, Chol
and plasma Try (p < 0.05). This is due to a higher PUFA content from lupine and to the
improvement in nutrients’ digestibility realized by enzymes. In this way, Konca et al. [51]
concluded that raw materials rich in PUFA can reduce blood cholesterol levels of quails.
Similar to our results, Straková et al. [52] showed that plasma triglycerides and cholesterol
levels in laying hens decreased significantly when 50% of soybean meal from the diet was
substituted with white lupine.

The lower values of ALT and AST in the blood of quails fed with diets supplemented
with enzymes may suppose a higher level of protein use from the feed. This may be due
to the protease content of the enzymes complex; therefore, a lower quantity of AA was
deaminated [53].

The use of lupine up to 250 g/kg in the quail’s diet (without enzymes) led to increased
values of SOD and GPx, being consistent with our previous findings in quails [44]. These
two enzymatic biomarkers of antioxidant activity in the organism increase when oxidative
stress is induced by the increase of UFA in the blood [53,54].

It can be considered that enzymes addition improves the use efficiency of lupine and
ensures a successfully inclusion at a level of 25% in the laying quails’ feeding without
affecting their physiological and health status.

4.4. Egg Quality

The use of white lupine without enzymes in the diet of quails led to obtaining eggs with
a lower weight compared to the standard diet. Previous studies have reported a reduction
in egg weight when L. albus seeds in amounts of 180–300 g/kg were included in the laying
hens’ feed [55], or L. luteus seeds in amounts of 250 g/kg [56]. Previously, Hammershøj and
Steenfeldt [57] reported a significant decrease in egg weight when lupine was used in feed
at a level of 250 g/kg. However, some of the research revealed that supplementation of up
to 22% lupine did not exert a deleterious effect on egg weight [58,59].

The addition of exogenous enzymes contributed to an increase in egg weight (p < 0.05)
(case of L20+), respectively, to obtaining eggs with a similar weight (p > 0.05) to those of
quails fed with soybean meal. These findings are in agreement with research conducted
by Lee et al. [28], which used an enzyme complex in the diet of hens with blue lupine
(150 g/kg in feed) and obtained eggs with a similar weight (p > 0.05) to those of hens fed a
standard diet.

Similar to our results, a reduction in hens’ eggshell weight (p < 0.05) was also found
by Lee et al. [28], even though the lupine-based diet was supplemented with enzymes.
However, Nguyen et al. [13] revealed that xylanase inclusion in the wheat-based diets
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(higher in soluble NSP) improved the shell thickness of eggs, due to increased digestion
and absorption of feed minerals, but this effect was not confirmed in our research.

The yolk index is an indicator of the spherical nature of the egg yolk and can be used
to reflect freshness [60]. A yolk index of 48.9–51.7% is considered optimal for a fresh egg
and the decrease occurs over time as a result of the perivitelline membrane alteration,
following the hydrolytic processes [61]. In the present research, there were no differences
regarding the yolk index, which means that lupine do not influence this physical parameter
of egg quality.

The Haugh Unit (HU) is frequently used as a standard indicator for assessing the
quality of albumen proteins. The HU values are influenced by the albumen content in
ovomucin, which is a glycoprotein that gives the albumen thick its viscous property [61,62].
The ovomucin is composed of α-ovomucin and β-ovomucin, and the α part is composed of
acidic amino acids such as glutamic acid and aspartic acid, while theβ part is predominantly
composed of hydroxyl amino acids such as threonine and serine [63,64]. Therefore, the
content of the diets in these amino acids influences the ovomucin composition, and the
lupine seeds are rich in glutamine and aspartic acid, which can explain the slightly higher
values of HU values obtained for the eggs provided from quails fed with lupine-based
diets. A high value (HU: 85–98%) corresponds to a very good quality of egg albumen [65].

The applied treatments in quail’s feed did not influence the chemical composition of
the albumen and yolk (p > 0.05). Similar findings have been reported by Lee et al. [28] in a
study conducted on laying hens.

The differences between the FAs’ content of the fats from the egg yolk of quails fed
with lupine-based diets and those fed with standard diets are due to the high amount
of UFA in the lupine seeds which are rich in oleic, linoleic and α-linolenic acid. Thus,
the fatty acid profile of yolk fats has improved (p < 0.05) as a result of the increase in the
FA proportion from omega-3 series (ALA, EPA, DHA), considered important for human
health [66–68]. Some researchers consider the current Western diets as being generally
deficient in n-3 FA compared to the diets of their human ancestors [69]. Therefore, one
way to increase the intake of n-3 FA is by consuming natural sources rich in these FA,
such as fish or linseed [70], or by consuming functional foods enriched in n-3 FA such as
eggs [71–73].

The enzymes addition in the diets did not affect the fatty acid profile of fats from the
egg yolk, with the exception of PUFA which decreased, being in line with some previous
reports [74,75]. These studies reveal that no significant differences were found regarding the
FA profile of egg yolk after feeding laying hens with diets based on different proportions
of corn–wheat–soybean meal and multienzymes consisting of xylanase, protease and
amylase. In another study, Westbrook et al. [76] reported a decrease in PUFA content
(especially linoleic and arachidonic acid) after the addition of xylanase in diets based on
corn and flaxseed. In the current research, the enzymes addition did not affect the levels
of n-3 FA. Contrary to our findings, research carried out by Jia et al. [77] showed that
the use of multicarbohydrase in the diets of hens which contain flaxseed can result in an
increase (p < 0.05) in the n-3 FA content of yolk fats. The authors attribute these findings
to a depolymerization of the polysaccharides cell wall due to the enzymatic action, which
increase the availability of fats in the intestine and favor a better action of digestive enzymes.

The lower cholesterol content in the eggs of quails fed with lupine is due to the high
quality of lupine fats, which is characterized by a high level in PUFA [8]. Our results are not
confirmed by the data reported by Krawczyk et al. [78], where the cholesterol content did
not change in the eggs of laying hens fed with diets containing yellow lupine in amounts
of 300 g/kg compared with a standard diet.

It is known that carotenoids are fat-soluble pigments which are absorbed by passive
diffusion together with dietary lipids by forming mixed micelles. Papadopoulos et al. [79]
claimed the possibility that an improvement in the nutrients’ digestion and absorption by
xylanase supplementation could be reflected in the carotenoid content of egg yolks. Their
research showed that the properties of xylanase NSP enzyme improved the digestibility
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and absorption of specific dietary nutrients such as carotenoids from wheat-based diets in
laying hens [79]. In our research, the high content of carotenoids in the yolk of quail eggs is
because of the presence of lutein, zeaxanthin and canthaxanthin in the lupine seeds [80].
Increasing the concentration of carotenoids in egg yolk by using lupine in the diet of birds
has also been reported in other studies [56,80].

Egg yolk color is influenced by the natural pigments from the feed [81,82]. The yolk
enrichment in carotenoids led to a higher yolk color intensity (p < 0.05) in quail groups fed
lupine-based diets. Canthaxanthin is a red carotenoid which convert the typical yellow–
orange color of the yolk into an orange–red color [79]. In our research, canthaxanthin
has the highest level in the egg yolk from quails fed with lupine-based diets. The final
yolk color is given by the content in yellow and red carotenoids, because the yellow base
is necessary to establish a good saturation, while the red carotenoids act additively to
establish the final orange–reddish color [79]. The addition of enzymes in the quail diets
did not influence (p > 0.05) the yolk color intensity, being in agreement with the report
by Lee et al. [28] that showed a similar color intensity of the yolks, even if the enzymes
were added in the lupine-based diet of laying hens. However, recently, Nguyen et al. [13]
showed an improvement in the egg yolk color following xylanase supplementation of the
wheat-based diets in laying hens.

5. Conclusions

This research reveals that lupine seeds can be used in laying quail diets up to 20% (%
of feed), as an alternative source to proteins of soybean meal, without any negative effect
on productive performance. The addition of commercial enzymes (Hostazyme®) in diets
containing white lupine has proved to be a feasible nutritional strategy, which allows an
increase in the lupine proportion in quail diets by up to 25% (% of feed) without negatively
influencing egg production, egg weight and FCR.

White lupine can be used as part of a global strategy to improve the nutritional quality
of egg yolk fats (by increasing the omega-3 FA and carotenoid content and decreasing
cholesterol concentration), although data have shown a negative effect on eggshell thickness.
The FA profile and health lipid indices of the yolk fats were negatively influenced by the
presence of enzymes in the laying quail diets.

It is important to continue the research in order to improve the use efficiency of lupine
in quails feed by using enzymes or a mix of enzymes adapted to the chemical components
of lupine, but also by associating with a source of polyunsaturated FA (e.g., hemp seeds,
flax seeds, camelina seeds) to contribute to the yolk enrichment in FA with a health effect
and bioactive compounds with an antioxidant role.
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